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wAERANAN nab2 A7t A X Ab(synthetic lethal) & Hol+= F T/
o] EdAWolA SLN2¢} SLN4 # 55 o|&3dto] nab2ét dvd A= #+4
A5 EAste HAES st SLN29F SLN4 #Fe Eda R
Genomic DNA libraryE & & A $H(transformation) Al A A X AP Z 7 ol A

T AFAEtE dAASAS 22 11740, 21378 AQa, ol =RE Z-zF 37709
R77/M2] ZHAME=E FEoo] Zgtav| = EAsts FHAES DNA A
95 Fack,  olE A SLN29F  SLN49 SAANALSE AR

4%
ol

e
(complementation)st+= A &/ FHA rmnl, UAP56, SPCCI1442.04c
(rmrio.=2 HH)e HAFTHoR AU, o] oA oA AFHA &
A2 rmrl®l 75 s dolr iz} skl

rmrl FAAE A (deletion) A2 T F(ArmrDE 743 mRNA2 o
A AEAZ] WE (mRNA expoert)e] AAH ol 18y, rmrl FA A+
£ I¥E (over—expression) A 71 A 2 mRNA WEo] 2%
om, ot AENA Rmrl @ a2 3 Qo] EXst= 2le skl
. mRNA W&ol T8% FAAEIN rmr] FAAeY Fd4 ABE=
ol ¥ 12 Armrl® 7 AnabZ Amex67, rael-167, sac3-3 AmloS3,

AdsslE 242F 7H3 o]g&dWe] #FE5S AAste] AAE=E #E33

o
<
iu)
=
3

o, 2 A3 HxulHNA Anabl Amex67, rael-167 59 A AIS
Armrl7} 7FH3= AL #FsEA T gk bR Amlo3d] A7 ATH

l

S Armrl7F R EG Y A9 Rmrl & 2 3 Nab2, Mex67, Rael, Mlo3
S in-vivool Al E8] 4 A3 28-S co-immunoprecipitation 23S F

A = gAY o3 HAd AHAEL rmrlo] mRNA WEo
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2.8. DJ-PCR



- 13
- 13
- 14

o]

=
=

2.11. RSA

2.12. rmr1-TAP w59 |2}

AzF E ol A5

?;51,

2 9

a9

2.13. Western blot

=y
gl

=

=
=

o

—

- 26
- 31
- 34
- 38
- 40
- 44

rmrl

2.

xr
i

of @l Aa

B

4. rmrl AR x| F 4

hvA
-

6. Al

- 46

& o

V.

o
ol
B

o

ABSTRACT(%



R

EH

Gk W N

AL B O] AFQBE TEZE  coveemmmmmmsssssssssssssisssssss s 15
S, POMDBES] B A A weeereeseeeeierii 18
E.COLIQ] B A FaA]  wereeseeseesseessesssssssiseis st 20
A 0] AFLBE FFLO] ] oo 21

AT O] AFLTE B T ceerererreeree 24



0 O N
N Mm o
T
LW
iR
LN
ﬂ_l ——
}aﬁﬂ
y%ﬁ
X
o_uHl
3
m_xmﬂ.w
" " O
ﬂﬂm
BB g
BB —
0
oW gy
COCs
"R W
T o W
ol eyl

- 36
-39
- 42
- 45

a9 5. rmrl AR YA FA

a9 6. olsEAWMol 9 Spot assay A H] L

49

o] &3+ co-immunoprecipitation

Kol
=

128 7. rmrl1-TAP



[. A&

A ZAA FHA] B o GAY AAS A3 3 el A
Al(transcription) 9 mRNA7ZFE 28] 2 mRNA export’} o] Fo] X a1 Al x4
= el W9 (translation)s §3] @ Aol A ET. AIAA = At
(nuclear envelope)ol @& 33 ALHe] ko] =] 7] wjiel 3
oA MEAZ mRNAE o] 5A 7] mRNA export Aol Fdx 239
Ta% 9FE& HIddrh(Kohler and Hurt. 2007).

KAz Gl AS 53tk F 722+ RNA polymerase I (RNAPI )l
oleff dA7E o] Folxith RNAPII Ol o] gk At 3} S A<, pre-mRNA=
5'-capping, splicing, 3'-end cleavage$} poly-adenylation® 7}&S 7 x4
J<3 mRNAZF ®th o] 34L& thYst RNA binding protein(RBP)9] =
20 7 o]F oA (Tutucci and Stutz, 2011; Klss et al., 2013).

TREX (transcription/export complex)= A% 2] mRNP(mRNA ribonucleo
protein complex)® 4 ¥} mRNA<2] & AFAl & (transcription elongation) ¥4 %
mRNA exportE 3] Z L3 vz &3kaolth(Luna et al., 2012).

Zo}l &N Saccharomyces cerevisiaedlXl TREX ®3ta:= A A <l
THO< mRNA export 43 @9 A<Ql Yral, Sub2 18|31 TexloZ F4 &
o}dth. TREX® F4A 9 st 2994 THOE Hprl, Tho2, Thp2,
Mftl &2 o] Fol% <ltH(Chavez et al, 2000; Fischer et al., 2002; Strasser
et al., 2002). THO Hg Aol =Awol7} LA H 59 DNA2H pre-mRNA
Abolell DNARNA hybrid7} g4 = o] A3 dApdS Wefstil, DNA
Tx9o EotA A (instability) & & €13 ¥ %3 A % (hyper recombination)
o] WAELA wrh(Huertas and Aguilera, 2003). THO9 3 F+A4 24l

Hprl€ mRNA export @ A<l Yral @ Sub29t A4 Asz&sm A}

olr



71+ @ A E (receptor) @ 22l Mex67:Mtr2= o] W] (adapter) w222l
Yral®] =& ol mRNAo| Z3strh(Strasser and Hurt, 2000). Nab2 ©
M mEg Yral 3 Mex67¥ A H doAgetn o] HAo| HEA AT
S S (Lelesias et al, 2010). Nab2% Poly-(A)" tail Fio ZAgs=
Zinc finger 9 A 24 Poly-(A)" tail do]Z4d3 mRNA export Aol

Zoj gt} (Kelly et al., 2007; Hector at al., 2002).
SAGA(Spt-Ada-Genb-Acetyltransferase complex)+= 21719 w@wl A g2 o]
Folz 2 gdwlz By 2 A AFH X< A (transcriptional coactivator) 2 A
gS3 2e gekst 98-S g stti(Samara and Wolberger, 2011). 3] =&
o} Al & 3} (histone acetylation), pre-initiation complex(PIC) &4, 3~E
H2B-Ub¢ v #HAE 13} (deubiquitylation) S %3+ & A7) A (transcription
initiation) &3} B ARG £, Z22lal TREX-299] Za#tgoltt
(Grant et al., 1998; Shukla et al., 2006; Daniel et al., 2003; Goivind et al.,
2007, Garcia—-Oiver et al,. 2013).

TREX-2(transcription export complex-2)+= 3-8 234 (nuclear pore
complex, NPC) W& 9%, mRNA export Z}A ol Z+ofgkth(Rondon
et al, 2010). T3 TOAM FTF ©WMA Sac3, Thpl, Cdc3l, Susl,
Seml/Dsslo & A ¥ o] th(Fischer et al, 2004; Rodriguez-Navarro et
al., 2004; Gallardo et al., 2003; Garcia-Oiver et al. 2013). SAGA<}
TREX-29] #3482 o F 5FAY 54 74 @WE<e Susls "7
= o, F52Es T DNA 7F 3 dAGAS XA (transcription
processivity)o] ¢t A o2 FX o], T& A< HAFY mRNA export’} ©]

Fo] A Al 3}(Rodriguez—Navarro et al., 2004; Chekanova et al., 2008;



Gonzalez-Aguilera et al., 2008).

BA &% Schizosaccharomyces pombe®l” Mex67 ©¥ L g chulz

3}
al, 2000; Thakurta et al., 2004). Wt S cerevisiae®] Gle29t homologue
¢l Rael®] mRNA exporte]l ZF2<l wuldo]tt(Murphy et al, 1996;

N

A AZ LA mRNA export# Aol 32 ol A= &th(Yoon et

Brown et al, 1995). S. pombe2] UAP563 Mlo3= 47t S. cerevisiae®)
Sub29t Yral®l homologue©] tH(Javerzat et al., 1996). S. pombe®l 4
UAP562> Dssl¥ &4 of HEl ol d el Mlo3et ZA33slH, Raeldt = g3
2F-8-3te] mRNA export #7gde] Zrof sk} (Thakurta et al., 2005).

