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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

2. Does your protocol include software usage? Y
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 2.1 ,3.7, 3.8, 4.1, 4.5, 4.6
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.)
3.7 & 3.8: Gas-tight connections under pressure require the right fittings, careful tightening of parts, and possibly Teflon tape during assembly to prevent leaks. 
5. Will the filming need to take place in multiple locations? N


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Hannah Molitor: This protocol details the photobioreactor equipment adaptations necessary to cultivate microalgae with corrosive gases, and discusses safe operation and sampling of the photobioreactor [1]. 
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


1.2. Hannah Molitor: Photobioreactors provide the necessary control for reliable and reproducible microalgal experiments. This bench-scale system can be used to study the characteristics and productivity of microalgae cultivated with simulated combustion emissions [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


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


1.3. Emily Greene: This method may be used with other carefully adapted bioreactors or to cultivate other photoautotrophic microorganisms [1]. 
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Emily Greene: Visual demonstration of this method is critical because it is a complex protocol that prevents human exposure to the toxic simulated combustion emissions used for microalgae cultivation [1]. 
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.





Section - Protocol
2. Safe Use of a Photobioreactor Sparged with Corrosive Gases 
2.1. To begin, model the possible accumulated concentration of toxic gases in the room, if the fume hood were to fail. Use the American Industrial Hygiene Association’s mathematical modeling spreadsheet IH MOD8 (pronounce as eye-h-M-Oh-D-eight) for each gas [1].
2.1.1. SCREEN: Talent shows the modeling spreadsheet.
2.2. Set up a toxic gas monitoring system with sensors for each of the toxic gases in use. Calibrate the sensors according to manufacturer instructions. Bump test frequently [1]. Locate the gas monitor just outside the fume hood [2]. 
2.2.1. Talent calibrates on one sensor.
2.2.2. Talent points to the gas monitor placed outside fume hood. Important Step
2.3. [bookmark: _Hlk21601317]Hannah Molitor: Prior to the experiment, ensure that all personnel are instructed on the appropriate responses to a toxic gas alarm [1].
2.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
2.4. From building HVAC maintenance personnel or HVAC technician, obtain Q, the room supply or exhaust air rate, in cubic meters per minute [1]. Calculate the volume, V, of the laboratory in cubic meters [2].
2.4.1. SCREEN: Talent points to Q value.
2.4.2. SCREEN: Talent calculates the volume.
2.5. Calculate the contaminant emission rate, G, of each type of toxic gas in milligrams per minute, using the equation adapted from the ideal gas law [1-TXT].
2.5.1. SCREEN: Talent points to the equation in spreadsheet. TEXT:  Video editor: Keep the text until 2.5.2.
2.6. Where P is the fraction of pressure exerted by the toxic gas at 1 atm, Qgas is the flow rate of the gas in liters per minute, R is the universal gas constant, T is temperature in Kelvin, and MW is the gas’ molecular weight in moles per gram [1].
2.6.1. SCREEN: Talent points to the symbols in the equation.
2.7. Use the values for V, Q, and G for each gas in the “Well-Mixed Room Model With option to cease generation and model room purge” algorithm in the IH MOD spreadsheet to calculate the accumulated room gas concentrations for each gas over a 24-hour simulation period [1]. Compare these values to the exposure limits [2].
2.7.1. SCREEN: Talent does the calculation for room gas concentration.
2.7.2. SCREEN: Talent shows the exposure limits.
3. Setup and Operation of Photobioreactor
3.1. Now, prepare 100 milliliters each of 1 normal sodium hydroxide and 1 normal hydrochloric acid in two 250-milliliter input solution bottles [1]. Use secondary containment for these solutions [2].
3.1.1. Talent shows two bottles, each containing 100 milliliters of HCl or NaOH.
3.1.2. Talent places the two bottles in separate containers.
3.2. Store metered input solutions in autoclavable capped bottles equipped with dip tubes [1] and a vent tube with a sterile inline air filter [2]. Connect the dip tubes to two of the photobioreactor’s four input ports using autoclavable tubing [3][4-LM]. 
3.2.1. Talent shows the bottles, and inserts the dip tubes.
3.2.2. Talent points to the vent tube on the input solution bottle caps.
3.2.3. Talent connects the dip tubes to two ports.
3.2.4. Figure 1 – Video editor: Use as an inset. Emphasize the input ports.
3.3. Insert and screw closed the cold finger and exhaust condenser on the photobioreactor headplate [1][2-LM]. 
3.3.1. Talent sets up the headplate, and attaches the cold finger and exhaust condenser.
