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SUMMARY

An acetanilide~hydrolyzing esterase of rat liver microso-
mes was found to be easily solubilized from the membranes by
treatments with phospholipase A (pH 6.8), aqueous acetone, low
concentrations of detergents, alkali, and sonic oscillation.
Most of the microsomal enzymes such as cytochrome 25 and NADPH-
cytochrome ¢ reductase were not solubilized by these treat-
ments, Trypsin digestion, on the other hand, failed to liberate
the esterase from the membranes, although this treatment was
very effective in solubilizing cytochrome 25 and NADPH~-cyto-
chrome ¢ reductase.

The esterase was extracted from the acetone powder of
trypsin-treated rat liver microsomes and purified about 50-fold
by Sephadex G-150 gel filtration and DEAE-Sephadex chromato-
graphy., A rabbit antiserum was prepared against the purified
esterase, The antibody thus prepared did not inhibit the acet-
anilide-hydrolyzing activity of the purified enzyme, but pre-
cipitated this activity efficiently., However, evidence was
obtained to indicate that the antibody could not react with the
esterase in untreated microsomal vesicles., This finding
suggested that the enzyme in microsomes is not located at the
outside surface of the vesicular membranes.

These results are discussed in relation to the binding of

the esterase to the endoplasmic reticulum,
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INTRODUCTION

Recent studies on the turnover of two enzymes of rat liver
microsomes, i.e. NADPH-cytochrome c¢ reductase and cytochrome 95,
showed that these proteins have different half-lives in vivo
( 1 ). This finding suggested that individual proteins of the
microsomal membranes are turning over independently. However,
in order to establish the validity of this concept, it was
desirable to determine the turnover rates for several more pro-
teins associated with the microsomal membranes, In a search
for proteins suitable for such studies, we became aware of a
report by Krisch et al. (2) on the purification of an acet-
anilide~hydrolyzing esterase from pig liver microsomes, Judged
from the degree of purificétion and high recovery attained by
these workers, we thought it feasible to develop for this enzyme
a small-scale purification method, which is a prerequisite for
the study of its tugnover in rats,

In the preseﬁt study we examined the solubilization of the
esterase from rat liver microsomes by various treatments and
established a procedure for its purification to a satisfactory
purity, An antibody to the purified esterase was prepared and
shown to precipitate the solubilized enzyme, However, the anti-
body could not interact with the enzyme associated with micro-~
somal vesicles, DBased on the observations reported in this
paper, we conclude that the esterase is loosely bound to the
inside surface of the microsomal vesicles, This localization
of the esterase is similar to that of nucleoside diphosphatase
( 3 ) and is in contrast to those of cytochrome 25, NADPH-cyto=-
chrome ¢ reductase and NADH-cytochrome b, reductase which are
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situated at the outside surface of the membranes ( 4,5 ). The
application of the purification method developed to the study
of turnover in vivo of the esterase is reported in the accom-

panying paper ( 6 ).



MATERIALS AND METHODS

Reagents and Biochemicals -~ NADH, NADPH, trypsin, and

cabbage phospholipase D were purchased from Sigma Chemical
Company. Nagarse was purchased from Nagase Industrial Company.
Yeast cytochrome ¢ was a generous gift from Sankyo Company.

Phospholipase C purified from Clostridium perfringens was kindly

supplied from Dr. J. Hase of Toyama University. Crude venom of

the snake Trimeresurus flavoviridis obtained by courtesy of Dr.

A. Ohsaka was heated as described previously ( 19 ) and used as
phospholipase A preparation., This preparation was free of pro-
tease activities. Emalgen 900 series of detergents (nonylphenyl
polyoxyethylenes) were kindly donated from Kao-Atlas Company.

Microsomal Preparation and Subcellular Fractionation --

Liver microsomes were prepared from Sprague-Dawley rats and
washed as described previously ( 7 ). Separation of rough and
smooth microsomes from the postmitochondrial supernatant of a

20 % liver homogenate in 0.88 M sucrose was carried out as
described previously ( 8 ). Liver homogenates in 0.25 M sucrose
were fractionated into the nuclear, mitochondrial, lysosomal,
microsomal, and soluble fractions as described previously ( 21 ).

Solubilization Treatments =« Details of the conditions

employed for solubilization of microsomal components are des-
cribed in legends for figures and tables, In each experiments,
the microsomal suspension that had been treated with a solubi-
lizing agent was centrifuged at 105,000 x g for 90 min, and the
components recovered in the supernatant were regarded as have
been solubilized., The enzyme activities of the treated suspen-

sion were also assayed to determine the degrees of inactivation
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during the treatment, Solubilization percent of an enzyme was
expressed based on the activity remaining after the treatment.

Enzyme Assays -~ The acetanilide~hydrolyzing activity of

the esterase was determined by measuring the formation of aniline
by a modification of the method of Krisch ( 2 ), The reaction
mixture contained, in %%inal volume of 1.0 ml, 10 pymole of acet-
anilide, 0.1 M Tris-HCl buffer (pH 8.5), and enzyme, Incubation
was carried out at 37° for 10 min, and the reaction was stopped
by adding 1.0ml of 0,2 N HCl, To this mixture were added 0.25
ml of 0.2 % sodium nitrite, and 5 min later 0.25 ml of 1 %
ammonium sulfate, and 3 min later 0,5 ml of 30 % sodium acetate,
Immediately after the addition of sodium acetate, 0.25 ml of
0.2% N=-(l=-naphthyl)-ethylenediamine dihydrochloride was added
and the mixture was allowed to stand for 10 min, Then 1,0 ml

of 50 % trichloracetic acid (TCA) and 1.5 ml of ethanol were
added,vand the color of the mixture was measured at 558 nm,

One unit of the esterase was defined as the amount hydrolyzing
one umole of acetanilide per min under the above assay condi-
tions. The activities of NADH-ferricyanide reductase ( 9 ),
NADH-cytochrome ¢ reductase ( 10 ), NADPH-cytochrome ¢ reductase
(7 f, and gulonolactone dehydrogenase ( 11 ) were assayed by
the published methods.

