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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page by the script return deadline.

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


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.
· 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. Dr. Bock: Biomedical research is currently facing a reproducibility crisis where new research findings are rarely translated into therapeutic applications. This protocol addresses part of the problem by reducing the human factor and introducing automation and standardization into manufacturing [1].	Comment by SebastianEggert@outlook.com: Dietmar, please add your statement on significance.

1.1.1. 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?
1.2. Dr. Bock: This method focuses specifically on photo-crosslinkable hydrogels for 3D cell culture applications, as hydrogels have now become the most used platform of most cancer and other tissue models in the last decade [1].	Comment by SebastianEggert@outlook.com: Dietmar, can you please add your statement to highlight the application areas.

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

1.3. Hydrogels are essential to generate an in vivo-like microenvironment to culture cells in the third dimension. However, the current workflow relies on time-consuming tasks which are performed mainly manually in a low throughput mode. Especially manual pipetting tasks introduce intra- and inter-individual imprecision and increase the probability of human errors. These drawbacks of the current workflow are ultimately limiting the advancement and widespread adoption of this emerging technology [1,2]. In addition to the manual-workflow, quality steps are missing to assess the reproducibility of the mixing procedures [3].

1.3.1. Author saying the above
1.3.2. Talent is sitting at the bench filled with pipettes, tubes, and samples and is preparing hydrogel precursor solutions Video Editor: please speed up
1.3.3. Talent is holding prepared hydrogel precursor solutions and is looking at them.
REQUIRED: What is the main advantage of this technique?
1.4. Sebastian Eggert: To address the current limitations, we have successfully developed an open source technology platform, which has been specifically designed to pipette viscous materials, such as hydrogels, and enable automated manufacturing workflows for tissue engineering experiments [1].

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

1.5. Sebastian Eggert: In addition to the hardware development, we have also developed a user interface for the platform and established quality control steps to assess the reproducibility of the manufactured hydrogels [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.6. [1].	Comment by Christoph Meinert: Depending on what Di says in the above interview questions, it may be useful to outline problems of manual protocols first. 

Something like: Photocrosslinkable hydrogels are increasingly applied as artificial extracellular matrices in 3D cell culture applications (and many other things if you want to mention that). The intrinsic properties of common hydrogel materials such as temperature-sensitivity, viscosity, and the complexity of procedures associated with the preparation of hydrogels constructs, pose significant challenges to the automation and upscaling of hydrogel manufacture. Instead, these approaches remain highly manual, time-consuming, and prone to human error. Here, we present a fully automated….

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

2. Hardware Set-up
2.1. To move from manual-based workflows to automated processes, the team has developed a workstation [1, 2] comprising the following modules: a pipetting/biofabrication module for handling of both viscous materials and non-viscous liquids [3], a crosslinker module facilitating photo-induced polymerization of manufactured 3D constructs [4], a storage module for well plates to increase the throughput [5], and a transport module enabling well plates to move to the programmed position [6].
2.1.1. Author saying the above
2.1.2. WIDE: The set-up (entire platform) is filmed while pipetting module is operating
2.1.3. The set-up is filmed Video Editor: please emphasize/highlight the pipetting module (see also Figure 2a) with, for example, a dashed line box
2.1.4. The set-up is filmed Video Editor: please emphasize/highlight the crosslinker module (see also Figure 2a) with, for example, a dashed line box
2.1.5. The set-up is filmed Video Editor: please emphasize/highlight the crosslinker module (see also Figure 2a) with, for example, a dashed line box
2.1.6. The set-up is filmed Video Editor: please emphasize/highlight the transport module (see also Figure 2a) with, for example, a dashed line box
OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

2.2. The pipetting/biofabrication module is equipped with two positive displacement pipettes [1,2], dedicated temperature docks for heating and cooling materials [3], and, optionally, a tip touch dock to remove excess material from the tip [4].

