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Rtt109p, a histone acetyltransferase, associates with active
genes and acetylates lysine 56 on histone H3 in Saccharomyces
cerevisiae. However, the functional role of Rtt109p or H3 Lys56

acetylation in chromatin assembly/disassembly (andhence gene
expression) immediately switching transcription on or off has
not been clearly elucidated in vivo. Here, we show that Rtt109p
promotes the eviction of histone H3 from a fast inducible yeast
gene, GAL1, following transcriptional initiation via histone H3
Lys56 acetylation. Conversely, the deposition of histone H3 to
GAL1 is significantly decreased in the presence of Rtt109p fol-
lowing transcriptional termination. Intriguingly, we also find
that the deposition of histone H2B on preexisting non-acety-
lated histone H3 Lys56 at GAL1 in �rtt109 is significantly
increased independently of histone H3 deposition immediately
following transcriptional termination subsequent to a short
induction. Consistently, histone H2B is not efficiently evicted
from GAL1 in the absence of Rtt109p immediately following
transcriptional induction. Furthermore, we show that the stim-
ulated eviction or reduced deposition of histones by Rtt109p
promotes the association of RNA polymerase II with GAL1 and
hence the synthesis of GAL1 mRNA. These results, taken
together, support the fact that Rtt109p regulates the deposition/
eviction of histone H2B in addition to its role in stimulating
histone H3 eviction, thus providing insight into chromatin
assembly/disassembly and hence gene expression in vivo.

The post-translational covalent modifications of histones
play important roles in DNA transacting processes, such as
transcription, replication, and DNA repair (1–7). Most of the
covalentmodifications occur at the N-terminal tails of histones
with the exception of ubiquitylation that occurs at the C-termi-
nal tails of histones H2A and H2B. However, covalent modifi-
cations also occur in the globular core domain. One such mod-
ification is acetylation of lysine 56 on histone H3 (8, 9). This

modification has been speculated to play an important role in
the regulation of histone H3-DNA interaction within the
nucleosome because it is present at the entry and exit sites of
nucleosomal DNA (8, 10, 11). Histone H3 Lys56 acetylation
functions in promoting cell survival following exposure to
genotoxic agents (9). Further, this covalent modification has
been implicated in error-free replication (12, 13), gene activa-
tion (8, 11), RNA polymerase II transcript elongation through
heterochromatin (14), and the pathogenesis of Candida albi-
cans (15). Thus, histone H3 Lys56 acetylation is an important
covalent modification that regulates transcription, replication,
DNA repair, and pathogenesis (8, 9, 11–19).
To identify the factor(s) or enzyme(s) responsible for histone

H3 Lys56 acetylation, Schneider et al. (16) performed the GPS
(global proteomic analysis in Saccharomyces cerevisiae) screen,
which revealed that Rtt109p is required for acetylation of Lys56
on histoneH3. Consequently, several other studies (17–19) also
demonstrated the role of Rtt109p in histone H3 Lys56 acetyla-
tion. Rtt109p is a fungal histone acetyltransferase (16–20) and
shares structural homology with metazoan p300/CREB4-bind-
ing protein (21–23). In fact, Das et al. (24) have recently dem-
onstrated the role of humanp300/CREB-binding protein in his-
tone H3 Lys56 acetylation. Rtt109p requires either of two
chaperones, namely Asf1p and Vps75p, for stimulation of its
enzymatic activity (18, 19, 25–27). Han et al. (26) have shown
that Rtt109p acetylates core but not nucleosomal histone H3 in
vitro. However, acetylated Lys56 on histone H3 has also been
observed at the active genes in vivo (8, 16). The presence of such
histoneH3 Lys56 acetylation at the active genes has been attrib-
uted to incorporation of Lys56-acetylated histone H3 into
nucleosomes (9, 19, 27–29). However, it remains to be
addressed whether Rtt109p can also acetylate nucleosomal his-
tone H3 in vivo.
Although Rtt109p associates with transcriptionally active

