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FAYEN M= & oA dojuhe AR} AEAA Hof
ve T e EElEo] Stk oleidt BEle Ak <t
A A7 9 g f2etARE, RNASH Tl -2 A
A o] A3t A 2HE-E Eelglo] ol Fstofolt gt o]2igt A
YE2AE9] 7 AEzE Aol o]F(Nucleocytoplasmic trans-
port)}> M ES0] BdA Aokt w9 FastH, ddol] A
3= Frd3 52<] Nucdear Pore Complex (NPO)E E3ll4] o]
FoZITHE).

iAo} TH2 RNA (tRNA, rRNA, snRNA 5)2] o]E53h=
2], mRNAY] 3ol|lx AEAZ 9] o]F(mMRNA exporty> E4
EZst A3 g2 75 o3| dojuks AoE AAZITH19).
MRNAE -2 Tl gy} Z3gtsto] o} Avet mRNP SHAIE
o], o]|3 mRNP Z3AE mRNAZ} AAlE o] AEE u)
A AIZHE, FZE o2 Agfeidoe] gEixe Il 2
Z o]FaL JT5). ©]#3F mRNP exportolli= receptors’} E 23}

35 AIBER] ARAAFE 17t o]27|74A] ZshA o
Z BAEo] 9Ith4). Nuclear Export Factors (NXF9)E £
A familyol] Sohs WAS (@RS Mex67p, I3
oA NXFUTAP)©] FF mRNA Export Receptors®. 283t}
3L ARH(12), °]52 7FFHH(MRNA processing)e] B¢+ A
<% mRNP S35 NPC7HA] 12417141, NPCeFe] oFgh
32485 53 mRNP T@A7F NPCE BH38IES 8-S 3=
Aoz FZHETHT). o9A 23 A5 mRNATH AEEEAE
i galA| vl NXF @l mRNAS] AgHS oFslar H|S5o0] 3]
o|BR o] AgS fleiMe oY adaptor T o] WIEA] HQ
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&t} Adaptor @i Eol= mRNA AL 2 7keabgel dojshs
Sub2/REF1 @4, EXC 74245, SR @ ZE, THOTREX
TALA o] dEA ATKO, 11, 16, 21, 22). o|HtelE mRNP
STHAk SolFow Hitsl= NPCY 54 ©id B NPC-
associated T (Glelp, Reelp &) ¥+ ofujg}, RNA Ak
Z(Npl3p, Nab2p 5), RNA helicase (DbpSp %), ATPase (Elflp
T) % MRNA exportd] TA3t= FLgE DS
MRNA exporte] 2}8-7]2R2 o}z FAx] ATk, 2l Al
o33 soluble MRNA export factors AF0]2] 5231 Thall 2l iul
FaAgo] A ol ofsf YEiAaL /ITh20, 24).

%2 DEAD-box RNA hdicase5-2 Ao Z& Aol
A=, RNA Al Fa3 98-S sle 2102 d#A 3
T}(18). DEAD-box RNA helicase?] Dbps= Zlgld o=z & B
=] 9lom, mRNA exportell 221 71%5-S 3he Tl dolt}
(). o] 9AL A AxAS GES F Aom, FE NPCY

pud
7‘<j_1

o= T
AEA 2o EAEE mRNA exporte] vEA2 GAlo)A 71%
S & Aoz JAFTKS, 10). 2AIZ Dbps YL in vitrooll
Al oF3l ATPase 43 RNA hdicase &S Ko A|vH NPCY
A Zol 2¥3t= Glel @& inositol hexakiphosphate
(1Pl o3l &7do] F7Fkstal(l, 25), NPCO| A4 Zof A
Mex672} Nab2 59 ©aS mRNP SEAZFRE AAS=
RNA:©2 remodding 248 Hol= Ao & Y& (13, 23).

