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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 3.3, 3.4, 4.1-4.4, 5.3-5.5
D.  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. (Please do not list entire sections.) _ Avoid contamination and secure evolved strain progress by regular glycerol stock preparation for recovery of the cell line prior to invasion of contaminants or death of the cell line due to overexposure to a toxic environment.___________________________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations?  Different rooms within the same building 


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this adaptive evolution procedure is to derive robust strains of the native xylose-fermenting yeast Scheffersomyces stipitis NRRL Y-7124 (Voiceover: pronounced “N R R L Y seventy-one twenty-four”) that can more rapidly ferment the hexose and pentose sugars in undetoxified hydrolyzates to economically recoverable ethanol.   


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Patricia J. Slininger: This method moves the lignocellulose to ethanol industry forward by providing a roadmap to strains with complex modifications allowing rapid fermentation of sugars in hydrolyzates, which contain microbial inhibitors.  
1.2. Patricia J. Slininger: The main advantage of targeted evolution is that robust strains are molded from a native yeast able to ferment xylose, thus eliminating the need to genetically engineer an industrial Saccharomyces strain.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Bruce Dien: We realized that any single yeast may not be robust to different types of hydrolyzates, such as AFEX-pretreated cornstover or dilute acid-pretreated switchgrass.
1.4. Clete Kurtzman: The ability of Scheffersomyces stipitis to undergo a sexual reproductive cycle is beneficial to further exploitation of the present work because the various traits developed can be combined into a single more robust strain through mating of strains having these traits. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. ** Patricia J. Slininger:  Demonstrating the procedure will be coauthors Stephanie Thompson and Maureen Shea-Andersh who are Biological Science Technicians from my laboratory. 
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.








Protocol (read by voice talent at JoVE):

2. Enrichment of robust derivatives during serial transfer on AFEX CSH

2.1. Prior to starting this enrichment procedure, prepare a preculture of strain NRRL Y-7124 in a 125-ml flask [1-MED], and a dilution series of the enzyme saccharified ammonia fiber expansion-pretreated corn stover hydrolysate, or AFEX CSH. [2-MED]  

2.1.1. Talent approaching a biological containment hood with a 125-ml flask with preculture and sets the flask down inside the hood. (the microfuge tubes for the dilutions should already be set up in the hood)
2.1.2. Talent making the dilutions of AFEX CSH in microfuge tubes.  Film talent making 2-3 of the dilutions - at least 30 seconds of footage.

2.2. Use a repeating pipette to fill a 96-well microplate with 50 µl per well, and 8 wells per hydrolyzate dilution [1-MED]. Inoculate with a few microliters of preculture per well to allow an initial absorbance at 620 nm, or A620,  of greater than or equal 0.1. [2-CU]

2.2.1. *film as written.
2.2.2. Preculture being pipetted into the wells of the microplate using an 8-channel pipetter.

2.3. Place the microplate in a plastic box with a wet paper towel for humidity [1-MED] and incubate statically for 24-48 hours at 25 oC. [2-MED]  

2.3.1. Talent putting the microplate into a plastic box that has a wet paper towel inside, and then puts the lid on the box.  
2.3.2. Talent putting the plastic box (with the microplate inside) into the 25 oC incubator.  Please get multiple usable takes; shot will be repeated later.

2.4. Next, use a microplate-reading spectrophotometer to identify the cultures that visibly grew to an A620 greater than 1.0 in the most concentrated hydrolyzate dilution. [1-MED] Pool the identified wells in a microfuge tube and distribute to a fill plate.  [2-MED] Transfer 1 to 5 µl from the fill plate to each well of a new hydrolyzate dilution series to achieve an initial A620 of greater than or equal to 0.1 [3-CU] and incubate the plate as before. [4]

2.4.1. Talent putting the microplate into the plate reader and starting the read.  Please get at least 45 seconds of footage. Please get multiple usable takes; shot will be repeated later.
2.4.2. Talent pooling wells reaching highest A620 into a microfuge tube and then transferring the pooled culture to a fill plate.
2.4.3. An 8-channel pipetter is used to transfer the culture from the fill plate to each well of a 96-well plate that has been pre-filled with a new hydrolyzate dilution series.  Please get multiple usable takes; shot will be repeated later.
2.4.4. Use shot 2.3.2.

