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* Understand the general characteristics of
prokaryotes.

» Understand prokaryotic classification
— Archaea

— Bacteria

Copyright © 2011 Pearson Education Inc.



General Characteristics of Prokaryotic Organisms 3
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 Prokaryotes

— Most diverse group of cellular microbes

— Habitats
— From Antarctic glaciers to thermal hot springs
— From colons of animals to cytoplasm of other prokaryotes
— From distilled water to supersaturated brine
— From disinfectant solutions to basalt rocks

— Only a few capable of colonizing humans and causing disease

basalt rocks Z. =
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Typical prokaryotic morphologies \
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General Characteristics of Prokaryotic Organisms ;
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 Reproduction of Prokaryotic Cells
— All reproduce asexually
— Three main methods
— Binary fission (most common)
— Snapping division
— Budding
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Snapping division, a variation of binary fission y

Outer portion
of cell wall

Inner portion
of cell wall

(a)

Rupture of
outer wall

Hinge

—
(b) N2 0.5 pm
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Spores of actinomycetes "

Spores
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Nucleoid replicates

New nucleoid is
moved into bud

Daughter cell
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General Characteristics of Prokaryotic Organisms 10
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 Reproduction of Prokaryotic Cells

— Epulopiscium fishelsoni (& =I5 £ &) and its relatives have
unigue method of reproduction

— Among one of the largest prokaryotic bacteria identified so
far = visible with unaided eyes!!

— Live offspring emerge from the body of the dead mother cell
oz (Viviparity B542)
27 —First noted case of viviparous behavior in prokaryotic world
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 Arrangement of Prokaryotic Cells
— Result from two aspects of division during binary fission
— Planes in which cells divide
— Separation of daughter cells
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Arrangements of cocci
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Arrangements of bacilli
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General Characteristics of Prokaryotic Organisms 1
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« Endospores
— Produced by Gram (+) Bacillus and Clostridium
— Each vegetative cell transforms into one endospore
— Each endospore germinates to form one vegetative cell
— Defensive strategy against unfavorable conditions

— Concern to food processors, health care professionals, and
governments

transformation

N

Vegetative cell Endospore

)

germination
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Locations of endospores 15

(a)
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Modern Prokaryotic Classification 16
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« Currently based on genetic relatedness of rRNA sequences
 Three domains

— Archaea

— Bacteria

— Eukarya

Biological classification
Kingdom — Phylum — Class — Order — Family — Genus - Species

Ft 9 4 H = = fi&
Keep Pond Clean, Or Froggy Gets Sick.
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Prokaryotic Taxonomy (Bergy’s Manual of Systematic Bacteriology) 17

— PHYLUM CHLOROFLEXI
(green nonsulfur)

Thermophilic
bacteria

GRAM-NEGATIVE BACTERIA
PHYLUM PROTEOBACTERIA

Rhodospirilla («)
(purple nonsulfur)

Rickettsias (o) Nitrifying (B)
Rhizobium («) I

— Myxobacteria (5)

PHYLUM —___
CHLOROBI
(green sulfur) ™ Pseudomonads (v)

g \\ Neisserias (B)
/. "\ @ PHYLUM
PHYLUM \ ' FIBROBACTERES

— Campylobacteria (e)

BACTEROIDETES PHYLUM CHLAMYDIAE
PHYLUM PHYLUM SPIROCHAETES
PLANCTOMYCETES

Low G+C Gram-positive
PHYLUM FIRMICUTES
Clostridia

Mycoplasmas —

.// PHYLUM FUSOBACTERIA
Streptomyces

I | Atopobium

Arthrobacter Corynebacterium
Mycobacterium
Nocardia

PHYLUM ACTINOBACTERIA
GRAM-POSITIVE BACTERIA High G+C Gram-positive

Bacilli-Lactobacili

7 PHYLUM DEINOCOCCUS-THERMUS

Deeply branching bacteria

@ —PHYLUM AQUIFICAE

Prokaryotes (27 phyla)
- Archaea (3)
Bacteria (24)

