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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___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.) 2.10-2.12, 3.2, 3.3, and 4.2
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.) 2.12, dropping in the ammonium hydroxide. We will show that you should let the drop fully mix, and continue the drops in a steady, consistent manner.
E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? ___________________________________________________

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. 

(Author Comment: Can we insert my lab's intro title/video here? I have uploaded it to the file uploader for this article as "LSI Intro v2.mov". We really want this to play at the beginning of the video right before I speak)

A. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Brandon Alexander Holt: This method can help answer key questions in proteomics and diagnostics, such as how to design probes that can track the progression of specific diseases by measuring protease activity in vivo. 
1.2. Brandon Alexander Holt: The main advantages of this technique are that the diagnostic developed will be noninvasive and can amplify the detection of biological activity.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Brandon: The implications of this technique extend toward therapy of numerous diseases, because many proteases are major drivers of pathogenesis.  

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Georgia Tech.


Protocol: (read by voice talent at JoVE)
2. Iron Oxide Nanoparticle (IONP) Synthesis
2.1. In a chemical fume hood, transfer 1 mL of 30% ammonium hydroxide to a 15 mL conical tube [1-MED]. Place this tube into an ice bucket, and let it chill for 30 min [2-MED].
2.1.1. Talent, in a chemical fume hood, transfers the 30% ammonium hydroxide to a 15 mL conical tube. Make sure the talent is visible wearing personal protective equipment.
2.1.2. Talent places the tube into an ice bucket, and then sets a timer for 30 min. 
2.2. Wash a 250 mL Erlenmeyer flask with deionized water [1-MED]. Then, add 10 mL of double distilled water [2-MED]. Submerge the flask in an ice bath resting on a heat plate [3-MED].	
2.2.1. Talent washes a 250 mL Erlenmeyer flask with deionized water.
2.2.2. Talent adds 10 mL of double distilled water to the flask.
2.2.3. Talent submerges the flask in an ice bath on a heat plate.
2.3. Using a plastic pipette, begin the flow of nitrogen gas into the double distilled water in the flask [1-MED]. Bubble for 15 minutes to deoxygenate [2-CU].
2.3.1. Talent inserts a plastic pipette into the water in the flask, and begins the flow of nitrogen gas into the water.
2.3.2. Close up the flask, showing the water bubbling.
2.4. Next, weigh out 4.5 grams of dextran into a 50 mL conical tube [1-MED]. Add water such that the final volume of the mixture, including the dextran, is 20 mL [2-MED]. Vortex vigorously to dissolve the dextran [3-MED].
2.4.1. Talent weighs out the dextran into a 50 mL conical tube
2.4.2. Talent adds water to the mixture to bring it to 20 mL
2.4.3. Talent shakes the mixture vigorously
2.5. Weigh out 78.5 milligrams of iron(III) chloride hexahydrate, and add this to the dextran solution [1-MED]. Vortex to dissolve [2-CU].
2.5.1. Talent adds the iron(III) chloride hexahydrate to the dextran solution.
2.5.2. Close up shot of the mixture being vortexed.
2.6. Using a 0.2 μm filter, filter the resulting solution [1-MED/CU].
2.6.1. Talent, using a 0.2 μm filter, filters the solution.
2.7. After this, transfer 9 mL of the deoxygenated water to the 15 mL conical tube containing the 1 mL of chilled ammonium hydroxide [1-MED]. Return the conical tube to the ice bucket to chill [2-MED].
2.7.1. Talent transfers the chilled ammonium hydroxide into the deoxygenated water.
2.7.2. Talent transfers the ammonium hydroxide and water solution into an ice bath
2.8. Weigh out 73 milligrams of iron(II) chloride tetrahydrate, and dissolve it in the remaining 1 mL of deoxygenated double distilled water [1-MED]. Use a 0.2 μm filter to filter the solution [1-MED/CU].
2.8.1. Talent transfers the iron(II) chloride tetrahydrate into a new 1.5 mL Eppendorf tube containing the remaining 1 mL of deoxygenated double distilled water.
2.8.2. Talent uses a 0.2 μm filter to filter the solution.
2.9. Then, transfer the dextran-iron(III) solution into the 250 mL Erlenmeyer flask [1-MED]. Deoxygenate with nitrogen gas for 15 minutes, on ice, while mixing at 1600 rpm [2-CU].
2.9.1. Talent transfers the dextran-iron(III) solution into the 250 mL Erlenmeyer flask.
2.9.2. Close up shot of the solution being deoxygenated with nitrogen gas while on ice and while being mixed.
2.10. Cap the flask with a rubber septum [1-MED]. Using an 18-gauge needle, puncture the septum to flow nitrogen gas into the flask [2-CU]. Insert a separate 18-gauge needle, which will be the flow outlet [3-MED].
2.10.1. Talent caps the flask with a rubber septum.
2.10.2. Close up shot of the septum being punctured with an 18-gauge needle.
