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The interactions between phosphatidylinositol and membrane-bound enzymes in rat liver
microsomes were studied by using phosphatidylinositol (PI)-specific phospholipase C of Bacillus
thuringiensis and nonionic, anionic and cationic detergents. The dependence of activity of
nucleoside diphosphatase on the detergent concentration varied with the detergents used.
However, maximal activity with each detergent was attained within 30 min, and the enzyme
activity was relatively stable during exposure to each detergent. When phosphatidylinositol in the
microsomal membrane was hydrolyzed, the glucose-6-phosphatase activity was decreased in the
presence of taurocholate. Nucleoside diphosphatase and 5’-nucleotidase were released by the
breakdown of phosphatidylinositol in the membrane, while adenosine triphosphate (ATP)ase,
reduced nicotinamide adenine dinucleotide (NADH)-cytochrome bs reductase and carboxyl-
esterase were not released. The pattern of release of nucleoside diphosphatase was significantly
different from that of 5’-nucleotidase, and the release of the latter enzyme was greater than that of
the former. Also, nucleoside diphosphatase was more extensively released from the microsomal

-membrane by treatment with taurocholate than with PI-specific phospholipase C, while the
release of 5’-nucleotidase activity was greater on treatment with this phospholipase C than with
taurocholate.

Keywords——rat liver; microsomal membrane; membrane-bound enzyme; phosphatidyl-
inositol; PI-specific phospholipase C; nucleoside diphosphatase

The endoplasmic reticulum of liver is a functionally important organelle which contains
numerous enzymes and enzyme systems involved in the synthesis and transport of a number
of proteins, the synthesis of lipids and steroids, and the metabolism of drugs. The structural
and functional relationships between proteins and lipids within the microsomal membrane
have been studied by the use of proteases, phospholipases and detergents.! ~>

It is well known that phosphatidylinositol is a quantitatively minor constituent of the
lipids in animal tissues, being equivalent to 8—109, of microsomal-membrane phospholipids,
but phosphatidylinositol may play an important role in transmembrane control through a
mechanism such as control of the turnover of phosphatidylinositol by several hormones.®

The purpose of the present work was to examine the interactions between membrane-
bound enzymes and phosphatidylinositol within the microsomal membrane of rat liver. The
binding features of microsomal enzymes with the membrane are discussed on the basis of the
results obtained.

Experimental

Materials——The chemicals used were obtained from the following sources: Sodium glucose-6-phosphate and
taurocholate were purchased from Boehringer Mannheim and Calbiochem Behring Co., respectively; Nucleoside
mono-, di-, triphosphates were from Yamasa Shoyu Co.; NADH from Kyowa Hakko Kogyo Co. Phospholipase A,
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of porcine pancreas was purchased from Sigma Chemical Co. All other chemicals were of analytical grade, obtained
from Katayama Chemical Co. and Nakarai Chemical Co.

Protein Determination——Protein was determined according to the method of Lowry et al.” with bovine serum
albumin as a standard. )

Preparation of Phospholipases C——Phosphatidylinositol (PI)-specific phospholipase C was purified from the
culture medium of Bacillus thuringiensis by the method of Taguchi et al.®’ Sphingomyelin and glycerophospholipids
other than phosphatidylinositol and lysophosphatidylinositol were not hydrolyzed by this enzyme.® Phos-
phatidylcholine-hydrolyzing phospholipase C was purified from the culture medium of Bacillus cereus by the
method of Ikezawa et al.?V

Preparation of Microsomes—M ale rats of the Wistar strain, weighing 250—350 g, were fasted for over 24 h and
killed by decapitation. The livers were perfused with 0.25M sucrose-0.01 M Tris-HCI buffer (pH 7.4), and a 109,
homogenate was prepared with a glass homogenizer in the same buffer. The homogenate was centrifuged at 900 x g
for 10min, then the resulting supernatant was successively centrifuged at 5000 x g for 10min and 12000 x g for
20 min. Finally, the supernatant was centrifuged at 105000 x g for 60 min, and the final pellet was resuspended in the
sucrose-Tris buffer.

