=28
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T

A3 A Z(Eukaryotic cells)E olsH o w2 ¥ M (Nuclear membrane)oll
93] @ (nuclear)?} AEZ(cytoplasm)ZE -2 3H(compartmentation)® o] )
t}. DNAZHE mRNA=Z°] AAMtranscription)= 8 <Skol A dojr}ar, mRNA
2HE gwWdo] st E = MY (translation) S AEZANA dojyr =z F4
AR o Fag 7 A HAeE IS FHH R FEEo v 1
HEE FABE7F d9¥ mRNAE duhs F3)] oA AZd7t=] 11 o3
(mRNA export)s AA Rt gt} o] ofGo= hjatet Y= =7k 4
Qsta, 25 W ooy g tishd-s A Ak ofA H el 7 A,
a5 Fgetal AU = tiste A - g mRNAAIRE Al A E 9] o5&
sergitt. FHT AT e A 9w A 98-S @99eta s

mRNA export factors, mRNA export adaptors, 3-&E3+A(nuclear pore

O

complexs, NPCs) ®wt o}ug} transcription factors, mRNA processing
factors & mRNA WA #=#H W factors”7FA mRNA exporto]] 3o ¥ o]

A= AL Bt} (Vinciguerra and Stutz, 2004; Sommer and Nehrbass

o] @Ay mRNAS A28 RNA (rRNA, tRNA, snRNA %)+

t

importin-B type familyell %3}+= transport receptors®} Z+z} ZAstsle] =
Ag Fgdozy dAFg Fdl olFstt. olelg receptorsi= NPCO %
gl 1
Skth, B3k receptorse] NHYh 9]+ small GTPase?l Ran¥ ZA3gsh=d],
dlo| = Ran-GTP7}, AlEZAoli= Ran-GDP7} 717} ®3EEo] o]Fdl= AthE
=9 R S AA gt (Weis, 2003; Lei and Silver, 2002).

mRNA transport= Yo &3 thE RNAGRNA, tRNA, snRNA %)

o2

3t FG nucleoporins®} €A &<l A3+S 53} transportE w7

o
=
-



transport pathways®} 3714 AEwWoA FEET. AAA, th42] mRNA
transport™= GTPase Ran<®] s% o 2 @dH oz oFEsA] ge=th. A,
mRNA transport™ mRNA A}A| (naked free mRNA)Z o]5 5% &=t} A
AbEl= 4R E] mRNAT  heterogeneous nuclear ribonucleoproteins
(hnRNPs)9} ZA3d3le] messenger ribonucleoparticle (mRNP)o|&h+= #Hthgk
EgAE o] Fo] ol satA ®vh. AR, mRNA transports HAFFA I ZHALS-
processing event (5'capping, splicing, 3'cleavage, 3’polyadenyaltion)¢} &
AaA A= o] 2t (Jensen er al, 2003; Rodriguez et al., 2004). d & =
™ yeast®] mRNAo| A&sl= Nab2t 3 MEAS shuttlingshs @9
Z poly(A)"¢] Zdo] %43 mRNA export F+ Ao t} &3t (Hector ef
al, 2002). 4 =°] pre-mRNA$®} transcription factors(set of protein)®] A%+
& olwbE mRNA export factors® AgS golstA st} (Benoit et al,
2005).

mRNA receptor® 94#Z heterodimeric NXF-NXT ©@®¥ &L non-8

typel & 3dls FMAAEQ FR(Lola Rl Saccharomyces cerevisiaeol X

©  Mex67p-Mtr2, WEaXA  Schizosaccharomyces  pombe| A=
Mex67p-Nxt DA HE AFH(TAP-pl5)ol o]27|744] 2 BEH o] U=t
(Segref et al, 1997; Yoon et al, 2000; Kang and Cullen, 1999), mRNP
complex® NPC7}#A] dAZAA 7] 985 = Aoz F=5HY (Cullen,
2003; Erkmann and Kutay, 2004). =, NXF-NXTs+= nucleoporins®l| HH=%]
o 2 Z#A3}+= phenylalanine-glycine (FG) motifs F-+3 A3 2830 24
export competent mRNPs& NPCol| =7 A17]&= Ao =2 F=Ht} (Rodriguez
et al., 2004). T3k, NXF-NXT+ nucleoporins®] 233k ©]% nuclear pore
= %3 mRNA transportE Z33t} (Vinciguerra and Stutz, 2004; Jensen
et al., 2003; Stutz and Izaurralde, 2003).

S. cerevisiae?l A Mex67pE mRNPs#Z recruitdli= hnRNP-like w12



Ql Yral€e mRNA%} Mex67p-Mtr2 heterodimer A}le]olA adapter &&<&
sttt (Luo et al, 2001; Strasser and Hurt, 2001). Yral(ZZsA &A= Aly)
T Aoz @& HEH REF (RNA export factor) familye] +4€dolth.
Yralp< S. cerevisiae®l ] mRNA exportol 42 o]t} (Strasser and Hurt,
2000).

UAP56/Sub2p2 ATP-dependent DExD RNA helicase family®l] <38+
splicing factor®ZA] %7| spliceosomed| A 7= =H|, splicing &< pre-
mRNP complexe] REF W AS recruitdt} (Straber and Hurt, 2001;
Zenklusen et al, 2002). <+ AFolA oA AF3 export GUAE
(TAP/ALY/UAP56)°] nonsense mediated decay (NMD) @Ay} &7
exon-junction complex (EJC)¢] T8 Aclol W o=M, splicing?
export AFole] AA o] gt @GS AFstFtt (Sommer and Nehrbass,
2005).

H yolrbA, FHtol= mRNA export®t AAl(transcription)9}e] A4Aar
goll i3t wA = w3 Xt} Transcription elongationo] #o3t= THO
complex (Hprl-Tho2-Mft1-Thp2)+= transcription initiation -&<F mRNA
export adaptor?l Yral®} Sub2Z recruitdtth. o]ZHA A ¥ complex™
transcription and export complex (TREX)2} -t} (Strasser et al., 2002).
o] component: ©]Ex 9 transcriptiono] #JstH, Mex673 Zgs}o]
mRNA exportoll = #o3dkt},  TREX complex® 2t componentE A7 shH
3 el poly(A)” RNAZF FHH= A& & & Atk (Zenk et al, 2002;
Strasser et al., 2002; Libri et al., 2002).

mRNA export machinery®} 484, 7|54 o2 AdE A2 mRN

>

export factor?l Sac37} Mex67p, nucleoporins, Thplp¥} ZAgtst= o]

H
15T} Sac3E NPCY 3 Z A FG-nucleoporins®} ZAdslo] 3l-g Fw

of

o] Thpl (transcription elongation factor)< wjo] & Z ZtH(Strasser et



al., 2002). Qb2 Ao A Sac3pe NPCO cytoplasmic fibrilsol] =
1, SACS3 mutant dFollA] Mex67p®| nuclear rimo] FHHE= 2L =
Atk (Lei et al, 2003). ©] A2 Sac3p’t mRNPE NPCE &3l °]sA|Zl
of mRNPEXE Mex67pE uwWlojztd Z8dd Zox F=Hrt (Sommer
and Nehrbass, 2005).

