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1st Editorial Decision 4th Nov 2024

Dear Prof. Kurumizaka,

Thank you for submitting your manuscript for consideration by the EMBO Journal. It has now been seen by three referees whose
comments are shown below.

Given the referees’ positive recommendations, | would like to invite you to submit a revised version of the manuscript,
addressing the comments of all three reviewers. | should add that it is EMBO Journal policy to allow only a single round of
revision, and acceptance of your manuscript will therefore depend on the completeness of your responses in this revised
version.

When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

We generally allow three months as standard revision time. As a matter of policy, competing manuscripts published during this
period will not negatively impact on our assessment of the conceptual advance presented by your study. However, we request
that you contact the editor as soon as possible upon publication of any related work, to discuss how to proceed. Should you
foresee a problem in meeting this three-month deadline, please let us know in advance and we may be able to grant an
extension.

Please contact me if you have any further questions. Thank you for the opportunity to consider your work for publication. | look
forward to your revision.

Yours sincerely,

Cornelius Schneider

Cornelius Schneider, PhD
Editor

The EMBO Journal
c.schneider@embojournal.org

Instructions for preparing your revised manuscript:
Please make sure you upload a letter of response to the referees' comments together with the revised manuscript.
Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https://bit.ly/EMBOPressFigurePreparationGuideline

See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will contact
you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to upload
and organize the files.

IMPORTANT: When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors

https://www.embopress.org/page/journal/14602075/authorguide#expandedview

- a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines



(https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods)

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide
We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (2nd Feb 2025). Please discuss the revision progress ahead of this time with

the editor if you require more time to complete the revisions. Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

Akatsu et al study RNA polymerase |l transcription on a non-canonical nucleosome containing histone variant H2A.B (H2A.B
nucleosome hereafter). They performed in vitro transcription experiments and showed that the transcription efficiency of RNA
polymerase Il elongation complex (RNAPII-EC) is higher on H2A.B nucleosomes than on the canonical H2A nucleosomes. They
determined two cryo-EM structures of RNAPII-EC in complex with H2A.B nucleosomes, one with RNAPII-EC paused near the
entry of nucleosome (at SHL-5), and the other one with RNAPII-EC stalled paused before reaching nucleosome dyad (at SHL-
1). The authors found that the histone octamer remain intact when RNAPII-EC is paused at SHL-5, while the H2A.B-H2B dimer
proximal to RNAPII is dissociated from the nucleosome when RNAPII-EC is paused at SHL-1. Such dissociation of the H2A-H2B
dimer was not observed in previous structural study on the canonical nucleosomes. The authors proposed that the C-terminal
region of H2A.B is responsible for the enhanced nucleosome transcription by RNAPII-EC. They generated a chimeric histone by
stitching the C-terminal tail of H2A.B to H2A, and showed that the transcription efficiency on the nucleosome with the chimeric
histone is increased and becomes comparable to H2A.B nucleosome.

In general, this study shows interesting findings of transcription on a non-canonical nucleosome with histone variant. The
biochemical studies are solid. However, the cryo-EM density shown in this manuscript is not clear enough to support their
findings (explained in major points). This manuscript can be published on EMBOJ if the following questions are addressed.

Major points:

1. The cryo-EM density of the H2A.B nucleosome of both structures, especially the density around histone H2A.B-H2B dimers,
is key to the findings of this study. The reported resolution of the nucleosomes of both structures are relatively low (7.3 A for
structure paused at SHL-5 and 6.4 A for the structure paused at SHL-1), which is at the boundary to tell whether a structural
finding is reliable or not. | cannot find a focused cryo-EM density around the nucleosome of either structure. The snapshots of
the nucleosome density in EV3C and EV5C only show one side of nucleosome, and | cannot see whether a H2A.B-H2B dimer is
missing or not. To support their finding that a H2A.B-H2B dimmer is dissociated when RNAP-EC is paused at SHL-1, the
authors should show density maps of nucleosome from both structures, and clearly indicate where the dimer density is missing.
2. Related to the point above, the authors should also provide biochemical evidence to show that when RNAPII is stalled at
SHL-1, one H2A.B-H2B dimer is dissociated.