3.3.2. Figure 1– Video editor: Use as an inset. Emphasize the cold finger and exhaust condenser one by one according to the action of the talent.
3.4. Insert the inoculation port and screw tightly in place. Add a length of autoclavable tubing to the section of inoculation port above the photobioreactor headplate [1]. Prior to autoclaving the bioreactor, clamp the tubing closed with an autoclavable hose clamp [2].
3.4.1. CU: Talent inserts port and screws, and connects a tubing.
3.4.2. CU: Talent clamps the tubing.
3.5. Attach tubing capped with sterile filters to any unused photobioreactor ports [1]. Add 1.5 liters of culture medium [2]. Autoclave the reactor and associated input solutions for 30−45 minutes [3].
3.5.1. Talent attaches tubing with filters to ports.
3.5.2. Talent adds 1.5 L of medium.
3.5.3. Talent places the reactor and solutions into autoclave.
3.6. Pass the 1.6-millimeter inside diameter autoclavable tubing between the input solutions and their ports through separate peristaltic pumps [1]. Attach the impeller motor to the impeller shaft and tighten the fitting [2]. Arrange LED light panels symmetrically outside the bioreactor according to illumination requirements [3].
3.6.1. Talent passes tubing through peristaltic pumps. 
3.6.2. Talent attaches the motor to the shaft, and tightens.
3.6.3. Talent places light panels outside the bioreactor.
3.7. Attach appropriate regulators capable of 20 psi outlet pressure to the gas cylinders. Attach 6-millimeter inside diameter pressure resistant tubing to the regulator outlet hose barb and secure with a hose clamp [2]. 
3.7.1. Talent attaches regulators and tubing. Important Step
3.8. Attach the other end of the pressure resistant tubing to the gas regulating tower gas inlet using a hose barb to 6-millimeter stem quick connect fitting secured with a hose clamp [1]. 
3.8.1. Talent attaches hose barb end to the tubing and secures with hose clamp. Important Step
3.8.2. Talent connects tubing to the gas regulating inlet with the quick connect fitting. Important Step
3.9. Connect 3.2-millimeter inside diameter tubing to the gas-regulating tower gas outlet using 6 millimeter quick connect fitting and connect the other end of the outlet tubing to the sparging ring port at the photobioreactor headplate [1]. 
3.9.1. Talent connects the outlet tubing to the outlet and the reactor headplate.
3.10. [bookmark: _GoBack]Set the outlet pressure to 20 psi on each gas regulator [1]. On the bioreactor interface, set experimental gas flow rates. Use the STIRR function to set an impeller rotation rate that is rapid enough for the culture medium to assimilate the sparged gas bubbles [2].
3.10.1. CU: Talent adjusts gas regulator.
3.10.2. CU: Talent adjusts settings on the bioreactor interface.
4. Adapting the Photobioreactor and Experimental Setup for Toxic Gas Use 
4.1. After autoclaving, assemble the photobioreactor and gas cylinders within a walk-in fume hood. Place the photobioreactor on a table inside a secondary container and place gas cylinders in free standing cylinder collars or a cylinder rack [1]. 
4.1.1. WIDE: Talent assemble the reactor. Important Step
4.2. After initiating gas flow [1], use a wash bottle filled with a 1:100 dilution of dish soap to water to cover the connections between the gas cylinders and bioreactor with a small stream of soap solution. Check for gas leaks indicated by bubbling [2].
4.2.1. CU: Talent opens gas flow from cylinders and computer interface.
4.2.2. CU: Talent uses a bubble detector to check for gas leaks.
4.3. When initiating the microalgal experiments, begin sparging of the gas [1], and then adjust pH before inoculation [2].
4.3.1. Talent starts the gas flow on the computer interface.
4.3.2. Talent points to pH reading and then the base addition indicator on the computer interface.
4.4. Inoculate the photobioreactor by aspirating the prepared microalgal inoculum into a sterile syringe, fitting the syringe to the tubing attached to the inoculation port, opening the inoculation tubing clamp, and depressing the syringe [1]. 
4.4.1. Talent adds culture through the syringe.
4.5. Check the gas monitor, gas cylinder pressures, and photobioreactor twice daily for elevated levels of toxic gas or indication of leaks [1]. Limit the fume hood sash opening to a width that allows the bioreactor and gas cylinder regulators to be reached [2].
4.5.1. Shot of the gas monitor, pressures and the photobioreactor.
4.5.2. WIDE: Talent adjusts the hood sash opening. Important Step
4.6. When sampling, turn the gas cylinder regulators to the closed position to cease gas flow to the reactor [1]. Close the fume hood sash and allow 5 minutes for the hood to evacuate the corrosive gases [2]. 
4.6.1. CU: Talent turns off the gas cylinder regulators. Important Step
4.6.2. Talent closes the fume hood sash. Important Step
4.7. Sample within the fume hood either by opening a headplate port and using a sterile serological pipet [1] or drawing culture into a syringe through the inoculation or sampling port [2].
4.7.1. Talent draws up sample by opening a port and using a serological pipet.
4.7.2. Talent draws up sample through the inoculation port with a syringe.



