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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: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  

Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___N___ 
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_3.3, 4.1, 4.2, 5.5, 5.6_________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Preparing the compound dilution series by mixing thoroughly, as well as mixing thoroughly after adding all the components to the plate.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to screen small-molecules for Botulinum (pronounced: BOUGHT-you-LIE-numb) neurotoxin A light chain inhibition. (Intro)
This is accomplished by first preparing a compound dilution series with high accuracy and precision. (P1)
Editors, please show the top left image of “Schematic figure.pptx.”  Please animate by sequentially showing each eppendorf tube and each arrow going to the next tube.
The second step is to transfer compound dilutions into a black 96-well plate. (P2)
Editors, please show the top right image of “Schematic figure.pptx.”  
Next, diluted light chain enzyme is added to the plate, and the enzyme is incubated with the compound for 5 minutes at room temperature. (P3)
Editors, please show the bottom right image of “Schematic figure.pptx” and the arrow with the text “Incubate for 5 min.”
The final step is addition of the light chain FRET (pronounced “fret”) substrate to initiate the reaction, which is monitored with a fluorescence plate reader. (P4)
Editors, please show the bottom left image of “Schematic figure.pptx.”  
Ultimately, secondary screens that utilize a non-fluorescent peptide substrate should be employed to confirm compound activity and determine more rigorous kinetic constants, such as the inhibitor dissociation constant, or Ki(pronounced “K-I”). (P5)
Editors, please show figure 1C here.
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Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Tobin Dickerson: The main advantage of this technique over existing methods, such as cell-based and HPLC-based assays, is that it is simple, can be easily automated for high-throughput campaigns, and can be used to compare the relative potency of multiple compounds by determining their IC50 values.
1.1.1. MED:  Tobin speaks toward camera, interview style.
1.2. Kristin Bompiani:  Generally, individuals new to this method will struggle because one needs to be very careful when preparing a compound dilution series and sufficiently mixing the plate once all the components are added.
1.2.1. MED:  Kristin speaks toward camera, interview style.
1.3. ** Tobin Dickerson:  Demonstrating a portion of the high-throughput screening procedure will be Dejan Caglic, a postdoc from my laboratory.  He will show how small molecule compounds are transferred into a 384-well plate for high-throughput screening with automated equipment.  

