
 

BACTERIOLOGY 

Lec.2 

Capsule and glycocalyx 

Many bacterial synthesize large amounts  of extracellular polymers when 

grown in their environments. This material is polysaccharide in nature 

expect that of one bacterial (Bacillus anthraces) which is polypeptide. 

When it forms a condensed well defined layer surroundings the cell its 

called the capsule. 

When it forms a loose mesh work of fibrils extendining outward from 

the cell its called the glycocalyx. In some cases masses of polymer are 

detached from the cells are entrapped in it. These are called a slime-

layer . 

Function : 

Antigenic determinant 

The capsule contributes to the invasiveness of pathogenic bacteria. 

Encapsulated cells are protected from phagocytosis  unless   they  are 

treated with anticapsular antibody. 

The glycocalyx plays a role in the adherence of bacterial to surface of 

host cells. 

Strep. Mutans, adhere tighty to tooth enamel by its glycocalyx. Then the 

bacteria cells of the same or different species become entrapped in the 

glycocalyx which which forms a layer known as plaque on the tooth 

surface. Then acidic products excreted by these bacteria cause dental 



caries. In addation the bacteria glycocalayx is formed from sucrose 

which explains correlation of dental caries with sucrose consumption by 

human. 

Flagella 

Bacteria flagella are thread-like appendages composed of protein. They 

are organs of locomotion in motile bacteria (1-20 flagella). Three types 

of arrangement are know:  

Monotrichous : single polar Flagellum  

Lophotrichous : multiple polar Flagellum 

Peritrichous : Flagella are distributed over the entire cell. 

Flagellum proteins called flagellin that aggregate to form a helical 

structure. They are highly antigenic (H antigens) and some of immune 

responses to infection are directed against these proteins. Flagella is 

structure composed of a hook and body. 

Pili ( fimbriae) 

Many G-ve bacteria posses rigid surface appendages called pili   (L hairs)    

called  composed of protein called    ‘pilin’. Two classes can be 

distinguished 

Ordinary pili : which play a role in adherence of bacteria to host cells. 

Sex pili responsible for the attachment of donor  and recipient cells in 

bacteria conjugation. 

Pilin molecules are arranged helically to form straight cylinder that does 

not  rotates and no basal body. The ordinary pili provide  the adherent 



properties and represent the colonization antigens that is responsible 

for the virulency in certain pathogenic bacteria. 

Pili of different bacteria are antigenically distinct and enhance the 

formation of specific antibodies by the host. 

Pilli are present in motile and non-motile strains of many species of 

bacteria.  

Endospores   

Members of several bacteria genera are capable of forming endospores. 

Commonly the G+ve rods (the aerobic [bacillus] and the anaerobic 

[clostridium]). 

Under conditions of nutritional depletion each cell forms a single 

internal spore that is liberated when the mother cell under goes 

autolysis.  

The spore is a resting cell highly resistant to heat and chemicals when 

returned to favourable nutritional conditions and activated, the spore 

germinates to produce a single vegetative cell. Sporulation accurs in 

culture that have terminated growth as a result of depletion of carbon 

and N sources. 

The spore consist of: 

1- The core : spore protoplasm. 

2- Cell envelope of spore composed of : 

3- Spore wall. 

4- Cortex. 

5- Coat : keratin like protein. 



 6- Exosporium. 

The germination of spores occurs in three stages: 

Activation   , initiation , outgrowth  

Nutrition of microorganism  

The main element required for nutrition of bacteria may be provided in 

culture media or in the host tissues, these element include: 

1- Carbon and energy source : supplied by organic compound such as 

glucose and amino acids to provide suitable building blocks and 

convert ADP→ ATP. 

2- Nitrogen source : the main inorganic form of nitrogen is ammonia  

in the form of ammonium salts provided from the environment 

directly or from amino acids or nitrates reduction. 

3- Inorganic salts : phosphate (PO4), Sulphate (SO4) , Na+, K+ , Mg+2 , 

Fe++ , Ca++. 

4- Organic compound : A.A , nucleotides , monosacch , lipids and 

coenzymes. 

Physical conditions required for growth     

1- O2 : most bacteria (70% of bacteria) require O2 necessary (strict 

aerobes). 

Others can live with or without  O2: Facultative bacteria as E.coil. 

