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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

Can you record movies/images using your own microscope camera? N/A  

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? 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.) 2.2, 2.4, 2.7, 3.2, 3.3, 4.1
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.) 3.3, 3.5
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. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Fernando Herranz: This method provides a fast and easy synthesis of 68Ga core-doped nanoparticles for hybrid PET/MR molecular imaging. 
1.2. Irene Fernández-Barahona: The main advantage of this technique is that, thanks to the use of microwave technology, the synthesis is fast and, more importantly, completely reproducible.   

Protocol: (read by voice talent at JoVE) 
2. Synthesis of Citrate-coated Iron Oxide Nanoparticles 
2.1. First, dissolve 75 milligrams of iron chloride hexahydrate and 80 milligrams of citric acid trisodium salt dihydrate in 9 milliliters of water [1-MED].
2.1.1. Talent adds reagents and water to flask and manually mixes to dissolve the solids. Show iron chloride hexahydrate and citric acid trisodium salt dihydrate container labels in frame if possible. 
2.2. Transfer the mixture to a microwave-adapted flask [1-MED-over the shoulder]. 
2.2.1. Talent transfers mixture from original flask to microwave-adapted flask.
2.3. Next, load a dynamic protocol in the microwave [1-MED]. Set the temperature to 120 degrees Celsius, the time to 10 minutes, the pressure to 250 psi, and the power to 240 watts [2-MED-over the shoulder].  
2.3.1. Talent starts loading dynamic protocol using the microwave display.
2.3.2. Talent sets the parameters in the microwave display. Show settings in frame if possible.
2.4. Add 1 milliliter of hydrazine hydrate to the reaction mixture [1-MED]. Then, start the microwave protocol [2-MED-over the shoulder].
2.4.1. Talent adds hydrazine hydrate to reaction mixture in microwave-adapted flask.
2.4.2. Talent pushes the start button on the microwave.
2.5. In the meantime, rinse a gel filtration desalting column with 20 milliliters of distilled water [1-MED].
2.5.1. Talent adds distilled water to column and collects flow-through from column in flask.

2.6. Once the protocol is finished and the flask cooled to room temperature, pipette 2.5 milliliters of the final mixture onto the column and discard the flow-through [1-MED-over the shoulder].
2.6.1. Talent adds the final mixture to column and collects the flow-through from column in a flask to be discarded.
2.7. Following this, add 3 milliliters of distilled water to the column and collect the nanoparticles in a glass vial [1-MED].
2.7.1. Talent adds distilled water to column and collects nanoparticles from column in vial.
3. Synthesis of 68Ga Core-doped Iron Oxide Nanoparticles (68Ga-C-IONP)

3.1. Add 75 milligrams of iron chloride hexahydrate and 80 milligrams of citric acid trisodium salt dihydrate into a microwave-adapted flask [1-MED-over the shoulder]. 
3.1.1. Talent adds reagents and water to flask and manually mixes to dissolve the solids.
3.2. Elute the 68Ge/68Ga (pronounced gallium 68) generator using the recommended volume and concentration of hydrochloric acid, according to the vendor [1-LM-TXT]. After the hydrochloric acid injection in the self-shielded generator, 4 milliliters of 68GaCl3 (pronounced gallium 68 chloride) is obtained, ready to use without further processing [2-MED-over the shoulder-TXT].  
3.2.1. 58269_Herranz_LM_3.2.1_A.jpg and 58269_Herranz_LM_3.2.1_B.jpg. If not possible to show both images, show the second image only. TEXT: 4 mL 0.05 M HCl in this experiment. Video Editor: overlay should appear at mention of “the recommended volume and concentration of hydrochloric acid, according to the vendor”.

