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REVIEWER COMMENTS 

 

Reviewer #1 (Remarks to the Author): 

 

In this manuscript, Yu and colleagues investigate how the NUT part of the oncogenic BRD4-NUT fusion 

binds to the TAZ2 domain of p300 and what is the biological consequence of this interaction. The 

authors report two NMR structures – the TAZ2 domain in complex with two different regions of NUT – 

and carefully examine the formation of both complexes by IPs, NMR and FPLC. The authors show that 

BRD4-NUT forms phase separated condensates in vitro and in vivo and that binding of p300 promotes 

phase separation. The authors further demonstrate that BRD4-NUT/p300 containing condensates drive 

the activation of transcription of pro-proliferative and oncogenic genes. From my point of view, this is 

a very well executed study- it contains excellent quality data, and conclusions are convincing and 

justified. Importantly, this study provides mechanistic details about proteins directly implicated in NUT 

carcinoma which might pave the way for the development of novel therapeutics against this 

devastating aggressive form of cancer. This work can be of high interest not only to scientists working 

in the field of chromatin biology but to a wide scientific community, and I enthusiastically support 

publication. 

 

A couple of minor suggestions- to generate a couple of mutants to disrupt the NUT-TAZ2 interphase 

(focusing on disease-related mutations particularly, if any are known), and to measure the HAT 

activity of p300 in the presence of BRD4-NUT. 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

In this study, the authors investigated the molecular mechanism through which the fusion protein 

BRD4-NUT recruits and activates the histone acetyltransferase (HAT) p300 and subsequently assessed 

the functional bearing of this interaction on the expression of pro- and anti-proliferation/differentiation 

gene sets and signaling pathways. Overall, the objective of the study is clearly stated and the research 

question is timely and interesting, the methods are appropriate, the results are convincing and the 

discussion is well argued. I only have few concerns that need to be addressed by the authors: 

1. It is not clear whether the transactivation domains (TADs) in BRD4-NUT targeting and activating 

TAZ2 domain is P300-specific or is it more universal. In other words, could TDAs in BRD4-NUT target 

and activate other TAZ2 domain-containing proteins? The authors could address this question by P300 

knockdown type of work. 

2. The clear data in Figs. 1-3 and the observation that BRD4-NUT fusion is a driver of P300 

recruitment and activation notwithstanding, the capacity of TADs in unfused NUT to target TAZ2 

domains in P300, activate P300 as a HAT to induce hyperacetylation in target cells was not addressed. 

3. In Fig. 5, the authors stated that BRD4-NUT fusion protein up-regulates ALX1 and promotes EMT, 

however, the data supporting this claim is thin (pPCR of key genes like SNAIL); there is no data on 

loss of cell polarity, cell-cell adhesion, gain of migratory and invasive properties, etc. to show that 

changes in such EMT-related gene expression translates into factual EMT. 

4. The functional consequences of BRD4-NUT/P300 interaction and the resulting hyperacetylation need 

to be further investigated; additional data points (e.g. resistance to targeted chemotherapy [MS645, 

JQ1], anti-apoptotic potential, invasion potential, cell cycling [CDK9], cancer stem-cell formation 

potential) and further discussed is required. 

5. Is the consequent hyperacetylation restricted to H3K27 as shown in Fig. 4c; could other residues 

(e.g. H3K18) be targeted? 

6. In the diagrammatic representation (Fig. 6d), it is not clear why the authors focused on AXL1 and 

other anti-differentiation genes despite the fact that data in Fig. 6 shows that BRD4-NUT/P300 

interaction alters the expression of other gene sets such as the EMT-related genes. 

 

 



 

Reviewer #3 (Remarks to the Author): 

 

It is the first time that the structure of the p300 BRD4-NUT/p300 complex is resolved, providing a 

novel drug target to block BRD4-NUT/p300 interaction to treat this devastating disease. Besides this, 

this manuscript mainly confirms the Reynoird et al.’s findings in 2010. In Reynoird’s paper, the 

authors identified p300 as a binding partner of BRD4-NUT through interaction between p300 TAZ2 

domain and BRD4-NUT F1c region. This interaction can activate p300, leading to enhanced HAT 

activities of p300. Although this manuscript further explored one of the downstream targets ALX1 in 

the tumorigenesis of NUT carcinoma (NC), most cellular experiments were done in Non-NC models. 

