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=S D0M mRNA Export?} ZHHAE rsml RIS FHEE 2N

mRNA®| YoM HEZ2 2] o] F(mRNA export)ol] FeJsh= A2 AAE BLYRAR Schizosaccharomyces
pombe®] rsml AL G- Wol 7] 8 kan” FFAAE o] 431 A EA W o] F(deletion mutant) T A =
et rsml FAARE Aol B4 FARE oP AT rsml ZAEDH o) 5 ok Yol u] ] AFe] 2F %
3 mRNA export® 979 A2 R g} roml 3 A9} mRNA export?] 8 §-HAeke] QA AHAAE oy
7] 9138, ] &1 ¢| F(double mutants)E A &3}o] YA A =9} mRNA export 2 Y =F 2A}s9lH.
ZAG FAAE FoH mex67 £ npp106 TAW o] FAAE rsml AR EQAW o] A28} ¥A EA)shd A
4} mRNA export7} % 2315 9l o} Wb, thpl S o] HAAE rsml BAEA W o] AR} A ZA) 3}
= ©3]2] 473} mRNA export  £EF ol ¥ 3} FA R A =2 FAA A o] & -2 AH}E-L roml FHA}
mRNAS| oA HEZ 2] o]|Fo F88 ST FF}T USL A4
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Sute) o3 E-2]d 7 AEd Alo]9] B2 oS (nucleocyto-
plasmic traffickingye = EAs= FU3 T2 AZEY
Al(nuclear pore complex, NPC)E Z3)] o] F o] THS). NPC=
HZH A (nucleoporinye |2k BE)E 300 EH vhilAEZ o]
F017 40MDa 3] A A E, 5153 YEZHE A
Zoll 0|27 FgH o2 & HEH Ith2, 17). NPCS &
8 o]F 7|FE F4-ukA (transport receptors)E LR 3},
A7} 2REE M) FE4<Eoln, NpCe] 953 ¥
soll o8] 2HHTKS). 1M EZ o]H3F o]FL Wa T &=
BE AE] A2 {aA &, A4, AsAg AEFr) 2
A, 5 5l NPCE J3E v|3H(22).

tRNA, tRNA, microRNA (miRNA), small nuclear RNA (snRNA)
9] oA NEAR ) o572k Tl de] iz} A E A Alo]<)
ol F717 FARITH10). &, Ran ©8Ao] B3P importin-B
familys] &3k w527 RNAS] FEHQE=E REZ ©
= RNASH 23313 e ©¥Ee] NES (nuclear export signal)

A2ste] RNAS 8t AT mRNAS] 3ollA A Ed
E9] O] F(mRNA exportyE T FoL} ThE RNAY o]5FE=
2, @8 B8 13 O 717 93] doljue Aoz o
AZITH10, 16). mRNA export®l = importin-f familyol] <3}
e TNV B89, Ran?] FETHIE ARHHoE B
A3}A] FETHE, 15). mRNAE BAMEE ¢7H5E B8 gl g}
gkt ol Attt mRNP F8AZ ©]$1, o]2]$t mRNP &
FA= mRNAZE AAbE o] 288 w7ix] A7y, Frgoe s
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Aol dEixe 52 F2E o|FL Yti@). T,
mRNA export= JAREY et oje} AL £ 7FHEHA (5 A
B, 2Zdeld, 3 dd 3 FejopddolydE B 4
o] o], A<E mRNPYH] oA X FHT) o]
23 mRNA export 7)13+S XA AR AsHo = &
HAEo] 3Tk, 21).

