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Description: This course is intended to give the students a thorough knowledge of 

microorganisms, and bacteria in particular. To show the systematic study of bacteria and other 

prokaryotes, their nature, characteristics, identification and isolation. This course covers 

advanced topics such as principles of bacterial taxonomy, the morphology, life cycle and 

biochemical characteristics of bacteria, bacteria metabolism, growth and nutrition of bacteria and 

the role of bacteria plant, animal and human diseases. 

 

Prerequisites: Students should be able to differentiate between taxonomy, classification, 

identification and nomenclature, understand numerical taxonomy, know the demerits of 

phenotypic methods of classification, understand the morphology of bacteria, know in details the 

life cycle of bacteria, know the basic biochemical characteristics of bacteria, understand the use 

of chemotaxonomy for analytical acquisition of data, understand the current approach to 

bacterial classification. 

Assignments: We expect to have 5 individual homework assignments throughout the course in 

addition to a Mid-Term Test and a Final Exam. Home works are due at the beginning of the class 

on the due date. Home works are organized and structured as preparation for the midterm and 

final exam, and are meant to be a studying material for both exams. There will also be 2 seminar 

presentations in this class. The goal of these presentations is to help students prepare for their 

departmental seminar presentations as well as the final year research in any given area.  

 

Grading: We will assign 10% of this class grade to home works, 10% for the seminar 

presentations, 10% for the mid-term test and 70% for the final exam. The final exam is 

comprehensive. 

 

Textbook: The recommended textbooks for this class are as stated: 

 

 



Title: Microbiology 

Authors: Michael J. Pelczar, Jr., E. C. S. and Noel R. Krieg 

Publishers: Tata McGraw-Hill, 5th edition 

ISBN: 10:0-07-462320-6 

Year: 1993. 

 

Title: Essential Microbiology 

Authors: Stuart Hogg 

Publisher: John Wiley & Sons Ltd 

ISBN: ISBN 0 471 49753 3  

Year: 2005 

 

Title: Prescott’s Microbiology  

Authors: Joanne, 

Publisher: Mc Graw Hill Education, 9th Edition (2013),   

ISBN: 1-558600-698-X 

Year: 2013 

 

Title: Microbiology 

Author: Lansing M. Prescott, John P. Harley, Donald A. Klein, 

Publisher: Morgan-Kaufmann Publishers 

ISBN: 1-558600-320-4 

 

Title: A Textbook of Basic and Applied Microbiology 

Authors: K. R. Aneja, Pranay Jain, Raman Aneja 

Publishers: New Age 

ISBN: 978-81-224-2367-9 

Year: 2008. 

 

Title: A Textbook of Fungi, Bacteria and Viruses 

Authors: H. C. Dube 

Publishers: Vikas Publishing House, 3rd edition 

ISBN: 81-88826-38-7 

Year: 2014. 

 

Lectures: Below is a description of the contents. We may change the order to accommodate the 

materials you need for the presentations.  

 

Principles of Bacterial Taxonomy and Classification 



Taxonomy is the science of biological classification. The basic taxonomic group is the species, 

which is defined in terms of either sexual reproduction or general similarity. Morphological, 

physiological, genetic and molecular characteristic are all useful in taxonomy because they 

reflect the activity and organization of the genome. Bacterial taxonomy is rapidly changing due 

to the acquisition of new data, particularly the use of molecular techniques, such as the 

comparison of the ribosomal RNA (rRNA) structure and chromosome sequences. This is leading 

to new phylogenetic classifications. In a broader sense, bacterial taxonomy or systematics consist 

of three separate or interrelated parts – classification, nomenclature and identification. While 

taxonomy is the theory and practice of classification, systematics refer to studies of diversity of 

organisms and all relationships among organisms as well as biological interactions.  

Approaches to Bacterial Classification 

Classification is the orderly arrangement of organisms into groups or taxa based on mutual 

similarity or evolutionary relatedness. Classification makes it easier to study organisms, allows 

one to discern order in nature and aids identification as it describes as completely as possible the 

basic taxonomic unit, which is the species. In the early development of biology, it was evident 

that plants and animals can be classified because of the size and visible characteristics which 

allow one to distinguish one from the other. For the prokaryotic and eukaryotic protists, 

classification was difficult because they were much smaller, simpler and their obvious 

characteristics were so few that measurement of similarities between distantly related organisms 

were rare (almost impossible). Besides, in the early years of bacteriology, supporters of the 

spontaneous generation believed that bacteria had no ancestors. 