 

Concerning the manuscript itself, I have the following issues that the authors could address. 

 

1. I think the oncogenesis of NC relies on the whole aberrant gene transcription landscape, and ALX1 

is within this landscape. Although the authors showed EMT induction by wt BRD4-NUT but not by 

BRD4-NUT with F1c deletion in non-NC models, the direct evidences whether ALX1 is involved are still 

missing. The authors could simply check if EMT induction by wt BRD4-NUT is compromised by ALX1 

depletion. To prove its vital role in NC, the biological functions of ALX1 also needs to be specifically 

addressed in NC models. For example, ALX1 knockdown experiments could be performed in NC to test 

its functions in controlling cell proliferation, squamous differentiation and EMT. 

 

2. The overexpression of BRD4-NUT with F1c deletion still forms foci and colocalized with histone 

hyperacetylated foci (Fig. 4c & d), though to a less extent compared to wt BRD4-NUT. I am wondering 

if other regions of BRD4-NUT still recruits other HATs. The authors have many BRD4-NUT deletion 

constructs and it would be interesting to test them in the same setting. 

 

3. In Figure 4f, the authors observed enhanced H3K27ac, but not H3K56ac and H4K12ac in BRD4-NUT 

overexpressed cell lysates. But in Figure 4g, the in vitro HAT assay showed both enhanced H3K27ac 

and H3K56ac from the same nuclear extracts. Can the authors explain the discrepancy? 
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Point-to-Point Response to Reviewers’ Comments (NCOMMS-22-25872-T) 
We thank all three Reviewers for their constructive comments and helpful suggestions. In this revision, 
we have fully addressed the reviewers’ comments through clarifications and by providing additional new 
data that have improved the presentation and strengthened the conclusions of our study. Below, we list 
the major changes in the revision, followed by our point-to-point responses to the reviewers’ comments. 
 
A. Major Changes: 
 
Figure 4 
Fig. 4a, b – We provided new data to assess the effects of single TAD1 or TAD2 deletion mutation 
EGFP-BRD4-NUT-DTAD1 or -DTAD2 on co-condensation with p300 in LO2 cell nucleus. 
 
Fig. 4c – We provided new data showing H3K18ac co-condensation with wild-type EGFP-BRD4-NUT-
WT or the TAD1/2 deletion mutant EGFP-BRD4-NUT-DF1c in LO2 cell nucleus.  
 
Figure 5 (previous Figure 4f, g) 
Fig. 5a – We updated the western blot analysis showing that the effects of ectopic expression of EGFP-
BRD4-NUT-WT or TAD1/2 deletion mutants (DTAD1, DTAD2, and DF1c) in LO2 cells on p300 
acetylation, activation and histone acetylation. 
 
Fig. 5b – We updated the results of the in-vitro acetylation assay with HEK293 nuclear extracts, over-
expressing EV, EGFP-BRD4-NUT-WT or TAD1/2 deletion mutants.  
 
Figure 7 (previous Figure 6) 
Fig. 6d, e – We presented new data showing siRNA knockdown of MYC, ALX1, NUTM1 in NC 14169 
cells, and their effects on the protein expression level of Involucrin, a differentiation marker.  
 
Extended Data Figure 5 
ED-Fig. 5b, c – We provided new data showing the effects of 12 hour- and 48 hour-treatment of BRD4 
inhibitors JQ1 and MS645, or HDAC inhibitors on p300 co-condensation with EGFP-BRD4-NUT-WT in 
LO2 cell nucleus. 
 
Extended Data Figure 6 
ED-Fig. 6a – We provided new fluorescence imaging data showing Flag-BRD4L and Flag-BRD4S 
puncta co-condensation with EGFP-BRD4-NUT-WT or EGFP-BRD4-NUT-DF1c in LO2 cell nucleus. 
 
