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1st Editorial Decision 06 March 2017

Thank you for submitting your manuscript on RPA stimulation of XPF-ERCC]1 in ICL processing to
The EMBO Journal. It has now been assessed by three referees, and I am pleased to inform you that
all of them find your conclusions potentially important and generally well supported by the data.
Pending satisfactory revision of a number of specific concerns, we shall therefore be happy to
consider the study further for publication.

As you will see, while most of the referee points refer to clarifications, discussions and
presentational issues, there are also a few experimental suggestions that should strengthen the final
manuscript, in particular in referee 3's point 4, and in the related points 3 and 4 of referee 1 and
point 3 of referee 3. In any case, in light of our single-revision-round policy it will be important to
diligently respond to all points raised at this stage.

REFEREE REPORTS

Referee #1:

The enzymology of interstrand cross-link repair has not been well worked out. This biochemical
study from an excellent team of scientists nicely demonstrates that XPF-ERCC1, one of the major
nucleases known to be involved in interstrand cross-link repair is inhibited at a replication fork
bearing a leading strand. Such a structure is expected to occur when the leading strand synthesis
runs into an interstrand cross-link. This inhibition is shown to be overcome by the presence of the
trimeric single-strand binding protein, RPA. Mechanistic studies suggest that this stimulation of
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XPF-ERCCI incision is due to the binding of RPA70 subunit to the single-strand DNA end in the
replication fork. They nicely show that the C- terminus of RPA70 is required. Using an elegant click
chemistry approach to produce site-specific crosslinks at the site of the replication fork the authors
then shown that 1) XPF-ERCC1- cuts 6 nucleotides from the junction and this nick can serve as
entry point for the SNM1A exonuclease that can process through the cross-link. The authors provide
a plausible model for interstrand cross-link repair at a single or a dual replication fork that is
consistent with all known data. This is an important contribution to the field and makes direct
predictions about the role of these proteins during repair in a living nucleus, which is clearly beyond
the scope of this elegant work. The authors should consider the following points:

1. The small diagrams that are given with the incision experiments are extremely helpful. But in
Figures 1, 2 and 3 showing the positions of the two nick sites at either 6 or 2 bp from the fork with
brackets is very confusing. Perhaps they can adopt the convention shown in Figure 5 and the length
of the arrow can be proportional to the amount of cutting observed?

2. Figure 1 panel F, plotting the remaining product with the amount of incision product is helpful.
But perhaps two Y axis could be shown, one indicating product remaining and the other incision
products. The word "Formation" is very misleading as the uncut product is not forming.

3. The authors show a direct interaction of XPF-ERCC1 with RPA in their model in Figure 6. Data
supporting whether this direction interaction is necessary or sufficient versus the need for RPA
binding to the DNA would provide impact. One experiment is to vary the length of this single strand
DNA of the free end in the replication fork and determine the minimum length necessary for the
stimulation. This type of experiment would suggest that binding of RPA to the single strand region
allows interaction with XPF-ERCCI. I believe RPA requires 6 bases. Having the minimal flap size
would then allow a fluorescence anisotropy experiment of XPF-ERCC1 (in the absence of Mg to
inhibit incision) in the presence and absence of RPA. Binding of XPF-ERCCI1 should show a large
increase in anisotropy. A less elegant approach would be to do a pull down showing that XPF-
ERCCI1 can only load on a cross-link replication fork with a leading strand, if RPA is added. This
could be done with biotin-labeled DNA and SA beads.

4. Another nice experiment that would provide more support for their model, would be to mutate
key residues of the XPF-ERRC1 or RPA that are suggested to be at the interface of their interaction
site.

