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mRNAS) Yolx A EA =29 o]F o a8 TS 3= ol RN Saccharomyces cerevisize2] DEAD-box RNA
helicase}] DBP5 A A} o} A 8t AR R Schizosaccharomyces pombe} ¥ AHspDbp52 4 3)2] AAEAY
°] F(knockout mutant) & A X 8o} 1 FA & EALe g o). oWl Q S. pombe Tl 3r}e] spDbps FAALE
" AAAZ] F 4EA B (tetrad analysis) S 3T A, o] FHAF AW WA FE AASA EHG.
mRNAS] WolH AZAZ9 ol Fof Uol A spDbpse] 9 §& Fokris] 990, spDbpse) L o) =) o= thiamin)
ol ¥ JAHE FFE A8l in sitw hybridizationE F#8 AE W] poly(A)* RNA £ X & AFHH I,
spDbp5 A AFE] Lol o] A=, poly(A)* RNAZ} &) glel] A = 3 A ZA A= Eo 5SS o] ¢} 22 A
E-2 spDbp5 A A 9 A] mRNAS] WM M EA R o] Fof w4 T8 S I3} 3lSE Al MG
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Y EA AT & SHollA dojubz A AlEFA Yo
e gld e sl giok ol8d BEle Aty <t
A A 2 wdxdo| fElekATl, RNAY dild 22 A
A EC] 3 AXA-E BHglol o3ttt gt o]8 s A
HEAES] 8 A2 Alo]e] o]F(Nucleocytoplasmic trans-
portye A EEo] A4F ol vig- F831H, utel] Ex)
= 593 529 Nuclear Pore Complex NPCYS E3j|A o]
FoIXITHe). ;

waldolL} thE RNA (IRNA, rRNA, snRNA 5)9] o|53h=
2%}, mRNAS| oA MFEAZ9] ol F(mRNA exportye
Esi Ay o 71 93 dojuvke ReE AZITH19).
mRNAE B2 dilds Agsle o}F 7tk mRNP SHAE
ol#m, o]2{gk mRNP A= mRNAZ} FALE ] £EE of
7HA] AIRHY, SE o2 Al doe] gl 95 X
E o]Fa Ath3). ©]813 mRNP exportol]= receptors’} .83}
o, 3l JHAEQ] BRAANRE] Izt o]27)7H4] Z18HH 0.
2 & BAFY th4). Nuclear Export Factors (NXFs)Z £-2]
© @E familyl] &3k D¥ASERINME Mex67p, ATF
ol A= NXFI/TAP)°] ¥ mRNA Export ReceptorsZ Z-8-3H0}
T FAAY(12), °|5L 7FEHY(mRNA processing)°] B¢t 4
%% mRNP SAE NPC7HA| A7), NPCS}e] o3t &
3282 53 mRNP F8A7} NPCE 5H3IEE IS 3=
Aoz FZATHT). o]%A 234 H&5T mRNAT AE ==
E 317, NXF 9827 mRNAY A% oFsla vl50]4
olmg o] AL 3| = 2 adaptor BHFo] BI=A] HQ
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3Jt}. Adaptor B A= mRNA HA 2 7Esgo] Bodshe
Sub2/REF1 @& EIC 74&4E, SR @A E, THO/TREX
TAL8A Fol &aiA Ak, 11, 16, 21, 22). ©]¥9)E mRNP
SHA e} Sojdoz A3 NPCe 53 T¥d EE NPC-
associated TH -2 (Glelp, Raelp 5) vyt olj2}, RNA Ay
Z(Np13p, Nab2p 5), RNA helicase (DbpSp &), ATPase (Elflp
%) 5% mRNA exportd] #Adl= F83 @S|
mRNA export®] ZH8-7|2H o} 44 AR, 9o AFT
oJ& soluble mRNA export factors A}o]€] ZF Q3 vhila cul =]
AEAgo] HZ A7l 8 FaAa ATH20, 24).