SR EZA] Lol EQl S cearevisaed}t EEEES S
pombeE 2] HollA B xpo]dS Holma ZISAE] XA
242 mRNA export 7121 olalisl7] 95 Asret oz 24
stal ok 2 AP A= S cerevisae®] Dbpset AR S
pombe?] THAS o slsle fizle] AAEAH)E A3}
o] MRNA exportol| 4]9] 7]'5-& golr A} &3t
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Z1EAQ 314 E]a MlEeleF 7]1&2 S pombe standard
methodS: AFSSITHZ, 17). & Ao AF8-F 8% Shizosaccharo-
myces pombe 5= Table 101 =88tk

ANEF Fepaned] S5 Ads 993 e d5E
E. coli Topl0'& AFE-3I4H, E. coli9] HiES HsliMe dutby
°2 A3 Q)& LuriaBertani (LB: 0.5% yeast extract, 1%
bacto-tryptone, 1% NaCl) A HiAIS ARS8, DaAldE
ampicilling 100 ug/ml2 Ad7}sled 37°CollA 7191tk &% 75
o] HjkS 913+ Hlx= EMM (Edinburgh Minima Medium)=}
YES (Yeast Extract with Supplements: 0.5% yeast, 3% glucose,
supplements. 225 mg/L adenine, leucine, uracil) BiAE ARSI
a1, 28°Coll A mjkEtth nmt TERE Y JAZ Y=
EMM HjX]ol] 15uM Elo}bl(thiamin)S F7}ste] AM&stom,
13 wAE 2% agars F7EkATh

ZA SOl H 2 E2tAD E H=

AspDbps::Urad™ A EAM )= doublejoint PCROY £]3F one-step
gene diguption HFHS ARE-Ste] A Z2EATH27). AgpDbps::Urad*
DNA ©#& A&317] Y3 primerss oS3 2t} 5For; 5-
ATGAGCGCGTTAACTCATCC-3, 5Rev; 5-ACATATAGCCAG
TGGGATTTGTAGCTTTCCTGTCCCAGTGTAGTTGACAT-3,
3For; 5-GGTGTTGGAACAGAATAAATTAGATGCACTTAAAA
TGTAAAGCATGTTGA-3, 3Rev; 5-GATCCTGACGGTCCTGC
CGA-3, 5Nest; 5-TAGCCTGTGAACAGGAATTC-3, 3Nest; 5-
TCAACTTCTTTCCGATGCTC-3. 3W&] PCR o ZZ=
AspDbp5::Urad” DNA T2 Al-1-g2] Fof] o] SP2gs w5
T Bkl AY217 (pPREP8IX-DbpS HEt pREPA1X-Dbps) o
ol FAHBIA T Urar A8 Foll4 PCRZ} Southern
blote. 2 AAEAHAE 4Bt pREPSLX-Dbps =
PREPAIX-Dbp5 Fe}2=H| = A2 918 4:= Dbps-3; 5-GTAC
TCGAGATGTCAACTACACTGGGACA-3, Dbp5-4; 5-GATGGA
TCCTTACATTTTAAGTGCATTCT-3 primersS A-8-3F PCRE
spDbp5 ORFE %3131t} Dbp5-32t Dbp5-4 primers= 242}
Xhol# BamHI A¥<S 7FAI QQOEZ pREPBIX EE
PREP41X-S Xhol# BamHI 0.2 Heksle] ligationsh$th.

Table 1. S pombe strains used in this study
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In situ Hybridization

A 9] poly(A)" RNAS] BX 5 &olr 7] 93t in situ
hybridization ©]% =30l AJ&=]o] Qth(26). 493} o=
+ o-digoxygening 3 o] 2921 Oligo-(dT)s;s AHE-3FATt.
PFn Aoz A3 g3 #E3)) fsiH= ATC-anti-
digoxygenin Fab &4 (Roche Applied Sdence, Mannheim, Germany)
£ ARSIt DNA 945 9lslixl= 4,6-Diamidino-2-pheny-
indole (DAPIyE- AM8-3} T}

Zn o ng

MRNAS] oA HEZAZ ] o]l Fa3t &S k= Wol
&% Saccharomyces cerevisiae®] DEAD-Box RNA hdicase?]
DBP5 T} {ARSE @l AS 4% 8lsl= open reading
frame (ORF)?) SPBC12C2.06S ¥ & %Sl S pombed] -F314)
database (Sanger Center, UK)ollA 29T} o] ORF= IEEO]
glom, 5037} ofH|i=iko & o] Folzl Al 56.3 kDaZ S
HE tds gadksiar Qo) 3 o] v Ao opn]igk A
g2 S ceaevisae DBP59} 57.3%2 SUAS Ho|n, DEAD-
box RNA helicase 9o] & HZEEF ] 9t} a8E g o] {4
A2 spDbpsE W3k, mRNAS] 3 Hlo & Sdeo)] oddhs
A5 golraz AAEdmoe] 55 ARl 54 Avs)

