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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) NA
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Steps 2.2, 2.4, 5.3, 5.6, and 6.4

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Step 5.6 – Because there is pellet material between the lower and upper phase, it can be challenging to estimate the volume when the pellet material is large or uneven. We rotate the tube and try to discern an average level for the lower (chloroform) phase.

Step 6.4 – Because the amount of isopropyl alcohol is small, it can be difficult to mix with the multichannel pipette. It is important to make sure all channels are mixing and that the liquid looks homogeneous and green.

5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Same building and same floor.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Brendan Higgins: This protocol provides instructions for the construction and use of a bubble column photobioreactor system to grow microalgae, and should be of interest to anyone studying algal-biofuels, wastewater-treatment, or algal biology [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Brendan Higgins: We have found this bioreactor system to produce highly repeatable results. The reactor system is also customizable to a wide range of algae and costs far less than many commercial offerings [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)

1.3. Brendan Higgins: Demonstrating the procedure will be [1] Qichen Wang... [2] a graduate student from my laboratory [3].  

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.3.2. Qichen looks up from workbench or desk and acknowledges the camera.









Section - Protocol
2. Setup of Bubble Column Photobioreactors
2.1. To begin setup of the bubble column photobioreactors, construct a set of vented lids from the plastic lids of the 1 Liter glass bottles and hybridization tubes, as described in the text protocol [1].
2.1.1. MED: Talent works to construct a set of vented lids. 
2.2. Slip a one-quarter inch O-ring over the threads of a one-eighth inch panel-mount-Luer fitting, and slide this into the one-quarter inch hole drilled in the lid [1].
2.2.1. CU: Lid/fitting as talent slips a one-quarter inch O-ring over the threads of a one-eighth inch panel mount Luer fitting, and slides it into the one-quarter inch hole drilled in the lid.
2.3. Slip a second one-quarter inch O-ring over the threads so that the lid is sandwiched between the two O-rings [1].  Then, slip a locknut onto the threads and tighten it to fix the panel-mount-Luer in place [2].
2.3.1. CU: Fitting as talent slips a second one-quarter inch O-ring over the threads so that the lid is sandwiched between the two O-rings. [Shots 2.3.1 and 2.3.2 combined]
2.3.2. CU: Fitting as talent slips a locknut onto the threads and tightens to fix the panel mount Luer in place.
2.4. Now, snap the lock rings onto the exposed male Luer projecting from the lid.  Repeat this procedure for each hole in the lid [1].
2.4.1. CU: Luer projecting from the lid as talent snaps lock rings there.  
2.5. For lids that will be used on the bubble column and bottle reactors, attach one-eighth inch female Luer-to-barb fittings to 1.5 inch pieces of one-eighth inch ID PVC tubing [1].  Attach these to each of the exposed male Luer fittings on the lid [2].
2.5.1. CU: One-eight inch female Luer as talent attaches to the barb fittings to 1.5 inch pieces of one-eighth inch ID PVC tubing. [Shots 2.5.1 and 2.5.2 combined] (Videographer Comment: Use take 2)
2.5.2. CU: Lid with exposed male Luer fittings as talent attaches the female barb fittings.
2.6. Connect a check valve to the free end of one of the one-eighth inch pieces [1].  Then, connect a male Luer-to-barb fitting to the second piece of one-eighth inch tubing projecting from the lid [2].  Click the rotating lock ring into place and fasten a 0.2 micron air filter to this [3].
2.6.1. MED: Talent connects a check valve to the free end of one of the one-eight inch pieces.
2.6.2. CU: Male Luer to barb fitting as talent connects to the second piece of one-eighth inch tubing projecting from the lid. [Shots 2.6.2 and 2.6.3 combined]
2.6.3. CU: Lid as talent clicks the rotating lock ring into place and fastens an air filter there.
2.7. Complete assembly of the air delivery system, fish tanks, stir plates, and lights as described in the text protocol [1].
2.7.1. MED: Footage of the completed set-up.
3. Cultivation of Microalgae in Bubble Column Photobioreactors
3.1. Concentrate the settled microalgae stock by removing the supernatant using a vacuum pump [1-TXT].  Leave less than 100 milliliters of medium in each bottle but avoid removing settled algae [2]. 
3.1.1. MED: Talent sets up the settled microalgae stock on a vacuum pump to remove the supernatant.  TEXT: See text for preparation of Microalgae Inoculum
3.1.2. CU: Bottles on the vacuum pump showing less than 100 mL of medium in each bottle.
3.2. Suspend and transfer the algae slurry to sterile 50 milliliter centrifuge tubes [1]. Centrifuge at 1,000 x g for 5 minutes to further concentrate the algae [2].
3.2.1. CU MED: 50 mL centrifuge tubes as talent suspends and transfers the algae slurry there.
