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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____N____ If yes, please list make and model of your microscope: ______________________________
B.   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 steps__________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
Video editor, the authors are sending in .mov files that can be used here.

The overall goal of this procedure is to discover novel compounds that modulate the activity of inward rectifier potassium channels. (Intro) 
This is accomplished by first plating tetracycline-inducible HEK293 cells expressing a Kir (Text overlay:  Kir: inward rectifier potassium) channel of interest into a 384-well plate. (P1) 
The second step is to load the cells with a fluorescent thallium reporter dye named FluoZin-2. (P2) 
Next, the unincorporated dye is washed from the cells and replaced with assay buffer containing a vehicle control or test compounds. (P3)
The final step is the addition of a stimulus buffer to the wells to initiate thallium flux. (P4)
Ultimately, a fluorescence plate reader is used to identify the compounds that change the movement of thallium ions through the Kir channel pore.  (P5)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Jerod Denton:  The main advantage of this technique over existing methods, like single-cell voltage clamp electrophysiology, is that it allows hundreds of experiments to be performed simultaneously and thousands of experiments daily.   

1.2. David Weaver:  This method enables the investigator to screen thousands of small molecules for modulators of inward rectifier potassium channels.
1.3. Rene Raphemot:  The implications of this technique extend toward novel therapies for high blood pressure, cardiac arrhythmias, and pain, because Kir channels may represent novel drug targets for these diseases.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. General thallium flux assay procedure
2.1. A day before the thallium flux experiment, dissociate the cells and quantitate the density of the cell suspension as described in the accompanying manuscript.  Next, use the BH medium (Text overlay:  BH medium: B-medium containing 250 µg/ml Hygromycin) containing 10% dialyzed FBS, plate 20,000 monoclonal cells stably transfected with a Kir channel gene of interest in each well of a BD PureCoat amine-coated 384-well plate using a Thermo Multidrop Combi or a multi-channel pipettor. 
2.1.1. MED:  pointing at the dissociated cells or cell suspension.  
2.1.2. MED-over the shoulder:  Talent plates the monoclonal cells in the 384-well plate using a Thermo Multidrop Combi or a multi-channel pipettor.  Text overlay:  BH medium: B-medium containing 250 µg/ml Hygromycin.
2.2. The next day, inspect the plate under a microscope to ensure that the cells are adherent and evenly distributed across the bottom of the wells.  Then, use an ELx405 Microplate Washer to replace the cell culture medium with HBSS assay buffer (Text overlay:  buffer contains 20 mM HEPES and buffered to pH 7.3 with NaOH) at 20 µl per well. 
Note from author (can’t tell if this applies to both 2.2.1 and 2.2.2 or to just one of them): This was not shot, so please use part of extended CU or MED shot from 2.7.1. It is the same instrument.
2.2.1. MED:  Talent inspects a plate under the microscope. 
2.2.2. MED-over the shoulder:  Talent uses an ELx405 Microplate Washer to replace the cell culture medium with HBSS assay buffer at 20 µl per well.  Text overlay:  buffer contains 20 mM HEPES and buffered to pH 7.3 with NaOH.
2.3. After that, prepare the FluoZin-2, AM dye loading solution by briefly centrifuging the tube to dissolve 50 µg of FluoZin-2 powder in 100 µl of anhydrous DMSO (Text overlay:  organic solvent dimethyl sulfoxide: DMSO).  
2.3.1. MED-over the shoulder:  Talent adds DMSO into the tube. Text overlay:  organic solvent dimethyl sulfoxide: DMSO.

2.4. Now, add 50 µl of a 20% weight per volume Pluronic F-127/DMSO solution to the dye.  Mix them by pipetting gently.  Then, add 150 µl FluoZin-2, AM/Pluronic-F127 to 35 ml HBSS assay buffer and mix gently. 
2.4.1. MED-over the shoulder:  Talent adds 20% weight per volume Pluronic F-127/DMSO solution to the dye.

2.4.2. CU:  The solution as it is pipetted gently.

2.4.3. 2.4.1.
MED-over the shoulder:  Talent adds FluoZin-2, AM/Pluronic-F127 to 35-ml HBSS assay buffer. 
2.5. Next, add 20 μl dye loading buffer to each well that has already contained 20 µl of HBSS assay buffer.  Incubate the cells at room temperature for approximately 1 hour. 
2.5.1. MED-over the shoulder:  Talent adds 20 μl dye loading buffer to each well that has already contained 20 µl of HBSS assay buffer.

