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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.1., 2.3., 2.6., 4.5., 4.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.9. In this step the SPION to PEI ratio determines particle charge and size, which are important for successful siRNA transfection. As a starting point, we normally synthesize PEI-SPIONs at SPION (Fe content) to PEI ratio of 1:3, then adjust the ratio if necessary to obtain suitable PEI-SPION particles.
E. Will the filming need to take place in multiple locations? Y, different rooms 100-200 m apart
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. 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. Yu Zhang: This method can help answer key questions in the immunology field about the regulation and function of macrophages under specific physiological and pathological conditions. 

1.2. Yu Zhang: The main advantage of this technique is that polyethyleneimine-coated SPIONs can be used to efficiently deliver short interfering-, or siRNA, to macrophages in vitro without compromising cell viability. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Xiaohua Mao: The implications of this technique extend toward the therapy and diagnosis of many chronic inflammatory disorders and cancers in which macrophages play a central role in the pathogenesis.  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Xiaohua Mao: Demonstrating the procedure will be Na Jia, a graduate student from my laboratory, and Haoan Wu, a graduate student from Dr. Zhang’s lab. 

1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Polyethyleneimine-Coated Superparamagnetic Iron Oxide Nanoparticle (PEI-SPION) Preparation
2.1. To prepare oleic acid-modified superparamagnetic iron oxide nanoparticles, or SPIONs (S-P-I-O-N’s), first add 28 grams of ferrous chloride hexahydrate [1-WIDE] and 20 grams ferrous sulfate heptahydrate to a beaker containing 80 milliliters of deionized water [2-MED] and use a glass conduit to introduce nitrogen into the solution [3-CU] with stirring until the solid matter has dissolved [4-CU].
2.1.1.  Talent adding ferrous chloride hexahydrate to beaker, with stock ferrous chloride hexahydrate container visible in frame
2.1.2. Talent adding ferrous sulfate heptahydrate to beaker, with stock ferrous sulfate heptahydrate container visible in frame

2.1.3. Nitrogen being added to beaker, with stock nitrogen container label visible in frame

2.1.4. Solution being stirred

2.2. Heat the reaction mixture to 72 degrees Celsius with stirring at 800 rotations per minute [1-MED] and add 40 milliliters of 28% ammonia water to the beaker [2-CU].

2.2.1. Talent checking temperature of beaker while contents are being stirred

2.2.2. Ammonia water being added to baker while contents are being stirred

2.3. After 5 minutes, add 9 milliliters of oleic acid dropwise [1-CU] and maintain the mixture at 72 degrees Celsius for 3 hours with continuous stirring [2-MED].
2.3.1. Acid being added

2.3.2. Talent setting timer, with beaker being stirred visible in frame

2.4. At the end of the incubation, cool the resulting solution to room temperature [1-MED] and precipitate the mixture via magnetic separation according to standard protocols [2-CU].
2.4.1. Talent using heat mitts to place beaker onto bench

2.4.2. Solution being added to separation column

2.5. Then wash the SPION-containing precipitate three times with absolute ethyl alcohol [1-MED] and disperse the precipitate in 100 milliliters of N-hexane [2-CU].
2.5.1. Talent add absolute ethyl alcohol to precipitate, with absolute ethyl alcohol container visible in frame
2.5.2. N-hexane being added to precipitate, with stock N-hexane container label visible in frame

2.6. To prepare dimercaptosuccinic acid-modified SPIONs, add 800 mg of the oleic acid-modified SPIONs dispersed in 200 milliliters of N-hexane [1-MED-TXT] and 400 mg of dimercaptosuccinic acid dispersed in 200 milliliters of acetone into a three-neck flask in a water bath at 60 degrees Celsius [2-CU]. 
2.6.1. Talent adding OA-modified SPIONs to flask (TEXT: To determine OA-modified SPION mass, volatilize N-hexane and weigh resulting powder To determine the concentration of OA-modified SPION obtained from the previous step, take a small volume of the SPION dispersion, volatilize N-hexane and weigh resulting powder)
2.6.2. DMSA being added to flask

2.7. Next, add 200 microliters of triethylamine dropwise to the flask with stirring at 1,000 rotations per minute and refluxing [1-MED]. A black precipitate can be obtained by magnetic separation after 5 hours [2-CU].
2.7.1. Talent adding triethylamine to flask

2.7.2. Shot of black precipitate, with 3-neck flask and magnetic separation device visible in frame 
2.8. Then use tetramethylammonium hydroxide to adjust the pH of the solution for homogeneous dispersal of the hydrophilic SPIONs in deionized water [1-MED].
2.8.1. Talent adding tetramethylammonium hydroxide to solution, with tetramethylammonium hydroxide container visible in frame

2.9. To generate the polyethyleneimine-coated-SPIONs, add the dimercaptosuccinic acid-modified SPION colloidal solution dropwise into a 10 kilodalton polyethyleneimine solution [1-CU] in a 500-milliliter, three-neck flask under mechanical stirring at 1,000 rotations per minute for 2 hours [2-MED].
2.9.1. Colloidal solution being added to flask

2.9.2. Talent setting timer for 2 hours, with flask being stirred visible in frame

2.10. At the end of the incubation, add the resultant solution to an ultrafiltration tube with a molecular weight cutoff of 100 kilodaltons and a content of 15 milliliters [1-MED] and centrifuge the sample until the remaining solution reaches a 1-milliliter volume [2-MED-over the shoulder-TXT].

