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Genomic DNA is wrapped around the histone octamer to form nucleosome, and this basal
unit is assembled into a variety of higher-order chromatin structures. These chromatin structures are
important for many cellular processes such as transcriptional regulation (promoter) and
chromosome segregation (centromere). Although these structures must be precisely maintained
during DNA replication to inherit epigenetic information to daughter cells, its underlying
mechanisms are poorly understood.

Fission yeast centromere is composed of two structurally and functionally distinct two
chromatin domains, both of which are necessary for fully functional centromere. The central domain
organizes kinetochore with multiple protein complexes including histone H3 variant, SpCENP-A,
and is essential for bipolar attachment to mitotic spindle microtubules (MTs) from opposite poles.
On the other hand, outer repetitive domain forms transcriptionally silent heterochromatin-like
structure coated with Heterochromatin Protein 1 (HP1)-homologue, Swi6, and is required for
recruiting cohesin complex to tightly bind sister-chromatids. This structural feature that kinetochore
is flanked by repetitive heterochromatic element resembles those of metazoan centromeres, making
genetically tractable fission yeast an excellent model system to study centromere.

Fission yeast Mcll is a conserved family protein from yeast to human. Previous studies
have shown that Mcl1 genetically interacts , and factors involved inOOwith Swi7, a largest subunit of
DNA polymerase Okazaki fragment processing, and physically interacts with Swi7 in vivo and in
vitro, suggesting that Mcll is implicated in lagging strand DNA synthesis. Furthermore,
Mcl1-deficient cells show premature separation of sister centromere, indicating that Mcl1 is also
required for sister chromatid cohesion (SCC) at outer centromere. Since it is known that SCC at
outer centromere depends on heterochromatin protein, Swi6, and that Swi6-loading onto outer ,
Swi7, it was hypothesized that[Jcentromere depends on DNA polymerase Swi7-associating Mcll
might be directly involved in heterochromatin assembly, that is Swi6-loading, and contribute to
SCC at outer centromere indirectly. In this study, based on this hypothesis, roles of Mcll in
chromosome metabolisms have been analyzed.

Marker genes inserted into heterochromatin are transcriptionally repressed. This
phenomenon is called transcriptional gene silencing (TGS) and is used as an indicator of integrity of
heterochromatin. Mcl1-deficient cells (mclI-101) showed alleviation of TGS of marker genes
inserted into outer centromere as well as mat loci and telomere, similar to swi7 mutants. However,
chromatin immunoprecipitation (ChIP) and microscopic analysis showed that Swi6 association to
outer centromere was not diminished in mcli-101 cells in contrast to swi7 cells. In addition,
mcll-101 cells showed synergistic sensitivity to TBZ, which inhibits MT-kinetochore attachment,
when combined with Oswi6 mutation. These results suggest that Mcl1 acts on a Swi6-independent
pathway responsible for maintaining outer centromeric heterochromatin. Interestingly, mcl/-101 and,
moreover, swi7 cells showed sensitivity to histone deacetylase (HDAC) inhibitor, TSA. In addition,
mcll-101 cells accumulated acetylated histone H4 at the outer centromere as well as mat loci and
telomere. These results further suggest that Mcll and Swi7 are implicated in an HDAC-related
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process.

Unexpectedly, the central domain (kinetochore) that flanked by outer centromeric
heterochromatin drastically accumulated acetylated histone H4 in mclI-101 and, to lesser extent, in
swi7 cells. In addition, mclI-101 and swi7 cells were deficient in TGS at the central domain, which
is known to reflect kinetochore function and structure. Indeed, mclI-101 cells showed unequal
chromosome segregation, manifestation of fatal mono-polar attachment of sister-kinetochores to one
side of mitotic spindle MTs. Furthermore, a specialized chromatin structure at the central domain
was disrupted, and S-phase association of SpCENP-A to kinetochore was abolished in mclI-101
cells. It is known that at least two pathways are responsible for SpCENP-A loading: Ams2 pathway
(S-phase) and Mis6 pathway (S- and G2-phase). The mcll-101 mutation was synthetically lethal
with the DOams2 mutation, and constitutive Mis6 association to kinetochore was not abolished in
mcll-101 cells, suggesting that Mcll might be involved in the third pathway distinct from Ams2 and
Misb6. \

This study demonstrated that Mcll maintains two distinct chromatin structures in fission
yeast centromere. Most centromere proteins reported so far are required for either kinetochore or
outer heterochromatin. In this context, Mcl1 is a novel type of factor that acts on both domains. At
outer repetitive domain, Mcll acts on heterochromatin independent of Swi6 while, at the central
domain, Mcll mediates SpCENP-A loading to kinetochore apart from Ams2 and Mis6. It is thus
suggested that a critical role of Mcl1 in both domains is to maintain hypoacetylated state of histone
H4, and that Swi7 is also implicated in this process in addition to the Swi6-dependent role at outer
centromere. Mcll and Swi7 might regulate or recruit HDAC(s) activity at replication fork. It is
plausible that deposition-related acetylation of histone H3 and H4 must be immediately removed to
reassemble appropriate chromatin structures after replication fork has passed. Alternatively, by
analogy to transcript elongation, transient acetylation and subsequent deacetylation of replicated
regions might be important to overcome repressive nature of chromatin and to restore the chromatin
to its original state, respectively. Although a precise role of deacetylation remains unclear, this study
would provide a novel insight into the close link between DNA replication apparatus and histone

acetylation state in epigenetic inheritance of chromatin structures.

