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Lecture 1: Introduction to Antimicrobial Therapy 
  

Microbial infection is a major health problem all over the world. 

Microorganisms have occupied every habitat on earth: from geothermal 

vents to the coldest Arctic ice.  

 

To cause diseases, microbes must reach the site which they are 

targeting, attach to that site, multiply and avoid attack by the immune 

system of the individuals. The site of entry into the body is called the 

portal of entry. There are different sites for microbes to enter human 

body and these are: 

 

 Oral route: bacteria such as Vibrio cholerae enter when present 

in contaminated water or food and causes cholera. 

 Respiratory system: microbes such as influenza virus, either 

through the mouth or air ways and cause flu. 

 Wounds in the skin: organisms like Staphylococcus aureus enter 

through broken skin. 

 Urogenital tract: entry of microbes such as Escherichia coli 

which causes cystitis (inflammation of the urinary bladder and 

ureters). 

Bacteria can be found everywhere; in water, soil, air, human and animal 

bodies; most of them are harmless but some may cause disease: 

 

 Some bacteria live in symbiotic relationship with plant roots, 

while other types of bacteria help in digesting food in human’s 

body. 

 Some bacteria can cause diseases which can even lead to death in 

some cases. Infection by bacteria happens when harmful bacteria 

start reproducing at a fast rate in the body causing mild to severe 

infections, the latter of which is exemplified by tuberculosis, 

cholera and plague. 
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Bacterial infections like ear infection and strep throat occur commonly 

in children. Some infections are specific to the organ they invade; for 

example surgical wounds may get infected with S. aureus. Treatment 

with appropriate antibiotics, which act through either by killing the 

bacteria or prevent their reproduction, can cure diseases caused by 

bacterial infections.  

 

Penicillin was the first antibiotics discovered, and the drug is still in 

use. Other drugs such as Tetracycline, Erythromycin, Bacitracin, 

Fluroquinolones, and Cephalosporins, are in the market and have 

helped humanity control infection. The biggest threat however is the 

emergence of some bacterial strains that have developed resistance to 

one or more types of antibiotics. 

 

Antibiotics are used not only as human or veterinary medicines but also 

as feed additives. Antibiotic misuse leads to antibiotic resistance for 

human therapy and can have toxic effects on terrestrial and aquatic 

organisms found in the environment of treated animals. 

 

The etymology of the word antibiotic 
The term antibiotic is derived from (Greek, anti, “against”; bios, “life”). 

An antibiotic is generally defined as a substance or compound   

produced by an organism, often a bacterium or a fungus that 

present in small quantities, inhibits or kills microorganisms. The 

term was originally used to describe only antibacterial compound 

derived from living organisms but now used loosely to include synthetic 

and semi- synthetic organic compounds.  

 

The history of antimicrobial drugs 

Infections and diseases may be caused by the different type of 

organisms like bacteria, fungi and virus etc., in humans and animals. 

The drug used to prevent the pathogenicity of microorganism is called 

an antimicrobial agent. The term antimicrobial agent includes 

different classes of drugs that suppress multiplication and growth of or 

kill microorganisms such as bacteria, fungi, or viruses. 
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Although the discovery of antimicrobials and their subsequent 

widespread use is commonly associated with modern medicine, there is 

evidence that humans have been exposed to antimicrobial compounds 

for millennia. 

 

Chemical analyses of the skeletal remains of people from Nubia (now 

found in present-day Sudan) dating from between 350 and 550 AD have 

shown residue of the antimicrobial agent Tetracycline in high enough 

quantities to suggest the purposeful fermentation of tetracycline-

producing Streptomyces during the beer-making process. The 

resulting beer was used to treat a variety of ailments in both adults and 

children, including gum disease and wounds. 

 

The First Antimicrobial Drugs 

Societies relied on traditional medicine for thousands of years; 

however, the first half of the 20th century brought an era of strategic 

drug discovery. In the early 1900s, the German physician and scientist 

Paul Ehrlich (1854–1915) set out to discover or synthesize chemical 

compounds capable of killing infectious microbes without harming the 

patient. 

 

In 1909, after screening more than 600 arsenic-containing compounds, 

Ehrlich’s assistant Sahachiro Hata (1873–1938) found one such 

“magic bullet.” Compound 606 targeted the bacterium Treponema 

pallidum, the causative agent of syphilis. Compound 606 was found to 

successfully cure syphilis in rabbits and soon after was marketed under 

the name Salvarsan as a remedy for the disease in humans (Figure 2). 

Ehrlich’s innovative approach of systematically screening a wide 

variety of compounds remains a common strategy for the discovery of 

new antimicrobial agents even today. 
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Figure 2. Paul Ehrlich was influential in the discovery of Compound 

606, an antimicrobial agent that proved to be an effective treatment for 

syphilis.  

 

A few decades later, German scientists Josef Klarer, Fritz Mietzsch, 

and Gerhard Domagk discovered the antibacterial activity of a 

synthetic dye, Prontosil, that could treat streptococcal and 

staphylococcal infections in mice. Domagk’s own daughter was one of 

the first human recipients of the drug, which completely cured her of 

a severe streptococcal infection that had resulted from a poke with an 

embroidery needle.  

  

Gerhard Domagk (1895–1964) was awarded the Nobel Prize in 

Medicine in 1939 for his work with Prontosil and Sulfanilamide, the 

active breakdown product of prontosil in the body. Sulfanilamide, the 

first synthetic antimicrobial created, served as the foundation for the 

chemical development of a family of sulfa drugs. A synthetic 

antimicrobial is a drug that is developed from a chemical not found 

in nature. The success of the sulfa drugs led to the discovery and 
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production of additional important classes of synthetic antimicrobials, 

including the Quinolines and Oxazolidinones. 

 

 

 
Figure 3. (a) Alexander Fleming was the first to discover a naturally 

produced antimicrobial, Penicillin, in 1928. (b) Howard Florey and 

Ernst Chain discovered how to scale up Penicillin production. Then 

they figured out how to purify it and showed its efficacy as an 

antimicrobial in animal and human trials in the early 1940s. 