S. cerevisiae® Poly—(A)" tail 2% w9 &2l nab22] homologue H3F S
pombe°l =3}t S pombed] nab2 @ AL poly-(A) AFHEA7F & =
Z5ojgla, Ao HFHolx] ot A A] mRNA export 249 4l
3 AsS yetdly] W&ol S cerevisiae$t FAYSHAl 3 A|EA Alol &
St Wl A 2 4 mRNA exporte} poly(A)t Zo]Z4, mRNA exporte]
23 #Z(quality control) ol #AT 7hsAo] At (Park and Yoon
2012).

2 AFdAN = FEERANN nab2 wAAS} FAAALE Kol =dWol
2 o] &3t mRNA export ¥} A7 <l
AT B E &R Genomic DNA libraryS o] €3t dd 438 Aoz
nab29] 7S ARt M FFY §FAA rmnl, UAP56, SPCC1442.04cE
Adatdt. ol Fol A ofA AAMT 7wl EHAA & SPCCI442.04c
(o]3t rmrl o2 BW) FAA et F7HA AFE FHEAH. 1
A3 rmrl FAAS] AALE A g olA @Ant A Al A 9
mRNA export 23S Yetdom 2tolgli= AlEoA Rmrl @ 3
QFoll EAlst= A glst it
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B Ao A3 FE BE @Rl Schizosaccharomyces pombe©] th.
st T am =9 XS Qe Ecoli Top 10 & AH&38tch A
3E Lol Agstatt
AE wF 71Ed FHstd BHLS S pombe standard methodE FaL3FA
CH(Alfa et al, 1993; Moreno et al, 1991). YES(Yeast Extract with
Supplements)®] #A] ¢t  EMM (Edinburgh Minimal Medium)®¥#| & 7|2 o =2
AbgslR o, AAE 24 F 2.9 & 3.9 HERH AT
FAHA3E S pombel AP wiA] FH7FE  (supplements, 225 mg/ /¢
adenine, luecine, uracil)®] =35 g slo] AFE3th. pREP Al =3 #WE
o] fFAA Td A= 44 EMM HjA el 15 yM thiamine (Sigma, U.S.A)
< H7bsteol AbEEATh Fhuwbel Al A3 fHd A (Kanamycin  resistant
gene, kan")E A TAWMo] XHE& YES #HiAd 100 pg/ml G418
(Duchefa, Netherlands)2S % 7}3lo] AF-83FA o}
E. coli= LB(Luria-Bartani)®j Ao A wjekalgd o, DA E Ecolix
LBuf Aol 100 pg/m¢ Ampicillin (Duchefa, Netherlands)S % 7}3te] A W3
AT

1.2, Zg2v=



moi'

FEAAE Eddole] AR Fels 9% FHAHS Aol o=
Aok LA FFE AFsr] HEA
pREP ™ E (Maundrell, 1993)5 A}&3t9 . pREP ®EH:+= multi cloning
sites(MCS)2] 5'-end ¢l Aol Thiamine
H7F S, 2 AN = 7HE 493 3ds Hol= pREP3XYH
M2 okt @d S ®ol pREP41X, pREPSIX7ZHAl Al F/F< #WE S Al
&3t th Rmrl-

pDW232 ™ E (invitrogen)S A}-& 3}

o
it
o
g
N
X
o

Id o] 7153 nmt 2R

GFP Z|vl 2} ¢4 (chimeric protein) %< ¢34 GFP<}
kan' -+ HAAES A Yl A= pFA6a-FGP(S65T)-kan-MX6 ™ E (Bahler et
al, 1998)E AF&3ltl.  Co-immunoprecipitation 23S YaiA=
N-termination ¥l triple HA epitope tagS Al pSLF273 ®E
(Forsburg, 1997)& AH&sttt. 2E WMHE 38422 &AA ampicillin

= FAE AYa 9

1.3. A5 2 AJek

ERE WSty 9% ¥wiAl= BD(U.S.A), Q-Bio(U.S.A), Sigma(U.S.A)
a8 a MP(Germany) A& AF&ststh dA7]d s PA3d Agaroser
MP(Germany) A|#<S A3t DNAS2S 93 Tag DNA polymerase
+ TAKARA(Japan)& Ab&stgiow, 2498 9gk Agaiet T4 Ligase
T NEB(UK) A#FE AFE3stAt.  Chromosomal DNA F3%, PCR

\

purification, Gel elution Kit¥ QIAGEN(Germany)2 AF&3+% 31 plasmid
DNA minipreparation kiti= GeneAll(Korea) #|# & AF&33th. 12 9 29

of AHgE Aoke ztzhel APuel &t



Ak o2 PCRo AF&3 Zegtolw= GC H &S 40-60%= St3a1 HhE
A0 AT f7IM49S ¥ oem, 18-20mere] Zol9t HA Scale (0.02-
0.025uM) 2.2 Xenotech(Korea) %=+ Sigma(U.S.A)ol F& A =&t 3
712 B3 50uM % staem, F 50ue] PCR ®Hbs F HITF®
02uM< 937] 98], ZelolHE 10uMe 2 X3t 05u® A&kt
Aol AFESH Zofolm = i 4] st

E. coli 34343 AP cucl, $HE A-E3F A H(Sambrook and Russell,
2001). E. coli competent cell¥} A %3 WE S 2]o] dL&o) 308 = B
Sk 5 42Co A4 10%7F heat shock A& E 3t vf=Z dSoA 153F cold
shocks 7FsF At} competent cell §-3] 2] 10vjol] siFat= A A= LBH|
AE Wil 1A17F <k 37Col A regeneration Al 7S A &3 & LA A w)

Aol HFF ko] 37CoAA 18413 F<t w Fak Aot

2.2. Spombe2] &A% 3t
Spombe?] FAX3Z A3 Lithium acetate WS A& 34 th(Warbrick
et al, 1993). A& AF&3 vH= £ 50 Aot #+F= FA wiA

50meell Al 16-20A17F E <t 7-8x10° cell/meell =28 wj7pA] sk & A



Al AxE At MAE AAsL ddd SFT= AHT
F  1xLiAc/TE(100mM LiAc pH7.5, 10mM Tris-cl pH7.0, ImM EDTA
pH8.0) W& A XE F 1x10° cel/mMOE ZFH Zo|FAr}t ol&A Az
competent cell 10000 32438 DNA 1pg, Salmon sperm DNA 4x0(10
mg/me), 50% PEG 300uE Hir & 42 % 29TolA 301t wi st
o] % 42T Al 10+ &<t heat shocks AHglstal, A-2olAx 57 &<t B
T AA nAMA ] HFe] 29T A 54 St wFstS

2.3. Spot assay

ol &ate] MEFE A e AEFE 2x107 cell/ml T=2 T LA BHF
ATk =R o2 1/104 slAste] mA A dAASR S5 EYE
Foz "Hojmy W F 28ToA 4-99 st wpgste] #HEsHATE o
1] 2] = Kodak image station 4000 MM PRO(U.S.A)& <3} t}.

jus)

P

2.4. In situ hybridization

In situ hybridization A3l AE3 M= 1 59 Attt a2 E 4

A A 50meel A 16417 E<¢F 7-8x10° cell/mloll =EE wjrbA] wj g &

A% st dAREY R A ES A AL 30% formaldehyde 6
=

ot 223tk PBSol 0.3M glycineo] A 715

o

o

mS Hal 29T A 453

oj9l+= W ¥ 2 A& % spheroplast buffer 1mlS =0 37ColA 308 F<t
HFEtA T o] & SCEZ Al 23sta, A4 %ol SCE B ¥ (300-500u0) = Al E



