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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? 
2.2., 2.4., 3.4.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? The silication reaction, Step 3.4. To ensure success the two tubes with the reactants must be prepared carefully and quickly; and combining the contents of the two tubes must be performed in a single step with constant vortex-induced mixing
E. Will the filming need to take place in multiple locations? Y, different buildings 5 min walking 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. Fay Nicolson: This method employs topical application of nanoparticles to image microscopic tumors, especially in malignancies that do not yet have access to the vasculature, such as metastases of ovarian cancer.
1.2. Fay Nicolson: This technique is ratiometric, imaging targeted and non-targeted nanoparticles in a single scan, to diminish false signals and reveal the true extent of the tumor. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Naxhije Berisha: These nanoparticles can be administered by intraperitoneal or intravenous injection for the high-precision imaging of ovarian cancers and many other tumor types. 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Memorial Sloan Kettering Cancer Center.
Protocol: (read by voice talent at JoVE)
2. Gold Nanostar Core Synthesis
2.1. For gold nanostar core synthesis, place a conical flask containing 800 mL of freshly-prepared ascorbic acid solution on a magnetic stir plate at 4 °C [1-WIDE] and induce a steady vortex [2-CU-TXT].
2.1.1. Talent placing flask onto plate (TEXT: See text for all reagent preparation details)
2.1.2. Solution being mixed

2.2. Quickly add 8 mL of freshly-prepared tetrachloroauric acid solution to the vortex [1-MED]. Within seconds, nanostars will form and the solution will assume a dark blue color [2-CU-TXT].
2.2.1. Talent adding solution to flask

2.2.2. Shot of nanostar formation/dark blue color appearing (TEXT: Discard if solution turns pink or purple, indicating nanosphere formation)

2.3. Pour the nanostar suspension into 50-mL conical tubes for centrifugation [1-MED-TXT] and aspirate all but the last 200 microliters of supernatant from each tube at the end of the spin [2-CU].

2.3.1. Talent adding suspension to tube(s) (TEXT: 20 min, 3220 x g, 4 °C)

2.3.2. Supernatant being aspirated from one tube, with nanoparticle pellet visible in frame if possible

2.4. Use a micropipette to resuspend the nanoparticles in each tube [1-CU-TXT] before pooling all of the nanoparticles in a single dialysis cassette [2-MED].
2.4.1. Supernatant being resuspended (TEXT: Discard compacted pellet that cannot be resuspended w/ vigorous pipetting)
2.4.2. Talent adding nanoparticle(s) to cassette

2.5. Then dialyze the nanoparticles for at least three days [1-MED] against 2 liters of deionized water, changing the water daily [2-CU-TXT].
2.5.1. Talent loading cassette onto dialyzer

2.5.2. Water being added to system (TEXT: Store in dialysis ≤1 mo, change H2O every 3-4 d)

3. Silica Shell Formation 
3.1. For silica shell formation, first add 10 mL of isopropanol, 500 microliters of TEOS (T-E-O-S), 200 microliters of deionized water, and 60 microliters of dye to a 50-mL conical tube [1-WIDE] and add 3 mL of ethanol and 200 microliters of ammonium hydroxide to a 15-mL tube [2-MED].

3.1.1. Talent adding reagents to tube, with reagent containers visible in frame

3.1.2. Talent adding ethanol to tube, with ethanol and ammonium hydroxide containers visible in frame

3.2. Next, sonicate the dialyzed nanostars to disperse any clusters [1-CU] and add 1.2 mL of nanostars to the tube [2-MED].
3.2.1. Nanostars being vortexed sonicated
3.2.2. Talent adding nanostars to tube 

3.3. Place the 50-mL tube on a vortex mixer [1-CU] and induce a steady vortex [2-CU].
3.3.1. Tube being placed onto mixer

3.3.2. Vortex being started

3.4. Rapidly add the nanostar solution to the 50-mL tube [1-MED] with about 5 more seconds of mixing [2-CU] before quickly transferring the tube to a shaker for 15 minutes at 300 rpm at room temperature [3-MED].
3.4.1. Talent adding solution to tube

3.4.2. Shot of contents being mixed

3.4.3. Talent adding tube to shaker

3.5. Naxhije Berisha: “The two tubes must be combined quickly and under constant mixing to ensure that the silication reaction occurs around the nanostars and minimizes free silica production.” [1-MED-interview style] 
3.5.1. Naxhije Berisha, speaking the above interview style (looking just off-camera)
3.6. At the end of the incubation, fill the tube with ethanol to quench the reaction [1-CU] and collect the nanostars by centrifugation [2-MED-over the shoulder-TXT].

