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Ayl A3 Az Aol AdEAE ol Ax
g or Adoprl=d v TestH, el EAsh= {FAd TR
nuclear pore complex (NPC)E &3l ©]Fo]%ITh NPC= nucleoporin (nup)©] 2}
2 30 A5 EMAR o] Folxl A HAloIth o5 T 1/3 AETL
degenerate  FG  (phenylalanine, glycine) repeats® Z&3dl= WA ZA, NPCO

iy

o]

5

TS T2 A8 transport complex®l| docking siteE A& ¢tth NPCE &3t
olg 712 olsd AdEAEs AYAHOE QIASHE transport receptors
HQR o APARl TEFFoln, NPCY dE4<l Wste] os =¥t}

Ao T RNA 9 olg¥ =P, mRNAS Selx] AlEAE o)
, ol Wl H& export factors”7F mRNA export
receptor®} S AESFe] tholubE] (dynamic) ¥ 3R] mRNP  complex®
7338k, mRNA AR €] thE T A (transcription, 5 capping, splicing, 3’ end
cleavage, polyadenylation )2} 1A} AZA = o]q17] uljo]t}.

A F KRN Schizosaccharomyces pombe®] X mRNA exportd] F Q3 TS of+
mRNA export receptorQl Mex672 A#E = factorsE BH8]17] 918 Mex67 null
mutant allele$}  synthetic lethalityS H.0]% SLmex3 =AWO] FFTEFH  mp97
FAAE SRS wmp97 FAAE 851709 amino acidE  ¢FEs}ebal
Qo™ ORF Fitel 1719 RJEES 7HAZ Utk nupd7pS S pombe]
nucleoporinQl npp106, S.cerevisae] nucleoporin®l Nic96, Vertebrate®] nucleoporin®!
Nup93¥} homolougys H.ATh. mp97 AEZ Aol HAFHoln, o] {FHA}]
WS A AIZ]E 3 Qhol poly(A)t RNA 7} FH AT A 75E 72
nup97-GFPE ©]-&3to] Al oA fXE &3t A3, o] @A S Necel
AR e #AIg = A olHd AAELS mpyr FAAE

nucleoporins ¥ & 3}3FIL Q) O™ mRNA export #0I3k= A& AJAFgT)
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AMAZE ASALG el AN AT Qo] fAA Tl Yol

N, e et Holn fUANE AXY UE DNAY @
stow A vd £ g7l "Eel olE dildte] mRNAC|l FAPRE
Z‘j/\]'(transcription)a’ﬂ mRNAZ} @ H-S Uyl AERCA FHAARE

355 (translation)  ¥th. o] =HA FAATE EH w7 Sl I AEA
Atol e EelE B4 w3 (Nucleocytoplasmic  Trafficking)©]  @o] pof  gho,
7] fsiA= Futell EASE nucear pores & dlloF SF=Ul, nuclear
porer= AtgE FE2EA] yeastoll A 40MDa, mammalian cell*| 4] 60MDa®l] &gt}
A o]23t T EE nuclear pore complex (NPC) 2}1l 3th NPCcE W A 3}
RNAS &3} M A Alo] €] o]-&(Nucleocytoplasmic transport) Al, & Q3 &2
stoy, NPCE AA F2E XA OFE nuclear basket, central core, cytoplasmic
fibril = ¥ ™ (Tran and Wente, 2006), central corei= A|EZA I} nuclear ring Alo] ]
87hel A
SHCH(Fahrenkrog and Aebi, 2003).

NPCE oF 300 &7F¢ @A (nuclearpore protein) & ©]F0] % glow o]&

TS Yl BMA-E nucleoporins (Nups) ©]2F F-ET}F (Rout and Aitchison,

oi

A FRE JHAed oE spoke  complex =

2001; Vasu and Forbes, 2001). Nucleoporins% FHE o]FoA Qe

HAZ FG nucleoporine> Phe—Gly—rich repeat domain©.% Z/J3S}E  transport
channels A9 O™, FE8AS  transport receptors®] EIE w73
nucleocytoplasmic transportoﬂ AgA oz 283l (Rexach and Blobel, 1995;
Bayliss ¢ a/., 2000). T+ WA F7F FG—repeat sequence= Al 2] 3 nucleoporin &%

NPCE FZE FAsH:=E wlzoly, x| WA= NPCE nuclear membarne©]



NPCE =3+ ransportoﬂ—t‘ nuclear transport receptors(karyopherin, importin— B

2 peptide signals Q12]

family) 7} B Q. 3HH], ©] receptorsi= cargo protein®]
4 Qo ZHzhe signal% nuclear localization signal (NLS) Y+ nuclear export signal
(NES)E YEFATH Mattaj and Englmeier, 1998; Gérlich and Kutay, 1999; Pemberton
et al., 1998). Karyopherin% exporté}—t‘ RNAQ! RNA cargos = QlAlst 4= gl o u
AWt o7 F 7EAE UH =T, import cargos 12 8H= A& importins, export
cargos A2 3H= A S exportins ©] 2L $FTH(Kohler and Hurt, 2007).

mRNA exportTLj T}E RNA(RNA, snRNA, miRNA)Y @9z 9] exportﬂ—
<] P B3E, T2 RNAGRNA, snRNA, miRNA) S} T 9] exportol]
#odsti=  karyopherin®| Y} RanGTP—RanGDP gradient®] 2340 % o] E3}%]

%= transport receptors ©] & $HH(Reed and Hurt, 2002; Conti and Izaurralde, 2001).

FH

Sk - W2 export factors(adaptors, release factors) 7} mRNA export receptor 2}
A} 5 2F-8-5) o] (Rodriguez et al., 2004; Reed and Cheng, 2005; Huang and Steitz, 2005)
tho] uhe] (dynamic) 8t 7-32E ©]F 1L o]&3t=H ©] T E mRNP complex®}il
Fias

mRNA export receptor® yeastoﬂ% Mex67—Mtr2 complexﬂ- metazoan®| TAP—
p15(NXF1—NXT1) complexﬂ' Qlom o] receptor%% &4t heterodimer 2 ENE
A3, Mex67Z TAPS homology"?’e‘ HolA W Mur22} plS'E o}m] - Ak
MLl A homologys HOlA 2+ WA, FAFSE 7ea B8k orthology s
Helth ok AW IE mRNA export receptori= karyopherinj’/]— TERAo T
Adol o, RanGTPe| 2)&ESHA 9%, FG nucleopomn-‘/]— E¢ A o7
interaction & 4= SQlt}. o] A2 FG nucleopotin 15 Y (meshwork) .2 o] Fo] =
NPC2] centre pore% Z38 & Qo= AS 9] g th(Reed and Hurt, 2002; Cole
and Scarcelli, 2006; Stutz and Izaurralde, 2003)

mRNA export receptor't— RNAS} A-dA o7 A 4= YA, RNA—binding
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protein?_] adaptorﬂ— SHA ZEBHTF, Yeastol £ Yral, metazoan©]:= ALY/REF
adaptor’} E A 8F=Hl, mRNA export receptor®t 214 A 02 AFE 4= QITh(Reed
and Hurt, 2002; Stutz and Izaurralde, 2003). AITH7}F Yral$} ALY/REF= TS
export factor(yeast®| = Sub2, metazoan®|i= UAP56) 8} =22 S F  interaction
oh(StriBer and Hurt, 2001; Zenklusen ef al, 2002). Sub29} UAP56:> RNA
helicases®™  mRNP A (biogenesis) ol  #odk= 18] complex®} AT

QlEd], of7]d & TREX(transcription—coupled export complex)ﬂ- spliceosorneO]
3kET} o]9 7ol Yral9 ALY/REFE adaptori”ﬂ upstreamoﬂ% RNA binding

protein?} downstream®l]i= mRNA export receptor AFC]E AAst= thg] &S
akar St

1831 mRNP complex® T/J3F1L w}A| adaptor 716 3F= SR protein®]
ATt SR protein<> serine(Ser) Z} arginine(Arg)©] &3k protein© Z  splicing®]l
!
aRNA TIARFES] md A 2448 oAl )%

g t—ﬂ"q'(Huang and Steitz, 2005).

ol
rlr

Al 98-S didstAE, mRNA export2} QF A, translations ET+

!

