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In Saccharomyces cerevisiae, aminopeptidase I (Apelp) and
a-mannosidase (Ams1p) are known cargoes of selective autoph-
agy. Atgl9p hasbeen identified as an Apelp receptor and targets
Apelp to the preautophagosomal structure (PAS). Under nutri-
ent-rich conditions, transport of Amsl1p to the vacuole largely
depends on Atgl19p. Here, we show that Atg34p (Yol083wp), a
homolog of Atgl9p, is a receptor for Amslp transport during
autophagy. Atg34p interacted with Amslp, Atgllp, and Atg8p
using distinct domains. Homo-oligomerized Amslp bound to
the Amsl-binding domain of Atg34p; this binding was impor-
tant for the formation of a higher order complex named the
Ams] complex. In the absence of the interaction of Atg34p with
Atg8p, the Ams1 complex was targeted to the preautophagoso-
mal structure but failed to transit to the vacuole, indicating that
the interaction of Atg34p with Atg8p is crucial for the Amsl
complex to be enclosed by autophagosomes. Atg34p and Atg19p
have similar domain structures and are important for Amslp
transport during autophagy.

Macroautophagy (hereafter simply called autophagy) has
been described as a non-selective degradation system of cyto-
plasmic constituents. Recently, selective degradation of pro-
teins and organelles by autophagy has been shown to be impor-
tant for the homeostasis of eukaryotic cells by eliminating
unnecessary or harmful proteins and organelles such as mito-
chondria and peroxisomes.

Thirty-three autophagy-related (ATG)> genes have been
identified as requisites for several types of autophagy in yeast.
Among them, 18 genes are essential for autophagosome forma-
tion under starvation conditions (1). Atg proteins encoded
by these genes are organized into the preautophagosomal
structure (PAS), which plays a central role in autophagosome
formation near the vacuole (2). During autophagy, cytoplasmic
constituents are sequestered by the double membrane of an
autophagosome. The outer membrane of the autophagosome
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fuses with the vacuole membrane. The inner structure, an auto-
phagic body, is released into the vacuolar lumen and degraded
by the action of vacuolar hydrolases.

Previous analysis showed that the resident vacuolar hydro-
lases, a-mannosidase (Ams1p) and aminopeptidase I (Apelp),
are transported to the vacuole via selective autophagy (3, 4).
Amslp oligomerizes after synthesis and associates with a pre-
cursor Apelp (prApelp) by the action of Atgl9p (4, 5). Amslp,
prApelp, and Atgl9p assemble into a large complex called the
cytoplasm-to-vacuole targeting (Cvt) complex, which was
identified as an electron-dense structure localized close to the
vacuole by electron microscopy (3). Atgl9p mediates the asso-
ciation of the Cvt complex with the PAS by interacting with
Atg8p and Atgllp (5, 6). The Cvt complex is selectively
enclosed in a Cvt vesicle (about 150 nm in diameter) under
nutrient-rich conditions and in an autophagosome (about 500
nm in diameter) under starvation conditions. After transport
to the vacuole, prApelp is processed into mature Apelp
(mApelp).

Under nutrient-rich conditions, Atgl9p is essential for
Amslp transport (4, 5). In this study, we show that Amslp is
transported to the vacuole under starvation conditions in an
Atgl9p-independent manner. We found that Atg34p, a homo-
log of Atg19p, functions as a receptor for Amslp. Amslp bound
to the Amsl-binding domain of Atg34p and formed a higher
order complex called the Amsl complex. The interaction of
Atg34p with Atg8p was essential for sequestration of the Ams1
complex into an autophagosome.

EXPERIMENTAL PROCEDURES

Strains and Media—Standard methods were used for yeast
manipulation (7). Cells were grown in either YEPD (1% Bacto
yeast extract, 2% Bacto peptone, and 2% glucose) or SD +
casamino acid medium (0.17% yeast nitrogen base without
amino acids and ammonium sulfate, 0.5% ammonium sulfate,
0.5% casamino acid, and 2% glucose) with appropriate supple-
ments. Autophagy was induced by addition of 400 ng/ml rapa-
mycin (Sigma) or by shifting to a nitrogen starvation medium
(SD(—N); 0.17% yeast nitrogen base without amino acids and
ammonium sulfate and 2% glucose).

