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Ak S O BEEE (¥ 3C) @ The macronucleus (MAC) and the micronucleus (MIC) of ciliate
Tetrahymena thermophila can be distinguished by nucleus-specific homologues of nucleoporin Nup98.
In this study, we examined the dynamic behavior of the Nup98s during nuclear differentiation. We
observed that MAC-type Nup98 started to assemble on the periphery of the future MACs immediately
after the end of the last mitotic division of postzygotic nuclei. This timing was about 30 min earlier than
the nuclear transport of factors required for MAC nuclear differentiation. These results suggest that
placement of the MAC NPC containing MAC-type Nup98 is the first distinct event triggering further
MAC differentiation, probably by leading to MAC-selective nuclear transport.

AR ERA
(AL« 1)
[ERESEN MEESET & &t

200 9 2, 400, 000 720, 000 3, 120, 000
201 0 1, 000, 000 300, 000 1, 300, 000

FHE

FHE

R
&t 3, 400, 000 1, 020, 000 4, 420, 000

WHIEsr 8 - A
B OSF - B - AEWEE - s n T
F—U—F: (DEBEAESE, QX7 LvARY v, G)Emt, WS, G) 7 FJe AT

1. WHEBAR LMD 5 MR 720 1~ fl (Bl k%) FET

AW OMEREIT, MEORS 2
FEOMAZE >, —FHiXT 7 AEwRK
PR CELEFOabt—HEHEKsEi X
) T, MM -0 1 EFEFEL, iRz
B HRDOwERR T ) 2E b o [UNE] T,

%, MAIXmEEEMEOA %, DNA HEL O
., OO E XA I T ERER
S TWA,

REHE DI, 2BMEWD 2 >OMIIEE
WS T A AOBHAE RIEL T, T



k< & AF (Tetrahymena thermophila) % #jf
gektge e LTIV, EIRALESIR (NPC) %
BT DX 7 LARY CORIEEIT> TE
oo L OX 7 LARY FWZICHET
o7, Nup98 [ZHH Y ¥ % ki rid 2 #4 M
THRAR-STWHZ EEINETITH LN
LTW5b, REIZRET S 2D Nup9s
(MacNup98A, MacNup98B) & /M IZJRfET
% 2 8% (MicNup98A, MicNup98B) Tid,
N KM FG U B — NS K& &0 H
ST, KEEX A7 Nup98 1%, hAaw o
Nup98 |Z i 5% 8l 72 GLFG (Gly-Leu-
Phe-Gly) UV E— & f L TWED, /IMEH
A 7 Nup98 Tix. #H&r® NIFN (Asn-lle-
Phe-Asn) VU E—RrZH LTV, UE—R
Fey &2 &L, MkRFCTh DA R
—F B LOEAICEERERH A RS
EWGZMHoTWVDTED, REEE/EZETIE,
B2 DR A BB TS LRI
%
REzEABIE, #E, BEOH, kL
Wo e —HOEMIFEOHIC, OED>D%
BENOAE L4000 N, FRLFHL2D
TODKNMEZ LT HZ L THEL D, R
AT IE I B T2 72 K S5k 3 D Bk s T
DT ) DB LB IRk 2 a2 o
7 BRAIE TR A~ TE S NERT D 2
EDBHBILTWDE D, Zb DR B2
BEASNZAL THRZICE TWEISh S
D, EDAT=ALNFTHAL NI > T
RN, T DK D TR K~ ORI 72 B
PN, MR RICB T Doy T EE IS
RoTNDETFHEEND,

2. WHEOHM

AL, T F T b AFDKREE - I
BRANIFET DX 7 LARY U, By
Bl ED X D e tEl e Fed= 30 & &I
THLDOTHDH, EEOBIELB LD
NPC IZEB L., TNE2EKT X7 AR
U v DB AR, EEALO KL -/
Bt Wo -« ECTRIANEEZT-M
JaCHETT 5, FFIC, K- /DETHEWGT
SR TWV% Nup98 ([ZoW Tk, FD@hfE%:
R AEAT L CL b & OBRE B S
2T B5Z ExHIE L,

3. Mo Hik

KA HBOX 7 LARY =0, K/N
R JRTEZ R34 T O Nup98, KX
b OIS L 72 5 Twilp (2% L T, GFP
£ 721X mCherry Z@he L7c@le % N2 E
DENFNZEZT T b AT TRESE,
MEIRTE CORTELE & A& X -/l T time-
lapse #2234 %, &5HIZ. FRAP & W T
ETNO O FEREE RN 5,

4. WFIERE:
EREOAMEBELFIRIZT I2ERRD
FESL

B AR I B DAL 5 W IE X 7
VARY COFEBE AT 521X, FED
EORIE A2 A & - RIS IE - T
THLEBMETHD, T hT b X FLilF
Rl CTH D72, ED X H 7 time-lapse #1
RIIhNE THRETH-7-, Fxid. #E
WREOEITZEELARWStE2ME L, K
BT Ta— A CESMRE AT 52 &
T, HEABEREE ERFFICIE > THILBERT
DA AT TEEM LT, ZOFE
ZRAWT, #ABREREOIIFIEETHORAT—Y
% time-lapse #5292 Z LIZEIL T 5,

