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Abstract

From the pursuit of eternal life in ancient civilizations to the comprehensive study of aging mechanisms
in modern science, humanity has consistently focused on the phenomenon of aging. In aging research,
yeast is frequently utilized as a model organism due to its straightforward genetic manipulation and
conserved aging pathways. Recent studies increasingly demonstrate that autophagy plays a crucial role in
regulating cellular lifespan and aging, with its mechanisms involving oxidative stress, genomic stability,
and metabolic regulation. This review primarily examines the impact of autophagy on the regulation of
yeast cell lifespan and explores how modulating autophagy can delay cellular aging, offering insights that
may be applicable to other organisms in their quest to postpone aging.
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Introduction

Aging is a complex biological process, involving the interaction of heredity, cell molecules,
environment, lifestyle and other aspects [1]; And aging often leads to the irreversible decline
of body function with the increase of age, which leads to a variety of pathologies and diseases,
such as cardiovascular diseases, neurodegeneration and cancer [2,3], which brings huge
economic burden to society and families [4]. Further approaches that are able to regress
(or at least delay) the onset of pathogenic age-related decline are urgently needed. In recent
years, such studies have been performed in a wide array of model organisms, from in vivo
vertebrate and invertebrate animal studies to in vitro donor-derived cultured cell studies,
as well as experiments in the highly genetically tractable yeast [5]. Strikingly, many of the
mechanisms that contribute to cellular aging appear to be conserved from yeast to humans
[6]. And some studies found that autophagy, oxidative stress, and telomerase activity are
key mechanisms related to aging. At the same time, a study found that ATG may act through
multiple mechanisms to become an effective anti-aging molecule [4]. Therefore, the study
of aging mechanism mostly focuses on the study of autophagy mechanism, and through the
regulation of autophagy to achieve the treatment of many chronic diseases and delay the life
of the body. Autophagy is a highly conserved subcellular catabolic pathway in eukaryotes. It is
a process in which cells break down damaged protein, dysfunctional mitochondria and even
intracellular invasive microorganisms through lysosomes or vacuoles to provide energy for
cells, maintain intracellular physiological balance and help cells survive adversity. It is very
important for development, cell survival and degradation of dysfunctional organelles and
potentially toxic aggregates [7], and it is a key regulator for maintaining cell stability [8]. It
plays an important role in prolonging life, and it has been shown that increasing autophagy
can delay aging [9-14]. Therefore, in this review, we focus on some molecular mechanisms of
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autophagy and longevity regulation and how to delay the aging of
organisms by regulating autophagy.

Core molecular mechanism of autophagy

Types of yeast autophagy: Under normal physiological
conditions, autophagy in the organism is maintained at a relatively
low level, and it plays the role of cell housekeeper to maintain
the intracellular environmental homeostasis; However, under the
pressure stimulation of long-term hunger, nutritional deficiency,
tissue development and reconstruction, oxidative stress and
organelle damage, the body can induce autophagy and degrade
its own components, providing a minimum source of nutrition
for survival. Autophagy mainly decomposes damaged protein,
dysfunctional
microorganisms through lysosomes or vacuoles in cells. Therefore,
autophagy can be divided into macroautophagy, microautophagy,
chaperone-mediated autophagy, and DNautophagy/RNautophagy
[15] according to the different ways in which substrates enter
lysosomes. Among them, macro autophagy accounts for most

mitochondria and even intracellular invasive

autophagy activity, which is the main degradation pathway for
accumulating protein and damaged organelles in cells. In addition,
according to the specificity of autophagy degradation substrate,
yeast autophagy can be divided into selective autophagy and
non-selective autophagy [13]; Among them, according to the
different types of substrates, selective autophagy can be divided
into mitophagy, ribophagy, reticulophagy/ ER-phagy, pexophagy,
lysophagy, lipophagy, nucleophagy, xenophagy [14].
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Figure 1: Mechanism of autophagy [12].

Core molecular mechanism of autophagy: Autophagy
is a complex process of self-degradation. The current research
shows that autophagy involves five key steps: (1) Induction and
regulation of autophagy: the induction of autophagy is regulated
by many ways, among which AMPK and mTOR signal transduction
pathways can start autophagy, and their functions are to regulate
the opening of autophagy through the response of cells to stress
(such as hunger or oxidation); (2) Autophagy precursor assembly:
activated kinase JNK destroys Beclinl/BCL-2 and Beclinl/BIM
complexes by phosphorylating bcl-2 and BIM to release Beclinl;
Free Beclinl activates VPS34 and combines with it to form complex
PI3K, which produces PI3P to promote the extension of autophagic
vesicles [15]. (3) Extension of autophagy: PI3P produced by PI3P

complex can recruit ATG proteins, and these recruited proteins
form complex ATG5-ATG12-ATG16L, and then these complexes
fuse with autophagy vesicles to form autophagy. (4) LC3 is inserted
into autophagy through a series of reactions. (5) Autophagy and
lysosome fuse to form autophagy lysosome. STX17 combines with
SNAP29 and VAMPS8 to form SNARE complex, which is transferred
to autophagy membrane, so that lysosomes fuse with autophagy
and form autophagy lysosomes. Finally, cell goods are degraded
into small molecules by lysosomes and recycled (Figure 1).