Analytical Methods -- Protein was determined by the method

of Lowry et gl.( 12 ), using bovine serum albumin as the stan=-
dard. Cytochrome 35 was determined as described previously

( 13 ). Phospholipid was extracted from TCA-precipitated micro-
somes with ethanol-ether (3:1 by volume) according to the method

of Volkin and Cohn ( 14 ), Phospholipid phosphorus was deter-



mined by Allen's method ( 15 ), and the value obtained was
multiplied by 25 to obtain the amount of phospholipid., Micro-
somal phospholipid fraction was separated into its components

by thin~layer chromatography as described by M., Noda ( 16 ).

The liberation of choline from microsomes by phospholipase C

and phospholipase D was estimated by the method of H, Staudinger
(17). RNA was determined by the orcinol method of Mejbaum (18).

Purification of Esterase -- A suspension of washed micro-

somes in 0,1 M phosphate buffer, pH 7.5, (10 mg of protein per
ml) was digested with 0.03 % trypsin at n° overnight to solu~
bilize about 25 % of the microsomal proteins including cyto-
chrome 25 and NADPH-cytochrome ¢ reductase (1,4). The mixture
was centrifuged at 105,000 x g for 90 min, and the suspension

of the pellet retaining the esterase activity in the same buffer
(30 mg of protein per ml) was treated with 9 vol, of acetone.
The treated pellet was then dried with diethyl ether, The

dried powder was homogenized with ca 20 vol, of 10 mM potassium
phosphate buffer, pH 7.5, and the suspension was centrifuged at
105,000 x g for 60 min to obtain a clear supernatant, Most
(70-90 %) of the esterase activity as well as about 20 % of the
protein were usually extracted by this treatment., Nagarse was
added to supernatant to a final concentration of 0.003 %, and
the mixture was incubated at L° overnight, After adding NaCl

to 0,1 M, the esterase in the solution was precipitated by
acetone fractionation (0 to 60 %). The precipitate collected

by centrifugation at 6,000 x g for 10 min was dissolved in a
small amount of 40 mM potassium phosphate buffer, pH 7.5, and

then centrifuzed as above to remove insoluble materials., The
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solution was subjected to gel filtration through a Sephadex
G=150 column (1.5 x 80 cm) which had been equilibrated with 40
mM potassium phosphate buffer, pH 7.5; elution was conducted
with the same buffer. The esterase activity was eluted in two
forms having a peak and the shoulder. The peak containing the
dimeric form of esterase was eluted slightly behind the void
volume, and the shoulder containing the monomeric form was
eluted thereafter., For further purification, only the fractions
corresponding to the peak (containing more than 150 munits per
mg of protein) were combined and applied to a DEAE-Sephadex

A-50 column (1 x 5 cm) equilibrated with 40 mM potassium phos-
phate buffer, pH 7.5. Immediately inactive proteins were eluted
with 50 mM phosphate buffer of the same pH. The esterase was
then eluted by increasing the bﬁffer concentration to 80 mM,

The fractions thus eluted having almost the same specific ester-
ase activities were combined and used as the purified preparation,

Preparation of Antiserum to Purified Esterase -- Two mg of

the purified esterase preparation obtained as described above

in 1,0 ml of 80 mM potassium phosphate buffer, pH 7.5, were

mixed with 1.0 ml of Freund's complete adjuvant (Difco Company),
and the mixture was injécted subcutaneously to an albino rabbit
weighing 2.5 Kg. Four weeks after the first injection, 1.0 mg

of the purified enzyme was injected intravenously to the same
animal., One week after the second injection, blood was collected
from the ear vein of the immunized animal, The Y~zlobulin frac-
tion was prepared from the blood by the conventional ammonium
sulfate fractionation method., The Y-globulin fraction was also

obtained from a control rabbit,



RESULTS

Esterase as a Microsomal Component -- Fig, 1 shows the

distribution of the acetanilide-~hydrolyzing activity among
subcellular fractions of rat liver. This distribution pattern

is similar to those of typical microsomal enzymes such as
glucose~6-phosphatase and aniline hydroxylase ( 20,21 ) and
confirms the microsomal localization of the esterase reported
for pork liver ( 2 ). However, the subcellular fractions studied
in Fig.,1l were not washed, and therefore the possibility still
remained that the enzyme had been adsorbed to microsomes during
the fractibnation procedure, That this was not the case was
shown by the observation that washing of the microsomes with

1.0 and 2.0 M NaCl resulted in no loss of the esterase activity.
It was thus established that the esterase’is a true microsomal
component but is: not an adsorbed artifact. As shown in Table I,
the esterase activity was present in both rough and smooth
microsomes, and the specific esterase activities in the two
submicrosomal fractions were almost identical with each other
when expressed per mg of phospholipid. Since the phospholipid
content can be regarded as proportional to the amount of memb-
ranes, it was concluded that the esterase is bound to the micro-
somal membranes but not to ribosomes,

Esterase Solubilization by Detergents -- A series of non-

ionic detergents, having nonylphenyl group as hydrophobic part
and differing lengths of polyoxyethylene side chain as hydro-

philic part, were tested, each at a concentration of 2.5 mM, to
solubilize the esterase and some other enzymes from the smooth

subfraction of liver microsomes. The results are shown in Fig.?Z2,
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wvhere the hydrophile-lipophile balance (HLB) values of the
detergents used are plotted against the degrees of enzyme solu-
bilization, Detergents with higher HLB values represent those
containing more hydrophilic groups in the molecule., It was

found that treatment of microsomes with the detergents having
HLB values lower than about 17 caused efficient solubilization
of the esterase, This solubilization behavior of the esterase
was markedly different from the other two microsomal enzymes
studied, i.e. gulonolactone dehydrogenase and NADH-ferricyanide
reductase, The latter enzyme was not solubilized to a significant
extent with all the detergents tested at 2.5 mM. Then the effect
of detergent concentration on thé@olubilization of esterase was
studied using two of the detergents, Emalgen 911 and Emalgen
920, having HLB values of 13,7 and 15.5, respectively, As shown
in Fig.3, the esterase was efficiently solubilized at the deter-
gent concentration range of 1-2 mM, where gulonolactone dehydro-
genase and NADPH-cytochrome ¢ reductase were practically not
solubilized at all, It should be noted that the detergent treat-
ments of microsomes were usually accompanied by considerable
inactivation of the esterase,

