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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


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. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)


Current Protocol Length
Number of Steps: 22
Number of Shots: 37 (32 SC) 

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: 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. Enter full author name.Wei Yin:: Our research focuses on developing accessible super-resolution imaging methods to visualize dynamic subcellular structures, overcoming the diffraction limit of conventional microscopy. Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
Wei Yin:Enter full author name: This protocol addresses the technical barriers of advanced super-resolution techniques by enabling a straightforward transition from confocal to super-resolution on a single, easy-to-use platform.
Describe the research contexts or systems in which this protocol can be applied.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?

1.1. Wei Yin:Enter full author name: This protocol allows researchers to study organelle morphology, cytoskeleton dynamics, and molecular co-localization in both fixed and living cells at approximately 120 nm resolution.Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.2. Wei YinEnter full author name: The most critical consideration is meticulous sample preparation, using high-quality cover glass and optimized staining protocols to achieve the signal integrity required for super-resolution processing.Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.3. Wei YinEnter full author name: Following this procedure, researchers can perform quantitative image analysis, such as measuring signal-to-noise ratio or co-localization, using dedicated software like ImageJ.Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

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


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Microscope System Startup, Initialization, and Basic Alignment
Demonstrator: Wei YinClick here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]To begin, power on the microscope main unit, the laser launch module, the LED light source, and the control computer [1-TXT]. 
2.1.1. WIDE: Talent turning on microscope main unit, laser launch module, the LED light source, and the control computer. TXT: Let the lasers warm up and stabilize for 15-20 min Authors: Are these 3 items in 1 place and can be filmed together?
Reply: Yes, the microscope main unit, the laser launch module, and the control computer are typically placed together on the same anti-vibration table or workstation. They can be filmed together.
2.2. Launch the microscope operating software [1]. From the main interface, select Microscope, then choose Initialize or follow the software’s startup wizard [2].
2.2.1. SCREEN: Microscope operating software is being launched.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338]Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21396103
2.2.2. SCREEN: From main interface, Microscope is being selected, then Initialize is being chosen.
2.3. Then, navigate to the Acquisition panel. From the objective lens dropdown menu, select the appropriate objective lens [1].
2.3.1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]SCREEN: The cursor is moving towards the Acquisition panel. From the objective lens dropdown menu, the appropriate objective is being selected.  
2.4. Apply immersion oil on the objective’s front lens without introducing bubbles [1]. 
2.4.1. Talent applying a drop of immersion oil on the lens.
2.5. For live-cell imaging, Fforty-five to 60 minutes before imaging, activate the environmental chamber and the active focus stabilization system [1-TXT]. After the system is stabilized, verify the stability using the chamber sensors [2].
2.5.1. SCREEN:Talent activating the environmental chamber and the active focus stabilization system. TXT: Chamber settings – 37 °C, 5% CO₂， , >60% humidity 
Talent verifying stability. Authors: How do you verify stability?
Reply: Stability is verified by checking the readings from the environmental chamber's built-in sensors. When the temperature is stable at 37°C, the CO₂ concentration is stable at 5%, and the humidity exceeds 60% as displayed on the software interface, the system is considered stable. After filming the activation of the chamber in step 1.5.1, the operator can film a close-up or screen capture of the software interface showing these stable sensor readings.

3. Multicolor Fluorescence Imaging
Demonstrator: Wei YinClick here to enter name of demonstrator(s) 
3.1. Place the prepared sample on the microscope stage [1]. Raise it carefully until the coverslip contacts the immersion oil [2].
3.1.1. Talent placing the prepared sample on the microscope stage. 
3.1.2. Talent raising the microscope stage until the coverslip contacts the immersion oil.
3.2. Next, open the acquisition software, go to the Acquisition tab, and select Create a new experiment [1].
3.2.1. SCREEN: The acquisition software is being opened, the cursor is moving towards the Acquisition tab and selecting Create a new experiment.（Can be deleted）
3.3. Now, add imaging tracks for the fluorophores used [1]. For each track, set the confocal pinhole diameter to 1 Airy Unit [2].
3.3.1. SCREEN: Multiple tracks are being added corresponding to DAPI, Alexa Fluor 488, Alexa Fluor 568.
3.3.2. SCREEN: For each track, the confocal pinhole diameter is being set to 1 AU.

3.4. To optimize the laser power, select the first channel and switch to Live scanning mode [1]. Set the initial laser power to a low value [2]. Then, set Detector Gain to a moderate level within its linear range [3]. After that, increase the laser power gradually until the target structures are clearly visible above the background in the live image [4]. 

3.4.1. SCREEN: The first channel (DAPI) is being selected and mode is switched to Live scanning.
3.4.2. SCREEN: Initial laser power is being set to a low value.
3.4.3. SCREEN: Detector Gain is being set to a moderate level within its linear range.
3.4.4. SCREEN: The laser power is gradually increased until the target structures are clearly visible above the background in the live image.

