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Previous studies have shown the exi of an itochondrial GDP: i hosph:
located in ial outer of liver cells. As nothing is known about glycosylation

sites in mi dria, we have ii igated the topologi ion of this enzyme in intact mitcchondria, using

controlled proteolysis with trypsin. Mltochom‘lrla were purified
drial fraction were

density gradient. Purity and h of mitoch

marker enzymes measures. Our data provide evid

for a mitochondrial GDP: P

by mild ultr: i
d by electr

and sucrose

and specific
b ocoh

mannosyltransferase facing the cytoplasmic side of the outer
on the ionic

water phase has been shown to be d

Introduction

During the past thirty years, research on mitochon-

b H the exp of this enzyme to the
h of the envi
hondrial outer b [6—10] Parti Iv a
GDP : dolichyl

ferase has been solubilized from mitochondrial outer

purified and reconstituted in artificial lipo-

drial function focused almost ively on mitoch t

drial inner t proteins as they are involved in somal vesicles [11].
fund: 1 p ! port, ATP synthe-

sis and ion pumping. C the outer of the outer

was either ignored or limited to morphological observa-
tions.

In view of recent findi {1}, mitochondria have

Since little is known about ll\e molecular architecture
b ing the topog

raphy of glycosylation we have i
the orientation of the GDPmannose: dolichylmono-

been shown to interact with each other and with other
cellular structures: cytoskeleton, nucleus and cytosol
and all tbcse interactions are mediated by outer mem-
brane p. Th the mi drial outer
miembrane appears as the key to understanding how the

phosp A ‘in sit’ in intact puri-
fied mitochondria. This was achieved by the use of (i)
trypsin as a non-permeant probe and (u) adenylate
kinase and ¢ kinase as Is for 1
outer membrane integrity.

]n this paper, we report that mitochondrial manno-
is jocated on the outer side of the outer

mitochondrion interacts with the other p of
the cell.
Few data about mitochondrial outer b pro-

teins have been reported. This membrane has been
shown to contain a rotenone-insensitive NADH-cyto-
b \

h 4 1 +

&l P

oxidase and porin
[2-5]. More recen\ly, enzymes involved in the bio-
synthesis of glycoconjngates have been localized in the

C P. Louisot, Bi ie Générale ct Médicale, Faculté
de Médecine Lyon-Sud, B.P. 12, F-69921 Oullins Cedex. France.

membrane. Nevertheless, its exposure to the cytosolic
side of the outer membrane is a function of the ionic
strength of the environment, as has been reported for
other mitochondria! outer b 5}

Experimental procedures

Materials

Trypsin (EC 3.4.21.4) was obtained from Difco (De-
troit, Michigan). Soybean trypsin inhibitor (type II s),
dolichyl monophosphate (grade I1I) and sphingomyelin
(from bovine brain) were from Sigma.
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GDP['*C}mannose (9.25 GBq,/mmol) was purchased

i oati hond hecked di

from New England Nuclear.
All other reagents were of analytical grade.

Animals
Mice, strain OF1 (IFFA Credo, Les Oncins, France)
with an average weight of 20 g were used. They were
killed and underwent laparatomy. The livers were
rapidly removed and placed in a solution containing
250 mM sucrose and 10 mM Tris-HCI buffer (pH 7.4)
at4°C.
Preparation and purification of
Mitochondria were isolated according to the proce-
dure described by Weinbach [12] and modmed by
Bustamente et al. [13]. Mouse livers were }

PR

pur i ia was
the method of De Duve et al. [18].
(b) Electron microscopy. For electron microscopy,
muochondna pellets were fixed for 2 h in 2%
1dehy 100 mM buffer (pH 7.4).
E]ectron rmcrographs were performed at the Centre de
Microscopie Electronique Appliquée 2 la Biologie (Uni-
versité Claude Bernard, Lyon) and taken with JEOL
1200 Ex.

