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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Y
C.  Which steps of your protocol will viewers benefit most from having filmed?
3.3, 3.4, 6.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?
3.3, 3.4
E.  Will the filming need to take place in multiple locations? N
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 is to determine the power input in stirred laboratory bioreactors based on torque measurements. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Stephan Kaiser: The main advantage of this technique is that commercially available torque sensors can be used for benchtop scale investigations, which enables the user to conduct measurements for scaling up studies. 
1.2. Stephan Kaiser: Visual demonstration of this method is critical as the proper installation of the torque transducer is important for reliable measurements.  
C. Optional Interview Statements: N/A
D. Introduction of Demonstrator: N/A
E. Ethics title card: N/A 
Protocol: (read by voice talent at JoVE)
2. Experiment Setup
2.1. Set up the bioreactor elements and control apparatus on a lab bench. [1-WIDE] For this experiment, there is a two liter mixing tank and the vessel holder. [2-MED] There is also a specially designed holder for the agitator motor. [3-MED]
2.1.1. Talent (arriving) at bench with the elements needed for the experiment
2.1.2. Talent next to the mixing tank (ideally with motor and agitator shaft nearby) and vessel holder. The goal is to introduce viewers to the apparatus. (Author Comment: The used bioreactor was already placed onto the holder (originally step 3.3.4), because it cannot stand without support.)
2.1.3. Talent either placing the holder near the other items or holding it. Position should be consistent with the next shot
2.2. In addition to a mount for the motor, there is a mount for a torque meter. [1-CU] The special design includes an air bearing with an input for pressurized air. [2-CU] 
2.2.1. Detail of the holder to show the locations of the torque meter and motor mount points.
2.2.2. Detail of the holder to show the air bearing and possibly the air input
2.3. Use a computer and bioreactor control unit for data acquisition and control. [1-MED] Also, provide pure water for use in the bioreactor. [2-CU-TXT].
2.3.1. A control unit next to a computer
2.3.2. Talent in some way working with a set of (mock) solutions setting up water for experiment. TEXT: See text protocol for details on using sucrose solutions. Concentrations: 20–60% w/w; 
3. Installation of the Torque Sensor
3.1. The first step is to mount the agitator motor and the torque transducer. [1-WIDE] First place the brushless servo agitator motor onto the top of the holder. Secure the motor in place with screws. [2-CU] Then orient the torque transducer properly and put it in position. Fix it on the holder using four screws. [3-CU]
3.1.1. Talent at bench prepared to mount the motor on the holder
3.1.2. The holder as the motor is mounted on it. After pause, talent starting to secure the holder with screws
3.1.3. The holder (with motor) as transducer is put into position. After a pause, talent securing it with screws
3.2. Fix the metal bellow coupling to connect the motor shaft to the drive shaft of the torque transducer. [1-CU] [2-MED] Once this is done, get the agitator shaft. [3-MED] Install the impellers on the agitator shaft before proceeding. [4-CU]
3.2.1. The shafts as the coupling is put in place. At least get shots of before and after. (Author Comment: The bellow couplings were pre-installed at the torque sensor, but we shot how to fix them on the motor drive side.)
3.2.2. Talent putting holder on head plate (moved down below 3.3.2)
3.2.3. Talent getting agitator shaft
3.2.4. The agitator shaft with the impellers installed
3.3. Next, insert the agitator shaft into the air bushing. [1-MED] Fix the second metal bellow coupling to connect the agitator shaft to the torque transducer’s measurement shaft. [2-CU] Place the holder with the installed torque transducer and the motor drive onto the bioreactor headplate. [3-MED] [4-MED]
3.3.1. Talent installing the shaft
3.3.2. The coupling in place between the agitator shaft and the transducer, showing enough of the setup to allow viewer to understand location. (Author Comment: Again, the bellow couplings were pre-installed at the torque sensor, but we shot how to fix them on the agitator shaft side.)
3.3.3. Talent placing the head plate holder with installed motor and shaft onto the bioreactor headplate (Author Comment: headplate is fixed to the used bioreactor and cannot be removed).