@2 DEAD-box RNA helicaseS-2 9] 2& A oA o
ZEH, RNA tAlE0] 83 988 3= A= 4#A 9l
t}(18). DEAD-box RNA helicase?] Dbpse H3tHog & v A
o] 3le™, mRNA exportd] 4HQ] 758 g duido|d
@3). °] SAL A} AFXAS FEE 4= glon], 2 NPCY
HEA 2o £A3L2E mRNA exportd] vFR|Z Ao A 7%
S & Aoz AAFTHE, 10). AAZE Dbps @WAL in vitrodl]
A o5l ATPase 433} RNA helicase 84& KHo|xwt, NPC2
AxA Zo| APt Glel BH AT} inositol hexakiphosphate
(Pyell I3 Aol F713aL(l, 25), NPCS AIEE ZollA
Mex673} Nab2 52 THAE mRNP STHAZHE A|AHs=
RNAE¥ A remodeling 84-& Hole Aoz B FHTHI3, 23).

B SRABYEZ A WolE R S cerevisaest BRLARES] S
pombet= 2] HolA B2 Aol E HoluZ ANES] [
] mRNA export 712+& o|38l7] $j3] ooz 28
T Yk B AP S cerevisae?] Dop5St HAMEE S.
pombe?] HHAL 5 3)sh= FFAe] AAEAH|E A|x3}
&) mRNA exportol A12] 7)5-& Lot} s3]t}
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TF, UK W o=

7124 324 2] MEY 71L& S pombe standard
methodZ AREBIATH2, 17). £ AP AHeE B9 Schizosaccharo-
myces pombe 5= Table 19 23+ FT}.

Azxd Eekan|= FE3 Hdg 3 FHHAEE g5
E. coli Topl0& A&}, E colid] HiE Haixe IutE
o2 AE-HT 3l Luria-Bertani (LB: 0.5% yeast extract, 1%
bacto-tryptone, 1% NaCl) HA| wiAE AME-StH T, B_A=
ampicilling 100 pg/miE A718lA 37°CoA 7)) &% d5
9] wjekS 9% HiA|:= EMM (Edinburgh Minimal Medium)3}
YES (Yeast Extract with Supplements: 0.5% yeast, 3% glucose,
supplements: 225 mg/L adenine, leucine, uracil) BIA]S AFS-31Y
a1, 28°ColA BRI nr ZE2RE Q] AAE M E
EMM BjX|ell 15uM EJo}R (thiaminyS 713t ARESIH A,
13 BjAE 2% agars H7FSHA

daEHoIH et ECtAOE M=

AspDbp5::Urad* ZAAEA™l= double-joint PCROY 2|3t one-step
gene disruption BFH-S AME3IS AZIIHTHRT). AspDbpS::Urad*
DNA @& A)Zs17] 93 primerse 23 2t} 5For; 5-
ATGAGCGCGTTAACTCATCC-3', 5Rev; 5-ACATATAGCCAG
TGGGATTTGTAGCTTTCCTGTCCCAGTGTAGTITGACAT-3',
3For; 5-GGTGTTGGAACAGAATAAATTAGATGCACTTAAAA
TGTAAAGCATGITGA-3, 3Rev; 5-GATCCTGACGGICCTGC
CGA-3', 5Nest; 5-TAGCCTGTGAACAGGAATTC-3', 3Nest; 5'-
TCAACTTCTTTCCGATGCTC-3. 3¥&| PCR 3o ZHZ3
AspDbp5::Urad* DNA T A-2-2] Jof] oA SP286 o5
T HHEA] AY217 (pREP81X-Dbp5S E& pREP41X-Dbp5) T
Foll FAHAASHT. Urat BAAFA FolA PCRF Southern
blote 2 HAEAM|AE 35Tt pREPSIX-DbpS &
pREP41X-Dbp5s S} = AZS 9134 Dbps-3; 5-GTAC
TCGAGATGTCAACTACACTGGGACA-3, Dbp5-4; 5-GATGGA
TCCTTACATTTTAAGTGCATTCT-3' primersE A}-8-3 PCRZE
spDbp5 ORFE ZZ3}%th. Dbp5-32} Dbp5-4 primerse 24zt
Xhol¥ BamHI ME& 7N 9JS.2F, pREPSIX X
PREPA1XE Xhol3} BamHIC 2 HA3}] JigationdF3Th.