Nomenclature is the branch of taxonomy concerned with the assignment of names to taxonomic 

groups in agreement with published rules. Identification is the practical side of taxonomy, the 

process of determining that a particular isolate belongs to a recognized taxon. 

Importance of Taxonomy 

Taxonomy is important for several reasons. First, it allows us to organize huge amounts of 

knowledge about organisms because all members of a particular group share many 

characteristics. It provides easy access to information. 

Second, taxonomy allows us to makes predictions and frame hypothesis for further research 

based on knowledge of similar organisms. If a relative has some properties, the organism in 

question also may have the same characteristics. 

Third, taxonomy places organisms in meaningful useful groups with precise names, so that 

Microbiologists can work with them and communicate efficiently. Microbiology is not possible 

without taxonomy. 



Fourth, taxonomy is important for accurate identification of microorganisms. Its practical 

importance in this respect can hardly be overemphasize. For example, it is essential to clinical 

microbiology; treatment is often difficult when the pathogen is unknown. 

 

Systematics 

Systematics is a term often used for taxonomy. However, many taxonomists define it in a more 

general term as “the scientific study of microorganisms with the ultimate object of characterizing 

and arranging them in an orderly manner”. Any study of the nature of organisms when the 

knowledge gained is used in taxonomy is part of taxonomy. Thus, systematics encompasses 

disciplines such as morphology, ecology, epidemiology biochemistry, molecular biology and 

physiology. 

Phynotypic (Numerical Taxonomy) 

Bacteria were distinguished using known and visible phenotypic features. Some of the 

classification schemes were highly subjective since they were meant for practical purposes in 

special areas and each area could have its own classification of the same organisms. The need to 

group organisms on the basis of many characteristics became imperative giving rise to what to 

what later developed into numerical taxonomy. 

Phenotypic methods comprise all methods that do not involved nucleic acid analysis, including 

chemotaxonomic methods. The classical phenotypic characteristics used in numerical taxonomy 

are morphological, cultural, physiological and biochemical. Morphological characteristics 

include cellular features such as cell shape, size, Gram stain reaction, spore formation, 

possession of flagella and inclusion bodies. Cultural characteristics include colonial size, shape, 

elevation, consistency and colour. Growth in broth, such as amount of growth, distribution, order 

are also cultural characteristics. Physiological and biochemical features include data on growth at 

different temperatures, pH values, salt concentrations or other environmental conditions such as 

oxygen relationships as well as ability to produce various compounds and special nutritional 

requirements. 

Demerits of Phenotypic Taxonomy 

1. It is difficult to know how many and which tests that should be used and what level of 

similarity that should be chosen to reflect relatedness at the genus and species level. 

2. Numerical taxonomy does not reflect phylogenetic relationships. It makes bacterial 

classification very unstable as it can only reflect the degree of information available at the 

time. 

3. Very often, highly standardized procedures are required to obtained reproducible results 

within and between laboratories. 



Current Approach to Bacterial Classification 

There is still no known official classification of prokaryotes, but it is now generally 

accepted that bacterial classification should reflect also possible natural relationships as encoded 

in the rRNA sequence data in addition to arranging the natural diversity among strains in a 

hierarchy. Methods now employed include: 

1. Complete 16s rRNA sequencing and its comparative analysis by phylogenetic trees. 

2. DNA-DNA hybridization studies with related organisms. 

3. Analysis of molwcular markers and signature sequences. 

4. Biochemical, physiological and morphological studies. 

Approaches to Bacterial Identification Using Phenotypic Methods 

1. A pure culture of the isolate must be available. 

2. Colonial and morphological characteristics on general and special media such as size, 

shape and Gram staining characteristics are noted. 

3. Biochemical properties and growth requirements are also vital in identification of 

bacteria by culture-based methods. 

Approaches to Bacterial Identification Using Genotypic Methods 

1. Use of nucleic acid probes. Probes are single-stranded oligonucleotides used to locate a 

unique nucleotide sequence that characterize a particular species or strain of 

microorganisms. 

2.  Sequencing rRNA genes. The variable regions in rRNA genes can be used for 

identification and differentiation for closely related isolates. 

3. Use of polymerase chain reaction (PCR) is treated to denature the DNA which is then 

subjected to several PCR cycles. 



The Morphology, Life Cycle and Biochemical Characteristics of Bacteria 

Morphology of Bacteria 

Bacteria display a wide diversity of shapes and sizes, called morphologies. Bacterial cells are 

about one-tenth the size of eukaryotic cells and are typically 0.5–5.0 micrometres (µm) in length. 

