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A. Microscopy: Does your protocol involve video microscopy? N
B. 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.
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
3.1.2., 3.1.3., 3.3.1., 3.12.3., 3.15.2., 3.15.3.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
It is difficult to pinpoint an exact step that is the most difficult. With the JoVE film crew, we are planning to perform a “mock” synthesis without radioactivity (for safety reasons, and to allow opportunity for closeup shots and/or retakes if needed), but when performing a real run with radioactivity, the most critical aspect is to ensure that all setup steps have been completed correctly prior to introducing the radionuclide. We have added an optional interview statement to emphasize the importance of checking things over prior to starting the automated synthesis run.  Note that we will perform our screen capture during a real run so all sensor values (including radiation sensors) have realistic readings.
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. R. Michael van Dam: This method can help researchers in the fields of biology, radiochemistry, and nuclear medicine to automate the production of short-lived positron-emission tomography tracers for basic research and clinical applications.
1.2. Roger Slavik: The main advantages of automating radiochemical syntheses are to standardize the synthesis process, to enable repeat production, to improve synthesis reliability, and to protect the chemist from radiation exposure.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jeffrey Collins: By using a single flexible radiosynthesizer, multiple different positron-emission tomography, or PET, tracers suitable for clinical use can be produced in a single hot cell.
1.4. Eric Schopf: To ensure the success of the automated synthesis, it is critical to take great care during the setup procedure before the radionuclide is introduced into the radiosynthesizer.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

