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Class Gammaproteobacteria

• Gammaproteobacteria into 13 orders, 20 families, and 
around 160 genera.

• several deeply branching groups. One consists of the 
purple sulfur bacteria; a second includes the 
intracellular parasites Legionella. The two largest 
groups contain a wide variety of nonphotosynthetic 
genera: Vibrionaceae, Enterobacteriaceae, and 

Pasteurellaceae. Most are facultative anaerobes. 
• These genera aere aerobic:Pseudomonas, 

Azotobacter, Moraxella, Xanthomonas, and 
Acinetobacter.







The Purple Sulfur Bacteria

• The purple photosynthetic bacteria are 
distributed between three subgroups of the 
proteobacteria.

• They have common properties.
• Bergey’s Manual divides the purple sulfur 

bacteria into two families: the Chromatiaceae 
and Ectothiorhodospiraceae.

• Ectothiorhodospira has red, spiral-shaped, 
polarly flagellated cells that deposit sulfur 
globules externally.









• Internal photosynthetic membranes are organized as 
lamellar stacks. The typical purple sulfur bacteria are 
located in the family Chromatiaceae, which is much 
larger and contains 22 genera.

The Purple Sulfur Bacteria

Chromatium vinosum with intracellular sulfur granules.



• Thiospirillum, Thiocapsa, and Chromatium 
are typical purple sulfur bacteria.They are 
found in anaerobic, sulfide-rich zones of 
lakes.

• Large blooms of purple sulfur bacteria 
occur in bogs and lagoons under the 
proper conditions.

The Purple Sulfur Bacteria



Purple Photosynthetic Sulfur Bacteria. (a) Purple photosynthetic sulfur bacteria 
growing in a bog. (b) A sewage lagoon with a bloom of purple photosynthetic bacteria.





Pseudomonas
• The genus Pseudomonas contains straight or slightly gram-

negative curved rods, 0.5 to 1.0 m by 1.5 to 5.0 m in length, that are 
motile by one or several polar flagella and lack prosthecae or 
sheaths.

• These chemoheterotrophs are aerobic and carry out respiratory 
metabolism with O2 (and sometimes nitrate) as the electron 
acceptor. All pseudomonads have a functional tricarboxylic acid 
cycle and can oxidize substrates to CO2.

• Pseudomonas aeruginosa, P. fluorescens, P. 
putida, and P. syringae are members of this 
group.



• P. fluorescens are involved in the spoilage of 
refrigerated milk, meat, eggs, and seafood because they 
grow at 4°C and degrade lipids and proteins.

• P. aeruginosa infects people with low resistance such as 
cystic fibrosis patients and invades burn areas or causes 
urinary tract infections.

• P. syringae is a plant pathogen. (Blithe)

• P. putida can do microbial breakdown of organic 
materials to inorganic substances. (mineralization 
process).

Pseudomonas





Pseudomonas putida KT2442.





Vibrionaceae
• Members of the family Vibrionaceae are 

gram-negative, straight or curved rods 
with polar flagella. Most are oxidase 
positive, and all use D-glucose as their 
sole or primary carbon and energy source. 

• The majority are aquatic microorganisms, 
widespread in freshwater and the sea. 
There are six genera in the family: Vibrio, 
Photobacterium, Enhydrobacter, 
Salinivibrio, Listonella, and Allomonas.



Vibrio
• V. cholerae is the causative agent of cholera.

• V. parahaemolyticus sometimes causes 
gastroenteritis in humans following consumption 
of contaminated seafood. 

• V. anguillarum and others are responsible for 
fish diseases.



V. cholera
• The Vibrio cholerae genome has now been sequenced and found to 

contain 3,885 open reading frames (ORF) distributed between two 
circular chromosomes, chromosome 1 (2.96 million base pairs) 
and chromosome 2 (1.07 million bp). 

• The larger chromosome primarily has genes for essential cell 
functions such as DNA replication, transcription, and protein 
synthesis. It also has most of the virulence genes (e.g., the cholera 
toxin gene is located in an integrated CTX phage on chromosome 
1). 

• Chromosome 2 also has essential genes such as transport genes 
and ribosomal protein genes. Copies of some genes are present on 

both chromosomes.





 Family Thiotrichaceae
• Family Thiotrichaceae: Beggiatoa, Leucothrix , 

Thiotrix
• Two of the best-studied gliding genera in this 

family: Beggiatoa and Thiothrix : Internal S 
granule.

• The name (gliding) is derived from the tendency 
of members to glide over moist surfaces. The 
gliding property evidently involves rotation of 
filaments or fibers just under the outer 
membrane of the cell wall. They do not have 
flagella.



Beggiatoa

• Beggiatoa is microaerophilic and grows in 
sulfide-rich habitats such as sulfur springs, 
freshwater with decaying plant material, 
rice paddies, salt marshes, and marine 
sediments.

