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FE

AEXFUIK. 76 EDTI/BMNLRDINSEAVNIETHY. EILHERTEF
HHAEL. TRTHOEREYMTIEEALERLTI/BESIZEL>TLSA., BZEY
[ZIXTFEELEWN, CORVNIEX IV VB ICEBRETIHRE BN S F
ELTEALTEY. RFICAEXFFUORITE AR EERYRL TR IEXFFUH
ERETHIENTES, TLT. BHIAVNVEIZHELIZAEXRF U, 268 70
TT7I—LYVRATLENLBIRMAV VBB OBEMELS=0 ., BN R
EEIZBVWTRERARTHD,

AEFFUBEBFICIE. AEFFUURY—LAVNNIEORMEELRFE. 10
HEOIEXFFUONEHRLEZR)AEXFFUOEGRFNFET . AIE L. 60S &
408 ZHERT DAV RY—LAVIYEEI—RFLTEY, BB (X, —EDEELH
RTCZBHOAEXRFUONFEEERTED, BRIFEN LIS R)AEFFUERTF
FE—Fav I B EBEFTHY. MBENRBEAN RICHEEZELTRKENIEXF
EHBEELTWSILETRELTWNS, DS BT FEYMNESRIND L, it
AEXFFUBRICEH>TITARI UV TEINT IVRY—LAVNIVEELUVIEXFFY
[ZREAT B,

BHAVINIBEADIEXFUESIE Bl (AEXFFUEHSIEER). B2 (AE+X
FUREBER).E3 (AEXFFUIAH—E) OWRT—FRIE (AEFFULRATL)
[Z&k>THEZ S (Pickart, 2001) (Figure 1), ZDHEFEEHKRXIE. AEFFD C X
WHDAILREDIEEIVINIERD Lys BED e TI/ENBELIAYRTF
FIEETHD, SBIC.AVNVEITAYRTFREELEZAEXFUAD Lys FEEL.
FLOAEXFFUORFAD C RKIFEDAILKRFIIILEMN, AEFFUORTLIZEKY
AIYRTFREERT S (Scheffner, 1995), CDHEE RIGEIRYIRT ZEICELT, H
DAEXFFoRnFHERIEL =R LE X FUHERRT 5,

El (&, ATP {KFMLET7T=ILIEZNHLT.El 2 FAD Cys ZFEEIEFTF
VM C Kif Gly BELOBTEIRILF—FAIRATIEEAL, AEXFUEE
M9 %, CORIGIE. PTS/BNTI/ 7L ILRNA EERTERESNIRIG
EFELL TS, AEXFFU%EMILT S El X, I RXTHOEREYT | BELL
FELELY,

RIZ.E2 X El I2&->TEBIESAEZAEFFUZE Cys BEICEIRILF—
FAIRTILEERELTRZITEY, BRAVNNVEBEARLFHASE D, - E2 (FH
BCAEFFUERBITAYRTFREEIEIREEMETHEMNTEDH, %<
DG4S E3 #hEELT 5B, BF Saccharomyces cerevisiae (2175 E2 (& 13 &
FELTHEY (Ubcl-13 DFTHEEEFIE Ubc3 & UbcY). ZDHD UbcY &



Ubcl2 [FHDIEERRFZE1E1L T HBERTH S, oI, Ubcl3 [FAEFFUHF
ND K63 RYIAEFFULZEE T HEETEEH D, —HRMIC. E2 (X E3 &DXIG
TETOHERERTLH. TOHAEHLEIEIBETHIEELELOITEWNGEND
b, F=. AEXFFUREIZENNT E2 & E3 ORELYEMNSENVELES
EEITHWMEELH D,

BlEHE.E3 (XFEHIELEAEXTFULEBAVNNVEOmMELHEIEL. &£ E
D Lys BEAIEXFFUODORITELEZMETIBRELTERT S, LIzA-T,
E3 (X2MEFICBEHIBRTHY . AIEXFUOBHREICE TIRVEELRFRLE
ME DTN TS, E3 FEEICEHKMEEL->THEY. . E2 BEMMTHLEHES
IDDEEMND HECT (homologous to E6-AP carboxyl terminus) &, RING (really
interesting new gene) BT KFITES (Figure 2), HECT & E3 (X, AEFXFFU%
E2 MbULyofzA HECT RFASVAD Cys BEICFAIRTILEEZNL TERHE.
BEEAVNVEIZRITEITEBRTHD, —A.RING B E3 [X.E2 hbaEFFY
FEEESIVNNVEICEHKZSE D, ZDEHEE. AIEXFUOBED Lys FREICSHS
[CAEXRFUMNEBEINTRIIEXFFUENEERIND,

NANELEEFEY ps3 (. EMEO—THAILR (HPV) BEEHBEARN T:E
VMR EEIND, TNIE, p53 EDAMIILRBIEFICa—RENhT- E6 22/ 08N
BAELT.pS3 DAEXRFULETOTT7Y—LIZKEDEERET DO THD,
E6 VN BEEERZELIBEIMBERDIVNIVEELTRIESN=FFHN
E6-AP (E6-associated protein : E6 $E&2/\VHE) THY.E6 & E6-AP MBS
BERII.E2 oA EXFFUORFERZITRY.pS3 #AHRUIAEFFUIET S
(Scheftner, et al., 1993), ZLT.E6-AP @ E3 ;EMHRBICWHEL C RinfEiE.
FBEBATLREINTEY . HECT FASUEEEN TS,

HECT RAAUIE AEFFULFAIRTILEEE T HAESMIE. B2 & H
fLEEEHEHF >TSS, HECT & E3 (X S. cerevisiae T 5 18 (Rsp5, Ufd4,
Toml, Hul4, Hul5). EFT 40 BLUEFELTEY. £D55. Neddd/Rsp5 T73!)—
X N RIGICUVIBEZHEETD C2 FAMY FREAICEHBEIVN\VEEHES
B WW FALY KU, C KIfIZ HECT FAAL%EHD (Figure 1), S. cerevisiae
@ HECT # E3 OH T, Rsp5 [FME—DLEBEEFTHS,

HECT FAMU B BT 350 PI/BZRET. BICAEXFUVA—ED C X
IR El CHDOMN>THY. 3 EHED HECT RAS L, HECT-E2 & AEDIEEN S
M- TULVS (Huang et al., 1999; Ogunjimi et al., 2005; Verdecia et al., 2003),
HECT RASCRIZHFET DB AL Cys BEMNS BHIVNIBEAIEXFY
FEBIEIDICEELDIX, <MD B3 IZHBLTHLONDS, C RiFflHD 4 F
B® Phe BETHAHENSNTLVS (Salvat et al., 1998), LALEMS, E3 I



KBDAEFFUAYNRTFREE OMEMER . HFIC. R IEFFUHEEE D LS4
BTERITE2OMNE., FEAEHBMATFLIATIE,

RING 4V H—FRAL UL HECT FASVIZHCE 2 OAEXFFU)A—EH
BORAAVELTIRIBEN (Lorick et al., 1999), IREFXTIZ 60 FEFEHFHBZD
RING & E3 ARDOM2TWS, CORAUI(E Zn*" ZEALHEET, E2 #£AK
A ELTEIK, BERTHEET D RING & E3 ¢LT.N RIG7I/EBEDFEEIC
FOTAVNNVEDFMMNRESEWND N Kinl|TEK Ubrl (Xie et al., 2002)., /]y
AR TDARA NV E 5 (ERAD) TEIK Hrdl REMNENSNTULVS (Haynes et al.,
2002), —H.HEEAKEED RING B E3 ORIRMGHLDH SCF & APC/IC TH
%, SCF [THIREEHID G1/S EADFEITIC. APC/C (& M HEADHEITIZEC E3 TH
% (Murray, 2004), E£1=. APC/C 1Z# 12 EOYT1=yrhoBEIN, EFHEIERE
FTHD Cdc20 1> Cdhl ITHIFSNA THERHHBMRFEZIEXFF LTS
(Woodbury et al., 2007),

