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 Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y)  
Can you record movies/images using your own microscope camera? (Y)

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.2.1, 2.3.2, 2.5.1, 5.5.1, 6.1.1.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 

The most challenging aspect of prolonged in vitro protein expression is ensuring the stability of the cell free reaction solution in a heated incubator. This is achieved using the cooling set-up, and critically, the use of PTFE tubing on a cooled Peltier element, whilst ensuring that volume of fluid located between the cooling unit and the microfluidic device (prior to being loaded) is minimized. These aspects are shown best in steps: 2.2.1 and 2.4.1.

5. Will the filming need to take place in multiple locations? (N)
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: 

1.1. Tom de Greef: Prototyping synthetic genetic networks is greatly improved by the use of cell-free protein expression systems. Our protocol describes the fabrication process of a multilayer microfluidic flow reactor and shows how such a device can be used for prolonged cell-free expression of GFP.  

1.2. Tom de Greef: Cell-free protein expression in combination with microfluidic flow reactors provides a rapid prototyping platform for the design of synthetic biological devices.


OPTIONAL Interview Statements 

1.3. Ardjan van der Linden: This entire setup is highly versatile and it could be adapted for the conduction of any biochemical or chemical reactions requiring high levels of control. 
 
1.4. Ardjan van der Linden: Ensuring the stability of the cell-free reaction solution is critical and difficult to achieve. Be sure to focus on providing sufficient cooling and utilize the tubing specified in this protocol.

1.5. Ardjan van der Linden: Fabricating and preparing the experimental platform requires the connection of numerous individual components.  This can be difficult to follow without visual aids.








