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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 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 your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.1, 2.2, 2.3, 3.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 2.3 
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to assemble and characterize a small interfering RNA, or siRNA delivery system. (Intro)

This is achieved by grafting porous silicon microparticles with polyethylenimine and arginine to create a platform with a cationic charge. (P1, show PCPS blue cylinder and make pink squiggly lines appear in the holes.)

As a second step, siRNA molecules are mixed with the microparticles, which results in siRNA binding. (P2, show P1 and green squiggly siRNA.  Lower siRNA into holes of cylinder to look like PCPS/siRNA cylinder in P2. Then make the zoom-in image appear from the cylinder.)  

Next, arginine-polyethylenimine siRNA nanoparticles will be formed as the silicon gradually degrades, in order to enable sustained release of the siRNA. (P3, show PCPS/siRNA blue cylinder from P2 and make Arg-PEI/siRNA nanoparticles appear from it and move away as shown in P3.)

The results show that an siRNA delivery system can be assembled based on polymeric functionalization of porous silicon microparticles. (P4, show Figure 6.)

[image: ]
Video Editor: Use Shen J Animation Graphic.pptx


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jianliang Shen: This technique could have implications for the treatment of various diseases, as it enables efficient delivery of small interfering RNA.  

Protocol (read by voice talent at JoVE):
2. PCPS Particle Preparation 
2.1. First, oxidize non-functionalized porous silicon particles in a 30% solution of hydrogen peroxide at 95 degrees Celsius for 2 hours. When finished, aminate the oxidized particles in a 2% (3-​aminopropyl)​triethoxysilane solution in isopropyl alcohol for 2 days at 65 degrees Celsius with gentle stirring (TEXT: 1×109 particles/1 ml isopropyl alcohol). 
2.1.1. MED: Talent places glass tube containing silicon particle hydrogen peroxide solution in an oil bath and turns the heat function on.
2.1.2. CU: Glass tube containing silicon particle solution as talent adds (3-​aminopropyl)​triethoxysilane solution to it.
2.1.3. MED-over the shoulder: Talent places glass tube in oil bath and turns the heat and stir functions on.
2.2. Transfer the particles to a centrifuge tube and centrifuge the solution for 30 minutes at 18,800 x g. Following centrifugation, resuspend the pellet in isopropyl alcohol using brief sonication. 
2.2.1. MED-over the shoulder: Talent removes particle solution from glass tube and adds it to centrifuge tube.
2.2.2. MED: Talent places tube in centrifuge, programs the appropriate settings and turns the centrifuge on.
2.2.3. CU: Tube containing pellet as talent adds isopropyl alcohol to it.
2.2.4. MED-over the shoulder: Talent places tube in sonicator and turns it on.
2.3. After repeating the centrifugation and washing step with isopropyl alcohol and ethanol, leave the particles in ethanol until ready for use.  
2.3.1. MED: Talent removes tube containing particles in ethanol from sonicator and places it on lab bench.
2.4. Next, add 10 microliters of particle suspension to 10 milliliters of isotone diluent and count the particles with a particle counting analyzer to determine the concentration of particles in the stock solution.  
2.4.1. CU: Vessel containing isotone diluent as talent adds particle suspension to it.
2.4.2. MED-over the shoulder: Talent at computer uses the software to count the particles.
2.5. Activate the acid group of L-arginine with EDC and NHS (TEXT: EDC: N-(3-dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride, NHS: N-hydroxysuccinimide) by adding 0.1 nanomoles of each to 20 milliliters of ethanol. Gently stir the solution for 2 hours at room temperature using a magnetic stir plate.  
2.5.1. MED: Talent adds L-arginine, EDC and NHS to a tube containing ethanol.
2.5.2. MED-over the shoulder: Talent places tube on magnetic stir plate and turns the stir function on.
2.6. After briefly sonicating the previously prepared particle stock solution, add 1 billion particles to the L-arginine solution, leaving the reaction for 18 hours at room temperature with gentle stirring.
2.6.1. MED: Talent adds particle stock solution to L-arginine solution in tube.
