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SI Materials and Methods
Exposure of Cells to UV Radiation, H2O2, and Drugs. Before treatment
with UV, culture medium was removed and reserved. Cells were
rinsed with cold PBS and exposed to 15 J/m2 of UV light in
a Stratalinker UV Crosslinker (Stratagene). The reserved medium
was replaced, and cells were returned to the incubator for 15 min.
Caffeine, Etoposide, and Bleomycin (Sigma-Aldrich) were used at
concentrations of 2 mM, 10 μM, and 5 μg/mL respectively. To
induce DSBs, cells were treated with Etoposide for 1 h or Bleo-
mycin for 30 min. To induce SSBs by H2O2, dishes with cells were
placed on ice, and cell culture medium was aspirated and replaced
with ice-cold PBS containing 50 μM H2O2 for 10 min.

Western Blot. Cells were rinsed with PBS, adjusted with NaCl to
the same osmolality as the medium, then lysed with RIPA buffer
[50 mM Tris·HCl, 1% Nonidet P-40, 150 mM NaCl, 1 mM
EDTA, 1 mM NaF, 1 mM Na3VO4, and protease inhibitors
(Roche Diagnostics)]. Laemmli Sample buffer (3×) was added to
the lysates, and samples were boiled for 5 min. Samples were
loaded according to protein concentration measured before ad-
dition of Laemmli buffer, and equal loading was verified by
Coomassie blue staining of the gels. Immunoblots used primary
antibodies against P-Chk1 (Ser-345) and γH2AX (Cell Signaling
Technology) and secondary antibodies labeled with Alexa Fluor
680 nm Dye (Invitrogen). Immunoblots were scanned and in-
tegral fluorescence (IF) from each band was measured by using
Odyssey Infrared Imaging System (Li-COR Biosciences).

Immunostaining and Analysis of Cells in Mitosis.Cells grown on eight
chamber slides were fixed for 10 min in 2% formaldehyde (No.
18814; Polysciences) at room temperature, washed with PBS,
permeabilized with 0.1% Triton X-100 in PBS (PBST), and
blocked with 3% BSA for 1 h at room temperature. Slides were
incubated with primary antibodies for histone H3 (phospho-S10)
(mitotic marker) (No. 06–570; Upstate Biotechnology) overnight
at 4 °C, followed by secondary antibody labeled with Alexa Fluor
488 nm (Invitrogen). After two washes with PBST, cells were
stained with DAPI (DNA stain) (Invitrogen) and mounted with
SlowFade Gold antifade reagent (No. S36936; Invitrogen). Per-
cent of cells that are positive for P-H3(S10) was estimated by Laser-
Scanning Cytometer (1) (LSC; CompuCyte) as described (2).

Immunostaining and Analysis of Brightness of γH2AX Foci by Laser-
Scanning Cytometry (LSC). Cells were immunostained with P-
H2AX (Ser-139) antibody (No. 2577; Cell Signaling Technology)
as described above. Preparations were photographed with a Zeiss
LSM 510 microscope (Carl Zeiss MicroImaging) with a 63× NA
1.4 oil-immersion objective. Stacks of fluorescence images were
captured sequentially to avoid bleed-through, using a 405 nm
excitation and 385–470 nm emission for DAPI and 488 nm ex-
citation and 505–550 nm emission for Alexa 488. Images were
deconvolved by using Huygens software (Scientific Volume Im-
aging). The brightness of γH2AX foci was analyzed by Laser-
Scanning Cytometer (1) (LSC; CompuCyte). Individual cell
green maximal pixel fluorescence within nuclei was recorded as
a measure of maximal phospho-H2AX (Ser139) foci brightness.
Integral DAPI (blue) fluorescence was recorded as a measure of
DNA content.

Analysis of Double-Strand and Single-Strand DNA Breaks by Comet
Assay. Two different assays were used: neutral comet assay
modified for detection of double-strand breaks and alkaline