genes and is involved in histone H3 Lys56 acetylation (16), its
function in chromatin assembly/disassembly and transcription
was not known. Recently, Williams et al. (11) have demon-
strated that histone H3 Lys56 acetylation is essential for histone
H3 eviction from the promoter of a slowly induced PHO5 gene
during transcriptional activation. However, what happens at
the early time periods of transcriptional induction remains
unknown. Further, the role of histone H3 Lys56 acetylation or
Rtt109p in the nucleosomal assembly/disassembly of histone
H2B (or histone H2A-H2B dimer) is not clearly understood.
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In view of this, we have analyzed the eviction/deposition of
histones H3 andH2B at a fast inducible gene,GAL1, in S. cer-
evisiae immediately following transcriptional induction/re-
pression in the RTT109 deletion mutant and its isogenic wild
type equivalent. Our data reveal significant functional
insight of Rtt109p or histone H3 Lys56 acetylation in chro-
matin assembly/disassembly during transcription in vivo, as
presented below.

EXPERIMENTAL PROCEDURES

Plasmids—The plasmid pRS406 was used in the PCR-based
gene disruption of the RTT109 gene in the strain bearing
FLAG-tagged histone H2B.
Strains—The yeast (S. cerevisiae) strain bearing FLAG-

tagged histone H2B (YTT31) was obtained from the Osley lab-
oratory (30). TheRTT109 genewas deleted in the YTT31 strain
using a PCR-based gene disruption method to generate SBY1
(�rtt109, URA1).
Growth Media—For the transcriptional induction of GAL1,

yeast strains were initially grown in YPR (yeast extract, peptone
plus raffinose) up to an A600 of 0.9 and then switched to YPG
(yeast extract, peptone plus galactose) for different induction
time periods prior to formaldehyde-based in vivo cross-linking.
For transcriptional repression ofGAL1, the yeast cells were first
grown in YPR up to anA600 of 0.9 and then switched to YPG for
90 min prior to transfer to YPD (yeast extract, peptone plus
dextrose). Alternatively, the transcriptional repression ofGAL1
was also performedby growing the cells initially inYPGup to an
A600 of 0.9 prior to transfer to YPD.
Chromatin Immunoprecipitation (ChIP) Assay—The ChIP

assay was performed as described previously (31–34). Briefly,
yeast cells were treated with 1% formaldehyde, collected, and
resuspended in lysis buffer. Following sonication, cell lysate (400
�l of lysate from 50 ml of yeast culture) was precleared by centri-
fugation, and then 100�l of lysate was used for each immunopre-
cipitation. Immunoprecipitated protein-DNA complexes were
treatedwith proteinaseK, the cross-linkswere reversed, andDNA
waspurified. Immunoprecipitated (IP)DNAwasdissolved in20�l
of TE 8.0 (10 mM Tris-HCl, pH 8.0, and 1 mM EDTA) and was
analyzedbyPCRusing [�-32P]dATP.PCRproductsweredetected
by autoradiography after separation on a 6% polyacrylamide gel.
As a control, “input”DNAwasused in thePCRanalysis. The input
DNA was isolated from 5 �l of lysate without going through the
immunoprecipitation step and dissolved in 100�l of TE 8.0. Serial
dilutionsof input and IPDNAswereused toassess the linear range
of PCR amplification as described previously (31). All of the PCR
data presented in this article are within the linear range of the
PCR analysis. For the ChIP analysis of histone H3, we modified
the above ChIP protocol as described previously (33, 35). The
primer pairs used for PCR analysis are as follows: GAL1 (core),
5�-ATAGGATGATAATGCGATTAGTTTTTTAGCCTT-3�
and 5�-GAAAATGTTGAAAGTATTAGTTAAAGTGGTTA-
TGCA-3�; GAL1 (ORF), 5�-CAGTGGATTGTCTTCTTCGG-
CCGC-3� and 5�-GGCAGCCTGATCCATACCGCCATT-3�;
ADH1 (ORF), 5�-CGGTAACAGAGCTGACACCAGAGA-3�
and 5�-ACGTATCTACCAACGATTTGACCC-3�. Autora-
diograms were scanned and quantitated by the National Insti-

tutes of Health Image 1.62 program. IP DNAs were quantitated
as the ratio of IP to input.
For eviction analysis of histones H2B and H3 from GAL1 in