[bookmark: _GoBack]Section - Protocol
2. Off-Chip Cooling Setup  
2.1. To begin, follow along in the accompanying text protocol to fabricate the microfluidic device [1] and to set up the pneumatic control and flow pressure regulation which will be used for controlling the valves critical to this device. [2]
2.1.1. WIDE: Talent sets completed microfluidic device next to microscope stage
2.1.2. Talent points out the pneumatic control and flow pressure regulator.
2.2. To set up the off-chip cooling, begin by coiling a length of PTFE tubing onto the cold face of a Peltier element and secure the coil with tape. [1-TXT]
2.2.1. Talent coils the tubing and tapes it to the Peltier element TEXT: PTFE Tubing; OD: 0.042”, ID: 0.022”
2.3. Ensure that one end of the PTFE tubing is connected to the reservoirs of the flow layer pressure control system [1]  and that the other end protrudes no more than 1 cm from the Peltier surface. [2]
2.3.1. Talent connects one end to the reservoirs
2.3.2. Talent points out protruding end
2.4. Next, insert a 5 to 10 centimeter length of PEEK tubing into the protruding end of the PTFE tubing.[1-TXT]   
2.4.1. Talent inserts PEEK tubing into the described PTFE tubing TEXT: PEEK Tubing; OD: 0.794 mm, ID: 0.127 mm
2.5. Apply a sufficient amount of thermal compound onto the hot face of the Peltier element and place it onto the cold-plate of the water block. Ensure that the tubing, Peltier element, and cooling block are in direct contact with one another at all times. [1]
2.5.1. Talent adds thermal compound to the hot face, spreads it around, and connects it to the cooling block
2.6. Next, connect the Peltier element to the temperature controller using a serial bus connector, so that the voltage supplied to the Peltier can be regulated.[1]  Then, securely place a thermistor on the Peltier surface and connect its output to the temperature controller. [2]
2.6.1. Talent connects the wiring of the Peltier element to the temperature controller
2.6.2. Talent secures a thermistor to the Peltier surface and the wiring to the temperature controller
2.7. After turning on the water cooler, adapt the voltage supplied to the Peltier until the temperature is stable at 4 degrees Celsius.[1]
2.7.1. Talent turns on the water cooler and the output is displayed as the temperature begins to drop.  Swap the display between voltage / temperature. 
3. Preparing the Setup for an Experiment
3.1. For each control channel of the microfluidic device, cut a length of standard tubing that is 1 meter long. [1-TXT] At one end, insert the pin of a 23 gauge, one half inch Luer stub and at the other end insert a stainless steel connecting pin. [2-TXT]
3.1.1. Talent cuts a length of tubing as described TEXT: Standard Tubing; OD: 0.06”, ID: 0.02” 
3.1.2. Talent inserts pin and Leur stub in the order listed TEXT: Connecting Pin; OD: 0.65 mm, ID: 0.35 mm, L: 8 mm
3.2. Connect the Luer stub to a male Luer to 3/32 inch barb nylon connector. Insert the barb of the connector into a length of polyurethane tubing. [1-TXT] Then, insert this polyurethane tubing directly into one of the solenoid valves. [2]
3.2.1. Talent connects the Luer stub to the male Luer connector and then the talent inserts the barb into the polyurethane tubing. TEXT: Polyurethane Tubing; OD: 4 mm, ID: 2.5 mm
3.2.2. Talent inserts the barb into the polyurethane tubing and then Talent inserts the tubing into the solenoid valve TEXT: Polyurethane Tubing; OD: 4 mm, ID: 2.5 mm
3.3. Next, attach a 23 gauge, ½ inch Luer stub to a syringe and insert this into a 3 to 4 centimeter long piece of standard tubing. [1] Place the open end of this tubing into a reservoir of ultrapure water and fill the syringe with ultrapure water.[2]
3.3.1. Talent connects Luer stub to a syringe and inserts it into the described tubing
3.3.2. Talent loads syringe with water as described
3.4. Number each control channel of the microfluidic device as shown here. [1] For channels 4 through 29, find the corresponding tubing and insert the metal pin into the open end of the tubing attached to the syringe. [2] Then, inject water into the control channel tubing until half the length has been filled.[3] 
3.4.1. LABMEDIA: Figure 5
3.4.2. Talent inserts the metal pin of the corresponding tubing into the open end of the syringe tubing 
3.4.3. Talent injects water into the control channel tubing as described
3.5. Next, disconnect the tubing from the syringe and insert the stainless-steel connector pin into the corresponding hole of the microfluidic device [1]. Repeat this step for all of the control channels. [3.5.3]
3.5.1. Talent performs the above step for 1-2 examples Talent disconnects tubing from the syringe and inserts the pin into the microfluidic device.
3.5.2. [Added Shot]: Repeats  step 3.5.1 two more times.
3.5.3. [Added Shot]: Image showing completed device with all control channels connected.
3.6. Now, use the control interface to open all the solenoid valves.[1] This will pressurize the fluid within the control channel tubing, forcing it into the microfluidic device and closing all of the membrane based valves within the device.[2]
3.6.1. SCREEN: To be provided by the authors – Screen capture video as talent opens the valves (controller view) Authors, please upload this screen capture to your project page. 
3.6.2. SCREEN: To be provided by the authors – Screen capture video as talent opens the valves (microscope view) Authors, please upload this screen capture to your project page. 
4. Connecting Uncooled Reagents to the Device
4.1. For each of the uncooled reagents, cut a 1 meter length of standard tubing to connect the reservoir outlet to the microfluidic device inlets. [1]
4.1.1. Talent cuts a length of tubing 
4.2. Take one end of the tubing and insert this into the reservoir, ensure that the tubing reaches the base of the reservoir. The reservoir tubing outlet should be tightened so that an air tight seal is achieved.[1] Then, insert a stainless-steel connection pin into the open end of the tubing. [2-TXT]
4.2.1. Talent inserts one end of the tubing into the reservoir and then tightens the tubing outlet
4.2.2. Talent inserts connection pin into the open end of the tubing TEXT: Connection Pin; OD: 0.65 mm, ID: 0.35 mm, L: 8 mm
4.3. Next, attach a 23 gauge, ½ inch Luer stub to the end of a 1 milliliter syringe.  Add a short length of standard tubing to the Luer stub. [1] Place the end of the tubing into the desired reagent solution, and fill the syringe with the reagent.[2]