The yeast strains used in this study are listed in sup-
plemental Table S1. GFP-tagged Atg strains were generated
using a PCR-based gene modification method (8). For
Atg34AC4p-GFP and Atg34*"**p-GFP strains, mutations
were introduced in primers used to amplify GFP fragments. To
disrupt ATG genes, disruption cassettes were amplified from
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disruptants in laboratory stocks and used for transformation.
Tetrad dissection was used to create several disruptants. mRFP-
prApel strains were generated by transforming cells with
pPS129 digested with Avrll (the plasmid was a gift from Dr.
Daniel J. Klionsky, University of Michigan).

ATG34 was cloned into the pRS316 plasmid (9). Plasmids
expressing Atg34"MFA, Atg34M4, and Atg34™* were generated
using a QuikChange site-directed mutagenesis kit (Stratagene).
The GFP sequence of the pRS316 GFP-ATGS plasmid was sub-
stituted for the 2X mCherry sequence to create the pRS316 2X
mCherry-ATG8 plasmid.

Microscopy—Fluorescence microscopy was performed using
a total internal reflection fluorescence microscopy system
(Olympus) equipped with a UPlanSApo 100X oil objective
(numerical aperture, 1.40) and a CoolSNAP HQ charge-cou-
pled device camera (Nippon Roper). Blue (Sapphire 488-20,
Coherent) and yellow lasers (85-YCA-010, Melles Griot) were
used for excitation of GFP and mRFP/mCherry, respectively. A
U-MNIBAZ2, mirror unit from which the excitation filter was
removed was used for GFP visualization, and an FF593-Di02-
25 X 36 dichroic mirror and an FF593-Em02-25 bandpass filter
(Semrock) were used to visualize mRFP/mCherry. For simulta-
neous observation of GFP and mRFP/mCherry, both lasers
were combined to obtain a fluorescent image. Fluorescence was
filtered with a DM488-561 dichroic mirror and an EM505—
540&572IF bandpass filter (Olympus) and was split into two
channels using a U-SIP splitter (Olympus) equipped with a
565DCLP dichroic mirror (Chroma). For each channel, the flu-
orescent light was further filtered with an FF495-Em02-25
bandpass filter (Semrock) for the GFP channel and an FF593-
EmO02-25 bandpass filter (Semrock) for the mRFP/mCherry
channel. Both channels were imaged on different parts of the
charge-coupled device camera. Images were acquired using
MetaMorph software (Molecular Devices).

Immunoblotting Analysis—Cell lysates were prepared by
NaOH/2-mercaptoethanol extraction with a slight modifica-
tion (10). An anti-Atg34p antiserum was raised against bacte-
rially expressed Atg34p (a gift from Dr. Inagaki, Hokkaido Uni-
versity, Sapporo, Japan) and affinity-purified using the antigen.
To detect GFP and Apelp, anti-GFP antiserum (Invitrogen)
and anti-Apelp antiserum (6) were used, respectively.

Yeast Two-hybrid Analysis—Yeast two-hybrid assays were
carried out as described previously (11). Briefly, a series of trun-
cated ATG34 constructs were cloned into a pGAD-based plas-
mid. Full-length ATG34, AMS1,ATG11,ATGS8,and APE1 were
cloned into a pGBD-based plasmid. pGAD- and pGBD-based
plasmids were cotransformed into the PJ69-4A host strain.
Cells harboring the indicated plasmids were cultured in syn-
thetic complete medium lacking leucine and tryptophan
(SC(—LW)). Five microliters of 0.1-A,, unit aliquots of cells
were spotted onto SC(—LW) or SC(—LW) lacking adenine
(SC(—ALW)) plates. These plates were incubated for 3—4 days
at 30 °C.

RESULTS

Yol083wp Is Involved in Amslp Transport to Vacuole—
a-Mannosidase (Ams1p) is a vacuolar hydrolase that is selec-
tively transported to the vacuole via the Cvt pathway under
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nutrient-rich conditions and via autophagy under starvation
conditions (4). Under nutrient-rich conditions, Amslp trans-
portlargely depends on Atg19p, a receptor for Ams1p transport
(5).

