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Summary 

Evidence is presented that human carboxyl ester hydrolase (carboxylic-ester 
hydrolase, EC 3.1.1.1) is able to hydrolyze cholesterol esters and lipid-soluble 
vitamins A, D-3 and E esters. Those activities require the presence of  bile salts 
and the 3~,7~-dihydroxylated bile salts have been found the most  efficient 
activators. 

The results presented in this paper and in the preceding one suggest the 
existence of  two sites of  bile salts recognition. One site, specific of the 3~,7a- 
hydroxyl  group of  cholanic acid would induce dimerization and activation of  
the enzyme. The other  site, unspecific towards bile salts hydroxylat ion would 
be located at the active center and would be implicated in substrate recogni- 
tion. 

Introduction 

Human carboxyl ester hydrolase (carboxylic-ester hydrolase, EC 3.1.1.1} 
purified from pancreatic juice [1] exhibits a very broad substrate specificity. 
As demonstrated in the preceding paper, the enzyme hydrolyzes various 
carboxyl esters such as triacetin, tr ibutyrin and p-nitrophenylacetate and also 
some of the specific substrates of  lysophospholipase and nonspecific lipase [2]. 
In this paper, evidence is presented that human carboxyl ester hydrolase is 
responsible for the cholesterol ester hydrolase activity which has been charac- 
terized in human pancreatic juice [3,4].  
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Cholesterol ester hydrolase from porcine pancreas has been recently purified 
and some molecular properties have been determined [5]. The rat enzyme, 
earlier isolated, has pointed out an important bile salts dependence of the 
activity and molecular association [6--9]. Preliminary results on the enzyme 
present in human pancreatic juice have shown an absolute requirement of 
sodium taurocholate for cholesterol ester hydrolase activity [3]. The effects of 
different bile salts on the purified human enzyme are reported here. 

We also demonstrate that  human carboxyl ester hydrolase is responsible for 
the vitamin A esterase activity characterized in rat pancreatic juice [10] and is 
able to split the ester bonds of other lipid-soluble vitamins like vitamins D-3 
and E, in the presence of bile salts. A hypothesis on the important  role played 
by bile salts in the activity of carboxyl ester hydrolase is discussed. 

Material and Methods 

Materials. Human carboxyl ester hydrolase was purified as described in the 
preceding paper [2]. Sodium deoxycholate and sodium cholate came from 
Fluka. Sodium taurocholate, glycocholate, taurodeoxycholate,  taurocheno- 
deoxycholate and tauroursodeoxycholate were A grade products from Calbio- 
chem. Vitamin A palmitate and p-nitrophenylacetate were obtained from 
Sigma, Brij 35 from Pierce, vitamin E acetate and vitamin A acetate from Serva. 
Vitamin D-3 was a generous gift of Hofmann-LaRoche and vitamin D°3 acetate 
was synthesized in our laboratory as follows: I mmol of vitamin D-3 was 
dissolved in 1 ml of the mixture chloroform/pyridin ( 5 0 : 5 0 ,  v/v) and 
incubated 24 h at 4°C in the presence of 25 mM acetic anhydride. 5 ml of cold 
distilled water were then added twice to remove acetic acid and pyridin. The 
chloroformic phase was evaporated under nitrogen and the remaining product 
was vitamin D~3 acetate. The product was homogeneous by thin-layer chroma- 
tography. F-1500 plates from Schleicher and Shull (F.R.G.) were used for thin- 
layer chromatography. 

Enzyme assays. The hydrolysis of p-nitrophenylacetate was measured 
according to Erlanson [ 11 ]. 

Cholesterol ester hydrolase activity was determined according to the method 
of Lombardo and Guy [3]. 

The hydrolysis of vitamins A, D-3 and E acetate was measured titrimetrically 
at constant pH 7.5 with 20 mM NaOH. Substrates were prepared in 5-mM solu- 
tions with 0.5% Brij 35, 10 mM bile salts and 200 mM NaC1. The assays were 
performed at 25°C under nitrogen. 

