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Part A (Over Lecture 1 An Introduction to Environmental Microbiology):
You will be given an in-class exam on 2/26 covering material form this lecture.  Please see learning objectives developed by you and Dr. Furlong (linked to course page). 25% of midterm
Part B (Over Lecture 2:  Environmental Microbiology Methods)

Choose one of the essay questions listed on the next page. Write your essay and turn it in on 2/26 (by 5:00 p.m.).  You can come to Dr. Furlong for assistance (run ideas by her, ask questions, etc.). 25% of midterm
Part C (Over Lecture 3:  Metabolic Diversity)

Answer all the take-home exam questions on page 3 of this packet.  You are expected to work along on these (you are on your honor).  25% of midterm
Part D (Over Lectures 4, 5 and/or 6):

You will be given an in-class exam on 2/26 covering material from these lectures (if we get to all of these lectures).  Please see learning objectives linked to course page.  25% of midterm.  

Part B:  Chapter 18 Exam Questions (Essay)

Choose one essay and turn your essay in on the midterm exam day.

When describing limitations you may get some of it from the lecture material and the book, but in some cases you will certainly need to go beyond the book and lecture material and search for this information elsewhere (on the web for example).

This is a 25 point essay question so you should treat like such.  When in double more detail is better than less detail, but a dissertation is not what I want either.  I am looking for like a page here and a maximum of two pages.  

1. You are interested in quantifying the number of ammonia oxidizers attached to your live rock in your aquarium.  What technique/techniques would you use to do this?  Describe your research approach.  Explain the limitations and problems that you can encounter with your research approach.  

2. You are interested in describing the entire community of cyanobacteria found colonizing desert rocks.  What technique/techniques would you use to do this?  Describe your research approach.  Explain the limitations and problems that you can encounter with your research approach.  

3. You are interested in describing a community of prokaryotes found in the sludge at a wastewater treatment facility.  You invented a novel culture technique to isolate these community members.  Describe the experiments you would have to do to determine the percentage of bacteria you were able to culture from the whole community.  Explain the limitations and problems that you can encounter with your research approach.  

4. You engineered a new gene that can convert PCBs to less toxic compounds.  You have already done an initial study and found that your superfund site contains many organisms that actually have this gene, however you don’t know how often this gene is actually expressed by these organisms in the natural ecosystem (in situ).  Design an experiment to quantify expression of this gene in a given sample in this natural environment.  Explain the limitations and problems that you can encounter with your research approach.  

5. You are attempting to remove some H2S contamination from the environment using microorganisms.  You need to compare the rate of conversion of H2S to S (or other oxidized sulfur compounds) in two different environments that contain 2 distinct communities of bacteria (lets call them community A and community B) to determine which site will be cleaned up more quickly.  Design and experiment to do this and explain any limitations or problems you will face.  (hint:  you might need to do a little research to determine how you will measure/collect the compounds in question here—are they gaseous or solid?).  

Careful considerations:

· If a control is necessary for the experiment, remember to describe the control.  

· If you plan to use more than one method to measure the same thing, then explain why you chose both and how the data might differ between the two techniques.  Additionally, you should remember to describe the limitations/problems with all techniques used.  

Part C of Midterm

You may need an electron tower to help with some of the questions in this part of the exam.  There is one tower found on page 114 of textbook (figure 5.9).  Another one can be found on page 558 (figure 17.35) and a third can be found in Appendix 1 of your book (Table A1.2).

1. Your first assignment is to provide information to the firm BigMoney Inc, a chemical producer in Kansas interested in using microbes to clean toxic spills (bioremediation). BigMoney Inc. has had a major spill of inorganic H2S that contaminated the soil around their plant. Scientists at BigMoney have developed mechanisms for removing sulfur (S) from soil but have not found one for H2S. They want to know if there are any types of bacteria that could metabolize H2S to give rise to elemental sulfur?

H2S (S 

a) Is this an oxidation or reduction? 

b) Is H2S acting as an electron acceptor or donor?

c) Name one genus of bacteria that can convert H2S to elemental sulfur.  

d) Which pathway is/are used in most environments to convert the sulfide to elemental sulfur?

a. Anaerobic chemolithotrophy

b. Aerobic chemolithotrophy

c. Fermentation

d. Aerobic organotrophy

e. Anaerobic organotrophy.

If you chose more than one answer above, then explain which one is used most often and give an explanation why.

2. Chemolithotrophy questions:

a. Which electron donor has the most potential energy: H2, NH4+, H2S, or Fe+2 when oxygen is the terminal electron acceptor? 

b. Name the organism that has been the model for studying this variety of lithotrophic metabolism

c. Many bacteria that can grow using H2 as an energy source use O2, NO3-1, or SO4-2 as an electron acceptor. Yet bacteria that use NH4+, H2S, or Fe+2 as an energy source use O2 almost exclusively as a terminal electron acceptor. Can you explain this phenomenon? (hint:  look at an electron tower).  

d. Below are the components used by iron oxidizers to make energy from oxygen and iron. 

	Cytochrome a  
	+0.80 

	Cytochrome c 
	+0.79 

	Fe 3+/ Fe 2+ 
	+0.77 

	O2/ H2O 
	+0.82 

	Rustocyanin 
	+0.78 


i) Draw a membrane and put them (above compounds and electron carriers) in the correct order in the membrane below and show electron and proton flow across the membrane.  

ii) Why do you think that wherever iron oxidizers grow there are HUGE amounts of oxidized iron (Fe+3)? 

iii) Most iron oxidizers are also

a. Halophiles

b. Thermophiles

c. Acidophiles

d. Alkaliphiles

e. Heterotrophs

3. Photosnthesis

a. How does electron flow differ in oxygenic and anoxygenic photosynthesis?

b. What parts of the oxygenic photosynthetic system are similar to the anoxygenic photosynthetic system? 

c. One way in which microbial ecologists study the producer community is natural ecosystems is by collecting photosynthetic pigments on membranes, extracting the chlorophyll/bacteriochlorophyll and accessory pigments and using a spectrophotometer to measure the absorption of these pigments at various wavelengths.  This was done from water samples taken from Swan Lake.  Answer the following questions.

i. Which of the following would you expect to find fairly abundant in the aerobic portions of the lake water? (circle all that apply)

a. Phycobiliproteins

b. Bacteriochlorophyl a

c. Chlorophyll a

d. Lycopene (an aliphatic carotenoid)

ii. If you found a lot of chlorobactene (an aryl carotenoid), which organism would you expect to be abundant in that sample?

d. The growth rate of the phototrophic purple bacterium Rhodobacter is about twice as fast when the organism is grown phototrophically in a medium containing malate as a carbon and energy source as when it is grown with CO2 as a carbon source(with H2 as an electron donor).  Discuss the reason why this is true and list the nutritional class we would place Rhodobacter in when growing under each of the two conditions.

4. Compare and contrast homoacetogens with methanogens in terms of 

a. Substrates and products of their energy metabolism

b. Ability to use organic compounds as electron donors in energy metabolism

c. Mechanisms of autotrophy

d. Ability to grow by aerobic respiration  

5. How can fermentations occur in the absence of substrate-level phosphorylation?

6. What is the major function of the glyoxylate cycle?
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