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1. Overview

1.1. Algae are microscopic photosynthetic organisms that live in a variety of environments. Soil dwelling algae can be cultured in the laboratory, and their concentration enumerated using simple calculations. 
1.1.1. Title Slide.

1.2. Algae are a highly heterogeneous group of microorganisms that have one common trait, namely the possession of photosynthetic pigments. In the environment, algae can cause problems in surface waters such as lakes or reservoirs, forming algal blooms that deplete the water nutrients, blocking light passing beyond the water surface, and releasing toxins. The ability to enumerate algae in samples allows scientists to evaluate the health of an ecosystem, and the potential risk of algal overgrowth.
1.2.1. See storyboard

1.3. However, algae also have beneficial effects on ecosystems. Blue-green algae or cyanobacteria are prokaryotes that not only photosyntheshize, but also have the ability to fix nitrogen gas from the atmosphere. Thus this type of algae obtains a “free” source of energy, carbon and nitrogen from sunlight, and CO2 and N2 found within the atmosphere, making them useful in increasing soil nitrogen in semi-arid environments and also for biofuel production.
1.3.1. See storyboard

1.4. Other algae are eukaryotic, and range from single-celled to complex multicellular organisms, like seaweeds. These include green algae, euglenoids, dinoflagellates, golden-brown algae diatoms, brown algae, and red algae. 
1.4.1. See storyboard

1.5. Algal populations in soils frequently occur at around ten thousand cells per gram. These numbers are typically lower than corresponding concentrations of bacteria, fungi, or actinomycetes, as algae require sunlight for photosynthesis, which cannot penetrate far below the soil surface.
1.5.1. See storyboard

1.6. This video will illustrate how to culture algae from soil in the laboratory, and how to enumerate the concentration of algae in the starting soil sample.
1.6.1. Use Shot 3.4.1.
1.6.2. Use Shot 3.5.1.

2. Principles of Culturing and Enumerating Algae

2.1. Because algae are phototrophic, obtaining energy from photosynthesis and carbon for biomass from carbon dioxide, they can be grown in media consisting entirely of inorganic nutrients, without an added organic carbon substrate. This lack of organic substrate prevents the growth of heterotrophic bacteria, which are dependent on external organic carbon for growth. 
2.1.1. See storyboard

2.2. The number of algae present in the original soil or water sample can be quantified by the Most Probable Number, or MPN, method. Soil samples are serially diluted tenfold to 10-6 g soil per mL, and cultured in growth media. Several replicates are made for each dilution. They are then incubated in a well-lit area for up to four weeks to allow algal growth. The MPN method relies on the serial dilution of samples such that the algae are diluted to extinction, meaning that at some dilution, no algal growth ensues. 
2.2.1. See storyboard

2.3. The presence of algae in any dilution is determined by a positive sign of growth in the medium, which will typically appear as a green slime. Finally, empirically developed MPN tables designed for algal growth are consulted, enabling the user to determine the original algal concentration based on growth in dilution replicates.
2.3.1. See storyboard

2.4. Now that we are familiar with the concepts behind growing and enumerating algae from samples, let’s take a look at how this is carried out in the laboratory.
2.4.1. Use Shot 3.2.2.
2.4.2. Use Shot 3.5.2.

3. Culturing and Enumerating Algae from Soil

3.1. To begin the experiment, first weight out 10 grams of moist soil that has either been collected moist from the field, or been rehydrated and remained moist for two to three days. The soil should be moist but not saturated.
3.1.1. WIDE: Establishing. Talent approaches bench holding soil sample.
3.1.2. MED: Talent weighs out 10 g soil sample on balance.
3.1.3. CU: Soil in container, obviously damp.

3.2. Next, prepare a ten-fold dilution series by adding the 10 grams of soil first to 95 mL of Modified Bristol’s solution, or MBS (TEXT: Modified Bristol’s Solution: 1,000 mL of water, 0.25 g NaNO3, 0.025 g CaCl2, 0.075 g MgSO-4 · 7H2O, 0.075 g K2HPO4, 0.018 g KH2PO4, 0.025 g NaCl, and 0.5 mg FeCl3). Label this as suspension A.
3.2.1. MED: Talent measures out 95 mL MBS.
3.2.2. CU: Talent adds soil to MBS. 

3.3. After shaking vigorously, continue the dilution series by adding 1 mL of suspension A to 9 mL of MBS in a test tube. Continue this ten-fold dilution series another four times to give dilutions up to 10-6 g per mL. (EDITOR: have NEWLY GENERATED Figure 1 onscreen throughout 3.3 and 3.4.).
3.3.1. MED: Talent shakes jar A then pipettes 1 mL from A to new tube B with 9 mL MBS in it.
3.3.2. CU: Talent continues, vortexes, pipettes 1 mL from B to new tube C.

3.4. Next, inoculate five replicate tubes, each containing 9 mL of MBS with 1 mL of each of the dilutions 10-1 (read “ten to the minus one”) to 10-5. This results in five replicates tubes for each dilution from 10-2 to 10-6. Cap the tubes loosely.
3.4.1. MED: Talent inoculates five tubes from Jar A to create 5 replicates of the 10-2 dilution.
3.4.2. CU: Talent caps tubes.

