
Microscopy
Magnification factor by which an image appears to beenlarged
Resolution of naked eye 200 dem

Resolving Power smallest
distance bw a objects that appear as separate

RP
objects

It Is A r p d 031
NA numericGeatuaeRP of naked eye 0.2 mm 200am

RP of light microscope o 2 am RP 2 I
RP of electronmicroscope 0.2 0.5 nm d

Magnification of
compound microscope

magnificationof x magnification of eye piece
objective lens ocular lens

Numericalaperture NA n sin o
n refractive indexof medium

semivertical angle of coneformed by
object at objective lens

electron microscope was introduced by Knoll Ruska



Staining
simple
differential

negative
impregnation

special

Simple stain use of a single dye Basicfuchsin or CrystalViolet or

methylene blue

DifferentialStain use ofmorethan one dye fordistinguishing organisms
based on their interaction with the dyes

GramStain Hans Christian Gram

Steps
Preparesmear fixwithheat or methanol
Primarystain systal violet Methyl violet gentian violet

Mordant Iodine
Decolonisation flcohol acetone mixture ofalcohol acetone
Counterstain Safranine NeutralRed Basic Fuchshin
secondarystain

Come In And Stain
Gram ve bacteria appear bluish purple

gram ve pink

Acidiccytoplasm is whatgetsstained with crystalviolet or safranine dye
notcellwall

Principlesof gramstain
CellWallThickness gram tve cellwall isthicker i crystalviolet is retained better

Cytoplasm cytoplasmof gram tve ismoreacidic slower decolonization

cellwalllipids gram ve cellwallhasmore lipidswhich are dissolved by



alcohol acetone pore formation rapid decolonisation

Most important stepof gram staining stepof decolonisation

Exceptions to Guam stain
Mycoplasma too small

Chlamydia minute intracellular bacteria
Rickettsia

Spirochetes veryslender

Mycobacteria Lipid rich cellwall i staincannotpass through

gram tve cocci gram ve cocci

Micrococcus Veillonella
Enterococcus Neisseria

gym

I

n
Streptococcus

gram tve BacilliGods gram ve rods
Cory

say
Coyne bacterium

Erysipelotha

Enterobacteriaceae

Pseudomonas

knocked Nocardia Burkholderia

Back Bacillus Vibrio
the actor's Actinomycetes Legionella

List Listeria Bacteroidea

into

My Mycobacterium

closet clostridium



Brucella Spirochetes

Bordetella Spirillum
Hemophilus Campylobacter
Francisella Helicobacter

chlamydia
Rickettsia



Acid Fast Stains Mycobacteria

Acidfast bacteria appear pink
Nonacidfast blue
introduced byPaul Ehrlich
modified by Ziehl Nelson ZN

Heat for fixation helps causal fuchsin penetrate lipid layers
Primary stain Carbal Fuchsin Basicfuchsin dissolved in phenol
Decolonisation 2501 sulphuricacid
Counterstain Methylene blue picnic acid malachitegreen
Read File stain

Acid Fast Bacteria Retain primarystain on decolonization
M tuberculosis complex Mtbe to differentiate in sputumof
atypical mycobacterium arm immunocompromised patients

MTBC acid alcohol fast 3 acid alcohol

ATM only acid fast
is decolonized

Kinyoun gabbet Stain COLDSTAIN

similar to Ziehl Nielson stain except no heating
increase cone of phenol Cabal fuschin
increasetimeof exposure to Cabal fuchsin



PartiallyAcid Fast Bacteria Modified 2N stain
theyretain primary stain with a lower cone of sulphuric acid

Acidfastwith 5 Has0 M leprae oocytes of cystososposa
cyclospora cryptosporidium

Acid fast with 0.5 2 Mason Legionella micdacei
Nocaadia
Actinomycetes

Acid fast with 0.2s 0.5 Mason Bacterial spores
Head of sperm

stain
S 10 mins

Wash with
sulphuric

acid
until entire

smear

Meat 3 times

is
colourless

Wash with
water

malachite
green

I
minute



Negative Stain
use ofacidicdye India ink nigrosine

ÉÉÉ ceases
1
cytoplasm

Cvecharge

used for demonstrating capsuleof bacteria various slender

bacteria ex Spirochetes in fluid specimens



Impregnation Stain Spirochetes
slender bacteria are impregnated with silver to makethem thickenough

For spirochetes
Levadite silver stain for tissue sections
Fontana's for films

Impregnation stain Flagella
Tannicacid

Ashby stain Schaeffer Fulton stain for demonstration of
endospore



Special Stains for demonstrating specialgranules in bacteria

Lipid granules Sudan Black B
Polysaccharide granules Iodine stain
Volution metachromatic BabesErnst polarbodies granules

Neisser stain

Albert stain

Malachite green stains cytoplasm

4 gandacetic acid
Albert B stain Iodine
Potassium iodide
mordant

Why are they called volution granules first demonstratedin spirillum
voluted

Why metachromatic granules actually stained bytoluidine
blue butthey takeup
a bluishpurpleredcolour

What arethese granulesmadeof Polymetaphosphate

Dometachromatic granules take upGram stain Yes

gram tve

Where are theypresent Corynebacterium Gardnerella vaginalis
Yersiniapestis Bordatella pertussis Mycobacterium species



