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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.3., 4.2., 5.8.  
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.9., 6.3.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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. Toshiaki Furuta: The overall goal of this procedure is to provide a practical method for the preparation of photo-caged compounds with additional properties, such as water solubility or cellular targeting ability [1]. 

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

1.2. Toshiaki Furuta: Using a simple synthetic procedure, this technique can be used to expand the repertoire of caged compounds and to make caged compounds with additional properties without compromising their photosensitivity [1]. 

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

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

1.3. Hirona Sasaki: These syntheses can be performed in a standard laboratory, as our clickable caged compounds are stable to photo-irradiation when dissolved in nonnucleophilic organic solvents, such as dichloromethane or dimethylsulfoxide [1]. 

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.4. Toshiaki Furuta: Demonstrating the procedure with Hirona Sasaki will be Akinobu Suzuki, a post doc, Hanami Aoki and Rei Watahiki, grad students from my laboratory [1][2].  

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



Section - Protocol
2. Clickable Caged Amine Preparation
2.1. Begin by adding 709.6 milligrams of paBhc (P-A-B-H-C) methanol [1] and 397.6 milligrams of N,N’-carbonyl diimidazole into a 30-milliliter round-bottomed flask [2].
2.1.1. WIDE: Talent adding paBhcCH2OH to flask, with paBhcCH2OH container visible in frame
2.1.2. Talent adding N,N’-carbonyl diimidazole to flask, with N,N’-carbonyl diimidazole container visible in frame
2.2. Add dry 6 milliliters of dichloromethane to the flask [1] and stir the solution at ambient temperature for 1 hour [2].
2.2.1. Talent adding CH2Cl2 to flask, with CH2Cl2 container visible in frame Videographer: Important step
2.2.2. Solution being stirred Videographer: Important step
2.3. At the end of the incubation, add 342.8 milligrams of 4-dimethylaminopyridine [1] and 552 microliters of tert-butyl (6-aminohexyl)carbamate [2] and stir the solution at ambient temperature for an additional three hours [3].
2.3.1. 4-DMAP being added to flask, with 4-DMAP container visible in frame Videographer: Important step
2.3.2. tert-butyl (6-aminohexyl)carbamate being added to flask, with tert-butyl (6-aminohexyl)carbamate container visible in frame Videographer: Important step
2.3.3. [bookmark: _GoBack]Solution being stirred

2.4. Then use a rotary evaporator under vacuum to remove the solvent and other volatile materials [1] and use silica gel flash column chromatography to purify the residue directly [2].

2.4.1. Talent placing flask under vacuum
2.4.2. Talent adding solute to column

3. Functional Unit Installation

3.1. To install a functional unit into the clickable cage compound, dissolve 249 milligrams of copper-two sulfate pentahydrate in 10 milliliters of ion-exchanged water to give a 0.1-molar copper sulfate solution [1].

3.1.1. WIDE: Talent adding copper to water, with copper containe visible in frame 

3.2. Dissolve 8 milligrams of 2ʹ-paBhc-moc-paclitaxel [1], 17.5-millligrams of tris(3-hydroxypropyltriazolylmethyl)amine [2], 162.4 milligrams of sodium L-ascorbate [3], and 3.1 milligrams of 15-chloro-3,6,9-trioxapentadecyl azide in a mixed solvent of 2.5 milliliters of 0.1-molar phosphate buffer and 0.5 milliliters of dimethyl sulfoxide [4].

3.2.1. 2ʹ-paBhcmoc-paclitaxel being added to solvent, with 2ʹ-paBhcmoc-paclitaxel, PB, and DMSO containers visible in frame
3.2.2. tris(3-hydroxypropyltriazolylmethyl)amine being added to solvent, with tris(3-hydroxypropyltriazolylmethyl)amine, PB, and DMSO containers visible in frame
3.2.3. sodium L-ascorbate being added to solvent, with sodium L-ascorbate, PB, and DMSO containers visible in frame
3.2.4. 15-chloro-3,6,9-trioxapentadecyl azide being added to solvent, with 15-chloro-3,6,9-trioxapentadecyl azide, PB, and DMSO containers visible in frame

3.3. Next, add 81.2 microliters of 0.1-molar copper sulfate solution to the reaction mixture [1] and stir the mixture at ambient temperature for 80 minutes [2], monitoring the progress of the reaction with HPLC (H-P-L-C) [3-TXT].

3.3.1. Talent adding CuSO4 to mixture
3.3.2. Mixture being stirred
3.3.3. Talent adding sample to HPLC TEXT: HPLC: high-performance liquid chromatography

3.4. At the end of the reaction, dissolve the precipitates with 3.5 milliliters of a 75% acetonitrile-water solution [1] and apply the resulting solution directly to the semi-preparative HPLC system to purify the desired product [3-TXT].

