
Five important microbiological events 
 

1 In 1866, Louis Pasteur developed the process now known as pasteurisation. Pasteurisation uses moderate 

heat ((below boiling) to destroy harmful microorganism that could cause diseases, however this process does not 

chemically change the substance being pasteurised. This process reduced the chances of getting sick from food and 

therefore made it safer to eat or drink. He observed that more alcohol was produced in the absence of oxygen when 

sugar is fermented, which is now termed the Pasteur effect. Between 1880 and 1885, Louis Pasteur developed 

vaccines. Pasteur found that weakened organisms could not cause infections but would actually produce immunity.  

 

2 In 1929, Alexander Fleming who was a Scottish biologist and pharmacologist, discovered antibiotics. He 

made this discovery while working with a culture of Staphylococcus aureus that had become contaminated with the 

Penicillium notatum. After noticing that the mould inhibited the growth of the bacteria, Fleming isolated the 

antibiotic penicillin. He then examined its positive anti-bacterial effect on many organisms and noticed that it 

affected bacteria such as staphylococci, and many Gram-positive pathogens (scarlet fever, pneumonia, gonorrhoea, 

meningitis, diphtheria), however it did not affect typhoid or paratyphoid (Gram-negative bacteria). Another decade 

followed before the active compound was removed and disinfected from Penicillium by Howard Florey and Ernst 

Chain 

3 In 1590, Johannes and Zacharias Janssen invented the first compound microscope having two sets of lenses 

The Janssens used sunlight to illuminate the object under study Their microscope reached magnifications of 10 to 

100 times the object’s actual size. This invention has opened up a whole new dimension in science. By using 

microscopes scientists are now able to discover the existence of microorganisms, study the structure of cells, and 

see the smallest parts of plants, animals, and fungi. 

4 Agostinp Bassi discovered that microorganisms can be the cause of diseases. He discovered that the 

muscadine disease of silkworms was actually caused by a living, very tiny, parasitic organism, a fungus that was 

eventually named Beauveria bassiana in his honour. In 1844, he stated the idea that not only animal, but also human 

diseases are caused by other living microorganisms; for example, measles, syphilis, and the plague. Once Bassi 

announced his discovery he set methods for the prevention and elimination of muscadine, the success of which 

earned him considerable honours. 

5 Robert Koch discovered the cause of tuberculosis and anthrax. Tuberculosis is caused by a bacterium. Koch 

proved that the cause of the disease was infection by a specific micro-organism which he isolated. Koch found 

anthrax built persisting endospores increasing its survival odds. Koch’s studies led to the germ theory of disease. 

Koch’s developed postulates establishing a specific microbe as the cause of an infective disease:  

 

Q1. 1.1 Briefly discuss various types of microbiological stains. (20) 
1.1 Staining is an auxiliary technique used in microscopy to enhance contrast in the microscopic image. Stains and 

dyes are frequently used in biology and medicine to highlight structures in biological tissues for viewing, often with 

the aid of different microscopes. Types of Staining techniques used in Microbiology are: 

 Acridine Orange Stain: This staining method is used to confirm the presence of bacteria in blood cultures 

when Gram stain results are difficult to interpret or when presence of bacteria is highly suspected but none 

are detected using light microscopy. 

 Auramine-Rhodamine technique: This fluorochrome staining method is used to enhance the detection of 

mycobacteria directly in patient specimens and initial characterization of cells grown in culture. 

 Calcofluor White Staining: It is commonly used to directly detect fungal element and to observe the subtle 

characteristics of fungi grown in culture. The cell walls of fungi will bind the stain calcofluor white, which 

greatly enhances visibility of fungal element in tissue or other specimens. 

 Capsule stain: It helps to demonstrates presence of Capsule in bacteria or yeasts. Streptococcus 

pneumoniae, Neisseria meningitidis, Haemophilus influenzae, Klebsiella pneumoniae are common 

capsulated bacteria. 

 Endospore stain: It demonstrates spore structure in bacteria as well as free spores. Relatively few species of 

bacteria produce endospores, so a positive result from endospore staining methods is an important clue in 

bacterial identification. Bacillus spp and Clostridium spp are main endospore producing bacterial genera. 



 Gram staining: Gram stain is a very important differential staining techniques used in the initial 

characterization and classification of bacteria in Microbiology.   Gram staining helps to identify bacterial 

pathogens in specimens and cultures by their Gram reaction (Gram positive and Gram Negative) and 

morphology (Cocci/Rod).  

 

1.2 Four types of microbiological stains. 
Simple stain 

Simple staining is used to highlight the total count of bacteria. In a simple staining technique, a positively charged 

stain colours a negatively charged cell thus making them stand out against the light background. In simple staining 

one covers the fixed smear with stain for a relatively short period and then washes the excess stain off with water, 

and blots the sides dry. Examples of chemicals used are: Methylene blue, carbolfuchsin and crystal violet are 

frequently used in simple staining to determine the size, shape and arrangement of prokaryotic cells. 

