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Objectives of today's class
m To describe the classification of bacteria

&

m To describe the bacterial properties used in
classification



" J
Key Points

Why do we need bacterial classification?

How do we classify the bacteria?
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Late 19th century Morphology, Growth requirements,

1900-1960

1960-1980

1980-today

Pathogenic potential

Morphology, Physiology,
Biochemistry

Chemotaxonomy, Numerical

Taxonomy,
DNA-DNA Hybridization

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



Basis of classification

Phenotypic classification

Morphological
Anatomical

Staining

Cultural characteristics
Nutrition / Metabolism
Environmental factors
Biochemical reactions

Antigenic structure etc.

Genotypic classification

m Ribosomal RNA (rRNA)
sequence analysis

m Universal phylogenetic
tree

s DNA-DNA hybridization
m G+C content
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Phenotypic classification
Morphological

Bacteria can be classified into several groups on
morphological basis:

1.
2.
3.

N o O b

Cocci
Bacilli
Spirals
Vibrio
Spirilla
Spirochaetes
Actinomycetes
Mycoplasmas
Rickettsiae and

Chlamydiae

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

SPHERES (COCCI) RODS (BACILLI) SPIRALS
Streptococci
(Streptococcus -
“ pyogenes) i
: Vibrios
Diplococci Chain of bacilli
(Streptococcus (Bacillus anthracis) (Vibrlo cholerae)
pneumoniae)

" f}é\{i

Flagellate rods
(Salmonella typhi)
Staphylococci Sarcina Spore-former
(Staphylococcus (Sarcina (Clostridium
aureus) ventriculi) botulinum)

P

Spirilla

(Helicobacter pylori)

NN\

Spirochaetes
(Treponema pallidum)



Morphological classification
COCCI

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

they can be described as:

Monococci (Cocci in singles) - Monococcus spp.
Diplococci (Cocci in pairs) - Streptococcus pneumoniae

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

Streptococci (Cocci in chains) - Streptococcus pyogenes
Tetrad (Cocci in group of four) - Micrococcus spp.
Sarcina (Cocci in group of eight)
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Sarcina ventriculi,
Sarcina ureae

taphylococci
[Staphylococcus aureus /
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Morphological classification
BACILLI

m These are rod-shaped bacteria. Based on the

arrangement of organisms, they can be
described as:

Diplobacilli
Streptobacilli

Palisades
m Chinese-letter form
Coccobacilli
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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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Morphological classification

ACTINOMYCETES

m These are rigid organisms like cocci and bacilli

m The characteristic shape is due to the
presence of rigid cell wall..

m They are branching filamentous bacteria.
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Morphological classification

Mycoplasmas

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

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

Rickettsiae and Chlamydiae

m 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 anatomical features

m Capsule
Capsulate- Streptococcus pneumoniae
Non-capsulate - Viridans streptococci

m Flagella

Flagellate -
= Monotrichous
= Lophotrichous
= Amphitrichous
= Peritrichous

Aflagellate - Shigella spp.

m Spore
Spore-forming - Bacillus spp.
Non-sporing - Escherichia coli
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Based on anatomical features
Capsule

Encapsulated Bacteria

m Capsules serves as anti-
phagocytic virulence factor

m Positive Quellung reaction -
capsule swells when specific
anticapsular antisera is added

B Examples: NEUTROPHIL
Klebsiella pneumoniae cAPSULE OF
f
Salmonella oo o

Streptococcus pneumoniae
Haemophilus influenzae type B
Neisseria meningitidis
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Based on anatomical features
Flagella

A. With flagella

1. Monotrichous (single polar flagellum) : Vibrio
cholerae

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

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

4. Amphitrichous (single flagellum at both ends) :
Spirillum minus

B. Without flagella
- These are called Atrichous bacteria. 20
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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 anatomical
features
Spore

Spore Structure
Schematic
Exosporium

Protein coat

Outer membrane

Cortex

Spore wall
Inner membrane

Core

L
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A dipicolinic ocid
© 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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ining

Based on sta

—

Gram Stain

technique: ( /Q\'J Fixafion u//QC)
Primary stain:- Crystal Violet '.’ Crystallwolet ’~‘
Mordant(fixes the dye):- ITodine ’~' lodine freatment ' )

l
l

Decolorizing agent:-Alcohol/Acetone ' ’ Decolorization 9 Cj'
( f\\j

Counter stain;- Safranin ’ : Count!afslam ' :

safranin
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Based on staining
m GRAM'S STAIN

I Gram-positive cocci -

Gram positive Gram negative
Staphylococcus aureus bacteria bacterla
I Gram-negative cocci -
Neisseria gonorrhoeae @ 9 5;?5:;‘::21‘ 8 !! go"nzf::o:ae
1 6ram-positive rods - - 5 4
Clostridium spp. 4
. D e
O Gram-negahve rods - Peswdoronss
Escherichia coli 0c (@ -
- ACID FAST STAIN r:)z;::zcsus i Corynebacterium e Streptgbacillus d\,,:::;e
"1 Acid-fast bacilli - A
MYCObaCter'ium tUberCU/OSiS @ dfeom_rb”‘ne_com ID 132770116 © Irrichugunova

71 Non-acid-fast bacilli -
Staphylococcus aureus
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Principle of Gram staining procedure

B Crystal violet
B 1odine
[_] Alcohol
I safranin
Gram-positive
| | Gram-negative
©

© Application of @ Application of © Application of
safranin (counterstain)

crystal violet iodine (mordant)
(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.

