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Abstract  

 For the treatment of bacterial infections in a variety of settings, including as human 

health, agriculture, cattle breeding, and fish farming, antibiotics are a commonly used therapeutic 

approach. Four main modes of action are responsible for the effectiveness of antibiotics; these are 

covered in detail in this overview along with diagrammatic representations. Antibiotic resistance has 

become a major treatment challenge for bacterial infections, notwithstanding its effectiveness. 

Antibiotics are no longer effective against bacteria since they have defense mechanisms in place.. With 

diagrammatic graphics, this overview explores the specific strategies that bacteria have evolved to 

withstand antibiotics. Microorganism can acquire antibiotic resistance through a variety of means, 

making previously vulnerable bacteria resistant to antibiotics. Human antibiotic abuse is one of 

several causes contributing to the growing antibiotic resistance dilemma. The alternative strategies 

that have been suggested to lessen the escalation of antibiotic resistance are also highlighted in this 

review.  
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INTRODUCTION 

 

The French terms "antibiose" and "antibiotic," which were established by Vuillemin in 

the late 19th century to describe compounds that have a harmful effect on living things, 

especially microbes, are where the name "antibiotic" originated [1]. Following this, 

Selman A. Waksman defined antibiotics broadly in 1947 as substances made by 

microorganisms with the ability to inhibit the growth and cause the death of bacteria 

and other microorganisms [2,3]. Antibiotics are used extensively in a wide range of 

industries, including fish farms, agriculture, human health, and cattle breeding  [3,4]. 

The four distinct modes of action that underpin the effectiveness of antibiotics are as 

follows: preventing DNA replication  [5]; protein biosynthesis [6]; cell wall biosynthesis 

[7]; and folic acid metabolism [8]. These mechanisms are outlined in Kaur Sodhi and 

Singh's 2022 study. But antibiotic resistance has become a serious worldwide problem 

[9,10]. This review article offers viable solutions for addressing the issue of antibiotic 

resistance in addition to a thorough discussion of the various variables that contribute 

to its spread. In addition, scientists have found creative ways to counteract antibiotic 

resistance, like using adjuvants and nanoantibiotics, finding new antibiotics, and 

investigating bacteriophages and botanicals as antibiotic substitutes. This review 

article explores the use of antibiotics in various industries, the debates surrounding 

their use, the mechanisms by which antibiotics work, the emergence of antibiotic 

resistance, the mechanisms controlling antibiotic resistance in bacteria, the spread of 
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resistance among bacterial populations, and the critical factors that lead to the 

escalation of resistance in addition to the previously mentioned topics. This article also 

outlines the successes to date and offers scientifically-discovered remedies to address 

the worldwide issue of antibiotic resistance. 

 

1. USES OF ANTIBIOTICS 

 

Numerous industries, including agriculture, aquaculture, animal husbandry, and 

human health, use antibiotics[3,4].  In order to prevent crop loss due to bacterial 

diseases, these compounds are used to treat bacterial infections in humans, animals, 

and crops [11,4]. Furthermore, antibiotics are frequently employed in animal 

husbandry as growth-promoting agents) [12]. Scientists divided the use of antibiotics in 

livestock into three categories: growth promoters, preventive agents, and therapeutic 

agents. Animals with infections are given therapeutic medicines in large dosages to 

address their ailments [13].In contrast, prophylactic medicines are administered in 

subtherapeutic doses through drinking water or feed to prevent illness in cases where 

infection signs are not immediately apparent. Animals receive antibiotics on a periodic 

basis over their life cycle An animal's growth rate and productivity can be increased 

using growth boosters, and it is periodically given a little amount of antibiotics through 

its feed [14]. Antimicrobial agents are used in aquaculture to treat fish illnesses. 

Antibiotics are fed to fish by mixing them with specially prepared feed, and the majority 

of the time the fish excrete the antibiotics into the surrounding water [15].  

 

2. MECHANISMS OF ACTION OF ANTIBIOTICS 

 

2.1 Antibiotics Inhibit DNA Replication 

Bacteria adopt a kind of cell division called binary fission, which results in the 

production of two daughter cells [16]. However, bacteria must make precise copies of 

their circular DNA before that can occur. DNA replication is the procedure utilized to 

duplicate DNA[17]. The enzyme DNA helicase initiates this process by dividing a 

double helix strand of DNA into two single strands. Next, new complementary DNA 

strands are created by the enzyme DNA polymerase[18]. DNA helicase and DNA 

polymerase activity results in the accumulation of positive DNA helical twists. These 

positive helical twists prevent DNA replication from proceeding if they are not removed. 

