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/

HJ

g9 BT

A ol

S}
H

B
==
03%1

<k 2
g

T
T

HIdagRA mRNA exportdl
o )

2016

o)
™



A o]

X 3}
b I =

32

T
T

Td8a2 T4 mRNA exportel
ol s Ty

AT

g

o

20154 11€

3
o)
I



N

20154 11€

()

()

SR

()

SRR




TREX (TRanscription and Export)$®t TREX-2+= ZHAF Al & (elongation),
mRNA 7} (processing) 2 oA HAEZZe mRNA WE(mRNA
export)ell #AstE @A EFJAE JA X HFHFHoE F RHEH
AT, B =R ELEREQ Schizosaccharomyces pombed] A TREX
¢ TREX-29] 740 g 2438& st TREXY TH8L F
shQl tho7 FHAE A4 (deletion)A 7 5 (Atho7)E B33 mRNA %
Zd A3 veuAot. 28y, tho? F31AE #3E (over-expression)Al
7 #F = A% 2 mRNA W&o AAF oA, T3, Hotde Al XA

-GFP @ Aol F=2 3 Yo EAsts RS FdstAv. A
TREX-29 7484 F 3ud cde3l F3AE A A0 FHAtol
7] wj&ol, Elo}¥l(thiamine)o.& ©d ZHo] 715 nmil ZHEFHO
cdc31 ORFE 2433ty FAHEANZ dFo cde3l FAAE ZAA
(deletion) A} A AAEAW ] #F(Acdc3)E AZ3A T Elopl e H7lsto
cdc319] FEE A E AFG mRNA W&o 2¢S B, gHoug
A7L3LA ol cde3l® HEHE FET ATde AFF mRNA HEo 2
S JetA &t =, cde3lE HRIAZ FFoAME AF H
mRNA W&o B3 oA

T EgANE 7Y AR AAAE S pombed] ©]FAEA (ortholog)E
(TREX: Thol, Tho2, Texl, Thob5, Tho7, Uapb56, Mlo3 %3 TREX-2:
Sac3, Thpl, Pci2 (Thpl paralog), Susl, Cdc31l, Rpnl5 5)3 mRNA %=
of #olste Al 7kA @A (Mex67, Rael, Rmrl) Alole] E84 Z353&

S Polr7] Y3t yeast two-hybrid (Y2H)$} co-immunoprecipitation

olr



(Co-IP)AES HPsATh. Y2H 4HAd ZAF TREX EFA A&
Uap56(AD)-Mlo3(BD), Mlo3(AD)-Uap56(BD), Tex1(AD)-Tho2(BD), Tho2
(AD)-Tex1(BD), Thol(AD)-Tex1(BD) %°] %A #HEE& HIoH,
TREX-2 &9 ¢ Susl(AD)-Sac3(BD), Rpnl5(AD)-Pci2(BD), Cdc31
(AD)-Pci2(BD), Sac3(AD)-Pci2(BD) %ol %A wg& wHYY. =3
Co-IP 4¥ <& 3 TREXY A% Thol-Thob5, Thol-Texl, Thol-Tho2 %
o B8y A3F}ES FAdddPen, TREX-29] 3$ Rmrl-Thpld E=
A 434S FA3A

ol9} & AFAFJEL TREXSY TREX-2 FAAAEY BEERR S

pombe?] o|FZFAEE @A EFAE FAHst] mRNA TS| #os)
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JAAPEANA FAR FFdE A YoA dojut=  AA}(transcription) @t
RNA 7} (processing), A AEZAZ° mRNA %= 23832 AlEZA
ANA dojutE W H(translation)® 2 o7 FFo] AZH dojdn
(Komili and Silver, 2008). & <tollA dojus FAX #d 7] dAl
= SAGA (Spt-Ada-Gcnb Acetyl-transferase), TREX (TRanscription
EXport), TREX-2 (TRanscription EXport 2), NPC (Nuclear Pore
Complex, ¥& EFA) T34 #Z2 duid EFA 9 1 ¥19 oz dWds
o] ottt

A M E2 A (nuclear envelope)2 A3 A EZZ Alojo] Ay HILS 3
B2 olF T3 HH} AxHAY EAH HAYUESES EHA, 7leFHe=E
BNt & YA TFOD (Transcription Factor IID, AA A<
90%°ll #o)et SAGA (AA #HAY 10%°] &)l o8] HALE 843
¥ 12 RNAPIO (RNA Poly- merase )] 93] mRNA AgAdo] o]FojA
TH(Garcia et al., 2012). SAGAE 4719 EE(HAT, DUB, TAF, SPT)# 21
Mol duld R ofFolx duly EjA ot HAT 253 DUB RE2 7
Zt HAT (Histone Acetyl Transferase) @43 histone H2B

deubiquitylation 84 & Zt=t}. olgd Fu] &L A ¥ Ut 2 ¥HF
HA F83 7|5 S 3h(Pascual et al, 2008). 3, SAGAE WA A
B 34| (pre-initiation complex, PIC)E ¥ A sl TREX-29 #35z&& 3

tHGarcia et al., 2012).
z7]e] WHEF mRNAE 7133 $Ed #93t= mRNA Z2F @93
9 =gor ALEo] mRNP (mRNA particle)® 343 (Tutucci and



Stutz, 2011; Klass et al, 2013). ZHAZ} APFHE= F AAL A%
(transcription elongation)® mRNA #Z&d] #o3tE= THO E&€A7 944
2 REAEY. &olaXQ Saccharomyces cerevisiae?] THO E3A<
Tho2, Hprl, Mftl, Thp2, Texl G EZ FA4FHo] o8 mRNA ¥E <
Al Sub2¢t Yralel @7 TREXE WY E HIAE FAdHChavez et
al., 2000; Strasser et al., 2002). Pre-mRNA¢°] THO E-3gH ¢} Sub27l WA
A3 T Yralo]l] E=t(Zenklusen et al., 2002; Abruzzi et al., 2004). L
o]%  Sub27t Yrale=®E EHHn 2 Agd Mex670] AT}
(Masuda et al., 2005 Zenklusen et al., 2001; Strasser et al., 2001;
Strasser et al., 2000). mRNA &% 9 ZE Q] Mex672 adapter T9 3
Yral®€ 3], =+ THO9 FA4 249 HprlE E3 mRNAd ZAg3sio).
Mex672 3 gduidae] AFAHQA A5 E&s Fo=H, dF EFAS
F3 mRNAE AXA=Z o] F A H(Gwizdek et al., 2006; Gwizdek et al,
2005). o] = BIAFAFAQ mRNPE AEXE=E HEHA 31, IFH2= 9
2% (exosome)ol| 938l B3| H}(Ana et al., 2010; Garcia et al., 2011).

TREX-2& 3 HFAe & &% wWel $X35tn, Thpl, Sac3, Cdc3l,
Susl 28|32 Dssl/Semle® F4FHo] Qth(Gallardo et al., 2003; Fischer
et al., 2004; Rodriguez et al., 2004). TREX-2%= mRNA & T3}
AFy HHPHoR F35AELS st (Lei et al, 2003; Gallardo et al., 2003;
Fischer et al.,, 2002). =3, SAGA® TREX-29] FE5Ho2 &A%< &9
29 Susle T3 F @¢¥fd EFA F5AE0] o] F oA (Rodriguez et
al., 2004). o8 A3 AL AA EHE FFAIIL EE%<2U mRNAY
AR} FES FE33HGovind et al., 2007; Pascual et al., 2008; Aguilera
et al., 2008).

B AP o e, EEE 72 Schizosaccharomyces pombeol 4] mRNA A%

o

o



WEo #olsts TREX ¥ TREX-2 ©9d B39 mRNA ¥E A
3] dotruat 3Gt} S. cerevisiaedl 2l TREXSY T4 229 Mftl¥
} & Al (homologue)l Tho7¢F TREX-29 #4249 Cdc3l d¥d S 43
= FAA9E 24 5 #2A NS 9, AT 2 mRNA #H=o] o
FFE AEA A7 e dotde AE W Tho? ©¥F 93]
g At ES, S pombe] TREX T4 ©@¥ & (Thol, Tho2, Thob,

i)

2,
<
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Tho7, Texl, Mlo3, Uap56 %), TREX-2 A w9 A(Sac3, Thpl, Pci2,
Cdc31, Susl, Rpnl5 %), mRNA #9W&<x(Mex67, Rael, Rmrl1)E Alo] 9

2o 35442 doluy] A% ATF FAHOE AW



1. 28 A5

B Agd A83 dFE 29 &2 S pombest FoF &AEQ S
cerevisigeo|™. AzxF FH2vE=E FEFE AT E colix TopldE ©] &3t
At AAG 5 52 #& Lo sty

AZ BY 71€3 FAsty BHL S pombe BF WHS Fudgd
(Alfa et al., 1993; Moreno et al., 1991). S. pombe= YES (Yeast Extract
with Supplements)®]l X ¢} EMM (Edinburgh Minimal Medium)®j A& 7] &
o7 AlgdFoen, FAAS] @ S pombeE: AEEr] Yt olgd, F
A, ek (225mg/L) T H7MES oo wE A7 H7bskth pREP
AEle] &g AAE st EMMylA o] 15 uM B o} (Sigma, US.A)E
A7Fst R Fhdete]ld AYZAY FAAE R EdWol AEE Hdtd
YES A4 100 pg/ml G418 (Duchefa, Netherlands)S 3 7}38F o},

S. cereivisiae= YPAD (Yeast extract peptone dextrose)djX| & 7]E o =
Algstg o, HAASTS @ S cerevisiaeE: AE3sL7] Y3 YNB (Yeast
Nitrogen Base)ol luecine, tryptophanes #€] 3t oln =2t 5S H7lste] A
23 WA E AL

E. colit LB (Luria-Bertan)®Wl A& 71222 At&3ter], LBHA

_4_



100 ng/ml %= <83 AH(Duchefa, Netherlands) =+ 200 ng/ml X2
A 2 Al (Invitrogen, U.S.A)S #H71s wiXdA JFAA3 @ E coliE A
gt WA Y AAT 2AHL F 2-49 YERRAL

Ay FF72 Azet7] 95ted pREP #E (Maundrell, 1993)% 143t
t. pREP WHE Holvloz 28 zdo] 7b5% nmtl TEEE, 2133

=
FA

OFAE nmtl TZEHE ZE= pREP3XS A HE oF3k AM7]e] EdwHol
nmt]l T2 REE Zt= pREP41X, pREPSIX WHE £ HFd A&3tdth

Mftl-GFP 7| 2 A (chimeric protein)& A &3}7] 913te] GFPs}
Kan" @A & ¢g3538lste HEES Ad pFA6a-GFP(S65T)-kan-MX6 HH
(Bahler et al., 1998)& A}-&3}5th.

tio

MeEl EX 72} (selective marker)E 7FA 1 At} 7 ZE3I A7) 9

Co-Immunoprecipitaion 2382 $3% TAP (Tandem Affinity Purification)
tagS &°]7] 93] Calmodulin binding peptides, TEV protease @ 9,
Protein A, Kan'& ¢333s= AES €AHWZE AU pFA6a-CBP 45X
protein A (TEV)-kanMX6 W EE Al&3% . HA taggingdl+ 3709 HA
epitope tag®t wrad A EXAE A pSLF273 ¥E (Forsburg, 1997)&
AF-&-3F AT

Yeast two-hybrid A#EE 939 pBluescript SK-, pGAD424/S,
pTLexA4/S 59 A 7}1#x #WEHE AL} v}, pBluescript SK- #®E &= 2
do] ojd T E2YE A HEHEAN Z2EHE JHAL A gon F



< Z71E0 kY FAL zZed A 84 Evdes Za JdE
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pGAD424/S ¥WE = WY E(frame)E %37 98] 719 pGAD42

Zt3 gich. DNA 2% =WdS 2t3 & pTLexA4/S WE = |
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pTLexA4/S WHE Aod A4 FA48 A4z gom, uvfx BE

A

(2

HE = T84z d9dd AJAY FdAE AYx .

