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The proper targeting and fusion of transport vesicles with
the correct membrane is a critical event in the determina-
tion of the identity of different compartments within the
cell. Work over the last decade has made tremendous
progress toward determining a general mechanism by
which this occurs. The cornerstones of such a mechanism
will have to include two families of proteins: Rab GTPases
and SNARE proteins. SNARE proteins are thought to
have a central role in catalyzing the fusion of the vesicle
with the target membrane (Weber et al., 1998), while Rab
GTPases appear to work upstream of this in mediating the
initial docking or tethering of the vesicle to the target
membrane (Cao et al., 1998; Waters and Pfeffer, 1999). To
understand the mechanism by which these two classes of
proteins collaborate in this process, it is important to know
the arrangements of these proteins with respect to the ves-
icle and target membrane. Work over the last decade has
given us insights as to the membrane surfaces with which
these proteins are localized. It is from this localization that

 

the terms vesicle or v-SNARE and target membrane or
t-SNARE have their origin. Likewise Rab proteins, such
as Sec4, Ypt1, and Rab3 have all been found associated
with transport vesicles: Sec4 on post-Golgi vesicles (Goud
et al., 1988), Ypt1 on ER-to-Golgi vesicles (Segev, 1991;
Lian and Ferro-Novick, 1993), Rab3 on synaptic vesicles
(Fischer von Mollard et al., 1990). Other than these clues
given by their presence on vesicle or target membrane
compartments, no direct evidence of their site of action
was known. This is especially important considering that in
many cases the SNARE and Rab proteins are present at
significant levels on both the target and vesicle mem-
branes. The article by Cao and Barlowe in this issue, pro-
vides the first comprehensive test of the site of action
of SNAREs and Rab proteins in the fusion of transport
vesicles with a target membrane (Cao and Barlowe, 2000).
The results are quite surprising.

The authors make use of a two-stage in vitro system for
examining the docking and fusion of ER-derived vesicles
with the Golgi apparatus. In this assay vesicles are pro-

 

duced by incubation of donor membrane containing 

 

35

 

S-
labeled cargo with purified COPII coat subunits to initiate
the production of ER-to-Golgi vesicles. These vesicles,
containing radiolabeled cargo, can then be readily sepa-
rated from the donor membrane by centrifugation. The

second stage of the assay is carried out by incubating the
isolated vesicles with an acceptor compartment containing
the target Golgi membranes. Fusion is measured by the
modification of the radiolabeled cargo by an enzyme
present in the lumen of the acceptor Golgi membranes.
The authors begin to examine the function of specific fac-
tors by making use of temperature-sensitive yeast mutants
in the v-SNAREs Bet1 and Bos1, the t-SNARE Sed5, the
Rab GTPase Ypt1, and the SNARE assembly factor Sly1.
Remarkably, the authors are able to reconstitute the tem-
perature sensitivity of each of the mutants in their in vitro
system. By then doing mixing experiments with fractions
generated from wild-type strains they are then able to ex-
amine whether the defect in each mutant resides with the
vesicle fraction or the acceptor or target membrane frac-
tion. For example, in experiments with donor or acceptor
membranes containing mutant forms of the v-SNAREs
Bos1 or Bet1, the authors find a clear temperature-sensi-
tive defect in the ability of the mutant vesicles to fuse with
wild-type acceptor membranes but acceptor membranes
prepared from these mutants showed no defect. Con-
versely, when the authors examined the defects associated
with a temperature-sensitive mutant in Sed5 or its binding
partner Sly1, they saw no defect associated with the mu-
tant vesicles but did see a clear temperature-sensitive de-
fect in the acceptor or target membrane. Therefore, the
data so far strongly supports the prevailing model for
these proteins: Bet1 and Bos1 serving as v-SNAREs on
the surface of ER-to-Golgi vesicles and the t-SNARE
Sed5 along with the Sec1 homologue Sly1, functioning on
the target Golgi membrane.

