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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_N________  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 
C.  Location: Will the filming need to take place in multiple locations? (Y/N) Yes, in adjacent rooms.
D.  Which steps of your protocol will viewers benefit most from having filmed? 
2.1, 2.4, 4.4, 4.8
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Software use - Homebrew configuration (ie. 4.4)

1. Introduction  

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to develop and validate a single molecule digital ELISA for ultra-sensitive detection of all interferon-alpha subtypes in human samples. (Intro)

B. Interview Statements: 
1.1. Alba Llibre: This method can help answer key questions on the nature, regulation and biological impact of the interferon-induced responses in different disease settings, including autoimmunity and infection. (Videographer Comment: last one) (Author Comment: I don’t know what that means – maybe that from all the takes you have chosen the last one? Let us know if that’s right or if it’s something we should double check.) (Editor: I’m guessing it means to use the last take)
1.2. Vincent Bondet: The main advantage of this technique is its unprecedented sensitivity, allowing quantification of interferon-alpha in biological samples at atto-molar concentrations.  
1.3. Darragh Duffy: This technique has great potential for biomarker discovery to improve patientmanagement in many diseases, as it can quantify cytokines with unprecedented sensitivity (Videographer Comment: last one)
1.4. Vincent Bondet: A key innovative step with this approach was to utilize antibodies isolated from patients with autoimmune polyendocrine syndrome type 1, an disorder that results in production of high-avidity antibodies against different cytokines, including interferon-alpha. (Videographer Comment: take 2, 1st one)
C.  Ethics title card: 
1.5. Procedures involving human subjects have been approved by the Comité de Rercherche Clinique of Institut Pasteur and the local regulatory bodies where the samples were originally collected. 

