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R?bs GTPases are key regulatory

actors that specifically associate
to organelles that integrate membrane
transport pathways. Rabs, through their
interactions with diverse effector pro-
teins, regulate the formation, movement,
tethering and fusion of transport carriers
(vesicles and/or tubules). The mamma-
lian Rablb GTPase is required for ER to
Golgi transport and interacts with mul-
tiple effectors localized at the ER-Golgi
interface. Here, we focus on interac-
tions between Rablb and effectors that
play essential roles in COPII and COPI
vesicle formation/function. Based on
evidence to date, we propose a model of
Rabl1b action at the ER exit sites.

Introduction

Protein transport among membrane
bound compartments that integrate the
secretory pathway is mediated by transport
intermediates (vesicles and/or tubules)
generated in a donor compartment, which
then fuse with a specific acceptor compart-
ment. Protein sorting and the budding of
membranes are the initial mechanisms
that permit cargo concentration and the
segregation of proteins.

Transport of membranes between
the Endoplasmic Reticulum (ER) and
the Golgi complex is the first step in the
secretory pathway. Sorting and concen-
tration of cargo takes place in specialized
ER domains (in the rough ER) called
ER exit sites (ERES) or transitional ER
(tER), where COPII (coat protein com-
plex II) coated vesicles bud from ERES.
The COPII complex is composed of
the small GTPase Sarl and two hetero-
dimeric protein complexes, Sec23/Sec24
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and Secl3/Sec31."? The presence of these
proteins are indicators of ERES.?

COPII vesicle formation involves sev-
eral steps. First, Secl2, an ER-localized
transmembrane protein, catalyzes the
GDP/GTP exchange on Sarl.* Then,
Sarl-GTP recruits the cargo adaptor com-
plex Sec23/Sec24 to ER exit domains,
where Sec23 is the GTPase activating pro-
tein (GAP) that stimulates the enzymatic
activity of Sarl’ Sec24 is the adaptor
protein that captures specific transmem-
brane cargos and SNARE:s in the nascent
vesicle.® Finally, the “pre-budding” com-
plex of Sarl-GTP/Sec23/Sec24 recruits
the Sec13/Sec31 complex, which provides
the outer layer of the coat'’ and supports
further stimulation of GTP hydrolysis
and the consequent release of Sarl." An
additional upstream element of the COPII
machinery is Secl6, which seems to oper-
ate as an ERES scaffold and allows Sarl
recruitment.'” Then, sequential interac-
tions between the different COPII sub-
units give rise to coat polymerization,
selective cargo recognition and sorting,
membrane curvature formation and the
release of small transport carriers from the
ER membrane.

The newly budded COPII vesicles fuse
with one another and also with the already
fused vesicles to form the polymorphic
tubular structures that have been referred
to as ERGIC (ER-Golgi intermediate
compartment) or vesicular tubular clus-
ters (VTCs),"** which comprise a mor-
phologically and functionally complex
compartment that integrates the antero-
grade ER to the Golgi and the retrograde
recycling transport pathways. During
their limited lifespan, VTCs undergo
maturation by the selective recycling and
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acquisition of specific proteins and the
sequential exchange of COPII for COPI
coat complex.!>!¢

The COPI coat is largely associ-
ated with the Golgi complex, VTCs and
with the peripheral punctate structures
adjacent to the COPII sites at the ERES
(post-ERES, see below).” The function
of COPI on VTCs and the cis-Golgi is
thought to be the sorting of cargo proteins
for transport back to the ER. However,
live-imaging has revealed that VSV-G-
containing VTCs moving to the Golgi are
coated with COPI, opening the possibil-
ity that COPI also participate in antero-
grade transport of VTCS."”” The COPI
complex is composed of the small GTPase
Arfl and a protein complex of seven sub-
units (a-, B-, B~ y-, 8-, &- and -COP).
Coatomer complex and Arf-GTP are the
minimal machinery required to form buds
and vesicles.?*?!

The recruitment of COPI is mediated
by the GTPase Arf1,%* with GBF1 [Golgi-
specific brefeldin A (BFA) resistance
factor 1] acting as the guanine nucleo-
tide exchange factor (GEF) of Arfl, at
the ER-Golgi interface.”® Association of
COPI takes place on post-ERES, transient
tubular compartments, adjacent to ERES,
which are devoid of COPII subunits, but
enriched in ERGIC53.%* Post-ERES are
casily detected after Brefeldin A (BFA)
treatment or by the expression of the inac-
tive E794K GBF1 mutant.”

