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ABSTRACT Histone post-translational modifications play vital roles in a variety of nuclear processes, including DNA repair. It has been
previously shown that histone H3K79 methylation is important for the cellular response to DNA damage caused by ultraviolet (UV)
radiation, with evidence that specific methylation states play distinct roles in UV repair. Here, we report that H3K79 methylation is
reduced in response to UV exposure in Saccharomyces cerevisiae. This reduction is specific to the dimethylated state, as trimethylation
levels are minimally altered by UV exposure. Inhibition of this reduction has a deleterious effect on UV-induced sister chromatid
exchange, suggesting that H3K79 dimethylation levels play a regulatory role in UV repair. Further evidence implicates an additional role
for H3K79 dimethylation levels in error-free translesion synthesis, but not in UV-induced G1/S checkpoint activation or double-stranded
break repair. Additionally, we find that H3K79 dimethylation levels are influenced by acetylatable lysines on the histone H4 N-terminal
tail, which are hyperacetylated in response to UV exposure. Preclusion of H4 acetylation prevents UV-induced reduction of H3K79
dimethylation, and similarly has a negative effect on UV-induced sister chromatid exchange. These results point to the existence of a
novel histone crosstalk pathway that is important for the regulation of UV-induced DNA damage repair.
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CELL survival depends on the preservation of genomic
integrity. Cells are perpetually exposed to intrinsic and

extrinsic factors that chemicallyalterDNA,potentially causing
genomic instability. One of the most prevalent environmental

factors that challenge genome integrity is solar radiation, specif-
ically wavelengths that fall within the ultraviolet (UV) spectrum
(Rastogi et al. 2010). DNA absorbs UV radiation, leading to the
formation of structurally deforming cyclo-butane pyrimidine di-
mers and 6–4 photoproducts. Such lesions can inhibit essential
cellular operations, such as DNA replication and transcription,
and can cause mutations. As a result, UV exposure is one of the
greatest risk factors for environmentally associated cancer in
humans (Friedberg et al. 2006).

UV-inducedDNAdamageisprocessedbyavarietyofmolecular
pathways. Initially, DNA-binding factors detect UV-induced DNA
irregularities and activate cell cycle checkpoints at G1/S, mid-S,
and G2/M (Sugasawa 2016). Nucleotide excision repair is the
primarymechanism for repair of UV damage, in which the lesion
is removed and replaced by nascent DNA (Prakash and Prakash
2000). Damage tolerance pathways also contribute to survival
following UV exposure (Boiteux and Jinks-Robertson 2013). For
example, “postreplication repair” describes a variety of process-
es that complete gaps in DNA that arise during replication of
the damaged template, such as translesion synthesis (TLS), by
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low-fidelity DNA polymerases (Broomfield et al. 2001). Likewise,
recombination mechanisms can be employed to fill replication-
associated gaps via sister chromatid exchange, as well as to repair
double-stranded breaks generated by UV damage (Kadyk and
Hartwell 1993; Kupiec 2000; Gangavarapu et al. 2007).

In eukaryotic organisms, the recognition and repair of DNA
damageoccurs in the contextof chromatin.Minimally, chromatin
must be remodeled to accommodate the repair machinery, with
an “access-repair-restore”model describing the changes to chro-
matin that are required for efficient repair (Polo and Almouzni
2015). Consequently, chromatin-associatedproteins, particularly
histones, are integral players in DNA repair mechanisms. His-
tones are subject to a wide array of post-translational modifica-
tions, many of which have been implicated in DNA repair (Cao
et al. 2016). The roles of these modifications in repair include
influence on DNA accessibility, recruitment of repair factors, es-
tablishment of interactions between homologous chromosomes
and sister chromatids, regulation of repair-related gene expres-
sion, and modulation of cell cycle progression. Disruption of
histone modifications causes various repair deficiencies, often
leading to genomic instability, and, as a result, having important
implications for cancer progression (Wang et al. 2016).

Methylation of histone H3 at lysine 79 (H3K79me) is
important for UV repair, as loss of this modification causes
a reduction in survival following UV exposure (Bostelman
et al. 2007; Evans et al. 2008; Chaudhuri et al. 2009). Prior
studies have implicated functions for H3K79me in DNA dam-
age checkpoint activation and global NER (Giannattasio et al.
2005; Wysocki et al. 2005; Chaudhuri et al. 2009; Tatum and
Li 2011; Rossodivita et al. 2014), as well as UV-induced sister
chromatid exchange (Rossodivita et al. 2014). Furthermore,
we have previously reported evidence indicating that specific
H3K79 methylation states play distinct roles in UV repair in
yeast. H3K79 can possess up to three methyl groups per res-
idue (denoted H3K79me1, me2, and me3), catalyzed by his-
tone methyltransferase Dot1 (Ng et al. 2002a; van Leeuwen
et al. 2002), and further influenced via crosstalk with histone
H2B K123 ubiquitylation (Ng et al. 2002b; Sun and Allis
2002; Shahbazian et al. 2005; Frederiks et al. 2008). Our
prior studies revealed that while both theme2 andme3 states
contribute to UV-induced checkpoint activation, the me3
state is uniquely required for sister chromatid exchange in
response to UV exposure (Rossodivita et al. 2014).

H3K79 methylation has been suggested to act in a steady-
state manner in the context of DNA repair by virtue of its
ubiquitous presence in the genome (Huyen et al. 2004). How-
ever, it has been shown that H3K79me2 levels oscillate during
the cell cycle (Schulze et al. 2009), raising the possibility that
methylation state levels might be modulated in response to
DNA damage. As we will describe below, we find that H3K79me2
levels are uniquely reduced in response to UV exposure during
the G1/S checkpoint response in bakers yeast, dropping to
roughly half of their pre-exposure levels. We will present addi-
tional evidence indicating that H3K79me2 acts within several
DNA damage pathways, and is part of a novel histone crosstalk
interaction involving histone H4 acetylation.

Materials and Methods

Yeast strain construction

Yeast strains used in this study are listed in Table 1.DOT1was
deleted by PCR-mediated gene disruption (Brachmann et al.
1998), using the KanMX marker. Replacement of the wild-
type gene encoding histone H3 (HHT2) with various mutant
alleles of H3was done by a plasmid swapping method (Evans
et al. 2008), and strains containing the ade2-n::TRP1::ade2-I
reporter construct for sister chromatid exchange assays were
constructed as previously described (Rossodivita et al. 2014).

