
Chapter 20

The Proteobacteria 
may have arose from a single photosynthetic ancestor

16S rRNA shows five distinct lineages
12-27-2011
12-28-2011

purple photosynthetic sulfur bacteria

Fig. 20.21



Class α-proteobacteria 
Most are oligotrophic (growing at low nutrient level)



Genus Rhizobium
motile rods

often contain poly-β-
hydroxybutyrate (PHB) granules
become pleomorphic under 
adverse conditions

grow symbiotically as nitrogen-
fixing bacteroids ( ammonium) 
within root nodule cells of 
legumes

Fig. 20.11



Genus Agrobacterium
transform infected plant 
cells (crown, roots, and 
stems) into autonomously 
proliferating tumors
Agrobacterium tumefaciens

causes crown gall disease by 
means of tumor-inducing (Ti) 
plasmid

Crown gall (冠癭) 
of a tomato plant

Figure 20.12



Agrobacterium Ti (tumor inducing) plamid
Transfer the T-DNA to 
plant and lower fungi
Can also mobilize other 
plasmid with to plant 
cells
A vector used for 
transgenic plant

Fig. 29.13



Genus Brucella
important human and animal pathogen (zoonosis) 

Brucellosis- undulant fever 波型熱
A select agent as biocrime
ingestion of contaminated food (milk products); 
inhalation, via skin wound, rare person-to-person 
Acute form: flu-like symptom; 
undulant form: undulant fever, arthritis, and testicular 
inflammation, neurologic symptom may occur; 
chronic form: chronic fatigue, depression, and arthritis



Class β-proteobacteria



Nitrogen metabolism
Nitrifying bacteria- Nitrification

oxidation of ammonium to nitrite, nitrite further oxidized 
to nitrate
Nitrobacter (α-proteobacteria)
Nitrosomonas (β-proteobacteria)
Nitrosococcus (γ-proteobacteria)

Nitrogen Fixation
Burkholderia and Ralstonia (β-proteobacteria)
both form symbiotic associations with legumes
both have nodulation genes (nod) 

a common genetic origin with rhizobia (α-proteobacteria)
obtained through lateral gene transfer



Order Burkholderiales
Burkholderia cepacia

degrades > 100 organic molecules
very active in recycling organic material
plant and human pathogen (nosocomial pathogen)

a particular problem for cystic fibrosis patients

B. mallei and Glanders (鼻疽)
A zoonosis (horses are likely reservoirs) by skin 
contact or inhalation
A potent bio-weapon 



Bacteria used as biocrimes
Biocrime could be used to produce death or 
disease in humans, animals, and plants

鼻疽



B. pseudomallei and Melioidosis 類鼻疽

A potentially life threatening disease 
contracted via inhalation or direct inoculation of 
Burkholderia pseudomallei from contaminated soil 
or water

acute form bacteremia dissemination to the lung,
liver and spleen

凡那比颱風災後，高雄市左營地區發生多起類鼻疽感
染事件，疾病管制局籲請民眾及醫師共同防範（資料
來源: 公關室 2010/10/14）



Genus Neisseria
most often occur in pairs 

inhabitants of mucous membranes of 
mammals
Neisseria gonorrhoeae – gonorrhea 淋病

Pelivic inflammatory disease (PID)
A major cause of sterility and ectopic 
pregnancies 

Neisseria meningitidis – meningitis                
腦膜炎雙球菌

Fig. 
38.16



Bordetella pertussis and “pertussis”
Non-motile encapsulated species
causes  whooping cough by pertussis toxin (PT)

An AB toxin (A: action or activity; B: binding)
DPT vaccine  and DaPT vaccine (acellular pertussis )

Diphtheria (Corynebacterium- G+)
Tetanus (Clostridium- G+)
Pertussis





GFAJ-1 (Give Felisa a Job)

Halomonadaceae
isolated from Mono Lake, CA
hypersaline (90 g/liter) and 
highly alkaline (pH 9.8)

Arsenic can substitute for 
phosphorus in the 
biomolecules????

substitutes arsenic (AsO43-) 
for phosphorus (PO43-), to 
sustain its growth ?????

