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Summary. A papain treatment at 15°C and pH 7.3 of a micro-
somal fraction from rabbit enterocytes quantitatively releases
the aminopeptidase N integrated in the plasma membranes with-
out solubilizing the enzyme integrated in the intracellular mem-
branes. Working on A* rabbits, characterized by the presence on
the brush-border hydrolases of glycans corresponding to the hu-
man blood group A-determinant structure, it was possible to
separate the intracellular aminopeptidase into two major molecu-
lar forms with or without these determinants. The molecular
form devoid of human blood group A antigenicity corresponds to
the only stable intermediate of glycosylation, bearing N-linked
high mannose oligosaccharides. This endoglycosidase H-sensi-
tive form is fully active and represents in the steady state about
1% of the total cellular aminopeptidase. It contains a cytoplasmic
sequence of about 3000 daltons that has not yet been detected in
the mature form. The A antigenicity is acquired simultaneously
with processing of high mannose glycans to complex glycans.
Pulse chase labeling of jejunum loops with [*3S]-methionine
showed that the complete processing of the transient form syn-
thesized during 10 min takes 1 hr. During the last 30 min of
processing, all the newly transformed molecules are transported
to the plasma membrane.
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Introduction

Aminopeptidase N comprises 3.5% of the mem-
brane proteins of the brush border of rabbit intesti-
nal absorbing cells. It is a monomeric glycoprotein
anchored in the membrane by its hydrophobic N
terminal sequence that spans the membrane only
once [15]. The hydrophilic domain located on the
external surface of the membrane represents almost
the entire molecule and bears the active site and the
sugars [14]. Sugars account for 17% of the total mo-
lecular weight (120,000 daltons) and are thought to
be distributed as eight N-linked complex glycans
and two O-linked glycans bearing A or H human
blood group antigenicity in A* or A~ animals, re-
spectively [13, 16, 26].

As early as 1969, Whur et al. [34] had obtained
autoradiographic evidence that addition of mannose
to glycoproteins occurred in the rough endoplasmic
reticulum whereas other sugars, in particular fu-
cose, were incorporated in the Golgi complex of the
intestinal absorbing cells [28]. Direct evidence for
the presence of aminopeptidase N in the Golgi ap-
paratus has been obtained using immunocytochemi-
cal techniques [13]. In A" rabbits the human blood
group A antigenicity seems to be acquired only in
cisternae on the rrans side of the Golgi stacks [2].

Recently, the biosynthesis of a transient en-
doglycosidase H sensitive form of the brush-border
aminopeptidase N has been demonstrated in pig and
rat intestinal enterocytes [1, 9, 10]. Such intermedi-
ate was now pointed out in the biosynthesis of a lot
of N-glycosidically linked glycoproteins [22]. How-
ever, in any case, no information on the biological
activity such as the expression of the activity for the
enzymes and the intracellular level of this transient
form have been obtained.

Here we use the acquisition of A antigenicity as
a signal for the completion of glycans which are
probably O-linked, to study the different steps of
glycosylation preceding this final step. We show
that the A antigenicity is acquired simultaneously
with the processing of high mannose glycans of the
first intermediate of N-glycosylation in complex
glycans of the mature aminopeptidase. Then, taking
advantage of the absence of A-determinants in the
transient form of aminopeptidase N we have com-
pletely separated it from the mature form and
shown that it was already active and represented
1% of the total cellular enzyme. The kinetics of the
transformation and of the transport of the newly
synthesized enzyme to the plasma membrane have
been studied by pulse-chase labeling, the enzyme
located in the intracellular membranes being sepa-
rated from that integrated in the plasma membrane
by a papain treatment of a microsomal fraction.
This treatment provided new information on the in-
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tegration of the transient form in the intracellular
membrane(s).

Materials and Methods

MATERIALS

{*S]-Methionine was from Amersham. Peroxidase-labeled anti-
guinea pig immunogiobulins were from Cappel laboratories
(Cochranville, Pa.). Papain was from Boehringer and endoglyco-
sidase H from Miles.

The procedure of typing rabbits was as previously described
[13].

