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1st Editorial Decision 10th Oct 2023

Dear Raffaella,

Thank you for the submission of your manuscript to EMBO reports. We have now received the full set of referee reports that is
pasted below.

As you will see, the referees acknowledge that the findings are potentially very interesting. They predominantly have minor
concerns, except for one major concern raised by referee 3 that overlaps with a comment by referee 1 and should be addressed,
as should all other points. Please let me know in case you disagree and we can discuss the exact revision requirements further,
also in a video chat, if you like.

| would thus like to invite you to revise your manuscript with the understanding that the referee concerns must be fully addressed
and their suggestions taken on board. Please address all referee concerns in a complete point-by-point response. Acceptance of
the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round
of major revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.

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 (10th Jan 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.

You can either publish the study as a short report or as a full article. For short reports, the revised manuscript should not exceed
27,000 characters (including spaces but excluding materials & methods and references) and 5 main plus 5 expanded view
figures. The results and discussion sections must further be combined, which will help to shorten the manuscript text by
eliminating some redundancy that is inevitable when discussing the same experiments twice. For a normal article there are no
length limitations, but it should have more than 5 main figures and the results and discussion sections must be separate. In both
cases, the entire materials and methods must be included in the main manuscript file.

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review. Your manuscript will FAIL
this control and the handling will be DELAYED if the following APPLIES:

1) A data availability section providing access to data deposited in public databases is missing. If you have not deposited any
data, please add a sentence to the data availability section that explains that.

2) Your manuscript contains statistics and error bars based on n=2. Please use scatter blots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision.

1) a .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) individual production quality figure files as .eps, .if, .jpg (one file per figure). See https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare your figures.

3) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable online.
A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and their
respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xls files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

4) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

5) a complete author checklist, which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert information in the checklist that is also



reflected in the manuscript. The completed author checklist will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (<https://orcid.org/>). Please find instructions on how to link your ORCID ID to your account in our manuscript
tracking system in our Author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public
database (see https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please remember to provide a
reviewer password if the datasets are not yet public. The accession numbers and database should be listed in a formal "Data
Availability" section placed after Materials & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *

If your study has not produced novel datasets, please mention this fact in the Data Availability Section.

8) 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.

9) Our journal also encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at https://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

The following points must be specified in each figure legend:

- the name of the statistical test used to generate error bars and P values,

- the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point,

- the nature of the bars and error bars (s.d., s.e.m.),

- If the data are obtained from n Program fragment delivered error “"Can't locate object method "less" via package "than"
(perhaps you forgot to load "than"?) at //ejpvfs23/sites23b/embor_www/letters/embor_decision_revise_and_review.txt line 56.' 2,

use scatter blots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a
basic description of n, P and the test applied.

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics Illustrator in designing a
cover.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF)
to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript.

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). If you do opt out, the Review
Process File link will point to the following statement: "No Review Process File is available with this article, as the authors have
chosen not to make the review process public in this case."



I look forward to seeing a revised form of your manuscript when it is ready.

Best wishes,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:
This paper by Meneka Rupasinghe and co-authors examines mechanisms of pluripotency in mouse ES cells.

In an excellent previous paper (Graf NCB 2017), the Santoro lab showed that, in the ICM and in 2i conditions, the protein
PRAMEL? is expressed, causes UHRF1 degradation and hypomethylation, and installs an epiblast-like/ground-state
transcription program. This paper also established that PRAMEL?7 interacts with CUL2, a RING-type E3 ubiquitin ligase.

The current paper builds upon these findings and shows that:

-PRAMELY7 interacts with CUL2 via two consensus boxes in the Nterminus (Figure 1). Deleting these boxes renders PRAMEL7
unable to target UHRF1 for degradation.

-As previously described, expression of PRAMEL?7 directs ES cells to have a 2i-like transcriptome, whereas the truncated
PRAMEL? does not have the same effect (Figure 2).

-PRAMELY controls the protein abundance of many proteins, including a number of chromatin factors such as DNMT1 and
NURD. It interacts directly with some of these complexes, as judged by IP/MS using the DeltaN form (Fig 3)

-PRAMELY recruits CUL2 to chromatin, where CUL2 interacts with a number of chromatin factors, including subunits of NuRD
(Fig 4).

-NuRD represses some ground-state genes that are induced upon PRAMEL? expression (Fig 5). ChIP-seq shows that CHD4
occupancy is decreased upon PRAMEL?7 expression (Fig 5).

| feel that the experiments and the logic are rigorous, and they convincingly support the authors' conclusion. The results are
novel and interesting. | think this paper would be a good fit for EMBO Reports, after the points below have been taken into
consideration.

