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We are trying to understand molecular mechanisms for reorganization of chromosomes during
the transition from mitosis to meiosis using fission yeast. Toward this end, we searched
for meiosis—specific protein complexes within the nucleus by fluorescence microscopy in
conjunction with molecular genetic analysis. We identified protein complexes that mediate
chromosome reorganization and that mediate homologous chromosome pairing.

SRR ERA
(BN - 1)
[ERESES [ETES & @t

200 B4 18, 600, 000 5, 580, 000 24, 180, 000
200 9FE 7,700, 000 2, 310, 000 10, 010, 000
201 0% 7,700, 000 2, 310, 000 10, 010, 000

FEE

A
# 34, 000, 000 10, 200, 000 44, 200, 000

WHFE5 8« MR, A
Pt D53 - M E - EEE - 51T
F—U— N QA 7 A Aie, fiie

1. WFZEBRAEYS WD 5

IERERE TR, B IR R EIT LA
WERENS T, A7 = 0% VS & M MAP
X —VEIEELT D720 T BRI
WMTX, By b AT ETE AT NS
BN EbT 5, ZOZENS, 57 E
VOEHAOL ETEBNS B Fr AT
T AT ORI IE R 2Ry A A RAET
BI-ODFEL > TWAZ ENRTFTHEINT,
L LA 7 xuE L OEMNERDHETFIC

- ARk, DR RRESE - BREE - R, BT

ONTIEHEL - TELT, O T TE
DN DB HAFEE DO b a A T
T 1 A THEIEIZ DN T ARG 72 B T
BREN TV ot

2. WO HBY

AWFTERR I, AR E VT, A8 T
T EVOEANREDOL I ICT7 a~F
1E L O AENELE 2 B LS50, D5y
TR AT D Z L2 A E T 5, almE



TR B 42 W R 0 Gt (R 272 [ Bl i
DT, B MOEEEEY ORI AT
T A DAL, B 2RI A OETIZHA
ThbH, TD-H, ZDOH1HEBEOMIAIL.
b NONEM 7 & O E B O R
WA HET 25 LT EE AR R L e
Do ZHIZE-T, BEFEZIZLDETIHIEE
AR 1Y 72 R 53 SR D AT A D FiR B %
B9,

3. WFED I
W2 IS L2, A7 =
TUDOERANRSH HEF & 72 W CTEENT 5 4
VNI E,DNA v A 7T LA L B
BOMNT L0 A —2 0 72 X B RTERE
Wrickvw 7 ) 294 RICAZ V—=vT L,
WRICRFT 2 b0 TH D, o, B b
DAT, TRAT, T AR, Wk
CTHEE R A R RS ER L, 7
T REVINEICL D BT AR Y X
HHEHENA A= T THREBEL, 0l u~
T L YRR E B T DR EIE T
BIRFRICHT D, £, B brATRT
v A7 PR EAMER T 5 Mg & L TR
WCHERA L, B2 R b AT %
7E 7T AT X 7 EOMEERIC OV
TRELLS A5,

4. HFFERHE

B ) ETA RA A= 71T X B S
EEG 7 a~F 2RI B OB

AMRAE £ 7 X R BRI RET B0 &2
HERNCHMET D BRID=DIC, DHREEOS
LT 5000 fEHOF SRS G 2
— KT 5B 0NBIETZEBIRL, &#E
{5112 GFP {5 1 & F N E @ e L 7= Mlaek
#1000 FEFEZA/FRIL . MR RTEIC D
TH¥E L7~ (Hayashi et al., Genes Cells,
2008), Z® GFP F&GZ7A4 77 U —i%, Yt
K EOBIR T % GFP @& 8 s 7 CE#L LT
L1, AKOT vET—H—n5 GFP @is
SR BERBBELLTEY, B R
MIZHBLT D % X7 IOV T HAERM
IR TN RBEZMIT TE 5 808K
X 72 E CTdH 5 (Asakawa and Hiraoka,
Methods Mol. Biol. 2009), Z DX 5747/
LU A ROBRERIT I | AR5 L8 00
S FAT BV THERREZ B BE 12 B 1o 2 ) B K
BER (Masuda et al., Mol. Biol. Cell,
2011 ; Yamamoto et al., J. Cell. Biol.,
2008), BXOEL hE AT - FTuATHESL
&% (Asakawa and Hiraoka, Methods Mol. Biol.
2009 ; Chenetal., Nat. Struct. Mol. Biol.,
2011),