Phospholipase Treatment of Micorosomes——Microsomal fraction was incubated with phospholipase for 60—
80 min at 30°C. As a control, microsomal fraction was incubated with the sucrose-Tris buffer (pH 7.4) instead of
phospholipase. At the end of incubation, the reaction mixtures were centrifuged at 105000 x g for 60 min at 4°C. The
resulting supernatants and the pellets, as well as uncentrifuged aliquots from the reaction mixtures, were subjected to
the determination of enzyme activity. Both the pellets and the aliquots from the reaction mixtures were suspended in,
and diluted with the sucrose-Tris buffer to approx. 0.45 mg protein per ml.

Detergent Exposure of Microsomal Preparations——After incubation of rat liver microsomes with or without
phospholipases, detergent exposure was carried out by the addition of 1 volume of the concentrated solution of each
detergent to 9 volumes of microsomes, in order to determine the total activity in the disrupted microsomes. The
mixtures were kept at 4 °C for the indicated time, then the enzyme activities were determined in the presence of 19;
bovine serum albumin. The detergent solutions were adjusted to pH 7.4.

Analysis of Microsomal Phospholipids——Aliquots corresponding to 2.3—2.5 mg protein were withdrawn from
the incubation mixtures, then microsomal phospholipids were extracted with CHCl,~CH,OH-HCI (66:33:1, v/v)
according to the method of Folch e al.®’ The chloroform layer of each extract was concentrated under N, gas, and
separated by thin-layer chromatography (TLC) of Thincrod -S-II (crystal rods coated with silica gel) with CHCl,—
CH,;OH-CH,;COOH-H,0 (80:15:10:4, v/v). Separated spots on each rod were quantitatively analyzed with an
Iatroscan TH-10 TLC analyzer (Iatron Laboratories, Inc., Tokyo). The extent of degradation of phosphatidylinositol
was expressed as percent of the amount of phosphatidylinositol in phospholipase-untreated microsomes.

Enzyme Assays——The activity of glucose-6-phosphatase [EC 3.1.3.9] was measured by a modification of the
method of Baginski et al.,'” in a reaction mixture containing 25 mM cacodylate buffer (pH 6.4) and 20 mm glucose-6-
phosphate in a final volume of 0.4ml. The assay of nucleoside diphosphatase [EC 3.6.1.6] was carried out in a
reaction mixture containing 50 mM Tris-HCI buffer (pH 7.5), 4mm MgCl, and 3 mM inosine diphosphate in a final
volume of 0.4 ml, by a modification of the methods of Kuriyama.!? The assay of ATPase [EC 3.6.1.3] was carried out
as described by Schwartz et al.!? with some modifications, using the following reaction medium: 50 mm Tris-HCl
buffer (pH 7.5), 3mm MgCl, and 3mm ATP in a final volume of 0.4 ml. The activity of 5’-nucleotidase [EC 3.1.3.5]
was measured according to the method of Emmelot and Bos'® with some modifications. In a total volume of 0.4 ml,
the assay system contained 50 mum glycine-NaOH buffer (pH 8.5), 4mM MgCl, and 10 mM adenosine monophosphate
(AMP). The reactions of these four enzymes in the assays were carried out for 5—15min at 37°C, and were
terminated by the addition of 2ml of 109 trichloroacetic acid containing 2%, ascorbic acid. Then, liberated inorganic
phosphate was measured by the method of Baginski et al.'® The activity of alkaline phosphatase [EC 3.1.3.1] was
determined according to the method of Engstrom,'*’ by incubation of the reaction mixture containing p-nitrophenyl
phosphate as a substrate for 10 min at 37 °C. Reduced nicotinamide adenine dinucleotide (NADH)-cytochrome bs
reductase [EC 1.6.2.2] was determined at 25°C, as described by Strittmatter.'> The activity of carboxylesterase [EC
3.1.1.1] was determined titrimetrically with a pH-Stat (Radiometer, Copenhagen) by using n-propyl n-butyrate
emulsion as a substrate, according to the method of Ishihara ef al.'®