2.5.2. MED:  Talent places the cells aside on the bench.

2.6. While the cells are loading with dye, prepare a thallium stimulus plate by freshly dissolve 0.5 g of sodium bicarbonate in 50 ml of 5X thallium stimulus buffer (Text overlay:  Refer to the accompanying manuscript for composition).  Then, add 50 µl of the solution to each well of a polypropylene 384-well plate.  

2.6.1. MED-over the shoulder:  Talent adds 0.5 g of sodium bicarbonate in 50 ml of 5X thallium stimulus buffer.  Text overlay:  Refer to the accompanying manuscript for composition.

2.6.2. CU:  The polypropylene 384-well plate as 50 µl of the solution is added to each well.

2.7. After the cells have been loaded with FluoZin-2, AM, wash the plate with an ELx405 Microplate Washer.  Next, add 20 µl or 40 µl of HBSS assay buffer back to each well, and the plate is now ready for the experiments
. 
2.7.1. MED-over the shoulder:  Talent washes the plate with an ELx405 Microplate Washer.

2.7.2. CU:  The polypropylene 384-well plate as 20 µl or 40 µl of HBSS assay buffer is added back to each well.

2.8. Load the thallium and cell plates into a Hamamatsu Functional Drug Screening System (Text overlay: FDSS: Functional Drug Screening System) or equivalent kinetic imaging plate reader with integrated liquid dispensing capabilities, and use appropriate filters for fluorescein/fluorescein-based dyes such as Fluo-4. 
2.8.1. MED:  Talent loads the thallium - and cell - plates into a Hamamatsu Functional Drug Screening System.  Text overlay: FDSS: Functional Drug Screening System. 
2.9. After that, set up a single-add protocol by adding 10 µl 5X thallium series to the corresponding wells of the cell plate containing 40 µl of HBSS assay buffer. 
2.9.1.  MED:  Talent pointing at the FDSS.

2.10. Then, record the baseline fluorescence at a 1 Hz sampling frequency for at least 10 seconds.  The well-to-well fluorescence should be uniform and stable across the plate once optimal cell plating, washing and dye loading conditions are established. 
2.10.1. SCREEN:  A movie to show the uniform and stable fluorescence across the plate.
2.11. In the meantime, use the integrated 384-channel pipettor to add the thallium stimulus buffer to each well simultaneously, and continue the recording for at least 2 min so that the rate and the peak of the thallium-induced increase in fluorescence are captured for off-line analysis.
2.11.1. SCREEN:  A movie to show the recording of the florescence.
3. Checkerboard analysis
3.1. In the next series of experiments, evaluate the uniformity and reproducibility of the assay by plating a control inhibitor in every other well of each column and row of a 384-well plate, and add DMSO to the other wells as a vehicle control.  
3.1.1. MED-over the shoulder:  Talent adds DMSO to the other wells as a vehicle control. 
3.2. Use a multi-channel pipettor, make a compound/DMSO plate by pipetting an inhibitor of the target Kir channel at the concentration determined previously at 80μl/well and 0.1% DMSO vehicle into a 384-well polypropylene plate.  This is done by adding a known inhibitor starting in well A1 and alternate to well B2 and so on up to well B24.   Repeat this procedure with DMSO starting in well B1 and so on up to well A24. 
3.2.1. MED-over the shoulder:  Talent pipettes an inhibitor and 0.1% DMSO vehicle into a 384-well polypropylene plate. Note from author: The first sentence gives an overview of what the next two sentences and shots in 3.2.1 and 3.2.1 describe and show, respectively.
3.2.2. CU:  The 384-well polypropylene plate as talent adds an inhibitor starting in well A1 and alternate to well B2 and so on up to well B24.

3.2.3. CU:   The 384-well polypropylene plate as talent adds DMSO starting in well B1 and so on up to well A24. 

3.3. Now, load the cell, the compound and thallium stimulus plates into the.  Then, set up a two-add protocol by adding 20 µl of the 2X concentration compound series to the corresponding wells of the cell plate containing 20 µl of HBSS assay buffer.  Add the compounds to the cell plate and incubate them for up to 20 minutes at room temperature.  
3.3.1. MED:  Talent loads the cell, the compound and thallium stimulus plates into the FDSS.

3.3.2. MED-over the shoulder:  Talent adds 20 µl of the 2X concentration compound series to the corresponding wells of the cell plate containing 20 µl of HBSS assay buffer.

