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The effect  of pH of the medium on the r a t e  of hydro lys i s  of g lyc ine-L-phenyla lan ine  n i t r o -  
anil ide by eathepsin C f r o m  bovine spleen was invest igated.  At pH 7~ the curve  of ini-  
t ia l  ve loc i ty  v e r s u s  concentra t ion of subs t r a t e  for  this enzyme is  S-shaped,  and Hi l l ' s  in-  
dex of coopera t iveness  has  the value of 2. It is suggested that  under  no rma l  physiological  
conditions cathepsin  C functions at n e a r - n e u t r a l  pH values .  

Cathepsin  C (3.4.4.9) has a high m o l e c u l a r  weight (220,000) and cons is t s  [1] of four  subtmits,  each 
with a m o l e c u l a r  weight of 55,000. The fact  that  eathepsin C has a qua te rna ry  s t ruc tu re  sugges ts  that  this 
enzyme m a y  have r egu la to ry  (al loster ic)  p r o p e r t i e s .  To study this  p rob lem,  g lyeyl -phenyla laninamide  
ace ta te  has  been used as subs t r a t e .  However ,  the diff icult ies of working with low concentra t ions  of this 
subs t r a t e  have prevented  unequivocal  r e su l t s  f r o m  being obtained. 

Gor t e r  and Grube r  [4] have  recen t ly  shown that cathepsin  C in fact  p o s s e s s e s  a l los te r i c  p rope r t i e s  
(at pH 5.0 and in a low concentra t ion of C1 ions). These  w o r k e r s  suggested the use  of g l y e y l - L - p h e n y l -  
a lan ine-p-n i t roan i l ide  (GPNA) as the subs t r a t e .  This  subs t r a t e  is f r ee  f r o m  the disadvantages  of g lycy l -  
phenylalaninamide and it enables the course  of the reac t ion  to be r eco rded  spec t ropho tomet r i ea l ly .  

In the invest igat ion desc r ibed  below the r a t e  of hydro lys i s  of GPNA* by cathepsin C was invest igated 
in re la t ion  to pH of the med ium.  

E X P E R I M E N T A L  M E T H O D  A N D  R E S U L T S  

Cathepsin  C f r o m  bovine spleen,  i so la ted  as desc r ibed  p rev ious ly  [2] was used in the exper iments .  
According to the r e su l t s  of analyt ical  u l t raeent r i fugat ion  the enzyme contained 5-10% of l o w - m o l e c u l a r -  
weight impur i t i e s .  Activi ty of the enzyme,  calcula ted by the fo rmula  suggested by G o r t e r  and Grube r  [4], 
and using GPNA as the subs t ra te ,  was 170 u n i t s / m g  prote in .  

To inves t iga te  the re la t ionship  between the kinet ic  p r o p e r t i e s  of cathepsin C and the pH of the medium,  
ace ta te  buffer ,  pH 5.0, and phosphate  buffer ,  pH 6.0, 6.7, and 7.25, of equal ionic s t rength (0.15) were  used.  
The f r ee  incubation mix tu re  consis ted  of 2 ml  buffer  of the appropr i a t e  pH, containing 125 mM sodium ch lo r -  
ide and 150 mM cyste ine  hydrochlor ide ,  brought  up to the pH of the buffer  solution by the addition of alkali ,  
and 0.4 m l  of the enzyme (about 40 pg).  Af ter  exposure  of the preincubat ion mix tu re  for  20 min,  which was 
n e c e s s a r y  to ac t iva te  the enzyme,  0.6 ml  of GPNA solution of the appropr ia te  concentrat ion and made  up in 
the s ame  buffer  as the pre incubat ion mix tu re  was added. Pre incubat ion and the reac t ion  i tself  were  c a r r i e d  
out in a s tandard  quar tz  cel l  of the SF-4 spec t ropho tome te r  in a t he rmos ta t i ca l l y  control led r e c e i v e r  at 
25~ The reac t ion  ve loc i t ies  were  r eco rded  f rom changes in optical  densi ty at 410 nm. 

