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Asymmetry in the Mitotic Exit Network in the budding yeasts
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The Mitotic exit network (MEN) is a conserved signalling pathway essential
for termination of mitosis in budding yeast Saccharomyces cerevisiae. Most of MEN components are
highly conserved in the methylotrophic budding yeast Ogataea polymorpha, but two essential kinases
were identified, instead of Cdcl5 kinase. The analysis of the conditional mutants for OpHCD1 and
OpHcd2 revealed their roles in mitotic exit and cytokinesis. Unlike ScCdcl5, the association of
these two kinases with the SPBs is restricted to the SPB in the mother cell body, which suggests
that the activation of these kinases may occur exclusively in the mother cell body. Such asymmetric
SPB localisations are subject to different regulations to ensure the coordination of mitotic exit
(ME)-signalling and cell cycle progression. Our study suggests that the diversity of the composition

and molecular mechanisms to control the ME-signalling pathway occurred relatively recently during
the evolution of budding yeast.

Mitotic Exit Network yeast Ogataea polymorpha SPOC



X C—19,. F—19—1, Z—19 (i38)

1. BRSO B

AR 2N BT, MR NE I L (MTOC) & LTAE Y RAMIMATT A%
—WNETRR b - TR Y | A RV MG B RR A2 R, £/, v 7T E
ERER EORAREAEREERAOREE L TCOMEZRLZL TS, HEMR
Saccharomyces cerevisiae 0%y ZE MBI % I 3 % > 7 F V5 R B Mitotic Exit
Network (MEN)ZMt—® MTOC T % SPB (Spindle Pole Body) (24> 2414 S H>
KFRIZJRET 2 Z LA BN TR Y, MEN IEVERI#EIBERE S L <, MlaBREEaEIC L -
THIRMAAN IS AL Y — . REIRANC RIEME LY — o BB E D L) Y —ET L
PIRB ST e, £72. MEN OADHIEIKFTHh 25 Bub2-Bfal GAP & KAD SPB /7
TEVTIRAARICAR © 72t R 2 R 9728, A RABRMEFICEID F= v 7 RSk

(SPOC) MWIEMEALEND LN SND Z BB TS, ZDO X 512, SPB RTE & FExt
FPEIE MEN IEEGIEICEE ChH D EE X LD,

BRED SPB BEUIMRFRI TH D720 A V'Y RV A BT % 250 SPB IZIZHTIH A
BV . S cerevisiae TIX v SPB 28EIRAYITIRMINICHEA S LD & W ) fidkka & 5 2
ERH SN TS, EF AR Z0213 MEN Hsd it nmE Th 5 L &2 b b A, SPB
FIHIISEEFRETH YV . MEN & SPB OIEFREDBRIC DWW TIIABZR 320, il
EWNENEETHDL EEZBNDMN, S cerevisiae TILAMALE M %2 U Gl E#HUINE
DHEEE L TV D Z L2 T O IREE S 3 o 72, £72. 25 OIEHIEN LI
RAFZNTODDIZONTIRFTE N TW oz, 2D OREE R T H720121F, S
cerevisiae & |ZHEALAICEEN =B O HFFERIE COMEDRLETH DL LB X bV, £ 2 T,
M B2 SPB A IED —EAMEY S, DHEYERE T cMTs "ALETHD A X
J —\VEALEERE Ogataea polymorpha \ZiEH LT-,

2. EOHM
(1) MEN FExtFRIED 53 F-HHE O ARHT & (LRI 1EME O ik
(2) MEN FERIFRIE & BE T 2 A B RARLRTF = v 73R4 & (SPOC) DifilfEkgE D
i o]

3. WD L
(1) 72/ BERHIOMEMERIRIZE Y . 0. polymorpha O MEN DARE®R 72 HfG L., Eis
THERE R ORBII & & 37 E OB RTEZ AT Lo, MBS FOfTIZIE, izl
ER LT 0. polymorpha MDY — /AT X0 REEE L 7o et RSB A VT, MR RTE
FEMTIZIL GFP, RFP % L O GEAR A MEE L, M0 COBMEBRBIZE 21T/ 57,

