Prokaryotic Organisms

A. Introduction – There are multiple criteria by which you can classify an organism

1. Metabolic Activities (Carbon, Energy & Oxygen sources)


A) Recall that microbes may vary in their carbon & energy sources



1) Phototrophs – use light energy to extract carbon





a) Photoautotrophs– obtain carbon from inorganic compounds (i.e. CO2)





b) Photoheterotrophs– obtain carbon from organic compounds (i.e. glucose)




2) Chemotrophs – use chemical energy to extract carbon





a) Chemoheterotrophs – obtain carbon from organic compounds (i.e. glucose)





b) Chemolithoautotrophs – obtain carbon from inorganic compounds (i.e. CO2)



B) Recall that microbes also vary in their oxygen requirements



1) Aerobes – require oxygen as their final electron acceptor in metabolism



2) Anaerobes – do not use oxygen as their final electron acceptor; often use sulfate, 



   nitrate, carbonate or pyruvate; some cannot survive in the presence of oxygen

2. Ecophysiology (preferred environment)


A) Microbes also by their preferred habitat




1) Some microbes thrive in terrestrial environments




2) Some microbes thrive in aquatic environments




3) Some microbes thrive on or within animals




4) Some microbes thrive in extreme conditions

3. Movement



A) A small number of bacteria are unique in their mode of motility
B. Overview of prokaryotes based on their oxygen requirements

1. Anaerobes


A) Anaerobic Chemotrophs




1) Anaerobic chemolithoautotrophs – some members of the Domain Archaea can 


   
   utilize hydrogen gas and carbon dioxide which makes methane (methanogens)




2) Anaerobic chemoheterotrophs – these use glucose for energy but instead of 



   oxygen they will utilize some other material for the final electron acceptor





a) Fermentors – use pyruvate as the final electron acceptor





i) Clostridium sp. (spore-forming, Gram positive rods) are common 





   inhabitants of soil and the digestive tract







(a) members cause gas gangrene, tetanus, botulism, and food poisoning





ii) Streptococcus sp. (Gram positive cocci) are normal oral flora







(a) members cause streptococcal pharyngitis (strep throat) and pneumonia





iii) Lactobacillus sp. (Gram positive rod) are commonly found in the mouth 





   and vagina (during child-bearing years)







(a) responsible for the vagina’s acidic environment






(b) other members are sometimes used in food production





iv) Enterococcus sp. (Gram positive cocci) are located in the intestinal tract 





   of animals and humans







(a) they rarely produce infections here but do actually inhibit the growth 






   of other bacteria including some pathogens





v) Proprionibacterium sp. (Gram positive rod) are commonly found growing 





   on human skin







(a) responsible for acne lesions



B) Photosynthesizers (Phototrophs)




1) Anoxygenic Phototrophs





a) They use hydrogen sulfide or organic compounds and sunlight to make food 




   (rather than carbon dioxide, water and sunlight like most other 





   photosynthesizers)





b) These vary in color based on which bacteriochlorophylls they possess






i) Purple sulfur bacteria use hydrogen sulfide






ii) Purple non-sulfur bacteria preferentially use multiple organic and 





   inorganic substances






iii) Green sulfur bacteria use hydrogen sulfide






iv) Green non-sulfur bacteria preferentially use multiple organic compounds




2) Oxygenic Phototrophs





a) The cyanobacteria (Gram negative; multiple shapes usually cocci) are the 




   primary oxygen producers of the Earth





b) Cyanobacteria are also major players in the role of nitrogen fixation 


2. Aerobes




A) Aerobic Chemolithoautotrophs – obtain energy by oxidizing reduced inorganic 


   chemicals and require oxygen as the final acceptor; usually Archaea



1) Sulfur-oxidizing bacteria – found in sewage polluted waters and have been 


   
   identified as being a major cause of bioleaching after strip mining activities




2) Nitrifiers – oxidize either ammonia or nitrite; are of interest to farmers because 



   they affect a fertilizer’s effectiveness




3) Hydrogen-oxidizing bacteria – typically inhabit hot springs and are thought to be 