doke T MES-AAR UradZ 2|8E spDbps Z2AE o]
T2 7] Y8iA], spDbp5::Urad” DNA Y-S doublejoint
PCR "ol <]3)] A2kt - ofuljA] 591 SP2g6ell A SHAl
A frepdo] e wiAdA Aeks FAABAE AATHFig.
1A). o] FAXNIAASZHE 2719 spDbps {4+ F Sk
Urad" §3A= X8kel 27304 (4pDbps:: Urad' /spDbpsH) S
PCRS E3l AH3}4TtHFg. 1B). o|2A 9-& SP286 (AspDbps)
= WHjFo] h'/h'2 fd A 2lol o3t AFAS 1A e
o}, SRR ht/ht §AAES B RIEo|XTH10%) ZTAPEAS
& A= h'hP oA R ApLA o F HIEHEZ | h/h® ofu)
5 A8 o 4RAREAS St sk ofuljA] AlE
R sl a1 vl IAEANE AR, 10
el 42AE AvERATIZ 247} EEate] widstlth. shte]

As)A] Bale 2.2 BE|oS Atk (Fg. 10). F2US A%

Strains Genotype Source
AY217 h leul-32 ura4-d18 Yoon et al. (2000)
SP286 h*/h* leul-32/leul-32 urad-d18/urad-d18 ade6-M210/ade6-M216 Matsumoto and Beach (1991)
SP286(AspDbp5) h*/h* leul-32/leul-32 urad-d18/urad-d18 ade6-M210/ade6-M216, This study
AspDbp5:: Urad* /spDbp5*
AspDbp5(81X-Dbp5) h leu1-32 ura4-di8 AspDbp5::Urad* /[pREP81X-Dbp5 This study
AspDbp5(41X-Dbp5) h leul-32 urad-d18 AspDbp5::Urad* / pREP41X-Dbp5 This study
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Fig. 1. Congruction of spDbp5 deletion mutants. (A) Schematic
diagram representing construct of spDbp5 null dlele in S pombe.
Most of spDbp5 open reading frame (ORF) region was substituted
with marker gene, Ura4®, by one-step gene disruption method. The
spDbp5 ORF is denoted by open boxes and the direction of
transcription is shown by arrow under the ORF. The positions of PCR
primers for confirmation of wild type and null alleles are indicated by
arrowheads, and the expected size of PCR productsis also shown. E,
EcoRl; H, Hindlll; K, Kpnl; P, Pstl; S, Sall. (B) Confirmation of
disruption of the spDbp5 locus. PCR was performed with primers
denoted in (A), using genomic DNAs from wild type (WT), diploid
disrupted one of the spDbp5 locus (spDbp5*/AspDbp5::Urad™), and
haploid (AspDbp5::Ura4*") harboring pREP81X-Dbp5 or pREP41X-
Dbp5. SM represents DNA size markers. (C) Tetrad andysis. Diploid
cdls disrupted one of the spDbp5 locus were sporulated, and 10
tetrads were dissected on Y ES plate and incubated for 4 days at 28°C.

Fas BT frepde] Qe wiAelA AR Rehs Ao B
o} spDbp5 FZAF R E] WhpEA|o]ar, S| ek 24}
= 9Dbp3 FAA7F AAE AgpDbps:Urad” FAAES 2=
HEA] Eatolt), o] A9 A= EolaRe] DBPS fAket
o], TG AR spDbp5 FHAE gl B2 Y-S oJv]Ritt,

spDbp5 AR Aol FpAelu®, o] fxAke 7S
golr 7] 913te] spDbps fF3iAte] We] e dF5 A%
3ttt WA spDbps frxiAte] Tl AS ¢Fsskshs ORFIHS:
nmtl Z2FE ]| ZojA] gpDhpse] AAE7E Eloprlel] s =4

= PREPSIX-Dbp59} pREPA1X-Dbps Zeln]= g A)2ksl%
ok nmil Z2REE iAol Elolylo] gl MAY) fa,
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Fig. 2. Repression of spDbp5 expression results in the defect of
growth. (A) Schematic diagram representing construction of
chromosomal spDbp5-disrupted haploid strains harboring pREP81X-
Dbp5 or pREP41X-Dbp5, in which spDbp5 is expressed under the
control of nmt promoter. This strain is kept viable by expression of
spDbp5 gene from plasmids in the absence of thiamine (-B1). In the
presence of thiamine (+B1), the expression of spDbpb is repressed,
resulting in inhibition of growth (Lethdl). (B) Inhibition of growth by
repression of spDbp5 expression. Wild type and spDbp5-disrupted
cdls harboring indicated plasmids 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.