Biochemical Reactions for identification of bacteria

Bacterial Catalase

Hao
bacterial catalase

2h20 t 02

TestT tuecontrol vecontrol no bubbles

bath'T

showsbubbles CatalaseTest tve

3 11202 no bubbles Catalase Test ve

mm
look forgas bubbles

Most Pathogenic bacteria are catalase positive

Etf
streptococcus
Pneumococcus

Enterococcus

Anaerobes Actinomyces

Bacteroidea
Clostridium
Lactobacillus

Shigella dysenteria type 1



Oxidase Test

gmp
bacterial cytochrome C

purple Blue compound
tetra methyl paraphenylene indophenol

diamine dihydrochloride

Dont use straight mine
Nichrome inoculating lap

Facts tue

oxidgst

Most pathogenic bacteria are oxidase test positive
except

Corynebacterium

Enterobacteriaceae

Staphylococcus

Streptococcaceae



Utilization of Sugars
Hugh Leifson's oxidative fermentation medium

glucose t bromothymol blue
PH indicator

onlyaerobicIf bacterial colony OXIDATIVE
breaksdown the sugar saccharolytic

aerobic t anaerobic
FERMENTATIVEdoesn't break down sugar asaccharalytic

Its oil overlay to createanaerobic conditions
sterile
petget

U U Bromothymol blue has changed colour
I

É É acid has been produced aerobically

RESULT I

TH

Mr

bacterial colony
Is FERMENTATIVE

U U



Fermentative Utilisation Facultative Anaerobes
Enterobacteriaceae

Staphylococci
Streptococci
Haemophilus

strict Aerobes
Pseudomonas

RESULT Brucella

Ti Bordetella
Micrococcus

I
V acid is Uproduced
only inaerobic
tube

WITTIEI

E

RESULT

ASACCHAROLYTIC
Moraxella

t Acinetobacter

Campylobacter
Helicobacter

UatiYisativ
sation

of sugar



Urease Test

urea I
n s NH3 t H2O

Bacterial unease

Christensen's

unease medium v Medium turns pink
2 urea alkaline pH
Phenol red
indicator

Urease Positive Bacteria
Proteus

Uneaplasma

Nocardia

Cryptococcus
Helicobacter maximum uneasy producing bacteria
Morganella

Staphylus aureus Staphylus epidermidis StaphylusSaprophyticus

Klebsiella pneumoniaea

Brucella



Coagulase Test Staphylococcus aureus

Bile solubility Test Streptococcus pneumoniae

optochin Sensitivity
Bile Resistance Enterococcus
Bacitracin Sensitive Streptococcus Pyogenes
Indole Positive E Coli
Indole Negative Klebsiella

Citrate utility
Indole
Triple Sugar Iron
Black discolouration due to Has iron deposit
Mannitol Motility



Bacterial Typing interspecies strain characterization

Purpose of typing epidemiologic studies outbreak studies
virulent avirulent studies

studies of transmissibility
relapse us reinfection
Monstasaimne fromdifferent

strain

Typing Methods

Phenotypic Genotypic



Phenotypic Seaatyping
use ofsurface antigens andtheir reaction with antibodies

Streptococcus pyogenes griffith Typing M protein 120 Mtypes
Streptococcus pneumoniae capsularantigen 95 serotypes
E Coli O antigen 170 o serotypes

Phenotypic Biotyping
for selected groupof biochemical reactions

I to VIII types of Haemophilus influenzae
chemicals used

I indole
ornithine
Unease

O O O O

É t i i I É

overnight incubation



we
strain

Corynebacterium diptheriae 4 types

2,8g
p

intermedius

mitis

vibrio cholerae 01 ElToe
Classical

Phenotypic toxotyping
based on their ability to utilize not utilize a specific

groupof substrates

Gonococcus

dinedmedium

zero containsall essential nutrients
required for growth
of gonococcus

many mediums were created bydeleting a
set of ingredients



AB F B

zero Arghyp Usa Pro Ang
c c c

AAB AB B

PaoArg Usa PaoMet Pro Ang
c c Hyp Usa

e

v

f B

zero Arghyp Usa Pro Ang
c c

Attu oxotype PA oxotype

A

PaoArg Usa PaoMet Pro Ang
Hyp Usa

PM autotype



Phenotypic Phage Typing
on the basis of susceptibility to a standard setof bacteriophages

EE colony

É i
t

is is i
g.gg Ii9ot

joy Iip too

tL gongs
of

PhageType 1,2 Phage type 3
Bacterial colony is bacterial colony is

susceptibleto phage 222 susceptible to phage3

Staphylococcus aureus
Corynebacterium diphtheria
Salmonella

vibrio



Phenotypic Antibiogram Typing
based on susceptibility sensitivity to antibiotics

strainA strain B

A A
G

p
c

P
c

discs

overnightIntibiotic
incubation

v

strainA strain B

A
a
A L

G

e

r

e
P

7nF
on
whitearea

if small more resistance to that antibiotic

if large less resistance no resistance tothat antibiotic

Proteus vulgaris



Phenotypic Bacteriocin Typing susceptibility of standard strains to bacteriosin

secreted by isolates

Phenotypic WholeCell ProteinTyping Relative mobilities under electrophoresis

of total extracted protein

Phenotypic MultiLocus EnzymeElectrophoresis meee relative mobilities under
electrophoresis of specific intra cellular enzymes



GENOTYPIC METHODS superior to phenotypic methods

DNA based analysis
a partial part whole DNA is extracted out restriction endonucleases

