[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #:  62487
Scriptwriter Name: Shehnaz Lokhandwala
Supervisor Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=19058583

Title:  A Rapid, Multiplex Dual Reporter IgG and IgM SARS-CoV-2 Neutralization Assay for a Multiplexed Bead-based Flow Analysis System

Authors and Affiliations: 
Stephen Angeloni1, Andrew Cameron2, Nicole D. Pecora2,3, Sherry Dunbar1

1Luminex Corporation
2Departments of Pathology and Laboratory Medicine, Clinical Microbiology, University of Rochester Medical Center
3Department of Microbiology and Immunology, University of Rochester Medical Center


☐   All author names and affiliations are correct.


Corresponding Authors: 
[bookmark: _Hlk25233958]Sherry Dunbar 	(sdunbar@luminexcorp.com)


Email Addresses for All Authors: 
sangeloni@luminexcorp.com
Andrew_Cameron@URMC.Rochester.edu
Nicole_Pecora@URMC.Rochester.edu
sdunbar@luminexcorp.com






Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  13
Number of Shots:  40 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: 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. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.7. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at University of Rochester.

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded 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 one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Dual Reporter IgG and IgM Serological Assay
2.1. To begin the dual reporter IgG and IgM serological assay, freshly prepare the required multiplex bead mixes [1] from the individual coupled bead and control bead stocks at a concentration of 1 x 106 beads per milliliter [2-TXT].
2.1.1. WIDE: Talent at the bench with the bead stocks in view
2.1.2. Talent preparing the multiplex bead mixes. TEXT: See text for full bead preparation details

2.2. Next, dilute the serum samples 100-fold by adding 10 microliters of serum to 990 microliters of PBS-TBN (P-B-S-T-B-N) buffer [1], then dilute the samples another 10-fold by adding 20 microliters of the 1 to 100 dilution to 180 microliters of PBS-TBN [2].
2.2.1.  Talent adding serum to buffer. 
2.2.2. Talent adding diluted sample to the buffer.

2.3. When the bead mixes and serum samples are ready, add 50 microliters of the multiplex bead mixes to the assigned wells of a 96-well non-binding microtiter plate [1], then add 50 microliters of the diluted serum samples to the appropriate wells [2].
2.3.1. Talent adding multiplex bead mix to the 96-well plate.
2.3.2. Talent adding serum samples to the wells.
2.4. Once all samples have been added, cover the plate with a microplate foil seal [1] and incubate on a heated plate shaker at 37 degrees Celsius for 15 minutes [2-TXT]. Then, separate the beads from the reaction mixture by placing the plate onto a magnetic plate separator for 2 minutes [3].
2.4.1. Talent covering the plate with foil.
2.4.2. [bookmark: _Hlk68711255]Talent placing the plate on a shaker. TEXT: 600 rpm Videographer: Obtain multiple usable takes because this will be reused in 2.6.4, 2.8.3, 2.11.2, and 3.3.1.
2.4.3. [bookmark: _Hlk68704247]Talent placing the plate on magnetic plate separator. Videographer: Obtain multiple usable takes because this will be reused in 2.6.5. and 2.8.4.

2.5. Keeping the plate on the magnet, remove the foil seal [1], then carefully invert the plate over a waste container and gently flick the supernatant out of the wells [2]. While still holding the plate on the magnet, blot the plate on absorbent paper [3]. 
2.5.1. Talent removing foil seal.
2.5.2. [bookmark: _Hlk68704694]Talent inverting plate over waste container and flicking the supernatant. Videographer: Obtain multiple usable takes because this will be reused in 2.7.1. 
2.5.3. [bookmark: _Hlk68704745]Talent blotting the plate on absorbent paper. Videographer: Obtain multiple usable takes because this will be reused in 2.7.2. and 2.9.2.