Western blot analysis of histone modifications
following UV exposure

Yeast cultures were grown to log phase, early stationary
phase, or arrested with a-factor, as indicated in the figure
legends. Cells were subsequently exposed to UV radiation
(254 nm), followed by nuclear protein isolation and western
blot analysis, as previously described (Rossodivita et al.
2014). Various antibodies were used tomonitor histonemod-
ifications (anti-H3, Abcam #1791, 1:7500; anti-H3 K79me2,
Cell Signaling Technology #5427, 1:15,000; anti-H3 K79me3,
Cell Signaling Technology #4260, 1:15,000; anti-H4, Milli-
pore #05–858, 1:2000; anti-acetylated H4, Millipore #06–
866, 1:4000). Antibody binding was detected with goat
anti-rabbit IgG HRP antibody (Millipore #12–348, 1:3000),
in conjunction with ECL2 Western Blotting Analysis System
(GE Healthcare) and a FluroChem HD2 Chemilluminescent
Workstation (Alpha Innotech). Densitometry analysis was done
using ImageJ software (Schneider et al. 2012). Band intensity
valueswere normalized relative to the general histoneH3 orH4
antibody to adjust for gel loading variation, and were subse-
quently normalized relative to the unexposed control samples
for each modification state examined. Each experiment was
repeated at least five times for the various strains and/or con-
ditions examined. Nuclei preps were run on two sets of gels for
each antibody probing, and normalized densitometry values
of the two runs were averaged for each trial. Data from the
separate trials were averaged to generate the reported data,
and results were statistically evaluated by Kruskal–Wallis one-
way nonparametric analysis using JMP Pro software, version
12 (SAS Institute). Letters are displayed on graphs to connect
data points whose differences are not statistically significant;
differences between any pair of values within a given data set
that do not share a letter are statistically significant (P value
thresholds indicated in figure legends). Data sets presented
without letters possess no significant differences.

DNA damage assays

UV cell survival, sister chromatid exchange, hydroxyurea, and
methyl methanesulfonate sensitivity, checkpoint delay, budding
assayswere executed as previously described (Siede et al. 1993;
Conde and San-Segundo 2008; Rossodivita et al. 2014). Each
assay was completed a minimum of five times for each strain
(three times for UV survival assays). For the sister chromatid
exchange and checkpoint delay budding assays, averages for
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each condition were compared by a one-way ANOVA with
Tukey HSD post hoc test using JMP Pro software. Statistical
differences are indicated on sister chromatid exchange assay
graphs using the lettering system as described above in the
western blot methodology.

Sensitivity to double-stranded breaks was tested by trans-
forming relevant strains with plasmid pJR1152 (Barnes and
Rine 1985), possessing a galactose-inducible version of the
gene encoding the EcoRI endonuclease. Transformants were
inoculated into selectable broth containing glucose and
allowed to grow for 24–48 hr at 30�. Each culture was diluted
to an OD600 of 1.0 and serially diluted in 10-fold increments
in a 96-well microtiter plate to a dilution of 1024. Fivemicroliter
of each dilution was spot-plated onto glucose- and galactose-
containing selectable media in duplicate. Plates were incubated

over a period of �7 days and photographed at various times
during the incubation. Each strainwas tested aminimumof three
times, and photographs shown represent typical observations.

Data availability

Allstrainsconstructedforthisstudyareavailableuponrequest.The
authors state that all datanecessary for confirming the conclusions
presented in the article are represented fully within the article.

Results
H3K79 dimethylation is reduced in response to
UV exposure

Histone H3K79 methylation state levels were examined by
Westernblotanalysis,usingH3K79mestate-specificantibodies.

Table 1 Saccharomyces cerevisiae strains used in this study

Strain name Genotype Source

JTY34 MAT a ade2-101 his3D200 lys2-801 trp1D901 ura3-52 hht1,
hhf1::LEU2 hht2,hhf2::HIS3 plus pJT34 (HHT2-HHF2 LYS2
CEN4 ARS1)

Thompson et al. (1994)

JTY308 Isogenic to JTY34 except with pJTH3-8 (hht2-K79E LYS2 CEN4
ARS1) in place of pJT34

Thompson et al. (2003)

JTY309 Isogenic to JTY34 except with pJT309 (hht2-L70S LYS2 CEN4
ARS1) in place of pJT34

Thompson et al. (2003)

JTY34D Isogenic to JTY34 except dot1::kanMX4 Bostelman et al. (2007)
JTY34b1 Isogenic to JTY34 except bar1::URA3 Rossodivita et al. (2014)
JTY309b1 Isogenic to JTY34b1 except with pJT309 (hht2-L70S LYS2 CEN4

ARS1) in place of pJT34
Rossodivita et al. (2014)

AKY34c1 Isogenic to JTY34, except cac1::hisG-URA3-hisG Bostelman et al. (2007)
JTY34r30 Isogenic to JTY34 except rad30::URA3 Bostelman et al. (2007)
JTY309r30 Isogenic to JTY34r30 except with pJT309 (hht2-L70S LYS2 CEN4

ARS1) in place of pJT34
This study

JTY34r52 Isogenic to JTY34 except rad52::URA3 Bostelman et al. (2007)
JTY34v1 Isogenic to JTY34 except rev1::URA3 Bostelman et al. (2007)
JTY309v1 Isogenic to JTY34v1 except with pJT309 (hht2-L70S LYS2 CEN4

ARS1) in place of pJT34
This study

JTY34ATA Isogenic to JTY34 except ade2-n::TRP1::ade2-I Rossodivita et al. (2014)
JTY309ATA Isogenic to JTY309 except ade2-n::TRP1::ade2-I Rossodivita et al. (2014)
JTY34DATA Isogenic to JTY34ATA except dot1::kanMX4 Rossodivita et al. (2014)
JTY309DATA Isogenic to JTY309ATA except dot1::kanMX4 This study
MEY34M Isogenic to JTY34, except pHHT2HHF2 (HHT2, HHF2; Dion et al.