DNA gyrase, sometimes referred to as topoisomerase II, is an enzyme that facilitates 

DNA replication by removing positive superhelical twists [19]. The 2A and 2B subunits 

make up DNA gyrase, an essential bacterial enzyme. Additionally, this enzyme is 

essential for the transcription of many genes and the initiation of DNA replication. The 

two newly formed daughter DNA molecules eventually bond and become 

interconnected. The enzyme topoisomerase IV, which is linked to DNA gyrase, allows 

the separation of the two coupled DNA molecules, allowing the bacterial cell to split 

into two new daughter bacterial cells.  
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FIGURE 1. Mechanism of DNA replication process and mechanism of action of antibiotics that 

inhibit DNA replication. 

 

2.2 Fluoroquinolones Antibiotics 

Fluoroquinolone antibiotics stop the production of bacterial DNA by blocking the 

activity of DNA gyrase and topoisomerase IVAccording to [21],these antibiotics have a 

special propensity for attaching to the complex that DNA gyrase and DNA create. 

According to [22], this type of interaction destabilizes the enzyme-DNA complex, 

resulting in DNA breakage and, eventually, bacterial cell death (Figure 1). The main 

mechanism of action of fluoroquinolones against most gram-negative bacteria is their 

inhibition of DNA gyrase, On the other hand, fluoroquinolones primarily target 

topoisomerase IV in the majority of gram-positive bacteria[23]. But DNA gyrase also 

uses them as a secondary target.This leads to the formation of a complex by 

topoisomerase IV and the binding of fluoroquinolones to DNA, which disrupts the 

separation of the two daughter DNA molecules and ultimately causes DNA breakage 

[24].  

 

2.3 Antibiotics Inhibit Protein Biosynthesis 

Similar to all other organisms,bacteria are made of DNA, which is the genetic code for 

every protein required for survival. This comprises the protein required for 

growth,repair,reproduction and metabolism regulation,Furthermore, it encodes for 

three different forms of RNA necessary for carrying out protein synthesis: mRNA, 

rRNA, and tRNA [24].   

 The initial stage of protein biosynthesis involves the unwinding and 

separation of the DNA molecule at a location that codes for the required protein to be 

synthesized. Just one strand of DNA is used as a scaffold during transcription, the 

process that creates mRNA. Upon completion, the mRNA strand detaches from the 

DNA template and attaches itself to a ribosome. The bacterial ribosome is composed of 

the 50 s and 30 s ribosomal subunits. The synthesis of the polypeptide chain begins 

when these two subunits are joined along the mRNA strand. Until it receives the signal 

to cease along the mRNAthe ribosome continues to extend the polypeptide chain by 

adding amino acids. At this moment, the entire polypeptide chain is 

produced[25],(Figure 2). Accordingly, antibiotics cannot decrease protein synthesis 

unless they specifically target the ribosomal 30 or 50 subunits.  

 

 

 

 



Haider Qassim Raheem – Antibiotics Action and Uses: Review 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. XII, Issue 9 / December 2024 

851 

 
FIGURE 2: The process of protein biosynthesis and the way antibiotics that prevent protein 

biosynthesis work. 

 

2.3.1 Antibiotics Inhibit Protein Biosynthesis by Targeting the Ribosomal 305 

Subunits 

2.3.1.1 Tetracycline Antibiotics 

This class of antibiotics targets the ribosomal 30S subunit's highly conserved 16S rRNA 

sequence. For example, tetracycline works by preventing tRNA from attaching to the 

ribosome's A-site, which eventually prevents the production of proteins[31].   

2.3.1.2 Aminoglycosides Antibiotics 

Aminoglycoside antibiotics work by means of a particular mechanism. The positively 

charged nature of these antibiotics draws in the negatively charged bacteria's outer 

membrane, which results in the membrane's development of huge pores [27]. These 

pores subsequently allow the aminoglycosides to enter the bacterial cell. Furthermore, 

by harnessing the energy of active bacterial transport, aminoglycosides can cross the 

bacterial cytoplasmic membrane [28].Aminoglycosides bind via hydrogen bonds to the 

16s rRNA of the 30s, which is their target. Protein production is prevented from 

proceeding by this binding[29].   

