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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.) _2.13 – 2.17, 3.1, 3.2, 3.5-3.10__________________________________________
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.) 2.13-2.17, 3.8-3.10___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _Same building on different floors

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 protocol is to show how to construct and screen mutant libraries in Saccharomyces cerevisiae for directed evolution experiments. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. MIGUEL ALCALDE: This method can help answer key questions in library creation in yeast for focused directed evolution experiments, such as how to design overlapping areas for in vivo assembly and cloning. 
1.2. MIGUEL ALCALDE: The main advantage of this technique is its simplicity and robustness since in just one transformation step smart mutant libraries of good quality can be designed.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
N/A
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** MIGUEL ALCALDE: Demonstrating this protocol will be DAVID GONZALEZ, a postdoc, and JAVIER VIÑA, a graduate student, both from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. 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. Mutant Library Construction

2.1. This protocol for creating and screening mutant libraries will be demonstrated for a fungal aryl-alcohol oxidase, or AAO. The regions for focused-directed evolution are first chosen with the help of computational algorithms based on the available crystal structure or homology models of the enzyme. [2.1.1 – LM]

2.1.1. 53761_Figure 1 for video.pptx.  Show top crystal structure model only. 

2.2. Two regions of AAO will be targeted for random mutagenesis and recombination: the M1 region and the M2 region. [2.2.1 – LM]

2.2.1. 53761_Figure 1 for video.pptx.  Add the bottom graphic without the three dotted lines above it; highlight the M1 and M2 regions

2.3. Mutagenic PCR will be performed to amplify the targeted areas. To promote in vivo splicing in yeast, overlapping areas between segments of approximately 50 base pairs each will be created by superimposing PCR reactions of the defined regions. [2.3.1 – LM]

2.3.1. 53761_Figure 1 for video.pptx.  Add the blue and yellow dotted lines to the graphic.

2.4. Prepare 50-µL volume mutagenic PCRs, each containing 46 ng of DNA template, 90 nM each of sense and antisense primers, 0.3 mM of dNTPs, 3% of DMSO, 1.5 mM of Magnesium Chloride, 0.05 mM of Manganese Chloride and 0.05 U/µL of Taq DNA polymerase. [2.4.1 – MED-TXT] 

2.4.1. General shot of talent adding reagents to PCR tubes. (6 tubes total) TEXT: Refer to the protocol text for details of the reactions and primer sequences.  

2.5. Use the following PCR program: 95 °C for 2 minutes; [2.5.1 – LM] 95 °C for 45 seconds, 50 °C for 45 seconds, and 74 °C for 45 seconds for 28 cycles; [2.5.2 – LM] and 74 °C for 10 minutes.  [2.5.3 – LM] [2.5.4 – MED-multiple shots]

2.5.1. 53761_PCR program.pptx.  Show upper graphics only. (MORPHING) Highlight Step 1 column.
2.5.2. 53761_PCR program.pptx.  Show upper graphics only. (MORPHING) Highlight Step 2 column.
2.5.3. 53761_PCR program.pptx.  Show upper graphics only. (MORPHING) Highlight Step 3 column.
2.5.4. Multiple takes from different angles of talent putting tubes into the thermal cycler.

2.6. The remainder of the AAO gene, the HF region, [2.6.1 – LM] will be amplified by high-fidelity PCR with the corresponding areas overlapping the mutagenic segments and/or linearized vector overhangs included. [2.6.2 – LM]

2.6.1. 53761_Figure 1 for video.pptx.  Show bottom graphic with the blue and yellow dotted lines. Highlight HF region.
2.6.2. 53761_Figure 1 for video.pptx.  Add the gray dotted line.

2.7. Prepare the high-fidelity PCR in a final volume of 50 µL containing 10 ng of DNA template, 250 nM each of sense and antisense primers, 0.8 mM of dNTPs, 3% of DMSO and 0.02 U/µL of iproof ultra-high fidelity DNA polymerase. [2.7.1 – MED-TXT] 

2.7.1. General shot of talent adding reagents to PCR tubes. TEXT: Refer to the protocol text for details of the reactions and primer sequences.

2.8. Use the following PCR program: 98 °C for 30 seconds; [2.8.1 – LM] 98 °C for 10 seconds, 55 °C for 25 seconds and 72 °C for 45 seconds  for 28 cycles; [2.8.2 – LM] and 72 °C for 10 minutes. [2.8.3 – LM][2.8.4 – reuse shot]

2.8.1. 53761_PCR program.pptx.  Show bottom graphics only. (Hf-PCR)  Highlight Step 1 column.
2.8.2. 53761_PCR program.pptx.  Show bottom graphics only. (Hf-PCR)  Highlight Step 2 column.
2.8.3. 53761_PCR program.pptx.  Show bottom graphics only. (Hf-PCR)  Highlight Step 3 column.
2.8.4. Use shot from 2.5.4. 

