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INTRODUCTIONINTRODUCTION  
 MicrobiologyMicrobiology- - is the science that deals with tiny organisms or is the science that deals with tiny organisms or 

microbesmicrobes (micro organisms) (micro organisms)
 Micro organismsMicro organisms  are organisms that can not be seen with the are organisms that can not be seen with the 

naked eyenaked eye
 It includes- It includes- BacteriaBacteria, , Viruses, Protozoa, unicellular fungi, unicellular Viruses, Protozoa, unicellular fungi, unicellular 

algae and othersalgae and others
 Some organisms studies by microbiologists CAN be Some organisms studies by microbiologists CAN be 

visualized without the aid of amplification [bread molds visualized without the aid of amplification [bread molds 
(fungus) and filamentous algae](fungus) and filamentous algae]
 These organisms are included in the discipline of These organisms are included in the discipline of 

microbiology because of similarities in properties and microbiology because of similarities in properties and 
techniques used to study them techniques used to study them 

 The branches of Microbiology include:The branches of Microbiology include:
 Medical Microbiology Medical Microbiology 
 Industrial MicrobiologyIndustrial Microbiology
 Food MicrobiologyFood Microbiology
 Soil MicrobiologySoil Microbiology
 Plant MicrobiologyPlant Microbiology
 Environmental MicrobiologyEnvironmental Microbiology
 Agricultural Microbiology etc.Agricultural Microbiology etc.

 Medical MicrobiologyMedical Microbiology is the study of microorganisms as  is the study of microorganisms as causative causative 
agents of infectious diseasesagents of infectious diseases of human beings and their  of human beings and their reactions to reactions to 
such infectionssuch infections  
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 Microorganisms exist virtually everywhere (Microorganisms exist virtually everywhere (cosmopolitan)cosmopolitan) in the biosphere in the biosphere

 In soil, water, food, in the air, on the surface and inside our In soil, water, food, in the air, on the surface and inside our 
bodybody

 can also survive in most unlikely environment, like can also survive in most unlikely environment, like in cold air,in cold air,  
in hot springin hot spring at temperature of 90 0c at temperature of 90 0c

 Microbes directly Microbes directly benefit benefit or or harmharm human beings – some of these  human beings – some of these economic economic 
importanceimportance of micro organisms are of micro organisms are

   microbes microbes cause diseasescause diseases both in plants and animals both in plants and animals
 Most of Most of antimicrobial drugsantimicrobial drugs are produced by microbes are produced by microbes
              e.g Streptomycin – Streptomycetes, Penicilin – Peniceilliume.g Streptomycin – Streptomycetes, Penicilin – Peniceillium
 Play key role in Play key role in nutrient recycling-nutrient recycling- carbon and nitrogen- carbon and nitrogen-

 Increase soil fertilityIncrease soil fertility
 Micro organisms also involved in Micro organisms also involved in food productionfood production and  and 

processingprocessing
                    e.g making of  Yogurt, cheese, Wine, beer, breade.g making of  Yogurt, cheese, Wine, beer, bread
 Some microorganisms (oceanic algae) contribute to the Some microorganisms (oceanic algae) contribute to the 

atmosphere by atmosphere by producing oxygenproducing oxygen – photosynthesis – photosynthesis
 Biotechnology  e.g. insulinBiotechnology  e.g. insulin
 Biological weaponsBiological weapons
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Evolution and development of MicrobiologyEvolution and development of Microbiology
 Anton van LeeuwenhoekAnton van Leeuwenhoek (1632-1723)- (1632-1723)- he was the  he was the 

first to make afirst to make a microscope microscope and observe  and observe bacteria, yeasts bacteria, yeasts 
and protozoaand protozoa

 AristotleAristotle – believed that life comes from decaying  – believed that life comes from decaying 
mattermatter

 Johan Needham-Johan Needham- supporter of  supporter of spontaneous generationspontaneous generation  
(abiogenists)(abiogenists)

