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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 similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Protocol Length
Number of Shots: 49


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Feng Ge: Our protocol uses single particle tracking analysis to monitor the dynamics, extract the location and orientation, and characterize the diffusion of gold nanorods on cell membranes [1]

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

REQUIRED: 

1.2. Feng Ge: Using this method, both the translational and rotational dynamics of gold nanorods can be obtained and the dynamic states can be comprehensively analyzed and presented [1]

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

OPTIONAL: 

1.3. Jianfeng Xue: This protocol has the potential to be used for the study of other types of complex biological systems [1]

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



[bookmark: OLE_LINK9]




Protocol
2. Microscope Slide Preparation
2.1. Begin by burning an ethanol-dipped glass coverslip on the flame [1] and placing the coverslip in a 35- x 10-millimeter cell culture dish containing 2 milliliters of cell culture medium without phenol red [2].
2.1.1. WIDE: Talent sterilizing coverslip over flame Videographer: Important step
2.1.2. Talent placing coverslip into dish, with medium container visible in frame Videographer: Important step
2.2. [bookmark: OLE_LINK6]Add 50 microliters of the cell suspension of interest onto the coverslip [1-TXT] and gently shake the dish back and forth and left and right to evenly distribute the cells [2].
2.2.1. Cells being added to coverslip TEXT: e.g. U87 cells; See text for U87 cell preparation details
2.2.2. Dish being moved
2.3. Place the dish into the cell culture incubator for approximately 12 hours until the cells reach 20-40% confluency [1] before adding 20 microliters of ACTB (pronounced as C-T-A-B) coated gold nanorods to the dish [2-TXT].
2.3.1. Talent placing dish into incubator
2.3.2. Talent adding AuNRs to dish. TEXT: CTAB: cetyltrimethylammonium bromide
2.4. After gentle shaking to disperse the nanorods evenly across the dish, place the dish in a humidified atmosphere for 5 minutes [1].
2.4.1. Talent placing dish into humidified atmosphere
2.5. [bookmark: OLE_LINK4][bookmark: OLE_LINK5]At the end of the incubation, slowly transfer 100 microliters of supernatant from the dish into the groove of a glass slide [1] and carefully place the coverslip cell-side down onto the slide groove [2-TXT].
2.5.1. Talent adding supernatant to slide groove, with dish visible in frame Videographer: Important/difficult step
2.5.2. Coverslip being placed Videographer: Important/difficult step TEXT: Caution: Avoid bubbles
2.6. Then seal the edge of the coverslip with nail polish [1] and let nail polish dry before placing the slide onto the darkfield microscope stage [2].
2.6.1. Coverslip being sealed
2.6.2. Talent placing slide onto stage
3. Single Particle Darkfield Microscopy (DFM) Tracking
3.1. For single particle tracking by darkfield microscopy, place a drop of oil onto the oil-immersed darkfield condenser [1] and turn the knob until the condenser contacts the glass slide [2].
3.1.1. WIDE: Talent placing oil drop onto condenser
3.1.2. Knob being turned/condenser contacting slide
3.2. Place a drop of oil onto the top of the cover glass [1] and turn the focusing knob until the 60x oil immersion objective touches the oil [2].
3.2.1. Oil being placed onto coverslip
3.2.2. Knob being turned/objective touching oil
3.3. Turn on the light source [1] and slightly turn the focusing knob to focus the imaging plane [2].
3.3.1. Talent turning on light source
3.3.2. Talent turning focus knob
3.4. Then click the Camera icon in the microscope software [1] to record a sample scattering light image time-series using the color CMOS (pronounced C-MOS) camera [2-TXT] and save the image in a TIFF format [3].
3.4.1. Talent clicking camera icon, with monitor visible in frame
3.4.2. SCREEN: 3.4.2: 00:09-00:19 TEXT: CMOS: complementary metal oxide semiconductor
3.4.3. SCREEN: 3.4.3: 00:00-00:06
4. Data Acquisition
4.1. To extract a single long-term trajectory, open the image in ImageJ [1] and click Image, Type, and 8 bit to convert the image from RGB (pronounced as R-G-B) mode to 8 bit mode [2]. 
