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ol § ¥ Saccharomyces cerevisiae) 838 ¢l Nic96 THi) A 3} §-A14 & Rol = B-d H X Schizosaccharomyces
pombe2] Nup978| 71553 A X ] $1 A& A8 ok nup97-& 3 A 3L W= A A3 poly(A) RNAY] £
ol M2 o] A BojA] gkskvt. SR gk kan” FAHAE o] 43t A w g Anup97 AAE D o] = nup979] B8
o] A =, poly(A)* RNAZ} ¥ gtel] 34 =3 v A AE Q] DNA 38 ngon AT A4 . &
W, Nup97pe] Ndg 3= Cddel] GFPE £<) Nupy7-GFP 3 o] A2 ) $12 & FalstaA sy
ol &t PN A E o] Anup97 AAEAH 0|9 AAAFE AP o2 AR 2 AL, nup97-GFP
FHAE GAA L] nup97 FAAL S Ao 448 FFE AlzslE e A4 2] Z2 2E oA T8 Nupy7-GFP

FHIRA L2 AP 715 G 2w, 5 F5 o FA o] HA G o) S 2L FHE

2 Nup97 &

Al HFAYAZ mRNASY Ho) M AERDZL o] Fo] F o3t AL AALg.

Key words [] mRNA export, nucleopoerin, nup97, Schizosaccharomyces pombe

KAL) sfute] ZA|s= U8 F 22 Nuclear Pore
Complex (NPC)e= Auljgl thald FxE g BExlako] g rois
40 MDa, JFFE-9] N ZME 60 MDadll D8lch3, 14). 3149t
NPCO A Fxe EE JAYEAA vy, 3 %9
nuclear basket, S FEF= central core, A FE Z2] cyio-
plasmic filament 9] A F-E-2Z LF™, central core 8742
spokeE0] F4 BEE Eea e WA F2E o1
TS, 15). NPCE I3 4 (nucleoporime| 8} B8] 30¢] &
o] gl AR pAwo] glom i-ro dyghide. o
E NPCE A AT} o) 2ol 2% EASAN, dF= v A
S = NPCo] g Folluk ZA131thR).

ol ot tIAMHE i 2540 kDa BUF 2 BAES v
ghatel] ofaff NPCE THE ¢ o), ity AuExEL
sETEe] ddf AFdH R NPCE T3 NPCE 3 9
I A EE Apole] AfRAES] olFE FsHow 2 HAH ¢
2-&4E) (karyopherins B2 importin-B family memberst} B#)H)E
FRF K10, 18). ©]FF ANEAELS WA 2 nuclear
localization signal (NLS) %+ nuclear export signal (NES)©| 2=
ATE 7FA T QLo Sb-abalv) o]eek A EE Qlajslel 4
oA ol EZAE

0 T

AP olFETAE NeeY] TY
T2 AAT FGA T AT FeA48-S T8 NPCE B
Fek(16). olEd olF 714 GIP & GDPY} A%t e
A& GTPase’] Ran ©Hde] ols) ZHETHI). &, o} A3
A Atele] RanGIP-RanGDP FE7H)7L =581k 9} 0% 7
dEAEe] 23 E2E 24 d0).
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mRNAT AAFGARE we vhas) Ajlsle] ol #Arjeh
mRNP Z3AE o|F=t), AA & 7HsHA (5 748, 25efo]
23, 3 An 9 Zejoldlddlo)d) Bt ATl He] EeiAe
A5 FLFEE ©o)Fal Uk ol2igh mRNAS] SfollA] Al
9] o]F(mRNA exporty® ThE: A& ol Frot g &
sty He tE 7 odl dojus Ale® AZIT3,
17). mRNP export©] Q35 5 £-2ubi= 35 AP =<
ARAAMFE U7t ol27 A gtH o8 & BAEo] =),
Nuclear export factors (NXFs)& B8] Tl familyol] £8h=
GHAER FRAAE Mex67p, FT-5=0IX e NXFI/TAPO|Th
(4,9). mRNP Z @Al 23 5Nl NPC] oFs Al
AE-g FalM, A & vhEabgel i Bk e mRNARY
S AELZ o)sA)7lE e ke 2o F AAFKS).
FA8E S pombeol A= mRNP export SE-9Q1 mex67
o] A7kl FA o] Frh20). THEE mexs7R A e
A LAl AEhg She FRAE 2] A8l mex67
9} AR K synthetic lethaliy)E R0l 3712 &4
HolE ARSI om(19), o] & $F Edole] TR K (synthetic
lethalityy& AESh= G328 S2Y8te] mpg7elel W3tk
). B Aol M= up97 F-8247F 2 EEE AL A H S u)
o) A7 Axok mRNA export 2% 955 FARBIETH =3 N
2k i cEdd] GFP 9IS 2 mpg7E Alxske] Mk
YA g oolr gl
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Table 1. S. pombe strains used in this study

