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Questionnaire:

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

Can you record movies/images using your own microscope camera? (Y/N)          

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)    N    
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.4, 4.4, 6.3, 7.4_______________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) __6.3_________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N)   Y   If yes, how far apart are the locations?  Same building but different floors – 6th and 9th floors      

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. Takuzo Aida: This method can help answer key questions in the drug delivery field, such as how to deliver drugs to a specific cell organelle. 
1.2. Kou Okuro: The main advantage of this technique is that nuclear translocation of guests can be induced by light.    
B. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.3. ** Takuzo Aida: Demonstrating the procedure will be Rina Mogaki and Akio Arisaka, graduate students from my group.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
Protocol: (read by voice talent at JoVE) 
2. Preparation of Guests with CagedGlue-R Tags 

2.1. To begin, prepare the quantum dot linked caged molecular glue by synthesizing caged molecular glue linked dibenzocyclooctyne as described in more detail elsewhere. [1-MED-TXT]
2.1.1. Talent picks up vial of caged molecular glue linked dibenzocylooctyne and displays label for the camera. TEXT: *See Arisaka, A et al. JACS. 140, 2687-2692, 2018 for details.
2.2. Prepare a 10 mM stock solution of the caged molecular glue linked dibenzocylooctyne in dry DMSO. [1-CU] Then, prepare the quantum dot linked caged molecular glue by first making azide-functionalized quantum dots.  [2-MED]
2.2.1. Talent dilutes the caged molecular glue linked dibenzocylooctyne in DMSO

2.2.2. Talent sets out items necessary for making the azide-functionalized quantum dots
2.3. To accomplish this, add 100 µL of 125 µM azide-PEG4-NHS (pronounced: azide-peg-4-N-H-S) ester in DMF (pronounced: D-M-F) to 400 µL of a DMF solution containing 500 nM of quantum dots that are coated with amine-functionalized PEG.  [1-CU] Stir the mixture for 1 hour at room temperature. [2-MED]
2.3.1. *Film as written

2.3.2. Talent sets mixture to be stirred.
2.4. Place the resulting solution in a regenerated cellulose membrane and dialyze it for 24 hours against 800 mL of DMF. [1-MED Over the Shoulder-TXT] Next, dilute the stock solution of caged molecular glue linked dibenzocyclooctyne to 50 µM with DMF and add 200 µL of it to the post-dialysis solution.  [2-CU]
2.4.1. Talent adds solution to the membrane and places it in DMF TEXT: Cellulose Membrane: 3,500 MWCO
2.4.2. Talent adds diluted stock solution to the post-dialysis solution
2.5. Stir the mixture for 3 hours at room temperature. [1-MED]  Then, dialyze the resulting mixture for 24 hours against 800 mL of fresh DMF using a regenerated cellulose membrane with a molecular weight cutoff of 25,000. [2-MED Over the Shoulder] After 24 hours, dilute the resulting solution to 200 nM with DMF.[3-CU]
2.5.1. Talent begins stirring

2.5.2. Talent pads mixture to membrane and places it in the DMF solution

2.5.3. Talent adds DMF to the resulting solution
3. Preparation of Hep3B Cell Sample for Microscopic Observations

3.1. Maintain human hepatocellular carcinoma Hep3B (pronounced: “Hep-3-B”) cells in Eagle’s minimal essential medium containing 10% FBS under standard culture conditions.[1-MED-TXT]
3.1.1. Talent removes plate of cells from the incubator (TEXT: 37°C, 5% CO2)

3.2. One day before the experiment seed 5000 Hep3B cells in 200 µL of culture medium into each well of an 8-chambered glass slide. [1-CU] Then, cover the slide and place it into an incubator for 24 hours.  [2-MED]
3.2.1. Talent adds cells to each well

3.2.2. Talent places covered slide into the incubator

3.3. The next day, remove the culture medium and rinse the cells twice with 100 µL of prewarmed PBS. [1-CU]
3.3.1. *Film as written
4. Observation of Nuclear Translocation of Small-molecule Guests Triggered by UV Light

4.1. To each well of the 8-chambered slide, add 200 µL of FBS-free medium containing 10 µM of a fluorescently dyed caged molecular glue. [1-CU] After incubating for 3 hours, remove the culture medium and rinse the cell sample twice with 100 µL of PBS.[2-CU-TXT]
4.1.1. Talent adds fresh medium to the wells 