Sac3p-Thplp complex®} ZAestE= &= & mRNA export factorel
Susl< transcription® Z4A3}H, transcription initiationo] Fe]3d}= SAGA
histon acetylase complex®} ZA3gtstt} (Rodriguez—Navarro et al, 2004).
Suslp® #IA+=  transcription® mRNA exportd]l ZAES T ofvrt:e
Suslpe Thplp-Sac3p complexS recruitdtal NPCeF Asgtstar J+=

Thplp-Sac3p complex®] SAGA-regulated genes=S Hil Y20 2ZH A=

iV

¢

transcripts exportE ZAd Aoxw F=Ht} (Sommer and Nehrbass,
2005).

Mz A7 Z23EL NPCZF 9% %<l macromolecular complex®
transport pathways 4% 4 IS Ho £ NPC7l ¥ o] oy
2} ei%= transportoll A M3 FEHom oAAX=H, FHT HY AFolA
EH3l Nupst direct transport facilitators®]al transportoll A Ht} # =%
d AE s AoZ B Nup983 FG Nups?ZF L ofe]t} (Elizabeth
and Susan, 2006). FG nucleoporins< & XA Nupse] Aut 7}2F8 21+ 3}
H Mex67p-Mtr2pE Nupl100, Nupl16p, Nup42p, Nsplp, Nuplh9p =3} #
2 2] FG repeat @Ay} A3 #gstar 2319 FHA AnEL 9
=9 AsAgo] VAR AuHo des AFTr. aRolA Nup84 et
Nup159 F 709 sub-complexi= mRNA exporte] Z 54 o]t} Nup84 sub-
complexst™ &9 Mex67p-Mtr2p2] binding siteE A|-&3tH Nuplbh9
sub-complexi= cytoplasmic fibrilZ} 235 o] Qo] exporte] v GA 9
A 1 9Ee 3} (Stoffler ef al, 1999, Rout et al, 2000, Bailer et al.,



2000, Ho et al., 2000).
SR EZA BAFgHe S cerevisae?} WolaX®el S pomber
gha Aol ghElEo] Qo] HIMAEe

FAste, BA/AEYE
718AQ ARALS Ast %2 model systemsZ ©o]-§al

rr
=

AoAME F AR e Ao)HdE Btk NXF-NXTQ S cerevisiae
Mex67p—-Mtr2 & mRNA exportol] Aoy, S pombe Mex67p—Nxtl +=
d4Aolz] &}, 238|8 S cerevisiaedl A= mRNA exportol]l 572 o]%]
%2 Raelp©| S. pombed| X &= E4 o]t} (Segref et al., 1997; Yoon et al.,
2000; Thakurta et al.,, 2004). AAZ Raelp®d} ILTAES Raelp
homologs: mRNA export carrier?l NXF-NXT heterodimers®} -AFsh
BAe BdowM, Hd dds "Hdste 2w F5Eu (Pritchard et
al., 1999; Sabri and Visa, 2000; Yoon et al., 2000; Blevins et al., 2003).

B studyoll A= S pome system= ©|&3}9 spmex67 null mutant
allele®} synthetic lethality® Hol= 3 F79 E<UWo]FE screeningdtd]
A& novel gene rsml & knock-outA|A EOZH rsmlpe 7153 mRNA
exportete] #E oAFE Ay HYY. YolrbM  Rsml FAATE flellA
A5 mRNA exporte} #HE T8 FHAAEY FHATHo=E A2 AFE

= 2 E do} B7] 98] double mutantsE A%, synthetic lethalityS ZA}

%2,

1813l in situ hybridizationS & Y3 mutant oA mRNA

)
®

export defect =& HZ3AT},



1. A%

1.1. 45

A %3 plasmids®] propagation¥} selections 93 FAHEE A=
E.coli Topl0'ES A3}t
2 Ao AM8¥ §&X Schizosaccharomyces pombe EETT HEHE

Tableloll AlA3}FA T

1.2. Plasmids

PCR products®t 7 ®F2] DNAZE subcloningst”’] &4 pBluescript
SK(+) vector, pDW232 vector, pDW234 vector, pREP series, (41U GFP,
41U3GFP)E AF&-3F3itt.

1.3. #ix] & wjgF=d

E. coli ToplO'e WS s+ drbyo=m AMEEil Q)+ Luria-
Bertani (LB : 0.5% yeast extract, 1% bacto—tryptone, 1% NaCl) &} s} X]
5 AREEY A, B Aol LAYA wlx] (LB A viX]ol ampicilline 100
pg/mE H7HE AREste] 37TCAA 7I-Y. 19 ¥iAE 2% agars 7ol
Ak,

R 459 %S 93 vwlA= EMM(Edinburgh minimal medium)3}
YES(Yeast extract with supplements : 0.5% vyeast, 3% glucose,
supplements : 225mg/¢ adenine, leucine, uraciDW| A& AF23}%13L mating S

A17171 Y= ME(malt extract : 3% bacto—malt extract) S, =S WHo]F9]



BHE g8l YESHIA Ol G418 (100mg/L)E #H71sldith. "o A=
EMM(Edinburgh minimal medium)®}#]ol 15uM Thiamins #7}ste] Al-&3}
gom 13 HjAE 2% Bacto—agarE F 7}t 28 Coll A vl k3l o),

14, 54 F A%
7+ A3 @453 T4 DNA ligase™ New England Biolabs. oA ¢
3}%9 a1, Tag DNA polymerasex= AW =o)X, Pyrobest DNA polymerase+=
Takara oA F+Ystdct. tiF-F9 A2 Sigma Chemical Co.9} MP 1]
3l DifcoollA] T3ttt Southern blottingS 3 ECL (Enhanced
Chemiluminescence labeling and detection) kit Amersham Life Science®l
A Y3k o™, In Situ Hybridizationg 93+ Fluorescin—-Antidig —oxigenin
Ab.&= Rochel A T3St}

1.5. primer ¥ sequence analysis

Primer: GC3¥HS 40%-60%= 95 wFEAH 7| dS 3
20mer AEZE 0.02umol scale® A|x=d"lo] FE3TE B Ao ALEF

primers= table2°l A3} T}

Subcloningdte] 92 constructsE 2135} 938le] plasmid DNAE F
Z3lo] A" sequencings 9 F 5t sequence analysisE 3T
o},

Sequencing®] AF&% primers rsm-sl, rsm-s2, rsm-s3 ©]3 18mer©]

Sequencing?t datas= Europea Bioinfomatics Instituteo] 4] ClustalWE 3

multifule sequence alignment3)t}.

