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Original submission 

 
First decision letter 

 
MS ID#: JOCES/2021/259514 
 
MS TITLE: Neddylation induced by DYRK2 maintains genome stability in the DNA damage response 
 
AUTHORS: Akira Kawamura, Saishu Yoshida, Katsuhiko Aoki, Yuya Shimoyama, Kohji Yamada, and 
Kiyotsugu Yoshida 
ARTICLE TYPE: Research Article 
 
We have now reached a decision on the above manuscript. 
 
To see the reviewers' reports and a copy of this decision letter, please go to: https://submit-
jcs.biologists.org and click on the 'Manuscripts with Decisions' queue in the Author Area. 
(Corresponding author only has access to reviews.) 
 
As you will see, the reviewers raise a number of substantial criticisms that prevent me from 
accepting the paper at this stage. They suggest, however, that a revised version might prove 
acceptable, if you can address their concerns. If you think that you can deal satisfactorily with the 
criticisms on revision, I would be pleased to see a revised manuscript. We would then return it to 
the reviewers. 
 
We are aware that you may be experiencing disruption to the normal running of your lab that 
makes experimental revisions challenging. If it would be helpful, we encourage you to contact us 
to discuss your revision in greater detail. Please send us a point-by-point response indicating 
where you are able to address concerns raised (either experimentally or by changes to the text) 
and where you will not be able to do so within the normal timeframe of a revision. We will then 
provide further guidance. Please also note that we are happy to extend revision timeframes as 
necessary. 
 
Please ensure that you clearly highlight all changes made in the revised manuscript. Please avoid 
using 'Tracked changes' in Word files as these are lost in PDF conversion. 
 
I should be grateful if you would also provide a point-by-point response detailing how you have 
dealt with the points raised by the reviewers in the 'Response to Reviewers' box. Please attend to 
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all of the reviewers' comments. If you do not agree with any of their criticisms or suggestions 
please explain clearly why this is so. 
 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
In the manuscript “Neddylation induced by DYRK2 maintains genome stability in the DNA damage 
response,” the authors provide evidence that DYRK2 stabilizes the E1 NEDD8 activating enzyme 
NAE1 and thereby promotes genome stability. The authors show that DYRK2-depleted cells 
accumulate gamma-H2AX foci and micronuclei and exhibit a defective G1 to S transition. Consistent 
with persistent activation of the DNA damage response, DYRK2 deficiency also induces elevated 
levels of p53, p21 and p38 MAPK. Finally, the authors show that DYRK2 interacts directly with NAE1 
by co-immunoprecipitation and that loss of DYRK2 results in destabilization of NAE1 suggesting that 
DYRK2 may enhance Neddylation by directly stabilizing NAE1.  
Supporting this notion, over expression of NAE1 and UBA3 suppresses accumulation of gamma-H2AX 
foci in DYRK2-deficient cells. Overall, the authors identify DYRK2 as a regulator of Neddylation that 
indirectly influences cell cycle regulation and the DNA damage response. Although the mechanism 
by which DYRK2 regulates the DNA damage response remains nebulous (presumably, DYRK2 
promotes activation of one or more Cullin ring ubiquitin ligases), the findings reported here are 
likely to be of wide interest and spur future investigations. 
 
Comments for the author 
 
The manuscript contains numerous sentences that are difficult to understand due to awkward 
phrasing or grammatical errors. The title is also ambiguous and would benefit from more straight 
forward phrasing. 
How do the authors detect NEDD8-Cullins as in Figure 4, A and B? More experimental details are 
necessary to understand what is being monitored in these panels. 
Does the NAE1-DYRK2 interaction require DYRK2 kinase activity? The authors test this by performing 
the co-immunoprecipitation experiment (as shown in 4C) with cells transfected with EGFP-DYRK2-
K251R. 
How are gamma-H2AX positive cells defined in Figure 4E? Does this refer to a minimum number of 5 
foci as in Figure 1? 
The authors refer to “cytoplasmic accumulation of nuclear DNA termed as micronuclei.” It seems 
misleading to refer to micronuclei as cytoplasmic since they do possess a nuclear envelope (albeit a 
defective one). 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
The authors nicely demonstrate in the first three figures of the paper (and accompanying 
supplemental figures) that knock out or knock down of DYRK2 is accompanied by genome instability 
as documented by observation of gamma-H2A.X foci, and induction of p53-dependent responses 
typical of a DNA damage response or senescence. Given the importance of neddylation in the DNA 
damage response, they hypothesize that DYRK2 may influence the neddylation pathway. They 
demonstrate that cells depleted for DYRK2 exhibit decreased levels of NAE1, UBA3 and NEDD8-
cullins, and restoration of DYRK2, but not kinase-dead DYRK2, restores levels of all three. The 
shortcoming of the paper is that the authors propose a mechanism by which DYRK2 impacts 
neddylation through NAE1, but the evidence falls short of supporting the stated conclusion—that 
“DYRK2 promotes neddylation through direct binding to NAE1…and maintains its protein level by 
suppressing poly-ubiquitination”. 
 