PHYLUM CYANOBACTERIA

PHYLUM KORARCHAEOTA

PHYLUM EURYARCHAEOTA

Methanogens
PHYLUM =
CRENARCHAEOTA

Halophiles

Thermophilic
archaea
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Survey of Archaea 18
I
« Common features
— Lack true peptidoglycan
— Cell membrane lipids have branched hydrocarbon chains
— AUG codon codes for methionine
Three phyla: Crenarchaeota, Euryarchaeota, Korarchaeota
Reproduce by binary fission, budding, or fragmentation
Most are coccl, bacilli, or spiral forms; pleomorphic forms exist
Not known to cause disease

Crenarchaeota &£ 55
Euryarchaeota &
Korarchaeota #]HE
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Survey of Archaea 19
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« Extremophiles
— Require extreme conditions to survive
— Temperature, pH, and/or salinity
— Prominent members are thermophiles and halophiles
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Survey of Archaea 20
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« Extremophiles
— Thermophiles FEZRE

— DNA, RNA, cytoplasmic membranes, and proteins do not
function properly below 45°C

— Hyperthermophiles — require temperatures over 80°C
— Two representative genera
— Geogemma (a)
— Pyrodictium (b)

- - |
. » |
P ¥ -

" " i : r |
(a) = (b) T
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Survey of Archaea 21
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« Extremophiles
— Halophiles FEEE &
— Inhabit extremely saline habitats

— Depend on greater than 9% NaCl to maintain integrity of cell
walls

— Many contain red or orange pigments
— May protect from visible and UV light
— Most studied — Halobacterium salinariumi = E& 55
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Survey of Archaea 2
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» Methanogens ZE B\ E
— Largest group of archaea

— Convert carbon dioxide, hydrogen gas, and organic acids to
methane gas (CH4)

— Convert organic wastes in pond, lake, and ocean sediments to
methane

— Some live in colons of animals
— One of primary sources of environmental methane

— Have produced ~10 trillion tons of methane that is buried in mud
on ocean floor!!

Methanogens take electrons from H,, give them to CO,

ATP Synthase enzyme
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Survey of Bacteria 2
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 Deeply Branching and Phototrophic Bacteria
— Deeply branching bacteria
— Scientists believe these organisms are similar to earliest bacteria
— Autotrophic
— Live in habitats similar to those thought to exist on early Earth
— Aquifex 7K E
— Considered to represent earliest branch of bacteria
— Chemoautotrophic, hyperthermophilic, anaerobic

— Derives energy and carbon from inorganic matters in
underwater hot habitats
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Survey of Bacteria 24
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 Deeply Branching and Phototrophic Bacteria
— Deeply branching bacteria
— Deinococcus i ar BB F TR BR
— Has outer membrane similar to Gram (-), but stains Gram (+)
— Highly resistant to radiation

Bacteria Archaea Eukarya

Trea of Life

Copyright © 2011 Pearson Education Inc.



Survey of Bacteria 2
I
* Deeply Branching and Phototrophic Bacteria
— Phototrophic bacteria
— Phototrophs that contain photosynthetic lamellae
— Autotrophic

— Divided into five groups based on pigments and source of
electrons for photosynthesis e

— Blue-green bacteria (cyanobacteria)
— Green sulfur bacteria
— Green nonsulfur bacteria
— Purple sulfur bacteria
— Purple nonsulfur bacteria
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Cyanobacteria (Blue-green bacteria) 2

Vegetative
cell

 G(-), varied in shapes (coccoid or disc-shaped)

» Filaments are often contained within a gelatinous &
glycocalyx called sheath e S5 ke

+ Filaments move by gliding. R —
* Reproduce by binary fission or formation of akinetes i <& Htd1
* Are oxygenic during photosynthesis

* Play a crucial role in transforming anaerobic atmosphere into aerobic
one during Earth evolution.