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

Protocol: (read by voice talent at JoVE)
2. Synthesis Protocol Automation
2.1. To create an automated synthesis program for the PET tracer fluorine-18-labeled clofarabine, or CFA [1-LM], the precursor is first reacted with dried, activated fluoride-18 to form the intermediate [2-LM] followed by removal of the protecting groups to form the final compound [3-LM]. 
2.1.1. Figure 1.pptx: Video Editor: please add/emphasize first compound
2.1.2. Figure 1.pptx: Video Editor: please add/emphasize middle compound (and/or add arrow and accompanying text between first and middle compounds)
2.1.3. Figure 1.pptx: Video Editor: please add/emphasize right compound (and/or add arrow and accompanying text between middle and right compounds)
2.2. Use a paper and pen to divide the manual synthesis into high-level steps [1-WIDE] and the high-level steps into discrete, basic, required processes [2-CU].
2.2.1. Talent at bench, dividing steps
2.2.2. Shot of paper with divided steps/steps being divided
2.3. Then map each process [1-MED] into the individual unit operations provided by the synthesizer software [2-CU].
2.3.1. Talent mapping processes 
2.3.2. Shot of paper with processes mapped to unit operations
2.4. Using the radiosynthesizer programming interface, create a blank program [1-MED-over the shoulder] by clicking “Menu”, “Sequences” and “New Sequence” to program each of the identified unit operations and their parameters in sequence [2-SCREEN].
2.4.1. Talent at computer, creating blank program, with monitor visible in frame, and have the handwritten summary of operations next to it
2.4.2. *To be provided by Authors: Menu, Sequences, and New Sequence being clicked
2.5. For example, drag the fluoride evaporation operation to the film strip view and enter the reactor used, temperature, duration, and desired pressure of nitrogen stream, followed by the precursor addition and fluorination reaction operations and their parameters [1-SCREEN].
2.5.1. *To be provided by Authors: Fluoride operation being dragged and four parameters being quickly set, then precursor addition operation being dragged and one parameter being entered, then fluorination reaction operation being dragged and one parameter being entered
3. Setup for Automated Synthesis
3.1. To setup the automated synthesis, power on the radiosynthesizer [1-MED] and, taking care that the dip tube of each new disposable cassette is pointed straight down [2-ECU], install cassettes into the Reactor #1 and #2 positions [3-CU].
3.1.1. Talent turning on radiosynthesizer
3.1.2. Show cassette from both front and side to confirm tip is pointing straight down 
3.1.3. Cassette(s) being installed
3.2. After inserting reaction vessels with magnetic stir bars [1-CU], install the reagent vials into the cassettes according to the diagram [2-LM] and install an empty oxygen-18 water recovery vial in the W1 position of Cassette #1 [3-CU].
3.2.1. Vessel being inserted
3.2.2. Figure 4.pptx: Video Editor: please add/emphasize bracket and text as in original Figure 4
3.2.3. Vial being installed
3.3. Connect the QMA cartridges to cassette #1 [1-CU] and the silica cartridge between cassette #1 and #2 [2-CU]. Then connect the output of cassette #2 to the high-pressure liquid chromatography, or HPLC, system of the purification module [3-CU]. 
3.3.1. QMA cartridge being connected on cassette #1
3.3.2. Silica cartridge being connected between cassette #1 and #2
3.3.3. Cassette #2 being connected to HPLC
3.4. After verifying that the cassette tubing connections match the schematic [1-LM], confirm that no cassette tubing hangs in the interior where it may interfere with robotic movements [2-CU].
3.4.1. Figure 5A.pptx: Video Editor: please emphasize cassette tubing connections
3.4.2. Shot of setup with tubing hanging in interior and tubing being adjusted so it is no longer in interior
3.5. Connect the fluoride-18 source line from the cyclotron to the fluoride-18 input line on Cassette #1 [1-MED] 
3.5.1. Talent connecting source line
3.6. To equilibrate the purification-formulation subsystem before starting the synthesis [1-MED], select “HPLC” to enter the purification-formulation module control page. By default, the Purification tab will already be selected [3-SCREEN]. 
3.6.1. Talent at monitor, selecting HPLC/opening appropriate tab for equilibration of similar, with monitor visible in frame
3.6.2.  *To be provided by Authors: HPLC being selected, then shot of purification tab already selected
3.7. Set the flow rate to 5 mL/min at the defined solvent composition and set the purification column position [1-SCREEN].
3.7.1.  *To be provided by Authors: Flow rate being set, column position being set
3.8. Turn on the HPLC pump in the isocratic mode for at least 10 minutes and rinse the product line and all of the fraction collection lines with the mobile phase for 1 minute each [1-SCREEN].
3.8.1. *To be provided by Authors: Pump being turned on, then product line(s) being rinsed
3.9. Then use a syringe to manually rinse each HPLC sample loop and HPLC sample loop transfer tubing with 10 mL of the mobile phase [3-MED].
3.9.1.  Talent rinsing loop and/or tubing
3.10. To prime the formulation subsystem, open the “Formulation” tab of the purification-formulation control page [1-MED-over the shoulder]. 
3.10.1.  Talent opening Formulation tab, with monitor visible in frame
3.11. To prime the concentrated sodium chloride, open the “Elute” tab [1-SCREEN], click “Initialize” to initialize the syringe pump, and dispense 5 mL of concentrated sodium chloride [2-CU].
3.11.1.  *To be provided by Authors: “Elute” being opened, Initialize being clicked, then 5 being entered and “dispense” being pressed.
3.11.2.  Sodium chloride being dispensed (liquid flowing out of relevant tubing)
3.12. To prime the 0.9% saline, select the “Reconstitute” tab [1-SCREEN] and dispense 5 mL of saline [2-CU]. 
3.12.1.  *To be provided by Authors: Reconstitute being selected, then 5 being entered and “dispense” being pressed.
3.12.2. [bookmark: _GoBack] Saline being dispensed (liquid flowing out of relevant tubing) (Videographer Comment: Did not shoot – use 3.11.2) (Editor: Since we’re repeating the same shot so close in succession, do what you can to make them look a bit different)
3.13. Next, connect the Product and Final product lines from the front of the purification-formulation subsystem in a T-connection [1-MED]. Connect the output of the T-connection to a pre-assembled vented sterile empty vial with filters, and place the vial into a shielded lead pig [2-CU] [3-CU].
3.13.1.  Talent connecting line(s) to T-connection
3.13.2.  Output being connected to filter (Editor: The videographer made a note to remove this shot and the associated VO. However, the authors only marked to remove 3.13.3 and significantly changed the VO for 3.13.2 – so I’ve left it for now. I’m not sure if all of the mentioned actions are in an extended version of 3.13.1)
3.13.3.  Filter being connected to sterile vial
3.14. [1-MED-over the shoulder] Next, rotate the cassette wing knobs to secure the cassettes in place [3.14.2].
3.14.1.  Talent inserting needle/filter into headspace
3.14.2.  [Added Shot]: rotating wing knobs
3.15. Remove the dewar from the instrument [1-MED], empty the cold trap [3.15.1A], and add alcohol into the dewar [2-CU] followed by the slow addition of dry ice [3-CU]. 