Specific activities were expressed as t~mol of substrate hydrolyzed/h and per 
mg of proteins for the hydrolysis of cholesterol esters and vitamin esters. 

The qualitative hydrolysis .of vitamin A palmitate was performed with solu- 
bilized or emulsified substrate using the method of Erlanson and Borgstrom 
[10]. After 2 h of incubation at 37°C, the mixture was extracted with 1 ml of 
petroleum ether and evaporated under nitrogen. The oily pellet was then solu- 
bilized by 50 pl of chloroform and 5 pl were submitted to thin-layer chroma- 
tography in cyclohexane-ether (80 : 20, v/v). Spots were stained by reaction 
with 50% sulfuric acid. The R F values were 0.13 and 0.84, respectively, for 
vitamin A and vitamin A palmitate. The qualitative hydrolysis of vitamin E 
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acetate was carried out  in the same conditions. The RF values were, respec- 
tively, 0.50 and 0.70 for vitamin E and vitamin E acetate. 

Molecular weight determination. Molecular weights have been determined by 
ultracentrifugation according to Yphantis [12].  The protein was in solution 
(0.5--0.8 mg/ml) in a 5 mM Tris-HC1 buffer (pH 7.5) containing 100 mM NaC1 
and 0.5 mM bile salt. 

Results 

Activi ty  on cholesterol esters 
Human carboxyl ester hydrolase hydrolyzed cholesterol esters in the 

presence of  bile salts. By filtration of proteins of  human pancreatic juice on 
Sephadex G-100, besides fractions containing carboxyl ester hydrolase, no 
other  protein fraction was found active on cholesterol esters. Moreover, the 
ratio of  cholesterol esterase to p-nitrophenylacetate esterase activity was nearly 
constant  thoughout  purification steps (Table I). Those results demonstrate  that  
carboxyl ester hydrolase and cholesterol ester hydrolase are a single enzyme. 

In the absence of bile salts, human carboxyl ester hydrolase was unable to 
hydrolyze cholesterol esters. Table II summarizes the effects of  different bile 
salts on cholesterol ester hydrolase activity and gives the specific activities 
obtained in the presence of  10 mM bile salt, concentration corresponding to 
the maximal activity. The t r ihydroxylated bile salts activate cholesterol ester 
hydrolase. Taurocholate and glycocholate gave similar activities, respectively, 
50 and 40 and cholate was the best  activator since specific activity increased to 
120. In contrast,  in the presence of  the 3a,12a-dihydroxylated bile salts, 
deoxychola te  and taurodeoxycholate ,  cholesterol ester hydrolase activity was 
very low. But in the presence of  taurochenodeoxycholate ,  3a,7a-dihy- 
droxylated bile salt, the activity was similar to that obtained with glycocholate, 
whereas in the presence of  tauroursodeoxycholate  (3a, 7~) the activity was  
negligible. These results show clearly the importance of the 7a-hydroxylated 
group for the activity. 

Fig. 1 represents the bile salts effects on cholesterol ester hydrolase activity 
in different conditions. As shown on Fig. 1A, in the presence of  very low 
quantities of  sodium taurocholate (below 2.5 mM), the activity was very low 
(below 10%), then the activity increased linearly and rapidly to reach the 
maximal activity at 8 mM. In the presence of  cholate, the effect  was similar. In 

T A B L E  I 

SPECIFIC A C T I V I T I E S  T O W A R D S  p - N I T R O P H E N Y L A C E T A T E  A N D  C H O L E S T E R O L  E S T E R S  
D U R I N G  P U R I F I C A T I O N  OF C A R B O X Y L  E S T E R  H Y D R O L A S E  

Pur i f ica t ion  s tep Specific ac t iv i ty  on  Rat io  

P - N i t r o p h e n y l a c e t a t e  
0zrnol /min  Per  m g )  

Choles tero l  esters 
( .umol/h per  rag) 

Pancrea t ic  juice 2 2.3 0.87 
S e p h a d e x  G-100  26 26.3  0 .99  
CM-Sepharose  40  45 .4  0 .88  
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T A B L E  II 