TREX complexi= nuclear export®lA] mRNA A (biogenesis) TAIE & &3t

.—Yl

Yeastl A 470 €] TREX subunits® Tho2, Hprl, Mftl, Thp2+= 34 THO
subcomplexs A 3L (Chavez e al, 2000), THO subcomplexi= transcription-
dependent recombinatioin?} co-transcriptional mRNP  formation®] ©f2] =T ol A]
715E 33t (Jimeno e al, 2002). 2708] TREX subunits?] Yral¥} Sub2+
export factors®= mRNA export receptor®t =2 2Q1 el E FA ST Yeastoll A
TREXi= transcription elongation 3= &Qbell YEU= AR (transcripts) &
ALRoE HowA, Zx7]¢ HAAZE mRNPE  folding 2 5 A
XAl 7]™, RNA binding proteins recruit & 7 A E2FFTh (Zenklusen ef al,

2002; StriBer e al., 2002; Abruzzi et al., 2004; Huertas and Aguilera, 2003; Hurt ez a/., 2004).
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o]x1¥  mRNA exporti= splicingol‘/]' transcription'% X35k mRNA
AR (metabolism) &) o2 ©h& @AI9L AE 21dstA AdH%0s As
o = St ©] F mRNA exportel]l 7FE T2 93-S = mRNA export
receptori= mRNA processing®] ' 45 $H(mature) mRNP complex® NPC7}HA]
AAA 7], NPC2E interactions E3] mRNP complexﬂ' 23 =E st
93kg 3 Ao 7 FZHHEAH(Erkmann and Kutay, 2004).

T3 ARAOZE mRNA A BE WA= transcription, mRNA
processing, export®ll Al 7F& 3t errorsE HAY F JAEF AZA T quality control©]
Hol3dtr QU tH(Fasken and Corbett, 2005). 3t o2 NPCS +Z% =, nuclear
basket®l] =] 3F= Mip1—MIp2 system©] quality checkpoint® <=H] %= ] Tk Mip1—
Mip2 system<= 2708 A & protein®] nuclear face® &Fdl 013, unspliced
transcriptss WA U712 L3k A] B 9 8HS ST (Fasken and Corbett, 2005; Green

et al., 2003; Galy ez al., 2004; Vinciguerra et al., 2005).

o

S. pombel X mRNA export®l] 7Hg 5 Q3 TS Sz receptor?] Mex677}
Aol Q= factors 27| I3l Synthetic lethalityE ©]-8-3F0] Mex673} synthetic
lethal2 H.©0]&= mutantsS 3o} screening 3+ TH(Yoon, 2003). ©] =, SLmex3°] .
pombe  Library DNAE FAHAL AA 1 F,  +B1 oA A3
& 2 2 gHA| (transformant)“?’e‘ Zro} plasmid’?’a‘ 2ya H oS, 23S thA
SLmex3°ll A% A A S (re-transformation) Al A Do H  plasmidE  SLmex39}
complementation 3F=A] A E (growth)yE A A3F%]  complementation 3}

SPCC. 1620.11¢0]2} &t} o] Fdx= 3149 intron¥} 851

obm] = 4kS encode SFAL Q1O HESE O] sequence TS S.pombe &) nucleoporin

ftlo

sequence 252
el Npp106, S.cerevisae2) nucleoporin 2l Nic96, Vertebrate2] nucleoporin?_]_
Nup932+9] sequence & H|WIEY homologys E Stk 1A o] {AA7}F

olwl = nucleopormol Zolgt AZFsta w3k o] FHAA T A=



i

w2 O] molecular Weight7]' 97.5kDa®l2tA o] FAALS] o5 pmup97O] BFIL
] 3FF T Cho ez al, 2007).

o ATNME mp97 AR A deletion)® =AW O] T (mutant) &
Al }_é}ﬂ, nup97 A7 -T’Jr‘.jj_]’“?‘i(over expression) Hele W FAS
ZAFR O i sim hybridization'% 23} mRNA export t2] AehS ZAFES T

83 nup97 WA ] NOW i cdde] GFP WElAE 291 constructsE
A z23to] nup97 WAL AEZ Ul §AE ZAFSHLL, Endogenous level & nup97-
GRP WS WA o7 el AT O S F2s Lohur)
$3ko] AEZ A2z ](chrornosorne)oﬂ AR Bz mup97 F+AA ] A Z3 Integration
vector AFiste] FFAv skl BEsFII T



1. A8

1) I4F

2 Z 3+ plasmidsﬂ propagationﬂ} selections 9% FAHANE H4F2 Ewi
Topl0= AH&-3Fith.

2 Al AV SH EX Schizosaccharomyces pombe BE T HFHL Table. 1]

REEE

2) Plasmids
PCR productsﬂ- DNAE subcloning3}7 | 93 vectors® pDW232, pDW234,
pREP series (3X, 41X, 81X)5 AF&3}%13, GFP-vertor®l DNAE  subcloning

371918 pZAGY, pZAGYU, 41U3GFP, pREPS81-EGFPc S AHE-319 t},

3) #ix] 8 wjgF=A

E. wli'Topl0’2] #lFS A= URbA 02 AFE¥ 3 Q1 Luria-Bertani (LB :
0.5% yeast extract, 1% bacto-tryptone, 1% NaCl)y NA| v} X & A}-&3}S I (Table. 3),
Ao Aol LANA wiA] @B AA Al ampicilling 100 pg/mlE F7HE
ARgete] 37ColA 71tk L ® WA= 2% agars H7FSFSATH

AR A#FY wikes 9% WA= EMM(Edinburgh minimal medium)¥}
YES(Yeast extract with supplements: 0.5% yeast, 3% glucose, supplements : 225mg/ ¢
adenine, leucine, uracil) WA E AFESFA I matings Al717] 93A= ME(malt
extract : 3% bacto-malt extract)E, wAWO|F FEE 9IS E= PMG(Pombe

Glutamate medium) HiA|ol G418 (200mg/0)E H71edth L Ao
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EMM(Edinburgh minimal medium)®} =]l 15M Thiamine 3 7}sto] ARE3FS S ™,

13 H]A|= 2% Bacto-agars 4 713ko] 28°C ol A] B F3}FSI T (Table. 2)

4) B " A%

7% At A5 T4 DNA ligaser New England Biolabs.(Hitchin, UK)fA]
T4 3FA L, Tag DNA polymeraset= AWM = (A2, o gkRl=)o] A, Pyrobest DNA
polymeraset= Takara(Shiga, Japan)ollX T-datadth. o< Aok Sigma
Chemical Co.(Louis, USA)®} MP(Eschwege, Germany)°llA F<3tth DNA
isolation¥} PCR purification, Gel extraction Kitt= QIAGEN(Hilden, Germany)©°lA]
T4 3F3 3L, Southern blotting= 91 ¥ ECL (Enhanced Chemiluminescence labeling and
detection) kit:= Amersham Life Science(Buckinghamshire, UK)lA] T3t 2™ In
Situ  Hybridizations |8t Fluorescin-Antidig-oxigenin ~ Ab.i=  Roche(Mannheim,
Germany) Al -9 &kt

5) primer & sequence analysis
Primeris GCEHS 40%-60%= 1 HHEZ QL A7 AS I3 20mer
HFEE 0.02umol  scale®  A=E(O]E, W= SIGMA(Louis, USA)O]
T YTE 2 Ao AFEE primeris table. 40 A Al ST

6) &8 W HEg
(1) &+ZF&
DNA #A7]YF%Eel AFHgH 4FEHS 7]2E4OF  (Sambrook and Russell,
20015 whEtTh
(2) S. Pombe A% : Lithium Acetate 8

10X LiAc : 1 M Lithium Acetate pH 7.5



10XTE : 0.1 M Tris-HCI pH 7.0, 0.01M EDTA
IXTE/LiAc: 1.0 mM TE/LiAc
50% PEG4000 : 50% Polyethylene glycol 4000 in 1XTE/LiAc
(3) S. Pombe DNA isolation A] F
CSE Buffer : 50 mM Citrate/phosphate pH5.6, 1.2 M sorbitol,
40 mM EDTA pH 8.0
Spheroplast buffer : zymolase 20T(2.5 mg/ml) in CSE buffer
(4) Southern bloting & &<
20xSSC : 0.3 M Na3citrate, 3 M NaCl, pH 7.0
Primary wash buffer : 6 M urea, 0.4% SDS, 0.5XSSC
Second wash buffer : 2XSSC
Hybridization buffer : 0.5 M NaCl, 5% blocking agent
to ECL gold hybridization buffer
(5) In Sitn Hybridization§- <4
30% formaldehyde : paraformaldehyde, 10 N NaOH, PBS
Spheroplast buffer :
SCE (1 M sorbitol, 0.5 M EDTA, Citrate phosphate)
Hybridization buffer : 20XSSC, 50% Detran sulfate, 2% BSA,
vanadyl complex, tRNA(1 mg/ml), olgo dT50
Fluorescin-Antidigoxigenin solution : 1 M Tris pH 7.5,
5 M NaCl, 2% BSA, Antidioxigenin(200pg/mf),
10% Triton X-100
DAPI mounting medium :
DAPI(1 mg/ml), Antifade(10 mg/ml), PBS,

glycerol



(6) E. Coli Cracking 8 84

2X cracking buffer : 0.2M NaOH, 0.5% SDS, 20% sucrose



Table 1. Strains used in this study

Strains Genotype Source

AY 217 b lent =32 urat —d18 Yoon ez al. (2000)

