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ELEEH0AM mRNA Exportet HE rsml fEAI] FEEE 24
243 - 275"

MRNAS] oA A EA 29 o] F(MRNA export)ol] Fejshs 722 JAX| = FFAE Schizosaccharomyces
pombed] rsml A AL H&-E kol 7] § 8 kan” FAAE o8-8t A S o] F(deletion mutant)E A=
3l o} raml AR AR 4 FAAE ohJ A gk, rsml AAE AR o] FE ofA ol vl #] Ao 2F &
I mRNA export= ¢k7ke] A#& B rsml 51 A mRNA exporte] 8 A A-9le] ARAAE golr
7] $)8l, o] FE o] F(double mutants) S A 2Ha}e] AR A £9} mRNA export 23 A ES =A%
2% FAAE oA med7 EE npplo6 EQH o] FAAE rsml ZAEAH o] HAA ) $ EAs1E A
A7 mRNA export7} 512 ¢35 9l o} vt thpl S 9 o] $-R A= rsml AASA W o] $-A A8} 7 =45}
H 233 AT mRNA export A =& ok J 3 A A =2 IHAZH. o] 9} 22 AREL raml F-A A7}

MRNAS] #o| A HMEAZL] o] Feo] T87 S FFSHL

& ARk,
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Setel] ofsf EElE St AEA Ate]e] £ o] (nucleocyto-
plasmic trafficking)e 3=tol] ZA)she Fdst B2 HFEE}
Al(nuclear pore complex, NPC)Z F3 o] Fo]Zth(5). NPC:
32 (nucleoporin)el2} 2= THO QUAER o
0171 40MDa o)de] At B3AZ, 315718 AEZHE AL
2o 0|27 171A] FEHoz & HEF ] JTh2, 17). NPCE &
3} o] 7S F24-8-HbA (transport receptorg) S LR E 0,
AR} AREE HHZQ] S55EolH, NPCY] 952 W
sl oJ8) =HATHR5). TBEE o]H3} o]FS FeF =
BE M2 AYAE(FaA #d, A, 2e i, AxEFT] =
A, 8 5)oll NPCE &S n|Xth22).

tRNA, rRNA, microRNA (miRNA), smdl nudear RNA (shRNA)
59 oA MEARO| o] F7 | Tl de] Sut A EA Alo]e]
o]5 712} FALEITHI0). 2, Ran @ do] #odahH | importin
familyol] &8s 45897 RNAS] 73 QElE REZ &
© RNASH Al e T do] NES (nuclear export signal)
£ <143l RNAS F5:31t). 3FA%H, mRNAS] &of|A] Mjaxa
22| o]F(MRNA export)}> ©Hidoll} & RNA9| o]Fi=
2], @R 533she A8 v 717l o8 dojue 3lo= o
7 TH10, 16). MRNA exportoll = importin-f familyol] <:3}%]
e FEeHA7) BojElr, Rand] FETHIE FHHoE B
J3HA] QH=THE, 15). MRNAE HALEE e Be vy
Agtate] o} Atkek mRNP A2 o] £, o]2]3k mRNP &
FA= mRNAZE Aol 2E3 wj7px] AIRHE, F7tE o s
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Agehigoe] defxe JFAR0 FEF oFaL JUrh4). =3
MRNA exporte AR HRk olde}t WAL § 73 (5 7Y
B, 2Egeld, 3 A B Fejopdd o) d)dE By A
=] glo], <3t mRNPRHo] dolA] A2dE FFHt o
23 mRNA export 713+ EROA AlE7lA] FgH oz =&
RHAE o] Itk 21).

