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1st Editorial Decision

29 November 2016

Thank you for the submission of your manuscript to EMBO reports. I am sorry for the slight delay
in getting back to you; we have only now received the full set of referee reports, as well as crosscomments.
As you will see from the reports below, while referee 2 is more critical, referees 1 and 3 support
publication of your study with only minor revisions.
Upon cross-commenting on each others' reports, referees 1 and 3 also agree that referee 2 is asking
for experiments outside the scope of this study, and several of referee 2's concerns therefore do not
need to be addressed experimentally. Please refer to the cross-comments by referee 3 (also below)
for the concerns of referee 2 that do and do not need to be addressed. Please also address all
comments by referees 1 and 3.
Given these constructive comments, we would thus like to invite you to revise your manuscript with
the understanding that the referee concerns must be fully addressed (as outlined above) and their
suggestions taken on board. Please address all referee concerns in a complete point-by-point
response. Acceptance of the manuscript will depend on a positive outcome of a second round of
review. It is EMBO reports policy to allow a single round of revision only and acceptance or
rejection of the manuscript will therefore depend on the completeness of your responses included in
the next, final version of the manuscript.
-----------------------------REFEREE REPORTS
Referee #1:
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In this manuscript Puddu and colleagues investigate the basis of the camptothecin (CPT) sensitivity
of budding yeast cells lacking TOF1 or CSM3. TOF1/CSM3 are the budding yeast orthologues of
timeless and tipin in mammals. In all eukaryotic systems tested, mutation of these factors results in
replication stress.
The approach used is similar to one used previously to isolate genetic suppressors of Sae2 (1). A
genome wide screen for suppressors of tof1/csm3 CPT sensitivity identified loss of function
mutation in both SIR3 and SIR4. Subsequent analysis showed that deletion of SIR2 and SIR1 also
suppresses the CPT sensitivity of these cells. Therefore, a functional SIR histone deacetylase
complex is required for acute sensitivity of tof1/csm3 cells.
To confirm that loss of histone deacetylase activity was the cause of suppression, the authors also
mutated the histone residue targeted by the SIR deacetylase, H4-K16. Mutation of this residue also
suppressed camptohecin sensitivy. This confirms direct link to chromatin structure. Furthermore,
that treatment with sirtinol, which inhibits the enzymatic function of sirtuin complexes, also
suppresses CPT sensitivity. The authors then present evidence that a similar mechanism of
campthothecin sensitivity exists in fission yeast and human cells.
The study is comprehensive and the experiments well done. The main conclusion that SIR mediated
chromatin structures makes cells sensitive to CPT is clearly shown. This finding is important for
anybody interested in understanding the pathway of CPT sensitivity and the pathways by which
replication stress is generated in cells.
For mechanism, the authors propose that SIR dependent chromatin structures make cell sensitive to
topological stress during DNA replication. Tof1 has recently been shown to be a key regulator of the
response to topological stress in yeast (2). They argue that structures that generate topological stress
are more likely to require Top1 action and therefore vulnerable to the inhibition of Top1 that occurs
following CPT treatment. There are some issues with this argument, which I will address below.
However, I think they are easily dealt with. With minor revision, I recommend this manuscript for
publication
Issues:
1) The problem with the argument that CPT inhibits the topological relaxation activity of Top1 is
that loss of function mutations in top1 and tof1 do not shown the same synthetically interaction. For
the topological argument to be correct, there must be some aspect of CPT action on Top1 that
increases topological stress beyond that generated by loss of Top1 action alone. Therefore the
authors should provide some form of plausible model for why CPT treatment will generate higher
levels lethal stress than loss of Top1 alone.
One model would be that the protein-DNA structure generated by CPT treatment at sites of
topological stress actually prevents the action of Top2 at these sites ahead of the fork (see issue 2
below). In this way CPT action of Top1 generates higher levels of topological stress that TOP1
deletion alone. A similar occlusion of alternate topoisomerase action is proposed to be lead to the
phenotype of shown when an inactive but DNA binding of Top2 is expressed in cells already
lacking Top2 activity (3). The full reasoning behind this argument is provided here (4).
Another plausible model can be based on Tof1's proposed role as a replisome stability factor. Here
again you would posit that again SIR mediated structures are vulnerable to replication induced
topological stress and therefore likely to be frequently targeted by Top1. It has been shown that CPT
treatment of yeast cells leads to elevated levels of fork reversal at potentially topologically stressed
loci (5). Potentially, increasing fork reversal events in the context of higher replisome instability
(from tof1 deletion) could lead to higher levels of fork breakdown or failure to reverse a fork
reversal event.
2) In the introduction the authors give the impression that Top1 alone deals with topological stress
ahead of the fork whereas Top2 deals with intertwines generated by fork rotation behind the fork.
Although a convenient assumption there is little evidence to indicate that this is true. Top2 in yeast
and other organisms is highly proficient at dealing with positive supercoiling both in vitro and in
vivo (for example (6)). The mode of action of Top1 suggests it would be more proficient than Top2
at dealing with topological stress ahead of an elongating fork, but Top2 is capable of relaxing this
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stress.
A more accurate statement would be "In Saccharomyces cerevisiae, the main DNA topoisomerase
that relaxes positive supercoiling during DNA replication is considered to be Topoisomerase 1
(Top1), a type-IB topoisomerase. .......... lacking Top1 can fully replicate their genome because
positive supercoils can either be potentially relaxed directly by Top2 supercoil relaxation or by
rotating of the fork relative to the DNA, converting impending positive supercoiling into
intertwines/catenation between the two daughter DNA strands
3) In figure 5B the panel is labeled with 80mM sirtinol. Given the other concentrations of sirtinol
are in the µM range, I assume this is a typo.
References:
1. F. Puddu et al., Synthetic viability genomic screening defines Sae2 function in DNA repair. The
EMBO Journal. 34, 1509-1522 (2015).
2. S. A. Schalbetter, S. Mansoubi, A. L. Chambers, J. A. Downs, J. Baxter, Fork rotation and DNA
precatenation are restricted during DNA replication to prevent chromosomal instability. Proc. Natl.
Acad. Sci. U.S.A., 201505356-15 (2015).
3. J. Baxter, J. F. Diffley, Topoisomerase II inactivation prevents the completion of DNA replication
in budding yeast. Molecular Cell. 30, 790-802 (2008).
4. J. Baxter, "Breaking up is hard to do": the formation and resolution of sister chromatid
intertwines. Journal of Molecular Biology. 427, 590-607 (2015).
5. A. R. Chaudhuri et al., Topoisomerase I: poisoning results in PARP-mediated replication fork
reversal. Nat Struct Mol Biol. 19, 417-423 (2012).
6. S. L. French et al. Distinguishing the Roles of Topoisomerases I and II in Relief of TranscriptionInduced Torsional Stress in Yeast rRNA Genes. Mol Cell Bio, 31, 482-494 (2011).
Referee #2:
The authors describe a potentially interesting observation, namely that the Sir complex is partially
