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Abstract

Members of the golgin family of coiled-coil proteins have been implicated in the tethering of
vesicles to Golgi membranes and cisternal membranes to each other. Many also bind to rab
GTPases. Golgin-84 is a membrane-anchored golgin that we now show binds preferentially to the
GTP form of the rabl GTPase. It is also present throughout the Golgi stack by immuno-EM.
Antibodies to golgin-84 inhibit stacking of cisternal membranes in a cell-free assay for Golgi
reassembly, whereas the cytoplasmic domain of golgin-84 stimulates stacking and increases the
length of re-assembled stacks. Transient expression of golgin-84 in NRK cells helps prevent the
disassembly of the Golgi apparatus normally triggered by treatment with brefeldin A. Together
these data suggest that golgin-84 is involved in generating and maintaining the architecture of the
Golgi apparatus.
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The Golgi apparatus in many eukaryotic cells has a unique and complex architecture
comprising flattened cisternal membranes with dilated rims, most often, though not always,
arranged in a stack. Newly synthesized proteins and lipids from the endoplasmic reticulum
(ER) enter at the cis-Golgi network (CGN) and exit at the trans-Golgi network (TGN), after
undergoing processing in the stack, mostly to the oligosaccharides bound to the transiting
cargo molecules (1-4).

The structural basis of Golgi architecture is slowly becoming clear through analysis of
membrane traffic pathways in interphase and mitotic cells. The Golgi ReAssembly Stacking
Proteins (GRASPs) and golgin families of proteins are key components of Golgi structure.
GRASPs were first implicated in the stacking of Golgi cisternae after mitosis (5,6). Using a
cell-free system that reconstitutes many aspects of Golgi reassembly after mitosis, we were
able to show that cisternal stacking was blocked in the presence of GRASP proteins
rendered soluble by removal of the N-terminal signal that normally mediates addition of
myristic acid, a membrane anchoring domain. Antibodies against GRASP proteins had the
same effect (5,6).

Several golgins have also been implicated in the stacking of Golgi cisternae. Giantin, p115
and GM130 are thought to form a tether connecting COPI vesicles to Golgi membranes (7).
Giantin is in vesicles and GM130 is on the Golgi, anchored there by a PDZ-like domain
connecting it to GRASP65 (one of the GRASPS) (8). p115 links Giantin to GM130 (9). This
tether has also been implicated in cisternal stacking, bringing cisternal membranes close
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enough together for GRASP to provide a more permanent linkage (10). Golgin-45 is bound
to GRASP55, another GRASP involved in cisternal stacking (11).

Golgin-84 is a recent member of the golgin family that is structurally related to giantin and
the most recent member, CASP (12). All are type II membrane proteins with their N-
terminus projecting into the cytoplasm and bound to Golgi membranes by a C-terminal
membrane-anchoring domain. Golgin-84 was first identified in a two-hybrid screen, as a
partner for OCRL-1 (OculoCerebroRenal syndrome of Lowe), a phosphatidylinositol 4,5-
bisphosphate 5-phosphatase (13).

Rab proteins are members of the ras superfamily of small GTPases that are involved in
many aspects of membrane traffic processes though their precise role is still unclear. Rabs
bind to a number of golgins including GM130, p115, golgin-45, golgin-245 and golgin-97
(11, 14-18).

Given these roles for golgins we decided to study golgin-84. Our data show that it binds
pecifically to rabl and contributes to Golgi structure both in vitro and in vivo.

Results and Discussion

Golgin-84 is required for the reassembly of Golgi stacks

Since several golgins have been implicated in Golgi structure, we first tested the role of
golgin-84 using a cell-free assay that mimics many aspects of mitotic Golgi fragmentation
and reassembly (19). In this assay, purified rat liver Golgi stacks (RLG) are disassembled,
by incubation with mitotic cytosol (MC), into a collection of vesicular and tubular structures
that we term mitotic Golgi fragments (MGFs). MGFs can reassemble to form stacked
cisternal structures upon incubation with interphase cytosol (IC). In Figure 1, we show data
from such disassembly/reassembly reactions. During the mitotic disassembly phase of the
reaction, the percentage of total membrane present as cisternae was reduced by at least 2-
fold (to 31 £1% in MGFs compared to 67 £3% in RLG). Furthermore, the percentage of
membrane present in stacked cisternal structures was dramatically reduced, by more than 6-
fold (to 6 + 1 % in MGFs compared to 41 + 2% in RLG). During the reassembly phase,
incubation of MGFs with IC caused both the re-growth and restacking of cisternae. The
percentage of total membrane present as cisternae in the re-assembled material was close to
that in starting RLG (59 £ 1% compared to 67 £3% in RLG). The percentage of total
membrane present as stacked cisternae was also restored to a value near to that of the
starting material (31 + 2% compared to 41 + 2% in RLG).

