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Microbial Metabolism: Photosynthesis, Autotrophic Growth, and Nitrogen Fixation
2. 
All three types of photosynthesis are dependent on the possession of chlorophyll-containing reaction centers and associated electron transport components. All three can support photoautotrophic growth, involving both cyclic and non-cyclic photophosphorylation.



Type I and type II photosynthesis are anoxygenic, because they use electron donors other than water for photoautotrophic growth (typically reduced sulfur compounds). Most of these phototrophs are also anaerobes, at least when growing phototrophically.



Type I/II photosynthesis uses water as electron donor for photoautotrophic growth, and is thus oxygenic, and aerobic.



Type I photosynthesis uses type I photosystems, which reduce ferredoxin; type II photosynthesis uses type II photosystems, which reduce quinones; and type I/II photosynthesis uses both types of photosystem for noncyclic photophosphorylation, and type I photosystems for cyclic photophosphorylation.

4. 

	Group
	Type of photosynthesis
	Antenna Pigment Structures
	Electron Donors
	Pathway of C02 fixation

	Green Sulfur Bacteria
	I
	chlorosomes
	H2S
	reverse TCA cycle

	Green Non-Sulfur Bacteria
	II
	chlorosomes
	H2S
	hydroxypropionate cycle

	Purple Sulfur Bacteria
	II
	membrane proteins
	H2S
	Calvin cycle


	Purple Non-Sulfur Bacteria
	II
	membrane proteins
	H2S
	Calvin cycle

	Cyanobacteria
	I/II
	phycobilisomes
	H2O
	Calvin cycle

	Heliobacteria
	I
	membrane proteins
	—*
	—*


*The heliobacteria are incapable of autotrophic growth.
6. 
The Calvin-Benson cycle requires two NADPH and 3 ATP per CO2 fixed. So we have to oxidize two waters for the four electrons to reduce the two NADPH. Each electron has to be excited in PS II and then in PS I, so it requires two photons per electron, or a total of eight photons for noncyclic photophosphorylation. The process also releases four protons into the thylakoid space, and four protons are consumed in the cytoplasm by CO2 fixation. Another four protons are transported into the thylakoid space by the cytochrome complex, for a total of eight protons per two NADPH. This is not quite enough to meet the ATP needs—nine photons are required, so we need to pump an additional proton. Each round of cyclic photophosphorylation requires two photons and pumps two protons. Since we need only one proton, we need only half a round of cyclic photophosophorylation, or one additional photon. A total of nine photons are thus required. (Of course, we can't actually do half a round of cyclic photophosphorylation, but this is the average.)

8. 
Bacteriorhodopsin is a light-driven proton pump whose light-absorbing prosthetic group is a molecule of retinal, rather than chlorophyll. It pumps protons directly as the retinal absorbs light and changes conformation, so unlike reaction centers it is not associated with an electron transport system. It is found in halophilic archaea, in which it serves as a temporary means of ATP formation under anaerobic conditions for these otherwise obligately aerobic procaryotes. It is also found widely in marine bacteria, where it is thought to support photoheterotrophic growth in the low-nutrient conditions of the open oceans.

