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ABSTRACT An assay for endoplasmic reticulum (ER)-
through-Golgi transport has been developed in streptolysin
0-permeabiized murine erythroleukemia (MEL) cells. The
reporter proteins are metabolically labeled native murine
glycophorins, which display a distinctive shift in electropho-
retic mobility after acquisition of 0-linked oligosaccharides.
The O-linked sugars are acquired at a site distal to a brefeldin
A block, presumably in a cis Golgi compartment, and sialyla-
tion occurs in middle and/or trans Golgi compartments. In
permeabilized cells supplemented with cytosolic proteins and
an ATP-generating system, 20-50% of the radiolabeled pre-
cursor glycophorins can be converted to the mature, sialylated
form. This maturation process is ATP- and cytosol-dependent
and is blocked by guanosine 5'-[y-thio]triphosphate
(GTP[yS]). Electron microscopy of permeabilized MEL cels
shows retention of ER elements, stacked Golgi cisternae, free
polysomes, and other subcellular components. In the presence
of GTP[yS], dilated vesicles accumulate around the Gogi
stacks. Antisera to the carboxyl terminus of the Goli resident
ca subunit of G03 inhibit maturation of glycophorin. To our
knowledge, a transport assay utizing 0-glycosylation of an
endogenous protein as a monitor ofER-through-Golgi traffic in
permeabilized cells has not been reported previously. Further-
more, the data provide evidence for heterotrimeric GTP-
binding protein involvement in Golgi function.

Recent progress in identifying the proteins of mammalian
cells that comprise the machinery for vesicular trafficking
from the endoplasmic reticulum (ER) through the Golgi
apparatus has arisen from reconstitution assays using semi-
intact cells or isolated Golgi fractions (reviewed in refs. 1 and
2). To demonstrate transport, these assays rely upon the
Golgi-dependent modifications of the N-linked oligosaccha-
rides of a reporter protein-namely, the vesicular stomatitis
virus G protein. The signal obtained is highly amplified since
the virus commandeers the translational and processing
machinery of the infected cell. The results obtained indicate
convincingly that vesicular traffic proceeds through a series
of distinct steps that are dependent on Ca2+, the hydrolysis
of ATP or GTP, and the activity of a number of cytosolic
proteins [N-ethylmaleimide-sensitive factor (NSF), soluble
NSF-associated proteins (SNAPs), rab proteins, etc.] (1, 2).
We have developed an alternative reconstituted transport

assay in murine erythroleukemia (MEL) cells, using as a
reporter molecule, glycophorin 3 (gp3), a native membrane
glycoprotein that is exclusively 0-glycosylated (3, 4). With
this assay we hope to define the subcellular location within
the ER-Golgi system for the various steps in 0-glycosylation,
a process that is less well defined than N-glycosylation. We
also believe it is important to establish alternative systems in

cells ofdifferent lineages in order to identify cell type-specific
variations in the basic transport machinery.

Previous studies have documented that glycophorins are
integral plasma membrane glycoproteins expressed in all
murine erythroid cells, including MEL cells. Glycophorins
are assumed to influence the shape of erythrocytes through
association with band 4.1 (5). Moreover, their high degree of
sialylation confers considerable negative charge at the cell
surface and may influence erythrocyte interactions with the
endothelium, leukocytes, and macrophages. The major gly-
cophorin of MEL cells, a tight doublet designated gp3, is
synthesized and fatty acylated in the ER, 0-glycosylated
upon entry into the Golgi, and phosphorylated as a late
modification (3, 4, 6-8). We have chosen gp3 as a monitorfor
ER-to-Golgi traffic because the mature 0-glycosylated dou-
blet can be easily resolved from two precursor forms by SDS
gradient gel electrophoresis. We have successfully developed
methods for permeabilizing MEL cells using the bacterial
toxin streptolysin 0 (SLO) (9) and have determined specific
conditions that support vesicular trafficking in the permeabi-
lized cells. We have also explored the potential role in
vesicular transport ofthe heterotrimeric GTP-binding protein
(G protein), G3, recently localized to the Golgi apparatus
(10).

MATERIALS AND METHODS
Materials. Reagents were from the following sources:

RPMI medium, UCSD core facility; fetal calfserum, GIBCO;
dimethyl sulfoxide (DMSO), ATP, GTP[yS], iodoacetamide,
creatine phosphate, and phosphocreatine kinase, Sigma;
[35S]methionine, DuPont/NEN; protein A-Sepharose CL-
4B, Pharmacia; polyacrylamide, National Diagnostics, Man-
ville, NJ; other SDS/PAGE supplies, Bio-Rad; SLO, Bur-
roughs Wellcome.

