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Autophagy requires Tip20 in Saccharomyces cerevisiae
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Autophagy is a highly conserved intracellular degradation pathway in eukaryotic cells that responds to environmental
changes. Genetic analyses have shown that more than 40 autophagy-related genes (ATG) are directly involved in this
process in fungi. In addition to Atg proteins, most vesicle transport regulators are also essential for each step of autophagy.
The present study showed that one Endoplasmic Reticulum protein in Saccharomyces cerevisiae, Tip20, which controls
Golgi-to-ER retrograde transport, was also required for starvation-induced autophagy under high temperature stress. In
tip20 conditional mutant yeast, the transport of Atg8 was impaired during starvation, resulting in multiple Atg8 puncta
dispersed outside the vacuole that could not be transported to the pre-autophagosomal structure/phagophore assembly site
(PAS). Several Atg8 puncta were trapped in ER exit sites (ERES). Moreover, the GFP-Atg8 protease protection assay
indicated that Tip20 functions before autophagosome closure. Furthermore, genetic studies showed that Tip20 functions
downstream of Atg5 and upstream of Atg1, Atg9 and Atg14 in the autophagy pathway. The present data show that Tip20,
as a vesicle transport regulator, has novel roles in autophagy.
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Abbreviations used: Atg, autophagy-related gene; ER, endoplasmic reticulum; ERES, endoplasmic reticulum exit sites;
GFP, green ﬂuorescent protein; PAS, pre-autophagosomal structure/phagophore assembly site; PE,
phosphatidylethanolamine; RFP, red ﬂuorescent protein.

1. Introduction
Autophagy is a highly conserved intracellular degradation
pathway in eukaryotic cells that plays important roles in the
physiological processes of cell growth, development, cell
defense and several diseases (Huang and Klionsky 2007;
Mizushima et al. 2008; Ravikumar et al. 2010; Yang and
Klionsky 2010; Feng et al. 2014). Induced autophagy starts
with the formation of the pre-autophagosomal structure/
phagophore assembly site (PAS). The phagophore then
encloses cellular components, such as old proteins or damaged organelles. Subsequently, the phagophore leads to large
double-membrane vesicles, called autophagosomes, which
are the hallmark of autophagy (Xie and Klionsky 2007).
Finally, the autophagosome, which encloses cellular components, fuses with the vacuole, and cargo is then released
into the vacuole and hydrolyzed.
In addition to Atg proteins, evidence has shown that
vesicle transport regulators are indispensable for autophagy (Geng et al. 2010; Lynch-Day et al. 2010; Yen
et al. 2010; Nair et al. 2011a; Zou et al. 2017). Examples of vesicle transport regulators are as follows:
SNARE proteins, including Vam3, Vam7 and Ufe1
(Darsow et al. 1997; Lemus et al. 2016; Liu et al. 2016);
http://www.ias.ac.in/jbiosci

multi-subunit tethering complexes, including TRAPP II/
III/IV and COG I (Lynch-Day et al. 2010; Yen et al.
2010; Lipatova et al. 2016); and small GTPases,
including Ypt1, Ypt31/32 and Sec4 (Geng et al. 2010;
Lynch-Day et al. 2010). These membrane trafﬁc regulators function in different pathways of vesicles transport. When autophagy is induced, these proteins are
involved in different steps of autophagy.
Tip20 is an essential peripheral membrane protein that
forms the Dsl1 tethering complex together with Dsl1 and
Dsl3/Sec39 (Andag et al. 2001). The Dsl1 complex is
required for Golgi-to-ER retrograde transport (Sweet and
Pelham 1993; Cosson et al. 1997; Kraynack et al. 2005).
Previous studies have shown that Tip20 functions in the
recognition and/or uncoating of COP I vesicles (Frigerio
1998; Andag et al. 2001; Meiringer et al. 2011). When
Tip20 function is impaired, COP I-coated vesicles accumulate (Zink et al. 2009). The ER and Golgi play essential roles
in autophagy. Most components of COP I vesicles have been
shown to be involved. For example, Ufe1, a Q/t-SNARE
protein, functions in the fusion of COP I vesicles with the
ER in vesicle transport and is also involved in COP II vesicle
transport from the ER to the PAS during autophagy (Lewis
et al. 1997; Lemus et al. 2016). Although Tip20 plays an
1
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important role in Golgi-to-ER vesicle trafﬁcking, it is
unclear if it is involved in autophagy. The present study
investigated if autophagy requires Tip20. The present data
showed that normal autophagy occurred in a tip20 mutant
strain at the permissive temperature of 26°C, but a partial
defect occurred at the high temperature stress of 37°C.
Furthermore, some Atg8 proteins were trapped in the ER
exit sites (ERES) in the tip20 mutant strain at 37°C. Moreover, Tip20 functioned downstream of Atg5 and upstream of
Atg1, Atg9 and Atg14 in the autophagy pathway. Therefore,
the present ﬁndings demonstrated that Tip20, in addition to
its established roles as a regulator of vesicle transport, has a
novel role in autophagy.

