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nupl84 A= e JAEES Edste] 4776709 718S AL
ATtk 4695 @7 oZ o]Foix o]
frame, ORF)< 156471 oju-ato g o]ojg o FA% 176.9 kDa®
5% Hy@dWA(nucleoporin)& G 3}star Stk A HFHo| X =
2o} mRNA exportell 9FS vX= AT AAA = nuplld A9
A4 EAHolE AZRIIY. nuplS4 FRAAVE AAE EAWo] 45
(Anupl84)+=  HAMIA(EMM)oA  oFAE Ao Hlgte] =¥ HEF
Holup I A&E AHeA @tk TEy el FHe FAWA
(YES)oll A= okl nlsll Aol wol =HA Az 53S 7HAa
AATH

N—Zeto] =83z (GFP)E 2<% pZU184+ Anupl84 w79 A%
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1.4 &
A= AEol Aoyl 913k AR9L Xske] B E JEA AL itk DNAC
HolglE o] AHE HAR(transcription)E E3 RNAZ HAs)|X 11
&= (translation)& &3] W¥ARE ojojxity. e
Aol o] 33 AW E(prokaryote) ¥ ] F3s v duks
7HA 3L Sl A& (eukaryote) > THEE S5 AE W 7% @A 89}

3
BagoR I ¥UE AolE molFth wF fue FRA Felm o

Jdo
2o

i

US

L
=1 0 71

i

Al (Nuclear pore complex, NPC)= #uto] EAjst o]& &3l
At AEZA Apole] =HwEo] o]FojXr} o] NPC& °F 30E5#<Y ¥
@A (nucleoporin, nup)® ©]Fo1Z2 40MDa ©]ie] Aofst Hgha o]t}
25—40kDa ©°]3t9] #& EZES NPC Ato]Z whedhal mof o5 &
WAIRE T o)el & 24& I AEZA Alo]E ol Fd uf RF=A] NPCE
Ei}sforut dch(Fried and Kutay, 2003). NPCE A o7 # HEH O]
o ANAAWEZHE Apgho] o] =2Y|7HA] AR T E2E JHAL Qe A oR
24 AtHCronshaw et al., 2002, Rout et al., 2000). NPC2 +Z+
3 AAdEo] Q= NPC body, Al £o07 A7 WojQli= cytoplasmic
filaments, ¥ & <ekEo g wlAZl FXRE o]F 1 Qe nuclear
basket?] Al F7FE TZdQls 7HAL vk AAEAA S o] &gk A+ A
NPCi= 879 @9/ Al (spoke)® o]FoA glom o] Fx= qus FHOR

Q1 RS 9lFel wEAlth NPCE olF& dyauziss

off

il

12
=



g5k S yakm Aol zglstar 9l ol
FG =vldle 583 33 728 7A@ A Bgoz A7 =0
S Ha 3ler NPC iyl #Agjste] 1 Alels et EdEol

2 A 9Egs & Aol 7Hdol Y421 $tH(Rout and Wente,

1994)
Ny A xR Alo]lE o]lFshe= w@lEI RNA(tRNA, rRNA, miRNA,
snRNA 5)9 o] mRNAQ o]=3 t}tE 7|zS 717t} Ran(Ras—like

GTPase)d®d 2 &uts FHo® ME o JFHE SActt, Alzdo
EA18HE RanGAP(RanGTPase activation enzyme)el &3] AxEAo|A =
RanGDPY] AHIZ &A™, NPC2 nuclear basketZ} 14 $ RanGEF(Ran
guanine nucleotide—exchange factor)ell 2]&] 3 <to]j4+= RanGTP ¥ Ej=
AT AlEA A Mow 2 3 HERE AFEHR o]gstiat sk
E42 EA AL (NLS =& NES, nuclear localize(or export) sequence )<
7}Aokut st} o] HPL FE5HHA] (importin =2 exportin, E3%31o]
karyopherinolgti k= ghell sl IAHo] 3 Uiz Soj7tA =t ol
Ran ©¥ 4ol Fejo] wel Ed-FY WIFYS AR IrH(Stewart,
2007).

I8y mRNAS ©]F2 Ran WA JaFe A ¢dow 99
vdA A (classical) FE7AE WEA et aROA 4zl mRNA
FEEMA T = Mex67/Mtr2p EgA|o]H, o]

Agsts Fo] oFstit Yralps olHHZ 3to] mRNAE 5% F U=

HaAE olEth Mex67pt NPCO gwildy} 528

AEZ Afol & olEehes AoRE dHA o A F7Ae FEHEEN
=

9l karyopherin®:= T2 F2E2 7[x1 Q= ZHozw odHAd gt} w3t

_2_



mRNAE A & 7F 3 (mRNA  maturation :© 5'capping, 3’poly—
adenylation, splicing)e AA <@g RoFS ZEE mRNAvwke] Huks
St AEAR o]Fd F o, o] RS AXNHA FF9 F7]A
gl 28 wmizo] AgstA Horzx sk mRNP HdAE
olFA Hrf. olEst TEAQ AolFe VWO RE do] mRNAQ] oA
AxARe] 5 v @idolyt RNA9:= 384 74E L738e
Aoz d#A Qth(Kshler and Hurt, 2007).

NPCE 33 A4 Afoleof] fA|ete Wedh 24 wee] SEetal o AA
ghoh a8y HEY dFdy NPCE b AEz Ato]e] EHolF o
s&AQ Mde st s TheAol Faol dEATH(Tran, and Wente,
2006). F5 HFol(Aspergillis nidulans)i METAA 15 AIYEI}
o] o] FI7F dojubA] oAU FEAo® dojdth(De Souza et al.,
2004). olw 574 HFIMA(Gle2/Rael, Nup98)©] <QUAtsts|o] o]Z 3|
NPCe Fx7t Wty E4d& FHAA7I= F3A (permeability)©]
WstE o] 3 MEA Alo]lE el 2459 xHo] ZhsshA @ (Tran
E.J., and Wente S.R., 2006). ©o]i= NPC7} @<t F=29 95 st 9l
%S AlAbeth Ee NPCy: I AHE 9FFd F2E 7HAa otk

T oven Qv AEF7IY 5EFA] Bk oyt &4o] NPCE

TZ7F Wget, olFshes 49 TR el wet

Aol FAL WEsittE BRu%E 9 tiH(Fahernkrog et al.,2002,
Paulillo et al., 2005).

SUMO(Small Ubiquitin like Modifier)&= Ao wuld Wl ytojsh=
97719 ofwlxAto R | AL i Holtt, f{H|F® (ubiquitin) % PRIFAI R,
SUMO+= Bl whilzo] Agtsto] wiAe] 7)s& W7 Ay, @9
FAAY] EES F7HIIT B SUMOE= #AF DNAS] EA|e}

)

_3_



AZF718) W&, Ao, dude] grAg g kst sls 59 AFE U
712kel @@tk (Ronald, 2005). o] 22 &AL GTP 7hpids] assl
RanGAP1le] Agsts Zloz 3] Aoz WA (Matunis et al.,
1996).

a4 A& (cascade)ol 9@l B @A
Agstty, SUMO @i Wz Sold #alas4(SUMO protease =<
SUMO de—conjugation enzyme)el &3] C-Zgte] F79 =2(G)=
AT A UHA FE2 Ay Y7 @ (SUMO maturation, Miura et
al.,, 2007). C—42do] HygH & FAst aA(E1)Y A|AH S (cysteine)d}
SUMO #&te] A9 7HEA] aFo] ATPES AX3&H thioester 4%
o]Fo] A3 Hu. FAIE SUMOE ElolA &4 (conjugation)q!
E29] AlAHQIoZ %A thicester FTIHMES A 9, SUMO
AFaaE3)el s Bl sl gal(K)e e 279k d gt (Ronald,

u

2005, Deborah et al.,, 2002, Tang et al., 2008). SUMO W& Eo|34
Pl Ese] o8l kA wkgo] sbsEld o] REEiE T oA dTE
itk AA= g w2 RE ] SUMO #golH, EA4l= Az e