 

Gram stain  

Gram staining is a commonly used staining technique in microbiology. Gram staining is an example of differential 

stain, which is used to differentiate bacteria, based on the properties of their outer cell membrane.  The procedure 

involves the application of a solution of iodine to the cells that are stained with crystal violet or gentian violet. In the 

first step to the gram staining procedure the smear is stained with basic dye (primary stain) , this is followed by 

treatment of an iodine solution , the iodine increases the interaction between the cells and the dye therefore making 

the stain stronger. The smear is than decolorized, this step causes the differential aspect of the gram stain.   Gram 

negative bacteria gives a pink colour gram while positive bacteria give’s a purple colour. The difference in the 

staining response can be related to the chemical and physical difference of cell walls, in gram negative the bacterial 

cell walls are thin complexed multi layered structures whereas the cell walls of gram negative bacteria is thicker and 

chemically simple. Gram negative bacteria is mostly compoased of mucopeptides. Example of chemicals are safranin 

and crystal violet. 

 

Acid fast staining  

Acid fast straining is a procedure to demonstrate acid fast microorganisms example members of the genus 

mycobacterium. Acid fast staining is another example of differential staining producer. Acid fast staining is most 

commonly used to identify pathogens that are responsible for tuberculosis and leprosy. These organisms/bacteria 

have a cell wall with a high lipid content which contains mycolic acids that prevent dyes from readily attaching to 

cells. The primary stain used in acid fast staining is carbolfuchsin, a lipid soluble which contains phenol and thus 

helps the stain infiltrate the cell walls. This process is aided by the addition of heat and is known as the Ziehl -

Neelsen Method.M. Once the smear is rinsed which a strong decolourizer it strips the stain from all of the non-acid 

fast cells (tuberculosis and leprae), the decolourizer however does not infuse the cell walls of acid fast organism’s. 

Non-acid fast bacteria are decolorized by acid alcohol and are stained blue by methylene blue counterstain. 

 

Endospore staining 

Endospore staining is used to visualize bacterial endospores. Endospore staining is like acid fast staining which 

requires severe treatment to drive a dye into the target (endospore)., endospores however do not stain well by most 

dyes but once stained they strongly resist decolorization. Endospores are first stained by the heating of bacteria with 

a very strong stain known as malachite green this stain can infiltrate the endospores. After the malachite green 

treatment, the rest of the cells are now washed free of the dye with water and is thus counterstained with safranin. 

A green endospore with a pink to red cell is produced from this technique. 

 

Question 2 

Diagram of the prokaryotic cell. 



 
 

Prokaryotic cells – Structure  

Prokaryotes has an absence of a nucleus, they are single celled organisms in the form of a ring of DNA in cytoplasm. 

They are able to live and thrive on various types of extreme environments for example warm environments, hot 

springs, wetland, water, human excretion and animal bodies. Prokaryotes cells are found anywhere and do not 

consist of a mitochondria and chloroplast. There cells are extremely small. 

 

Functions  

 

Flagella/flagellum  

The flagella it is a hair like structure that allows the cell to move nutrients away from toxic chemicals. The primary 

role of the flagellum is locomotion(movement), but it also often has a function as a sensory organelle, being sensitive 

to chemicals and temperatures outside the cell. The flagella have many important roles for example it plays a role in 

pathogenesis and organism identification. 

 

Nucleoid (DNA) 

These are where strands of DNA are formed. The nucleoid has an irregular shape compared to the nucleus of 

eukaryotic cells. The DNA in the nucleoid is circular and has many copies at any given time. The DNA stand contains 

most of the genes needed for cell growth and survival. The nucleoid of a prokaryotic cell does not take a uniform 

shape and has no specific size.  

 

Pili 

These are small hair like projections that assist in the cells attaching bacteria to other cells and surfaces for 

colonization during infections. 



Pili are antigenic. They are also flimsy and constantly replaced, sometimes with pili of different composition, 

resulting in altered antigenicity. 

 

Ribosomes  

Ribosomes translate genetic codes from the DNA to make proteins ribosomes are the protein builders or the protein 

synthesizers of the cell. Ribosomes are special since they are found in both prokaryotes and eukaryotes. Ribosomes 

does not consist of a membrane-bound organelle in prokaryotes, they float freely in the cytosol. Some ribosomes are 

found on the endoplasmic reticulum. 

 

Plasma membrane  

This membrane encloses the interior of the cell and helps to regulate the flow/movement of materials in and out of 

the cell since it is selectively permeable to ions and organic molecules. The basic function of the plasma membrane is 

to protect the cell from its surrounding. 

Cell wall  

The cell wall surrounds the plasma membrane and gives the cell its shape as well as prevents busting of the cell. 