Referee #2:

In this paper, the McHugh and coworkers investigate the influence of the single-strand binding
protein RPA on the ability of XPF-ERCC1 to unhook replication fork-blocking interstrand
crosslinks. Taking a biochemical approach, using radiolabelled model replication fork structures,
they find that the addition of a nascent strand (either leading or lagging) to a "simple fork" (or
"splayed Y") structure inhibits cleavage of the fork. They show that increasing nascent strand length
increases the inhibitory effect on XPF-ERCCI. Intriguingly RPA, which is known to interact with
XPF-ERCCI and to facilitate the DNA repair processes that involve XPF-ERCC1, overcomes the
inhibitory effect of nascent leading DNA strands on fork cleavage by XPF-ERCC1. RPA does not
overcome the inhibitory effect of a nascent lagging strand, however. RPA appears to bias the
position of incisions by XPF away from the fork junction. Evidence is presented that an intact RPA
trimer is required to promote XPF-ERCC1 activity towards forks with nascent strands. The authors
go on to show that placing an ICL at the fork junction biases the position of incisions by XPF away
from the fork junction. This incision creates a site for loading of the SNM 1A nuclease which can
exonucleolytically degrade DNA past the ICL, thereby unhooking to ICL.

This is an interesting and elegantly executed study. It's an in vitro study and therefore it's not clear
how the observations relate to DNA repair in vivo. XPF-ERCC1, RPA and SNM1A are all involved
in ICL repair and in cleavage of stalled forks, but the mechanisms behind how these factors
cooperate to allow unhooking or fork cleavage in intact mammalian cells are unknown. Part of the
reason for the lack of information in this area - and the reason why it's difficult to test if the findings
in this paper are relevant to DNA repair in vivo - is that tools don't currently exist to allow a high-
resolution view of DNA repair in intact mammalian cells. The McHugh study represents a valiant
attempt to delineate a possible mechanism behind unhooking by XPF-ERCC1 by reconstituting
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unhooking in vitro. The data provide a framework to think about fork cleavage and ICL repair that
will hopefully be possible to test in more detail in the future.

Specific points:

1. This reviewer was confused at the effect of the nascent leading strand on XPF-ERCC1 activity.
This is because many labs have reported that mammalian XPF-ERCC1 efficiently cleaves 3' flap
substrates. There is strong evidence that yeast Rad1-Rad10 efficiently cleaves 3' flaps in vitro and
also in vivo: during SSA repair of DSBs, the substrate of XPF-ERCCI1 is clearly a 3' flap. So why
would XPF-ERCCI not cleave the 3' flap on the simple fork that has the nascent leading strand?
This issue must be addressed thoroughly and comprehensively throughout the text, from the outset,
to remove any potential confusion to readers.

2. The models presented from the current literature for how ICL repair works are very heavily
biased towards the work from Johannes Walter's lab. Work from the Walter lab has allowed a high-
resolution view of repair of an ICL on a small plasmid, where the ICL is encountered by two forks
only because it's a small plasmid where that happens to be the case. Work from the Seidman lab
indicates that two forks colliding with an ICL happens infrequently; this in no way takes from the
work of the Walter lab, but it means that statements such as "ICL repair is triggered by the
convergence of dual replication forks" are not appropriate because they imply that this is always the
case. The available evidence argues against this idea in intact mammalian cells - other mechanisms
are at play too. All of the data from McHugh and colleagues in this study seems to be interpreted in
the context of the Walter model, and it seem sensible to modify the text so this is not the case.

3. It would be interesting to know if the physical interaction of XPF-ERCC1 with RPA is required
for the effects of RPA seen in the experiments presented. If mutations are already known that
abolish the interaction, then these should be tested. If not, then the lack of this information is not an
obstacle to publication.

Referee #3:

ERCC1-XPF has been shown to play a key role in replication-coupled ICL repair. In the xenopus
cell-free ICL repair system, ERCC1-XPF makes the first incision after a replication fork stalls at an
ICL. An open question is how this incision is regulated and whether ERCC1-XPF makes incisions
on both sides of the ICL or whether a second nuclease cuts on one side of the ICL.

In the present manuscript Adbullah and colleagues test the influence of RPA on the activity of
ERCC1-XPF on model structures mimicking ICL repair intermediates. Strikingly, they show that
RPA stimulates the activity of ERCC1-XPF specifically on substrates that mimic an approaching
leading strand, but not on lagging strands. This stimulation was found to be dependent on a ssDNA
binding surface on the lagging strand. In substrates containing site-specific ICLs, RPA directs the
activity of ERCCI1-XPF on the far side of the ICL and furthermore allows the loading of the
exonuclease SNM1A, which can digest across the ICL, leading to complete unhooking of the ICL.

