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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol require JoVE to film through your microscope? N

2. Does your protocol demonstrate software usage? Y
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. Please upload all screen captured files to your project page by your script return deadline.

3. Which steps from the protocol section below are the most visually important? Please list 4-6 individual steps using the step numbers listed in this document. This information is important for informing the Videographer how to film these steps. (Do not include steps that will be screen captured or represented by lab media. Do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
3.1: placing arrays in holder: Both versions: 8-well and 96-well plates
4.1 Pipet handling: where to place pipet tip in the well, speed of fluid addition
4.3 pipetting using 8-channel pipet
4.4.3, 4.5.1
4. 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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
4.2.1 strict timing: use of timer on computer screen instead of lab timer, written list with time points of when to add what solution, 
4.2.2: fast handling and coordination of steps for agonist addition to wells (opening of incubator door, removing lid of electrode array, pipetting steps, closing everything)

5. Will the filming need to take place in multiple locations (greater than walking distance)? (Y/N)
If yes, how far apart are the locations?  No, 2 Lab rooms, which are next to each other


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author NameJudith Stolwijk: This protocol enables a complete functional dose-response relationship of GPCR agonists to be recorded from one cell population. It provides detailed agonist characterization even for low cell numbers as, for instance, primary cells. ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


What is the main advantage of this technique?

1.2. Author NameJudith Stolwijk: The main advantage of serial dosing is the increase in throughput since a single well is sufficient for full dose-response analysis rather than using one well of cells per single concentration. ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera





OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?	Comment by Judith: Does not apply

1.3. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Are there any specific areas of research that this method could provide insight into? 
Can this method be applied to any other systems?

1.4. Author Name: _ __________ Judith Stolwijk:  The technique is well suited to study signal transduction in rare and complex biological models like organ-on-chip formats in closed microfluidic containers. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

How would you expect an individual who has never performed this technique to struggle? 
Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Judith Stolwijk: The protocol is not difficult to perform provided the equipment is available in the lab. Preparing the various GPCR ligand solutions at the right concentration is the key to success___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera


Why is visual demonstration of this method critical?

1.6. Author Name: Judith Stolwijk: The method requires careful preparation of all solutions as well as quick, accurate and non-invasive liquid handling.___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Author NameJudith Stolwijk: Demonstrating the procedure will be _________ Michael Skiba (name of the person or persons), a _grad student________ (technician, post doc, grad student) and Anne Mildner, a student from my our laboratory will demonstrate the procedure. (Add additional mention of demonstrators as necessary).  

1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Ethics title card: (for human subjects or animal work, does not count toward word length total)	Comment by Judith: does not apply

1.8. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name).
	OR
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name).


Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
· Each section must contain a minimum of 3 steps (~6 shots), so short sections may be combined.
2. Electrode Array Cell Seeding and Equilibration
2.1. For cell seeding onto the electrode arrays, add the appropriate concentration of cells to the wells of each electrode array [1-TXT] and allow the cells to settle homogenous onto the well bottoms at room temperature for 10-15 minutes [2].
2.1.1. WIDE: Talent adding cells to well(s), with cell container visible in frame 
2.1.2. Talent setting timer, with array(s) visible in frame
2.2. After at least 36 hours in a standard cell culture incubator at 37 degrees Celsius and 5% carbon dioxide [1-TXT], inspect the cell layers by phase contrast microscopy to ensure a complete coverage of the electrodes with cells [2].
2.2.1. Talent placing array into incubator TEXT: Change medium 24 h before experiment
2.2.2. Talent at microscope, inspecting cells OR LAB MEDIA: Authors: Do you have an image of the cells covering the electrodes that you could provide to be shown here?	Comment by Judith: We Can provide an image of cells on electrodes (jpg attached: U373 on electrode.jpg).

2.3. Then replace the cell culture medium in each well with the appropriate volume of pre-warmed, serum-free medium [1-TXT].

2.3.1. Talent adding medium to well(s), with medium container visible in frame TEXT: See text for all medium and solution preparation details

3. Cell Equilibration Monitoring

3.1. To monitor the cell equilibrium by collecting impedance readings, place the electrode array into the connecting array holder of the impedance analyzer [1] and confirm a proper low impedance contact between the electrodes and the impedance analyzer [2-TXT].

3.1.1. WIDE: Talent placing array into holder	Comment by Judith: We use two different types of arrays. 8-well and 96-well to be placed into different types of holders. Both are described in the following protocol. Would be nice if it is possible to make shots for both array types 
3.1.2. Talent checking low impedance contact OR ECU: Shot of low impedance contact TEXT: Adjust/reload array as necessary

3.2. Select the electrode type and/or multi-well format in the user interface of the software [1] and set the measurement parameters [2].	Comment by Judith: For SCREENs 3.2.2, 3.3.1, 3.4.1 and 3.5.1 we provide screenshots for each the 8-well and 96well format, (schreenshot a: 8-well, b: 96well)
Is it possible to combine the shots from a and b to show both options, 8well and 96well in each SCREEN? At least for SCREEN 3.2.2 both options would be useful as shown in the further protocol. We will show data analysis with 8-well format. 