3. In Fig3, the authors show that replacing the C-terminal region of H2A by that of H2A.B increases the efficiency of
transcription. To corroborate the point that the C terminal region of H2A.B is responsible for the enhanced transcription, can the
authors generate a nucleosome with chimeric H2A.B with H2A tail, e.g. H2A.BH2A (98-129), and perform the transcription
assay?

Minor points:

1. Line 36: Claiming that "nucleosome has an extremely stable architecture ..." is too strong. Nucleosome it is a stable structure,
but the DNA wrapped around it has 'breathing' effects and the position of nucleosome can be easily changed by either heating
up or ATP-driven chromatin remodelers. It's better to put it as "nucleosome has a stable architecture ...".

2. The presentation of structures in Fig2 is hard to interpret of general audience. The authors show the overall structure paused
at SHL-5 as a density map (panel B), but show the overall structure paused at SHL-1 as cartoon (panel D), which is hard for
visual comparison. Panel C shows the RNAPII-EC paused at SHL-5. However, the RNAPII looks far away from SHL-5. | suggest
the authors clarify how they define 'RNAPII paused at SHL-5 and SHL-1", and label key position like SHLO (dyad), SHL-1 and
SHL-5 on the structure.

3. Line 180: The authors discuss docking domain for several times, which it is important for the audience to understand the how
a shorter H2A.B C-terminal region influence the wrapping of DNA. | suggest the authors indicate the docking domain in the
figure (e.g. Fig. 3B).



Referee #2:

This manuscript is one in a series of RNA Polll /nucleosome cryo-EM studies from the same lab. In this particular instance, they
focus on NCPs with H2A.B. They look at transcription and see less pausing at the SHL-5 position, accompanied by more
efficient transcription. Previously it was already found (Commun Biol 7:1144 (2024) ) that the H2A.B is a waker binder. Here,
cryo-EM analysis shows that the Polll interaction results in the loss of one of the H2A.B/H2b dimers from the nucleosome in the
SHL-5 state. They then exchange the C-terminal peptide of H2A with that of H2A.B and see that this also destabilizes H2A,
pointing to the tail as the region that mediates destabilization.

The work is competently executed, the gels are very nice, the structures bring the message, despite their extreme orientation
problem, and the points are well made. Since the analyses are analogous to earlier papers, on a new histone variant, the
interest is probably limited to researchers interested in H2A variants.

Referee #3:

In this study, the Kurumizaka lab investigates a novel mechanism through which the histone variant H2A.B, known to
accumulate in actively transcribing genes, enhances transcriptional elongation. The authors demonstrate that RNA polymerase
II's elongation complex (EC) transcribes through nucleosomes containing H2A.B more efficiently than through those with
canonical H2A. To explore how the EC navigates DNA wrapped around H2A.B nucleosomes, the authors used cryo-EM to
capture snapshots of EC-nucleosome complexes at various stages of RNAPII progression.

The structural analysis reveals that, when the EC reaches the SHL(-1) position on the H2A.B nucleosome, the proximal H2A.B-
H2B dimer dissociates from the nucleosome. By contrast, in the canonical H2A nucleosome, the proximal H2A-H2B dimer
remains intact when the EC pauses at the same SHL(-1) position. Interestingly, the authors observe that the H2A.B-H2B dimer
remains bound to the nucleosome until the EC reaches the SHL(-5) position, suggesting that dimer dissociation is likely
triggered after the EC transcribes beyond this point. The dissociation of the H2A.B-H2B dimer during transcription likely reduces
the likelihood of nucleosome reassembly, potentially leading to nucleosome disassembly following EC passage. The study also
presents intriguing links between this process and DNA damage repair pathways.

This is a significant and timely study that provides valuable new insights into the poorly understood function of the histone
variant H2A.B. The experiments are well-conceived and executed, and the data are of high quality, clearly explained, and
thoroughly discussed. For these reasons, | strongly recommend this manuscript for publication.

Regarding the final resolution of the cryo-EM map: while | do not have any technical concerns, | note that the resolution of the
post-processed map for the Spt4/5-EIf1-RNAPII-H2A.B nucleosome, paused at the SHL(-5) position, is somewhat low in the
nucleosome region. It would be helpful if the authors could briefly clarify why this does not affect their conclusions for the sake of
clarity.

Referee Cross-commenting:
Editor:

Dear referees,

thank you very much for your help and you informative input. Please find the comments of the other referees below. | would be
very thankful if you could give additional input here.

