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"ol i ¥ Saccharomyces cerevisiae®] #3751 Q) Nico6 Sl A 3} F-AFd & Mo| = I ¥ Schizosaccharomyces
pombeg] Nup97¢] 7153 A Z v $1X & ZA8HE nupd7<S 3 T8 A3 & W= AR poly(A) RNAS] £

o WS o] AHE ol x| WRkeh. SHAT, kan' HAAE o] 4-3he] A2t Anup7 AU T A ol =

nup972] 3y

o] QA =9, poly(A) RNAZ} & gtell 5459 3 v] Y AH ¢l DNA £ EE Bglon] 23 A3 X3 &
#, Nup97pe] N&% =& Ciebe] GFPE 9 Nup97-GFP §-3Fhu) 2 o] 4| % o 147(] 2 g}elstara)l sHg o

N S AS o) aupo7 AAS A o)) ARARL AP0 2 Fu s
FAAE A ) nupe7 FAA HA o AR FFE

FHHRALF AN 75 S

£ ¥l nup97-GFP
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52 Nup97 943 o
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A 2] et EAs= LT 522 Nucear Pore
Complex (NPC)= Atgh &l F2E=2 ExjeFo] RN E
40 MDa, 5559 A|ZAXE 60 MDeol| E3HTH3, 14). 3HAIT
NPCe] A FZx+ E I EAA Hl=g], & %9
nuclear basket, 39S BE3H= centra core, A|3EE Z:9] cyto-
plasmic filament 5] Al FE°o2 U™, centrd core= 8712]
spokeSo] FA FEE Sl e AR F2E o]FL

ATHB, 15). NPC= 38T (nucleoporin)o] &l &ele 304 &
o] AR ARl glom, thEo] SFehiiEe iAo
2 NPCY| MEAT} 3 Zof| BF EAISIA|T, Ui BdA3
S & NPCY g Zoflqt EA|ZTH(E).

o] o} tAHE B 25~40kDa BTt A2 EA5-S
Giboll o3 NPCE THE 4= Jlou, o] AtEals
54 o8 aztFe s NPCE E33ith NPCE &3+ ?—‘11
I AR Ato]e] ANEAES] o5 sHoF & BAE
%$-9-1kA]) (karyopherins B+ importinB family membarst} 23)2
227 FH10,18). ©]5T ANEAES WA O nudear
localization signd (NLS) T nudear export sgnd (NES)o]eh=

ABE 7R3 o, E-REA 7] o33 455 Qs
FeroEH o] FEAE FATITh olFHEHA= NPCo| FU
B2 913 FG-H TN HAEF] F5AE-S B3l NPCE 3%
Seh(16). o3t o5 712 GIP & GDPe} Z3stal A=
22 GTPase?] Ran @il o3 2ddth(n). =, 3} Al
4 Aol RnGTPRaNGDP ‘s =77} 5-5-4H4 2} o] 7]
A=) A% 2es A3H).
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MRNAE FAFSAIRE 22 duildy) Aste] o5 Atksdt
MRNP SIS ol F=dl, AAL £ 7Fa3 (5 21, 25l
A, 3 A 9 Zgoludold) Bt Agide] gEiAe
°ﬂ5ﬂ°1 TZE olFaL Utk o]2dk mRNAS] oA Alzd
29] o]F(MRNA export)S TF2 AEAE9] o]5Htt IR =
st A3 oE 715l g3 dojue ZoE oA AZITHI3,
17). mRNP exportel] D83t T8 F52uE 35 JAAWEQ]
RO AFE] QIZo| o] 27171A] R18tH 07 & BAdE]o] Ql=H,
Nuclear export factors (NXF9)E E2]E THlA familyol] &8l=
RER § Ro| M= Mex67p, HF-5=9= NXFUTAPO|th
(4 9) mMRNP F Ao A%3E =520k = NPCole] ot A%