A considerable number of proteins
are localized at the ER-Golgi interface
and participate in ER to Golgi transport,
among which are the Rabla and Rablb
isoforms.”* Rabl belong to the Rab
GTPase family, the largest family of small
GTPases. The Rabs function as molecular
switches that change between two confor-
mational states, the GTP-bound “active”
form and the GDP-bound
form, with GEFs regulating the exchange
of GDP to GTP and the GAPs catalyzing
the GTP hydrolysis.?

In humans, there are more that 60 dif-

«- - »
1nactive

ferent Rab members localized in distinct
intracellular The activa-
tion of a Rab is coupled with its associa-
tion to a specific membrane and allows
the recruitment of downstream effec-

membranes.

tor proteins. In the yeast, Saccharomyces
the multi-subunit TRAPP

cerevisiae,
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complexes I and II act as a GEF of the
Rabl homolog, Yptl. TRAPPI complex
functions in ER to Golgi transport and
is required for COPII vesicle tether-
ing, while TRAPPII (which contains
all TRAPPI subunits and three subunits
more) regulates intra-Golgi and endo-
some to late Golgi traffic.’ In mam-
mals, a single TRAPP complex, which
correlates with yeast TRAPPII, has been
identified and the mTrs130/TRAPPC10
subunit has been shown to act as a Rabl
GEEF in the early Golgi compartment.’*

Rabs regulate the formation, teth-
ering, docking and fusion of vesicles
through interaction with their effectors.?®
Although it is well known that Rabl regu-
lates tethering events by interacting with
p115,2 GM130*3* and Golgin 84, the
participation of Rabl in coat recruitment/
function is less recognized. In the follow-
ing sections, we will focus on describing
the role of Rablb in COPII and COPI

vesicle formation/function.
Rab1 and COPII

In yeast, the connection between the
COPII complex and Rabl was shown by
the interaction between Bet3 (a compo-
nent of the TRAPPI complex) and the
Sec23p COPII subunit.’**¥ By recruiting
TRAPPI complex, and thus activating
Yptlp, the COPII vesicle coat was able
to integrate the vesicle formation process
with its tethering and fusion with Golgi
membranes.®® In mammalian cells, the
link between the COPII complex and
Rabl is provided by a subunit of the
TRAPII complex, TRAPPC3 (the mam-
malian homolog of Bet3) and the tether-
ing factor p115. TRAPPC3 localized to
COPII structures, interacts with Sec23
and plays a role in VTC formation.**?
In addition, in COPII vesicles gener-
ated in vitro, Rabla interacts with p115
which forms a complex with SNAREs.*
Furthermore, we showed that Rablb co-
localizes with COPII markers and inter-
acts with the Sec23, Sec24 and Sec3l
COPII subunits, but we could not test
whether these interactions are direct.
Nevertheless, we did show that they took
place in vivo.#

The functional significance of the
Rablb-COPII interaction was indicated
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by three different findings. First, Rablb
inhibition (by siRNA treatment or trans-
fection with the RablbN121I mutant)
induced size reduction of the punctate
COPII structures. Second, FRAP assays
performed on cells co-transfected with
RablQ67L and Secl3-YFP indicated
that only ~50% of the initial Secl13-YFP
fluorescence was recovered, and finally,
in Rablb depleted cells, the incorpora-
tion of ManII-CFP into COPII structures
and Manll exit from the ER after BFA
washout was delayed compared with con-
trol siRNA treated cells.”” Taken together
these results imply that Rablb modulates
both COPII membrane association-dis-
sociation dynamics and COPII sorting
activity.

Rab1 and COPI

In yeast, the existence of a Rablb-
COPI interaction was proposed after a
genetic interaction between Yptl and
the yeast homologs of GBF1 (Geal/2p)
was reported.”’ In mammalian cells, the
connection between Rabl function and
COPI recruitment was shown in vivo by
expression of the inactive form of Rablb
(the N121I mutant with impaired gua-
nine nucleotide binding). RablbN121I
blocked the forward transport of cargo
and caused Golgi disruption, induc-
ing relocation of resident Golgi pro-
teins to the ER and redistribution of
the ER-Golgi intermediate compart-
ment proteins to punctate structures.
Interestingly, RablbNI121I induced a
phenotype analogous to that induced
by BFA, involving a complete release of
COPI into the cytosol and relocation of
GBF1 to the ER. Moreover, COPI dis-
sociation induced by RablbN121I could
be reversed by the overexpression of either
Arfl or GBFI1 and the overexpression of
the active form of Rablb (Q67L mutant)
reversed COPI dissociation by BFA treat-
ment. Taken together, these data sug-
gested the first link between Rablb and
COPI recruitment.*?