2 December 2010 / 10.1126/ Science

+As/-P

-As/+P

+As/-P



The world’s largest known bacteria

Thiomargarita namibiensis
100-300 μm in diameter
may reach 750 μm
Carrying enzymes to oxidize 
sulfur  

Fig. 20.23



Legionella pneumophila

causative agent of Legionnaire’s 
disease and Pontiac fever

transmission through aerosols

part of natural community of soil 
and freshwater ecosystems, and 
has been found in air-
conditioning systems and 
shower stalls

Amoebae are the host for the 
survival and growth of Legionella in 
nature

Fig. 38.2



Order Pseudomonadales
Pseudomonas is the most important genus 

degrade wide variety of organic molecules
mineralization

breakdown of organic materials to inorganic substrates
motile by one or several polar flagella
some are major animal and plant pathogens

P. aeruginosa is a major animal pathogen
P. syringae is a major plant pathogen

some cause spoilage of refrigerated food
can grow at 4°C

important experimental subjects
P. aeruginosa  with 6.3 Mbp genome



P. aeruginosa as a model system

Biofilm and Quorum sensing (QS) system (Box 20.1)

Fig. 7.33



Genus Shewanella
found in seawater, lake sediments, 
salted foods
facultatively anaerobic
excellent candidate for 
bioremediation of contaminated 
radionuclides
Use diverse electron acceptors (e.g., 
insoluble metals Fe+3 or Mn+4) via

Outermembrane cytochromes
extracellular metabolites
Nanowire-like structure

Fig. 20.27a



Shewanella as nanowire

dissimilatory metal reduction
no assimilation of metals

electron shuttles transfer 
electrons to mineral surface

Fig. 20.27

Fig. 20.27



Order Vibrionales
most are aquatic, free-living
some important pathogens
some symbiotic in luminous organs of fish

some are bioluminescent
emit blue-green light by luciferase (Box 20-1)
quorum sensing (Fig. 13.25)

Fig. 20.28



Vibrio pathogens
2 circular chromosomes
Vibrio cholerae 霍亂弧菌

causes cholera
“rice-water stools”
1960, O1 1992, O139
prophage CTXφ on Chl 1 
produces cholera toxin 

V. parahaemolytica 腸炎弧菌

V. vulnificus 創傷弧菌

Polar and lateral flagella



Closely related orders



Order Enterobacteriales

Fig. 20.30



Escherichia coli
inhabitant of intestinal tracts of many animals
indicator for testing water for fecal contamination
some strains are pathogenic

Gastroenteritis
One of the major cause of traveler’s diarrhea

urinary tract infections 
UPEC: uropathogenic E. coli



Figure 38.25

Diarrheagenic
 

E. coli strains

EPEC: enteropathogenic E. coli
EHEC: enterohemorrhagic E. coli

- 1982,
 

E. coli O157:H7
-

 
hemorrhagic colitis

HUS (hemolytic uremic syndrome)

Enterotoxigenic

Heat-labile or heat-stable toxin

invasive

aggregative Diffusely adhering



Important pathogenic enteric bacteria
Salmonella

typhoid fever (S. typhi; S. typhimurium)
Typhoid Mary (1896-1906, Box 36.2)

gastroenteritis (S. enterica)
Shigella – bacillary dysentery
Klebsiella – pneumonia
Erwinia – blights or wilts of crop plants
Yersinia- plague  鼠疫



A zoonotic disease
initial spread by contact 
with flea-infested 
animals followed by 
spread among people by 
airborne transmission

multiply in blood and 
lymph and phagocytic 
cells

10-20 cases /y in USA
14% mortality rate

Plague Figure 38.9 (a)

Figure 38.9 (b) and (c)



Pasteurellaceae
Haemophilus influenzae b

septic meningitis (in children)
Hib vaccine 喜伯疫苗

Pasteurella: an important animal pathogen
P. haemolytica: pneumonia in cattle, sheep, goat
P. multilcocida: fowl cholera



