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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?  No.

3. Filming location: Will the filming need to take place in multiple locations?   No.


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.


1.1. Jesse Zhang: ICO-seq is the first adaptation of high throughput RNA-sequencing to microbes [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.2. Kai-Chun Chang: This method assesses microbial function at a genome-wide scale. For engineered microbes, this method can elucidate how changes to the microbial genome can perturb its function [1].  
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.




1.3. 

Protocol

2. [bookmark: _Hlk31630043]Yeast Encapsulation in Hydrogels Using Device A
2.1. Obtain yeast from a suspension culture and count the cells using a hemocytometer [1]. Resuspend the cells in PBS at a concentration of about 750 thousand cells per milliliter [2-TXT].
2.1.1. Talent obtains yeast from suspension culture and counts cells using a hemocytometer.
2.1.2. Talent resuspends yeast cells in PBS. TEXT: ~15% of hydrogels will contain yeast colonies
2.2. Next, mix ultralow melting point agarose in PBS [1-TXT], and heat the mixture at 90 degrees Celsius [2] until the agarose melts [3].
2.2.1. Talent mixes agarose with PBS. TEXT: Mix agarose at 2% w/v in PBS
2.2.2. Talent heats mixture to 90 degrees Celsius.
2.2.3. Show melted agarose.
2.3.  [1]. Load the agarose mixture into a syringe with an attached 0.22-micron filter. Place a syringe pump in front of a space heater set to 80 degrees Celsius [2] and place the syringe in the pump [3].
2.3.1. Talent loads agarose mixture into the syringe.
2.3.2. Space heater placed in front of syringe pump, with talent setting space heater to 80 degrees Celsius.
2.3.3. Added Shot: Talent places the syringe in the pump.
2.4. Fill a second syringe with the yeast suspension, and fill a third syringe with fluorinated oil with 2 percent ionic fluorosurfactant [1]. Load both syringes into syringe pumps [2].
2.4.1. Talent fills one syringe with yeast suspension and another with fluorinated oil.
2.4.2. Talent loads both syringes into syringe pumps.
2.5. Connect the tubing from the syringes to device A [1]. Place a 15-milliliter conical tube in an ice bucket, and guide the outlet tubing into the conical tube [2].
2.5.1. Talent connects the tubing from the three syringes to device A.
2.5.2. Talent places a conical tube in an ice bucket, and guides the outlet tubing into the conical tube.
2.6. Set the flow rate for each syringe [1-TXT], and collect approximately 1 milliliter of emulsion in the 15-milliliter conical tube [2]. 
2.6.1. Talent sets flow rates on syringe pumps. TEXT: yeast suspension: 3 mL/h; agarose mixture: 3 mL/h; fluorinated oil: 15 mL/h Video editor: Keep text overlay on screen for next shot.
2.6.2. Emulsion flowing into 15-mL conical tube.
3. Breaking and Washing Hydrogels 
3.1. After waiting 5 minutes for the agarose in the tube to set, add an equal volume of 20 percent perfluorooctanol in fluorinated oil to the emulsion [1]. Mix the emulsion and the perfluorooctanol by inverting the conical tube a few times [2].
3.1.1. Talent adds PFO to the emulsion in the 15-mL conical tube.
3.1.2. Talent inverts the tube to mix the emulsion and PFO.
3.2. Centrifuge the broken emulsion at 2,000 times g for 2 minutes [1]. Be sure the hydrogels have pelleted above the oil and PFO phases [2].
3.2.1. Talent places tube in centrifuge.
3.2.2. CU: Tube after centrifuging, showing phases and hydrogel pellets. Videographer, this is one of the most important shots for viewers to see.
3.3. Remove the oil and PFO phases [1]. Add 2 milliliters of TE-TW buffer to resuspend the hydrogels [2] and transfer the suspension into a new 15-milliliter conical tube [3].
3.3.1. Talent removes the oil and PFO phases.
3.3.2. Talent adds buffer, resuspends gels
3.3.3. Added shot: Talent transfers suspension to a new tube.
3.4. Centrifuge the tube again at 2000 x g for 2 minutes [1]. Remove the supernatant and resuspend the hydrogels in TE-TW again [2].
3.4.1. Talent places tube in centrifuge.
3.4.2. Talent removes the supernatant, and resuspends gels in TE-TW.
3.5. Resuspend the hydrogels in 2 milliliters of yeast culture medium [1]. Transfer the suspended hydrogels to a 5-milliliter culture tube [2]. Incubate the tube overnight, at 30 degrees Celsius with shaking [added]. 