SUMO w942 A<o|th(Ronald, 2005). SUMO& ©hulde] wgy) o
w2 ZHd(regulation) & & AHXE W AzHAGE 2d 5 I HFA
7)o gkt

SUMO consensus sequence(ZKxE/D)+= SUMO w#do] gl
Aol Aol 7| ¥ F 254 A7E, K SUMOZE Adsehs
22l (lysine), X+ EE olv]=2k, 1831 E(glutamic acid) =< D(aspartic
acid)&= 239 ofw|Aks 9w g

nupl84 A= e JIEET 46957019 4714 49e 7HA 9loH

G210l F7]+= 9F 176.9 KDa ©|th. nupl84 F3AA = Ao HAFH oA =

_4_



52,

OS1Y mRNA exporte] 9TFE njxe= FL3I A FHAARJ]  raeld}

]

Y X AF(synthetic lethality) & Holm ZAA =AWl 3 <o RNAZE

I

o] Q= mRNA export defect #4S HAtH(Whalen et al., 1999).
nupl84 F+HA 7| #A4S S SUMOZE A¥sk= SUMO
consensus A ¥o] 6wHl EATS LA OH, o] AL Fike] STOP
FES AYste] A4 EdWoled Nupl84-1p2 AXE W X7+ o
ol AskA ar AlxAE HA9leo] ¥EEATH Whalen et al., 1999).
ofel ¥ ATelM= nupl84 FAAL] FEAR AAlE $F Nupls4

Tl o] SUMO ®38 ¥ mRNA exporte]l wX&= 93-S ZAMSFA

A
2

i
=

=)

l:,



1-1 #5 4 8A

B Ao AMgH d5= Y a5<Q Schizosaccharomyces pombe ©]H,

g Savse FE3 AYs S dF= Ecoll Top 10°&

S. pombe 2| MEWYF 7= FAEA WS S pombe standard
method & AFE3FTH(Alfa et al.,, 1993, Moreno et al.,1991). &%
HjoFol&= EMM(Edinburgh minimal medium) = 7]E2°% A} oH
Table.2 o] I A& YEhSdt. JAASd w529 AES w9 Hrte
(supplements, 225 mg/¢, adenine, leucine, uracil) 2= © A
nmt E2FRE AE fse] EMM I PMG ®iA|e] 15xM F&=Z
Elo}dl (thiamin, Bp)<S FH7Fskadth. G418 o WS Zte A (kan) =
g A E=Ado]l w5 Mol = YES HiAe A, Hrhsh
FRAAR]D G418 FEE 100 mgtE 3tRem PMG wixe] Ag 7z
200 # 400 mg/t ® w5 GAMEE dskdth Wi 2L 28TE
AR o A A= A" skl THEiAE 2% Agar £
A 7Fskad vt

E.coli W&ol LB WiAE AR&siier, &84 (ampicillin) 9] %5
100 mg/me= Fd7pake] 37°ColA wfgFstadch.



e

B Ado)|x Nupl84 WAy GFP d@wido x3hs s pDW232
(invitrogen), pREP81x—EGFPc(Rachel, 1998), pZA69u = A}&3}3ic}.
Nupl84—GFP2 A3z ZzmEe] o8t #ud =AY fzitow
pUZ184GFP WE{(Whalen et al., 1999)7} AFE#Ech =E3F Nupl84
gl SUMO ®Es xARshZ] fldtel dixzao 2 Glel-GFP ¥E7}
AHEE 9 tH(Moon et al., 2008).

1-3 A= 2 A%

ar wjekel AFgst Hix]&  Difco, MP AEFES ARGl H7tE
Chemical &< Sigma ¢} MP, Q-bio, Elpis A& AF&sth. PCR
A& Zgtolm = A8 Sigma—Proligo o 21 ¥ 39 ™ Taq polymerase
+ Nova Taq(A W =), TaKaRa pyrobest, Prime STAR & A}&3}%it}.
A a A+ New England Biolabs(NEB) 9 Promega ] WHE AF8-3F3 T
Southern blotting ¥} western blotting | AF&%¥ ECL(Enhanced Chemi—
luminescence labeling and detection) kit & Amersham Life Science, In
situ hybridization | AF&% Anti—digoxigenin—fluorescein, dig oligo
DT & Roche Al%&& AHE-3FSITE

PCR clean up kit ¢ Gel extraction kit, genomic DNA isolation kit +
QIAGEN 3% & AlF5 o] &3t

719 %5 Q3 agarose &= Bio rad 2 Q—biogen A& ©

SDS—PAGE gel o] A}€% acrylamide gel & Elpis A& A}&319 )

o
ol
@
o
a1



Western blotting ° AF&% antibody + sigma, PVDF membrane <&

milipore &} Bio—rad Al#& AF&3}S T

—4. Zglo|n

g WET WAL AT

PCRe AF&¥ Zgtolm= GC H]&E 40~60%= %
02pxmol & 3}y 18~20mer 2 ZAol=®

=)

QA7IMES I FEE
A8} Sigma—Proligod] FE3AT. 2 A3 ARgH Egloln =

Table.3 7d2]&}3tt.
1—5. Antibody

Primary antibodyZ+ Anti—GFP N’ terminal antibody produced in

rabbit(sigma, G1544)% A}F&38}%191, Secondary andibody®i= Anti

Rabbit IgG(Whole molecule) Peroxidase Conjugate

A6154)E A+E3F3 T

in goat(sigma,

1-6. %g &

1) S. pombe Transformation : Lithium Acetate 9
0.1M Lithium Acetate

10mM Tris pH 7.5, ImM EDTA

LiAc—TE solution

50 % Polyethylene glycol

50%PEG4000
in LiAc—TE solution



2) Genomic DNA isolation
CSE buffer

Spheroplast buffer

3) In Situ Hybridization

30% formaldehyde

SCE buffer

Spheroplast buffer

Hybridization buffer

Fluorescin—Antidigoxigenin

solution

DAPI mounting medium

4) Western blotting
Buffer A
20%, 5% TCA (wt/vol)

Gel loading buffer

50mM Citrate/Phosphate pH 5.6
40mM EDTA, 1.2M Sorbitol
Zymolase 20T 2.5mg/ml

in CSE buffer

Paraformaldehyde, 10 N NaOH,
PBS

1M Sorbitol, 0.5M EDTA

1M NaHyPO,, 1M Sodium Citrate
Zymolase 100T in SCE

20X SSC, 50% Dextran sulfate,
2% BSA, Vanadyl complex,
tRNA(1 mg/ml), oligo dT50

1 M Tris pH 7.5, 5 M NaCl,
Antidioxigenin (200 x g/ml),
10% Triton X—100, 2% BSA
DAPI(1 mg/ml), PBS,
Antifade(10 mg/ml), Glycerol

PBS, 50mM NaF, 10mM NaNj;

250mM Tris—HCI [pH 8.0]
2% SDS, 5% Glycerol,
5% [ —Mercaptoethanol

_9_



0.1% Bromphenol blue

Gel running buffer Trise base, Glycine, SDS
Transfer buffer Tris base, Glycine, Methanol
10% SDS
TN—-TX buffer 1M Tris—HCIl pH 7.5
5M NaCl, 20% Triton X—100
Blocking buffer 2% Skim milk in TN—=TX