YPG following growth in YPR, the ChIP signal of histone H2B
(or histoneH3) at 0min of induction was set to 100 for both the
wild type and RTT109 deletion mutant strains. The ChIP sig-
nals for histone H2B (or histone H3) at GAL1 in the RTT109
wild type and deletion mutant strains at 0 min of induction are
not significantly different (supplemental Fig. S1, A and B). The
ChIP signals at later induction time periods were normalized
with respect to 100. Similar normalization was also performed
for deposition of histonesH2B andH3 inYPD following growth
in YPG as discussed under “Results and Discussion.”
RT-PCR Assay—The RT-PCR assay was performed as

described previously (36). Briefly, total mRNA was prepared
from 10ml of yeast culture grown to an A600 of 1.0. Ten micro-
grams of total mRNA was used in the reverse transcription
assay. mRNA was treated with RNase-free DNase (M610A,
Promega) and then reverse-transcribed to cDNA using oli-
go(dT) as described in the protocol supplied by Promega
(A3800, Promega). PCR was performed using synthesized first
strand as template and the primer pairs targeted to the GAL1
and ADH1 coding sequences: GAL1, 5�-CAGAGGGCTA-
AGCATGTGTATTCT-3� and 5�-GTCAATCTCTGGACAA-
GAACATTC-3�; ADH1, 5�-CGGTAACAGAGCTGACACC-
AGAGA-3� and 5�-ACGTATCTACCAACGATTTGACCC-
3�. RT-PCR products were separated by 2.2% agarose gel
electrophoresis and visualized by ethidium bromide staining.

RESULTS AND DISCUSSION

Wehave demonstrated recently that Rtt109p associates with
active genes, includingGAL1 (16), and is involved in acetylation
of Lys56 on histone H3 (16) (supplemental Fig. S2). Because
histoneH3 Lys56 is located at/near the DNA entry and exit sites
within the nucleosome (8, 10, 11), acetylation of Lys56 on his-
tone H3 is expected to regulate the interaction of histone H3
with DNA (and hence chromatin assembly/disassembly). In
view of this, we analyzed the eviction of histone H3 at the core
promoter and ORF of the GAL1 gene (Fig. 1A) following tran-
scriptional induction (upon switching the growthmedium con-
taining raffinose to galactose). We found that histone H3 was
evicted from GAL1 in the wild type cells following transcrip-
tional induction in galactose-containing growth medium (Fig.
1, B and C, and supplemental Fig. S3A), consistent with previ-
ous studies (37–46). However, such an eviction of histone H3
was dramatically decreased in the absence of Rtt109p (Fig. 1, B
and C). Further, histone H3 Lys56 acetylation is observed at
GAL1 in the wild type strain (16). Such acetylation is absent in
the RTT109 deletion mutant strain (16) (supplemental Fig. S2),
whereas a significantly high level of non-acetylated histone H3
Lys56 was present at GAL1 in the absence of Rtt109p (Fig. 1, B
and C). These results support the fact that Rtt109p promotes
the eviction of histone H3 through the destabilization of the
interaction between DNA and histone H3 via histone H3 Lys56
acetylation. Because histones H3 and H4 form a tetramer, the
eviction of histone H4 would thus be presumably facilitated by
histoneH3 Lys56 acetylation. Consistent with our observations,
Williams et al. (11) have also demonstrated recently that his-
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tone H3 Lys56 acetylation promotes the eviction of histone H3
from the PHO5 promoter at �5 h following transcriptional
induction. Although the transcriptional induction ofPHO5was
much slower than GAL1, both studies support the role of his-
tone H3 Lys56 acetylation in promoting the eviction of histone
H3. Further, Schwabish and Struhl (46) have previously dem-
onstrated that the eviction of histone H3 from GAL1 is signifi-
cantly decreased in the absence of a histone H3 chaperone
Asf1p that stimulates the enzymatic activity of Rtt109p for his-
tone H3 Lys56 acetylation. These studies, together, implicate a
role of Rtt109p or histone H3 Lys56 acetylation in promoting
the eviction of histone H3 (and hence histone H3-H4 tetramer)
during transcription.
Next, we analyzed the effect of histone H3 Lys56 acetylation

