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Protocol: 
2. Hybridoma Expansion

2.1. To begin, first check the list of materials and prepare all the media, supplies, and work surfaces for the protocol (1-WIDE). Then, turn on a water bath and set it to 37 °C (2-MED-over-the-shoulder).
2.1.1. Talent enters scene and places bottles of media onto the benchtop, which has other necessary things like pipettes laid out on it.
2.1.2. Talent turns on the water bath and sets the temperature to 37 °C.

2.2. Next, add 10 mL of complete RPMI to a 15 mL conical tube (1-CU) and 15 mL of complete RPMI (Pronounced R-P-M-I) to a T75 cell culture flask and set them aside (2-MED-over-the-shoulder).
2.2.1. Talent pipettes 10 mL media into the tube Editor: use take2 or take3, just the pipetting into tube part of the shot
2.2.2. Talent pipettes 15 mL media into the flask, and then puts to the side next to the tube (in a rack).

2.3. Using caution and wearing the appropriate personal protective equipment, remove the frozen vial containing hybridoma cells from the liquid nitrogen storage (1-MED-TXT). To release the pressure inside the vial, loosen the cap slightly (2-CU).
2.3.1. Talent opens the storage with freezer mittens and quickly removes a vial. TEXT: Caution! Wear appropriate PPE for liquid nitrogen Editor: Use a few seconds of take1 (around 00:30) and then add take3 to it
2.3.2. Talent unscrews the tube cap (very slightly!)

2.4. Now, carefully incubate the vial in the water bath (1-MED-TXT), making sure that the cap remains above the water surface to minimize the chances of contamination (2-ECU). 
2.4.1. Talent places the tube on a rack or a floating tube holder; alternatively, Talent places the tube into a water bath, holding the tube with two fingers. TEXT: Alternatively, use a floating tube holder to thaw the vial.
2.4.2. The top part of the tube is visibly above the water 

2.5. When the cells are almost thawed, which typically takes around two minutes, move the vial to the tissue culture hood (1-CU). Then, wipe the outside of the vial with 70% ethanol before removing the cap (2-MED-over-the-shoulder).
2.5.1. Talent removes the tube from the water, there is still a tiny bit of ice inside the tube.
2.5.2. [bookmark: _Hlk450715]Talent is sitting, with hands inside the hood, wiping the tube, then removes cap.

2.6. Using a sterile pipette, transfer the cells into the conical tube that contains 10 mL of complete-RPMI medium (1-CU). Then, centrifuge the tube for 5 minutes at 1200 rpm (2-MED-TXT).
2.6.1. Talent sucks up the cells with the pipette and releases the cells into the conical tube.
2.6.2. MED – Talent places a balance tube and the tube with cells on the rotor (across each other). TEXT: 5 minutes at 1200 RPM

2.7. After centrifugation, move the tube back to the tissue hood and wipe the outside of the tube with ethanol (1-MED-over-the-shoulder). Without disturbing the pellet, discard the supernatant (2-ECU), and then add 5 mL of fresh complete RPMI medium and gently pipette up and down to resuspend (3-CU).
2.7.1. Talent takes tube and sits with hands inside the hood, wiping the conical tube.
2.7.2. Talent sucks up the liquid without touching the bottom of the tube.
2.7.3. Talent pipettes fresh buffer into the tube.

2.8. Next, transfer the cells to the T75 cell culture flask (1-MED) and place the flask inside a 5 % carbon dioxide incubator at 37 °C (2-MED-over-the-shoulder-TXT). 
2.8.1. Talent pipettes cells from tube into the flask.
2.8.2. Talent places flask into incubator set to 5% CO2 37 °C TEXT: 5% CO2 37°C

2.9. Allow the cells to reach approximately 80 percent confluency – which usually takes about three days (1-CU). Notice that hybridoma cells are nonadherent and will grow suspended in the medium (2-ECU). The time to reach sufficient confluency may vary based on the starting number of live cells and the type of hybridoma cell used (3-MED-over-the-shoulder). 
2.9.1. Shot of cells at desired confluency Talent holding flask and examining cells. TEXT: 75-80% confluent
2.9.2. Shot of cells in suspension, floating
2.9.3. Talent holding flask and examining cells. Shot of cells at desired confluency.
Editor: A SCOPE shot would have been ideal for 2.9.1, but it wasn’t on the shotlist. To make do with what we have, please switch the order of shots 2.9.1 and 2.9.3. VO and TEXT remain unchanged.

