creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

HIgHoA mRNA exportet

2011

e

o



B A g7 mRNA exportet

20119 5€¢



A9

A9

A9




M8

A=l AEALS  oldisi=d 77 ¥+ mRNAY
A (nucleus)ol Al AEARZS o]%F (mRNA export) 7]Z&  93]7]
¢ & A1 = mRNA exportd] #ost= AA(factor)E2 AF+7F I Q5.

7 bt dEle] AP EQ gR(yeast)® Ao ol o]&H =
RAYERA mRNA export A7o% Be& A3}E Wi 9tk mRNA
exporte] o= AAE T stuel FE A (transport
receptor)s mRNA°l AFS sty A< gH(mature) mRNATHS 3 of A

ATAZ oFA7E 9L @k AW FESUWAL mRNA

A FotaXRQl  Saccharomyces cerevisiae (S. cerevisiae)9
52 S pombe “FHA

(SPAC14C4.06¢c, spnab2= ww)el AA=AWo](knockout mutant)
5 AT A, nab2 wHAAE A oA = sk I
nmt ~ZZ%H(promoter)ell oF Fdo] ZAHE 9 H(vector)?
pREP3X, pREP41X, pREP81XE ©|&3lo spnab? FHA7F s
(over-expression) 2% =3 AFEHEE HSQ
et A spnab2 AR Bl e FAAESS 7] A FATHH
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I. 4

=2 Y (nuclear envelope)ol] 23] 3 (nucleus)d A XA =Z

783t HolglolA A E M i FHT FEE TPA L AR
FARERE dASA At FHAAe HAESE FHet=d doA
gatrt. oleg M AEA Ate]o] T EstE @lEolL} RNA #2
A EAE°] FHgle]l olsdfof at= v &
g 4= 9t} (Kohler and Hurt, 2007; Luna et al., 2005).

3 QoA ALY mRNAE &% AB8ES Ax WAz FAH7
AsiM AEARe] o]Fo] Aoy, olyd EH o]F
EAQ5tE L3 ol E R dMF(Nuclear pore)S Ed|A o] FHzlt},

A3e duel  EASE wed  pEel ohve, o 30 FRe

3 3okl 4 (Nucleoporin, Nup)E=2 o] Folzl  Ahd g A9l
3 -g- 13-+ A (Nuclear pore complex, NPC)E o] F i1 it} &) 9

Baee g2 A$ 50 MDa AEAAFE ZTHF 125 MDa A =9

o2 U=

e

Al et S Holal v O gE2E A A A T8 R
I Ad=d, HA : 29 nuclear basket HFE3 8719 spoke-ring©]
A HoR FUYTE2E ML A= 739 nuclear body, "FA 9O 2
= cytoplasmic filament”} <€A 3t} (Rodriguez et al., 2004).

=34 9]  nuclear body9 TUYEZR FE  AE=

Alddetd -2 A FGe] " o4t IS 7kl dlyd g o

g g o] le=d], o]2]dt FG repeat =Wl AdAHS 32 FZRE 7HA A



odsts  &ar, FH5 WA (transport receptor)9tE  9%k3k A5 RS

Age BAT HEHOR HFRPAS EHT

oo

(Tran and Wente, 2006).
2 RNA(tRNA, rRNA, snRNA, miRNA 5)¢ o]% 1=
=274, mRNAS oA AxA=Ze o]lF (mRNA export)

AALGAIF-EH mRNA 7F& 34 {5-7F (capping), Z=&2F°]”d (splicing),
3 - Egoldld 3l (polyadenylation), @4 ZZ(quality control, 2%
7ha®l mRNASl AA) o] o2 =EE HHE°] mRNA FoA=

A4 = o

< gH(mature) mRNARFS o] FA]7]7] 9l A& 21™EatA

olx Eista H53 7|ztelgt & 4 3th(Fasken et al, 2009;
Moore, 2005). AA7F A &PH = ¢ RNA TFaLT=2 FH HEAA

9+ pre-mRNAE 8] <QtolA 5'-wcte] Ayl QAQEE AHAE 93
2Zekold, -2y ddd EFgotuldst Fo HFI TtEAAS
A 44" A= mRNATe] @ S¥dSy Agste] mRNP
534 F+x2F ol Fo] Mxd=E i & dA "oh(Casolari et al, 2004;
Erkmann et al., 2004; Iglesias and Stutz, 2008).

E“i

mRNA  F5 &9l Mex67-Mtr2(heterodimer)> 7F&°] #4y i

2 HFEETH  FAdERS  FG  repeat EHeld  AHAH
| o= mRNAZF dFE5FAE FTdete] AxA= vyd
QA 3tk mRNP7F Alxd 2 e Mex67-Mtr2i mRNPolA] E o]
et oA 8 to=m  AE3HEATG(Yoon er al, 2000). o]#lgh

o
T
Fol A8 E Fol7] Y3t o]viE (adaptor) M A}l AggS A7

3tk (Kohler and Hurt, 2007).



mRNA®S] HAF 2 7hg#A o] #ofshH A mRNA exportE F435h=
mRNA export SlAl= ©rgs oy o @z RNA ] 7HA
(helicases), NPC A3 wwd Zo] &3t} a7 Z$oE o siE
g S b & 4y Yral @A (RNA-Z2E @9 2)S mRNAS]
Axbe} BHE THO 234 (Hprl, Mftl, Thp2, Tho2), Sub2 w2
(mRNP  Fx¢  g=ddo]  #ojsh=  RNA  Z7kA)s
TREX(Zranscription /Export) H A E o] F i, mRNA7} 5 HEA <}
A F JEF wgste 9E8ES ok Yrald A4 d#AA=E

H

HEE Sac3 BUMARE FEeuAel Mex673 AR AT F e
=l
H

mRNA  export IS A2 dAZs}= 9IS = o=
A =l tH(Fischer et al., 2002; Serpeloni et al., 2011).
mRNA exporto] #3st= Yral @9 A3 5942 Mex672 3
el T e ofslEH @M Fd Nab2¢9t 34 45 (trimeric) A&
o] FiL Utt. mRNP7} g E5F A= o]FatA A AxA=Z w717
Aol Nup60°ll 9jFAH o2 Yrale wA Eso o] A
mRNP7} AlxZd = o]Fd Hels FHstA] xHo EAst= Glel
gl A 3k [Ps(inositol  hexakisphosphate)ell ¢l&] &A3tE  Dbpshrt
mRNPe] F+x& WA 7|3, o] A3} mRNPEHE Mex672 Nab27}
28 Etk. Mex67% Nab2y Aestyr] gafia A 3 o=
o] 5 ¥ t}(Iglesias and Stutz, 2008).