TEE 243ty AT poly-D-lysine (10mg/10m) .2 FEHH SEfo] =9
AEZE 3L 4ToA 28 &<t & F thA] 20Tl Al w g 2A]7F
S Basdnh wlgEd A Ado] 2xSSCE AlHE A wY H
hybridization solution 104E 91l &8 i A Eeo]=F Ho| 37CA 8
AZE ol el dth. 2xSSCE Aol A 5E AL 208 7+ 3 WA
Al Zstar 37Tl A 202 F < 28 W8 AlF 3 2xSSCell 0.1% tritonX-100
o] H7td WHE 37ColA 583t gl AlFHet Eetol=E 7ol T

.

t}. Flurescine antidigoxigenin antibody solution 10iE <2311 7B &2}l
EE Yol 37TCAAA 1A &t vttt o5 AF&elA 2xSSCE 153
2 WkE g st @y

% DAPI mounting medium 12405 <7311 #A
Fsieh.

z X
[
Olr

ghol=5 Yol dy

2.5. Western blot

Western blot 2@l AF&3 M= % 50 Aestdch 228 A4 A
50meol A 16A17F &<QF 7-8x10° cell/miol =g wjzbx] wltd & AP S
AaPstdt, GAEYgR wAAES A A Stop buffer 5ml3 Lysis
buffer 5ml .= Z+z} 3k HA A& &%t} Protease inhibitor7} #7F¥ Lysis
buffer 30ulE ¥ 31 mini-beadbeater (BioSpec)E ©]-83ta] 30x% U H Ht

E3lo] AIELE g th. Protease inhibitor’} 3 7F® Lysis buffer 400405

F7kE skl A FHEE K73 4TCeA 1083 94 st g o)

i
%)
I\
2,
ftlo
ne
32
A
2,
o\
[¢]

ol 712X Laemmli Sample buffer (Bio—Rad)
E 11 &R A3 108 5 8B T = A 1027 4T A A4 =28t
of AZ=dS A}l o]F 75% SDS-Polyacrylamide Geldl loading3a}<]

40Vell A 40, 120Vl A 1A% &<k A719 5 & sl Transfers= PVDF



membrane(GE Healthcare)s AF&3ke] 40Vel A 2A1%F F<3F X &gl

5% skimmed milk(Scharlau)Z blocking buffer® AF-&3le] 1A17F E<F A
2] 3} 3L primary antibodyS A AH] &2 343t H7e F overnightd)
2 th. Mouse anti HA antibody (Cell Signaling)®] 7% 1:1000¢] H] &=,
Rabbit anti ProtA antibody (SIGMA)€] 749 1:200,000¢] Hl &= A |3l
th. TNTX bufferg o] &3te] 10% S 49 wiEste] AHg £
secondary antibodyE 1:30002. 8 3]A&to] 1A17F ®<QF At thA
H TNTX buffers ©]&3te] 10% &<k 4 wbRsto] A H st A=

&

ECL Western Blotting Detection Reagent (GE Healthcare)S A& 3}o]
Kodak image station 4000 MM PRO(U.S.A)°o = <3}t

2.6. Immunoprecipitation

Immunoprecipitation 2 g2 w2 dWA S F=53517] 9 225 F4 u)

2] 300mboll A 16417 =oF 7-8x10° cell/méol] =& w7pA] njekst & A&
< Y3ttt Western blot 2383 U3 wHo=Z AYXE HxEy oy

o] ol AFAL Ao

ko3 =0
o b - ‘1‘,)\0]_0 I

3 H 1.5m¢3} v 2] Protease inhibitor7}F
Z7vE Lysis buffer 500 0.2 A ¥ WS A # 3 [gG Sepharose 6 Fast
Flow beads (GE Healthcare) 304E 4ol 4TolA 3A1%F &<k v ettt
AAEYE FEdaS A AS e IgG beadsE Protease inhibitor7} % 7}
Lysis buffer 500022 A ¥ HbE A #3531 Protease inhibitor7} 37}
Lysis buffer 5009} 2X Laemmli Sample buffer 50 S Y312 10% &< =2
¢l F U 10E3E 4TolA ARt AFde A3

H4 2 Western blot 233 A3k whHo =z 3 aPst ),



nab29} AR D= MEL FAAE 7] 98 thiamineo] S+ AA
v Al ol & A d ghA) (transformants) & HF 3 5 28Tl A 747 wf Fakd ot
FA A AL SAwol A SLoN2sk SLNAZ RitFE Abg-ste] 747t 1

Nel BAARAE AU FAAGA NN nab2ot FRAFE Hol= FHA

7F Fololx] dolw v 98, ¥ =3F= 9 (phenol extraction method) 2 = A

N,

sto]l E.colidl 82 A33= Vector rescue?

o
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M
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rjz
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A FEPe thed e wHow SFasdon, Add Asw wy:
£ 50 gestgith AmE AGMA 10onel HFke] ZA7] =2 w)
A4 29TAA 39 B WGt AWEI AE AAsD

spheroplast buffer 1m{S Fo] 37TColA 30% &< wigstdt. dAEI=
HHE A A v, 5xTE 3002 RNase (0.5pg/100i)E Eo 413 10%
SDSE 353 7Fske] 65T A 58 st wjtsldth. o 7)o 5M potassium
acetate 100 E Fi FFolA 3083 s & 4T A 107 < 94
B sl A=duts Byt AE A3 phenolchloroformisoamyls 1:1
Hl &= 431 7F8HA voltexingdh Th 53t A8 & oA ARS 4
THE A= FAS A H wESH -y o] 25w s Fst= o
S Y 4 ¢ dAEgste] DNA HAES d%la, ol & 70%
1

Outoll Ak olgA 4L chromosome DNA
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o

uu?
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3E E. colidl BAAZSI] g R I FgAu= DNAE

of\
NI
ME,

=
T

of W& & SLN2¢9 SLN4olA ztzp 3778k 8779 &Eetav=s
Ko, Fepxaml= gt AYE FHA AEE DNAAEEA (DNA

sequencing) .2 wl A Z A AL o] g dlo] A s T)
28. DJ-PCR& o] &3 AAEdWo] #F9 A=

DJ-PCR (Double Joint PCR, Yu et al, 2004)°. 2 rmrl +4# ORF9
5'-flanking region¥ 3'-flanking region A GA}olol rmrl A2 WA urad
FAAE A3 FZ(construction)E A ZEFe]  AbE A &3 (homologue
recombination) &= AY217 Tl A rmrl A7 knock-oute] € oy
sy

AY217 5= A 2o JFh uradet leu2e] Aol A 7]
=l urad7t = W AAA AR 5 gloh stANE e AE=d o ® rmr]
TR A el 2 A urad A AL EE urad G A7)
Sl Hi Al A= AGEE = Al "k o] Y E ol &3] urad’t e A

Auf A o A A A =AW o](deletion mutant) T2 AEsA Tt rmrl A A

o] A4 oHE=E F7F 237 Y& chromosomal DNAS F%3}¢] PCRS
APt 5-flanking region =+ 3’ -flanking region¥} ura4d ORF A}o] &

5
SEote ZojolmE ol &sto] ofAE AY2LT dFE THRHA ¥ A=

_'I'I_



29. Az WE o} By FFe A%

rmrl FAAe] H}dd FFE A ZEE7] $1d thiamineo] ol&] od =4
o] 7bssk Al EF5< pREP WH 3X, 41X, 81X& o] &3ttt WH 9 multi
cloning site(MCS)oll & A sl= A|3& A (restriction enzyme)s oA rmrl
Az F29o] AHgg3e Xhol, BamHI S A 83te] AL&3kt. Xhol,
BamH1 A& JAAFNE rmrl F372 ORFE FFate Zeto|w ¢
%% & 5% 3 Fiel H7ste PCRS etk %3 DNA =7t

(fragment)¥} Al &7 WEE 27 Xhol, BamHI &2 Hddgt & Hg

coli §AHgS st HWEHE FEsAd. Axd ¥HE vAl Xhol,

BamHI o2 Adsle] A 29 oJHE F2st & AY217 #59 &
AA3 sttt pREP WE = Leu? 127 A s o] 7] e,
Leu2 A% 27F 9l WA E A 5= A wHc) o] gl S o] 83}

2.10. Tmr1-GFP #F#12 2 X #= (localization)

DJ-PCR¥H & o] &3t rmrl +3 A ORF} 3'-flanking region A1 &G A}9]
o GFP-kan™ +375 A9Y3 - Z(construction) & Al &Fsto] s A 29
HAoZ AY217 FANA rmrl 54X Ao A (integration)ste] 3%
A G418¢] H7be WA= MdWetdth. @3 oln A= CLSM(LSM700,

Wl

Carl Zeiss Microimagiry Gmblt, Germany)S A}-& 3} t}.