on the eviction of histone H2A-H2B dimer from GAL1 follow-

ing transcriptional induction in galactose-containing growth
medium. With this view, we determined the occupancy of his-
tone H2B (as a representative component of histone H2A-H2B
dimer) at the core promoter and coding sequence ofGAL1 fol-
lowing transcriptional induction in the presence and absence of
Rtt109p. We found that, like histone H3, histone H2B was
evicted from GAL1 following transcriptional induction in the
wild type cells (Fig. 2, A and B, and supplemental Fig. S3A),
consistent with previous studies (37–46). Intriguingly, we
found that histoneH2Bwas evicted in the absence of Rtt109p at
60min following transcriptional induction (Fig. 2,A and B, and
supplemental Fig. S3B), even when histone H3 was not evicted
(Fig. 1, B and C). These observations clearly demonstrate that
histone H2B is evicted independently of histone H3. Thus, our
data support the fact that the eviction of histone H3-H4 tet-
ramer and histoneH2A-H2Bdimer occurs separately in vivo, as
opposed to the eviction of thewhole histone octamer.However,
like histone H3, histone H2B was not efficiently evicted from
GAL1 in the absence of Rtt109p at 3 min following transcrip-
tional induction (Fig. 3,A andB), whereas significant eviction of
histone H2B (as well as histone H3) occurred in the wild type
cells (Fig. 3, A and B). Similarly, the eviction of histone H2B

FIGURE 1. Histone H3 is not evicted from the core promoter and coding
sequence of GAL1 following transcriptional induction in galactose-con-
taining growth medium in the RTT109 deletion mutant strain. A, the PCR
primer pairs located at the core promoter and coding sequence of GAL1 are
schematically shown. Core, core promoter. B, Rtt109p is required for histone
H3 eviction from the GAL1 core promoter. Both the wild type and RTT109
deletion mutant strains were grown in YPR up to an A600 of 0.9 and then
switched to YPG for transcriptional induction prior to formaldehyde-based in
vivo cross-linking. Immunoprecipitations were performed using an anti-H3
antibody (Ab-1791, Abcam) against histone H3. Immunoprecipitated DNA
was analyzed by PCR, using the primer pair targeted to the core promoter of
GAL1. C, Rtt109p is required for histone H3 eviction from the GAL1 coding
sequence. Immunoprecipitated DNA was analyzed by PCR, using the primer
pair targeted to the coding sequence of GAL1.

FIGURE 2. Analysis of histone H2B eviction from the core promoter (A)
and coding sequence (B) of GAL1 following transcriptional induction in
galactose-containing growth medium in the RTT109 deletion mutant
and its isogenic wild type equivalent. Both the wild type and mutant strains
carrying FLAG-tagged histone H2B were grown and cross-linked as in Fig. 1B.
Immunoprecipitations were performed using an anti-FLAG antibody (F1804,
Sigma) against the FLAG epitope attached to histone H2B.
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from GAL1 was also decreased at 15 min following transcrip-
tional induction in �rtt109 (Fig. 2). However, at later time
points of transcriptional induction, histone H2B was evicted
normally in �rtt109 as compared with the wild type strain (Fig.
2, A and B). Such an eviction of histone H2B in �rtt109 at later
induction time points could be facilitated by the association of
the FACT complex (which plays important roles in histone
H2A-H2B dimer eviction/deposition) with GAL1 as demon-
strated previously (47–54). The decreased eviction of histone
H2B in the absence of Rtt109p immediately following tran-
scriptional induction supports the fact that an impaired histone
H3 eviction delays the eviction of histone H2B in vivo. Taken
together, our data demonstrate that the eviction of histones
H2B and H3 is significantly decreased immediately following
transcriptional induction, and histoneH2B, but not histoneH3,
is evicted normally as comparedwith thewild type equivalent at
later time points of transcriptional induction in the absence of
Rtt109p or histone H3 Lys56 acetylation.