5) E.coli cracking
2X cracking buffer 0.2M NaOH, 0.5% SDS,
20% Sucrose

_10_
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Table 2. Composition of Medium for S. pombe

YES (Yeast extract) Medium

YE powder

Dextrose

og
30g

Supplements : 56.25mg/ ¢ (Adenine, Leucine, Uracil)

EMM (Edinburgh Minimal Medium)

Potassium hydrogen Pthallate
Nay;HPO,

Ammonium chloride
Dextrose

50X Salts

1000X Vitamins

10000X Minerals

3 g/t
2.2.g/t
5g/ k

20 g/ 4
20 me/ L
1 mé/ ¢
0.1 me/ e

Supplements : 225mg/ ¢ (Adenine, Leucine, Uracil)

PMG (Pombe Glutamate medium)

Potassium hydrogen pthallate
Na,HPO,

L—glutamic acid, monosodium salt
Glucose

50X Salts

1000X Vitamins

10000X Minerals

3 g/t
2.2 g/l
3.75 g/
20 g/ 0
20 mé/ 0
1 mb/ 0
0.1 me/ e

Supplements : 225mg/ £ (Adenine, Leucine, Uracil)

_13_



Table 2. Composition of Medium for S. pombe (continued)

50X Salt Stock

MgCl,.6H,0 52.5 g/
CaCly.2H20 0.735 g/ ¢
KCl 50 g/ ¢
Na,S0, 2g/t

1000X Vitamin Stock

Pantothenic acid 1g/t
Nicotinic acid 10 g/ ¢
Inositol 10 g/ ¢
Biotin 10 mg/ ¢

10000X Mineral Stock

Boric acid 5g/t
MnSO, 4 g/
ZnS04.7H0 4 g/l
FeCl,.6H,0 2 g/l
Molybdic acid 0.4 g/1
KI 1g/2
CuS04.5H20 0.4 g/
Citric acid 10 g/ ¢

_14_



Table 3. Composition of Medium for E.coli

LB (Luria—Birtani) Medium

NaCl (1%) 10g/ ¢
Tryptone (1%) 10g/ ¢
Yeast extract (0.5%) 5g/

Agar (2%) 20g/ ¢

_15_



Table 4. PCR Primer used in this study

Name Sequence (5° — 3" )

Nup184-1 CAT TGG AGA CAA ACA TGG TG

Nup184-2 ATT CCG ACT TTC CGT ACG TG

Nup184—-3 CTT GCT CTA ACA ACG CAT CG

Nupl84—4 CCT TCT TGC ACA GCA TCA AG

Nupl84—5 i'(l:? ;}(A}((; (A)\E;C CAT GTC GCT GGC CGG GTA CAT CTA AGA TCC AAG
Nupl84—6 igi ??E ?(C;T GT GTC GAT TCG ATA CTA CTG AAT TGA AGA TTG
Nup184—8 GAC TCA TAT GGG TGA TTA TTT ACT CTC
Nupl84-9 TAC TGG ATC CAA TAG TCG ATG CCT CCA GC
Nupl84—-10 AAC GTT GAC GTG CAA TTG AC

Nup184—-11 TGG CAT CGA CAA TTC TGT TC

Nup184—-12 TCA CTC GAG CAT GGG TGA TTA TTT ACT CTC
Nupl84—-13 GGT ATC TTC AGA GCT CTT GC

Nup184—14 TCA CTC GAG ATG GGT GAT TAT TTA CTC TC
Nup184—-15 TCA GGA TCC TCA AAT AGT CGA TGC CTC C
81EGFPc—1 AGA CTG CAG GTC CAA GAA GTA GTC TCA GA
Nup184—-20 TCA CTC GAG TCA AAT AGT CGA TGC CT
Nupl84—21 TCA GGA TCC CGA TGG GTG ATT ATT TA
Nup184—22 TCA GGA TCC CGA ACG TTG ACG TGC AA

Nupl184—-23

TCA GGA TCC CGG ATC AGA GGG CTA GT
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Table 3. PCR Primer used in this study (continued)

Name

Sequence (5° — 3" )

Nupl84—-24
Nup184—-25

Nup184—-26
Nupl84—-27

Kan—2R

Kan—4F

GAC TCG AGA TGG TCG ACT TA
GAC TCG AGA TGT TGC ACA TG
GGC TCG AGA TGT TTC AACTT
ATG GAT CCT CAA TTG AAT CG
CGC ACG TCA AGA CTG TCA AGG AG

GCA GTT TCA TTT GAT GCT CGA TG
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2—1. 29< °]&% GFP ¥y Ax

(1) pREP81X—Nupl184—EGFPc #¥ 9 A%

pREP81X—-EGFPc #E°] MCS(Multicloning Site)8] #EA A&
o] 83t nupl84 F+AAE ORF(Open Reading Frame)®} GFP(Green
florescence protein) FAAE Azt ZepAv|=E A&kt PCR &
T3l TEe FAA 27 el Xaol (5-TAC TGG ATC CAA TAG
TCG ATG CCT CCA GC-3)3 &Ftell BamHI (5—TCA CTC GAG CAT
GGG TGA TTA TTT ACT CTC-3) site® H7bstqich ¥WEE Salzn
BamHl A&5-915 o]&3sto ax AHst § PCRZ FHd 34 =7
ol 2249 stk Sald} Xhol Z42be] Agtasrt Zephd DNAY <
7e Eo] AR AR A7IAES 7HH A Sl AR e a4E ek ol E
£ e Jhee g £ 4 9l o P 2 (complementary end) ©]& ©]&3F3th

koW R wheoxl MWEE o]§ste] olE wHAZIW Nupl8d

19] C— el GFP7F 2@ o] 7]z} dido] whEo] X

i

o

_—
S )
(

o
N

Gy

it

(2) pDW234E ©]&3 Nupl84—GFP ¥ A|x

oA A %3 pREP81X—Nupl84—EGFPcE template® 3Fo] Z=Z3h
7Ve-& ARS AlEA7F 9l pDW234 WE Q] Astas A9 E o] 831
Al (integration) WHE st oju AFEH Xgfolm = o Sacl
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(5—GGT ATC TTC AGA GCT CTT GC-3), %] Psd (5— AGA CTG
CAG GTC CAA GAA GTA GTC TCA GA-3) siteZ FH7}et3ict. WE =
Sacl?} Psdl &x HY F ZF2Y sk olgA wEAX WHE
o] &3sto] nupl84 AL C— weke] GFP wuizo] Ajlel w5 AxT

