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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)_ N/A_____  

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)____Y____ 

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.) Steps 2.2, 3.7, 4.4, 4.5, and 4.11
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.) Steps 4.7 and 4.9
E.  Location: Will the filming need to take place in multiple locations? (Y/N) ___ N ___ If yes, how far apart are the locations? ____Filming will all take place in the same laboratory_______________________________________________ 
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 protocol is to quantify multiple cytokine targets simultaneously in tissue culture supernatants collected from stimulated mouse splenocytes using a multiplex bead based immunoassay and a flow cytometer. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jason Lehmann: This method can help answer key questions in the field of Immunology, such as what are the unique cytokine profiles that orchestrate immune responses in the context of specific disease states [1-MED].
1.1.1. Jason speaks toward camera, interview style. 
1.2. Jason Lehmann: The main advantage of this technique is that simultaneous quantification of multiple analytes can be performed with far less sample volumes than traditional ELISA formats while reducing non-specific binding [1-MED].   
1.2.1. Jason speaks toward camera, interview style. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Jason Lehmann: Demonstrating the procedure will be Nicholas Johnsen, a research associate from our product development team [1-MED]/[2-MED]. 

1.3.1. Jason speaks toward camera, interview style.  Editors, please use 1.3.1 as the audio and 1.3.2 as the visual for 1.3.
1.3.2. Nicholas looks up from workbench or desk or instrument and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. All animal experiments were performed according to NIH recommendations contained within the Guide for the Care and Use of Laboratory Animals and were approved by the IACUC at BioLegend [1-Title Card].
1.4.1. Title Card
Protocol: (read by voice talent at JoVE)
2. Reagent and Standard Preparation

2.1. Begin this procedure with biological sample preparation as described in the text protocol [1-MED-over the shoulder].
2.1.1. Talent places the frozen biological samples on ice to thaw.
2.2. To prepare the pre-mixed antibody-immobilized beads, sonicate the “pre-mixed beads” bottle for 1 minute in a sonicator bath at room temperature [1-CU].  Then, vortex for 30 seconds prior to use.  If no sonicator bath is available, increase the vortex time to 1 minute [2-MED].
2.2.1. Pre-mixed beads as talent sonicates them in the sonicator bath.
2.2.2. Talent vortexes the beads.
2.3. For standard preparation, add 250 microliters of Assay Buffer to reconstitute the lyophilized Mouse Th (pronounced as letters “T,H”) Cytokine Standard Cocktail [1-CU].  Mix by briefly vortexing and allow the vial to sit at room temperature for 10 minutes [2-MED].
2.3.1. Lyophilized Mouse Th Cytokine Standard Cocktail as talent adds 250 microliters of Assay Buffer from a labeled container.  Use labeled containers.
2.3.2. Talent mixes the standard and leaves at room temperature.  
2.4. Transfer the standard cocktail to a polypropylene microcentrifuge tube labeled “C7”. This will be used as the top standard [1-CU-TXT].  Label 6 polypropylene microcentrifuge tubes as C1 through C6 [2-MED-over the shoulder].
2.4.1. Microcentrifuge tube labeled “C7” as talent transfers the standard cocktail there.  TEXT Overlay: Top (C7) Standard
2.4.2. Talent labels the 6 polypropylene microcentrifuge tubes.
2.5. Add 75 microliters of Assay Buffer to each of these tubes [1-CU].  Then, transfer 25 microliters of the top standard, C7, to the C6 tube and mix well by vortexing.  This will be the C6 standard [2-MED-TXT].
2.5.1. Tubes as talent adds 75 microliters of Assay Buffer there from a labeled container.
2.5.2. Talent transfers 25 microliters of the top standard C7 to the C6 tube and mixes well by vortexing.  TEXT Overlay: C6 Standard
2.6. Continue performing serial 1 to 4 dilutions by using a new pipet tip for each tube to add 25 microliters of the previous standard to the 75 microliters of Assay Buffer in the next lowest standard tube [1-CU-TXT].  Follow each addition by vortexing [2-MED].  Use Assay Buffer as the 0 picograms per milliliter standard [3-CU-TXT].
