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Introduction

In mammalian cells, the early secretory pathway consists of 
membrane-enclosed compartments including the endoplasmic 
reticulum (ER), the intermediate compartment (IC) and the 
Golgi. These compartments maintain distinct compositions and 
functional activities despite continuous material exchange along 
interconnecting transport routes. Remarkably, the IC and Golgi 
can arise de novo from the ER1raising the question of how the 
unique identity of these compartments is established. Post-ER 
compartment identity may be initiated by the coat protein II 
(COPII) complex as it sorts cargo molecules and recruits cyto-
solic factors to the domain of the ER membrane that will exit 
and move to the IC and Golgi. Concomitant with its recruit-
ment activity, the COPII complex generates vesicles that undergo 
homotypic fusion forming the IC.2 Dissociation of the COPII 
complex is then accompanied by assembly of the coat protein I 
(COPI) complex marking the change in identity of the mem-
brane from ER exit site to IC.3 COPI forms vesicles from the 
IC and Golgi that carry recycling proteins in a retrograde direc-
tion to maintain proper targeting of proteins to their respective 
compartments.4 Thus, COPI function strongly contributes to 
establishing post-ER compartment identity. Indeed, the pack-
aging into COPI vesicles of the cycling SNARE proteins that 

will mediate the specific fusion of vesicles with their target mem-
branes is a fundamental reaction in the establishment and main-
tenance of intracellular compartments.5

Membrane recruitment of COPI is surprisingly compli-
cated involving a network of peripheral membrane proteins. 
The final step is via direct COPI interactions including those 
with the activated form of the small GTPase, Arf1.6,7 Arf1 is 
recruited and activated principally by the guanine nucleotide 
exchange factor, GBF1.8 But GBF1 is also a peripheral compo-
nent and its membrane recruitment depends on another GTPase, 
Rab1b.9,10 Reversible association of RabGTPases with their target 
membranes is coupled to their GDP- and GTP-bound states.11 
GDP-bound Rab proteins are sequestered in soluble form in the 
cytoplasm via binding to guanine disassociation inhibitor (GDI), 
which masks their isoprenyl lipid anchor.12 Membrane association 
of Rabs can be promoted by GDI dissociation factors (GDFs), 
which catalyze the dissociation of the Rab-GDI complex thereby 
allowing the lipid anchor to be inserted into membranes.12 To 
date only a few GDFs have been described.11 Better known is 
the role of guanine nucleotide exchange factors (GEFs), which 
specifically interact with particular Rab proteins causing disso-
ciation of the bound GDP. GTP binding then activates the Rab 
promoting Rab interactions with various effectors. Activation is 
terminated by GTP hydrolysis by the Rab accelerated by specific 
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GTPase activating proteins (GAPs). The inactive GDP-bound 
Rabs are extracted from membranes by GDI.12 Interestingly, 
some Rab effectors play upstream roles in Rab activation by 
recruiting or modulating GEF activity, thereby forming feedback 
loops and cascades.12-15 Thus, the membrane association of Rab1 
can be regulated by its GDF and GEF, and possibly also by Rab1 
effectors.

The vesicle tethering protein p115 is one of several known 
Rab1 effectors16 and mediates vesicular trafficking between the 
ER and the Golgi.16-20 p115 has been shown in vitro to pro-
mote SNARE complex formation and stimulate docking of 
COPI-coated vesicles to Golgi membranes.21 The yeast homo-
log of p115, Uso1p, is required for docking of COPII vesicles to 
Golgi membranes22,23 and for sorting of GPI-anchored proteins 
into vesicles upon ER exit.24 p115 is a homodimer composed 
of an N-terminal globular head domain followed by an elon-
gated tail containing four predicted coiled-coils (cc1-cc4) and a 
C-terminus enriched in acidic residues. Several regions on p115 
directly interact with transport factors and are essential for 
p115 function.19,25-28 The binding site in p115 for Rab1 has been 
mapped to the cc1-cc2 region29but also to a conserved sequence 
in the head domain.30 Interestingly, Rab1 binding to p115 at the 
cc1-cc2 site is influenced by binding of the golgins GM130 or 
giantin to the p115 acidic C-terminus.29 Rab1 mediates mem-
brane association of p115 in vitro16,23 but may not be required 
in vivo because p115 remains membrane associated after Rab1 
depletion by siRNA.10 The head region of p115 also interacts 
with GBF1, but this interaction is not required for membrane 
association of GBF1 or p115.31