mRNA exportoll Al o9y @Az  8&3F= Nab2 wHAdAL

XY

FEOA ZFZke] mRNPol ¢F 1070 B=7F d¢ets Aoz FAEH

-3-



(Stewart, 2010). ¥#<Ea®w S pombedl 1¥H GAA] Ao < 3+=
spnab? (nuclear abundant polyA RNA Ainding protein 2) A=
2ol QAEES xSt 3079 ofrxAts dEststal glon,
spNab2 @] oA} ExFgF2 33.9 kDaolth. S. cerevisiae?] Nab2
Gge Aol FgAQl §bE, o9k 65.5%9 FANE S Hole
MAde dadtels 2EARE S pombe spNab2 W AR
"A4Aolx k. mRNA9 poly(A) el A= Nab2e o
AEA AtolE GEet= @il doln mRNA exportE H| X359 poly(A)
we ol Aol =4, mRNAS A4 #e To #ofste= @ d =% mRNA
exportell JoJX = HFH ot} (Viphakone et al, 2008). % HkA <l
Mex67% &) QtollA &5 283k= Npl3 @Ay} n7bA 2, Nab2
dge 3-wy 7FF3AH I mRNA exportE: A A3 = 9SS st
UARE 75 A 02 Npl3gt F&5 %A & +=rhglesias and Stutz, 2008).
o] Aol A= mRNA export 7] & el gk A¥rAQl 55 B9]7]
B

Bl ©wAdg A83h= Nab29t 7lsAoz ol SlE

[e]
-
Ed o] (synthetic lethal mutants)E A1¥H3s}

AR s z2d04 FAAANE Hol: EA

o]
-
EANS #z3e] mRNA export 7|23 A7



1. 284 =

1) ¥ F(strains)

B A= BIagrwel  Schizosaccharomyces pombe wT7}
AbEE S om, ok (wild type, WDl AY217% SP286< W %3 AN
ol ek H5S Table 19 AlASSA T
&8 WE e Azt Sdtav=e FES 93 dd AgE
WHT2Z= E coli ToplO” (Invitrogen, USA)E AF&3F3laL, o] A 9

Azl thal Table 20 A A8t}

.
i)
=

>

2) Zd2v|=(plasmids)
nmt TEZ2E(Basi et al, 1993; Maundrell, 1993)o] <Js] =3

r

o]
ZAEE nab2 FHAE  subcloningdlZ] &4 AWM E Q] pREP
series(3X, 41X, 81X) &E#&nE=E ARESI L, XA =AWl A
S 93 B A F = tagging WE Sl pFA6a-3HA-kanMX6

3)

5 TF9 wUds el EMM(Edinburgh minimal medium)3
PMG(Pombe Glutamate medium), YES(Yeast extract with supplements)
WA E 7|Eow ALEst o, aAEjAA = 2% Bacto agar (BD,
USA)E #7Fst3ltH(Table 3).

nmt TZ2EH AAE 437 93] EMMI PMG #iA]o] 15 pM
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thiamine(Sigma, USA)E #7}sFSl 2 (Forsburg, 1993), kan'(kanamycin
ARAR) FHAA7E A" dFE A7) AsiA = YES A A €
FAA AR G418(Duchefa, Netherlnds)s 100~200 mg/¢ FH7FskSitt.
nab2 A} FAAAALE Holv EdAWolAe HAES fsiA PMG
TA A 5 mg/l PhloxineB(Sigma, USA)®} 15 pM thiamine<
A7Fsklt. 759 314 waE Y84 MEMalt extract)?} SPAS
awHf el A& AR-E S ST

A NA AR S, pombed] FAZAH Wy 9 AEHG VeSS
pombe ¥+ WY (Moreno et al, 1991; Alfa et al, 1993)cl
1z om g o Mg 27CE A8

E.coli W %el+= LB(Luria-Bertani) #®jXdl AL Ay
(ampicillin)< 100 mg/m¢ H7}3ste] AF&3A 37CoA ufst
(Table 4).

4) =)ol (primer) 2 @714 ¥ ¥4 (sequence analysis)

Zetolw = GC &S 40~60%= WFi WA AT A7|M49S
34, 0.02 pmol® 18~20 merE Genotech(th#, Korea)¥} Sigma-
Proligo(MO, USA)ell Fit-Al&sglt. 2 29de A% Adasr A
917 AbdE Zeholm el DNAS AA9IAIE &dstr] faiA A3
Zetol 5§ Table 50l #1A 8kt

Subcloningell Ab&¥ Zgtxvm= DNAY f71M4De gty 93
sequencing< Genotech(t %, Korea)ol <] #3}3th. Sequencing 23+
European Bioinformatics Institute® AXE o]l  ClustalW2E
0] 83}lo] Sanger Center ()9 S. pombe DNA @74 <E dlolg e}
H] 2l - 24 8} A T



5) &4

Subcloning AN AFdFasr FAE ddstr] 98 AT FF
A a~E7 ligationo] A8 % T4 DNA ligases New England Biolabs
(Hitchin, UK) A1%F& AH&3891a1, PCRE %53 DNA & ©]§3 Tag
DNA polymeraser= TAKARA(Shiga, Japan) A%< pyrobest®t
PrimeSTAR™ HS DNA polymerase& A}-&3}9 ).

6) Ak 2 A=

a5 wjgol AFgE Ak tiFES BD(NJ, USA), Sigma(MO, USA),
MP(Eschwege, Germany)2] AlFolal, A7|F&S 3 o7z~
(agarose)i= BioRad(CA, USA)9] A=+=L AL&3F ).

XA EAWol AW AF83F Nitrocellulose(NC) ZH (pore
size :0.45 pm)= Whatman(Kent, UK)Z} BioRad(CA, USA) A%<, Ethyl
methanesulfonate (EMS)+ Sigma(MO, USA) A|&& AF-&3F% T},

44 DNA #3892 PCR 4HE AHAl, Gel extractions 18k kit
QIAGEN(Hilden, Germany) Al¥# <, &@2=H= DNA preparation kit
GeneAll(A &, Korea) Al#F& AF-&3F3 ).

cDNA EFg o A}83 TRizol reagent: Invitrogen(CA, USA),
Reverse Transcription-PCR kiti= TAKARA(Shiga, Japan) Al ©]t}.

