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Abstract

After a DNA damage signal multiple polymers of ADP ribose attached to
poly(ADP) ribose (PAR) polymerases (PARPs) are broken down by the enzyme
poly(ADP) ribose glycohydrolase (PARG). Inhibition of PARG leads to a failure
of DNA repair and small molecule inhibition of PARG has been a goal for many
years. To determine whether biochemical inhibitors of PARG are active in cells
we have designed an immunofluorescence assay to detect nuclear PAR after
DNA damage. This 384-well assay is suitable for medium throughput
high-content screening and can detect cell-permeable inhibitors of PARG from
nM to uM potency. In addition, the assay has been shown to work in murine
cells and in a variety of human cancer cells. Furthermore, the assay is suitable
for detecting the DNA damage response induced by treatment with
temozolomide and methylmethane sulfonate (MMS). Lastly, the assay has
been shown to be robust over a period of several years.
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(575723 Amendments from Version 1

The figure legend of Figure 3a and 3b has been corrected and
other minor typos. Clarification of the methodology for the
detection of nuclear spots has been included.

See referee reports

Introduction

Cells use a varied array of post-translational protein modifications
to regulate signalling pathways. One of these is ADP ribosylation
whereby single units or multiple, branched polymers of ADP are
covalently attached to a target protein. For example, poly(ADP)
ribosylation (PARylation) plays a particularly important role in
base excision repair with poly(ADP) ribose (PAR) polymerase 1
(PARP1) detecting single strand breaks that occur during this
pathway. PARP1, which binds to these single strand breaks
undergoes auto-modification creating up to 200 PAR chains', that
subsequently recruit the rest of the repair machinery including
XRCC1 and POLB to complete the repair. The ADP ribose chains
on PARP are hydrolysed by the enzyme poly(ADP) glycohydro-
lase (PARG). The correct functioning of this pathway is key for
repair to complete. Cancer cells rely on DNA repair more heav-
ily than normal cells and inhibitors of these pathways have been
in preclinical and clinical evaluation for a number of years’. The
success of this strategy is exemplified by the inhibition of PARPs
using olaparib that recently gained regulatory approval for use in
ovarian cancers’. However, as auto-modified PARP1 is less able to
bind DNA, inhibition of PARG has also been hypothesized as a
suitable therapeutic target. This is even more germane as there are
now 17 known members of the PARP (otherwise known as ADP
ribosyl transferase diptheria-like; ARTD) family yet no known
close homologues of PARG. PARG inhibition may therefore
offer a more direct approach to derailing the DNA repair pathway
without the problems of redundancy. Molecules that are claimed to
inhibit PARG have existed for some time. Many of these are large
tannin-like molecules such as gallotannin which have been shown
to have a number of effects unrelated to PARG inhibition (e.g.
anti-oxidant properties’). Other compounds, such as APD-HPD
and rhodamine-based PARG inhibitors (RBPIs), have shown good
specificity for eukaryotic PARG but are either not cell permeable
or have only been tested in biochemical assays’™’. Attempts to
discover new synthetic PARG inhibitors have resulted in compounds
that also inhibit PARP or have low potency®'". We therefore carried
out a high throughput screen (HTS) directed against human PARG
and identified a small number of hits which were carried through to
a computational and medicinal chemistry programme''. We were
mindful of the need to develop assays to detect cell-permeable
inhibitors and the method development is contained herein.

Materials and methods

Cell culture and materials

Unless otherwise stated, all reagents were purchased from
Sigma-Aldrich (Dorset, UK). Methylmethanesulfonate (MMS)
was diluted in dimethyl sulfoxide (DMSO) to 250 mg/mL from
the purchased stock. Temozolomide was dissolved in DMSO at
20 mg/mL. All cells were purchased from ATCC (LGC, Teddington,
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UK) unless otherwise stated and regularly checked for mycoplasma
and were regularly sent for authentication. HeLa cells were main-
tained in RPMI 1640 (Sigma R0883) + 1% Glutamax + 10% FBS.
PARG KD cells were purchased from Tebu-bio (PARG Hela
Silencix 01-00085, Peterborough, UK) and maintained in DMEM +
1% Glutamax + 10% FBS + 125 pg/mL hygromycin B (#10687010;
ThermoFisher, Northumberland, UK). All cells were maintained
at sub-confluence at 37°C in a humidified incubator containing
5% CO, in the absence of antibiotics. Mouse embryonic fibroblasts
were cultured in DMEM (# 10938-025; Invitrogen, Paisley, UK) +
10% FBS + 1% L-glutamine and H1048 cells were grown in RPMI
(# 21875-034; Invitrogen) + 10% FBS. SW620 cells were cultured
in DMEM (#D6546) + 10% FBS + 1% L-glutamine. Dose response
curves were generated using Prism v5.2 (Graphpad Software Inc,
LaJolla, USA).