responsible for yeast and mammalian cell sensitivity to the Top1-blocking agent camptothecin. Due
to the fact that sir mutations compensate for CPT sensitivity in tof1 / csm3 deletion backgrounds in
yeast, the authors propose a connection between replication fork progression, topological stress and
heterochromatic domains.
However, the argumentation is mostly based on a limited epistatic analysis of sir mutants and silent
domains in yeast, and fails to suggest a mechanistic model underlying the genetic interactions or
eliminate an important alternative explanation based on a well-characterized MAT locus
heterozygosity phenomenon in budding yeast.
Indeed, it is well established that deletion of Sir complex components leads to HML/HMR
expression, which converts haploid budding yeast cells to non-mating MATa/alpha cells. This is
accompanied by a change in DNA DSB repair pathway choice from NHEJ towards HR [≈strˆm,
1999, Nature; Lee, 1999, Curr Biol] largely due to down-regulation of a gene involved in NHEJ,
NEJ1 [Valencia, 2001, Nature]. It is of paramount importance that the authors extensively explore
whether sir -dependent HML/HMR de-silencing is responsible for the observed decrease of CPTsensitivity in sir and tof1 / csm3 sir cells. This can be done by introducing a hml and hmr into
haploid WT and sir strains and treating them with CPT. Another essential control will be assessing
CPT sensitivity in nej1 (or other NHEJ gene deletions) in WT or tof1 / csm3 backgrounds.
In case the HML/HMR expression is not responsible for the observed phenomena, the authors may
also explore a possible effect of Sir on Top1 or other DNA repair protein's acetylation state and
stability [akin to Robert T, 2011, Nature] as a potential mechanism.
Major comments:
1. The authors suggest that the loss of Sir complex relieves topological stress at certain loci. This
claim should be tested by assays measuring DNA topological states.
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2. Fig2B: epistasis of sir2 and top1 should be checked under 40mkM CPT treatment to show that
CPT sensitivity and sir2 -induced rescue is Top1-dependent.
3. Fig2C: the spot assay shows that sir2 -dependent resistance to CPT needs HR (namely Rad51)
machinery activity and probably hyper-activates HR. This hints towards a possible mechanism (HRdependent DSB repair), in the opinion of this reviewer. However, the authors do not comment on
this. Moreover, the claim in the text that 'rad51 strain...unable to repair DSBs induced by
camptothecin' is not correct: first, there are Rad51-independent HR processes (SSA, BIR) and
second, NHEJ or alt-NHEJ may still repair the Top1-bound ends after limited processing by MRX.
Therefore, the data on Fig2C and their description should be reconsidered.
4. Fig2D: a spot assay with the next strains should be shown WT, sir2 , tof1 , tof1 sir2 treated with
CPT +/- sirtinol. It is essential to show that sirtinol works through Sir complex in this experimental
setup.
5. Fig2(E): Since the Sas2 acetylase is responsible for the H4K16ac modification, the authors should
consider its role in the observed phenotypes [Kimura, 2002, Nat Genet; Dang, 2009, Nature].
Moreover rpd3 is known re-establish the silent chromatin in sir2 , therefore it also might be used to
reinforce the claims of this study [akin to Thurtle-Schmidt, Rine, 2016, Genetics].
6. Fig3D: the data for a WT strain pre-grown with sirtinol and treated as was tof1 should be
included.
7. Fig4 and corresponding text: loss of the Sir complex leads to de-silencing (=expression) of the
domains that are silent in WT cells (heterochromatic rDNA repeats, telomeres and HML/HMR).
Therefore, one may imagine that sir effects might be partially or completely mediated by expression
of one or more of these de-silenced domains. Therefore, to address this possibility, the authors
should add: to Fig4A - sir2 , sir2 rdn1 , tof1 sir2 , tof1 sir2 rdn1 ; to the Fig4C: WT, tof1 , sir1 and
sir1 tof1 , and all of these in the hml hmr background. (It is ideal to delete both hmr and hml, or in
case of deleting only one of them to make sure that HML contains silent alpha and HMR contains
silent a information, which can be checked by mating proficiency, RT-qPCR or sequencing of the
loci). Fig4E should have an additional panel of a spot assay with same genotypes as on the present
figures but treated with CPT +/-sirtinol.
8. As alternative Sir2-independent roles were proposed for Sir1 [e.g. Sharp, 2003, Genes Dev], the
epistasis of sir1 with sir2 in a tof1 background under CPT treatment should be checked. Moreover,
sir1 and sir2/3/4 effects in the literature on HR differ significantly, and unexpectedly [Tsukamoto,
1997, Science; Boulton, 1998, EmboJ], which the authors may consider in light of their results.
Referee #3:
In this manuscript, Jackson and colleagues report the unexpected observation that the deacetylation
of histone H4K16 determines the sensitivity to the topoisomerase I (Top1) inhibitor camptothecin
(CPT) in yeasts and in human cells. Indeed, they show that inactivation of the histone deacetylase
Sir2 and other associated SIR proteins increases CPT resistance in both wild type S. cerevisiae cells
and tof1 mutants, which are unable to prevent fork rotation at CPT-mediated DNA lesions.
Remarkably, this phenotype is independent of the role of SIR proteins at the telomeres and at the
rDNA array, but it depends on the ORC- and Sir1-dependent recruitment of the SIR complex at
>100 ORFs. Moreover, they provide convincing evidence that this role of SIR proteins in CPT
sensitivity is conserved in fission yeast and in human cells. Overall, the manuscript is clearly written
and the data are convincing. Although the mechanism by which the deacetylation of H4K16 affects
fork stability at specific loci remains to be established, this result is important as it is potentially
relevant to drug resistance mechanisms in cancer cells treated with CPT and its derivatives.
However, important issues need to be addressed prior to publication.
Specific issues:
1. Abstract: the statement that disruption of chromatin domains at silent mating type loci is
sufficient to suppress CPT sensitivity is misleading as it is not the case for tof1 mutants (Fig. 4E and
p11).
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2. Figure 2: How does the CPT sensitivity of tof1 sir2 cells compare to the sensitivity of tof1 sir3 or
tof1 sir4? This is difficult to estimate since these mutants were grown on different plates. How do
the authors explain the fact that the sir2-mediated suppression is apparently less efficient than the
deletion of Sir3 and Sir4?
3. Figure 4H: Is the deletion of the BAH domain of ORC epistatic with the effect of SIR inactivation
on CPT sensitivity?
4. P13, line 14: ...to the growth medium reduced...
5. Figure 5A: Are swi1 and swi3 mutants HS to CPT in S. pombe, as it is the case for tof1 and csm3
in human? If so, is this sensitivity suppressed by sir2 deletion?
6. Page 14, top: Figure 5H should read 5F
7. P15, bottom: ...ChIP-seq data allowed us to identify...
Cross-comments from referee 3:
It seems to me that reviewer #2 is asking for an incredible amount of extra experiments, which do
not seem entirely justified to me. For instance his/her point on the potential effect of HML/HMR is
valid but was already addressed at least in part in Fig. EV1E. Along the same line, asking for "a
possible effect of Sir on Top1 or other DNA repair protein's acetylation state and stability [akin to
Robert T, 2011, Nature] as a potential mechanism" is unrealistic. Moreover, the effect reported in
Robert 2011 is only observed upon chemical inactivation of several HDACs and not Sir2 alone.
Measuring topological states at multiple chromosomal loci (major comment #1) is also a daunting
task that goes way beyond the scope of this study. Same for the effect of Sas2 and Rpd3 (major
comment #5). Major comment #7 is also partly addressed in the ms. The other points are more
relevant and could be performed by the authors.