 

 

Also in the 1940s, Selman Waksman (1888–1973) (Figure 4), a 

prominent soil microbiologist at Rutgers University, led a research team 

that discovered several antimicrobials, 

including Actinomycin, Streptomycin, and Neomycin. The 

discoveries of these antimicrobials stemmed from Waksman’s 

study of fungi and the Actinobacteria, including soil bacteria in the 

genus Streptomyces, known for their natural production of a wide 

variety of antimicrobials. His work earned him the Nobel Prize in 

Physiology and Medicine in 1952. 
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Figure 4. Selman Waksman was the first to show the vast 

antimicrobial production capabilities of a group of soil bacteria, the 

actinomycetes. 
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Lecture 2: Microorganisms Producing Antibiotics  

Properties of Antimicrobial Agents  
 
For more than 50 years, natural products have served us well in 

combating infectious bacteria and fungi. Microbial and plant secondary 

metabolites helped to double our life span during the 20th century, 

reduced pain and suffering, and revolutionized medicine. However, 

Most of the antibiotics used today are from the microbes. 

 

Most antibiotics are either: 

i. Natural products of microorganisms. 

e.g. Benzylpenicillin and Gentamicin 

ii. Semi‐synthetically produced from natural products. 

e.g. Ampicillin and Amikacin 

iii. Chemically synthesized based on the structure of the natural 

products. 

e.g. Moxifloxacin and Norfloxacin 

 

Microbial Secondary metabolites 

In nature, microbial secondary metabolites (see Figure 1) are important 

to these organisms by performing following functioning as: sex 

hormones, ionophores, competitive weapons against other bacteria, 

fungi, amoebae, insects and plants are agents of symbiosis, and 

effectors of differentiation. Outside the cell these microbially produced 

secondary metabolites are extremely important for human health and 

nutrition. These important classes of highly valuable compounds play 

wide range of roles, as drugs (e.g. antibiotics, anticancer agents, 

immunosuppressants); agrochemicals (e.g. pesticides, insecticides, 

antifeedants); biofuels (e.g. squalene, oleoresin) and food additives 

(e.g. carotenoids, flavonoids, essential oils). They may be general 

regulatory and signalling compounds in most life processes and in 

the environment.  

 

Natural product resources, including the microbial world, are mainly 

unexplored both in its dimension and in the respect of geographic, 

ecological, and environmental points of view. There surely exist, 

besides the presumed numbers of microorganisms, millions of microbes 



Dr. Esam Hummadi  

University of Diyala/College of Sciences 

Department of Biotechnology 

 

 

living in remote and exotic parts of the world, or even the ones living 

in other organisms as endophytes or symbionts that await discovery and 

thorough study. 

 

Natural products, defined as molecular entities produced by a living 

organisms (including mammals, plants, fungi, bacteria, etc.), and their 

derivatives make up roughly one-third of all FDA-approved drugs. 

Regarding the antibacterial agents, for example, natural products and 

their derivatives make up 69% of all FDA-approved drugs. The 

majority of these come from microbes (97%), with plant products 

contributing just 3% to this group (see Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. FDA-approved antibacterial natural products by biological 

source. 

 

Synthesis of antibiotics and cell growth phase 

Antibiotics are low molecular-weight (non-protein) molecules 

produced as secondary metabolites, mainly by microorganisms that live 

in the soil. While many antibiotics are known to exist, efforts to 

discover new antibiotics still continue. Therefore, many species such as 

Streptomyces, Bacillus and Penicillium have been studied continuously 

for their ability to produce antibiotics. 

 

A single microbial type can produce various metabolites. For example, 

both Streptomyces griseus and Bacillus subtilis can produce more than 
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50 types of bioactive secondary microbial metabolites that may include 

antibiotics, ergot alkaloids, naphthalenes, nucleosides, peptides, 

quinolones, terpenoids, and others. Antibiotics are produced by 

microbial fermentation on microbial genera inhabiting soil that is 

undergoing morphological differentiation. For example, Penicillin is 

produced only after the logarithmic growth phase of the cell 

(trophophase) is completed. The main production of the secondary 

metabolite occurs during the stationary phase of cell growth 

(idiophase) as shown in Figure 3. 

 

 

Figure 3. Profile of antibiotic cell growth phase showing that it starts 

to produce at log phase. 

 

Microorganisms producing antibiotics 

In the prokaryotic group, unicellular bacteria Bacillus and 

Pseudomonas species are the most recurrent producers. In the recent 

years Myxobacteria and Cyanobacteria species have joined these 

distinguished organisms as productive species. Mycobacteria, 

Mycoplasmatales and Spirotheces are also the frequent producers. The 

main producers of the microbial metabolites, i.e. the Actinobacteria 

(phylum of Gram-positive bacteria), fungi and other filamentous 

bacteria, represent inexhaustible sources for the future.  

 

Many medically useful antibiotics are produced by members of the 

genus Bacillus e.g. Polymyxin and Bacitracin produced by B. polymyxa 
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and B. licheniformis respectively. The classical β-lactam antibiotics, 

Penicillin and Cephalosporin, are synthesized by the filamentous fungi 

Penicillium and Cephalosporium, but can also be produced by some 

actinomycetes and other bacteria. 

 

Table 1. Sources of some common natural antibiotics. 

Microorganism Antimicrobial agent 

Fungi 

Penicillium chrysogenum (Penicillium 

notatum) 
Penicillin 

Cephalosporinium species (Cephalosporium 

acremonium) 
Cephalothin 

Actinomyces/Streptomyces (Suffix-mycin) 

S. venezuelae Chloramphenicol 

S. fradiae Neomycin 

S. griseus Streptomycin 

S. kanamyceticus Kanamycin 

S. rimosus and S. aureofaciens 
Tetracycline/Chlortetra

cycline 

S. nodosus Amphotericin B 

S. noursei Nystatin 

Actinomyces/Micromonospora (Suffix-cin) 

Micromonospora purpureochromogenes Gentamicin 

Micromonospora inositola Sisomicin 

Gram-negative anaerobe bacteria 

Pseudomonas fluorescens Puromycin 

Gram-positive rods 

Bacillus licheniformis Bacitracin 

Bacillus polymyxa Polymyxin B 
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Antibiotic production by actinomycetes 

Actinomycetes are one of the most versatile microorganisms, owing to 

their adaptability to diverse ecosystems and unusual habitats. 