Heterocyst

» Some species can also fix N, from the atmosphere (N, = NH,)
— Segregated N,-fixation enzymes in heterocysts ZZ%U {{

e

] # % e ' 14
(b) Spm (c) T



Cyanobacteria (Green and Purple Phorotrophic Bacteria)
L

o Differences from other photosynthetic plants, algae and cyanobacteria
— Use bacteriochlorophylls (but not chlorophyll a)
— Anoxygenic (not O,-producing)
« Common habitats include anaerobic muds rich in H,S
« Both produce sulfur, but vary in sulfur deposition
— Green-sulfur bacteria: outside of the cell
— Purple-sulfur bacteria: inside of the cell (Fig. 11-4)

* Not capable of N, fixation
PR ‘

Sulfur (8% globules

m’a‘:’..;-

Figure 11.14
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Comparison between photosynthetic reactions 28
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 Cyanobacteria (oxygenic)
12H,0+6 CO, - C;H,,0,+6H,0+60,

 Green and purple phototrophic bacteria (anoxygenic)
12 H,S + 6 CO, = C,H,O, + 6 H,0O + 12 S (sulfur bacteria)

electron source:
- non-sulfur bacteria: carbohydrates, organic acids
- sulfur bacteria: oxidation of H,S to S

Copyright © 2011 Pearson Education Inc.



Phototrophic bacteria

29

Characteristics of the Major Groups of Phototrophic Bacteria

—
<
E Class

Common name(s)

Major photosynthetic
pigments

Types of
photosynthesis

Electron donor in
photosynthesis

Sulfur deposition
Nitrogen fixation
Motility

© 2011 Pearson Education, Inc.

Cyanobacteria

Cyanobacteria

Blue-green
bacteria (“blue-
green algae”)

Chlorophyll a
Oxygenic
H,0

None
Some species

Nonmotile or
gliding

Copyright © 2011 Pearson Education Inc.

Chlorobi
Chlorobia

Green sulfur
bacteria

Bacteriochlorophyll
aplusc d, ore

Anoxygenic
Hg. Hgs, or S

Outside of cell
None

Nonmotile

Phylum

Chloroflexi
Chloroflexi

Green nonsulfur
bacteria

Bacteriochlorophylls
aand ¢

Anoxygenic
Organic compounds

None
None
Gliding

Proteobacteria

Gammaproteobacteria

Purple sulfur
bacteria

Bacteriochlorophyll
aorb

Anoxygenic
Hz, st, ar S

Inside of cell
None

Moatile with polar or
peritrichous flagella

Proteobacteria

Alphaproteobacteria
and one genus in
betaproteobacteria

Purple nonsulfur
bacteria

Bacteriochlorophyll
aorb

Anoxygenic
Organic compounds

None
None

Nonmotile or
motile with
polar flagella



Survey of Bacteria 30
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« Low G+C Gram-Positive Bacteria
— Clostridia
— G(+), rod-shaped, obligate anaerobes
— Many species form endospores
— Important in medicine and industry (Ch 19)

— Microbes related to Clostridium include sulfate-reducing
microbes and Veillonella 225 EKE

N CGEE T IEGEE G K,
: R=EEEEEFENEFRER (Clostridia)fiais » 2—EHEN=E - T EYP=SZ=H4HEEE
_ %F?%W%Eﬁéﬁﬁﬂgré%fﬂﬂﬁﬁ~%ﬁxﬁ‘égﬁﬁﬁﬁ1FExﬁ?t

_RUEFRABERE  SERFEBRELCES  FETSHER
SREE BRUESETUoATE  EPARE A AEERSHE
B - £1977F  =ERABEMAlan B Scott  EREAZE %h?\
BEAERStrabismus)Bm A BT ESERTRBES - X0
=2 - 258 ERENE - 38E ) FTEREREREE - &

Botulism (by C. botulinum) and Botox

iﬂi

L T
BE Fibotox 2 HBIE+ 48/ » BIRISHIEMEE - BFr q o
| P ABASERTAGEE - 19895 » ASRESRBotulinum  SiNF TN _ . 5
toxin ABBFDAE » TR BERAEEN  BEES R, o Jow Twe/
S(Allergan Inc)EE - ALLERCAN
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Survey of Bacteria a1
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« Low G+C Gram-Positive Bacteria
— Mycoplasmas =2 5=
— Facultative or obligate anaerobes
— Lack cell walls, cell membranes contain sterols
— Pleomorphic, filamentous forms resemble filaments of fungi
— The smallest free-living cells (0.2-0.8 um)

Distinctive “fried egg” appearance of
Mycoplasma colonies

Copyright © 2011 Pearson Education Inc.



