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1. Concepts 

1.1. Most of Earth’s microorganisms cannot be cultured in a lab, often because they rely on other microbes within their native communities. 

1.2. A Winogradsky column, named for its inventor Sergei Winogradsky, is a miniature, enclosed ecosystem which enriches the microbial communities within a sediment sample…enabling scientists to study many of the microbes that play a vital role in Earth’s biogeochemical processes without needing to isolate and culture them individually.

1.3. Typically, mud and water from an ecosystem, such as a pond or marsh, are mixed and then added to a transparent column. The column is supplemented with carbon, usually in the form of cellulose from newspaper, and sulfur, typically from an egg yolk. 

1.4. As microbes grow, they consume specific substrates. When these substrates are depleted, microbes with different metabolic needs can flourish. The consecutive development of different microbial communities over time is called succession and can be observed in real time within the layers of a Winogradsky column. 

1.5. [bookmark: _GoBack]Over time, visibly distinct layers begin to form, each containing parts of a bacterial community with different micro-environmental needs. For example, photosynthetic microbes, largely composed of cyanobacteria, form green or red-brown layers near the top of the column. Since photosynthesis produces oxygen – often seen as bubbles in the top portion of the column, a gradient is formed – with the highest oxygen concentrations near the top and the lowest towards the bottom. 

1.6. Depending upon the available substrates, different microbial communities can grow in the anaerobic bottom layer. Bubbles in this layer can indicate the presence of methanogens, which create methane gas via fermentation. Here, the microbial fermentation of cellulose results in organic acids.

1.7. Sulfate reducers oxidize those acids to produce sulfide, and their activity is indicated by black sediment. Sulfide diffuses upward in the column, creating yet another gradient where sulfide concentrations are highest towards the bottom of the column and lowest near the top. 

1.8. Towards the middle of the column, sulfur oxidizers utilize the oxygen from above and sulfide from below. With adequate light, photosynthetic sulfur oxidizers, such as green and purple sulfur bacteria, develop. Green sulfur bacteria tolerate higher sulfide concentrations; thus, they grow directly below the purple sulfur bacteria. Directly this layer, purple non-sulfur bacteria form a red-orange layer. Nonphotosynthetic sulfur oxidizers are indicated by the presence of white filaments. 
 
1.9.  Additional substrates such as salt and iron, in the form of a nail or steel wool, can be added to enrich certain Gallionella species and various halophiles, respectively. Conditions such as light and temperature can also be varied to enrich other communities. 

1.10. In this video, you will learn how to construct a Winogradsky column and vary the growing conditions and substrates to enrich specific microbial communities. 