Herein, we report that inhibiting p115 expression induced dis-
sociation of the Rab1 isoform, Rab1b, from Golgi membranes. 
Rab1b bound the cc2 domain of p115 and p115 lacking this 
domain failed to recruit Rab1b and failed to function in biogen-
esis of the Golgi apparatus. These results suggest that the interac-
tion between p115 and Rab1b has an upstream role in conferring 
Rab1b membrane localization. Indeed, the cc2 domain promoted 
disassociation of Rab1b from GDI. Further, p115 acted upstream 
of Rab1b in that p115 inhibition blocked association of the COPI 
coat with Golgi membranes and this was suppressed by constitu-
tive activation of Rab1b. Thus, p115 regulates Rab1b activation 
in a pathway controlling assembly of COPI vesicle coat on mem-
branes, suggesting that vesicle docking machinery may contrib-
ute to establishing compartment identity during Golgi biogenesis 
by regulating COPI membrane recruitment.

Materials and Methods

Constructs and reagents
Small interfering RNA (siRNA) targeting AAGAC CGGCA 

ATTGT AGTACT in p11519 was purchased from Xeragon 
(Valencia, CA). Hexahistidine-tagged Rab1b (His-Rab1b) and 
HA-tagged Rab1b were a kind give of Dr. T.H. Lee (Carnegie 
Mellon University). Variants of p115 and Rab1b were generated 
by restriction digests and by using the QuikChange site-directed 
mutagenesis kit (Stratagene,CA). Constructs were confirmed by 
restriction analysis and sequencing.

Immunofluorescence and image analysis
HeLa cells stably expressing N-acetylgalactosaminyl trans-

ferase-2 tagged with the green fluorescent protein (GalNAcT2-
GFP) were maintained and analyzed by immunofluorescence as 
described previously.1 Blocking buffer (PBS containing 0.05% 
saponin, 2.5% fetal bovine serum, 0.2M glycine) was used for 
staining endogenous Rab1b. The antibodies and their dilutions 
were rabbit anti-Rab1b (1:100) (Santa Cruz Biotechnology, 
CA), rabbit anti-p115 (1:500),32 mouse anti-GBF1 (1:1000) (BD 
Biosciences, CA), mouse anti-βCOP (1:1000) (Sigma-Aldrich, 
MO), and mouse anti-bovine p115 (1:500).17Microscopy was 
performed as described previously.33 Single optical sections were 
acquired using ImagingSuite software (PerkinElmer). Individual 
experiments were performed with identical laser output levels, 
exposure times, and scaling. To quantify the average signal inten-
sity of βCOP, GBF1 or Rab1, the GalNAcT2-GFP positive pixels 
were selected using the Photoshop magic wand tool and the aver-
age pixel value of the corresponding region in the βCOP, GBF1 
or Rab1 channel was calculated using the Photoshop histogram 
function. The average signal intensity of the cytoplasmic back-
ground of GBF1 or Rab1 staining was quantified by calculating 
the average pixel value of a random area in the cytoplasmic region 
through the Photoshop histogram function and subsequently, the 
average pixel value of the cytoplasmic background staining was 
subtracted from the average pixel value of βCOP, GBF1 or Rab1 
staining.