2.2.1. Author saying the above
2.2.2. WIDE: This module is filmed to explain the deck set-up  Video Editor: please emphasize/highlight the two pipettes (see also Figure 2b) with, for example, a dashed line box
2.2.3. This module is filmed to explain the deck set-up  Video Editor: please emphasize/highlight the temperature docks (see also Figure 2b: input/mixture tray) with, for example, a dashed line box
2.2.4. This module is filmed to explain the deck set-up  Video Editor: please emphasize/highlight the tip touch dock (see also Figure 5d) with, for example, a dashed line box
3. :  [1].
3.1. The crosslinker module is equipped with LEDs with a wavelength of 400 nm and, therefore, substances that excite at a visible light wavelength can be used with the current systems [1,2]. The intensity and the exposure time are specified in the user interface [3].

3.1.1. Author saying the above
3.1.2. WIDE: The crosslinker module is filmed to illustrate the functionalities
3.1.3. The crosslinker module is filmed with varying light intensities  

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].

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].

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].

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


3.2. The workstation is  positioned in a class II biological safety cabinet to enable aseptic workflows and avoid sample contamination [1,2]. All electrical components are based in a dedicated control box preventing users from coming into contact with the source of an electrical hazard [3].

3.2.1. Author saying the above
3.2.2. WIDE: The workstation, which is based in a safety cabinet, is filmed
3.2.3. The control box is filmed

4. Highlight advantage of positive-displacement pipette

4.1. Commonly used air cushion pipettes increase the risk of generating air bubbles when viscous materials are being pipetted [1]. Viscous materials flow only very slowly into and out of the tip, and residual material may be left in the tip after the dispensing task [2].

4.1.1. WIDE: Talent is pipetting viscous material with an air cushion pipette
4.1.2. Close-up recording of the tip during aspirating and dispensing task to see air bubbles and residual materials

4.2. To overcome these issues and provide automated pipetting tasks, we have integrated positive displacement pipettes into a robotic setup [1]. This allows reproducible pipetting tasks with non-viscous and viscous materials without the need of human intervention [2].

4.2.1. Pipetting with positive displacement pipette is filmed to showcase setup
4.2.2. Pipettes are starting with automated dispensing and aspirating tasks
5. Tip touch dock

5.1. Another benefit of the flexible deck set-up is the integration of a tip touch dock [1, 2]. Highly viscous materials tend to accumulate at the tip resulting in inaccurate pipetting volumes and potential dipping material [2]. This is prevented by integrating a tip touch dock to remove excess material from the tip [3].

5.1.1. WIDE: Deck set-up is filmed while material is being pipetted and the tip touch is used
5.1.2. LAB MEDIA: Figure 5c Video. Video Editor: please zoom/emphasize pipette tip with accumulated material
5.1.3. LAB MEDIA: Figure 5d Video Editor: please zoom/emphasize pipette tip with no residual material

6. Optimized mixing protocol

6.1. Manual preparation of hydrogel precursor solutions often lacks standardized protocols and, therefore, preparation steps differ from user to user [1].

6.1.1. WIDE: Talent is sitting at the workbench and mixing hydrogel precursor solutions

6.2. Issues with protocol differences between users are solved by providing a fully automated workflow, resulting in the execution of standardized sequences [1]. In addition, we have systematically optimized the individual steps of the mixing sequences to provide a robust and reproducible mixing protocol for viscous materials [2].

6.2.1. Automated aspirating and dispensing to prepare composition Video Editor: please speed up the recorded pipetting tasks
6.2.2. Pipette is executing optimized mixing protocol Video Editor: please speed up the recorded pipetting tasks

7. Quality monitoring step

7.1. To identify the reproducibility of the mixing sequences, the diluent is supplemented with the dye OrangeG. This allows to validate the mixing by absorbance measurements with a spectrophotometer [1]. While incomplete mixing leads to inhomogeneous distribution of the dye throughout the mixture [2], the optimized mixing sequences achieves homogeneous a distribution, which indicates a successful mixing of the diluent and the viscous materials [3].