(2005)) in place of pJT34
Evans et al. (2008)

MEYK5812R Isogenic to JTY34 except pK5,8,12R (hhf2-K5,8,12R; Dion et al.
(2005)) in place of pHHT2HHF2

Evans et al. (2008)

MEYK5816R Isogenic to JTY34 except pK5,8,16R (hhf2-K5,8,16R; Dion et al.
(2005)) in place of pHHT2HHF2

Evans et al. (2008)

MEYK51216R Isogenic to JTY34 except pK5,12,16R (hhf2-K5,12,16R; Dion et al.
(2005)) in place of pHHT2HHF2

Evans et al. (2008)

MEYK81216R Isogenic to JTY34 except pK8,12,16R (hhf2-K8,12,16R; Dion et al.
(2005)) in place of pHHT2HHF2

Evans et al. (2008)

ABY34MD Isogenic to MEY34M, except dot1::kanMX4 This study
ABYK5812RD Isogenic to MEY34K5812R, except dot1::kanMX4 This study
ABYK5816RD Isogenic to MEY34K5816R, except dot1::kanMX4 This study
ABYK51216RD Isogenic to MEY34K51216R, except dot1::kanMX4 This study
ABYK81216RD Isogenic to MEY34K81216R, except dot1::kanMX4 This study
JTYTFATA Isogenic to MEY34M except ade2-n::TRP1::ade2-I This study
JTYTFDATA Isogenic to JTYTFATA except dot1::kanMX4 This study
JTYK5816RATA Isogenic to JTYTFATA except with pK5,8,16R (hhf2-K5,8,16R;

Dion et al. (2005)) in place of pHHT2HHF2
This study

JTYK5816RDATA Isogenic to JTYK5816RATA except dot1::kanMX4 This study
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Antibody specificity for this modification was confirmed using
nuclear extracts from wildtype and H3K79me-deficient dot1
yeast strains (Figure 1A). We found that all three antibodies
(a-H3, a-H3K79me2, anda-H3K79me3) detected a doublet in
the wildtype strain, with a band of �15 kDa that comigrated
with the primary band detected in purified calf thymus his-
tones, and a second slower-migrating band, which is faintly
observed in the purified histone sample. Both bands were de-
tected by the general H3 antibody in the dot1 strain, but nei-
ther was detected by the H3K79me-specific antibodies. Since
H3K79 is the only target for the Dot1 methyltransferase (van
Leeuwen et al. 2002), this indicates that both bands represent
H3, potentially arising from yeast-specific variations in charge-
altering modifications or an artifact caused by the purification
method employed (Georgieva and Sendra 1999; Glowczewski
et al. 2004). Furthermore, we find that the relative H3K79me2
and H3K79me3 densitometry levels are comparable between
the two bands (Figure 1B), thus both bands were used concur-
rently for the analyses described throughout this manuscript.

To examine the effect of UV on H3K79me state levels, cells
were synchronized in stationary phase, and subsequently ex-
posedtovaryingdosagesofUVradiation.Sampleswerecollected

at select times after exposure, andnuclear extracts from the cells
were evaluated for H3K79me state levels by western blot, as
described above. No changes in H3K79me were observed in
samples collected after 30 min (Figure 2, A and B), but signif-
icant decreases in H3K79me2 levels were detected 4 hr after
UV exposure relative to the pre-exposed control (Figure 2, C and
D). In contrast, H3K79me2 levels increased by �50% in unex-
posed cells during the incubation period, consistent with pro-
gression into S phase (Schulze et al. 2009). H3K79me2 levels
were distinctly reduced in response to UV dosages of 100 J/m2

and higher, reaching a low of �60% of pre-exposure levels at
200–250 J/m2. However, no changes in H3K79me3 were ob-
served in exposed or unexposed cells. At 200 J/m2, the de-
crease in H3K79me2 was apparent within 1 hr of UV exposure
(Figure 2, E and F), with additional reductions observed over the
subsequent 3 hr.

To determine if the observed changes inH3K79me2were a
result of the synchronizationmethod, dosage response exper-
iments were repeated using cultures synchronized in late G1
with yeast a-factor. Comparable to the stationary phase-
synchronized cells, H3K79me2 levels fell to �40–50% of pre-
exposure levels in cells exposed to UV at dosages of 100 J/m2

and higher (Figure 3, A and B), indicating that the reduction
of this modification is a result of UV exposure, not the syn-
chronization method. In contrast to the stationary phase ob-
servations, H3K79me3 levels were reduced to 60–80% of
pre-exposure levels in all cultures following release from
a-factor arrest. Modest differences (�20–25%) were ob-
served between the high dosage exposure cultures and the
unexposed/incubated control, at the upper threshold of sta-
tistical significance (P = 0.04). Thus, UV exposure causes a
small reduction in H3K79me3 under these synchronization
conditions, but a notable proportion of the observed effect is
simply due to the release from a-factor.

Weexaminedthepossibility that thereductionofH3K79me2
was a product of extended time spent in G1 as a result of
UV-induced G1/S checkpoint activation. Cells were arrested
with a-factor as done in the experiments above, and then in-
oculated into fresh medium, with or without a-factor, for an
additional 4 hr. As expected, removal of a-factor resulted in an
increase in H3K79me2 levels (Figure 3, C and D), consistent
with the previously reported increase in this modification state
during the cell cycle (Schulze et al. 2009). In contrast, cells
maintained in a-factor arrest displayed consistent levels of
H3K79me2. Therefore, the observed reduction of H3K79me2
levels in the experiments above is a result of UV exposure, not
simply due a prolonged G1 phase.

Our observations above indicate that the reduction in
H3K79me2 does not occur in response to UV dosages
,100 J/m2. However, H3K79me2 levels oscillate during the
cell cycle, starting at a minimum during G1, and rising during
the remainder of the cycle (Schulze et al. 2009). Since the
length of the G1/S checkpoint delay is UV dosage-dependent,
the elevated levels of H3K79me2 in the 50 J/m2-exposed cells
reported above might be a product of cell cycle progression
during the postexposure incubation period. To address this