1st Revision - authors' response

15 February 2017

please find attached our revised manuscript "Chromatin determinants impart camptothecin
sensitivity." As you will see, in responding to the reviewers' comments, we have extended and
strengthened our manuscript. We therefore hope that you and our reviewers will now feel that our
work is suitable for publication as a full article in EMBO reports.
---------------------------REFEREE REPORTS
Referee #1:
In this manuscript Puddu and colleagues investigate the basis of the camptothecin (CPT) sensitivity
of budding yeast cells lacking TOF1 or CSM3. TOF1/CSM3 are the budding yeast orthologues of
timeless and tipin in mammals. In all eukaryotic systems tested, mutation of these factors results in
replication stress. The approach used is similar to one used previously to isolate genetic suppressors
of Sae2 (1). A genome wide screen for suppressors of tof1/csm3 CPT sensitivity identified loss of
function mutation in both SIR3 and SIR4. Subsequent analysis showed that deletion of SIR2 and
SIR1 also suppresses the CPT sensitivity of these cells. Therefore, a functional SIR histone
deacetylase complex is required for acute sensitivity of tof1/csm3 cells. To confirm that loss of
histone deacetylase activity was the cause of suppression, the authors also mutated the histone
residue targeted by the SIR deacetylase, H4-K16. Mutation of this residue also suppressed
camptohecin sensitivy. This confirms direct link to chromatin structure. Furthermore, that treatment
with sirtinol, which inhibits the enzymatic function of sirtuin complexes, also suppresses CPT
sensitivity. The authors then present evidence that a similar mechanism of campthothecin sensitivity
exists in fission yeast and human cells. The study is comprehensive and the experiments well done.
The main conclusion that SIR mediated chromatin structures makes cells sensitive to CPT is clearly
shown. This finding is important for anybody interested in understanding the pathway of CPT
sensitivity and the pathways by which replication stress is generated in cells. For mechanism, the
authors propose that SIR dependent chromatin structures make cell sensitive to topological stress
during DNA replication. Tof1 has recently been shown to be a key regulator of the response to
topological stress in yeast (2). They argue that structures that generate topological stress are more
likely to require Top1 action and therefore vulnerable to the inhibition of Top1 that occurs following
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CPT treatment. There are some issues with this argument, which I will address below. However, I
think they are easily dealt with. With minor revision, I recommend this manuscript for publication.
We thank this reviewer for his/her positive assessment of our work, and for his/her important and
insightful comments and suggestions.
Issues:
1) The problem with the argument that CPT inhibits the topological relaxation activity of Top1 is
that loss of function mutations in top1 and tof1 do not shown the same synthetically interaction. For
the topological argument to be correct, there must be some aspect of CPT action on Top1 that
increases topological stress beyond that generated by loss of Top1 action alone. Therefore the
authors should provide some form of plausible model for why CPT treatment will generate higher
levels lethal stress than loss of Top1 alone. One model would be that the protein-DNA structure
generated by CPT treatment at sites of topological stress actually prevents the action of Top2 at
these sites ahead of the fork (see issue 2 below). In this way CPT action of Top1 generates higher
levels of topological stress that TOP1 deletion alone. A similar occlusion of alternate topoisomerase
action is proposed to be lead to the phenotype of shown when an inactive but DNA binding of Top2
is expressed in cells already lacking Top2 activity (3). The full reasoning behind this argument is
provided here (4). Another plausible model can be based on Tof1's proposed role as a replisome
stability factor. Here again you would posit that again SIR mediated structures are vulnerable to
replication induced topological stress and therefore likely to be frequently targeted by Top1. It has
been shown that CPT treatment of yeast cells leads to elevated levels of fork reversal at potentially
topologically stressed loci (5). Potentially, increasing fork reversal events in the context of higher
replisome instability (from tof1 deletion) could lead to higher levels of fork breakdown or failure to
reverse a fork reversal event
We thank the reviewer for raising these issues, which, admittedly, we did not discuss adequately in
our original manuscript. We agree that there is a fundamental difference between camptothecinmediated Top1 inhibition and loss of Top1 activity, and that the phenotypes we observe are created
by the presence of Top1 covalently bound to DNA rather than mere reduction in Top1 activity. We
have included a more detailed discussion of these points on page 15 and 17 of our revised text.
2) In the introduction the authors give the impression that Top1 alone deals with topological stress
ahead of the fork whereas Top2 deals with intertwines generated by fork rotation behind the fork.
Although a convenient assumption there is little evidence to indicate that this is true. Top2 in yeast
and other organisms is highly proficient at dealing with positive supercoiling both in vitro and in
vivo (for example (6)). The mode of action of Top1 suggests it would be more proficient than Top2
at dealing with topological stress ahead of an elongating fork, but Top2 is capable of relaxing this
stress
A more accurate statement would be "In Saccharomyces cerevisiae, the main DNA topoisomerase
that relaxes positive supercoiling during DNA replication is considered to be Topoisomerase 1