mRNA exportoll & YHHHCE oY oA $5-2 0| (ER
AME Mex67-Mtr2, A& A= NXFI/TAP-NXT1/pl5)7}
mRNA®] 23 A¥3EAY o Tildze] ZA3ks B3l 1
o7 AjRIth). o|g8A AFs -3l A5 mRNP
THAE NPCHA] @A) 2L, NPCe}e] o3t 45ahe-g E3)
mRNP Z#A7} NPCE B3I E J&E 3l Ro=E 28
the). o1HE @ Ao)= Yral (A2 )ALY/REF (ZAAE), SR
T A5 (SRP20, 9GS, Npl3 %), TREXS} TREX-2 B3]
4 8.2 (Sub2/UAPS6, Sac3 ) T°] ¥&HA Tks, 12, 19, 20).
olulel = mRNP exportd] T3z NPCY 57 HFIYAE
TE NPC-AFE A (Glel, Rael 5) ¥4t oz}, RNA A8
I Z(Nab2 5), RNA helicase (DbpSp 5), ATPase (Elflp %) 5
S mRNA exportd]] #93h= -85 B AE0]ci(10, 26).

BAENRI Schizosaccharomyces pombe A= AHFEQ] mRNA
FEINAE AAXE Mex67& A BFFHo|E
mex67 AAEAH] AA= mRNA export AT HolX|
31, AT, mexs7 AAEAHol= G- mRNA export ¢!
AFET} X Ak(synthetic lethalityyE Hol™, o]8g 94}
EHO)5-S mRNA export 23S HRATH23,24). £ A7
oA EBANR S pombedll X mex67 ALAEAo| e} FAIX|
AFE Hole EQWolE A, mml #32E 293150

STl

ok1=
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(28,29). & AN roml A mRNA expong =8 #
AApete] ART/AE Yolry] $8f, olFEdR o FE A7l
A3 mRNA export 2 AEE A

R
T, WX H s F=H

Schizosaccharomyces pombe2] 7]29] -§
Y Tie

KA W AL
2 S, pombe standard methodZ ARE-SIITH(Y, 13). &
AR ALEE EX S pombe FFT Table 19 st A
23 Eeevlse] 325 A9 A% FAARE FRL E
coli TOP10& AHEBIHT). E. coli®] WS HsiMe durdow
AH&E 3 8l Luria-Bertani (LB:0.5% yeast extract, 1% bacto-
tryptone, 1% NaCl) AA| BiAE AH8-31995, oAl YA
(ampicillingE 100 pg/mlE. 718l 37°CoA] 7190k, &7 H5
9] kS 993 ®jX)= EMM (Edinburgh minimal medium)3}
YES (Yeast extract with supplements: 0.5% yeast, 3% glucose,
supplements: 225 mg/L. ademne leucine, uracily ¥}A1E AM-EM91GL,
olFEdAME AZE A3 5 FHldl= ME (malt extract
3%) ¥jAE *1%6}934. nmt T2 RES] AAE A= EMM
iRl 15 uM ElobRl(thiaminy& F718tl ARESIAL, kan'
AAE 71 g8 Q93] el EMM s Aol 1A
2l G4182 100myL F5EE FHykslgon, 738 wiAE 2%
agars 7Fsto] 28°Coll A vl Feirt.

AAELIHOIF, 0I5E

oi8of e EEtAD|E M=
Arsml:kan’ AEEA S

H0]= one-step gene disruption HHS

Table 1. Schizosaccharomyces pombe strains used in this study
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ALgsted AT HA poml RS 5 flanking B9t 3
flanking F-9& 22} 1kb¥ PCRZ ZE3}4 pBluscript SK(+)
WEI] BamHIF Xhol AHE-9Jo S2J319th. PCR Zeke|r
o 22t BamHIF+ Nofdl Z1E)3L Nodi} Xhol HER-AE 418t
At o|gA Z2d¥ DNA BHE reml FAAY] 5 399} 3
H97} Nod Algtas AR g ddge] gt o2 A
Notl Aol kan” +3AHE EF8R= Nofl DNA A& 4484
o} $E ZetAu| =S BamHIE Xhol® 2 FEhilo] kA
T AY216 BE AY2179] FAHAEAA G418 WS 7
E FARASRAZE Aok FARIA| FolA PCRF Southern
blote & AHEAH A AdstATHF. 1).
olFEdHole] Aze el AR TE 7izte] Edwol
£ ME HHX} o A Ml B random spore analysisE F3 411
6}%‘:} Z, JAE F4¥AE YES WAl EE EMM BiAol A
oA A D}%I 2218 A8 -2, marker FAE HALEA
olFEdMe)E A
81X-Rsml, 41X-Rsml, 3X-Rsml S0 = A&S YsiAE
setoltio] BamHIE Xhol BEHE-AE AUstA roml A-21x12]
ORF7HS PCRZ 533 b2, pREPSIX, pREP41X, %
PREP3X #E¢] BamHIF} Xhol (B Sall) ATE-9o] 224
SFATH1D).