In situ Hybridization®] 2 &@3AH A& oligonucleotide(T50) =
Genotech(th 4, Korea)oll A e | B 7 T Anti-digoxigenin-
fluorescein®} Dig oligonucleotide Tailing kiti= Roche(Mannheim,
Germany) A&<L, 4'.6-diamidino-2-phenylindole(DAPD+ Sigma(MO,
USA) A%< AH&skith



Table 1. S. pombe strains used in this study

Strains Genotype Source

972 h P. Munz

AY217 W leul-32 ura4-d18 Yoon et al., (2000)

SP286 W'/h" leul-32/leu-32 ura4-d18 Matsumoto and
Jura4-d18 ade6-M210/ade6-M216 Beach (1991)

Anab2 W leul-32 ura4-d18 Anab2: :kan This study

Anab2 h" leul-32 ura4-d18 Anab2::ura4” Yoon (2009)

AY217/81X-Nab2 W leul-32 ura4-d18/pREP81X-Nab2 This study

Anab2/3X-Nab2 W leul-32 ura4-d18 Anab2: :kan' /pREP3X-Nab2 This study

Anab2/41X-Nab2 W leul-32 ura4-d18 Anab2::kan' /pREP41X-Nab2  This study

Anab2/81X-Nab2 W leul-32 urad4-d18 Anab2::kan' /pREP81X-Nab2  This study

81X-Nab2(Integrated) /' leul-32 ura4-di18 81X-Nab2:: kan" This study

81X-Nab2(Integrated) /4" leul-32 ura4-d18 81X-Nab2::kan" This study

Table 2. E. coli Strains used in this study

Strains Genotype Source

E. coli Topl0' F-,mcrA (mrr-hsdRMS-mcrBC), Invitrogen (USA)

80lacZM15, lacX74, deoR, recAl,
araD1309, (ara-leu)7697, galU, galK,
rpsL, endA1, nupG




Table 3. Medium composition for S. pombe

YES(Yeast Extract) Medium

Yeast Extract (0.5%) S5¢git

Supplements : 50 mg/{ adenine, leucine, uracil

ME(Malt Extract) Medium
Malt Extract (3%) 30 g/t
SPAS mating Medium
Glucose (1%) 10 g/t
KH,PO, (7.3mM) 1 g/t
Vitamins (1000x) 1 mé/e
* Agar: 3%
EMM(Edinburgh Minimal Medium)
Potassium hydrogen phthalate (14.7 mM) 3g/t
Sodium phosphate dibasic (15.5 mM) 22¢/L
Ammonium chloride (93.5 mM) Sg/t
Glucose (2%) 20 g/t
Salt (50%) 20 mb/e
Vitamins (1000x) 1 mé/e
Minerals (10,000%) 0.1 mé/e

Supplements : 255 mg/C adenine, leucine, uracil




Table 3. Medium composition for S. pombe (continued)

PMG(Pombe Glutamate medium)

Potassium hydrogen phthalate (14.7 mM) 3g/t
Sodium phosphate dibasic (15.5 mM) 22¢g/t
L-glutamic acid, monosodium salt 375 g/t
Glucose (2%) 20 g/t
Salt (50x) 20 mé/e
Vitamins (1000x) 1 mé/e
Minerals (10,000x) 0.1 mé/t

Supplements : 255 mg/€ adenine, leucine, uracil

* PhloxineB (Sigma, USA) : 5 mg/ ¢

50x Salt stock

MgCl,.6H,0O (0.26 M) 52.5g/t
CaCl,.2H,0 (4.99 mM) 0.735 g/t
KC1(0.67 M) 50 g/t
Na,SO,(14.1 mM) 2 g/t

1000x Vitamin stock
Pantothenic acid (4.20 mM) 1g/t
Nicotinic acid (81.2 mM) 10 g/t
Inositol (55.5 mM) 10 g/t
Biotin (40.8 tM) 10 mg/C

-10-



Table 3. Medium composition for S. pombe (continued)

10,000x Mineral stock
Boric acid (80.9 mM) S5¢git
MnSO, (23.7 mM) 4/t
ZnS0,.7H,0 (13.9 mM) 4/t
FeCl,.6H,O (7.40 mM) 2g/C
Molybdic acid (2.47 mM) 04¢g/t
KI(6.02 mM) 1g/t
CuSO4.5H,0 (1.60 mM) 04 g/t
Citric acid (47.6 mM) 10 g/t

Table 4. Medium composition for E. coli

LB(Luria-Bertani) Medium

NaCl (1%) 10 g/t
Tryptone (1%) 10 g/t
Yeast extract (0.5%) S5g/t

-11-



Table 5. Oligonucleotide primer used in this study

Oligo Name Sequence (5' — 3)

Nab2-1 GAT CAT CAT CGT GTG AAG AC

Nab2-2 ACA TAT AGC CAG TGG GAT TTG TAG CTA GTCATG TTG
TTG GTT TAC AGT CA

Nab2-3 GGT GTT GGA ACA GAATAAATT AGATGAACAACTTCA
TGT TCC TTC TGT GT

Nab2-4 CTG TAT CAT TAG CCT CGT CA

Nab2-5 CTA CGA GGA CTA CGA GAA GA

Nab2-6 AAC TCG TTG CCC TCAAAC TG

Nab2-7 GCA CTC GAGATGACTACATTA CTG GAAAC

Nab2-8 GCT GGATCCTTACACAGAAGGAACATG AA

Nab2-9 ATT GAG CTC GAA GAG ACG AAG GAT CA

Nab2-10 GTG CTC GAG ATAATT AGA AGA CTT TAG

Nab2-11 TCG TACAGC TGATTTAGG TG

Nab2-12 GCA GTC GAC CAACTT CAT GTTCCTTCT G

Nab2-13 CCTCTG CAGTCATGTTGTTGGTTTACAG

Nab2-14 CAC GAATTC CTT GCA CCTATATCC

Nab2-15 GTG AGAAGC TAG TAT CAA

Nab2-16 TGC TCA TCC GAC ACC AGC

Nab2-17 TCA GTC GAC GAATTC AAC GAC GACTTG AT

Nab2-18 GCG TTAATT AACAACTTCATG TTC CTT CTG

Nab2-19 TAC TGG ATG GTT CAG TCA

Nab2-20 ATC GTA ATA TGC AGC TTG

Kan-2 CGCACGTCAAGACTGTCAAGGAG

Kan-4 GCA GTTTCATTT GAT GCT CGA TG

-12 -



1) 8 #34 (genomic) DNA #3

a2RE AA dAMA 10 meld  ABAZIZEA w gt TH27TC,
1~29). wigAES 3,000 rpmelA 2&3F AAEE s AR
T&sta, TN SCE(1.2 M Sorbitol, 50 mM Citrate phosphate, 40
mM EDTA, pH5.6)2 Al % 1.5 ml micro tube® &tk 334

Hog MxEHS 57 sir]  Spheroplast buffer (2.5 mg
Zymolase-20T/mt, in SCE)E 37CelA 30~60&3F A adct.
Zymolase® A= <A AEzHo] HRIHJA=A Flstr] 9l
Zeo]= 9] Spheroplast bufferE A2l vj&F NI 10% SDSE 4]
An g #EE e