Reconstituted Transport Assay. MEL cells, grown in RPMI
plus 10%o fetal calf serum, and induced with 2% DMSO 3-4
days before assay (3), were dispensed into fibronectin-coated
24-well plates. For pulse-chase studies, an 8-min pulse with
[35S]methionine (1 mCi/ml in methionine-free RPMI; 1 Ci =
37 GBq) at 37°C was followed by transfer to 4°C and addition
of 0.5 ml of ice-cold RPMI with 1.5 mg of methionine per ml.
Cell layers were washed with phosphate-buffered saline
(PBS), followed by 20 min of incubation at 4°C with 2 units
of SLO per ml. After washing with transport assay buffer
[TAB; 20 mM Hepes, pH 7.2/140 mM K+ (129 mM as
potassium acetate/11 mM as KOH)/10 mM Na+/0.5 mM
Mg2e/10.5 mM Cl], MEL cell cytosol was added to cover
the cell layer. Ca2+ in TAB and in cytosol preparations was

Abbreviations: ai3, a subunit of G03; BFA, brefeldin A; ER, endo-
plasmic reticulum; G protein, GTP-binding protein; G3, heterotri-
meric G protein; MEL, murine erythroleukemia; NSF, N-ethylma-
leimide-sensitive factor; SNAP, soluble NSF-associated protein;
TAB, transport assay buffer; GTP[,yS], guanosine 5'-[-tthio]triphos-
phate; SLO, streptolysin 0; DMSO, dimethyl sulfoxide.
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50-80 nM, as determined by Quin-2 measurements (11). An
ATP-generating system was supplied by the addition of 1
international unit of phosphocreatine kinase, 5 mM ATP, and
5 mM creatine phosphate, and supplements {guanosine 5'-
[y-thio]triphosphate (GTP[IyS]), IgG} were added to a total
volume of 200 ,ul. Cells were transferred to 37°C to initiate
pore formation and follow intracellular transport after per-
meabilization as a function of different additives. Transport
was stopped by lysis with 100 ,lA of 50 mM Tris HCl (pH 7.5)
containing Nonidet P-40 (at a final concentration of 1%) and
lysates were processed through immunoprecipitation, gel
electrophoresis, and fluorography.

Cytosol Preparation. MEL cells, induced with 2% DMSO
for 3-4 days, were collected by centrifugation, washed with
TAB, and resuspended in TAB (three or four times the
volume of the cell pellet) with leupeptin and antipain at 50
,ug/ml. Aliquots were passed 10 times through a ball-bearing
homogenizer (12), and the homogenate was centrifuged at 4°C
at 12,500 x g for 10 min. The postnuclear supernatant was
centrifuged for 60 min at 100,000 x g in a Beckman TL-100
ultracentrifuge. The resulting supernatant was either used
immediately as "cytosol" or stored in aliquots at -80°C.
Protein concentrations were 4-5 mg/ml, as measured by the
bicinchoninic acid protein assay (Pierce).

Immunoprecipitation. Glycophorins were immunoprecipi-
tated by a modification of the method of Dolci and Palade (6).
Immune complexes were released by boiling beads for 15 min
in 2x Laemmli SDS/PAGE application buffer (13).
SDS/Page and Quantification of Radioactivity. Electropho-

resis was carried out at 4°C for 20 hr at 250 V, using a 25-cm
12-15% linear gradient separating gel. Results were quanti-
tated by 2-3 weeks offluorography followed by densitometric
scan or by 3- to 4-day exposure using a Molecular Dynamics
Phosphor Imager.

Electron Microscopy. MEL cells were permeabilized with
SLO at 4°C as described above, transferred for 30 min to 37°C
in the presence of cytosol and an ATP-generating system plus
or minus 500 ,M GTP[yS], and then fixed for 1 hr at room
temperature in 1.5% glutaraldehyde in 0.1 M sodium caco-
dylate (pH 7.4) containing 5% sucrose. Cells, gently collected
by scraping and pelleted at low speed (to minimize damage),
were washed in the same buffer containing 7.5% sucrose,
then postfixed 1 hr at 0°C in 1% OS04 in acetate/veronal
buffer (pH 6.0), and stained in block with uranyl acetate.
Samples were dehydrated, embedded in epon, and processed
for electron microscopy.