_12_



2.11. Random spore analysis (RSA)S o] &3+ o] FEdWo] =%

olF EAwWolo AzS s FAY ¥ A EA(random spore analysis;

RSA) W& ol &stAth. Armrl - urad™ T2 Anab2:kan’, Amex67: kan’,

FstAdv. WA, &9 (mating type)ol M= W& F FF *FE 2

d FTHTFE ol&se] ME wiAolA uwfstar 20Tol A 343F w ¢Fst At
el Mxe e TR Il LE
glusulase 100 A glste] 29T A overnight 3ttt o] Hyd =
I Iml= A H wrE A # 3ol hemocytometer= A gk
AAu| Aol 200-30070 9] FRUZE 2AF F AEF HEE
Fstak. Z7 Eargeo Ao A A Eul A (selective media)?]
ura’t L WA G418 H7bd WA 2 1A HAE S

jﬁ_
DNAE F&3t] PCR WHOE o] FEdMo] 28 A% HA5g

T4 AYHAQEA FAE ¥

’

ST

=l
4

chromosome

2.12. rmr1-TAP w59 A=z

Western blot 23S ¢3¢ rmrl-TAP ¥ 59 A2 Gould Lab.oll A A&
3t pFA6a-CBP 4.5Xprotein A(TEV)-kanMX6 WEE o] &3sle] F=24 W
How N PsPrt. TAPLS Calmodulin binding peptide (CBP)¢+ TEV
protease cleavage site 12]3 Protein A +o 2 FAEoUt. CBPY
N-termination®] ¢/ A& A BamHI 2 Pacl &2 rmrl ORF %7t&
Adstal C-termination®] Protein A%} kan' A o9 f1Xxdd rmrl

3’ -flanking region FZ}e A EA SaclF Saclz AYste
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rmrl-CBP-TEV-ProtA:kan” T%Z A3ttt o] +%2 WEHZEE A
& BsaAl o2 #Zguo] AY217#Fol A5 AxTHAES =8 498t

H
At} ol ¥ PCR W7 DNA Ned¥Aon gaa 4d= 495 5ol
#EE AuEas,

2.13. Western blot 23S 93 A= ¥y A=

Western blot 232 93] N-termination 9] Xl triple HA epitope tag<
A d pSLF273 WE S A83l9 mex67, rael, mio3 SAAE F24 353t}
nab2 FAA = 71Ed F24Y HoJdd WHE Western bloto = &Qlsh

- [+

% Ade] wtE AL&3dth pSLF273 ¥ El = pREPAIX WE 9} S 51

Av

A71e nmt ZEREEHE 2k glon uyrad AR QE o] WEHE X

5= uracile]l gle HiAldA A Thssit. WE S MCSeoF fd A4

ORF A4S &Qlste] 2ol Age Algas Notl, Sall & A5t

AbEER o BE FHA2] ORFE start codon (ATG) the AMEHFE 4t
x

Pttt o3k wE AWPPe AxF WE AL B AP,
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® 1 AF AR FF
Strains Genotype Source
AY217 h~ leul =32 urad-d18 Yoon et al (2000)
SLNZ h™ leul =32 urad-d18 81X -nab2: kan’ Park and Yoon (2012)
SLN4 h~leul-532 urad-dI18 81X -nab2: kan' Park and Yoon (2012)
Anab2 h' leul =32 urad-d18 Anab2:kan' Park and Yoon (2012)
Amex67 ht leul =32 urad-d18 Amex67:kan" Yoon et al (2000)
rael-167 h' leul -32 urad-d18 rael-167 Yoon et al (2000)
sac3-3 h' leul =32 urad-dI8 sac3-3 Yoon et al (2000)
Amlo3 h'leul-32 urad-d18 Amlo3:kan" Thakurta et al (2005)
Adssl L~ leul-32 urad-di8 Adssl:iurad™ /pREPSIX -dssl This study
(continued)
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=5

1. Aol ARE

ot

5 (continued)

217/3X-rmrl h~ leul =32 urad-d18/pREP3X -rmrl This study
217/41X-rmrl hleul -32 urad-d18/pREPA41X -rmrl This study
217/81X-rmrl h leul =32 ura4-d18/pREPSIX —rmrl This study
Armrl h™ leul =32 urad-d18 Armrl:urad™ This study
Armrl h'leul -32 urad-dI18 Armrl::kan’ This study
Rmrl-GFP b leul-32 urad-d18 rmrl-g:kan” This study
Armrl Anab2 b leul-32 urad-dI18 Armrl:urad™ Anab2::kan” This study
Armrl Amex67 htleul-32 urad-dI18 Armrl:urad™ Amex67:kan’ This study
Armrl rael-167 h~ leul-32 urad-d18 Armrl:iurad” rael-167 This study
Armrl sac3-3 hleul -32 urad-d18 Armrl:iured™ sac3-3 This study

(continued)
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3 1. A gl AL8-3 75 (continued)

Armrl Amlo3 h"leul =32 urad-di18 Armrl:iurad™ Amlo3:kan" This study
Armrl Adssl h~leul -32 urad-d18 Armrl:kan" Adssl:ura4” This study
217/273-nab?2 h™ leul =32 urad-d18/pSLF273-nab2 This study
217/273-mex67 h™ leul-32 urad-d18/pSLF273-mex67 This study
217/273-rael h~ leul-32 urad-d18/pSLF273 -rael This study
217/273-mlo3 h~ leul-32 urad-dI18pSLF273-mlo3 This study
rmrl-TAP/273-nab2 b leul =532 urad-dI18 Rmrl-TAP:: kan"/pSLF273-nab2 This study
rmrl-TAP/273-mex67 h~ leul -32 urad-d18 Rmrl-TAP: kan'/pSLF273-mex67 This study
rmrl-TAP/273-rael h~leul-32 urad-dI18 Rmrl-TAP: kan' /pSLF273-rael This study
rmrl-TAP/273-mlo3 h~leul-32 urad-dI18 Rmrl-TAP: kan' /pSLF273 -mlo3 This study

F— mcrA A(mrr—hsdRMS—mcrBC)
E. coli Topl0®’ ©80/acZ/AM15 AlacX74 recAl araD139 galU gaK |, Invitrogen(U.S.A)
ACara—1eu)7697 rpsL(StrR) endAl nupG
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X 2. Spombe2| ¥R ZA

YES (Yeast extract) Medium

YE extract 5g/¥
Dextrose 30 g/#
Agar 20 g/ ¥

Supplements : 56.25mg/ ¢ (Adenine, Leucine, Uracil)

EMM (Edinburgh Minimal Medium)

Potassium hydrogen Pthallate 3 g/¥
Na, HPO, 22 g/?
Ammonium chloride 5g/¥
Dextrose 20 g/ ¥
50xsalt 20 me/ ¢
1000xVitamins 1 me/ 2
10000xMinerals 0.1 mt/ 2

Supplements : 225mg/ ¢ (Adenine, Leucine, Uracil)

ME (Malt Extract) Medium

ME extract 30 g/#

Agar 20 g/ ¥

(continued)
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¥ 2. Spombe2] ¥ A ZA (continued)

50x Salt Stock

MgCly-6H,0
CaCly-2H,0
Kd

Nay SO,

525 g/ ¥
0735 g/ ¢
50 g/ #

2 g/¥

1000x Vitamin Stock

Pantothenic acid 1g/#¢
Nicotinic acid 10 g/ #
Inositol 10 g/ #
Biotin 10 mg/ 2
10000x Mineral Stock
Boric acid 5g/#¥
MnSO, 4 g/ ¥
ZnS0O,-TH,0 4 g/ ¥
FeCl, 6H,0 2 g/ ¥
Molybdic acid 04 g/ 2
KI 1 g/#
OuSO, 5H,0 04 g/#
Citric acid 10 g/ ¢
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¥3. E.coli®] vjA A

LB (Luria-Birtani) Medium

NaCl (1%) 10 g/ #
Tryptone (1%) 10 g/ #
Yeast extract (0.5%) 5g/¥
Agar (2%) 20 g/ ¢
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K
N
(2
ki)
=2