1.6. ¢FE&N R w8



DNA 7|95l 288 &58&H2 7|24 S = Sambrook ef al
(1989)&5 wskt.
2) axo Jd Azg 8N : Lithium Acetate H
10X LiAc : 1 M Lithium Acetate pH 7.5
10XTE : 0.1 M Tris—HCI pH 7.0, 0.01M EDTA
I1XTE/LiAc : 1.0 mM TE/LiAc
50% PEG4000 : 50% Polyethylene glycol 4000 in 1XTE/LiAc
3) A% DNA isolation A]<F
CSE Buffer : 50 mM Citrate/phosphate pH5.6, 1.2 M sorbitol,
40 mM EDTA pH 8.0
Spheroplast buffer : zymolase 20T(2.5 mg/m¢) in CSE buffer
4) Southern bloting & &4
20XSSC : 0.3 M Nascitrate, 3 M NaCl, pH 7.0
Primary wash buffer : 6 M urea, 0.4% SDS, 0.5XS5C
Second wash buffer : 2XSSC
Hybridization buffer : 0.5 M NaCl, 5% blocking agent
to ECL gold hybridization buffer
5) In Situ Hybridization g &<
30% formaldehyde : paraformaldehyde, 10 N NaOH, PBS
Spheroplast buffer :
SCE (1 M sorbitol, 0.5 M EDTA, Citrate phosphate)
Hybridization buffer : 20XSSC, 50% Detran sulfate, 2% BSA,
vanadyl complex, tRNA(1 mg/ml), olgo
dT50
Fluorescin—Antidigoxigenin solution : 1 M Tris pH 7.5,
5 M NaCl, 2% BSA, Antidioxigenin(200ug/ml),



10% Triton X-100

DAPI mounting medium :

DAPI(1 mg/ml), Antifade(10 mg/ml), PBS, glycerol

Table 1 S. pombe strains used in this study

Strains Genotype Source

Wild type h- leu—32 ura4D18 Yoon et a/(2000)
Arsmi h- leu-32 ura4D18 ram: kar’ this study
Arsml h+ leu-32 ura4D18 ram-kan' this study
Arsml h— leu-32 ura4D18 ram:ura this study

A mex67 h+ leu—32 uradD18 mex67:kar’ Yoon et a/ (2000)

Amex6r h+ leu—32 ura4D18 ade6 mex6/-ura Yoon et a/ (2000)
AplSs h+ leu-32 ura4D18 p15: kan' Yoon et a/ (2000)

rael-167 h+ leu-32 ura4D18 rae’-167 Yoon et a/(2000)

ANnppl06 h+ leu—32 ura4D18 adeb npp106: ura Yoon et al

Anup 184 h+ leu—32 ura4D18 adeb nupi184.:ura Yoon et al
ANthpl h— leu—-32 uradD18 thp7:ura this study
Amlo8 h+ leu-32 ura4D18 m/o3: kar’ Yoon et a/ (2000)

Arsmil Amex

Arsmil Amex

ANrsml Apls

Arsmil Amio3

Arsmil Anppl06
nrsmil Anupl&4
ANrsmil Nthpl

Arsmi rael—-167

h— leu—32 uradD18 Amex67/. ura
rsmi::kar//oREP81X-rsm1

h— leu—32 ura4D18

Arsmi:iura mex67.:kar/[pREP81X-

mex67

h— leu—32 ura4D18

Ap 15 karl rsmi:ural pPREP81X-rsm1

h— leu—32 ura4D18

Amlo3:: karl rsm1.:ural pREP81X-
rsmi

h- leu—32 ura4D18

Arsm:kar! npp106.. ura

h- leu—32 ura4D18 adeb

Arsmiikar! nup184:.ura

h- leu—32 ura4D18

Arsmiikar thol :ura

h- leu—32 ura4D18

Arsmiikar rael—167

this study

this study

this study

this study

this study

this study

this study

this study




Table 2 Oligonucleotide Primer used in this study

Rsm-1
Rsm-2
Rsm-3
Rsm-4
Rsm-5
Rsm-pdw1
Rsm—-pdw?2
Rsm-c1
Rsm-c2
Rsm-c3
Rsm-c4
Rsm-—s1
Rsm-s2
Rsm-s3
Rsm-—his1
Rsm—his2
Rsm-gst1
Rsm-gst2
Rsm-ma
Rsm-mal2
Ura2R
UradF
Kan
Kan2
Kan2R
Kan4F

5'-CTTGTCGACATGTCATTTCCTACCGATAT-3

5 -ATAGGATCCCCGAAGTCCTTGGAGCAAAC-3’
5'-CTTGTCGACTCATTTCCTACCGATATGGA-3’
5'-ATAGGATCCCTACCGAAGTCCTTGGAGCA-3’
5'-CGCAATGGTCGTATGTGGAC-3’
5'-GAAGCTACTGCAGCTGTAAC-3
5'-ATACCTAGGAGACAATTAGTAACGGAC-3’
5'-GTGGACTTTGGATCCCATTG-3’
5'-TTAACTCGAGCGCATTCTCA-3’
5'-AATGCGGCCGCCAGCAGGAATCAAGGTAGC-3
5'-AATGCGGCCGCTTAGCAATGACTGCTACGC-3’
5'-CGAATCGTTCTCTGCATC-3’
5'-CATCGCATTGACTGGATG-3’

5 -GACTTATAGAAGTCGGTG-3’
5'-ATACATATGTCATTTCCTACCGATATG-3’
5'-CTTGGATCCTTACCGAAGTCCTTGGAGCA-3’
5'-ATAGGATCCTGTCATTTCCTACCGATATG-3’
5'-CTTCTCGAGTTACCGAAGTCCTTGGAGCA-3’
5" —ATAGAATTCTCATTTCCTACCGATATGGA-3’
5'-CTTCTGCAGTTACCGAAGTCCTTGGAGCA-3’
5'-CACAAATGCATACATATAGCCAG-3’

5 -TGAATGTAAAATACCATGTAGAC-3’

5 -ATTGCGGCCGCTTTAGCTTGCCTCGTCCC-3
5'-AATGCGGCCGCTGGATGGCGGCGTTAGTAT-3’
5'-CGCACGTCAAGACTGTCAAGGAG-3’

5 -GCAGTTTCATTTGATGCTCGATG-3

10



2. ¥

2.1 S. pombe?] FAAS
S.pombe?] F AL Lithium Acetate W (Warbrick at a/, 1993)2. =
S, aRE AR ol seeddte] overnight culturedt Tha 50 mlo]
transferdte]  0.5-1x107cell/m¢  (ODggs = 0.2~0.5)%A 71tk AEE
harvestdle]l 10 me] Ho SHFE 13 AAH3 2 LiAc/TE (0.1 M LiAc,
IXTE)E 1 mt §o] thAl AAE 5 1x107 cell/mt H Al Fof Frh,

Teh AEZ100mo 1 pgel FAAHEE DNA, 54402 salmon sperm
DNA(10mg/0)E Wil 50% PEGE& 300 uls F7kste] 28 TellA 3023t
sk oh2- 42 CTolA 108 &< (knock-outw 2] 7%= 5% )heat shock
= FAh AEE AGE A8 afAol platingste] 28 TellA 39~44%E 1)

Fstsict.

