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Profiling ubiquitin signaling with UBIMAX reveals DNA

damage- and SCF!-TRCP1-dependent ubiquitylation of the

actin-organizing protein Dbn1



Reviewer #1 (Remarks to the Author): 

This paper by Colding-Christensen et al. describes a new technique (UBIMAX) to identify proteins 

whose ubiquitylation is induced by DNA damage in Xenopus oocyte extracts. Extracts 

supplemented with recombinant His-Ub are incubated with a defined DNA lesion, and ubiquitylated 

proteins are enriched by denaturing pulldown followed by mass spectrometry. Using this 

technique, the authors find that the actin binding protein Dbn1 is ubiquitylated by Cul1-ßTrcp in 

response to double strand breaks (DSBs) at an ATM-stimulated degron to trigger proteasomal 

degradation of Dbn1. 

The paper does a nice job characterizing DSB-induced ubiquitylation of Dbn1 by Cul1-ßTRCP and 

showing the ATM-regulated degron is sufficient for inducing ubiquitylation of a heterologous 

protein. The mass spectrometry data is nicely controlled (with “no His” and E1 inhibitor 

conditions). The DSB experiments are performed in quadruplicate with good correlation, and the 

data are analyzed well. However, like prior tagged Ub approaches, the technique does not identify 

many ubiquitylated proteins (see point 1), does not identify sites of ubiquitylation, and enriches 

nonspecific proteins. Also, there is no functional characterization of Dbn1 ubiquitylation in DNA 

repair. 

1. The authors identify a total of only 786 ubiquitylated proteins from their quadruplicate DSB 

experiments (text page 6, Fig S1G).With an FDR <0.05, they find only 23 proteins induced by 

DSBs (Figs 1H, S1G, S1I; Table S1). With a more stringent FDR <0.01, they find 7 proteins (Fig 

S2B, Table S1). Similarly, ssDNA-DPC (Figs 2B, S2B) induces only 19 proteins (at FDR < 0.05) and 

8 proteins (at FDR < 0.01), while SSB-DPC (Figs 2C, S2B) induces 19 proteins (at FDR < 0.05) 

and 8 proteins (at FDR < 0.01). Newer techniques like diGly peptide enrichment or UbiSite 

(Akimov NSMB 2018) were developed to identify ubiquitylated proteins more efficiently than 

tagged ubiquitin/UBL approaches (Meierhofer J Prot Res 2008; Danielsen Mol Cell Prot 2011; Ma et 

al. Hunter Mol Cell Prot 2014). This is a drawback of their approach. 

2. In Fig S1F, enriched peptide abundance for the E1 inhibitor and “no His” controls (bars 4 and 5) 

is comparable to that for the His-Ub enrichment conditions (bars 1-3). This suggests the majority 

of peptides purified by Ni-NTA beads are binding non-specifically, which highlights a limitation of 

their approach. 

3. In Fig 1F, E1 inhibition reduces the percentage of ubiquitin peptides enriched on nickel beads, 

which again suggests a high prevalence of non-specific binding to beads. If the majority of 

peptides are enriched via specific pulldown by covalent attachment to His-Ub, E1 inhibition should 

increase the ratio of ubiquitin peptides to non-ubiquitin peptides (by decreasing covalent 

attachment of His-Ub to other non-ubiquitin proteins), but this does not occur. 

4. They should perform UBIMAX in extracts treated with a proteasome inhibitor. This will increase 

sensitivity for ubiquitylation events that cause degradation by the proteasome 

5. The connection of DNA damage to Dbn1 degradation is interesting given recent results showing 

that actin regulates DSB localization, resection, and repair (Belin eLife 2015, Schrank Nature 2018, 

Caridi Nature 2018). The authors should test whether Dbn1 depletion (and importantly addback of 

S609A Dbn1) affects DSB repair. They should check their NHEJ assay (Fig S1B-C) where they have 

shown E1 inhibition inhibits repair. If no phenotype is found there, they should look for other 

evidence of defects in DSB repair. They could check DSB resection (Liao NAR 2012) or 

resection/recombination-based repair assays in Xenopus (see references cited in Graham, Meth 

Enzym 2017). Given that the Dbn1 ubiquitylation event is conserved in HeLa cells, they could also 

check HR, resection, RAD51 foci formation, or other repair assays in mammalian cells. 

6. Along these lines, it has been shown that actin and actin regulators localize to chromosomal 

DSBs in Xenopus extracts (Schrank Nature 2018). They should test whether Dbn1 is recruited to 

chromosomal DSBs (like Schrank et al) or to their DSB plasmid (as they do in Larsen, Mol Cell 

2019) 

7. Fig 3I: they need to blot for Cul1 and Skp1 to determine the extent to which ßTrcp 



immunodepletion reduces the levels of Cul1 and Skp1. To show specificity, they add back ßTrcp, 

but ßTrcp is translated in reticuloycte lysates which may contain Cul1 and Skp1. 

8. The authors should explain why they observe conflicting results for Dbn1 and Ku80 degradation 

in different figures. This must be reconciled. 

a. DSB induces Ku80 degradation at 120 min in Fig S3E but not in Fig 3D. 

b. They see DSB-induced WT Dbn1 degradation in Fig 4C but not in Fig S4B. In both cases of these 

cases, Dpn1b was depleted and then WT Dbn1 was added back 

9. Fig 3G, Table S4: why is ATMi decreasing the majority of Dbn1 interactions (with proteins like 

actin and the actin regulators capza1, capzb, arpc3a, aprc5, arpc2b). It makes sense that ATMi 

would block interaction with ßTrcp, Skp1, and Cul1, but I would expect ATMi to increase basal 

interaction with actin (and its binding partners) because ATMi should stabilize Dbn1. Also, their MS 

data in Table S4 (corresponding to Fig 3G) show that Dbn1 levels are not higher upon ATM 

inhibition. These results suggest the ATMi IP sample may have overall lower protein/extract input, 

and the authors should address this. 

10. Fig S3H, Fig 3I: why are basal levels of Dbn1 (at 1 min) lower in ßTrcp-depleted extracts? It is 

nice how degradation is inhibited (i.e., Dbn1 levels are stable over time), but why do Dbn1 levels 

start out lower? This becomes an issue in Figs S3I/J, where it looks like ßTrcp depletion is 

abolishing Dbn1 ubiquitylation but not increasing Dbn1 levels. This may result from loss of Dbn1 

from extracts by immunodepletion of ßTrcp. If so, this would suggest ßTrcp binds Dbn1 in the 

absence of DNA damage. The authors should address this observation and implications in the text. 

11. Fig 3J, K, L: why is IR not inducing Dbn1 degradation in HeLa cells? If the authors believe 

Dbn1 ubiquitylation serves a different purpose in HeLa, they should acknowledge and address this 

in the manuscript. 

12. Fig S4A, text on p.12: “lack of detection was not due to the general Dbn1 sequence context, 

as the upstream peptide was detected equally across all conditions.” I do not understand this 

point, as the entire protein is degraded by the proteasome, so the degradation pattern for the 

upstream peptide should be identical to that for the degron peptide. It is concerning they are 

different. What is the pattern for other Dbn1 peptides across the 4 conditions? 

Other: 

1. Fig 1E: heat map suggests the lowest correlation coefficient between any two experiments 

(even between “no His” vs His Ub) is 0.94. Is this correct? If so, this emphasizes the high degree 

of non-specific protein enrichment (points 2 and 3 above) 

2. Fig 3D: Cul4A DN inhibits Dbn1 degradation nearly as well as Cul1 DN. Authors should mention 

this in text and acknowledge there may be other Ub ligases that target Dbn1. 

3. Fig 3J, K, L: TUBE pulldown in HeLa: missing ubiquitin blot of pulldown to show ubiquitin was 

pulled down equivalently among conditions 

4. Fig S3D: MG262-treated lanes must be on same western membrane as non-MG262 lanes, in 

order to conclude that proteasome inhibition stabilizes ubiquitylated Dbn1 (text page 9) 

5. Fig 3A: missing Dbn1 blot for lysate input 

6. They should cite Ma et al. Mol Cell Prot 13:1659, 2014 in their Introduction as a tagged 

Sumo/ubiquitin-like approach previously used in Xenopus extracts to identify sumoylated proteins. 

Reviewer #2 (Remarks to the Author): 

In the manuscript entitled “Profiling ubiquitin signaling with UBIMAX reveals DNA damage-and 

SCFbTRCP-dependent ubiquitylation of the actin-organizing protein Dbn1“, Colding-Christensen et 



al. describe a method for the enrichment of ubiquitin-modified proteins and their characterization 

by mass spectrometry, UBIMAX. The authors applied this method to investigate DNA damage-

induced ubiquitylation in the Xenopus egg extracts to identify a novel ubiquitylation target, Dbn1, 

and further elucidated the mechanism of Dbn1 regulation by phosphorylation, ubiquitylation, and 

proteasomal degradation in response to DNA double-strand breaks. To support the conclusions 

derived in the Xenopus egg extract system, the authors further conducted experiments in a human 

cancer cell line and performed an in-silico motif analysis of the human proteome indicating that 

the revealed mechanism might be conserved in different species. The manuscript is very well 

written, and the conclusions are well supported by the experiments presented in the study. 

However, I have a few minor suggestions, mostly in the proteomic analysis part. 

- Page 6, paragraph 3, related to figure 1G: The description of the dynamic range might be wrong. 

The dynamic range, as a ratio of the maximal and minimal intensity measured is 7 on a log10 

scale, which I believe is ~10e7 fold, not ~7000 fold. Please, double check if this is correct. 

- Page 7, paragraph 1, related to figure 1H: The text mentions that the 786 proteins were further 

interrogated, and 4 clusters were identified and shown in the heatmap. However, the heatmap 

already shows a subset of these 786 proteins. It should be clear in the text what are the proteins 

shown in the heatmap used for the clustering. 

- Page 7, paragraph 1, related to figure 1H and S1H: The GO term enrichment analysis is based on 

a very small sample size which might give a significant result, but might be misleading. For 

example, figure S1H shows that the enrichment of the proteins related to inflammation in response 

to the addition of exogenous DNA was based on 2 proteins. The overrepresentation of the DNA 

repair proteins in the DSB-induced cluster seems to be more confident and based on more 

proteins. The authors might consider changing the description of their results in the part of 

describing the enrichment of the DNA-induced group or removing it. Furthermore, the are no 

terms related to inflammation in the Table S1, “Heatmap enrichment analysis” sheet, please 

double-check this supplementary file. Also consider matching the name of the clusters in this 

supplementary file to the heatmap and a add a legend for this sheet to the Table S1 legend. 

- Page 8, paragraph 1, related to figures 2D-I: If I understand it correctly, the data presented in 

the plots are based on two different MS experiments as shown in figure 1D and figure 2A. How did 

you analyze/process the intensity values from the two experiments, so the absolute values shown 

for DSB and ssDNA/SSB groups can be compared together? 

- Page 12, paragraph 1, degron motif: Have you found this motif in other proteins enriched in your 

initial experiment, e.g., in Ku80? 

- Page 17, last paragraph: I think it would be more logical to include the in-silico motif analysis in 

the end of the results section rather than in the discussion. 

- Page 38, Supplementary tables: Table S1 and Table S4 are not labelled in the sheets, and it was 

a bit difficult to understand which table is which. Furthermore, some of the supplementary tables 

are not called in the results section. 

Reviewer #3 (Remarks to the Author): 

In this manuscript by Colding-Christensen et al, a protein ubiquitination profiling method by mass 

spectrometry in Xenopus egg extract (names UBIMAX) is presented. The method relies on the 

addition of recombinant His-tagged ubiquitin to Xenopus egg extracts and the purification of 

ubiquitinated proteins under denaturing conditions, which ensures that ubiquitinated proteins are 

captured directly (i.e., ubiquitinated-protein to protein interactions are disrupted). As proof-of-

concept, the authors focus on studying the DNA damage response when linearized plasmid DNA is 

added to Xenopus egg extracts (to simulate DNA double strand break (DSB) repair). This revealed 

several ubiquitinated proteins, including known DSB repair factors (e.g., Mre11, Nbn1, Rad50) and 

Dbn1, a protein that has not yet been implicated in DSB repair. The authors continue to 

characterise the mechanism of Dbn1 degradation and elegantly show that the cullin ring ligase 

(CRL) Cul1-beta-TRCP1 is responsible for degrading Dbn1 in response to DSBs. In the last part of 

the manuscript, the authors demonstrate that the degradation of Dbn1 is mediated by ATM and 

they identify the phospho-degron. 

The manuscript is well written and follows a clear flow of thoughts. The figures are informative and 

presented clearly. The experiments are well designed and include the correct controls. I 



recommend publication of the present manuscript and I have a few suggestions for the authors on 

how to further strengthen it. 

The authors perform all experiments by adding exogenous His-tagged ubiquitin to the Xenopus 

egg extracts. The authors include several controls to demonstrate that addition of recombinant 

ubiquitin does not induce any apparent artificial ubiquitination of target proteins. Nevertheless, a 

nice addition to this work would be to perform diGly peptide profiling as an orthogonal MS 

approach for quantifying ubiquitination sites in an endogenous setup. 

The authors convincingly demonstrate that beta-TRCP1 is the Cul1 substrate receptor responsible 

for degrading Dbn1 in response to DSBs. I am wondering whether the authors investigated 

downstream consequences of Dbn1 depletion (or introduction of the non-degradable ATM phospho-

deficient mutant)? For example, how is DSB repair affected when Dbn1 is depleted, or if cells 

cannot degrade Dbn1 in response to DSBs? Is cancer cell survival affected by non-degradable (or 

hyper-phosphorylated) Dbn1 mutants? Since Dbn1 is an actin cytoskeleton organizing protein, are 

there consequences for cell division when Dbn1 is depleted? And are there any known cancer 

mutations in either Dbn1 or beta-TRCP1? It would be helpful, if the authors could discuss these 

points. 

Figure 1E: Besides showing quantitative correlations, it would be interesting to see how precise the 

quantification of the detected proteins is. 

Figure S1G: Indicate how many proteins were identified in how many conditions (to get a better 

understanding on the data completeness/number of missing values) 

Figure 3C: The proof that dominant negative Cul1 supplementation to the egg extracts rescues 

Dbn1 degradation looks convincing; however, I noticed that also Cul4a seems to rescue its 

degradation. Could the authors comment on this? Is it possible that more that one CRL complex 

regulate Dbn1 protein stability? 
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General remarks

8? ;OOQ?=H;T? TG? VL? ;M> ?^O?QVR? N@ TG? Q?\H?]?QR HM ?\;K[;VMF N[Q L;M[R=QHOTi 5G?HQ HMRHFGU[K

=NLL?MTR ;M> R[FF?RVNMR G;\? OQN\H>?> \;K[;<K? O?QRO?=V\?R TG;T G;\? ?MG;M=?> TG? P[;KHT_ N@ N[Q ]NQJi

*M TGHR Q?<[X;K K?X?Qf ]? ;>>Q?RR ?;=G N@ TG? Q;HR?> ONHMTRf GHFGKHFGVMF TG? LN>HB=;VNMR L;>? TN RTQ?MFTG?M

M@9 E5FNK7JAHMZ "K 5 J9KNDMW P9 5J9 7GF<89FM M@5M M@9 J9OAK98 O9JKAGF G: GNJ E5FNK7JAHM AK ?J95MDR AEHJGO98Z

REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author):

5GHR O;O?Q <_ $NK>HMFo$GQHRT?MR?M ?T ;Ki >?R=QH<?R ; M?] T?=GMHP[? q6#*."9r TN H>?MV@_ OQNT?HMR ]GNR?

[<HP[HT_K;VNM HR HM>[=?> <_ %/" >;L;F? HM 9?MNO[R NN=_T? ?^TQ;=TRi &^TQ;=TR R[OOK?L?MT?> ]HTG

J97GE6AF5FM )AK_26 5J9 AF7N65M98 PAM@ 5 89<F98 %," D9KAGFW 5F8 N6AINAMRD5M98 HJGM9AFK 5J9 9FJA7@98 6R

>?M;T[QHMF O[KK>N]M @NKKN]?> <_ L;RR RO?=TQNL?TQ_i 6RHMF TGHR T?=GMHP[?f TG? ;[TGNQR BM> TG;T TG? ;=VM

binding protein Dbn1 is ubiquitylated by Cul1-ßTrcp in response to double strand breaks (DSBs) at an ATM-

RVL[K;T?> >?FQNM TN TQHFF?Q OQNT?;RNL;K >?FQ;>;VNM N@ %<Mzi

5G? O;O?Q >N?R ; MH=? IN< =G;Q;=T?QH`HMF %4#oHM>[=?> [<HP[HT_K;VNM N@ %<Mz <_ $[KzoS53$1 ;M> RGN]HMF

TG? "5.oQ?F[K;T?> >?FQNM HR R[C=H?MT @NQ HM>[=HMF [<HP[HT_K;VNM N@ ; G?T?QNKNFN[R OQNT?HMi 5G? L;RR

RO?=TQNL?TQ_ >;T; HR MH=?K_ =NMTQNKK?> q]HTG lMN )HRm ;M> &z HMGH<HTNQ =NM>HVNMRri 5G? %4# ?^O?QHL?MTR ;Q?