28



Division septum
Outer membrane
"07"
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. s Periphasmic
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(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 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 a1
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Acid fast bacteria
CELL WALL OF ACID FAST BACTERIA

free mycolic acids and polypeptides
|

[ |
0889000000100 8)0060C8( 6

- - - lipoarabinomannan
- -~ mycolic acid
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Ziehl-Neelsen Stain (ZN-Stain
Procedure

- ] — N
o ‘ ; 3
// < o g J_p’s}__/ 7 X i g 7 <
AT . - } v ~ [/ ~,
n ‘ >
‘\\_ \ Q\\\\ ’ o=y o ‘\ : | , ‘\ $ q\\\\ l
Non Acid Fast
Acid Fast
Application of Application Applicati o
: pplication of Application of
Cal.'bolfuchs.m of heat Acid Alcohol Methylene Blue
\PHMEEEI) (mordant) (decolorizer) (counter stain)

Acid fast staining
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https://laboratoryinfo.com/zn-stain/

"

Examples of Acid-fast bacilli:

Mycobacterium tuberculosis
Mycobacterium leprae
Nocardia asteroides

Actinomycetes “HQ ”»\3 é",@ Q’Q L o é

420



Based on Cultural Characteristics

m Extra growth factor requirements
Fastidious - Hemophilus influenzae

/ Blood agar is an enriched,\
bacterial
growth medium. Fastidious
organisms, such as
streptococci, do not grow
well on ordinary growth

Non-fastidious - Escherichia coli ﬁ

m Hemolysis on Sheep Blood Agar

k mediy

Alpha-hemolysis - Streptococcus pneumoniae

Beta-hemolysis - Streptococcus pyogenes

m Utilization of carbohydrates
Oxidative - Micrococcus
Fermentative - Escherichia coli
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B
Based on Cultural Characteristics

m Growth rate
Rapid growers- Vibrio cholerae
Slow growers - Mycobacterium tuberculosis

m Pigment production
Pigment producer - Staphylococcus aureus
Pigment non-producer - Escherichia coli
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Serratia marcescens




Based on environmental factors

m Temperature

m Oxygen dependence
= pH

m Salt concentration
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" S
On the basis of temperature

m Psychrophiles (15-200C) - Pseudomonas fluorescens

m Mesophiles (20-400C) - Escherichia coli, Salmonella
enterica, Staphylococcus aureus

m Thermophiles (50-60°C)- Bacillus stearothermophilus

s Extremely thermophiles (as high as 250°C)

41



"
Classification of Microorganisms by

Temperature Requirement
Campylobacter jejuni

isteria monocytogenes
thermophjfes ersinia enterocolitica

mesophiles . h I;ermophiles

psychrophiles

Growth rate of bacteria

4/
Ilj\lllll I =

-10 O 10 20 30 40 50 60 70 80 90 100 110
Temperature (°C) 42
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Oxygen dependence

- Obligate
* Microaerophiles
* Facultative

- Aerotolerant
» Obligate
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Demonstration of Oxygen Requirements

High

..
tension

Low

Aerobic Microaerophilic Facultative Aerotolerant Anaerobic

(top growth) (growth just anaerobic  anaerobic (bottom

below surface) (growth (some growth growth)
throughout) inO,)
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Classification of Microorganisms by

\ pH Requirements
Lactobacillus [ Vibrio spp.}
acidophilus
Kc‘:idophile neutrophile ~alkaliphile /

Growth rate

| I I I I I I I I I I
o 1 2 3 4 5 6 7 8 9 10 11 12
pH
Majority of the medically important bacteria grow best at neutral or

slightly alkaline reaction (pH 7.2-7.6)




" A
On the basis of salt concentration

= Non-halophiles: Unable to grow in high salt
concentration (eg: E. coli)

m Halotolerant: Tolerate low level of salt concentration
i.e. 8°/o SC(“'

m Halophiles: Grow in high salt concentration i.e. salt
loving
Slightly: Require 0.5t0 3% NaCl

m Pseudomonas spp., Vibrio, Moraxella, Acinetobacter

Moderately: Require 3% to 15% NaCl

m Bacillus spp., Micrococcus spp.

Extremely: Require 15% to 30% salt

» Halobacterium spp., Halococcus spp., Natranobacterium spp.,
Natranococcus spp., Haloterax spp
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Other ways of classification
m Motile/Non-motile
m Pathogenic/Non-pathogenic

m Sensitive/Resistant (to particular antibiotic/
chemicals)

m Lactose fermenter/Lactose non-fermenter
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On the basis of motility

1. Motile : Motility test
[] Salmone Ila * to determine whether a bacterium is motile.
[] Vlbr'lo ChOIer'ae * Non-motile organisms which lack flagella, are usually going to

form a single line of growth that does not spread into the

] PSe udomonas surrounding area. While a motile bacterium will grow and

make a hazy zone around the stab line.
2. Non motile :

0 Staphylococcus
O Shigella

uninoculated posiTive
tube test test -
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On the basis of relationship with their host

m Saprophytes: Those bacteria that are free
living but depend on dead and decayed organic
matter for their growth

m Parasites: Those bacteria that can establish
themselves and multiply in host tissue deriving
nourishment from the host
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Genotypic classification

m Ribosomal RNA (rRNA) sequence analysis
m Universal phylogenetic tree

s DNA-DNA hybridization
m G+C content
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THE END

Thanks for having patience with me ©
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