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●The Prokaryotic Groups: 

   In the second edition of Bergey’s Manual, the prokaryotes are grouped 

into two domains, the Archaea and the Bacteria. Both domains consist 

of prokaryotic cells. Spelled without capitalization, that is, archaea and 

bacteria, these terms denote organisms that fit into these domains. Each 

domain is divided into phyla, each phylum into classes, and so on. The 

phyla discussed  are summarized in Table.1 (see also table 2). 

●Domain Bacteria: 

   Most of us think of bacteria as invisible, potentially harmful little 

creatures. Actually, relatively few species of bacteria cause disease in 

humans, animals, plants, or any other organisms. Once you have 

completed a course in microbiology, you will realize that without 

bacteria, much of life as we know it would not be possible. In this class 

you will learn how bacterial groups are differentiated from each other and 

how important bacteria are in the world of microbiology. Our discussion 

in this class emphasizes bacteria considered to be of practical importance, 

those that are important in medicine, or those that illustrate biologically 

unusual or interesting principles. 

● The Proteobacteria: 

 We start our survey of the Bacteria with the Proteobacteria. This is by far 

the biggest single phylum, and occupies the whole of volume 2 in the 

second edition of Bergey.  The proteobacteria, which includes most of 

the gram-negative, chemoheterotrophic bacteria, are presumed to have 

arisen from a common photosynthetic ancestor. They are now the largest 



taxonomic group of bacteria. However, few are now photosynthetic; other 

metabolic and nutritional capacities have arisen to replace this 

characteristic. The phylogenetic relationship in these groups is based 

upon rRNA studies. The name Proteobacteria was taken from the 

mythological Greek god Proteus, who could assume many shapes. The 

proteobacteria are separated into five classes designated by Greek letters: 

alphaproteobacteria, betaproteobacteria, gammaproteobacteria, 

deltaproteobacteria, and epsilonproteobacteria. At the time of writing 

more than 460 genera and 1600 species had been identified, all of them 

Gram-negative and representing almost half of all accepted bacterial 

genera. These include many of the best known Gram-negative bacteria of 

medical, industrial and agricultural importance. Equally, organisms 

united by a particular feature may be found in more than one of the 

proteobacterial classes, for example nitrifying bacteria are to be found in 

the α, β and γ Protobacteria. For this reason, there are another describtion 

of  the Proteobacteria in terms of their phenotypic characteristics rather 

than attempt to group them phylogenetically.  

   These are: Photosynthetic Proteobacteria, Nitrifying Proteobacteria, 

Iron- and sulphur-oxidising Proteobacteria, Hydrogen-oxidising 

Proteobacteria, Nitrogen-fixing Proteobacteria, Methanotrophic 

Proteobacteria, Sulphate- and sulphur-reducing Proteobacteria, 

Enteric Proteobacteria, Acetic acid bacteria, Stalked and budding 

Proteobacteria, Sheathed Proteobacteria, Predatory Proteobacteria, 

Rickettsia, Spirilla and Neisseria and related Proteobacteria. 

 

 

 

 

 



●The Alphaproteobacteria: 

   As a group, the alphaproteobacteria includes most of the proteobacteria 

that are capable of growth at very low levels of nutrients. Some have 

unusual morphology, including protrusions such as stalks or buds known 

as prosthecae. The alphaproteobacteria also include agriculturally 

important bacteria capable of inducing nitrogen fixation in symbiosis 

with plants, and several plant and human pathogens. 

●Pelagibacter : 

   One of the most abundant microorganisms on Earth, certainly in the 

ocean environment, is Pelagibacter ubique (pel-ajʹ ē-bak-ter uʹ bēk). It is 

a member of a group of marine microbes discovered by use of the FISH 

technique and named SAR 11 because of their original discovery in the 

Sargasso Sea. P. ubique is the first member of this group to be 

successfully cultivated. Its genome has been sequenced and found to have 

only 1354 genes. This number is very low for a freeliving organism, 

although several mycoplasmas have even fewer genes. Bacteria in a 

symbiotic relationship have lower metabolic requirements and have the 

smallest genomes. The bacterium is extremely small, a little over 0.3 μm 

diameter. Its small size and minimal genome probably give it a 

competitive advantage for survival in low-nutrient environments. In fact, 

it seems to be the most abundant living organism (part of its name, 

ubique, is derived from ubiquitous), on the basis of weight, in the oceans, 

where its sheer numbers must give it an important role in the Earth’s 

carbon cycle.  

