Laboratory 14
Winogradsky’s Battery
Introduction
Iron is the fourth most abundant element in the earth’s crust (after oxygen, silicon, and aluminum).  The average iron content of soil, sediment, and rocks is about 5%.  Most of the iron in soils is present as iron oxides.  In fact the typical soil colors (brown, red and yellow) are partly due to various iron oxides.  The black color that is common in anaerobic mud is caused by the presence of reduced iron sulfides.

Like many other elements, iron is "cycled" between its oxidized and reduced forms by a variety of different processes.  Some of these processes are chemical while others are biological.  Iron oxides can be used in place of oxygen by some microorganisms forming ferrous iron (Fe(II)) from ferric iron (Fe(III)) (iron reduction).  Other microorganisms complete the iron cycle by catalyzing the oxidation of Fe(II) to Fe(III).  This cycle is illustrated in figure 1.

Bacterial cells are "powered" by capturing some of the energy released during oxidation-reduction (redox) reactions, and the amount of energy available to them is directly related to the electron potential of the redox reactions that they are able to carry out.  Cells capture this energy by shuttling electrons between the chemical being oxidized (electron donor) and the chemical being reduced (electron acceptor) while keeping them physically separated.  In this way bacteria act as batteries and develop an electrical gradient (potential) that they use to do work (ATP synthesis, transport, motility etc.).  By mediating these electrochemical reactions, bacteria modify their external environment such that it becomes more reduced.

The conditions that exist in stratified sediments (where highly reduced minerals (HS-, Fe(II), NH4+ etc.) are produced by anaerobic metabolism deep in the sediment while oxygen is present in the overlying water) form a natural electron gradient.  The oxygen is prevented from directly reacting with the reduced minerals because it is quickly used up by facultative aerobes at the sediment surface.  Recently it was realized that this natural electron gradient could be converted into a fuel cell for harvesting electricity from the sea floor by embedding a graphite electrode under the surface of the sediment and placing another in the overlying water (Reimers et al., 2001).  Electrons are transferred to the anode by diffusion of a number of reduced species in the sediment including HS-, Fe(II) and humic acids.  Interestingly, it has also been shown that certain bacteria can directly transfer electrons from their cytochromes to the anode (Bond et al., 2002).

In this lab we will be directly visualizing the generation of an electrical potential by the activity of anaerobic bacteria.  The potential that we measure is a reflection of the energy available to the bacteria.  We will then correlate the electrical activity to the changing reduced-iron gradient.
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Materials

Equipment

· Spectrophotometer (562 nm)

· balance

· voltage meter

Cultures

· lake sediment

Supplies

· iron-coated sand

· tennis ball cans
· silicone caulk

· surface water

· nutrient broth base

· instant mashed potatoes

· 0.5 N HCl

· ferrozine reagent (1 gram of ferrozine (Sigma) per liter in 50 mM HEPES buffer)
· iron (II) standards (0, 0.2, 0.5, 1.25, 2.5 and 5.0 mM FeCl2 in 0.5 N HCl)
· 16 X 100 mm test tubes

· pipette tips 

· syringes and needles

Procedures

Assembling the Column:
1. Put four marks on the side of the column starting at 5 cm from the bottom and continuing in 3 cm increments.  This is where the sampling ports will be placed.

2. Put 2 additional marks ~2 cm to the right of the top and bottom ports.  This is where the electrodes will be inserted.

3. Use sandpaper to roughen the plastic around all of the marks.

4. Cut an X-shaped hole for each of the electrodes.

5. Insert a graphite electrode into each hole so that 1 cm is sticking out from the side of the column and seal with silicone caulk.

6. Put four "dabs" of silicone caulking approx. 1.5 cm in diameter on the side of the column at the points marked for sampling ports (see the diagram). (the caulking needs to dry for 2 days before a sample can be taken through it)

7. Measure ~150 ml of soil or sediment.

8. Weigh out 0.5 grams of nutrient broth base and 1.5 grams of instant potatoes and mix with the sediment.

9. Carefully pour or spoon the mixed sediment into the bottom of the column, being careful not to have it stick to the sides or cover the bottom electrode.

10. Fill the column to within 2-3 inches of the top with iron-coated sand.  Stop filling just below the top electrode.

11. Slowly fill the column to the top with pond water and cap.
12. Incubate at room temperature for six weeks.

Figure 2 The Iron Column
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Colorimetric Assay:
1. Label four 16 X 100 mm glass test tubes and add 2 ml of 0.5 N hydrochloric acid to each one.

2. Remove 0.1 ml of water from each location on the column by using a syringe and needle.

3. Transfer each sample to the labeled test tubes and shake gently.

4. Centrifuge the test tubes at 2500 rpm for 5 minutes to remove sediment.

5. Transfer 1 ml of each sample to a new set of tubes (16 X 100 mm)

6. Add 4 ml of ferrozine reagent to each tube. 

7. Shake and let stand for 5 minutes.

8. Measure the absorbance (O.D.562) using a spectrophotometer.

9. Calculate the concentration of Fe(II) by using the standard curve.

Electric Potential and Current:

1. Set the multimeter to read at the 2 V range.

2. Attach the positive lead of the voltmeter to the top electrode and the negative lead to the bottom electrode.

3. Read the meter to determine the voltage difference.

4. Set the multimeter to read at the 2 mA range.

5. Attach the positive lead of the voltmeter to the top electrode and the negative lead to the bottom electrode.

6. Read the meter to determine the current.
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Questions:

1). What is the original source of the energy that is being converted into electricity?

2). We measured both voltage and current produced in the columns.  Describe what these two measurements correspond to with regard to the biological activity taking place.
Voltage:












Current:












3). What do the bacteria in the columns gain by producing electricity?

4). What factors determine how high up the column the switch from reduced to oxidized iron takes place?

5). How could you change the conditions in the column so that more electricity was produced? 
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