Results

Effects of Various Detergents on Microsomal Nucleoside Diphosphatase

Arion et al!” reported the effects of various detergents on microsomal glucose-6-
phosphatase. As shown in Fig. 1, we also examined the effects of various detergents on the
activity of nucleoside diphosphatase, which is localized on the luminal side of the microsomal
membrane, like glucose-6-phosphatase.
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Fig. 1. Effects of Various Detergents on Nucleoside Diphosphatase Activity in Rat
Liver Microsomes

Microsomal fractions (0.4 mg protein) were exposed to several detergents as described in
the text. The mixtures were kept at 4°C for 30min, and the enzyme activities were
determined.

A, Triton X-100; B, Triton X-114; C, sodium taurocholate; D, sodium deoxycholate;
E, sodium cholate; F, cetyltrimethylammonium bromide.

In the treatments of microsomal fraction with nonionic detergents such as Tritons X-100
and X-114, the maximal values of nucleoside diphosphatase activity were obtained at low
concentration, 0.03% (v/v), and the enzyme activity gradually decreased with increasing
concentration of these detergents. The enzyme activity in the microsomes treated with anionic
detergents such as sodium taurocholate and cholate increased with increasing concentration
of detergents, and maximal activity was exhibited at the concentration of 0.4 to 0.5%.
Maximal activity in the sodium deoxycholate-treated microsomes was obtained at the
concentration of 0.1%, but the inhibition of enzyme activity was observed at higher
concentration of this detergent. Maximal activity in the microsomes treated with cetyltri-
methylammonium bromide was about half that in the microsomes treated with other deter-
gents, and was obtained at a very low concentration of this cationic detergent, 0.0067;.
Furthermore, the treatment of microsomes with higher concentrations of this detergent
resulted in enzyme inactivation.

Time Course of the Changes in the Activity of Nucleoside Diphosphatase during Exposure to
Various Detergents

We reported recently® that the stability of glucose-6-phosphatase activity in phospho-
lipase C-treated and untreated microsomes varied depending on the detergent used. As shown
in Fig. 2, we also examined the time course of the activation of nucleoside diphosphatase after
exposure to various detergents at the optimal concentrations shown in Fig. 1.

With all six detergents, the activity of nucleoside diphosphatase in microsomes reached
the maximal value within 30 min, and thereafter remained relatively stable during exposure to
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Fig. 2. Time Course of the Changes in Nucleoside Diphosphatase Activity on
Exposure of Microsomes to Various Detergents

The mixtures containing microsomal fraction (0.4 mg protein) and several detergents were
kept at 4°C for the indicated time, then the enzyme activities were determined.

x, without detergent; A, 0.03%; Triton X-100; B, 0.03% Triton X-114; C, 0.5% sodium
taurocholate; D, 0.19 sodium deoxycholate; E, 0.5% sodium cholate; F, 0.006% cetyltri-
methylammonium bromide. ’

detergents for at least 3 h. The enzyme activity determined immediately after the addition of
these detergents was always higher than that determined without detergents. Apparently, the
activation or solubilization of nucleoside diphosphatase must occur readily through disrup-
tion of the membrane by the detergents.

The Effects of Hydrolysis of Phosphatidylinositol on the Activities of Membrane-Bound En-
zymes in Rat Liver Microsomes

The effects of enzymatic hydrolysis of phosphatidylinositol on the activities of
membrane-bound enzymes in rat liver microsomes are shown in Table L.