Thermophilic and alkalophilic actinomycetes possess a diverse 

physiology and adapt to various hostile and unfavorable conditions. 

These microorganisms have unique strategies for survival. The cell 

envelopes in these bacteria play a critical role in their adaptation to 

higher temperatures, especially the cell structure and function. 

Regarding the selection of actinomycetes as the target group 

microorganism, they score high over the other microbes as a prolific 

producer of antibiotics and other biopharmaceutical products. 

 

Around 70–80% of the antibiotics currently used are from 

Actinomycetes. Hence, they qualify as the largest producer of 

commercially important antibiotics. Most of the bioactive molecules 

are obtained from soil actinomycetes that inhabit most of the terrestrial 

areas. In the quest for novel antibiotics, rare species of Actinomycetes 

are being explored by selective isolation methods, from unique 

ecosystems such as deep sea sediments, hypersaline areas, glacier 

regions, and hot sulfur springs. Microbes from these ecosystems are 

presumed to produce novel bioactive compounds. Antibiotics and 

other bioactive compounds from actinomycetes are renowned for their 

antibacterial, antifungal, anticancer, antialgal, antimalarial, and anti-

inflammatory activities. 

 

Streptomycetes 

 

Kingdom: Bacteria 

Phylum: Actinobacteria 

Class: Actinobacteria 

Order: Actinomycetales 

Family: Streptomycetaceae 

Genus: Streptomyces 

Streptomyces is a genus of Gram-positive bacteria that grows in various 

environments, with a filamentous form similar to fungi. The 

morphological differentiation of Streptomyces involves the formation 

of a layer of hyphae that can differentiate into a chain of spores. This 
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process is unique among Gram-positives, requiring a specialized and 

coordinated metabolism. 

 

Streptomycetes are potent producers of secondary metabolites because 

around 45-55% of an estimated 10,000 archived antibiotic are produced 

by them. They exhibit a wide range of biological activities; e.g. 

antibacterial (Streptomycin, Tetracycline, Chloramphenicol); 

antifungal (Nystatin); antiviral (Tunicamycin); antiparasitic 

(Avermeetin); antitumor (Actinomycin, Mitomycin C).  

 

Antibiotic production by eubacteria 
There are numbers of bacteria which are capable of producing 

antibiotics which include Bacillus and Pseudomonas and most of these 

isolates are soil bacteria. About 1200 antibiotics are reported from 

eubacteria, one-half of which are produced by the genera Bacillus or 

Pseudomonas. 

 

The genus Bacillus has been known as an important source of antibiotic 

producers since the “golden age” of antibiotic discovery. Bacillus 

species of the family Bacillaceae is the largest in the order. Many 

species of Bacillus are of considerable importance because they 

produced the antibiotic. Just in the organism B. subtilis, 12 antibiotic 

compound have been isolated from different strains. Many of the 

antibiotics from Bacillus are peptide compounds that are synthesized 

either ribosomally or nonribosomally (by non-ribosomal peptide 

synthases) and are resistant to the action of proteases. Most of the 

peptide antibiotics produced by Bacilli are active against gram-positive 

bacteria; however, compounds such as Polymyxin, Colistin, and 

Circulin exhibit activity almost exclusively upon gram-negative 

bacteria, whereas Bacillomycin, Mycobacillin, and Fungistatin are 

effective against molds and yeasts. 

 

Bacitracin, isolated in 1945 from B. licheniformis is a mixture of at 

least 5 polypeptides. These antibiotics consist of 3 separate compounds, 

Bacitracin A, B and C. Bacitracin A is the chief constituent. Bacitracin 

has a clinical application presently limited to topical infections. In the 

past it was used systemically against severe infections from 
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staphylococci. It is also active against many Gram positive organisms 

such as Streptococci, anaerobic cocci, Cornyebacter and Clostridia but 

not against most other Gram negative bacteria. 

 

Gramicidin A, B, C and D. Gramicidin D a channel forming ionophore 

that flip-flop slowly across the membrane and surprisingly was found 

to inhibit phosphate group ATPase. Gramicidin is included in a number 

of antibacterial topical preparations. 

 

Polymyxin B, isolated from B. polymyxa in 1947, and colistin 

(polymyxin E), isolated from a variety of the same species in 1959, 

were originally used, as sulfate and as methane sulfonate, respectively, 

to treat severe Pseudomonas infections. At present, both are kept as 

reserve drugs because of the availability of less toxic agents. 

 

Antibiotic production by fungi 

Fungi and other microorganisms represent an invaluable source of 

natural product bioactive compounds, which are exploited in various 

contexts, ranging from crop protection to human medicine. Since the 

discovery of Penicillin, fungi are possibly best known as a potential 

source of novel antibiotics. Other fungal-based antibiotic discoveries 

include Cephalosporin produced by Cephalosporium sp., 

Griseofulvin from Penicillium griseofulvin and Usnic acid produced 

by a lichen and used topically in the treatment of human skin diseases. 

By 2002, of the 20 medicines most commonly prescribed, six originated 

from fungal sources. Fungi exist in a diverse range of habitats, 

including, but not limited to, soil, freshwater and marine environments, 

insects and in plants. Filamentous fungi produce a wide range of 

bioactive compounds with important pharmaceutical applications, such 

as antibiotic penicillins and cholesterol-lowering statins. However, less 

attention has been paid to fungal secondary metabolites compared to 

those from bacteria. 
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Lecture 3: Properties of antimicrobial agents  
 

a) Selective Toxicity 

The differences in the bacteria and mammalian cells especially the 

structural and metabolic differences enables the antibiotics/antibacterial 

agents to cause selective toxicity to the bacterial organisms without 

causing any damage to the host cells. Ehrlich's idea of a magic bullet 

was based on selective toxicity, which says that a chemotherapeutic 

agent should harm the infectious agent but not the host. Today, two 

terms are used when considering the toxicity of a drug.  

 

Together these can be used to formulate the chemotherapeutic index, 

which is the highest level (per kilogram of body weight) of the drug 

tolerated by the host divided by the lowest level (per kilogram body 

weight) of the drug that will eliminate the infection or disease agent (see 

Figure 5). 