comet assay, which detects DNA single-strand breaks, double-
strand breaks, and alkali-labile sites. Those assays were per-
formed as described (3) with minor modifications. Briefly, cells
were rinsed with PBS, scraped off the dish, resuspended in low
melting-point agarose, and spread on microscopic slides (No.
3950-300-02; Trevigen). For neutral comet assay, slides were
incubated overnight in neutral lysis solution (2% sarkosyl, 0.1 M
Na2EDTA, and 0.5 mg/mL proteinase K at pH 8.5), then rinsed
three times, 30 min each, in neutral rinse and electrophoresis
solution: (90 mM Tris buffer, 90 mM boric acid, and 2 mM
Na2EDTA at pH 8.5). Electrophoresis was performed for 20 min
at 0.6 V/cm at room temperature. For Alkaline Comet Assay,
after rinse in neutral rinse and electrophoresis solution, cells
were incubated for 1 h in alkaline solution to denature DNA [10
mM Na2EDTA; 0.26 M NaOH (pH > 13)], then rinsed three
times, 30 min each, in alkaline rinse and electrophoresis solution
[0.03 M NaOH and 2 mM Na2EDTA (pH 12.3)]. Electropho-
resis was performed for 20 min at 0.6 V/cm at room temperature.
DNA was stained with SYBR Green (Trevigen). Preparations
were photographed with a Nikon E800 Widefield Fluorescence
Microscope. Distribution of DNA between the tail and the head
of the comet was analyzed with Comet Assay IV software (Per-
ceptive Instruments). At least 50 randomly selected cells per sample
were analyzed. See Fig. S4 for additional details about this analysis.

Chromatin Immunoprecipitation (ChIP) and Illumina Library Con-
struction for Sequencing. Fig. S4 shows principle of the ChIP-
Seq analysis of location of γH2AX foci and results of in-
termediate controls during γH2AX ChIP and Illumina library
preparation. ChIP was performed by using Enzymatic Chromatin
IP kit (No. 9003; Cell Signaling Technology). mIMCD3 cells
grown on 15-cm dishes were cross-linked with 1% formaldehyde
for 10 min. Chromatin was digested with MNase to generate
mainly mononucleosomes with a minor fraction of dinucleo-
somes. For each sample, chromatin from 1 × 107 cells was
immunoprecipitated with 10 μg of anti-γH2AX antibody (No.
05-636; Millipore). The proteins and RNA in the samples were
enzymatically digested and the DNA was further purified by
phenol-chloroform extraction in 1.5-mL Phase Lock Gel Light
tubes (No. 2900306; 5 Prime), followed by ethanol precipitation.
Conversion of the ChIP-enriched DNA into libraries suitable for
sequencing using the Illumina Genome Analyzer was performed
by using the published protocol (4). The ChIP DNA ends were
repaired by using T4 PNK [New England BioLabs (NEB)] and
Klenow DNA polymerase (NEB), followed by treatment with
Klenov 3′-5′ exo minus polymerase (NEB) to generate the pro-
truding 3′ A base used for adaptor ligation. Ligation of a pair of
Solexa adaptors to the repaired ends was performed by using 40-
fold diluted Genomic Adapter Oligo Mix (Illumina) and Quick
T4 DNA Ligase (NEB). Adapter-modified ChIP DNA was am-
plified by using Adapter primers (Illumina) and Phusion DNA
polymerase (NEB) with 17 cycles, and the fragments between
250 bp and 300 bp (mononucleosome + adaptors) were isolated
from 2% agarose (No. 161–3106; Bio-Rad) TAE gel with Qiagen
MinElute Gel Extraction Kit (No. 28606; Qiagen). The purified
DNA was used directly for cluster generation and sequencing
analysis using the Solexa 1G Genome Analyzer by following
manufacturer’s protocols.

Analysis of Gene Density at Genomic Locations Enriched with
Sequence Tags Immunoprecipitated by anti-γH2AX. Peak coor-
dinates were extracted from the UCSC genome browser. The
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number of known genes at the locations covered by the peaks
was obtained from NCBI Map Viewer. The number of genes
per megabase was calculated for each peak and gene den-
sity distribution histogram was plotted. For comparison, ran-
dom peaks of the same size and number were generated for
each chromosome and the same analysis of gene density was
performed.

Analysis of the Expected Distribution of DNA Fragment Sizes Based on
Genomic Locations of γH2AX ChIP-Seq Peaks. The theoretical frag-
ment size distribution was created based on genomic locations of
γH2AX ChIP-Seq peaks. We assumed that exactly one break was
present within each γH2AX ChIP-Seq peak and that each such
break could be present at any position within the peak with
a maximal probability at the middle of the peak. Therefore, each
fragment Fi created by two DNA breaks within adjacent peaks
has a length between mini and maxi as shown on Fig. S6. Based
on the locations of all of the peaks and their corresponding
widths, we determined minimum and maximum lengths for all
expected fragments. We assume that the true segment length is
normally distributed around the midpoint of this range, i.e., the
normal curve Ni(x) representing the length distribution of frag-

ment Fi has a mean of �χt ¼
maxi þmini

2
. Furthermore, we ap-

proximated the SD such that the full-width half-max of the curve
is one-half of the total expected range, i.e., FWHM ¼
maxi −min1