Kor. J. Microbiol

Strains Genotype Source
AY217 W lewl-32 ura4-d18 20
W leul-32 ura4-d18/ .
AY217 (3X-Nup97 or 41X-Nup97 or 81X-Nup97) 3X-Nup97 or 41X-Nup97 or 81X-Nup97 This study
W leul-32 ura4-d18 Anup97::kan/ .
ANup97 (3X-Nup97 or 41X-Nup97 or §1X-Nup97) 3X-Nup97 or 41X-Nup97 or 81X-Nup97 This study
W leul-32 ura4-d18 Anup97::kan/ .
ANup97 (3X-GFP-Nup97 or 81X-Nup97-GFP) 3X-GFP-Nup97 or 81X-Nup97-GEP This study
Nup97-GFP K leul-32 ura4-d18 nup97-GFP::ura4* This study

methodS ARE3IATHI, 12). & AP AH8-® BX Schizosac-
charomyces pombe T Table 19 2315}

Az eraelze) 223 Hue 9P FJAWRE TFE
E. coli TOP10 (Invitrogen, Carlsbad, USAYS- AM3IHY. E. coli
o Mgs M dvrFog AHEHIL I Luria-Bertani
(LB :0.5% yeast extract, 1% bacto-tryptone, 1% NaCl) $JA] HjR|Z
AR, RAE ampicillin®: 100 pg/mlE 371He] 37°C
Al 718th &R 159 wl%S $13 wiA= EMM (Edinburgh
minimal medium)3 YES (Yeast extract with supplements: 0.5%
yeast, 3% glucose, supplements : 225 mg/L. adenine, leucine, uracil)
HiAE ARSI, 28°ColA Mg el R RE Q] SA]
€ 9l3iMe= EMM iAol HIER B Q1 Elobi](thiaminy& 15 uM
2 H7peted ARgEt e, a1 HijAlE 2% S H7lekTh

EatAn|E 3 ZASAHO[S M=

HIEF Boll o3 JAEE nmrl Z2REE 7H] pREP HH
S(pREP3X, pREP41X, pREPSIX)°ll nup979] ORFE 233}
71 980, 59 A8 A SallT BamHl AAHEAE Zzh W2
primer$! Nic96-31; 5'ATCAGTCGACATGACGGTTGCGTCTGACS'
7 Nic96-33; STACTGGATCCTCATGTCATTTCTATTTCG3'S
AHE-3E T Nup97-GFP A &S H3AE pZA6Y, pREPSI-
EGFPc 59| WEES AME3IGem, o|& Sl8) 59 AFdFasL
Ndel, Sall, BamHI ATE-215 Z¥2t Y& primer?] Nic96-30; 5'-
GACTCATATGACGGTTGCGTCTGACGA-3', Nic96-31; 5-ATC
AGTCGACATGACGGTTGCGTCTGAC-3', Nic96-32; 5-TACTG
GATCCTGTCATTTCTATTTCGCAG-3', Nic96-33; 5-TACTGGA
TCCTCATGTCATTTCTATTTCG-3"& AH&-8H3iT},

AMup97::kan’ BAEAHO)E double-joint PCROY| 2J3] a4
A2 DNA HHE SZ3 U, pREP-Nup97 HE|E0] 9]
A& AY217 750 one-step gene disruption S A&-3t]
A|Z3FATH21). Nup97-GFP AT tharah 2] A&kt
AA A AZEE 81X-Nup97-GFPol Al N 2@ 57t A A€
Nup97-GFP #-918 Xhol, Sacl DNA HHE Zehfo] A&
HE ¢l pDW2340)] 2931590 pDW234-Nup97GFPS BgllIs
Aaste] Av2179] FAHES &, AAA F nup97 FRAL
212 44" AL Southern blotting®. 2 133t}