13. A8 2 Al ¢

TFE L] 94 wiR] A Fe]  Invitrogen (U.S.A.), Gold bio
(U.S.A)), Sigma (US.A.), MP (Germany), BD (U.S.A.), Clontech (U.S.A.)
AFEe AHEsIAT. 984 DNA FF, PCR AAl, Gel elution kite
QIAGEN (Germany) A &S A}83l¥ 1 plasmid DNA minipreparation kit
= GeneAll (Korea) AES AE3H Y. RNA FZol = life technology
(US.A), Sigma (US.A) AFS A&ttt #3 4 DNA F$Z3 cDNA
TS 9389 TAKARA (Japan)®] Taq DNA polymerase, RTase
(Reverse Transcriptase)S AF239 . DNA, RNA A7|gFo HQ3d
Agarose®= MP (Germany) A F S ALE3d31 24 & A A a9
T4 ligase= NEB (UK. A|FE AR 2 9 A3 AEER Aof2

AP e



durzioz PCR ®go AEE Zztolw o GC H &2 40-60% A 2
AT Ag9 &S 3939 th 18-20 mere] Zolok HA &9 (0.02-0.025 1
M)Z Xenotech (Korea)o|l F& Alztete] Apgstdot. Zeko]lw = 50 1M
TER Fo AR em PCR ¥ Al 10 uMZE 3|4 3to] AMEst3th 4
Holl ALg-3 ZetolmE X 5.9 HFsAo.

21. AT FAAS (E. coli transformation)

AT d2AE8 AL CaCl, HHE ALY vH(Sambrook and

o

Russell, 2001). E. coli competent cell 100 ule} Az HAE 1 uld & &
A& 30% T 2#AS FH 42T A 12 heat shock, @&lA 1 & cold
shockeS 7}3tth. Competent cell 53¢ 10v]e] 3|Fst= 1 mle LB
AR S @i 37Co A 1A 7F F9F regenerationS A7l & LA A W)X 9

HEFs] 37CAA 1827 <o mlkatsdn.



[\]

2. 28 dAAS (Yeast transformation)

EE8%E S pombest Z°tAFE S cerevisiae® BRAMFL Lithium
acetate 'H S A}83 A H(Warbrick ef al.,, 1993). A& 71L& F22UE 9AA
v ol] FFst] 20T olAM ABufdste] 71 wiFEds A HA v F
F#F A 459 o]lA doublingS & F YEE FFE W Isgd. S
pombe¥ doubling timeo] 4A]ZrolEE  16-20A3+& WL g, S
cerevisiae= doubling time©] 30E°]EE 4A|7F ¢ 50 mle A A vjA
A e gFatel 7-8 x 10° cell/mle]l E=239E o AL AT I
ALE 94 B3 AAAES AASE Bdd SHFFE AFT H
LiAc/TE (100 mM LiAc pH75, 10 mM Tris-Cl pH7.0, 1 mM EDTA
pHS.0) ¥ 9] cell& Z9°] competent cellS A 23t th. competent cell 100
ulel d7d A3 A]Z DNA 1 upg, Salmon sperm DNA 25 pl (10 mg/ml,
Invitrogen), 50% PEG 300 ul& ¥3 4L 3 29T A 308 59 vl g3t
o}, 42Tl 1082 59 heat shocke 713 5 ALoAM 58 F¢ 2a F
44 293t PEGEES AU cell& TE (10 mM Tris-Cl pH7.0,
1 mM EDTA pH8.0) ¥} 100 ulell £33 A7 uAufA| o] =g3ste] 29T o
A 5 FF w3kt

l

2.3 S. pombe Genomic DNA isolation

DNeasy Plant Mini Kit (Qiagen)& A}-&3te] S. pombe® chromosomal



DNAE FE3do. AZHE AAS7] A% Al B kit 235 3
A ¢ol SCE buffer (50 mM Citrate/Phosphate pH 5.6, 40 mM EDTA,
1.2 M Sorbito)&Z Al&& 3+ 5 Spheroplast buffer (Zymolase 20T 2.5
mg/ml in SCE buffer) 1 ml& A gste] 37TColA g3ttt 302 &<
g3k 5 10% SDSE A3t AExHe AAE FAd ¥ kit9 protocol
= s394

2.4 S. pombe RNA isolation

Yeast two hybridization 2% A] 2% cDNA F24<S ¢34 RNA
isolationS dFFTh. 29T A 16-20A1ZF F<F 50 mle] AA wjx|dlA S.
pombeE Bl %dte] 7-8 x 10° cell/mld] E23g S of 28L& WPt r).

HFE AXE 94 288t WiAAdEe AAsty B2 SHT=E AHT

o} beads’} ©7 tubeZ &% t}. Mini-beadbeater (BioSpec)& ©]-&3l4 30
z4 3 ¥ W59 cells HEHo 94 EEstd FEFAS A A 15
ml tube® &Z th Chloroform 200 nlE& H7ista EE0] 4ojF F 38 3
Ao RAAT. 94 EE F RNA, @92 DNA9 3749 Fo= yd
FEAAM W e RNAZF 239 3 de A A 15 ml tube2 &
Isopropyl alcohol 500 ulE #H7Fst] 24 102 &< 2@ & A
st A45HL vzl RNA pelletS 75% ol&e= AHS a9 Al
& 3 ¥ DEPC #8 ¥ RNase free water 15 ulE& ¥ 1 RNA pellet&



£ o] RNAE isolationd} % o}
2.5 Spot assay

FAAEE EFH¥o TF Y S8 ORI vy HF ¥He
2 ARESR T 29T A 1-2¢ &<t 5 mle YES A wjx]elA w3t
§

g RE FF9 AE F£2 2 x 107 cell/ml TEE D3 ¥
=

58 A %E AEES 29T SHRTE AFAT A 1/10% 3Asto] B
SEE U] A A4 A WAl 48T FHA=E 5 Y Hol=F
. 22T, 28T, 34T9 2=A 4-5¢ Tt dYsteq AF £x25 #Fe
AT

2.6 In-Situ hybridization

29CelA 16-20A1ZF &<k 50mle] EMM A Hjx]oA] S. pombeE H| %
3t 7-8 x 10° cel/mldl =@IHAS W AL FIFHA 30%
formaldehyde 6 mlS H7}ste] 29C <lFHlolE oA 4587+ 1A (fixation)
ANAY. AR F wlx AEFH formaldehydeE A AL 03 M 8 4l9]
719 PBS vH = A X8t th. Spheroplast ¥ 1 ml& FH7F3 3 37T
Aol Eo] 458 FF siFeArt. 10% SDSE At AxHe] AA

gl 3 ¥ SCE HH= AHsI . 500 ule] SCE HHAZE cellS 9

s
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poly-D-glAl o2 zed &gol= o 2dEUtt. Celle £Eol=o 1
AA7)17] s ATAA 242 T 2B FH g2 @7k 20T A 24]
F ool E#ASAT. WEEoA SEol=E Aol ¥d ¥ 2X SSC H
2 AF3Y . 10 ul9 hybridization solutions F7FE 5 ABSH2E
o} 37Col Al overnight3lHth. A=A &glo]=& 2X SSCeo| 5% o4 &
7F ASHEE AAT F 2X SSCeoll 20% ¢ B@7F MFH3H L 37T
A 208 &< 28] MAS & 0.1% tritonX-100°0] H7t® 2X SSC WA= 5
2 7 AFHIE Y. Ao A E£8tol=E ¥d F fluorescin antidigoxigenin
antibody solution 10 ulE #H7}stx AW IE2E G 37CAA 1A &
oF vigFaldoh. AolA 2X SSCE 1587 23] AjFslm @d F DAPI

mounting medium 12 plE A7}t AvISH2E g1 LE A

[«

2.1 Yeast two hybridization

DNA Z% E=d<lg Zte pGAD424/S HE ¢ A &4 WS Z2te
pTLexA4/S WE F3528&s Hux ge FHAAY cDNAE 24 3
T d7144¥9 ZA (DNA sequencing)S &

5 3
EE PAAZIANZD S cerevisiae 140 TF = AEEo] A9 g7
S
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2.8 Western blot

29Cell 4 16-20A17F F<t 50 ml®] EMM A iAol A S. pombeE %
3te] 7-8 x 10° cel/mle] =23t gS W 4FS& AYP3Ach 44 23k
WA FdES AAG H stop WA lysis HHE 44 5 mi¥ AHd= A
2lsle] 23 A FH 3T} Protease inhibitorZ} #7F # lysis W3 30 pl=
celle £9°] beads’} 87 FEZ &Z Y. Mini-bead beater (BioSpec)& ©]
L3l 30% B9 cell& HXEZ H protease inhibitor7} H7} & lysis ¥ H
1 ml& ¥ voltexingdt At 4ToA 18 ¢ 94 83 & A} 15 ml
FEE &7 5 4TdA 108 < 94 2HE FIHHLE 8o AR
cell lysateE LAt T o] Zold & cell lysates} HIE} BT E o &S
o] H7}¢ 2X Laemmli sample ¥ ¥ (Bio-Rad)& 1:1 HE&=Z 43 10&
F 100TAA FBAG. 4ToA 102 ¢ 94 2IHE 8o A3
SDS-Polyacrylamide gel (6%, 12%, 15%)° loadings}t%th. 40Vel A 40%
¢ AU FES st @l Fo] dALNR L2 F dtu FUH R 120V
AA 1A T FAVIEES AT ArIFdEo] Ed FH 100VlA 1A%
&<t transferg 3t A @#W A} Alo]=Z w77t PVDF membrane (GE
healthcare) .2 o] 53 =2 3T 24 blocking HHEZ 1A7F &t
A2 & F blocking A2 A& 13 FAE A3 overnightdtAth,
E A3 o] A83 1% A= Rabbit anti ProtA antibody (SIGMA)® 7%
1:20,000, Mouse anti HA antibody (Cell signaling)®] 4% 1:1000¢] ®}&

3l
p s
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e
o
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ARt TNTX HHZ 584 33 AAE & | F T79 24 FAE
2% 1130002 3A3td 508 ¢ AsAt. TNTX W3 =2 534 33
A A& star ECL western blotting detection reagent (GE healthcare)E *
2} 38l Kodak image station 4000 MM PRO (US.A)E @9z W=
A 8k R .