2.10.1.  Talent adding solution to tube

2.10.2.  Talent placing tube(s) into centrifuge (TEXT: 10 min, 5400 x g, 25 °C)
2.11. Add deionized water to the solution to bring the volume back to 15 milliliters [1-CU] and centrifuge and rehydrate the solution 10 more times as just demonstrated [2-MED].
2.11.1.  Shot of 1 mL of solution, then water being added to tube
2.11.2.  Talent adding tube(s) to centrifuge
2.12. Then filter the solution through a 0.22-micron filter for storage at 4 degrees Celsius [1-CU].
2.12.1.  Solution being filtered

3. PEI-SPION/small interfering (si)RNA Nanoparticle (NP) Agarose Gel Electrophoresis
3.1. To prepare the siRNA nanoparticles, first add 3 microliters of freshly-prepared 20-micromolar siRNA solutions to five, labeled RNase-free microcentrifuge tubes [1-WIDE] and add 0, 0.8, 1.6, 3.2, and 6.4 micrograms of polyethyleneimine-SPIONs to tubes labeled 0, 1, 2, 4, and 8, respectively [2-CU-TXT]. 
3.1.1. Talent adding siRNA to tube(s), with stock siRNA container visible in frame

3.1.2. PEI-SPION being added to tube(s), with tube labels visible in frame (TEXT: Keep sample volume <20 microliters/tube)

3.2. After mixing with gentle pipetting [1-MED], incubate the samples for 30 minutes at room temperature to allow the polyethyleneimine-SPION-siRNA complexes to form [2-CU] and prepare a 3% agarose gel with high-purity agarose [3-MED-over the shoulder].
3.2.1. Talent mixing solution

3.2.2. Time being set, with tubes visible in frame

3.2.3. Talent pouring gel into mold
3.3. At the end of the incubation, add 1 microliter of 6x DNA-loading buffer per 5-microliters of sample to each tube [1-MED] and mix carefully [2-CU].
3.3.1. Talent adding loading buffer to tube(s), with loading buffer container visible in frame
3.3.2. Tube being mixed
3.4. Then load all of the samples onto the gel [1-CU] and run electrophoresis at 5 volts/centimeter until the bromophenol blue dye migrates two-thirds of the length of the gel [2-CU-TXT].
3.4.1. Sample(s) being loaded

3.4.2. Shot of gel with blue 2/3 length of gel (TEXT: Stain and analyze gel according to standard protocols)
4. In Vitro RAW264.7 Macrophages Transfection
4.1. One day prior to the transfection, wash a mouse macrophage-like RAW264.7 (raw-two-sixty-four-point-seven) cell culture with PBS [1-WIDE] and treat the cells with 1 milliliter of 0.25% trypsin for 5-10 minutes at 37 degrees Celsius in a 5% carbon dioxide incubator [2-MED].
4.1.1. Talent washing cells, with PBS container visible in frame

4.1.2. Trypsin being added to cells, with trypsin container label visible in frame
4.2. When the majority of the cells have detached, inactivate the trypsin with 5 milliliters of complete DMEM [1-CU-TXT] and pipette the solution several times to disperse any cell clusters [2-CU].
4.2.1. Medium being added to cells, with medium container label visible in frame (TEXT: See text for all medium/reagent preparation details)

4.2.2. Solution being pipetted

4.3. Transfer the cell suspension to a sterile 15-milliliter conical tube for centrifugation [1-MED-TXT] and resuspend the cells in 5 milliliters of fresh, complete DMEM for counting [2-CU].
4.3.1. Talent adding cells to tube (TEXT: 3 min, 300 x g, RT) 

4.3.2. Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame

4.4. Dilute the cells to a 4.5 x 104 cells/milliliter of complete DMEM concentration [1-MED] and add 2 milliliters of medium to each well of a 6-well plate for a 24-hour incubation in the cell culture incubator [2-MED-over the shoulder].

4.4.1. Talent adding medium to cells, with medium container visible in frame

4.4.2. Talent adding cells to well(s)

4.5. The next day, prepare the appropriate ratio of polyethyleneimine-SPION-siRNA nanoparticles in a 1.5-milliliter RNase-free microcentrifuge tube with gentle mixing as just demonstrated [1-MED] and add the appropriate volume of polyethyleneimine-SPION-siRNA nanoparticle complex to each well which has been replaced with 1 mL of fresh medium [2-CU]. 
4.5.1. Talent mixing 1.5-mL microcentrifuge tube contents, with polyethyleneimine-SPION and siRNA container visible in frame 
4.5.1.b [Added shoot]: Talent removing medium from each culture well and replacing it with fresh one.
4.5.2. NPs being added to well, with PEI-SPION and siRNA microcentrifuge container label visible in frame
4.6. Na Jia: “Prepare polyethyleneimine-SPION-siRNA complexes at low iron:siRNA weight ratios, as minimal amounts of polyethyleneimine-SPIONs can be used to bind the siRNA, thus minimizing their potential toxicity.” 
4.6.1. Na Jia, speaking the above interview style (looking just off-camera)
4.7. Then swirl the plate carefully to achieve an even distribution of the nanoparticles across the well bottoms [1-MED] and return the plate to the cell culture incubator until subsequent cellular uptake or gene knockdown efficiency analysis [2-CU].
4.7.1. Talent swirling plate