• Its filaments contain short, disklike cells 
and lack a sheath. Beggiatoa is very 
versatile metabolically. It oxidizes 
hydrogen sulfide to form large sulfur 
grains located in pockets formed by 
invaginations of the plasma membrane.



• Beggiatoa can subsequently oxidize the sulfur 
to sulfate. The electrons are used by the 
electron transport chain in energy production. 
Many strains also can grow heterotrophically 
with acetate as a carbon source, and some may 
incorporate CO2 autotrophically.

Beggiatoa 



• Leucothrix  is an aerobic 
chemoorganotroph that forms long 
filaments or trichomes up to 400 µ long. It 
is usually marine and is attached to solid 
substrates by a holdfast. 

• Leucothrix has a complex life cycle in 
which dispersal is by the formation of 
gonidia. Rosette formation often is seen 
in culture.

Leucothrix



Leucothrix mucor.



Thiothrix
• Thiothrix is a related genus that forms sheathed filaments and 

releases gonidia from the open end of the sheath.

• Thiothrix is a chemolithotroph that oxidizes hydrogen sulfide and 
deposits sulfur granules internally. It also requires an organic 

compound for growth (i.e., it is a mixotroph). Thiothrix grows in 
sulfide-rich flowing water and activated sludge sewage systems.



Mixotrophy

• Mixotrophy: A mode of metabolism in 
which energy is obtained by the oxidation 
of an inorganic substrate, and carbon is 
obtained from an organic substrate (and 
sometimes also from the fixation of CO2 
via an autotrophic pathway).



Azotobacter
• The genus Azotobacter also is in the family 

Pseudomonadaceae. The genus contains 
large, ovoid bacteria, 1.5 to 2.0 µ in diameter, 
that may be motile by peritrichous flagella. 
The cells are often pleomorphic, ranging from 
rods to coccoid shapes, and form cysts as 
the culture ages. 

• The genus is aerobic, catalase positive, and 
fixes nitrogen nonsymbiotically. Azotobacter  
is widespread in soil and water.



Cyst
• Cyst-formation occurs maximally in old 

cultures on nitrogen-free media 
containing 0.2% butanol.

• During cyst formation (encystment), an 
organism produces a thick or thin wall 
within which it becomes totally enclosed. 
Cysts are usually resistant to desiccation, 
and may be resistant to e.g. ultraviolet 
radiation and/or heat.



Azotobacter  chroococcum

In cyst: The nuclear region (Nr), exine layers (CC1 and CC2), and
exosporium (Ex) are visible.





Enterobacteriaceae
• The family Enterobacteriaceae contains gram-negative, 

peritrichously flagellated or nonmotile, facultatively anaerobic, 
straight rods with simple nutritional requirements.

• It has 41 genera and often called enterobacteria or enteric 
bacteria.

• The family can be divided into two groups based on their 
fermentation products. The majority (e.g., Escherichia, Proteus, 
Salmonella, and Shigella) carry out mixed acid fermentation 
and produce mainly lactate, acetate, succinate, formate (or H2 
and CO2), and slightly ethanol (Methyl Red Test).

• Enterobacter, Serratia, Erwinia, and Klebsiella are butanediol 
fermenters. They produce mixed alcohols and slightly acids.  
(Voges-Proskauer test)

• Because the enteric bacteria are so similar in morphology, 
biochemical tests are normally used to identify them after 
examination of their morphology, motility, and growth responses.









• Escherichia coli is undoubtedly the best-
studied bacterium and the experimental 
organism of choice for many microbiologists. 
It is an inhabitant of the colon of humans and 
other warm-blooded animals, and it is quite 
useful in the analysis of water for fecal 
contamination (Index): MPN Test (Most 
Probability Number)

• Some strains cause gastroenteritis or 
urinary tract infections.

E. coli





• Several enteric genera contain very important 
human pathogens responsible for a variety of 
diseases: Salmonella, typhoid fever and 
gastroenteritis; Shigella, bacillary dysentery 
(S. dysenteria); Klebsiella, pneumonia; 
Yersinia, plague (Y. pestis). 

• Members of the genus Erwinia are major 
pathogens of crop plants and cause blights, 
wilts, and several other plant diseases.

• E. carotovora (Soft rot in fruits)

Enterobacteriaceae



Family Pasteurellaceae

• The family contains six genera: Pasteurella, 
Haemophilus, Actinobacillus, Lonepinella, 
Mannheimia, and Phocoenobacter.

• Pasteurella multilocida and P. haemolytica are 
important animal pathogens. P. multilocida is 
responsible for birds cholera, which destroys 
many chickens, turkeys, ducks, and geese each 
year.                 P. haemolytica is at least partly 
responsible for pneumonia in cattle, sheep, and 
goats.

• H. Influenzae type b is a major human pathogen 
that causes a variety of diseases, including 
meningitis in children.
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