In situ hybridization

AE e poly(A) RNAS] EXE Lolry] A& in sit
hybridization ©]% =0l &= o] lth20). 43 o=
£ o-digoxygening 3' o] E<l Oligo(dT)y; & AHESFATE
FRHAv|H oz 5493 23S BA37] 93AE FTC-ant-
digoxygenin Fab &H4|(Roche Applied Science, Mannheim, Germany)
€ AHE3ITH DNA E448 18l 4, 6-Diamidino-2-phenyi-
ndole (DAPIE AHE-319T)

2% 9 @

nup97 SEXLe| 2t Wy E= X Al HEEY

mex67 AAEAHO} FAAAE Bole EQHe] dFER
B 22493 mup97 F-32R= A3 5FHIATQ). 5, mup97
FRAAZE 2AE #5E A ZIPeERE, TR aupg7
AR} B BAEE A ofd JFE vXeR] LolH A}
3t o1F 8l mmrl T2EEE 717 4E HEQl pREP3X,
pREP41X, pREP81XSl] 7tz mup972] ORFE Z=4eATh
pREP3X= 713 78Sk opE O nmil ZERHE 7HAT 3l
o, pREP41X$} pREPSIXE nmtl EZFE|Q] TATA boxdl &
o) YoA ZEREQ A)7)7F pREP3XS] HIS] pREP41X
£ 7 Axo|a pREPSIXE 71 oFsltt. ARt o] HEEL
w= wlehd B, (Eloblell &3 wdo] Al AR STk
n= (3X-Nup97, 41X-Nup97, 81X-Nup97)Z o3& HkpA] o
21 AY 217 3RS FAABAES ElopTlo] gl= vl

41X-Nup97[L
81X-Nup97

Fig. 1. Overexpression of nup97 has no effect on growth. Haploid
wild type (AY217) cells transformed with 3X-Nup97, 41X-Nup97,
81X-Nup97 or pREP3X (empty vector) were spotted in 10-fold serial
dilutions onto EMM plates in the absence of (-B1) or in the presence
of (+B1) thiamine and incubated for 5 days at 28°C.
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Z1BDIA 719] SRR nup97 FHA o] FrlE Zaks
A=A mp97S -‘4’ LA A&, Elofrle] U= wiA (+B1)

AX 71 A} B FEE spot assay= B W& THFig. 1).
2L AY2179) 1 4 ElQl pREP3XE HAAGAZ] FFE
ARSI Nup979l LS AA|sHE +B1 iR X9} vpEr)
AZ Bl WA Nup97 §7347) 2 2EHIL B= thaed

(A) » 6.3kb «
T
P H H E H E
Nupo7 - [ >

11kb  1.5kb
> >

H
P H E
Anup97 _ ¥ N v B
: kan” L
> 1.6 kb « » 23kb «
» ¥ 5.2 kb 3 <«
T

D) Anup97:: kan’