(Top1), a type-IB topoisomerase. .......... lacking Top1 can fully replicate their genome because
positive supercoils can either be potentially relaxed directly by Top2 supercoil relaxation or by
rotating of the fork relative to the DNA, converting impending positive supercoiling into
intertwines/catenation between the two daughter DNA strands.
We apologize for our inaccurate statement in the introduction. As suggested by this reviewer, we
have rewritten the corresponding section to include the role of Top2 in dealing with positive
supercoils generated by DNA replication.
3) In figure 5B the panel is labeled with 80mM sirtinol. Given the other concentrations of sirtinol
are in the µM range, I assume this is a typo.
This was indeed a typo and we have corrected it.
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Referee #2:
The authors describe a potentially interesting observation, namely that the Sir complex is partially
responsible for yeast and mammalian cell sensitivity to the Top1-blocking agent camptothecin. Due
to the fact that sir mutations compensate for CPT sensitivity in tof1 / csm3 deletion backgrounds in
yeast, the authors propose a connection between replication fork progression, topological stress and
heterochromatic domains.
However, the argumentation is mostly based on a limited epistatic analysis of sir mutants and silent
domains in yeast, and fails to suggest a mechanistic model underlying the genetic interactions or
eliminate an important alternative explanation based on a well-characterized MAT locus
heterozygosity phenomenon in budding yeast.
Indeed, it is well established that deletion of Sir complex components leads to HML/HMR
expression, which converts haploid budding yeast cells to non-mating MATa/alpha cells. This is
accompanied by a change in DNA DSB repair pathway choice from NHEJ towards HR [≈strˆm,
1999, Nature; Lee, 1999, Curr Biol] largely due to down-regulation of a gene involved in NHEJ,
NEJ1 [Valencia, 2001, Nature]. It is of paramount importance that the authors extensively explore
whether sir -dependent HML/HMR de-silencing is responsible for the observed decrease of CPTsensitivity in sir and tof1 / csm3 sir cells. This can be done by introducing a hml and hmr into
haploid WT and sir strains and treating them with CPT. Another essential control will be assessing
CPT sensitivity in nej1 (or other NHEJ gene deletions) in WT or tof1 / csm3 backgrounds.
In case the HML/HMR expression is not responsible for the observed phenomena, the authors may
also explore a possible effect of Sir on Top1 or other DNA repair protein's acetylation state and
stability [akin to Robert T, 2011, Nature] as a potential mechanism.
We thank this reviewer for his/her assessment of our work. We respectfully disagree with Reviewer
2’s view that we do not suggest any mechanistic model and that we do not "eliminate an important
alternative explanation based on a well-characterized MAT locus heterozygosity."
The reviewer does make a valid point: SIR2 deletion causes MAT heterozygosity (due to expression
of the normally silent HM loci), which might have been able to explain the phenotypic suppression
that we observed. Both [Kegel, 2001 Current Biology] and [Valencia, 2001, Nature] showed that
the NEJ1 component of the non-homologous end joining machinery is down-regulated in diploid
yeast strains when MAT locus expression is heterozygous via loss of the SIR complex. This is due to
the binding of the a1/alpha2 repressor upstream of the NEJ1 gene.
However, we clearly show in our manuscript that MAT heterozygosity in a diploid setting does not
perceptibly alter the camptothecin hypersensitivity of a tof1 /tof1 strain. We also show that sirtinol
suppresses the camptothecin hypersensitivity of diploid tof1 /tof1 cells. In such a diploid
background, ectopic expression of the HM loci caused by SIR loss does not enhance the formation of
the a1/alpha2 repressor, which is already present in the nucleus.
We believe the above evidence is sufficient exclude the possibility that the effects we observed are
caused by MAT locus heterozygosity.
Major comments:
1. The authors suggest that the loss of Sir complex relieves topological stress at certain loci. This
claim should be tested by assays measuring DNA topological states.
While we think it would be very interesting to quantitatively measure the topological state in
different regions of the genome, we feel that such work is beyond the scope of the current
manuscript, which is already larger than EMBO Reports guidelines.
2. Fig2B: epistasis of sir2 and top1 should be checked under 40mkM CPT treatment to show that
CPT sensitivity and sir2 -induced rescue is Top1-dependent.
We have performed the experiment requested by the reviewer. We now show, in Figure EV1E of our
revised manuscript, that deletion of SIR2 and deletion of TOP1 suppress camptothecin sensitivity to
similar extents, and that the double mutant shows a similar level of suppression to either of the
single mutants.
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3. Fig2C: the spot assay shows that sir2 -dependent resistance to CPT needs HR (namely Rad51)
machinery activity and probably hyper-activates HR. This hints towards a possible mechanism (HRdependent DSB repair), in the opinion of this reviewer. However, the authors do not comment on
this. Moreover, the claim in the text that 'rad51 strain...unable to repair DSBs induced by
camptothecin' is not correct: first, there are Rad51-independent HR processes (SSA, BIR) and
second, NHEJ or alt-NHEJ may still repair the Top1-bound ends after limited processing by MRX.
Therefore, the data on Fig2C and their description should be reconsidered.
From the rad51 experiment this reviewer correctly infers that CPT resistance needs functional
homologous recombination (HR) both in the presence or in the absence of Sir2. We did not explicitly