2.10.3. Talent inserts another 18-gauge needle into the septum.
2.11. Next, use a 1 mL syringe to add 467 μL of the iron(II) solution to the dextran-iron(III) solution [1-MED]. Stir at 1600 rpm [2-CU].
2.11.1. Talent uses a 1 mL syringe to add the iron(II) solution to the dextran-iron(III) solution.
2.11.2. Close up shot of the solution being stirred.
2.12. Add the chilled, dilute ammonium hydroxide solution – dropwise – to initiate the nucleation process [1-MED-TXT]. Make sure each drop mixes well before adding another [2-CU].
2.12.1. Talent adds the dilute ammonium hydroxide solution dropwise to the dextran solution. TEXT: Add 1 – 2 mL of ammonium hydroxide Video Editor: Please leave the text overlay up for 2.12.1 and 2.12.2
2.12.2. Close up shot of a drop being added and mixing in.
2.13. Stop the flow of nitrogen gas and remove the rubber septum [1-MED]. Remove the ice bath and replace it with a bath of warm water [2-MED-TXT]. Heat the solution to 75 °C, and then incubate for 75 minutes [3-CU].
2.13.1. Talent stops the flow of nitrogen gas and remove the rubber septum.
2.13.2. Talent places a bath of warm water where the ice bath used to be. TEXT: Continue to stir the solution.
2.13.3. Close up shot of the solution as it is being heated/incubated.
2.14. Remove the flask from the hot plate [1-MED]. Doubly filter the solution through a 0.2 μm filter and then a 0.1 μm filter, to remove any coarse particles [2-MED].
2.14.1. Talent removes the flask from the hot plate.
2.14.2. Talent filters the solution. Any portion of this filtration process – using either filter – can be filmed for this shot.
2.15. Using 100 kDa molecular weight cut off concentrators, buffer exchange the particles into double distilled water to remove excess dextran [1-MED]. If the flow through remains dark after 2 - 3 spins, replace the filters as they may have broken [2-MED]. 
2.15.1. Talent buffer exchanges the particles into double distilled water using 100 kDa molecular weight cut off concentrators. Any portion of this process can be filmed here, as long as it clearly shows the concentrators and covers the length of the voiceover. TEXT: Spin at 4800 XG for 15 minutes at 4 C; Repeat 3-5 times (Editor: Keep this text overlay up for all of 2.15)
2.15.2. Talent replaces a filter. Have a dark colored flow (even if it was from an earlier spin) visible in the shot for reference.
2.16. Next, re-suspend the Iron Oxide Nanoparticles in double distilled water at a concentration of 10 milligrams per milliliter [1-MED-TXT]. Add 1.6 volumes of 5 M sodium hydroxide, then add 0.65 volumes of epichlorohydrin (pronounce “ep-i-chlor-uh-high-drin”) [2-MED]. Using a plate shaker, rigorously mix at room temperature for 12 hours [3-CU].
2.16.1. Talent re-suspends the Iron Oxide Nanoparticles in double distilled water. TEXT: Use polypropylene tubes
2.16.2. Talent adds sodium hydroxide and epichlorohydrin to the re-suspended Iron Oxide Nanoparticles.
2.16.3. Close up shot of the solution mixing on the plate shaker. Alternatively, film the talent placing the solution on the plate shaker.
2.17. Use a 20 mL syringe with an 18-gauge needle to transfer the Iron Oxide Nanoparticles solution into a dialysis membrane with a 50 kDa molecular weight cut off [1-MED/CU]. Place the dialysis membrane into 4 L of double distilled water [2-MED].
2.17.1. Talent uses a 20 mL syringe with an 18-gauge needle to transfer the Iron Oxide Nanoparticles solution into a dialysis membrane. Film this as a close up on the dialysis membrane if possible. 
2.17.2. Talent transfers the dialysis membrane into 4 L of double distilled water.
2.18. Incubate at room temperature overnight [1-CU-TXT]. After determining the concentration, bring the Iron Oxide Nanoparticles to a concentration of 5 milligrams per milliliter [2-MED]. Add ammonium hydroxide to reach 20% [3-MED], and shake at room temperature for at least 12 hours to aminate the surface of the Iron Oxide Nanoparticles [4-CU].
2.18.1. Close up shot of the membrane incubating. Alternatively, film the talent replacing the water. TEXT: Change the water every 2 – 3 h during the day.
2.18.2. Talent adjusting the concentration of the Iron Oxide Nanoparticles.
2.18.3. Talent adds ammonium hydroxide to the Iron Oxide Nanoparticles solution.
2.18.4. Close up shot of the solution mixing on the plate shaker. Alternatively, film the talent placing the solution on the plate shaker.
2.19. Then, buffer exchange using 30 kDa molecular weight cut off filters [1-MED]. Use dynamic light scattering to determine the hydrodynamic radius of the Iron Oxide Nanoparticles as outlined in the text protocol [1-MED/WIDE].
2.19.1. Talent buffer exchanges the particles into double distilled water using 30 kDa molecular weight cut off concentrators. Any portion of this process can be filmed here, as long as it clearly shows the concentrators and covers the length of the voiceover.
2.19.2. Talent approaches the DLS machine with a sample cuvette in hand. Alternatively, film the talent putting the cuvette in the DLS machine and taking a measurement.