3.3.4. Talent placing bioreactor into the vessel holder
3.4. Stephan Kaiser: After selecting the appropriate torque transducer and test conditions, the most critical step is the proper installation of the torque sensor and the agitator shaft that is held in place by the air bearing.
3.4.1. Interview style: Author saying the above (Author Comment: B-roll shot of torque sensor and air bearing) (Editor: As this was shot with this in mind, feel free to use any decent looking B-roll at any point during this interview statement)
3.5. Now, put a temperature sensor in the bioreactor. [1-MED CU] Connect the sensor to the A/D converter. [2-MED]. Next, connect the motor drive to the control unit [3-WIDE]. Prepare the air bearing by connecting tubing for pressurized air. [4-MED] Apply the appropriate air pressure to the bearing. [5-CU-TXT]
3.5.1. Talent putting sensor into the bioreactor. It may be possible to combine this with 3.5.2
3.5.2. Talent connecting sensor to the A/D converter (Author Comment: MED) control unit
3.5.2B [Added Shot]: Talent connecting motor to control unit (part of shot 3.5.2). (Editor: This shot seems more relevant than 3.5.3 for that action – and the author asks that “the last part of 3.5.2 be used…”, so I’d suggest using this instead of 3.5.3. However, I don’t know what the footage looks like, so make the final call based on what you see)
3.5.3. Talent getting tubing and connecting it to the air bearing (Author Comment: Editor: Please use last part of shot 3.5.2 to show connecting air bearing.)
3.5.4. A gauge showing the applied pressure. If that isn’t possible, a MED shot to the talent adjusting the pressure [TEXT: Air pressure: 5.5 bar] (Author Comment: Talent switched on the compressor and adjusted the pressure regulator, the actual pressure display is probably not visible in the video.)
3.6. The completed setup is represented in this schematic. [1-LM] Computer software uses the control unit to set the motor speed and monitor the temperature. [2-LM] The computer collects data from the torque transducer through an analog to digital converter. [3-LM]
3.6.1. LAB MEDIA: Fig01_ExpSetup_simplified.tif
3.6.2. LAB MEDIA: Fig01_ExpSetup_simplified.tif (Video editor: Please highlight/point to the computer symbol during the entire shot. In addition, highlight/point to the control unit symbol starting with “uses the control unit”. Highlight the dashed line going from “Motor speed control” and the dark symbol that terminates the line during “set the motor speed”. Highlight the dashed line going from “Temperature control” and the slightly darkened region above the rounded curve and below the horizontal line during “monitor the temperature”)
3.6.3. LAB MEDIA: Fig01_ExpSetup_simplified.tif (Video editor: Please highlight/point to the computer symbol during the entire shot. In addition, highlight the dashed line that goes from “A/D-converter” and the grey symbol that terminates it during “torque transducer though and analog to digital converter”)
4. Preparation of the Data Logging and Measurement Recipe
4.1. Open the control software on the computer. [1-WIDE/MED] The opening screen is the “Settings” tab page. Go to the “COM port” dropdown menu and use it to select the correct port. Click the “Connect” button to initiate communication with the control unit. [2-SCREEN]
4.1.1. Talent at computer.  Take a MED shot, too, for possible reuse. In the MED shot, the screen should not be visible.
4.1.2. *To be provided by authors SCREEN: Authors: Start with the “Settings” page. Pause [pause means about 1 second; ideally nothing would move] before moving to the “COM port” dropdown menu. Stop on the menu before using it to select the port. Pause before clicking the “Connect” button. Wait a few seconds before stopping the recording.
4.2. On the same tab page, go to the folder symbol next to the “Data file location” text field. Click on it and a file dialog box will open automatically. Browse the desired folder and type a file name for the data logging file. Confirm by clicking the “OK” button. The file path and name will be displayed in the “Data file location” text field. [1-SCREEN]
4.2.1. *To be provided by authors SCREEN: Authors: For this demonstration, please create the data file in an empty folder. The folder should not be too deep in your filesystem. Begin where 4.1.2 left off, including the cursor position. After a pause, go to the text field and stop before clicking on it. Select the desired folder, then type a file name. Pause before clicking “OK”. If necessary, move the cursor to draw attention to the “Data file location” text field. Wait a few seconds before stopping the recording.. 
