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Our group is interested in the regulation of higher order chromatin structure and its role in
various chromosome functions. Currently this group focuses on the dynamic organization of
heterochromatin  that is important constituent of chromosome using fission yeast

Schizosaccharomyces pombe as a model organism.

1) Fission Yeast Chromatin Assembly Factor 1 Assists in the Replication-Coupled
Maintenance of Heterochromatin.: K. DOHKE, S. MIYAZAKI, K. TANAKA', T. URANO?,
S. I. S. GREWAL * AND Y. MURAKAMI ('Kwansei Gakuin Univ., *Shimane Univ., *NIH,
USA)

Chromatin assembly factor-1 (CAF1) is a well-conserved histone chaperone that loads the
histone H3-H4 complex onto newly synthesized DNA in vitro through interaction with the
replication factor PCNA. CAF1 is thought to be involved in heterochromatin maintenance in several
organisms, but functional details have not been established. We identified fission yeast CAF-1
(spCAF1), which interacts with PCNA. Depletion of spCAF1 caused defects in silencing at
centromeric and mating locus heterochromatin, accompanied with a decrease in Swi6, the fission
yeast HP1 homologue. Loss of spCAF1 destabilized both the silent and active states of
heterochromatin at the meta-stable mating locus, with a more pronounced effect on the silent state,
indicating that spCAF1 is involved in the maintenance of heterochromatin. Swi6 dissociated from
heterochromatin during G1/S phase appears to associate with spCAF1. In early S phase, spCAF1
localized to replicating heterochromatin and remained associated with Swi6, and Swi6 then bound
to heterochromatin. Taken together, we propose that spCAF1 functions in heterochromatin
maintenance by recruiting dislocated Swi6 during replication to replicated heterochromatin at the

replication fork.

2) Regulation of Transcriptional Gene Silencing by Phosphorylation of Swi6, a HP1
Homologue: A. SHIMADA, J-I. NAKAYAMA', M. SADAIE' AND Y. MURAKAMI ('Riken
CDB)

In fission yeast, pericentromeric heterochromatin structure plays a multiple roles in
nuclear functions including transcriptional genen silencing and sister chromatid cohesion. In fission
yeast heterochromatin histone H3K9 is highly methylated and Swi6, a homologue of
heterochromatin protein 1 (HP1), binds to the methylated histone. Swi6 then recruits “effector”

complexes such as Clr3, a histone deacetylase for gene silencing and cohesin complex for sister



chromatid cohesion. However, the regulatory mechanism of multi-functions of Swi6 has not been
clear yet. HP1 is a phospho-protein and some of the phosphorylation has been suggested to be
functionally important, but the molecular details are not known. Here, we found that casein kinase 2
(CK2) directly phosphorylates Swi6 in vivo and the phosphorylation is specifically recuired for
heterochromatic gene silencing. In attempts to identify genes involved in heterochromatin formation
using newly developed reverse-genetical strategy, we identified ckbl, which encodes regulatory
subunit of CK2. Deletion of ckbl caused the defect in heterochromatic gene silencing and also
caused de-phosphorylation of Swi6. Fission yeast CK2 phosphorylated Swi6 in vitro and lack of
Ckbl resulted in inefficient phsphorylation. These results suggested Swi6 could be a target of CK2
in vivo. Indeed, substitutions of serine residues of putative CK2 phosphorylation sites with alanine
resulted in decrease of Swi6 phosphrylation. Interestingly both the ckb! disruptant and the swi6
mutants did not affect the heterochromatin structure, namely H3K9 methylation and Swi6
association. These mutants, however, showed a defect in the transcriptional gene silencing mediated
by heterochromatin, while they did not show defect in chromosome segregation that is commonly
observed in centromeric heterochromatin mutants or cohesion mutants. Consistent with these
phenotypes, association of Clr3 with heterochromatin but not that of cohesin significantly decreased
in the CK2 or Swi6 phsphorylation mutants. These results indicated that phosphorylation of Swi6
by CK2 differentially regulated the multi-function of Swi6 and suggests that unexpectedly dynamic

regulatory mechanism of heterochromatin.

3) Centromeric non-coding RNAs Localize to Chromatin through DNA-RNA Hybridization:
M. NAKAMA, H. KATO', T. URANO', Y. MURAKAMI (‘Shimane Univ.)

In the fission yeast Schizosaccharomyces pombe, heterochromatin assembly requires
RNAi (RNA interference) machinery and initiated by small interference RNAs (siRNAs) derived
from heterochromatic regions that is incorporated in the RNA-induced transcriptional silencing
(RITS) complex. The model for RNAi-dependent heterochromatin assembly predicted that ncRNA
transcribed at heterochormatin associated with chromatin and the assocation may be important for
heterochromatin ~ formation. To confirm this prediction, we tried to RNA-IP
(RNA-immunoprecipitation) experiment to detect the interaction of ncRNA and histone H3. We
used the antibody of anti-histone H3 for RNA-IP assay and detected the association of centromeric
ncRNA with histone H3 in both wild-type and the mutants that has disturbed heterochromatin. In
contrast, usual mRNA did not show such chromatin assoication. This result showed centromeric
ncRNA tend to localize at chromatin independent of chromatin state. Furthermore, RNA-IP assay
combined with RNase H treatment showed that centromeric ncRNA on chromatin hybridized with
template DNA. Because DNA-RNA hybridization on chromatin could not be detected in act-1
mRNA, hybridization was specific to centromeric ncRNA. To determine whether DNA-RNA



hybridization is required for heterochromatin conformation, we performed silencing assays with
cells in which RNaseH was depleted or overexpressed. Deletion of the genes for fission yeast
RNaseH did not affect the silencing of markers inserted at centromere, but disturbed the
establishment of heterochromatin when the epigenetic silencing erased by the deacetylase inhibitor
trichostatin A. On the other hand, overexpression of fission yeast RNase H affected the
heterochromatic silencing. So the presence of the certain amount of DNA-RNA hybrid might be
required for optimal heterochromatin formation. Our analysis indicates a link between ncRNA

associated with histone and heterochromatin assembly.

