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Autophagy receptor optineurin promotes autophagosome formation
by potentiating LC3-Il production and phagophore maturation

Megha Bansal, Shivranjani C Moharir, and Ghanshyam Swarup

CSIR-Centre for Cellular and Molecular Biology, Hyderabad, India

ABSTRACT

Autophagy is an essential physiological process that maintains cellular homeostasis by eliminating
harmful protein aggregates, damaged organelles and certain pathogens through lysosomal
degradation. During autophagy specialized structures, known as autophagosomes are formed that
recruit the cargo through autophagy receptors, and deliver it to lysosomes. Optineurin (Optn) is an
autophagy receptor that mediates cargo selective autophagy. Recently, we have identified a novel
function of Optn that promotes autophagosome formation during non-selective autophagy. Optn-
deficient cells show reduced formation of autophagosomal protein LC3-ll and lower number of
autophagosomes as well as autolysosomes. Interestingly, formation of phagophores is increased in
Optn-deficient cells. This suggests that Optn promotes autophagosome formation by potentiating
LC3-Il production and phagophore maturation. Phosphorylation of Optn at Ser-177 is required for
promoting autophagosome formation. Here, we discuss various aspects of the role of Optn in the
formation of autophagosomes and Atg16L1-positive vesicles. We also discuss the potential role of
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Rab1a-Optn interaction.

Autophagy is a cellular waste disposal process that
removes damaged organelles, aggregated and damaged
proteins and invading pathogens, by delivering them to
lysosomes where degradation takes place [1,2]. An opti-
mal level of autophagy is essential to maintain cellular
homeostasis. Deregulation of autophagy is involved in
some human disorders, including neurodegenerative dis-
eases and cancer [3]. Under conditions of nutrient star-
vation, autophagy provides nutrients by degrading
cytoplasmic components. During autophagy specialized
double membrane structures known as autophagosomes
are formed that recruit the cargo to be degraded and
deliver it to lysosomes [1]. Initially a double membrane
cup-shaped structure called phagophore (isolation mem-
brane) is formed that grows and matures into autopha-
gosome [4]. The autophagosomal protein LC3-II plays a
crucial role in expansion and closure of the phagophore
to form the autophagosome [5]. The recruitment of
cargo to the autophagosome needs interaction of LC3-II
with specialized proteins known as autophagy receptors,
which recognize the cargo [2]. Optineurin (Optn) is an
autophagy receptor that mediates autophagic clearance
of bacteria, damaged mitochondria and mutant protein
aggregates (Fig. 1). Optn recognizes ubiquitinated cargo
through its ubiquitin-binding domain and delivers it to
the autophagosome [6,7]. The recruitment of cargo to

the autophagosome is facilitated by the interaction of
Optn with LC3-II (7). This implies that recruitment of
cargo to the autophagosome occurs after (or at the same
time as) LC3-II formation. Recently, we reported a novel
function of Optn in phagophore maturation that pro-
motes LC3-II production and autophagosome formation
during basal and starvation induced autophagy, which
are considered as non-selective autophagy [8].
Optn-deficient mouse embryonic fibroblasts (MEFs)
showed reduced formation of LC3-1I and lower number
of autophagosomes under basal condition and also upon
induction of autophagy by starvation. However, the
number of phagophores was not reduced but increased
in Optn-deficient cells [8]. This clearly indicated that in
Optn-deficient cells autophagosome formation is
reduced due to reduced LC3-II formation and inefficient
maturation of the phagophore. Formation of LC3-II
occurs by conjugation of LC3-I with the lipid phosphati-
dyethanolamine through a ubiquitination-like reaction,
which is mediated by a complex of autophagy-related
proteins, the Atgl2-5-16L1 complex [9]. Optn-deficient
cells showed reduced number of Atgl2/16L1-positive
vesicles and also showed reduced co-localization of
Atgl2/16L1 with Wipi2-positive phagophores [8]. Optn
interacts with Atg5 and is seen in Atgl2/16-positive
vesicles. Thus, it appears that Optn, through its
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Figure 1. (A) Schematic showing functional domains and some mutations in human optineurin. E50K and M98K mutations are associ-
ated with glaucoma, whereas E478G is associated with amyotrophic lateral sclerosis. LIR, LC3-interaction region; UBD, ubiquitin-binding
domain; ZF, zinc finger. (B) Various functions of optineurin in autophagy.

interaction with Atg5, facilitates recruitment of Atgl2-
516L1 complex to Wipi2-positive phagophore that pro-
motes LC3-II production and maturation of phagophore.
This is shown schematically in Fig. 2. Knockdown of
Optn in some other cell types also leads to reduced auto-
phagosome formation [10,11].

