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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate 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). 

3. 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 protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Protocol Length
Number of Shots: 48

 

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

1.8. 

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. Lipid Mix and Nucleic Acid Solution Preparation
2.1. Begin by adding the appropriate amount of each lipid stock solution to a glass vial with intermittent gentle swirling [1] as indicated in the Table [2] … followed by the addition of 200 proof ethanol to a final volume of 533 microliters [3].
2.1.1. WIDE: Talent adding solution(s) to vial
2.1.2. LAB MEDIA: Table 1
2.1.3. Talent adding ethanol to vial, with ethanol container visible in frame

2.2. Then add 14.88 micrograms of mRNA/milliliter of citrate buffer to a final volume of 1.5 milliliters [1].

2.2.1. Talent adding mRNA to buffer, with mRNA and buffer containers visible in frame
3. Microfluidic Channel Priming

3.1. To prime the microfluidic channels, first input the priming parameters into the instrument software as outlined in the Table [1].

3.1.1. LAB MEDIA: Table 2 Video Editor: please emphasize Priming column

3.2. Next, open the instrument lid [1] and place a microfluidic cartridge into the rotating block [2].

3.2.1. WIDE: Talent opening lid
3.2.2. Talent placing cartridge into block 

3.3. Load at least 500-microliters of ethanol into a 1-milliliter syringe, taking care that there are no bubbles or air gaps at the syringe tip [1], and insert the syringe into the right inlet of the cartridge [2].

3.3.1. Talent loading ethanol into syringe, with ethanol container visible in frame
3.3.2. Talent loading syringe into inlet

3.4. Load a 3-milliliter syringe with 1.5-milliliters of aqueous buffer, taking care that there are no air bubbles or gaps [1], and insert the syringe into the left inlet of the cartridge [2].

3.4.1. Talent loading buffer into syringe, with buffer container visible in frame
3.4.2. Talent loading syringe into inlet

3.5. Place two 15-milliliter conical tubes into the clip holders to serve as waste containers [1] and click Run to mix the solutions [2].

3.5.1. Talent placing tube(s) into holder(s)
3.5.2. Talent clicking Run 

3.6. When the instrument stops priming, as indicated by the bottom blue light shutting off [1], open the lid and properly dispose of the conical tubes and syringes [2].

3.6.1. Shot of blue light, then light shutting off
3.6.2. Talent opening lid and/or removing material(s)

4. Lipid Nanoparticle (LNP) Formation

4.1. For lipid nanoparticle formation, set the appropriate formulation parameters as indicated in the Table [1] and load a 1-millilter syringe with the previously prepared lipid mix [2].

4.1.1. LAB MEDIA: Table 2 Video Editor: please emphasize Formulation column
4.1.2. Talent loading mix into syringe

4.2. Remove any air gaps or bubbles at the syringe tip [1] and insert the syringe into the right side of the cartridge [2].

4.2.1. Gaps and/or bubbles being removed
4.2.2. Talent loading syringe into inlet

4.3. Next, load the previously prepared nucleic acid solution into a 3-milliliter syringe, taking care that there are no bubbles or air gaps in the syringe tip [1] and insert the syringe into the left inlet of the cartridge [2].

4.3.1. Talent loading solution into syringe
4.3.2. Talent loading syringe into inlet

4.4. Place a 15-milliliter RNase-free conical tube labeled with the sample name into the left tube clip [1] and place a 15-milliliter waste conical in the right tube clip [2].

4.4.1. Talent placing tube into tube clip
4.4.2. Talent placing tube into tube clip

4.5. Then close the instrument lid and click Run [1], retaining the conical tube with the lipid nanoparticle sample at the end of the formulation process [2].

4.5.1. Talent closing lid and/or clicking Run
4.5.2. Talent removing LNP tube OR Shot of LNP sample

5. Buffer Exchange

5.1. To perform a buffer exchange, pre-wash a 100-kilodalton-pore size ultracentrifuge filter with 2 milliliters of PBS in a centrifuge [1-TXT] and empty the PBS from the bottom compartment [2].

5.1.1. WIDE: Talent adding PBS to filter TEXT: 5 min, 1000 x g, RT
5.1.2. Talent emptying PBS

5.2. Add diluted lipid nanoparticles to the top compartment of the pre-washed ultra-centriuge filter for three centrifuge washes [1-TXT], discarding the flow through and adding 5 milliliters of PBS to the ultra-centrifuge filter after the first two washes [2].	Comment by Bridget Colvin: Authors: At what ratio are the LNP diluted and in what solution?

5.2.1. Talent adding LNP to filter TEXT: 12 min, 1000 x g, RT, x3
5.2.2. Talent discarding flow through and/or adding PBS, with PBS container visible in frame

5.3. After the last wash, pipet the lipid nanoparticle solution against the walls of the ultra-centrifuge filter a few times to minimize the nanoparticle loss [1] before transferring the LNP solution to a nuclease free vial [2].

5.3.1. Talent pipetting solution against filter wall
5.3.2. Talent adding solution to vial

5.4.  Then add PBS as necessary to a final volume of 1 milliliter [1].

5.4.1. Talent adding PBS to tube, with PBS container visible in frame 

6. Encapsulation Efficiency Measurement

6.1. To assess the encapsulation efficiency of the lipid nanoparticles, first 2-fold serial dilutions of working nucleic acid solution in PBS to generate a standard curve, starting from 500 nanograms/milliliter and making at least five dilutions [1].

6.1.1. WIDE: Talent adding nucleic acid to tube(s), with PBS and nucleic acid containers and dilution tubes visible in frame

6.2. Next, prepare the LNP sample dilutions in PBS to achieve an approximate theoretical concentration that lies around the mid-point of the standard curve [1].