Primer

Sequence (5‘—3’)

Ura-bD]J
Ura-3D]J]
Kan-5D]
Kan-3D]

GFP-5D]

AGCTACAAATCCCACTGGCT

CATCTAATTTATTCTGTTCC

ACCCGGCCAGCGACATGG

AGTATCGAATCGACAGCAGT

AGTAAAGGAGAAGAACTTTT

Primers for DJ-PCR

Rmrl-1

Rmrl-2

Rmrl-3

Rmrl-4

Rmrl-5

Rmrl-6

Rmrl-7

Rmrl-8

GCGGAATCAAATCGCCGGTTTA

ACATATAGCCAGTGGGATTTGTAGCTAGCTGGTTCCATA
CCTAGTTCGAT

GGTGTTGGAACAGAATAAATTAGATGAGCGATTGTC
GGTTACCACAGATA

CCCTCTCTTGTCCATCTAGACT

GCACCATAACCTTGAAGGTA

CGTGGTTAGTCTTGCGATTA

CTGGGCCTCCATGTCGCTGGCCGGGTAATTGTGCTACGT
AGGAGATGTTG

CGCTATACTGCTGTCGATTCGATACTATTGTCGGTTACC
ACAGATACAGA

(continued)
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i 4. Aol A&7 Zeko]w (continued)

CCAGTGAAAAGTTCTTCTCCTTTACTATCATCAGAAGGC

Rmrl=9 A PTAATTTT

Rmrl-10 CCAAACTCTTCGGAATGTGC

Dssl-1  GGTACCTTCAGCTGTGCATT

Deel9 ACATATAGCCAGTGGGATTTGTAGCTACGTACTTTCTAA

59 GCTTGGTAAGG

Desl.3 GGTGTTGGAACAGAATAAATTAGATGAAGATATTGC

S8 TTCTGCCAGAGTGT

Dssl-4  CCAGACATAGTTGTATCCGC

Dssl-5  GCTTTACGTGAGCATCACCA

Dssl-6 GCCTATGGAAGTGCCTATTC

) ) Restriction
Primers for sub-cloning .

site

Rmrl-11  GCACTCGAGATGGCCGGAGTGAGTCCTGT Xho I
Rmrl-12 GCTGGATCCTTAATCATCAGAAGGCATTA BamH I
Rmrl-13 GCAGGATCCCCATAAACGGATCGCCAGAT BamH I
Rmrl-14 GTCTTAATTAAATCATCAGAAGGCATTAATT Pac I
Rmrl-15 GCTGAGCTCGTGTTCAACGTGTACAGGCT Sac I
Rmrl-16 GTCCCGCGGCTCTTAACACTCTCTTCTCC Sacll
Dssl-7  ACACTCGAGATGTCTCGTGCGGCCTTACC Xho I
Dssl-8  TCAGGATCCTTAATTGGCGGCAACACCCT BamH I

(continued)
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=

4. Ao ALg3 xelo] (continued)

ki

Primers for sub-cloning

Restriction
site

mex67-1 GAGCGGCCGCATGTTGCGTAGAAAGCGGGA

mex67-2 CAGGTCGACTCATGAAAATGCTTCGGCTG

rael-1 GAGCGGCCGCTCACTTTTTGGACAGGCTAC

rael -2 CAGGTCGACTTACCTTCCTTTCTTAGGTC

mlo3-1  GAGCGGCCGCTCTATGGAATTAGATCAGTC

mlo3-2  CAGGTCGACTTACTCCTTCTCATTTGATC

Not I

Sall

Not I

Sal I

Not I

Sall
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E 5 AP Age W
S.pombe transformation: Lithium acetate (LiAc) method
10x LiAc IM Lithium Acetate pH7.5
10x TE 0.1M Tris-cl pH7.0, 0.01M EDTA pHS&.0
50% PEG 50% polyethylene glycol in 1xTE/LiAc
Phenol extraction
50mM Citrate acid, 50mM Na, HPO,,
SCE (pH5.6)

Spheroplast buffer

ox TE

oM

potassium acetate

1.2M Sorbitol ,4A0mM EDTA

Zymolase 20T(2.5mg/ml) in SCE buffer

50mM Tris—-cl pH7.5, 5mM EDTA pH&.0

3M potassium acetate, 11.5% glacial acetic acid

In situ hybridization

30% formaldehyde

Spheroplast buffer

Hybridization
solution
Fluorescin
Antidigoxigenin
DAPI mounting

medium

309 Paraformaldehyde, 0.5mM NaOH in 1xPBS

Zymolase 100T(4mg/100m¢) in SCE buffer

20xSSC, 50% dextran sulfate, 2% BSA, Vanadyl
complex, tRNA(1mg/ml). Oligo dT50

0.1mM Tris—cl pH7.5, 3mM NaCl,
Antidioxigenin(200xg/mf), 2% BSA, 0.3% TritionX-100

DAPI(1mg/ml) in Glycerol
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B ¥ (continued)

Western Blot

Stop buffer

Lysis buffer

Protease inhibitors

in b0m¢ lysis buffer

10x
electrophoresis
buffer pH 8.3

Transfer buffer

TNTX

50mM NaF, 10mM ~NanN, in PBS

6mM NGQHPO4, 41’1’1M NCLHQP04, 1% NP_40,
150mM NaCl, 50mM NaF

4pug/ml leupeptin, 0.1mM Nay VO,,
1.3mM benzamidine, 1ImM PMSF

250mM Tris base, 1.92mM Glycine, 196 SDS

48mM Tris base, 39mM Glycine,
20% Methanol, 0.0375% SDS

50mM Tris base pH 7.5,
200mM NaCl, 0.2% TritonX-100
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A EAWOIAE o] ST nab? ARG ABA A= FAA YA

—
oo
O_i_,

3+ x| AH(synthetic letha) @t Al¥XY] F34 =& 7|sxo=z Add F 7

o FAA F 27 st Fevolw dolwg welt P JFS v

Park and Yoon(2012)el A A &gk F 7 FAHAA AR oA 2 4

W (synthetic lethal nab2 293} 4 o] <FzF=2 o]3} SLN29F SLN4o 2

H)S AFEE A, B AT E RS S gastE A9 W

ATt SdWolA SLN29 SLN49| nab? A A= nmt ZTZEE 93]
A

o] %M ¥ B thiamineo] & WA oA HAFH o w

[.. (

Aol A A AALR ds 7 He 2dde Ada e ("l

o] A=
A). 2929 DNA library® FAASE AE7} XA S Ho A<l
RytFol T2 A thiamineo]l U= wiA A AfdTtHA, FepanEox 2y

= FAATF nab2e 71%5 S A HE(complementation)dtE AL o m|dkrh(L
d1 B). ©o] dgE EWNE nab2et A4 U= AEE FARE M5
a, 2 Ay A FF FAR rmnl, UAP56, SPCC1442.04cE A8 3
DNA MaE&x oz A T/ FHXrmnl, UAP56, SPCCI442.04c7v A%
dHoldes As g HHE tA] EdWolal SLN29F SLN4e] 4
3t 3}o], thiamine®] ¥3% A %2 vjx ¢} thiamineo] ¥3tE vl Ao nj ok

St AHAES FsgrH(2y 2). A =T (positive control) &= nab2



FAA AZT NG E ARG

dlo
o
=

Z " (negative control) & & Hl
B (empty vector)E A}-&3}% T}

=AWl A SLN2¢| FHA SAAA(LH2 A), -BlujA A= x2S
E3tete] BE #FEo] AAAA S BAFAT ARt +Bluj A o A
© nab2 wAA TE AR JAF FAEAAL] AyE Hl #HYIE S0t &
X oL, nab2 A7 S0t FAU =
a0 A¢ &dF AEA(full complementation)S WEFWH A TE. +B1H] #] o] A
rmnl¥ UAP56 324w Sz vlugtttd AAgst A wh, gz
w3 HustRes W F2Ye AV|7E Ak olgtm AL HFE&F FH
(partial complementation)S Xt SPCCI144204c A A= +Blul A of A
FEET I Hwstds W ZRYe AT Aoyt e AT HFRAS

