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Biology 331
Ph hi P kPhototrophic Prokaryotes

Nonsulfur a misnomer - really, low sulfur.

Big Picture – Photosystems (PS)
Light/pigment splits H2X, e- to ETC - energy
Oxygenic: PSII splits H2O into H+ and O2, PSI
Anoxygenic: PSI splits H2S to H+ and S

Oxygenic - Primary & Accessory Pigments
Plants & Prochloro - green Chl a & b, carotenes
Cyanobacteria - green Chl a & blue phycobilins
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Anoxygenic - Primary & Accessory Pigments
All use Bacteriochlorophylls and carotenes
Purple/Bchl a;  Green/Bchl c;  Helio/Bchl g 

Different Membranes House Pigments
Cyanobacteria - cytoplasmic lamellae
Prochlorophytes - cytoplasmic thylakoid
Purple - cytoplasmic lamellae
Green - cytoplasmic chlorosomes
Heliobacteria - none, on cell membrane only
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Diversity/Ecology - Anoxygenic Bacteria

Purple Sulfur, Nonsulfur - Proteobacteria
Motile unicellular - anoxic lake zones
Thiospirillum - sulfur, ONLY metabolic option
Rhodospirillum - nonsulfur, night job option…
aerobic chemotrophy, move to oxic zones

Green Sulfur - Chlorobium
Deep lake sediments - lowest light, highest H2S
Nonmotile unicellular - no night job option

Green Nonsulfur - Chloroflexus
Anoxic hot spring mat layers 
Gliding filaments - aerobic chemotrophy at night
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Heliobacteria - Heliobacterium
Motile unicellular, form spores - anoxic sediment
Night job fermentation, like Gram (+) relatives

Diversity/Ecology - Oxygenic Bacteria

Cyanobacteria/Prochlorophytes
Most shapes, gas vesicles or gliding motility
Most widespread - hot springs polar desertMost widespread hot springs, polar, desert…
Many - geosmins, bloom-associated toxins
Anabaena:  freshwater filaments, heterocysts
Prochloron:  marine unicellular, chloroplast-like

Archaeal Photosynthesis

Light-Dependent ATP Synthesis
Purple bacteriorhodopsin (Brho), cell membrane
Light - Brho moves H+ out, PMF/ATPase
Halobacterium = extreme halophile (>5M salt)
Evaporation ponds, salted foods
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Photosynthesis and Evolution

Microbiology Landmarks in Earth History
Geochemical dating - earth = 4.6 BYA
Earliest Stromatolites - 3.6 BYA
F ll d i 1 2 BYAFully oxygenated environment – 1-2 BYA

Stromatolites = fossilized mats - communities 
formed by filamentous phototrophic bacteria.
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Conditions When Life Began
NO O2/ozone, high UV/mutation rate, 100°C 
Inorganics - CH4, CO2, N2, NH3, H2, H2S
Metabolism SIMPLE (uptake, PMF, ATPase)
Anaerobic chemolithotroph or phototroph

Heat = infrared (900+ nm), some Bchl absorb… 
were early phototrophs thermo-trophic?


