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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N 
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 2.1.1, 2.5, 3.4, 4.2, 4.5
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.5. If the piston is stuck, the filter and membrane may be clogged. Disassemble the extruder and replace the membrane and filter supports. If the problem persists, dilute the particles until the clogging is manageable.
5. Will the filming need to take place in multiple locations? 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. Byungji Kim: This protocol describes the synthesis of a nanoparticle system that is able to silence genes in vivo by delivering siRNAs with high efficiency. This nanoplatform may be used as a potential therapeutic formulation for diseases ranging from infections and cancer, to autoimmune diseases [1]. 

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

1.2. Byungji Kim: While most delivery-based transfection methods struggle to obtain over 50 percent gene silencing efficacy both in vitro and in vivo, the fusogenic porous silicon nanoparticles are able to obtain over a 95 percent gene silencing effect in vitro, and over 80 percent in vivo [1]. 

1.2.1. INTERVIEW: Byungji Kim 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. Byungji Kim: We have previously published results using this fusogenic nanoparticle system against Gram positive bacterial infections by silencing a gene that encodes for inflammation in macrophages to terminate chronic inflammation [1]. 

1.3.1. INTERVIEW: Byungji Kim says the statement above in an interview-style shot, looking slightly off-camera.  [Videographer note: DNS]

1.4. Byungji Kim: By simply exchanging the targeting peptide and the siRNA payload, the fusogenic nanoparticles can be used to treat a wide range of diseases that require in vivo gene modulation [1]. 

1.4.1. INTERVIEW: Byungji Kim says the statement above in an interview-style shot, looking slightly off-camera.  [Videographer note: DNS]