2.6. To wash the reaction wells, remove the plate from the plate magnet [1] and add 150 microliters of PBS-TBN to each well [2]. Cover the plate with a fresh foil seal [3] and incubate on the heated shaker for 2 minutes [4] before placing it back on the plate magnet for another 2 minutes [5].
2.6.1. [bookmark: _Hlk68707325]Talent removing the plate from the plate magnet.
2.6.2. Talent adding PBS-TBN to the wells. Videographer: Obtain multiple usable takes because this will be reused in 2.9.3. and 3.3.2.
2.6.3. Talent covering the plate with foil.
2.6.4. Use 2.4.2 Talent placing the plate on a shaker
2.6.5. Use 2.4.3 Talent placing the plate on magnetic plate separator 

2.7. While keeping the plate on the magnet, invert the plate to discard the supernatant [1], and blot the plate on absorbent paper [2-TXT]. 
2.7.1. Use 2.5.2. Talent inverting plate over waste container and flicking the supernatant.
2.7.2. Use 2.5.3 Talent blotting the plate on absorbent paper. TEXT: Repeat the wash once more

2.8. After the second PBS-TBN wash, remove the plate from the magnet [1] and add 50 or 100 microliters of fresh Detection Reagent mix to each well [2-TXT]. After covering the plate with a microplate foil seal, place it on a heated plate shaker for 15 minutes [3] and then on a magnetic plate separator for 2 minutes [4]. Authors: Will you be adding 50 µL or 100 µL of the detection mix on the day of filming? 
2.8.1. Talent removing the plate from the magnet.
2.8.2. [bookmark: _Hlk68711338]Talent adding Detection Reagent mix to the plate. TEXT: See text for Detection Reagent mix preparation Videographer: Obtain multiple usable takes because this will be reused in 3.3.3
2.8.3. Use 2.4.2 Talent placing the plate on a shaker.
2.8.4. Use 2.4.3 Talent placing the plate on magnetic plate separator 

2.9. While the plate is on the magnet, discard the Detection Reagent mix by inverting the plate over a waste container [1] and blotting it on absorbent paper as previously demonstrated [2]. Wash the reaction wells with PBS-TBN twice [3], then remove the plate from the magnet [4].
2.9.1. Talent inverting the plate to discard the detection reagent mix
2.9.2. Use 2.5.3 Talent blotting the plate on absorbent paper
2.9.3. Use 2.6.2. Talent adding PBS-TBN to the wells
2.9.4. Talent removing the plate from the magnet.

2.10. Add 100 microliters of PBS-TBN to each well [1], then cover the plate with foil seal and shake for 2 minutes at 37 degrees Celsius [2]. Remove the foil seal [3] and use the flow analyzer to read 50 microliters of the sample from each well [4].
2.10.1. Talent adding 100 µL PBS-TBN to the wells.
2.10.2. Plate on the shaker. Videographer: Obtain multiple usable takes because this will be reused in 3.2.1.
2.10.3. Talent removing foil seal.
2.10.4. [bookmark: _Hlk68711166]Talent placing the samples in the flow analyzer.  Videographer: Obtain multiple usable takes because this will be reused in 3.3.4

3. [bookmark: _Hlk68709130]Dual Reporter Neutralization Assay
3.1. For the dual reporter neutralization assay, add 50 microliters of the multiplex bead mixes to assigned wells of a 96-well non-binding microtiter plate [1], then add 25 microliters of 2 micrograms per milliliter ACE2 (ace-two) to each well [2-TXT] and cover the plate with a foil seal [3].
3.1.1. WIDE: Talent adding multiplex bead mix to the wells.
3.1.2. Talent adding ACE-2 to the wells. TEXT: ACE2: Angiotensin-Converting Enzyme-2
3.1.3. Talent covering the plate with foil.

3.2. Following a 2-minute incubation on a heated plate shaker [1], add 25 microliters of 1:500 serum dilutions to the assigned wells [2-TXT]. 
3.2.1. Use 2.10.2. Plate on the shaker.
3.2.2. Talent adding diluted serum to the wells. TEXT: Add PBS-TBN to the control wells

3.3. Once all samples have been added, perform the incubation [1], wash [2], detection [3], and analysis steps as previously demonstrated [4].
3.3.1. Use 2.4.2. Talent placing the plate on a shaker
3.3.2. Use 2.6.2. Talent adding PBS-TBN to the wells
3.3.3. Use 2.8.2. Talent adding Detection Reagent mix to the plate
3.3.4. Use 2.10.4. Talent placing samples in the flow analyzer
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Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the question below. Please do not include steps that will be screen-captured and do not list entire sections.

Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 250. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

4. Results: Optimization of the Dual Reporter IgG and IgM Serological Assay and Neutralization Assay 
4.1. A test of anti-IgM (eye-G-M) conjugated to the DyLight 405 reporter dye [1] within 5 to 60 days from symptom onset [2] and an IgG (eye-G-G)-stripped serum sample [3] did not produce a high signal [4]. Authors: How would you like our voiceover talent to pronounce DyLight 405? Is it die-light-four-zero-five?
4.1.1. LAB MEDIA: Figure 7A, 7B, 7C
4.1.2. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 7A. Video Editor: Emphasize the 11 serum samples in the legend.
4.1.3. LAB MEDIA: Figure 7A. Video Editor: Emphasize the stripped serum sample in the legend.
4.1.4. LAB MEDIA: Figure 7A, 7B, 7C

4.2. For samples with a high IgM median fluorescence intensity [1], the highest signals were seen for the receptor binding domain [2] and nucleocapsid antigens [3]. While the IgM titers should have been elevated in some samples, the observed median fluorescence intensity levels did not exceed 140 MFI (M-F-I) units [4].
4.2.1. LAB MEDIA: Figure 7B, 7C. 
4.2.2. LAB MEDIA: Figure 7B, 7C. Video Editor: Emphasize the title (RBD IgM RP2 signal) and brown and yellow bars in 7B.
4.2.3. LAB MEDIA: Figure 7B, 7C. Video Editor: Emphasize the title (Nc IgM RP2 signal) and brown, yellow, and blue bars in 7C
4.2.4. LAB MEDIA: Figure 7B, 7C. Video Editor: Emphasize the brown bar reaching 140 MFI for the first dilution in 7B.
4.3. Furthermore, the control bead for IgM [1] lacked a significant dynamic range for median fluorescence intensity when using DyLight 405 conjugated to anti-IgM [2] compared to a phycoerythrin-labeled anti-IgM at the same concentration [3].
4.3.1. LAB MEDIA: Figure 7D.
4.3.2. LAB MEDIA: Figure 7D. Video Editor: Emphasize all blue bars.
4.3.3. LAB MEDIA: Figure 7D. Video Editor: Emphasize all orange bars.

4.4. For IgG detection [1], the brilliant violet conjugate had higher median fluorescence intensity signals [2] than the streptavidin conjugate of fluorophore Super Bright 436 [3]. However, the signal intensity for the brilliant violet conjugate varied across the ACE-2 titrations [4].  
4.4.1. LAB MEDIA: Figure 9C, 9E. Video Editor: Emphasize all blue columns in 9C and 9E
4.4.2. LAB MEDIA: Figure 9C, 9E. Video Editor: Emphasize the blue columns in the middle section (Brilliant Violet rows) in 9C and 9E
4.4.3. LAB MEDIA: Figure 9C, 9E. Video Editor: Emphasize the orange columns in the upper and lower sections (Biotin Anti-IgG-SA-Superbright rows) in 9C and 9E
4.4.4. LAB MEDIA: Figure 9C, 9E. Video Editor: Emphasize the blue columns and ACE2 concentration column in the middle section (Brilliant Violet rows) in 9C and 9E 

4.5. This signal fluctuation by the brilliant violet conjugate across ACE2 concentrations also interfered with determining the percent inhibition by ACE2 across the range of IgG titers [1]. 
4.5.1. LAB MEDIA: Figure 9D, 9F. Video Editor: Emphasize the blue columns and ACE2 concentration column in the middle section (Brilliant Violet rows) in 9D and 9F

4.6. For IgM detection [1], the phycoerythrin anti-IgM displayed higher signals [2] than those generated by DyLight 549 (five-four-nine) anti-human IgM [3]. While determining ACE2 percent inhibition of IgM binding, there was a slight but insignificant difference between the two IgM detection reagents [4].
4.6.1. LAB MEDIA: Figure 9C, 9E. Video Editor: Emphasize all orange columns in 9C and 9E
4.6.2. LAB MEDIA: Figure 9C, 9E. Video Editor: Emphasize the orange columns in the upper section (PE-anti-IgM rows) in 9C and 9E.
4.6.3. LAB MEDIA: Figure 9C, 9E. Video Editor: Emphasize the orange columns in the middle and lower sections (DyLight 549 rows) in 9C and 9E.
4.6.4. LAB MEDIA: Figure 9D, 9F. Video Editor: Emphasize and differentiate between orange columns for PE-anti-IgM rows and DyLight 450 rows in 9D and 9F



	




Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
5.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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