PAR chain assay and nuclear count

Exponentially growing HeLa cells were trypsinized and resus-
pended in complete media before being filtered through a 40 uM
cell strainer (#352340, BD Falcon, Oxford, UK). Cells were then
counted using a Muse cell counter (Merck Millipore, Hertfordshire,
UK) and seeded in 30 pL of media at 4x10* cells/mL in Greiner
384-well plates (#781091, Greiner Bio-One, Stonehouse, UK) and
placed in a cell culture incubator. After 16-24 h the plates were
centrifuged briefly at 164xg and the cells dosed with compound(s)
or vehicle (DMSO) control using an Echo 550 (Labcyte, Dublin,
Ireland). Initially an 8-point dose response with two replicates
per point was used with doubling dilutions (0.02-30 uM) and this
was extended to a 10-point dose response with 3-fold dilutions
(0.001-30 uM) as more potent compounds were identified. After
1 h the plate was re-spun and cells co-dosed with different con-
centrations of MMS (50-250 pg/mL final concentration) or DMSO
using the Echo 550 and incubated for a given time (30 min-2 h)
at 37°C in a cell culture incubator. Media was removed from the
plate by inversion and cells were fixed with ice-cold 95% methanol/
phosphate buffered saline (PBS) for 15 min at -20°C and then
washed once with PBS at room temperature. Cells were then per-
meabilized using PBS/Triton 0.1% for 20 min, and washed once
in PBS before adding anti-PAR antibody (10H (#AMS80), Merck
Millipore) at 1:4000 in antibody blocking buffer (ADB; 5% Fetal
bovine serum, 0.1% Tween20 in PBS) and incubated overnight at
4°C. Cells were then washed three times with PBS, before add-
ing rabbit anti-mouse Alexofluor 488 (A11029, ThermoFisher)
at 1:1000 and Hoechst 33342 (at 1:5000) in ADB and incubated
for 1 h at room temperature and protected from light. Following
three washes with PBS, the plates were sealed and images cap-
tured using a 10x objective on a Celllnsight (ThermoFisher) and
analysed using Cellomics Scan compartmental analysis software
(ThermoFisher). A threshold determined by assessing the sig-
nal in DMSO treated cells was applied to the pixel intensity and
a Box Detection application was used to detect objects smaller
than five pixels in radius within the nucleus. The mean of the
intensity of these nuclear spots at 488 nM or the mean intensity of
total nuclear signal at 488 nM was reported. Initial assays shown
in the Supplementary data used only a single dose of MMS for
0-60 min. Studies using temozolomide used the same procedure
as with MMS, with a stock solution of temolozomide made at
20 mg/mL in DMSO.
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SRB assay

Cells in 96-well plates were fixed with the addition of 100 pL ice
cold 10% trichloroacetic acid to the media. After 1 h at 4°C, the
cells were washed twice with PBS and left to dry. Once dry,
100 pL 0.2% sulforhodamine B (SRB) was add to each well
and incubated for 15 min at room temperature. The cells were
washed three times with 200 pL 1% acetic acid and then dried.
To solubilise the remaining SRB, 200 pL 10 mM Tris pH10.5
was added to each well and the plate incubated with agitation for
10 min. Absorbance at 520 nM was measured on a plate reader
(Biotek, Swindon, UK).

Results

Dataset 1. Raw data for Figure 2—Figure 6 in ‘An assay to measure
poly(ADP ribose) glycohydrolase (PARG) activity in cells’

http://dx.doi.org/10.5256/f1000research.8463.d119225

PARylation is principally driven by PARPs 1-3 after DNA
damage and alkylating agents are known to induce base excision
repair (BER) pathways, intermediates of which lead to activation
of PARPs'"”. Our preliminary data showed Hela cells that have
been stably knocked down (KD) for PARG were more sensitive
to growth inhibition by the alkylating agent MMS (Supplemental
Figure la). This led to the initial finding that 250 pg/mL MMS

Hoechst

0 min

15 min

25 min
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induced PAR chains in PARG KD cells and the peak of PAR
chains detected was approximately 20 min after MMS addition
(Supplemental Figures 1b—d).