O?Q@NQL?> HM P[;>Q[OKH=;T? ]HTG FNN> =NQQ?K;VNMf ;M> TG? >;T; ;Q? ;M;K_`?> ]?KKi )N]?\?Qf KHJ? OQHNQ

T;FF?> 6< ;OOQN;=G?Rf TG? T?=GMHP[? >N?R MNT H>?MV@_ L;M_ [<HP[HT_K;T?> OQNT?HMR qR?? ONHMT zrf >N?R MNT

H>?MV@_ RHT?R N@ [<HP[HT_K;VNMf ;M> ?MQH=G?R MNMRO?=HB= OQNT?HMRi "KRNf TG?Q? HR MN @[M=VNM;K

=G;Q;=T?QH`;VNM N@ %<Mz [<HP[HT_K;VNM HM %/" Q?O;HQi

We would like to thank the reviewer for their endorsement of our manuscript and for recognizing that our 

?^O?QHL?MTR ;>G?Q? TN TG? QHFNQN[R RT;M>;Q>R L;M>;T?> @NQ O[<KH=;VNM HM /;T[Q? $NLL[MH=;VNMRi

We have addressed the reviewer’s comments in separate points below.

zi 5G? ;[TGNQR H>?MV@_ ; TNT;K N@ NMK_ ��� [<HP[HT_K;T?> OQNT?HMR @QNL TG?HQ P[;>Q[OKH=;T? %4# ?^O?QHL?MTR

`M9QM H5?9 lW 'A? 0g(aZ3AM@ 5F '%/ pfZfkW M@9R <F8 GFDR hi HJGM9AFK AF8N798 6R %0#K `'A?K g)W 0g(W 0g*X

156D9 0gaZ 3AM@ 5 EGJ9 KMJAF?9FM '%/ pfZfgW M@9R <F8 m HJGM9AFK `'A? 0h#W 156D9 0gaZ 0AEAD5JDRW KK%,"_%.$

(Figs 2B, S2B) induces only 19 proteins (at FDR < 0.05) and 8 proteins (at FDR < 0.01), while SSB-DPC (Figs 

2C, S2B) induces 19 proteins (at FDR < 0.05) and 8 proteins (at FDR < 0.01). Newer techniques like diGly 

O?OV>? ?MQH=GL?MT NQ 6<H4HT? q"JHLN\ /4.# {yz�r ]?Q? >?\?KNO?> TN H>?MV@_ [<HP[HT_K;T?> OQNT?HMR

LNQ? ?C=H?MTK_ TG;M T;FF?> [<HP[HVMn6#- ;OOQN;=G?R q.?H?QGN@?Q + 1QNT 3?R {yy�g %;MH?KR?M .NK $?KK 1QNT

2011; Ma et al. Hunter Mol Cell Prot 2014). This is a drawback of their approach. 
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8? ;FQ?? ]HTG TG? Q?\H?]?QkR MNVNM TG;T NTG?Q OQNT?NLH=R L?TGN>R ?^HRT TG;T ;KKN] =NLOQ?G?MRH\?

H>?MVB=;VNM N@ [<HP[HT_K;VNM RHT?Rf R[=G ;R TG? %H(K_ ;M> 6<H4HT? RTQ;T?FH?R1,2. While these methods have 

;KKN]?> F;HMHMF M?] HMRHFGTR HMTN TG? @[M=VNM;K =NMR?P[?M=?R N@ [<HP[HT_K;VNMf ]? ]N[K> Q?RO?=U[KK_ KHJ?

TN ONHMT N[T TG;T TG? ;HL N@ N[Q L;M[R=QHOT ];R M?\?Q TN <Q?;J Q?=NQ>R ]HTG Q?F;Q> TN TG? M[L<?Q N@ H>?MVB?>

ubiquitylated proteins. 

.NQ?N\?Qf RTQ;T?FH?R TN];Q>R FKN<;K =G;Q;=T?QH`;VNM N@ [<HP[HT_K;VNM RHT?R Q?L;HM KHLHT?> HM TG?HQ ;<HKHT_ TN

>?T?QLHM? TG? >_M;LH= ;M> P[;MVT;V\? Q?F[K;VNM N@ TG? [<HP[HT_K;T?> OQNT?HM T;QF?TRf ;M> TG? ?^T?MT N@

[<HP[HT_K;VNM ?\?MTR ?K[=H>;T?> <_ TG?R? ;OOQN;=G?R Q?M>?Q TG?L HLOQ;=V=;K @NQ >?=HOG?QHMF GHFGK_ RO?=HB=

Q?RONMR?R TN RO?=HB= RVL[K;VNMR ;M>nNQ =NM>HVNMRi )?M=?f ]? >?\?KNO?> TG? 6#*."9 L?TGN>f ]GH=G

combines advances in proteomics technologies with Xenopus laevis ?FF ?^TQ;=TRf TN >HRR?=T [<HP[HT_K;VNM

RHFM;KKHMF O;TG];_R [M>?Q RO?=HB= RTQ?RR?R ]HTG GHFG T?LONQ;K Q?RNK[VNMi

8GHK? TG? M[L<?Q N@ [<HP[HT_K;T?> OQNT?HMR HM N[Q L;M[R=QHOT L;_ <? \H?]?> <_ TG? Q?\H?]?Q ;R ; KHLHT;VNMf

]? ]N[K> KHJ? TN >Q;] TG? Q?\H?]?QkR ;X?MVNM TN TG? @;=T TG;T TG? %H(K_ ;M> 6<H4HT? L?TGN>R ;Q?

@[M>;L?MT;KK_ >HA?Q?MT RTQ;T?FH?R TG;T M?=?RRHT;T? TG? [VKH`;VNM N@ R[<RT;MV;K ;LN[MTR N@ RT;QVMF L;T?QH;K

TN ;=GH?\? TG?HQ Q?ONQT?> M[L<?Q N@ [<HP[HT_K;VNM RHT?Ri 'NQ ?^;LOK?f HM TG? G;KKL;QJ O;O?Q <_ TG? (_FH

group2, the authors used 25-35 milligrams of protein per sample. In contrast, the UBIMAX experiments 

M?=?RRHT;T? NMK_ ;OOQN^HL;T?K_ |yy LH=QNFQ;LR N@ OQNT?HM L;T?QH;K O?Q R;LOK?f ]GH=G Q?OQ?R?MTR ; Q?>[=VNM

N@ T]N NQ>?QR N@ L;FMHT[>? HM RT;QVMF L;T?QH;Ki 5GHR ?P[;T?R TN �i{~ LH=QNKHT?QR N@ Xenopus HSS extract, 

;LN[MVMF TN K?RR TG;M zn~yTG N@ TG? TNT;K ?^TQ;=T L;T?QH;K _H?K>?> @QNL ; RHMFK? @QNFi "R ; Q?R[KTf ;KK

experiments detailed in this manuscript can be conducted employing egg extract obtained from a single frog, 

[M>?QR=NQHMF TG? OQ;=V=;KHT_ N@ TG? 6#*."9 ;OOQN;=G @NQ K;<NQ;TNQH?R [VKH`HMF Xenopus extracts and at the 

R;L? VL? =NMRH>?QHMF TG? M?=?RR;Q_ [R? N@ ?^O?QHL?MT;K ;MHL;KRi *M =NLO;QHRNMf TG? %H(K_ ;M> 6<H4HT?

methods would demand egg extracts sourced from 40 frogs, rendering such endeavours considerably 

unfeasible.

To clarify this, we have added the following sentence in the discussion (page 16, 2nd paragraph):

S0#(*"2 6C7G BCH =67BI8N 3 K3GH 3ACJBH C8 J4=EJ=HN@3H76 DFCH7=BG L<7B 5CAD3F76 HC CH<7F DFCH7CA=5

GHF3H7;=7G L<=5< =67BI8N G=H7U@7K7@ J4=EJ=HN@3ICB13-17 4JH 6C7G =67BI8N 6NB3A=5 DFCH7=B J4=EJ=HN@3ICB =B

F7GDCBG7 HC GD75=95 GIAJ@= L<=@7 7MD7B6=B; YXXU8C@6 @7GG GH3FIB; A3H7F=3@RT

Given the reviewer agrees that the presented work is of high technical quality, we believe that UBIMAX 

=NMRVT[T?R ;M HLONQT;MT L?TGN>NKNFH=;K ;>\;M=? ;M> \?Q_ [R?@[K @NQ TG? <QN;> Q?;>?QRGHO N@ /;T[Q?

$NLL[MH=;VNMRi

{i *M 'HF 4z'f ?MQH=G?> O?OV>? ;<[M>;M=? @NQ TG? &z HMGH<HTNQ ;M> lMN )HRm =NMTQNKR q<;QR } ;M> ~r HR

=NLO;Q;<K? TN TG;T @NQ TG? )HRo6< ?MQH=GL?MT =NM>HVNMR q<;QR zo|ri 5GHR R[FF?RTR TG? L;INQHT_ N@ O?OV>?R

O[QHB?> <_ /Ho/5" <?;>R ;Q? <HM>HMF MNMoRO?=HB=;KK_f ]GH=G GHFGKHFGTR ; KHLHT;VNM N@ TG?HQ ;OOQN;=Gi

We acknowledge the reviewer’s analysis of this data. Indeed, our UBIMAX approach does entail a certain level 

of background-binding proteins. However, we would like to point out that background-binding proteins are 

;M HMG?Q?MT =G;KK?MF? N@ ?RR?MV;KK_ ;KK OQNT?NLH=R ?^O?QHL?MTR ;M> MNT [MHP[? TN N[Q 6#*."9 ;OOQN;=Gi

'[QTG?QHMF TGHRf ]? ]N[K> KHJ? TN GHFGKHFGT TG;T ?\?M FKN<;K OQNT?NLH= RT[>H?Rf ;R L?MVNM?> HM TG? OQ?\HN[R

comment (DiGly and UbiSite), also entail a high degree of background-binding proteins. To illustrate this, we 

?^;LHM?> TG? OQNONQVNM N@ H>?MVB?> O?OV>?R TG;T =NQQ?RONM>?> TN [<HP[HT_K;T?> O?OV>?R ;R NOONR?> TN

[MLN>HB?> O?OV>?R ;R ;M HM>H=;TNQ N@ t[M>?RHQ?>t NQ t<;=JFQN[M>o<HM>HMF OQNT?HMRt HM RT[>H?R ?LOKN_HMF TG?
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DiGly method (Pride database entries PXD030714 and PXD024103). From this analysis, it emerged that only 

{~o|~� N@ TG? TNT;K H>?MVB?> O?OV>?R ]?Q? ;RRN=H;T?> ]HTG [<HP[HT_K;T?> RO?=H?Ri 4HLHK;QK_f @NQ 6<H4HT?

analysis (Pride database entries PXD0062011 and PXD0223673), the corresponding percentages revealed that 

L?Q?K_ {y� =NMRVT[T?> [<HP[HT_K;T?> O?OV>?Ri

*KK[RTQ;VMF TG;T <;=JFQN[M>o<HM>HMF OQNT?HMR Q?OQ?R?MT ; =NLLNM OG?MNL?MNM MNT KHLHT?> TN N[Q 6#*."9

approach, this underscores the importance of including proper controls to reliably test for true interactors4. 

"R ;=JMN]K?>F?> <_ TG? Q?\H?]?Qf N[Q 6#*."9 RTQ;T?F_ ?M=NLO;RR?R TG?R? O?QVM?MT ;M> L?V=[KN[R

=NMTQNKRf ?M;<KHMF [R TN ?A?=V\?K_ >HRVMF[HRG <?T]??M <;=JFQN[M>o<HM>HMF OQNT?HMR ;M> [<HP[HT_K;T?>

T;QF?TR HM ; P[;MVT;V\? L;MM?Qi

|i *M 'HF z'f &z HMGH<HVNM Q?>[=?R TG? O?Q=?MT;F? N@ [<HP[HVM O?OV>?R ?MQH=G?> NM MH=J?K <?;>Rf ]GH=G

;F;HM R[FF?RTR ; GHFG OQ?\;K?M=? N@ MNMoRO?=HB= <HM>HMF TN <?;>Ri *@ TG? L;INQHT_ N@ O?OV>?R ;Q? ?MQH=G?>

\H; RO?=HB= O[KK>N]M <_ =N\;K?MT ;X;=GL?MT TN )HRo6<f &z HMGH<HVNM RGN[K> HM=Q?;R? TG? Q;VN N@ [<HP[HVM

O?OV>?R TN MNMo[<HP[HVM O?OV>?R q<_ >?=Q?;RHMF =N\;K?MT ;X;=GL?MT N@ )HRo6< TN NTG?Q MNMo[<HP[HVM

proteins), but this does not occur.

8? [M>?QRT;M> TG? Q?\H?]?QkR ONHMT TG;T [M>?Q H>?;K =NM>HVNMR N@ TG? <HNKNFH=;K R_RT?L ?LOKN_?>f ;M>

R;LOK? OQ?O;Q;VNM [VKH`?>f TG? [<HP[HVM &z HMGH<HTNQ =NM>HVNM RGN[K> ;KKN] RO?=HB= ?MQH=GL?MT N@ )HRo

[<HP[HVMi )N]?\?Qf ]? ]N[K> Q?RO?=U[KK_ KHJ? TN ONHMT N[T TG;T MN <HNKNFH=;K R_RT?L MNQ R;LOK? OQ?O;Q;VNM

strategy is without variance or background. 

'NQ ?^;LOK?f @NKKN]HMF TG? Q?\H?]?QkR MNVNMf TQ?;TL?MT ]HTG TG? [<HP[HVM &z HMGH<HTNQ RGN[K> ?MQH=G

unconjugated His6o[<HP[HVMf ]G?Q?;R TG? lMN %/"mf l%/"mf ;M> l%4#m =NM>HVNMR ]N[K> KHJ?K_ Q?R[KT HM ;M

?MQH=GL?MT N@ <NTG LNMNo ;M> ONK_o[<HP[HT_K;T?> @NQLRi 5GHR ;KT?Q;VNM HM TG? [<HP[HVM =NLONRHVNM ;=QNRR

R;LOK?R HLO;=TR TG? N\?Q;KK [<HP[HVM O?Q=?MT;F?f ]HTG ONK_o[<HP[HVM;T?> @NQLR OQN\H>HMF ; RTQNMF?Q .4

RHFM;K qHi?i GHFG?Q [<HP[HVM O?Q=?MT;F? HM TG? R;LOK?r ;R =NLO;Q?> TN LNMNo[<HP[HT_K;VNM NQ [Mo=NMI[F;T?>

His6o[<HP[HVMi #?_NM> TGHRf TG? ?A?=V\?M?RR N@ TG? [<HP[HVM &z HMGH<HTNQ L;_ MNT <? zyy�f ]GH=G L;_ K?;>

TN >?T?=VNM N@ RNL? [<HP[HT_K;T?> OQNT?HMR HM TG? Q?OKH=;T?R TQ?;T?> ]HTG TG? HMGH<HTNQi $NKK?=V\?K_f TG? ;<N\?

will skew the reviewer’s argument to some degree.

&^O;M>HMF NM TGHRf ]? ?^;LHM?> TG? N\?Q;KK [<HP[HVM K?\?KR HM RT;M>;Q> )HR6o[<HP[HVM ?MQH=G?> R;LOK?R ;R

NOONR?> TN [<HP[HVM &z HMGH<HTNQoTQ?;T?> ;M> lMN )HRm =NMTQNK R;LOK?R q3?<[X;K 'HFi zri 5GHR ;M;K_RHR Q?\?;K?>

; L[=G LNQ? OQNMN[M=?> [<HP[HVM OQ?R?M=? HM TG? )HR6o6<HP[HVM ?MQH=G?> R;LOK?R ]G?M =NMTQ;RT?> ]HTG

TGNR? R[<I?=T?> TN [<HP[HVM &z HMGH<HTNQ TQ?;TL?MTi
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Rebu al Fig. 1. *M TG? ;<N\? BF[Q?f L?;M \;K[?R ;Q? FQ;OG?> ]HTG ?QQNQ <;QR Q?OQ?R?MVMF RT;M>;Q> >?\H;VNMRi

5GHR HR KHJ?K_ >[? TN TG? ?A?=TR L?MVNM?> ;<N\? ;KNMF ]HTG TG? MNVNM TG;T HM )HR6o6<HP[HVM ?MQH=G?> R;LOK?Rf

UBIMAX co-enriches both exogenous His6o6<HP[HVM ;M> ?M>NF?MN[R [<HP[HVMf ;R <NTG ]HKK <? OQ?R?MT HM TG?

samples and likely are co-conjugated on target proteins.