RNA interference and replacement
RNA Interference was performed as described previously.19 

For gene replacement, 48 h after siRNA transfection, the cells 
were transfected using Transfectol (Siegen, CA) or Turbo 
Fec (Invitrogen) with plasmids encoding Myc-tagged bovine 
p115 wildtype, myc-tagged bovine p115 Δcc2-C (Δ742–767), 
bovine p115 Δcc1(Δ652–715),19 HA-tagged Rab1b wildtype or 
HA-tagged Rab1b (Q67L). Cells were analyzed 24 h after tran-
sient transfection with the plasmid. Staining level was used to 
insure that cells expressed corresponding constructs at approxi-
mately equal levels and the results obtained were consistent across 
these expression levels.

Rab1b release assay
HeLa cells stably expressing GalNAcT2-GFP were plated in 

a 35mm dish and were either untreated or treated with siRNA 
against p115. At day 3 after knockdown, cells were washed 3 x 
1 ml with cold MEM, and washed 2 x 1 ml with cold KOAc 
buffer (115 mM KOAc, 2.5 mM MgOAc, 25 mM Hepes, pH 
7.2, and 1 mMdithiothreitol). The washed cells were permea-
bilized 6 min at RT in 1 ml 0.03 mg/ml digitonin in KOAc 
buffer containing 1 mM phenylmethylsulfonyl f luoride, 10 
mg/ml leupeptin, 10 mg/ml pepstatin A. The proteins released 
into the KOAc buffer after permeablization were precipitated 
using trichloroacetic acid and analyzed by immunoblotting34 
using enhanced chemiluminescence (Pierce Chemical Co.) 
with acquisition by the LAS-3000 imaging system (Fujifilm). 
Antibodies and their dilutions used for immunoblotting were 
rabbit anti-Rab1b at 1:1000, mouse anti-tubulin at 1:5000 
(Sigma), peroxidase-conjugated anti-rabbit or anti-mouse at 
1:5000 (Bio-Rad, Hercules, CA).
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Protein purification and binding assays
GST fusion protein purification was performed as described 

previously26 for the various p115 constructs: cc2–4 (710–959), 
cc2 with flanking sequence (710–772), N-terminal half of cc2 
(710–741), C-terminal half of cc2 (742–772), cc2 without flank-
ing sequence (726–767) and also full-length Rab1b. His-Rab1b 
purification was performed according to the protocol provided 
by QIAGEN (Valencia, CA). Binding assays were performed as 
described previously.26

Co-immunoprecipitation
Co-immunoprecipitation was performed as described.26 

Briefly, HeLa cells transiently transfected with HA-Rab1b were 
lysed in HKMD buffer (20mM Hepes, pH 7.4, 100mM KCl, 
5mM MgCl2, 2% digitonin, 1 mMphenylmethylsulfonyl fluo-
ride, 10 mg/ml leupeptin, and 10 mg/ml pepstatin A, 1 mM 
dithiothreitol). After 1 h on ice the homogenate was passed 
through 25 g needle followed by centrifugation in a microfuge 
for 10 min at 4 °C. The supernatants were incubated at 4 °C 
for 90 min with 10 µl protein A beads (CL-4B, GE Healthcare) 
bearing mouse anti-HA antibody. The beads were then washed 
with HKM buffer (20mM Hepes, pH 7.4, 100mM KCl, 5mM 
MgCl2, 1 mM dithiothreitol) and analyzed by immunoblotting.

