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 The size, shape, arrangement of bacteria 

 Microscopy

 Staining methods

 Different bacterial cell structures



 Microorganisms are a diverse group of 
several distinct classes of living beings. 

 Classified under Kingdom Protista

 Further classified into prokaryotes and 
eukaryotes.

 Bacteria and blue-green algae are 
prokaryotes,

 Fungi, other algae, slime moulds and 
protozoa are eukaryotes.







The major characteristics of Bacteria are based on 
their size, shape and arrangements

 Size –
◦ Bacteria of medical importance measure 0.2 – 1.5 μm in 

diameter and about 3-5 μm in length – viewed under 
microscope

◦ The unit of measurement used in bacteriology is the micron 
(micrometer)

◦ 1μm = one thousandth part of a mm





◦ Antony van Leeuwenhoek first observed bacteria using 
hand ground lenses

◦ The types of microscope used are

(i) Light or optical microscope

(ii) Phase contrast microscope

(iii) Dark field/ Dark ground microscope

(iv) Electron microscope



 Simple Microscope consists of a single lens. A 
hand lens is an example of a simple 
Microscope.  

 Compound Microscope consists of two or 
more lenses in series. The image formed by 
the first lens is further magnified by another 
lens.

 Usually stained preparations required

 Max magnification 1000X 



















 Live bacteria do not show the structural detail 
under the light microscope due to lack of 
contrast.

 Hence staining techniques are used to 
produce color contrast. 

 Routine methods of staining of bacteria 
involve dying and fixing smears – procedures 
that kill them.

 Bacteria have an affinity to basic dyes due to 
acidic nature of their protoplasm. 



 Simple Stains

◦ methylene blue or basic fuchsin are used for 
simple staining. 

◦ They provide color contrast, 

◦ but impart the same color to all bacteria.

 Negative Staining 

Indian ink or Nigrosin stain background against 
which the unstained bacteria stand out in contrast.



 Impregnation Methods 

Cells and structures too thin to be seen 
under ordinary microscope may be 
rendered visible if they are impregnated 
with silver on the surface. These are used 
for demonstration of spirochetes and 
bacterial flagella.



 These stains impart different colors to different 
bacteria 

 Commonly used differential stains  - Gram stain 
and Acid fast stain.

 Gram staining technique discovered by Christian 
Gram









 Discovered by Ehrlich

 Tubercle bacilli resist decolonization with aniline dyes

 Modified Ziehl Neelsen

 Acid fastness in tubercle bacilli  is due to high content of 
lipids, fatty  acids, and higher alcohols 





















 Protoplast – bacterium without cell wall. 
◦ Lysozyme enzyme destroys peptidoglycan. 

◦ is metabolically active but unable to reproduce.

 Spheroplasts - bacterium with a damaged cell 
wall 
◦ action of toxic chemical or an antibiotic, 

◦ they show a variety of forms 

◦ Retains normal form when the toxic agent is 
removed



 Cytoplasmic membrane is 

present immediately 

beneath the cell wall, 

 Boundary for cytoplasm. 

 It acts as a semi permeable 

membrane controlling the 

flow of metabolites to and 

from the protoplasm.

Mesosomes - They are 

vesicular, convoluted tubules 

formed by invagination of 

plasma membrane into the 

cytoplasm. 

-respiratory enzymes 

-help with cell reproduction 



 Colloidal system containing a variety of 
organic and inorganic solutes containing 80% 
Water and 20% Salts, Proteins.

 Prokaryotic cytoplasm is not mobile

 Stains uniformly 



 Nuclear Material – Single molecule of ds DNA 

arranged in the form of coil, No nuclear 

membrane

  replicates by simple fission

 Plasmid – extra nuclear DNA which infers 

special characters to the bacterial cell

 Ribosomes - protein synthesis







 Capsule is the outer most layer of the bacteria 
(extra cellular).

 It is a condensed well defined layer closely 
surrounding the cell.

 They are usually polysaccharide 

  The Capsule protects against phagocytosis and 
lytic enzymes, drying and desication

 Seen under negative staining with India Ink





 Flagella are long hair like helical filaments 
extending from cytoplasmic membrane to exterior 
of the cell.

 Imparts mobility to the bacterium

 Antigenic-induce high antibody response not 
protective but imp in serodiagnosis

 Parts of flagella are the 

◦ Filament - external to cell wall 
◦ Hook -    
◦ basal body – Embedded in Cell wall
◦ Flagellin protein subunits make up Filament and hook



Structure of Flagella





 Hair-like proteinaceous structures

 They are thinner, shorter and more numerous than 
flagella

 do not function in motility. 

 The fimbriae is composed of a subunit called pilin. 

 Helps in adhesion

 They are anitegenic

 There are two types pili
◦ Non-sex pili (fimbriae or type IV)  

◦ Sex pili helps in conjugation.



 Highly resistant resting stage 

 Helps them to overcome adverse 
environmental conditions

 These spores are resistant to bactericidal 
agents and adverse physical conditions.

  Each spore can give rise to only one 
endospore which play a role in heat 
resistance. 

