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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? 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.
Authors: please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
4.5., 4.8., 6.6., 7.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
There are no technically difficult steps but steps that need some caution and care as the slightest mishap can cause destruction of sample.
2.5. When all of the antibody has been eluted [1], immediately neutralize the purified protein with 1-molar Tris Base to a pH of about 5.5. (Any changes in pH cause precipitation and mis-folding of protein that might not be reversible. Adjust pH slowly to not overshoot the target pH)
5. Will the filming need to take place in multiple locations? Y, adjacent rooms


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. Sai Rashmika Velugula-Yellela: This protocol addresses the analysis of limited samples obtained from microbioreactors to extract vital information about the critical quality attributes of the products [1].

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

1.2. Sai Rashmika Velugula-Yellela: Another advantage of these techniques is that they use minimal times of analysis to determine the key attributes that dictate the quality parameters of the manufactured product [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. Cyrus Agarabi: Demonstrating the procedure will be David Powers, Talia Faison, and Phillip Angart, research fellows from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Disclaimer: This publication reflects the views of the authors and shot not be construed as representing the views or policies of the Food and Drug Administration.
	



Section - Protocol
2. Antibody Purification
2.1. Begin by opening the software attached to the purification system [1] and placing 15-milliliter conical tubes to collect the purified antibody eluate [2] and 50-milliliter conical tubes to collect the flow-through during the high salt wash into the fraction collector [3].
2.1.1. WIDE: Talent opening software, with monitor visible in frame
2.1.2. MED: Talent placing 15-mL tube(s) into collector
2.1.3. MED: Talent placing 50-mL tube(s) into collector
2.2. Next, add 0.22-micrometer-pore-filtered, harvested cell culture fluid to an empty 12-milliliter syringe with a capped nozzle [1-TXT]. After removing the cap, insert the syringe nozzle into the manual injection port of the purification system [2]. 
2.2.1. MED: Talent loading syringe with cell culture fluid TEXT: See Velugula-Yellela et al., 2018 for cell culture fluid harvest details
2.2.2. MED: Talent insert syringe into port
2.3. Twist the syringe to tighten it in place [1] and depress the plunger until the entire volume of sample has been injected [2] and is visible in the attached 10-milliliter, large-volume sample loop [3].
2.3.1. CU: Syringe being twisted
2.3.2. CU: Plunger being depressed
2.3.3. CU: Shot of sample in sample loop
2.4. Select the saved method and click Run [1] when prompted by the instrument software [2].
2.4.1. MED-over the shoulder: Talent selecting saved method
2.4.2. SCREEN: To be provided by Authors: Run being clicked 				[Author comment: We cannot upload any screen recording software to the lab computers. We need JoVE to provide external screen recording facility]
2.5. When all of the antibody has been eluted [1], immediately neutralize the purified protein with 1-molar Tris Base to a pH of about 5.5 [2-TXT].
2.5.1. CU: Shot of antibody in tube(s)
2.5.2. MED: Talent add Tris Base to tube(s), with Tris Base container visible in frame TEXT: See text for all reagent/solution preparation details
3. Purified Antibody Concentration
3.1. To concentrate the purified antibody, place 100-kilodalton filters into filtrate collection tubes for centrifugation [1-TXT] followed by two rinses with 500-microliters of double-distilled water per rinse [2].
3.1.1. WIDE: Talent adding sample to tube(s) TEXT: 10 min, 14,000 x g, RT
3.1.2. MED: Talent placing tube(s) into centrifuge
3.2. After the second wash, discard the filtrate [1] and transfer the rinsed filters to new centrifuge tubes [2].
3.2.1. MED: Talent discarding filtrate from at least one tube
3.2.2. MED: Talent adding filter(s) to new tube(s)
3.3. Next, add 500 microliters of sample to each filter for centrifugation [1]. At the end of the spin, invert the filter into a new collection tube to obtain the concentrated sample with a final centrifugation [2-TXT].
3.3.1. MED: Talent adding sample(s) to filter(s)
3.3.2. CU: Filter being inverted onto new tube TEXT: 2 min, 1000, x g, RT  
4. N-Glycan Labeling and Isolation
4.1. For N-glycan labeling and isolation, dilute 7.5 microliters of each concentrated antibody sample [1] with 15.3 microliters of liquid chromatography-mass spectrometry, or LC-MS (L-C-M-S)-grade water in 1-milliliter tubes from the kit [2] and denature the antibodies with 6 microliters of a 5%-solution of an enzyme-friendly and mass spectrometry-friendly surfactant at 90 degrees Celsius for 3 minutes [3].
4.1.1. WIDE: Talent adding sample to tube
4.1.2. MED: Talent adding water to tube, with kit visible in frame
4.1.3. MED: Talent adding tube 90 °C-heat block or similar, with surfactant container visible in frame
4.2. At the end of the denaturation, allow the samples to cool to room temperature for three minutes [1] before adding 1.2-microliters of peptide-N-glycosidase F for a 5-minute incubation at 50 degrees Celsius [2].
4.2.1. MED: Talent placing tube(s) at RT
4.2.2. MED: Talent adding PNGase to tube, with PNGase container visible in frame
4.3. After cooling the samples for 3 minutes to room temperature [1], label the samples with 12 microliters of fluorescent tagging reagent dissolved in anhydrous dimethylformamide for 5 minutes at room temperature [2].
4.3.1. MED: Talent placing tube to cool
4.3.2. CU: Reagent being added to tube(s), with reagent container label visible in frame
4.4. At the end of the incubation, dilute the labeled N-glycan mixture with 358 microliters of acetonitrile [1] and place a hydrophilic interaction chromatography plate in a vacuum manifold with shims and waste tray [2].
4.4.1. CU: ACN being added to tube(s), with ACN container label visible in frame
4.4.2.  MED: Talent placing plate and/or shims and/or waste tray in manifold
4.5. Condition the wells with 200 microliters of water [1] with the vacuum adjusted to 10-15 kilopascals to ensure that the liquid will take 15-30 seconds to pass through the hydrophilic interaction chromatography resin [2]. 