2.2. E. coli®] FAA3
E. coli®] BdH%L2 CaCl; ¥ (Kushner, 1978)5& AH&st3ITH

2.3. Gene disruption

RsmI+7A2] gene disruptione 98] Rsml +72A (891 bp) 9
upstream W&o = 1189 bpet downstream W&o = 1394 bpe DNA dH
S PCR reactions %@ 9t} rsm-cl¥ rsm-c3 primers AF&3F PCRS
2 rsml ORFY upstream W3ro =2 1189 bpe DNA fragmentES ZZ3}9 T},
rsm—cl primerol+= Bamt 1 site”} ol (5 '
GTGGACTTTGGATCCCATTG 37), rsm-c3 primeroll= 57 £ Notl

sequences & FAT (57 AATGCGGCCGCCAGCAGGAATCAAGGTAGC

11



o 22}

M

37). 1#]2 2 PCR reaction®® <& DNA fragments= % & 3
BamH 12 Notlsitegs ZHAl ®vh. vl7HAZ2 rsm-c49F rsm-c2Z rsm
ORF¢] downstream 3o & 1394 bp DNA fragmentE FZ3It}. rsm-c4
primer 5 ’ <o Not1 sequence”} A6 ’
AATGCGGCCGCTTAGCAATGACTGCTACGC 3'), rsm-c2 primer Weol&
XhoLsite7} 9hvk (5" TTAACTCGAGCGCATTCTCA 3'). 7t DNA fragment
£ restriction enzyme® 37TColA 2417t <t #Zski=dl, rsm ORFY
upstream W2 BamH 1 /Notl 22, downstream e Notl /Xhol &2
digestion dt}. Z&HZ o] fragmentE BamH 1/ Xhol &2 AE pBluscript
sk(+) vectoro] T4 DNA ligase® F-2ollA] 2412k WHgAIA o] Y3itt. o
2A FAE constructs Notl &2 2211, o 7] selective marker= A&
3t7] 93t Ura4 =% Kan gene2 E&3d}1l ¢J& DNA fragmentsS Notl
o7 zZgA Yy =, Rsml %% flanking region Abeloll Rsml F A A7}
Urad v Kan® FA7= AH =S 74% Zolty. o|AS BamH 1/ Xho
[ o= ze} S pombed] oFAE #52 (wild type)?l 217 strainoll &2 A3t
gto 24, homologous recomblnation®] 2J3ll rsmi7} deletion® #FE5 &

% % 9.

2.4. &% genomic DNA isolation

A% MXEE stationary phaseZA] 7] ¥ &3} spheroplast buffer
2 MAHZOZ cell conditions HMH =T Zymolase 20T (2.5 mg/mh)E ¥
spheroplast buffer 1 ml=Z cells 2 EFoj& % 37TCoA 1AZF A= A

712 10 we] wgFAT} 10% SDS 5 wE B9 AxsHo] A= AS F2ls)

3l AlEWo] AR Aol FelEW 2000 rpmoll A 2%8-%F harvestdle] TE 550
wloll Z0] 10% SDS 55 wWE H7}sta 65CAA 1087 wkS A7t 5 M

potassium acetateE 175 b H7}sle] iceol ] DNAZF 7= XS B

12



w74 ¥x]Ekar 13000 rpmClZ 15%-%F  centrifugationdte]  AFSHTE
Phenol/chloroform extractions -+ W F83}1l ethanol= FHAA It A
H DNAE Hid SFHFl 52 s agarose gelol] Zo] &lsity,
2.5. Genomic Southern blot analysis

AR AN Rsml FAA7F AE3] disruptionH Q=71 &1s7] ¢80

Amershams ECL nonisotopic methodE A}F&3}e] Southern blottingS 438
A}, Wol=L Genomic DNAE Pstl /Bgl/ll Aar=2 A2 & DNA A
HE size markeret 7 1% agarose geldlA 7|9 3o #&8d F,
depurination € (0.25 M HClell 4] 15%, denaturation €< (0.5 N NaOH,
1.5 M NaCDel Al 402 Z12]3L neutralization €< (1.5 M NaCl, 0.5 M Tris-
HCI pH 7.5)0l4 453k &2 A2ttt o]o] gel 42 DNA ©HE&
capillary transferg ©]&3sto] 2elx 20X SSC uWelA Hybond-N*
membrane 0.2 3~4A] 75t o] 5 A Z il UVE cross-linksle] membrane?]
7S A

Prehybridization < 42Co|A 14|t &9+ ECL prehybridization
solution®.® &}9111 Hybridizatione 42T oA 6~20A1%F %<t labeled
fragmentE Y- hybridization solution®® 3}FTH  filters: AL F
detection ECL DNA detection system< ©]-&3}o] =83 t}3 Bio-Rad

o] A YFRA7|S F3 signald 23T

2.6. Random Spore analysis

random spore analysis™ U= phenotypeS H. o]+ strain® cross A]7]
7] Y3k W o2 - straind A+ straine ME plateoll ] BdH SHFE 4
2 T, 2~393F 28~30CA Hlg3te] celle crossAl7]al cross® o] o] 4|

A7y " AEEo] HrEd o] sporulation® Al ). cellS 1wl SH{HF
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of FojFaL 7]l glusulases 5~7 wl H7F3F §- 6A13F U] wiFsle] G4
H FAXAE A9 UAELE lysisAlZIth 28ToA FHITZ AlF 3
AFel 9] sporesE (EMM: 1000 spores/plate, YES: 100 spores/plate)

A Aol platinga} i}

2 o

2.7. In situ Hybridization

50 mee] wjAo] 2-4 x 10° cel/mtE A 719 30% formaldehydeZ 6 ml
A7 ale]  458-7F fixingdtal 0.3 M glycine 8902 washing 3 &
spheroplast buffer o] 1x107 cell/m¢¥ Al Fo]F0] 37Tl 147 Bl %313
t}. poly-lysine® % coating® slidese] SCE(sorbitol, citrate-phosphate,
EDTA)Z Z9o] &+ cells2 Eo} 4TolA 247+ WX3tal -20C methanolol]
slides2 2A|7F o]} YWolF3Utl. methanols €43 ¥ T 2xXSSCE
washing3}al 10 09 hybridization solutiong 7}l coverglassE Y
37TCoA overnight3}th. 2XSSCE Ao A 55, ThA| A4 2087
washingdltal  37TColA  2083F 2¥H%  washingdr $  Fluorescine-
Antidigoxigenin Antibody solutions 10 0 #7}8te] coverglassE Yol
37CoNA 1AL vl Fslsitt. 2XSSCE AF2ol A 1583 2% washingdho]
air dry & DAPI mounting medium< 12 p 7}t coverglassE Hal

sealinga}%it}. o2 HHAN AL E4) signals BT

2.8. Spot assay for growth

Single transformantZ %] %3+ selective auxotroph?} & EMM a1 uj
Ao patchallA] 715, o]ALS Smlel NA|ujA| oA seedsfA stationary
phase® 7]¢t} 10 fold2 sereal dilutiondA (2x107 cells/ml) YES,
adenine, leucine, uracile®] &°] ¥ EMM, leucineo] g1+ EMM, final &