When phosphatidylinositol in the microsomal membrane was hydrolyzed by PI-specific
phospholipase C of B. thuringiensis, the activity of glucose-6-phosphatase in the detergent-
exposed microsomes was apparently decreased. The decrease of enzyme activity in the
detergent-unexposed microsomes was smaller than that in the detergent-exposed microsomes.
Furthermore, no solubilization of this enzyme was observed. Under the same conditions, the
latency of mannose-6-P phosphohydrolase, an index of microsomal integrity,!® was more
than 809,. In this context, we concluded in our recent reports*> that the breakdown of
phosphatidylinositol impaired glucose-6-P phosphohydrolase activity, while the activity of
glucose-6-P translocase, which transports glucose-6-P from the cytoplasmic to the luminal
side of the microsomal membrane, was stimulated by the breakdown of phosphatidylinositol,
and consequently the stimulation of this translocase partly compensated for the decrease in
the activity of glucose-6-P phosphohydrolase.

NII-Electronic Library Service



2773

No. 8

-9/8¢ sem [oysourjApueydsoyd Jo uonepeissp Jo JuXd YL »

* asedijoydsoyd oyads-[d (2

‘sowiZus Jo sjun {830} jussardax sasayyuared ur sanjes AL (g
‘£J1AJO® 9ATIR[OI JO SULIS} Ul Passaldxa oI SaNIANOe SWAZUS YL (v

‘001 SB USYE} [O1JUOD SY) UI SAINIXTW PIFNJLIUIDUN JO SANIANOE Y} UO Paseq
*poUIULIANeP

a1om (dns) suonoelj juereuradns pue (3dd) suonoesy syemoned
940 01 pasodxa azom suonoely syenoned Sunnsal oY} pue SIINIXTW UONE

“(dns +1dd) sarmyxru pa3NJLIIUGOUN 3Y) JO SANIATIOR SWAZUS [EIDASS PUE ‘UIW (f UBY} JIOW J0J Dp ¥ J1L[OYO0INE)
qnout ay) Jo 1ed © ‘USY] "POUrEIO dIom SUONORI) S1Enoied pue juejeuladns sy} pue padnynuad

alom seInyxrur uoneqnout ay) ‘esedrjoydsoyd oy gim wonoesI ays 2Yy D asedijoydsoyd oyroads-1d Jo SIUNUT O8y YIlM P3Teqnoul sem (urjo1d Swr /"g]) UONOBI] [BUOSOINN

€91 I'l ¥'S 'y 0TC 90 dns
079 L'89 9'¢8 9'¢8 S'L8 L'88 918 9'¢8 989 8¢9 £'99 878 dd
v'L6 201 0'86 0'T6 L'96 €01 8'86 201 6'L6 Z01 L'LL 0°¢6 dns+1dd
( vmuEOmOHo@E
parean-3seld
I'¢ 0¢ o€ 9P 191 S0 dns
1'99 018 v'68 006 ¥'s8 L06 T8 078 LTL vEL 0'C6 86 1dd
1o (S0 (85°0) (85°0) ap an (o (00 @on @o 89 «O'P)
001 001 001 001 001 001 001 001 001 001 001 001 dns+3dd
~OH=HOU
(+) =) (+) =) (+) (=) (+) =) (+) (=) (+) (=)
Jussorep JusgI9p Jussiolep Juagiolap Jusd1aiep juag1alep
oSEPHIOSINN-, S asejonpal oSBqLV 9SBIS)S aseyeydsoydip aseyeydsoyd
: $q awoIyd01AD)-HAVN -1£x0qI1e) SPISOS[ONN. -Q-350oN[H) SOUWIOSOIIIA

@ANATO. SwAzuyg

SOUWIOSOIDIJA JOATT 18y Ul SSWAZUy punog-sueIqUIdSIN JoO
SONIANDY 3y} uo [oysourjApneydsoyd jo sisA[01pAH onewAzuyg Jo s3103fg [ d14V]

NII-Electronic Library Service



2774 Vol. 31 (1983)

In contrast, the total activities (ppt+sup) of nucleoside diphosphatase and carboxyl-
esterase in the detergent-unexposed and -exposed microsomes were not affected by the
breakdown of phosphatidylinositol, although these enzymes are localized on the luminal side,
like glucose-6-phosphatase. However, it seemed that the release of nucleoside diphosphatase
from the membrane was enhanced by treatment with PI-specific phospholipase C, although a
small but significant leakage of this enzyme was observed in the phospholipase-untreated
microsomes.