Figure 1 Site-specificity confirmation of H3K79me2 and H3K79me3 anti-
bodies. (A) Western blot analysis of wildtype (JTY34) and dot1 (JTY34D)
strains, using a-H3, a-H3K79me2, and a-H3K79me3 antibodies, as de-
scribed in Materials and Methods. Calf thymus histones (H3; Sigma
#H6005) were also included for comparison (0.01 mg on the a-H3 blot,
0.1 mg on the a-H3K79me2, and 1 mg a-H3K79me3 blots). (B) Relative
H3K79me2 and H3K79me3 levels, based on western blot densitometry.
Values represent relative H3K79me2 or H3K79me3 band intensities in the
wild-type strain, calculated by divided the intensity of the H3K79me2 and
H3K79me3 bands (upper, lower, or both concurrently) by the intensity of the
corresponding band(s) detected by the general H3 antibody. These values
were then normalized relative to the corresponding value for the “both
bands” measurement for each methylation state. Error bars represent 1 SE.
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possibility, H3K79me2 levels were examined in UV-exposed
cells near the end of the G1/S checkpoint. Stationary phase-
arrested cells were exposed to varying dosages of UV, and cell
cycle progression was monitored during the incubation period
via the emergence of buds, which is tightly linked to entry into S
phase (Pringle and Hartwell 1981). Samples collected at times
immediately prior to bud emergence at each UV dosage were
then analyzed by western blot. As expected, delayed emer-
gence of buds was observed in UV-exposed cells, in a dosage-
dependent manner (Figure 4A). Western blot analysis of pre-S
phase samples indicated that reduction of H3K79me2 was ob-
served at all dosages (Figure 4, B and C), ranging from �50 to
70% of pre-exposure levels. Modest differences were observed
between the varying UV dosages, with significantly lower
H3K79me2 levels in cells exposed to 200 J/m2 vs. 50 J/m2 of
UV. Thus, we conclude that UV-induced reduction in H3K79me2
occurs across the range of UV dosages examined, with an inverse

relationship between the UV dosage/checkpoint delay time and
H3K79me2 levels.

Histone replacement occurs in response to DNA damage,
which can lead to altered histone modification levels. Histone
chaperone CAF-1 has been shown to be important for damage-
associated histone replacement (Polo et al. 2006), and is
important for UV repair (Game and Kaufman 1999). Since
histone H3 is unmethylated at K79 prior to incorporation into
chromatin (van Leeuwen et al. 2002), we considered the pos-
sibility that UV-induced reduction in H3K79me2 might be the
result of CAF-1-dependent histone replacement. To address
this, we measured H3K79me2 levels in strains lacking Cac1,
an essential subunit of CAF-1, following UV exposure. A com-
parable decrease in H3K79me2 levels was observed following
UV exposure in the cac1 strain relative to that seen in the wild-
type strain (Figure 5). Thus, these results indicate that CAF-1 is
not required for the UV-induced decrease in H2K79me2.

Figure 2 Reduction of histone H3K79me levels in response to UV exposure. Wildtype yeast (JTY34) were synchronized by growth into early stationary phase,
exposed to UV radiation (or mock exposed), and then incubated in fresh medium. Nuclear extracts from cells collected after various incubation times were
analyzed by western blot, using H3K79me state-specific antibodies, as described previously (Rossodivita et al. 2014) and in Materials and Methods.
Representative blots are shown. Histone H3 is observed as a doublet, as described in Figure 1. The faint, faster migrating band observed in some panels
is a proteolytic product of H3 associated with this purification method (Shahbazian et al. 2005). Densitometry values represent means of at least five assays,
normalized relative to the general H3 levels, and subsequently normalized to the pre-exposure levels; error bars represent 1 SE. Letters are displayed on
graphs to connect data points whose differences are not statistically significant (P . 0.05); differences between any pair of values within a given data set
that do not share a letter are statistically significant. Data sets without letters indicates that no significant differences were observed. (A, B) exposure to varying
UV dosages, as indicated, followed by a 30-min incubation period. (C, D) same as (A) and (B), except incubated for 4 hr. P , 0.01 for significant differences
denoted. (E, F) 200 J/m2 UV exposure, varying incubation times as indicated. P , 0.03 for significant differences denoted.
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H3K79me2 levels are important for UV-induced sister
chromatid exchange and translesion synthesis, but not
double-stranded break repair or G1/S
checkpoint activation

To gain insight into the biological function of UV-induced re-
duction of H3K79me2, we examined repair processes in which
H3K79mehasbeenshowntoparticipate.Onesuchprocess issister
chromatidexchange(SCE),whichservesasaDNAdamagebypass
mechanism. It has been proposed that such damage tolerance is
achieved by the use of an undamaged sister chromatid to enable
the completion of DNA replication of a damaged chromatid,
through a template-switching mechanism (Gangavarapu et al.
2007). We have previously demonstrated that H3K79me is im-
portant for UV-induced SCE, predominantly mediated by the
H3K79me3 state (Rossodivita et al. 2014).

To evaluate the influence of the UV-induced decrease of
H3K79me2 on SCE, we measured UV-induced SCE frequen-
cies in a yeast strain possessing the histoneH3mutation L70S,
which causes elevated H3K79me levels (Evans et al. 2008).
SCE was monitored through a previously described reporter
construct containing two distinct nonfunctional alleles of the
ADE2 gene, flanked around the TRP1 gene (Mozlin et al.
2008). An unequal sister chromatid exchange event between
the ade2 alleles can produce a functional ADE2 gene. This can
occur via a gene conversion event, with concomitant reten-
tion of the TRP1 gene, or by a crossover/“popout” event,
leading to loss of TRP1 (Symington 2002).

As previously observed (Rossodivita et al. 2014), dot1 strains
lacking H3K79me exhibited reduced frequency of UV-induced
gene conversion events,�20–50%ofwildtype levels, depending
on the UV dosage (Figure 6A). Popout events were modestly
decreased in the dot1 strain as well, but only at the highest UV
dosages (Figure 6B). In contrast, SCE levels were unaffected by
the L70Smutation up to 75 J/m2, regardless of themechanism,
but gene conversion events were distinctly reduced to �50% of
wildtype levels at the two highest UV dosages. The L70S dot1
double mutant strain exhibited reduced levels of gene conver-
sion identical to that observed in the dot1 strain. To correlate
these phenotypic observations with the effects of this mutation
on H3K79me, we evaluated H3K79me state levels in the H3
L70S strain by western blot, using the experimental conditions
employed in the SCE assay (log phase, UV at 125 J/m2). We
found that H3K79me2 levels were increased around threefold in
the L70S strain relative towildtype levels,while no differences in
H3K79me3 levels were observed (Figure 6, C and D). Further-
more, H3K79me2 levels remained elevated in the mutant strain
following UV exposure. Thus, the combined results indicate that
theH3L70Smutation has a negative impact on gene conversion,
potentially due to its effect on H3K79me2 levels.