comment on this because of the fact that CPT-induced damage requires HR for its resolution is well
known and documented. The fact that SIR2 deletion does not change this requirement is in our
opinion interesting, and suggests that Sir2 loss does not alter the process(es) that leads from a
trapped Top1 to a double stranded DNA break. Indeed, if SIR2 deletion had reduced the amount of
DNA damage created, we should have observed an increase in resistance even in the absence of
Rad51, similarly to what happens by deleting Top1. We apologize for the misleading wording about
rad51 strain being "unable to repair DSB" and we have corrected the description of the figure in
the manuscript "Ö a rad51 strain, which is severely defective in repairing DSBs induced by
camptothecin".
4. Fig2D: a spot assay with the next strains should be shown WT, sir2 , tof1 , tof1 sir2 treated with
CPT +/- sirtinol. It is essential to show that sirtinol works through Sir complex in this experimental
setup.
We thank this reviewer for pointing out that Figure 2D was not complete. As suggested, we now
show the effect of sirtinol in the presence and absence of camptothecin on wild-type, sir2 , tof1 and
tof1 sir2 strains. We show that the suppression mediated by sirtinol seems to be marginally stronger
than the suppression mediated by SIR2 deletion. This could suggest that a small fraction of the
sirtinol-dependent suppression could arise from the off-target inhibition of other enzymes.
5. Fig2(E): Since the Sas2 acetylase is responsible for the H4K16ac modification, the authors should
consider its role in the observed phenotypes [Kimura, 2002, Nat Genet; Dang, 2009, Nature].
Moreover rpd3 is known re-establish the silent chromatin in sir2 , therefore it also might be used to
reinforce the claims of this study [akin to Thurtle-Schmidt, Rine, 2016, Genetics].
We agree with this reviewer that it would be very interesting to study the effect of different acetyltransferases on camptothecin sensitivity, but we believe it will be difficult to obtain incisive results.
Sas2 is not the only acetyl-transferase acting on H4K16 (Esa1 is another one for example), and
results of over-expression studies that aim to mimic SIR deletion are likely to be influenced by
aspecific effects caused by non physiological protein levels. We therefore suggest that the requested
analyses be considered beyond the scope of the current study.
6. Fig3D: the data for a WT strain pre-grown with sirtinol and treated as was tof1 should be
included.
We did not include this condition in Figure 3 because the purpose of the experiment was to show
how sirtinol rescues the defect of a tof1 strain. We now show data for "a wild-type strain pre-grown
with sirtinol and treated as was tof1 " in the edited Figure 3. In line with the results from drop
assays, this shows that sirtinol alleviates the small amount of mitotic delay induced by camptothecin
in a wild-type strain.
7. Fig4 and corresponding text: loss of the Sir complex leads to de-silencing (=expression) of the
domains that are silent in WT cells (heterochromatic rDNA repeats, telomeres and HML/HMR).
Therefore, one may imagine that sir effects might be partially or completely mediated by expression
of one or more of these de-silenced domains. Therefore, to address this possibility, the authors
should add: to Fig4A - sir2 , sir2 rdn1 , tof1 sir2 , tof1 sir2 rdn1 ; to the Fig4C: WT, tof1 , sir1 and
sir1 tof1 , and all of these in the hml hmr background. (It is ideal to delete both hmr and hml, or in
case of deleting only one of them to make sure that HML contains silent alpha and HMR contains
silent a information, which can be checked by mating proficiency, RT-qPCR or sequencing of the
loci). Fig4E should have an additional panel of a spot assay with same genotypes as on the present
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figures but treated with CPT +/-sirtinol.
While it is true that loss of Sir2, Sir3 and Sir4 leads to the de-silencing of several domains, and that
loss of silencing from more than one of these domains could be required to observe suppression, as
we explain in our manuscript, the results we present and several previous observations argue
against this hypothesis. First, rDNA silencing is lost in the absence of Sir2 but not Sir3 or Sir4.
Since Sir3 or Sir4 deletion suppresses camptothecin sensitivity, rDNA silencing cannot be
responsible for suppression. Second, loss of Sir1 only affects HM silencing (not silencing at
telomeres or the rDNA), and loss of Sir1 is sufficient to suppress camptothecin sensitivity. This
argues against the loss of telomeric or rDNA silencing as causing this phenotype. As requested, we
have added to figure 4E (now renamed as Figure 5A) a panel that shows the effect of sirtinol on the
tof1 hml hmr triple mutant.
8. As alternative Sir2-independent roles were proposed for Sir1 [e.g. Sharp, 2003, Genes Dev], the
epistasis of sir1 with sir2 in a tof1 background under CPT treatment should be checked. Moreover,
sir1 and sir2/3/4 effects in the literature on HR differ significantly, and unexpectedly [Tsukamoto,
1997, Science; Boulton, 1998, EmboJ], which the authors may consider in light of their results.
While it is true that Sir2-independent roles have been proposed for Sir1, our results clearly
implicate both Sir1 and Sir2 (and the rest of the Sir complex). Moreover, loss of Sir1 or Sir2 (or Sir3
or Sir4) results in very similar levels of suppression (as we show in Figure EV2B). We therefore
think it is extremely unlikely that deletion of two factors functionally interacting with each other
would result is very similar effects for different and unrelated reasons. In any case, we show in the
revised version of the manuscript (Figure 4D) that SIR1 deletion does not improve the camptothecin
survival of a tof1 sir2 strain.
Referee #3:
In this manuscript, Jackson and colleagues report the unexpected observation that the deacetylation
