[image: ]FINAL SCRIPT APPROVED FOR FILMING


Submission ID #: 68257
Scriptwriter Name: Debopriya Sadhukhan
Project Page Link: https://review.jove.com/account/file-uploader?src=20818433 

Title: Utilizing Whole-Cell Biosensors to Measure Ionic Mercury in Water Samples


Authors and Affiliations: 

Dahlin Zevallos-Aliaga1, Frank Britto-Bisso1, Nicolás A. Vaccari1, Maarten Dequanter2, Stijn De Graeve3, Tom Peeters3, Daniel G. Guerra1

1Laboratorio de Moléculas Individuales, Laboratorios de Investigación y Desarrollo, Facultad de Ciencias e Ingeniería, Universidad Peruana Cayetano Heredia
2Kenniscentrum AI, Erasmushogeschool Brussel
3Open BioLab Brussels, Erasmushogeschool Brussel

Corresponding Authors: 
[bookmark: _Hlk25233958]
Daniel G. Guerra		(daniel.guerra@upch.pe)

Email Addresses for All Authors: 

Dahlin Zevallos-Aliaga		(dahlin.zevallos.a@gmail.com)
Frank Britto-Bisso		(frank.britto@upch.pe)
Nicolás A. Vaccari		(nicolas.arias.vaccari@gmail.com)
Maarten Dequanter		(maarten.dequanter@ehb.be)
Stijn De Graeve		(stijn.degraeve@gmail.com)
Tom Peeters			(tom.peeters@ehb.be)
Daniel G. Guerra		(daniel.guerra@upch.pe)


Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 09/23/2025 
Authors: Filming a computer screen sometimes produces low-quality images. Please record the screen for the SCREEN shots directly from your computer following our guidelines and upload them along with a summary to your project page: https://review.jove.com/account/file-uploader?src=20818433 

. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

Current Protocol Length

Number of Steps:  30
Number of Shots:  41

Introduction 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Daniel Guerra: We detail the operation and analysis of whole-cell biosensors for detecting ionic mercury in water. We emphasize reproducibility and accessibility to promote the use and further development of this technology.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: figure 1


What are the current experimental challenges?
1.2. Daniel Guerra: Whole-cell biosensors offer an alternative to traditional analytical chemistry due to the exquisite sensitivity of living organisms. However, they are limited by their fragility and a lack of standardized protocols.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


What significant findings have you established in your field?
1.3. Daniel Guerra: A linear regression of protein production versus growth rate provides the biosynthesis flux for a specific protein. We call this the “expression fraction”, a biologically meaningful metric for biosensor output.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.







Protocol  
2. Titration Experiment Using Mer-RFP
Demonstrator: Dahlin Zevallos-Aliaga

2.1. To begin, measure the optical density of the overnight bacterial culture at 600 nanometers using a spectrophotometer [1].  
2.1.1. WIDE: Talent placing the cuvette containing the overnight bacterial culture inside a spectrophotometer.

2.2. Centrifuge the required volume of pre-inoculum at 3500 g for 5 minutes [1]. Discard the supernatant [2] and using a pipette, resuspend the bacterial pellet in 10 milliliters of fresh M9 medium [3].  
2.2.1. Talent placing a centrifuge tube containing pre-inoculum into the centrifuge.  
2.2.2. Talent discarding the supernatant containing the old M9 medium.  
2.2.3. Talent pipetting fresh M9 medium into the tube and gently resuspending the pellet.

2.3. Using a multichannel pipette, add 195 microliters of the resuspended culture to each well of a 96-well microplate [1].  
2.3.1. Talent pipetting the culture into the wells of the microplate.

2.4. Add 5 microliters of ionic mercury solution ranging from 20 nanomolar to 20 micromolar to each well to achieve final concentrations between 1 nanomolar and 1 micromolar [1].  
2.4.1. Talent pipetting mercury solutions into the wells already containing culture.

