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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: 23
Number of Shots:  61 (23 SC) 

Interviews
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 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.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter 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.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter 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?
1.4. Enter 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.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter 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.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter 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.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter 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. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. High-Efficiency Single Cell Encapsulation of Mutant Bacillus coagulans
Demonstrator: Click 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. To begin, pipette 300 microliters of fluorinated oil into the oil phase inlet vial [1] and 500 microliters of the bacterial suspension into the aqueous phase inlet vial prior to setting up in the microfluidic platform [2].
2.1.1. WIDE: Talent pipetting fluorinated oil into the oil phase inlet vial. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent pipetting the bacterial suspension into the aqueous phase inlet vial.
2.2. After peeling off the tape on the droplet generation chip surface, connect the oil vial, sample vial, and collection vial to the chip's corresponding wells in sequence [1].
2.2.1. Talent connecting the vials to the corresponding chip wells.
2.3. After securing the chip on the microfluidic instrument stage, connect the air tubes to the inlet vials one by one according to the gas path labels [1]. Open the automated droplet microfluidic platform software [2]. Adjust the stage movement knob according to the arrow directions on the chip to move the field of view to the droplet generation site [3].
2.3.1. Talent connecting the air tubes to the inlet vials.
2.3.2. SCREEN: Automated droplet microfluidic platform software being opened.
2.3.3. Talent adjusting the stage movement knob. Videographer: Please capture the arrow directions on the chip.
2.4. Click Start in the Droplet Generation interface of the software [1]. In the imaging interface, drag the Z-axis and light source brightness sliders to adjust the image clarity and brightness [2]. Click the plus and minus buttons of Droplet Speed and Droplet Size to adjust the generation speed and size [3].
2.4.1. SCREEN: Droplet Generation interface being opened. Start being clicked.
2.4.2. SCREEN: Z-axis slider being dragged. Light source brightness slider being adjusted.
2.4.3. SCREEN: Droplet Speed controls being adjusted. Droplet Size controls being adjusted.
2.5. Once the droplet generation state remains consistent, quickly replace the collection vial for harvesting the water-in-oil samples [1]. To stop the droplet collection after 30 minutes, click Stop in the pop-up window [2].
2.5.1. Talent replacing the collection vial.
2.5.2. SCREEN: Stop being clicked in the pop-up window.
2.6. Gently remove the collection tube from the chip [1]. Place the tube and collection vial vertically and wait for the droplets in the tube to enter the collection vial [2].
2.6.1. Talent removing the collection tube from the chip.
2.6.2. Talent placing the tube and collection vial vertically.

3. B. coagulans Micro Cultivation and Lactic Acid Sensor Pico-Injection 
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Add 1 milliliter of mineral oil to the collection tube [1]. Place the loosely capped collection tube upright inside a 15-milliliter centrifuge tube containing sterile water and incubate at 45 °C for 10 hours. [2]. 
3.1.1. Talent adding mineral oil to the collection tube.
3.1.2. Talent placing the collection tube upright in the 15-milliliter centrifuge tube.
3.2. For droplet pico-injection, pipette 300 microliters of fluorinated oil into the oil phase inlet vial in the laminar flow hood [1]. Replace the inlet vial cap on the collection tube with a new one [2]. Trim the new inlet vial tip to reach below the liquid level of the droplets in the sample vial [3]. Tighten the cap to prevent leakage [4].
3.2.1. Talent pipetting fluorinated oil into the oil phase inlet vial in the laminar flow hood.
3.2.2. Talent replacing the inlet vial cap with a new cap.
3.2.3. Talent trimming the tip of the new inlet vial.
3.2.4. Talent tightening the cap.
3.3. Pipette 500 microliters of the lactic acid sensor into the reagent inlet vial [1], then add 500 microliters of sterile phosphate-buffered saline buffer [2].
3.3.1. Talent pipetting the lactic acid sensor into the reagent inlet vial.
3.3.2. Talent adding sterile PBS buffer to the reagent inlet vial.
3.4. Use a blade to cut through the tape covering the electrode wells to expose the electrodes [1]. Set the multimeter to continuity mode and test the circuit connection and the chip's short-circuit status [2].
3.4.1. Talent cutting through the tape covering the electrode wells.
3.4.2. Talent testing the circuit connection with the multimeter. (Authors: Please let us know if this can be seen on a computer screen. If yes, we will modify this to a SCREEN shot)
3.5. After peeling off the tape on the chip surface, connect the oil vial, sample vial, reagent vial, and collection vial to the corresponding wells of the chip in sequence [1]. Secure and set up the chip on the stage as demonstrated previously [2].