to

Control of outer membrane integrity

To monitor the extent of outer membrane damage
during trypsin treatment, adenylate kinase (EC 2.7.4.3)
and creatine kinase (EC 2.7.3.2) were assayed.

in a Dounce homogenizer in 250 raM sucrose, 10 mM
Tris-HCl (pH 7.4). The homogenate was centrifuged at
1000 X g for 15 min. Further centrifngation of the su-
pernatant at 7500 X g for 15 min led to the sedimenta-
tion of crude mitochondria. Mitochondria were washed
twice [6]. Washed mitochondria were suspended in the
same buffer and submitted to mild ultrasonic treat-
ment: 2.5-ml aliquots containing 65 mg protein were
sonicated with a 3 mm probe at 70 V during 10 s
(Sommass type 75 T) and washed agam m order to

The mitochondrial pellet was
ded in 250 mM buffered sucrose and laid on a
di i sucrose di (20/16/14/12/10

M). Gradients were centrifuged for 2 h at 20000 rpm
(rotor SW 27). The fraction localized between 1.4 M
and 1.6 M layers and identified as ‘purified
mitochondria’ fraction was withdrawn, diluted to 250
mM buffered sucrose, sedimented at 7500 X g and im-
medlate]y used for enzymatic assay.
hondrial outer it were prepared by
sweiling of ultra-sonified mitochondria in hypotonic
buffer and were purified on a discontinuous sucrose
dient as p 1y described [6].

Preyaration of microsomes

The post-mitochondrial supernatant was sedimented
at 20000 X g for 30 min. The pellet was discarded.
Further centrifugation of the 20000 g supernatant at
145000 X g for 1 h led to the sedimentation of crude
microsomal membranes.

Purity of mitochondria

(aj Assays for marker enzymes. The activity of glu-
cose-6-phosphatase (EC 3.1.3.9) was assayed according
to Schachter et al. [14] Alkaline phoaphalase (EC
3.1.3.1) was ding to Fish et al. [15].
Assays of the activity of monoamine oxidase (EC 1.4.3.4)
were done foliowing the procedures of Tabor et al. {16].
B-N-acetylglucosaminidase (EC 3.2.1.30) was measured
according to Svennerholm et al. [17]. Every step of

Adenylate kinase was pectrop i-
cally ding to the p d of Schnai et al.
{1s}.

Creatine kinase was assayed using the Boehringer
Mannheim CK NAC d UV-system.

Protein measures

Protein was assayed routinely according to the proce-
dure of Gornali et al. {21]. Bovine serum albumin was
used as a standard.

Treatment with trypsin

As trypsin is a site-specific proteinase, its effect on
mannosyltransferase was first investigated on the
solubilized enzyme. Mannosyltransferase was solubi-
lized from mitochondria outer membrane by 0.1% Non-
idet P-40 as previously described [11). To 150 pl of
solubilized enzyme preparation (15 pg protein) were
added various amounts of trypsin (0.5 pg, 1 pg or 5 ug).
The suspension was preincubated for 5 min at 30°C.
The trypsin reaction was stopped by the addition of
soybean trypsin inhibitor to 0.12 mg/ml. The samples
were chilled and used for mannosyltransferase activity
measures.

Purified mitochondria were suspended in 250 mM
sucrose, 10 mM 4-morpholineethanesulfonic acid {Mes)
buffer (pH 6.5), 5 mM MgCl, to a protein concentra-
tion of 2 mg/ml. To 500 pl of this suspension was
added 20 pg of trypsin. The suspension was prein-
cubated at 30°C. At given times, the trypsin reaction
was ! ly inhibi ‘b the dditi Of b
trypsin mhnbnor to 0.2 mg/ml The samples were im-
mediately chilled and used for enzyme activity mea-
sures. In the experiments where the ionic strength of the

dium was i d,a d salt solution (250
mM MgCl,, CaCl,, (NH,),80, or 1 M CH,COONa,
CH,COONH‘) was prepared. Addition of the ap-
propnate salt to expenmenlal ahqaols pnor to the

hieved the indicated ionic gth
lomc strength () is calculated from the formula, I=
1/2EC,Z? where C; is the molar concentration and Z,
is the charge of each ion. In some experiments, the




osmolarity of the medium was decreased from 250 mM
to 50 mM by adding Mes buffer in order to abolish
outer membrane integrity.

