Anoxygenic PHOTOSYNTHETIC PROKARYOTES

1. Review evolution and phylogeny of non-oxygenic photosynthetic prokaryotes 

1. origins of cells 

2. origins of photosynthesis 

3. diversity of organisms 

1. Halobacteriaceae (Halobacterium) 

1. halophilic archaebacterium 

1. significantly different ribosomal RNA 

2. cell walls without peptidoglycan 

3. frequently with branched hydrocarbons in the cell membrane 

2. stores light energy using bacteriorhodopsin in special purple membranes 

1. absorption peak at 568 

2. similar molecules used to pump chloride ions 

3. possibly fixes carbon dioxide via the reductive acetyl-CoA pathway; some reports suggest RuBP carboxylase is present 

1. one molecule of CO2 is reduced to form an enzyme-bound carbonyl 

2. a second CO2 is reduced to form a tetrahydropterin-bound methyl group 

3. the carbonyl and the methyl are then condensed to form acetyl-CoA by the enzyme carbon monoxide dehydrogenase/acetyl-CoA synthetase 

4. the acetyl is carboxylated to form pyruvate 

2. bacteriochlorophyll-using bacteria (all are eubacteria) 

1. use photosystem I to produce ATP; variety of bacteriochlorophylls (at least 6) 

1. bacteriochlorophylls very similar in structure to chlorophyll a 

2. absorption peaks at 800 and 870 nm, instead of 680 nm 

3. two light harvesting 

4. pigments in patches of cell membrane, in cytoplasmic tubes, vesicles, etc., derived from cell membrane or in chlorosomes (phospholipid monolayers associated with cell membrane) 

5. electron transport chain uses cytochrome bc1, also found in respiratory chains 

2. NADPH produced through either the oxidation of hydrogen or through reversed electron transport 

1. hydrogen oxidation requires the enzyme hyrogenase 

2. reverse electron transport requires an electron donor (hydrogen sulfide, hydrogen thiosulfate, some organics, Fe+2 ions) and energy in the form of a charged membrane 

3. most can fix nitrogen 

4. can be divided into 7 subgroups 

1. Rhodospirillaceae (purple non-sulfur bacteria; alphaproteobacteria and betaproteobacteria) 

1. photoheterotrophs 

2. hydrogen sulfide is toxic, but can tolerate oxygen 

2. Heliobacteriaceae (Heliobacillus and Heliobacterium) 

1. similar to purple non-sulfur but strictly photoheterotrophs; different chlorophyll; no internal membranes 

3. Chromatiaceae (purple sulfur bacteria, gammaproteobacteria) 

1. true photoautotrophs 

2. produce sulfur droplets internal during NADPH formation 

3. a subgroup produces external droplets 

4. Chlorobiaceae (green sulfur bacteria) 

1. true photoautotrophs 

1. bacteriochlorophyll chlorosomes 

2. fix carbon via the reductive (reverse) TCA cycle 

2. deposit sulfur externally under some conditions 

3. acidophilic and anaerobic 

5. Chloroflexaceae - filamentous green bacteria 

1. flexible walls and gliding motility 

2. Chloroflexus fixes CO2 by unique pathway 

1. acetyl-CoA is carboxylated, then reduced to form proprionyl-CoA 

2. proprionyl-CoA is carboxylated to form methyl-malonyl CoA from which malate or oxaloacetate can be formed 

6. Erythrobacter (alphaproteobacteria) 

1. aerobic, chemotrophic, mostly respiratory 

2. does contain bacteriochlorophyll , etc.; production stimulated by oxygen 

