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A b s t r a c t :  

This article aims to delve into the maintenance mechanism of lysosomal 
membrane stability and its critical role in the process of autophagy. First, the 
basic structure and function of lysosomes are elaborated. Then, a detailed 
analysis of the mechanisms that maintain lysosomal membrane stability is 
provided, including the role of membrane proteins, the influence of lipid 
composition, and the regulation of intracellular environmental factors. 
Subsequently, the close connection between lysosomal membrane stability and 
the process of autophagy is explored, discussing aspects such as the fusion 
of autophagosomes with lysosomes, the release of lysosomal hydrolases, and 
activity regulation. Finally, future research directions for lysosomal membrane 
stability are prospected, aiming to provide a theoretical foundation and new 
ideas for research in related fields.
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1. Introduction
Lysosomes, as important organelles within cells, play 
a crucial role in material degradation and maintaining 
intracellular homeostasis. The stability of the lysosomal 
membrane is essential for its normal function. Once 
membrane stability is disrupted, it not only affects the 
function of the lysosome itself but also triggers a series 
of pathological changes within the cell. Autophagy is a 
highly conserved intracellular degradation pathway that 
is significant for the recycling of intracellular materials, 
renewal of organelles, and responding to various stress 

conditions. Lysosomes play a central role in the process 
of autophagy, and changes in membrane stability directly 
affect the efficiency and progress of autophagy. Therefore, 
in-depth research on the maintenance mechanism of 
lysosomal membrane stability and its impact on the 
process of autophagy has important theoretical and 
practical value for revealing the essence of cellular life 
activities and the pathogenesis of related diseases.
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2. Overview of Lysosomal Structure and 
Function 
As the basic unit of life activities, cells contain various 
organelles with specialized functions, among which 
lysosomes are a key component. In this chapter, we will 
delve into the structure and function of lysosomes. From 
their unique single-layered membrane structure to the 
rich and diverse hydrolytic enzyme systems within, and 
their vital roles in material degradation, maintaining 
homeostasis, and regulating signal transduction, we will 
gradually uncover the mysterious veil of lysosomes.

2.1 Structure of lysosome
Lysosome is a kind of vesicular single-layer membrane 
structure organelle widely distributed in animal cells, it is 
the ‘digestive workshop’ inside the cell, it can decompose 
the aging and damaged organelle, and phagocytose 
and kill the invading viruses or bacteria, in order to 
maintain the stability of the internal environment of 
the cell. Lysosome is a kind of cell organelle wrapped 
by a single membrane, which contains many kinds 
of hydrolysis enzymes, including protease, nuclease, 
lipase, glycosidase, etc. These hydrolysis enzymes have 
the best activity in acidic environment. There is a special 
H+ transport mechanism in the lysosomal membrane, 
which maintains the pH in the lysosome below 5.0, 
and the components of the lysosomal membrane are 
modified so that enzymes cannot act on themselves, 
which is conducive to the protection of its own structural 
integrity [1].

2.2 Functions of lysosomes
Lysosomes have extremely powerful degradation 
ability, when the cell through endocytosis ingests 
proteins, nucleic acids, polysaccharides and lipids 
and other macromolecules, the lysosome will start a 
series of complex hydrolysis process, the use of its rich 
hydrolytic enzymes will be the precise decomposition 
of these macromolecules into small molecules [2]. Part 
of these small molecules will be re-uptaken by the cell 
to participate in a new round of metabolic cycle, and 
the other part will be discharged out of the cell, thus 
efficiently realising the recycling of substances, reducing 
the waste of resources, and maintaining the dynamic 
balance of intracellular substances. In terms of cleaning, 

lysosomes perform particularly well, it can quickly and 
accurately identify and remove damaged organelles in 
the cell, all kinds of wastes accumulated due to metabolic 
abnormalities, as well as successfully resist the invasion 
of foreign pathogens, creating a stable, clean and suitable 
internal environment for the cell, which fundamentally 
guarantees the smooth and orderly operation of various 
physiological functions of the cell. Not only that, 
lysosomes are also deeply involved in the intracellular 
signal transduction process, through the precise regulation 
of the level of specific signal molecules, cleverly 
influencing the cell proliferation, differentiation and 
apoptosis and other key biological processes, occupying 
an indispensable key position in the precise regulation 
network of cellular life activities, just like the ‘intelligent 
commander’ of the cell interior. It is like an ‘intelligent 
commander’ inside the cell, controlling the fate of the cell 
at all times.