2
. Because for a normal curve the SD is given by

σ ¼ FWHM

2
ffiffiffiffiffiffiffiffiffi
2ln2

p , this formulation gives us a SD of approximately

σ ≈
maxi −mini
4:70964

. Finally, assuming that fragment lengths are in-

dependent of each other, to attain the total probability distri-
bution of the DNA fragments in the sample, we summed up
and renormalized the individual probability distributions:

PðxÞ ¼ 1
n

Xn

1
NiðxÞ: For ease of computation, we truncated the

normal curves at a distance of jmaxi −minij above and below the
average (4.70964 SDs).

The code given below (Python 3.1.3) calculates and plots the
probability distribution for fragments of lengths from 1 to 60,000
Kbp. The resulting graph is shown on Fig. 5B.
from math import sqrt
from math import exp
import matplotlib.pyplot
#Calculate normal distribution given point, average, SD
def nd(x, avg, stdev):
return float((1.0/sqrt(2*3.1415*stdev**2))*exp(-1.0*float
(((x-avg)**2)/(2*stdev**2))))

#Read Data from File and Construct Data Set
dataFile = open(“data.txt”,“r”)
dataSet = list()
for line in dataFile:
splitLine = line.split(“ ”)
for i in range(0,splitLine.count(“”)):
splitLine.remove(“”)
dataSet.append([(float(splitLine[0])+float(splitLine[1]))/2.0,
float(splitLine[1])-float(splitLine[0])])

#Sum up normal distributions
outputPoints = [0]*59999
xPoints = range(1,60000)
for point in dataSet:
for x in xPoints[int(point[0]-point[1]):int(point[0]+point[1])]:
avg = float(point[0]) # middle of interval
stDev = 0.5*float(point[1]/2.35482) # FWHM = half the
interval width

outputPoints[x-1]=float(outputPoints[x-1])+nd(x, avg, stDev)/
float(len(dataSet))

#Print output to file in the format
#Interval Width Probability
outFile = open(“data_out.txt”,“w”)
for x in xPoints:
outFile.write(str(x)+”\t”+str(outputPoints[x-1])+“\n”)
#Plot and display probability graph
x_range = 1,len(xPoints)
y_range = 0,max(outputPoints)
matplotlib.pyplot.plot(xPoints,outputPoints,“bs”)
matplotlib.pyplot.xlim(*x_range)
matplotlib.pyplot.ylim(*y_range)
matplotlib.pyplot.show()
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Fig. S1. Summary of the main finding of the paper: model of induction of DSBs in gene deserts by high concentration of NaCl and their repair upon lowering
NaCl. (A and B) High concentration of NaCl induces DSBs in regions of the genome devoid of genes (gene deserts) (C) Upon lowering NaCl, histone H2AX
becomes phosphorylated (γH2AX) in the areas of genome adjacent to the DNA breaks and DNA repair is activated accompanied by cell cycle arrest. (D) The
high NaCl-induced DSBs are repaired within several hours after return to control medium leading to return of γH2AX to background level and resumption of
cellular proliferation. Localization to gene deserts helps explain why the high NaCl-induced DNA breaks are less harmful than are the random breaks induced
by genotoxic agents such as UV radiation, ionizing radiation, and oxidants.