85 S3A, A 7Hgo] BF B Ad5E mRNARE
= ﬂﬂﬁ o|FAIIE GEE e A OoE AAEHTHS).

FEAaR S pombecl A= mRNP export 5-2-5H4| Q1 mex67
o] Aol FAHo)A] gFrh(20). 1 EE mex67d dde] e
A FEAR] 8-S e U FHAE 27 918 mexer
AxEano)e} FAAKsynthetic lethdity)s Hel= o] &4
HolE AE3t3 0™ (19), ©] F g SAWe]] X Ksynthetic
lethality)s 41 31= H34415 F2d8}e] nupgrole} Bl rt
(2). & AFAM<E nup7 A2 DA AL AA = AS o

o] A A2l mRNA export 23 o212 2ALSIET) 3 N
oot e Ut GFP 9 AS B9l nupdrE Alxste] AlE
W AIAE Gotr .

ME ¥
5, X R i =A
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7123 F14 2g)a AEee 712 S pombe standard
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Table 1. S pombe strains used in this study
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Strains Genotype Source
AY 217 h™ leul-32 ura4-d18 20
AY 217 (3X-Nup97 or 41X-Nup97 or 81X-Nupd?) gxl?\fﬁp?é% lgraflil-ﬁllupw o BLX-NUpS7 This study
h™ leul-32 ura4-d18 Anup97::kan/ .
ANup97 (3X-Nup97 or 41X-Nup97 or 81X-Nup97) 3X-NUp97 or 41X-Nup9$ or 81X-Nup97 This study
ANUp97 (3X-GFP-Nup97 or 81X-Nup97-GFP) 2%'%&3%‘:};%47’%%%&‘{’5%;%@ This study
Nup97-GFP h™ leul-32 ura4-d18 nup97-GFP::ura4* This study

methodS ARE-SFATH(L, 12). £ A3l A8 &% Shizosac-
charomyces pombe 5= Table 191 213t

Az Fehovlsel 323 Ade 9 JLATE AR
E. coli TOP10 (Invitrogen, Carlsbad, USA)S- A-8-3199t). E. coli
o] kS e dutA o= ALEEI QJE LuiaBertani
(LB :05% yeast extract, 1% bacto-tryptone, 1% NaCl) HA| v A&
AL, B R Al ampidlling 100ugmlE d7Fslke] 37°Cel]
A 719tk &5 73] wlgS $g viA= EMM (Edinburgh
minimad medium)@} YES (Yeast extract with supplements: 0.5%
yeast, 3% glucose, supplements: 225 mg/L adenine, leucine, uracil)
WA ARS-8FAL, 28°Coll A i FatiATt. nmil ZEEE ] oA
£ $8liX= EMM HiA] el HIER] BQ] EloR (thiamin}S 15uM
2 F7kste] ARgsli o, @ wiAl= 2% 3RS 371kt

Egtan|= Y AAEHO0|o M=

HIER Boll 28] 9AlE= nmil 22X EE 717 pREP 4
S (pREP3X, pREP41X, pREP8IX)ol nup97e] ORFE 243}
7] 93l, 5ol AFFEL SAllF BamHl AER Sz Yo
primere] Nic96-31; SATCAGTCGACATGACGGTTGCGTCTGAC3
7} Nic96-33; 5TACTGGATCCTCATGTCATTTCTATTTCG3S
AHE-3FATE Nup97-GFP A|=s $l3l4= pzZA69, pREPSL-
EGFPc 52 WEES AME3IHoH, o5 $3) 5o Algtas
Ndel, Sall, BamHI A95-915 247+ @2 primer?] Nic96-30; 5-
GACTCATATGACGGTTGCGTCTGACGA-3, Nic96-31; 5-ATC
AGTCGACATGACGGTTGCGTCTGAC-3, Nic96-32; 5-TACTG
GATCCTGTCATTTCTATTTCGCAG-3, Nic96-33; 5-TACTGGA
TCCTCATGTCATTTCTATTTCG-3S AH&-5153t.