Mannosyltransferase assay

Mannosyllransfemse activity in the presence of exog-
enous dolichyl hate and yelin was
assayed by the following standard procedure. Dolichyl
monophosphate (0.2 mg) and sphingomyelin (1 mg)
were evaporated under a stream of nitrogen. The dry
lipid film was then swollen in 0.5 ml of 10 mM Mes
buffer (pH 6.5) and sonicated with a probe sonicator
(Sonimass, type 75T) at 100 V for 3 X 1 min at 37°C.
25 pl of this liposome suspension were added to 0.2 m}
of mitochondria (0.4 mg protein) in 250 mM sucrose, 10
mM Mes buffer (pH 6.5). The mixture was sonicated in
an ultrasonic water bath (4x 10 s) at 37°C. 5§ mM
MgCl, was then added. .ie reaction was initiated by
adding 212 pmol GDP['*C]mannose and was camcd
out for 20 min at 37°C Incubations with mitoch
outer b, 1 b were per-

or
formed under the same conditions in presence of 0.1 mg
proteins of eack sub-cellular fraction. The reaction was
stopped by addition of 10 vols. of chloroform/methanol
(2:1, v/v). The suspension was mixed vigorously, kept
at room temperature for 10 min and centrifuged after
addition of 3 vols. of water. The chloroform/methano!
extract was collected as previously described [6). Radio-
activity was measured in a Minaxi Packard with a liquid
scintillation counting mixture.

Results

Prevnous studles of our laboratory have shown that
the h ial outer of liver cells con-
tains a GDP : dolis hosph: manno-

syltransferase [6]. This enzyme has been solubilized
from purified mitochondrial outer b by the
non-ionic detergent Nonidet P-40 and purified by an
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active vesicles on sucrose density gradient [11].

In order to improve our knowledge about mitochon-
drial glycosylation p we have i igated the
transbilayer orientation of mitochondrial mannosyl-

transferase in the outer b Recause p
of isolated mitochondrial outer t vesxcles dis-
turb b Hus ¢ ion by d ing the junc-

tions between outer and inner membranes, this topo-
logical study was performed on purified intact mito-
chondria. The first part of our work was therefore the
obtention of purified mitochondria devoid of con-
taminating membranes.

L. Purification of intact mitochondria

(1) Distribution of specific marker enzymes activities
during purification of crude mitochondria. To assess the
purity of the mitochondria the following marker en-
zymes were used: monoamine oxidase for mitockor:dria

outer glucose-6-phosph for micro-
somes, alkaline phosphaase for plasma membranes and
N- A inid: for 1

B
The first step of purification was obtained by mild
ultrasonic treatment of washed mitochondria, resulting
in significant elimination of the major contaminating
membranes. However, as the specific activity of glucose-
6-phosph still d 8.5% of the specific ac-
tnvnly of the enzyme in microsomes (data not shown).
the punﬁcauon was not sufficient for our purpose, since
also occur in mi mem-
hranes To funher purify these mitochondria, ultrasoni-
fied mitochondria were laid on a discontinuous sucrose
di After three were ob-
tained. The fraction sedimenting beiween 1.4 M and 1.6
M was identified as purified mitochondria (Table I):
This fraction exhibited a high specific activity of
monoamine oxidase. This fraclion was considered free
cf mi 1} as gl 6-ph
activity was only 0.7% of (he specnﬁc activity of this
enzyme d in mi