Survey of Bacteria 3
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« Low G+C Gram-Positive Bacteria
— Low G+C bacilli and cocci
— Bacillus — many common in soll
— Listeria — contaminates milk and meat products
— Lactobacillus — grows in the body but rarely causes disease

— Streptococcus and Enterococcus — cause numerous
diseases

— Staphylococcus — one of the most common inhabitants of
humans

Copyright © 2011 Pearson Education Inc.



Survey of Bacteria 32
I
e Low G+C Gram-Positive Bacteria

— Bacillus 24K E
— Include endospore-forming aerobes and facultative anaerobes
— Commonly found in soll
— B. thuringiensis
— Produces Bt toxin during sporulation, toxic to caterpillars
— Antibiotics producers
— B. polymyxa (polymyxin) Z5%ki bri 22
— B. licheniformis (bacitracin) #2 & L 22
— B. anthracis
— Causative agent for anthrax

Copyright © 2011 Pearson Education Inc.



Crystals of Bt toxin, produced by Bacillus thuringiensis

Bacillus thuringiensis Bt toxin

I{i
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Survey of Bacteria
I
+ Low G+C Gram-Positive Bacteria

— Listeria ZZHH 5
— Non-spore forming rod
— Capable of reproducing under refrigeration temperature (e.g. 4
10°C)
— Causative agent for food contamination
— Rarely cause diseases in adults, but often fatal to fetus
— Transferrable across placenta

— Causes meningitis, bacteremia in immunocompromised
patients

— AIDS, cancer or diabetes patients

Nature Reviews | Immunolo

g & - & b
| [Listenia, ;o
is the 3rd leading cause of

death frum fund E""'""'“ﬂ
& . ,., - |
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Survey of Bacteria 3%
I
e Low G+C Gram-Positive Bacteria

— Lactobacillus AR5
— Non-spore forming rod
— Normal flora in human mouth, stomach, intestinal tract
— Source of pro-biotic

— Microflora inhibiting growth and proliferation of other
pathogens (termed “microbial anatagonism”)

— Industrial use for the production of
— Yogurt, buttermilk, pickles and sauerkraut

Copyright © 2011 Pearson Education Inc.



Survey of Bacteria a7
I
+ Low G+C Gram-Positive Bacteria

— Streptococcus and Enterococcus
— G(+) coccl
— Diseases
— Pharyngitis (strep throat)
— Scarlet fever
— Impetigof= i
— Fetal meningitis
— Would infections
— Pneumonia
— Multi-drug-resistant streptococci
— By flesh-eating streptococci

Copyright © 2011 Pearson Education Inc.



Survey of Bacteria 38

» High G+C Gram-Positive Bacteria 5%\1
— Corynebacterium iR & D
— Pleomorphic aerobes and facultative anaerobes| <" ®"" " /
. F \
— Produces metachromatic granules “3‘,, <

= e

— Mycobacterium 47 5 AR
— Aerobic rods that sometimes form filaments

— Slow growth partly due to mycolic acid in its cell walls
— Stained with acid-fast staining

— Actinomycetes 4% &
— Form branching filaments resembling fungi

— Important genera include Actinomyces, Nocardia,
Streptomyces
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Char&eteris;ties of Selected Gram-Positive Bacteria

E Phylum/Class
<ﬁ Firmicutes
B

Clostridia

Mollicutes

Bacilli

Actinobacteria
Actinobacteria

@ 2011 Pearson Education. Inc.