2. Materials and methods
2.1

Strains and plasmids

The yeast strains used in the present study are listed in
table 1. Yeast gene knockout and C-terminal epitope tagging
were performed using the common PCR-based method. The
plasmids allowing the integration of RFP-Ape1, GFP-Atg8
and Atg9-3XGFP into yeast genome have been described
previously (Zou et al. 2017).

2.3

Immunoblot assay and quantiﬁcations

Immunoblotting was performed as previously described
(Zou et al. 2017), and repeated at least three. The primary
antibodies included mouse anti-GFP (Santa Cruz), rabbit
anti-pGK1 (Acris) and ECL (Millipore) substrate was used
for visualization. The band intensities from three independent experiments were quantiﬁed with IMAGEJ software
(National Institutes of Health), and the percentages of GFP
were plotted.

2.4

Statistical analysis

All the experimental data shown in this manuscript were
collected from three independent samples to ensure reproducibility of the trends and relationships observed in the
cultures. Each error bar indicates the standard deviation (SD)
from the mean obtained from triplicate samples. The sample
means were analyzed with Student’s t-test. Differences in
mean values between groups were analyzed by a one-way
analysis of variance (ANOVA) followed by Duncan’s multiple range test.

3. Results
2.2

3.1

Media and growth conditions

For live-cell ﬂuorescence microscopy, yeast cells were
grown at 26°C in rich medium (YPD) to log phase, and the
cells were subjected to nitrogen starvation (SD-N). Cells
were then washed and transferred to SD-N at 26°C for 2 h or
pretreated for 30 min at a restrictive temperature (37°C)
before washing and transferring to SD-N at a restrictive
temperature (37°C) for 2 h. If necessary, FM4-64 was added
at a ﬁnal concentration of 1.6 lM to stain the vacuole in the
last hour of incubation. Cells prepared on slides were
examined with a Nikon Eclipse Ti inverted research microscope (Tokyo, Japan). More than ﬁve ﬁelds were collected
for each sample. Each experiment was repeated at least twice
from independent colonies, and representative pictures are
shown.

Table 1. Yeast strains used in this study
Strain

Alias

Genotype

Source

YLY1616

WT

MATa, ura3, leu2, his4,

(Andag et al.
2001)
(Andag et al.
2001)
(Andag et al.
2001)
This study

YLY1617 tip20- MATa, ura3, leu2, his4, trp1,
5
lys2, suc2-D9,
YLY1618 dsl1- MATa, ade2, ura3, leu2, his4,
22
lys2
YLY1676 atg1D
YLY1616, atg1D::KAN