3.2.2. MED: Talent places the 50 mL centrifuge tubes into the centrifuge, shuts lid and starts run. 
3.3. In the biosafety cabinet, remove enough supernatant to achieve a total volume of approximately 80 milliliters of algae concentrates for 12 photobioreacters.  Avoid vacuuming out the pellet [1].  Transfer the algae concentrate to a sterile container [2].
3.3.1.  CU MED: Tube as talent removes the supernatant avoiding pellet removal.
3.3.2. CU: Sterile container as talent transfers the algae concentrate there. 
3.4. Now, add 6 milliliters of algae slurry into each photobioreactor with a sterile 10 milliliter serological pipette [1].  Swirl the bioreactors to mix algae into the medium [2].
3.4.1. MED: Talent adds 6 milliliters of algae slurry into one photobioreactor with a sterile 10 milliliter serological pipette.
3.4.2. CU: Bioreactors as talent swirls to mix the algae into the medium.
3.5. Draw a 2 milliliter sample from each bioreactor using a serological pipette and transfer to a 2 milliliter tube.  Collect a 2 milliliter sample every 24 hours to monitor culture progress [1].  Check the sample for pH using test strips and adjust the reactor as needed [2-TXT].
3.5.1. MED: Talent draws a 2 mL sample from each bioreactor using a serological pipette and transfer to a 2 milliliter tube.
3.5.2. CU: Sample as talent uses a pH test strip to check the pH.  TEXT: Adjust with 3 M NaOH or 3 M HCl
3.6. Tighten the bioreactor lids and place all bioreactors into the fish tank water bath [1].  Adjust the aeration, CO2, and lighting to the appropriate level for the species [2].  Rotate the bioreactor position each day after sampling [3 4].
3.6.1. CU: Fish tank water bath as talent places the bioreactors there.
3.6.2. MED: Talent adjusts the aeration, CO2, and lighting.
3.6.3. CU: Bioreactor as talent rotates its position (Author Comment: this shot was not filmed because the bioreactor rotation occurs during the process of adding bioreactors back into the tank. However, the narrator should still say that rotation is necessary as written in 3.6)
3.6.4. [Added Shot]: CU: Operating bioreactor system after adjustments.
3.7. Apply 200 microliters of each culture sample in triplicate to wells of a 96 well microplate [1].  Then, measure optical density at 550 nanometers and 680 nanometers [2].
3.7.1. CU: 96 well microplate as talent applies 200 microliters of each culture sample in triplicate to wells.
3.7.2. MED: Talent inserts the plate into the spectrometer to measure optical density.
4. Harvest and Freeze Drying of Microalgal Biomass
4.1. Measure a fixed volume of algae culture from each bioreactor with a graduated cylinder and transfer into centrifuge bottles [1].  Centrifuge the culture at 4,696 x g for 5 minutes [2].  Discard the supernatant by carefully vacuuming it out [3].  
4.1.1. MED: Talent measures a fixed volume of algae culture from one bioreactor with a graduated cylinder and transfers into centrifuge bottles.
4.1.2. MED: Talent places the culture into the centrifuge, shuts lid and turns on.
4.1.3. CU: Centrifuge tube as talent carefully vacuums the supernatant out.
4.2. Transfer the pellets to labeled 50 milliliter tubes [1].  Rinse the centrifuge bottles with distilled water, and transfer the contents to the 50 milliliter tubes.  Ensure the total tube volume does not exceed 45 milliliters [2].
4.2.1. CU: Pellets as talent transfers them to 50 mL tubes. [Shots 4.2.1 and 4.2.2 combined]
4.2.2. MED: Talent rinses the centrifuge bottles with distilled water and transfers the contents to the 50 mL tubes. 
4.3. After washing the algae pellets as described in the text protocol, discard the supernatant [1].  Then, add 7.5 milliliters of distilled water to each 50 milliliter tube [2].
4.3.1. MED: Talent pulls the sample out of the centrifuge and discards supernatant.
4.3.2. CU: Sample tubes as talent adds 7.5 milliliters of distilled water to each 50 milliliter tube.
4.4. Now, vortex the 50 milliliter tubes… [1] and transfer the algae slurries into pre-weighed 15 milliliter tubes [2].  Rinse the 50 milliliter tubes with additional distilled water and transfer the liquid to the 15 milliliter tubes, keeping the total volume in those tubes to less than 12 milliliters [3].
4.4.1. CU: 50 mL tubes as talent vortexes them.
4.4.2. CU: 15 mL tubes as talent transfers the vortexed slurry there.
4.4.3. MED: Talent rinses the 50 mL tubes with distilled water and transfers the liquid to tubes.
4.5. After centrifuging the 15 milliliter tubes and discarding the supernatant as before, freeze the tubes with pellets at minus 80 degrees Celsius for at least 30 minutes in preparation for freeze-drying [1].
4.5.1. WIDE: Talent places the tubes into the minus 80 degree Celsius freezer.
5. Lipid Extraction Using a Modified Folch Method
5.1. Add 1.5 milliliters of Folch solvent to each 2 milliliter tube containing 20 milligrams of freeze-dried algae [1-TXT].  Pour approximately 0.5 milliliters of zirconia/silica beads into each tube until the liquid level reaches 2 milliliters [2]. 
5.1.1. MED: Talent adds 1.5 milliliters of Folch solvent to a 2 milliliter tube containing 20 milligrams of freeze-dried algae.  TEXT: Folch solvent = 2:1 chloroform/methanol
