Dear Dr. Bajaj,

Thank you for editing and handling the review of our JoVE submission.  We have considered your and the reviewers’ recommendations and modified the manuscript accordingly.  Below is a detailed description of the changes made.

Best wishes,

Ron Conaway, Joan Conaway, and Melvin Noe Gonzalez


Editorial revisions:

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

2. Please revise lines 79-80 and 386-389 to avoid previously published text.
We have revised this text.  

3. Please define all abbreviations before use.
Done.

4. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. Please use the micro symbol µ instead of u. Please abbreviate liters to L to avoid confusion.
Done
[bookmark: _GoBack]
5. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
There are no personal pronouns in the protocol steps.  We have left personal pronouns in two of the Notes (lines 176-178 and 241-243) and in the Summary and Abstract, Introduction, and Discussion sections.  

6. Please revise the protocol to contain only action items that direct the reader to do something (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.” Please include all safety procedures and use of hoods, etc. However, notes should be used sparingly and actions should be described in the imperative tense wherever possible. Please move the discussion about the protocol to the Discussion.

The protocol steps are written in the imperative tense.

7. Lines 104-114, 219-223, and 261-263: Please move the introductory paragraphs to the Introduction, Results, or Discussion (as appropriate) or break into steps.
Done

8. 1.1.2: What buffer? It is unclear.
Corrected.

9. After you have made all the recommended changes to your protocol (listed above), 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.

Done

10. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting.
Done

11. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.

We have highlighted step 2.3.6, which says, “After 1, 2, or 4 min, stop reactions by transferring 30 µL of each reaction mixture to tubes containing 94 µL of stop buffer. Purify and analyze reaction products by denaturing polyacrylamide gel electrophoresis,” but we have not highlighted details of RNA purification and analysis since they’re very standard methods for anyone likely to use this protocol.  

For video, we suggest it would be appropriate to include a very brief shot of a gel running, with loading dyes visible part-way down the gel.

12. When reviewing the highlighting length for the protocol, please watch out for repeated steps. Please ensure that the repeated step has been highlighted previously.

13. Figure 4: Please include a space between numbers and their corresponding units (i.e., 5 ng, 15 ng, 45 ng, etc.).
Done

14. Tables: Please abbreviate liters to L to avoid confusion (mL, μL).
Done

15. Table 1: Please include a space between “mM” and “MgCl2”.
Done

16. Tables 4, 6, and 7: Please include a space between the concentration number and its unit (1 M).
Done

17. Table of Materials: Please sort the items in alphabetical order according to the name of material/equipment.
Done

18. Please number the figures/tables in the sequence in which you refer to them in the manuscript text. Currently Table 8 appears before all other tables in the text.
Done

19. References: Please do not abbreviate journal titles.
Done



Response to Reviewers' comments:

Reviewer #1:

The manuscript by Gonzales, Conaway and Conaway describes a general method to biochemically reconstitute RNA polymerase II elongation complexes on immobilised DNA templates. This work builds upon the expertise and excellence of the Conaways group in the biochemistry of RNA polymerase II (Pol II) transcription. The method is described in sufficient details for a researcher with a moderate-to-high level of experience in biochemical methods and thus, useful for a rather wide group of researchers.

In short, the authors first detail the assembly of Pol II elongation complexes using a biotinylated oligo-nucleotide representing the non-template DNA strand and normal RNA and DNA template strand oligonucleotides. Different sources of Pol II can be used for complex assembly as shown in Figure 3. This immobilisation approach allows a rather homogenous 'walking' of Pol II down the template strand by repeated incubations with different NTP mixtures. This is convincingly illustrated by Figure 2. The authors may want to stress the efficiency of extension or even calculate this from their Phospoimager images of Fig. 2B. 

In the revised manuscript, we now say in lines 357-361, “Since the newly generated transcripts correspond to the expected RNA size and since nearly all of the radiolabeled 23mers can be quantitatively chased into longer products, one knows that using this method (i) the RNA oligo is correctly positioned at the Pol II exit channel during assembly and (ii) radiolabeled RNAs are associated with active Pol II elongation complexes.”

In Figure 4 it is shown that addition of the general transcription factor TFIIH and ATP to Pol II elongation complexes strongly stimulates the capping of the nascent transcript.

This is a clearly written manuscript describing a useful method to study the biochemistry of Pol II elongation complexes. The provided data nicely illustrate the high quality and utility of the described methodology.