Extended Data Figure 7 
ED-Fig. 7a – We provided a new gel-shift assay data validating the BRD4-NUT WT and TAD1/2 deletion 
mutant plasmid DNAs used in this study. 
 
ED-Fig. 7b, c – We provided new Co-IP data showing p53-WT interacted with endogenous p300 more 
than the TAD1/2 deletion mutants of p53, including p53-DTAD1, -DTAD2 and -DTAD1/2. 
 
ED-Fig. 7d – We provided new western blot data showing that ectopic expression of wild-type EGFP-
p53-WT elevated p300 autoacetylation and histone acetylation, whereas expression of the TAD deletion 
mutants (DTAD1, DTAD2 and DTAD1/2) only induced marginal enhancement.  
 
ED-Fig. 7e – We generated new in-vitro acetylation assay data with HEK293 nuclear extracts, where 
we overexpressed EV, EGFP-p53-WT and TAD deletion mutants of p53-DTAD1, -DTAD1 and -DTAD1/2.  
 
Extended Data Figure 8 
We provided the analysis of available ChIP-seq and RNA-seq datasets from NC PER-403 and TC-797 
cells for select BRD4-NUT target genes.  
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B. Reviewer #1 (Remarks to the Author): 
In this manuscript, Yu and colleagues investigate how the NUT part of the oncogenic BRD4-NUT fusion 
binds to the TAZ2 domain of p300 and what is the biological consequence of this interaction. The 
authors report two NMR structures – the TAZ2 domain in complex with two different regions of NUT – 
and carefully examine the formation of both complexes by IPs, NMR and FPLC. The authors show that 
BRD4-NUT forms phase separated condensates in vitro and in vivo and that binding of p300 promotes 
phase separation. The authors further demonstrate that BRD4-NUT/p300 containing condensates drive 
the activation of transcription of pro- proliferative and oncogenic genes. From my point of view, this is a 
very well executed study- it contains excellent quality data, and conclusions are convincing and justified. 
Importantly, this study provides mechanistic details about proteins directly implicated in NUT carcinoma 
which might pave the way for the development of novel therapeutics against this devastating aggressive 
form of cancer. This work can be of high interest not only to scientists working in the field of chromatin 
biology but to a wide scientific community, and I enthusiastically support publication. 
 
B. Q1. “A couple of minor suggestions- to generate a couple of mutants to disrupt the NUT-TAZ2 
interphase (focusing on disease-related mutations particularly, if any are known), and to measure the 
HAT activity of p300 in the presence of BRD4-NUT.” 
 

Response: We very much appreciate Reviewer #1’s positive appraisal of our study and constructive 
comments. BRD4-NUT is a translocation fusion protein and itself is responsible for NUT carcinoma (NC) 
and there are no other NC-related mutations reported for BRD4-NUT. To address the reviewer’s 
comment, and to further validate our findings that NUT-TAZ2 binding induces p300 HAT activation, we 
generated two single-TAD deletion mutants (BRD4-NUT-DTAD1, -DTAD2) (Fig. 4a). We found that the 
single deletion (DTAD1 or DTAD2) or double deletion (DTAD1/2) mutant showed nearly complete loss 
in their ability to activate p300 (Fig. 5a). This is in contrast to BRD4-NUT-WT, which activates p300 
HAT activity as reflected by markedly increased levels of p300 acetylation (p300-Kac), and H3K18ac 
and H3K27ac in HEK293 cells. Further, in an in-vitro HAT assay with nuclear extracts of HEK293 cells 
overexpressing EGFP-BRD4-NUT-WT or the TAD deletion mutants, we confirmed that BRD4-NUT-WT 
increased acetylation levels of endogenous p300 (p300-Kac) and recombinant histone H3 (H3K27ac, 
H3K18ac, and H3K56ac), whereas neither of single nor double TAD1/2 deletion mutants yielded any 
significant enhancement of p300 or histone H3 acetylation as compared to the empty vector control 
(Fig. 5b). Taken together, our new data further highlight that BRD4-NUT’s bipartite interaction with p300 
is required for p300 HAT trans-activation and histone H3 hyper-acetylation in chromatin.  
 
