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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) 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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3; 3.6; 3.7; 4.3; 4.4; 4.6.

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. (Please do not list entire sections.)
2.3 –Efficient repacking of the mixed resin at splitting steps of synthesis. Requires proper technique and prior practice. 
4.3 - Efficient recovery of aqueous phase from emulsion. Freezing mixture after initial centrifugations should be used by novices.

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


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Krzyszttof Skowronek: Our protocol allows for the creation of restriction enzymes with altered, more stringent sequence specificities using in vitro compartmentalization and unique selection strategy in directed evolution [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

1.2. Krzysztof Skowronek: Potentially, it is quite universal as it should be applicable to any restriction endonuclease and selection can be directed toward any more stringent version of an original cognate sequence [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Matthias Bochtler: If newly created variants are expressed by in vitro transcription/translation, the protocol is suitable, not only for narrowing down specificity, but for altering specificity [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.







Section - Protocol
2. Split-and-Mix Synthesis of Mutagenic Primers
2.1. To decide about sites for subsaturation mutagenesis, choose mutagenesis frequencies according to the hypothetical importance of the sites, keeping limits on the overall library complexity in mind [1]
2.1.1. 60807_2_1_1.mp4
2.2. To begin the synthesis, insert columns that have been packed with new resin into synthesizer [1].
2.2.1. Talent inserts the already packed columns into the synthesizer.
2.3. Synthesize oligonucleotides in all columns, up to the triplet immediately preceding the second subsaturation mutagenesis site counting from the 3-prime-end. At this step, it is not necessary to remove the 5-prime-trityl protecting group. The protecting group will be removed at the beginning of the next synthesis cycle [1].
2.3.1. 60807_2_2_1.mp4 – Video editor, this video can be cropped if necessary to fit the narration.
2.4. Open the synthesis columns and briefly centrifuge into dry 1.5 milliliter tubes to collect the resin [1]. Pool the CPG synthesis support and mix by vortexing [2-TXT]. Repartition the mixed CPG resin into new synthesis columns. Avoid introducing humidity, because it will decrease the overall yield [3].
2.4.1. Talent places opened synthesis columns in 1.5 mL tubes to centrifuge. Videographer and video editor, the authors consider this step important for visualization.
2.4.2. 1.5 mL tube as talent pools the resin and then vortexes. Videographer and video editor, the authors consider this step important for visualization. TEXT: CPG = Controlled pore glass
2.4.3. Talent repartitions the mixed CPG resin into new synthesis columns, closes columns and puts them back into synthesizer. Videographer and video editor, the authors consider this step important for visualization.
2.5. Continue the synthesis, starting from the subsaturation mutagenesis site triplet. Assign columns to randomized NNS triplets or wild type triplets according to the desired mutagenesis frequency. If additional subsaturation sites are present, proceed only to the triplet preceding the next subsaturation mutagenesis site [1].
2.5.1. 60807_2_3_1.mp4
2.6. If no more subsaturation sites are present downstream, complete the synthesis, leaving a 5’-trityl group at the end [1]. 
2.6.1. 60807_2_6_1.mp4 – Video editor, please show 0:30-0:45.
3. Performing Compartmentalized In Vitro Transcription-translation reaction
3.1. Use wide-bore pipette tips to prepare an oil-surfactant mixture by adding 225 microliters of Span 80 and 25 microliters of Tween 80 to 5 milliliters of mineral oil in a 15-milliliter conical tube [1]. 
3.1.1. Talent prepares wide bore pipette tips by cutting-out tips ends and adds 225 microliters of Span 80 and 25 microliters of Tween 80 to 5 milliliters of mineral oil in a 15 milliliter conical tube.
3.2. Mix thoroughly by gentle inverting the tube 15 times [1]. The mixture at this step should be translucent [2].
3.2.1. Talent mixes thoroughly by gently inverting the tube 15 times.
3.2.2. Mixture as talent displays it to the tube showing that it is translucent.
3.3. For each library, transfer 950 microliters of the oil-surfactant mixture to a 2-milliliter round bottom cryogenic vial, label with a library name, and transfer to ice [1-TXT]. Put one small cylindrical stirring bar into each vial [2].
3.3.1. Talent transfers 950 microliters of the oil-surfactant mixture to a 2-mL round bottom cryogenic vial and labels with a library name. TEXT: See text for generating variant libraries
3.3.2. Tubes on ice as talent places a small cylindrical stirring bar into each vial.
3.4. Prepare an in vitro transcription-translation reaction mixture according to the manufacturer’s suggestions [1]. Supplement the mixture with magnesium chloride to a final concentration of 1.5 milliMolar [2].
3.4.1. Talent works to prepare an in vitro transcription-translation reaction mixture. Use labeled containers.
3.4.2. Tube as talent adds magnesium chloride. Use labeled containers.
3.5. Dispense 50-microliter aliquots of the reaction mixture into 1.5 milliliter tubes on ice [1]. Add 1.7 femtomoles of the library to the reaction mixture on ice [2].
3.5.1. Talent dispenses 50-microliter aliquots of the reaction mixture into 1.5 milliliter tubes on ice.