ISR S e MESE SR A=Y

MR R T A 2B 2 Ye R fEik & LT
sme2 MR- REIk 2 F L L. 2 ORI AR R Y
RO ARBRICEDL LW T L L7
%17 (Ding et al., FEBS J., 2010), &
DI, Z OFEFRIGEARHA I B 2 IiEsr
B 709E = — R RNA Bd 41 2 [F 7 L (Ding et
al., FXX#FET) . ZORNAESIEFEAT D
HURVBORIEEEDTVD,

Bl & Geta R O EAEMICBID 5 AR

WD HYOT o AT 7T AKX —|ZKRE
ERTERMKEMBLIEFNG, T0XAT %
BRI SR E LD b Hlo % T E % 2
DF R L. Batd BELO Batd &4 FHIT T
(Chikashige et al., J. Cell Biol., 2009),
Fo, BEOGERER ICEED & R0 g
BMES — BN ELTHBIRE RnE L
Too MTFIERUC RS 2R A RKTIZZ 0B
ERRONIRNT &b PR AN ]
LEMNDOEBENRSH D EN TR
(Asakawa et al., Curr. Bio. 2010), ¥k
S RDOBETIZEIT DRIEDOEEN DUV TIE,
FEDOLLLRNT ENEL, SHROFEL
> TW5,

Ge o (R 22 R 2 PR3 % FEAUER D $2 15

AR D & 5 YR ofd Elisi L, Mg
DH R EE—F — PR ISR O
PR ERET 5 LIcko TR D Z &
NN o 7= (Chikashige et al, 2006, Cell;
Chikashige et al, 2009, J. Cell Biol.),
BHLLANWZI LI, ZOLH T uATEE
vha A7 ORLEASIT, AR AR DA
ZNWCHHEEHEZHZ R0 TEY, T
TAT T T AL =N IN & R
EAROMBLZ SEIME T L, lBTOAEGFEEN
K F3% (Ding et al., 2004, Dev. Cell; J.
Cell Biol.; Ding et al., 2010, FEBS J.),
IHIC, 2oL EEEY T HIEENIC
B, FEARE TORER KL EILER 5
WAMBGIZED L Z E RN D | BN T
AR ZBREN 3 2 AR B ZRI5 95 2 &M
T& 7~ (Hiraoka and Dernburg, 2009, Dev.
Cell),

5. ERFEERE
(WFFe . WFgE o 4a3E M ORI S22
EEN Y

CdessRR ) (B 33 1)

1. Y. Chen,R. Rai, Z.R. Zhou, J. Kanoh,
C. Ribeyre, Y. Yang, H. Zheng, P. Damay,
F. Wang, H. Tsujii, Y. Hiraoka, D.



10.

Shore, H.Y. Hu, S. Chang, M. Lei (2011)
A conserved motif within RAP1 has
diversified roles in telomere
protection and regulation in
different organisms. Nat. Struct. Mol.
Biol. 18, 213-221 & #ih

H. Masuda, C.S. Fong, C. Ohtsuki, T.
Haraguchi, Y. Hiraoka (2011)
Spatio—temporal regulations of Weel
at the G2-M transition. Mol. Biol.
Cell, 22, 555-569. A FA

E.A. Osborne, Y. Hiraoka, J. Rine
(2011) Symmetry, asymmetry, and
kinetics of silencing establishment
in Saccharomyces cerevisiae revealed
by single—cell optical assays. Proc
Natl. Acad. Sci. US A. 108, 1209-1216.
e

T. Nakano, J. Shuai, T. Koujin, T. Suda,
Y. Hiraoka, T. Haraguchi (2010)
Biological Excitable Media Based on
Non—excitable Cells and Calcium
Signaling. Nano Communication
Networks, 1, 43-49. &t h

S. Kawai—-Noma, C.-G. Pack, T. Kojidani,
H. Asakawa, Y. Hiraoka, M. Kinjo, T.
Haraguchi, H. Taguchi, and A. Hirata
(2010) In vivo evidence for the
fibrillar structures of Sup35 prions
in yeast cells. J. Cell Biol. 190,
223-231 BHHE