#;R?> NM TGHRf ]? G;\? ;QF[?> HM TG? L;M[R=QHOT TG;T TG? >?=Q?;R? HM [<HP[HVM RHFM;K @QNL [<HP[HVMo?MQH=G?>

R;LOK?R TN [<HP[HVM &z HMGH<HTNQoTQ?;T?> R;LOK?R HM>H=;T?R TG? ?^O?=T?> KNRR N@ ?MQH=GL?MT N@ ?M>NF?MN[R

[<HP[HVM ]HTG [<HP[HVM &z HMGH<HVNM ;M> vice versa TG? F;HM N@ =NMI[F;T?> ?M>NF?MN[R [<HP[HVM NM TNO N@

His6o[<HP[HVM HM TG? [<HP[HVMo?MQH=G?> R;LOK?R =NLO;Q?> TN ?MQH=GL?MT N@ L;HMK_ [Mo=NMI[F;T?> )HR6-

[<HP[HVM HM TG? [<HP[HVM &z HMGH<HTNQ R;LOK?Ri

4VKKf ;R N[TKHM?> <_ TG? Q?\H?]?Qf ?A?=TR >?QH\?> @QNL MNMoRO?=HB= <HM>HMF ;=QNRR TG? R;LOK?R ]HKK KHJ?K_

=NMTQH<[T? TN TG? N<R?Q\;VNMRi )N]?\?Qf MNMoRO?=HB= <HM>HMF N@ OQNT?HMR qHi?i <;=JFQN[M>o<HM>HMF OQNT?HMRr

=NMRVT[T? ;M HMG?Q?MT N<RT;=K? HM ;KK OQNT?NLH= ?^O?QHL?MTR p O;QV=[K;QK_ HM ?MQH=GL?MTo<;R?> ?^O?QHL?MTRi

)9F79W P9 PGND8 DAC9 MG 9EH@5KAS9 M@5M FGF_KH97A<7 6AF8AF? G: HJGM9AFK MG 6958K AK FGM 9Q7DNKAO9 MG M@9

UBIMAX approach. 

*M R[LL;Q_f ]? ;=JMN]K?>F? TG;T N[Q L?TGN> ?MT;HKR MNMoRO?=HB= <HM>HMF ;LNMF TG? HM\?RVF;T?> R;LOK?Rf

RHLHK;Q TN NTG?Q OQNT?NLH=R ?^O?QHL?MTRi /?\?QTG?K?RRf ]? ;MV=HO;T? TG;T <_ [RHMF OQNO?Q P[;MVT;V\?

L?;R[Q?R ;M> RT;VRV=;K BKT?QHMFf TG?R? MNMoRO?=HB= <HM>HMF ?A?=TR ]HKK MNT ;A?=T TG? \;KH>HT_ N@ N[Q

conclusions. 

4VKKf ]? G;\? MN] HM=K[>?> ; R?MT?M=? HM TG? Q?\HR?> L;M[R=QHOT TN ;>>Q?RR TG? ;RO?=TR N@ MNMoRO?=HB=

binding (page 5, 4th paragraph), which reads:

“However, as background binding proteins are an inherent challenge in any enrichment-based proteomic 

experiment35Q L7 JI@=O76 @347@ 8F77 EJ3BI953ICB V)&,W30 C8 F7D@=53H7 G3AD@7G HC 47 34@7 HC 6=GIB;J=G<

435?;FCJB6 4=B6=B; DFCH7=BG 8FCA HFJ7 J4=EJ=IB H3F;7H DFCH7=BGRT

}i 5G?_ RGN[K> O?Q@NQL 6#*."9 HM ?^TQ;=TR TQ?;T?> ]HTG ; OQNT?;RNL? HMGH<HTNQi 5GHR ]HKK HM=Q?;R? R?MRHV\HT_

@NQ [<HP[HT_K;VNM ?\?MTR TG;T =;[R? >?FQ;>;VNM <_ TG? OQNT?;RNL?
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8? TG;MJ TG? Q?\H?]?Q @NQ TGHR R[FF?RVNM ;M> ;FQ?? TG;T O?Q@NQLHMF 6#*."9 NM ?^TQ;=T Q?;=VNMR TQ?;T?>

]HTG OQNT?;RNL? HMGH<HTNQ =N[K> ;KKN] @NQ HM=Q?;R?> P[;MVT;V\? Q?F[K;VNM N@ OQNT?HMR TG;T <?=NL?

ubiquitylated and degraded by the proteasome in response to DSBs. 

*M Q?RONMR? TN TG? Q?\H?]?QkR R[FF?RVNMf ]? G;\? O?Q@NQL?> 6#*."9 HM ?^TQ;=TR RVL[K;T?> @NQ |y LHM[T?R

with undamaged DNA or DSB plasmid DNA in the presence or absence of proteasome inhibitor (MG262), with 

;KK =NM>HVNMR O?Q@NQL?> HM P[;>Q[OKH=;T?Ri *M R[OONQT N@ ;M ?A?=V\? OQNT?;RNL;K TQ?;TL?MTf ]? MNT?> TG;T

;>>HVNM N@ OQNT?;RNL? HMGH<HTNQ TN ?^TQ;=T HM=Q?;R?> TG? OQ?\;K?M=? N@ GHFG LNK?=[K;Q ]?HFGT [<HP[HVMo

=NMI[F;T?R q3?<[X;K 'HFi {;ri )N]?\?Qf ]? ;KRN MNT?> TG;T OQNT?;RNL? HMGH<HVNM P[H=JK_ >?OK?T?> TG? @Q??

[<HP[HVM ONNKi 5GHR ]HKK KHJ?K_ HLO;HQ HM>[=VNM N@ @[QTG?Q [<HP[HT_K;VNM ?\?MTR HM Q?RONMR? TN ;M_ RVL[K[R

;OOKH?>f ;M> ONT?MV;KK_ HMTQN>[=? OK?HNTQNOH= ?A?=TR HM TG? Q?;>N[T =NLO;Q?> TN N[Q HMHV;K ?^O?QHL?MTRi

4VKKf TGHR 6#*."9 ?^O?QHL?MT qO?Q@NQL?> ]HTGN[T lMN)HRm NQ [<HP[HVM &z HMGH<HTNQ <;=JFQN[M> =NMTQNKRr

=NMBQLR ;KLNRT ;KK TG? %4#oHM>[=?> [<HP[HT_K;VNM ?\?MTR Q?ONQT?> HM N[Q L;M[R=QHOT q'HFi zHr ;M>

;>>HVNM;KK_ >?T?=TR ~� OQNT?HMR @NQ ]GH=G [<HP[HT_K;VNM HR [OQ?F[K;T?> NMK_ <_ TG? =NL<HM;VNM N@ .({�{

;M> %4#R q3?<[X;K 'HFi {< ;M> =NKN[Q?> O[QOK? HM 3?<[X;K 'HFi {>ri 5G?R? ~� OQNT?HMR ;Q? =;M>H>;T?R @NQ %4#o

HM>[=?> ;M> [<HP[HVMoL?>H;T?> OQNT?;RNL;K >?FQ;>;VNM ]HTGHM TG? BQRT |y LHM N@ RVL[K;VNM ]HTG %4#Ri

5G?R? >;T; =NMBQL TG? Q?\H?]?QkR MNVNMf TG;T TG? R?MRHV\HT_ N@ 6#*."9 L;_ <? HM=Q?;R?> <_ O?Q@NQLHMF TG?

experiment in the presence of a proteasome inhibitor. 

*LONQT;MTK_ @NQ TG? =NM=K[RHNMR N@ TGHR L;M[R=QHOTf ;M> HM ;FQ??L?MT ]HTG TG? VL? =N[QR? ]?RT?QM <KNT

5F5DRK9K HJ9K9FM98 @9J9AFW GNJ 2#*+"4 9QH9JAE9FM NKAF? +(hlh 7GF<JEK M@5M %6Fg AK N6AINAMRD5M98 NHGF

%4#R <[T MNT _?T RHFMHB=;MTK_ >?FQ;>?> <_ TG? OQNT?;RNL? ]HTGHM |y LHM N@ %4# RVL[K;VNM q%<Mz L;QJ?>

HM <K;=J HM 3?<[X;K 'HFi {>ri $NKK?=V\?K_f <?RH>?R =NMBQLHMF N[Q HMHV;K >;T; >?R=QH<?> HM TG? L;M[R=QHOTf TG?

experiment outlined here furthers the value of UBIMAX in performing varied analyses tailored precisely to 

TG? R=H?MVB= ;HL HM P[?RVNMi

)N]?\?Qf <?=;[R? OQNT?;RNL;K HMGH<HVNM G;R ;M HM>HQ?=T ?A?=T NM [<HP[HVM >_M;LH=Rf ]? >N MNT @??K

7GF<89FM 588AF? M@AK 85M5 MG M@9 E5FNK7JAHM 6NM 588 AM @9J9 :GJ M@9 J9OA9P9J[K H9JNK5DZ
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)?-; =?KKRf TG?_ =N[K> ;KRN =G?=J )3f Q?R?=VNMf 3"%~z @N=H @NQL;VNMf NQ NTG?Q Q?O;HQ ;RR;_R HM L;LL;KH;M

cells.

8? ]N[K> KHJ? TN TG;MJ TG? Q?\H?]?Q @NQ TG?R? \?Q_ HMRHFGU[K R[FF?RVNMR NM GN] TN HM\?RVF;T? TG? ?A?=T N@

%<Mz [<HP[HT_K;VNM NM %4# Q?O;HQi

'NKKN]HMF TG? Q?\H?]?QkR R[FF?RVNMf ]? G;\? ?^OKNQ?> TG? QNK? N@ %<Mz [<HP[HT_K;VNM HM TG? %4# Q?RONMR? HM

LNQ? >?T;HKi *MHV;KK_f ;R R[FF?RT?> <_ TG? Q?\H?]?Qf ]? =NM>[=T?> ?^O?QHL?MTR TN HM\?RVF;T? TG? HLO;=T N@

%<Mz >?OK?VNM ;M> Q?HMTQN>[=VNM N@ TG? %<Mzo4�y�"L[T;MT NM %4# Q?O;HQ ]HTGHM N[Q MNMoGNLNKNFN[R ?M>

INHMHMF q/)&+r ;RR;_ q]HTG >?OK?VNM N@ ,[�y ;R ; =NMTQNKf 3?<[X;K 'HFi |ri 3?FQ?X;<K_f ]? N<R?Q\?> MN

R[<RT;MV;K ?A?=T HM TGHR ;RR;_i

Rebu al Fig. 3. a. DNA repair assay using mock-, Dbn1-, or Ku80-depleted extracts complemented with the indicated recombinant 

OQNT?HMRi 5G? ?^O?QHL?MT ];R =NM>[=T?> HM TQHOKH=;T?f _H?K>HMF =NMRHRT?MT N[T=NL?Ri " Q?OQ?R?MT;V\? ?^O?QHL?MT HR RGN]Mi b-c. 

2[;MVB=;VNM N@ O?Q=?MT Q?L;HMHMF %4# R[<RTQ;T? qKHM?;Q OK;RLH> %/"f <r ;M> ;OO?;Q;M=? N@ Q?O;HQ?> OQN>[=T qR[O?Q=NHK?> q4$rf

open circular (OC), and dimer, c).

/?^Tf ]? ]NM>?Q?> ]G?TG?Q ]? LHFGT <? ;<K? TN >?T?=T ;M ?A?=T NM Q?R?=VNM ;R ; L?;MR N@ HM>H=;VMF ;M

?A?=T NM %4# Q?O;HQi 5N TGHR ?M>f ]? ;RR;_?> Q?R?=VNM HM ; RHLHK;Q Q?;=VNM TN TG? ;<N\? HM LN=Jo NQ %<Mzo

>?OK?T?> ?^TQ;=TRi "R Q?R?=VNM HR KHLHT?> HM )44f ]? O?Q@NQL?> TGHR ?^O?QHL?MT HM <NTG )44 ;M> M[=K?NOK;RLH=

?^TQ;=TR q/1&rf ]GH=G HR ; Q?R?=VNMn)3 =NLO?T?MT ?^TQ;=T5Z "?5AFW P9 G6K9JO98 FG KA?FA<75FM 9;97M P@9F P9

>?OK?T? %<Mz q3?<[X;K 'HFi }ri

a

b c
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Rebu al Fig. 4. DSB processing was analysed by DNA repair assay in mock- or Dbn1-depleted HSS or NPE. The experiment was 

=NM>[=T?> HM TQHOKH=;T?i " Q?OQ?R?MT;V\? ?^O?QHL?MT HR RGN]Mi

"R "=VMo<HM>HMF OQNT?HMR ;RRN=H;T? ]HTG %4#Rf ;M> ;=VM BK;L?MT ONK_L?QH`;VNM ];R OQNONR?> TN Q?F[K;T?

%4# KN=;KH`;VNM ;M> Q?O;HQ <_ GNLNKNFN[R Q?=NL<HM;VNM q)3r RO?=HB=;KK_6-10f ]? >?=H>?> TN ;RR;_ ; ONT?MV;K

?A?=T N@ %<Mz >?OK?VNM ;M> ;>> <;=J NM )3i '[QTG?QLNQ?f H@ TG? QNK? N@ %<Mz HM %4# Q?O;HQ HR O?Q@NQL?> \H;

;=VM BK;L?MT Q?F[K;VNMf TG? K;=J N@ ?A?=T N<R?Q\?> HM ?FF ?^TQ;=TR L;_ <? >[? TN TG? @;=T TG;T TN L;HMT;HM

; RNK[<K? ?M\HQNML?MTf N[Q ?FF ?^TQ;=TR ;Q? R[OOK?L?MT?> ]HTG ;=VM ONK_L?QH`;VNM HMGH<HTNQR ;M> L;_

TG?Q?@NQ? MNT <? ; R[HT;<K? R_RT?L TN HM\?RVF;T? TG? @[M=VNM N@ %<Mzi 5N =HQ=[L\?MT TGHRf ]? LN\?> HMTN

@NE5F 79DDK 5F8 MGGC 58O5FM5?9 G: M@9 %/_('. @NE5F 79DD DAF9W AF P@A7@ 5 KAM9_KH97A<7 %0# AK AF8N798 AF 5

('1 =;RR?X? <_ HM>[=VNM N@ *o4=?* ?M>NM[=K?;R? ?^OQ?RRHNMi "R TGHR =;RR?X? =;M NMK_ <? Q?O;HQ?> HM ; L;MM?Q

Q?RTNQHMF ('1 RHFM;K <_ )3oL?>H;T?> F?M? =NM\?QRHNM N@ ; >NMNQ =;RR?X?f ('1 RHFM;K R?Q\?R ;R ; Q?;>oN[T @NQ

)3 ;=V\HT_i 8? O?Q@NQL?> TGHR ;RR;_ HM =?KKR ?HTG?Q LN=JoTQ;MR@?=T?> NQ ]HTG RH3/"oL?>H;T?> JMN=J >N]M N@

%#/z ?HTG?Q ]HTG NQ ]HTGN[T =NLOK?L?MT;VNM ]HTG 85 NQ 4~��" L[T;MT %#/z <_ TQ;MRH?MT OK;RLH>

TQ;MR@?=VNM q3?<[X;K 'HFi ~ri 8? N<R?Q\?> MN Q?OQN>[=H<K? ?A?=T ]HTG TGHR ;RR;_ ?HTG?Qi

Rebu al Fig. 5. %3o('1 =?KK KHM?o<;R?> )3 ;RR;_ O?Q@NQL?> HM =?KKR TQ;MR@?=T?> ]HTG =NMTQNK RH3/" NQ RH3/"R T;QF?VMF BRCA2 or the 

UTR of DBN1 as well as with expression plasmids encoding either WT or S599A mutant DBN1 as indicated. The experiment was 

=NM>[=T?> HM >[OKH=;T?i " Q?OQ?R?MT;V\? ?^O?QHL?MT HR RGN]Mi

"K KN??9KM98 6R M@9 J9OA9P9JW P9 5DKG 9QHDGJ98 P@9M@9J %#,g KM5MNK EA?@M 5;97M %0# J9H5AJ AF @NE5F 79DDK

<_ HMD[?M=HMF ?HTG?Q %/" >;L;F?o>?T?=VNMnRHFM;KKHMF NQ T?QLHM;VNM N@ %/" Q?O;HQ ;M> %/" >;L;F?

