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Oulline of Bacterial Classification
and Characteristics of Selected
(Genera

. KEY TG ORDERS OF CLASS
SCHIZOMYCETES

I Cells rigid, Sperieal. rod-shaped (stenght ar curcedy, or
sppral in Torme Somcetimes o irichomes. Motile v means of

polar flagells, or nonmotle:

Ao Cdls voceod, stratght ar corved rods, or spiral i form,
Somerimes oceuar as chens of cells, Cells moay contain

photosynthctic porple or gresn pigrien s Nea

chomes. Usually moude by omeans of polar
Occasionally nonmmniiie.

Order |, Pseudemonadales

5. Not as above,

I, Cells o trichomes that are frequemiy oin o sheath.
Crceasionally motile  (<swiarm spores) or nonmolile
conidia are devcloped. The sheaths may contain o
deposit of ferrie hydroxide and the tricaomes may be
~attached to a substrate. '

Cirder 1. Chlamydobacteriales

Zootells repiaduee B process of bhudding ranther than
by ordinary cell division (fission;, Moy he witachied
to a substrate Dy oo stadic One penns contians =pecies
with phetossnthetic pigmenis (Rhodemvierobium},

Order 111, Hyphomicrobiales

. Noi as above,

A Cells rigid, Sperical or straight rod-shaped cells. Occur
singly, in chains, or in trichomes. Moule by means of
neritrichous flagella or nonmotile, Not acid-fast
. Cells spherical or rod-shaped. no inichomes, though

chains of cells mayv occur,
Order [\, Eubactenales

2. Cells e trichomoes,

Order V. Caryophanales.
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Not as above.

1.

™

Cells rigid and may grow out into a branching
mycelium-like structure which may ¢ven develop
chains of aerial conidia, giving colonies a supecficial
resemblance to mold colonies. In two genera, spores
develop within sparangia {sporangiospores), and in
onc of these genera the spores are ntotile. Where
cells occur singly or in simple branched forms, they
are frequently acid-fast. -

Order VI, Actinomycetales

Not as above,

a. Cells rigid, usually large and may  occur as
coccoid cells or trichomes. Sulfur granules may
occur on the surface or withim the cells. Move
bejavgliding, oscillating, or rolling, jerky motion
like that of some blue-green algae. No flagella
present,

Order VII. Beggtatoales
au. Not asz above.
h. Longer or shorter Hexpus cells,

o, Cells flexous, creeping on a substrate.
Frequently pointed at hoth cnds. Fruiting
hadies ire usually developed from a thin
.sprczuling colony {(pscudoplasmodium).
Slinme bacteria,

Order VIII. Myxobacterales

ce Celts in the form of longer or shorter
spirals. Swim freely by flexion of cells,
Order IX. Spirochaetales

hh, Nonmotile, highty pleomorphic, organism nf
4 verv delicale character. Passess filterable

stages.
Order X. Mycoplasmatales



I1. OUTLINE OF THE CLASSIFICATION OF BACTERIA
(Class Schizomycetes)

Order Suborder Family Tribe Genus

I. Thiosarcun
II. Thiopedia
I1I. Thiocapsa
1\, Thiodictyon
V. Thiothece
VI, Thiocystis
I. Thiorhodaceae VII. Lamprocystis
VIII. Amoebobacter
_ IX. Thiopolycoccus
X. Thiospirillum
XI. Rhabdomonas
| [. Rhodobacterineae XII. Rhodothece

X1IT. Chromatium

Yo

I. Hﬁgoao@nocaoﬁo:mﬂ

IT. Athtorhodaceae I1. Rhodospirillum

" I. Chlorobium

1I. Pelodictyon

I11. Chlorebacteriaceae TIT. Clathrochloris

IV. Chlorobacterium
Chlorochromatium

\'I. Cvlindrogloea
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Order Suborder Family Tribe Genus