4.5.1. CU: Water being added to well(s)
4.5.2. CU: Liquid passing through resin
4.6. Equilibrate the wells with 200 microliters of 85% acetonitrile for 15-30 seconds [1] before loading 400 microliters of each labeled glycan mixture to each well [2], applying the vacuum after each new liquid is added [3].
4.6.1. MED: Talent adding ACN to well(s)
4.6.2. MED: Talent loading glycan to well(s)
4.6.3. CU: Vacuum being applied
4.7. When all of the samples have been added, wash the resin two times with 600 microliters of 1% formic acid in 90% acetonitrile per wash [1] and replace the waste tray with 600-microliter collection tubes [2].
4.7.1. CU: Resin being washed, with FA/ACN container label visible in frame
4.7.2. MED: Talent replacing tray with tubes
4.8. Then elute the labeled N-glycans with three, 30-microliter volumes of spectrometry elution buffer [1] and dilute the pooled elutions with 310 microliters of dimethylformamide in acetonitrile sample diluent [2].
4.8.1. MED: Talent adding SPE buffer to well(s), with SPE buffer container visible in frame
4.8.2. MED: Talent adding sample diluent to sample(s), with diluent container visible in frame
5. Labeled N-Glycan Liquid Chromatography-Mass Spectrometry (LC-MS) Analysis
5.1. To analyze the labeled N-glycan elution samples on an Ultra Performance Liquid Chromatography system coupled to a fluorescence detector and quadrupole time-of-flight mass spectrometer [1], use 50-millimolar ammonium formate [2] and 100% LC-MS-grade acetonitrile for the mobile phases [3]. 
5.1.1. WIDE: Talent approaching system
5.1.2. MED: Talent adding AMF to system
5.1.3. MED: Talent adding ACN to system
5.2. Set the initial flow rate to 0.4 milliliters/minute [1], with the LC gradient providing increasing ammonium formate during the elution phase [2].
5.2.1. MED-over the shoulder: Talent setting flow rate, with monitor visible in frame
5.2.2. SCREEN: To be provided by Authors: LC gradient being set
5.3. Set the fluorescence detector to measure at an excitation of 265 nanometers and an emission of 425 nanometers with a sampling rate of 2 hertz [1].
5.3.1. SCREEN: To be provided by Authors: EX and EM being set
5.4. Set the quadrupole time-of-flight to MS1 positive ion sensitivity mode, with a mass range of 100-2000 Daltons, a scan time of 0.25 seconds, and a continuum data acquisition [1].
5.4.1. SCREEN: To be provided by Authors: Q-ToF being set, then mass range, scan time, and data acquisition being set
5.5. Then load the samples into the auto sampler set to 10 degrees Celsius [1] and run the loaded method [2].
5.5.1. MED: Talent loading sample(s)
5.5.2. SCREEN: To be provided by Authors: Method being run
6. Charge Variant Sample Preparation
6.1. To desalt a sample in preparation for charge variant analysis, snap off the bottom stopper of a 0.5-milliliter Desalting Column [1], loosen the top stopper [2], and place the desalting column in a 1.7-milliter centrifuge tube [3]. 
6.1.1. WIDE: Talent snapping off bottom
6.1.2. MED: Talent loosening top stopper
6.1.3. Talent placing sample into tube (shot moved from 6.2.1)
6.2. Place the column in a 1.7-milliliter microcentrifuge tube [1] and Centrifuge the column [1-TXT].
6.2.1. MED: Talent placing sample into tube (Move this shot up and incorporate after 6.1.2)
6.2.2. MED: Talent placing tube(s) into centrifuge TEXT: 1 min, 1500 x g, RT 
6.3. Transfer the column into a new microcentrifuge tube [1] and add 80 microliters of a 3.5-milligram/milliliter antibody solution to the top of the column [2].
6.3.1. MED: Talent placing column into tube
6.3.2. CU: Antibody being added to column, with antibody container label visible in frame
6.4. Align the column to the original orientation [1] and centrifuge the column [2-TXT].
6.4.1. CU: Column being positioned 
6.4.2. MED: Talent placing tube into centrifuge TEXT: 2 min, 1500 x g, RT
6.5. Then discard the desalting column [1] and thoroughly mix the concentrated sample [2].
6.5.1. MED: Talent discarding column
6.5.2. CU: Sample being mixed
6.6. Dilute the sample to a 2 milligram/milliliter concentration in 25 microliters of ultrapure water in a single well of a 96-well plate and [1] add 5 microliters of labeling buffer [2] and 5 microliters of labeling reagent to the well [3].
6.6.1. MED: Talent adding diluted sample to well
6.6.2. MED: Talent adding labeling buffer to well, with labeling buffer container visible in frame
6.6.3. MED: Talent adding labeling reagent to well, with labeling reagent container visible in frame
6.7. After a 10-minute incubation at room temperature protected from light [1], mix 6- microliters of reagent grade water with the sample [2] and cover the plate with a plate seal for centrifugation [3-TXT].
6.7.1. MED: Talent setting timer, with plate visible in frame
6.7.2. CU: Water being mixed in well
6.7.3. CU: Plate being sealed TEXT: 1 min, 1000 x g, RT
7. Charge Variant Chip Preparation
7.1. To prepare the Charge Variant chip, remove the storage solution [1] and wash wells 1, 3, 4, 7, 8, and 10 with water [2].
7.1.1. WIDE: Talent removing storage solution
7.1.2. CU: Well(s) being washed
7.2. Replace the water with pH 7.2 running buffer [1] and add 750 microliters of running buffer to the buffer tube [2].
7.2.1. CU: Buffer being added to well(s), with buffer container label visible in frame
7.2.2. MED: Talent adding buffer to tube, with buffer container visible in frame
7.3. Place the buffer tube in the indicated spot on the upper left-hand corner of the sample tray [1] and remove the seal from the 96-well plate [2]. Press Unload Plate on the instrument user interface [1], and remove the seal from the 96-well plate [2]. 
7.3.1. MED: Talent placing tube into tray MED-over the shoulder: Talent pressing unload plate, with monitor visible in frame (moved from 7.4.1)
7.3.2. MED: Talent removing seal. 
7.4. Press Unload Plate on the instrument user interface [1], Insert the plate and buffer tube into the indicated spots on the GXII (G-X-two) sample tray [21], and press Load Plate [2].
7.4.1. MED-over the shoulder: Talent pressing unload plate, with monitor visible in frame 
7.4.2. CU: Plate and buffer tube being inserted into tray (Author comment: Combined 7.3.1 and 7.4.2)
7.4.3. [Shot added] Talent pressing load plate on instrument. 
7.5. Place the chip into the chip chamber [1], close the lid to the chip chamber [12], select the HT Protein Charge Variant assay when prompted, and click Run [23].
7.5.0 [Shot added]: Talent placing chip in chamber
7.5.1. MED: Talent closing lid 
7.5.2. SCREEN: To be provided by Authors: Assay being selected and Run being clicked 