3.5. Then, open the Histogram display and reduce laser power, if necessary, to ensure there is no pixel saturation [1]. Adjust the Detector Gain to achieve a bright, low-noise image, avoiding gains above 850 Volts to prevent excessive noise [2].  
3.5.1. SCREEN: Opening the Histogram display and reducing laser power if necessary to prevent the histogram from piling up at the right edge. 
Video editor: Put arrow or encircle the right edge of the histogram.
Author: Is the laser power reduced to remove pixel saturation?
Reply: Yes, the laser power is reduced to eliminate pixel saturation. When the pixel intensity distribution in the histogram is piled up at the right edge, it indicates overexposed (saturated) pixels, which leads to loss of image detail. Reducing the laser power brings the histogram back within the dynamic range.

3.5.2. SCREEN: The Detector Gain is being adjusted to achieve a bright, low-noise image. 
3.6. After optimizing laser power and detector gain for all channels, set the pixel size such that it is less than or equal to the resolution divided by two point three. If available, use the software’s Nyquist sampling button to calculate automatically [1-TXT]. 
3.6.1. SCREEN: The pixel size is being set. TXT: Pixel size ≤108 nm for ~250 nm lateral resolution
Author: Is the Nyquist sampling button available in your system? 
Reply: Yes, our system (e.g., Zeiss LSM 900 with Airyscan 2) is equipped with a Nyquist sampling button in the software that can automatically calculate the optimal pixel size meeting the Nyquist criterion.

3.7. Next, set the pixel dwell time. For higher signal-to-noise ratio, use a dwell time of one to two microseconds. For faster imaging, use half to one microsecond [1].
3.7.1. SCREEN: The pixel dwell time is being set.

3.8. Now, select the Sequential Scan mode between tracks to minimize crosstalk [1].
3.8.1   SCREEN: Sequential Scan mode is being selected between tracks.
Author: Is this a repetitive process or a one-time step?
Reply: Selecting the Sequential Scan mode is a one-time setup step when configuring imaging parameters. Although it needs to be confirmed for each new experiment or when changing channel combinations, it is a configuration option within the definition of a single experiment, not a repetitive action during acquisition. In the video, it is appropriate to demonstrate checking or selecting this mode once.


3.9. Click Start to acquire a single image [1]. Save the image with relevant metadata [2].
3.9.1. SCREEN: Cursor clicking Start to acquire a single image.
3.9.2. SCREEN: The image is being saved after adding relevant metadata.

4. Z-Stack Acquisition for Three-Dimensional Reconstruction
Demonstrator: Wei YinClick here to enter name of demonstrator(s) 

4.1. For consistent settings across optical sections, confirm that all imaging parameters are configured on a single, optimal focal plane before defining the Z-stack [1].
4.1.1. SCREEN: Cursor moving to imaging parameters like laser power, gain, pinhole, pixel size and checking if they are configured on a single, optimal focal plane.

4.2. Open the Acquisition tab and select the Z-stack mode [1].
4.2.1. SCREEN: Cursor moving to Acquisition tab and clicking the Z-stack mode.
4.3. Define the volume of interest by using a fast-speed live scan to focus first on the topmost structure of interest [1]. Then, click Set First or Top [2]. Carefully adjust focus down to the bottommost structure of interest and click Set Last or Bottom [3]. The software will then display the total depth [4].
4.3.1. SCREEN: The cursor hovering over the entire volume of interest and then moving to the topmost structure of interest.
4.3.2. SCREEN: Clicking Set First or Top.
4.3.3. SCREEN: Moving the focus down to the bottommost structure of interest and clicking Set Last or Bottom.
4.3.4. SCREEN: The cursor hovering over the total depth displayed on the screen.
4.4. The Z‑step size is set to meet the Nyquist sampling criterion. If available, use the software’s Optimal or Nyquist button to calculate automatically [1-TXT].
4.4.1. SCREEN: The Z‑step size is being set to meet the Nyquist sampling criterion. TXT: For a 63x/1.4 NA oil objective, use Z-step size of 0.3–0.4 µm
Author: Is the Optimal or Nyquist button available in your system?
Reply: Yes, our system provides an Optimal button that can automatically calculate the optimal Z-step size satisfying the Nyquist sampling criterion. In the video, we can choose to either demonstrate clicking this button or manually entering a step size of 0.3–0.4 µm.

4.5. After configuring the imaging parameters for each channel, increase laser power or gain slightly for weak signals compared to a single two-dimensional image [1].
4.5.1. SCREEN: Showing imaging parameters for 2 seconds and then increasing laser power or gain slightly for weak signals. 
Author: What indicates when the laser power or gain is optimal?
Reply: There is no single absolute indicator that laser power or gain is optimal. It is considered optimal when the target structures (e.g., mitochondria, microtubules) appear bright and clear, the background noise is at an acceptable level, and there is no overexposure (piling up on the right edge) in the histogram. We can use the software's "Range Indicator" button to visually check for overexposed pixels. For live-cell imaging, a balance must also be struck between image quality and cell viability/photobleaching. Typically, the optimal setting is the lowest laser power that still allows clear visualization of the dynamic processes of interest.


