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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  no  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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. Filming location: Will the filming need to take place in multiple locations?   Yes
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]If Yes, how far apart are the locations? About 100 m (e.g., No. 402 room -> No. 414 room on the same floor, fourth floor -> first floor at the same building,)
 

Introduction
1. Introductory Interview Statements

[bookmark: _Hlk28591455][bookmark: _Hlk28954045]Videographer: Interviewee headshots are required. Take a headshot for each interviewee. 

[bookmark: _Hlk28591522]Authors: While filming the interview portion, our videographer will also photograph you for the JoVE Dedicated Author Webpage. Please look at this example. For questions about the author profile pages and pictures, please contact author.liaison@jove.com.

[bookmark: _Hlk28848690][bookmark: _Hlk28960428]Authors: Please memorize the interview statements prior to your filming day.

1.1. Yi Zhang: More than one million uniform femtoliter droplets are produced on a finger-sized substrate, and single DNA molecules are randomly distributed into each droplet. The protein yield is proportional to the number of DNA molecules in a droplet [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.2. Kanako Kurosawa: Our technique can be used for rapid and quantitative measurement of enzyme activity without complicated protein expression and purification [1]. 
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.




Protocol
[bookmark: _GoBack]
2. [bookmark: _Ref21538005]Cleaning and Silanizing the Glass
2.1. To begin, set a cover glass on a staining rack, and place the rack in 8 molar sodium hydroxide [1-TXT]. Sonicate the cover glass and staining rack for 15 minutes at room temperature [2].
2.1.1. [bookmark: OLE_LINK856][bookmark: OLE_LINK857]Talent places cover glass in staining rack and places staining rack in container of sodium hydroxide. TEXT: WARNING: Concentrated NaOH is dangerous. Avoid splashing.
2.1.2. Talent places container in sonicator and turns it on.
2.2. Remove the staining rack from the sodium hydroxide, and rinse the cover glass with water ten times [1]. Dry the cover glass with an air gun [2]. Then, bake the dry cover glass on a hot plate at 200 degrees Celsius for 5 minutes [3].
2.2.1. Talent removes the staining rack from the container and rinses the cover glass with water.
2.2.2. Talent blows air on cover glass. 
2.2.3. Talent places cover glass on hot plate set to 200 degrees Celsius.

