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Introduction 

• Bacteria are unicellular organisms belonging to the prokaryotic group 
where the organisms lack a few organelles and a true nucleus

• The study of bacteria is called bacteriology

• Considered as one of the oldest forms of life on earth

• The most recent taxonomic classification of bacteria is based on 
Cavalier and Smith's six kingdom classification

• It is a molecular classification which divides all living structures of the 
earth into six kingdoms-Bacteria,Protozoa, Chromista, Plantae, Fungi 
and Animalia.



contd

• Most of the bacteria of medical importance generally measure 0.2-
1.5 μm in diameter and about 3-5 μm in length,

• Bacteria follow an asexual mode of reproduction, called binary fission
in which a single bacterium divides into two daughter cells.

• They can be either useful of harmful to us

• Bacteria can be divided into several types based on several 
characteristics such as shape, cell wall composition, mode of 
respiration, mode of nutrition etc





Classification of bacteria



Approaches of classification

• Numerical/Phenetic approach: 

depends upon phenotypes or physical appearances of organisms

Classifies organisms based on giving equal weight to every character 
of the organism

• Phylogenic/Phylogenetic approach: 

This system is called phylogenetic because it depends upon 
evolutionary relationships of organisms.

hierarchical classification representing a branching tree-like 
arrangement; one characteristic is being employed for division at 
each node of the tree 



contd

• Genotypic approach: depends upon comparison of genes or genomes 
between organisms.

• Polyphasic Approach: combines all the aspects 



Classification of bacteria based on:

• Gram stain

• Morphology

• Mode of nutrition

• Temperature requirement

• Oxygen requirement

• Salt requirement

• Flagella/Motility

• Spore formation

• Cultural Characteristics



On the basis of shape

1)Cocci: are oval or spherical cells

2)Bacilli or rods: rod shaped

Cocci are arranged in groups ( clusters), pair or chains

Similarly, bacilli can be arranged in chain, pair, and some bacilli are 
curved, comma shaped, or cuneiform shaped

Both cocci and bacilli are further classified based on Gram staining 
property into : Gram-positive cocci, Gram-negative cocci, Gram-
positive bacilli, Gram- negative bacilli



contd

On the basis of arrangement, cocci are classified as:

• Monococcus: Cocci in singles. E.g. Micrococcus flavus

• Diplococci: Cocci in pairs. E.g. Streptococcus pneumoniae

• Streptococci: Cocci in chain. E.g. Streptococcus pyogenes

• Staphylococci: Cocci in cluster. E.g. Staphylococcus aureus

• Tetrad: Cocci in group of four. E.g. Micrococcus spp.

• Sarcina: Cocci in group of eight. E.g. Sarcina lutea



contd

On the basis of arrangement, bacilli are further classified as:

• Diplobacilli: Diplobacilli

• Streptobacilli: Streptobacillus moliniformis

• Palisades

3) Vibrio: Comma shaped bacteria. Eg. Vibrio cholera

4) Spirilla: Spiral or spring shaped bacteria. E.g. Spirillum volutans

5. Others:

• Mycoplasma: Pleomorphic, no definite shape

• Actinomycetes: branching filamentous bacteria



On the basis of Gram staining







Nutritional type of microorganisms

1)On the basis of carbon source

• Autotrophs: can synthesize all of their organic compounds by using 
atmospheric CO2, as their sole source of carbon

• Heterotrophs: use reduced, preformed organic molecules as carbon 
sources

2) On the basis of energy source

a) Chemotrophs: 

obtain energy from oxidation of external chemical compounds. 

The compound may be organic or inorganic.



contd

b) Phototrophs: They obtain energy from light

3) On the basis of electron donor

a) Lithotrophs: These bacteria obtain reducing equivalents (electron) from 
inorganic compounds.

b) Organotrophs: They obtain reducing equivalents from organic 
compounds.

Bacteria usually possess combination of these properties.

Most of the pathogenic bacteria fall into chemoorganoheterotrophs group. 
These bacteria obtain energy, carbon, and reducing equivalents for 
biosynthetic reactions from organic compounds, e.g. Escherichia coli.