I
bandingpattern is checked getelectrophoresis DNA fragments

Plasmid Profile Analysis

Ribotyping
Pulsed field get Electrophoresis EFGe
Restriction Fragment Length Polymorphism RFLP

NucleicAcid Sequencing GOLD STANDARD METHOD FOR
I TYPING

whale genome sequencing will take
a lot of time

I
there is

Multilocus Sequence Typing est

only particular standard house keeping genes are sequenced
compared



Bacterial Cultivation

Phototrophs bacteriathat can utilize light as a source of energy

Chemotrophs bacteria that need to undergo chemical reactions to
synthesize energy

u v

Autotrophs Heterotrophs

Autotrophs can utilize inorganic sources in the foamof atmospheric gases
of carbon nitrogen

Heterotrophs require preformed organic compounds for undergoing
chemoorganotrophs chemical reactions

MostHuman commensals pathogens heterotrophs culture media

have to be providedfortheir growth

Louis Pasteur established bacterial growth requirements

father ofmedical microbiology liquidmedia nutrient broth

AdvantagesofLiquidmedia convenient
bacterial multiplication is rapid
originally clear solution becomesturbid microbial growth

Disadvantages quantitative analysis cannot be done
bacterial strainscannot be isolated



Robeatkoch introduced solid media

Advantages ofSolid Media different bacterialcolonies can beclearly seen
Disaduatge slower growth than liquid media

SolidifyingAgents

Gelatin derived fromanimalbone hide

is concentration

Disadvantages certainbacteriacan proteolysegelatin

liquefies above 242 butincubator 37or389

Agar ngaightinese grass sea weeds redalgae
2 concentration

Isubstace doesnotprovidenutrition to bacteria it neither
promotes nor inhibits bacterialgrowth

Liquefies 980C

Solidifies a 42 42 98 semisolid

soft agar used to check motilityof bacteria
Conc 0 2 005 0 0

firm agar used for inhibition of swarming
conc s 6

Swarming bacteria
clostridium tetani gaffe
Bacillus cereus

vibrio alginolyticas
Proteus vulgaris gram

ve
proteus mirabilis



Constituents ofCulture Media
Peptones

Meat yeast extract sources of
C N

casein hydrolysate

electrolytes
Water

culture Media

v u

CHEMICALLY DEFINED COMPLEX MEDIUM

exact composition is known exactcompositionnotknow

Simple Basal Basic Medium only non fastidious bacteria cangrow
source of C N only grey N for
Egg peptone water their survival

nutrientbroth peptone water t meat extract

nutrient agar nutrient broth t agar

Enriched Medium for fastidious bacteria
egg blood serum is added

Egg blood agar autoclaved nutrient agar t 5 sterile sheep blood
cooledto so

chocolateagarautoclaved nutrient agar t 5 sterile sheep blood
RBC'sgetlysgdgat

cooledto a



Loeffler's serum Corynebacterium dipthesiae

Lowenstein Jensen medium Mycobacterium tuberculosis

SelectiveMedium solid medium

a component is added which inhibits the growth of unwanted bacteria
only allows growth of specific bacteria

egg MacConkey mildy selective for gram ve bacteria

containsa tangocholate bilesalt
Exception

taping gagme cangrow on Macconkey

EMB eosineMethylene BlueAgar mildly selectiveforgram ve bacteria

Salt Agar selectivefor staphylococci
all staphylococci have the specialpropertyofbeingabletogrowin 7 10 sat

crystal violet Blood Agar selective forStreptococcus pyogenes
ThayerMartin selective for Neisseria

Contains antibiotics

TBS Ethiosulphate citrate bile salt sucrose agar
selective for vibrio

Cetrimideagar selective for pseudomonas
Potassium tellurite selective for Corynebacterium
PLET Polymyxine lysozyme EDTA thallus acetate

Bacillus anthracis
myPa mannitol egg yolk phenyl red polymyxine agar

Bacillus cereus



Enrichment Medium

liquid selective medium

Eg APW alkaline peptone water Vibrio
SeleniteOF Salmonella Shigella

Tetrathionatebroth Salmonella

faeces

Differential Medium

Colony morphology colour differentiates the bacteria

Gamma
hemolytic

Bloodagar

MacConkey
medium



findicatorL



Indicator medium
special component is added which indicates thegrowthofa particular
group of bacteria

TcBs Bromothymol blue

Transport Medium
medium which just maintains the original count of bacteria in
a clinical specimen

Es Venkatraman Ramakrishnan Medium vibrio

Pike's Streptococcus pyogenes

Stuart's
Amie's

Neisseria

Thioglycolate anaerobes

Cary Blais UNIVERSAL STOOL TRANSPORT MEDIUM



Culture Techniques

Streak Culture

of
Primary well

sterilize
the innoculating loopbyheating

then slightlycool itF a
createprimary streaks

stealize the loopagain
I

turn the plate make secondarystreaks

sterilize
t
the loop

than the plate make tertiary streaks
1

Finally make the tail a



Lawn Culture
take a sterilecotton swab dip it

into the innocentum

Eggswab it completely

t
make a circle at the periphery

turn the plate to different angles

MEEEswab completely everytime
make a circle

Lawn culture is typically used for antibiotic sensitivity testing



Stroke Culture

generally used forbiochemical tests

0

createstrokeswithloop
on theagar slantC

blame
that
test tube

plug it
twith

cotton



fe use straight wire not loop
generally used to check

motility of bacon AEogyyy

A

D stab with wine

qq.gg

too

non motile
bacteria

Motile

bacteria



PourPlate Culture
usedforquantificationofbacteriain specimen

o

D
o s

pipette inoculum ontosterile
plate add sterile medium

L
oo

Colonies grow inswirl to mix
incubate one the medium



sensitivity

Antibiotic Susceptibility Tests AST
Purpose guideline for aight antibiotic

to study susceptibility patterns in a hospital community

Minimum InhibitoryConcentration mic
AB antibiotic

Lowest concentration of AB that just inhibitsthe growth of
bacteria in the medium