E F F E C T  OF V A R I O U S  BILE S ALTS  ON C H O L E S T E R O L  E S T E R  H Y D R O L A S E  AND V I T A M I N  E 
A C E T A T E  H Y D R O L A S E  A C T I V I T I E S  OF H U M A N  C A R B O X Y L  E S T E R  H Y D R O L A S E  

The e x p e r i m e n t s  were  p e r f o r m e d  in the  presence  of  10 mM s o d i u m  bile salt concen t r a t i on ,  n .d . ,  n o t  
d e t e r m i n e d .  

Bile salt H y d r o x y l a t i o n  Specific act iv i ty  on:  

Choles terol  esters 
( # m o l / h  per  rng) 

V i t amin  E ace t a t e  
( p mo l /h  per  rag) 

None  - -  0 0 
Cholate  3a,  7a,  12a  120 2500  
T a u r o c h o l a t e  3~, 7G, 12a  50 1500  
Glycocho la t e  3cz, 7~, 12c~ 40 700 
D e o x y c h o l a t e  3c~, , 12~ 4 84 
T a u r o d e o x y c h o l a t e  3a ,  , 12~ 4 96  
T a u r o c h e n o d e o x y c h o l a t e  3c~, 7cq 35 n.d.  
T a u r o u r s o d e o x y c h o l a t e  3a,  7fl, 5 n.d.  
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Fig. 1. Ef fec t  of  bile salts c o n c e n t r a t i o n  on  choles tero l  es ter  hydro lase  ac t iv i ty .  (A) Ef fec t  of  s o d i u m  
t au rocho la t e  (e) ,  cho la te  (©) a nd  t a u r o c h o l a t e / t a u r o d e o x y c h o l a t e  m i x t u r e  (m). (B) Ef fec t  of  sod ium 
tauzocho la te  a f te r  i n c u b a t i o n  of  subs t ra te  wi th  10 mM sod ium t a u r o d e o x y c h o l a t e .  (C) Ef fec t  of  s o d i u m  
t au rocho la t e  a f te r  i ncuba t ion  of  e n z y m e  wi th  5 mM s o d i u m  t a u r o d e o x y c h o l a t e .  (D) Ef fec t  of  s o d i u m  
t au rocho la t e  a f te r  i n c u b a t i o n  of  e n z y m e  wi th  5 mM sod ium t au rocho la t e .  
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the presence of 10 mM sodium taurodeoxycholate,  we have noticed a very low 
specific activity (Table II). However, Fig. 1A shows that  the mixture sodium 
taurocholate/sodium taurodeoxycholate  (50/50 in molarity) had nearly the 
same activator effect as sodium taurocholate alone. This surprising effect led us 
to study separately the action of the two bile salts on substrate and on enzyme 
by incubation of each component  of  the reaction with each bile salt. When the 
substrate was incubated 1 h at 37°C in the presence of 10 mM sodium tauro- 
deoxycholate,  the activator effect of sodium taurocholate started immediately 
(Fig. 1B) and maximal activity was obtained at a slightly lower concentration 
(6 mM) than in the experiment without  preincubation. By contrast, when the 
enzyme was incubated 1 h at 0°C with 5 mM sodium taurodeoxycholate,  
cholesterol ester hydrolase activity related to sodium taurocholate concentra- 
tion was identical to the activity of the enzyme without  preincubation (Fig. 
1C), which demonstrates that  sodium taurodeoxycholate  has no effect on 
enzyme but acts on substrate conformation. Fig. 1D shows that  preincubation 
of the enzyme with 5 mM sodium taurocholate 1 h at 0°C led to an increase of  
the activity for the low sodium taurocholate concentrations (less than 3 mM). 
Above 3 mM, the activity increased progressively but not  linearly to reach the 
maximal value at 8 mM. The enzyme conformation would be different after 
incubation with sodium taurocholate and the enzyme would be more active. 
The plotting of Fig. 1D points out a transition state at 3 mM sodium tauro- 
cholate. This transition which was less obvious but present in all kinetics of 
activation except in Fig. 1B, was located between 2 and 3 mM, close to sodium 
taurocholate critical micellar concentration. It seems to correspond to a 
physicochemical modification of cholesterol esters which become a better sub- 
strate for the enzyme. 