 
C. Reviewer #2 (Remarks to the Author): 
In this study, the authors investigated the molecular mechanism through which the fusion protein BRD4-
NUT recruits and activates the histone acetyltransferase (HAT) p300 and subsequently assessed the 
functional bearing of this interaction on the expression of pro- and anti-proliferation/differentiation gene 
sets and signaling pathways. Overall, the objective of the study is clearly stated and the research 
question is timely and interesting, the methods are appropriate, the results are convincing and the 
discussion is well argued. I only have few concerns that need to be addressed by the authors: 
 
C. Q1. “It is not clear whether the transactivation domains (TADs) in BRD4-NUT targeting and activating 
TAZ2 domain is P300-specific or is it more universal. In other words, could TDAs in BRD4-NUT target 
and activate other TAZ2 domain-containing proteins? The authors could address this question by P300 
knockdown type of work.” 
 

Response: We thank Reviewer #2 for his/her helpful feedback. The TAZ2 (transcriptional adaptor zinc 
finger) is a unique zinc finger domain only present in transcriptional coactivator HATs p300/CBP (Krois 
et al., 2016). The TAZ2 shares a similar topological fold as the TAZ1 domain, also present in p300/CBP, 
which consists of four a-helices stabilized by binding to three zinc atoms. However, the TAZ1 and TAZ2 
differ significantly in the protein sequence and highly selective in interactions with their effector proteins. 
Indeed, it has been shown that the F1c domain (comprising TAD1/2) in BRD4-NUT selectively targets 
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the TAZ2 but not TAZ1 in p300 (Reynoird et al., 2010). Further, among many HATs examined, BRD4-
NUT specifically binds to p300/CBP – but not PCAF, Tip60, HBO1 or HAT1 that do not contain TAZ2 – 
resulting histone hyper-acetylation in chromatin. These results highlight the selective interaction 
between BRD4-NUT TADs and p300-TAZ2. 
 

Notably, many transcription factors such as p53 contain tandem transactivation domains (TADs) that 
interact with p300/CBP (Krois et al., 2016) and synergistically activate gene transcription (Candau et 
al., 1997). To investigate whether such tandem TADs form bipartite interactions with and activate p300, 
we generated p53 TAD deletion mutants (DTAD1, -DTAD2, or -DTAD1/2) (ED-Fig. 7b). We found that 
wild-type EGFP-p53-WT transfected in HEK293 cells interacts with p300, which was reduced with single 
or double TAD1/2 deletion mutations (ED-Fig. 7c), and that the EGFP-p53-WT, but not its TAD deletion 
mutants, increased levels of p300-Kac, H3K18ac, H3K27ac and p53-Kac in both cellular and in-vitro 
acetylation assays (ED-Fig. 7d,e). These results demonstrate that p53 TADs form bipartite interactions 
with p300, resulting in p300 and p53 activation and histone acetylation. 
 
C. Q2. “The clear data in Figs. 1-3 and the observation that BRD4-NUT fusion is a driver of P300 
recruitment and activation notwithstanding, the capacity of TADs in unfused NUT to target TAZ2 
domains in P300, activate P300 as a HAT to induce hyperacetylation in target cells was not addressed.” 
 

Response: We thank Reviewer #2 for the thoughtful comment. Previous studies show that expression 
of the unfused NUT is normally restricted to post-meiotic spermatogenic cells, where it binds to HAT 
p300 and/or CBP for enhancement of H4K5 and H4K8 acetylation and completion of the histone-to-
protamine exchange (Shiota et al., 2018). In addition, in-vitro HAT study showed that the F1c domain 
of the unfused NUT is responsible for selectively targeting the TAZ2 domain of p300, stimulating p300 
HAT activity and increasing acetylation levels of recombinant histone H3 and H4 (Reynoird et al., 2010; 
Shiota et al., 2018). However, the molecular mechanism of how the F1c domain of NUT mediates p300 
activation has remained unclear before this study. In this study, we found that the F1c domain consists 
of TAD1 and TAD2, which engage in bipartite interaction with p300 TAZ2 domain, resulting in p300 
auto-acetylation, HAT activation and histone H3K18 and H3K27 hyper-acetylation in chromatin.  
 