The nucleosomes present within the coding sequence of the
gene would inhibit the passage of RNA polymerase II during
transcriptional elongation. Thus, the association of RNA

polymerase II with the active GAL1 would be decreased in the
absence of Rtt109p as eviction of histone H3 is significantly
diminished. To test this possibility, we analyzed the level of
RNA polymerase II at the GAL1 coding sequence in the pres-
ence and absence of Rtt109p at 60min following transcriptional
induction.We found that the association of RNA polymerase II
with the active GAL1 coding sequence was significantly de-
creased in the absence of Rtt109p (Fig. 4A). Thus, the reduced

FIGURE 3. The eviction analysis of histones H2B (A) and H3 (B) from the
GAL1 core promoter immediately following transcriptional induction in
the wild type and �rtt109 strains. Both the wild type and mutant strains
were grown as in Fig. 1B.

FIGURE 4. Rtt109p stimulates GAL1 transcription. A, Rtt109p promotes the
association of RNA polymerase II with the GAL1 core promoter and coding
sequence. Both the wild type and RTT109 deletion mutant strains were grown
as in Fig. 1B. Immunoprecipitations were performed using 8WG16 antibody
(Covance, Inc.) against the C-terminal domain of the Rpb1p subunit of RNA
polymerase II. B, RT-PCR analysis. Both the wild type and mutant strains were
grown as in A. Total RNA was prepared and analyzed for transcription. Oli-
go(dT) primer was used for cDNA synthesis. Raf, raffinose.
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eviction of histone H3 in the absence of Rtt109p lowers the
association of RNA polymerase II with the GAL1 coding
sequence following transcriptional induction. Similarly, the
recruitment of RNA polymerase II to the GAL1 core promoter
was significantly decreased in the absence of Rtt109p (Fig. 4A)
because histone H3 was not efficiently evicted from the GAL1
core promoter in �rtt109 (Fig. 1B). Because the association of
RNA polymerase II with active GAL1 is decreased in the
absence of Rtt109p, the synthesis of mRNA would thus be sig-
nificantly impaired. In view of this, we analyzed the level of
GAL1 mRNA in the wild type and RTT109 deletion mutant
strains using an RT-PCR assay. Our RT-PCR analysis revealed
that the synthesis of GAL1 mRNA was significantly decreased
in the RTT109 deletion mutant strain (Fig. 4B), consistent with
the decrease in the association of RNA polymerase II with
active GAL1 in response to reduced histone H3 eviction in the
absence of Rtt109p. As an internal control, we have used a con-
stitutively active gene, ADH1, because the association of RNA
polymerase II with ADH1 was not altered in the absence of
Rtt109p (supplemental Fig. S4). This is consistent with the fact
that the steady-state level of RNA polymerase II at GAL1 after
long induction in galactose-containing growthmediumwas not
changed in �rtt109 (supplemental Fig. S4).
Because Rtt109p stimulates the eviction of histoneH3during

transcriptional induction of GAL1, it is likely that the deposi-
tion of histone H3 toGAL1would be decreased in the presence
of Rtt109p. To test this hypothesis, we carried out the ChIP
experiments to analyze the role of Rtt109p in deposition of his-
tones H3 and H2B toGAL1 after switching off transcription. In
this direction, we first analyzed the deposition of histones H3
and H2B to the coding sequence of GAL1 following transcrip-
tional termination in dextrose-containing growth medium in
the wild type strain (that was previously grown in raffinose-
containing growth medium up to an A600 of 0.9 and then
switched to galactose-containing growth medium for 90 min
prior to transfer to dextrose-containing growth medium). We
found that both histones H3 and H2B deposited to the GAL1
coding sequence in the wild type strain following transcrip-
tional termination (Fig. 5A), and consistently, the association of
RNA polymerase II was impaired (supplemental Fig. S5A).
Next, we asked how Rtt109p regulates the deposition of his-
tones H3 and H2B to the GAL1 coding sequence following its
transcriptional termination. In view of this, we first analyzed
the level of histone H3 at the coding sequence of GAL1 in the
RTT109 deletion mutant and wild type strains under similar
growth conditions. We found that histone H3 was gradually
deposited to the GAL1 coding sequence in the wild type strain
(Fig. 5B). However, the deposition of histone H3 was not
observed in the RTT109 deletion mutant strain (Fig. 5B). Sim-
ilar results were also obtained at the GAL1 core promoter (Fig.
5C and supplemental Fig. S5B). Such an absence of histone H3
deposition at the core promoter and coding sequence of the
GAL1 gene can be attributed to the impaired eviction of histone
H3 in the absence of Rtt109p following a short transcriptional
induction in galactose-containing growth medium (Fig. 1, B
and C, and supplemental Fig. S6 (left). Although a high level of
histone H3 is found at 0 min in dextrose-containing growth
medium in �rtt109 as compared with wild type cells, it was set