2.5. Monitor the growth of the cultures in the microplate with a microplate-reading spectrophotometer. [1]

2.5.1. Use shot 2.4.1.

2.6. Prepare glycerol stocks of adaptation cultures regularly: pool four wells of the greatest hydrolyzate concentration colonized in a cryovial [1-MED] and mix 1 to 1 with 20 % sterile glycerol. [2-CU] Freeze cells at -80 oC. [3-MED]

2.6.1. Talent pipetting contents of 4 wells (200 µl) from a microplate into a cryovial.
2.6.2. 200 µl of 20% sterile glycerol being pipetted into the cryovial.
2.6.3. Talent putting 2-3 cryovials into the -80 oC freezer. Please get multiple usable takes; shot will be repeated later.

2.7. Repeat this enrichment procedure [1] until growth in 12% glucan AFEX CSH is consistently visible at 24 hours. [2-CU]

2.7.1. Use shot 2.4.3.
2.7.2. A shot of a 96-well plate where the wells have cultures visibly growing in 12% glucan AFEX CSH.  

3. Isolation of single cell tolerant derivatives after enrichment on AFEX CSH

3.1. To begin this procedure, streak selected glycerol stocks of adaptation cultures to yeast malt peptone dextrose or YM agar [1-MED], and then after growth use streaks to inoculate 50 µl of 3% or 6% glucan AFEX CSH in each of three microplate wells. [2-MED-TXT] Incubate the microplate for 24 hours at 25 oC. [3] 

3.1.1. Talent streaking a glycerol stock onto a YM plate. Please get the 4 glycerol stocks in frame.
3.1.2. Talent using streak from the YM plate of one of the stocks (after they are grown) to inoculate 3 wells of a 96-well plate.  24 of the wells of the 96-well plate should be pre-filled with 50 µl of 3% or 6% AFEX CSH. TEXT: initial A620 ~ 0.1
3.1.3. Use shot 2.3.2. 

3.2. Pool replicate colonized wells at the highest hydrolyzate strength with strong growth, [1-CU] and dilution plate to YM or 6% glucan AFEX CSH agar. [2-CU] Incubate the plates in a 25 oC incubator for 24-48 hours. [3-MED]

3.2.1. Contents of a few wells being transferred into one tube.
3.2.2. Pooled contents being plated to agar. Just film one plate being plated.
3.2.3. Talent putting 2 stacks of 16 plates into the 25 oC incubator. Please get multiple usable takes; shot will be repeated later.  

3.3. Pick 5 single colonies from the highest dilution plate showing growth to freeze as glycerol stock cultures. [1-CU] Streak each colony to a YM plate [2-CU] and incubate for 24 hours. [3]

3.3.1. Talent taking lid of a plate and showing the colonies to the camera.
3.3.2. A colony being picked from a plate to streak a YM plate.
3.3.3. Use shot 3.2.3. 

3.4. With a sterile loop, transfer a developed streak of cells to a small volume of 10% glycerol, mix to suspend the cells, and distribute to 2-3 cryovials [1-MED] for freezing at -80 oC. [2]

3.4.1. *film as written.
3.4.2. Use shot 2.6.3.

4. Performance evaluation of AFEX CSH tolerant derivatives compared to parent

4.1. To test isolates in simple 6% glucan AFEX CSH batch cultures, transfer cells from 48-hour plates streaked from glycerol stocks to pH 7 potassium phosphate buffer to prepare cell suspensions. [1-MED] After measuring the optical density of each cell suspension, adjust the volume with additional buffer to reach an A620 of 10. [2-MED]

4.1.1. Talent transferring cells from a streak plate to a microfuge sterile 5-mL tube of potassium phosphate buffer to prepare a cell suspension.  Get the 4 streak plates and 4 microfuge tubes in the frame.
4.1.23. Talent adding buffer to each of the 4 cell suspensions to reach A620 of 10.

4.2. Use 1 µl of each suspension to inoculate each of four wells of 50 µl of 3% glucan hydrolyzate to an initial A620 of 0.2. [1-CU] Incubate the microplate for 24 hours. [2] 

4.2.1. *film as written.
4.2.2. Use shot 2.3.2.

