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Abstract 
This article presents general concepts about the membrane, its structure and 

function, the selective permeability of membranes, membrane transport 
mechanisms, the active transport and operation of ion pumps, endocytosis and 
exocytosis, the physiological significance of transport processes, and cell 
homeostasis. 
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Introduction. The relevance of studying membrane transport in modern cell 

biology 
The cell membrane is the fundamental structure that separates the cell's 

internal content from the external environment and regulates metabolic processes. 
In modern biology, the study of membrane transport mechanisms is especially 
important, as it deepens the understanding of the molecular basis of cell activity. 
Transport processes across biological membranes determine the cell's metabolic 
activity, its adaptive capacity, and its ability to interact with the environment. 

The purpose of this article is to systematize knowledge about membrane 
transport mechanisms and to analyze their role in maintaining cell homeostasis. To 
achieve this goal, the following tasks were set: to study the structural and 
functional organization of biological membranes, to study the main types of 
transport mechanisms, and to determine the physiological significance of transport 
processes in cell activity. 

Research methodology. The research is based on the analysis of scientific 
literature, the systematization of theoretical data, and the application of a 
comparative approach to studying various transport mechanisms. 
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Structural organization of the membrane. 
The structural organization of biological membranes is based on a lipid bilayer 

formed by amphiphilic phospholipid molecules. Each phospholipid molecule has a 
hydrophilic head and hydrophobic tails, which allows them to spontaneously form 
a bilayer structure in an aqueous environment. 
The hydrophobic regions of the molecules are oriented toward the interior of the 
bilayer, while the polar heads face the aqueous phase on both sides of the 
membrane. 

Modern biology regards the membrane as a dynamic structure based on the 
fluid mosaic model. The lipid bilayer is distinguished by its fluidity, which allows 
its components to move within the plane of the membrane. The degree of fluidity is 
determined by the composition of the fatty acids that make up the phospholipids 
and by the amount of cholesterol, which regulates the mobility of the lipid 
molecules. 

Membrane proteins perform specialized functions and are divided into 
integral and peripheral proteins. Integral proteins span the lipid bilayer fully or 
partially, which ensures the transmembrane transport of substances and signal 
transduction. Peripheral proteins are associated with the membrane surface and 
take part in regulatory processes. The ratio of lipids to proteins varies among 
different membrane types depending on their functional specialization. 

 
Selective permeability of the biological membrane. 
The selective permeability of membranes means that the cell membrane has 

selective permeability, which controls the movement of substances between the cell 
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and the surrounding environment. This property is related to the hydrophobic 
nature of the lipid bilayer, which hinders the free passage of charged and polar 
molecules. Nonpolar, lipophilic substances can diffuse directly through the 
membrane, whereas hydrophilic compounds require specialized transport systems. 

The permeability of the membrane to a given substance is determined by 
several factors: the size of the molecule, its solubility in lipids, its charge, and the 
presence of the relevant transport proteins. Small nonpolar molecules cross the 
membrane most readily, while large polar molecules and ions can barely pass 
through the lipid barrier without specialized transport mechanisms. 
Selective permeability maintains differences in the concentration of substances on 
the two sides of the membrane, which underlies the formation of electrochemical 
gradients and directional transport. Regulation of permeability allows the cell to 
control its internal environment, conserve metabolic resources, and respond to 
external stimuli. 

Membrane transport mechanisms — passive transport: diffusion and osmosis 
Passive transport is the movement of substances along a concentration 

gradient across the membrane without the expenditure of metabolic energy. The 
driving force of this process is the difference in concentration of the transported 
substance between the intracellular and extracellular environments. Passive 
transport includes simple diffusion, facilitated diffusion, and osmosis. 

Simple diffusion occurs directly through the lipid bilayer and is typical for 
small, nonpolar molecules such as oxygen, carbon dioxide, and certain lipid-soluble 
compounds. The rate of diffusion is determined by the concentration gradient, the 
membrane's permeability coefficient for a given substance, and the surface area of 
the membrane. The process continues until equilibrium is reached, at which point 
the concentrations of the substance on both sides of the membrane become equal. 