3. Peptide Design, Conjugation to Iron Oxide Nanoparticles, and In Vitro Validation  
3.1. After synthesizing a peptide substrate, aliquot 0.5 mg of Iron Oxide Nanoparticles into the 10 kDa molecular weight cut off spin filter tube [1-MED-TXT]. Buffer exchange into coupling buffer using a 10 kDA molecular weight cut off spin filter, as outlined in the text protocol.
3.1.1. Talent takes an aliquot of Iron Oxide Nanoparticles. TEXT: See text for details on substrate synthesis.
3.1.2. Talent buffer exchanges the particles into double distilled water using 10 kDa molecular weight cut off concentrators. Any portion of this process can be filmed here, as long as it clearly shows the concentrators and covers the length of the voiceover.
3.2. Dissolve SIA in DMF to reach a concentration of approximately 30 milligrams per milliliter [1-MED-TXT]. Then, add SIA to Iron Oxide Nanoparticles at a mole ratio of 500 to 1.
3.2.1. Talent dissolves SIA in DMF. TEXT: SIA: Succinimidyl iodoacetate
3.2.2. Talent adds the SIA (in DMF) solution to the Iron Oxide Nanoparticles solution.
3.3. After incubation and buffer exchange, bring the final product to a concentration of 1 milligram per milliliter [1-MED]. Mix the peptide of interest with 20 kDA thiol-terminated polyethylene glycol, and then mix this peptide-glycol solution with Iron Oxide Nanoparticles [2-MED-TXT].
3.3.1. Talent adjusts the concentration of the Iron Oxide Nanoparticles solution.
3.3.2. Talent mixes the peptide solution with 20 kDA thiol-terminated polyethylene glycol, and then adds this mixture to the Iron Oxide Nanoparticles solution. If this is too long for a single shot, filming only one of the additions should suffice. TEXT: See text for peptide and polyethylene glycol concentrations
3.4. Cover the tubes in foil to prevent photo-bleaching the fluorescent molecules [1-MED], and incubate overnight at room temperature on a plate shaker set to the highest speed [2-MED].
3.4.1. Talent covers the samples in foil.
3.4.2. Talent transfers the foil-covered samples to a plate shaker.
3.5. Next, add L-cysteine at a molar ratio of 500 to 1 to the Iron Oxide Nanoparticles [1-MED]. Incubate for 1 hour at room temperature on a shaker set to the highest speed [2-CU].
3.5.1. Talent adds L-cysteine to the Iron Oxide Nanoparticles solution.
3.5.2. Talent transfers the samples to the plate shaker.
3.6. After this, make a 18 μL nanoparticle solution using PBS and a 200 nM concentration of peptide [1-MED]. Add 2 μL of the protease of interest [2-MED].
3.6.1. Talent adds PBS and a 200 nM concentration of peptide to prepare the 18 μL nanoparticle solution. 
3.6.2. Talent adds 2 μL of the protease of interest to this nanoparticle solution.
3.7. Incubate in a plate reader for 1 hour at 37 °C, taking fluorescence measurements every 1 to 2 minutes to monitor cleavage [1-MED].
3.7.1. Talent loads the sample into the plate reader, and then begins to take a measurement on the workstation computer.
4. Administration of Nanosensors and Urine Detection of Cancer
4.1. Immediately after injecting the prepared nanosensor solution via tail vein injection, place the mice into metabolic cages, and note the time of injection for each mouse [1-MED].
4.1.1. Talent making notes in a lab notebook. Injection and cage cannot be shown, so make sure this shot can last for the full duration of the voiceover. TEXT: See text for details on injection
4.2. Combine 2 μL of urine with 5 μL of prepared magnetic beads [1-MED-TXT]. Using PBS, bring the final total volume to 50 μL [2-MED]. Incubate at room temperature for 60 min [3-CU].
4.2.1. Talent combines urine and magnetic beads. TEXT: See text for details on preparing magnetic beads.
4.2.2. Talent adds PBS to the urine/bead mixture to bring the total volume to 50 μL
4.2.3. Close up shot of the mixture incubating on the lab bench.
4.3. Next, wash twice – using 50 μL of PBS each time – while using a magnetic separator to collect the magnetic beads after each wash [1-MED].
4.3.1. Talent performs a wash while using the magnetic separator. A close up shot of the magnetic beads being collected can be filmed as well to go along with this shot.
4.4. Elute twice with 32.5 μL of 5% glacial Acetic Acid [1-MED]. Use 35 μL of 2 M Tris to neutralize the pooled elution and achieve a final pH around 7 [2-MED].
4.4.1. Talent performs an elution with Acetic Acid. Any portion of this action that is long enough to cover the voiceover should suffice to represent the step.
4.4.2. Talent adds 35 μL of 2 M Tris to the pooled elution.
4.5. After this, use a plate reader at appropriate excitation and emission wavelengths to quantify the urine fluorescence [1-MED]. Calculate the concentration of fluorescent reporter against a ladder of known concentrations of free fluorophore [2-MED-over the shoulder].
4.5.1. Talent, at the plate reader computer, takes measurements at the appropriate excitation and emission wavelengths.
4.5.2. Talent, at the workstation computer, reviewing the calculated concentrations of fluorescent reporter against a ladder of known concentrations.

