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Extracts of beef pancreas catalyze a rapid 
synthesis and hydrolysis of cho'lesteryl oleate 
( 1,2,3). Differences in some of the require- 
ments for optimal activity of the two reac- 
tions have been noted( 3 ) .  The influence of 
pH, electrolyte concentration, and p-sitos- 
terol upon catalytic activity of the enzyme is 
colnsidered further in the present report. 

M e t h o d s  and materials. Preparation of 
substrates and enzyme and procedure for 
manometric estimation of cholesterol ester- 
ase activity have been described( 1). Briefly, 
the composition of the standard test substrate 
for synthesis was 0.04 M cholesterol or olther 
sterol, 0.12 &I lithium oleate, and 0.02 M 
cholic acid; for hydrolysis it was 0.07 M 
cholesteryl oleate, 0.014 &4 cholic acid, and 
0.0135 114 lithium oleate. The reaction mix- 
ture contained substrate, NaHCO:j, and 
(NH4)2S04 in amounts indicated with the 
data of each experiment. The enzyme was 
a 10% aqueous or 0.01 M NaCl extract of 
acetone-dried beef pancreas clarified by fil- 
tration. The protein content ranged from 15 
to 20 mg per ml(4). Approximately 0.3 ml 
was used in each reaction vessel. The reac- 
tion was conducted in conventional Warburg 
flasks a t  37°C. After appropriate periods of 
gassing with COQ and temperature equilibra- 
tion, the reaction was started by pouring the 
enzyme solution from the side-arm into the 
main compartment. The first reading was 
made 3 minutes later, to allow for nm-specific 

gas exchange, and thereafter a t  desired inter- 
vals. An increase in the pressure of C02 oc- 
curs during ester hydrolysis; this is indicated 
by a plus sign. The pressure of C 0 2  de- 
creases during ester synthesis; this is shown 
by a minus sign,. Results are reported either 
as relative activities or as pl COs exchanged, 
i.e. released (+) olr absorbed (-), per unit 
time. 

Resul ts .  The effect of pH on rate of syn- 
thesis and hydrolysis of cho'lesteryl oleate 
a t  the concentration of electrolyte which is 
optimal for each reactioln is seen in Fig. 1. 
It is evident that the optima are distinct and 
that a t  the optimal pH for each reaction the 
opposite reaction would not occur or its rate 
would be negligible. At intermediate values 
of pH both reactions take place although a t  
reduced rates. Kearly 50% of the maximal 
rate a t  optimal pH occurs in the vicinity of 
p H  6.5. This pH is taken to be the single 
optimum for both reactions. 

The data of Fig. 2 show the effect of elec- 
trolyte concentration a t  optimal pH for each 
reaction. It is seen that the concentration of 
electrolyte which is optimal for synthesis is 
inadequate for hydrolysis. Additioln of elec- 
trolyte even in amounts slightly greater than 
required for optimal synthetic activity causes 
immediate precipitation od the substrate for 
synthesis, resulting in diminished reaction 
rate. Extent of decline in rate depends upon 
completeness of precipitation, 
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FIG. 1. Activity as a function of pH. Tliti 

standard test substrates f o r  sj-iitlicsis ( 0 ) :ti111 

Eiyclrolgsis (0) of cholcstcryl olcAatct ~ v c r c  p iq : i r tv1  
at appi~oxiiiiat~ly tlrc pH valucs iut1ic:itctl. Tvst 
sgstcnrs coiisistctl of 0.8 nil of tlicl :~ppropri:itt~ 
s t aiicl a r d t c’s t sub h t r:i t e wit 11 0 .O 4 511 - ( 1-13, ,SO, f o i’ 
synthesis and 0.72~1- ( NHs)2X0, for hydrolysis. 
NaHCO, concentration was alterecl in  accord:tncr 
with the IIeridcrsoii-H Ibncli cquation to obtaiii 
the various pH v:iliics. ,1pi)ropri:itc aniounts of 
S n C l  were atl~leil to  :ill roactioii niixtures voiitait i-  
ing lcss tliaii tlic ~ii:i~iiiiiiiii :iiiiouiit of S : i H C O ,  
ustit1 in tlic systeiri to iriai1it:iiii :I coir\t:Lirt iiiii-iini- 
v:ilcnt electrolyte conceiitratioii. Total reaction 
volunie 2.2 nil; gas, CO,. The pH valixcs rccordi~~l 
are tliosc found after the 30-niin. experirrierit;il 
prriod, but do not differ from initial pH values by 
more than 0.1 pH unit, 

FIG.  2. Effect of elcctrolytc eoncentration 011 

rate of syiithesis ( 0 )  and hydrolysis (0) of cho- 
lesteryl oleate. Each r e a ~  tioii mixture consistecl o I’ 

0.8 ml of appropriate staiiclnrtl tc.st substrate. (”011- 

centration of SaHCO,  was 0.014~1 in  the systwi 
for syiithesis nrid 0.18~ iii that f o r  hydrolysis ; 
gas, CO,. Aiiiourit of (KH,),SO, w a s  varied over 
thc range slion-ii on abscissa. Total reaction vol, 
2.2 1111. 