AEXRFUAESINE=AVROBERTOTTY—LIZKYRBEEINE D AT LXK,
HEAOFRELRIVNNIBEERRTHIEVNSIIVNIVEDREEEBICEETHDIE
MYTHE HEROBKRALGIRE. FIZ ISHEBBHOETOL T FIVEELREIZTR
BIZEH > TS, COVATLDEHBEL T, AEFFUICKBIEMRAVINIED
EERH . BEMIZAMZIVT KGBIHIENZEITLNS (Pickart, 2004), S. cerevisiae
[ZHEVT, AEXFFUILSNBIEMIV NV EED7<ED 1,000 FBEULIZERY,
ERVINTEDH 6 7D 1 1ZHT1=% (Pengetal., 2003),

AEXFULRFRHNICIELET 7 D Lys EBE (K6, K11, K27, K29, K33,
K48, K63) h'$pd, CNHTRTHD Lys HBEMS, RUILEXFUEAERKIZEHE
FTHIENTRETH D, (2. 48 BED Lys I ILR)1EXFFUHEHITRDE
BTHY. ZVNIBEDOREI—I—ELT,. T7%5H5E 26S TOTT7Y—LNDEH
DT FIVERED (Figure 3), A, 63 FEBHD Lys L TREBSNIZRIIEFF
VL. AU NNVE S RIZEFEE T DNA BB, TURY A= R TI/EEEE
FIEREAEN . SOICO T FIVEERE S ELRBIZBEEL TS,

—A.AEXFURSFRICEET SM0 Lys BEIZUDILERYIEXFY
FITOWTIX BIZIE K29 YU HER)AEFFUEN IV NV ERRIZERLT
WBHIER. K6 YOO BRAEFXFUOEHN IV N IERREICERLENWIELGEN
RBEINTWSEDD . TOEEMERZEHHMIITATHL. BF. IEFFY
XAV INIBEFRD Lys BED - TI/EEAIYRTFREETEHH., K. ErIF
DINJBED N KiiD o-FI/BEEAYRTFREES (N-terminal polyubiquitylation)
LTHRESTFILERKT HHHEML TS,

AEXRFUIE. AVNIBEE/AEFFURTHILICE>TEHR ARG T FIL

=



2755, BE. E/AEFFULLDERNRLAEICLE-TLSDIE. TURY A h—
DRIZBITHBE T, HBEELEDEL /G (LETE4—ONSURKR—E—) &)
Y= LIBERANGZETHIHBICEELTWNSIETH S, T-HIBERO/IMNEEHE
IZBITEERZBNTE ANV EDE/AEXFUIENDBETH A ENHALH
[Z%2>7= (De Craene et al., 2001),

E3 [2&o TSNz 2, 3 ERREWVRIEXFUEEZHETIRFELT,
E4 (AEFFUR)T—ERILRF) MNMRIESNTEI, HlIZIEL, Rsp5 [T ILDIK
JELT7I/BE/N—S7—+t Gapl ZRUIEFFIEL. T#E Rsps [TEEELT
L\% Bull & Bul2 MESI2ERELTUL (Helliwell et al., 2001), Gapl (&, #E#heh
DERBFENZLNEE B/AEXFUREZTTRBEEALENINS, LHL.
TUOBRZILAFTUDEIBERBENEELEE  RspS [TEOTRYIEFFUILE
2, BEEREANEEESNTHEINS (Figure 4), —DEE, Bull, Bul2 [ E4
ELTEE. Gapl DRYIAEFFUALLEEF{RET D (Soetens et al., 2001),

DUB (lR1EFFULER) (L. AEFFULBHSN-20 N\ VENLIEX
FUERBMIEATOTT7T—ETHY., AEXFFL - TOTTY—LRBRBRIZELWTEER
HIREIZEH>TIVS, DUB EHEATESHME—D HECT & E3 &L T Rsps ARe
SINTHY. S. cerevisiae [THWLVT 16 EHEET S DUB DI5, Ubp2 LEEELT
1Y% (Kee et al., 2005; Kee et al., 2006), £f=. COHEERIEIEFFUHERAS
VUEEHTD Rupl ZNALTEIY, Ubp2 & Rupl DHEEA(X. Rsp5 DEREMIZE
EX#5Z7%0\ (Renetal, 2007), 28 M DUB NEFEHEITHIEIE, AEFFEIZEK
HEREEHNAUFMADODEEM THAEEFRRELTLVS, LML, ZOEY
FHREEDEIIRERATHS,

— eI, MREARNICERLEERERU VB QNB#EIZIX, 2EXFL -0
TT7IV—LORTLENLIZEBEIVNNVBEDHETHRIRE. P FvROVITLD
TEETIBRBIFEET S, T TE—ETIE. ANVATELLEESV/\VED
EEREIZEBL. RspS NE—rav i3V n\OBRE. B FovROVELTHEE
FTHRARLRAU RO B DO FRBHIHHEEICDONTETLI=, TEEZFETIX. Rsp5
BEFADIUALERBEAICKY, SESFLGRMNAMEERLSELIEER
RspS #EBL. BEEAV/N\VEEECHIANIEBT HHEEDHEAEBEEL,



E3 (Rspb)

809 (aa)

ww

Figure 1 Modes of regulating or modulating the catalytic activities of C2-WW-HECT Rsp5. Rsp5 appears to be constitutively
active and can be charged with ubiquitin in the presence of only ATP, E1 enzyme, and an appropriate E2 enzyme. The arrow
indicates ubiquitin transfer (a transthiolation reaction) from the E2 active-site cysteine to the E3 active-site cysteine.



HECT E3 Ring E3

Figure 2 There are two main classes of E3 ubiquitin ligases, known as HECT and RING E3s. HECT E3 participates directly in
the chemistry of ubiquitin conjugation by forming a covalent thioester intermediate with ubiquitin at an active site cysteine
residue within the HECT domain, whereas RING E3 appears to function as docking surfaces for activated E2 and target protein.



Ub
Ub
Ub
Ub

Monoubigquitination Polyubiquitination

Figure 3 Ubiquitin contains seven lysine residues (K6, K11, K27, K29, K33, K48, K63) that can potentially serve as acceptor
sites for additional ubiquitin molecules to form polyubiquitin chains. K48-linked polyubiquitin chains are the primary signals for
targeting to the 26S proteasome, whereas monoubiquitination and some other forms of polyubiquitin chains appear to mediate
alternative functions. K63-linked chains serve non-proteolytic functions in DNA repair pathways, kinase activation, and receptor
endocytosis, although they may also be capable of proteasome targeting.



plasma
membrane

\vacuole R5p5/

Figure 4 The addition of ammonium ions to yeast cells growing on L-proline as the sole nitrogen source induces rapid
inactivation and degradation of the general amino acid permease Gapl through a process requiring Rsp5.
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F1E Rsps [ZKDARARRAV /B D FKRFIEHE

1-1. #%E

ML, FRAGIRIBEAN R (BB, BE. F21&. ZEE. pH. T4/ —IL . 5&
BE) ITRELT. HhEABREBEIRT AEBLHA TS, LMLELNS, BEGAN
ATTEHZLOMBRIVNIVBITEML., EEGEBELHEENEGHON: TEE
AUNYE ] ELTERT L6, MBIEHENT A—CFZ (T TERHEE LR
RESIFELTLED,

—fEEIIC. MIBERICERBLEEERAVONVBEONIEBE#EBICIX. THER] &
MEERI NEELTVS, 7BRDZE. EREYTIE. BBV NVEFIEL
FUORTLICES>THMEGDIEFFUAMTMEN, KL 268 TOTT7Y—L
THEEND, T BERDEER. 7 FvROVELTHEET SR REU/NY
BAEREIVNVBEERBL. )V IA— I TAV T THIETIEREGRAVINGEANLE
BT5, T T . HRIIEEFEMDETILELT. F-REBEERDEEICEVWTEE
7B Saccharomyces cerevisiae Z#M#HI. BB OFHLOAN XM tEHEEE T
LT&Y (Morita et al., 2003; Hoshikawa et al., 2003; Nomura & Takagi, 2004), /D
BoN-MRZEABBOBEREICHRATSICELBIELTWS, ARETIEH. AL
ATHELHEEIV/N\VEDOBRM - NEHE (1EE-2) 1595, 2EFFY
ATLDF—I AL, AEFFUUH—E Rsps DOFLLVBEREZFEMT L=,