Section – Results
8. Results: Representative Purified Monoclonal Antibody Automated Microbioreactor System Analyses 
8.1. Purification of the harvested cell culture sample from the automated microscale bioreactor by fast protein liquid chromatography [1] allows the characterization of the critical quality attributes of the purified proteins by various downstream analytical methods as demonstrated [2].
8.1.1. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize solid black line
8.1.2. LAB MEDIA: Figure 1
8.2. N-glycan data from Chinese hamster ovary-produced monoclonal antibodies processed by mass spectrometry should appear similar to these representative chromatograms [1]. 
8.2.1. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize peaks OR no animation
8.3. Size exclusion chromatography-multiple angle light scattering can be used to assess the aggregation profile [1] and molecular weight of the antibody [2]. The small quantity of sample and the importance of the aggregation are critical quality attributes for making this technique a highly valuable complementary analytical tool to the automated microbioreactor system [3].
8.3.1. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize red dotted half arrow
8.3.2. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize HWM and Monomer texts and arrows
8.3.3. LAB MEDIA: Figure 3
8.4. The result of microcapillary zone electrophoresis is an electropherogram and can be used to show the charge variant profile for a monoclonal antibody [1], a unique signature for the protein being investigated that is highly sensitive to the operating pH [2].
8.4.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize main peak
8.4.2. LAB MEDIA: Figure 4
8.5. Amino acid consumption can also be monitored to determine whether the depletion causes changes in the critical quality attributes of the antibody [1].
8.5.1. LAB MEDIA: Figure 5


Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Sai Rashmika Velugula-Yellela: It is important to ensure a proper and efficient purification of the manufactured product, as the analytical steps can only be carried out with a properly purified protein (Step: 2) [1].
9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.2. David Powers: The product can also be subjected to peptide mapping and stability testing, but once the protein has been used for one method of characterization, it typically cannot be used for another [1].
9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.3. Phillip Angart: These techniques allow the analysis of products produced from small volume, high-throughput bioprocess screening platforms to understand the influence of bioprocessing parameters on product quality [1].
9.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.4. Talia Faison: Some of these techniques use concentrated perchloric acid, formic acid, and dimethylformamide, all of which are all hazardous and should be handled carefully while wearing the proper protective equipment [1].
9.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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