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Abstract

Abstract

Since DNA replication and protein expression take part in the different compartments
of an eukaryotic cell, nucleocytoplasmic trafficking plays an important role in the cell
activities. Importin-f family members act as nuclear transport receptor in many
nuclear transport activities. Interestingly, impotinl3 (Imp13), a member of importin-f3
family, is found to be one bidirectional transport receptor in mammals which not only
functions as an importin, but also an exportin. Several cargoes of Imp13 have been
identified: hUbc9, RBMS8, Pax3, Pax6, NF-YB/NF-YC dimmier, the gulcocorticoid
receptor (GR), myopodin, negative cofactor 2, CHRAC-15/17, p12/CHRAC-17 and
elF-1A. Most of these are essential factors involved in the development and cell cycle.
Thus, Imp13 may participate in the regulation of the development and cell cycle. The
expression and location abnormalities of Imp13 may influence its cargoes in playing

their roles in appropriate time and space.

To study the function of Impl3 protein, we developed an anti-Imp13 antibody. A
recombinant protein of IPO13 fused to a GST tag was expressed in E.coli BL21,
purified, and used as antigen. A rabbit anti- Imp13 polyclonal antibody was obtained
after immunization of rabbits. This antibody was purified and its specificity was
proved. We conducted Western Blot using this antibody to study the changes of
Imp13 expressions in the mouse brains during the development, including E13.5,
E15.5, E17.5, PO and adult. In parallel, we analyzed IPO13 mRNA expressions in the
mouse brains during development using relative quantification real-time RT-PCR. A
significant decrease in relative quantity of [IPO13 mRNA in the mouse brains during

development was consistent with Western Blot results.

In addition, to determine the distribution of Imp13 in brain neural tissues during the

development, we performed immunohistochemical analysis using this antibody. We
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Abstract

found that the localization of Imp13 is different in brain neural tissues at different
developmental stages, including E11.5, E13.5, E15.5, E17.5 and PO. In nerve cells,
Imp13 tends to localize in the cytoplasm in the early stages and transfer to the nucleus
in late stages.

Since neuroepitheliums proliferate continuously in the early stages of development
and differentiate into the neuroblast cells in the late stages, our results suggested that
the expression and localization of Imp13 in brain nerve cells is regulated
developmentally and Imp13 may play different roles in brain development in different

stages by changing its expression and subcellular distribution.

Key Words: Importin13(Impl3); Nucleocytoplasmic transport; Brain development

v



B GG R

FERHERR

5 EFREEX) EFR(F)

bp Base pair B AR

BSA Bovine serum albumin A s R

cDNA Complimentary MR AL RIZ
deoxylribonucleic acid

Ct Cycle threshold (EEZN PRI

CV Coefficient variation AR

DAB diaminobenzidine R YN

DEPC diethyl pyrocarbonate VA 30177

DMSO Dimethyl sulfoxide T HEAR

dNTP Deoxynucleotide A% T =
triphosphate

DTT Dithiothreitol AN

EB Ethidium bromide AL L5E

ECL Enhanced S o Ll
chemiluminescence

FAM 6-carbonx-fluorescain 6-RILIINER

HRP Horseradish peroxidaseee AR S )