C. Q3. “In Fig. 5, the authors stated that BRD4-NUT fusion protein up-regulates ALX1 and promotes 
EMT, however, the data supporting this claim is thin (pPCR of key genes like SNAIL); there is no data 
on loss of cell polarity, cell-cell adhesion, gain of migratory and invasive properties, etc. to show that 
changes in such EMT-related gene expression translates into factual EMT.” 
 

Response: In this study, we focused our investigation on the molecular and structural basis of bipartite 
binding of BRD4-NUT-TADs and p300-TAZ2 that induces p300 trans-activation and histone H3 hyper-
acetylation, leading to nuclear condensation on chromatin. We used ALX1 as an example to illustrate 
the function of BRD4-NUT/p300 in gene transcription in a model system. To further investigate the 
transcriptional control of ALX1 by BRD4-NUT/p300 in NC cells, in the revision, we performed siRNA 
knockdown of ALX1 and BRD4-NUT in NC 14169 cells, and found that siNUT reduced the transcription 
of ALX1, and both siNUT and siALX1 resulted in increased expression of Involucrin, a marker for 
differentiation (Fig. 7d, e). These new results confirmed the transcriptional regulation of ALX1 by BRD4-
NUT/p300 in NCs. While ALX1’s role in EMT has been described in cancers including melanoma, lung 
and ovarian cancer (Jiao et al., 2019; Yao et al., 2015; Yuan et al., 2013), characterization of its role in 
EMT in NCs would require a major effort and is beyond the scope of this study. In light of Reviewer #2’s 
constructive comment and our new results, we have modified our discussion in the manuscript. 
 
C. Q4. “The functional consequences of BRD4-NUT/P300 interaction and the resulting hyperacetylation 
need to be further investigated; additional data points (e.g. resistance to targeted chemotherapy [MS645, 
JQ1], anti- apoptotic potential, invasion potential, cell cycling [CDK9], cancer stem-cell formation 
potential) and further discussed is required.” 
 

Response: The functional consequences of BRD4-NUT/p300 interaction and hyper-acetylation have 
been well characterized by Christ French and colleagues (Eagen and French, 2021; Shiota et al., 2021). 
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Specifically, it has been shown that BRD4-NUT fusion oncoprotein recruits and activates HAT p300, 
leading to the formation of hyper-acetylated nuclear foci on chromatin, termed “megadomain” (MD) that 
is enriched with BRD4-NUT, p300 and hyper-acetylated histones. MDs function as massive super-
enhancers, activating transcription of stem cell-related, anti-differentiation transcription factors including 
MYC, SOX2 and TP63. Additionally, chemical inhibitors targeting HDACs and BRD4 bromodomains 
have been shown to disrupt the megadomain structure. For instance, HDAC inhibitor panobinostat can 
repress growth and induce differentiation of NC cells through repressing transcriptional expression of 
MYC, suggesting its therapeutic potential for treating NC patients. Indeed, a clinical study reported that 
two NC patients showed responses to the treatment of FDA-approved HDACi, Vorinostat (SAHA). 
However, their tumor growth soon recurred, and treatments were stopped due to adverse effects (Maher 
et al., 2015; Schwartz et al., 2011). Notably, our new data revealed that HDACis (SAHA, TMP269 or 
LMK235) can disperse BRD4-NUT nuclear puncta in LO2 cells overexpressing EGFP-BRD4-NUT-WT 
shortly after the drug treatment (12-hrs), but the BRD4-NUT puncta formation recurred over time (48 
hrs) (ED-Fig. 5c). In contrast, BET inhibitor JQ1 and especially MS645 were able to persistently disrupt 
BRD4-NUT puncta formation 4, 12 or 48 hours after the drug treatment (ED-Fig. 5a,b). These results 
indicated that HDACis only transiently affect BRD4-NUT/p300 condensation, whereas BRD4 BrD 
inhibitors can block BRD4-NUT/p300 condensation in a sustained manner. Further study is warranted 
to elucidate the molecular dynamics of BRD4-NUT/p300 condensation in chromatin and to explore new 
ways such as BRD4 inhibition by which its formation can be disrupted. We have enhanced our 
discussion on this important subject in the revised manuscript. 
 