Oxygen requirement

• Obligate aerobe

• Obligate anaerobe

• Facultative anaerobe

• Aerotolerant anaerobe

• Miceroaerophile





TEMPERATURE REQUIREMENT

Examples:

Vibrio marinus

Polaromonas

vaculata

Psychroflexus.

Examples:

E. Coli

Salmonella

Klebsiella

Staphylococci

Examples:

Bacillus 

stearothermophilus

Thermus 

aquaticus.

Examples:

Thermodesulfobacteriu

m

Pyrolobus fumar

Thermotoga.



pH REQUIREMENT

Bacteria

Acidophiles

• Grow best in acidic 

pH.

• Cytoplasm is acidic 

in nature.

• Eg: Thiobacillus

Alkaliphiles

• Grow best in alkaline 

pH.

• Eg. Vibrio cholerae 

optimum ph of growth 

is 8.2

Neutrophiles

• Grow best at neutral 

pH (6.5-7.5)

• Most of the bacteria 

grow at neutral pH

• Example: E. coli



SALT REQUIREMENT

Bacteria

Mild Halophiles

• Require moderate to 

large salt conc.

• Ocean water contains 

3.5% salt. Most such 

bacteria are present in 

the oceans.

• Eg: Archeobacteria, 

Halobacterium, 

Extreme Halophiles

• Require a very high salt 

concentrations (20 to 

30%).

• Bacteria in Dead Sea, 

brine vats.

Halotolerant

• Do not require high 

salt concentrations 

for growth, but 

tolerate upto 2% 

salt or more.

• Example: E. coli



FLAGELLA/MOTILITY

• Atrichos: No flagella. Example: Corynebacterium diptherae.

• Monotrichous: One flagellum is attached to one end of the bacteria 

cell. Example: Vibro cholerae.

• Lophotrichous: Bunch of flagella is attached to one end of the 

bacteria cell. Example: Pseudomonas.

• Amphitrichous: Bunch of flagella arising from both end of the 

bacteria cell. Example: Rhodospirillum rubrum.

• Peritrichous: The flagella are evenly distributed surrounding the 

entire bacterial cell. Example: Salmonella





SPORE FORMATION

Bacteria

Spore forming

Bacteria
produce spore during unfavorable

condition

Non-spore forming 

Bacteria
Do not produce spores

Endospore forming

Bacteria
Spore is produced within the bacterial cell

Example: Bacillus, Clostridium, 

Sporosarcina etc

Exospore forming

Bacteria
Spore is produced outside the cell.

Example: Methylosinus



CULTURAL CHARACTERISTICS

• Extra growth factors requirements

– Fastidious – Hemophilus influenzae

– Non-fastidious – Escherichia coli

• Hemolysis on Sheep Blood Agar

– Alpha-hemolysis – Streptococcus 

pneumoniae

– Beta-hemolysis – Streptococcus pyogenes

• Utilization of carbohydrates

– Oxidative - Micrococcus

– Fermentative – Escherichia coli



• Growth rate

– Rapid growers– Vibrio cholerae

– Slow growers – Mycobacterium 

tuberculosis

• Pigment production

– Pigment producer – Staphylococcus aureus

– Pigment non-producer – Escherichia coli



On the basis of

Capsule:

Capsulated( presence of capsule)

Non-capsulated(absence of capsule)

Acid fastness:

Acid fast: Mycobacterium spp, Nocardia

Non acid fast: Escherichia coli, Salmonella spp



OTHER METHODS OF CLASSIFICATION

• Pathogenic/Non-pathogenic

• Various biochemical properties

• Sensitive/Resistance to particular antibiotics (or chemicals)

• Relationship with their host

Etc…





MORPHOLOGY



External

Internal

Cell envelope
Bacterial cell

Flagella
Pilli
Fimbriae
Glycocalyx
Capsule, slime layer

Cell wall
Cell membrane

Cytoplasmic matrix
Ribosomes
Inclusions
Nucleoid/chromosome
Actin cytoskeleton
Endospore