g

2.9 Co-Immunoprecipitation

Az g2 F 71K @9 do] Z+Zt Protein A9 HAE taggingdte] A 2H3k
TFE 29CAA 16-20A17 &< 50 mle) EMM A sz oA 8] %34
7-8 x 10° cel/mld] =23 A& W A¥E AP Ak Western blot? &
A B S o] &3t gl Ho] FolglE cell lysateE o™ £ AFd

¢l 5 7}A] beadst protease inhibitor7} ¥3$HH lysis ¥ 2 33 A3 &
3 5§ AFE3A T HAE taggingdt w9 2 o] agarose beadsel] H|Eo]F o
A 3= backgroundE A AF Y] Y3 WHOZ Protein A/G

0

(o4
ol

I

e

PLUS-Agarose beads (Santa Cruz Biotechnology) 30 ul& % il rotatorell
7l A ATAA 1A 2 BHein. d4d&Ee & A3 AL A IgG
Sepharose 6 Fast Flow beads (GE healthcare) 50 ul& 43} rotatorel 7|
+ A 4ToAM A T BHAGAH. AAEY F AFdS AAs 2
beadsE lysis H¥Z 33 AH3AT. HEe HFEq@EEo] Hrld 2X
Laemmli sample ¥ ¥ (Bio-Rad)Z 50 pl¥x 108 =<k 100CdA &Y

o]% RE B3 & Western blot? 534 ARt
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210 5 A

2101 #2d Ao

—_—

tho73 cdc319] FEP AWl E Aty 913kl Hopvloz oy =
Aol 7153 pREP WEHE o] &3l% 2™ pREP HHd o3 AAT W&
‘1.2 Eg&v =’ 71<d9r. F4A DNAE FE34 tho7? cdc3l9
ORF (Open Reading Frame)E ¢333l:= A ¥<E& PCR (Polymerase
Chain Reaction)g ©] &3ty FFH3Hth. o] of, f-3A DNAO &A)3te=
AN ZEsE EFT 5 — 37 Iy Zgolve T4 =S XTFF 37
— 57 w39 =Zglolwd Z+Z} Xhol, BamHI ¢ A& A (restriction
enzyme) A ES HY3I Y. PCR A& pREP3X, 41X, 81X #HHE Xho
I3 BamHI 22 AZ23 AAZ H dAZ(igation)A A A=z dHE A2
St X E. coli transformationd B3t Ax3 #HEe] Ad 9 FZ & 3
[Tk dyAddol £FE LB 1A HANA A7 FERYAA ST2mE 9
& FEIFUY. F2Y AL AFEALAE ol §F HEUEA thorH
TR dold sjF3dt= DNA £ZHs &g & AY217 &5 3
AAgAT. FAlol gle EMM A oA wlgete LEUZ2E AHEAA

73 9t pREP WH7 34488 ¥4 d8AS A¥sqd.

o
ol

h
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2102 24 Edwo]

tho7 S AR} urad FAAE A8 AAEAW] #FF 47 93ty
DJ-PCR (Double Joint PCR, Yu et al, 2004) 7183 Al&39c. A HA
PCR ®bgolA Al 71¢] DNA 7% FE3 A urad FAXS tho7 4
Z}te] 57 franking region 1 kbell wred FAAe] 57 HFZo A Fol T3y

3o FEZ 3 DNA =7, 283 tho7 +3#9 3’ franking region 1
kboll ura4 F+AAL] 37 2 AN Qo] xFHA st FF3 DNA =48
TEZ3 T AAsIGo 449 245 3:1: 1 (ura4d F+3A : 57 franking
region : 3’ franking region)®] H|&E &3 F HA PCR 9&¢< 3%
il tho79l 5, 3’ franking region AFO]ol| ured FA A7} X3 ¥ linear
DNA =79 274 &S 4t Al 94 PCR ¥H&2 F ®A 9kgoA wE
AN AFEY FEHE At WP AT o]F A wEX linear DNA =
Z+E AY217° FAAEAA, FEbdo] Wl EMM A iAo FAAZ
AZE dAdY. o] F A Fo A A% Z3H(homologous recombination)
712& B3] tho7 §AAY knock-oute] dojd RE& PCRES %3] A3}
AT,

cde3l A 24 AWl B, cdc31e Ao A+
(essential gene)¥lo] &zA UU7] Wi T A= TS Uehie
pREP4IX @ cdc3l $#AAE Az

A i ZAEAHNE AZSGAT. wad FHA R kan” FH

A2 AP oernz, FAAIAE 47l 4 HddE ¥AE FATAA
G418°] H7td A HiAE AR S e AdedH vmA AAHLS 9o W
W SYstA HAAste] ZAEAHNE AR

|
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2.10.3 GFP tagging

D] PCR 7I¥& col&3dt tho7 XS T2 A= 3 franking
region Aboldl GFP-kan” +3AX A E& AYst linear DNA Z=7Z+& A 2}3}
Att. GFP-kan™ #+AA+= pFA6a-FGP(S65T)-kan-MX6 9 E (Bahler et
al, 1998)2 58 FZaste] A&ttt AZ3 linear DNA =Z+& AY217
o FRATFAL FFAZE 717S T3 tho? A A Z Tho?

gwde) CZud GFPE ¥¢ 7We wude gastse 4148 A8
X

2.10.4 TAP tagging

Ay
=
Y,
to
e
)
gl_g
o
4
N
i
2
2
9|L
pasa
&
»)
@]

=N
[aN
s
o
2
X
2
of4
rob

b
45X protein A (TEV)-kanMX6 HEHE ¢] &3 F2Y WHOLZ IFE A
Zretd ok WE o] ek A WEL 1.2 A=Y 7&s 9. thold
3"% ORF %% ¢ 1 kb thol F3A9 3’ franking region ¥ oF
1 kb2 PCR %Z3}4 pFA6a-CBP 4.5X protein A (TEV)-kanMX6 © € <
293 F ¥l 2 F2YE B3t AR AxF HHAA thol
ARl 3% ORF-CBP-TEV-ProtA::Kan'::thol #3x¢ 3’
franking region®. 2 ©]F o}z linear DNA ZZ}& ZEhdlo] AY217 ¥F9

thol §37 292 FEAZY 7122 & ABGRD. Sacd B e



TAP tagging®= 919 A3 FdsA ol Fejxen E HFH 29
Rmrl-CTAP #F£ 7]E°] A& HolJdd dFE AHE-sh.

2.10.5 HA tagging

Co-IP Agd Hag #FF AF37] st Y3t @l Fd o] N-2gd
triple HAS taggingstth. A HE A g HHOZ Triple
HA epitope tage A9 Z FH2¢ ORFE& pSLF273 #WH| &

3 % Thol-CTAP, Sac3-CTAP, Rmr1-CTAP @5 dZ A& A}
gado] gleE EMM ®iA oA FAASRAE Adso Co-IPd €83 T
A& skt
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F

1. ¥

Strains Genotype Source
972 h (wild type) Leupold (1970)
AY217 h leul-32 ura4-dI8 Yoon et al. (2000)
Amft] ::urad h leul-32 ura4-dI8 Amftl::urcd’ This study
217/3X-mftl h leul-32 ura4-dI18/pREP3X-mytl This study
217/41X-mftl h leul-32 ura4-dI18/pREP41X-mjftl This study
217/81X-mftl h leul-32 ura4-dI18/pREP81X-mjftl This study
217/3X h leul-32 ura4-di8/pREP3X This study
217/41X h leul-32 ura4-dI8/pREP41X This study
Mftl-GFP h leul-32 urad-d18 mftl-gfp::kan' This study
Acde3l:tkan' h leul-32 urad-d18 Acdc3l::kan'/pREP41X-cdc31 This study
217/3X-cdc31 h leul-32 ura4d-d18/pREP3X-cdc31 This study
217/41X~cdc31 h leul-32 ura4-dI18/pREP41X-cdc31 This study
217/81X-cdc31 h leul-32 ura4-d18/pREP81X-cdc3l This study
Hprl-CTAP/Tex1-HA  h leul-32 urad-dI18 hprl-TAP::kan'/pSLF273-texl This study
Hprl-CTAP/Tho2-HA  h leul-32 urad-di8 hprl-TAP::kan'/pSLF273-tho2 This study

_’|8_



F

1. ¥ (continued)

Strains

Genotype

Source

Hprl-CTAP/Thoc4-HA
Hpr1-CTAP/Thoc5-HA

Hpr1-CTAP/Mft1-HA

Hpr1-CTAP/Mex67-HA

Hpr1-CTAP/Rael-HA
Hpr1-CTAP/Mlo3-HA

Hpr1-CTAP/Uap56-HA

Sac3-CTAP/Susl-HA

Sac3-CTAP/Thpl-HA

Sac3-CTAP/Pci2-HA

Sac3-CTAP/Mex67-HA

Sac3-CTAP/Rael-HA
Sac3-CTAP/Mlo3-HA

Sac3-CTAP/Uapb6-HA

Rmrl-CTAP/pci2-HA

h leul-32 urad—-di8 hpri-TAP:
h leul-32 urad—-di8 hpri-TAP:
h leul-32 urad—-di8 hpri-TAP:
h leul-32 urad—-di8 hpri-TAP:
h leul-32 urad—-di8 hpri-TAP:
h leul-32 ura4-dI8 hpri-TAP:
h leul-32 urad-di8 hpri-TAP:
h leul-32 ura4-dI18 sac3-TAP:
h leul-32 ura4-dI18 sac3-TAP:
h leul-32 ura4-dI18 sac3-TAP:
h leul-32 ura4-d18 sac3-TAP:
h leul-32 ura4-d18 sac3-TAP:
h leul-32 ura4-d18 sac3-TAP:
h leul-32 ura4-d18 sac3-TAP:

skan”/pSLF273~-thoc4
tkan'/pSLF273-thocs
‘kan"/pSLF273-mft1
tkan'/pSLF273-mex67
tkan'/pSLF273-rael
tkan"/pSLF273-mlio3
tkan'/pSLF273-uap56
tkan’/pSLF273-susl
kan'/pSLF273-thpl
tkan’/pSLF273-pci2
tkan'/pSLF273-mex67
tkan'/pSLF273-rael
tkan'/pSLF273-mlo3
tkan'/pSLF273-uap56

h leul-32 ura4-dI8 rmrl-TAP: kan/pSLF273-pci2

This
This
This
This
This
This
This
This
This
This
This
This
This
This
This

study
study
study
study
study

study

study
study
study
study
study
study
study
study
study
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F

1. ¥ (continued)

Strains Genotype Source
217/Tex1-HA h leul-32 ura4d-d18/pSLF273-texl This study
217/Tho2-HA h leul-32 ura4d-d18/pSLF273-tho2 This study
217/Thoc5-HA h leul-32 ura4d-d18/pSLF273-thocs This study
217/Thpl-HA h leul-32 urad-dI18/pSLF273-thpl This study

L40

E. coli Topl0”’

MATa his30200 trpl1-901 leu2-3112 adeZ2
LYS::(4lexAop-HIS3) URA3::(8lexAop-LacZ) GALA

F- mcrA A(mrr-hsdRMS-mcrBC)
®R0lacZAM15 AlacX74 nupG recAl araD139
Alara-1euw)7697 galU galK rpsL(StrR) endAl

Vojtek et al. (1993)

Invitrogen(U.S.A)
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¥ 2. S. pombe WA ZA

