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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _N__ 
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __Y__


(If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.)
C.
Which steps of your protocol will viewers benefit most from having filmed?  Sections 5-7
E.
Will the filming need to take place in multiple locations? (Y/N) _N_
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):   
The overall goal of this procedure is to use two dimensional mixed magnetic detection scans to analyze thin biological samples containing nano-magnetic particles. 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hyobong Hong: This method can help answer key questions in the fields of biochemistry and medical diagnosis, such as the analysis of tissue sections employing nano-magnetic particles as labeling compounds. 

1.1.1. TEXT: nano magnetic particle (NMP)
1.2. Hyobong Hong: The main advantage of this technique is that it allows imaging of the nano-magnetic particle distribution.   
1.3. Hyobong Hong: Demonstrating of the procedure will be Eul-Gyoon Lim, Jae-chan Jeong and Jiho Chang, three researchers from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Instrumentation
2.1. The p-FMMD measurement head should be designed in accordance with the text protocols.  Details are given on all the wiring and coiling specifications. [LM/TEXT]

2.1.1. Fig 1, TEXT: Planar Frequency Mixing Magnetic Detection (p-FMMD)

2.2. Assembly and set up are detailed in the text protocol. This includes adjustment of the high frequency balance and the induced voltage. [LM]

2.2.1. Fig 2

2.3. Next, the measurement electronics are set up, [1.WID] which includes the excitation section, the low and high frequency driver sections and the detection section of the FMMD. [2.MED]

2.3.1. establish the talent working with the FMMD, configuring the electronics

2.3.2. representative actions that take place while the electronics are set up, 1 of 3

2.4. Following this, the preamplifier, first demodulator, intermediate amplifier with filtering, [1.CU] second demodulator and final amplifier with filtering are all set up. [2.MED]

2.4.1. representative actions that take place while the electronics are set up, 2 of 3

2.4.2. representative actions that take place while the electronics are set up, 3 of 3
Videographer and authors, the last three shots are general actions that introduce the idea of how the set up and configuration will occur when the details are followed.  So, plan to show three of the steps that would look different from each other in terms of instruments in use and activities taking plate.
2.5. Finally the 2D scanner is mounted and interfaced with a computer control. [MED]

2.5.1. talent mounts the scanner to the system and/or adjusts mounted scanner and works on computer to set it up
3. Sample Preparation 
3.1. For this procedure, [1.WID] have magnetite particles with diameters of 50 nm and 100 nm [2.CU] and maghemite particles of 1 micron diameter. [3.CU]

3.1.1. establish talent at bench with particles solutions

3.1.2. detail of two magnetite stock solutions

3.1.3. detail of maghemite stock solution

3.2. Wash the particle stock solutions in water [1.MED] and collect the particles using a magnet. [2.ECU] Discard the water and wash them each two more times. [3.CU/TEXT]

3.2.1. adding water to one of the stock solutions

3.2.2. attracting beads out of solution using a magnet, show beads collecting discarding the water, removing magnet, and showing beads without water 
3.2.3. discarding the water, removing magnet and adding more water to beads, TEXT: Wash 3X
3.3. Then, dilute the particles into 25 mg per mL solutions using distilled water. [MED]

3.3.1. diluting one of the three particles to the specified concentration in water
3.4. From the 100 nm particle solution, make a 5-fold dilution series [1.MED] for concentrations of 5, 1, 0.2 and 0.04 mg per mL. [2.MED]

3.4.1. setting up the flasks for the dilution series and making the first dilution

3.4.2. completing the dilutions, five concentrations in all, use labels for the beakers to emphasize the concentrations

3.5. Next, punch out pieces of absorptive blotting paper using a biopsy punch. [CU/TEXT]

3.5.1. making paper punches, show how many are made, roughly, TEXT: 2.0 mm ø

3.6. Then, soak the paper punches in the different [1.MED] 100 nm particles solutions for 30 seconds. [2.CU]

3.6.1. adding paper punches to three of the 100 nm particles solutions

3.6.2. adding paper punches to the other two 100 nm particles solutions

3.7. After the soak, let the paper punches air dry. [CU]

3.7.1. removing the paper punches from solution and setting them up to dry

3.8. Next, prepare cut out pieces of nitrocellulose that are two by eighteen millimeters. [MED/TEXT]
3.8.1. cutting out two pieces of nitrocellulose membrane, TEXT: 2.0 x 18.0 mm

3.9. Soak one piece of nitrocellulose in undiluted, 1 micron diameter particle solution [1.MED] for 10 to 15 seconds and blow dry using unheated air. [2.MED]

3.9.1. pouring bath of particle solution (if needed) and setting nitrocellulose into bath

3.9.2. removing nitrocellulose from bath and blow drying it

3.10. Soak the other piece of nitrocellulose in two solutions of different concentrations [1.MED] to make a concentration gradient and dry it like the other. [2.CU]