¥ o LiBFRIZ 1 B NPC & Nup9s D ZE)

NPC 2 8) & it 4 2 72 D ITHENL L 72
time-lapse A A —T > ZiEEZ AV, L HIT,
KL RET X7 L ARY b L
T Nup93 & Sehl ##lZi L7, ZNHDXY
VARY id, BEOEWETKE: - /IMZ
W70 NPC IZJBE LTz, kL 110 H Ok
PHETIT, TRAHDOX 7 LVFARY iF, 2
DORIZE Ll ENT=n, 2% 2 FH
HOEDROE®R D D VITEFIC, Mida]
MOBEOEN, BUOE L VRS 725 2
EWyholz, TOBRIL, %% 2EAH
D3ET, NPC BIREZIC AL FIT B S
L AEEMEEZ R LTV D,

WIZ ., K/DEERE B 72 ] (E % 79 Nup98
DOFB AN LTz, X UHIC, 2FEED /)
K% Nup98 (MicNup98A, MicNup98B) % %1%
Lzl A, ZTNbO/NERRDIE, A
DI HE R T, TRZICE S 2l T,
IMZIZRTE LTz, ZHRit% 2 Bl H O3 H T
X, W A~SEC RSN, — T, 2
FEF O KEE Nup98 (%, itk 2 [alH Oy
HET, IMITIZRELZWR, 2EED
RN ET T HEN L, B OEEE I RTE
LT, ZOKIX., Z0%., Kok
THZ MBI LR L, 2
O DOFERIT. ROMEEZIZHIEL TV
£% Nup98 % & TeBEAE D NPC [TAREZ R CHI%%
WS D0, 2B OMSENET T
ZED S FHA O EAEZ I KEE Nup98 % & A72
72 NPC WS D Z & 2RI L TV
%o

@ BRIl O BIZIZ L W 2 < /RET
HEMEZMD OIS, Wk E O ARE R S
T D Nup93 @ FRAP fEHT% . k5% 2 [l
Ha % oZICx LT To T2, REZIZH Mk
THZENMOENTWDEMUOREIZSR LT,
B4tk GFP-Nup93 # 7+ h 7' U —F7 5%
L. BEHENET LTHBH 10 T,
Lol e 2 # Y 8 |E L7 28, Ao
EECREO 7+ 87 ) —F %21T-> THHExk



OEEIXR N -T2, ZDZ EiE, 2
8] H 043 %44% 10 4y RIS #7272 NPC 3 F /& K
EoOBEBIZIZAmEnsn, FE/MMEICIE
fPmahinwzZ EZ/RLTEY ., time-lapse
BEOEREIFFL TV D,

FRERZIZEIT 5K NPC DHEL & REE
R AEE D AR

KT 7 LOFRwRBIZEE T 52 R0
K Twilp 1%, BEAEFEO KEY & B
OWNEICE F - Tl 2328, RO RK
BoHROK, FrRE~EBEITDH, Z0
Twilp OBE)E . Ki% Nup98 o HiBLORF[H
BAfRZ time-lapse @152 CH~<7z, ZOFER.
Twilp-GFP 2RI EN T 2 DX, TEKRE
([ RA%Z Nup98 23 HEL L T/ 30 0% Th
B ENGIoT, Lo T, Twilp O
EPTON DRI, BEICKEZ Nup98 %5
LeREZA NPC DR SN TWD Z LT D,
ZOFERMNS . KEE NPC OFRRIZE Y, K
RERINW 22 B s DS RE L 725 . Twil @
EBITHEZY, REAPMEELZLD L
EZ BT,

ERFOMK., 7/ LOA AW K

BT a2 E—H M E W - 72 B 72 K%
LR Z D X0 el RS O
VEEMETH DAL O KRBEE SR Z > T
WAHZERBHONIRoT, LDLEND
AEl, K% Nup98 F 7= 1T KM NPC 23,

Twilp 72 & O KREGERAER S BRI 5 L T
WBHZ L E AT EZBRDIICIEEL Do
7o BIFE. BV TKEZ Nup98 @ RNAI,

BLOKREE Nup98 FrRHHADA =7

Ta R DHREMEEREZIT o TR,

RN/ T 2 KRR IR i 15 5% D
BRI G 2R TR E BV E B 2 TW
Do

5. ERRERLEF
(WFgef e, ey a8 Kk ONE R IE &
WX T #R)

UdEREam 30 (Bt 4 14)

@ Tamura, K., Fukao, Y., lwamoto, M.,
Haraguchi, T. and Hara-Nishimura, I. (2010)
Identification and characterization of nuclear
pore complex components in Arabidopsis
thaliana. The Plant Cell (£ #i4), 22, 4084-
4097.