3.2.1. Talent selecting electrode type and/or format, with monitor visible in frame
3.2.2. SCREEN: To be provided by Authors: Measurement parameter(s) being set	Comment by Bridget Colvin: Authors: Please upload all requested screen capture files to your project page by your script return deadline.	Comment by Judith:  3.2.1 and 3.2.2 are not independent activities. Besides electrode type and format (3.2.1), there are only very few parameters to be additionally set (3.2.2). 
We provide a video sequence which demonstrates (i) starting of the software, (ii) connecting to the instrument, (iii) selecting electrode type and the appropriate wells

3.3. If single and multiple frequency data acquisition modes are available, the number of wells to be analyzed is low or the time resolution is not critical, select the multiple frequency recordings [1].

3.3.1. SCREEN: To be provided by Authors: Multiple frequency recordings being selected


3.4. If single and multiple frequency data acquisition modes are available, select Select the a single monitoring frequency mode to ensure maximum time resolution [1].	Comment by Judith: Please change order. 
First: Multiple Frequency
Second: Single Frequency
(because most experiments are in single frequency mode and all further examples deal with single frequency mode data)

3.4.1. SCREEN: To be provided by Authors: Single mode frequency being selected

3.5. If the number of wells to be analyzed is low or the time resolution is not critical, select the multiple frequency recordings instead [1].

3.5.1. SCREEN: To be provided by Authors: Multiple frequency recordings being selected

3.6. Then start acquisition of the time course data. (Select the data folder for where to save the data.) Impedance readings will be recorded at the specified number of frequencies for every well [1].

3.6.1. SCREEN: To be provided by Authors: Acquisition being started

4. Serial Addition Protocol: Agonist Mode

4.1. To initiate the serial addition protocol in the agonist mode for an 8-well array, add 30 microliters of the lowest concentration of the agonist of interest to the cells [1].

4.1.1. WIDE: Talent adding agonist to well, with agonist container in frame as possible

4.2. Let the cells respond and equilibrate for the pre-defined period of time [1] before adding 30 microliters of the next highest concentration until each serial dilution of the agonist has been added [2].

4.2.1. Talent setting timer, with array setup in frame	Comment by Judith: Instead of setting an actual timer it is more accurate to use the timer running on the computer screen as part of the data acquisition software. We use this software timer as guidance for additions, additional timer is for when we want to leave the room (set 3 minutes earlier)  Better: shot of person pointing to time on screen and setting timer. 	Comment by Judith: Is likely not visible, door of incubator will be shut immediately after setting timer
4.2.2. Agonist being added to well	Comment by Judith: Change order: 
First: Timer on computer screen shows defined time (we could provide a screen recording from that)
Person adding agonist
Second: setting timer, see comment above

4.3. To initiate the serial addition protocol in the agonist mode for a 96-well array, pause the data acquisition [1] and add 75 microliters of the lowest concentration of the agonist of interest [2] and resume the data acquisition [3].

4.3.1. Talent pausing acquisition	Comment by Judith: We can also provide a screenshot for this step
4.3.2. Talent adding agonist to well, with agonist container visible in frame if possible
4.3.3. Talent resuming acquisition	Comment by Judith: We can also provide a screenshot for this step

4.4. Let the cells respond and equilibrate for the pre-defined period of time [1], pausing the measurement [2] and removing 75 microliters from each well about 1-2 minutes before the equilibration period ends [3].

4.4.1. Talent setting timer, with array setup visible in frame
4.4.2. Talent pausing acquisition
4.4.3. Solution being removed

4.5. Then add 75 microliters of the next highest concentration of agonist [1] and resume the measurement in the same way until each serial dilution of the agonist has been added [2].

4.5.1. Agonist being added
4.5.2. Talent resuming measurement

5. Data Export and Analysis

5.1. After loading the data into the appropriate data analysis softwareTo analyze the data [1], subtract the impedance of the last data point before the first addition of agonist solution and set the time of addition zero to normalize the impedance values [2].	Comment by Judith: In our specific case (instrument and software we use) it is better to do pre-processing of data with the instrument software. 
We would like to show how to normalize and set time to zero with instrument software (faster, more visual  see our screenshot 5)
Our screenshot includes a data export being tracked. We can provide an additional screen recording where we load the already normalized data into an Exel or an Origin sheet, if you think it would be useful (not attached, yet).

5.1.1. WIDE: Talent loading data into software	Comment by Judith: Talent using instrument software to normalize data …
5.1.2. SCREEN: To be provided by Authors: Impedance values being normalized

5.2. Plot the time course of normalized impedance [1] and plot the individual time courses to identify the maxima in impedance after each addition step [2].