 

The chemotherapeutic index of each antimicrobial agent must be 

considered, and the efficacy in eliminating disease and providing 

symptom relief must outweigh the associated toxicity and adverse 

events. The best way to accomplish this is to develop drugs that target 

a specific component of microbial cells, such as the cell wall or a certain 

metabolic pathway, which is absent in human cells.  A higher 

therapeutic index is preferable to a lower one: a patient would have to 

take a much higher dose of such a drug to reach the toxic threshold than 

the dose taken to elicit the therapeutic effect. 

 

b) Antimicrobial spectrum 

Another important property in prescribing an appropriate drug is 

identifying the range of pathogens to which a particular drug will work. 

This range of antimicrobial action is the antimicrobial spectrum. Those 

drugs affecting many taxonomic groups are considered as having a 

broad spectrum of action, while those affecting few pathogens have a 

narrow spectrum of action (see Figure 6). 
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Figure 6. The antimicrobial spectrum of activity of selected 

antimicrobial drugs. 
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Lecture 4: Mechanism of Action of Antibiotics 
 

The mechanism of action of antibiotics mean, the changes that happen 

in the biochemical activity of the cell or, in other words, is the change 

that occurs in the metabolic pathway that leads to inhibit the 

growth or kill the microorganism. The antibiotics must be 

characterized with the following feature in order to influence on the 

microbial cell: 

1- Have ability to enter the cell. 

2- The ability to link with one of the cellular structures that contribute 

to the metabolic activity. 

3- Inhibition of metabolic processes, which include the production of 

energy, composition and building units such as amino acids, 

nucleotides. 

The antibiotic is working selectively, it has ability to influence the 

bacterial cells and does not affect the eukaryotic cells such as human 

and animal cells. Antibiotic selectivity can be due to the following 

reasons: 

1) Differences in the basic cellular structures (cell wall, the 

structure of nuclear membrane, cytoplasm and ribosome). For 

example, some antibiotics act by inhibition of the synthesis of 

the bacterial cell wall does not affect the cells that differ in cell 

wall composition.  

2) Differences in the permeability. For example, Tetracycline 

enters the bacterial cells through active transport with 

concentrations sufficient to inhibit cell growth, while, in 

animal cells, antibiotics enter by diffusion and with limited 

concentrations have no effect on the cell.  

3) Differences in the enzymes that participate in the organization 

of metabolic pathways and thus the antibiotics are working in 

different ways and depending on the work of different 

enzymes. 

 

In the most simplistic sense, antibacterial agents work by four distinct 

major mechanisms of action (see Figure 1 and Table 1): 
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1. Inhibition of cell wall synthesis. 

2. Inhibition of protein synthesis. 

3. Inhibition of folic acid biosynthetic pathways. 

4. Inhibition of nucleic acids synthesis. 

 

 
Figure 1. The four major mechanisms by which most antibiotics work. 

THFA= tetrahydrofolic acid; DHFA= dihydrofolic acid; PABA= para-

aminobenzoic acid. 

Table 1. Mechanisms of action of antimicrobial agents. 
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Lecture 4: 
 

1. Cell Wall Synthesis Inhibitors 

 

The most selective antibiotics are those that interfere with bacterial cell 

wall synthesis. Drugs like Penicillins, Cephalosporins, Vancomycin, 

and Bacitracin have a high therapeutic index because they target 

structures not found in eukaryotic cells. 

 

β-Lactam Antibiotics 

β-lactam antibiotics have wide spectrum of activity and low toxicity 

because the drug targets bacterial cell wall that has no analogues in 

higher organisms. β-lactam antibiotics, which constitute 60% of the 

worldwide antibiotic usage, are one of the most effective and 

commonly used agents in the treatment of infectious diseases. 

 

Peptidoglycan synthesis 

Synthesis of peptidoglycan and ultimately the bacterial cell wall occurs 

in a number of stages.  

1. Cytoplasmic stage: adding of five amino acids to A-acetylmuramic 

acid. Next N- acetylglucosamine is added to the N-acetylmuramic acid 

to form a precursor of peptidoglycan. 

(Cycloserine and Fosfomycin) 

2. Membrane stage: The peptidoglycan precursor is then transport 

across the cell membrane to a cell wall acceptor in the periplasm.  

(Bacitracin and Vancomycin) 

3. Extracellular stage: Once in the periplasm, the peptidoglycan 

precursors bind to cell wall acceptors and undergo extensive cross-

linking by membrane bound transpeptidases. 

(β-lactam group; e.g. Penicillin and Cephalosporin) 

 

Penicillins: Mechanism of action 

(e.g., Penicillin V, Penicillin G, Amoxicillin, Amoxicillin/Clavulonate 

(Augmentin) and Ampicillin). 

1. Inhibits cell wall synthesis by blocking transpeptidation of 

peptidoglycan. 
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Penicillin binds to penicillin binding protein (PBP) receptor on the 

surface of bacterial cell wall (Figure 3). PBP is the receptor for substrate 

peptidoglycan precursor in bacteria. Antibiotics penicillin acts as 

alternative substrate and binds to PBP receptor and then inhibits 

transpeptidase which results in inhibition of cell wall synthesis. 

2. Activates autolytic enzymes in the cell wall that cause lesions 

resulting in bacterial death.  

 

 

 

 

 

 

 

Figure 3. Action of Penicillin. 

 

2. Protein Synthesis Inhibitors 

Many antibiotics inhibit protein synthesis by binding with the 

prokaryotic ribosome. Because these drugs discriminate between 

prokaryotic and eucaryotic ribosomes, their therapeutic index is 

fairly high, but not as high as that of cell wall inhibitors. Some drugs 

bind to the 30 S (small) ribosomal subunit, while others attach to the 50 

S (large) subunit. Several different steps in protein synthesis can be 

affected: aminoacyl-tRNA binding, peptide bond formation, mRNA 

reading and translocation (Figure 4 and Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Inhibition of protein synthesis by antibiotics. 

Membrane 

Membrane 
Peptidoglycan 

layer 
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Figure 5. The major classes of protein synthesis inhibitors target the 

30S or 50S subunits of cytoplasmic ribosomes. 

 

Chloramphenicol: Mechanism of action 

Chloramphenicol is bacteriostatic. At the molecular level, 

chloramphenicol binds to the 50 S ribosomal subunit and blocks linkage 

of incoming amino acids to the growing peptide chain by interfering 

with the enzyme peptidyl transferase (Figure 6). 