This study clearly advances our mechanistic understanding of how ERCC1-XPF, RPA and SNM1A
function together in ICL repair. The ability of RPA to enable ERCC1-XPF to incise ICL repair
intermediates in the exact situation predicted to arise in ICL repair is particularly striking. This
biochemical study is innovative in its design and contains all the necessary controls to justify the
conclusions drawn from the experiments.

After addressing the points listed below, I would consider it to be highly suitable for publication in
EMBO J.

1. Wood and coworkers showed that ERCC1-XPF can make an incision on both sides of an ICL in a
stem-loop substrate containing a psoralen ICL (Kuraoka, JBC, 2000, 275, 26632). In this paper,
ERCCI1-XPF is shown to first cut on the near side of the ICL (at the junction), followed by an
incision on the other side of the ICL. This mechanism of unhooking differs from the one proposed in
the present work, although that study did of course nor include RPA or SMN1A. Nonetheless, the
authors should address this difference in the discussion. Is it perhaps due to the difference in the
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structure of the ICL or the design of the substrate?

2. Another study, Sancar and coworkers showed that RPA can stimulate the activity of ERCC1-XPF
to degrade DNA past an ICL, although this study employed duplex DNA (Mu et al, MCB, 2000, 20,
2446). As in point 1, this discrepancy should be addressed in the discussion. Both papers should also
be cited in the introduction.

3. The structure of the ICL used here is quite different and likely less distorting than ICLs formed by
the clinically more relevant cisplatin and nitrogen mustards, which have also been used to show the
cellular involvement of ERCC1-XPF in ICL repair. A brief (speculative) discussion of how ICL
structure might affect the activity of ERCC1-XPF would be warranted.

4. Figure 3. It would be instructive to compare the binding activity of RPA on a 3' Flap/lagging
strand structure. This would reveal whether a difference of binding affinity or directionality of RPA
binding is responsible for the selective stimulation of ERCC1-XPF by RPA. The later mechanism is
suggested by DeLaat, 1998b, and it would be nice to make this connection here.

5.pll. Lane 7. Clarify the importance of why the use of a 5' OH group is important here. Is SNM1A
only active on 5' phosphorylated substrates? If so, also clarify that ERCC1-XPF incision will leave a
5' phosphorylated product suitable for SNM1A to act on.

6. pl15. Regarding FAN1: Although SNM1A and FANT share the ability to degrade a duplex past an
ICL, they likely do so in different branches of ICL repair. The "redundancy" is therefore likely due
to the usage of different pathways, rather than activity on the same substrates. This point could be
clarified here.

7. Figures. It would be good to number to all lanes in the gels.

1st Revision - authors' response 13 April 2017

Many thanks for sending us the reviewers’ comments for our manuscript ‘RPA activates XPF-
ERCCI to initiate the processing of DNA interstrand crosslinks’. We were delighted by the positive
reviews. We have now addressed the vast majority of the points raised by the reviewers, and a
detailed point-by-point response is attached to the resubmission. We hope the manuscript will now
be acceptable for publication in EMBO J.

POINT-BY-POINT RESPONSE
Referee #1:

The enzymology of interstrand cross-link repair has not been well worked out. This biochemical
study from an excellent team of scientists nicely demonstrates that XPF-ERCC1, one of the major
nucleases known to be involved in interstrand cross-link repair is inhibited at a replication fork
bearing a leading strand. Such a structure is expected to occur when the leading strand synthesis
runs into an interstrand cross-link. This inhibition is shown to be overcome by the presence of the
trimeric single-strand binding protein, RPA. Mechanistic studies suggest that this stimulation of
XPF-ERCCI incision is due to the binding of RPA70 subunit to the single-strand DNA end in the
replication fork. They nicely show that the C- terminus of RPA70 is required. Using an elegant click
chemistry approach to produce site-specific crosslinks at the site of the replication fork the authors
then shown that 1) XPF-ERCC1- cuts 6 nucleotides from the junction and this nick can serve as
entry point for the SNM1A exonuclease that can process through the cross-link. The authors provide
a plausible model for interstrand cross-link repair at a single or a dual replication fork that is
consistent with all known data. This is an important contribution to the field and makes direct
predictions about the role of these proteins during repair in a living nucleus, which is clearly beyond
the scope of this elegant work. The authors should consider the following points:

1. The small diagrams that are given with the incision experiments are extremely helpful. But in
Figures 1, 2 and 3 showing the positions of the two nick sites at either 6 or 2 bp from the fork with
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brackets is very confusing. Perhaps they can adopt the convention shown in Figure 5 and the length
of the arrow can be proportional to the amount of cutting observed?