Anup97::kan” AA=H o= doublejoint PCRO] 23] 23
$rZ DNA HHES FE3 T3, pREP-Nup97 ¥WEEo] 59
U&= AY217 759l one-step gene disruption H-S- Al-8-31¢]
A|Z=3FATH21). Nup97-GFP Al that 2ol Alketaint.
A kA A& 81X-Nup97-GFPol Al N e 27} A A%
Nup97-GFP 912 Xhol, Sacl DNA AHS& #Zehjjo] 498
WEQ] pDW234e F23+t). pDW234-Nup97GFPE Bglll =
Adsle] Ay2170] FAHES &, A4A ] nupd7 F=}
HAXZ AdE AL Southern blotting® = 215153t}

In situ hybridization

A 9] poly(A)" RNAS] BX 5 &olr 7] 93 in situ
hybridization ©]% =30l AJ&5]o] th20). 493} o=
+ o-digoxygening 3 o] 2<1 Oligo-(dT)s;s AHE-3FATt.
FFArn B R EA5 FE BFEEY] fIsiA= ATCanti-
digoxygenin Fab &4 (Roche Applied Science, Mannheim, Germany)
5 ARSI DNA 418 $13lA= 4, 6-Diamidino-2-phenyi-
ndole (DAPI)S A-8-3153 -

=}
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nup97 FHXte| Tp Wl fo= ofX| A HE 2N

mex67 AAEAHo| 9} NS Hole EdRlo] dF25
B S24% nupa7 3R Aol 52 o|AeH?2). S, nupd?
TR AAE g5 ASHA] Zeten®, REHE nupd?
TR 2 L EEE Al ofE FERS vX=A] golR A}
3t ©15 $18] nmil Z2REE 7171 3E #E Q] pREP3X,
pREP41X, pREP8IXell Z}Zt nup97e] ORFE E=43ltth
PREP3X:= 71 78 sk ofE ] nmil T2 REE 71A|3L Qe
1, pREP41X$} pREPBIXE nmtl T2 FES] TATA boxol] =
AHo|Z Yo7 ZTFRE A7]7} pREP3XS HIS| pREP41X
£ 7 Axo)3l pREPIXE 7HE okslt). 3|t o] HE|SL
2 HIER B, (Elolyel] oaf o] JAETt. Azt Faehx
"= (3X-Nup97, 41X-Nup97, 81X-Nup97)S op¥ & wh=A] o
21 AY 217 FH ST FHEHIAES Elolrlo] gl ull

81X-Nup97f B ¥ |

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 serid
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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Z(-BYNA 719 GAA)e] nupd7 F-17} o]&]o 712 ek
v =o)X nupdrs I EAAIZ RS, Elollo] QlE HiX|(+B1)
oA 71& A A AEE ot assyE B 3FATHFiG. 1).
2T AY2179) ¥l HEQ] pREPIXE FAATARZ FFE
ARESFATE Nup97e] HdS oAIs= +B1 HiX|e|A <} mizbr}
A= -B1 A Nupd7 F2A7F 2 BEEYS w= =T

(A) > 6.3 kb <

P
Nup97 *

11kb  1.5kb
>
H
Anup97 P H - E
-kan’
:: kan
> 1.6kb < » 23kb «

> 5 5.2 kb 3 <«

(B)