TBKI1 mediated phosphorylation of OPTN at Ser-177
residue has been shown to enhance its LC3-II binding
and promote autophagy-mediated clearance of cytosolic
Salmonella [7]. The phospho-defective mutant of OPTN,
S177A is defective in autophagosome formation, but

shows normal co-localization with Atgl2-positive phag-
ophores [8]. Previously, we have observed that M98K
polymorphism in OPTN, associated with glaucoma,
shows enhanced Tbkl-mediated phosphorylation at Ser-
177, which is required for increased LC3-II production
and autophagosome formation in retinal cells [11]. Thus,
we have identified a novel function of Optn phosphory-
lation at Ser-177 that promotes autophagosome forma-
tion possibly by enhancing LC3-II production. But the
precise role of this phosphorylation in promoting LC3-II
production is not clear.
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Figure 2. Optineurin promotes autophagosome formation by facilitating the recruitment of the enzyme Atg12-5-16L1 complex to the
Wipi2-positive phagophore. In Optn-positive (wild type) cells, recruitment of Atg12-5-16L1 complex to the phagophore is enhanced
that results in higher production of LC3-ll, which is required for expansion and closure of the phagophore to form autophagosome.
Phosphorylation of optineurin at S177 is required for promoting autophagosome formation, and phospho-optineurin is seen on the

phagophore.®



Optn has a role in various membrane vesicle traffick-
ing pathways, in addition to its role in autophagy [6].
Therefore, a defect in vesicle trafficking may contribute
to reduced co-localization between Atgl2/16L1 and
Wipi2-positive phagophores seen in optineurin-deficient
cells. The interaction of myosin-VI with Optn is involved
in autophagosome-lysosome fusion, which is unlikely to
affect phagophore maturation, because it is a down-
stream step. This is supported by the observation that
the knockdown of myosin-VI results in accumulation of
LC3-II and autophagosomes [12]. Optn also has a role in
Rab8-mediated endocytic trafficking and recycling of
transferrin receptor [13]. Transferrin receptor co-local-
izes with autophagosomal membrane [14] but it does not
co-localize with Wipi2 or Atgl6L1-positive vesicles
(M. Bansal and G. Swarup, unpublished observations).
Therefore, Optn-Rab8-mediated trafficking of transfer-
rin receptor-positive endosomes/recycling endosomes
may not affect recruitment of Atgl2-5-16L1 to Wipi2-
positive phagophore. However, the process of recruit-
ment of Atgl2-5-16L1 vesicle to Wipi2-positive phago-
phore (which is a membranous structure) may itself be a
type of vesicle trafficking and fusion process. The precise
role of Optn and the mechanisms involved in this pro-
cess require further investigation.

Recently Rabla has been shown to interact with Optn
and this interaction is suggested to be required for auto-
phagosome formation [10]. However, the mechanisms
are yet to be explored. Rabla is a small GTPase protein
involved in vesicle trafficking from the endoplasmic
reticulum to the Golgi complex. Rabla is also involved
in initial stages of autophagosome formation [15]. It was
shown in this study that knockdown of Rabla causes
mislocalization of Atg9 and inhibits formation of omega-
some, which is a precursor of phagophore during auto-
phagosome formation. We found that the deficiency of
optineurin does not lead to decrease in the number of
phagophores. This indicates that optineurin is not likely
to be involved in omegasome formation. What is the role
of Rabla-Optn interaction in autophagy? Since Rab pro-
teins are generally involved in regulating vesicle traffick-
ing, Rabla-Optn interaction may be involved in
regulating a vesicle trafficking step required for autopha-
gosome formation, such as trafficking of Atgl2-5-16L1-
positive vesicles to the phgophore, or trafficking of Atg9
vesicles. However, it is important to point out that
although both Rabla and Optn are required for autopha-
gosome formation, there is no clear evidence to show
that their interaction is required for autophagosome
formation.

Reduced number and size of Atgl6L1-positive vesicles
in Optn-deficient cells was not due to lower level of
Atgl6L1 protein. In fact the level of Atgl6L1 in Optn-
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deficient cells was significantly higher during starvation-
induced autophagy [8]. This suggests that Optn is
required for efficient recruitment of cytosolic Atgl6L1
into the vesicles. Atgl6L1 is involved in the delivery of
membrane from plasma membrane to the autophago-
some, which is needed for autophagosome biogenesis
[16]. By facilitating the recruitment of Atgl6L1 into the
vesicles, Optn may be involved in the delivery of mem-
brane to the autophagosome. How Optn promotes for-
mation of Atgl6L1-positive vesicles is yet to be
investigated. Optn may be involved directly or indirectly
in the formation (budding) of Atgl6L1-positive vesicles,
and/or in the recruitment of Atgl6L1 into the vesicles.

Certain mutations in OPTN are associated with glau-
coma, an eye disease that causes irreversible blindness,
and amyotrophic lateral sclerosis (ALS), a motor neuron
disease [17,18]. An ALS-associated mutant of OPTN,
E478G, is not only deficient in autophagosome forma-
tion and recruitment to the phagophore, but it also
shows reduced formation of Atgl6L1-positive vesicles
(8].

Overall, our studies have identified a new function of
the autophagy receptor Optn in autophagosome forma-
tion that is required for efficient LC3-II production and
phagophore maturation during basal and starvation-
induced autophagy; this may have implications for ALS
pathogenesis. This work has also revealed an unexpected
role of Optn in the formation of Atgl6LI1-positive
vesicles.
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