2.3. [bookmark: OLE_LINK753][bookmark: OLE_LINK754]Immerse the cover glass in 0.05 percent aminosilane (pronounce amino-sy-lane) solution, and incubate it for 1 hour at room temperature [1].
2.3.1. Talent places cover glass in a container of aminosilane solution and places container on lab bench to incubate.
2.4. Rinse the cover glass five times in pure water [1]. Then, dry the cover glass using an air gun [2]. Bake it on the hot plate at 80 degrees Celsius for 5 minutes [3].
2.4.1. Talent transfers the staining rack to container of water and begins rinsing the cover glass with water. 
2.4.2. Talent uses air gun to dry cover glass.
2.4.3. Talent places the cover glass on aluminum foil and places the foil on a hot plate.
3. [bookmark: OLE_LINK63][bookmark: OLE_LINK62]Spin-Coating the Glass Substrate
3.1. [bookmark: _Ref20927312][bookmark: OLE_LINK120][bookmark: OLE_LINK119][bookmark: OLE_LINK271][bookmark: OLE_LINK270][bookmark: OLE_LINK751][bookmark: OLE_LINK752]Place the glass substrate on the customized vacuum chuck for the spin coater [1]. Dispense 70 to 90 microliters of type-A CYTOP (pronounce SY-top) polymer at the center of the glass substrate [2]. Then, immediately spin-coat the polymer [3]. 
3.1.1. Talent places cover glass on the chuck.
3.1.2. [bookmark: _Hlk28589291][bookmark: _Hlk31617684]A pipette dispenses polymer onto the center of cover glass. Videographer: This is one of the most important shots for viewers to see, and the most critical part of the protocol.
3.1.3. Talent turns on spin coater.
3.2. Kanako Kurosawa: The initial polymer coating determines the quality of the final microchamber array. Dispense the polymer onto the center of the cover glass without introducing air bubbles [1].
3.2.1. INTERVIEW: Named author says the statement above in an interview-style statement.
3.3. [bookmark: _Ref20927323][bookmark: OLE_LINK138][bookmark: OLE_LINK137]Pick up the coated glass by holding it at the corners, place it on aluminum foil [1], and bake it, for 30 minutes at 80 degrees Celsius and then for another hour at 200 degrees Celsius [2].
3.3.1. [bookmark: OLE_LINK957][bookmark: OLE_LINK958]Talent picks up cover glass and places it on aluminum foil.
3.3.2. Talent places cover glass on hotplate.
3.4. [bookmark: OLE_LINK334][bookmark: OLE_LINK333]Dispense 0.2 to 0.3 milliliters of photoresist at the center of the substrate [1]. Immediately spin-coat the photoresist at 6,000 rpm for 60 seconds [2]. Use an ethanol-soaked wipe to remove excess photoresist from the edge of the substrate [3]. Bake the substrate at 110 degrees Celsius for 5 minutes [4].
3.4.1. Talent dispenses photoresist onto the center of cover glass. Videographer: This is one of the most important shots for viewers to see.
3.4.2. [bookmark: _Ref21520853][bookmark: OLE_LINK221][bookmark: OLE_LINK222]Talent turns on spin coater and spin coating process begins.
3.4.3. Talent picks up the glass substrate and uses a wipe to remove excess photoresist. Videographer: This is one of the most important shots for viewers to see.
3.4.4. [bookmark: OLE_LINK761][bookmark: OLE_LINK762]Talent places cover slip on hot plate.
3.5. [bookmark: OLE_LINK13][bookmark: OLE_LINK12][bookmark: _Ref21535888][bookmark: OLE_LINK343][bookmark: OLE_LINK344][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK171][bookmark: OLE_LINK128]To rehydrate the photoresist, let the substrate stand for 30 minutes at a relative humidity of 40 to 60 percent [1].
3.5.1. Talent removes coated substrate (cover glass) from hotplate and places it on lab bench to cool and rehydrate. Videographer: This is one of the most important shots for viewers to see.
4. [bookmark: _Ref21595142][bookmark: OLE_LINK247][bookmark: OLE_LINK172]Photolithography, Etching, and Cleaning
4.1. [bookmark: OLE_LINK25][bookmark: OLE_LINK24][bookmark: OLE_LINK387][bookmark: OLE_LINK386][bookmark: OLE_LINK393][bookmark: OLE_LINK392][bookmark: OLE_LINK391][bookmark: OLE_LINK390]Load the substrate into the mask aligner [1], and expose it for 25 seconds in the vacuum-contact mode [2-TXT]. Then, immerse the substrate in developer for 5 minutes to dissolve the exposed photoresist [3].
4.1.1. Talent loads substrate into the mask aligner.
4.1.2. Talent exposes substrate to UV. TEXT: UV intensity: 13 mW/cm2
4.1.3. [bookmark: OLE_LINK1087][bookmark: OLE_LINK1089][bookmark: OLE_LINK29][bookmark: OLE_LINK28]Talent immerses the substrate in developer.
4.2. Rinse the substrate ten times using pure water [1]. Then, dry the substrate thoroughly using the air gun [2].