The most surprising results came when the authors ex-
amined the function of Ypt1, the Rab GTPase implicated
in ER-to-Golgi transport. Vesicles prepared from a tem-

 

perature-sensitive mutant in Ypt1, 

 

ypt1-3

 

, had no de-

 

fect on their ability to fuse with wild-type acceptor
membranes. However, Ypt1 mutant acceptor membranes
showed a dramatic defect in their ability to allow fusion
with wild-type vesicles. Consistent with this the authors
also find that very little Ypt1 is recruited onto vesicles
when they are produced with purified COPII components,
suggesting that Ypt1 normally associates with these vesi-
cles after their initial COPII-dependent budding. How-
ever, unlike the membrane-embedded SNAREs, Ypt1 and
Rabs are known to cycle on and off membranes with the
assistance of a protein known as GDI. This protein has the
ability to solvate the hydrophobic geranylgeranyl group at
the COOH terminus of Rab proteins and extract them off
the membrane which then allows them to attach to an-
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other membrane. This suggested the possibility that in this
assay wild-type Ypt1 function on the vesicle may be pro-
vided by it “jumping” from the acceptor membrane frac-
tion to the mutant vesicle membranes. This would give the
misleading result that any defect associated with a mutant
form of Ypt1 was manifested on the target membrane. To
get around this problem the authors made use of a chi-
meric form of Ypt1 in which a membrane-spanning do-
main is added to the COOH terminus of Ypt1 in place of
the geranylgeranyl modification which normally anchors it
to the membrane. This form of Ypt1, called Ypt1-TM2, is
functional as the sole source of Ypt1 (Ossig et al., 1995)
but, the authors show, unlike wild-type Ypt1, is unable to
be extracted from the membrane by GDI. When acceptor
membranes are made from strains with this as the only
source of Ypt1 the authors are able to show that they con-
tinue to see high levels of fusion with 

 

ypt1-3

 

 mutant vesi-
cles. Moreover to demonstrate that the chimeric form of
Ypt1 is not jumping in the assay they examined the sensi-
tivity of the reaction to inhibition by GDI. When present
at high levels GDI will effectively remove Rab proteins
from membranes and thus cause significant inhibition of
transport. As expected the authors find that fusion assays
with wild-type acceptor membranes are sensitive to inhibi-
tion by GDI, however the assays with Ypt1-TM2 are com-
pletely resistant to inhibition by GDI. Therefore the func-
tion of the Rab GTPase during this assay appears to be
fulfilled entirely by Ypt1 present on the acceptor or target
membrane.

This surprising result suggests the possibility that Rab
GTPase function in heterotypic fusion may generally lie
on the target rather than vesicle membrane. This would
represent a major revision of current models for Rab func-

tion upstream of SNARE proteins in vesicle fusion. Re-
cently it has been suggested that Rab GTPases may work
in conjunction with other factors to mediate the initial
docking or tethering of vesicles to the target membrane.
This is thought to be mediated by large hetero-oligomeric
complexes such as the exocyst (Guo et al., 1999) in post-
Golgi transport or the TRAPP, Sec34/Sec35 or Uso1 com-
plexes in ER-to-Golgi transport (Sacher et al., 1998; Van-
Rheenen et al., 1999; Kim et al., 1999), and p115/giantin/
GM130 in intra-Golgi transport (Nakamura et al., 1997).
In each case these proteins appear to be stably associated
with the target membrane (Bowser et al., 1992; Nakamura
et al., 1997; VanRheenen et al., 1999; Barrowman et al.,
2000). In previous models it was assumed that the tether-
ing between the target membrane and the vesicle mem-
brane would be mediated by a direct interaction between
the complex and the Rab GTPase on the vesicle surface
(Pfeffer, 1999). The results by Cao and Barlowe in this is-
sue suggest a different view (seen in Fig. 1) where the teth-
ering complex would be regulated on the target membrane
by the Rab GTPase. The absence of a functional Rab on
the vesicle suggests a requirement for a new, as yet un-
identified, factor which would then mediate the interac-
tion of the vesicle with the tethering complex. Such a fac-
tor (called a Vesicle Tethering Protein or VTP for short in
Fig. 1) could in principle be provided for by the v-SNARE
itself, however previous data has suggested the v-SNAREs
are not involved in the tethering reaction (Cao et al.,
1998).

