Response to Editorial comments:

Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
Done as suggested

2. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: CPG synthesis tubes, Eppendorf, Roche RTS 100 kit, HIS-Select, etc.
Done as suggested except for CPG. CPG stands for controlled pore glass and is not a trademark or company name but general type of support resin for oligonucleotide synthesis.

3. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
Checked

4. The Protocol should contain only action items that direct the reader to do something.
Checked
5. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.
6. 1.1, 1.2, 1.4, 1.5.1: Please describe how is this done in brief or provide a citation
We have added all details that can be specified keeping the protocol general enough as different restriction enzymes and different vectors can be used in these steps. 

7. Please include the size of the products wherever applicable?
We have added this information in Figure 6 and 7 legends. It was already present in Figure 5 legend.

8. There is a 10-page limit for the Protocol (including headings and spacings), but there is a 2.75-page limit for filmable content (including headings and spacings). Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Checked

9. Please ensure that you describe the result with respect to your experiment, you performed an experiment, how did it help you to conclude what you wanted to and how is it in line with the title. , e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. Data from both successful and sub-optimal experiments can be included.
Checked

10. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
We included proper citation of Figures 1 and 4 and Table 3 in the original submission. In the revised deposition we include permission from publisher of the source.

11. As we are a methods journal, please ensure that the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
Checked

12. Please sort the materials table in alphabetical order.
Done as suggested.
Response to referee comments:
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript describes a recent approach to specificity engineering of type II restriction endonucleases. The manuscript is well written, provides a detailed and effective protocol for a specificity altering and will be interesting for all molecular biologists, working with DNA-binding proteins. The protocol was confirmed, using as an example NlaIV restriction-modification system. My suggestion is to accept this article for publication without any changes. Only some typos should be corrected.

Major Concerns:
No

Minor Concerns:
Only some typos were observed.

Reviewer #2:

Manuscript Summary:
The manuscript by Skowronek and Bochtler entitled "In vitro directed evolution of a restriction endonuclease with altered specificity" describes a laborious but logical and effective strategy to increase the specificity of a restriction endonuclease be selecting enzyme variants that effectively cleave only a defined subset (generally a single desired target sequence) of the enzyme's initial group of related target sequences. The protocol appears to be described largely in terms of tightening the specificity of a symmetric type II restriction endonuclease, although it is not entirely clear if or why it could not also be applied towards asymmetric type II REases (type IIS, type IIG?) or even some type I or III systems.
The broader applicability of the approach is now discussed in the first paragraph of the Discussion. We are unsure of the applicability of the method to type I or type III systems, and therefore would prefer not to speculate about this point. All other aspects of broader applicability are now covered. 

Major Concerns:
Overall this is a well-written manuscript that clearly describes the necessary steps of the protocol in sufficient detail to reproduce or adopt in the lab with experience and skill in restriction-modification systems; I could envision working up and succeeding with this protocol without undue problems beyond normal troubleshooting. I actually have no specific concerns or suggestions for improvement of the protocol itself (or its corresponding figures and tables) as they were easy to understand both in terms of their rationale and their execution at the bench. Therefore, the remainder of this evaluation is limited to questions regarding the presentation of the system in text that precedes the actual protocol.

1. The title, in my opinion, is misleading. I believe instead of 'altered specificity' it should read 'tightened specificity' or 'increased specificity'. To me, 'altered specificity' corresponds to a broader description that includes applications wherein an REase is altered in a manner such that a target site that cannot initially be cleaved by the enzyme becomes a valid substrate, either via a broadening of the enzyme's specificity (i.e. it still cleaves its original cognate targets) or via a clean shift of its specificity. Several of the citations (#'s 1 to 7) in the reference list that correspond to prior studies actually do achieve such alterations (in particular, the Mme system), whereas the current protocol is really limited to elimination of one or more initially recognized target site options and thereby reducing the enzyme's available substrates to few sequences than it initially could tolerate.
The title has been changed to “In vitro directed evolution of a restriction endonuclease with more stringent specificity.”

2. The introduction largely revolves around the tightening of specificity for an enzyme that normally recognizes a target site in a manner where multiple bases are tolerated in an entirely promiscuous fashion (i.e. turning NlaV from an enzyme that can cleave any sequence corresponding to 5' - GGNNCC - 3' into an altered enzyme that can cleave only 5' GGATCC - 3'), and also focuses largely on applying the strategy to homodimeric REases that provide the advantage of naturally maintaining a preference for palindromic targets. This is fine, but I would like to know whether the system could be used (for example) to eliminate of star activities (thereby creating 'high fidelity' REases) and/or employed towards REases that display recognition of asymmetric target sites via binding of enzyme monomeric subunits (for example, a type IIS enzyme such as FokI, or a type IIG enzyme such as BpuSI).
We agree with the referee that the general applicability of the protocol was insufficiently covered in the previous version of the manuscript. However, we also feel that to appreciate this outlook, the reader needs to first know the protocol. We have therefore decided to discuss the broader applicability of the protocol not in the introduction, but in the first paragraph of the Discussion. 

Minor Concerns:
1. The authors cite one study (reference 9, Miller et al. Nature Methods) to illustrate prior applications of in vitro translation and compartmentalization for REase engineering. That's ok, but I believe that it would be an improvement to cite two additional studies that have used IVC for restriction endonuclease or meganuclease engineering (Zheng and Roberts (2007) "Selection of restriction endonucleases using artificial cells" Nucleic Acids Res and Takeuchi et al. (2014) "Redesign of extensive protein-DNA interfaces of meganucleases using iterative cycles of in vitro compartmentalization" PNAS).
We have added these references as suggested.