Ac t i v i t y  on lipid-soluble vi tamin esters 
The hydrolysis of vitamin A palmitate and vitamin E acetate have been 

demonstrated by thin-layer chromatography (Fig. 2). In the presence of  sodium 
taurodeoxycholate  or sodium taurocholate free vitamin A and free vitamin E 
were released by human carboxyl ester hydrolase. In the absence of bile salts, 
the hydrolysis did not occur. The hydrolysis of vitamin E acetate has been 
studied titrimetrically. We have found that  neutral detergent like Brij 35 did 
not inactivate the enzyme and this detergent has been used for substrate solu- 
bilization. Whatever Brij concentration, the addition of sodium taurocholate 
increased the activity of carboxyl ester hydrolase on vitamin E acetate. Fig. 3 
represents the enzyme activity related to sodium taurocholate concentration 
for different quantities of  Brij. The inset in Fig. 3 represents the linear relation- 
ship between Brij and sodium taurocholate concentrations corresponding to 
50% of the maximal activity. This result demonstrates that  the two compounds 
play the same role of  solubilizer by their detergent property. The intercept of 
the line with the ordinate gives the Brij concentration necessary to obtain 50% 
of activity in the absence of  bile salt. The extrapolated number (2.5%) has been 
verified experimentally. The activities of  carboxyl ester hydrolase on vitamin E 
acetate in the presence of  0.5% Brij 35 and different bile salts are reported on 
Table II. In the presence of cholate, taurocholate and glycocholate the specific 
activities were very high, whereas in the presence of deoxycholate and tauro- 
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Fig .  2.  T h i n - l a y e r  c h r o m a t o g r a p h y  o f  v i t a m i n  e s t e r s  h y d r o l y s a t e s .  ( A )  H y d r o l y s i s  o f  v i t a m i n  A p a l m i t a t e .  
(B)  H y d r o l y s i s  o f  v i t a m i n  E a c e t a t e .  H y d r o l y s i s  h a v e  b e e n  p e r f o r m e d  in  t h e  p r e s e n c e  o f  6 m M  s o d i u m  
t a u r o c h o l a t e .  T ,  r e f e r e n c e s ;  a ,  i n c u b a t i o n  m i x t u r e  w i t h  e n z y m e ;  b ,  i n c u b a t i o n  m i x t u r e  w i t h o u t  e n z y m e .  

deoxycholate  both activities were low and represented approximately 6% of 
the activity measured with sodium taurocholate. Those results indicate that 
besides their detergent effect, trihydroxylated bile salts activate the enzyme. 

Carboxyl ester hydrolase also hydrolyzed vitamin D-3 acetate and vitamin A 
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F i g .  3.  A c t i v i t y  o f  c a r b o x y l  e s t e r  h y d r o l a s e  o n  v i t a m i n  E a c e t a t e  in  r e l a t i o n  t o  s o d i u m  t a u r o c h o l a t e  c o n -  
c e n t r a t i o n  ( N a T C ) .  T h e  e x p e r i m e n t s  h a v e  b e e n  p e r f o r m e d  in  t h e  p r e s e n c e  o f  d i f f e r e n t  q u a n t i t i e s  o f  Br i j  
3 5  (©, 2%;  X, 1 . 5 % ;  o, 1%;  m 0 . 5 % ;  A 0 . 1 2 % ) .  - . . . . .  , 5 0 %  o f  t h e  m a x i m a l  a c t i v i t y .  T h e  i n s e t  g ive s  t h e  

r e l a t i o n s h i p  b e t w e e n  Bri j  a n d  s o d i u m  t a u r o c h o l a t e  c o n c e n t r a t i o n s  f o r  5 0 %  o f  m a x i m a l  a c t i v i t y .  
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T A B L E  I I I  

