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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

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

Protocol Length
44 shots

Introduction

1. Introductory Interview Statements

1.1. Nathalie Bock: Biomedical research is facing a reproducibility crisis in that new research findings are rarely translated into therapeutic applications. This protocol reduces the human factor and introduces automation and standardization into manufacturing [1].

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

1.2. Nathalie Bock: This method focuses specifically on photo-crosslinkable hydrogels for 3D cell culture applications, as hydrogels have become the most used platform in cancer and other tissue models within the last decade [1].

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

1.3. Sebastian Eggert: To address current limitations, we have successfully developed an open source technology platform that is specifically designed to deliver viscous materials and to enable automated manufacturing workflows for tissue engineering experiments [1].

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



1.4. 

Protocol
2. Application Programming Interface (API) Installation
2.1. To install the API (A-P-I), open the command line interface [1].
2.1.1. WIDE: Talent sitting in front of computer with monitor visible in frame next to the workstation and is opening the command line interface
2.2. To install the workstation API, enter pip install openworkstation [1] and press enter [2].
2.2.1. SCREEN: 1.2_t2: 00:03-00:05
2.2.2. [bookmark: _Hlk34142882][bookmark: _Hlk34142274]SCREEN: 1.2_t2: 00:05-00:14 Video Editor: please speed up 

2.3. To operate the pipetting-biofabrication module, enter the command to install the Opentrons API [1].

2.3.1. SCREEN: 1.2_t2: 00:15-00:23

2.4. Then use the command line to open a Python script and verify if both APIs have been installed successfully [1]. 

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

3. Protocol Code Generation

3.1. To generate the protocol code, open the protocol design application to generate a customized protocol script that will be executed by the platform [1]. The interface runs on every commonly used internet browser [2].
3.1.1. WIDE: Talent opening application, with monitor visible in frame
3.1.2. SCREEN: 4.1_revised: 00:03-00:12

3.2. [bookmark: _Hlk34143101][bookmark: _Hlk34142869]Enter the protocol name on the setup page and click Continue [1]. In the input tray setup, select 3 x 4 Heating Block to define the input tray [2].

3.2.1. SCREEN: 4.2_revised: 00:07-00:19 Video Editor: please speed up
3.2.2. [bookmark: _Hlk34142349]SCREEN: 4.2_revised: 00:20-00:22

3.3. To define the materials and stock concentrations, select Gel 1 from the Define Inputs menu and enter GelMA as the name [1].

3.3.1. SCREEN: 4.2_revised: 00:23-00:28

3.4. Set the stock-concentration to 20% and the Number of Samples to 3 and click Add to save the entries and to fill the first column [1].
3.4.1. SCREEN: 4.2_revised: 00:29-00:33

3.5. Select Gel 2 from the Define Inputs menu and enter Alginate as the name. Set the stock-concentration to 4% and the Number of Samples to 3 and click Add to save the entries and to fill the second column [1].
3.5.1. SCREEN: 4.2_revised: 00:34-00:45

3.6. After setting the photoinitiator and diluent parameters as demonstrated [1-TXT], select photo crosslinking, set the Time to 30 seconds and the Intensity to 4 and click Continue [2].
3.6.1. Talent at computer, setting photoinitiator parameters, with monitor visible in frame TEXT: See text for full photoinitiator and diluent setup details
3.6.2. SCREEN: 4.2_revised: 01:06-01:15

3.7. Next, set the Well Plate Type to 96 well plate and click Group1 [1] to allow the parameters for creating double network hydrogels to be specified [2]. 
3.7.1. SCREEN: 4.2_revised: 01:16-01:22
3.7.2. SCREEN: 4.2_revised: 01:22-01:35 Video Editor: please speed up 

3.8. Then check the Apply advanced mixing protocol box if necessary, set the Number of Samples to 96, and click Continue [1].
3.8.1. SCREEN: 4.2_revised: 01:36-01:42
3.9. To set the deck layout, select the appropriate tray type for each slot [1].
3.9.1. SCREEN: 4.2_revised: 01:46-02:25 Video Editor: please speed up TEXT: See text for full tray type selection details
3.10. When all of the tray types have been selected [1], click the Pipette Left box and select 10-100-microliter positive displacement from the drop-down menu [2]. 
3.10.1. SCREEN: 4.2_revised: 02:26-02:29
3.10.2. SCREEN: 4.2_revised: 02:32-02:35
3.11. Set the Aspirating Speed to 600 and the Dispensing Speed to 800 [1]. Then set the Pipette Right parameters in the same manner [2].
3.11.1. SCREEN: 4.2_revised: 02:36-02:40
3.11.2. SCREEN: 4.2_revised: 02:42-02:50 Video Editor: can speed up