4.3.1. Talent connects Luer stub to end of 1 mL syringe and adds tubing to the Luer stub.
4.3.2. Talent adds tubing to the Luer stub, and fills the syringe with a reagent
4.4. Then, insert the stainless-steel connector pin into the polyurethane tubing connected to the syringe and fill the tubing with the reagent. [1] When using small reaction volumes, the reagent will not enter the reservoir, and the tubing itself will act as the reservoir. [2]
4.4.1. Talent adds connector pin and fills the tubing with reagent
4.4.2. ECU: Close-up view of liquid moving into the tubing
4.5. When finished, disconnect the syringe and insert the connector pin into one of the flow layer inlet holes of the microfluidic device.[1] Then, apply pressure to each of the reservoirs using the pressure regulator software to force the reagents into the microfluidic device. [2][3]
4.5.1. Talent disconnects the syringe and inserts the connector pin into the device as described
4.5.2. SCREEN: To be provided by the authors – Screen capture video as talent applies pressure to the reservoirs (software view) Authors, please upload this screen capture to your project page. 
4.5.3. SCREEN: To be provided by the authors – Screen capture video as talent applies pressure to the reservoirs (microscope view) Authors, please upload this screen capture to your project page. - Video Editor: Add this as an inlay into 4.5.2
5. Connecting Cooled Fluids to the Microfluidic Device
5.1. Ensure that the water cooler and Peltier elements have been turned on, with the surface temperature of the Peltier set to 4 degrees Celsius…[1] Mount the cooling setup as close to the microfluidic device as possible to minimize the uncooled volume between the Peltier and the device inlet. [2]
5.1.1. Talent shows temperature display highlighting stable temperature at 4 C
5.1.2. Talent mounts the setup near the device
5.2.  [1]
5.2.1. Talent connects the tubing as described
5.3. Then, connect a 1 milliliter syringe to a 23 gauge, ½ inch Luer stub with a short length of standard tubing attached to the end.[1] Draw in the to-be-cooled reagent to fill the syringe.[2]
5.3.1. Talent connects a syringe to a 23 gauge Luer stub and tubing.
5.3.2. Talent fills the syringe
5.4. Next, connect the PEEK tubing to the syringe via the connective tubing and apply constant pressure to the syringe, forcing the reagent through the PEEK tubing and into the PTFE tubing. [1]
5.4.1. Talent connects the PEEK tubing to the syringe and forces the reagent into the PTFE tubing
5.5. Finally, disconnect the PEEK tubing from the syringe and insert it directly into one of the flow channel inlets of the microfluidic device. When pressure is applied, the cooled reagent will be forced into the microfluidic device. [1]
5.5.1. Talent disconnects the tubing from the syringe and inserts it into one of the device inlets
6. Loading the Microfluidic Device
6.1. Place the microfluidic deviceEnsure the microfluidic device is secure in the microscope stage, with all control and flow layer tubing attached, into the microscope stage and close any openings on the incubator. [1]
6.1.1. Talent places highlights device onto the microscope stage and seals the incubator
6.2. Next, set the ambient temperature of the incubator to 29 degrees Celsius. [1] Then, ensure that the cooling system has been turned on and is set to 4 degrees Celsius prior to initiating the experiment. [2]
6.2.1. Talent sets incubator temp to 29 C
6.2.2. Talent sets cooling system temp to 4 C (Note: See step 5.1.1)
6.3. Check that the pressure supplied to the flow channel pressure regulator is set to 800 mbar and, using the software, set the output pressure of each individual flow channel to between 20 and 100 mbar. Check that pressure supplied to the control channel solenoid valves is 1 bar for channels 1 through 8, and 3 bar for channels 9 through 29. [1-TXT]
6.3.1.  Pressure set using pressure regulators with dial. TEXT: Required pressure: Flow regulator: 800 mbar; Control channels 1-8: 1 bar; Control channels 9-29: 3 bar.
6.4. Next, close the outlet of the device by pressurizing channel 29 and simultaneously depressurize control channels 1 through 3, and 15 through 28.  [1][2]
6.4.1. SCREEN: To be provided by the authors – Screen capture video as talent depressurizes the channels Authors, please upload this screen capture to your project page.
6.4.2. SCREEN: To be provided by the authors – Screen capture showing microscope footage of channels being depressurized Authors, please upload this screen capture to your project page - Video Editor: Add this as an inlay into 6.4.1
6.5. Then selectively depressurize the control channels of the multiplexer to allow a single selected reagent to flow into the device.[1] Use the microscope to monitor the removal of air and subsequently ensure that all reagents flow correctly, without introducing air bubbles. [2]
6.5.1. SCREEN: To be provided by the authors – Screen capture video as talent depressurizes the control channels Authors, please upload this screen capture to your project page.    
6.5.2. SCREEN: To be provided by the authors – Screen capture video as reagents flow into the device correctly. Authors, please upload this screen capture to your project page.
7. Calibrating the Microfluidic Device 
7.1. Using the provided software package, set up the data fields related to the calibration process as described in the accompanying text protocol. Subsequently, determine the fluid volume displaced from each reactor during a single inflow step by executing the calibration protocol.[1-TXT]
7.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs sample step from the calibration protocol Authors, please upload this screen capture to your project page.  	TEXT: See text protocol for details.
7.2. Follow along with the steps presented by the control software to complete the analysis of the calibration experiment and to determine the Refresh Ratio of each ring reactor in the microfluidic device. [1]  
7.2.1. SCREEN: To be provided by the authors – Screen capture video as talent enters parameters into the control software. Authors, please upload this screen capture to your project page. 
7.3. Finally, set the required values for the desired experiment within the virtual control interface.  Initiate the experimental protocol by pressing the Perform Experiment button in the control interface. [1]
7.3.1. SCREEN: To be provided by the authors – Screen capture video as talent sets the required values and initiates the experiment. Authors, please upload this screen capture to your project page.




