
Ypt/Rab GTPases regulate two intersections of the secretory
and the endosomal/lysosomal pathways

Zhanna Lipatova and Nava Segev*
Department of Biochemistry and Molecular Genetics; University of Illinois at Chicago; Chicago, IL USA

A prevailing question in the Ypt/Rab
field is whether these conserved

GTPases are specific to cellular compart-
ments. The established role for Ypt1 and
its human homolog Rab1 is in endoplas-
mic reticulum (ER)-to-Golgi transport.
More recently these regulators were
implicated also in autophagy. Two differ-
ent TRAPP complexes, I and III, were
identified as the guanine-nucleotide-
exchange factors (GEFs) of Ypt1 in ER-
to-Golgi transport and autophagy,
respectively. Confusingly, Ypt1 and
TRAPP III were also suggested to regu-
late endosome-to-Golgi transport, imply-
ing that they function at multiple cellular
compartments, and bringing into ques-
tion the nature of Ypt/Rab specificity.
Recently, we showed that the role of
TRAPP III and Ypt1 in autophagy
occurs at the ER and that they do not
regulate endosome-to-Golgi transport.
Here, we discuss the significance of this
conclusion to the idea that Ypt/Rabs are
specific to cellular compartments. We
postulate that Ypt1 regulates 2 alterna-
tive routes emanating from the ER
toward the Golgi and the lysosome/vacu-
ole. We further propose that the secre-
tory and endocytic/lysosomal pathways
intersect in 2 junctures, and 2 Ypts, Ypt1
and Ypt31, coordinate transport in the 2
intersections: Ypt1 links ER-to-Golgi
and ER-to-autophagy transport, whereas
Ypt31 links Golgi-to-plasma membrane
(PM) transport with PM-to-Golgi recy-
cling through endosomes.

Introduction

The conserved Ypt/Rab GTPases regu-
late all vesicle-mediated transport steps of
the exocytic (secretory) and endocytic

pathways, and are considered to be highly
specific to cellular compartments.1 When
stimulated by nucleotide exchangers
termed GEFs, the GTP-bound Ypt/Rabs
interact with their multiple downstream
effectors. These effectors then mediate the
multiple steps of vesicular transport, from
vesicle formation andmotility to their teth-
ering and fusion with the acceptor com-
partment.2 Recently, Ypt/Rab GTPases
have also emerged as candidates for coordi-
nation of intra-cellular transport steps.3 An
open question in the field is the nature of
Ypt/Rab specificity: Are they specific to a
particular transport pathway and/or a cel-
lular organelle?

In the exocytic pathway, cargo is trans-
ported from the ER, through the Golgi, to
the plasma membrane (PM). Our previ-
ous work has established that in yeast, 2
Ypts regulate Golgi entry and exit: Ypt1
regulates ER-to-cis Golgi transport and
the functional pair Ypt31/Ypt32 GTPases
regulate trans Golgi-to-PM transport.4-6

The human functional homolog of Ypt1,
Rab1, also regulates ER-to-Golgi trans-
port.7,8 In the endocytic pathway, cargo is
transported from the PM through endo-
somes to the lysosome, a major degrada-
tive compartment. A different set of Ypt/
Rabs regulates transport between the
endocytic compartments.

In addition to the unidirectional exo-
cytic and endocytic pathways, cells have 2
different cellular recycling pathways. The
first, autophagy, recycles parts of the cyto-
plasm, including cytoplasmic organelles,
for reuse of their building blocks. In this
pathway, a double membrane organelle,
the autophagosome, shuttles cargo for
degradation in the lysosome (vacuole in
yeast). While the origin of the autophago-
somal membrane is not completely
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established, at least one source is thought
to be the ER.9,10 In selective autophagy,
specific proteins or organelles are sent for
degradation, whereas upon starvation,
non-selective autophagy is induced. We
and others have shown that Ypt1 and
Rab1 regulate selective and non-selective
autophagy.11-17 Moreover, we identified
Atg11 as a Ypt1 effector specific for its
role in selective autophagy.11

The second pathway recycles proteins
from the PM, including machinery com-
ponents of exocytosis, for multiple rounds
of function, by transporting these proteins
through endosomes to the Golgi. We have
established that Ypt31/32, together with
their recycling-specific effector Rcy1, reg-
ulate a leg of this PM recycling pathway:
endosome-to-Golgi transport.18

The modular TRAPP complex acts as a
GEF for Ypt1 and Ypt31/32. Whereas
TRAPP II, which resides in the trans
Golgi, is a GEF for Ypt31/32,16,17

TRAPP I acts as a GEF for Ypt1 in the
ER-to-Golgi transport step and the
Trs85-containing TRAPP III stimulates
Ypt1 during autophagy.11,12,16,19