In situ hybridization

A W poly(Ay RNA®] BXE dotR7] A% in situ
hybridization ©)4 =0 AMEE o] glrk2e). 493 FHe e
<l Oligo-(dNy& AH8-3FATE BHE
@38 #aE}7] $leliM= FITC-anti-digoxygenin

ordigoxygening 3' LTl £
uAo s &3t

Strains Genotype Sources
AY217 I leul-32 urad-dI8 31
Arsml I leul-32 ura4-di8 Arsml . kan” This study
Arex67 W leul-32 ura4-d18 Amex67::ura4* 31
Apl5 I leul-32 ura4-d18 Apl5::urad* 32
rael-167 W leul-32 ura4-di8 rael-167 32
Anppl06 I teul-32 ura4-di8 Anppl106::urad* 32
Anup184 K leul-32 ura4-d18 Anup184::urad* 27
Athpl i lewl-32 urad-d18 Athpl::urad* 30
Amlo3 I leul-32 urad-di8 Amlo3::urad™ 23
rac1-167Arsm1 I leul-32 urad4-d18 rael-167 Arsmli::kan” This study
Anppl06Arsm1 I leul-32 urad-d18 Anppl06::urad” Arsml ::kan” This study
AthplArsm1 b leul-32 urad-dl18 Arhpl::urad” drsml::kan’ This study
Anupl84Arsml K leul-32 ura4-d18 Anup184::urad™ Arsml::kan’ This study
Amex67Arsm1/81X-Rsm1l i leul-32 urad4-di8 Amex67::urad”* Arsml::kan’ (pREP81X-Rsml) This study
p15Arsm1/81X-Rsml i leul-32 ura4-d18 Apl5::urad™ Arsml::kan” (pREP81X-Rsml) This study
Amlo3Arsm1/81X-Rsm1 W leul-32 ura4-d18 Amio3::urad* Arsmli::kan” (pREP81X-Rsml}) This study
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Fig. 1. Construction of rsml deletion mutants. (A} Schematic diagram
representing construct of rsml null allele in S. pombe. Most of rsml
open reading frame (ORF) region was substituted with marker gene,
kan’, by one-step gene disruption method. The rsm! ORF is denoted
by open boxes and the direction of transcription is shown by arrow
under the ORF. The DNA fragment used as probe in Southern blotting
and the expected sizes of hybridized DNA fragments in wild type and
null alleles are shown. Bg, Bgll; P, Psfl (B) Confirmation of
disruption of the rsml locus by Southern hybridization. Genomic
DNAs isolated from haploid wild type (WT) and haploid strains with
disrupted rsml (Arsml) were digested with Bg/II and Psi. Hybridiza-
tion was performed with probe denoted in (A). (C) Growth retardation
of rsml knockout mutant. Wild type and rsmi-disrupted cells were
spotted in 10-fold serial dilutions onto YES plate and incubated for 4
days at 28°C.

Fab @A (Roche Applied Science, Mannheim, Germany)Z AF&3153
o} DNA @488 98+ 4, 6-Diamidino-2-phenyindole (DAPIS
AHESIAT

77 o 1a
rsml] U EAHO|Fo| M&fn &M

GETQ Schizosaccharomyces pombe|X] Mex672 A7)
o)A Rl mex67 BAZAH] A= mRNA export
2= Holx] gEv(l. F, TEEARGME T AAE]
Mex67% 55 988 @93hAY, = & a2 mRNA
export ZE27F EAY eSSt 18R BT
mex67 BAEAH)E 08319 mRNA exportd] #dslh= FHA
AAAF EGHOIE o] Hof] AE3ATH28). ©F SLMexl E¢H]