C. Q5. “Is the consequent hyperacetylation restricted to H3K27 as shown in Fig. 4c; could other residues 
(e.g. H3K18) be targeted?” 
 

Response: To address Reviewer #2’s comment, we have examined H3K18ac in both cellular and in-
vitro nuclear extract acetylation assays. We found that transfection of BRD4-NUT-WT led to liquid-like 
co-condensations with H3K18ac and H3K27ac in cell nuclei (Fig. 4c), increased H3K18ac and 
H3K27ac levels in both acetylation assays, and elevated H3K56ac level was only seen in the in-vitro 
nuclear extract assay (Fig. 5a, b). The deletion of TAD domains in BRD4-NUT nearly abolished the 
nuclear co-condensation in cells (Fig. 4c) and p300 activation and histone acetylation in both assays 
(Fig. 5a,b). These results confirmed that p300 specifically targets H3K18ac and H3K27ac in chromatin 
in cells (Shiota et al., 2018), but can non-selectively acetylate multiple lysine residues of recombinant 
histones in vitro (Reynoird et al., 2010).  
 
C. Q6. “In the diagrammatic representation (Fig. 6d), it is not clear why the authors focused on AXL1 
and other anti-differentiation genes despite the fact that data in Fig. 6 shows that BRD4-NUT/P300 
interaction alters the expression of other gene sets such as the EMT-related genes.” 
 

Response: We intended to present a mechanistic model that summarizes the mechanistic details from 
our study on how BRD4-NUT/p300 work together in aberrant gene transcription in NCs, which has been 
reported to direct overexpression of stem cell-related and anti-differentiation oncogenic transcription 
factors such as TP63, SOX2 and MYC. The EMT-related genes are likely downstream effects by the 
latter TFs, as reported previously (Thompson-Wicking et al., 2013; Yao et al., 2015). In light of Reviewer 
#2’s helpful comment, we have improved the presentation of this mechanistic model in the manuscript. 
 
 
D. Reviewer #3 (Remarks to the Author): 
It is the first time that the structure of the p300 BRD4-NUT/p300 complex is resolved, providing a novel 
drug target to block BRD4-NUT/p300 interaction to treat this devastating disease. Besides this, this 
manuscript mainly confirms the Reynoird et al.’s findings in 2010. In Reynoird’s paper, the authors 
identified p300 as a binding partner of BRD4-NUT through interaction between p300 TAZ2 domain and 
BRD4-NUT F1c region. This interaction can activate p300, leading to enhanced HAT activities of p300. 
Although this manuscript further explored one of the downstream targets ALX1 in the tumorigenesis of 
NUT carcinoma (NC), most cellular experiments were done in Non-NC models. 
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Concerning the manuscript itself, I have the following issues that the authors could address. 
 
D. Q1. “I think the oncogenesis of NC relies on the whole aberrant gene transcription landscape, and 
ALX1 is within this landscape. Although the authors showed EMT induction by wt BRD4-NUT but not 
by BRD4-NUT with F1c deletion in non-NC models, the direct evidences whether ALX1 is involved are 
still missing. The authors could simply check if EMT induction by wt BRD4-NUT is compromised by 
ALX1 depletion. To prove its vital role in NC, the biological functions of ALX1 also needs to be 
specifically addressed in NC models. For example, ALX1 knockdown experiments could be performed 
in NC to test its functions in controlling cell proliferation, squamous differentiation and EMT.” 
 

