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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y but due to federal regulations we are not permitted to add recording software to our computers 
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 

2.3., 2.11., 3.3., 4.6., 6.4., 6.5.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.9.

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Cyrus Agarabi: This method can help answer some of the important questions in the field of bioprocess manufacturing regarding aspects of cell line characterization and media and process optimization.
1.2. Cyrus Agarabi: Advantages of this technique are that it provides greater control than shake flasks and allows automation and the performance of large numbers of small scale studies for quick data generation.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Cyrus Agarabi: Demonstrating the procedure will be Sai Rashmika Velugula and Casey Kohnhorst, research fellows in my laboratory.
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Disclaimer: This video reflects the views of the authors and should not be construed to represent the FDA’s views or policies.
Protocol: (read by voice talent at JoVE)
2. Seed Train Expansion and Automated Microbioreactor System Preparation
2.1. Begin by immersing a stock vial of 3 x 107 CHO (cho rhymes with snow) cells/mL of freezing medium in a 37 °C water bath [1-WIDE-TXT]. 
2.1.1. Talent placing vial into water bath (TEXT: See text for all medium/reagent preparation details)

2.2. When only a small sliver of ice remains [1-ECU], gently pipet the rapidly-thawed cell suspension a few times [2-MED] and transfer 1 mL of cells into a sterile 125-mL vented shake flask containing 29 mL of OptiCHO medium [3-CU].
2.2.1.  Shot of small sliver of ice
2.2.2. Talent at BSC, pipetting cells

2.2.3. Cells being added to flask, with medium container label visible in frame

2.3. Place the flask in a cell culture incubator at 37 °C and 8% CO2 with shaking at 130 rpm [1-MED], subculturing the cells after 72 hours in 100 mL of fresh, 37 °C-medium in a 125-mL spinner flask for another 72-hour incubation at 37 °C and 8% CO2 with shaking at 70 rpm [2-CU].

2.3.1. Talent placing ask onto shaker
2.3.2. Cells being added to flask, with medium container label visible in frame

2.4. On the third day of subculture, add fresh, pre-warmed medium to the spinner flask to maintain the cells at an at least 90% viability for a final 24 hours of culture [1-MED].
2.4.1. Talent adding medium to cells, with medium container visible in frame

2.5. The next morning, click on the remote desktop icon [1-MED-over the shoulder] and click “Connect” [2-SCREEN].

2.5.1. Talent at computer, clicking on remote desktop icon

2.5.2. *To be provided by Authors: Connect being clicked

2.6. When the remove desktop is connected, open the cell counter software and install a new reagent pack [1-SCREEN].

2.6.1. *To be provided by Authors: Software being opened, reagent pack being installed

2.7. Then empty the trypan blue waste [1-CU] and prime the system [2-MED].
2.7.1. Waste being discarded

2.7.2. Talent starting priming 
2.8. Next, minimize the remote connection [1-MED-over the shoulder] and open the microbioreactor software, using an existing experiment as a template to create a new experiment [2-SCREEN].
2.8.1. Talent minimizing remote connection

2.8.2. *To be provided by Authors: Software being opened, then existing experiment being opened/template being created 
2.9. Before starting a run, define the plates used during the run in the mimic section of the software [1-SCREEN] and place twelve sterile culture vessels in each culture station [2-CU].
2.9.1. *To be provided by Authors: Plate(s) being defined

2.9.2. Vessel(s) being placed

2.10. Place autoclaved clamp plates on the top of the vessels [1-MED] and place the stir plates on top of the clamp plates, making sure that each pin is securely inserted [2-CU].
2.10.1.  Talent placing clamp plate(s)

2.10.2.  Stir plate(s) being placed on top of clamp plate(s)

2.11. Then secure the clamp plates with the screws and knobs provided [1-CU].
2.11.1.  Plate(s) being secured 
3. Automated Micro Bioreactor Software Initiation
3.1. To start up the system, scan the barcode provided with each culture vessel [1-WIDE-TXT]. The system will initialize and check for the presence of the appropriate vessels [2-MED].