VI. Cylindrogloea

1. Nitrosomonas

II. Nitrosococcus
III. Nitrosospira
I. Nitrobacteraceae IV. Nitrosocystis

I Pseudomonadales V. Nitrosogloea

\I. Nitrobacter .
VIL. Nitrocystis

A

I. Methanomonas . .

IT. Methanomonadaccae 1L H\J..anomo:om_o:m.w

111, Carboxydomonas
1. Thiobacterium .
11, Macromonas

1I1. Thiobacteriaceae 111,

Thiovulum
1V. Thiospira
V. Thiohacillus

I. ’seudomonas -

I, Pseudomonadineae

IT. Xanthomonas
11I. Acetobacter
IV. Aeromonas

V. Photobacterium



Order Suborder Family Tribe Genus |

VI.Azotomonas
VII. Zymomonas
VIII. Protaminobacter
IV. Pseudomonadaceae IX. Alginomonas
X. Mycoplana
XI1. Zoogloea
XII. Halobacterium

.| I. Caulobacter
- II. Gallionella
V. Caulobacteraceac II1. Siderophacus

1V. Nevskia

I. Pseudomonadales I. Siderocapsa
(Cont.) II. Siderosphaera

II1. Sideronema
IV. Ferribacterium
V. Sideromonas
VI. Naumanniella
VII. Ochrobium
VIII. Siderococcus
IX. Siderobacter
-X. Ferrobacillus

- Yy -

V1. Siderocapsaceae



Order

Suborder

Family

Genus

- YA —

-

II. Chlamydobacteriales

VII. Spirillaceae

I. Vibrio

II. Desulfovibrio _
IIl. Methanobacterium .
IV. Cellvibrio

V. Cellfalcicula

V1. Microcyclus
VI Spirillum

VIII. Paraspirillum

IX. Selenomonas
X. Myconostoc

I. Chlamydobacteriaceae

I. Sphaerotilus
I1. Leptothrix
IIT. Toxothrix

I1. Peloplocaceae

III. Crenotrichaceae

I. Peloploca
iI. Pelonema

I. Crenothrix
IT. Phragmidiothrix
III. Clonothrix

I. Hyphomicrobiac

I. Hyphomicrobium
I1, Rhodomicrobium
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Order

Suborder Family Tribe Genus
. . iy
, . I. Pasteuria

. . IT. Pasteuriaceae - i

ITI. Hyphomicrobiales II. Blastocaulis

I. Azotobacteraceae

1I. Rhizobiaceae R

ITl. Achromobacteraceae

1V, LFubacteriales

- I Azotobacter
1. Rhizobium

II. Agrobacterium
I1I. Chromobacterium

[. Alcaligenes
II. Achromobacter
111. Flavobacterium
IV, Agarbacterium
V. Beneckea

IV. Enterobacteriaceae

" I. Escherichia
I. Aerobacter
IT1. Klebsiella

IV, Paracolobactrum
V. Alginobacter

I. Escherichieae

II. Erwinieae VI, Erwinia

III. Serratieae

IV. Enterobacteriaceae

(Cont.)

IV. Proteeae

" VIIL Proteus

IX. Salmonelia

V. Sal 1 )
Salmonelleae X. Shigella
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Order Suborder Family Tribe Genus

I. Pasteurella
1I. Bordetella
1IT. Brucella
IV. Haemophilus
V. Actinobacillus
V1. Calymmatobacterium
\V1I. Moraxella

\'III. Noguchia

| _ i S
, 1. Bacteroides

3 I1. Fusobaterium
V1. Bacteriodaceae 111. Dialister
IV. Sphaerophorus
V. Streptobacillus

V. Brucellaceae

1. Micrococcus
II. Staphylococcus
I11. Gaffkya
IV. Sarcina
V. Methanococcus
VI. Peptococcus

VII. Micrococcaceae

H/\. H..;“_Umﬁﬁﬂﬂ_maﬂm /NHHH Z‘ﬁ.—mmmﬂ..—mﬁﬁmwﬂ H. Zﬂwmmﬂﬂmm‘.
(Cont.) _ L 1. Veillonella
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Order Suborder Family Tribe - Genus
. . I. Brevibacterium
IX. Brevibacteriaceae 1I. Kurthia
] e mem._._mmmmocm_.. e