4.1.1. WIDE: Talent opening image, with monitor visible in frame
4.1.2. SCREEN: 4.1.2.
4.2. To adjust the contrast, click Image, Adjust, Brightness-Contrast and set the parameters. Select a target particle and use Control and X” to cut off the time-series background [1].
4.2.1. SCREEN: 4.2.1. Video Editor: please speed up
4.3. Click Plugins, Particle Tracker Classic, and Particle Tracker to open the particle detection and particle linking window and set the Radius to 6, the Cutoff to 0, and the Percentile to 0.01% [1].
4.3.1. SCREEN: 4.3.1. 
4.4. Set the Link Range to 10 and the Displacement to 10 and click OK [1] to open the ParticleTracker Results window to see the results [2].
4.4.1. SCREEN: 4.4.1: 00:00-00:04
4.4.2. SCREEN: 4.5.1.: 00:00
4.5. Click Visualize All Trajectories to inspect the generated trajectories. If the software generated trajectory and the moving trajectory of the gold nanorods are matched, click Save Full Report to save the results [1].
4.5.1. SCREEN: 4.5.1 Video Editor: please speed up
4.6. If the software generated trajectory does not match the moving trajectory of the gold nanorods, click Relink Particles to re-link the detected particles with different link range and percentile parameters [1].
4.6.1. SCREEN: 4.6.1.
5. Red/Green Values
5.1. To find the center pixel coordinate of the gold nanorod in each frame [1] according to the x-y coordinate, use the xycoordination.m function [2].
5.1.1. WIDE: Talent at computer, entering function
5.1.2. [bookmark: OLE_LINK12]SCREEN: 5.1.2.
5.2. [bookmark: _Hlk42200260]To delimit a 3 x 3 pixels matrix, extract the 9 scattering-intensity values of the red or green channels, and calculate an average value, use the RGextraction.m function [1].
5.2.1. SCREEN: 5.2.1.
5.3. [bookmark: _Hlk42201633]Then use the polarangle.m function to calculate the polar angles using the dual-channel differential method [1].
5.3.1. SCREEN: 5.3.1.
6. Data Analysis
6.1. To calculate dynamic parameters [1] using the formulas in the Table [2], run the two analysis scripts [4-TXT].
6.1.1. LAB MEDIA: Table 1 Video Editor: please emphasize Measures column
6.1.2. LAB MEDIA: Table 1 Video Editor: please emphasize Definitions column
6.1.3. 
6.1.4. SCREEN: 6.1.4. Video Editor: please speed up. TEXT: Analysis scripts: csv_data_extract_dis_vel_ss.m and csv_data_MSD.m
6.2. [bookmark: OLE_LINK23]For visual analysis of the trajectory, set the x coordinate as X, the y coordinate as Y, and the time as Y [1].
6.2.1. [bookmark: OLE_LINK26]SCREEN: 6.1.2. Video Editor: speed up
6.3. Then click Plot, Scatter, and Color-Mapped [1], set the graph parameters [2], and add the color bar [3].
6.3.1. SCREEN: 6.3.1: 00:03-00:15 Video Editor: can speed up
6.3.2. SCREEN: 6.3.1: 00:19-01:25 Video Editor: please speed up
6.3.3. SCREEN: 6.3.1: 01:55-02:08 Video Editor: can speed up
7. Mean Square Displacement (MSD), Multi-Particle, and Time Analyses
7.1. To generate mean square displacement-time interval figures, set the time interval as X [1] and then mean square displacement as Y [2].
7.1.1. WIDE: Talent setting tau to X, with monitor visible in frame
7.1.2. SCREEN: 7.1.2. Video Editor: can speed up
7.2. Click Plot, Scatter, Analysis, Fitting, Nonlinear curve fitting, and Open Dialog [1] and set the graph parameters [2].
7.2.1. SCREEN: 7.2.1: 00:02-00:15 Video Editor: can speed up
7.2.2. SCREEN: 7.2.1: 00:24-00:34 Video Editor: can speed up
7.3. For multi-particles statistical analysis, set the dynamic parameters of interest as Y and click Plot and Histogram [1].
7.3.1. SCREEN: 7.3.1. Video Editor: please speed up
7.4. Double click the histogram to set the division size or the number of divisions and click Apply [1]. Then add a column and set the graph parameters [2].
7.4.1. SCREEN: 7.4.1: 00:00-00:10
7.4.2. SCREEN: 7.4.1: 00:12-00:51 Video Editor: please speed up
7.5. For a time-series analysis, set the time as X and the time-series parameters as Y [1].
7.5.1. SCREEN: 7.5.1. Video Editor: please speed up
7.6. Click Plot, Multi-pane, and Stacked. In the pop-up window, select Line and OK. Then set the parameters for the graph [1].
7.6.1. SCREEN: 7.6.1: 00:00-00:20 Video Editor: please speed up




Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.1., 2.5.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5. To avoid air bubbles, add more culture medium to groove and slowly cover the cover glass over the groove.