The dynamics of Amslp during autophagy was analyzed by
fluorescence microscopy using Amslp-GFP expressed from
the chromosome. We induced autophagy by adding rapamycin
to growth medium unless otherwise noted. In this study, we
refer to the rapamycin-treated conditions as “starvation condi-
tions.” In wild-type cells under starvation conditions, Ams1p-
GEFP localized to a dot proximal to the vacuole (Fig. 14, arrows)
as well as the vacuolar lumen (Fig. 14, arrowheads). In atglA
cells, GFP staining was detected as a bright dot(s) exclusively
outside the vacuole (Fig. 14). These results show that vacuolar
staining with GFP enables the monitoring of Amslp-GFP
transport by autophagosomes. Vacuolar staining was hardly
detected in atglIA cells (Fig. 1A4), indicating that Atgllp is
involved in selective transport of Ams1p by autophagy.

Amslp transport depends on Atgl9p under nutrient-replete
conditions (5, 12). Under starvation conditions, however,
Amslp was effectively transported even in the atgl9A strain
(Fig. 1A). We assumed that another receptor protein would play
a role in Amslp transport under starvation conditions.
Genome-wide two-hybrid analyses showed that Yol083wp
interacts with Ams1p (13, 14). Moreover, bioinformatics anal-
ysis using a BLAST search suggests that Yol083wp is a homolog
of Atg19p. Thus, YOL0O83W is additionally disrupted in atgl 9A
cells. The transport of Amslp-GFP was abolished in the
atgl9Ayol083wA double disruptant, showing that Yol083wp
acts for Amsl1p transport in the absence of Atgl9p (Fig. 14). In
contrast, the transport of Ams1p was normal in the yol083wA
strain (Fig. 1A). This result indicates that either Yol083wp or
Atgl9p is sufficient for Amslp transport during autophagy.
The Ams1p transport is defective in apelA cells during vegeta-
tive growth (5) but seemed normal under starvation conditions
(Fig. 1A4), suggesting that the prApelp-Atgl9p complex is dis-
pensable for Amslp transport.

Amslp-GFP did not stain the vacuolar lumen in the atgIA,
atglIA, or atgl9Ayol083wA strains but exhibited different
staining patterns: Ams1lp-GFP formed a dot structure in the
atgIA and atgl 1A strains, whereas it dispersed throughout the
cytoplasm in the atgl9Ayol083wA strain (Fig. 1A4), indicating
that either Yol083wp or Atgl9p serves to assemble Amslp to
the dot structure and subsequently to the PAS, the center of
autophagosome formation (2). In atgl9A cells, the dot struc-
ture marked by Amslp must be localized to the PAS since
Amslp was normally transported to the vacuole, but this
Amslp dot is distinct from the Cvt complex because in these
cells the Apel complex is apart from the PAS (5, 6). Hence, the
dot structure marked by Amslp is referred to as the “Amsl
complex.”

In addition, we monitored Ams1p transport to the vacuole by
immunoblot. When Ams1p-GFP is delivered to the vacuole, the
GFP moiety is cleaved off by vacuolar hydrolases. As the GFP
moiety is relatively stable in the vacuole, the level of Amslp-
GFP transport could be estimated by the amount of free GFP
(6). The immunoblot showed that Ams1-GFP was normally
expressed in all strains (Fig. 1B). The GFP moiety was detected
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in wild-type cells but not in atgIA cells (Fig. 1B). Double dis-
ruption of ATG19 and YOLO83W prevented the generation of
free GFP, but disruption of either ATG19 or YOL083W did not
(Fig. 1B). Taken together, we conclude that Yol083wp is
involved in Amslp transport via autophagosomes in a manner
similar to Atg19p. Thus, we name YOL083W ATG34. Atg34p is
dispensable for Apelp transport, for Amslp transport under
nutrient-rich conditions, and for bulk autophagy (supple-
mental Fig. S1).