M O L E C U L A R  W E I G H T  OF C A R B O X Y L  E S T E R  H Y D R O L A S E  IN T H E  P R E S E N C E  OF BILE S A L T S  

Ble salt (0 .5  m M )  H y d r o x y l a t i o n  Molecular  we igh t  

None  - -  100 600  
T a u r o c h o l a t e  3~, 7~, 12~ 185 700 
T a u r o d e o x y c h o l a t e  3c~, 12~ 108 000  
T a u r o c h e n o d e o x y c h o l a t e  3c~, 7~ 172 0 0 0  

acetate dispersed in 0.5% Brij in the presence of  10 mM sodium cholate with 
specific activities of  250 and 140, respectively. In the presence of sodium 
deoxychola te  no detectable hydrolysis appeared. 

Molecular weight of  carboxyl ester hydrolase in the presence of  bile salts 
On Table III are summarized the molecular weight of  carboxyl ester 

hydrolase determined by ultracentrifugation in the presence of  different bile 
salts, in concentrat ion below their critical micellar concentration. In the pres- 
ence of  sodium taurocholate or taurochenodeoxychola te  we have obtained a 
major component  corresponding to a dimer, whereas in the presence of  tauro- 
deoxychola te  the enzyme behaved like a monomer,  as in the absence of  bile 
salt. 

Discussion 

The results presented here have shown that in human pancreatic juice, 
carboxyl  ester hydrolase and cholesterol ester hydrolase activities are properties 
of  the same enzyme. This identity had been suggested by Erlanson for the rat 
enzyme [13].  In this report  the constant  ratio between the two activities 
during the different purification steps demonstrates clearly that  the two 
enzyme activities belong to the same protein. It is interesting to compare the 
molecular properties of  the human enzyme with cholesterol ester hydrolases 
purified from porcine pancreas [5] and rat pancreatic juice [6,9]. The molec- 
ular weights are different (100 000 for human, 80 000 for porcine and 65-- 
69 000 for rat enzyme) and the amino acid compositions do not  reveal a great 
homology between the rat and human proteins. Moreover the human enzyme is 
the only protein characterized as a glycoprotein [1]. However,  if it is difficult 
to compare specific activities because of  different assay methods,  all these 
enzymes require the presence of  bile salts for their activities. 

Human carboxyl ester hydrolase is also responsible for the hydrolysis of  
lipid-soluble vitamin esters present in the diet. The identity with vitamin A 
esterase activity characterized in rat pancreatic juice is demonstrated.  Moreover 
the human enzyme catalyzes the ester bond hydrolysis of  vitamin D-3 and E. 
These activities show the lack of  specificity towards the nature of  the alcohol 
implicated in the ester bond since vitamin E, cholesterol or vitamin D-3 and 
vitamin A are, respectively, tertiary, secondary and primary alcohols. This 
activity is also bile salts dependent .  