3.15.1.  Talent removing dewar 
3.15.1A. [Added Shot]: Talent emptying cold trap
3.15.2.  Talent adding Alcohol to dewar
3.15.3.  Talent adding dry ice to dewar slowly
3.16. Finally, install the cold trap and dewar back into the synthesizer [1-MED] and close the hot cell door [2-MED].
3.16.1.  Talent replacing cold trap and dewar on instrument 
3.16.2.  Hot cell door being closed
4. Automated Synthesis, Purification and Formulation, and Post-Run System Shutdown
4.1. To run the synthesis program, open the “Sequences” tab, select [1-WIDE] the fluoride-18 CFA program and click “Run” [2-SCREEN].
4.1.1. Talent opening tab and selecting 18F CFA
4.1.2. *To be provided by Authors: Run being clicked
4.2. Carefully review each item on the pre-run checklist, checking off each item as it is completed [1-MED-over the shoulder]. Then click “Continue” in the software to confirm that the setup is complete and to begin the automated synthesis [2-SCREEN].
4.2.1. Talent looking at checklist, checking off at least one item, with monitor visible in frame
4.2.2. *To be provided by Authors: Continue being clicked
4.3. Eric Schopf: “Before clicking Continue, carefully review the setup to make sure everything is properly connected. Once the fluroride-18 is delivered into the synthesizer, no further manual manipulations are possible because of the radiation field within the hot cell.” [1-MED-interview style]
4.3.1. Eric Schopf, speaking the above interview style (looking just off-camera)
4.4. During the fluoride-18-trapping operation, a popup will appear when it is time to deliver activity from the cyclotron. When this occurs, deliver the fluoride-18 from the cyclotron and monitor the radiation sensor to confirm the tracer has been trapped on the QMA cartridge [1-SCREEN].
4.4.1. *To be provided by Authors Popup appearing in Trap-F18 unit operation, then radiation sensors in screen interface showing arrival and stabilization of radioactivity level
4.5. Click “Continue” to continue the automated program and monitor the synthesis in real-time via visual feedback, sensor readings, and countdown timers [1-SCREEN].
4.5.1. *To be provided by Authors Continue being clicked, then shot of monitoring page (Video Editor: please emphasize visual image, sensor reading details, and countdown timer when mentioned)
4.6. In unit operation 3, the liquid in the reaction vessel is evaporated to dry and activate the F-18 fluoride. The temperature, remaining time, and remaining liquid level can be monitored on the interface [1-SCREEN].
4.6.1. *To be provided by Authors: Monitoring page showing the status of the evaporate unit operation approx. half-way through (Video Editor: please emphasize temperature, remaining time, and camera portion showing reduction of liquid level when mentioned/as possible)
4.7. In unit operation 8, the precursor solution vial is picked up and moved to the loading position of cassette #1, upon which the contents are delivered to the reaction vessel [1-CU]. The remaining time and liquid level in the reaction vessel can be monitored on the interface [2-SCREEN].
4.7.1.  Shot through the hot cell window of vial gripper picking up reagent vial, moving to loading position, and lowering vial (Videographer: Can split action into separate shots as necessary)
4.7.2. *To be provided by Authors: Monitoring page showing status of reagent add unit operation approx. half-way through
4.8. In unit operation 9, the reaction vessel is sealed and heated to perform the fluorination reaction [1-CU]. The temperature and remaining time, as well as a live video stream of the reaction vessel contents, can be monitored on the interface [2-SCREEN].
4.8.1.  Shot through the hot cell window of reaction vessel being moved from the reagent add position to the sealed reaction position (Videographer: Can split action into separate shots as necessary)
4.8.2. *To be provided by Authors: Monitoring page showing status of reaction unit operation approx. half-way through
4.9. In unit operation 10, the dip tube is inserted into the reaction vessel and the contents are transferred through the silica cartridge for purification of the intermediate [1-CU]. The remaining time, level of remaining liquid in the reaction vessel, and the radiation detector adjacent to the cartridge can be monitored on the interface [2-SCREEN].
4.9.1. Shot through the hot cell window of reaction vessel being moved from the sealed reaction position to the transfer position 
4.9.2. *To be provided by Authors: Monitoring page showing the status of the transfer unit operation approx. half-way throug
4.10. During the final Purification unit operation step, when the product peak has begun to appear on the radiation detector chromatogram, select “Product” [1-SCREEN].
4.10.1.  *To be provided by Authors: Shot of product peak, then Product being selected (Video Editor: please indicate product peak when mentioned if necessary)
4.11. Once the radiation detector chromatogram peak has returned to the baseline, select “Waste” to divert the flow path of the HPLC subsystem to the waste container [1-SCREEN].
4.11.1.  *To be provided by Authors: Shot of peak back at baseline/returning to baseline, then Waste being selected
4.12. To set up the Formulation program, under the Sequence tab [1-WIDE], open the “fluoride-18 CFA Formulation program” and run the program [2-SCREEN].
4.12.1.  Talent opening formulation program
4.12.2.  *To be provided by Authors: Program being started
4.13. The system will dilute the collected purified product fraction [1-CU] in the final sterile product vial through a sterilizing filter and dilute with sodium chloride [2-CU] and saline to ensure the isotonicity of the formulation [3-CU]. 
4.13.1.  Product inside final sterile product vial
4.13.2.  Product being diluted with sodium chloride (additional liquid flowing into vial)
4.13.3.  Product being diluted with saline (additional liquid flowing into vial)
4.14. To retrieve the final product, open the hot cell door, disconnect the needles from the product vial [1-CU] and remove the formulated product vial from the hot cell [2-MED]. 
4.14.1.  Talent removing the two needles that stick into the top of the final sterile product vial.
4.14.2.  Talent taking the final product vial out of the hot cell in a lead pig
4.15. Then, using aseptic procedures [1-MED] … remove a sample to perform the necessary quality control testing [2-CU].
4.15.1.  Talent removing a QC sample, all dressed up for aspetic work and using the shielded laminar flow hood for protection
4.15.2. Sample being removed
4.16. To shut down the synthesizer, click the “Power” button. A pop-up window will indicate when the power to the system can be turned off [1-SCREEN].
4.16.1.  *To be provided by Authors: Power being clicked, then shot of popup window
4.17. Then close the appropriate shutoff valves to turn off the compressed air and inert gas supplies [1-MED], allowing time for the residual radioactivity in the hot cell to decay to safe levels before performing another synthesis [2-CU-TXT].
4.17.1.  Talent shutting valve(s)
4.17.2.  Shot of high reading of radioactivity on Geiger counter/meter being held to door for reading (TEXT: Radioactivity typically decays O/N)
5. Results: Representative Quality Control Test Data Summary for Three Validation Batches