[bookmark: _Hlk42013658]Results
8. Results: Representative Single Nanoparticle DFM of AuNR Diffusion Dynamics

8.1. The longitudinal plasmonic maximum of 40- x 85-nanometer CTAB (pronounce as C-T-A-B) coated gold nanorods [1-TXT] is approximately 650 nanometers [2] and the transverse resonance is 520 nanometers [3].

8.1.1. LAB MEDIA: Figure 2A TEXT: CTAB: cetyltrimethylammonium bromide
8.1.2. LAB MEDIA: Figure 2B Video Editor: please emphasize 650-nm peak
8.1.3. LAB MEDIA: Figure 2B Video Editor: please emphasize 520-nm peak

8.2. [bookmark: _Hlk54255503]The scattering intensity of the CTAB (pronounce as C-T-A-B) coated gold nanorods on U87 (pronounce as U-eight-seven) cell membranes [1] demonstrates a typical Gaussian distribution with a narrow width [2], consistent with that of CTAB (pronounce as C-T-A-B) coated gold nanorods on glass, indicating that CTAB (pronounce as C-T-A-B) coated gold nanorods tracked in this experiment are well monodispersed [3].

8.2.1. LAB MEDIA: Figure 2C
8.2.2. LAB MEDIA: Figure 2C Video Editor: please emphasize On membrane histogram
8.2.3. LAB MEDIA: Figure 2C Video Editor: please emphasize On glass histogram

8.3. As illustrated, more than 500 CTAB (pronounce as C-T-A-B) coated gold nanorods trajectories can be tracked by dark-field microscopy [1] and can be divided into long-range diffusion trajectories [2] and confined diffusion trajectories [3].

8.3.1. LAB MEDIA: Figure 7 
8.3.2. LAB MEDIA: Figure 7 Video Editor: please emphasize black trajectories
8.3.3. LAB MEDIA: Figure 7 Video Editor: please emphasize red trajectories

8.4. [bookmark: _Hlk42030916]The radius of gyration of all 500 trajectories in this representative analysis showed a small-value distribution [1] with a mean radius of gyration of 0.5 micrometers [2], and the max-displacement was more distributed at small values [3].

8.4.1. LAB MEDIA: Figure 8
8.4.2. LAB MEDIA: Figure 8 Video Editor: please emphasize equation in Figure 8A graph
8.4.3. LAB MEDIA: Figure 8 Video Editor: please emphasize equation in Figure 8B

8.5. As demonstrated in this ensemble-time averaged mean square displacement analysis [1], the CTAB (pronounce as C-T-A-B) coated gold nanorods normally diffuse with an alpha of approximately 1 [2].

8.5.1. LAB MEDIA: Figure 9A
8.5.2. LAB MEDIA: Figure 9A Video Editor: please emphasize data line

8.6. The density distribution of the diffusion coefficient and the alpha obtained from all of the trajectories [1], however, reveals that the dynamic of the gold nanorods exhibits a heterogeneous distribution with superdiffusion, Brownian, and subdiffusion motions [2].

8.6.1. LAB MEDIA: Figure 9B
8.6.2. LAB MEDIA: Figure 9B Video Editor: please emphasize signal in center of figure

8.7. [bookmark: _Hlk42021734]In addition, single-particle statistical analysis [1] and time-series parameter analysis can be used to characterize [2] two representative long-term confined [3] and moving trajectories [4].

8.7.1. LAB MEDIA: Figure 10
8.7.2. LAB MEDIA: Figure 11 
8.7.3. LAB MEDIA: Figure 10 Video Editor: please emphasize Confined graph column
8.7.4. LAB MEDIA: Figure 10 Video Editor: please emphasize Moving graph column







Conclusion
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

9.1. Feng Ge: It is necessary to summarize and extract a single, novel interpretation of the data from the single particle tracking analysis results, as there are typically some difficult trade-offs to make [1].

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