Soil and Aquatic environments:
Terrestrial environments
· Two broad groups of soils:
· Mineral soils (predominant)
· Organic soils
· Rhizosphere > narrow region of soil that is directly influenced by root secretions
· Any soil impacted by roots
· Rhizoplane > surface of roots – formation of nodules
· Key processes influencing ecosystem function occur within the soil and on or near plants
· Most extensive microbial growth takes place on the surfaces of soil particles – usually within the rhizosphere

Recall:
· Soil particle or aggregate can have many differing microenvironments which will support several different types of microorganisms
· Eg. Organic matter, mineral, air, water

Factors affecting microbial activity in soil:
· Availability of water
· Air penetration  O2 availability 
· Nutrient status

Soil Horizons:
· O horizon: layer of undecomposed plant materials
· A horizon: surface soil, high in organic matter, high microbial activity
· B horizon: subsoil, lower organic matter and microbial activity
· C horizon: soil base – develops directly from underlying bedrock

Deep soil subsurface:
· Deep soil subsurface can extend several hundred meters below soil surface (biosphere) 
· Prokaryotes are primary inhabitants
· Eg. Anaerobes (sulfate reducers, methanogens, homoacetogens), aerobes, facultative aerobes
· Nutrient access via groundwater flow but typically concentrations are low  low metabolic activity 
· Potential for in situ bioremediation of toxic pollutants

Aquatic environments:
· Includes oceans, estuaries, salt marshes, lakes, ponds, rivers, springs
· Microbial species composition affected by physical and chemical characteristics of the particular environment
· Niches defined by availability of O2 and sunlight

Marine:
· Open ocean has low primary productivity due to limiting inorganic nutrients (N and Fe)
· Low heterotrophic activity
· Primary productivity occurring in open areas usually due to prochlorophytes (eg. Trichodesmium)
· In-shore areas are more nutrient rich resulting in greater productivity 
· Prokaryote numbers generally decrease with depth
· Can get a slight predominance of Archaea in lower waters

Deep sea:
· Three environmental extremes:
· Piezotolerant > able to grow under elevated hydrostatic pressures but growing best at 1atm 
· Piezophile > an organism that grows best under a hydrostatic pressure greater than 1 atm
· Extreme piezophile > an organism requiring several hundred atmospheres of pressure for growth
· Bacteria at depths below 100m are psychrophilic
· Must tolerate pressure increase of 1 atm for 10m depth (5000m  500atm)
· [bookmark: _GoBack]Barotolerant microorganisms survive depths up to 3000m
· Barophilic microorganisms survive depths up to 4000 to 6000m


Hydrothermal Vents:
· Underwater hot spring associated with mid-ocean rifts
· Warm vents: emit hydrothermal fluids at 6 to 23C, flow rates of 0.5-2cm/sec
· Hot vents (black smokers): emit hydrothermal fluids at 270-380C, flow rates of 1-2 m/sec
· Habitat for Hyperthermophilic bacteria living in gradient where hot water blends with cold water
· Eg. Methanopyrus
· Hydrothermal fluid contains large amounts of reduced inorganic material (H2S, Mn2+, H2 and CO)
· Biological communities in these ecosystems are dependent on chemolithotrophic activity 
· Eg. Sulfur oxidizers (Thiobacillus, Thiotrix, Beggiatoa); Fe2+, Mn2+, CH4 and CO oxidizing microorganisms
· Tube worms have trophosomes containing S-oxidizing microorganism
· Represent upper limits of microbial life
· Pyrolobus fumarii – maximum growth temperature of 113C
· *Condition and who’s doing work > relative to every environment
· Who you’ll find in a functional viewpoint

Freshwater:
· Photosynthetic production of O2 in surface layers
· Zone degradation > O2 penetration and light
· Upper layers > photosynthetic prokaryotes (where O2 and light go through)
· Oligotrophic > deep lake (Lake Superior)
· Eutrophic > shallow lake (Lake Erie)
· Due to low water solubility O2 rapidly depleted with depth: consumed by heterotrophs
· Heterotrophs will take up the O2 fairly quickly
· Reoxygenation in lakes and rivers depends on degree of mixing
· Freshwater lakes can experience turn over (mixing with other lakes)

