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Authors: Please fill out the Procedure Highlights and Critical Steps in the summary below.
[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
[bookmark: Text4]Steps 3.2, 3.6, 3.7, and 4.1
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
[bookmark: Text3][bookmark: _GoBack]Step(s) 3.5 and 3.7: It is not so difficult but may take some time to adjust the optical axis and the distance between the coil and sphere to obtain appropriate absorbance images because the optimal conditions depend on heating and imaging systems. However, this adjustment is needed only in the first experiment.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

[bookmark: Introduction]1. Introduction (Experimental Goal and Author Interviews)
Authors: The introduction presents the goal and significance of your method to the viewer. 
The introduction is limited to 150 words in total. The goal statement is limited to 40 words. Each author may give one statement in the introduction. Each author statement is limited to 30 words.
- Please do not write in this space -
A. [Required] Experimental Goal (Spoken by voice talent at JoVE.)
Authors: Please describe the overall goal of your protocol in no more than 40 words.

The overall goal of this experiment is to measure temperature distributions near a heated small sphere or point heat source located inside water and non-turbid aqueous media. (JoVE Intro)

[bookmark: IntroStatements]B.  [Required] Interview Statements (Said by you on camera. Don’t forget to smile!)  
Authors: Please complete the following two statements about the significance of your protocol and fill in the names of the speakers. Each author may give only one statement in the introduction unless only one author will speak in the video.

Please limit each statement to 30 words. You may modify the prompts to suit your protocol.
1.1. Naoto Kakuta: This method will be very helpful for researching local heating inside media, such as hyperthermia researches using magnetic particles. The main advantage of this technique is that it is easy to setup and implement.

C.  [Optional] Statements for Additional Authors (Said by you on camera. Don’t forget to smile!)
Authors: These optional statements allow additional authors to help introduce your protocol. Please remember that the introduction (sections A-D) cannot exceed 150 words and that each author may give only one statement in the introduction.

Please limit each statement to 30 words. You may modify the prompts to suit your protocol.
1.2. Author C: The implications of this technique extend toward therapy, diagnosis, production, imaging, etc. of __________ because __________.
1.3. Author D: Though this method can provide insight into ____________, it can also be applied to other systems, techniques, models, reactions, etc., such as ____________.
1.4. Author E: Generally, individuals new to this method struggle because ____________.
1.5. Author F: (Specific step/technique) is/are difficult to learn without visual demonstration because _____________.
1.6. Author G: Visual demonstration of this method is critical as (steps/techniques) is/are difficult to learn without it, and (briefly describe why those steps are essential to success).

Authors: Goal and interview statements will be edited to conform to length restrictions. Please note that you will be asked to discuss your protocol further in the conclusion. To explain the background or essential technique for one or two steps of your protocol, please see the optional Author Protocol Interview section.