(2) HIFEMEMRIRIZEY 0. polymorpha ® SPOC HF-7RE 1 7 2B L, s THERERIED
FKHA L & 87 BOMBNRIEE T Uiz, F72. SPOC K7 ORI IRIE S
TWDDERFET D202, S, cerevisiae SPOC I T 0. polymorpha 7 SPOC [K¥-



RED 7 BRI ST,

4. HFFERE

(i)

(ii)

(iii)

O. polymorpha @ MEN FR[FIFR I ORERGBAR F-BLA O BT : AT 1 ¥ —REE0 5 TEMI,
BUB2, BFAl, CDC5, MOBI, DBF2 % [fjE L7, %7z, CDCIS5 %) —E L LMD E

2 O0FF—R#Ir % HCDI, HCD2 & L7z, Hedl 137 X / FBELS « KA A A
DDy ERE SIN R 21832 Sidl EHERIL TEY . O. polymorpha 13535 F}
SINFREE & [FERIC 2 DO F T —EB & T 5 MENMHRIRK A RO L BEX BT LU T,
Mitotic Exit Signaling (MES) #%#& & ¥4 5,

SAIBAB A R FRRAEEE L KRB DT - S. cerevisiae D MEN & AHIE S L BT
200X F—EBDOBMLBTERIKIEL LA, WTNHERICKATH 72, KB
FRNTICIX SRR BRR S N B /2 726D, ATP 7 1 J s MR B (as BH) ZEA L &
Z 5. INM-PP1 f#7E F COHFHNE L < EHET 5 hedl-as ZEKZ TS L7z, hedl-as
78 BRRIT Oy S IRAE O R B 27k L TR Y | M HIBERLHIEENCBE 5972 Z L 2SR &
iz, Tet-OFF 7ot —4 —ZHWBETFV Yy N7 « VAT LA —FD 0T

rarEirabE AID VAT AR O W 100 1AID2-he02-as
275 %75
polymorpha MIZiE G S W72 — vV &ERK L, §22 §22
iAID-hed2-as 75 BEKk 257, EHWM Ly ° o —m R I T
100 100
hedl-as 75 bk & RO DB IMBIEO KB 27 [*Q % 275
gso gso T -
ARLTCZ &b HCDI, HCD2 1336 MES 24 =% [ *2 |
L Ta—TS 0 “Orn 1h  2n
T DT Th D Z Eavrmesiiz (K1), ®1 OpHcd2ZE BRI EHBERAELET 3

MES [K+ DN FLE DfEHT : GEP % Fiu T Hedl, Hed2 O BEZiH~~7= &
A HEGEINCRAET O SPB ICORER LT\ (K2), 2O L, WMo

Hcd1-GFP
Bright field RFP

SPB (ZJRifET 5 S. cerevisiae ® MEN ¥ —E€ T

b5 Cdels LHip>TEY ., O polymorpha > "™ y.";‘
MES FEHEALHIE T M COLE = 5 FTHEME  assz
DRI X7z, Hed2 1% Teml GTPase ifME(kIc L =2 OpHcd1,(Et/:ﬂéﬁﬁ#-*x?iﬂ’](;mSPB(LFjT@“%
Y SPBZJRTET D D% LT, Hedl @ SPB JRTEIE Tem1 iEMEALICHN 2 TorZds =
—E€ Cdc5 (Polo ¥ —8) bLMETHD, S cerevisiae CdelS ¥ —E A% SPB IZJHTE
T 5H72DI2iE, Teml IEPE(L & Polo ¥ F—BIEMED W LN LETH Y . SPB DALEE
MR A OERE AT D Z ENRINTWD, O. polymorpha @ MES TILRIE
Z Hed2 723, #%%# % Hedl 234H- TRV | HEFMERECOERE T 2 50 Hed 7 —1
DEED Cdel5 FF—BICEN SN LB DND, 7/ MMERI D, HEFFRERO T
T MEN BURERE 2 K5O b DIL S, cerevisiae ITIFIRIZIRHNLTH Y, 2FF—1F (Hedl,
Hed2) — 1 ¥ F—E (Cdels) ~DOZALIZHHRAH LWHBRETHHZ LB 2 b D,
HZEIC L DAy 24202 B\ T, MEN B & MES/SIN B & 7' )UAR T OB RER) 7015