7.1.1. Automated aspirating and dispensing of hydrogel and diluent supplemented with OrangeG to visualize the mixing of the dye Video Editor: please speed up the recorded pipetting tasks
7.1.2. Example of incomplete mixture 
7.1.3. Visualization of the optimized mixing sequence Video Editor: please speed up the recorded pipetting tasks



8. Introduction of Demonstrator on Camera

8.1. The protocol presented in this video will guide the viewer through the required setup steps, the protocol execution, the quality control step, and highlights the applications with the results which are also highlighted in the protocol manuscript method [1,2]. 
8.1.1. Author saying the above
8.1.2. WIDE: The workstation, which is operating and executing a protocol, is filmed

8.2. 
8.3. 
8.4. : Demonstrating the procedure will be Mr. Sebastian Eggert, a PhD student from my laboratorythe Australian Research Council Industrial Training Centre in Additive Biomanufacturing.  [1][2].	Comment by Christoph Meinert: I thought, you (Sebastian) will be saying the parts under 2.? If so, this is a bit awkward that Di will be “re-introducing you here”. Should this be further up in the script?
8.5. 
8.5.1. Author is saying the above
8.5.2. Named demonstrator is sitting in front of the workstation, looks up and acknowledges camera

INTERVIEW: Author saying the above
Named demonstrator(s) looks up from workbench or desk or microscope and acknowledges camera	Comment by Christoph Meinert: They should bring a fan to the set to make this more dramatic  

1.7. 

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 30 steps and/or 60 shots. Current script of protocol: 26 steps, 44 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.
· 
9. Application Programming Interface Installation
9.1. To install a workstationthe application programming interface, referred to as API, open the command line interface [1].
9.1.1. WIDE: Talent sitting in front of computer with monitor visible in frame next to the workstation and is opening the command line interface
9.2. To install the workstation API, enter ‘pip install openworkstation’ and press enter [1].
9.2.1. SCREEN: 1.2_t2: 00:01-00:13 Video Editor: please speed up the actual installation (00:05-00:13)
9.3. enter the pip install openworkstation command [1].
9.3.1. WIDE: Talent entering command, with monitor visible in frame
[bookmark: _Hlk34142882][bookmark: _Hlk34142274]
9.4. To be able to operate the pipetting/biofabrication module, enter the command to iInstall the Opentrons application programming interfaceAPI [1].	Comment by Christoph Meinert: To initiate operation of…?

9.4.1. SCREEN: 1.2_t2: 00:14-00:23 

9.5.  Then use the command lines to verify that the program APIs haves been installed successfully  [1].

9.5.1. SCREEN: 1.2_t2: 00:24-00:36 

10. Protocol Code Generation


10.1. Open the protocol design application to generate a customized protocol script which is executed by the platform. The interface runs on every commonly used internet browser [1].
10.1.1. SCREEN: 4.1_revised: 00:03-00:12

10.2. To generate a protocol code, enter the command to open the protocol designer applicationEnter the protocol name on the setup page [1-TXT] and enter the protocol name [2].

10.2.1. WIDE: Talent entering command name TEXT: i.e., protocol_designer.pydouble-network-hydrogels
10.2.2. SCREEN: 4.2_revised: 00:07-00:18 Video Editor: please speed the typing
10.2.3. SCREEN: 4.2.: 00:03-00:08

10.3. Define the excess amount for the input and mixing tubes and click Input Tray [1].

10.3.1. SCREEN: 4.2.: 00:09-00:13
[bookmark: _Hlk34142349]
10.4. Click on ‘Continue’ to confirm protocol name and proceed to the input tray setup [1]. Define input tray by selecting ‘3x4 Heating Block’ from drop-down menu [2].
Set the cell position to C1, the Tray model to 3x4 heating block, and the well ordering to by column [1].

10.4.1. SCREEN: 4.2_revised: 00:18-00:21 
10.4.2. SCREEN: 4.2_revised: 00:21-00:23 
SCREEN: 4.2.: 00:13-00:21

10.5. Define materials and stock concentrations by selecting ‘Gel 1’ from drop-down menu, enter name ‘GelMA’, enter stock-concentration ‘20%’, set ‘Number of Samples’ to ‘3’ to fill one column. Click on ‘+add’ to save entries [1].
10.5.1. SCREEN: 4.2_revised: 00:23-00:34

10.6. Select ‘Gel 2’ from drop-down menu, enter name: ‘Alginate’, enter stock-concentration ‘4%’, set ‘Number of Samples’ to ‘3’ to fill one column. Click ‘+add’ to save entries [1].
10.6.1. SCREEN: 4.2_revised: 00:34-00:46