original method g of the i of the As seen in Table 1, purified mitochondria exhibited
enzyme n spnmgomyehn hposom&s loaded with dolichy! significant transfer of GDPmannose onto exogenous
followed by separation of biologically dolichyl monophosphate (96 pmol,/mg) resultng from
TABLE I
of. activities in ia and with marker enzymes activities
oxidase, g 6: and B-N- idase are expressed as nmol/min per mg protein. Alkaline phosphatase is
expressed in ug phenol/min per mg protein. Mannosyltrasnferase is expressed as pmol/mg protein after 20 min of incubation. n.d., not
derermined.
Subcellular Monoamine Glucose-6- Alkaline B-N-Acetyl Mannosyl-
fraction oxidase ini
Purified
mitochondria 16 3.69 050 537 %
Purified
outer membranes 67 ()] 016 0.88 547
Microsomes. 0 502 384 nd. 804
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Plate 1. Control of the purity of mitochondrial fractions by electron mi (a) Wi

‘ashed
gradient. Magnification: x 9000 (original magnification: X10000).

purified on sucrose



the activity of the mitochondrial outer man-
nosyltransferase (as shown by the increase of manno-
syltransferase specific activity in purified outer mem-
branes with that of mc ine oxidase).

(2) Electron microscopy. The punhcauon of intact
mitochondria was confirmed by
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70% of mannosyltransferase activity and a ratio of
1:12.5 completely inhibited the activity of the
mitochondrial enzyme. The integrity of mitochondrial
outer membrane during the course of the experiments
was assessed by measuring the activities of two en-

As shown on Plate 1, the purification of ullrasomﬁed
h ia on sucrose resulted in a loss of

, all mitochondria
and a condensed
rating the

M,

showed a i outer
densely staining matrix, theref d

zymes: y kinase and kinase. Ad
kinase is a soluble enzyme present in the intermembrane
space, sensitive to trypsin attack [5]. As this enzyme has
been reported to be quite labile [19], creatine kinase, an
exmnsnc prolem bound to the outside of the inner

Y

integrity of these organelles.

I1. Trypsin treatment of purified mitochondria
In order to detemune the transbllayer orientation of

ial was also used as a probe for
outer i The of this en-
zyme to irypsin had been previously demonstrated using
disrupted mitochondria (data not shown). As shown in
Fig. 1, trypsin at a proteinase-to-membrane protein
ratio of 1:50 did not affect the intactness of the outer

the GDP; ph manno-
in the mitochondrial ouler we t
used limited p: lysis of intact mitochondria with
trypsin. As trypsm isa sne-specxl" ic proteinase, its effect
on mi was first investi-

gated on the solubilized enzyme. The addition of tryp-
sin to solubilized enzyme preparation led to a marked
decrease in the activity of mannosyltransferase, which
demonstrated the existence of sitcs of trypsi
the enzyme (data not shown).

The resulis of limited tryptic dlgesuon of mzmno-

Zaiion in

since adenylate kinase and creatine kinase
were not attacked by the proteinase. But the outer
membrane integrity was abolished by a ratio of 1:12.5
as judged by the inhibition of adenylate kinase and
creatine kinase activities (—16% and —42%, respec-
tively).

Using the ratio of 1:50, the kinetic of inhibition of
mitochondrial mannosyltransferase activity by trypsin
was investigated. The results presented n iz 2 show
that the activity of mannosyltransferase could be com-

syltransferase ‘in situ’ in the mi are p pletely inhibited by trypsin after 40 min of preincuba-
in Fig. 1. Treatment of mitochondria for 15 min with tion. However, measurements of adenylate kinase and
increasing amounts of lrypsm p i inhibited ine kinase i under the same conditions,
the activity of A protei to- indi d that the mitochondrial outer did

membrane protein ratio of 1:50 resulted i in the loss of

100

H

H

H

2 s

]

H

H

s

<

1100 1:50 125 125
Trypsin=te=membrans pretein ratie
Fig. 1. ivation of mil dri by trypsin.