2.5. Place the microplate into a multimode microplate reader with temperature control [1] and set the parameters as shown on screen [2].  
2.5.1. Talent placing the microplate inside the microplate reader.  
2.5.2. TEXT on PLAIN BACKGROUND:
Temperature: 37 °C
 Shaking: Constant shaking at 60 rpm
 Time interval: Read every 15 min for 16 h
 Optical density measurement: Read at 600 nm
 Fluorescence measurement: 
 Excitation at 570 nm, Emission at 615 nm

2.6. After 16 hours, collect the data from the microplate reader and save the file [1].  
2.6.1. SCREEN: To be provided by authors: The data being collected from the microplate reader and the file being saved. 
Authors: Filming a computer screen sometimes produces low-quality images. Please record the screen for the SCREEN shots directly from your computer following our guidelines and upload them along with a summary to your project page: https://review.jove.com/account/file-uploader?src=20818433 

3. Data Analysis for Mer-RFP Results
Demonstrator: Frank Britto-Bisso

3.1. Calculate the average optical density at 600 nanometers for each time point across all replicates within each mercury concentration [1].  
3.1.1. SCREEN: To be provided by authors: Spreadsheet software or script interface calculating and displaying the averaged OD₆₀₀ values per condition.

3.2. Plot the averaged optical density at 600 nanometers against time for the culture without mercury [1] and identify the time interval with a positive growth rate [2].  
3.2.1. SCREEN: To be provided by authors: A graph being generated with OD vs. time.
3.2.2. SCREEN: To be provided by authors: Showing the time interval with a positive growth rate.

3.3. For each culture, calculate the specific growth rate at each time point by dividing the change in optical density from the previous time point by the current optical density value [1-TXT].  
3.3.1. SCREEN: To be provided by authors: Calculation of the specific growth rate being shown in the analysis software. 
TXT: 

3.4. Similarly, calculate the specific fluorescence production rate for each culture by dividing the change in fluorescence intensity from the previous time point by the current optical density value [1-TXT].  
3.4.1. SCREEN: To be provided by authors: Calculation of the specific fluorescence production rate being shown in the analysis software. 
TXT: 

3.5. Plot the specific growth rate against the specific fluorescence production rate for each culture [1].  
3.5.1. SCREEN: To be provided by authors: A graph of fluorescence rate on the x-axis and growth rate on the y-axis for multiple mercury concentrations being plotted.

3.6. Take the average slope across replicates for each mercury concentration [1] and plot the average slope values against mercury concentration [2]
3.6.1. SCREEN: To be provided by authors: The average slope across replicates for each mercury concentration being calculated.
3.6.2. SCREEN: To be provided by authors: A graph with mercury concentration on the x-axis and averaged slope values on the y-axis being plotted.

4. Titration Experiment Using Mer-Blue Biosensor
Demonstrator: Dahlin Zevallos-Aliaga

4.1. Centrifuge the overnight dense culture at 3,500 g for 10 minutes [1].  
4.1.1. Talent placing culture tubes into a centrifuge.

4.2. Discard the supernatant [1] and resuspend the bacterial pellet in fresh M9 medium, adjusting the volume until the optical density at 600 nanometers reaches 1 [2].  
4.2.1. Talent pouring off or pipetting out the supernatant medium.  
4.2.2. Talent resuspending the bacterial pellet in fresh M9 medium.

4.3. Next, add 9.5 milliliters of M9 medium and 10 microliters of 100 milligram per milliliter ampicillin stock solution to sterilized glass culture tubes [1].  
4.3.1. Talent pipetting M9 medium and ampicillin stock solution into a clean glass culture tube.

4.4. Inoculate this supplemented M9 medium with 500 microliters of the biosensor culture [1].  
4.4.1. Talent pipetting the biosensor culture and the prepared supplemented M9 medium culture to a glass tube.

4.5. Add 10 microliters of ionic mercury solution to each tube to achieve a range of final concentrations [1-TXT].  
4.5.1. Talent adding mercury solutions into the corresponding tube. TXT: Final mercury concentrations: 0, 1, 2, 5, 10, 25, 50, 100, 125, and 250 nM

4.6. Incubate the tubes at 37 degrees Celsius for 16 hours with vigorous shaking at 220 rpm [1].  
4.6.1. Talent placing the tubes into an orbital shaker inside an incubator.

5. Data Acquisition and Analysis for Mer-Blue Results
Demonstrator: Dahlin Zevallos-Aliaga

5.1. Transfer approximately 1.3 milliliters of each culture into 1.5-milliliter microtubes [1].  
5.1.1. Talent pipetting culture into a 1.5-milliliter microtube.

5.2. Centrifuge the microtubes at top speed for 3 minutes to form tight pellets [1].  
5.2.1. Talent loading microtubes into a centrifuge.

5.3. After discarding the supernatant, photograph the bottom of each microtube, focusing on the pellet [1].  
5.3.1. SCREEN: To be provided by authors: An image of the bottom of the microtube, focusing on the pellet.