RHFM;KKHMFi 5N ;>>Q?RR TGHRf ]? ;RR;_?> _){"9 @N=H ;OO?;Q;M=? ;M> =K?;Q;M=? ;E?Q zy (_ HNMH`HMF Q;>H;VNM q*3r

HM =?KKR ]HTG ?HTG?Q LN=Jo NQ %#/z RH3/"oL?>H;T?> JMN=J>N]M q3?<[X;K 'HFi �;ri 5N @[QTG?Q ;RR?R ; ONT?MV;K

9;97M G: AFMJG8N7AF? M@9 FGF_89?J5856D9 %#,g 0koo" ENM5FMW P9 5DKG ?9F9J5M98 @NE5F 79DD DAF9K 9AM@9J 31

or CRISPR-mediated knock-out (KO) for DBN1 as well as the DBN1 KO cell line complemented with stable Flp-

*M HMT?FQ;VNM N@ >N^_=_=KHM? q>N^r HM>[=H<K? 85 NQ 4~��" L[T;MT %#/z q3?<[X;K 'HFi �<ri 6RHMF TG?R? =?KK
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KHM?Rf ]? ;RR;_?> _){"9 @N=H |y LHM[T?R ;E?Q *3 q3?<[X;K 'HFi �=o>ri "R R??M @QNL TG? >;T; N@ TG?R? T]N

9QH9JAE9FMKW M@9J9 AK 5 M9F89F7R MGP5J8K 5 897J95K9 AF M@9 5HH95J5F79 G: U)h"4 :G7A PAM@ DGKK G: %#,gZ

Nonetheless, the observed impairment is comparably rescued by both WT DBN1 and the S599A DBN1 

L[T;MTf R[FF?RVMF TG;T ONT?MV;K >?B=H?M=H?R HM %/" >;L;F? RHFM;KKHMF Q?R[KVMF @QNL KNRR N@ %#/z =N[K>

?M=NLO;RR >H\?QR? @;=TNQR <?_NM> TG? [<HP[HT_K;VNM RT;T? N@ %#/zi

Rebu al Fig. 6. a. %HRTQH<[VNM N@ M[L<?Q N@ c){"9 @N=H HM G[L;M =?KKR TQ;MR@?=T?> ]HTG =NMTQNKo NQ TGQ?? >HA?Q?MT RH3/"R T;QF?VMF

DBN1 ;M> ;M;K_R?> <_ HLL[MND[NQ?R=?M=? LH=QNR=NO_ ;T TG? HM>H=;T?> VL?ONHMTR @NKKN]HMF zy (_ *3i b. %HRTQH<[VNM N@ %#/z

56NF85F79 5F5DRK98 6R AEENFG>NGJ9K79F79 EA7JGK7GHR AF @NE5F 79DD DAF9K 9AM@9J H5J9FM5DW $/*0./ DBN1 ,0f NQ TG? K;X?Q

complemented with stable inducible expression of WT or DBN1-S599A mutant. Lines indicate the median. Y-axis was capped at 500, 

excluding 78 out of 5642 data points. a.u., arbitrary units. c. Human cells either parental, CRISPR DBN1 ,0f NQ TG? K;X?Q =NLOK?L?MT?>

with stable inducible expression of WT or DBN1-S599A mutant were either mock-treated or exposed to 10 Gy IR and analysed as in a

30 min post-IR. d. Percent of cells in the experiment detailed in c K@GPAF? EGJ9 M@5F gf U)h"4 :G7AZ 'GJ a and c, full lines indicate 

L?>H;M \;K[?Rf ]GHK? >NX?> KHM?R HM>H=;T? {~� ;M> �~� P[;QVK?Ri

Finally, we assayed cell survival in response to various DSB-inducing treatments using the Incucyte live cell 

;M;K_R?Qi &LOKN_HMF TG? H>?MV=;K =?KK KHM?R ;R OQ?\HN[RK_ L?MVNM?>f ]? ;RR;_?> =?KK FQN]TG ;M> R[Q\H\;K <_

E95KNJAF? 7GF>N9F7R :GJ <O9 85RK AF M@9 56K9F79 GJ HJ9K9F79 G: M@9 %0#_AF8N7AF? 5?9FMK &MGHGKA89 5F8

$15 q3?<[X;K 'HFi �;o<ri

ba

c d
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Rebu al Fig. 7. a-b. *M=[=_T?o<;R?> R[Q\H\;K ;RR;_ L?;R[QHMF =?KK =NMD[?M=? ]HTG VL? HM ?HTG?Q O;Q?MT;Kf $3*413 DBN1 KO, or the 

K;X?Q =NLOK?L?MT?> ]HTG RT;<K? HM>[=H<K? ?^OQ?RRHNM N@ 85 NQ %#/zo4~��" L[T;MT HM Q?RONMR? TN ?HTG?Q LN=Jof ~yy M.

etoposide- (a), or 20 mM CPT treatment (bri 5G? =NM=?MTQ;VNMR [R?> ]?Q? >?T?QLHM?> <_ OQHNQ VTQ;VNM N@ O;Q?MT;K =?KKRi 5G?R?

?^O?QHL?MTR ]?Q? >NM? HM T?=GMH=;K q=?KK =[KT[Q?r TQHOKH=;T?Ri %HROK;_?> ;Q? TG? L?;M \;K[?R ]HTG ?QQNQ <;QR Q?OQ?R?MVMF RT;M>;Q>

>?\H;VNMRi

5N ;RR;_ TG? ?A?=T N@ *3f ]? ;>>HVNM;KK_ O?Q@NQL?> =NKNM_ @NQL;VNM ;RR;_R HM Q?RONMR? TN { (_ *3 qTG?

survival of parental cells was too compromised to generate any meaningful comparisons of survival at 10 Gy 

*3f ]GH=G ]? G;\? NTG?Q]HR? [R?> @NQ RGNQT T?QL ?^O?QHL?MTRf 3?<[X;K 'HFi �ri

Rebu al Fig. 8. 4[Q\H\;K L?;R[Q?> <_ =NKNM_ @NQL;VNM N@ ?HTG?Q O;Q?MT;Kof $3*413 DBN1 ,0 =?KKRf NQ TG? K;X?Q =NLOK?L?MT?> ]HTG

stable inducible expression of WT or DBN1-S599A mutant in response to 2 Gy IR. Mean values are graphed with error bars 

Q?OQ?R?MVMF RT;M>;Q> >?\H;VNMRi 4HFMHB=;M=? ];R >?T?QLHM?> <_ NM?o];_ "/07" ]HTG %[MM?XkR L[KVOK? =NLO;QHRNMR T?RT @NQ ;KK

=NM>HVNMR ;F;HMRT TG? O;Q?MT;K =NMTQNKi "KK =NLO;QHRNMR OQN>[=?> MNMoRHFMHB=;MT Oo\;K[?Ri

#;R?> NM TG? =NKK?=V\? N[T=NL? N@ TG?R? R[Q\H\;K ?^O?QHL?MTRf ]? =NM=K[>? TG;T %#/z RT;T[R >N?R MNT

KA?FA<75FMDR 5;97M 79DD OA56ADAMR AF J9KHGFK9 MG %0#KZ

39 KNKH97M M@5M M@9 D57C G: G6K9JO56D9 9;97MK AF M@9 56GO9_89K7JA698 9QH9JAE9FMK E5R KM9E :JGE GFDR 5

KH97A<7 HGGD G: M@9 %#,g HJGM9AF 69AF? N6AINAMRD5M98 AF J9KHGFK9 MG %0#KZ 1G :NJM@9J M@AKW P9 H9J:GJE98 79DD

R_M=GQNMH`;VNM ?^O?QHL?MTR ;M> @N[M> TG;T *3oHM>[=?> [<HP[HT_K;VNM N@ %#/z L;HMK_ N==[QR HM (zoOG;R? HM

G[L;M =?KKRi 8? =NMRH>?Q TGHR M?] >;T; NM TG? =?KK =_=K? Q?F[K;T?> M;T[Q? N@ %#/z [<HP[HT_K;VNM Q?K?\;MT TN

the current manuscript and have added it to the revised manuscript (new Supplementary Fig. 3n).

a b
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'[QTG?QLNQ?f ;R %4#oHM>[=?> %#/z [<HP[HT_K;VNM Q?P[HQ?R OQHNQ "5.oL?>H;T?> OGNROGNQ_K;VNMf TGHR @[QTG?Q

R[FF?RTR TG;T NMK_ ; ONT?MV;K M[=K?;Q ONNK N@ %#/z HR T;QF?T?> @NQ [<HP[HT_K;VNMi %#/z HR L;HMK_ ; =_TNRNKH=

OQNT?HM <[T =N[K> <? HLONQT?> HMTN TG? M[=K?[R RHLHK;QK_ TN ;=VMi

'HM;KK_f TG? >;T; OQ?R?MT?> G?Q? HM>H=;T?R TG;T TG?Q? HR MN L;INQ ?A?=T N@ %#/z [<HP[HT_K;VNM RT;T[R NM %4#

Q?O;HQi 8? <?KH?\? TG;T %#/z [<HP[HT_K;VNM L;_ Q?OQ?R?MT ; LNQ? R[<TK? Q?F[K;VNM N@ %4# Q?O;HQf ?iFi

TGQN[FG Q?F[K;VNM N@ ;=VMoL?>H;T?> LN\?L?MT N@ %4#R6,8-10i )?M=?f [M=N\?QHMF ; =K?;Q L?=G;MHRV= ?A?=T

N@ %#/z [<HP[HT_K;VNM RT;T[R NM %4# Q?O;HQf ]N[K> ?MT;HK ?iFi LNMHTNQHMF %4# LN\?L?MT ]GHK? O?QT[Q<HMF

%#/z [<HP[HT_K;VNM ;M> >?FQ;>;VNM p ]GH=G ]N[K> <? VL?o]HR? =[L<?QRNL? ;R ]?KK ;R ?^O?QHL?MT;KK_ ;M>

T?=GMH=;KK_ N[TRH>? N@ N[Q ?^O?QVR?i

8GHK? ]? @[KK_ ;=JMN]K?>F? TG? HMT?Q?RVMF ;RO?=T N@ @[QTG?Q =G;Q;=T?QH`HMF TG? @[M=VNM;K HLOKH=;VNMR N@

%#/z [<HP[HT_K;VNM NM %4# Q?O;HQf ]? <?KH?\? TGHR ]N[K> KH? N[TRH>? TG? R=NO? N@ TG? =[QQ?MT L;M[R=QHOTf

]GH=G HR OQHL;QHK_ ;HL?> ;T OQ?R?MVMF TG? =Q?;VNM N@ ; OQNT?NLH= L?TGN> >?RHFM?> TN [M\?HK MN\?K

[<HP[HT_K;T?> T;QF?TR TG;T =N[K> <? O[QR[?> HM R?O;Q;T? HM\?RVF;VNMRi *M ;>>HVNMf TG? BM>HMFR N@ N[Q

L;M[R=QHOT ;Q? TG? BQRT TN RGN] ;M ;=VMoQ?K;T?> OQNT?HM <?HMF Q?F[K;T?> >HQ?=TK_ <_ %4#R ;M> ]? @??K TG;T

TGHR ]N[K> <? N@ FQ?;T HMT?Q?RT TN TG? ;=VMo ;M> %4# Q?O;HQ B?K>i

�i "KNMF TG?R? KHM?Rf HT G;R <??M RGN]M TG;T ;=VM ;M> ;=VM Q?F[K;TNQR KN=;KH`? TN =GQNLNRNL;K %4#R HM

Xenopus extracts (Schrank Nature 2018). They should test whether Dbn1 is recruited to chromosomal DSBs 

(like Schrank et al) or to their DSB plasmid (as they do in Larsen, Mol Cell 2019)

8? TG;MJ TG? Q?\H?]?Q @NQ TG? R[FF?RVNM TN HM\?RVF;T? %<Mz KN=;KH`;VNM TN %4# %/"i 'NKKN]HMF TGHRf ]?

have assayed for recruitment of Dbn1 to our linearized DSB plasmid via plasmid pulldown experiments (as 

done in11ri )N]?\?Qf ]GHK? ]? Q?;>HK_ >?T?=T Q?=Q[HTL?MT ;M> [<HP[HT_K;VNM N@ ,[�y NM %4# OK;RLH> %/"f ]?

do not detect any recruitment of Dbn1. This data indicates that, in contrast to Ku80, Dbn1 does not localize 

TN %4#R MNQ >N?R %4#oHM>[=?> [<HP[HT_K;VNM N@ %<Mz N==[Q NM %/"i 8? BM> TGHR ?^O?QHL?MT TN <? =NM=K[RH\?

and have therefore added it to the revised manuscript (new Supplementary Fig. 3f).

�i 'HF |*h TG?_ M??> TN <KNT @NQ $[Kz ;M> 4JOz TN >?T?QLHM? TG? ?^T?MT TN ]GH=G S5Q=O HLL[MN>?OK?VNM

J98N79K M@9 D9O9DK G: $NDg 5F8 0CHgZ 1G K@GP KH97A<7AMRW M@9R 588 657C L1J7HW 6NM L1J7H AK MJ5FKD5M98 AF

Q?V=[KN=_T? K_R;T?R ]GH=G L;_ =NMT;HM $[Kz ;M> 4JOzi

*M Q?@?Q?M=? TN TG? Q?\H?]?QkR Q?P[?RTf ]? G;\? <KNX?> @NQ $[Kz HM TG? ?^O?QHL?MT RGN]M HM NK>

0NHHD9E9FM5JR 'A?Z i@ ^ F9P 0NHHD9E9FM5JR 'A?Z iBW 7GF<JEAF? M@5M 5 E5BGJ HGGD G: $NDg J9E5AFK AF M@9

?^TQ;=T @NKKN]HMF bo5Q=Oz HLL[MN>?OK?VNMi

5N ;RR;_ ]G?TG?Q ; LHMNQ q<[T @[M=VNM;Kr =No>?OK?VNM N@ $[Kz ]?Q? TN N==[Q ]HTG bo5Q=Oz HLL[MN>?OK?VNMf

]? G;\? @[QTG?QLNQ? <KNX?> @NQ ,[�y HM TG? R;L? ?^O?QHL?MTi ,[�y HR ; JMN]M [<HP[HT_K;VNM T;QF?T N@ TG?

$[Kzo=NMT;HMHMF 4$' [<HP[HVM KHF;R? [ONM %4#Rf ;KTGN[FG Q?=NFMH`?> <_ ; >HA?Q?MT 'o<N^ OQNT?HMf '<^Kz{12,13. 

"R bo5Q=Oz HLL[MN>?OK?VNM >N?R MNT HLO;HQ ,[�y [<HP[HT_K;VNM HM Q?RONMR? TN %4#Rf ]? =NM=K[>? TG;T ]?

>N MNT @[M=VNM;KK_ =No>?OK?T? $[Kz ]HTG bo5Q=Ozi

We have replaced the panel in old Supplementary Fig. 3h / new Supplementary Fig. 3j with this extended 

experiment in the revised manuscript.
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�i 5G? ;[TGNQR RGN[K> ?^OK;HM ]G_ TG?_ N<R?Q\? =NMDH=VMF Q?R[KTR @NQ %<Mz ;M> ,[�y >?FQ;>;VNM HM

8A;9J9FM <?NJ9KZ 1@AK ENKM 69 J97GF7AD98Z

;i %4# HM>[=?R ,[�y >?FQ;>;VNM ;T z{y LHM HM 'HF 4|& <[T MNT HM 'HF |%i

<i 5G?_ R?? %4#oHM>[=?> 85 %<Mz >?FQ;>;VNM HM 'HF }$ <[T MNT HM 'HF 4}#i *M <NTG =;R?R N@ TG?R? =;R?Rf

Dpn1 was depleted and then WT Dbn1 was added back 

8? ;ONKNFH`? @NQ TG? =NMDH=VMF Q?R[KTR Q?K;T?> TN %<Mz ;M> ,[�yf ;M> ]? G;\? TG?Q?@NQ? Q?OKH=;T?> TG?

experiments with minor changes to the experimental protocol as detailed below.

;i #?=;[R? Q?;=VNM JHM?V=R =;M \?Q_ <?T]??M <;T=G?R N@ ?FF ?^TQ;=Tf >HA?Q?M=?R HM JHM?V=R N@ [<HP[HT_K;VNM

;M> >?FQ;>;VNM =;M RNL?VL?R <? N<R?Q\?> HM ?^O?QHL?MTR =NM>[=T?> ]HTG >HA?Q?MT ?^TQ;=T OQ?O;Q;VNMRi

8? G;\? Q?O?;T?> TG? ?^O?QHL?MT RGN]M HM 'HFi |> [RHMF ; M?] ?^TQ;=T <;T=Gf ]GH=G RGN]R HM>[=VNM N@ ,[�y

[<HP[HT_K;VNM [ONM %4# ;>>HVNM ;M> =NM=NLHT;MT Q?>[=VNM N@ TG? [MLN>HB?> <;M> ;T z{y LHM[T?R HM

accordance with Supplementary Fig. 3e. We have replaced the panel in Fig. 3d with this new experiment in 

the revised manuscript.

b. As the sole experiment in this study, the experiment shown in Supplementary Fig. 4b was done using in 

vitro TQ;MRK;T?> %<Mz OQNT?HMR OQN>[=?> HM ]G?;T F?QL ?^TQ;=T Q;TG?Q TG;M HM Q?V=[KN=_T? ?^TQ;=Ti 8? R[RO?=T

M@5M M@AK E5R @5O9 J9KNDM98 AF 5 8A;9J9FMDR HJG79KK98 HJGM9AFZ 39 @5O9 J98GF9 M@9 9QH9JAE9FM PAM@ 65M7@9K

N@ %<Mz OQNT?HMR OQN>[=?> HM Q?V=[KN=_T? ?^TQ;=TRi *M ;==NQ>;M=? ]HTG 'HFi }=f TGHR M?] ?^O?QHL?MT RGN]R

>?FQ;>;VNM N@ 85 %<Mz ]HTG %4#R HM TG? [MTQ?;T?> =NM>HVNM qK;M?R zo~ri 8? G;\? Q?OK;=?> TG? O;M?K HM

Supplementary Fig. 4b with this new experiment in the revised manuscript.