However, in addition to their role in
autophagy, a number of studies implicated
Ypt1 and the TRAPP III-specific subunit
Trs85 in the regulation of another trans-
port step: endosome-to-Golgi. This idea is
based on 2 different observations. First,
specific ypt1 mutations and deletion of
TRS85 that are not defective in ER-to-
Golgi transport cause intra-cellular accu-
mulation of Snc1.20-22 GFP-tagged Snc1 is
commonly used as a marker for endosome-
to-Golgi transport,23 and the presence of
intracellular Snc1 in ypt1 and trs85D
mutant cells was interpreted as evidence for
a block in this step. Second, Ypt1 was
reported to localize to a late Golgi com-
partment based on co-localization of fluo-
rescently tagged Ypt1 with Sec7.21,24

The idea that Ypt1 and TRAPP III
regulate multiple transport steps ema-
nating from different origins raised
multiple questions: why 2 Ypts, Ypt1
and Ypt31/32, are needed for the regu-
lation of endosome-to-Golgi, what
defines Ypt1 specificity if it indeed reg-
ulates 3 transport steps in at least 2 cel-
lular locations, and how can one GEF,
TRAPP III, regulate transport in 2 dif-
ferent processes? In our most recent

paper, we address these puzzling ques-
tions and provide support for the Ypt/
Rab compartment specificity model.25

Here, we discuss our recent findings that
dispute the idea that Ypt1 regulates endo-
some-to-Golgi transport and point to limi-
tations of the argument that Ypt1 resides in
the trans Golgi. Finally, we outline a new
paradigm for coordination of the secretory
pathway with 2 fundamentally different cel-
lular recycling pathways, autophagy and
PM recycling, by Ypt/Rab GTPases.

Rigorous Analysis is Needed
for Establishing An

Endsome-to-Golgi Block

GFP-tagged Snc1 has been extensively
used as a marker for PM recycling.23 For
example, we have previously used its accu-
mulation in endosomes to implicate a role
for Ypt31/32 in the regulation of endo-
some-to-Golgi transport.18 Snc1, a
v-SNARE that plays an essential role in
fusion of trans-Golgi vesicles with the
PM, is recycled for multiple rounds of
function from the PM to the trans-Golgi
through endosomes. However, intra-cellu-
lar accumulation of GFP-tagged Snc1 can-
not be used as the only evidence for a role
in this step for the following reason: like
any other protein with a trans-membrane
domain, Snc1 is inserted into cellular
membranes at the ER. Consequently, its
intra-cellular accumulation can result
from either a block in the exocytic path-
way en route to the PM, or a block in its
recycling back to the PM. For example,
we showed that intra-cellular accumula-
tion GFP-tagged Snc1 can serve as a
marker for an ER-phagy block.25 There-
fore, additional analyses should be used to
distinguish between these 2 possibilities.

We have used 4 additional assays to
conclusively determine a block in endo-
some-to-Golgi transport in ypt and
TRAPP mutant cells. The first assay uti-
lizes the Snc1 variant GFP-Snc1-PEM.
Once reaching the PM, this version of
GFP-tagged Snc1 cannot be internalized.23

Therefore, intra-cellular accumulation of
Snc1-PEM cannot be caused by a PM recy-
cling defect, and indicates that Snc1 never
reached the PM. The second assay entails
quantifying co-localization of intra-cellular

GFP-tagged Snc1 or Snc1-PEM with
endosomal and ER markers. In the third
assay, which was used to support Snc1
accumulation in the ER, we assessed induc-
tion of UPR, a cellular response induced
when proteins accumulate in the ER (and
not in endosomes). In the fourth assay we
used Kex2-YFP as a second marker for
determining a block in the endosome-to-
Golgi transport step. In wild-type cells,
Kex2, a furin homolog, resides mostly in
the trans Golgi, but it cycles between the
trans Golgi and endosomes. When endo-
some-to-Golgi transport is blocked, Kex2
is shuttled from endosomes to the vacuole
for degradation 26. A block in endosome-
to-Golgi transport of Kex2-YFP can be
determined either by the lower level of
Kex2-YFP protein using immuno-blot
analysis, or by the loss of its punctate stain-
ing using live-cell microscopy.18

Ypt31/32 and TRAPP II, but not
Ypt1 and TRAPP III, regulate
endosome-to-Golgi transport