Other require minute amount of O2 : (microaerophilic) the rest 

cannot 

Grow in presence of O2 : anaerobic bacteria → clostridium. 

2- CO2 : most bacteria need small amount of CO2 for growth. Some 

other bacteria require much higher cocn. Of CO2 as neisseria. 



3- Temperature : the optimum temp. Of bacteria is 37c⁰ for parasitic 

bacteria many saprophytes of soil and water grow best between 

(25c⁰-40c⁰). The thermal death point of bacteria is the lowest 

temp that kills it under standard condition and within a given time 

e.g 10min. Under moist conditions its (50-65c⁰) for non-sporing 

bacteria  and its (100 -120c⁰)for spores. At low temp. Some 

species die rapidly but the majority survive well at refrigerating 

between (3-5c⁰) others may survive in freezing state ( -20 to-70c⁰). 

4- moisture : is absolutely necessary for growth and dryness kills 

bacteria expect spores and T.B bacteria. 

5- H ion conc. : each organism need a certain PH for its growth. Some 

are acidophilic (need low PH) others are sensitive to acid but 

tolerant to alkaline as vibrio cholera. 

6- Light and other radiation : darkness provide a favourable 

conditions for growth. UV rays are rapidly bactericidal as direct 

sunlight and radiation. 

7- Osmotic pressure: cytoplasmic membrane and cell wall protect 

bacteria cell from varying contents of salts in the medium  .For 

most species the maximum conc. Of salts is (5-12%) some other 

species can grow in high conc. (osmophilic bacteria) e.g: staph. 

aureus. 

Pathogenesis of bacteria infection 

Pathogenesis : include initiation of the infection process and the 

mechanisms that lead to development of signs and symptoms of 

disease.  



Pathogen : amicroorganism capable of causing disease and this include: 

transmissibility, adherence to host cells, invasion of host cells and 

tissues, toxigenicity and ability to evade the host immune system. 

Adherence (adhesion , attachment) : process by which bacteria stick to 

the surface of host cells ,adherence is a major initial step in the  infection 

process. 

Carrier: a person or animal with asympromic infection that can be 

transmitted to another susceptible persons or animals. 

Infection: multiplication of an infective agent within the body. 

Multiplication of bacteria that are part of the normal flora of the body 

(GIT, skin.....ect) is generally not considered infection. Whereas    

multiplication of pathogenic bacteria even the person is asymptomic is 

an infection. 

Invasion: the process where by bacteria, parasite, fungi and viruses 

enter the cell or tissues and spread in the body. 

Non pathogen: amicroorganism that does not cause a disease, may be 

part of normal flora. 

Opportunistic pathogen: an agent capable of causing disease, only when 

the hosts resistance is impaired. 

Phathogencity : the ability of an infectious agents to cause disease 

including ; 

1-Transmissibility 

2-Adherence  

3-Invasion 



4-toxigenicity 

5-Ability to evade the immune system of host 

Toxigenicity : the ability of a microorganism to produce a toxin that 

contributes to the development of disease. 

Virulence : the quantitative ability of an agent to cause disease when 

introduced into the host in small numbers.  

Virulence involves: adherence, invasiveness and toxigenicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Lec. 3, 4, 5 

Regulation of bacteria virulence factors 

• Genetic. 

• Environmental: temp., iron, osmolality, PH, specific ions as Ca+2, 

nutrient factors, growth phase. 

Bacteria virulence factors : 

A. Adherence factors: 

 bacteria must adhere to cells of a tissue surface to cause 

infection. several factors play important role in adhesion: 

• Surface hydrophobicity of the bacteria cells and net surface 

charge on host cell. 

• Binding molecules on bacteria and host cell receptor 

interactions. 

• Pili : hair like appendages help in adhesion of bacteria to 

cells. 

• Lipoteichoic acid and M proteins that are found in pili. 

B. Invasion of host cells and tissues: 

 usually some bacteria invade tissues through the junction 

between epithelial cells. Once in side he host cell bacteria may 

remain enclosed in a vacuole composed of the host cell 

membarane. The vacuole membrane may be dissolved and 

bacteria dispersed in the cytoplasm. Some bacteria multiply within 

the host cell. 