%7} 15 uM¢! thianmine®] &= EMM ¥®j#| 9| plating 3} T}
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2.9. Construction of plasmid

pREP3X-rsml vector: rsmle rsml gene®] £°10+E vectorgs F3f
PCR reaction®. & Z%3}o], pREP3X9} o] Sall/BamHIlZE AE F
subcloningdle] A3t} pREP41X, pREP81X vectors Xho [ /BamH I ©.
2 subcloningsdte] THE 2t} pREP series vectors= leucine markerZ 7}
3l JolA, transformantsE leucine < i EMMujX| A =2 ¥ 4 AA
=3

N-terminal/C-terminal GFP fusion vectore Sal///BamHI°.=
subcloningdle] 43813131, vectorQuracile markerE ‘&3l transformants&

uracile©] ¢l EMMuj A A =g} ¥ 4 )
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2 3

1.rsml A&7 5 (deletion mutant)e] A&z} B4

o Ayl A mRNA exportel]l #HAdM= mex677 A= Aol
A FARES 3] s, FEEERJ] S pombel X mex67 A A A7}
deletion® ¥FE ©]&39] mRNA exporto] Zgro] 9= 3719 synthetic
lethal mutantE& screend}$tHYoon, 2003). ©] &5 SLMexl°]lg} ¥ AR d
FAAE F29ste] Q7G9S A g A9, o] fHAE Tlse] €A 2
A e AR FAAYS dolal, rsml (the mRNA export defect and
Synthetic lethality with Mex67)°]2} 9 3ttt (Yoon, 2004). - g0 A
+ rsmlI°] mRNA exportell #o3}=A], rael, mex67, nppl06, nupl84 s+
2o 2 mRNA export oF #dH T FHAAEI FHdsHg oz Aol 9l
A1e] oAFF glstSlt).

o5 Q& ‘W MEINZ reml AE #55 HEJCT (Fig. 1. A
3] rsml deletiono] H A=A &Qlet7] flal, oFAA® (wild type) #52 &
A A8 (transformants)9] genomic DNAS 27 FZ&3)4 PCR w5 3ok
glell AFE-3F primersi constructs® A& o AF&E primerd] $AH
o vpgZEFo A designd  primers®t  Urad B Kand 0 FAAEY]
primers(Ura-2R, Ura-4F, Kan-2R, Kan-4F)=, °oFA¥3d #2 genomic
DNA°| A& upstream® downstream W3 EFoA PCREZ FZ%¥E DNA

rr

fragments”7} A S, rsml deletion mutantso| A& upstream Wdo =z
1391 bp, downstream W3O &2 1693 bpel DNA fragments’} 5% At}
w3 rsml AR flanking region®] F£3}+= primers® PCRS &l of

A fFFo e A7) (3618 bp)et thE A7]9 DNA fragments’} rsml 2
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& JFFolA TEHAY. 18]al genomic DNAE Bg/ll/Pst] o2 A2
upstream flanking regions probe® Southern hybridization 23S 3 43},
oAl F M += 2180 bp, 3100 bp=~7|°e] bandE, ZA&E&dFolA = 756 bp,
2180 bp Z7]9] bandE Ao 2M, rsml F+HA7} disruption® &S T

g 4 AT (Fig. .

A. 2180bp 3100bp
Prose fragment
Bg P Bg
Wild type —* ; rsmil —t
Homologous Recombition
Bg P V Bg
disruptant — } gggr —
2180bp 7H6bp
B.
disuptants 217
3.1kb —
2180bp —
fhebp —

Fig. 1. Construction of rsm1::Kan' disruptants
A) Schematic diagram representing the constucts of the rsm1 null
allele in S. pombe.
B) Southern bloting analysis of disruptants digested by Bgl 1l/Pst |
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hy2 o
T

A0
ARz ofyghs AS & = ATk roml AE F79 AFAHAEE Lolr7] $
3 spot assayZD A3 A Fig. 2004 HiE= nviel o] wild typeX.th
growth’} =%t} Rsml deletion mutantE &7 74 3lo| A #zH&] B wild
typedt} 71 abnormaldt FHEjS] cellE & 4 AT 1831 plated
streakingS 344 spot assayE E3] EW colony? A7|7F H#LsHA] 35}
L, 2 A AL colonyZb Aol e AS E F AT & colony$ A
colonyoll Al 22t AEES FHelA wWE streakingdll= =11 S colony 7}
Aol vkt o2 Al colony7t Al YoA Kk Aol rsml deletion
mutants®] patterno]gtal AWzZtE a1, ZE colonyWhS =gF A #jA] o] 2 A
Aol st & 22 colonyE wA dv|4 BES
Yz}, fissiono] Ags] A &= A, Wi w1 G, 7 G, # e
7F B dH T9 H]Xé%(abnormality)% e = AT oA YES
platedl A F=E A A #FZHT. Rsmie] AA+= mRNA exportol] &S 7}
A S a2z &) Arle 249 Bxet AAdS AEvd Zolrt =
Aok, webd Ao zpolo] we} FrU] A7|8h AE EEF ol Ak
=

7F ApelE B AR FHHh

\
g
~
0Q
)
=]
(@)
i,
b
4
N
N
AN
>
§2
rir
_\.L
O
ut
fz
o
~
S
~
rir
i
o
o
1)
>

Wild type

Arsm1

Fig. 2 rsml deletion mutant shows growth retardation
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In situ hybridizations Sl rsmil A< #72 poly(A)" RNA E¥ &5 3
2 tHFig. 3). oFA83d H#FolAE poly(A)" RNAZF ME AA ] #+L38HA
Txsh= W, Rsmlol AAE &AWl #ol A= poly(A)” RNAZE 3 <F

A4e B % Uitk o= Reml £A47F 9o mRNA

2
4

2
i
rlr

Wild type Arsm1l

Poly(A)" RNA

DAPI (DNA)

Fig. 3 Poly(A)"RNA localization in Arsm1::kan'

Thiamine?] 5o 98] @do] A= nmt (no message in thiamine)
promoterS 7}FZ pREP vectorel] rsml<S subcloningd}®] rsml A&l
A AT nmt promotersi= thiamine®] &4 w] o] A F L,
thiamine©] §1S w W& o] HF =% = promoter©]tt. 3579 pREP vectors

< 22t v AM719 nmt promoterE 7FAAL l+=H|, pREP3X+= 71 & Al

T

!