3.5.2. Talent adds 1.7 femtomoles of the library to the reaction mixture on ice.
3.6. Prepare water-in-oil emulsion consecutively for each library by first placing a small beaker filled with ice on a magnetic stirrer with the stirring speed set at 1,150 rpm [1].
3.6.1. Talent places a beaker filled with ice on a magnetic stirrer with a stirring speed set at 1,150 rpm. Videographer, the authors consider this step important for visualization.
3.7. Then, transfer a cryogenic vial with 950 microliters of oil-surfactant mixture and a small stirring bar to an ice-cold beaker on the magnetic stirrer [1]. Check that the stirring bar is spinning [2].
3.7.1. Talent transfers the cryogenic vial with 950 microliters of oil-surfactant mixture and a small stirring bar to an ice-cold beaker on the magnetic stirrer. Videographer, the authors consider this step important for visualization.
3.7.2. ECU: Stirring bar stirring in vial. Videographer – as an alternative if this shot is too difficult to get, film talent checking that the bar is stirring. The authors consider this step important for visualization.
3.8. Add five 10-microliter aliquots of the in vitro library-transcription-translation mixture over a 2 minute period in 30 second intervals and continue stirring for an additional minute [1]. 
3.8.1. Talent adds 10-microliter aliquots of the in vitro library-transcription-translation. 
3.9. Transfer the vial with the emulsion to an ice container [1]. Then, proceed with the next library [2].
3.9.1. Talent transfers the vial with the emulsion to an ice container.
3.9.2. Talent transfers the next cryogenic vial to an ice-cold beaker.
3.10. After all the libraries are processed, start the incubation of all the libraries according to the kit manufacturer's recommendations [1].
3.10.1. Talent starts the incubation of libraries. 
3.11. Transfer the vials to the temperature optimal for the engineered endonuclease for an additional 2 hours before placing them on ice for at least 10 minutes [1].
3.11.1. Talent transfers the vials to the optimal temperature for the engineered endonuclease and starts a timer for 2 hours.
4. Continued Processing of Libraries and Selection
4.1. Transfer the emulsions from the cryogenic vials into 1.5-milliliter tubes [1], add 1 microliter of 0.5 Molar EDTA [4.1.2A] and centrifuge them at 13,000 x g for 5 minutes at room temperature [2].
4.1.1. Talent transfers the emulsions from the cryogenic vials into 1.5-milliliter tubes.
4.1.2A. Talent adds 1 microliter of 0.5 Molar EDTA into each tube. (Editor: I’m unsure of how this shot is slated)
4.1.2. Talent places the tubes into the centrifuge, shuts lid, and turns on.
4.2. Krzysztof Skowronek: If after centrifuging you cannot see the water-oil interphase clearly, freeze the mixture before aspiration of the upper oil phase [1]. 
4.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
4.3. Remove the upper oil phase with a pipette and discard [1-TXT]. 
4.3.1. ECU: Tube as talent removes the upper oil. Videographer and video editor, the authors consider this step important for visualization. TEXT: Freeze for 5 min at -20 °C if interphase not visible
4.4. Immediately perform extraction by adding 150 microliters of phenol:chloroform and 100 microliters of 10 miliMolar Tris HCl to the aqueous phase [1]. Vortex and then perform phase separation by a 30-second centrifugation at 13,000 x g [2]. Collect the upper aqueous phase [3].
4.4.1. Talent adds 50 microliters of phenol:chloroform and 100 microliters of 10 miliMolar Tris-HCl. Use labeled containers. Videographer, the authors consider this step important for visualization.
4.4.2. Talent vortexes tubes and places in centrifuge. Videographer, the authors consider this step important for visualization.
4.4.3. Tube as talent collects the upper aqueous phase. Videographer, the authors consider this step important for visualization.
4.5. [bookmark: _GoBack]Precipitate the DNA by adding 15 microliters of 3 Molar sodium acetate, 375 microliters of ethanol, and 2.5 to 5 micrograms of glycogen [1]. 
4.5.1. Tubes as talent adds 5 microliters of 3 Molar sodium acetate, 375 microliters of ethanol and 2.5 to 5 micrograms of glycogen.
4.6. After incubating the samples at minus 20 degrees Celsius for 1 hour, centrifuge for 15 minutes at 13,000 x g, 4 degrees Celsius [1]. Discard the supernatant and briefly wash the pellet with 1 milliliter of cold 70% ethanol [2].
4.6.1. Talent places the samples into the centrifuge. Videographer, the authors consider this step important for visualization.
4.6.2. Samples as talent discards the supernatant and briefly washes the pellet with 1 mL of cold 70% ethanol. If pellet is visible, obtain an ECU of the bottom of the tube. Videographer, the authors consider this step important for visualization.
4.7. Dry the DNA/glycogen pellet in a speedvac, or air dry for longer than 5 minutes [1]. Then, dissolve the pellet in 50 microliters of 10 milliMolar Tris-HCl [2].
4.7.1. Speedvac as talent places the samples there.
4.7.2. Talent dissolves the pellet in 50 microliters of 10 mM Tris-HCl. Use labeled containers.
4.8. Next, add 5 microliters of streptavidin magnetic beads prepared according to the manufacturer’s instructions [1]. Mix for 1 hour at room temperature, preferably in a carousel mixer or by gentle vortexing [2].
4.8.1. Talent adds 5 microliters of streptavidin magnetic beads to the samples.
4.8.2. Samples mixing in a carousel mixer.
4.9. Transfer the tubes to a magnetic stand to separate the beads [1]. Then, collect the liquid enriched in DNA without biotin [2]
4.9.1. Talent transfers tubes into magnetic stand. Close-up of dark homogeneous mixture.
4.9.2. ECU: Separation of dark beads from translucent liquid as talent transfers liquid to a new tube with pipette leaving beads.