Minimum Bactericidal Concentration MBC
Lowest concentration of AB that kills all bacteria in the medium

MBC MIC

Methods of Ast
B ndiffusionbrothdilution method

E test
To control the impactof Automated Microscan WALKAWAY

environmental factors the Phoenix
conditions for susceptibility Vitek 2

testing are extensively standardised

a Antimicrobial content

b Standard Inoculum ofTest Isolate
c Reliable medium Mueller Hinton AgarBroth

d Standard temperature of incubation 35 377
e Standard duration of incubation 16 18has

f Quality control strains

Mueller Hinton Medium casein hydrolysate agar broth
Some bacteria cannot grow on MuellerHinton medium



Forthose bacteria extra supplements have to be added

Eg Pneumococcus lysed horse blood sheep blood added

Staphylococcus aureus 2 u t salt added

Standard InoculumPreparation
0.5 MeF turbidity Mcf MacFarland's

7 1 5 x108 CFU ML
Eg E Coli urine Cro colony

sterile peptone water few Ecolicolonies forming units

measure turbidity using spectrophotometer of
n'bat W Wh

Mcfarland's standard media

Mt mm titianBras

very cumbersome
AST D Dilution Method Reference Method

prepare serial dilution of antibiotics in MMA MHB

fixed amount of standard inoculum

I
incubate at 35 379 for 16 18 hours overnight

I
determine the MIC



TypesofDilution Methods
Microbroth

BrothDilution macaobroth

Agar Dilution

Macao brothdilution Method

FAREEDO O O O D O D D O

IE control Is I I T T Yo Y YStandard

NoAB MSme

y

incubate

O O O O O O O D D
O

O O O o O O D D
o

w w w w
w

control

lotsofturbidity decreasing microbialgrowth
decreasing turbiditysincebacteriahave

no turbiditymultipliedfreely

in absenceofAB MIC 4dig mL



AgarDilutionMethod
Egigentanyan

AGÉ differentcones

of AB

i

AST 2 Disc Diffusion Method Kirby Bauer Method
AB discs impregnated with a standardised conc of AB
uses MHA

Y o standard

y o inoculum

it
I

i

A
G

of intubate

diff overnight
ABS c

p

zone
of compare withinhibition 91 51 1



Sensitive Intermediate Resistant

organism is inhibited organismmayrequire Organism is not

by the recommended a higher doseof AB inhibited bythe
doseofantimicrobial for a longer period recommendeddoseofthe
agent attheinfection oftimeto be antimicrobial agentat
site

inhibited thesite of infection

Advantages ofKirby Bauer Disc Diffusion
easy to do

easy to interpret

Disadvantages of Kirby Bauer Disc Diffusion
does not quantify the mic qualitative only

ÉDg Éd inoculated on the same petri plate
I testinstegated

ÉintaalStraitAB discs
zoneofinhibition

inoculated

o o
s o

Teststrain
inoculated



AST 3 Epsilometer Test Ce Test
combination of dilution method disc diffusion method



CAST 4 Automated Methods

MICROBROTH WALKAWAY

PHOENIX

VITEK 2



Antimicrobial Resistance Mechanisms

Betalactam inhibit cellwallsynthesisbybinding to transpeptidases penicill
binding proteins PBP's

Glycopeptides bind to cellwall precursors D ala D ala
inhibit cellwall synthesis

Aminoglycosides bind to 30s ribosome subunit

Tetracyclines i inhibit protein synthesis

Macrolides bind to 50s ribosome subunit

chloramphenicol i inhibit protein synthesis

Fluoroquinolones inhibit DNA replication by binding to DNA gyrase
topoisomerase II

Sulfonamide

Trimethopan

inhibit folate synthesis



Inherent Resistance innate ability ofbacterium to resist killing
by AB by its inherent structural functional characteristics

a reduced entry bacteria is impermeable to AB
b extrusionof AB by inherently encoded transporters
inherent production of enzymes that inactivate the AB

É Enterococci Anaerobes aminoglycosides reduced entry
Gram tve bacteria Aztreonam Lackof PBP towhich

Aztaconam binds

Gram ve s vancomycin no entry

Acquired Resistance

May bedue to Mutations

Horizontal transfer

É
Streptococcus pneumoniae by transformation
Staphylococcus aureus by transduction

most common mode of horizontal transfer in bacteria Conjugation



Modes of Antibiotic Resistance
Inactivating enzymes mostcommon mode

Egi A aminoglycosides inactivated by phosphorylation Nacetylation
B B lactam hydrolysisof amide bond in B lactam king

by B lactamases
C chloramphenicol acetyl transferases inhibit

DecreasedPermeability
absence of potions or outer membrane proteins COMPS
which prevents entry of AB

