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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_________  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
NO

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/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.
NO

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. __________________________________________
The reactor assembly steps (steps 2.1-2.6) are useful for individuals who are setting up this reactor for the first time. While you request that we do not list entire sections of the protocol, we think that in this case it is appropriate. 

Seeding the reactor (3.4, 3.5)

Setting the mixing bar speed (3.8 -3.11)

Sample collection (4.1 – 4.4)

Please note: steps 2.1, 2.2, 2.3 and 2.4 are highlighted in the manuscript. It may be most time-effective to show the preparation of the influent solution (2.4) without showing the preparations in 2.1, 2.2, and 2.3. A voiceover indicating what each solution is when it is added should cut down on the video time these steps take. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) ______________________
Ensuring that the biomass zone is properly established and stable is difficult (3.8 – 3.11). This requires some finesse with the mixing bar and flow rate of recycle stream. We may be able to show the viewers what happens if errors are made (loss of biomass or no lofting of biomass). 

E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? ___________________________________________________ 
YES. Most of the filming will take place within the lab. It is possible to arrange a conference room or something similar for the introductory section (where an author provides a description before the methods are presented). If you would like that to happen, most of the possible spaces are within the same building or an adjacent building as the laboratory. 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this bioreactor design and experiment is to demonstrate the cultivation of a highly dense mixed photosynthetic community in a novel bioreactor for effective treatment of wastewater. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Price: This method can help answer key questions in the algal-biotechnology field, such as how to design and operate algal-based bioreactors in order to remediate waste streams and produce algal biomass [1.1.1 – MED]. 
1.1.1. Jake speaks toward the camera, interview style.

1.2. Price: The main advantage of this technique is that highly dense algal biomass is cultivated in the absence external separation methods by combining upflow reactor architecture with offline aeration and mixing [1.2.1 – MED].
1.2.1. Jake speaks toward the camera, interview style. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sales: We first had the idea for this method, when we realized this high density bioreactor system was successful in growing heteroptrophic bacteria from activated sludge to treat organic compounds in wastewater, as well as autotrophic nitrifiers and denitrifiers in the treatment of nitrogenous wastewater contaminant ammonia [1.3.1 – MED].
1.3.1. Chris speaks toward the camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Sales: [1.4.1 – MED] Demonstrating the procedure will be Thomas Thompson, a technician and co-op from my laboratory [1.4.2 – MED].  

1.4.1. Chris speaks toward the camera, interview style.
1.4.2. Thomas looks up from workbench or desk or microscope and acknowledges the camera.

Authors, I had to eliminate some of the optional interview statements to conform to the specified number and length restrictions.  I moved them to the concluding statements.
Protocol (read by voice talent at JoVE):

