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Abstract

During autophagy, double-membrane vesicles called autophagosomes capture and degrade the intracellular
cargo. The de novo formation of autophagosomes requires several vesicle transport and membrane fusion
events which are not completely understood. We studied the involvement of exocyst, an octameric tethering
complex, which has a primary function in tethering post-Golgi secretory vesicles to plasma membrane, in
autophagy. Our findings indicate that not all subunits of exocyst are involved in selective and general
autophagy. We show that in the absence of autophagy specific subunits, autophagy arrest is accompanied by
accumulation of incomplete autophagosome-like structures. In these mutants, impaired Atg9 trafficking leads
to decreased delivery of membrane to the site of autophagosome biogenesis thereby impeding the elongation
and completion of the autophagosomes. The subunits of exocyst, which are dispensable for autophagic
function, do not associate with the autophagy specific subcomplex of exocyst.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Autophagy is an intracellular catabolic process
involving capture of cytosolic cargo by double-
membrane vesicular structures called autophago-
somes. These autophagosomes then fuse with
lysosomes (vacuoles in yeast) leading to degrada-
tion of the cargo [1]. Studies by various groups have
led to the identification of more than 40 ATG proteins
(Autophagy Related Genes) and several accessory
components. The molecular mechanisms of how
these proteins function in the process of autophagy
have been deciphered to a substantial extent [2].
Autophagosome biogenesis is a complex process
that begins with the assembly of autophagy initiation
complex (Atg1 complex) at PAS (Pre-autophagoso-
mal structure, a perivacuolar autophagosome bio-
genesis site in yeast) followed by activation of

VPS34 complex at this site to produce PI3P locally,
thereby leading to the recruitment of other core
autophagy proteins and nucleation of precursor
autophagosome membrane. This nascent structure
known as the phagophore further expands into
double-membrane vesicle by addition of membrane
derived from various sources mediated by Atg9
vesicles [3,4].
Atg9 is an integral membrane protein that appears

as multiple puncta in cytoplasm [5]. These puncta
represent the peripheral pool of Atg9 containing
vesicles, which deliver membrane to PAS allowing
for autophagosome expansion. These Atg9 vesicles
are known to be derived from various membrane
sources including Golgi associated secretory path-
way [6–11].
Various secretory pathway proteins were shown to

be important for the process of autophagosome

0022-2836/© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/). Journal of Molecular Biology (2019) 431, 2821–2834
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Multifaceted Housekeeping Functions 
of Autophagy

1 Introduction
Autophagy, an intracellular evolutionarily con-
served process, involves engulfment of unwanted 
proteins and organelles by double-membrane 
vesicles, called autophagosomes, which then fuse 
with the lysosomes/vacuole, and the engulfed 
cargo is subsequently degraded. It is a cell sur-
vival mechanism under stress conditions and it 
also play important roles in many other intra-cel-
lular processes like protein and organelle turno-
ver and transport of some of the vacuolar 
enzymes. This process can be divided into various 
steps, including autophagy induction, nucleation, 
autophagosome formation, maturation, fusion 
with the lysosomes/vacuole, degradation of the 
cargo, and recycling of the precursor molecules, 
such as amino acids, lipids, and nucleotides, back 
to the cytoplasm. Autophagy is a tightly regulated 
cellular mechanism and its flux varies depending 
on the cell type(s) of an organism. Autophagy is 
involved in various physiological roles, such as 
cellular homeostasis, embryonic development, 
antigen presentation, protein quality control, and 
maintenance of the amino-acid pool during star-
vation conditions. It is also implicated in various 
pathophysiological diseases, such as infection, 
cancer, diabetes, and neurodegeneration.

Autophagosomes: The “Pac-
Man” like double membrane 
vesicles involved in macroau-
tophagy.

Sarika Chinchwadkar, Sreedevi Padmanabhan, Piyush Mishra, Sunaina Singh, 
S. N. Suresh, Somya Vats, Gaurav Barve, Veena Ammanathan and Ravi Manjithaya*

J. Indian Inst. Sci.

A Multidisciplinary Reviews Journal

ISSN: 0970-4140 Coden-JIISAD

Abstract | Autophagy is an evolutionarily conserved intracellular deg-
radation process in which cytoplasmic components are captured in 
double membrane vesicles called autophagosomes and delivered to lys-
osomes for degradation. This process has an indispensable role in main-
taining cellular homeostasis. The rate at which the dynamic turnover of 
cellular components takes place via the process of autophagy is called 
autophagic flux. In this review, we discuss about the orchestrated events 
in the autophagy process, transcriptional regulation, role of autophagy 
in some major human diseases like cancer, neurodegeneration (aggre-
phagy), and pathogenesis (xenophagy). In addition, autophagy has non-
canonical roles in protein secretion, thus demonstrating the multifaceted 
role of autophagy in intracellular processes.
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Although autophagy is predominantly a 
cytosolic event, the nucleus exerts a consider-
able control in the extent of autophagy response, 
especially during adverse conditions, such as 
starvation. Depending on the cargo it captures, 
autophagy is broadly classified as general and 
selective autophagy. For example, as a response 
to nutrient deprivation, general autophagy is 
triggered where it captures random portion of 
cytosol. In contrast, selective autophagy ensures 
specific capture of cytosolic cargo, such as dam-
aged or superfluous organelles. When selective 
autophagy captures and degrades mitochondria, 
the process is termed as mitophagy. Similarly, 
autophagic degradation of peroxisomes (pex-
ophagy), Golgi (golgiphagy), ER (ER-phagy), 
ribosomes (ribophagy), etc., have been docu-
mented.1 The genes comprising the autophagy 
machinery are named as ATG (AuTophaGy 
related gene).1