Comments for the author 
 
To draw the conclusions as stated in the abstract and discussion would require significant additional 
experimental evidence. In contrast to what is stated, the authors have not demonstrated direct 
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binding of DYRK2 to NAE1, nor have they shown that DYRK2 maintains NAE1 protein levels by 
suppressing its poly-ubiquitination. Their data support hypotheses that these statements could be 
true, but fall short of demonstrating “for the first time that DYRK2 controls neddylation”. 
A primary shortcoming is that the experiments demonstrating the impact of DYRK2 depletion on 
genome stability and on abundance of NAE1 and NEDD8-cullins are done in knock-out MEFs and 
hTERT-RPE cells with siRNA to DYRK2, while the experiments proposing to address a mechanism 
through which interaction of DYRK2 with NAE1 impacts neddylation are done in 293T cells and 
needed controls are missing. To submit a revision, these controls are essential.  
In figure 4A, the data demonstrating decreased protein levels of NAE1 and UBA3, as well as 
decreased NEDD8-cullins, derive from experiments in DYRK2-/- hTERT1-RPE cells. A previous figure, 
Figure 2D demonstrated depletion of DYRK2 in these cells. Likewise, Figure 4B shows a blot 
demonstrating the absence of DYRK2 in the -/- control cells (knock down cells transfected with 
empty vector) and restoration of DYRK2 protein when knock down cells are transfected with the 
wild-type or kinase-dead vector.  
The problematic experiment is shown in Figure 4D. No blot is included to show whether the DYRK2 
siRNAs actually knock down DYRK2 in 293T cells. Thus, the interpretation (page 8, lines 19-21) that 
DYRK2 suppresses poly-ubiquitination of NAE1 cannot be drawn. We don’t know whether DYRK2 is 
present or absent in the cells with elevated poly-ubiquitination of NAE1. 
The authors also propose that DYRK2 and NAE1 interact directly (page 9, line 10). Co-
immunoprecipitation of two proteins, as demonstrated in figure 4C, cannot be interpreted as 
evidence of a direct interaction. There are many examples of proteins that co-precipitate because 
they are in complexes that interact, but for which there is no direct binding of individual subunits 
of those complexes.  
Thus, the statement on page 8, line 26-27 that “DYRK2 maintains the level of neddylation by 
binding to E1 enzyme and contributes to maintenance of genome stability” is a good hypothesis, 
but is not yet a well-supported conclusion.  
 
Additional minor comments: 
Figure 1: it is intriguing that some DYRK2-/- MEFs have abundant gamma-H2A.X foci while others 
have none. Is there an explanation to account for this observation? For example, are cells with 
multiple foci those that are in G1 or S phase, while those without foci are in G2? 
Figure 4A/4B: which antibody is used to detect neddylated-cullin. Is it an antibody to NEDD8 or an 
antibody to cullin? Both are listed in table S2, but there is no indication in the the figure legend or 
text as to which is used in the experiment. 
Figure 4A/4B: it is noticeable that the level of d DYRK2 in B (control vector cells) is higher than the 
level in A. How much variability is there in the level of knock down achieved in each experiment? 
The authors seem to suggest that the kinase activity of DYRK2 is important to protect NAE1 from 
becoming poly-ubiquitylated. Does kinase dead DYRK2 bind to NAE1? If so, what is the proposed role 
of the kinase in protection of NAE1 from poly-Ub? 
 
 

 
First revision 
 
Author response to reviewers' comments 
 
Our responses to the reviewer’s comments are as follows: 
 
We are really grateful for your time and efforts in making valuable suggestions and comments on 
our manuscript. We have revised the manuscript according to your suggestions and comments. We 
hope that our revisions meet your requirements.  
 
