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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials.  No


Current Protocol Length
Number of Steps: 16
Number of Shots: 34

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 


Authors: Statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Yang Wang: Our research focuses on using magnetic force to remotely control cell stimulation and investigate cellular responses in real time.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Yang Wang: This protocol can be applied in laboratory research to study how cells respond to magnetic force.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Chong Qi: This protocol allows researchers to monitor calcium signals in cells in real time during magnetic stimulation.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Are there any additional methods or analyses that can be performed following this procedure?
1.4. Chong Qi: Following this procedure, researchers can also study cell movement and differentiation under magnetic stimulation.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Yang Wang: Future studies can build on this work by identifying the optimal strength and pattern of magnetic stimulation for cell responses.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

Author: For better continuity and flow, Steps 4.3 and 4.4 in the script have been included from the unhighlighted portions of the manuscript.

2. Loading Schwann Cells with Magnetic Nanoparticles
Demonstrator: Yang Wang 

2.1. To begin with, obtain Schwann cells [1]. Seed the Schwann cells in imaging-compatible ibidi culture dishes and allow the cells to adhere and recover [2].
2.1.1. WIDE: Talent bringing the cells and placing them in the biosafety cabinet
2.1.2. Talent transferring the Schwann cells in an imaging-compatible ibidi culture dish and allowing the cells to adhere

2.2. Replace the existing medium with fresh culture medium containing 15 micrograms per milliliter of functionalized superparamagnetic iron oxide nanoparticles [1]. Incubate the cells for 12 hours at 37 degrees Celsius with 5% carbon dioxide to allow magnetic nanoparticle loading [2]. Inspect the cell morphology before proceeding [3].
2.2.1. Talent replacing the existing medium with a fresh culture medium containing 15 micrograms per milliliter of functionalized superparamagnetic iron oxide nanoparticles 
2.2.2. Talent placing the cells at 37°C with 5% CO₂ 
2.2.3. SCREEN: Cell morphology being inspected before proceeding
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/account/file-uploader?src=21863973 

2.3. Remove the nanoparticle-containing medium [1]. Wash the cells twice thoroughly with PBS containing 1 millimolar deferoxamine [2] and replace the wash solution with an imaging-compatible live-cell medium [3]. Confirm low extracellular-particle background before imaging [4].
2.3.1. Talent removing the nanoparticle-containing medium
2.3.2. Talent adding the PBS containing 1 mM deferoxamine in the cells to wash the cells 
2.3.3. Talent replacing the wash solution with an imaging-compatible live-cell medium
2.3.4. SCREEN: The culture being inspected to confirm low extracellular-particle background

3. Integration of the Electromagnet with Confocal Imaging
Demonstrator: Chong Qi 

3.1. Place the electromagnet at its pre-calibrated position within the live-cell culture chamber [1]. Install the live-cell culture chamber on the confocal microscope stage [2]. Place an empty ibidi culture dish inside the live-cell culture chamber and position it at the pre-calibrated stimulation location [3].
3.1.1. Talent placing the electromagnet device at the pre-calibrated position within the live-cell culture chamber 
3.1.2. Talent installing the live-cell culture chamber on the stage of the confocal microscope 
3.1.3. Talent placing an empty ibidi culture dish inside the live-cell culture chamber and positioning it at the pre-calibrated stimulation location

3.2. Energize the electromagnet according to the preset parameters [1]. Position the digital Gaussmeter probe near the bottom of the empty ibidi culture dish and verify the effective magnetic field gradient exposure within the culture dish area [2]. Confirm that the objective lens reaches the focal plane without interference and the device does not obstruct objective positioning or stage movement [3].
3.2.1. Talent energizing the electromagnet by adjusting the current on the power supply 
3.2.2. Talent positioning the digital gaussmeter probe close to the bottom of the empty ibidi culture dish and verifying the magnetic field 
3.2.3. Talent moving the objective lens and microscope stage to confirm that the objective can reach the focal plane without interference, and the objective positioning and stage movement are unobstructed

3.3. To compensate for heat generated during electromagnet operation, adjust the temperature settings of the live-cell chamber components, including the water bath, top heater, lens heater, and stage heater, to maintain an internal environment of 37 degrees Celsius and 5% carbon dioxide [1]. Add culture medium pre-warmed to 37 degrees Celsius to the empty ibidi culture dish and immerse a temperature probe in the medium [2]. Confirm stable system operation by monitoring the temperatures of the live-cell chamber components and culture medium, ensuring that the culture medium remains at approximately 37 degrees Celsius [3].
3.3.1. Talent adjusting the temperature settings of the water bath, top heater, lens heater, and stage heater
3.3.2. Talent adding pre-warmed culture medium to the empty ibidi culture dish and immersing a temperature probe in the medium
3.3.3. Talent monitoring the temperature-probe reading and live-cell chamber component temperatures to confirm stable operation