GDI dissociation assay
Prenylated His tagged Rab1b (His-ScRab1b) was isolated 

from Saccharomyces cerevisiae FY834 (MATα his3Δ200 ura3–52 
leu2Δ1 lys2Δ202trp1Δ63) coexpressing His-ScRab1b and FLAG-
GDI2.35 Cells were grown at 30 °C in minimal medium (0.67% 
yeast nitrogen base without amino acids, 2% dextrose, amino 
acid supplement without uracil and tryptophan) and recombi-
nant protein production was induced by shifting cells to minimal 
medium containing 2% galactose.35 The cells in 2 L cell culture 
were harvested and resuspended in 10ml PBS containing 1mM 
β-mercaptoethanol and 1mM MgCl2, transferred to 15 ml tubes 
containing 1/2 volume glass beads, and vortexed 8 x 15 s. The cell 
lysate was sonicated three times for 30 s each, and centrifuged at 
50,000 rpm for 30 min in a TLA 100.3 rotor (Beckman Coulter, 
Fullerton, CA). The cleared lysate was collected and incubated 
with 0.5 ml nickel-nitrilotriaceticacid agarose beads (Invitrogen). 
After incubation, the beads were washed with 100x volume of 
PBS containing 200mM immidazole, 1mM β-mercaptoethanol, 
1mM MgCl2 and were stored on ice for future analysis. 
Glutathione-agarose beads (4 µl) coated with approximately 3 
µg of His-ScRab1b were incubated with approximately 2μg of 
cc2–4 (710–959) or cc2 (710–772) in 40 μl reaction buffer 
(PBS, 2 mM MgCl2, 1 mM β-mercaptoethanol). After a 2-h 
incubation at 4 °C, the supernatant containing unbound pro-
teins was removed, beads were washed 5x in reaction buffer and 
resuspended in SDS sample buffer. Proteins in the supernatant 
or bound to beads were detected by immunoblotting using poly-
clonal anti- FLAG antibody (M2, Sigma, 1:1000).

GEF assay
The GEF assay was performed as described.36 GDP-loaded 

His-Rab1b wildtype (0.4nmol) was added to the GEF assay buf-
fer (20 mM TRIS-HCl, pH 7.5, 100 mM NaCl, 5 mM MgCl2, 
1 mM DTT, 10% glycerol, 1 mM phenylmethylsulfonyl fluo-
ride, 10 mg/ml leupeptin,10 mg/ml pepstatin A, and 400 nM 

N-methylanthraniloyl-GTP [mant-GTP, Invitrogen]) in 200μl 
reaction volume, and equilibrated for 5 min at RT. The reac-
tion was initiated by the addition of 62 pmol GST-p115 CC2 
construct (710–772), and fluorescence was monitored at RT by 

Figure  1. p115 knockdown displaces Rab1b from the Golgi. HeLa cells 
expressing GalNAcT2-GFP were either mock transfected or transfected 
with siRNA against p115. GalNacT2-GFP and either p115 (A-D) or Rab1b 
(E-J) were visualized 72 h later. Bar = 10µm. (K) Quantified average signal 
intensity of Golgi membrane associated Rab1b is shown for mock and 
p115 knockdown cells (mean ± SD; n = 2; > 15 cells each). To allow direct 
comparison of distinct experiments, values were normalized by divid-
ing by the mean values of the entire data set for a given experiment. 
(L) HeLa cells expressing GalNAcT2-GFP, plated on 35-mm dishes, were 
either mock transfected or transfected with siRNA against p115. After 72 
h, the cells were digitonin permeabilized and the amount of released 
Rab1b and tubulin was determined by immunoblotting with anti-Rab1b 
and anti-tubulin antibodies (mean ± SD; n = 2).
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using a Perkin Elmer LS-55 spectrophotometer (λex = 360 nm; 
λem = 440 nm; slits = 20 nm/20 nm).

Results

P115 knockdown displaces Rab1b from Golgi membranes
To investigate the role of Rab1b binding by p115, we ana-

lyzed Rab1b localization in cells after inhibition of p115 expres-
sion using RNA interference. The experiments were performed 
in HeLa cells stably expressing N-acetylgalactosaminyl trans-
ferase-2 tagged with the green fluorescent protein (GalNAcT2-
GFP). As previously reported,19 knockdown of p115 yielded a 
clear fragmented Golgi phenotype and the cells lacked detectable 
p115 indicating successful knockdown (Fig. 1A-D). Control cells 
exhibited a characteristic Golgi ribbon pattern and, as expected, 
Rab1b was localized to these membranes as well as through-
out the cytoplasm (Fig. 1E-G). Surprisingly, p115 knockdown 
caused loss of Rab1b Golgi membrane association (Fig. 1H-J). 
Analysis of the mean signal intensity of Rab1b that colocal-
ized with GalNAcT2-GFP confirmed a significant reduction 
in Golgi-associated Rab1b after p115 knockdown (Fig. 1K). 
Neither cytosolic Rab1b nor total cellular Rab1b was reduced 
as determined by immunofluorescence and immunoblotting, 
respectively (not shown). Because p115 knockdown reduces p115 
levels by about 90%,19 the residual Golgi-associated Rab1b likely 
reflects the participation of other mechanisms. To assess Rab1b 
membrane association using a distinct assay, we permeabilized 
control and p115 knockdown cells and used immunoblotting to 