to 100 to compare the relative level of deposition of histone H3
at later time points of transcriptional repression. To overcome
this problem, we induced both the wild type and RTT109 dele-
tionmutant cells for a long time in galactose-containing growth
medium (basically, yeast cells were grown in galactose-contain-
ing growth medium up to an A600 of 0.9) to allow eviction of
histone H3 in the absence of Rtt109p (supplemental Fig. S6,

FIGURE 5. Analysis of histone H3 deposition to GAL1 in the RTT109 wild
type and deletion mutant strains following transcriptional termination.
A, deposition of histones H3 and H2B to the GAL1 coding sequence in the wild
type strain carrying FLAG-tagged histone H2B. The yeast strain was initially
grown in YPR up to an A600 of 0.9 and then switched to YPG for 90 min prior to
transfer to YPD. B, histone H3 is not deposited to the GAL1 coding sequence
following transcriptional termination in �rtt109 under the growth conditions
as mentioned in A. C, histone H3 is not deposited to the GAL1 core promoter
following transcriptional termination in �rtt109 under the growth conditions
mentioned for A.
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right), and subsequently, the cells were transferred to dextrose-
containing growth medium for transcriptional termination of
GAL1. We found that histone H3 was deposited to the GAL1
core promoter in both the wild type and mutant strains fol-
lowing transcriptional termination in dextrose-containing
growth medium (Fig. 6A). Importantly, histone H3 was
deposited more efficiently to the GAL1 core promoter in the
RTT109 deletion mutant strain as compared with the wild
type equivalent (Fig. 6A). Thus, Rtt109p appears to prevent
histone H3 deposition and hence nucleosomal assembly of
the histone H3-H4 tetramer.
Nucleosomal assembly of histone H2A-H2B dimer follows

histone H3-H4 tetramer. Thus, Rtt109p would lower the depo-

sition of histone H2B because histone H3 was deposited more
efficiently toGAL1 in �rtt109 (Fig. 6A). To test this possibility,
we analyzed the deposition of histone H2B at the GAL1 core
promoter in the presence and absence of Rtt109p in dextrose-
containing growth medium following long induction in
galactose-containing growth medium. We found significant
deposition of histone H2B to the GAL1 core promoter in both
the wild type and RTT109 deletion mutant strains following
transcriptional termination (Fig. 6B). However, histone H2B
was deposited more efficiently to the GAL1 core promoter in
the RTT109 deletion mutant strain as compared with the wild
type equivalent (Fig. 6B). Thus, the inhibition of histone H3
deposition in the presence of Rtt109p appears to decrease the
deposition of histone H2B, supporting the fact that the deposi-
tion of histone H3-H4 tetramer promotes the nucleosomal
assembly of histone H2A-H2B dimer in vivo.
Next, we asked whether Rtt109p or histone H3 Lys56 acety-