2.6.2. CU: Tube containing reaction mixture as it stirs on the magnetic stir plate.
2.7. Following this, activate the first aspartic acid group of N-(tert-Butoxycarbonyl)-L-aspartic acid with EDC and NHS by adding 0.1 nanomoles of each to 20 milliliters of ethanol. Gently stir the solution with a magnetic stir bar for 4 hours in a cold room. 
2.7.1. MED-over the shoulder: Talent adds L-aspartic acid, EDC and NHS to tube containing ethanol.
2.7.2. MED: Talent places tube on magnetic stir plate and turns the stir function on.
2.8. After 4 hours of stirring, add a previously prepared polyethylenimine solution in ethanol to the aspartic acid mixture. Allow the reaction to proceed for 24 hours at room temperature with gentle stirring. 
2.8.1. CU: Tube containing aspartic acid mixture as talent adds polyethylenimine solution to it.
2.8.2. MED-over the shoulder: Talent places tube on magnetic stir plate and turns it on.
2.9. At this point, activate the second aspartic acid group of the solution with 0.1 nanomoles of EDC and NHS at 4 degrees Celsius for 6 hours with gentle stirring. To obtain polycation-functionalized porous silicon, or PCPS particles, add the previously prepared particle solution into the reaction mixture, allowing the reaction to proceed for 18 hours at room temperature with gentle stirring. 
2.9.1. MED: Talent adds EDC and NHS to tube containing aspartic acid reaction mixture as it stirs.
2.9.2. CU: Tube containing reaction mixture as talent adds particle solution to it. Continue to show stirring of solution after addition is complete.
2.10. When finished, centrifuge the solution for 30 minutes at 18,800 x g. Then, wash the particle solution three times with ethanol, using brief sonication to suspend the pellet.
2.10.1. Reuse shot 2.2.2 – use the part that shows programming the settings and turning the centrifuge on.
2.10.2. CU: Tube containing particle solution as talent adds ethanol to it.
2.10.3. MED-over the shoulder: Talent places tube in sonicator and turns it on.
3. PCPS Particle Characterization	
3.1. To measure the size of the particles, place a drop of the particle suspension on a clean silica scanning electron microscope, or SEM sample stub and let dry at room temperature in a vacuum chamber.  
3.1.1. CU: SEM sample stub as talent adds drop of particle suspension to it.
3.1.2. MED-over the shoulder: Talent places stub in vacuum chamber and turns it on.
3.2. Once the sample is dry, measure SEM images at 8 kilovolts with a 3 to 5 millimeter working distance using an in-lens detector. 
3.2.1. MED: Talent places stub under SEM microscope.
3.2.2. MED-over the shoulder: Talent at computer obtains SEM images.
3.3. For measuring the zeta potential of the particles, mix 10 microliters of particle suspension with 1 milliliter of 10 millimolar phosphate buffer in a 1.5 milliliter microtube. Then, load the sample into folded capillary cells and measure the zeta potential according to the manufacturer’s instructions. 
3.3.1. MED: Talent adds the particle suspension and phosphate buffer to a microtube.
3.3.2.  CU: Folder capillary cell as talent adds sample it to it.
3.3.3. MED: Talent places capillary cell into instrument to measure zeta potential.
4. Loading of siRNA into PCPS Particles and Optimization of siRNA/PCPS Particle Ratio 
4.1. After drying the PCPS particles under vacuum overnight, add 4 micrograms of siRNA in 20 microliters of nuclease-free water to the dried particles and sonicate briefly (TEXT: Use following ratios: 2×105 particles/0.2 μg siRNA to 12×105 particles/0.2 μg siRNA in increments of 2 for 6 preparations. See text protocol for additional details). 
4.1.1. CU: Tube containing dried PCPS particles as talent adds siRNA solution to it.
4.1.2. MED-over the shoulder: Talent places tube in sonicator and turns it on.
4.2. Incubate the samples for 3 hours on a shaker in a cold room to allow siRNA binding to the particles. 
4.2.1. MED: Talent places tubes containing samples on shaker and turns it on.
4.3. Following incubation, add 4 microliters of 6X DNA loading dye to 20 microliters of the PCPS control siRNA particles with different particle to siRNA ratios. Then, load the samples into a 2% agarose gel containing DNA gel stain. 
4.3.1. MED-over the shoulder: Talent adds DNA loading dye to tubes containing PCPS siRNA particle solutions.
4.3.2. CU: Agarose gel as talent loads samples into it.