SP 286 bt/ b+ lent =32/ len—32 urad —d18 Matsumoto and
[ura4—d18 ade6 —M210/ ade6 —M216 Beach(1991)

SP 286(Anup97) bt/ bt leul =32/ len—32 urad —d18/ This study
urad —d18 ade6 —M210/ ade6 —M216,
Anup97::kean” or urad=/ nup97+

Anup97:: kan/3X b~ leul =32 urad—d18 This study
Anup97:: kan'/ pREP3X —nup97

Anup97:: kan /41X b~ leul =32 urad—d18 This study
Anup97:: kan'/ pREPAX ~nup97

Anup97:: kan/81X b~ leul =32 urad—d18 This study
Anup97:: kan'/ pREP8IX ~nup97

Anup97:: kan/ 69 b~ leul =32 urad—d18 This study
Anup97:: kan'| pZAGCO —nup97

Anup97:: kan/69u b~ leul =32 urad—d18 This study
Anup97:: kan | pZA6Ia~nup97

Anup97:: kan'/41u3 b~ leul =32 urad—d18 This study
Anup97:: kan/41u3GFP —nup97

Anup97:: nrad*/3X b~ leul =32 urad —d18 This study
Anup97:: urad* | pREP3X —nup97

Anup97::urad /41X b~ leul =32 urad —d18 This study
Anup97:: urad* | pREPA X —nup97

Anup97::urad /81X b~ leul =32 urad —d18 This study
Anup97:: urad* /| pREP8IX—nup97

Anup97:: urad* /69 b~ leul—32 urad—di18 This study
Anup97:: urad* | pZAGCI—nup97

Anup97:: urad* b lent—32 ura4—d18 This study

/81EGFP Anup97::ura4* [ pREPSIEGFP—nup97

nup97-GFP b lent—=32 urad—d18/ nup97—GY¥P:urad* This study
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Table 1. Strains used in this study(continued)

Strains Genotype Source
E. cli Topl0 F—, mcrA (mrr—hsdRMS—mcrBC), Invetrogen
(Carlsbad, USA)

80lacZM15,]1acX74, deoR recAl,
araD139,(ara~leu)7697,  gallU,  galK,

rpsL,endAl, nupG
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Table 2. S. pombe medium composition (per liter)

YE(Yeast Extract) Medium

Yeast Extract (0.5%)
Dextrose (Glucose, 3%)

Agar (2%)

5g¢/8
30g/¢
20g/t

YES(Yeast Extract) Medium

YE + Supplements

Supplements : 225mg/ € adenine, leucine, uracil and lysine hydrochloride

EMM(Edinburgh Minimal Medium)

potassium hydrogen phthalate(14.7mM)
sodium phosphate dibasic(15.5mM)
ammonium chloride(93.5mM)
dextrose(glucose, 111mM)

salt(stock X 50)

vitamins(stock X 1000)

minimal(stock X 10,000)

3g/L
2.20/10
5g/L
2%(w/v)
20ml/ L
1ml/e
0.1mé/e
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Table 2. S. pombe medium composition (continued)

PMG(Pombe Glutamate medium)

potassium hydrogen phthalate(14.7mM) 3g/L
sodium phosphate dibasic(15.5mM) 2.2¢/0
L-glutamic acid, monosodium salt 3.75¢/¢
dextrose(glucose, 111mM) 2%(w/v)
salt(stock X 50) 20mé/e
vitamins(stock X 1000) 1me/e
minimal(stock X 10,000) 0.1mb/e
50x Salt stock
MgCI2.6H20 (0.26 M) 525¢/t
CaClI2.2H20 (4.99 mM) 0.735 ¢/t
KC1 (0.67 M) 50¢/t
Na2504 (14.1 mM) 2¢g/t

1000x Vitamin stock

pantothenic acid (4.20 mM)
nicotinic acid (81.2 mM)
inositol (55.5 mM)

biotin (40.8 zM)

1g/0
10g/0
10 /0
10 mg/ ¢

_13_



Table 2. S. pombe medium composition (continued)

10,000x Mineral stock
boric acid (80.9 mM) 5¢g/¢C
MmSO4 (23.7 mM) 4¢g/L
ZnSO4.7H20 (13.9 mM) 4¢/0
FeCl2.6H20 (7.40 mM) 2¢g/t
molybdic acid (2.47 mM) 0.4¢g/t
K1 (6.02 mM) 1g/0
CuSO4.5H20 (1.60 mM) 0.4g/t
cittic acid (47.6 mM) 10 g/€

Table 3. E. coli medium composition (per liter)

LB(Luria-Bertani) Medium

NaCl (1%) 10g/¢
Tryptone (1%) 10g/¢
Yeast extract (0.5%) 50/4

Agat (2%) 20g/

_14_



Table 4. PCR Primer used in this study

Primer name

Primer sequence

Nic t

Nic 2t
Nic96 3T
Nic96 4T
Nic96-10
Nic96-11
Nic96 14
Nic96-20
Nic96-21
Nic96-22
Nic96-23
Nic96-24
Nic96-25
Nic96-30"
Nic96-31"
Nic96-32
Nic96-33
Kan 5D]J
Kan 3D]J
Ura 5DJ
Ura 3DJ
Kan-2R
Kan-4F
Ura-2R
Ura-4F

Nic U3 For-2

CATTGGCGCGTTATGAGGAC
CGCTGAACGTAATGAACTTC
TGCTCAGTTGTGGAAAGCTG
TACTTCAATCATTTCAGGTG
CTTGTCGACACGGTTGCGTCTGACGATTC
ATAGGATCCTCATGTCATTTCTATTTCGC
TCGTCTATTAAGGAACGGTG
TGCTCAGTTGTGGAAAGCTG
CTCATGATGCTGAATCAATTC
CACTAGTCAACAGAGAACTC
TAGTTTAGACTACTCATCTC
ACGCGATTCCTACAAGTCTC
AGGTGTCTAACTAATCTTGA
GACTCATATGACGGTTGCGTCTGACGA
ATCAGTCGACATGACGGTTGCGTCTGAC
TACTGGATCCTGTCATTTCTATTTCGCAG
TACTGGATCCTCATGTCATTTCTATTTCG
ACCCGGCCAGCGACATGGAG
AGTATCGAATCGACAGCAGT
AGCTACAAATCCCACTGGCT
CATCTAATTTATTCTGTTCC
CGCACGTCAAGACTGTCAAGGAG
GCAGTTTCATTTGATGCTCGATG
CACAAATGCATACATATAGCCAG
TGAATGTAAAATACCATGTAGAC
GGTGTTGGAACAGAATAAATTAGATGAC
GCTGCGAAATAGAAATGACATG
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Table 4. PCR Primer used in this study (continued)

Primer name Primer sequence

CGCTATACTGCTGTCGATTCGATACTACG
CTGCGAAATAGAAATGACATG

Nic K3 For-2
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2.
1) AAE (Iransformation)

(1) S. pombe BA 75

S. pombe®] FRAZAZLE Lithium Acetate " (Alfa e al, 1993) 0.2 S8 3} T}, of
A oA Q1 SP286¥ REFARFTQl AY217E 77} EMM + all A uj =] o}
YES HAHIA] 10meel] seeddt H 28CoA 8% HE 7] &, fresh EMM + all
AA A e YES HAB]A] s0mee A 5-8 x 106 cell/méo] = wj7k=] 6l 3T,
o]5 AIXEE harvest 3t0] Hr S TDW=E wash¥t $, 1X TE/LIACE condition 3F
ob=1 A4 FE5t] cellt B2 ThE 12 x 100 cell/ml 2] FE7F H =5 1x
TE/LIACE resuspensiondt S TE O] H Al A1 cell 50408} salmon sperm DNA 2.5
w, BAAS stk shi= DNA 4uls Wil & 4ol & F, 50% PEG 150E
Y mix 3 tha 28T oA 3037 incubationdFATE 42TColA 1023 heat
shock®s & Uhar Aol 2&7F BX§ F A4 Felsto] 50% PEGE ¢4 3]
A A GHCE, yrad+ maker7t FAAEE cell> 1X TEC resuspensiondl®] EMM-U plate
o spreading®r ¥ 28Tl 4Y AT incubationdtil, kar maker?} ¥FH g
cell= EMM+ all XA A spreadingdto] 28°C oAl over night 3§+ +

PMG+G418 LA A E replica WA 49 ZF 28C incubator®l| Al vl 3} T},

(2) Ecli BAZA3}

E. whi®] A A3 CaCl2 W (Sambrook and Russell, 2001)5 A3} T,
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2) DNA isolation