4.1.2. Talent removes the media and rinses the wells TEXT: *Note: Incubation in FBS-free EMEM for >4 hrs causes serious cell damage
4.2. To visualize the endosomes, add 200 µL of culture media containing 100 nM of an additional red-fluorescent dye such as LysoTracker Red. [1-CU] Incubate the resulting cell sample for 20 minutes. [2-MED]
4.2.1. Talent add culture media to the cells

4.2.2. Talent places the slide into the incubator (Videographer Comment: same as 3.2.2)
4.3. Then, remove the culture medium, and rinse the cell sample twice with 100 µL of PBS. Afterwards, return the cells to 200 µL of the culture medium. [1-CU]
4.3.1. Talent rinses a few wells with PBS, removes it, and adds culture media (Videographer Comment: same as 4.1.2 and 4.2.1)
4.4. To induce nuclear translocation of the fluorescently dyed caged molecular glue, place the cells under a 100-W xenon light source equipped with a 365 nm bandpass filter.[1-MED]   Expose the cells to UV light for 2 minutes.  During this time, keep the control cell sample, without UV exposure, in the dark. [2-CU]
4.4.1. Talent places the sample under the UV light source

4.4.2. Talent exposes the sample to UV light
4.5. Rina Mogaki: “The lid of the glass substrates can be taken off for efficient UV exposure.  However, take caution as prolonged exposure to UV light may cause cell death.”[1-INT]
4.5.1. Author says the above statement interview style
4.6. To visualize the nuclei, add 1 µL of Hoechst stain to the culture medium. [1-CU-TXT] Incubate the resulting cell sample for 10 minutes. [2-MED]
4.6.1. Talent adds Hoechst stain to the wells TEXT: Hoechst Stain 33342: 1 mg/mL
4.6.2. Talent places the sample in the incubator (Videographer Comment: same as 3.2.2)
4.7. Then place the sample on the stage of a confocal laser scanning microscope. [1-MED] Record the micrographs for the fluorescently dyed caged molecular glue, the Lysotracker Red, and the nuclear stain. [2-MED Over the Shoulder-TXT]
4.7.1. *Film as written

4.7.2. Talent at microscope setup taking images using the fluorescent light. TEXT: Ex/Em 488/500-530, Ex/Em 543/565-620, Ex/Em 710/390-465 

5. Observation of Nuclear Translocation of Small-molecule Guests Triggered by Two-photon NIR Light

5.1. As previously shown, seed 5,000 human hepatocellular carcinoma Hep3B cells into each well of an 8-well chamber slide and culture under standard conditions for 24 hours. [1-MED Over the Shoulder]
5.1.1. Talent pipettes into an 8-chambered slide (Videographer Comment: same as 3.2.1)
5.2. Supply the cell samples with 200 µL of FBS-free culture medium containing the fluorescently dyed caged molecular glue. [1-CU] Incubate the resulting cell sample for 3 hours. [2-MED] Then, remove the culture medium and rinse the cell sample twice with 100 µL of PBS.  [3-CU]
5.2.1. Talent adds media to the wells of the slide (Videographer Comment: same as 4.2.1)
5.2.2. Talent covers the slide and walks towards the incubator

5.2.3. *Film as written (Videographer Comment: same as 4.1.2)
5.3. Return the cells to 200 µL of culture medium. [1-CU] Then, subject the sample to confocal laser scanning microscopy and record the micrographs as described in the accompanying text protocol. [2-MED]
5.3.1. *Film as written (Videographer Comment: same as 4.2.1 and/or 4.7.2)
5.3.2. Talent picks up sample and leaves room. (Videographer Comment: same as 6.5.1)
6. Observation of Nuclear Translocation of Macromolecular Guests Triggered by UV Light

6.1. As previously shown, seed 5,000 human hepatocellular carcinoma Hep3B cells into each well of an 8-well chamber slide and culture under standard conditions for 24 hours. [1-MED Over the Shoulder]
6.1.1. Talent pipettes into an 8-chambered slide (Videographer Comment: same as 3.2.1)
6.2. Supply the cell samples with 200 µL of FBS-free culture medium containing 10 nM of the quantum dot linked caged molecular glue. [1-CU] Incubate the resulting cell sample for 3 hours. Then, remove the medium and rinse the cell sample twice with 100 µL of PBS.  [2-MED Over the Shoulder]
6.2.1. *Film as written (Videographer Comment: same as 4.1.1)
6.2.2. Talent uncovers the slide, removes the culture medium, and rinses the cells (Videographer Comment: same as 4.3.1)
6.3. After rinsing the cells, return them to 200 µL of culture medium. [1-CU] Then, place the plate under a 100 Watt xenon light source equipped with a 365 nm bandpass filter.  Expose the cell sample to UV light for 2 minutes, keeping the control samples in the dark. [2-MED Over the Shoulder]
6.3.1. *Film as written (Videographer Comment: same as 4.1.1)
6.3.2. Talent places the slide under the UV light and turns it on, exposing the cells to UV light
6.4. To visualize the nuclei, add 1 µL of Hoechst stain to the culture medium. [1-CU-TXT] Incubate the resulting cell sample for 10 minutes. [2-MED]
6.4.1. Talent adds stain to the culture medium TEXT: Hoechst Stain 33342: 1 mg/mL (Videographer Comment: same as 4.6.1)
6.4.2. *Film as written (Videographer Comment: same as 3.2.2)
6.5. Then image the cells using a confocal laser scanning microscope. [1-MED] 
6.5.1. Talent picks up sample and walks away. (Videographer Comment: shot earlier in the shoot)
7. Cell Viability Assay