Using the same antibody, an immunofluorescence assay was
designed to detect PAR chains in cells. Hela cells were used as they
showed increased PAR by western blot after MMS and responded
to PARG KD by substantially increasing PAR after MMS
(Supplemental Figure 1b). We set up a standard assay based on
our previous experience and online protocols for nuclear antigen
detection. This used 95% methanol/PBS for fixation and
0.1% Triton X-100 for permeabilization. Hela cells were dosed
with 250 pg/mL MMS for different amounts of time. Initial analy-
sis of the PAR signal showed an increase in signal at approximately
25 min (Figure 1). A nuclear mask was generated from Hoechst-
stained cells to select regions of interest (ROI) in the 488 nm
channel (Figure 1 — analysis panels).

Different parameters were selected on the Cellomics’ Scan
software to report the intensity of the signal within the nuclear
area (mask). Both the total intensity of the nuclear PAR signal
(Figure 2a; mean_circtotalintensity) and the total intensity of PAR
signal points (spots) within the nucleus (Figure 2b; mean_circspot-
totalintensity) showed a maximum at 25 min and then returned to
baseline after 60 min. However, the total intensity of nuclear spots
was chosen as the parameter for ongoing experiments as this pro-
vided the greatest signal window. We also noted that there was

FITC

Analysis

Figure 1. Hela cells treated with 250 pg/mL MMS showing increase in nuclear PAR signal. Using a high content imaging system the
Hoechst stained nuclei (left-hand panels) are used to create a nuclear mask (green circle in Analysis). Anti-PAR antibody (FITC) detects
the increase in PAR chains (centre panels) that is then quantified using the nuclear mask from the Hoechst signal (right-hand panels).

Fluorescence intensity is shown as red dots within the nuclear mask.

Page 4 of 14


http://dx.doi.org/10.5256/f1000research.8463.d119225

F1000Research 2016, 5:736 Last updated: 28 SEP 2016

25000 ~

20000 -

15000

10000 -

Mean Circ Total intensity

5000 -

o
v
=
o
=
v
N
o
N
(&1
w
%
%
%
o))
o

Time (min)

(=3

8000 -+
7000 -
6000 -
5000 -

4000 -+

3000 -
2000 -

Mean CircSpot Total intensity

1000 -

o
(6]
=
o
=
w
N
o
N
(6]
w
(6]
%]
(6]
(2]
o

Time (min)
1400 -

1200 -

|

1000 -

800 -

600 -

Nuclear count

400 -

200 -+

o
w
=
o
=
w
N
o
N
«
w
«
%!
%
o))
o

Time (min)

Figure 2. Parameter selection for nuclear PAR chains. (a) The cellular average (from 9 fields) of the total intensity of nuclear fluorescence of
PAR after 250 pg/mL MMS as a function of time. (b) The cellular average (from 9 fields) of the total intensity of punctate nuclear fluorescence
of PAR after 250 pg/mL MMS as a function of time. (¢) Analysis of cell number using Hoechst-stained nuclei after dosing with MMS showing
that there is no decrease in total cell number after 1 h treatment.
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no significant change in cell number over the time course of the
experiment (Figure 2c).

We initiated a drug discovery programme into PARG inhibitors
based on the results of a high throughput screening (HTS) assay
of 1.4M compounds''. Using a prototype PARG inhibitor from
this programme (PDD00016133) we tested a dose response with
0-250 pg/mL MMS (Figure 3a) and 1 h of incubation post MMS
dosing. This time point was chosen because at this time, in the
absence of PARG inhibition, PAR chain detection has returned to
base level. Pleasingly, DMSO alone (no MMS) had no measureable
effect on nuclear PAR chains (Figure 3a). However, PDD00016133
gave a dose-dependent increase in nuclear PAR signal in MMS-
treated cells. In our biochemical assay, the same compound gave
an EC,  of 0.36 uM (n=22) and we were surprised that the appar-
ent cellular EC, 2.2 uM was significantly less potent. We therefore
tested lower concentrations of MMS and showed that decreasing
MMS to 50 pg/mL increased the sensitivity of the assay and indi-
cated that further dilutions of the compound needed to be made to
generate a full EC, curve (Figure 3a).