6.2.1. Talent adding LNP to tube(s), with PBS and LNP containers visible frame

6.3. Mix 0.5% RNA reagent with 0.4% Triton X-100 and 99.1% PBS to generate RNA quantification reagent [1] and mix 0.5% RNA reagent with 99.5% PBS to obtain quantification reagent without Triton X-100 [2].

6.3.1. Talent adding reagent to Triton X-100 and PBS, with reagent, Triton X-100, and PBS containers visible in frame
6.3.2. Talent adding reagent to PBS, with reagent and PBS containers visible in frame

6.4. Load at least four replicates of each LNP and nucleic acid standard solution into each of four wells of a black, fluorescence-capable, 96-well plate [1] and add an equal volume of RNA quantification reagent to half of the standard and sample replicates [2].

6.4.1. Talent adding LNP and/or standard to well(s), with LNP and standard containers visible in frame
6.4.2. Talent adding reagent to well(s), with reagent container visible in frame

6.5. Add an equal volume of reagent without Triton X-100 to the remaining wells [1] and shake the plate for 5 minutes at room temperature protected from light to obtain a thorough mixing of the samples [2].

6.5.1. Talent adding reagent to well(s), with reagent container visible in frame
6.5.2. Talent placing plate onto shaker

6.6. Then measure the fluorescence on a microplate reader at an excitation wavelength of 480 nanometers and an emission wavelength of 520 nanometers [1].

6.6.1. Talent placing plate into reader

7. LNP Hydrodynamic Size and Polydispersity Measurement

7.1. To measure the hydrodynamic size and polydisperity of the LNPs, first dilute the LNP solution 40 times in PBS [1] and add the solution to a semi-micro cuvette [2]/

7.1.1. WIDE: Talent adding PBS to LNP, with PBS container visible in frame
7.1.2. Talent adding solution to micro cuvette

7.2. Load the cuvette onto the Authors: What time of instrument? [1] and set the instrument to measure the nanoparticles according to their material, dispersant, temperature, and cell type [2].

7.2.1. Talent loading cuvette into instrument
7.2.2. Talent setting measurement parameters

7.3. Then click Start to measure the hydrodynamic size and polydisperity of the lipid nanoparticles [1].

7.3.1. Talent clicking Start

8. LNP Zeta Potential Measurement

8.1. To measure the zeta potential of the lipid nanoparticles, dilute the LNP solution 40 times in nuclease free water [1] and load the solution into a cuvette to the fill line [2].

8.1.1. WIDE: Talent adding LNP to water
8.1.2. Talent add solution to cuvette 

8.2. Load the cuvette onto a zeta potential analyzer, taking care that the electrodes make contact with the instrument [1] and set the instrument to measure the zeta potential according to the specific makeup of the lipid nanoparticles [2].

8.2.1. Cuvette being loaded with electrodes contacting instrument
8.2.2. Talent setting instrument parameters

8.3. Then click Start to measure the zeta LNP potential [1].

8.3.1. Talent clicking Start




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: 169. (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.

9. Results: Representative LNP Formulation and Characterization

9.1. In this analysis, multiple batches of lipid nanoparticles with the same lipid formulation and amine-to-phosphate ratio were developed on separate days to demonstrate the reproducibility of the technique [1].

9.1.1. LAB MEDIA: Figure 2

9.2. As observed, Batches 1 and 2 demonstrated overlapping size distributions with a similar polydispersity [1] with no significant differences observed in the size [2] or encapsulation efficiency between the batches [3].

9.2.1. LAB MEDIA: Figure 2 Video Editor: please individually emphasize data lines
9.2.2. LAB MEDIA: Figure 2 Video Editor: please blue data bars
9.2.3. LAB MEDIA: Figure 2 Video Editor: please green data bars

9.3. Typically, changes in the formulation parameters induce some small, yet statistically significant differences [1].

9.3.1. LAB MEDIA: Figure 3

9.4. For example, decreasing the amine-to-phosphate ratio results in a 4% decrease in the encapsulation efficiency [1] with a concomitant increase in the hydrodynamic diameter of the nanoparticles [2].

9.4.1. LAB MEDIA: Figure 3 Video Editor: please add/emphasize green bracket and asterisks
9.4.2. LAB MEDIA: Figure 3 Video Editor: please add/emphasize blue bracket and asterisks
9.5. Lipid nanoparticles formulated with different ionizable lipids but the same amine-to-phosphate ratio exhibit a significant change in the encapsulation efficiency [1] as well as slight differences in particle diameter [2].

9.5.1. LAB MEDIA: Figure 3 Video Editor: please add/emphasize green bracket and asterisks
9.5.2. LAB MEDIA: Figure 3 Video Editor: please add/emphasize blue bracket

9.6. The encapsulation of plasmid DNA results in larger particles [1] compared to mRNA encapsulating lipid nanoparticles [2], although both types of nanoparticle demonstrate a similar encapsulation efficiency [3].

9.6.1. LAB MEDIA: Figure 3 Video Editor: please emphasize blue pDNA data bar
9.6.2. LAB MEDIA: Figure 3 Video Editor: please emphasize blue mRNA data bar
9.6.3. LAB MEDIA: Figure 2 Video Editor: please emphasize green data bars

9.7. Changes in the flow rate process parameter, however, do not impact he lipid nanoparticle development [1].

9.7.1. LAB MEDIA: Figure 4 Video Editor: please add brackets and n.s. texts OR no animation







Conclusion
10. [bookmark: _Hlk27388131]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 give 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.
10.1. 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].

10.1.1. 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?
10.2. 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].

10.2.1. 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?
10.3. 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].

10.3.1. 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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