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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.14, 3.11, 3.12. 3.9.1________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
There is not really a specific step that is particularly difficult. The protocol may appear difficult due to performing a multitude of time sensitive and meticulous tasks. This can easily be circumvented by preparing all the reagents and calculations for the biosensor exposure assay well in advance. 
If I were to choose one specific step; it would be step “3.12” where one fills the 96 well microplate. If one chooses to perform an experiment that will use up the plate’s full capacity, this can take up to 30 minutes of pure mental concentration. 

E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __ca. 20 meters___________
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jessica Gaudet: This method can help answer key questions regarding the biogeochemical cycling of Cadmium and Mercury, such as how different environmental variables affect their bioavailability to bacteria [1-MED].
1.1.1. Jessica speaks towards the camera (looking just off-camera), interview style.   
1.2. Jessica Gaudet: The main advantage of this technique is that it offers quasi real time bioavailability data in viable cells irrespective of the presence of oxygen [1-MED].
1.2.1. Jessica speaks towards the camera (looking just off-camera), interview style.      
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Alexandre Poulain: Generally, individuals new to this method will struggle because there are many time sensitive steps that require very meticulous attention to detail [1-MED].
1.3.1. Alexandre speak towards the camera (looking just off-camera), interview style. 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.1. **Alexandre Poulain: [1-MED] Demonstrating the procedure will be Ben, a graduate student from my laboratory [2-MED]. 

1.1.1. Alexandre speak towards the camera (looking just off-camera), interview style. 
1.1.2. Benjamin looks up from workbench or desk and acknowledges the camera.
Protocol: (read by voice talent at JoVE)
2. Preparation of the Biosensor for Anaerobic Exposure Assay

