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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


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: 55 

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. Bhavya: Our research focuses on developing an accessible platform to investigate how dynamic light inputs regulate gene expression in microbial cultures.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Bhavya: Existing optogenetic platforms are static, complex, or sensor limited. LEMOS 2.0 enables dynamic stimulation with accurate measurements in a standard microplate reader. 
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. Trevor:   This protocol enables optogenetic stimulation while simultaneously measuring gene expression and growth dynamics in microbial cultures using a standard microplate reader.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.4. Trevor:   A key consideration is avoiding bubbles or debris in the PDMS microwells, as these can interfere with accurate optical measurements.
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. Bhavya: This framework can be extended to other microbial strains, fluorescent reporters, optogenetic systems, and more advanced control algorithms in future studies.
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.

Ethics Title Card
This research has been approved by the Texas A&M Institutional Biosafety Committee (IBC). 



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

Author: For better continuity and flow, Steps 3.1–3.4 in the script have been included from the unhighlighted portions of the manuscript.
2.  PDMS Microwell Casting 
Demonstrator: Bhavya 

2.1. To begin, arrange the materials in the fume hood [1]. Sanitize the interior of the LEMOS 2.0 (Lee-moss) frame where the microwells will be cast by spraying 70% ethanol, avoiding direct contact with any electrical components except the light-emitting diodes, or LEDs (L-E-D). Let the frame dry completely before casting the Polydimethylsiloxane, or PDMS (P-D-M-S) microwells [2].
2.1.1. WIDE: Talent arranging the material in the fume hood
2.1.2. Talent sanitizing the interior of LEMOS frame by spraying 70% ethanol and keeping it aside for drying
2.2. Spray the PDMS microwell casting mold with a release agent and let it settle on the plastic surface for 10 minutes [1-TXT].
2.2.1. Talent spraying the mold with release agent and keeping it aside  TXT: Release agent: Ease Release 200

2.3. Prepare the PDMS mixture by weighing 25 grams of the 184-silicone elastomer base and 2.5 grams of the curing agent [1]. Mix thoroughly in a disposable plastic cup [2-TXT]. 
2.3.1. Talent weighing 25 g of base and 2.5 g of curing agent
2.3.2. Talent mixing the base and curing agent TXT-Base: Curing agent = 10: 1 (w/w)

2.4. Mix the PDMS vigorously for at least 5 minutes using a wooden stick, scraping the sides and bottom of the cup to ensure thorough mixing [1]. Place the cup containing the PDMS mixture in a vacuum desiccator [2] and set the vacuum to at least 65 cm Mercury for 45-60 minutes, or until all visible air bubbles have been removed [3].
2.4.1. Talent mixing the PDMS mixture vigorously using a wooden stick
2.4.2. Talent placing the cup in a vacuum desiccator
2.4.3. Talent setting the vacuum to 65 cm Hg  TXT: Use a container ≥3× the mixture volume to prevent overflow

2.5. Secure the LEMOS 2.0 frame to the outer shell using appropriately sized binder clips on all four sides [1]. Carefully fill each microwell with degassed PDMS using a syringe while minimizing air bubble formation [2].
2.5.1. Talent securing the LEMOS 2.0 frame to the outer shell using binder clips
2.5.2. CU: Talent using a syringe to fill the microwells with PDMS

2.6. Insert the 3D-printed casting mold into the PDMS-filled frame [1]. Gently press the mold into place, ensuring the circular protrusions align with the holes in the LEMOS 2.0 frame [2]. Wipe away any excess PDMS from the edges using a clean, lint-free wipe. Let the PDMS cure on a level surface at room temperature for at least 30 hours [3].
2.6.1. Talent inserting the casting mold into the PDMS-filled frame
2.6.2. Talent gently pressing the mold
2.6.3. Talent wiping the excess PDMS using a clean, lint-free wipe and keeping the device aside on a level surface for curing

2.7. After curing, remove the casting mold by gripping the edges and lifting it with a steady force, ensuring the PDMS microwells remain in the frame [1]. Inspect each microwell to ensure that the walls are optically clear and the bottom is free of air bubbles [2].
2.7.1. Talent removing the casting mold
2.7.2. Shot of the PDMS microwells from a top view, showing their overall arrangement and clear, bubble-free appearance
3. Microplate Reader Configuration and Culture Preparation

3.1. Open the closed-loop protocol experimental file from the GitHub repository in Gen5 (Gen-five) software [1]. Open the Plate Types menu and import the LEMOS 2.0 plate layout from GitHub [2].
3.1.1. SCREEN: Closed loop protocol file being opened in Gen5 software
3.1.2. SCREEN: Plate Types menu being opened and the LEMOS 2.0 plate layout being imported
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=22400773 