1.3.1. MED:  Tobin speaks toward camera, interview style.
1.3.2. MED:  Dejan looks up from working at the robot and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Preparation of compound dilution series
2.1. Begin this procedure by preparing the buffers and reagents as described in the text protocol. 
2.1.1. Title Card. 
2.2. Configure the plate reader to shake the plate at medium speed for 10 seconds, and then to monitor the fluorescence at an excitation wavelength of 490 nm and an emission wavelength of 523 nm, every 5 minutes in kinetic mode for 1 hour 30 minutes at room temperature. 
2.2.1. MED-over the shoulder:  Talent configures the plate reader to shake the plate at medium speed for 10 seconds.
2.2.2. SCREEN:  Screen capture movie of plate reader software as talent enters to monitor the fluorescence at an excitation wavelength of 490 nm and an emission wavelength of 523 nm, every 5 minutes in kinetic mode for 1 hour 30 minutes at room temperature. 
2.3. After determining the compound concentration range, label tubes with the appropriate compound name and concentration. 
2.3.1. MED:  Talent label tubes with the appropriate compound name and concentration.
2.4. Aliquot 100% dimethyl sulfoxide, or DMSO, to all of the tubes to prepare them for compound serial dilution.  
2.4.1. CU:  Tubes in a rack as talent aliquots DMSO into each of the labeled tubes.
2.5. Next, prepare serial dilutions of the compounds.  For the standard 1 to 3 dilution series, add 2 (L of the undiluted compound to 4 (L of DMSO in the first tube of the dilution series and mix well.    
2.5.1. MED-over the shoulder:  Talent uses a pipette to withdraw 2 (L of the undiluted compound from a labeled container, transfers it to the first tube and mixes.
2.6. With a new pipette tip, remove 2 (L of the first dilution and add to 4 (L of DMSO in the second tube; mix well.  Repeat for the remaining dilutions.  Make sure to mix the compound dilutions well to ensure that the compound concentrations are accurate.
2.6.1. CU:  Rack of tubes as talent removes 2 (L of the first dilution and adds to 4 (L of DMSO in the second tube and mixes well.
2.6.2. MED-over the shoulder:  Talent continues the serial dilutions for the next tubes.  
2.7. Cover the compound tubes and set them aside at room temperature.
2.7.1. MED:  Talent covers the compound tubes and sets them aside at room temperature.
3. Plate preparation and spotting 
3.1. Obtain a flat-bottom, opaque, black 96-well plate.  Using the recommended plate setup that can be found in the text protocol, manually dispense 1 (L of the respective compound dilution directly to the bottom of each corresponding well for wells 1 through 9.  
3.1.1. MED-over the shoulder:  Talent begins dispense 1 (L of the respective compound dilution directly to the bottom of each corresponding well of a flat-bottom, opaque, black 96-well plate.  Match/continue action in next shot.
3.1.2. CU:  ​96-well plate as talent continues to dispense 1 (L of the respective compound dilution directly to the bottom of each corresponding well.
NOTE:  3.1.1-3.1.2 filmed as a combined shot.
3.2. Dispense 1 (L of the highest concentration of compound to be tested to well 11 to serve as the compound intrinsic fluorescence control. This control is to determine if the compounds themselves are fluorescent and/or affect substrate hydrolysis (pronounced: “high-DRALL-e-cys”).
3.2.1. MED:  Talent withdraws 1 (L of the highest concentration of compound to be tested into a pipette from a labeled tube.
3.2.2. ECU:  Well 11 as talent dispenses 1 (L of the highest concentration of compound to be tested there.
NOTE:  3.2.1-3.2.2 filmed as a combined shot.
3.3. Manually dispense 1 (L of a known potent inhibitor to well 12 as a positive control and 1 (L of 100% DMSO to well 10 as the negative control.
3.3.1. MED-over the shoulder:  Talent manually dispenses 1 (L of a known potent inhibitor from a labeled container to well 12 as a positive control and 1 (L of 100% DMSO from a labeled container to well 10 as the negative control.
3.4. With an automated pipettor, dispense 79 (L of assay buffer to the side of wells 1 through 10 and 12, and 89 (L to the side of well 11.  Make sure not to touch the tip to the bottom of the well where compound is present to avoid cross-contamination of the wells.
3.4.1. CU:  Plate as talent uses an automated pipettor to dispense 79 (L of assay buffer to the side of wells 1-10 and 12.
3.4.2. ECU:  Well 11 as talent dispenses 89 (L of the assay buffer to the side of the well; show that the tip does not touch the bottom of the well.
3.5. Vortex the diluted light chain enzyme, and use an automated pipettor to add 10 (L of enzyme to the side of each well, except for well 11.  Gently tap the plate to ensure that the total volume of added enzyme goes to the bottom of the well.
3.5.1. MED-over the shoulder:  Talent vortexes the diluted light chain enzyme.
3.5.2. CU:  Plate as talent uses an automated pipettor to add 10 (L of enzyme to the side of each well, except for well 11.
NOTE:  3.5.1-3.5.2 filmed as a combined shot.
3.5.3. MED:  Talent gently taps the plate to ensure that the total volume of added enzyme goes to the bottom of the well.
3.6. Gently mix, cover, and incubate the plate for 5 minutes at room temperature.  This incubation provides a pre-equilibrium step for the compounds to bind to the light chain prior to substrate addition.
3.6.1. CU:  Plate as it is gently mixed and covered.
3.6.2. MED-over the shoulder:  Talent starts a timer adjacent to the covered plate that is set at 5 minutes.
4. Substrate addition and fluorescence measurement
4.1. Gently vortex the Botulinum neurotoxin A light chain substrate.  Then, using an automated pipette, add 10 (L of substrate to the side of each well.  Be sure to add the substrate to the side of the well opposite of where the enzyme was added earlier.
4.1.1. MED-over the shoulder:  Talent gently vortexes the Botulinum neurotoxin/A light chain substrate.  
4.1.2. CU:  Plate as talent uses an automated pipette to add 10 (L of substrate to the opposite side of each well.
4.2. Gently tap the plate to mix the reagents.  Immediately place the plate in a fluorescence microtiter plate reader and begin the previously configured program.
4.2.1. MED:  Talent gently taps the plate to mix.
4.2.2. CU:  Plate as it is inserted in a fluorescence microtiter plate reader.
4.3. After the program is finished, calculate the enzyme velocities by graphing the relative fluorescence unit vs. time and calculating the slope of the line during the linear period of the reaction.
4.3.1. MED-over the shoulder or MED:  Talent working on computer to graph the RFU vs. time.
5. Automated Operation for High-Throughput Screening