3.5. Finally, incubate the tubes for a full four weeks in an area exposed to sunlight. Observe the tubes for algal growth once every seven days (TEXT: Check tubes every 7 days). Tubes exhibiting algal growth will appear green
3.5.1.a  Talent walks out of room with tubes.
3.5.1.b WIDE/MED: Talent places tubes in greenhouse or outside area with sunlight for incubation.
3.5.2. MED: Talent returns to tubes and examines for growth.

4. Results

4.1. [bookmark: _GoBack]The highest dilution (TEXT: Highest dilution = least concentrated with soil) with the highest number of positive replicate tubes is assigned the label of p1, in this case, the replicates of tube C.  In contrast, some of the tubes from D & E are negative with no signs of algal growth. 
4.1.2.	MED: Shot of tubes, with clear labels for dilutions/category letter (5 shots of B, C, D, E, and F all labelled).
4.1.3.	CU: Talent points to and shows content of tubes that will be labeled p1 (Tubes C) (5 consecutive shots of B, C, D, E and F). (EDITOR: please have p1 label appear above these tubes on screen)
(EDITOR: Have Figure 2 onscreen throughout 4.1, edited to included values for this experiment)
(SHOTS? Shot requests deleted in a post-shoot from author)

4.2. The number of tubes in the next two higher dilutions that show positive growth are labeled as p2 and p3. Here, p2 = D and p3 = E. (EDITOR: please have p2 and p3 labels appear above relevant tubes).
(SHOTS? Shot requests deleted in a post-shoot from author)

4.3. The value for p1 can be found by looking down the first column in the MPN table (TEXT: Table 2). The same should be done with the p2 column. Finally, the value of p3, across the top, is used to intersect the two defined by p1 and p2, to give a value of organisms per mL. 
4.3.1. CU: Talent points along first column to relevant p1 value.
4.3.2. CU: Talent points along column to relevant p2 value.
4.3.3. CU: Talent points along row to p3 value, and at the final value where it intersects.

4.4. Next, this value is divided by the concentration of soil in the dilution to which p2 was assigned. The following equation is used to define the actual number of organisms per gram of soil. (After the shoot, please include the actual values you found in this experiment so we can show actual results). TEXT:

4.4.1. CU: Talent calculates concentration of soil in notebook (VIDEOGRAPHER: Please ensure we can see calculation process)

5. Applications

5.1. Algal enumeration and MPN analysis have a wide range of applications, some of which are explored here.
5.1.1. Title slide.

5.2. (Lower third: Application #1- Testing for Algal Levels or Contamination in Lakes, Rivers, or Swimming Pools) This culturing method of algal enumeration can be used in a variety of settings. It can be applied to rivers or lakes to determine algal levels, and assess the risks of harmful algal blooms. Alternatively, it can be used to assess the cleanliness and safety of waters more directly used by humans, including swimming pools, water fountains, or other drinking water sources. Ideally, in potable water samples and swimming pools, there are no algae present.
5.2.1. WIDE: Talent collects water from a drinking fountain.
5.2.2. MED: Talent collects water from a faucet in the lab.
5.2.3. Talent collects water from turtle pond. Footage for this shot is the same as 3.5.1 on the RT-PCR video.
5.2.4. Images of lakes with algal bloom, swimming pools with algae.

5.3. (Lower third: Application #2- MPN Analysis for Microbial Pathogens) The MPN analysis for enumeration can also be applied to other non-algal microorganisms. For example, water quality can be assessed using indicator organisms such as coliforms or E. coli. Here, samples can be cultured with media containing chemicals that are altered to produce color or fluorescence in the presence of the indicator organisms. By performing multiple small replicates of this experiment in individual cells, with samples diluted to known concentration, the ratio of positive cells can be referenced to an MPN table for the specific indicator organism, and the starting concentration in the samples determined.
(See JoVE Video 10025 Water Quality via Indicator Organisms)
5.3.1. Use Shot 4.4.1 from video on indicator organisms.
5.3.2. Use Shot 4.5.1. from video on indicator organisms.
5.3.3. Use Shot 4.5.2. from video on indicator organisms.

5.4. (Lower third: Application #3- Growing and Enumerating Algae for Fertilizer/Biofuels/Livestock Feed) 
Algae may also be cultured for commercial applications. For example, some types of biofertilizer utilize blue-green algae, which can act as symbionts with plants, aiding their fixture and take-up of nitrogen, which is particularly useful in aiding crop growth in areas with poor soil. Similarly, algae can be grown for biofuels, or as a source of nutrient rich food for livestock.
5.4.1. Use footage from videos 51852 and 52455?
5.4.2. Stock footage of algae being cultured on a large scale, generic use as soil fertilizers, soil conditioners and as a source of livestock feed.

6. Summary

6.1. You’ve just watched JoVE’s introduction to algal culture and enumeration. You should now understand how to dilute soil samples for algal growth, how to culture algae in the laboratory, and how to enumerate the algal concentration of your starting samples. Thanks for watching!