Protocol: (read by voice talent at JoVE)
2. Paramagnetic Bead Preparation, Activation and Antibody-conjugation
2.1. To begin, load 280 million paramagnetic beads into a microfuge tube, taking note of the volume. [1.WID-TXT] Then, pulse-spin the beads and put the tube on a magnetic separator for a minute. [2.MED-TXT] Thus, remove and discard the diluent solution, isolating the beads. [2.MED-TXT] [3.CU]
2.1.1. Loading tube with beads, TEXT: 100 µL beads = 1 bead-volume unit
This leads to a lot of confusion – please patiently read through the protocol and make the correction(s) needed.  Then, send the protocol back to me before filming so I can make certain the instructions are clear.
2.1.2. Pulse spinning the tube and placing it on magnetic separator, TEXT: 1 min
2.1.3. discard
2.2. Next, wash the beads with BWB 2 times and BCB twice.  For each wash, add 200 µL of BWB [1.MED-TXT] and vortex the tube for 5 seconds.  Then, separate the beads from the solution using the magnetic separator. [2.MED] After one minute of separation, discard the diluent.  [3.CU] 
Authors, double-check this volume.  We originally had “two volume units”, which is either 200 µL or is wrong.  Do you actually mean twice the total volume of the beads?  Anyhow, this change is made throughout.
2.2.1. Loading BWB into the tube, TEXT: 200 µL bead wash buffer (BWB) / wash; Wash 3x (Videographer Comment: take 2)
2.2.2. Vortexing the tube and placing it on the magnetic separator (Videographer Comment: second part)
2.2.3. Removing solution from tube on magnetic separator (magnet)
2.3. Next add 190 μL of BCB per bead-volume.  Then, vortex the tube briefly, [1.MED-TXT] pulse spin the tube and put the washed beads on ice. [2.MED]
(Scriptwriter Comment: Check this too.  It was written as “190 µL per 2 volumes”, which is more sensible to express as 95 µL per 1 volume.  The choice of 2-volumes is just confusing and this change is made throughout. (Author Comment: We think it might be better to keep the 2V example as this is also how it was described in the wrtitten evrison of the paper. I’ve adapted all the volumes but if you think it’s clearer with 1V, let’s leave it like this.)
2.3.1. Adding BCB solution to the tube, then vortexing, TEXT: 190 µL bead conjugation buffer (BCB) / bead-volume (Videographer Comment: cut before talent put the tube back to the rack)
2.3.2. Unloading tube from centrifuge and putting tube on ice
2.4. To activate the beads, combine 1 mL of cold BCB with 10 mg of EDC [1.MED-TXT] and vortex until the solution is homogeneous. Work quickly and safely [2.CU] when using EDC, due to its inherent instability in aqueous solution.  [3.ECU]
2.4.1. Weighing out EDC in tube, then adding BCB, TEXT: 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) (Videographer Comment: second part)
2.4.2. Vortexing the tube
2.4.3. Detail of the homogenous solution, fully mixed
2.5. Then, add 10 μL of cold, diluted EDC per bead-volume, to the bead suspension and vortex the beads briefly. [1.CU MED-TXT] Next, put the beads on a shaker at room temperature for 30 minutes. [2.MED CU/ECU-TXT]
2.5.1. Adding EDC to the bead suspension and vortexing, TEXT: 5 µL / bead-volume (Videographer Comment: MED)
2.5.2. Loading the beads onto the shaker and starting shaker, TEXT: 1000 rpm, 30 min, RT (Videographer Comment: CU , ECU at the end)
2.6. To conjugate antibodies to the beads, first vortex and pulse spin the activated beads. [1.MED] Then, put the beads in a magnetic separator for a minute [2.MED] and discard the BCB supernatant. [3.CU]
2.6.1. Taking tube off shaker and then vortexing and loading the tube into centrifuge
2.6.2. Placing tube on magnet
2.6.3. Removing and discarding supernatant from tube on magnet
2.7. Next, remove the tube from the magnet and wash the beads twice with 200 µL of BCB. Then, vortex, [1.MED] pulse-spin and magnetically separate the beads to remove the buffer. [2.MED]
2.7.1. Adding BCB to the tube and votexing the tube (Videographer Comment: take 3)
2.7.2. Unloading the tube from the centrifuge and setting it up on magnetic stand
2.8. Then, quickly add 200 µL of cold, buffer-exchanged antibody to the activated beads.  [1.MED] After vortexing the bead into solution, [2.CU] put the suspension on the room-temperature shaker for two hours, at 1000 rpm. [3.MED-TXT]
2.8.1. Adding buffer-exchange Ab solution to the tube (Videographer Comment: take 2)
2.8.2. Vortexing the tube
2.8.3. Loading tube onto shaker and starting shaker, TEXT: RT, 1000 rpm, 2 h
3. Bead Blocking and Final Clean-up
3.1. Begin with giving the antibody-coated bead suspension a pulse-spin [1.WID] and then use the magnetic column to remove the buffer.  [2.MED] 
3.1.1. Pulse-spinning the tube
3.1.2. Placing tube on magnetic stand
3.2. Next, check the concentration of the protein in the buffer [1.CU] Use a low volume spectrophotometer – any value [2.MED] above zero ensures that the beads are saturated with antibodies. [3.CU]
3.2.1. Collecting buffer from tube
3.2.2. Adding sample of buffer into spec
3.2.3. Read out of protein concentration on spec, which must be  > 0
3.3. Now, wash the beads with 200 µL of BWB, as performed in all the previous washes. [1.MED]
3.3.1. Adding BWB to the tube and vortexing tube
3.4. Then, transfer the supernatant to a new tube and check the protein concentration to find out if proteins [1.MED] are being released from the beads, which suggests that antibodies are attached. [2.CU] Then, wash the bead with 200 µL of BWB, again. [3.MED]
3.4.1.  Ejecting solution into new tube, then loading a sample into cuvette (Videographer Comment: take 3)
3.4.2. Loading cuvette into spec and getting a protein reading (> 0)
3.4.3.  Adding BWB solution to the beads
3.5. Next, add 200 µL of Bead Blocking Buffer, vortex the tube for five seconds, [1.CU] and transfer it to the room-temperature shaker for 30 minutes. [2.MED-TXT]
3.5.1. Adding solution to the beads/tube and then vortexing the tube