Facilitated diffusion requires the participation of specialized membrane carrier 
proteins or channel-forming proteins. Carrier proteins facilitate the transport of 
hydrophilic molecules that cannot cross the hydrophobic barrier on their own. 
Channel proteins form hydrophilic pores in the membrane, through which ions and 
polar molecules are selectively transported. Carrier proteins bind the transported 
substance, change their conformation, and facilitate its movement to the opposite 
side of the membrane. 
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Diffusive Transport 
Osmosis is a specific form of diffusion in which water molecules move across a 

semi-permeable membrane from a region of lower concentration of dissolved  
substances to a region of higher concentration. In biology, osmotic processes play 
an important role in maintaining the cell's water balance and regulating its volume. 
Osmotic pressure depends on the concentration of osmotically active particles in a 
solution and determines the direction of water flow. 

The active transport and operation of ion pumps ensures the movement of 
substances against their concentration gradient using the energy of adenosine 
triphosphate. This mechanism allows the cell to create and maintain significant 
differences in the concentration of ions and molecules between the internal and 
external environment, which is essential for physiological functions. 

Primary active transport uses the energy of ATP — adenosine triphosphate — 
hydrolysis directly to transport substances. A classic example of this is the sodium-
potassium pump, a transmembrane protein complex. This system removes three 
sodium ions from the cell and simultaneously transports two potassium ions into 
the cell against their electrochemical gradients. The function of the pump is to 
maintain the ion balance necessary for generating the membrane potential and 
regulating cell volume. 

Calcium pumps actively remove calcium ions from the cytoplasm into the 
endoplasmic reticulum or into the extracellular space, keeping the intracellular 
calcium concentration low. Proton pumps create a gradient of hydrogen ion 
concentration used for various cellular processes. Secondary active transport uses 
the energy of the electrochemical gradient created by primary active transport to 
move other substances. The concentration gradient of one substance serves as the 
driving force for the transport of another. A distinction is made between symport, 
in which both substances are transported in the same direction, and antiport, 
characterized by the opposite movement of the transported molecules. Sodium-
dependent glucose transport in intestinal epithelial cells is an example of symport. 
The sodium ion concentration gradient maintained by the sodium-potassium pump 
provides the energy to transport glucose molecules into the cell against its own 
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concentration gradient. The sodium-calcium exchanger operates through an 
antiport mechanism, transporting calcium ions out of the cell at the expense of 
sodium influx. Active transport forms the basis of many physiological processes in 
biology, including the conduction of nerve impulses, the contraction of muscle 
fibers, the secretory activity of glands, and the absorption of nutrients. Disruption 
of these transport systems leads to the development of pathological conditions at 
the cellular level. 

 
Types of passive transport. 
Endocytosis and exocytosis are vesicular transport mechanisms that, through 

the mechanisms described above, transport large molecules and particles that 
cannot enter the membrane. These processes require energy and the participation 
of the cytoskeleton, which enables membrane deformation. Endocytosis is 
characterized by the uptake of extracellular material through invagination of a 
portion of the plasma membrane and the formation of an intracellular membrane 
vesicle. There are three main types of endocytosis: phagocytosis, pinocytosis, and 
receptor-mediated endocytosis. Phagocytosis enables the engulfment of large solid 
particles such as bacteria and cell debris. The cell forms cytoplasmic projections 
around the particle being engulfed, then forms an intracellular vesicle — a 
phagosome. This mechanism is characteristic of specialized cells of the immune 
system and takes part in the body's defense reactions. Pinocytosis is the non-
selective uptake of fluid containing dissolved substances. The membrane forms 
small invaginations that become pinocytotic vesicles. This process occurs 
continuously in most cells and provides the non-specific uptake of extracellular 
material. Receptor-mediated endocytosis ensures the selective uptake of specific 
molecules that bind to membrane receptors. Receptor-ligand complexes accumulate 
in coated regions of the membrane, forming coated pits. The resulting coated 
vesicles carry the captured substances into the cell, providing highly efficient, 
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selective transport. Exocytosis removes substances from the cell through the fusion 
of intracellular membrane vesicles with the plasma membrane. This mechanism is 
used to secrete products synthesized by the cell, remove undigested residues, and 
insert membrane proteins into the plasma membrane. Constitutive exocytosis 
occurs continuously, whereas regulated exocytosis is activated by specific signals 
and is characteristic of secretory cells. 

