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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 
3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 500m, short drive, same campus. Parts 2.2 and 2.3 are done in a clean-room. We will film it as it is open to authorized personal and specific equipment. It is in the same building as the physics lab.
 


Current Protocol Length

Number of Steps:  20
Number of Shots:  51

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Orit Shefi: Our approach makes it possible to control neural network formation using magnetic manipulations. This is an effective tool for in-vitro studies of networks and offers novel therapeutic direction for biointerfacing devices. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Amos Sharoni: With this technique we can control both cells' location and growth at the micron scale, allowing flexible design of the magnetic pattern and thus the network organization. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Introduction of Demonstrator on Camera

1.3. Amos Sharoni: Demonstrating the procedures will be Ganit Indech, PhD student from my lab.   NOTE: Not sure what happened with this statement or whether Amos or Orit delivered it 
1.3.1. INTERVIEW: Author saying the above. (Ganit demonstrates protocols 2 and 3)
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.
1.3.3. Orit shefi: Demonstrating the procedures will be Reut Plen and Dafna Levenberg, master students from my lab.  
1.3.4. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.( (Reut and Dafna demonstrate protocols 4 and 5)



Protocol
2. Magnetic platform fabrication
2.1. To begin, cut glass slides into 2 by 2-centimeter pieces using a scriber pen [1]. Clean the glass slides in acetone and then isopropanol for 5 minutes each in an ultra-sonication bath [2], then dry them with ultra-high purity nitrogen [3].
2.1.1. Talent cutting a glass slide.
2.1.2. Slides in the ultra-sonication bath. 
2.1.3. Talent drying the slides. 
2.2. Coat the glass with photoresist using spin-coating at 6,000 rpm for 60 seconds to attain 1.5-micrometer thickness [1] and bake at 100 degrees Celsius for 60 seconds [2]. Expose the sample to a light source, using a photomask or mask-less lithography to achieve the desired pattern [3]. Videographer: This step is performed in a clean room in an alternate location.
2.2.1. Talent spin-coating the glass.
2.2.2. Talent putting the sample on the hot plate.
2.2.3. Talent exposing the sample to a light source.
2.3. Develop the sample for 40 seconds in a developer, diluted in distilled water according to the manufacturer’s instructions [1]. Then, wash it in water for 45 seconds [2] and dry it with UHP nitrogen gas [3]. Inspect the pattern under an optical microscope [4]. Videographer: This step is performed in a clean room in an alternate location.
2.3.1. Talent putting the sample in developer. 
2.3.2. Talent washing the sample. 
2.3.3. Talent drying the sample with nitrogen. 
2.3.4. LAB MEDIA: shot_2_3_4.jpg. NOTE: LAB MEDIA for 3.3.1, 2.6.4, and 2.3.4 is on AWS
2.4. Insert the sample into the load lock chamber of the deposition system and wait for base pressure [1]. Transfer the sample into the main chamber and set the sample at the appropriate height for deposition [2].
2.4.1. Talent inserting the sample into the load lock chamber. 
2.4.2. Talent transfer the sample into the deposition system.
2.5. Increase the power on each target until the desired rate is achieved. Turn on rotation, then deposit the FM (‘ferromagnetic’) multilayer, alternating between the cobalt-iron and palladium targets by opening and closing the target shutters, respectively. Deposit 14 bilayers of Cobalt-Iron/palladium, and finish with an additional palladium capping layer [2-TXT]. After deposition is complete, unload the sample from the deposition system [3].  
2.5.1. Talent increasing the power. TEXT: Pd Rate: 0.62 A/s = 1.0 nm in 16 s; Co80Fe20 Rate: 0.32 A/s, 0.2 nm in 6.25 s
2.5.2. Talent depositing the multilayer. TEXT: Pd Rate: 0.62 A/s = 1.0 nm in 16 s; Co80Fe20 Rate: 0.32 A/s, 0.2 nm in 6.25 s 
2.5.3. Talent removing the sample from deposition system.  
2.6. Soak the sample in acetone for 30 minutes [1] and rinse it with isopropanol [2]. Then, dry it with UHP nitrogen [3] and examine it under the microscope. Keep it in a clean and dry environment until use [4]. Videographer: This step is difficult!
2.6.1. Talent putting the sample in acetone. 
2.6.2. Talent rinsing the sample with isopropanol. 
2.6.3. Talent drying the sample with nitrogen. 
2.6.4. LAB MEDIA: shot_2_6_4.jpg. NOTE: LAB MEDIA for 3.3.1, 2.6.4, and 2.3.4 is on AWS
3. Characterization of magnetic device via transport measurements
3.1. Use a glass slide with a cross-shaped magnetic bar of 100-micrometer width, deposited with FM multilayers [1]. Attach the sample to the holder using double-sided tape [2].
3.1.1. Silicon substrate or glass slides with FM multilayers.
3.1.2. Talent attaching the sample to the holder with tape.
3.2. Use a wire bonder to bond 4 wires to the sample, one on each leg of the cross electrode [1]. Set the sample-holder and sample inside the transport measurement system with a magnetic field so that the magnetic field is perpendicular to the sample. Perform transverse voltage measurements as described in the text manuscript [2].
3.2.1. Talent bonding a wire to the sample.
3.2.2. Talent placing the sample holder in the transport measurement system.
3.3. Sweep the magnetic field and measure the transverse voltage as a function of the field. Plot the transverse resistance as a function the magnetic field to determine the anomalous Hall signal, which is proportional to the perpendicular magnetization in the film [1]. Videographer: This step is important!
3.3.1. LAB MEDIA: shot_3_3_1.mp4. 1:00 – 1:30. NOTE: LAB MEDIA for 3.3.1, 2.6.4, and 2.3.4 is on AWS


