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INTRO

UCTION

Microbiology:- Study of micro - organism

Virus Bacteria Fungi Protozoa
-Smallest infections -Prokaryotes -Eukaryotes -Eukaryotes
agent . -Size - 1-5um -Size:- 5-10 pm -Size - 10-20 pm
-Size -20-200nm =
109m
-smallest virus sParvo | -Smallest bacteria :- - -

Virus Mycoplasma
-Biggest virus ~3 Pox V| -Largest Bacteria :-
' Bacillus anthracis
-All viruses obligate -Unicellular -Multicellular -Multicellular
intracellular
-Contain either DNA or ~-Contains DNA + RNA -DNA + RNA -DNA + RNA
RNA -Surrounded by rigid cell -Surrounded by cell wall -3 -Cell wall present
-(Never present both } wall Chitinous
~Artificial media not .
possible
-All are non- motile -Motile (Flagella) -Non —motile -Motile

-Non — motile

-Multiply by viral
infective cycle

-Multiply by asexually -
binary fission

-Sexually — Meiosis
-Asexually = Mitosis

-Sexually — Meiosis
-Asexually - Mitosis

Prokaryotic Cells

Eukaryotic Cells

always unicellular

often multicellular

no nucleus or any membrane — bound organelles

Always have nucleus and other membrane - bound
Organelles

Single chromosome
DNA is circular , without proteins

Multiple chromosome
DNA is linear and associated with proteins to from
chromatin

ribosomes are small {705)

ribosomes are large {80S)

no cytoskeleton

always has a cytoskeleton

cell division is by binary fission

cell division is by mitosis or meiosis

reproduction is always asexual

reproduction is asexual or sexual

Cytoplasmic
e Cytoplasmic Streaming --~Absent
e Pinocytosis --=Absent
e Membrane bound intracellular organelies
Absent

Cytoplasmic
e Cytoplasmic Streaming -—3Present
s Pinocytosis --:Present

e Membrane bound intracellular organelles

Present

Cell Envelope
o Peptidoglycan cell wall present
- Except - Mycoplasma
e Sterols in cell membrane - absent
Expect - Mycoplasma
® Diaminopimelic acid - present in some

Cell Envelope
e Peptidoglycan cell wall absent
e Sterols in cell membrane — present
e Diaminopimelic acid — absent




Historical Introduction

1. Bacteria were first observed and discovered by Anthony Van Leuwenhook (1683)

2. Louis Pasteur:-

Established that fermentation was result of microbial activity

Developed differing growth needs or bacteria

Started studies on anthrax, chicken pox, cholera & hydrophobia

Coined the term vaccine , when he first attenuated culture of Anthrax bacillus & proved that
inoculation of such cultures in animals induced specific protection against anthrax
Developed Rabies vaccines ‘

Disproved “ the theory of spontaneous generation”

3. Robert Koch:-

Studies on culture & character of Anthrax bacillus

Introduction of staining technique & methods of obtaining bacteria in pure culture
Bacilli of Tuberculosis (1882) & Vibrio cholera (1883)

using criteria developed by his teacher, Jacob Henle (1809 -1895) , established the
relationship between Bacillus anthracis and anthrax:

His criteria became known as koch’s postulates and are still used to establish the link
between a particular microorganism and a part‘icular disease:

Koch’s Postulates

The causative (etiological ) agent must be present in all affected organisms but absent in
healthy individuals
The agent must be capable of being isolated and cultured in pure form
When the cultured agent is introduced to a healthy organism , the same disease must occur.
The same causative agent must be isolated agent from the affected host.
Exception of Koch’s Postulates:+

v" M. Leprae:- Because is can’t be cultured on artificial medium however it can be

grown in foot pad of mice/armadillo
¥v" TreponemaPallidum — Grown in rabbit testis.

4. Edward jenner:- used a vaccination procedure to protect individuias from smallpox.

5. Joseph lister (1827 — 1912) -~ “Father of Antiseptic Surgery”

- Developed a system of surgery designed to prevent microorgamisms from entering wounds

— phenol sprayed in air around surgical incision

- Decreased number of post — operative infections in patients
- his published findings (1867) transformed the practice of surgery




6. Emil von Behring {1854 - 1917)
- induced the formation of diphtheria antitoxin
7. Elie Metchnikoff (1845 - 1916)

- demonstrated the existence of phagocytic cells in the blood, thus demonstrating cell —
mediated immunity

8. Charles Chamberland (1851 - 1908)
- identified viruses as disease - causing agent — Tobacco Mosaic Virus
Microscopy:-

e Direct Microscopy
a) Wet preparation {low power microscopy)
b) Fixed stained smear (oil immersion)

e Objective lenses:-

- Medium Power = 10x

- High Power = 40x

Microscopes

Simple - Similar to a magnifying glass and has only one lense.