4. Functional Calcium Imaging in Living Cells
Demonstrator: Yang Wang 

4.1. Add Krebs-Ringer's solution at pH 7.4 containing 3 micromolar Fluo-4 AM (Floo-four-A-M) and 0.1 percent Pluronic F-127 (F-one-twenty-seven) to the cells [1-TXT]. Incubate the cells at 37 degrees Celsius for 30 minutes [2].
4.1.1. Talent adding the 3 micromolar Fluo-4 AM and 0.1% Pluronic F-127 to the cells
TXT: Fluo-4 AM: Acetoxymethyl ester form of Fluo-4
4.1.2. Talent placing the culture in the incubator at 37 °C

4.2. After incubation, wash the cultures twice with PBS [1]. Replace the cell-free ibidi culture dish on the live-cell imaging platform with the cell-containing ibidi culture dish and position it at the same pre-calibrated stimulation location[2].
4.2.1. Talent washing the cultures twice with PBS
4.2.2. Talent replacing the cell-free ibidi culture dish with the cell-containing ibidi culture dish and positioning it at the same pre-calibrated stimulation location

4.3. Using the positioning grid on the bottom of the ibidi culture dish, image five predefined locations [1]. For fluorescence quantification, divide each imaging field into 25 equal regions and select 0 to 3 cells from each region based on the cell density within that region [2].
4.3.1. SCREEN: 5th predefined imaging location being imaged using the positioning grid on the bottom of the ibidi culture dish
4.3.2. SCREEN: 25th equal region being created from the imaging field, followed by selection of 0 to 3 cells from that region based on cell density

4.4. Select a cell-free region for background measurement [1]. Define the complete outline of an individual cell as the region of interest [2]. Subtract the mean background fluorescence intensity from each region-of-interest value [3]. Monitor the magnetically induced calcium response as the change in fluorescence intensity within each region of interest [4].
4.4.1. SCREEN: A cell-free region being selected for background measurement
4.4.2. SCREEN: The complete outline of an individual cell being defined as the region of interest
4.4.3. SCREEN: Mean background fluorescence being subtracted from the region-of-interest values
4.4.4. SCREEN: The change in fluorescence intensity being monitored for one representative region of interest

5. Time-Lapse Imaging and Magnetic Stimulation
Demonstrator: Chong Qi 

5.1. Set the time-lapse imaging parameters to an acquisition interval of 2.1 seconds per frame, a total acquisition duration of 650 seconds, and standard high-resolution optical-section imaging using 1 Airy unit [1].
5.1.1. SCREEN: The time-lapse imaging parameters being set to an acquisition interval of 2.1 seconds per frame, a total acquisition duration of 650 seconds, and standard high-resolution optical-section imaging using 1 Airy unit

5.2.  During cellular imaging, continuously acquire images for 50 seconds without a current input to record the intracellular calcium fluorescence intensity in the absence of magnetic force stimulation [1]. Normalize the fluorescence intensity recorded during the first 50 seconds and define it as the baseline fluorescence intensity [2].
5.2.1. SCREEN: Images being continuously acquired for 50 seconds without a current input 
5.2.2. SCREEN: The fluorescence intensity recorded during the first 50 seconds being normalized and defined as the baseline fluorescence intensity

5.3. Apply a constant current input of 3.0 amperes to the electromagnet to expose the Schwann cells loaded with magnetic nanoparticles to a gradient magnetic field of 3.25 teslas per meter [1]. Continue time-lapse imaging for 10 minutes to record stimulated intracellular calcium fluorescence [2].
5.3.1. Talent applying a constant current input of 3.0 amperes to the electromagnet 
5.3.2. SCREEN: Time-lapse images being continuously acquired for 10 minutes to record the stimulated intracellular calcium fluorescence intensity
 
5.4. After acquisition, calculate the change in fluorescence intensity relative to the baseline [1].
5.4.1. SCREEN: Change in fluorescence intensity relative to the baseline being calculated
Authors: Step 5.4 has been added to better connect the protocol with the Results section.




Results
6. Results 

6.1. Under magnetic stimulation mediated by functionalized superparamagnetic iron oxide nanoparticles, Schwann cells showed an increase in fluorescence relative to baseline [1].
6.1.1. LAB MEDIA: Figure 4D. Video editor: Please highlight the fluorescence curves from the baseline region on the left to the increased fluorescence region following stimulation

6.2. The change in calcium ion fluorescence intensity in the magnetic stimulation group was significantly higher than in the normal control group [1], the functionalized superparamagnetic iron oxide nanoparticle control group [2], and the gradient magnetic field control group [3].

6.2.1. LAB MEDIA: Figure 4E. Video editor: Please highlight the bar labeled as “Normal” group and the “f-SPIONs+GMF” group
6.2.2. LAB MEDIA: Figure 4E. Video editor: Please highlight the bar labeled as the “f-SPIONs” group and the “f-SPIONs+GMF” group
6.2.3. LAB MEDIA: Figure 4E. Video editor: Please highlight the bar labeled as “GMF” group and the “f-SPIONs+GMF” group
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