4. Cellular MNP uptake and viability
4.1. [bookmark: _Hlk45815599]Prepare basic growth medium and differentiation medium for PC12 cell culture as described in the text manuscript. Grow cells in a non-treated culture flask with 10 milliliters of basic growth medium, adding 10 milliliters of medium to the flask every 2 to 3 days. Sub-culture the cells after 8 days [1].
4.1.1. Talent taking cells out of the incubator.
4.2. [bookmark: _Hlk55197311]For cellular uptake, centrifuge the cell suspension for 8 minutes at 200 × g and room temperature [1], then discard the supernatant [2].
4.2.1. Talent putting the cells in a centrifuge and closing the lid. 
4.2.2. Talent removing supernatant. 
4.3. Resuspend the cells in 3 milliliters of fresh basic growth medium [1]. Centrifuge the cells again for 5 minutes, then discard the supernatant [2] and resuspend the cells in 3 milliliters of fresh differentiation medium [3].
4.3.1. Talent resuspending the cells, with the growth medium container in the shot. 
4.3.2. Talent removing supernatant from centrifuged cells. 
4.3.3. Talent resuspending the cells, with the differentiation medium container in the shot.
4.4. Aspirate the cells ten times using a syringe and a needle to break up cell clusters [1], then count the cells using a hemocytometer [2] and seed one million cells in a regular uncoated 35-millimeter dish [3].
4.4.1. Talent aspirating the cells. 
4.4.2. Talent counting the cells. 
4.4.3. Talent adding cells to a dish.
4.5. Add the calculated volume of MNP suspension and differentiation medium to the dish to achieve the desired MNP concentration [1]. Mix the cells, MNPs, and differentiation medium [2], then incubate the dish in a 5% carbon dioxide humidified incubator at 37 degrees Celsius for 24 hours [3]. Videographer: This step is important!
4.5.1. Talent adding MNP suspension and differentiation medium to the dish. 
4.5.2. Talent mixing the suspension. 
4.5.3. Talent putting the dish in the incubator.
5. Cell differentiation and growth on magnetic platform
5.1. Clean the patterned substrate with 70% ethanol [1] and place it in a 35-millimeter culture dish in the hood [2]. Place a large magnet below the patterned substrate for 1 minute, then remove it by moving the dish up and away and taking the magnet out of the hood [3+4]. Turn on the ultraviolet light for 15 minutes [5]. Videographer: This step is important!
5.1.1. Talent cleaning the substrate with ethanol. 
5.1.2. Talent placing the substrate in a culture dish. 
5.1.3. Talent placing a magnet under the substrate.  NOTE: This and next shot filmed together
5.1.4. Talent removing the magnet. 
5.1.5. Talent turning on the UV light. 
5.2. To prepare a collagen coated glass substrate, dilute collagen type 1 at a 1-to-50 ratio in 30% ethanol [1-TXT]. Cover the glass with the solution [2]. Videographer: This step is important!
5.2.1. Talent diluting collagen in ethanol. TEXT: 20 µL collagen: 1 mL 30% ethanol for 35 mm dish
5.2.2. Talent adding the collagen solution to a dish.
5.3. Leave the dish uncovered in the hood for 4 hours until all the solution evaporates [1], then wash it 3 times in sterile PBS [2].
5.3.1. Dish in the hood. 
5.3.2. Talent washing the dish with PBS. 
5.4. Remove the cells from the incubator, centrifuge the cell suspension for 5 minutes at 200 × g [1] and discard the supernatant [2]. Resuspend the cells in 1 milliliter of fresh differentiation medium, and count the cells using a hemocytometer [3]. Videographer: This step is difficult and important!
5.4.1. Talent putting the cells in the centrifuge. 
5.4.2. Talent discarding the supernatant. 
5.4.3. Talent resuspending the cells, with the differentiation medium container in the shot.
5.5. Seed 105 cells atop the substrate in a 35-millimeter culture dish and add 2 milliliters of differentiation medium [1]. Incubate the culture in a 5% carbon dioxide humidified incubator at 37 degrees Celsius [2]. Videographer: This step is important!
5.5.1. Talent seeding cells. 
5.5.2. Talent putting the cells in the incubator and closing the door.
5.6. After 24 hours, add 1 to 100 fresh murine β-NGF (‘beta-N-G-F’) to the cells. Renew the differentiation medium and add fresh β-NGF every 2 days. Image the cells every 2 days using light microscopy and perform immunostaining on the cells after network formation [1].
5.6.1. Talent renewing differentiation medium and adding β-NGF.