R

(O
N
S
N
Ny
Hl
ot
i)
2
rlot
ol
ol
2
ne
flo
;
rio
i_:?
il
N
N
N
N,
1o

W7o streaking®Ho]
single colony® A2 5 Z}7}9] selectable marker7} 31 EMM Al HiA] 10ml o]
seeddlo] o] EH T 71Tl 3000rpmol A 2% Fot A4 HElEte] celS 7hEf
okl % CES buffer 1mll| resuspensiondt S h. Zymolase 20T (2.5 mg/mé)E | 2J 38t
o voltexing 3 3 37CoIA 1A AL E th& 10% SDSE #2310 cell wall
of MIAREA dAnAom Flsta, A4RE sto] A4S AS AA At
0.55ml TE, 1% SDS®Z celld resuspension 3F Th 65ColA] 1087F 2 &8k th
5M potassium acetate 17505 F7FFL icell Al 104 FE & F 13,000epm 2 4T
off Al 1537 A4 EElste] 4T AW 05me WAl oh TS isopropanols
A skl —20Cel 1027 FAh 13,000pm O 2 4T 15837 dAdEe o
TS pellet¥F DO 70% ethanol® washdFil air dry$t ¥ 50pg/mé RNaseAZ} 347}
¥ TE 350 resuspensiond}o] 65Tl 108&3F A Edth
Phenol/chloroform/isoamyl alcohol 25:24:15 30008 7} 3 F vortex® ZF Alo] =

£ 13,000epm O Z 5%t spin down AlA AT AR w] AlZ-E tube® &HAT

St O WHES}o] 3M sodium acetate 30402} 100% ethanol 75008 ¥ 42 &,

iceoll A 1087 A2 3 T 10,000epm O F 4TCollA 1087 94 FEste]
o] 1 pelletE 70% ethanol® wash < air dry Al7]13L 3040 TDW= resuspensionfﬂ'
o] DNAE g 33t

X THE DNA isolation R O2 9] W} FUSA Zymolase 20T= 1A 7H
212] 3t th3 QIAGEN DNeasy Plant Mini KitS AFE-3l9] DNAS 2] 33tk
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3) nup97knock-out

(1) DJ- PCR

mp972] 7NeS otR 7] 23l deletion(knock-out) constructs A Z3FSITE 5
3' flanking region 7t -3 myp97 TS ORF F-i& thAl AlZ selectable
marker &an/ nrad+ 2] ptimers A28} 31, 5Rev, 3’For = kan'/ nrad*maker tail S =]
A primer% design 3199 TF Knock-out construct PCRS Double Joint PCR (DJ-PCR)
W (Yu e al, 2004)2 ©]-&-3F TH(Fig. 1A). First PCROIA] = 5°For8t 5Rev + marker
tail, 3’For + marker tail®} 3'Rev, marker R (kan/urat?) 2Y72+-& S35 & 7]
dFzoz Fldt th2 QIAGEN PCR clean up kitE ©]-83F] purifydtSiTth. First
PCROIA AR productES 5'flanking amplicon : marker 3 X (kaw/ nrad*)
3flanking amplicon 1:3:18] B] &2 4104 second PCRS T3 3}3I T} second PCR
productsE template ™ 5, 3'Nest primers ©|-&3}] HFZA O Z third PCRS %13
S TH(Fig 1B). PCR §, 7] g & & &Qlsh b5 QIAGEN gel extraction kits

o] &3} gel elution 3T},
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(A) First PCR 5’ flanking marker 3’ flanking

& <= &=

Second PCR 1st reaction 2nd reaction

=j........>

| | Jrasnnnnnnnnnnnap

L YTTETTEYYYTTY | | |

Third PCR SNest ==
|

<:I 3'Nest

(6)

1t pcR o
EE"
3 ~

. . e Y
Y 3 & o
& ﬁ‘? & o
> ) A7
asd Do gﬁ\ 9‘\ 3rd DD .uo’ Ao’
L L 8 A—J »Q p=) L™ .8 i" A,"’\‘
o o S &
4
<R R 73 v
. aad r 52kb
4 = — T
—— — = — - TRD
-— E X
= B =B -
_— T
— —
-
-
——

Fig. 1 spnup97 gene deletion by DJ-PCR
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4) Southern Blotting

mp97 AR A E3] disruption® =A], =2 nup97-GFP7F oFAE
Az Fegs] A HA=A FAs7] YEll Amershams ECL  nonisotopic
methodE  AFE-3t0]  Southern blottings  T33FATE  Genomic DNAS]  mp97
FAAE wrat* marker= 2] ZHA1Z] DNASF nup97-GFP integration vector”} 4t ¥l
DNAE EwR I A3 242 A=211, nup97 FAAIY kaw markerZ X $HE DNAE
EewR 1, Hindll ASH E40% AE F DNA AHE size marker®} 2°] 1 % low
EEO agarose geloll A7]9% 3to] E8]st ) depurination &R oAl 15,
denaturation FHNA 458 18]I neutralization FHNA 45587+ A 2]kt
o]0 gel AFS] DNA THES reverse transfer W'HOF 20x SSC solutions
0] -&-3}o] Hybond-N+ membrane ©. = Schleicher and schuell &7]5 AF-&3Fo] 4A]7F
&2t transfer 3FATE 1 Thy DNA WHES transfer A]Z] Hybond-N+
membranes UV cross-link(0.15]/cm?)3F] DNAE membrane® L7 AT}

Prehybridization & 42 TCeollA] 1A]ZF F<F ECL hybridization solution ©. %=
3+ 31, Probe labeling < 100ng/ﬂ€-°4 probe DNA 2509 TDW 755 4o =
2, 54 F9F #9 denaturation A]7] o iceoll AW Wo]FQUT} Labeling
reagent®?} glutaraldehyde s  100% Wi 2 4o F 5 37CA 103t
incubation ¥ Th3 Prehybridization$t solution 2} 2 41o] F31 Hybridization<>
42Co A 16A13F &<+ M3y sFA T} Primary Wash Buffer™ membraneS washd}il
2x SSCE THA] wash$t ¥, ECL DNA detection reagents ©]-83}0] detections
Tyt 1 Y chemi-doc®l A Quantity one(Bio-Rad) programe ©] &3}

signal'% el 3k}
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5) Random spore analysis

Random  spore  analysist= O]l AT (diploid)E  sporulation  A]A
WA T (haploid) 2 TH=E W o2 GAA o] &I el wmp9r F-AA7E
A Fh/n" oM AT SP286(nup97" /nup97 /) 3X-, 41X—, 81X~ mp97)°ll h
W AA TRl AY217E ME  plteollX Bd¥® SHFFADW)E 40 cells
crossA] 7131 2~3U7F 28T oA vl crossE o] o]uiAI (L /h)7F B A EE0]
o7

ki

g 39 sporulation® Al Tt cells 1me] Tl EojF
glusulaseS 5~7 pb F7Fe T 6AIZF 28Tl mi<kste] AR

Ao gt FUAMEE lysisAl vk 28ToA FHT2 AHT 5, AZsE 9
spores= (EMM: 1000 spores/plate, YES: 100 spores/plate) 2 “d B A] o]l plating 3} T},

188ke] 3X-, 41X-, 81X— wp97E THAE wwp97 AR AAR WA

6) Construction of plasmids

(1) pREP series — n#p97 subcloning

r&"i

TA A AY2170 wp97 FAATE EUE vectors: FAHE SHar
QAN wp97 FRANE AAAA wmp97 FAAE inducible markero] et
switch A9 on/off & 7 UEZF 3F7] $13] pREP vectors( 3X, 41X, 81X)°l mup97
2] ORF(open reading frame)= subcloning 3FSITF. pREP  vectori=  nmt

S2REHE AT Yor, o] RS viamin B (+tByo] EATE FEEHA o

=

-

ZERHE, o] ZRRE AVlE 3x7h b FEsta, sxe $1 PEol
BIXE 713 ok AVIE AEsE 5HL 7w vk

mp978] ORF H-& PCR 3t7] 9@l pREP-vectors”} 7FA|i= multi-cloning



site]  EATE enzyme siteE EFST  primerE A ZEATE Nic96-317(5
ATCAGTCGACATGACGGTTGCGTCTGAC )& Sall  site”F,  Nic96-33(5
TACTGGATCCICATGTCATTTCTATTTCG 3)°l+= BamHI site7} X% o] Q) Om,

nup97 FRARATEARE FHE 5 QA BawHI site 3% %2 stop_codonS 7FA| AL

32

t}. o] prlmera 7}A] 31 PCRE S~383}H, nup97 FA=e 5 3 franking regionoﬂ
1

)

