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Phylogenetic Overview of Bacteria

• Many major lineages, called phyla, of Bacteria are
known from the study of laboratory cultures, and
many others have been identified from the
retrieval and sequencing of ribosomal RNA (rRNA)
genes from microbial communities in natural
habitats

Phylogenetic Overview of Bacteria

Figure 1. Gives an overview of the phylogeny of major phyla of
Bacteriafor which laboratory cultures have been obtained.
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Phylogenetic Overview of Bacteria

• The remaining phylum of
cultured Bacteria, the
Proteobacteria, is by far the
largest and most metabolically
diverse of all Bacteria.

• Proteobacteria constitute the
majority of known bacteria of
medical, industrial, and
agricultural significance.

Aerobic and Facultatively
Aerobic Chemoorganotrophic 

Proteobacteria

A. Pseudomonasand the Pseudomonads
Key Genera:Pseudomonas, Burkholderia, Zymomonas, Xanthomonas

All the genera in this group are straight or slightly curved gram-negative,
chemoorganotrophic rods with polar flagella. Common genera are Pseudomonas,
Comamonas, Ralstonia, and Burkholderia.

(a)Photograph of colonies of
Burkholderia cepacia on an agar
plate.

(b)Shadow-cast transmission electron micrograph of a
Pseudomonas cell. The cell measures about 1 µm in
diameter.

A. Pseudomonas and the Pseudomonads

Characteristics of Pseudomonads

• Some major distinguishing characteristics of the pseudomonad group
include an obligately respiratory metabolism, the absence of gas
formation from glucose, and a positive oxidase test

• Although obligately respiratory, many pseudomonads can still grow
under anoxic conditions with nitrate, fumarate, or many of the other
electron acceptors that support anaerobic respiration

• Key species of the genus Pseudomonas and related genera are defined
on the basis of phylogeny and various physiological and other
phenotypic characteristics, as outlined in Table 17.8

• Pseudomonads typically have very simple nutritional requirements and
one of their characteristic properties is the ability to use many
different organic compounds as carbon and energy sources;some
species utilize over 100 different compounds.

• On the other hand, pseudomonads generally lack the hydrolytic
enzymes necessary to break down polymers into their component
monomers.
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a) All pseudomonads are species of Proteobacteria

A. Pseudomonas and the Pseudomonads

Pathogenic Pseudomonads

• A number of pseudomonads are pathogenic (Table 17.9).
• Among the fluorescent pseudomonads, the species Pseudomonas

aeruginosa is frequently associated with infections of the urinary
and respiratory tracts in humans.

• P. aeruginosa infections are also common in patients receiving
treatment for severe burns or other traumatic skin damage and in
people suffering from cystic fibrosis.

• P. aeruginosa is naturally resistant to many of the widely used
antibiotics, so treatment of infections is often difficult.

• P. aeruginosa is commonly found in the hospital environment and
can easily infect patients receiving treatment for other illnesses
(healthcare-associated infections)

• Polymyxin, an antibiotic not ordinarily used in human therapy
because of its toxicity, is effective against P. aeruginosaand is
used in certain medical situations.

• Certain species of Pseudomonas, Ralstonia, and Burkholderia and
the genus Xanthomonasare well-known plant pathogens
(phytopathogens)

A. Pseudomonasand the Pseudomonads
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A. Pseudomonasand the Pseudomonads

Zymomonas

• The genus Zymomonas consists of large, gram-negative rods that
carry out a vigorous fermentation of sugars to ethanol.

• Although distinct from other pseudomonads by its strictly
fermentative metabolism, Zymomonas shows phylogenetic
affiliation with these organisms (Table 17.8)

• Zymomonas carries out alcoholic fermentations of various plant
saps, and in many tropical areas of South and Central America,
Africa, and Asia it is found in various fermented beverages made
from plant saps, such as pulque (agave), palm sap, sugarcane
juice, and honey.

• Although Zymomonas is rarely the sole organism responsible for
these alcoholic fermentations, it is probably responsible for the
production of most of the ethanol in these beverages where
yeasts are present in only low numbers.

• Zymomonas is also responsible for spoilage of fruit juices, such as
apple and pear ciders, and is also a frequent constituent of the
bacterial flora of spoiled beer

Aerobic and Facultatively
Aerobic Chemoorganotrophic 

Proteobacteria

B. Acetic Acid Bacteria
Key Genera: Acetobacter, Gluconobacter

• The acetic acid bacteria comprise gram-negative, obligately aerobic,
motile rods that carry out the incomplete oxidation of alcohols and
sugars, leading to the accumulation of organic acids as end products.