Section – Results
5. Results: Calibration Curve and Modeled Biomass Productivity
5.1. In this study, a calibration curve for the green microalgae, Scenedesmus obliquus (pronounce as sehn-eh-dez-mus ōb-lee-kus), harvested in the exponential phase [1], was established with OD750 (pronounce as O-D-seven-fifty) measurements [2] and dried biomass concentrations [3].
5.1.1. LAB MEDIA: Figure 2
5.1.2. LAB MEDIA: Figure 2 – Video editor: emphasize y axis.
5.1.3. LAB MEDIA: Figure 2 – Video editor: emphasize x axis.
5.2. The biomass concentrations were calculated from the calibration curve, and then modeled with a logistic curve, where L is the maximum biomass concentration, k is the relative steepness of the exponential phase, x0 is the time of the curve’s midpoint, and x is the time [1].
5.2.1. [bookmark: _Hlk21358317]LAB MEDIA: Figure 3  TEXT: ; L = 1955 mg L-1, k = 1.154 d-1, and x0 = 3.317 d.
5.3. A promising preliminary trial with simulated flue gas achieved a maximum microalgal biomass productivity rate at 690 milligrams per liter per day [1], which was greater than that of 12% carbon dioxide and ultra-zero air at 510 milligrams per liter per day [2].
[bookmark: OLE_LINK1]LAB MEDIA: Figure 4 – Video editor: emphasize the blue trace. TEXT: ; L = 1400 mg L-1, k = 1.9 d-1, and x0 = 3.7 d; 
5.3.1. LAB MEDIA: Figure 4 – Video editor: emphasize the black trace. TEXT: ; L = 2300 mg L-1, k = 0.88 d-1, and x0 = 6.4 d; 




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Hannah Molitor: Correct assembly of the system is most important to the procedure, for microalgal cultivation and safety. The system needs to be constantly monitored with gas sensors, transfer lines need to be gas-tight, and the fume hood must be used appropriately [1].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.2. Emily Greene: Pressurized cylinders containing toxic gases are hazardous. Always ensure that the cylinders are secured and only used inside a fume hood after establishing a toxic gas monitoring system.   
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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