Building Winogradsky Columns

Because of the nature of this lab, the columns must process for several weeks or months before they have noticeable results. As such, we will be completing the post-lab questions and write-up at a later date. You will receive post-lab analysis questions when the columns have finished processing. 

The Winogradsky column is a classic demonstration of the metabolic diversity of prokaryotes. To review, prokaryotes are organisms without nuclei, internal enclosures around their DNA. Eubacteria and archaea are prokaryotes. In contrast, eukaryotes have nuclei, so have internal enclosures around their DNA. Eukaryotes include plants, animals, fungi, and protests. 

All life on earth can be categorized in terms of the organism's carbon and energy source: energy can be obtained from light reactions (phototrophs) or from chemical oxidations (of organic or inorganic substances) (chemotrophs); the carbon for cellular synthesis can be obtained from CO2 or other inorganic chemicals (autotrophs) or from preformed organic compounds (heterotrophs). Combining these categories, we get the four basic life strategies: photoautotrophs (e.g. plants), chemoheterotrophs (e.g. animals, fungi), photoheterotrophs and chemoautotrophs. Only in the bacteria - and among the bacteria within a single Winogradsky column - do we find all four basic life strategies.

Metabolic strategies also fall into two general categories: anaerobic respiration, which requires no oxygen, and aerobic respiration, which requires oxygen. Organisms can be obligate anaerobes, meaning they must live in anoxic (low- or no-oxygen environments), or facultative anaerobes, meaning they can perform aerobic or anaerobic respiration. Many of the bacteria we will observe in the Winogradsky columns will be obligate anaerobes, and therefore cannot live in high-oxygen environments. 

The Winogradsky column is also a classic demonstration of how microorganisms occupy highly specific microsites according to their environmental tolerances and their carbon and energy requirements. And, finally, the column enables us to see how mineral elements are cycled in natural environments. We focused mainly on sulfur, but there are equivalent cycles for nitrogen, carbon and other elements.

0. For this lab, please bring in a plastic 2-liter bottle, with a cap and any labeling removed.

1. Read the background information in the following slideshow: http://www.sumanasinc.com/webcontent/animations/content/winogradsky.html. (This link will be on the www.biowithoutwalls.com site under the “Ecology Unit Plan.”)
2. Watch the video demonstration of building Winogradsky columns here: http://quest.arc.nasa.gov/projects/astrobiology/fieldwork/lessons/demo.html. (This link will be on the www.biowithoutwalls.com site under the “Ecology Unit Plan.”)
3. Read the background information found here: http://www.biology.ed.ac.uk/research/groups/jdeacon/microbes/winograd.htm on the variety of prokaryotes and metabolic strategies in Winogradsky columns. (This link will be on the www.biowithoutwalls.com site under the “Ecology Unit Plan.”)
Procedure

1. Remove any labels from your bottle.  Make a new label with the names of the students in your group as well as the source of the mud or sand. 

2. Carefully cut off the top of the 2-liter bottle to use as a funnel. 

3. Use a pencil sharpener or mortar and pestle to powder the chalk. This will be a source of carbon dioxide for photoautotrophic organisms. 
4. Use a mortar and pestle to mash the hard-boiled egg yolk. One egg yolk will be sufficient for three-to-four lab groups. This will be a source of sulfur for anaerobic photosynthetic bacteria. 

5. Use the funnel to add about 5 cups of mud or sand into a container provided. Remove any sticks, leaves, or rocks. Stirring the mud or sand with a large spoon or paint stirrer, slowly add water until the mixture is like thick cream. Do NOT use tap water. Use only the spring water provided. 

6. Shred a full sheet of newspaper into very small pieces. Add the newspaper shreddings to the mixture. 

7. Then add about 1 tablespoon of powdered chalk to the mixture. 

8. Add 1 teaspoon of mashed hard-boiled egg yolk or calcium sulfate to the mixture. Stir the mixture gently using a large spoon or paint stirrer. 
9. Set the funnel into the mouth of the bottle.  Secure the funnel with tape or have a group member hold the funnel in place. 

10. Pour or scoop a small amount of the mixture into the base of the bottle. 

11. Place your hand over the top of the bottle and tap the bottom of the bottle firmly on the table.  This helps the mixture settle and removes oxygen that is trapped in the mixture. Repeat the two previous steps of adding a small amount of mixture and settling the mixture until the bottle is about 90 percent full. 

12. Stir the mixture in the bottle to remove any air bubbles. 

13. Let the bottle sit for 30 minutes.  The water that settles on top of the mixture should be about 2 cm deep.  Add/remove the water in your bottle as needed. 

14. Cover the bottle with foil or plastic wrap and a rubber band. 

15. Place the bottle in the designated area (near a light source), so that the photosynthetic bacteria have an energy source.

Pre-lab

1. Complete a pre-lab write up for the above activity. This is NOT a controlled experiment (there’s no control group), so you are making informal predictions rather than creating a formal hypothesis.

2. What substances will act as sources of carbon in this experiment? What will act as a source of sulfur? What will act as an energy source?

3. Indicate in a diagram the levels of oxygen, light, and sulfur that will appear at the top of column, in the middle of column, and at the bottom of the column. (See the first link.) 

4. Compare and contrast plant and bacterial anaerobic photosynthesis. Write the equations for both. (See the third link.) What do bacteria use instead of water as a reductant/electron donor? Why can’t these bacteria use water as a reductant? (Hint! Think about the gas released during plant and aerobic photosynthesis!)

5. Predict if the mass of the column will increase, decrease, or remain the same over the course of the experiment. If you believe the column’s mass increases, what is the source of the additional mass? If you believe the column’s mass decreases, where does that mass go? If you believe the column’s mass remains the same, why do you believe it remains the same?

