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Fig. 4 Effect of HMO1 or Hhol1p on binding of the other protein. a Chromatin immunoprecipitation (ChIP) with DDY3 and hholA using antibody to
FLAG-tagged HMO1, monitoring binding at MAT, 18S rDNA, and KRES. IC, input control; No, no antibody; IP, immunoprecipitation with anti-FLAG. b
gRT-PCR analysis of ChIP data corresponding to (a). € ChIP with DDY3 and hmo1A using antibody to Hho1p, monitoring binding at MAT, 18S rDNA,
and KRE5. d gRT-PCR analysis of ChiP data corresponding to (c). Data were normalized to corresponding input control at each time point. Fold
enrichment ChlP/Input DNA. Three independent experiments were performed. Error bars represent standard deviation. Asterisks represent statisti-
cal significance from DDY3 at the same locus based on Student’s t test (P < 0.05)

Fig. 5 Equivalent binding of HMO1 to MAT in different growth phases. a, b Quantification by gRT-PCR of ChIP using antibody to FLAG-tagged
HMO?1 in DDY3, monitoring binding at the MAT locus. Data were normalized to corresponding input control. Error bars represent standard deviation
of three experiments. a Cells recovering from quiescence (Rec) compared to stationary phase (Stat). b Cells in exponential phase (Exp) compared to
stationary phase (Stat). Fold enrichment  ChIP/Input DNA. Three independent experiments were performed. Error bars represent standard devia-
tion. € Growth of cells after inoculation of fresh media with stationary phase cells to ODg, ~0.05; cells were harvested for ChiP after 1 h (Rec) or 4 h
(Exp)

more efficiently reduced in the presence of HMO1 and  Presence of either HMO1 or histone H1 creates a chromatin
HMO1-AB (Fig. 7b). At KRES, binding of H1 was equiv-  environment in which repair of DNA double-strand breaks
alent in wild-type, hmolA, and hmol-AB cells (Fig. 7b).  occurs with equivalent e ciency

Western blot using human H1.2 antibody verified equal ~The DNA damage response takes place within the con-
cellular content of H1 in all strains (Fig. 7c, d). text of chromatin. HMOL1 is evicted along with core
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Fig. 6 Effect of linker histone H1 on MNase sensitivity of chromatin isolated from synchronized cells and on growth rate. a—¢ MNase digestion of
chromatin isolated from synchronized DDY3, hmo14, and hmoiAexpressing human linker histone H1.2. Cells were synchronized in G1 phase for a
total of 3 h by the addition of alpha factor. Nuclei were digested with 0.25 U/ul MNase for the time indicated. Nucleosomal DNA was purified and
resolved by agarose gel electrophoresis and stained with ethidium bromide. d—f Growth curve for wild-type DDY3, hmolAexpressing H1, and DDY3
expressing H1. Cells were grown in synthetic-defined media, and cells were collected at regular intervals to measure OD at 600 nm

histones for repair of DNA double-strand breaks (DSBs)
at the MAT locus, suggesting that it forms an integral
part of the chromatin structure [47]. Deletion of HMO1
also appeared to generate a more accessible chromatin
structure, as evidenced by faster chromatin remodeling
and more efficient DNA repair in hmolA cells. Nota-
bly, HMO1-AB phenocopied the hmol deletion, leading
to the interpretation that the lysine-rich C-terminus is
required to generate the chromatin state characteristic of
wild-type cells [47].

HO endonuclease introduces a single DSB in the MAT
locus; this DSB is repaired by a homologous recombi-
nation (HR) event that requires one of the homologous
silent mating-type HM cassettes as a donor. DSBs were
induced in cells harboring HO under control of a galac-
tose-inducible promoter and survival assessed after plat-
ing cells with glucose to allow repair [47]. While AmolA
cells more efficiently recovered from DSB induction
compared to wild-type cells, this increased recovery in
hmolA was reversed by expression of histone H1, as evi-
denced by equivalent recovery in DDY3 cells and hmolA
expressing H1 (Fig. 8a). In contrast, expression of H1 in
hmol-AB cells did not reverse the increased survival of
hmol-AB cells (Fig. 8a). The survival of wild-type cells
expressing H1 was lower than wild-type cells, perhaps

because of overloading cells with chromatin compact-
ing proteins (Fig. 8a), an inference supported by the
very slow growth observed for H1-expressing wild-type
cells (Fig. 6f). No differences in plating efficiency were
observed for cells not experiencing DSB (Fig. 8b). These
observations suggest that the presence of either HMO1
or H1 creates a chromatin state in which DSB repair
occurs with equivalent efficiency.

One of the earliest chromatin modification events in
response to DSB is phosphorylation of histone H2A on
serine 129, creating what is often referred to as y-H2AX.
This modification provides a docking site for factors such
as chromatin remodeling complexes and DNA dam-
age response proteins [48, 49]. Previously, we reported
that H2A phosphorylation and dephosphorylation at
the DSB site occur faster in hmolA and hmol-AB cells
compared to the isogenic wild-type parent strain, sug-
gesting that deletion of HMOL or its C-terminal exten-
sion results in generation of a more dynamic chromatin
environment [47]. ChIP using antibody against y-H2AX
that is specific to the phosphorylated histone variant
confirmed an increase in y-H2AX in hmolA cells 20 min
after DSB induction, whereas expression of histone H1
resulted in a level of H2A phosphorylation similar to
that observed in wild-type cells. Following DNA repair,