Minor Concerns:

-My version contained text high-lighted with yellow. The reason for this is unclear and I suggest removal of these highlights.
Done.
-On page 3, line 129: '... immobilized template strand 3 times...' should be '... immobilized non-template strand 3 times...' of '...immobilized DNA 3 times...'.
changed to “...immobilized non-template DNA oligo...”
-For consistency use HEPES-Na when using Tris-Cl, or change Tris-HCl (lines 122, 125, 129, 130, 133, ...). See also Tables 1, 4, 6 and 7.
Corrected in text and tables
-A space is missing in Table 1: 50 mMMgcl2 and Table 4: 20mM.
Corrected
-The proper annotation of radio-labeled NTPs is alpha32P-UTP and not UTP-p32 (Table 4).
Corrected


Reviewer #2:

Manuscript Summary:

The paper describes a detailed method to perform in vitro transcription by purified RNA polymerase II (Pol II) on template DNA oligonucleotide partially based-paired to an immobilized non-template oligonucleotide. The 3' end of the template DNA oligo is hybridized to a short RNA whose 3' HO will be extended by Pol II to certain positions, depending of dNTP added to the reaction. When ATP and alpha 32P UTP are added, the RNA "primer" is extended only 3 bases and results labeled. After washing the substrates, if ATP and CTP are added, the labeled RNA is extended two more bases, and finally, after washing again the substrates, if ATP and GTP are added, the labeled RNA is extended four more bases. Labeled RNAs are analyzed on a denaturing polyacrylamide urea gel (sequencing gel) giving clear cut and neat results (Fig. 2 B). The authors claim that this system is useful to study co-transcriptional RNA processing events and, as a proof of principle, perform an appealing experiment showing incubation of the "elongating" complex containing Pol II, template and immobilized non-template DNA strands plus extended and labeled RNA with the purified basal transcription factor TFIIH greatly stimulates capping of the nascent RNA, confirming that phoshorylation of Ser5 of the carboxy terminal domain (CTD) of the major subunit of Pol II (Rpb1) stimulates mRNA capping (Figure 4).

I am very positive about publication of this method manuscript after some text modifications and, if possible, addition of some experimental controls that, in my opinion, would strengthen it.

Major Concerns:

1. The authors should discuss (and warn the reader) that their in vitro system is not chromatinized and that real transcription and RNA processing occurs in a chromatin complex.
We have added a comment to this effect on lines 480-483 of the revised manuscript.

2. The fact that their system allows to assess capping efficiency does not allow the authors to state the complexes they create are  "useful for studying mechanisms underlying cotranscriptional processing of transcripts associated with the Pol II elongation complex.". I do not see how such a short DNA template could be suitable to assess splicing and/or cleavage and polyadenylation. In the absence of evidence, the authors should refrain from generalizing their results to RNA processing other than capping.

We agree with the reviewer that elongation complexes containing the short templates and transcripts we describe would likely not be useful for studying splicing or cleavage and polyadenylation, and we have revised the manuscript to emphasize the utility of our substrates for assaying capping in the context of Pol II elongation complexes.  However, we believe the approach described in the protocol could be adapted for studying recruitment and/or assembly of proteins or protein complexes with roles in other stages of mRNA maturation coupled to the RNA polymerase II elongation complex. 

We have made the following modifications:
[bookmark: _Hlk534812223]We have modified the second paragraph of the abstract to emphasize that the system we describe is useful for studying RNA capping.  We conclude the abstract by saying, “We anticipate this system could be adapted for studying recruitment and/or assembly of proteins or protein complexes with roles in other stages of mRNA maturation coupled to the RNA polymerase II elongation complex.” 
In lines 519-521 of the discussion, we now write, “Artificial elongation complexes generated using protocols similar to those we describe should also be useful for measuring protein-protein or protein-nucleic acid interactions between the Pol II elongation complex and factors that regulate transcript elongation or RNA processing events linked to elongation.”

3. Results in Figure 4 are certainly impressive but do not really assess the need of transcription for TFIIH to stimulate capping. Indeed, the authors first extend and label the nascent RNA with radioactive UTP to generate a 23-mer and only then add TFIIH to the mixture. I'll suggest the following controls. I do not want to delay publication. If the authors consider that they are not in a position to perform them, I would be pleased if they soften their conclusions in order to include the possibilities resulting from the proposed experiments.

