[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #:  62252
Scriptwriter Name: Nilesh Kolhe
Supervisor Name: Bridget Colvin
Project Page Link: https://www.jove.com/account/file-uploader?src=18986908

Title: 3D Printing of In Vitro Hydrogel Microcarriers By Alternating Viscous-Inertial Force Jetting

Authors and Affiliations: Tiankun Liu1,2*, Yongchun Shao1,2*, Zitong Wang1,2, Yuqiu Chen1,2, Yuan Pang1,2, Ding Weng1,2, and Wei Sun1,2,3

1Biomanufacturing Center, Dept. of Mechanical Engineering, Tsinghua University
2Biomanufacturing and Rapid Forming Technology Key Laboratory of Beijing
3Department of Mechanical Engineering, Drexel University 

*These authors contributed equally.

☐   All author names and affiliations are correct.


Corresponding Authors: 
pangyuan31@tsinghua.edu.cn
dingweng@tsinghua.edu.cn
weisun@tsinghua.edu.cn


Email Addresses for All Authors: 
ltk15@mails.tsinghua.edu.cn
shao-yc18@mails.tsinghua.edu.cn
ztwang55@gmail.com
chen-yq17@mails.tsinghua.edu.cn
pangyuan31@tsinghua.edu.cn
dingweng@tsinghua.edu.cn
weisun@tsinghua.edu.cn




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:  31

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.

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.

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.  
1.7.1. 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. 
· 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. Nozzles and Hydrogel Bioink Preparation
2.1. For the nozzle preparation, load glass micropipettes onto the puller according to the manufacturer’s instructions [1] and set the pulling parameters for the puller [2-TXT].
2.1.1. WIDE: Talent loading glass micropipettes onto the puller
2.1.2. Talent setting the pulling parameters TEXT: See text for parameter setup details

2.2. Use the micro-forge device to cut off the nozzle at the designated diameter to obtain the specific tip diameter to the experiment [1] and sterilize the nozzle in alcohol for 5 minutes [2]. Then rinse the nozzle three times with sterile water to remove any residual alcohol [3].
2.2.1. Talent cutting off the nozzle
2.2.2. Talent sterilizing the nozzle with alcohol 
2.2.3. Talent rinsing the nozzle with water 

2.3. To prepare the hydrogel bioink, dilute sterilized 4% sodium alginate stock solution in 0.9% sodium chloride at 0.5-, 1-, 1.5-, and 2% weight by volume concentrations [1-TXT].
2.3.1. Talent making the dilutions TEXT: See text for sodium alginate stock solution preparation details

3. Microdroplet Formation 

3.1. For microdroplet formation, load 5 milliliters of bioink into a disposable sterile syringe [1] and install the syringe onto a syringe pump [2]. Using a 1-millimeter inner diameter hose, connect the syringe and printing nozzle [3].
3.1.1. WIDE: Talent loading ink into syringe
3.1.2. Talent installing the syringe on the syringe pump
3.1.3. Talent connecting the syringe and nozzle

3.2. Tighten the clamping screw to secure the nuzzle into place [1] and rapidly depress the syringe pump to load the bioink into the nozzle [2].
3.2.1. Talent fixing the nozzle/Shot after fixing the needle
3.2.2. Talent pushing the syringe pump

3.3. Set the signal generator parameters [1-TXT] and preset the motion path and trigger mode of vibration to drop-on-demand [2]. Then print the droplets following the pre-designed patterns [3].
3.3.1. Talent setting the generator parameters TEXT: See text for signal generator parameter details
3.3.2. Talent setting the motion path and trigger mode of vibrations
3.3.3. Shot of printing droplets

4. Microcarrier Formation

4.1. For microcarriers formation, add 5 milliliters of cross-linking solution to a Petri dish [1-TXT] and place the dish under the printing nozzle as the substrate [2].
4.1.1. WIDE: Talent adding solution to dish TEXT: See text for all solution preparation details
4.1.2. Talent placing the dish under the nozzle

4.2. After printing, cross-link the microcarriers for 3 minutes [1] before transferring the microcarrier suspension to a centrifuge tube [2].
4.2.1. Talent placing dish under UV light 
4.2.2. Talent collecting the microcarrier suspension in a tube 