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

AE N9 poly(A)y RNAS EEZ Yolry) AT in sim
hybridization ©]3 =0l A&E o] Slth26). A5 gRoz
£ o-digoxygening 3' @Hel €<l Oligo-(dD),= AHS-3IATh
FPEn Aoz A3 g3e #A3] $siAE FITC-anti-
digoxygenin Fab 3} (Roche Applied Science, Mannheim, Germany)
£ AFE-SH3TE DNA €48 $H8iA= 4'6-Diamidino-2'-pheny-
indole (DAPDS AFE-3}53t}.

#ot o nE

mRNAS} X HEZZ9] o)Fo F8g A&S s Lo}
BX Saccharomyces cerevisiae®] DEAD-Box RNA helicase)
DEP5 QAT {5 ddldS 4533} open reading
frame (ORF)R! SPBC12C2.068 ¥EEEL S. pombed] 3
database (Sanger Center, UK)9A &SI o] ORF= JEE©

o, 5037 opr|=Ato 2 o]Fo EAl#F 563 kDaZ o3

= EAS dudsia ok E3F o] Tl ofu)ieAl A
gL S cerevisiae DBP59} 57.3%9] £UAIS Ho|w, DEAD-
box RNA helicase F¥o] & REFo] Q). I2m2 o] #A
Z}Z spDbp5E HHEIT, mRNAS] & Blo 2 S4d) gojdh=
Ag otr iz ALEAAe] & A3 548 A7)
At ‘

Ao AYGAAQ Ura42 ASE spDbp5 BAZEHAM0]
TFE 17| H30A, spDbp5::Ura4* DNA Y€ double-joint
PCR 1ol oJ3] A2k & ofulA] 752 SP286o] FAHEA)
A fretdo] ' wiAAA Ak FAPBAE AATHFig.
14). o] FHARANEZRE 2N spDbps HHA F St
Urad* 5282 X85 JAHAEA| (AspDbp5::Urad* /spDbpS*YE
PCRES F3) A3 thFg. 1B). ©1ZA AL SP286 (AspDbpS)
T wufEol p/n*E A8l o3t S 1A g
ok BHAEE AR FAAE L e HEO|ATH10%) EAHAS
& 7 e AP oA AT AT Z ptp® o)u)
AE I ths 4EAEAE AT st ouljA] AX
T g 93l ale) kA IAUREANE FAFEE, 10
Nl 4BAE dnizAr|2 Zizt Bt kst shie
g e oY) T4 F viv F2YE ASIE vie A
AR Edh= 22 e RAohFg 10). FEUE 43

Strains Genotype Source
AY217 I leul-32 ura4-d18 Yoon et al. (2000)
SP286 ikt leul-32/leul-32 ura4-d18/ura4-d18 ade6-M210/ade6-M216 Matsumoto and Beach (1991)
SP286(AspDbp5) h*lh* leul-32/leul-32 urad-d18/urad4-d18 ade6-M210/ade6-M216, This study
AspDbp5::Ura4*/spDbp5*
AspDbp5(81X-Dbp5) i leul-32 ura4-d18 AspDbp5::Ura4* /pREP81X-Dbp5 This study
AspDbp5(41X-Dbp5) i leul-32 ura4-d18 AspDbp5::Ura4* / pREP41X-Dbp5 This study
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Fig. 1. Construction of spDbp5 deletion mutants. (A) Schematic
diagram representing construct of spDbp5 null allele 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 ORFE. The positions of PCR
primers for confirmation of wild type and null alleles are indicated by
arrowheads, and the expected size of PCR products is 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::Ura4™), and
haploid (AspDbp5::Ura4") harboring pREP81X-Dbp5 or pREP41X-
Dbp5. SM represents DNA size markers. (C) Tetrad analysis. Diploid
cells disrupted one of the spDbp5 locus were sporulated, and 10
tetrads were dissected on YES plate and incubated for 4 days at 28°C.