2.6.1. Tubes as talent uses a new pipet tip for each tube to add 25 microliters of the previous standard to 75 microliters of Assay buffer in the next lowest standard tubes.  TEXT Overlay: C5, C4, C3, C2 and C1 Standards 
2.6.2. Talent vortexes the sample tube.
2.6.3. Tube as talent labels C0 and adds Assay buffer.  TEXT Overlay: C0 Standard     
3. Assay Procedure
3.1. To perform the assay, allow all reagents to warm to room temperature before use [1-MED-TXT].
3.1.1. Talent places reagents onto the lab bench to warm up.  TEXT Overlay: 20-25 °C
3.2. Jason Lehmann: Polypropylene filter plates are used in this demonstration.  It is essential to keep the plate upright during the entire assay procedure, including the washing steps, to avoid losing the beads [1-MED].
3.2.1. Jason speaks toward the camera, interview style.
3.3. Pre-wet the filter plate by adding 100 microliters of 1X Wash Buffer to each well and let the plate sit for 1 minute at room temperature [1-CU].
3.3.1. Filter plate as talent adds 100 microliters of 1X Wash Buffer to each well.
3.4. Remove the buffer volume by using the vacuum manifold [1-MED-TXT].  Blot excess Wash Buffer from the bottom of the plate by pressing the plate on a stack of clean paper towels [2-CU].  Then, place the plate on top of the inverted plate cover [3-MED-over the shoulder].
3.4.1. Talent removes buffer volume by using the vacuum manifold.  TEXT Overlay: 5-10 s
3.4.2. Plate as talent blots excess Wash Buffer from the bottom of the plate by pressing the plate on a stack of clean paper towels.
3.4.3. Talent places the plate on top of the inverted plate cover.
3.5. For cell culture supernatant samples, add 25 microliters of Assay Buffer to all wells [1-CU].  Add 25 microliters of each standard to the standard wells [2-MED-over the shoulder].  Finally, add 25 microliters of each sample to the sample wells [3-CU].
3.5.1. Plate as talent adds 25 microliters of Assay Buffer to all wells.  Use labeled containers.
3.5.2. Talent adds 25 microliters of each standard to the standard wells.  Use labeled containers.
3.5.3. Plate as talent adds 25 microliters of each sample to the sample wells.  Use labeled containers.
3.6. Vortex the mixed beads for 30 seconds [1-MED].  Then, add 25 microliters of the mixed beads to each well, shaking the bead bottle intermittently to avoid bead settling [2-MED-over the shoulder]. 
3.6.1. Talent vortexes the mixed beads.
3.6.2. Plate as talent adds 25 microliters of the mixed beads to each well, shaking bead bottle intermittently to avoid bead settling.
3.7. Seal the plate with a plate sealer [1-MED].  Once sealed, wrap the entire plate, including the inverted plate cover, with aluminum foil [2-CU].  Place the plate on a plate shaker, secure it, and shake at approximately 500 rpm for 2 hours at room temperature [3-MED-over the shoulder].
3.7.1. Talent seals the plate with a fresh plate sealer.
3.7.2. Sealed plate as talent wraps the entire plate including the inverted plate cover, with aluminum foil.
3.7.3. Talent places the plate on the plate shaker, secures it and starts it shaking.   
3.8. Without inverting, place the plate on the vacuum manifold and apply the vacuum as before [1-CU].  Then, add 200 microliters of 1X wash buffer to each well [2-MED-over the shoulder].
3.8.1. Plate as talent places it on the vacuum manifold and applies vacuum.
3.8.2. Talent adds 200 microliters of 1X wash buffer to each well.  Use labeled containers.
3.9. Remove the contents of the assay plate wells by vacuum filtration [1-CU].  Blot excess wash buffer from the bottom of the plate with an absorbent pad or paper towels before repeating this step one more time [2-MED-over the shoulder].