2. Reactor Assembly
2.1. To begin, place the reactor on a mixing plate and add a stir bar to the reactor [2.1.1 – MED].  Place the recycle tank beside the stir plate and reactor so that the effluent port of the tank is directed towards the edge of the lab bench [2.1.2 – CU]. 
2.1.1. Talent places the reactor on a mixing plate and adds a stir bar to the reactor.
2.1.2. Recycle tank as talent places beside the stir plate/reactor so that the effluent port of the tank is towards the edge of the bench.
2.2. Place the waste container underneath the effluent port of the recycle tank [2.2.1 – MED].  Then, place the feed tank next to the recycle tank [2.2.2 – MED-over the shoulder].  
2.2.1. Talent places the waste container underneath the effluent port of the recycle tank.
2.2.2. Feed tank as talent places next to the recycle tank.
2.3. Secure the reactor against tipping with an appropriately sized stand and clamp [2.3.1 – CU].  [2.3.2 – MED-over the shoulder]. 
2.3.1. Reactor as talent secures it with a stand and clamp.
2.3.2. Talent secures the recycle tank.
2.4. Insert neoprene peristaltic pump tubing in the recycle pump and feed pump heads [2.4.1 – CU - TXT].  Install the pump heads onto the pump drives with the screws provided with the pump drives [2.4.2 – MED-over the shoulder - TXT].
2.4.1. Neoprene peristaltic pump tubing as talent inserts it in the recycle and feed pump heads.  TEXT Overlay:  Refer to the Materials table for additional tubing specifications
2.4.2. Talent installs pump heads onto the pump drives with the screws provided with the pump drives.  TEXT Overlay:  recycle pump = Pump A, feed pump = Pump B 
2.5. Next, connect Pump A’s tubing to the ports on the reactor and the recycle tank [2.5.1 – CU].  Insert the end of Pump B’s tubing into the feed tank and the recycle tank [2.5.2 – MED-over the shoulder].  
2.5.1. Reactor and recycle tank as talent connects Pump A’s tubing to the ports.
2.5.2. Talent inserts the end of Pump B’s tubing into the feed tank and the recycle tank.
2.6. Connect the top reactor port to the recycle tank with tubing [2.6.1 – CU].  Finally, apply clamps to the tubing at the reactor ports [2.6.2 – MED]. 
2.6.1. Tubing as talent connects the top reactor port to the recycle tank with tubing.
2.6.2. Talent applies clamps to the tubing at the reactor ports.
3. Seeding and Starting the Reactor
3.1. Prepare 5 liters of influent, or feed, solution to start the reactor [3.1.1 – Title Card].
3.1.1. Title card.  
3.2. First add 0.5 milliliters of mineral solution per liter of solution being made [3.2.1 – MED – TXT].  Then dilute 2 milliliters of ammonia stock solution and 2 milliliters of nitrate stock solution to 1 Liter total volume [3.2.2 – CU – TXT].  
3.2.1. Talent adds 0.5 mL of mineral solution per liter of solution being made.  Use labeled containers.  TEXT Overlay:  see text for mineral solution recipe
3.2.2. Container as talent dilutes 2 milliliters of ammonia stock solution and 2 milliliters of nitrate stock solution to 1 Liter total volume.  Use labeled containers.  TEXT Overlay:  see text for stock solution recipes
3.3. Add 750 milliliters of the feed solution to the reactor [3.3.1 – MED-over the shoulder].  Fill the recycle tank with 500 milliliters of feed solution [3.3.2 – CU].
3.3.1. Talent adds 750 mL of feed solution to the reactor.
3.3.2. Recycle tank as talent fills with 500 mL of feed solution. 
3.4. Use a long pipette to gently add an inoculate suspension containing 1.5 grams of algae near the bottom of the reactor [3.4.1 – MED].  Allow the inoculum to settle to the bottom of the reactor as ensured by visual observation before proceeding to the next step [3.4.2 – CU].  Place the aeration stone in the recycle tank and turn it on. [3.4.3] 
3.4.1. Talent uses a long pipette to gently add an inoculate suspension of 1.5 grams of algae near the bottom of the reactor.
3.4.2. Inoculum as it settles to the bottom of the reactor. 
3.4.3. [added] Placing the aeration system
3.5. Once the cells have settled, remove the tube clamps and turn on Pump A to a slow flow rate using the controls on the pump drive unit [3.5.1 – MED-over the shoulder – TXT].  Air trapped in the tubing will be expelled into the reactor [3.5.2 – ECU]. 
3.5.1. Talent removes the tube clamps and turns on Pump A to a slow flow rate.  TEXT Overlay:  10 revolutions min-1/38 mL min-1
3.5.2. Air bubbles moving through the tubing.
3.6. Gradually add the feed solution to the recycle tank as the solution is pumped into the reactor [3.6.1 – MED].  Continue the addition until both the reactor and the recycle tank are at capacity and effluent starts to exit the recycle tank via the top port [3.6.2 – CU].  
3.6.1. Talent gradually adds the feed solution to the recycle tank as the solution is pumped into the reactor.
3.6.2. Recycle tank/reactor as talent continues the addition until both the reactor and recycle tank are full and effluent starts to exit the recycle tank via the top port.
3.7. Pour the remaining feed solution into the feed tank [3.7.1 – MED].
3.7.1. Film as written.
3.8. Then, set Pump A to 19 revolutions per minute, establishing a recycle flow rate of 72.5 milliliters per minute [3.8.1 – MED-over the shoulder].  Observe the algae begin to loft from the bottom of the reactor [3.8.2 – CU].
3.8.1. Talent sets Pump A to 19 revolutions per minute.
3.8.2. Algae as it begins to loft from the bottom of the reactor.  
3.9. Using the gradations on the reactor, determine the algae biomass zone height.  Ensure that the height is constant before proceeding to the next step [3.9.1 – ECU].
3.9.1. Gradations on the reactor as showing a constant algae biomass zone height as talent points to the measurement.
3.10. Price Thomas Thompson: When setting the speed of the mixing plate it is vital to monitor the height and stability of the algal biomass to prevent the loss of biomass. Moderate and incremental changes to the speed of the mixing bar help to prevent this from occurring [3.10.1 – MED].
3.10.1. Jake Thomas Thompson speaks toward camera, interview style.
3.11. Turn on the mixing plate at very low speed; a setting of 1 or 2 is appropriate to start [3.11.1 – MED-over the shoulder].  The mixing bar will assist in lofting biomass further, but aggressive mixing will cause algae to leave the reactor, enter the recycle tank, and leave in the effluent [3.11.2 – CU]. 
3.11.1. Talent turns on the mixing plate at very low speed of 1 or 2.
3.11.2. Mixing bar as it mixes and biomass is lofted further.
3.12. Start the feed pump after observing a clear boundary between the algal plug and the reactor fluid [3.12.1 – MED-over the shoulder].  Set the pump to 25 revolutions per minute, establishing a flow rate of 1.5 milliliters per minute [3.12.2 – MED].  Observe the reactor fluid exit the effluent port, due to gravity and displacement caused by the incoming influent stream [3.12.3 – CU]. 
3.12.1. Talent points out clear boundary between the algal plug and the reactor fluid.
3.12.2. Feed pump as talent sets to 25 revolutions per minute.
3.12.3. Reactor fluid as it exits the effluent port.
4. Sample Collection and Analysis
4.1. Carry out sample collection activities prior to performing maintenance on the reactor system.  Collect 20 milliliters of effluent and influent samples daily [4.1.1 – WIDE].  Collect effluent samples from within the recycle tank [4.1.2 – MED-over the shoulder].  Collect influent samples directly from the feed tank [4.1.3 – CU].
4.1.1. Talent approaches the reactor system for sample collection.
4.1.2. Talent collects effluent samples from within the recycle tank.
4.1.3. Feed tank as talent collects influent samples directly from there. 
4.2. Vacuum the filter samples to remove suspended solids prior to storage and analysis [4.2.1 – MED-over the shoulder].
4.2.1. Talent vacuums the filter samples to remove suspended solids.  
4.3. Store the influent and effluent samples at minus 20 degrees Celsius until further analysis.  Limit the number of freeze thaw cycles the samples are subjected to [4.3.1 – WIDE].  [4.3.2 – CU].
4.3.1. Talent approaches the freezer with aliquots of the influent and effluent samples and opens the door.
4.3.2. Aliquots of the samples as talent places them into the freezer.
4.4. Finally, carry out sample analysis for nitrate, nitrite, and ammonia using standard techniques [4.4.1 – MED] [4.4.2 – LM].
4.4.1. Talent inserts samples into auto sampler of HPLC.
4.4.2. *To be provided by the authors-single screenshot or image of HPLC chromatogram. Please name the file according to the step number. 
5. Results: Nitrogen Species Removal Over Varied Influent Compositions
5.1. Ammonia removal was observed over all ranges of feed composition [5.1.1 – LM], but the magnitude of ammonia removal was not significantly affected by the influent’s ammonia composition [5.1.2 – LM - TXT].  Similarly, ammonia removal was not significantly affected by the influent’s nitrate composition [5.1.3 – LM - TXT]. 
5.1.1. 53443_Sales_Figure2AB.eps - Authors, please upload a version of this figure without the “A” and “B” labels.
5.1.2. 53443_Sales_Figure2AB.eps.  Editors, please zoom into the left side of this figure.  TEXT Overlay on Panel A: n=44, p=0.993.  
5.1.3. 53443_Sales_Figure2AB.eps.  Editors, staying zoomed in, please slide over to the right side of this figure.  TEXT Overlay on Panel B: n=44, p=0.610 
5.2. Nitrate was observed to accumulate within the reactor through most of the influent compositions [5.2.1 – LM].  Nitrate removal was negatively related with ammonia feed composition [5.2.2 – LM - TXT].  Whereas, removal of nitrate was positively related with nitrate feed composition [5.2.3 – LM - TXT]. 
5.2.1. 53443_Sales_Figure2CD.eps - Authors, please upload a version of this figure without the “C” and “D” labels.
5.2.2.  53443_Sales_Figure2CD.eps. Editors, please zoom into the left side of this figure. TEXT Overlay on Panel C: n=44, p=0.000