Minor:

-not immediately clear to me what H/F means in Figure 1. | had to dig in the legend to understand the figure. Also not
immediately clear from the figure, the legend, or the results section if the protein is transiently or stably expressed in the ES
lines. As it is a critical piece of information, it is not ideal for the reviewer nor for the future reader.

-not clear to me why the authors decided to go with the DeltaN mutant, as opposed to the BC/C2Mut, which seems to also
disrupt interaction with CUL2, but is a cleaner mutant as compared to a deletion.

-l am not a fan of the nomenclature used in Fig. 2, with some genes labeled "PRAMEL7 CUL2" and some
"PRAMEL7DeltaCUL2". This is confusing and improper on several levels, one of them being that there is no CUL2 deletion. An
easier and more logical terminology would be to say that they are CUL2-interaction dependent and CUL2-interaction
independent.

-1 think Fig 2E is highly interesting. It shows clearly that PRAMEL7 reprograms ES cells. It also shows that PRAMEL7DeltaN has
a different effect. Nevertheless, the PCA plot shows clearly that the DeltaN "pushes” the cells to the left in PC1, and also up in
PC2. It looks almost as if it triggers the 2i-like transcriptome, but on top of it it also induces/represses other genes. | think it's
important to rule out this possibility. It can be done easily, with Venn diagrams, showing how much (or how little) the genes
shared by WT and DeltaN overlap with the 2i-specific genes.

-Fig 3C is so small it is unreadable. The authors might as well do away with it.
-Fig. 3F is hard to read, with some of the black or red characters ending on the blue rectangles.

-I do not understand the title on line 274: "PRAMEL7-CUL2 axis contrasts the repression of genes associated with NuRD
complex". | guess by "contrasting" they mean "opposing" or "antagonizing"?



Referee #2:

The authors elegantly showed that PRAMEL?7 recruits CUL2 to chromatin and targets regulators of repressive chromatin,
including NuRD complex for proteasomal degradation, thereby antagonizing NuRD-mediated repression of pluripotency-related
genes. These results explain at least one mechanism of how Induced PRAMEL7 expression reprograms developmentally
advanced ESC+serum into ground-state pluripotency by inducing a gene expression signature close to developmental ground-
state.

However, the following experimental details need to be addressed.

1. Figure 1C, HA immunoprecipitation (IP) in HEK293T cells transfected with HA/FLAG-Pramel7 (H/F-Pramel7)AN, why was the
full-length PRAMELY protein pulled down? In addition, these WB results, especially in the first line, should be shown as results
with less exposure.

2. Figure 3C requires enlarged protein names. There is no way to see clearly in the current version.

3. Figure 5E CHD4 ChIP-seq peaks are not convincing. The author needs to show the ChlP-seq input. Had the current "peaks"
been compared to the input already?

Referee #3:

Rupasinghe, Bersaglieri and colleagues present results following a previously published paper showing that PRAMEL7
overexpression in mouse embryonic stem cells leads to a change in transcriptome making them closer to the ground-state of
pluripotency. Here the authors present a new work showing that PRAMEL?7 interacts with CUL2. Combining RNA-sequencing,
SILAC-Mass Spectrometry and chromatin immunoprecipitation, they nicely show that the N-terminal domain of PRAMEL?7 is
involved in CUL2 interaction. These different experiments allow them to conclude that most of the transcriptional changes upon
PRAMEL? overexpression comes from its CUL2-interaction. Further, they propose that PRAMEL?7 can bind to chromatin where
it recruits CUL2 for subsequent proteasomal degradation of target proteins. They finally suggest that his PRAMEL7-CUL2
interaction regulates the NuRD complex (mainly CHD4) stability and binding to chromatin.

Overall, the manuscript is well-written, and the authors present a compelling story that will be of interest for the field and EMBO
Reports readers. | thank the authors for an interesting reading. | therefore recommend this manuscript for publication in EMBO
Reports journal following some minor revision. | have one major comment and some minor points listed below.

Major point:

Most of the authors' conclusions on PRAMEL7-CUL2 effect comes from an N-terminal deletion of 40 amino acids. While the
results presented are clear, it remains the possibility that the lack of the N-terminal domain itself could partially explain of some
of these results. In figures 1B and 1C, the authors show point-mutations of PRAMEL?7 that affect interaction with CUL2. Could
the authors validate some of their results with one of these constructs (maybe the C2mut)? For example, the Figure 4B with
association of PRAMEL7 with chromatin could be done for PRAMEL7 C2mut, but also the change in transcription or protein
levels of some of the identified target from Figures 2C and 3E could be confirmed with RT-gPCR and Western blots.

