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Objecti ves of today

A To describe the classification of bacteria
&

A To describe the bacterial properties used in
classification
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Key Points

Why do we need bacterial classification?

How do we classify the bacteria?
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Late 19th century
1900-1960

1960-1980

1980adtoday

Morphology, Growth requirements,
Pathogenic potential

Morphology, Physiology,
Biochemistry

Chemotaxonomy, Numerical
taxonomy,
DNA dDNA Hybridization

Genotypic Analyses, Multi -Locus
Seguence Analyses, Average
Nucleotide Identity, Whole Genome
Analysis



Basis of classificationn

Phenotypic classification Genotypic classification
A Morphological A Ribosomal RNA (rRNA)
A Anatomical sequence analysis
A Staining A t:gleversal phylogenetic
A Cultural characteristics i L
. . . A DNA-DNA hybridization
A Nutrition / Metabolism X
i , A G+C content
A Environmental factors
A Biochemical reactions
A Antigenic structure etc.
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Phenotypic classification
Morphological

Bacteria can be classified into

morphological basis:

1.
2.
3.

R

Cocci
Bacilli
Spirals
Vibrio
Spirilla
Spirochaetes
Actinomycetes
Mycoplasmas
Rickettsiae and

Chlamydiae

several groups on

Hey son don't eat so much,
we are rods and you are looking
like a coccus!
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Shapes of Bacteniaa

SPHERES (COCCI) RODS (BACILLI) SPIRALS
Streptococci
I _— -

(Streptococcus
pyogenes)

“ Vibrios
Diplococci Chain of bacilli
(Streptococcus (Bacillus anthracis) (Vibrio cholerae)
pneumoniae)

Tetrad

P

Spirilla
(Helicobacter pylori)
Flagellate rods
(Salmonella typhi)
& ’ NJ\:F
Staphylococci Sarcina Spore-former
(Staphylococcus (Sarcina (Clostridium Spirochaetes

aureus) ventriculi) botulinum) (Treponema pallidum)



Morphelagicall classification
COCCl

A These are spherical or oval cells. Based on
the arrangement of individual organisms

they can be described as:
Monococci (Cocci in singles) d Monococcus spp.
Diplococci (Cocci in pairs) 0 Streptococcus pneumoniae

Staphylococci (Cocci in grape-like clusters) 0o
Staphylococcus aureus

Streptococci  (Cocci in chains) d Streptococcus pyogenes
Tetrad (Coccliin group of four) - Micrococcus spp.
Sarcina (Cocci in group of eight)
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Streptococcus pneumoniae, 5
. / iplococci
Moraxella catarrhalis, —7

Neisseria gonorrhoeae

o ai®

Streptococci

Streptococcus pyogenes,

sem I |
2um

Streptococcus agalactiae

AU

Aerococcus, >
Pediococcus,
Tetragenococcus
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Sarcina ventriculi,
Sarcina ureae

taphylococci
[Staphylococcus aureus /
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Morphelegicall classificationn
BACILLLIT

A These are rod -shaped bacteria. Based on the
arrangement of organisms, they can be
described as:

Diplobacilli
Streptobacilli

Palisades
A Chinese- letter form

Coccobacilli

12



(4 »

J Single bacillus

Bacillus cereus
Escherichia coli

/ Diplobacilli

Coxiella burnetii,
Moraxella bovis,
Klebsiella rhinoscleromatis

/ 4 Streptobaculh

[Streptobacillus moniliformis ]
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Haemophilus influenzae,
Gardnerella vaginalis,
Chlamydia trachomatis

Palisades
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Helicobacter
pylori

[

Treponema
pallidum

Spirillum

Spirochete

5um
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Morphelegicall classificationn

ACT 35
A These are rigid organisms like cocci and bacilli

A The characteristic shape Is due to the
presence of rigid cell wall..

A They are branching filamentous bacteria.

16



"
Morphelegicall classificationn

Mycoplasmas

A These bacteria lack in rigid cell wall (cell wall lacking)
and are highly pleomorphic and of indefinite shape..

A They occur in round or oval bodies and in interlacing
filaments..

Rickettstaee and Chlamydiae

A These are very small, obligate parasites, and at one
time were considered closely related to the viruses..
Now, these are regarded as bacteria..
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" A
Based on anatemicall featuness

A Capsule
Capsulated Streptococcus pneumoniae
Non- capsulate & Viridans streptococci

A Flagella

Flagellate o
A Monotrichous
A Lophotrichous
A Amphitrichous
A Peritrichous

Aflagellate 6 Shigella spp.

A Spore
Spore- forming & Bacillus spp.
Non- sporing 0 Escherichia coli
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Based on anatamicall feaitiness
Capsuile

Encapsulated Bacteria

~

A Capsules serves as anti-
phagocytic virulence factor

A Positive Quellung reaction o
capsule swells when specific
anticapsular antisera is added

A Examples:
Klebsiella pneumoniae
Shnsoc
repiococcus
Salmonella ol '

Streptococcus pneumoniae
Haemophilus influenzae type B
Neisseria meningitidis
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Based on anatamicall feaitiness
Flagella

A.
1.

B.

With flagella

Monotrichous (single polar flagellum) : Vibrio
cholerae

Lophotrichous (multiple polar flagella) : Spirilla ,
Barthonella baciliformis etc.

Peritrichous (flagella distributed over the entire
cell) : Salmonella, E. coli etc.