719] promoterE 7FAal Qar, T3F Axol wAFS 7 2 pREP41X9|
A, 7 AS e sk A o] pREP81Xo|t). 9] vectorg< EF selective
marker2% leucine FAAE 7FA AL ok 249 vectorgeo] A A H

M ¥XES EMM-LEMMu] Aol A supplement?! adenine, uracile®t E°130S)
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¥} EMM-L+B1(2te] #lA]el thiamined HolF)olA w3t ¥ in situ
hybridization &3 mRNA export J%E& ##&3s}3th. Thiamineo] 7}
WX (EMM-L+ B A Rsmi19] HH o] AA|=H  pREP41X-Rsml<%}
pREP81X-Rsml1E 7} rsml A< FF% poly(A)'RNAZE & QtoA] =4
¥ 31, thiamine®] 1l iAo A = kA& I} H]S=3}A] mRNA export A3t
o] &3} tH(Fig. 4). =, pREP81X-rsmlol A WAL= &2 o] Rsml Tt
© 2% mRNA export Agro] 4H (complementation)® = HAO 2 Hol Rsm]
< AgTto gy 11 dFo] st AS AJARgEE HEgE thiamineo] §l&
iAo A pREP3X-Rsmlo&H-H #}Fo] Rsmio] W= Aot
poly(A)"RNAS] &3of o]ito] ¢lit).

-B1 +B1

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

Arsml
/ 3X-Rsm1

Arsml
/ 41X-Rsm1l

Arsml
/ 81X-Rsm1

Fig. 4 Poly(A)" RNA localization in Arsm1 mutants
transformed with pREP3x-, pREP41x-, pREP81x-Rsm1
in the absence and the presence of thiamine
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2. Rsml SR} Mex67 +73A2}+2] synthetic lethality &5

T A2 ZZboll mutatione] w2 oS W= growthel JIFS F+
]_

=)
O
o
»)
=

1 7lsH o2 Aol = F FAA EFo mutationo] A7]H cell
=o] Bg]= AL synthetic lethality®bal 3t} Rsmidt Mex677F -4
o] A=A &7 Y8 rsml AL AU Arsmlkan” (W3 rsml

o

2 Amex67:ura (h")E ME plate°l A crossing AlZ1 §

spore analysis (F-2h¢] ¥4} 24)) o= F Fd27F 2% dEd 452
Az 3t Wwolst ¥ 25 FolAN ArsmIAmex679 double mutant”}
=2 2137l 9&l ZF mutants® selective markersE FASFATE A
mex67 ura alleles 7FA 3L Q& AEZES EMM-Ura v Aol A AJ4skar, A
rsml:kan alleles 7FA1aL Qe AIEZES YE+ G418 viX|olA AFE 4= 2l
owv g = fAHA7} synthetic lethalityES HolA] FE=thd 5 wix] oA 5]

of AAsl= 5 S 5 U}t weF synthetic lethal o]ghd

lethald 7FsAd< st P =
FAgolup wopel ZAZF AA F {FHAAT BF AL
7Hs/d e A7

olglgl 7tsAES Felsty] Y8l Rsmiol nmt promoterel] & ZHAM7}
Z4d %+ pREP81X-Rsml vectorE Zril &= #5(Arsml - kan/pREP81X-
Rsm1)®} Amex67: ura %5 cross AlA €2 EZAES EMM-Leu A9
A wbola]F T} o]2 A pREP81X-Rsml vectorE ztil + fdA7F 25 ZA
£ oF (Arsml-kanfAmex67.: ura/pREP81X-Rsm1)E& it} o] #F+=
pREP81X-Rsml vector2%E ARsmio] W& %= thiamineo] & viX <l

= Aol AR, Rsmio] @o] AAFE thiamineo] 718 uj= o] A
= Ao] =g AN 2= 2t} (Fig. 5).
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EMM YES

Aarsml
/pREP81X-Rsm1

ArsmlAmex67
/pREP81X-Rsm1

ArsmlAmex67
/pREP81X-Mex67

Arsm14pl5
/pREP81X-Rsm1

Arsm14mlo3
/pREP81X-Rsm1

Fig. 5 Growth of double mutants in EMM and YES

e Ay=E F2135tr] 98] pREP81X-Rsml vector WAl pREP81X-
Mex67 vectorg 2L, F #FAAZE BE5 ASE dF (ArsmlkarA
mex67..ura/pREP81X-Mex67)E #2 WHo=z Ao, o HIF%
thiamine®] ZH7Fg wix]odlA] Mex67 HdS A0S o, BFEHET}
pREP81X-Rsml vectorg 7}zl &5 By o =3ARE 4= &3t (Fig.
5). olglgt A¥ AFREEREH F A7} synthetic lethalityS Hlthar
AZS Y7l g ¥y, 18y pREPSIX vectorZ25-E Mex67 A A2
DA A s Wt Rsml A4S AAE dmy Aol ¥ =HA=
Ao Hol F FHAAVE BT Asw = AAE synthetic lethalo] o]
A ARE EepAR, HdS JAstE et (thiamineo] H7FE WwiA]) basal
level2 T&E = Mex67 & Rsmlo] F F3A7F 25 A" 45 (A
rsml:kanfAmex67: ‘ura /pREP81X-Mex67 or pREP81X-Rsm1)E =¥ A

AT F QRS T FSHE Atk o ASOE F fAAe] AFol 4

B

Foll dFE WA= ALR Hol, Rsmi¥t Mex67°] w34 dddes &
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AN,

3. Rsml 53X} plb5, Mio3 A A2 synthetic lethality &5
gkl

mRNA exportel]l #HAst= T 2 FHAARI Mo3el AE +F 4
mlo3:kan) GAN Rsml AL 45 (Arsmura)$t crossE AlA F FAx7}
T AEE dFE IA XY &, F F3A] synthetic lethality S
AlstATt. 18y Arsmi:-ura/pREP81X-Rsml1 ¥ Amlos:kanS crossA| 7
< #F (Arsml‘ura Amlo3-‘kan” /pREP81X-RsmD) % A& E7F v §- =
AR Amlo3:kan” w52 AAe] AFEE=TE vl =g]7] o,
Z4€] synthetic lethalityE #4317]7F o1& v} (Fig. 5).