(iv)

(v)

vi)

WARHHNNIFRHATHY . SHOBFPLETH D,

O. polymorpha DAY > R)VELAITF = 7 RA > b 1 8. cerevisiae 13 SPOC il {0 g
Td % Kind ¥ F—1E & SPOC H§REZ Fi7- 72\ N T 1 7 ScFrkl ZFi>DIZxt LT, 0.
polymorpha 13ARE R 7 IN—DDHAFIET D (OpFRKI) . EHEIZA L RVALE - Bl
MRENAECD Op_kar9 REERD/Ny 7 750 RTIE, Op_bfal REEHEKE
Op_frkl RIS FRRIZILITHIGEAN RIE L, SPOC KB O AR 72 IR iEN B S h
7o O. polymorpha \ZE\ Tt Kind £k —1 & Bub2-Bfal GAP &K% M ZHK 1
&3 % SPOC #DBEIEDMENN TN D Z & DRI S LTz,

SPOC DIELAIRAFNE « S, cerevisiae Milll™ T OpFRKI &A= 3B e 19 5iE A
PR L. ZOFHEZRIL ScBub2-Bfal [Z{&fF 75 Z & 75, OpFrkl |% ScKind & #H[H]
DIEME - BEZ o B2 bvd, TiE. S.cerevisiae & [AIFRIZ, Frkl 1% Bfal % EH#2
U U PE{k LT SPOC Z{EMEALT 2 D725 5 9> 2 ScKind FESLH) 72 ScBfal U > (LT
I% OpBfal |[ZfRFFS LTV RWz, BESHTH 5 OpBfal OV U EEGEMLOFRIE L
T2, ZHETICTF = v 7 ARA v MCEERBRG ) VBRI AT TOh 20,
ERUKENI Y — 035 OpBfal % ScBfal DXL 9 2 L &ER Y Viglb %15 T

W5 EXEZ BT (). 0. polymorpha SfBBI_’,:/’f\” O_%?/’; '37
(23T Bfal-Bub2 A K13 S. cerevisiae & - + (kD) = + :Noc
LR B A B TR B 5, TR o) 100

& OWFFEREFIE, SPOC IZHIZEIZ X 2 flfa 5y -_— L (ST
e e A

Z L SPOC D7y T It I T HE e TAE L

ToAMREME A R LTV D, BELICEENTZ S. cerevisiae & DILEZIZ XV SPOC % {EME(L
THVTFTNOEEERH LT HZ LA BIEL T, O. polymorpha @ SPOC 7711
WO AEREAT 2 2 ENAHOBETH D,

S. cerevisiae O KIN4 737 v 7" (ScFRK1) OHIFEKEEE © O. polymorpha O kar9 fikl —.
EE BRI HFOEAE O K HIL, S, cerevisiae D SPOC [ 1T % ScKIN4 12 & -
TMEE 7223, FESPOCIHT-&EH X HILTND ScFRKIIZE > THIESND Z &
Dy oT=, 2T, 8. cerevisiae \ZF\NT kar9 kind frk]l = ERFERZERIL7- & 2
5. kar9 kind ZEBIER LD LIRVEIERE R R O (K3), HIZ, BAMEEEIE
225 ScFRK1 73 SPOC [ZHERE L T

Glu Raf, Gal
HAREVENRIB ST, ZhlE S OpFRK1D%HR: (Repressed)  (Expressed)
U@ ® ® & |
cerevisiae 121} % %582 L 7= SPOC g bub2AE
S BUB2 &
e IR SN TE /-8 Th Y, ~|PGa-OpFRKY| |, \ PP