AEZ7E B3 Aol FlHw dAdE et s dS A7 el DNeasy

Plant Mini Kit (QIAGEN, Germany)ZE ©o]&3le] 235 DNAEZS

==

o

stk &® AlEel buffer AP1(1.0~2.5% edetic acid, 1.0~2.5%
sodium dodecyl sulphate)?} RNase A(100 mg/ml)E 65CA 103t
2] 3 &, buffer AP2(10~25% acetic acid)E FH7}sle] 4C o]d}o A
w3 B#Eglth. 14,000 rpmoll Al 533F AR AT
QIAshredder Mini Spin Columnse] %713, 14,000 rpmellA 2:&3F
AAEE 38t columnsll Al Aelxl HA (A#N)S buffer AP3(50 ~
100% guanidinium chloride), ol &3 Z%3o] DNeasy Mini Spin

2
d
o

Columnso] =71 ©h& 8,000 rpme.® 1827 AR 39ttt Buffer
AW(EthanoD)E #H7}sle] 8,000 rpme® 2% 7+ YA R 3se] DNeasy
Mini Spin ColumnsS 23] A& 33l buffer AEE elutiond} % tH(8,000

rpm, 15).
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@ Total RNA ¥
oFA &l 972(h7), 975(4") dFES 10 me A A F F3HS
0.5~1x10" cell/m= #H]F3 g, 2~8TolA 6,000 rpmeZ 5E3F
Aigsted Axs F¥stn Had SHFTFER AT dEdd"

r*°

THFT 1 ME AMEE o 1.5 ml micro tube® H7]3 YA ET s
Az s A A e, 1 mle TRizol reagent (phenol + guanidine

isothiocyanate)E& 200 w0 H7lstHA =EHoad Sz Zolt}.
15~30C ()l Al 583 Hasta @ad AAE 98 200 w9
chloroform (TRizol®] 20% volume)& #7}sF3lth. 15%7F vortexingslo]

Ao 2~387F B@sla, 2~8TCoAH 12,000 rpmeZ 1587

=

—_—

ri

dAEgste] RNAE 23t 58 S0hS A2 micro tubedl &

e

B
[sopropyl alcohol 500 wl(TRizol 50% volume)E H7}sle] A& tpe
Fee A 10®3F B#sklrh. 2~8TelA 12,000 rpmo & 10
dAEg et FTHE AAG tha, 75% ol &= (in DEPC-treated water)
1 ml(TRizol¥} A 7Fskal vortexing?dt thS 2~8To A 7,500

rpmO. 2 5837 AR . ASdE A AFIL RNA pellets

Z

-

—_—

A

oft
&
o

5~1087t AxA171 & DEPC-treated water (RNase-free)o] =¢I t}&

@ RT-PCR
Total RNA #El& &3l ¥ RNAE FTHOZ AE3Io] Reverse
Transcription (RT) - PCRE 3 35t% t}(TaKaRa, Japan). RTE ¢3lA
RNA +38 (=1 pg, 8 w0 ©l3H)3 10 mM dNTP mixture, 2.5 p M Oligo
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dT =ZgtelmE E3ato] 65ColA 58, 4TAA 22 ol &AL
WS a8S =ol7] 98 5x RT ¥y &43 RNase Inhibitor, RTase&
A7vetar 30TColA 10%, 50TelA 30, 95CelA HEtS wheAA
U 4Tl Basiai.

Reverse Transcriptions 38 A} 1st strand cDNAZ} &4 = a1,
JNEZo] AAE cDNA HElQl nap2e] ORFE FFHatel A7) 9aA

Hkx ol Fetg A A3 w2 (polymerase chain reaction, PCR) #}A <&

3) E. coli®]l ¥R A3 (transformation)

Ecoli © dAA3ES CaCl, "W (Sambrook and Russell, 2001)<%
ALY Y. E.coli competent MEE A ZF3 ZT AU = (competent
AEel 10%  olske]  volume)st Eske] 4T o]stell A 303t
B sk 42TCell A 407 heat shockd & T 4T o]atell Al 1#7t
cold shocks FUY. AAAS 3 competent AENS] 108
slFsl= LB AAuIAE H7rekda, 37ColA 30~60%7 B33
E. coli MEE LA A wjAo] HFste] 37TColA 2083 AHAEE
Hl] &F st oA o}

4) S. pombe?] FAAZ(transformation)

S, pombe?l HAHXAIL Lithium Acetate WW (Warbrick at al,
1993)& o] &3t Fasisitt. ax AXE 10 me A AA u)A o
AFeta, 50 me AAwR ol AhulEFEste] 0.5~1x107 cell/m7} HE=

27CE At 16~20A1F ¥t ajgd s &3t 10 me
Had SHF=E AF3I2, 1.5 mé micro tubeo =AM 1 mlY
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1XTE/LiAc(0.1 M Lithium Acetate, 10 mM Tris-HCIl, 1 mM EDTA)=
A H 3 5 Al 1XTE/LiAc®E 1~2x10Y cell/mlo] %= 4T o] &}ol A
MEES ZEo|FAtt. Competent AEZE 100 W 53] 100 ng °] A9
#4138 DNA (#E DNA 3 xl, knock out® DNA %7 5 ul H=
Abg)et 2 el carrier DNA (10 mg/ml salmon sperm DNA)E
HA7Vsha, vl o 2 50% PEG (50% Polyethylene glycol4000 in TE-
LiAc)E competent AlEY o] 3ujvtE H7Eekd .

Shaking incubatoroll A 27CE FA3}¢] 30E37F vjgstar 42T ol A
107+ heat shocks + S F838e PEGE W ES SIS
AAGGCE AEujAe HgE bead® H¥Ie] 27Tl A
o FSRATHPMG vl A ¢ - 443D,

off

5) 94| ¢ (mutagenesis)

ERE 10 me AR AAuwfA o] HFstal 50 meoll Ao w3t
5x10° cell/mee] H = 27TeolA 2041 wFstsich. wiFelS 3,000
rpme. 2 287 AAEFEe Fsta, 8x107 cel/m7t HEE
NA A = Fo]F AT, 30~40%9 AEES Holx= AR o]l Ethyl
methanesulfonate (EMS)9 s=¢F g A zte] that =4S wpolébar,
288 4383 H shaking incubatorol X 27CE FA 3] v &3S T}

dyd SRR 33 AFHste EdWolds AT v 1,500
cell/plate® A Auj Ao H#A&Fo., F2Y7F 1~2 mm F %=
A FAAALE Heol= EdWoAE 27l 98] phloxineBe}
thiamine(F] E}¥1B;)S  #H7}3F w®lA o] replica plating 3t} TF.  thA
5~6A17FS kst & thiamine< #H7FslA| &2 #jAo] sH T replica

plating s} %1 t}.
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1
=]

bl

2

o

A (Random spore analysis)
ll

A AFE oA FH14 wME AL F AEF, FAAA 5AW]
Aol ARER B #)ek AY217(h #5)= ME  wiA el A
Hid SFFE AolA 27Tl 2~3dzt ettt dad S 1
mlell glusulase 5 (10,000 units/m)E 7t ¥ A7F A E AELE
FolFE v, 27CAAA 6A1ZF oS wigstlt. HadE FRFE 33