Fig. 2. Congtruction of Anup97 deletion mutants. (A) Schematic
diagram representing construct of nup97 null alee 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 i<
shown by thick line in the open arrow. The positions of PCR primers
for confirmation of wild type and null aldes 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 a so shown above the null alde. E, EcoRl; H,
Hindlll; B, 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 (4nup97::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 (4nup97::kan’) harboring 81X-
Nup97, 41X-Nup97 or 3X-Nup97 were digested with EcoRIl and
Hindlll, and hybridized with DNA of kan" gene. (D) Repression of
nup97 expression results in the defect of growth.
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3} HlSBA Aol ggko] glith. Egh poly(A)T RNAS] Al
Y BEE & zlolE RolA| Stth(AtE WA, o]Hst Az}
= Nup97 @¥ido] 3} I3 rZi= th2 mRNA export 84
S5 WalekA EatAd, SRR =] nmtl ZE R E|RFE
nup97 AR A2 LEE 2] E%s 73S rlgit.
nup97 327t 7 EEE Agelle ol FEke] gl
Reu g, flox Atgh Fekr| oA nupd7 FrAA A=
HHAE=AE gRIstarzt &3tk ol5 93 3X-Nup97, 41X-
Nup97, 81X-Nup97E°] Z+z} FAXHZE dFoA A <
nup97 F-3Ake} kan” FAAE X EA)7)= WHOE nupd7 F-7
A2 AAAFTE. oA nupd7 AT AdE 755 PCRY
Southern hybridizations =33t AEalth(Fig. 2). o1=HA A
HE T3 dAA19 nupa7 FHAE IR, Sepn =
nmtl Z2FE| o3| WHEE nupdrs 7HAAL Tk o]Egh
1752 +B1 WAl A nupd7 Fraxte] o] A= At
o] JAFA, -B1 HiA|OA nup97 FAAL LHEH A
o2 WASIATHFIg. 2D). HERTFOE 3X-Nupdre] FAA3
o] lown, QA9 nupd7 FAAE ZAAATN7] e oRE
5 ARSI olejgt A= ZEkm|=olA] nupd7 -3
27} Aoz st S RS, Tgk nupd7 -4}
7} A FAolghe S FRIAKIT o]gt AAge] A7}
MRNA exporte] 2} #A|17}F A=A dolir] 93l Z2ke] o
4] in situ hybridizationS 523k poly(A)" RNAS] A3
W EXE golRUTE Fg. 304 Bl -B1 HiA|elA nup97
o] A op¥E T AR poly(A)* RNAZE A3
AAe] 1T HAAUAAT. wHd, +B1 wiA|o|A nup7e] Lol
AA=E poly(A) RNATEZ} 3 Qtoll= ZobA|al AlEdo=
439 o] AL mRNA exportel]l Aglo] 128 o|m|dit)
3t

Poly(A)* DAPI Poly(A)* DAPI
RNA (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 phasein appropriately supplemented EMM medium in the absence
of thiamine (-B1) at 28°C. Cedlls were then shifted to EMM medium
containing thiamine (+B1) and grown for 18 hr. Coincident DAPI
gtaining is shown in the right panels.
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MRNA export®] 23t A& 81X-Nup97s 71 #57) 713
A3kaL, 41X-Nup972 3X-Nup97S 7M. FFL45= ks o).
oA +B1 #IA|AA] nupa7e] o] AA|=TEE pREP3X <]
nmtl Z2RE7}F 71 Z3EEle] pasd levele] o] 7] WiE
d Ao AR €k S pombecl Al mex67- AY7gell 42 o)A

A) 2.0 kb 2.0 kb
T E
nup97 * [rops7]
XhB
Xh B
nup97 L
-|—| I nup97"| GFPl----|# -Iura4"|‘7//“|Anup97I—
-GFP ¢ T E T
E E
2.0 kb 3.6 kb 6.0 kb
Q R
(B) N N
K o X A
g &8 g &
e — - --14— 6.0 kb

|« 36kb
S

Probe; ura4 Probe; nup97

© Anup97:: kan'
- B1 +B1

nup97-GFP::ura @ g 8
3X-GFP-Nupo7 [ -
81X-Nupo7-GFp [N

Fig. 4. Congruction of nup97-GFP::ura4® drain. (A) Schematic
diagram representing construct of nup97-GFP::ura4® dlele in S
pombe. The integrated nup97-GFP::ura4* dlele contains a partia
tandem duplication in which the manipulated C-terminus of nup97-
GFP ORF is fused to the endogenous locus, and the non-expressed C
termind fragment is integrated downstream. The ORF of chimeric
nup97*-GFP is denoted by open box and the intron is shown by thick
linein the open box. The plasmid DNA containing no yeast origin and
ayeast marker, urad®, is shown by dotted line. The expected sizes of
Southern blotting using nup97 gene as a probe are aso shown. B,
Bglll; E, EcoRlI; Xh, Xhal. (B) Confirmation of integrated nup97-GFP
locus by Southern hybridization. The genomic DNAs from wild type
(nup97*) and nup97-GFP::ura4* gsrain (nup97-GFP) were digested
with EcoRlI, and hybridized with DNA of nup97 gene. (C) Growth of
integrated nup97-GFP::urad® dorain and Anup97::kan” strains
harboring 3X-GFP-Nup97 or 81X-NupGFP. Cells were spotted in 10-
fold serid 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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ZA)9F nupa7S BT mMRNA exportol] DZolats AdE,
nupd7 T o] Mex67 THillA o]€]e] TE 8 mRNA export
LAEN AT ALS AL, EBE Mex67 T Ho] BoddtA] ¢
£ Z2 mRNA export 429 g 715AS 9AE)