2  Process of Autophagy
2.1  Autophagy Induction
The initial characterization of autophagy flux 
with respect to involvement of molecular play-
ers was carried out in yeast extensively. Although 
recycling of the cytoplasmic contents happens at 
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Septins are involved at the early stages of macroautophagy
in S. cerevisiae
Gaurav Barve1, Shreyas Sridhar1, Amol Aher1, Mayurbhai H. Sahani1, Sarika Chinchwadkar1, Sunaina Singh1,
Lakshmeesha K. N.1, Michael A. McMurray2 and Ravi Manjithaya1,*

ABSTRACT
Autophagy is a conserved cellular degradation pathway wherein
double-membrane vesicles called autophagosomes capture long-lived
proteins, and damaged or superfluous organelles, and deliver them to
the lysosome for degradation. Septins are conserved GTP-binding
proteins involved in many cellular processes, including phagocytosis
and the autophagy of intracellular bacteria, but no role in general
autophagy was known. In budding yeast, septins polymerize into ring-
shaped arrays of filaments required for cytokinesis. In an unbiased
genetic screen and in subsequent targeted analysis, we found
autophagy defects in septin mutants. Upon autophagy induction,
pre-assembled septin complexes relocalized to the pre-
autophagosomal structure (PAS) where they formed non-canonical
septin rings at PAS. Septins also colocalized with autophagosomes,
where they physically interacted with the autophagy proteins Atg8 and
Atg9. When autophagosome degradation was blocked in septin-
mutant cells, fewer autophagic structures accumulated, and an
autophagy mutant defective in early stages of autophagosome
biogenesis (atg1Δ), displayed decreased septin localization to the
PAS. Our findings support a role for septins in the early stages of
budding yeast autophagy, during autophagosome formation.

This article has an associated First Person interview with the first
author of the paper.

KEY WORDS: Autophagy, Noncanonical ring, Septin,
Autophagosome biogenesis, Pre-autophagosomal structure, PAS,
Atg9 trafficking

INTRODUCTION
Macroautophagy (herein autophagy) is an evolutionarily conserved
intracellular waste disposal and recycling process that is critical for
normal cellular and organismal homeostasis. Autophagy involves
the formation of double-membrane vesicles called autophagosomes
that engulf intracellular material destined for degradation.
Autophagosomes eventually fuse with vacuoles or lysosomes,
resulting in cargo degradation and recycling of cellular building

blocks, such as amino acids, back to the cytoplasm. The biogenesis
of autophagosomes remains incompletely understood.

In budding yeast cells, the site of autophagosome formation
is known as the pre-autophagosomal structure (PAS) and is
perivacuolarly located. Recent work has shown that the PAS
is tethered to endoplasmic reticulum (ER) exit sites where multiple
autophagy proteins colocalize in a hierarchical sequence (Graef
et al., 2013; Suzuki et al., 2007). The membrane source for the
developing autophagosome is contributed by the trafficking of Atg9
along with its transport complex (Atg1–Atg11–Atg13–Atg23–
Atg27–Atg2–Atg18–TRAPIII) to help build the initial cup-shaped
structure, the phagophore (Legakis et al., 2007; Reggiori et al., 2004;
Tucker et al., 2003). Additional recruitment of the Atg5–Atg12–
Atg16 complex as well as Atg8 allows the completion of the
autophagosome (Feng et al., 2014).

Septin proteins bind guanine nucleotides and co-assemble in
hetero-oligomers capable of polymerizing into cytoskeletal filaments
(Mostowy and Cossart, 2012). Septin filaments associate directly
with membranes in a curvature-dependent manner (Bridges et al.,
2016) and regulate membrane dynamics, including vesicle fusion
events (Mostowy and Cossart, 2012). In immune cells, septins also
localize transiently to the phagocytic cup and are functionally
involved in phagocytosis (Huang et al., 2008). Septins have been
implicated in autophagy in mammalian cells infected by intracellular
bacteria, where they form cage-like structures around the bacterial
cells that colocalize with the autophagosome marker autophagosome
marker MAP1LC3A, the homolog of yeast Atg8. It is believed that
these structures entrap bacteria, restricting their motility and targeting
them for autophagy-mediated degradation (Mostowy et al., 2009,
2010). During Shigella infection, assembly of septin cages and the
autophagosome in the host mammalian cells are interdependent
(Mostowy et al., 2010, 2011; Sirianni et al., 2016). Despite these
findings, it remains unclear to what extent septins contribute to
autophagy outside the context of bacterial infection (Torraca and
Mostowy, 2016).

In S. cerevisiae cells undergoing mitotic proliferation, five septin
proteins – Cdc3, Cdc10, Cdc11, Cdc12 and Shs1 – comprise an
array of filaments that is directly associated with the plasma
membrane at the mother–bud neck, and controls cell polarity, bud
morphogenesis and cytokinesis (Glomb and Gronemeyer, 2016; Oh
and Bi, 2011). Upon nitrogen starvation, diploid yeast cells undergo
meiosis and sporulation, during which a cup-shaped double-
membrane structure, the prospore membrane (PSM), engulfs
haploid nuclei and other organelles to form stress-resistant spores
(Neiman, 2005, 2011). Yeast septins are required for proper PSM
biogenesis (Heasley and McMurray, 2016), but there was no known
role for septins in yeast autophagy. Here, we describe autophagy
defects in septin-mutant strains and physical interactions between
septins and established autophagy factors that support a functional
role for septins in yeast autophagy.Received 29 July 2017; Accepted 10 January 2018
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