Tularemia- also called rabbit fever 兔熱病

Francisella tularensis (included in Pasteurella)

potential bioterrorism agent
spread from animal reservoirs by 

arthropod bites
direct contact with infected tissue
inhalation of aerosolized bacteria
ingestion of contaminated water or food
one of the most contagious 

infective dose 10~50 bacteria



Class δ-proteobacteria- Bdellovibrio
predatory bacteria B. bactivorus

Fig. 20.33 (a)

Prey on G(-) bacteria

Lost flagella

Could be 
demonstrated with 
plaque assay

Leech 蛭



Class δ-proteobacteria- Myxobacteria

Secrete an array of digestive 
enzymes that lyse bacteria and 
yeasts, many also secrete 
antibiotics
Myxococcus xanthus

S (social) motility
type IV pili

A (adventurous) motility
gliding motility by AlgZ motor
similar to the mechanism by 
which Bacterioidetes, 
cynanobacteria, Mycoplasma 
glide

A dormant structure

Fig 20.34a

Fig. 20.36



Fig 20.37
 

Filamentous microbial mats in Wyoming sulfidic cave spring

Filamentous ε-proteobacteria



Campylobacter jejuni
Cause ~ 2 million human cases of gastroenteritis 
(campylobacteriosis) and subsequent diarrhea in 
USA each year and also cause septicemia 
(bacteremia)

50~100% of birds or animals excrete C. jejuni
most frequent infections trigger GB syndrome 
(flaccid paralysis)

molecular mimicry
The LPS resembles components found on nerve cells immune 
system mistakenly attack the host peripheral nervous system even
after infection has cleared.



Helicobacter pylori
In developing countries, 70~90% 
of the population is infected; the 
rate in developed countries 
ranges  25~50% 
colonizes gastric mucus-secreting 
cells
produces urease, which acts to 
increase pH
causes gastritis and peptic ulcer
disease
gastric cancer?
1.6 Mbp genome Barry J. Marshall

Winner of the Nobel 
prize in physiology or 
medicine 2005

Fig. 38.15



Chapter 21

The Low G + C Gram 
Positives



3 classes with G+C: 23-41%
Mycoplasma 

No cell walls
penicillin resistant but 
susceptible to osmotic shock 
and detergent treatment

Clostridia and Bacilli form 
endospore

Low G+C positives

“
 

fried egg appearance”
Figure 21.4



The Mycoplasmas
The smallest bacteria (0.6~1.3 Mbp) 

First synthetic genome
(2 July 2010 Science 329:52-)

M. mycoides JCVI-syn1.0 

Gliding motility (Fig. 21.6)

Widespread
~10% cell culture contamination
colonize mucous membranes 
(Ureaplasma) and joints

Inchwormlike pace

Cytoskeletal leg



Important pathogens
M. mycoides – bovine pleuropneumonia in cattle

M. gallisepticum – chronic respiratory disease in  
chickens

M. hyopneumoniae – pneumonia in swine

M. pneumoniae – atypical pneumonia in humans

Ureaplasma urealyticum – premature birth, 
neonatal meningitis and pneumonia
spiroplasmas – pathogenic in insects, ticks, and a 
variety of plants



Genus Clostridium
fermentation products 
responsible for unpleasant 
odors associated with 
putrefaction
anaerobe and form heat 
resistant endospores

梭胞桿菌 Fig 21.7



Important species of Clostridium

C. botulinum     肉毒桿菌素

Botulism toxin (BT)
food spoilage (especially 
canned foods)
Botox for cosmetic use
(Box 38.3)

C. tetani – tetanus 破傷風

C. peferingens – gas 
gangrene and food poisoning

C. acetobutylicum –
manufacture of butanol 

Ch. 38 Generalized tetanus



Class Bacilli (Table 21.3)

divided into several families:
family Bacillaceae – genus Bacillus
family Listeraceae – genus Listeria
family Staphylococcaceae – genus 
Staphylococcus



Bacillus sp.