Atg34p Interacts with Amslp, Atg8p, and Atgllp—Yeast
two-hybrid analysis showed that full-length Atg34p interacts
with Amslp, Atg8p, Atgllp, and itself (Fig. 2A4). We generated
four truncated forms of Atg34p: Atg34p lacking the C-terminal
four residues (Atg34AC4p, residues 1-408), Atg34p lacking the
33 C-terminal residues (Atg34AC33p, residues 1-379), Atg34p
lacking residues 158 — 412 (Atg34AC255p, residues 1-157), and
the first 130 N-terminal residues of Atg34p (Atg34(1-130), res-
idues 1-130).

Atg34AC4p did not bind to Atg8p but did bind to Amslp,
Atgllp, and itself (Fig. 24). Atg34AC33p did not interact with
Atg8p or Atgllp (Fig. 2A). Further truncation just before the
putative coiled coil domain (Atg34AC255p) abrogated the
interaction with Ams1p (Fig. 24). When the putative coiled coil
domain was deleted, Atg34p no longer bound any interacting
protein identified here (Atg34(1-130); Fig. 2A). These results
show that Atg34p associates with Ams1p, Atg8p, Atgllp, and
itself using distinct domains (Fig. 2B). Atg34p is not involved in
Apelp transport, whereas Atgl9p is (supplemental Fig. S1).
Consistently, Atg34p was not capable of interacting with
prApelp, but Atgl9p was (Fig. 2C).

Association of Atg34p with Ams1p Is Essential for AmsI Com-
plex Formation—Our two-hybrid analysis of Atg34p indicates
that residues 158 -379 are essential for the interaction with
Amslp (Fig. 2B). We confirmed that this domain was sufficient
for the interaction with Ams1p (Fig. 3A).

Recently, a structure of the Amsl-binding domains of
Atg34p and Atgl9p has been solved by nuclear magnetic reso-
nance analysis (see the accompanying paper by Watanabe et al.
(22)). An in vitro pulldown assay showed that two conserved
His and Glu residues in the domain are important for the inter-
action with Ams1p (see the accompanying paper by Watanabe
et al. (22)). Based upon these data, we generated three Atg34p
mutants, which harbor a change of His**® to Ala (Atg34"p),
Glu**” to Ala (Atg34"*p), or both (Atg34™F4p). The in vivo
activity of these proteins was monitored by fluorescence
microscopy and GFP cleavage assay using an Amslp-GFP
strain lacking both ATGI19 and ATG34. In cells carrying an
empty vector, Amslp-GFP exhibited a cytoplasmic pattern,
whereas wild-type Atg34p enabled Ams1p to be assembled into

FIGURE 1. Yol083wp is involved in Ams1p transport to vacuole. A, cells
chromosomally expressing Ams1p-GFP were cultured in SD + casamino acid
medium to a density of approximately Ago, = 1.5, and rapamycin was added
to induce autophagy. After 6 h of incubation, cells were observed by fluores-
cence microscopy. Arrows and arrowheads indicate Ams1p dot structures
(Ams1 complex) and vacuoles, respectively. All strains were in the same
genetic background (GYS337). The scale bar represents 5 um. B, cells used in
A were treated with rapamycin for 3 h, and cell lysates were prepared by the
alkaline lysis method. The equivalent of 0.1 Agq, Units was subjected to immu-
noblot with an anti-GFP antiserum.
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FIGURE 2. Atg34p interacts with Ams1p, Atg8p, and Atg11p. A, Atg34p interacts with Ams1p, Atg8p,
Atg11p, and itself using distinct domains. PJ69-4A cells harboring pGAD-ATG34, pGAD-ATG34AC4, pGAD-
ATG34AC33, pGAD-ATG34AC255, pGAD or an empty vector were transformed with pGBD-ATG34, pGBD-
AMS1, pGBD-ATG11, pGBD-ATGS, or an empty vector. Cells were cultured in SC(—LW) medium overnight. Five
microliters of 0.1-A4qo Unit aliquots of cells were spotted onto SC(—LW) or SC(—ALW) plates. These plates were
incubated for 3-4 days at 30 °C. B, schematic diagram of binding domains in Atg34p. Atg34p interacts with at
least four proteins. Blue, orange, green, and red regions represent domains required for Atg34p, Ams1p, Atg11p,
and Atg8p interactions, respectively. C, Atg34p does not interact with prApe1p, whereas Atg19p does. PJ69-4A
cells harboring pGAD-ATG19 and pGBD-APE1 or pGAD-ATG34 and pGBD-APE1 were assayed as in A.