3.2.2. Talent collects 68GaCl3 from the generator into microwave vial. TEXT: Avoid radiation exposure.
3.3. Add 4 milliliters of 68GaCl3 to the microwave-adapted flask [1-MED-TXT]. Then, pipette 5 milliliters of distilled water into the flask and mix well [2-MED-over the shoulder]. 
3.3.1. Talent adds 68GaCl3 to microwave-adapted flask. TEXT: Volume depends on generator and nanoparticle activities.
3.3.2. Talent adds distilled water to flask and manually mixes the contents.
3.4. Now, load a dynamic protocol in the microwave [1-LM]. Set the temperature to 120 degrees Celsius, the time to 10 minutes, the pressure to 250 psi, and the power to 240 watts [2-MED-over the shoulder].

3.4.1. 58269_Herranz_LM_3.4.1_A.jpg and 58269_Herranz_LM_3.4.1_B.jpg. If not possible to show both images, show the second image only. 
3.4.2. Talent sets the parameters in the microwave display. Show settings in frame if possible.
3.5. Add 1 milliliter of hydrazine hydrate to the reaction mixture [1-MED]. Then, start the microwave protocol [2-MED-over the shoulder].

3.5.1. Talent adds hydrazine hydrate to reaction mixture in the microwave-adapted flask.

3.5.2. Talent pushes the start button on the microwave.
3.6. In the meantime, rinse a gel filtration desalting column with 20 milliliters of distilled water [1-MED].
3.6.1. Talent adds distilled water to column and collects flow-through from column in flask.
3.7. Once the protocol is finished and the flask cooled to room temperature, pipette 2.5 milliliters of the final mixture onto the column and discard the flow-through [1-MED-over the shoulder].
3.7.1. Talent adds the final mixture to column and collects the flow-through from column in a flask to be discarded.
3.8. Then, add 3 milliliters of distilled water to the column and collect the nanoparticles in a glass vial [1-MED].
3.8.1. Talent adds water to column and collects nanoparticles from column in vial.
4. Analysis of 68Ga Core-doped Iron Oxide Nanoparticles (68Ga-C-IONP)
4.1. To measure the hydrodynamic size of the 68Ga-C-IONP (pronounced gallium 68 nanoparticles), pipette 60 microliters of the sample into a cuvette and perform three dynamic light scattering measurements per sample [1-MED-over the shoulder-TXT].  

4.1.1. Talent adds sample to cuvette, places cuvette in instrument, and starts the measurement. TEXT: Repeat with several batches to ensure reproducibility.
4.2. To assess the colloidal stability of the 68Ga-C-IONP, incubate 500 microliters of sample in different buffers at 37 degrees Celsius for different times, ranging from 0 to 24 hours [1-MED-TXT]. At the selected times, transfer 60-microliter aliquots to cuvettes and measure their hydrodynamic size [2-MED-over the shoulder].
4.2.1. Talent prepares sample and buffer mixtures. TEXT: PBS, saline, mouse serum. Video Editor: overlay should appear at mention of “different buffers”.

4.2.2. Talent adds aliquots to cuvettes, places cuvettes in instrument, and starts the measurement. 
4.3. To obtain a gel filtration radio-chromatogram, fractionate the elution from the size-exclusion column into 500-microliter aliquots during the gel-filtration purification step [1-MED]. Then, measure the radioactivity present in each aliquot using an activimeter [2-MED-over the shoulder].  
4.3.1. Talent collects aliquots in vials.
4.3.2. Talent places samples in instrument and starts the measurement in the computer.
4.4. To determine the radiochemical stability, incubate the 68Ga-C-IONP in mouse serum for 30 minutes at 37 degrees Celsius [1-MED-TXT]. After incubation, purify the nanoparticles by ultrafiltration [2-MED-over the shoulder]. Then, measure the radioactivity present in the nanoparticles and filtrate [3-MED-TXT].  
4.4.1. Talent mixes nanoparticles and serum and places sample in thermomixer. TEXT: Repeat 3x.