As you can see referee #2 does not think that there is sufficient novelty compared to the recent publication by the same authors
(PMID: 39277674). Given the more positive assessment by referees #1 and #3 | would in principle be open to consider this
manuscript further nonetheless. However, | am concerned that the mechanistic and molecular insight might also be limited given
that the structures appear to be very low resolution in regions that are important to provide detailed insight into the propose
H2A.B-H2B dimer eviction mechanism. Referee #1 even remarks that it is never explicitly visible in the structures that H2A.B-
H2B is released. Taken together | have the impression now that the advance is indeed too limited in the current iteration of the
manuscript. Given the overall positive evaluation by referees # 1 and #3 | am wondering if | am underestimating the finding. Do
you think that there is sufficient support that Polll passage through he nucleosome is indeed causing a release of H2A.B-H2B?
Thank you for your help with this manuscript.

With best regards,

Cornelius

Ref #1



Dear editor,

Thank you very much for raising the discussion. In my opinion, the previous publication from by the same authors (PMID:
39277674) does not downplay the novelty of this manuscript. In their previous publication, the authors found that the H2A.B
nucleosomes unwind DNA at a faster rate, and the H2A.B-H2B dimer is easier to dissociate from DNA, compared to the
canonical nucleosomes containing H2A. That study focuses on the dynamics of the nucleosome itself by applying nanopore
measurements and MD simulations. In comparison, the current manuscript focuses on the interplay between RNA polymerase |l
elongation complex and the H2A.B containing nucleosomes, which shows that the more dynamic H2A.B nucleosomes do
promote transcription, and provides structural explanation. However, the cryoEM results they show in the current manuscript
raise my concern. The authors should provide better cryoEM maps to support their conclusions. | suggest they also provide
corresponding cryoEM map files to reviewers if there is further revision.

Ref #3

Dear all,

| agree with Referee #1 that there is substantial novelty. | do not have concerns regarding the cryo-EM data, but it would be
good if the authors could discuss the question of resolution and better explain why their cryo-EM maps support their
conclusions.

Ref #2

Dear all,

The structure is low resolution indeed, but should be sufficient to give the current conclusion, although side-by-side comparison
is indeed needed, as pointed out by reviewer 1. It is not necessarily clear that higher resolution data would provide additional
mechanistic insight, which is why we did not ask for that. But indeed, the transcription gels are nice and of good quality, so if
other reviewers like it very much | have no problem with a revised version.



1st Authors' Response to Reviewers 18th Mar 2025

Referee #1:

Akatsu et al study RNA polymerase Il transcription on a non-canonical
nucleosome containing histone variant H2A.B (H2A.B nucleosome hereafter).
They performed in vitro transcription experiments and showed that the
transcription efficiency of RNA polymerase Il elongation complex (RNAPII-EC) is
higher on H2A.B nucleosomes than on the canonical H2A nucleosomes. They
determined two cryo-EM structures of RNAPII-EC in complex with H2A.B
nucleosomes, one with RNAPII-EC paused near the entry of nucleosome (at
SHL-5), and the other one with RNAPII-EC stalled paused before reaching
nucleosome dyad (at SHL-1). The authors found that the histone octamer remain
intact when RNAPII-EC is paused at SHL-5, while the H2A.B-H2B dimer proximal
to RNAPII is dissociated from the nucleosome when RNAPII-EC is paused at
SHL-1. Such dissociation of the H2A-H2B dimer was not observed in previous
structural study on the canonical nucleosomes. The authors proposed that the C-
terminal region of H2A.B is responsible for the enhanced nucleosome
transcription by RNAPII-EC. They generated a chimeric histone by stitching the
C-terminal tail of H2A.B to H2A, and showed that the transcription efficiency on
the nucleosome with the chimeric histone is increased and becomes comparable
to H2A.B nucleosome.

In general, this study shows interesting findings of transcription on a non-
canonical nucleosome with histone variant. The biochemical studies are solid.
However, the cryo-EM density shown in this manuscript is not clear enough to
support their findings (explained in major points). This manuscript can be
published on EMBOJ if the following questions are addressed.

Reply)
Thank you very much for your favorable comments. We revised the manuscript
according to this reviewer’s comments, as described below.