Minor points:

Figure 1C and 1E: the authors present Western blots of PRAMEL7? protein overexpression. A lower band is detectable in the
PRAMEL7 WT overexpression below the main signal. Is it some degradation product of PRAMEL7? Could the authors comment
on that point? Further on the figure 1E, did the authors check the profiles of PRAMEL7 protein in serum ESC vs 2i-cultured
ESC?

Figure 3A: since the level of CHD4 protein is not massively affected (-0.5 log2 fold-change in Figure 3A), could the author
perform an immunofluorescence experiment of CHD4 with or without PRAMEL7 expression to see whether localization pattern
is altered? Further on that point, the authors observe a strong decrease of chromatin-bound CHD4 at CHD4-promoters in serum
ESC. Could the author identify new CHD4 peaks appearing through the genome? Is it a relocalization of CHD4 to other genomic
loci that are now becoming repressed or a release from chromatin as written on line 318? Quantification of CHD4 presence in
soluble or chromatin-bound fraction as in Figure 4A could also give an answer to that point.

Figure 3C: | think the authors could split these two diagrams into two separate panels (one for up-regulated and one for down-
regulated) to increase visibility.

Figure 5A: the authors show a Western blot of CHD4 protein. In the input line after overexpression of PRAMEL7, a lower band of
CHD4 appears that is barely visible without PRAMEL7 expression. Could it be some degradation product? Could the authors
check for ubiquitinylation or any degradation signal on CHD4 protein or any member of the NuRD complex?

Figure 5B: To my understanding, the authors used an already published dataset (Kloet et al., 2018) for their comparative
analysis. However, data presented in Figure 5E-H comes from their own ChIP-seq experiment? Could the authors make this
information appear more clearly either on the figure or in the legend?

Line 313: The authors indicate that "32% of genes upregulated in ESC+PRAMEL7 were also significantly regulated upon Mbd3-
KD". Could the authors indicate if these 290 genes identified overlap not only with upregulated genes upon PRAMEL7
expression, but also with the 229 genes identified in figure 5B?

Appendix Figure S1C is cited after Appendix Figure S1D in the text. Further, the Appendix Figure S1C is not easy to read. The



histogram on the right would benefit from a legend indicating what blue and red represent. From the text it looks like blue means
upregulated genes from PRAMEL?7 dataset whereas red represent downregulated? In this case, this is also the opposite from
the colors used earlier in the figures (Figures 2A, 2B, 3A, 3B). Further, indicating either in the figure or in the legend from which
reference this dataset comes from would be clearer.

Line296: "Appendix Fig. 2A" whereas it should be "1A".

Line303: "Fig. E,F" | believe the "5" is missing.



1st Authors' Response to Reviewers

4th Dec 2023

PRAMEL7/CUL2 axis regulates NuRD stability to establish ground-state pluripotency in
embryonic stem cells

Rupasinghe, Bersaglieri et al.,

Response to the reviewers

We thank all the Reviewer’s for the positive and constructive comments. In the revised manuscript, we
have modified the text to clarify points that were not sufficiently clear and included additional data based
on the Reviewer’s suggestions. The additional data strengthen the conclusions of our work.

List of changes

Modifications in the text were highlighted in red.
The new data are listed here below.

New figures
Revised Previous Description Reviewer
manuscript | version
Fig. 1C Fig. 1C cI;?Oe_rl)lgacemen’[ of better-quality PRAMEL7-CHD4 Reviewer 2,3
. . WB showing UHRF1 levels upon expression of .
Fig- 1D PRAMEL7wr and mutants Reviewer 1,3
Fig. 3C Fig. 3C Editing of STRING analysis Reviewer 1,2
Fig. 3F Fig. 3F Style editing of KEGG pathway analysis Reviewer 1
. . Heat map of CHD4-peaks at promoter regions .
Fig. 6H Fig. SF including gained CHD4-peaks in ESC+PRAMEL7 | Reviewer3
EV1A -- IGV CHD4-ChIPseq with input Reviewer 2
Heat map of all CHD4-peaks including gained .
EViB - CHD4-peaks in ESC+PRAMEL7 Reviewer 3
Average density plots of ChIPseq read .
EVIC B counts of CHD4 peaks Reviewer 3
Additional data not included in the manuscript
Description Reviewer
Gene expression analysis of “2i-genes” Reviewer 1
CHD4-immunofluorescence in ESC+PRAMEL7 Reviewer 3