●Azospirillum: 

    Agricultural microbiologists have been interested in members of the 

genus Azospirillum (ā-zō-spī ʹ ril-lum), a soil bacterium that grows in 

close association with the roots of many plants, especially tropical 

grasses. It uses nutrients excreted by the plants and in return fixes 



nitrogen from the atmosphere. This form of nitrogen fixation is most 

significant in some tropical grasses and in sugar cane, although the 

organism can be isolated from the root system of many temperate-climate 

plants, such as corn. The prefix azo- is frequently encountered in 

nitrogen-fixing genera of bacteria. It is derived from a (without) and zo 

(life), in reference to the early days of chemistry when oxygen was 

removed, by a burning candle, from an experimental atmosphere. 

Presumably, mostly nitrogen remained, and mammalian life was found to 

be not possible in this atmosphere. Hence, nitrogen came to be associated 

with absence of life. 

●Acetobacter and Gluconobacter: 

    Acetobacter (ä ʹ sē-tō-bak-tėr) and Gluconobacter (glüʹ kon-ō-bak-tėr) 

are industrially important aerobic organisms that convert ethanol into 

acetic acid (vinegar). 

●Rickettsia: 

    In earlier editions of Bergey’s Manual, the genera Rickettsia, Coxiella, 

and Chlamydia were grouped closely because they share the common 

characteristic of being obligate intracellular parasites—that is, they 

reproduce only within a mammalian cell. In the second edition they are 

now widely separated. The rickettsias are gram-negative rod-shaped 

bacteria, or coccobacilli. One distinguishing feature of most rickettsias is 

that they are transmitted to humans by bites of insects and ticks, unlike 

the Coxiella (discussed later with gammaproteobacteria). Rickettsia enter 

their host cell by inducing phagocytosis. They quickly enter the 

cytoplasm of the cell and begin reproducing by binary fission. They can 

usually be cultivated artificially in cell culture or chick embryos. The 

rickettsias are responsible for a number of diseases known as the spotted 

fever group. These include epidemic typhus, caused by Rickettsia 

prowazekii (ri-ketʹ sē-ä prou-wäzeʹkē-ē) and transmitted by lice; endemic 



murine typhus, caused by R. typhi (tīʹ fē) and transmitted by rat fleas; and 

Rocky Mountain spotted fever, caused by R. rickettsii  (ri-ketʹ sē-ē) and 

transmitted by ticks. In humans, rickettsial infections damage the 

permeability of blood capillaries, which results in a characteristic spotted 

rash.  

●Ehrlichia: 

    Ehrlichiae are gram-negative, rickettsia-like bacteria that live 

obligately within white blood cells. Ehrlichia (ėrʹ lik-ē-ä) species are 

transmitted by ticks to humans and cause ehrlichiosis, a sometimes fatal 

disease.  

●Caulobacter and Hyphomicrobium: 

    Members of the genus Caulobacter (kô-lō-bakʹ tėr) are found in low-

nutrient aquatic environments, such as lakes. They feature stalks that 

anchor the organisms to surfaces. This arrangement increases their 

nutrient uptake because they are exposed to a continuously changing flow 

of water and because the stalk increases the surface-to-volume ratio of the 

cell. Also, if the surface to which they anchor is a living host, these 

bacteria can use the host’s excretions as nutrients. When the nutrient 

concentration is exceptionally low, the size of the stalk increases, 

evidently to provide an even greater surface area for nutrient absorption. 

Budding bacteria do not divide by binary fission into two nearly identical 

cells. The budding process resembles the asexual reproductive processes 

of many yeasts. The parent cell retains its identity while the bud increases 

in size until it separates as a complete new cell. An example is the genus 

Hyphomicrobium (hī-fō-mī-krō ʹ bē-um). These bacteria, like the 

caulobacteria, are found in low-nutrient aquatic environments and have 

even been found growing in laboratory water baths. Both Caulobacter 

and Hyphomicrobium produce prominent prosthecae.  

 



●Rhizobium, Bradyrhizobium, and Agrobacterium: 

    The Rhizobium (rī-zōʹ bē-um) and Bradyrhizobium (brād-ē-rī-zōʹ bē-

um) are two of the more important genera of a group of agriculturally 

important bacteria that specifically infect the roots of leguminous plants, 

such as beans, peas, or clover. For simplicity these bacteria are known by 

the common name of rhizobia. The presence of rhizobia in the roots 

leads to formation of nodules in which the rhizobia and plant form a 

symbiotic relationship, resulting in the fixation of nitrogen from the air 

for use by the plant.  

   Like rhizobia, the genus Agrobacterium (agʹ rō-bak-tiʹ rē-um) has the 

ability to invade plants. However, these bacteria do not induce root 

nodules or fix nitrogen. Of particular interest is Agrobacterium 

tumefaciens. This is a plant pathogen that causes a disease called crown 

gall; the crown is the area of the plant where the roots and stem merge. 