�i 'HF |(f 5;<K? 4}h ]G_ HR "5.H >?=Q?;RHMF TG? L;INQHT_ N@ %<Mz HMT?Q;=VNMR q]HTG OQNT?HMR KHJ? ;=VM ;M>

TG? ;=VM Q?F[K;TNQR =;O`;zf =;O`<f ;QO=|;f ;OQ=~f ;QO={<ri *T L;J?R R?MR? TG;T "5.H ]N[K> <KN=J HMT?Q;=VNM

]HTG S5Q=Of 4JOzf ;M> $[Kzf <[T * ]N[K> ?^O?=T "5.H TN HM=Q?;R? <;R;K HMT?Q;=VNM ]HTG ;=VM q;M> HTR <HM>HMF

partners) because ATMi should stabilize Dbn1. Also, their MS data in Table S4 (corresponding to Fig 3G) 

RGN] TG;T %<Mz K?\?KR ;Q? MNT GHFG?Q [ONM "5. HMGH<HVNMi 5G?R? Q?R[KTR R[FF?RT TG? "5.H *1 R;LOK? L;_

have overall lower protein/extract input, and the authors should address this.

8? Q?RO?=U[KK_ >HR;FQ?? ]HTG TG? Q?\H?]?QkR HMT?QOQ?T;VNM TG;T N[Q >;T; HM>H=;T?R TG;T TG? "5.H *1 R;LOK?R

may have lower protein/extract input:

1. "KTGN[FG TG? Q?\H?]?Q HR QHFGT HM TG?HQ Q?;RNMHMF TG;T "5.H <KN=JR %<Mz [<HP[HT_K;VNMn>?FQ;>;VNMf

]? ];MT TN ?LOG;RH`? TG;T %<Mz >?FQ;>;VNM N==[QR ]HTG Q?K;V\?K_ RKN] JHM?V=R ;M> TG;T HT T;J?R

more than 60 min before an observable impact on the Dbn1 protein pool is evident. We do not know 

]G_ TGHR HRf <[T ]? R[RO?=T TG? HM\NK\?L?MT N@ OGNROG;T;R?R =N[MT?Q;=VMF %<Mz OGNROGNQ_K;VNMi

)N]?\?Qf ;R ]? O?Q@NQL TG? %<Mz *1 ;E?Q �y LHM[T?R N@ HM=[<;VNM ]HTG %4# OK;RLH> HM TGHR

?^O?QHL?MTf <?@NQ? TG? L;INQ ONNK N@ %<Mz HR >?FQ;>?>f ]? >N MNT ?^O?=T ; >Q;RV= ?A?=T N@ "5.H NM

%<Mz RT;<HKHT_ ;T TG? VL? ONHMT R;LOK?>i

2. "R %<Mz HR TG? T;QF?T N@ N[Q HLL[MNOQ?=HOHT;VNM ;OOQN;=G HM TGHR *1o.4 ?^O?QHL?MTf TG? ;LN[MT N@

%6Fg HJGM9AF AF M@9 8A;9J9FM K5EHD9K PADD FGM F979KK5JADR 7GJJ9KHGF8 MG M@9 MGM5D 5EGNFM G: %6Fg

OQNT?HM HM TG? ?^TQ;=T Q?;=VNMR @QNL ]GH=G ]? G;\? R;LOK?>i 8? <?KH?\? TG;T TG? @;=T TG;T TG?Q? HR

MN RT;VRV=;K >HA?Q?M=? HM TG? ;LN[MT N@ %<Mz OQNT?HM <?T]??M TG? %<Mz *1 R;LOK?R Q;TG?Q OQN\?R

that we have immunoprecipitated similar amounts across the samples and thus serves as a good 

HLL[MNOQ?=HOHT;VNM =NMTQNKi
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For the above reasons, we therefore do not expect that ATMi would have a profound impact on the Dbn1 

HMT?Q;=TNL?f ?^=?OT HM TG? =;R? N@ %<Mz HMT?Q;=TNQR TG;T >HQ?=TK_ >?O?M> NM %<Mz OGNROGNQ_K;VNM RT;T[R q?iFi

the SCFT_1J7Hg =NLOK?^ri 8? ]N[K> ;KRN KHJ? TN MNT? TG;T RNL? N@ TG? ;=VMoQ?K;T?> %<Mz HMT?Q;=VNM O;QTM?QR

;Q? [M=G;MF?> <_ TG? "5.H =NM>HVNM q?iFi "=T;z ;M> "QO=}ri 5GHR ?LOG;RH`?R TG? @;=T TG;T ]GHK? "5. L;_

Q?F[K;T? RNL? HMT?Q;=VNMR <?T]??M %<Mz ;M> ;=VMoQ?K;T?> ;M> oQ?F[K;VMF OQNT?HMRf NTG?Q HMT?Q;=VNMR R??L

MG 69 NF5;97M98Z

5N Q?=NM=HK? TGHR ONHMTf ]? G;\? FQ;OG?> TG? R[LL?> O?OV>? HMT?MRHT_ ;=QNRR TG? R;LOK?R N@ TGHR ?^O?QHL?MTf

which similarly shows that the overall protein/extract input is similar across all the Dbn1 IP samples. We have 

added this panel to the revised manuscript (new Supplementary Fig. 3g).

10. Fig S3H, Fig 3I: why are basal levels of Dbn1 (at 1 min) lower in ßTrcp-depleted extracts? It is nice how 

>?FQ;>;VNM HR HMGH<HT?> qHi?if %<Mz K?\?KR ;Q? RT;<K? N\?Q VL?rf <[T ]G_ >N %<Mz K?\?KR RT;QT N[T KN]?Qe 5GHR

<?=NL?R ;M HRR[? HM 'HFR 4|*n+f ]G?Q? HT KNNJR KHJ? S5Q=O >?OK?VNM HR ;<NKHRGHMF %<Mz [<HP[HT_K;VNM <[T MNT

HM=Q?;RHMF %<Mz K?\?KRi 5GHR L;_ Q?R[KT @QNL KNRR N@ %<Mz @QNL ?^TQ;=TR <_ HLL[MN>?OK?VNM N@ S5Q=Oi *@ RNf

this would suggest ßTrcp binds Dbn1 in the absence of DNA damage. The authors should address this 

N<R?Q\;VNM ;M> HLOKH=;VNMR HM TG? T?^Ti

8? =NLOK?T?K_ ;FQ?? ]HTG TG? Q?\H?]?QkR MNVNM TG;T bo5Q=Oz HLL[MN>?OK?VNM =No>?OK?T?R ; ONNK N@ %<Mz

q;R R??M @QNL TG? BF[Q?R L?MVNM?> <_ TG? Q?\H?]?Qri

"K :NJM@9J KN??9KM98 6R M@9 J9OA9P9JW M@AK E5R AF8A75M9 M@5M %6Fg AFM9J57MK PAM@ T_1J7Hg AF M@9 56K9F79 G:

DNA damage. This may be due to the fact that Xenopus ?FF ?^TQ;=TR ;Q? lKH\HMFm ?MVV?R TG;Tf I[RT ;R =?KKRf ;Q?

;K];_R R[<I?=T?> TN ?M>NF?MN[R %/" >;L;F? ;M> NQn<;R;K ;=V\;VNM N@ TG? %%3 JHM;R?Ri 5GHR L;_ <? TG?

Q?;RNM ]G_ ]? N<R?Q\? ; ONNK N@ %<Mz HMT?Q;=VMF ]HTG bo5Q=Oz HM TG? ;<R?M=? N@ ;>>HVNM N@ ?^NF?MN[R %/"

damage. 

"KT?QM;V\?K_f TGHR L;_ <? >[? TN ; TQ;MRH?MT HMT?Q;=VNM TGQN[FG TG? MNMo NQ LNMNoOGNROGNQ_K;T?> >?FQNMf

<[T TG;T TG? HMT?Q;=VNM NMK_ <?=NL?R OQN>[=V\? qHi?i HM>[=?R %<Mz [<HP[HT_K;VNMr [ONM @[KK OGNROGNQ_K;VNM

N@ TG? >?FQNM LNV@14,15.

*M ;M_ =;R?f N[Q %<Mz *1o.4 q'HFi |FoGr RGN]R TG;T TG? HMT?Q;=VNM <?T]??M %<Mz ;M> bo5Q=Oz HR FQ?;TK_

HM=Q?;R?> [ONM %4#R =NLO;Q?> TN [MRVL[K;T?> q[M>;L;F?>r =NM>HVNMR ]GH=G HR HM O?Q@?=T ;FQ??L?MT ]HTG

N[Q TGNQN[FG =G;Q;=T?QH`;VNM N@ TG? %<Mz bo5Q=Oz >?FQNMi

We have added the following comment regarding this to the main text of the revised manuscript (page 11, 

3rd paragraph):

S/<7 A=BCF 5CU67D@7ICB C8 %4BY L=H< PU/F5DY =AAJBC67D@7ICB GJ;;7GHG 3B =BH7F35ICB =B JBD7FHJF476

5CB6=ICBGQ L<=5< =G G=;B=953BH@N 8JFH<7F =B6J576 4N %.#G V.JDD@7A7BH3FN &=;R [> 3B6 &=;R [;U<WRT

zzi 'HF |+f ,f -h ]G_ HR *3 MNT HM>[=HMF %<Mz >?FQ;>;VNM HM )?-; =?KKRe *@ TG? ;[TGNQR <?KH?\? %<Mz

[<HP[HT_K;VNM R?Q\?R ; >HA?Q?MT O[QONR? HM )?-;f TG?_ RGN[K> ;=JMN]K?>F? ;M> ;>>Q?RR TGHR HM TG?

manuscript.

"R >?R=QH<?> ;<N\? HM =NMM?=VNM TN ONHMT v~f ]? <?KH?\? TG;T NMK_ ; @Q;=VNM N@ %#/z qHi?i M[=K?;Q %#/z HM

(z =?KKRr HR T;QF?T?> @NQ [<HP[HT_K;VNM ;M> R[<R?P[?MT >?FQ;>;VNM HM Q?RONMR? TN %4#Ri )?M=?f TG?
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\HR[;KH`;VNM N@ TG? >?FQ;>;VNM N@ TGHR O;QV=[K;Q R[<R?T TGQN[FG ]?RT?QM <KNT ;M;K_RHR N@ ]GNK? =?KK ?^TQ;=TR

presents a challenging endeavour.

We have acknowledged this aspect in the revised manuscript (page 12, 1st paragraph), which should 

alleviate the reviewer’s concerns:

S'CL7K7FQ 5CB5CA=H3BH F76J5ICB C8 JBAC6=976 %#+Y L3G BCH 3DD3F7BH =B H<7 =BDJHQ GJ;;7GIB; H<3H 3

A=BCF DCC@ C8 %#+Y DFCH7=B =G H3F;7H76 8CF J4=EJ=HN@3ICB JDCB (-U=B6J576 %+" 63A3;7 =B <JA3B 57@@GRT

z{i 'HF 4}"f T?^T NM Oiz{h lK;=J N@ >?T?=VNM ];R MNT >[? TN TG? F?M?Q;K %<Mz R?P[?M=? =NMT?^Tf ;R TG?

[ORTQ?;L O?OV>? ];R >?T?=T?> ?P[;KK_ ;=QNRR ;KK =NM>HVNMRim * >N MNT [M>?QRT;M> TGHR ONHMTf ;R TG? ?MVQ?

OQNT?HM HR >?FQ;>?> <_ TG? OQNT?;RNL?f RN TG? >?FQ;>;VNM O;X?QM @NQ TG? [ORTQ?;L O?OV>? RGN[K> <?

H>?MV=;K TN TG;T @NQ TG? >?FQNM O?OV>?i *T HR =NM=?QMHMF TG?_ ;Q? >HA?Q?MTi 8G;T HR TG? O;X?QM @NQ NTG?Q

%<Mz O?OV>?R ;=QNRR TG? } =NM>HVNMRe

8? ]N[K> KHJ? TN ;ONKNFH`? @NQ ;M_ =NM@[RHNM TGHR R?=VNM L;_ G;\? =;[R?>i "R N[TKHM?> HM N[Q Q?RONMR? TN

TG? Q?\H?]?QkR ONHMT v�f ]? O?Q@NQL %<Mz HLL[MNOQ?=HOHT;VNM @NKKN]HMF �y LHM[T?R HM=[<;VNM ]HTG %4#

OK;RLH>i "T TGHR VL?ONHMTf TG? L;INQ ONNK N@ %<Mz G;R MNT _?T <??M >?FQ;>?>i ">>HVNM;KK_f ]? ]N[K> KHJ?

TN ONHMT N[T TG;T ;R %<Mz HR TG? HLL[MNOQ?=HOHT;VNM T;QF?T HM TGHR ?^O?QHL?MTf TG? ;LN[MT N@ HM>H\H>[;K

%<Mz O?OV>?R HM TG? >HA?Q?MT R;LOK?R ]HKK MNT ;K];_R Q?D?=T TG? TNT;K ;LN[MT N@ %<Mz OQNT?HM HM TG?

?^TQ;=T Q?;=VNMRi

'[QTG?QLNQ?f ;R TG? %<Mz OQNT?HM ?^HRT HM \;QHN[R LN>HB?> \;QH;MTR qHi?i OQNT?NL@NQLRrf =?QT;HM O?OV>?R

=NMT;HMHMF LN>HB=;VNMR L;_ NMK_ <? OQ?R?MT HM RL;KK?Q ;LN[MTRf NQ NMK_ OQ?R?MT HM RNL? R;LOK?Rf ]GHK?

j=NLLNMk O?OV>?R RG;Q?> ;=QNRR ;KK OQNT?N@NQLR ]HKK <? LNQ? ;<[M>;MTK_ OQ?R?MT ;=QNRR ;KK R;LOK?Ri 5N

HKK[RTQ;T? TGHR ;M> @NKKN]HMF TG? Q?\H?]?QkR R[FF?RVNMf ]? G;\? ;M;K_R?> ;KK TG? %<Mz O?OV>?R >?T?=T?> HM

TGHR ?^O?QHL?MT ;=QNRR TG? @N[Q =NM>HVNMR q3?<[X;K 'HFi �ri 5GHR RGN]R TG;T HM>??> LNRT %<Mz O?OV>?R >N

MNT RHFMHB=;MTK_ =G;MF? ;=QNRR TG? =NM>HVNMRf ?^=?OT @NQ TG? O?OV>? =NMT;HMHMF TG? bo5=QOz >?FQNM ;M> ;

G;M>@[K N@ NTG?QRi 8GHK? HT ]N[K> <? HMT?Q?RVMF TN ;M;K_R? TG? =NMTQH<[VNM N@ ONT?MV;K RHT?R N@ LN>HB=;VNM

NM TG?R? %<Mz O?OV>?R HM LNQ? >?T;HKf ]? <?KH?\? R[=G HM\?RVF;VNMR ;Q? <?_NM> TG? R=NO? N@ TG? =[QQ?MT

manuscript.
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Rebu al Fig. 9. )?;TL;O RGN]HMF KNF{oTQ;MR@NQL?> %<Mz O?OV>? ;<[M>;M=?R NQHFHM;VMF @QNL TG? %<Mz *1o.4 ?^O?QHL?MTi

1?OV>?R ;Q? Q;MJ?> <_ Po\;K[? ;R >?T?QLHM?> <_ "/07" ]HTG O?QL[T;VNMo<;R?> '%3i 1?OV>?R @NQ ]GH=G '%3 � z� ;Q? RGN]M HM

blue.