4.4.2. Talent adds nanoparticles to filter and places sample in centrifuge.
4.4.3. Talent places samples in instrument and starts the measurement. TEXT: No activity should be detected in different filtrates.

5. Results: Characterization of 68Ga Core-doped Iron Oxide Nanoparticles
5.1. Hydrodynamic size data for the 68Ga-C-IONP revealed a narrow size distribution and mean hydrodynamic size of 7.9 nanometers [1-LM]. Measurements of five different syntheses proved method reproducibility [2-LM]. 

5.1.1. 58269fig2.jpg: Video Editor: Zoom into figure a and highlight the middle of the peak.

5.1.2. 58269fig2.jpg: Video Editor: Continue zooming into figure a.

5.2. The hydrodynamic size of 68Ga-C-IONP incubated in different media from 0 to 24 hours showed no significant changes, meaning the sample is stable in different buffers and serums [1-LM].

5.2.1. 58269fig2.jpg: Zoom into figure b.

5.3. Because of the fast heating achieved using microwave technology, nanoparticles present ultra-small core sizes of about 4 nanometers [1-LM]. Electron microscopy images revealed homogeneous core sizes and the absence of aggregation [2-LM]. 
5.3.1. 58269fig2.jpg: Video Editor: Zoom into figure c and highlight the middle of the 68Ga-C-IONP peak.

5.3.2. 58269fig2.jpg: Video Editor: Zoom into figure a.
5.4. The 68Ga-C-IONP gel filtration chromatogram shows a main radioactivity peak corresponding to the nanoparticles, and a reduced peak corresponding to free 68Ga (pronounced gallium 68) [1-LM]. The radiolabeling yield was 92 percent, which translates into a specific activity relative to 7.1 gigabecquerel per millimole of iron [2-LM].  
5.4.1. 58269fig2.jpg: Video Editor: Zoom into figure d. Highlight main 68Ga-C-IONP peak and then highlight smaller 68GaCl3 peak when mentioned in voiceover.
5.4.2. 58269fig2.jpg: Video Editor: Continue zooming into figure d.

5.5. An excellent longitudinal value of 11.9 and a modest relaxation value of 22.9 were obtained for five 68Ga-C-IONP syntheses, yielding an average ratio of 1.9, meaning 68Ga-C-IONP is ideal for T1-weighted MRI [1-LM]. 
5.5.1. 58269fig2.jpg: Video Editor: Zoom into figure e. Highlight blue mark above r1 at mention of “an excellent longitudinal value of 11.9” and blue mark above r2 at mention of “a modest relaxation value of 22.9”. Highlight blue mark above r2/r1 at mention of “yielding an average of 1.9”.

5.6. MR phantom images at different 68Ga-C-IONP concentrations show an increase in the iron concentration and positive contrast [1-LM]. An increasing iron concentration implies an increasing 68Ga concentration, and the PET signal is increasingly intense [2-LM]. 
5.6.1. 58269fig2.jpg: Video Editor: Zoom into figure f and highlight MR and [Fe] rows.
5.6.2. 58269fig2.jpg: Video Editor: Continue zooming into figure f and highlight PET row.
6. Conclusion (said by authors on camera)

6.1. Irene Fernández-Barahona: The use of microwave technology allows for the rapid and reproducible synthesis of iron oxide nanoparticles for multimodal imaging. [This step connects to Figure 1].
6.2. Fernando Herranz: Following this procedure, we have produced a versatile tracer for multimodal imaging that can be used to perform targeted molecular imaging experiments for PET, T1-MRI or hybrid approaches.
6.3. Irene Fernández-Barahona: After its development, this technique paved the way for researchers to explore the use of nanoparticle-based hybrid molecular imaging in fields like oncology or cardiovascular diseases.

6.4. Irene Fernández-Barahona: Don't forget that working with radioactive compounds can be extremely hazardous and radioprotection precautions should always be taken while performing this procedure.
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 are included in the email accompanying the finalized script.
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