4.6. Start the acquisition to collect the entire image stack. [1].
4.6.1. SCREEN: Clicking the Acquisition button, initiating the scan, and showing the system collecting the entire image stack.

4.7. For visualization, use the software’s Processing module or open the image stack in a dedicated software like ImageJ or Fiji [1]. Generate maximum intensity projections to view all in-focus signals in a single two-dimensional image [2]. Then, apply volume rendering for a three-dimensional representation [3]. Adjust the brightness, opacity, and lighting as needed [4]. Subsequently, generate orthogonal XZ (X-Y) and YZ (Y-Z) cross-sections to inspect axial extent and registration [5].
4.7.1. SCREEN: Clicking on the software’s Processing module or opening the image stack in dedicated software. 
Author: Which one are you planning to show in the video? Processing module or ImageJ or Fiji?
 Reply: We plan to demonstrate 3D reconstruction and visualization using the microscope's native Processing module in the video. This workflow is smoother and better demonstrates seamless integration with the acquisition software. We can demonstrate generating Maximum Intensity Projections (MIP), Volume Rendering, and Orthogonal Views.

4.7.2. SCREEN: Generating a maximum intensity projection to combine all in‑focus signals into a single 2D image.
4.7.3. SCREEN: Applying volume rendering or maximum and showing the dataset transform into a 3Drepresentation that reveals the full structure of the sample.
Author: How is volume rendering done?
Reply: Volume rendering is performed using the software's built-in algorithms. Typically, after selecting the "3D" or "Volume Rendering" function in the Processing module, the software automatically generates a 3D view based on the Z-stack data and preset rendering modes (e.g., transparency, lighting, shading). Users can then adjust parameters such as brightness and opacity using sliders or controls to optimize the display.

4.7.4. SCREEN: Adjusting the brightness, opacity, and lighting as needed to bring out details and enhance clarity. 
4.7.5. SCREEN: Generating the orthogonal view and inspecting the axial extent and verify registration.





Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 197
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Multicolor fluorescence imaging of fixed COS7 (Cos-7) cells [1] showed that the nuclei, mitochondria, and microtubules were clearly labeled with minimal overlap, confirming effective sequential scanning and optimized detection [2]. 
5.1.1. LAB MEDIA: Figure 1
5.1.2. LAB MEDIA: Figure 1 Video Editor: Please put label next to the image as follows: Nuclei – Blue (DAPI); Mitochondria - Green (Alexa Fluor 488); Microtubules - Red (Alexa Fluor 568)
5.2. The maximum intensity projection integrates signals across all optical sections, highlighting the spatial distribution of fluorescently labeled structures [1]. A three-dimensional reconstruction provides a depth aware view of the sample architecture [2].
5.2.1. LAB MEDIA: Figure 3B
5.2.2. LAB MEDIA: Figure 3C
5.3. Time‑lapse imaging of live Hep3B (hep-3-B) cells with EGFP (E-G-F-P) -tagged mitochondria is compared across modes [1]. 
5.3.1. LAB MEDIA: Figure 4A, 4B, 4C Video Editor: Please put label next to the image as follows: Mitochondria - Green (Alexa Fluor 488)
5.4. Confocal frames across time points show clear structures, but gradual signal loss [1]. Standard super-resolution or SR (S-R) frames show higher resolution but increased photobleaching over time [2]. Fast super-resolution or SR-4Y (S-R-4-Y) images preserve stable fluorescence, even at later time points [3]. 
5.4.1. LAB MEDIA: Figure 4A
Video Editor: Please emphasize images labeled as A: Confocal t=1, A: Confocal t=50, A: Confocal t=100 and put label on top of the images as follows: Mitochondria - Green (Alexa Fluor 488)
5.4.2. LAB MEDIA: Figure 4B 
Video Editor: Please emphasize images labeled as B: SR t=1, B: SR t=50, B: SR t=100 and put label on top of the images as follows: Mitochondria - Green (Alexa Fluor 488)
5.4.3. LAB MEDIA: Figure 4C
Video Editor: Please emphasize images labeled as C: SR-4Y t=1, C: SR-4Y t=50, C: SR-4Y t=100 and put label on top of the images as follows: Mitochondria - Green (Alexa Fluor 488)
5.5. The graph of mean EGFP fluorescence intensity over 100 time points demonstrates that the SR-4Y mode maintained the most stable signal [1].
5.5.1. LAB MEDIA: Figure 4D Video Editor: Highlight the graph labeled SR-4Y
5.6. Imaging performance in fixed COS‑7 cells was compared across modes and super‑resolution modes provided clearer structural detail than confocal [1].
5.6.1. LAB MEDIA: Figure 6 Video Editor: show the full image for 2 seconds and emphasize the difference in resolution between the figures 6B and 6F.
5.7. Measuring the point spread function using 100 nanometer fluorescent beads showed that Airyscan SR with subsequent joint deconvolution improved both lateral and axial resolution compared to Airyscan SR alone [1].
5.7.1. LAB MEDIA: Figure 8 Video editor: Show the full figure for 2 seconds and then emphasize the tables highlighted with orange rectangles.
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