Ig immunoglobulin T BR R

PO IMPORTIN R A A\ SEARSED

Imp importin A Z AR E

LGL2 Late gestation lung 2 WG & B e I

M-MuLV reverAid™ M-MuLV S JE TG B L 93 7
reverse Transcriptase W s g

NES nulear export signal 4 Tk =gl

NF Nuelear factor FER 3 s PR 7

NF-xB Nuelear factor —kappa B i*z At M e e PR

28




B GG R

NLS nuclear location signal (A

NPC Nuclear pore complex BALE 1K

PBS Phosphate-buffer saline R i

PCR Polymerase chain reaction RA A S Y

PVDF Polyvinylidene difluoride SRAW I LA

Rnasin RNA inhibitor eI A4 1 71

RT-PCR Reverse-transcriptase S S — B2 Al 2
polymerase chain reaction N

SDS Sodiumdodecyl sulfate bR A

siRNA Small interfering RNA /N> T THRNA

SUMO Small ubiquitin-related /N2 F A BN T
modified

Taq Thermos aquaticus W K AR

VI




[}

Tl

1. BI

It

1.1 ZREZBEBROEXRGRFIEESEH
1.1.1 &FALEEHE

PANZS

1949-19504F ], H.G.Callan5S.G.Tomlindt F % 5 F 1 5 4o 00 24 3 AT 5 B
BEAN H AZ A ) I T 4% AL, Bt S AT AR BAZ AL IR AS A N R £L
T, T A AN AH X A ST () A A 5

4. 19597 M.L.Waston ¥ IX Tl 45 1) fir 44 A AL
4 & (nuclear pore complex, NPC).

LA A0 MR A0 B A T B AN [] 4 P A U440 B, A A e 3 43 B )
R, R AT IR AL A AR(NPC) VA B AN A% N AN A TR S
TP FEEIE . YR FEANPCEERX L IZ (nucleocytoplasmic t ransport )&

FURZ AN MR ST ] R SRR L 2R, R R ARG 550k 540
FAZ SN (RPN I E  ofb I8 TS A% JON) Y48 1A B AT

A M A 552 £ ISR P IS 2 B ) g X3 1 2 45K, ()i — S AL &
PR(NPC)o BEASNPC AL §- 40 A P9 1) A KE B8 45 6 R A6 8 M ST T BRI 2F
YEARZ5H) (cytoplasmic filaments) A% BTifiFA FHIHEREH (nuclear basket) JiT

. NPC 14LAEA25 nm, FLLIBIE R EAAL N9 nmo AL A Ah 1) SR 23
AR FRIF 8 A BORL,  rh AT — A BORE LR LR ) e AL TR AL
Ry ORI R H 4 22 516N WA % . NPC & —FP B AT 70 7 Th RE 1 4L
WREiH, LA RS> T3> T40~50kD /NP Clngs 1 AREHEDI RIS
S aAE) Lrior R B s i R i e e AR KT 6 nm [14E
YIRSy 1 (WIRNA S H 1 5T5%) W Z07E M P T P s AR S A 5 F,
PLAE AR 1) )7 2R34T Bl I2[Kurz et al., 1997] « NPCH& & [ H A 41 B R% (1) 4=
PEBERE, JLECH . A FE B S A ARIE TR ¢, NPCR— NN EZHAT A,
o FRIA#125 MD. ER PRI b, Ei B HES e L #ERE, NPC 3K
25 130/ AN (A% L 25 A ( nucleoporin , Nup)4 B [Fahrenkrog et al., 2002]. ¥k

S FLEE A Nup214 [Napetschnig et al., 2007], Nup58/45 [Melcak et al., 2007]
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FINup98 [Sun et al., 200811 25 5k I dn AR 45 44 LAk el B, SENup58/451M 5, &2
Nup62 &2 G AT SRSy, B T AL I BE |, gE s & ol e, ff145
JefLiE B A, AR T 7R B[ Sun et al., 2008].

CAT 26 HEBN ) (1A% AL A 1 AN 30 BE (R AZ AL A 11 49 T e B RS 58 S BN
FUER A B XSRS AR IE X AFHE [Rout et al., 2000; Cronshaw et al., 2002; Alber
et al., 2007; Antonin et al., 2008; Beck et al., 2007; Lim et al., 2008; Suntharalingam
and Wente, 2003; Terry et al., 2007; Degrasse et al., 2009] . #ZfLE A5 —=J5: “4h
Fk%fLEE A (structure Nups)” 5 “fLIREE 1 (pore membrane proteins, Poms)” DL &
“FG-ALHE M (FG-Nups) ” o XKLL A7ENHL Fs e fisr, HAhFG-Z4L
BT —REKN A (phe » F) MHZER(Gly, G) 4UkIAIFGELETFH
[Ryan et al., 2000;Vasu et al., 2001 | , XMFGHEE X g% 5% #4128 52 fImportin B
8 Importin B [F R K AL HAER], IHRUMZHHE Z S RS A B AR 45
AL, IS Z 3l A% AL 5 AR E AN 410 EZ A [Rout et al., 2000; Ribbeck et al.,
20017,