Alkali Treatment of Microsomes -- The esterase was solubi=-

lized by treatment of microsomes with NHuOH as in the case of
nucleoside diphosphatase (22), The microsomal suspension was
adjusted to pH 10.8 by the addition, with vigorous stirring,

of 28 % NH;, OH and was then immediately brought back to pH 6.5
with glacial acetic acid. Prolonged treatment of the microsomal
suspension at the alkaline pH resulted in a pronounced loss of

the enzyme activity. The suspension was then centrifuged for
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90 min at 105,000 x g, It was thus found that 50-65 % of the
total activity of the suspension was recovered in the super-
natant together with about 20 % of the protein. This treat-
ment, however, failed to release NADPH-cytochrome ¢ reductase,
NADH-ferricyanide reductase, and cytochrome 25 from the micro-
some membranes,

Sonication of Microsomes -~ Treatment of microsomes with

sonic oscillation at 30° also solubilized esterase, though at
0° the solubilization was much less, None of the other micro-
so&al enzymes tested were released from microsomes by the sonic
treatment both at 30° and 0°, although about 15 % of protein
was solubilized,

Organic Solvent Treatments of Microsomes -- Lyophilized

microsomes were treated with organic solvents; the treatment
was carried out at temperatures below 0° using an ice-salt
mixture. The treatment with 90 % acetone removed most phospho-
lipid from microsomes, whereas 100 % acetone and 100 % diethyl-
ether removed phospholipid only partially ( Table II ). After
the treatment, the organic solvent used was completely removed
by evacuation, The microsomal powder thus obtained was then
homogenized with 50 mM Tris-HCl (pH 7.5), and the suspension was
centrifuged at 105,000 x g for 90 min, It was thus found that
almost all fhe esterase activity of the powder prepared with

90 % acetone was recovered in the supernatant. The enzyme was,
however, only partially extracted from the powders prepared
with 100 % acetone and 100 % diethylether ( Table I ). The

other microsomal enzymes assayed (cytochrome 25 and NADPH-

cytochrome ¢ reductase) were not solubilized by any of the
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organic solvent treatments,

Treatments with Phospholipases ~- Since the results of

organic solvent treatments suggested that removal of phospho-
lipid is related to the release of the esterase, it was of
interest to examine the actions of phospholipases on microsomes,
Thus, microsomes were treated with snake venom phospholipase A

at pH 6.8, where lysophospholipid produced by the hydrolysis of
membrane lipid exerts no appreciable detergent action. The action
of 0.001 % phospholipase A overnight at 0° caused the decompo-
sition of 50-60 % of the microsomal phospholipid as revealed by
thin-layer chromatographic analysis of phospholipid ( Table II ).
This treatment also resulted in about 50 % inactivation of este-
rase activity., However, the remaining activity was quantitatively
recovered in the 105,000 x g supernatant, The phospholipase A
treatment could not liberate NADH~ferricyanide reductase, NADPH~-
cytochrome ¢ reductase, and cytochrome 25 from microsomes, In

contrast to phospholipase A, neither C. perfringens phospholipase

C nor cabbage phospholipase D caused appreciable solubilization
of the esterase even when almost all the membrane phospholipid
was attacked by the lipolytic enzymes ( Fig, 4 )., It was also
observed that the decomposition of all the phospholipid in micro-
somes by these enzymes was accompanied by about 50 % inactivation
of the esterase, The treatments with phospholipases C and D also
failed to solubilize the other microsomal enzymes such as NADH=-
ferricyanide reductase,

Protease Treatments ~- Despite the fact that the esterase

was readily solubilized by treatments with organic solvents, low

concentrations of non-ionic detergents, etc., it was not solu-
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bilized by the actions of proteases on microsomes, In confir-
mation of previous findings ( 1,4 ), both NADPH-cytochrome c
reductase and cytochrome 25 were very efficiently solubilized

by incubating microsomes at 4° overnight with low concentrations
of trypsin, but little solubilization of the esterase was
achieved even at the highest concentration (0.1 %) of trypsin
used ( Fig. 5 ). Similar results were obtained when nagarse,
papain, pepsin, and a fungal acid protease were employed instead
of trypsin., These results suggested that the mode of linkage of
the esterase to the microsomal membranes is entirely different
from those of cytochrome 25 and NADPH-cytochrome ¢ reductase.

Purification 2£ Esterase -- Based on the solubilization

behavior of the esterase described above, attempts were made to
purify the enzyme from liver microsomes and a purification pro-
cedure as described under Materials and Methods was finally
adopted. In brief, this procedure consisted of 1) trypsin
digestion of microsomes, 2) treatment of the trypsin-treated
microsomes with 90 % acetone, 3) extraction of the acetone-dried
powder with phosphate buffer, 4) gel filtration of the extract
through Sephadex G-150, and 5) chromatography on a small column
of DEAE-Sephadex A-50. As shown in Fig. 6, Sephadex G=150 gel
filtration revealed the presence of two forms of the esterase
activity, i.e. a peak eluted slightly behind the void volume
containing the dimeric form of the esterase and the shoulder
containing the monomeric form, Only the peak was used for the
next step, because it was very difficult to purify from the

shoulder to a satisfactory extent by the subsequent chromato=-

graphic step., This is the reason why a very poor recovery of
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the enzyme was obtained in the gel filtration step (see Table
IV)., TFig. 7 shows the elution pattern obtained in the final
step of DEAE-Sephadex chromatography., Because 0f the lability
of the enzyme at this step, a small column and stepwise elution
had to be used to minimize the time required to obtain sepa-
ration, The peak eluted by 80 mM phosphate buffer contained
most of the esterase activity. Two or three tubes of this

peak, showing almost the same specific activities, were combined
and used as the purified enzyme preparation.