II. Streptococcus
I. Streptococceac 1II. Pediococcus
IV. Leuconostoc
N. Lactobacillaceae L /ﬁm@ﬁoiquﬂOnorr:n
I. Lactobacillus
1I. Fubacterium
II. Lactobacilleae III. Catenabacterium
IV. Ramibacterium
V, Cillobacterium

- ¥\ -

I. Propionibacterium

NI Propionibacteriaceae II. Butyribacterium
1I1. Zymobacterium

1. Corynebacterium
1I. Listeria

ITI. Erysipelothrix
IV. Microbacterium
V. Cellulomonas
V1. Arthrobacter

XII. F.o_.u..:ocmﬂn:mnnmm
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Order Suborder Family Tribe Genus
. Bacillus
XIIT. Bacillaceae I Clostridium
- ) T - I. Carvophanon
I. Caryophanaceae II. Lineola
\". Caryophanales ITI. Simonsiella
I1. Qscillospiraceae o [ Oscillospira
S I Arthromitus
| IIT. Arthromitaceae 1T Coleomitus
- T . T i o H ?Hv.hﬁvﬂvﬂn,ﬂ@_;::u“_
- I. Mvcobacteriaceae I1. Mycacoceus
! - T I Noecardia
I1. Actinomycetaceae 1. Actinomyces
VI, Actinomycetales T T T o T Streptomyces a
111. Streptomycetaceae II. Micromaonospora
I1I. Thermo actinomyces
IV. Actinoplanaceae :H. Wn::oc_p:ﬁ .
. =treptoporangium
————— e e e e e C Beggiaton .
. I1. Thiospirillopsis
I wnmm_ﬂomnoxm - H.Eo%onp P
IV, Thiothrix
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Order

VI Begpgiatoales

VIII. Myxobacterales

IX. Spirochaetales

Suborder

M

Family

1. Vitreoscillaceac

iI1. leucotrichaceae
IV. Achromatiaceae

I Gw.ﬂ.o__u_wwmwnomm -

II. Archangiaceae

11I. Sorangiaceae

I\ Polyangiaceae

V. Myxococcaceae

(Genus

I, Vitreoscilla
11. Bactoscilla
111. Microscilla

I. Leucothrix

I. Achromatium

I. Cytophaga
1. Archangium
IT. Stelangium

[. Sorangium

I. Polyangium
Il. Svnangium
II1, Podangium
1V. Chondromyces

~ I Myxococeus |
II. Chondrococcns
ITI. Angiococcus
IV, Sporocytophaga

I. Spirochaetaceae

I. Spirochaeta
II. Saprospira
ITI. Cristispira



¥
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Order Suborder Family Tribe Genus

I. Borrelia
IT. Treponema

I1. Treponemataceae
III. Leptospira

X. Mycoplasmatales L g%nom_mmam__!ﬁ._m.mmw‘m; [. Mycoplasma

Iililllll.1
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A CLASSIFICATION OF SOME BACTERIA
Class Schizomycetes

Eubacteriales :

True bacteria, Gram negative and Gram positive, Simple
undifferentiated single cells with rigid cell wails. Some
motile with peritrichous flagella, Binary frssion. Typical

endospore occur.

Pseudomonadales :

Gram negative. Some photosynthetic.  Binary fission.

(Generallv motile by polar flagella:

Cronus

Photasynthetic (autotrophic and heterotrophic) g}{hodnbaciﬂus
"Chromatium

[ Nitrobacter

Chemaosynthetic (Autotrophic) Nitrosomonas
"Thiobacillus
Curved and spiral rods _\,ﬂ_)r‘m
: . Spirllum

P'seudomonas
Chromaobacterium
| acterium
Sidinoncelin
IShielin

Non-sporing Gram-rods
[irucelin

Rhizobium

| Azotobacter

Heterotrophic Acetobacter
Methanobacterium

Bacilli that form Bacillus

endospores Clostridinm

Micrococous

Approximately spherical {Sarcina

: Streptococous

; lLactobacillus
Non-spering Gram 4+ rod{I’ropionibacterium
Corynebacterium
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Il. Actinomycetales (Branching bacteria) :