AT, AERTFR oA (I F G 5 XA 1 A% IR iz i R o A P AN B 2
ERRR 3 A1 IR F G HE 52 DX 2 1 A 0 3 s R A i A A Je e v R 1 43 DR T
F[Strawn et al., 2004; Zeitler et al., 2004 1. BRI BRI, KEZEBHALEA
[F] B AS7F-NPC v SR (14 6 5 T B A% SO IR, /3503 £ AN Bk 73 A T NPCH S
T PRI o A% LA 1 ENPCAZ T TR 25 F4) BT 18 £ 4R 40 2 (1) 5 241 4y
[Ryan et al., 2000; Vasu et al.,2001]. fEAFHEZIHH, RanBP2 (Nup358) ZNPCH
SRR T 4E40 22 (1) = 5140 /3 [Walther et al., 2002; Wilken et al., 1995 ], CAN
(Nup214) 1 S&ENPCI i [ (1) 41 53 2 —[Walther et al., 2002 ; Kraemer et al., 1994 ],
KEFIURIL, RanBP2. CAN K AK ARG AL E A EAZ TG “ %
FE 2 — R R A A AL R 2 rh 78 4“0 F &7 [Rout et al., 2000;
Ryan et al., 2000; Vasu et al., 2001; Forler et al., 2004 1. ¥ £ % fLE& [I/ENPC_L 1)
SERLANIE— AR, T I —E ATk, W HESI ) I Nup98 fi sk
I E AN E A7 AENPCIFIAZ I WEAR S5 44, AFLJS SRAENPCI T T AR A IR AL 23 A1 1 A7
TEo IXBI N ATREAE AERNAFIRZ 3% i R0 S5t 3ol B2 v % 4% 5 B4 H [ Griiffis et al.,
2002; Griffis et al., 2004 ]
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112 &EMES

¥ 5€ 145 5 ( nuclear localization signals, NLS)J&#% N T g 5 A 33 A\ 40 fa A% (1)
EERgJERN, NLSE—B &t 2 5 mmmik, 20 558 E AN — B /i
W H)E B Bt [Kalderon et al., 1984], &4 A & 8 A I 45 5 AU e H
(R AL A5 5 A Be LR — Feia 2k B 1 52 5 AR ) sl A2 R NP C BE N
N o 19824 Laskey K MU A 2 - =F & ¥ 4% J0 2 11 (nucleoplasmin) [ Cii A — /M5 5
FPA, Al BT AN A%, FRAER%E M5 5 (NLS)[ Dingwall et al., 1982].
M E FINLS /2 R RESVAO I THL R (MW=92kDa) , ‘Bl 7EM)ii & e 1R
RANRTERZ N, 2 #EDNATERZ N BT L 75 (A 5T, JANLSA: Pro—Pro—
Lys—Lys—Lys—Arg—Lys—Val, EZaILIRIEIE A 0] 54 % L2017 1E HL Rk
IR IE(Lys—Lys—Lys—Arg—Lys), HJ[rJFHIREER T 46
[Adam et al., 1989 Jo 1M HULNLSHEE 3N IR, HILys54E A Thr, HAZKIAL)
etk K [Kalderon et al., 1984 Jo 712 M HAEE 115t b B K LS VAO I THU 1)
NLSIH R, HIEARGE R A Lys-Arg/Lys-X-Arg/Lys.