Major points:

1. The cryo-EM density of the H2A.B nucleosome of both structures, especially
the density around histone H2A.B-H2B dimers, is key to the findings of this study.
The reported resolution of the nucleosomes of both structures are relatively low
(7.3 A for structure paused at SHL-5 and 6.4 A for the structure paused at SHL-
1), which is at the boundary to tell whether a structural finding is reliable or not. |



cannot find a focused cryo-EM density around the nucleosome of either structure.
The snapshots of the nucleosome density in EV3C and EV5C only show one side
of nucleosome, and | cannot see whether a H2A.B-H2B dimer is missing or not.
To support their finding that a H2A.B-H2B dimmer is dissociated when RNAP-EC
is paused at SHL-1, the authors should show density maps of nucleosome from
both structures, and clearly indicate where the dimer density is missing.

Reply)

Thank you very much for this comment. According to this reviewer’s suggestion,
we re-analyzed the EC-nucleosome complexes, and now present new cryo-EM
maps with higher resolutions. We then improved the nucleosome resolution in the
SHL-5 complex from 7.3 A to 6.9 A and that in the SHL-1 complex from 6.4 A to
4.8 A. We described these results on p.6 1.112. In addition, we presented the cryo-
EM maps of the nucleosomes in the complexes in the new Fig. 2C and Fig. EV5,
according to this reviewer’s suggestion.

2. Related to the point above, the authors should also provide biochemical
evidence to show that when RNAPII is stalled at SHL-1, one H2A.B-H2B dimer
is dissociated.

Reply)

Thank you very much for this insightful comment. To detect the H2A.B-H2B
dissociation during transcription elongation, we performed the DNasel
footprinting analysis with the nucleosome sample, in which the transcribing
RNAPII elongation complex was paused at the SHL-1 position. We then found
that, in the H2A.B nucleosome, the nucleosomal DNA region near the proximal
H2A.B-H2B dimer becomes accessible to DNasel in a transcription elongation-
dependent manner. These DNasel sensitive sites were not observed in the
canonical nucleosome with the EC paused at the SHL-1 position. These results
are perfectly consistent with the cryo-EM structure, in which the proximal H2A.B-
H2B dimer is disassembled when the transcribing EC reaches the SHL-1 position.
These new data are presented in the new Fig. 3, Appendix Fig. S4, and described
onp.7,1. 134.

3. In Fig3, the authors show that replacing the C-terminal region of H2A by that
of H2A.B increases the efficiency of transcription. To corroborate the point that



the C terminal region of H2A.B is responsible for the enhanced transcription, can
the authors generate a nucleosome with chimeric H2A.B with H2A tail, e.g.
H2A.BH2A (98-129), and perform the transcription assay?

Reply)

According to this reviewer’s suggestion, we prepared a chimeric H2A.B with the
H2A tail, H2A.B+*H2A (98-129), and performed the transcription assay. We then
found that the H2A.B+H2A (98-129) mutant exhibits a quite similar profile to that
of H2A.B in nucleosome transcription. These new results are presented in the
new Fig. 4C, Appendix Fig. S2C, and S2D, and described on p.9 1.173. The
similar transcription profiles may be a consequence of the H2A.B-specific
residues in the histone-fold domain, which were previously tested in the MNase
susceptibility assay from Dr. Zhou’s Lab (Zhou et al, EMBO J., 2020). We also
discuss this fact in a new paragraph of the Discussion section (p. 11).

Minor points:

1. Line 36: Claiming that "nucleosome has an extremely stable architecture ..." is
too strong. Nucleosome it is a stable structure, but the DNA wrapped around it
has 'breathing' effects and the position of nucleosome can be easily changed by
either heating up or ATP-driven chromatin remodelers. It's better to put it as
"nucleosome has a stable architecture ...".

Reply)
We corrected it accordingly.

2. The presentation of structures in Fig2 is hard to interpret of general audience.
The authors show the overall structure paused at SHL-5 as a density map (panel
B), but show the overall structure paused at SHL-1 as cartoon (panel D), which
is hard for visual comparison. Panel C shows the RNAPII-EC paused at SHL-5.
However, the RNAPII looks far away from SHL-5. | suggest the authors clarify
how they define 'RNAPII paused at SHL-5 and SHL-1", and label key position like
SHLO (dyad), SHL-1 and SHL-5 on the structure.