The Structure of a Generalized Bacterial Cell



Components of bacterial cell 

1)Cell wall

Tough and rigid structure, surrounding the bacterium

10-25 nm in thickness and weighs about 20-25% of the dry weight of 
the cell

Made up of peptidoglycan in Gram positive and comprises additional 
LPS layer in Gram negative bacteria

Peptidoglycan is composed of alternating units of N-acetyl muramic
acid(NAM) and N-acetyl glucoasmaine (NAG)



contd

The Gram-negative cell wall is much more complex than the Gram-positive cell

wall

The Gram-negative cell wall outside the peptidoglycan layer contains three main

components

(a) lipoprotein layer

(b) outer membrane

(c) lipopolysaccharides



contd

Acid fast organism:

Have a gram-positive cell wall structure but also contain a waxy layer

of glycolipids and fatty acids (mycolic acid) bound to the exterior of

the cell wall

More than 60% of the cell wall is lipid, and the major lipid component

is mycolic acid



contd

Functions of cell wall: 

Protection against osmotic lysis

Confers rigidity and shape 

Adhesion with bacteria and with mammalian cells

Takes part in cell division

Virulence factor

Protect a cell from toxic substances









contd

2)Cell membrane

5-10 nm thick

10% of the dry weight of a cell.

Composed of bilayered phospholipid in which several proteins are 
embedded, such as integral proteins and peripheral proteins

Differs from eukaryotic membranes in lacking sterols such as 
cholesterol (except in Mycoplasma)

Some carbohydrates are often attached to the outer surface of 
plasma membrane proteins



Fluid mosaic model of cell membrane

Fluid mosaic model was proposed by Jonathan Singer and Garth 
Nicolson in 1972.

Describes the dynamic and fluid nature of biological membranes.

Membranes are mainly made up of lipids, proteins, and small amounts
of carbohydrates.





contd

Functions of cell membrane:

Semi permeable membrane acting as an osmotic barrier

Transport system

Site for metabolic processes

Special receptor molecules located in membrane help bacteria to 

detect and respond to chemicals in their surroundings

Synthesis of precursors of the cell wall

Secretion of enzymes and toxins.



contd

3)Periplasmic Space:

Distinct space between cell membrane and outer membrane (innermost layer of

Gram-negative cell wall) in Gram-negative bacteria

This space is filled with a loose layer of peptidoglycan matrix

The periplasmic space of Gram negative bacteria contains many proteins that

participate in nutrient acquisition, and many hydrolytic enzymes betalactamases

binding proteins, and enzymes that participate in the peptidoglycan synthesis



contd

• Polymers of D-glucose, called membrane-derived oligosaccharides,

appear to play a role in osmoregulation.

• The periplasmic space is less distinct in Grampositive cell walls.



contd

4)Cytoplasm:

Extra nuclear cell content that possess both organelles and other 
material constitutes cytoplasm

Cytoplasmic matrix mainly composed of water (about 70% of 
bacterial mass is water)

Ribosomes , storage granules called inclusions and cell membrane 
invaginations called mesosomes

Lack true cytoskeleton, but do have a cytoskeleton-like system of 
proteins



contd

5)Ribosomes

10- 20 nm size and 70 S

Composed of rRNA and ribosomal proteins

Sites  for protein synthesis

6)Nucleoid

Bacteria do not have true nucleus, but genetic material is located in 
an irregularly shaped region called the nucleoid

Bacteria possess a single haploid chromosome

Bacterial DNA lacks basic proteins



contd

7)lntracytoplasmic Inclusions

Storage  sites of nutrients/energy present in some bacteria

Formed under nutritional deficiency conditions and disappear when 
deficient nutrients are supplied