4.4. Perform electrophoresis at a constant voltage of 120 volts for 20 minutes in running buffer. Analyze the gel with image acquisition and analysis software.
4.4.1. MED: Talent places gel in electrophoresis chamber containing buffer, turns on system, sets voltage, and starts the run.
4.4.2. MED-over the shoulder: Talent at computer analyzing the gel with the image acquisition and analysis software.
5. Release of siRNA from PCPS Particles 
5.1. At this point, mix 20 microliters of the PCPS control siRNA particles samples with 2 microliters of sodium dodecyl sulfate. After allowing the samples to stand for 1 hour at room temperature, add 4 microliters of 6X DNA loading dye to them. 
5.1.1. MED: Talent mixes particle samples with sodium dodecyl sulfate.
5.1.2. CU: Tubes containing samples as talent adds DNA loading dye to them.
5.2. Load the samples into a 2% agarose gel containing DNA gel stain. Perform electrophoresis at a constant voltage of 120 volts for 20 min in running buffer using DNA electrophoresis equipment and a power supply. 
5.2.1. MED-over the shoulder: Talent loads samples into agarose gel.
5.2.2. Reuse shot 4.4.1 – use the part that shows setting the voltage and starting the run.
5.3. Finally, analyze the gel with image acquisition and analysis software. 
5.3.1. MED-over the shoulder: Talent at computer analyzing the gel with the image acquisition and analysis software.
6. Results: Characterization of Porous Silicon Microparticles for siRNA Delivery
6.1. SEM results reveal cylindrical PCPS particles with a 2.6 micrometer diameter. The particles are positively charged with a zeta potential of approximately plus 8.21, thereby enabling electrostatic binding with negatively charged nucleotides. 
6.1.1. LAB MEDIA: Figure 2A (Figure 2.tif) (Video Editor: Show this figure for first sentence.)
6.1.2. LAB MEDIA: Figure 2B (Figure 2.tif) (Video Editor: Show this figure for second sentence.)
6.2. Confocal images of the PCPS particles demonstrate that fluorescent control siRNA is loaded inside the porous silicon particles. The size distribution of the arginine siRNA nanoparticles released from the porous silicon microparticles ranged from 70 to 120 nanometers. Atomic force microscopy images illustrate spherical nanoparticles. 
6.2.1. LAB MEDIA: Figure 2C (Figure 2.tif) (Video Editor: Show this figure for first sentence.)
6.2.2. LAB MEDIA: Figure 2D (Figure 2.tif) (Video Editor: Show this figure for second sentence.)
6.2.3. LAB MEDIA: Figure 2E (Figure 2.tif) (Video Editor: Show this figure for third sentence.)
6.3. The particle to siRNA ratio was optimized by agarose gel electrophoresis to ensure high binding affinity. The results indicate that siRNA can bind tightly to the particles when the amount is above 8 times 10 to the fifth. Furthermore, siRNA was successfully released when treated with sodium dodecyl sulfate. 
6.3.1. [bookmark: _GoBack]LAB MEDIA: Figure 3 (Figure 3.tif) (Video Editor: Zoom into A for first two sentences. Insert arrows pointing to samples 6 and 7 when “above 8 times 10 to the fifth” is mentioned in the voiceover. Zoom into B for third sentence.)
6.4. Confocal images taken after 24 hours of treatment show that the particles are effectively internalized into cells. Similarly, 89% have internalized particles after 24 hours of incubation. Moreover, the internalization process was recorded for 12 hours, indicating that the PCPS particles can efficiently deliver siRNA into cells. 
6.4.1. LAB MEDIA: Figure 4 (Figure 4.tif) (Video Editor: Show this figure for first sentence.)
6.4.2. LAB MEDIA: Figure 5 (Figure 5.tif) (Video: Show this video for second sentence.) 
6.4.3. LAB MEDIA: Video 1 (Video 1.avi) (Video Editor: Show this video for third sentence.)
6.5. The long-term accumulation of siRNA inside the cells was also evaluated by confocal microscopy, and siRNA was still detectable at day 7 and 10. 
6.5.1. LAB MEDIA: Figure 6 (Figure 6.tif) (Video Editor: Highlight Day 7 and 10 images when “siRNA was still detectable at day 7 and 10” is mentioned in the voiceover.)

7. Conclusion (said by authors on camera)
7.1. Jianliang Shen: After watching this video, you should have a good understanding of how to assemble and characterize a siRNA delivery system based on polymeric silicon microparticles.
       

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, as well as an introduction to your videographer, closer to your filming date.
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