MAIETI/B7 AT DRMICES>T E—Fav RN RIZEBT BIFE
DH A—T%% (15 (Ananthan et al., 1986; Hightower et al., 1980), A2 DEHE
FFOTTHATEFOU2-AILKRUEE (AZC) I, iESV /N VBEEROEIZTO
DUEBRBLTRYRAFEN ERFV/N\VBEZTERMSE S (Trotter et al., 2001; Trotter
et al., 2002), ZD1=H. BHFIZENTH AZC [CX->TEB-ERBLEEEL /Y
B EFHEECHEEESIEEIT, RLIIGHERIE. B OHEICHS LT
HF2Z S (Mizzen & Welch, 1988; Yokota et al., 2000),

CNETIZTERIET.AZC ITH L TERREEZRIEEKREZELT:
(Hoshikawa et al., 2003), CDZEE#¥TIL, BH D HECT (homologous to E6-AP
carboxyl terminus) # E3 O— DT . EBIZTHATHDHIEFF)HA—E Rsps
DEEFIZEENELTWV =, EREYDIV/N\VEREEEHEBICES Y51
FFUOURTLIZBEWT, AEXFFUOUA—F XA TR EICG =4V /\VE
(BE) 2228 2EXFUILEITHOEELGEERTH D, BBHSN TES RspsS O
BEIXZ<  BEHREEREDIVRFHA/h— X (Vandenbol et al., 1987; Galan et al., 1996;
Springael & André), REITU Y —LIZETS Multivesicular body (MVB) D
i% (Katzmann et al.,, 2004), RNA RUAZ—+ 11 OFEMERE (Huibregtse et al.,
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1997), BFDRBPFKIF (Kanda, 1996), ERERETR FDE ML (Hoppe et al,
2000), /MEE{RESESSE (ERAD) (Haynes et al., 2002) HEMNEITHND, ZDT=
&.Rsp5 DHIBBHNBESIIEBERE. MMIEKIE, TUFY—LJE,. /LUK, SR
UR)T  HRRBICETRAISENHLN TS, LMLGNS, SRT+—ILREDT
VIF—ILMELE-BE R /OB OZIRMGERHEONIE (B85 -26F) ICBET LA
RIFIFEAERGL, £f=. Rsp5 DRFHEMLGHEELLT.N RinflITHEED) VS
BLERT D C2 AV EFIVNVELEET S WW FASE C Rimfillc
BB Z BT HECT FAMUNEEL TS,

Rsp5 ZE# (rsp5™'") ICEITRZEREIE. BHFV VB EERTE WW3
FASVAD Alad01 A Glu ITEHLTEY (Figure 5). /A—37—+t Gapl H
EXFoiSnd [CHRE L TEREISEEZHTFIT -0, BEID AZC AR
[SRALTHRERZMIZHEAZEMNHIBALT- (Dunn & Hicke, 2001; Shcherbik et al.,
2002), FE=ERRNCEIT, CORERKITHBRIVNIEDIRTA =TT
FFEL.EEBIVNVBETERTHLILBAN R (iR T2/—IL AR VILE
F—IL BBV F O L, Blavy BERIEKFR. PI/B7FOJEE) ITRHLTHE
LULVEZ %R LT (Hoshikawa et al., 2003) (Figure 6), Lo DEER A S, Rsp5 D
FLWVREIELT. RV RATHLSEEAVNVBENBADE SN REINT-, Z2
T Figure 7 12, EAHAIRIBLTWSETILELT, rsp5™*'F DAL RBEZHE AL
AL FIZHBADEEERLz, FEKTIE. ANV RIZE>THIBBRO 22 /82
BONEMLTEEIVNVENERT HE RspS [TE>TAEFRFlLEh, EPH
[27OF7V—LOKBTHMEINGEEZDND, — A, rsp5™'F TlX. BFLKE
BEAVNJBEDIEXFURIZRBRL. TOERDMEINT ICHIRRRNIZERE T 5120,
A B TELLLGo-AIREMENEZ N D,

—HREIZ, RFLRIZESDTELBRE SV /INIEOIRTA—I T4 T BN
VEDERIL. MRRICESTHRINGHETH Do KITHLHRART-KIIT TDREREL
LTIE. AEXFFo - TATT7YV—LVRTLENLIEZEEIVINVBEDORRRE. B
FoAROVELTHEET RN RAVINGBEMN  SRTA—ILTAV TRV INYE%
BETH.2 BYDHEISHEIEBENMEAONTINS, T T . HLITIEEIVANJEDOL
BIZR59 % Rsps M BERKRICEZSEE(ICOVTEBL -,

S. cerevisiae [Z1&, ARLRIZESTHFEE SNSRI RZU /I E DEEREE
FELT. Hsfl & Msn2, ZDHREOAT THSD Msnd D 3 DHAKLHLEN TS
(Hashikawa & Sakurai, 2004; Ferguson et al., 2005), Hsfl [& Heat shock element
(HSE) &MEIENSEF—TIT, Msn2/4 & Stress response element (STRE) EFE(EH
SEF—TIZHEHL T, HSP42 (Heat shock protein) %2 DDR2 (Multistress response
protein) %EE | BLDRAIREAV NV BBIEZFOEEEHEL TS, £, 7OE
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—A—fEEIZH VT HSE & STRE DMERSIZE & AT HSP12 (Heat shock protein)
X> HSP30 (Heat shock protein) HEHTFET 5o

RIETIE, ARV RIZE>TEREERERFAEHIEL. BRELFORENF
BINTIRIA—IWNTAVT IV NIEEEEBTHIENBESN TS (Amoros
& Estruch, 2001; Kandror et al., 2004), — 77 RERZHEEK rsp5-101 T &
RIEEIZHET HSE EIZLDEGFDEEENBINICHE DT HIEMNBALMNIC
%Eo7= (Kaida et al., 2003), ZMD71=8. Rsp5 (& HSE-BAEELRFDRBTIZEHS.
HLOVEREZ B T ARTEEEA = L, T2 T AN BELT= rsps™'F Tl HF 5L
BEAVNVEODEBEENELIETLTLSO . AL R EHETHDHIEE
BRICAIOIADHEESZASEFEL. 7 FIvROVELTHEET SR REU /N
DE D FEBEFIEETETL -,
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1-2. RERAFE
1-2-1. BE¥kEHE

AT THEAL-ER L. Saccharomyces cerevisiae S288C Rk TH D
(Table 1), CKYS8 [, C. Kaiser &Y EEL T2z, CHTS1 (&, CKYS8 #RHi5
EMS ZEMEBIZXYNBELT: AZC BREAZMEEK RspS O Alad01 A Glu
IZEHL) T#&HSD (Hoshikawa et al., 2003), CYHO1, CYHO02, CYH03, CYH04, CYHOS5,
CYHO06 [& PCR ZRALV:-—EEEGEFE#IE (Petracek & Longtine, 2002) [Z&Y
ERGLI-# T, BERKRE rsps™'t ZRFhd HSFL, MSN2/4 BEEFO C K
IZ GFP Z@h& St 7=, pFA6a-GFP-kan (supplied by S. Harashima) (Bahler et al.,
1998) % 5% (=, HSF1-GFP, MSN2-GFP, MSN4-GFP M h+tvhk%. 5-AGA GTA
CAA CGA TCA CCG CCT GCC CAA ACG AGC TAA GAA AGG TCG ACG GAT
CCC CGG G-3’, 5’-AAA TGA TTA TAT ACG CTA TTT AAT GAC CTT GCC CTG
TGT AAT CGA TGA ATT CGA GCT CG-3’, 5°-GTC GCA ACA CAT CAA GAC TCA
TAA AAA ACA TGG AGA CAT TGG TCG ACG GAT CCC CGG G-3’, 5’-TTA TGA
AGA AAG ATC TAT CGA ATT AAA AAA ATG GGG TCT AAT CGA TGA ATT CGA
GCT CG-3’, 5’-ATC ACA ACATCT AAA AAC TCA CAA AAA GCACGG TGATTT
TGG TCG ACG GAT CCC CGG G-3°, 5°-TAG CTT GTC TTG CTT TTA TTT GCT
TTT GAC CTT ATT TTT TAT CGA TGA ATT CGA GCT CG-3> ZRWTEELT-
(Table 2), CIHMD PCR M HZEBHEkE rsps™'F ~AZNEFNEAL. Genetycin
MtEE R R EER K CYHO1, CYH02, CYHO03, CYH04, CYHO05, CYH06 % E}
JBL71=, GFP NMEASNI-IEZ. TNhEN PCR IZ&>THEEREL T, Escherichia
coli strain [FA ®80lacZAM15 A(lacZYA argF)]U169 deoR recAl endAl hsdR17(r my ')
SUpE44 thi-1 gyrA96] 1%, BB F DY I /a—="F 1AL,