 

 
Figure 6. Site of action for chloramphenicol. PT= peptidyl transferase. 

 

Aminoglycosides: Mechanism of action 

(e.g., Gentamicin, Amikacin, Tobramycin, Kanamycin, Streptomycin 

and Neomycin). 
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These antibiotics are bactericidal and tend to be most effective against 

gram-negative pathogens. Aminoglycosides, particularly Gentamicin, 

Amikacin, and Tobramycin, are highly active compounds for which 

resistance is uncommon. 

 

Aminoglycoside binding to bacterial 30 S ribosomal subunits interferes 

with protein synthesis in at least three ways (see Figure 7): 

  

 Aminoglycosides interfere with formation of the initiation 

complex. 

 Aminoglycosides misread mRNA and miscode amino acids in the 

growing peptide chain. 

 Aminoglycosides cause ribosomes to separate from mRNA. 

 

  

 

 

 

 

 

 

 

Figure 7. Effects of aminoglycosides on protein synthesis:  

A. Aminoglycoside (represented by black circles) binds to the 30S 

ribosomal subunit and interferes with initiation of protein synthesis by 

fixing the 30S–50S ribosomal complex at the start codon (AUG) of 

mRNA. As 30S–50S complexes downstream complete translation of 

mRNA and detach, the abnormal initiation complexes, so-called 

streptomycin monosomes, accumulate, blocking further translation of 

the message. 

B. Aminoglycoside binding to the 30 S subunit also causes misreading 

of mRNA, leading to, premature termination of translation with 

detachment of the ribosomal complex and incompletely synthesized 

protein. 

C. Incorporation of incorrect amino acids (indicated by the black X), 

resulting in the production of abnormal or non-functional proteins.  
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Tetracyclines: Mechanism of action 

(e.g., Tetracycline, Chlortetracycline, Lymecycline and 

Meclocycline). 

 

Tetracyclines are bacteriostatic, time-dependent antibiotics that have 

a broad spectrum of activity that includes gram-positive and gram-

negative bacteria, some anaerobes, and a typical and intracellular 

pathogens such as spirochetes, Mycoplasma spp., and rickettsiae. 

Tetracyclines drugs are tetracycline, minocycline, doxycycline, 

demeclocycline, oxytetracycline, and tigecycline (all ending with “-

cycline”). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Inhibition of bacterial protein synthesis by tetracyclines. 

Tetracyclines inhibit bacterial protein synthesis by binding to the 30S 

subunit and blocking tRNA binding to the A site. 

 

3. Metabolic Antagonists 

These drugs can act as structural analogs, molecules that are 

structurally similar to naturally occurring metabolic intermediates. 

These analogs compete with intermediates in metabolic processes 

because of their similarity, but are just different enough so that they 

prevent normal cellular metabolism. As such they are bacteriostatic 

but broad spectrum. 
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Folic acid synthesis inhibitors 

Some antimicrobials can inhibit bacterial folic acid synthesis. Bacteria 

synthesize their own folic acid. Unlike humans, who obtain this B 

vitamin from their diets, bacteria cannot use folic acid obtained from 

the environment: 

 

Sulfonamides or Sulfa drugs: Mechanism of action 

(e.g., Sulfadiazine, Silver sulfadiazine and Sulfamethoxazole) 

 

Sulfonamides, or sulfa drugs, are structurally related to sulfanilamide, 

an analogue of p-aminobenzoic acid, or PABA (Figures 9). PABA is 

used in the synthesis of the cofactor folic acid (folate). Sulfonamides 

are selectively toxic for many pathogens because these bacteria 

manufacture their own folate and cannot effectively take up this 

cofactor, whereas humans do not synthesize folate (we must obtain it 

in our diet). Sulfonamides thus have a high therapeutic index. 

 

Sulfonamides are competitive inhibitors of dihydropteroate synthase, 

the bacterial enzyme responsible for the incorporation of PABA into 

dihydropteroic acid, the immediate precursor of folic acid (Figure 10). 

Thus, these structural analogs of PABA prevent normal bacterial use of 

PABA for the synthesis of folic acid. 

 

Trimethoprim: Mechanism of action 

Trimethoprim inhibits dihydrofolate reductase, the enzyme that 

catalyzes the last step of bacterial folic acid synthesis (see Figure 10). 
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Figure 9. Sulfanilamide. Sulfanilamide and its relationship to the 

structure of folic acid. 

 
Figure 10. Synergistic drug interaction between the Sulfonamides and 

Trimethoprim. Two successive steps in the biochemical pathway for 

folic acid synthesis are blocked by these drugs. Thus the efficacy of the 

drug combination is greater than that of either drug used alone. 
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4. Inhibitors of Nucleic Acid Synthesis 

The antibacterial drugs that inhibit nucleic acid synthesis function by 

inhibiting DNA polymerase and DNA helicase or RNA polymerase, 

thus blocking processes of replication or transcription, respectively. 

These drugs are not as selectively toxic as other antibiotics because 

prokaryotes and eukaryotes do not differ greatly with respect to 

nucleic acid synthesis. 

The antibacterial drugs that inhibit nucleic acid synthesis function by 

inhibiting (Figure 11): 

 

(1) DNA polymerase and DNA helicase. 

(2) RNA polymerase to block replication or transcription, 

respectively. 

 

 

A) Inhibition of DNA replication 

 

Quinolone 

The quinolone antibiotics target bacterial topoisomerase II (also called 

DNA gyrase) and topoisomerase IV (Figure 11). For many gram-

positive bacteria (such as staphylococci and streptococci), 

topoisomerase IV is the primary activity inhibited by the quinolones. In 

contrast, DNA gyrase is the primary quinolone target in many gram-

negative microbes. 

Individual strands of double-helical DNA must be separated to permit 

DNA replication or transcription. However, anything that separates the 

strands results in “overwinding” or excessive positive supercoiling of 

the DNA in front of the point of separation (Figure 11). 