the Amsl1 complex (Fig. 3B, arrows) and to be transported to the
vacuole (Fig. 3B, arrowheads). Atg34**p acted as a wild-type
Atg34p, but Atg34"p and Atg34"“FAp neither formed the
Ams] complex nor transported Ams1p to the vacuole (Fig. 3B).
Immunoblot analysis showed that cells expressing Atg34"4p
or Atg34"AFAp are defective in Amslp transport (Fig. 3C).
These results led to the conclusion that the His*?® residue is
critical for the formation of the Ams1 complex by binding to
Amslp in vivo.

Interaction with Atg8p via Atg8 Family-interacting Motif
(AIM) Is Important for Atg34p to Target Amsl Complex to
Autophagosomes—We next examined whether the interaction
of Atg34p with Atg8p is essential for its activity. Recently, our
groups have found an AIM at the C terminus of Atg19p (Trp*'?-
Glu-Glu-Leu*'®) and shown that the Atg19p mutants harbor-
ing changes of either Trp*'?, Leu*'®, or both residues to Ala fail
to interact with Atg8p (15, 16). Atg34p also has an AIM at the C
terminus (Trp*®°-Glu-Glu-Ile**?). We replaced the Trp*®® and
Ile*'? residues with Ala to make Atg34*F5*p. Yeast two-hybrid
analysis showed that Atg34“Fp interacted normally with
Amslp and Atgllp but did not interact with Atg8p (Fig. 4A4).
This result was the same as that of Atg34AC4p (Fig. 24).
Next, Atg34AC4p and Atg34“FF*p were expressed in the
atgl9Aatg34A strain expressing Amslp-GFP, and their
activities were analyzed by monitoring Ams1lp-GFP cleav-
age. Free GFP was generated only in the cells expressing
wild-type Atg34p but not in the cells expressing Atg34AC4p
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Atg34p Is Selectively Transported
to Vacuole as Component of Cvt
Complex—In wild-type cells, Atg34p-
GFP was transported to the vacuole
(Fig. 5), whereas the vacuole was
not labeled by GFP in atgIA cells
(supplemental Fig. S2A), indicating
that the Atg34p transport depends
on autophagy. Moreover, in atglA
cells, Atg34p-GFP accumulated as a
dot outside the vacuole and was
colocalized with prApelp, which is
a marker of the Cvt complex (supplemental Fig. S2B). Shintani
et al. (5) showed that the Cvt complex is targeted to the PAS in
the absence of Atglp. Together with these results, we conclude
that Atg34p is first targeted to the PAS and then delivered to the
vacuole by autophagy as is Atg19p.

We next created Atg34AC4p-GFP and Atg34"FF4p-GFP
strains and examined the localization of these proteins by fluo-
rescence microscopy. During autophagy, they were detected as
a dot in the cytoplasm but were not transported to the vacuole
(Fig. 5). The fluorescence intensity of the dots was much
brighter than observed in wild-type cells (Fig. 5), indicating that
these Atg34p mutants are not able to be enclosed in autopha-
gosomes and consequently accumulate outside the vacuole.
Together, it is likely that Ams1p and Atg34AC4p/Atg34*F*4p
form the Amsl complex but accumulate outside the vacuole
because of a defect in sequestration into autophagosomes.

Under starvation conditions, both Atgl1lp and Atgl7p act as
scaffold proteins and are required for organization of the
PAS (17). In atgllAatgl7A cells, both Atg34p-GFP and
Atg34AC4p-GFP were still detected as dots (Fig. 5), indicating
that PAS organization is not required for dot formation. Thus,
we conclude that Atg34p is associated with the Cvt complex.
Immunoelectron microscopy with anti-Atg34 antibodies dem-
onstrated that Atg34p was localized on the periphery of the Cvt
complex enclosed in autophagic bodies (supplemental Fig. S3).