5.2.1. LAB MEDIA: Figure 2A
5.2.2. LAB MEDIA: Figure 3A	Comment by Judith: We found that the data plot shown in figure 3A may not be optimal. We generated an alternative figure   - a video-version of Figure 3A and B  LAB Media Figure 3A video (attached)

5.3. Compose a data sheet with these values [1] and plot the values of maximum impedance change as a function of the agonist concentration [2].

5.3.1. Talent composing data sheet, with monitor visible in frame
5.3.2. LAB MEDIA: Figure 2B	Comment by Judith: We think that another data set may be more intuitive for what is described. It is shown in LAB Media Figure 3B video (attached)

5.4. Then use a data fitting routine to determine the half-maximal effective concentrations and maximum response using the four-parameter logistic model according to the formula [1-TXT].

5.4.1. BLACK TEXT WHITE BACKGROUND:  						Comment by Judith: Hereafter it would make sense to show figure 2B
And next to it Table 5 with the data extracted from the fit

OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author name, Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

6. Results: Representative Impedance-Based GPCR Analyses

6.1. In this representative experiment [1], 10 solutions with increasing histamine concentrations were sequentially added to the cells every 15 minutes [2] and the change in impedance was measured at each time point [3].  

6.1.1. LAB MEDIA: Figure 2A
6.1.2. LAB MEDIA: Figure 2A Video Editor: please emphasize arrows and accompanying concentration texts
6.1.3. LAB MEDIA: Figure 2A Video Editor: please emphasize data lines	Comment by Judith: We can provide a figure where one characteristic datapoint (e.g. max impedance change after 3 µM, blue curve is highlighted)
LAB Media Figure 2A video (attached)

6.2. The impedance changes could then be plotted as a function of histamine concentration [1] and the transfer function of a four-parameter logistic model fitted to the experimental data points from seven wells [2].

6.2.1. LAB MEDIA: Figure 2B Video Editor: please emphasize shapes	Comment by Judith: We can provide a figure where only data points are shown first: Lab Media Figure 2B video (attached)

6.2.2. LAB MEDIA: Figure 2B Video Editor: please emphasize data lines	Comment by Judith: Can remain as indicated: with lines

6.3. To account for possible histamine receptor downregulation or cell desensitization or over-stimulation, the data range for the analysis can be reduced, as shown for this single serial dosing experiment [1].

6.3.1. LAB MEDIA: Figure 3A Video Editor: please emphasize data line	Comment by Judith: 3B	Comment by Judith: Emphasize red data points (in comparison to last black point that is going down)

6.4. Three-parameter optimization can then be applied to the data, providing an EC50 of 0.75  0.12 micromolar for this analysis [1].

6.4.1. LAB MEDIA: Figure 3B Video Editor: please emphasize pink data line

6.5. The addition of the histamine receptor antagonist diphenhydramine 20 minutes before the first histamine is results in a “delayed” increase of impedance within the serial dosing scheme [1], corresponding to the need for higher agonist needed to elicit a cell response [2].

6.5.1. LAB MEDIA: Figure 4A Video Editor: please emphasize arrow and Diph text	Comment by Judith: In the written document it is Figure 5A	Comment by Judith: Arrow and “Diph/L15” label and red line
6.5.2. LAB MEDIA: Figure 4A Video Editor: please emphasize red data line from about 120 min to end of graph	Comment by Judith: 5A

6.6. In the dose-response relationship [1], the effect of the antagonist is expressed as a rightward shift of the curves, corresponding to an increase in EC50, provided the antagonist is a competitive ligand relative to the agonist [2].

6.6.1. LAB MEDIA: Figure 4B	Comment by Judith: In the written docment it is 5B
6.6.2. LAB MEDIA: Figure 4B: Video Editor: please emphasize red data curve	Comment by Judith: 5B	Comment by Judith: Red data curve and the text in red


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
· Each author may give two Conclusion statements maximum.
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
7.1. Author NameJudith Stolwijk: Successful application of the serial dosing scheme is technically easy but requires thoughtful planning ahead of experiment. It is challenging to do all steps with exact timing throughout the experiment.____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera) (Step: __)
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Author Name: Judith Stolwijk: Serial dosing has paved the way to perform dose-response studies with other readout systems that are limited with respect to the number of samples monitored in parallel, like SPR or QCM. ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Author Name: ____ Judith Stolwijk: The particular advantages of serial dosing allow studying receptor-mediated signal transduction with completely new readouts  that are sensitive to other phenotypic changes like, for instance, cytomechanics. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take. If no materials are hazardous, leave this statement blank.
7.4. Author Name: ___(Judith Stolwijk: Please wear gloves and goggles when preparing the stock solutions of the receptor agonists as they may be hazardous when inhaled or swallowed. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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