Reply)
Thank you very much. We defined the RNAPII pausing positions by the RNA
sequence in the RNAPII catalytic center for the SHL(-1) complex. This was



possible because the RNA nucleotide incorporated in the RNAPII catalytic center
are clearly visible in the cryo-EM structures, as mentioned on p.6. For the SHL(-
5) complex, the resolution of the structure was not sufficient to evaluate the
pausing position. We then deduced its pausing position from the length of the
RNA transcripts. This was mentioned on p.6 1.112. In addition, according to this
reviewer’s suggestion, we substantially improved Fig. 2 by presenting new
structures with better resolutions.

3. Line 180: The authors discuss docking domain for several times, which it is
important for the audience to understand the how a shorter H2A.B C-terminal
region influence the wrapping of DNA. | suggest the authors indicate the docking
domain in the figure (e.g. Fig. 3B).

Reply)
We indicated the amino acid residues in the docking domain in the new Fig. 4A
and added the structural figures for the docking domain as the new Fig. 4B.

Referee #2:

This manuscript is one in a series of RNA Polll /nucleosome cryo-EM studies
from the same lab. In this particular instance, they focus on NCPs with H2A.B.
They look at transcription and see less pausing at the SHL-5 position,
accompanied by more efficient transcription. Previously it was already found
(Commun Biol 7:1144 (2024) ) that the H2A.B is a waker binder. Here, cryo-EM
analysis shows that the Polll interaction results in the loss of one of the
H2A.B/H2b dimers from the nucleosome in the SHL-5 state. They then exchange
the C-terminal peptide of H2A with that of H2A.B and see that this also
destabilizes H2A, pointing to the tail as the region that mediates destabilization.

The work is competently executed, the gels are very nice, the structures bring the
message, despite their extreme orientation problem, and the points are well made.
Since the analyses are analogous to earlier papers, on a new histone variant, the
interest is probably limited to researchers interested in H2A variants.

Reply)



Thank you very much for your thoughtful comments. Histone variants play crucial
roles in epigenetic genome regulation, yet their specific behaviors in transcription
remain largely unexplored. Given that H2A.B is associated with transcriptionally
active genomic regions, understanding its role during elongation is an important
issue to address.

In our revised manuscript, we have re-analyzed the cryo-EM structures of RNAPII
EC-H2A.B nucleosome complexes and provided clearer cryo-EM maps, now
presented in the updated Figure 2C and Figure EV5. To further investigate
H2A.B-H2B eviction during transcription elongation, we conducted a DNasel
footprinting analysis, which revealed that in the H2A.B nucleosome, the DNA
region near the proximal H2A.B-H2B dimer becomes more accessible to DNasel
in a transcription elongation-dependent manner. Notably, these DNasel-sensitive
sites were absent in the canonical nucleosome when the EC-nucleosome
complex was paused at the SHL-1 position.

These structural and biochemical findings consistently suggest that in the H2A.B
nucleosome, the proximal H2A.B-H2B dimer is disassembled when the
transcribing EC reaches the SHL-1 position. These new data support our
conclusions and broaden the study's relevance beyond H2A variant researchers
to those interested in chromatin structure and transcription regulation.

We appreciate your valuable feedback, which has helped us refine and
strengthen our study.

Referee #3:

In this study, the Kurumizaka lab investigates a novel mechanism through which
the histone variant H2A.B, known to accumulate in actively transcribing genes,
enhances transcriptional elongation. The authors demonstrate that RNA
polymerase Il's elongation complex (EC) transcribes through nucleosomes
containing H2A.B more efficiently than through those with canonical H2A. To
explore how the EC navigates DNA wrapped around H2A.B nucleosomes, the
authors used cryo-EM to capture snapshots of EC-nucleosome complexes at
various stages of RNAPII progression.



The structural analysis reveals that, when the EC reaches the SHL(-1) position
on the H2A.B nucleosome, the proximal H2A.B-H2B dimer dissociates from the
nucleosome. By contrast, in the canonical H2A nucleosome, the proximal H2A-
H2B dimer remains intact when the EC pauses at the same SHL(-1) position.
Interestingly, the authors observe that the H2A.B-H2B dimer remains bound to
the nucleosome until the EC reaches the SHL(-5) position, suggesting that dimer
dissociation is likely triggered after the EC transcribes beyond this point. The
dissociation of the H2A.B-H2B dimer during transcription likely reduces the
likelihood of nucleosome reassembly, potentially leading to nucleosome
disassembly following EC passage. The study also presents intriguing links
between this process and DNA damage repair pathways.