5.1. In these representative validation runs, the synthesis, purification, and formulation were achieved in 110 minutes on average and the non-decay-corrected radiochemical yield was nearly 8% [1-LM]. 

5.1.1. Table 1.xlsx: Video Editor: no animation

5.2. The obtained fluorine-18 CFA formulations passed all of the quality control tests [1-LM]. 

5.2.1. Table 1.xlsx: Video Editor: please sequentially emphasize Validation Run 1, 2, and 3 data columns

6. Conclusion (said by authors on camera):

6.1. Eric Schopf: While using this procedure to produce tracers for clinical use, it is necessary to create written standard operating procedures that must be carefully followed to ensure that no setup or preparation steps are missed. 

6.2. R. Michael van Dam: Following this general procedure, the syntheses of many other radiotracers can be easily automated, facilitating the transition to Current Good Manufacturing Practice-compliant production for human clinical trials or clinical care. 

6.3. Roger Slavik: Don’t forget that working with radioactivity can be hazardous and that facility measures, such as exposure monitoring, adequate shielding, and safety procedures, must be in place. Take care to always work closely with your radiation safety office.
  

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. 

2.1.1 Figure 1.pptx
3.3.1 Figure 4.pptx
3.4.2 Figure 5A.pptx
Table 1.xlsx

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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