3.Lysosomal  membrane stabi l i ty 
maintenance mechanism
The maintenance of lysosomal membrane stability is a 
complex and delicate process involving the synergistic 
action of multiple factors. In this chapter, the maintenance 
mechanism will be analysed from three key aspects. 
Firstly, we will discuss the roles of membrane proteins in 
ion transport, structural stability and repair; then we will 
analyse the effects of sphingomyelin, phosphatidylinositol 
and cholesterol on the membrane properties; and finally, 
we will explain how environmental factors, such as 
intracellular redox state and pH, precisely regulate 
lysosomal membrane stability.

3.1 Role of membrane proteins
The stability of lysosomal membrane is one of the key 
factors to ensure the normal physiological function of 
the cell, and a variety of ion channels and transporter 
proteins on the membrane play an indispensable role. 
Take the proton pump on the lysosomal membrane (e.g. 
V-ATPase) as an example, it can continuously pump 
protons into the lysosome, thus creating and maintaining 
the acidic environment inside the lysosome [3]. This 
acidic environment provides suitable conditions for 
the optimal activity of hydrolases on the one hand, and 
on the other hand, it is also important for the stability 
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of the lysosomal membrane itself. At the same time, 
some cation transporter proteins play an active role in 
precisely regulating the balance of ion concentration 
inside and outside the lysosome, effectively preventing 
the membrane potential change and membrane stability 
damage caused by abnormal ion concentration.

In addition, some membrane-integrating proteins 
interact closely with membrane lipids to enhance the 
structural stability of the membrane. They build up stable 
transmembrane domains, so that the fluidity of membrane 
lipids is reasonably restricted, thus reducing the possibility 
of membrane deformation and rupture [4]. In addition, 
some membrane-integrated proteins also have the ability 
to participate in the membrane repair process, once the 
membrane is slightly damaged, they can quickly start the 
repair mechanism, timely repair of the damaged parts, to 
ensure that the lysosomal membrane always maintains its 
integrity, for the lysosome’s normal function.

3.2 Influence of lipid composition
The phospholipid composition of the lysosomal membrane 
shows unique characteristics, in which sphingomyelin, 
phosphatidylinositol and other components occupy a 
relatively high proportion. Sphingolipids, with their long 
fatty acid chains and significant hydrophobicity, provide 
strong support for the stability of lysosomal membranes 
[5]. The distribution of phosphatidylinositol in lysosomal 
membranes has a special pattern, which can interact with 
specific membrane proteins and then precisely regulate 
the physical properties and functional performance of the 
membrane.

In addition, cholesterol has a certain proportion in 
lysosomal membranes and plays a key role in regulating 
membrane fluidity and rigidity. After the appropriate 
amount of cholesterol is embedded in the phospholipid 
bilayer, the fluidity of the membrane can be cleverly 
maintained in an appropriate range, which ensures the 
membrane has sufficient flexibility and effectively avoids 
the stability reduction caused by excessive fluidity. 
Moreover, the interaction between cholesterol and some 
membrane proteins also affects the function and stability 
of these membrane proteins, which further highlights 
the importance of cholesterol in the maintenance of 
lysosomal membrane structure and function.

3.3 Regulation of intracellular environmental 
factors
The intracellular redox state is closely linked to lysosomal 
membrane stability and has a crucial influence. Under 
the specific condition of oxidative stress, a large number 
of reactive oxygen species (ROS) emerge, which trigger 
peroxidation of membrane lipids and cause oxidative 
modification of membrane proteins, and these negative 
effects can seriously damage the stable structure of 
lysosomal membranes [6]. However, the cell is equipped 
with appropriate antioxidant systems, such as glutathione 
peroxidase and superoxide dismutase, which can play an 
active role in scavenging the excess ROS to ensure the 
stability of lysosomal membranes.

The lysosome has an acidic environment, which is 
significant in maintaining the stability of its membrane. 
However, pH changes in other areas of the cell should not 
be ignored, as they indirectly affect lysosomal membrane 
stability. For example, abnormal increases or decreases 
in cytoplasmic pH can interfere with ionic homeostasis, 
affect the normal function of membrane proteins, and 
ultimately have a detrimental effect on lysosomal 
membrane stability. The good thing is that the cell has a 
complex and precise pH regulation mechanism, which 
aims to ensure that the lysosomal membrane is always in 
a suitable pH environment, and then maintain its stable 
state to ensure that the normal physiological activities of 
the cell can be carried out smoothly.

4. Influence of lysosomal membrane 
stability on the process of cellular 
autophagy
As an important pathway of cellular metabolism and 
recycling, the process of autophagy is precisely regulated 
by many factors, and lysosomal membrane stability 
plays a key role in it. In this chapter, we focus on how 
lysosomal membrane stability influences the process of 
autophagy. On the one hand, the key role of lysosomal 
membrane stability in the fusion of autophagosome and 
lysosome will be elaborated, and on the other hand, the 
mechanism of lysosomal hydrolase release and activity 
will be analysed in depth, so as to reveal the close and 
complex interconnection between the two.
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4.1 Fusion of autophagosome and lysosome
In the process of cellular autophagy, the stability of 
lysosomal membrane plays an indispensable role, which 
is closely related to the fusion of autophagosome and 
lysosome and has a direct causal relationship, which 
fundamentally influences the direction of this complex 
and delicate biological process.