3.5.1. Talent connecting the vials to the corresponding chip wells.
3.5.2. Talent placing and securing the chip on the stage.
3.6. After opening the software, adjust the stage movement knob according to the arrow directions on the chip to move the field of view to the electrode area of the droplet chip [1]. Click Start in the Droplet pico-injection interface of the software [2]. In the imaging interface, drag the Z-axis and light source brightness sliders to adjust the image clarity and brightness [3].
3.6.1. Talent adjusting the stage movement knob. Videographer: Please capture the arrow directions on the chip.
3.6.2. SCREEN: Droplet pico-injection interface being opened. Start being clicked.
3.6.3. SCREEN: Z-axis slider being dragged. Light source brightness slider being adjusted.
3.7. Wait for droplets to enter the field of view after initial air discharge [1]. Click Start pico-injection to activate the electric field [2]. Adjust the droplet generation speed, droplet spacing, and injection volume by clicking the plus and minus buttons of Droplet Speed, Droplet Spacing, and Injection Volume [3].
3.7.1. Shot of droplets entering the field of view.
3.7.2. SCREEN: Start pico-injection being clicked.
3.7.3. SCREEN: Droplet Speed, Droplet Spacing, and Injection Volume controls being adjusted.
3.8. Observe the high-speed image display software for stable droplet injection into the lactic acid sensor at a 1 in 1 ratio [1]. After stabilization, quickly replace the collection vial to start droplet collection [2]. After 2 hours, click Stop to end the droplet pico-injection [3]. Gently remove the collection tube from the chip [4]. Place the tube and collection vial vertically and wait for the droplets in the tube to enter the collection vial [5].
3.8.1. SCREEN: Show the stabilization of droplet injection on the software interface. (Authors: Please specify if this step here is appropriate. Also, please specify if this is a different software, as the description says high-speed image display software.)
3.8.2. Talent replacing the collection vial.
3.8.3. SCREEN: Stop being clicked.
3.8.4. Talent removing the collection tube from the chip.
3.8.5. Talent placing the tube and collection vial vertically.

4. Fluorescence-Activated Droplet Sorting of Lactic Acid-Hyperproducing Mutants
Demonstrator: Click here to enter name of demonstrator(s)
4.1. In the laminar flow hood, pipette 300 microliters of fluorinated oil into the oil-phase inlet vial [1]. Replace the inlet vial cap of the collection tube containing microinjected droplets with a new cap [2].
4.1.1. Talent pipetting fluorinated oil into the oil phase inlet vial.
4.1.2. Talent replacing the inlet vial cap of the collection tube.
4.2. After exposing the electrodes and confirming normal circuit connection with the multimeter, peel off the tape on the chip surface [1]. Connect the oil vial, sample vial, and sorting collection vial to the corresponding wells of the chip in sequence [2].
4.2.1. Talent peeling tape from the chip surface.
4.2.2. Talent connecting the vials to the corresponding chip wells.
4.3. After securing the chip and connecting the air tubes to the inlet vials, open the high-speed imaging software [1]. Adjust the stage movement knob according to the arrow directions on the chip to move the field of view to the electrode area of the droplet chip [2]. Click Start in the Droplet Sorting interface of the automated droplet microfluidic platform software [3]. In the imaging interface, drag the Z-axis and light source brightness sliders to adjust the image clarity and brightness [4].
4.3.1. SCREEN: High-speed imaging software being opened. (Authors: Please specify if this is the same automated droplet microfluidic platform software.)
4.3.2. Talent adjusting the stage movement knob. Videographer: Please capture the arrow directions on the chip.
4.3.3. SCREEN: Droplet Sorting interface being opened. Start being clicked.
4.3.4. SCREEN: Z-axis slider being dragged. Light source brightness slider being adjusted.
4.4. After completion of initial air discharge, click to select the laser [1] and choose the 488-nanometer detection channel [2]. Click Data Recording to begin acquiring droplet fluorescence signals [3]. Set the sorting threshold to the top 0.1 percent of the total fluorescence signals, based on the generated fluorescence signal histogram [4]. Collect droplets with fluorescence signal values above this threshold [5].
4.4.1. SCREEN: laser being selected. 
4.4.2. SCREEN: 488-nanometer detection channel being chosen.
4.4.3. SCREEN: Data Recording being clicked.
4.4.4. SCREEN: Sorting threshold being set to the top 0.1 percent of the total fluorescence signals.
4.4.5. SCREEN: Show the droplets with fluorescence signal values above the threshold being collected. (Authors: Please specify if this could be seen virtually on-screen or should it be filmed by the videographer?)
4.5. Click Data Recording again to re-record the fluorescence signals from the remaining droplets and sort the target droplets based on the set threshold [1]. After selecting the target droplet region, turn on the Sorting Switch and set the deflection force value [2]. Allow the equipment to start sorting droplets [3].