Referee #1:

This paper by Meneka Rupasinghe and co-authors examines mechanisms of pluripotency in mouse ES
cells. In an excellent previous paper (Graf NCB 2017), the Santoro lab showed that, in the ICM and in
2i conditions, the protein PRAMEL?7 is expressed, causes UHRF1 degradation and hypomethylation,
and installs an epiblast-like/ground-state transcription program. This paper also established that
PRAMELY interacts with CUL2, a RING-type E3 ubiquitin ligase. The current paper builds upon these
findings and shows that:

-PRAMELY interacts with CUL2 via two consensus boxes in the N terminus (Figure 1). Deleting these
boxes renders PRAMELY7 unable to target UHRF1 for degradation.

-As previously described, expression of PRAMEL7 directs ES cells to have a 2i-like transcriptome,
whereas the truncated PRAMELY7 does not have the same effect (Figure 2).

-PRAMELY controls the protein abundance of many proteins, including a number of chromatin factors
such as DNMT1 and NURD. It interacts directly with some of these complexes, as judged by IP/MS
using the DeltaN form (Fig 3)

-PRAMELY recruits CUL2 to chromatin, where CUL2 interacts with a number of chromatin factors,
including subunits of NuRD (Fig 4).

-NuRD represses some ground-state genes that are induced upon PRAMEL7 expression (Fig 5). ChIP-
seq shows that CHD4 occupancy is decreased upon PRAMEL7 expression (Fig 5).

| feel that the experiments and the logic are rigorous, and they convincingly support the authors'
conclusion. The results are novel and interesting. | think this paper would be a good fit for EMBO
Reports, after the points below have been taken into consideration.

Author: We thank the Reviewer for the positive comments.

Minor:

-not immediately clear to me what H/F means in Figure 1. | had to dig in the legend to understand the
figure. Also not immediately clear from the figure, the legend, or the results section if the protein is
transiently or stably expressed in the ES lines. As it is a critical piece of information, it is not ideal for
the reviewer nor for the future reader.

Author: We are sorry for the confusion. At page 5, line 103, as well in the corresponding legend, we
defined H/F as the HA/FLAG tag. This abbreviation was because of space restriction in the
corresponding figures. We have better clarified in the text that the ESC line stably expressed
PRAMEL7wr and PRAMEL7an mutant.

-not clear to me why the authors decided to go with the DeltaN mutant, as opposed to the BC/C2Mut,
which seems to also disrupt interaction with CUL2, but is a cleaner mutant as compared to a deletion.
Author: We would like to clarify that PRAMEL7an mutant contains a relatively small deletion (40 aa.),
which only comprises the amino acids within the BC and CUL2 boxes domains, leaving intact 83% of
PRAMELY7Y peptide. We clarified this point in the revised manuscript. The BC/CUL2 point- and deletion-
mutants were used to prove that PRAMEL7 contains a functional CUL2 and BC box domains, which
are known to mediate the interaction with CUL2, and to assess PRAMEL7 as a CUL2-interacting
protein. The data in Figure 1 showed that both BC/CUL2 point- and deletion-mutants have similar
phenotype since they cannot interact with CUL2. To better clarify this point, we included additional data
(new Fig. 1D) further showing that PRAMEL7an and PRAMEL7-point mutants are functionally similar
since they are both unable to downregulate the known PRAMEL7-target UHRF1, indicating that both
mutants impar PRAMEL7-CUL2 downstream processes.

The reason to perform all the analyses with PRAMEL7an is because we soon obtained an ESC line that
had PRAMEL7an expression levels similar to PRAMELY in the control ESC+PRAMEL7wrt. In contrast,
all the generated ESC+PRAMEL7scicamut cell lines showed very little expression and consequentially
could not be used. We do not think there is biology behind, only bad luck. At that time, we decided to
initiate the most exciting part of the project (i.e., the functional analyses) with PRAMEL7an cells instead
to wait additional time for the ESC+PRAMEL7sc/camut cell lines. Since all the initial experiments indicated



that PRAMEL7an behave as a CUL2-deficient binding mutant, we continued to use this mutant for all
the downstream analyses.

