[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 67261
Scriptwriter Name: Pallavi Sharma
Project Page Link: https://review.jove.com/account/file-uploader?src=20514653

Title: Spatiotemporal Control of Protein Activity through Optogenetic Allosteric Regulation

Landing Page Title (not for video use): Optogenetic Control of Enzyme Activity Using Light-Regulated Allosteric Switch

☒   The Landing Page Title is correct. (Character limit with spaces: 80)


Authors and Affiliations: 

Trisha Bansal, Nicholas Leschinsky, Andrei V Karginov

Department of Pharmacology and Regenerative Medicine, University of Illinois at Chicago 

☒   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Andrei V Karginov 		(karginov@uic.edu )



Email Addresses for All Authors: 
 (tbansal@uic.edu) 
 (nlesch3@uic.edu) 
 (karginov@uic.edu )






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  
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?  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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
Yes. Location 1 : 909 South Wolcott Avenue,  5th Floor, Room 5100.
        Location 2 : 909 South Wolcott Avenue, 4th Floor, Room E417.
The two rooms are in two wings of the same building, with stairs and elevator access. ~250 steps apart.

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:  16
Number of Shots:  42

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)


Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Trisha Bansal: Our overall research focus is to develop optogenetic methods that achieve precise spatiotemporal control of target protein activity by light. We engineer light-regulatable domains called LightR for allosteric regulation of protein activity and utilize these tools to investigate how spatially and temporally controlled protein activity influences cellular signaling, subcellular functions, contributing towards preclinical disease modeling and therapy development. 

What are the most recent developments in your field of research?
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 50 or fewer words.


What technologies are currently used to advance research in your field?
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 50 or fewer words.
What are the current experimental challenges?
1.4. Nicholas Leschinsky: The current challenges in optogenetics include achieving precise, reversible control over target protein activity and accurate mimicking of endogenous signaling kinetics. Preventing leaky activation and enabling targeted subcellular activation are also critical. Managing phototoxicity remains essential for cell viability. Finally, achieving universally compatible, robust optogenetic tools is challenging, limiting versatility and reproducibility across applications.
What significant findings have you established in your field?
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 50 or fewer words.

What research gap are you addressing with your protocol?
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 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Trisha Bansal: Our protocol for engineering LightR tools uniquely combines multiple advanced features into a single system, including allosteric regulation, high sensitivity and spatial resolution, tight temporal control, and precise signaling specificity. This integration allows for tunability across diverse target proteins, addressing gaps in other methods that may lack one or more of these critical capabilities.
How will your findings advance research in your field?
1.8. 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 50 or fewer words.
What new scientific questions have your results paved the way for?
1.9. 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 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Nicholas Leschinsky: We are interested in defining key signaling and structural processes regulating cell migration. We aim to use our optogenetic technology to dissect the regulation of endothelial cell migration and interactions, understand how remodeling of extracellular matrix is mediated by endothelial cells, and determine how dysregulation of these processes contributed to development of a disease.

Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (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 from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Cell Plating and Biochemical Analysis of LightR Enzyme Activity
Demonstrator: Trisha Bansal
Protocol
2.1. For biochemical analysis of LightR (Light-R)-kinases, plate 1 x 106 LinXE (Lin-X-E) cells per 3.5-centimeter cell culture dish for each experimental group [1]. Incubate the cells at 37 degrees Celsius and 5% carbon dioxide for 16–18 hours [2].
2.1.1. WIDE: Talent seeding LinXE cells into 3.5-centimeter cell culture dishes. 
Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 
2.1.2. Talent placing the cell culture dishes into the incubator.