Other:

zi 'HF z&h G?;T L;O R[FF?RTR TG? KN]?RT =NQQ?K;VNM =N?C=H?MT <?T]??M ;M_ T]N ?^O?QHL?MTR q?\?M

69MP99F \FG )AK] OK )AK 26a AK fZojZ *K M@AK 7GJJ97MV *: KGW M@AK 9EH@5KAS9K M@9 @A?@ 89?J99 G: FGF_KH97A<7

protein enrichment (points 2 and 3 above)

"R N[TKHM?> HM N[Q =NLL?MTR TN ONHMTR v{ ;M> v| ;<N\?f ]? ;FQ?? ]HTG TG? Q?\H?]?QkR MNVNM TG;T N[Q

2#*+"4 5HHJG57@ 9FM5ADK 9FJA7@E9FM G: FGF_KH97A<7 HJGM9AFK MG 5F 9QM9FM KAEAD5J MG 5FR GM@9J 9FJA7@E9FM_
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65K98 HJGM9GEA7K 9QH9JAE9FMZ "K FGF_KH97A<7 HJGM9AFK PADD 69 @A?@DR J9HJG8N7A6DR 89M97M98 57JGKK KAEAD5J

R;LOK?Rf TG?R? ]HKK =NMTQH<[T? TN TG? KHM?;Q Q?K;VNMRGHO <?T]??M \;QH;<K?Ri )N]?\?Qf ;R >HA?Q?MT 1?;QRNM

=NQQ?K;VNM =N?C=H?MTR ;Q? >?T?=T?> <?T]??M Q?OKH=;T?R N@ =NMTQNK ;M> <HNKNFH=;K =NM>HVNMRf TG?R?

>HA?Q?M=?R HM>H=;T? TG? <HNKNFH=;KK_ Q?K?\;MT >HA?Q?M=?R <?T]??M TG?R? =NM>HVNMRi

"R @NQ TG? 1?;QRNM =NQQ?K;VNMR Q?ONQT?> HM 'HFi z?f TG?R? ;Q? =;K=[K;T?> [RHMF TG? 1?QR?[R RNE];Q? ;M> ;Q?f

;R ;==NQ>HMF TN TGHR =;K=[K;VNMf =NQQ?=TK_ Q?ONQT?>i

{i 'HF |%h $[K}" %/ HMGH<HTR %<Mz >?FQ;>;VNM M?;QK_ ;R ]?KK ;R $[Kz %/i "[TGNQR RGN[K> L?MVNM TGHR HM T?^T

and acknowledge there may be other Ub ligases that target Dbn1. 

8? TG;MJ TG? Q?\H?]?Q @NQ ONHMVMF TGHR N[Ti 8? G;\? RHM=? Q?;KHR?> TG;T TGHR ?^O?QHL?MT ];R >NM? ]HTG

>HA?Q?MT =NM=?MTQ;VNMR N@ $[K%/ OQNT?HMRi 4O?=HB=;KK_f TG? =NM=?MTQ;VNM N@ $[K}; %/ [M@NQT[M;T?K_ T[QM?>

N[T TN <? ;KLNRT }o@NK> GHFG?Q TG;M TG;T N@ $[Kz %/ qziz �Fn�K ;M> yi| �Fn�Kf Q?RO?=V\?K_ri

5N T?RT ]G?TG?Q TG? ?A?=T N@ $[K}; %/ ];R >[? TN TGHR GHFG?Q =NM=?MTQ;VNMf ]? O?Q@NQL?> ; VTQ;VNM

?^O?QHL?MT q3?<[X;K 'HFi zyri 5GHR ?^O?QHL?MT RGN]R TG;T $[K}; %/ >N?R MNT HMGH<HT %<Mz >?FQ;>;VNM ;T

KN]?Q =NM=?MTQ;VNMR =NLO;Q;<K? TN TGNR? N@ $[Kz %/ qyi{ �Fn�Krf ]GH=G >Ni 8? G;\? MN] Q?>NM? TG?

?^O?QHL?MT RGN]M HM 'HFi |> ]HTG VTQ;T?> ;LN[MTR N@ $[KKHM %/ OQNT?HMR q;KK ;T yi{ �Fn�Kr ;M> Q?OK;=?> TG?

panel in the revised manuscript. 

Rebu al Fig. 10. %<Mz [<HP[HT_K;VNM ];R ;RR;_?> <_ ]?RT?QM <KNT ;M;K_RHR HM TG? OQ?R?M=? N@ %4# OK;RLH> %/" ;M> >HA?Q?MT

;LN[MTR N@ $[Kz NQ $[K}; >NLHM;MT M?F;V\? Q?=NL<HM;MT OQNT?HMRi

)N]?\?Qf TG? Q?\H?]?Q HR =NQQ?=T TG;T ]? =;MMNT ?^=K[>? TG;T NTG?Q [<HP[HVM KHF;R?R qMNT ;RR;_?> @NQ HM TGHR

study) may target Dbn1 and we have now acknowledged this in the revised manuscript (page 10, 3rd

paragraph):

S1<=@7 L7 53BBCH 7M5@J67 3 DCH7BI3@ 5CBHF=4JICB C8 CH<7F J4=EJ=IB @=;3G7G BCH 3GG3N76 8CFQ L7 8JFH<7F

K3@=63H76 $J@YU67D7B67BH J4=EJ=HN@3ICB C8 %4BY 4N =AAJBC67D@7ICB C8 $J@Y 8FCA 7;; 7MHF35HGRT

|i 'HF |+f ,f -h 56#& O[KK>N]M HM )?-;h LHRRHMF [<HP[HVM <KNT N@ O[KK>N]M TN RGN] [<HP[HVM ];R O[KK?> >N]M

?P[H\;K?MTK_ ;LNMF =NM>HVNMR

8? G;\? MN] HM=K[>?> [<HP[HVM <KNTR N@ TG? O[KK>N]M R;LOK?R HM 'HFi |IoK ;M> Q?OK;=?> TG?R? BF[Q?R HM TG?

revised manuscript.

4. Fig S3D: MG262-treated lanes must be on same western membrane as non-MG262 lanes, in order to 

=NM=K[>? TG;T OQNT?;RNL? HMGH<HVNM RT;<HKH`?R [<HP[HT_K;T?> %<Mz qT?^T O;F? �r



17

1@9 9A?@M K5EHD9K K@GPF AF M@AK <?NJ9 5J9 AF :57M GF M@9 K5E9 E9E6J5F9Z 1@9R 5J9 K@GPF K9H5J5M98

<?=;[R? TG?_ ]?Q? MNT I[^T;ONR?> NM TG? L?L<Q;M?i 8? G;\? ;>>?> TGHR HM@NQL;VNM TN TG? K?F?M> N@

Supplementary Fig. 2d.

5. Fig 3A: missing Dbn1 blot for lysate input

5G? HMO[T =NMTQNK @NQ TGHR ?^O?QHL?MT HR RGN]M HM 4[OOK?L?MT;Q_ 'HFi |;i 8? >H> MNT R;LOK? TG? Q?;=VNMR

@NQ TNT;K ?^TQ;=T HMO[T TGQN[FGN[T TG? VL? =N[QR? N@ TGHR ?^O?QHL?MTi )N]?\?Qf TG? [<HP[HVM <KNT RGN]M HM

Fig. 3a serves as a pulldown control, which we believe is more relevant control in this context.

�i 5G?_ RGN[K> =HT? .; ?T ;Ki .NK $?KK 1QNT z|hz�~�f {yz} HM TG?HQ *MTQN>[=VNM ;R ; T;FF?> 4[LNn[<HP[HVMo

KHJ? ;OOQN;=G OQ?\HN[RK_ [R?> HM 9?MNO[R ?^TQ;=TR TN H>?MV@_ R[LN_K;T?> OQNT?HMRi

8? TG;MJ TG? Q?\H?]?Q @NQ <QHMFHMF TGHR O;O?Q TN N[Q ;X?MVNMi 8? G;\? MN] HM=K[>?> TGHR Q?@?Q?M=? HM TG?

HMTQN>[=VNM N@ TG? Q?\HR?> L;M[R=QHOT qO;F? |f {nd paragraph, Ref. 23).

Reviewer #2 (Remarks to the Author):

*M TG? L;M[R=QHOT ?MVTK?> l1QNBKHMF [<HP[HVM RHFM;KHMF ]HTG 6#*."9 Q?\?;KR %/" >;L;F?o;M> 4$'<53$1o

>?O?M>?MT [<HP[HT_K;VNM N@ TG? ;=VMoNQF;MH`HMF OQNT?HM %<Mzlf $NK>HMFo$GQHRT?MR?M ?T ;Ki >?R=QH<? ;

L?TGN> @NQ TG? ?MQH=GL?MT N@ [<HP[HVMoLN>HB?> OQNT?HMR ;M> TG?HQ =G;Q;=T?QH`;VNM <_ L;RR RO?=TQNL?TQ_f

6#*."9i 5G? ;[TGNQR ;OOKH?> TGHR L?TGN> TN HM\?RVF;T? %/" >;L;F?oHM>[=?> [<HP[HT_K;VNM HM TG?

9?MNO[R ?FF ?^TQ;=TR TN H>?MV@_ ; MN\?K [<HP[HT_K;VNM T;QF?Tf %<Mzf ;M> @[QTG?Q ?K[=H>;T?> TG? L?=G;MHRL

N@ %<Mz Q?F[K;VNM <_ OGNROGNQ_K;VNMf [<HP[HT_K;VNMf ;M> OQNT?;RNL;K >?FQ;>;VNM HM Q?RONMR? TN %/"

double-strand breaks. To support the conclusions derived in the Xenopus egg extract system, the authors 

@[QTG?Q =NM>[=T?> ?^O?QHL?MTR HM ; G[L;M =;M=?Q =?KK KHM? ;M> O?Q@NQL?> ;M HMoRHKH=N LNV@ ;M;K_RHR N@ TG?

G[L;M OQNT?NL? HM>H=;VMF TG;T TG? Q?\?;K?> L?=G;MHRL LHFGT <? =NMR?Q\?> HM >HA?Q?MT RO?=H?Ri 5G?

L;M[R=QHOT HR \?Q_ ]?KK ]QHX?Mf ;M> TG? =NM=K[RHNMR ;Q? ]?KK R[OONQT?> <_ TG? ?^O?QHL?MTR OQ?R?MT?> HM TG?

RT[>_i )N]?\?Qf * G;\? ; @?] LHMNQ R[FF?RVNMRf LNRTK_ HM TG? OQNT?NLH= ;M;K_RHR O;QTi

8? ;Q? FQ;T?@[K @NQ TG? Q?\H?]?QkR ONRHV\? =QHV=HRLi

o 1;F? �f O;Q;FQ;OG |f Q?K;T?> TN BF[Q? z(h 5G? >?R=QHOVNM N@ TG? >_M;LH= Q;MF? LHFGT <? ]QNMFi 5G?

>_M;LH= Q;MF?f ;R ; Q;VN N@ TG? L;^HL;K ;M> LHMHL;K HMT?MRHT_ L?;R[Q?> HR � NM ; KNFzy R=;K?f ]GH=G *

believe is ~10e7 fold, not ~7000 fold. Please, double check if this is correct.

8? ]N[K> KHJ? TN TG;MJ TG? Q?\H?]?Q @NQ <QHMFHMF TGHR TN N[Q ;X?MVNMi 5G? =;K=[K;VNM N@ >_M;LH= Q;MF?

RT;T?> NM O;F? � HR HM>??> @;[KT_i 8? G;\? MN] Q?>NM? TG? =;K=[K;VNMR ;==NQ>HMFK_i 5G?Q? ;Q? T]N ];_R N@

Q?ONQVMF TG? Q;VN <?T]??M P[;MVB;<K? OQNT?HMR HM N[Q ?^O?QHL?MTh zr 0M TG? <;RHR N@ TG? ;<[M>;M=?R N@

TG?R? OQNT?HMR ;R >?T?=T?> HM N[Q 6#*."9 ?^O?QHL?MTf HM>H=;VMF TG? L?;R[Q;<K? >_M;LH= Q;MF? ]HTG TG?

UBIMAX method. 2) On the basis of the abundances of these same proteins but as detected in our total 

?^TQ;=T OQNT?NL?f HM>H=;VMF TG? >_M;LH= Q;MF? N@ OQNT?HMR @NQ ]GH=G [<HP[HT_K;VNM HR >?T?=T;<K? ;M>

P[;MVB;<K? <_ 6#*."9i 5G?R? M[L<?QR ;Q? ~iz�&�y} qs~yiyyyr ;M> |i��&�y� qs|�iyyyiyyyrf Q?RO?=V\?K_i
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We have changed this in the revised manuscript (page 6, 3rd paragraph), in which we have reported the 

K;X?Qh

“Overall, we observed a large dynamic range spanning seven orders of magnitude (3.76x107-fold) with a 

6=GHF=4JICB C8 J4=EJ=HN@3H76 DFCH7=BG =67BI976 4N 0#(*"2 G=A=@3F HC H<3H C8 3 HCH3@ 7;; 7MHF35H DFCH7CA7

(Log10 * ` ^R]_ 3B6 ^RXXQ F7GD75IK7@NW V&=;R Y; 3B6 .JDD@7A7BH3FN %3H3 ZWQ =B6=53IB; 3 F7@3IK7@N AC67GH

abundance bias for UBIMAX.”

o 1;F? �f O;Q;FQ;OG zf Q?K;T?> TN BF[Q? z)h 5G? T?^T L?MVNMR TG;T TG? ��� OQNT?HMR ]?Q? @[QTG?Q

HMT?QQNF;T?>f ;M> } =K[RT?QR ]?Q? H>?MVB?> ;M> RGN]M HM TG? G?;TL;Oi )N]?\?Qf TG? G?;TL;O ;KQ?;>_

shows a subset of these 786 proteins. It should be clear in the text what are the proteins shown in the 

heatmap used for the clustering. 

8? ;FQ?? ]HTG TG? Q?\H?]?Q TG;T TG? @NQL[K;VNM HR =NM@[RHMFf ;M> G;\? =G;MF?> TGHR R?MT?M=? ;==NQ>HMFK_

in the revised manuscript such that it now reads (page 7, 1st paragraph):

S&FCA EJ36FJD@=53H7 7MD7F=A7BHGQ 0#(*"2 =67BI976 Y\Z] DFCH7=BG C8 L<=5< ^_] L7F7 G=;B=953BH@N 7BF=5<76

4N H<7 '=GUDJ@@6CLB 3B6 67 BCKC J4=EJ=HN@3H76 35FCGG H<7 J4=EJ=IB H3F;7H 7BF=5<76 G3AD@7 ;FCJDG

V.JDD@7A7BH3FN &=;R Y<Q @7: 3B6 .JDD@7A7BH3FN %3H3 Y3WR 17 8JFH<7F =BH7FFC;3H76 3 GJ4G7H C8 H<7G7 ^_]

DFCH7=BG L<CG7 J4=EJ=HN@3ICB GH3HJG L3G 5CBG=GH7BH@N JDU CF 6CLBF7;J@3H76 35FCGG F7D@=53H7G 3B6 =67BI976

+396 (0978*67 3+ 74*(/,(&00: 6*-90&8*) 9'/59/8:0&8*) 4638*/27 /2 6*74327* 83 8.* #%" 86*&81*287 =$/-; ?.>;<

_ .5?9 mW H5J5?J5H@ gW J9D5M98 MG <?NJ9 g) 5F8 0g)Y 1@9 (- M9JE 9FJA7@E9FM 5F5DRKAK AK 65K98 GF 5 O9JR

KE5DD K5EHD9 KAS9 P@A7@ EA?@M ?AO9 5 KA?FA<75FM J9KNDMW 6NM EA?@M 69 EAKD958AF?Z 'GJ 9Q5EHD9W <?NJ9 0g)

RGN]R TG;T TG? ?MQH=GL?MT N@ TG? OQNT?HMR Q?K;T?> TN HMD;LL;VNM HM Q?RONMR? TN TG? ;>>HVNM N@ ?^NF?MN[R

%/" ];R <;R?> NM { OQNT?HMRi 5G? N\?QQ?OQ?R?MT;VNM N@ TG? %/" Q?O;HQ OQNT?HMR HM TG? %4#oHM>[=?> =K[RT?Q

K99EK MG 69 EGJ9 7GF<89FM 5F8 65K98 GF EGJ9 HJGM9AFKZ 1@9 5NM@GJK EA?@M 7GFKA89J 7@5F?AF? M@9

>?R=QHOVNM N@ TG?HQ Q?R[KTR HM TG? O;QT N@ >?R=QH<HMF TG? ?MQH=GL?MT N@ TG? %/"oHM>[=?> FQN[O NQ Q?LN\HMF

HTi '[QTG?QLNQ?f TG? ;Q? MN T?QLR Q?K;T?> TN HMD;LL;VNM HM TG? 5;<K? 4zf l)?;TL;O ?MQH=GL?MT ;M;K_RHRm

K@99MW HD95K9 8GN6D9_7@97C M@AK KNHHD9E9FM5JR <D9Z "DKG 7GFKA89J E5M7@AF? M@9 F5E9 G: M@9 7DNKM9JK AF M@AK

KNHHD9E9FM5JR <D9 MG M@9 @95ME5H 5F8 5 588 5 D9?9F8 :GJ M@AK K@99M MG M@9 156D9 0g D9?9F8Z

The reviewer has raised a relevant point regarding our enrichment analysis being based on a smaller sample 

RH`?i 8? ;FQ?? TG;T TG? HMHV;KK_ >?R=QH<?> ;M;K_RHR ];R MNT NOVL;K ;M> ]? G;\? MN] Q?>NM? HT ;==NQ>HMF TN

TG? Q?\H?]?QkR R[FF?RVNMi 5N TGHR ?M>f ]? G;\? [R?> ; \?QRHNM N@ TG? 6MH1QNT Xenopus laevis database in 

]GH=G ]? G;\? =NKK;OR?> OQHL;Q_ F?M? M;L? qQ?R[KVMF HM sz~iyyy ?MTQH?R Q;TG?Q TG;M TG? OQ?\HN[R s�ziyyyr

;R <;=JFQN[M> HMRT?;>i ">>HVNM;KK_f ;R TG? OQHL;Q_ @N=[R HR HM>??> NM TG? =K[RT?Q N@ OQNT?HMR ]GNR?