Decreasing the concentration of alkylating agent clearly changed
the observed PAR chain response although too little MMS decreased
sensitivity (Figure 3b). We therefore investigated how the PAR
chain signal changed with time after dosing with 50 ug/mL MMS
(Figure 3c). Two hours of exposure to 50 pg/mL MMS provided
a dose-response to PARG inhibition with PDD00016133, but
with EC, values increased (6.7 uM) when compared to high doses
of MMS seen in Figure 3a. Decreasing the incubation time with
50 pg/mL. MMS moved the dose response curve to the left with
30-60 min showing the best response (EC,j = 0.3 uM and 0.5 uM
respectively). However, in both of these shorter incubation times
we still observed high levels of nuclear PAR signal at the lowest
dose of the PARG inhibitor. We therefore increased the dose range
and tested a 10-point dose response with 3-fold dilutions between
each point. A 1 h incubation time was chosen as this provided
optimum sensitivity as well as enough time to dose and process a
large number of plates. These assay conditions were tested with a
selection of PARG inhibitors with different sensitivities from our
biochemical assay. The combination of a 10-point dose response of
the PARG inhibitor with 50 pg/mL MMS for 1 h clearly demon-
strated that we had cell permeable inhibitors of PARG that ranged
from low nanomolar to micromolar potencies (Figure 3d).

We then explored whether other cell lines or other DNA damaging
agents could be used with this assay. Firstly, we explored if murine
cells responded to MMS. Murine embryonic fibroblasts (MEFs)
and the human small cell lung cancer cell line H1048 were dosed
with MMS and showed a similar IC,, compared with Hela cells
(14.5 uM and 9.0 pM, Figure 4a, b). The PAR chain assay was run
on MEFs with the inhibitor PDD00016133 and 50 pg/mL MMS
for 1 h. In the absence of MMS there was no increase in nuclear
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PAR chains detected with this inhibitor. However, in the presence
of MMS, the PARG inhibitor led to a dose-dependent increase in
nuclear PAR chain signal (Figure 4¢). This dose-dependent increase
in PAR chain signal after MMS was also seen in H1048 cells
(Figure 4d).

We next explored whether a more clinically relevant DNA
alkylating agent could induce PAR chains. Temozolomide (TMZ)
is a DNA alkylating agent and is used as a standard-of-care
treatment for patients with glioblastoma'®. Here we used the
colorectal cancer cell line SW620 that we knew was sensitive to
alkylating agents (Figure 5a) and which has been used in xenograft
studies in combination with TMZ and the PARP inhibitors olaparib
or AG014699'“". First we used the same assay conditions to
determine whether increasing concentrations of TMZ induced PAR
chains that could be maintained by inhibiting PARG with a potent
inhibitor (compound 8 from Figure 3d). As expected from the
previous cell lines, one hour after treatment with TMZ alone
there was no PAR signal detectable in SW620 cells. However,
the presence of 300 nM compound 8 led to a TMZ dose-
dependent increase in PAR signal (Figure 5b). Furthermore, using
a set amount of TMZ (150 pg/mL) we were able to show that
PARG inhibition by compound 8 led to a dose-dependent increase
in PAR signal (Figure 5c). Unsurprisingly, pre-treatment with
olaparib, which prevents PARP1 PARylation did not lead to any
increase in PAR signal after TMZ treatment.

Finally, we quantified the relationship between individual assay
results in Hela cells for PDD00016133 against its geomean
over a period of 2% years (Figure 6). Over 100 assays with
PDD00016133 were run during that time, of which 85% were within
£0.25xpIC, of its geomean. Interestingly, cell cultures that had
passage numbers of less than 8 or more than 19 were more likely to
give results for this compound that exceeded these limits.

Discussion

A number of molecules have been used to inhibit PARG but con-
cerns have been raised as to their selectivity and potency both in
biochemical assays and in cells. As part of a drug discovery pro-
gramme for PARG inhibitors we designed and optimized a cell
assay for PARG inhibitor activity. Our initial work showed that
the higher dose of MMS (250 pg/mL) resulted in a complete dose
response curve for our PARG inhibitor but potency was lower than
we expected. By reducing the amount of DNA damage the sensi-
tivity of the assay increased, presumably as the detection of SSBs
by PARPI and its associated machinery was not overwhelmed.
However, the lowest dose of the PARG inhibitor still resulted in rel-
atively high levels of PAR chains after 30—60 min that was resolved
when the dose response was extended.