AT

A WolAl SLN4eo| uA 123 (22 B), #1¢ ZA3et mrtbx=
-BlujAld = RS 283 e dFE0] AAHd HFAS HAF
o} SHA|TF SLN2 w9 th27 SLN4 5+ +Blulx 9] Szl A

G AFANEG wolx @om, AT/ AYEF YFFE HolPS W

oX,
=
BN
M
Lo
o
o
r>~1
o
ox
o3

Ol
o1
X
&2
O

A
o

o

At w3 Al EFHY A rmnl, UAP56, SPCC1442.04c 5% %A
T3 WSR-S w ZF2Y A7 zol7F §lv ¢S ARAS YEld =
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(A)

-Bl or +Bl1

'[ Pnmt ] nab2 [Tnml H/—-—

-B1: induced Unknown gene
+B1 : repressed

Viable

mutation

+B1

X

'[ Prmt I nab?2 ] Tnmt H
-B1:induced
+B1 : repressed

-B1: induced Unknown gene
+B1 : repressed

Unknown gene

Viable

lethal

(B)

transformation

+B1

X

'[ Pnmt I nab2 [ Tnmt H
-B1: induced
+B1 : repressed

DNA library
vector

Viable

Unknown gene
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O 1L FAAA EAWel A B fdA g A

(A) FAAAL Aol Al A, FAAA SAWAE WHs7] 9

nab2 A Qo TRREHE pmr TEEEHE XA, nmt TEEE

= -Bl #i Aol Fd2 FdS @43 o, vt ® +Bl #j Aol A Fd3
=

A A7l del= =Bl wiAolA 5 A%

N
)
off
ol
ol
o
o
X
r\j
i
re
g
o)
0,
2l
Ach
o
]
S
N
8
i
ox
D0
~
=
Ll
f
o
rr
Jo
)
_|>i
4
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(A)

-Bl +Bl1

Empty pRmN1l
vector

pUAPS56

(B-) -B1 +B1

Empty pRmnl
vector

pl442.04c

99 2 FAAA Bl Ae] 4us e
(A) SLN2 EdWdolAle] JrA 0243, (B) SLN4 S olAe] JrA
s A wAARE Qe A FR $AA mmnl, UAPSE
SPCCI442.04c7}  nab? A2 715S Anabes oA § W 8ela)

S8l DNA A gyon 35 2zt Az WEE o gate] ¥4

A3 Th empty vectoris A &, pNab2y A XL o2 AFE3FS

o,
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2. SPCC1442.04c(rmr]) A EAWe] FF2 A=z} Z4
A AW AE o] &3 FHA FHHoR AL A FiF

rmnl, UAP56, SPCCI1442.04c oA o}4 AAg 7]5o] AFEA &2
SPCC1442.04c (rmrl 2.2 WHW)FHAA9] 7|52 dolH izt ZAAE=HHol
(deletion mutant)E A 2sFATH 283 A). Spot-Assay HHS T 43t
AEZ w9 Fdg wA B LA rmr] FAA AAEAWO] A
rmrliurad®] BEE25 ¥ A3 YESHI A oF EMM#B| A RS0 A oA
Y Tt A S0 Aolrk fle AS IRl ATHE3 B). 24 =AW
ol Armrl:ura4®] mRNA export 2% oFE dolw7] 93 In situ
Hybridization 23S 283t A}. In situ Hybridization 23S mRNA
poly (4)" tail Fiol &Al(antibody)E ZAFAI712 A7} w= =2 3

E 29l FITC (fluorescein isothiocyanate)S H3anZd oz &3 o] A

kel

Y mRNA +¥x & Zlst= Aot 4575 EMM #l#| oA 204 3H
Tol mgste] A Y. 2 A oA mIIIAE AAEA™e] A
]_

Rkl
Ol

rmrliurad =3 mRNAZF AX HAA =24 &

Pt (zd 3 C).

)
ol
0%
2
r o
=

=
Z
>

FE
ol

export 44 S Hol= AL &
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(A)

EcoR | Hindill Byl Il Sacll
W1 SPCC1442 04c
! ] \ \\

L | \
ASPCC Ecolf | Hind A Bglll \ Sacll

1442.04c

(B)
WT
ASPCC
1442 04c
(€
WT
ASPCC1442 04c

Poly(A)+ DAPI
RNA (DNA)
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a9 3. AAEAH Armrliurad w59 A A A

(A) DJ-PCRS o]&3 ZAxdEAWMol A2 rmrlv+dA ORF %%

offt

flanking region °oFA F 2} s USHAl tal, wradtAAE B E A (selective

(

marker) = AFg&3te] A E
(B) 22 5o 52 Spot assay A3, ofAE HF AY217E HERTL

2 Abgste AA=dAwWol w5 Armrliurad®l RBFEEE W WSS

Fobge B AdEdveE Adsd

I

YES Hj A= 28T A 4Y st vjdstd o EMM WA= 28ColA 7¢
ot wjFsk Aol (C) ZAEAWo] F59 In situ Hybridization 2
I 9o A FAdEA kY dFE YERTLoR ALEERon 28T

EMM ®jA] ol A 20A13F &<k mjFet § 23S P83l
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3. SPCC1442.04c(rmr]) A #pe] #d Aol 52 A2y &4

UM AFAHRNAN rmrif AR AAFHAAE AEe] A= ofbFd
FEFS WA &= e FAsrAnt wEkA oWl rmrl FAAS] $d
Fol F7tstH el ojud JFE A EA dolry] g8 HAH FF
= A A3t Thiamineo] 93 A x4do| 7153 nmt TE2EE7F E9
A& pREP3X, pREP41X, pREP8IX Al &< WE(vector)E Zad 4

Yol AR&sEAH. pREP3X = 7HE 293 23S Hol= oY ZRZREE

l

AYar glew o] nmt ZTERES TATA boxel EdHolE do
pREP41X, pREP8IX o2 oFgt wd S yepdth o] A F7{<9 9y

o rmrl F+AAE F2Y(cloning)dtil, F2Y WEHZE ofgd #+Fo A

A

©

Al WHoz HEyd dwol 35 AT ofF AAFEE
stolstr] s a3 A +Bl wix ¢t -Bl ®iA] o] Spot-AssayS %3
4 A). T A nmt TEEE O A oA

A 2719 4Bl AN T vase

=
St
-E
uE

2
Sl

i

1t

=

N H
N

]_
T2 Bk AW amt TEREE 4oz AxF e
Ao Hdo] doju= -Bl A A= b AEe ZREEE A
pREP3X Al =3 wlgoA b Agk A% 43S B ow, pREP4X A
Z3 #WE ek pREPSIX A= #WE £ox A o A 23S At
o] 5 ol &g A% Aol mRNA export A= FFS WA =4
dolr 7] $38] In situ hybridization 23S eI Had 4B). 1 23}
+Bl wiAld A= dlz2aS 23d BE APdTo AE J mRNAZE 112
A Exs FA4H9 mRNA exportdgo] o]Fojx= ZHE Tl
-Bl wlAol A= mRNA7ZF n2A 22X e gEzas A9 vz
e AyaadA Axdrg 8 ¢kl mRNAZE U Eo 9 mRNA

3
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export A% sttt ZE2EE S A7[7F 7HE 7FE pREP3X Al =9
WA 7F Ak mRNA export A%te] Hgow FIHA7] Z2RHE

AW pREPAIX A3 wEel 714 oFgh A7) Z2REHE A pREP8IX

0.