Compound -Lets light pass through an object and then through two or more lenses
Stereoscopic | Gives three dimensional view of an object. (Examples: insects and leaves)
Light -Bright field microecope

Microscope | -Transmitted light, field — bright, object —dark

-Both live & killed organism can be seen by light microscope

-Resolving power -0.2 pm = 200nm

-None of virus can be seen by light microscope Except — Pox virus (200nm)

Dark field / | -Transmitted light, object — bright, field —dark

Ground -Reflected light
Microscope | -Used to demonstrate — spirochaetes
Electron -uses a magnetic field to bend beams of electrons: instead of using lenses to bend

microscope | beams of light.
-Highest resolving power - 0.2 nm
-Only microscope can seen killed organism
-Two type
a) Transmission EM -2D
b) Scanning EM -3D




Staining

s Increase contrast of microorganism

e Classified into types of stains

Simple stain

Differential stain

Structural or special stains

-One dye, one step

-Direct stain using basic dye
-Negative stain using acidic dye

-i.e. Methylene blue

-More than one dye
-Gram stain, acid fast
-Primary dye
Decolorizing step
-Counter stain

-ldentify structures within or
on cells

-Different parts of cell are
stained different colors
-Acid fast stain / ZN stain

-Albert stain

o Acid fast stain & Albert stain

Acid fast stain

Albert stain

-Acid fastness of bacteria is due to presence of

mycolic acid in the cell wall

-lt.Is used only for corynebacterium to
demonstrate metachromatic granules

-Using this stain bacteria is stained green &

the-granules-are-stained-purple.

Organism % of acid
: ?0i'efa'hcefFanHESS"""
M.TB 20%
M. Leprae 5%
Nocardia 1%
Bacterial Spores 0.5%
Cryptosporidium 1%

-In this stain bacteria is seen as Red in c¢olor and the

surrounding is stained Blue.

* Dyes:-

- Organic salts with positive and nhegative charges

Acidic dye

Basic dye

v" Chromphore repelled by negative cell

wall

v Background is stained, bacteria are

colorless

¥ Negative stain — look at size, shape

v" Eosin, India ink

v" Works best in neutral or alkaline pH

¥v" Cell wall has slight negative charge at
pH7

v’ Basic dye (Positive) attracted to cell wall
(negative)

v" Crystal violet, methylene blue, safranin




Microscopic Appearance of cell

Chemical Recation in cell wall

{very magnified view)

Step

1. Crystal violet
{primary dye)

2. Gram’s iodine
{mordant)

3. Alcohol
{decolorizer)

4. Safranin
{red dye
counterstain )

Gram (+]

Gram {-)

Gram {-)

Gram (+)

with the dye

No effect
of iodine

Dye crysta
trapped in cell

Crystal remain Outer membrane
weakened

in cell cell loses dye

Red dye has
no effect

Red dye stains the
colorriess cell

Morphology of Bacteria / Structure of Bacterial cell wall

A. Cell Wall

e Major function is to gives shape & rigidity to the bacteria
e The basic structural unit of cell wall is called as peptidoglycan which is composed of 2
compounds i.e. N- acetyl glucosamine (NAG) & N- acetyl muramic acid (NAM)

¢ Difference between cells walls of gram posirive& gram negative bacteria

Gram Positive

Gram Negative

Cytoplasm surrounded by lipid bilayer -
a/k/a cell memb.
It is essential for life of bacteria
Extension of cell membrane .;
Mesosomes contains multiple layer
of peptidoglycan cell wall

¥ More thicker

¥ Site of respiration

v Separation of bacterial cell

during binary fission

Cell membrane surrounded by outer
membrane
Space between outer & inner plasmic
membrane Periplasmic space
Contains single layer of peptidoglycan
cell wall

v More complex




Hair like structure — made up teichoic acid Hair like structure present - Pilli / fimbriae,
present Which is made up of protein pillin / f Ag

Lipo — polysaccharide — Absent Lipo — polysaccharide — Present

Aromatic and sulphur containing amino acids — Aromatic and sulphur containing amino acids —
Absent Present

¢ Some of G+ & G- are motile by flagella —~ made of protein subunits 3 Flagellin /H Ag