N

2}y Sall, BamHI sites 7FA Al BT insert §-a2-0] %= nup97 Sall) BamHI A| St

A2 A2, pREP-vectorsi= Xhol/ BamHI A|$t GA=E 2kt ol 7|4 Xhel

H 1501'

Sall& &4 site’} ZEtE ligaton ¥ 540] AR BRA] Xhel o Sall
|sta A= Zelx =T Insert @ vectors 10 : 12 319 ligationdF 3 3L, ©] A&

E. whell 3443 st U2 FE U (colony)i= crackings F-3§3to] gh1st3lch

L

F

(2) GFP — nup97 plasmid

mp97 A7 LA Ho] vhE @i o] Al o YA E FA ] 95k
GFP(Green Fluorescence Protein)E £33t Qli= vectors2} subcloning 3F3ATE.
Vector®]  multi-cloning  site®ll =3 enzyme siteE  E TS primers
A 2+ . Nicl0(5 CTTGTCGACACGGTTGCGTCTGACGATTC 32 Sall site’s,
Nic11(5 ATAGGATCCICATGTCATTTCTATTTCGC 3)S BamHI siteS 83}l
RO wp97 FRAANAR FEE 5= QA BamHI site 35O 2 stop codons
7}A 3 A Nic96-30”(5 GACTCATATGACGGTTGCGTCTGACGA 3) N4 site,
Nic96-31”(5" ATCAGTCGACATGACGGTTGCGTCTGAC 32 Sall siteS ¥ 83l
Nic96-32(5  TACTGGATCCTGTCATTTCTATTTCGCAG — 3)9},  Nic96-33(5
TACTGGATCCICATGTCATTTCTATTTCG 3)> BamHI siteS X.SFdtch 3
Nic96-33 BamHI site 3% ©. 2 stop codons - 33T}

GFP vectorZi= pZAG69, pZA69U, 41U3GFP, pREP81-EGFPcE AHE-3}19] O

9] primerE 7FA AL pZAGIE subcloning Al Z inserti= Nic10/ NicllZ, pZAGI+
p p g p
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Nic96-317/ Nic96-330. % PCRe T3 M, mp97e] 5% 0 F GFP7F =71
ol stop codong 7FZ primers AFS-3FAATE 41U3GEP= Nic96-317/ Nic96-
32%, pREP8I-EGFPci Nic96-30”/ Nic96-325 7FA1L PCRE 333+,
41U3GFPS} pREP81-EGFPci= myp972] 322 GFP sequence’} E°17}7] wiitof
stop codons 7FA1 YA 4 primers AFRSFA T PCRE 5E3F insert

2}2}

S
tlo
kel
ot
ol

5 P Sl AtaAs A2 pzAGY, pZAGIU, 41U3GFPE
Sall/ BamH1 A|$+ &2, pREP8I-EGFPci= Ndd/ BamHI A3t @iz Ze}
insert : vectorE 10 : 1% 3}0] ligations T3 3k3TE o3& E. wicl A%
ato] U FEUY(colony)E cracking dte] Zebiglom, ZEhdl constructsis

minipreps &t vectors 2T F, FAE Agtasw el Flsieltt

(3) Integration vector A3

Endogenous level® nup97-GFP WA WA A nup97 T A A|Z o
AAE Qg dolry] Y5k, wmp97-GFP FAAS FMA Y AA 9 A=
Adetel Al St mmp9r FAAZE shuRE BEA = Integration vectors
Az sATE el W= ump97 +AAE subcloning® GEP vectors &, mup97-
pREPS1IEGFPc vectors ©]-8-3FTh nup97-pREPSIEGFPc vectors insert® 8}
Xhol/Sad AT AT FHsk=tl, of7|els wm TEEEQ stop codon’®
EFETh o)A koA AYstdlE o AxT el w9y FRAATL
L e a7] A design$ Aol Xhal/Sad ATEALE AE insertE
QIAGEN gel extraction kitS ©]8-319] gel elution 31 T}

vector® iz a4t marker® 7FAIIL QU pDW234E ©]-8-3t0] Sal / Sad AT
'aaR 2T O3S insert : vectors 10 : 1% YW O]F0] ligation 3} 1L, E.
widl  BAAZ AA W& FEYE  cracking st Rty =Ekd

constructsi= miniprepe & 0F%] vectors wEl g F, A FAA L w97 FAAL
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Abol 2 AbjlE = QL= Byll AtEARE A2 F ofd WA #5901 AY
2179 HAAZ AlA selectable markers 7} wiR| ol A =& i)

7) Cracking into E.coli

Crackmg'— subcloning " St plasmid constructss E. kol FAAZ AlA Y2

HAAZA F| insertZF 5013 FZUY(colony)E W] screenshi= W ol A4
E. wi B34S &3l L& single colonyE LA plate®] patchdlo] aFF 7] %
2X loading dye 1500 ©]2FAIZNZ colonys WAl 2 FOJFET} 2X cracking buffer
(0.2M NaOH, 0.5% SDS, 20% sucrose) 15405 2L 12,000epm °f|A] 5% 432
ek ARy @ Aes AVIds dtel Fleginh o] W,
2= (control) ©. & self-ligation H FHHAFA L o] AoJFErh. selfligation H
FAASRA KT insert7} 01 FAASRALY A7 & AS o] &35
Aot FAAEAE AT

8) In situ Hybridization

50 me2] BiAIoll 2-4 x 106 cell/mE] Al 719 30% formaldehyde® 6ml 3 715+
4527t fixing8l 3L, 0.3 M glycine &% © & washing 8t -, spheroplast buffer © 1 x
107 cell/mE Al Fo]F=0] 37TColA] 1A1ZE H]FSFSATE. poly-lysine &2 coating™®!
slides®ll SCE(sorbitol, citrate-phosphate, EDTA)Z #0] F cellss Fo} 4TolA
2A1ZE WA8EAL, —20C methanol®l] slidese 2A1ZF 0] W7tk methanol S
A3 T F 2x SSCE washingdtil 1002] hybridization solutions 3 7}l
coverglassE O] 37ColA over-night 3FATE 2x SSCE oA 53, THA|

2ol Al 203t washingdlil 37C A 2x SSCE 207F 292 washing$ F
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Fluorescine-Antidigoxigenin Antibody solutione 10pl 7}t coverglassE  H o]

37CelA 1A17E BeF3sGlth 2x SSCE 7oA 1533t 2/ washingdho] air
dry St

S DAPI mounting mediumS 120 713} coverglass & 1= sealing

Ot

ittt ol& FFdn|AE S 53 signang: R i
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m 2 %

1. SLmex3 =9WHO| dFZHE mex67 AASAHO| 9} synthetic
lethality% Hol&= nup97 TR 229

mRNA export receptors YT SISFE mexs7 TAAS FRAXOE Ao
A+ factorsE Zr7] 13l synthetic lethal screend ™S AF-8-5FSI T}, Synthetic lethality
&, Zhzhe] Aol mE EAWelrt AW AEZsHA N 7 FHAtel] FAl
=dWol7E A7 ME7E F& e Aulsh, ofd Akl AEo] Qe
T oE FA24F 23S 5 e A8 oIt mRNA export receptorQ] mex6 77}
synthetic lethality & Holx EdWolE AHsy] Ydl, wwr TEREHE 7HX| 1L
= vectorll mex672] ORFE subcloning?‘b‘]‘(}iq‘. AN ot TEEEHH no

message thiamine2] 9FA}RZ  vitamin By (+B1)°] EAshd wo] A EHE=

=
mex67 TAAS] WS switch A H on/off T F Al dFRULE o] HFE
=dRioldor Add F, +B) HIA A mexs7 FAAS] WEHo] A H U
o, synthetic lethalitys Kol 3719 EAWMo)E AT (Fig 2A). o]
B EdWol FFES mex677} synthetic lethalitys H.QITFIL 3} SLmexl,
SLmex2, SLmex3 ©]2F1L W 3FSITEH (Yoon, 2003).

o] &, SLmex3°l S. pombe Library DNAE FZHATAIA +B, HIA A E
Aets FHASAE  Fol plasmidsE S W oy, O3S oA
SLmex3°] A=A A (re—transformation)/\]ﬁ +B1  HiX| AL A
complementationdh= & &QlEtlth o]HA ¥ plasmid (IN2)E DNA

sequencingdto] S, pombe®] genome data®} BIIW S AFE O] plasmid] insertol =
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4712 ORF7} EA1%HE &ttt 2H2He] ORFE+ A subcloningdlo] SLmex3E
complementationdl= FA A7} HAFH 7 SspCci620.110]E RS L Th(Fig

2B). SPCC1620.11 FAA7F & stsh= WAL Spombe®]  nucleoporin?l
Nppl06p, S.cerevisae®] nucleoporin®]l Nic96p, Vertebrate®] nucleoporin®l Nup93p ¥}t
homology®  H.Ath (Fig 3). T3 o @A oiEs AR

97.5kDa®| 24 o] F-HAL] o] 5 mp9relBtal WSt (Cho e al, 2007).
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A)
Viable

nmlt
romote

a A mex67

Viable Synthetic Lethal
(B)

Chromosome 3
Complementation of SLMex3

H E
H HN SE E
~|:> ' Plasmid Growth
E

9N2 ++

9N2-1 ++

9N2-2 -

— 9N2-3 -

Fig. 2 Cloning of nup97from SLmex3
(A) Screen of Synthetic lethal mutants with Amex67in Schizosaccharomyces pombe .