—215—



AL DFAFEROEE

Yua (ko 7 o< F oREEL. MRS ZNTEE - TIERIZZ RN TIT, L L, ZTOR
BIZHOWTOMRITZ LW, EEEIR. HFEEMc11Z V7 BIZER L, Yeafonid
ZREBE AT OV avF o AEEOMAKIZET DR ITR o7,

SRR Y bu A T IXEEEZAEMICEIEEEZ LTBY, X a7 L EOml
LB BT a s a<=F 0 2 ODOFEEH LRI N WD, ¥R haTide X hH3
DY T N THHCENP-ARE Fr, FHEEEDOFSEMEE L TH#¥RET 5, — 7. ~T e/
v FUERIZIIANT 0y avF RS T R E TH HSwi6 HPIRE R ) MiEA Lifigk
e S EEEDOSE LTHREL TS, Zo~T ey a~vF UEBICEA SN L AR—#
—ERFIEL. ZO7 uvFUREORIZERE MM 6D (FA vy rr) , Fxba
7 Th, BRAEHREFNSEES LS E L5700, ASNELVAR—F —&=FHRN
YA VLT END, mel EET, PEEOHERCHR X EREICEET 28 TFE L
THBES N, Z OFEMITYEADNAERIZ VZE/RDNAR Y A 5 —E o (Pola) LEAEEE
B EMTED, Pol a Ot 7= F 2 a— R BSWITOERTH, ~T rr7uvF
VT OYA LUV U ZICRBERFOZ LA LTS,

B BB ET, RERZMLE R ncl 1-101 ZFF oM IR REICRB N TA~AT R <
F U TOIA LV U I RBRH D Z L2 AW L, swi 78R TiXSwieD Z DR
BAOFREEDBD L. FA VoV TICRBERFODP, mel ZERTIESwi6HE &R HITH
MUTWE, X6IZ, mell swi6_BEROTF 27 ) VEEGHERTBI~ORZMED, £
FROBMIER I L TMERNTH D Z L b, TBENREZ > R T TH S &
LTCWAB, swi7 swi6_BERIZBNTHTBZ~DREZMENMBER TH D Z Enb, SwiTh
SwibfRTERY 72 iR B & IR ER R CTEV WA Z & bR L, BEERIRELIZXE R b
ITIEBNT Y., mcll-10IERTIIV ALV IRRBLTWAZ EERWELE, &
7=. CENP-ADET v b1 X 7~ RBIE mcl 1-101E R TI1IEL R0, 55< 2o T
B ERRLTNDG, ZOEBITEARK TR 7 LAY —AHEE ISRV 255
NTWAEN, I7ray NIy L7 —BWZ XA Cld. mell-10/BRTIEX 7 vVAY
— MMEENMER SN, XX F AT OEKEENEIL L TWD Z EER LT, RIT, mel1-101
ERETIE, B b ATHEE T osavF o @ik hay?) TOeR b H
DT EFIAENTTE L TWAEZ EARL, ~T a7 a<F AR TOY A L 7 ofiE
BréFx a7 oEEE b bR OFET 2Rt 2 e Lz, £ LT,
ERXRTTEFT—E HDAC) OFRERITH D Y 2 REF AL OERKRPESZMET
HBZELERL, Mcll &HDACE DHERERI M EAER bR LT,

PLEDFERIZ. MclliZz7EFAMALE R P b T2 FAZBROBRIZES L, 207k
FAALL IR E bR AT OV a~F RS EZ B2 TWD Z EE2FRLTND,
BEEHBEIX. ULEOFERLZEIZ, MclliZ, 7 +— 7128V TPol a & & HIZHDACEE LV T
0 ATICEOEE, R NCOBRTEFEEIT) ZEICE T, ZavF UrmkiEEn
AR ZHIE L T NS BT VERB LT,

T hRATOFF haTéATasawF o EmBBOGE D7 o~ F oREEICFRIZ
ST ARFINETHONTELT ., MclIPmED I n<F  HBEEET5 05

—216—



FRIX. ZOBONRICETRMRAEMAZ 20D THD, £/-. B R M T EBF AN
McllDRBIZE VT A2 L E2RL, HOWDACOBEELRRIE L= Lid. 2%DO =045
BORBILFETELOTHS, ZOLIRI LN, ARUIBIIRE OB 457
T b0 LFEEE R L7,

—217—