枯草桿菌

Fig  21.12



Biofilm formation

An architecturally complex 
communities

Multiple cell types are held 
together by an extracellular 
matrix
The individual cells follow 
different developmental 
pathways, resulting in 
heterogeneous populations

Fig. 21.13



Important species of Bacillus

B. subtilis
important experimental organism
various species produce antibiotics

B. cereus - food poisoning
B. anthracis

plasmid encoding anthrax toxin
B. thuringiensis and B. sphaericus

BT toxin as insecticide
kill >100 species of moths

BS parasporal body – protein crystal 
containing toxin

used to control the mosquitoes that 
carry the malaria parasites

endospore

Parasporal body

Fig 21.14(a)



Anthrax toxin- AB toxin

Protective antigen (B)
binding

Edema and 
Lethal factors (A)

activity

Fig. 38.31



Staphylococcus
G(+) cocci, often occurring in grape-
like clusters
many are slime producers

extracellular glycoconjugate  allows 
bacteria to adhere to smooth surfaces 
and form biofilms

S. aureus, pathogenic
α and β-hemolyins

S. epidermidis
common skin resident- opportunistic 
pathogens; less pathogenic

Fig 21.16

Figure 38.20b



Hemolysis
α-hemolysin

incomplete lysis of red blood 
cells
greenish zone around colony 

β-hemolysin
complete lysis of RBC
clear zone around colony 

γ-hemolysin
No hemolysis       

On 5% Blood Agar Plate



Staphylococcus diseases
Pimples, impetigo  (膿痂疹), boils, wound 
infections, abscess, septicema, osteomyelitis, 
endocarditis, menigitis, enteritis, enterotoxin 
poisoning, nephritis, respiratory infections
S. aureus is the major cause of food poisoning

recently >1,000 school children in Texas had 
staphylococcal food poisoning caused by eating 
improperly handled chicken



Staphylococcal scalded skin syndrome (SSSS)

caused by S. aureus that carry a plasmid-borne 
gene for exfoliative toxin (exfoliatin)

epidermis peels off revealing red area (skin 
infections)

Fig. 38.22



Toxic shock syndrome (TSS)
1981, caused by S. aureus that release toxic 
shock syndrome toxin (TSST) and other toxins

most cases occur in females who use 
superabsorbent tampons
disease results from body’s response to 
staphylococcal superantigens

low blood pressure, fever, diarrhea, extensive skin rash, 
and shedding of skin Over-reactive inflammation shock 
syndrome (Septic shock)



MRSA (Methicillin resistance S. aureus)

1984, MRSA
Epidemic nosocomial infections

1996, VRSA nosocomial infections
Also resistant to multi-drugs

CA-MRSA (Community acquired) and HA 
(hospital-acquired)-MRSA 

1989, Vancomycin resistant enterococci (VRE)
E. faecalis, an opportunistic pathogen

colitis and enteritis
urinary tract infections and endocarditis



Genus Listeria
common in decaying matter
L. monocytogenes – listeriosis

A food-borne disease
does not cause gastrointestinal illness
occur in pregnant women or immunosuppressed 
individuals
meningitis, sepsis, and stillbirth 



Order Lactobacillales
Lactic acid bacteria

ferment sugars for energy
Lactobacillus

sometimes coccobacilli
grow optimally in slightly acidic conditions (pH 4.5 to 6.4)
fermented vegetable products (sauerkraut, pickles, and silage), 
and fermented beverages (beer, wine, juices)
sour dough bread, Swiss cheese and other hard cheeses, 
yogurt, sausages
spoilage of beer, milk, and meat
normal flora of mouth, intestinal tract, and vagina



Streptococcus 
Lancefield grouping system-

Group A (GAS)              Group B (GBS)

Figure 21.19

based on polysaccharide and teichoic acid antigens in cell 
wall or between cell wall and plasma membrane

Pneumococcus



Streptococcal pneumonia
S. pneumoniae

lobar pneumonia and otitis media
Pneumovax 23 or Pnu-Immune 23 vaccine (Table 36.5)

opportunistic pathogen
caused by one’s own normal microbiota
disease occurs in individuals with predisposing condition 