10.7. Continue selection process for photoinitiator and diluent as described in the protocol manuscript [1].
10.7.1. SCREEN: 4.2_revised: 00:46-01:06 Video Editor: please speed up screen recordings to match text length

10.8. To finalize this step, select the crosslinking parameters for the experimental setup [1] and click on continue [2]

10.8.1. SCREEN: 4.2_revised: 01:06-01:13
10.8.2. SCREEN: 4.2_revised: 01:13-01:16

10.9. Next, select output tray format [1] and click on Group1 to specify parameters for create double network hydrogels [2]. Tick the box for the application of the advanced mixing protocol and enter sample number [3].

10.9.1. SCREEN: 4.2_revised: 01:16-01:21 
10.9.2. SCREEN: 4.2_revised: 01:21-01:36 Video Editor: please speed up screen recordings to match text length
10.9.3. SCREEN: 4.2_revised: 01:36-01:42 

10.10. Proceed to the next step to select the deck layout setup. Check checkmark and select tray type [1] and define aspirating and dispensing speeds of pipettes [2].
10.10.1. SCREEN: 4.2_revised: 01:42-02:30 Video Editor: please speed up screen recordings
10.10.2. SCREEN: 4.2_revised: 02:30-02:52 Video Editor: please speed up screen recordings

10.11. Once the parameter selection process is finished, click on Generate Protocol to automatically generate and save the protocol script. Before the protocol can be executed, perform the required calibration steps [1].
10.11.1. SCREEN: 4.2_revised: 02:52-02:53 
To define the well parameters, click Define wells and set column 1 to gel 1 with a 20% stock concentration and 5000-microliter tube volume, column  to Gel 2 with a 4% stock concentration and 5000-microliter tube volume, column 3 to photoinitiator with a 3% stock concentration and 5000-microliter tube volume, and column 4 to diluent 1 with a 5000-microliter tube volume [1].	Comment by Christoph Meinert: It would be helpful to introduce what exactly you will be demonstrating earlier in the script. “This protocol will demonstrate the …. From stock solutions… of …”

10.11.2. SCREEN: 4.2.: 00:21-00:43 Video Editor: please speed up

10.12. To define the output tray setup, click Output Tray and set the cell position to D2, the tray model to 96-flat, and the well ordering to uniformly [1].

10.12.1. SCREEN: 4.5_t1.: 00:00-00:07

10.13. To define the well parameters, click Define wells and set the volume to 60 microliters, the desire concentration of Gel 1 to 5%, the desire concentration of Gel 2 to 2%, the desire concentration of the Photoinitiator to 0.15%, and the Diluent to diluent 1 [1].

10.13.1. SCREEN: 4.5_t1.: 00:07-00:15

10.14. To define the type and characteristics of the first pipette, click Tips Tray and set the Cell position to B2, the Tray model to tiprack-1000-microliter, the Type to positive-displacement, the aspirating speed to 800, the dispensing speed to 1200, and the height above well bottom calibration to 0 millimeters [1].

10.14.1. SCREEN: 4.5_t1.: 00:16-00:29 

10.15. [bookmark: _Hlk34143056]To define the crosslinker parameters, click Crosslinking Module and set the Light intensity to 2 milliwatts/square-centimeter and the Exposure time to 30 seconds [1].

10.15.1. SCREEN: 4.9_t1: 00:03-00:08

10.16. Then click Write Protocol to generate the protocol for the setup [1].

10.16.1. SCREEN: 4.9_t1: 00:09-00:13

11. Pipetting Module Calibration

11.1. For calibration of the pipetting module, use the command to open the calibration terminal [1-TXT] and press P to select the pipette size [2].	Comment by Christoph Meinert: “Before the mixing and dispensing procedure can commence, a calibration step must be performed”

11.1.1. WIDE: Talent entering command, with monitor visible in frame TEXT: i.e., calibrate.py
SCREEN: 5.1_t1: 00:10-00:12

11.2. Press V to enter the plunger calibration mode [1] and use the keypad to set the movement increments for the plunger movement [2].