*GPNA hydrobromide  was generous ly  provided by Candidate of Chemica l  Sciences E. S. Chaman,  to whom 
the authors  a r e  gra teful .  
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Fig. 1. Velocity of hydrolysis of GPNA catalyzed by cathepsin C (ordinate) 
as a function of substrate concentration (abscissa) at pH 5.0-7.25. 

Fig~ 2. Hill's graph for determination of the index of cooperativeness: 1) 
pH 5.0-6.0; 2) pH 6.7; 3) pH 7.25. 
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1/V v e r s u s  1/IS]n: 1) pH 5.0- 
6.0; 2) pH 6.7; 3) pH 7.25. 

Dis t r ibut ive  ch romatography  of the incubation mix tu re  on 
Silufol in a chloroform-methanol-acetic acid (10: 5:1 by vol- 
ume) system demonstrated the absence of free glycine andphenyl- 
alanine. It was also shown that incubation of cathepsin C at neu- 
tral and weakly alkaline pH value does not inactivate the en- 
zyme. 

The curves of initial reaction velocity versus GPNA con- 
centration obtained (Fig. I) are varied in character. At pH 5.0- 
0.0 the curve is similar to the hyperbola described by the Mi- 
chaelis-Menton equation. At pH 6.7 the curve deviates from 
hyperbolic, and at pH 7.25 it is S-shaped. 

The index of cooperativeness was determined by Hill's 
classical equation. The results of analysis of the experimental 
data by Hill's method, shown in Fig. 2, demonstrate that this 
index changes its value from almost unity (at pH 5.0-6.) to a 
value of close to two (at pH 7.25). 

GPNA is only spar ingly  soluble,  it is difficult to obtain an accura t e  value for  the max imum veloci ty .  
F o r  this r eason ,  the index of coopera t iveness  was a lso  calculated by the method suggested by Kurganov 
et al.  [3], which does not r equ i re  p r e l i m i n a r y  de te rmina t ion  of the m a x i m u m  veloci ty.  In this case  values  
of 1.3, 1.5, and 2 were  obtained for  n at pH 5.0-6.0,  6.7, and 7.25 r e spec t ive ly .  These  values a r e  in good 
ag reemen t  with those  obtained by Hi l l ' s  method.  

Graphs  of 1/V ve r s us  1/iS] n were  plotted (Fig. 3) and values  of the concentrat ion of ha l f - sa tu ra t ion  
([S]0o ~) were  calcula ted f rom them.  These  gave values  of 0.6, 0.75, and 0.95 mM for  pH values  of 5.0-6.0,  
6.7, and 7.25 r e spec t ive ly .  These  r e su l t s  indicate that  a change of pH leads to a change in the affinity of 
subs t r a t e  for  enzyme,  but does not affect  the m a x i m u m  veloci ty .  

The p r e s e n c e  of a l los t e r i c  p r o p e r t i e s  in ca thepsin  C at neu t ra l  pH, i .e . ,  under  physiological  condi-  
t ions ,  d e s e r v e s  note. The i m p r e s s i o n  has been  gained f rom the r e su l t s  of hydro lys i s  of s eve ra l  subs t r a t e s  
(glycyl-phenylalaninamide~ g lycy l - ty ros inamide)  at pH 5.0-6.0 that ca theps inC is an acid p ro te inase .  How- 
ever ,  this  conclusion is not soundly based,  fo r  o ther  works  [5] have shown that ce r ta in  naphthylamide de -  
r iva t ives  of dipeptides a r e  hydrolyzed by cathepsin  C in the neu t ra l  and weakly alkal ine pH zone. Cathepsin  
C can thus ca ta lyze  hydro lys i s  at neut ra l  pH values  also.  

The poss ib i l i ty  cannot be  ruled out that  under  n o r m a l  physiological  conditions cathepsin C functions 
at n e a r - n e u t r a l  pH va lues .  
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