The tumorlike gall is induced when A. tumefaciens inserts a plasmid 

containing bacterial genetic information into the plant’s chromosomal 

DNA. For this reason, microbial geneticists are very interested in this 

organism. Plasmids are the most common vector that scientists use to 

carry new genes into a cell, and the thick wall of plants is especially 

difficult to penetrate.  

●Bartonella: 

    The genus Bartonella (bنrʹ tō-nel-la) contains several members that 

are human pathogens. The best known is Bartonella henselae, a gram-

negative bacillus that causes cat-scratch disease.  

●Brucella: 

    Brucella (brüʹsel-la) bacteria are small nonmotile coccobacilli. All 

species of Brucella are obligate parasites of mammals and cause the 

disease brucellosis. Of medical interest is the ability of Brucella to 



survive phagocytosis, an important element of the body’s defense against 

bacteria.  

●Nitrobacter and Nitrosomonas: 

    Nitrobacter (nī-trō-bakʹ tėr) and Nitrosomonas (nī-trō-sō-mō ʹ nas) are 

genera of nitrifying bacteria that are of great importance to the 

environment and to agriculture. They are chemoautotrophs capable of 

using inorganic chemicals as energy sources and carbon dioxide as the 

only source of carbon, from which they synthesize all of their complex 

chemical makeup. The energy sources of the genera Nitrobacter and 

Nitrosomonas (the latter is a member of the betaproteobacteria) are 

reduced nitrogenous compounds. Nitrobacter species oxidize ammonium 

(NH4+ ) to nitrite (NO2−), which is in turn oxidized by Nitrosomonas 

species to nitrates (NO3−) in the process of nitrification. Nitrate is 

important to agriculture; it is a nitrogen form that is highly mobile in soil 

and therefore likely to be encountered and used by plants.  

●Wolbachia: 

    Wolbachia (wol-baʹ kē-ن) are probably the most common infectious 

bacterial genus in the world. Even so, little is known about Wolbachia; 

they live only inside the cells of their hosts, usually insects (a relationship 

known as endosymbiosis). Therefore, Wolbachia escape detection by the 

usual culture methods.  

 

 

 

 

 

 

 

 



Table.1 Selected Prokaryotes from Bergey’s Manual of Systemic Bacteriology, 

Second Edition* 

Phylum 

Class 

 

Order Important 

Genera 

Special Features 

 

DOMAIN 

BACTERIA 

 

   

Proteobacteria 

 

   

Alphaproteobacteria Caulobacterales Caulobacter Stalked 

 

 Rickettsiales Anaplasma Obligately intracellular 

human pathogens 

 

  Ehrlichia Obligately intracellular 

human pathogens 

 

  Rickettsia Obligately intracellular 

human pathogens 

 

  Wolbachia Symbionts of insects 

 

 Rhizobiales Agrobacterium Plant pathogens 

 

  Bartonella Human pathogens 

 

  Beijerinckia Free-living nitrogen 

fixers 

 

  Bradyrhizobium Symbiotic nitrogen 

fixers 

 

  Brucella Human pathogens 

 

  Hyphomicrobium Budding 

 

  Nitrobacter Nitrifying 

 

  Rhizobium Symbiotic nitrogen 

fixers 

 

 Rhodospirillales Acetobacter Acetic acid producers 

 

  Azospirillum Nitrogen fixers 

 

  Gluconobacter Acetic acid producers 

  Rhodospirillum Photosynthetic, 

anoxygenic  

    



Betaproteobacteria Burkholderiales Burkholderia Opportunistic pathogens 

 

  Bordetella Human pathogens 

 

  Sphaerotilus Sheathed 

 

 Hydrogenophilales Thiobacillus Sulfur oxidizers 

 

 Neisseriales Neisseria Human pathogens 

 

