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1. Introduction

The endoplasmic reticulum of liver is responsible
for a large number of functions which are mediated
by membrane-bound enzymes. The distribution of
substrates and products is asymmetric since some of
these can be recovere ! almost exclusively either in
the cytoplasmic or luminal compartments. The uneven
distribution of both protein and phospholipid com-
ponents has been shown in erythrocyte membranes
[1-3] and a similar asymmetry of enzymes is also

well demonstrated in inner mitochondrial membranes
[4]. There are some indications that even in microso-
mal membranes a few enzymic proteins occur prefer-
entially on the cytoplasmatic surface, like NADPH*—
cytochrome ¢ reductase and cytochrome bs [5],

while others, such as nucleoside diphosphatase [6]
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of several proteolytic and lipolytic enzymes on intact
microsomal vesicles is demonstrated. Using vesicles
permeable to macromolecules the inner surface was
digested by these enzymes and the chemical constit-
uents analyzed.

* Abbreviations: DOC, deoxycholate; PL, phospholipid;
AMP and ATP, adenosine mono- and triphosphate; GA,
glucuronic acid; G6P, glucose 6-phosphate; IDP, inosine
diphosphate, NADH and NADPH, reduced nicotinamide
dinucleotide and dinucleotide phosphate; UDP, uridine

diphosphate.
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2. Materials and methods

Rats starved for 20 h were used. Total microsomal
fraction was isolated and washed with 0.15 M Tris—
HCI buffer, pH 8.0,in order to remove adsorbed pro-
teins [7]. In order to increase microsomal permeabil-
ity to macromolecules, microsomes (40 mg protein in
2 ml 0.25 M sucrose) were added under rapid mixing
t0 9 mi of medium containing 50 mM KCl, 50 mM
Tris—HCI, pH 7.5 or 6.5 (trypsin or phospholipase),
0.25 M sucrose and 0.061% sodium deoxycholate
[8]. After vaious incubations the suspensions were
centrifuged without dilution at 105000 g for2 h
and the pellets were analyzed.

Protein and phospholipid determinations, radio-
activity measurements, thin-layer chromatography
and measurement of intramicrosomal water space
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methods [9,10]. Enzyme activities and amounts
were analyzed as earlier described [9,11].
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3. Resuits and discussion
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The chemAca 1d
somal vesicles i demonstrated in table 1 Trypsm
treatment removed about 35% of the microsomal
protein which also includes ribosomes. The unchanged
intramicrosomal water space demonstrated the intact-
ness of the trypsin-treated microsomes. 0.05% DOC
in the presence of 50 mM KCl increased microsomal
permeability which is apparent from the abolished

barrier for high mol. wt dextran. The amount of pro-
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Table 1
Effect of trypsin and detergent on microsomal enzyme activities and amounts

Treatments
None 0.05% Trypsin  Trypsin + 0.05%
DOC DOC
% of non-treated microsomes
Protein? 16.0 71 66 44
Intramicrosomal water? 1.24 25 108 31
NADPH-cyt. ¢ red.© 0.11 100 12 12
NADH- cyt. ¢ red.© 1.75 74 35 18
NADH-ferricyanide red.€ 3.53 75 85 62
Cytochrome b, 4 1.98 100 30 5
Cytochrome P-450¢4 1.67 87 59 29
ATPase® 0.36 97 81 67
AMPase® 0.20 98 95 92
IDPase® 1.89 11 95 8
G6Pase® 1.05 72 98 12
Esterasel 12.6 26 98 24
{S-glucuronidasef 0.19 29 82 15
UDPGA-transferase® 0.018 85 90 76

The values of non-treated microsomes are given as:

mg/g liver (wet weight)
pl/mg dry weight

pmol P;/min/mg PL

m o =-m o oo o

wmol NADPH or NADH ox/min/mg PL
nmol cytochrome b or P-450/mg PL

umol p-nitrophenyl liberated/min/mg PL
umol p-nitrophenyl conjugated/min/mg PL.