2.1. To prepare for the assay, retrieve the mercury inducible biosensor and the constitutively expressed biosensor from a minus 80 degree Celsius cryostock [1-WIDE-TXT].  Plate the cells onto Lysogeny Broth plates containing 120 micrograms per milliliter of ampicillin [2-CU]. 
2.1.1. Talent retrieves the biosensors from the -80 degree Celsius freezer.  TEXT Overlay: E. coli NEB5α harboring PUC57merR-PpFbFp, E. coli NEB5α harboring PUC19Balch-PpFbFp
2.1.2. LB+Amp plates as talent plates the cells. 
2.2. Grow the plate cultures in an incubator at 37 degrees Celsius, overnight [1-MED].  Between 4:30 and 5 PM, inoculate a culture in 10 milliliters of LB with ampicillin and grow overnight at 37 degrees Celsius with shaking at 220 rpm [2-CU].
2.2.1. Talent places the plate cultures into an incubator.
2.2.2. Tube containing 10 mL of LB/amp as talent inoculates it with the cells.
2.3. At between 9 and 10 AM the next morning, bring the culture, as well as the previously prepared growth medium, into the anaerobic chamber [1-MED-TXT].  Then, add 8 milliliters of fresh growth medium and 210 micrograms per milliliter of ampicillin into a sterile Balch tube [2-CU].  
2.3.1. Talent places the culture and the growth medium in anaerobic growth chamber.  TEXT Overlay: See text for preparation of growth medium  
2.3.2. Sterile Balch tube in the anaerobic chamber as talent adds 8 mL of growth medium with amp there.
2.4. Now, collect 2 milliliters of the overnight grown culture and transfer into a 2 milliliter Microcentrifuge tube [1-MED].
2.4.1. Talent collects 2 mL of the overnight culture and transfers it into a 2 mL microcentrifuge tube in the anaerobic chamber. 
2.5. After centrifuging at 10,000 RCF for 90 seconds, remove the supernatant and resuspend in 2 milliliters of fresh growth medium [1-MED].  Then, add the resuspended culture to the Balch tube containing 8 milliliters of fresh growth medium and ampicillin [2-CU].
2.5.1. Centrifuge as talent removes the tube, dumps the supernatant and resuspends in 2 mL of fresh growth medium in the anaerobic chamber.
2.5.2. Balch tube with the medium as talent adds the resuspended culture there, in the anaerobic chamber.
2.6. Using sterile technique, carefully place a rubber stopper on the Balch tube before removing it from the anaerobic chamber [1-ECU].  Then, place the tube into an incubator and grow anaerobically at 37 degrees Celsius with shaking at 220 rpm [2-MED].
2.6.1. Balch tube in the anaerobic chamber as talent uses sterile technique to place a rubber stopper on it. 
(Unspecified shot number) Added Shot: Balch tube was crimped with aluminum crimps.
2.6.2. Talent places the tube into the incubator and shuts the incubator.
2.7. Between 3 and 5 PM, bring the Balch tube with the culture, a new sterile Balch tube, and the growth medium into the anaerobic chamber [1-MED-over the shoulder].  Add 100 microliters of the culture to 10 milliliters of fresh growth medium with ampicillin in the sterile Balch tube [2-CU-TXT].
2.7.1. Talent places the Balch tube and the growth medium into the anaerobic chamber.
2.7.2. Sterile Balch tube as talent adds 100 microliters of the culture to 10 milliliters of fresh growth medium with amp. TEXT Overlay: 1% anaerobic inoculum 
2.8. Using sterile technique, carefully place a rubber stopper on the Balch tube [1-ECU].  Remove the tube from the anaerobic chamber before growing it overnight at 37 degrees Celsius with shaking at 220 rpm [2-MED].
2.8.1. Tube as talent places the rubber stopper in using sterile technique.
2.8.2. Added Shot: Balch tube was crimped with aluminum crimps.
2.8.3. Talent removes the tube form the anaerobic chamber.
2.9. Between 9 and 10 AM, transfer the culture and the growth medium back to the anaerobic chamber [1-WIDE].  Again, add 8 milliliters of growth medium and ampicillin into a sterile Balch tube [2-MED].
2.9.1. Talent transfers the culture and the growth medium back to the anaerobic chamber.
2.9.2. Talent adds 8 mL of growth medium and ampicillin into a sterile Balch tube in anaerobic chamber. 
2.10. Transfer 2 milliliters the overnight grown culture into a 2 milliliter microcentrifuge tube [1-CU].  Following centrifugation as before, remove the supernatant, and resuspend the cells in 2 milliliters of fresh growth medium [2-MED].  
2.10.1. Microcentrifuge tube as talent transfers 2 mL there (working in the anaerobic chamber).
2.10.2. Talent removes the microcentrifuge tube from the centrifuge, dumps supernatant and begins to resuspend the cell pellet.
2.11. Then, add the resuspended culture to the Balch tube containing the fresh growth medium and ampicillin [1-CU-TXT].
2.11.1. Balch tube with fresh growth medium as talent adds the culture there.  TEXT Overlay: 20% anaerobic inoculum
2.12. Using sterile technique, carefully place a rubber stopper on the Balch tube [1-MED].  Remove it from the chamber and grow anaerobically at 37 degrees Celsius with shaking at 220 rpm [2-WIDE].
2.12.1. Talent places the rubber stopper on the Balch tube, using sterile technique in the anaerobic chamber.
2.12.2. Added Shot: Balch tube was crimped with aluminum crimps.
2.12.3. Talent places the tube into the incubator, closes lid and starts it shaking. 
2.13. Monitor the growth of the culture using a spectrophotometer by vortexing the culture… [1-CU] and then measuring the optical density at 600 nanometers, or OD600 [2-MED].
2.13.1. Culture as talent vortexes it before measuring the OD600. 
2.13.2. Talent measures the OD600 on the spectrophotometer.
2.14. After 3 to 4 hours of expected growth, the culture should reach an OD600 of 0.6 [1-MED-over the shoulder].  
2.14.1. Talent reads the OD600 on the spectrophotometer and it is at about 0.6.  
2.15. Now, bring the tube in the anaerobic chamber and transfer the culture into 2, 2-milliliter microcentrifuge tubes [1-MED].  Following centrifugation as before, remove the supernatant, and resuspend each cell pellet in 2 milliliters of fresh exposure medium [2-CU-TXT].
2.15.1. Working in the anaerobic chamber, talent transfers the culture into 2, 2 mL microcentrifuge tubes.
2.15.2. Tubes as talent pulls them out of the centrifuge in the anaerobic chamber, dumps the supernatant and begins to resuspend the cell pellets.  TEXT Overlay: See text for preparing the exposure medium 
2.16. Repeat this washing step once to remove any trace of the growth medium [1-MED].  Now, combine both microcentrifuge tubes of cell culture into a 7 milliliter PTFE standard vial to obtain the Biosensor Stock for use in the Exposure Assay [2-CU].
2.16.1. Talent works in the anaerobic chamber to repeat wash the cells.
2.16.2. 7 mL PTFE standard vial as talent combines the microcentrifuge tubes of cell culture there.  
3. Exposure Assay
3.1. Before starting the experiment, check the anaerobic monitor to ensure that there is no oxygen in the anaerobic chamber [1-CU].
3.1.1. Anaerobic monitor showing that there is no oxygen in the anaerobic chamber. Author note: This shot was divided into 2 parts (A; showing a reading at 11ppm and B: showing a reading at 0ppm)
3.2. Design the plate layout according to a 96 well template [1-LM].  To run experiments in technical replicates of 3, this will allow for 32 different treatments [2-LM], which is best represented with a 4 [3-LM] by 8 grid to set up the vials [4-LM].
3.2.1. Figure 1.tif – Video editors, please emphasize the 96-well plate on the left of the figure.
3.2.2. Figure 1.tif
3.2.3. Figure 1.tif – Video editors, please emphasize that the rows are of four vials.  Perhaps by adding a highlight across the top of the grid.
3.2.4. Figure 1.tif – Video editors, please emphasize that the columns are of eight vials.  Perhaps by adding a highlight down the side of the grid.
3.3. Set up the 4 by 8 grid according to the assay plate layout [1-MED-over the shoulder].  Then, place 7 milliliter PTFE standard vials in the tray.  Vials should only be handled by manipulating the outside of the vial [2-CU-TXT]. 
3.3.1. Talent unfolds the tray before we put the vials in it.
3.3.2. Tray as talent places 7 mL PTFE standard vials there.  TEXT Overlay: PTFE vials should be acid washed/heat sterilized prior to use 