2.9. All the PCR fragments are then purified with a commercial gel extraction kit according to the manufacturer’s protocol. [2.9.1 – MED]

2.9.1. Talent setting out the tubes of purified PCR fragments.

2.10. The next step is to linearize the vector to create flanking regions of approximately 50 base pairs that are homologous to the 5´- and 3´-ends of the target gene. [2.10.1 – MED] 

2.10.1. Talent getting ready to set up linearization reaction.

2.11. Prepare a 20-µL linearization reaction mixture containing 2 µg of DNA, 7.5 U of BamHI, 7.5 U of XhoI, 20 µg of BSA and 2 µL of 10X Buffer BamHI. [2.11.1 – MED]

2.11.1. Talent adding reagents to a tube.

2.12. Incubate the reaction mixture at 37°C for 2 hours and 40 minutes. [2.12.1 – CU-TXT] After that, inactivate the reaction at 80 °C for 20 minutes. [2.12.2 –CU-TXT]

2.12.1. Tube being placed at 37°C.  TEXT: 37°C; 2 h 40 min
2.12.2. Tube being placed at 80°C. TEXT: 80°C; 20 min

2.13. To purify the linearized vector to avoid contamination with the residual circular plasmid, load the digestion reaction mix into the mega-well of a semi-preparative low melting point agarose gel.  [2.13.1 – MED] Load 5 µL of the reaction mix in the adjacent well as a reporter. [2.13.2 – CU]

2.13.1. *film as written.
2.13.2. *film as written.

2.14. Run DNA electrophoresis at 4 °C and 5 V/cm between electrodes. [2.14.1 – MED] Then separate the agarose gel corresponding to the mega-well [2.14.2 – CU] and store it at 4 °C in 1X TAE. [2.14.3 – MED]

2.14.1. General shot of talent loading a gel Shot closing the reservoir and pressing enter in the power source.
2.14.2. Mega-well lane being cut out and gel slice placed in a container with 1X TAE.
2.14.3. Talent putting the container into the fridge.

2.15. Stain the lane with the molecular weight ladder and the reporter. [2.15.1 – MED] Visualize the bands under UV light and nick the position where the linearized vector places. [2.15.2 – CU]

2.15.1. *film as written.
2.15.2. Under UV light, gel is nicked.

2.16. In the absence of UV light and using the guidance of the nicks in the stained reporter lane, [2.16.1 – MED] identify the linearized vector in the mega-well fragment and excise it. [2.16.2 – CU]

2.16.1. Talent aligning the mega-well gel slice with the other gel piece.
2.16.2. Linearized vector being excised and gel piece put into a tube.

2.17. Extract the linearized vector from the agarose and purify it with a commercial gel extraction kit according to the manufacturer’s protocol. [2.17.1 – MED] 

2.17.1. Talent adding reagent into the tube with the gel slice to start the gel extraction. (gel extraction and clean-up will not be filmed)

2.18. Subsequently, the purified linearized vector is mixed with the PCR fragments and this DNA mixture is used to transform competent yeast cells using a commercial kit according to the manufacturer’s instructions. [2.18.1 – MED]

2.18.1. Talent adding DNA mixture to a tube with yeast cells. (yeast transformation protocol will not be filmed)

2.19. Plate the transformed cells on SC drop-out plates [2.19.1 – CU] and incubate them at 30 °C for three days. [2.19.2 – MED-TXT]

2.19.1. Cells being plated on a SC drop-out plate.
2.19.2. Talent putting plates into incubator.  TEXT: 30°C; 3 d

3. High-Throughput Screening Assay

3.1. To prepare for this assay, [3.1.1 – MED] pick individual colonies from the SC-drop out plates and transfer them to 96-well plates containing 50 µL of minimal medium per well. [3.1.2 – MED]

3.1.1. Talent taking SC drop-out plates out of the incubator.
3.1.2. Colony picking robot picking colonies from a plate and transferring them to a 96-well plate. 

3.2. In each plate, inoculate column number 6 with the parental type as an internal standard.  [3.2.1- CU] As a negative control, inoculate well H1, filled with SC medium supplemented with uracil, with URA3- S. cerevisiae cells with no plasmid. [3.2.2 – CU]

3.2.1. Column 6 of a plate being inoculated with parental strain.
3.2.2. Well H1 being inoculated with negative control cells.

3.3. Cover the plates with their lids, wrap them in Parafilm, [3.3.1 – CU-multiple shots] and incubate at 30 °C in a humid shaker for 48 hours. [3.3.2 – MED-TXT] 

3.3.1. Multiple takes from different angles of a 96-well plate being covered and then wrapped with Parafilm.
3.3.2. Multiple takes from different angles of talent putting all 96-well plates into incubator/shaker.  TEXT: 30°C; 225 rpm; 80% relative humidity; 48 h

3.4. After 48 hours, add 160 µL of expression medium to each well [3.4.1 – MED/CU] and reseal the plates.  [3.4.1 – reuse shot] Incubate for a further 24 hours. [3.4.2 – reuse shot-TXT]