The physiological significance of transport processes: maintaining cell 
homeostasis. Membrane transport plays an important role in maintaining cell 
homeostasis, ensuring the stability of the internal environment under changing 
environmental conditions. 
The constant ionic composition of the cytoplasm is achieved through the 
coordinated operation of various transport systems that regulate the concentration 
of key ions. The sodium-potassium pump creates gradients of these ions, which 
determine the resting membrane potential and provide the electrical excitability of 
cells. 

Regulation of the intracellular calcium concentration is 
 extremely important for cell function. The low level of free calcium in the 
cytoplasm is maintained through the active operation of calcium pumps and the 
sodium-calcium exchanger. A rise in this ionconcentration serves as a universal 
signal that triggers various cellular processes: muscle contraction, neurotransmitter 
secretion, enzyme activation, and regulation of gene expression. The cell's water 
balance is controlled by osmotic processes and the operation of ion pumps. 
The concentration of osmotically active substances in the cytoplasm determines the 
direction of water movement across the membrane. Cells regulate their volume by 
altering the membrane's permeability to water and ions, preventing osmotic lysis or 
excessive shrinkage. In animal cell biology, the sodium-potassium pump is 
especially important, as it maintains osmotic balance by controlling the intracellular 
ion 
concentration. Maintenance of the acid-base balance 
is provided by transport systems that regulate the concentration of protons and 
bicarbonate ions. Proton pumps and various ion exchangers control the pH of the 
cytoplasm, creating optimal conditions for enzyme function and metabolic 
reactions. The transport of metabolites across the plasma membrane ensures the 
intake of nutrients and the removal of waste products. Specialized carriers import 
glucose, amino acids, nucleotides, and other important compounds. Active 
transport systems allow cells to concentrate nutrients even when their 
concentration in the external environment is low, which provides metabolic 
independence from changes in extracellular fluid concentration. 

Role in intercellular communication. Transport mechanisms form the basis of 
intercellular communication in multicellular organisms and ensure the 
coordination of physiological functions. Synaptic transmission of nerve impulses is 
highly dependent on the regulated exocytosis of neurotransmitters and the 
subsequent receptor-mediated endocytosis used to recycle synaptic vesicles. 
Depolarization of the presynaptic membrane leads to the opening of calcium 
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channels; the resulting rise in intracellular calcium concentration triggers the fusion 
of vesicles with the membrane and the release of neurotransmitter into the synaptic 
cleft. 

Hormonal regulation is carried out through transport systems that ensure the 
secretion of hormones by endocrine cells and the delivery of signaling molecules to 
target cells. Peptide hormones are released through regulated exocytosis, while 
steroid hormones diffuse across the membrane owing to their lipophilic nature. The 
cell's response to a hormonal signal often involves changes in the activity of 
membrane carriers, which alters its metabolism and functional state. 

Receptor-mediated endocytosis provides the selective uptake of signaling 
molecules and hormone-receptor complexes, regulating the cell's sensitivity to 
external stimuli. This mechanism takes part in controlling receptor desensitization 
and the duration of the cell's response. 

Transport processes integrate the functioning of individual cells into the 
coordinated activity of tissues and organs, enabling the body to adapt to changing 
conditions of existence. 

Conclusion. The study systematized knowledge about membrane transport 
mechanisms and their role in cell physiology. Analysis of the structural and 
functional organization of biological membranes showed that the lipid bilayer, 
together with integrated protein complexes, forms a selectively permeable barrier 
that defines the boundaries of cellular compartments and regulates metabolic 
processes. The study of transport mechanisms identified the existence of various 
modes by which substances move across membranes. Passive transport follows the 
concentration gradient without energy expenditure, active transport requires ATP 
to move substances against the gradient, and vesicular transport facilitates the 
movement of macromolecules and large particles. The integration of these 
mechanisms allows the cell to efficiently regulate its exchange with the 
environment. 

Analysis of the physiological significance of transport processes demonstrated 
their important role in maintaining cell homeostasis and intercellular 
communication. 
The study of membrane transport remains a priority task in modern biology, as it 
deepens our understanding of the molecular basis of cell function and opens up 
prospects for the practical application of this knowledge. 
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