3.6.1. Tube being filled with ethanol

3.6.2. Talent adding tube(s) to centrifuge (TEXT: 20 min, 3220 x g, 4 °C)

3.7. Aspirate all but about the last 500 microliters of supernatant, taking care not to disturb the pellet [1-CU], and resuspend the nanoparticles in 1 mL of fresh ethanol [2-MED].
3.7.1. Supernatant being aspirated

3.7.2. Talent adding ethanol to tube

3.8. Then transfer the solution to a 1.5-mL centrifuge tube for four, 1-mL of ethanol-washes by centrifugation [1-CU-TXT], resuspending the pellet by ultrasonication for approximately 1 second between each wash [2-CU]. 
3.8.0. [Added Shot]: Pellet being sonicated in 50 ml tube (Editor: The authors added this shot as an added sonication step. They’ll have to provide additional VO if they want to use the shot here)
3.8.1. Solution being added to 1.5 ml tube (TEXT: 4 min, 11,000 x g)

3.8.2. Pellet being sonicated in 1.5 ml tube
4. Surface Functionalization

4.1. To introduce thiols to the particle surfaces, after the last wash, resuspend the pellet in 1 mL of an 85% ethanol, 10% 3-mercaptopropyltrimethoxysilane, and 5% deionized water solution [1-WIDE] for a 1-2-hour incubation at room temperature [2-MED].
4.1.1. Talent adding reagent(s) to tube, with reagent containers visible in frame

4.1.2. Talent setting timer OR Talent placing tube into rack onto bench or similar
4.2. At the end of the incubation, wash the thiol-functionalized nanoparticles by centrifugation as indicated [1-MED-over the shoulder-TXT], resuspending the pellet by ultrasonication between washes [2-CU].

4.2.1. Talent adding tube(s) to centrifuge (TEXT: EtOH x2, DI x 2, HEPES)

4.2.2. Tube being sonicated

4.3. For the antibody functionalized anti-folate receptor-nanoprobes, react 200 micrograms of anti-folate binding protein antibody [1-MED] with tenfold molar excess of PEG (peg) crosslinker in 500 microliters of HEPES buffer [2-CU].
4.3.1. Talent adding antibody to tube, with antibody and buffer containers visible in frame

4.3.2. PEG being added to tube, with PEG container label visible in frame
4.4. After 30 minutes, concentrate the antibody by centrifugation in a centrifugal filter [1-MED-TXT], recovering the antibody by inverting the filter into a new tube for an additional centrifugation [2-CU-TXT].

4.4.1. Talent adding antibody to filter (TEXT: 10 min, 14,000 x g, 23 °C)

4.4.2. Filter being inverted in new tube (TEXT: 2 min, 1000 x g)

4.5. Then mix the thiol-functionalized nanoparticles with the concentrated antibody [1-MED] and incubate the mixture for at least 30 minutes at room temperature [2-CU].

4.5.1. Talent adding/mixing nanoparticles with antibody, with nanoparticle and antibody tubes visible in frame

4.5.2. Timer begin, with nanoparticle-antibody tube visible in frame

4.6. To form non-targeted nanoprobes, add 5 milligrams methoxy-terminated PEG5000 (peg-five thousand)-maleimide dissolved in DMSO to the thiol-functionalized nanoparticles [1-MED] in 500 microliters of HEPES buffer for an at least 30-minute incubation at room temperature [2-CU]. 
4.6.1. Talent adding PEG5000 to tube, with PEG5000 buffer container visible in frame
4.6.2. Nanoparticles being added to buffer, with buffer container label visible in frame
5. Nanoprobe Injection and Imaging

5.1. For nanoprobe injection, spin down both nanoprobe flavors [1-WIDE-TXT] and resuspend the pellets in fresh MES buffer at a 600 picomolar concentration [2-CU].

5.1.1. Talent adding tubes to centrifuge (TEXT: 4 min, 11,000 x g)

5.1.2. One pellet being resuspended, with both tube labels and buffer container label visible in frame

5.2. Mix the nanoparticles and load 1 mL of the resulting solution into one 1-mL syringe [1-MED] equipped with a 26-gauge needle per mouse and intraperitoneally inject the entire volume into the abdomen of each mouse [2-CU].