5.1.2. CU: Tube as talent pours 0.5 milliliters of zirconia/silica beads into it until the liquid level in tube reaches 2 milliliters.
5.2. Homogenize the algae samples in a bead mill for 20 seconds at a speed of 6.5 meters per second [1].  Transfer the tubes to ice for 30 seconds to chill the samples.  Then, repeat five more times to fully extract the lipids [2].
5.2.1. CU: Samples as talent homogenizes at 6.5 m/s.
5.2.2. MED: Talent transfers the tubes on ice. 
5.3. Filter the homogenate through a 5 milliliter syringe containing a stainless-steel wire mesh disk to strain out the beads, collecting filtrate in a 15 milliliter tube [1-TXT].
5.3.1. CU: Tube as talent filters the homogenate through a 5 milliliter syringe containing a stainless-steel wire mesh disk to strain out the beads, collecting filtrate in a 15 milliliter tube.  TEXT: #60 mesh
5.4. Wash the beads with 1.5 milliliters of Folch solvent, pushing liquid through with the syringe as necessary [1].  Repeat this wash two more times and collect all filtrate in the 15 milliliter tube, yielding a final volume of approximately 6 milliliters [2].
5.4.1. MED: Talent washes the beads with 1.5 milliliters of Folch solvent, pushing liquid through with the syringe.
5.4.2. CU: 15 mL tube as talent finishes up collecting the filtrate so that the final volume is 6 mL.
5.5. Add 1.2 milliliters of 0.9% sodium chloride solution to the Folch extract in the 15 milliliter tube and vortex to mix well [1].
5.5.1. MED: Tube with sodium chloride as talent vortexes the solution. 
5.6. Centrifuge the 15 milliliter tubes at 6,000 x g for 5 minutes [1].  Record the bottom chloroform-phase volume to the nearest 0.1 milliliter using lines on the side of the 15 milliliter tube [2].  Then, transfer the bottom phase to a glass vial using a glass Pasteur pipette [3]. 
5.6.1. MED: Talent places the samples into the centrifuge, shuts lid and starts run.
5.6.2. ECU: Tube with measurement lines as talent points out the top of the chloroform phase.
5.6.3. CU: Tube as talent removes the bottom phase with a glass Pasteur pipette and transfers it to a glass vial with lid.
6. Neutral Lipid Assay using a Microplate Method (adapted from Higgins et al. 201422)
6.1. To perform the neutral lipid assay, dilute the lipid extracts, and vegetable oil standard, 3-fold with methanol [1].  For each diluted sample, add 80 microliters to a 96 well polypropylene microplate in quadruplicate [2].  
6.1.1. MED: Talent dilutes the lipid extracts and vegetable oil standard 3-fold with methanol.
6.1.2. CU: 96-well polypropylene microplate as talent adds the diluted sample there in quadruplicate.
6.2. For the solvent blank, apply 80 microliters of Folch solvent in quadruplicate [1].  For standards, add 10, 30, 60, 90, and 120 microliters of the diluted vegetable oil standard, also in quadruplicate [2]. 
6.2.1. CU: Microplate as talent applies 80 microliters of Folch solvent in quadruplicate.
6.2.2. MED: Talent adds the diluted vegetable oil standard in quadruplicate. 
6.3. Place the microplate in the fume hood on a pre-heated dry block heater at 55 degrees Celsius for 20 to 30 minutes until all solvent has evaporated [1].  
6.3.1. CU: Pre-heated dry block heater in the fume hood as talent places the microplate there.
6.4. Remove the microplate from the heating block and let it cool to room temperature [1].  Then, add 30 microliters of isopropyl alcohol to each well and mix by pipetting up and down [2].  Ensure all pipette channels are mixing the solution and resuspending the lipids, yielding a homogeneous green liquid [3].
6.4.1. CU: Microplate as talent removes from the heating block and leaves on the bench to cool to room temperature.
6.4.2. MED: Microplate as talent adds 30 microliters of isopropyl alcohol to each well and mixes by pipetting up and down.  Continue action in next shot.
6.4.3. CU: Pipette as it is used to mix solution, yielding a homogenous green liquid.
6.5. Now, add 200 microliters of 1 microgram per milliliter Nile Red solution to each well and pipette up/down 10 times to mix [1].
6.5.1. CU: Microplate as talent starts to add 200 microliters of 1 microgram per milliliter Nile Red solution to each well and pipette up/down 10 times to mix,
6.6. Following a 5 minute incubation at room temperature, add 20 microliters of 50% bleach solution to each microplate well and pipette up and down 5 times to mix well [1].  Leave the plate to incubate for 30 minutes at room temperature [2].
6.6.1. MED: Talent starts to add 20 microliters of 50% bleach solution to each microplate well and pipette up and down 5 times to mix well.  Use labeled containers.
6.6.2. MED-over the shoulder: Talent leaves the plate and starts a timer to count-down from 30 minutes.
6.7. After 30 minutes, read the fluorescence in the samples every 5 to 10 minutes at 530 nanometers excitation, 575 nanometers emission, with auto cutoff set to 570 nanometers, until the signal from the algae samples stabilizes [1-TXT].  
6.7.1. [bookmark: _GoBack]MED: Talent inserts the microplate into the microplate reader and begins to read the fluorescence.  TEXT: = ~60 min of total incubation is sufficient (Author Comment: instruction was not provided for this shot, we used a medium shot)