 

Capsule  

The capsule is thick and known as slime. It consists of 98% of water and 2% of polysaccharide. The capsule is a very 

delicate structure and can be removed by vigorous washing the capsule can be seen by negative staining techniques. 

 

Cytoplasm  

The cytoplasm is a gel like fluid that contain other cellular components that is suspended in the fluid. The cytoplasm 

plays an important role by carrying out functions for all growth, metabolism and replication. It is mainly composed of 

water, salt, nutrients, waste and gasses  

 

Plasmid  

Plasmid is a small, circular, double-stranded DNA molecule that is distinct from a cell's chromosomal DNA. The genes 

carried in plasmid provide bacteria with genetic advantages such as antibiotic resistance. The main role of plasmid is 

to deliver DNA containing genes for antibiotic resistance.  

 

 

Microbial growth in a closed system and microbial growth in a continuous system 
3.1 Microbial growth in a closed system also known as batch culture is a system used to grow microorganisms 

under limited nutrient availability whereas in a continuous microbial growth system nutrient are supplied at 

frequent intervals and bacterial colonies are removed time to time and transferred to new inoculum. 

 

So, in a closed system the bacterial growth shows typically four phases in the chronological sequence: 

 

 A lag phase that consist of no bacterial growth due to the adaptation of the bacteria to the new 

environment. 

 In the log phase there is exponential growth of the bacteria where production rate is far more than death 

rate. 

 In a stationary phase the bacterial dies due to accumulation of toxic metabolites, competition for nutrients 

or the lack of space. 

 Phase of decline/Death phase, is when the death rate is far more than the production rate therefore leading 

to the population decreasing as the nutrient supply is over and accumulation of metabolites still continue. 

But in a continuous system as bacteria is being removed from the system time to time and nutrients are added at 

intervals therefore there is no competition and no metabolite accumulation. So, the bacterial growth rate is always 

maximal in this type of system 

In a closed system the dead cell is not constantly being removed and therefore they remain in the same area where 

the living cells are trying to divide. However, in an open system the dead cell is always been removed thus allowing 

for more space for the living cells to divide.  



 

3.2 External factors that influence the growth of bacteria is: 
 

Solute and water activity. 

Microorganisms need water in an available form to grow in food products. The control of the moisture content in 

foods is one of the oldest exploited preservation strategies. Microorganisms do not grow well at water activates 

below 0.98. the Change in osmotic concentration of a surroundings can affect microbial growth as a selectively 

permeable plasma membrane separates the microorganisms from their surroundings. Microorganisms need to keep 

the osmotic concentration of their cytoplasm above that of the habitat the use of compatible solutes, so that the 

plasma membrane is always pressed firmly against their cell wall. 

pH and acidity 

It is well known that groups of microorganisms have a pH optimum, minimum, and maximum for growth. In general, 

pathogens do not grow, or grow very slowly, at pH levels below 4.6; but there are some exceptions. The optimum pH 

for growth can be classified as an acidophile, neutrophil, or alkaliphile, each species has a definite pH growth range 

and pH growth optimum. acidophiles have their growth optimum between pH 0 and 5.5; neutrophiles between 5.5 

and 8.0 and alkalophiles prefer pH range of 8.5 to 11.5. Microorganisms can change the pH of their own habitat by 

producing an acidic or basic metabolic waste products. In order to maintain the pH balance, buffers are usually 

included in the media to prevent growth inhibition. 

Temperature 

All microorganisms have a defined temperature range in which they grow, with a minimum, maximum, and 

optimum. These ranges are determined by the effects of temperature on the rates of catalysis, protein denaturation 

and membrane distribution. Temperature has dramatic impact on both the generation time of an organism and its 

lag period. At a higher temperature the growth becomes slower and can cause damages to the microorganism by 

denaturing enzymes and transporting carriers as well as other proteins. When an organism is above its optimum 

temperature both the function and cell structure is affected however when the organism is at a low temperature 

only the function is affected.  

 

Oxygen concentration. 

Microorganisms can be placed into five classes based on their response to the presence of oxygen.  These classes are 

obligate aerobes, facultative anaerobes, strict or obligated anaerobes, aerotolerant anaerobes and microaerophiles. 

Some bacteria need oxygen to grow these bacteria are called aerobic or aerobes. Whereas some bacteria grow in 

oxygen free environments and are called anaerobic or anaerobes. Bacteria that can grow in the presence of oxygen 

and the absence of oxygen are called facultative.  

 

Pressure  

Most microorganisms always are subjected to pressure of 10 atmospheres (atm). Most of the organisms on land or 

on the surface of water is always subjected to a pressure of 1 atm. The hydrostatic pressure can reach 600 to 1100 

atm in the deep sea. Despite these extremes, bacteria survive and adapt. 

 

Radiation  

At high energy or shorth wavelength, radiation harms organisms in several ways. Radiation of shorth wavelength and 

high energy can cause atoms to lose electrons or ionize this is known as ionizing radiation. X-rays and gamma rays 

are two major forms of ionizing radiation which can ionize molecules and destroy DNA and other cell compounds. 