   
   among the first organisms on Earth



B) Aerobic Chemoheterotrophs – largest group



1) Obligate aerobes




a) Bacillus sp. (spore-forming, Gram positive rod) are commonly found in soil






i) B. anthracis causes anthrax




b) Micrococcus sp. (Gram positive cocci) is common on dust and soil particles





c) Mycobacterium sp. (acid-fast positive; usually Gram positive, branched rod) 




    is widespread in nature





i) Most are saprobes (harmless) while others cause disease






(a) M. tuberculosis






(b) M. leprae





d) Pseudomonas sp. (Gram negative rods) is useful for bioremediation and 




   typically inhabits soil and water






i) Some species can cause disease – P. aeruginosa


C) Facultative anaerobes – remember that in spite of the name that these are aerobes 



   that prefer oxygen in their environments; however, they can survive without oxygen



1) Many species of Corynebacterium (Gram positive rods) live harmlessly in the 


   
   throat but one species causes diphtheria (C. diphtheriae)



2) Enterics (Gram negative rods) live in the intestinal tract; may be harmless or 


   
   pathogenic





a) Harmless – Enterobacter and most E. coli




b) Pathogenic – Shigella, Salmonella and some E. coli




3) Some species of Staphylococcus are commonly found on the skin





a) Harmless – S. epidermidis




b) Pathogenic – S. aureus
C. Overview of prokaryotes based on their preferred environment

1. Bacteria that live in terrestrial environments



A) Soil is an ever-changing environment, therefore many species of microbes have 


   adapted mechanisms to cope with adverse conditions.



B) Bacteria that form a resting stage




1) Endospore-formers: Clostridium sp. (Gram positive rod) & Bacillus sp. (Gram 



   positive rod)




2) Cyst formers: Azotobacter




a) play an important role in nitrogen fixation





b) cyst – a resting cell that can resist drying and UV light but not heat




3) Microcyst formers: Myxobacteria form slime molds in the vegetative state then 



  form fruiting bodies when conditions turn for the worse





a) microcyst – dormant cells that can resist heat, drying and radiation; make up 




   the fruiting bodies




4) Conidia formers: Streptomyces




a) responsible for the production of streptomycin, tetracycline, vancomycin, and 




   erythromycin 





b) conidia – cluster of spores that can be dispersed by air currents



C) Bacteria associate with plants




1) Root nodule formers: Rhizobia




a) form symbiotic relationships with legumes (a.k.a. beans; ex: kidney beans, 




   garbanzo beans, soybeans, etc…)





b) responsible for nitrogen fixation


2. Bacteria that live in aquatic environments



A) Bacteria that derive nutrients from other aquatic organisms




1) Vibrio (Gram negative rods) obtain nutrients in a symbiotic 



   relationship with a host (usually aquatic)





a) V. cholerae causes cholera in humans




2) Legionella (Gram negative rods) reside within protozoa





a) L. pneumophila can cause respiratory disease in humans

3. Bacteria that live in/on animals



A) Bacteria that inhabit the skin




1) Staphylococcus sp. may be harmless or cause multiple skin infections


B) Bacteria that inhabit mucus membranes




1) Streptococcus sp. reside in the respiratory tract (oral cavity/pharynx)



2) Clostridium sp. reside in the intestinal tract




3) Haemophilus sp. reside in respiratory tract




4) Neisseria sp. reside in oral cavity and other mucus membranes




5) Treponema sp. reside in the body fluids and oral & genital tracts




6) Borrelia sp. reside in body fluids and multiple mucus membranes




7) Helicobacter sp. reside in the stomach lining



C) Bacteria that are obligate intracellular parasites




1) Rickettsia sp. transmitted by insect vectors





a) members cause typhus and Rocky Mountain Spotted Fever




2) Chlamydia sp. transmitted from person to person particularly by body fluids 



   (STD)


D. Overview of prokaryotes that move by unusual mechanisms



1) Spirochetes (Gram negative spirillum) move via an axial filament




a) axial filament – sets of flagella found at the poles of the bacteria and located 



   within the periplasm




b) cell moves in a corkscrew fashion




c) examples include Treponema sp. which causes syphilis and Borellia sp. 



   which causes Lyme disease 