Egg Resistance to B lactams in gram ve

aminoglycosides
Macrolides

Fluoroquinolones

Antibiotic Efflux mostcommon mode of resistance to
Tetracyclines

Eg Macrolides
Fluoroquinolones

p lactams

Altered Drug Target Sites ribosome alterations

Eg Aminoglycosides

Macrolides

Cellwallprecursors Eg Resistance to Vancomycin



altered enzymes Eg Methicillin resistant staphylococcus aureus
floroquinolones MRSA

Protection ofTagetSites bacteria synthesize ribosomal protection
Eg Tetracycline resistance

proteins Rpp

OverproductionofDrug Targets
Eg I B

lactam resistance in gram tve
sulphonamide resistance

Bypass of Antibiotic Inhibition
Eg Sulfonamide resistance

MRSA



Bacteriophages virusesthat infect bacteria

Cycles ofPhage
Lytic

Lysogenic Head IF DNA

Neck fo collar
Lytic Cycle

Tail sheath
bacteriophage bindsto bacterium

injects it INA into cytoplasm

tIstops bacterial metabolism
DNA

Fragmentationof bacterial chromosome
1

Synthesis of phage components using
bacterial

enzymes

Assembly of
daughter

phages

Induced lysis
of bacterium causes the daughter phages

to move out of the bacterium

Infection of
how

bacterium



Lysogeniccycle

bacteriophage bindsto bacterium

injects it INA into cytoplasm
v

phage DNA getsintegrated with bacterial chromosome to form
prophage

As bacterium
untdeagoes

binary fission prophage is

passed on to future generations of bacteria

If any of these
batteria

are exposed to chemicals radiations

Phage DNA disintegrates
from bacterial chromosome

phage DNA
enters

lyticcycle

Types ofPhages
phages that can follow only lyticcycle VIRULENT PHAGES

Eg Ts Tz phages of E coli
phages that enter lysogenic then lyticcycle Temperate Phases

Eat A phage of E coli



Mechanisms of GeneTransfer inBacteria
Transduction

Lysogenic conversion
viaphages

Transformation

conjugation

Transduction transferof bacterial genes fromone bacterium tothe
other via phage

most common mechanism of gene transfer in bacterium
Ist demonstrated on Salmonella typhimurium

Transduction types I
Generalised

specialised

mis packaging of bacterial
chromosome fragment into

newly synthesized phage



only restricted

specificgenesofbacteria
that are next to

the site of integration
of phage DNA
are incorporated

intonewly synthesized
phages

I
specialized transduction

generalized specialized
occurs in lytic cycle occurs following a lysogenic cycle
occurs due to mispackaging occurs due to defective
of chromosomal plasmid excisionduring induction of
genes during assembly prophage
mediated by virulent mediated only by temperate
or temperate phage phase



Lysogenic Conversion
prophage genes in a lysogeniccycle themselvesprovide genesfor a new characteristic

phenotype to the lysogenic bacterium

phage mediated toxins

Egg ability to produce toxins by bacteria
Corynebacterium depthearae

non toxigenic

toxigenic

Phase Mediated Toxins
A Pyrogenic toxin A C of streptococcuffyogon

hemolytic

B Botulinum toxin C D
c cholera toxin
D Diphtheria toxin
S Shiga like toxin Verocytotoxin produced by entero hemorrhagic

E Coli EMec



Transformation uptake of soluble DNA fragments in the
environment directly through the cellwall

Ability to transform

e I
COMPETENCE

A lysedbacterium
ofrecipientcell TransformedreleasesDNA fragments
Chromosome

bacterium

first demonstrated on Streptococcus pneumoniae by Griffith



Conjugation
first demonstrated by Lederberg Tatum on E coli K12
formation of sexpillus conjugation tube

I encodedby
F plasmid fertility plasmid

sex plasmid transfer factor

Bacteria whichhave F plasmid F t bacteria

don't F

episome

Hfa highfrequencyof
recombination



Conversion of Ft to HER
plasmid t chromosome

REVERSIBLE episode

Ft Mfr
when the Fplasmid aeneats from integrated to freestate it maysometimes

carry with it some chromosomal DNA fromadjacent site of attachment
This F factor carrying some chromosomal DNA F

HF
F

TRANSFER OF F PLASMID SEX DUCTION

R Plasmid F plasmid t AB resistance genes
I I

called resistance called a determinants

transfer factor

Mbtcommon modeof spread of antibiotic resistance in bacteria
first demonstrated in shigella



Col plasmid F plasmid t Bacteriocin
genes

Restriction Enzymes Endonucleases produced by bacteria
Recognition sequence can be palindromic or non palindromic

Restriction site may be a partofthe recognition sequence or it

may be
several nucleotides away

Sticky ends

Blunt ends
GAATTC
CTTAAG

IEEE
CTT FFG

jjjIT TAAto
AATTGI

blunt
end

Restriction endonuclease is a defence mechanism in bacterial

systems against foreign DNA
But its ownDNA is protected from digestion by
endonuclease due to methylation of bacterial DNA by
restriction enzyme Restriction modification systems

Type 11 restriction enzymes cut within recognition sites
all Res require Mgt cofactor



CRISPR clustered Regularly Interspaced Short
Palindromic Repeats

considered as an adaptive immune response of bacteria
bacterial

genome editing method to protect from infecting viruses
R repeat s spacer

R S R S R S R S R S



Typing ofBacteria interspecies characterizationofvarious strains
used in epidemiologic studies