3.10.1. pouring two baths of particles, show the concentrations used for each bath on the labels of the solution flasks

3.10.2. setting nitrocellulose to span the two baths removing nitrocellulose from bath and blow drying it
3.11. Lastly, using capillary action, load a capillary tube [1.MED/TEXT] with 30 µL of undiluted 50 nm diameter particle solution. [2.ECU]
3.11.1. selecting capillary tube from stock and preparing to draw solution into it, TEXT: 400 µm o.d., 40 mm length

3.11.2. dipping tip of capillary into solution and show solution climb up to 30 µL mark
3.12. Then, load a second capillary with 10 µL of a 20X dilution of the same particles. [MED/TEXT]

3.12.1. loading a capillary with 1.25 mg / mL solution of 50 µm particles, show concentration on label, and show how the two loaded capillaries are stored, TEXT: 1.25 mg / mL
4. p-FMMD Scanning
4.1. The scanning direction should be the shorter of the two planar dimensions. [MED]

4.1.1. setting up a sample on the scanner bed, so it is scanned across its wider part

4.2. Set the starting point and scan length using the ruler marks on the palette. [CU]

4.2.1. talent points out the ruler marks on the palette that need to be used

4.3. Enter these values in the scanning software. [LM]
4.3.1. To be provided by the authors: SCREEN CAPTURE of performing the above action(s)

4.4. Then, set the scan offset to be a little smaller than the achievable spatial resolution. [LM]
4.4.1. To be provided by the authors: SCREEN CAPTURE of performing the above action(s)

4.5. Next, set the scanning speed with consideration of the signal reduction that occurs due to low-pass filtering.  Use a value between 1 and 7 mm per second. [LM]
4.5.1. To be provided by the authors: SCREEN CAPTURE of performing the above action(s)

4.6. Now, set the stepping distance. The total scanning time is calculated using a formula that is provided in the text protocol. [LM]
4.6.1. To be provided by the authors: SCREEN CAPTURE of performing the above action(s)

4.7. Before scanning, secure the sample with adhesive tape. [CU] 
4.7.1. Taping down to plastic plate of scanner
4.8. For the scan, generate an NVD file for the motion control program. [LM]
4.8.1. To be provided by the authors: SCREEN CAPTURE of performing the above action(s)

4.9. Open the PMC motion control program and load the NVD file.  Press the Home button to set the mechanical origin points.  [LM]
4.9.1. To be provided by the authors: SCREEN CAPTURE of performing the above action(s)

4.10. Close the motion controller program and return to the scanner program.  Then, execute the scans. [LM]
4.10.1. To be provided by the authors: SCREEN CAPTURE of performing the above action(s)
4.10.2. [added] executing the scanner, scanning the sample [CU]
5. Results: p-FMMD Scans
5.1. For these scans, signal intensity was analyzed as a function of the concentration of magnetic beads and the scanning speed was 10 mm per minute.  A strong correlation was found between the bead concentration and signal. 

5.1.1. Fig 6a – editor, draw up this graph, axis/scale and labels first, then data

5.2. The relationship between the speed of the scanning stage and the signal intensity was checked using paper pellets soaked with magnetic beads.  Higher signals were obtained at lower scanning speeds.

5.2.1. Fig 6b – editor, draw up this graph, axis/scale and labels first, then data

5.3. Comparing the p-FMMD scan with an optical image of nitrocellulose membrane sample clearly showed the utility of p-FMMD as an MPI scanner. The broadness of the scan is due mainly to the sensitivity profile of the measurement head. 

5.3.1. Fig 7a+b – when the broadness is mentioned, draw two bars showing the width of the color scans at their peaks, then slide the two bars over next to the photo, to show the scans were thicker

5.4. Similarly, two capillaries filled with different magnetic particle concentrations were photographed and scanned by p-FMMD.  Clearly, concentrations differing by a factor of 20 are easily distinguished.
5.4.1. Fig 8a+b
6. Conclusion (said by authors on camera)
6.1. Hyobong Hong: After watching this video, you should have a good understanding of how to analyze thin samples containing nano-magnetic particles with the FMMD technique.

6.2. Hyobong Hong: Once mastered, this technique can be done in about an hour if it is performed properly.
6.3. Hyobong Hong: After its development, this technique paved the way for researchers in the field of biochemistry and medical diagnostics to explore the distribution of nano-magnetic particles that label site-specific antibodies in organ system.
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.

Misc. Notes

1) Fig 5 & 6 : The pictures were taken using the same samples of the manuscript to match them each other ( manuscript and pictures taken the during the filming) 
2) Filming of 2D FMMD scanning ( 4. 2D FMMD Scanning in Script and 6. Perform 2D Scan in manuscript) contains more steps than manuscript. The filming (mostly screen capturing) was based on the script.  
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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