D. [Conditional] Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
Authors: Please fill out this section ONLY if one or more demonstrators have not given a statement in sections B or C. Please limit this section to 30 words.
1.7. Naoto Kakuta: Demonstrating the procedure will be made by (Keisuke Nishijima), a grad student, and (Van Cuong Han), a grad student, from my laboratory.
1.7.1. (Naoto Kakuta) speaks towards the camera, interview style.
1.7.2. (Keisuke Nishijima and Van Cuong Han) look up from workbench and acknowledges the camera.
[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
[bookmark: _Ref471483340]Authors: This is the script of the instructions for your protocol. To ensure that filming lasts only one day, the instructions are restricted to 30 steps. Each step is limited to 3 lines of voice-over text. The video article focuses on the aspects of the procedure benefitting from visual demonstration, but all essential steps must be mentioned.
2. Sample Preparation
2.1. To prepare a water or aqueous liquid sample, first use a small quantity of glue to fix a 2.0-mm-diameter steel sphere to the end of a thin plastic string or rod. (TEXT: 1.5% Cr, 1.0% C, 0.4% Mn <- This composition information about steel is not important. The author think that it may be deleted.)
Authors: What kind of glue do you use? (e.g., quick-drying water-insoluble epoxy) Do you have a recommended maximum amount of glue? (i.e., should the glue not cover very much of the sphere?)
<- Quick-drying glue (Aron Alpha; Toagosei, Japan, which is called Krazy glue in the US). The amount of glue should be as less as possible to maintain the shape of sphere and not to change heat transfer rate to water.  
Authors: Do you have a preferred type of plastic for the string/rod? Do you have a preferred length for the string or rod?
<- Any type of material except metal can be used for string. We use a 100-μm-diameter fluorocarbon string, which is a fish line. Its length is about 22 mm from the top of the cell so that the sphere is located in the center of the cell.
2.2. Hang the steel sphere at the center of a rectangular glass cell with an optical path length of 10.0 mm. (TEXT: 10.0 mm x 10 mm x 45 mm) Carefully pour filtered water into the cell, avoiding the formation of air bubbles.
Authors: How do you usually hang the string or rod over the glass cell?
<- The string is threaded through the center hole of a plastic cap (Teflon; 12 mm x 12 mm x 4 mm) for the glass cell, and fixed by scotch tape (see 57407_Kakuta_string_sample.pdf and 57407_Kakuta_cell-string-sphere.jpg).
Authors: What kind of filter is used for the water? (i.e., is it ultrapure/Millipore water?)
<- Water is poured by a syringe and tube between which a syringe filter (Millex-SLGV033RS, Millipore) is set (see 57407_Kakuta_filter.jpg).
2.3. To prepare an aqueous gel sample, first heat the aqueous gel until its viscosity is sufficiently reduced to be poured smoothly.
2.4. Use a syringe to half-fill a rectangular glass cell with an optical path length of 2.0 mm with the heated gel. (TEXT: 2.0 mm x 10 mm x 45 mm) Allow the gel to cool.
2.5. Then, place a 0.5-mm-diameter steel sphere at the center of the gel surface. Fill the rest of the cell with heated aqueous gel in the same way and allow it to cool.
2.6. Once the aqueous liquid or gel sample has been prepared, place the cell in a plastic holder. Mount the holder on the optical rail of the NIR imaging system.
3. Near-IR (NIR) Imaging System Preparation
3.1. To begin preparing the NIR imaging system, equip a halogen lamp with a fiber light guide. Fix the end of the fiber light guide in a holder on the optical rail in line with the sample cell.
3.2. Place a narrow bandpass filter with a transmittance peak at either 1150 nm or 1412 nm between the fiber light guide and the cell. At 1150 nm and 1412 nm, the water absorbance increases as water temperature increases. Place a bandpass filter with a wider transmission range between the halogen lamp and the narrow bandpass filter. 
3.2.1. Figure 1: Viewers can understand why the wavelengths of 1150 nm and 1412 nm are chosen in the NIR region.
3.3. Mount an iris diaphragm between the narrow bandpass filter and the cell holder. Then, set up a NIR camera in line with the sample cell. Fix a telecentric lens between the cell and the camera.
Authors: Is this lens object-space telecentric or doubly telecentric?
<- It is object-space telecentric. 
3.4. Turn on the NIR camera, ensure that the camera is connected to a computer, and open the image acquisition software. Turn on the halogen lamp and adjust the output power based on the image displayed on the monitor.
3.5. Adjust the axis, position, and focus of the telecentric lens to obtain a finely-detailed image of the steel sphere.
3.6. Then, prepare an induction heating system consisting of a high-frequency generator, a water-cooled coil, and a water chiller. Mount the coil on an XYZ movable stage.
3.7. Position the coil over the sample cell so that the distance between the center of the coil and the steel sphere is approximately 15 mm. Ensure that no other metal components are near the coil.
4. Induction Heating and Image Acquisition
4.1. Turn on the water chiller for the induction heater and start the water circulation. Once the heater is ready to use, start recording images in the image acquisition software and start the induction heater.
4.1.1. 57407_Kakuta_NIR-imaging-software.mp4: Screen capture video of the image acquisition software. This video covers 4.1, 4.2, and 4.3.
4.1.2. 57407_Kakuta_Heating-software.mp4: Screen capture video of the induction heating control software.
Authors: Will the water circulation be controlled by the induction heater software or is it manually controlled on the chiller?
<- It is manually controlled on the chiller; however, the chiller has no controller of temperature and flow rate (see 57407_Kakuta_Induction-heater&Chiller.jpg). Water at room temperature is just supplied to the induction heating system at constant pressure. 
Authors: Do you have any suggested parameters for the image acquisition? (e.g., exposure time)
<- Frame rate is set to be 30 frames/s, which is the maximum rate for the image acquisition system. Camera integration time (which corresponds to exposure time) is 33.2 ms, which is the maximum set value in the case of 30 frames/s. Because the intensity of light transmitted through the NBPF and water layer is not strong, the camera integration time should be as large as possible.
4.2. Acquire images for the desired length of time. When finished, stop the image acquisition and the induction heating.
4.3. Save the images in a non-compressed format, such as a TIFF sequence. Determine the absorbance difference in the images and estimate the temperatures.
4.4. Convert the saved images of transmitted light intensity to the absorbance difference images. The temperature can be estimated from these images. 
4.4.1. 57407_Kakuta_Tiff-to-abs.mp4: Screen capture video of converting the acquired sequence Tiff images to the absorbance difference images using ImageJ.
Authors: When you return the revised script, please also attach screenshots (still images) of the image acquisition software and the induction heater software to your reply email.
<- See 57407_Kakuta_NIR-imaging-software.bmp and 57407_Kakuta_Heating-software.bmp.
[bookmark: AuthorProtInterviews]OPTIONAL: AUTHOR PROTOCOL INTERVIEWS
Authors: You may provide a brief statement about the single most critical step of the procedure. If there are two critical steps, you may provide two statements, but this is the maximum. Please limit each statement to 40 words.