3.12. Then click Generate Protocol to generate and save the protocol script [1-TXT].
3.12.1. SCREEN: 4.2_revised: 02:51-02:55 TEXT: Calibrate protocol before execution 
[bookmark: _Hlk34142358]
4. Protocol Execution 

NOTE to Video Editor: Authors seem to have reordered some shots and added others, along with VO text. Please make sure the shots match the shot descriptions. 

4.1. Before executing the protocol, spray the consumables with 70% ethanol and position them according to the setup defined in the user setup [1]. Place the reaction tubes with the materials in the aluminum block on the temperature docks according to the selected setup [2].

4.1.1. WIDE: Talent spraying consumables with 70% ethanol, with ethanol container visible in frame Videographer: Important step
4.1.2. Talent placing tubes into blocks Videographer: Important step

4.2. [bookmark: _Hlk34142980]Next, spray your gloves with 70% ethanol and open the reaction tubes carefully without touching opened tubes [1]. 

4.2.1. Talent opening reaction tubes Videographer: Important step
[bookmark: _Hlk34142563]
4.3. When the substances have reached the appropriate experimental temperature, run the generated protocol using the user interface [1]. The workstation will begin with the homing process followed by getting an empty well plate from the storage module. After removing the lid from the well plate, the plate is transported to the next module [2].

4.3.1. SCREEN: 4.2_t1: 02:58-03:02 
4.3.2. Workstation starting to move, getting an empty well plate and removing the lid Video Editor: please speed up the getting a plate section

4.4. The protocol specifies the volume being pipetted from each stock solution and automatically changes the tips after each material to prevent cross-contamination [1]. To mix viscous solutions in a reproducible manner, the workstation executes a specific mixing protocol which has been optimized for viscous hydrogels. The protocol design app takes the filling level of the reservoir into account and automatically adapts the mixing height to prevent unnecessary dipping into the viscous materials [2]. NOTE to VO: Long one, please split it up in two. 

4.4.1. Pipetting protocol being executed Video Editor: please speed up the recorded section with the pipetting robot (get new tip, distribute volumes) Author NOTE: The recorded video visualized the pipetting steps and, therefore, is essential to understand the workflow.
4.4.2. Mixing protocol being executed. Video Editor: please speed up the recorded section of the mixing Author NOTE: This is important and should be highlighted in the video! It is unique and such an optimized mixing has not been reported before.

4.5. After automatic generation of 3D models in well plates, the workstation closes the well plate with the lid again and stores the well plate in the programmed position in the storage module [1]. Once the protocol is finished, remove the plate from the storage module [2].

4.5.1. Lid comes back on well plate and plate is stored Video Editor: please speed up the recorded section of the mixing NOTE: This was recorded two times. Please use the second recording, as this was recorded with the processed well plate. To make sure the right recording is picked, you can easily check the well plate before and after. The second recording is with the plate with a red solution.
4.5.2. Talent removing plate
[bookmark: _Hlk34142841]
5. [bookmark: _Hlk34142594][bookmark: _Hlk26180614]Validation and Verification

5.1. [bookmark: _Hlk34142608]For validation and verification of the conducted protocol, load the plate onto a spectrophotometer [1] and read the absorbance two times at 450 nanometers [2].

5.1.1. WIDE: Talent loading plate onto spectrophotometer
5.1.2. Talent at spectrophotometer, tracking plate readout, with monitor visible in frame

5.2. [bookmark: _Hlk34143880]After saving the absorbance values, open the analysis spreadsheet file, which is provided as supplementary material in the publication, [1-TXT] and copy the absorbance readings into the table in the raw data sheet [2]. 

5.2.1. SCREEN: 7.4_t1: 00:03-00:06 TEXT: i.e., supplementary_template-analysis.xlsx 
5.2.2. SCREEN: 7.4_t1: 00:08-00:11

5.3. Then click on the analysis sheet [1] to view the mean values [2], the standard deviation [3], and the coefficient of variance values [4], which are automatically calculated and displayed for a uniform sample distribution[5], for specific rows [6] and for specific columns of a 96-well plate [7].