-B1 +B1
81X-Nup97l I IR SRR
41X-Nup97 [

Fig. 2. Construction of Amup97 deletion mutants. (A) Schematic
diagram representing construct of nup97 null allele in cells harboring
plasmids, 81X-Nup97, 41X-Nup97 or 3X-Nup97. Most of nup97
open reading frame (ORF) region was substituted with marker gene,
kan’, by one-step gene disruption method. The nup97* ORF and the
direction of transcription is denoted by open arrow, and the intron is
shown by thick line in the open arrow. The positions of PCR primers
for confirmation of wild type and null alleles are indicated by
arrowheads, and the expected sizes of PCR products are shown
between the arrowheads. The expected sizes of Southern blot using
kan" gene as a probe are also shown above the null allele. E, EcoRI; H,
HindllI; P, Pstl. (B) Confirmation of disruption of the nup97 locus.
PCR was performed with primers denoted in (A), using genomic
DNAs from wild type (nup97*), and haploid (Anup97::kan")
harboring 81X-Nup97, 41X-Nup97 or 3X-Nup97. SM represents
DNA size markers. (C) Southern blotting. The genomic DNAs from
wild type (nup97*) and haploid (Anup97::kan’) harboring 81X-
Nup97, 41X-Nup97 or 3X-Nup97 were digested with EcoRI and
HindIl, and hybridized with DNA of kan” gene. (D) Repression of
nup97 expression results in the defect of growth.
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7 vzl el Gl AT HEFE poly(A)" RNAS] A2
W BEE & AolE EolA| FUthAt= HAA)). o]#§ A
= Nup97 @fdo] 3} LESHE ThE mRNA export £42
& WalskA &AL SRtEPE] pml ZEEEZHE
nup97 TAAF AR DHE A %S 7s4S ofnlsich
nup97 Trxﬁ}ﬂ I EEEeE Aole ot Pke] ¢l
Rov g oA At Em =o)X nup97 FRRT} Al
W =XE st} ATt ol& $8] 3X-Nup97, 41X-
Nup97, 81X-Nup97E©°] 212t FAHEH gFoA g4 9
nup97 TR} kan” FAAE BT S WHOE nup97 H7
A5 AAAAT o)Z2A mp97 FAAT AAH #FE PCRY
Southern hybridizationg 533t AESFHATHFg. 2). o1FA A
HE T3 A p97 FRAATE GARE, Sk 2
nmt] TE2RE o8] W= up97E 7HAI Atk oS
TFEL +B1 WA nup97 F724e] do] A=W A4
o] AAEAIL, -Bl WANA nup97 FAA} LAEE 44
0.7 AABYTHEg. 2D). WETOE 3X-Nupy7e] FAzs
o] 9lom, QAR nupg7 FAAE AAAT|] F& o E
TFE ST ol Aale Eekm ol upy7 3
1}7} A o2 wrEsta USE AvIst, EFF nup97 HAL
7} A7l HgHolgte Al IRIAIZIT o] gt el AA7}
mRNA export®] A% #A7}F J=A] dohdr] 3| 4ze)
A in situ hybridizationS G335} poly(A)* RNAS] A%
W BEZE dolrgit), Fg. 304 HEo], Bl HiR|NA mp97
o] A opE 39} vlXVIAR poly(A)* RNAZ] AMIE
Ao 1F HAJAJTE 9HH, +B1 viRNA up979] TE o)
AAIEA poly(A)" RNAFEY} & ¢l oAz MEAdE
FadtHnt o] A2 mRNA exportel] Z2ge] S-S ovjdic)
T3 DNAY #EIE FAMEdE 2Po]dS Bk A

+B1

3X-Nup97

41X-Nup97

81X-Nup97 i

K3 s
DAPI Poly(A)* DAPI
(DNA) RNA (DNA)

Fig. 3. Poly(A)" RNA localization in Anup97::kan” mutants harboring
81X-Nup97, 41X-Nup97 or 3X-Nup97. Cells were grown to the mid-
log phase in appropriately supplemented EMM medium in the absence
of thiamine (-B1) at 28°C. Cells were then shifted to EMM medium
containing thiamine (+B1) and grown for 18 hr. Coincident DAPI
staining is shown in the right panels.



108 Duk Kyung Hwang and Jin Ho Yoon

mRNA export®] 2% YT 8I1X-Nupy7& 714 #F7} 7%
Adhar, 41X-Nup973} 3X-Nup97& 71 FFA4E kiAot
°] AL +B1 BIANA nup972] W& o] A= Hets pREP3XS]
nmt] ZZTE 7} 71 7383} basal leveld] W3o] 7] Wi
A Aoz ALZHY S pombedl| X mex67& 7ol WA olx]

(A) 2.0kb 2,0 kb
E E
nup97 * [ nupor |
XhB
8

nup97 -1—-" nup97“‘ GFP'-—-'I//'lﬂ”"#'IA""PWI_
-GFP [ T E :

2.0 kb 3.6 kb 6.0 kb

(B)
Probe; ura4 Probe; nup97
© Anup97:: kan”

- B1 +B1

3X-GFP-Nup97
81X-Nup97-GFP [ 7

Fig. 4. Construction of nup97-GFP::ura4” strain. (A) Schematic
diagram representing construct of nup97-GFP::ura4* allele in S.
pombe. The integrated nup97-GFP::ura4* allele contains a partial
tandem duplication in which the manipulated C-terminus of nup97-
GFP ORF is fused to the endogenous locus, and the non-expressed C
terminal fragment is integrated downstream. The ORF of chimeric
nup97*-GFP is denoted by open box and the intron is shown by thick
line in the open box. The plasmid DNA containing no yeast origin and
a yeast marker, ura4”, is shown by dotted line. The expected sizes of
Southern blotting using nup97 gene as a probe are also shown. B,
BgllI; E, EcoRI; Xh, Xhol. (B) Confirmation of integrated nup97-GFP
locus by Southern hybridization. The genomic DNAs from wild type
(nup977) and nup97-GFP::ura4” strain (nup97-GFP) were digested
with EcoR1, and hybridized with DNA of nup97 gene. (C) Growth of
integrated nup97-GFP::ura4* strain and Aaup97::kan”  strains
harboring 3X-GFP-Nup97 or 81X-NupGFP. Cells were spotted in 10-
fold serial dilutions onto EMM plates in the absence of (-B1) or in the
presence of (+B1) thiamine and incubated for 4 days at 28°C.
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SAT mup97 A7} mRNA exportell Br2jo|ghe= Ade,
nup97 o] Mex67 T 0|99 TRE F9 mRNA export
[AEN A5 AL AV, T Mex67 Bl Zo] #oidtA] o
£ %8 mRNA export A2l T 7S A5}