PHOENOTYPIC METHODS GENOTYPING METHODS

seaotyping Streptococcus pneumoniae Plasmid profile analysis

Biotyping CHemophilus influenza Pulsed fieldget
electrophoresis

Antibiogram typing RestrictionFragmentLength Polymorphis

Bacteriosintyping Ribotyping
RFLP

Phage typing Nucleic acid sequencing
I

Whole Cell Protein Electrophoresis
Multilocus

MultilocusEnzyme Electrophoresis sequence Mist
typing

only't
housekeeping
genes are
sequenced
out



Anatomy Physiology ofBacteria

LIVING ORGANISMS

v u

Eubacteria Archaea Eukarya
unicellular unicellular

v Plantae
Kingdom Protista
Moneda fringe Animals

Prokaryotes Eukaryotes
Nucleus Had no welldefined well defined nuclear

nuileaemembrane membrane
nucleolus absent
histones absent

chromosomes single circular dsDNA multiple linear
Extra chromosomal plasmids present in mitochondria

DNA
membrane bound mostly absent all present
organelles



Prokaryotes Eukaryotes
CellWall Muramic acid present No munamic acid in

cell wall complete obscene
of cell wall

Cell MEMBRANE Sterols absent sterols are present
Ribosomes 705 80s
Mesosomes present absent

Gtvesgd

ÉÉÉÉaag lacking cell wall is Mycoplasma
i highly pleomorphic known as jumping jokes ofmicrobio

Prokaryotes having steads in cell membrane Mycoplasma

Prokaryotes having 2 chromosomes Vibrio
Prokaryote that lacks muramie acid in its cell wall

chlamydia



Archaea non pathogenic bacteria

a.k.a Extremophiles cansurvive extreme conditions

Ex Theamus aquaticus

Eubacteria Archaea
peptidoglycan in cell wall helps them survive

are present

absent
in extremeconditions

absent presence of isoprenoid lipids in
cell membrane

introns are always absent introns are present in some genes
absent characteristic rRNA sequences
Eubacteria present
Cyanobacteria blue greenalgae



Glycocalyx layer around the cellwall

may or maynot be present

Loose flowy Slime

Welldefined Capsule

Slime Loose ill defined polysaccharide layer

group of bacteria growing together slime collects foams
I

BIOFILMSin
helps in adhesion

anti phagocyticMIT Biofilm
reducestheentry of antibiotics

Eg Streptococcus mutans
Pseudomonas aeruginosa

staphylococcus epidermidis



Capsule well defined layeraroundthecellwall
een

generally polysaccharide in nature

EEF Bacillusanthracis

Yersinia pest
Polypeptide

capsule

capsule is anti phagocytic
it has no net charge

i cannot be glam stained

Capsule stains Copper salts

India ink or Nigrosine

fused for capsular typing of
bacteria

capsule is antigenic
it produces Ab's

Capsule t Anticapsular Ab's
I

Swelling ofcapsule



Yes Some BBacteria Have Very Killer And Mean capsules
Yersinia pestis polypeptide capsule

Streptococcus pneumoniae

Staphylococcus aureus microcapsule verythin witter ionic
Bordetella pertussis Non antigenic capsule

Bacteroides fragilis zwitter ionic capsule
Haemophilus influenzae
Vibrio parahemolyticus
Klebsiella pneumoniae
Bacillus anthracis polypeptidecapsule

Meningococcus
Clostridium perfringens mostcommon cause ofgasgangrene
Cryptococcus neoformans

fungus gatti



NAG N acetylglucosamine

Cell Wall Nam N acetyl muramicacid

NAMNAGNAMNIi.mn IIEamNaa
If Pasts.MYjes q tetnapertindeainsisdeq 881,1
NAM NAG NAM NAG NAM NAG NAM NAG NAM NAG

NAM NAG NAM NAG Nam NAG NAM NAG
TAME

NAG

NAM NAG Naa Nam
ÉÉÉÉÉAm

NAG NAM NAG

I
CROSS LINKING ENZYMES IN BACTERIA

Transpeptidases

Transglycolases

a B lactam antibiotics bind to transpeptidases

inactivationf transpeptidases
v

aka Penicillin Binding Proteins no goes linkingPBR

impairment of cellwall synthesis

gram ve cell wall has 50 100 layers ofmullein monomers

between 3rd aid from onechain 4th a a from and
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Cell wall teichoic acids polymers of ribital phosphate
cell membrane teichoic acids polymersof glycerol phosphate
Teichoicacids are said to have a role in adhesion
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Just above the phospholipid bilayer cytoplasmic membrane is a space
known as theperiplasmic space which contains the two layers of Marcin
monomers linked by PPCBs
Outsidethis is another phospholipid bilayercalledoutermembrane