The treatment of microsomes with PI-specific phospholipase C did not affect the
activities of adenosine triphosphate (ATP)ase and NADH-cytochrome b reductase in the
detergent-unexposed and -exposed microsomes. These enzymes were not solubilized, whereas
the release of 5’-nucleotidase was observed after the breakdown of phosphatidylinositol.

The Release of Nucleoside Diphosphatase from Rat Liver Microsomes by Several Phospho-
lipases

As shown in Table II, nucleoside diphosphatase was not released from microsomes by
treatment with heat-inactivated PI-specific phospholipase C, but was released by treatment
with phospholipase C of B. cereus or phospholipase A, of porcine pancreas. Furthermore, the
disruption of microsomes by these phospholipases was apparently responsible for the increase
in total activity (ppt +sup). The results indicate that the release of this enzyme generally take
place as a consequence of the hydrolysis of the microsomal phospholipids. Table IT also shows
that the released enzyme was not activated by treatment with taurocholate.

The Hydrolysis of Nucleotides by the Enzymes in the Supernatants from Phospholipase C- or
Taurocholate-Treated Microsomes

Table I1I shows the relative enzyme activities toward various nucleotide substrates in the
supernatant obtained by the treatment of microsomes with PI-specific phospholipase C or

TaBLE II. The Release of Nucleoside Diphosphatase from
Rat Liver Microsomes by Several Phospholipases

Enzyme activity (units)

Treatment
ppt-+sup ppt sup
Control 598 328 138 1319
(100)? (54.8) (23.1)
1.2 unit 608 284 207 191»
Plase? (102) 47.5) (34.6)
Heat-inactivated 567 327 137
Plase (94.8) (54.7) (22.9)
0.1 unit phospholipase C 2327 722 1254
(B. cereus) (389) (121) (209)
0.69 unit phospholipase A, 3026 433 1893
(Porcine pancreas) (506) (72.4) 317

Microsomal fractions (5.1 mg protein) were incubated with several phospholipases or heat-
inactivated PI-specific phospholipase C. After the reaction, the incubation mixtures were
centrifuged and the enzyme activity of the uncentrifuged mixtures (ppt-+sup), particulate
fractions (ppt) and supernatant fractions (sup) were determined.

a) The values in parentheses are expressed in terms of relative activity, on the basis of the

activity of the uncentrifuged mixture in the control run taken as 100.

b) The activity of supernatant fraction in the presence of 0.4%; taurocholate.
¢) The same as in Table 1.
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Tasre III.  The Hydrolysis of Nucleotides by the Supernatant from PI-Specific
Phospholipase C- or Taurocholate-Treated Microsomes

Enzyme activity” released in 105000 g supernatant

Substrate Plase?-treated 0.4% taurocholate-
Control . ) . a0
microsomes treated microsomes

AMP 100 (39)° 794 ‘ 146
IMP 100 (28) 393 121
UMP 100 (26) 769 138
GMP 100 (29) 372 143
ADP 100 (39) 100 305
IDP 100 (459) 185 2614
UDP 100 (307) 189 4463
GDP 100 (357) 189 3697
CDP 100 (49) 108 1020

Microsomal fraction (16.5mg protein) was incubated with 300 munits of Pl-specific
phospholipase C. Then 0.49, taurocholate-treated microsomes was prepared by exposing the
microsomal fraction (16.0 mg protein) to taurocholate solution at 4 °C for 80 min. The mixtures
were centrifuged and the activity in each supernatant was determined by the assay method
described for nucleoside diphosphatase.

a) The enzyme activities were expressed in terms of relative activity, on the basis of the activities
of the control taken as 100.

b) The same as in Table I,

¢) The extent of degradation of phosphatidylinositol was 469.

d) When the nucleoside diphosphatase activity in the uncentrifuged fraction was taken as 100,
the recoveries of this enzyme activity in the particulate fraction and supernatant fraction were
9.8% and 75.5%, respectively.

e) The values in parentheses represent the total amounts of hydrolyzed substrates in terms of
nmol/min.

