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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 individual steps from this script.
Steps 2.1, 2.2, 2.3, 2.4, 2.5, 3.1
3.1: F-18 production and transfer
2.1-2.5: Filling the vials and mounting the cartridge
D.  Critical Steps: What is the single most difficult aspect of your procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Step 3.5: Hydrogenation. It is critical to set the right flow and use a new cartridge each time.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N
Filming will take place all in one location. There are four separate spaces in this location: 1) dispensing area, 2) production area, 3) quality control area and 4) research area.
	Dispensing: Steps 2.1-2.3, 2.5
	Production: 2.7-2.9, 3.2-3.6
	QC: 4.1-4.8
	Research: 2.4, 2.6, 3.7-3.10
Cyclotron: 3.1

Roles: RF will introduce the team and highlight the safety and GMP practices. AK will produce the F-18 and transfer it to Synthera. PB and MB will perform the synthesis using Synthera, the hydrogenation and the purification. AK and MB will perform quality control tests.


1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE)

The overall goal of this procedure is to produce 18F-labeled (F-eighteen) 3-fluoro-4-aminopyridine (3-flooer-oh-4-uh-mean-oh peer-ih-dean /ˌflʊər oʊ əˌmi: noʊ ˈpir ɪ di:n/) of adequate purity and quality for PET (‘pet’) imaging experiments in animal subjects. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)
1.1. Pedro Brugarolas: This method can help answer key questions in the imaging field about the utility of 3F4AP as a PET tracer for brain imaging to detect demyelinating conditions and other diseases.
1.2. Mohammed Bhuiyan: The main advantage of this labeling method is the flexibility of the post-radiolabeling hydrogenation, which could be adapted to the production of other F-18-labeled PET radiotracers.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Anna Kucharski: F-18 has a 2-hour half-life, and thus is produced with a cyclotron daily for each synthesis to ensure that the product has sufficient activity to be injected.
1.4. [bookmark: IntroStatements]Richard Freifelder: Given the short half-life of F-18, it is strongly recommended to work in groups of two or three to ensure that the procedure is performed quickly but safely.

Authors: Some statements have been moved to the conclusion to accommodate length restrictions.