We have used the 4 aforementioned
assays to characterize the roles of Ypt1,
Ypt31/32 and their GEFs, in endosome-
to-Golgi transport. For Ypt1, we used 2
mutations specifically defective in autoph-
agy and not in ER-to-Golgi transport:
ypt1-1 (T40K) and ypt1-T40A. These 2
mutations were characterized indepen-
dently as mutations that do not affect ER-
to-Golgi transport.5,14,21 Accumulation of
intra-cellular GFP-tagged Snc1 in ypt1-
T40A mutant cells was previously used as
evidence for an endosome-to-Golgi
block.21 Using the 4 assays we showed
that both mutations confer a block in
autophagy, and the presence of intracellu-
lar GFP-tagged Snc1 in these mutant cells
is due to a defect in ER-phagy, a process
which is induced by over-expression of
GFP-tagged Snc1.11,25

Likewise, we showed that trs85D
mutant cells accumulate GFP-tagged Snc1
and Snc1-PEM in the ER and not in
endosomes, and UPR is induced when
GFP-tagged Snc1 is over-expressed.17,25

Additionally, we examined Kex2 as a
marker for endosome-to-Golgi transport.
Using the microscopic and the immuno-
blot assays, we show that trs85D mutant
cells are not defective in this transport step
(Fig. 1).
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These same 4 rigorous assays were used
to confirm a role for Ypt31/3218,25 and the
TRAPP II-specific subunit Trs13017,25 in
PM recycling and not in ER-phagy.

In addition, functional grouping of
Ypt1 with TRAPP III and Ypt31/32 with
TRAPP II was supported also by suppres-
sion analysis. Specifically, overexpression of
Ypt1, but not Ypt31, suppresses the
growth, Snc1 accumulation and autophagy
phenotypes of trs85D mutant cells.11,17 In
contrast over-expression of Ypt31, but not
Ypt1, suppresses the growth, Snc1 accumu-
lation and autophagy phenotypes of
trs130ts mutant cells.17,27-30

Our evidence, that accumulation of
intracellular Snc1 in ypt1 and trs85D
mutant cells reflects an ER-phagy block
and not an endosome-to-Golgi transport
block, undermines the main support for a
role for Ypt1 and TRAPP III in this trans-
port step. Moreover, we have 3 reserva-
tions for using the co-localization of
fluorescently-tagged Ypt1 with Sec7 as
support for its role in endosome-to-Golgi
transport.21 First, the functionality of
mCherry-Ypt1 or GFP-Ypt1 and their
level of expression were not shown.21,24

These 2 criteria are important for making
conclusions about Ypt1 localization.
Second, co-localization of Ypt1 with other
late Golgi markers is needed before a con-
clusion about its localization to this com-
partment can be made, especially because
YPT1 and SEC7 interact genetically.31

Lastly, the presence of a protein in a com-
partment downstream of where it func-
tions cannot be taken as evidence for its
function in the later compartment. There-
fore, the jury is still out on both the
localization of Ypt1 to a late Golgi
compartment and the relevance of such
localization to its function.

Based on our cumulative evidence, we
conclude that Ypt1 and Trs85-containing
TRAPP III are not required for endo-
some-to-trans Golgi transport, and the
regulation of this transport step is reserved
for the Ypt31/32 functional pair with
Trs130-containing TRAPP II.

Coordination of the exocytic and
cellular recycling pathways by Ypt/Rabs

We propose a new way to think about
trafficking inside cells: In our view, the
exocytic pathway intersects with 2 cellular

recycling pathways that connect it with
endocytic compartments: at the early stage
it intersects with autophagy, and at a later
stage with PM recycling. Based on our
collective data, we propose that a single
Ypt/Rab regulates each juncture: Ypt1 in
the first and Ypt31/32 in the second
(Fig. 2).

For each intersection we showed a
recycling-specific ypt mutant phenotype,
and identified a recycling-specific Ypt
effector. For the first intersection, we char-
acterized 2 ypt1 mutations defective spe-
cifically in autophagy and identified

Atg11 as an autophagy-specific effector of
Ypt1.11,25 Atg11 is a coiled-coil protein
suggested to function as a tether in
autophagy.32 For the second intersection,
we showed a PM-recycling phenotype for
ypt31D/32ts under permissive growth
conditions that do not block Golgi exit,
and identified Rcy1 as a PM recycling-spe-
cific effector of Ypt31/32.18 Rcy1 is a F-
box protein that regulates ubiquitination
of recycling cargo.33

We propose the following 3 principles
as a new paradigm of coordination of the
secretory pathway with 2 different cellular