0.4%; taurocholate.

At least two activities of microsomal nucleotidases were released into the supernatant;
the activity of nucleoside monophosphate phosphohydrolase released from phospholipase C-
treated microsomes was 4 to 8 times that from the control, whereas only a small amount of
this enzyme activity was liberated by the treatment with the detergent. Further, the
supernatant from phospholipase C- or taurocholate-treated microsomes contained enzyme
activity that mainly hydrolyzed inosine diphosphate (IDP), uridine diphosphate (UDP) and
guanosine diphosphate (GDP) but had little activity towards adenosine diphosphate
(ADP) and cytidine diphosphate (CDP), suggesting that nucleoside diphosphatase activity
was released from the microsomes.

Thus, these results indicate that nucleoside mono- and diphosphates are hydrolyzed by
liberated 5’-nucleotidase and nucleoside diphosphatase, respectively, judging from their
substrate specificities.!®2%

Enzyme Release from Slices and Microsomes of Rat Liver by Treatment with PI-Specific
Phospholipase C

As shown in Table IV, the release of nucleoside diphosphatase, alkaline phosphatase and
5’-nucleotidase from rat liver slices and microsomes induced by treatment with PI-specific
phospholipase C was examined.

The release of alkaline phosphatase and 5’-nucleotidase from plasma membrane of liver
slices was greatly stimulated by treatment with Pl-specific phospholipase C, as reported
previously.?! ~2® Furthermore, stimulation of the release of these enzymes was observed not
only in slices but also in microsomes. The release of alkaline phosphatase and 5’-nucleotidase
from microsomal fraction may be mainly due to plasma membrane contamination. On the
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TasLE IV. Enzyme Release from Slices and Microsomes
of Rat Liver by PI-Specific Phospholipase C

Enzyme activity? in 105000 g supernatant

Nucleoside Alkaline 5’Nucleotidase
diphosphatase phosphatase U
Liver slices
Minus Plase? 100 (0.794)" 100 (0.013) 100 (0.358)
Plus Plase 97 573 156
Microsomes
Minus Plase 100 (0.316) 100 (0.003) 100 (0.03)
Plus Plase 163 520 968

Rat liver slices (wet weight 0.7 g) were incubated with 78 munits of PI-specific phospholipase
C for 90 min at 30°C. The total volume of reaction mixture was 3.7 ml. Microsomal fraction
(16.8 mg protein) was incubated with 390 munits of PI-specific phospholipase C. Then each
mixture was centrifuged and the enzyme activities in the supernatant were determined.
a) The enzyme activities were expressed in terms of relative activity, on the basis of the activities
of the control taken as 100.
b),c) The same as in Table L.

other hand, the stimulation of release of nucleoside diphosphatase by treatment with PI-
specific phospholipase C was observed only in microsomes, but not in liver slices. These
results indicate that the stimulation of release of nucleoside diphosphatase is specifically
caused by the enzymatic breakdown of phosphatidylinositol on endoplasmic reticulum.

These results with phospholipases were reproducible, although the extents of degradation
of phospholipids varied slightly.