This has been done for all the relevant panels in Figs 1-3.

2. Figure 1 panel F, plotting the remaining product with the amount of incision product is helpful.
But perhaps two Y axis could be shown, one indicating product remaining and the other incision
products. The word "Formation" is very misleading as the uncut product is not forming.

This is a good suggestion, and has been done.

3. The authors show a direct interaction of XPF-ERCC1 with RPA in their model in Figure 6. Data
supporting whether this direction interaction is necessary or sufficient versus the need for RPA
binding to the DNA would provide impact. One experiment is to vary the length of this single strand
DNA of the free end in the replication fork and determine the minimum length necessary for the
stimulation. This type of experiment would suggest that binding of RPA to the single strand region
allows interaction with XPF-ERCCI. I believe RPA requires 6 bases. Having the minimal flap size
would then allow a fluorescence anisotropy experiment of XPF-ERCC1 (in the absence of Mg to
inhibit incision) in the presence and absence of RPA. Binding of XPF-ERCCI1 should show a large
increase in anisotropy. A less elegant approach would be to do a pull down showing that XPF-
ERCCI1 can only load on a cross-link replication fork with a leading strand, if RPA is added. This
could be done with biotin-labeled DNA and SA beads.

We agree that testing minimal flap size for XPF-ERCC1 stimulation by RPA is a good idea. This has
been done, and the data presented in new FigEV3B and associated text. This revealed that RPA was
not able to stimulate the activity of XPF-ERCCI on a simple fork structure with 13 nt arms.
However, a caveat here is that XPF-ERCCI is substantially less active on the shorter arm
substrates. The reviewer is correct that RPA can associate with ssDNA regions as short as 6 nt, but
its high-affinity mode of binding requires 20-30 nt and is associated with a conformational change
in the RPA trimer, and this appears to be required for the stimulatory effects observed here. Note
that the helpful suggestion of reviewer 3 in regard of testing the affinity of RPA for the model
lagging strand substrate (new FigEV4B) supports the data obtained by de Laat and colleagues
almost 20 years ago that the orientation of RPA relative to XPF-ERCCI is critical to its stimulatory
role: it is not just efficient binding that is critical. In regards of the affinity of XPF-ERCCI for the
fork structures we have employed — this is many orders of magnitude less than that of RPA and
anisotropy experiments have not proved very informative in our hands, although we continue to
probe the mechanism of stimulation and whether it relates to increased binding efficiency or
allosteric (or related) activation of XPF-ERCC1. Unravelling this is a major question that we think
beyond the scope of the current paper.

4. Another nice experiment that would provide more support for their model, would be to mutate
key residues of the XPF-ERRC1 or RPA that are suggested to be at the interface of their interaction
site.

We have attempted to produce the version of XPF-ERCC1 that was previously proposed to contain a
point mutation that disrupted interaction with RPA (P85S) (Fisher et al, JMB, 2011). This protein
was insoluble, forming aggregates in expressing insect cells, possibly explaining why it was
identified as a non-interactor in yeast two-hybrid studies. Notably, recent work from the Knipscheer
lab (Klein-Douwel et al, EMBO J, 2017; now cited in our paper) indicates that the Xenopus XPF
protein is also extremely sensitive to relatively small changes in the N-terminus. This raises the
possibility that an interaction mediated by the N-terminus (possibly with RPA, which is highly
conserved in the eukaryotic expression systems used) is important for maintaining the protein in an
appropriate conformation in cells.