F gk
(3) pZA69u HEE o]&3t pZU184, pZU184A1~4 HE AX

Nupl84 w@zol N- @do] GFP7F A% Nupl84—-GFP HEHE
A Z3FA T PCRS B3t SFO0 7 nupll84 +AA %7+ 5 wdel Xhol
(5—TCA CTC GAG ATG GGT GAT TAT TTA CTC TC-3)3 3" ko]
BamHI (5-TCA GGA TCC TCA AAT AGT CGA TGC CTC C-3)%
Arelstel 48 &k EE Nupl8d wlde] C— wddo] EAs:=
SUMO consensus YA dsts b Aow doldw I puplS4
FAAE FEAoR AAENE W wAE JFES dotrr] flste] ]
7 - =AWl MEE Axsvh pZUL84AL1 HWE &= 5 @] Xhol
(5—GAC TCG AGA TGG TCG ACT TA-3)3 3" ko BamHI (5— TCA
GGA TCC TCA AAT AGT CGA TGC CTC C-3)2 Hstgeon a4
AR-81el vtz Hel ATG ZES AYste]l 22994 ofn|AlRg
Gl o] RbEoAEF Azl 919 2 WO R pZUL84A2 WEH = 5
2heko] Xhaol (5—GAC TCG AGA TGT TGC ACA TG—3), 3" &e+2 BamHI
(5—TCA GGA TCC TCA AAT AGT CGA TGC CTC C-3)& 43lsto]
A81WA ofw| AT E HHAHES Azttt pZUL84A3 HWHE 5 Tt

ol

Xhol (5— GGC TCG AGA TGT TTC AAC TT-3), 3" @to] BamHI (5—

TCA GGA TCC TCA AAT AGT CGA TGC CTC C-3)= 4dste] 7159 A
— 19 —



obu| AR E WFEO] A EE A|ZeIgITE pZU184A4 WEH & 5 Widel Xhaol
(5—TCA CTC GAG ATG GGT GAT TAT TTA CTC TC-3), 3' wto]
BamHI (5—ATG GAT CCT CAA TTG AAT CG-3)& 4Fslaglon
1468 A ofn]=Ate] FHZFe] STOP FE=S A4bglste] w@wizlo] ukgo]
4404 Aol X HFEF A xsAt pZA69u WEl= Sal?}t BamHl &4
Agstel 919 oAl 2 FdA 2749 229 itk pZA69u WE=
nmt TEEEE 7HAW 1 A7]= pREP-3X #E 9 FAME Aoz deA

9o H yracil FFAZ 71A 1 Q)
2—2. E.coli®) ZAA3

E.coli®) @AM CaCly, W (Sambrook and Russell, 2001)&

2—3. E.coli Cracking

FAAZoE Y7 Folt HFE AEsH] s o R LAmA o 7}
<+E patchd}lo] overnightdtt}. 1.5m¢ micro tube®] 2X loading dyeZE
152 58 ¥ patchst WixolA & W 4=t Celle & Eo+ F
15u0 2X Cracking buffer® #7}slal tappingdt & 587F A Eg s}, 7+
tubeoll Al 10 wifo] 1.5% agarose gelell ¢k 20%-7F A7]9 % 3shu},

2—4. DJ-PCRS o] &3 24 =dWo] #59 AZ

nupl84 wRAAZE AAR AW #FE d7] $189 DI-PCR(Double
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Joint PCR, Yu et al., 2004)E ol&at3itt. AWMA w3olX= nuplds
F42 ORF9 5 wakow ok 1kb 7} "ozl JE3} stz &=
kan” +AAe] ORF 9%3 nupl84 +-AAE %

Tk 3 WFgew e dYE AEstd auwpl84 FAAL X EES
A1~E FHsTh AT kan” 472 ORF FFHol pBGlel—Kan'
HE S ol g3ttt AWMA vk AHES A & A4S
kan" @ 39 H|&E Egsto] FRIA WS dste] A& =

A

1
W71 §1% DNA 7hg& SH8glh old wheoiAs A= g

sefol W g ghob AA W& A WAL

AL ol gato] Aol F oF 427 wikste] Wl ZzUE gtk

olgdA Axd =dAWolE YESe|A Aol & AS o]f, #jx|d u&
2-5. S. pombe2] FAAZ
S. pombe?] FAZ3EE Lithium Acetate W (Warbrick at al, 1993)°. %

st aRs Al HFsko] oF 12417 wifE v 50 meel

Al oFste] 0.5—1x107cell/m(ODsg5= 0.2~0.5) H == wjdc} AEE

AR sle] 10me HaE ZEF5E AAHS 9 1x10Y cell/mt o] &=
LiAc/TE(0.1IM LiAc, 1X TE)E ZFolt}. 53 AlX 100wl FAAeE

DNA 1pg, Salmon sperm DNA 4x0 (10mg/ml)S 4131 50% PEG £
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300ue F7Fste] 28CollA 3087t wjekatalth. o]F 42TelAM 10% 5
heat shocks & & AMXEE AHu|R|of] HE3dte] 28 ColA] EMME A% <F
40, YESO| A% oF 243t wjekstitt. G418 Add= 2t F8A (kan)
FAAE AAL A9, PMG AHujAel] oF 16A1ZF wicks & G4189]
A7 PMG iAol Hae 8El HS o] &3t AR WiAE A
HjoFalith. olwl  G4189 FEE  YESY A 100mg/ L, PMGE
200~400mg/ ¢ 9] sE 7 AF&3a3ATH

(~f

o

2—6. S.pombe Genomic DNA isolation

i

©] chromosomal DNA2] %2 DNeasy Plant Mini Kit(Qiagen)<
Rtk F8d WM AEXZE BEgls 2Es st HEe aR9
A A7]A] Fge o]FE AASHY] fgE Aok Kitel AleE A
nE b3 2ol F3selt

AW E stationary phase® H|elA &3 §F CSE buffer® A3}
Aazef Foldl= wAAN TS M E v FET} Spheroplast buffer 1mlE
cell& & EolF F 37TelA 30zt wjefFste] AlxzHe| o] FEHEF
gtot. 304 F 549 cell? 10% SDS 5uE 419 cello]l HAE A&
it AlEZHe] o] F FojRlFol FlH™ Kitel H8E HAE

S
-
ofo ol
ol

X

1-4 ==
30
[ o 1%
o

2—"7. Spot Assay for Growth

FAAgE arne FTEEHELEE SHs] A A WHoer, anE
e Ao stationary phase®Z 7]& H 2x107cell/ml ©] HEE L=
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ell5& 10%cell/mé FE 107cell/ml 7}A] +=xp& o7

948193 T Al 3u4  loopE  ARgete] ARRAL  fHekn

P
A
u
off
b
i
1
!

2—8. Western blotting analysis

ARE 50m2 EMMHIAI o] exponential phase(2~5x10°ell/ml) & 7]&
H Y& st Buffer A9 20% TCA(Trichloroacetic acid) @ 73 &
200102 20% TCAS} glass bead 500uE Yo AJojs=t}. Bead beaterol
Yol 30% zHAo®m 58 Zok AZE gmach 99 HAdA - Azt
AR FAsh Ao R dFe] Fol FE W 27 b dEF
FAAE 400108 5% TCAE Y1l vortex ato] @uizo] molpE <
Q== FH o]l= 4000rpme £E® 15%7F dAEY ity ASdAe

MEE FBEZ 27 14000rpmo®  LARF dlo] HHEw i

HHAEo] gel loading bufferE 50uS Y3 2087 vortex 3Fo] 73]
=t FAEo] HE A& Qg & 1083 #Eow: & AU|YFE

A7)l AHEE gel> 6%9F 8% SDS—Polyacrylamide Gele]tt.