Nup97 cHHZ o] M|Z LY 9IX] 24

nup97 AR dEslehe whillde] A Ul 9XE Yopr
23} GFP (Green Fluorescence Protein)S ©]-&6}5tth. o]
918l GFP #EIQ] pZA699} pREP8I-EGFPcOll nup97 ORFE
231t o|gA AF3E 3X-GFP-Nup97, 81X-Nup97-GFP
Zetav|Es 2 mpo7e] N 2 5 ¢ 2] GEP7| 93]
gt} o] S| EE opY o] YA &, GFP §%
il go] Ao R Teg sh=A gelstar, A4 T
B up97t ZABA FEE AAAY nup97 TS AHA
Zt} o)2A AZE 5= -B1 ¥R olA] Nup97-GFp &3¢
Ao e oy T3} vy A2 YA S Y
3L, +B1 WAl A wo] A= BT HA] A= AkFig.
40). ot =2 2 E7F 723k 3X-GFP-Nup972] 7-$-= basal
leveld] Lo 2w A o] 7EsslHTE o] ARE-L Zakn]
ol W= Nup97-GFP &3 Tildo] g44< 7158 7
Aa L& ou|g}, Nup97-GFP &3 el de] A ) 922
d@dn Ao g AZsIATHFg. 5). 3X-GFP-Nup979l 4 Nup97-
GFP @ 2o) 3} wH=w A HAo) 2AJXTH 81X-
Nup97-GFPollA] Zg3] wre = au) 9]0 2 o] Faty]
At o] FHARAESLE FTpAN =9 ] ZEREA HH
Fi= 70|22, Endogenous levelZ® Nup97-GFP Thilal-g- ubg
AIA Nup97 Gl A U X E &3] dolry] 95,
nup97-GFP 32 |AA|S] Apale] AAX= Ay A H THFg.
4). nup97-GFP7} A 2] mup97 A2l 9ol 43
AE FHABAE Southern blotting® 2 BR1I3} A UH(Fig. 4A
and B). ©|EA mup97 Al ZZREC] o3l A A
Nup97-GFp Thifdvle] Wy 753 % AAo] Fazojmz

N

iy

q

3X-GFP-Nup97 81X-Nup97-GFP nup97-GFP::ura

GFP

DIC

Fig. 5. Localization of Nup97p fused to GFP. Cells were grown to the
mid-log phase in appropriately supplemented EMM medium in the
absence of thiamine (-B1) at 28°C. Coincident differntial interference
contrast (DIC) images are also shown in the bottom panels.
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(Fig. 40), A9% Nup97-GFP Tl Zo]
98-S & = Yo}

3342 715 7R
o] oA Nup97-GFPe] AlE W 91X
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o] BAHA). o]9} 2o ANEL Nup97p G4l 45AHLS B

o= 8. cerevisaeQ] T AL Nico6p, Hp5Eo] Frhil
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AFgct.
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ABSTRACT : The Study on Function and Localization of Nup97 in Fission Yeast
Duk Kyung Hwang and Jin Ho Yoon* (Basic Science Research Institute and Department of
Biology, College of Natural Sciences, Sungshin Women's University, Seoul 136-742, Republic

of Korea)

We studied on the function and localization of fission yeast Schizosaccharomyces pombe Nup97p, which is
homologous to nucleoporin Nic96p in budding yeast Saccharomyces cerevisiae. There was no effect on growth
and poly(A)" RNA distribution of cells when nup97 gene was overexpressed. However, the haploid
Anup97::kan” null mutants confirmed extensive poly(A)* RNA accumulation in the nucleus, abnormal DNA
distribution, and cessation of growth when nup97 expression was repressed. We determined the subcellular
localization of Nup97 tagged at the N terminus or the C terminus with GFP. Both fusions complemented growth
defect of Anup97::kan” null mutants. An integrated version of the nup97-GFP fusion was constructed at the
nup97 locus. Nup97-GEP fusions expressed from its own promoter was 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.