Formation of thymine dimmers in DNA is the primary mechanism of UV damage  

Visible light when present in enough intensity can damage or kill microbial cells. Pigments called photosensitizers 

and O2 are required. 

 

 

1.2 Discuss the prokaryotic uptake of nutrients. (20) 
1.2. The so-called macroelements, carbon, nitrogen, phosphorous, oxygen, sulfur and hydrogen are the major 

components of bacterial cells. The remaining macronutrients, potassium, calcium, iron and magnesium, although 



essential, comprise a relatively small percentage of the total cell mass. The trace elements such as cobalt, 

manganese, copper, molybdenum, nickel and zinc are also required by most cells, but in amounts that make it 

difficult to measure the actual requirements. In addition to the necessary ability to catabolise or assimilate and 

utilize molecules containing the necessary components, the 

bacterium must also be able to internalize such compounds. The variety of nutrient and energy sources used by 

bacteria is reflected in the variation in metabolism.Much of the energy obtained by chemotrophs will be from 

assimilated inorganic or 

organic molecules, and in many cases energy is required for the assimilation and/or internalization of these 

molecules. Similarly for autotrophs, the interdependence of these processes is obvious in that phototrophic 

autotrophy not only provides energy, but also allows for such processes as photophosphorylation and carbon 

fixation. 

 Carbon sources and assimilation 

Carbon typically constitutes about 50% of the dry cell mass, and may be obtained chemotrophically, or 

autotrophically. Chemotrophs may be chemoorganotrophic or chemolithotrophic, obtaining their carbon 

from pre-reduced organic molecules or 

inorganic molecules respectively. Autotrophs fix CO2 by photosynthesis. Organic molecules such as sugars, 

amino acids and lipids must be taken up by the cell to be catabolised. Uptake systems for these molecules 

are essential since the cytoplasmic membrane is an efficient barrier to large and charged molecules. A 

variety of transport systems, typically specific for the substrate molecule, exist. Often more than one 

transport system may be present for a particular substrate. Many of the transport systems are energy 

dependant, and use proton motive force or ATP for the uptake of the nutrient. In Escherichia coli the proton-

lactose system is an example of the former, with 

proton motive force being reduced in exchange for lactose, which is transported into the cytoplasm together 

with protons. The use of ATP to provide the necessary energy for uptake of molecules is common, and is 

typified by ABC transporter systems, so named 

because of the presence of an ATP binding cassette in the multi-protein complex. ABC type importers 

mediate the uptake of certain amino acids, sugars and ions. ABC 

exporters are involved in the export of various polypeptides including enzymes and 

antibiotics, and in the export of polysaccharide capsule components in some species. Proteins secreted by 

these systems typically lack the N-terminal signal sequence associated with export by the general secretory 

pathway of Gram negative bacteria, but 

do have a consensus C-terminal sequence thought to associate with an ABC protein. 

 

1.3 Discuss five different modes of action of antibiotics. (20) 
1.3. Five basic modes of action of antibiotics are: 

1) Inhibition of Cell Wall Synthesis (most common mechanism). 

2) Inhibition of Protein Synthesis (Translation) (second largest class). 

3) Alteration of Cell Membranes. 

4) Inhibition of Nucleic Acid Synthesis 

5) Antimetabolite Activity 

 Inhibition of Cell Wall Synthesis: 

Beta-Lactams ---> Inhibition of peptidoglycan synthesis (bactericidal) 

Resistance ---> 

(1) fails to cross membrane (gram negatives) 

(2) fails to bind to altered PBP’s 

(3) hydrolysis by beta-lactamases 

Vancomycin ---> Disrupts peptidoglycan cross-linkage 

Resistance ---> 

(1) fails to cross gram negative outer membrane (too large) 

(2) some intrinsically resistant (pentapeptide terminus) 

Bacitracin ---> Disrupts movement of peptidoglycan precursors (topical use) 

Resistance ---> fails to penetrate into cell 



Antimycobacterial agents ---> Disrupt mycolic acid or arabinoglycan synthesis (bactericidal) 

Resistance ---> 

(1) reduced uptake 

(2) alteration of target sites 

 Inhibition of Protein Synthesis (Translation) 

30S Ribosome site: 

Aminoglycosides ---> Irreversibly bind 30S ribosomal proteins (bactericidal) 

Resistance ---> 

(1) mutation of ribosomal binding site 

(2) decreased uptake 

(3) enzymatic modification of antibiotic 

Tetracyclines ---> Block tRNA binding to 30S ribosome-mRNA complex (b-static) 

Resistance ---> 

(1) decreased penetration 

(2) active efflux of antibiotic out of cell 

(3) protection of 30S ribosome 

50S Ribosome site: 

Chloramphenicol ---> Binds peptidyl transferase component of 50S ribosome, blocking peptide elongation 