3.4.1. Acetonitrile-water being added to mixture, with acetonitrile-water container visible in frame
3.4.2. Solution being added to HPLC TEXT: Solubilization with tert-butanol can accelerate reaction

4. Quantum Efficiency Measurements at 350 nm

4.1. For quantum efficiency measurements, under fluorescent lamps covered with a UV-light cut-off filter, dilute the sample stock solution in 10 microliters of dimethyl sulfoxide with 10 milliliters of K-MOPS (K-mops) buffer [1] and transfer an aliquot of the solution into the same test tube used in the photoreaction of the chemical actinometer [2].

4.1.1. WIDE: Talent adding sample stock to Kmops, with sample stock and Kmops containers visible in frame 
4.1.2. Talent adding sample to test tube

4.2. Irradiate the sample solution with 350 nanometer light for 5 seconds [1], removing 50 microliter aliquots from the irradiated solution periodically for analysis by HPLC [2].

4.2.1. Sample being irradiated/Talent placing sample into irradiator/similar representative shot Videographer: Important step
4.2.2. Talent adding aliquot to HPLC Videographer: Important step

4.3. Then determine the irradiation time, in seconds, in which 90% of the starting material reacted by fitting plots of the time-dependent disappearance of the starting material [1].

4.3.1. Talent at computer, plotting time-dependent disappearance of starting material, with monitor visible in frame

5. HaloTag Ligand Targeting

5.1. For HaloTag ligand targeting of a clickable caged compound, harvest the target cell population of interest with an appropriate cell-dissociation reagent [1] and resuspend the cells at a 2.5 x 105 cells/milliliter of DMEM (D-M-E-M) concentration [2].

5.1.1. WIDE: Talent adding trypsin-EDTA to cell culture container
5.1.2. Talent adding medium to cells in tube, with DMEM container visible in frame

5.2. Then seed approximately 5 × 105 cells per dish into 35-millimeter glass bottom dishes for an overnight incubation at 37 degrees Celsius and 5% carbon dioxide [1].

5.2.1. Talent adding cells to dish

5.3. The next morning, dilute 14 micrograms of the pcDNA3-Halo-epidermal growth factor receptor plasmid DNA in a 1.5-milliliter microcentrifuge tube containing 700 microliters of reduced serum medium [1]. 

5.3.1. Talent adding plasmid DNA to tube(s), with plasmid and medium containers visible in frame

5.4. Next, add 5 microliters of the lipofection reagent in 150 microliters of reduced serum medium to each of four tubes [1] and allow the tubes to stand at ambient temperature for 5 minutes [2].

5.4.1. Talent adding lipofection reagent solution to tube(s), with lipofection reagent container visible in frame
5.4.2. Talent setting timer, with tubes visible in frame

5.5. At the end of the incubation, add 150 microliters of diluted plasmid DNA to each of the diluted lipofection reagent samples [1] and incubate the samples at ambient temperature for an additional 5 minutes [2].

5.5.1. Talent adding plasmid to tube(s), with plasmid container visible in frame
5.5.2. Talent setting timer, with tubes visible in frame

5.6. At the end of the incubation, rinse the cells with 2 milliliters of PBS per dish [1] and add 1.5 milliliters of reduced serum medium to each culture [2].

5.6.1. Dish being washed, with PBS container visible in frame
5.6.2. Medium being added to dish, with medium container visible in frame

5.7. Add 150 microliters of the plasmid-lipofection reagent complex to each dish [1] and return the cells to the cell culture incubator for 48 hours [2].

5.7.1. Complex being added to dish, with complex container visible in frame
5.7.2. Talent placing dish(es) into incubator

5.8. At the end of the incubation, aspirate the supernatants [1] and add a 1 milliliter of freshly-prepared DMEM supplemented 2-micromolar paBhc-hex-FITC (FIT-sea)-Halo to each dish [2].

5.8.1. Supernatant being aspirated Videographer: Important step
5.8.2. paBhc-hex-FITC-Halo being added to dish, with paBhc-hex-FITC-Halo container visible in frame Videographer: Important step

5.9. After 30 minutes at 37 degrees Celsius, aspirate the medium containing the caged compound [1] and rinse the cells two times with 1 milliliter of PBS-plus to remove any unbound compounds [2].

5.9.1. Medium being aspirated Videographer: Difficult step
5.9.2. Cells being rinsed Videographer: Difficult step

5.10. Add 500 microliters of reduced serum medium to each dish [1] and return the cells to the cell culture incubator for another 30 minutes to remove the compounds that entered the cells [2].