¥
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rsm1°12} HHE vl ATH29).
M rsmlo] mRNA exportd] #ofdl=s A2 4y
A g2 FAAEY fHgH oz Aol EXe] oFE &<
slara} skt o1& 8l 4 FHATAR G418l vl e
WE kan’ FAAS 083t roml §32 AAE FAAZ
Arsml :kar’ WHEA] A2EAHO| S one-step gene disruption
& ARl A SIS THEE. 1). G418 A7 vl Ak
FARAGA FAA rsml FAWY k' FAAE XFE ALE
dAo)E AWaly| Y3, FAHBA 2] DNAE FE319 PCRS
3kt 2T 2 AMES rsml FRAP) op¥ER HEE
3.6 kb®] DNAZ} ZZF= Aol Ul§] 42 k7| 2= AAdE
ARo)E MHSHATHAE B|AA)). rsml FADC] Kan” 232
2 XgE AL A I BR1317] 93] Southern hybridization
& 53851 THFig. 1A and B). rsml 3R] 912 3-91E probe
2 ARE-3PE, oRHEL 3.1 kb$} 2.2 kb band7} Hol g A
e 22 kbol 0.8 kb bandS Hol2g FAADAT} rsml 2
AEAHAE ERIsH3T
rsml FRAAY AAE 757t £A) G AR Bol, rml=
AR " FAE ofdege RS FR1ET. skAIRE drsml
APEAMo)E Fig. 1CA RHE ule} Z2o] ol g Hlg] A
FE57F =3k Arsml AAEDW]7} mRNA exportl]l 2%
& Ho|ERAE Goli 7] 930, poly(A)” RNAY] EXE A Egk
o} ob¥E FFEANAE poly(A)t RNAZF AIE AA o) FU3HA
E XA (Fig, 4A), drsm] BAEAHo oAM= poly(A)” RNA
7} & <l HH5E @S B 4 JATKFg. 4B). E3H 24
EdHole e AEZE 1A, T2 A, R A, BE A,
AEEE o)de] d= A T HIFAR0 Feo] MET} of
AR 2o Rz A o)Hd Ao rsmio] YO
H mRNA exportol] Z3o] AJ71BZ HWHQ] whige] §-go]
AaEar, o|& s NEFY), He T o] 7 Aol o)z
Aoz WhAshs Wt S7kste HEHAQl Aol = A= A
° 2 AlE ¥

O|SEiHo|F M 24

HFEHERAA mRNA exportd] A= o= dejd th&
FAAET drsml AAEAWHO7} FA3MH 0= A3o] U=A]
9] RZ golraz} olFEAH)E AFSIATE. Anpplos,
Anupl84, Athpl, rael-167 59 EAHO|ES 22 Arsml 24
Eiole) walste] AL FAZAE F drsml S99 4
Zke] EHo)E B9 Zta Qi o|FEAHIES AW
o} o]ZA A2 olFEAMIEY] AT poly(A) RNAS| £
E AHHEJTY. rael-1678 Anupl84= ArsmiF} oFEAHo|7}
Hogls A4 AxrF ddEdHe|EY & A7t fldlen
(Fig. 3A), poly(A)* RNAS] EX % z}o]7} §IAThFig. 4, c).
SR, Anppl06Z drsml3} o1 FEA M7} HH TUEAHO]
ol HE) AFEEE =223 poly(A) RNA® 3] <tel] o]

il




Vol. 4, No. 2

ZH 5 UHFig. 3A and Fig. 4, g~h). W Amp1e- o)FE
o7} =W 2318 Arsmi9] A7 mRNA export 282 opE
7 22 AnZ SEAMZKFEg. 3A and Fig. 4, 14).