M. Iwamoto, H. Asakawa, Y. Hiraoka and
T. Haraguchi (2010) Nucleoporin
Nup98: a gatekeeper in the eukaryotic
kingdoms. Genes Cells 15, 661-669. #&
i)

S. Ito, L.-J. Tan, D. Andoh, T. Narita,
M. Seki, Y. Hirano, K. Narita, I.
Kuraoka, Y. Hiraoka and K. Tanaka
(2010) MMXD, a TFIIH-independent
XPD-MMS19 protein complex involved in
chromosome segregation. Mol. Cell, 39,
632-640. A

H. Asakawa, T. Kojidani, C. Mori, H.
Osakada, M. Sato, D.—Q. Ding Y.
Hiraoka, T. Haraguchi (2010) Virtual
breakdown of the nuclear envelope in
fission yeast meiosis. Current
Biology, 20, 1919-1925. #FHAT

Y. Chikashige, T. Haraguchi, Y.
Hiraoka (2010) Nuclear envelope
attachment is not necessary for
telomere function in fission yeast
Nucleus, 1, 481-486. &Hif

S. Kobayashi, T. Kojidani, H. Osakada,
A. Yamamoto, T. Yoshimori, Y. Hiraoka,
and T. Haraguchi (2010) Artificial
induction of autophagy around

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

polystyrene beads in nonphagocytic
cells. Autophagy 6, 36-45. A

D. Q. Ding, T. Haraguchi, Y. Hiraoka
(2010) Alignment and recognition of
homologous chromosomes in meiosis
FEBS Journal 277, 565-570. & #FiA

M. Iwamoto, C. Mori, T. Kojidani, F.
Bunai, T. Hori, T. Fukagawa, Y.
Hiraoka, and T. Haraguchi (2009) Two
Distinct Repeat Sequences of Nup98
Nucleoporins Characterize Dual Nuclei
in the Binucleated Ciliate
Tetrahymena. Current Biology 19,
843-847. i hH

H. Asakawa, Y. Hiraoka (2009)
Live—cell fluorescence imaging of
meiotic chromosome dynamics in
Schizosaccharomyces pombe. Methods in
Molecular Biology 558, 53-64. #Hif
H. Ogawa, T. Komatsu, Y. Hiraoka, and
K. Morohashi (2009) Transcriptional
Suppression by Transient Recruitment
of ARIP4 to Sumoylated Nuclear
Receptor Ad4BP/SF-1. Mol. Biol. Cell
20, 4235-4245. HHA

Y. Chikashige, M. Yamane, K. Okamasa,
C. Tsutsumi, T. Kojidani, M. Sato, T.
Haraguchi, Y. Hiraoka (2009) Membrane
proteins Bqt3 and —4 anchor telomeres
to the nuclear envelope to ensure
chromosomal bouquet formation. J.
Cell Biol. 187, 413-427. #HithH

T. Murai, Y. Nakase, K. Fukuda, Y.
Chikashige, C. Tsutsumi, Y. Hiraoka
and T. Matsumoto (2009) Distinctive
Responses to Nitrogen Starvation in
the Dominant Active Mutants of the
Fission Yeast Rheb GTPase. Genetics
183, 517-527. #Hify

Y. Hiraoka and A. Dernburg (2009) The
SUN rises on meiotic chromosome
dynamics. Developmental Cell 17
598-605. #aiH

T. Nakano, T. Koujin, T. Suda, Y.
Hiraoka, T. Haraguchi (2009) A
Locally-Induced Increase in
Intracellular Ca2+ Propagates
Cell-to—Cell in the Presence of Plasma
Membrane Ca2+ ATPase Inhibitors in
Non—excitable Cells. FEBS Letters 583
3593-3599. it

Y. Hiraoka, K. Kawamata, T. Haraguchi
and Y. Chikashige (2009) Codon usage
bias is correlated with gene
expression levels in the fission yeast
Schizosaccharomyces pombe. Genes
Cells 14, 499-509. #HiA

A. Hayashi, D.-Q. Ding, C. Tsutsumi,
Y. Chikashige, H. Masuda, T. Haraguchi,
Y. Hiraoka (2009) Localization of gene
products using a chromosomally—tagged
GFP-fusion library in the fission
yeast Schizosaccahromyces pombe




21.

22.