4.2.1. Talent begins process of rinsing the substrate ten times.
4.2.2. Talent dries the substrate using the air gun.
4.3. [bookmark: OLE_LINK767][bookmark: OLE_LINK768][bookmark: OLE_LINK410][bookmark: OLE_LINK363][bookmark: OLE_LINK327][bookmark: OLE_LINK269][bookmark: OLE_LINK268][bookmark: OLE_LINK362][bookmark: OLE_LINK328]Place the substrate in the reaction chamber of the reactive-ion etching machine, and etch the photoresist-uncovered CYTOP with the oxygen plasma [1].
4.3.1. Talent places the substrate in the reaction chamber and begins etching process.
4.4. After etching, remove the remaining photoresist by sonicating the substrate in acetone for 5 minutes at room temperature [1]. Then, sonicate the substrate in 2-propanol for 5 minutes [2].
4.4.1. [bookmark: OLE_LINK86][bookmark: OLE_LINK85]Talent places the substrate in a container of acetone and places the container on the sonicator.
4.4.2. Talent transfers the substrate to 2-propanol and places it on sonicator.
4.5. Rinse, sonicate, and rinse the substrate again using pure water, as described in the manuscript [1]. Then, dry the substrate with the air gun [2].
4.5.1. Talent begins rinsing the substrate using pure water.
4.5.2. Talent dries the substrate with the air gun.
5. [bookmark: OLE_LINK784][bookmark: OLE_LINK785]Fabricating the Microchamber Array Device
5.1. [bookmark: OLE_LINK177][bookmark: OLE_LINK176][bookmark: OLE_LINK598][bookmark: OLE_LINK597][bookmark: OLE_LINK769][bookmark: OLE_LINK770]Using a desktop cutter, cut double-coated adhesive Kapton film tape into the defined microchannel shapes [1-TXT]. Stick the cut pieces of tape in the bottom of a flat Petri dish, to serve as a master for the molding of the PDMS [2].
5.1.1. Talent cuts adhesive film tape into a microchannel shape. TEXT: Microchannel size: 3 mm x 19 mm
5.1.2. Talent sticks pieces of tape in the bottom of the Petri dish.
5.2. [bookmark: OLE_LINK373][bookmark: OLE_LINK372][bookmark: OLE_LINK401][bookmark: OLE_LINK400][bookmark: OLE_LINK415][bookmark: OLE_LINK414][bookmark: OLE_LINK180][bookmark: OLE_LINK179]Pour the PDMS mixture into the tape-patterned Petri dish [1]. Then, place the Petri dish into a mini vacuum chamber, and de-aerate the PDMS mixture for 1 to 3 hours [2].
5.2.1. Talent pours PDMS mixture into the Petri dish.
5.2.2. Talent places the Petri dish into the vacuum chamber and begins de-aeration.
5.3. Then, place the Petri dish in an oven at 60 degrees Celsius, and leave it overnight to cure the PDMS [1].
5.3.1. Talent removes Petri dish from vacuum chamber and places it in oven.
5.4. After the PDMS has cured, peel the cured elastomer from the Petri dish, and use a flat-cable cutter to cut out the PDMS microchannel blocks [1]. Then, punch a hole at each end of each microchannel [2].
5.4.1. [bookmark: OLE_LINK614][bookmark: OLE_LINK613]Talent begins cutting out the microchannels using the flat-cable cutter.
5.4.2. Talent punches a hole at each end of one of the microchannels.
5.5. [bookmark: _Ref21011758][bookmark: OLE_LINK421][bookmark: OLE_LINK466][bookmark: OLE_LINK420][bookmark: OLE_LINK411]The previously prepared substrate will have an area for the microchamber array [1]. Position the PDMS microchannel on this part of the substrate [2]. Then insert a 200-microliter pipette tip into one of the holes in the PDMS microchannel [3].
5.5.1. [bookmark: OLE_LINK771][bookmark: OLE_LINK772]ECU: Substrate, showing area for placement of microchamber array.
5.5.2. Talent places PDMS microchannel on the substrate.
5.5.3. Talent inserts pipette tip into one of the holes.
6. [bookmark: _Ref20995032]Generating the Femtoliter Droplet Array (FemDA)
6.1. [bookmark: _Ref21011658]First, prepare the CFPS reaction solution in a PCR tube [1-TXT].
6.1.1. Talent completes preparation of CFPS reaction solution. TEXT: CFPS: cell-free protein synthesis.
6.2. Then, using a 200-microliter non-filtered pipette tip, draw up 10 microliters of the solution [1]. Insert the pipette tip into the inlet hole of the PDMS microchannel [2], and push down on the pipette plunger until the solution overflows from the microchannel outlet [3].
6.2.1. Talent uses pipette to collect 10 microliters of the solution from the PCR tube.
6.2.2. Talent inserts the pipette tip into the inlet hole of the PDMS microchannel.
6.2.3. ECU: Solution flowing from pipette tip, filling microchannel, and flowing out of the microchannel outlet. 