5.4. To determine the color intensity values of each pellet image across the red, green, and blue or RGB (R-G-B) channels, load the image on ImageJ (Image-J) [1] and navigate to Image, Type, RGB Stack to create a three-slice stack [2]. Use the selection tool to draw a region of interest around the pellet area [3] and navigate to Analyze, followed by Measure to obtain mean intensity values for the selected area in each channel [4].  
5.4.1. SCREEN: To be provided by authors: Talent loading the image on ImageJ.
5.4.2. SCREEN: To be provided by authors: Navigating to Image > Type > RGB Stack and a three-slice stack being created.
5.4.3. SCREEN: To be provided by authors: Selection of ROI around pellet.  
5.4.4. SCREEN: To be provided by authors: Selection of Analyze > Measure and display of calculated mean intensity values.

5.5. Compute the biosensor response for each sample by calculating the Euclidean distance in RGB space from a white reference pellet image of non-transformed E. coli [1-TXT].  
5.5.1. SCREEN: Calculation of the Euclidean distance in RGB space from a white reference pellet image of non-transformed E. coli. 
TXT: 

5.6. Plot these calculated Euclidean distances against the mercury concentrations [1] and fit a Hill function to the curve [2].  
5.6.1. SCREEN: To be provided by authors: Plotting Euclidean distances against the mercury concentrations.
5.6.2. SCREEN: To be provided by authors: Fitting a Hill function to the curve.

6. Procedure for Measuring Environmental Water Samples
Demonstrator: Dahlin Zevallos-Aliaga

6.1. Centrifuge the water samples at 3,500 g for 10 minutes to sediment sand and organic debris and to isolate the aqueous fraction [1].  
6.1.1. Talent centrifuging water samples.

6.2. Sterilize the clarified sample by passing it through a 0.22-micrometer syringe filter [1].  
6.2.1. Talent filtering sample by passing it through a 0.22-micrometer syringe filter.

6.3. Mix 5 milliliters of this sterile-filtered environmental sample with 4.5 milliliters of double-strength M9 medium [1].  
6.3.1. Talent mixing 5 milliliters of the sterile-filtered sample with 4.5 milliliters of double-strength M9 medium. TXT: 1:2 dilution of the sample

6.4. Inoculate the diluted sample-medium mixture with 0.5 milliliters of the prepared overnight culture [1].  
6.4.1. Talent pipetting bacterial culture into the diluted sample-medium mixture.

6.5. If using Mer-RFP (mer-are-eff-pee) biosensor, transfer 200 microliters of the mixture into a microplate well [1] and initiate measurements using a microplate reader with parameters described previously [2]. 
6.5.1. Talent transferring the mixture into a microplate well.
6.5.2. Talent loading the microplate well into a microplate reader.

6.6. If using the Mer-Blue biosensor, incubate the remaining 10 milliliters of the mixture at 37 degrees Celsius for 16 hours with vigorous shaking at 220 rpm [1]. 
6.6.1. Talent placing the mixture in the orbital shaker and starting the run.



Results
7. Results 

7.1. The Mer-RFP biosensor produced a highly linear inverse expression response to mercury bromide concentrations, with an R-squared value of 0.99 for the linear fit [1]. 
7.1.1. LAB MEDIA: Figure 7A. Video Editor: Highlight the dashed line and open circle data points (along with the vertical lines going through the circles) in the main plot (not the inset).
7.2. The inset in the Mer-RFP plot highlighted improved resolution at high mercury bromide concentrations, confirming the linearity of response even at sub-25 nanomolar levels [1].
7.2.1. LAB MEDIA: Figure 7A. Video Editor: Highlight the inset plot.
7.3. Similarly, the Mer-Blue biosensor exhibited a linear inverse Euclidean distance response to mercury bromide concentrations, with a less tight correlation than Mer-RFP, reflected by an R-squared value of 0.773 [1]. 
7.3.1. LAB MEDIA: Figure 7B. Video Editor: Highlight the dashed line and open circle data points (along with the vertical lines going through the circles) in the main plot (not the inset).
7.4. The inset in the Mer-Blue plot demonstrated variability in the response at low mercury concentrations, suggesting higher sensitivity but reduced linear predictability [1].
7.4.1. LAB MEDIA: Figure 7B. Video Editor: Highlight the inset plot.
7.5. A vertical red line marked the World Health Organization's recommended limit for mercury in drinking water on both linearized plots, indicating the point of regulatory relevance for sensor sensitivity [1].
7.5.1. LAB MEDIA: Figure 7. Video Editor: Highlight the red lines.
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