 Spontaneous GenerationSpontaneous Generation
 The belief that life could originate from non-living or The belief that life could originate from non-living or 

decomposing matterdecomposing matter
 Francesco radi(1626-1697Francesco radi(1626-1697)- opponents of )- opponents of 

spontaneous generation theory spontaneous generation theory 
 Louis pasterLouis paster (1822- 1895)- the father of microobiology (1822- 1895)- the father of microobiology
                      - disapproved the abiogenesis theory – - disapproved the abiogenesis theory – germ theorygerm theory
                      - proved that - proved that fermentationfermentation and  and putreification putreification 

caused bycaused by
                          microbesmicrobes
                    - introduced the - introduced the pasteurizationpasteurization of milk of milk
                    - discovered - discovered vaccinationvaccination against  against rabies, rabies, chicken chicken 

cholera, and anthraxcholera, and anthrax
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Cont…Cont…
 Robert  Koch (1843- 1910)- the father of Robert  Koch (1843- 1910)- the father of BacteriologyBacteriology
                  -  developed -  developed diagnosticdiagnostic techniques techniques
                  - introduced - introduced agaragar as a setting agent for  as a setting agent for 

bacteriological mediabacteriological media
        - Koch  did an experiment and formulate postulate- Koch  did an experiment and formulate postulate

       A specific disease is caused by a specific A specific disease is caused by a specific 
organismorganism

       the organism should be isolated and grown in the the organism should be isolated and grown in the 
lab   into a pure culturelab   into a pure culture

       the cultured organism must be able to produce the cultured organism must be able to produce 
some lesion when introduce into animalsome lesion when introduce into animal

       the organism should be re-isolated from the organism should be re-isolated from 
artificially infected animal and grown into pure artificially infected animal and grown into pure 
culture in the labculture in the lab

What are the drawbacks of Kotch’s postulateWhat are the drawbacks of Kotch’s postulate ? ?
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SCOPE OF MICROBIOLOGYSCOPE OF MICROBIOLOGY

 Diagnostic use, e.g. isolation and identification of Diagnostic use, e.g. isolation and identification of 
causative organism from the pathological lesions causative organism from the pathological lesions 
like diagnosing typhoid fever by culture methodslike diagnosing typhoid fever by culture methods

 Prognosis of disease, e.g. in the Widal test rising Prognosis of disease, e.g. in the Widal test rising 
titer signifies active disease and ineffective titer signifies active disease and ineffective 
treatmenttreatment

 Guidance in treatment, e.g. by culturing the Guidance in treatment, e.g. by culturing the 
organism in pure form and then performing drug organism in pure form and then performing drug 
sensitivity testsensitivity test

 To know Source of infection, e.g. in sudden To know Source of infection, e.g. in sudden 
outbreak of infectious disease we can find out outbreak of infectious disease we can find out 
the source of infectionthe source of infection  
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CLASSIFICATION OF BACTERIACLASSIFICATION OF BACTERIA
TaxonomyTaxonomy – the science that deals with  – the science that deals with 

identification,identification,  nomenclature and nomenclature and 
classificationclassification of organisms of organisms

ClassificationClassification – is the arrangements of organisms  – is the arrangements of organisms 
into taxonomic groups (taxa) on the basis and into taxonomic groups (taxa) on the basis and 
similarities similarities 

Nomenclature-Nomenclature- is the assignment of names to the  is the assignment of names to the 
taxonomic groups according to international rulestaxonomic groups according to international rules

IdentificationIdentification – the process of determining that a  – the process of determining that a 
new isolates belongs to one of the established, new isolates belongs to one of the established, 
named taxanamed taxa

Classical methods of taxonomyClassical methods of taxonomy
1.1. Numerical (phenetic taxonomyNumerical (phenetic taxonomy))
 Developed with the Developed with the invention of computerinvention of computer
 used to determine the degree of used to determine the degree of similarity between similarity between 

organismsorganisms
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2. 2. Morphological charactersMorphological characters
 Concern cell Concern cell shapeshape  and and sizesize, , staining staining 

reactionsreactions, , presence or absence of spores, presence or absence of spores, 
type of motilitytype of motility etc etc

  e. g. e. g. Cocci:Cocci:  These are spherical bacteriaThese are spherical bacteria
            DiplococcusDiplococcus - Binary fission occurs in  - Binary fission occurs in 