Gel®] vlEH-E7-4] A7]9so] E€UH size markergs 7]+C®E Hadh
Fais Zglol PVDF membrane®®  oF 1AIZF &<F 40VE wet
transferdtl. Transfer® membrane< blocking buffere] F&elAl 30
Fot g3t %, primary antibodyE 1:2000% H|E&=Z 24 30%3H
B3tk TN-TX ®H=Z 20% T 79 A43E 5 2% blocking¥
secondary antibody& < AlZF &< AHElslth ol 2%} antibody 9

1:10000 ©o]m 2] & ECL western blotting kitE AF&-3te] MES
ATt

T =
O -1

L)
o
off
-
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2—9 In situ hybridization

ERE 2-4x10°cell/me] EEE wjdd & 30% formaldehyde® 6 me
H7rete] 4587 1A ©o]E 0.3M PBS+Glycine €902 974 %
spheroplast buffer °l 1x107cell/m¢¥A FojFFo] 37T 1A7F wjeks)
At} Poly—lysinelo & FHHE £Lelo]=o] SCE HYZE ZFo]F cells 8=
oF 4TCellA 241t & F —20T wWgbEol| &2folTE 2412 o] EolF3lth
MEes ds] Ty & 2xSSCE 948k 10 we  hybridization
solutions F7Fsto] AWM I eAE Yol 37TCellA overnightah3ith. 2xSSC
B g2l 5E, ol F ARelA 2083t 948k 37CA 20%3t 23] 9

}(\)]

=

1ru

% Fluorescine—Antidigoxigenin Antibody solutiong 10 wt 3 7}3F
HagtA~E do] 37ToA 1AIZE Hiefssith. o] & 2XSSCE Ad=olA
5&7F 2w Aste] Wl & DAPI mounting medium= 12 b 37}k

AW Eetag 9 s o2 FyAngon Hasg,

. )

[>
i
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m. a3

1. Nup184—GFP 49 Az 4

AEA deld wudel WEAS W HHwsel @t AoR A
gov, 43 =] WRe] A} 24L s ga BBE 5 dvke

& 7FA AL SleH(Robert, 2008).
o]5 o]&3to] Nupl84 ©@oiAo Ax f 9XF43 GFP FAE o] &3

western blottingS $3Fe] Nupl84—GFP #EE A %3} t}.
(1) pREP81X—Nupl84EGFPc HE 9 A|x¢} FAAS

pREP81X—EGFPc H¥E= C—9gde] GFP #Wds 29 4+ 3o,
GFPAE iAol npme T2 EH & HdAET. nmi(No Message in
Thiamine) ~ZZ X+ HEFIB, (Elolul)o ol 1 &3 FHo] A,
=, el WERIBE YWolFd wdo] oAs i nEIB S AAGH
o] frwth

C—gwtel GFP7F ZA® 7lvet @A wE7] S8t nupl849
ORF9] Aol STOP T H-wE7kAE PCRE Edll S3sksith
nupl84 TAAE el JIEES 7FA L Qlo] o] A|7gk cDNA &5
PCRe FHo= AMgste] =&Y SFvk(Fig 1A, B). ol=A Azt
pREP81X—Nupl84EGFPc ¥HE o3 o] FHHdgksto] Nupl8d—

s
a

gt

off
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GFP @uidel A% U 978 dgdvgon
Aol AA ATt (A3 v AA).

r ol
i)
ol
iih)
=)
1%

o

1=}
-\
o
=2

(2) Nupl84—GFP 4% #F9 A=

nupl84:glp FAAE  AMA A nupl84 FAA Al A
(integration)sdte] #pale] T EZRE ] 93] HIAHEE FFE5 A F3AT)
b A|#3E  pREP81X—Nupl84EGFPcS  PsA¥  Sacle®  Awslod,
nupl84 A 3 F99 3248 A% AAE efp AR, 18
ArEd H9E 7HA+= DNA dHS pDW234 ¥Eo] F2Y 3to] pD184
HE S AZzsgih. pDW234 #WEE GRS ARS(AFEAAH) Ads

YA ol AAA AoE AYEA Gom AE yelA /A=A
Stk o)A AZFE pD184 WEE nupl84 FHAA ol EA8= Kpnl
27 Agste]  Ad(linear) DNAZ WE  Ug, of8E  FFo
AAagozN FeAZEE Tl nuplS4igfp FRAATE FMA AdQ

nupl84 A Aol AIE =S S3ivh. oAl AFE #F7F YES
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(A)

3kb 1.3kb
4kb
N
é& &Q\\
(B) z\& R (©)
N &
— —
W «—4kb
A +3kb
+1.3kb

Figure 1. Construction of Nup184p-GFP

(A) Scheme of Nupl84p-GFP vector construct. The positions of enzyme digestion sites
are indicated by simplified alphabet. B : BamHIL N : Nd€l, K : Kprl, S : Sal, X : Xhol. (B)
Confirm of pREP81x-nupl84-EGFPc vector by restriction enzyme digestion. The size of
confirmed enzyme digestion size are indicated by arrows. (C) Localization of Nup184p-

GFP. Cell were incubated in EMM-L broth medium for 10 hour in B; absence condition.
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2. nupl84 AA =90\ (4nupl84.kan) T

N
1o
N
BN

nupl84 FRAAS] AFt= A H 5 31
At nupl84 FAATY kan” AR A FE A EAdWolE AxGTh
obxl T o] 7]&ddlE DI-PCRE ©l&3to] nupl&4 flanking -7}
107 kan” SR 274 = *

T3 A4 Aol 5

E1

Al G418+

o

duiAll EMM #jAlellA = Eehd A(salt)el o
T flom® EBIujAQl YESO|A ARg-stofof st}
nupl84 FRAA= ARl FAFAolA oy FHArE AAEHIAS W
SEWMA(YES)M 1 o] opdg w5l Bla] =2|th(Whalen et al,
1999). 13 ER YES HiAlAM= A3 dd Edwo]l #FE =Y
ofHgA Hrr olF aAdsty] fgt Wte® EMMelA S el st
2 H (Ammonium chloride)s =F8AHL—glutamic acid, mono—sodium
salt) o2 fiAlgt PMG ®WiAE AFE-skglith. PMG wiA+&= YES #j#]e] u]3|
G4189] #rgo] okstEARE H7bskE G4189 & YES iAol wls] of
2~4¥ & AFRSHH, kan” RS FAAGAE AEE + AU
HHASE A AWl #FE G4180] FH7EE PMG wi|eA oF
5dwte] FEUE FASGOoH ofAE dx2wd wad” FHAAR A3

FO
ol

=dWo] thx7+(Whalen et al.,, 1999)39 H|WE %3 YES HjX o)A 9
= AAS Festth(Fig. 3). &3 #FEHE DNAS #gsle] PCRS
%3l nupl84 ARV kan” FRAAZR XFH ZS FASIATE Fig. 1AA

fx

=0
N M
o

ofAE el A= 6.8 kb DNA HHo| FZxx|vl ZAA o]
+ 3.8 kb ¢ DNA #¥Ho] PCR 539t 7 5 3 37 9 A%
d oAl #F9 A 2 Zod

_l U
o
% 2
2
I

44
N
rlr
2
—
-
o
lo,
olN
|
(i,
-
Z.
>
2
[-4:
fio
Jon 1
e 2
et
ol
32
32
o
o
=
—
=z



(A)

> 4
WT
ANupig4
Kanr
(B)
& %D‘X\ & <) & Y
K S K
& O & - % 3
& 8 O aX o
T\'\) \“(& $0 ﬂ,“(\\ ‘\0 =t @
= =
= —_3— —_— «—Llkb % —_— =1L1kb
T 5 3

Figure 2. Construction of nup184 deletion mutant

(A) Scheme of nupl84 deletion mutants. The position of PCR primers for confirm are
indicated by arrowheads and predicted sizes of PCR fragments are shown upper
direction of arrows. (B) Confirm of deletion mutants by PCR. Predicted sizes of PCR
fragments are indicated by arrows. DNA isolated from wild type(h’), null mutants(h’).
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YES PMG

WT
ANupl84:ura*

ANup184::Kanr

Figure 3. Growth test for nup184 deletion mutants by Spot assay

The plates were incubated by 3days on nutrient rich medium(YES) and 4days minimal
medium(PMG) at 28°. WT is wild type haploid(h’) AY217, Anupl&4:ura® null mutant
have growth defect on YES(Whalen et al, 1999). Anupi84:kary null mutant also seen
growth defect on YES. PMG medium were thiamine(B;) absence condition.