EEHBIZ I, yeast extract/peptone/dextrose (YPD) (2% glucose, 1% yeast extract,
2% peptone), synthetic complete (SC) (Rose et al., 1990) consisting of 2% glucose,
0.67% Bacto Yeast Nitrogen Base with ammonium sulfate (Difco Laboratories £1),
drop-out mix lacking leucine (SC-Leu), F7=I3 lacking uracil (SC-Ura) ZFRUL =,

1-2-2. TSREF

BEREEFOYIToO0—=% 12, pBluescript 11 SK+ (Toyobo Biochemicals
ft) & plasmid pKF3 (Takara Bio #t) Z{#FL 7=, Plasmid pFA6a-3HA-kanMX6
(supplied by K. Kitamura) (Bahler et al., 1998) [&. Hemagglutinin (HA)-tagged HSF1
DEHIZFIALT=,

Plasmid pAD4 (supplied by J. Nikawa) I&. YEp DTS XIFT 2 um DNA
DEHEERL. BRTORIRAY—H— LEU2, 8&LU E. coli TORMESELER
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I—H—DTVEV UM EEFEEATNS, £ IIILFI/A—=2F5 (D
EFRIZ ADH1 FOE—4—, THIZ ADH1 3—3IR—E2—MNEHEL TS,

pYES2 (Invitrogen %t) (X, YEp BN TS AZFT 2 um DNA DERIEm L E
BTOREIRAY—H— URA3, LU E. coli TOEHRBEERIRY—H—DTY
EL U BIEFESATWND, Tf=. JILF/O0—=2U5 (D EFRIZ GALL
JAE—4—, CYCl A3—3IR—4F—MNEFHELTLS,

pRS415 (Stratagene #t) I, YCp EDDTSAZIRTEUMAATELL BB T
DFERT—H— LEU2, XUV E. coli TOHEEEREERI—D—DT7UEDY
M EEFEEA TS,

Plasmid p546 (supplied by S. Harashima) (&, YCp B DTS RAIRTEIbOAT
15, BERTOEIRA~Y—H— URA3, lacZ, LU E. coli THOHEELE M &ER
R—NW—D7UEV) U EEFEEATEY. LIR—3—7vEAIZALV=,

Plasmid pAD-RSP5, pAD-HSP12, pAD-HSP42, pAD-DDR2 [&. ADH1 0¥
—~A—TT RSP5, HSP12, HSP42, DDR2 #%I89 %, RSP5 i&zF0M DNA EiF
[X.CKY8 D% /L DNA M5 PCR IZk->THEIESE =, FALI-AVITXILA
FRTS5A4<—IE.5-A ACC AAG CTT AAA AGA CAT ACG CTT AAC CA-3’ &
5°-A CCG GAA TTC CGT TTC AAG TAT GTA CCT CA-3° TH5 (THRITEFNFh
HindIlI & EcoRI D #IPREERERIZRLTLVD), RSP5 BEIZF®D LTk 0.5-kb %
S 3.4-kb OEF% Hindlll & EcoRl THIBERMLEL=#& . pBluescript II SK+
~B#ELT pBlue-RSP5 Z#HEEELTz, HE(F T, pBlue-Rsp5 &Y HindIll-Sacl BfH%
PIYH L. pDA4 ~EFELT pAD-RSPS #HEELT-,

HSP12, HSP42, DDR2 &{=F DB A (. 5°-CCA AAA CTG CAG CAA AAC
AAA AAA AAC TAA ATA CAA CA-3’, 5°-AAC CCC GAG CTC TAC AAA GAG
TTC CGA AAG AT-3’, 5°-CCA AAA CTG CAG GAT CAT ACC AAG CCG AAG
CA-3’, 5’-AAC CCC GAG CTC TGT GTG TAT AAA CAG ATA CG-3’, 5’-CCA AAA
CTG CAG CAC GCT AAT TTA ATA TCG ATT TAA AC-3°, 5°-AAC CCC GAG CTC
CAG TAA GCG GCG TTT TTC-3’ #RWTIEIESE - (TRIZZEFNhZEh, Pstl &
Sacl DHIEEHRELIZRLTULND), HSP12 EIZF D 0.3-kb, HSP42 BEIZFD
1.1-kb, DDR2 EEZF® 0.2-kb % Pstl & Sacl CTHIREZMNIELI=%. pAD4 ~
E#EL T pAD-HSP12, pAD-HSP42, pAD-DDR2 ZHEEELT=,

HSF1, MSN4 Bz F DB A (%, 5°-A CGC GTC GAC TAC TCC ACT AAG GCC
AGT AG-3", 5’-A TCC CCC GGG CCC” TTT CTT AGC TCG TTT GGG CA-3", 5°- A
CGC GTC GAC TAC GAA GCG GTT GGT AGC GA-3’, 5°-A TCC CCC GGG CCC®
AAA ATC ACC GTG CTT TTT GT-3° ZRWTEIESE = (TRIZZTNAZT 1. Sall
& Smal OHIBEERISALEZRLTEY. TRAVRVE.. @EGFOKRLEIFH
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Gly BEICEMLI-CEETRY), HSFL BFD LR 0.7-kb 25 3.2-kb DER
A& MSN4 BmFDLEFR 0.7-kb &2 2.6-kb DErFZESall & Smal THllfRER
FUNELI-%. HA-tag T 5 HM T pFA6a-3HA-kanMX6 ~EHEL T
pFA-HSF1-HA & pFA-MSN4-HA ##&ZEL 7=, pFA-HSF1-HA MoFoirfz 3.3-kb
Sall-Bglll @ HSF1-HA Bfj&. pFA-MSN4-HA hiuBdont= 2.7-kb Sall-Bglll
MSN4-HA B FZ . HTILLWHIB BRI A L[ 50T pKF3 ~&EHEL T
pKF-HSF1-HA & pKF-MSN4-HA Z#EELT-,

pKF-HSF1-HA & pKF-MSN4-HA H\5. 5°-A TCG CTG CAG GC TGG AAG
GGA AAG GAA ACA-3’, 5-GAA GGA CAC AAC CTC GAG GAA CAC TCT
GTT-3", 5°-T AGC CT GCA G AAC GCC TTT ATC AGT TCG GC-3’, 5-GAA GGA
CAC AAC CTC GAG GAA CAC TCT GTT-3’ ML VT, HSF1-HA & MSN4-HA #
igxE (TRIFZFNEFN., Pstl & Sacl DHIBERILERLTIND), 2.5-kb
@ HSF1-HA & 1.9-kb @ MSN4-HA #Pstl & Sacl THIREEZRMIELT-&. pAD4
~E#ELT pAD-HSF1 & pAD-MSN4 Z#HEELT=,

MSN2 B F DB L. 5-A AAA CTG CAG ATC TAA AAT GAC GGT CGA
CC-3°, 5°-T TCC CCC GGG ACC* AAT GTC TCC ATG TTT TTT AT-3" #FAL\TE
MBSz (TRIZENE N, Pstl & Smal DHFIRERIHMAERLTEY., FREUR
%, MEGEFOKRIEIARUN Gly BRECE#LI=ZEETT). MSN2 EIEF DM
A 2.1-kb % Pstl & Smal THIRERLIELI-#&. pAD-HSF1 % Pstl & Smal T
MIBLI=TSRAIFIESEL T, HAtag & C RIGAICHELE LTz pAD-MSN2 #1EEE
L7=,

OLEl E=FDM AL, 5-G CCC AAG CTT TAC AAC AAA GAT GCC AAC
TTC TGG AAC TAC-3’, 5’-A AAA CTG CAG GTG ATA CTT AAA AGA ACT TAC
CAG TTT CGT-3> ZHWTHEIEL - (THRIZZTNAZ . Hindlll & Pstl OHFIfEE
FEIERLTULVD), OLEL BIZFDBTF 1.5-kb % Hindlll & Pstl THIFEE R
LIBLT-1% . pAD4 % Hindlll & Pstl TRELF-TSRAIRITESEL T, pAD-OLEL
EREEL, AMRTY/O—=UJ LI-EEFIF. $ T DNA sequencing [2&>T
L=,