H3K79meis important fortherepairofdouble-strandedbreaks
in DNA, as demonstrated by sensitivity to ionizing radiation in
strains lacking this modification (Game et al. 2006). UV damage
can induce double-stranded breaks in DNA as a result of replica-
tion fork collapse (Elvers et al. 2011); thus, we considered the

Figure 3 UV-induced reduction of H3K79me2 occurs in a-factor arrested cells, but not in the absence of UV. (A, B) A bar1- strain (JTY34b1) was
synchronized with a-factor, followed by release from a-factor, exposure to UV, postexposure incubation for 3 hr, and western blot analysis, as displayed
in Figure 2. Error bars represent 1 SE. P , 0.01 for significant differences denoted, except H3K79me3 0 J/m2 vs. 150–300 J/m2, respectively
(P = 0.04). (C, D) A bar1- culture was arrested with a-factor as in (A), and then transferred into fresh medium containing either a-factor or protease
XIV (to degrade residual a-factor). Samples were collected at the indicated times and analyzed by western blot, as described in Figure 2. P , 0.03 for
significant differences denoted.
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possibility that the reduction of H3K79me2 might be important
for the repair of UV-induced double-stranded breaks. We exam-
ined the H3 L70S mutation in a strain expressing an inducible
version of the gene encoding for the restriction endonuclease
EcoRI. We found that the dot1 strain exhibited modest sensitivity
toEcoRI-inducedbreaks (Figure 7A), comparable to thedegree of
sensitivity to HO endonuclease previously observed in the dot1
strain (Rossodivita et al. 2014), indicating that H3K79me plays
a minor role in double-stranded break repair. In contrast, no
change in sensitivity to EcoRIwas observed in the H3 L70S strain

relative to the wild-type strain. We also examined sensitivity to
hydroxyurea (HU), which can stall replication due to depletion of
nucleotide pools. Neither loss of H3K79me, nor the H3 L70S
mutation, affected HU sensitivity (Figure 7B), in contrast to the
high sensitivity observed in the recombination repair-deficient
rad52 strain. Therefore, these results indicate that increased levels
H3K79me2 levels do not influence double-stranded break repair.

TLS embodies DNA damage response pathways that employ
lesion-tolerant DNA polymerases to complete replication gaps at
sites of damage (Broomfield et al. 2001). H3K79me has been
proposed to act as negative regulator of TLS, with loss of
H3K79me resulting in hyper-resistance to the alkylating agent
methyl methanesulfonate (Conde and San-Segundo 2008). In
light of these observations, we considered the possibility that
the H3K79me2 state might be important in UV-induced TLS.
To address this, we evaluated cell survival in response to UV in
strains lacking key genes involved in TLS. REV1 and RAD30 en-
code for error-prone and error-free DNA polymerases, respec-
tively, both of which are important for UV damage tolerance
(Nelson et al. 1996; Johnson et al. 1999; Acharya et al. 2006).
We found that the H3 L70S/rev1 double mutant exhibited re-
duced survival after UV exposure compared to the rev1 mutant
(Figure 7C), indicating that these two mutations act through
separate pathways. In contrast, an epistatic relationship was ob-
served between H3 L70S and rad30 (Figure 7D), as the double
mutant strain exhibited the same survival frequencies as the

Figure 4 UV exposure induces H3K79me2 reduction during checkpoint
arrest at all dosages. Yeast strain JTY34 was synchronized by growth into
stationary phase, followed by UV exposure at varying dosages, and in-
cubation in fresh medium over time. (A) Aliquots of UV-exposed cultures
(and a mock-exposed control) were examined microscopically for the
emergence of buds, as described in Materials and Methods, reported
as the percentage of cells possessing small buds. A representative exper-
iment is shown. (B) Samples were collected from the same UV-exposed
culture as in (A), at the latest time point at which a given subculture had
not yet experienced bud emergence (as noted on the figure labels).
Western blot analysis on nuclear extracts was done as described and
displayed in Figure 2. Error bars represent 1 SE. (C) Densitometry of
western blot results, as displayed in Figure 2. P , 0.01 for significant
differences denoted, except between 0 J/m2 (0 hr) and 50 J/m2

(P = 0.02), 0 J/m2 (1 hr) and 50 J/m2 (P = 0.02), 0 J/m2 (1 hr), and
100 J/m2 (P = 0.04) and 50 J/m2 and 200 J/m2 (P = 0.02).

Figure 5 UV-induced reduction of H3K79me2 is independent of CAF-1.
Yeast cells were exposed to 200 J/m2 UV (stationary phase synchronization,
3-hr post-exposure incubation), and H3K79me2 levels were analyzed by west-
ern blot, as described and displayed in Figure 2. Error bars represent 1 SE.
Strains used: wildtype (JTY34) and cac1mutant (AKY34c1). (A) Representative
western blot. (B) Densitometry to relative H3K79me2 levels. P , 0.01 for all
significant differences, except cac1 2UV 0 hr vs. cac1 +UV 3 hr (0.04).
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rad30 strain. Since an epistatic relationship generally indicates
that the twogenes in questionpossess some formof interactionor
connection (Haynes and Kunz 1981), these results indicate that
themodestUV sensitivity conferredby theH3L70Smutation acts
through an error-free branch of TLS, thus suggesting an addi-
tional role for H3K79me2 in response to UV damage.

We also wished to determine if UV-induced reduction of
H3K79me2is important forG1/Scheckpointactivation inresponse
to DNA damage. It has been previously shown that H3K79me is
requiredfor thischeckpoint(Giannattasioetal.2005;Wysocki etal.
2005; Tatum and Li 2011), with loss of methylation eliminating
the checkpoint in response to DNA damage. We previously found
that the H3 L70S mutation did not affect checkpoint activation in
response to UV at 50 J/m2 (Rossodivita et al. 2014), suggesting
that elevated levels ofH3K79me2donot have anadverse effect on
checkpoint activation. However, we also demonstrated that the
dot1 strain displays a normal checkpoint response at 100 J/m2

ofUV, indicating thatH3K79methylation is not required for check-
point activation in response to high UV dosages. Thus we specu-
lated that UV-induced reduction of H3K79me2 presented above
might be required for checkpoint activation in response to high
levels of UV damage. To address this possibility, we measured
checkpoint delay times in the H3 L70S strain following exposure
toUV at 100 J/m2 via a bud emergence assay, as described above.
While theH3L70Sanddot1 strains had slightly shorter checkpoint
delay times relative to the wildtype strain (Figure 8 and Table 2),
noneof the differenceswere statistically significant. Thus, elevated
H3K79me2 levels do not affect UV-induced G1/S checkpoint acti-
vation at any of the UV dosages tested.