 



 

 

C. Toxins:  

• Exotoxins : Cl. Tetani , C.diphtheria , Cl.botulinum , 

Cl.perifringens (𝛼 − 𝑡𝑜𝑥𝑖𝑛𝑠), S.aureus (toxic shock 

syndrome toxin). 

Exotoxins associated with diarrhea and poisoning: 

a) V. Cholera. 

b) S. aureus (staph. enterotoxins). 

c) Cl. Perefrengens (cl. P. Enterotoxins). 

• Endotoxins: salmonellae. Shigella, E-coil and neisseria. 

• Peptideoglycan of G+ve bacteria: this is cross linked 

macromolecules surrounded the bacteria cells that cause 

vascular changes leading to shock peptidoglycan released 

during infection may yield the same biologic activities as 

endotoxins (LPS) but much less potent. 

D. Enzymes: 

a) Tissue degrading enzymes:  

1. Lecithinase. 

2. Collagnase. 

3. Coagulase. 

4. Hyaluronidases. 

5. Streptokinase (fibrinolysine). 

6. Cytolysins : hemolysins (streptolysin O) leukocidins. 

b) IgA1 proteases. 

 

  



 

Exotoxins 

(make entoxication) 

Endotoxins 

(make infection) 

1. Excreted by living cells and 

found in fluid medium. 

1. integral  part of 

microorganisum cells wall of G-ve 

bacteria and liberated at their 

disintegration 

2. Polypeptides 2. lipopoly sacchrides 

3- Unstable to heat 3. stable 

4- Highly antigenic, stimulate 

the formation of antitoxins. 

4. stimulate the formation of 

antibodies. 

5- Converted into antigenic 

non-toxic toxoids by 

formalin acid and heat 

toxoids are used for 

immunization 

5. not converted to toxoid 

6- Do not produce fever in 

host 

6. produce fever 

7- Highly toxic fetal to animals 

in micrograms quantities or 

less 

7. moderate toxic, fatal to animals 

10-100 of micrograms 

8- Usually bind to specific 

receptors on cells 

8. specific receptors not found in 

cells 

9- Frequently controlled by 9. synthesis directed by 



extrachomosomal genes a. 

(e.g plasmids) 

chromosomal genes 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lec 3+4+5 

Antimicrobial agent 

Any chemical substance inhibit the growth or causing the death of M.O 

is known as an antimicrobial agent. 

If the substance merely causes a cessation of growth of the M.O which is 

reversed when the chemical is removed, it is called a static agent, such 

agent acting on bacteria are called bacteria static. If the subs. Kills the 

M.O, it is called cidal agent ‘‘bactericidal’’. 

This distinction depends on the conc. Of the drug. A static agent may 

become cidal if the conc. Is increased. 

Disinfectants :   

This is a term applied to chemicals used to kill potentially infectious 

organisms. They are used in the treatment of inanimate objects, surface, 

water....etc. 

Their potential toxicity to man may not be important (since its not such 

to man) disinf. Have a cidal action. 

Antiseptics (mild disinfectants) :  

The term refers to relatively non-toxic & non-irritant antimicrobial agent 

that may be applied topically to the body surface either to kill or inhibit 

the growth of patho.M.O . 

Septic : characterized by the presence of patho. Microbes in living tissue. 

Sterile : free of life of every kind, sterilization may be accomplished by : 

1. Filtration (in the case of liquid). 

2. Heat. 



3. Radiation. 

4. Treatment with microbicidal agents. 

Chemical agents are used also as antiacteria 1 agent (with selective 

toxicity): 

a) Alcohols : are toxic to cells in high conc. (ethyl & isoprophlatic) 70% they 

denaturate proteins. 

b) Phenol : they denaturate proteins. 

c) Heavy metal ions: mercury , copper, silver, salts, they denaturate 

proteins. 

d) Oxidizing agents : H2O2 , I , chlorine , E-alkylating agents, formaldehyde 

& ethylene , F-detergents and surface active. 

Chemotherapeutic agent :   

This term refers to the chemicals that are used to kill or inhibit the 

growth of M.O already established in the tissue of the body. They may 

be termed also antimicrobial drugs. 

Chemoth. Agents need to act and conc. That can be tolerated by the 

tissue of the host and therefore they must have a selective toxicity for 

the M.O compared with the host. The selective toxicity expressed a term 

of chemotherapeutic index. 

chemotherapeutic index=max. Tolerated does/ minimum curative does 

 so ch.th agents should be more active against the M.O & less toxic to 

the human body. 

