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Scriptwriter Name: Ashley Shea
SciEdi Collection: Microbiology
Lab Name and JoVE ID#: The Winogradsky Column 10506

Notes to authors are in italics and highlighted.

Protocol:


Sample Collection and Preparation

 First, locate an appropriate aquatic ecosystem, such as a pond or marsh [1-WIDE]. The sediment samples should come from the area near the water’s edge, and be completely saturated with water [2-MED/CU].
 Show a wide, panning view of the body of water. Video editor: Ignore the slating numbers by the videographer, there was an error when the script for the filming day was printed. The slating numbers listed in the file names are correct.
 Show panning detail of the wet mud that is near the water’s edge. Please also take a CU second take.

Then, use a shovel and a bucket to collect 1-2 L of the saturated mud [1-MED]. Next, obtain approximately 3 L of fresh water from the same source and return to the lab with the field samples [2-WIDE]. 
 Talent digs and collects mud near the water's edge using a shovel and puts it in a bucket.
 Talent then collects approximately 3L of water into a sample bottle from the same source and starts to walk away with the collected samples. Video editor: Takes 3 and 4 can be used as extra footage for the outdoor sample collection scenes. 

In the lab, put on the appropriate personal protective equipment, including a lab coat and gloves [1-WIDE]. 
 Talent approaches bench and puts on PPE in order listed. 

Now, transfer approximately 750 mL of mud to a mixing bowl [1-MED-Over-the-shoulder]. Then, sift through the mud to remove large rocks, twigs, or leaves and use a spoon to break apart any clumps [2-CU].
 Talent transfers mud to a mixing bowl. Video editor: Do not use take 1. Shots 2.4.1 and 2.4.2 are combined in take 2 – the talent sifts through the mud as she goes. 
 Talent sifts through the mud, removing any large rocks, twigs or leaves, while also using a spoon to break apart any clumps of mud. Video editor: Here, the talent continues to sift through the mud. A process that started during the previous shot. 

 Next, add some of the fresh water to the mixing bowl and stir with a large spoon [1-CUMED]. Add water until the consistency of the water-mud mixture is similar to a milkshake [2-CU]. Continue to make sure there are no clumps [3-MED]. 
 Talent slowly adds the water collected in the field to the mixing bowl containing the mud. Talent stirs with a large spoon. 
 Talent continues to add water until the consistency of the water-mud mixture is like a milkshake. 
 Talent examines water-mud mixture for clumps.

Then, transfer approximately ⅓ of the water-mud mixture to a second mixing bowl [1-MED]. Add one egg yolk and a handful of shredded newspaper to the bowl [2-CU]. Next, add this mixture to the column until it is about ¼ full [3-MED]. 
 Talent transfers 1/3 of the water-mud milkshake to a second mixing bowl using a large spoon. 
 Talent adds one egg yolk and a handful of shredded newspaper to the bowl containing 1/3 of the water-mud milkshake and mixes with a large spoon.  
 Talent adds this mixture to the column until the column is about 1/4 full.

Next, add the water-mud mixture without the egg and newspaper to the column until it is approximately ¾ full [1-MED]. Then, add more water to the column, leaving a ½ inch of space on top [2-CU]. Cover the column with plastic wrap and secure it with a rubber band [3-MED-Over-the-shoulder].
 Talent adds the regular water-mud mixture to the column until the column is about 3/4 full. 
 Talent adds the additional water to the column, leaving ~1/2 inch of space at the top.  Video editor: Take 2 of this shot is with a second column and it includes this step (adding water) and the next step (adding the plastic wrap).
 Talent covers the column with plastic wrap and secures with a rubber band. Video editor: Don’t use the parts of this shot where the talent struggles to rip the plastic wrap.

Incubate the column in the light near a window at room temperature for the next 4 to 8 weeks [1-WIDE]. Throughout the incubatioincubation n period, monitor changes in the Winogradsky column at least once a week for the development of different colored layers and the formation of bubbles [2-ECU/B-ROLL]. Additionally, record the time it takes for different layers to develop [3-MED].
 Talent places the column in the light and walks away. 
 Show detail of the Winogradsky column incubating in the window. Videographer, please also do an ECU pan down the column. Note: author provided images of a light/dark column over time. Video editor: Take 1 is a panning shot of a column grown in high light conditions. Take two is a shot of two columns. The LEFT column was grown in darkness. The RIGHT column was grown in high light. Use take one.   
 Talent records the time it takes for the different layers to develop in their lab notebook. There should be other time points with notes in there already.