Elopwlo] EAjehd HAP JAlEE ZERE|o|TH15). oY ¥
nmtl ZEREHE FE3t 22 REHE A HrietE (Elopilo] =
HiA]) 71EE Aer) 7] wiel], dEo] ofs EdWely
nmtl Z 2T E S ARSIt pREPAIX S pREPSIX Z2fm|=
o= 7}z o Eel nig| gk EAMO] nmil T2 RE7} £
UTHPREP4IX = wesker nmt ZZ W E, pREPSIXT weskest
nmt Z 2 2E])(8). pREP8LX-Dbp5 & pREP41X-Dbps Za}2
n=7t FAASE WA AY217 FFE o]&35te], FAA
$Dbp5e] AA =] #55 ARSI tHFg. 2A). ©1FA Al
Z+el AspDbp5 (81X-Dbp5 FEE 41X-Dbps) T Elodlo] gl
< HIA(-BLelME Fekr]=9] spDbps AP HHE R R
A73HATHFg. 2B). 3|9 ElotRlo] e HiX|(+BYXME &
g2=r=9] spDbps 3R] Wdo] AAHEZ AR £
ot @A spDbps7t AAEA] b2 w = ElolRle] AdEglel
Z A5k}, o] 3 A= gDbpse] o] Eloflo g A H]
= TFE A3HoE AFEHATE As oJvletH, spDbps -
A e] Wedo] gl DA S ohA] 3 ¥ Hojert

spDbp5 327} EH B R A mMRNAS] 5ol Hofsh=A]
£ golr7] 913, spDbp5 iAo} o] == AspDbps
(81X-Dbp5 = 41X-Dbps) T4 poly(A)*e] EXE in stu
hybridization 53l ZARIATE o] T5 Elopdlo] gl HiA|
X 719tE E2 vl shs Holrle] gle, 18al ve
A sht= HolHls H7kgh wiRo) A 1617t T 7121t} spDbps
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Fig. 3. Poly(A)" RNA locdization in DspDbp5 mutants harboring
PREP81X-Dbp5 or pREP41X-Dbp5. Cdls 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 gaining is shown in the bottom panels.

FAA) ST sol e dEE Z(-B1)2 poly(A) RNAZE Al
FA A HASLCH(Fig. 3), o|AL opFE w52k A9 vl
523k poly(A)* RNA 30|t} A%k spDbps f31Ae] W&o
AAlE Ml M= poly(A)” RNAZE &) Qlell vl ZFsiAl 54
Hgom AELele Z153Uc. ol Ae gDbps Ak W
o] A= mRNAS] MEHZ 9] oFo] ol s Heltke 21
oJu)git}, o)2i3t 43 Avh= BRI E T oM pDbps F- A7}
MRNAS] oA AEHZ 0] o)Fo] w9 Fag TS FIs}
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ABSTRACT : Congtruction of spDbp5 Null Mutants Defective in mRNA Export
Jin-Ah Bae, Hyun-Jin Cho, and Jin Ho Yoon* (Basic Science Research Ingtitute and Depart-

ment of Biology, College of Natural Sciences, Sungshin Women's University, Seoul 136-742,
Republic of Korea)

We constructed the null mutants of fission yeast Schizosaccharomyces pombe spDbp5 gene that is homologous
to DEAD-box RNA hdlicase DBP5S in budding yeast Saccharomyces cerevisiae, which playsimportant rolesin
mRNA export out of nucleus. A null mutant in an h*/ h* diploid strain was constructed by replacing the spDbp5-
coding region with an ura4” gene using one-step gene disruption method. Tetrad analysis showed that the
spDbp5 is essentia for vegetative growth. The haploid spDbp5 null mutants harboring pREP81X-spDbp5 plas-
mid showed extensive poly(A)* RNA accumulation in the nucleus and decrease in the cytoplasm after repres-
sion of spDbp5 expression. These results suggest that spDbp5 is aso involved in mRNA export from the
nucleus.