The most widely used chemoth. Ag. Are the antibiotics which are 

defined as naturally occurring antimicrobial agents produced by M.O 



most antibiotics are produced by actinomycetes & fungi several 

antibiotics are being synthesized chemically. 

 

Antibiotics 

There are 4 types of antibiotics:  

a) antimicrobial action through inhibition of cell wall synthesis , 

expencillins, cephalosporins, cycloserine, vancomycin.  

Mucopeptide (peptidoglycans) is the component of the cell walls 

of bacteria responsible for their mechanical strength. If synthesis 

of this mucopeptide is inhibited the cell will be types repaid in 

normal osmotic environments. The prokaryotic mucopoptide 

contains N-acetylmuramic acid, diaminopimelic acid & other 

eukaryotic cells. The final polymer peptidogly can is produced by a 

unique type of cross-linking (transpeptidation reaction) between 

N-acetymuramic acide & N-acetylglucosamine. 

• A ll B-lactam druge as A ll pencillins & cephalorins act on the 

synthesis of this unque type of structure with a selective toxicity 

to prokaryotic cells. The initial step consists of the binding of the 

drug to cell receptors of at least some of which are 

transpeptidation enzymes. So the trans peptidation reaction will 

be inhibited & peptidoglycan synthesis will be blocked by 

penicillins & cephalosporins. The next step in drug action involve 

the removal or inactivation of an inhibitor of autolytic enzymes in 

the cell wall. This activates the lytic enzyme & results in lysis if the 

environment is isotonic. In a hypertonic environment the cells 

change to protoplasts covered only by the cell membrane. 



The different in susceptibility of G+ve & G-ve bacteria to 

penicillins or cephalosporins depends on structure difference in 

their cell walls (amount of peptidoglycan, presence of receptors, 

liquids, natrure of cross linking, activity of autolytic enzymes) 

these factors is responsibly for penetration , binding, activity of 

the drugs. 

b) Antimicrobial action through inhibition of cell membrane function  

ex: colistion , triazoles , amphotericinB, imidazoles, nystatin, polymyxins. 

Polymyxin acts as a cationic detergent binding specifically to the 

cytoplasmic membrane of G-ve bacteria. As a result the semipermeale 

properties of the membrane are lost & the essential low-molecular 

weight intermediates & coenzymes pass from the cell to the invironment 

causing cell death. 

c) Antimicrobial action through inhibition of protein synthesis   

ex: aminoglycosides (streptomycin , kanamycin , neomycin, gentamycin). 

Erythromycin , tetracycline and chloram pheniol streptomycin combine 

with the 30s component of the ribosome causing misreading of the 

genetic code so that the wrong amino acids are inserted into the 

growing polypeptide chain causing synthesis of non-functional protein & 

the cell eventually dies. 

d) Antimicrobial action through inhibition of nucleic acid synthesis, like 

(folic acid)  

ex: sulphonamides, trimethoprim , nalidixic acid, rifampin. 

Sulfhonamides : inhibits the first stage of bio synthesis of folic acid from 

𝜌-aminobenzoic acid. 



Trimethoprim : inhibits comversion of dihydrofolic acid to 

tetrahydrofolic acid. 

 

Resistance to antimicrobial drugs 

There are many mechanisms by which microorg might exhibit resistance: 

a) Microorg. Produce enzymes that destroy the active drug ex. Staph 

resistance to penicillin G produce 𝛽-lactamase enzyme that destroys the 

drug. 

b) Microorg. Change their permeability to the drug ex. Tetracyclines 

accumulate in susceptible bacteria but not in resistant bact. 

c) Microorg. Develop an altered structural target for the drug ex. 

chromosomal resistance to aminoglycosides is associate with the loss or 

alteration of a specific protein in the 30s subunit of the bacterial 

ribosome that serves as a binding site in susceptible organism. 

d) Microorg. Develop an altered metabolic pathway that bypasses the 

reaction inhibited by the drug ex. Some sulphonamide-resistant bact. Do 

not require PABA (𝜌-amino-benzoic acid) for biosynthesis of folic acid, 

but like mammalian cells they can utilize the ready made folic acid. 

e) Microorg. Develops an altered enzyme that is much less affected by drug 

as in trimethoprim resistant bact. 

