[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 61827
Scriptwriter Name: Bridget Colvin 
Project Page Link: https://www.jove.com/account/file-uploader?src=18857283
  
Title: Tetrameric Fluorescent Antigen Arrays for Single-Step Identification of Antigen-Specific B Cells
 
Authors and Affiliations: Kyle D. Apley1,*, J. Daniel Griffin1,*, Stephanie N. Johnson1, Cory J. Berkland1,2,3, and Brandon J. DeKosky1,2,3 

1Department of Pharmaceutical Chemistry, University of Kansas
2Bioengineering Graduate Program, University of Kansas
3Department of Chemical and Petroleum Engineering, University of Kansas

☐   All author names are spelled correctly, and the affiliations are correct (city/state/country information not included in video title page).

Corresponding Author:
Brandon J. DeKosky 		
dekosky@ku.edu 		

Co-Authors:
kdapley@ku.edu 
jdgriffin@ku.edu 
stephanienjohnson@ku.edu 
berkland@ku.edu  

Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

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 the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

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

☐ 	Author interview statement opt out (interview statements removed completely from paper). 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   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 Introduction, Protocol, and Conclusion sections are restricted to 55 shots (i.e., designated as 1.1.1., 1.2.1., etc). 

Protocol Length
Number of Shots: 47


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please 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.[1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

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.[1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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.[1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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.[1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Why is visual demonstration of this method critical?

1.6. 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.[1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Is each interview statement 30 words or fewer? ☐ Yes
Has any author been assigned more than two statements? ☐ No

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.

1.7. 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][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera



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. 