one plane, one plane, 
                      e.g. Pneumococcuse.g. Pneumococcus
            StreptococcusStreptococcus - Cocci arranged in  - Cocci arranged in 

chains,chains,
                      e.g. e.g. Streptococcus pyogenesStreptococcus pyogenes..
            Staphylococcus Staphylococcus - Cocci arranged in - Cocci arranged in 

clusters, clusters, 
              e.g. e.g. Staphylococcus aureusStaphylococcus aureus..
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    Bacilli Bacilli 
      Rod-shaped: eg. Enterobacteria, Bacillus species Rod-shaped: eg. Enterobacteria, Bacillus species 
    Comma shapeComma shape - e.g.  - e.g. VibrioVibrio
    Coccobacilli- e.g. Coccobacilli- e.g. BrucellaBrucella  
  SpirochaetesSpirochaetes: these are slender, refractile and : these are slender, refractile and 

spiral filamentsspiral filaments
        e.g. e.g. Treponema, BorreliaTreponema, Borrelia and  and Leptospira (fig.)Leptospira (fig.)
   based on staining propertiesbased on staining properties
 Gram-positive bacteriaGram-positive bacteria: Eg. Gram-positive : Eg. Gram-positive 

cocci (Staphylococcus); Gram-positive bacilli cocci (Staphylococcus); Gram-positive bacilli 
(Bacillus)(Bacillus)

 Gram-negative bacteriaGram-negative bacteria: Eg. Gram-negative : Eg. Gram-negative 
cocci (Neisseria) Gram-negative bacilli cocci (Neisseria) Gram-negative bacilli 
(Salmonella)(Salmonella)
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fig. shapes of some different bacteriafig. shapes of some different bacteria
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3. 3. Cultural charactersCultural characters
 Include the Include the cultural requirementscultural requirements for  for 

multiplication e. g. nutrients, oxygen , multiplication e. g. nutrients, oxygen , 
temperature, liquid media , solid mediatemperature, liquid media , solid media

4. 4. Biochemical charactersBiochemical characters
 Include the Include the metabolic end productsmetabolic end products and the  and the 

presence or absence of particular enzymepresence or absence of particular enzyme

4. 4. Molecular charactersMolecular characters
 Include the Include the sequences of basessequences of bases in the DNA in the DNA
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BACTERIAL CELL STRUCTUREBACTERIAL CELL STRUCTURE
 are prokaryotic organisms reproduce by binary are prokaryotic organisms reproduce by binary 

fission(Table 1)fission(Table 1)
 SizeSize- Most bacteria are in the - Most bacteria are in the range of 1–10 range of 1–10 

µµmm
 Being Being small and simplicitysmall and simplicity is very important for  is very important for 

bacteria Why?bacteria Why?

 Small size Small size facilitates rapid exchange of nutrientsfacilitates rapid exchange of nutrients  
and and metabolic by-productsmetabolic by-products  with the environment,  with the environment,

 Simplicity of design Simplicity of design facilitates facilitates 
macromolecularmacromolecular  synthesis, assembly of synthesis, assembly of 
cell structurescell structures

   rapid growthrapid growth faster than eukaryotes  faster than eukaryotes 
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Table 1 Difference between Eukaryotes and Table 1 Difference between Eukaryotes and 
ProkaryotesProkaryotes

Eukaryotes Eukaryotes 
 have membrane have membrane 

bounded nucleusbounded nucleus
 have more than 2 have more than 2 

chromosomechromosome
 have mitochondria, have mitochondria, 

chloroplast, membrane chloroplast, membrane 
vesicles and vesicles and 
golgibodiesgolgibodies

 have mitotic divisionhave mitotic division
 Ribosomes size 80sRibosomes size 80s
 No Peptidoglycan cell No Peptidoglycan cell 

wallwall

Prokaryotes Prokaryotes 
 have no membrane have no membrane 

bounded  nucleusbounded  nucleus
 have 1 chromosomehave 1 chromosome
 have no mitochondria,have no mitochondria,
    Chloroplast, membrane Chloroplast, membrane 

vesicles and vesicles and 
golgibodiesgolgibodies

 have no mitotic have no mitotic 
divisiondivision

   ribosomes size – 70sribosomes size – 70s
   have peptidoglycan have peptidoglycan 

cell wallcell wall
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 The basic components of bacterial cell The basic components of bacterial cell 
includesincludes