Arsml::ura/pREP81X-Rsml w59 Aplbikan o5 crossAlZl 2}
%= synthetic lethalityE Ho]#] gomn o]z AAoxr & IS T4 &

=

s

1o o

o
#7

—n

M e

4, rsml A& E¢dHol9 mRNA exportd #THE g SdH ]
(rael-167, Anppl06, Anupl84, Athpl)$+2] double mutants A%}t

2 4% B3

Arsml:kand® rael-167, Anppl06::ura, Anupl84:‘ura, Athpl: uras
crossAlA Z42Ee] double mutantsE HojAl A ARE #ZS A o] F
TEL E5 synthetic lethalityES Ho|A] &gt} slAw B AFEL Aju]
UAE A& ApolE HTh (Fig. 6). ArsmIAthpl 35+ YES HAd]

A Arsml TR wWE AGES BT =, tapl AE =AWl (Athp D7}
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rsml A& EAWol (ArsmD9 A 23S A (suppression)d| A o5 i}

2 Aol 7hs FteE gk Aot wbHol ArsmIAnpplO6 dE Z42e] A

(Anppl06)7} rsml AEEA] (ArsmDe] A% AsHS

olx¥ ThEA HoX & double mutants®] AEEES] ZFo]= mRNA
exportol Al Rsml @@ &3} QoA AF3 o2 duldite] s o3s
T g A g o]
rsmli°] Aol A7} A7, quality controle]Y} exportdd o] o] A9
A FEA7F A 23] mRNAS export’} -FA 43 mRNAZ ax|2te- 9

@3l GOz Aol Fobad sl vk

gﬂ

Fig. 6 Growth of mutants involved in mRNA export.
5. Edo] #FE59 mRNA export 23 o5

24



Zyzte]l Edo]l FEA A3 mRNA export 238 Frole] At

S,
RNA #X5 Zolrdrtl. mRNA exportdl Ade] gl B AXedA =
mRNAZ}F @2 A E7] 9t MEHRE o5t HEE, poly(A)”
ME AA O FL3HA YEebAdT. A TF mRNA exportol] 23t
=olwo] FFoAE mRNAZE MEZAZ wdusbx] Esta 3
At & 50l Rael-167 ¥ ts &AWl R 28°Col M= oF
B 79k Zol AR poly(A) RNA £X & HolAwh Agh2%=Ql 37
°CollM= A% W3 poly(A)” RNAZF & <tellgk FA %5 AlEAel =
Akt (Fig. 7).

o] AgoA A% T EAWo] (single mutant) #F5 7h&d A
nupl84 T Anppl06 oA & <t poly(A)" RNAZF 4% += &
Aol B, o]g]dk mRNA export AES A Enict FUsHA E3ic)
mRNA export A%S Holx= MNEENME AnuplS4 o+ BT AnpplO6
57 At A=) okt (Fig. 7). ArsmiIAnupl84 double mutation®] ¥
o]%= mRNA export A% AxE Ald|A A &Art. Anupl84 single mutant
A HAX= A ALwrsS wHoEt). A9 ArsmIAnppl06 double
mutation®] 4= mRNA export A%t A7} I AsiHct olels 243 4

W= ArsmIAnpplO6 d52 =9 T} AAe}. rael-167Arsml

iy

€

o

4

5+ Arsml single mutant®} W]S28E Ao ASHS W31, ArsmiAthpl
FE Arsml o5 Hu} e Aro AEdS HFTE (Fig. 7). Single
mutantd @ 7] AF4A<1 poly(A)" RNA X5 Hol= Aplde Arsml
3} double mutant7} HoJM &= ofF mAE o] Agwts H Il
Amex67Arsml {52 oW vectorg Ztal gli=ifel] wzl mRNA
export A%te] A=} g} Bt pREP81X-Rsml vectorE ztal J+= A

[e)

mex67Arsml 52 thiamine®] $1& WIA(-Bl)°lA4] pREP81X-Rsml

.

4
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ZHE Rsml ©@9d Wdo] HIEZ Amex67 w59 YA mRNA
export %S 719 Holx &dth. T2y} thiamineo] Sl= WA (+ Bl
A Rsml @92 ddo] A tjgt= mRNA export Z23%to] Arsml ¥
T A AR Skt

Rkl pREP81X-Mex67 vectorE 2ZEil Q& Amex67Arsml %5
< thiamine¢] & WA (+BDAA Mex67 Tz #dHo] ox|xo] A
rsml ¥ Xt} 73k mRNA export 23S Ho] £t} T3 thiamine©]
ST A AA Mex67 T do] @dHo] Hr} sl 2= mRNA exportel] 2
ge Helth I AmE 9olA A3 pREP81X-Rsml vectorE ztal 9l
= Amex67Arsml w57} thiamine©] U+ viA]o A H. o= mRNA export
Aot H=siAY 52 F o As) Eeld. o] zeo] ve A
Rsml ©¥jdo] £%v = mRNA export A% AHE 4 ups
7Hs/dE tHAl S Ko F

Arsml EAWo7F mRNA exportel] #oJsh= Aoz AdHA & {4
2ol Edwole A Sl 79, mRNA export 295 oFspA7IEA|(A
mex67, Anppl06), k33X 7| =(Athpl) AL B} rsmlS 9JoA AF3H
U 823 7 mRNA exportell #&o] ASS GAIEH

it
o

o
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rael-167
Wild type 28 °C 37°C Arsmi

Anupl184 ArsmlAnupl84

Poly(A)" RNA e

f
't
: (DNA) . .

Anppl06 Arsm1Anppl06

+ -1 . . ‘.
Poly(A)" RNA - Lt e i r
o o - -' - N -
t‘ ; ] .-
e . ..

rael-1674rsm1 ArsmlAthpl Ap15 Arsm1Ap15

Poly(A)" RNA

DAPI (DNA)

Fig. 7 Poly(A)" distribution in mutant strains (continued)
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Asm1lAmex67 Arsm1lAmex67
IPREP81X-Rsm1 IpPREP81X-Mex67
—-B1 +B1 -Bl1 +B1

Poly(A)" RNA

DAPI (DNA)

Fig. 7 Poly(A)" distribution in mutant strains
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WAS FAE TFEAE 282 dh A52 A7 transcription factor=
transcription?t B9 3}al, processing factorels] A3 A processingZbA
¥ mRNAT exports HWsohs F&A0 Y3 AxdR o]Fstes ZAH
Zb A7 EEEe] SHHer FidE zox AZEAT aEA 7H7te]
factorE%F oW story A7 @ Azt 710 P9, H2Y AFEL s
factor7}b ©F2 factore} 7 Ay 7Hx] dE& FEStWA] transcription,
processing, quality control, export 5©°] &Al9] Yoyt Mz 71d3] A%
Hol dSS BT Utk o] d& FAs] @& AolwA] Al wlg HE
gfort Zhagk dolrlol, widel ZFHXl FHFgk o] Aol YA FHE
9T, Mex677 synthetic lethalityS HP Y mutantE &2, F24351Y
ol rsmle 1 7S EEAN #Wde] e Bl AEZE mRNA
export factord Zlelzt ZldetdA 2 7leS &7 A rsmlFHAAE
deletion AFH . Growthol essential 3FA&= 2A|%F i situ hybridization®]]
A poly(A)" RNAZF 3 o] FA%+= o= Hol mRNA exportol] rsmio]
HAA7Y 5= & 7 Utk

rael-1677% double mutantE A& A A=} in situ hybridization

S %3} poly(A)" RNAS BXE HS ul, rael-167Arsml1S Arsml12 3}
H] =8 A7 mRNA export 23S Hth = Double mutant’} Hol%E A
rsml¥ 71 AE2 zol7F e AL v Fo E ul, rael/d} & pathwayol

rr

A rsmle] 9% = HAow FHHEUL



rsmI1¥} homology”’} A+ S.cerevecia® Pml39= unspliced mRNAE

W oto]] retentiondts J&L = Zow delx Aut. a8 Mipld} A

L.