3.4. Add the exposure medium volume into each vial, corresponding to each treatment [1-MED].  To each vial, add the corresponding volume of the chemical variable to be tested according to the plate layout [2-CU].
3.4.1. Talent adds exposure medium to the vials from a labeled container.
3.4.2. Grid as talent adds the corresponding volume of the chemical variable to be tested in each vial. 
3.5. Now, add nitrate to each vial so that the final concentration is 200 microMolar.  Exclude this step for constitutive biosensor treatment blanks [1-CU-TXT].
3.5.1. Talent adds nitrate to each vial, excluding the blanks.  TEXT Overlay: See text for preparation of NaNO3 stock solution
3.6. To add mercury to the vials, first take the 4 to 8 microMolar stock and shake well [1-MED-TXT].  Dilute the solution in exposure medium, in a 7 milliliter PTFE vial, to a concentration of 100 to 250 nanoMolar to make a working mercury solution [2-MED-over the shoulder].  
3.6.1. Talent shakes the mercury stock and shakes well.  Use labeled containers.  TEXT Overlay: See text for preparation of Mercuric (HgII) solution
3.6.2. Talent dilutes the solution in exposure medium in a 7 mL PTFE vial.  Use labeled containers.
3.7. From this working solution add mercury to the required vials according to the plate layout [1-CU-TXT].
3.7.1. Plate as talent adds the mercury to the required vials.  TEXT: Alternatively add 300 nM cadmium 
3.8. After adding the mercury or cadmium, manually shake the plate in an orbital motion.  The experiment may be paused now depending on the time required for mercury or cadmium to speciate in solution [1-MED].  
3.8.1. Talent shakes the plate in an orbital motion, manually, and then places on the bench.
3.9. When the experiment is resumed, gently pipette Biosensor Stock back and forth to ensure homogeneity [1-MED-over the shoulder].  Then, add 100 microliters of the Biosensor Stock to each vial and manually shake the plate as before [2-CU].
3.9.1. Talent gently pipettes the Biosensor Stock back and forth to ensure homogeneity.
3.9.2. Plate as talent adds 100 microliters of Biosensor Stock to each vial.
3.10. Warm-up the plate reader to 37 degrees Celsius, and set-up a kinetic run for 10 hours with reads every 2.5 to 5 minutes, and orbital shaking in between reads [1-MED-over the shoulder].  Set-up the run to take fluorescence measurements with a fluorescence excitation of 440 nanometers and an emission of 500 nanometers [2-CU].
3.10.1. Talent warms up the plate reader and enters in the listed parameters. Author note: This was done in 2 parts: (A: the plate reader was turned on and B: a video of the computer monitor as we set up the plate reader according to the parameters)
3.10.2. Plate reader as talent enters in the parameters for the fluorescence measurements.
3.11. Now, pipette 200 microliters from each PTFE vials in the 4 by 8 grid into the corresponding wells of the 96 well plate [1-MED].  Pipette back and forth 5 times before transferring each 200 microliters [2-ECU].
3.11.1. Talent pipettes 200 microliters from each PTFE vials in the 4 by 8 grid into the corresponding wells of the 96 well plate. Author note: 3.11.1 through 3.12.1 filmed in one shot. 
3.11.2. Pipette tip as talent pipettes back and forth 5 times and then aspirates the 200 microliters.
3.12. Instead of discarding the pipette tip, leave the pipette tip in the PTFE vial to keep track of pipetting progress [1-CU].
3.12.1. 96-well plate and 4 x 8 grid as talent leaves the pipette tip in the PTFE vial after transferring 200 microliters to the 96-well plate and moves on to the next one.
3.13. Place the 96 well plate into the tray of the plate reader.  Then place the lid on the 96 well plate and begin the assay [1-MED-over the shoulder-TXT].  
3.13.1. Talent places the 96-well plate into the tray of the plate reader and places the lid on the well plate.  TEXT Overlay: See text for quantifying the data
Added Shot: as 3.13.1 B: the computer monitor as we start the plate reader
4. Results: Interpreting the Biosensors’ Fluorescent Signal
4.1. Here are representative results showing corrected fluorescence data as a function of time.  Fluorescence is shown with increasing concentrations of mercury to the inducible biosensor [1-LM].
4.1.1. Figure2.pdf
4.2. The fluorescent peaks can be quantified to show the fluorescent signal… [1-LM] as a function of mercury… [2-LM] or cadmium concentration [3-LM] for both the inducible… [4-LM] and the constitutive biosensors [5-LM]. 
4.2.1. Figure3.pdf – Video editors, please omit the A) and B) labels on figure 3 if possible.
4.2.2. Figure3.pdf – Video editors, please highlight the left-most plot labeled as [Hg(II)]. 
4.2.3. Figure3.pdf – Video editors, please highlight the right-most plot labeled as [Cd(II)]
4.2.4. Figure3.pdf – Video editors, please highlight the black circles on both plots.
4.2.5. Figure3.pdf – Video editors, please highlight the white circles on both plots.
4.3. The mercury or cadmium concentration in the middle of the inducible sensor’s linear range should be used for testing variables [1-LM].
4.3.1. Figure3.pdf
4.4. Here are examples of an inconclusive result with zinc… [1-LM] and a conclusive result with magnesium … [2-LM] and manganese [3-LM] on mercury bioavailability to the biosensor [4-LM].  
4.4.1. Figure4.pdf – Video editors, please highlight the left-most plot labeled as [Zn(II)]. 
4.4.2. Figure4.pdf – Video editors, please highlight the middle plot labeled as [Mg(II)]. 
4.4.3. Figure4.pdf – Video editors, please highlight the right-most plot labeled as [Mn(II)]. 
4.4.4. Figure4.pdf – Video editors, please remove highlighting.
4.5. The result with zinc is inconclusive because the constitutive fluorescence decays with inducible fluorescence, indicating toxicity [1-LM].
4.5.1. Figure4.pdf – Video editors, perhaps zoom into the left-most panel here.
5. Conclusion (said by authors on camera)