23.

24.

25.

(%

1.

Genes Cells 14, 217-225. HHiH

A. Yamamoto, K. Kitamura, D. Hihara,
Y. Hirose, S. Katsuyama, and Y.
Hiraoka (2008) Spindle checkpoint
activation at meiosis I advances
anaphase II onset via
meiosis—specific APC/C regulation. J.
Cell Biol. 182, 277-288. ##Hif

T. Nakamura, H. Asakawa, Y. Nakase, J.
Kashiwazaki, Y. Hiraoka, C. Shimoda
(2008) Live Observation of Forespore
Membrane Formation in Fission Yeast
Mol. Biol. Cell 19, 3544-3553. &t
"

T. Haraguchi, T. Kojidani, T. Koujin,
T. Shimi, H. Osakada, C. Mori, A.
Yamamoto, and Y. Hiraoka (2008) Live
cell imaging and electron microscopy
reveal dynamic processes of
BAF-directed nuclear envelope
assembly. J. Cell Sci. 121, 2540-2554.
we

K. Ishii, Y. Ogiyama, Y. Chikashige
S. Soejima, F. Masuda, T. Kakuma, Y.
Hiraoka, K. Takahashi (2008).
Heterochromatin integrity affects
chromosome reorganization after
centromere dysfunction. Science 321,
1088-1091. A #t

T. Nakano, T. Suda, T. Koujin, T.
Haraguchi, and Y. Hiraoka (2008)
Molecular Communication through Gap
Junction Channels. Springer
Transactions on Computational Systems
Biology X, 5410, 81-99. A

2FER) (G140 1)

Y. Hiraoka, Y. Chikashige The Cell
Nucleus: A Physicochemical Field for
Genetic Activities of the Chromosome.
International Symposium on the
Physicochemical Field for Genetic
Activities (Jan. 26, 2011) The Westin
Awaji Island, Japan

Y. Chikashige, Y. Hiraoka M
phase-specific regulations of
telomere. International Symposium on
the Physicochemical Field for Genetic
Activities (Jan. 24, 2011) The Westin
Awaji Island, Japan

Y. Hiraoka The Nuclear Pore Complex
Determines Nuclear Differentiation in
Ciliate Tetrahymena thermophila.
International Symposium on the
Physicochemical Field for Genetic
Activities (Jan. 24, 2011) The Westin
Awaji Island, Japan

D. Q. Ding, Y. Hiraoka Non—coding RNA
mediates robust pairing of homologous
chromosomes in meiosis. The American

10.

11.

12.

13.

Society for Cell Biology Annual
Meeting (Dec. 12, 2010) Philadelphia
Pennsylvania Convention Center, USA
Y. Chikashige, Y. Hiraoka Regulations
of Telomere at M phase. The EMBO
Conference Series “Telomeres and the
DNA damage response” (Sep. 16, 2010)
Marseille, France
Y. Hiraoka Nuclear membrane
properties in mitosis and meiosis
Gordon Research Conferences
“Meiosis” (Jun. 16, 2010)
Colby—Sawyer College, USA
Y. Hiraoka, Y. Chikashige, D.-Q. Ding
H. Asakawa Large—scale localization of
protein components of nuclear
structures in fission yeast. The 5th
International Fission Yeast Meeting
(Oct. 30, 2009)National Olympics
Memorial Youth Center, Japan
D. Q. Ding and Y. Hiraoka A hot spot of
homologous chromosome pairing in
fission yeast. The EMBO Conference on
Meiosis (Sep. 21, 2009) Isle sur la
Sorgue, France
H. Asakawa, Y. Hiraoka Live CLEM: A new
approach for observing molecular
dynamics in high resolution. 6%
International Symposium on Electron
Microscopy in Medicine and Biology
2009 (Sep. 17. 2009) Centennial Hall,
Kobe University, Japan
Y. Hiraoka Nup98 nucleoporins bearing
different types of repeat sequence
characterize nucleus—specific nuclear
pore complexes in Tetrahymena
thermophila. FASEB Summer Research
Conferences “Ciliate Molecular
Biology” (Jul. 24, 2009) Vermont
Academy, USA
H. Asakawa, Y. Chikashige, Y. Hiraoka
Live CLEM: A New Approach for
Observing Molecular Dynamics in High
Resolution. The 9th NIBB-EMBL
Symposium “Functional Imaging from
Atoms to Organisms” (Apr. 20, 2009)
Okazaki Conference Center, Japan
Y. Hiraoka, H. Asakawa, Y. Chikashige
Correlative light and electron
microscopy for observing molecular
dynamics in living cells
39th NIPS International Symposium &
7th OIB Symposium “Frontiers of
Biological Imaging: Synergy of the
Advanced Techniques” (Nov. 10, 2008)
Okazaki Conference Center, Japan
Y. Hiraoka, H. Asakawa, Y. Chikashige
Correlative light and electron
microscopy for observing molecular




14.