Mitochondria (2 mg/ml) suspended in 250 mM buffered sucrose, 5
mM MgCl, were preincubated with varying amounts of trypsin (0-80
g per mg mitochondrial protein) for 15 min at 30° C and assayed for
‘mannosyltransferase, adenylate kinase and creatine kinase activities
(expressed as percentages of controls obtained with samples prein-
cubated in the absence of trypsin). Conirol specific activities for
‘mannosyltransferase, adenylate kinase and creatine kinase were 93
pmol/mg per 20 min, 152 nmol/mg per min and 220 nmol/mg per
min, respectively. Each value represents an average of duplicate
assays. @, mannosyltransferase activity; O, creatine kinase activity; 0,
adenylate kinase activity.

not remain intact after more than 15 min of preincuba-
tion: 20 min of preincubation with trypsin caused 5%
inhibition of adenylate kinase activity and 30% of crea-
tine kinase activity and 40 min of preincubation with
trypsin resulted in the loss of 15% and 55% of adenylate

< w
H
H
z 5 © 20 3
cabation time {min)
Fig. 2. Effect of time on inactivation of mitochondrial
by trypsin. ia (2 mg/mi)

in 250 mM buffered sucrose, 5 mM MgCl; weie preincubated with
trypsin (20 pg/mg mitochondrial protein) for various periods of time
(0-40 min) at 30°C and assayed for mannosyltransferase, adenylate
kinase and creatine kinase activities (expressed as percentages of
controls obtained with samples preincubated in the abcence of tryp-
sin). Each value represents an average of duplicate assays. ®, manno-
syltransferase activity; O, creatine kinase activity; O, adenylate kinase
activity.
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kinase and creatine kinase activities, respectlvely Nev-
ertheless, the data indicated that a trypsin-t
protein ratio of 1:50 and a pretreatment of 15 min did
not affect the integrity of the outer membrane. More-
over, (I'us ratio was not limitant for the attack of
hondrial

In view of these results, two hypotheses arise:
—— either a crucial domain of mitochondrial manno-
syltransferase is located on the outer side of the outer
membrane
—~ or the is located
on the inner side of the outer membrane and trypsin
inhibits a sugar nucleotide carrier protein as it has been
described in the case of microsomal glycosylation
processes [22].

To decide between both hypotheses, intact mitochon-

hond: 1

ial

100
z
-
13
2 50
H
s
<

250 150 50
rity (mM)
Fig. 3. Effect of medivm ity on the ibility of

creatine kinase and adenylate kinase to trypsin. Mitochondria were

dria in 250 mM buffered sucrose were p d with
trypsin at a proteinase-to-membrane prolein ratio of
1:50 for 15 min. The reaction was stopped by adding
soybean trypsin inhibitor. The outer membrane was
then ruptured by decreasing the tonicity of the incuba-
tion to 50 mM osmolarity and the samples were used
for mannosyltransferase activity analyses (Table II).
Parallel to this, the extent of outer membrane damage

in hyp ic media was d by measuring the
ivities of yl kmase and ti kmase afler
trypsin of h ia in media mal i of A

to a final of 5 mg/ml in media consisting of

buffered sucrose at the indicated concentration and 5 mM MgCl,.

‘They were treated with trypsin (20 ug/mg mitochondrial protein) for

15 min at 30°C and assayed for adenylate kinase and creatine kinase

activities. Results are expressed as a percentage of the control ob-

tained with mitochondria preincubated in the absence of trypsin. O,
creatine kinase activity; 0, adenylate kinase activity.

abollshed a.t 50 mM osmolanty as judged by the maxi-

of buffered sucrose at 175, 100 and 50 mM osmolarity.
As shown in Fig. 3, outer membrane integrity was

TABLE I

“iffect of outer membrane disruption on the accessibility of manno-
syltru..oferase to trypsin

17 mg of mitochondria in 1 ml of 250 mM buifered sucrose were
retreated with trypsin (20 ug/mg mitochondrial protein) for 15 min
at 50 °C. The reaction was stopped with soybean trypsin inhibitor. A
portion of the suspension was assayed for mannosyltransferase activ-
ity (0.4 mg mitochondrial protein/assay). The osmolarity of the other
portion was decreased to 50 mM which czused disruption of
mitochondrial outer membrane. The disrupted mitochondria were
then assayed for mannosyltransferase activity (0.4 mg mitochondrial
protein/assay). Controls in the absence of trypsin were also per-
formed under the same conditions of osmolarity.