PULSE-CHASE LLABELING

Rabbits (1.2 to 1.7 kg) were fasted overnight and anesthetized
intravenously with the analgesic Imalgene 500 (Merieux,
France). A jejunum loop about 30 cm long was isolated, and !
mCi of [*S] methionine, specific radioactivity about 1100 Ci/
mmol in 2 ml of 10 mmM phosphate buffer, pH 7.4, 0.15 M NaCl
(PBS), was injected in the lumen. After 10 min of incorporation,
radioactivity was chased with 1 ml of 50 mm methionine in PBS.
Rabbits were killed at different times after the chases. The radio-
active loop was removed and washed with cold PBS. Micro-
somal fraction was immediately prepared from the mucosal
scraping.

MICROSOMAL FRACTION AND PAPAIN TREATMENT

Mucosal scrapings were homogenized in 8 times their weight of a
50 mm Tris-HCI buffer, pH 7.3, containing 0.25 M sucrose, 25
mM KCl and 1 mM phenylmethylsulfonyl-fluoride by 20 then 30
vertical strokes with, respectively, the A and B pestles in a
Dounce homogenizer. The resulting homogenate was centrifuged
at 750 x g for 10 min then at 9500 x g for 10 min. The micro-
somal fraction was obtained by centrifugation at 105,000 X g
during 30 min of the 9500 x g supernatant. It contains 38% of the
brush-border membrane, 20% of the basolateral membrane, 28%
of the Golgi membrane and 20% of the endoplasmic reticulum
(average of seven assays). These different types of membranes
were characterized by their respective enzymatic markers: ami-
nopeptidase [27]; Na*,K*-ATPase [7]; galactosyltransferase [5];
arylsulfatase C [11].

Brush-border and basolateral membranes were purified as
previously described [7]. Papain treatment was performed at
15°C in a 50 mM potassium phosphate buffer, pH 7.3, containing
5 mM cysteine, 0.03 mM dithiothreitol and 0.25 M sucrose. One
ml of microsomal fraction containing 8000 units of aminopepti-
dase N was incubated with 2.5 mg of papain. The hydrolysis was
stopped by addition of 20 ul N-ethylmaleimide 0.5 M.

SOLUBILIZATION AND IMMUNOPRECIPITATION
OF AMINOPEPTIDASE N

Aminopeptidase present in membranes was solubilized by adding
Triton X-100 to a final concentration of 2% and incubating over-
night at 4°C. After centrifugation at 18,000 X g for 30 min in the
angle rotor of a Haereus-Chris centrifuge, aminopeptidase activ-
ity is entirely in the supernatant. Generally, 5 ug of enzyme were
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specifically and quantitatively immunoprecipitated with 15 ul of
guinea pig serum containing antibodies raised against pure en-
zyme. A control experiment involved the same quantity of non-
immunized guinea pig serum. After incubation for 2 hr at 37°C
and overnight at 4°C, the immunoprecipitates were centrifuged
for 3 min in an IEC bench centrifuge operated at full speed (about
600 X g). The precipitates were washed S times with 0.5 ml of
PBS containing 1% Triton X-100 and 0.5% sodium desoxycholate
and twice with 10 mm Tris-HCI, pH 7.4.

ENDOGLYCOSIDASE H TREATMENT

Samples in 0.2 M citrate buffer, pH 5.5, containing | mM phenyl-
methylsulfonyl fluoride were treated 24 hr at 37°C with 2 addi-
tions at 8-hr intervals of 5 mU of endoglycosidase H. Samples
were then prepared for gel electrophoresis.

SDS SLaB GEL ELECTROPHORESIS

Samples were treated as described by Green et al. {17] and imme-
diately applied to a 7.5 to 15% linear polyacrylamide gel in 0.1%
SDS with a 5% stacking gel as described by Blobel and Dobber-
stein [4]. Gels of 1-mm thick and 15-cm long or 0.75-mm thick
and 9-cm long were respectively used for subsequent fluorogra-
phy or immunoblotting.

FLUOROGRAPHY

After staining proteins with Coomassie Blue [13] the SDS-PAGE
was prepared for fluorography by incubating in ENHANCE
(New England Nuclear) for 1 hr at room temperature. After
washing several times in water, the gel was successively incu-
bated for a 15-min period at room temperature in 35% (vol/vol)
methanol and in a 2% glycerol, 10% methanol and 2% acetic acid
solution. After drying, the gel was exposed to Kodak XO Mat
AR film at —80°C.