Immunofluorescence. MEL cells, induced with 2% DMSO
for 3 days, and collected by centrifugation, were fixed for 15
min with 2% formaldehyde/10 mM periodate/75 mM lysine,
washed with PBS, infiltrated with polyvinylpyrrolidone, and
frozen in liquid nitrogen. Semithin sections (0.5-1.0 ,um)
were cut on a Reichert F-4E ultramicrotome equipped with a
cryoattachment and incubated with the anti-ai3 (where ai3 is
the a subunit of Gi3) antibody, followed by a fluorescein
isothiocyanate-conjugated donkey anti-rabbit IgG (Jackson
ImmunoResearch). Micrographs were taken using an Axio-
phot (Zeiss) equipped for fluorescence microscopy.

Blocking Antibodies. Specific antibodies to ai3 (EC) were
kindly provided by Allen Spiegel (National Institutes of
Health). IgG recognizing the carboxyl terminus of ai3 deca-
peptide sequence KNNLKECGLY was affinity purified on a
peptide column as described (14). The affinity-purified rabbit
IgG was concentrated in TAB by successive centrifugations
using a Millipore filter unit with a 10,000 molecular weight
exclusion limit. IgG concentration was determined by com-
parison to known concentrations of commercial IgG (Sigma)
via SDS/PAGE in a Bio-Rad minigel apparatus. We found
that the EC antibody immunoprecipitates a single protein
species of =41 kDa that is distinct in electrophoretic mobility
from immunoprecipitated Gi2 (not shown).

RESULTS
gp3 as a Reporter Protein. The mature glycophorin species

gp3 is exclusively 0-glycosylated (3) and migrates as a tight
doublet at 29 kDa upon SDS/PAGE in a 12-15% linear
gradient gel (Fig. 1, lane 1). This mature form first appears as
early as 10 min following an initial 8-min pulse with [35S]me-
thionine (Fig. 1, lane 1). When intact cells are collected
immediately after the 8-min pulse, four additional glycophorin
bands are seen. The predominant bands at 21 and 23 kDa (Fig.
1, lane 2) represent the early, ER forms of the gp3 doublet;
these forms apparently lack sugars but are fatty acylated (6).
The two weaker bands seen at 25 and 27 kDa were previously
shown (7) to be glycophorin-related species unique to MEL
cells. They are coprecipitated with gp3 and its precursors by
anti-glycophorin polyclonal serum but do not contribute to the
transport assay since they are incompletely translocated into
the ER and, in intact cells, are almost completely degraded in
the cytosol within 1 hr of synthesis (7).

SLO-Permeabilized Cells Retain Stacked Golgi Cisternae.
Electron micrographs of permeabilized MEL cells show a
considerable loss of cytoplasmic contents, but subcellular
organelles remain largely intact (Fig. 2A). In general, the
degree of preservation appears to be better than in cells
permeabilized by hypotonic shock or mechanical disruption
(7, 15). In the presence of cytosol and an ATP-generating
system, the stacks of Golgi membranes were well maintained
with a small population of vesicles in the near vicinity (Fig.
2A). When GTP['yS] was added together with cytosol and
ATP, the Golgi cisternae appeared more dilated (Fig. 2B) and
were surrounded by a larger number of dilated vesicles, a
portion of which have thicker membranes interpreted as
protein coats.

gp3 Is Formed as a Result of ER-to-Golgi Transport in
Permeabilized Cells. gp3 transport was arrested immediately
after the 8-min pulse by transfer to 4°C (16), followed by
binding of SLO toxin at 4°C and subsequent return to 37°C
(Fig. 3). Warming to 37°C promotes toxin-mediated pore
formation in the plasma membrane and at the same time
allows resumption of vesicular trafficking. In the presence of
cytosol and an ATP-generating system, 20-50% ofthe 21- and
23-kDa precursor forms ofglycophorin were converted to the
mature form (Fig. 3, duplicate lanes 1 and 2); in a series of 17
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FIG. 1. gp3 as a reporter protein. MEL cells were metabolically
labeled for 8 min with [35S]methionine and either collected immedi-
ately (lane 2) or chased for 60 min (lane 1), followed by immuno-
precipitation of glycophorin species and SDS/PAGE. The mature
glycophorin species, gp3, is exclusively 0-glycosylated (3, 6, 7) and
migrates as a tight doublet at 29 kDa (arrow, lane 1). When collected
after the 8-min pulse, two precursor forms of gp3 may be resolved.
These newly synthesized proteins have yet to leave the ER, lack
sugars, and migrate at 21 and 23 kDa (large arrowheads, lane 2). Note
that two additional bands at 25 and 27 kDa (small arrowheads, lane
2) are also glycophorin species, but these are poorly translocated into
the ER and are not further modified prior to degradation.
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FIG. 2. Electron micrographs of
SLO-permeabilized cells. SLO was
bound at 4°C and pore formation was
initiated upon warming to 37°C for 30
min in the presence of cytosol and
ATP, minus (A) or plus (B) GTP['yS]
(500 AEM). Cells were then fixed and
processed for routine electron micros-
copy. Permeabilized cells contained
intact Golgi cisternae (G) (A). Dilated
vesicles and/or cistemae (arrow) were
more frequently seen in the Golgi re-
gion after exposure to GTP[yS] (B).
(A, x27,000; B, x22,500.)