1-2-3. B-AZHU A —EFEHEBIE

Plasmid p546 (7> AAF7E | URA3, lacZ) (supplied by S. Harashima) ZLR—%
—T7 vt AIZALV=, HSP42, HSP12, DDR2 EizF®D L 0.5-kb #.5-GG CCC
AAG CTT CTG GGG TTG GGT AAC AAG TGA-3’, 5°-TT GGG GGA TCC ATT
GCT TCG GCT TGG TAT GAT-3’, 5°-GG CCC AAG CTT GGA CTA GAA GCC AAA
AGC CAG-3’, 5°-TT GGG GGA TCC ATT GTT GTA TTT AGT TTT TTT TGT TTT
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G-3’, 5’-GG CCC AAG CTT AAC GAA TTC AAG AAG CCA GAG-3’, 5°-TT GGG
GGA TCC ATG AGA CAA GAG AAG GAT TTT-3’ ZHWTEIELT- (TRIZZEN
Zi. Hindlll & BamHI DO#FIRBHRELLZRLTND), BEEFDO LR 0.5kb
DB % . Hindlll & BamHI THIEBRLELI-%E. p546 ~EFFEL T
p546-HSP42, p546-HSP12, p546-DDR2 #HEELT=,

CKYS8, CHT81 ~% p546-HSP42, p546-HSP12, p546-DDR2 #FNEFNEAL
=R E R {A% . 6 ml SC-Ura, 25°C TRHUBFER (ODgoo = 0.5) £THEER. AL
A (BREE. E—Favy . IT2/—I)L VILEL—L) BBEFRELIz, 2T
MEERFRIIZ 500 pl FOHMHELTEDL. Z /3w T7— (16.1 g/L Na,HPO4/7H,0,
5.5 g/L NaH,PO4/H,0, 0.75 g/L KCI, 0.246 g/L MgSO,/7H,0) T#Ei%#&. 100 ul D
Z NyI7—IZBEEB LIz, BARZHRT 5012, RAZRIZ 15 sec BLTERES
#.37°C T 2min AFaX—rLTRBESELERZ 2 BEHEYIERL=, 0.3%D B-
AWHTRIB/—ILEEATE 700 ul @ Z NV IT7—% . FNETNDH T ILIZH
ATAFaR—Fk (30°C, 2 min) LTz, &RIZ, 160 ul @ O-nitrophenyl
B-D-galactopyranoside (ONPG) (4 mg/ml) (Sigma #t) #HRMLTAoFa—F
(30°C, 12 min) L.400 ul @ 1 M Na,CO; F#Z TELDE. 420 nm THRIELT=,

1-2-4. J—HoIOvT4 7 BT

/=Yo7 0vT42 7 fE#TIE. AlkPhos Direct Labelling Reagents and Detection
system (Amersham Biosciences 1) ZHUL\TiTo7=, S. cerevisiae A5, Kohrer and
Domdey (Kéhrer & Domdey, 1991) jEZFALVTE RNA FHHL. 1.0%7HE—X
TILTHEELIZE. TAAVAVTLUUICEEE L, DNA TA—J %R T 518,
ACT1 (Actin) BIZFDE /%, 5°-C CCG GAA TTC GGT TGC TGC TTT GGT TAT
TG-3’, 5’-A CGC GTC GAC GAA ACA CTT GTG GTG AAC GA-3’ ZRTHEIES
1= (THRIEZEFNZF N, EcoRI & Sall DFHIRERELEZRLTINS), ACTL Eix
F®D 1.4-kb ZEcoRI & Sall THIREFZRNIELT-1&. pBluescript Il SK+ ~NEHEL
T.pBlue-ACT1 #HEEL-, BEFRINEHERE. TSRAIFHSYYHLT DNA 7
A—J&LT=,

HSP12, HSP42, DDR2, HSF1, MSN4 [Z& LT3 [ # [Z . pAD-HSPI12,
pAD-HSP42, pAD-DDR2, pAD-HSF1, pAD-MSN4 M5, Pstl & Sacl THIYHLT-
BiF% DNA 7O—J&Ltz. TRENDE X, 7AR—XS )L CTHREL%. &
HMLTEMESETHLIRYVS L=,

1-2-5. IA4OBT7LAf#HT
% RNA (&, 1-2-4 £LRICLAHZETHEL. #I11TT RNeasy Mini Kit (QIAGEN #t)
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THHELZ. 2 RNA YT IILDEZ Agilent 2100 Bioanalyzer (Agilent
Technologies ) THEFELT=, S EINDEERTII. GeneChip Yeast Genome S98 Array
(Affymetrix) ZfEA LTz, & RNA [&. GeneChip One-cycle Target Labeling &
Control Reagents (Affymetrix) ZHWLNTIRY2 T LIz, IRNJLLF=2 RNA % DNA
RAOATF7LAITNATIETA XL RF vV ILERBAEICELTITo -, 74O 7L A
fRITIE. 2 EDRADERLYEFONT-E RNA ZHT 2 BEfTot, ¥49A07
LA DT —4(%. GeneSpring 7 software (Silicon Genetics) ZFAULNTHRHTLT=,
1-2-6. DTRAVTOAVTAUT R

CKYS8, CHT81 ~%& pDA-HSF1, pAD-MSN2/4, pAD-RSP5 #FNZFNEAL
F= R B EnifiiA% . SC-Leu, 25°C TXIHIETEL (ODgo = 1.0) ETHBELIz, RERIC
EOoTIE.,. 7aAF IR (100 pgml) FET.EFETITEVLT,. SRV IH
(37°C) ®ITAR/—IL (10%) LEZE 10 min To7=, MAZEHEL TEREE., BN
w77— (1 M Tris-HCI buffer (pH 7.5) containing 0.5 M EDTA, 1 M MgCl,, 1 M KCl,
5% glycerol, and 2% SDS) [ZSREL THDHSAE—XTHRL. MEHEH&EEST-
(Sambrook & Russell, 2001), &/ (30 min at 20,000 x g) Li=f&. & (50 g @A
HE5) & 5 min ZHL. 7.5% SDS-RUFVVILTIRTILIZH LTz, 7E. Rsps
[ZIEEODEMNTTICHEBEERE AV,

Hsfl-HA & Msn2/4-HA [, #1 HA (12CA5) £/70—F LK (Roche #t)
Z 2,000 /M. I Rsp5S E/VB—F LK (supplied by J. Huibregtse) %
1,000 &R, 1 Pgkl E/I0—F /LK (Molecular Probes ) & 1,000 &%
FRL T. ECL plus Western blotting Detection System (Amersham Biosciences $I) I1Z&
UH LT, 22/ E B E L. Bio-Rad dye staining kit (Bio-Rad %t) THIELT=,

1-2-7. REFEREE

B LYMBL=MAgmE® 100 ul (5 mg/ml) &.1 pl 1 HA (12CAS5)
E/90—F LK (1 mgml) ZREEL. 4°C T—M, O—FT—42—ZFAL TS/ Fa
R—kL7T=, M /\wZ7— (1 M Tris-HCl buffer (pH 7.5) containing 0.5 M EDTA, 1
M MgCl,, 1 M KCl, 5% glycerol, and 2% SDS) ZRAWLTHoMLSH 1 hr FHELT-
20 ul FTETA2 A (50%) & NP40 (1%) ZHIRHMH&IZINZ 1=, $lTT. 4°C T 2
hr, A—F7—2—TA > Fa~_R—kL.500 ul ® RIPA /\yT7— (50 mM Tris-HCI
(pH 7.6), 150 mM NaCl, 1% NP40, 0.5% Sodium deoxycholate, 0.1% SDS) T 3 [d]
%Lz, ZLT, 500 ul TBS TFELI=E. LEFRRLTNS 40 ul 2T ILsSy
27— (125 mM Tris-HCI (pH 6.8), 4% SDS, 20% glycerol, 2-mercaptoethanol, 0.04%
Bromophenol Blue) ZHRMLT 5 min &L Tz, = (1 min at 15,000 rppm) L7=%&.
20 pl & 7.5% SDS-‘RUFHYITIRSILIZHLE=, IiaEXF> (PADI]) £/40
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—F LK (200 pg/ml) (Santa Cruz Biotechnology %t) % 1,000 f£#&IRLT. ECL
plus Western blotting Detection System [Z&Y&H LT,