of histone H4K16 determines the sensitivity to the topoisomerase I (Top1) inhibitor camptothecin
(CPT) in yeasts and in human cells. Indeed, they show that inactivation of the histone deacetylase
Sir2 and other associated SIR proteins increases CPT resistance in both wild type S. cerevisiae cells
and tof1 mutants, which are unable to prevent fork rotation at CPT-mediated DNA lesions.
Remarkably, this phenotype is independent of the role of SIR proteins at the telomeres and at the
rDNA array, but it depends on the ORC- and Sir1-dependent recruitment of the SIR complex at
>100 ORFs. Moreover, they provide convincing evidence that this role of SIR proteins in CPT
sensitivity is conserved in fission yeast and in human cells. Overall, the manuscript is clearly written
and the data are convincing. Although the mechanism by which the deacetylation of H4K16 affects
fork stability at specific loci remains to be established, this result is important as it is potentially
relevant to drug resistance mechanisms in cancer cells treated with CPT and its derivatives.
However, important issues need to be addressed prior to publication.
We thank this reviewer for his/her positive assessment of our work.
Specific issues:
1. Abstract: the statement that disruption of chromatin domains at silent mating type loci is
sufficient to suppress CPT sensitivity is misleading as it is not the case for tof1 mutants (Fig. 4E and
p11).
We apologize for this misleading sentence in the abstract, which we have now removed. We meant
to say that disruption of all Sir1-dependent chromatin domains is required to observe the
suppression and that this domains are normally established at mating type loci and possibly in other
regions of the genome.
2. Figure 2: How does the CPT sensitivity of tof1 sir2 cells compare to the sensitivity of tof1 sir3 or
tof1 sir4? This is difficult to estimate since these mutants were grown on different plates. How do
the authors explain the fact that the sir2-mediated suppression is apparently less efficient than the
deletion of Sir3 and Sir4?
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Because of the low water solubility of camptothecin and experiments being carried out at different
times with different camptothecin batches, one cannot directly compare the data in different figures
(the reviewer was comparing Figures 2A and 2B). For this reason, we have tested the sensitivity
tof1 sir2 , tof1 sir3 , tof1 sir4 , and tof1 sir1 on the same plate. As we discuss in our revised text, the
ensuing results, shown in supplementary figure EV2B, reveal very similar levels of suppression
mediated by the different SIR mutant backgrounds.
3. Figure 4H: Is the deletion of the BAH domain of ORC epistatic with the effect of SIR inactivation
on CPT sensitivity?
We thank the reviewer for suggesting this experiment. We now show in our revised manuscript
(Figures 5F and G) that deleting SIR2 in either a orc1 BAH and in a tof1 orc1 BAH background
does not further enhance camptothecin resistance, in agreement with the established model that Sir1
and the Sir2/3/4 complex act downstream of ORC1.
4. P13, line 14: ...to the growth medium reduced...
We have corrected this typographical error.
5. Figure 5A: Are swi1 and swi3 mutants HS to CPT in S. pombe, as it is the case for tof1 and csm3
in human? If so, is this sensitivity suppressed by sir2 deletion?
We thank the Referee 3 for these questions. We have checked the sensitivity of swi1 and swi3
mutants, and we indeed found that they are hypersensitive to camptothecin; however their
hypersensitivity did not seem to be suppressed by sirtinol or sir2 deletion. We find difficult to define
the exact reason for this lack of suppression. We noticed that S. pombe swi1 and swi3 mutants are
considerably more sensitive to camptothecin than their S. cerevisiae counterparts, so we think it is
possible that S. pombe Swi1 and Swi3 may have additional functions which are crucial for effective
DSB repair (one example is that S.pombe but not S.cerevisiae Mrc1 is required for survival in the
presence of camptothecin). Alternatively or in addition, we note that compared to S. cerevisiae, S.
pombe has further pathways/factors involved in heterochromatin formation, which could become
more important in the absence of the Swi1/Swi3 complex. As it stands, we have not included the new
data in our revised manuscript because we feel that they would likely require a lengthy discussion
and would not add much in the way or insights/conclusions arising from our work. We will,
however, be happy to include them should this reviewer and/or the editor feel it necessary.
6. Page 14, top: Figure 5H should read 5F
7. P15, bottom: ...ChIP-seq data allowed us to identify...
We have corrected these typographical errors.
Cross-comments from referee 3:
It seems to me that reviewer #2 is asking for an incredible amount of extra experiments, which do
not seem entirely justified to me. For instance his/her point on the potential effect of HML/HMR is
valid but was already addressed at least in part in Fig. EV1E. Along the same line, asking for "a
possible effect of Sir on Top1 or other DNA repair protein's acetylation state and stability [akin to
Robert T, 2011, Nature] as a potential mechanism" is unrealistic. Moreover, the effect reported in
Robert 2011 is only observed upon chemical inactivation of several HDACs and not Sir2 alone.
Measuring topological states at multiple chromosomal loci (major comment #1) is also a daunting
task that goes way beyond the scope of this study. Same for the effect of Sas2 and Rpd3 (major
comment #5). Major comment #7 is also partly addressed in the ms. The other points are more
relevant and could be performed by the authors.
We thank Referee 3 for his/her constructive comments.
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2nd Editorial Decision