YE (Yeast Extract) Medium

Yeast extract 5g/?
Dextrose 30 g/#
Agar 20 g/ ¥

YES (Yeast Extract + Supplements) Medium

Yeast extract 5g/¥
Dextrose 30 g/#
Supplements (Adenine, Leucine, Uracil) 56.25 mg/ ¥
Agar 20 g/ ¢
EMM (Edinburgh Minimal Medium)
Potassium hydrogen Phthalate 3g/¥
NazHPO4 2.2 g/ ¥
Ammonium chloride 5g/¥
Dextrose 20 g/ #
50X Salt 20 m¢/ ¢
1000X Vitamins 1 mt/#
10000X Minerals 0.1 m¢/ 2
Supplements (Adenine, Leucine, Uracil) 225 mg/ ¢
Agar 20 g/ #
ME (Malt Extract) Medium
Malt Extract 30g /¢

Agar 20g /4

_2‘|_



¥ 2. S. pombe ®]A ZA (continued)

20X Salt

MgCly-6H20 525 g/ ¥
CaClz-2H20 0.735 g/ ¢
Na;SO,4 2g/¢
KCl1 50 g/ 2

1000X Vitamin
Pantothenic acid 1g/#¢
Nicotinic acid 10 g/ 4
Inositol 10 g/ ¢
Biotin 10 mg/ ¢

10000X Mineral
Boric acid 5g/#
MnSOy 4 g/¥
ZnS04-7TH0 4 g/#
FeClz:6H20 2 g/¥
Molybdic acid 04 g/#
Citric acid 10 g/#
KI 1g/#
CuS0O4-5H20 04 g/#¢
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¥ 3. S. cerevisiae B1A %A

YPAD
Yeast extract 10 g/ 7
Peptone 20 g/ ¥
Glucose 20 g/ ¥
4X Adenine (3.6 g /4) 62.5 mb/ ¢
Agar 20 g/ #
SD-LW /-LWH
Yeast Nitrogen Base (Without Aminoacids) 6.7 g/ ¥
20X Dropout powder (-L,W / -L,W,H) 064 /062 g/ ¢
4X Adenine (36 g /2) 125 mt/ ¢
40% Glucose (200 g /350 mf) 50 mé/ ¢
Agar 20 g/ ¥
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¥ 3. S. cerevisiae WA ZA (continued)

X-—gal
Yeast Nitrogen Base (Without Aminoacids) 6.7 g/ ¥
20X Dropout powder (-L,W) 064 g/ ¢
4X Adenine (36 g /2¢) 125 mé/ ¢
40% Glucose 50 mé/ ¢
10X BU salt solution (pH 7.0) 100 m¢/ ¢
X-gal stock solution 4 mb/ 2
Agar 20 g/ #
10X BU salt solution (pH 7.0)

NaHPOy 70 g/ ¢
NaH>PO4 30 g/
X-gal stock solution

5-bromo-4-chloro-3-indolyl-[3-galactopyranoside
(X-gal) 2
N,N-dimethyl-formamide (DMF) 1 me
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¥ 4. E. coli WA =4

LB (Luria—Bertani) Medium

NaCl 10 g/ #
Tryptone 10 g/ ¢
Yeast extract 5g/¥
Agar 20 g/ ¥
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¥ 5 Zgoly

Primer name

Sequence (B’ — 3')

Ura-5D]
Ura—-3D]
Kan-5D]J
Kan-3D]
GFP-5D]
Mftl-1 (tho7)

Mft1-2 (tho7)

Mft1-3 (tho7)

Mftl-4 (tho7)
Mftl-5 (tho7)
Mft1-6 (tho7)
Mift1-7 (tho7)
Mft1-8 (tho7)
Mftl-11 (tho?7)

Mft1-12 (tho7)

Mft1-13 (tho7)
Mft1-14 (tho7)

Mft1-15 (tho7)

AGCTACAAATCCCACTGGCT
CATCTAATTTATTCTGTTCC
ACCCGGCCAGCGACATGG
AGTATCGAATCGACAGCAGT
AGTAAAGGAGAAGAACTTTT

GAAGAATCCACACAACGTTCCA
ACATATAGCCAGTGGGATTTGTAGCTAGTTA

AGCGCGATCGAATCGCCGT
GGTGTTGGAACAGAATAAATTAGATGAAGT

TCGACTCAATACAAGGCCAA
AGCTGATTAACATGTTCATCCA

CCACGTAGAGCTATCGAAGA
TGGGTAGAACGAGCTGTGAT
GCACTCGAGATGGAGGGTATGCTATAAAT
GCTGGATCCTTATTTGGCCTTGTATTGAG

CTACTGACTTAGCGCCCAACTA
GTTAATTAACCCGGGGATCCGTCGACCTTTG

GCCTTGTATTGAGTCGAACT
CGCTATACTGCTGCTGATTCGATACTATGTT

AAACAGTGAGTCCCACTGG
TATGTCAGAGACGGCGATTC
CCAGTGAAAAGTTCTTCTCCTTTACTTTTGG
CCTTGTATTGAGTCGAACT
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¥ 5. Zgo]H (Continued)

Cdc31-1
Cdc31-2

Cdc31-3

Cdc31-4
Cdc31-5
Cdc31-6
Cdc31-7
Cdc31-8
Sac3-7
Sac3-8

CTAGGAATAGTCCATACGAC

CTGGGCCTCCATGTCGCTGGCCGGGTAAATGT
GGTGGTAAACAGAACGTC
CGCTATACTGCTGTCGATTCGATACTATGGA
TGAAGCATAATGGAGAACA

GATGCTTACCAGGCACAGGA
CGAATCCGTCCTTAGCGAGT
GTCTTGCGATGTGTGTACGA
ACTCTCGAGATGTTTGCTAACGCACGGGCT
ACTGGATCCTTATGCTTCATCCATCATAAT
ATCCTCGAGATGGAAAAGCGGAATGAGACT
CGTTAGTGGATCCATTTGGT

Primers for cDNA cloning

Sac3-midSFor
Sac3-3Rev
ThoZ2-For
ThoZ2-Rev
cMft1-7 (ctho7)
cMft1-8 (ctho7)
Sub2-For (uapb6)
Sub2-Rev (uapb6)
Thpl Y2H For

ACCAAATGGATCCACTAACG
ACTGTCGACTTAATAAAAAGTTTCAACCTT
ACTGAGCTCATGACTTCGTTGCCAGAAAAG
ACTGTCGACTCATTGAATTTTTCTTCTTTT
ACTCTCGAGATGGAGGAGACGGCGATTCG
GCTGGATCCTTATTTGGCCTTGTATTGAG
ACTGAGCTCATGGCATCTGCTCAGGAGGAT
ACTGTCGACTTATGCATTCATGTATGAGCC
GTCGGATCCATGAACGACATTGAGACG
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¥ 5. Zgo]H (Continued)

Thpl Rev HA
Milo3-For
Mlo3-Rev
Texl-For
Tex1-Rev

Thpl-5For (pci2)
Thpl-3Rev (pci2)
Hprl-7 (thol)
Hprl-8 (thol)

GTCGTCGACTTAGACTGCATGTTTCAC
ACTGGATCCATGTCTATGGAATTAGATCAG
ACTGTCGACTTACTCCTTCTCATTTGATCC
ACTGAGCTCATGTGTGCTTCAGTTACAGAA
ACTGTCGACTTATAGCCCAAATATCTTAAG
ACTGTCGACATGAACGACATTGAGACGAGA
ACTGGATCCTTAGACTGCATGTTTCACTAT
GCACTCGAGATGGAGGTGCAAAAGGGTTT
GCTGGATCCTTATAATACAATTTCTCCAT

Primers for CTAP integration

Sac3 CTAP1
Sac3 CTAP2

Sac3 CTAP3
Sac3 CTAP4
Hprl CTAP1 (thol)
Hprl CTAP2 (thol)
Hprl CTAP3 (thol)
Hprl CTAP4 (thol)

AATGGATCCACTAACGGTAC
GTCTTAATTAAATAAAAAGTTTCAACCTTT
T

GTCGATATCTAATCCTTTTTACGATTACA

GTCCCGCGGCTTGCTAGCAATGTGGTACG
ATGCAGCTGGTTCTGCAATAC
GTCTTAATTAATAATACAATTTCTCCATCC
GTCGAGCTCTAATCATTAAATCAATTACAC
ATTCCGCGGTGAAGTCAGTTG

_28_



¥ 5. Zgo]H (Continued)

Primers for HA integration

Thoch HA 1
Thocb HA 2
Texl HA 1

Tex1l HA 2
Hprl HA 1

(thol)
Hprl HA 2

(thol)
Miftl HA 1

(tho7)
Miftl HA 2

(tho?)
Tho2 HA 1

Tho2-8
Tho2-10

Tho2 HA 2
Cdc31 For

HA
Cdc31 Rev

HA
Susl For HA

Susl Rev HA

Thpl For HA
Thpl Rev
HA
Pci2 For HA

Pci2 Rev HA

GTCGCGGCCGCATGACAGAAAATGCAATATC
GTCGTCGACTTACATGGAGGTAATGTTAT
GTCGCGGCCGCATGTGTGCTTCAGTTACAGA
GTCGTCGACTTATAGCCCAAATATCTTAA

GTCGCGGCCGCATGGAGGTGCAAAAGGGTTT

GTCGTCGACTTATAATACAATTTCTCCAT

GTCGCGGCCGCATGGAGGGTATGCTATAAAT

GTCGTCGACTTATTTGGCCTTGTATTGAG

GTCGCGGCCGCATGACTTCGTTGCCAGAAAA
TGAGCTATACTAGTTCCATC
CTGATGGAACTAGTATAGCT
GTCGTCGACTCATTGAATTTTTCTTCTTT

GTCGCGGCCGCATGTTTGCTAACGCACGGG

GTCGTCGACTTATGCTTCATCCATCAT

GTCGCGGCCGCATGTACGACCTCATATTTT
GTCGTCGACTTACATTTTATTCCCTCC
GTCGCGGCCGCATGAACGACATTGAGACGA

GTCGTCGACTTAGACTGCATGTTTCAC

GTCGCGGCCGCATGTCCTTAAATGACTTTC
GTCGTCGACTTATGCGTTAGCATGAAA
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I 6. 9

Chromosomal DNA isolation

50 mM Citrate acid, 50 mM Na;HPO,,

SCE (pH 5.6) .
1.2 M Sorbitol, 40 mM EDTA

Spheroplast buffer .
Zymolase 20T (25 mg/m¢) in SCE

Yeast transformation
: Lithium acetate (LiAc) method

10X LiAc 1 M Lithium Acetate pH 7.5
10X TE 01 M Tris-Cl pH 7.0, 0.01 M EDTA pH 8.0
50% PEG 509 Polyethylene glycol in 1X TE/LiAc

In situ hybridization

309 Paraformaldehyde, 0.5 mM NaOH in 1X
30% Formaldehyde

PBS
Spheroplast buffer Zymolase 100T (4 mg/100 m¢) in SCE
Hybridization 20X SSC, 50% Dextran sulfate, 2% BSA,
solution Vanadyl complex, tRNA (1 mg/m¢), Oligo dT50
Fluorescin 0.1 mM Tris pH 7.5, 3 mM NaCl, 2% BSA,
Antidigoxigenin Antidioxigenin (200 pg/m¢), 0.3% Triton X-100