N4 ol Pt

ARS T FA FE 1010042 B Helufx
5

7) Spot assay for growth

BEEE 10 me A AAwfA A BAZ A wiFEd s, 10H
Ao R A3 X (serial dilution, 2.4x10°~2.4x10" cell/m¢) 3+t
A4 aAEA 9ol 2 FRvink 4w wA AT Ao
spottingd}aL, 27 Col A 4~54 7+ wjFal <ot

8) In situ Hybridization

EARE 50 m AAMANA 2~4x10° cell/mE  wigFste]l  30%
formaldehyde(30% Paraformaldehyde, 10 N NaOH, PBS, pH7.5) 6 m{<
A glste] 27TCol A 4587 AAZIY. 0.3 M Glycine + PBS®E 33
A=At 1x107 cell/mle] %= spheroplast buffer® A% o+
U, 37TColA 45~60w3F widetdvt. dAnd ##2S A AxE7E &
AREAE &lataL, 4T E#3 SCE(2 M Sorbitol, 1 M EDTA, 2 M
NaHyPO, 2 M Sodium citrate) 20 m¢2 A% 3 & poly-lysine®] *z %
&etol=o] SCER ol AEE 4TolA 247 Bk 7hekekA skt
Eeol=g WEer o] ©HrlFa -20CE fFAS 247 BRI o,
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HEgo] AAERES 2o Byl 2xXSSC (20<SSC @ 0.3M
Nascitrate, 3 M NaCl, pH7.0)% A &3t 10 w9 hybridization
solution(20XSSC, 50% Dextran sulfate, 2% BSA, 20 mM vanadyl
complex, 1mg/mé tRNA, olgo dT50-dig)S F7}ste] coverglassE Y
T, 37TColA 7AZF o] H#ASIAT. Eeto]=E 2XSSCol| HHA
S5 Aol Bslal, 2xSSCE 2087 Al A e b ®= thA] 37Tl A
204 23] M #3skSlth. Fluorescine-Antidigoxigenin Antibody solution
(1 M Tris pH7.5, 5 M NaCl, 2% BSA, 200 pg/ml Anti-digoxigenin-—
fluorescein, 10% Triton X-100)S 10 ul A7 3te] coverglassE 9=
T 37Cel A 1AIRE vl gslTh 2XSSCR 1584 23] A& skal Ao A
e S DAPI mounting medium (1 mg/m¢ DAPI, 10 mg/ml Antifade,
PBS, glycero)<S 12 b #H7}ste] coverglassE Y1 "UE3I &

HFsu o2 signalS W2
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spnab2®] open reading frame (ORF) ¥ 2& H® T Az} (selectable

marker)Ql kan'f-AAZ A A 71 7] ¢34 Double Joint PCR (DJ-PCR)
WS AFESI T (Yu ef al., 2004). spnab2s WAAZLD ZAAE XS
constructE 7H57] & 3WHY FTdah A3 W (polymerase chain
reaction, PCR)S F3st=d, A WA PCRoIAE spnab2® 5
flanking®} 3° flanking 9, 281 FAAS kan FAAES Z+zt
SEZAZ T 5 flanking¥} 3’ flanking 591 spnab2 ORF| -H & 1
AEE ZAAY "Edol x3E  ZgolmE  AbEste]  PCRE
ottt d71dss Fl PCR A=< &
HAl PCRS 3 WHA PCRelA €& AAPEQ 5 flanking F91,
F A2, 3 flanking 919 DNA F% H&S 1 : 3 @ 12 &F39
FPstArE Al WA PCRS 5+ A PCR =S FFo= ARste] &
flanking 999 XA A (kan”), 3  flanking F97F &% knockout
constructE T %3] AU, o€ A A= DNA A (Fig. 1A)S
HEEA Q1 AY2173 o) miAIQl SP286 ol A ASA $ A
G4185 H7Fgk WAl A A= FAHASAE AT olFA &
FAAZ A  FoA  FEAZF(homologous recombination)ol 2] &

spnab2 fAATre] AAd®E F#FE5 PCREZ 23le] AWt

~
o

kel slal DNAES A A gt

41 4

:
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APATFo A ojul oA ¢l SP2869 A FtUe  spnabl FAAE

urad" 2 AAANA AFEA EA (tetrad analysis)E 33t A3 Ay

B oAFo = dh=Ael AY21704 1.0 kb9 spnab?2 HFAAE 1
o

LBCN

0%

kbl kano®  AAANZ  EAWelwFe AFEEE

PP WD AY2173 719 AFel7h gl vh(Fig. 1B).

(A) 31 kb
WT spnab2*
Anab2 — kan'
37kb
(B) YES
WT
Anab2

Fig. 1. Construction of nab2 deletion mutants.

(A) Schematic diagram representing construct of sprnab2 null allele in S. pombe.
Most of sprab2 open reading frame (ORF) region was substituted with maker gene,
kan", by one-step disruption method. spnab2 ORF is represented by open box and
two introns are denoted by thick lines.

(B) Growth of Anrab2 knockout mutant and wild type. Wild type and spnab?2
disrupted cells were spotted in 10-fold serial dilutions onto YES plate and incubated
for 5 days at 27C.
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2.nab2 FAA2] L& (over-expression)

spnab2 SFAAY Q%= S pombed AHAE AFSE WA
WSRO VR, spnab2e] HAYFel FTtEH AFEZolE oW IS
X =2 Lol okt spnab? FAAY wHE x-S fEA
thiamine(F E}WIB)o] 28 wWao] ZA¥E+= nmAno message in
thiamine) Z2RXRHE 7 EdAWE<Q pREPSIXE o] &3tqlth. o
HEj o= pmt TRZEE Q] TATA boxol EdWE oA opdd9
nmt ZEEE R g TRHEE JFA A gt}

oFA Al AY2173 AAEAWOlFRl AnabZ:ikanel BAAEAT]7]
A Az Ed=v=E AFSAH. PCRS &3 Nab2 WS
G 3}sl= spnab? A ORFE SE317] 984 Xaol JAHHAE
A7vek Zetelw ot BamH1 QIAH-HE #H7bgk Zgoln & AF&38FGl)
%3 DNA ©HI pREP8IXE Asdasl XaolH} BamHI o=

3t

Ast  F o ligationstth. o= A A Z pREP81X-Nab2 A x3%
ZgxaveEE A7 93 £ cold FRABEPI, ZHgAmEE
BEHslo] Aedas A 243 DNA 97149 245 538 st

olz A4 A|#3 pREP81IX-Nab2 ZTtAv|=E opAlgel AY2173
AAEAWRIF AnabZ::kan') Zt7t W AAESATE. spnab2 4]

2

=dAWol T AFEHELEE of4P I nHlusty] #8 spot assayE
Fastlom, 1 A¥ AY217¢] pREP81X-Nab2° 2 spnab2 A&
HAHAZ A5 HYERTOoRE AFES #5920 AY217/pREP81X(empty
vector) .t} spnab2 FAAZ FAA DNASL %ol 10°~107#) Hx
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AAEE7F =510 cDNAY 4d5o= 1~100 A= AFEEr7t =3

SHA|TF  thiamine .2 spnab? ARl HHESE JAAAES A=

#r4 A DNA9F cDNA EFolA tixaat vd 44525 BAv(Fig.
2A).