MRNA exportoll= RO Z o]golgA|Q]l -0k (8=
AX e Mex67-Mtr2, FAAENA= NXFUTAP-NXTLpl5)7t
mMRNAC] 23 At oHE weldte] Aeks &3l 1M
o= AzH9). o]3A A%e +EENHAIE 458 mRNP
STHAE NPC7HA] AZ2A71aL, NPCoFo] oFst Ao 28-S &5l
mRNP 53|71 NPCE B33l 2 &S ke Zlow =3
the). olHE G A= Yral (AR)/ALY/REF (ZAAE), SR
T FE(SRP20, 9G8, NpI3 5), TREXS} TREX-2 E3A9] +
/3 8.2~(SUb2/lUAPS6, Sac3 5) 5ol ¢elx UTHS, 12, 19, 20).
oltell = mRNP exportel] #o{dt= NPCO| 574 slgdids
e NPC-AF A (Glel, Rael 5) 33t olg}, RNA Agch
1A (Nab2 5), RNA hdicase (Dbpsp 5), ATPase(Elflp 5) 5
= mRNA exportel] #rodshs 8§ Tl A S o]Th(10, 26).

498 221 Shizosaccharomyces pombedll A= GHH221 mRNA
FEIAZ AAXE Mex672> Aol BFFHo|A e ol
mex67 AAEdAHC] A= mRNA export A% Holx] 2=
TH3L). 3HAITE, mex67 AAEIHol= L mRNA export 9
A=} A AHsynthetic lethdity)S RolH, o]2]dk XA
EJHOlE2 mRNA export 23S HQITH23,24). & A7
o]xol] FEARS] S pombecll X mex67 2AEAHC|S} 3]
AFE Hole EddolE s, raml F3AE S24935At
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(28,29). ¥ AFNXE raml F1ASF mRNA exporte] 8
AApote] ABBAE Lok r] f1a), olFEAWIFE Aste
273 mRNA export 23 A= 2 xA}atqc).

=135
oH

b=}

M=

o, K] R iR

Schizosaccharomyces pombe?] 712491 F-:182 Wiy Al
Hj%F 7142 S pombe standard methodS ARE-3HITH(Y, 13). &
Ao A" &% S pombe T+ Table 101 A2lSkAch )
Z3 Fepav| e S5 J9S 9 FHHeE 72 E
coli TOP10S AFE-813ITE E. colid] HIES: SeiMe dutzlos
AHE-E3 Y& LuriaBertani (LB :0.5% yeast extract, 1% bacto-
tryptone, 1% NaCl) A vjx|& ARS-3IAIL, oAl 3A8A)
(ampicillinys 100 ug/mli= 47t 37°CollA] 71tk &5 w5
o] wjekS 9%k HlA= EMM (Edinburgh minimal medium)}
YES (Yeast extract with supplements: 0.5% yeast, 3% glucose,
supplements. 225mg/L adenine, leucine, uracil) ¥IA1S AF&-3} 1L,
olFEAMF AxE s #F o= ME (mat extract
3%) MIAE ARESIATE nmt Z2RE Q] JAE YEiAE EMM
B z]ell 15uM Eleldl(thiaminyS 718l AME-319a, kan'
A2 71 255 Addshr] Haix= EMM Al eA]
ol G418% 100mgL 52 Hrlstgorn, 18 wixE 2%
agars F7Fste] 28°Col|l A wlj sttt

Table 1. Schizosaccharomyces pombe strains used in this study
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ARgte] A zatsdeh. WA rsml §-344e] 5 flanking $-919F 3
flanking 912 Z}z} 1kb® PCRE ZZ3}od pBluscript SK(+)
#E 2] BamHIZ}F Xhol AE3-9]o F2431t}h PCR Zelo|H
o Z+zt BamHIZ Notl 223l Notl# Xhol A9H-9S 4Flst
Atk oA F2JF DNA AAHL rsml 3412 5 7-9)9} 3
F97} Notl AgaL A9 2 A4=o] Ut oA A
Notl AF2]ol] kan' -F-AAS E$Fs}= Notl DNA AH-S 443+
o} 98 Zekan =2 BanHIF} Xhol & & ZEhfjo] WkRsA)
T2 AY216 Bo= AY217¢ FEAZAA G418 WAdS 2
= FAHEAE AU FAHEA FolA PCRY Southern
blote 2 AAEAM o)A E AESIATHFg. 1).
olFEANlY Axe wrjFo] AR thE Z7e] o
ME ®ix|ollA w3 &, random spore analysisE 53l A48
Atk =, XY FAZAES YES HIA| E=E EMM v R4
oA g F2YE A T, maker XS HARBHA
olFEAMolE A3