I'xcept mycobacterium, they form a branching myvcelium.
Resting stages, if formed are conidia. Gram+ordinarily.
Cell wall rigid, no mvcelium, acid fast, reproduction.
by fission My cobacterium
Mycelium not ;Strcptomyccs

fragmenting Micromonospora

Mycelium fragmenting

Act momyces
Nocardia

III. Myxobacterales (Slime bacteria) :

Rod shaped. Not rigid cell wall, flexible, Show creeping
motility on solid surfaces. Flagella absent. Resting
stages, if formed, are microcysts which may be borne in
fruiting bodies. Gram —.

Fruiting boides formed Myxococcus

N : Sporocytophaga
Fruiting bodies not formed ) 1 YD
' J Cyvtophaga

IV. Chlamydobzcteriales (Sheathed bacteria) :

Filamentous, Colourless, alga-like bacteria may or may
not have a sheath non-sporeformers. Saprophytes which
are found in water. Reproduce by binary fission,
conidia or swarm spores,

V. Spirochaetales (Spiral bacteria) :

Spiral.  Not rigid cell walls flexible. Respmg stages
unknown. Gram-—  Reproduce by binary fission.

DISTINGUISHING FEATURES OF THE GENERA

PHOTOSYNTHETIC BACTERIA

Contain bacteriochlorophyll uniformly distributed in the
protoplasm. Photosynthesis occurs anacrobically and without

oxygren

(1)

(2)

{3)

production. Spores unknown, Gram -—,

Non-sulphur purple bacteria. Heterotrophic anaerobes
and facultative anaerobes. Ixample : Rhodobacillus.
Purple sﬁlphuf bacteria. Obligate anacrobes capable of
autotrophic life. Example : Chromatium. g
Green sulphur bacteria. Obligate anacrobes which are
strictly autotrophie.
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CHEMOSYNTHETIC AUTOTROPHIC BACTERIA

Nitrosomonas.
‘Nitrobobacter.
Thiobacillus.

(Mainly Gram—.)
Oxadise NH, to HNO2
Oxidise HN(_)E to HNO |

Oxidise 5, H, S and other reduced sulphur
compounds to H, SO,

HETEROTROPHIC BACTERIA
Curved and spiral rods. (Flagella polar. Gram—-.)

Vibrio.
Spiritlum.

P seudomonas.

Chromobacterium,

Escherichia &

Aerobacter.

Sakmonella.

Shigella.

Brucella.
Rhizobium.

Azotobacter.

Short hent rods.
Rigid spiral rods,

Non-sporing gram-rods

T'roduce soluble pigments which impart a
greenish fluorescence to media. Flagella
polar. Iixample : P. fluorescens.

P'roduce coloured colonies. Often divided
into Serratio (red), Flavobacterium (yellow)
and Chromobacterium (viofet). '

The coliform orgamsms.  Form acids and

gases from glucose, lactose and other
sugars, Often split mmto 2 genera @
Tischerichia (V.1%~-). Example : E Coli
Acrobacter (V.74 )0 Tixample @ A, aero-
genes.
(In  the past other groups have been
included in the genus Dacterium).

- Form acid or acid and gas form glucose.

Lactose is not ferfiicmted. Tntestinal Patho-
gens of men and ammals.

The dysentery bactlli, Form acid from
sugars, action on lactose s absent or slow.
Do not térment sugars.  Pathogenic.

Root nodule bacteria of the fegumjnosac.
Cells rcl:tl;\'crl}' I;irgc and overd Assimuare
N. Grow on nitrogen-free média conlaining
sugitrs or other energy sources.



Acetobactey,

Metharmbacterim

- YA -

The acetic acid bacteria. Aerobes which
tend to form acids as products of incem-
plete oxtdation. Aciduric.

Obhigate anaerobes. Oxidise orguanic com-

pounds by means of (O, the (O, being
reduced to CH

Bacili that form endospores. (Maindly Gram+.)