Histone H4 acetylation influences UV-induced changes
in H3K79 methylation

Histone crosstalk is a phenomenon in which one histone mod-
ification influences another modification (Zhang et al. 2015),

and prior work has suggested such an interaction between
H3K79me and the H4 N-terminal tail (Altaf et al. 2007;
Fingerman et al. 2007). In particular, we previously found that
mutation of the acetylated lysines at positions 5, 8, 12, and
16 in H4 (H4ac) results in elevated H3K79me levels (Evans
et al. 2008); however, it has not been determined if this effect is
significant in the context of DNA repair. To determine if histone
H4ac and H3K79me genetically interact in the context of UV
exposure, survival assays were undertaken with strains defi-
cient for either or both of these modifications. Inhibition of
H4ac was achieved by lysine-to-arginine triple-substitution
mutations at the aforementioned sites, to mimic the unacety-
lated state [a quadruplemutantwas not tested, due to its lethal
phenotype (Dion et al. 2005)]. Cells lacking H3K79me and/or
H4ac were exposed to varying dosages of UV, and survival
frequencies were determined and compared.

Consistentwith prior studies (Bostelman et al. 2007; Evans
et al. 2008), we found that loss of H3K79me or H4ac resulted
in reduced survival in response to UV relative to the wildtype
strain (Figure 9). The double mutant strains displayed a com-
plex pattern of survival relative to the single mutant strains,
with a suppressive effect observed at the lowest UV dosage,
and a largely epistatic relationship at higher dosages. The
same general pattern was observed regardless of the partic-
ular combination of H4 lysines that were mutated. Both sup-
pressive and epistatic effects are indicative of interactions
between genes (Haynes and Kunz 1981). Therefore, these
observations implicate a functional relationship between
H4ac and H3K79me in the context of UV repair.

In light of the genetic relationship between H3K79me and
H4ac, we postulated thatH4ac drives the observedUV-induced
change in H3K79me2. It has been previously reported that H4
tail lysines are hyperacetylated in response to UV (Yu et al.
2005), and, as an initial step in evaluating the potential for

Figure 6 H3K79me2 levels affect UV-induced sister
chromatid exchange. Sister chromatid exchange as-
says were done as described previously (Rossodivita
et al. 2014). Data represent the means of UV-induced
gene conversion (A) and popout (B) frequencies per
106 surviving cells, from at least five separate assays.
Error bars represent 1 SE. Letters are displayed on
graphs to identify data points at a given UV dosage
whose differences are not statistically significant; val-
ues within a given dosage not sharing letters are sta-
tistically significant [P , 0.01, except WT vs. L70S
gene conversion at 100 J/m2 (P = 0.03), and WT
vs. dot1 popout at 100 J/m2 (P = 0.04)]; data lack-
ing letters indicates that no significant differences
were observed at that dosage. Strains used: JTY34ATA
(WT), JTY309ATA (L70S), JTY34DATA (dot1), and
JTY309DATA (H3 L70S dot1. (C, D) Western blot anal-
ysis of H3K79me levels in wild-type (JTY34) and H3
L70S (JTY309) strains in response to UV exposure (log
phase cultures, 125 J/m2 exposure, 1-hr post-exposure
incubation). Data are displayed as described in Figure 2.
P , 0.03 for significant differences denoted.
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crosstalk, we measured H4ac levels following UV exposure,
using the experimental conditions employed above. Stationary
phase-arrested cells were exposed to UV at 200 J/m2, and
nuclear extracts were evaluated by western blot, using an an-
tibody specific for histone H4 acetylated at sites 5, 8, 12, and
16. Consistent with prior observations (Yu et al. 2005), H4ac
levels increased �2.5-fold in response to UV. Elevated H4ac
was detectable within 5 min, and achieved significantly higher
levels compared to the unexposed controls within �30 min
postexposure (Figure 10, A and B).

In order to determine if H4ac is necessary for the decrease
in H3K79me following UV exposure, H3K79me levels were
assessed in the yeast strain possessing the H4 K-to-R sub-
stitution mutations at positions 5, 8, and 16 (stationary
phase-arrested, UV at 200 J/m2, 3-hr incubation). Wildtype
H3K79me2 levels increased in unexposed cells following the
postexposure incubation, while UV-exposed H3K79me2 lev-
els decreased (Figure 10, C and D), consistent with the ob-
servations reported above. In contrast, H3K79me2 levels
were approximately twofold higher in the H4 mutant strain
compared to wildtype levels in unexposed cells, while
H3K79me3 levels were reduced to �60% of wild-type levels.
Furthermore, H3K79me2 levels were unchanged following
UV exposure in the mutant strain relative to the unexposed
mutant control. Thus, mutation of H4 acetylatable lysines

alters the steady-state distribution of H3K79me2 and me3
states in the absence of DNA damage, and further prevents
the UV-induced reduction of H3K79me2.

Since the H4 K-R mutation causes changes in H3K79me2
and me3 levels, both of which are important for UV-induced
SCE (Figure 6 and Rossodivita et al. 2014), we predicted that
inhibition of H4ac would have a negative impact on SCE as
well. As anticipated, UV-induced gene conversion frequency
was reduced in the H4 mutant strain, comparable to that
observed in the dot1 strain (Figure 10E). Modest differences
in gene conversion frequencies were observed between the
double mutant strain and the two single mutant strains at
50 and 75 J/m2, but not at 100 J/m2. Furthermore, the dif-
ference between the double mutant and the dot1 strain is
technically not statistically significant (P = 0.45 at 50 J/m2,
0.14 at 75 J/m2). These results indicate a genetic relationship
between these twomodifications that lands somewhere between
epistatic and additivewith respect to gene conversion, suggesting
that H4ac and H3K79me exert some effects through a common
gene conversion pathway, while also possessing additional inde-
pendent functions in SCE. With respect to popout events, the H4
mutant strain also displayed a reduced frequency at 100 J/m2

relative to the wildtype strain (Figure 10F), indicating an addi-
tional role in SCE beyond that in gene conversion. There was no
statistically significant difference between the H4 mutant strain