81X-Rsml, 41X-Rsmi, 3X-Rsml Z&tAm= AZHS QM e
zgto]me]] BamHIZ} Xhol ATH-91E Y3t rsml F-2144<]
ORF{HS PCRZ FE3t T}, pREPSLX, pREP4IX, E&
pREP3X ®E|2] BamrHIZ} Xhol (B Sall) e 24
SHATH1).

)

Ol i

In situ hybridization

AIEZ Wl poly(A)” RNAS] EXE golrr] 93t in stu
hybridizatione o] ¥=3-ol] &= o] JTH26). £33 Bl a2=
o-digoxygening 3 el €21 Oligo-(dT)s;S AHE-3tAth 33
v7o 2 438 B3-S #Esl] slix= FTC-anti-digoxygenin

Strains Genotype Sources
AY217 h leul-32 ura4-d18 31
Arsml h leu1-32 urad4-d18 Arsmil::kan' This study
Amex67 h' leul-32 urad-d18 Amex67::urad* 31
Ap15 h' leu1-32 urad-d18 Apl5::urad” 32
rael-167 h leul-32 ura4-d18 rael-167 32
Anppl06 h' leul-32 ura4-d18 Anpp106::urad” 32
Anupl84 h leul-32 urad-d18 Anupl84::urad” 27
Athpl h' leu1-32 urad-d18 Athpl::urad* 30
Amlo3 h' leu1-32 urad-d18 Amlo3::urad* 23
rael-167Arsml h leu1-32 urad-d18 rael-167 Arsml::kan This study
Anppl06Arsml h leul-32 urad-d18 Anppl06::urad” Arsmi::kan This study
AthplArsml h' leu1-32 urad-d18 Athpl::urad* Arsmil::kan This study
Anupl84Arsml h leul-32 urad-d18 Anupl84::urad” Arsmi::kan' This study
Amex67Arsm1/81X-Rsml h leul-32 urad-d18 Amex67::urad* Arsml::kan" (pREP81X-Rsm1) This study
p15Arsm1/81X-Rsml h leul-32 urad-d18 Apl5::urad* Arsml::kan” (pPREP81X-Rsml) This study

Amlo3Arsm1/81X-Rsm1

h' leu1-32 urad-d18 Amlo3::urad* Arsml::kan” (pREP81X-Rsml)

Thisstudy
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probe
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2.2 kb 3.1kb
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Arsm1 [ Kam ]
Bg P Bg
P
2.2 kb 0.8 kb

Fig. 1. Construction of rsml deletion mutants. (A) Schematic diagram
representing construct of rsml null alelein S pombe. Most of rsml
open reading frame (ORF) region was substituted with marker gene,
kan', by one-step gene disruption method. The rsml 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 fragmentsin wild type and
null aleles are shown. Bg, Bdlll; P, Pstl (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 Bglll and Pstl. Hybridiza-
tion was performed with probe denoted in (A). (C) Growth retardation
of rsml knockout mutant. Wild type and rsml-disrupted cells were
spotted in 10-fold seria dilutions onto YES plate and incubated for 4
daysat 28°C.

Fab 34| (Roche Applied Science, Mannheim, Garmany)S A8-311
o). DNA 341S- 9J3l-= 4, 6-Diamidino-2-phenyindole (DAPIS-
AFg3IAT

24 jl_|. al X

= = =

smil ZAEHHO|Fel RIS 24

-

E-Ha %2 Schizosaccharomyces pombedll A Mex67-2 AJ7Hol|
2o AT 3l mex67 2AEIH] AAl= mRNA export
AE HolA] dETh3l). &, BIaRAAE e AAE]

Mex673} 55E ek Bl = e Qa9 mRNA
export 427+ 248 7V S oulgith, TelEg BIam)A
mex67 AAE M| o]8-31o] mRNA exportell sk FA
AL Zeido)E o) el AEEHTH28). 01% SLMex1 1Mo
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£ AR A5 F24Yste] d7IMES EA% A o
AR 71%50] A AA e AMEE A0S dohfa,
rsmie]2} HHEH vk ATH(29).