1-2-8. J7F7ILAA L PCR

EEE#lifaZ . SC-Leu, 25°C TREUBTEHA (ODgoo = 1.0) FTHEELT=, FlTT.
=878 (37°C, 10 min), =&, 10%IT4/—)LALIE (10 min) ZFTL). RNeasy
mini kits (QIAGEN #1) IZ&U%£ RNA Z#HLT =, SRR L. 0.05 mm HSRE—XT
2,500 rpm, 60 sec FRFE. 60 sec i 5 [EHEYIRLT=, Ff=. RNase-free DNase set (QIAGEN
1) ZFLVT DNase WE%1To7=,

RNA A5 cDNA ~DFERE(E High-capacity cDNA reverse transcription kits (Applied
Biosystems #t) ZFIFLT=, VT, cDNA T TL—M I, iZEIEH I HEW T TS5/
— HSF1F: 5-GAT CCG CAG TCA GCA GCA T:3’, HSF1-R: 5-GTT TCC TTG AGT CAT
GGA AAA AAG A-3’, MSN2-F: 5-TGC GTC CGT TAT TGC GAA A-3’, MSN2-R: 5-CCT
CTG TCA AAA ATG GCA TAT CAT-3’, MSN4-F: 5°-GTC GGC ATT CGA CAATAA CGT A-3’,
MSN4-R: 5-TCC TGA GCC GGA GAT GAC TT-3’ ZFHL T, 7300 Real-Time PCR System
(Applied Biosystems #18Y) [Z&kY$Tof=, Fi=. FHEM O—)LIZIE, ACTL ZERALT=,
JF7ILEAL PCR (£.3 BEDRRDERKIYFONI-E RNA ZHWVT.3 @TD
11o1=,

1-2-9. ®|¥t insitu NATVFLE—3> (FISH %)

FISH %(%. Sarkar & Hopper (1998) [C#LTiTo1=, BEE#IE% . SC-Leu,
25°C THREUEFER (ODgoo = 1.0) FTHEEL =, #&ITT. &R 7L (37°C, 10 min),
Fr=1E 10%T2/—JL0E (10 min) Z1TLY. 37% formaldehyde TEIZEL 1=, 30
min #&IZEBEL. 4% paraformaldehyde, 0.1 M KPO4 (pH 6.5), 5 mM MgCl, [Z8&&L
1= 3 hr . #f8% Solution B (1.2 M sorbitol, 0.1 M KPO,, pH 6.5) Tiki%L.
Solution B + 0.05% B-mercaptoethanol, 50 pl (2 mg/ml Zymolyase-100T (Seikagaku
) IZBELfz, RTTATSRAME 37°C T, 20 min A>Fa~_—kL. Solution B T
#iFf%. Solution B IZEALT=, MIlEERXZARKT S RIZ 0.1% poly-L-lysine TEIE
L. EELGAof=#laE7 AEL—a> TRV, #ifaz 70, 90, 100% TH/—
LT S5min $OUEL, TU7—E—TRFAFTS5RX% 5min FFELT,

HMEETLNATVIAE—30 /1w T7— (2x SSC (1x SSC: 0.15 M NaCl,
0.015 M Na-citrate), 10% dextran sulfate, 0.2% BSA, 125 ug/ml E. coli tRNA (Sigma
#t), 500 ug/ml denatured sonicated salmon sperm DNA (Roche #t)) TAF¥aR—k
L.Ea—SyFFvy2/N—T 37°C, 2 hr BELT=, TLNATVEAE—232/\y7
7—IZ 450 pg/ml digoxigenin-labeled probes (mRNA (dT)sp, HSF1 mRNA: 5’-GAT
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CCG CAGTCAGCAGCATCGCCGGTTCCTTCTTCCTCT TTT TTC CAT GAC
TCA AGG AAA C-3°, MSN2 mRNA: 5’-TGC GTC CGT TAT TGC GAA AGT GGC
GAC TAC AGG CTT GAG TAA TGA TAT GCC ATT TTT GAC AGA GG-3’, MSN4
mRNA: 5-GTC GGC ATT CGA CAA TAA CGT AGA CCC CTT CAA CAT TCT
CAA GTC ATC TCC GGC TCA GGA-3’, mature-tRNA™: 5°-GCG GGA TCG AAC
CGC TGA TCC CCG CGT TAT TAG CAC GGT GCC TTA ACC AAC TGG GCC
AAG-3’, pre-tRNAHe: 5’-CGT TGC TTT TAA AGG CCT GTT TGA AAG GTC TTT
GGC ACA GAA ACT TCG GAA ACC GAA TGT TGC TAT-3’, tRNAM: 5°-.CCA
GGG GAG GTT CGA ACT CTC GAC CTT CAG ATT ATG AGA CTG ACG CTC
TTC CTA CTG AGC-3’) /AT 37°C T—H. NA(TUYFAE—>a LT,

£70—T D 3’ Kimfll%E. digoxigenin-11-UTP TINJLLTEY. FLnN1T
JEAE—=230 N\ IT7—ENATYFAE—2a320 1\ T7—OM@AIZ. 1 Ul
RNase Inhibitor (Applied Biosystems #t) Z#HiIL7z. tRNA FTA—TJZ AL -#ifa
% 2x SSC, 45°C T. oligo (dT)so F7A—TZRAUL\-#l@% 2x SSC, 37°C TENEN
PFELI=1&, 1x SSC, 10 min, ERTH$LT=, #la2%Z 4x SSC + 1% Triton X-100
Tk%L.TOyFx S % 4x SSC + 1% BSA, 2 hr 727, Anti digoxigenin
fluorescein Fab fragment (Roche #t) % 4x SSC + 1% BSA T 200 fE#&HRL. #Az
Z 2hr AUFa~N—PLTHREFHL . #IlgZ 4x SSC, 10 min FEFLI=R. IS
T 2 [E. 4x SSC + 1% Triton X-100, 10 min LTz, SBIZ, F(EAK 2 [, 4x
SSC T#ki#L. #% 0.1 pg/ml 4',6-diamidino-2-phenylindole dihydrochloride (DAPI)
THEEL . &XRIZ. KTTIENRC 2 BEHEEFEL. RSAFTTRIT 90% glycerol + 1x
PBS + 1 mg/ml p-phenylenediamine ZANZ T, HIALBEMER (Carl Zeiss f18) TH
=L,

1-2-10. HATEWIRBE

HRE L, HICTEMERE Axiovert 200M (Carl Zeiss #t3) #FHWVTEHERL-, B
% HBO 100 Microscope Illuminating System (Carl Zeiss 1 &) 72 %2)L AT TERY
iA# . Adobe Photoshop Elements 2.0 (Adobe Systems $t#) ZFHUNTE{GETEIT
2 1= , Anti-digoxigenin-fluorescein, Fab fragments (Roche #t) TH S #E#H L 7=
mRNA %2 (RNA, &5(2, GFP @E220 /N DHIIENBEEHEZERR I HEERTIL.
FTARTIZHT 3 BT D707,

1-2-11. HUSFo#r

CKY8 & ERX-17C, CHT81 & ERX-17C #.YPD FJL—+rLETREBL=.
25°C, 6 hr IFEELTEASIE-, ERE L Z &K CKYS8ERX-17C &
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CHTS81/ERX-17C % SD+Am JL—b+TI U5 )Lban=——5 gL, 25°C, 2 days B
ELf=, RIZ, Zf&K% YPD JL—k, 25°C, 2 days IEBLT-%. Bl FR R LT
(0.3% polypeptone, 0.8% yeast extract, 10% glucose) T.25°C, 1 day EE&ELT=, Hitl)
T. BBFRAIER (1% potassium acetate, 0.025% glucose) T, 25°C, 2 days HE&EL.
RFERASE =, BFRAER EOEAZNERD. 200 ul OREKICEERER.
10 ul @ 0.5 mg/ml Zymolyase-100T J&i&ZEFHRIML T, 25°C, 10 min A>Fa~—k
L7z, &&% YPD JL—hICEHRL. Y4BT =_EaL—%— (SINGER
INSTRUMENTS # &) TFERNOEYFENBEL-, ol . BFHAEE
YPD+ethyl ether FL—kTHNT=,