SHH, Amlo39}t Amex672] 73T ArsmlS: iSOl FER
HolE AHE 4 giith 0|5 AT Amio3 T Anex672)]
EAHPL drsmISF FAEXAE Hol AL Eake] Aoy wol
off A7} 1o, olFEAH0E dA] & rlsAdL oudhd
TIHIEE, Amlo3 FE Anex679}; drsmi1®) o]FEQWOIE ¢y
A3, rsml FRAAL] WO oy TR REH 93] 2EHE T
F2P E(X-Rsml, 41X-Rsmi, $1X-RsmD)E AR5+ Arsm!
AYEANol] GHAFAH L 3X-Rsml 71 425 o E
o gt ZEFEE 7FAT glon 41XRsmiF 81X-RsmiZ
nmt XEZHE] Q] TATA boxdl] 2HUH|E YoA ZE2RE ] A
717F 3X-Rsm19l BIF| 41X-Rsml& $7F FE0)iL 81X-Rsml-&
71 ekslth. shAlRE o] WEIEe 5 uE] B, (Elolilel o
3] o] AAEHT, 11). FRAAZAEE Elopdlo] gle A
(B¢ Elelilo] E0ile viA+BLOIA 22 719) A A=
<} poly(A)"” RNAS] ¥EE AwH it} wjx|d] Elo}qle ¢
EeFA0 E(3X-Rsmi, 41X-Rsml, $1X-RsmD)¥] rsml8) THS
AABIE S drom] AAEAHY AF A=t o E ) vl
FHTHFig. 3B). poly(A) RNAS] HFE 41X -Rsml, 81X-Rsml
o] B9 rsmi2] TEE AAHAGBY, & <ol ozt FAH=
Ao] BAhFig, 2). o] A= Elohue] 28] rsmie] o)
A=) basal levelZ rsmlo] THE DT ¢E7FS] mRNA
export A3 BY B AR £58 3B ds 2] gl
-5 Au)Ehy, AE okl RemlE Ao 2% A o= =
& 7158 sk AloE Alg gt
ol& Al 81X-Rsmi®] BEAEE Argml BASANHOID Amlo3,

-B1 +B1

Poly(A)*  DAPI Poly(A)* DAPI
RNA (DNA) RNA  (DNA)
.

Aarsm1
/3X-Rsm1

Arsm1
41X-Rsm1

Arsm1
/181X-Rsm1

Fig. 2. Poly(A)" RNA localization in Arsm1 mutant cells harboring
81X-Rsml, 41X-Rsm1 or 3X-Rsm1. Cells were grown to the mid-log
phase in appropriately supplemented EMM medium in the absence of
thiamine (~B1) or in the presence of thiamine (+B1) for 18 hr
Coincident DAPT staining is shown in the right panels.
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Amex67, Apl5 EQWMOLE 747} mnjsle} o)SEAMO)E s
4= AATh o]HA L2 o]FEAHCIES Elofulo] Gl HiX
-Bh2l Eoigle WA GBUAIA AT poly(A) RNAS) #3255
FAVSFATE. Amlo3ArsmI(81X-Rsm\)3  AplSArsmI(81X-Rsm1)
olFEWolE rmld WAL AAFHTE A Fg 3BT
mRNA export (Fig. 4, k~n)7} ZFo]7} =LA @it shAqt,
Amex67 ArsmI(81X-Rsml) o|FEdHole] B4 romio] S
oJAIhE, mRNA exportZ} A8F A& HStHFig. 4,0). ¥H
oA G, rsmid] LEo] AAEUEE RS HelA]
R GA AR ey B =0 o)A dde O AN
uke} ol Amext7arsml Ve THEA Anex67ArsmI(81X-Rsml)
2ol 81X-Rsml Sehu]=ol A basal level2 A s
£ 23] 4% Rsml @AV o g E FYXAE AT 5 QS
Aelgtil A7) wiEolrt.