Difference between exotoxin and endotoxin

EXOTOXIN ENDOTOXIN
Proteinaceous Lipopolysaccharides
Heat labile Heat stable
Actively secreted by bacteria Part of cell wall
Can be separated from cultures easily Obtained only by cell lysis
Enzymatic action Not enzymatic action
Specific Pharmacological effect for each Nonspecific effect
toxin No specific tissue affinity
Specific tissue affinity Weakly antigenic
Highly antigenic Active only inlarge doses
Active in very minute doses

Not neutralized by antibody
Action neutralized by specific antibody Cannot be toxoided
Can be toxoided :
Produced mostly by Gram positive bacteria Produced mostly by Gram negative bacteria

oy PR PR P P o P o N 11

e =Protoplast—itis-a-gram+ve-bacterie-withouta celbwall

¢ Spheroplast — it is a gram —ve bacteria with only some parts of cell wall
e L-form of bacteria
v These are the bacteria produced in the lab without a cell wall by growing them
in a medium containing penicillin (lister institute)

B. Flagella

s 3 parts
a) Filament — long thin, helical structure composed of protein flageliin
b) Hook — Curved
¢) Basal body - Stack of rings firmly anchored in cell wall
e Rotates 360°
e |t provides motility to the sheath
e Number and arrangement of flagella varies:
o Monotricchous : flagella
¥v" Pseudomonas aeruginosa
v Vibrio cholera
o Lophotrichous : tuft at one end
¥v" Helicobactor pylori
o Amphitrichous :- tuft at both ends
¥" Spirillum minus
o Peritrichous : all around bacteria




v E.coli
v Salmonella
v" Proteus

¢ Peculiar Mitolity:-

Motility Example
Darting ¢ Vibrio Cholerae
Tumbling e Listeria Monocytogenes
~ Gliding ¢ Mycoplasma
{ Stately e Bacillus
& e Clostridium
Corkscrew e Spirochetes

Flexion — Extension
Translatory
Twitching e TrichomonasVaginalis

Falling Leaf e Giardia Lamblia

¢ Demonstration of flagella
- Can be done by direct or indirect methods
- Motility can be seen by Dark - gf’ound microscope & by hanging drop method
- Direct method- by increasing the thickness of flagelia using silver impregnation
method
- Bacteria which are motile without flagella
v Mycoplasma
v Spirochetes

C. Fimbriae

e Fine, proteinaceous, hairlike bristles emerging from the cell surface
e Function in adhesion to other cell and surface

€ D. Pilli

e  Rigid tubular structure made of pilin protein
e  Found only in gram — negative cells
e Function to join bacterial cells for partial DNA transfer called conjugation

E. Capsule- Found in some G+ & G- bacteria

e  Polysaccharide in nature
Except — Bacillus anthracis (Polypeptide in nature) & Yersinia sps.
e Demonstration of capsule:-
- Negative staining as indialnk stain
- Quellung reaction / Capsular swelling reaction — it is a type of Ag — Ab reaction in
& which Ab’s against capsule are used to make it more prominent



Examples:- H. influenza, Pneumococci, N. meningitis, Kleibsiella.

F Mesosomes:-

e These are infoldings of cell membrane into the cytoplasm of bacteria

e They are the principle site of respiratory enzymes in bacteria i.e.functionally they are similar

to mitochondria.

o Additionally they also play a role in cell division.

G. Inclusion body

e They are the energy stores present in cytoplasm of bacteria
e They are more developed in cases of starvation

Examples- Metachromatic granules / polymetaphosphate / Babe earnst

granules / polar bodies

¢ These are present in Corynebacterium diphtheria as energy store

e They cannot be seen by ordinary gram stain but can be seen by a special call as “Albert’s

stain/Neisser’s stain/ ponder’s stain.

*_ Grouping of bacteria

o Strepto —chains
¢ Staphylo — Grapelike clusters

*_ Shapes:-

Spherical Coccus fCocci Gram =ve

Staphylococcus
Streptococcus

Gram -ve

Neissaria
v". Gonorrhea
¥" Meningitis

Rod Bacilli / Bacillus Gram +ve

Mycobacteria
Clostridium
Corynebacterium
Bacillus

Listeria

Gram -ve

E. Coli, salmonelia, shigella, |
henmophilus,brucella,
bordetella

Coma Shaped Gram +ve

Vibrio Cholera

Filamentous

Nocardia
Actinomyces

Spiral / Helical Flexibal
bacteria

Spriochetes

Rigid

Helicobacter
Campylobacter




STERILIZATION AND DISINEFECTION

Sterilization

Disinfection

Antisepsis

@

A process by which an
articles is removed off
all livingorganism
including spores

Follows all or none

A process by which a
non~ living objective (in
—animate org.) is
removed off all
pathogenic org. Leaving
behind non -
pathogenic org. &