The effect of electrolyte olver a wide range 
of concentrations can be evaluated at pH 

TABLE I. Selective Effect of Electrolyte Concen- 
tration. Standard test substrate for synthesis of 
vholesterjl oleate was used in  Exp. 1. For  Exp. 2 
tliis was triotlificd by addition of cholesteryl oleate 
cvliiivaleiit in  amount to  cholesterol. For  Exp. 3 
c.lioIesteryl olriite was substituted f o r  cholesterol. 
P:;~cli reactioii flask contained 0.8 ml of one of thc 
~iihstixtc~s i r r  a total fluid vol of 2.2 ml. Reaction 
nrixture was rriaintained at p H  6.5-6.6 by 0 . 0 4 7 ~  
SnHCO, and GO,. Minus and plus signs indicate 

ester synthesis and hydrolysis respectively. 

r p l  CO2/60’---7 
s o .  piiroles (NH,),SO,: 0 100 1200 

1 .  (‘llolcstcrol -86  -107 - 22 
I. 1 ” + cholesteryl -30 - 18 + 38 

oleate 
3. Cliolesteryl oleate $58 + 8 9  +127 

6.5-6.6. At  this pH the dispersed character 
of the substrate for synthesis is not destroyed 
even by the high electrolyte concentrations 
required in the hydrolytic system. The data 
are given on Table I. At pH 6.5-6.6 the re- 
sponse of the two systems in presence of 
either substrate alone (Nos. 1 and 3 )  is 
qualitatively similar to that seen a t  the op- 
timal pH for each reaction (Fig. 2 ) .  In the 
presence of both substrates a complete re- 
versal of gas pressure change from negative 
(synthesis) to positive (hydrolysis) is 
brought about by increase of electrolyte con- 
centration from 0 or 100 pmoles (NH4)2S04. 
to 1200 pmoles (NH4)2S04. 

Both cholesterol and /3-sitosterol are es- 
terified with oleic acid although the optimal 
conditions are not the same(3). The data 
of Table I1 show that the percent of 4C14- 
cholesterol which is es terified decreases as 
the absolute amount of p-sitosterol is in- 
creased . 

Although the pH optima for 
synthesis and hydrolysis of cholesteryl oleate 
differ by approximately one pH unit, i t  has 
been shown that both reactions can occur a t  
a single intermediate pH. In the presence of 
both substrates the reaction which predomi- 
nates a t  this pH, as determined by the direc- 
tion of gas exchange, is governed by the elec- 
trolyte concentration. At low concentrations 
of electrolyte the esterification reaction is fa- 
vored, whereas at  high concentrations of elec- 
trollyte hydrolysis is dominant. These re- 
sults are in accord with the effect of electro- 

Discussion. 
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TABLE 11. Effect of p-Sitosterol upon Rate of 
Esterification of Cholesterol. 0.1 ml of the stan- 
dard substrate for synthesis of 4C14 cholesteryl 
oleate was present in all flasks. A similar sub- 
strate, but prepared with p-sitosterol, was added in 
amounts t o  give the ratios indicated; fluid vol, 2.2 
ml. Concentration of (NH,),SO, was 0 . 0 2 3 ~  and 
of NaHCO,, 0 . 0 1 4 ~ ;  gas CO,. Reaction mixture 
was extracted with 1 : 1 acetone : alcohol (v/v> and 
free sterol was removed as the digitonide. Activ- 
ity of the supernate, combined with washings of 
the digitonide, was determined by a Packard Tri- 

Carb Scintillation Counter. 

yo 4Q4- 

in  ester 
Ratio, cholesterol 

ch olest erol/p-si t osterol 

1 : o  60.0 
1:1 41.9 
1 :2 37.5 
1:4 23.4 
1 :6  21.9 
1:s 15.0 
1 : l O  13.0 

lyte concentration on reaction rate with each 
substrate alone. 

The magnitude of gas exchange in the 
presence of both substrates does not appear 
to be related in any obvious way to the mag- 
nitude of change observed with each sub- 
strate alone. A t  low electrolyte concentra- 
tions the rate in the presence of both sub- 
strates is approximately equal to the alge- 
braic sum of the individual rates. If it can 
be assumed that the concentration of each 
reactant when both are present is sufficient to 
saturate the enzyme, as is the case when each 
is used alone, then the data may suggest that 
a unique catalytic site is required for syn- 
thesis and hydrolysis. At high electrolyte 
concentration summation of activity does not 
occur; hence i t  would appear that the hydro- 
lytic reaction is inhibited by cholesterol. It 
may be that only at high electrolyte concen- 
tration cholesterol alters the colloidal prop- 
erties of the substrate for hydrolysis making 
it less susceptible to enzymic attack. 

The inhibitory effect of p-sitosterol upon 

intestinal absorption of cholesterol has been 
amply documented ( 5 ) .  p-Sitosterol is not 
absorbed in significant amounts ( 5 j altholugh 
it  is readily esterified in vitro(3,S) and pre- 
sumably in vivo. Thus i t  can be anticipated 
that rate of cholesterol esterification will be 
influenced by amount of p-sitosterol present, 
as is verified by the data. The function of 
pancreatic cholesterol esterase is associated 
with the process of cholesterol absorption ( 5  j . 
Interference with esterification of cholesterol 
by an esterifiable but non-absorbable sterol 
may be one important mode of action of p- 
sitosterol. 

I t  is suggested that conflicting data on the 
type of reaction catalyzed by pancreatic cho- 
lesterol esterase may be attributed to insuf- 
ficient regard for the factors which have been 
shown to influence the catalytic properties od 
this enzyme. 

Summary. These data indicate that pan- 
creatic cholesterol esterase catalyzes both 
synthesis and hydrolysis of cholesteryl ole- 
ate a t  a single pH, but the reaction which 
predominates in presence od both substrates 
is governed by the electrolyte concentration. 
Rate of synthesis of 4C1*-choilesteryl oleate 
is decreased in proportion to relative concen- 
tra tion of p-si tosterol. 

The authors acknowledge with gratitude the eon- 
tinued intorest of Drs. R. E. Shipley and C. W. 
Pe ttinga. 
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