The important  part played by bile salts on the activity of  carboxyl ester 
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hydrolase needs to be discussed. Human cholesterol ester hydrolase did not  
hydrolyze cholesterol esters in the absence of bile salts and bile salts appeared 
to have a cofactor function. However, the results presented here have shown 
that  this activator effect is dependent of bile salt hydroxylat ion.  In the pres- 
ence of 3~,12~-dihydroxylated bile salts (sodium deoxycholate and tauro- 
deoxycholate} the activity was very low. It increased 30 times in the presence 
of sodium cholate and ten times in the presence of  its taurine and glycine con- 
jugates. Similar results had been obtained by Vahouny et al. [8] with choles- 
terol ester hydrolase activity present in rat pancreatic juice but the same activa- 
tor effect had been observed for the three tr ihydroxylated bile salts. Additional 
experiments with sodium taurochenodeoxycholate and tauroursodeoxycholate 
have shown the specific activator effect of the 3~,7~-dihydroxylated bile salt 
and demonstrated the importance of the 7~-hydroxyl group for the activity of 
human cholesterol ester hydrolase. Similarly, the activity of carboxyl ester 
hydrolase on vitamin E acetate in the presence of di- (3~,12~} and trihydrox- 
ylated bile salts point out a specific activator effect of t r ihydroxylated bile 
salts. This activator effect is associated to a molecular interaction between bile 
salt and enzyme. Evidence is presented by the enzyme dimerization observed in 
the presence of the same bile salts as those which increased cholesterol ester 
hydrolase or vitamin ester hydrolase activities (taurocholate and taurocheno- 
deoxycholate).  This binding of specific bile salts would induce in the same time 
dimerization and activation of enzyme, which explains why the enzyme pre- 
incubated with sodium taurocholate was more active towards cholesterol esters 
than the enzyme preincubated with sodium taurodeoxycholate or the native 
enzyme. Similar bile salt-enzyme complexes have been reported on other 
cholesterol ester hydrolases. The porcine enzyme has been found to dimerize 
[5] and the rat enzyme was shown to form a polymer with a molecular weight 
of 400 000 in the presence of sodium taurocholate [9,14]. Additional data on 
human enzyme have demonstrated that  this binding site specifically recognized 
the 7~-hydroxyl group and probably also the 3~-hydroxyl group. From a con- 
formational point of view the 7~ group must be necessarily in axial position 
while the 3~ group would be equatorial, all extending to the same side of the 
molecule, opposite to the two methyl  groups of bile salt. 

If this cofactor function of bile salt is related to bile salt hydroxylation,  
other effects of bile salts on carboxyl ester hydrolase activity have been found 
independent of the nature of bile salt. As shown in the preceding papers [1,2] 
sodium taurocholate and taurodeoxycholate increase the activity on p-nitro- 
phenylacetate and tributyrin. Both bile salts also decrease the activity on 
triacetin and phospholipids and in addition, our experiments have shown a 
competitive inhibition of triacetin hydrolysis by those bile salts. All those 
results suggest the existence of a second site of bile salts recognition which 
would be located at (or near} the catalytic site and would recognize bile salts 
as well as substrates. This effect of bile salt on the enzyme active site cannot be 
dissociated from the detergent effect on substrate since the three components  
are responsible for the catalytic action, enzyme, substrate and bile salt. In some 
cases, bile salt can form mixed micelles with substrate (phospholipids) in other 
cases and especially in the case of insoluble substrates {tributyrin, cholesterol 
or vitamin esters} bile salts surrounding or complexing substrate would play the 
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role of  anchorage for the enzyme. This effect of  bile salts on enzyme and sub- 
strate by the intermediary of  the second site of recognition would explain the 
marked increase of  cholesterol esters hydrolysis obtained with sodium cholate 
or taurocholate above 3 mM concentration,  independently of  the critical 
miceUar concentration of  each bile salt. It would be responsible for the aug- 
mentat ion of  activity on tr ibutyrin [2] and the ten-fold increase of  affinity of  
human carboxyl ester hydrolase for p-nitrophenylacetate in the presence of  bile 
salts [1]. Nevertheless, the direct detergent effect of  bile salts on substrate 
cannot be eliminated. It is obviously demonstrated by the compensatory effect 
of  Brij 35 in the absence of  bile salt on vitamin E acetate hydrolysis. 

The conjugated effect of bile salts on the two binding sites would explain 
some results obtained on cholesterol ester hydrolase activity: the high activity 
observed for low sodium taurocholate concentration after substrate preincuba- 
tion with sodium taurodeoxychola te  and the identical activator effects 
observed with sodium taurocholate alone and the mixture sodium tauro- 
cholate/ taurodeoxycholate .  

In conclusion, it seems evident that  carboxyl ester hydrolase can bind bile 
salts by the intermediary of  two sites. The first one would be specific of  the 
3~- and 7~-hydroxyl groups of  cholanic acid; it would promote  dimerization 
and consequently the activation of  enzyme. The second site different from the 
first one would be unspecific towards the hydroxylat ion position of  bile salts 
and would be located at (or near) the active center of  human carboxyl ester 
hydrolase. 
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