11.2.1. Talent pressing V with monitor visible in frame
11.2.2. SCREEN: 5.1_t1: 00:13-00:23

11.3. To calibrate the plunger positions for a positive displacement pipette, use the arrow keys to set Top to the rest position [1]. 

11.3.1. SCREEN: 5.1_t1: 00:32-00:37

11.4. Use Bottom to set the plunger position as pushed until resistance is met [1].

11.4.1. SCREEN: 5.1_t1: 00:50-00:56

11.5. When all of the positions have been set, press S to save the final position [1].

11.5.1. Talent pressing S

11.6. To calibrate the container position relative to the pipette tip [1], press P to select the pipette tip and press C to select the container type [1-TXT].

11.6.1. Talent pressing P and/or C
11.6.2. SCREEN: 5.1_t1: 00:59-01:08 TEXT: Make sure tip connect to selected pipette

11.7. Select an appropriate movement increment and, for the well plates, move the pipette tip to the A1 well position at the bottom. Then press S to save the position and close the calibration script [1-TXT]. 

11.7.1. SCREEN: 5.1_t1: 01:09-01:22 TEXT: Repeat for each container/pipette type

12. Protocol Execution 

12.1. Spray consumables and reaction tubes with 70% Ethanol [1].

12.1.1. WIDE: Talent spraying consumables with 70% Ethanol

12.2. To execute the protocolPrepare the selected deck set-up by positioning , position the trash container, tip racks, trash container, and the well plate according to the setup defined in the user setup input and mixing trays, and output on the deck [1]. Open tip racks be removing the cover lid [2].

12.2.1. WIDE: Talent positioning material(s)consumables
12.2.2. Talent is removing closing lid from tip racks

2.1. [bookmark: _Hlk34143003]Position input reagent tubes in the aluminum blocks on the temperature docks according to the selected setup [1] and execute the generated protocol code [2].

2.1.1. Talent placing tube(s) into blocks
SCREEN: 6.6_t1
12.3. Open the reaction tubes [1] and remove the lid from the well plate [2].

12.3.1. Talent opening reaction tubes
12.3.2. Talent removing lid from well plate

12.4. Position reaction tubes with materials in the aluminum block on the temperature docks according to the selected setup and wait until the materials have reached the desired temperature [1].

12.4.1. Talent placing tubes into blocks

12.5. Execute the generated protocol in the interface [1] and the workstation starts to move [2].

12.5.1. SCREEN: 4.2_t1: 02:58-03:02 
12.5.2. Workstation starting to move

12.6. After starting the script, the workstation will execute the protocol steps to prepare the user-specific compositions [1].	Comment by Christoph Meinert: This has not been introduced? How about “Composite Hydrogels”?

12.6.1. Workstation starting to move and executing the protocol Video Editor: please speed up the recorded tasks


12.7. After executing the protocol, the well plate is removed from the storage module for further analysis [1]

12.7.1. Talent removing plate

12.8. [bookmark: _Hlk34142580]Open an integrated development environment and load the protocol file [1].

12.8.1. SCREEN: To be provided by Authors: Environment being opened, the file being loaded

12.9. [bookmark: _Hlk34142589][bookmark: _Hlk34142841]Then click Run to run the protocol file [1].

SCREEN: To be provided by Authors: Run being clicked

13. [bookmark: _Hlk34142594][bookmark: _Hlk26180614]Validation and Verification 

13.1. For validation and verification  of the conducted protocolof the data, remove the well plate from the workstation [1] and transport the samples well plate to a spectrophotometer [12].	Comment by Christoph Meinert: Has it been introduced what and why you will be measuring?

13.1.1. WIDE: WIDE: Talent removing plate
13.1.2. Talent loading plate onto spectrophotometer

13.2. [bookmark: _Hlk34142608][bookmark: _Hlk34143880]After reading the absorbance at 450 nanometers two times, open the analysis provided the spreadsheet file, which is available as supplementary material [1-TXT] and copy the absorbance readings into the file [2].

13.2.1. SCREEN: 7.4_t1: 00:020-00:07 TEXT: i.e., supplementary_template-analysis.xlsx 5
13.2.2. SCREEN: 7.4_t1: 00:06-00:1209 TEXT: i.e., supplementary_template-analysis.xlsx

13.3. Click on the analysis sheet for information on the mean values, standard deviation, and coefficient of variance (CV) values [1] which are displayed for a uniform sample distribution in the well plate [2], by rows [3] and by columns [4].Then confirm that all of the cell references are correctly defined in all of the tables [1].