-l am not a fan of the nomenclature used in Fig. 2, with some genes labeled "PRAMEL7 CUL2" and
some "PRAMEL7DeltaCUL2". This is confusing and improper on several levels, one of them being that
there is no CUL2 deletion. An easier and more logical terminology would be to say that they are CUL2-
interaction dependent and CUL2-interaction independent.

Author: We agree with the Reviewer. We modified the nomenclature accordingly (i.e., CUL2-interaction
dependent genes - short form “PRAMEL7cuL2” and CUL2-interaction independent genes - short form
“PRAMEL7cuL2:ind”).

-1 think Fig 2E is highly interesting. It shows clearly that PRAMEL?7 reprograms ES cells. It also shows
that PRAMEL7DeltaN has a different effect. Nevertheless, the PCA plot shows clearly that the DeltaN
"pushes" the cells to the left in PC1, and also up in PC2. It looks almost as if it triggers the 2i-like
transcriptome, but on top of it it also induces/represses other genes. | think it's important to rule out this
possibility. It can be done easily, with Venn diagrams, showing how much (or how little) the genes
shared by WT and DeltaN overlap with the 2i-specific genes.

Author: As described in our previous work, ESC+PRAMEL7 and ESC+2i act on different pathways
and, although both similar to ground-state pluripotency, they do not share very similar transcription
profiles (Graf et al., 2017). We followed the suggestion of the Reviewer and analyzed the expression of
genes common to PRAMEL7wr and PRAMEL7an relative to 2i- and serum-specific genes reported by
Marks et al. 2012 (PMID: 22541430, see data below). We have also analyzed our own RNAseq in
ESC+2i and ESC+serum (Dalcher et al., PMID: 33433018). However, whatever dataset we used, we
found very little overlap, indicating once more that ESC+PRAMEL7 are similar to early embryo
pluripotency but not to ESC+2i. We decided to not include these data in the revised manuscript since
they were not informative or novel.

Genes commonly upregulated in Genes commonly downregulated in
ESC+PRAMEL7,,; and ESC+PRAMEL7 5\ ESC+PRAMEL7,; and ESC+PRAMEL7 5\
VvS. VS.

Genes upregulated Genesdown
in ESC+2i vs. ESC+serum in ESC+2i vs. ESC+serum

56
16%

167 genes not
upregulated in ESC+2i

300 genes not
downregulated in
ESC+2i

-Fig 3C is so small it is unreadable. The authors might as well do away with it.
Author: We increased the size of the protein names.

-Fig. 3F is hard to read, with some of the black or red characters ending on the blue rectangles.
Author: We modified the style of Figure 3F.



-1 do not understand the title on line 274: "PRAMEL7-CUL2 axis contrasts the repression of genes
associated with NuURD complex". | guess by "contrasting” they mean "opposing" or "antagonizing"?
Author: We thank the reviewer for this comment. We modified the title accordingly.

Referee #2:

The authors elegantly showed that PRAMEL?7 recruits CUL2 to chromatin and targets regulators of
repressive chromatin, including NuRD complex for proteasomal degradation, thereby antagonizing
NuRD-mediated repression of pluripotency-related genes. These results explain at least one
mechanism of how Induced PRAMEL?7 expression reprograms developmentally advanced ESC+serum
into ground-state pluripotency by inducing a gene expression signature close to developmental ground-
state.

Author: We thank the Reviewer for the positive comments.

However, the following experimental details need to be addressed.

1. Figure 1C, HA immunoprecipitation (IP) in HEK293T cells transfected with HA/FLAG-Pramel7 (H/F-
Pramel7)AN, why was the full-length PRAMEL7 protein pulled down? In addition, these WB results,
especially in the first line, should be shown as results with less exposure.

Author: We apologize for the quality of this IP. We replaced this experiment with a new IP which
confirms the previous results showing that all PRAMEL7 BC/CUL2 box mutants do not associate with
CuL2.

2. Figure 3C requires enlarged protein names. There is no way to see clearly in the current version.
Author: We increased the size of the protein names.

3. Figure 5E CHD4 ChlP-seq peaks are not convincing. The author needs to show the ChIP-seq input.
Had the current "peaks" been compared to the input already?

Author: We are sorry for the confusion. As indicated in the M&M section, CHD4 bound regions were
defined using SICER by comparing the CHD4 ChlPs of the three cell lines and the respective inputs.
We did not include the input signal in the IGV image of Figure 5E (now Fig. 6G) to simplify the
visualization of the ChlPseq and RNAseq data. In this revised version, we included IGV images of the
ChIPseq containing the corresponding inputs (Appendix Fig. 1A).