“Treatment Mannosyltransferase activity
(pmol/mg per 20 miny
Intact mitochondria
(in 250 mM sucrose) 93
Mitochondria outer membrane
disnsption
(50 mM sucrose) 89
Pretreatment of intact
mitochondria with trypsin
(250 mM sucrose) 25
Pretreatment of intact
mitochondria with trypsin,
then disruption of outer
membrane 22

kinase and creatine kinase
by trypsin. However, disruption of mitochondrial outer
membrane by decreasing osmolarity after trypsin treat-
ment had no effect on GDPmannose uu.hzauon for
phosp h (Table II).

As the inhibition of i activity was
not relieved by rupture of mitochondrial outer mem-
brane, it appeared that it could not be attributed to
interaction with specific transport proteins but rather to
direct interaction of the proteinase with the
mitochondrial enzyme.

The above results therefore demonstrate that a cru-
cial domain of mitochondrial is
located on the ovter side of the outer membrane. But
they do not rule out the possibility of an enzyme
spanning the bilayer with another crucial domain facing
the intermembrane space. To probe the existence of
such a domain in the inner side of the ouler membrane,

itochondrial les were incubated at 30°C for 15
min in the presence of trypsin (ratio 1: 50) after gradu-
ally disrupting the outer membrane. Adenylate kinase
and creatine kinase were assayed to monitor the extent
of outer membrane damage during the course of the
experiments as previously described (Fig. 3). Fig. 4
documents the results of such an axpenment where lhe
outer b was d by grad
the tonicity of the mcubatwn medium. Although outer
membrane integrity was abollshed at 50 mM sucrose, no

dditional inhibition of £ activity was
observed. These results are therefore consistent with a




"

L

250 150 50

Per cent of contrel
8

Osmelarity {mM}
Fig. 4. Effect of mi ial outer on the
ibility of 1 to trypsin. Mi ia were
suspended to a final concentration of 2 mg,/ml in media consisting of
buffered sucrose at the indicated concentration and 5 mM MgCl,.
They were preincubated with trypsin (20 pg/mg mitochondrial pro-
tein) for 15 min at 30°C and assayed for activ-
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100] __._____'/-JV\V

Pet cent of contral

0.01 003 Go5. co7
lonic steength of the medium
Fig. 5. Effect of different ionic environments on the susceptibility of
to trypsin. The mi ial fraction (2 mg/ml)
was suspended in 250 mM buffered sucrose with MgCl, added to the
desired ionic strengths as indicated. After 5 min of preincubation at
0°C. trypsin was added (20 pg/mg mitochondrial protein). The
samples were further incubated for 15 min at 30°C and assayed for

ity. Controls in the absencs of trypsin were also performed. Control

specific activities for mannosyltransferzse ranged from 84 to 93

pmol/mg per 20 min. Each value represents an average of duplicate

assays. ¥, mannosyltransferase activity in the absence of trypsin; @,

mannosyltransferase activity in the presence of 20 pg trypsin per mg
‘mitochondrial protein.

facing the cyto-
plasmic side of the outer membrane.

lll Efj‘ect of ionic slrength on the inactivation of
by trypsin
As it has been reponed that the exposure of some

hondi

activity. Controls in the absence of trypsin were

also performed. Control specific activities for mannosyltransferase

ranged from 93 to 103 pmol/mg per 20 min. Each value represents an

average of duplicate assays. ¥, mannosyltransferase activity in the

absence of trypsin: ®, mannosyltransferase activity in the presence of
20 pg trypsin per m mitochondrial protein.