4.3. Next transfer two 24-hour microplate wells to inoculate 25-ml precultures of 6% glucan AFEX CSH at pH 5. [1-MED-TXT] Close the flasks with silicon sponge closures [2-CU] and incubate for 24 hours at 25 oC and 150 rpm. [3-MED] 

4.3.1. Talent transferring culture from microplate well to a 50-ml flask containing 25 ml of 6% glucan AFEX CSH.  Please capture the 3 other 50-ml flask containing 25 ml media in this shot to indicate that this is done with 4 isolates.  TEXT:  Refer to text protocol for preparation of 6% glucan AFEX CSH pH 5.
4.3.2. A silicon sponge closure being placed on the 50-ml flask.
4.3.3. Talent opening the door of a shaking incubator, putting the four 50-ml flasks inside, and closing the door. 

4.4. Use the 6% glucan AFEX CSH precultures to inoculate similar 25-ml growth cultures in duplicate to an initial A620 of 0.1. [1-MED] Incubate the growth cultures for 24 hours at 25 oC and 150 rpm. [2-MED-TXT] 

4.4.1. Talent using a preculture (from 4.3) to inoculate a 50-ml flask (one of a pair) containing 25 ml of 6 % glucan AFEX CSH.
4.4.2. Talent opening the door of a shaking incubator, putting the eight 50-ml flasks inside, and closing the door. After the talent closes the incubator door, freeze the footage and add overlay text. TEXT: Sample daily to monitor accumulations of biomass and concentrations of sugars and fermentation products.

4.5. To test diauxic lag of isolates in batch cultures of Optimal Defined Medium or ODM with mixed sugars, inoculate precultures of 75 ml ODM with 150 grams per liter of xylose in 125-ml flasks [1-MED] with silicone sponge closures. [2-CU] Incubate for 24 hours at 25 oC and 150 rpm. [3-MED]

4.5.1. Talent using loop to transfer cells from YM glycerol streaks to a 125-ml flask containing 75 ml ODM with 150 g/L xylose. Please get the four 125-ml flasks in the frame.
4.5.2. A silicone sponge closure being placed on the 125-ml flask.
4.5.3. Talent opening the door of a shaking incubator, putting the four 125-ml flasks inside, and closing the door. 

4.6. Use the precultures to inoculate to an A620 of 0.1 similar duplicate 75-ml test cultures with ODM containing 75 grams per liter of glucose and 75 grams per liter of xylose at pH 6.5. [1-MED] Shake flasks at 25 °C and 150 rpm. [2-MED-TXT] 

4.6.1. Talent transferring a preculture (from 4.5) to one of a pair of 125-ml flask containing ODM with 75 g/L of glucose and 75 g/L of xylose.
4.6.2. Talent opening the door of a shaking incubator, putting the eight 125-ml flasks inside, and closing the door. Add overlay text only after the talent closes the incubator lid. TEXT: Sample daily to monitor accumulations of biomass and concentrations of sugars and fermentation products.

5. Applying continuous culture to select for ethanol-challenged xylose utilization

5.1. Twenty-four hours prior to inoculating a continuous culture, prepare a preculture of a representative AFEX CSH-tolerant colony in ethanol-free ODM in a 125-ml flask. [1-MED] 

5.1.1. Talent setting down a 125-ml flask with preculture on the work surface/bench.  

5.2. Use 5 to 10 ml of the AFEX CSH-tolerant isolate preculture to inoculate 100 ml of ODM in a jacketed 100-ml spinner flask to obtain an initial A620 of 0.5. [1-MED-TXT] Maintain the culture holding volume at 25 oC, stirred at 200 rpm and outfitted with a sterilizable pH electrode, a pH controller, and a temperature-controlled circulating water bath. [2-MED]

5.2.1. Talent transferring preculture into a jacketed 100-ml spinner flask containing 100 ml of ODM, stirring and pipetting initial sample, adding a sterile syringe to the sampling port, and adding the top. TEXT: ODM pH 6.3 ± 0.2; 100 g/L xylose + 20 g/L ethanol
5.2.2. Talent connecting the bioreactor into the medium feed and water bath flow circulation lines, and setting up the accessories.

5.3. Initially, since cell growth will be slow due to the ethanol exposure, set up a pH-actuated pump [1-MED] so that when the culture fermentation decreases the pH to 5.4, [2-CU] the pump will feed pH 6.3 ODM with 100 grams per liter of xylose and 50 grams per liter of ethanol [3-MED/CU] to stop further pH decreases. [4-CU] Maintain the volume at 100 ml with an effluent pump continuously skimming the culture surface. [5-MED/CU]

5.3.1. Talent adjusting the pH setpoint on the controller module. 
5.3.2. Shot of pH meter reading dropping to or already at 5.4.
5.3.3. Feed pump dosing and dropping feed into the culture.
5.3.4. The pH meter reading rising above 5.4.
5.3.5. Effluent being pumped from culture surface into the collection flask.