G + C Ratio

Low (less
than 50%)

Low (less
than 50%)

Low (less
than 50%)

High (greater
than 50%)

Representative
Genera

Clostridium

Epulopiscium

Veillonella

Mycoplasma

Bacillus
Listeria
Lactobacillus

Streptococcus

Staphylococcus

Corynebacterium
Mycobacterium

Actinomyces
Nocardia
Streptomyces

Special Characteristics

Obligate anaerobic rods; endospore formers

Giant rods

Part of oral biofilm on human teeth; stain like
Gram-negative bacteria (pink)

Lack cell walls; pleomorphic; smallest free-living cells;

stain like Gram-negative bacteria (pink)

Facultative anaerobic rods; endospore formers
Contaminates dairy products
Produce yogurt, buttermilk, pickles, sauerkraut

Cocci in chains

Cocci in clusters

Snapping division; metachromatic granules in
cytoplasm

Waxy cell walls (mycolic acid)

Filaments
Filaments; degrade pollutants

Produce antibiotics

Diseases

Tetanus
Botulism
Gangrene

Severe diarrhea

Dental caries

Pneumonia

Urinary tract
infections

Anthrax
Listeriosis
Rare blood infections

Strep throat, scarlet
fever, and others

Bacteremia, food
poisoning, and others

Diphtheria

Tuberculosis and
meningitis
Actinomycosis
Lesions

Rare sinus infections
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Survey of Bacteria “

« Gram-Negative Proteobacteria S/ 5
— Largest and most diverse group of bacteria
— Many have extensions called prosthecae &
— Used for attachment and to increase surface area for

nutrient absorption
Swarmer (\ Prostheca
Stalked cell
Stalk / prostheca One stalk cell can Stalked cell
divide multiple times producing a
swarmer by
Holdfast binary fission

@ .

Caulobacter life-cycle 1pm
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Survey of Bacteria
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« Gram-Negative Proteobacteria
— Alphaproteobacteria (o proteobacteria)

— Nitrogen fixers
— Azospirillum
— Rhizobium

— Nitrifying bacteria
— Nitrobacter

— Purple nonsulfur phototrophs

Nitrogen fixation [&E & /EH
— Conversion of atmospheric H, into NH;

Nitrification #41{E/E

— Conversion of NH; or NH,* into NO, (nitrate)

Nodules on soybean roots

Copyright © 2011 Pearson Education Inc.



Survey of Bacteria

« Gram-Negative Proteobacteria
— Alphaproteobacteria
— Pathogenic alphaproteobacteria
— Rickettsia

— G(-) aerobic rods, causes Rocky Mountain spotted

fever; do not use Glucose as nutrient
=y — Brucella
— Coccobacillus
— causes brucellosis
— Spontaneous abortion, sterility

Ticks (B4, 1)

Inc.




Survey of Bacteria s
L[

« Gram-Negative Proteobacteria
— Alphaproteobacteria
— Other alphaproteobacteria
— Acetobacter, Gluconobacter = producers of acetic acid
— Caulobacter

— Commonly seen In nutrient-poor seawater/freshwater,
lab water bath
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Growth and reproduction of Caulobacter

45

Rock or other substrate

H‘“ Prostheca
/ Flagellum

s
/, Swarmercell [
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Alphaproteobacteria
X

46

Characteristics of Selected Gram-Negative Bacteria
Phylum/Class

Proteobacteria

-

]
Alphaproteobacteria

-

Representative Members

Azospirillum

Rhizobium

Nitrobacter

Purple nonsulfur bacteria

Rickettsia

Brucella

Acetobacter, Gluconobacter
Caulobacter

Agrobacterium

Special Characteristics

Nitrogen fixer

Nitrogen fixer

Nitrifying bacterium
Anoxygenic phototrophs

Intracellular pathogen

Coccobacillus
Synthesize acetic acid
Prosthacate bacterium

Causes galls in plants; vector
for gene transfer in plants

Diseases

Typhus and Rocky Mountain
spotted fever

Brucellosis
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Survey of Bacteria a
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« Gram-Negative Proteobacteria
— Betaproteobacteria
— Pathogenic betaproteobacteria
— Neisseria

— Bordetella N. Gonorrhoeae (diplococcic)
— Burkholderia

— Nonpathogenic betaproteobacteria
— Thiobacillus
— Zoogloea
— Sphaerotilus

Copyright © 2011 Pearson Education Inc.