AR =AM AnabZ:kan pREP81X-Nab2& A A7

Z9  AnabZ:kan/pREP81X(empty vector)®} #&

=Y thiaminel 2 JAAIHN S WX spnabl FHAAE

A
HIHAAAS uf 108 A= = AASEEE e QI (Fig. 2B).

ozt AHANE FA3YS Wl spnab? FHAAE FLAALAFE
Aol =HigsE AE & & AT, Ao AMES A9 spnab2

FAA A FS AY217/pREP81X-Nab2 > Anab2::kan/pREP81X-Nab2
> AY217 > AnabZ:kan®l A= & £ ow 7 Wol HpIAAZ
AY217/pREP81X-Nab2¢] A&&=7F 71 =%t FTHEE AL
QEZo] AAF cDNAY spnab2 FHAAE FAA DNAol H&
Frgo] i3 gdo] HHem HA yed Aot ¥ i Fig.
2Bl A R o R A3 Anabl:ikan’/pREP81X(empty vector)<
spnab2 A7 @R A =d, PMG -B13 PMG +B oA AF&E=
ZFolE  Hole AL thiamineo] $lv HiAAA= A HQg
thiamine A 4 /gl oF st7] wioltt.

spnab? FAATE HWAR BF AFEE mev= AU

—

o
fr

oA spnab2 §AAIL opFel ws zToleh sudsE Aol
R A @ & AN
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(A)

PMG -B1 PMG +B1

217/
81X(control)

81X-Nab2(g)

81X-Nab2(c)

(B)

PMG -B1 PMVG +B1

Anab2::k/
81X(control)

81X-Nab2(g)

81X-Nab2(c)

Fig. 2. Growth test for nab2 over-expression strains.

(A) Growth of wild type (AY217) transformed with empty vector, 81X-
Nab2(genomic DNA), and 81X-Nab2(cDNA). Strains were monitored by spot assay
for 5 days in repressed(+B;) or over-expressed(-B;) conditions.

(B) Anab2 knockout mutants transformed with empty vector, 81X-Nab2(genomic DNA), and
81X-Nab2(cDNA) were spotted in 10-fold serial dilutions onto PMG plate in the absence of

thiamine (-B) or in the presence of thiamine (+B;) and incubated for 5 days at 27°C.
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3. FAAA EdRolA AdS A 2EF AF

mRNA exporte] olHE wwAZxR L= Nab29 7153 o=
dEo] e MRS AR, F oS <Al A spnab? FHAAENE
Aol oby WMEAA g ARe FAAE 27 98 FAH el

St XA EZdolA]  (synthetic lethal mutant) AEE F33H7] 2

NsHon wAE F FAA FAA s Bawolt doljws
Wi A GFol AW, F FAA4 BE FAwol dojupu

AE7Y Foiw el RS T A AH(synthetic lethality)gtal $ch(Fig. 3).
olAH F FHA EFol =dWolrt dojuw AxVE F7] ol
ZAWolAE 4S F QOB R spnab? FAAS] HEHS 2HIT F e
nmt ZTEREE o] &34 thiamineo] H7FE ®iX| oAM= spnab29)
o] AAlE el A FAHXAE Hole EAWHOIAE FaA &t

A AR AE AEetr] i EaFrF Zagd, kel
A 2} gt A =3 Zg~m =9l pREP81X-Nab2& AY217 SR
Anab2kan” w5l FAAIANA, Feh2v|=olM  spnab2 FAATY
THEE #5e FPde gFor om Ao FEAVF oz
A =AW AE ABs=d Ees € o AY S, AY217/
pREP81X-Nab2 & AnabZ2: kan’/pREP81X-Nab2 T+ FAAAF
Aol AEE 9 BRagTE AE3| = AR &t

et spnab2 A B FES WHFHA thiamineo 2 WH S
AAE F Av nmt ZTEEHE 7M1 #FE5 A HAqo GAA
DNAY spnab2 +AA7V nmt TEEE 9o 3o 2AYE 45 =,

Pnmt-nab?2 B2 N9 H +F= A ZFs . WA pREP81Xo nab29

(e
N

o
r
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ORFE Z=24Y3 Az Zg2v=2 pREP8IX-Nab2& Aldaih
Sacl ¥ Pstl o2  Aastdnt.  dAA e  AsAZT(Homologous
recombination)oll 9|3 Pnmit-nab2% 4437l 938, Pst1 3 EcoR1 9
AAF-HE M7 5 flanking #9 (0.9 kb)E PCRZ THAIZ F
Pst13 EcoRT1 o= AFas A2lsdth. Tagging HEQl pFA6a-
3HA-kanMX6%E Sacl ¥} EcoR1 o2 AW3steY] Pnmt-nab2 SHHI 5
flanking H9& Z=249 3otk olgA & Axy EHg2vE=EE
Atas Prullet Sall o2 Aoste] Prull Sall 9 JAAF9E
H7Fe 37 flanking #9 (1.56 kb)E ZF2Y3dt. HsHoz d&
AZF FH2=v=E EcoR1 & dwdto] Ao 44 DNA dH
(7.2 kb)TrE& o=z AeA st AY217 %= Anab2iurad’
5ol FA A& vH(Fig. 4).

oA A& 81X-Nab2 HY #F
Anab2:kans WETFOZE AFE3Ee] YES HiA oA spot assays £ 3

Lo
ox
o
db
k1
Ll
>
<!
\]
—
ﬂ
i)

A2 A o (Fig. 5A). = A3 o3&l AY217¥ Anabl: kan” ~18] il
81X-Nab2 A% #F9 AAEZLd = A Aol7l gl AL s,
Thiaminel. & nmt Z2ZREE AA S npnap2 FHAAe] 2L

AR L Wi AgEEel ofmWe dFe] A PMG WAeNA spot

A
assays &8 B3 Fig. 5B). T o 2 AL83t Anab2:ikan'=
81X-Nab2e] Fej= Ald w59 AFHLcle Aot flvke A= <&
= A

b 81X-Nab2 49 w5 FAAA =dwe] AEE %

R s,
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A nab2
—— /e —
nmtt nmit1
promoter terminator

Viable Lethal

Fig. 3. Schematic diagram of synthetic lethality.