01 March 2017

Thank you for the submission of your revised manuscript to EMBO reports. We have now received
the comments from referee 3 who was asked to assess it. As you will see, s/he only has one more
minor comment that should be addressed in the manuscript text before we can proceed with its
official acceptance.
Please change all color in the EV tables to black, white and grey color. We can unfortunately not
process tables with other colors. Tables EV2 and 3 are strangely formated. It would be better if they
could be fit on one page. Please submit all tables as either word or excel files.
The 3 gel pieces shown in Figure 3B seem to be assembled from different pieces, as the borders of
each gel piece are not aligned. Can you please explain what happened and send us the source data
for this figure panel?
In Fig 5B the label "chromosomal coordinate" is somehow misplaced. In Figs 5B and EV2C some
of the numbers on the y-axis in the right column are a merge of two numbers at once. Can this be
corrected?
In Fig 6F the label should probably read "incorporation."
Can you please send us an ORCID ID for yourself? This seems to be missing.
EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings
and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis image that is
550x200-400 pixels large (the height is variable). You can either show a model or key data in the
synopsis image. Please note that text needs to be readable at the final size. Please send us this
information along with the revised manuscript.
When you upload a new version of your manusript in our online system, you can bring forward the
current files automatically, and do not need to upload everything from scratch. The files can then be
replaced with new files where necessary. Please let us know if you have any questions.
I look forward to seeing a final version of your manuscript as soon as possible.