Discussion

The activating effects of several detergents on nucleoside diphosphatase and the optimal
concentration of each detergent for activation were similar to those observed in the activation
of glucose-6-phosphatase which was reported by Arion et al.,'” with the exceptions of sodium
deoxycholate and cetyltrimethylammonium bromide (Fig. 1). Furthermore, the activity of
nucleoside diphosphatase remained fairly stable during the exposure of microsomes to these
detergents for at least 3 h, in contrast with our recent report® that the stability of glucose-6-
phosphatase activity varied with the detergents used for the treatment of microsomes (Fig. 2).
These results suggest that the stability or sensitivity of enzymes localized on the luminal side
of the microsomal membrane depends on the detergents used for exposure.

The release of nucleoside diphosphatase from the microsomal membrane was observed
even on incubation without PI-specific phospholipase C at 30 °C, while other microsomal
enzymes such as glucose-6-phosphatase, NADH-cytochrome b, reductase, ATPase, carboxyl-
esterase and 5’-nucleotidase were not solubilized under the same conditions (Table I).
Yamazaki and Hayaishi** and Kuriyama!? reported that a clear difference in solubilization
of nucleoside diphosphatase and other microsomal enzymes such as NADH-cytochrome ¢
reductase and cytochrome by was observed upon alkaline or sodium deoxycholate treatment
of microsomes. In our experiments, the release of nucleoside diphosphatase from the
microsomal membrane was enhanced by the breakdown of phospholipids (Table II). The
identity of this enzyme released by treatment with PI-specific phospholipase C was confirmed
by its specificity against IDP, UDP and GDP (Table III). Also, the stimulation of release of
nucleoside diphosphatase was specifically observed with the microsomal membrane, but not
with the liver slices (Table IV).
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The activities of ATPase, NADH-cytochrome b, reductase and carboxylesterase were
not affected by the removal of 589 of membranous phosphatidylinositol (Table I). Thus, the
interaction between each of these enzymes and phosphatidylinositol within the microsomal
membrane is very weak, if any. However, Mandersloot et al.>> reported that phosphatidylino-
sitol served as the lipidic activator of the (Na+K)-ATPase present in the microsomal
membranes prepared from rabbit kidney, by using phospholipase A,, phospholipase C of B.
cereus and sphingomyelinase of Staphylococcus aureus. Roelofsen and Van Linde-Sibenius
Trip?® also pointed out a relationship between the (Na+K)-ATPase activity and the non-
degraded fraction of membranous phosphatidylinositol after the treatment of rabbit kidney
microsomes with PI-specific phospholipase C of B. cereus. Therefore, non-degraded phos-
phatidylinositol after treatment of microsomes with Pl-specific phospholipase C of B.
thuringiensis, may affect the activities of ATPase, NADH-cytochrome by reductase and car-
boxylesterase. In order to confirm this, further detailed study will be necessary.

5’-Nucleotidase was released from microsomes and liver slices by treatment with PI-
specific phospholipase C (Table IV). However, the proportion of this enzyme released from
microsomes was higher than that from liver slices, or than the proportion of nucleoside
diphosphatase released from the microsomal membrane by treatment with PI-specific
phospholipase C. Furthermore, the release of 5’-nucleotidase from microsomes by treatment
with taurocholate was very low, whereas the proportion of nucleoside diphosphatase released
from microsomes by treatment with this detergent was exceedingly high (Table III).

Therefore, these results reflect various binding properties of microsomal enzymes to the
membrane and various activated states of enzymes within the membrane, and suggest the
close association of 5’-nucleotidase and alkaline phosphatase with phosphatidylinositol in the
membrane. Further, a weak interaction might exist between nucleoside diphosphatase and
membranous phosphatidylinositol, as with other phospholipids, suggesting that this enzyme is .
loosely bound to the microsomal membrane, as pointed out by Kuriyama,!?) and that other
microsomal enzymes such as glucose-6-phosphatase, NADH-cytochrome bs reductase,
ATPase, carboxylesterase and 5'-nucleotidase are more tightly bound to the membrane. This
would account for the release of nucleoside diphosphatase upon slight disruption of the
microsomal membrane by treatment with phospholipases or detergents.
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