5.2.3.  53443_Sales_Figure2CD.eps.  Editors, staying zoomed in, please slide over to the right side of this figure.  TEXT Overlay on Panel D: n=44, p=0.000
5.3. The removal of ammonia [5.3.1 - LM] coinciding with the creation of nitrate [5.3.2 - LM] suggests that ammonia- and nitrite-oxidizing bacteria are present within the mixed community and that these organisms are contributing to Nitrogen species transformation within the reactor [5.3.3 - LM]. 
5.3.1. 53443_Sales_Figure2.eps.  - Authors, please upload a version of this figure without the “A,” “B,” “C,” and “D” labels.  Editors, please highlight the top two panels.
5.3.2. 53443_Sales_Figure2.eps.  Editors, please highlight the bottom two panels.
5.3.3. 53443_Sales_Figure2.eps.  
5.4. The oxygen required by ammonia- and nitrite-oxidizing bacteria would be provided by aeration [5.4.1 – LM] within the Recycle Tank [5.4.2 – LM] and transported through the Biomass Zone [5.4.3 – LM] within the Reactor via the Recycle Pump [5.4.4 – LM]. 
5.4.1. 53443_Sales_Figure1.  Editors, please highlight “A.” 
5.4.2. 53443_Sales_Figure1.  Editors, please highlight the arrow connecting “A” to “RT” and the “RT.”
5.4.3. 53443_Sales_Figure1.  Editors, please highlight “PA” and connecting areas, then “BZ.” 
5.4.4. 53443_Sales_Figure1.  Editors, please highlight “R” and then the arrow connecting “R” to “RT”. 
5.5. In addition to chemical composition of influent and effluent, monitoring the suspended solids content within the reactor has been found to be a good predictor of population crashes [5.5.1 – LM].  