IMMUNOBLOTTING

Electrotransfer of proteins from the SDS-PAGE to nitrocellulose
was performed as described by Burnette [6]. After transfer, im-
munoprinting was performed according to Coudrier et al. [8]. All
operations were performed at room temperature. The sheet was
incubated 30 min in PBS containing 10% bovine serum (bufter I)
then 1 hr with anti-aminopeptidase guinea pig serum in a 1/200
dilution in PBS containing 10% bovine serum and 9.2% Triton X-
100 (buffer [1). After four washings for 10 min in buffer (I the
nitrocellulose was immersed | hr in rabbit antiguinea pig Ig G
conjugated to horseradish peroxidase at 5 ug ml ' in buffer I,
then washed in buffer 11 as before. Peroxydase was revealed by
S-min incubation in 3,3’-diaminobenzidinetetrahydrochloride re-
agent prepared just before use. 50 mg of reagent was dissolved in
100 ml of 50 mm Tris-HC! buffer, pH 7.5, and H,O- added to final
concentration 0.025%. Autoradiographies were performed at
—80°C on Fuji RX film.

ROCKET IMMUNOELECTROPHORESIS

This quantitative immunological technique {3, 33] and specific
staining of aminopeptidase N activity were performed as previ-
ously described [14].
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Fig. 1. Endoglycosidase H sensitivity of newly synthesized
[*S]-methionine labeled aminopeptidase after different times of
chase. 15 ug of aminopeptidase immunoprecipitated from 3%
Triton X-100 extract of microsomal fraction were incubated 24 hr
at 37°C in citrate buffer pH 5.5 in absence (—) or presence (+) of
10 mU of endoglycosidase H then subjected to SDS-PAGE and
fluorography

ANTISERA, IMMUNOGLOBULINS
AND IMMUNOABSORBANTS

Antihuman biood group A antiserum was raised in A" rabbits by
two weekly intravenous injections of 2 ml of a 25% suspension of
group A human red blood cells in 0.15 M NaCl [21]. Anti-amino-
peptidase sera were obtained as described by Feracci and Ma-
roux [14]. Their specificity has been previously determined [13].
Immunoglobulins and immunoabsorbants were prepared accord-
ing to Harboe and Ingild [19] and Ternynck and Avrameas {32].

Results

MoLECULAR FORMS
OF NEWLY SYNTHESIZED AMINOPEPTIDASE N

Aminopeptidase labeled with [¥*S]-methionine for
10 min was immunoprecipitated from the micro-
somal fraction after varying chase times and exam-
ined by SDS-polyacrylamide gel electrophoresis
(Figs. 1 and 2). The molecular form of the newly
synthesized enzyme was shown to change as a func-
tion of time.

Until 15 min after chase, the labeled enzyme
appeared exclusively as a very thin band with an
apparent molecular weight of 110,000. From 15 to
60 min this band disappeared and was replaced by a
diffuse band corresponding to an apparent molecu-
lar weight of 115,000 to 128,000 which first became
visible 15 min after the chase, and then increased in
intensity with time. Figure 2 allowed the identifica-
tion of the lower molecular weight form with a mi-
nor band which was revealed by immunoblotting
but not by Coomassie Blue staining of polyacryl-
amide gels, and the diffuse band with the major
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Fig. 2. Papain solubilization from a microsomal fraction of [¥S]-
methionine-labeled aminopeptidase after different times of
chase. After papain treatment (see Materials and Methods) the
solubilized enzyme was separated from that nonsolubilized by
centrifugation. 1 ug of aminopeptidase immunoprecipitated from
3% Triton X-100 extract of total microsomes or from the papain
supernatant and 0.4 ug from the 3% Triton X-100 extract of the
papain pellet were subjected to SDS-PAGE, transferred to nitro-
cellulose and immunostained with anti aminopeptidase N (AP
column) before autoradiography (* column). The films were ex-
posed for 3 weeks in all cases

band of the mature brush-border aminopeptidase.
The microheterogeneity of molecular weight ob-
served for this band was assumed to be due to a
variability of the sugar moiety also responsible for
the microheterogeneity of the isoelectric point [14].

