GEOL 295 – Geomicrobiology
Mid-term Exam (Take-home)

Fall 2011
1.  (40 points) On a separate clean sheet of paper, draw a representation of a gram-positive microbe (hint, an oval is fine) and include drawings of critical parts that illustrate their chemical makeup. Include the membrane, nucleic acids, ribosomes, cell wall.
2.  (5 points each) Describe the following terms in several sentences:

Obligate Anaerobe

Facultative Aerobe

Chemolithoautotroph

Codon

Oligonucletide

Community Proteogenomics

3.  (20 points) Construct a flow chart depicting the detailed steps from taking information in DNA to constructing a functional protein.

4. (25 points) Metabolic function occurs at the membrane, describe the composition of the membrane (including key functionalities that exist on/in the membrane) and include a description showing how some molecules can freely diffuse while others have to be brought in and/or out either directly or indirectly.

5. (20 points) PCR (Polymerase Chain Reaction) is a technique that can amplify small samples of genetic material for easier analysis.   Describe 2 different questions or problems that you could address simply from the educated use of different primers when working with an environmental sample and what information the tests may provide.
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6.  (20 points) Below are the pieces of nucleic acid, build a nucleic acid and show how they link together, label which bond is 3’ and which 5’ ( why are primers always labeled in a particular direction (3’-5’ or 5’-3’)?


7. (20 points) Now draw all 4 DNA-nucleic acids as pairs attached to each other via H-bonding.
8. (20 points) Describe why Restriction Fragment Length Polymorphism (RFLP) works as a ‘fingerprint’ analysis.  If you had an environmental sample with a specific fingerprint, how could you determine if specific parts of that fingerprint were due to a specific organism?

9. (12 points) For the given electron tower, which enzymes (cytochrome c or ubiquinone) could be responsible for the following metabolic couplings?

CO2 / Glucose



-0.43

SO42- / H2S



-0.22

Cytochrome box / Cytochrome bred
+0.035
Fe3+ / Fe2+



+0.2
Ubiquinoneox / Ubiquinonered

+0.31

NO3- / NO2-



+0.42

Enzyme potentially involved in e- transport

NO3- + Fe2+ ( NO2- + Fe3+


NO3- + Glucose ( NO2- + CO2
Fe3+ + Glucose ( Fe2+  + CO2
SO42- + Glucose ( H2S + CO2
10.  (30 points) At Iron Mountain, we have looked at a number of studies focused on the genetic makeup of the community there.  Why is Iron Mountain an interesting place to investigate the microbes in the environment?  Discuss this in the context of how major techniques (metagenomic, proteomic, community genomic, FISH, 16S rDNA analyses) have provided different sorts of information about organisms, their function, and how they interact with their surroundings.

11. (20 points) Of the major molecules making up organisms, lipids are most useful for investigating early earth microbes.  Describe the idea of lipid presence as a biomarker and discuss the limitations towards applying it to ancient rocks.

12.  (20 points) Microbial metabolisms are based on thermodynamics and kinetics.  Imagine you are an organism hanging out in Lake Champlain sediment – how does thermodynamics control what you might eat and breathe and what would controls the rate of how much you could metabolize in a given amount of time?

13.  (20 points) Biofilms are complex communities of organisms, and the microbe Shewanella oneidensis can create biofilms on graphite electrodes in lake sediments.  Describe ways  to investigate if the nanowires observed to be created by ‘shewy’ are involved with metabolism. 

14. EXTRA credit (up to 20 points): Describe any tests you can think of that are not represented in the Gorby et al., 2006 paper!