4.3. Now, go to the “Recipes” tab and bring that page to the foreground. Find the fields labeled “Phase duration” and “Agitator”. Type the desired values for the recipe phase duration in minutes and the corresponding impeller speeds in the text fields. To save the recipe, click “Save”. In the file dialog, select the desired file path. Type the desired file name. Click “OK”. The file dialog will shut down automatically. [3-SCREEN]
4.3.1. *To be provided by authors SCREEN: Authors: Begin where 4.2.1 left off. After a pause, move the cursor to select the “Recipes” tab. Pause again before moving the cursor to draw attention to the “Phase duration” and “Agitator” fields. Pause before moving on to enter values in the field. Pause and then move to click “Save”. Pause before selecting the path and entering the name and clicking OK. Wait a few seconds before stopping the recording.
5. Configuration of the Data Acquisition Software
5.1. Open the data acquisition software to configure it. A green indicator next to a channel indicates it is initialized and active. Click the “Live update” button. One channel displays the torque signal, which should be appropriately zeroed. [TEXT: See text protocol for zero balancing][1-SCREEN]
5.1.1. *To be provided by authors SCREEN: Authors: Begin with the data acquisition software open. After a pause, point out the green indicator next to the channel that you will be using. Wait 1-2 seconds before clicking “Live update”. Wait a few seconds before stopping the recording.
5.2. Select the tab for the “Data acquisition job” page to switch to the data acquisition tab page. There, under “Sample rate groups” select a data acquisition rate of 2 Hertz. Under “Start of data recording” select “Immediately at job start”. Next go to “Stop of data recording” and select “Duration”. Define a time that is slightly longer than the measurement. [1-SCREEN]
5.2.1. *To be provided by authors SCREEN: Authors: Start with the screen as it was left in 5.1.1. After a pause, select “DAQ job” and wait for 1-2 seconds. Go to select a rate of 2 Hz and pause. Select “Immediately at job start” and pause. Go the “Duration” choice and select it. Pause before entering a duration Wait a few seconds before stopping the recording. (Editor: DAQ is data acquisition – I’ve changed the VO text so it says the full term the authors want read)
5.3. Now, navigate to the “Data storage” tab page. Go to the “File format” dropdown menu and choose the option “ASCII + channel info” (said as one word pronounced like “ask-ee”). Set a file path for the measurement data in the corresponding text field. [1-SCREEN]
5.3.1. *To be provided by authors SCREEN: Authors: Begin where 5.2.1 ended. Pause before going to the “Data storage” page. Pause again before going to the dropdown menu. Pause before going to the option and pause again before selecting it. Set the file path. Wait a few seconds before stopping the recording.
6. Perform the Torque Measurement
6.1. To perform the experiment, return to the bioreactor. [1-WIDE] Use a funnel to add water or the sucrose solution to the vessel. [2-MED-TXT] The experiment is ready to be started. [3-CU] 
6.1.1. Talent at the bioreactor, preparing to perform the next steps
6.1.2. Talent using funnel to add solution [TEXT: Also perform one experiment with an empty reactor]
6.1.3. The bioreactor once it is ready for the experiment
6.2. In the data acquisition software, go to the “data acquisition job” page.  There, click “Start”. Now, switch to the control unit software to start the agitator. To use a recipe, go to the “Recipe” tab. There select a pre-defined recipe for the experiment. On the same page, click the “Start” button. [1-SCREEN]
6.2.1. *To be provided by authors SCREEN: Authors: Begin where 5.3.1 left off. Pause before navigating to the “DAQ job” page. Once on the page, pause before going to click “Start”. After a pause, switch programs. Pause before selecting the “Recipe” tab and moving to the recipe choices. Pause before selecting the recipe. Pause and click “Start”. Wait a few seconds before stopping the recording. (Video editor: If changing the programs is too jarring, consider substituting the MED shot from 4.1.1 during the line “Now, switch to the control unit software to start the agitator.”)
6.3. The process will automatically start and the agitator speed is set according to the settings defined in the recipe. [1-CU] When the experiment is completed, a window in the data acquisition software will open. Save the data by clicking the “Save data now” button. [1-SCREEN]
6.3.1. The agitator in the bioreactor starting and reaching/maintaining its first speed setting
6.3.2. *To be provided by authors SCREEN: Authors: The window in the software opening. After a pause, click to save the data. Wait a few seconds before stopping the recording.
