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Introduction

Antibiotic resistance is one of the leading global threats to health and
reflects the evolutionary adaptation of microorganisms. The high genetic
plasticity of bacteria ensures their ability to survive due to mutations,
horizontal gene transfer and changes in the expression of genetic material.
Understanding the mechanisms of resistance formation is of key
importance for the development of effective antimicrobial strategies.

The purpose of the study
Systematization of modern concepts on the mechanisms of formation of
microorganism resistance to antimicrobial drugs.

Materials and methods

An analytical review of scientific literature and current clinical guidelines
(including EUCAST) on the mechanisms of antibiotic resistance and their
genetic and biochemical basis was conducted.
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Plasmids, transposons, integrons

1. Antibiotic resistance is the result of complex genetic and
biochemical processes of microbial adaptation.

2. The main mechanisms include target modification, drug
inactivation, and decreased intracellular concentrations.

3. Horizontal gene transfer plays a key role in the spread of
resistance.

4. Irrational use of antimicrobials is a leading factor in the selection
of resistant strains.

5. In-depth study of resistance mechanisms is necessary for the
development of effective antimicrobial therapy strategies and the
containment of its spread.

Results and discussion

Microorganisms are classified into natural and acquired resistance.

* Natural resistance is a species-specific trait and is caused by the absence or
unavailability of the antibiotic's target.

* Acquired resistance develops as a result of mutations or horizontal gene transfer
(plasmids, transposons, integrons).

The development of antibiotic resistance is a multi-level adaptive process realized

through a combination of molecular-genetic and biochemical mechanisms that reduce

the effectiveness of antimicrobial drugs (AMD).

1.  Modification of the target of AMD action

One of the key mechanisms is due to structural and functional changes in antibiotic

target molecules.

Itis implemented through:

e point mutations in genes encoding targets (e.g., DNA gyrase, topoisomerase 1V,

ribosomal proteins);

e post-translational modifications (methylation of 23S rRNA in macrolide resistance);

e acquisition of alternative proteins with low affinity for AMDs (e.g., PBP2a in methicillin

resistance).

The result is a decrease in the affinity of the antibiotic for the target without loss of its

physiological function.

2. Enzymatic inactivation of antimicrobial drugs

This involves chemical modification or destruction of the antibiotic molecule before it

reaches its target.

The main types of enzymes are:

e hydrolases (B-lactamases, including ESBLs and carbapenemases);

e transferases (acetyl-, adenyl-, and phosphotransferases) that modify aminoglycosides;

e oxidases and reductases involved in detoxification.

This mechanism is often encoded by genes located on plasmids and other mobile genetic

elements, which ensures its rapid dissemination.

3. Active efflux (AMD extrusion)

Energy-dependent removal of antibiotics from the cell via specialized transport systems.

Characteristic features:

¢ Belonging to various transporter families (MFS, ABC, RND, SMR, MATE);

e Wide range of substrates (multidrug resistance);

¢ Regulation at the gene expression level (including global regulatory systems).

Particularly pronounced in Gram-negative bacteria, where efflux pumps function as part

of multicomponent membrane complexes.

4. Reducing the permeability of the cell membrane

Associated with a decrease in AMD entry into the cell.

Mechanisms:

e |oss or modification of outer membrane porin proteins;

e changes in the lipopolysaccharide layer, affecting the diffusion of hydrophilic

molecules;

o cell wall remodeling.

This mechanism often acts synergistically with efflux, increasing the level of resistance.

5. Metabolic shunt (bypass of the blocked pathway)

This involves the formation of alternative biochemical pathways that bypass the

antibiotic-inhibited reaction. For example:

¢ synthesis of alternative enzymes (e.g., dihydrofolate reductase with low sensitivity to

sulfonamides and trimethoprim);

e switching to alternative substrates or metabolic routes.

6. Target protection

This is achieved through the synthesis of proteins that:

¢ bind to the target and prevent the antibiotic from reaching it;

e directly interact with the AMD, reducing its activity.

An example is the protection of ribosomes by tetracycline-resistant proteins.

7. Genetic basis for the formation of resistance

Antibiotic resistance develops as a result of:

* mutations in chromosomal genes (targets, transporters, regulators);

e horizontal gene transfer (HGT):

- conjugation (plasmids),

- transduction (bacteriophages),

- transformation (free DNA).

Mobile genetic elements (integrons, transposons, gene cassettes) play a special role,

ensuring the accumulation and coexpression of resistance genes.

8. Integrative nature of resistance mechanisms

In clinical settings, resistance is rarely due to a single mechanism. More often, combined

phenotypes develop, including:

e overexpression of efflux systems,

¢ decreased permeability,

e production of inactivation enzymes,

which leads to the development of multiple and panresistance.
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