In the outer membrane these are some special structures

i pains
in structural integral proteins
Iii lipopolysaccharide LPs Endotoxin embedded inthe outer leaflet of

the outer membrane

Gram toecellwall gram ve cellwall

Thickness 80mm 10 25 nm

Layers of
peptidoglycan

50 100 2 in periplasmicspace

Aminoacids in Aromatic sulphur
Peptidoglycan containing a a absent

All da present

Teichoic acids Present Absent

outer membrane Absent Present

Lipid content 5 10 30 50



Gram toecellwall gram ve cellwall

Pains Absent Present

LPs Absent Present
Endotoxin Except Listeria monocytogenes

LPs Endotoxin
polysaccharide

agentsmost variable partofLPs molecule

0 CORE
O PFsacemarip

short chainof6 to g a

g
contains a unique a a KI

fi keto deoxy
octanoicacid

Ig
Lipid embedded in outer membrane

responsible for the actual endotoxic activity



Action of Endotoxin
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Effects of Endotoxin

macrophage
compliment t

Activation
Tissue factor

activation activation

cytokine
release c3a Csa

Activation

of
frommacrophages coagulation

dendritic cells 1
Histaminerelease Dlc shock
Neutrophil chemotaxis disseminated intravascular

Ferret

coagulationhypotension increased vascular
permeability

to proteins in nature

Eg Botulinumtoxin

exotoxin Diptheniatoxin

Tetanospasmin



Endotoxin Exotoxin

Lps Protein

Releasedonlyon lysis actively secreted Eet Botulinum
uniquetogaam ve bacteria producedby both gram ve tve

Heat stable C1
STERN Meat labileGgtStaphaureus bacillus

cereusemetic toxins
low antigenicity highly antigenic

can be toxoid
toxin whichhas lost its virulence

cannot be tended

but can still induce antibodies

3914
Present in large evensmall amounts can mediate

amounts to mediate theiraction their action

CONSTANT EFFECTS VARIABLE EFFECTS in humans

times Ameboytelysate
LAL Assay

Holsgraghoe dropofclinicalspecimen endotoxin
Isensitive assay

gellingof lysate
forendotoxin LPs

assay



L forms cellwall deficient bacteria

first discovered by Kleinbergee Nobel at Lister Institute on streptobacillus
moniliformis

can be formed by both gram tve ve bacteria

they are either formed spontaneously or in the presenceofcellwall inhibitors
likepenicillin or in the Phone jeff bwNam MAG

8mjgm.gg g
s PROTOPLAST

Lfoamofgram trebacteria

medium

Hignite
t EDTA Spheroplasts

L formofgram ve bacteria
medium

L foams can be cultivated on special media on whichtheyformTINYcolonies

Non pathogenic

Twotypes
stable remain cellwalldeficientfor the restoftheir lives
Unstable canrevert back to their cellwalled status
Can be responsible for persistence of infections recurrence relapse of
infections



Mesosomes invaginations of cytoplasmic Cell membrane
sites forrespiratoryenzymes
site at which pygidium undergoes binary fission

cytoplasmic membrane

gram we have more mesosomes than gram ve



Flagellum
helps the bacteria in locomotion

Composed ofprotein subunits called flagellin
highly antigenic

Flagellum antigens H antigen

corresponding Ab H Ab

Length 3 20 am
Thickness o 01 ohm

i flagella are too slender to be seen by light microscopy

Flagellum structure

g

d d d 8h
which are constantly rotatedby
a proton dependent pump

gram ve 2 rings M s

a gram ve 4 rings M S P L

BASALÉ

MOTORIndiana



Flagellum Distribution

C D MONOTRICHUS Vibrio Pseudomonas

C JE LOPHOTRICHUS Helicobacter Campylobacter
sometimes

AMPHITRICHUS
T
D

COMPYLOBACTER

SPIRILLUM

DE

IT É pikeman Enterobacteriaceae clostridium

Bacillus Listeria
temperature 25 281

D ATRICHUS

All pathogenic cocci are atrichus

Endoflagella flagella in periplasmic space
Spirochetes



Flagellum Demonstration

Direct Methods Electron microscope

Leifson Ryu's impregnation stain
t d

party

MONOTRICHUS

Indirect methods checking motility

DemonstrationofMotility
Wet mount
Hanging droppreparation

Soft Agar medium
o 2 o s l agar

I
stabinnoculate P

NON MOTILE

addition of TTC M MOTILE



TTC Taiphenyltetrazolium chloride

changes colour when it comes across bacterial metabolites

Non
Motile

MOTILE

CRAIGIE'S TUBE U tube

capillary
tube

o o opposite end afterI subcultureof
II broadouter 4

subculture from

tube
1 soft

overnight incubation
bacterium

softagar
spreads agar
intoouter
tub oftmotile



Types of Motility

Corkscrew Treponema pallidum

Darting shooting Star Vibrio Campylobacter

Gliding Mycoplasma

Stately Salmonella Clostridium

Tumbling endon end Listeria

Twitching Eikinella corrodens por

king phenomenon seen

waning can pay
g

on blood agar plate

by the use of FIRM
AGAR S 6 agar

Examples

gram tve clostridium tetani
Bacillus cereus

gram ve Proteus vulgaris
Proteus mirabilis

Vibrio alginolyticus
Vibrio paranemolyticus



Differentialmotility
motile at room temperature 25 280C
non motile at 378
Listeria
Yersinia enterocolitica

Yersinia pseudotuberculosis

Pilli Fimbaiae
madeof repeating protein subunits Pillion
shorter than flagella

Common Pelli help in adhesion
present only on gram ve bacteria

I 1.5 mm long
o 01 am broad

Type Iv pill in bacteria give them flagella independent twitching
motility Neisseria

Pseudomonas

Sex Pill Fimbaiae mediate conjugation
formed by both gram tue gram ve

bacteria provided they have the

F plasmid genes tra genes
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I 40 plasmids cell