measure the amount of Rab1b released during the permeabiliza-
tion. The amount of tubulin released was used to normalize the 
data. There was a 1.6-fold increase in released Rab1b after p115 
knockdown (Fig. 1L). Taken together, these results indicate that 
p115 levels influence Golgi membrane association of Rab1b.

P115-mediated Rab1b membrane association impacts COPI 
recruitment

Because previously published work indicates that Rab1b is 
required for COPI membrane association9, our result showing 
Rab1b’s dependence on p115 suggested that p115 knockdown 
might interfere with membrane recruitment of the COPI coat 
complex. Rab1b promotes Arf1-dependent COPI recruitment 
through its interaction with GBF1, the GEF for Arf.37 Thus, we 
assayed Golgi membrane association of GBF1 and the β subunit of 
the COPI coat complex after depleting p115. Indeed, we detected 
a clear decrease in membrane associated GBF1 (Fig. 2A-I) and 
βCOP (Fig. 2J-R) in cells depleted of p115. The average signal 
intensity of Golgi membrane associated GBF1 and βCOP was 
reduced by more than half compared with control cells (Fig. 2I, 
P = 0.003 and Fig. 2R, P = 0.007). Although we cannot exclude 
the possibility that these proteins have reduced expression under 
these conditions, it is likely that they redistributed to the cytosol.

Direct interaction between p115 and Rab1b regulates Rab1b 
membrane association

P115 directly interacts with Rab1 in vitro16 and we observed 
co-immunoprecipitation of p115 with HA-tagged Rab1b out of 
HeLa cell lysates, confirming the interaction in vivo (Fig. S1). 
To determine if Rab1b Golgi membrane association depends 

Figure 2.p115 knockdown displaces GBF1 and COPI from the Golgi. HeLa cells expressing GalNAcT2-GFP were either mock transfected or transfected 
with siRNA against p115. GalNacT2-GFP, p115 and either GBF1 (A-H) or βCOP (J-Q) were visualized 72 h later. Bar = 10µm. The quantified average signal 
intensity of Golgi membrane associated GBF1 (I) and βCOP (R) is shown (mean ± SEM; > 20 cells).
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on Rab1b binding to p115, we sought to map and then delete 
the Rab1b interaction site in p115. Based on the information 
available at the time, we focused on the region containing the 
first and second predicted coiled-coil domains (cc1 and cc2, 
Fig. 3A), which had been shown to bind Rab1a.29 A series of 
GST-tagged p115 constructs were purified after expression 
in bacteria and tested for interaction with His-tagged Rab1b, 
also purified after expression in bacteria. It was observed that a 
construct containing cc2 and its flanking sequence specifically 
bound Rab1b (Fig. 3B, lane 2). The cc2 construct also bound 
HA-tagged Rab1b, but not GFP-tagged Rab27b, in HeLa cell 
lysates confirming the interaction and its specificity (Fig. S2). 
To further narrow the Rab1b interaction domain on p115, 
the cc2 construct was bisected. A construct containing the 
N-terminal half did not bind (Fig. 3B, lane 4) whereas a con-
struct containing the C-terminal half did bind (Fig. 3B, lane 
5). The short flanking sequences were not required because 
binding occurred in their absence (Fig. 3B, lane 6). Thus, a 
binding site for Rab1b mapped to the C-terminal part of cc2.