Schematic diagram representing synthetic lethal screening with nab2 null allele in S. pombe.
Synthetic lethal mutants were kept viable by the expression of the nab2 gene from a 81X-Nab2
integrated chromosomal DNA under the control of a weak, thiamine-repressible, nmt promoter
(Pnmt) in the absence of thiamine (-B;). In the presence of thiamine (+B;), the expression of nab2
is repressed, resulting in an inhibition of growth (Lethal).
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(A)

Anab2
81X-Nab2(qg)

81X-Nab2(c)

(B)
PMG -B1 PMG +B1

Anab2
(control)

Fig. 5. Growth test for 81X-Nab2 integrated strains.

(A) Growth of wild type (AY217) and Anab2 knockout mutant, 81X-Nab2(genomic
DNA) integrated strain, and 81X-Nab2(cDNA) integrated strain. Control and 81X-
Nab2 integrated strains were spotted in 10-fold serial dilutions onto YES plate and
incubated for 5 days at 27 C. (Control: AY217, Anab2)

(B) Control(Anab2 knockout mutant) and 81X-Nab2 integrated strains were spotted in 10-fold
serial dilutions onto PMG plate in the absence of thiamine (-B,) or in the presence of thiamine

(+B)) and incubated for 5 days at 27°C.
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4. nab2 $AAY} TRAAE Lol Sduo

)
e
i
Nao)
Mz
4

FAAA S Hole EdWolAE  dHer]  fsiA Edwold
(mutagen)Q!  Ethyl methanesulfonate (EMS)Z &Edwo] {
(mutagenesis) A3AS FIUTG. =AdWoldES AU o
30~40%9 AEES R Wyl EdRe] #FE AET FFo] gue
A AFE ZAZ EMS 528 AgA el wet AEES FASIT

Ed5Q 81X-Nab2 A #F5 3% EMS=Z AHglste] 0~4A3t
7HA 1AZE SR s deteglt. 1 A3 3% EMSE 1A%

-

webA 3% EMSZ =9
Mg el A 247k AdFE R PMG WA WHE beadE ol &34
¥ A (spreading)st k. wiF7lel A 27CE 497 wWgFe ¥ F=2U7}
1~2 mm A=2 A, FAAAE Hol= w=dReAE 7] 98
WA thiamine(RlE}¥IB)S  #7Fg PMG dix|dl NCEZHE o] &3}
replica platingstth. 28] thA] 5~6A17FS wjgsl &=
A7bat Al & PMG wiAlel ¥ U replica platingst3ith. 3 AALE
Holx= Edd¥el #FE T o A AdEsr] s & AE|
S45+= 98¢ phloxineBE  HiAe]  FH7bste] 5zt w3l

PhloxineB¢} thiaminesS X% H7Fgk 8% (PMG+ B;+ PhloxineB)e°l A

thiamine <

rO*'

nmt ZREE o =HE = spnabZ A= thiamineo] 2} sA
o] ATt I¥EE sppnab? FAAS #AHAE oW f{FHA}
FAAAL =AWl dojutd, Axes S HAFA Hi(EFEY

7]+ 1mmX.t} Z8), phloxineB7} 4 %o Z3t HAS e,
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32 4k thiamine©] = WA M = spnah29t BHHAH FA b A XA}

Aot ARt E spnab2 AV LAHERE AEXs ARAoR
Agstel FEY A7l= AAM, FFA 2 phloxineBE W E3sto] A
=EAE e "

olgfgt WHoz 693,0007Me FEUE EAste 7t S Holwe
64719 F2YE 1AHow AHSAH. o] F EdF=E 81X-Nab2
(frd4 DNA) A9 #+F5 ol&3 Hfole= 427], 81X-Nab2(cDNA)
A A5 Agoe 227190, o2 A A¥EE FFES thiamine©]
A7k wA et HUbE A 2 wjAd vAl g W Z47; streakingstho]

S FAF A3 232 {9 255 5/ A, 2xE AEd
3

N

¥+ SLnabl ~ 5%
9 &l spot assayE 3P 3T},

Spot assayw ETF¢  81X-Nab2(F# A DNA) HY HFE
gxzaoz AREstlow, 2a2 HA¥W3E SLnabl ~ 5 EdwWolA <}
AFEEE B3t (Fig. 6). PMG Hix|olA  543F wjks Ayl
thiamine ©. & spnab2 37 T3S AA RS o] B FA7F A=
7+ SLnabl, SLnab2, SLnab3¢]lomw £E3 SLnab2e= 7FF Algh
AGA3s B, =, sppnab2 Al Hdol  AAHAS w
SLnab2%  10°~10'#] AX Aol =% SLnabl®} SLnab3<
10°~10°9) =g A YEetw. spnab?2 FAAE AAYS w ZFEFot

A4 %5 B SLnab4, SLnab5t FA XA EdWolARZ 1BV

il

47, YA AOE Slnabl ~ 3 AEEY Fusty =49
A RS w, SLnable X ¢ vHluWd|A I ZAol7} H|AHAZ

Ak, SLnab2¢ SLnab3+ Aol H&|A ozt AH 3]

f

o

o

Ru)
i
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YEFW 32, SLnabl& wWiYele= B Fol &AW o] (revertant) 7} & o]
#AFE Ao SLhnab2v= FAAR AxesE t=2A AExE718 SAHX
e E 2T

ol & A spnab2 TS} FAPAALE Hol= EAWOIAR 379 FF
(SLnabl ~3)& HFTH o= HA¥Hsin.

PMG -B1 PMG +B1

81X-Nab2
(control)

SLnab 1

SLnab 2

SLnab 3

SLnab 4

SLnab 5

Fig. 6. Growth test for synthetic lethal mutants.

Control (81X-Nab2 integrated strain) and synthetic lethal mutants were spotted in
10-fold serial dilutions onto PMG plates in the absence of thiamine (-B;) or in the

presence of thiamine (+B;) and incubated for 5days at 27°C. Synthetic lethal

mutants showed growth defect on PMG medium with thiamine (+B,).
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5. 443 Ed9olAe mRNA export 2% Z4F

i)

FEAAL EdWolAl=Z 7HE 98 Hole= 379 5 SLnabl ~
3ol g poly(A)" RNAS X EF FAbste] ddEg dWolA| &9
mRNA exportol] #AsF=XE LolH vt =, [n situ Hybridizations
F3d mRNAS] B¥XE FAFdo=2H mRNA exportZ7t G2~
obdAE £t (Fig. 7).

mRNA export?} A%<l M EoldE mRNAZF whuidz dhd g 7]
Al AEZARZ o] FstEE poly(A)” RNAS #X= Al AA o st
e T AT mRNA export7F A7gA o] A 82 Ao A= mRNAZ}
Azdz WA ur7bA] Zstal 3 Qe FH 7] wiiEo] 3 ko] HF A<
poly(A)" RNAS ¥ & & & it}

In situ Hybridizationg 33 A3, =EFF9 81X-Nab2 A4

p

g YxTPoR Al ANAOE spnab? FAAIL WAHE

»