To test the role of golgin-84 in the reassembly of Golgi structures, we pretreated MGFs with
antibodies against golgin-84 before performing the reassembly phase of the assay. After
incubation with IC the percentage of membrane in stacks was much less than that obtained
using preimmune serum (14 + 2% vs. 31 £3%) and close to that of the original MGFs (6 +
1%) (Figure 1C). In marked contrast, these antibodies had only a modest effect on the
percentage of total membrane re-assembled into cisternae (50 + 3% compared to 56 + 4%
for the preimmune serum) (Figure 1B). Together, these data suggest that golgin-84 plays a
role in cisternal stacking rather than assembling the cisternae themselves.

Soluble golgin-84 enhances the median length of re-assembled cisternae

Further experiments were carried out using a recombinant form of golgin-84, comprising the
entire cytoplasmic domain. This soluble protein was preincubated with MGFs which were
then incubated with IC. As a positive control we used soluble, recombinant GRASP65,
which had little if any effect on cisternal re-growth (61 + 1 % vs. 59 £ 1 % for buffer alone)
(Figure 1B), but dramatically inhibited cisternal stacking (3 £ 2% vs. 31 + 2% for buffer
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alone) (Figure 1C), as previously described (5,6). Soluble golgin-84 had a slight stimulatory
effect on cisternal re-growth (67 + 1% vs. 59 £ 1 % for buffer alone) (Figures 1B), but it had
the opposite effect to GRASP65 in that it stimulated cisternal stacking (to 39 +1 % vs. 31 £
2% for buffer alone), reaching a level close to that of the starting RLG (41 % + 2%) (Figure
1C).

Soluble golgin-84 had little effect on the number of cisternae in the stack. The distribution
of cisternae amongst single and stacked cisternae was similar for starting RLG and for
stacks re-assembled with or without golgin-84 (Figure 1D). The mean value ranged from 1.9
to 2.1 cisternae/stack. Strikingly, however, soluble golgin-84 had a significant effect on the
length of the re-assembled cisternae, whether they were single or in stacked structures
(Figure 1A). The median length of cisternal profiles re-assembled using IC was 0.36 um
(+buffer IC) but this increased nearly 4-fold, to 1.26 um (+sol.Golgin-84+1C), in the
presence of soluble golgin-84 (Figure 1E). Furthermore, this value was more than twice that
of starting RLG membranes (0.55 um), suggesting that soluble golgin-84 might play a role
in stitching stacked cisternae together into the ribbon-like structure that characterizes the
Golgi apparatus in mammalian cells (20).

Golgin-84 is a novel binding partner for rab 1

The fact that soluble golgin-84 enhanced the formation of long, stacked Golgi was
reminiscent of results we had obtained earlier using GTPyS (19). This nonhydrolyzable GTP
analogue stimulated cisternal re-stacking when added to MGFs and IC, suggesting that a
GTPase might be involved. Given that so many golgins have been found to bind to rab
GTPases (11,14-18), we tested this possibility for golgin-84.

We first tested Rab1 since this Golgi-localized GTPase is known to bind to a number of
golgins, such as GM130 and p115 (11,14-17). GST-rabl was incubated with a detergent
extract of RLG membranes, washed and the bound proteins fractionated and blotted for
golgin-84. GST-rabl pulled down golgin-84, which bound preferentially to the GTPyS-
loaded form (Figure 2A, lanes 2 and 3). Mapping experiments were also carried out to locate
the region on golgin-84 that binds Rab1l, but it did not prove possible to narrow down the
binding site. Almost the entire coiled-coil domain was needed for efficient binding (data not
shown).

We next tested the specificity of binding using several rab proteins known to operate in or
near the Golgi apparatus. Golgin-84 bound preferentially to the GTPyS-loaded form of GST-
rabl, but not to GST-rabs 2, 6 or 11, or to GST (Figure 2A), suggesting that the interaction
between golgin-84 and rab 1 is specific. As a positive control, we also blotted for GM130,
which is known to bind to the GTP-loaded form of rabl and rab2 (11). GM130 bound to
both these rabs as well as rab6, though to a much lesser extent (Figure 2A) and (11, 16).