2.10. Once the cells are sufficiently confluent, use a sterile 25 mL pipette to transfer them from the culture flask into a conical centrifuge tube (1-MED). Pellet the cells by centrifugation at 1200 rpm for 5 minutes (2-MED-over-the-shoulder). 
2.10.1. Talent picks up the cell media from the flask and transfers it into the conical tube.
2.10.2. Talent places the conical tube into the centrifuge. TEXT: 5 min, 1200 RPM
[bookmark: _GoBack]
2.11. Whilst the cells are in the centrifuge, add 18 mL of complete RPMI into each of three new T75 cell culture flasks, and set these aside (1-MED-TXT).
2.11.1. Talent has two flasks already prepared and set aside, and adds RPMI to a third then places it with the others. TEXT: NOTE: Flasks should be labeled with the hybridoma name, date, and experimenter initials.

2.12. After centrifugation, remove the supernatant and gently resuspend the cell pellet in 6 milliliters of complete RPMI (1-CU). Next, add 2 milliliters of the cell suspension into each of the three new cell culture flasks (2-MED). 
2.12.1. Talent removes supernatant, and then slowly resuspends the pellet. Editor: Use take2
2.12.2. Talent removes 2 mL of suspension and adds it into one of the flasks.

2.13. Finally, place the flasks into an incubator set to 5 % carbon dioxide and 37 °C, and incubate until the flasks are around 80 percent confluent - approximately three days (1-MED-over-the-shoulder-TXT).
2.13.1. WIDE: Talent places three culture flasks inside the incubator. TEXT: 5% CO2  37 °C ~3 days

3. Antibody Production in Serum-free Medium

3.1. At this point, the cells are ready to continue their growth in a serum-free medium designed for hybridoma cell lines [1-WIDE], such as commercially available HB Basal Liquid medium containing the HB101 (Pronounce H-B-101) Supplement (1-CU). 
3.1.1. Talent approaches incubator and removes flask of 80 percent confluent cells
3.1.2. Show the medium bottle, name should be clearly visible but NOT brand.

3.2. Transfer the cells from each cell culture flask into conical centrifuge tubes (1-MED) and then pellet the cells by centrifugation at 1200 rpm. for 5 minutes (2-MED-over-the-shoulder-TXT).  
3.2.1. Talent transfers the medium from a flask using a 25 mL pipette into a conical tube.
3.2.2. Talent places tube into centrifuge. TEXT: 5 minutes at 1200 RPM

3.3. Now, add 230 milliliters of supplemented HB101 serum-free medium into each of six 225-centimeter squared cell culture flasks, and set them aside (1-MED).
3.3.1. Talent already prepared 5 flasks, and adds medium into the sixth flask using a sterile graduated cylinder inside the cell culture hood.

3.4. When centrifugation is complete, remove the supernatant and resuspend each pellet in 10 milliliters of supplemented HB101 medium (1-MED-over-the-shoulder). Then, into each cell culture flask, add 5 milliliters of the cell suspension (2-CU). Place the flasks in the 5% carbon dioxide incubator at 37 °C and continue growing the cells for about three weeks (3-WIDE). 
3.4.1. Talent already removed the liquid and is resuspending the pellet.
3.4.2. Talent takes 5 mL of the suspension and adds it into the flask.
3.4.3. Talent is placing the six flasks inside an incubator.
TEXT: 5% CO2  37 °C ~3 weeks

3.5. During this time, the cells will produce and release the monoclonal antibody of interest into the culture medium (1) and the antibody will be ready for purification when the cells start to die (2).
3.5.1. See storyboard: Cells making antibody and releasing them into the media. The number of antibodies increase over time.
3.5.2. See storyboard: Cells are starting to die, and antibody concentration starts to stabilize.

4. Antibody Purification – Day 1

4.1. To remove the cellular debris from the antibody-containing culture media, pour the contents of the culture flasks into tubes for a fixed angle rotor (1-MED-TXT). 
4.1.1. Talent has a rack of tubes, there is a funnel in one of them and talent is slowly pouring slowly pours cell medium into the tube.  TEXT: From this point on, sterile handling of the antibody containing media is not essential.

4.2. Place the tubes in the rotor and make sure it is properly balanced prior to centrifugation (1-MED-over-the-shoulder). Spin the tubes at 10,000 RPM for 8 minutes (2-CU).  
4.2.1. talent looks at the solution level in two tubes side by side and places them across each other in the rotor.
4.2.2. Closing centrifuge, we can see settings TEXT: 10,000 RPM for 8 min

4.3. While the samples are centrifuging, place a 2-liter plastic beaker with a stir bar into an ice bucket (1-MED) and then put the ice bucket on a stir plate (2-CU).
4.3.1. Talent places a stir bar into the beaker and puts the beaker into an ice bucket.
4.3.2. Talent places ice bucket on a stir plate. The ice bucket has ice around the beaker.