7.1. Seed the human hepatocellular carcinoma Hep3B cells the day before the experiment at 5,000 cells per well into a 96-well culture plate.  Then, cover the cells with 200 µL of culture media [1-CU] and then place the plate in an incubator for 24 hours. [2-MED]
7.1.1. *Film as written
7.1.2. *Film as written

7.2. The next day, remove the culture medium and rinse the cell sample twice with 100 µL of PBS.[1-CU]
7.2.1. *Film as written
7.3. Then, add 200 µL of FBS-free culture medium containing the fluorescently dyed caged molecular glue at concentrations ranging from 0.1 to 100 µM. [1-MED Over the Shoulder] Incubate the plate for 3 hours and then place the plate under the UV light source. [2-MED]
7.3.1. Talent adds cell media to the plate

7.3.2. Talent places the 96-well plate under the UV light
7.4. Expose the cell sample to UV light for 2 minutes, keeping the control samples in the dark. [1-CU]
7.4.1. Talent exposes the sample to UV light

7.5. Following UV exposure, add 10 µL of the Cell Counting Kit-8 reagent to the culture medium and incubate the resulting cell sample for 2 hours. [1-MED Over the Shoulder] Then, read the absorption of the samples at 450 nm using a microplate reader. [2-MED]
7.5.1. Talent adds the reagent to the plate

7.5.2. Talent places the plate into a micro-plate reader
8. Results: Endosomal Escape and Nuclear Translocation of Guests in Living Cells 
8.1. Before photo-irradiation, Hep3B cells incubated with fluorescently dyed caged molecular glue exhibits punctate fluorescence emission from their interior. [1-LM] An analogous micrograph showing the lysoTracker Red, indicates that fluorescently dyed caged molecular glue was localized in the endosomes. [2-LM]
8.1.1. Figure 4a-c (Video Editor: Highlight Figure 4a)

8.1.2. Figure 4a-c (Video Editor: Highlight Figure 4b-c)

8.2. Accordingly, the fluorescence emission assignable to the fluorescently dyed caged molecular glue was observed outside the cell nucleus, prior to UV irradiation. [1-LM] After UV irradiation, the fluorescence suggests that fluorescently dyed caged molecular glue was uncaged and migrated into the cytoplasm and the cell nucleus. [2-LM]
8.2.1. Figure 4d-e (Video Editor: Highlight Figure 4d)

8.2.2. Figure 4d-e (Video Editor: Highlight Figure 4e)

8.3. Such nuclear translocation of the fluorescently dyed caged molecular glue can be induced site-selectively by two-photon near infrared light. The fluorescently dyed caged molecular glue in nonirradiated areas did not escape from the endosomes and remained as punctate fluorescence. [1-LM]
8.3.1. Movie1.mov (Video Editor: Highlight/Circle the area below the area that was circled at the beginning of the movie during the 2nd sentence.)
8.4. The dendritic caged molecular glue tags can also deliver macromolecular guests such as quantum dots into the cell nucleus. [1-LM]These conjugates can be taken up into the cells and after UV exposure for 2 minutes, the fluorescence emission of the quantum dots can be seen within the nucleus. [2-LM]
8.4.1. Figure 7a-b (Video Editor: Label Figure 7a “Before UV” and 7b “After UV”)

8.4.2. Figure 7c-d (Video Editor: Add a label covering both images to read “After UV Exposure”.  Also add the labels shown above Figure 7b (Red/Blue descriptions) below the figures)

9. Conclusion (said by authors on camera) 
9.1. Kou Okuro: After its development, this technique paved the way for researchers in the field of gene therapy to explore low-side-effect treatment.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_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.  

Insert your media filenames here.

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 are included in the email accompanying the finalized script.
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