As can be seen from Table IV, the esterase was purified
about 50-fold with an overall yield of 4-5 %, When subjected
to polyacrylamide gel electrophoresis in the presence of sodium
dodecylsulfate ( 23 ), the purified preparation showed one
major protein band together with a few impurity protein bands
( Fig. 8 )3 the molecular weight of the major protein compo-
nent was roughly estimated to be 60,000-65,000,

Immunological Studies on Esterase Localization -~ To deter-

mine the localization of the esterase in microsomal vesicles

a rabbit antiserum was prepared against the purified esterase
preparation, The Y~globulin fraction:.of the anti-serum did not
inhibit the acetanilide~hydrolyzing activity of partially puri-
fied preparations of the esterase, but it precipitated the
activity from solution ( Fig. 9 ). The Y=globulin fraction of
normal rabbit serum, on the other hand, did not precipitate the
esterase activity. Graded amounts of the anti-esterase Y-globu-
lin fraction (21.4 mg of protein per ml) was incubated with a
sufficient amount of microsomes (198 munits esterase:) at 30°

for 30 min, and then the mixture was centrifuted at 105,000 x g
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for 90 min to remove the microsomal vesicles. If the antibody
reacted with the esterase in the microsomal vesicles during
the incubation, the antibody titer of the supernatant should
have been reduced considerably., However, the capacity of the
supernatant to precipitate the partially purified esterase was
the same as that of the untreated anti-esterase globulin frace
tion, It was thus concluded that the esterase of microsomal

vesicles did not react with the externally added antibody.
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DISCUSSION

As reported by Krisch ( 2 ) for pig liver, acetanilide
hydrolyzing esterase of rat liver is also recovered in micro-
somal fraction upon cell fractionation. The observation that
this enzyme cannot be removed from microsomes by washing with
salt solutions of high ionic strength excludes the possibility
that this localization is an artifact arising from translocation
and readsorption. The equal distribution of the enzyme between
rough and smooth microsomes indicates that it is not associated
with ribosomes, Instead, the parallelism between the esterase
activity and phospholipid content in the two submicrosomal
fractions suggests that this enzyme is attached to the membrane
portion of microsomes. Although it is difficult to exclude the
possibility that the esterase is located in the space enclosed
by the vesicular membrane, it may'be tentatively concluded that
the enzyme is bound to the membrane itself. This conclusion
receives a further support from the finding, to be reported in
the accompanying paper ( 6 ), that the esterase level in liver
microsomes remains almost unchanged even 4 hr after injection
of cycloheximide to rats. Since most of the proteins present
in the lumen of the endoplasmic reticulum of hepatocytes can be
regared as secretory proteins, it is quite unlikely that these
protiens stay in the lumen for such a long time after cessatidn
of their new synthesis by cycloheximide,

The solubilization behavior of the esterase from microsomes
indicates that the mode of its attachment to the membrane is
rather unique, The esterase can be readily solubilized by treat-

ments with sonic oscillation, alkali, aqueous acetone, and low
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concentrations of neutral detergents. Since all these treat-
ments do not cause significant solubilization of most of the
known microsomal enzymes, the linkage of the esterase to the
membrane seems to be unusually weak. Phospholipase A, when
acted on microsomes at pH 6.8, also causes little liberation

of proteins. Yet the esterase is efficiently solubilized by
this treatment., The efficient releasé of the esterase by such
agents as aqueous acetone and phospholipase A may be taken as
evidence for the involvement of phospholipids in the binding

of the esterase to the microsomal membrane. This possibility
is especially of interest in view of recent reports that mito-
chondrial NADH dehydrogenase ( 24 ) and monoamine oxidase { 25 )
are bound to the membranes through acidic phospholipids, How~
ever, both phospholipases C and D are ineffective in solubiliz-
ing the esterase., An interesting, but not yet proven, possi-
bility is that the fatty acid chains, but not the hydrophilic
moiety, of membrane phospholipids play an important role in the
binding to the esterase,

Despite the ease with which the esterase is liberated by
various treatments, protease digestion of microsomes neither
solubilizes nor inactivates the enzyme, This treatment, how-
ever, causes efficient solubilization of both NADPH-cytochrome
¢ reductase and cytochrome 25 together with a sizable amount of
membrane proteins ( 1,4), Based mainly on the fact that the
vesicular structure of microsomes is still preserved even after
the protease digestion, it has been concluded that both the
reductase and cytochrome are located at the outer surface of the

microsomal membrane ( 4 )., Studies with antibodies to these
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proteins have also supported this conclusion ( 5 ). In view
of these observations, the resistance of the microsomal este-
rase to proteolysis suggests that the enzyme is not exposed to
the outside medium surrounding the microsomal vesicles. The
validity of this concept is more clearly supported by the
demonstration that an antibody to the esterase fails to react
with the enzyme bound to microsomes.

Two possibilities should, therefore, be considered regard-
ing the intramicrosomal location of the esterasej 1) it is
buried in the hydrophobic matrix of the membrane, and 2) it is
anchored to the inner surface of the vesicular membrane, Of
these two alternatives, the first possibility seems to be
unlikely because the purified esterase is considerably hydro-
philic and freely soluble in water, The observations that the
esterase is easily solubilized by treatments which do not release
most of the typical microsomal proteins are also against the
first possibility. It may, therefore, be concluded that the
esterase is attached by a very weak linkage to the inner surface
of the vesicular membrane, It is likely that the esterase is
readily liberated from microsomes when the vesicular structure
is ruptured by sonication, aqueous acetone, alkaline pH, and
so forth, Protease digestion is, however, incapable of releasing
the esterase because this treatment does not destroy the vesicu=-
lar structure ( % ). The localization of the enzyme at the
inner surface of the membrane is also compatible with our
preliminary observations that the purified 1u’C-labeled esterase
does not exchange with the microsomal bound enzyme and that the

purified enzyme is not rebound to microsomes from which the
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esterase has been removed by sonication., The mode of attach-
ment of the esterase to microsomes discussed above seems to
resemble that of nucleoside diphosphatase which is also easily
solubilizable by alkali or low concentrations of detergents

but is resistant to proteolytic digestion ( 3 ),
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FIGURE LEGENDS

Fig. 1. Subcellular distribution of acetanilide hydrolyzing
esterase in rat liver, Cell fractionation was carried out as
described previously (21)., The ordinate indicates the specific
activity of the esterase per mg of protein, The subcellular
fractions are shown in the abscissae by their relative protein
contents in the order of their isolation., N, Mt, Ly, Ms and
S represent the nuclear, mitochondrial, lysosomal, microsomal
and soluble fractions, réspectively.