[bookmark: Protocol]Protocol (read by voice talent at JoVE)
2. Synthesis Module and Reagent Preparation
2.1. To begin preparing for the synthesis, use new, sterile 1 mL syringes to dispense 400 µL of tetrabutylammonium (teh-truh-byoot-l-uh-moh-nyuhm /ˌtɛ trə ˌbjut l əˈmoʊ njəm/) bicarbonate [1-MED-TXT] and 800 µL of acetonitrile (uh-see-toh-ny-trile /əˌsi: toʊˈnaɪ traɪl/) into a glass vial. Seal the vial with a crimp cap. [2-MED]
2.1.1. PB. Talent draws 400 µL of TBA-HCO3 into a syringe and then dispenses it into a labeled glass vial. (TEXT: Caution: Radiation safety training is required to perform this procedure.)
2.1.2. PB. Talent dispenses 800 µL of MeCN from a syringe into the same glass vial, and then places a crimp seal on the vial and crimps the cap in place.
2.2. Add 100 µL of precursor stock solution and 500 µL of anhydrous (ann-high-druss /ænˈhaɪ drəs/) acetonitrile to an oven-dried vial and seal the top. [1-MED-TXT] Seal 500 µL of anhydrous acetonitrile in another oven-dried vial. [2-MED-Over shoulder]
2.2.1. PB. Talent draws 100 µL of precursor stock solution from a bottle/vial with argon counter-pressure, adds it to the vial, and then transfers the argon counter-pressure line to a bottle of anhydrous MeCN. (TEXT: Precursor stock solution: 1 mg/mL in anhydrous MeCN)
2.2.2. PB. Talent crimps the cap of a labeled vial containing 500 µL MeCN and places the vial with the other two vials already prepared.
2.3. Place 4 mL of 0.2% oxalic (ock-sal-ick /ɒkˈ sæl ɪk/) acid in methanol in another glass vial and seal the top. [1-MED] Then, condition a strong-anion-exchange solid-phase extraction cartridge with 5 mL of 8.4% sodium bicarbonate, [2-MED] dropwise, followed by 5 mL of ultrapure deionized water. [3-CU]
2.3.1. PB. Talent adds 4 mL of 0.2% oxalic acid to a labeled glass vial. The crimp seal to be used should be visible nearby.
2.3.2. MB. Talent attaches a syringe containing 5 mL 8.4% NaHCO3 to the QMA cartridge and starts to slowly push the solution through the cartridge.
2.3.3. MB. The solution emerging dropwise from the cartridge.
2.4. Condition a neutral alumina (uh-loo-mihn-uh /əˈlu: mɪn ə/) solid-phase extraction cartridge with 5 mL of ultrapure deionized water, dropwise, [1-MED] followed by 5 mL of 0.2% oxalic acid in methanol. [2-MED]
2.4.1. MB. Talent slowly pushing 5 mL of ultrapure water through the alumina-N cartridge, dropwise.
2.4.2. MB. Talent draws up 5 mL of 0.2% oxalic acid from a labeled container into a syringe and attaches the syringe to the alumina-N cartridge.
2.5. Load the reagent vials and the extraction cartridges into the integrated fluidic processor. [1-MED-Over shoulder] [2-MED]
2.5.1. MB. Load vials and cartridges onto the IFP
2.5.2. RF. Talent inserts the vent needle into the 18F receiving vial. Moved to immediately before 2.6.3 at author request
2.5.3. MB. ADDED: Talent places the IFP on the synthesizer. Editor – I’m not sure how the added shot fits in. Please use if possible/obvious.
2.6. Turn on the HPLC (H-P-L-C) and condition the column at 2 mL/min for 1 hour. [1-MED-Over shoulder-TXT] During column conditioning, load a catalyst cartridge onto the hydrogenator (high-draw-jen-ey-ter /haɪˈdrɒ ʤəˌneɪt ər/) cartridge holder [2-MED]. Equip the 18F receiving vial with a vent needle assembly composed of a sterile 20-gauge, 1.5” needle attached to a 0.22-micron filter. [2.5.2-MED] Connect a product vial to the hydrogenator. [3-MED]
2.6.1. PB. Talent turns on the HPLC and starts the pump. (TEXT: Mobile phase: 50 mM NaH2PO4, 10 mM TEA, 5% EtOH, pH 8.0)
2.6.2. PB. Talent loads the catalyst cartridge into the holder.
2.5.2 Equip the 18F receiving vial with a vent needle assembly composed of a sterile 20-gauge, 1.5” needle attached to a 0.22-micron filter. [2-MED] Moved from above
2.6.3. RF. Talent connects a prepared collection vial. Author note: THIS SHOT SHOULD GO WITH 2.5.2
2.7. [1-MED-Over shoulder] [2-MED] [3-MED] Open the hydrogen valve [2-?], load the HPLC sequence and start the program to initiate the flow of MeOH and H2 through the cartridge [1-SCREEN].
2.7.1. PB. Talent starts the hydrogenation HPLC pump.  loads the HPLC sequence and starts the sequence. Provide screen capture video. (55537_Brugarolas_Screen_Capture_1)
2.7.2. MB. Talent turns on the flow of hydrogen gas, and moves away from the system.
2.7.3. Talent turns off the pump and the hydrogen flow.
2.8. Load the IFP into the synthesizer using the software. Then, start the synthesis module software and perform system checks. Close the hot cell. [1-MED-Over shoulder-TXT] Open the 3F4AP synthesis sequence and load the sequence to the synthesis module. Name the synthesis run and start the sequence. [2-SCREEN]
2.8.1. MB. Talent loads IFP and starts the pre-run system checks in the synthesis software and closes hot cell