 

Origin of drug resistance 

 

i. Non gentic origin :  



active replication of bacteria is usually required for most antibacterial 

drug action. Thus M.O that are metabolically inactive (non multiplying 

may be resistant to drugs. However their offspring are fully susceptible. 

• T.B survive in tissues for many years after infection are restrained by the 

hosts defences and don’t multiply. Such M.O are resistant to treatment, 

but of they start to multiply (like following corticosteroide treatment of 

the patient) they are fully susceptible to the same drug. 

• Penicillin susceptible organism may change to L-form lacking cell wall & 

become resistant to penicillin (the cell wall inhibitor).  

• M.O may infect the host at sites where the antimicrobials are not active 

as (like gentamicin is not effective n treating salmonella enteric fevers 

because salmonella is intracellular. 

ii. Genetic origin: 

• Chromosomal resistance :  develops as a result of spontaneous 

mutation in a chromosomal locus that controls susceptibility to drugs 

(code for a number of drug receptors) as erythromaycin, lincomycin , 

aminoglycosides. 

• Extra chromosomal resistance : bacteria also contain extra 

chromosomal genetic elements called plasmids (circular DNA molecules 

may exist free in the bacterial cutopasm or integrated in to the bact 

chromo some ) R-factors , are  class of plasmids that carry genes for 

resistance to antimicrobial drugs plasmid genes for antimicrobial 

resistance control the formation of enzymes that destroy antimicrobial 

drugs. 

Genetic material & plasmids can be transferred by the following 

mechanisms: 



1. Transduction : 

 plasmid DNA is enclosed in a bacterial virus (bacteriophage) & 

transferred by the virus to another bacteria of the same spp. Ex the 

plasmid carrying the gene for 𝛽-lactamase production (in staph.) can be 

transferred from a p-resistant to susceptible staph. if carried by suitable 

bacteriophage. 

2. Transformation : 

 naked DNA passes from one bacterial cell of a spp. To another cell thus 

altering its genotype, this occur in laboratory manipulation or 

spontaneously. 

3. Bacterial conjugation :  

a unilateral transferring of genetic material between bacteria of the 

same or different genera occur during a mating process. This is mediated 

by a fertility (F) factor that result in the extension of sex pili from the 

donor (F+) cell to the recipient. Plasmid or other DNA will transfer 

through these tubules from donor to recipient cell. Such a resistance 

transfer factor (RTF) is the commonest method of spread of multidrug 

resistance in G-ve bact. 

4. Transposition : 

 a transfer of short DNA sequences (transposons) occur between one 

plasmid and another or between plasmid & apportion of the bacterial 

chromosome within a bact. Cell. 

Cross resistance  

M.O resistance to a certain drug may also be resistant to another drugs 

that share a mechanism of action. This exist mainly between agents that 

are closely related chemically (e.g. polymyxincoilstin), (erythromycin, 

oleandomycin , neomycin-kanamycin). 



Selection of antibiotics  

It depends on : 

1- Etiological diagnosis (the causative microorganism). 

2- Susceptibility tests of organism to the antibiotics in the lab. 

Antimicrobial activity in vitro 

Antim. Activity is measured in vitro in order to determine : 

1. The potency of an antibacterial agent in solution. 

2. Its conc. In body fluid or tissues. 

3. The sensitivity of a given M.O to known conc. Of the drug. 

Measurement of antimicrobial activity  

a. Dilution test: graded amounts of antimicrobial substance are 

incorporated in to liquid or solid bacteriologic media.  

Then the media is inoculated with test bacteria & incubated. The end 

point is taken as that amount of antimicrobial sub. Required to inhibit 

the growth of or to kill the test bacteria. 

b. Diffusion method:  a filter paper disk containing measured quantities of 

drug is placed on a solid media that have been heavily seeded with the 

test organisms, after incubation the diameter of the clear zone of 

inhibition surrounding the deposit of drug is taken as a measure of 

inhibitory power of the drug against the test organism.    