Fig. 2, Solubilization of enzymes and protein from liver
microsomes with polyoxyethylene nonylphenylethers having di-
fferent HLB values, Smooth microsomes suspended in 50 mM Tris-
HC1 buffer, pH 7.5, containing 1 mM EDTA and 2.5 mM detergent
(10 mg of protein per ml) were incubated at 0°C for 30 min,
and then the suspension was centrifuged at 105,000 x g for 90
min, Percentages of the esterase (acetanilide hydrolase),
gulonolactoﬁe dehydrogenase, and NADH-ferricyanide reductase
activities as well as microsomal protein solubilized in the
supernatant were determined,

Figf 3, Effects of concentrations of two nonionic deter-
gents, Emalgen 911 (HLB, 13.7) and Emalgen 920 (HLB, 15.5), on
the solubilization of the esterase, gulonolactone dehydrogenase,
and NADPH-cytochrome ¢ reductase from liver microsomes, The
detergents used were both polyoxyethylene nonylphenylethers,
The experimental conditions were the same as in Fig, 2, except
that the indicated detergents were used at different concent-

rations,



Fig. U. Solubilization and inactivation of the microsomal
esterase by phospholipases C and D, Phospholipase C digestion
was conducted at 30°C for 30 min, and the reaction mixture
contained liver microsomes.(lo mg of protein per ml), 0,05 M
borate buffer, pH 7.5, 5 mM CaClz, and various amounts of C.

perfringens phospholipase C., The reaction mixture for phos-

pholipase D digestion contained liver microsomes (10 mg of pro-
tein per ml), 0.1 M acetate buffer, pH 5.6, 0.5 mM CaCl,, and
various amounts of cabbage phospholipase D, The reaction was
run at 30°C for 60 min, Liver microsomes were prepared from
rats which had been injected with 5 uCi of 1L"C-labeled choline
30 min prior to sacrifice., The amount of phospholipids decom=
posed by digestion was.estimated from the radioactivity reco=-
vered in the supernatant (105,000 x g for 90 min) of the reac-
tion mixture,
Fig. 5. Tryptic solubilization of the esterase, cyto=-

chrome 25,

somes, Liver microsomes suspended in 0,1 M phosphate buffer,

and NADPH-~cytochrome ¢ reductase from liver micro-

PH 7.5 (10 mg of protein per ml), were digested at boc over=
night with indicated concentration of trypsin. The suspension
was centrifuged at 105,000 x g for 90 min. The contents of
the enzymes and protein solubilized in the supernatant were
determined,

Fig, 6., Sephadex G=150 gel filtration of esterase, Gel
filtration procedures used were as described in the Materials
and Methods., Flow rate was 40 ml per hour, with the elute
being collected in 4,0 ml fractions.

Fig. 7. DEAE-Sephadex A-50 chromatography of esterase,



Chromatographic procedures were carried out as described in
the Materials and Methods.

Fig, 8, Polyacrylamide gel electrophoresis of the puri-
fied esterase preparation, ElecCtrophoresis was carried out at
room temperature according to the method of Weber and Osborn
( 23 )o A current of 7 mA per tube was applied for 5 hr, and
5 % gel was used., After staining with Coomassie brilliant
blue, the gel was destained with 7 % acetic acid - 25 % methanol
solution,

Fig, 9. Precipitation of purified esterase by anti-este-
rase antibody and failure of microsomes to adsorb the antibody.
To a solution containing 220 milliunits of partially purified
esterase in 0.25 M sucrose - 20 mM phosphate buffer, pH 7.5
was added indicated amount of the Y-globulin fraction of rabbit
anti-esterase serum or that of control serum., The mixture was
incubated at 30°C for 30 min and then centrifuged at 3,000 x g
for 20 min to precipitate the antigen-antibody complex., The
esterase activity remaining in the supernatant was measured
(gp———0 ). In another experiment, indicated amount of anti-
globulin was first incubated with microsomes having 198 milli-
units of the esterase activity, After incubation at 30°C for
30 min, the mixture was centrifuged at 105,000 x g for 90 min
to sediment the added microsomes., To the supernatant thus
obtained were added 220 milliunits of partially purified este-
rase as above, The mixture was then incubated and centrifuged
and the esterase activity remaining in the final supernatant

was measured as above {x------X),.



Table I
Distribution of Esterase between Rough
and Smooth Microsomes

Rough and smooth microsomes were prepared as described in

the Materials and Methods.

Fraction RNA Phospholipid(PL) Esterase
pg/mg prot. ug/mg prot. munits/mg prot. munits/mg PL
Smooth
microsomes 16 hok 9.1 22.5
gh
Roug 253 302 5.9 19.6

microsomes




Table IT
Solubilization of Esterase from Microsomes Treated with 90 %
Acetone, 100 % Acetone, and 100 % Diethylether
Lyophilized microsomes were treated by the organic solvents to
give the dried powder of microsomes., The powder was extracted
with Tris-HCl buffer (pH 7.5) as described in the text, and
esterase activity in supernatant and whole suspension was
assayed., The percentage of phospholipid remained in microsomal

powder after solvent treatment is also shown in the Table,

Protein | PL in residue | Esterase

Treatment | 551, (%) (%) Sol. (%)
Buffer 11.3 100 15.9
90%

Acetone 19.3 19.7 97.7
100%

Acetone 16.6 83.5 55.0
100%

Ether 15.1 77.6 41,0

*, 10 mM potassium phosphate, pH 7.5 was used
for the extraction.



Table III
Solubilization of Esterase by Phospholipase A.

Washed microsomes were digested overnight at 0° in 0,1 M
Tris-HC1l (pH 6.8) containing 0.1 mM CaCl2 with indicated amount
of snake venom phospholipase A. The suspension was centrifuged
at 105,000 x g for 90 min., The phospholipid fraction of the
reaction mixture was subjected to thin-layer chromatography
and phosphatidyl choline and phosphatidyl ethanolamine separated
were determined from phospholipid~phosphorus obtained by

Allents procedure ( 15 ).

Esterase (%) Phospholipid decomposed (%)

PLase A .

concentration (%) L iiiite solubilization | ehoiine ) ethanalauine
0 100 5.9 - -
0.001 bs.2 97.1 64,0 54,5




Table IV

A Summary of Purification of Esterase

from Rat Liver Microsomes

Total protein

Total activity

Specific activity

mg units munits/mg prot.
Washed microsomes 2820 Lg.3 17.2
Extract from
acetone powder sk1 30.5 56.3
G-150 filtration 31.4 5.5 175
DEAE~Sephadex ' 3.0 2,3 770
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Fig.8. Polyacrylamide Gel Electrophoresis of the Purified

Esterase Preparation.
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Studies on Acetanilide~hydrolyzing Esterase of Rat Liver