Endoglycosidase H sensitivity of the different
forms of [¥S]-methionine-labeled aminopeptidase
was tested (Fig. 1). The lower molecular weight
form was always sensitive to this enzyme whereas
the mature form was not. The products of the lower
molecular weight form comprised several bands
with molecular weights between 96,000 and
102,000. This was probably due to the incomplete
cleavage of some glycans in molecules that could
still be bound to antibodies. Indeed, when the diges-
tion was carried out on free molecules, as shown in
Fig. 5, a homogeneous product was obtained.

FrLow KINETICS OF NEWLY SYNTHESIZED
AMINOPEPTIDASE FROM THE INTRACELLULAR
PooL TO THE PLASMA MEMBRANE

During homogenization the plasma membrane
forms closed right-side-out vesicles from which the
surface-located hydrophilic head of aminopeptidase
bearing the active site and sugars can be released by
papain treatment [7, 24]. Membranes of intracellu-
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Fig. 3. Electrophoretic migration of the transient endoglycosi-
dase H-sensitive form before and after papain treatment. In (1), |
pg of aminopeptidase immunoprecipitated from the 3% Triton X-
100 extract of the total microsomes. In (2) 0.4 ug of aminopepti-
dase immunoprecipitated from the 3% Triton X-100 extract of
the pellet resulting from papain treatment of microsomes. In (3),
1 ug of aminopeptidase immunoprecipitated from the 3% Triton
X-100 extract of total microsomes treated by papain. A better
estimation of the differences observed were obtained by mixing
the samples. After transfer to nitrocellulose, the aminopeptidase
was revealed by immunostaining

lar compartments also form right-side-out vesicles
that must contain the newly synthesized aminopep-
tidase located on the intravesicular side of the mem-
brane and consequently inaccessible to papain.
Here, we have used these observations to separate
the mature enzyme of the brush border from that
still integrated in the intracellular membrane. At
15°C and pH 7.3 where the biomembranes are sta-
ble, papain can release 90 to 100% of the aminopep-
tidase integrated in brush-border and basolateral
membrane fractions in 24 hr. Generally, about 10%
of the activity remained in the pellet of a papain-
treated microsomal fraction. In some cases a sec-
ond papain treatment of 24 hr was necessary to ob-
tain this value whereas in other rare cases it fell to 3
or 5% after 6 hr. In all cases the transient form of
the aminopeptidase was totally found in the papain
pellet as shown in Fig. 2. Likewise, Fig. 2 shows
that 15 and 30 min after the chase, all the labeled
enzyme already processed in N-complex glycan
glycoprotein was found in the papain pellet. Its ap-
pearance in the supernatant began after 30 min and
was almost complete after 60 min.

PAPAIN PROTEOLYSIS OF THE TRANSIENT FORM

Figure 3 shows that the transient form accumulated
in the pellet resulting from the papain treatment of
the microsomal fraction migrated faster than before
papain proteolysis. The difference observed corre-
sponded to the loss of a fragment of about 3000
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Fig. 4. Separation and specific immunoprecipitation of amino-
peptidase devoid of HBG-A determinants by immunoeiec-
trophoresis through agarose gels containing successively anti-
HBG-A antibodies and anti-aminopeptidase in concentrations
given in the upper part of the figure. Enzyme from the brush-
border membrane purified from A~ rabbit (column 1), from the
total microsomes (column 3) and papain pellet (column 4) were
solubilized by Triton X-100. AP-A~ (column 2): mature enzyme
purified from A~ rabbits. Microsomes were prepared after a
pulse-labeling of 10 min. Total aminopeptidase from microsomes
and derived fractions after papain treatment were specifically
precipitated by anti-aminopeptidase in the lower part of the Fig-
ure. Immunoprecipitates were revealed by aminopeptidase activ-
ity using chromogenic substrate (AP column). Staining by
Coomassie brilliant blue gave the same picture. Labeled enzyme
was revealed by autoradiography (* column). The films were
exposed for 15 days

daltons. If the papain treatment was performed af-
ter solubilization by Triton X-100, this proteolysis
did not occur. This suggests that the papain-sensi-
tive peptide bond located at the surface of the mem-
brane vesicles could be masked after solubilization
inside the detergent micelles or by confcrmational
change of the molecule in this region.