3.9.1. Assay plate wells as talent removes the contents by vacuum filtration.
3.9.2. Talent blots the excess wash buffer from the bottom of the plate with an absorbent pad or paper towels.
3.10. Next, add 25 microliters of detection antibodies to each well [1-CU-TXT].   After sealing the plate with a fresh plate sealer, wrap the entire plate, including the inverted plate cover, with aluminum foil [2-MED-over the shoulder]. 
3.10.1. Plate as talent adds 25 microliters of detection antibodies to each well from labeled containers.  TEXT Overlay: See Table of Materials
3.10.2. Talent seals the plate with a fresh plate sealer.
3.10.3. Talent wraps the entire plate, including the inverted plate cover, with aluminum foil.
3.11. Place the plate on a plate shaker and shake at approximately 500 rpm for 1 hour at room temperature [1-CU].  Without vacuuming, add 25 microliters of streptavidin-phycoerythrin (pronounced as “fahy-koh-i-rith-rin”) reagent directly to each well [2-MED-over the shoulder].
3.11.1. Plate as talent places it on the plate shaker and starts it shaking.  
3.11.2. Talent adds 25 microliters of streptavidin-phycoerythrin reagent directly to each well.
3.12. Seal and wrap the plate as before [1-MED].  Then, place the plate on a plate shaker and shake at approximately 500 rpm for 30 minutes at room temperature [2-CU].
3.12.1. Talent works to wrap the sealed plate.
3.12.2. Plate as it shakes on the plate–shaker.
3.13. After repeating the vacuum filtration step twice, add 200 microliters of 1X Wash Buffer to each well [1-MED-over the shoulder].  Re-suspend the beads on a plate shaker for 1 minute [2-MED].  
3.13.1. Talent adds 200 microliters of 1X Wash Buffer to each well.
3.13.2. Talent resuspends the beads on a plate shaker.
3.14. Using a multichannel pipet, transfer the samples from the filter plate to FACS tubes in order to read the samples on a flow cytometer [1-CU]. 
3.14.1. Multichannel pipette as talent uses it to transfer the samples from the filter plate to the FACS tubes.
4. Flow Cytometer Set-Up
4.1. Start up the flow cytometer and acquisition software according to the manufacturer’s instructions provided with the instrument [1-MED-over the shoulder]. 
4.1.1. Talent works to start up the flow cytometer and acquisition software. 
4.2. Create a dot plot with forward scatter on the X-axis and side scatter for the Y-axis.  Set forward scatter and side scatter to linear mode [1-SCREEN].
4.2.1. 56440_Lehmann_SCREEN_4.2.1: Screen capture movie as talent creates a dot plot with forward scatter on the X-axis and side scatter for the Y-axis.  Talent sets forward scatter and side scatter to linear mode.
4.3. Vortex the vial of raw beads included in the kit for 30 seconds to re-suspend the beads [1-MED].  Transfer 400 microliters of the raw beads to a new FACS tube [2-CU].  Set the flow cytometer flow rate to low [3-MED-over the shoulder].
4.3.1. Talent vortexes the vial of raw beads.
4.3.2. FACS tube as talent transfers the raw beads from the vial to the tube.
4.3.3. Talent sets the flow cytometer to low.
4.4. Run the raw beads, carefully adjusting the gain and voltage for forward scatter and side scatter so that both size populations of these beads are visibly separated and easy to gate [1-SCREEN].  
4.4.1. 56440_Lehmann_SCREEN_4.4.1: Screen capture movie as talent runs the raw beads, carefully adjusting the gain and voltage for forward scatter and side scatter so that both size populations of these beads are visibly separated and easy to gate.
4.5. Adjust the forward scatter threshold to exclude unwanted events.  In the forward scatter versus side scatter plot, draw a gate that includes all bead populations [1-SCREEN-TXT].