inhibitory action of hngh ionic s‘r‘.ngths on lrypsm
solubilized yl was p bated with
trypsin at two different ionic slrengths 001 and 007
the latter being obtained with

chloride. The proleolync activity of trypsin on solubi-
lized f was not

P on the

- ionic strength of the medium since the same ml'ubmon
. o“',ﬂ to tix.e cytosolic of f activity was ined at both
side of the | may change to the ionic strengths: —38% at /=001 and —33% at 1=
ionic strength of the 5], the susceptibility 07 1 yppeared therefore that the different inhibitory
Pf " N " . ase to lrypsm was action of trypsin on the mitochondrial manno-
investigated using media of ionic vltransf at diffy ionic hs was not due to

This was achieved by adding concentrated salt solutions
(magnesium chloride, calcium chloride, ammonium
sulfate, ammonium acetate, sodium acetate) to a
mitochondrial suspension in 250 mM buffered sucrose
prior to the preincubation with trypsin (ratio 1:50).
Fig. 5 illustrates the rcsnlts of such an expenmcm where

TABLE iHl

Effect of various salts sn the inactivation of mitochondrial manno-
syllran:[emse activity By mypsin

the ionic th was i d with d mag-
nesmm chloride. As shown in thls figure, a high ionic
d fi against in-

activation by trypsin. This protection was not salt-
specific since the same effect was obtained with calcium
chlonde and ammonium sulfate (Table iII). It must be
ized, h that divalent ions were more effi-
cient than 1! ions in p ing manno-
i from p lysis by trypsin. This effect
was not due to a change in the osmolarity of the
medmm as the addition of 250 mM sucrose had no
on ! itivity toward

trypsin (data not shown). In order to rule out a possibl

ia (2 mg of protein/ml) were preincubated for 15 min at
30°C in the presence of trypsin (20 pg/mg mitochondrial protein)
with the addition of various salts at 0.025 and 0.07 ionic strength.
Controls in the absence of trypsin were also performed. Resulus are
expressed as percent of the controls without irypsin.

Sait Mannosyltransferase activity
after pretreatment with trypsin
1=0025 1=007

Sodium acetate 5% 13%

Ammonium acetate 9% 2%

Magnesium chloride 3% 4%

Calcium chloride 61% 829

Ammonium sulfate 41% %%
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any cnange in the activity of this prolemase but to a
t I change in vl P phy.

Discussion

The present work i lS about the topological orgamza-
tion of mitochondrial outer b GDP; :

in liver mitochondria, adenylate kinase being present in
larger quantities than creatine kinase.

We previously reported that the activity of purified
mannosyltransferase was most important in the acidic
range, with a maximum at pH 6.1 {11]. Since Hanover
and Lennarz [30] reported that at pH values below 6.5,

dolichyls »sphate
in intact purified mitochondria.
The aim of this study was two-fold: first, to imp;

‘in sitw’

the b permeability barrier is significantly dis-
rupted, all the experiments were carried out at pH 6.5.
Trypsin treatment, under conditions where trypsin

our k ledge about the molecul: hi of the
outer membrane particularly concerning glycosylation
sites, and second, to make possible a comparison with
the organization of the enzyme reconstituted in lipo-
somal vesicles.

did not p the outer membrane, resulted in the

duction of dolichyl boent hec
by at least 70%. Moreover, disruption of mitochondrial
outer b by ing the larity of the

medlum did not causz an increase in the proteinase
itivity of i £ ‘These results demon-

Since a GDP; < dolichyl phosphate man- strate that the active site of this enzyme resides on the
in endoplasmic reticulum is well-k Y ic face of the mitochondrial outer .