This is a significant and timely study that provides valuable new insights into the
poorly understood function of the histone variant H2A.B. The experiments are
well-conceived and executed, and the data are of high quality, clearly explained,
and thoroughly discussed. For these reasons, | strongly recommend this
manuscript for publication.

Regarding the final resolution of the cryo-EM map: while | do not have any
technical concerns, | note that the resolution of the post-processed map for the
Spt4/5-EIf1-RNAPII-H2A.B nucleosome, paused at the SHL(-5) position, is
somewhat low in the nucleosome region. It would be helpful if the authors could
briefly clarify why this does not affect their conclusions for the sake of clarity.

Reply)

Thank you very much for your favorable comments. We acknowledge that the
resolution of the post-processed cryo-EM map for the Spt4/5-EIf1-RNAPII-H2A.B
nucleosome, paused at the SHL(-5) position, is relatively lower in the nucleosome
region compared to other parts of the complex. This is likely due to the intrinsic
flexibility of the nucleosome in this state, which leads to local heterogeneity and
reduced resolution in the reconstructions. We mentioned this fact in the revised
manuscript (p.6 1.112). In addition, we re-analyzed the EC-nucleosome
complexes, and now present cryo-EM maps with higher resolutions. We then
improved the nucleosome resolution in the SHL-5 complex from 7.3 A to 6.9 A,
and that in the SHL-1 complex from 6.4 A to 4.8 A. We described these results



on p.6 1.112, and presented the cryo-EM maps of the nucleosomes in the
complexes in the new Fig. 2C and Fig. EV5.

Referee Cross-commenting:

Editor:

Dear referees,

thank you very much for your help and you informative input. Please find the
comments of the other referees below. | would be very thankful if you could give
additional input here.

As you can see referee #2 does not think that there is sufficient novelty compared
to the recent publication by the same authors (PMID: 39277674). Given the more
positive assessment by referees #1 and #3 | would in principle be open to
consider this manuscript further nonetheless. However, | am concerned that the
mechanistic and molecular insight might also be limited given that the structures
appear to be very low resolution in regions that are important to provide detailed
insight into the propose H2A.B-H2B dimer eviction mechanism. Referee #1 even
remarks that it is never explicitly visible in the structures that H2A.B-H2B is
released. Taken together | have the impression now that the advance is indeed
too limited in the current iteration of the manuscript. Given the overall positive
evaluation by referees # 1 and #3 | am wondering if | am underestimating the
finding. Do you think that there is sufficient support that Polll passage through he
nucleosome is indeed causing a release of H2A.B-H2B?

Thank you for your help with this manuscript.

With best regards,

Cornelius

Ref #1

Dear editor,

Thank you very much for raising the discussion. In my opinion, the previous
publication from by the same authors (PMID: 39277674) does not downplay the
novelty of this manuscript. In their previous publication, the authors found that the



H2A.B nucleosomes unwind DNA at a faster rate, and the H2A.B-H2B dimer is
easier to dissociate from DNA, compared to the canonical nucleosomes
containing H2A. That study focuses on the dynamics of the nucleosome itself by
applying nanopore measurements and MD simulations. In comparison, the
current manuscript focuses on the interplay between RNA polymerase I
elongation complex and the H2A.B containing nucleosomes, which shows that
the more dynamic H2A.B nucleosomes do promote transcription, and provides
structural explanation. However, the cryoEM results they show in the current
manuscript raise my concern. The authors should provide better cryoEM maps to
support their conclusions. | suggest they also provide corresponding cryoEM map
files to reviewers if there is further revision.

Reply)

Thank you very much. We re-analyzed the cryo-EM structures, and the cryo-EM
maps overlapped with the nucleosome models are now presented in the new Fig.
2C. We also provided cryo-EM maps of the H2A.B nucleosomes in the
transcribing RNAPII EC-nucleosome complexes paused at the SHL(-5) and
SHL(-1) positions with different contour levels in Fig. EV5. These new data now
clearly show the absence of the proximal H2A.B-H2B dimer in the SHL(-1)
complex, but not in the SHL(-5) complex.