Betaproteobacteria

48

Characteristics of Selected Gram-Negative Bacteria

| Phylum/Class Representative Members

m Proteobacteria
i

Betaproteobacteria Nitrosomonas
Neisseria
Bordetella
Burkholderia

Thiobacillus
Zoogloea

Sphaerotilus

Special Characteristics

Nitrifying bacterium

Diplococcus

Colorless sulfur bacterium
Used in sewage treatment

Blocks sewage treatment pipes

Diseases

Gonorrhea and meningitis
Pertussis

Lung infection of cystic
fibrosis patients

Copyright © 2011 Pearson Education Inc.



Survey of Bacteria 0
I
« Gram-Negative Proteobacteria
— Gammaproteobacteria
— Purple sulfur bacteria
— Intracellular pathogens
— Legionella (Loginnaires disease)
— Coxiella (Q fever)
— Methane oxidizers
— Glycolytic facultative anaerobes
— Family enterobacteriaceae
— Pseudomonads
— Pseudomonas
— Azotobacter : Nitrogen-fixer

Copyright © 2011 Pearson Education Inc.



50

Purple sulfur bacteria

Figure 11.22
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Two dividing Pseudomonas cells and their polar flagella -,

@ I2.0p,mI
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Gammaproteobacteria

52

Characteristics of Selected Gram-Negative Bacteria

| Phylum/Class Representative Members
m Protecbacteria
A

Gammaproteobacteria Purple sulfur bacteria
Legionella
Coxiella
Methylococeus

Glycolytic facultative anaerobes
Pseudomonas

Azotobacter
Azomonas

Special Characteristics

Intracellular pathogen
Intracellular pathogen
Oxidizes methane

Facultative anaerobes that catabolize
carbohydrates via glycolysis and the
pentose phosphate pathway

Aerobe that catabolizes carbohydrates
via Entner-Doudoroff and pentose
phosphate pathways

Nitrogen fixers not associated with plant roots

Diseases

Legionnaires' disease
Q fever

See Table 11.4 on p. 332

Urinary tract infections,
external otitis
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Survey of Bacteria 52
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« Gram-Negative Proteobacteria
— Deltaproteobacteria
— Desulfovibrio
— Bdellovibrio (predetor or G(-) bacteria)
— Myxobacteria

Copyright © 2011 Pearson Education Inc.



Bdellovibrio, Gram-negative pathogen of other bacteria s,

Bdellovibrio

Bacterial prey

Cell wall
1 / Periplasmic space

_—

= Ny ————

~, = : .[{W o/ |\
- s -I
\ = X ' ’ 4 ]
- L ) . L y
, — J [ A y
r'. » — ) B . ;—.g\_>4;:-—;-}f
\ - \ \ )

10 seconds‘l Cytoplasmic

membrane

o7/ )] 150210
\ (@~ minutes
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(a)

(b) Ham
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Life cycle of myxobacteria

fission
(nutrients
plentlful) n

Vegetative cells \

Slime trall
Myxospores
tge;n':ll:ate Gliding when
o fo | nutrients are
vegetative | depleted
cells once b -
nutrients are Myxospores =
restored
n 9 4 e
? J NS
Myxospores .
FROER Mound of cells

Sporangium

3 Formation of
fruiting body

Fruiting body
(a) (b) oomm
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Survey of Bacteria

56

« Gram-Negative Proteobacteria
— Epsilonproteobacteria
— Campylobacter
— Helicobacter

Helicobacter pylori
— the bacterium causing peptic ulcer disease
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Deltaprobacteria & Epsilonproteobacteria 57
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Characteristics of Selected Gram-Negative Bacteria

q Phylum/Class Representative Members ~ Special Characteristics Diseases
m Proteobacteria
CJj Deltaproteobacteria Desulfovibrio Sulfate reducer
E Bdlellovibrio Pathogen of Gram-negative bacteria
Myxobacteria Reproduces by forming differentiated
fruiting bodies
Epsilonproteobacteria ~ Campylobacter Curved rod Gastroenteritis
Helicobacter Spiral Gastric ulcers
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Survey of Bacteria ”
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 Other Gram-Negative Bacteria

— Chlamydias #Z<E
— Chlamydia

— Spirochetes T2 & F
— Treponema
— Borrelia

— Bacteroids ZEfS
— Bacteroides

— Cytophaga
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