4.5.1. 56440_Lehmann_SCREEN_4.5.1: Screen capture movie as talent adjusts the forward scatter threshold to exclude unwanted events.  In the forward scatter versus side scatter plot, draw a gate that includes all bead populations.  TEXT Overlay: Unwanted events = debris or air bubbles
4.6. Display the gated bead populations from the forward scatter versus side scatter plot on the second dot plot with PE on the X-axis and APC for the Y-axis [1-SCREEN-TXT].
4.6.1. 56440_Lehmann_SCREEN_4.6.1: Screen capture movie as talent displays the gated bead populations from the FSC vs. SSC plot on the second dot plot with PE on the X-axis and APC for the Y-axis.  TEXT Overlay: APC = allophycocyanin, PE = phycoerythrin 
4.7. Adjust the PMT voltage for the APC fluorescence channel so that the APC signal for all bead populations has a median fluorescence intensity, or MFI, that lies between 10 and 5000 [1-SCREEN].  Next, vortex the vial of PE setup beads for 30 seconds to re-suspend the beads [2-MED-over the shoulder].
4.7.1. 56440_Lehmann_SCREEN_4.7.1: Screen capture movie as talent adjusts the PMT voltage for the APC fluorescence channel so that the APC signal for all bead populations has a MFI that lies between 10 and 5000.
4.7.2. Talent vortexes the vial of PE setup beads.
4.8. Transfer 400 microliters of the re-suspended PE beads to a new FACS tube [1-MED].  Replace the “raw beads” tube in the flow cytometer with the “PE beads” tube [2-CU].
4.8.1. Talent transfers 400 microliters of the PE beads to a new FACS tube.
4.8.2. Flow cytometer as talent replaces the raw beads tube in the flow cytometer with the PE beads tube.
4.9. Adjust the photomultiplier tube voltage for the PE fluorescence channel setting so that the MFI of the PE beads falls between the lot-specific range found listed on the PE beads vial [1-SCREEN].
4.9.1. 56440_Lehmann_SCREEN_4.9.1: Screen capture movie as talent adjusts the photomultiplier tube voltage for the PE fluorescence channel setting so that the MFI of the PE beads falls between the lot-specific range.
4.10. To perform data acquisition, set the number of bead events to be acquired to about 300 per analyte [1-SCREEN].  Vortex each sample for 5 seconds before analysis [2-MED].
4.10.1. 56440_Lehmann_SCREEN_4.10.1: Screen capture movie as talent sets the number of bead events to be acquired to about 300 per analyte.
4.10.2. Talent vortexes the samples.
4.11. Then, read the samples.  When reading the samples, set the flow cytometer to setup mode first and wait until the bead population is stabilized before switching to acquisition mode [1-SCREEN].  
4.11.1. 56440_Lehmann_SCREEN_4.11.1:  Screen capture movie as talent reads the samples and sets the flow cytometer to setup mode first and wait until bead population is stabilized before switching to acquisition mode.  
4.12. Export only the gated events rather than total events before performing data analysis as described in the text protocol [1-SCREEN].
4.12.1. 56440_Lehmann_SCREEN_4.12.1:  Screen capture movie as talent exports only the gated events rather than total events.
5. Results: Quantification of Cytokines Produced by Mouse Splenocytes Cultured Under Stimulating Conditions
5.1. Representative standard curves for target analytes were generated using the mouse T helper cytokine panel.  Properly run assays will demonstrate curves with broad dynamic ranges as shown here.  Standard curves must be run each time the assay is performed [1-LM].

5.1.1. 56440_Lehmann_Figure 2A – Authors, please provide a separate, layered version of figure 2A without the “A” label.  Editors, please highlight the legend showing the list of analytes on the right side of the figure as “target analytes” is narrated.                                       

5.2. Mouse splenocytes were cultured at under various conditions for 48 hours [1-LM].  Culture supernatants were collected and then concentrations of 13 targets were quantified using the mouse T helper cytokine panel [2-LM].  Differential cytokine expression profiles in response to stimulation conditions are clearly visible [3-LM].