3.1.1. Talent scanning barcode(s) (TEXT: Same barcode can be applied for culture stations w/ empty vessels/vessesl not being used)

3.1.2. System initializing/checking for vessels

3.2. Set the temperature control to 37 °C [1-MED SCREEN] and the stirring to 1000 rpm [2-CU SCREEN] and turn on the dissolved oxygen-pH monitor [3- MED SCREEN].
3.2.1. Talent setting temperature control (Author Comment: 3.2.1 – 3.2.3 all done by the software. Screen recording was taken.) (Editor: The authors haven’t yet uploaded these screen captures, so I’m not sure if these captured separately or as one combined screen capture. It would expect that they’d be one combined capture.)
3.2.2. Stirring being set to 1000 rpm

3.2.3. Talent turning on monitor

3.3. Next, execute the medium charging program [1-CU]. When all of the medium has been loaded, 35 microliters of of Ex-Cell antifoam will be added from the antifoam plate to the culture vessels [2-CU].
3.3.1. Medium being added to vessels

3.3.2. Antifoam being added to vessel

3.4. After 30 minutes, begin recording the dissolved oxygen and pH within the culture media [1-MED], allowing the dissolved oxygen to reach a set point of 50% [2-CU-TXT] [1-SCREEN-TXT].

3.4.1. Talent starting monitoring/recording (Author Comment: This was a Screen Recording)
3.4.2. Shot of DO at 50% (TEXT: DO reaches 50% in about 2 h) (Author Comment: Not shot as it took too much time and I can send a screenshot if needed.) (Editor: If there is enough footage in 3.4.1 to cover the entire VO for 3.4, then I’d suggest simply doing that. Otherwise, we’ll have to ping the authors for the screenshot they offered)
3.5. After the dissolved oxygen equilibration, turn on the background base additions to attain a pH set point of 7.1 for all of the culture vessels [1-MED-TXT].

3.5.1. Talent turning on base additions (TEXT: Allow DO/pH to equilibrate overnight/to be completely hydrated)

4. Paused pH – Day 1 pH Offset, Inoculation, Cell Counting, and Daily Nutrient and Metabolite Analysis
4.1. The next morning, execute the paused pH step [1-WIDE] and transfer the entire contents of the spinner flask into a sterile 250-mL conical tube for centrifugation [2-MED-TXT].

4.1.1. Talent executing pH step

4.1.2. Talent adding cells to tube(s) (TEXT: 10 min, 140 x g, at room temperature)
4.2. Resuspend the pellet in enough fresh medium that the final density will be 1 x 106 CHO cells/mL after adding the inoculum to the culture vessels [1-CU] and add the suspended cells into the appropriate wells of a sterile, lidded 24-well plate [2-MED-over the shoulder].
4.2.1. Shot of pellet if visible, then cells being resuspended, with medium container label visible in frame

4.2.2. Talent adding cells to well

4.3. Add 3 mL of inoculum to each well [1-CU-TXT] and place the inoculum plate onto the designated desk inside the hood [1-MED].

4.3.1. Inoculum being added to well(s) (TEXT: See text for inoculum preparation details)

4.3.2. Talent placing plate onto desk

4.4. Then let the culture vessels equilibrate for at least an hour [1-CU] and initiate the 5X cell count step in the program [2-MED].
4.4.1. Time being set to 1 hour/60 min (Author Comment: This is automated and can be set in the system. Not Shot.)
4.4.2. Talent initiating program 
4.5. For daily nutrient and metabolite analysis, on day 2, place the sample tube holder plates on their designated decks [1-CU] and load open microcentrifuge tubes into the appropriate holders [2-MED-TXT].
4.5.1. Plate(s) being placed onto deck(s)

4.5.2. Talent placing tube(s) into holders (TEXT: Liquid handler will dispense cell culture fluid into tubes as mapped in program)

4.6. Then place the samples in the analyzer tray to perform the nutrient analysis [1-CU].
4.6.1. Sample(s) being placed into tray 

5. System Shutdown 
5.1. To terminate the run, first turn off the temperature control [1-WIDE SCREEN] followed by the agitation [2-MED SCREEN].
5.1.1. Talent turning off control (Author Comment: 5.1.1 and 5.1.2 are executed by the system, so they are shown in a Screen Recording.) (Editor: I’m assuming this is a single screen recording, but I’m unsure so I’ve left the shotlisting for two separate shots just in case)
5.1.2. Talent turning off agitation