The reviewer is correct that capping in the experiment of Fig. 4 occurs in reactions where there is not ongoing nucleotide addition to the 3’-end of the nascent transcripts. The key point is that the substrate for capping in these reactions is an RNA molecule that is a component of Pol II elongation complexes that are fully competent for nucleotide addition when provided with appropriate nucleotides.  In a recent study using the system described here, we showed that TFIIH only stimulates capping of transcripts in an elongation complex and not capping of free RNA or free RNA added in trans to either free Pol II or Pol II elongation complexes (Noe Gonzalez et al, Nat Communications 9 (1), 3392, 2018).  

In response to the reviewer’s comment, we have modified the text to explain more clearly what we mean by cotranscriptional capping.  First, in the introduction we now write, “A remarkable feature of the capping reaction is that cotranscriptional capping (i.e., capping of transcripts associated with functional Pol II elongation complexes) is much more efficient than capping of free RNA.” We go on to note that “we used these defined RNA polymerase II elongation complexes [prepared as described in this protocol] as a model for investigating aspects of the mechanisms of RNA capping 5.  In particular, we showed that (i) capping of RNA associated with these elongation complexes was more than 100 fold more efficient than capping of free RNA and (ii) was stimulated by TFIIH-dependent phosphorylation of the Pol II CTD.”  

Below we respond to the reviewer’s specific questions.  Controls that address most of the reviewer’s questions were included in Noe Gonzalez et al 2018.  We believe a detailed discussion of these controls is beyond the scope of this JoVE protocol, and we hope the editor and reviewers will agree that the additional clarifications provided in the introduction will suffice.


3.1 Figure 4 lacks a control of 0 ng of CE. Although it might seem unnecessary because 5 ng have little capping activity, and Fig. 3 shows a single 23-mer band, controls are blind and strengthen the evidence.

We have now included extra lanes in Figure 4 from separate capping experiments that show 0 ng and 5 ng of CE on the same gel.

3.2 What would happen if TFIIH were added to the complex before the extension step? I understand that ATP should be added to allow for TFIIH kinase activity but radioactive UTP could be omitted and added after incubation with TFIIH.

In experiments not included in this JoVE protocol or in the Nature Communications paper, we’ve observed that TFIIH will still stimulate RNA capping under these conditions, since the RNA is associated with a Pol II elongation complex. One important reason we always perform an extension step is to add a radioactive label to make it possibile to visualize the nascent transcript.  We have used [α-32P] GTP to label the cap; however, we find this less useful as it does not permit one to detect both capped and uncapped RNAs.

3.3 What would happen if Pol II were pretreated with TFIIH and ATP and only then added to the extension complex?

Although we haven’t done this experiment, pretreatment of Pol II with TFIIH and ATP would likely lead to capping activation of transcripts associated with artificial elongation complexes.  Although perhaps not relevant in this context, it may be worth noting that prephosphorylation of Pol II with TFIIH and ATP blocks Pol II from entering preinitiation complexes at promoters and as a result blocks promoter-dependent transcription. 

3.4 As it stands, Fig. 4 shows that TFIIH (or phospho Ser5) enhances capping but tells little about co-transcriptional events. Indeed, what happens if the template is omitted?

As noted above TFIIH (and ATP) only enhance capping of RNAs in elongation complexes (see Figs 6a and 6c of Noe Gonzalez et al 2018). 
Minor Concerns:

1. The following text (lines 104 to 108) is confusing:
...artificial elongation complexes are created by annealing a synthetic biotinylated non-template strand DNA oligonucleotide to an RNA oligonucleotide complementary at its 3'-end to approximately 9 nucleotides of the template strand DNA, loading Pol II onto the DNA:RNA duplex, and completing the elongation complex by addition of a partially complementary nontemplate strand DNA oligonucleotide.
An alternative, less confusing, text could be:
...artificial elongation complexes are created by annealing a synthetic biotinylated non-template strand DNA oligonucleotide to a partially complementary template strand DNA whose 3' end 9 nucleotides are in turn annealed (or hybridized) to a 20-mer RNA oligonucleotide, preloaded with purified Pol II.

We thank the reviewer for suggesting we reword this portion of the text.  In the revised manuscript, we have revised the text in a way that we hope will be more clear, and we have corrected an error (the template DNA strand, not the non-template strand, is annealed to the RNA).  We also now refer the reader to both the cartoon of Figure 1 (which outlines the steps in elongation complex assembly) and to Figure 2A (which shows the nucleic acid scaffold in more detail, without proteins). 

2. The rat and fission yeast Pol II used in these reactions WERE purified to near  homogeneity using multiple chromatographic steps
Corrected.