5.3.1. SCREEN: 7.4_t1: 00:12-00:18
5.3.2. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize column with ‘average’ Author NOTE: Please only emphasize entire column for each
5.3.3. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize column with ‘Std’
5.3.4. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize column with ‘CV’
5.3.5. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize uniform data cell Author NOTE: Cell A3 in Excel sheet
5.3.6. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize by rows Author NOTE: Cells A5 – A14 in Excel sheet
5.3.7. SCREEN: 7.4_t1: 00:18 Video Editor: please emphasize by columns Author NOTE: Cells A16 – A29 in Excel sheet





Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
4.1.-4.6.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a


Results
6. Representative Hydrogel Characterization and Evaluation

6.1. To find the setup that ensures a high reproducibility for glycerol solutions [1], protocols were generated without temperature control and without tip touch [2], with temperature control and without tip touch [3], or with temperature control and with tip touch [4].

6.1.1. LAB MEDIA: Figure 3ai
6.1.2. LAB MEDIA: Figure 3ai Video Editor: please emphasize setup 1 column
6.1.3. LAB MEDIA: Figure 3ai Video Editor: please emphasize setup 2 column
6.1.4. LAB MEDIA: Figure 3ai Video Editor: please emphasize setup 3 column

6.2. The calculated coefficient of variation values for the three setups [1] revealed a significant influence of the temperature dock and the tip touch function, highlighting the ability of the protocol to generate highly reproducible results when used both features [2].

6.2.1. LAB MEDIA: Figure 3ai Video Editor: please emphasize coefficient of variation row
6.2.2. LAB MEDIA: Figure 3ai Video Editor: please emphasize setup3 CV data

6.3. Using the tip touch function with the temperature dock, the standard deviation was significantly reduced in setup 3 [1].

6.3.1. LAB MEDIA: Figure 3aii Video Editor: please sequentially emphasize setup3 data points

6.4. Plotting of the sample absorbance values for setup 3 [1] yielded no increasing or decreasing values throughout the experiment and, therefore, indicated no influence of the sample position on the absorbance values [2].

6.4.1. LAB MEDIA: Figure 3aiii 
6.4.2. LAB MEDIA: Figure 3aiii Video Editor: please draw horizontal line through middle of data points to indicate minimal variability

6.5. Next, a GelMA dilution series were prepared by diluting a 20% GelMA stock solution and assessing the differences between different GelMA dilutions [1]. The absorbance values measured at each concentration step were significantly different [2] and linear regression demonstrated a high fit, confirming the ability of distinct concentration steps to be generated [3]. 

6.5.1. LAB MEDIA: Figure 4ai Video Editor: please emphasize x-axis 
6.5.2. LAB MEDIA: Figure 4ai Video Editor: please add/emphasize asterisks (***,****) and brackets
6.5.3. LAB MEDIA: Figure 4aii 
 
6.6. In addition, the influence of the tip touch was evaluated for double network hydrogels with 5% GelMA, 2% alginate and 0.15% LAP (L-A-P) which were automatically generated with the setup [1]. The integration of the tip touch results in a significant decrease of the standard deviation supporting the generation of a reproducible data set [2]. Visualization of the absorbance values in heatmaps confirmed the reduced deviation when using tip touch to remove excess material from tip [3]. NOTE to VO: Long one, please split in two. 

6.6.1. LAB MEDIA: Figure 4bi Video Editor: please sequentially emphasize ‘w/o tip touch’ data points and ‘w tip touch data’
TEXT: LAP: lithium phenyl-2,4,6 trimethylbenzoylphosphinate
6.6.2. LAB MEDIA: Figure 4bi Video Editor: please add/emphasize asterisk (*) between the two data sets
6.6.3. LAB MEDIA: Figure 4bii,iii Video Editor: please emphasize text ‘w/o tip touch’ and ‘w tip touch’ of both subfigures



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Christoph Meinert: Our technology enables the automation of hydrogel fabrication for 3D cell culture and tissue engineering as a low-cost solution to increasing the throughput and reproducibility of technically challenging workflows [1].

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

7.2. Christoph 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].

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



 2020, Journal of Visualized Experiments		Page 17 of 17
image1.png