Next, we examined PAS localization of Atg34AC4p by using
2X mCherry-Atg8p. Vacuoles were stained with mCherry fluo-
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FIGURE 3. Association of Atg34p with Ams1p is essential for Ams1 com-
plex formation. A, Atg34(158-379) is sufficient to interact with Ams1p. Cells
harboring the indicated plasmids were assayed as in Fig. 2A. B, Ams1p-GFP
cells lacking both ATG79 and ATG34 (GYS360) and expressing Atg34p
mutants from pRS316-based plasmids were used. Cells harboring the indi-
cated plasmids were cultured in SD + casamino acid medium to a density of
approximately Agoo = 1.5, and rapamycin was added to induce autophagy.
After 6 h of incubation, cells were observed by fluorescence microscopy.
Arrows and arrowheads indicate Ams1 complexes and vacuoles, respectively.
The scale bar represents 5 um. C, cells used in B were collected at the times
indicated after rapamycin addition, and lysates were prepared by the alkaline
lysis method. Cell lysates equivalent to 0.1 Agy, units were subjected to immu-
noblot with an anti-GFP antiserum and anti-Atg34p antibodies. Transport of
Ams1p-GFP was monitored by emergence of free GFP by proteolysis of
Ams1p-GFP in the vacuole. An asterisk indicates nonspecific bands.

rescence, indicating that autophagy is normal in this strain (Fig.
6). Nevertheless, Atg34AC4p-GFP was not transported to the
vacuole (Fig. 6). We evaluated the extent of colocalization by
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FIGURE 4. Interaction with Atg8p via AIM is important for Atg34p to tar-
get Ams1 complex to autophagosome. A, Atg34***p does not interact
with Atg8p. The interaction was monitored by yeast two-hybrid assay as
described in Fig. 2A. B, Atg34AC4p and Atg34”t"p are defective in Amsip
transport. atg19Aatg34A cells expressing Ams1p-GFP (GYS360) and carrying
an empty vector (—) or expressing wild-type Atg34p (WT), Atg34AC4p (AC4),
or Atg34”FFAp (AEEA) were cultured in SD + casamino acid medium, and
rapamycin was added to induce autophagy. After incubation for 6 h, cells
were collected, and cell lysates were prepared by the alkaline lysis method.
Cell lysates equivalent to 0.1 Agq, UNits were subjected to immunoblot with
anti-GFP and anti-Atg34p antibodies. C, localization of Ams1p-GFP in the
Atg34p mutants lacking an interaction with Atg8p. Cells used in B were
observed by fluorescence microscopy. For comparison of the fluorescence
intensity, Ams1p-GFP images are shown using the same brightness and con-
trast. The scale bar represents 5 um.

counting cells with dots labeled by both GFP (Atg34p) and
mCherry (PAS). Atg34p-GFP and mCherry-Atg8p were colo-
calized in 74% of the cells (n = 43), and Atg34AC4p-GFP and
mCherry-Atg8p were colocalized in 62% of the cells (n = 34).
These results indicate that Atg34AC4p-GFP was targeted to the
PAS in a normal manner but that it was not engulfed by auto-
phagosomes. It seems likely that Amslp accumulates at the
PAS in Atg34AC4p- and Atg34“F=4p-expressing cells (Fig. 4C),
showing that the interaction with Atg8p is important for the
Amsl complex to be delivered to autophagosomes.

Atg34p Is Normally Delivered to Vacuole in Absence of Known
Cargoes—prApelp is important for recruitment of Atgl9p to a
dot structure (5). Thus, we examined whether known cargoes
are responsible for recruitment of Atg34p to a dot structure. In
amslAapelA cells, Atg34p formed a dot and was normally
transported to the vacuole, whereas Atgl9p was defective in dot
formation (supplemental Fig. S4). The delivery of Atg34p to the
vacuole was not affected in the apelAamsIA cells, raising the
possibility that other cargoes exist.
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FIGURE 5. Atg34p mutants defective in interaction with Atg8p are not
enclosed in autophagosomes. Cells chromosomally expressing each GFP
fusion protein were cultured in SD + casamino acid medium to a density of
approximately Agoo = 1.5 and treated with rapamycin for 6 h before fluores-
cence microscopy. Atg34p-GFP (GYS390), Atg34AC4p-GFP (GYS805),
Atg34"°FFAp-GFP  (GYS822), Atg34p-GFP atgl1Aatgl7A (GYS812), and
Atg34AC4p-GFP atg11Aatg17A (GYS820) strains were used. For comparison
of the fluorescence intensity, Atg34p-GFP images are shown using the same
brightness and contrast. The scale bar represents 5 uwm.