Zones of lakes:
· Limnetic zone > light penetration, surface of open water away from the shore 
· Photosynthetic algae, cyanobacteria
· Pseudomonads, Caulobacter, hyphomicrobium (depending how much O2 is)
· Littoral zone (goes to soil basin/bottom) > light penetration that can reach plants as well
· Cytophaga
· Profundal zone > in between zone, decrease in O2 
· Purple and green sulfur bacteria 
· Benthic zone (bottom) > much less O2 if any, contains sediment at bottom
· Desulfovibrio, methane bacteria, clostridium (methanogens) 
· Disruption of a water body the bottom material can get tossed up and it’s not healthy
· Can get clostridium poisoning

Lake turnover:
· Tied to temperature profile
· Thermocline > when surface temperature is different from the lower temperature 
· O2 gradient will typically follow the temperature gradient
· As it gets deeper the less O2 there will be
· When surface temperature matches the deeper temperature (during cooler weather) > cause a breakdown of thermocline
· Colder water is heavier than warm water > which causes it to drop and cause the lake turnover
· Turnover can help bringing O2 into the lower regions > reoxygenation

Freshwater:
· BOD = biochemical oxygen demand
· A measure of the amount of organic matter in water that can be oxidized by microorganisms
· Measure of dissolved oxygen in water after incubation for 5 days at 20C (bottle test)
· Measure heterotrophic consumption > looking for oxygen 
· Breakdown of carbon is an oxygen consuming process
· If the water shows particle matter > organic matter (dirtier the water the more O2)
· If water is highly organic it will quickly lose its O2 content because the organisms will consume it 
· Higher organic load more demand of O2 > more organisms = BOD is high and O2 drops because so many organisms consume it 
· Which isn’t good for the aquatic life that require that O2
· The O2 levels will begin due to the photosynthetic bacteria that produce O2

Microbial ecology of wetlands:
· Shallow aquatic environments dominated by emergent plants
· **Saturated environments > waterlogged > anoxic > not a lot of free O2 > lots of anoxic metabolism**
· Wetlands are defined by the type of plant associated with it 
· Freshwater marshes: dominated by grassy plants
· Phragmites (cat tails), Typha, Juncus
· Fens: mineral-rich, neutral to alkaline pH, dominated by sedges
· Carex
· Shrub-carrs: covered by willow thickets, dogwoods, birches
· Medium level plant > little woody
· Swamps: full-height coniferous or hardwood trees
· Less light penetration > not a lot of bottom plant growth
· Bogs: develop in cool, wet climates, dominated by Sphagnum moss
· Microbial community profiles not well understood but varies with conditions and climate
· Support growth of the heterotrophic aerobes and anaerobes where anoxic conditions prevail
· Typically, better studied in association with treatment wetlands
· Treatment wetlands > constructed wetlands, manmade 

Important notes:
· Microorganisms are extremely diverse
· Microorganisms can live almost anywhere
· Microorganisms are found in soil and water in extensive number
· Microbial activity is dependent on many physical, chemical and biological factors
· The environment is made up of numerous microhabitats that can change with activity
· Microorganisms control ecosystem nutrient cycling
Biodegradation
· The breakdown of a complex chemical through biological processes that can result in:
· Minor loss of functional groups
· Fragmentation into large constituents
· Complete breakdown to CO2 and mineral 
· Complete mineralization isn’t always best

Principle of microbial infallibility:
· “The empirical observation that no natural organic compound is totally resistant to biodegradation provided that environmental conditions are favourable” (Alexander, 1965)
· If synthetic compound mimics a natural compound > can still be broken down because it can still be broken down like a natural one
· If there is no naturally occurring thing like the synthetic there will be no bacteria that will recognize it and not breakdown
· Synthetic compounds need to be made so that there is a similar natural compound SO bacteria are able to breakdown the compounds

Factors in decomposition of organic substrates:
· Elemental composition
· Structure of basic repeating units
· Linkages between units > what are they like 
· Environmental conditions
· Nutrients present in the environment 
· Abiotic conditions
· Microbial community present > who’s around to do the work
· If some things won’t degrade > because there are no organisms there due to not being able to survive and thrive in that environment 
· Bioavailability has a lot to do with these factors

· Bioremediation > the use of biologically mediated processes to remove or degrade pollutants from specific environments 
· Can include modification of the environment to accelerate biological processes with or without the addition of specific microorganisms
· Environmental safer, less costly and time consuming to use biological sources to degrade (rather than using harsh chemicals)
· Determine what kind of bacteria are there > aerobes or anaerobes
· If in a saturated soil (anoxic conditions) have to introduce air into the soil to be able to quick start the degradation 
· Phytoremediation > specifically plants, constructed wetlands 