1.1. Cell envelope-Cell envelope-    Capsule , Cell wallCapsule , Cell wall and  and 
under lying under lying Cytoplasmic membraneCytoplasmic membrane

2.2. Cytoplasmic componentsCytoplasmic components
3.3. Extra cellular and surface components Extra cellular and surface components 

(external structure)(external structure)
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  Capsule (slime layer)Capsule (slime layer)
 Gelatinous layer covering the entire bacteria Gelatinous layer covering the entire bacteria 

(hydrophilic gel)(hydrophilic gel)
 Mainly made up of Mainly made up of polysaccharidepolysaccharide – (fig 1) – (fig 1)
 May be found in May be found in both gram positive and gram negativeboth gram positive and gram negative  

bacteriabacteria
 Not all bacterial species produce capsulesNot all bacterial species produce capsules
 Resist Resist phagocytosis (phagocytosis ( virulent factor) e.g.  virulent factor) e.g. Streptococcus Streptococcus 

pneumoniaepneumoniae
 Some capsules Some capsules promote adherencepromote adherence and  and colonizationcolonization
 Used as Used as vaccine antigensvaccine antigens
 used for used for serologic identificationserologic identification of the species of the species
 Capsules Capsules do not contributedo not contribute to growth and multiplication to growth and multiplication
                  examples of bacteria producing capsuleexamples of bacteria producing capsule
                          Streptococcus pneumoniae , Klebsilla pneumoniaeStreptococcus pneumoniae , Klebsilla pneumoniae
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fig.1fig.1
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Cell wallCell wall
 layers of the cell envelope between cytoplasmic layers of the cell envelope between cytoplasmic 

membrane and capsulemembrane and capsule
 the cell wall is entirely the cell wall is entirely absent in few unusual absent in few unusual 

bacteriabacteria  
                      e.g. e.g. mycoplasmsmycoplasms ,  , ChlamydiaChlamydia
 The principal structural components of the cell The principal structural components of the cell 

wall is wall is 
        peptidoglycanpeptidoglycan  (PGn)(PGn)

 FunctionFunction –  – provide provide structural supportstructural support
                                                -  giving -  giving osmotic protectionosmotic protection
                                              - has a role in - has a role in cell divisioncell division
                                              - various layer of the cell wall are - various layer of the cell wall are 

the the sitessites
                                                  of antigenic determinantsof antigenic determinants
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Peptidoglycan layer-Peptidoglycan layer-  is a complex is a complex 
polymer consisting of :-polymer consisting of :-

 BackboneBackbone- composed of  - composed of  alternating N- alternating N- 
acetyl glucoseamineacetyl glucoseamine and  and N- acetyl- muramic N- acetyl- muramic 
acidacid – the same in all bacteria spp. – the same in all bacteria spp.

 A set of identical A set of identical tetra peptidetetra peptide  side chainsside chains  
attached to N-acetyl muramic acid – vary attached to N-acetyl muramic acid – vary 
from species to species  (fig. 2)from species to species  (fig. 2)

 A set of identical A set of identical peptide cross bridges-peptide cross bridges-  
varies species to speciesvaries species to species

 the structure of cell wall differs in gram the structure of cell wall differs in gram +ve +ve 
and gram – ve bacteriaand gram – ve bacteria
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fig.2 Peptidoglycanfig.2 Peptidoglycan
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Special components of Gram Special components of Gram 
positive bacteriapositive bacteria  
•   many sheets of many sheets of peptidoglycanpeptidoglycan
• Contain considerable amount of Contain considerable amount of 

teichoic acidteichoic acid and  and teichuronic acidsteichuronic acids
• May contain May contain polysaccharide polysaccharide moleculesmolecules