3.2. Add 200 µL of sterile M9CA medium to each microwell [1] and seal the LEMOS 2.0 device with a medical-grade gas-permeable sealing film [2]. Perform a baseline measurement by recording the OD₆₀₀ (O-D- six hundred) and fluorescence values for all 32 microwells [3] and compare the measurements with those obtained from a standard 96-well microplate [4]. 
3.2.1. Talent adding the sterile medium to each well
3.2.2. Talent sealing the device with sealing film
3.2.3. SCREEN: OD₆₀₀ and Fluorescence baseline measurements being acquired for all 32 microwells
3.2.4. SCREEN: Comparison of the baseline measurements with those from a standard 96-well microplate

3.3. Inoculate a single colony of the CcaSR (C-c-a-S-R) optogenetic strain and fluorescence-negative control strain into separate 14-milliliter round-bottom culture tubes containing 2 milliliters of M9CA broth supplemented with 50 microgram/milliliter spectinomycin and 25 microgram/milliliter chloramphenicol [1]. Cover both tubes with aluminum foil [2] and incubate overnight at 37 degrees Celsius with shaking at 220 rotations per minute [3]. 
3.3.1. Talent transferring the optogenetic and negative-control strains into separate culture tubes
3.3.2. Talent covering the tubes with the aluminum foil
3.3.3. Talent placing the tubes at 37 °C with shaking at 220 rpm

3.4. Transfer 100 microliters of each overnight culture into 2 milliliters of fresh medium [1] and incubate for an additional 4 hours at 37 degrees Celsius with shaking at 220 rotations per minute [2]. After 4 hours, measure the OD600 of each subculture using a microplate reader, ensuring that the cultures have reached an OD600 of 0.4–0.6 [3-TXT]. 
3.4.1. Talent transferring 100 µL of each overnight culture into fresh medium 
3.4.2. Talent placing the tubes at 37 °C, 220 rpm
3.4.3. SCREEN: OD₆₀₀ measurement being recorded  

3.5. Dilute each culture to an OD₆₀₀ of 0.1 in fresh medium [1], dispense 200 microliters into each microwell of the LEMOS 2.0 device, avoiding air bubbles [2], and seal the device with a medical-grade sealing film [3].
3.5.1. Talent diluting the culture using fresh medium
3.5.2. Talent adding 200 µL into each well
3.5.3. Talent sealing the device with a sealing film

4. Optogenetic Time-Course Experiment

4.1. Turn on the LEMOS 2.0 device by sliding the power switch to the left [1], as indicated by the illumination of the first green LED on the LED strip [2]. Connect the central Arduino to the computer via USB [3] and select it from the drop-down menu in the Arduino IDE [4]. 
4.1.1. Talent switching on the LEMOS 2.0 device.
4.1.2. CU: Shot of the first LED on the LED strip illuminating green
4.1.3. Talent connecting the central Arduino to the computer via USB.
4.1.4. SCREEN: Arduino IDE dropdown being clicked, Arduino board being selected

4.2. Open the Serial Monitor and connect the peripheral Arduino in the LEMOS 2.0 device to the central Arduino [1]. Enter the letter “o” in the Serial Monitor [2] to turn off the indicator LED [3].
4.2.1. SCREEN: Serial Monitor being opened and the connection being displayed on screen
4.2.2. SCREEN: Letter "o" being entered in the serial monitor 
4.2.3. CU: Shot of Indicator LED turning off 

4.3. Open the LEMOS-start-data experiment file in Gen5 [1]. Record the baseline OD₆₀₀ [2] and fluorescence values of the cultures [3]. Confirm that the measurements are within the expected range, then close the experiment file [4]. 
4.3.1. SCREEN: Opening the LEMOS-start-data.xpt file in Gen5
4.3.2. SCREEN: Baseline OD₆₀₀ readings being acquired
4.3.3. SCREEN: Baseline fluorescence readings being acquired
4.3.4. SCREEN: Experiment file being closed after confirming that the measurements are within the expected range