Az M o WA oFe APl wFHAULh
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(A)

(B)

+B1 (repressed) -B1 (induced)
empty vector

pREP3X-
SPCC1442.04c

pREP41X-
SPCC1442.04c

PREPS1X-
SPCC1442.04c

empty vector

pREP3X-
SPCC1442.04c

pREP41X-
SPCC1442.04c

pREPS1X-
SPCC1442.04c R

Poly(A)+ DAPI Poly(A)+ DAPI
RNA (DNA) RNA (DNA)
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79 4. SPCC1442.04c(rmr]) 2 S o] o] £ 4]

(A) Spot assay A HId AFgS &l A FFe ¥WH pREP3X,
pREP41X, pREP8IXE A}&3ltt. o] WHELS nmt ZZEH=Z A3,
+Bl A A= A Hddo] A -Bl WA= FHx Hde] F
T, 3 pREP3X ¥WHo X2 RE 9 A7|7F 7H A Esly pREP41X,
pREPSIX £o = A|7]7} ¢falzith, #dd dxoe=ze Wl WMy E AMESH
Aomw +B1 wix] BT 28TeA 69 &<t vt & ##As A (B) In situ
Hybridization 23}, 919 A3 FLdstA ¥l ¥HE Yx2doz AL
omn Bl WA EF 28CelA 204

ri
O
-0,
jus)
-
o2
ot
Lo
11t
il
o
™
o2t
ol
ok
N
v
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4. SPCC1442.04c(rmrl) 73 A2 9] %] 54 (localization)

sok

AdEdHol s A& Fol ofFw
2 mRNA export 23S YEHE rmrl @ do AL Y YHS oy

7] 98] Ade APt o] A GFP(green fluorescent protein)=

of

WA A AR, AN A

o

ALg38ta Tk GFPYE all9te] Aequorea victoria o)A FZ&3 dala g 238
el olnlxAito g o] R EARF 269 kDa Z7]9 =49 ue= JPF o
Hdolnh, AxEy =24 S84 il i

FA (marker) 2 &8 & Utk F3 vt AE8e] thgFgk Fofol A

AN
dy] AEE 1 e 83 gl d o]t (Tsien RY. 1998).

=

DJ-PCR W o2 rmrl fAA C-dto| GFP-kan' FHAE A3
Tx2E AFtsta, deAzgdAdoer ofAFAY2UTHFANN rmrl FAA
Aol AQPstATHZES A). ©]F rmrl-GFP 7]H g g A o] gagury o
rmrle] AX U AXE FFAvAE B8 A A7, 9 kel A

Ae FAsATH(THS B).
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(A)

SPCC1442.04c-GFP

— G -

(B)

GFP DIC Merger

29 5. SPCC1442.04c(rmrl) S AA2e] $ ] +4
(A) rmr1-GFP:kan” 7% A2} DJ-PCR ®H & o] &3t rmrl-GFP +%
= AR o, EdWMole] MEEAZ kan FHAAE AFESAT kan S

FRAAQ] G418 H7HE wiAel A AFd = = & " B) 93

¢

m 7 #ZA3 600 A== FF(GFP)I F3HDIC)S 27 &Fsto] %

gH(Merger)$+t 2 3} o]t}
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rE

5. ol%F EdWo]l o] A& FA

rmrl SR i3] nab? A A 2 mRNA export Ao Fost= A
o2 4 mex67, rael, sac3 mlo3, dssl ALl FAA Aol
A=A dotry] 9af ol =dWeol(double mutant)E Al A8t th. o
ZdWole= FA9 2 EX(random  spore analysis; RSA) WS A}
sho] Azt F= AW VA R F(Armrl, Anab2 Amex67, rael-167,
sac3-3, Amlo3, Adss1)9t oAl 7FA 9] ol FE Aol S A Zsto] o] gt
Spot assayE A THLH 6).

I A olF EAdWolT T ArmridnabZi= YESWI A A Bt =9F A4S
T zpol7h HolA gFskovt, EMME Aol A Armr] RS 38 w21
Anab?2 B5 BT} 4u) wE AFETE BAY. ArmrlAmex67 °l% =
Mol = YESHIR| oA B Armrldt Amex679t 22 AHAEZE H
oy, EMMujA M += Amex67 2R 28] w29 Armrl RF9

2

32

rr

2o AFEEE BAY. ol EdAWol Armrirael-167 i+ YESH] X| 9
A F FRFY BT BT Fde AASEEE B oy, EMMH| A oA

=5 YA
Armrlsac3-3 ©l% EAWoldF+ YESHI A A B ArmriREth 454
g, BT sac3-SEUHE 24)

= 7 7HA Raseke] HEig Aol BEE A kv ArmriAmio3
olTEAM] TF= YESHIA oA B Armrl Rtub 3u] =g A vk &t
T Amlo3 Ru= 28] whE AAEEE B, EMMuI Ao A= Amlo3 5
5 BHu 28 =¥ AFEE=E YetlAY. ArmrlAdss] #FE YESHIA

oM WIS Armrl BUh 36 =@ AR A Adssl b= 2 AFEEE
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YES EMM

Armrl

Anab?2

Armrl, Anab?2

Amexb7

Armrl, Amex67

rael-167

Armrl rael-167

sac3-3

Armrl |, sac3-3

Amlo3

Armrl , Amlo3

Adssl

Armrl, Adssl
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Y 6. o]FEdMo] 9 Spot assay A EH| L.

A EAWNAE o] &3 A FANARRE DL rmrl Aol
st 2 FAAEHe] Fd4 AAAdE dolR 2 mRNA export 374
of #Aste= Fow H dHH AN FTFY FHA nabl mex67, rael,
sac3, mlo3, dssI®t ©ls EAWolE AZsAT. F du JHAY BT
Armrl, Anab2 Amex67, rael-167, sac3-53 Amlo5 AdssI®t oAl 7}x 2] 9]
T =AWl ArmriAnabZ, ArmriAmex67, Armrlrael-167, Armrlsac3-5, A
rmrIAmio5, ArmriAdssl © W3 Spot assayS 2 &3t 10°cells H-E
10'cellZbAl 1/10% A% s]Alste] F 5-fold2 A3, YES wjA <
EMM #j=x]el]l 28Tl A 4-9¢U &<t vidst & A&
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6. AIEX W Rmrl @ 2] #3528 4

ME WollAd Rmrl @23 mRNA exporto] #olst= @z Nab2,
3l

co-immunoprecipitation A ¥E& Pt olE fd Rmrl @A

|

Mex67, Rael, Mlo37} A= A3 285 = A etol 1 7| 2

C-termination ¢ %o TAP(Tandem Affinity Purification)s taggingslt$i
t}. TAP G#%+% Calmodulin binding peptides®t TEV Protease Z1&|iL
Protein A 2.2 FAF o om 714 v2%E o2 Protein A7F =& 53
7] wj&Fo] Protein A FAZ rmrl @M AS A 3ATE. nab2, mex67,
rael, mlo3 T &S N-termination 9] *l°l Triple-HAE taggingdlo] HA
AR AAGFAT. AAGE dFAG Y-S O AdAs 2 Yol
7] 8kt

oA & o A Nab2, Mex67, Rael, Mlo3 @A S WA 7 #+F5 hEL O
2 AFEEte] A9 Ay ATH (Y 7). L A3 Nab2, Mex67, Rael, Mlo3
@l d B5F Whole cell extract (WCE)dlA &= HA FAE &3 A=A

it

(297, 1-49, 9-129). Rmrl @& T3 Protein A FAZ E3] 7AH

(27, F4H3), Protein A A7) oA 2 (287, E5HT)
AN BAEHA g AR vlFo] BE A7 440 &4 yepd A

S 4 = YA AN IP o] Fol= thERTY RuEgs W RE AL
ol Al Background WHZ=1gto] ZHX ¥ AL F<ls}¢om
H), A3AH o2 In-vivoll A Rmrl¥ A3 &35 dde gojs 4= gl

et
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(A) WCE IP: I¢G

<— Mexb67p

a HA

gg <— Nab2p
a ProtA — - . . <— Rmr1-TAP

B
(5 WCE IP:1gG
9 011 12 I3 14 15 16
<«— Raelp
o HA
(_MIOSD

a ProtA <€— Rmrl1-TAP
(— —

19 7. rmrl-TAPE ©] €3 co-immuniprecipitation 2 .