lation regulates the nucleosomal assembly of histoneH2A-H2B
dimer independently of histone H3 deposition. With this view,
we analyzed the level of histone H2B at the core promoter and
coding sequence of theGAL1 gene following the transfer of the
wild type and RTT109 deletion mutant cells (that were initially
grown in raffinose-containing growth medium up to an A600 of
0.9 and then switched to galactose-containing growthmedium)
to dextrose-containing growth medium. Under these growth
conditions, histone H3 was not deposited toGAL1 in dextrose-
containing growth medium in the absence of Rtt109p (Fig. 5, B
and C) because histone H3 was not efficiently evicted within a
short period of induction in galactose-containing growth me-
dium (Fig. 1, B and C, and supplemental Fig. S6, left). However,
histone H3 was deposited to the core promoter and coding
sequence ofGAL1 in thewild type strain (Fig. 5,B andC). In this
situation, where non-acetylated histone H3 Lys56 was not
evicted from GAL1 (Fig. 1, B and C, and supplemental Fig. S2)
(16) or non-acetylated histone H3 Lys56 was not deposited to
GAL1 (Fig. 5, B andC, and supplemental Fig. S6, left) (16) in the
absence of Rtt109p, we analyzed the deposition of histone H2B
to the core promoter and coding sequence of GAL1 in the
RTT109 deletion mutant and its isogenic wild type equivalent.
We found that histone H2B was deposited to GAL1 in the wild
type and RTT109 deletion mutant strains (Fig. 7, A and B).
Intriguingly, we found that histone H2B was deposited more
efficiently to GAL1 in �rtt109 as compared with the wild type
equivalent (Fig. 7, A and B), even when histone H3 was not
deposited in the absence of Rtt109p following transcriptional
termination (Fig. 5, B andC). Further, under these growth con-
ditions, a significantly high level of non-acetylated histone H3
Lys56 was present at GAL1 in �rtt109 (16) (Fig. 1, B and C, and
supplemental Figs. S2 and S6, left). Thus, preexisting non-
acetylated histone H3 at GAL1 in �rtt109 enhances the depo-
sition of histone H2B (and hence nucleosomal assembly of
histone H2A-H2B dimer) independently of histone H3 depo-
sition. Therefore, Rtt109p or histone H3 Lys56 acetylation
appears to repress the association of histone H2A-H2B
dimer with histone H3-H4 tetramer and hence chromatin
assembly in vivo. Consistently, we also found that histone
H2B was not efficiently evicted from theGAL1 core promoter
in the absence of Rtt109p immediately following transcrip-

FIGURE 6. The deposition of histones H3 and H2B to GAL1 is significantly
increased in the absence of Rtt109p following transcriptional termina-
tion. A, histone H3 is deposited more efficiently to the GAL1 core promoter in
�rtt109. Both the wild type and RTT109 deletion mutant strains were initially
grown in YPG up to an A600 of 0.9 and then transferred to YPD prior to form-
aldehyde-based in vivo cross-linking. B, histone H2B is deposited more effi-
ciently to the GAL1 core promoter in �rtt109.
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tional induction (Figs. 2A and 3A) when non-acetylated his-
tone H3 Lys56 was present at GAL1 in �rtt109 (16) (Figs. 1, B
and C, and 3B, and supplemental Fig. S2). However, at later
induction time points, histone H2B was evicted in the
absence of Rtt109p (Fig. 2A), whereas the eviction of non-
acetylated histone H3 Lys56 was dramatically decreased in
�rtt109 following transcriptional induction (Figs. 1, B and C,
and 3B and supplemental Fig. S6, left). This could be due to
more accumulation of the FACT complex to GAL1 at later
time points of the transcriptional induction for nucleosomal
disassembly/assembly of histone H2A-H2B dimer, as dem-
onstrated previously (47–54).
In summary, our data support the fact that histone H3-H4

tetramer and histone H2A-H2B dimer are assembled/disas-
sembled discretely in vivo, and such a process is intimately reg-
ulated by Rtt109p or histone H3 Lys56 acetylation. We demon-
strate the role of Rtt109p in promoting eviction or repressing

deposition of histone H3 (and hence histone H3-H4 tetramer)
at GAL1 via histone H3 Lys56 acetylation. Further, we find that
nucleosomal assembly/disassembly of the histone H2A-H2B
dimer at GAL1 is regulated by Rtt109p through the acetylation
status of histone H3 at Lys56 in vivo. Such modulation of
nucleosomal assembly/disassembly of histone H3-H4 tetramer
and histone H2A-H2B dimer by Rtt109p orchestrates the asso-
ciation of RNA polymerase II with GAL1 and hence its expres-
sion. These results, together, provide significant functional
insights of Rtt109por histoneH3Lys56 acetylation in regulation
of chromatin assembly/disassembly and hence transcription
and other DNA transacting processes in vivo.
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