To combat this mechanical obstacle, the bacterial enzyme DNA gyrase 

is responsible for the continuous introduction of negative supercoils 

into DNA via an ATP-dependent requiring that both strands of the 

DNA be cut to permit passage of a segment of DNA through the break; 

the break then is resealed. 
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B) Inhibition of RNA Transcription 

 

Rifamycins: Mechanism of action 

(e.g., Rifamycin, Rifampicin, or Rifampin and Rifabutin). 

Rifampicin binds to the pocket of the RNA polymerase β subunit within 

the DNA/RNA channel, but away from the active site. The inhibitor 

prevents RNA synthesis by physically blocking elongation, and thus 

preventing synthesis of host bacterial proteins. 

 

Antibiotics as Competitive Inhibitors 

Some antibiotics competitively inhibit the important metabolic 

pathways happen inside the bacterial cell. These antibiotics resemble a 

microbial substrate and compete with that substrate for the limited 

microbial enzyme (Figure 12). The antibiotic ties up the enzyme and 

blocks a step in metabolism. They are also called as anti-metabolites or 

growth factor analogs. For example; Sulfonamides like Gantrisin and 

Trimethoprim. 

 

 
Figure 12. Antibacterial antibiotics competitive inhibitors. 

Sulphonamides (sulfa drugs) (broad spectrum antibiotics) inhibit folic 

acid synthesis. 
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Lecture 5: Pharmacology of Antibiotics 
 

Pharmacology is the science of drugs and their effect on living 

systems. Pharmacology is crucial for: 

 Discovering new medicines to help fight diseases. 

 Improving the effectiveness of medicines. 

 Reducing unwanted side effects of medicines. 

 Understanding why individuals differ in the way they respond to 

certain drugs, and why some others cause addiction. 

 

Kinetics at site of infection 

The goal of antimicrobial therapy is to effectively eradicate pathogenic 

organisms while minimizing drug toxicities. Various factors affect the 

treatment outcomes of infectious diseases including: 

 

Pathogen factors: including 

 Inoculum size 

 Growth phase 

 Virulence factors (toxins, extracellular enzymes and metabolic 

products). 

 

Host factors: Pharmacokinetics (PK). 

Pharmacokinetics (the ancient Greek: Pharmakon= Drug; Kinetikos= 

Motion) is the science of the rate of movement of drugs within 

biological systems. PK is affected by: 

 

 Absorption 

 Distribution  

 Protein binding 

 

 Metabolism 

 Penetration 

 Intracellular concentration 

 Elimination 
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Antibiotic factors: Pharmacodynamics (PD). 

The relationship between drug concentration and its effective activity. 

Measures of PD specific to antibiotics include: 

 

 Minimal concentration of an antimicrobial needed to inhibit 

bacterial growth (MIC). 

 Measure of drug exposure. 

 Persistent effects. 
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Lecture 6: Antibiotic Pharmacokinetics 
 

The term antibiotic pharmacokinetics refers to how (and to what extent) 

antibiotics enter the body, where they go once they are “inside,” and 

how they get out. These three phases of pharmacokinetics are usually 

described as Absorption, Distribution, and Metabolism/Excretion 

(sometimes abbreviated “ADME”) (see Figure 1). 

 

The pharmacokinetics of antibiotics are key to the effectiveness of the 

drugs in clinical practice; there is no benefit for a patient to receive an 

antibiotic that is great at killing bugs if it never gets to the site of the 

infection at a high enough concentration to work.  

 

It is important to know, for example, that ceftriaxone distributes there 

well but cefazolin does not if you are treating meningitis. Figure 1 

illustrates ADME phases on a concentration–time curve, with the 

concentration of the drug on the Y axis and the time since drug 

administration on the X axis. It also indicates the key pharmacokinetic 

parameters of peak concentration, trough concentration, and area under 

the concentration–time curve (“AUC”). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Pharmacokinetic phases and parameters. 

 

Major Pharmacokinetic Factors 

A) Absorption 
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Most antimicrobial drugs are administered either by the intravenous 

(IV) or oral administration (PO) routes. Absorption is best described 

by the drug's bioavailability, which is defined as the percentage of a 

drug's dose that reaches the systemic circulation. 

 
1. Intravenous administration (IV) 

When the entire dose is administered by the IV route, 100% of that 

dose is bioavailable. Rates of IV administration can vary from a bolus 

infusion (in which the total IV dose is given over a very short interval 

of time, e.g., a minute or less) to a very slow infusion over many hours.  

 

2. Oral administration (PO) 

A few antibacterial agents have excellent bioavailability after oral 

administration. For example, the fluoroquinolones, Metronidazole, 

Tetracycline, Minocycline, Doxycycline, Linezolid, and Trimethoprim-

sulfamethoxazole are well-absorbed drugs, for which PO and IV doses 

are similar. Because absorption and distribution is taking place while a 

drug is being absorbed after oral administration, peak plasma levels can 

be delayed and usually are not as high as those achieved by IV infusion. 

 

After oral administration, the bioavailability of penicillin G, which is 

destroyed by gastric acid, is low (< 30%). Penicillin V is more acid-

stable, and its bioavailability (60%–70%) is better than that of penicillin 

G. Amoxicillin offers an advantage over penicillin V in that it has 

greater oral bioavailability (74%–92%). Only 30% to 55% of an oral 

ampicillin dose is absorbed. 

 

B) Distribution 

Distribution is the passage of drugs from blood to tissues. Volume of 

Distribution (Vd) is apparent volume of body water that drug appears 

X 100 
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to distribute into to produce a drug concentration equal to that in the 

blood. 

 

C) Elimination 

Drugs may be eliminated by being converted to metabolites (mainly in 

the liver); unchanged drugs or their metabolites may be eliminated in 

feces or urine by the excretory organs, mainly the kidneys, liver, and 

gut. Some drugs or their metabolites that are excreted in bile may be 

reabsorbed into the bloodstream and recycled by a process called 

enterohepatic circulation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. A plot of the log plasma concentration (Cp) curve over time 

that may be measured in plasma after administration of a single IV 

infusion or oral administration of an antimicrobial drug. 

Lectute 7: PK/PD Relationship of Antibiotics 

The major indicator of the effect of the antibiotics is the MIC or 

minimum inhibitory concentration. It provides information on the 

susceptibility of the pathogen against the antibiotic. It is defined as the 

minimum concentration of the antibiotic drug able to inhibit the 

bacterial growth. Its estimation is easy and simple to perform by 

different methodologies (disk diffusion, E-test, microdilution and 

macrodilution) in the laboratory. 