Microsomes, IL. Turnover Studies,

Teruaki Akao



SUMMARY
The apparent rate of turnover in vivo of acetanilide=~
hydrolyzing esterase of rat liver microsomes was measured by

isolating the enzyme at intervals after injection of 1

C=labelled
leucine to the animals, The incorporation of the label into the
enzyme was very rapid reaching a maximum 30 min after the injec-
tion, However, about 80 % of the newly synthesized enzyme
disappeared rapidly within 90 min after the incorporation had
reached the maximum, The degradation thereafter was very slow
and a half life of about 4 days was determined for this slow
phase, Since the esterase activity in liver microsomes was

not lowered to any measurable extent even 4 hr after injection

of cycloheximide to rats, it was suggested that the esterase
undergoing the rapid degradation did not contribute significantly
to the total esterase content in liver microsomes, Thus, it
could be concluded that most of the esterase is turning over

with a half life of 4 days, This finding, together with pre-
vious data on other microsomal proteins, provide additional
evidence in favor of the independent turnover of microsomal

membrane components,



INTRODUCTION

Omura et al, ( 1 ) have shown that two protein components,

of the

i.e. NADPH-cytochrome ¢ reductase and cytochrome 25,
endoplasmic reticulum membranes of rat hepatocytes undergo
turnover in vivo at significantly different rates. Subsequent
work on other microsomal enzymes has also suggested that the
individual components of the microsomal membranes are turning
over independently ( 1,3-5 ). However, the number of the pro-
teins so far studied in this respect is still limited. There-
fore, it is necessary to extend this type of study to several
more protein components of the microsomal membranes., In the
accompanying paper ( 2 ), we reported that acetanilide-hydro-
lyzing esterase of rat liver microsomes can be highly purified
by a relatively simple procedure starting from a small amount

of material, Furthermore, we also showed that the esterase is
different from most of the microsomal profeins including NADPH=-
cytochrome ¢ reductase and cytochrome 25, in the intramicrosomal
localization and the mode of attachment to the membranes., It
seemed therefore of interest to measure its turnover rate in
vivo and compare it with those of other microsomal enzymes whose
turnover rates have already been determined ( 1,3=6 ),

In this communication, we report that most of the esterase
is turning over at a rate (half life, L days) which are different
from those determined for other microsomal proteins. It is
also reported that about 80 % of the newly synthesized este-
rase is rapidly lost from liver microsomes within about 2 hr,
although the fate of this rapidly disappering fraction of the

esterase is not clear,

—2-



MATERIAL AND METHODS

Treatment of Animals -~ Male Sprague-Dawley rats weigh -
ing 160 to 190 g were used, They were kept on a diet contain-
ing 15 % casein for about two weeks before initiation of the
experiments., The rats were fasted for 24 hr before the injec=-
tion of radioactive leucine (1-1uC-DL-leucine or 1-1uC-L-leucine)
which was given intravenously through the caudal vein as a
solution in isotonic saline, The exact amount of the amino
acid given to the animals is described below for each experi-

ment,

Preparation of Hepatic Microsomes -~ Liver microsomes

were prepared from rats and washed as described previously

(3).

Purification of Microsomal Enzymes -~ Solubilization and

purification of NADPH~cytochrome ¢ reductase and cytochrome 95
from liver microsomes were performed as reported previously
(3 ). Acetanilide~hydrolyzing esterase was solubilized and
purified by the small-scale procedure developed in the accom-
panying paper ( 2 ), This smallescale purification method
yielded the esterase preparation having higher'specific acti-
vities than previously described large-scale purification
methods, The esterase preparations having 800-1000 munits per
mg protein were used to measure its radioactivities., This
value is comparable with that obtained by Krisch et al, for

the purified esterase from pig kidney microsomes ( 18 ),

Analytical Methods -~ NADPH-cytochrome c¢ reductase and

cytochrome 25 in both microsomes and purified enzyme prepara-

tions were assayed as described previously ( 3 ). Esterase



were assayed using acetanilide as the substrate according to
the procedure of Akao and Omura ( 2 ). Protein was determined
by method of Lowry et al. ( 7 ) using bovine serum albumin as
the standard.

The radiocoactivities of microsomal protein and purified
enzyme preparations were determined as described previously
(1 ). The radioactivities of gel pieces slice from polyacryl-
amide gel discs were determined by liquid scintillation count-
ing in a toluene-Triton X-100 (5:3, by wvolumé) solution,

Disc electrophoresis in polyacrylamide gel was performed
at 4° according to Davis ( 8 ) using 7.5 % polyacrylamide gel
(pH 8.9) or at room temperature according to Weber and Osborn
(9 ) using 5.0 % polyacrylamide gel containing 0.1 % sodium
dodecylsulfate (pH 7.2) as the separation gel, After electro-
phoresis, the gels were stained with Coomassie brilliant blue

and then destained with 7 % acetic = 25 % methanol solution,.

RBeagents and Biochemicals =~ NADPH and trypsin were obtained

from Sigma Chemical Company., Nagarse was purchased from Nagase
Industrial Company. 1-1uC-DL-1eucine (25 mCi per mmole) and
1-1uC-L-1eucine (40 mCi per mmole) were purchased from Dai-ichi

Pure Chemicals Company and Radiochemical Centre, respectively.,

Yeast (Candida krusei) cytochrome ¢ was a gift from Sankyo

Company and further purified before use ( 10 ), Rabbit anti-
serum to rat albumin was kindly supplied by Dr., K. Ogata of

Niigata University.
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RESULTS AND DISCUSSION
The time course of decay in vivo of specific radioactivity
of the esterase in rat liver microsomes after injection of

1_1b

C-DL-leucine (5 pCi per 100 g of body weight) to the ani-
mals is shown in Fig, 1, together with those for cytochrome 25
and total microsomal prote;n.. The data on cytochrome 25, which
could be purified simultaneously with the esterase from the
same microsomal preparation, were used as a marker of reutili-
zation of the isotope under the conditions employed, This was
possible because apparent half lives have already been deter-
mined for this cytochrome using both 1~1uC-DL-1eucine and
guanido—luC-L-arginine ( 1,3 ), the latter being known to be
the least reutilizable amino acid precursor ( 11,12,13 ). As
can be seen, the specific radioactivity of the esterase measured
3 hr after the injection was unusually high, deviating con-
siderably from the line drawn with the other three points
obtained 2, 4, and 6 days after the injection. This suggests

that the decay in vivo of the esterase is apparently biphasic,

we——

consisting of a rapid phase and a slow phase, No such biphasicity
was detected for cytochrome 95 and total microsomal protein.