5.1. Jessica Gaudet: While attempting this procedure, it’s important to remember to ensure the concentrations of either cadmium or mercury, as these will be used to calibrate the biosensor [1-MED].

5.1.1. Jessica speaks towards the camera (looking just off-camera), interview style.   

5.2. Jessica Gaudet: Following this procedure, other methods like thermodynamic modelling of aqueous systems can be performed to answer additional questions, such as how do specific species of mercury or cadmium affect their bioavailability [1-MED].
5.2.1. Jessica speaks towards the camera (looking just off-camera), interview style.   

5.3. Jessica Gaudet: Don't forget that working with Cadmium, Mercury, and strong acids, such as sulfuric acid can be extremely hazardous and precautions such as the wearing of personal protective equipment should always be taken while performing this procedure [1-MED].  
5.3.1. Jessica speaks towards the camera (looking just off-camera), interview style.   

5.4. Jessica Gaudet: After its development, this technique paved the way for researchers in the field of Environmental Microbiology to explore quasi real time anaerobic mercury or cadmium bioavailability in genetically tractable microbes. [1-MED]. 

5.4.1. Jessica speaks towards the camera (looking just off-camera), interview style.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

LAB MEDIA:
Figure1.tif

Figure2 070918.pdf
Figure3.pdf
Figure4.pdf
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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