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The aim of the review manuscript is to provide an over-view of the close relation between ubiquitin and the selective
process of autophagy. We described how ubiquitin determine the selectivity towards different cellular component and how
it may influence autophagy receptors activity. Precisely, we discussed the role of the ubiquitin signal in each type of
selective autophagy.
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| 1. Introduction

The cellular life cycle is complex, having to contend with ever-changing and at times competing internal and
environmental demands, can be stressful. Fail-safe degradation mechanisms are therefore required for the effective
disposal of potentially toxic and harmful components and their recycling into building blocks needed for biosynthesis.
These degradation systems are vital for the survival and continuity of both long-lived and dividing cells. Several cellular
degradation processes have evolved to fill this need and their importance is illustrated through their conservation across
evolution, and the pathology that ensues with their perturbance 12,

The ubiquitin-proteasome and autophagy-lysosome are the two major cellular degradation systems found in eukaryotic
cells and organisms. These processes have remained conserved among species and failure of either one can result in the
accumulation of toxic or damaged proteins and organelles, culminating in a number of severe pathologies including
cancer, failure to thrive, degenerative diseases, and premature death W&, The ubiquitin-proteasome pathway mainly
relies on the 26S proteasome for the final degradation of its substrates &, Considered to be the more selective of the two
degradation systems, proteasomal substrates are largely composed of individual proteins, requiring large complexes to be
disassembled before degradation can take place . The autophagy-lysosome pathway utilizes double membraned
vesicles, termed autophagosomes, for the encapsulation and delivery of components to the lysosome for breakdown [,
Autophagy substrates tend to be larger, including protein aggregates, organelles- either in their entirety or select portions,
and invading pathogens. Although autophagy was historically considered to be a bulk degradation pathway, it is now
universally accepted that it can be quite selective, with a wide range of substrates under its jurisdiction. Despite the two
degradation mechanisms being fairly distinct, they both appear to utilize ubiquitin modification for substrate recognition .
It is intriguing that two seemingly independent degradation pathways, which have evolved largely different components
and substrates, converge on the same PTM for cargo recognition. This suggests some crosstalk and redundancy between
these pathways, with ubiquitin acting as a universal degradation signal.

| 2. Autophagy

Macroautophagy, herein on termed Autophagy, is a cellular recycling mechanism responsible for cellular housekeeping
and turnover during steady-state conditions and nutrient scavenging during starvation. This process involves the formation
of double membraned vesicles, known as autophagosomes, around a substrate or a cytoplasmic domain, and the
subsequent delivery of these vesicles to the lysosome for proteolytic degradation (Figure 1). Autophagy depends on core
autophagy proteins which contribute to the initiation of autophagosome formation, the lipidation of the autophagosomal
membrane protein Atg8/LC3/GABARAP, the fusion of the autophagosome to the lysosome, and finally, the degradation of
the autophagosome with its cargo within the lysosomal lumen . In 2016 Yoshinori Ohsumi received the Nobel prize in
Physiology and Medicine for his discovery of the mechanisms of autophagy in yeast. Ohsumi systematically uncovered
autophagy-related genes, classified as ATGs, and his discoveries resulted in an autophagy renaissance.
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Figure 1. Autophagy Induction: first a pre-autophagosome (phagophore) is formed by the lipidation of LC3. Cargo Selection: Ubiquitinated cargo is
tagged for degradation by autophagy receptors equipped with an LC3 binding motif and a ubiquitin binding domain. The Autophagosome is then
elongated around the cargo to be degraded. Fusion: the mature autophagosome fuses with the lysosome. Degradation and efflux: The contents of
the autophagosome are degraded by proteolytic enzymes within the lysosomal lumen and nutrients are released.

Once considered an indiscriminate bulk degradation process, autophagy is now well recognized for its selectivity. With the
aid of various receptors and signaling molecules, autophagy can discern between healthy cellular components and toxic
organelles, proteins, as well as invading organisms. Indeed, constitutive autophagy can be extremely selective and is
responsible for the removal of cellular components, like misfolded protein aggregates or exhausted organelles, to ensure
a proper physiological turnover 8. Moreover, autophagy induced by a specific trigger can also be very selective; for
instance, xenophagy induced by a pathogen infection triggers a selective autophagic response against the invading
organism. Likewise, when mitochondria are chemically depolarized, mitophagy ensues and targets strictly depolarized
mitochondria I Contrarily, autophagy induced by severe nutrient depletion may not be overly selective, as its sole
goal is nutrient liberation under conditions of cellular stress. With this in mind, various types of substrates are eliminated
through selective autophagy and this number is continuously on the rise. During selective autophagy, dysfunctional or
obsolete proteins and organelles are targeted for degradation by various receptors, which, in turn, entice the arrival of the
autophagosome. The selectivity in this process is largely mediated by PTMs such as phosphorylation and ubiquitination,
with UFMylation, ISGylation, and SUMOylation recently arising as potential PTMs, similar to Ubiquitination, that modulate
autophagy 24,

| 3. Selective autophagy

The benefits of selective autophagy are vast, as it allows for the surgical removal of targeted substrates. For instance, the
removal of mitochondria during hypoxia, organelle damage, or even when the organelle becomes obsolete, such as
during erythrocyte maturation, all occur selectively through mitophagy X3IR4I15] | bulk autophagy, the ubiquitination of
autophagic components often acts as a regulatory signal. However, when it comes to selective autophagy ubiquitination
also acts as a signal for cargo recognition, process initiation, and rate of autophagosome formation.

Generally, during selective autophagy, protein aggregates, damaged organelles or portions thereof are identified and
tagged for degradation by E3 Ub-ligases. Once cargos are tagged, ubiquitin acts as an “eat me” signal for autophagy
receptors, which further flag targets for degradation. Autophagy receptors are also implicated in segregating and
coalescing materials destined for autophagic degradation, effectively preparing them for the arrival of the phagophore.
Indeed, autophagy receptors harbor a UBL domain to sense Ub molecules, and a LIR domain to bind the
LC3s/GABARAPs, which are present on autophagosomal membranes. By binding to mATGS8s, cargo receptors promote
the recruitment of autophagosomal membranes around the Ub-tagged materials, eventually encapsulating them
completely. Mature autophagosomes are then delivered to the lysosome for degradation 281171,

Considering that potentially all cytosolic components could be selectively degraded via lysosomes, it is plausible that
selective autophagy plays a role in a number of diverse physiological processes and their associated diseases. The ability
to specifically target the elimination of desired cellular constituents presents great therapeutic potential for the treatment of
many diseases characterized by the accumulation of toxic materials including neurodegenerative diseases like
Huntington's and Alzheimer's, lysosomal storage diseases, and mitochondrial DNA disorders 181129 Moreover, selective
autophagy has also been implicated in chronic obstructive pulmonary disease (COPD) 2% as well as other pulmonary
disorders 2. Of note, one of the most well-studied functions of selective autophagy in human health is its role in
infections 22, Once bacteria invade the host cell, they are immediately labeled with ubiquitin chains and selectively
degraded via xenophagy [23. The removal of viral pathogens by selective autophagy is also termed virophagy 24123 Of



note, host cells counteract some types of viral infections, like flaviviruses and Ebola virus, by directly eliminating their

replicative niche in the endoplasmic reticulum, thus activating another form of selective autophagy named ER-phagy 28]
[27]
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