Referee #2:
In this paper, the McHugh and coworkers investigate the influence of the single-strand binding

protein RPA on the ability of XPF-ERCC1 to unhook replication fork-blocking interstrand
crosslinks. Taking a biochemical approach, using radiolabelled model replication fork structures,
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they find that the addition of a nascent strand (either leading or lagging) to a "simple fork" (or
"splayed Y") structure inhibits cleavage of the fork. They show that increasing nascent strand length
increases the inhibitory effect on XPF-ERCCI. Intriguingly RPA, which is known to interact with
XPF-ERCCI and to facilitate the DNA repair processes that involve XPF-ERCC1, overcomes the
inhibitory effect of nascent leading DNA strands on fork cleavage by XPF-ERCC1. RPA does not
overcome the inhibitory effect of a nascent lagging strand, however. RPA appears to bias the
position of incisions by XPF away from the fork junction. Evidence is presented that an intact RPA
trimer is required to promote XPF-ERCCI1 activity towards forks with nascent strands. The authors
go on to show that placing an ICL at the fork junction biases the position of incisions by XPF away
from the fork junction. This incision creates a site for loading of the SNM 1A nuclease which can
exonucleolytically degrade DNA past the ICL, thereby unhooking to ICL.

This an interesting and elegantly-executed study. It's an in vitro study and therefore it's not clear
how the observations relate to DNA repair in vivo. XPF-ERCC1, RPA and SNM1A are all involved
in ICL repair and in cleavage of stalled forks, but the mechanisms behind how these factors
cooperate to allow unhooking or fork cleavage in intact mammalian cells are unknown. Part of the
reason for the lack of information in this area - and the reason why it's difficult to test if the findings
in this paper are relevant to DNA repair in vivo - is that tools don't currently exist to allow a high-
resolution view of DNA repair in intact mammalian cells. The McHugh study represents a valiant
attempt to delineate a possible mechanism behind unhooking by XPF-ERCC1 by reconstituting
unhooking in vitro. The data provide a framework to think about fork cleavage and ICL repair that
will hopefully be possible to test in more detail in the future.

Specific points:

1. This reviewer was confused at the effect of the nascent leading strand on XPF-ERCC1 activity.
This is because many labs have reported that mammalian XPF-ERCC1 efficiently cleaves 3' flap
substrates. There is strong evidence that yeast Rad1-Rad10 efficiently cleaves 3' flaps in vitro and
also in vivo: during SSA repair of DSBs, the substrate of XPF-ERCCI1 is clearly a 3' flap. So why
would XPF-ERCCI not cleave the 3' flap on the simple fork that has the nascent leading strand?
This issue must be addressed thoroughly and comprehensively throughout the text, from the outset,
to remove any potential confusion to readers.

The question of how XPF-ERCCI cleaves 3 ’-flaps during SSA (a structure equivalent to the case
where we have a nascent lagging strand in our model fork substrates) is indeed of interest. It is
clear from some relatively old biochemical work we have cited (Rodriguez et al, JBC, 1996), which
is consistent with the work we present here, that SSA-type flap intermediates are also much less
efficiently cleaved that simple fork type structures by yeast Radl-Radl0. However, there is a strong
requirement for a further Radl-Radl0 binding factor (Sawl, not conserved in higher eukaryotes &
not involved in yeast ICL repair) for SSA in yeast (Li et al, EMBO J, 2013), and Saw is required to
permit efficient Radl-Radl0 cutting in the context of SSA intermediates. How XPF-ERCC1 in
mammals catalyses incisions for SSA is not clear, since XPF-ERCCI alone has very low activity on
3 -flaps, and is of interest, but beyond the scope of this study, but clearly will require additional
factors.

2. The models presented from the current literature for how ICL repair works are very heavily
biased towards the work from Johannes Walter's lab. Work from the Walter lab has allowed a high-
resolution view of repair of an ICL on a small plasmid, where the ICL is encountered by two forks
only because it's a small plasmid where that happens to be the case. Work from the Seidman lab
indicates that two forks colliding with an ICL happens infrequently; this in no way takes from the
work of the Walter lab, but it means that statements such as "ICL repair is triggered by the
convergence of dual replication forks" are not appropriate because they imply that this is always the
case. The available evidence argues against this idea in intact mammalian cells - other mechanisms
are at play too. All of the data from McHugh and colleagues in this study seems to be interpreted in
the context of the Walter model, and it seem sensible to modify the text so this is not the case.