Tip20 is required for starvation-induced autophagy

To determine if Tip20 plays a role in autophagy, an anti-GFP
antibody was used to track GFP-Atg8 processing in each
strain. As shown in ﬁgure 1A, free GFP was observed in WT
cells after autophagy induction at 26°C and 37°C, indicating
normal delivery of GFP-Atg8 proteins to the vacuole during
autophagy. In atg1D (negative control strain), however, no
free GFP was detected at 26°C or 37°C, suggesting that
autophagy was defective in the atg1D strain. In contrast, free
GFP (approximately 98%) was detected in tip20-5 cells at
26°C, and approximately 60% free GFP and 40% GFP-Atg8
existed in tip20-5 cells at 37°C, suggesting a partial block in
autophagy at high temperature. The localization of GFPAtg8 was then visualized to monitor autophagy. FM 4-64
was used to mark vacuolar membranes (Vida and Emr 1995).
The tip20-5 strain is a temperature sensitive mutant, which
grows normally at 26°C, but it does grow at a temperature
higher than 37°C (Cosson et al. 1997). Under starvation
conditions (SD-N) at the permissive temperature (26°C),
GFP-Atg8 proteins were efﬁciently delivered to the vacuole
in both wild type (WT) and tip20-5 mutant cells (ﬁgure 1C
and 1E), suggesting normal autophagy. In atg1D (negative
control strain), however, diffused GFP was detected outside
the vacuole, and approximately 56% of cells displayed a
single GFP-Atg8 puncta in the vacuole membrane
(ﬁgure 1C and E), indicating defective autophagy. Under
starvation conditions at 37°C, WT showed normal autophagy because the GFP-Atg8 proteins were efﬁciently
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Figure 1. Starvation-induced autophagy is impaired in tip20-5 mutant cells but not in dsl1-22 cells. (A-B). GFP-Atg8 degradation
was reduced in tip20-5 and dsl1-22 mutant cells. Cells were grown and treated as described in the Materials and Methods and were
then collected for immunoblotting with an anti-GFP antibody to demonstrate GFP-Atg8 degradation and an anti-Pgk1 antibody for the
loading control. The band intensities from three independent experiments were quantiﬁed with IMAGEJ software, and the percentages
of GFP were plotted. The graphs represent the average of three experiments. The same letters of a, b and c at the right top corner of
each mean ± STD indicate no statistical signiﬁcance, while different letters indicate signiﬁcant difference (p\0.01). (C-D) Abnormal
Atg8 localization occurred in tip20-5 cells but not in dsl1-22 cells during autophagy. WT and mutant cells were tagged with GFPAtg8 integration plasmids. The vacuolar membrane was stained with FM 4-64 as described in the Materials and Methods. Experiments
were repeated twice, and representative results from a single experiment are presented. Scale bars, 5 lm. (E-F) Quantiﬁcation the
percentage of cells in (C) with GFP-Atg8 puncta in three categories as follows: 0, 1 and multiple puncta (C2 puncta per cell) in E.
Quantiﬁcation of the percentage of cells in ﬁgure 1D with diffuse GFP signal or GFP signal present outside of vacuole in F. At least
300 cells were counted in at least three ﬁelds for each strain. Error bars represent standard deviation. P values; **, P \ 0.01; N.S., no
signiﬁcance.
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delivered to the vacuole and GFP was diffused in the vacuole. In contrast, multiple GFP-Atg8 puncta were present
outside of the vacuole in tip20-5 mutant cells, and quantitative results showed that approximately 77% of cells had
this phenotype, thereby suggesting defective autophagy.
However, the phenotype was different from that of atg1D
cells (ﬁgure 1C and E), which showed a single GFP-Atg8
puncta outside the vacuole. Thus, the GFP-Atg8 ﬂuorescence results were consistent with the GFP-Atg8 processing
assay (ﬁgure 1A), suggesting that Tip20 is required for the
transport of GFP-Atg8 to the vacuole at high temperature.
Tip20 is involved in the Golgi-ER retrograde transport
that is blocked in tip20-5 cells at 37°C (Cosson et al. 1997).
Figure 1A shows that, autophagy was also defective in
tip20-5 cells at 37°C. One explanation would be that
autophagy requires normal Golgi-ER retrograde trafﬁc.
Therefore, we investigated if blockade of Golgi-ER retrograde transport causes defective autophagy. Dsl1, a co-regulator with Tip20, is required for Golgi-to-ER retrograde
transport (Andag et al. 2001). At higher temperature, GolgiER retrograde transport is blocked in dsl1-22 mutant cells
(Andag et al. 2001). The present study showed that autophagy was present in dsl1-22 mutant cells and that GFP-Atg8
was delivered to the vacuole in dsl1-22 cells at both 26°C
and 37°C (ﬁgure 1B, D and E), representing normal autophagy. Thus, these data suggested that functions of Tip20
other than Golgi-ER retrograde trafﬁc regulation are required
in autophagy.