Section – Results
7. Results: Auxenochlorella protothecoides Growth Results and Chlorella sorokiniana Neutral Lipid Data 
7.1. This procedure yields a time course of algal optical density data at OD 550 nanometers [1].
7.1.1. LAB MEDIA: Figures for video.pptx – page 1 
7.2. Control cultures were grown on fresh N8-NH4 (N-eight-N-H-four) medium [1].  Treatment 1 is co-cultures of Auxenochlorella protothecoides (ahx-eh-no-klo-reh-la pro-to-thu-coy-des) and Azospirillum brasilense (azo-spih-rihl-lum brah-sih-lens) grown on fresh N8-NH4 medium [2].
7.2.1. LAB MEDIA: Figures for video.pptx – page 1 - Video editors, please highlight the blue-circle control curve.
7.2.2. LAB MEDIA: Figures for video.pptx – page 1 - Video editors, please highlight the green-diamond Treat1 curve.
7.3. Treatment 2 is axenic A. protothecoides grown on N8-NH4 medium supplemented with 50 milligrams per liter IAA, which completely inhibited algae growth [1-TXT].  Treatment 3 is axenic A. protothecoides grown on spent medium from A. brasilense  [2].
7.3.1. LAB MEDIA: Figures for video.pptx – page 1 - Video editors, please highlight the purple-square Treat2 curve.  TEXT: IAA = indole-3-acetic acid
7.3.2. LAB MEDIA: Figures for video.pptx – page 1 - Video editors, please highlight the yellow-triangle Treat3 curve.
7.4. The growth curves show cultures of Auxenochlorella protothecoides enter late logarithmic growth at 120 hours [1]. 
7.4.1. LAB MEDIA: Figures for video.pptx – page 1 
7.5. Shown here are correlation curves between: the optical density at 550 nanometers, and the final dry weight concentration, using a second order polynomial fit [1].  
7.5.1. LAB MEDIA: Figures for video.pptx – page 2 
7.6. Finally, the correlation can be applied to the time course optical density data to obtain a dry weight growth curve [1].
7.6.1. LAB MEDIA: Figures for video.pptx – page 3 
7.7. The same treatments are used here except that Chlorella sorokiniana (klo-reh-la so-ro-kin-ee-ah-na) is cultured instead of Auxenochlorella protothecoides [1].
7.7.1. LAB MEDIA: Figures for video.pptx – page 4 
7.8. Percent dry weight neutral lipid obtained in the neutral lipid assay… [1] correlates well with triacyglycerol content on a corresponding thin layer chromatography plate [2]. 
7.8.1. LAB MEDIA: Figures for video.pptx – page 4 – Video editors, please emphasize the top panel.
7.8.2. LAB MEDIA: Figures for video.pptx – page 4 – Video editors, please emphasize the bottom panel.
7.9. Unlike A. protothecoides, the IAA treatment did not inhibit C. sorokiniana growth [1].  
7.9.1. LAB MEDIA: Figures for video.pptx – page 4 – Video editors, please emphasize the bar labeled “Treat2” in the top panel.




Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Brendan Higgins: Following lipid extraction of the algae, the remaining cell pellet can be analyzed for its starch and cell wall content, providing a more detailed picture of energy-storage products within the cell [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
8.2. Brendan Higgins: The methods described here have enabled new discoveries in the field of algal biofuels and wastewater treatment.  Specifically, this system has been used to better understand how bacteria influence algal growth [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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