E Ao ME rsmie] mRNA exportol] #odds Ao 2 Ay
A oge FAEH FAgF R Aol AeA Y A7E &2
slara} skt o5 sl -4 FIAAQ] G418l WS EL
W= kan fFAAE o83t rsml fAA AAE AAAR]
Arsmil:kan' ¥R AAEAHC]E onestep gene disruption
S AMgste] Az THFg. 1). G418S 713 uiA|ol A Al
PAHBA FollA rsml FHAT} kan' AR XEE AEE
ol E Adsly] Sdll, XA 2] DNAS =319 PCRS
ettt tlxw o g AR raml F-3A7} oRERI e
36 kb9] DNAZ} SZ== Ao vl 4.2 kvt S2H= A4E
Aol S AHSIATHALE. PIAIA). reml Fr3ARRke] Kanf f-24}
2 2%k 31S ] g ERI817] 918 Southern hybridization
< F3YSIATHFg. 1A and B). rsml FAAR] 912 F-9)E probe
2 ALg3PH, opB 3L 31 kbot 2.2 kb band7} Ho)A|w FAA
3= 2.2 kbo}l 0.8 kb bandS Hol=Z FAHEA 7} rsml 2
AEAdo|ds el

rsml 327 2HE #5571 A4 = 3102 Ko, rsml=
o] B4 FAAE ofHEe S IS AT Arsml
ARolE Fig. 1CoIA B npe} o] o Fe] nls) A
7F =35 arsml AAEAHO]7E mRNA exportel] 23
Ho| A2 ol y] 3l poly(A)* RNAS] E¥E A1 gk
. O Tl A= poly(A)t RNAZE Al Aol FLds}A

FAIRH(Fig. 4A), darsml ZAEAH|A = poly(A)" RNA
71 3 ol FAEE A4S B F UATKFg. 4B). 3, 24
oldlde M7t 11 A, T A, HEHK A, FE A,
o) ool e A T HIAAS] FEo AET} of
APET & NEZ FFE o2t A= ramlo] §lo
™ mRNA exportel] Agto] A7|E2 ANkl Tz e] ghgo)
AadkaL, o]& QI8 AEF7], FH T 2] 7HA] Ajto] olat
2|07 WAsh= RITr} S7kete] ARbAQl o] =3 A= A
o2 Alg gk

o

b omx
k1

k)

53]
ol

A S oto o i oz

2 it
H R
SuaNe:

o|Z=¢itHo|F2 MF1 24

FEa 7o) mRNA exportd]] #ojshs Aog IuR v
FARET arsml 2EAEAHT} FHFH R Ado] A=A

o] ARE Lolr izl olFEARC)E A3 Anpplos,
Anupl84, Athpl, rael-167 52 EAHO|ES 242 arsml 24
EdRIol9} ety AL FAEAE F arsml SAHo|9} 7}
Zte] EdHolE FAl Za e olFEdRlES AEsHA
o} o]ZA B olFEAH)E] AT poly(A)" RNAL] X
£ AR rael-167% Anupl8d= Arsmlz} o|FEdAMHolr}
Hogs A A= ddEAHCIER & Apo7) giglew
(Fig. 3A), poly(A)" RNAS] EX % x}o]7} QIATHFg. 4, c-f).
SHARE, Anppl062 Arsmly} o]FEdAR o7} FHH TdEAH ]
So| H8)] AFEEE =23 poly(A)" RNAE &) Qo] o)
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=22 tHFig. 3A and Fig. 4, g~h). Y1, AthplS o]ZF=H
o7} =¥ 238 Arsmie] 47 mRNA export A¥hS oHYH
3 2o Ax 7 3EAZTHFQ. 3A and Fg. 4, 1)