From the data of Fig, 1, half lives of L4, 4, 5-5, and
2,5=3 days were determined for the degradation 6f the esterase
(slow phase), cytochrome 35, and total microsomal protein,
respectively., The values obtained for cytochrome 35 and total
microsomal protein are in good agreement with those reported
previously using 1-140-DL-leucine ( 1,3 ) and some 20 % longer
than those determined with guanido—luC—L-arginine ( 3 ). The

half life of 4 days obtained for the slow phase of the esterase

-5=



degradation is considerably longer than the value of 50-60 hr
obtained by Krisch et al. ( 20 ) by an indirect method. At

any rate, these data, together with half lives obtained pre-
viously for some other microsomal proteins, e.g. 2,5 days for
NADPH-cytochrome ¢ reductase ( 1,3 ), 1-1.5 day for nucleoside
diphosphatase ( 5 ), and 18 days for NADH glycohydrolase ( 4 ),
reinforce the previously proposed view ( 1,3,4,5 ) that protein
components of the endoplasmic reticulum membranes undergo
degradation in vivo independently from one another under the
steady state.

Having determined the half 1life of the esterase at its
slow degradation phase, we then proceeded to explore the un-
usual biphasic decay of the enzyme., For this purpose, it was
necessary to follow the change in specific radioactivity of
the enzyme during short periods after injection of a labelled
amino acid, 1—1uC-DL-1eucine used in the above experiment is
not suitable for such short term experiments, because Negishi
and Omura ( 15 ) have recently found,@ﬁe D-isomer of the labelled
amino acid is slowly converted in vivo to the L-isomer and
gradually incorporated into the tissue proteins, This indi-
cates that a short pulse labelling cannot be obtained by injec=
tion of luC-DL-leucine. Therefore, we used 1—1hC-L-1eucine
as the label in the following experiments,

Fig. 2 shows the time courses of the changes in specific
radioactivities of the esterase, NADPH-cytochrome ¢ reductase,
and total microsomal protein during the initial 3 hr period

14

following the injection of C=L~leucine to rats. NADPH-

cytochrome ¢ reductase was included in this experiment, since

-6-



the behavior of this enzyme during the short period after the
1L&C--L-leucine has been determined ( 15 ). As can be seen, the
label was rapidly incorporated into the esterase and incorpo-
ration reached a maximum about 30 min after the injection.
However, after this point there was a rapid decrease in the
specific radioactivity of the enzyme until it was lowered to
about 20 % of the peak value within 90 to 120 min. A half 1life
of about 30 min could be obtained for this phase, After this
phase, however, the loss of the enzyme was very slow as des-
cribed above. In confirmation of previous work ( 15 ), the
patterns obtained for NADPH-cytochrome c¢ reductase and total
microsomal protein were qualitatively similar to that obtained
for the esterase, These findings suggest that about 80 % of
the esterase newly synthesized and boud to the microsomal
membranes are removed or degraded,

Before discussing the significance of the observations
described above, one must be cautious about the possibility
that contamination of the purified enzymes by newly synthesized
serum proteins is responsible for the phenomenon, Since
these proteins, notably albumin, are synthesized on rough
microsomes and secreted into blood stream within short periods
(e.g. about 20 min in the case of albumin) ( 21 ), contami=-
nation of the purified enzymes by these proteins can be expected
to affect the results of turnover studies of the type described
above, In the case of NADPH-cytochrome ¢ reductase, the puri-
fication method employed has been shown to yield the enzyme
in a homogeneous state ( 22 ) and thus excludes the possibi=

lity of contamination by secretory proteins, However, the



esterase purified was not completely pure, as judged from the
presence of several minor protein bands in polyacrylamide gel
electrophoresis in the presence of sodium dodecylsulfate ( Fig.
3 ). It was, however, clear that the major band represented
the esterase, because it corresponded to a molecular weight of
about 62,000, a value which is identical with that reported for
the esterase obtained from pig and bovine liver microsomes in
a seemingly homogeneous state ( 17 ).

We therefore checked if the time course shown in Fig. 2
for the esterase actually reflests the turnover of the enzyme
itself but not the contaminating minor proteins. For this
purpose, the same amount (60 pg) of the esterase preparations
purified from rats that had been killed 30 and 120 min after
injection of 1 C=L=leucine were subjected to polyacrylamide gel
electrophoresis in the presence of sodium dodecylsulfate,
After staining with Coomassie brilliant blue and destaining,
the gel columns were cut into slices at 2 mm intervals and the
gel slices were dissolved in 30 % H,0,, heated at 60°C for 6
hr ( 16 ), and then counted. The results thus obtained are
illustrated in Fig. 4, It was thus found that the radioactivity
associated with the major band corresponding the esterase
decreased dramatically at 120 min to about 20 % of that obtained
at 30 min, This indicates that the time course of turnover shown
in Fig. 2 actually represents the behavior of the esterase at
least qualitatively.

It was further found that more than 70 % of the radio-
activity of the purified esterase preparation was not preci-

pitated by rabbit antiserum to rat albumin, and that ethanol

-G



extraction of the preparation after trichloracetic acid preci-
pitation, a procedure which removes albumin ( 19 ), did not
decrease the radioactivity of the preparation significantly.
These observations lend further support to the view that the
rapid loss of radioactivity observed during 30 and 120 min after
injection of labelled leucine is not due to contamination by
secretory proteins, confirming that this initial disappearance
of the newly synthesized protein from microsomes represents the
actual behavior of the esterase in vivo., Similar behavior has
recently been reported for NADPH-cytochrome ¢ reductase ( 15 )
and was confirmed in this study.

At present we have no explanations for the fate of the
esterase which is removed from microsomes shortly after its syn-
thesis and incorporation into the membranes. Three possibilities
should be explored in future in this respect, First, the enzyme
is debraded into amino acids for certain reasons, Secondly,
it is secreted into blood stream, Thirsly, it is transferred
to some other subcellular organelles which are not recovered in
the microsomal fraction., The third possibility seems, however,
least likely in view of the clearly microsomal localization of
the esterase on fractionation of liver homogenates ( 2 ),

The second possibility is also unlikely, because we could not
detect the esterase activity in rat serum. However, the possi-
bility cannot be ruled out that the esterase is glycosylated
before secretion and this process leads to the loss of the
esterase activity.