DAPI mounting ]
) DAPI (1 mg/m¢) in Glycerol
medium
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¥ 6. 119 (Continued)

E. coli Cracking

2X Cracking buffer

0.2 M NaOH, 0.5% SDS, 20% Sucrose

Western blot analysis

Stop buffer

Lysis buffer

Protease inhibitors

Running buffer

Transfer buffer

TNTX

Blocking buffer

50 mM NaF, 10 mM NaNs in PBS

6 mM NazHPO4, 4 mM NaH2PO4,
1% NP-40, 150 mM NaCl, 50 mM NaF

Leupeptin (4 pg/m¢), 1 mM PMSF
0.1 mM NasVO, 1.3 mM benzamidine

25 mM Tris base, 192 mM Glycine, 1% SDS

25 mM Tris base, 192 mM Glycine, 20%
MeOH

50 mM Tris base pH7.5,
200 mM NaCl, 0.2% TritonX-100

5% Skimmed milk in TNTX
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m. 23

1. tho7

iy,
i~
il
re
rE
L,
4
N
M
1%

TREX® T8 84 F sl tho7 XS 7|5S Yolruz ZAEA
W o] (deletion mutant)E A 23t DJ-PCR 7I¥H & | &3l tho7 3=}
AR urad FAAE ABSFAHIE 1A). 24 EAW TF9 oA F
T A £ vud 43 F /HA 6lg 2Z(28T, 34T)oA BF
AZAdEAWo] #F9 A £x7t ofAF FFRY = Hu. £ 24 =4
ol AFe LM AR £27F g =dS FAs A 1B). tho?
TR 24 HAS W AF 8 olyZ mRNA W= 4TS A=A
ol 7] Y8 In situ hybridization 28L& F3IFAT}. oligo(dT)so-
digoxigening® ©]&3 mRNA9 poly(A)" e EAZFEZ A7 v},
anti-digoxigenin 12} @A} =4 FPF EZQ FITC (Fluorescein
isothiocyanate)©| tagging® 22 A E ZFAA FFAn 42 mRNAY
AHE At kY FFE mRNAZF AX AA(H, AEZ)d x
A BEXH Q) , 24 Ed¥olE mRNAV tiR® Axd=z A}
7FA &3k & o F S #FEAI}AU(ZE 1C). Spot assay
9} In situ hybridization 238 A3} tho7 84X ZA"H dFolA AF L
mRNA export 23& &3t At

o
Jurl
rE

[t

riN

N

$

i

»

o
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(A)

WT

Atho7::Urad

(B)

YES, 28°C YES, 34°C

WT

Atho7::Ura4
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(C)
EMM
- - -

Poly(A)* RNA DAPI (DNA)

a9 1. A2 EAW| Atho7::urad TF 9 AF3 ¥4

(A) DJ PCRE ©]83 24 Ed®o] Az FeAxd AAS T3 tho7
FAA AN urad FAAE AEF o™ tho7r 1Al 57, 37 franking
region IR FAA (B) thor 24 EdWole ofAY FF AY217
o A &% & vy Y3 spot assay 27, 4 TFE YES iR oA o]
E Tob Wi sden 28T(EH9 34T()olA Hwlgstdet. (C) tho7 22
EdWole ofdd TF AY217Y In situ hybridization A%, 24 #FE
EMM ®#j Aol A 16413t ¢k sjFd 5 49& Iy
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tho7 F+AAZF #4& HAS W AFF mRNA exportel] ol FFES 7
AEA dotR7] A EFE AFAT Eotrle o3 #d xdo] 7t
e nmt] Z2EEHE zZt1 A= pREP HH tho? #3d4E F24d3dth
pREP ¥ H 9 nmtl T25H A7|& 3X, 41X, 81X o2 #AiAdYg. &
23L& 3 371X 9 pREP WHE oy #F AY217°ﬂ FAAE sto
FE AFstRoen dxad A EHoldle]l HIFEA(+B1) ¥WiAIg H7FHX
XL (-Bl) viA| 9 spot assayE JASATHH 2A). Spot assay 2,
AA Q] tho7 A E@ele #HE e tho7 F3A7F FLAHGE
Rz dF9 AFEE FLdAT. ol 2ol tho7 AR FHEHo
Aol &S v HA FUA T mRNA LEols FFS v XeA Lolr
71 918 In situ hybridization 28 &

Aot FHsA dzEe TS RE AP ]/‘1 mRNA H&%ﬂ A
Hog doly mRNAZF AE AAd 2274 EXHAAYUE A& ERls4
=3

(

2 X M
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(A)

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

PREP3X-tho7

WS E S ® O & .
PREP81X-tho7 £ ® o o

(B)

+B1 (repressed) -B1 (induced)

- N .
-~
= 1
= 1

Poly(A)* DAPI Poly(A)* DAPI
RNA (DNA) RNA (DNA)
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a9 2. tho7 #¢d EQWo] &4

(A) tho7 328 Aol AR £=& vHusty] 93 Spot assay 2.
Z #5F& EMM +Bl1 wiAelA wj sttt 54 &<t 28ColA wj g 234
E YEATE ok E 5 AY2179] ¥l pREP3X WHE FAAES #FE5
NEzZo 2 AFESIG T (B) tho7 I2d EdWol9 In situ hybridization 2
3, Zt #5FE EMM +Bl1 HIXolA 1677 B¢ wWi¥d & AdL 1339
ok ZFE Spot assayoll AF&3 A} Z AT

3. Tho7 @92 2] £ %] 34 (localization)

Tho7 @¥idel AX Wl $1x FHE 98t GFP (Green Fluorescent
Protein) tagginge 3lg9t. GFPE =4 3% 9 slvg Aequorea
victoriadl A &3 Gl @2 A 238709 olvjxAtoz FAHT EAFL
269 kDaolth, #FAAREEH AE, &F, THF o2& dUddd AXdA
gdo] shed MES, BA AEE FoldA ®ol oM FE T
A FHY FAAY BE AEE dFste d A T3 AR Y9
A BE Al 540 il F 3ol tH(Phillips, 2001).

DJ PCR 7I¥$& ©]&3t9 tho7 FAAY 3  -&do| GFP-kan™ 3%
MEE& dZANZ linear DNAE A&E F(2¥ 3A), o4 E TF AY2179
FAAGAY. FFAEE AAE TIo FAAEEA dF9 tho? @43
of GFP7F Z%d 7idzl @ do] dHHIY. FFAr Pz #F3 2
3, tho7 @® Aol F2 3 o fAste RS FAstRAHTE 3B).
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(A)

Tho7-GFP

(B)

GFP DIC Merge

a9 3. Tho7 @M A9 94 F 3 (localization)

(A) Tho7-GFP construct A %. D] PCRE ol &3t tho7 AR 37 -
dhe] GFPE taggingdtfth o Wl HHEAZ kan” HFAAE A&

(B) Tho7-GFP $1A 7. ¥3dv 4 (X600)o.2 #HZA. F3F-GFP

(), F3F-DIG(F L), TF().
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4 cdc3] AA BAWo FF BA

TREX-29] #8884 F U<l cde3] §AAS 715& golrux A4
SAWOlE AFSAY. cde3] FAAS AR DAL FAA)7] HE
of Elo}xle] ]3] ¥Ho] 2EHE nmtl ZHEHE 713 #HE A pREP4IX
o cdc3] ORFE F24Y3td FAAIAZ dFolA @A cde3] 3
A5 AAANA EdWo] dF(Acdc3])E AZsA T DJ-PCR 7|HE& o] &
3+l cde3l FAA YA kan” FARE X BEFATH(LE 4A). Spot assay
A¥ A3, Holuld HUlste WHY cde3l FHA TS JAF B¢ A
F 27t a2l v =8ieH, Holdls HIsA %ot cde3l A
2 FEE FEY Aede AFd 2SS UEHA fdd(2" 4B).
cdc3] FRAAZF ZAHAE W A ¥ oly# mRNA ¥EFd%E IS 7
X ER gotr 7] 8] In situ hybridization 23S FFsAH(2d 40).
Eolwl-& HI7Me cde319] Td-S At w g B ol mRNA W=
o 2%& el MES Zojrt T H& Zof
Holdl & H78HA &ol cde3ld HdE =T F$ mRNA T 2AF

< YERA £

[«

)
P
tlo
L
RD#
ok
32
o

(A)

WT

[ cdc3T >
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(B)

/PREP41X-cdc31

PREP41X-cdc31
- Bl : induced
Bl : repressed

Acdc31:zkan® ) I

/PREP41X-cdc31/Acdc31:kan”

pPREP41X-cdc31
- Bl : induced
Bl : repressed
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(C)

-B1 (induced)

+B1 (repressed)

Empty vector

Acdc31:kanr

(D)

+B1 (repressed) -B1 (induced)

Empty vector

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

O 4. A4 EAWo| Acdc3l :ckan” 59 AFI B4

(A), (B) DJ PCRE o] &% 24 EdWo] A%} pREP41X-cdc3l €24
HEE ofBE TF FFAH A F AFAZYE #A8E FIA A
cde3l FAA £ kan” FAAZ XBIFAT. cde3l FAAY 57, 37
franking ¥¢+ ZU2 FAFAY (C) cdc3l AAEARWY AF &=
E v &sty] 1% Spot assay Z7. EMM +Bl1 #j X oA #jd3sleh. 54U
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EQ 28CellA wigd A2FHE YeEhddth o8 E #F AY217¢l pREP41X
HEE FAHINT FFE dETLE ALEITE (D) cde3l ZHAEAH
o] 9] In situ hybridization Z23. EMM #j X oA 16A17F &<k v s & 4
HE WA ATH HETFLS Spot assayl AFR3 AT U

lo

cde3] wRAAZ FEd HAL W AFI mRNA M=o o9l TS 7
A=A dotry] A% FFE AFsA. ElopHlo] o8 wH xHo] 7w
3 nmt] TE2EEE 2t Y= pREP ¥EH | cde3] FAAE F2YH .
ojg A &g pREP- cdc3l HHES oY oF AY2179] FAAZSA
ot i x% A +Bl WA -Bl # X Spot-assayE PR THE
5A). Spot assay 23}, Elojwlo] o3 HME Wl cde3l FAAY 2 FF
o #AAGle] BE AT #FY Y2 7579 AFEEE s F,
cdc3] w2 A Hdol FAoe FIFS HAA FUdvh. Spot-assay 23
ANX nmtl ZEEE O A7|¢t FRASA cde3] ALY FHLEHo] A
FIF= HAA g AL s wEA M AEI AV Z2EH
£ ZtE pREP3X #HHAA cde3l& FLEAZ FFWE A3 In situ
hybridization 23-& gt (¥ 5B). 273 A3 ¥F ZF mRNA
Zo] A4H o2 dojub mRNAZF AlE AA n2A &
gAY, EobvlE AR &ob WE Y cde3] wHA LA
=S A AEY ZolZl x| vigt Zoz RS #FFA

o
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(A)

+B1 (repressed) -B1 (induced)

(B)

+B1 (repressed) -B1 (induced)

