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Author Questionnaire:

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

2. Does your protocol include software usage? (Y/N) Y

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 2.5.3; 3.7.2 and 4.4.2 (ensure that the height of the cell culture media in the dish is 1 cm in height) 
Steps 5.1, 5.3, 5.4. 5.5 (set up the linear accelerator, leave the room) 
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.)
Setting up the cell culture dish on the linear accelerator for a specific dose rate (steps 5.1-5.4). 
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 10 min walk in 2 separate buildings through a skyway


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. Jing Hao: Radiation therapy is most frequently delivered using linear accelerators. This protocol allows researchers to assess the biological effects of radiation on cells using a linear accelerator [1].   
1.1.1. Interview


1.2. Jing Hao: The advantage of this technique is that by using a linear accelerator, researchers can study a wide range of clinically relevant doses and dose rates. Furthermore, this protocol can be used for all types of cancer cells [1].
1.2.1. Interview


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

1.3. Anthony Magnelli: This method can be performed using similar equipment to that shown here, for example linear accelerators manufactured by other vendors [1].  
1.3.1. Interview


1.4. Anthony Magnelli: Individuals not experienced in performing dosimetric calculations using a linear accelerator may struggle to calculate the correct number of monitor units required to deliver the desired dose to the sample. They would benefit by seeking advice from an experienced medical physicist or dosimetrist [1]. 
1.4.1. Interview


1.5. Anthony Magnelli:  Delivering dose to the sample accurately using a linear accelerator requires careful placement [1]. 
1.5.1. Interview
Section - Protocol
2. Cell Preparation for Suspension Cell Culture
2.1. Two days before scheduled irradiation, working in a culture hood [1], use a sterile 5-millilter pipette to collect glioma stem-like cells from the culture plate into a 15 mL centrifuge tube [2]. Centrifuge the cells at 200 x g for 3 min in a countertop centrifuge [3].
2.1.1. MED: Establishing shot, talent at the cell culture hood.
2.1.2. MED: Talent transferring cells from the plate into 15 mL tube.
2.1.3. MED: Talent closes the centrifuge lid and starts the run.
2.2. Discard the supernatant and resuspend the cell pellet with 1 mL of trypsin-EDTA [1-TXT]. Incubate at room temperature for 5 minutes to digest the pellet and make a single cell suspension in trypsin-EDTA [2]. Every 2 minutes during digestion gently shake the bottom of centrifuge tube to make sure the cells are thoroughly digested [3].
2.2.1. CU: talent finishes discarding and starts adding of trypsin-EDTA. TEXT: About 1 x 107 cells
2.2.2. MED: Talent placing the cells for incubation.
2.2.3. CU: talent gently shaking the bottom of the tube.
2.3. Then add 3 mL of stem cell culture media to quench trypsin, gently mix [1] and centrifuge at 200 x g for 3 min in a counter top centrifuge [2]. 
2.3.1. MED: talent adding medium to the tube and gently mixes
2.3.2. MED: Talent places the tube in the centrifuge.
2.4. After discarding the supernatant, resuspend the cell pellet with 5 mL of cell culture media and count the cells with a hemocytometer [1]. Plate 5,000,000 cells divided in two 10 cm plates containing 10 mL of cell culture media and incubate 48 h at 37 °C [2-TXT]. 
2.4.1. CU: Talent discarding the supernatant, adds medium and starts resuspending.
2.4.2. MED: Talent plating the cells. TEXT: Cell number depends on the experiment.
2.5. Right before the scheduled irradiation, collect the cells and centrifuge as done before [1-TXT]. Discard the supernatant and re-suspend the cell pellet with 5 mL of cell culture media [2]. Transfer 1 mL of cell suspension into a 35-millimeter plate containing 2 mL of cell culture medium [3] making sure that the medium reaches a height of 1 cm [4].
2.5.1. MED: Talent collecting cells into a tube. TEXT: 200 x g for 3 min in a countertop centrifuge
2.5.2. CU: Talent discarding the supernatant, adds medium and starts resuspending
2.5.3. MED: Talent transferring 1 mL of cell suspension into a 35-millimeter plate containing 2 mL of cell culture media and visually checks for height.
2.5.4. ECU: Talent making sure the medium reaches a height of 1 cm. Videographer, please take multiple usable shots.
2.6. Transfer the plated cells to a secondary container to reduce the risk of contamination [1] and bring the cells in the container on a utility cart to the irradiation facility to irradiate the cells [2].
2.6.1. MED: Talent transferring the plated cells to a secondary container
2.6.2. MED: Talent placing the cells on a utility cart.