3.3.3. CU:  The cell plate as the compounds are added to it.
3.4. Record the baseline FluoZin-2 fluorescence for at least 10 sec.  Then, add 10 µl of 5X thallium buffer to each well of the cell plate.  Repeat the experiment on 3 subsequent days to establish the reproducibility of the results.

3.4.1. MED-over the shoulder:  Talent presses the record button on the monitor.

3.4.2. MED:  Talent pointing at monitor while the FluoZin-2 fluorescence is recorded.

3.5. Use thallium flux in DMSO- and drug-treated cells to calculate a value for Z prime, a statistical measure of well-to-well variability among the two populations of wells.  
3.5.1. LAB_MEDIA:  4209_ Denton_Figure 5A

3.6. Calculate Z prime using this formula based on the means and standard deviations of p and n, where p is the uninhibited flux value and n is the fully inhibited flux value.   
3.6.1. Text overlay: Z prime  =  1 -  (  3SDp + 3SDn  )
|meanp + meann|

SD = standard deviation
p = uninhibited flux
n = fully inhibited flux values
Video editor, could you put the above formula on a screen with a black or white or colored background?  
3.7. An assay with Z prime values greater than or equal to 0.5 on 3 separate days is considered suitable for high-throughput screening.
3.7.1. LAB_MEDIA:  4209_ Denton_Figure 5C

4. Results:  High-throughput screening for small-molecule modulators of inward rectifier potassium channels 
4.1. These figures are some examples of the cell plating maps used in different types of experiments.  The positions of wells containing uninduced or tetracycline-induced cells are indicated in different colors.
4.1.1. LAB_MEDIA:  4209_ Denton_Figure 1

4.2. This figure (Video editor, zoom in A here) shows the source plate map used to determine the optimal thallium concentration for the assay development and compound screening.  The color gradient represents the 3-fold dilution series ranging from 100% to 0.002% thallium.  And here is a representative fluorescence intensity map (Video editor, zoom in B here), with cool-to-hot colors indicating low-to-high thallium flux values.  The cell plating map shown here (Video editor, zoom in C here) with a fit of a 4-parameter logistic function to the thallium CRC is used to determine an EC80 value of 15% thallium.

4.2.1. LAB_MEDIA:  4209_ Denton_Figure 2

4.3. This figure (Video editor, zoom in A here) shows the source plate map used to determine the DMSO tolerance of an assay.  Columns 1 and 24 contain assay buffer only, whereas the color gradient indicates the 2-fold dilution series ranging from 10% to 0.01% DMSO.  And here is a representative fluorescence intensity map (Video editor, zoom in B here), with low thallium flux values indicated with darker blue.  The average thallium flux values recorded from the wells containing the indicated concentrations of DMSO are summarized here (Video editor, zoom in C here).

4.3.1. LAB_MEDIA:  4209_ Denton_Figure 3

4.4. Now, this figure (Video editor, zoom in A here) shows the source plate map used to establish concentration-response curves for the known inhibitors of a Kir channel.  Each compound is indicated with a different color and is typically plated as a 3-fold dilution series.  A representative fluorescence intensity map is shown here (Video editor, zoom in B here).  And this figure (Video editor, zoom in C here) shows the dose-dependent inhibition of thallium flux by an inhibitor.

4.4.1. LAB_MEDIA:  4209_ Denton_Figure 4

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
5.1. Jerod Denton:  After its development and optimization the thallium flux assay can also be used to perform a variety of routine pharmacology assays.  

5.2. David Weaver:  The thallium flux assay can also be adapted for use with voltage- and ligand-gated potassium channels and even potassium transporters. 
5.3. Rene Raphemot: Don't forget that working with thallium (reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as use of gloves and appropriate waste disposal should always be taken while performing this procedure.   

       Finally, we would love to involve you in a new promotional project. During the filming of your intro and conclusion sections, we would like to capture your thoughts and opinions about your personal JoVE experience. There's need for extra rehearsal time, or memorizing lines; we want your raw insights & observations. By doing this, it will allow us ensure our future clients with satisfaction & professional trust, not only from our JoVE employees, but now also from fellow established authors like yourself. Our videographer will plan to record the following questions once your interview segments are recorded:
What do you expect from a scientific journal?

In your own words, what makes JoVE's video format special?

Would you recommend JoVE to your colleagues?
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, 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, as well as an introduction to your videographer, closer to your filming date.
�This is the scene that can be recycled from 2.2.2
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