experiments the average percentage converted to the mature
form was 25.1 + 8. GTP[yS], the nonhydrolyzable analogue
of GTP, effectively blocked transport (Fig. 3, duplicate lanes
3 and 4). As reported by others (17, 18), concentrations of
GTP[yS] ranging from 10 ,uM to 1 mM were equally effective
in blocking transport. Since GTP[yS] is impermeant, this
indicates that practically all cells were permeabilized. This
extent of permeabilization was also confirmed biochemically
and by uptake of impermeant dyes (data not shown).

ER-to-Golgi Transport Is ATP- and Cytosol-Dependent. In
agreement with transport requirements in other semi-intact
cell systems (15), we found that cytosolic proteins are re-
quired for transport in SLO-permeabilized MEL cells (Fig. 4,
compare bars 1 and 5); either MEL cell cytosol or rat liver
cytosol (not shown) at 3-5 mg/ml optimally supports trans-
port in our assay. Again, as in other reconstituted systems
(15), transport was ATP-dependent (Fig. 4, compare bars 1
and 2). As in Fig. 3, GTP[yS] blocked the appearance of the
mature form of gp3 (Fig. 4? bar 3). Ca2+ concentrations in
MEL cell cytosol fractions were determined (11) and found
to be close to normal cytosol levels (50-80 nM) (11), which
made Ca2+ supplementation of the assay system unneces-
sary. Efficiency oftransport was not significantly changed by
the addition of an EGTA/Ca2+ (200 nM free Ca2+) buffering
system (Fig. 4, bar 4). However, at high EGTA concentra-
tions transport was blocked (not shown).
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The time course of glycophorin maturation was greatly
slowed in permeabilized cells. Significant amounts of the
mature form ofgp3 did not appear until 60 min after returning
the cells to 37°C (not shown). The transport assay was
routinely carried out for 2 hr at 370C, at which point the
system apparently reaches its limits. Electron micrographs of
permeabilized cells incubated beyond 2 hr indicated a marked
deterioration of intracellular organelles (not shown).

Evidence for Regulation of Golgi Functions by G1. One
potential target of GTP[yS] is the heterotrimeric G protein
GO3, recently shown to be a resident of the Golgi area in
LLC-PK1 cells (10, 19). We examined the localization of the
ai3 subunit in MEL cells using an antibody (EC) developed by
Spiegel and colleagues (14) and found that ai3 is concentrated
in the Golgi region (Fig. 5). Other investigators have shown
(20-24) that antibodies to the carboxyl terminus of a subunits
specifically inhibit receptor/G protein interactions in recon-
stitution assays. Based upon these data, we concentrated IgG
affinity-purified on the decapeptide sequence KNN-
LKECGLY from the carboxyl terminus of ai3 to 1-2 mg/ml
and added it at 1:20-1:50 in our transport assay. In four
separate experiments, each performed in duplicate, inhibi-
tion was observed (Fig. 6); it averaged 61% but ranged from
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FIG. 3. gp3 is formed as a result of ER-to-Golgi transport in