(bacteriostatic) 

Resistance ---> 

(1) plasmid-encoded chloramphenicol transferase 

(2) altered outer membrane (chromosomal mutations) 

Macrolides ---> Reversibly bind 50S ribosome, block peptide elongation (b-static) 

Resistance ---> 

(1) methylation of 23S ribosomal RNA subunit 

(2) enzymatic cleavage (erythromycin esterase) 

(3) active efflux 

Clindamycin ---> Binds 50S ribosome, blocks peptide elongation; Inhibits peptidyl transferase by interfering with 

binding of amino acid-acyl-tRNA complex 

Resistance ---> methylation of 23S ribosomal RNA subunit 

 Alteration of Cell Membranes: 

Polymyxins (topical) ---> Cationic detergent-like activity (topical use) 

Resistance ---> inability to penetrate outer membrane 

Bacitracin (topical) ---> Disrupt cytoplasmic membranes 

Resistance ---> inability to penetrate outer membrane 

 Inhibition of Nucleic Acid Synthesis: 

DNA Effects: 

Quinolones ---> Inhibit DNA gyrases or topoisomerases required for supercoiling of DNA; bind to alpha subunit 

Resistance ---> 

(1) alteration of alpha subunit of DNA gyrase (chromosomal) 

(2) decreased uptake by alteration of porins (chromosomal) 

Metronidazole ---> Metabolic cytotoxic byproducts disrupt DNA 

Resistance ---> 

(1) decreased uptake 

(2) elimination of toxic compounds before they interact 

RNA Effects (Transcription) 

Rifampin ---> Binds to DNA-dependent RNA polymerase inhibiting initiation & Rifabutin of RNA synthesis 

Resistance ---> 

(1) altered of beta subunit of RNA polymerase (chromosomal) 

(2) intrinsic resistance in gram negatives (decreased uptake) 

Bacitracin (topical) ---> Inhibits RNA transcription 

Resistance ---> inability to penetrate outer membrane 

 Antimetabolite Activity: 



Sulfonamides & Dapsone ---> Compete with p-aminobenzoic acid (PABA) preventing synthesis of folic acid. 

Resistance ---> permeability barriers (e.g., Pseudomonas) 

Trimethoprim ---> Inhibit dihydrofolate reductase preventing synthesis of folic acid 

Resistance ---> 

(1) decreased affinity of dihydrofolate reductase 

(2) intrinsic resistance if use exogenous thymidine 

 

 

1.1) In a batch culture, what is the reason why the exponential phase ends? Draw, label 

and discuss bacterial growth in a batch culture. (20 marks) 
 

1.1 Bacterial growth in Batch culture: 

Batch cultivation of bacteria is an example of closed system of cultivation . In this method bacterial inoculum was 

inoculated in medium containing nutrients which supports the growth of the bacteria and incubated at a suitable 

temperature and gaseous environment for a particular period of time. No fresh medium was added or product is 

removed during the course of incubation. Cells will undergo metabolism duting cultivation (i.e.) it will utilise medium 

which results in the accumulation of biomass, therefore the medium composition , biomass concentration varies 

constantly during the incubation period. 

Therefore cell growth has several phases in batch culture: 

 Lag phase 

 Accleration phase 

 Exponential phase 

 Deceleration phase 

 Stationary phase 

 Death phase. 

When cells are added to the medium it will take time to adjust to the new environment (Lag phase). when cells 

begins to grow it enters the acceleration phase.Once the cells begins to grow, the cells multiply in exponential 

order(Exponential phase).Maximum growth is obatined in exponential phase because of excess nutrients, ideal 

condition and absence of inhibiting substances.In batch cultivation exponential phase is for short period of time 

because the cell will utilize nutrients during the course of cultivation therefore nutrients will become limied after 

a particular period of time and cell growth ceases leads to deceleration phase. It is followed by stationary phase 

where growth becomes stagnant due to nutrient exhaustion and finally cell growth stops (Death phase) 

 

1.2) Describe various ways to prepare pure cultures of bacteria. (25 marks) 



 
1.2 Pure culture methods for isolation of single bacterial species: 

            Pure culture denotes that culture containing single bacterial species. Following methods used to isolate single 

species from a group of bacterial species in the sample. 

Methods: 

1.      Spread plate method 

2.      Streak plate method 

3.      Enrichment method 

Spread plate method: 

Procedure: 

1.      Sample which contains mixed population of bacteria is subjected to serial dilution from 10-1 to 10-7 . 

2.      From each dilution 0.1 ml of sample is added into the Nutrient agar plates using L-spreader. and incubate at 

Room temperature. 

3.      After incubation, some of the plates have well isolated colonies , those colonies which differs in size, colour 

were picked up and streaked in separate Nutrient agar plate to isolate different bacterial species and to ensure 

purity of the isolated species. 