5.2.1. Talent loading syringe

5.2.2. Solution being injected into mouse abdomen

5.3. Then gently massage the abdomen to distribute the nanoparticles throughout the peritoneal cavity [1-CU].
5.3.1. Abdomen being massaged

5.4. After at least 25 minutes, secure the limbs of a euthanized, injected animal onto a surgical platform [1-ECU-TXT] and use serrated forceps and dissection scissors to remove the skin to expose the peritoneum [2-CU].

5.4.1. Limb being secured (TEXT: Euthanasia: CO2 asphyxiation)

5.4.2. Skin being removed

5.5. Incise the peritoneum, attach the peritoneal flaps to the platform [1-ECU] and wash the inside of the peritoneal cavity with at least 60 mL of PBS [2-CU].
5.5.1. Flap being attached

5.5.2. Cavity being washed 

5.6. Then transfer the platform to a Raman microspectrophotometer with an upright optical configuration and a motorized stage [1-MED] and image the abdomen under the appropriate imaging parameters [2-MED-over the shoulder-TXT].
5.6.1. Talent placing platform onto stage

5.6.2. Talent at microspectrophotometer, imaging abdomen, with monitor visible in frame as possible (TEXT: Repeat for each mouse)
5.7. Fay Nicolson: “It is crucial that the focal plane for the Raman scan is on the surface of most of the viscera. If the organs are out of plane, the acquired signal will not be useful.” [1-MED-interview style]
5.7.1. Fay Nicolson, speaking the above, interview style (looking just off-camera)
6. Results: Representative Surface-Enhanced Resonance Raman Scattering (SERRS) Nanoprobe Analyses 
6.1. For quality control purposes, the nanoparticles can be characterized using a variety of methods during the synthesis process [1-LM], including transmission electron microscopy [2-LM] … dynamic light scattering [3-LM] … nanoparticle tracking analysis [4-LM] … and ultraviolet-visible absorbance spectroscopy [5-LM].

6.1.1. Fig. 2 – characterization_v2.ai: no animation

6.1.2. Fig. 2 – characterization_v2.ai: Video Editor: please emphasize TEM images

6.1.3. Fig. 2 – characterization_v2.ai: Video Editor: please emphasize DLS and zeta-potential graphs
6.1.4. Authors: please upload counting process movie to your submission folder OR no animation

6.1.5. Fig. 2 – characterization_v2.ai: Video Editor: please emphasize Absorbance graph

6.2. Raman measurements reveal the presence of the unique spectra of each flavor of nanoparticle throughout the synthesis [1-LM].

6.2.1. Fig. 2 – characterization_v2.ai: Video Editor: please emphasize Raman graph
6.3. Typical reaction yields [1-LM] and concentrations [2-LM] depend strongly on the pipetting technique during the wash steps [3-LM].
6.3.1. Table 1 – Nanoparticle yield after each reaction step.xlsx: Video Editor: please emphasize Final volume column

6.3.2. Table 1 – Nanoparticle yield after each reaction step.xlsx: Video Editor: please emphasize Final concentration column
6.3.3. Table 1 – Nanoparticle yield after each reaction step.xlsx: no animation
6.4. The Raman spectra [1-LM] can be processed to remove the fluorescence [2-LM] and normalized to the unit area to compensate for the signal strength [3-LM] before applying the classical least squares [4-LM].

6.4.1. Fig. 3 – spectral process.ai: Video Editor: please emphasize Raw spectra column

6.4.2. Fig. 3 – spectral process.ai: Video Editor: please emphasize Baselined column

6.4.3. Fig. 3 – spectral process.ai: Video Editor: please emphasize Normalized column

6.4.4. Fig. 3 – spectral process.ai: Video Editor: please emphasize Derivative column

6.5. Although the classical least squared scores on each nanoprobe reference spectrum do not individually provide the specific locations of the tumors [1-LM], the pointwise ratios reveal the presence of the disseminated microscopic spread [2-LM].
6.5.1. Fig. 4 – TASERS.ai:Video Editor: please emphasize red and blue DCLS score boxes from middle row of images

6.5.2. Fig. 4 – TASERS.ai:Video Editor: please emphasize Ratio and Threshold ratio boxes in bottom row of images
7. Conclusion (said by authors on camera):
7.1. Naxhije Berisha: While attempting this procedure, it’s important to remember to validate the nanoparticles at every step of the synthesis, as the quality of the nanoparticles strongly affects the end results. 
7.2. Fay Nicolson: This technique demonstrates the potential for researchers to use SERS nanoprobes for the detection of tumor-related markers in animal models and excised patient tissues with a high degree of microscopic precision.
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. 
Table 1
Figure 2

Figure 3

Figure 4
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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