15.

16.

17.

18.

19.

dynamics in living cells. 9th
Asia—Paciffic Microscopy Conference
(Nov. 4, 2008) ICC Jeju, Korea
Y. Chikashige, Y. Hiraoka Inner
nuclear membrane proteins required
for the chromosomal bouquet
arrangement in Schizosaccharomyces
pombe. EMBO CONFERENCE SERIES
“"Telomeres and the DNA damage
response” (Sep. 15, 2008)
Villars—sur-0llon, Switzerland
Y. Hiraoka Role of Weel protein kinase
at the S. pombe spindle pole body:
Implication for the regulation of G2-M
transition and spindle function.
First EMBO Conference on Centrosomes
and Spindle Pole Bodies (Sep. 14, 2008)
EMBL, German
Y. Hiraoka A group of proteins that
work for telomere positioning in
fission yeast. 2008 FASEB Summer
Research Conferences “Yeast
Chromosome Structure, Replication &
Segregation”  (Jun. 23, 2008)
Carefree Resort, USA.
Y. Hiraoka Movements of homologous
chromosomes in fission yeast meiosis
Gordon research Conferences
“Meiosis” (Jun. 11. 2008)
Colby—Sawyer College, USA
Y. Hiraoka Distinct Nucleoporins
Determine Nuclear Identity in the
Binucleated Ciliate Tetrahymena.
International Symposium on Chromosome
Dynamics in Ise (May 29. 2008) Hotel
Kintetsu Aquavilla Ise—Shima, Japan
Y. Chikashige, Y. Hiraoka
Cytoskeletal forces span the nuclear
envelope to move chromosomes
International Symposium on Chromosome
Dynamics in Ise  (May 29. 2008) Hotel
Kintetsu Aquavilla Ise—Shima, Japan

() GE 1)

1.

D. Q. Ding, and Y. Hiraoka, (2008)
Nuclear Movement Enforcing Chromosome
Alignment in Fission Yeast—Meiosis
Without Homolog Synapsis. [/n Genome
Dynamics & Stability (Dirk—Henner
Lankenau, ed). Springer. 231-247

(PEZEIY PERE)
ORI (G2 )

1.

AR Vrkl RAEDURE 2 ORIEE,
PUR, BEik

FOAE RO, AR, R

MEFIIZE O 15 ud S i 7epitg

FEEE : RFHE

&5+ K5FE 2009-155028

HFEEA B ;200946 A 30 A

EWS DRI - [E

2. ZFF : Nuf2 EAEGUA L = ofEHik,
PUR, BE ik

FOAE RO, SRR, R
FEFIIZE O 15 um S i 7epitsg
FEEE « RFHE
&5+ K5FE 2008-133885
HFEEA B 200845 A 22 A
ENA DR - EHN

(Z fth)
R A=A
http://www. fbs. osaka—u. ac. jp/labs/hirao
ka/index. html

6. WFITHLR

(1) WFzefRs

] Z& (HIRAOKA YASUSHI)
KBRKRF: - AEmbaet7ort - B
9535 - 10359078

(2) WFFE55 14
L

(3) HHEEMF I

)1 HZE (ASAKAWA HARUHIKO)
KRR - ZEmBERENFIER - BhZK
WF7eE 25 1 70399533

VTEE Yk (CHIKASHIGE YUJT)

OR) 15 s S A ZepeE - Rk ICT AfF%Et v
H— XA FICT ' )Vv—"7 « FEFEE
94535 60359081

T K#& (DING DA-QIAO)

() 15 s S A ZuperE - Rk 1CT Mgtk v
H—3A F ICT 7 V—"7 « ARG
94 % 5 : 50359080