This will be an interview shot following the listed step of the protocol. Please specify who will speak these parts and the step that each statement should accompany.
Optional interview statement 1: Keisuke Nishijima, Step 2.2: Air bubbles and suspended particulates should be reduced as much as possible in advance to obtain clear images and estimate temperature.
Optional interview statement 2: Van Cuong Han, Step 3.5: The optical axis adjustment is important for achieving the telecentric optical system, and should be carefully made through looking at images.

RESULTS (Spoken by voice talent at JoVE; animated by video editor at JoVE.)
Authors: The representative results section presents the outcome and validation of your procedure. For example, cell culture preparation results would show the cells at various time points following culturing. Imaging preparation results would include examples of your imaging experiments.

The results section is limited to 200 words. Please review the narration and proposed animations to ensure that they correctly summarize your results and appropriately highlight the relevance of your procedure.
5. Results: Temperature Profiles of Spherical Heat Sources in Water and Maltose Syrup
5.1. The increase in water temperature around an induction-heated 2-mm-diameter steel sphere was observed as a circularly-symmetric change in absorbance with respect to the NIR image prior to heating. Free convection was observed after 1.2 seconds of heating, suggesting a transition from a pure thermal conduction regime to a free convection regime.
Authors: Do you have images or figures illustrating the presence/absence of free conduction in the water and gel samples? If so, please upload them to your project folder at https://www.jove.com/account/file-uploader?src=17509183. Please see the Provided Media section for more information about uploading files for the video.
5.1.1. 57407_Kakuta_Figure5a-movie.avi. 
5.1.2. Figure 5a (<- images in the accepted manuscript).
5.2. Similar effects were observed around an induction-heated 0.5-mm-diameter steel sphere in maltose syrup at three different induction heating powers. The radius and magnitude of the change in absorbance increased with increasing power. Free convection was not observed after 1.2 seconds.
5.2.1. 57407_Kakuta_DA10.avi, 57407_Kakuta_DA30.avi, and 57407_Kakuta_DA50.avi.
5.2.2. Figure 6a (<- images in the accepted manuscript).
5.3. In the water sample, the magnitude of the change in absorbance over time was greatest close to the sphere. This pattern was not observed in the gel sample. Only two or three Gaussian functions were needed to achieve a good fit for the relationship between absorbance and the radius in the image plane. (<- deleted) A combination of two or three Gaussian functions can achieve a good fit for the relationship between absorbance and the radius in the image plane. Similar results are observed in the gel sample.
5.3.1. Figures 5b and 6b: Video editor: Add the caption ‘Water’ under 5a and the caption ‘Maltose Syrup (50% power)’ under 6b.
5.4. The fitted functions could can then be transformed into spherical temperature profiles of the change in temperature in the water and the gel, assuming that thermal conduction occurs in the radial direction and the temperature profiles are spherically symmetric. The temperature profiles confirmed that thermal conduction had occurred in the radial direction.
5.4.1. Figures 5c and 6c: Video editor: Add the caption ‘Water’ under 5c and ‘Maltose Syrup (50% power)’ under 6c.
Authors: Does the above description accurately reflect your results? See the instructions below to make changes.