2.8.2. *To be provided by authors: Screen capture footage of clicking ‘Sequences’, ‘Open’, selecting the 3F4AP sequence, clicking ‘Load’, naming the file, and clicking ‘Start’. (55537_Brugarolas_Screen_Capture_2)
2.9. Monitor the instrument and software during the pre-synthesis steps to ensure that the synthesis module is operating normally. [1-MED] Once the reaction vessel reaches 65 °C, the module is ready for 18F delivery from the cyclotron (sy-kloh-tron /ˈsaɪ klə trɒn/). Close the hot cell. [2-MED]
2.9.1. MB. Talent inspects the module during the pre-synthesis checks.
2.9.2. MB. Talent monitors the software as the process pauses to wait for the 18F transfer, and then closes the hot cell.
3. Synthesis of [18F]3F4AP
3.1. When the cyclotron has produced the desired amount of 18F and the synthesis module is ready, deliver the 18F to the module. [1-MED-Over shoulder-TXT] 
3.1.1. AK. Talent initiates the 18F delivery from the target to the synthesis module. (TEXT: 18F, 25 µA, 45-120 min, 1 mL [18O]H2O)
3.2. PB. Once the activity has been transferred to the receiving vial, continue the synthesis sequence by pressing the green button RESUME. [1-SCREEN] Monitor the synthesis as the 18F is trapped on the strong-anion-exchange cartridge, converted to 18F-tetrabutylammonium fluoride, and dried. [2-SCREEN]
3.2.1. *To be provided by authors: Screen capture footage of clicking ‘Resume’ to continue the synthesis sequence and the synthesis proceeding to the next step. (55537_Brugarolas_Screen_Capture_3)    Author note: USE TABLE BELOW TO FIND EVENTS ON SCREEN CAPTURE FILES
3.2.2. *To be provided by authors: Screen capture footage of the pressure and temperature readings on the graph during the azeotropic distillation. (55537_Brugarolas_Screen_Capture_3  AND 55537_Brugarolas_Screen_Capture_4)
3.3. PB. Continue monitoring the synthesis as the precursor reacts with the 18F-tetrabutylammonium fluoride for 1 minute, [1-SCREEN] at which point the reaction is quenched with the oxalic acid solution. [2-SCREEN]
3.3.1. *To be provided by authors: Screen capture footage of valves opening (as indicated in the software graphics) to transfer the precursor and MeCN to the reaction vial and the resulting changes in the pressure/temperature traces. (“SCREEN CAPTURE #3)
3.3.2. *To be provided by authors: Screen capture footage of the valve opening (as indicated in the software graphics) to let the oxalic acid solution into the reaction vial. (55537_Brugarolas_Screen_Capture_3  AND 55537_Brugarolas_Screen_Capture_4)
3.4. Pedro Brugarolas: It is helpful to check the labeling efficiency with radioHPLC and the efficiency of the 18F trapping and elution with activity measurements, but only when using very low amounts of radioactivity. [1-MED] (REPEATED in 6.3. REMOVE THIS ONE OR THE OTHER (?) Editor – I suggest leaving it in here, and removing it in the conclusion, as the conclusion already has many statements.
3.4.1. Talent speaks towards the camera, interview style.
3.5.  [1-MED] Monitor the transfer of the quenched reaction mixture through the neutral alumina cartridge to the hydrogenator loop and the injection of the mixture onto the hydrogenator HPLC. [2-SCREEN]
3.5.1. Talent starts the solvent pump and opens the hydrogen flow. (This is done automatically) Talent clicks next once the transfer is complete.
3.5.2. *To be provided by authors: Screen capture footage of the valves opening to send the reaction mixture through the alumina-N cartridge to the hydrogenator. (55537_Brugarolas_Screen_Capture_3  AND 55537_Brugarolas_Screen_Capture_4)
3.6. Collect the crude product solution from the hydrogenator [1-MED-Over shoulder] and measure the activity in the vial using a dose calibrator. [2-MED-Over shoulder] [3-WIDE]
3.6.1. PB. Talent monitors the automatic product collection on the hydrogenator. Talent press connect when the peaks comes out. Author note: We were not able to use radioactivity for this step so the peak is not seen on the screen capture video. I have provided a screenshot of how the peak should look like. Can you edit this into the video? (Screenshot #1)
3.6.2. RF. Talent checks the activity displayed on the dose calibrator readout.
3.6.3.  The product on the rotary evaporator behind shielding.
AUTHOR NOTE: PLEASE ADD: Under normal circumstances the crude product would be injected into a semiprep HPLC system inside a hot cell. After purification the final product is then collected and dispensed into an aseptic isoclass 5 laminar air flow hot cell as per USP and FDA regulations. For demonstration purposes we are going to extract the crude product in that dispensing cell and show the purification step with a small amount of activity. – Science Editor: Perhaps we should have a black screen with text, or over a still? This is too much for an overlay. I can get the VO to read this statement. I have shortened a bit it below