4.7.2. Plate being placed into incubator
5. Results: Representative Biological Characterization of PEI-SPION and PE-SPION/siRNA NPs
5.1. Polyethyleneimine-SPIONs with a zeta potential of 30.5 and 37 millivolts [1-LM] do not exhibit an apparent cytotoxicity at concentrations up to 30 micrograms of iron/milliliter [2-LM], which is about twofold higher than the concentration normally used for cell transfection [3-LM].
5.1.1. Figure 2A.tif: JoVE Video Editor: please emphasize 10 and 30 microgram/mL 30.5 mV (white) data bars
5.1.2. Figure 2A.tif: JoVE Video Editor: please emphasize 10 and 30 microgram/mL 37 mV (grey) data bars
5.1.3. Figure 2A.tif: JoVE no animation
5.2. Polyethyleneimine-SPIONs with a zeta potential of 48 millivolts, however, are toxic even at the lowest dose examined [1-LM].
5.2.1. Figure 2A.tif: JoVE Video Editor: please emphasize 10 microgram/mL 48 mV (black) data bar
5.3. As analyzed by flow cytometry, more than 90% of cells can be transfected with fluorescently-labeled polyethyleneimine-SPION-siRNA complexes at 15 micrograms of iron/milliliter [1-LM].
5.3.1. Figure 2B.tif: JoVE Video Editor: please emphasize Cy3-siRNA=8 and Cy3-siRNA=4 histograms
5.4. Assessment of the effects of polyethyleneimine-SPION-siRNA concentrations on cellular internalization by Prussian blue staining reveals minimally detectable staining at 7.5 micrograms of iron/milliliter [1-LM], but clearly visible spots at 15 micrograms of iron/milliliter [2-LM] that do not increase at higher concentrations of iron, likely do due to polyethyleneimine-SPION-siRNA uptake saturation [3-LM].
5.4.1. Figure 2C.tif: JoVE Video Editor: please emphasize 7.5 micrograms Fe/mL image/lack of blue staining in image
5.4.2. Figure 2C.tif: JoVE Video Editor: please emphasize blue staining in 15 micrograms Fe/mL image
5.4.3. Figure 2C.tif: JoVE Video Editor: please emphasize blue staining in 32 micrograms Fe/mL image
5.5. Peritoneal macrophages transfected with polyethyleneimine-SPIONs harboring specific siRNA exhibit a significant decrease in target mRNA levels [1-LM] compared to nonspecific siRNA [2-LM], suggesting that siRNA can escape from endocytic vesicles into the cytoplasm to reach the RNA interference machinery [3-LM].
5.5.1. Figure 2D.tif: JoVE Video Editor: please emphasize white data bar
5.5.2. Figure 2D.tif: JoVE Video Editor: please add bracket and p<0.05 text as in original Figure 2D
5.5.3. Figure 2D.tif: no animation
5.6. Further, after intravenous injection of a single dose of polyethyleneimine-SPION-siRNA nanoparticle complexes [1-LM], flow cytometric analysis of CD11b+ and CD3+ cells reveals a more efficient uptake of the nanoparticles by CD11b-expressing macrophages [2-LM] than by CD3+ cells at any time point in all of the organs examined [3-LM].

5.6.1. Figure 3.tif: no animation
5.6.2. Figure 3.tif: JoVE Video Editor: please emphasize CD11b graph/data bars
5.6.3. Figure 3.tif: JoVE Video Editor: please emphasize CD3 graph/data bars
6. Conclusion (said by authors on camera):
6.1. Haoan Wu: While attempting this procedure, it’s important to remember to prepare the polyethyleneimine-SPIONs with an average zeta potential not higher than +37 millivolts and to prepare the polyethyleneimine-SPION-siRNA complexes under low iron to siRNA ratios.

6.2. Na Jia: This technique can pave the way for researchers in exploring the therapeutic potential of targeting macrophages in animal models of human disease, such as autoimmune diseases and cancer. 
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
5.1.1. Figure 2A.tif - cell viability assay

5.3.1. Figure 2B.tif – in vitro celluar uptake analyzed by flow cytometry

5.4.1. Figure 2C.tif – in vitro celluar uptake analyzed by Prussian blue staining

5.5.1. Figure 2D.tif – in vitro gene knockdown efficiency analysis
5.6.1. Figure 3.tif – in vivo cellular uptake analysis
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 in the email accompanying the finalized script.
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