ANE-E AEEhd, Asml EQAHCOIS rgel-167, Anuplsd,
Apl5, dmio3 52 BGACI = HUE Jer8-S oA 23t

prad

(o4

(B)

Arsm?
181X-Rsm1

Amex87Arsm1
/81X-Rsm

Ap154rsm1
181%-Rem1

Amilo3arsmi § |
/81X-Rsm1

Fig. 3. Growth of single and non-lethal double mutants. (A) A serial
10-fold dilution of a stationary culture of wild type, the single mutants,
Anppl06, Anup 184, Athpl, Amlo3, drsml, Amex67, Apl5, rael-167, and
the double mutants, rael-167Arsml, Anppl06Arsml, Anupl&4Arsmi,
AthplArsml were plated on YES plates and grown for 4 days. (B)
Arsml harboring 81X-Rsm1 and the double mutants harboring 81X~
Rsml, dmex67Arsml, AplSdrsml, and Amlo3Arsmi were plated on
EMM plates in the absence of thiamine (-B1) or the presence of
thiamine (+B1) and grown for 5 days.
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Ap154Arsm1

Ap15 /81X-Rsm1

rae1-167
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rae1-1674rsm1  Anup184

Athp1

Athp14rsm1

Amex67Arsm1
81X—Rsm1

Amlo34rsm1

Amlo3 /81X-Rsm1

Fig. 4. Poly(A)* RNA localization in single and non-lethal double mutants. Cells were grown to the mid-log phase in appropriately supplemented
EMM medium in the presence of thiamine (+B1) for 18 hr. Coincident DAPI staining is shown in the bottom panels.

AT, Anppl06 =T Amex673= 2743 mRNA export/} 5%
o 2EE Hole Aeadrt et vk, ample 2313
drsm] SGHo)7} Rol= 247he] A3} mRNA export 2
FEBIA

mRNAQ] F=5SHZ AR = Mex6Tp-Mu2= S. cerevisiae®l
A1 mRNA exportol] Z20lu}, 0]RA2] 55 BZANRL S. pombe®]
Mex67p-pl5E BFHo|A] LTH18). 23|H S. cerevisiaed| A=
Y Ho|X] g2 Rael TR S pombel| e H58o|th31).
T3, 8. cerevisiae®] Mex67p7} Yralpol 913 mRNPE A5l
= A o], 8. pombe| A= Raelp?} Mlo3p (YralpSt 55 ©
Wzhel BIAE F9TTh23). o133 FAMIH 2olE mRNA
exportoll 2% F Tl AMex67p9}t Raelp)e] TEH 75

3 AY, B ohE A 24 5+E mRNA export F200 B
7VsA3E gAY ol R rael FRATY rsmiH s
BIE Ho|R] R mexs73 FFEAE Hole 4F Zie,
RsmlpE Mex67pith= Raelp7l I8l mRNA export BE
of Ao} Sivke AL YA

FAare] Rsmlpe LobER S Pml3opst fAMIS 7HALL
ATH(14). BoLETANA pmi39 ELHOlE NPCE T3 ¥
@ Fol A mRNA exportoll #eists 3302 (Nup8dp,
Nup120p, Nupl33p )53 o5 EAWel7l SRS wivt A
o& o 43S Hole AeEdE Uehithl4). EEEEY
rsml EI¥0]5% mRNA exportd]] #idl= AL=E dei7l aF
AR apploct} o1FE@HOT HUS W) Ao 2SR
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ol FFEAE VERHEE Remip™ mRNA exportll 4] PmI39p
S AR 8-S T3E 7lsAle] 9l

HAe] &

o] =2 20059 FFAD @A HAARE SteAdT AN
Hhe R gharahaeddadel A¢g wol ¢3E] 9-S-(KRF-2005-
015-C00431/1).
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ABSTRACT: Genetic Analysis of Fission Yeast rsmI Which is Involved in mRNA Export
Suky Kang 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 constructed the null mutants of fission yeast Schizosaccharomyces pombe rsmi gene that is thought to be
involved in mRNA export. Though rsm gene is not essential for growth, the null mutant strain constructed by
replacing the rsmi-coding region with an kan” gene showed growth retardation and mRNA export defects com-
pared to wild type strain. We constructed double mutants which harbor rsml null allele and mutant allele of
genes involved in mRNA export. The mex67 or nppl06 null allele, when combined with rsm/ null allele,
showed an additive effect on growth retardation and mRNA export defects. On the other hand, the apl null
allele restored the defects of growth and mRNA export of rsmi null mutant. These results suggest that rsml
plays a role in mRNA export from the nucleus.