[bookmark: _GoBack]     3.7     (VO Talent please record) NOTE: The crude product should be injected into a semiprep HPLC system inside a hot cell. After purification the final product is then collected and dispensed into an aseptic isoclass 5 laminar air flow hot cell as per USP and FDA regulations. For demonstration we show extraction of the crude product in that dispensing cell and show the purification step with a small amount of activity.
          3.7.1. Editor: Have as TEXT on screen, black background or hazed out still image from video?
3.7. Turn the first HPLC flow rate up to 4 mL/min. [1-MED] Then, add 175 µL of mobile phase to the product residue and vortex until dissolved. [2-MED] 
3.7.1.  Talent increases the HPLC pump flow 
3.7.2. Using an L-block for shielding, talent adds the mobile phase to the product residue and vortexes the mixture.
3.8.  [1-MED] Seal and shield the vial, and then transport the vial to the HPLC system. [2-MED]
3.8.1. Talent pushes the product solution through a syringe filter into a V-vial.
3.8.2. RF. Talent places the closed vial in a lead container/pig, closes the container/pig, and transports it away.
3.9. Load 100 µL of the product solution onto the HPLC and collect the final product fractions with an automated collector. [1-MED] Measure the activity of each fraction and combine those with the highest activity. [2-WIDE]
3.9.1. PB. Talent injects the product onto the HPLC loop and injects the loop contents onto the HPLC.
3.9.2. MB. Talent measures the activity of an automatically collected fraction.
3.10. MB. Filter the combined fractions through a 0.22-micron filter into a sterile product vial. [1-MED] Record the ‘end of synthesis’ time and the volume and activity of the product. [2-MED-Over shoulder]
3.10.1. MB. Using an L-block/other shielding, talent pushes the combined fractions through the syringe filter into the vial.
3.10.2. MB. Talent fills out a vial label.
4. Quality Control
4.1. AK. Withdraw about 0.8 mL of the product solution for quality control testing from the final product vial. [1-MED] Inspect the dose vial through a leaded glass shield and verify that the product is clear, colorless, and free of particulate matter. [2-MED]
4.1.1. AK. Talent draws the QC sample from the product vial and transfers it to another vial.
4.1.2. MB. Talent inspects the dose vial through the lead-glass shield.
4.2. Spot the sample on a TLC (T-L-C) plate next to a reference standard. Develop the plate with a solution of 95% methanol and 5% acetic acid. [1-MED] Visualize the reference with UV light and mark the spot in pencil. [2-MED]
4.2.1. MB. Talent takes the developed plate out of the TLC chamber.
4.2.2. MB. Talent illuminates the plate with UV light and marks the reference with a pencil.
4.3. MB. Secure the TLC plate to a radio-TLC scanner and record the peak time. [1-MED-Over shoulder] Verify that the retention factors of the product and reference are within 5% of each other. [2-MED-Over shoulder]
4.3.1. MB. Talent fixes the TLC plate to the scanner and then runs the TLC scanner.
4.3.2. MB. Talent looks at the radioTLC results.
4.4. MB. Inject 10 µL of the product onto an HPLC equipped with a radiation detector. [1-WIDE] For both the radio-HPLC and TLC results, verify that the product peak accounts for at least 95% of the total area under all gamma peaks in that chromatogram. [2-MED-Over shoulder]
4.4.1. MB. Talent loads 10 µL of the product into the HPLC loop, and then injects the loop contents onto the column.
4.4.2. MB. Talent integrates the areas of the HPLC gamma peaks.
4.5. Then, co-inject 10 µL each of the product and the reference standard and verify that a single co-elution UV peak appears on the HPLC. [1-MED] Inject 10 µL of the product onto a GC to verify that the residual solvent content is below the established limits. [2-MED-Over shoulder]
4.5.1. MB. Talent loads the reference standard into the HPLC loop, then loads the product into the HPLC loop, and then injects the loop contents onto the HPLC column.
4.5.2. MB. Talent integrates/picks the relevant GC peaks. 
4.6. Mohammed Bhuiyan: radioTLC is used to ensure the absence of free fluoride, which can provide confounding results during PET imaging. radioHPLC is used to confirm identity and calculate specific activity. GC is used to analyze the residual solvent content. [1-MED]
4.6.1. Talent speaks towards the camera, interview style.
4.7. Perform a bubble-point test to verify that the filter used in the final product vial meets or exceeds the manufacturer’s specifications for filter integrity. [1-CU] Inoculate two types of growth medium with the product. [2-MED]
4.7.1. RF. The pressure on the gauge increases until a stream of bubbles emerges from the submerged needle.
Authors: For filming purposes, it’s fine to demonstrate the filter integrity test with a cold filter if it will be easier for the videographer to get a close-up shot that way.