(B) Isolation of cognate gene of SLmex3 (Cho, et al, 2007).
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scNicg6 ~ ======- MLETLRG LH;G':SK ANEELNELLESSDNLPSASSEEGSI INELERRV 53
spNup97  ————————o— MTV xmm IPFLDOKSRELANELL CLEI FNLGEIEQRAEH 50
SpNpp106 MESEEAKEKGVH ISDLREERSOHLFGVLLEPOVPYVIQYGLNOLEEKARN GO
scNic96 FOLRSHKASKDY TEAHYLLANSGLSPEDVDAF IKDLOTHOFLEPHPPEI IESEELEFYIR 113
spNup97 YLHNTVFT KEHTMLH!’LLAGSG WEETI LS—-LO¥RFFTTLELSFTDVDNFLE 108

spNpp106 LESKVLLTIRDGDTKAHYLLAESG ROKI¥SIHIHSPY¥DOLELDKKSLYBOPHTEL 120

scNic96 Tll:nml HSTEOLLNGATHED FINHHNLNLDYAQHENEVHENPG ILTODEE TVOHEKS 173
spNup97 NSLEALVAQNTOIA 1 msxngsgp -un.iﬁ RVSEYPF 165
spNpp106 ASIENGYQSNYYEPQLE HGIAVE nﬁnvuxl,. NSGLGTS 179
scNic96 IS§————————————— Psmﬁxcu ---------------- HILNSHESELEV 201
spNup87 Ve e ASTLENCL === === m e e e EEEALHGFOSKEL 192
spNpp106 ISHSLRPNLARPLLTASS\!K RSLREVGSNLPIPTGSLTKIDGLNNOLSNDLTRSGT 239

scNic36 HNENNILR PEH;&RIUFQEH% ----------- nur.E:n‘ga pﬁs}:l_;‘gs;agcmnn 280

spPNUp97  VSSFCEVAREFAHDTESLLLYESWK-—— LLSSVILD % MEGIISKA 242
SpNpp106 THIFGFAEKASSEAAAVHELN RIRW#CH?”‘SLP*S\F MYNTEV AVSLLAHM 299
scNic96 QLLESW-——=—————=— ~EILESHESKDINIVEVE LECOFLGY TONLYEEN—--HN 294
spNup97  EDIETE-—--——————— GSVNSREYQR-IS c LBMP&LLEHEM TPOAALY 289
spNpp106  IDETRYGHGDFEARHLALDSSSAALAVEKNCI LENOF LHLSBAG-~=~H 355

scNic96 EGLATHNVHKIK xn KSWEL F!"Llill GYLVE 354
spNup97 GGYFSIRNEIR g -¥WI TEE 348
spNpp108 ITTVNSVEKWI -SWI VHT 414

scNic96 HE AN xg& urvi yaﬂsn[ﬁuc—wvnvsr L#Bﬁo 414
SpNup97  HRDL Kscia”” NAYAKAPNG ILPRALRSE aT Laa . 408

spNpp1068  ¥YsSDi FPLYBYSYAENPSLPLPKQLRD Bmul. YAP 473
scNic96 G SE 1 ANTLSIEDWL !EK —————— DhEHD a6s
spNup97  Gf SE cswmﬁ —————— TEKSV 462
spNpp106 GHCEFH .L VTSED vnaunvmsucm L‘f 633
scNic96 GPSRESH-——-——— rmuTLHI‘:E;GL!GuImTﬂPSEHuAHEAIGLnSLKL EIDSSTR 522
SDNUDQ7 GgDTP HHGSNPVHY PLL Eﬂlg EYPPT lg]ig 51‘01!"(6!. TiPSSS S22
spNpp106 GERYENPENNTPTNY LA:,ISIEGE ERAISPLHTHYPVEA AVAMAYYGLLRTENYEK S93
scNic96 EIERP == RDIR nn'rrl:sm-rsupmun! VLETLNEGPTDV 568
spNup97  YVSNEPGKIOSMLVETKSGH P_ "‘h LIDYT El. VHSACYLIPHCKID--KYI 580
SDNDD106 HEHILIYBAD-——————— IAYL ﬂ-‘TLDTIﬂ. [PLVP--AYQ 642
scNic96 Hm.Lmal.. EL IGRDGARIPGVIEERQP lﬂnms EFLHTITEQOKAR 628
spNup97 SLCSL  ITRGDGERTF ENHESLIGLSSYEEYLSEITLTAAE 640
spNpp1086 LTKIL FLGDIKPDTERTIGLLDLYLRLIFEDHDS--LOKLYLEGAR 700
scNicgg_, %'m ﬂ.:.'m].nesrm TEVNSLLEDTESAS PLYGEDDNS 680
SpNup § LAEDYDAAVTYINRRLGSALLR—— JQFYFPD-— G657
spNpp106 nnﬁﬂnﬁﬁnﬁl LLGDYDTVIGVAIKNLSQSIVSRGLYSIDSKESKNMHE VVA 760
scNic96 . -

ETHPYVLLARR YEDNAG ISR nﬂunrcul’.nnssmﬁur ETLS0NEL 740
SPNUp97 "y pep xsg YHRNPSLYAI gugrmguuvﬂnmﬂ XDYE Lgo 745
sPNPp106  sparpaL LAHYESNRKKSAS ALEVLLEVVEVOELYGQI sz0
scNic96 ——————————————nm.sankm.:ﬁpsu 4 786
SPNup97 L BELPLDPLDSDC-—==-==~ ETEVVRELAKEFRFLN 797
spNpp106 wﬂavnnepenzmPprsnl.nﬁnﬂilrs-r D 880

scNic96 ;

STKG LENVARQ IQYRMPRETYSTLINIDVSL- 2aa
spNup97 %sréﬁu#v%uﬁmikm 5 g‘méshu OLNRCBIEMT 851
spNpp106 LP ESK- RLOPKGSHL! THIBSRLSPOILEYLOABOLTEL 933

Fig. 3 Multiple sequence alignment of spnup97p with Nic96p and Nppl06p using
CLUSTAL-W(EBI) program. Identical (Yellow) and similar (Grey) amino acids are
indicated (Cho, et al, 2007).
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2. nup97 AAEAHO|F(knock-out mutants) AT U F4

mp97 AR 7)5s dotr7] f8l, b ARL ht/ht olWlAl (diploid)
TQ1 SP286°1 one-step gene disruption H-& AFEEFO] mp97e] &3 F-9l (open
reading frame, ORF)E selectable marker %A= 2] 3} At} Selectable marker %1
Atz FRAAR] G4180 WA S Hole kawr FAASE uracil A3l
St FRAAE ALES A ChFg 4A, B). WA o] 71U R app97
A2 57 3 flanking F-$1 5 A2 watt B kar TR 53 3ol F0,
b 213tE DNA A8 DJ-PCRE A 23131

w7

L, uracils W wj Aol A FAADAE Ak FAAGA A DNAE =T
st S w97 FRAAT marker FRAAZ X FE FFE PCRE QIS
R} kar Tt wrats AR F-2 9] Primer® PCRS 3, nyp97 OREZ}; urad+ 2}
kaw@ A TE L 5 oA 1.6kb2] DNAZF SEHE a1, 3 F-9oA 7+2) 22
kb (ura4+2] 7Z3-7)9F 2.3kb (kan?] 73-9)S] DNAZF SHE A|RE, wup97 172k A
= 53 3ol FHEA etk AAFAE PCRE TS o AES 6.3kb7}

ZZYA ppr 2 A FH AL 53kb, karE X SE S 5kbS] DNA ZHO)

Wp979] ORF7} wrat* O kaw= 27

o} (Fig 1). ©] DNA HHE oA #5<1 SpP2seell B HHghato] G418

& ET (Fig 40).