5. Results: Detecting Protease Activity
5.1. In this study, activity-based nanosensors are developed by conjugating protease substrates to a nanoparticle core [1-LM]. The average diameter of Iron Oxide Nanoparticles is observed to be between 40 and 50 nm [2-LM]. After pegylation, the circulation half-life for this size range is seen to be approximately 6 hours [3-LM-TXT].
5.1.1. Fig2.png: Show only Figure 2A. Remove subfigure label text “a”.
5.1.2. Fig2.png: Still showing only Figure 2A. Visually emphasize the peak, which represents the Iron Oxide Nanoparticles diameters.
5.1.3. Fig2.png: Still showing only Figure 2A. Remove previous visual emphasis. Hold on image for voiceover. TEXT: Kwong, G. A. et al. Nature Biotechnology. (2013).
5.2. After successful peptide conjugation [1-LM], spectral absorbance analysis reveals a distinct absorbance peak at the maximum excitation wavelength of the fluorescent reporter [2-LM].
5.2.1. Fig2.png: Show only Figure 2B. Remove subfigure label text “b”.
5.2.2. Fig2.png: Still showing only Figure 2B. Visually emphasize the peak when mentioned in the voiceover.
5.3. The ability of the probe to sense protease activity is then tested by incubating an aliquot of nanosensors with recombinant proteases [1-LM]. It is typical to observe substrate cleavage velocities that follow Michaelis-Menten kinetics [2-LM].
5.3.1. Fig2.png: Show only Figure 2C. Remove subfigure label text “c”.
5.3.2. Fig2.png: Still showing only Figure 2C. Visually emphasize the solid black line (that data set represents steady cleavage of the peptide)
5.4. Nanosensors coated with a near-infrared fluorescent reporter are then used to visualize the pharmacokinetics in mouse models of cancer by whole-animal fluorescent imaging [1-LM]. A fluorescent signal is seen to localize in the urine of mice bearing LS174T colorectal 60 to 90 minutes after intravenous administration of the nanosensors [2-LM].
5.4.1. Fig3.png: Remove the subfigure label text “a” and “b”
5.4.2. Fig3.png: Visually emphasize the larger signal in the left mouse – this area (mostly blue, surrounded by yellow/red/black) represents the localized fluorescent signal in the mouse with LS174T colorectal tumors. At the same time, visually emphasize the data for “Tumor” in the plot.
5.5. Significantly lower fluorescent signals are observed in the bladders of control mice [1-LM]. It should be noted that the signal observed in the liver arises because particles are eventually scavenged by monocytes and macrophages in the reticuloendothelial system – which are commonly found in the liver, spleen, and lymph nodes [2-LM].
5.5.1. Fig3.png: Visually emphasize the signal in the control. Also visually emphasize the data set for “Control” in the plot.
5.5.2. Fig3.png: Visually emphasize the small orange/red signal in the “Tumor” mouse. This smaller signal represents the fluorescent signal that appears in the liver.