A process by which a
livingtissue is removed
all pathogenic
organism leaving
behind non-
pathogenic org. &
spores.

spores

obj.

e applied on Non living

Physical Methods

(o

|

a) Sunlight & drying - For disinfection, not reliable

b) Heat

e Most common method of sterilization & disinfection

Dry Heat :- causes oxidative damage to cell wall of bacteria

Moist Heat:- denaturation/ coagulation of proteins

i

|

Flaming Incineration Hot air oven <100" C 100°C >100
C
{ Sharp metallic - Instruments - Inspiration - Boiling- -
- Forceps used for v 80-85 degrees for | method of | Autocla
- Scalpel sterilization of ¥ houron 3 disinfection | ve/stea
- Incisors few specific successive days steamiest- | m
- Articles like:- v Used for method of | under
v Cotton swab sterilizing LJ disinfection | pressur
v Antibiotic & medium and - e
dusting Loeffler's serum | Tyndalisati | - 121
powder slope on degree
v All sharp - Water bath/vaccine - 100 s under
material bath degrees for | 15 psi
v All glass v 60 degrees 20 minutes | for 15
material for 1 hr. on3 minute
¥ Any media v Forvaccines | successive | s.
containing bacteria days -
lipid/fat. - Pasteurization - For Steriliz
- 160 °Cfor 60 v" Method of sterilizatio | ation
min disinfection n of media | control
- Controls v Holder containing | -
¥v" Biological method -63 sugar or spores
control — degrees for gelatin. of
spores of 30min Baciliu
Bacteria v Flash method s




bacillus — 72 degrees stearot |
subtillis for 15 hermo
v' Browne’s seconds philus |
indicator followed by -
rapid cooling Steriliz |
to 13 degrees ation |
or lower. of
v Usedin culture |
pasteurizatio media,
n of milk masks
v To see the and |
effects of caps,
pasteurizatio surgical
n instru
a) | ments. I
Phosphatase
b) Standard |
plate count
¢) Coliform |
count |
c¢) Radiation ’
e Non —jonizing radiation :- UV - rays, IR- rays
¢ lonizing radiation :- X —rays. Y—rays ’
|
UV rays y- rays

- They have less penetrative power:as
compared to ionizing radiation

- Less harmful & at the same time less
effective

- They are normally used for sterilization
ofdisposable plastic syringes& are also
used in open areas like hospital wards
(blue light)

They have less penetrative power as
compared to X- rays and hence are
more effective

They are mainly used for sterilization of
disposable plastic synringes& are more
effective than UV —~rays

They don’t generate much heat hence
method is called as “ Cold sterilization”

d) Filtration:-

e Type of filter:-

e [tis used for Heat sensitive liquid like Ab solution, Serum & Vaccines

Candle filter ’ Asbestos/Seitz filter |

Millipore filter | - Glass filter




Itis only MC used type Best available Not used now
removes the of filter & only filter a days
physical disadvantage A pore size of
impurities is that it 0.22 pm
solution & has changes the
on pH of solution,
bacteriocidal has
activity carcinogenic
property

Chemical Methods

a) Phenol
- Obtained from distillation of coal tar
- Unlike other chemical agents its activity is least affected by organic waste matetial hence itis
used to clean dirty surfaces
- Phenol us used to clean surfaces .
- Dettol as it has chloroxylenol: also savlon as it has Chlorhexidine + Cetrimide
- Savlon is much better than Dettol
b} Alcohol
- Ethyl alcohol - used in 60-70% concentration ( if 100 % is used it will cause dehydration
of skin protein, so used in 60-70%
‘ - Isopropyl alcohol
E - Methyl alcohol - it causes dehydration of bacterial cell wall
v" Used in 60- 70% conc.& used to kill fungal spores hence used to clean old wooden
furniture. & old books
isopropyl alcohol is better than ethyl alcohol as it is more bacteriocidal& less volatile.
, c) Aldehyde
o - Formaldehyde
v Used in 2 forms — gaseous & liquid form
v" Gaseous form is used for fumigation of OT




v" Liquid form is used for a preservative of anatomical specimen
- Glutaraldehyde
v Used 2% conc. & is called as Cidex
v Used to sterilize Endoscope including Cystoscope& Bronchoscope
v" Also used to sterilize Anaesthesia equipment like Face mask & ET tube
-v' Sometimes also used to clean Thermometers (Alcohol is better choice)
d) Halogens {Cl, & I}

e Chlorine
v’ Used for purification of water
e lodine

v’ Used as an antiseptic
¥v" However in pure form it is toxic & irritant, hence it is used in combination with
alcohol & called as lodophore.
e) Ethylene oxide
¢ Gaseous sterilant
e ltis alkylating agent
e Used for sterilization of
v Disposable plastic material, syringes, catheter, cannulas
¥v' Suture material, Dental equipment & heart; lung machines
. f) Quaternary NH 4 compound :
¢ 3 group - Cationic, Anionic, Non ionic
¢ Used as Antiseptic / Disinfection