 The large amount of peptidoglycan The large amount of peptidoglycan 
susceptible to the enzyme susceptible to the enzyme lysozymelysozyme  
and and penicillinpenicillin

 Penicillin specifically Penicillin specifically inhibits inhibits 
peptidoglycan synthesis (peptidoglycan synthesis (fig.3)fig.3)
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fig. 3 Gram +ve Bacteria           Gram fig. 3 Gram +ve Bacteria           Gram 
_ve Bacteria_ve Bacteria
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Teichoic acid and Teichuronic acidsTeichoic acid and Teichuronic acids
 Found only in gram Found only in gram +ve e.g. staphylococcus , +ve e.g. staphylococcus , 

lactobacillilactobacilli  
 Contains Contains glycerophosphateglycerophosphate or  or ribitol- ribitol- 

phosphatephosphate
 Tow typesTow types –  – 

 Wall teichoic acidWall teichoic acid (WTA) - covalently  (WTA) - covalently 
linked to peptidoglycanlinked to peptidoglycan

 Membrane teichoic acidMembrane teichoic acid ( LTA)-  ( LTA)- 
covalently linked to membrane glycolipid covalently linked to membrane glycolipid 

 Negatively charged and serve as a Negatively charged and serve as a cationcation (+ve  (+ve 
ion) ion) movementmovement in to and out of the cell in to and out of the cell

 Have a role in Have a role in regulating cell growthregulating cell growth by  by 
preventing extensive wall break downpreventing extensive wall break down
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Special components of Gram Special components of Gram 
negative bacteria negative bacteria 

   less peptidoglycanless peptidoglycan
   no teichoic acidno teichoic acid
 Outer membrane covers the cell wall Outer membrane covers the cell wall 

thicker than peptidoglycanthicker than peptidoglycan
 Outer membrane is composed of Outer membrane is composed of 

LipoproteinLipoprotein and  and Lipopolysaccharide Lipopolysaccharide 
attached to the peptidoglycan layerattached to the peptidoglycan layer

 Wider area of Wider area of periplasmic spaceperiplasmic space between  between 
cell membrane and peptidoglycan (fig. 3)cell membrane and peptidoglycan (fig. 3)
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Lipopolysaccharide (LPS)Lipopolysaccharide (LPS)
 The LPS of the outer layer of the cell wall of gram The LPS of the outer layer of the cell wall of gram 

negative bacteria is negative bacteria is endotoxinendotoxin
 Endotoxin Endotoxin play an important role in the play an important role in the pathogenesis pathogenesis of of 

many Gram-negative bacterial infections e.g fever, shockmany Gram-negative bacterial infections e.g fever, shock

 LPS consists of LPS consists of 
 a toxic lipid A a toxic lipid A (a phospholipid containing (a phospholipid containing 

glucosamine rather glucosamine rather than glycerol), than glycerol), 
   core polysaccharide -core polysaccharide -containing some unusual containing some unusual 

carbohydrate carbohydrate 
                                    residues and linked through residues and linked through 

ketodeoxyoctulonate (KDO) to  ketodeoxyoctulonate (KDO) to  
                                      lipid Alipid A

 O antigen polysaccharide side -O antigen polysaccharide side -constitutes the constitutes the 
major surface antigen (fig. 4)major surface antigen (fig. 4)
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Comparison of gram Comparison of gram +ve and gram – ve +ve and gram – ve 
bacterial cell wallbacterial cell wall

 Gram positive Gram positive 
bacteriabacteria

 No outer membraneNo outer membrane
 Have thick PGnHave thick PGn
 No periplasmic spaceNo periplasmic space
 Have Teichoic acid Have Teichoic acid 