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. Antigen Functionalization
2.1. To functionalize an unmodified antigen with an alkyne handle, add 100 milligrams of insulin to a 20-milliliter glass vial containing 2 milliliters of anhydrous DMSO (D-M-S-O) and a stir bar with gentle heating to 40-50 degrees Celsius [1-TXT].
2.1.1. WIDE: Talent adding insulin to vial, with insulin and DMSO containers visible in frame TEXT: DMSO: dimethyl sulfoxide
2.2. When a homogenous solution has been obtained, add 40.2 milligrams of 1,1,3,3-tetramethylguanidine and 300 microliters of freshly prepared 78.5 mM propargyl N-hydroxysuccinimide ester stock solution in anhydrous DMSO to the vial [1]. 
2.2.1. Talent adding ,1,3,3-tetramethylguanidine to vial, with ,1,3,3-tetramethylguanidine and propargyl N-hydroxysuccinimide ester containers visible in frame
2.3. After a 30-minute incubation at room temperature with stirring, quench the reaction with 12 milliliters of 0.05% hydrochloric acid [1].
2.3.1. Talent adding acid to vial, with HCl container visible in frame
2.4. To purify the singly modified insulin-alkyne by reverse-phase liquid chromatography, load the sample onto a preparative C18 (C-eighteen) column with a 10-minute 30-40% B gradient and a 14-milliliter/minute flow rate [1]. The desired product elutes immediately after elution of the unmodified insulin [2].
2.4.1. Talent loading solution onto column
2.4.2. Last bit of insulin being eluted, then product eluting
2.5. Use a nitrogen gas stream at 650 Pascals of pressure to evaporate the acetonitrile and TFA (T-F-A) [1-TXT] before freezing and lyophilizing the aqueous solution to dryness [2]. 
2.5.1. Talent evaporating acetonitrile and TFA TEXT: TFA: trifluoroacetic acid
2.5.2. Talent freezing and/or lyophilizing solution
2.6. Then store the functionalized insulin at minus 20 degrees Celsius under a dry atmosphere [1].
2.6.1. Talent placing insulin at -20 °C
3. Antigen Array Synthesis
3.1. To synthesize the antigen array by copper-catalyzed, azide-alkyne cycloaddition, dissolve 38 milligrams of insulin-alkyne to a 10-milliliter glass vial with a stir bar in 1.2 milliliters of DMSO with gentle heating [1].
3.1.1. WIDE: Talent adding insulin-alkyne to vial, with insulin-alkyne and DMSO containers visible in frame 
3.2. When a homogenous solution has been obtained, add 1.8 milliliters of 50-millimolar sodium phosphate buffer, 21 milligrams of 20-kilodalton 4-arm PEG (peg) azide, 3.15 milligrams of copper two sulfate pentahydrate, 27.37 milligrams of Tris(3-hydroxypropyltriazolylmethyl)amine, and 50.34 milligrams of sodium ascorbate to the vial [1-TXT].
3.2.1.  Talent adding materials to vial, with all mentioned material containers visible in frame TEXT: PEG: polyethylene glycol
3.3. After 2 hours of stirring at room temperature, add 2 milliliters of DMSO to the vial to solubilize any precipitates [1] and acidify the solution with 4 milliliters of 0.05% hydrochloric acid [2].
3.3.1. Talent adding DMSO to vial, with DMSO container visible in frame
3.3.2. Talent adding HCl to vial, with HCl container visible in frame
3.4. Purify the antigen array by reverse-phase liquid chromatography on a preparative C18 column with a 10 minute 20-60% B gradient and a 14 milliliter/minute flow rate [1]. The desired product will elute immediately after insulin-alkyne [2].
3.4.1. Talent adding sample to column
3.4.2. Insulin-alkyne just finishing eluting, then product eluting
3.5. Then evaporate the acetonitrile by nitrogen gas stream under reduced pressure [1] and freeze and lyophilize the aqueous solution to dryness before minus 20-degree Celsius storage under a dry atmosphere [2].
3.5.1. Talent evaporating sample
3.5.2. Talent lyophilizing sample
4. Fluorophore Conjugation 
4.1. To conjugate the fluorophore to the antigen array, dissolve 21.7 milligrams of tetravalent insulin in 1.75 milliliters of DMSO in a 20-milliliter glass vial with gentle heating and stirring [1].
4.1.1. WIDE: Talent adding insulin in DMSO, with insulin and DMSO containers visible in frame
4.2. When a homogenous solution has been obtained, add 8 milliliters of freshly prepared 100-millimolar carbonate buffer and 250 microliters of 10-millimolar FITC (FIT-see) in DMSO to the vial [1-TXT] and stir the solution for 2 hours in the dark at room temperature [2].
4.2.1. Talent adding carbonate buffer to vial, with buffer and FITC containers visible in frame TEXT: FITC: fluorescein isothiocyanate
4.2.2. Solution being stirred
4.3. To purify the product by dialysis, use 3.5-kilodalton molecular weight cutoff dialysis tubing in a stirred 5-liter bucket with distilled water at room temperature in the dark for 24 hours [1], changing the dialysis solution every 6-12 hours [2].
4.3.1. Talent adding sample to tubing, with bucket visible in frame
4.3.2. Talent changing solution/adding solution to system 
4.4. Then freeze and lyophilize the dialyzed solution to dryness [1] and store the resulting FAA in the dark under a dry atmosphere at minus 20 degrees Celsius [2].	Comment by Bridget Colvin: Authors: Do you want our voiceover talent to say “F-A-A” or “fluorescent antigen array” or other?
4.4.1. Talent freezing and/or lyophilizing sample
4.4.2. Talent storing sample
5. Fluorescent Antigen Array (FAA) Characterization 
5.1. To analyze the assay products by SDS-PAGE (S-D-S-page), load 5 micrograms of purified monovalent antigen, 20-kilodalton 4-arm PEG azide, antigen array, and FAA into individual wells of the gel [1-TXT] and visualize fluorophore labeling in the FAA samples by fluorescence imaging in a gel-imager [2].
5.1.1. WIDE: Talent loading sample(s) into gel TEXT: SDS-PAGE: sodium dodecyl sulfide-polyacrylamide gel electrophoresis
5.1.2. Talent visualizing gel in imager
5.2. Perform Coomassie blue staining to visualize the antigen [1] and perform iodine staining to visualize the PEG backbone [2].
5.2.1. Talent adding dye to gel, with dye container visible in frame
5.2.2. Talent adding iodine to gel, with iodine container visible in frame
5.3. After labeling, rinse the gel three times in distilled water for 2 minutes per wash [1] followed by a 10-minute incubation in 20 milliliters of 5% barium chloride solution [2].
5.3.1. Talent rinsing gel
5.3.2. Talent adding barium chloride to gel, with barium chloride container visible in frame
5.4. At the end of the incubation, rinse the gel three times in distilled water as demonstrated [1] before labeling the gel with 20 milliliters of 0.1-molar iodine solution for 1 minute at room temperature [2].
5.4.1. Talent rinsing gel
5.4.2. Talent adding iodine to gel, with iodine container visible in frame
5.5. At the end of the incubation, rinse the gel three times with distilled water to remove any background staining [1].
5.5.1. Talent rinsing gel
5.6. To calculate the degree of dye-labeling by UV-Vis (U-V-viz) spectroscopy, dissolve 0.1 milligram/milliliter of FAA Authors: In what solution? [1] and record the absorbance at 280 nanometers and the peak absorption wavelength for the dye to obtain the molar extinction coefficients for the antigen and the dye [2-TXT].
5.6.1. Talent dissolving FAA, with FAA container visible in frame
5.6.2. Talent recording absorbance TEXT: Correction Factor (CF) = ADye, 280 nm / ADye, max; 0.25 * (ADye, max / EDye, max) * (Eantigen, 280 nm / (A280 nm – (ADye, max * CF))) = dye/FAA
5.7. To analyze the FAA for free dye or potential degradation products by reverse phase-high pressure liquid chromatography, dissolve 1 milligram/milliliter of FAA Authors: In what solution? [1] and analyze the sample on an analytical C18 column using a 10-minute 5-95% B gradient with a 1-milliliter/minute flow rate [2]. 
5.7.1. Talent dissolving FAA, with FAA container visible in frame
5.7.2. Talent adding sample to column
5.8. Then set the UV-Vis detector to monitor the peak absorbance wavelength of the dye [1].
5.8.1. Talent setting detector
6. Assay Development by FAA Titration 
6.1. For assay development by FAA titration, suspend FAA stock to a 1-milligram/milliliter concentration in FACS buffer [1] and add 5 x 105 cells into at least three, 5-milliliter flow cytometry analysis tubes per titration labeling replicate [2] and add 1 x 105 cells per tube for single-stain and unstained control cells [3].
6.1.1. WIDE: Talent adding stock to buffer, with stock and buffer container visible in frame
6.1.2. Talent adding cells to tube(s)
6.1.3. Cells being added to tube(s), with tube labels visible in frame
6.2. Wash the cells by centrifugation with 1 milliliter of FACS buffer to tube [1-TXT] and resuspend the pellets in 50 microliters of buffer per tube [2].
6.2.1. Talent placing tube(s) into centrifuge TEXT: 5 min, 200 x g, RT
6.2.2. Shot of pellet(s) if visible, then pellet being resuspended
6.3. Add fluorescent anti-CD3 and anti-CD19 antibodies to each sample at the manufacturer recommended concentrations [1] as well as the appropriate titrated FAA doses [2].
6.3.1. Talent adding antibod(ies) to tube, with antibody containers visible in frame
6.3.2. Talent adding FAA to tube(s), with FAA container visible in frame
6.4. After thorough mixing, incubate the samples for 30 minutes on ice protected from light [1].
6.4.1. Talent covering cells
6.5. At the end of the incubation, wash the cells two times with 1 milliliter of fresh FACS buffer per tube per wash [1] and resuspend the pellets in 200 microliters of fresh FACS buffer per sample on ice [2].
6.5.1. Talent adding buffer to tube, with buffer container visible in frame
6.5.2. Shot of pellet(s) if visible, then pellet being resuspended
6.6. Then analyze the samples by flow cytometry, collecting at least 50,000 events [1].
6.6.1. Talent loading sample onto cytometer OR LAB MEDIA: Figures 4A and 4B







Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. 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.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 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: 179. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.
7. [bookmark: _Hlk27388131]Results: Representative FAA Analysis

7.1. SDS-PAGE analysis can be used for the qualitative confirmation of dye conjugation to the tetravalent antigen array [1-TXT].

7.1.1. LAB MEDIA: Figure 3A Video Editor: please emphasize bands at 75 kDa in lanes 5-9 in left graph and lanes 3-9 in right graph 

7.2. Analysis of FITC 4-arm insulin by HPLC at the peak absorption wavelength for FITC in acidic conditions can be used to confirm the removal of free dye from the material [1].

7.2.1. LAB MEDIA: Figure 3B Video Editor: please emphasize black data line peak

7.3. The degree of dye labeling for FITC 4-arm insulin can then be calculated from the absorbance spectrum [1].

7.3.1. LAB MEDIA: Figure 3C Video Editor: please emphasize black data line peak  

7.4. Immunostaining allows characterization of the FAA specificity. For example, in this analysis, experimental autoimmune encephalomyelitis cells obtained from 4-6-week-old, female SJL/L (S-J-L-L) mice [1] demonstrated appreciable differences in CD19-positive FAA-positive insulin-specific B cells [2] and CD3-positive FAA-positive T cells in VH125 (V-H-one-twenty-five) splenocytes [3].

7.4.1. LAB MEDIA: Figures 4A and 4B
7.4.2. LAB MEDIA: Figures 4A and 4B Video Editor: please emphasize Figure 4A
7.4.3. LAB MEDIA: Figures 4A and 4B Video Editor: please emphasize Figure 4B

7.5. By compiling specificity ratios at each tested dose, the highest specificity of the labeling concentrations can be determined [1].

7.5.1. LAB MEDIA: Figure 4C Video Editor: please emphasize 0.02 data points

7.6. The benefit of antigen multimerization on a polymeric backbone [1] can be assessed by comparing insulin-specific B cells staining using FITC 4-arm insulin [2] to monovalent rhodamine B insulin in the same flow cytometry panel at the highest specificity labeling concentration [3].

7.6.1. LAB MEDIA: Figure 4D
7.6.2. LAB MEDIA: Figure 4D Video Editor: please emphasize 4-arm Insulin data cluster
7.6.3. LAB MEDIA: Figure 4D Video Editor: please emphasize Monovalent Insulin data cluster

7.7. A mock antigen stimulation assay can then be performed to assess the robustness of the antibody for practical application [1].

7.7.1. LAB MEDIA: Figure 5 Video Editor: please emphasize Insulin data bar in FITC+ CD19+ graph





Conclusion
8. Conclusion Interview Statements
Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver the 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.
8.1. 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.[1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. 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. [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. 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. [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  

Is each interview statement 30 words or fewer? ☐ Yes

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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