In the future it will be important to determine how gen-
eral the target membrane function of Rab proteins is. For
example does the Sec4 GTPase have a similar function on
the plasma membrane in Golgi-to-cell surface transport?

Figure 1. A Model for Rab
GTPase function on the tar-
get membrane. Heterotypic
vesicle docking and fusion is
thought to proceed in 3 se-
quential steps. (Step 1) The
tethering of vesicles to the
target membrane. This
would involve interaction of
the tethering complex, such
as the exocyst, TRAPP, Uso1
or Sec34/35 with GTP-bound
Rab on the target membrane
as well as the interaction of
the tethering complex with
the vesicle through a vesicle-
bound tethering protein, or
VTP. This ternary interac-
tion may involve a kinetic
proofreading function by the
Rab GTPase analogous to
the role of EFTu during

translation (Bourne, 1988). (Step 2) The initial assembly of t-SNARE and trans-SNARE complexes. The full engagement of the tether-
ing machinery would be coupled to SNARE assembly by regulating the displacement of a Sec1 family member (called Sly1 in ER-to-
Golgi transport) from a Syntaxin family member (Sed5 or Syntaxin 5 in ER-to-Golgi transport) which is a prerequisite for assembly of
Syntaxin family members with other t-SNAREs (Sec9 or SNAP-25 in post-Golgi transport) as well as trans-v/t-SNARE complexes.
(Step 3) Finally, the association of the SNAREs would lead either indirectly (Ungermann et al., 1998) or directly (Weber et al., 1998) to
the fusion of the vesicle and target membranes.
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Unfortunately, the absence of an in vitro system for this
stage of transport in yeast is a major obstacle to obtaining
this type of information. Perhaps work in other systems
will shed light on the generality of this mechanism. In ad-
dition, the delineation of the role of the various complexes
(i.e., TRAPP, Sec34/35, Uso1) involved in the ER-to-
Golgi tethering reaction will be important. Of greatest im-
portance will be determining which complex mediates the
Ypt1 function in tethering and which complex mediates
the association of the vesicle with the target membrane
during tethering. This finding suggests the existence of a
factor on the surface of the vesicle, termed a vesicle tether-
ing protein, which may be recognized by the tethering
complex and thus impart some degree of specificity on this
reaction. The paper of Cao and Barlowe represents a sig-
nificant advance in producing a general outline of Rab and
SNARE function in vesicle transport, while at the same
time making it clear that there is much left to be done be-
fore we have a truly have clear model for how these pro-
teins participate in this complex process.

 

Received: 13 March 2000
Accepted: 13 March 2000

 

References

 

Barrowman, J., M. Sacher, and S. Ferro-Novick. 2000. TRAPP stably associates

 

with the Golgi and is required for vesicle docking. 

 

EMBO (Eur. Mol. Biol.
Organ.) J.

 

 19:862–869.
Bourne, H.R. 1988. Do GTPases direct membrane traffic in secretion? 

 

Cell.

 

 53:
669–671.

Bowser, R., H. Muller, B. Govindan, and P. Novick. 1992. Sec8p and Sec15p are
components of a plasma membrane-associated 19.5S particle that may func-
tion downstream of Sec4p to control exocytosis. 

 

J. Cell Biol.

 

 118:1041–1056.
Cao, X., N. Ballew, and C. Barlowe. 1998. Initial docking of ER-derived vesi-

cles requires Uso1p and Ypt1p but is independent of SNARE proteins.

 

EMBO (Eur. Mol. Biol. Organ.) J.