(A) rmrl¥} nab2 =+ rmrl¥ mex67 9 2 2] immuniprecipitation 2 &
A3 (B) rmrl¥ rael =+ rmrl¥ mlo3 ¥4 o] immuniprecipitation 2
A3, ofA oA nab2, mex67, rael, mlo3 Ztzte] wral A S Wk A 7] F
F7F 2ol (E4HE), rmrl-TAPAl A Z+zhe] A e A7l +F
7F Aot A4 E). A nab2, mex67, rael, mlo32 HA A S o]
S3te] ZARFFF o @G E rmrle Protein A $AE o] &3te] A5

o,
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V. £9

Ao A nab2 HFAAL} A X Al(synthetic lethal) &
7o EdolA SLN29 SLN4(Park and Yoon. 2012)E ©]-&
sto] nap2et HEE AR FAAE EdeE ARS Fded. 1 A
nab2® 7S AR FAA rmnl, UAP56, SPCCI1442.04cE 7A'H 3R
too] Al FFe FAAEC]l EdWolAle FAAAL HHES FAEHH,
nab29 7| s& AEst=A oAl g H gl A (2™ 2) FAA rmnl
SPCC1442.04ce- 43k A RAS e oun UAPS6S F &4 FHAE
ER AT olel wet XA EAWelA e FAR dbd fdA
RAFE FHA rmnl®t SPCCI1442.04c ] &olr 7] £
d E=dwWolA SLN2¢t SLN4® rmni¥ SPCCI442.04c®) 3% ORFE
AdrA sk, 0 A3 SLN2¢F SLN4 =AW olA oA rmnl¥h
SPCCI1442.04c®] A2 EF Sd®ols HARA Fgow, FHdx &4
S B3 d2 A FTFY FHAA rmnl, UAP56, SPCC1442.04c2 nab?2 7)s

< 4 E3E T multi-copy suppressorQl Z o= e o

7 A g R

mlo

rmnl< RNA-binding proteinZ4] Ao Z5Hd {FHA= ofyAwt 3}
2 A] mRNA export 28-S YeEF ™, mRNA export factorel rael¥ 2
3 4 &(interaction)st= A o= &&#A  Uth(Ye-Seul Cho et al. 2012).
UAP56% ATP-dependent RNA helicase®] ™ A7l H4AHl {2 A}
(essential gene)e] 2 (Kim DU et al. 2010), mRNA export factor®! rael
¥} RNA-binding protein®l mio39} 3 2E&3t= Aoz dHA At
(Thakurta AG et al. 2005). SPCCI1442.04ce Fi4d Axg @z

.‘_4

(meiotic recombination protein)o. 2 FA ¥ ™ o} & 7x] A3 750l 4

3243 dmALe vre @ul ¢u). 2% mRNA export ¥A o] ¥}
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© rmnl 3 UAPS6 w37t §A #dx @40 ow A7 wi
of L Aol ME A FoRE FAHHM, old we} SPCCI442.04c %3
mRNA export Ao #FHoJdt 7}5Alo] 7] Wi  SPCCI1442.04c(rmrl)
of tia & o dolRux AdS Y3t

ANEAWo|Z o] &3 AFAY rmrl FAAE Ao DFHolx go
W, rmrl A2 Aol AE P, 87, mRNA export ¥4 5 42
ol obt FIAS MAA Fa kY FF4 A3} ZIIF S HE U=
AL A F A" 3). AR rmrl FAAL] HEE A AG L
mRNA export 23S Ao HASFAHIH 4). 71 AFEHd 22 H2HE

A9 pREP3X A z3g e A 714 A3 23S Hlon pREP4IX A
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rlr
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doolgon 4A 2AA5H A A

247 #HhE 7S FAT M5 dE A s

e 7heAdE EURE nab? FHAE X8 mRNA export ZHA el
oot Aoz Z I uA FF FAX mex67, rael, sac3 mlo3,
dss1® rmrl TAAFe] ol F = Aztste] FHA4 dAEdS &9
starzl St Th Spot assay A e fFFolAwE wjx|o] wE A
kol 7F ettt 1E 6). °o] A= olFEAWOIE e rmrl A}
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AL el ol @ G2 MAE AL g 5 k. AW v

T
2
gt

o] #FE AFIT uw AL3T ok TF AY2177F E@ YESH]| A RUh
EMMu| A Al = A b= 2@FS AYa oA, o5 #HA <
olFEAMol M E Ao wE AFEEZ oz yYed AL F

7bed R A

Jim
oX
L

t}

sl

39,

In-vivoell 1 Rmrl ©@¥do] mRNA export ¥# Nab2, Mex67, Rael,
Mlo3 @ au} A3 2@ sli=% 2ol 7] 93] co-immunoprecipitation 2 &

& Agsgont, ob

rﬂi
>
7
fo
2
o
(o
o
0,

= g9 F A (d 7). Rmrl w9
A& o4 7lwo] &Hx v gl7] wWitel A dExas 248+
t}. webA Immunoprecipitation 238 Z7A AA o] FA=Z A7 Yo A &
kS 7tsAlol gtk AW thE =& 7] AlE® TAP purify W
B o] Aol AETH W&ol A Zpol7f AA EHEA FRew, A
Ay =gk zpolrh gl 2T diE S R e ] fle A S 3HA)

= epitope tagoll o|3%t whul A o] A5 =}

14
o
o
:?L_‘l
N
)
olr
oX,
ftlo
2,
>,
et
+
%2,
v

ek Rmrl @ do] 43 4-§3sk=tl C-termination #¢17F 244 <

sttt C-termo| TAPS taggingd Rmrl-TAPCS 2+ olF = A Ay=
AA X Aol T3 v E a@i A s AEsts ool dAVE AFe
= A5dE 22 ARE devh weba ojHd FANES Bt Fgg
A Aas A7) 9&  Yeast two hyrid, Bimolecular fluorescence

complementation (Bifc), Fluorescence resonance energy transfer (FRET)

Sa o] Gude AEAES HAY = FrhHe AP AAY 2
840l 9l

rmrl A= nab? FRAAY} FAHAAE Hol= EAWMo|AE o] &3}
mRNA exportel]l #HEFH A= G2 FARA rmnl, UAPS6 <F &7 A5
AT nab2 FRAAE E3SF] mRNA exportel] #FHHEFHJ= Aoz <&
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Abstract

Isolation and analysis of a novel gene rmrl/

associated with mRNA export in fission yeast

Hyunjoo Lee
Department of Biology
Graduate School of

Sungshin Women’s University

We have previously isolated SLN2 and SLN4 mutants that show synthetic
lethality with the nabZ which have growth retardation only in the presence
of thiamine. By using these mutants, we have searched for genes that
could potentially have overlapping or complementary function with nabZ.
From SLN2 and SLN4 transformants with DNA library on EMM (+)
thiamine media, we selected plasmids that rescue the capacity to growth
defect in the presence of thiamine. Isolation and sequence analysis of the
plasmids revealed 3 genes that rmnl, UAP56 and SPCC 1442.04c(rmrl).
From among these, we focused on rmrl/ gene. The rmrl null mutant
showed ever no—growth defect but wild type strains transformed with
plasmid DNAs had growth retardation and RNA accumulation phenotype in
the nucleus according to the increase of gene expression levels. To further
study if rmrl gene associates with other mRNA export genes genetically,
we conducted growth test of double mutants but the obvious correlation
between rmrl gene and other genes involved in mRNA export pathway did
not found. And also Rmrl protein localized in nucleus at steady state but

Rmrl protein did not interaction with mRNA export proteins in vivo.



	Ⅰ.서론
	Ⅱ. 실험재료 및 방법
	1.실험재료
	1.1 균주 및 배지
	1.2. 플라스미드
	1.3. 재료 및 시약
	1.4. 프라이머

	2.실험방법
	2.1 E.coli의 형질전환
	2.2 S.pombe의 형질전환
	2.3. Spot assay
	2.4 In-situ hybridization
	2.5. Western blot
	2.6. Immunoprecipitation
	2.7. 합성치사 돌연변이체를 이용한 유전자 탐색 과정 및 방법
	2.8. DJ-PCR을 이용한 결실돌연변이 균주의 제작
	2.9. 재조합 벡터와 과발현 균주의 제작
	2.10. rmr1-GFP 균주제작 및 위치관찰
	2.11. RSA를 이용한 이중돌연변이 제작
	2.12. rmr1-TAP 균주의 제작
	2.13. Western blot 실험을 위한 재조합 벡터의 제작


	Ⅲ. 결과
	1. 합성치사 돌연변이체를 이용한 nab2 유전자와 연관성 있는 유전자 탐색
	2. rmr1 결실돌연변이 균주의 제작과 분석
	3. rmr1 유전자의 과발현 돌연변이 균주의 제작과 분석
	4. rmr1 유전자의 위치추적
	5. 이중 돌연변이 균주의 제작과 분석
	6. 세포 내 rmr1 단백질의 상호작용 분석

	Ⅳ. 토의


