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selective subs t ra tes  and  indicate  a comple te  separa t ion  of the  carboxyles terases  from 
the arylesterases Peak  fract ion C also conta ins  some of the  aryles terases  and a t race 
of chohnesterases  

The results  p resented  show tha t  the  use of a - n a p h t h y l  esters will not  give a 
pic ture  of all esterases present  I t  m a y  not  be vahd  to s ta te  tha t  a t issue is charac-  
t ensed  b y  a high or low content  of a specific esterase when ac t iv i ty  has been assayed 
with this t ype  of subs t ra te  only. 
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Chymotrypsin esterase activity in the presence of oleic and taurocholic acid 

In  a recent  s t u d y  we observed t ha t  sodium oleate inhib i ted  the  esterase ac t iv i ty  
of chymot ryps ln  (EC 3 4 4 5) on a specific subs t ra te ,  N-ace ty l -L- ty rosme e thyl  ester  
(ATEE) 1. MOSOLOV ~ had  noted  previously  a s imilar  effect on t ryps in  b y  the sal ts  of 
capric,  palmltlC and stear lc  acids Differential  spec t ra  of the  enzyme in o 045 M capra te  
and 8 M urea  were almost  ident ica l  and there was an increase in levoro ta t lon  of the  
enzyme in the  presence of l ipid These observat ions  led MOSOLOV 2 to speculate  t ha t  
l iplds a l tered the  t e r t i a ry  s t ruc ture  of t ryps in  b y  interference with  normal  hydrophob ic  

bonding  
The  assay of fecal chymot ryps in  ac t iv i ty  is of prac t ica l  value in diagnosing 

panc lea t i c  mal funct ion  3. The presence of s tea torrhea ,  however,  reduces the  accuracy  
of the  me thod  1,4. The present  s tudy  was unde r t aken  to inves t iga te  fur ther  the  na tu re  
of the  enzyme- l ip id  in te rac t ion  and the effect of con juga ted  bile salts  on this  process 

5 ° #g /ml  chymot ryps in  (Wor th ing ton  Biochemicals)  was incuba ted  for 24 h at  
25 ° in aqueous sys tems con ta inmg o 45 mM Ca 2+ with  va ry ing  propor t ions  of sodium 
oleate and sodium taurocho la te  (Nutr i t ional  Blochemicals)  The composi t ion of the  
sodium taurochola te  was 73_6% taurochohc  acid and 26.4% other  con juga ted  bile 
acids Similar  sys tems were also run wi thout  Ca 2+ I o ml of this  incubat ion  sys tem 
was di lu ted  with 3 o ml of o 5 mM Trls buffer conta ining 5 mM Ca 2+ and o 5 M NaC1 
immed ia t e ly  preceding assay.  The react ion was in i t i a ted  with  I.O ml o_125 M A T E E  
in 50% methano l  and  ac t iv i ty  assessed at  25 ° using a Metrohm Combi t i t r a to r  and  

Abbrev i a t i on  ATEE,  N-ace ty l -L- ty rosme e thy l  ester  
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OLEATE ( M ~ I O  -4  ) 

The effect of oleate on the esterase activity of chylnotrypsln with ~nd without added 
bile salt_ All systems Incubated for 24 h Sodium taurocholate concn was 5oo io -~ M © Q, 
taurocholate, Q--O,  no bile sMt All points on graph represent mean values for triplicate runs 
agreeing within lO% 

a u t o m a t i c  t i t r a t i o n  w i t h  o o223 M N a O H  as t he  t l t r an t .  T h e  r eac t ion  was a l lowed  to  

p roceed  for 2 m l n  a t  p H  7 8 A c t i v i t i e s  of t e s t  sy s t ems  were  expressed  as p e r c e n t  of 

con t ro l  sys t ems  (devoid  of added  l ip id  and  bi le  salt)_ 

S o d i u m  olea te  caused  a m a r k e d  r e d u c t i o n  in t h e  e s t e ro ly t l c  a c t i v i t y  of c h y m o -  

t r y p s i n  Ca 2+ d id  n o t  inf luence  this  effect  Inc lus ion  of s o d i u m  t a u r o c h o l a t e  (500- lO .4 