 Spores of Cl. tetani  remain viable in soil for 
years



Spores consists of three 
layers namely core, 
cortex and spore coat







 Difference between prokaryotes and 
eukaryotes

 Types of Microscopy

 Types of staining procedures

 Bacterial Cell structure





 Multiplication - Bacterial Cell divides by 
binary fission

 Generation time – Time required for a 
bacteria to divide into two
◦ E.coli – 20 mins

◦ Tuberculi bacilli – 20 hrs

◦ Lepra bacilli – 20 days



 Batch culture – 
 Bacterial growth - liquid medium, 
 Hindered  - nutrients  , toxic products
 Continuous Culture – Growth is replenished 

and dead bacteria removed (Turbidostat, 
chemostat)

 Pathogenic bacteria in human body nutrition 
plenty – growth may be limited by defense of 
body  

 Colony – Bacterial growth on solid media
 Clone of cells derived from single parent cell





Bacterial counts made at specific intervals 
and plotted in relation to time a growth 
curve is obtained 



◼ Lag phase: adaptation to the environment

◼ Exponential logarithmic growth: machine in 

full run

◼ Stationary phase: nutrition exhausted, toxin 

increased

◼ Decline: cell die (steady biomass) or lysis 

(decrease biomass)

◼ Dormant as spore, non-viable state



Total Count

◼ Cell count: microscopic 

observation; 

◼ flow cytometer-cell counter 

(direct)

◼ Turbidity opacity 

measurement  - Nephlometer 

(indirect) 

Viable count 

◼ Colony formation: Measure 

the living cell (direct)



 Water constitutes 80% of the total weight of 
bacterial cells.

  Proteins, polysaccharides, lipids, nucleic 
acids, mucopeptides & low molecular weight 
compounds makeup the remaining 20%.

  For growth & multiplication, the minimum 
nutritional requirements are water, a source 
of carbon, a source of nitrogen & some 
inorganic salts.



 Phototrophs   : derive energy from 

                            sunlight

 Chemotrophs  : obtain energy from 

                            chemical reactions

 Autotrophs     : synthesize all organic 

                             compounds

 Heterotrophs : unable to synthesize and 

                             depend on performed                                                         

          organic compounds.



 Some bacteria require certain organic 
compounds in minute quantities – Growth 
Factors OR Bacterial Vitamins.

  It can be :

  Essential – when growth does not occur in

 their absence.

  Accessory – when they enhance growth,

 without being absolutely necessary for it.



 Identical with mammalian nutrition

  Vitamin B complex –

  thiamine

  riboflavine

  nicotinic acid

  pyridoxine

  folic acid &

  Vit.B 12



 Oxygen requirement

 Temperature

 Moist & drying

 H-ion concentration

 Light 

 Osmotic effect 

 Mechanical and sonic stress 



 Division is based on influence of oxygen into 
growth.

 Aerobic: require O2 for growth

 Anaerobic: growth in absence of oxygen

 Microaerophilic: grow best in low oxygen 
tension.

 Facultative anaerobes: ordinarily aerobic but 
can grow in absence of oxygen.

 Aerobic obtain energy through oxidation

 Anaerobes use hydrogen than oxygen



 Optimum temperature for growth: (37⁰C)

 Mesophilic: Bacteria grow best at 25-40⁰C.

 Psychrophilic: grow best at temperature below 
20⁰C eg.(-7⁰C)

 Thermophies: grow best at higher 
temperature.(55-80⁰C).

 Extreme thermophilic bacteria can grow at 
250⁰C.



 Water is essential to bacterial protoplasm and 

drying is lethal

 Treponema is highly sensitive to drying while 

other withstand drying for months.

 Spore may survive in dry state for several 

decades.



 Bacteria are sensitive to variation in pH.
 Bacteria grows best at neutral or slightly alkaline 

(pH-7.2-7.6).
 Acidophiles: “Acid loving”
◦ Grow at very low pH (0.1 to 5.4) Lactobacillus produces lactic 

acid, tolerates mild acidity

 Neutrophiles: 
◦ Grow at pH 5.4 to 8.5 
◦ Includes most human pathogens

 Alkaliphiles: “Alkali loving”
◦ Grow at alkaline or high pH (7 to 12 or higher)  
◦ Vibrio cholerae and Alkaligenes faecalis optimal pH 9
◦ Soil bacterium Agrobacterium grows at pH 12



 Bacteria (except phototropic) grow well in dark.

 They are sensitive to UV light and radiations.

 Cultures die if exposed to sunlight.



 More tolerant to osmotic variation than most other 
cells due to strength of their cell wall.

 Sudden exposure to hypertonic solution - shrinkage 
of protoplasm (plasmolysis) due to water withdrawal.

 Sudden transfer hypotonic solution - swell - 
plasmoptysis (leading to rupture of cells.) osmotic 
inhibition



 Bacteria have tough cell walls, they may 

be ruptured by mechanical stress such as 

grinding or vigorous shaking by glass 

beads.



 Bacteria multiply by binary fission

 Bacterial growth curve

 Bacterial nutritional requirements

 Factors affecting bacterial growth
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