To show that binding is direct, we incubated GST-rabl with soluble golgin-84. As shown in
Figure 2B, golgin-84 bound preferentially to GST-rabl loaded with GTPyS but not to GST-
rabl11 loaded with either nucleotide. We also used mutated Rab1s locked in either the GTP
(Q67L) or GDP (S25N) form. In this case only the former bound to golgin-84, with the
GDP-locked mutant showing no detect able binding (Figure 2B). The difference between
these results and those obtained using wild-type rabl may reflect incomplete nucleotide
exchange during the loading of wild-type rabl fusion protein with GDP. Alternatively,
GDP-loaded-rabl may have a bona fide affinity for golgin-84 that is abolished by the S25N
mutation.

Together, these data suggest that golgin-84 specifically binds rab1, with a clear preference
for the GTP-loaded form, and that it does so through the cytoplasmic domain. This would
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help explain how soluble golgin-84 localizes to Golgi membranes in the absence of the
membrane anchor (21). Furthermore, the stimulation of cisternal stacking by soluble
golgin-84 might in part be explained by linking rabl s in adjacent cisternae.

localized throughout the Golgi stack

Previously characterized stacking proteins were localized to the early part of the Golgi stack.
GRASP65 is found in cis-cisternae and GRASP55 in cis/medial-cisternae (6). The golgin
tether comprising GM130-p115-giantin is also found in cis-membranes since GM130 is
bound to GRASP65. Given the role of golgin-84 in cisternal stacking suggested by the
experiments detailed in Figure 1, it was of interest to determine its location at the electron
microscopic (EM) level.

Ultrathin sections of NRK cells were triple-labeled with antibodies to golgin-84, rab1 and
GM130 followed by Protein-A coupled to different sizes of gold particles. Cross-labeling
was prevented by fixing the samples with glutaraldehyde after each labeling step. As shown
in Figure 3A and quantitated in Figure 3B, GM130 was, as expected, concentrated on the
cis-side of the Golgi apparatus (C and C + 1 cisternae). So too was rab1 which operates on
the cis-side of the Golgi apparatus to receive incoming cargo from the ER (22).

Golgin-84, by way of contrast, was distributed throughout the stack and, on occasion, was
found in cisternal rims (Figure 3A, bottom panel). Such a location might help explain its role
in generating long cisternal structures (Figure 1E) and, by implication, the Golgi ribbon,
though far more work will be needed to establish this point.

Quantitation confirmed the presence of golgin-84 in all cisternae and suggested that there
might be a gradient with the least amount in cis-membranes (Figure 3B, ‘C’) and the most in
trans-membranes (Figure 3B, ‘C + 3”). Such a distribution raises the interesting possibility
that golgin-84 provides a means of stacking trans-cisternae and so complement the cis/
medial-stacking activity of the GRASP proteins. What is still unclear is the role played by
rabl in the functioning of golgin-84. Rab1 has the opposite distribution to golgin-84, so that
maximum overlap occurs in the C + 1 cisterna (Figure 3B). If golgin-84 is a rab1 effector,
then this might suggest that it only functions in early Golgi cisternae. However, rabl has
other cis-binding partners, such as p115 and GM130, the latter binding more efficiently to
rabl than golgin-84 (Figure 2B). Hence the higher levels of rabl in early Golgi cisternae
might simply reflect the number of other proteins with which it can also interact. If the rabl
present in late Golgi membranes interacts only with golgin-84, then there might be sufficient
for it to function there. In addition, there might be other factors that act to regulate golgin-84
function.

Expression of golgin-84 stabilizes the Golgi against brefeldin A treatment

Many members of the golgin family of coiled-coil proteins do not move back to the ER in
the presence of brefeldin A (BFA) (23,24), or at least not as fast as Golgi enzymes (25). The
exceptions are the membrane-anchored golgins, such as CASP, giantin and golgin-84, which
behave more like Golgi enzymes and move backat similar speeds, or slightly slower
(12,13,26). This contrast is illustrated in Figure 4A where treatment of NRK cells with BFA
relocated golgin-84 to an ER-like distribution, whereas GM130 assumed a more dispersed,
punctate appearance. Rab1 also became more dispersed, although some puncta still
colocalized with GM130.

Expression of exogenous golgin-84 had an unexpected effect. The cDNA encoding
golgin-84, tagged at the N-terminus with GFP, was microinjected into NRK cells and
incubated for 2h. After fixation and permeabilization, a typical Golgi labeling pattern was
observed which colocalized with mannosidase Il and GM130. Interestingly, this pattern was

Traffic. Author manuscript; available in PMC 2012 February 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Satoh et al.