2nd Revision - authors' response

07 March 2017

We have uploaded a new revision of the manuscript. Please find our replies to your questions below.
If you notice we missed anything else, please let us know. Many thanks.
POINT-BY-POINT RESPONSE
---------------------Thank you for the submission of your revised manuscript to EMBO reports. We have now received
the comments from referee 3 who was asked to assess it. As you will see, s/he only has one more
minor comment that should be addressed in the manuscript text before we can proceed with its
official acceptance.
We have included in the introduction the findings reported in the article from the Hyrien lab that
referee 3 suggested (Lucas et al, 2001 EMBO J. 20, 6509).
Please change all color in the EV tables to black, white and grey color. We can unfortunately not
process tables with other colors.
Tables EV2 and 3 are strangely formatted. It would be better if they could be fit on one page. Please
submit all tables as either word or excel files.
I have removed colors from Tables EV2 and EV3 and I have uploaded excel files for every table. I
did not include these before because the automated pdf conversion seems to spread the table across
different pages.
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The 3 gel pieces shown in Figure 3B seem to be assembled from different pieces, as the borders of
each gel piece are not aligned. Can you please explain what happened and send us the source data
for this figure panel?
The three gel pieces in Figure 3B come from two different gels run in parallel with samples coming
from the same experiment. I uploaded the source data, so that you can get a better idea of what I
mean. Please note that in the film uploaded there is also a western blot for H3-K56 acetylation and
results for another strain (mrc1 ). These were not included in the final version of the manuscript.
In Fig 5B the label "chromosomal coordinate" is somehow misplaced.
I have corrected this
Figs 5B and EV2C some of the numbers on the y-axis in the right column are a merge of two
numbers at once. Can this be corrected?
I have corrected this
Fig 6F the label should probably read “incorporation.”
I have corrected this
EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings
and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis image that is
550x200-400 pixels large (the height is variable). You can either show a model or key data in the
synopsis image. Please note that text needs to be readable at the final size. Please send us this
information along with the revised manuscript.
Please find attached to this email the text and our synopsis image.
When you upload a new version of your manuscript in our online system, you can bring forward the
current files automatically, and do not need to upload everything from scratch. The files can then be
replaced with new files where necessary. Please let us know if you have any questions. I look
forward to seeing a final version of your manuscript as soon as possible.

3rd Editorial Decision

09 March 2017

I am very pleased to accept your manuscript for publication in the next available issue of EMBO
reports. Thank you for your contribution to our journal.
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Reporting Checklist For Life Sciences Articles (Rev. July 2015)
This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:
è 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.
è figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
è graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
è if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
è 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://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm

NIH Guidelines in animal use
MRC Guidelines on animal use
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CONSORT Flow Diagram

http://www.consort-statement.org/checklists/view/32-consort/66-title

CONSORT Check List

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumour-marker-prognostic-studies-remark/
REMARK Reporting Guidelines (marker prognostic studies)

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
è
è
è
è

a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

http://datadryad.org

Dryad

http://figshare.com

Figshare

http://www.ncbi.nlm.nih.gov/gap

dbGAP

http://www.ebi.ac.uk/ega

EGA

http://biomodels.net/

Biomodels Database

http://biomodels.net/miriam/
http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov/

MIRIAM Guidelines
JWS Online
Biosecurity Documents from NIH
List of Select Agents

è the exact sample size (n) for each experimental group/condition, given as a number, not a range;
è a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).
è a statement of how many times the experiment shown was independently replicated in the laboratory.
è definitions of statistical methods and measures:
 common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;
 are tests one-sided or two-sided?
 are there adjustments for multiple comparisons?
 exact statistical test results, e.g., P values = x but not P values < x;
 definition of ‘center values’ as median or average;
 definition of error bars as s.d. or s.e.m.
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

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

Not Applicable

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

Not Applicable

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria preestablished?

No sample was excluded from the analysis

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

Not Applicable

For animal studies, include a statement about randomization even if no randomization was used.

Not Applicable

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results During experiments, strains were identified by numbers rather than their name
(e.g. blinding of the investigator)? If yes please describe.

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

Not Applicable

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

Yes

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

The small sample size did not allow to determine the type of distribution

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

Yes

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

Yes

C- Reagents
6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog Anti Clb2 antibodies: Santa Cruz sc9071
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 list at top right).
7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

RPE cells were obtained from ATCC, they were tested for mycoplasma contamination and profiled
by SNP6 analysis

* 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
and husbandry conditions and the source of animals.

Antibodypedia
1DegreeBio

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/
ARRIVE Guidelines

Not applicable

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the Not applicable
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure Not applicable
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 list at top right) recommendations. Please confirm
compliance.

E- Human Subjects
11. Identify the committee(s) approving the study protocol.

Not applicable

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

Not applicable

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

Not applicable

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

Not applicable

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

Not applicable

16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under
‘Reporting Guidelines’. Please confirm you have submitted this list.

Not applicable

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at Not applicable
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility
18. Provide accession codes for deposited data. See author guidelines, under ‘Data Deposition’.

Not applicable

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences
b. Macromolecular structures
c. Crystallographic data for small molecules
d. Functional genomics data
e. Proteomics and molecular interactions
19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
The dataset integral to this study is the list of ORF showing enrichment in binding of the SIR
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
complex. This list is provided in a supplementary table 4
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list 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
Not applicable
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 accesscontrolled repositories such as dbGAP (see link list 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
We have included a Data Availability Section on page 20 of our revised manuscript
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
Shewanella 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
4O26
AP-MS analysis of human histone deacetylase interactions in 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 Not applicable
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
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

G- Dual use research of concern
23. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

We do not expect this study to fall within dual use research resrtictions