Immunofluorescence assays using the 10H mouse hybridoma
antibody for detecting PAR were first published over 20 years
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Figure 3. Enhancing PAR chain assay sensitivity. (a) Decreasing the concentration of MMS moved the PARG inhibitor IC,; to the left
indicating a greater sensitivity. (b) PAR signal response with 25 pg/mL MMS shows that lower doses of MMS only elicit a nuclear PAR
response with longer incubation times. (¢) Increasing the time of incubation with 50 ug/mL MMS shifts the PARG inhibitor IC, curve to the
right decreasing sensitivity. (d) A selection of eight PARG inhibitor compounds from a PARG biochemical screen with a range of potencies
also shows a range of sensitivities with this PAR chain assay. Different chemical cores of the compounds are shown (green, orange, blue). The
compounds are ordered by sensitivity (cmpd 1, least sensitive; cmpd 8, most sensitive). Compound 4 is PDD00016133.
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Figure 4. PAR chain detection in different cell lines. (a) MEFs and (b) SCLC H1048 treated with MMS were fixed and stained with
sulforhodamine B (SRB) after 72 h. (¢) MEFs and (d) H1048 cells show a dose-dependent increase in PAR chains after MMS treatment.

ago'®. However, detailed quantification using immunofluorescence
of the amount of PAR chains found after DNA damage appears
to be absent from the literature. Instead, enzyme linked immune
absorbance assays (ELISA) or dot-blots have been used to
detect the reduction of PAR chains following the use of PARP
inhibitors'’~"". There have been studies that have followed the
kinetics of PAR chain accumulation after treatment with the alkylat-
ing agent MNNG or the oxidant H,0,” but none on the increase
of PAR following temozolomide treatment. However, studies
using RNA interference have been able to show a delay in hydrol-
ysis of nuclear PAR after treatment with H,O, and knockdown
of PARG"'.

The suitability of this assay for screening PARG inhibitors in Hela
cells is clear from the data collected over time and with different
compounds (Figure 3d and Figure 6). However, MEFs and H1048
cells displayed a response that was indicative of the Hela cell

response prior to optimisation (Figure 4c, d), suggesting that more
method development would be needed if these cells were going to
be used for routine testing.

This assay was designed to test for PARG inhibition after a DNA
damage signal. However, a number of PARPs are involved in
non-DNA damage related processes (e.g. tankyrases, reviewed
in 22) that take place outside the nucleus. Hydrolysis of PAR
chains created by other PARPs is likely to involve PARG or
ARH3*. It is possible that these PARG inhibitors prevent such
processes but modification of this assay would have to be
undertaken to detect non-nuclear PAR.

In summary, we have designed a sensitive assay to test for PARG
inhibition in cells. The assay was appropriate and stable for long
term use and detected PAR chains from different species and
different cell lines.
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(cmpd 8) and 150 pg/mL temozolomide for 1 h showed a dose-dependent increase in PAR chains. As expected at this time point treatment
with olaparib had no effect on PAR chains.
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Figure 1. Preliminary results during assay development. (a) PARG KD Hela cells (PARG Silencix) are more sensitive to MMS than
control cells (IC, 6.2 ug/mL vs 16.5 pg/mL) over 5 days. (b) PAR detection by western blot shows that MMS induced PAR response in
control (-) and a substantial response in PARG KD cells (KD). (¢) HT29 cells treated with 250 pg/mL MMS show an initial increase in PAR
signal at 20 min with a gradual reduction in detectable PAR chains. (d) Cartoon of proposed PAR chain response in cells.
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Dik C van Gent', Titia Meijer?
T Department of Molecular Genetics, Erasmus University Medical Center, Rotterdam, Netherlands
2 Department of Pathology, Erasmus University Medical Center, Rotterdam, Netherlands

This manuscript describes a useful and robust method to quantify PAR chains in cells after various
treatments. This is important for evaluating the effects of various PARP and PARG inhibitors. Results and
conclusions are in general well described and appropriate.

| have some minor comments, mainly about the text and figure legends:
The Cellomics’ Scan software was used to report the intensity of the PAR signal within the nuclear area,
either quantified as the total intensity of the nuclear PAR signal or the total intensity of PAR signal points
within the nucleus. Could the author clarify what defines a signal point? It would be useful for researchers
using other software to reproduce these findings. Furthermore, could the authors indicate whether
another method, such as simple thresholding, would also be possible? The curves in figures 3a and b
suggest that the result might be quite similar.