5.4. Measure the effluent volume collected [1-MED] and draw samples from continuous cultures every 48-72 hours for analysis of viable cell concentration, products, and substrates, as described in the manuscript. [2-MED]

5.4.1. Talent measuring the effluent volume by swapping a fresh preweighed collection flask for the filled collection.  
5.4.2. Talent drawing a 1-2 ml sample from the culture.

5.5. Save glycerol stocks regularly by isolating them from viability plates of buffered sample dilutions forming 30-100 colonies, representing the most prevalent robust colonies at that time in enrichment. [1-MED] Flood the plates with 5 ml of 10% glycerol to allow preparation of duplicate cryovials. [2-MED]

5.5.1. Talent putting some viability plates (made in 5.4) on the bench top and then taking the cover off one plate to show the colonies.
5.5.2. Talent adding 5 ml of 10% glycerol to a plate with colonies, using a sterile loop to suspend the colonies in the glycerol solution, and then pipetting the cell suspension to labeled cryovials.  Please get multiple usable takes; shot will be repeated later.

5.6. If cultures can grow steadily at specific rates of greater than 0.01 per hour on xylose in the presence of more than 25 grams per liter of ethanol, start the continuous culture feed [1-MED] at a low dilution rate of about 0.01 per hour to the 100 ml holding volume. [2-CU] Over time, raise the ethanol in the feed toward 50 grams per liter. [3-MED]

5.6.1. Talent switching off the pH module, disconnecting the pH probe, and switching on the feed pump. 
5.6.2. Shot of feed dripping from feed vessel tubing into the continuous culture.
5.6.3. Talent changing the feed jar from one labeled ‘ODM + 60 g/L xylose + 30 g/L ethanol’ to one labeled ‘ODM + 60 g/L xylose + 40 g/L ethanol’ 

5.7. Ultra violet irradiation of inocula for restarting continuous cultures is an option to hasten the mutation rate.  [1-MED-TXT] 

5.7.1. Talent switching on UV light of biological containment hood that has been set up with petri plates which are elevated near the UV source using plastic boxes. TEXT: Refer to text protocol for UV irradiation procedure.

5.8. Capture advanced populations in glycerol stocks. [1]

5.8.1. Use shot 5.5.2.





6. Isolation of single-cell colonies that utilize xylose in PSGHL when ethanol is present

6.1. Prior to isolating single-cell colonies, glycerol stock populations with improved xylose fermentation in the presence of ethanol are identified as described in the text protocol. [1-MED] Use these superior populations to streak plates.  The streak plates are used to prepare dense, buffered cell suspensions of an A620 equal to 5.  Then cell suspensions are used to inoculate precultures in 96-deep well plates.  [2-CU] 

6.1.1. Talent setting down an ice bucket with 4 superior glycerol stocks and using one to streak a plate.
6.1.2. Talent using a repeating pipette to dispense the cell suspension prepared from a grown streaked plate to inoculate preculture wells in a 96-well plate (pre-filled with medium).  One of the stocks being used to inoculate a preculture in a 96-well plate 

6.2. Incubate for 48 hours at 25 oC, 400 rpm and 1” orbit. [1-MED] 

6.2.1. Talent putting the two 96-deep well plate(s) into the incubator/shaker. 

6.3. Next enrich tolerant colonies by using each preculture to inoculate sixteen 1-ml replicate cultures to an initial A620 of 0.5 in acid-pretreated switchgrass hydrolyzate liquor mixed 1:1 with ODM plus 50 grams per liter of xylose and enough ethanol to provide a 20, 30, or 40 grams per liter of ethanol challenge. [1-MED] 

6.3.1. Talent using one of the precultures to inoculate 16 replicate cultures in a 96-well plate.  Please get at least 60 seconds of footage.