5.1. Prepare for automated operation for high-throughput screening as described in the text protocol.
5.1.1. Title Card.
5.2. After dispensing diluted Botulinum neurotoxin A light chain enzyme into the assay plate, assign areas on the liquid handler platform for the compound plates… assay plates… and containers with cleaning solutions. 
5.2.1. CU:  Physical platform of the robot as talent points out the locations of compound plates, then the location of the assay plates and then the location of the containers with cleaning solutions. 
5.3. Program the liquid handler to place the compound plates and the assay plates in the designated positions and remove the plate lids prior to stamping.
5.3.1. MED-over the shoulder:  Talent programs the liquid handler to place the compound plates and the assay plates in the designated positions and remove the plate lids prior to stamping.
NOTE:  5.3.1 and 5.4.1 filmed as a combined shot. No screen shot provided for 5.4.1
5.4. Calibrate the stamping program software, and ensure that the stamping pins are submerged, but not scratching the bottom of the assay plate.  
5.4.1. SCREEN:  Screen capture movie as talent calibrates the stamping program software to ensure that the stamping pins are submerged, but not scratching the bottom of the assay plate.  
5.5. Stamp 50 nL of the compound directly into the assay plate containing 8 (L of Botulinum neurotoxin A light chain.  
5.5.1. CU: Physical platform of the robot as it stamps 50 nL of the compound directly into the assay plate containing 8 (L of Botulinum neurotoxin/A light chain.  
5.6. Clean the pins after each plate by dipping them in DMSO and then drying on blotting paper, and repeating this process with isopropanol and methanol.  Finally, dry the pins over the fan.
5.6.1. MED:  Pins as they are dipped in DMSO and then dried on blotting paper.
5.6.2. CU:  Pins as they are dried over the fan.
NOTE:  Videographer collected notes on shots 5.5.1-5.6.2.  These shots were collected together but intended to be edited into pieces.
5.7. After the compounds have been stamped in the assay plates with enzyme, separately stack the stock compound plates and the assay plates.  Cover the top assay plate in the stack to prevent evaporation and set aside.  
5.7.1. MED-over the shoulder:  Talent separately stacks the stock compound plates and the assay plates.
5.7.2. CU:  Top assay plate in the stack as it is covered and set aside.
5.8. Make sure to incubate the light chain with compounds for at least 5 minutes at room temperature; longer incubation times can be used when stamping a large number of plates.
5.8.1. MED-over the shoulder:  Talent starts a timer that is set to 5 min, adjacent to the plates.
5.9. Finally, dispense the substrate into the assay plates and measure the fluorescence as described in the text protocol.
5.9.1. CU:  Assay plates as talent dispenses the substrate in to the assay plates.
6. Results: Analyzing the FRET-based botulinum neurotoxin/A light chain assay kinetic data
6.1. Whether performing the FRET-based botulinum neurotoxin A light chain assay in a low-throughput or high-throughput manner, an increase in fluorescence should be observed over time when the Botulinum neurotoxin A light chain is incubated with the substrate.
6.1.1. LAB MEDIA:  Figure 1A 
6.2. If serial dilutions of a compound are tested, then a series of lines with varying slopes is often obtained.  Here, the final concentration of a hydroxamate-based (pronounced: “high-DROX-ah-mate”) compound is listed in micromolar units. 
6.2.1. LAB MEDIA:  Figure 1B
6.3. Well 10 in the plate layout described here serves as a negative control, where vehicle only is added.  The rate of this reaction is defined as “100% enzyme activity,” and rates in the presence of compound can be normalized to this rate to obtain the relative rate, or percent inhibition.  
6.3.1. LAB MEDIA:  Figure 1B_negativeHighlight.  
6.4. When the assay is performed with serial dilutions of a compound, a graph of the rate of the reaction versus the inhibitor concentration can be used to determine the half maximal inhibitory concentration, or IC50. (pronounced: “I see fifty”)
6.4.1. LAB MEDIA:  Figure 1C.  Editors, please trace-highlight the red line starting from the Y-axis, going to the curve, and dropping to the X-axis.
6.5. The dilution range should be chosen so that the plot appears sigmoid-shaped for optimal curve fitting.  
6.5.1. LAB MEDIA:  Figure 1C.  Editors, please trace-highlight the sigmoid-shaped curve.
6.6. The IC50 value is a relative measure of potency best described as an apparent Ki value, as it depends upon the concentration of enzyme present in the assay.  This value can then be used to compare and rank the potency of several compounds if tested in parallel.
6.6.1. LAB MEDIA:  Figure 1C_IC50_value
6.7. Proper mixing of the plate after adding each component is crucial to obtain a smooth linear increase in fluorescence over time, which is necessary to accurately determine the initial velocities.  This plot shows a representative experiment where there was insufficient mixing and the rate of product formation is not linear over time, confounding data analysis.
6.7.1. LAB MEDIA:  Figure 1D
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/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)
7.1. Dejan Caglic:  Once mastered, this technique can be done in less than 2 hours for up to 8 compounds if it is performed properly.
7.1.1. MED:  Dejan speaks to camera, interview style.