Referee #3:

Rupasinghe, Bersaglieri and colleagues present results following a previously published paper showing
that PRAMEL7 overexpression in mouse embryonic stem cells leads to a change in transcriptome
making them closer to the ground-state of pluripotency. Here the authors present a new work showing
that PRAMEL7 interacts with CUL2. Combining RNA-sequencing, SILAC-Mass Spectrometry and
chromatin immunoprecipitation, they nicely show that the N-terminal domain of PRAMELY is involved
in CUL2 interaction. These different experiments allow them to conclude that most of the transcriptional
changes upon PRAMELY7 overexpression comes from its CUL2-interaction. Further, they propose that
PRAMEL7? can bind to chromatin where it recruits CUL2 for subsequent proteasomal degradation of
target proteins. They finally suggest that his PRAMEL7-CUL2 interaction regulates the NuRD complex
(mainly CHD4) stability and binding to chromatin.

Overall, the manuscript is well-written, and the authors present a compelling story that will be of interest
for the field and EMBO Reports readers. | thank the authors for an interesting reading. | therefore
recommend this manuscript for publication in EMBO Reports journal following some minor revision.
Author: We thank the Reviewer for the positive comments.

| have one major comment and some minor points listed below.

Major point:

Most of the authors' conclusions on PRAMEL7-CUL2 effect comes from an N-terminal deletion of 40
amino acids. While the results presented are clear, it remains the possibility that the lack of the N-
terminal domain itself could partially explain of some of these results. In figures 1B and 1C, the authors
show point-mutations of PRAMEL7 that affect interaction with CUL2. Could the authors validate some
of their results with one of these constructs (maybe the C2mut)? For example, the Figure 4B with
association of PRAMEL7 with chromatin could be done for PRAMEL7 C2mut, but also the change in
transcription or protein levels of some of the identified target from Figures 2C and 3E could be confirmed
with RT-gPCR and Western blots.

Author: We are sorry for the confusion. We would like to clarify that PRAMEL7an mutant contains a
relatively small deletion (40 aa.), which only comprises the amino acids within the BC/CUL2 domain,
leaving intact 83% of PRAMELY7 peptide. We included this information in the results section of this
revised work. The PRAMEL?7 deletion- and point-mutants were analyzed to demonstrate that they do
not interact with CUL2 and to assess that PRAMEL7 contains a functional BC/CUL2 domain, which is
known to mediate the interaction with CUL2, making PRAMEL7 a CULZ2-interacting protein. Since
BC/CUL2 domain is specifically recognized by CUL2, we think that it is quite unlikely that the small and
precise deletion of the BC/CUL2 domain would affect the association of PRAMEL7 with factors other
than the CUL2 complex in particularly since all the data showed a role of CUL2 in PRAMEL7-mediated
regulation, including the interaction of CUL2 with CHD4 on chromatin which is PRAMEL7-dependent.
To further demonstrate that PRAMEL7an and ESC+PRAMEL7sc/camut have similar function we included
new data showing that both mutants cannot downregulate UHRF1, a known PRAMEL7 target (new
Fig. 1D). We could not perform additional comparative experiments since we fail to establish ESC lines
expressing ESC+PRAMEL7sc/camut.

Minor points:

Figure 1C and 1E: the authors present Western blots of PRAMEL7 protein overexpression. A lower
band is detectable in the PRAMEL7 WT overexpression below the main signal. Is it some degradation
product of PRAMEL7? Could the authors comment on that point?

Author: We replaced Figure 1C with a co-IP of better quality which does not show any band below
PRAMELY signal. We did not observe this band in any WBs.

Further on the figure 1E, did the authors check the profiles of PRAMEL7 protein in serum ESC vs 2i-
cultured ESC?



Author: We performed this analysis in our previous work (Graf et a., 2017). PRAMEL7 protein levels
in ESC+2i and ESC+serum are undetectable by WB. At mRNA level, however, PRAMEL7Y levels are
higher in ESC+2i than in ESC+serum.

Figure 3A: since the level of CHD4 protein is not massively affected (-0.5 log2 fold-change in Figure
3A), could the author perform an immunofluorescence experiment of CHD4 with or without PRAMEL7
expression to see whether localization pattern is altered?

Author: We performed CHD4-IFs in ESCs and ESC+PRAMEL7. However, we did not observe any
evident changes in signals. We decided to not include this data in the manuscript since they were not
informative.