Streak plate method: 

Procedure: 

1.      A loopful of bacteria is streaked onto the surface of the agar medium using inoculation loop or needle. The 

successive streaks will dilute the bacteria which results in isolated bacterial colonies. 

2.      Isolated colonies were picked up and streaked on another plate to obtain pure culture. 

Enrichment method: 

Certain chemicals, nutrients or culture conditions (incubation temperature) will support the growth of particular 

bacterial species. Therefore media was formulated with specific chemicals or culture conditions which selectively 

permits the growth of specific bacterial species. By inoculating culture to these culture medium, Specific bacterial 

species can be isolated (i.e. pure culture of bacteria is obtained). 

Example: 

TCBS agar plates selectively permits the growth of Vibrio species. TCBS contains Sodium thiosulphate, sodium citrate, 

ox gall which inhibits the growth of Enterobacteriaceae and gram positive bacteria. 

3.2 Discuss in detail physical, chemical and antibiotic control of microorganisms. (20) 

Physical control: 

The physical agents used for the control of microorganisms are heat, cold, drying or dessication, UV or ionizing 

radiation, and filtration. 

1. Heat: Most of the microorganisms are destroyed at 50-70oC for about 10 min. Heat denatures the proteins and 

enzymes of the pathogens. The heat used may be moist heat or dry heat. Moist heat includes boiling, steam under 

pressure, and pasteurization. Dry heat includes incineration, and hot air oven. 

Boiling at 100oC for 10-30 min destroys almost all the bacteria, fungi, and viruses. Steam under pressure is created by 

using autoclave wherein the temperature is raised above 100oC. Pasteurization is used in food and dairy industries, 

which involves the raising of temperature to the highest that kills the pathogens without affecting the food quality. 

Incineration involves the direct flaming of the inoculating loops, needles, and rims of the test tubes with a bunsen 

burner. In the hot air oven, sterilization is done at 160-165oC. 

2. Cold: The effect of cold depends on the microorganism. The temperature of 0-8oC is bacteriostatic and reduce the 

metabolic rate of microorganisms. Freezing at -20oC will kill almost every bacteria. 

3. Drying or dessication: Water is required for the growth and multiplication of microorganisms. Removal of water by 

drying would prevent their growth and reproduction. 

4. UV or ionizing radiation: These radiations damage the DNA of microorganisms. UV radiation is used to kill the 

pathogens on surfaces. 

5. Filtration: It is used by the filters of small pores which can retain the microorganisms. 

Chemical control: 

Chemical agents (or disinfectants) used for the control of microbes are: 

1. Phenols: Phenols and phenolic derivatives disrupt the plasma membrane, denature proteins, and inactivate 

enzymes. 



2. Alcohols: Ethanol and isopropanol effectively disrupt the plasma membranes of bacteria and fungi resulting in 

their lysis and protein denaturation. But they are not effective against enveloped viruses and bacterial endospores. 

3. Surfactants: These include soaps and detergents that lower the surface-tension of liquid molecules and make 

microbes accessible to other agents. The alkaline pH of soaps kill some bacteria. Detergents are more effective on 

gram-positive bacteria and disrupt the plasma membrane. 

4. Halogens: Majorly, iodine and chlorine are used. Iodine inhibits protien function in microbes whereas chlorine acts 

as a strong oxidizing agent acting on the microbial enzymes. 

5. Heavy metal ions: This include ions of mercury and silver. They denature proteins and enzymes. 

6. Chlorhexidine: Used as an antiseptic on skin and mucosal membranes. It functions in disruption of the plasma 

membrane of both gram-positive and gram-negative bacteria. 

7. Alkylating agents: These disrupt the structure of proteins and nucleic acids. Formaldehyde inactivates viruses and 

toxins; destroys bacterial and fungal spores. Glutaraldehyde also kills many microbes, viruses, and endospores. 

Ethylene oxide and betapropiolactone are also effective alkylating agents. 

Antibiotic control: 

Most of the antimicrobail agents are bactericidal or bacteriostatic. The mode of action of these agents are as follows: 

1. Inhibition of cell wall synthesis: Drugs such as vancomycin and bacitracin inhibit the synthesis of peptidoglycan 

chains in the bacterial plasma membrane. Penicillin and cephalosporin prevent the linking between peptidoglycan 

chains. 

2. Disruption of the plasma membrane: The selective permeability of the plasma membrane is affected eventually 

resulting in cell lysis. This includes drugs such as polymyxin B, nystatin, amphotericin B, and miconazole. 

3. Inhibition of protein synthesis: The protein syntheis is inhibited by affecting the ribosomal function by drugs such 

as chloramphenicol, erythromycin, streptomycin, neomycin, kanamycin, and gentamycin. 

4. Inhibition of nucleic acid synthesis: DNA replication of microbes is affected by drugs such as quinolones and 

rifampicin. 