[<HP[HT_K;VNM HR [OQ?F[K;T?> HM Q?RONMR? TN %4#Rf ]? >?=H>?> TN @N=[R TG? ?MQH=GL?MT ;M;K_RHR NM TGHR

=K[RT?Q NMK_ ;M> G;\? ;==NQ>HMFK_ Q?LN\?> TG? >?R=QHOVNM N@ TG? ?MQH=GL?MT HM Q?RONMR? TN %/" HM TG? T?^T

as the reviewer suggests. Reassuringly, this new analysis shows enrichment of terms related to DNA repair 

;M> %/" Q?OKH=;VNM ;R [OQ?F[K;T?> HM Q?RONMR? TN %4#Ri "R ; Q?R[KTf ]? G;\? Q?OK;=?> TG? >;T; HM NK>

Supplementary Fig. 1h / new Supplementary Fig. 1i with the revised analysis as well as updated the 

supplementary data and -legend accordingly. 

8? ;KRN ;FQ?? ]HTG TG? Q?\H?]?Q TG;T \HR[;KH`;VNM N@ HMT?QR?=VNM RH`? HM TGHR BF[Q? =N[K> <? =NM@[RHMF ;M>

have removed this aspect from old Supplementary Fig. 1h / new Supplementary Fig. 1i. 
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_ .5?9 nW H5J5?J5H@ gW J9D5M98 MG <?NJ9K h%_*Y *: * NF89JKM5F8 AM 7GJJ97MDRW M@9 85M5 HJ9K9FM98 AF M@9 HDGMK 5J9

65K98 GF MPG 8A;9J9FM +0 9QH9JAE9FMK 5K K@GPF AF <?NJ9 g% 5F8 <?NJ9 h"Z )GP 8A8 RGN 5F5DRS9^HJG79KK

the intensity values from the two experiments, so the absolute values shown for DSB and ssDNA/SSB groups 

can be compared together?

1@9 J9OA9P9J AK 7GJJ97M M@5M M@9 56NF85F79 O5DN9K HJ9K9FM98 AF 'A?Z h8_A GJA?AF5M9 :JGE MPG 8A;9J9FM

UBIMAX experiments. The two experiments were analysed separately in MaxQuant and in case a protein is 

>?T?=T?> HM TG? R;L? =NM>HVNM HM <NTG >;T;R?TR qHi?i lMN %/"m ;M> l%/"mrf TG? HMT?MRHT_ \;K[?R @QNL <NTG

experiments (analyses) were added, without further processing, as separate data points in the graph. This is 

TG? Q?;RNM @NQ TG?Q? <?HMF LNQ? TG;M @N[Q >;T; ONHMTR @NQ TG? MN %/" ;M> %/" =NM>HVNMRi "R TG? \;QH;M=?R

69MP99F M@9K9 85M5 HGAFMK 5J9 FGM KA?FA<75FMDR ?J95M9J M@5F PAM@AF 957@ G: M@9 MPG 9QH9JAE9FMK `AZ9Z P@9F

KNNJHMF ;T TG? %4#f RRo%/"o%1$ ;M> 44#o%1$ =NM>HVNMRrf ]? =NMRH>?Q TGHR >;T; Q?OQ?R?MT;VNM ;OOQNOQH;T?i

For the sake of clarity, we have labelled which data points originate from which UBIMAX experiment in the 

0GNJ79 %5M5 <D9Z

o 1;F? z{f O;Q;FQ;OG zf >?FQNM LNV@h );\? _N[ @N[M> TGHR LNV@ HM NTG?Q OQNT?HMR ?MQH=G?> HM _N[Q HMHV;K

experiment, e.g., in Ku80?

5G? Q?\H?]?Q ONHMTR TN ;M HMT?Q?RVMF P[?RVNMi *M>??>f ]? ;KRN O?Q@NQL?> ;M in silico analysis on the 

Xenopus laevis OQNT?NL? ;M> @N[M> R?\?Q;K OQNT?HMR ?^GH<HVMF TG? \;QH;MT bo5Q=Oz >?FQNMf ;M> ]GH=G ]?Q?

also detected in our DSB-UBIMAX experiment (i.e. baz1a.L, dbn1.L, nadsyn1.L, nckipsd.S, psmd2.S, relch.S, 

R?=|z<i4f R?T>�f ;M> UQ=i-ri )N]?\?Qf N@ TG?R?f NMK_ %<Mz RGN]?> Q?F[K;VNM N@ [<HP[HT_K;VNM [ONM %4#Ri

o 1;F? z�f K;RT O;Q;FQ;OGh * TGHMJ HT ]N[K> <? LNQ? KNFH=;K TN HM=K[>? TG? HMoRHKH=N LNV@ ;M;K_RHR HM TG? ?M> N@

TG? Q?R[KTR R?=VNM Q;TG?Q TG;M HM TG? >HR=[RRHNMi

8? ;FQ?? ]HTG TG? Q?\H?]?QkR R[FF?RVNM ;M> G;\? LN\?> TG? O;Q;FQ;OG >?R=QH<HMF TG? in silico degron 

;M;K_RHR TN TG? ?M> N@ TG? K;RT Q?R[KTR R?=VNM VTK?> /<7 %4BY 67;FCB =G 3 %%-UG7BG=IK7 PU/F5DY K3F=3BH

degron.

- Page 38, Supplementary tables: Table S1 and Table S4 are not labelled in the sheets, and it was a bit 

8A=7NDM MG NF89JKM5F8 P@A7@ M56D9 AK P@A7@Z 'NJM@9JEGJ9W KGE9 G: M@9 KNHHD9E9FM5JR M56D9K 5J9 FGM 75DD98

HM TG? Q?R[KTR R?=VNMi

We thank the reviewer for their diligence in checking for these details in our manuscript. We have corrected 

the supplementary data labelling in both the tables themselves and their legends and inserted the missing 

callings in the revised manuscript.

Reviewer #3 (Remarks to the Author):

*M TGHR L;M[R=QHOT <_ $NK>HMFo$GQHRT?MR?M ?T ;Kf ; OQNT?HM [<HP[HVM;VNM OQNBKHMF L?TGN> <_ L;RR
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RO?=TQNL?TQ_ HM 9?MNO[R ?FF ?^TQ;=T qM;L?R 6#*."9r HR OQ?R?MT?>i 5G? L?TGN> Q?KH?R NM TG? ;>>HVNM N@

Q?=NL<HM;MT )HRoT;FF?> [<HP[HVM TN 9?MNO[R ?FF ?^TQ;=TR ;M> TG? O[QHB=;VNM N@ [<HP[HVM;T?> OQNT?HMR

[M>?Q >?M;T[QHMF =NM>HVNMRf ]GH=G ?MR[Q?R TG;T [<HP[HVM;T?> OQNT?HMR ;Q? =;OT[Q?> >HQ?=TK_ qHi?if

[<HP[HVM;T?>oOQNT?HM TN OQNT?HM HMT?Q;=VNMR ;Q? >HRQ[OT?>ri "R OQNN@oN@o=NM=?OTf TG? ;[TGNQR @N=[R NM

studying the DNA damage response when linearized plasmid DNA is added to Xenopus egg extracts (to 

RHL[K;T? %/" >N[<K? RTQ;M> <Q?;J q%4#r Q?O;HQri 5GHR Q?\?;K?> R?\?Q;K [<HP[HVM;T?> OQNT?HMRf HM=K[>HMF

known DSB repair factors (e.g., Mre11, Nbn1, Rad50) and Dbn1, a protein that has not yet been implicated 

HM %4# Q?O;HQi 5G? ;[TGNQR =NMVM[? TN =G;Q;=T?QHR? TG? L?=G;MHRL N@ %<Mz >?FQ;>;VNM ;M> ?K?F;MTK_ RGN]

that the cullin ring ligase (CRL) Cul1-beta-TRCP1 is responsible for degrading Dbn1 in response to DSBs. In 

TG? K;RT O;QT N@ TG? L;M[R=QHOTf TG? ;[TGNQR >?LNMRTQ;T? TG;T TG? >?FQ;>;VNM N@ %<Mz HR L?>H;T?> <_ "5.

;M> TG?_ H>?MV@_ TG? OGNROGNQo>?FQNMi

5G? L;M[R=QHOT HR ]?KK ]QHX?M ;M> @NKKN]R ; =K?;Q DN] N@ TGN[FGTRi 5G? BF[Q?R ;Q? HM@NQL;V\? ;M>

presented clearly. The experiments are well designed and include the correct controls. I recommend 

O[<KH=;VNM N@ TG? OQ?R?MT L;M[R=QHOT ;M> * G;\? ; @?] R[FF?RVNMR @NQ TG? ;[TGNQR NM GN] TN @[QTG?Q

strengthen it.

39 M@5FC M@9 J9OA9P9J :GJ M@9 CAF8 PGJ8KW 5F8 P9 5J9 89DA?@M98 M@5M M@9 J9OA9P9J <F8K GNJ E5FNK7JAHM

;OOQNOQH;T? @NQ O[<KH=;VNM HM /;T[Q? $NLL[MH=;VNMRi

5G? ;[TGNQR O?Q@NQL ;KK ?^O?QHL?MTR <_ ;>>HMF ?^NF?MN[R )HRoT;FF?> [<HP[HVM TN TG? 9?MNO[R ?FF ?^TQ;=TRi

5G? ;[TGNQR HM=K[>? R?\?Q;K =NMTQNKR TN >?LNMRTQ;T? TG;T ;>>HVNM N@ Q?=NL<HM;MT [<HP[HVM >N?R MNT HM>[=?

;M_ ;OO;Q?MT ;QVB=H;K [<HP[HVM;VNM N@ T;QF?T OQNT?HMRi /?\?QTG?K?RRf ; MH=? ;>>HVNM TN TGHR ]NQJ ]N[K> <?

TN O?Q@NQL >H(K_ O?OV>? OQNBKHMF ;R ;M NQTGNFNM;K .4 ;OOQN;=G @NQ P[;MV@_HMF [<HP[HVM;VNM RHT?R HM ;M

endogenous setup. 

39 5J9 @5HHR M@5M P9 @5O9 9=7A9FMDR 7GFO9R98 M@9 J9D9O5F79 G: H9J:GJEAF? M@9K9 7GFMJGDK 5F8 KN=7A9FMDR

RGN]M TG?HQ \;K[? @NQ Q?KH;<K_ >?T?=VMF [<HP[HT_K;T?> OQNT?HMR <_ 6#*."9i 8? ;FQ?? ]HTG TG? Q?\H?]?Q TG;T

?M>NF?MN[R [<HP[HVM RHT? OQNBKHMF HM Xenopus ?FF ?^TQ;=T ]N[K> <? ; \?Q_ MH=? ;>>HVNM;K ;OOQN;=Gi

)N]?\?Qf ]? ]N[K> Q?RO?=U[KK_ KHJ? TN ONHMT N[T TG;T ; L;INQ OQ;=V=;K =NMRH>?Q;VNM HR TG? ;LN[MT N@ RT;QVMF

material required for the diGly IP-MS approach. As described in the hallmark paper by Kim et al. in Mol. Cell, 

{yzzf TG? >H(K_o*1o.4 ;OOQN;=G =;KKR @NQ {~o|~ LF N@ OQNT?HM HMO[T O?Q HLL[MNOQ?=HOHT;VNM R;LOK?f ]GH=G

would correspond to 700 µL high speed supernatant (HSS) Xenopus egg extract. Hence, to perform a diGly-

IP-MS setup orthogonal to the one introduced in our manuscript, would require egg extracts from 40 frogs. 

*M =NMTQ;RTf @NQ N[Q 6#*."9 ;M;K_R?R ]? [R? zyyo@NK> K?RR RT;QVMF L;T?QH;K q|yy LH=QNFQ;LR N@ OQNT?HM O?Q

R;LOK?rf L?;MHMF TG;T TG? ?MVQ? ?^O?QHL?MT N[TKHM?> HM 'HFi z> N@ N[Q L;M[R=QHOT =;M <? O?Q@NQL?> [RHMF

eggs laid by 1 frog only. 

)?M=?f ]GHK? TG? NQTGNFNM;K >H(K_ *1o.4 ?^O?QHL?MT L;_ <? TG?NQ?V=;KK_ @?;RH<K?f HT ]N[K> <? HLOQ;=V=;K

considering the number of frogs needed, including ethical protocols for how frequently Xenopus frogs can be 

induced to lay eggs and, as an extension, the necessary use of experimental animals, as well as the maximum 

=;O;=HT_ N@ TG? HMRTQ[L?MT;VNM [R?> @NQ OQ?O;Q;VNM N@ ?^TQ;=Ti

%[? TN TG?R? =NMRH>?Q;VNMRf ]? G;\? >?=H>?> MNT TN O?Q@NQL TG? >H(K_ *1o.4 ?^O?QHL?MTR ;R R[FF?RT?> <_

the reviewer.

The authors convincingly demonstrate that beta-TRCP1 is the Cul1 substrate receptor responsible for 

>?FQ;>HMF %<Mz HM Q?RONMR? TN %4#Ri * ;L ]NM>?QHMF ]G?TG?Q TG? ;[TGNQR HM\?RVF;T?> >N]MRTQ?;L
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=NMR?P[?M=?R N@ %<Mz >?OK?VNM qNQ HMTQN>[=VNM N@ TG? MNMo>?FQ;>;<K? "5. OGNROGNQo>?B=H?MT L[T;MTre

'GJ 9Q5EHD9W @GP AK %0# J9H5AJ 5;97M98 P@9F %6Fg AK 89HD9M98W GJ A: 79DDK 75FFGM 89?J589 %6Fg AF J9KHGFK9

MG %0#KV *K 75F79J 79DD KNJOAO5D 5;97M98 6R FGF_89?J5856D9 `GJ @RH9J_H@GKH@GJRD5M98a %6Fg ENM5FMKV 0AF79

%<Mz HR ;M ;=VM =_TNRJ?K?TNM NQF;MH`HMF OQNT?HMf ;Q? TG?Q? =NMR?P[?M=?R @NQ =?KK >H\HRHNM ]G?M %<Mz HR

>?OK?T?>e "M> ;Q? TG?Q? ;M_ JMN]M =;M=?Q L[T;VNMR HM ?HTG?Q %<Mz NQ <?T;o53$1ze *T ]N[K> <? G?KO@[Kf H@

the authors could discuss these points. 

8? TG;MJ TG? Q?\H?]?Q @NQ TG?R? HMRHFGU[K =NLL?MTRf ;M> ]? ;Q? >?KHFGT?> TG;T TG? Q?\H?]?Q BM>R TG;T ]?

G;\? =NM\HM=HMFK_ RGN]M TG? LNK?=[K;Q L?=G;MHRL @NQ %4#oHM>[=?> %<Mz [<HP[HT_K;VNMi

8? ;Q? ;KRN TG;MJ@[K @NQ TG?HQ \?Q_ [R?@[K R[FF?RVNMR NM GN] TN @[QTG?Q HM\?RVF;T? TG? @[M=VNM;K

=NMR?P[?M=?R N@ %<Mz RT;T[R NM %4# Q?O;HQi 8? G;\? ;X?LOT?> TN ;MR]?Q ?;=G N@ TG? Q?\H?]?QkR P[?RVNMR

by various experimental strategies. 

5G? BQRT N@ TG? Q?\H?]?QkR R[FF?RVNMR ]?Q? ;KRN ;RJ?> <_ Q?\H?]?Q z qONHMT v~r ;M> ]? Q?@?Q TN TG? >HR=[RRHNM

5F8 85M5 89K7JA698 @9J9Z *F 6JA9:W P9 8A8 FGM G6K9JO9 5FR 7GFKAKM9FM 9;97MK GF %0# J9H5AJW %%/ KA?F5DDAF? GJ

=;M=?Q =?KK R[Q\H\;K ]HTG ?HTG?Q >?OK?VNM N@ %<Mz NQ Q?=NMRVT[VNM ]HTG TG? MNMo>?FQ;>;<K? %<Mz >?FQNM

mutant in either Xenopus egg extracts or in human cells. 