5.5.1. 53443_Sales_Figure4.  Editors, please highlight the black solid line plot.
5.6. Large and sudden changes in feed composition can have adverse effects on the microbial community, and may result in reactor crashes.  Consequently, feed composition schedules should be carefully selected to prevent such crashes [5.6.1 – LM]. 
5.6.1. 53443_Sales_Figure4.  Editors, please highlight the red dashed line plot.
6. Conclusion (said by authors on camera)

6.1. Sales: Though this method can provide insight into how mixed algal-bacterial systems function within photobioreactors, it can also be applied to other systems, such as heterotrophic bacteria within activated sludge, nitrifying and denitrifying bacteria, phosphate-accumulating organisms, and anammox bacteria [6.1.1 – MED].
6.1.1. Chris speaks toward the camera, interview style.
6.2. Price: Once mastered, a high density bioreactor can be assembled and seeded in less than 2 hours.  Daily maintenance, including sample collection and influent preparation, takes approximately 1 hour.  Seeding the reactor with lower quantities of biomass is possible, but can result in longer startup times [6.2.1 – MED].
6.2.1. Jake speaks toward the camera, interview style.
6.3. Sales: We first had the idea for this method, when we realized this bioreactor system was successful in growing heteroptrophic bacteria from activated sludge to treat organic compounds in wastewater, in addition to autotrophic nitrifiers and denitrifiers in the treatment of the nitrogenous wastewater contaminant ammonia [6.3.1 – MED].

6.3.1. Chris speaks toward the camera, interview style.
6.4. Price: While attempting this procedure, allow the reactor to attain steady state, as the microbial community needs to attenuate to changes in feed or influent composition.  The attenuation process typically takes 3-5 days, but should be verified with each change in feed composition [6.4.1 – MED]. 
6.4.1. Jake speaks toward the camera, interview style. 
6.5. Sales: Visual demonstration of this reactor design is critical, as the establishment of the biomass zone is difficult to convey with static images and is dependent upon both the speed of the mixing bar and the recycle rate within the reactor [6.5.1 – MED]. 

6.5.1. Chris speaks toward the camera, interview style.
Authors, I had to edit some of the statements to conform to the length restrictions (40 words/statement).
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
53443_Sales_Figure2AB.eps - Authors, please upload a version of this figure without the “A” and “B” labels.
53443_Sales_Figure2CD.eps - Authors, please upload a version of this figure without the “C” and “D” labels.
53443_Sales_Figure2.eps - Authors, please upload a version of this figure without the “A,” “B,” “C,” and “D” labels 

53443_Sales_Figure1.pdf or 53443_Sales_Figure1.ai 

53443_Sales_Figure4.eps
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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