• With ethanol (C2H2OH) as a substrate, acetic acid (C2H4O2) is
produced, which gives the acetic acid bacteria their name.

• As one would expect, acetic acid bacteria are tolerant of acidic
conditions; most strains can grow well at pH values lower than 5.

• The acetic acid bacteria are a heterogeneous assemblage of
Alphaproteobacteria, comprising both peritrichously flagellated
(Acetobacter) and polarly flagellated (Gluconobacter) organisms.

• In addition to flagellation, Acetobacter differs physiologically from
Gluconobacter in being able to further oxidize the acetic acid it forms
to CO2; that is, with Gluconobacter, acetic acid is a “dead-end”
product

B. Acetic Acid Bacteria

Colonies of Acetobacter acetion calcium carbonate (CaCO3) agar 
containing ethanol as electron donor. 

Note the clearing around the colonies due to the dissolution of CaCO3 by the 
acetic acid produced.
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B. Acetic Acid Bacteria

Ecology and Industrial Uses

• The acetic acid bacteria are commonly found in fermenting fruit
juices, such as hard cider or wine, or in beer.

• Cultures of acetic acid bacteria are used in the commercial
production of vinegar

• In addition to ethanol, the acetic acid bacteria carry out an
incomplete oxidation of some higher alcohols and sugars.

• For instance, glucose is oxidized to gluconic acid, galactose to
galactonic acid, arabi-nose to arabonic acid, and so on. This
property of “underoxidation” is exploited in the industrial
manufacture of ascorbic acid (vitamin C).

Aerobic and Facultatively
Aerobic Chemoorganotrophic 

Proteobacteria

C. Enteric Bacteria
Key Genera: Escherichia, Salmonella, Proteus, Enterobacter

• The enteric bacteria comprise a relatively homogeneous
phylogenetic group within the Gamma proteobacteria and consist
of facultatively aerobic, gram-negative, non sporulating rods that
are either non motile or motile by peritrichous flagella.

• Enteric bacteria are also oxidase-negative, have relatively simple
nutritional requirements, and ferment sugars to a variety of end
products.

• The defining phenotypic characteristics that distinguish enteric
bacteria from other bacteria of similar morphology and physiology
are given in Table 17.12.

C. Enteric Bacteria
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• Among the enteric bacteria are many species pathogenic to humans, other
animals, or plants, as well as other species of industrial importance.

• Escherichia coli, the best known of all microorganisms, is the classic example of
an enteric bacterium.

• Because of the medical importance of many enteric bacteria, an extremely
large number of isolates have been characterized, and numerous genera have
been defined, largely for ease in identification purposes in clinical microbiology.

• However, because enteric bacteria are genetically very closely related, their
positive identification often presents considerable difficulty.

• In clinical laboratories, identification is typically based on the combined analysis
of a large number of diagnostic tests carried out using miniaturized rapid
diagnostic media kits along with immunological and nucleic acid probes to
identify signature proteins or genes of particular species.

C. Enteric Bacteria

• One major taxonomic characteristic separating the various
genera of enteric bacteria is the type and proportion of
fermentation products generated from the fermentation of
glucose.

• Two broad patterns are recognized, the mixed-acid
fermentation and the 2,3-butanediolfermentation (Table 17.12
and Figure 17.23).

C. Enteric Bacteria
Fermentation Patterns in Enteric Bacteria

• Species of Escherichia are almost universal inhabitants of the intestinal tract
of humans and other warm-blooded animals, although they are by no means
the dominant organisms in this habitat.

• Escherichia may play a nutritional role in the intestinal tract by synthesizing
vitamins, particularly vitamin K. As a facultative aerobe, this organism
probably also helps consume O2, thus rendering the large intestine anoxic.

• Wild-type Escherichia strain rarely show any growth-factor requirements and
are able to grow on a wide variety of carbon and energy sources such as
sugars, amino acids, organic acids, and so on.

• Some strains of Escherichia are pathogenic and have been implicated in
diarrheal diseases, especially in infants, a major public health problem in
developing countries.

C. Enteric Bacteria
The Genus Escherichia
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• Salmonella and Escherichia are quite closely related, the two genera showing
about 50% genomic hybridization

• However, in contrast to most Escherichia, species of Salmonella are usually
pathogenic, either to humans or to other warm-blooded animals;

• Salmonella also is found in the intestines of cold-blooded animals, such as
turtles and lizards.