3. nupl84 F-EAA sdHo| 459 Axe} 4
(1) nupl84 FEZAA =AWo] #F9 Ax

Nupl84 wwlzo] N- 3
Fotur] deto] REAA =
oo A Ag 3t

pZU184A1~3HL o 7|43t & PCRE %3lo] Nupl84 w29

v
ol
flo
O
[
=
oy
o
of,
ftlo

AAENS o
Hol WMEZE A FslY] nupl84 AX =dwo]

e
o

)
ol

N-2 RES AAsG o, pZUI84A4HLS C—2dg FES A5}
olgA AZT pZUIB4ALEL 2299 A, pZU184A2% 481 A, pZU184A3%:=
71594 o}m = AMRE] A &SkE= Nupl84 wwAdSs we it} pZU184A49)
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9= 1468W14 olvm|wate] FZo] STOP FES AHQlete] dwiao] C—
o] AAd Zlolth(Fig. 4). #WHe] A" FdA dHe= Xhol#
BamHI®l Adas AAFLE ol MY Sal¥t BamHI Agas

Y a3 olg8A 4 WEE pupls4 A EAWHo] FF

FAAZS o], uracile] 2ZFEO] A gy HIEWIBo] H7bE iAo
HjeFsteltt. olglst WY ow Axd FEAAH sdWol dFE nupld4
T2 el $1xg SUMO #8449 & 22 1 =2 2707 AAE
2AtH(Fig. 4B).
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(A) (B)

3/5 121 1054 1151 1211 1534
LKYD LKTD VKLD FKHE VEKED LKIE
223

5

(C) X B

Figure 4. Scheme of nup184 truncated constructs

(A) Plasmid map of pZA69u vector. Vector have ura* selective marker. (B) Scheme of
nupl84 truncated vector construct. LKYD(375), LKTD(727), VKLD(1054), FKHE(1131),
VKED(1211), LKIE(1534) denotes SUMO consensus sequence. (WKXE, where W is a large
hydrophobic residue and K the modified lysine, E or D is acidic amino acid) (C) Scheme
of pZU184 constructs. Simpled alphabet tell restriction enzyme site for this study. X :
Xhal, B : BamHL
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(2) nupl84 FEAA Ao #F9 A8

nupl84 F-H4A2 =¥z} %
nupl84 A4 Mol 1 F7t opA gt wd EMM uijx] oA ¢} 2e,
YES ufjAel A opgge] nlai =7 4&& BIth(Whalen et al, 1999).
o]F o]g&3sto] YES wiA W9 AAEE HuE Soto] FEAoR AAR
nupl84 FAAEY IFs BEAT. TS puplS4 FHAAE] HEE o)
B2RO AR v FETFS LotR g

pZU184 9 A (Anupl84:kan’/pZU184), ¥E o HA [AA7}
AFEHA7] wiEel YES oA I AREEE ofdd o5& vusils
A=A ekakh o= #WH W Ad FAAIE A We A4dd

AAE 4 E (complementation)st?] wjizolth. =3 EMM oA A=

o
o
AN E W opE e NleE AESE
>=
=

£

H] =34 #EEA o pZULIS4A2 #59 AF I AFEEE ofddg
o

4
pZU184A1 T (Anupl84:-kan/pZU184A1)% 7% YES ujx|elx A2
Solo] #Eel AR AAAN BHS HGou PERHoR AAE
fAe] mgow As) AN AU Edwmel wFel wa| A3tk

EMM Hix]o| 9] A2 opda syl pZUL84 59 HlwsRS w okt
AAAHNE BIOot YES uix|oA] Hol= A A ul& 1 HErt
ok} pZU184A2 w5 (Anupl84:kan’/pZU184A2)8 A% W¥E

TAARe] Hetow Qlste] YES oA A Aol dojubA eksten,
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EMM HixJef| A2l A meh opAgz wjmste] Hlet JEE BT
pZU184A3  dF(Anupl84::kan’/pZU184A3)9] 7% YES  HjA|of|A
AR a7t el o 0 AxE pZU1S4A1 Bk A3t pZU184A4
T (Anup184-kan/pZU184A4)%] 7% pZU184A3 oA Hol=
A el vlsst A= 5 Bt (Fig. 5, Table 5).
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YES PMG

ANup184::Kan"
/pZA69u

ANupl84::Kan"
/pZU184A1

ANupl84::Kan"
/pZU184A2

ANupl184::Kan"
/pZU184A3

ANup184::Kan"
/pZUl84A4

ANupl184::Kan"
/pZUlgd

Figure. 5 Growth test of nup184 truncated mutants by Spot assay

nupl84 truncated mutants show growth defect in nutrient rich medium(YES). Mutants
were incubated at 28° in YES(4days) and PMG(5days) in absent thiamine. WT is haploid
wild type AY217(h"). The cell concentration was about 7.0~7.5 X107cells/ml, 106, 10°, 10
10° each.
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(3) nupl84 F-EAA EdAMo] FF9 X F7

el #FelA Nupl84—GFP wuizd ez I fxE 27 93
FAAn A spellA dFsGTE T ptdo] Ao wA e JFE
A7l skl wlER B, & 9 16 A AE A #F(+Bp)9t
HIERY B, & H7bskAl ¢ar wiekst S (-B))E vlwstgich. LR EE
A o3 +B; = B, B ¥
== A9

Nupl84—GFP w2 3 e X3t 1 A+ NPC(Nuclear
Pore Complex) 8} FAFSE o7 delx Qlti(Whalen et al., 1999). nup184
A2l A4 ORF 7F A=l = pZU184 #5¢] % GFP @ 4ol
NPC 9] ¥l fXstn Sl 2& g€ = Ut +B; 9 A+
thiamine o &3t 22 HE 2] Ao ol FFe AM7|7F —By ol vlsl| ZshA]
kol 19X pREPS8IX—Nupl84GFP ¢ wHluwslgls w HA3
AAYE o, Nupl8d =W N- 3 C-owk 4% GFP &

Hgto] Q&S B th(Fig. 1C, Fig. 6a). +B; ol &=
AZ S Zdol7b FAERT oF 3 Wi E Zojzl Fez #AHEH o=
yao] ot oz FAEH(Fig. 6b). pZU184 Al 9] H% +B, 9 2=

D& FAsrh(Fig. 6-c). et 1 AA=

FAHL H

ui
Anj
hiald
X
r o
(7
sk
A
30,
32,
ui

4o wrgo] pzZU184Al1, 4 Xt}
= Zlo] FEstA #EE At Fig.
6e). pZU18443 ¢ 7% +B;, —B; ¥ 74 BF AHAX HAZ Fo
HAJE Aoz #AAFEAL (Fig. 6g, h). ol ZAHA U Hio

Nupl8dp ¢ ¢xAFel AT WA 5 AT AAET Ed

b oBL’P

i)



o
o
Walo] @A gastel wEe] otk @ B, 2AelAE Amnitt

ji3

Y,

_0|Lr

2

£

5y

=

=}

=

EN

~d

1

K

>

oo yg
o owg

pUZ184GFP (Whalen et al.,

1999) ®WEE omt TEREHE 7R YA gon Eo {Hx wE

< Edy
Z7)4 GFP 9 23 A%l Nupl84—GFP 9o ¢ x7F wWdo] g&&
golste]  AdEAWol  #Fo {FH AR e st g xSo=
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Figure.6 Localization of Nup184p-GFP fusion proteins