Lt DEEICET D VLETH D, 3  OpFRKTBRIFIRES. cerevisiae kind Atk DIETEERET 3



9 9 1 1

Maekawa Hiromi Jiangyan Shen Takegawa Kaoru Pereira Gislene 11

SIN-Like Pathway Kinases Regulate the End of Mitosis in the Methylotrophic Yeast Ogataea 2022

polymorpha

Cells 1519
DOl

10.3390/cel 1511091519

Fukunaga Takamasa Tanaka Naotaka Furumoto Toshio Nakakita Shinichi Ohashi Takao Higuchi 20

Yujiro Maekawa Hiromi Takegawa Kaoru

Characterization of N- and O-linked galactosylated oligosaccharides from fission yeast species 2020

Journal of Bioscience and Bioengineering 30172-9
DOl

10.1016/j . jbiosc.2020.03.008

Seike Taisuke Maekawa Hiromi Nakamura Taro Shimoda Chikashi 132

The asymmetric chemical structures of two mating pheromones reflect their differential roles in 2019

mating of fission yeast

Journal of Cell Science Jcs230722
DOl

10.1242/jcs.230722

Maekawa H, Takegawa K. 2132

Yeast Flocculin: Methods for Quantitative Analysis of Flocculation in Yeast Cells. 2020

Methods Mol Biol 437-444

DOl
10.1007/978-1-0716-0430-4_42




Fukunaga Takamasa Ohashi Takao Tanaka Yutaka Yoshimatsu Tomoki Higuchi Yujiro Maekawa 134

Hiromi Takegawa Kaoru

Galactosylation of cell-surface glycoprotein required for hyphal growth and cell wall integrity 2022

in Schizosaccharomyces japonicus

Journal of Bioscience and Bioengineering 384 392
DOl

10.1016/j . jbiosc.2022.07.014

Fukunaga Takamasa Watanabe Masahiro Nakamichi Yusuke Morita Tomotake Higuchi Yujiro 135

Maekawa Hiromi Takegawa Kaoru

Mechanistic insights into Schizosaccharomyces pombe GT-A family protein Pvg3 in the 2023

biosynthesis of pyruvylated B 1,3-galactose of N-linked oligosaccharides

Journal of Bioscience and Bioengineering 423 432
DOl

10.1016/j . jbiosc.2023.03.002

Fukunaga Takamasa Sakurai Yuki Ohashi Takao Higuchi Yujiro Maekawa Hiromi Takegawa Kaoru 105

Overexpression of cell-wall GPI-anchored proteins restores cell growth of N-glycosylation- 2021

defective ochl mutants in Schizosaccharomyces pombe

Applied Microbiology and Biotechnology 8771 8781
DOl

10.1007/s00253-021-11649-5

Fukunaga Takamasa Tanaka Naotaka Furumoto Toshio Nakakita Shinichi Ohashi Takao Higuchi 31

Yujiro Maekawa Hiromi Takegawa Kaoru

Substrate specificities of a 1,2- and a 1,3-galactosyltransferases and characterization of 2021

Gmhlp and Otglp in <i>Schizosaccharomyces pombe</i>

Glycobiology 1037 1045
DOl

10.1093/glycob/cwab028




Maekawa Hiromi Drummond Douglas R.

Microtubules in Non-conventional Yeasts

2019

Non-conventional Yeasts: from Basic Research to Application

237 296

DOl
10.1007/978-3-030-21110-3_8

Lisa-Marie Heidemann Shen Jiangyan

Gislene Pereira

Ogataea polymorpha M

55

2022

Ogataea polymorpha Flip-flop

2022

Lisa-Marie Heidemann Shen Jiangyan

Gislene Pereira

Ogataea polymorpha M

2022




Ogataea polymorpha Flip-flop

2022

Hiromi Maekawa

Mitotic exit may be regulated by a SIN-like signaling pathway in the budding yeast Ogataea polymorpha

the 15th International Congress on Yeasts (ICY) and the 30th International Conference on Yeast Genetics and Molecular
Biologs (ICYGMB30)

2021

2020

Ogataea polymorpha SPB Ste20

52

2019




University of Heidelberg