Section - Protocol
2. Synthesis of Porous Silicon Nanoparticles (pSINPs)
2.1. Prior to performing this procedure, assemble a Teflon etch cell containing a silicon wafer and a 3 to 1 hydrogen fluoride hydrofluoric acid solution [1-TXT]. Run an alternating current of a square waveform, with a low current density of 50 milliangstroms per centimeter squared for 0.6 seconds and a high current density of 400 milliangstroms per centimeter squared for 0.36 seconds repeated for 500 cycles [2-TXT]. 
2.1.1. WIDE: Talent approaches the preassembled etch cell in the fume hood. TEXT: See text for cell setup.
2.1.2. CU: Close-up shot of the bubbling in the etch cell as the high and low currents are applied. TEXT: 50 mA/cm2, 0.6 s; 400 mA/cm2, 0.36 s.
2.2. Once the etching is finished, remove the cell from the circuit, and carefully rinse out the hydrofluoric acid hydrogen fluoride solution using a syringe [1]. Then, rinse three times with ethanol [2].
2.2.1. MED: Talent removes the cell from the circuit and rinses out the hydrofluoric acid hydrogen fluoride solution with a syringe.
2.2.2. MED: Talent rinses the cell with ethanol.
2.3. To lift-off the porous layer from the silicon wafer, first fill the well of the etch wcell with 10 milliliters of a 1 to 29 hydrofluoric acid hydrogen fluoride solution [1]. Then, run a constant of 3.7 milliangstroms per centimeter squared for 250 seconds [2-TXT].
2.3.1. MED: Talent adds the hydrofluoric acid hydrogen fluoride solution to the etch well.
2.3.2. CU: Close-up shot of the bubbling in the etch cell as the low current is applied. TEXT: 3.7 mA/cm2, 250 s.
2.4. Once the etching is finished, remove the cell from the circuit [1]. The porous silicon layer may have visible ripples indicating detachment from the crystalline silicon wafer [2]. Gently wash out the hydrofluoric acid hydrogen fluoride solution and rinse three times each with ethanol and water [3]. 
2.4.1. MED: Talent removes the cell from the circuit.
2.4.2. CU: Close-up shot of the wafer as talent checks the porous silicon layer. [Videographer note: switch with 2.4.3, so that washing out solution comes before 
checking silicon layer]
2.4.3. MED: Talent washes out the hydrofluoric acid hydrogen fluoride solution and rinses with ethanol. Videographer: Show ethanol and water container labels in frame if possible. [Videographer note: switch with 2.4.2]
2.5. Using a pipette tip, firmly crack the circumference of the porous silicon nanoparticle layer for complete detachment [1]. Using ethanol, collect the porous silicon nanoparticle fragments, or chips, from the Teflon etch cell into a weighing boat [2]. Then, transfer the chips to a glass vial for storage [3-TXT]. 
2.5.1. MED: Talent cracks the silicon nanoparticle layer using a pipette tip.
2.5.2. MED: Talent adds ethanol to the etch cell and transfers the silicon nanoparticle fragments to a weighing boat.
2.5.3. MED: Talent transfers the chips to a glass vial. TEXT:  Can keep at RT for >6 months.
2.6. Next, replace the ethanol in the glass vial containing the porous silicon nanoparticle chips with 2 milliliters of RNAse-free water [1]. Firmly cap and seal the vial using parafilm [2].
2.6.1. MED: Talent removes the ethanol from the vial and adds RNAse-free water.
2.6.2. MED: Talent caps the vial and wraps parafilm around the cap. 
2.7. Place the glass vial in a sonicator bath and suspended such that the volume of porous silicon nanoparticle chips are completely submerged below the surface of the water bath [1]. 
2.7.1. MED: Talent places the glass vial in a sonicator and positions it so the chips are below the surface of the water bath.
2.8. To prevent significant water loss during sonication, place a volumetric flask filled with water inverted so that the opening of the flask touches the surface of the water bath [1]. Then, sonicate the porous silicon nanoparticle chips for 12 hours at 35 kilohertz with a RF power of 48 watts [2].
2.8.1. MED: Talent places a volumetric flask with water upside down in the water bath.
2.8.2. MED: Talent turns on sonicator. Videographer: Show sonicator settings in frame if possible. [Videographer note: can also use end of 2.7.1]
2.9. After sonication, place the glass vial on a flat surface for 1 hour to allow the larger particles to settle at the bottom [1]. Then, collect the supernatant using a pipette [2-TXT].
2.9.1. MED: Talent removes the glass vial from the sonicator and places it on a flat surface.
2.9.2. MED: Talent collects the supernatant from the vial with a pipette. TEXT: Suspension contains sub-100 nm pSiNPs.
3. Preparation of Fusogenic Lipid Film and Loading of siRNA in pSiNPs
3.1. In a glass vial, add 72.55 microliters of DMPC solution, 15.16 microliters of DSPE-PEG solution, and 19.63 microliters of DOTAP solution and mix by pipetting [1-TXT]. 
3.1.1. MED: Talent adds reagents to a glass vial and mixes the contents with a pipette. TEXT: See text for DMPC, DSPE-PEG, and DOTAP solution preps. 
3.2. Place the vial in a fume hood with a loose cap to allow the solvent to evaporate overnight [1]. The dried film will be a cloudy hard gel-like substance at the bottom of the vial [2].  
3.2.1. MED: Talent places the vial in a fume hood and loosely caps the vial.
3.2.2. CU: Close-up shot of vial as talent checks it to show the dried film.
3.3. Next, place a microcentrifuge tube containing 150 microliters of porous silicon nanoparticles in a previously prepared iced sonication bath [1]. 
3.3.1. MED: Talent places a microcentrifuge tube in the iced sonication bath.
3.4. Under a 15 minute ultrasonication, gently pipette 150 microliters of siRNA and 700 microliters of 2 molar calcium chloride into the porous silicon nanoparticles [1-TXT]. 
3.4.1. MED: Talent turns on the sonicator and adds siRNA and calcium chloride to the microcentrifuge tube containing the porous silicon nanoparticles. TEXT: Leave tube open for gas generation.
3.5. Remove the tube containing 1 milliliter of siRNA-loaded calcium coated porous silicon nanoparticles from the sonicator [1]. 
3.5.1. MED: Talent removes the tube from the sonicator.
4. Coating siRNA-loaded pSiNPs with Fusogenic Lipids
4.1. Fill a wide beaker with deionized water [1]. Soak a polycarbonate membrane and 4 filter supports by floating them on the water surface [2-TXT]. Then, assemble a liposome extrusion kit by following the manufacturer’s instructions [3].
4.1.1. MED: Talent adds deionized water to a beaker.
4.1.2. MED: Talent adds a polycarbonate membrane and filter supports to the beaker containing deionized water. TEXT: 200 nm pores. Video Editor: Overlay should appear at mention of “a polycarbonate membrane”.