The ANupl84:kan" mutants transformed by pZU184A1~4 and pZU184, pUZ184. GFP
was fused to Nupl84p at the N terminus (except pUZ188GFP, C'). GFP is localized at the
Nupl84 locus (a,cek) but, truncated strain is diffused to cytoplasm (g,i). the mutants

were incubated absence or presence B; about 16hours each in EMM medium.
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4. Nupl84 @89 SUMO W8 ZA}

nupl84 A= SUMO(Small Ubiquitin like Modifier) <124 R E|HC]
SUMO consensus A4 (FKXE)S 7FA 1L ) 97|14 &= A 254
15 duletal, K& SUMOSH Adgtsh lysines, X& E& oty
olulet, E &2 D A9 715 9w sttt SUMO(Small-Ubiquitin like
Modifier)= ©F 12kDa®] =2 FE|=2A ez o] wWgy) Qhys) & -

ALY BATE, A 28 5 AL Y B AL s Bl

=8
24
o

o]213t SUMO consensus A1 €2 Nupl84 wilzl o] SUMO HEH 2 wha7}
Hm o]E ¢otm Y] fete] &R FFEFH HMHS FE3FY] western
ATH ol i A4 =dAWol sk A ORF7F Ad#
2399t} Western blotting®ll= polyclonal GFP @A}k

blottingS 433} %}
A4 EAWolE A}
ECL(Enhanced Chemi—luminescence labeling and detection)7]E%
ARgatel 1 =S HEE gl

AL wRe) ZiestdlE @ o] FFeo TCA(Trichloroacetic acid)&
o] &3} tt. Bead beaterE ©|&3ste] AEE T wf SUMO weizo]
SUMO deconjugation &zl 93] A7 (deconjugation)®e] 1 W
5 vetay] PE7) wiEel TCAE FHrbstel AExEyE FE9

A 24 SRl JolUE FYSHES Hgor] oF thal Holue]

il

Nupl84 == 22z 375(LKYD), 727(LTKD), 1054(VKLD),
1131(FKHE), 1211(VKED), 1534(LIKE)¥ AMde] SUMO wz s}
AdE F e ALE /AL

pZU184 +7¢ Z-¢ Nuplg84 wulze] ozl 7] 176.9KDa?} GFPE]
7] 26.9KDa W3t <l 203.8KDacl 43 wWE=Z ulgow o] oF
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250KDac| el A7|7k#] W=7 E38 o)
Lane 6). pZU184Al1 59 A vml7iAz %o =
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.
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dAsgom 1 A7% °F 180KDa~° & FAECh pZUIB4AZ2 w7 FET
A% EEe WE=EE 9Eg

l’d€vt. pZU184A3, 4 59 A5 ZAbeE glo] obd el GFP
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dad o] A7)eh FARSE 7]l W=V BEEgeH, b wErh ofd
o7 Tyl WYHS ®AU(Fig. 7B, Lane 4, 5). SUMO W39
7o % AFEE Glel-GFP #59 -5 AlAbe ¢kl 83.1 kDaoll <53
MEZE A= Gon @d wMERte] wzwo] iyl wigo] dojipx|
A5sS & F ASTH(Fig. 7B, Lane 7).
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Figure. 7 SUMO modification of Nup184p-GFP

(A) poly-acryl amide gel were stained with coomassie brilliant blue. 8% gel. Lane 1.
ANupl184:Kan™ , Lane 2. ANupl84:kan' /pZU184A1, Lane 3. ANupl84:kan'/pZU184A2,
Lane 4. ANupl84:kan/pZU184A3, Lane 5. ANupl84:kan'/pZU184A4, Lane 6.
ANup184:kan' /pZU184, Lane 7. ANupl84:kan' /Glel-GFP. (B) SUMO modification of
Nupl84p-GFP by Western bloting.

_41_



5. nupl84 o] #F9 mRNA export A3 ZA}

nupl84 F+3AA7F mRNA exportel] "X& JFH, FEAow AAHo
e o] AE GAAte] AMA SAA Bk An
hybridization& &3 nupli&4 EAXMo] d52 Poly(A)'RNA FIE
ZAFsEeltH(Fig. 8).

Anupl84:kan” A7 AWMl #F9 A wad” AR AFEH A2
EAWo] FFet v E B A (YES)olM Poly(A)*RNAZF & o
HE7# %+ mRNA export defectE HGTE TS Bo] EE FHAn|XA
(EMM+B) oA E A3-S ®Beloy 7 A3 A= E3ulx]e] uls) <klict

FEd4 Zdwo]l FFoAel mRNA export A3E offel WE

A AMA FA4 BES 2ARGG RE FRAM Bdue] #FE

Jo

TEAH o7 YES iAol mRNA exporte] ZgrS wow Bo] xdw
EMM Hix]o| A 8 AES W nupl84 AA ZoAwole} FEH 9 FHAto]
HEEA a8y b dFeith AR nupl84 FAAE Zold Apolw
A3l FAA FARFe] Heke] glo] zpolE HGITH(Fig. 8, Table. 5)

pZU184A1 #5% pZU184A3, 4 o) nls) YES #j#el4 mRNA
export Aol A #AEY O} pZUIBLA2 9} vlwetg S W ATS
Hol= AXEQ Hgo] =gt pZUIS4A2 #FE T E FEZAA Sddwo)
5ol B3] 22 A4S RolXnk A ORF7F A1 ® pZU184 wFof HlS
= W2 49 mRNA export 2% R H(Fig. 8, Table 5).

X
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EMM EMM+B, YES
ANupl84:kan'

ANupl84:kan'
/pZU184A1

ANupl84:kan'
/pZU184A2

ANupl84:kan'
/pZU184A3

ANupl84:kan'
/pZU184M4

ANup184:kan'
/pZUl184

ANup184:kan'
/pUZ184
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Nup184-GFP

Poly(A)* DAPI  Poly(A)* DAPI  Poiy(A)* DAPI
RNA  (DNA) RNA  {DNA) RNA  (DNA)

Figure. 8 Poly(A)* RNA localization of nupl184 mutants
Poly(A)+ RNA localization by In situ hybridization. Mutants incubated EMM absence(-
B1), EMM added B1 and nutrient rich medium(YES) about 18 hours.
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Table. 5 Summary of nupl84 truncated vector complementation

e Rae SO O
(EMM) (YES) defect
A Nupl84.: kan" + + N.d= ++
pZU184 41 + ++ + ++
pzU184 42 ++ +++ + +
pZU184 43 + ++ N.d* +++
pzU184 44 + ++ N.dx +++
pzU184 ++ +++ + -

(#N.d : Not determined)

Summarize this study one table. Each columns were indicated in Figure.
4, 5(growth rate), Figure. 7(SUMO modification), and Figure. 8(mRNA

export).
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V. £9

nupl84 A= el BaA ol X = AT mRNA exportel] F&Fs 7
A= Q3 A5 FHAAR] rael¥ A X Ab(synthetic lethality) S H.o|H

EAWol= & 9teof] RNAZF 2 5o] 9l mRNA export defect &4;
< XAt (Whalen et al., 1999). =3t nupl84 A2 G714L9 #4932 §
g C @eke] SUMOZF A3jts = SUMO consensus A Qo] EAE-S 23}
Rqom, o] AMA <Fo] STOP FES AYUste] AP EdHolel
Nupl84—1p2 AE W A7} & sEde] Qx84 &3 AxARE HAGS
o] 23 tH(Whalen et al., 1999).