This is completely fair, and an entirely new paragraph has been added into the Discussion to reflect
the potential importance of the ‘traverse’ model.

3. It would be interesting to know if the physical interaction of XPF-ERCC1 with RPA is required
for the effects of RPA seen in the experiments presented. If mutations are already known that
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abolish the interaction, then these should be tested. If not, then the lack of this information is not an
obstacle to publication.

Please see our comments to reviewer 1. We have tried to address this, but it remains elusive.
Additional, perhaps structural, studies will be required.

Referee #3:

ERCC1-XPF has been shown to play a key role in replication-coupled ICL repair. In the xenopus
cell-free ICL repair system, ERCC1-XPF makes the first incision after a replication fork stalls at an
ICL. An open question is how this incision is regulated and whether ERCC1-XPF makes incisions
on both sides of the ICL or whether a second nuclease cuts on one side of the ICL.

In the present manuscript Adbullah and colleagues test the influence of RPA on the activity of
ERCC1-XPF on model structures mimicking ICL repair intermediates. Strikingly, they show that
RPA stimulates the activity of ERCC1-XPF specifically on substrates that mimic an approaching
leading strand, but not on lagging strands. This stimulation was found to be dependent on a ssDNA
binding surface on the lagging strand. In substrates containing site-specific ICLs, RPA directs the
activity of ERCCI1-XPF on the far side of the ICL and furthermore allows the loading of the
exonuclease SNM1A, which can digest across the ICL, leading to complete unhooking of the ICL.

This study clearly advances our mechanistic understanding of how ERCC1-XPF, RPA and SNM1A
function together in ICL repair. The ability of RPA to enable ERCC1-XPF to incise ICL repair
intermediates in the exact situation predicted to arise in ICL repair is particularly striking. This
biochemical study is innovative in its design and contains all the necessary controls to justify the
conclusions drawn from the experiments.

After addressing the points listed below, I would consider it to be highly suitable for publication in
EMBO J.

1. Wood and coworkers showed that ERCC1-XPF can make an incision on both sides of an ICL in a
stem-loop substrate containing a psoralen ICL (Kuraoka, JBC, 2000, 275, 26632). In this paper,
ERCCI1-XPF is shown to first cut on the near side of the ICL (at the junction), followed by an
incision on the other side of the ICL. This mechanism of unhooking differs from the one proposed in
the present work, although that study did of course nor include RPA or SMN1A. Nonetheless, the
authors should address this difference in the discussion. Is it perhaps due to the difference in the
structure of the ICL or the design of the substrate?

This is a good point and is addressed in a new section of the Discussion, starting on page 15

2. Another study, Sancar and coworkers showed that RPA can stimulate the activity of ERCC1-XPF
to degrade DNA past an ICL, although this study employed duplex DNA (Mu et al, MCB, 2000, 20,
2446). As in point 1, this discrepancy should be addressed in the discussion. Both papers should also
be cited in the introduction.

Fair point - these papers are now cited and discussed in the Introduction.

3. The structure of the ICL used here is quite different and likely less distorting than ICLs formed by
the clinically more relevant cisplatin and nitrogen mustards, which have also been used to show the
cellular involvement of ERCC1-XPF in ICL repair. A brief (speculative) discussion of how ICL
structure might affect the activity of ERCC1-XPF would be warranted.

Our ICLs are indeed relatively non-distorting. We have combined discussion of this point (page 15)
with that relating to point 1 by this reviewer as they are linked issues.

4. Figure 3. It would be instructive to compare the binding activity of RPA on a 3' Flap/lagging
strand structure. This would reveal whether a difference of binding affinity or directionality of RPA
binding is responsible for the selective stimulation of ERCC1-XPF by RPA. The later mechanism is
suggested by DeLaat, 1998b, and it would be nice to make this connection here.
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This is an excellent experimental suggestion, which has been performed, and presented at new
FigEV4B and associated text. This reveals that RPA has a similar affinity for the ssDNA regions of
model forks bearing nascent leading or lagging strands, implying that we are observing an
orientation/polarity for the RPA stimulation of XPF-ERCC1, as first identified by de Laat et al in
1998 using substrates relevant to NER, and agree that this connection and corroboration of data is

very satisfying.