13.3.1. SCREEN: 7.4_t1: 00:12-00:18
13.3.2. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize ‘uniform’ (Excel sheet: A3)
13.3.3. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize ‘by rows’ (Excel sheet: A5)
13.3.4. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize ‘by columns’ (Excel sheet: A16)





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. 	Comment by SebastianEggert@outlook.com: What do you think, which steps are very important?	Comment by Christoph Meinert: All… But most importantly I think calibration, set up of reagents, and protocol execution. Programming is also important, but I guess potentially a bit more boring to watch.

Steps from 10.1. – 10.5.: From the preparation of the deck to starting the protocol.


Steps under 6.: Developed monitoring method is explained and demonstrated.

Steps under 3.: Showcase the benefits of the integrated positive displacement pipette.

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.


If selected, your answer to C will become an interview-style shot, which may be incorporated into the script after the relevant step in the protocol. An author will memorize the statement and deliver the statement on camera. 

C. OPTIONAL: If there is no single most critical step in the filmed portion of the protocol, do not answer this question. What is the best way to perform the required technique for the most critical step in the protocol? 
: ()  [1].


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

	Comment by Christoph Meinert: Also on the outside of the tip
14. Results: Representative Results for Generating 80% GlycerolAutomated Glycerol Pipetting Analyses

14.1. The representative results demonstrate experiments with glycerol, GelMA, and double network hydrogels containing GelMA and alginate [1].

14.1.1. WIDE: Workstation is operating

14.2. In this representative analysisFirst, an 85% stock solution of glycerol was diluted to a final concentration of 80% with distilled water containing the dye [1]. The protocol was executed the generation of an 80% glycerol solution was investigated either without temperature control and without tip touch [21], with temperature control and without tip touch [32], or with temperature control and with tip touch [43] to find the setup which ensure a high reproducibility..

14.2.1. Workstation is operating the protocol to generate 80% glycerol samples
14.2.2. LAB MEDIA: Figure 3ai Video Editor: please emphasize setup 1 column
14.2.3. LAB MEDIA: Figure 3ai Video Editor: please emphasize setup 2 column
14.2.4. LAB MEDIA: Figure 3ai Video Editor: please emphasize setup 3 column

14.3. The calculated coefficient of variation values for the three setups demonstrates a significant influence of the temperature dock and the tip touch function, and highlight the ability to generate highly reproducible results [1].

14.3.1. LAB MEDIA: Figure 3ai LAB MEDIA: Figure Video Editor: please emphasize coefficient of variation row
14.3.2. LAB MEDIA: Figure 3aii LAB MEDIA: Figure Video Editor: please emphasize setup3

14.4. By using the tip touch function with the temperature dock, the standard deviation was significantly reduced in setup 3 [1].
The absorbance readings [1] highlight that the integration of the temperature control and the tip touch significantly impacts the mixtures [2].

14.4.1. LAB MEDIA: Figure 3aii LAB MEDIA: Figure
14.4.2. LAB MEDIA: Figure 3aii LAB MEDIA: Figure 3ai Video Editor: please sequentially emphasize setup3 with data clusters from 1-3data points

14.5. Plotting of the sample absorbance values for setup 3 [1] yields no increasing or decreasing values throughout the experiment and, therefore, indicates no influence of the sample position on the absorbance values [2].	Comment by Christoph Meinert: Not clear to me. Is this positions in a well plate?

14.5.1. LAB MEDIA: Figure 3aiii 
14.5.2. LAB MEDIA: Figure 3aiii Video Editor: please draw horizontal line through middle of data points to show minimal variability


14.6. Visualizing the data for each measured well plate with heatmaps provides additional insights to identify heterogeneities and varying absorbance values [1].  The visualized heatmap for setup 3 displays homogeneous absorbance values, confirming the high reproducibility of the manufacturing [2].