SLO-permeabilized cells. MEL cells were metabolically labeled for
8 min, followed by binding of SLO at 40C and transfer to 370C in the
presence of cytosol and an ATP-generating system. The transport of
newly synthesized glycophorin from the ER to Golgi was quantified
by immunoprecipitation and SDS/PAGE (see Fig. 1) to detect a shift
in electrophoretic mobility when 0-linked sugars were acquired.
Under these conditions -30% ofgp3 is fully processed (arrow, lanes
1 and 2), indicating that glycophorin progressed from the ER through
multiple compartments ofthe Golgi complex. The ER forms at 21 and
23 kDa are indicated by arrowheads. GTP[yS] (500 uM) prevented
the Golgi-dependent maturation ofgp3 (lanes 3 and 4). The transport
assay is routinely performed in duplicate for each variable, as shown
here.
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FIG. 4. Requirements for transport in permeabilized MEL cells.
Conditions for the support of ER-to-Golgi transport were defined by
varying the cytosol, nucleotide, and Ca2+ concentrations in the
transport assay. Transport was supported only in the presence of an
ATP-generating system and cytosol (bar 1). Addition of an ATP-
depleting system (bar 2) or 500 ,uM GTP[ yS] (bar 3) or the absence
of cytosol (bar 5) completely blocked transport. Ca2+ concentration
in unsupplemented cytosol is 60-80 nM. Addition ofan EGTA/Ca2+
buffering system (200 nM Ca2+) did not alter the efficiency of
transport (bar 4). Values are averages of duplicates in the same
experiment in which all parameters were compared concurrently.
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FIG. 5. Immunofluorescence localization of Gi3 to the Golgi
region. MEL cells were fixed, processed as semithin cryosections,
and incubated with EC antibody followed by fluorescein isothiocy-
anate-conjugated goat anti-rabbit IgG. Labeling of ai3 is restricted to
the Golgi region in these cells. (x 1450.)

25% to 81% for three different IgG preparations. This degree
of inhibition compares favorably with published data on

inhibitory antibodies in other experimental systems (23-25).

DISCUSSION
We have described an assay for intracellular transport that
follows glycophorin from the site of synthesis and translo-
cation into the ER through multiple compartments of the
Golgi apparatus. To our knowledge, a transport assay in
permeabilized cells that is based upon 0-glycosylation reac-

tions of a native glycoprotein (as opposed to an exogenous
viral glycoprotein) has not been reported previously. In
principle, the assay may help in analyzing and understanding
the 0-glycosylation process. We have also demonstrated that
reconstitution of transport can be manipulated through in-
troduction of blocking antiserum and, in doing so, have
strengthened the mounting evidence that heterotrimeric G
proteins are regulators of Golgi traffic.
The site of initiation of 0-glycosylation is still an open

issue: it has been placed in an early Golgi compartment
(26-29), in a smooth-membrane subcompartment of the ER,
or in a pre-Golgi compartment (30-32), possibly transitional
elements and transporting vesicles located between the ER
and Golgi. These apparently conflicting results may reflect
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FIG. 6. Antibodies to Gi3 block glycophorin processing. MEL
cells were labeled and permeabilized, and transport of newly syn-
thesized glycophorin was analyzed after immunoprecipitation of
glycophorins and SDS/PAGE, as in Fig. 3. When added to perme-
abilized cells capable of reconstituting ER to Golgi transport, anti-aB3
antibodies inhibited Golgi-dependent maturation of glycophorin by
up to 70%. Nonimmune IgG did not inhibit processing. Values are
average of duplicates in a single experiment; inhibition with anti-ai3
antiserum was seen in three additional experiments. Duplicates
omitting cytosol or containing GTP[yS] are shown for comparison.

variations in GaINAc-transferase localization among differ-
ent cell types (33).
Our results show that in MEL cells 0-glycosylation of

ectodomain serine/threonine residues is initiated primarily or
exclusively after exit from the ER. There are strong argu-
ments for this assumption. First (see Fig. 1), a shift in the
molecular weight for gp3 occurs only in transport-competent
permeabilized cells. Second, disruption of the Golgi complex
with brefeldin A (BFA) for up to 1 hr effectively blocks the
glycosylation of glycophorin (8); Ulmer and Palade (8) dem-
onstrated that glycophorin trapped in the ER acquires in-
complete 0-linked oligosaccharide chains only after 2-6 hr of
BFA treatment, presumably due to migration of sufficient
Golgi glycosyltransferases to the ER. Third, the binding of
Helix pomatia lectin-gold to terminal GaINAc residues in
MEL cells was found to be restricted to a few cistemae on the
cis side of the Golgi complex (32).