Plasmids Plasmids are notessential

forthe lifeofthe bacterium

Plasmids replicate independent of the chromosomes

Plasmid Episome plaggiedggaintegraptadmigith
chromosome

T.comPlasmidtransfertransfTiny
gyp y

Gdp
Binary

Fission
ParentBacterium



Some plasmidsare transferred horizontally through sex pillus

those bacterium that have tea

gene which
encode sexpill can

transfer plasmids horizontally

Providesurvival
advantage

tocertain bacteria

LBacteriocin Ab like smallproteins
which kill related bacteria
COLICIN KLEBOCINS
pyocins

Plasmid Types according to mode of transferred
Conjugative transferred vertically horizontally

F plasmid fertility

R plasmid fertility t resistancegenes

Col plasmid fertility t bacteriocin codinggenes
Non conjugative transferred vertically only

PlasmidTypes according to the genes present
Virulence encode special virulence factors like endotoxinsecretion capsule etc

Resistance I Ab resistance genes

Fatility formation of sex pilli
metabolic enzymes tometabolize specialsubstrates
Colplasmids bacteriocein production



Spore Endospoke helps in tiding over adverse conditions

bacteria have theability to formspores under environmental stress

eg extremeheat nutrient depletion dryness

y
exosporium

at ÉÉ
www.t

contains
dipicologicacid

makesthespore

Sporecoatcontains a keratinlikeproteinwhichresistschemicaldisinfection

2 pathogenicgenera which foam spores

y y f f
Bulgingspores of

cosigning
bodysporesfoam in soil culture

except clostridium perfringens
causesgasgangrene

n BACILLI Nonbulging

u v f spores foamonly in soil culture notin human

body



DemonstrationofSpores spores do not takeup grams stain
stained by Ashby Stain

Schaeffer FultonStain

bacteria stained by Saffaaninecytoplasm

8 o spores stainedby malachite
green



Bacterial Physiology

Oxygen Requirements

u v

STRICT AEROBES STRICT ANAEROBES FACULTATIVE
ANAEROBES

Need oxygentogrow cannotsurvivein the aerobic organisms that

Nagging Pests mmust presence ofoxygen are capable ofswitching to
BBreathe For Life they lack enzymes anaerobes in the absenceof
Nocardia Catalase peroxidase oxygen
Pseudomonas superoxide dismutase staphylococci

aeruginosa Losers ChokeBy Air Streptococci

Micrococcus Lactobacillus Enterobacteriaceae

Mycobacterium Clostridium Corynebacterium

tuberculosis Bacteroideae Hemophilus

Brucella Actinomyces
Bordatella Porphysomonas

Francisella Paevotella

Legionella Bifidobacterium

Eubacterium

Aerotolerant anaerobes but can grow in presence ofsmall amounts

of 02
Microarophilic require oxygen but in small amounts 2 81 oxygen

Campylobacter cultivable spirochetes

Helicobacter

Mycobacterium bovis



pH Requirements

v u v

ACIDOPHILEI MESOPHILES NEUTROPHILES ALKALIPHILES

growbetween 6 8 PH
Lactobacillus

grow bw 8 toplygrow 6

optimum pH 7.2 7 4
most pathogenic bacteria

Vibrio
Alkaligenes

Temperature Requirements

v u v v

Thermophiles Mesophiles Psychophiles Psychaotrophs

bestgrowbtw
mostpathogenicbacteria Bestgrow 20 bestgrow b w

55 80 grow best between 20 408
20 40 buttheycangrowIqp.ime optimumtemp 35 37 220 C

forPCR Listeria methodof
coldYersinia

enrichment

isused to
isolatethem



Bacterial Growth Curve Plotting noofviablecellsme periodically
bacteria divide by binary fission
After n cycles of binaryfission starting from a single bacterium

no of bacteria produced L

GenerationTime PopulationDoublingTime Time requiredfor one binary fission

ay

ay ay E coli 20 min

of ay ay ay M tb 20has

MEMBER of qq.q.g.gg

ex

M Lepaae 20days

depletion

medium
moggy

growth in aclosed

ÉÉ batch culture

Time



LagPhase stage of adaptation
bacteria are metabolically active

no replication occurs

viable count totalcount are constant
Size of bacterium is maximum just at the endof lagphase
variablefor different bacterium

Exponential LogPhase stage ofactive binary fission
stage of exponential increase in number of bacteria 2n
Increasing viable count total count
size ofbacterium small

stains uniformly
Adding Ab's is going to have maximal effect
Metabolically most active phase

StationaryPhase gradual nutrient depletion collection of toxic
metabolites

No of bacteria multiplying Noof bacteria dying
viable count constant

Total count increasing
Sporulation occurs

Ab exotoxins are secreted by bacteria

Death Declining Phase totalnutrient depletion

nofurther replication involution forms
bacteria are dying
Viablecount falls int constant



Batchculture
a closed system where all the medium components are placedat
the start of cultivation
Microorganisms go through 4 phases Lagphase

Log phase

Stationary phase
Death phase

continuous Culture

fi
n

fresh nutrients are
added toxic
metabolites are
removed at regular
intervals

Time

Quorum Sensing a process that allows the bacteria to coordinate
their gene expression according to the density of the population
first

demontybriofischeri

lightemitting

autoinducers secreted
bybacteria