BACTERIAL GROWTH
Growth requirement of the bacteria:-
02 Temperature co2 Speical growth |
‘ factor
Obligatory a) X & V factor
- Growonlyin Capnophiles — ~ Hinfluenza
presence of Thermophilic | Grow best at optimum 3-10%
02 bacteria high CO, b} Glutathione
- Eg.-M.Th, temperatures Many — Gonococci
nocardia, 55-80° C microaerophiles
Pseudomon Mesophilic Grow best at are also ¢) Tryptophan -




as, bacteria 25-40°C capnophiles Salmonella
Hemophillus | | Psychrophilic | Grow best - Culturedina typhi
, bordetella, bacteria below 20°C candle jar
b brucella d) Cholesterol
‘ Obligatory Mycoplasma
\ Anaerobes:-
Grow in
absence of
02
e - ng
- clostridium,
€ bacteroidis
Microaerophilic
& - Grow in less
02 (7-10%)
L - Eg.- H.pylori,
(& campylobac
ter

Bacterial Growth Curve

@ Each growth curve has 4 phases

- Lag Phase Growth Phase Stationary Phase Death Phase
F"J‘, - Occurs - Exponential - Growth levels off. - Death Rate exceeds
‘“| immediatel phase - Celis per volume does not growth Rate
& y after - Log Phase increase or decrease - Cells per volume
| inoculation During this - Growht Rate = Death Rate decrease
L Cells do phase the - Dueto - Dye to:-
) ' not grow: microbe is v Depletion of v Very low
K cells per growing at Nutrients concentration of
volume do possible. ¥ Increase in Waste Nutrients
not - Cells per Products v Very high
increase volume concentration of
increases Waste Products.
dramatically

i

)

End of the Lag phase - Max. Size

End of Stationary phase - Spore formation

Toxin production — Stationary phase

e Generation Time

Length of time required for a cell to divide during log growth




BACTERIAL GENETICS

Transformation

It was Ist described by Griffth in Pneumococci

Its is the most primitive method of genetic transfer in bacteria

In this method there is no contact between bacteria & the genes of
bacteria are released into the surrounding from where they are taken
up by another bacteria

Transduction

In this method bacteriophage enter the bacteria and attaches its own
DNA to the bacterial DNA.

However this association is NOT permanent and after sometime
bacteriophage DNA gets separated and during its separation it takes
the part of bacterial DNA with it & transfer it to another bacteria

Transposons

lumping genes consisting of inverted repeat sequence, responsible for
transferable drug resistance.

Lysogenic / Phase
conversion

Bacteriophage DNA permanently gets attached to bacterial DNA &
provides some additional characters to bacteria.

Example- in Diphtheria genestesponsible for toxin production are not
present in bacteria but also present in virus called as Betaphage& these
are acquired by process of lysogenic / phage conversion.

Conjugation

Transfer of genetic elements after actual physical contact between a
male donor bacteritim and:female recipient.

Only method in which:there is actual contact between 2 bacteria
through the formation of conjugation tube / sex pilli

Genes responsible for coding of sex pilli are present in a plasmid called
as F- Plasmid / F=factor :
it was first described by Laderburg& Tatum.

¢ Plasmid:-

- ltis aextrachromosomal / Extranuclear genetic material.

- Itis not essential for the'life of bacteria but it provides some additional characters

like drug resistance in bacteria.

¢ Episome

- Sometimes Plasmid get attached to the chromosomal DNA

e Transposons

- Jumping genes

- These are the mobile genetic element Which can migrate from one bacteria to

another & they usually do not provide any additional character to the bacteria.

e Drug Resistance in bacteria




Plasmid mediated resistance

Chromosomal mediated resistance

It is because of the presence of R -
plasmid

It confers resistance to multiple drugs at
a time

It is usually transferable & Transferred by
conjugation

Both Horizontal & Vertical transfer
Degree of resistance is very high which
cannot be overcome by increasing the
concentration of antibiotic

Example- Resistance in Staphylococcus
with penicillin.

It is because of mutation in genes

It confers resistance to | drug at a time
It is usually non - transferable

Only vertical transfer

Lower degree of resistance &
sometimes high concentration of Ab is
effective

Example — Drug resistance in TB