14.6.1. LAB MEDIA: Figure 3b
14.6.2. LAB MEDIA: Figure 3b Video Editor: please emphasize setup 3

15. Representative Results for Dilution Series of GelMA-based Hydrogels

15.1. Secondly, GelMA dilution series were prepared by diluting a 20% GelMA stock solution with PBS to generate serial dilutions from 0 to 14% in 2% steps [1]. To evaluate the differences between the GelMA dilutions, PBS was prepared with a dye to identify absorbance differences [2]. Measured absorbance values of each concentration step are significantly different, confirming the ability to generate distinct concentration steps [3]. Linear regression demonstrated a high fit [4] and a heatmap confirmed the homogenous distribution for each concentration and the difference between the concentrations [5].

15.1.1. LAB MEDIA: Figure 4ai Video Editor: please emphasize x-axis (concentration numbers: from 0 to 14%)
15.1.2. LAB MEDIA: Figure 4ai Video Editor: please emphasize all red data points and the y-axis title ‘absorbance at 450 nm’
15.1.3. LAB MEDIA: Figure 4ai Video Editor: please emphasize asterixis (****) above data points
15.1.4. LAB MEDIA: Figure 4aii Video Editor: please emphasize red line and R2 value
15.1.5. LAB MEDIA: Figure 4aiii Video Editor: please emphasize this figure

	Comment by Christoph Meinert: Same comments as above. Not clear if this contains dye, and what the purpose was (to investigate mixing accuracy etc)
15.2. Visualizing the data for each measured well plate with heat maps provides additional insights into identifying heterogeneities or varying absorbance values throughout the dispensing tasks [1].

LAB MEDIA: Figure 3b
For example, in this analysis, the visualized heatmaps for the three setups displayed decreased heterogeneities across the entire well plates from setup 1 to setup 3 [1]. 

LAB MEDIA: Figure 3b Video Editor: please emphasize heatmaps from setup 1 to setup 3

16. Representative Results for Double Network Hydrogels
16.1. Evaluation of the replicability of the conducted mixing of setup 3 within eight independent runs [1] revealed that single mixing runs showed low coefficient of variance values between 1.1% to 2.6%, indicating very reliable mixing and dispensing tasks for the individual runs [2].

16.1.1. LAB MEDIA: Figure 3ci
16.1.2. LAB MEDIA: Figure 3ci Video Editor: please add horizontal lines across graph at 1.1% and 2.6%

 
16.2. Thirdly, this workflow showcases the ability to automatically manufacture double network hydrogels with 5% GelMA, 2% alginate, 0.15% LAP and PBS as diluent. Materials were maintained and mixed at 37 °C to prevent thermal gelling [1]. Compared to protocols without the tip touch, the integration of the tip touch dock resulted in a significant decrease of the standard deviation [2]. The integration of the tip touch results in a significant decrease of the standard deviation supporting the generation of a reproducible data set [3]. Visualization of the absorbance values in heatmaps confirms reduced deviation when using tip touch to remove excess material from tip [4].
The absorbance values for all eight of the runs yielded a coefficient of variance value of 3.3%, demonstrating the reproducibility of the established mixing protocol [1].

16.2.1. Workstation is executing the protocol to manufacture double network hydrogels Video Editor: please speed up the recordings
16.2.2. LAB MEDIA: Figure 5bi Video Editor: please emphasize data generated without tip touch and w tip touch
16.2.3. LAB MEDIA: Figure 5bi Video Editor: please emphasize the reduced standard deviation
16.2.4. LAB MEDIA: Figure 5bii,iii Video Editor: please emphasize text ‘w/o tip touch’ and then ‘w tip touch’
2.1.1. LAB MEDIA: Figure 3cii


Conclusion
17. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· At least one statement is required.
· 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.
17.1. :  [1].

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

Following this procedure, what other methods can be performed? What questions would these additional methods answer?

17.2. Dr Meinert: Our technology enables automation of hydrogel manufacture for 3D cell culture and tissue engineering, and many other applications. It is a low-cost solution that allows researchers to increase throughput and reproducibility of technically challenging workflows [1].

17.2.1. 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?
17.3. Dr Meinert: By providing a customizable open-source approach, this technology paves the way for the widespread adaptation of process automation in tissue engineering research [1].

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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