AelAl AL oA FF=Q1 SP286  (nup97+/ Anup97:urad*)>  mating  type©]
he/ht 2 FAEAE FAeA gtk AN W2 WMo 2 ¥Ag4s &
T & hr/hoE ARA o F AZATE ht/h O A E jodine 715 ©]8-3F
AE S ThE tetrad analysis% Y3FATE. shitel oluiAl Alxes TG Eds &
3] 4718 wWkrEA] EAF (tetrad)% FAAETE 10709 tetradE VA ZZ7| 2 242}
Weleto] YES vl Aol A wieFet A} she] Aol s 4719 2 5 270

v Z 7Y (Colony)*‘ At 2719 EIxE= FRUE JAEA B 2 2
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Fig. 4 Construction of spnup97 deletion mutants.
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Fig. 5 Tetrad analysis (Cho, et al., 2007)

3. nup97 F2AY] A (over exptression)

np97 TAATE AAR (deletion)d & AAGSHA] RS EE, RFNE ump97
T LA (over expression), Aol oW FIFS A=A LotrR 1
A &Rk ol & A w1 ZEEEE 7 pREP-vectors (PREP3X, pREP41X,
pREP81X)O nyp97°] ORFE subcloning SFA T pREP3XE 78 728k ofA 3
O w1 ZEREEE 7FA L QoW pREP4IXS} pREPSIX:: mm! ZZ2HE 9
TATA boxell EIWoIE doA Z2TE A|7|7} pREP3X] H]&] pREP41X
© T1F AEolaL pREP8IXE 7HE ofFsttt SHAIRE ©] vectorse R HIERY
Bi (Thiamine)oll 2J3] '#do] At A ZE plasmids  (pPREP3X—nup97,
pREP41X-nup97, pREP81X-nup97)E oFE & REFAl #5F<9 AY 217 G 8et
Aok BAADA (up97+/3X-, 41X-, T 81X-nup97)S HIEF Bo] $l= Y
A EBYOA 7191 A A A (chromosome) 2] nup97+ AL ©] Qo] F7FE plasmids
N wnp97E FHLH (over expression)A A BE FEE spot assay= FRASFATH
(Fig. 6). I3 (control)<= AY 217 Rl pREP3X$} pREPSIXE B HAEAIZ o
T5 AFESIATE mp97e] WS AASk= +B1 v A A &} mER7EAIZ Bl Wl
AN wp97+ FAAZE A HUAS Wt H2 Al Aol FF
o] floltt.



Wild type -B1 +B1
transformed by

pREP3X

Fig. 6 Growth of nup97 over expression strain was monitored by spot assay

4. nup97 AR W JA (repression)$} mRNA export 23

mp97 RS ] BEAOI B R upg7 AR BHS AAPS A5
oAw 7)Fel Agre Hol=x Lol Al AT 8. pombeN A nup97 AR
A% (deletion)® T+ BAA FEE, bA AFT wmr TEEEE AFE
Skl wp97 AL WES 2 F Qe WA dFE AAsdvolE
s I wp97 FHAA FHY (ocus)T wradt marker FRAAE X FHE O] YA
o] 7}t olulAl 1 SP286 (nup97+/ nup97:uradty e O1F3HA wup97 AR}
AR A FFE5 AR WA SP286 (mp97+ /) mup97:urad) Ol A A 2
St plasmids (3X—nup97, 41X =mup97, 81X—np97) s BAHAEAZTE 18] 3L h+/h0Z
Agd o]uj A S M3 random spore analysisS E3l nmp9ro] AP WEA)
(Qnup97:urad* [3X—, 41X—, T 81X—mp97) S ZetUQITh °o15 Yal uracil @}

leucine®] gl HA A FEAE LolAFH=H], ©]FE Plasmidss  selectable

or



marker® LEU2 A2 7FA 3L QA3 mp97S wadr +3AAZ o] &3sto] A4
(mup97:mrad*)E1 0] Q171 WiEolth E ThE HPHO R HEgAl Q0 Ay 217
plasmidsE FAAE A7 F AAAG wp97 FAAE AAAZG olgdA o
& WAl dFE AAAL mpo7e FAATY AAE S QAN TR EE

3o AH = plamidsﬂ nmup97+ AZ7E Qo E R —B1 H Ao A AT

(]

—

ColEA AMAL ump97 FTAATE AAE Z& PCR (Fig 4A, B and Fig. 7A)

(e}
M

o

o}
7} Southern hybridizations F~3 k0] ATt (Fig 7B). mudt F-HAAE XS
72 DNAYE EwRI A3 EA4F A2, kar FAAZE X3E #4529 DNA
i+ EwRI, Hidlll At G023 AAE F, probe® wad* S} kaw S+ AS AF-E-31
blottings 8 A} st O Z wp97+ FAATE AAE F5F2 DNACIAM =
1.6kb 719 signals &<l 8 & AU, kel Z ANE #F52 DNAE 1.5kb
9} 11kb 2719 signals Bl & 4= 39T} (Fig 7B).

olgA MBE dF Amp97umrat+ /3X—, M1X—, T 81X—mp97) N wup97
FTAA7E do] A EH AEAG] ofH P v A=A dotrT] fldte]
spot assays T8 oFQITh WRT O EE mp97 ARV AAEA 2 AY217
(mup97+/3X~ Hi= 81X—mup97) WF5 AHESFATE +B1 wiA oA wp97 A
wrgo] A EE Aggo] AAEHIL Bl WA ANMNE wp9r FAAY LEH
Ao AT (Fig 9). ol A= plasmids7t FFA o ® AFstal
Wes gulete], Al ™ mp97 FARTE A AFAolghs g HolE
t}.

nup97 -AATY S, pombe| A mRNA exportol] T 3F=A] dofr 7] 235t 9
AN ZEbd wmp97 FRAATE AAE AT (Dp97:kan/3X-, 41X-, B 81X

nup97)E ©] &3+ in situ hybridizations G338+ poly(A)* RNAS] A3 ]

F

-

5 dolrdtt -B1 Ao A 7] AEXEES -B1Y +B1E &3 ¢, 18 Al

H 719 mRNA 27} WA deA=AE ARG L A3t -BL

fio



_4

AN wp977F FAEH oYY A9k PERZEA R poly(A)t RNAZE Al 2
of F HAAUAT (Fig 8). WFH, +B1 A oA ump97e] o] A =W
poly(A)* RNA &7} & <helli= sopx|al A2l Fasiirt o2l

sttt & QFoll F 4 (accumulation) ¥ = A E

1o,

mRNA exporte] 23] &
T pREP8IX-mp97< 7HX 57} 7P A8kl pREP4IX—nup97¥+ pREP3X-
mp97e 7 dFLTE kR o] A +B1 HIA| A mp97e] HE o] A
HYetE pREP3XS s ZEEEZF 7HE 7880 basal level®] WEO] E7]
o
4
A= AAAT (Amp97:kaw/41X— =5 81X—nup97)= ZHZE +B1oA] M A E]
7} elongation®| At F-3F FE|E YER AL, AEELo] ¥4 &= 59 HA
AN AEFHE #F T 5 e, DAPL Ao A FAFE7E obd B
ol zl v AAR FE7E BRI 9 AMEE FRE B, wp97S S, pombe
ol mRNA exportol] ¥Holeh i ofife}, w5 FAI8k= NPC T-Fo% ¥ho
& 7o)l e Ao® Alg®EU 183 mRNA export®] Aoz 913}

G elE FBE Fol AL MPAA FHE Roln A

d Fo=w Algdn B S7FA] SRR A 3X—mp97 plasmidE THA=

o

i

T (Annp97:kaw | 3XK-nup97)= —B1Z +B1O| A, 41X~, 81X—mup97 plasmidE 7}
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Fig. 7 Construction of spnup97 deletion mutants.
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Polyfa)*  DAP Poly(A}* DAPI

RNA (DNA) RNA (DNA)

Fig. 8 Poly(A)* RNA localization in nup97 knockout mutants (Anup97::kar)
transformed with pREP3x-, pREP41x-, pREP81x-nup97 in the absence and the

presence of thiamine

ANuD97"kan’ -B1 +B1

ANupS7-urad+ -B1 +B1
tansformed by

Fig. 9 Growth of wild type and Anup97 strain was monitored by spot assay
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5. nup97 WA O] AE ) 91X

mp97 FRAAZE Estets @A AL o SIAE Holr7] 9]ste]
GFP(Green Fluorescence Protein) & ©] €33tk GFPE 2 I E 54 G35 Y
G E gFAv|dor #Fol Thsetr] witel nupo7 @A A=
AA B2 5= ok 2#AM wp97 ORFY 5 &2 3] Grp7l YA =S
GFP constructs A3t th5ol ok & 5 (AY 2177 SP 286)ell DA SAIA

FFdAvHor AZSSTE Subcloning®l AFESE vector?l  pZAGY, pZA6Yu,

29

rlr

41u3GFPE nup979 N Zehell| pREP8I-EGFPc C Hekoll GEP7) §]% gt} o]
vectors < B am TZEREE AL Qlom LI REC A7 pzAcoSt
pZAGuZt 7V Zdskal, 41u3GFPE Xt =0 al, pREPSI-EGFPcE 71 <Fsh
ZRRHE 7HA vk 2Eeke] Bk B1e] #59 weh 3 ARE