• In humans the most common diseases caused by salmonellas are typhoid
fever and gastroenteritis

• The salmonellas are characterized immunologically on the basis of three cell
surface markers called antigens: the O, or cell wall (somatic) antigen; the H, or
flagellar, antigen; and the Vi (outer polysaccharide layer) antigen, found
primarily in strains of Salmonella causing typhoid fever.

C. Enteric Bacteria

Salmonella

• The Shigellas are also genetically very closely related to Escherichia.
• Tests for DNA hybridization show that strains of Shigella have 70% or even

higher genomic hybridization with E. Coli and therefore probably constitute
a single species

• Moreover, genomic analyses strongly suggest that Shigella and Escherichia
have exchanged a significant number of genes by horizontal gene flow.

• In contrast to most Escherichia, however, species of Shigella are typically
pathogenic to humans, causing a rather severe gastroenteritis called
bacillary dysentery.

• Shigella dysenteriae, transmitted by food- and waterborne routes, is a good
example of this.

C. Enteric Bacteria

Shigella

• Cells in the genus Proteus are typically highly motile and produce the enzyme
urease.

• By genomic DNA hybridization, Proteus shows only a distant relationship to E.
coli.

• Proteus is a frequent cause of urinary tract infections in humans and probably
benefits in this regard from its ready ability to degrade urea.

• Because of the rapid motility of Proteus cells, colonies growing on agar plates
often exhibit a characteristic swarming phenotype

• Cells at the edge of the growing colony are more rapidly motile than those in
the center of the colony.

C. Enteric Bacteria

Proteus
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• Cells in the genus Proteus are typically highly motile and produce
the enzyme urease.

• By genomic DNA hybridization, Proteus shows only a distant
relationship to E. coli.

• Proteus is a frequent cause of urinary tract infections in humans
and probably benefits in this regard from its ready ability to
degrade urea.

• Because of the rapid motility of Proteus cells, colonies growing
on agar plates often exhibit a characteristic swarming
phenotype

• Cells at the edge of the growing colony are more rapidly motile
than those in the center of the colony.

C. Enteric Bacteria

Proteus

D. Methanotrophs and Methylotrophs

C1 Metabolism
• A list of compounds catabolized by methanotrophs is given in
• From a biochemical point of view, these compounds share a key characteristic, the

absence of carbon–carbon bonds.
• Organisms that can grow using carbon compounds that lack C—C bonds are called

methylotrophs.
• However, methanotrophs are unique in that they can grow not only on some of the

more oxidized one-carbon compounds, but also on methane.
• The requirement for O2 as a reactant in the initial oxygenation of CH4 thus explains

why these methanotrophs are obligate aerobes.

D. Methanotrophs and Methylotrophs

Classification of Methanotrophs
• Now methanotrophs classified into two major groups based on their internal cell

structure, phylogeny, and carbon assimilation pathway.
• Type I methanotrophs assimilate one-carbon compounds via the ribulose

monophosphate cycle and are phylogenetically Gammaproteobacteria.
• By contrast, type II methanotrophs assimilate C1 intermediates via the serine

pathway and are phylogenetically Alphaproteobacteria
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D. Methanotrophs and Methylotrophs

Ecology and Isolation
• Methanotrophs are widespread in aquatic and terrestrial

environments, being found wherever stable sources of CH4
are present.

• Methane produced in the anoxic regions of lakes rises
through the water column, and methanotrophs are often
concentrated in a narrow band at the zone where CH4 and O2
meet.

• Methane-oxidizing bacteria therefore play an important role
in the carbon cycle, converting CH4 derived from anoxic
decomposition back into cell material and CO2.

• All that is needed to enrich methanotrophs is a mineral salts
medium containing a headspace about 50% each of CH4 and
air.

• Colonies appearing on the plates are typically of two types:
nonmethanotrophic chemoorganotrophs growing on traces
of organic matter in the medium, which appear in 1–2 days,
and methanotrophs, which appear after about a week.

D. Methanotrophs and Methylotrophs

Methanotrophs and Ammonia-Oxidizing Bacteria
• Besides CH4, methanotrophs can also oxidize ammonia (NH3)

and ammonia-oxidizing bacteria can also oxidize CH4;
however, neither group can actually grow using the other
group’s substrate as electron donor.

• However, it has also been found that methanotrophic
bacteria contain some of the same genes and make some of
the same proteins as methanogenic (methane-producing)
Archaea, and so the evolution of methanotrophy is still very
much an open question.

Electron micrograph of a cell of Methylococcus capsulatus, illustrating a
type I membrane system. Cells are about 1 µm in diameter
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