Page 5

largely unchanged after treatment with BFA. Some fragmentation of the Golgi was
observed, but the fragments still maintained a peri-nuclear location and there was little, if
any, evidence that GFP-golgin-84 was relocated to the ER. Furthermore, this same pattern
was obtained after labeling for GM130 and mannosidase Il (Figure 4B), suggesting that
over-expression of golgin-84 somehow stabilizes the Golgi structure, making it resistant to
the effects of BFA. COPI coats were still released by BFA treatment (data not shown),
showing that this effect operated after disruption of COPI-mediated budding reactions.

In conclusion, our data extend the roles played by golgins in generating and maintaining
Golgi architecture. Golgin-84 is involved in cisternal stacking and appears to be present
throughout the stack with an increasing gradient towards the trans-side. This makes it an
excellent candidate for stacking trans-cisternae, which lack the GRASP proteins previously
implicated in cis/medial-stacking. Golgin-84 also enhances the length of single and stacked
cisternae and stabilizes Golgi architecture in the presence of BFA. This implicates it in the
process that generates and maintains the interphase Golgi ribbon. The role played by rabl in
the operation of golgin-84 is still unclear as it is in all other instances where rab proteins
have been shown to bind to golgins. This will be the focus of future experiments.
Nevertheless, these data add to the existing information on golgin tethers and further
emphasize the importance of these proteins in Golgi structure and function (27,28).

Materials and Methods

Antibodies

Plasmids

Polyclonal rabbit anti-golgin-84 antibodies were raised using the purified recombinant
golgin-84 as an antigen. For triple-labeling experiments, the Protein-A-purified 1gG fraction
of golgin-84 antibodies was conjugated to Alexa488 (Molecular Probes, Eugene, OR, USA)
following the manufacturer's protocol. Polyclonal anti-GM130 (MLO07) were gifts from
Martin Lowe (University of Manchester, UK). Monoclonal anti-mannosidase Il (53FC3)
was previously described (29). Monoclonal anti-GM130 and polyclonal rabbit anti-rabl
antibodies were purchased from BD Transduction Laboratories (San Jose, CA, USA) and
Santa Cruz Biotechnology (Santa Cruz, CA, USA), respectively. Goat anti-mouse 1gG-
Alexa594 and anti-rabbit IgG-Alexa350 were purchased from Molecular Probes; goat anti-
mouse IgG-HRP and anti-rabbit IgG-HRP were purchased from Biosource (Camarillo, CA,
USA).

GST-rabl, GST-rab2 and rab6, and GST-rab11 were kindly provided by Tommy Nilsson
(EMBL, Germany), Francis A. Barr (Max-Plank-Institute, Germany) and David Sheff (Yale
University, CT, USA), respectively. GST-rab1Q67L and rab1S25N were generated by site-
directed mutagenesis using GST-rab1l as a template. Rat golgin-84 (accession number:
AY144587) was cloned from the rat liver cDNA library (Origene, Rockville, MD, USA),
and its cytoplasmic domain was subcloned into His-tag-expression vector. GFP-human
golgin-84 was a gift from Robert L. Nussbaum (NIH, MD, USA). Mutants of golgin-84
were generated by site-directed mutagenesis.

Recombinant proteins

BL21 Escherichia coli was transformed with GST-rabs or His-tagged soluble golgin-84
constructs. The expression of recombinant proteins was induced by adding IPTG. The cells
were sedimented and resuspended with PBS with 5 mM MgCl,, 5mM 2-mercaptoethanol
and 0.2 mM GDP (for GST-rabs), or 10 mM HEPES (pH7.4) with 100 mM KCI (for His-
golgin-84). The cells were lysed by sonication on ice and clarified by centrif ugation. The
lysates were incubated with glutathione-Sepharose 4B (Amersham Biotech., Piscataway, NJ,
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USA) or Ni-NTA agarose (Qiagen, Valencia, CA, USA). His-tagged golgin-84 was eluted
from Ni-NTA agarose with 500 mM imidazole, and was dialyzed against 10mM HEPES
(pH7.4) with 100 mM KCI.

