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Upon starving Saccharomyces
cerevisiae of glucose, the key
gluconeogenic  enzymes

1,6-bisphosphatase  (FBPase),
dehydrogenase (MDH2), isocitrate lyase

fructose-
malate

(Icllp) and phosphoenolpyruvate car-
boxykinase (Pcklp) are induced. When
glucose is added to cells that have been
starved for 3 days, these gluconeogenic
enzymes are degraded in the vacuole via
the vacuole import and degradation (Vid)
pathway. Moreover, it has been deter-
mined that during glucose starvation,
these cargo proteins interact with the
target of rapamycin complex 1 (TORCI1),
which is comprised of Torlp, Tco89p,
Lst8p and Koglp. However, following
glucose replenishment, Torlp dissociates
from the cargo proteins. We have deter-
mined that cells overexpressing TORI
inhibited the phosphorylation of FBPase
and its subsequent degradation in the
vacuole. Interestingly, while the deletion
of TCO8Y inhibited FBPase degradation,
it did not inhibit the phosphorylation of
FBPase. Both Torlp and Tco89p were
found in endosomes originating from
the plasma membrane as well as in retro-
grade vesicles forming from the vacuole
membrane. Here we further discuss our
findings and elaborate on our current
model of the Vid pathway.

Autophagy is a catabolic process by
which a cell degrades its own components
through the lysosome/vacuole.! This is
vital for many biological processes includ-
ing cell growth, development and cell
survival during stress."® Moreover, dereg-
ulated autophagy has been associated with
diseases such as cancer, neurodegeneration
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and aging.> This catabolic process is con-
served from yeast to humansand is induced
in Saccharomyces cerevisiae that have been
starved of nitrogen. The induced autoph-
agic pathway recycles amino acids during
periods of starvation.*> This pathway is
controlled by ATG genes which are also
involved in the Cvt pathway that targets
aminopeptidase I from the cytosol to the
vacuole and the pexophagy pathway that
degrades peroxisomes.®® The autophagy
pathway is inhibited by Torlp and induced
by rapamycin even in the absence of nitro-
gen starvation.”!

We study a unique autophagy pathway
in Saccharomyces cerevisiane that delivers
specific cytosolic proteins to the vacu-
ole for degradation.”” When yeast cells
are starved of glucose, key gluconeogenic
enzymes such as fructose-1,6-bispho-
sphatase (FBPase), malate dehydroge-
nase (MDH2), isocitrate lyase (Icllp)
and phosphoenolpyruvate carboxykinase
(Pcklp) are induced. However, when
glucose is added to the starved cells, these
enzymes are inactivated and targeted for
degradation to either the proteasome or
the vacuole.'® The site of degradation of
these gluconeogenic enzymes is depen-
dent on the duration of starvation. For
instance, when glucose is added to cells
that have been starved for one day, these
enzymes are degraded in the proteasome.
However, when glucose is added to cells
that are starved for three days, these glu-
coneogenic enzymes are degraded in the
vacuole.”!

The vacuolar dependent pathway uti-
lizes specialized vesicles identified as Vid
vesicles and it is in these vesicles that
FBPase is sequestered.”” This sequestration
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Figure 1. A model for the vacuole import and degradation pathway. During glucose starvation, cargo proteins destined for the Vid pathway associate
with the TORC1 complex. After the addition of glucose, Tor1p dissociates from this complex. This facilitates the cargo proteins to be phosphorylated.
Thereafter, Tco89p functions to import the cargo proteins into the Vid vesicles. The Vid vesicles merge with endosomes to deliver the contents to the
vacuole for degradation. Retrograde vesicles form from the vacuole membrane as means to maintain the size of the vacuole.

requires the heat shock protein Ssa2p,”
cyclophilin A?' and Vid22p.?* The for-
mation of Vid vesicles is blocked in cells
lacking the UBCI gene, indicative of a
role in Vid vesicle formation.” Vid24p is a
peripheral protein on Vid vesicles and has
been used to study the trafficking of Vid
vesicles in response to glucose.* Recent
evidence suggests that the Vid pathway
converges with the endocytic pathway.”
COPI coatomer proteins are also present
on Vid vesicles and they recruit Vid24p to
Vid vesicles. Moreover, the coatomer sub-
unit Sec28p trafficks to endosomes when
glucose is added to three day starved wild
type cells.”

In order to facilitate a better under-
standing of the Vid pathway, it was nec-
essary to determine how cells recognized
proteins that are targeted for degrada-
tion. In this endeavor, we sought to iden-
tify cellular proteins that interacted with
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FBPase. Affinity chromatography was
used to purify FBPase interacting proteins
under established growth conditions. The
bound material was subjected to MALDI
analysis. This enabled us in identifying
Tco89p among other cellular protein can-
didates. Tco89p is a member of the target
of rapamycin complex 1 (TORCI1) which
also contains Torlp, Koglp and Lst8p.
We determined that TORCI inter-
acted with FBPase, MDH2, Icllp and
Pcklp during glucose starvation. By
kinetic analysis, it was ascertained that
Torlp was dissociated from these gluco-
neogenic enzymes after the addition of
glucose. This suggests that Torlp associa-
tion may inhibit cargo protein degrada-
tion. This was confirmed by observing
that cells overexpressing the 7ORI gene
delayed FBPase degradation. However,
deletion of 7ORI had little effect on
FBPase degradation. On the other hand,
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cells lacking the 7CO89 gene exhibited
defective FBPase degradation by inhibit-
ing targeting FBPase to the Vid vesicles.
Cells lacking either the 7ORI gene or
the 7CO89 gene resulted in an increase
in FBPase phosphorylation in response
to glucose. Interestingly, overexpressing
TORI inhibited FBPase phosphoryla-
tion in response to glucose. Therefore,
excessive Torlp served to inhibit FBPase
phosphorylation.?

Upon examining the distribution of
Tco89p and Torlp, it was observed that
both proteins were detected on endosomes
forming from the plasma membrane. In
addition, these proteins were also detected
on vesicles emerging from the vacuole
membrane. We have termed such vesicles
as retrograde vesicles and the above results
support our previous findings where ret-
rograde vesicles containing Sec28p could
form from the vacuole membrane.®
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As such, we propose that TORCI cycles
between the plasma membrane and the
vacuole. This serves to maintain the size
of the vacuole. Endocytosis results in an
increased influx and an expansion of the
vacuole membrane. To balance this, an
increased efflux must take effect to main-
tain the size of the vacuole. Thus, the ret-
rograde transport provides a mechanism
for maintaining the size of the vacuole.
Furthermore, inhibiting the retrograde
transport may also affect the anterograde
transport.?

Based on our recent findings, we pro-
pose the following model (Fig. 1). During
glucose starvation, cargo proteins destined
for the Vid pathway associate with the
TORCI complex. After the addition of
glucose, Torlp dissociates from this com-
plex. This facilitates the cargo proteins to
be phosphorylated. Thereafter, Tco89p
functions to import the cargo proteins
into the Vid vesicles. As such, our present
data provides the first evidence of TORCI
as a cellular factor for cargo interaction in
the Vid pathway. Our experimental data
further highlight the capacity of Torlp
and Tco89p of trafficking to and from
the vacuole membrane. Future studies will
also look to address whether Vid vesicle
formation is linked to anterograde and
retrograde transport pathways.
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