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The clinical significance of various antimicrobial agent classes is substantial due to their diverse mechanisms of action. Different compounds exert effects on bacterial growth or viability by targeting distinct cellular structures and processes. The cell wall, a unique feature in most bacteria that distinguishes them from eukaryotic cells, can be affected
through multiple pathways: inhibition of its synthesis (e.g., fosfomycin) or transport (bacitracin), disruption of structural integrity (beta-lactams), or interference with its metabolic precursors' handling. The cytoplasmic membrane is another critical target for compounds like polymyxins and daptomycin. Antibiotic mechanisms also encompass the
inhibition of protein synthesis, which can be achieved through various strategies: blocking activation (mupirocin) or initiation (oxazolidinones), interfering with tRNA amino acid complex binding to ribosomes (tetracyclines), elongation processes (amphenicols, lincosamides), or direct action on the ribosome. The metabolism of nucleic acids can also be
targeted at different levels, including DNA replication and transcription (quinolones) or by affecting DNA directly. Interestingly, compounds that cannot inhibit bacterial growth independently may enhance the activity of co-administered antimicrobials by blocking mechanisms of resistance. Among these agents are beta-lactamase inhibitors in clinical
use. The selectivity of antibacterial drugs towards microbial metabolism and structures distinct from those of mammalian cells underscores their role as potent therapeutic agents. The majority of antimicrobial agents function by inhibiting essential bacterial processes. Since mammalian cells lack a cell wall, the cell wall is a prime target for
antibiotics, with its composition varying among species. The cell wall is composed of peptidoglycan, a complex polymer absent in eukaryotic cells. B-lactam antibiotics like penicillins and cephalosporins inhibit enzymes called PBPs necessary for cross-linking peptidoglycan. The cytoplasmic membrane serves as a selective permeability barrier in
bacteria and fungi, crucial for cell metabolism. Disruption of this membrane causes cell damage or death. Polymyxins degrade bacterial cell membranes by targeting phosphatidylethanolamine, a key component, while daptomycin depolarizes the bacterial membrane, disrupting its potential and leading to cell death. Antibiotics also target protein
synthesis in bacteria, including macrolides, lincosamides, tetracyclines, glycylcyclines, aminoglycosides, and chloramphenicol. Bacterial cells have 70S ribosomes, whereas mammalian cells have 80S ribosomes. This difference allows selective targeting of bacterial protein synthesis without affecting the host. Furthermore, several antibiotics inhibit
nucleic acid synthesis, including quinolones, pyrimethamine, rifampin, sulfonamides, trimethoprim, and trimetrexate. Quinolones target DNA gyrase and topoisomerase IV essential for DNA replication, while sulfonamides and trimethoprim inhibit folate synthesis crucial for nucleotide biosynthesis. Fluoroquinolones, such as nalidixic acid and
ciprofloxacin, work by inhibiting DNA gyrase and topoisomerase-IV in aerobic gram-positive and gram-negative species. Trimethoprim-sulfamethoxazole co-inhibits tetrahydrofolic acid synthesis in these species, affecting nucleotide biosynthesis and DNA replication. Rifamycins target DNA-dependent RNA polymerase, inhibiting RNA transcription in
gram-positive and gram-negative species. Beta-lactams like penicillins, ampicillin, cephalosporins, and carbapenems inhibit cell wall synthesis by targeting PBPs in aerobic and anaerobic gram-positive and gram-negative species. Antibiotics target specific microbial processes and structures to selectively kill or inhibit bacterial growth without harming
the host. Understanding their mechanisms of action is crucial for developing effective treatments against antibiotic resistance. Antibiotics can inhibit cell wall synthesis, protein translation, DNA replication, or other essential cellular functions to achieve selective toxicity. For instance, B-lactams target enzymes involved in peptidoglycan cross-linking,
while aminoglycosides and tetracyclines bind to the bacterial ribosome to prevent protein synthesis. Antibiotics like vancomycin and teicoplanin inhibit cell wall synthesis by binding to the terminal D-Ala-D-Ala dipeptide in peptidoglycan units. Lipopeptides, such as daptomycin and polymixin B, target the bacterial cell membrane. Aminoglycosides,
including gentamicin and tobramycin, inhibit protein synthesis by mistranslating mRNA through tRNA mismatching. Tetracyclines, like tetracycline and doxycycline, bind to the 30s ribosome to prevent aminoacyl-tRNA binding. Macrolides, such as erythromycin and azithromycin, inhibit protein synthesis by blocking elongation and translocation steps