Figure 1. Endosome-to-Golgi transport of Kex2 requires Ypt31/32, but not Trs85. (A) Deletion of
TRS85 does not affect the punctate distribution of the Golgi protein Kex2-YFP. Kex2 was tagged
with YFP at its C-terminus in wild type, trs85D, and ypt31D/ypt32ts mutant cells. The intra-cellular
distribution of Kex2-YFP was determined by live-cell microscopy. Shown from top to bottom: YFP,
DIC, and% cells with puncta (N, number of cells visualized for each strain). In trs85D mutant cells,
like in wild type cells, Kex2-YFP shows punctate distribution. As previously shown,18 in ypt31D/32ts
mutant cells, which are defective in endosome-to-Golgi transport, Kex2-YFP is diffuse. (B) Deletion
of TRS85 does not affect the level of Kex2-YFP. The level of Kex2-YFP protein in cells from panel A
was determined using immuno-blot analysis and anti-GFP antibodies. From top to bottom: Kex2-
YFP, loading control (G6PDH), and ratio of Kex2-YFP/loading control (C/¡, STD). The level of Kex2-
YFP in trs85D mutant cells is similar to that of the wild type, whereas it is lower in ypt31/32ts
mutant cells, as previously shown.18 Results shown in this figure represent 2 independent
experiments.
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recycling pathways by Ypt/Rabs (Fig. 2).
First, we suggest a “division of labor” for
2 Ypts: Ypt1 acts on the ER (or ER
vesicles) to regulate their delivery to the
right pathway, whereas Ypt31/32 act at
the trans Golgi to regulate Golgi exit and
entry from endosomes. This proposal is in
agreement with a view of Ypt/Rabs as
compartment specific regulators.1

Second, we propose a single Ypt/Rab can
regulate different transport steps that
involve the same compartment.25 For
example, at the ER, Ypt1 regulates both
ER-to-Golgi and ER-to-autophagy, wher
eas at the trans-Golgi, Ypt31/32 regulate
Golgi-to-PM and endosome-to-trans-
Golgi. We reason that in each case, coordi-
nation of 2 alternative steps by a single Ypt/
Rab is more efficient then regulation of the
2 steps bymultiple Ypt/Rabs.

Third, we propose that the mechanism
allowing Ypt/Rabs to function in different
transport steps is assembly of different Ypt/
Rab GTPase modules, where each module
includes a module-specific effector and
perhaps a module-specific GEF. For exam-
ple, Ypt1 can assemble 2 different mod-
ules: To deliver cargo from the ER to the
cis Golgi, the GEF is the TRAPP I com-
plex,16,34,35 and an effector is Uso1.36,37

To shuttle cargo for degradation in the
lysosome, Ypt1 assembles with TRAPP III
GEF and the Atg11 effector.11,12 Ypt31/
32 can also assemble in 2 modules. While

it is not known yet if there are 2 different
GEFs for each step, we know effectors spe-
cific for each step: Myo2 and Sec2 serve as
effectors for the Golgi-to-PM step, and
Rcy1 is an effector for the endosome-to-
Golgi transport step.18,38,39

Future perspectives
At the mechanistic level, the hypothesis

proposed above implies that, depending
on the cargo, a single Ypt/Rab can assem-
ble into different modules to shuttle mem-
brane carriers from one compartment to
different destinations. In addition to the
GTPase, such modules contain a destina-
tion-specific effector, and maybe destina-
tion-specific GEF. This hypothesis entails
that activated Ypt/Rabs are not free to
interact with their effectors randomly, but
that depending on the cargo and the GEF,
they interact with specific effectors. While
intriguing, this idea remains to be tested.

All the cellular processes discussed here
are important for human health and dis-
ease. Defects in the secretory pathway can
cause deficiencies in secretion of essential
substances, like insulin in diabetes, or pre-
sentation of receptors or channels on the
plasma membrane, e.g., megalin in renal
disease.40,41 As in secretion, defects in recy-
cling processes are also significant in
human health. Failure to shuttle an excess
of mis-folded membrane proteins for deg-
radation in the vacuole by ER-phagy can

have implications on neurodegenerative
diseases.43 Defects in PM recycling can
cause defects in the secretory pathway as
well as in PM homeostasis, thereby con-
tributing to an array of human diseases.44

Furthermore, the major players discussed
here are conserved from yeast to humans.
Therefore, we propose that coordination
of cellular recycling processes with the
secretory pathway by Ypt/Rabs is also con-
served, and its mechanism is very likely
important in human disease as well. Future
studies in mammalian cells should test this
idea and determine the mechanistic details
of Ypt/Rab GTPase module organization.

Materials and Methods

TRS85 was deleted in wild type cells in
which Kex2 was tagged at its C-terminus
with YFP (NSY970) to construct trs85D
Kex2-YFP (NSY1605). Wild type
(NSY970), ypt31D/32ts (NSY972),18 and
trs85D (NSY1605, this study) were used
for Kex2-YFP microscopy and protein
level analyses as previously described.18
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