6.4. In the control unit software, a message box will appear indicating that the process has been finished. Click “OK”. Go to the “Recipe” tab page and click the “Stop” button to finish the recipe. [1-SCREEN]
6.4.1. *To be provided by authors SCREEN: Authors: Start with the message box and pause for 2-3 seconds before clicking “OK”. Pause before going to the “Recipe” page. When on the page, pause before clicking “Stop”. Wait a few seconds before stopping the recording.
7. Results: Measurements of Power Input and Power Number as a Function of Reynolds Number for Sucrose in Different Bioreactors
7.1. These data show how the torque signal increased with every step increase in rotational speed. [1-LM] After a transient peak, about one minute elapses before the measurements are quasi-stable. This depended on the rotational speed and the impeller. [2-LM] The dashed lines indicate a 5% confidence interval around the time averaged values. [3-LM]
7.1.1. LAB MEDIA: 56078fig2large.jpg (Video editor: Please highlight/point to the vertical axis during “torque signal” and the horizontal axis during “rotational speed”)
7.1.2. LAB MEDIA: 56078fig2large.jpg (Video editor: During the first sentence, please highlight the region from Process time = 0 to the beginning of the dashed horizontal lines in the region labeled “N1 = 150 rpm”. Remove the highlighting for the second sentence.)
7.1.3. LAB MEDIA: 56078fig2large.jpg
7.2. This plot compares the predicted and measured power input as a function of Reynolds number for different sucrose concentrations. [1-LM] The solid lines represent a model which assumes the power is proportion to the cube of the Reynolds number. The circles represent data. [2-LM]  The bioreactor was a 2 liter working volume glass vessel with a single Rushton turbine impeller configuration. [3-LM] (Figure 3)
7.2.1. LAB MEDIA: 56078fig3large.jpg (Video editor: Please highlight/point to the vertical axis during “power input” and the horizontal axis during “Reynolds number”)
7.2.2. LAB MEDIA: 56078fig3large.jpg (Video editor: During the first sentence, please draw the viewer’s attention to one (or more) of the solid lines that intersect with the circles in the image.)
7.2.3. LAB MEDIA: 56078fig3large.jpg
7.3. The triangles in this plot are data from a glass 2 liter working volume bioreactor. [1-LM] The circles are data from a stainless steel 10 liter working volume bioreactor. [2-LM] Both have a single Rushton turbine.  The power numbers for fully turbulent conditions are equal at both scales. [3-LM]
7.3.1. LAB MEDIA: Fig04a_PowerNumber-RushtonTurbine.tif (Video editor: Please highlight/point out the data represented by triangles)
7.3.2. LAB MEDIA: Fig04a_PowerNumber-RushtonTurbine.tif (Video editor:  Please highlight/point out the data represented by circles)
7.3.3. LAB MEDIA: Fig04a_PowerNumber-RushtonTurbine.tif (Video editor: During the second sentence, please highlight the region in the plot where the curves are close, that is, from 10000 to 40000 on the horizontal axis)
7.4. A comparison of data from 1 and 2 liter working volume bioreactors with modified Rushton turbines and segment blade impellers shows that both have similar decreases in power numbers with increasing Reynolds numbers. [1-LM] The offset between the two may be due to vessel or agitator geometries. [2-LM]
7.4.1. LAB MEDIA: Fig04b_PowerNumber-SmartGlass.tif (Video editor: For this sentence, please label the curve with triangular data points with the text “1 Liter” and the curve with circular data points with “2 Liter”)
7.4.2. LAB MEDIA: Fig04b_PowerNumber-SmartGlass.tif
8. Conclusion (said by authors on camera)
8.1. Stephan Kaiser: After watching this video, you should have a good understanding of how to setup a torque measurement to determine the power input in benchtop scale bioreactors. Following this procedure, measurements can be performed in both single-use and conventional systems.
8.2. Stephan Kaiser: Using automated measurements the experimental effort can be significantly reduced and many data points can be determined in a fast, reliable and reproducible manner. 
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.
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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