SHA, Amlo3et Amex672] 735+ Arsmle} wH|Ele] o]FEA
Ho & e 4= it o|fst A= Amo3 T Amex672]
EARO7L Arsmie} FAAANE Hol Ay I} Aol o}
o] ZA7} e, olFEAWelE AR B3 7S ou|gith
IHEZ, AMo3 e Amex679t Arsmle] o]FEHe|E A7)
AN, rsml FRRRS] FEo] nmt ZEREO] o3 2HEE F
2}22m] =(3X-Rsml, 41X-Rsmi, 81X-Rsnl)E A =Fsko] Arsmi
AAEA™ oo AAFAIFL. 3X-Raml= 7 732 opE
o nmt ZEREE 7HA 9o, 41X-Rsml¥} 81X-Rsml-
nmt ZZFE Q] TATA boxoll ERCIE Yo7 ZZRE| A
717} 3X-Rsmiell Hl&l 41X-Rsm1S 53+ AEo]al 81X-RsmlS
71 oFslt). SEA|NE o] WSS 2F vlgl] B, (Elolul)el 9
3 wdo] AAETH7, 11). FARFAES ElopHlo] gl ujiA|
(-B1)¢} ElojHlo] Eoldle iR (+BL)AIA 22t 719 A A=
9} poly(A)" RNAS] EXE Awrgltt vj=]o] Elojle ¥
Zg}~n| =(3X-Raml, 41X-Rsmil, 81X-Rsm1)] rsmie] ¥d-S
AAHEEtE arsml AAEAH0]o] A A= o E ¥l
31 tH(Fig. 3B). poly(A)" RNAS] E¥+= 41X-Rsmi, 81X-Rsml
o] A9 rsmie] LHS AAHH(+BL), 3 <ol It FA ==
Aol BJthFig. 2). o] Ay Eloplel] oJd) ramie] W& o]
AA = o] basd levdZE rsmio] LHEEHTTE 2F7Ee] mRNA
export AR B ¥ A £ 3lEe dle Aol ¢l
S5 v, M QhllA Remle AFTHO Z T Aol =
3 715E sk B0 AlsEn)

o]& A 81X-Remio] BAAEE Arsml ZAEAH]9} Amio3,

b

-B1 +B1
Poly(A)* DAPI Poly(A)* DAPI
RNA (DNA) RNA (DNA)
Arsm1
I13X-Rsm1

Arsm1
/141X-Rsm1

Arsm1
/181X-Rsm1

Fig. 2. Poly(A)" RNA locdization in Arsm1 mutant cells harboring
81X-Rsm1, 41X-Rsm1 or 3X-Rsml. 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 DAPI staining is shown in theright panels.
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o

AMex67, Apl5 EAHCIE 217 wHlste] o]FEdRolE &
AU} o]FA A& o]FTEA™M|ES ElolRlo] gl Hjx
(-B1)¢} E10= viAI(+B1)oll A A7} poly(A)" RNAS] w5
ZAFFA Y. Amo34rsml(81X-Rsml) @ Ap154rsmil(81X-Rsmil)
olFEdMolE ramle] LES AASHE = A (Fig. 3B)
mRNA export (Fig. 4, k=n)7} ztel7F A1 gidch. 3pA|EE,
AMex67 Arsml(81X-Raml) olFEAMolY] B9 ramle] HHS
AAIEHE, mRNA exportZ} As 23S EUHFg. 4,0). ¥H
o= 2, rsmle] Hdo] AAEHEE FEXARE BolA|
3L B4 A SEn ) =Rt oef st Ade A AHg
ule} o] Amex674arsmlt= B2 A Amex674rsml(81X-Rsmi)
o]|FEdHolE 81X-Reml Sk =0l basd level 2 L E]
= F3] 2% Reml @ Anto 2% FAXALE B 5 S
Zolgtar AZtE] 7] wjio|t}.