3.2 Autophagosomes are not formed in tip20-5 mutant
cells
Multiple GFP-Atg8 puncta in tip20-5 mutant cells may
result from either defective formation of autophagosomes,
resulting in GFP-Atg8 accumulation in an abnormal location, or defective fusion between the autophagosome and
vacuole. To distinguish between these possibilities, the
GFP-Atg8 protease protection assay was utilized (Nair
et al. 2011b). Vam3, a SNARE protein, regulates the fusion
of the autophagosome and vacuole (Darsow et al. 1997),
and autophagosome fusion with the vacuole is blocked in
vam3D cells. Atg1 is a protein essential for autophagy.
Because formation of the autophagosome was blocked,
atg1D and vam3D were used as controls. As shown in
ﬁgure 2A, the population of GFP-Atg8 enclosed within
autophagosomes was insensitive to treatment with proteinase K alone in vam3D cells. Consistent with the
incomplete autophagosome in the atg1D mutant, the GFPAtg8 fusion protein is not detected upon treatment with
proteinase K (Nair et al. 2011a). The present results
showed that GFP-Atg8 was not detected in the tip20-5
mutant with proteinase K treatment at 37°C (ﬁgure 2A),
which was similar to the phenotype in atg1D cells. This
result indicated that autophagosome biogenesis is defective
in tip20-5 cells.

3.3

Tip20 is involved in Atg8 transport to the PAS

During the beginning of autophagy, Atg8 is delivered to
the PAS and is essential for normal autophagosome biogenesis (Nakatogawa et al. 2007). The present study
showed that no autophagosome and multiple GFP-Atg8
puncta were formed in tip20-5 cells at the non-permissive
temperature. For the next step, the PAS marker, RFPApe1, was expressed in cells to detect if multiple GFPAtg8 puncta were present in the PAS. Under starvation
conditions at 26°C, both diffused GFP and RFP were
detected inside the vacuole in WT and tip20-5 cells (ﬁgure 2B). Under starvation conditions at 37°C, Atg8 and
Ape1 were delivered to the vacuole in WT cells. In the
atg1D control cells, Ape1 and Atg8 appeared as a single
punctum, and GFP-Atg8 puncta colocalized with RFPApe1 (ﬁgure 2B). In tip20-5 cells, however, Ape1 accumulated as a single punctum, while Atg8 accumulated as
multiple puncta. Only one GFP-Atg8 punctum was colocalized with an RFP-Ape1 punctum (ﬁgure 2B). Thus,
Atg8 transport to the PAS was partially blocked in tip20-5
cells during starvation-induced autophagy at high temperature stress. Consistent with the defect in vacuolar
transport, GFP-Atg8 was not efﬁciently degraded at 37°C
(ﬁgure 1A and C).
Genetic epistasis analysis was next used to detect the step
at which Tip20 functions in autophagy. In the tip20-5
mutant, Atg8 accumulated as multiple puncta outside the
vacuole. Therefore, Atg8 phenotype changes were analyzed
by deleting different autophagy-related genes (ATG) in
tip20-5 cells. Atg5 is a component of the E3-like ligase
complex that attaches Atg8 to phosphatidylethanolamine
(PE) (Hanada et al. 2007). Thus, if cells lack ATG5, the
formation of Atg8-PE will be blocked. To test the involvement of ATG5, was deleted in WT and tip20-5 strains, which
resulted in elimination of multiple Atg8 puncta tip20-5
mutant cells in the starvation condition at 37°C (ﬁgure 2C).
The results showed that the multiple Atg8 puncta found in
tip20-5 cells depend on the presence of Atg5, indicating that
the accumulation of Atg8 puncta occurs after the conjugation
of Atg8 to PE.
To further verify the site of action for Tip20 in autophagy, the analysis was extended by deleting ATG1, ATG9
and ATG14. Atg1 is a serine/threonine kinase in complex
with Atg13, and together they regulate the initiation of
autophagy in yeast (Reggiori et al. 2004). Atg9 provides
lipid double-membrane resources for autophagosomes (He
and Klionsky 2007), and Atg14 is an autophagy-speciﬁc
subunit of PIK3 complex I that targets the PI3K complex
to the PAS (Obara et al. 2006). Deletion of ATG1, ATG9
and ATG14 did not signiﬁcantly affect the multiple puncta
phenotype in tip20-5 cells (ﬁgure 2C). These data suggested that Tip20 functions downstream of Atg5 but
upstream of Atg1, Atg9 and Atg14, and these ﬁndings
were consistent with the result that autophagosomes were
not formed (ﬁgure 2A).
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Figure 2. Site of action for Tip20 in autophagic pathway. (A) tip20-5 mutant cells were defective in autophagosome biogenesis at
37°C according to the protease protection assay. PK: proteinase K; TX-100: 0.1% Triton X-100 treatment. The assay was
performed as previously described. Immunoblotting antibodies were used as shown in ﬁgure 1A. (B) GFP-Atg8 and RFP-Ape1
were integrated into the chromosomes of WT and tip20-5 mutant cells. Cells were grown and examined as described in the
Materials and Methods. Bars, 5 lm. The percentage of cells with Atg8 puncta in the following three categories was quantitated: 0,
1 and multiple puncta (C2 puncta per cell). (C) Multiple GFP-Atg8 puncta disappeared in tip20-5 mutant cells containing deleted
ATG5 genes as indicated, except for the deletion of ATG1, ATG9 and ATG14, under starvation conditions at non-restrictive
temperatures. Cells were grown in YPD then transferred to SD-N medium as described. Scale bars, 5 lm. Quantiﬁcation of the
percentage of cells with GFP-Atg8 puncta in three categories as follows: 0, 1 and multiple puncta (C2 puncta per cell). At least
300 cells were counted in at least three ﬁelds for each strain. Error bars represent SD. P values; **, P \ 0.01; N.S., no
signiﬁcance.
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Figure 3. Tip20 is not required for Atg9 trafﬁcking. All strains
tagged with Atg9-3XGFP and RFP-Ape1 were incubated as
described in the section on materials and methods. (A) Fluorescence
images for WT and tip20-5 mutant cells under starvation conditions
at 26°C and 37°C. (B) Fluorescence images for atg1D and tip20-5
atg1D mutant cells under starvation conditions at 26°C and 37°C.