4.4. Open the closed loop protocol file from the GitHub repository in Gen5 and save it as an experiment [1]. Open the control duty cycle script for duty cycle experiments or the control proportional integral derivative, or PID (P.I.D) script for PID experiments in a compatible Python IDE [2].	Comment by Vipasha Sharma: Are both scripts opened during the procedure, or only one? If only one is used, could you please specify which script should be opened? 	Comment by Jaiswal, Bhavya: Just one is necessary depending on the experiment that is carried out
4.4.1. SCREEN: Closed loop protocol file being opened and saved
4.4.2. SCREEN: The appropriate control script being opened in the Python IDE
Note to Author: During filming, please specify which of the two Python scripts (duty cycle script or control PID script) is used for the experiment, and note this on the script to ensure voiceover accuracy.
4.5. In the Main section of the Python script, modify the file variable to match the filename of the Gen5 experiment [1]. Set the Gen5 experiment and the Python script side by side on the screen [2]. Start the Gen5 experiment and abort it once the kinetic step begins [3]. Run the Python script while keeping the Gen5 window open and unobstructed [4].
4.5.1. SCREEN: File variable being modified
4.5.2. SCREEN: Gen5 experiment and the Python script being set side by side
4.5.3. SCREEN: Gen5 experiment being started and aborted once the kinetic step begins
4.5.4. SCREEN: Python script being run  


4.6. Import the exported plate-reader data into the analysis notebook [1]. Calculate normalized fluorescence to generate time-course plots [2].
4.6.1. SCREEN: Plate reader data being imported into the analysis notebook 
4.6.2. SCREEN: Normalized fluorescence being calculated and plots being generated  

Authors: Step 4.6 has been added to better connect the protocol with the Results section.
5. Device cleaning

5.1. Gently remove and discard the medical-grade sealing film from the LEMOS 2.0 device [1]. Using a pipette, aspirate and discard the cell suspension from each microwell [2]. Separate the outer shell from the LEMOS 2.0 frame using a steady, even force, taking care not to bend or twist the PLA frame excessively [3].
5.1.1. Talent removing and discarding the sealing film
5.1.2. Talent aspirating and discarding the cell suspension
5.1.3. Talent separating the outer shell from the LEMOS 2.0 frame

5.2. Peel away the bulk PDMS layer from the frame [1]. Then, use tweezers to carefully remove the PDMS microwells from the LEMOS 2.0 frame [2]. Sanitize the LEMOS 2.0 frame and outer shell with 70% ethanol, avoiding direct contact with the electrical components except the LEDs [3].
5.2.1. Talent peeling away the bulk PDMS layer from the frame
5.2.2. Talent removing the PDMS microwells using the tweezers
5.2.3. Talent spraying 70% ethanol onto the LEMOS 2.0 frame and outer shell


Results
6. Results 

6.1. Cells exposed to constant green light showed a marked increase in fluorescence over time [1]. In contrast, dark microwells adjacent to the illuminated wells exhibited fluorescence levels comparable to those of isolated dark controls, indicating minimal light leakage or inter-well crosstalk [2].
6.1.1. LAB MEDIA: Figure 3D   Video Editor: Please highlight the green curve and its corresponding green legend in the left graph
6.1.2. LAB MEDIA: Figure 3D   Video Editor: Please sequentially highlight the yellow, purple, and grey curves together, along with their corresponding legend in the left graph

6.2. Increasing the green-light duty cycle produced progressively higher expression of superfolder green fluorescent protein over time, demonstrating that gene expression can be tuned by adjusting the duty cycle [1]. The expression rate increased with duty cycle up to 40% [2], after which it reached a plateau, indicating saturation at higher green-light stimulation [3].
6.2.1. LAB MEDIA: Figure 3E   Video Editor: Please sequentially highlight the fluorescence curves from 5% to 80% duty cycle
6.2.2. LAB MEDIA: Figure 3F   Video Editor: Please highlight the data points from 5% to 40%,
6.2.3. LAB MEDIA: Figure 3F   Video Editor: Please highlight the data points 40%, 60%, and 80% points together 

6.3. The orange set-point tracking curve gradually approached the predefined set point [1] and remained close to it [2], while the constant green and red-light conditions remained above and below the target, respectively [3]. Correspondingly, the green-light duty cycle progressively decreased as the fluorescence signal approached the set point [4] and remained low after the target was reached [5].
6.3.1. LAB MEDIA: Figure 4B  Video Editor: Please highlight the solid orange set-point tracking curve 
6.3.2. LAB MEDIA: Figure 4B  Video Editor: Please highlight the dotted orange set-point line and the orange tracking curve together around 7-12 hours
6.3.3. LAB MEDIA: Figure 4B  Video Editor: Please highlight the orange dotted set-point line, followed by the green constant-light curve and the red constant-light curve 
6.3.4. LAB MEDIA: Figure 4C  Video Editor: Please highlight the green duty-cycle bars from approximately 3 to 7 h
6.3.5. LAB MEDIA: Figure 4C  Video Editor: Please highlight the green duty-cycle bars from approximately 7 to 10 h
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