3.5.1. Talent removes supernatant and resuspends hydrogels in yeast culture medium.
3.5.2. Talent transfers gels to a 5-milliliter tube
3.5.3. Added shot: Talent places tube in incubator/shaker.
3.6. Jesse Zhang: Yeast strains grow at different rates. Choosing an appropriate media and incubation time is key to ensure that a yeast colony grows within the hydrogel but does not overgrow, leading to cells escaping into the media [1].
3.6.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. 
4. Yeast Colony Lysis
4.1. First, transfer the hydrogels to a 15-milliliter conical tube [1]. Centrifuge the tube at 2,000 times g for 2 minutes [2].
4.1.1. Talent transfers hydrogels to a 15-milliliter tube
4.1.2. Added shot: Talent places tube in centrifuge.
4.2. Wash the hydrogels twice in PBS and then once in spheroplasting buffer [1].
4.2.1. Talent begins washing procedure.
4.3. Perform a 40x dilution of spheroplasting enzyme in spheroplasting buffer [1]. Then, add 1 milliliter of the diluted enzyme to the hydrogels [2].
4.3.1. Talent dilutes spheroplasting enzyme in spheroplasting buffer.
4.3.2. Talent adds 1 mL of diluted enzyme to the hydrogels.
4.4. Incubate the tube of hydrogels at 37 degrees Celsius for 1 hour [1]. The treated yeast will look more transparent [2].
4.4.1. Talent places tube hydrogels in incubator.
4.4.2. LAB MEDIA: Figure 3B.
4.5. From the tube containing the hydrogel suspension, withdraw 0.8 milliliters of the suspension from the bottom of the tube [1], and transfer it to a 1-milliliter uncapped syringe [2].
4.5.1. Talent withdraws 0.8 mL of hydrogel suspension from the tube.
4.5.2. Talent transfers suspension to an uncapped syringe.
4.6. Place the syringe in the 3D-printed syringe holder [1]. Centrifuge the syringe and holder at 2,000 times g for 2 minutes [2]. Before proceeding, confirm that the hydrogels are tightly packed [3].
4.6.1. Talent places syringe in syringe holder. Videographer, this is one of the most important steps for viewers to see.
4.6.2. Talent places syringe holder in centrifuge.
4.6.3. ECU: Syringe, showing closely packed hydrogels.
5. mRNA Capture Using Device B
5.1. Place 240,000 Drop-Seq beads in a 15-milliliter conical tube [1]. Centrifuge the tube at 1000 times g for 1 minute [2].
5.1.1. Talent places 240,000 beads in a 15-milliliter conical tube.
5.1.2. Talent places tube of beads in centrifuge.
5.2. Remove the supernatant [1], and resuspend the beads in 2 milliliters of 0.9x yeast lysis buffer with 500 millimolar sodium chloride [2-TXT]. Insert a stir bar and transfer the bead suspension to a 3-milliliter syringe [3].
5.2.1. Talent removes supernatant.
5.2.2. Talent resuspends beads in lysis buffer. TEXT:  Bead concentration: 120,000 beads/mL
5.2.3. Talent transfers bead suspension to a syringe and adds a stir bar. Videographer, this is one of the most important steps for viewers to see.
5.3. Prepare another syringe, containing several milliliters of PFPE-PEG surfactant in fluorinated oil [1]. Obtain the previously prepared syringe of yeast close-packed hydrogels [2]. Evacuate the aqueous head, and cap the syringe [3].
5.3.1. Talent puts several milliliters of PFPE-PEG in oil in syringe.
5.3.2. Talent removes syringe from syringe-holder. Videographer, this is one of the most important steps for viewers to see.
5.3.3. Talent pushes liquid out of the syringe and places a cap on the syringe. Videographer, this is one of the most important steps for viewers to see.
5.4. Insert the three syringes—the hydrogels, the bead suspension, and the oil—into syringe pumps [1]. Connect the syringes via tubing to Device B, the encapsulation device [2]. Place the end of the outlet tubing into a 50-milliliter conical tube on ice [3].
5.4.1. Talent inserts three syringes into syringe pumps.
5.4.2. Talent uses tubing to connect three syringes to Device B.
5.4.3. Talent runs tube from device outlet into 50-mL tube in ice bucket.
5.5. Set the flow rate for each syringe [1-TXT]. Collect approximately 1000 milliliters of emulsion, or run the device until there are no hydrogels remaining [2]. Then, follow the Drop-Seq protocol for cDNA synthesis, library prep, and sequencing [3].
5.5.1. Talent sets flow rates on syringe pumps. TEXT: yeast hydrogels: 0.4 mL/h; bead suspension: 0.4 mL/h; fluorinated oil: 1.6 mL/h Video editor: Keep text overlay on screen for next shot.
5.5.2. Emulsion flowing into 50-mL conical tube on ice.
5.5.3. LAB MEDIA: Figure 1. Video editor, please show only Figure 1B.