Results
6. Results: MNP-loaded PC12 cells on magnetic devices 
6.1. Magnetic platforms with different geometric shapes were fabricated [1] and fluorescent iron oxide MNPs were synthesized by nucleation. Magnetometric measurements of the MNPs showed that the magnetization curve had no hysteresis, a low saturation field, and relatively high magnetization saturation [2].
6.1.1. LAB MEDIA: Figure 1 A. 
6.1.2. LAB MEDIA: Figure 2 A. 
6.2. PC12 cells were incubated in medium mixed with iron oxide fluorescent MNPs, transforming them into magnetic units [1]. The MNPs were internalized into the cells' soma, but not into the nuclei [2]. The iron concentration inside the cells increased with the increase in MNP concentration in the medium [3].
6.2.1. LAB MEDIA: Figure 2 B. 
6.2.2. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the merge image. 
6.2.3. LAB MEDIA: Figure 2 C. 
6.3. The viability of MNP-loaded PC12 cells for different concentrations of MNPs was evaluated by comparing morphological parameters of MNP-loaded cells using Sholl analysis, showing no difference from control cells [1].
6.3.1. LAB MEDIA: Figure 3 A and B. 
6.4.  XTT- and resazurin-based assays confirmed that the evaluated concentrations of MNPs showed no significant cytotoxicity toward the cells [1].
6.4.1. LAB MEDIA: Figures 3 C and D. 
6.5. PC12 cells with and without MNP treatment were grown and differentiated on a magnetic substrate [1]. The magnetized cells were found to attach to the magnetic patterns and grow branches according to the patterns [2], while cells without MNP treatment grew with no affinity to the magnetic devices [3].
6.5.1. LAB MEDIA: Figure 4 A and B. 
6.5.2. LAB MEDIA: Figure 4 A and B. Video Editor: Emphasize A. 
6.5.3. Figure 4 A and B. Video Editor: Emphasize B. 
6.6. [bookmark: _Hlk54882117]Positioning of cells on a substrate with hexagonal geometry is shown here [1]. 75% of MNP-loaded cell bodies were in contact with the magnetic stripes [2], whereas only 35% of the un-magnetized cells were located on the stripes [3].
6.6.1. LAB MEDIA: Figure 4 C. 
6.6.2. LAB MEDIA: Figure 4 D. Video Editor: Emphasize the right bar. 
6.6.3. LAB MEDIA: Figure 4 D. Video Editor: Emphasize the left bar.
6.7. In addition to the cell-positioning effect, these magnetic platforms were found to control the directionality of the growing neurites [1]. 
6.7.1. LAB MEDIA: Figure 5 A. 
6.8. To evaluate the magnetic effect on neuronal growth directionality, the angle between the neurites and the magnetic stripes was measured, showing significant correlation with the magnetic stripes' orientation [1].
6.8.1. LAB MEDIA: Figure 5 B. 


Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Ganit Indech: An efficient and non-toxic MNP cellular uptake is crucial. To succeed, appropriate magnetic nanoparticles are needed. The important features are their size, coating and saturation magnetization value.  

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.5.1.
    
7.2. Orit Shefi: This procedure is easily adapted for directing active compounds, like drugs, after conjugating them to MNPs. This can be translated to high throughput drug screening assays, or local treatment within tissues.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional, if you do not have time, don’t film it.

7.3. Amos Sharoni: This novel approach opens new possibilities for functionalizing other substrates or devices, by adding magnetic attractive structures. Currently we are developing improved biocompatible neuron-chip interfaces.   

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional, if you do not have time, don’t film it.
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