1-2-12. Zhit

KEBEHNLDTSRAIFFRIE, 7ILAY SDS EFEAR—XIZLTz QlAprep Spin
Miniprep Kit (QIAGEN #t) ZHL\TITo1z, ZD1th, KGR D HERHE, DNA D
FIREERICKD UM, EELLEDELGTFIREL TNA(FT=227 L) —XDElE
FIZOEREM (FELH) BLY INAAEBRASILATYR] (FiEt) 12,
ERORYFRWNOEGEFIEERX (NN A7227IL)—XOBRIZLSEEFE
Rkl (Fxth) B&U TEMLFERERERE 39 BEIFERTFERZE] (R
Rt242—) IZ#LT =,
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1-3. #E8
1-3-1. rsp5™ ' [ZEIFTHERER Rsps 't ORIBELREM

TR Reps & TER Rp5s™" OREMICOVNT. RBELREM. ZFLT
BB EDOIEFHRICEHL BRI DWNTRETLE, CRETOHREICENIE,
Rsp5 IZH1T5H 3 DD WW FASVDETHLREBEDEL. WW3 RIZ Trpdls
& Pro418 MTI/EEMBHELT- rsps™PIPA BT, ZTEEA RepsVPIBA gy
FHEED 37°C OEBULEBEZMAIGE. FAEE Rsps KYBRREICLEY., ELIRE
LI BIENASLMZENTIVS (Gajewska et al., 2001), F R AEIEFLT = rsps™E
KRIZBITEREER Rsp5™' [2DVTH 3 2D WW FASU DRI TREMS AL
A (Figure 5). WW3 FASVICEREHL TS, RICEANIEBEZMZ 154 . [
HISFREITEDZENDH D, COTREMERIIT 5=, FEKE rsps™'F [
B1T5H Rsp5 DRBAELELTEMETHEFEL - (Figure 8),

CKY8 & CHT81 Zaifti TxHUIEEHIF THEEL. 37°C T 30 min iR
IR, MR RE AL TYOT RV B E{T o=, &=  Rsp5 & N XKIC
BETD C2 FAMUD, RREES/NMIKRRELEESLTVNDEEZ LN TS,
R R LR IZ, B DENFEV MRS SDS-PAGE IZ#L1z, ZDHEE.
25°C IZBITREER Rsps5 EZEER Rsps*'F OBFEHEEIZ. AELERXAHONY
Motz SHIZEKENI &IZ, 37°C DENEEMA =% TH. TEE Rsp5*™"t 0
REEFRELTCLV ., F-. M ZRZAVV S S LMMmE RERARL- Y
TS, RITHEED RspS FRHLT=,

1-3-2. AEFFUUH—E RspsS [FMEFHREPHEFICBESLTLS

CNETIT. RspS [CITEERZEHEEEKRDIEINI, FERNIZ 4 BORFER
BLENWEEMKEIRESINTEY (Kanda, 1996), Rsp5 AR A HOHBFDEERIC
FEETBEEZOLNTINS, FZT.RspS D Alad01 DHEREZEITT B1=0.
rsp5 ' 1B T FHARES L VEBTERERH -, CKYS (o &) T
rsp5*4°E (o BY) & ERX-17C # (a &) LEASIE T, 2K CKYS/ERX-17C
& CHTSI/ERX-17C #EfH#&. BFEHHIE TS FRNEIT oz, TOHEER.
CHTS81/ERX-17C [ZHI+5H8FREEEAY . CKYS/ERX-17C DEHDELLELTELL
{ETFLTLM= (Figure 9)o LA\LAGEDS | TAMERERZ T TIE. MZERIZEWNT 4 @
DIFEHERTETEND, $F5< Reps (FREFRATIEEL, BFHEFIZED
2TWWAEFEIND, SBIZ, —ERFHERICTO—EHZHFRLT TFILI—TILE
A YPD FL—KMZEHL.25°C TEBL-OO=—#ZAIELT= (Table 3), ZDHE
B HBAKTIIEFEAEOMBEMITFEAETIELEMNDI=H, rsps™ "t Tl
EERICHEVAERTRIIETL. 60 hr &IZIE 84%ICETRHADL-. LEDFERKY,
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Rsp5 DA RZICHITAHBOEFREANICEAEL TSI EETELT:,
1-3-3. Rsp5 [F#RRIGRAMLRIZEIFERARLAZV IV BEDRBICLETHS

NETOHET. HLIE Rsp5S BNRARLRIZKOTEHLRZEEZ/NVEDE
RN ERIZEAE I HZEEIRIBLTULVS (Hoshikawa et al., 2003), rsp5™°'E (&, &
DEMICEITETI/EET OSBRI KE. E—ravy ., BReEMTOEREE
BRE BRODANRIZHLTHRWNVERMEEZRT, T0DH. EFHL rsps't T
(. ARLRICESTELEEBIVN\VEZSRTES  MIBANICEET 520 &
BIEECHRBEESIERIIIENEILND,

BR. IR/ L. AE,. BEE. BIEANLRIE, EELRAVNNVEEEHSE
THREZE Rt HBL THIERNICEEI /NN VBEOAERK-EREIEREIT, I,
BURARLVRIEZU N EEZREMSE . T4/ —IILOFEEAN R, #BEDR
BB BEICEEESA T, RAKERAZSIZEITOTHAS, FEAMNXRIE,
BRKEREEDITKIER MV HEABERIEL, BRIERRL XL DNA FA—URE
HEERTE (ROS) #RASETEBREEELTTEEZALND,

—REIIZ. RRLRIZEDTHL-EEBA2V /BN HIlBRIZERET5ILIE
FERNLEEETHD, CNERIRT B=0I121E. 2 BYDEKMIAEZSONS, £F(E.
AEXFFUoTIATTY—LVARTLENLEZEREIVNNVEDD R, £5—FlE. F
e ROVDOMEEEE TS ANV RV NI BIZEDEREIVNNIEDEETHD,
rsp5?*t Tl BEFLKBEIVNRIE DD ESENZELETLTWSEFEEN
5=, ARLRIZH T BIEEHEBEO FHEIEA T EMKIYE5EL, ZTDEEERERH
HEFELTWDETEEMEN B D, T T rsps™™'E [2BIFERALREAVRIBEDFERE
fRITS 21D, BRI ARL AR T THEMKRE rsps™'" [2HB1FH. AL RZU /R
28 HSP42, HSP12, DDR2 DIcBEE#fEHTLT-,

FEEFOLEM 500 bp & B-HIVN A —EEEGEFITEFHKZLITSRIF,
p546-HSP42, p546-HSP12, p546-DDR2 (o hOA7E) %1 E% FEKE
rsps?* Ut [CEB ALY, KRR EGIRFE LIS TRER. BLDANR (FEY
ITh. TR/—=)L . VILER—=IL, E—Favy) ITHLTLR—2—7vtA1%1To1z
(Figure 10), ZDHER, AL RIZLOD 25°C EETI, rsps™*'E [2BITH XL R4A
2 INDE HSP42, HSP12, DDR2 DHIRENFERICLERTELETLTLV . &
SIZ. BB, T2/—IL . VYILEF—ILAMLATIE, FAEKRIZBEWLWTERANLRZUN
HEDHRIBENKBELHIZRRICERELEDIZRLT, rsps'F TIEEFAE#LE A
DEMAHDNIEMIN DTz, I, TRTHDRIRIZHLT HSP12 OHIRENEE
LB EBR-BRLTVWSTHAIREIVN\VEDBEIZKE(ERLTLSETF
BEnd, £z, E—bravyTIE. FERICB TSR BFED AN REMIFHRLTL
fzo CNODFEREKY, Rsps BRARLREVNVBEDEEZEICEAEL TSI L, &
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SIZ. ANV RARE T TORBRZFEIIHLTHHEEEZEZ TSI ENHIBALT,