5. Inhibition of essential metabolites' synthesis: Mostly, the synthesis of folic acid that is needed to make the 

nitrogenous bases of DNA is inhibited. Eg: Sulfonamides. 

Antiviral agents have 4 modes of action. 

1. Interferon production: The cells infected with virus produce interferons. These prevent the subsequent infection 

of non-infected cells. 

2. Interfere with viral DNA synthesis: The DNA synthesis of viruses are thereby affecting the viral replication. 

3. Blocking the viral enzyme activity: The viral enzyme reverse transcriptase is inhibited. 

4. The release of viral nucleic acid into the cytoplasm of the infected cell is prevented 

 

 

Compare the cell walls of Gram +, Gram - and Gram variable bacteria ( 20 ) 
Gram staining is special technique which is used to stain bacteria. Chemically gram stain is a weakly alkaline solution 

On the basis of cell wall structure and its stain ability wit gram stain bacteria grouped into two categories 

1] Bacteria, which retain stain color, called gram positive bacteria 

2] Bacteria that loose stain color called negative bacteria 

Gram negative bacteria : 

 Gram-negative bacteria cannot retain the violet stain after the decolorization step; alcohol used in 

this stage degrades the outer membrane of gram-negative cells making the cell wall more porous 

and incapable of retaining the crystal violet stain. 

 Their peptidoglycan layer is much thinner and sandwiched between an inner cell membrane and a 

bacterial outer membrane, causing them to take up the counterstain (safranin or fuchsine) and 

appear red or pink. 

 Wall is wavy and come in contact with plasma membrane only at few loci 

 Wall contain 10-20% murein 

 Lipid contain in the wall is 20-30% 

 Porins channels occur in outer membrane 

 Teichoic acids is absent 

 Basal body of flagellum has four ring 



 Mesosomes are less prominent 

In general, the following characteristics are present in gram-positive bacteria: 

 Bacteria, which retain stain color, called gram positive bacteria 

 outer membrane absent 

 cell wall is thick 

 The wall is smooth 

 The wall contain 70-80% murein 

 Lipid contain in the wall is very low 

 Porins are absent 

 Teichoic acids and lipoids are present, forming lipoteichoic acids, which serve as chelating agents, 

and also for certain types of adherence. 

 Basal body of flagellum has two ring 

 Mesosomes are quite prominent 

Gram-variable bacteria 

 Gram-indeterminate bacteria do not respond predictably to Gram staining and, therefore, cannot be 

determined as either gram-positive or gram-negative; 

 they tend to stain unevenly, appearing partially gram-positive and partially gram-negative, or 

unstained by either crystal violet 

 Examples include many species of Mycobacterium, including M. tuberculosis and M. leprous. 

 Gram-indeterminate bacteria are best stained using acid-fast staining techniques. 

 Staining older cultures (over 48 hours) can lead to false gram-variable results, probably due to 

changes in the cell wall with aging. 

 

2.2 Discuss various ways to prepare pure cultures of bacteria. ( 20 ) 
2.2 Common Methods to prepare pure culture of bacteria 

Pure culture of microorganisms that form discrete colonies on solid media, e.g., yeasts, most bacteria, many other 

micro fungi, and unicellular microalgae, may be most commonly obtained by plating methods such as streak plate 

method, pour plate method and spread plate method. 

But, the microbes that have not yet been successfully cultivated on solid media and are cultivable only in liquid 

media are generally isolated by serial dilution method. 

1] Streak Plate Method 

This method is used most commonly to isolate pure cultures of bacteria. A small amount of mixed culture is placed 

on the tip of an inoculation loop/needle and is streaked across the surface of the agar medium. The successive 

streaks "thin out" the inoculums sufficiently and the microorganisms are separated from each other. It is usually 

advisable to streak out a second plate by the same loop/needle without reinoculation. These plates are incubated to 

allow the growth of colonies. The key principle of this method is that, by streaking, a dilution gradient is established 

across the face of the Petri plate as bacterial cells are deposited on the agar surface. Because of this dilution 

gradient, confluent growth does not take place on that part of the medium where few bacterial cells are deposited 

2] Pour Plate Method 

This method involves plating of diluted samples mixed with melted agar medium. The main principle is to dilute the 

inoculums in successive tubes containing liquefied agar medium so as to permit a thorough distribution of bacterial 

cells within the medium. Here, the mixed culture of bacteria is diluted directly in tubes containing melted agar 

medium maintained in the liquid state at atemperature of 42-45°C (agar solidifies below 42°C). 

The bacteria and the melted medium are mixed well. The contents of each tube are poured into separate Petri 

plates, allowed to solidify, and then incubated. When bacterial colonies develop, one finds that isolated colonies 

develop both within the agar medium (subsurface colonies) and on the medium (surface colonies). These isolated 

colonies are then picked up by inoculation loop and streaked onto another Petri plate to insure purity. 