5.pll. Lane 7. Clarify the importance of why the use of a 5' OH group is important here. Is SNM1A
only active on 5' phosphorylated substrates? If so, also clarify that ERCC1-XPF incision will leave a
5' phosphorylated product suitable for SNM1A to act on.

We have clarified this point in the text — yes, SNM1A requires a 5°-phosphate to act.

6. pl15. Regarding FAN1: Although SNM1A and FANT share the ability to degrade a duplex past an
ICL, they likely do so in different branches of ICL repair. The "redundancy" is therefore likely due
to the usage of different pathways, rather than activity on the same substrates. This point could be
clarified here.

Fair point, we have clarified this in the relevant section of the Discussion.

7. Figures. It would be good to number to all lanes in the gels.

This has been done.

2nd Editorial Decision 15 May 2017

Thank you for submitting your revised manuscript for our editorial consideration. It has now been
once more assessed by two of the original referees, who are both satisfied with the revisions and
fully supportive of publication now (see comments below). We shall therefore be happy to publish
your study in The EMBO Journal at this point!

Referee #1 (Report for Author)

I downloaded the revised manuscript and the rebuttal letter and have gone through them both
carefully.

The study has been greatly strengthened by the review process. The authors have nicely dealt with
all the concerns raised by each reviewer, in several instances performing new experiments to better
discern the mechanism they are observing. These additional experiments and stronger citation of the
pertinent literature strengthen the already excellent study. I believe this study will have a significant
impact on the field and is worthy of a highlight in your journal.

Referee #3 (Report for Author)

The authors have satisfactorily addressed the concerns raised by the reviewers. Figures EV3B and
EV4B add to the quality of an already excellent manuscript and I am in agreement with the
argument of the authors in response to reviewer 2 that the question of why ERCC1-XPF has low
activity on 3' flaps is a complex issue better addressed in a different manuscript. All points regarding

data presentation, the discussion and citation of references has also been adequately addressed.

This manuscript is now suitable for publication in EMBO J.
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The data shown in figures should satisfy the following conditions: https//www.consort-statement.org/checklists/view/32-consort/66-title CONSORT Check List
> the data were obtained and processed according to the field's best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner. http://www.eq k.org/reporting: P Reporting Guidelines (marker prognostic studies)
= figure panels include only data points, ions that can pared to each other in tificall
meaningful way. http://datadryad.org Dryad
= graphs include bars for ts and sample sizes. Unless justified, error bars should
not be shown for technical replicates. http://figshare.com Figshare
= ifn<5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified http://www.ncbi.nlm.nih.gov/gap dbGAP
= Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation. http://www.ebi.ac.uk/ega EGA
2. Captions http://biomodels.net/ Biomodels Database
Each figure caption should contain the following information, for each panel where they are relevant
http://biomodels.net/miriam/ MIRIAM Guidelines
< a specification of the experimental system investigated (eg cell line, species name). http://jj.biochem.sun.ac.za WS Online
= the assay(s) and method(s) used to carry out the reported observations and measurements http://oba.od.nih % s html Biosecurity Documents from NIH
= an explicit mention of the biological and chemical entity(ies) that are being measured. http://www.selectagents.gov/ List of Select Agents
= an explicit mention of the biological entity(ies) that are i in a controlled manner.
2 the exact sample size (n) for each experimental group/condition, given as a number, not a range;
= a description of the sample collection allowing the reader to understand whether the samples represent technical o
biological replicates (including how many animals, ltters, cultures, etc.).
= astatement of how many times the experiment shown was independently replicated in the laboratory.
= definitions of statistical methods and measures:

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

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

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

definition of ‘center values’ as median or average;

* definition of error bars as 5.d. or s.e.m.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data,

Please ensure that the answers to the following questions are reported in the manuscript itself. We encourage you to include a
specific subsection in the methods section for statistics, reagents, animal models and human subjects.