® Figure 1: Last sentence ‘in’ should be removed.

® Figure 3: The text describing figure 3a and 3b in the legend was switched. Also, | would indicate in
the figure that in 3c 50ug/ml MMS was used, as the concentration MMS is indicated for 3a and 3b
but not for 3c. Also the sentence on page 6, lines 4-8, is not entirely clear: ‘... increase the
sensitivity of the assay but the bottom of the curve was not reached.’ Is a somewhat difficult way to
say that the authors used a range that did not go to low enough concentrations to reach
background levels. Probably this sentence could be adapted for easier understanding.

®  Figure 3d: use different colors for each different compound. It is now very hard to distinguish which
line represents which compound.

®  Figure 5a: after 72 the word ‘hours’ should be added.

We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard.

Competing Interests: No competing interests were disclosed.
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Dominic James, Cancer Research UK Manchester Institute, UK
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Many thanks for taking the time to carefully read this manuscript and for your very detailed
comments. We have addressed the minor typos. In addition, we have added the following to the
method text:

“and analysed using Cellomics Scan compartmental analysis software (ThermoFisher). A
threshold determined by assessing the signal in DMSO treated cells was applied to the pixel
intensity and a Box Detection application was used to detect objects smaller than five pixels in
radius within the nucleus. The mean of the intensity of these nuclear spots at 488 nM or the mean
intensity of the total nuclear signal at 488 nM was reported.”

Simple thresholding, if applied to the nuclear area alone, would also achieve similar results and
was initially carried out using ImagedJ on images obtained from a microscope before the Cellinsight
was purchased.

To address the slightly odd wording regarding the results from Figure 3, we have changed the
sentence to read, “Increased the sensitivity of the assay and indicated that further dilutions of the
compound needed to be made to generate a full EC curve.”. The point we were trying to convey
was that a good screening assay should generate the sigmoidal curves with data points on all parts
of the curve.

Regarding Figure 3d, unfortunately it is not possible to only change the colours next to the
compound names. In Prism, the points on the graph would also end up in different colours, which
we felt was unappealing to look at. The main point which this figure is mean to convey is that we
have used the assay to assess a number of compounds that have been shown to have very
different potencies by a biochemical assay and this cell assay also discriminates between them. To
aid visualisation we have added the sentence “The compounds are ordered by sensitivity (cmpd 1,
least sensitive; cmpd 8, most sensitive)”.

Competing Interests: There are no competing interests.

Referee Report 21 July 2016

doi:10.5256/f1000research.9113.r14957

4

Xiaochun Yu
Department of Cancer Genetics and Epigenetics, Beckman Research Institute, City of Hope Medical
Center, Duarte, CA, USA

Poly(ADP-ribosyl)ation is activated in response to DNA damage. In this manuscript, the authors used the
immunostaining assay to examine the DNA damage-induced PAR chain and measured the dePARylation
process in cells. The assay itself is very simple and reliable. However, besides PARG, there are other
dePARylation enzymes contributing for the cellular dePARylation. And the list of the dePARylation
enzymes is still growing. Since this assay is to measure overall dePARYylation instead of specifically
examining the PARG activity, the authors are suggested to modify the title of this manuscript, which might
be better to convey their message.
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| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Competing Interests: No competing interests were disclosed.

Author Response 08 Sep 2016
Dominic James, Cancer Research UK Manchester Institute, UK

Many thanks for taking the time to carefully read this manuscript and for your helpful comment
regarding other dePARylating enzymes.

You are indeed correct as recent in vitro evidence has shown that PAR chains can be cleaved by
phosphodiesterases (NUDT16, ENPP1) but their involvement in the hydrolysis of PAR chains after
DNA damage in cells has not been shown. The PARG inhibitors are therefore most likely inhibiting
PAR chain hydrolysis by PARG but we cannot rule out that other, as yet unidentified, proteins
involved in the de-PARylation may well exist that may be affected by our PARG inhibitors.
However, our biochemical assay (Stowell et al. reference 11) does show the selectivity of our
compounds for PARG over PARP and ARH3 and another submitted manuscript details the binding
of the inhibitors to PARG by crystallography and surface plasmon resonance (SPR).

I think on reflection that we should keep the initial title of the manuscript.
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