R

51
Z& pathwayeld 2 48 99 & Aorg F=¥v} (Palancade et al,
2005). Pml39%= quality control®} export 7 7}A] 9&& o} g9sta A=
Aolty, 1A pmi39 deletion= unspliced mRNA7} 3 2 H¥ leakage¥
A &t rsmie] Bop Aggt g 4] A8 99 =S Farste] mipl,
mlp29te] BAS AH = Aol Hasditla Azt o] Ao A= export
factor®} nuclear pore protein®}e] IATHS A HgEH YolrbA
splicing factorg¥e] #AE AHHW rsmlo 7]%o] Bt} AHEsk Hs

g 5 92 ol Az @
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Abstract

The study on function of rsm1l gene involved in mRNA export in

fission yeast Schizosaccharomyces pombe

Suky Kang
Department of Biology
Graduate School

Sungshin Women’s University

In eukaryote, nucleocytoplasmic transport of macromolecules
generally requires soluble transport receptors that specifically recognize
and transport their cargoes through nuclear pore complexes (NPC)
embedded in the nuclear envelope (Mattaj and Englmeier, 1998; Strasser
and Hurt, 1999). These receptors mediate transport through nuclear pore
complexes (NPCs), and the directionality of transport is controlled by the
small GTPase Ran.

However, the export of mRNA from the nucleus to the cytoplasm is
different from the other nucleocytoplasmic transport routes and is
significantly complicated.

mRNA export is a conserved process. mRNA is exported by the
heterodimeric NXF-NXT class of receptors. The homolog of large subunit
(NXF) is Mex67 and the homolog of small subunit (NXT) is Mtr2 in yeast,

and whose conserved metazoan counterparts are TAP and plb,



respectively. Although mex67 is not essential in Schizosaccharomyces
pombe, spMex67p binds to mRNA and functions to export mRNA.

In order to identity mutations in genes that are functionally linked to
mex67 in mRNA export, three synthetic lethal mutants with the spmex67
null allele present /7 .S. pombe were isolated.

A novel rsml gene was isolated by complementation of the growth
defect in one of the synthetic lethal mutants, SLMexl. The rsml gene
contains no introns and encodes a 296 amino-acid long protein with the
RING finger domain, a C3HC4 in the N-terminal half. The Arsm/ null
mutant is viable, but it showed a poly(A)+ RNA accumulation in the
nucleus. Although the combination of Arsml and Aspmex67 mutations not
showd synthetic lethality, don’t appear expectation, they were shown to
cause more significantly defect in the process of mRNA export.

The other deletion mutants of mRNA export factors (Apl5H, Amlo3,
Anppl06, Anupl84, Athpl) and ts mutant (rael-167) not showed synthetic
lethality between absence rsml. However, thpl deletion mutant
suppressed the mRNA export defect of rsm/ mutation. Also, nppl06 and
mex67 null mutations affected more strongly growth defect in Arsml.

These data suggested that rsm/ is involved in the mRNA export and
interacted genetically with mRNA export factors (mex67, thpl, nppl06,

nupl84) in S. pombe.



T'T:l;ol....

o O
=

TEAFS Ot

ol

o

ol

o
B

AA 7Y v 2

1

o
pul

TC T

ofmd 92 HAH, ofnA ¢
L EE

=
=

HA 7 el

I<]

o °%

1

57

?l_
HA

hgo A

Ad A

R

Jln

T

N

B
Bk
I

file)
-
27

el
op

299

Bl

NAREY AR Eob )

9

o

H

IS

=

o

heow mE
z

e

H

IS

]

A

3

’

/dxgu

EPEED

o

ar

!

%

gL

Uo. aelm =

"EL

7L



o
BT

,_Iﬂ_ﬂ

—

|

ol

Qdrke] whgeol

bl

3

A7 B oF

ol

B

boubel ofmu. ojrue] Alge Hom

Ae

J

L
T

—_
file)

=5
"o

ol

drk §lA.
2] oy el A

A& AlZke]

ol

ol A

Zo} anhg,

A7t s MHH T

=
T

o
-

i ge1

2 Ak}

=5
"o

)

)

AR 4% AR HolX

ap v

o]
i

e

=

gk w7}

21014 7}

P
T

W FE 8%k 49

pzel

ron

O
nld

=W o=

1]7g o]

Fok obr] wpEo] wHhi

2

A e

3

o 7 7]

[e]
ZE‘-}T:

227 Ao} 2Ea A oml F



v o}
o7 v}

3T

=

(o))
o} of

-

s

AAE IZ=7F gkl
of W vhgol

o

-
w2

1=

AR

Abgro] o} 7}
o
=
of, @] FA7} wo HA mepslch

R

HH
[e)

o o
A7t #7] )
1

s
= =
=
S

i doMA, Ho dHr A97tA]

al
o
=

=
T

h

<)
ERIeS

o
=
EERSE

|

=
=

Kok
T

a AAE A
o)

1
i

E
0]

his

Z

zFolga W

SR

=

oj
o

ﬂ
op

Ho

N
DS
fuy.
£

—

O
o

7

ol =

o)
=

ARG A, A1 o &

A S He

A
=

ot

o o}

o

=

i =7k \t

FAE of7] FojFal 7k o

o

o

HH

oo

<

o] Hof & At



	Ⅰ서론
	1. 재료
	1.1 균주
	1.2 plasmids
	1.3 배지 및 배양조건
	1.4 효소 및 시약
	1.5 primer 및 sequence analysis
	1.6 완충용액 및 반응용액
	2.1 S. pombe의 형질 전환
	2.2 E. coli의 형질 전환
	2.3 Gene disruption
	2.4 효모 genomic DNA isolation
	2.5 Genomic Southern blot analysis
	2.6 Random spore analysis
	2.7 In situ hybridization
	2.8 Spot assay for growth
	2.9 Construction of plasmid


	Ⅲ. 결과
	1. rsm1 결손균주(deletion mutant)의 제작과 분석
	2. rsm1유전자와 Mex67 유전자와의 synthetic lethality 여부
	3. rsm1 유전자와 p15, mlo3 유전자와의 synthetic lethality 여부 확인
	4. rsm1 결손 돌연변이와 mRNA export와 관련 있는 돌연변이  (rae1-167, npp106, nup184, Thp1)와의  double mutants 제작 및 생장 관찰
	5. 돌연변이 균주들의 mRNA export 결함 여부

	Ⅳ. 토의