=
A (-BpollA] E#F¢9 mRNA export ZATES BAEYPLH o
Aol = A7 YA ok F vl spnabl FAATE IIE 5 o

AzAzel ojFe AFel EAT sl ATk spnab? FAAE

rr

thiamine2. & JAA 7 AL H+BpAE EA45F9 mRNA  export?t
eIk, olet t2A FAFAAE Bel= SLnabl® SLnab2, SLnab3
BE #Fo A= thiamineS 713 Ao A= & oto poly(A)” RNAZQ
A AAH

et BT A$ thiaminel ®  spnabl FAAS] HHES

AASFAA T spnab2 A} FHE 7les ot FHAATE AAA R

E7t 4FE Ade ¢

o

d

U3 3ol mRNA  exportel]l FA7F  HASA FgAw, A

=dHol A 9] 9ol thiaminel ® spnab? FAA w&o] AAH
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Aol A mRNA exportdl ZAsHS HO|B 2 spnab? F+HAAS] 7]le &

ARAoR FHFE fAAd Bwolrt dolths M S gAET

PMG -B1 PMG +B1

81X-Nab2
(control)
SLnab 1
SLnab 2
SLnab 3

Poly(A)* DAPI Poly(A)* DAPI

RNA (DNA) RNA (DNA)

Fig. 7. Poly(A)" RNA localization of synthetic lethal mutants.

The growth defect of the synthetic lethal mutations was associated with mRNA
export defects, in situ hybridization for the poly(A)" RNA was performed in
control(original 81X-Nab2 integrated strain), SLnab1, SLnab2, and SLnab3 mutants
grown under permissive and restrictive conditions. Coincident DAPI staining is
shown in the right panels.
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mRNA export A2l AutHol 325 o]s3t7] Y= mRNA
export 7]%fel] FoJst= QAES] A7 st mRNA exporte
AAFSGAREE mRNA  7bgdAd (5-3E,  2Zgold,  3-gdd
Zolddsl, A7 o] ol2E RE WASo] AR d#Eo Y

Agste] %3 mRNATRS oA AELA=R o
o] Al mRNASS A3 H3dS =o]7] 93

A%E o= g &

FETHAI] Mex673 Yral @S = o2 oy @ @<l Nab2%}
3 Qrol A A HFAE olFa U

S, cerevisiae® Nab29 65.5%2 HFAITS Hol= S pombe?]
spNab2 ©@®MAS ¢astetal A= spnab2 wAA = TH AANA Aol
Ak glow 271 RJIEES EFst 3077/ ofnmAbS

doststal Utk spNab2 w@ Aol o4 EA=L 33.9 kDaolth. S

S. pombe®| spnab2 AR = Ao Aol7t flomm AAge] A o] A

Frie AAE & AATHFig 1B). Aot BFAoA A w
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spNab2 ©# =& mRNA® poly(A) xgdd Ast= FH70 &
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Abstract

Isolation of synthetic lethal mutations in the spnab2
mutant that is involved in mRNA export in fission yeast

Park Yun-Sun
Department of Biology Education
Graduate School of Education

Sungshin Women’s University

Mutants that showed synthetic lethality with the sprab2 were isolated to identity
the genes that are functionally involved in mRNA export in fission yeast
Schizosaccharomyces pombe.

The spnab?2 gene contains 2 introns and encodes a 307 amino-acid protein with
predicted molecular weight of 33.9 kDa. spNab2 protein shows the 65.5% similarity
to the poly(A)" binding protein, Nab2 of S. cerevisiae, which is involved in mRNA
export and mRNA processing, 3'-end formation. The sprab2 null mutant is not
essential for growth and it did not show any accumulation of poly(A)" RNA in the
nucleus. However, over-expression of spNab2 cause the severe growth defects and
intensive accumulation of poly(A)” RNA in the nucleus, suggesting that spNab2 is
also involved in mRNA export out of the nucleus.

To isolate the mutations in genes that are genetically linked to sprnab2, synthetic

lethal screen was performed using the 81X-Nab2 integrated strain as a parental



strain, in which the expression of spnab2 gene is under the control of nmt promoter.
The mutant cells that showed growth defects only in the presence of thiamine were
screened at 27 C.

Five mutants were finally isolated in this screening and tentatively named as
SLnabl through SLnab5. These mutant cells showed mild mRNA export defect in

synthetic lethal conditions.



Al 2

ol

o

4 Apets)

s AF U

wo] 37

=d=

o] )

ol
e
of

Tor

_ﬂo

A

Ay
Tw

o

<
N

"o
A
an
o
B¢

ﬂl

ot
ml

o)
e

M
M

R

-

o

o

a
oo

X

T
g
B
5
3

-~
70

0
e

el

Y. 283 e

k<
H

o, obuh Abe

R

{|z
oy

2
—_
fite)
B
N

Ton
I~

o)
e

2]

Y.

Al

oot

op

A YA

251

N de& AT v

Hj

A T

el

i
TR

.

a8 a7t

el
o

ol
i
o

—_—

=m

ol

B4y

R

3l A

7

St
=

ol A

]

<

g cfefoF. A

g oF,

0

7+

el

3
=

oboln,

Py
oy
4

N



B

<
m

Fol 4

%

g & vha

=

wpAoko 2
Sl

AAA 5

1+

°
=)

U

;ﬂa

oL s}

=

AAY, ol AAEAE
o] A =

Z A A=A
P

o

Np

3

ol 4]

hs

gk UNI

153

amke.

<, v

o

o

Piazza¥]

H]

=
=

seko]

Bl
~

N
g2

Az
<0
o
E

LAY

=

)

N

HA 3

kel
=

7}

=

j -

o]. o]

369 ¢

B

ol

uy



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 실험재료
	1) 균주(strains)
	2) 플라스미드(plasmids)
	3) 배지 및 배양조건
	4) 프라이머(primer) 및 염기서열 분석
	5) 효소
	6) 시약 및 재료

	2. 실험방법
	1) 효모 유전체(genomic) DNA 분리
	2) 효모 cDNA 분리
	① Total RNA 분리
	② RT-PCR

	3) E. coli 의 형질전환(transformation)
	4) S. pombe 의 형질전환(transformation)
	5) 돌연변이 유발 (mutagenesis)
	6) 무작위 포자 분석 (Random spore analysis)
	7) Spot assay for growth
	8) In situ Hybridization


	Ⅲ. 결과
	1. nab2 결실돌연변이주의 제작 및 분석
	2. nab2 유전자의 과발현(over-expression)
	3. 합성치사 돌연변이체 선별을 위한 모균주 제작
	4. nab2 유전자와 합성치사를 보이는 돌연변이체 선별 및 분석
	5. 선별한 돌연변이체의 mRNA export 결함 조사

	Ⅳ. 토의