4.4. Next, attach a 500-milliliter filter top to a 1-liter bottle (1-MED). Attach this bottle top filter unit to a house vacuum using the appropriate tubing (2-MED). Then, pour the supernatant that contains the antibody into the filter top (3-CU). Centrifuge the remaining media to separate the cell debris from the antibody-containing supernatant (4-MED - TXT). 
4.4.1. Talent attaches the filter top on a bottle.
4.4.2. 4.4.2a) We see talent’s hands connecting tubing to filter unit and 4.4.2b) We see talent’s hands connecting tubing to house vacuum. Editor: this shot was divided into 2 shots
4.4.3. Talent’s pours the supernatant into the filter top.
4.4.4. Talent fills up the same rotor tubes again (to repeat 4.1). TEXT: The same tubes may be used for this step

4.5. When the filter top is full of supernatant, start the vacuum (1-MED-over-the-shoulder-TXT). Then, when the 1-liter collection bottle is close to full, remove the filter top and pour the filtered supernatant into the 2-liter beaker on ice (2-MED). Repeat the filtration steps until all of the supernatant is processed (3-CU).
4.5.1. Talent starts the vacuum; in the background we see the new batch of tubes ready to be poured in. TEXT: Have another batch of supernatant ready to prevent the filter from drying out.
4.5.2. Talent takes the almost full bottle and pours its contents into the beaker.
4.5.3. Talent adds more supernatant and Editor: this shot was divided into 2 shots, therefore, 4.5.4 was added.
4.5.4. Talent performs filtration

4.6. When all of the sample has been processed, now weigh 295g of ammonium sulfate per 1-liter of filtered supernatant (1-MED-over-the-shoulder). Start the stir plate, and slowly add the ammonium sulfate to the supernatant over the next couple of hours – this prevents a localized high concentration of ammonium sulfate salt that may cause unwanted proteins to precipitate (2-MED-TXT). 
4.6.1. Talent is measuring ammonium sulfate.
4.6.2. Talent starts the stir plate, and then slowly pours a fraction of the powder into the solution, then starts a timer set to 2h. TEXT: ~25 g every 15 min Editor: Use take3

4.7. Once all of the ammonium sulfate has been added, cover the beaker with foil and move it, along with the stir plate, to a cold room at 4 °C (1-WIDE), and set it to stir the antibody solution overnight (2-MED). 
4.7.1. Talent walks in to a cold room with a foil-covered beaker
4.7.2. Talent turns on the stir plate, then leaves the room. TEXT: Overnight, 4 °C, with stirring

5. Antibody Purification – Days 2 - 4

5.1. The next morning, pour the ammonium-sulfate containing antibody solution from the 2-liter beaker into clean tubes for the fixed angle rotor (1-MED). Centrifuge the tubes at 6500 RPM for 20 minutes without brake to pellet the antibody at the bottom of the tubes (2-MED-over-the-shoulder).
5.1.1. Talent has a rack of tubes, there is a funnel in one of them and talent is slowly pouring slowly pours the antibody solution into the tube.
5.1.2. Talent places the tubes in the centrifuge and starts operating it.
TEXT: 6500 RPM, 20 min, no brake

5.2. Next, vacuum aspirate the supernatant, using caution not to suck up the soft pellet (1-ECU-TEXT). Continue using the same set of tubes to collect the pelleted antibody from the remainder of the ammonium-sulfate containing supernatant (2-MED). After the last aspiration, resuspend each antibody pellet in approximately 1 milliliter of PBS (3-CU).
5.2.1. Talent is aspirating the supernatant. TEXT: Caution: Soft Pellet 
5.2.2. Talent places the last tube on the rack after aspiration and places the funnel in one of the tubes. 
5.2.3. Talent adds 1mL PBS to one of the tubes and carefully pipets up and down.

5.3. To remove the ammonium sulfate from the antibody solution, first cut approximately 1 inch of dialysis tubing for each mL of antibody solution (1-MED). Next, wet the tubing with distilled water and tie a knot on one end of the tubing (2-CU). 
5.3.1. Talent measures dialysis tubing and then cuts and appropriate size
5.3.2. Talent wets the tubing, and then makes a small knot at one end.

5.4. Fill the tubing with distilled water to check for leakage from the knot (1-CU). If there is no leakage after a few minutes, empty the water out of the tubing (2-MED). Next, pipette the antibody solution into the tubing (3-CU). To recover as much antibody as possible, rinse the tubes with an additional 0.25 milliliters of PBS, and transfer this to the tubing also (4-MED).
5.4.1. Talent fills up the tubing with a pipette.
5.4.2. 5.4.2a) Talent examines knot, 5.4.2b) then sucks out the water from the tubing with a pipette. Editor: This was divided into two separate shots. 
5.4.3. Talent pipettes the antibody solution into the tubing.
5.4.4. 5.4.4a) Talent rinses a tube 5.4.4b) pipets the rinse into the tubing. Editor: This was divided into two separate shots. Include up to 00:26 of 5.4.4a, and then start 5.4.4b.