Under normal circumstances, a stable lysosomal 
membrane provides a reliable foundation for the precise 
recognition between autophagosome and lysosome 
membranes, ensures that the integrity of the membrane 
structure required for fusion is firmly maintained in terms 
of physical and chemical properties, and thus contributes 
to the orderly and efficient fusion process, ensures that 
autophagic flow can circulate along the established 
track, and maintains the stable state of intracellular 
material metabolism and energy balance [7]. maintain 
the stable state of intracellular material metabolism and 
energy balance [7]. On the contrary, when the stability 
of the lysosomal membrane declines, the physical 
shape of the membrane will be distorted and its fine 
molecular structure will be abnormally disordered, 
which will immediately hinder the fusion efficiency of 
autophagosome and lysosome, and lead to the stagnation 
of autophagic flow.

Key proteins such as SNARE family members, 
which are deeply involved in the fusion process, depend 
on the stability of the lysosomal membrane in order 
to fully perform their biological functions [8]. Once the 
lysosomal membrane is destabilised, the activity level of 
these proteins may be inhibited or their localisation in the 
cell may be deviated, which may seriously interfere with 
the normal rhythm of the fusion process and disrupt the 
orderly steps of cellular autophagy, thus posing a potential 
threat to the survival and homeostasis of the cell.

4.2 Regulation of lysosomal hydrolase release 
and activity
The stability of the lysosomal membrane is crucial for 
the homeostasis of the intracellular environment, and it 
precisely controls the timing and extent of the release of 
hydrolases. In the daily state of the cell, the lysosomal 
membrane serves as a solid barrier, effectively isolating 
the hydrolase inside the lysosome, avoiding the premature 
entry of the hydrolase into the cytoplasm and preventing 

unnecessary damage to the cell. When the cell initiates the 
important process of autophagy, the lysosomal membrane 
will undergo local and appropriate changes at specific 
time nodes, so that the hydrolase can be released into the 
autophagosome in an orderly manner, and the autophagic 
substrate can be degraded smoothly, thus promoting 
the effective autophagy process [9]. However, once the 
stability of the lysosomal membrane is abnormal, the 
release of hydrolases will be out of control, which will 
not only greatly reduce the autophagy efficiency, but 
also induce a series of pathological processes such as 
intracellular inflammation, which will seriously threaten 
the normal function and survival of cells.

At the same time, the stability of the lysosomal 
membrane is closely and intrinsically linked to the 
regulation of the activity of hydrolases. Any slight change 
in the physical properties and chemical composition of 
the membrane may have an impact on the conformation 
of hydrolases and the exposure of the active centre, thus 
achieving the precise regulation of their activity [10]. 
Taking the change of pH value of lysosomal membrane as 
an example, it not only directly affects the activity level 
of hydrolase, but also has a reciprocal relationship with 
the membrane stability, and both of them synergistically 
regulate the degradation efficiency of substances in the 
process of cellular autophagy to ensure that cellular 
autophagy is carried out in an orderly manner and 
maintains the normal metabolism and functioning of the 
cells.

5. Conclusion
In conclusion, the maintenance of lysosomal membrane 
stability is a complex and delicate process, involving the 
synergistic effect of several factors such as membrane 
proteins, lipid composition and intracellular environment. 
Changes in lysosomal membrane stability have an 
important impact on the process of cellular autophagy, 
from the fusion of autophagosomes and lysosomes to 
the regulation of the release and activity of hydrolases, 
any abnormality in any part of the process may lead to 
the dysfunction of cellular autophagy, which may in turn 
lead to a series of cellular physiological and pathological 
changes.

Future research can be carried out in the following 
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aspects: further in-depth investigation of the lysosomal 
membrane stability maintenance mechanism between the 
various factors in the fine regulatory network, especially 
in the cellular stress and other special conditions of the 
dynamic changes; to strengthen the molecular mechanism 
of lysosomal membrane stability and cellular autophagy 
process between the study, to identify more key regulatory 
factors and signalling pathways; to develop specific 
regulation of lysosomal membrane stability of the drug or 

molecular tools for the related diseases The development 
of drugs or molecular tools that can specifically regulate 
lysosomal membrane stability will provide new targets 
and strategies for the treatment of related diseases. 
Through these studies, it is expected that the mysteries 
of lysosomal membrane stability and its important role 
in cellular autophagy and overall cellular physiological 
activities will be revealed in a more comprehensive way, 
which will contribute to the development of life sciences.
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