Response: We thank Reviewer #3 for his/her constructive comments and suggestions. In this study, 
we focused our investigation on the molecular and structural basis of TADs/TAZ2 bipartite binding in 
BRD4-NUT/p300 that induces p300 trans-activation and histone H3 hyper-acetylation, leading to 
nuclear condensation in chromatin. We used ALX1 as an example to illustrate the BRD4-NUT/p300 
function in gene transcription in a model system. To further investigate the transcriptional control of 
ALX1 by BRD4-NUT/p300 in NC cells, in the revision, we performed siRNA knockdown of ALX1 and 
BRD4-NUT in NC 14169 cells, and found that siNUT reduced ALX1 transcriptional expression, and both 
siNUT and siALX1 resulted in increased expression of Involucrin, a marker for differentiation (Fig. 7d, 
e). Our data are consistent with the RNA-seq data showing that ALX1 mRNA levels were decreased by 
siNUT knockdown in NC PER-403 and TC-797 cells (Morrison-Smith et al., 2020; Schwartz et al., 2011; 
Thompson-Wicking et al., 2013), and confirm the functional role of ALX1 in NC cell proliferation that is 
controlled by BRD4-NUT/p300. Importantly, our results showed that in the aberrant gene transcription 
landscape in NC cells, in addition to ALX1, many oncogenic transcription factors including MYC, TP63 
and SOX2 that are targets of BRD4-NUT/p300 directly contribute to uncontrolled NC cell proliferation. 
Considering this reviewer’s helpful comment and our new results, we have modified our discussion in 
the revised manuscript. 
 
D. Q2. “The overexpression of BRD4-NUT with F1c deletion still forms foci and colocalized with histone 
hyperacetylated foci (Fig. 4c & d), though to a less extent compared to wt BRD4-NUT. I am wondering 
if other regions of BRD4-NUT still recruit other HATs. The authors have many BRD4-NUT deletion 
constructs and it would be interesting to test them in the same setting.” 
 

Response: We appreciate Reviewer #3’s insightful comment. BRD4-NUT TAD1/2 deletion mutants can 
indeed still form nuclear condensates in chromatin albeit to a lesser extent as compared to BRD4-NUT-
WT (Fig. 4a-c). This is because as described in our previous study (Han et al., 2020), BRD4 short 
isoform (BRDS, present in BRD4-NUT) itself can form liquid-liquid phase-separated nuclear condensate 
in chromatin that is facilitated by its binding to acetylated histones (through the BrDs) as well as to DNA 
(through the IDRs between the tandem BrDs and between the second BrD and the ET domain). The 
nuclear condensates formed with BRD4S comprise key transcriptional proteins including BRD4L/S and 
p300, and mediators and RNA Pol II, capable of facilitating gene transcriptional activation (ED-Fig. 6). 
However, the major distinction between the BRD4S and BRD4-NUT/p300 nuclear condensates is that 
the latter can prorogate in chromatin via an acetylation-driven mechanism to form super-enhancer-like 
‘megadomain’ structure. This can be visualized as discrete nuclear foci in the cell fluorescent imaging 
analysis. We have enhanced our discussion to reflect this important point in the revision. 
 
D. Q3. “In Figure 4f, the authors observed enhanced H3K27ac, but not H3K56ac and H4K12ac in BRD4-
NUT overexpressed cell lysates. But in Figure 4g, the in vitro HAT assay showed both enhanced 
H3K27ac and H3K56ac from the same nuclear extracts. Can the authors explain the discrepancy?” 
 

Response: In the cellular acetylation assay (Fig. 5a), we examined p300 HAT activity in chromatin with 
the transfection of BRD4-NUT (wild type or TAD1/2 deletion mutants) in cells and found that BRD4-
NUT-WT increased H3K27ac and H3K18ac (new data) levels, but not H3K56ac and H4K12ac, which 
is consistent with the known p300 HAT specificity for acetylation of H3K18ac and H3K27ac in chromatin 
(Reynoird et al., 2010; Shiota et al., 2018). On the other hand, in the in-vitro nuclear extract acetylation 
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assay (Fig. 5b), we investigated the activation of p300 HAT activity by BRD4-NUT WT vs. TAD1/2 
deletion mutants using recombinant histone H3 with the addition of acetyl-CoA. We found that BRD4-
NUT-WT facilitated p300 activation and non-selectively elevated H3K18ac, H3K27ac and H3K56ac 
levels in recombinant H3 (Fig. 5b). Our results indicate that p300 HAT activity specificity is likely 
influenced by the nucleosome packing in cells. We have improved our discussion to clarify this important 
point in the manuscript. 
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