Figure 7 The histone H3 L70S mutation does not affect sensitivity to EcoRI or hydroxyurea, but genetically acts through an error-free TLS pathway. (A)
Strains were transformed with a plasmid possessing the gene encoding the EcoRI endonuclease, as described in Materials and Methods. Expression is
regulated by the presence of glucose (repressed) or galactose (induced) in the growth medium. Cultures were serially diluted 10-fold, and spot plated on
selectable medium containing either glucose or galactose. (B) Cultures were serially diluted 10-fold and spot plated on YEPD plates lacking (2HU) or
containing (+HU) hydroxyurea at 150 mM. For experiments shown in (A) and (B), plates were photographed after �4–6 days of growth. Images shown
are representative of the replicate trials executed. Labels on the left apply to both experiments. Strains used: JTY34 (WT), JTY34D (dot1), JTY309 (H3
L70S), and JTY34r52 (rad52). (C, D) UV survival assays were done as previously described (Bostelman et al. 2007). Values represent the mean of at least
three assays; error bars represent 1 SE (not visible in many cases, due to the small size of the error). Strains used: JTY34 (WT), JTY309 (H3 L70S), JTY34v1
(rev1), JTY309v1 (H3 L70S rev1), JTY34r30 (rad30), and JTY309r30 (H3 L70S rad30).
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and either the dot1 or double mutant strains, suggesting that
H4ac and H3K79me act through a common pathway with
regards to popout events. However, popout events in the dot1
and double mutant strains were not statistically different from
the wildtype strain at this dosage; thus, we cannot fully eluci-
date the genetic relationship between H4ac and H3K79me in
the context of SCE popout events.

Discussion

The results presented here identify a novel histone modifica-
tion change in response to DNA damage, joining a select
number of other damage-induced modifications (Cao et al.
2016). The change in H3K79me is distinct, however, in that it
entails the reduction of a specific modification, in contrast to

increases observed in most other damage-induced modifica-
tions. Furthermore, the observed change is state-specific, in
which dimethylation is uniquely reduced in response to UV,
without any substantial changes to trimethylation levels. This
provides further evidence for H3K79me state-specific roles in
the context of DNA repair (Evans et al. 2008; Rossodivita et al.
2014). It is possible that UV-induced changes to H3K79me
might also apply to the monomethylated state; however, the
lack of a consistently reliable antibody against thismodification
state prevented us from addressing this point. However, it is
worth noting that our prior investigations have suggested that
H3K79me1 does not play a functional role in UV repair (Evans
et al. 2008; Rossodivita et al. 2014).

Intermsoffunctionality, theevidenceisconsistentwithamodel
in which H3K79me2 levels regulate UV-induced SCE. Preclusion
of the UV-induced decrease in H3K79me2 via the H3 L70S
mutation caused a reduction in UV-induced gene conversion,
suggesting that H3K79me2 has a negative effect on sister chro-
matid exchange. However, since these conclusions are based on
thephenotypiceffectsof theL70Smutation, somecautionmustbe
exercised with regards to these conclusions. While the collective
results support the role of H3K79me2 as a negative regulator of
SCE, it isnonethelessplausible that theeffectof theL70Smutation
on SCE is a product of the altered stoichiometry of the H3K79me
states, rather than due to elevated dimethylation levels. We also
cannot definitively rule out the possibility that the L70Smutation
itselfexertseffectsonUV-inducedSCEindependentofits influence
on H3K79me2 levels (albeit through a pathway that includes
dot1). Assuming that elevated H3K79me2 is responsible for the
reduction in UV-induced SCE in the L70S mutant strain, it is
important tonote that impairedSCE in this strain is only observed
at dosages of �100 J/m2 and higher, while UV-induced reduc-
tion of H3K79me2 is observed at all dosages tested. It is plausible
that the effect of H3K79me2 on SCE is only triggered by reducing
dimethylation levels below a specific threshold, as observed at
higher UV dosages. Alternatively, some other factor may act in
concertwith the reduction inH3K79me2 to regulate high-dosage
SCE.

These observations raise the question as to how the role of
H3K79me2 in SCE relates to our prior conclusion that the
H3K79me3 state is uniquely involved in this damage response
pathway (Rossodivita et al. 2014). In light of these new results,
we propose that bothmodification states participate in SCE, but
in distinct manners. Our collective data suggest that the trime-
thylated state is required to promote UV-induced gene conver-
sion in general, while the dimethylated state suppresses forms
of gene conversion that are specifically employed in response to

Table 2 G1/S checkpoint delay times

Genotype Time (min)a

WT 34.0 6 3.9
H3 L70S 27.0 6 6.1
dot1 27.0 6 5.5
a Difference in time between UV exposed (100 J/m2) and unexposed controls re-
spectively reaching 20% budding frequency (corresponding to the linear range of
the respective budding curves); values are mean 6 1 SE.

Figure 8 H3K79me2 levels do not affect UV-induced G1/S checkpoint
arrest. Strains were arrested with a-factor, exposed to UV at 100 J/m2,
and the frequency of small budded cells was measured over time, as de-
scribed in Figure 4 and Materials and Methods. Representative experiments
are shown; quantitative compilation of data are displayed in Table 2. Strains
utilized: (A) JTY34 (WT), (B) JTY309 (L70S), and (C) JTY34D (dot1).
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high levels of damage. It has been demonstrated that different
forms of DNA damage are inflicted depending on the dosage
of UV exposure (Yin and Petes 2013). Thus, reduction of
H3K79me2 may enable cells to engage alternative damage tol-
erance or repair mechanisms to respond to distinct forms of
damage created at high UV levels. The nature of such alterna-
tive processes remains to be determined, but our results indicate
that it does not likely involve double-strand break repair.

In addition to the role of H3K79me2 in UV-induced SCE,
our results point to anadditional function inTLS in the context
of UV repair. It has been previously shown that H3K79me
negatively regulates TLS in response to methyl methanesul-
fonate, acting through an error-prone pathway (Conde and
San-Segundo 2008). In contrast, we find that the H3 L70S
mutation causes a modest reduction in UV survival through an
error-free pathway involving Rad30. This is an unexpected
observation, since mutations that act through error-free path-
ways are predicted to increase mutation frequencies; how-
ever, we have previously found that the L70S mutation does
not affect UV-induced mutation frequencies (Evans et al.
2008). Given that H3K79me2 levels appear to exert effects
on multiple DNA repair processes, it is possible that the L70S
mutation influences error-free and error-prone pathways
resulting in no net change in mutation frequencies. It is also
important to note that the epistatic relationship between
rad30 and H3 L70S may reflect the impact of the histone
mutation itself on UV survival that is independent of its effect
on H3K79me2 levels. Thus, further investigations into the
influence of H3K79me2 on TLS will be needed to resolve
these questions.