2. In the second paragraph of the introduction, I think a paragraph break would be advisable at line 67, starting the new paragraph with "The outcome is easiest to predict…". I also feel that the text after that line is confusing, although I don't have a good suggestion for how to improve it (partly because I don't fully understand it). The authors should examine that section carefully, and perhaps have some colleagues read it and offer suggestions for improved clarity.
We rephrased this section from:
The outcome is easiest to predict when negative selection removes the complement of those sequences covered under the more narrow specificity. For example, selection for GGATCC could be combined with antiselection against GGBVCC (where B is any base other than A, and V is any base other than T). When the union of positively selected and negatively selected target sequences is smaller than the original set of target sequences, the outcome of the selection experiment depends on the effectiveness of positive and negative selection.
into:
The process is more efficient when negative selection is also used to remove the specificities able to cleave all sequences other than the preferred more narrow specificity. For example, selection for GGATCC could be combined with antiselection against GGBVCC (where B is any base other than A, and V is any base other than T). When some of the possible target sequences are not covered neither by positive nor by negative selection, the outcome of the experiment depends on the relative effectiveness of positive and negative selection.
We hope that now this section is more clear

3. In the first line of the third paragraph of the introduction (line 78) the authors should re-define 'ESC' upon its first use in the main text of the paper.
Done as suggested.

4. In the fourth line of the third paragraph of the introduction, (line 81) a colon or some other punctuation is needed after "WT REase". I suggest "The core is sandwiched between two cognate sites for WT REase: a cleavage site for the undesired activity……."
Done as suggested.

5. In the same paragraph two lines further down (line 83), a pair of 'the' are needed. I suggest "The final step of preparation of the ESC…."
Done as suggested.

6. "In vivo" and/or "in vivo" should be italicized throughout the text and consistently.
Done as suggested.

7. On line 90, 'seleted' is a misspelled word and should instead be 'selected'.
Done as suggested.

8. Line 93 states "The step removed inactive REase variants." This is true. However, if somehow a construct in the library actually had a fully altered target specificity (for example, shifting somehow from 5' - GGNNCC - 3' to 5' - GCNNGC -3') that would also be removed at this step, I believe. Perhaps this is worth mentioning?
Yes, but we feel that it would interrupt the flow of the argument in the Introduction. Instead, we prefer to discuss this point in the Discussion, in the third paragraph that is now dedicated to selection. 

9. In the final paragraph of the introduction (lines 107 to 109) the authors recommend 'starting with a kinetic study of any pre-existing preferences'. I see their general point, but find this statement vague and not particularly useful. I would recommend that the authors provide a simple example of the type of observation from such kinetic studies that would influence fundamental decisions about the type of experiment that they would actually choose to carry out with this protocol.

The use of a kinetic study to detect pre-existing preferences was demonstrated in our original NlaIV paper. We now reference this paper to make the recommendation more concrete. 

Reviewer #3:

Manuscript Summary:
Skowronek et. al. describe a method to engineer restriction endonucleases exhibiting new specificities entitled "In vitro directed evolution of a restriction endonuclease with altered specificity." In the example described by the report, variants of the NlaIV restriction enzyme are evolved that acquire a more narrow specificity (although not a unique specificity) than that of the parental enzyme. A strength of the method is that it is sufficiently general that it can also be used to generate enzymes with unique specificities. Overall, the paper does a very good job of providing enough detail to replicate the selection of NlaIV variants, and it also provides some general directions for how to apply the method to other selection procedures that might be implemented. There are several steps to the method, and the authors describe tests that can be done to confirm that the intermediates that are being produced at various steps satisfy the necessary criteria required in order to have a successful final outcome.
At several places in the paper the writing was awkward and difficult to follow and further polishing would improve the manuscript. Only the most significant language issues and typographical errors are pointed out below. In addition, one figure is accidentally substituted with another.

Major Concerns:

1. Abstract and elsewhere: The authors explain that the selection step is being "reiterated." The term "reiterate" is not precisely correct as it is used here. In many other directed evolution studies, there are selections that are being reiterated since additional mutagenesis steps are being performed during each iteration of the selection. However, in this study, the second PCR reaction is actually being used to introduce a new selection, one against a different negative target. It is not being used to repeat the first selection. In essence, this protocol performs the selections in series rather than in parallel, as is often done. The word "reiteration" suggests that the same selection is being repeated, but that is not the case here.
The Discussion has been rewritten to make this point clearer. We now emphasize in the second paragraph that open reading frame diversity is generated only once, at the outset of the experiment. We draw attention to the fact that PCR does not play a role in generating open reading frame diversity. Moreover, we now discuss open reading frame diversity generation and selection in separate paragraphs. We hope that this way of presenting the protocol also helps to make it clearer that only the selection steps are repeated.   

2. page 2, line 94-103 and page 4, line 187: The primers that are used to perform the selection are incorrectly cited in several places. The sentence in line 94 should read "In the first PCR reaction primers F2 and R1 are used.." In line 95 it should read "Primer F2 binds to the ESC section…" In line 98, "The primer R1 binds between the selected…" In line 101, it should read "(with primers F1 and R2)…" On page 4, it should read "Shorter version of this primer (F2) that covers…"
We are particularly thankful for this comment. We corrected this error in the revised text.

3. Figure 8: Figure 6 has been accidently used as Figure 8.
Actually it was Figure 5 that was deposited again as Figure 8. We have corrected this error in the revision.

Minor Concerns:

1. page 1, line 57 Indicate that "W" comprises "A" or "T" bases
Done as suggested.
[bookmark: _GoBack]
2. page 1, line 78 Define ESC when it is first used
Done as suggested.

3. There is no reference in the text to Figure 6.
Figure 6 is referenced in step 5.10 of the Protocol.

4. page 10, line 473: "Distinguishable" should be used instead of "discernible"
Done as suggested.