Amphitrichous (single flagellum at both ends) :
Spirillum minus

Without flagella

A These aAtriehousabadtegad. -






— — —d —
S 1.5 um 0.8 um S 1.5 um 4 um
(a) Peritrichous {b) Monotrichous and {c) Lophotrichous and (d) Amphitrichous and
polar polar polar
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Based on anatamicall
feattiness

Spore

Spore Structure
Schematic
Exosporium
Protein coat
Outer membrane
Cortex
Spore wall
Inner membrane
Core
S
P

HOOC N COOH

A dipicolinic acid
© Elsevier. Murray: Medical Microbiology 5e - www.studentconsult.com 23



Clostridium tetani Bacteria are gram-postive rods or bacilli with
terminal spores that cause tetanus in humans, spore

N

>~

Spores
Terminal Central Subterminal
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Gram Stain
Gram Positive Gram Negative

Principle of staining A
- : r/‘\ / ‘
technique: &Q\/J — /Q)C)

Primary stain:- Crystal Violet ’.’ Crystallwolel ’.‘
Mordant(fixes the dye):- Todine ' ’ lodine treatment .
@ 'g

l

=
5
:2.
o
T 3
]
)
@ 4
m

Decolorizing agent:-Alcohol/Acetone ' ‘ Decolorization (9 Cj
S

l

~
Counter stain;- Safranin ' : Counler sain ’ :

safranin
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Based on staining

A GRA MG&TAIN

A Gram- positive cocci 0
Staphylococcus aureus

Neisseria gonorrhoeae

A Gram- positive rods &
Clostridium spp.

A Gram- negative rods 0
Escherichia coli

A ACID FAST STAIN
A Acid- fast bacilli 0

Mycobacterium tuberculosis

A Non- acid- fast bacilli
Staphylococcus aureus

A Gram- negative cocci 0

0

Gram positive Gram negative

hacteria hacterla
Streptococcus Nelssena
y pneumoniae 8 gonorrhoeae
S| lI
Staphylococcus Clostridium pm um
aureus
botulinum meni gtd
o Bacillus
anthracis
Pseudomonas
aeruginosa I
Escherichia
¥ coli
o Micrococcus
reptococcus litats
pyogenes
Streptobacillus Vibra
Corynebacterium e A cholerae
moniliformis

diphtheriae

©) Jdreamstime.com

ID 132770116 © Irrichugunova
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Principle: of Granm staining) procediure:

[ LS E

Gram-positive
| | Gram-negative
© Application of @ Application of © Application of
crystal violet iodine (mordant) safranin (counterstain)

(purple dye)
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Gram Stain and Shape of Relative Genus

Negative Positive
Bacilli Cocci Bacilli
Bacteroides I Moraxella Badillis
Bordetella SASSeE Clostridium
Burkholderia Corynebacterium
Escherichia Listeria
Francisella Propionibacterium
Fusobacterium
Haemophilus
Kiebsiella :
Legionella Cocci
Pasteurella Enterococcus
Proteus Staphylococcus
Pseudomonas Streptococcus
Salmonella
Shigella
Vibrio (often
commashaped) .
\Yersm/a W Filamentous
1. o Actinomyces
Curved or Spiral e NON-STAINING
Campylobacter taiss Bacilli .
Helicobacter N betate Mycobacterium
\ Jreesdil Rickettsia
Cocci
Chlamydia
Chlamydiophila
Spirochete Filamentous
Borrelia Mycoplasma
Leptospira J Spirochete
Treponema
Gram

A Gram-Positive Gram-Negative
Staphylococcus aureus Escherichia coli
=
; = S
Step 1 Crystal violet . pr—
=
todi () a» a»
Step 2 Gram iodine ‘ y—
Step 3 Decolorizer o EDions s
(alcohol or acetone) [
Step 4 Safranin red ’ o o -
o

B Bacterial Morphology
Shapes
‘ Bacillus
O @
Coccus Coccobacillus f-; t;sgn?;rsw
Spirillum

Vibrio

R

Spirochete

Murray et al: Medical Microbiclogy, 6th Edition.
Copyright © 2009 by Mosby, an imprint of Elsevier, Inc, All rights reserved.
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Division septum
Outer membrane
"07"

(Capsule) _—
hdusion mﬂ
body X e | et e Inclusion

body
Popfidoglycan
layer
Porin
» profeins
. s Periphasmic

(Flagelhom)

(Flagellum) -0 AM-POSTIVE GRAM-NEGATIVE
© Elsevier. Murray: Medical Microbioloay 5e - www.studentconsult.com
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| Cell wall of Gram P03|t|vevs Gram Negatlve Bacterla

teichoic surface lipoteichoic
acid protein acid
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membrane

lipoprotein

peptido-
glycan
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" A
Membrane Characteristics of Gram

- Positive

and Gram - Negative Bacteria

Outer membrane
Cell wall

Lipopolysaccharide

Endotoxin
Teichoic acid
Sporulation

Capsule

Lysozyme

Antibacterial
activity of penicillin

Exotoxin production

Thicker

Often present
Some strains

Sometimes present

Sensitive

More susceptible

Some strains

+

Thinner

+

+

Sometimes present

Resistant

More resistant

Some strains
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O antigen
Lipid A Porin Receptor  Lipoprotein LPS Teichoic acid Surface Lipoteichoic Acid

protein protein

LPS

Quter
membrane

% —Cellwall-
Periplasm —

Cytoplasmic —

Cytoplasmic
membrane

membrane

Cell Wall of Gram Negative Organism Cell Wall of Gram Positive Organism
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