4.3. Then enrich the microcarriers by centrifugation [1-TXT] and resuspend them in an appropriate culture medium at approximately 600 microcarriers/milliliter [2].
4.3.1. Talent placing the tube in centrifuge TXT: 3 min, 29 x g, RT
4.3.2. Shot of microcarrier pellet, then medium being added to tube

5. Microcarrier Inoculation and Analysis
5.1. Before their inoculation, replace the supernatant of an A549 (A-Five-Forty-nine) cell culture with 5 milliliters of serum-free medium supplemented with 10-micromolar Cell Tracker Green CMFDA (C-M-F-D-A) dye [1] for a 30-minute incubation in the cell culture incubator [2].
5.1.1. WIDE: Talent adding medium to cells
5.1.2. Talent placing cells into incubator

5.2. At the end of the incubation, replace the dye solution with fresh medium [1] and resuspend the cells at a density of 1.6 x 106 cells/milliliter of medium [2]	Comment by Bridget Colvin: Authors: How are the cells detached from the culture dish?
5.2.1. Talent adding fresh medium to the cells
5.2.2. Talent resuspending the cell suspension

5.3. Add 1 milliliter of microcarrier suspension to the cells [1] and 1 milliliter of A549 cells to each well of a low-adherent 6-well culture plate. [2]. Place the plate onto a shaker in the cell culture incubator at 45 revolutions per minute [3].	Comment by Bridget Colvin: Authors: For how long?
5.3.1. Talent adding microcarrier suspension to the culture plate
5.3.2. Talent adding A549 cell suspension to the culture plate
5.3.3. Talent placing the plates into incubator

5.4. At the end of the incubation, remove the plate from the shaker and allow the microcarriers to settle for 30 minutes [1] before observing and measuring the printing nozzle, Petri dishes, and microcarrier-inoculated cells by brightfield and confocal fluorescence microscopy [2].	Comment by Bridget Colvin: Authors: What happens after the culture is allowed to settle for 30 minutes? Are the cells immediately imaged? Or are they placed into another incubator? Or other?
5.4.1. Shot of microcarriers settling down 
5.4.2. Talent at microscope, viewing cells





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: 118. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: 3D-Printed In Vitro Hydrogel Microcarrier Analysis

6.1. [bookmark: _Hlk66370614]Using a 30-micrometer tip nozzle [1], multiple types of bioink, including PBS [2], 1.5% alginate [3], and 1.5% gelatin can be stably printed onto Petri dishes [4].
6.1.1. LAB MEDIA: Figure 2B 30 micron image
6.1.2. LAB MEDIA: Figure 2B 30 micron image Authors: Which rows show PBS, alginate, and gelatin?

6.2. As the inks increase in viscosity [1], the printing process becomes increasingly more difficult and greater driving forces are needed to obtain larger droplets [2]. 
6.2.1. LAB MEDIA: Figure 2B 
6.2.2. LAB MEDIA: Figure 2B Video Editor: please emphasize velocity text above images

6.3. The printing parameters can be set to print the droplets in specific 2D arrangements [1], as observed in this printing experiment [2].
6.3.1. LAB MEDIA: Figure 2D
6.3.2. LAB MEDIA: Figure 2D Video Editor: please emphasize THU letters in both images 

6.4. The diameter of the nozzle tip [1] has a direct impact of the size of microcarrier that can be printed [2]. 
6.4.1. LAB MEDIA: Figure 3A 
6.4.2. LAB MEDIA: Figure 3A 

6.5. As observed in these bright field and confocal images [1], A549 cells adhere to the alginate-collagen microcarriers after 2 days of culture [2]. After 6 days, the A549 cells almost fully cover the microcarrier surfaces [3].
6.5.1. LAB MEDIA: Figure 4 Video Editor: please emphasize Day 2 images
6.5.2. LAB MEDIA: Figure 4 Video Editor: please emphasize Day 6 images


Conclusion
6. [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.
6.3. 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?
6.4. 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?
6.5. 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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