4.7.2. Working in a biosafety cabinet, talent adds a sterility sample to a bottle of growth medium. AK. 
4.8. Calculate the specific activity and the half-life, verify the radionuclidic (ray-dee-oh-new-klid-ick /ˌreɪ di: oʊ nuˈklɪd ɪk/) identity and purity, and measure the endotoxin (end-oh-tox-in /ˈɛn doʊˌtɒk sɪn/) levels. Document the results of the quality control tests. [1-MED-Over shoulder]
4.8.1. MB. Talent filling in the quality control test results.
5. Results: The Radiochemical Synthesis of [18F]3F4AP
5.1. Using this method, the radiotracer [18F]3F4AP (F-eighteen 3-F-4-A-P) was synthesized by a semi-automated process in which fluoride exchange was followed by reduction of the N-oxide (N-ock-side /ˈɒk saɪd/) and nitro (ny-troh /ˈnaɪ troʊ/) groups. [1-LM] The tracer was synthesized with sufficient purity and specific activity to perform pre-clinical PET imaging studies on animal models of demyelination (dee-my-uh-le-neigh-shun /ˌdi: maɪ ə ləˈneɪ ʃen/). [2-LM]
5.1.1. Reaction_Fig1.tiff
5.1.2. Table 1-V2.xlsx
5.2. The intermediate product was analyzed during tracer development, and was found to have a characteristic UV peak at 315 nm. [1-LM] The final product was best visualized by HPLC at 254 nm. [2-LM] The observed radiochemical purity in the radio-HPLC was confirmed by radio-TLC. [3-LM]
5.2.1. IntermHPLC_Fig4.tiff with 55537_521_Reaction_Fig1_interm.png (with the rightmost molecule image boxed/highlighted) overlaid in the empty space on the upper left.
5.2.2. Figure5.tiff with 55537_521_Reaction_Fig1_hydrog.png (with the rightmost molecule image boxed/highlighted) overlaid next to “Final dose”.
5.2.3. radioTLC-sample.png with 55537_521_Reaction_Fig1_hydrog.png (with the rightmost molecule image boxed/highlighted) overlaid in the upper left.
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Pedro Brugarolas: Visual demonstration of this method is critical, as many steps are not commonly employed in chemistry or radiochemistry labs.
6.2. Mohammed Bhuiyan: Generally, individuals new to this method struggle to precisely follow the synthesis procedure and to perform the rigorous quality control tests.
6.3. Pedro Brugarolas: While developing this procedure, it’s important to measure the amount of radioactivity present before and after each step to determine the reaction efficiency, but this should only be done with low amounts of radioactivity. Maybe remove, see 3.4
6.4. Mohammed Bhuiyan: Once mastered, this technique can be done in less than 2 hours if performed properly.
6.5. Pedro Brugarolas: Following animal injection and imaging, procedures such as tissue dissection and blood collection can be performed to answer additional questions about biodistribution and metabolism of the tracer.
6.6. Anna Kucharski: After watching this video, you should have a good understanding of the general workflow for synthesizing and performing quality control tests on a PET tracer.
6.7. Richard Freifelder: Don’t forget that working with radioactivity can be extremely hazardous, and precautions such as following the ‘as low as reasonably achievable’, or ALARA philosophy should always be taken. Always work with your radiation safety office.
[bookmark: ProvidedMedia]PROVIDED MEDIA
55537_Brugarolas_Screen_Capture_1 – Opening HPLC/hydrogenation sequence and starting the flow of MeOH
55537_Brugarolas_Screen_Capture_2 – Loading IFP. Opening Synthera sequence and starting the prechecks
55537_Brugarolas_SCREEN CAPTURE #3 – Pressing resume button to initiate the synthesis
55537_Brugarolas_SCREEN CAPTURE #4 – Webcam footage of synthesis.
Use this table to find events on screen capture files
	Event
	Instrument software file (time)
	Webcam file

	Resume button
	Screen_Capture_3 (4:03)
	

	F-18 transfer
	Screen_Capture_3 (5:50)
	Screen_Capture_4 (5:26)

	Heater up
	Screen_Capture_3  (5:56)
	Screen_Capture_4 (5:33)

	Addition TBA / Vial 1
	Screen_Capture_3 (18:44)
	Screen_Capture_5 (1:38)

	Heater down
	Screen_Capture_3  (18:48)
	Screen_Capture_5 (1:43)

	Addition MeCN / V3
	Screen_Capture_3  (19:04)
	Screen_Capture_5 (1:58)

	Addition Precursor / V2
	Screen_Capture_3  (20:15)
	Screen_Capture_5 (3:06)

	Begin Hydrog transfer
	Screen_Capture_3  (21:08)
	

	End hydrog transfer
	
	Screen_Capture_5 (4:56)

	Collect after hydrog
	Screen_Capture_3 (33.06)
Please add Screenshot_1 here
	



Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint, or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16938833

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are labeled and on hand at the start of filming. All tubes/flasks should be labeled neatly before we arrive.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

Detailed preparation instructions are included in the email accompanying this finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
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