Reviewer 1: 
 
1-1) The manuscript contains numerous sentences that are difficult to understand due to awkward 
phrasing or grammatical errors. The title is also ambiguous and would benefit from more straight 
forward phrasing. 
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[Response to 1-1)]: 
As requested, this revision has been received for re-proof reading by Native speaker. We also 
changed the title “DYRK2 maintains genome stability via neddylation of cullins in response to DNA 
damage”. 
 
1-2) How do the authors detect NEDD8-Cullins as in Figure 4, A and B? More Experimental details 
are necessary to understand what is being monitored in these panels. 
 
[Response to 1-2)]: 
We detected NEDD8 bound to cullins using anti-NEDD8 antibody (ab81264). The band migrating to 
90kDa is a neddylated cullins in the NEDD8-Cullins panel. We added experimental details of this 
panel in [Figure 4A legend]. 
 
1-3) Does the NAE1-DYRK2 interaction require DYRK2 kinase activity? The authors test this by 
performing the co-immunoprecipitation experiment (as shown in 4C) with cells transfected with 
EGFP-DYRK2-K251R. 
 
[Response to 1-3)]: 
As requested, we performed immunoprecipitation experiments with cells transfected with EGFP-
DYRK2-K251R. The result demonstrated that the DYRK2-K251R mutant also interacted with NAE1; 
however, this interaction was markedly less compared to wild-type DYRK2 [newly prepared Figure 
supplement 4].  
 
According to the reviewer’s comment, we added [newly prepared Figure supplement 4] and its 
figure legends. 
We also added the following sentence in the revised text [Page 7]: “The DYRK2-K251R mutant also 
interacted with NAE1; however, this interaction was markedly less compared to wild-type DYRK2 
(Fig. S4)”. 
 
1-4) How are gamma-H2AX positive cells defined in Figure 4E? Does this refer to A minimum number 
of five foci as in Figure 1? 
 
[Response to 1-4)]: 

As pointed out, we missed essential information in [Figure 4E]. H2A.X-foci-positive cells are 

defined as more than five foci. Accordingly, we revised the [Figure 4E legend]. 
 
1-5) The authors refer to “cytoplasmic accumulation of nuclear DNA termed as micronuclei.” It 
seems misleading to refer to micronuclei as cytoplasmic since they do possess a nuclear envelope 
(albeit a defective one). 
 
[Response to 1-5)]: 
As suggested, we revised the following sentences in the revised text: [Page 3]: “More recently, 
abnormalities of DNA repair or sensing processes or both have been found to induce genome 
instability and to lead to micro-nuclei (Takahashi et al., 2017, 2018)” and [Page 5]: “Persistent 
activation of the DNA damage response causes the micro-nuclei (Takahashi et al., 2018)” . 
 
Reviewer 2: 
 
2-1) To draw the conclusions as stated in the abstract and discussion would require significant 
additional experimental evidence. In contrast to what is stated, the authors have not demonstrated 
direct binding of DYRK2 to NAE1, nor have they shown that DYRK2 maintains NAE1 protein levels by 
suppressing its poly-ubiquitination. Their data support hypotheses that these statements could be 
true, but fall short of demonstrating “for the first time that DYRK2 controls neddylation”. 
 
[Response to 2-1)]: 
Thank you for several important suggestions. As our response to revision comment 2-3) to 2-9), we 
performed additional experiments to show more convincing data to support our study. Also as 
pointed out, we could not show evidence to support direct binding of DYRK2 to NAE1. Accordingly, 
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we deleted the words “direct” or “directly” and added the phrases “forming a protein complex and 
interacting with NAE1” in the revised text [Page 2], [Page 8] and [Page 10]. 
 
2-2) A primary shortcoming is that the experiments demonstrating the impact of DYRK2 depletion 
on genome stability and on abundance of NAE1 and NEDD8-cullins are done in knock-out MEFs and 
hTERT-RPE cells with siRNA to DYRK2, while the experiments proposing to address a mechanism 
through which interaction of DYRK2 with NAE1 impacts neddylation are done in 293T cells and 
needed controls are missing. To submit a revision, these controls are essential. 
 
[Response to 2-2)]: 
We mainly conducted experiments with MEFs (mouse) and hTERT-RPE (human) cells indicating over 
cell types and animal species. Especially, hTERT-RPE cells is a non-transformed diploid cell line 
with few genetic abnormalities (PMID: 32268084).  
While we have performed transfection and immunoprecipitation in MEF and hTERT-RPE cells, we 
have not achieved sufficient transfection-efficiency for immunoprecipitation. Hence, we performed 
immunoprecipitation using Lenti-X 293T cells, which are highly transfectable cells. 
 