2.2. The following day, transfect the cells with the selected DNA constructs using an appropriate transfection reagent [1-TXT]. 
2.2.1. Talent pipetting the transfection mix into the cell culture dishes. 
TXT: . Engineered LightR-Src and D388R LightR-Src (Catalytically inactive) are used for transfection.
2.2.2. Talent covering the culture dish with aluminum foil. 
          2.2.3. Talent placing the covered dish back into the incubator. 
TXT: Perform the following steps under red light to avoid inadvertent constructs activation 

2.3. After 16–18 hours of transfection, place a 465-nanometer LED (L-E-D) panel lamp system inside the tissue culture incubator [1]. Position a perforated plexiglass panel 10 centimeters above the lamp to achieve illumination of 3 milliwatts per square centimeter [2-TXT].
2.3.1. Talent positioning the cell plate over a perforated glass, placed 10 cm above the LED panel by uncovering the aluminum foil.
2.3.2. Talent turning on the 465 nanometer LED panel in the incubator.
TXT: Illuminate the cells for the desired period 

2.4. Use continuous illumination to activate LightR-Src (Light R Saark). Turn the LED panel on and off manually to control illumination [1-TXT].
2.4.1. Talent turning off the LED panel after the desired period. 
TXT: For FastLightR-Src: Control the ON/OFF cycles manually or by a microcontroller.

2.5. At the end of the experimental time points, harvest the illuminated cell plates and the dark control cell plates, under safe red light [1]. Aspirate the media [2] and wash the cells with cold PBS [3-TXT].
2.5.1. Talent collecting the cells under safe red light.
2.5.2. Talent using a pipette to aspirate media from the cell culture dish.
2.5.3. Talent adds cold PBS to the cells and removes it. 
TXT: Isolate the protein and assess the LightR-Src activity by Western Blotting

3. Video 3: Preparation of Samples for Live Cell Imaging for Characterization of Engineered LightR-Proteins
Demonstrator: Nicholas Leschinsky
Protocol
3.1. To begin, plate 2 x 105 HeLa (Hela) cells per 35-millimeter tissue culture dish in cell culture media [1]. Incubate the cells for 2 hours at 37 degrees Celsius and 5% carbon dioxide [2].
3.1.1. WIDE: Talent adding HeLa cells in the 35-millimeter tissue culture dish.
3.1.2. Talent placing the dish in the incubator.

3.2. Once the cells have attached and reached 60–70% confluency, co-transfect the HeLa cells with the given mixes [1]. 
3.2.1. Text on plain background
0.85 μg FastLightR-Src-mCherry-myc/0.15 μg Stargazin-iRFP

3.3. Cover the dish with aluminum foil to prevent accidental illumination of the cells [1]. Then, incubate the cells for 16–18 hours at 37 degrees Celsius and 5% carbon dioxide [2-TXT].
3.3.1. Talent covering the culture dish with aluminum foil.
3.3.2. Talent placing the covered dish back into the incubator. 
TXT: Perform the following steps under red light to avoid inadvertent constructs activation 

3.4. Next, coat 3 round glass coverslips overnight with 5 milligrams per liter of fibronectin in PBS [1] at 37 degrees Celsius [2].
3.4.1. Talent placing coverslip in a 6 well plate chamber 
TXT: Coverglass with 25 mm diameter, 0.17 mm thickness
3.4.2. Talent adding Fibronectin solution into the well  
TXT: 5 milligrams per liter of fibronectin in PBS
3.4.3. Talent places the 6 well with coverslip in the incubator.

3.5. Then, rinse the coverslips with PBS 16–18 hours after transfection [1]. Plate approximately 1 x 105 transfected HeLa cells onto each coverslip [2] and incubate in cell culture media for 2 hours at 37 degrees Celsius and 5 percent carbon dioxide [3].
3.5.1. Talent adding PBS to the coverslips and removes it.
3.5.2. Talent harvests the transfected HeLa cell plate in safe red light.
3.5.3. Talent adding transfected HeLa cells onto each coverslip under safe red light.
3.5.4. Talent Covers the plate with Al foil
3.5.5. Talent placing the coverslips with cells into the incubator

3.6. Preparing the imaging media:
3.6.1. Talent placing the Imaging media for prewarming. 
TXT: Levobitz’s L-15 media with 5% FBS ; filtered through 0.22um filter
3.6.2. Talent placing mineral oil at 37 degrees celcius for prewarming. 
TXT: Prewarm mineral oil to 37 °C

3.7. Wash the coverslips containing the cells with PBS two times under safe red light [1]. 
3.7.1. Talent adds PBS to the coverslips and removes it. 