Aminoglycosides work well against a wide variety of bacteria, however they are less 

effective against anaerobic bacteria since these bacteria need oxygen to operate their 

active transport pathways [30]. Nonetheless, it has been discovered that 

aminoglycosides can more effectively enter bacterial cells at low concentrations when 

paired with an antibiotic that prevents the formation of cell walls[29]. (Figure 2). 

2.3.2 Antibiotics Inhibit Protein Biosynthesis by Targeting the Ribosomal 50s 

Subunit 

2.3.2.1 Macrolides Antibiotics 

Macrolide antibiotics block the synthesis of proteins and polypeptide chains by binding 

to the 50S component of the ribosome[6].   

2.3.2.2 Chloramphenicol Antibiotics 

The enzyme peptidyl transferase, which is present on the 50S ribosomal subunit and 

required for protein synthesis, is inhibited by chloramphenicol antibiotics. Protein 

synthesis is inhibited as a result of this inhibition, which stops t-RNA from attaching to 

the ribosomal A site[32].  (Figure 2). 

2.3.2.3 Oxazolidinone Antibiotics 

Antibiotics called oxazolidinones bind to the ribosome's 50S component and stop the 

initiation complex from synthesizing, which stops the synthesis of proteins [33].  

(Figure 2). 
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2.4 Antibiotics i\Inhibit Cell Wall Synthesis 

While some bacteria additionally have an additional outer layer, most bacteria are 

made up of a cell membrane encased in a cell wall. The two functions of the bacterial 

cell wall are to maintain the bacteria's unique structure and to prevent the cell from 

rupturing when fluid is introduced into it by osmosis[34] The most important 

component of the cell wall is the peptidoglycan. The polymer known as peptidoglycan is 

made up of chains of amino acids that link N-acetyl muramic acid (NAM) and N-acetyl 

glucosesamine (NAG), which alternately create the polymer [35].  . The peptidoglycan 

manufacturing process involves multiple phases and ultimately leads to the production 

of bacterial cell walls. N-acetyl muramic acid and N-acetyl glucosamine (NAG) combine 

to form a precursor to peptidoglycan. This peptidoglycan precursor is transported across 

the membrane and subsequently bound by cell wall acceptors in the periplasm. 

Peptidoglycan precursors undergo extensive cross-linking after adhering to periplasmic 

cell wall receptors In cross-linking, the two primary enzymes involved are trans 

peptidase and carboxy peptidase. Many cross-linked peptidoglycan layers finally 

combine to form a cell wall[36].   

 

 
FIGURE 3. The synthesis of cell walls and the mode of action of antibiotics that prevent the 

formation of cell walls. 

 

The most important component of the bacterial cell wall is the peptidoglycan. The two 

main enzymes involved in cross-linking during cell wall biosynthesis are transpeptidase 

and carboxypeptidase[36]. (Figure 3). 

2.4.1 Beta-lactams Antibiotics 

This group comprises all cephalosporins and penicillins having the beta-lactam ring 

chemical structure[37].  Because of their unique structure, they can bind to enzymes 

that cross-link peptidoglycans, like transpeptidase and carboxypeptidase, which 

inhibits the formation of bacterial cell walls and prevents cross-linking,The bacterial 

cell is destroyed as a result of this prevention of cell wall production, as Figure 3[7].  

illustrates. 

2.4.2 Glycopeptides Antibiotics 

These antibiotics stop peptidoglycan precursors from cross-linking by forming non-

covalent connections with the terminal carbohydrates. In the end, this process results 

in the breakdown of bacterial cell walls, which destroys and gets rid of bacterial cells 

[38].   
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2.5 Antibiotics inhibit folic acid metabolism 

These antibiotics are made to specifically block an important enzyme that is part of the 

folic acid metabolism pathway. Dihydropteroate synthase is an enzyme in the metabolic 

pathway that is the target of sulfonamide antibiotics. However, dihydrofolate reductase 

is another enzyme in the same pathway that is the target of trimethoprim 

antibiotics[39]. (Figure 4).  

 
FIGURE 4. Mechanism of action of antibiotics that limit folic acid metabolism 
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