in the 50s ribosome. Streptogramins, including pristinamycin and dalfopristin, target the 50s ribosome to prevent initiation, elongation, and translocation. Phenicols, such as chloramphenicol, inhibit protein synthesis by blocking the elongation step in the 50s ribosome. Quinolones, like ciprofloxacin, inhibit DNA gyrase and topoisomerase IV, crucial
for bacterial DNA replication. Continuous research and development are essential to optimize existing antibiotics and discover new ones to combat antibiotic resistance. Beta blockers work their magic by binding to beta adrenoceptors, which slows down the heart rate. The term "mechanism of action" (MOA) refers to how a drug affects the body on a
biochemical level. It's like a puzzle where the drug fits into a specific spot, either a receptor or an enzyme. This interaction is unique to each drug and its target. Some medications don't bind to receptors but instead interact with the body's chemical properties. Antacids and laxatives are examples of this type. The mode of action (MoA) describes what
happens at the cellular level when exposed to a substance. Understanding how new drugs work is crucial for several reasons. It helps predict potential problems with safety, like toxicity issues due to disrupting certain cell structures. For instance, targeting electron transport chains can lead to more severe side effects than targeting cell walls or
ribosomes. Knowing how a drug interacts with receptors allows us to create similar interactions in other medications, leading to the same therapeutic benefits. This method is used to develop new drugs and identify which patients will respond best to treatment. It also enables better dosing by monitoring the target pathway's effects on the patient.
Furthermore, it allows for combination therapies that reduce the risk of drug resistance emerging. By understanding how a medication works, we can even discover new uses for existing drugs. For example, sildenafil's discovery as a phosphodiesterase-5 inhibitor led to its repurposing for treating pulmonary arterial hypertension. Bioactive
compounds can induce observable changes in target cells, providing insight into their mechanism of action. Agents can indicate target cell conversion to spheroplasts, filamentation, or ovoid cell formation, depending on the inhibition of peptidoglycan synthesis, PBP3, FtsZ, DNA synthesis, or other cellular processes. Anticancer agents may cause bleb
formation, suggesting disruption of the plasma membrane. While manual data generation and interpretation are time-consuming, advancements in automated microscopy and image analysis software could streamline this process. Biochemical methods involve labeling proteins or small molecules to track their movement through the body, enabling
direct detection of target proteins and pharmacophores. Computation inference methods use pattern recognition to predict protein targets for small molecule drugs or identify new targets for existing drugs. Omics-based approaches, including chemoproteomics, reverse genetics, genomics, transcriptomics, and proteomics, help identify potential
targets by comparing profiles with those of known compounds. For example, aspirin's mechanism of action involves irreversible inhibition of cyclooxygenase, suppressing prostaglandins and thromboxanes to reduce pain and inflammation. However, some drug mechanisms remain unknown, and even without knowing the exact mechanism, drugs can
still be effective treatments. The terms "mechanism of action" and "mode of action" are often used interchangeably, but they have distinct meanings. A mechanism of action refers to the specific way in which a drug interacts with enzymes or receptors to produce its therapeutic effect. On the other hand, mode of action describes the functional or
anatomical changes that occur at the cellular level as a result of exposure to a substance. In pharmacology, the term "mechanism of action" is commonly used, while "mode of action" is more frequently found in microbiology and certain areas of biology. Understanding the mechanism of action of a drug is crucial for understanding how it works and
can help guide treatment decisions. The text then lists several examples of drugs that have been studied to understand their mechanisms of action, including: * Acamprosate: used to treat alcohol dependence * Armodafinil: a stimulant used to treat sleep disorders * Cannabidiol: a non-psychoactive compound found in cannabis * Metformin: an
antidiabetic medication that also has anti-inflammatory properties The text also highlights the importance of understanding the mechanism of action of drugs, citing examples from various fields such as oncology, virology, and parasitology. Overall, the paraphrased text aims to provide a clearer understanding of the distinction between mechanism of
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