4) Analysis of Swi6 in the RNAi-dependent heterochromatin formation: S. TSUNEMINE and
Y. MURAKAMI

Swi6/HP1 that are bound to different nucleosomes is thought to mediate chromatin
compaction through dimerization with chromo-shadow domain to establish heterochromatin
structure. In addition, Swi6/HP1 functions as a recruiting platform for various “effectors” to control
various heterochromatin activities (see (3) in this report). In centoromeric heterochromatin
formation in fission yeast, the RNAIi interference (RNAi) machinery converts pericentoromeric
non-coding RNAs into small interfering RNAs (siRNA) and the siRNA is required for assembly of
heterochromatin. Swi6 is required for the efficient generation of siRNA in this system, but its
molecular mechanism is totally unknown. To analyze the molecular functions of Swi6, we have
been trying to isolate various Swi6 mutations each of which has a defect in each function of Swib6.
So far, we got several Swi6 mutants. Preliminary result suggests that one of the mutants showed
specific defects in RNAi-dependent heterochromatin formation. We hope analysis of this mutant

will reveal the role of Swi6 (or heterochromatin) in siRNA genereation.

5) Search for new factors indispensable to heterochromatin formation. : K KAWAKAMI and
Y.MURAKAMI

Heterochromatin is an important, higher-order chromatin structure that contributes
various nuclear functions such as epigenetic regulation of gene expression. Recent analysis using
fission yeast suggests that a large number of factors are involved in heterochromatin formation and
its function and many of them are not identified yet. To further get the insights in the
heterochromatin formation and function, we have been screening for mutants that affect
pericentromeric heterochromatin formation. In the screening, we got six mutants whose
pericentromeric heterochromatin was disturbed. Determination of a gene responsible for the defects

in each mutants is in progress.



6) Mediator subunit Pmc6 regulates peri-centirc heterochromatin in fission yeast: E. OYA, H.
KATO*, M.KAWAMUKAI*, Y. MURAKAMI (*Shimane Univ.)

In fission yeast Schizosaccharomyces pombe, peri-centromeric heterochromatin is formed in an
RNAi-dependent manner. In this process, RNA polymerase II seems to couple the transcription
from the target loci and generation of siRNAs (small interfering RNAs) to assemble the higher
order chromatin structure (see (7) in this report).

We hypothesized that there were some RNA polymerase II-interacting factors that function in
the RNAi pathway. Interestingly, we found that deletion of a gene encoding one of “Mediator”
subunits, Pmc6, caused de-repression of the peri-centromeric silencing. Mediator complex is
thought to “mediate” signals between transcription initiation complex and regulatory transcription
factors in response to intra/inter cellular stimuli. In the Apmc6 mutant cells, histone H3 methylation
at Lys9 and localization of Swi6 that characterize heterochromatin, were diminished, whereas
silencing at the mating locus was not affected as in the other RNAi mutants, suggesting that Pmc6
might function in the RNAi pathway. Accordingly, the centromeric non-coding RNAs that should
be processed into siRNAs were accumulated in the mutant cells, suggesting that the Pmc6 is
responsible for the generation of siRNA that is crucial for RNAi-dependent heterochromatin
assembly pathway. We speculate that Pmc6-containing Mediator complex somehow determine the
fate of the centromeric non-coding RNAs to generate siRNA through RNA polymerase II (see (7) in
this report).

7) Role of RNA polymerase II in the RNAi-dependent Heterochromatin Formation: Y.
MURAKAMI, H. KATO', A. SHIMADA, M. NAKAMA, F. BUHLER’, D. MOAZED’ and K.
TANAKA® (‘Shimane Univ., “Harvard Medical School, *Kansei-Gakuin Univ.)

In heterochromatin formation at fission yeast centromere, the RNA interference (RNA1)
machinery converts pericentromeric non-coding RNAs (ncRNA) into small interfering RNAs
(siRNAs) and the siRNA is required for the assembly of heterochromatin. Specially, association of
RNA induced transcriptional silencing (RITS) complex, which contains the siRNA and Argonaute
homologue, to ncRNA appears to be a key step for RNAi-dependent heterochromatin formation,
because artificial tethering of RITS complex to ura4 RNA by a specific RNA binding protein
induces ura4-siRNA formation and heterochromatin formation at ura4 locus (Biihler et al, Cell, 125,
873-886, 2006). Previously we isolated a mutation of the second subunit of RNA polymerase II
(rpb2-m203) that specifically inhibit RNAi-dependent heterochormatin formation but does not
affect general transcription. Detailed analysis of this mutant indicated that RNA polymerase
transcribes the ncRNA at centromeric repeats and couples transcription and subsequent siRNA
formation (Kato et al. Science, 309, 467-469, 2005). Interestingly, We found that rpb2-m203 did not



affect the heterochromatin formation or siRNA formation induced by the artifictial RITS tethering
system. This indicates RNA polymerase II is involved in the siRNA-dependent binding of RITS
complex to the non-coding RNA. Recently, RNA polymerase II in plant cells was shown to interact
with one of the plant Argonaute homologues. Thus, direct recruitment of RITS complex to ncRNA
by RNA polymerase II might be a basis for the coupling of transcription and siRNA processing.
Now we are examining the interaction between RNA polymerase II and RITS complex in fission

yeast.
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