Golgi reassembly assay

Preparation of rat liver Golgi (RLG), mitotic HeLa cytosol (MC), interphase HelLa cytosol
(IC), disassembly and reassembly reactions, were performed as previously described (19)
with the following modifications. RLG stacks were incubated with MC for 20 min at 37 °C
to disassemble the Golgi, and mitotic Golgi fragments (MGFs) were reisolated through a
0.4wm sucrose cushion by centrifugation at 55000 r.p.m. for 30 min in a TLAS55 rotor
(Beckman, Fullerton, CA, USA). MGFs were incubated with IC at 37°C for 60 min. In some
reactions, 2 ul of antiserum, or 2 um recombinant His-tagged soluble GRASP65, or His-
tagged soluble golgin-84 were pre-incubated with the MGFs for 30 min on ice followed by
reassembly reactions in IC. Membranes were fixed and processed for EM. Cisternae were
defined as membrane profiles with a length greater than four times their width, which was
not greater than 80 nm. The percentage of membranes in cisternae, the number of cisternae
in the stack and the median cisternal length were determined by the intersection method
(19).

Rab pull-down assay

Golgi extracts were obtained by solubilization of purified RLG membranes in IP buffer (10
mM HEPES-KOH, pH 7.4, 100 mM KCI, 1 mM dithiothreitol, 5 mM MgCl», 1% Triton
X-100 and protease inhibitor cocktail from Roche, Indianapolis, IN, USA). After incubation
for 30 min on ice, the extract was clarified by centrifugation at 13000 g for 20 min. The
purified GST-rabs on the glutathione-beads were preloaded with GTPyS or GDP (30). The
extracts (100 ug), or the recombinant, purified golgin-84 (2 ug), were incubated with the
GST-rab beads (100 ug for the extracts and 20 pg for the recombinant protein) for 1 h at 4°C
in the presence of 1 mg/ml of soy bean trypsin inhibitor (Sigma, St. Louis, MO, USA) and 1
mM nucleotides. Total volume of the mixtures was 250 pl for the extracts and 100 pl for the
recombinant protein. After washing twice with IP buffer containing soy bean trypsin
inhibitor and nucleotides, the beads were washed with IP buffer alone. The proteins bound
were eluted with 10 mM EDTA and 5mw GDP in IP buffer. Proteins in the eluates or on the
beads were analyzed by SDS-PAGE followed by Western blotting or Coomassie Brilliant
Blue staining, respectively.

Cell culture and microinjection

NRK cells were grown in Dulbecco's modified Eagle's medium supplemented with 10%
FCS. For microinjection and immunofluorescence, cells were cultured on 12-mm glass
coverslips. Plasmid DNA encoding GFP-golgin-84 was injected into cell nuclei at a
concentration of 200 pug/ml. After the microinjection, the cells were incubated for 2 h for the
transient expression.

Cryoelectron microscopy and immunogold labeling

NRK cells were fixed with 8% paraformaldehyde (PFA) in 0.25« HEPES buffer, pH7.3.
After washing in buffer, the cells were sedimented by centrifugation, embedded in 10%
gelatin, cooled on ice, and cut into 1 mms3 blocks. The blocks were infused with 2.3 m
sucrose at 4°C for at least 2 h and frozen in liquid nitrogen. ~50 nm-thick sections were cut
at —120 °C using an Ultracut T/FCS (Leica, Deerfield, IL, USA). Ultrathin sections were
picked up in a mixture of 2% methyl cellulose and 2.3 v sucrose (1 : 1). For triple labeling,
cryosections were collected on formvar-coated copper grids, incubated at room temperature
on a drop of 100 mu NH4CI, and nonspecific binding was blocked with 2% (w/v) fish skin
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gelatin in PBS. Sections were incubated with the appropriate primary antibody, followed by
Protein-A-gold (Department of Cell Biology, Utrecht School of Medicine, Utrecht,
Netherlands). A rabbit anti-mouse Ig antibody was used as the bridging antibody when
monoclonal antibodies were used. After each round of labeling, the sections were treated
with 1% glutaraldehyde, followed by 100 mM NH4CI and 2% fish skin gelatin. The sections
were counterstained with 2% uranyl acetate, and embedded in 1.7% methyl cellulose
containing 0.75% uranyl acetate.