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

g vetliglen ok &5 AY217¢] pREP4IX HHE FAAHS A2 HF
E dxdez AEIdET. B) ode3l HEE =AW
hybridization 23, @& EMM =Bl ®lX| A 16A17F &< gt & A
& Aok 2T spot assayol AHEE R FUsGT

L
)
2

g

6. Yeast two-hybrid (Y2H)

mRNA W&o #os= TREXS TREX-2 EZAY FAHIAEH
mRNA W& AAE Alol9 AEF}E&S dolr7] 93] yeast two-hybrid
AEE A3 AT. F 7HA EFAE FA45E ¢ FEF mRNA HE <
Atgo] g AAd HES & 7 AYsA. AE5FAEE A o
Z A2l cDNAE DNA A% = <A(BD)S

ZtE= pGAD424/S ¥WE ¢ AAL &4 ZUJ1(AD)S Zt+ pTLexA4/S ¥ E
Ztzy Z52493sta, o]g9 o4 FE DNA sequencingSZ & 30
Az AeEH} dxLdd ¥ HEHE S cerevisizge L40 FFo| F A &3}
8. F HEH AHEEAQ FAH} EHEH] gle SD-LW A =)

A AASE #FE A, AEE dF5 7, EHER, =
Eido] 1= SD-LWHS X-gal ZA|Ejxo A z2b wjgFste] F @
AsAg AgRE F3¥Y. TREX 7FA48429 ZA$  Uapds6(AD)-Mlo3
(BD), Mlo3(AD)-Uap56(BD), Tex1(AD)-Tho2(BD), Tho2(AD)-Tex1(BD),
Thol(AD)-Tex1(BD), TREX-2 TA4249 A$ Susl(AD)-Sac3(BD),
Rpnl5(AD)-Pci2(BD), Cdc31(AD)- Pci2(BD), Sac3(AD)-Pci2(BD)e] =%
o] AW BT FW, dETF AFdA Tho7(BD), Susl(BD),

- 44 -
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#F 7. mRNA %<& #osts gid

S. cerevisiae Human S. pombe
Hprl THOCI1 Thol
Tho2 THOCZ Tho?2
Mitl THOC7 Tho7
THO Thp2 - -
TREX - THOCS SPBC577.04 (Thob)
- THOC6 -
Tex1 THOC3 SPCCI18B5.10c (Tex1)
Yral ALY/REF Mio3
Sub2 UAP56 Uapb6
Sac3 GANP Sac3
Thpl PCID2 Th?l
Pci2
TREX-2 Cdc3l centrin 2 Cdc31
Susl ENY2 Susl
Dssl1/Seml DSS1 Rpnl5
Mex67 NXF1 Mex67
mRNA
o Gle2 Gle2 Rael
Rmrl Rmrl SPCC1442.04c (Rmrl)
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¥ 8. Yeast two-hybrid &

Inter- Inter-
AD- BD- action AD- BD- action

1 Thod Tho?2 38 Tho4 Thol

2 Tho4 Tho?2 39 Tho7 Thol

3 Thol Tho?2 40 Milo3 Thol

4 Tho7 Tho?2 41 Uap56 Thol

5 Milo3 Tho?2 42 Tex1 Thol

6 Uapb6 Tho?2 43 Pci2 Sac3

7 Tex1 Tho?2 0] 44 Cde31 Sac3

8 Thol Thob 45 Susl Sac3 0]
9 Thol Tho4 0] 46 Thob Tho7 (6]
10 Thol Tho7 0] 47 Tho4 Tho7 0
11 Thol Mlo3 48 Milo3 Tho7 0
12 Thol Uap56 49 Uap56 Tho7 0
13 Thol Tex1 0] 50 Tex1 Tho7 0
14 Sac3 Thol 0] 51 Thob Tho4 0
15 Sac3 Cdc31 0] 52 Thob Milo3

16 Sac3 Susl 0] 53 Thob Uap56

17 Tho7 Tho5 ! Thob Tex1

18 Tho7 Tho4 0] 55 Uap56 Milo3 0
19 Tho7 Mlo3 56 Pci2 Susl 0]
20 Tho7 Uapb6 57 Cdc31 Susl 0]
21 Tho7 Tex1 58 Cde31 Pci2 (6]
22 Tho4 Thob 59 Tho4 Mlo3
23 Mlo3 Thod 60 Tho4 Uapd6
24 Uapb6 Tho5 61 Tho4 Tex1
25 Tex1 Thod 62 Tex1 Milo3
26 Mio3 Uap56 0] 63 Tex1 Uapb6
27 Susl Thpl 64 Mlo3 Tho4d 0]
28 Susl Cdc31 O 65 Uap56 Tho4 O
29 Pci2 Cdc31 0] 66 Tex1 Tho4 0
30 Tho?2 Thob5 67 Milo3 Texl
31 Tho2 Tho4 0] 68 Uapb6 Tex1
32 Tho?2 Thol 69 Rpnl5 Susl @)
33 Tho2 Tho7 0] 70 Rpnlb Sac3
34 Tho?2 Mlo3 71 Rpnlb Pci2 (6]
35 Tho?2 Uap56 72 Rpnlb Cde31 (6]
36 Tho?2 Tex1 O 73 Susl Rpnlb O
37 Thod Thol 74 Sac3 Rpnlb O
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¥ 8. Yeast two-hybrid 2% (Continued)

Inter- Inter-
AD- BD- action AD- BD- action
(6] Pci2 Rpnl5 0] 112 Thob5 Mex67
76 Cdc31 Rpnl5 0] 113 Tho4 Mex67
77 Rael Tho?2 114 Thol Mex67
78 Rael Thob5 115 Tho7 Mex67
79 Rael Tho4 0] 116 Milo3 Mex67
80 Rael Thol 117 Uapd6 Mex67
81 Rael Tho7 O 118 Tex1 Mex67
82 Rael Mlo3 119 Susl Mex67
83 Rael Uap56 120 Sac3 Mex67
&4 Rael Tex1 121 Pci2 Mex67
85 Mex67 Tho?2 122 Cdc31 Mex67
86 Mex67 Tho5 123 Rpnl5 Mex67
87 Mex67 Tho4 0] 124 Rmrl Mex67
88 Mex67 Thol 125 Rmnl Mex67
89 Mex67 Tho7 126 Nab2 Mex67
90 Mex67 Mlo3 127 Rael Mex67
9 Mex67 Uapb6 128 Mex67 Mex67
92 Mex67 Tex1 129 Thpl Susl O
93 Tho2 Rael 0 130 Thpl Sac3
94 Thod Rael O 131 Thpl Cdc31 @)
95 Tho4 Rael 0] 132 Thpl Rpnlb 0
96 Thol Rael 0] 133 Susl Thpl
97 Tho7 Rael O 134 Sac3 Thpl
98 Mlo3 Rael 0] 135 Cdc31 Thpl
99 Uapb6 Rael O 136 Rpnl5 Thpl
100 Tex1 Rael 0] 137 Thol X
101 Susl Rael 0] 138 Sac3 X
102 Sac3 Rael O 139 Milo3 X
103 Pci2 Rael 0] 140 Pci2 X
104 Cdc31 Rael 0] 141 Susl X
105 Rpnld Rael 0] 142 Tho4 X
106 Rmrl Rael 0] 143 Thob X
107 Rmnl Rael 0] 144 Uapb6 X
108 Nab?2 Rael O 145 Tex1 X
109 Rael Rael 0] 146 Cdc31 X
110 Mex67 Rael 0] 147 Rpnl5 X
111 Tho? Mex67 148 X Tho4 0
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¥ 8. Yeast two-hybrid 2% (Continued)

Inter-

AD- BD- action
149 X Tho7 0]
150 X Susl 0]
151 X Uapb6
152 X Cdc31 0
153 X Sac3
154 X Mlo3
155 X Pci2
156 X Rael 0]
157 X Mex67
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Inter—

AD- BD- action

1 Tho5 Tho?2

2 Tho4 Tho2

3 Thol Tho2

4 Tho7 Tho2

5 Mlo3 Tho2

6 Uapb6 Tho?2

7 Tex1 Tho?2 O
8 Thol Thob

9 Thol Tho4 0O
10 Thol Tho7 0
11 Thol Mlo3

12 Thol Uapb6

13 Thol Tex1 O
14 Sac3 Thol O
15 Sac3 Cdc31 O
16 Sac3 Susl O
17 Tho7 Tho5

18 Tho7 Tho4 O
19 Tho'7 Mlo3

20 Tho7 Uap56

21 Tho'7 Tex1

22 Tho4 Thob

23 Mlo3 Tho5

24 | Uapd6 Tho5

X-gal

o €2 2% §9
8080

9 10 11 12
13 14 15 16

17 18 19 20 21
22 23 24
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Inter—

AD- BD- action

25 Tex1 Thob

26 Mlo3 Uap56 O
27 Susl Thpl

28 Susl Cdc31 O
29 Pci2 Cdc31 O
30 Tho2 Thob

31 Tho?2 Tho4 O
32 Tho?2 Thol

33 Tho?2 Tho7 O
34 Tho?2 Mlo3

35 Tho?2 Uapb6

36 Tho2 Tex1 O
37 Tho5 Thol

38 Tho4 Thol

39 Tho'7 Thol

40 Mlo3 Thol

41 Uapd6 Thol

42 Tex1 Thol

43 Pci2 Sac3

44 | Cdc31 Sac3

45 Susl Sac3 O

_5‘|_

30 31 32
34 35 36




Inter—

AD- BD- action

46 Thob Tho7 O
47 Tho4 Tho7 O
48 Mlo3 Tho7 O
49 | Uap36 Tho7 O
50 Tex1 Tho7 O
51 Thob Tho4 O
52 Thob Mlo3

53 Thob Uap56

54 Thob Tex1

55 Uapbh6 Mlo3 0]
56 Pci2 Susl O
57 | Cdc31 Susl O
58 | Cdc31 Pci2 O
59 Tho4 Mlo3

60 Tho4d Uapb6

61 Tho4d Tex1

62 Tex1 Mlo3

63 Tex1 Uap56

64 Mlo3 Tho4 O
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47 48 49
51 52 53




Inter—

AD- BD- action

65 Uapbh6 Tho4 0]
66 Tex1 Tho4 O
67 Mlo3 Tex1

68 Uapbh6 Tex1

69 Rpnlb Susl 0]
70 Rpnls Sac3

71 Rpnlb Pci2 0]
72 Rpnls Cdc31 0]
73 Susl Rpnl5 0]
74 Sac3 Rpnl5 0]
1 Pci2 Rpnl5 0]
76 | Cdc3l Rpnl5 O
7l Rael Tho?2

78 Rael Thob

79 Rael Tho4 O
80 Rael Thol

81 Rael Tho7 O
82 Rael Mlo3

83 Rael Uaps6

84 Rael Tex1
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81 82

79 80
83 84



Inter—

AD- BD- action

85 | Mex67 Tho?2

86 | Mex67 Thob

87 | Mex67 Tho4 O
88 | Mex67 Thol

89 | Mex67 Tho'7 O
90 | Mex67 Mlo3

91 | Mex67 Uapb6

92 | Mex67 Tex1

93 Tho?2 Rael O
M Tho5 Rael O
95 Tho4 Rael O
96 Thol Rael O
97 Tho'7 Rael O
98 Mlo3 Rael O
99 Uaph6 Rael 0]
100 | Texl Rael O
101 Susl Rael O
102 |  Sac3 Rael O
103 Pci2 Rael O
104 | Cdc31 Rael 0O
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8> 86 87 88
89 90 91 92