THE A ANTIGENICITY OF THE
INTRACELLULAR PoOL OF AMINOPEPTIDASE

The human blood group A (HBG-A) antigenicity 1s
due to the addition of a terminal galactosamine to
what are probably O-linked glycan(s) [30]. This ad-
dition seems to occur only in the trans cisternae of
the Golgi stack [2]. So it was interesting to charac-
terize the molecules that had not yet acquired this
antigenicity.
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We obtained a convenient analytical separation
of molecules with or without HBG-A antigenicity
by rocket immunoelectrophoresis as described in
Fig. 4. The aminopeptidase as well as all other gly-
coproteins of the samples tested, bearing the HBG-
A antigenicity were immunoprecipitated by anti-
HBG-A antibodies contained in the lower agarose
gel. The aminopeptidase devoid of this antigenicity
emerged from this gel and was then specifically im-
munoprecipitated by anti-aminopeptidase. It was
clear that in spite of its large microheterogeneity all
the aminopeptidase integrated in the brush-border
membrane bore A antigenicity. By contrast a small
amount of active aminopeptidase devoid of the
HBG-A antigenicity could be detected in the micro-
somal fraction. It was estimated at 1% of the total
aminopeptidase content of this fraction since the
peak obtained from 50 units was comparable to that
given by 0.5 unit of pure enzyme. This form of the
enzyme remained essentially in the pellet after pa-
pain treatment. However, a very diffuse peak can
sometimes be observed in the papain supernatant.
When aminopeptidase was labeled during a 10-min
pulse with [*S]-methionine, autoradiography
shown in Fig. 4 strongly suggested that all the radio-
active transient form of the aminopeptidase was
contained in the peak of aminopeptidase devoid of
HBG-A antigenicity. Indeed, the radioactivity con-
tained in this peak appeared equivalent to that ob-
tained when the total aminopeptidase was specifi-
cally immunoprecipitated by antiaminopeptidase
antibodies. Counting of the corresponding peaks
confirmed this observation.

The molecular form(s) devoid of HBG-A anti-
genicity have been definitively characterized by
their complete separation from that bearing HBG-A
determinants by chromatography through an anti-
HBG-A immunoabsorbant column. As shown in
Fig. 5A, the very low amount of unretarded material
can be detected by rocket immunoelectrophoresis
through successive anti-HBG-A and anti-aminopep-
tidase gel that also allowed us to control the effi-
ciency of the column to bind molecules bearing A
antigenicity. After concentration, this unretarded
material was analyzed on polyacrylamide gel elec-
trophoresis and immunoblotting. Figure 5B showed
that it contained exclusively the transient endogly-
cosidase H-sensitive form of aminopeptidase. The
ratio of the unretarded to the bound aminopeptidase
activity obtained from different pellets of papain-
treated microsomes depended on the remaining ac-
tivity in these pellets but the quantity of the unre-
tarded transient form always correspond to about
1% of the starting microsomal activity. This value
agreed very well with that estimated by rocket im-
munoelectrophoresis in Fig. 4.
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Fig. 5. Characterization of aminopeptidase unretarded on anti-
HBG-A immunoabsorbant column. The column (15 ml) was
loaded with 0.3 ml of 3% Triton X-100 extract of the pellet result-
ing from papain treatment of microsomes, containing 270 units of
aminopeptidase. Unbound material was eluted during washing of
the column with phosphate saline buffer. A. Detection of amino-
peptidase and control of absence of enzyme-bearing HBG-A de-
terminants in unretarded fractions by rocket immunoelec-
trophoresis of 20 ul of each fraction in gel containing
successively anti HBG-A and anti-aminopeptidase as in the up-
per part of Fig. 4. Well ¢: 11 ul of the material loaded on the
column. The immunoprecipitates were revealed by specific chro-
mogenic substrate. B. Analysis by immunoblotting of 0.2 ug of
aminopeptidase contained in the pooled unretarded material
(pool). Its endoglycosidase H-sensitivity was tested by incuba-
tion during 24 hr at 37°C in citrate buffer, pH 5.5, in absence (—)

or presence (+) of 10 mU of the glycosidase. As reference 0.1 ug
of purified mature aminopeptidase from A~ rabbit (AP)

After correction for the cross activity on the
leucine p-nitroanilide of the aminopeptidase A [12]
contained in the unretarded fraction from the immu-
noabsorbant column, the same ratio existed be-
tween the enzymatic activities and the area of the
aminopeptidase peaks obtained by rocket immu-
noelectrophoresis of the transient and the purified
mature forms. This indicated that these two forms
had the same specific activity.