However, a few species are visible to the unaided eye, for example, Thiomargarita 

namibiensis is up to half a millimetre long and Epulopiscium fishelsoni reaches 0.7 µm. Among 

the smallest bacteria are members of the genus Mycoplasma, which measure only 0.3 µm, as 

small as the largest viruses. 

Morphological characteristics play important role in microbial classification and identification 

due to the following reasons: 

1. They are easily studied and analysed, especially the eukaryotic organisms and 

comparatively complex prokaryotes. 

2. They normally do not vary greatly with environmental changes, and therefore, are usually 

genetically stabled. 

3. Morphological similarity amongst microorganisms often is a good indication of 

phylogenetic relatedness.  

Most bacterial species are either spherical (cocci) or rod shaped (bacilli). Some bacteria, called 

Vibrio are shaped like slightly curved rods or comma shaped. Others can be spiral-shaped 

(spirilla) or tightly coiled (spirochaetes). A small number of other shapes such as the star-shaped 

bacteria have been described. This wide variety of shapes is determined by the bacterial cell wall 

and cytoskeleton, and is important because it can influence the ability of bacteria to acquire 

nutrients, attach to surfaces, swim through liquids and escape predators. A coccus is any 

microorganism (usually bacteria) whose overall shape is spherical or nearly spherical. Describing 

a bacterium as a coccus or sphere distinguishes it from bacillus o rod. It is the first of many 

taxonomic traits for identifying and classifying a bacterium according to binomial nomenclature. 

Many species of bacteria exist simply as single cells, others associate in characteristic patterns: 

Neisseria form diploids (pairs), Streptococcus form chains and Staphylococcus group together in 

“bunch of grapes” clusters. Bacteria can also group to form larger multicellular structures, such 

as the elongated filaments of Actinobacteria, the aggregates of Myxobacteria and the complex 

hyphae of Streptomyces. 

 

Bacterial Life Cycle 

The life cycle of bacteria is very fast. Bacteria reproduce by dividing their one cell into two 

identical cells. Some bacteria can divide every fifteen minutes. The size of their populations can 

increase very quickly, providing lots of food for other species. The bacteria life cycle consists of 

the lag phase, log of exponential phase, the stationary phase and the death phase. 

Lag Phase: When microorganisms are introduced into a fresh culture medium, usually no 

intermediate increase in cell number occurs, therefore, this period is called a lag phase, which is 

defined as “a period following the introduction of microorganisms into a fresh culture when there 

https://en.wikipedia.org/wiki/Morphology_(biology)
https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Thiomargarita_namibiensis
https://en.wikipedia.org/wiki/Thiomargarita_namibiensis
https://en.wikipedia.org/wiki/Epulopiscium_fishelsoni
https://en.wikipedia.org/wiki/Mycoplasma
https://en.wikipedia.org/wiki/Virus


is no increase in cell numbers or mass during batch culture”. However, they do adjust to their 

environment and mobilize, that is, produce vitamins and amino acids needed for divisions. The 

lag phase vary considerably in length with the condition of the microorganisms and the nature of 

the medium. This phase may be quite long if the inoculum is from an old culture or one that has 

been refrigerated.  

Log or Exponential Phase: This is the phase of the growth curve during which the microbial 

population is growing at a constant and maximum rate, dividing and doubling at regular interval, 

given their genetic potential, the nature of the medium and conditions under which they are 

growing. Their rate of growth is constant during the exponential phase. The time it takes for a 

culture to double is called “generation time”. Under best conditions, the fastest bacteria can 

double in about 15 minutes. Others may take days. 

Stationary phase: This is the phase of microbial growth in a batch culture when population 

growth ceases and the growth curve levels off.  Due to accumulating waste and a lack of space, 

bacteria cannot maintain the clip of the exponential phase. If the bacteria moves to another 

culture, however, rapid growth may resume. In the stationary phase, the total number of viable 

microorganisms remain constant. Microbial populations enter the stationary phase for several 

reasons: 

1. Starvation. If an essential nutrient is severely depleted, population growth will slow. 

2. Accumulation of toxic wastes. 

3. There is some evidence that growth may cease when a critical population is reached. 

State of Decline or Death phase: This is the decrease in viable microorganisms that occurs after 

the completion of growth in a batch culture. During the death phase, bacteria lose all ability to 

reproduce. As with log or exponential phase, bacterial death may occur as rapidly as their 

growth. Detrimental environmental changes like nutrient deprivation and the build-up of toxic 

wastes lead to the decline of viable cells.  