The substrate used for measurement of esterase activity was p-nitrophenyl acetate.
In the case of trypsin treatment 50 ug dialyzed trypsin (Boehringer, Mannheim)
per mg protein was added to the microsomal suspension containing 50 mM KCl,
50 mM Tris—HCI buffer, pH 7.5 and 0.25 M sucrose, and incubated for 10 min

at 30°C in a final vol of 11 ml. At the end of the incubation the reaction was
stopped by cooling in ice—water bath. Each value gives the mean of 9-13 ex-

periments.

tein released, 25%, correspond to secretory proteins
enclosed into the vesicle lumen, in addition to released
ribosomes. An increased solubilization takes place
when trypsin digestion is employed in the presence of
deoxycholate. Thus, enzymes like trypsin have access
to the inner vesicle surface of the microsomes only
in the presence of low concentrations of DOC.
Trypsin incubation of microsomes removed or
inactivated electron transport enzymes to a varying
degree. NADPH--cytochrome ¢ reductase was com-
pletely solubilized and cytochrome b5 was liberated
to a large extent explaining thereby the inactivation
of the NADH-cytochrome ¢ reductase system which
involves the interaction of the bs. The NADH—ferri-
cyanide reductase activity itself was affected by tryp-

sin only to a moderate extent. Cytochrome P-450 ex-
hibited a different sensitivity with 40% being inacti-
vated by trypsin treatment of the intact microsomes
and an additional 20% activity was lost when trypsin
gained access to the inner surface.

Both ATPase and AMPase were practically insensi-
tive to proteolytic action on both surfaces, while IDP-
ase already had been released from the vesicles by
treatment with 0.05% DOC. The release of IDPase by
DOC indicates a loose association of the enzyme with
the inner surface. G6Pase was inactivated only by
action of trypsin in permeable vesicles indicating
association of this enzyme with the inner aspects of
the membranes.

Esterase and microsomal -glucuronidase activities
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displayed similar properties as IDPase, i.e. a high degree
of solubilization occurred already after increase of per-
meability by low amount of DOC. UDPGA-transferase,
on the other hand, could not be influenced to a larger
extent when trypsin was applied from either side of
the membrane.

The above experiments with trypsin were repeated
using chymotrypsin and protease in a similar manner,
that is, proteolysis on both sides of the membrane was
maintained until maximal attainable protein release.
The amount of protein removed and the pattern of
enzyme distribution were very similar to that seen

w1th trypsin digestion.

The microsomal fraction was subjected to treat-
ment with phospholipase A from Vipera Russeli and
with heat-treated Nuja Naja snake venom (table 2).

A 10 min treatment at 30°C removed 50—65% of
the total phospholipids and also made microsomal
membranes permeable to high mol. wt dextran. How-
ever, mcubatlon in the presence of albumin increased
the amount of lipid liberated but left the permeability
of intact microsomal membranes unaffected. This de-
monstrates that albumin binds all the liberated lyso-
compounds and aboiishes their detergent-like action.
Incubation of intact vesicles for longer time did not
release any more PL. In the presence o of 0.05% DOC

FCOICAst ally 1Nl L. 1ix CSLIICL

and in the absence of albumin over 90% of PL is
hydrolyzed after 30 min incubation.
Phospholipase A and Naja Naja treatment of intact
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Table 2
Effect of phospholipase treatment on microsomal permeability

Treatment  Albumin PL Intramicrosomal
g in medium mg/g liver  H,O ul/mg
dry weight
None 0 6.3 1.19
Piase A 0 3.5 0.54
PLase A 0.5 2.8 1.03
Naja Naja 0 4.0 0.49
Naja Naja a.5 3.1 113

Phospholipase A from Vipera Russeli and Naja Naja snake
venom (Sigma, St. Louis) were heated before use in 50 mM
Tris--HCI buffer, pH 6.5 at 90°C for 8 min and the precipi-
tates were separated by centrifugation, The incubation me-
dium in a final vol of 11 mi contained 50 mM KCl, 50 mM
Tris ~ HCl buffer, pH 6.5, phoxpholipase A (0.5 U/40 mg pro-
tein) or uu]u }‘vgﬁj& venom (0.3 uz},/ 40 mg pzmem) and when
indicated 0.5 g bovine serum albumin. Incubation was con-
tinued for 10 min at 30°C and terminated by the addition
of 10 mM EDTA. Each value gives the mean of 5 experi-
ments.

microsomes in the presence of albumin completely
liberated phosphatidylethanolamine and phosphatidyl-
serine from the microsomal pellet and at the same time
also removed 40% of the membrane-bound phospha-

tidylcholine. The remaining of this latter lipid togeth-
er with phosphatidylinositol were hydrolyzed after

prolonged incubation when the lipolytic enzymes

Table 3
Effect of phospholipase treatment on microsomal
phospholipid wmysmh on
Incubation