Autophagy and yeast longevity regulation: There are
two commonly used methods to measure yeast cell senescence:
sequential life (CLS) or replication life (RLS) [1,16]. The
measurement of replication lifetime (RLS) is to calculate the number
of daughter cells produced by each actively dividing mother cell.
The sequential life (CLS) is measured by the best ability of culture
in quiescent period (GO) to survive for a period of time [16,17].

Moderately enhance autophagy and delay aging: A large
number of studies have found that increasing autophagy in
moderation can delay aging. For example, the overexpression of Sir2
can significantly prolong the RLS of yeast replication aging, and it is
accompanied by the up-regulation of autophagy level [1]; Siqgi Chen
[18] and others found that ATG can enhance autophagy by targeting
protein phosphatase 2A (PP2A), thus prolonging the life span. At
the same time, the antioxidant capacity of ATG was evaluated, and
it was found that ATG increased the activity of antioxidant enzymes,
thus reducing the levels of reactive oxygen species (ROS) and
malondialdehyde (MDA), thus improving the survival rate of yeast
under oxidative stress. In addition, ATG can improve the expression
of EST1, EST2 and EST3 genes in yeast. Hung Ching Cui et al. found
that deletion of autophagy-related gene ATG8 or SAC1 shortened
the replication life of yeast cells.

Cell death caused by imbalance of autophagy regulation:
Autophagy is the main means for cells to degrade the whole
organelle, but this self-degradation ability of cells is very risky.
Proper autophagy can delay the life of cells, but excessive
autophagy is likely to be harmful to organisms. Some recent studies
have found that autophagy can also occur in the nucleus, which
is called macronuclear autophagy and micronucleus autophagy
[19-21]. In the absence of nitrogen, abnormal enhancement of
micronucleus autophagy will occur in the nucleus of ATG39-
deficient mutant yeast strains, leading to excessive degradation of
nuclear components and accelerating cell death [22]. In addition,
excessive endoplasmic reticulum autophagy can also cause cell
death. Endoplasmic reticulum is the largest organelle in eukaryotic
cells, which can form a complex cell quality control network by
contacting with other organelle membranes, and participate in Ca?*
homeostasis and protein synthesis [23]. In the process of excessive
endoplasmic reticulum autophagy, autophagic vacuoles produced
are about five times that produced in cells under physiological
conditions and twice that produced under stress [24]. Double
autophagy means double energy consumption, and a large amount
of energy consumption eventually accelerates cell aging and even
leads to cell death [12].

] Biotech Biores

Copyright © Zunxi Huang



JBB.MS.ID.000624. 5(5).2025

804

Natural compounds prolong yeast life through autophagy:
Natural compounds are chemical substances with pharmacological
or biological produced by plants,
microorganisms in the natural world. Many studies show that
natural compounds have certain therapeutic effects on many
chronic diseases, and the appearance of these chronic diseases is
inseparable from the growth of the body’s age, especially in aging
organisms. Autophagy is a means to delay aging, and it seems to be

activities animals and

an effective way to use natural compounds to regulate autophagy
pathway to delay aging. Many research results also prove the
feasibility of this method. In recent years, many studies have
reported that plant-derived compounds exert anti-aging effects
by inducing autophagy. In the present Yanan Liu study, replicative
lifespan and chronological lifespan assays of yeast were used
to double-screen antiaging compounds from Gentiana rigescens
Franch, a Chinese herb medicine. Inokosterone from G. rigescens
Franch extended not only the replicative lifespan of K6001 yeast
but also the chronological lifespan of YOM36 yeast. Furthermore,
it can enhance the survival ability of mammalian cells [25]. In Siqi
Chen study, arctigenin (ATG), a senomorphic, was screened from
the Chinese medicine Fructus arctii using K6001 yeast replicative
lifespan. Autophagy, oxidative stress, and telomerase activity
are key mechanisms related to aging. Furthermore, The Didac
Carmona-Gutierrez team research reported the identification of the
flavonoid 4,4'-dimethoxychalcone (DMC) as a natural compound
with anti- ageing properties. External DMC administration extends
the lifespan of yeast, worms and flies, decelerates senescence of
human cell cultures, and protects mice from prolonged myocardial
ischaemia. Concomitantly, DMC induces autophagy, which is
essential for its cytoprotective effects from yeast to mice.

Summary

Here, we briefly review the molecular mechanism related to
autophagy pathway and the regulation mechanism of autophagy
on cell life, but autophagy is a complex process caused by many
factors, and the current research can't fully explain it, and the
diversity of organisms also determines the multifaceted nature
of autophagy, and many problems have not been solved so far. In
particular, the use of natural compounds to induce autophagy and
thus delay aging, in this process, the selection and dosage of natural
compounds and how to accurately regulate autophagy to achieve
the normal physiological process of cells and the mechanism of
delaying cell aging are still unclear, which limits the application of
plant-derived compounds in the treatment of many diseases caused

by aging.
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