We showed that Atg34p acts as a receptor for Ams1lp under
starvation conditions. Selective autophagy may have important
roles in adaptation to various nutrient environments. The phys-
iological significance of selective autophagy will be elucidated
by examining the activities of receptors for selective autophagy
under diverse culture conditions.

DISCUSSION

In this study, we showed that Atg34p acts as a receptor for
the selective transport of Ams1p to the vacuole during auto-
phagy. Amslp assembles into a homo-oligomer in the cyto-
plasm after synthesis (4). Formation of an Amslp-receptor
complex by interaction with Amslp-binding domains in
Atg34p and Atgl9p is the first step for Amslp transport (Fig.
3B). Next, the Amslp-receptor complex is assembled into a
higher order complex, called the Ams1 complex, which can be
recognized as an Ams1p-GFP dot by fluorescence microscopy
(Figs. 1A and 3B). This complex is targeted to the PAS and
enclosed in an autophagosome via the interaction of the four
residues at the C terminus of Atg34p with Atg8p (Figs. 4-6).

The Amslp transport under nutrient-rich conditions was
defective in atgl9A cells (supplemental Fig. S1), but this
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FIGURE 6. Atg34pAC4p-GFP is targeted to PAS. Cells harboring the 2X
mCherry ATG8 plasmid were cultured and treated with rapamycin for 6 h.
Atg34p-GFP was localized to the PAS and was successively delivered to the
vacuole. Atg34AC4p was targeted to the PAS but failed to transit to the vac-
uole. Note that 2X mCherry-Atg8p labels the vacuolar lumen, indicating that
autophagy is normal in the Atg34AC4p-GFP strain. The scale bar represents
5 um.

defect was not observed during autophagy (Fig. 14). Under
starvation conditions, Atg34p was detected in a ladder pat-
tern by immunoblot (Fig. 3C). The upper bands disappeared
following A-phosphatase treatment (data not shown). This
result suggests that Atg34p is phosphorylated under starva-
tion conditions. The activity of Atg34p might be regulated by
its phosphorylation.

We examined the involvement of Atg34p in transport of
other selective cargoes of autophagosomes. Pexophagy was
normal in atg34Aatgl 9A cells (supplemental Fig. S5A). We also
examined peroxisome degradation in nitrogen-starved cells by
assessing the cleavage of Pex14p-GEFP to free GFP. Peroxisome
degradation was normal in atg34Aatgi9A cells (supplemen-
tal Fig. S5B). It is thus unlikely that Atg34p and Atgl9p act as
receptors for the degradation of peroxisomes. In contrast,
atglIA cells showed a partial defect (supplemental Fig. S5B),
suggesting that Atgllp can recognize peroxisomes without
Atg34p and Atgl9p.

Recently, we have found that leucine aminopeptidase III
(Lap3p) is a selective cargo of the autophagosome. Overex-
pressed Lap3p concentrated around the Cvt complex is
degraded in the vacuole by autophagy in an Atgllp-indepen-
dent manner (18). Aldé6p, a cytosolic acetaldehyde dehydrogen-
ase, is known to be a cargo preferentially degraded by autoph-
agy. This degradation does not depend on Atgllp either (19).
Thus, there may be Atgl1p-independent mechanisms of selec-
tive autophagy.

In mammalian cells, p62 and NBR1 are proteins that interact
with LC3, a mammalian homolog of yeast Atg8p, and are thought
to interact with polyubiquitinated protein aggregates and partici-
pate in their elimination (20, 21). Interestingly, p62 and NBR1 also
contain AIMs, which are important for binding to LC3.

We believe that there are more receptors other than Atg34p
and Atgl9p and more cargoes for selective autophagy. Identifi-
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cation of new receptors and new cargoes will lead to a funda-
mental understanding of the physiological roles of selective
autophagy in eukaryotic cells.
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