Section – Results
5. Results: Examples of Screening of NlaIV Variants for Sequence Specificity Alteration 
5.1. This protocol is a tool to increase the frequency of desired variants of engineered restriction endonucleases by depleting inactive enzymes and endonucleases with unchanged wild type sequence specificity. Successful screening can identify up to 20% of promising variants [1]. 
5.1.1.  Figure 8.psd – Video editor, please zoom into the top portion of figure 8. Remove the “A” label.
5.2. Variants are labeled as promising variants if they produce a cleavage pattern distinct from the wild type enzyme [1]. Variants that might have altered sequence preference are also labeled [2].
5.2.1. Figure 8.psd – Video editor, staying zoomed into the top, please emphasize the lanes labeled with an exclamation point.
5.2.2. Figure 8.psd – Video editor, staying zoomed into the top, please emphasize the lanes labeled with a question mark.
5.3. Shown here is an unsuccessful screening [1], with a majority of variants inactive… [2] and one variant with apparently unaltered cleavage pattern [3].
5.3.1. Figure 8.psd – Video editor, staying zoomed in, please scroll down to the bottom. Remove the “B” label.
5.3.2. Figure 8.psd – Video editor, staying zoomed into the bottom, please emphasize the first 5 lanes (from the left) and the last 8 lanes.
5.3.3. Figure 8.psd – Video editor, staying zoomed into the bottom, please emphasize the first 5 lanes and the 10th lane from the left.
5.4. In this case, the libraries are most probably dominated by inactive variants that escaped the streptavidin capture selection step [1]. 
5.4.1. Figure 8.psd 

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Krzysztof Skowronek: It is critical to carefully design the selected and counter-selected sequences and to limit library diversity by a mutagenesis strategy that generates substitutions in only a few selected positions [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. Video editor - Broll suggestion: 2.2.1 (60807_2_1_1.mp4).
6.2. Krzysztof Skowronek: The best variants selected should be thoroughly characterized for binding and cleavage kinetics on preferred and not-cleaved sequences based on the results from the initial screening [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
6.3. Matthias Bochtler: In our test case, mutagenesis sites were selected based on a homology model. Surprisingly, a crystal structure later showed that some altered residues are most likely not in direct contact with DNA [1]. 

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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