 Gram negative bacteriaGram negative bacteria
 Have outer membrane Have outer membrane 
 Have thin PGnHave thin PGn
 Have Periplasmic space Have Periplasmic space 
 Have no teichoic acidHave no teichoic acid
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ProtoplastsProtoplasts
 A Gram-positive bacterium that has A Gram-positive bacterium that has lost its Cell walllost its Cell wall
   an an enzyme in saliva and tearsenzyme in saliva and tears that destroys the peptidoglycan  that destroys the peptidoglycan 

layerlayer
SpheroplastSpheroplast - -gram negative bacteria with gram negative bacteria with a damaged cella damaged cell  

wallwall
 The damaged caused by the The damaged caused by the action of toxic substance or action of toxic substance or 

antibioticsantibiotics  
                  e. g. penicilline. g. penicillin
 Parts of the cell wall are retainedParts of the cell wall are retained
 Spheroplast and protoplast are not reproducingSpheroplast and protoplast are not reproducing
L- form-L- form-  are are mutant bacteriamutant bacteria with out cell wall with out cell wall
 These cell are produced when These cell are produced when the surrounding are the surrounding are 

unfavourableunfavourable
 They are able to reproduce and They are able to reproduce and can be grown on special can be grown on special 

cultureculture media with a high osmotic pressure  media with a high osmotic pressure 
Mycoplasma Mycoplasma – – are highly pleomorphic bacteria with out cell are highly pleomorphic bacteria with out cell 

wallwall
          - Never reverse to the walled state   - Never reverse to the walled state   
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Cytoplasmic membrane (plasma Cytoplasmic membrane (plasma 
membrane)membrane)

 Is the actual barrier between the interior and Is the actual barrier between the interior and 
exterior of the bacterial cellexterior of the bacterial cell

 Basic structure of cell membrane is Basic structure of cell membrane is phospholipid phospholipid 
and protein bi layer, and protein bi layer, usually usually lacking sterolslacking sterols

   Membrane has roles -in synthesis of DNA and Membrane has roles -in synthesis of DNA and 
                                                                              cell wall polymerscell wall polymers
                                                                          -  homeostatic, -  homeostatic, 
                                                                          -   excretion of enzymes, -   excretion of enzymes, 
                                                                          -  electron transport -  electron transport 

processes and processes and 
                                                                            -   in cell division-   in cell division
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Cytoplasmic componentsCytoplasmic components
NucleoidNucleoid
 consists of a large tightly packed consists of a large tightly packed 

circular chromosomecircular chromosome of supercoiled  of supercoiled 
double-stranded DNA double-stranded DNA 

 A Bacterium containing A Bacterium containing a single a single 
chromosomechromosome

 Functions:Functions: codes for  codes for protein protein 
synthesissynthesis, helps in , helps in cell divisioncell division  
and and carries genetic informationcarries genetic information  
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PlasmidsPlasmids  
 are small, usually are small, usually circular, double-stranded circular, double-stranded 

DNADNA molecules molecules
 More than More than one type of plasmidone type of plasmid or several  or several 

copiescopies of a single plasmid may be present in  of a single plasmid may be present in 
the cellthe cell

 carry genes coding for the carry genes coding for the production of production of 
enzymesenzymes that protect the cell that protect the cell

 attributes of attributes of virulencevirulence, such as production of , such as production of some some 
pilipili and of some  and of some exotoxinsexotoxins

 production of a production of a sex pilussex pilus by which they  by which they 
promote promote cell conjugationcell conjugation

         accomplish their own accomplish their own intercellular intercellular 
transmissiontransmission
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Ribosomes Ribosomes 
 Are complex structure composed of Are complex structure composed of 

several several RNA moleculesRNA molecules and  and many many 
proteinsproteins

 A bacterium ribosome is composed A bacterium ribosome is composed 
of two sub units – small and largeof two sub units – small and large

 Active center for Active center for protein synthesisprotein synthesis
 Streptomycin, tetracycline , Streptomycin, tetracycline , 