Limitations of MIC 

 Does not consider time course of antimicrobial activity. 

 Does not mimic physiologic conditions. 

 Does not take into account the “sub-MIC effect” and “post-

antibiotic effect”. 
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Therefore, the use of MIC values as the only marker of the efficacy of 

an antibiotic agent can be misleading, as the clinical outcome is 

conditioned by complex interactions between the three elements of the 

antibiotic therapy: the host, the microorganism, and the drug (Figure 

4). 

 

1) Concentration-dependent killing antibiotics activity correlates 

with the ratio of the peak concentration of the drug to the MIC, 

Peak/MIC (aminoglycosides, fluoroquinolones): 

 Direct relationship between antibiotic concentration and 

bactericidal effect. 

 Goal is to maximize concentration to attain highest possible 

concentration at infection site. 

 

2) Time-dependent killing antibiotics activity correlates with the 

duration of time that the concentration of the drug remains above the 

MIC, T>MIC (beta-lactams, including penicillins and penems, 

glycopeptides, linezolid, macrolides, etc.): 

 Period of time that it takes for a pathogen to be killed by 

exposure to an antibiotic. 

 Maximum suppression of the organism is maintained as long as 

antibiotic concentration remains above the MIC. 

 

3) Post antibiotic effect (PAE): 

 Describes persistent suppression of bacterial growth after 

antimicrobial exposure. 

 
Figure 5. Principal PK-PD characteristics of antimicrobial drugs. 
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Lecture 8: Mechanism of Resistance to Antibiotics 
 

What is antimicrobial resistance? 

From a microbiological point of view, resistance is defined as a state in 

which an isolate has a resistance mechanism rendering it less 

susceptible than other members of the same species lacking any 

resistance mechanism. 

From a clinical point of view, resistance is defined as a state in which a 

patient, when infected with a specific pathogen, is treated with an 

adequate antimicrobial dosage and administration schedule, but clinical 

criteria of cure (at a clinical and/or a microbiological level) are not 

reached. 

 

The reasons for increasing resistance levels include the following: 

 Suboptimal use of antimicrobials for prophylaxis and treatment of 

infection.  

 Noncompliance with infection-control practices. 

 Prolonged hospitalization, increased number and duration of 

intensive care-unit stays.  

 Increased use of invasive devices (any medical device that is 

introduced into the body) and catheters. 

 Ineffective infection-control practices, transfer of colonized 

patients from hospital to hospital. 

 Grouping of colonized patients in long-term-care facilities. 

 Antibiotic use in agriculture and household chores (e.g., cleaning, 

washing). 

 Increasing national and international travel. 

 

Mechanisms of Antimicrobial Resistance 

Antimicrobial resistance can be described in two ways: 

 

A) Natural (also called Intrinsic or passive) whereby microorganisms 

naturally do not posses target sites for the drugs and therefore the drug 

does not affect them or they naturally have low permeability to those 

agents because of the differences in the chemical nature of the drug and 

the microbial membrane structures especially for those that require 

entry into the microbial cell in order to effect their action.  
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B) Acquired resistance whereby a naturally susceptible 

microorganism acquires ways of not being affected by the drug. 

Resistance in bacteria may be acquired by a mutation and passed 

vertically by selection to daughter cells. More commonly, resistance is 

acquired by horizontal transfer of resistance genes between strains and 

species.  

 

Biochemistry of Antibiotic Resistance 

Understanding the mechanisms of resistance has become a significant 

biochemical issue over the past several years and nowadays there is a 

large pool of information about how bacteria can develop drug 

resistance. Biochemical and genetic aspects of antibiotic resistance 

mechanisms in bacteria are shown in Figure 2 and Figure 3. 

 

Although the manner of acquisition of resistance may vary among 

bacterial species, resistance is created by only a few mechanisms: 

1. Antibiotic inactivation, direct inactivation of the active antibiotic 

molecule. 

2. Target modification, alteration of the sensitivity to the antibiotic 

by modification of the target. 

3. Efflux pumps and outer membrane (OM) permeability changes, 

reduction of the concentration of drug without modification of the 

compound itself. 

4. Target bypass, some bacteria become refractory to specific 

antibiotics by bypassing the inactivation of a given enzyme. 

 

Genetics of Antibiotic Resistance 

Studies of a wide variety of bacterial pathogens have identified 

numerous genetic loci associated with antibiotic resistance. For some 

types of resistance there is a large diversity of responsible genetic 

determinants. 

 

Acquired bacterial antibiotic resistance can result from: 

 A mutation of cellular genes, 

 The acquisition of foreign resistance genes, or 

 A combination of these two mechanisms. 
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Mutation  

When an antimicrobial attacks a specific target, whether it be cell wall 

peptides, ribosomes or nuclear DNA, it locks on to specific receptors 

on the target. Bacterial mutation results in the alteration of these 

receptors so that the antimicrobial can no longer fit and the organism is 

thus resistant to the effects of the antimicrobial.  

Examples of clinical strains showing resistance can be found for every 

class of antimicrobial, regardless of the mechanism of action. Target 

site changes often result from spontaneous mutation of a bacterial gene 

on the chromosome and selection in the presence of the antimicrobial.  

 

Drug-resistant microorganisms 

1. Staphylococcus aureus 

Staphylococcus aureus is one of the major resistant pathogens and it is 

extremely adaptable to antibiotic pressure and this is the only bacteria 

in which penicillin resistance was established in 1947. It has been 

shown that methicillin, a potent antibiotic, has been extensively used to 

treat various bacterial infections but later on, it was found that some 

bacteria (Staphylococcus aureus) started developing resistance of 

methicillin, which is now known as methicillin-resistant 

Staphylococcus aureus (MRSA). 

 

2. Streptococcus pyogenes and Streptococcus pneumoniae 

Streptococcus pyogenes infections can be treated with various types of 

antibiotics but strains of S. pyogenes are also known to develop 

resistance to macrolide antibiotics. Moreover, drug (penicillin and other 

beta-lactams) resistance has been reported in Streptococcus pneu-

moniae worldwide. The mechanism of drug resistance generally 

involves the mutations in genes that encode penicillin-binding proteins.  