Having mapped an interaction site, we next tested its func-
tional role by carrying out rescue after p115 knockdown using 
Myc-tagged bovine p115 rescue constructs corresponding to 
wild-type p115 and a version of p115 in which the C-terminal 
half of cc2 was deleted (p115Δcc2-C). As another control, we 
also performed rescue with p115 carrying a deletion of the cc1 
domain, which interacts with SNARE proteins.21 This con-
struct is Golgi-localized yet fails to support Golgi assembly.19 
As expected, expression of the wildtype construct rescued 
Golgi assembly (Fig. S3), whereas p115Δcc1 did not (Fig. 3G). 
Further, Golgi membrane association of Rab1b was rescued by 
both wildtype (Fig. S3) and p115Δcc1 (Fig. 3I), presumably 
because each construct contains the Rab1b-binding cc2 domain. 
Strikingly, p115 Δcc2-C failed to rescue the membrane association 
of Rab1b and it also failed to rescue Golgi assembly (Fig. 3O-R). 
Analysis of the mean signal intensity of Rab1b that was colocalized 
with GalNAcT2-GFP confirmed that p115Δcc2-C failed to recruit 
Rab1b whereas p115Δcc1 restored normal levels of Rab1b on the 
membrane (Fig. 3S and T). These results map a Rab1b binding 
site in p115 and show that this site is required for Rab1b membrane 
localization and maintenance of an intact Golgi ribbon.

P115 promotes dissociation of the Rab1-GDI complex
The membrane association of Rab1b is coupled to its GDP- 

and GTP-bound status. If p115 mediates Rab1b membrane asso-
ciation, p115 might facilitate nucleotide exchange of Rab1b or 
promote GDI release. As tests, we assayed nucleotide exchange 
and GDI dissociation activity of the purified cc2 domain of 
p115. Nucleotide exchange of GDP-loaded Rab1b in the pres-
ence of cc2 was similar to the intrinsic rate supporting an absence 

Figure  3. The cc2 domain of p115 binds Rab1b and is required to 
rescue Rab1b membrane association. (A) Schematic diagram of p115 
domains. (B) Equivalent amounts (approximately 5 µg) of bead-
bound GST (lane 7) and the indicated p115 constructs (see Materials 
and Methods) were incubated with 0.6 µg of purified hexahistidine-
tagged Rab1b in the absence of GDP or GTPγS. Recovery of the Rab1b 
construct was determined by immunoblotting with an anti-Rab1b 
antibody and compared with the loading controls as indicated. (C-R) 
Cells were mock transfected or transfected with p115 siRNA and re-
transfected after 48 h with plasmid encoding bovine p115Δcc1 (C-J) 
or Myc-tagged bovine p115Δcc2-C (K-R). After an additional 24 h, 
the cells were stained using rabbit anti-Rab1b antibody and either 
anti-bovine p115 antibody or anti-Myc antibody. Bar = 10µm. (S-T) 
The average signal intensity of Golgi membrane associated Rab1b 
for mock or p115 knockdown cells in the absence or presence of 
expressed p115Δcc1 (S) (mean ± SEM; > 20 cells) or p115Δcc2-C (T) is 
shown (mean ± SD; n = 2; > 20 cells for each experiment).
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of GEF activity (Fig. 4A-B). To assay whether cc2 could facili-
tate GDI release, His-tagged human Rab1b was purified from 
Saccharomyces cerevisiae under conditions where it is prenylated 
and a fraction is bound to co-expressed FLAG-tagged human 
GDI2.35 The purified preparation, immobilized on beads, was 
incubated with cc2 and the release of GDI2 was determined. 
Although there was basal release, presumably reflecting the dis-
sociation rate of GDI, the extent of GDI release was enhanced by 
the presence of the p115 fragment (Fig. 4C). This result shows 
that the p115/Rab1b interaction within the cc2 domain might 
facilitate membrane association of Rab1b by promoting dissocia-
tion of the cytosolic Rab1b/GDI complex.