Nup97 CHHE o] MIZ L 2|X| 24

nup97 3127} Qsslshe Tl Ao AR W] Y& Polr
7] $18te] GFP (Green Fluorescence Protein)Z ©]&-3}tt. ©]
= 93l GFP WE|Q] pZA692} pREPSI-EGFPcoll nupd7 ORFZ
23t oA AZE 3X-GFP-Nup97, 81X-Nup97-GFP
Zgfan| = 7242 nupo7e] N 99 = C 2ol GFPYF 914
gt} o] FEp|EE op Y o] FHeE &, GFP &%
Tl o] Ao R J5E sheA FRlska, Ao TE
H nup97} AASHA] Res AMAY nup7 FRARE AAA
At ol2A AZE FFE -B1 HiX ol Nup97-GFP &3k
Ho] A oY o} xR AR S A
31, +B1 HiA|A|A] o] A= AFE JA] A= ATHFig.
4C). tht, =2 R E7} 7383 3X-GFP-Nup97?] 9= basd
level®] EvEo 2% 7o) 7hssint. o] AdES Sukn
Soj|A == Nup97-GFP &3 Thiido] 42Ql 7155 7t
A3l AS-E ov|gtt Nup97-GFP -3 Tl o] Al U /A&
PP F oz AZEYTHAg. 5). 3X-GFP-Nup97oll A Nup97-
GFP g3t do] 7} WA M ZA|ol] HAJA|TE, 81X-
Nup97-GFPol| Al A 3] A EH e 9]0 T2 Fo| Ty
Atk o] FHAWASLE Fepr| =] nmtl ZEREA EE
%= ZolmE, Endogenous level® Nup97-GFP ¢ 2 wkg]
AlA Nup97 T o] A2 U] 9IXE FE3] dolrr] 9Iste,
nup97-GFP F-3AHE AAIA| ] AHile] 1A= AFIAIZ THFg.
4). nup97-GFP7} A 7ol nup97 #Ake] ffx]o A&
AdE FAASAZ Southern blotting®- 2 8H13FATHFig. 4A
and B). ©]ZAl nup97 Lol ZR2EEC] o3 @A ol A
Nup97-GFP T dvto] W s g3x o] FAzolnz

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

Fig. 5. Locdization 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 differntid interference
contrast (DIC) images are dso shown in the bottom panels.



(Fig. 4C), A= Nup97-GFP T do] H4ZQl 7158 7IX]aL

AT}, o] FFolA Nup97-GFP] AlZ W] $1x]
FFAvnF oz g A}, Aut F9)of] o} AHsHAl A
o] AAHUT}. o]9} 2 AVEL Nup97p FA] AEAE 1
ol& S cerevisaee] HFTHMAQ] Nic9ep, ZF5=29] dgo
A1 Nup93pz} vEA 2 gl dol 2|t o|Ed= &
MRNAS] 3ol A MEHZ O] o]Fo HTs Tl S A
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ABSTRACT : The Sudy on Function and Localization of Nup97 in Fisson Yeast
Duk Kyung Hwang and Jin Ho Yoon* (Basic Science Research Ingtitute and Department of
Biology, College of Natura Sciences, Sungshin Women's University, Seoul 136-742, Republic

of Korea)

We gtudied on the function and locdlization of fisson 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 didtribution of cells when nup97 gene was overexpressed. However, the haploid
Anup97::kan" null mutants confirmed extensive poly(A)" RNA accumulation in the nucleus, abnorma DNA
distribution, and cessation of growth when nup97 expression was repressed. We determined the subcelular
locdlization 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-GFP fusions expressed from its own promoter was localized at the nuclear periphery with a
punctate appearance. These results suggest that Nup97p in fission yeast isa so nucleoporin, which isinvolved in

MRNA export.