Organic inclusion bodies: Glycogen granules and polyhydroxyl
butyrate granules

Inorganic inclusion bodies: Polymetaphosphate or metachromatic 
granules, sulfur granules



contd

Metachromatic granules: Corynebacterium diptheriae
Sulfur granules- Actinomycetes



contd

8)Mesosomes

Invaginations of plasma membrane

Site of bacterial respiration

Involved in cell wall formation during division

Probably play role in chromosome replication and distribution of 
daughter cells



contd

9)Cell wall appendages:

a)Flagella:

Thread -like appendages, protruding from the cell wall which  confer 
motility to bacteria (organ of locomotion)

Measures 5-20 μm in length and 0.01-0. 02 μm in thickness

It consists of filament, basal body and hook

Filament is composed of single protein called  flagellin





contd

Arrangement of flagella:

 Monotrichous: One flagellum is attached to one end of the bacteria 
cell. Example: Vibro cholerae.

 Lophotrichous: Bunch of flagella is attached to one end of the bacteria 
cell. Example: Pseudomonas.

 Amphitrichous: Bunch of flagella arising from both end of the bacteria 
cell. Example: Rhodospirillum rubrum.

 Peritrichous: The flagella are evenly distributed surrounding the entire 
bacterial cell. Example: Salmonella





contd

b)Fimbriae or pili:

• Short, fine, hair-like appendages that are thinner than flagella and not 
involved in motility

• Measures 0.5μm long and 10 nm in thickness

• A bacterium can have as many as 1,000 fimbriae

• made up of protein called pilin



contd



contd



contd

c) Capsule:



contd



contd

Functions of capsules;

• Capsules are anti-phagocytic.

• Prevent complement mediated bacterial  lysis

• Protects from dessication

• Protects from action of lysozyme and bacteriophages

• Biofilm formation and adhesion





contd

10)Spore :

• Bacterial spores are dormant forms of bacteria which are 
thick walled, highly refractile and resistant. 

• During unfavorable conditions (especially when carbon and 
nitrogen become unavailable), spore-forming bacilli form 
spores

• Consists of different layers: from innermost to outermost are 
core, cortex, coat and exosporium respectively





Sporulation 



contd



Plasmid  







Atypical forms of bacteria

i) Cell wall deficient forms

ii) Pleomorphic bacteria

iii) Involution forms

• Many agents, such as antibiotics, lysozyme, and bacteriophages interfere or

inhibit the synthesis of bacterial cell wall components, resulting in the formation

of defective bacteria.



Cell wall deficient forms

1)Protoplasts

2)Spheroplasts

3)Mycoplasma

4) L-forms



Mycoplasma

• Have cell membrane which incorporates cholesterol compounds 

(sterols), similar to eukaryotic cells

• Cannot be detected by typical light microscopy

• Lacking a cell wall, these organisms are resistant to the effects of 

penicillins and other beta-lactam antibiotics, which act by 

disrupting the bacterial cell wall



Protoplasts

These are defective unstable forms of bacteria with an intact

cytoplasmic membrane but without any cell wall.

In hypertonic media, these are produced from Grampositive cells on

treatment with lysozyme.



Spheroplasts: 

These are defective forms derived from Gramnegative bacteria in the

presence of EDTA (ethylenediaminetetraacetic acid).

The EDTA disrupts the outer membrane allowing access of lysozyme

and resulting in formation of spheroplasts.

Spheroplasts are osmotically fragile and still retain outer membrane

and entrapped peptidoglycan.



L-forms

Named after Lister Institute, London, where the abnormal form of Streptobacillus

moniliformis was first demonstrated

Do not exhibit any regular size and shape

May be spherical or disc shaped, about 0.01 micrometer in diameter

In the lab they can grow into long, thin biofilm filaments that can reach 60-70 microns in

length

Produced more readily with exposure to penicillin than with lysozyme

Some bacterial species produce L-forms spontaneously



Pleomorphic bacteria

• Pleomorphic bacteria may show considerable variation in size and shape

• It is called pleomorphism.

• Example: Proteus, Haemophilus



Involution form

• The involution forms are those that on ageing of culture show swollen and

aberrant forms, especially in high salt concentration.

• Example: Yersinia pestis, Neisseria gonorrhoeae



THANK YOU !