4.5.1. SCREEN: Data Recording being clicked again.
4.5.2. SCREEN: Sorting Switch being turned on. deflection force value being set.
4.5.3. Shot of droplets being sorted. (Authors: Please specify if this can be captured using a camera or if it is visible on the software interface? If it can be seen virtually, we will modify this as a SCREEN shot.)
4.6. After the equipment stabilizes for 5 minutes, replace the collection vial to collect positive droplets [1]. Click Stop after 4 hours of stable operation in the Droplet Sorting interface [2]. Gently remove the collection tube from the chip [3]. Place the tube and collection vial vertically to ensure that the droplets in the tube enter the collection vial [4].
4.6.1. Talent replacing the collection vial.
4.6.2. SCREEN: Stop being clicked in the Droplet Sorting interface.
4.6.3. Talent removing the collection tube from the chip.
4.6.4. Talent placing the tube and collection vial vertically.
4.7. After droplet collection is completed, click the scatter plot to save the scatter plot of the experiment, the fluorescence signal values of the sorted positive droplets, and the fluorescence signal values of all droplets [1].
4.7.1. SCREEN: Show the scatter plot being clicked and the scatter plot, sorted positive droplet fluorescence signal values, and all droplet fluorescence signal values being saved.
4.8. Remove the chip, oil phase inlet vial, sample vial, and reagent vial from the stage [1]. Close the software [2].
4.8.1. Talent removing the chip and vials from the stage.
4.8.2. SCREEN: Software being closed.
4.9. Add 500 microliters of demulsifier to the droplet collection tube [1-TXT]. After 5 minutes, add 500 microliters of fresh screening medium for recovery, followed by culture validation of high-yielding strains [2].
4.9.1. Talent adding demulsifier to the droplet collection tube. TXT: Demulsifier: 1H, 1H, 2H, 2H-perfluorooctanol
4.9.2. Talent adding fresh screening medium to the droplet collection tube.
4.9.3. 

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: 191.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. In vitro characterization of the lactic acid sensor showed that the fluorescence intensity increased with increasing concentrations from 100 micromolar to 10 millimolar [1]. 
5.1.1. LAB MEDIA: Figure 5A. Video editor: Please emphasize the rising curve at X-axis value 100 µM to 10000 µM, while simultaneously highlighting the highest bar in the inset image labelled L-lactate.
5.2. The sensor’s recovery rate measurement to validate the lactic acid detection showed a rate of approximately 109 percent in screening medium [1] and 98 percent in aqueous solution [2], with relative standard deviations remaining below 5 percent [3]. 
5.2.1. LAB MEDIA: Figure 5C. Video editor: Highlight the bar labelled 'Medium' along with the value 108.81 mentioned in the table above.
5.2.2. LAB MEDIA: Figure 5C. Video editor: Highlight the bar labelled 'H2O' along with the value 98.39 mentioned in the table above.
5.2.3. LAB MEDIA: Figure 5C. Video editor: Highlight the column STD% in the table along with the values under it. 
5.3. The sensor exhibited excellent linearity in the range of 0 to 0.6 grams per litre after 5 minutes of mixing 1 in 1 ratio with L-lactic acid standards in microplate assays [1]. During droplet-based screening validation on the microfluidic platform, the sensor exhibited a significant rightward shift in fluorescence signal with increasing L-lactic acid concentration [2].
5.3.1. LAB MEDIA: Figure 5D. Video editor: Highlight the red-color trend line and the legend corresponding to red dot labelled '5 min' simultaneously.
5.3.2. LAB MEDIA: Figure 5E. Video editor: Except the control histogram on the extreme left and its corresponding legend, highlight each histogram peak with its corresponding legend one-by-one simultaneously. 
5.4. Dynamic monitoring of the growth status of the bacterial strains in pico-injected droplets showed that they entered the logarithmic phase at 6 hours of culture [1], and bacterial biomass in the droplets increased significantly at 10 hours [2].
5.4.1. LAB MEDIA: Figure 6A. Video editor: Highlight the droplet image labelled '6 h'.
5.4.2. LAB MEDIA: Figure 6A. Video editor: Highlight the droplet image labelled '10 h'.
5.5. Equal volume injection of sensor into droplets cultured for different durations showed the significantly enhanced fluorescence signal of the droplets after 10 hours of culture [1], indicating 10 hours as the optimal culture time for strains in droplets [2].
5.5.1. LAB MEDIA: Figure 6B. Video editor: Highlight the red dotted circle in the fluorescence panel corresponding to '10 h' image.
5.5.2. LAB MEDIA: Figure 6B. Video editor: Highlight the red dotted circle in the bright field panel corresponding to '10 h' image.
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