Fig. S2. After elevation of NaCl by addition of NaCl to cell culture medium to total osmolality of 500 mosmol/kg, mIMCD3 cells develop G2/M arrest that lasts
≈6 h and leads to accumulation of cells in G2/M phase of the cell cycle. After 6 h, cells resume division, and by 22 h in high NaCl, their cell cycle distribution,
appearance, and proliferation rate become similar to cells in control condition. (A) Pictures of cells in control medium and cells exposed to high NaCl for 48 h.
(B) Cell cycle distributions of cells at indicated times after elevation of NaCl to 500 mosmol/kg. mIMCD3 cells were grown on eight chamber slides, exposed to
high NaCl for indicated times, and DNA was stained with DAPI. Cells that have been exposed to high NaCl for 7 d were passaged two times before seeding on
eight chamber slides. Slides were scanned with Laser Scanning Cytometer as described in SI Materials and Methods. Integral DAPI (blue) fluorescence was
recorded as a measure of DNA content.
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Fig. S3. Analysis of comet images. The neutral comet assay was performed as described in Materials and Methods. After electrophoresis, DNA was stained
with SYBR Green. Pictures were taken through a Nikon E800 widefield fluorescence microscope. Broken DNA migrates out of nuclei in the electric field,
forming an image that resembles a ‘‘comet’’ with a brightly fluorescent “head” (the nucleus) and a ‘‘tail’’ of fragmented DNA. The relative fluorescence of the
tail is an index of DNA damage. (A Upper) Representative pictures of cells containing different amounts of broken DNA. (A Lower) Analysis of the images by
Comet Assay IV software (Perceptive Instruments). Relative fluorescence of the “tail of the comet” (% DNA in comet tail) gives an estimate of the number of
DNA breaks. For each determination, images of 50–90 cells were analyzed, and a histogram of % of DNA in the comet tail was generated. (B) Histograms from
a representative experiment in which mIMCD3 cells were exposed to high NaCl for 22 h.
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Fig. S4. Principle of the ChIP-Seq analysis of location of γH2AX foci and results of intermediate controls during γH2AX ChIP and Illumina library preparation. (A)
Workflow overview of γH2AX ChIP-Seq. After cross-linking with 1% formaldehyde for 10 min, chromatin was digested with MNase to generate mono-
nucleosomes plus a minor fraction of dinucleosomes. (B) To confirm that the digestion was successful, DNA from small aliquot of digested chromatin was
purified and fragment sizes were analyzed by using 2% agarose gels. For each sample, chromatin from 1 × 107 cells was immunoprecipitated with 10 μg of anti-
γH2AX antibody (no. 05-636; Millipore). (C) To verify that ChIP was successful, small aliquots of proteins eluted from the Protein G beads used for IP were
analyzed by Western blot for presence of γH2AX. As expected, the amount of γH2AX is increased in the IP of Return to Control sample. (D) The im-
munoprecipitated DNA fragments were purified, followed by ligation of adapters and amplification of DNA fragments by PCR with primers to the adapters.
After ligation of the adapters, the resulting size should be ≈270 bp (150 bp mononucleosome plus 120 bp adapter). The PCR-amplified libraries were then run on
2% TAE gels and fragments between 250 and 300 bp (mononucleosome + adaptors) were isolated from the gel. The purified DNA was then sequenced by using
the Solexa 1G Genome Analyzer and following manufacturer protocols. Sequence tags were obtained and mapped to the mouse genome. (E) Possible outcomes
of the mapping. If γH2AX foci form at random throughout genome, the fragments will be equally distributed. However, if the γH2AX foci form at specific
locations, the fragments will be concentrated at those locations, producing peaks in the “number of DNA fragments” vs. “position on chromosome” histograms.
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Fig. S5. During repair of high NaCl-induced DNA breaks, the DNA that is immunoprecipitated by anti-γH2AX is mainly located in gene deserts. ChIP-Seq
analysis of genomic locations of DNA fragments immunoprecipitated by anti-γH2AX is shown. Chromatin was digested to mononucleosome size. Mono-
nucleosomes containing γH2AX were immunoprecipitated with anti-γH2AX antibody, and purified DNA fragments were sequenced by using a Solexa 1G
Genome Analyzer. The figure shows representative UCSC genome browser views of sequence tags mapped to the mouse genome at positions 118–141 Mb on
chromosome 2 (A); 80–113 Mb on chromosome 12 (B); 93–140 Mb on chromosome 1 (C); and 50–80 Mb on chromosome 15 (D). The lowest track shows the
location of genes (UCSC genome browser). The ChIP-Seq was performed by using mIMCD3 cells treated, as follows. Control cells were maintained at 300

Legend continued on following page
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mosmol/kg. Bleomycin cells were exposed to 5 μg/mL bleomycin for 30 min. UV cells at 300 mosmol/kg were exposed to UV as described in Materials and
Methods. High NaCl cells were maintained at 500 mosmol/kg (NaCl added) for 22 h. Return to control cells: NaCl was elevated to total osmolality of 500
mosmol/kg for 22 h, then the excess NaCl was eliminated, returning osmolality to a total of 300 mosmol/kg for 15 min. Note the distinct peaks of increased
sequence tag density in return to control samples, indicating that the γH2AX foci occur at specific locations within genome. Note further that such peaks do not
occur in DNA from cells under any of the other conditions. The gray projections of the peaks in return to control demonstrate that they are located in areas of
genome containing few genes (gene deserts). The lack of peaks in the other conditions indicates that γH2AX foci are located randomly.

Fig. S6. Estimation of lengths of the DNA fragments, assuming that the breaks are within gene deserts. The minimal and maximal possible length was
determined for each fragment that are created by DSBs located within adjacent γH2AX ChIP-Seq peaks.
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