2 M RAZ E LA T FI A% NS 2 L 55 10 AR 428 W5 > #4) B [Boulikas T, 19941,
FLE MR IR EE A SR T A5 5 (MR SS, JH Bk S B R T O I N A% A 5, T
HhPE BRI S RS TR PR A7 A 25 059 LA B IR R LABSUSO AN S84 INLS . A0 1)
NLSZHU A W7, LAZ A 22 SRR B IR 2 IR IR I A RHAIE o IXBE PR BE A IR R
T2 M P 22 P — R R S A A, LR AR R R LA T TNLS
fH T MR . £ MIONLSI S bRHE R . ORZ/LNLS H & 44 2 IR 2l kG 2418
KIS IRR B @A B IR R R AN R 231 IV B BE IR s DR LNLS [ 5500 Ay I 22
1 BR . @S bl A2 7R b K 2 R LA IENLS A 4 11 BT 1K) 43 3R T
[Hall et al., 1990].

e VAR 5 T A~ 8 M ME Z IR TR HE (Pro LysHlArg)difl, X HikHz
A ARG R BRI B BUZI N G A DIBR o %08 N A5 S ER s i L,
A 18— b 28 FE R IR HL 41 Bl [Kalderon et al., 1984; Dingwall et al., 1991; Dang
et al., 1988 1, A 1 F PR AT 7% AL (Bl 1k 2 PR Rk AL 41 i [Dingwall et al., 1982;
Zhou et al., 2006; Hanaka et al., 2002 1, 44 [I7ERI AR i F 3 W] 24541 [Antoine
etal.,, 2005; Chan et al., 2002]. 4% MG 2 IERR IR ALK /AT GO0, e AL 538
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T2, M RRARMIZENES, QREHA: BB UM RS~ 104N E Sk s
PRIR LI P f8e, RIS RmE S B R ik K4 8, FXEmonopartite NLS, 41
SV40[ THL 5 [Kalderon et al., 1984 fllc-Myc[Dang et al., 1988]%% . #5275 1 i s,
PE S MR R R 2H 8 % 58 7 A5 5 (bipartite NLSs)EFR W [ K% #8741 bipartite
nuclear target suquence), &AL —BeS ~20 S SE R IR SE 21 ) IRT B 471
Uiinucleoplasmin[Dingwall et al., 1982]F1BRD7[Zhou et al., 20061%%; £ 1 ¥4 720
SRR IRIEA IR ENASE ST A, X R EE A BARAE . S— ), L
YT B A IRAZ T s G IR SRR AR, AN 2 A R BORS  R
BRI TS VR e 5 R ke e DU SRALL T 57 8 P P ARl P 2 R T T HE A e P A% 5
{55 o RS b T bRk S BR A B 1) A7 7 A SR A 5544 (Robbins et al.,
1991) o 2R ML ENME S, S ENAS T EFFIR R E3A A 2 )
FEAE, SLORPE U SR MR S AN R %, VA B W0 = 2%, WIPTHP, ribosomal
protein S2[Antoine et al., 2005; Chan et al., 2002155 . Z8 A% ERi M, TWH A%
122 fkimportin o/BLIR, AELE MR @A ‘57 L BB W AL, HImportin
BRI AW . Eguchi HEZEMFFTARNT (arylhydrocarbon receptor nuclear
translocator) (¥ MV 41 H 52 7 I R I, ARNTH 71 5743 RO A IRINL St 2 £H 43 25 11
AN DX SR BT, AR ANBRAE 7 1 2 181 — B M S B Sy B AR D (1, 8
AL — PSR Rl 55 4 S I 0 M ONILS J 7 51 2 AN
J&—ZJSBNLS [Eguchi et al., 1997].