As an optional experiment, select for halophilic bacteria by adding 25-50g of salt during the addition of water to the mud sample, as previously shown [1-MED-TXT]. 
 Talent adds 25-50g of salt to the water-mud bowl and mixes as previously shown. TEXT: halophilic = salt-loving

Another modification that can be done is incubating the column near a radiator to select for thermophilic bacteria [1-WIDE-TXT]… or in a refrigerator to select for psychrophilic bacteria [2-WIDE-TXT].
 Talent places a column near a radiator to select for thermophilic bacteria. TEXT: thermophilic = heat-loving
 Talent places a separate column in a refrigerator to select for psychrophilic bacteria. TEXT: psychrophilic = cold-loving 

Vary the light conditions by placing different columns in high light, low light, or darkness to incubate [1-WIDE]. Then, try limiting the wavelength of incoming light by covering the column with different shades of cellophane to determine which colors select for different bacterial groups [2-MED].
 Talent places separate columns in high light, low light, and darkness. Videographer: This will likely need to be done in three separate takes. In your audio slating notes, please state which lighting condition you are filming in each take. Video editor: Please show three split screen panels with the labels “high light”, “low light”, and “darkness”. Video editor: Take 1 = low light. Take 2 = darkness. Take 3 = high light. 
 Talent covers the column with blue shaded cellophane and leaves on the benchtop.

 Finally, to enrich iron-oxidizing bacteria, add a nail during the transfer of ⅓ of the water-mud milkshake to a second mixing bowl as previously shown [1-MED-TXT].
Talent adds a nail and ⅓ of the water-mud milkshake to a second mixing bowl. TEXT: iron-oxidizing bacteria = Gallioenella

IMPORTANT! VIDEOGRAPHER: Please also obtain multiple still images of EACH of  the Winogradsky columns, and if possible panning CU B-ROLL from top to bottom so we can see CU of the layers.


Data Analysis and Results

After 1-2 weeks, growth of the cyanobacterial (pronunciation: SIGH-anne-oh-bacterial) layer is indicated by a green or red-brown film on top of the mud layer of the classical Winogradsky column [1-LM]. Over time, the appearance and evolution of the different layers is monitored, each indicative of the different types of bacteria present [2-LM].
 Use Fig. 2A: A photo of a traditional Winogradsky column after 2 weeks where the green cyanobacterial layer has begun to develop. 
 Use Table 1. 

When comparing a traditional Winogradsky (pronunciation: WIN-oh-grad-ski) column to a column grown under high salt concentrations, we see that the high salt concentrations inhibit growth in all layers after 6-7 weeks. Therefore, the coloration that is apparent in the traditional column [1-LM]… never develops, indicating that the freshwater microorganisms are unable to tolerate high salt concentrations [2-LM].
 Fig. 2B: A photo of a stabilized traditional Winogradsky column after 7 weeks, exhibiting the multiple layers of different bacteria.
 Figure 3: A photo of a stabilized Winogradsky column treated with excess salt.

When comparing a column grown in the dark to a traditional Winogradsky column, we see the dark treatment yields the black layer at the bottom of the column, indicative of sulfate reducing bacteria. The dark column also yields a white layer indicative of non-photosynthetic sulfur-oxidizing bacteria. However, the white layer is thicker in the dark column than in the traditional column [1-LM]. 
 Fig. 2B: A photo of a stabilized traditional Winogradsky column after 7 weeks, exhibiting the multiple layers of different bacteria. NOTE: VO may need to be adjusted to reflect the actual results of the experiments after they are complete. 

Additionally, the dark column doesn’t yield the green cyanobacterial layer, nor the red, purple, or green layers indicative of purple non-sulfur, purple sulfur, and green sulfur bacteria, respectively. These groups are dependent on light for growth, and therefore unable to grow in the dark [1-LM].
 Fig. 4: A photo of a stabilized Winogradsky grown under dark conditions.

When looking at light modifications, a column kept in the dark only allows for non-photosynthetic organisms to grow, including sulfate reducers, iron oxidizers, and methanogens [1-LM]. By covering a column with blue cellophane, blue light at 450-490nm is blocked from entering the column. All of the photosynthesizers in the column have pigments which require the blue wavelengths, therefore inhibiting growth [2-LM]. 
 See storyboard.
 See storyboard

Alternatively, red cellophane blocks light of 635-700 nm. These wavelengths are important for the pigments used by cyanobacteria [1-LM]. 
 See storyboard.

When looking at temperature modifications, a column grown at high temperatures yields enhanced rates of microbial activity when sufficient thermophiles are present. However, in the absence of thermophiles, high temperatures may decrease overall microbial activity [1-LM]. Alternatively, a column grown in low temperatures yields decreased microbial activity unless the microbial community contains sufficient psychrophiles [2-LM].
 See storyboard
 See storyboard


Finally, when adding alternate substrates, such as iron in the form of a nail, iron-oxidizing bacteria like Gallionella (pronunciation: GAL-ee-on-el-a)  is enriched and it appears as a rust-colored layer [1-LM].
 See storyboard.

As demonstrated here, the precise results of each Winogradsky column vary. By manipulating the conditions and substrates within each column, the presence and activity of different microorganisms such as halophiles, thermophiles, psychrophiles, iron oxidizers, and photosynthesizers can be observed [1-LM].
 See storyboard.