[23], the first pm—t of our work was the obtenuon of However, as the existence of sugar nucleotide carrier
purified mitoch ia devoid of mi proteins has been described in the rough endoplasmic
nants. This was achieved by a two-step punﬁcauon icul b for the ion of UDP-N-
involving mild ultrasonic of Igl ine and UDPglucose [31] and in Golgi-
followed by a discontinuous sucrose density gradient derived vesicles for the transport of CMP-ncuraminic
centrifugation. acid, GDPfucose and UDPgalactose {21], and as it is
e mitochondrial outer has been re- not known whether sugar nucleotides can permeate the

ported to be permeable to Jow molecular weight com-
pounds [24], in contrast to endoplasmic membranes.
Therefore, the use of anion-specific inhibitors usnally
employed as non-permeant probes in topological studies
of glycosy [25-28] was precluded In the
investization reported here, we based on the y

hond: 1

ial outer an alternative explana-
tion was that the active site of mannosyltransferase is
located on the inner side of the outer membrane and
that the loss of ac!ivily is due to the proteolysis of a
GDPmm'mose carrier protein. The inhibition of man-

of solubilized mannosyllransferase toward trypsin to
ine the topol jion of the enzyme ‘in
situ’ in purified nsolated mitochondria. Since trypsin has
a molecular weight of 24 000, the outer membrane should
be impermeable to this enzyme. However, trypsin, as a
Pproteinase, can penetrate the membrane by cleaving the
proteins, hence the necessity to control the intactness of
outer membrane during trypsin treatment. As the ex-
istence of an outer membrane enzyme entirely located
on the inner surface of the outer membrane has not
been described yet, outer membrane mlegmy dunng
trypsin was d by
the activities of two d to the intermem-
brane space: adenylate kinase, a soluble enzyme and
creatine kinase, an extrinsic protein bound to the outer
side of the mitochondrial inner t by electro-
static interactions with cardiolipin [29). These two en-
zymes become easily accessible to external p

acuvny by trypsin was not relieved by
of drial outer b after
lrypsm treatment. Furthermore, no effect of outer mem-
brane disruption (without trypsin treatment) on the
utilization of GDP; for doli
phate-mannose synthes:s was observed. These results
are theref with the ab: of GDPman-
nose carrier protein and with a direct interaction of
trypsin with mannosyltransferase.
According to Hesler et al. [5), there appear to be two
groups of outer membrane proteins: the first group is
p of proteins such as
oxidase and porin, completely protected from pro-
teinase action wh ionic or ti diti may
be. The other group consists of proteins such as
1 P 1 o and . .

tive NADH-cytoch d whose exp
to the water phase is a function of the ionic strength of
the

(such as proteinases) in the case of outer membrane
disruption. Both enzymes were efficient probes for outer
membrane intactness as judged by the similarity of the
results obtained. However, itis notewonhy that when
the outer b was abolished, the inhibi-
tion of creatine kinase by trypsin was always greater
than the inhibition of adenylate kinase. This fact is
probably to be related to the of these

In view of our results concemmg the
susceptibility of mitochondrial

trypsin in different i lomc enwronmems, the GDPman
nose : dolichyl be-
longs to the latter group. The variation in the exposure
of these enzymes in media of different ionic strengths
can be explamed either by a change in the conformation
of the Ives or by an archi | change

PUGETIR

in the of these proteins. Con-



cerning mannosyltransferase, the fact that divalent ions
were more efficient than monovalent ions in protecting
the enzyme against trypsino} might sub iate the
second hypothesis: by making bonds between polar
tcadgroups of phospholipids, the divalent ions might
change the architecture of the membrane in a way that
mannosyltransferase would become cryptic.

So, whether the variation in the cytosolic exposure of
mannosyltransferase is due to a change in the confor-
matwn of the enzyme or 1o a change in the molecular

h of the outer b cannot be deduced
from the present experiments and will have to await the
data from the organization of purified manno-
syltransferase reconstituted in w-ll-defined artificial
membranes.
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