Elongation of 0-linked glycans is generally assumed to
occur in middle and trans Golgi cisternae. Elhammer and
Kornfeld (34) proposed that galactose addition occurred in a
separate and subsequent compartment since N-acetylgalac-
tosaminyl- and galactosyltransferases could be separated by
subcellular fractionation on sucrose gradients. In addition,
terminal Gal,31,3GaINAc residues have been detected by
peanut agglutinin lectin in middle and trans cisternae (32, 35).
Sialylation of N-linked glycans has been placed in the trans
Golgi or the trans Golgi network (36) but sialylation of
0-glycans may occur in trans cisternae or in earlier cistemae,
depending upon the cell type (37). In our assay, all inhibitors
tested block gp3 processing in the earliest precursor forms
that are typical of newly synthesized ER forms. In the
presence of cytosol and ATP, glycophorin shifts to the
distinct gp3 band that corresponds to mature, sialylated
glycoprotein. It follows that in our reconstituted system gp3
is apparently fully processed to its mature form, which is
expected to be completed in the middle/trans Golgi cisternae.

Similar to the human glycophorin A, which has 15 0-gly-
cosidically linked chains (38), murine gp3 is heavily glyco-
sylated by a large number of tri- and tetrameric glycans (4)
and detection of intermediary forms would be expected,
especially when transport and maturation are slowed down as
in our assay. Several minor forms are occasionally detected;
they could represent partially glycosylated, intermediate
forms of gp3 (not shown).
We assume that this assay system may also help in ana-

lyzing the role of factors such as low molecular weight G
proteins recently shown to operate at different relays in the
intracellular transport pathways (39, 40). The hypothesis that
additional G proteins are involved in Golgi traffic is based on
well-documented data (17, 18) indicating that GTP[yS] and
AIF- block protein transport at the ER-Golgijunction as well
as between Golgi stacks. A1F- is an activator of heterotri-
meric G proteins (41) but not (according to a recent study) of
small G proteins (42). We added A1F- to intact MEL cells
immediately after a brief pulse of metabolic labeling and
found that newly synthesized glycophorin failed to become
0-glycosylated in the Golgi, indicating a complete block in
ER-to-Golgi transport (data not shown). A1F- was shown to
promote the association of the vesicular coat protein (-COP
with Golgi membranes (43), and preincubation with A1F4
prevented BFA-induced redistribution of /-COP into the
cytosol (44). In addition, excess G protein fry subunits
inhibited GTP[yS]-induced association of adenosine diphos-
phate ribosylation factor (ARF) and /-COP with membranes
(44). It was also reported that mastoparan (a peptide that
activates heterotrimeric G proteins) plus GTP could block the
BFA-induced disassociation of /-COP from Golgi mem-
branes (45). Mastoparan or fry subunits have also been shown
to inhibit endosome fusion (46) and exit of newly synthesized
protein from the ER (47). More directly, ai3 has been local-
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ized to Golgi membranes by immunocytochemistry, and
overexpression of ai3 was shown to slow the rate of heparan
sulfate proteoglycan secretion in LLC-PK1 cells concomitant
with the accumulation of partially processed core protein in
the middle/trans cisternae of the Golgi (19).
We have localized ai3 by immunofluorescence to Golgi

regions in MEL cells and a few other (but not all) cell lines
tested and found that in SLO-permeabilized MEL cells, af-
finity-purified antibodies to the KNNLKECGLY sequence
from ai3 inhibit maturation of gp3. The use of anti-carboxyl-
terminal antibodies for the specific inhibition ofG proteins has
been well established (20-24) and is attributed to their ability
to block interaction between activated receptors and the
respective G protein (48) or, alternatively, to block G-protein
interaction with GTP or its analogs (21). If Gi3 is involved in
a mechanochemical sense, to promote assembly/disassembly
of vesicle-associated protein complexes (43-45) or to facilitate
vesicle fusion, competition for binding to a resident Golgi
protein is a probable explanation for the inhibitory effects of
the blocking antibodies. The mechanism of action is still
speculative, however, and we must at least consider the
possibility that Gi3 could regulate other crucial functions, such
as the maintenance of ionic conditions in Golgi cisternae that
are supportive of either glycosylation reactions or protein
sorting, either of which would conceivably prevent glycopro-
tein maturation. Moreover, since we have observed a few cell
types in which Gi3 could not be detected by immunofluores-
cence on the Golgi apparatus (unpublished observation), its
function there is likely to be cell-type specific.
The results obtained so far are in keeping with current

findings that implicate multiple G proteins, including hetero-
trimeric G proteins, in intracellular traffic. Although inter-
esting and challenging, the data require further work to (i)
consolidate the findings, (ii) rationalize the apparent differ-
ences in effects obtained in different cell systems, (iii)
identify the full complement of GTP-dependent events, (iv)
identify the receptor-like proteins in Golgi membranes, and
(v) explore the possibility that proteins like Gj3 control
intra-Golgi environmental conditions rather than vesicular
transport through the Golgi complex.
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