3.4

Tip20 is not required for Atg9 trafﬁcking

A previous study has reported that Atg8 localization to the
PAS is dependent on Atg9 (Suzuki et al. 2007). Because
Atg8 was not normally targeted to the PAS in tip20-5 mutant
cells (ﬁgure 2B and 2C), we investigated if the trafﬁcking of
Atg9 was affected in tip20-5 mutant cells. Atg9 is a transmembrane protein that is an essential component for establishing the autophagosome (Noda et al. 2000). Previous
studies have shown that Atg9 normally shuttles between the
PAS and several cytoplasmic sites, including mitochondria
and the Golgi apparatus (Reggiori et al. 2005; Mari et al.
2010). The recycling of Atg9 from the PAS depends on
several other Atg proteins, including Atg1 and Atg13
(Reggiori et al. 2004). In the atg1D mutant strain, Atg9 was
trapped in the PAS as a single punctum, which was different
than the multiple puncta found in wild-type cells. The
localization of GFP-tagged Atg9 was detected in the WT and
tip20-5 strains in starvation conditions. As shown in ﬁgure 3A, multiple Atg9-3XGFP puncta were formed in WT
and tip20-5 mutant cells at both 26°C and 37°C. When
ATG1 was deleted in WT and tip20-5 cells, Atg9-3XGFP
was concentrated as a single punctum that colocalized with
RFP-Ape1 (PAS marker) at both 26°C and 37°C (ﬁgure 3B),
and no difference was found between the two strains. These
results indicated that the normal trafﬁcking of Atg9 between
the PAS and several intracellular organelles does not require
Tip20. Therefore, the mislocalization of Atg8 in the tip20-5
strain is caused by other factors.

3.5 Subcellular localization of multiple Atg8 puncta
in tip20-5 mutant cells
In general, Tip20 is localized in the ER membrane. Therefore,
we investigated whether the multiple Atg8 puncta were

Figure 4. Multiple GFP-Atg8 puncta were trapped in the ERES
in tip20-5 mutants during autophagy. WT and tip20-5 mutant cells
co-expressing GFP-Atg8 with DsRed-HDEL or Sec13-tdTomato
were treated as described in Materials and Methods. Experiments
were repeated three times, and the results from a single experiment
are shown. Scale bars, 5 lm. Arrows point to the colocalization
between GFP-Atg8 and Sec13-tdTomato. Quantitation of the
percent of GFP-Atg8 puncta colocalized with red puncta in
ﬁgure 4. At least 300 cells were counted in at least three ﬁelds
for each strain. Error bars represent standard deviation. P values; *,
P \ 0.05; N.S., no signiﬁcance.