Rab1b activation bypasses p115 requirement
These observations indicate that p115 is an upstream com-

ponent in a pathway involving successive membrane recruit-
ment of Rab1b, GBF1, Arf1 and finally the COPI coat complex. 

Although previously unsuspected in mammalian cells, a 
role for p115 upstream of rab1b is consistent with the find-
ing that Ypt1, yeast Rab1, suppresses the growth defect of 
a yeast strain deficient for Uso1p.38 If p115 acts upstream 
of Rab1b in HeLa cells then activation of Rab1b by other 
means should rescue membrane recruitment of GBF1 and 
the COPI coat in cells lacking p115. As a test, we analyzed 
the membrane recruitment of GBF1 in p115 knockdown 
cells transfected with Rab1b wildtype or the GTP-restricted 
form Rab1b (Q67L).9 In p115 knockdown cells expressing 
Rab1b wildtype, Golgi associated GBF1 was relatively low 
(Fig. 5A-H) whereas expression of Rab1b (Q67L) restored 
GBF1 membrane association (Fig. 5I-P). While residual 
GBF1 on the Golgi may reflect other mechanisms, these 
results are consistent with p115 regulating Rab1b-mediated 
GBF1 recruitment. Quantification showed that the average 
signal intensity of GBF1 in p115 knockdown cells express-
ing Rab1b (Q67L) was similar to mock-treated control cells 
(Fig. 5Q).

Discussion

In addition to several other interactions, the vesicle 
tethering factor p115 binds Rab1 and has been considered 
a Rab1 effector.16,29 By mapping and mutating the Rab1b 
binding site, the present study demonstrates that a version 
of p115 defective for Rab1b binding failed to support Golgi 
biogenesis. Further, a surprising mechanism is described in 
which p115 promoted Rab1b release from GDI. Absence 
of p115 binding to Rab1b led to a loss of Rab1b recruit-
ment and, as a consequence, inhibition of Rab1-dependent 
recruitment of GBF1, which in turn blocked COPI recruit-
ment. Thus, the experiments reveal a GTPase cascade from 
vesicle tether to vesicle coat.

Establishing the identity of the intermediate compart-
ment and Golgi apparatus depends, in part, on recruitment 
of the COPI coat complex so that it can carry out sort-
ing reactions specific to these compartments. COPI coat 
recruitment is triggered by activation of the Arf1 GTPase 
and the key activity for this is nucleotide exchange cata-

lyzed by the Arf GEF, GBF1.8 Given its central role in speci-
fying the membranes to which recruitment of the COPI coat 
takes place, it makes sense that GBF1 is a peripheral membrane 
component. If it were a transmembrane containing protein its 
presence in the ER (e.g., during its synthesis and during de novo 
assembly of the Golgi out of the ER) could lead to improper 
COPI recruitment and a breakdown of compartment identity. 
Nevertheless, as a peripheral component, it must be recruited and 
this leaves the identity specifying reaction to an upstream com-
ponent. Interestingly, it is the Rab1 GTPase that recruits GBF110 
implying that the exchange factor for Rab1 plays a critical role. 
In yeast the TRAPP1 and TRAPP2 vesicle-tethering complexes 
are the GEFs for Ypt1, the Rab1 homolog39 and the mammalian 
homolog of TRAPPII subunit, Trs130p, is a GEF for Rab1 in 
mammalian cells.40Thus, a tether controls activation of this key 
GTPase. There is a striking parallel in the present study. The 

Figure 4. The p115 cc2 domain promotes dissociation of the Rab1b-GDI2 com-
plex but fails to enhance nucleotide exchange. (A-B) Rates of MANT-GTP incor-
poration into His-Rab1b in the presence of GST or GST-p115-cc2.(C) Equivalent 
amounts (approximately 3 µg) of bead-bound His-ScRab1b, a fraction of which 
was associated with FLAG-GDI2, was incubated with approximately 2μg of cc2. 
FLAG-GDI2 proteins in the unbound fraction or bound to beads were detected 
by immunoblotting using a polyclonal anti-FLAG antibody and the percentage 
of released FLAG-GDI2 was quantified (mean ± SD; n = 3).
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vesicle tether p115 aids in Rab1b activation. This is indicated 
by its GDF activity and by the observation that p115 knock-
down reduces the membrane-associated, that is activated, pool 
of Rab1b. Therefore, via its activity toward Rab1b, p115 may 
play a role in specifying IC and Golgi membrane identity.