Discussion

A puise-chase labeling study has allowed us to show
that the N-glycosylation of the rabbit intestinal ami-
nopeptidase N follows the now classical pathway of
synthesis and processing of the asparagine-linked
oligosaccharides [22], and allowed us to draw up the
kinetic of these events. The cotranslational glycosy-
lation {10] of aminopeptidase synthesized for 10
min, generated a homogeneous transient molecular
form with N-linked endoglycosidase H-sensitive
glycans assumed to be the high mannose chain,
common precursor of all N-linked glycans. This
molecular form did not undergo any apparent modi-
fications for at least 10 min (Fig. 1). Its steady-state
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Fig. 6. Kinetic of transformation (full lines) of the transient en-
doglycosidase H-sensitive form (7 form) into the mature form (M
form). Dashed lines delimit areas proportional to the amount of
newly synthesized enzyme (7 form in the upper part and M form
in the lower part) found at different time of chase in the brush-
border membrane (B.B) and the intracellular compartments.
Considering that the absence of HBG-A antigenicity is character-
istic of the T form and of the endoplasmic reticulum (RE) and cis
cisternae (Cis G) whereas its presence is characteristic of the M
form and of the trans cisternae of the Golgi (trans G), we tenta-
tively propose that the T form and the M form were respectively
accumulated in these different compartments and that the limit-
ing rate of the transformation would be set by the transfer (ar-
rows) of the T form to the trans cisternae of the Golgi. Relative
values of M and T forms and the subcellular localization were
estimated from Fig. 2

concentration was sufficient to allow its detection
by immunoblotting (Fig. 2). The conversion of its
high mannose oligosaccharides into glycans of com-
plex type, endoglycosidase H resistant, occurred
between 15 and 60 min after the synthesis. This
kinetic of transformation agreed very well with that
observed for the rat enzyme [1]. It is difficult to
compare this with the results obtained by Danielsen
[9] on the porcine aminopeptidase because in that
work the chase was defective.

The processing of the high mannose oligosac-
charide into glycan of complex type involves first its
degradation by specific exoglycosidases then addi-
tion to the residual core structure (GlucNAc),
(Man); of N-acetylglucosamine, galactose and fu-
cose residues by specific glycosyl-transferases [22].
The aminopeptidase probably contains both O-
linked and N-linked glycans [26] and the synthesis
of O-linked glycans also occurs by successive addi-
tions of monosaccharides [30]. In spite of these
multistep processes. we have not detected by SDS-
polyacrylamide gel electrophoresis any correspond-
ing intermediate molecular forms: the first trans-
formed endoglycosidase H-resistant molecules that
appeared after 15 min of chase, were indistinguish-
able from the mature form of the brush border. It
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was endoglycosidase H-resistant and presented the
same microheterogeneity (Figs. 1 and 2).

In the case of rat enzyme, after a labeling of 30
min without chase, an intermediate that migrated
with the mature enzyme and was always endoglyco-
sidase H-sensitive, has been detected [1]. It was
proposed that the difference in size between this
intermediate one and that of lower molecular weight
could be due to the O-glycosylation. The expression
of the HBG-A antigenicity can be considered as a
signal corresponding to the completion of the syn-
thesis of probably O-linked oligosaccharides since
the corresponding determinant is the trisaccharide
a-Gal NAc-[a-Fuc(l — 2)]-8-Gal in which the ter-
minal GalNAc is essential [30]. We have tried here,
to characterize the transient molecular forms still
devoid of this antigenicity. Rocket immunoelec-
trophoresis through agarose gels containing succes-
sively anti-HBG-A antibodies and anti-aminopepti-
dase N (Fig. 4) permitted a quantitative analysis of a
very small amount of this type of molecule in pres-
ence of a large quantity of mature enzyme. Com-
plete separation of molecules with A antigenicity
from those without the A antigenicity was obtained
by passage through an anti-HBG-A immunoabsor-
bant column. The immunoblotting of the unretarded
material revealed the high mannose transient form
exclusively (Fig. 5). This molecular form was fully
active and its steady-state level was estimated as
1% of the total cellular aminopeptidase. The level of
other transient intermediates with incomplete O-
linked glycans was very much lower and could not
be detected by the very sensitive immunoblotting
technique. It can be concluded that the termination
of the glycans bearing HBG-A antigenicity occurred
in the same very short space of time as the transfor-
mation of glycans of high mannose type into com-
plex type.