NLSs—ZE5 AR, AR 2 M EERR, $m e i NLSs¥ 1F
HELAr 5 40 0 2 T 1) A7 Her A ELAE FH E N4 A Silhol et al., 2002 1o 3351 fH- 25 1RO B
A 35 TAT—NLSINAZILIZ o 41 B 1115 4 A A (AR R £ IR ( heparinsulfate,
HS), SHFEAESK LAEF AL HEMHS A NNLSsSI A FEIZH T A Y. 5
IXPHHEWT— 20, ARG ROEEHSH A 2R, B2 5ib H B IENLS 2/
FHHEAMANZEIZ . HSA S AL B R 2 A 32 220E F T HS i G T
( heprinase IID)HTHSHUAL IR LIS, NAZIE IS R0 55 T J5E 15 I sl 1) o
IEEG e Taah, A B e SR Bl 284 Ml e M b P A HLS N 1] 3 4+ M 400 I TAT-NLS
iBfe i S
¥ AL 5 W T E RIS —Fh 8515 5 BN & EH - Roberts 3K SVA0THT it

e 3
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(K] — P 59 WS IRINLSK 128 Rl 5 3 A W i Mg 43 1 b, s 7 00— A, —
51 = f&[Roberts et al., 1987]. — & MR IHEEAZ WA TP I AR S, —
HEELN N 2 TAEMRI, A8 e N . SIoh— st hiEss, —
S B U1 5 ) P RS AT LR NS, {H e m] BB JLAS 99 VL ¥ poor matches)
59, REESHLUING IR AZIZ % .

H1 T2 WL R 8 A 5 TP S TEAL s i b A B S PR R ke, DRI e A=
R B2 T B S 10, H AT e A5 5 5 LI G Tl T B A ifihttp:/fwww.
expasy.org/tools/scanprosite/« http://cubic.bioc.columbia. edu/predictNLS/Al
http://psort.nibb.ac.jp/form.html5F . (HAE EFE, #EALAE 5 TN 25 S35 06 25050
I ST BOREE— RS SR R A DY RE AL S8 A5 5 (R Ak o H i L IR E 5K
JREAEE: O RA NS UM R R B R AL A R 1 (W GFPAE) i
SENL P D fEJain et al., 2005]; @6k 2k 5 AR s OCHERR It 2 AR R L 5 SR T 1) 8
TREAR A AR i A7 A 2R 1 1 s A R e 7 2 A Ay i 5 A7 5 2
H A% 23 AT A g B4 R i 23 AT 45 [ Zhang et al., 2005]; @ i X AN LEM E M A7
5 XU AT R A Y s 2 B AT TAE T B g B[ K ovac et al., 2000].

113 #ZREFZRMANR LR

K% 18 S ARAE SR A (cargo) (IS B T v R # T YE MEMIAE T . Karyopherin
R ALREZ A R A KR, M TRAEA . K2 EEiEZ
)& T4k HCR AR ST [Ran GTP4: & 1 KR K i bi[Conti et al., 2001]. #%%%
1257 it ffimportin a(karyopherin o) flImportin B(karyopherin B) 4™ 5 Ji% o

AN IR A% LN 7 2R A NLS 1% 128 49) B Hz B IO A4 5 T i (R 08 52 A
gity, DI AN INPC, BT . HAs 52 A (FIC A4) Bil J5 S
W B, SR AR IR AZ AL AN A2 A2 importin B(Imp B, Kap B1, p97,
PTACB), '&5Micfk importin o (Impa, Kap o, NLS3ZAA) 2 58 il A7 S AUNLS 5
BN . EHIEFEF, importin a4 & T #EWNLS M Importin B4
B EWEEE TNPCH AL E . B iimportin oA —MHIE M 454 78
FONS AT — A B PR 2 R R 2H B ) 45 48 35 i) AR Importin B2 &, ZEH H[A]AF— A
18~ 10/ armadillo-like(ARM)ZH Ji [ 45 i) 35 [1zaurralde et al., 1998; Mattaj et al.,
1998]. M EEimportin a4 & NLSI) 45 dil 70 A £ L &455 TNLSI A s BIAZ T-ARM
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