Of course, this raises questions concerning p115’s recruit-
ment to the membrane in terms of its mechanism and cellular 
location. Binding of p115 to Golgi membranes is still poorly 
understood. P115 binds the golgin GM13041 and GM130 is 
required for Golgi localization of p115.41,42 However, GM130 
is a peripheral component and its targeting mechanism is 
also unclear. Further, the GM130 binding site on p115 is not 
required for p115 Golgi localization42 implying that, in addition 
to binding GM130, p115 binds another GM130-dependent 
factor for its Golgi localization. One possibility is that Rab1 
plays a role establishing a positive feedback loop in which Rab1 
first promotes p115 recruitment and then p115 promotes fur-
ther Rab1 activation. The head domain site30 may be used for 
p115 recruitment causing a conformational change of p115, 
which activates GDF activity of the cc2 domain of p115.

The mechanistic details of GDF-catalyzed dissociation of 
Rab-GDI complexes remain unknown. The only well charac-
terized endogenous Rab GDF is the integral membrane pro-
tein Yip3/PRA1, which functions to dissociate the Rab9-GDI 
complex leading to Rab9 recruitment to endosomal mem-
branes.43,44 Interestingly, during infection the SidM/DrrA pro-
tein from the intracellular pathogen Legionella pneumophila 
acts as both GEF and GDF for Rab1 to mediate membrane 
recruitment of Rab1 to Legionella-containing vacuoles.35,45 
Moreover, the GEF activity of SidM/DrrA is sufficient to 
displace Rab1 from the Rab1:GDI complex.46 In contrast, we 
observed that the p115 cc2 domain promoted dissociation of 
the Rab1b-GDI2 complex but failed to enhance nucleotide 
exchange. One possible mechanism underlying this process is 
that p115 binds directly to the Rab1b-GDI complex causing 
a conformational change that promotes the release of GDI. 
Another possibility is that the p115 cc2 domain competes with 
GDI for the same binding site on Rab1b. An important area 
of future work will be to determine the exact mechanism of 
GDI release.

In addition to its role in membrane recruitment of COPI, 
Rab1b regulates COPII dynamics and cargo sorting at the ER 
exit sites.47,48 P115 and Rab1 interactions take place during exit 
from the ER on the membranes of nascent COPII vesicles where 
p115 also interacts with SNARE proteins.16 SNARE binding by 
p115 is direct21 and required for p115 function.19 Several SNARE 
proteins also bind directly to the COPII coat. These observa-
tions suggest that both p115/SNARE interactions and p115/Rab1 
interactions may facilitate incorporation of p115 into COPII vesi-
cles. Thus, p115 and Rab1 recruitment takes place at precisely the 
time and place of establishment of post-ER identity and appears 
to also involve interactions with the SNARE proteins that will 
specify fusion of the released COPII vesicles.
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Figure  5. Activated Rab1b (Q67L) rescues GBF1 membrane association in 
p115 knockdown cells. Mock or p115 siRNA-transfected cells were retrans-
fected after 48 h with plasmid encoding Rab1b (A-H) or Rab1b (Q67L) (I-P). 
GalNacT2-GFP, Rab1b and GBF1 were visualized 24 h later. Bar = 10µm. The 
quantified average signal intensity of Golgi membrane associated GBF1 (Q) 
is shown (mean ± SD; n = 2; > 15 cells each). To allow direct comparison of 
distinct experiments, values were normalized by dividing by the mean val-
ues of the entire data set for a given experiment.
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