93
96

99
102

94 95
97 98

100 101

103 104 |\




Inter—

AD- BD- action
105 | Rpnl5 Rael 0]
106 | Rmrl Rael O
107 | Rmnl Rael O
108 | Nab2 Rael O
109 | Rael Rael O
110 | Mex67 Rael O
111 | Tho2 Mex67
112 | Thob Mex67
113 | Tho4d Mex67
114 | Thol Mex67
115| Tho7 Mex67
116 | Mlo3 Mex67
117 | Uapb6 Mex67
118 | Texl Mex67
119 | Susl Mex67
120 | Sac3 Mex67
121 Pci2 Mex67
122 | Cdc3l Mex67
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106 L
108 109 110

X-gal

¢35 8¢

111 112 113
114 115 116

117 118 119 @
120 121 122 RN



Inter—

AD- BD- action
123 | Rpnl5 Mex67
124 | Rmrl Mex67
125 Rmnl Mex67
126 | Nab2 Mex67
127| Rael Mex67
128 | Mex67 Mex67
129 Thpl Susl 0]
130 Thpl Sac3
131 | Thpl Cdc31 O
132 | Thpl Rpnl5 O
133 Susl Thpl
134 Sac3 Thpl
135 Cdc31 Thpl
136 | Rpnlb Thpl
137 | Thol X
138 Sac3 X
139 | Mlo3 X
140 Pci2 b:¢
141 | Susl X
142 | Tho4 X
143 | Tho5 X
144 | Uapb6 X
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124 125
126 127 128

129 130 131 132
133 134 135 136

137 138 139 140
141 142 143 144



Inter—

AD- BD- action
145 Texl b:¢
146 | Cdc3l X
147 | Rpnlb X
148 X Tho4 O
149 X Tho7 O
150 X Susl O
151 X Uaps6
152 X Cdc31 O
153 X Sac3
14 X Mlo3
155 X Pci2
156 X Rael O
157 X Mex67
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29 6. Yeast two-hybrid (Y2H)

Yeast two-hybrid 28 Z¥. F 719 ©9Fd Alole E7H AE5x8&S
dolry] 93 AFE APsAt. & 8o 7IEF Hie} o] F 15771A 9
Zgo2 APS APsP e 1-136& AP T, 137-157 iz A3
o AL 84 E=ddEs 2= pGAD424/S HE ¢ DNA A% WS ZH e
pTLexA4/S WEIE FAlo L40 TFo FZA A3t SD-LT, SD-LTH,
X-gal LA wjA oA wFe AHE YehiAT
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7. Co-Immunoprecipitation (Co-IP)

In-vivo)l Al mRNA #Zo| #AAseE @ F Alol9 EIH A5z Ls
ot 7] 93 Co-IP 48E& IH3Act ol& 93] TREX H3 A9 Thol
) A3 TREX-2 B¢A19] Sac3 @82, 281 mRNA 2Eo] #o3)
£ 22 FAHE Rmrl 99" C-2d $A ol TAP (Tandem
Affinity Purification) tags £o]i, TREX®} TREX-2¢9 FA AdAE=3

Y g N-gdo 9Xo] HA tage &% 7
e gudEo] FAHE #FE AT A 75 AF A G
APy ‘I, 2FAS 2 Wy 7)&E8%.

a9 714 Rol%o] TREXS Thol @23y Bz F5zxe&s i
@ "L Tho2, Texl, ThobZ < HJth. TREX-29 49 Sac3 @23
B A3 AL&LS gt 9 E L Rael, ThplZ FQAHJSW Thpl @9
mrl @@ B4 dsg £ FAFHAD.

fijo

i
o
=

1=
i)
A
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(A)

€3 <]
q\\(_,{i' %\)Q .@'30* \‘\C‘f ;jo? .,8'30’

Thotp. e e ot
Tety s

Thol-TAP/Texl-HA  Control

(Tex1l-HA)

(B)

] G
\2\\.6' ﬂ,‘f‘) \q’\g \‘\\(3' g)\)? \Qﬁq

Rmrlp - -
Thplp = = -
Rmrl-TAP/Thpl-HA  Control
(Thpl-HA)

\@do R ,83@(’ \\kd’ o X@Q(’
Tholp s v el
Tho?p [ .~

Control
(Tho2-HA)

Thol-TAP/Tho2-HA

€] &
\‘x@ gj\)Q ,336’ \';\(3' c,o.? \q'ﬁg

Sac3p: -

Raelp utdiibe— o

5ac3-TAP/Rael-HA Control

(Rael-HA)

19 7. Co-Immunoprecipitation

(A) TREX T4 84 Alol9 B4 Aszx8&s veld 2y 23,

G G
& e® @ (R @
Tholp s ot

ThoSp == — ==

—

Thol-TAP/ThoS-HA Control

(Tho5-HA)

G €]
\E\GI %\)Q \Qﬁq \“G' CJQ"? \Q@ﬁ)

Sac3p . -

Thplp e . -

5ac3-TAP/Thpl-HA Control

(Thp1-HA)

TREX-2 74 84 Ato]9 435x8& Vel 4% Z3. HA-tags ¢
Tex1, Tho2, Thob5, Thpl, Rael @ A7o] LHEHE= 55 YETORE
239tk WCE; whole cell extracts, Sup; supernatant, IP:IgG; eluents

from IgG beads. Thol-CTAP, Rmrl-CTAP, Sac3-CTAP w3z &
anti-Protein A 3 AE o8&ty HAE3}ReW, Texl-HA, Tho2-HA,
Tho5-HA, Thpl-HA, Rael-HA @A anti-HA ZAE o]l &3l AZE

B g
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V. £

HE AFodE EGERA mRNA exportel #ojste o@wld =23
TREX, TREX-2¢] W& 43L& <338t TREXS 74825 T 3hdl
tho7 fA#¢} TREX-29 #4824 F 34 cde3l §3AE 247 A4
TE #2d AMA AFFH mRNA B oud s 7XE A s
Rt

tho7 A= JEZC] 3/ Jom 2027) ofw|=2to
At 23.28 kDa, 57 % (isoelectric point, pl)©] pH4.48%1 =
ATh ol AL 20470 ofvli=Atow o] Fojx Aty AFH e THOCTD A 7%
o] =2t ¥l #-Al=(homology)+ 61%, 52 %=(identity)= 21% A =o]H,

A AEE 54 d90 A @ @iFd AA A Bt Al (Homo

r%\*“
S

sapiens), F (Mus musculus), Z32|(Drosophila melanogaster), 71T
(Xenopus laevis), ZLv}A % (Caenorhabditis elegans), Z°}8X(S. cerevisiae),
a8 EE3E(S. pombe)?l THOCT/Mftl @l Zd-& MEGA ZZI1%H-E A}
83t (Tamura et al., 2013), 7A%& 5 (neighbor-joining tree)& I HH, S.
pombe®] Tho7 @A %37 THOCTS 713 fAsg o, &ola R o]
Mftl®oh A, A3, Z2dE]le] THOC7# © #AESAtH(Koh and Yoon,
2014). tho7 w9 #LdLS A L mRNA W&o dFS XA &

o SHAI R tho7 +AAZF 24 € 4%, 443 mRNA W&o 22 vy
WATh EF, dolde AEA Tho?7 2ol 3 Yo 91X3tx Y= A
& a4 o3 e ZAELS Tho7 d¥do] 3 <te A mRNA ¥& 7
B A= AE AAMEH

cde3l FAAY A%, HEE A A 2 mRNA WZo 9Fe #AA
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FAAT MEo Bdo] FAAHoR dojuA gol kAP HT AE ZHolrt
Aol A& FFIAY. cde3lS B B dag A5 {7 dE
o HeojHlog @@ xdo] 7}53d pREP #E F
' pREP41X W E o] cdc3l FAAE 2435
A A DNA 249 cde3l +AAE AAS AAEAHE A& At o]
2A ARG dFE Cde3dl @¥do] FAHE ZAdAE AFF mRNA
e 23S UEA st AT Cde3l @9 dE Y Hd S dAsE
AdAE AEI mRNA H=o 23S detligien, 3Ed Ao FA
SHAl AlZ el ZHol7b dojl e #FFIAY. cde3lL S. cerevisiaie®] A
centrine]® AX & ZFHA FHAAZ €HA JddHMiron S. et dl,
2011). S. pombe? cdc31& FHLd T ZAAS AZ A9, AEY Zolzt
Aol e d4E B3 S cerevisiaed At TLdHF AX EE 7T g e
Aoz FFHEY. tho7® cdc3ls A, 323
A3 mRNA HE2 435 ddo AT o8 AIAE o] dFENA
A% A3 mRNA W& Alol9 d#do] AeE F5 & AUt
In-vivool A S, pombe®] TREX, TREX-2¢9 FALAE FAHE gz
Eo] M2 E4oz2 ZFT F deA, 282 o7 mRNA %HE UAA
A}o] o LS ol 1 7] Sk yeast two-hybrid ¢}
co-immunoprecipitation 28-S I ATt Y2H 24¥ Z 3, TREXY A ¢
Uap56(AD)-Mlo3(BD), MIlo3(AD)-Uapb56(BD), Tex1(AD)-Tho2(BD),
Tho2(AD)-Tex1(BD), Thol(AD)-Tex1(BD), TREX-2¢] 7% Susl(AD)-
Sac3(BD), Rpnl5(AD)-Pci2(BD), Cdc31(AD)-Pci2(BD), Sac3(AD)-Pci2
(BD)ol A FAdwtEg BT Uz A3 ZIA Tho7(BD), Susl(BD),
Rael(BD), Rpnl5(BD) 59 u] @u@izd 2 v A (AD)9 AT X
Bl FAAd HIS3, Laczd @& FE3AH. oldd s 49 23s

o pa)

O

BN

rﬂi‘
>,
A
i
n a
o
4
Cg‘:.l‘
rot
il

al



TREX #4849 Tho7 ©@¥d3 TREX-2 7482494 Susl, Rpnl5 &
2, 22832 mRNA WEUA2 Rael @ Aol AAE FAHIANZA F U+
71eg AAHeR Z3 de AE AT g Cde3l(BD)9F W1 ¥
H(AD)9 =l AE HIS3 §AA wde Yevx] EdAw LacZ &3
Aol HE S yeigt. AT EAHQ HAUES 2 d7E T3 & F
AAT cde3]= ZEEEH FH A3 wet HAALE FHIFANZ F e
Vs e ANz
T ogwE Alolo A3 ALS YolHE co-immunoprecipitation A E S
7402 FH8% . TREXS backboned #@3tE Thold} TREXES
A 784 Ato]l9 45283 Thol#d mRNA &R} Aol
o A&2g& ot A3} Thol-Tho5, Thol-Texl, Thol-Tho29 =4
A58 gelstg . TREX-29 backbonedl 3@ 3tE Sac3et TREX-2
FE U9x FAHLA Alolo A543 Sac39 mRNA W&+ Al
o]¢] A3 & LS LolE AF} Sac3-Rael, Sac3-Thple 34 A3 28S&
gelstdet. Ee, obd B2 A7t AAHA gkovt mRNA WEo #
o3t Ao FAHHE Rmrl® TREX, TREX-2, mRNA W &<1&} Ape] g
% A%, TREX-29 748249 Thpl# Rmrl Abo]9] 23
A AR LE eI olE F39 Rmrlel S pombed] AEE
TREX-2 7484 HE& TREX-29 Thpl#¢ Z3& F3 mRNA HEd
Ee FE AAYE F 7beAe AA¥H TREX-2 742419 Rpnls,
$ 3ol HZA o} Sac3etd Hw
g BA A7 tagging FAANE A
7b ek ek A el dojd wd #HAFoA folding SOl EAE
oL 7HsAdol gt o83 A $ Sac39t F dWAY A5 FES Yo}

B7] 34+ Rpnld, Cdc3le] C-Zdho] HA-tagS Eo 2HdS Az H

o



Co-IP 2 gl A}&3}

rir
0%
i
o
of
M
2
2l
o
f

e
i
+
X0,
o
Y,
o
v
ol

S Abol o] AT LS Yolry] 93 Y2HS Co-IP 28-S E3}o

g

3 A5FAE FAA AF7A EBHEHAA ¥ Thol-Tho2, Thol-Thob,
Sac3-Rael, Sac3-Pci2, Rpnl5-Pci2, Rmrl-Thpl, Cdc31-Pci29] M =& 77}
Az 28-S dotlAd.