5.10.1. Reduced serum medium being added to dish, with reduced serum medium container visible in frame
5.10.2. Talent placing dish(es) into incubator

5.11. At the end of the incubation, rinse the cells two times with 1 milliliter of PBS-plus per dish [1] and add 1 milliliter of medium without phenol red to each culture [2]. 

5.11.1. Dish being rinsed, with PBS container visible in frame
5.11.2. Medium being added to dish, with medium container visible in frame

5.12. Then record the fluorescence images by laser scanning confocal fluorescence microscopy [1].

5.12.1. Talent placing dish onto microscope stage

6. Photomediated Kinase Localization Modulation

6.1. For photomediated modulation of the kinase localization using a clickable caged compound, seed approximately 5 × 105 CHO-K1 (cho-K-one) cells in 2 milliliters of Ham’s F12 medium per 35-millimeter glass bottom dish [1].

6.1.1. WIDE: Talent adding cells to dish, with medium container visible in frame

6.2. The next day, transfect the cells with a plasmid coding for GFP (G-F-P)-diacylglycerol kinase gamma for 48 hours as just demonstrated [1-TXT].

6.2.1. Talent adding plasmid TEXT: GFP-DGK: green fluorescent protein-gamma diacylglycerol kinase

6.3. After the end of the transfection, replace the transfection supernatant with 2 milliliters of reduced serum medium [1] and add 20 microliters of 100× paBhc-AA working solution to the cells for a 5-60-minute incubation at 37 degrees Celsius and 5% carbon dioxide [2].

6.3.1. Reduced serum medium being added to dish, with reduced serum medium container visible in frame Videographer: Difficult step
6.3.2. paBhc-AA being added to dish, with paBhc-AA container visible in frame Videographer: Difficult step

6.4. At the end of the incubation, place the dish on the objective stage of an inverted fluorescent microscope equipped with a dual light source fluorescence illuminator [1] and image the cells every 10 seconds for 10 minutes while irradiating the cells at the appropriate experimental time points and wavelengths according to the experimental protocol [2].

6.4.1. Talent placing dish onto microscope stage
6.4.2. Talent at computer imaging and/or irradiating cells, with monitor visible in frame as possible



Section – Results
7. Results: Physical, Photochemical, and Functional Properties of Clickable Caged Compounds 

7.1. Using this method as demonstrated, clickable caged compounds [1] of some biologically interesting molecules, including paclitaxel [2] and arachidonic acid, can be successfully synthesized [3].

7.1.1. LAB MEDIA: Figure 1B
7.1.2. LAB MEDIA: Figure 1B: JoVE Video Editor please 2’-paBhcmoc-PTX chemical structure
7.1.3. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize paBhc-AA chemical structure

7.2. Additional properties, such as the water solubility and cellular targeting ability, can be introduced into paBhc-moc-paclitaxel via the copper-one-catalyzed Huisgen cyclization “click” reaction [1].

7.2.1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize reaction text in middle of figure

7.3. These clickable caged paclitaxels can then be photolyzed to produce their parent compounds upon irradiation at 350 nanometers [1].

7.3.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize red PTX peak

7.4. The physical and photochemical properties of the clickable caged compounds are summarized in the Table [1].

7.4.1. LAB MEDIA: Table 1

7.5. In live cell experiments, the targeting of paBhc-hex-FITC-Halo to cultured mammalian cells transiently expressing a HaloTag protein and epidermal growth factor receptor induces a green fluorescence signal from the fluorescein moiety of paBhc-hex-FITC-Halo on the cell membrane [1].

7.5.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize green signals in bottom row of cells

7.6. Further, the treatment of CHO-K1 cells transiently expressing GFP-diacylglycerol kinase gamma with arachidonic acid causes modulation of the subcellular localization of diacylglycerol kinase gamma [1].

7.6.1. LAB MEDIA: Figures 5A and 5B: JoVE Video Editor please emphasize signal in Figure 5B

7.7. Similar changes in diacylglycerol kinase gamma localization are also observed in paBhc-AA-treated cells after UV-light exposure [1].

7.7.1.  LAB MEDIA: Figures 5C and 5D: JoVE Video Editor please emphasize signal in Figure 5D



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Akinobu Suzuki: When performing uncaging experiments in aqueous solutions, including culture medium, be sure to always work under a fluorescent lamp with a short-wavelength, cut-off filter [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Toshiaki Furuta: Following this procedure, you can study reported caged compounds that have been abandoned for use in biological experiments due to a lack of water solubility, membrane permeability, or cellular targeting ability [1]. 
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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