5.2.1. 56440_Lehmann_Figure 3 – Authors, please provide a layered version of figure 3.  Editors, please highlight the legend showing the 4 different conditions in both the top and bottom plot as “under various conditions” is narrated.                                       
5.2.2. 56440_Lehmann_Figure 3 - Editors, please highlight the x-axis labels on both the top and bottom plots as “13 targets were quantified” is narrated.                                       

5.2.3. 56440_Lehmann_Figure 3 
6. Conclusion (said by authors on camera)
6.1. Jason Lehmann: Once mastered, the laboratory benchwork of this technique can be completed in less than 5 hours and 30 minutes if it is performed properly.  The time required for data acquisition and downstream analysis will vary depending on the number of samples [1-MED].
6.1.1. Jason speaks toward camera, interview style.
6.2. Jason Lehmann: After watching this video, you should have a good understanding of how to employ this protocol to quantify analyte concentrations in biological samples using a cytometric bead-based immunoassay.  This includes preparations, incubation steps, and flow cytometer setup for data acquisition [1-MED]. 
6.2.1. Jason speaks toward camera, interview style.
6.3. Jason Lehmann:  While attempting this procedure, it’s important to remember to carefully follow each step in the protocol.  In addition, good laboratory skills and proper set up of the flow cytometer are essential for generating reliable data [1-MED].
6.3.1. Jason speaks toward camera, interview style.
6.4. Jason Lehmann: Multiplex cytokine analysis has allowed researchers in numerous fields to explore the cytokine profiles that orchestrate the immune response in several disease states including inflammation, cancer, and neurodegenerative conditions [1-MED].
6.4.1. Jason speaks toward camera, interview style.
6.5. Jason Lehmann: Don't forget that working with biological samples can be hazardous and appropriate biosafety level precautions should always be taken while performing this procedure [1-MED].   
6.5.1. Jason 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.
LAB MEDIA (LM):
56440_Lehmann_Figure 2A – Authors, please provide a separate, layered version of figure 2A without the “A” label.   
56440_Lehmann_Figure 3 – Authors, please provide a layered version of figure 3.  
SCREEN Capture Movies:
56440_Lehmann_SCREEN_4.2.1: Screen capture movie as talent creates a dot plot with forward scatter on the X-axis and side scatter for the Y-axis.  Talent sets forward scatter and side scatter to linear mode.
56440_Lehmann_SCREEN_4.4.1: Screen capture movie as talent runs the raw beads, carefully adjusting the gain and voltage for forward scatter and side scatter so that both size populations of these beads are visibly separated and easy to gate.
56440_Lehmann_SCREEN_4.5.1: Screen capture movie as talent adjusts the forward scatter threshold to exclude unwanted events.  In the forward scatter versus side scatter plot, draw a gate that includes all bead populations.   
56440_Lehmann_SCREEN_4.6.1: Screen capture movie as talent displays the gated bead populations from the FSC vs. SSC plot on the second dot plot with PE on the X-axis and APC for the Y-axis.     
56440_Lehmann_SCREEN_4.7.1: Screen capture movie as talent adjusts the PMT voltage for the APC fluorescence channel so that the APC signal for all bead populations has a MFI that lies between 10 and 5000.
56440_Lehmann_SCREEN_4.9.1: Screen capture movie as talent adjusts the photomultiplier tube voltage for the PE fluorescence channel setting so that the MFI of the PE beads falls between the lot-specific range.
56440_Lehmann_SCREEN_4.10.1: Screen capture movie as talent sets the number of bead events to be acquired to about 300 per analyte.
56440_Lehmann_SCREEN_4.11.1:  Screen capture movie as talent reads the samples and sets the flow cytometer to setup mode first and wait until bead population is stabilized before switching to acquisition mode.  
56440_Lehmann_SCREEN_4.12.1:  Screen capture movie as talent exports only the gated events rather than total events.
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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