Phospholipid Control Plase A Naja Naja

(cpm) % of control radioactivity in pellet
P-ethanolamine 53400 16 8
P-serine 1000 3 18
P-inositol 800 77 84
P-choline 57 100 44 61
Sphingomyelin 700 87 85

For in vivo labeling of microsomal PL, carrier-free isotonic **P (Radiochem-
ical Centre, Amersham) was injected intraperitoneally (1.2 mCi/100 g body

troatearhii) £0) i hoafaen A eniE

‘wubuu OU Hiifn o€101¢ ucudy‘uauuu Lquua WETT :;xuauwu, §Lpdld(€u on
thin-layer chromatography and the radioactivity in the individual spots
was determined as previously [9]. Phospholipase treatments were as des-
cribed in tabie 2. P represents phosphatidyl. Each value gives the mean of

9 experiments.
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gained access to the luminal compartment. The small
quantity as well as the poor degree of labeling of
sphingomyelin did not allow for a reliable evaluation

of results with this lipid. In table 3 the PL-bound radio-

activity remaining in the pellet is given. Chemical mea-
surements of PL gave similar results to those obtained
by methods using radioactive PL.

The enzymatic digestion of proteins and lipids in
permeable and non-permeable microsomal vesicles
give a strong indication that the various components
in the endoplasmic reticulum exhibit an asymmetric
distribution. There is hardly any doubt that both
microsomal enzymes and phospholipids have a well
defined and differentiated distribution in the vertical
plane of the membrane. After trypsin treatment, the
microsomal enzymes could be divided into three
groups, in the first, solubilization or inactivation
occurred by treatment of the intact vesicles; in the
second, enzymes were influenced after introduction
of trypsin into the vesicle lumen; and in the third
group the enzymes were not affected by proteolysis.
Phospholipids exhibited an asymmetric distribution
with ethanolamine and serine containing lipids being
found on the cytoplasmic surface, with phosphatidyl-
inositol at the luminal side, and lecithin being more
evenly distributed. The possible asymmetric distribu-
tion may serve a functional purpose which is deter-
mined by the availability of substrate or deposition
of product. At present we have no explanation as to
why microsomal phospholipids display asymmetry.
However, the reason for the lipid asymmetry might
be related to either enzyme associated functions
for lipid requiring enzymes, specific localization of
the biosynthetic pathway or the necessity of a homo-
geneity in the lateral plane in order to facilitate the
lateral movement of enzyme proteins.

FEBS LETTERS

October 1975

Acknowledgements

This work has been supported by grants from the
Swedish Medical Research Council and Lotten Bohman
Foundation.

References

f1] Bretscher, M. S. (1973) Science 181, 622--629.

[2] Verkleij, A. J., Zwaal, R. F. A, Roelofsen, B.,
Comfurius, P., Kastelijn, D. and Van Deenen, L. L. M.
(1973) Biochim. Biophys. Acta 323, 178 -193.

[3] Marchesi, V. T., Furthmayr, H. and Tomita, M. (1974) in:
Biology and Chemistry of Eucaryotic Cell Surfaces
(Lee, E. Y. C. and Smith, E. E. eds.) Vol. 7, 273-291],
Academic Press, New York.

|4} Harmon, H. J., Hall, J. D. and Crane, F. L. (1974)
Biochim. Biophys. Acta 344, 119-155.

[5} Ito, A. and Sato, R. (1969) J. Cell Biol. 40, 179-189.

[6] Ernster, L. and Jones, L. C. (1962) J. Cell Biol. 15,
563-578.

{7] Dallner, G. (1974) in: Methods in Enzymology
(Fleischer, S. and Packer, L. eds.) Vol. 31, 191-201,
Academic Press, New York.

[8] Kreibich, G., Debey, P. and Sabatini, D. D. (1973) J.
Cell Biol. 58, 436—-462.

{9] Eriksson, L. C. (1973) Acta Pathol. Microbiol. Scand.
Suppl. 239.

[10] Nilsson, R., Peterson, E. and Daliner, G. (1973) J. Cell
Biol. 56, 762-776.

[11] Beaufay, H., Amar-Costesec, A., Feytmans, E., Thinés-
Sempoux, D., Wibo, M., Robbi, M. and Berthet, J. (1974)
J. Cell Biol. 61, 188-200.

193