 



Biochemical Characteristics of Bacteria 

 

These are biochemical or enzymatic reactions used in the identification of bacteria after the 

microscopic and growth characteristics of pure cultures of bacteria are identified. The most 

commonly used biochemical tests used for the identification of bacteria are summarized below: 

 

 

       Test         Purpose 

    Beta-glucuronidase  To identify E. coli 

    Bile solubility  To differentiate Streptococci pneumoniae from other alpha 

heamolytic Streptococci 

    Catalase To differentiate Staphylococcus from  Streptococcus 

    Citrate utilization  To differentiate Enterobacteria 

    Coagulase To identify Staphylococcus aureus 

    DNA-ase To help identify Staphylococcus aureus 

    Indole To differentiate Gram negative rods particulrly E. coli 

     Litmus-milk      decolourization To help identify Enterococcus and some Clostridia 

Lysine decarboxylase To assist in the identification of Salmonellae and Shigellae 

    Oxidase To help identify Niesseria, pasteurella, Vibrio, pseudomonas 

    Urease To help identify proteus, Morganella, Y. enterocolitica, H. pylori 

 

 

 

 

 



Systemic Study of Bacteria and Related Prokaryotes 

The study of bacteria is called Bacteriology. Bacteria are one of the organisms that affect human 

health and also have applications in different fields of study, for example, food, soil and the 

environment. Bacteria are single cellular microscopic organisms. They have been grouped into 

prokaryotic, which means absence of nucleus. Prokaryotes are unicellular organisms that do not 

develop or differentiate into multicellular form, e.g Streptococcus. 

Gram Positive Cocci 

The bacteria with cell wall are classified into two main groups, namely, Gram positive and Gram 

negative. The stain reagents were developed by DR. Christian Gram in 1884. This is due to the 

quantity of peptidoglycan embedded in the cell wall of the organisms. The Gram stain is a 

differential staining procedure that divides bacteria into Gram-positive and Gram-negative 

groups based on their ability to retain crystal violet when decolourize with an organic solvent, 

such as ethanol. The Gram positive bacteria are those that give a positive result in the Gram stain 

test. Examples of Gram positive cocci are Staphylococcus (in cluster), Streptococcus (mostly in 

long or short chains). 

Aerobic Gram Positive Rods 

Aerobic gram positive rods (bacilli) grow well in the presence of oxygen or at the very least 

tolerate its presence. They have a thick cell and hence gram positive. Some examples include 

Bacillus cereus, Corynebacterium diphtheriae, etc. 

Aerobic Gram Negative Bacteria 

This group of bacteria test negative to Gram stsain because they have a thin cell wall. They can 

be cocci or rods. 

 Cocci: Neisseria 

 Rods: Campylobacter, E. coli, Klebsiella, Proteus, Salmonella, etc. 

Anaerobic Bacteria 

Anaerobic bacteria or anaerobes is any bacteria that does not require oxygen for its growth. It 

may react negatively or even die if oxygen is present. They can be divided into obligate 

anaerobes, which are harmed by the presence of oxygen, aerotolerant bacteria, which cannot 

use oxygen for growth but tolerates its presence, and facultative anaerobes, which can grow 

without oxygen but use oxygen if it is present. 

Curved and Spiral Shaped Bacteria 

Vibrios: These are small, slightly curved rods measuring 3-4µm in length by 0.5 in width. Most 

vibrios are motile with a single flagellum at one end. E.g Vibrio cholerae. 

Spirochaetes: These are phylogenetically distinct group of bacteria which have a unique cell 

morphology  and mode of motility. They are very thin, flexible, spiral shaped prokaryotes that 

move by means of structure called axial filaments or endoflagella. Most spirochaetes are free 

living or pathogens in both humans and animals. E.g Treponema. 



Spirilla: These are helical or spiral shaped Gram negative aerobic bacteria. They are rigid 

bacteria measuring about 3-4µm in length. Each coil measures about 1µm. Spirilla are motile 

with groups of flagella at both ends. 

Mycoplasma 

These are a group of bacteria that lack a cell wall. The cells are bounded by a single tripple-

layered membrane. The Mycoplasmas include the smallest known cells, usually about 0.2-0.3µm 

in diameter. They can survive without a cell wall because their cytoplasmic membrane is more 

stable than that of other prokaryotes, e.g Mycoplasma pneumoniae, Ureaplasma urealyticum. 