Ref #3

Dear all,

| agree with Referee #1 that there is substantial novelty. | do not have concerns
regarding the cryo-EM data, but it would be good if the authors could discuss the
question of resolution and better explain why their cryo-EM maps support their
conclusions.

Reply)

Thank you very much. As described above, we re-analyzed the cryo-EM
structures and provided refined cryo-EM maps in the revised Fig. 2C and Fig.
EVS.

Ref #2



Dear all,

The structure is low resolution indeed, but should be sufficient to give the current
conclusion, although side-by-side comparison is indeed needed, as pointed out
by reviewer 1. It is not necessarily clear that higher resolution data would provide
additional mechanistic insight, which is why we did not ask for that. But indeed,
the transcription gels are nice and of good quality, so if other reviewers like it very
much | have no problem with a revised version.

Reply)

Thank you very much. In the revised manuscript, we re-analyzed the cryo-EM
structures, and provided refined cryo-EM maps in the revised Fig. 2C and Fig.
EV5. In addition, we performed the DNasel footprinting analysis, and obtained
new results that, in the H2A.B nucleosome, the nucleosomal DNA region near the
proximal H2A.B-H2B dimer becomes accessible to DNasel in a transcription
elongation-dependent manner. These DNasel sensitive sites were not observed
in the canonical nucleosome with the EC-nucleosome complex paused at the
SHL-1 position. These results suggest that, in the H2A.B nucleosome, the
proximal H2A.B-H2B dimer is disassembled when the transcribing EC reaches
the SHL-1 position. These new cryo-EM and in vitro transcription results
consistently showed that the proximal H2A.B-H2B dimer is disassembled while
the transcribing RNAPII is traversing the proximal half of the nucleosomal DNA.



1st Revision - Editorial Decision 10th Apr 2025

Dear Dr Kurumizaka,

Thank you for submitting a revised version of your manuscript. Your study has now been seen by all original referees, who find
that their previous concerns have been addressed and now recommend publication of the manuscript. There remain only a few
mainly editorial points that have to be addressed before | can extend formal acceptance of the manuscript:

- Please double-check to make sure to all relevant funding information in the manuscript is also entered into our submission
system. (Missing in the system currently: JSPS KAKENHI Grant Numbers JP22K15033)

- On the abstract page of the manuscript, please include 4-5 general keyword terms to enhance searchability.

- Please adjust the format of the reference list and of the in-text citations according to EMBO Journal format (alphabetical order,
author name et al + year.../up to 10 author names in the reference list before et al / please refer to our Guide to Authors for
additional information on EMBO J reference format).

- Please rename the Conflict-of-Interest section into "Disclosure and Competing Interests Statement”, in accordance with our
updated Guide to Authors (https://www.embopress.org/competing-interests)

- As we are switching from a free-text author contribution statement towards a more formal statement based on Contributor Role
Taxonomy (CRediT) terms, please remove the present Author Contribution section and instead specify each author's
contribution(s) directly in the Author Information page of our submission system during upload of the final manuscript. See
https://casrai.org/credit/ for more information.

- Please list all figure callouts sequentially; Please also note that there is a missing callouts for Appendix Fig. S3

- Please safe the Source data files need to be saved in a scheme one figure/folder and then uploaded as .zip files. E.g. all the
Source data files for figure 1 need to be saved in a single folder and this needs to be zipped and then uploaded as "SD figure
1.zip" file. For EV and/or appendix figures, ZIP together all source data. Completed SD checklist should be uploaded as Related
Manuscript File.

- Please provide the specific URLs for EMD-60592, EMD-60593, 9117 datasets in the data availability statement.

- Figure Legends (main + EV): Please note that the measure of center for the error bars needs to be defined in the legends of
figures 1D, 4D.

- Please remove the "Conventions and Abbreviations" section from the manuscript

- Section order should be corrected: Title page - Abstract & Keywords - Introduction - Results - Discussion - Methods - Data
Availability - Acknowledgements - Disclosure and Competing Interests Statement - References - Figure Legends - Table(s) -
Expanded View Figure Legends.

Please let me know if you have any questions regarding any of these points. You can use the link below to upload the revised
files.