6.4. Incubate for 48 hours at 25 oC, 400 rpm and 1” orbit. [1-MED]

6.4.1. Talent putting four 96-deep well plate(s) into the incubator/shaker. 

6.5. For each different glycerol stock, harvest the culture wells with the highest ethanol concentration allowing growth and xylose use. [1-MED] Plate each cell line to YM agar [2-CU] to obtain prevalent single colonies to preserve in glycerol. [3-MED]

6.5.1. Talent transferring selected wells (after OD and sugar and ethanol content have been measured, which won’t be filmed) to sterile 4-ml snap-cap tubes. 
6.5.2. Talent plating a cell line from a snap-cap tube (after serial dilution, which won’t be filmed) to a YM agar plate.
6.5.3. Talent putting a couple stacks of plates into the incubator.  

6.6. Pick ten colonies per cell line and streak each to a YM agar plate for glycerol stock preparation. [1-MED]

6.6.1. Talent picking a single colony from a YM agar plate and streaking it on a new YM agar plate.





7. Results: derivatives of S. stipitis parent strain have improved efficiency in converting hydrolyzates to ethanol

7.1. After adaptation on AFEX-CSH, a comparison of fermentation performances in ODM between the parent strain [1-LM] and adapted populations revealed that the adapted populations use xylose more efficiently to make ethanol more rapidly and in higher amounts. [2-LM]

7.1.1. 54227_Slininger_Figure 3_updated.tif.  Show graph A only.  
7.1.2. 54227_Slininger_Figure 3_updated.tif.  Add graphs B, C and D and the legend.

7.2. A hydrolyzate tolerant colony was further developed for improved ethanol tolerance by continuous culture selection on ODM containing xylose and high levels of ethanol. All adapted populations surpassed the parent in the ability to induce xylose metabolism in the presence of 40 grams per liter of ethanol. [1-LM]

7.2.1. 54227_Slininger_Figure 4_updated.tif.

7.3. These graphs summarize the performances of superior tolerant isolates assessed in terms of xylose uptake rates and ethanol yields relative to the parent strain for each formulation of PSGHL. [1-LM]

7.3.1. 54227_Slininger_Figure 5_updated.tif.

7.4. The best strains selected from the primary screen on xylose-rich PSGHL were subsequently screened on three complete hydrolyzates and the relative performance index or RPI was calculated for the fermentation of each isolate within each hydrolysate. [1-LM]

7.4.1. 54227_Slininger_Figure 6A_updated.tif.

7.5. Next, the combined overall performance indices for each isolate were calculated. [1-LM] Five isolates, 3, 14, 27, 28, and 33, had overall RPIs above 60, which ranked them as the most robust to all of the variations of hydrolyzate and nutrient conditions combined. [2-LM]

7.5.1. 54227_Slininger_Figure 6B_updated.tif.
7.5.2. 54227_Slininger_Figure 6B_updated.tif. Draw a circle around 3, 14, 27, 28, and 33.


8. Conclusion (said by authors on camera)

8.1. [bookmark: _GoBack]Patricia Slininger:  After watching this video, you should know how to challenge a xylose-fermenting yeast, like Scheffersomyces stipitis NRRL Y-7124, in a targeted evolution process, enrich, isolate and evaluate robust derivatives that more effectively ferment mixed sugars in undetoxified hydrolyzates.

8.2. Maureen Shea-Andersh: Once mastered, this technique can be used daily with a time investment averaging about an hour per day. Significant changes can be documented in as little as four months.

8.3. Stephanie Thompson: While attempting this procedure, it’s important to remember to save advancing populations regularly by preparing glycerol stocks to freeze at -80 oC.  This allows population recovery, periodic evaluations, isolations and restarting the evolution process.

8.4. Bruce Dien:  To manage spurious mutations, remember to evaluate the yeast regularly under process specific conditions for a wide array of phenotypes. 

8.5. Patricia Slininger: Calculation of overall dimensionless relative performance indices, or RPIs, based on key kinetic parameters allows an assessment of strain rank and robustness to variations in fermentation conditions, such as hydrolyzate type and nutrient supplementation.

8.6. Clete Kurtzman:  Superior yeast arising from each phase of the evolution process are candidates for genome sequencing so that the nature of the improvements, such as inhibitor tolerance or reduced diauxic lag, can be understood and used for design of next-generation biocatalytic strains.  


Provided Media
7.1. 54227_Slininger_Figure 3_updated.tif.  
7.2. 54227_Slininger_Figure 4_updated.tif.
7.3. 54227_Slininger_Figure 5_updated.tif.
7.4. 54227_Slininger_Figure 6A_updated.tif.
7.5. 54227_Slininger_Figure 6B_updated.tif.



General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
 2013, Journal of Visualized Experiments