In the pink boxes below, provide the page number(s) of the manuscript draft or figure legend(s) where the
information can be located. Every question should be answered. If the question is not relevant to your research,

please write NA (non applicable).

B- Statistics and general methods s ¥ (Do not worry if you all your text of
12, How was the sample size chosen to ensure adequate power to detect a pre-specified effect size? NA
1. For i about sample if no statistical methods were used. NA
2 Describe if samples from the analysis. Were the criteria pre- NA

established?

3 Were any steps taken to minimize the effects of subj ias when allocating treatment (e.g.  |NA
procedure)? If yes, please describ
For Tud: about evenif no was used NA

[4.:2. Were any steps taken to minimize the effects of subjective bias duri
(e.g. blinding of the investigator)? If yes please describe.

8 8roup allocation or/and when assessing results|No

[.b- For animal studies, include a statement about blinding even if no blinding was done NA

5. For every figure, are statistical tests justified as appropriate? Ves

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it. NA

Is there an estimate of variation within each group of data? TNA

Is the variance similar between the groups that are being statistically compared? NA

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog [XPF = Abcam, ab73720, ERCCL = Santa-Cruz Biotechnology, FL-207, page33, Appendix Fig. S1A
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.
|Antibodypedia (see link list at top right), 1DegreeBio (see link ist at top right).

7. dentify the source of cell ines and report if they were recently authenticated (e.g. by STR profiling) and tested for [NA
[mycoplasma contamination

*for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing [ NA
and husbandry conditions and the source of animals.

5. For experiments invol e vertebrates, include a statement of compliance with ethical regulations and identify the |NA
[committee(s) approving the experiments.

10 We recommend consulting the ARRIVE guidelines (see ink Iist at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure [NA
[that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
(Guidelines'. See also: NIH (see link list at top right) and MRC (see link lit at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11 Identify the committee(s) approving the study protocol. NA
12 Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13 For publication of patient photos, include a statement confirming that consent to publish was obtained. NA




F- Data Ac

G- Dual u:

[14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15 Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and lll randomized controlled trials, please refer to the CONSORT flow diagram (see Ik Iist at top right) [NA
and submit the CONSORT checklis (see link lst at top right) with your submission. See author guidelines, under
‘Reporting Guidelines’. Please confirm you have submitted this lst
17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (sce lik st at [NA
o right). See author guidelines, under ‘Reporting Guidelines'. Please confirm you have followed these guidelines.
ccessibility
[18- Provide accession codes for deposited data. See author guidelines, under ‘Data Deposition”. TNA
Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences
b. Macromolecular structures
<. Crystallographic data for small molecules.
4. Functional genomics data
e. Proteomics and molecular interactions
15~ Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the [NA
liournal's data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in

itories such as Dryad (see link lst at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
| with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see fink lst at top right) or EGA (see link list at top right).
21 As far as possible, primary and referenced data should be formally cited in a Data Availability section. Please state _[NA
whether you have included this section.
Examples:
Primary Data
Wetmore KM, Deutschbauer AM, Price MN, Arkin AP (2012). Comparison of gene expression and mutant fitness in
Ishewanella oneidensis MR-1. Gene Expression Omnibus GSE39462
Referenced Data
[Huang J, Brown AF, Lei M (2012). Crystal structure of the TRBD domain of TERT and the CR4/5 of TR. Protein Data Bank
4026
|AP-MS analysis of human teracti CEM-T cells (2013). PRIDE PXD000208
|22 Computational models that are central and integral to a study should be shared without restrictions and provided in a [NA
[machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
[format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
IMIRIAM guidelines (see link st at top right) and deposit their model in a public database such as Biomodels (see link lst
at top right) or JWS Online (see fink st at top right). If computer source code s provided with the paper, it should be
[deposited in a public repository or included in information.
se research of concern
[23-Could your study fall under dual use research restrictions? Please check biosecurity documents (see Ik Ist at top _ [No
ight) and list of select agents and toxins (APHIS/CDC) (see link lst at top right). According to our biosecurity guidelines,
provide a statement only if it could.