 

3. Pseudomonas aeruginosa 

P. aeruginosa is a highly widespread pathogen; one of the most 

frustrating characteristics of this organism is its low antibiotic 

vulnerability. Additionally, P. aeruginosa can easily acquire resistance 

either by a mutation process or by the horizontal gene transfer of 

antibiotic resistance elements. Some recent studies have shown that 
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phenotypic resistance bacteria are associated with biofilm formation in 

the response to antibiotic treatment. 

 

4. Clostridium difficile 

C. difficile is a pathogen that causes diarrhea worldwide and in various 

parts of the United States. C. difficile develops clindamycin resistance. 

Additionally, the outbreaks of C. difficile strains were found to be 

resistant to fluoroquinolone antibiotic drugs. 

 

5. Salmonella and E. coli 

E. coli and Salmonella are also known to cause food contamination and 

more than 80% of the E. coli and Salmonella are resistant to one or more 

antibacterial drugs. Additionally, E. coli and Salmonella cause bladder 

infections that are found to be resistant to antibiotics. 
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Lecture 8: Multidrug resistance 
 
Despite the awareness in science and politics and the more recent 

attention by mass media, antibiotic resistance continues to increase 

throughout the world. In this context, the rise of multidrug resistance in 

Gram-negative bacteria (MDR-GNB) has become a particularly serious 

challenge for healthcare professionals.  

 

Gram-negative bacteria (GNB) differ from Gram-positive bacteria with 

respect to the structure of the cell wall. This results in differences in the 

penetration and retention of chemical agents. Gram-negative bacteria 

have what is referred to as envelope, consisting of three principal layers: 

 

1. The outer membrane, containing the lipopolysaccharide/endotoxin. 

2. The peptidoglycan cell wall with peptide chains, partially cross-

linked. 

3. The cytoplasmic or inner membrane. 

 

In contrast, Gram-positive bacteria generally lack the outer membrane. 

The main function of the outer membrane is to serve as a permeability 

barrier, excluding certain drugs and antibiotics from penetrating the 

cell. This feature is one of the main factors contributing to the intrinsic 

antibiotic resistances (natural resistance) observed in Gram-negative 

bacteria.  

 

Medically important Gram-negative bacteria include the following 

pathogens: 

 

 Acinetobacter spp. 

 Bordetella pertussis 

 Campylobacter spp. 

 Enterobacteriaceae: Citrobacter spp., Enterobacter spp., 

Escherichia coli, Klebsiella spp., Salmonella spp., Serratia 

marcescens, Shigella spp., Yersinia spp. 

 Haemophilus influenza 

 Helicobacter pylori 
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 Legionella pneumophila 

 Neisseria spp. 

 Pseudomonas aeruginosa 

 Vibrio cholera 

Gram-negative bacteria can acquire resistance to one or more important 

classes of antibiotics, which usually prove effective against them such 

as: 

 

1. Ureidopenicillins (piperacillin) 

2. Third- or fourth-generation cephalosporins (cefotaxime, ceftazidime) 

3. Carbapenems (imipenem, meropenem) 

4. Fluorquinolones (ciprofloxacin) 

5. Polymyxins (colistin and polymyxin B) 

6. Aminoglycosides (gentamicin, amikacin) 

7. Glycylcycline (tigecycline) 

8. Tetracyclines (doxycycline, minocycline) 

9. Chloramphenicol 

10. Sulphonamides (co-trimoxazole) 

11. Fosfomycin Definition of multidrug resistance varies between 

countries. 

 

Among these acquired resistances, “The Big Five Carbapenemases” are 

of particular relevance. The “Big Five” are: 

 

1. KPC (Klebsiella pneumoniae carbapenemase). 

2. IMP (Imipenemase metallo-beta-lactamase). 

3. NDM (New Delhi metallo-beta-lactamase). 

4. VIM (Verona integron-encoded metallo-beta-lactamase). 

5. OXA (Oxacillin carbapenemases) Enterobacteriaceae, primarily 

Escherichia coli and Klebsiella pneumoniae, are among the most 

frequently affected bacteria. 

 

Carbapenems are often the last line of effective treatment available for 

infections with MDRO Enterobacteriaceae. Until recently, the 

polypeptide colistin has been used as a reserve antibiotic for the 

treatment of critically ill patients in the event of multidrug resistance of 



Dr. Esam Hummadi  

University of Diyala/College of Sciences 

Department of Biotechnology 

 

 

GNB, especially in the event of resistance to carbapenem. However, the 

emergence of the transferrable gene mcr-1, which causes resistance to 

colistin, is now being reported from several countries, including China, 

the U.K., Denmark, the U.S. and Germany where it has been detected 

in intestinal bacteria in farm animals. Resistance to colistin is 

particularly common in isolates of Escherichia coli and in salmonella 

from poultry populations. 

 

In China, the gene was found in humans, including residents of long-

term-care facilities, as well as in animals and foodstuffs. Colistin 

belongs to the polymyxin group of antibiotics. It binds to 

lipolysaccharides and phosopholipids in the outer membrane of GNB. 

All resistance mechanisms studied so far in this context eventually 

result in a reduced affinity of polymyxin to the bacterial surface. 

 

Acquisition and spread of antibiotic resistance in Gram-negative 

bacteria Antibiotic resistance is essentially a result of natural selection. 

Genetic variations in bacterial populations may carry mutations, which 

prove to be advantageous for their survival in the presence of 

antimicrobial agents. Antibiotic resistance can be intrinsic to specific 

microorganisms, which can be explained by their inherent structural or 

functional characteristics. Gram-negative bacteria are usually naturally 

insensitive to vancomycin because this antibiotic agent is not able to 

penetrate the outer membrane. Klebsiella exhibit an innate insensitivity 

towards ampicillin as a result of beta-lactamase production.  

 

Mechanisms leading to excess MDR 

The excess of MDR could be caused by unexpectedly high rates of 

origin, high rates of spread of MDR strains or determinants, or both. A 

major complicating factor is the possibility of horizontal gene transfer, 

which can disseminate resistance to multiple antibiotics in a single step. 

However, it is conceptually useful to separate the explanations for MDR 

bacteria into two phases: origin and spread. 