3.8. After washing the cells, carefully place the coverslip into a live-cell imaging chamber [1]. Add 1 milliliter of L-15 imaging media to the chamber [2].
3.8.1. Talent placing the coverslip with cells into the imaging chamber.
3.8.2. Talent pipetting 1 milliliter of L-15 imaging media into the chamber.

3.9. Add 1 milliliter of prewarmed mineral oil to the media to prevent evaporation during imaging [1]. Keep the chamber protected from light at 37 degrees Celsius until ready to image [2].
3.9.1. Talent carefully adds 1 milliliter of mineral oil over the media.
3.9.2. Talent covers the chamber with aluminum foil.
TXT:  Chamber setup once ready should be kept in a protected environment at 37 degrees Celsius.

 Subcellular Activation and Imaging of FastLightR-Src
3.10. Place the chamber onto a microscope stage pre-heated to 37 degrees Celsius [1]. Select a single cell expressing both FastLightR-Src-mCherry (Fast- Light-R-S-a-a-r-k -M-Cherry) and Stargazin-iRFP (Stargazin-I-R-F-P) [2].
3.10.1. Talent placing the imaging chamber on the pre-heated microscope stage.
3.10.2. SCREEN: A single cell expressing FastLightR-Src-mCherry and Stargazin-iRFP, highlighted for selection.
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=20514653

3.11. Select specific regions of interest within the cell to illuminate. For this study, choose a small area at the periphery of the selected cell [1].
3.11.1. SCREEN: Talent selecting a small peripheral ROI within the cell on the microscope software.
TXT: ROI selected in date format yymmdd for clarity of sorting.
3.12. Image the selected cell every minute for 20 minutes in the basal state before illumination [1]. Continue imaging for 50 minutes while illuminating locally [2], followed by 20 minutes after activation for a total of 90 minutes [3].
3.12.1. SCREEN: Software displaying imaging setup for micro-mirror illumination setup.
TXT: While setting up the micro-mirror illumination, select the ROI saved as yymmdd in the previous step.
3.12.2. SCREEN: Software setup for initiating Time-lapse local imaging. 
3.12.3. SCREEN: Talent saving the movie files as .TIF stack format on the computer.
TXT: RFP CAM 3%-2.tiff: FastLightR-Src-mCherry-myc; CY% CAM 6%-2.tiff: Stargazin-iRFP

Representative Results

3.13. Global illumination of LinXE cells with engineered LightR-Src (Light-R-S-a-a-r-k) for 60 minutes, show phosphorylation of SRC (S-a-a-r-k) substrates: endogenous paxillin and p130Cas. Cells expressing the catalytically inactive D388RLightR-Src (D-Three-Eight-Eight-Light-R-S-a-a-r-k) mutant shows no phosphorylation of SRC substrates at global illumination.

3.13.1. LAB MEDIA: Figure 2B

3.14.  Global illumination of HeLa cells led to localization of FastLightR-Src (Fast Light-R-S-a-a-r-k) to focal adhesions, which was reversed once the blue light was turned off [1].  This illumination also caused significant increase in cell spreading which stopped once the blue light was turned off. The catalytically inactive D388RLightR-Src (D-Three-Eight-Eight-Light-R-S-a-a-r-k) mutant showed no cell spreading [2]
3.14.1.  LAB MEDIA: Figure 3B. 
3.14.2. LAB MEDIA: Figure  3C.

3.15. Localized illumination of HeLa cells expressing FastLightR-Src resulted in the accumulation of the construct in focal adhesions, leading to localized membrane protrusions with 50 minute illumination [1].  No further area gain observed in 20 minute dark after illumination. Fast LightR-Src gradually disappeared from focal adhesions in the dark phase. [2]
3.15.1. LAB MEDIA: Figure 4B. Video editor: Highlight the blue circled region showing the dark patches where the protrusions are forming.  (Submit Video)

3.16. The cell centroid shifted toward the illuminated region following FastLightR-Src activation, indicating directed cell movement [1].  

3.16.1. LAB MEDIA: Figure 4C.
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