4.1.3. MED: Talent assembles a liposome extrusion kit.
4.2. Next, hydrate the dried lipid film in the glass vial with 1 milliliter of the siRNA-loaded calcium coated porous silicon nanoparticles [1]. Pipette until all lipids film have lifted from the bottom of the vial and a cloudy homogenous solution is observed [2].
4.2.1. MED: Talent adds the silicon nanoparticles to the glass vial containing the dried lipid film.
4.2.2. CU: Close-up shot of the glass vial as talent pipettes the mixture to form a cloudy homogeneous solution.
4.3. Add a magnetic stirring bar to the glass vial, and place the vial on a hot plate to heat the particles to 40 degrees Celsius while magnetically stirring the solution for 20 minutes [1].
4.3.1. MED: Talent adds a magnetic stirring bar to the glass vial, places the vial on a hot plate, and turns on the heat and stirring.
4.4. Following this, attach an empty syringe to one side of the extruder [2]. Then, fill another syringe with 1 milliliter of the lipid-coated porous silicon nanoparticle solution and attach the syringe to the other side of the an  extruder [1]. Then, attach an empty syringe to the other side of the extruder [2].
4.4.1. MED: Talent fills a syringe with the silicon nanoparticle solution and attaches it to an extruder.
4.4.2. MED: Talent attaches an empty syringe to the other side of the extruder. 
4.5. Begin the extrusion by pushing the piston in slowly to push the particles from one syringe, through the polycarbonate membrane, and into the other syringe [1]. Repeat 20 times [2]. Then, collect the extruded particles into a microcentrifuge tube [3]. 
4.5.1. CU: Close-up shot of extruder as talent pushes the piston of the filled syringe and the particles are transferred to the empty syringe.
4.5.2. MED: Talent pushes the piston of the second syringe to transfer the particles back to the first syringe.
4.5.3. MED: Talent collects the extruded particles into a microcentrifuge tube.
5. Conjugation of Targeting Peptides
5.1. Prepare a peptide stock with a 1 milligram per milliliter peptide concentration in RNAse-free water [1-TXT]. 
5.1.1. MED: Talent prepares a peptide stock solution. Videographer: Show peptide container label in frame if possible. TEXT: iRGD used in this experiment.
5.2. In the microcentrifuge tube containing the fusogenic lipid-coated porous silicon nanoparticles, add 100 microliters of the peptide stock and pipet gently [1]. Keep the tube static at room temperature for 20 minutes [2-TXT]. 
5.2.1. MED: Talent adds the peptide stock solution to the microcentrifuge tube containing the silicon nanoparticles and gently pipettes the mixture.
5.2.2. MED: Talent places the tube on the lab bench. TEXT: Alternatively, keep at 4 C for >2 h.
5.3. To remove excess peptide or siRNA and other excipients, wash in a 30 kilodalton centrifugal filter by spinning at 5,000 x g and 25 degrees Celsius at room temperature for 1 hour [1]. Centrifuge two more times with 1 milliliter of PBS under the same settings [2].
5.3.1. MED: Talent adds a centrifugal filter to the tube, places the tube in centrifuge, and closes the centrifuge lid.
5.3.2. MED: Talent adds PBS to the tube and places the tube in the centrifuge.
5.4. Following centrifugation, resuspend the final peptide-conjugated fusogenic lipid-coated porous silicon nanoparticles in PBS at the desired concentration [1]. The particles can be aliquoted and stored at minus 80 degrees for at least 30 days [2]. 
5.4.1. MED: Talent adds PBS to the tube containing the silicon nanoparticles.
5.4.2. MED: Talent prepares aliquots and places them in the freezer.
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6. Results: Characterization of Fusogenic Silicon Nanoparticles for Oligonucleotide Delivery 
6.1. A successful synthesis of fusogenic porous silicon nanoparticles should produce a homogenous, slightly opaque solution that may be stored for 30 days and thawed without causing structural changes [1]. Failure to optimize the ratio and concentration as well as repeated freeze-thaw cycles may lead to aggregation upon loading [2]. 
6.1.1. LAB MEDIA: Figure 4 – Video Editor: Highlight or emphasize figure a.
6.1.2. LAB MEDIA: Figure 4 – Video Editor: Highlight or emphasize figure b.
6.2. As the particles are extruded, the average hydrodynamic diameter of the fusogenic porous silicon nanoparticles measured by dynamic light scattering should be approximately 200 nanometers, and the average zeta-potential approximately positive 7 millivolts [1]. After surface modification with targeting peptides, the overall diameter should be less than 230 nanometers, and the average zeta-potential decreases decreased to minus 3.4 millivolts [2]. 
6.2.1. LAB MEDIA: Figure 5 – Video Editor: Highlight or emphasize figure a.
6.2.2. LAB MEDIA: Figure 5 – Video Editor: Highlight or emphasize figure b.
6.3. Fusion may be confirmed by labelling the fusogenic lipids with the lipophilic fluorophore, DiI (pronounced dye-eye), and observing the in vitro localization using confocal microscopy [1]. Successful fusion is observed when the fusogenic porous silicon nanaoparticle’s lipids transfer the DiI to the plasma membrane and are localized independent of lysosomes [2]. Unsuccessful fusion will show the DiI localization within the cell’s cytoplasm and colocalization with lysosomes [3]. 
6.3.1. LAB MEDIA: Figure 1- Video Editor: Show figures c and d.
6.3.2. LAB MEDIA: Figure 1 – Video Editor: Highlight or emphasize figure d.
6.3.3. LAB MEDIA: Figure 1 – Video Editor: Highlight or emphasize figure c.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Byungji Kim: The protocol may be further optimized to load more than siRNAs. The fusogenic nanoparticles have shown potential in loading and delivering larger anionic payloads, such as mRNAs and CRISPR/Cas9 complexes [1]. [Videographer note: switch order so that 7.2 comes first]

7.1.1. INTERVIEW: Byungji Kim says the statement above in an interview-style shot, looking slightly off-camera.  
7.2. Byungji Kim: This fusogenic nanoplatform is now being applied for therapeutic applications in not only bacterial infections, but also in cancer adjuvant therapy and cancer immunotherapy [1]. [Videographer note: switch order so that 7.1 comes after]

7.2.1. INTERVIEW: Byungji Kim says the statement above in an interview-style shot, looking slightly off-camera.  
7.3. Byungji Kim: Remember to follow all safety procedures as approved by your local safety coordinator, when using hydrofluoric acid [1].

7.3.1. INTERVIEW: Byungji Kim says the statement above in an interview-style shot, looking slightly off-camera.  [Videographer note: DNS]
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