IA4E BT fredo] gl wiAoA AR Fihe Ae= B
o} spDbps FARZ} oRYFR wkeAlo|a, AAS)RA] £ TA}
spDbp3 TR} AAFD AspDbp5::Urad* FRAAEE 2=
kA Exjolct. o] A3 A= dolaw el pBPs #AXIe}
2o], BEa R spDbps FAAT ARl 2 AS ov)gict.

spDbp5 +RAZ= A7l P4 e|ng, o] {39 71%S
olr 7] 13t} spDbps FAAte] Wdo] 2AEE 55 ARt
stk WA spDbps ALY D AE 4E S ORFIH:
nmt] ZERE] BAA spDbpse] AAZ} ElolRlel] o8] =2
=:= pREP81X-Dbp59} pREP41X-Dbp5 ZEkAu|=E A)2bstg]
ok nm] ZEREIE wR]o] ElopRlo] glom MA) REE I,
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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 spDbpS5 is repressed,
resulting in inhibition of growth (Lethal). (B) Inhibition of growth by
repression of spDbp5 e¢xpression. Wild type and spDbpS-disrupted
cells harboring indicated plasmids 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.

golrlo] A3t HAPL oAlslE ZEREo|ti15). okl
nmt] TREREE 7428 22 RElR A4 oals Elollo] gle
B2y 7188 Aot g7 diiol, wdo] gk el
nmt] T2REE ALE-3199}, pREP41XS} pREP8IX E&kiv]|=
A= 2zt o Fol vl oFst EAHO] nmel T2 REVL S0
U THPREP4IXE weaker nmt ZZRE], pREPSIXE weakest
nmt ZZ T E])(8). pREP§1X-Dbp5 = pREP41X-Dbps Z&}>
V=7t FAASE WA AY21T FFE ]R3, A%
spDbp52] AAEAH] FFE AR THFig. 24). °|ZA A
2+ AspDbp5 (81X-Dbp5 = 41X-Dbp3) T Elo}qlo] ¢l
< WABME Sev] =9 spDbps A} EHEHER
A73IATHFig. 2B). SHAITF Elojlo] e wiR+BLRIME &
2}2m| =9 spDbps A o] JAEEE AEA] B
ot E4A spDbps7t ZAEA e TFE ElolRlel FEglol
Z A5k}, o] g dil= spDbpse] LEo] Elolwloz Ay
© TFE 433 oE AXHATE A& ovlsiy, spDbps
Aze] o] Aol A Y-S thA] 3 ¥ HejFet

spDbp5 A7} @A R A mRNAS] Fo]l TH3h=A]
& dotry] 98l sphbps F-AAY WEo] ZHEE AspDbps
(81X-Dbp5 T 41X-DbpS) TolAl poly(A)e] EXE in si
hybridizationg %3 ZABIAT}. o] #FE Elopulo] fIE iR
A 7197t B2 vrol dfvke Blollo] g, el v
A e Eloteks g vl A 16413t B 7191k spDbps
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Fig. 3. Poly(A)" RNA localization in DspDbp5 mutants harboring
pREP81X-Dbp5 or pREP41X-Dbp5. 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 bottom panels.
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ABSTRACT : Construction of spDbp5 Null Mutants Defective in mRNA Export
Jin-Ah Bae, Hyun-Jin Che, and Jin Ho Yoon* (Basic Science Research Institute 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 helicase DBPS5 in budding yeast Saccharomyces cerevisiae, which plays important roles in
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 essential 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 also involved in mRNA export from the
nucleus.