Later, we showed that GST-Rablb-
GTP, pulled down GBF1 from rat liver
cytosol, and that a GST-GBF1 con-
struct, including its N-terminal domain
[GST-GBF1 (1-380)] interacted with
recombinant (bacterial purified) Rablb
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Figure 1. Rab1b participation in sequential transport stages at the ERES: (A) Formation and budding of COPII vesicles; Rab1b depletion induces COPII
vesicle accumulation. (B) Homotypic fusion of COPII vesicles and formation of VTCs: Rab1b co-localizes with these structures. (C and D) Maturation of
VTCs: Rab1b recruits GBF1, which induces COPI recruitment required for the forward movement of VTCs to the cis-Golgi. BFA treatment inhibits GBF1
membrane association without disturbing Rab1b recruitment. More details are provided in the text.

loaded with GTP+y-S. These results indi-
cated that Rablb directly interact with
GBF1 and provided the molecular basis
that explained how Rablb and Arfl
were able to interrelate in a regulatory
cascade that mediated COPI
ment. Furthermore, immunofluorescence

recruit-

analysis showed that overexpression of
Rab1bQ67L increased the association of
GBF1 and COPI to peripheral punctate
structures localized at the ERES, indi-
cating that Rablb allowed recruitment of
GBF1 to VTCs membranes (Fig. 1C). In
agreement, cell fractionation assays per-
formed with cells transfected with Rablb
siRNA indicated that the amount of GBF1
associated with membranes was decreased
in Rablb-depleted cells compared with
control cells. Moreover, FRAP assays
indicated that RablbQ67L stabilized acti-
vated Arfl on Golgi membranes, suggest-
ing that Rablb also recruited GBFI at the
Golgi complex.*
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Role of Rab1b in COPIl and COPI
Stages of Transport at the ERES

Analysis of GFP-Rablb dynamics indi-
cated that Rablb-labeled punctate struc-
tures were relatively short-lived with
limited-range movements. Furthermore,
FRAP of GFP-Rablb,
the Golgi, showed rapid recovery (t

localized at
1/2
120 sec) with minimal dependence on
microtubules.® These results suggest
that Rablb is loaded independently
at the Golgi complex and ERES via
a direct exchange with the cytosolic
pool. Moreover, correlative light elec-
tron microscopy assays indicated that
Rablb depletion, by siRNA treatment
(Fig. 1A), induced Golgi disruption and
accumulation of COPII vesicles located
at the ERES (our unpublished results).
Considering the published dynamic data
and the Rablb-COPII interaction we
propose that Rab1b is associated to ERES
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(Fig. 1A and B), probably because Sec23
interacts with mBet3, which may then
act as part of a GEF complex for Rablb.
Next, Rablb-GTP interacts with COPII,
regulates its membrane association/dis-
sociation dynamics and contributes to
sorting of cargo into COPII vesicles.
Furthermore, in post-ERES structures,
Rablb recruits GBF1 which activates
Arfl that promotes COPlI membrane
association and VTCs maturation (Fig.
1C and D) .44

It is clear that Rabl is acting in two
sequential stages at the ERES, but it is
unknown how Rablb coordinates the
COPII-COPI transition. We speculate
that Rablb remains associated with the
budded COPII vesicles and recruits its
next effector, GFBI1, which activates Arfl
and allows COPI recruitment. In the face
of our theory, a number of mechanistic
issues are in question. For example, besides
interacting with Sec23, does Rablb
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modulate Sec23 GAP activity to allow
COPII dissociation? Is the pool of Rablb
molecules recruited to COPII vesicles the
same pool that recruits GBF1 into VTCs?

Or

are different cycles of Rablb mem-

brane association/dissociations required

during the process of VTCs maturation?
How is the Rablb-GDP/GTP cycling reg-
ulated at ERES? Future answers to these
questions will improve our understanding
of the mechanism by which Rablb coordi-
nates the COPII-COPI transition.
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