6. Conclusion (said by authors on camera)
6.1. Brandon Alexander Holt: Once mastered, this technique can be done in 4 days if it is performed properly.
6.2. Brandon: While attempting this procedure, it’s important to remember to that fluorescence is the primary read-out, so it is important to keep the peptide substrates with the fluorescent markers in the dark.
6.3. Brandon: Following this procedure, other methods like biodistribution studies and in vivo imaging can be performed in order to answer additional questions like localization of particles to various organs.
6.4. Brandon: After its development, this technique paved the way for researchers in the field of diagnostics to explore cancer biomarkers in mice.
6.5. Brandon: After watching this video, you should have a good understanding of how to synthesize and characterize iron oxide nanoparticles, use these to build nanosensors, and use the nanosensors in vivo.
6.6. Brandon: Don't forget that working with the chemicals involved in the nanoparticle synthesis can be extremely hazardous and precautions such as personal protective equipment and working within a fume hood should always be taken while performing this procedure.   


(Author Comment: It would be nice if we could add the "LSI Intro v2.mov" short clip at the end of the video as well.) (Editor: I’ve let the author know that we don’t put logos in videos, and was told that we definitely don’t put them at the beginning…but that we could put it at the end if they push)

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.  

LSI Intro v2.mov
Fig1.png
Fig2.png
Fig3.png


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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