3. Cell Preparation for Attached Cell Culture
3.1. One day before irradiation, working in the cell culture hood [1], use a Pasteur pipette connected to a vacuum to remove DMEM (D-M-E-M) medium from the cell culture plate of the attached cell line [2-TXT]. Then wash the cells with 5 mL of sterile PBS to rinse off residual medium [3].
3.1.1. MED: Establishing shot, talent at the cell culture hood. 
3.1.2. MED: Talent removing medium. Video editor show this text when the attached cell line is mentioned. TEXT: such as HEK-293 cells
3.1.3. MED: talent adding PBS to the cells.
3.2. Add 1 mL of trypsin-EDTA into the culture dish [1] and gently tilt the culture plate to make sure that the entire dish is covered [2].
3.2.1. MED: Talent adding trypsin.
3.2.2. CU: Talent tilting the plate.
3.3. After incubating at room temperature for 5 min, quench the trypsin-EDTA reaction with 3 mL of DMEM media [1]. Use a 5 mL pipette to collect the cells into 15 mL centrifuge tube, centrifuge and then culture the cells as described in the manuscript [2].
3.3.1. MED: Talent adding medium to the cells.
3.3.2. MED: Talent transferring cells from the plate into 15 mL tube.
3.4. Centrifuge the collected cells at 200 x g for 3 min in a counter top centrifuge [1]. After discarding the supernatant, resuspend the cells with 5 mL of DMEM media and count the cells with a hemocytometer [2].
3.4.1. MED: Talent closes the centrifuge lid and starts the run
3.4.2. MED: Talent discarding the supernatant, adds medium and starts resuspending.
3.5. Plate 200,000 cells in a 35 mm plate [1] and add 3 mL of cell culture medium to reach a height of 1 cm of the medium [2].
3.5.1. MED: Talent adding the cells.
3.5.2. CU: Talent adds 3 mL of cell culture medium and checks the height. Videographer, please take multiple usable shots.
3.6. After incubating the cells for 24 h at 37 °C [1], transfer them to a secondary container and bring to the irradiation facility on a utility cart to proceed with irradiation [2].
3.6.1. MED: Talent taking the cells out of the incubator.
3.6.2. MED: Talent transferring the plate to a secondary container.

4. Cell Preparation for Immunostaining
4.1. Start this part of the protocol by thawing commercial extracellular protein matrix on ice at 4 °C overnight [1]. Pre-chill 200-microliter pipette tips and 1.5 mL centrifuge tubes at 4 °C overnight [2].
4.1.1. MED: Talent placing extracellular protein matrix on ice.
4.1.2. MED: Talent placing pipette tips and tubes for chilling.
4.2. Use pre-chilled pipette tips and 1.5 mL centrifuge tubes to aliquot extracellular protein matrix at 200 microliters per tube [1]. Then dilute 200 microliters of extracellular protein matrix in pre-chilled 20 mL of cell culture medium to make 1% extracellular protein matrix medium [2].
4.2.1. MED: Talent aliquoting.
4.2.2. CU: Talent diluting matrix in media.
4.3. Place a sterilized coverslip in a 35 mm plate [1-TXT] and add 400 microliters of 1% extracellular protein matrix medium on the coverslip [2]. Incubate the 35 mm plate at 37 °C for 1 h to allow the extracellular protein matrix to polymerize on the coverslip [3].
4.3.1. CU: Talent placing a coverslip in a plate. TEXT: 22 mm x 22 mm
4.3.2. CU: Talent adding 1% extracellular protein matrix media on the coverslip
4.3.3. MED: Talent placing the plate for incubation.
4.4. For suspension cell culture plate 50,000 cells on the extracellular protein matrix-coated coverslip [1], making sure that the total volume of the media in the 35 mm plate is 3 mL [2]. Return plated cells to the cell culture incubator overnight to ensure that cells are supported by the protein matrix [3]. 
4.4.1. ECU: Talent plating the cells on the coverslip.
4.4.2. CU: Talent adding media. Videographer, please take multiple usable shots. TEXT: Height of media 1 cm.
4.4.3. MED: Talent placing the plate for incubation.
4.5. When observing the cells under a bright field microscope with 10x magnification objective lens [1], the cells should spread out on the coverslip instead of floating [2].
4.5.1. MED: Talent at the microscope.
4.5.2. LM to be provide by the authors: Image of the cells spread out on the coverslip.
4.6. Transfer the culture dish with plated cells into a secondary container and bring it to the irradiation facility on a utility cart [1].
4.6.1. MED: Talent placing the dish into a secondary container.
4.7. For attached cell cultures, plate 50,000 cells on a sterile cover slip in a 35-millimeter plate one day prior to the irradiation [1]. To make sure cells are fully attached to the coverslip surface observe them under a microscope as done with suspension cell culture [2]. Make sure that the total volume of the media in the 35 mm plate is 3 mL [3].
4.7.1. ECU: Talent plating the cells on the coverslip
4.7.2. MED: Talent at the microscope
4.7.3. MED: Talent checking the volume or adding medium.
4.8. After growing cells on coverslips overnight or up to one day at 37 °C [1], transfer the culture dish with plated cells in a secondary container to bring to the irradiation facility [2].
4.8.1. MED: Talent taking the plate out of incubator.
4.8.2. MED: Talent placing the dish into a secondary container.