M) v i r t u a l l y  p r e v e n t e d  the  i nh ib i t o ry  process  f rom t a k i n g  p lace  e x c e p t  a t  v e r y  h igh  

h p l d  c o n c e n t r a t i o n s  (Fig  I) .  A t  r educed  bi le  sa l t  and  h p i d  c o n c e n t r a t i o n s  and  a mole  

r a t io  of bi le  sa l t  to  l ip id  of 1.5 :I ,  a m a r k e d  p r o t e c t i v e  effect  aga ins t  l ip id  on t h e  es te rase  

a c t i v i t y  of c h y m o t r y p s l n  was  o b s e r v e d  (Table  I) T h e  i n h i b i t o r y  process  was  a s low 

one, so t h a t  a t  a s o d i u m  o lea te  c o n c e n t r a t i o n  of 2.6.  lO -4 M, 6 4 %  e n z y m e  a c t i v i t y  

r e m a i n e d  a t  16 h a n d  4 4 %  res idua l  a c t i v i t y  was a p p a r e n t  a f t e r  4 ° h of i n c u b a t i o n .  

I t  can  be  seen f r o m  the  rec ip roca l  p lo t  i l l u s t r a t ed  in F i g  2 t h a t  t h e  i n h i b i t o r y  ef fec t  

of s o d i u m  olea te  ( H o r m e l  s t a n d a r d  exceed ing  9 9 %  pur i ty )  on the  es te rase  a c t i v i t y  of 
c h y m o t r y p s l n  on A T E E  was  n o n c o m p e t i t i v e  s. F u r t h e r m o r e ,  t he  effect  of s o d i u m  

olea te  cou ld  no t  be  a l t e r ed  b y  d i lu t ion  of t h e  i n c u b a t i o n  sys tem.  

W h e n  bile sal t  (final c o n c e n t r a t i o n  3 3 IO 4 M) was  a d d e d  to  e n z y m e  s y s t e m s  

TABLEI-  

T H E  ~ F F E C T  O F  I N C R E A S I N G  B I L E  S A L T  C O N C E N T R A T I O N  O N  E N Z Y M E  A C T I V I T Y  I N  T H E  P R E S E N C E  

O F  2 9 " 1 0 - - 4  M O L E A T E  

Sodzum Percent 
taurocholate enzyme 
concn × zo 4 actzmty 
( M )  at 24 h 

22 i 95 
13 3 94 

4 4 92 
2 2 54 
o 44 45 
o 36 43 
o 18 42 
o o 4 42 
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F i g  2 L l n e w e a v e r  B u r k  plot  I l lustrat ing inhib i t ion  k m e t l c s  of  o leate  on c h y m o t r y p s m  to be 
n o n c o m p e t i t i v e  in na ture  Olelc acid concn was  5 IO-~ M and t h a t  of  c h y m o t r y p s m  2 6 IO -~ m M  
(based on an a p p r o x i m a t e d  e n z y m e  roD1 w t  o f  25 ooo) @ - - @ ,  oleate ,  O - - O ,  contro l  All  
points  on graph represent  m e a n  v a l u e s  for t r lphcate  runs agree ing  w i th in  l O %  

Fig 3 The  role of  bile salt  in p r e v e n t m g  c h y m o t r y p s m  i n a c t i v a t i o n  by  sod ium oleate  ( ) 
and m e t h y l  o leate  ( - - - - I  S o d i u m  oleate  concn  was  2 6 i o  4 M, m e t h y l  o leate  concn  was  
i i o  4 M and s o d m m  t a u r o c h o l a t e  concn  was  3 3 IO-~ M,  c h y m o t r y p s m  was  5 o / ~ g / m l  Bi le  sal t  
added after  16 h of  m c u b a t l o n  

which had been incubated prevlously for 16 h in the presence of sodium oleate (Hormel 
standard) or methyl oleate and allowed to incubate for an additional 24 h, further 
reactivation of enzyme by hpld was prevented Methyl oleate, mole for mole, exerted 
a greater inhibitory effect on chymotrypsIn than sodium oleate (Fig. 3) 

While the beneficial effect of bile salt might conceivably be wa an enhancing 
effect on the enzyme directly, the work of LIPPEL AND 0LSON n would mitigate against 
this These workers failed to attribute any such effect of bile salts on nonlipolytic 
digestive enzymes The well established detergent properties of bile salts might serve 
to isolate lipid from enzyme Supporting this is the observation that inclusion of bile 
salt in incubation systems virtually ehmmated the inhibitory effects of olelc acid; 
furthermore, addition of the bile salt after 16 h of incubation prevented further inhi- 
bition from taking place. The behavior of chymotrypsm in the presence of lipid and 
bile salt suggests that the Inhibition of esterase activity effected by lipid is one of 
hydrophobic interaction between enzyme and lipid The observations utlhzlng methyl 
oleate, a nonionac analogue of olelc acid, add support to this interpretation 
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