5.5. Secure the top of the tubing as close to the solution as possible with a dialysis clip (1-CU). Then, tape the top of the tubing to the outside top of a 4-liter beaker (2-MED), with the filled portion of the tubing hanging into the beaker (3-CU). 
5.5.1. CU – Solution should be visible inside the tubing while talent secures the dialysis clip.
5.5.2. Talent tapes the tubing on the outside of the beaker.
5.5.3. Show the filled portion of the tubing inside the beaker.

5.6. Now, take the beaker to the 4 °C cold room and place it onto a stir plate (1-WIDE). Fill the beaker to the top with PBS and add a stir bar (2-CU). Allow the tube in solution to stir overnight, for approximately 8 hours (3-MED-TXT).
5.6.1. Talent enters the cold room and places the beaker on a stir plate.
5.6.2. MED – Talent pours PBS into the beaker and adds a stir bar.
5.6.3. MED – Talent sets a timer to 8h and then leaves the room. TEXT: 4 °C, overnight, with stirring

5.7. The next morning, replace the PBS in the beaker with fresh PBS and then leave the beaker to stir again for approximately 8 hours (1-MED-TXT). Later that evening, repeat the process one final time. (2-MED-over-the-shoulder). 
5.7.1. MED – Talent pours out PBS down the drain and fills in with PBS
TEXT: Buffer change: 4 °C, ~8 hours 
5.7.2 MED – Talent returns to beaker, and pours out PBS and replaces. TEXT: Last buffer change: 4 °C, overnight, with stirring Editor: 5.7.1 and 5.7.2 are basically the same exact action that has to be done twice. Feel free to use parts of either shots for any part of this step. For 5.7.1, show both the ‘pouring’ and ‘filling’ actions. But for 5.7.2, just include a very brief ‘pouring’ or ‘filling’ clip, or just a shot of a filled beaker, with the new text.

5.8. In the morning, open up the dialysis tube (1a-MED), and then transfer the antibody solution from the tubing to 15 mL conical tubes (1b-MED). To remove any precipitate that may have formed during dialysis, centrifuge the tubes for 5 minutes at 1200 rpm (2-MED-over-the-shoulder). Finally, transfer the supernatant to fresh tubes (3-CU).  
5.8.1. 5.8.1a) Talent removes clip and cuts off the top of the dialysis tube. 5.8.1b) Talent pipets the solution out of the tubing into the conical tube/s Editor: Shot 5.8.1a was added. 
5.8.2. Talent places the tubes in a rotor. TEXT: 5 min, 1200 RPM
5.8.3. Talent transfers the supernatant to clean tubes. Editor: use take 2, we need to show the pipetting at least twice.


6. Results

6.1. To quantify the antibody concentration, first make a twenty-fold dilution by adding 5 µL from an antibody aliquot to 95 µL of PBS (1-MED). Then, pipette the diluted antibody into a cuvette (2-CU) and use a spectrophotometer to record the concentration at 280 nM (3-MED-over-the-shoulder-TXT).
6.1.1. Talent is pipetting solutions into a tube. Talent pipets out of a tube labeled “1:20 mAB” into a cuvette, 
6.1.2. Talent pipettes solution into a cuvette.
6.1.3. Talent places cuvette into the spectrophotometer time. TEXT: NOTE: Remember to blank the spectrophotometer with PBS before measuring. Editor: This shot was split into 3 shots

6.2. Next, calculate the antibody concertation using the formula shown (1-MED).
6.2.1. Talent performs calculation in notebook. TEXT: M (mg/mL) = absorbance/1.43 (extinction coefficient) x (dilution factor).

6.3. Finally, label screw cap vials with the antibody name, concentration, date of preparation, and if applicable batch number and experimenter name (1-CU) and then aliquot the antibody into labeled screw cap vials (2-MED). These can be stored at -80 °C until needed (3-MED_over-the-shoulder). 
6.3.1. Talent writes information on a tube
6.3.2. Talent aliquots solution into one or two labeled tubes.
6.3.3. Talent places sample into -80 °C freezer.

6.4. Example yields using the 120G8, anti-mouse CD317 or PDCA-1, hybridoma line ranged between 44 and 99.6 mg, which typically yields on average 67.3 mg amount [1-LM]. It is important to note that each production run with the same hybridoma cell line can be slightly different in the amount of monoclonal antibody available at the end (2-LM).
6.4.1. A few exemplary results from different batches that are within the range indicated above.
6.4.2. See storyboard. Highlight the concentrations to show the typical range of variability of the results.