5. Irradiation with a Linear Accelerator (LINAC)
5.1. To irradiate these previously prepared cells using the LINAC’s (pronounce lin-ack) console software [1-TXT], set the accelerator gantry and collimator to 0-degrees [2], open the X and Y jaws to a symmetrical 5 x5 square-centimeters field size [3-TXT] and retract the multi-leaf collimators [4-TXT].
5.1.1. MED: Talent at the accelerator. TEXT: Suspension cell culture; Attached cell culture; For cells on coverslips – see manuscript
5.1.2. MED/SCREEN to be provided by the authors: Talent setting the accelerator gantry and collimator to 0º
5.1.3. CU: Talent opening the X and Y jaws 
5.1.4. MED: Talent retracting the multi-leaf collimators. TEXT: MLCs
5.2. Add at least 5 centimeters of water equivalent material on the treatment couch [1] and place the cell dish to be irradiated onto it at center of the LINAC crosshairs [2]. 
5.2.1. CU: Talent adding water equivalent material on the treatment couch.
5.2.2. CU: Talent placing the cell dish onto it.
5.3. Place the cells at a depth of maximum dose in a 6 MV (Mega-volt) X-ray beam, around 1.5 cm [1] and add an additional 1 cm of water equivalent material on top of the dish [2]. 
5.3.1. CU: Talent placing the cells at a depth of around 1.5 cm.
5.3.2. CU: Talent adding more water equivalent material.
5.4. Affix the front pointer to the head of the LINAC and extend it until it touches the surface of the buildup material [1]. Adjust the table height until the distance from the source to the buildup surface is 100 cm [2].
5.4.1. CU: Talent affixes the front pointer to the head of the LINAC and extends it.
5.4.2. MED: Talent adjusting the table height.
5.5. Leave the treatment vault making sure that all other individuals have left [1]. Verify that there are no other cells in the room, and then close the vault door [2].
5.5.1. WIDE: Talent leaving the treatment vault.
5.5.2. WIDE: Talent closing the door.
5.6. Confirm the field size, monitor units and monitor units per min at the console [1] and then enable the beam for cell irradiation [2]. 
5.6.1. MED: Talent confirming the field size, monitor units and monitor units per min TEXT: 400 MU/min
5.6.2. MED: Talent starts the beam.







Section – Results
6. Results: Cell Cycle Effect of Standard Dose Rate and Extra High Dose Rate Irradiation by a Linear Accelerator 
6.1. Three samples of glioma stem-like cells were prepared using this protocol and collected 24 h after irradiation. Their cell cycle profiles were calculated and shown with the percentages of cells in different phases of the cell cycle. [1]. 
6.1.1. Figure 2
6.2. G2 cell cycle arrest was observed after irradiation of glioma stem cells with either a standard dose rate [1-TXT] or an extra high dose rate [2-TXT] compared with non-irradiated control cells [3]. 
6.2.1. Figure 2B TEXT: 400 MU/min
6.2.2. Figure 2C TEXT: 2100 MU/min
6.2.3. Figure 2A



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

7.1. Jing Hao: In order to have the right dose delivered [1], it is most important to measure the height of the media in the culture dish to make sure it reaches 1 centimeter [2]. 
7.1.1. [bookmark: _GoBack]Interview 
7.1.2. Use Steps 2.5.3; 3.7.2 and 4.4.2. Video editor use the step that best shows the authors measuring the height.
7.2. Jing Hao: Following this procedure other biological assays can be performed such as immunostaining, western blot and cell cycle analysis [1].
7.2.1. Interview
7.3. Jing Hao: Since this procedure provides the researchers clinically relevant dose and dose rate settings, it can be used to evaluate the radiation effect on many cell culture-based models [1].
7.3.1. Interview


Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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