Authors: The results section is limited to 200 words. All results described in detail must be illustrated. Please limit the narration to 3 lines per figure panel, table, or movie. Please remove ‘Figure 1’ and ‘a)’ labels from images, and include scale bars and legends.

Please use non-technical language to describe areas of figures or tables to be highlighted during the voice-over.	
Please provide the pronunciation of technical terms (phonemic or IPA) for the JoVE voice talent.

Upload new and modified files to your project folder. Please upload each figure panel separately. File naming conventions and preferred file formats are described in the Provided Media section.

Each image, table, or movie will be referenced with its file name in the final script. Your script editor will ensure that the narration and animation descriptions are correctly formatted. For example:

 5.  Results: Evaluation of Morpholino Injection and Knockdown
       5.1.    Representative results of both morpholino injection and mRNA injection are shown here. The    
    un-injected control at 48 h post-fertilization looks normal, as expected.
5.1.1. Figure 1 (01234_PIname_Figure1.tif): Non-technical description of areas of the figure to highlight.
       5.2.    However, embryos injected with the morpholino heg_e3i3_egfr1 (hegg E-3-I-3 E-G-F-R-1), which 
    knocks down Heg isoforms containing the first of two EGF-like repeats, exhibit brain edema.
5.2.1. Figure 2 (01234_PIname_Figure2.tif)
       5.3.    Injection of heart of glass mRNA also produced an obvious phenotype. At 24 h post-fertilization, 
    the heads of the un-injected controls look normal.
5.3.1. Figure 3 (01234_PIname_Figure3.tif)
       5.4.  Conversely, some of the embryos injected with the mRNA exhibit cyclopia.
5.4.1. Figure 4 (01234_PIname_Figure4.tif)

To see how the narration is paired with figures, please visit http://www.jove.com/video/1597/results-example-mably?status=a3603k. File names are not shown in the final video article.

6. Conclusion (Said by you on camera. Don’t forget to smile!)
Authors: The video will conclude with a brief overview of your discussion section. Please complete at least one of the statements below and indicate the names of the authors who will give the chosen statements. Please limit each statement to 40 words. You may modify the prompts to suit your protocol.
6.1. Keisuke Nishijima: The key devices for the temperature measurement are a near-infrared camera and a narrow-bandpass filter. 
6.2. Van Cuong Han: Once they are prepared, the procedure from setup to image acquisition is easily done by any researchers.
6.3. [bookmark: _Hlk479076977]Naoto Kakuta: This imaging technique will be applied not only to induction heating but also to various heating methods. Temperature and heat generation inside media, which have never been directly measured so far, can be revealed.
[bookmark: ProvidedMedia]Authors: Interview statements will be edited to conform to these length restrictions. I am happy to help if you have questions.

PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17509183

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


Authors: If you have trouble uploading your files or if you have questions about preparing files for the video, please contact me at tara.cass@jove.com, and I will be happy to help.

Back to Results

General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. You will receive detailed preparation instructions in the email accompanying the finalized script.
 2016, Journal of Visualized Experiments