ESC+PRAMEL7

Further on that point, the authors observe a strong decrease of chromatin-bound CHD4 at CHDA4-
promoters in serum ESC. Could the author identify new CHD4 peaks appearing through the genome?
Is it a relocalization of CHD4 to other genomic loci that are now becoming repressed or a release from
chromatin as written on line 3187 Quantification of CHD4 presence in soluble or chromatin-bound
fraction as in Figure 4A could also give an answer to that point.

Author: We reanalysed the CHD4-ChlPseq for all peaks and peaks within promoter (new Figs. 6H
and Appendix Fig. 1B). We found that only few sites gained CHD4 signal in ESC+H/F-PRAMEL7wr,
indicating that the expression of PRAMEL?7 did not cause a relocalization of CHD4 but instead promoted
a loss of CHD4 association with chromatin. Accordingly, the few promoters (100), which become bound
by CHD4 in ESC+PRAMEL?7, showed a weak CHD4 signal compared to average CHD4 signal in control
cells (new Appendix Fig. 1C) and in general they were not significantly downregulated (only two genes
were downregulated).

Figure 3C: | think the authors could split these two diagrams into two separate panels (one for up-
regulated and one for down-regulated) to increase visibility.
Author: We divided Figure 3C in two parts (now. Fig. 3C and D).

Figure 5A: the authors show a Western blot of CHD4 protein. In the input line after overexpression of
PRAMELY7, a lower band of CHD4 appears that is barely visible without PRAMEL7 expression. Could
it be some degradation product? Could the authors check for ubiquitinylation or any degradation signal
on CHD4 protein or any member of the NuRD complex?

Author: We increased the exposure of the indicated WB (see image below), however, we did not find
any evident difference in CHD4 signals between parental ESCs and ESC+PRAMELY7. We followed the
suggestion of the Reviewer and performed western blot for ubiquitin on CHD4-IPs from parental ESCs
and ESC+PRAMEL7. However, we did not observe any difference. These results are in agreement with
our data showing that PRAMEL7-CUL2-mediated downregulation of CHD4 can be detected only with
quantitative proteomic analyses but not with western blot.



Figure 5B: To my understanding, the authors used an already published dataset (Kloet et al., 2018) for
their comparative analysis. However, data presented in Figure 5E-H comes from their own ChIP-seq
experiment? Could the authors make this information appear more clearly either on the figure or in the
legend?

Author: We included this information in the corresponding Figure legend.

Line 313: The authors indicate that "32% of genes upregulated in ESC+PRAMEL7 were also
significantly regulated upon Mbd3-KD". Could the authors indicate if these 290 genes identified overlap
not only with upregulated genes upon PRAMEL7 expression, but also with the 229 genes identified in
figure 5B?

Author: We did this analysis and found that 21% of genes that are upregulated in ESC+PRAMEL7 and
in Mbd3-KD cells contain CHD4 bound to their promoters and are significantly linked to cell signalling
pathways (P 10%). Although this is a nice correlation, we would like to not include this information in the
revised manuscript. Indeed, the analysis identifying PRAMEL7-regulated genes with CHD4-bound
promoters (Fig. 5B) was very stringent since it excluded genes that could be regulated by CHD4 bound
at probable enhancers and coding regions.

Appendix Figure S1C is cited after Appendix Figure S1D in the text.
Author: We have reorganized Appendix Figure S1 and the corresponding citations in the text.

Further, the Appendix Figure S1C is not easy to read. The histogram on the right would benefit from a
legend indicating what blue and red represent. From the text it looks like blue means upregulated genes
from PRAMEL7 dataset whereas red represent downregulated? In this case, this is also the opposite
from the colors used earlier in the figures (Figures 2A, 2B, 3A, 3B). Further, indicating either in the figure
or in the legend from which reference this dataset comes from would be clearer.

Author: We included the missing information in the Figure and the corresponding legend.

Line296: "Appendix Fig. 2A" whereas it should be "1A".
Line303: "Fig. E,F" | believe the "5" is missing.
Author: Thank you for having spotting these mistakes. We corrected these typos, accordingly.



1st Revision - Editorial Decision 2nd Jan 2024

Dear Raffaella, and happy new year !

Thank you for the submission of your revised manuscript. We have now received the enclosed reports from the referees that
were asked to assess it and | am happy to say that both support the publication of your work now. Only a few more minor
editorial requests will need to be addressed before we can proceed with the official acceptance of your manuscript.

- Please rename the conflict of interest subheading to "Disclosure and Competing Interest Statement".
- Please remove the author credits from the ms file. All credits need to be entered online during ms submission.