Immunofluorescence microscopy

NRK cells on coverslips were fixed with 3.7% PFA in PBS for 15 min, permeabilized with
0.1 % Triton X-100 in PBS for 5 min at room temperature. The cells were blocked with 3%
BSA in PBS for 30 min, and then incubated for 15 min with primary antibodies diluted in
3% BSA in PBS. The cells were washed three times with PBS, and incubated for 15 min
with secondary antibodies conjugated to Alexa fluorophors (Molecular Probes). After
washing the cells, the coverslips were mounted on microscope slides and viewed using a
Zeiss Axioplan 2 upright microscope (Carl Zeiss, Thornwood, NY, USA) equipped with an
ORCA-II cooled charge-coupled device camera (1280 x 1024 pixels, Hamamatsu,
Bridgewater, NJ, USA) controlled with the Openlab 3.0.8 software package (Improvision,
Coventry, UK) and a Plan-Apochromat 100 x 1.4 NA objective.
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Figure 1. Golgin-84 is required for stacking and lateral growth of Golgi cisternae

Purified rat liver Golgi (RLG) stacks were incubated with mitotic HeLa cytosol (MC) and
the resulting mitotic Golgi fragments (MGFs) were isolated. After preincubation with buffer,
antibodies to golgin-84 (+Anti-Golgin-84), preimmune serum (+Pre-Immune), soluble His-
tagged golgin-84 (+sol.Golgin-84), or soluble His-tagged GRASP65 (+s0l. GRASP65),
samples were incubated with interphase cytosol (IC) for 60 min at 37 °C. Reactions were
terminated by fixation, processed for EM, and quantitated. A. Images illustrating the stacked
cisternal membranes found in preparations of RLG; the tubular and vesicular fragments
(MGFs) after treatment with MC; the reassembly into stacked cisternal structures in the
presence of IC (+Buffer+IC); and the enhancement in the length of cisternal profiles
observed in the presence of recombinant soluble golgin-84 (+sol.Golgin-84 +IC). Bar = 0.25
0.25 um. B. Percentage of total membrane in cisternae. C. Percentage of total membrane in
stacks. D. Distribution of cisternae amongst single and stacked cisternae. The results in B-D
are presented as the mean +SEM (n = 4) and are representative of 3-5 independent
experiments. E. The length distribution of cisternal profiles in RLG and re-assembled stacks
in the absence or presence of soluble golgin-84. Median values in um are indicated.
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Figure 2. Golgin-84 binds directly and specifically to rabl GTPase

A. Detergent extracts of RLG were incubated with GST-rabl (lanes 2 and 3), GST-rab2
(lanes 4 and 5), GST-rab6 (lanes 6 and 7), GST-rab11 (lanes 8 and 9) or GST alone (lane
10). The rabs were preloaded with either GTPyS (lanes 2, 4, 6 and 8) or GDP (lanes 3, 5, 7
and 9). The input Golgi (10%) is shown in lane 1. Bound proteins were eluted with GDP/
EDTA and fractionated by SDS-PAGE followed by Western blotting for golgin-84 (upper
panel) or GM130 (lower panel). B. Soluble, recombinant golgin-84 was incubated with
GST-rabl (lanes 2 and 3) or GST-rab11 (lanes 4 and 5), preloaded with either GTPyS (lanes
2 and 4) or GDP (lanes 3 and 5). Incubations were also carried out using the ‘GTP’ (rabl
Q67 L) and ‘GDP’ (rabl S25 N) locked forms of rabl (lanes 6 and 7). The input Golgi
(10%) is shown in lane 1. Bound proteins were analyzed by SDS-PAGE followed by
Western blotting for Golgin-84 (WB), or by Coomassie Brilliant Blue (CBB) staining to
show the amount of rabs used.
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Figure 3. Golgin-84 is localized throughout the Golgi stack using immuno-EM

A. NRK cells were processed for cryo-EM and triple-labeled for Rabl (5 nm gold),
golgin-84 (10 nm gold) and GM130 (15 nm gold). Note the occasional concentration of
golgin-84 in cisternal rims (bottom panel). N = nucleus. B. Quantitation showing that rabl
and GM130 are restricted to the cis-side of the Golgi stack (C, C + 1), whereas golgin-84 is
present throughout the stack, with the lowest linear density on the cis-side (C).
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Figure 4. Transient expression of golgin-84 stabilizes the Golgi against disassembly triggered by
treatment with BFA

A. NRK cells were fixed before or after treatment with BFA (5 pg/ml for 30 min) then
permeabilized and triple-labeled for golgin-84, rabl and GM130. B. NRK cells expressing
GFP-golgin-84 were fixed before or after treatment with BFA (5 pg/ml for 30 min), then
permeabilized and labeled for mannosidase 11 and GM130. Note that cells expressing GFP-
golgin-84 the Golgi were more resistant to treatment with BFA treatment than uninjected
cells. Asterisks indicate micro-injected cells.
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