5.2. Stop the dissolved oxygen-pH control and background base additions [1-MED-over the shoulder SCREEN], all of the other controls [2-CU SCREEN], and the system monitor [3-MED SCREEN].
5.2.1. Talent turning off DO/pH control and/or background base additions (Author Comment: 5.2.1 and 5.2.3 are executed by the system, so they are shown in a Screen Recording.) (Editor: I’m assuming this is a single screen recording, but I’m unsure so I’ve left the shotlisting for two separate shots just in case)
5.2.2. Other control(s) being turned off

5.2.3. Talent stopping system monitor
5.3. Unscrew the clamp and stir plates [1-MED], remove the culture vessels [2-CU], and screw the drying plates into the culture station [3-MED-over the shoulder].
5.3.1. Talent unscrewing plate(s)

5.3.2. Vessel(s) being removed

5.3.3. Talent screwing drying plate(s) into culture station

5.4. Then execute the 2-hour drying cycle on the program [1-MED], clicking “Stop” in the bioreactor software once the drying cycle has finished [2-CU/MED-over the shoulder].
5.4.1. Talent starting drying cycle

5.4.2. Shot of plates being dried, then drying being stopped OR Talent clicking Stop

6. Cell Culture Harvest and IgG Titer Measurement
6.1. To harvest the cells, transfer the cell culture fluid from the reactor vessels into corresponding conical tubes for centrifugation [1-WIDE-TXT] and filter the supernatants through sterile 22-micrometer PVDF filters [2-MED].

6.1.1. Talent adding cells to tube(s) (TEXT: 5 min, 1962 x g, at room temperature)
6.1.2. Talent filtering supernatant, with tubes with pellets visible in frame

6.2. Then transfer 1 mL of each sterile cell culture supernatant into individual 1.5-mL microcentrifuge tubes for -20 °C storage until titer analysis [1-CU]. 
6.2.1. Supernatant being added to tube(s)

6.3. To measure the IgG titers of the samples, first turn on the Protein A biosensor system [1-MED].
6.3.1. Talent turning on system

6.4. After the lamp has warmed for at least 1 hour, allow the samples to equilibrate to room temperature [1-CU] and pre-soak one Protein A tip per sample in fresh cell medium for at least 30 minutes [2-MED]. 
6.4.1. Sample(s) being placed at RT

6.4.2. Talent placing tip(s) into medium

6.5. Then set the plate temperature to 26 °C [1-MED-over the shoulder], load the samples into the system [2-CU], and run assay using the default “High Sensitivity Assay with Regeneration” in the Data Acquisition software [3-SCREEN].
6.5.1. Talent setting temperature to 26 °C, with monitor visible in frame

6.5.2. Plate being loaded

6.5.3. *To be provided by Authors: Assay being run 
7. Results: Representative High-Throughput Automated Microbioreactor Analyses
7.1. Using the nutrient analyzer, the average viable cell densities [1-LM] and viabilities can be obtained daily for all culture conditions [2-LM], as well the nutrient and byproduct profiles [3-LM], demonstrating the feasibility of monitoring these attributes in the microbioreactor system [4-LM].

7.1.1. Figure-3_Revised-VCD.ai: Video Editor: please emphasize VCD graph

7.1.2. Figure-3_Revised-VCD.ai: Video Editor: please emphasize Viability graph

7.1.3. Figure-3_Revised-Nutrient-Profiles.ai: Video Editor: please sequentially emphasize Glucose, Glutamine, and Lactate graphs

7.1.4. Figure-3_Revised-Nutrient-Profiles.ai: no animation

7.2. Further, the total productivity of the cell cultures under the various culture conditions of interest can be quantified using the protein A biosensor system as demonstrated [1-LM].
7.2.1. Figure 4 Revised.tiff: Video Editor: please sequentially add/indicate data boxes
8. Conclusion (said by authors on camera):
8.1. Sai Rashmika Velugula: While attempting this procedure, it’s important to remember that the protocol only works if the programming is done correctly, ensuring a timely execution of the protocol steps with minimal errors.
8.2. Sai Rashmika Velugula: Following this procedure, other methods, like liquid chromatography, mass spectrometry, and multiangle light scattering, can be performed to answer additional questions regarding the physical and chemical characteristics of the manufactured product.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Figure-3_Revised-Nutrient-Profiles.ai
Figure-3_Revised-VCD.ai

Figure 4 Revised.tiff

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 in the email accompanying the finalized script.
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