As mentioned above, the radioactivity of D-leucine can be

incorporated slowly into liver microsomal proteins, but this



incorporation does not last longer than about 2 hr (15)., This
fact validates the use of 1uC-Db1eucine as a label in the long-
term experiments shown in Fig. 1. Moreover, when the esterase
preparation, purified from rats that had been killed % hr after
injection ofluC-DL-leucine, was subjected to disc electropho-
resis in the presence of sodium dodecylsulfate, the major protein
band corresponding to the esterase contained more than 70 % of
the total radioactivity, It can, therefore, be concluded from
the data of Fig. 1 that the slow degradation having a half life
of 4 days is also inherent to the esterase itself,

Finally, we examined the change in the esterase level in
liver microsomes after cycloheximide was injected to the animals
to inhibit protein synthesis, The does of cycloheximide used
(0.2 mg per 100 g of body weight) has been shown to inhibit
about 85 % of the incorporation of labelled leucine into micro-
somal proteins (15). As shown in Table I, the specific activity
of the esterase in isolated microsomes remained essentially
unchanged even 4 hr after the injection. Both the NADPH-and
NADH-cytochrome ¢ reductase activities were also unaffected,
and the recovery of microsomal protein from 1 g of wet liver
was also constant, This finding clearly indicated that the
esterase which disappears rapidly after synthesjs does not
contribute significantly to the content oftthe esterase in
microsomes, since inhibition of its synthesis by cycloheximide
should cause a rapid decrease in the esterase content if the
rapidly turning over portion of the esterase constitutes a
considerable part of the microsomal esterase under the steady

state,.

-10-



In summary, the work presented in this paper reveals two
interesting facets regarding the dynamic behavior of the endo-
plasmic reticulum membranes in vivo, TFirst, this work provides
another support to the concept that protein components of the
endoplasmic reticulum membranes are turning over independently
from one another, Secondly, considerable portions of the este-
rase as well as NADPH-cytochrome ¢ reductase, which have been
newly synthesized and incorporated into the membranes, are lost
rapidly from the membranes by an unknown mechanism. More work
in future is obviously needed to elucidate the significance of

these findings in the membrane biology.
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Fig.l. Time courses of decay in vivo of specific radio-
activities of the esterase, cytochrome 95, and total protein

14

of washed liver microsomes, 1-"'C-DL-leucine (5 uCi per 100 g
of body weight) was injected intravenously through the caudal
vein to each rat, At each time point, three rats were killed
and microsomes, esterase and cytochrome 25 were prepared from
pooled livers and counted, Arrows denote half lives of the
individual components determined graphically,

Fig.?2. Changes in specific radioactivities of the esterase,
NADPH-cytochrome ¢ reductase, and total protein of washed liver
microsomes during 3 hr after a single injection of 1L"C--L---leu-
cine. 1Ll’C--L-leucine (3 uCi per 100 g of body weight) was
injected intravenously to each rat at time 0, The animals
were starved for 24 hr before the injection, and given no food
except water during the experiment., The values obtained 10,
30, 60, and 120 min after the injection are the means of three
independent determinations. Pooled livers from three rats were
used for each time point,

Fig.3. Polyacrylamide gel electrophoresis pattern of the
purified esterase, The purified esterase was analyzed by disc
electrophoresis using column (5 x 50 mm) of 5 % polyacrylamide
gel containing 0.1 % SDS, pH 7.2 (left) and 7.5 % polyacrylamide
gel of pH 8,5 (right) as the separation gel, About 60 ug of

enzyme protein was dissolved in a solution containing 1 % SDS,

4 M urea, and 1 % mercaptoethanol and applied to the left gel,
Electrophoresis was carried out at room temperature with a
current of 7 mA per column as described by Weber and Osborn

( 9 )., The same amount of enzyme was dialyzed 0.05 M Tris-



glycine buffer, pH 8.5, and applied to the right gel, Electro-
phoresis was carried out at 4°C with a current of 3 mA per
column according to Davis ( 8 ).

Fig.4. Distribution of 1uC in polyacrylamide gel electro-
phoreograms of the esterase which was purified 30 and 120 min

after 1L"C--L-leucine injection. Ten male rats weighing 160 to

1L"C-L-leucine (5 uCi per

180 g were injected intravenously with
100 g of body weight), and five rats each were killed 30 and

120 min after the injection and the esterase was purified from
their liver microsomes, The esterase purified at each time

point was subjected to disc electrophoresis in 5 % polyacrylamide
gel containing 0.1 % SDS, pH 7.2. After staining with Coomassie
brilliant blue and destaining, the gel was cut into 2 mm slices
and each slice was dissolved in 30 % H,0,, heated at 60°C for

6 hr, and then count, Slice number 10 corresponded to the

major protein band representing the esterase.



Table I. Effects of cycloheximide injection on tte levels of
the esterase, NADPH~, and NADH-cytochrome c¢ reductase activities
in rat liver microsomes.

Cycloheximide (0.2 mg per 100 g of body weight) was injected
intravenously through the caudal vein into each rat, At each
time point threé rats were killed and microsomes were prepared
from pooled livers, The animals were starved for 24 hours before

the injection, and given no food except water during the experi-

ment.

Hours after NADPH-cytochrome NADH-cytochrome Esterase Microsoti::‘lwprotain
cycloheximide ¢ reductase ¢ reductase . per g ! r
injection units/mg prot. unlts/mg prot. munits/mg prot. mg

0 0.127 0.55 16,7 4.6

1 0,142 0.56 19.8 14,0

2 0.125 0.61 19,6 12,7

L 0.160 0.90 13.5 13.6
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Fig.1. Time Courses of Decay in vivo of Specific Radio-
activities of the Esterase, Cytochrome 25, and Total

Protein of Washed Liver Microsomes,
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Fig.2. Changes in Specific Radioactivities of the Este-
rase, NADPH-cytochrome ¢ Reductase, and Total Protein of
Washed Liver Microsomes during 3 hr after a Single

Injection of 1uC-L-leuc ine.
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Fig.3. Polyacrylamide Gel Electrophoresis Pattern of the
Purified Esterase.



i3
oty ¥
REAR

100

cpm per slice
AN
o

slice number

14

Fig.4. Distribution of C in Polyacrylamide Gel Electro-

phoreograms of the Esterase Which was Purified 30 and

14

120 min after C=L-leucine Injection.