As our response to revision comment 2-3) and 2-4), we added essential controls [Figure 4B] and 
[Figure 4D], and revised [Figure 4 legend] 
 
2-3) In figure 4A, the data demonstrating decreased protein levels of NAE1 and UBA3, as well as 
decreased NEDD8-cullins, derive from experiments in DYRK2-/- hTERT1-RPE cells. A previous figure, 
Figure 2D demonstrated depletion of DYRK2 in these cells. Likewise, Figure 4B shows a blot 
demonstrating the absence of DYRK2 in the -/- control cells (knock down cells transfected with 
empty vector) and restoration of DYRK2 protein when knock down cells are transfected with the 
wild-type or kinase-dead vector. 
 
[Response to 2-3)]: 
According to the reviewer’s comment, we performed immuno-blotting experiments to show protein 
levels of DYRK2 in wild-type hTRET-RPE1 cells as well as DYRK2-/- hTRET-RPE1 cells overexpressing 
DYRK2 or DYRK2-K251R in [Figure 4B] and revised [Figure 4B legend]. 
 
2-4) The problematic experiment is shown in Figure 4D. No blot is included to show whether the 
DYRK2 siRNAs actually knock down DYRK2 in 293T cells. Thus, the interpretation (page 8, lines 19-
21) that DYRK2 suppresses poly-ubiquitination of NAE1 cannot be drawn. We don’t know whether 
DYRK2 is present or absent in the cells with elevated poly-ubiquitination of NAE1. 
 
[Response to 2-4)]: 
According to the reviewer’s comment, we added a panel showing protein levels of DYRK2 in [Figure 
4D] and revised [Figure 4D legend]. 
 
2-5) The authors also propose that DYRK2 and NAE1 interact directly (page 9, line 10). Co-
immunoprecipitation of two proteins, as demonstrated in figure 4C, cannot be interpreted as 
evidence of a direct interaction. There are many examples of proteins that co-precipitate because 
they are in complexes that interact, but for which there is no direct binding of individual subunits 
of those complexes. Thus, the statement on page 8, line 26-27 that “DYRK2 maintains the level of 
neddylation by binding to E1 enzyme and contributes to maintenance of genome stability” is a good 
hypothesis, but is not yet a well-supported conclusion. 
 
[Response to 2-5]]: 
While we are now trying to identify an interaction between DYRK2 and NAE1 in detail, we need 
more time to accomplish. As pointed out, co-immunoprecipitation is insufficient to prove direct 
interaction. Thus, in this context, we would like to propose that DYRK2 forms a complex with NAE1. 
  
Accordingly, we deleted the words “direct” or “directly” and revised “forming a protein complex 
and interacting with NAE1” in the revised text [Page 2], [Page 8], and [Page 10]. 
 
Additional minor comments: 
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2-6) Figure 1: it is intriguing that some DYRK2-/- MEFs have abundant gamma-H2A.X foci while 
others have none. Is there an explanation to account for this observation? For example, are cells 
with multiple foci those that are in G1 or S phase, while those without foci are in G2? 
 
[Response to 2-6)]: 

Thank you for your interesting suggestion. The number of H2A.X-foci in G2 phase is higher than G1 

phase (PMID: 20139725). This variation in the H2A.X-foci during the cell cycle is known as a 

limitation of study in H2A.X-foci counting analysis (PMID: 23903043). Although we have tried to 

perform FACS in MEFs and analyzed cell cycle, we could not successfully analyze cell cycle because 
of the inhomogeneous cells size. 
 

Therefore, we performed H2A.X-foci analysis under the same condition in wild-type and Dyrk2 -/- 

MEFs. 
 
2-7) Figure 4A/4B: which antibody is used to detect neddylated-cullin. Is it an antibody to NEDD8 or 
an antibody to cullin? Both are listed in table S2, but there is no indication in the the figure legend 
or text as to which is used in the experiment. 
 
[Response to 2-7)]: 
We detected NEDD8 bound to cullins using anti-NEDD8 antibody (ab81264). 90kDa is Neddylated 
cullins in NEDD8-Cullins panel. We added experimental details of this panel in [Figure 4A legend]. 
 