7.2. Kristin Bompiani:  Following this procedure, other enzyme assays with non-fluorescent peptide substrates, such as HPLC or gel-shift analysis, can be performed to confirm that compounds inhibit botulinum neurotoxin light chain enzymatic activity.
7.2.1. MED:  Kristin speaks toward camera, interview style.
7.3. Tobin Dickerson:  After watching this video, you should have a good understanding of how to determine the relative potency of Botulinum neurotoxin light chain inhibitors. The protocol is accomplished over three steps: preparation of compound dilution series, addition of diluted light chain enzyme to inhibitor candidates, and finally addition of a FRET substrate and subsequent measurement using a fluorescence plate reader. 
7.3.1. MED:  Tobin speaks toward 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.  

Insert your media filenames here.

Schematic figure.pptx
Figure 1A - Authors, please provide a separate version of figure 1A without the A label
Figure 1B - Authors, please provide a separate version of figure 1B without the B label
Figure 1B_negativeHighlight.  – Authors, please provide a separate version of figure 1B without the B label and with the negative control highlighted.
Figure 1C - Authors, please provide a separate version of figure 1C without the C label
Figure 1C_IC50_value – Authors, please provide a separate version of figure 1C without the C label and with the IC50 value listed in the upper right hand of the plot (IC50 = x μM)

Figure 1D - Authors, please provide a separate version of figure 1D without the D label
SCREEN Capture Movies:
50908_Caglic_2.2.2_SCREEN:  Screen capture movie of plate reader software as talent enters to monitor the fluorescence at an excitation wavelength of 490 nm and an emission wavelength of 523 nm, every 5 minutes in kinetic mode for 1 hour 30 minutes at room temperature. 
50908_Caglic_5.4.1_SCREEN:  Screen capture movie as talent calibrates the stamping program software to ensure that the stamping pins are submerged, but not scratching the bottom of the assay plate.  
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.
( 2011, Journal of Visualized Experiments


