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Name_______________________

1. (15 points)  Microbial photosynthesis is an important source for the formation of complex organic molecules.  Describe how light energy is used to form complex organic molecules.  
2. (15 points)  What is Rubisco, what process is it a critical part of, and why is the fact that it serves to both carboxylate and oxidize 1,5 biphosphate ribulose seemingly unique and odd?
3. (20 points)  Sulfur cycling on earth is affected by a range of processes, natural and anthropogenic, abiotic and biotic.  Develop an example sulfur cycle that includes the oxidized and reduced endmembers sulfate and sulfide along with key intermediates.  Describe at least 5 different reactions catalyzed by microbes in this description and draw in where you might ‘see’ those microbes in the diagram below.
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4. (15 points) Acid Mine Drainage involves the oxidation of both iron and sulfur (as Pyrite, FeS2, is the main electron donor) – describe 2 key examples of iron and sulfur metabolisms active in AMD and write out the reactions, in sequence, for the sulfur oxidation and reduction reactons occurring in PODS as described by Norlund et al., 2009.
5. (10 points) The reduction of oxygen to water is a 4 electron process, but redox reactions only occur one electron at a time.  Why does this make the reduction of oxygen for energy potentially dangerous for organisms?
6. (15 points).  Cyanobacteria are capable of forming O2 and NO3-.  Describe how cyanobacteria are able to do this, why one process interferes with the other, and how these organisms adapt to deal with this interference.
7. (25 points).  Nitrogen cycling is a critical part of how nutrients are made available in addition to being a metabolic source of energy for certain organisms.  Using the nitrogen forms listed below, construct a diagram describing N-cycling.  Also, below are 4 types of nitrogen-cycling reactions, describe (2-3 sentences) these 4 reactions:

N2(g), NO2-, NO, NH3, N2O, NO3-
a. Nitrogen fixation

b. De-nitrification

c. Ammonification

d. Annamox

8. (10 points) Describe 3 ways in which iron reducing microorganisms can ‘breathe’ ferric oxyhydroxides minerals that are thousands of times larger than these organisms.

9. (15 points) The following profile describes concentrations of several chemical species with depth in a lake sediment.  Describe how the redox ‘front’ (aerobic/anaeorobic interface) moves in time, as the weather and seasons change.   
10. (15 points) Sketch a similar profile that would include the chemical information indicating the following microbial metabolisms (include the relative changes in concentration of O2, NO3-, NH4+, Fe2+, SO42-, CH4 and indicate where with depth these organisms would thrive):  Aerobic heterotrophy, annamox, iron reduction, sulfate reduction, methanotrophy, methanogenesis
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11. (15 points) Imagine that you are a consultant posed with the task of designing a remediation strategy for a subsurface plume of tetrachloroethylene (TCE).  How would you determine if it would be better to inoculate the contaminated area with specific cultures of microbes or to stimulate the area with the addition of something else (for example a nutrient).  Describe this as you would describe the factors involved with these options for your client and any tests you would do to figure out the problem.
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