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СТРУКТУРНЫЕ ОСОБЕННОСТИ И ФУНКЦИИ ЛИЗОСОМ 

 

Аннотация: В статье подробно рассмотрены структурные 

особенности лизосом, включая организацию и механизмы защиты клетки от 

самопереваривания. Особое внимание уделено функциям лизосом, описаны 

патологические последствия нарушения работы лизосом.  
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STRUCTURAL FEATURES AND FUNCTIONS OF LYSOSOMES 

 

Abstract: The article considers in detail the structural features of lysosomes, 

including the organization and mechanisms of cell protection from self-digestion. 

Special attention is paid to the functions of lysosomes, and the pathological 

consequences of lysosome malfunction are described.  
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A lysosome is a single membrane-surrounded bubble with a diameter of 0.2-

2.0 microns containing both in the matrix and in the membrane a set of hydrolytic 

enzymes (acid phosphatase, nuclease, cathepsin H (lysosomal aminopeptidase), 

cathepsin A (lysosomal carboxypeptidase), cathepsin B, G, L, NADPH oxidase, 

collagenase, glucuronidase, glucosidase, etc. there are about 40 species in total), 

active in a slightly acidic environment. There are usually several hundred lysosomes 

per cell [2, с. 24]. 
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Lysosomes have a characteristic structure that supports their functionality. 

The lysosome is surrounded by a membrane similar to that of the cell wall. This 

membrane contains various proteins and enzymes that are involved in the processes 

of destruction and processing of substances. Lysosomes contain a variety of 

hydrolytic enzymes, such as proteases, lipases, nucleases, and glycosidases, 

necessary for the decomposition of proteins, lipids, nucleic acids, and carbohydrates. 

An acidic environment (pH about 4-5) is formed inside lysosomes, supported by 

special proton pumps, which is necessary for the activation of hydrolytic enzymes 

and the effective operation of lysosomes [1, с. 5]. 

Lysosomes can fuse with autophagic vacuoles, forming autophagosomes, 

resulting in the processing and utilization of obsolete or damaged cellular 

components; In the case of phagocytosis, when the cell absorbs and destroys 

particles, lysosomes fuse with phagolytic vacuoles, forming phagolysosomes, where 

the contained enzymes decompose the trapped particles. These are the main 

structural elements of lysosomes, allowing them to perform their various functions 

in the cell.  

 

1. The structure of the lysosome membrane is a combination of regions 

constructed according to the lamellar and micellar types 

 

Micelles are in dynamic equilibrium with lamellar regions – this equilibrium 

depends on the environmental conditions. The polar phospholipid groups form the 

micelle surface, while the nonpolar regions face inwards. The space between the 
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lipid molecules is occupied by water. Micellar areas contain long pores. These pores 

are filled with water and can be closed by polar groups of lipids. Such an 

organization of the membrane ensures permeability not only for hydrophilic, but also 

for hydrophobic substances [4, с. 7]. 

The lysosome membrane contains ATP-dependent proton pumps of the va-

kuol type. They enrich lysosomes with protons, resulting in a pH of 4.5-5.0 for the 

internal environment of lysosomes (while in the cytoplasm the pH is 7.0-7.3). 

Lysosomal enzymes have an optimum pH of about 5.0, i.e. in an acidic region. At 

pH values close to neutral, characteristic of the cytoplasm, these enzymes have low 

activity. Obviously, this serves as a mechanism to protect cells from self-digestion 

in the event that a lysosomal enzyme accidentally enters the cytoplasm. 

The lysosome membrane (about 6 nm thick), in addition to having a proton 

pump, has a number of other important properties: 

a) it contains receptors that cause its binding to the membrane of hydrolase 

and transport vesicles, as well as phagosomes; 

b) provides free diffusion of low molecular weight macromolecule digestion 

products into the hyaplasm; 

c) in an intact state, it represents a barrier resistant to the action of lytic 

enzymes and preventing their leakage into the plasma. 

This membrane is stabilized by corticosteroid hormones, and its damage (as a 

result of osmotic exposure, freezing-thawing, ultrasound, high temperature, certain 

substances, etc.) leads to cell destruction due to self–digestion by lytic enzymes [3, 

с. 1].  
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2. The structure of the lysosome membrane: membrane transport 

proteins, plasma membrane, lipid bilayer, hydrolytic enzymes of the matrix 

 

Lysosomes perform a number of important functions inside cells related to the 

destruction and processing of various substances: 

– phagocytosis and endocytosis; 

– recycling of cellular waste; 

– hydrolysis of macromolecules; 

– detoxification; 

– repair and renewal of membranes; 

– programmed cell death (apoptosis); 

– regulation of cellular processes; 

– transport and distribution of substances. 