ZHES AP, Arsml EHHO|= rael-167, Anupls4,
Ap15, Amlo3 5] EdAM)ET = MUE J5 28-S 31A] 2k

Arsm1 'Q »ﬁ A

(B)

Arsm1
/81X-Rsm1

Amex67Arsm1 @b
”;sefx-Rsﬁm OQ K ¥
L@ @ &+
Amlo34rsm1 & -

el ©

Fig. 3. Growth of single and non-lethal double mutants. (A) A serid
10-fold dilution of astationary culture of wild type, the single mutants,

Anppl06, Anupl84, Athpl, Amlo3, Arsmil, Amex67, Apl5, rael-167, and

the double mutants, rael-1674raml, Anppl064raml, Anupl84A4rami,

Athpldarsml were plated on YES plates and grown for 4 days. (B)

Arsml harboring 81X-Rsm1 and the double mutants harboring 81X-
Raml, Amex674rsml, Ap154rsml, and Amlo34rsml 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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Arsm1

rae1-167

Kor. J. Microbiol

rae1-1674Arsm1

Anup184

Athp1 Athp14rsm1

Amlo34rsm1 Amex67Arsm1
/81X-Rsm1 [81X-Rsm1

Fig. 4. Poly(A)" RNA locaization 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.

A"k, Anppl06 F= Amex67ZH= A mRNA export’} T%-
o 23S Hole Asaat veillth v, 4thpld 2359
Arsml EAHH0)7F Bole oFhe] A1 mRNA export A%HS
LRk A=

MRNAS] 52102 AR = Mex67p-Mir2= S cerevisiaed]]
A1 mRNA exportel] B2{olu, o] A9 53 591 S pombe®]
Mex67p-pl5= B2 o] A] Th(18). 23|17 S cerevisaed| A=
G207 %2 Rael @0l S pombedl e H=2 o] th(31).
W3 S cerevisiae] Mex67p7} Yralpell 2]3] mRNPZ ZAgs)
= A3 o], S porberl| A= Raelp’} Mlo3p (Yralpet 55 &
ol B2 FATH23). ol213F FAMIF ZFol= mRNA
exportel] =83 F DA Mex67ps}t Raelp)e] =EH 75

TS, = tEA 2EFE mRNA export AZol it
7Fs/ds Azt o] AHONA rael AP} ramidt A
BIE HolR §al mexérd FEENE Hole A3 A,
Rsmlpe Mex67pith= Reelp’l #ddl= mRNA export A=
o] AT o] Utk AS It

EEav9] Ranlpe Tolare] Pmi3gpe}t FAMIS 7R3
ATH4). Lol Ea Tl A pmi39 Bl E NPCE A F
DA FollA mRNA exportell ZHodhe 33T (Nupsdp,
Nup120p, Nup133p )5 o|FEdHel7} HS wiwt A7
H$ o 28S Hole Aeads Yehdthl4). EEar]
raml EAHO)E mRNA exportel] Bofsh=s Aoz 487l
TSR] npplo6} olFEAHO|7L HAE W Al s B
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ol A5EHNE JEREZ, RamlpE mRNA exportell <] Pmi3op
o} fAket 9E&S FIE 7FsAdo] Tk
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ABSTRACT: Genetic Analysis of Fission Yeast rsaml Which is Involved in mRNA Export
Suky Kang and Jin Ho Yoon* (Basic Science Research Ingtitute and Department of Biology,
College of Natural Sciences, Sungshin Women's University, Seoul 136-742, Republic of Korea)

We congtructed the null mutants of fission yeast Schizosaccharomyces pombe rsml gene that is thought to be
involved in mRNA export. Though rsml gene is not essentia for growth, the null mutant strain constructed by
replacing the rsmil-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 alele and mutant alele of
genes involved in mRNA export. The mex67 or nppl06 null allele, when combined with rsml null dlée,
showed an additive effect on growth retardation and mRNA export defects. On the other hand, the thpl null

alele restored the defects of growth and mRNA export of rsml null mutant. These results suggest that ramil
plays a role in mRNA export from the nucleus.