High correlation between severity of H1N1 when 
coinfected with S. pneumoniae



S. pyogenes
Pyogenic: pus producing
streptococcal sore throat 
(pharyngitis or tonsillitis), acute 
glomerulonephritis, and 
rheumatic fever

Impetigo 膿痂症

Scarlet Fever 猩紅熱- 草莓舌

S. pyogenes lysogenized by 
a bacteriophage that carries 
gene for an erythrogenic toxin

Erysipelas

Fig. 38.24



Invasive infections
Cellulitis ( 蜂窩性組織炎 )
flesh eating invasive disease

necrotizing fasciitis (Fig. 38.25)
destruction of sheath covering skeletal muscle

myositis
inflammation and destruction of skeletal muscle and fat 
tissue

toxic shock-like syndrome (TSLS)
precipitous drop of blood pressure, failure of multiple 
organs, and high fever



Chapter 22
The High G + C Gram Positives

Actinomycetes

Streptomyces



Phylum Actinobacteria 分枝桿菌

form branching filaments 
or hyphae
form asexual spores

withstand desiccation but 
not heat
usually nonmotile

require CO2 for best 
growth

Fig. 22.3



Practical importance
widely distributed in soil

degrade wide variety of organic compounds
important in mineralization process

produce most of medically important 
natural antibiotics
some are pathogenic in humans, other 
animals, and plants



Arthobacter rod-coccus growth cycle
exponential phase

irregular, branched rods
Two-layered cell wall
reproduce by snapping 
division

early stationary phase
change to coccoid form

Fig. 22.8



Corynebacterium 棒狀桿菌

Some are harmless soil 
and water saprophytes
many are animal and 
human pathogens

C. diphtheriae – diphtheria
白喉

Diphtheria toxin gene 
encoded on β-prophage
“toxemia”
DPT (diphtheria-pertussis-
tetanus) vaccine

Fig. 22.9

Fig. 38.1



Mycobacterium
60~90-C mycolic acids
acid-fast
Pulmonary MAC

M. avium complex
infect insects, birds, and animals
GI tract is the most common site of colonization 
and dissemination in AIDS patients
cause pulmonary infection in humans similar to 
tuberculosis (M. tuberculosis)

Fig. 22.10



M. leprae- Leprosy- (Fig. 38.13, 14)



Tuberculosis (TB)

M. bovis
tuberculosis in cattle and other ruminants

M. tuberculosis
Survival inside macrophage
MDR (multi-drug resistance)-Mtb
PPD (purified protein derivatives) skin test
BCG (bacille Calmette-Guerin)- an avirulent
strain of M. bovis vaccine

Fig. 38.4



Infection of tuberculosis- (Fig. 38.4)



Nocardiaceae
Nocardia

Most are free living saprophytes, distributed world 
wide in soil or aquatic habitats

degrade hydrocarbons and  waxes, and deteriorate rubber 
joints in water and sewage pipes

Nocardiosis in humans and animals
Rhodococcus

Widely distributed in soils and aquatic habitats
degrade enormous variety of molecules:

petroleum hydrocarbons, detergents, benzene, 
polychlorinated biphenyls (PCB), and various 
pesticides

Fig. 22.12



Genus Propionibacterium
found on skin and in digestive tract of animals

also in dairy products such as cheese, used in 
production of Swiss cheese

P. acne
development of body odor 
acne vulgaris



Streptomycetes
1 to 20% of culturable soil microbiota

produce geosmin
important in mineralization

aerobically degrade many resistant 
substances (pectin lignin, and chitin)

produce vast array of antibiotics
most are saprophytes
linear chromosome

鏈黴菌

Vegetative hyphae



Pathogenic streptomycetes

Streptomyces scabies
scab disease in potatoes and beets

S. somaliensis
actinomycetoma

subcutaneous infection in humans
leads to swelling, abscesses, and 
bone destruction

Fig. 22.16



Order Bifidobacteriales
Gardnerella

the major cause of vaginitis

Bifidobacterium bifidus
pioneer colonizer of human intestinal tract

Fig. 22.19



Happy New Year!!!
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