2-8) Figure 4A/4B: it is noticeable that the level of d DYRK2 in B (control vector cells) is higher than 
the level in A. How much variability is there in the level of knock down achieved in each 
experiment? 
 
[Response to 2-8)]: 
In [Figure 4A] and [Figure 4B], we performed immuno-blotting experiments using wild-type and 
DYRK2-/- hTERT-RPE1 cells. Knockout of DYRK2 in DYRK2-/- hTERT-RPE1 cells was confirmed in 
[Figure 3A]. Anti-DYRK2 panel in [Figure 4B] showed that DYRK2 or DYRK2-K251R (kinase dead) were 
overexpressed in DYRK2-/- hTERT-RPE1 cells compared with wild-type hTERT-RPE1 cells. 
 
2-9) The authors seem to suggest that the kinase activity of DYRK2 is important to protect NAE1 
from becoming poly-ubiquitylated. Does kinase dead DYRK2 bind to NAE1? If so, what is the 
proposed role of the kinase in protection of NAE1 from poly-Ub? 
 
[Response to 2-9)]: 
As requested, we performed immunoprecipitation experiments with cells transfected with EGFP-
DYRK2-K251R. The result demonstrated that the DYRK2-K251R mutant also interacted with NAE1; 
however, this interaction was markedly less compared to wild-type DYRK2 [newly prepared Figure 
supplement 4]. 
 
According to the reviewer’s comment, we added [newly prepared Figure supplement 4] and its 
figure legends. 
We also added the following sentence in the revised text [Page 7]: “The DYRK2-K251R mutant also 
interacted with NAE1; however, this interaction was markedly less compared to wild-type DYRK2 
(Fig. S4)”. 
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Second decision letter 
 
MS ID#: JOCES/2021/259514 
 
MS TITLE: DYRK2 maintains genome stability via neddylation of cullins in response to DNA damage 
 
AUTHORS: Akira Kawamura, Saishu Yoshida, Katsuhiko Aoki, Yuya Shimoyama, Kohji Yamada, and 
Kiyotsugu Yoshida 
ARTICLE TYPE: Research Article 
 
I am happy to tell you that your manuscript has been accepted for publication in Journal of Cell 
Science, pending standard ethics checks.  
 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
In this revised manuscript, the authors provide additional experimental controls and clarifications 
to strengthen their assertion that DYRK2 stabilizes the E1 NEDD8 activating enzyme NAE1 and 
thereby promotes genome stability. The authors show that DYRK2-depleted cells accumulate 
gamma-H2AX foci and micronuclei and exhibit a defective G1 to S transition. Consistent with 
persistent activation of the DNA damage response, DYRK2 deficiency also induces elevated levels of 
p53, p21 and p38 MAPK. Finally, the authors show that overexpressed NAE1 co-immunoprecipitates 
DYRK2 in a manner that is stimulated by DYRK2 kinase activity.  
Loss of DYRK2 results in destabilization of NAE1, suggesting that DYRK2 may enhance Neddylation 
by directly stabilizing NAE1. Overall, the authors identify DYRK2 as a regulator of Neddylation that 
indirectly influences cell cycle regulation and the DNA damage response. Although the mechanisms 
by which DYRK2 regulates the DNA damage response remain undefined, the findings reported here 
are likely to be of interest to the DNA repair field. 
 
Comments for the author 
 
The authors have strengthened the manuscript by providing additional controls for siRNA 
knockdowns, preforming additional experiments to investigate the requirement for DYRK2 kinase 
activity on interaction with NAE1, and providing the requested clarifications. I fell that the 
manuscript is now suitable for publication. 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
The authors nicely demonstrate that knock out or knock down of DYRK2 is accompanied by genome 
instability as documented by observation of gamma-H2A.X foci, and induction of p53-dependent 
responses typical of a DNA damage response or senescence. Given the importance of neddylation in 
the DNA damage response, they hypothesize that DYRK2 may influence the neddylation pathway. 
They demonstrate that cells depleted for DYRK2 exhibit decreased levels of NAE1, UBA3 and 
NEDD8-cullins, and restoration of DYRK2, but not kinase-dead DYRK2, restores levels of all three. In 
this revised version of the paper the authors propose a mechanism by which DYRK2 impacts 
neddylation through NAE1. The proteins are shown to form a complex and function to suppress 
poly-ubiquitination. 
 
Comments for the author 
 
The authors have successfully addressed the concerns raised in the initial review including the 
addition of  important controls and describing their conclusions in appropriate terms. 
 
 

 