Bacillus.

Clostridium.

Aerobes und facultative anaerobes. Species:
Proteolytic : B. Subtilis, B. Mycoides, B.
Cereus, B. anthracis.

Saccharolytic : B, macerans.

Urea-Splitting : B. pasteuri.

Obligate anaerobes, Species :
Saccharolytic : CL Welchii  (periringens),
Cl. butyricumy, CL. chauvoci, (1. septicumn,
Cl. acetebutylicamx: 1’rotcolytic: CL sporo-
genes, Cl. botulirum. Slightly protealytic:
Cl, tetam. Cellulose-fermentiny : CL dis-
solvens.

Approximately spherical organisms: the cocci. {Mainly Gram+)

M:crococcus

Sarcina.
Streptococcus.

Do not form regular cell groups.  Tratho-
genic  species  are commonly designated

Staphilococcus,
Farm cubical hundles of cells.

Crccur in chains of 2 or more cells. Ferment
sugars producing lactc acidi There a_ye&r’}p
main groups : (a) Homofermentative
from pulcose produce lactic acid and only
traces nf other prodncts. Species
Tathogenic : 3. pyogenes, S. agalactiae.
Thermoduric : S. faecalis, S. liquefaciens,
8. thermophilus,

Mill types : S. Iactis, S. cremoris.

(h) Heterofermentative — from sugars
prl;lduce {actic and acetic acids, ethyl alcohol
and CO _ Frequently classified as a separate
genus Ieuconostoc {or Betacoccus).
Species : 5. Kefir, 3. citrovorus.
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Gram — positive bacilli that do not form spores

Lactobacillus. Aciduric.  Prefer anaerobic conditions..
Fermentation products identical with those
of streptococci. Didived into :

(a) Homofermentative and (b) Hetero-
fermentative groups.

Txamples of (a) : L. bulgaricus, L. casei,
L. plantarum. (b) : L. brevis.

Propriomibacterium. Ferment lactate and sugars forming pro-
pionic and acetic acids and CQ, . Prefer

anaerobic conditions.

Corynebacterium. Pleomorphic.  Frequently stain unevenly.

KRods occur attached at acute angles after
fission. Aerobes and facultative anaerobes.

ACTINOMYCETALES
Mycobacterium., The acid-fast bacilll, Aecrobes, )
Streptomyces. (Commonly known as Actinomyces m the

past). Muliiplication by conidia formed in
chains by aerial hyphae. Mycelium not

fragmenting.

Micromonospora. Multiplication by conidia borne singly on
short comidiophores.  Mycelilum not frag-
menting.

Nocardia. ( Proactinomyces). Multiplication by frag-

mentation of the mycelium. Some types
the segments mav continue to multiply by
bimary fission. Conidia not formed. Aerobic.

Actinomiyces. As previous but anaerobic or microaero-
philic. Parasitic.

MYXOBACTERIALES

Myxococcus. Micracysts formed in dome-shaped fruiting
bodies.

Sporocytophaga. Microeysts  formed Dbut  fruiting bodies
absent,

Cytophaga, Neither fruiting bodies nor microcysts
farmed.

SUPPLEMENT 1. — Order Rikettsiales
Small, cylindrical, spheroidal  or irregular shaped nicro-
organisms, not filterable. (Gram —ve Parasitic and pathogenic in
man and animais. Associated with tissue cells.



_ (. —

SUPPLEMENT Il. — Order Virales

. '].h.c filterable viruses. Ultramicroscopic in size. Filterable
aras : : ' ima i |
o ld:sltlc ind pathogenic for plants, animals, or microorganisms

tlp])f Oor increase In concentration only in presence  of
susceptible hving cells,

e
oot BN T

SUBORDER 1. — Phagineae

‘The bacteriophages : parasitic m hacteria.

SUBORDER I1. — Phytophagineae

Viruses infecting higher plants.

' SUBORDER 111. — Zoophagineae

"Viruses infecting insects and other animals.
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