27 sk HLEAEE GFP-nupI7 A E HAof AESIA G, WHEo] FEE]

o o =90 Aol #EEATH (Fig 10A, B). ©13> NPCE T35k S
+ nucleoporin SR o] AP Al FE HeFolt

S, GFP-nup97 plasmidsE 7H AXAIET (Anup97:kan) pZAGCI-nup97, pZAGI-
mup97, == pREPSIEGFPc-nup97)e A 23t0] GFP-nup97 wHulzlo] A4zl 7]
T2 Td=AE BUTh spot assays TS A, Bl A oA = Ao
2 A3 (Fig 9). ©] A3 plasmidsoll A A E GFP-nup97 T2 o] 4
BAORE TeE stk As uEth +B1 WA A= wmr ZEEEHE] A7

NE, pZA6CY-nyp97 plasmids 7H AT+ Adsts s 32D F UAA

S%

9k, pREPSIEGFPc-mp97 plasmids 7F& AA AT ZZHEE A7]7} ofst2 g
Ao S kA Fete e AT = UMY (Fig 9).
Endogenous level = nup97-GFP WA S WHAIA nup97 T H O] A

AAE Hgs] dolr7] A, mp97-GFP FH1AS DAL yp97 A XA}
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Ao A2 QXA Fig 11). mp97-GEP7Y mup97 FAXS] A &3 91A] 9
FAEAEA gotrry] fste]  zebd FAMIAS DNAE  Southern
hybridizations 53} T mp97-GFP 52 DNAE w2l 5+] EwRl Al 3FE 2
2 AE FH, wat St wmp97% probe blottingdFATE UIZETQl ofAY A
AY217-Z a4+ probeX AFE3FH signalo] WA QESEAL, mup97 probel 735
2kbE 1T F AU mp97-GFP T urad* probeRl 73 -F- 6kb, nup97 probe?l
739 242 2kb, 3.6kb, 6kbE 1T F AT Fig 11). ©] T#FE YA R
s o, nup97-GFP= # HF Folol AetA FHFol #EESITH (Fig

10D).
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Fig. 10 localization of nup97p to the nuclear periphery.
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Fig. 10 localization of nup97p. (continued)
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V. E ¢

& (nuclear pore)e WA UeloF Fr) MFL AYE T EE nuclear pore

o

complex(NPC)E ©] 5" nuclear transport®l] ¥ &S st} o Hel NPCE=
A A RNAZE Aty FEER AR oY HE dATE A
nuclear transportoﬂ AqAorg A3 AEA Cx’l(dynarnic) TZE olF1
Nom, o]AL NPC7F transport ot &b TRE WA AY, NPCE
o|F1 9= FA QA9 nucleoporinT% AA|H o7 WM3A7|EA o] FojAtiE=
Z1o] 8+a] £ Th(Tran and Wente, 2006).

mRNA exports UFE RNA(RNA, snRNA, miRNAYL @912 9] export?} 2]
Bs] Hibsi, ohE RNAY A ] exporto] #O{8k= karyopherin®©] Yt
RanGTP-RanGDP  gradient®] #7520 % °]Ee}A] b=  transport receptors
o] %?_]‘E}(Reed and Hurt, 2002; Conti and Izaurralde, 2001). S. powbeoﬂ ] mRNA export
receptor?] mex67¥ A O T Aol Qe factors: F7] A mexe7H
synthetic lethal s X.©]:= mutantE screen 33 TH(Yoon, 2003).

1 %, SLmex3ZHF-E] ¥ DNAS ofv|=Al LS Spombe &) nucleoporin
Ql Npp106, S.cerevisae®) nucleoporin 1 Nie96, Vertebrate®] nucleoporin Q1 Nup933}
H] w3l 5.1 homology & Btk adA o] fRX7} ot nucleoporin(g_
Zolgt sl ok o] f-HA A FHEo| A= Wl A 9] molecular Weight7]'
97.5kDa®] 24 o] FHALS] o] F& mp97olBFal 8 THCho et al, 2007).

nup977  homologys  H.O|E  S.cerevisae®] Nic96 NPCOIA]  subcomplexE

o] F1 QlO™, Nupl92, Nupl88, Nupl70, Nupl57, Nup59, Nup53= E3F3tr},
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Vertebrate2] Nup93 9 A] NPCOIA] subcomplexE ©]F 1L, Nup205, Nup188, Nup155,
Nup93, Nup35/53S X338t L TH(Hetzer ef al., 2005; Loiodice e al, 2004; Mansfeld ez
al, 2006; Schwartz, 2005). =38t Nic96 complex® Nup93 complext EA A,
NPC7} 2 H vk Al 292 o], 7Hg WA 2 EHE S oW (Hetzer
et al, 2005), AT MEA o P Ao E FEEO QTh NPCE TS
nucleoporins<= NPCS] FZ& F/J3taL QlojAl & olx] = Aol Q= v
nuclear transport A] transient SHA WERLY 98 A Ql(dynamic) T-XE ©]F = Ak
ATk Nic96 complex2t Nup93 complexi= U AF A o|A| & UF 14 Hojx &
%2 T AR FHE Ha Sed, f9 AMEE FES Bd Nicoed)
Nup939] A EE 753 NPC T2 % #oI8}taL, nuclear transportol] & #Ho] &
Ao 72 Atm FH o X Uh(Tran and Wente, 2006).

mp97 AL Ve FRlEI] 915k wp97 A EAWMO|FE Al X8t
st A}, mp9re MAEAY G H 5 A (essential) ©] 3L, mRNA exportol] ¥+ 3}
B S oJAA7IE & kel mRNAZE
A el A Necell 1A sk Al RISt Spombel X nup97S Npp1063}
WFE7EA 2 nucleoporin .2 AF-8-31H

ZAHE AL B2 5 A =@

T FAAE homologys  H.O]A|WE
nup970] AE o] HBEH RAo® Hol Npplocds UE A& 3y
RO oAAXITE weF Npplood 2> U TR, wmp9r FAATE A
7Ise A T W, Nprosol 1 DE oAl 3 FEld, 29A xXeta
mp970) AU 2 WA gow AE7F G SHA EsH] wiEolth

B AFAE o ® ey gely xjolo] EE Al A

0,

e
13+ in vitro full-down assayt iz vive immunoprecipitations &3l nup97 T A O]
o] export factor 2+ complexs o|FE=X] o, Aetst= AFoll= binding
domaing AT O Z=H G 7|2S §F3H, o8] export factor®t multiple

A
bindings 8t 7ol ol WA BAs=A o Ut A77F A3 HofoF Tt
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Abstract

The study on function of spnup97 gene involved in mRNA export

in fission yeast Schizosaccharomyces pombe
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In eukaryotes, transport of macromolecules between the nucleus and the cytoplasm
occurs through the nuclear pore complex (NPC), which is embedded in the nuclear envelope,
and requires soluble transport receptors that specifically recognize their cargo. The export of
mRNA is more complex than the nucleocytoplasmic transport of protein and other RNAs
(tRNA, rRNA, snRNA, and so on), because numerous additional export factors (adaptors,
release factors) cooperate with the mRNA export receptors. Thus mRNA export is coupled
with other steps of mRNA metabolism. Although it is unclear how the only mature mRNPs
are selected to export, binding of mRNA receptors to mRNA is necessary for export.

The overall structure of the NPC can be superficially divided into three basic element:
nuclear basket, the central core, and the cytoplasmic fibrils. NPCs have an eightfold
symmetrical core structure called spoke complex that is sandwiched between a cytoplasmic
and a nuclear ring.

In order to identity mutations in genes that are functionally linked to mex67 in mRINA
export, three synthetic lethal mutants with the mex67 null allele present in S. pombe were

isolated. A novel nup97 gene was isolated by complementation of the growth defect in one



of the synthetic lethal mutants, SLMex3. The n#p97 gene encodes a predicted 851-amino
acid ORF with one intron. The Nup97p is similar to Sacchromyces cerevisiae nucleoporin,
Nic96p and S. pombe nppl106p, Vertebrate Nup93p. The nup97 gene is essential for cell growth
and repression of ##p97 causes mRNA accumulation in nucleus, suggesting that the defect
of mRNA export out of the nucleus. We determined the subcellular localization of Nup97
tagged at the N terminus or the C terminus with GFP. Both fusions complemented growth
defect of Awup97 null mutants. An integrated version of the nu#p97-GFP fusion was
constructed at the ##p97 locus. Nup97-GFP fusions expressed from its own promoter were
localized at the nuclear periphery with a punctate appearance. These results suggest that

Nup97p in fission yeast is also nucleoporin, which is involved in mRNA export.
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