Lysosomes are involved in the processes of phagocytosis and endocytosis, 

where the cell captures and absorbs external particles, molecules or organisms. 

Phagosomes (intracellular vacuoles formed during phagocytosis) combine with 

lysosomes, which leads to the formation of phagolysosomes, where the lysosome 

content cleaves the absorbed particles. As a result of endocytosis, the cell receives 

hydrophilic material for its vital activity, which otherwise does not penetrate through 

the lipid bilayer of the cell membrane. Phagocytosis is the process by which a cell 
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absorbs and destroys particles such as bacteria or viruses. Cells can capture liquid 

and dissolved molecules by forming internal vesicles. This process is called 

pinocytosis [2, с. 30]. 

Lysosomes recycle cellular waste, destroying obsolete or damaged organelles 

and cellular components. Autophagy is the destruction of unnecessary cell 

structures, for example, during the replacement of old organoids with new ones, or 

the digestion of proteins and other substances produced inside the cell itself. 

Autophagy accompanies the vital activity of any normal cell under normal 

conditions. The main stimuli to enhance autophagy processes in cells can be: 

a) lack of nutrients; 

b) the presence of damaged organelles in the cytoplasm; 

c) the presence of partially denatured proteins and their aggregates in the 

cytoplasm; 

d) oxidative or toxic stress. 

Autophagy is especially important in the process of embryogenesis, in the so-

called self-programmed cell death. Now this variant of autophagy is more often 

referred to as caspase-independent apoptosis. If these processes are disrupted and 

the destroyed cells are not removed, the embryo most often becomes nonviable [5, 

с. 5]. 

Sometimes, thanks to autophagy, a cell can make up for the lack of nutrients 

and energy and return to normal life. On the contrary, in the case of intensification 

of autophagy processes, cells are destroyed, and in many cases connective tissue 

takes their place. Such disorders are one of the causes of heart failure. Disorders in 

the autophagy process can lead to inflammatory processes if parts of dead cells are 

not removed [3, с. 2]. 

Lysosomes contain hydrolytic enzymes (proteases, lipases, nucleases) that 

break down proteins, lipids, and nucleic acids into small components. These 

components can then be used to synthesize new molecules or enter metabolic 

pathways. 
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Detoxification occurs through lysosomes, which break down and eliminate 

toxic substances entering the cell. Cell membrane renewal is facilitated by 

lysosomes.  

Apoptosis (programmed cell death) is realized by lysosomes: they destroy 

intracellular structures and dissolve the cell to prevent the spread of damage. 

Autolysis is the self—digestion of a cell, leading to its death (sometimes this process 

is not pathological, but accompanies the development of an organism or the 

differentiation of some specialized cells). Example: when a tadpole turns into a frog, 

the lysosomes in the cells of the tail digest it: the tail disappears, and the substances 

formed during this process are absorbed and used by other cells of the body. 

Lysosomes can participate in the regulation of various cellular processes, 

including secretion, signaling pathways, and metabolism. Lysosomes are also 

involved in the transport and distribution of various substances inside the cell, 

ensuring their proper direction and concentration. Lysosomes play a key role in 

ensuring efficient cell processing, regulation, and survival, maintaining their 

functionality and integrity [1, с. 13]. 

 

Sources used 

 

1. Huseynova N.T., Mammadova R.F. The organization and vital activity of 

cells – the basis of life on earth // Biological Journal. 2020. No. 1 (12). From 4-14. 

2. Sadchikova E.V., Selezneva I.S. Cell structure: textbook. Stipend. 

Yekaterinburg: UGTU-UPI, 2005. 38 p. 

3. Romanov B. K. Drug regulation of lysosomal enzyme activity // Russian 

Medical and Biological Bulletin named after academician I. P. Pavlov. 2003. No. 1-

2. pp. 1-2. 

4. Sadovnichenko Yu.A., Shmulich O.V. Cell morphology. Structural 

components of the cytoplasm and nucleus: A method. the decree. for self. outside 

the classroom. student's work. Kharkiv: KhNMU. 2012. 14 p. 



__________________________________________________________________

«Научно-практический электронный журнал Аллея Науки» №4(103) 

2025 Alley-science.ru 
 

5. Pupyshev A. B. Permeabilization of lysosomal membranes as an 

apoptogenic factor // Cytology. 2011. Vol. 53. No. 4. From 7. 

 

  

 


