Chapter.13 Bacteria and Archaea

Bacteria and the Oxygen Revolution
· Bacteria and Archaea (prokaryotes): only livings beings b/w 3,500 Myr and 2,200 Myr
· Stromatolites: fossilized bacterial mats
· First organisms:
· First bacteria were probably anaerobic (H2S) heterotrophs 
· Cyanobacteria: first organisms to use oxygen from H2O to fix CO2 and synthesize organic compounds
· By-product of photosynthesis is O2 (beginning of the oxygen revolution)
· Oxygen revolution:
· At first, oxygen formed a precipitate w/ iron: iron oxide
· Afterwards (in a few Myr):
· Depletion of iron in solution
· Saturation of O in water
· Emission of O in atmosphere (started about 2,700 Myr ago)
· O goes from 1% to 21% of atmospheric gases
· Life revolution on Earth (b/c of oxidation)
· Mass extinction of anaerobic prokaryotes
· 3 Domains:
· Bacteria
· Archaea
· Eukaryotes

Prokaryote Form and Function
· Unicellular
· Microscopic (usually 1um to 5um)
· Essential to life
· Abundant and everywhere
· Several pathogenic forms
· 7300 current species
· Group w/ greatest diversity of adaptations to environment
· Microbiome: bacterial flora in and on humans:
· 100 trillions bacteria in and on humans
· 500-1000 species 
· Parasitism, commensalism and mutualism
· Important role in human physiology and health
· Ruptured E.Coli showing
· Cell’s large, circular chromosome
· 3 of cell’s plasmids, much smaller rings of DNA
· Specialized membranes of prokaryotes
· Infoldings of plasma membrane (respiration)
· Thylakoid membranes (photosynthesis)
A. Spherical: coccus, diplococci, streptococci, staphylococci
B. Rod: Bacillus/ Streptobacillus
C. Spirals: spiriles and spirochaetes
· Haloquadratum Walsbyi
· Archaea 4 um
· Lives in salty water
· 50% of prokaryotes are mobile
· Speed: 50 times their body length/ second
· Capable of taxis
· Basal body is engine of flagellum
· Peptidoglycan: absent in Archaea and Eukaryotes
· Some bacteria have fimbriae
· Capsule shows structure which enable the bacteria substrate attachment
· Helicobacter pylori
· Gram negative- spiral
· Secretes urease enzymes (exotoxin)
· Molecular model of enzyme urease of H.pylori
· Discover of the causes of gastric ulcers:
· Barry James Marshall (physician)(born in 1951)
· J. Robin Warren (pathologist)(born in 1937)
· 1974: observation that a bacteria Helicobacter pylori is often found near stomach ulcers
· Marshall decide to apply Koch postulates to identify scientifically the pathogen agent
· Postulate 1. (Association) The microorganism must be found in abundance in all organisms suffering from the disease, but shouldn’t be found in healthy organisms
· In 1983, Marshall had complied data from many patients showing the continuous presence of Helicobacter pylori around ulcers or inflamed stomachs
· Postulate 2: (Isolation) The microorganism must be isolated from a diseased organism and grown in pure culture in the lab
· In 1982, he isolates bacteria after several unsuccessful attempts, he succeeds (by accident) to grow a colony in the lab
· In 1984, preliminary results are presented at a conference: skepticism
· Postulate 3: (Inoculate) The cultured microorganism should cause the disease when introduced into a healthy organism
· No lab animals (rat or guinea pig) were successfully infected by bacteria
· June 12th, 1984: Marshall and a volunteer drink a solution of Helicobacter pylori
· Result: inflamed stomach in less than a week
· Most parsimonious hypothesis is that the disease was caused by the ingested solution
· Postulate 4: Microorganism must be re-isolated from the inoculated experimental host and identified as being identical to the original specific causative agent
· Bacteria were recovered from the stomach of the scientist and the volunteer
· Bacteria were grown into a pure colony in the lab
· A simple antibiotic cured the disease
· Results published in 1985
· Conclusion: in early 1990, 3 independent studies done on hundreds of patients corroborated the fact tht prescribing an antibiotic can cure most inflamed stomach or stomach ulcers

Adaptations
· Autotroph: 
· Photoautotroph
· Energy: light
· Carbon: CO2
· Photosynthetic prokaryote (cyanobacteria)
· Chemoautotroph
· Energy: comes from inorganic chemicals (sulfur hydrogen (H2S); ammonia (NH3) and ferrous ions (Fe2+)
· Carbon: CO2
· Some archaea (sulfolobus spp)
· Heterotroph
· Photoheterotroph
· Energy: light;
· Carbon: organic compounds
· Certain prokaryotes (Chloroflexus; Rhodobacter)
· Chemoheterotroph
· Energy: organic compounds
· Carbon: organic compounds
· -+++ prokaryotes (E.g. Clostridium)
· Bacillus anthracis
· w/ endospore (copy surrounded the chromosome a resistant wall)
· Clostridium botulinum (responsible for Botulism and the action of botox)
· Metabolism and dioxygen
· Prokaryote organisms:
· Obligate aerobes
· Facultative anaerobes (O2 + fermentation in an anaerobic environment)
· Obligate anaerobes (survive through fermentation)
· Archaea
·  Extremophiles
· Extreme thermophiles (Sulfolobus): resistant to extreme temperatures
· Extreme halophiles (live in very saline environments)
· Methanogens (anaerobic that produces methane: marsh gases)
· Decomposers and transformers
· Bioluminescence
· Bioluminescent bacteria
· An example of mutualism
· Pathogenic bacteria transmitted by other species (Lyme’s disease)
· Toxicity: 
· Exotoxin: protein secreted by bacteria (e.g. strain O157:h7 of E.coli)
· Endotoxin: toxin accumulated in cell walls and released when bacteria dies

Reproduction and Genetic Transfer
· Fission: doubling of cell size and is divided into two
· Generation time: 2-3 hours
· Transformation: absorption of an environmental DNA molecule
· Transduction: transfer of a DNA segment from one bacterium to another through a virus 
· Conjugation
· Plasmid: small circular DNA molecule tht carries accessory genes separate from those of the bacteria chromosome