6.3. [bookmark: OLE_LINK20][bookmark: OLE_LINK21]Transfer the FemDA (pronounce fem-da) device to a pre-chilled aluminum block [1]. Confirm that the microchamber array area quickly turns from translucent to transparent [2].
6.3.1. Talent transfers device to a pre-chilled aluminum block.
6.3.2. ECU: Microchamber array area turning from translucent to transparent. Videographer: This is one of the most important shots for viewers to see.
6.4. [bookmark: _Ref21012608]Collect 30 microliters of pre-chilled flush oil [1], and immediately transfer the oil into the pipette tip in the microchannel inlet hole [2]. The flush oil moves into the microchannel and extrudes the excess reaction solution located outside the microchambers [3].
6.4.1. Talent collects 30 microliters of flush oil.
6.4.2. Talent transfers oil to microchannel inlet hole.
6.4.3. ECU: Excess reaction solution being extruded.
6.5. Simultaneously remove the two inserted pipette tips from the device [1]. Immediately move the device from the aluminum block to paraffin film [2].
6.5.1. Talent removes the pipette tips from the device.
6.5.2. Talent moves the device from the aluminum block to a piece of paraffin film.
6.6. [bookmark: _Ref21810486][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK92][bookmark: OLE_LINK91][bookmark: OLE_LINK963][bookmark: OLE_LINK964][bookmark: OLE_LINK778][bookmark: OLE_LINK783]Insert the prepared pipette tip containing sealing oil into the inlet of the PDMS microchannel [1], and inject the oil until it overflows from the outlet. The femtoliter droplets are sealed in individual microchambers by the oil [2].
6.6.1. Talent inserts pipette tip containing sealing oil into PDMS microchannel inlet. Videographer: This is one of the most important shots for viewers to see.
6.6.2. ECU: Device outlet, with oil overflowing.
7. Image Data Analysis
7.1. Open the defocused BF image. To remove smooth, continuous backgrounds from every frame, select Subtract Background from the Process menu. Enter 20 for the rolling ball radius, check the Preview box, and select Okay. Select Yes when asked whether to process all images [1].
7.1.1. SCREEN: 60945_screenshot_2.mov. 00:00-00:22.
7.2. Next, to reduce the noise, select Process, Filters, Median. Enter 2.0 for the radius in pixels. Check the Preview box and select Okay. Select Yes when asked whether to process all images [1].
7.2.1. SCREEN: 60945_screenshot_2.mov. 00:39–00:52. Video editor, this may need to be slowed down to keep pace with the voiceover.
7.3. Next, select Image, Adjust, Threshold to separate the images of the microchambers from the background of the image [1].
7.3.1. SCREEN: 60945_screenshot_2.mov. 00:53-01:01.
7.4. [bookmark: OLE_LINK452][bookmark: OLE_LINK453]From the Plugins menu, select FemDA, FemDA Analysis. Input the approximate minimum and maximum numbers of pixels of a single microchamber, the expected minimum and maximum circularity of the microchambers, and the start and end frame numbers. Then, select Generate ROI (pronounce R-O-I) to detect the microchambers [1]. Video editor, this may need to be slowed down to keep pace with the voiceover.
7.4.1. SCREEN: 60945_screenshot_2.mov. 01:04-01:21.
7.5. The successfully detected ROIs are shown in a popup window, ROI Table. In the FemDA Analysis window, select Apply ROI mask. Examine the image to see whether the microchambers were properly detected [1]. Video editor, this may need to be slowed down to keep pace with the voiceover.
7.5.1. SCREEN: 60945_screenshot_2.mov. 01:40-01:48.
7.6. Open the fluorescence image and bring it to the front. Click Apply ROI mask again to add the ROIs to the fluorescence image [1].
7.6.1. [bookmark: _Ref27582162]SCREEN: 60945_screenshot_2.mov. 01:49-01:58.
7.7. [bookmark: OLE_LINK813][bookmark: OLE_LINK814][bookmark: OLE_LINK460][bookmark: OLE_LINK461][bookmark: OLE_LINK568][bookmark: OLE_LINK569][bookmark: OLE_LINK805][bookmark: OLE_LINK806]In the FemDA Analysis window, select One-Shot to analyze image end-point data. Enter n for the Number of top pixels, to use the top n pixels of each ROI to calculate the mean intensity of the corresponding droplet. Then, click Measure intensity to calculate the mean intensities of all detected droplets. [1]. 
7.7.1. SCREEN: 60945_screenshot_2.mov. 02:02-02:08. Video editor, this may need to be slowed down to keep pace with the voiceover.
7.8. The ROI Table is updated with the new data from the fluorescence image, and a histogram is displayed in a new window. Export the data by clicking the button save as text [1].
7.8.1. SCREEN: 60945_screenshot_2.mov. 02:14-02:30.