5G? Q?\H?]?QkR R[FF?RVNM TG;T %#/z RT;T[R =N[K> G;\? =NMR?P[?M=?R @NQ =?KK >H\HRHNM TGQN[FG HTR Q?F[K;VNM

N@ TG? ;=VM =_TNRJ?K?TNM HR \?Q_ HMT?Q?RVMFi )N]?\?Qf N[Q *M=[=_T? ?^O?QHL?MTR O?Q@NQL?> HM TG? ;<R?M=?

N@ %/" >;L;F? q3?<[X;K 'HFi zzr HM>H=;T? TG;T %#/z ,0 ;M> %#/zo4~��" =?KKR G;\? MN FQN]TG >?@?=T ]G?M

compared to parental/WT cells. 

Rebu al Fig. 11. *M=[=_T? ;RR;_ L?;R[QHMF =?KK =NMD[?M=? ]HTG VL? HM ?HTG?Q O;Q?MT;Kf $3*413 DBN1 ,0f NQ TG? K;X?Q

=NLOK?L?MT?> ]HTG RT;<K? HM>[=H<K? ?^OQ?RRHNM N@ 85 NQ %#/zo4~��" L[T;MT HM [MO?QT[Q<?> =NM>HVNMRi 5GHR ?^O?QHL?MT ];R

>NM? HM T?=GMH=;K q=?KK =[KT[Q?r TQHOKH=;T?Ri %HROK;_?> G?Q? ;Q? TG? L?;M \;K[?R ]HTG ?QQNQ <;QR Q?OQ?R?MVMF RT;M>;Q> >?\H;VNMRi

5N T?RT ]G?TG?Q TG?Q? HR ; >HA?Q?M=? HM TG? =?KK =_=K? >HRTQH<[VNM HM TG?R? R;L? =?KK KHM?Rf ]? O?Q@NQL?> ;

4=;M3 LH=QNR=NO_ ?^O?QHL?MT ;M> P[;MVB?> TG? OQNONQVNMR N@ =?KKR HM (zof 4o ;M> ({n.oOG;R?R <_

P[;MV@_HMF ;M> =NQQ?K;VMF RT;HMHMF ]HTG %"1* ;M> @NQ 1$/" @N=H q3?<[X;K 'HFi z{ri )?Q?f ]? ;KRN @N[M> MN

5HH5J9FM 8A;9J9F79K PAM@ 9AM@9J DGKK G: %#,g GJ ?5AF G: M@9 KM56D9 %#,g_0koo" ENM5FMZ 1G?9M@9JW M@9K9

85M5 KN??9KM M@5M %#,g KM5MNK 8G9K FGM 5;97M ?9F9J5D 79DD 8AOAKAGFZ
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Rebu al Fig. 12. Human cells either parental, CRISPR DBN1 ,0f NQ TG? K;X?Q =NLOK?L?MT?> ]HTG RT;<K? HM>[=H<K? ?^OQ?RRHNM N@ 85

NQ %#/zo4~��" L[T;MT ]?Q? ;RR;_?> @NQ =?KK =_=K? >HRTQH<[VNM <;R?> NM D[NQ?R=?M=? LH=QNR=NO_ ;M;K_RHR N@ 1$/" @N=H =NQQ?K;T?>

with DAPI staining.

8HTG Q?F;Q>R TN ;M_ JMN]M =;M=?Q L[T;VNMR N@ TG? F?M?R ?M=N>HMF %#/z ;M> bo53$1zf ]? R?;Q=G?> TG?

/*) M;VNM;K =;M=?Q HMRVT[T? $%$ >;T; ONQT;Ki "==NQ>HMF TN TGHR >;T;<;R?f TG?Q? ;Q? z~| Q?ONQT?> =;R?R N@

%#/z L[T;VNM HM =;M=?Qi 5GHR HR >HRTQH<[T?> <?T]??M z~y >HA?Q?MT L[T;VNMR HM TG? F?M? N@ ]GH=G TG?Q? HR

NM? =;R? N@ ; R[<RVT[VNMf 4~��'f ]HTGHM TG? >?FQNMi )N]?\?Qf TGHR O;QV=[K;Q L[T;VNM HR Q?ONQT?> TN G;\? ;

EG89J5M9^69FA?F 9;97M GF M@9 MJ5FK7JAHM 5F8 HJGM9AF K9IN9F79Z 'GJ M@9 BTRC ?9F9W 9F7G8AF? T_1/$.gW

TG?Q? ;Q? z}{ =;R?R Q?ONQT?> ]HTG z|z >HA?Q?MT L[T;VNMRi *M z� N@ TG?R? =;R?Rf O;V?MTR G;> ;T K?;RT NM?

L[T;VNM HM <NTG F?M?Ri

39 KNKH97M M@5M M@9 D57C G: 5F 9;97M AF M@9 9QH9JAE9FMK 89K7JA698 56GO9 7GND8W 5M D95KM AF H5JMW 69 8N9 MG

NMK_ ; RO?=HB= ONNK N@ %#/z OQNT?HM <?HMF T;QF?T?> @NQ [<HP[HT_K;VNM [ONM %4#R qHi?i M[=K?;Q %#/z HM (z

H@5K9 79DDKaZ *M E5R 69 F979KK5JR `6NM INAM9 9QH9JAE9FM5DDR 7GEHDA75M98a MG M5J?9M M@AK O9JR KH97A<7 HGGD G:

%#/z TN R?? ; =K?;Q ?A?=T N@ %#/z [<HP[HT_K;VNM RT;T[R NM %4# Q?O;HQf =?KK =_=K? ;M> oR[Q\H\;Ki

'HF[Q? z&h #?RH>?R RGN]HMF P[;MVT;V\? =NQQ?K;VNMRf HT ]N[K> <? HMT?Q?RVMF TN R?? GN] OQ?=HR? TG?

P[;MVB=;VNM N@ TG? >?T?=T?> OQNT?HMR HRi

8? TG;MJ TG? Q?\H?]?Q @NQ TGHR R[FF?RVNM ;M> ;FQ?? TG;T ;M;K_RHMF TG? =N?C=H?MTR N@ \;QH;VNM q$7Rr ]HTGHM

TG? %4#o6#*."9 ?^O?QHL?MT HR ; FNN> L?;R[Q? @NQ GN] OQ?=HR?K_ 6#*."9 P[;MVB?R [<HP[HT_K;T?>

OQNT?HMRi )?M=?f @NKKN]HMF TG? Q?\H?]?QkR R[FF?RVNM ]? G;\? O?Q@NQL?> TGHR ;M;K_RHR ]HTGHM TG? B\?

=NM>HVNMR N[TKHM?> HM 'HFi z>i 8? BM> TG;T TG? >HRTQH<[VNM N@ $7R HR RHLHK;Q @NQ TG? B\? =NM>HVNMR ;M> TG;T

TG? L?>H;M $7R ;Q? KN]f R[OONQVMF TG;T P[;MVB=;VNM N@ [<HP[HT_K;T?> OQNT?HMR HR ;==[Q;T? ]HTG N[Q

2#*+"4 E9M@G8Z 39 @5O9 58898 M@AK <?NJ9 MG M@9 J9OAK98 E5FNK7JAHM `F9P 0NHHD9E9FM5JR 'A?Z g8aZ

'HF[Q? 4z(h *M>H=;T? GN] L;M_ OQNT?HMR ]?Q? H>?MVB?> HM GN] L;M_ =NM>HVNMR qTN F?T ; <?X?Q

understanding on the data completeness/number of missing values) 

39 5J9 NF79JM5AF 56GNM M@9 KH97A<7 J9IN9KM E589 6R M@9 J9OA9P9JW 6NM HJ9KNE9 M@9 J9OA9P9J AK K99CAF?

HM@NQL;VNM ;<N[T >;T; =NLOK?T?M?RR ;M> LHRRHMF \;K[?R ;=QNRR =NM>HVNMR ;M> Q?OKH=;T?Ri 5N ;>>Q?RR TG?

K;X?Qf ]? G;\? R[LL;QH`?> GN] L;M_ OQNT?HMR ;Q? >?T?=T?> HM NM?f T]Nf TGQ?? NQ ;KK @N[Q Q?OKH=;T?R ]HTGHM

?;=G =NM>HVNM ;R ]?KK ;R HM TG? ?^O?QHL?MT ;R ; ]GNK? qHM TGHR =;R? TG?M HM NM?f T]Nf TGQ?? NQ ;KK @N[Q Q?OKH=;T?R

HM ;T K?;RT NM? N@ TG? B\? =NM>HVNMRf 3?<[X;K 'HFi z|;ri 5N ;>>Q?RR TG? @NQL?Qf ]? G;\? OQN>[=?> ;M [OR?T

OKNT q3?<[X;K 'HFi z|<r HM>H=;VMF GN] L;M_ N@ TG? OQNT?HMR TG;T ;Q? >?T?=T?> HM ;KK @N[Q Q?OKH=;T?R HM ;T K?;RT

NM? N@ TG? B\? =NM>HVNMR qz~{� OQNT?HMRr ;Q? >?T?=T?> HM ;KK @N[Q Q?OKH=;T?R ;=QNRR TG? B\? >HA?Q?MT =NM>HVNMR

of the DSB-UBIMAX experiment.
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Rebu al Fig. 13. a. /[L<?Q N@ OQNT?HMR >?T?=T?> HM NM?f T]Nf TGQ?? NQ @N[Q Q?OKH=;T?R ;=QNRR TG? B\? =NM>HVNMR N@ TG? %4#o6#*."9

experiment or the experiment as a whole (Total exp). b. Upset plot showing the number of proteins detected exclusively or in two, 

TGQ??f @N[Q NQ ;KK B\? =NM>HVNMR N@ TG? %4#o6#*."9 ?^O?QHL?MTi

8? >N MNT <?KH?\? TG;T TGHR >;T; ]N[K> ;>> RHFMHB=;MT ;>>HVNM;K \;K[? TN TG? L;M[R=QHOT ;M> G;\? TG?Q?@NQ?

opted to not include it in the revised manuscript. But we are of course happy to reconsider this if the reviewer 

M@AFCK 8A;9J9FMDRZ

'HF[Q? |$h 5G? OQNN@ TG;T >NLHM;MT M?F;V\? $[Kz R[OOK?L?MT;VNM TN TG? ?FF ?^TQ;=TR Q?R=[?R %<Mz

>?FQ;>;VNM KNNJR =NM\HM=HMFg GN]?\?Qf * MNV=?> TG;T ;KRN $[K}; R??LR TN Q?R=[? HTR >?FQ;>;VNMi $N[K> TG?

authors comment on this? Is it possible that more that one CRL complex regulate Dbn1 protein stability?

8? ;FQ?? TG;T @QNL TG? ?^O?QHL?MT RGN]M HM 'HFi |>f ]? =;MMNT ?^=K[>? ; =NMTQH<[VNM @QNL $[K}; KHF;R?

=NLOK?^?R NM %<Mz [<HP[HT_K;VNMi 5GHR ONHMT ];R ;KRN Q;HR?> <_ Q?\H?]?Q z qNTG?Q ONHMT v{r ;M> ]? Q?@?Q TN

TG? >HR=[RRHNM ;M> >;T; OQ?R?MT?> HM =NMM?=VNM ]HTG TGHR ONHMTi *M <QH?@f ]? G;\? RHM=? Q?;KHR?> TG;T TG?

HMHV;K ?^O?QHL?MT [M@NQT[M;T?K_ ];R O?Q@NQL?> ]HTG \;Q_HMF ;LN[MTR N@ $[KKHM >NLHM;MT M?F;V\? OQNT?HMRi

8? G;\? TG?Q?@NQ? Q?>NM? TG? ?^O?QHL?MT ]HTG VTQ;T?> ;LN[MTR N@ $[KKHM >NLHM;MT M?F;V\? OQNT?HMR ;M>

replaced the panel in Fig. 3d in the revised manuscript. We believe that the new data fully supports our 

HMHV;K =NM=K[RHNM ;M> RGN[K> ;KK?\H;T? TG? =NM=?QMR Q;HR?> <_ TG? Q?\H?]?Qi

a

b
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Reviewer #1 (Remarks to the Author): 

I appreciate the authors’ rigor in addressing my points. My main concern is still that the 

manuscript is written as a proteomic technique paper but does not make a substantial proteomic 

advance. It uses an old technique of tagged ubiquitin pulldown, which is limited in ubiquitylated 

protein identification, as the authors acknowledge, and does not examine endogenous 

ubiquitylation. The technique is not new to Xenopus oocyte extracts, having been performed 

previously for another ubiquitin-like protein (Ma, Mol Cell Proteomics 2014) 

That said, the proteomics are well controlled, and their finding that Dbn1 is ubiquitylated in 

response to DSBs by Cul1-ßTRCP is interesting. In my mind, their Dbn1 results are a greater 

contribution than the proteomics. I support publication if they include their functional data on 

Dbn1 in DNA repair. I realize these findings are negative, but the field will be interested in these 

experiments, which are a natural and important extension of their work. Their Discussion (p. 17) 

says it would be interesting to understand if Dbn1 degradation impacts DSB repair, and they have 

already performed initial crucial experiments in answering this question. 

1. The authors demonstrate nicely that Dbn1 depletion (and addback of the ubiquitination resistant 

Dbn1 mutant) does not affect NHEJ (Rebuttal Fig 3) or DNA end resection (Rebuttal Fig 4) in 

Xenopus extracts. Nor does it affect homologous recombination (Rebuttal Fig 5), H2AX foci 

resolution (Rebuttal Fig 6), or DSB sensitivity (Rebuttal Figs 7-8) in mammalian cells. These data 

should be included in the manuscript. The results are negative, but their suggestion that Dbn1 

may regulate DSB repair more subtly through regulation of DSB movement is reasonable. 

2. The authors acknowledge a high level of non-specific protein binding in their proteomic data, 

(my prior points 2, 3 and other point 1). They correctly show that that non-specific binding is also 

prevalent in diGly and UbiSite approaches (see their response to my point 2). However, these 

latter approaches only report ubiquitylated peptides (i.e., diGly containing peptides) in proteomic 

tables, whereas their proteomic tables include peptides from non-specific binding proteins. This 

makes proper controls (i.e., no His, E1 inhibitor) important, which is a strength of their paper. 

They should directly acknowledge in their text a high degree of non-specific protein enrichment, 

which necessitates their no His and E1 inhibitor controls. I see this as an asset of their control 

design. Readers should recognize the importance of using these controls to confidently identify 

ubiquitylated proteins in their UBIMAX proteomic tables (i.e., Tables S1, S3). 

3. They should include their proteasome inhibitor UBIMAX experiments (Rebuttal Fig 2) in the 

manuscript. It is well known that proteasome inhibition can have indirect effects on ubiquitin 

dynamics by causing ubiquitin pool depletion and can thereby prevent non-degradative 

ubiquitylation events. The reader should have this information to help determine which 

ubiquitylation events may be degradative. 

4. In response to my point 9, the authors show that summed peptide intensity is the same across 

samples. This increases confidence that protein input is the same for the samples. However, the 

authors have still not addressed why ATMi inhibits so many Dbn1 interactions. As shown in Table 

S4, the DSB / DSB + ATMi sample has only 18 proteins with an ATMi-inuduced 1.5-fold increase in 

Dbn1 interaction (Log2 < -0.6) yet 75 proteins with a 1.5-fold decrease in interaction (Log2 > 0.6) 

among a total of 231 proteins. 

5. They should cite Ma et al. Mol Cell Prot 2014 more clearly as a tagged ubiquitin-like approach 

that was previously used in Xenopus extracts. 

Reviewer #2 (Remarks to the Author): 

The authors addressed my comments sufficiently. 



Reviewer #3 (Remarks to the Author): 

The authors have addressed all my concerns adequately and I recommend publication of this work. 

I agree with not including an additional experiment based on ubiquitin remnant profiling and the 

upset plot shown in Rebuttal Fig. 13. 

I do, however, have a small additional note for the authors. The cited references on diGly peptide 

profiling are quite outdated (e.g., Kim et al, 2011) and newer approaches based on DIA-MS 

require much less protein input (microgram range), have a higher quantification precision and a 

better reproducibility (e.g., recent work from the Mann lab, https://doi.org/10.1038/s41467-020-

20509-1). 

Congratulations to all authors!
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previously used in Xenopus extracts.

In response to the reviewer’s request, we have moved the Ma et al., Mol Cell Prot, 2014 reference from 

where it was located before (page 3, 2nd paragraph) to another sentence (on page 3, 3rd paragraph), which 

now more clearly describes the reference:
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changes in protein recruitment to damaged DNA26,27 &8 =*11 &8 +47 /)*3:+?/3- 82&11 ;'/6;/:3B1/0* 24)/,*7

substrates through a tagged protein approach28.”

Reviewer #2 (Remarks to the Author):
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are quite outdated (e.g., Kim et al, 2011) and newer approaches based on DIA-MS require much less protein 
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Consequently, we have not cited the Hansen et al. paper in our manuscript, as the focus of the outlined 
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