Hydrocarbon decomposition:
· Hydrocarbons > organic compounds containing C and H, highly insoluble in water
· Hydrocarbon degraders are ubiquitous (find them all around) in the environment (eg. bacteria, moulds, yeasts, some cyanobacteria and green algae) 
· Eg. Nocardia, Pseudomonas, Mycobacterium 
· Recall: methanotrophs (methane = simplest hydrocarbon)
· **Microbial decomposition of most hydrocarbon is aerobic
· Not always true > most degradation takes place in the presence of oxygen
· In general: length of carbon chain makes a difference 
· C10-C24: most rapidly degraded
· Hangs around long enough to be attacked
· < C9: toxic to microorganisms or volatile
· Very mobile and hard to attack 
· > C24: branching decreases biodegradation
· Harder to attack on the structure 

Aliphatic hydrocarbons:
· C atoms are joined in open chains
· Variation in chain length, degree of branching and number of double bonds (unsaturated)
· If the double bond is attacked it will free energy 
· Aerobic biotransformation’s
· Very little to no anaerobic degradation of saturated aliphatic hydrocarbons
· Some anaerobic decomposition of unsaturated aliphatics
· **Microorganisms may have genetic capability, but environmental factors may be limiting
· Eg. Oil spill > hydrocarbon-oxidizing bacteria increase 103-106 shortly after spill
· Depends where the spill has landed
· If in the oceans > oil will eventually sink if not taken care of right away
· If on land > because oxygen is present it will take away ~80% of it

Aromatic hydrocarbons:
· Contains aromatic ring
· May be monoaromatic or polycyclic

Aerobic:
· Oxygenase’s involved in aerobic transformation
· Initial transformation leads to catechol or protocatechuate
· Degradation to compounds that can enter central metabolic cycles (eg. Citric acid cycle)
· Want succinate and pyruvate 
· *Mixed consortia > want to use this in biodegradation 


Anaerobic:
· Often co-metabolic > mixed consortia, more than one organism needed
· Reductive ring cleavage (ring reduction followed by ring cleavage) to produce straight chain compound
· If ring structure isn’t broken won’t be able to get at it 
· Microbial consortia involved

Biodegradation of xenobiotics:
· Xenobiotics > Chemically synthesized compounds that are not naturally occurring
· Eg. Pesticides, polychlorinated biphenyls (PCBs), dyes, chlorinated solvents
· Natural degradation is very slow, if at all
· Can be found in landfills
· *Enzymes need to be in existence 

Xenobiotic degradation:
· Multi-stage process
· Microbial consortia involved
· Influence by environmental factors (temp, pH, aeration, organic matter content)

Pesticides:
· Some of most widely distributed xenobiotics (herbicides, insectaries, fungicides)
· Microbial degradation varies depending on factors such as bioavailability
· Abiotic losses may result from: leaching, volatilization, or spontaneous chemical breakdown
· A lot of these things only degrade through co-metabolic processes
· Can be more than one starting compound within the environment:
· Eg. Propane (starting compound)  Mycobacterium vaccae (do the work)  (converted to) energy + CO2 + H2O
· Cyclohexane  transforms  cyclohexanone  cyclohexanol  Pseudomonas  energy + CO2 + H2O
· Mycobacterium vaccae > transforms Cyclohexane into cyclohexanone (change in the environment) and then allows pseudomonas can utilize 
· Known as gratuitous transformation 
· Co-metabolism ^^
· May be attacked only if some other organic material is present as a primary energy source (co-metabolism)
· In the event of partial breakdown, end-products may be more toxic than original 

· The ‘meta effect’ > occupy of the meta position that makes a difference, increase the time it takes to degrade > more difficult for the organisms to attack

· Co-metabolism > metabolic transformation of a substance while a second substance serves as the primary energy or carbon source
· Eg. Co-metabolism of cyclohexane by Mycobacterium vaccae in the presence of propane

Reductive dichlorination:
· Degradation of chlorinated pesticides in anoxic environments (eg. Desulfomonile)
· Can also get aerobic dichlorination of chlorinated organic compounds
· Eg. Aerobic dichlorination of 2, 4, 5 – T by pseudomonas

Plastics:
· Example of solid waste material
· Xenobiotic polymers of polyethylene, polypropylene, polystyrene that accumulate in landfills
· Biodegradation alternatives: photodegradable polymers, starch-linked polymers, microbially-synthesized plastics (based on microbial storage polymers such as poly-B-hydroxyalkanoates – PHAs) 
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