They are mostly unaffected by many antibiotics such as penicillin. They can survive with oxygen 

and appear in various shapes. Mycoplasma species have been isolated from women with 

bacterial vaginosis. M. genitalium is found in women with pelvic inflammatory disease. In 

addition, its infection is associated with increased risk of cervicitis, preterm birth, spontaneous 

abortion and infertility. They don’t react to gram stain because of the absence of a cell wall. 

Ureaplasma 

These are a group of tiny bacteria that inhabit the respiratory and urogenital (urinary and 

reproductive) tracts. Ureaplasma is a normal part of the human microbiome. Microbiomes are 

the trillion of tiny cells that live in and on the human body. These tiny organisms help to digest 

foods, fight infections and maintain reproductive health. Sometimes though, typically harmless 

bacteria, they invade healthy tissues and/or  replicate. This create a colony of bacteria that can 

lead to infection. Ureaplasma has been associated with a variety of medical problems, including 

bacterial vaginosis and pregnancy complications. 

Obligate Intracellular Bacteria  

These cannot reproduce outside their host cell. Majority of intracellular bacteria must keep host 

cell alive as long as possible while they are reproducing. The energy  required for metabolic 

activities is supplied by the host cell. Most of them contain both DNA and RNA, and have their 

own enzyme system.  Obligate intracellular bacteria cannot be grown in an artificial media (agar 

plates/broths) in laboratories, but requires viable eukaryotic host cells (e.g cell culture, 

embryonated eggs, etc. Examples include Rickettsiae, Clamydiae, etc 

 

 

 

 

 



Systemic Study of Bacteria and other Prokaryotes, their Nature, Characteristics, 

Identification and Isolation 

Prokaryotes are simple and largely self-sufficient unicellular organisms that lack membrane-

bound nucleus, mitochondria or any other membrane-bound organelle. They are divided into two 

main domains, Bacteria and Archaea. The archaea are prokaryotes that inhabit extreme 

environments, such as inside of volcanoes, while bacteria are more common organisms, such as 

E. coli. Unlike other eukaryotic cell, bacterial cell is the only cell which lacks prominent nucleus 

within. This feature has led the scientists to consider bacteria as primitive organisms, that is, the 

earliest forms of life on earth. 

The nature or structure of bacteria 

A variety of structures is found in procaryotic cells. There are summarized below: 

Presence of Cell wall: Bacteria have a cell wall which is distinct from other cells having cell 

wall. The wall is made of different substances. 

Cell membrane: The cell membrane in plants and animals is mostly lipid bilayer and a single 

layer. But bacteria, especially the Gram negative ones have an outer membrane called periplasm 

which lies below cell wall but above cell membrane. 

Pilli: These are the organelles of reproduction seen in bacteria. They help in sexual reproduction 

of bacteria. They are pipe-like structures on the surface of bacteria. 

Ribosomes: The protein making machinery has 70S ribosome which is of two sub-units as 50S 

and 30S. While in other animals and plants, it is 80S ribosome consisting of two sub-units 60S 

and 40S. 

 Flagella presence: Some of the bacteria are motile. They, especially the bacilli type have 

flagella. These are the organs of locomotion. They are long filamentous organs originating from 

cell membrane.  

BACTERIAL MORPHOLOGY 

Morphology of bacterial cell deals with study of: 

1. Size of bacteria. Size of bacterial cell is less than 3µm (micrometer). The bacteria are 

microscopic in nature and are visible only under compound microscope. These bacteria 

may be spherical, cylindrical or spiral in shape. Size of a spherical shape bacteria can be 

measures in diameter. Size of a cylindrical bacteria is measured by its length and width. 

In spiral shape bacteria length is measured but due to spiral form it is not exact. The 

above method of measuring size is called as micrometry. 

https://www.studyread.com/bacterial-cell-wall-structure/


2. Shape of bacteria. Shape of a bacterial cell depends on the rigidity of cell wall. There are 

three shapes of bacteria. Spherical or cocci shape. If the cells are spherical or ball 

shaped, then the cells are called as cocci or spherical shape bacteria. Cylindrical or rod 

shape. If the cells are rod or cylindrical in shape it is called bacilli. Spiral shape. A 

bacteria which is twisted two or more time along the axis is called a spiral form bacteria. 

3. Arrangement of bacteria. Variety of arrangement of cells is observed in cocci and rod 

shaped bacteria. 

 

Figure 1: Microscopic observation of bacterial cells 

 

 

Figure 2: Arrangement of bacterial cells (cocci) 



 
Figure 3: Arrangement of rod shape bacteria. 

 

                                                      