3.4.1. A pipetting robot adding expression medium to the wells of  96-well plates.
3.4.2. Use shot from 3.3.1.
3.4.3. Use shot from 3.3.2. TEXT: 30°C; 225 rpm; 80% relative humidity; 24 h

3.5. After centrifuging the plates, [3.5.1 – MED] use a liquid handling robotic multi-station to transfer 20 µL of the supernatant from the wells in each plate to a replica plate. [3.5.2 – MED]

3.5.1. Talent taking plates out of centrifuge.
3.5.2. *film as written.
3.6. Add 20 µL of 2 mM p-methoxybenzyl alcohol in 100 mM sodium phosphate buffer pH 6.0 to each well. [3.6.1 – MED] Stir the plates briefly with a 96-well plate mixer [3.6.2 – CU] and incubate them for 30 minutes at room temperature. [3.6.3 – MED-TXT]

3.6.1. Pipetting robot adding reagent to each well of the replica plate.
3.6.2. 96-well plate being stirred with a mixer.
3.6.3. Talent putting plates at room temperature.  TEXT: 30 min; room temperature

3.7. Next add 160 μL of the FOX reagent to each replica plate [3.7.1 – MED] and stir briefly with the mixer. [3.7.2 – CU] [3.7.3 – MED]

3.7.1. Pipetting robot adding FOX reagent to each well of the replica plate.
3.7.2. Mixer being used to stir the plate. 
3.7.3. *film as written.

3.8. Read the plates at 560 nm on a plate reader. [3.8.1 – MED-multiple takes-TXT]

3.8.1. Multiple takes from different angles of talent loading plates into plate reader. TEXT: end-point mode; 560 nm

3.9. Incubate the plates at room temperature until the color develops. [3.9.1 – MED]

3.9.1. Talent putting plates at room temperature. 

3.10. [bookmark: _GoBack]Measure the absorption again. The relative activity is calculated from the difference between the absorption value after incubation and that of the initial measurement normalized to the parental type for each plate. [3.10.1 - reuse shot]

3.10.1. Use shot from 3.8.1. (the color developed is different.)
3.10.2. A final shot of the whole library as a summary of the whole experiment (22 plates with multiple intensity in color developed).

4. Results: successful construction and screening of a AAO mutant library

4.1. This representative gel image shows the linearized vector in lane 2; the M1 PCR segment in lane 3; the M2 PCR segment in lane 4; the HF PCR segment in lane 5; and the in vivo reassembled vector linearized with NheI in lane 6.  [4.1.1 – LM]

4.1.1. panel A only of Figure2.tif

4.2. This next gel shows the plasmid miniprep of the reassembled vector in lane 2; the plasmid linearized with NheI in lane 3; the plasmid linearized with BamHI and XhoI in lane 4; and the linearized plasmid obtained by gel extraction and clean-up in lane 5. [4.2.1 – LM]

4.2.1. panel B only of Figure2.tif

4.3. Mutational loads were adjusted by sampling mutant libraries with different landscapes, calculating the number of clones with <10% of the parental enzyme activity, and further verification by sequencing a random sample of active and non-active variants. [4.3.1 – LM]

4.3.1. panel A only of Figure 5.tif

4.4. An evaluation of the detection limit of this assay showed that the assay was linear in the presence of sorbitol, represented by black circles. In the absence of sorbitol, represented by the white squares, linearity was more persistent but the response was weaker. [4.4.1 – LM]

4.4.1. panel B only of Figure 5.tif

4.5. A linear correlation was observed between AAO concentration and absorbance. [4.5.1 – LM]

4.5.1. panel C only of Figure 5.tif

4.6. A mutant library of 2,000 clones was constructed and screened with this assay. The shadowed square indicates the AAO mutants with notably improved secretion and activity against p-methoxybenzyl alcohol. [4.6.1 – LM]

4.6.1. panel D only of Figure 5.tif


5. Conclusion (said by authors on camera)
5.1. DAVID GONZALEZ: Once mastered, MORPHING libraries can be made in approximately 4 hours if it is performed properly.
5.2. JAVIER VIÑA: While attempting this procedure, it’s important to remember to design proper overlapping areas for each PCR fragment and linearized vector for in vivo splicing and cloning in a single transformation step.
5.3. DAVID GONZALEZ: Following a similar approach, other methods like in vivo DNA shuffling, saturation mutagenesis by IVOE, or DNA assembler can be performed in order to construct mutant libraries and/or metabolic pathways.
5.4. JAVIER VIÑA: After its development, this technique paved the way for researchers in the field of protein engineering to explore activities, stabilities or even unveiling enzyme mechanism of action.
5.5. MIGUEL ALCALDE: After watching this video, you should have a good understanding of how to harness the S. cerevisiae device for library construction and screening.



Provided Media
2.1, 2.2., 2.3, 2.6, 53761_Figure 1 for video.pptx
2.5, 2.8. 53761_PCR program.pptx.  
4.1., 4.2. Figure2.tif
4.3 – 4.6. Figure 5.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.
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