Chloramphenicol inhibit protein Chloramphenicol inhibit protein 
synthesissynthesis
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MesosomesMesosomes
 Are complex invaginations of cytoplasmic membraneAre complex invaginations of cytoplasmic membrane
 Increase in the total surface area of the membraneIncrease in the total surface area of the membrane
 Attached to chromosomes and Attached to chromosomes and involved in cell divisioninvolved in cell division
 Others involved in to Others involved in to secretion of proteinssecretion of proteins and  and active active 

transporttransport
InclusionsInclusions
there are several kinds of there are several kinds of reserve depositsreserve deposits in the cytoplasm in the cytoplasm
e. g.  e. g.  Metachromatic granulesMetachromatic granules
 Reserves of Reserves of inorganic phosphatesinorganic phosphates used in the synthesis  used in the synthesis 

of ATPof ATP
  -  -  Polysaccharide granulesPolysaccharide granules
         Consists of glycogen and starchConsists of glycogen and starch
          --Zinc inclusionsZinc inclusions
 Found in Found in Mycobacterium, Bacillus, Azotobacter, Mycobacterium, Bacillus, Azotobacter, 

SpirillumSpirillum
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Bacterial appendagesBacterial appendages
1.1. FlagellaFlagella
 Is an organ of locomotion Is an organ of locomotion 
 Common in bacilli and rare in cocciCommon in bacilli and rare in cocci
 made up of proteins called made up of proteins called flagellinsflagellins
 Flagellins are highly antigenic  (Flagellins are highly antigenic  (H antigens)H antigens)
 H antigens are characteristic of a given species or H antigens are characteristic of a given species or 

strainstrain
 Number and distributionNumber and distribution of flagella on bacterial surface are  of flagella on bacterial surface are 

characteristics of a given speciescharacteristics of a given species
 Can be sheared and resynthesizedCan be sheared and resynthesized
Structure of flagellaStructure of flagella – consists of  – consists of basal body, a hook and basal body, a hook and 

filamentfilament
- Filament -Filament -lies external to the cell surfacelies external to the cell surface
- Basal body –has sets of ring to which the hook is anchored Basal body –has sets of ring to which the hook is anchored 

and whichand which
                                                    imparts motion to the flagellum imparts motion to the flagellum 
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Types of flagella (arrangements of Types of flagella (arrangements of 
flagella)flagella)

1.1. MonotrichousMonotrichous
 Single flagella at a pole e. g. Single flagella at a pole e. g. V. choleraeV. cholerae

2. 2. LophotrichousLophotrichous
 Tuft flagella at one pole e. g. Tuft flagella at one pole e. g. Pseudomonas Pseudomonas 

flouresenceflouresence

3. 3. AmphitrichousAmphitrichous
 Tuft of flagella at both poles e.g. Tuft of flagella at both poles e.g. Alcalgenes Alcalgenes 

faecalesfaecales

4. 4. Peritrichous Peritrichous 
   flagella all over the body e. g. flagella all over the body e. g. E. coliE. coli
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2. 2. Pili ( fimbriae)Pili ( fimbriae)
 Made up of protein like flagellaMade up of protein like flagella
 Short, thin and filamentousShort, thin and filamentous
 Occur in some bacteriaOccur in some bacteria
e.g. e.g. Shigella, Proteus, Salmonella, Seratia, Shigella, Proteus, Salmonella, Seratia, 

EnterobacteriaceEnterobacteriace
 There are two general classes, There are two general classes, common pili and sex common pili and sex 

pilipili
 Common ordinary pili – used for Common ordinary pili – used for adhesion adhesion on cellson cells
                                                                              - are - are virulence factorsvirulence factors for  for 

pathogenic MOspathogenic MOs
 Sex pili – also called Sex pili – also called fertility pilifertility pili
                        - fewer in number- fewer in number
                        - possessed by “males” cells- possessed by “males” cells
                        - specialized for - specialized for genetic material transfergenetic material transfer
                          - help the “male” cells attach to “non male” cells - help the “male” cells attach to “non male” cells 

during conjugationduring conjugation
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EndosporesEndospores
 Resistant structureResistant structure

 Heat, irradiation, coldHeat, irradiation, cold
 Boiling >1 hr still viableBoiling >1 hr still viable

 All spore formers are Gram-positive rods
         e. g. Clostridium tetani , Bacillussubtilis
 Endospore is not a reproductive structure
 Resistance of spore is due to dehydrated 

state, calcium dipicolinate, and specialized 
coats (spore membrane, cortex , coat)

 Location is important in classificationLocation is important in classification
 Central, Subterminal, TerminalCentral, Subterminal, Terminal
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