Results
8. Results: Cell-Free Protein Synthesis in FemDA 
8.1. Fluorescent solution was encapsulated in the FemDA microchambers [1], and the fluorescence intensity, which is correlated with droplet size, was measured using microscopy. The droplets were found to have a narrow size distribution [2].
8.1.1. [bookmark: OLE_LINK825][bookmark: OLE_LINK826]LAB MEDIA: Figure 3. Video editor: please show only Figure 3B, 3C, 3D, and 3E, and emphasize Figure 3B.
8.1.2. LAB MEDIA: Figure 3. Video editor: please show only Figure 3B, 3C, 3D, and 3E, and emphasize Figure 3C.
8.2. [bookmark: OLE_LINK832][bookmark: OLE_LINK833][bookmark: OLE_LINK1569][bookmark: OLE_LINK1570][bookmark: OLE_LINK1571][bookmark: OLE_LINK1572][bookmark: OLE_LINK876][bookmark: OLE_LINK877]The reconstructed 3D-image from confocal microscopy also showed the consistent droplet size over time [1]. The droplets were stable at room temperature, without evaporation-loss or cross-contamination among droplets, for at least 24 hours [2].
8.2.1. LAB MEDIA: Figure 3. Video editor: please show only Figure 3B, 3C, 3D, and 3E, and emphasize Figure 3D.
8.2.2. LAB MEDIA: Figure 3. Video editor: please show only Figure 3B, 3C, 3D, and 3E, and emphasize Figure 3E.
8.3. [bookmark: OLE_LINK878][bookmark: OLE_LINK879]The fluorescent protein mNeonGreen was synthesized in FemDA, and the stack image data was analyzed with the aid of the concurrent defocused brightfield image [1].
8.3.1. LAB MEDIA: Figure 4.
8.4. [bookmark: OLE_LINK880][bookmark: OLE_LINK881]Because the fluorescence intensity of each droplet is a measure of its protein yield, the histogram strongly suggests unequal numbers of DNA molecules per droplet [1]. The probability of droplets containing different numbers of DNA molecules was a perfect fit to a Poisson distribution [2].
8.4.1. LAB MEDIA: Figure 4. Video editor, please show only Figure 4F.
8.4.2. LAB MEDIA: Figure 4. Video editor, please show only Figure 4G.
8.5. Synthesis of the enzyme alkaline phosphatase was also carried out in FemDA, with images captured every 5 minutes [1]. The reaction showed a similar discrete distribution of the fluorescence intensity of the droplets at earlier time-points [2], and the histogram results verified the unequal numbers of DNA molecules in the droplets [3].
8.5.1. LAB MEDIA: Figure 5. 
8.5.2. LAB MEDIA: Figure 5. Video editor, please emphasize graph on left of Figure 5.
8.5.3. LAB MEDIA: Figure 5. Video editor, please emphasize graph in center of Figure 5.

Conclusion
9. Conclusion Interview Statements

Authors: Please memorize the interview statements prior to your filming day.

9.1. [bookmark: OLE_LINK913][bookmark: OLE_LINK914][bookmark: OLE_LINK915][bookmark: OLE_LINK967][bookmark: OLE_LINK965][bookmark: OLE_LINK966][bookmark: _Hlk25067257]Yi Zhang: Single DNA molecules encapsulated in individual droplets can be further recovered, amplified, and sequenced, making high-throughput protein screening possible [1].
9.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
9.2. [bookmark: OLE_LINK926][bookmark: OLE_LINK927][bookmark: OLE_LINK932][bookmark: OLE_LINK933][bookmark: OLE_LINK934][bookmark: OLE_LINK935][bookmark: OLE_LINK930][bookmark: OLE_LINK931][bookmark: OLE_LINK924][bookmark: OLE_LINK925][bookmark: OLE_LINK922][bookmark: OLE_LINK923][bookmark: OLE_LINK936][bookmark: OLE_LINK937]Kanako Kurosawa: Our droplet technique, featuring ultra-small volume and ultra-high stability, allows for rapid and precise molecular diagnosis of cancer diseases with specific biomarkers [1].
9.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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