Antimicrobial activity in vivo  

Its much more complex than in vitro. It involve : 

Drug,Host,parasitic bacteria 

In addition to the drug & parasite (bacteria) there is the host factors: 



1. State of metabolic activity. 

2. Distribution of agent. 

3.  Location of organism. 

4. Absorption of drug. 

Host pathogen relationship may be altered by antimicrobial drugs as : 

1. Alteration of tissue response and then become chronic. 

2.  Alteration of immune response. 

3.  Alteration of microbial flora. 

Synergism : 

 the combined action is significantly greater than the sum of both effects 

of tow drugs can occur in several types (sulfonamide + trimethoprim).  

1. Two drugs may block a microbial metabolic pathway sulfonamide inhibit 

the use of extracellular 𝜌-aminobenzoic acid for the synth. Of folic acid 

in some bact. Trimethoprim inhibit the next metabolic step . the 

reduction of dihydro – to tetrahydrofolic acid. 

2. Pencillin + gentamicin or streptomycin. A cell wall inhibitor (p.) may 

enhance the entry of aminoglysoside gentamicin or strept- omycin) in to 

bact that act on protein synthesis. 

3. Polymyxin + trimethoprim one drug affect cyto. Memb. & facilitate the 

entry of 2nd  drug. 

4. One drug may prevent the inactivation of a second (inhibitiors of a 𝛽- 

lactamase as calvulanic acid can protect amoxicillin for inactivation for 

inactivation by 𝛽- lactamases). 

Antagonism : the combined action is less than that of the more effective 

agent when used alone. A rare event result in higher mortality (ex.  



bacteriostatic drug as cholramphenicol or tetracyclin + bactericidal as 

penicillin or aminoglycoside). 

Chemoprophylaxis  

Administration of antimicrobial drugs to prevent infection as in : 

1. Persons exposed to a specific pathogen. 

2. P. of increased susceptibility: 

a) Heart disease. 

b) RT disease. 

c) Recurrent UTI . 

3. In surgery. 

 

Lec. 3+4+5 

Growth of bacteria  

When a small number of bacteria is taken from a culture and inoculated 

into a fresh growth medium the no. of cells inoculated may multiply a 

million fold or more during growth. If the no. of cells present at different 

times after inoculation is measured , and the number is plotted in 

relation to the time , the resultant plot is referred to as a growth curve. 

Two types of growth curve can be drawn according to the measurement 

of cell numbers that is used : 

1. A total cell count curve is based on the no. of cells present that are living 

or not living. 

2. A viable cell count curve measures only living (viable) cells (capable of 

growing and producing a colony on asuitable growth medium). 

3. Main phases of growth are recongnized in the typical growth curve: 



1. Lag phase : in this period there is no appreciable multiplication of cells 

although they may increase considerably in size and show marked 

metabolic activity. The duration of this phase varies according to 

condition and no. of the cells in the inoculums and it represent the time 

taken for organism to adept itself to growth in the fresh new medium. 

2. Log (logarithmic) or exponential phase : in the period the cells divide at 

a constant rate and as a result of growth by binary fission , there is a 

linear relationship between time and the logarithm of the no. of cells. 

Here if the no. of bacteria in a culture increases ten – fold in a given 

period of time. They will increase 100 fold in twice that time 1000folt in 

3times the given period and so on. This shows why when an infection 

overwhelms the body defenses and get out of control. It becomes 

increasingly difficult to eradicate it as time goes on. 

3. Stationary phase : here the growth is no longer possible and the rate 

of multiplication decreases until ceases altogether. Here neither 

growth nor death occurs but the cells remain in suspended state. 

However there is usually some metabolic activity going on. The 

cessation of growth here is caused by the exhaustion of an essential 

nutrient in the medium and the accumulation of toxic waste products 

such as organic acids that lead to lowering the PH of the culture. In 

this phase many bacteria produce secondary methabolites as 

antibiotics substances , exotoxins and spores. 

4. Death or decline phase : here the cells in a culture begin to die. They 

become incapable of growth when transferred to a fresh medium. Here 

we notice in the growth curve an increasing divergence between the 

total count (living and dead cells) and the viable count (living cell only). 

The causes of the death are various as accumulation of toxic products. 



Some bacteria start to digest themselves so that they will lyse and 

liberate their cytoplasmic content into the environment (autolysis). The 

rapidity of the onset of death phase is an important factor may influence 

the spread of the infection. 