R

_64_



2
k]
ri
r f

Komili S. and Silver P.A. 2009. Coupling and coordination in gene

expression processes: a systems biology view. Nat. Rev. Genet. 9, 38-48.

Garcia-Oliver E., Garcia—Molinero V. and Rodriguez-Navarro S. 2012.
mRNA export and gene expression: the SAGA-TREX-2 connection.
Biochimica et Biophysica Acta. 1819, 555-5605.

Pascual-Garcia P., Govind C.K., Queralt E., Cuenca-Bono B., Llopis A.,
Chavez S., Hinnebusch A.G. and Rodriguez-Navarro S. 2008. Susl is

recruited to coding regions and functions during transcription elongation in

association with SAGA and TREX2. Genes Dev. 22, 2811-2822.

Tutucci E. and Stutz F. 2011. Keeping mRNPs in check during assembly
and nuclear export. Nat Rev Mol Cell Biol 12, 377-384.

Klass D.M., Scheibe M., Butter F., Hogan G.J., Mann M. and Brown P.O.
2013. Quantitative proteomic analysis reveals concurrent RNA-protein
interactions and identifies new RNA-binding proteins in Saccharomyces

cerevisiae. Genome Res. 23, 1028-1038.

Chavez S., Beilharz T., Rondén A.G., Erdjument-Bromage H., Tempst P.,

Svejstrup J.Q., Lithgow T. and Aguilera A. 2000. A protein complex



containing Tho2, Hprl, Mftl and a novel protein, Thp2, connects
transcription elongation with mitotic recombination in Saccharomyces

cerevisiae. EMBO. 19, 5824-5834.

Strasser K. Masuda S., Mason P., Pfannstiel J., Oppizzi M,
Rodriguez-Navarro S., Rondén A.G., Aguilera A., Struhl K., Reed R. and
Hurt E. 2002. TREX is a conserved complex coupling transcription with
messenger RNA export. Nature. 417, 304-308.

Zenklusen D., Vinciguerra P.,, Wyss J.C. and Stutz F. 2002. Stable mRNP
formation and export require cotranscriptional recruitment of the mRNA

export factors Yralp and SubZp by Hprlp. Mol Cell Biol 22, 8241-8253.

Abruzzi K.C., Lacadie S. and Rosbash M. 2004. Biochemical analysis of
TREX complex recruitment to intronless and intron-containing yeast genes.

EMBO. 23, 2620-2631.

Masuda S., Das R., Cheng H., Hurt E.,, Dorman N. and Reed R. 2005.
Recruitment of the human TREX complex to mRNA during splicing. Genes
Dev. 19, 1512 - 1517.

Zenklusen D., Vinciguerra P., Strahm Y. and Stutz F. 2001. The yeast
hnRNP-Like proteins Yralp and YraZp participate in mRNA export through
interaction with Mex67p. Mol Cell. Biol 21, 4219 - 4232.



Strasser K. and Hurt E. 2001. Splicing factor SubZp is required for nuclear
mRNA export through its interaction with Yralp. Nature. 413, 648 - 652.

Strasser K. and Hurt E. 2000. Yralp, a conserved nuclear RNA-binding
protein, interacts directly with Mex67p and is required for mRNA export.
EMBO. 19, 410 - 420.

Gwizdek C., Iglesias N., Rodriguez M.S., Ossareh—-Nazari B., Hobeika M.,
Divita G., Stutz F. and Dargemont C. 2006. Ubiquitin—associated domain of

Mex67 synchronizes recruitment of the mRNA export machinery with
transcription. PNAS. 103, 16376 - 16381.

Gwizdek C., Hobeika M., Kus B., Ossareh-Nazari B., Dargemont C. and
Rodriguez M.S. 2005. The mRNA nuclear export factor Hprl is regulated
by Rsp5-mediated ubiquitylation. J. Biol. Chem. 280, 13401 - 13405.

Rondén A.G., Jimeno S. and Aguilera A. 2010. The interface between
transcription and mRNP export: From THO to THSC/TREX-2. Biochimica
et Biophysica Acta. 1799, 533-538.

Gallardo M., Luna R., Erdjument-Bromage H., Tempst P. and Aguilera A.
2003. NabZp and the Thplp - Sac3p complex functionally interact at the
interface between transcription and mRNA metabolism. J. Biol. Chem. 278,

24225 - 24232.



Fischer T., Rodriguez-Navarro S., Pereira G., Racz A., Schiebel E. and
Hurt E. 2004. Yeast centrin Cdc3l is linked to the nuclear mRNA export
machinery. Nat. Cell. Biol 6, 840-848.

Rodriguez-Navarro S., Fischer T., Luo M.J., Anttinez O., Brettschneider S.,
Lechner ]., Pérez-Ortin J.E., Reed R. and Hurt E. 2004. Susl, a functional
component of the SAGA histone acetylase complex and the nuclear

pore—associated mRNA export machinery. Cell. 9, 75-86.

Lei E.P, Stern C.A., Fahrenkrog B., Krebber H., Moy T.I., Aebi U. and
Silver P.A. 2003. Sac3 is an mRNA export factor that localizes to

cytoplasmic fibrils of nuclear pore complex. Mol Biol Cell. 14, 836 - 847.

Fischer T., Strasser K. Racz A., Rodriguez-Navarro S., Oppizzi M., Ihrig
P., Lechner J. and Hurt E. 2002. The mRNA exportmachinery requires the

novel Sac3p - Thplp complex to dock at the nucleoplasmic entrance of the

nuclear pores. EMBQO. 21, 5843 - 5852.

Govind CK., Zhang F. Qiu H. Hofmeyer K. and Hinnebusch A.G. 2007.
Gend promotes acetylation, eviction, and methylation of nucleosomes in

transcribed coding regions. Mol Cell 12, 31-42.

Gonzalez—Aguilera C., Tous C., Gémez-Gonzalez B., Huertas P., Luna R.
and Aguilera A. 2008. The THP1-SAC3-SUS1-CDC31 complex works In

transcription elongation-mRNA export preventing RNA-mediated genome



instability. Mol Biol Cell. 19, 4310-4318.

Alfa C., Fantes P., Hyams JS., McLeod M. and Warbrick E. 1993.
Experiments with Fission Yeast : A Laboratory Course Manual. Cold

Spring Harbor Laboratory Press.

Moreno S., Klar A. and Nurse P. 1991. Molecular genetic analysis of

fission yeast Schizosaccharomyces pombe. Methods Enzymol. 194, 795-823.

Maundrell K. 1993. Thiamine-repressible expression vectors pREP and
pRIP for fission yeast. Gene. 15, 127-30.

Bahler J.,, Wu J.Q., Longtine M.S., Shah N.G., McKenzie A., Steever A.B.,
Wach A., Philippsen P.and Pringle J.R. 1998. Heterologous modules for
efficient and versatile PCR-based gene targeting in Schizosaccharomyces

pombe. Yeast. 14, 943 - 951.

Forsburg S.L. and Sherman D.A. 1997. General purpose tagging vectors for
fission yeast. Gene. 191, 191-195.

Phillips G.J. 2001. Green fluorescent protein—a bright idea for the study of
bacterial protein localization. FEMS. 204, 9-18.

Miron S., Durand D., Chilom C., Pérez J. and Craescu C.T. 2011. Binding

of calcium, magnesium, and target peptides to Cdc31, the centrin of yeast



Saccharomyces cerevisiae. Biochemistry. 50, 6409-6422.

+3&4 rmrle] ¥ R

S R TFEE,

e
i
2
r
e

ol@F. 2015, ¥ E€EZENA mRNA %
sl i AT A AstE ekt

it

Eun-Jin Koh and Jin Ho Yoon. 2014. € &% A spThoc7 F2AY &A
Aol A 2 mRNA Exportel "X+ 9. Korean Journal of

Microbiology. 50, 249-253.



ABSTRACT

Study of multiprotein complexes

associated with mRNA export in fission yeast

Eunjin Koh
Department of Biology

Graduate School of Sungshin Women's University

TREX (TRanscription and Export) and TREX-2, evolutionally well
conserved multi-protein complexes, are involved in transcription
elongation, mRNA processing, and mRNA export out of the nucleus to
the cytoplasm. TREX and TREX-2 complexes in the fission yeast,
Schizosacchromyces pombe, are studied in this thesis. The Tho7 protein
is one of the TREX components and the Cdc31l protein is one of the
TREX-2 components. The tho7 null mutant showed both growth and
mRNA export defects. But tho7 over-expression mutant exhibited no
defects. And we found that Tho7-GFP localize mainly in the nucleus. On
the other hand, because cdc3! is an essential gene for viability, we
constructed the cdc3! null mutant transformed with pREP41X-cdc3l, in
which cdc31 is expressed under the control of nmtl promoter. Expression
of cdc31 in the pREP41X-cdc31 vector can be controlled by thiamine.

This null mutant displayed defects of growth and mRNA export when



cells were incubated in the presence of thiamine (the repression of cdc31
expression). However, this null mutant incubated in the absence of
thiamine (the induction of cdc31 expression) and over—expression mutant
of cdc3I indicated no defect of mRNA export.

To identify protein interaction, we conducted two experiments. Yeast
two-hybrid (Y2H) and co-immunoprecipitation (Co-IP) showed 12 protein
interactions: Uapb6-Mlo3, Tex1-Tho2, Thol-Texl, Thol-Tho5, Thol-
Tho2, Sac3-Susl, Sac3-Thpl, Sac3-Rael, Sac3-Pci2, Rpnl5-Pci2,
Cdc31-Pci2, Rmrl-Thpl. These results indicate that the S. pombe
orthologs of the components in TREX and TREXZ2 are physically

interacted with each others and also involved in mRNA export.
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