@ lwamoto, M., Asakawa, H., Hiraoka, Y. and
Haraguchi, T. (2010) Nucleoporin Nup98: a
gatekeeper in the eukaryotic kingdoms. Genes
to Cells (£ 7iH), 15, 661-669.

@ lwamoto, M., Mori, C., Kojidani, T., Bunai,
F., Hori, T., Fukagawa, T., Hiraoka, Y. and

Haraguchi T. (2009) Two distinct repeat
sequences of Nup98 nucleoporins characterize
dual nuclei in the binucleated ciliate
Tetrahymena. Current Biology (& #:4), 19,
843-847.

@ EARBHH, JFOfET (2009) Y T
DOEW : ZOWFEIC L > TH R TE - EE
LEAKROFEEE, FEBREFSHET S THk
B BATEHEE &R AR (i), 27,
79-86.

(23R (10 1F)

© EAARBE, A, iz, FAmT,
Nuclear transport machineries cooperatively
working with the nucleus-specific
nucleoporins in the bi-nucleated protozoan
Tetrahymena thermophila —Implication of the
nuclear transport system in evolution of
eukaryotes—. The 20th CDB Meeting—
Molecular Bases for Evolution of Complex
Traits, 2011 4% 2 H 24 H, BRALHFZERT

(PR 1)

@ EABH, KA, e, R
o, BRER, WeemT, FEME, RO
f#7-, Dynamics of the nuclear pore
complexes and the nuclear envelope during
nuclear differentiation in Tetrahymena
thermophila. EIAEHGEREL VAP T
A, 201141 H 25 H, U= AT 4 Uk
B (REE )

@ AR, R, FEeE, MH
W, s, Heemr, FhRE, FO
-, Dynamics of the nuclear pore
complexes and the nuclear envelope upon
nuclear differentiation in ciliate Tetrahymena
thermophila. 7 A U I a9 4,
2010412 A 13 H, Xy _=7a v
N v g kX — (Philadelphia, USA)

@ EARBH, RS, PR, ki)
s, SERZE, R A{EF, Identification of
micronucleus-specific nuclear localization
signals in ciliate Tetrahymena. H A%y ¥4
Wr¥as, 20104512 H 8 H, #RF[EEES
ey (PRATH)

® EAEH, T FT7 e XA FTOREENED
KEIEAE SRS 37 B ORFIE—iE h
D 2 BT DAL A ORI M)
T— (BflE), AARABYES,
2010 /- 11 H 6 H, ZKIKT OKFA )

© AABW, KNSR, BREE, DR



+, MR FENF, SRR, CERZE, A
-1, Dynamics of nuclear envelope and
nuclear pore complexes upon nuclear
differentiation in ciliate Tetrahymena
thermophila. H AR A9)72s, 2010 4
5H 21 H, KiRERESES ORI

@ BEAREI, /WNHEHT, ARES, BEEG
#, keS8, ERZE, RO, T
kZ & AF 0 Nup98 U & — b ElICHE &
+ ol B K O, BARS T
Wytsy, 2009412 A 12 H, /Xy 7 4=
Bk (BRikTH)

® BARBH, s, HHHEIEZE, Mkt
5B, EMEE, JROfE, T hT7e A S0
BRI X 7 L AR U > Nup98 (A% %
DR T ELTEL. BARFATYZS,
20094 11 H 1 H, A&EHEERT (0%
i)

© AABE, WP, AR, R,
JR D&, Nup98 nucleoporins bearing
different types of repeat sequence
characterize nucleus-specific nuclear pore
complexes in Tetrahymena thermophila.
FASEB Summer Research Conferences
(Ciliate Molecular Biology), 2009 4~ 7 H 24
H, Vermont Academy (Vermont, USA)

O SRR, s, KAk, MR,
JR D&Y, Nup98 nucleoporins bearing
different types of repeat sequence are
involved in the nucleus-selective transport in
the ciliate Tetrahymena. H A2,
2009 4£ 6 H 3 A, 4 HREERSHYS (4
)

(PESEIA PEHE]
O HERIL G 1 #F)

W BB AY TV ERLG S, K
PRZENICHND F v b

I NS, BRI, FOfET,
NARES

FERIZE  IMSTATBOE NI Sl (5 i e kas
FEAE - HREF

F5  F5BR 2009-229339

BS4EA H ;2009410 H 8 A
EWNA 5] [EN

OBAHRIL (B0 )

(Z Dfth)
OB R T
[ Mo e AT 2HEEO  MIa»HBI,

JRELEERR  fEEEERE T T HEINICISH] A

TRPESEHR, PRk 21 425 H 13 HHEH

R—LR—
http://www—

karc. nict. go. jp/w131103/Cel1Magic/index
-J. html

6. AFFERLEE

(1) wFge s

EBA B (IWAMOTO MASAAKT)
PNTATBOIE NG Hoad (5 FIerias - Rk 1
CTWHEEE X —R_"A AT CT I L—
7 B R

& F 5 80450683

(2) WF7Eom 3

C )
WHIEHE %>
(3) EHEFIEH

C )
WHIeH &5