The H3K79me2-specific change in response to UV implies a
targeting of particular genomic loci during repair. It has been
previously demonstrated that H3K79me states are nonran-
domly distributed across the yeast genome, with H3K79me2
and H3K79me3 states enriched in mutually exclusive coding
regions (Schulze et al. 2009). H3K79me2-enriched genes tend
to be G1-expressed, when H3K79me2 levels are at their lowest
during the cell cycle. Our observations suggest that such loci
are more highly affected by demethylation in response to high
levels of UV damage, potentially altering expression of these
genes during the damage response. While such an effect sug-
gests that H3K79me2 demethylation regulates cell cycle pro-
gression in the presence of DNA damage, our results indicate
that UV-induced H3K79me2 changes are not important for the
G1/S checkpoint. Alternatively, recombination is induced by
UV to higher levels in G1 compared to other cell cycle stages
(Yin and Petes 2013); thus, given our proposed role for
H3K79me2 in regulatingUV-induced gene conversion,wemight
anticipate that certain H3K79me2-enriched genes influence re-
combination repair. Intriguingly, a variety of recombination-
related genes have been shown to act as negative regulators
of H3K79me (Vlaming et al. 2016), suggesting a potential
feedback loop between recombination repair and H3K79me
levels. Identification of the underlying targets of UV-induced
reduction of H3K79me2 should prove insightful for under-
standing the role of this modification in UV repair.

Wehavealsopresentedevidenceimplicatinganovelcrosstalk
interaction between H3K79me2 and H4 N-terminal tail acety-
lation.Mutationof theacetylation sites prevents the reduction in
H3K79me2, supporting a causal relationship between these two
modification changes. It is possible that the effects caused by the
H4K-Rmutationsaredue to influencesof the specificaminoacid
substitutions beyond the inhibition of H4ac. However, such
charge-conserved substitutions in histones generally serve as a
reliable proxy for mimicking the unacetylated state (Dion et al.
2005); thus, we argue that the crosstalk relationship suggested
by these findings likely pertains to acetylation at these sites.

Our observations point to two distinct dimensions of this
crosstalk interaction. First, we find that, in the absence of DNA
damage, H4ac promotes the conversion of H3K79me2 to
H3K79me3. This is supported by our observation that inhibition
of H4ac results in a concurrent increase in H3K79me2 and a
decrease in H3K79me3, consistent with prior observations (Jung
et al.2015; Simoneau et al.2015). These acetylatable lysinesmay
be part of a neighboring domain of basic residues in H4 that also
influence H3K79me (Altaf et al. 2007; Fingerman et al. 2007).
However, mutations in this basic domain have different effects on
H3K79me compared to our observations, suggesting that the H4
tail exertsmultiple influences onH3K79me. Second, we find that
H4ac is required for the UV-induced decrease of H3K79me2, as
demonstrated by the persistent levels ofH3K79me2 followingUV
exposure when H4ac is impaired. Our results do not enable us to
determine if UV-induced H4 hyperacetylation is specifically re-
quired for reducing H3K79me2, although the sequential nature
of these UV-induced changes leads us to speculate that the in-
crease in H4ac is important for this effect.

Figure 9 Epistasis analysis between H4ac and H3K79me. UV survival
assays were done as previously described (Bostelman et al. 2007). Values
represent the mean of at least three assays; error bars represent 1 SE (not
visible in many cases, due to the small size of the error). Strains used:
MEY34M (WT), ABY34MD (dot1), MEYK5812R (H4 K5812R), ABYK5812RD
(H4 K5812R dot1), MEYK5816R (H4 K5816R), ABYK5816RD (H4 K5816R
dot1), MEYK51216R (H4 K51216R), ABYK51216RD (H4 K51216R dot1),
MEYK81216R (H4 K81216R), and ABYK81216RD (H4 K81216R dot1).
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Inclosing,ourfindingssupportamodel inwhichUV-induced
H4ac triggers a reduction in H3K79me2, in turn activating
specific SCE pathways, as a means of increasing damage toler-
ance. The underlying mechanism for reduction of the
H3K79me2 state remains to be elucidated, but the lack of a
demethylase for this site (Sweet et al. 2010; Zee et al. 2010)
suggests that the decrease is more likely explained by histone
turnover and/or degradation (Vlaming et al. 2016; Hauer et al.
2017), albeit via an undefined CAF-1-independent pathway.

The proposed crosstalk pathway is potentially part of a larger
network of damage-related histone modification interactions.
We have observed an epistatic relationship with respect to UV
survival between mutations that inhibit histone H4ac and H2B
K123 ubiquitylation (A.L.B and J.S.T, unpublished observa-
tions), a modification that is required for H3K79me3 (Ng
et al. 2002b; Sun and Allis 2002; Shahbazian et al. 2005;
Frederiks et al. 2008), and is important for the response to
UV and regulating TLS (Rossodivita et al. 2014; Hung et al.

Figure 10 H4ac is required for UV-induced reduction of H3K79me2 and UV-induced SCE. Yeast were synchronized in stationary phase, exposed to
200 J/m2 UV, and analyzed at varying times after exposure by western blot. Data displayed as described in Figure 2. Error bars represent 1 SE. (A, B) H4
acetylation levels at sites 5, 8, 12, and 16 were analyzed in strain JTY34. Postexposure incubation times are indicated. P , 0.02 for significant
differences denoted. (C, D) H3K79me2 and H3K79me3 levels were analyzed in wildtype (MEY34M) and H4K5,8,16R (MEYK5816R) yeast strains,
following a 3-hr post-exposure incubation. P , 0.01 for significant differences denoted, except H3K79me2 WT 2UV 0 hr vs. K5,8,16R 2UV 3 hr
(P = 0.04), and H3K79me3 WT 2UV 3 hr vs. K5,8,16R 2UV 0 hr (P = 0.03). (E, F) Sister chromatid exchange assays were done as described in
Materials and Methods, and reported as in Figure 6. (E) Gene conversion events. (F) Popout events. P , 0.01 for significant differences denoted, except
gene conversion H4K5816R vs. H4K5816R/dot1 and popout WT vs. H4K5816R (P = 0.03 for both). Strains used: JTYTFATA (WT), JTYK5816RATA
(H4K5816R), JTYTFDATA (dot1), and JTYK5816RDATA (H4K5816R/dot1).
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2017). Additionally, a functional relationship has been demon-
strated between H4ac, H3K79me, and H3K56 acetylation with
respect to exposure to several genotoxic drugs (Simoneau et al.
2015). Thus, further investigations arewarranted to character-
ize the nature of these interactions, and the manner by which
they regulate DNA repair.
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