Results
6. Results: High-Throughput Screening of C. albicans 
6.1. Using a microfluidic device, yeast cells were encapsulated in 160-micrometer droplets [1]. An eight-fold splitter divided these droplets into eight 60-micrometer droplets [2]. Overnight incubation resulted in isogenic yeast colonies growing within some of the hydrogels [3].
6.1.1. LAB MEDIA: Figure 2. Video editor: show only Figure 2B.
6.1.2. LAB MEDIA: Figure 2. Video editor: show only Figure 2C.
6.1.3. LAB MEDIA: Figure 2. Video editor: show only Figure 2D. 
6.2. Prior to loading the yeast hydrogels into the second microfluidic device, they were washed and immersed in a solution to digest the cell walls. Proper digestion of the was verified by microscopy, with treated yeast having a more reflective morphology [1].
6.2.1. LAB MEDIA: Figure 3. Video editor: show only Figure 3B.
6.3. A stream of mRNA capture beads in lysis buffer was mixed with a stream of close-packed yeast hydrogels prior to the drop-making junction of the second microfluidic device [1]. In the resulting emulsion, about 10 percent of the droplets collected contained one bead with a lysed colony [2].
6.3.1. LAB MEDIA: Figure 3. Video editor: show only Figure 3C.
6.3.2. LAB MEDIA: Figure 3. Video editor: show only Figure 3D.
6.4. This isogenic colony sequencing workflow was used to analyze the white-opaque switching response in C. albicans [1-TXT]. Principal component (PC) analysis and a t-SNE (pronounced tis-knee) dimensionality reduction indicated general concordance between the sample dataset and a reference dataset [2].
6.4.1. [bookmark: _GoBack]LAB MEDIA: Figure 4. TEXT: tSNE: t-stochastic neighbor embedding
6.4.2. LAB MEDIA: Figure 4. Video editor: Show only Figure 4A and Figure 4B, and emphasize Figure 4A.
6.5. tSNE analysis revealed three clusters of cells. While cluster 2 was predominantly comprised of cells from the sample dataset, clusters 0 and 1 were comprised of cells from both samples [1].
6.5.1. LAB MEDIA: Figure 4. Video editor: Show only Figure 4A and Figure 4B, and emphasize Figure 4B.
6.6. Overlaying WH11 expression on the tSNE indicated that cluster 1 likely contained white colonies [1]. STF2 expression increased in cluster 1, consistent with previously obtained data [2]. In clusters 0 and 2, WH11 and STF2 were significantly downregulated compared with cluster 1 [3].
6.6.1. LAB MEDIA: Figure 4. Video editor: Show only Figure 4C, and emphasize upper panel.
6.6.2. LAB MEDIA: Figure 4. Video editor: Show only Figure 4C, and emphasize lower panel.
6.6.3. LAB MEDIA: Figure 4. Video editor: Show only Figure 4D.


6.6.4. 

Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements
7.1. Jesse Zhang: Engineered microbes have ever-increasing potential to mass produce biologics for treating a wide variety of diseases [1]. 
7.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
7.2. Jesse Zhang: Following this procedure, one can apply a variety of bioinformatic tools for further analysis of the sequencing data [1]. 
7.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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