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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N  _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y, screen shots of readers_. If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.) _3.5, 3.9, 4.2, 4.3, 4.4, 4.9___

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.) ___3.5, 3.6. To ensure success fluid channels must be free of bubbles and sterile conditions maintained at all times.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _The 2 labs are adjacent to each other.
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. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this procedure is to demonstrate how to use a biosensor to evaluate the toxicity of drinking water samples.  This is accomplished by creating biochips which contain a monolayer of rainbow trout gill cells and then using them as part of an impedance-based biosensor. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Mark Widder: This procedure provides a way to rapidly measure chemical toxicity in drinking water supplies at levels that are relevant to human health. 

1.2. Mark Widder: The main advantages of this technique are that the biochips can be used under field conditions, they can be stored cold for up to 9 months without any care or maintenance of the cells, and that they are in a ready state at any point for testing once they are removed refrigeration. 

C. Introduction of Demonstrator:   
1.3. ** Linda Brennan: Demonstrating the procedure will be Jordan McNairn, an undergraduate student from our laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
Protocol (read by voice talent at JoVE):  
2. Fluidic Biochip Preparation 
2.1. The day before cell seeding, remove the biochips from their packaging [2.1.1 - MED] and place them into sterilized plastic instrument cases. [2.1.2 - CU]
2.1.1. *Film as written

2.1.2. [combined with 2.1.1] *Film as written
2.2. Attach one of the tubing assemblies to the syringe and draw up a 20% bleach solution into a 20 mL syringe. [2.2.1 – MED] Inject 2 mL of the solution into each channel of the biochip. [2.2.2 – CU - TXT] When finished, allow the biochips to sit for one hour with the bleach solution. [2.2.3 – CU - TXT]
2.2.1. *Film as written

2.2.2. *Film as written(TEXT: *See accompanying text protocol for description of the tubing assembly)

2.2.3. [combined with 2.2.2] *Talent detaches the syringe and lets the assembly sit at RT. (TEXT: Incubate for 1 hr @ RT)
2.3. After one hour, use a sterile one mL syringe fitted with a male slip luer assembly attached to a vacuum line to aspirate the bleach solution from both channels. [2.3.1 – CU]
2.3.1. Talent unwraps syringe and attaches male slip luer assembly which is then attached to a vacuum line to each of the channels to aspirate the bleach solution from each of the biochips channels.

2.4. After aspirating the bleach from the biochip, attach a sterile tubing assembly with male slip luers at each end to the biochip to use as a drain while rinsing the biochips. [2.4.1 – CU] Then, draw up sterile water into a 20 mL syringe [2.4.2 – MED] and flush each channel of the chip with 5 mL of water.[2.4.3 – CU]
2.4.1. [2.4.1 to 2.4.3 combined] *Film as written

2.4.2. *Film as written

2.4.3. *Film as written
2.5. Vacuum-aspirate the water as before [2.5.1 – CU] and place the biochips back into the plastic instrument cases. Leave the biochips in the biosafety hood until the next day. [2.5.2 – MED]
2.5.1. *Film as written

2.5.2. [combined with 2.5.1] Talent places the biochips back into the cases and then stands up and closes up the hood.
2.6. One hour prior to seeding the biochips [2.6.1 – CU], inject 2 mL of a 10 µg/mL fibronectin solution into each channel of the biochip. [2.6.2 – CU - TXT] Incubate the biochips in the biosafety hood for 60 minutes, and then vacuum aspirate the fibronectin solution. [2.6.3 – MED - TXT]
2.6.1. Talent draws up fibronectin solution (from well labeled container) into syringe.

2.6.2. [combined with 2.6.1] *Film as written (TEXT: Fibronectin 10 µg/mL)

2.6.3. Talent connects vacuum assembly tubing and aspirates the solution. (TEXT: Incubate 60 min, RT)
2.7. Finally, place two sterile biochip tubing assemblies onto the ports of the biochips [2.7.1- CU] and set the biochips aside until the cells are ready for seeding.[2.7.2 – MED]
2.7.1. *Film as written

2.7.2. [combined with 2.7.1] *Film as written
3. Rainbow Trout Gill Epithelial Cell Seeding
3.1. Remove one confluent T-175 flask containing rainbow trout gill epithelial cells from the incubator and place it into the biosafety hood.[3.1.1 – MED]  One confluent T-175 flask will be able to seed approximately 16 biochips.[3.1.2 – CU]
3.1.1. *Film as written

3.1.2. Shot of the flask next to 16 prepared biochips
3.2. Aspirate off the media from the cells, rinse them with PBS, and then add 6 mL of trypsin/EDTA solution to the cell layer. [3.2.1 – CU]  Incubate the flask at room temperature for about 5 minutes.  [3.2.2 – CU]
3.2.1. *Film as written (Video Editor: Fade between the different steps as the shot will likely need to be shortened to fit the VO.)