3.5.2. Loading tube onto the shaker, TEXT: RT, 1000 rpm, 30 min
3.6. After 30 minutes the beads will be blocked. Then, wash them once using 200 µL of BWB [1.MED-TXT] followed by washing them twice with 200 µL of bead diluent buffer for each wash. [2.MED-TXT] Then, store the coated and blocked beads in 200 µL of bead diluent buffer at 4°C. [3.WID-TXT]
3.6.1. Adding solution to the beads and vortexing, TEXT: Wash 1x with BWS, BWS: Bead Washing Buffer
3.6.2. Removing solution from tube on magnet, removing tube from magnet and adding bead diluent buffer to tube, TEXT: Wash 2x with bead diluent buffer
3.6.3. Adding buffer to tube, vortexing and transferring tube to refrigerator, TEXT: See the text protocol for an Ab detection assay.
4. Assay Optimization
4.1. This section of the video [1.WID] suggests strategies for how to tweak the assay conditions [2.MED] using the single-molecule array-analyzer software in Homebrew configuration. [3.CU]
4.1.1. Establishing shot, talent entering office/computer setting
4.1.2. Talent getting seated at the computer desk and opening logbook or other resources to consult, making a note on paper somewhere filling the reagent compartment (Videographer Comment: second part)
4.1.3. Opening the software package, show the screen/hands/keyboard/mouse, over-the-shoulder (Videographer Comment: take 2)
4.2. Begin with testing different combinations of capture antibody-conjugated beads and biotinylated detection antibody in both antibody combinations.  [1.SCREEN]
4.2.1. Setting up tests for combinations of capture antibody-conjugated beads and biotinylated detection antibody 
4.3. Next, test combinations of the three different capture antibody concentrations with two different biotinylation ratios for detection and capture antibodies, and vice versa. [1.SCREEN]
4.3.1. Setting up test for three different capture antibody concentrations with the two different biotinylation ratios as detection and capture antibodies
4.4. Then, choose the combination that offers the lowest level of detection, and use it for further steps.  In this case, a 30-to-1 ratio of biotin-to-antibody gives the greatest level of dectection. Next, compare a 2-step configuration with a 3-step configuration.  [1.LM]
4.4.1. Figure 1 
4.5. Alba Llibre: 3-step configurations have three different incubation steps, one with the capture antibody, one with the detection antibody and a final third one for the SBG enzyme labeling. 2-step configurations, combine the capture and detection incubations.  [1.MED/WID]
4.5.1. Interview at computer with Alba
4.6. Run the single molecule array analyzer using the selected capture and detector antibody concentrations and ratios in the 2 and 3-step configurations pre-configured in the analyzer, following the manufacturer’s instructions.  [1.SCREEN]
4.6.1. Setting up test using ratios in the 2 and 3-step configurations pre-configured in the analyzer
4.7. Then, choose the configuration that allows for the highest sensitivity and keep it for future steps.  In this case, the two-step configuration gives slightly higher sensitivity at every test point. [1.LM]
4.7.1. Figure 2 - the 2-step configuration 
4.8. Next, optimize the concentrations of the detector antibody and of SBG.  Test three different concentrations of detector antibody with three different concentrations of SBG. [1.SCREEN-TXT]
4.8.1. Setting up tests for different SBG concentrations, TEXT: 0.1, 0.3 and 0.6 μg Ab / mL; 50, 150 and 250 pM SBG 
4.8.2. [Added Shot]: Wells linked to assays (Editor: I’m not sure what’s being shown here or what kind of shot it is. Please use it if the visual appears to match up)
4.9. Choose the concentrations that give the highest sensitivity and keep them for future steps. In this case, 0.3 μg per mL of antibody and 150 pico-molar SBG have the optimal level of detection with low background levels with fortuitous medium amplitude.  [1.LM]
4.9.1. Fig 3 
4.10. For, additional optimization steps consult the text protocol. [1.MED] Therein are procedures for optimizing assay specificity and reproducibility and an assay for protein competition. [2.SCREEN]
4.10.1. Talent at computer setting up an additional test
4.10.2. An example of how to optimize assay specificity and reproducibility using the software
5. Results: Application of an Optimized IFN-α Assay
5.1. Using an assay optimized to detect 13 sub-classes of interferon-alpha, plasma and serum were analyzed in SLE patients, JDM patients and healthy controls.  High levels of interferon-alpha protein were detected in both disease cohorts. The dotted line indicates the level-of-detection of a conventional commercially available ELISA, which would not detect the interferon-alpha protein in these patient groups despite the known role of this cytokine in these diseases. 
5.1.1. Fig 7 – When the narrative says “The dotted line”, highlight the dotted line by making it appear on the figure at this point

6. Conclusion (said by authors on camera)
6.1. Alba Llibre: After watching this video, you should have a good understanding of how to develop and validate a single molecule array assay for your analyte of choice. (Videographer Comment: last one)
6.2. Vincent Bondet: While attempting this procedure, it’s important to remember that the initial choice of antibodies is key to development of a highly sensitive assay.
6.3. [bookmark: _GoBack]Darragh Duffy: Since its development, this assay has allowed a better characterization of the role of interferon-alpha in a diversity of autoimmune diseases and infections (Videographer Comment: last one)
6.4. Darragh Duffy: This assay has also served to monitor responses to new therapies, and to identify the cellular actors responsible for certain autoimmune diseases. (Videographer Comment: second one)

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.
 2018, Journal of Visualized Experiments
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