- Please send us a completed author checklist that can be found here:
<https://www.embopress.org/page/journal/14693178/authorguide>. The completed list will also be part of our transparent peer-
review process file.

- You uploaded 9 Datasets; their legends need to be removed from the ms and placed in each Excel file, as a separate
sheet/tab; while the callouts in the ms are OK, the files themselves need to be renamed: e.g. it should be "Dataset EV1" instead
of "Table S1".

- The Appendix file needs a title page that has a table of content with page numbers; the figure needs "S" in the name, it should
be Appendix Figure S1; the callout in the ms needs to be updated too; its legend needs to be removed from the ms file and
placed in the Appendix file, right after the figure.

- The source data (SD) need to be uploaded as one folder per one figure, the folder for Figure 6 also contains SD for figure 5,
these need to be split.

- Summary should be renamed to Abstract.

- Our routine image analysis flagged a possible re-use of the heatmap image between Figure 6h and Appendix figure 1B, and
this is not listed in figure legend. Can you please check and clarify? Thank you.

- Please add direct links in the DAS for the GSE215339 and PXD032184 datasets.

- Please specify the statistical tests used for data analysis in the legends of figures 2a-b, d; 3a-b; 6e.

| would like to suggest some minor changes to the title and abstract. Please let me know whether you agree with the following:
PRAMEL7 and CUL2 decrease NuRD stability to establish ground-state pluripotency

Pluripotency is established in the E4.5 preimplantation epiblast. Embryonic stem cells (ESCs) represent both immortalization
and pluripotency, however, their gene expression signature only partially resembles that of developmental ground-state. Induced
PRAMELY expression, a protein highly expressed in the ICM but lowly expressed in ESCs, reprograms developmentally
advanced ESC+serum into ground-state pluripotency by inducing a gene expression signature close to developmental ground-
state. However, how PRAMELY reprograms gene expression remains elusive. Here we show that PRAMEL?7 associates with
Cullin2 (CUL2) and this interaction is required to establish ground-state gene expression. PRAMEL?7 recruits CUL2 to chromatin
and targets regulators of repressive chromatin, including the NuRD complex, for proteasomal degradation. PRAMEL7
antagonizes NuRD-mediated repression of genes implicated in pluripotency by decreasing NuRD stability and promoter
association in a CUL2-dependent manner. Our data link proteasome degradation pathways to ground-state gene expression,
offering insights to generate in vitro models to reproduce in vivo ground-state pluripotency.

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings and their significance, B) 2-
3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the
height is variable). You can either show a model or key data in the synopsis image. Please note that text needs to be readable
at the final size. Please send us this information along with the final manuscript.

I look forward to seeing a final version of your manuscript as soon as possible.

Best wishes,
Esther

Esther Schnapp, PhD
Senior Editor



EMBO reports

Referee #1:

| thank the authors for their modifications, which fully answer my questions.

Referee #3:

The authors have addressed my comments adequately and | therefore recommend this manuscript for publication in EMBO
Reports.



2nd Authors' Response to Reviewers 5th Jan 2024

All editorial and formatting issues were resolved by the authors.



2nd Revision - Editorial Decision 10th Jan 2024

Prof. Raffaella Santoro

University of Zurich

Molecular Mechanisms of Disease
Winterthurerstrasse 190

Zurich 8057

Switzerland

Dear Raffaella,

| am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our 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/14693178/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 EMBO
Reports.

Best wishes,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

>>> Please note that it is EMBO Reports 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
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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.
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— 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.
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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

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

Antibodies

Information included in
the manuscript?
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(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

Yes

Dataset EV9

DNA and RNA sequences

Information included in
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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

Dataset EV9

Cell materials

Information included in
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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 number

129 mouse embryonic stem cells (E14 line) was described in materials and

in repository OR supplier name, catalog number, clone number, and/OR Yes method section

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) Yes Cell were regularly tested for mycoplasma contaminaion

and tested for mycoplasma contamination.

Experimental animals

Information included in
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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
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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

Core facilities were mentioned in the Acknowledgement section

Design
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Ethics

Study protocol

Information included in
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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.

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.

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?

Yes

Statistical tests were described in the corresponding figure legends and
methods

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

Number of replicates were described in the corresponding figure legends

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

Yes

Only biological experiments were included and this was described in the
corresponding figure legends

Ethics

Information included in
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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 lll 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

We included this information in the Data availability section

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?

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

Yes

Used avalaible datasets were cited in the reference list
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