3.2.2. [combined with 3.2.1] Talent places cap on the flask and sets it horizontal.
3.3. Then, add 15 mL of complete L-15 cell culture media to each flask to deactivate the trypsin. [3.3.1 – CU] [3.3.2 – CU]
3.3.1. *Film as written

3.3.2. [combined with 3.3.1] Talent adds 2nd pipette full of media/cells to the container.   

3.4. Take a small aliquot from the container and use a hemocytometer to measure the concentration of the cells.[3.4.1 – CU] View the cells using a brightfield microscope equipped with a 10X objective.[3.4.2 – MED Over the Shoulder]  

3.4.1. Talent takes sample of cells, adds trypan blue if necessary, and places into hemocytometer.

3.4.2. [combined with 3.4.1] Talent looks through microscope at hemocytometer.

3.5. Then, calculate the current cell concentration and adjust the cell suspension to a concentration of a quarter of a million cells/mL. [3.5.1 – CU] 

3.5.1. Talent adjusts the cell suspension concentration by adding media and mixing.
3.6. Next, use a sterile 20 mL syringe to inject 2.5 mL of the cell suspension into the outer port of each channel of the biochip. Allow the extra cell suspension to flow out of the tubing into a waste container.  [3.6.1 - CU]
3.6.1. [combined with 3.7.1] *Film as written
3.7. Then, create an enclosed loop for each biochip channel by inserting the free end of the hose with the luer fitting into the outer ports for each channel. [3.7.1 – CU]
3.7.1. *Film as written
3.8. Next, moisten a paper towel with 70% ethanol and use it to wipe any excess media off of the closed loops. [3.8.1 – CU] Then, place the biochips back in a plastic box.  [3.8.2 – MED - TXT] 

3.8.1. *Film as written
3.8.2. [combined with 3.8.1]  *Film as written  (TEXT: Incubate cells @ 20°C)
3.8.2b [added] Place the plastic box containing the chip is a 20°C incubator.
3.9. On days 4 and 7, remove the biochips from the incubator [3.9.1 – MED] and change the media in the biochips with temperature-equilibrated complete L-15 cell culture media. [3.9.2 – CU]
3.9.1. *Film as written
3.9.2. *Film as written
3.10. After the day 7 feeding, remove and discard the hoses from the chips and insert the autoclaved drain plugs into the biochips. [3.10.1 – CU] Place the biochips in a box in a 6°C incubator until they are used for testing. [3.10.2 – MED – TXT] 
3.10.1. *Film as written
3.10.2. *Film as written (TEXT: Store @ 6°C for up to 9 months)
4. ECIS Testing with Biochips  
4.1. Remove the ECIS (pronounced Ee-sis) test reader and supplies from the carrying case and then turn on the reader. [4.1.1 – MED - TXT] Also, take out one of the prepared biochips from the 6 °C incubator and place it onto a paper towel. [4.1.2 – MED]  

4.1.1. *Film as written (TEXT: ECIS:  electric cell-substrate impedance sensing)
4.1.2. *Film as written
4.2. Using a 10 mL syringe, dispense 10 mL of control water into a labeled 0.5 ounce clear plastic control jar.  [4.2.1 – MED - TXT] Then, use a separate syringe and dispense 10 mL of the test sample into a 0.5 ounce clear plastic test jar. [4.2.2 – MED - TXT]
4.2.1. *Film as written (TEXT: Blue = Control, Red = Test)
4.2.2.  *Film as written (TEXT: Blue = Control, Red = Test) 
4.3. Next, remove two powdered media vials. [4.3.1 – MED] Open one of the powdered media vials and pour the entire contents of one vial into the jar with the control water, dropping the entire vial into solution as well. [4.3.2 – CU]
4.3.1. *Film as written

4.3.2. *Film as written

4.4. Repeat this procedure with the test jar. [4.4.1 – MED] Then, cap and shake the jars to ensure that the powder is completely dissolved. [4.4.2 – CU]
4.4.1. *Film as written 

4.4.2. [combined with 4.4.1] *Film as written

4.5. Fill the blue 10 mL syringe with 9 mL of the control solution and the red 10 mL syringe with 9 mL of the test solution from their respective vials. [4.5.1 – MED] Remove any existing air bubbles from the syringes. [4.5.2 – CU]
4.5.1. *Film as written

4.5.2. *Film as written

4.6. Next, remove the plugs from the biochip ports and re-attach the drain. [4.6.1 – CU] Place the biochip into the removable plastic tray in the ECIS reader, close the lid, [4.6.2 – CU] and then attach the filled syringes to the outer biochip ports.  Finally, attach the syringe plungers. [4.6.3 – CU]
4.6.1. *Film as written

4.6.2. *Film as written
4.7. From the main screen of the reader, select “NEXT” to initiate the pre-test. [4.7.1 – CU] The software will then check the initial impedances. [4.7.2 – CU] If the impedances are within range, the screen will register “Cartridge Passed” and instruct the user to select “Next”. [4.7.3 – LM]
4.7.1. [4.7.1 to 4.7.3 combined] Talent selects “Next” on the screen.