 Nitrosomonadales Nitrosomonas Nitrifying 

  Spirillum Found in stagnant fresh 

water 

 Rhodocyclales Zoogloea Sewage treatment 

Gammaproteobacter

ia 

Chromatiales Chromatium Photosynthetic, 

anoxygenic 

 Thiotrichales Beggiatoa Sulfur oxidizers 

  Thiomargarita Giant bacterium 

  Francisella Human pathogens 

 Legionellales Legionella Human pathogens 

  Coxiella Obligately intracellular 

human pathogens 

 Pseudomonadales Azomonas Free-living nitrogen 

fixers 

  Azotobacter Free-living nitrogen 

fixers 

  Moraxella Human pathogens 

  Pseudomonas Opportunistic pathogens 

 Vibrionales Vibrio Human pathogens 

 Enterobacteriales Citrobacter Opportunistic pathogens 

  Enterobacter Opportunistic pathogens 

  Erwinia Plant pathogens 

  Escherichia Normal intestinal 

bacteria, some pathogens 

  Klebsiella Opportunistic pathogens 

  Proteus Human intestinal 

bacteria, occasional 

pathogens 

  Salmonella Human pathogens 



  Serratia Red pigment, 

opportunistic infections 

  Shigella Human pathogens 

  Yersinia Human pathogens 

 Pasteurellales Haemophilus Human pathogens 

  Pasteurella Human pathogens 

Deltaproteobacteria Bdellovibrionales Bdellovibrio Parasites of bacteria 

 Desulfovibrionales Desulfovibrio Sulfate reducers 

 Myxococcales Myxococcus Gliding, fruiting 

  Stigmatella Gliding, fruiting 

Epsilonproteobacteri

a 

Campylobacterales Campylobacter Human pathogens 

  Helicobacter Human pathogens, 

carcinogenic 

Firmicutes (The Low 

G + C Gram-Positive 

Bacteria 

Clostridiales Clostridium Anaerobes, endospores, 

some human pathogens 

  Epulopiscium Giant bacterium 

  Sarcina Occur in cubical packets 

 Mycoplasmatales† Mycoplasma No cell wall, human 

pathogens 

  Spiroplasma No cell wall, 

pleomorphic, plant 

pathogens 

  Ureaplasma No cell wall, ammonia 

from urea 

 Bacillales Bacillus Endospores, some 

pathogens 

  Listeria Human pathogens 

  Staphylococcus Some human pathogens 

 Lactobacillales Enterococcus Opportunistic pathogens 

  Lactobacillus Lactic acid producers 

  Streptococcus Many human pathogens 

Actinobacteria (The 

High G + C Gram-

Positive Bacteria) 

Actinomycetales Actinomyces Filamentous, branching, 

some human pathogens 

  Corynebacterium Human pathogens 

  Frankia Symbiotic nitrogenfixers 



  Gardnerella Human pathogens 

  Mycobacterium Acid-fast, human 

pathogens 

  Nocardia Filamentous, branching, 

opportunistic pathogens 

  Propionibacteriu

m 

Propionic acid producers 

  Streptomyces Filamentous branching, 

many produce antibiotics 

Nonproteobacteria, 

Gram-Negative 

Bacteria 

   

Cyanobacteria  Anabaena Photosynthetic, oxygenic 

Chlamydiae Chlamydiales Chlamydia Intracellular parasites, 

human pathogens 

  Chlamydophila Intracellular parasites, 

human pathogens 

Planctomycetes Planctomycetales Planctomyces No peptidoglycan in cell 

wall, stalked 

  Gemmata No peptidoglycan in cell 

wall, internal structure 

resembles eukaryotic cell 

Bacteroidetes Bacteroidales Bacteroides Human intestinal tract 

  Prevotella Human oral cavity 

 Sphingobacteriales Cytophaga Degrade cellulose in soil 

 Flavobacteriales Capnocytophaga Mammal oral cavity 

Fusobacteria Fusobacteriales Fusobacterium Human intestinal tract 

  Streptobacillus A human pathogen 

Purple and Green 

Photosynthetic 

Bacteria (The 

Anoxygenic 

Photosynthetic 

Bacteria) 

   

Chlorobi  Chlorobium Photosynthetic, 

anoxygenic 

Chloroflexi  Chloroflexus Photosynthetic, 

anoxygenic 

Spirochaetes Spirochaetales Borrelia Human pathogens 

  Leptospira Human pathogens 

  Treponema Human pathogens 



Deinococcus-

Thermus 

Deinococcales-

Thermales 

Deinococcus Radiation-resistant 

thermophile 

  Thermus Heat-resistant 

thermophile 

DOMAIN 

ARCHAEA 

   

Crenarchaeota 

(Gram-Negative) 

Desulfurococcales Pryidictium Hyperthermophiles 

 Sulfolobales Sulfolobus Hyperthermophiles 

Euryarchaeota 

(Gram-Positive to 

Variable) 

Methanobacteriales Methanobacteriu

m 

Methanogens 

 Halobacteriales Halobacterium Require high salt 

concentration 

  Halococcus Require high salt 

concentration 

*See Table 2 for a complete taxonomic listing. This table includes prokaryotes mentioned in 

this text. Descriptions such as pathogenic mean that this trait is common in the genus, but not 

that all members of the genus have this trait. 

†The bacteria in the order Mycoplasmatales are genetically related to the low G + C gram-

positive bacteria, but they lack a cell wall and stain gram-negative. 

 

 