trapped in the ER or ERES in tip20-5 mutant cells. Strains
expressing GFP-Atg8 together with the DsRed-HDEL ER
marker and the Sec13-tdTomato ERES marker were generated.
Because autophagy was normal in WT cells, GFP-Atg8 was
distributed to one or no puncta in the cytoplasm, and the puncta
were rarely colocalized with DsRed-HDEL and Sec13-tdTomato. Because autophagy is blocked in tip20-5 mutant cells, a
small portion of the multiple Atg8 puncta was colocalized with
DsRed-HDEL, and the proportion of cells with the colocalization was similar to WT (ﬁgure 4). However, approximately
19% of the multiple Atg8 puncta was colocalized with Sec13tdTomato, which was signiﬁcantly greater than that in WT
(ﬁgure 4). These results suggested that a large proportion of
Atg8 is trapped in the ERES in tip20-5 mutant cells.

4. Discussion
Autophagy is a highly conserved physiological process in
eukaryotic organisms. Thus far more than 40 Atg proteins
that are directly involved in the regulation of autophagy in S.
cerevisiae and other fungi have been identiﬁed (Klionsky
et al. 2003). Recent studies have shown that many components of intracellular vesicle trafﬁcking are needed for
autophagy (Wang et al. 2015; Lemus et al. 2016; Yang and
Rosenwald 2016). In the secretory pathway, Tip20 plays an
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essential role in Golgi-to-ER vesicle transport and is
required for the COP I vesicle to fuse to the ER (Cosson
et al. 1997). The present study demonstrated that starvationinduced autophagy was partially impaired in tip20-5 mutants
at restrictive temperature (ﬁgure 1A and C). Because the
Golgi-to-ER retrograde transport was defective in tip20-5
mutants at 37°C, the requirement of Dsl1, a co-regulator of
Golgi-to-ER retrograde transport with Tip20, for starvationinduced autophagy was investigated. In dsl1-22 mutant cells,
the Golgi-to-ER retrograde transport was blocked, but
autophagy was normal at 37°C (ﬁgure 1B and D). Thus,
these ﬁndings demonstrated that the autophagy defect in
tip20-5 cells at high temperature is not due to blockade of
Golgi-ER retrograde transport.
GFP-tagged Atg8 is a marker that is often used to track
the process of autophagy. The present study showed, that
GFP-Atg8 was mislocalized and accumulated into multiple
puncta at non-permissive temperatures in tip20-5 mutants.
Furthermore, there were no complete autophagosomes in
tip20-5 cells (ﬁgure 2A), and the multiple GFP-Atg8 puncta
did not represent autophagosomes. In addition, only one of
the multiple Atg8 puncta was localized on the PAS in tip205 mutant cells (ﬁgure 2B). The formation of Atg8-PE
requires Atg5, and the trafﬁcking of Atg8-PE to the PAS
requires Atg1, Atg9 and Atg14 (Suzuki et al. 2007). To
elucidate the functions of Tip20 in autophagy, ATG1, ATG5,
ATG9 and ATG14 were separately deleted in tip20-5 mutant
cells. The present ﬁndings showed that Tip20 functions
downstream of Atg5 but upstream of Atg1, Atg9 and Atg14
(ﬁgure 2C), indicating that Tip20 acts before Atg8 transport
to the PAS. The targeting of Atg8 to the PAS depends on
Atg9. The anterograde trafﬁc of Atg9 to the PAS was normal
in tip20-5 cells, indicating that the defective localization of
Atg8 in tip20-5 cells was due to reasons other rather than
Atg9 (ﬁgure 3). In addition, multiple Atg8 puncta in tip20-5
mutant cells were located in the ERES and not the ER
(ﬁgure 4), suggesting that Tip20 was involved in Atg8
transport from the ERES to the PAS.
In addition to the normal function of Tip20 in controlling
Golgi-ER trafﬁc, the present study elucidated its novel role
in autophagy. The present study showed that tip20-5 cells
did not undergo starvation-induced autophagy at high temperature. The genetic analysis suggested that Tip20 functions
downstream of Atg5 but upstream of Atg1, Atg9 and Atg14.
Furthermore, Atg8 accumulated at the ERES in tip20-5
mutant cells rather than being transported to the PAS during
the beginning of autophagy.
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