Thank you again for giving us the chance to consider your manuscript for The EMBO Journal. | look forward to receiving the final
version.

With best regards,

Cornelius Schneider

Cornelius Schneider, PhD
Editor | The EMBO Journal
c.schneider@embojournal.org

Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

The authors have appropriately addressed all of my comments and concerns.



2nd Authors' Response to Reviewers 15th Apr 2025

All editorial and formatting issues were resolved by the authors.



2nd Revision - Editorial Decision 29th Apr 2025

Dear Prof. Kurumizaka,
| am pleased to inform you that your manuscript has been accepted for publication in the EMBO Journal.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14602075/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to The EMBO
Journal.

Yours sincerely,

Cornelius Schneider, PhD
Editor

The EMBO Journal
c.schneider@embojournal.org

>>> Please note that it is The EMBO Journal policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process

** Click here to be directed to your login page: https://emboj.msubmit.net



EMBO Press Author Checklist

Corresponding Author Name: Hitoshi Kurumizaka

Journal Submitted to: The EMBO Journal

Manuscript Number: EMBOJ-2024-119165

Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in

transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your
Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an

accurate and unbiased manner.

USEFUL LINKS FOR COMPLETING THIS FORM
The EMBO Journal - Author Guidelines
EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

— ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
— plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.

—

—)
—_—
—)

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
the exact sample size (n) for each experimental group/condition, given as a number, not a range,;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

how many animals, litters, cultures, etc.).

— a statement of how many times the experiment shown was independently replicated in the laboratory.

—

definitions of statistical methods and measures:

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

Please complete ALL of the questions below.
Select "Not Applicable” only when the requested information is not relevant for your study.

Materials

Newly Created Materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions
apply?

Yes

Methods, Reagents and Tools Table

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

Yes

Reagents and Tools Table

Cell materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession humber
in repository OR supplier name, catalog number, clone number, and/OR
RRID.

Primary cultures: Provide species, strain, sex of origin, genetic
modification status.

Report if the cell lines were recently authenticated (e.g., by STR profiling)
and tested for mycoplasma contamination.

Experimental animals

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,
age, genetic modification status. Provide accession number in repository
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions.

Plants and microbes

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Core facilities

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
the acknowledgments section?

Yes

Acknowledgments

Design
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Ethics

Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where applicable.

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Yes

Methods

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Yes

Methods and Figures

Were any steps taken to minimize the effects of subjective bias when
allocating animals/samples to treatment (e.g. randomization procedure)?
If yes, have they been described?

Include a statement about blinding even if no blinding was done.

Describe inclusion/exclusion criteria if samples or animals were
excluded from the analysis. Were the criteria pre-established?

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

For every figure, are statistical tests justified as appropriate? Do the data
meet the assumptions of the tests (e.g., normal distribution)? Describe any
methods used to assess it. Is there an estimate of variation within each
group of data? Is the variance similar between the groups that are being
statistically compared?

Sample definition and in-laboratory replication

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated
in laboratory.

Yes

Figures

In the figure legends: define whether data describe technical or biological
replicates.

Yes

Figures

Ethics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and

the Department of Health and Human Services Belmont Report.

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https://www.selectagents.gov/sat/list.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the
regulatory approval provided in the manuscript?

Reporting
The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

For tumor marker prognostic studies, we recommend that you follow the
REMARK reporting guidelines (see link list at top right). See author
guidelines, under ‘Reporting Guidelines’. Please confirm you have followed
these guidelines.

For phase Il and Ill randomized controlled trials, please refer to the
CONSORT flow diagram (see link list at top right) and submit the
CONSORT checklist (see link list at top right) with your submission. See
author guidelines, under ‘Reporting Guidelines’. Please confirm you have
submitted this list.

Data Availability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's
guidelines (see 'Data Deposition' section) and the respective accession
numbers provided in the Data Availability Section?

Yes

Methods and Data availability

Were human clinical and genomic datasets deposited in a public access-
controlled repository in accordance to ethical obligations to the patients and
to the applicable consent agreement?

Are computational models that are central and integral to a study
available without restrictions in a machine-readable form? Were the
relevant accession numbers or links provided?

Yes

Methods and Data availability

If publicly available data were reused, provide the respective data citations
in the reference list.

Yes

Methods and Data availability
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