4.7.2. Close-up shot of the software while it checks the impedances.

4.7.3. Figure 3.png

4.8. Then, enter sample information using a soft keyboard and then select “Accept” when finished. [4.8.1 – MED Over the Shoulder]  At this point, two minutes of impedance data will be collected from the inserted biochip and an on-screen timer will count-down time. [4.8.2 – CU]
4.8.1. *Film as written

4.8.2. [combined with 4.8.1] Close-up of screen during this process.

4.9. After two minutes hit “NEXT”. [4.9.1 – Med Over the Shoulder] When prompted by a flashing green box to “Inject samples now”, [4.9.2 – CU] inject the control and test media from the attached syringes simultaneously into the biochip channels. Leave the syringes in place on the biochips when finished.  [4.9.3 – CU]
4.9.1. [4.9.1 to 4.9.3 combined] Talent hits “next” on the screen.

4.9.2. Close-up of screen with flashing green box.

4.9.3. Talent injects the samples into the biochip channels.

4.10. Mark Widder: “If the ECIS reader software determines that the treatment channel is statistically different from the control channel at any point during the test, the on-screen display will indicate that the sample is “Contaminated”.  Otherwise it will indicate “No Contamination Detected” at the end of the monitoring period. [4.10.1 – INT – TXT]
4.10.1. Interview style: Author saying the above statement (TEXT: *Sample is tested 1x/min for 60 min)
4.11. Record test results as contaminated or not contaminated for each sample.  [4.11.1 – MED Over the Shoulder] At the end of the test run, remove and discard the biochip. [4.11.2 – MED] Rinse and air-dry the syringes, the test vials, and the removable plastic tray which housed the biochip during the tests.[4.11.3 – MED]
4.11.1. Talent records the test result.
4.11.2. *Film as written Two shots taken, combined as 4.11.2
4.11.3. *Film as written Two shots taken, combined as 4.11.3
5. Results: Toxicity Testing Using the Impedance-Based Fluidic Biochips
5.1. Thirteen chemicals, shown here, were selected for testing as representatives of a broad spectrum of toxic industrial compounds that could be possible contaminants of drinking water. During the testing, 9 of the 13 were detected by electric cell-substrate impedance sensing within an hour at concentrations that were equivalent to the US army human lethal concentrations.[5.1.1 - LM]
5.1.1. Table 1 (Video Editor: Highlight the rows with a “yes” in the far right column with the last sentence.

5.2. Typical outputs that would be seen following an electric cell-substrate impedance sensing test are shown here.  Contaminated samples end up with significantly lower impedance levels when compared to the control “clean water” samples.[5.2.1 - LM]
5.2.1. Figure 4 and 5 (Video Editor: Show Figure 4 on the right half of the screen and Figure 5 on the left half of the screen.  Label Figure 4 as “Contaminated” and Figure 5 as “Not Contaminated”.  With the 2nd sentence highlight the graph from Figure 4.
6. Conclusion (said by authors on camera) 
6.1. Mark Widder: After watching this video, you should have a good understanding of how to prepare a biochip with a monolayer of rainbow trout gill epithelial cells and to subsequently use that biochip in an impedance-based toxicity test for evaluation of drinking water toxicity.

6.2. Linda Brennan: While attempting this procedure, it’s important to remember to work aseptically in preparing the biochips and also to keep the biochips refrigerated until they are used. Each biochip can only be used once and then must be discarded. 

6.3. Linda Brennan: Once mastered, the biochip preparation can be done in about 10 minutes; this is an estimate because chips are prepared in batches. Sample impedance testing, including sample preparation, takes about 1 hour and 10 minutes if it is performed properly.  
6.4. Linda Brennan: Following this procedure, other methods, such as analytical chemistry, can be performed on a sample that produced a contaminated result in order to identify the suspected chemical or chemicals.

6.5. Mark Widder: Development of this technique paves the way for researchers interested in water toxicity sensors to further develop technology using rainbow trout gill epithelial cells and to develop electric cell-sensing impedance sensing into a more simple and field-ready sensor, such as a dipstick or a cell phone reader.

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.  

Insert your media filenames here.

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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