 

 17:2156–2165.
Cao, X., and C. Barlowe. 2000. Asymmetric requirements for a Rab GTPase

and SNARE proteins in fusion of COPII-vesicles with acceptor membranes.

 

J. Cell Biol.

 

 149:55–65.
Fischer von Mollard, G., G.A. Mignery, M. Baumert, M.S. Perin, T.J. Hanson,

P.M. Burger, R. Jahn, and T.C. Sudhof. 1990. Rab3 is a small GTP-binding
protein exclusively localized to synaptic vesicles. 

 

Proc Natl. Acad. Sci. USA

 

.
87:1988–1992.

Goud, B., A. Salminen, N.C. Walworth, and P. Novick. 1988. A GTP-binding
protein required for secretion rapidly associates with secretory vesicles and
the plasma membrane in yeast. 

 

Cell.

 

 53:753–768.
Guo, W., D. Roth, C. Walch-Solimena, and P. Novick. 1999. The exocyst is an

effector for Sec4p, targeting secretory vesicles to sites of exocytosis. 

 

EMBO
(Eur. Mol. Biol. Organ.) J.

 

 18:1071–1080.
Kim, D.W., M. Sacher, A. Scarpa, A.M Quinn, and S. Ferro-Novick. 1999.

High-copy suppressor analysis reveals a physical interaction between Sec34p
and Sec35p, a protein implicated in vesicle docking. 

 

Mol. Biol. Cell.

 

 10:3317–
3329.

Lian, J.P., and S. Ferro-Novick. 1993. Bos1p an integral membrane protein of
the endoplasmic reticulum to Golgi transport vesicles, is required for their
fusion competence. 

 

Cell.

 

 73:735–745.
Nakamura, N., M. Lowe, T.P. Levine, C. Rabouille, and G. Warren. 1997. The

vesicle docking protein p115 binds GM130, a cis-Golgi matrix protein, in a
mitotically regulated manner. 

 

Cell.

 

 89:445–455.
Pfeffer, S.R. 1999. Transport-vesicle targeting: tethers before SNAREs. 

 

Nat.
Cell Biol.

 

 1:E17–E22.
Ossig, R., W. Laufer, H.D. Schmitt, and D. Gallwitz. 1995. Functionality and

specific membrane localization of transport GTPases carrying C-terminal
membrane anchors of synaptobrevin-like proteins. 

 

EMBO (Eur. Mol. Biol.
Organ.) J.

 

 14:3645–3653.
Sacher, M., Y. Jiang, J. Barrowman, A. Scarpa, J. Burston, L. Zhang, D.

Schieltz, J.R. Yates 3rd, H. Abeliovich, and S. Ferro-Novick. 1998. TRAPP,
a highly conserved novel complex on the cis-Golgi that mediates vesicle
docking and fusion. 

 

EMBO (Eur. Mol. Biol. Organ.) J

 

. 17:2494–2503.
Segev, N. 1991. Mediation of the attachment or fusion step in vesicular trans-

port by the GTP-binding Ypt1 protein. 

 

Science.

 

 252:1553–1556.
Ungermann, C., K. Sato, and W. Wickner. 1998. Defining the functions of

trans-SNARE pairs. 

 

Nature.

 

 396:543–548.
VanRheenen, S.M., X. Cao, S.K Sapperstein, E.C. Chiang, V.V. Lupashin, C.

Barlowe, and M.G. Waters. 1999. Sec34p, a protein required for vesicle teth-
ering to the yeast Golgi apparatus, is in a complex with Sec35p. 

 

J. Cell Biol.

 

147:729–742.
Waters, M.G., and S.R. Pfeffer. 1999. Membrane tethering in intracellular

transport. 

 

Curr. Opin. Cell Biol.

 

 11:453–459.
Weber, T., B.V. Zemelman, J.A. McNew, B. Westermann, M. Gmachl, F. Par-

lati, T.H. Sollner, and J.E. Rothman. 1998. SNAREpins: minimal machinery
for membrane fusion. 

 

Cell.

 

 92:759–772.