Section – Results
8. Results:  IVTT Experiment Expressing the deGFP Protein
8.1. During a calibration experiment, the reactors are filled with a fluorophore, whose intensity is recorded after each dilution. The decrease in the fluorescence intensity per dilution reveals the volume of the reactor ring displaced for the set number of inflow steps.  This volume is termed the Refresh Ratio. [1]
8.1.1. Figure 8a - Video Editor: Label the red line “Average of 8 reactors”
8.2. The average Refresh Ratio and standard deviation is shown for each dilution step in red. Seven of the eight reactors show very similar behavior, however one reactor shows fluctuations after the seventh dilution cycle. This highlights the need for unique Refresh Ratios for each of the reactors. [1]
8.2.1. Figure 8b- Video Editor: Highlight the grey line that varies from the rest along with the 2nd sentence.
8.3. The prolonged in vitro transcription and translation reaction shown here had 30% of the reactor volume displaced every 14.6 minutes.  Two reactors of the microfluidic device were used as blanks. [1]
8.3.1. Figure 9 - Video Editor: Highlight the lines for Reactors 1 and 5
8.4. All the other reactors comprised 75% in vitro transcription and translation reaction solution and 25% of either ultrapure water or 2.5 nanoMolar linear DNA templates coding for the expression of the deGFP (pronounced dee-G-F-P) protein. [1]
8.4.1. Figure 9 - Video Editor: Highlight the lines for Reactors 2 and 6 with the words “Ultrapure water” and lines for Reactors 3,4,7, and 8 with the words “2.5 nanoMolar linear DNA templates coding for the expression of deGFP protein”
8.5. In all four reactors where DNA was added, there is clear of deGFP protein expression. One reactor displays a lower fluorescence signal. This could be caused by a disparity in flow resulting in less DNA entering the reactor, or due to variations in the reactor dimensions. [1]
8.5.1. Figure 9 - Video Editor: Highlight lines for Reactors 3,4,7, and 8  
8.6. After 14 hours, a sudden increase is seen in the signal of the reactors containing DNA. This is caused by an air bubble entering the flow layer of the microfluidic device. Upon resumption of flow, the experiment returns to its previous fluorescence intensity.[1]
8.6.1. Figure 9 - Video Editor: Highlight hour 14-15 of lines for Reactors 3,4,7, and 8 with the first sentence.  Add an arrow pointing to Hour 16 of lines for Reactors 3,4,7, and 8 with the final sentence.




Section - Conclusion
9. Conclusion Interview Statements: 
9.1. Ardjan van der Linden (Step: 2.2 - 2.5): Cell free reaction solutions are subject to degradation over time unless they are sufficiently cooled, making the cooling process described in this protocol of critical importance. 
9.2. Tom de Greef: Due to the versatility of the experimental platform, a variety of alternative biochemical and chemical reactions can be conducted in a precise and controlled manner, on a nano-litre scale. 
9.3. Ardjan van der Linden: The application of microfluidic flow reactors accelerates successive design-build-test cycles when prototyping novel genetic circuits.   
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