At kan” FAAR AgE A EQdWo] #FE A=xzsltH(Fig. 2). ol
TFE wrad FAAE AT EAWo] 759} w7 R YES A ellA A
FAHE B} O mRNA export 232 HATHFig. 3, 8).

w3t nupl84 F+AAF o £A43F= SUMO consensus A 49 a3 H

AAh BEAoR AANYE o R nAE e dolns] I3 o] &
R wRAY E

Aol #FE AxEAUT. nupl84 FAA ] EAE=
SUMO consensus A4 & C—Zao] EAsts 1535848 KIE A€o
nupl84 A7 A} SUMO HEPo| T3t A3s a Fojgta 7}
gato] pZU184 44 ME S A|xst on, duld o] N—drto] AL o
o A35 w7 93t pZU184A1~3 HEIS A3}

AdA TlEs dE Az FEAA Edwe] 739 ST
SUMO ®H3& 5%, mRNA export?] A3ars ##s19 T},

pZU184A1 v+ Nupl84 w@ulze] 1~228WA ofujizilo] A7 ¥ o
229914 opn| =AM E RbZolXith o] AAEEE PMG WA oA = A4

ot
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=AWol FF(Anupl84:kan)ol HlustsS o M3t AL E o,
YES wiAlelA = Bt whE A4S ROl gy ofdE w59 Bt
i YESelM &) AgAs dd> o1xds] Jebsteh(Fig. 5). 12la N &
A} GFPE ol &% fAAFHolA ddAS gAstr] fs Bi= 7Fsko]
ajFet dat, dmgo] e gwlel fAska 3= o] dEEJ o T A
TE Egds Ao® AAXNTKFig. 6¢). Bie H7FskAl @il wieksio] #
RS W AEA AAR AAA%NeH, FHeo] dFEH= dMEEe] a4
He o e s gatst AAFHol AHHAeH(Fig. 6-d) E7F SUMO
WY FE AR W AldbE gh]l oF 180 kDa®l Wl=9E 71 fjFHow

f
i
32

32
o

rAl
e}

32

oF 250 kDa o] A7|71A 8+ WME=7) &yt (Fig. 7 Lane 2). 9]
= gz o] SUMO WE-S oFA)gtth, =3 mRNA exportl] Adojis %

AFealS o) YES w9 EMM+B;91412 mRNA export 23S Hol= A
Eo] nlgo]l A Edwle] # Rt A7 #EAH A H(Fig. 8).
pZU184A2 w52 7§ duldo] 481HA ofvu] = AbRE dadww 7 A
g oplY FFe Hd JEE HIAUE o] AFFE YES HiXeA AJgA
d ddS Holx drow nupl84 FAAS] A ORF7F 44l pzU184
78 FARE A S BAth(Fig. 5). 3 o] #F9 X534 A3 By
o H7te wiA A #HEES W H EHel A= FHE
Zxo] o] Aol NPCeo| $A13ta Utk e & 4 AANTH(Fig. 6-e).
SUMO ¥8e] f5F ZAtA = Aakdl w@iizd 37]Q1 oF 150kDa~2] W=
7F dEElow, pZU184A13 wixk7bA 2 ©F 250kDacl’del A7 7hA] &
= ele A 5= QI tH(Fig. 7 Lane3). ©] #59 mRNA export ZA3gh
FZA A= A Zddoe] 739t nlustels W AdS Kol 4T dA
O JE+= pZUL84 wt5-9F HlzakAl #EE AvH(Fig. 8).
pZU18443~4 459 2% Z+7F pZU184A 39 7% 715WAFE 2435

A
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™, pZU184A4°] -5 1468W A ofnfieqbela 1 o] HETHFig. 4).
T AT A4S PMG iAo s Aa mdwo] #59 H]
o YES #jA oA 9] AdAs] @ pZU184Al Hrbe 73kt
Awlo]l ol vl = ok wE J=E RBTH(Fig.5, Table. 5) gt
WA AAE FHHE Ay +B1Y Bl 9 A 5 FFo] AxA HA
1 3] NPCell 91A38kA] k5ol gle Utk (Fig. 6¢g, h, i, j).
a8 o] F fF2 SUMO WE ZAF A3t ofltd A717F obd, ©F 35 kDa
g WMEdds g8l th(Fig. 7 Lane 4, 5). E3 mRNA
ES iAol A poly(A)" mRNAZ} & <loj| 4]

AEZAZ w74 Faks AS #lskadth(Fig. 8).

Ao A g F3l FREAOE AAE nupl84 FAAE pZUL84 42 A
E ALE Y x FFo A 4R Nupl84 whld o] gxel & o) x4
3k X3k, mRNA exportel A3hE HelS &8kt I8y SUMO ¥ 9
FEES AHBES w F FF(pZU184A3, pZU184A4)E A 93 LA #
Fo|HE SUMO Hgor A= e Y selo] gFgit) ol A
2!

QA fARE WEe] FRACE AE fARF mesA ERAY

b

& 7

iy
o
R

rAI

2 AY ARE B nupl&4 FRAAIE FEAoE AAEHAE W |
o] AAAH I mRNA exportell 93-S vHth= A <A HAUTh 284
4 2ts] Nupl84 w@ez o] oj= RFo] 7 AL 4]

Al 9l pZU184A2 dFE pZU184A1 dF R 479 2kAl® Fo] ¢

FEo® =7t A4 =dWoel s vwsls wW A ORF7/F A¢ld
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st A FAzke] mekel & HGIThE A, Nuplg8d ©¥ A<
SUMO W& N-Hu C-gdo] o AsiA #-=o] & dAlst. =
$F SUMO w&Ade & & 254 75 vt nupl84 34 W
of &A%t consensus NEE FHH = FE2 T 65FFolth 18y 6F
7o A AR SUMO =i do] Agsh=A & ob4] ¥3] XA ¢kgkom, §
MY 2FA obnweAtE Z47F L(FAD), v(Ed), Follddebd) e A 57
olm o]z F HELERIY A7t 7 At B Hddeds A=
consensus A 49> Nupl84 ©@®& o] C—ekQl 1131HAl ofu|-Atolt), o]
S ZAR 3Fo] Nupl84 @z o] SUMO Wges ¢ wdo] #ojsts Ao

= FAEa vk
pZU184A3 59 A5 o8 A7|nct S Zojo wuixo] gl gl
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Abstract

The study on SUMO modification of nucleoporin Nupl184p
and its effect on mRNA export.

Cho Hyun Jin
Department of Biology
Graduate School

Sungshin Women’s University

nupl84 gene contains one intron and encode a 1629 amino—acid
protein with predicted molecular weight of 176.9KDa. We constructed
nupl84 null and truncated mutants in fission yeast Schizosaccharomces
pombe. These mutants are not essential for growth, but show severe
growth retardation in nutrient—rich medium (YES).

Nup184 protein has 6 putative SUMO consensus sequences known to
be conjugated by SUMO (Small ubiquitin like modifier). SUMO is small
peptide composed of 97 amino—acid, and is able to SUMO can bind target
protein by enzyme cascade pathway.

We constructed 4 kinds of nupl84 truncated mutants. These truncated
constructs were transformed into nupl&4 null mutants, and checked
whether they could complement the growth retardation in nutrient rich
medium (YES), mRNA export defects, localization, and SUMO
modification.

Among of these mutants, pZU184A2 could complement nupl84 null



mutants comparable to wild type. pZU184AZ2 strain show not only normal
growth in nutrient rich medium (YES) and poly(A)* RNA distribution, but
also SUMO modification pattern.

These results suggest that the nupl84 SUMO consensus sequence is

not only involved in Nup184p localization but also mRNA export.
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