Much less is known about the biosynthesis of
O-linked glycans than is known for N-linked oligo-
saccharides but in both cases each step of their syn-
thesis and processing could reflect their movement
from the rough endoplasmic reticulum through the
Golgi stacks [17, 23, 28, 34]. The HBG-A antigenic-
ity seems to be primarily acquired in the frans cis-
ternae of the Golgi [2] where the transformation of
the N glycans also seems to occur [18, 29, 31]. The
newly synthesized endoglycosidase H-resistant
molecules bearing A antigenicity that appeared 15
min after the chase were probably accumulated in
this subcellular compartment for at least 15 min be-
fore its exportation to the plasma membrane that
began 30 min after the chase (Fig. 2). This accumu-
lation generated the intracellular pool of mature
molecules. Its steady-state level cannot be deduced
from the quantity of enzyme remaining in the mem-
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brane fraction of microsomes treated by papain be-
cause this fraction contained not only all the intra-
cellular pool but certainly also a residual fraction
(less than 10%) of enzyme integrated in the plasma
membrane. The kinetic data presented in Fig. 2 and
summarized in Fig. 6 suggested that this pool must
be less large than that of the transient endoglycosi-
dase H-sensitive form since the transformation of
this form was slower than the exportation of the
resulting mature form. Previously, using subcellular
fractionation, we observed an earlier appearance of
the newly synthesized aminopeptidase in the baso-
lateral than in the brush-border membrane fraction,
probably owing to contamination of these fractions
by intracellular membranes [25]. The kinetic of
transport to the plasma membrane we have deter-
mined here is in good agreement with that of the
insertion in the microvilli of the [*H]-fucose-labeled
rat sucrase-isomaltase [20]. In contrast a slower
transport of aminopeptidase N to the brush border
has been described in pig explants [9] and particu-
larly in the rat [1].

In the endoplasmic reticulum and in cisternae
of the Golgi where molecules bearing HBG-A anti-
genicity have not been detected [2], the presence of
high mannose giycans had been strongly suggested
by specific labeling with Concanavalin A in different
cell types [18, 31]. So it seemed highly probable that
the transient form of the aminopeptidase was accu-
mulated in one of these subcellular compartments,
A rate-limiting transfer to the trans cisternae of the
Golgi where the transformation occurred, rather a
biochemical limiting step, could be responsible for
its accumulation.

During the papain treatment of the microsomes
we observed (Fig. 3) that the transient form of the
aminopeptidase lost a fragment of about 3000
daltons. In right-side-out intracellular membrane
vesicles in which this molecule was integrated, only
its cytoplasmic part(s) was accessible. Such a cyto-
plasmic domain has not been detected in the mature
brush-border enzyme. Only a N-terminal tetrapep-
tide has been characterized as the possible cytoplas-
mic domain [15]. Contrary to the 3000-daltons cyto-
plasmic part of the transient form, it was released
with the adjacent transmembrane domain by papain
proteolysis of the detergent-extracted aminopepti-
dase [14].

Several hypotheses could explain these obser-
vations. The more attractive one would be that the
3000-daltons cytoplasmic domain of the transient
form could play the role of a “‘signal’’ in its intracel-
lular transport and would be cleaved before or when
the enzyme reaches the brush border. However, we
cannot rule out the possibility that it was present in
the mature enzyme integrated in the brush border
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but was missed in our previous studies. Further ex-
periments are under investigation to specify its N or
C position in the transient form and its presence or
absence in the mature molecule.

Our sincere thanks are due to Mrs. Casanova and Dr. Gonela
from the Institute of Neurophysiology, CNRS-Marseilles, for
their constant help in operations of animals.
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