Pour plate method has certain disadvantages as follows: (i) the picking up of subsurface colonies needs digging them 

out of the agar medium thus interfering with other colonies, and (ii the microbes being isolated must be able to 

withstand temporary exposure to the 42-45° temperature of the liquid agar medium; therefore this technique 

proves unsuitable for the isolation of psychrophilic microorganisms. 



However, the pour plate method, in addition to its use in isolating pure cultures, is also used for determining the 

number of viable bacterial cells present in a culture. 

The isolated colonies are picked up and transferred onto fresh medium to ensure purity. In contrast to pour plate 

method, only surface colonies develop in this method and the microorganisms are not required to withstand the 

temperature of the melted agar medium. 

3] Spread Plate Method 

In this method the mixed culture of microorganisms is not diluted in the melted agar medium (unlike the pour plate 

method); it is rather diluted in a series of tubes containing sterile liquid, usually, water or physiological saline. A drop 

of so diluted liquid from each tube is placed on the centre of an agar plate and spread evenly over the surface by 

means of a sterilized bent-glass-rod. 

The medium is now incubated. When the colonies develop on the agar medium plates, it is found that there are 

some plates in which well-isolated colonies grow. This happens as a result of separation of individual microorganisms 

by spreading over the drop of diluted liquid on the medium of the plate. 

4] Serial Dilution Method 

As stated earlier, this method is commonly used to obtain pure cultures of those microorganisms that have not yet 

been successfully cultivated on solid media and grow only in liquid media. A microorganism that predominates in a 

mixed culture can be isolated in pure form by a series of dilutions. 

5] Spread plate method 

The inoculum is subjected to serial dilution in a sterile liquid medium, and a large number of tubes of sterile liquid 

medium are inoculated with aliquots of each successive dilution. The aim of this dilution is to inoculate a series of 

tubes with a microbial suspension so dilute that there are some tubes showing growth of only one individual 

microbe. For convenience, suppose we have a culture containing 10 ml of 

If we take out 1 ml of this medium and mix it with 9 ml of fresh sterile liquid medium, we would then have 100 

microorganisms in 10 ml or 10 microorganisms/ ml. If we add 1 ml of this suspension to another 9 ml. of fresh sterile 

liquid medium, each ml would now contain a single microorganism. If this tube shows any microbial growth, there is 

a very high probability that this growth has resulted from the introduction of a single microorganism in the medium 

and represents the pure culture of that microorganism. 

Special Methods of Isolation on of Pure Culture 

1. Single Cell Isolation methods 

An individual cell of the required kind is picked out by this method from the mixed culture 

and is permitted to grow. The following two methods are in use. 

(i) Capillary pipette method 

Several small drops of a suitably diluted culture medium are put on a sterile glass-coverslip by a sterile pipette drawn 

to a capillary. One then examines each drop under the microscope until one finds such a drop, which contains only 

one microorganism. This drop is removed with a sterile capillary pipette to fresh medium. The individual 

microorganism present in the drop starts multiplying to yield a pure culture. 

(ii) Micromanipulator method 

Micromanipulators have been built, which permit one to pick out a single cell from a mixed culture. This instrument 

is used in conjunction with a microscope to pick a single cell (particularly bacterial cell) from a hanging drop 

preparation. The micro-manipulator has micrometer adjustments by means of which its micropipette can be moved 

right and left, forward, and backward, and up and down. A series of hanging drops of a diluted culture are placed on 

a special sterile coverslip by a micropipette. 

Now a hanging drop is searched, which contains only a single microorganism cell. This cell is drawn into the 

micropipette by gentle suction and then transferred to a large drop of sterile medium on another sterile coverslip. 

When the number of cells increases in that drop as a result of multiplication, the drop is transferred to a culture tube 

having suitable medium. This yields a pure culture of the required microorganism. 

The advantages of this method are that one can be reasonably sure that the cultures come from a single cell and one 

can obtain strains with in the species. The disadvantages are that the equipment is expensive, its manipulation is 

very tedious, and it requires a skilled operator. This is the reason why this method is reserved for use in highly 

specialized studies. 

2. Enrichment Culture Method 

Generally, it is used to isolate those microorganisms, which are present in relatively small numbers or that have slow 

growth rates compared to the other species present in the mixed culture. The enrichment culture strategy provides 



a specially designed cultural environment by incorporating a specific nutrient in the medium and by modifying the 

physical conditions of the incubation. The medium of known composition and specific condition of incubation favors 

the growth of desired microorganisms but, is unsuitable for the growth of other types of microorganisms. 

Paraffin Method 

This is a simple and most economical method of maintaining pure cultures of bacteria and fungi. In this method, 

sterile liquid paraffin in poured over the slant (slope) of culture and stored upright at room temperature. The layer of 

paraffin ensures anaerobic conditions and prevents dehydration of the medium. This condition helps 

microorganisms or pure culture to remain in a dormant state and, therefore, the culture is preserved for several 

years. 

 