KYFEMICARL RV NV EDEEEZ RS-0 . AkOERE/ —F
WIZTITo1= (Figure 11), BF4E#RE rsp5™ ' & 25°C THMIBTERE TIEER.
BRDAMNR (GRVIF. ITH/—IL . VILER—=)L) [ZE5LTz, @RV TROIA
J—ILARIBIZH I+ BB A #%TIE. HSP12, HSP42, DDR2 MEzEEAELLIEMLT=,
EEEEANADYILER—)LTIE, HSP12 @ mRNA LARJLAEEZE(IZHEEML .,
HSP42 & DDR2 IZEWWTHHETFTOEMAALNT-, BRI IMOVILE—/LILE
[Zxt9 5 HSP12 MEZFEFHFEIL 30 min TREIH=DIZX LT, T42/—/LAETIX
120 min RICEBFEMNIRFE o=, HSE-, STRE-, HSE/STRE-BAEEZFIZH TS
RBRFEDERL. AP RIZKH>TELGIEGEERHTEFOEFHILDENCELDS
TO0E—42—EE5|. ZL TR RDIEFELENEZELTLSATEEEN H D,

— B/ —HFUBICBWTEEKENT &2, rsp5™'F TIEBAHRAR R
BITBDANLRAVINVEDEEEEN ., FEMRELLRTELETLTLV =, A\VFD
EEEMEL-EEOMETEL., rsps™*'F TH 50%EHAL TV =, £f-. AL R
HLTIEEITSHRY. MEKRICEITAAN RV NNV EDEEFEFRONEMD
fre CNODFERKY, ARLATTO Rsp5 DEFHLLVERES L T, HSE-, STRE-,
HSE/STRE-BAE B FDRBFEHIEHT I ENTEINT,

1-3-4.  rsp5**'F TIE, Hsfl, Msn2/4 |IRTELI-BIEFORERIZRMENHS

Figure 11 TRLIz&IIZ. RFLRIZEITAARNREV IRV BB FDEEH
E(Z(X. Rsp5S NEELKREFIE->TNS, SHIZ, DB FREZMEMICAN
B1=85. 10%ITR/—I)LALLRIZETS DNA IA4HOF LA f#EHE1{To1= (Table 4),
FTAEKRE rsps 't EESIETEER . REBEN 10%I2H5K5I12T4/—)L
A& 1hr HBHEL. £ RNA ZHHLE,

J—HUBHOBERELRENK. <427 LA BTN TE, rsps™"'t TlE
HSP12, HSP42, DDR2 DB EM . HFAEKRIYEELIHADL TV, E6IZ. FL &K
STERAY Hsfl, Msn2/4 IZXEINTWDEEFHILEHB{LNT-, HSE BIIZE
> HSP60, HSP82, HSP26 (Heat shock protein) %>, STRE B2 5% &3 CTT1
(Catalase), TPS2 (Trehalose-6-phosphate phosphatase) BIZFDEELN)LIE, B4
FRELEERL TBAREIC rsp5t™'t TRAL TV =, ChOHDER KLY, Rsp5s NELDR
FLREVNIEDEEEICEH > TINS I EEASRELT-,

1-3-5. RARLRIRB T TIX. Rsp5 ERRLRAUNNIENGHRAMIZENTEY.

FOEFIZESLTIVS
CNETOHRENS., rsp5s™*"'E AL HAM R IZH L TREZHEZRTEAMN
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2 BYEBZOND.E 1 (2, rsps™'F TlX, BREBAV/NVBLEALTAEXFUE
EEIELDICWHELT WW RAMUNEELTWSH. BToKEEIVNVEE
REBLTHATHIENTELL, ZD=H, AEFXFFULZN LIRS 26S O
TT7V—LIZBITAEEIVNIVEORENTEY . RENICEBLTEFHEEN
BIERISNDEVNSATHEM, B 2 12, rsps™'F TIRRAL RV RV BEBIEF DR
ENT+RIEEING D EBIVNNIVENEESN TGN ENEZLND,
BBDIRERZET B51=6HIZ,. £ HSP12, HSP42, DDR2 % ADH1 JOE—4—
T CHEIICIBRIFESE S pAD-HSP12, pAD-HSP42, pAD-DDR2 (2 WA 0 %)
ERELI-, CNODTSRAIRE rsps™ 't ABAL., MIBERNIZEEAV/RVENE
CHBRRIGEAN AT TRIBEZRAT (Figure 12),

£ EERHA, CKYS (pAD4), CHTS1 (pAD4), CHT81 (pAD-Rsp5), CHTS1
(pAD-HSP12), CHTS1 (pAD-HSP42), CHT81 (pAD-DDR2) %, Se£i&H#h T 25°C &
ZL.EE.I4/—)L (RBRENICRAEHOANEREMIYEREGT A—DF
BEZ2518. xEBEILERIKR 9-10%. EX 12%TI1of). BILUF I L. VILEL
—LEEAETEEEMICRARYN =, ZOHER. &R, BIEVF VLA XTI,
AMRAV NV EZBREIRBEIE T R TOREERBRERICENT, FEKREREE
[CAMRABEZMERET D ENTE =, rsps™'F [2HBITDR 2V VBEDRIEE
ERATETEOVEOD, ERUICAMN ARZUEZ B TS IENSERICHRIR
LTWWBEDEEZOND, T, rsps™ 't TEAER RSP5 2RIFEIETH, AR
BRZMHEAENBODIE, FEMRICEERT rsps™'t OEFNEN=HMELALL,
NEDFEREY . AFLRAVNVEDBREIRKEN. BZoBBHLEEEI/NY
BOBEEERL. rsps* """ OBLRBAN AEZLEEHT HEETEL,

1-3-6. Rsp5 (FEREAEEF Hsfl & Msnd DEREZBEIZEAESELTLS

CNETORBELT HRABEANLRIZETFS rsp5™'E TIX, BBV /\VE
DIBEIZEDHBZIRNLREAVNIEDEELANILA, BELSHEADL TSI ENHIBAL
fzo LDL. AEFFUUH—+E Rsp5 NEEINLREU /B QHEBFIEIZED
BIEIFEZIZAW, FCTRANLRAUNVEDEBRAERFTHD Hsfl &
Msn2, Msnd [Z5E B LTz, Rsp5S NEEERBRFZIEFF L, EHLTHIE
T, AMLRZUNVEDFEBRZHELTLNSD=A5H (Figure 13),

R, ALAVBREREREI—FT 5 OLEL ERFOEGEERETEFTHD
Spt23 0, FDHREOAT AU /INIE Mga2 A, Rsp5 [CE>TAEFFUIEEINT
268 TATTY—LIZKEEA N EEZ Tk BALEHESINT OLEL DEEF
EMHAETHEVNSEHREN®H S (Hoppe et al., 2000; Shcherbik et al., 2003) (Figure 14),
EFR. Hsfl [& RspS NWEBLEESTDHDICEEL LPKY EF—TJZEHLTLM:
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(Shcherbik et al., 2004), #ZT%T . Rsp5 AEEFEEAF HSFL > MSN2/4 D
REBICHEEERIFINERTT D0, HEKE rps"" [CEITZHMRAFNEE
BERERDIEITL =, BAEKE rsps 't 2B TEEL, £ RNA ZHHEL
T/—HUBHET =42, rsps™'F 28115 HSFL & MSN4 EEFDEFL
RLIE. bIFDIEFHEM|KIYBIEN S (Figure 15A), LT=M>T. Rsp5 A% HSF1
& MSN4 B FOEEFIEHICEAH LA RESNT,

RIZ Hsfl & Msnd DFEEZHEMIT 516, C RimflIZ HA-tag ZHmmL
T.HSF1-HA & MSN4-HA #E#ELT- pAD-HSF1, pAD-MSN4 Z#ZEL. FhF
NEEKRE rops 't ~NBAL, MBLI-TEE#AE, T2EMT 25°C &L,
M RE AR LTI RV BT EIT o1z, Figure 15B TRI K312, rsp5 't
TlX Hsfl & Msnd DEFEHEED . FEKRICERTELGEADL TV =, COFERL.
FIZ Rsp5 A Hsfl & Msnd DFRZRIEMICEAS T HEEREL TS, BRI,
TURAATROTSRAIR pRS415S ZRAVWTRAVNNVEDFEEFHERLIZH.
FTHERRICEEART rsps™'F ICE TR RBENBIHICDEM o= RHT BT
MTEEM o7z (Figure 16),

E(E,BERZMELEK rsp5-101 (HECT RAMVIZEENEFEELTWSLL
WAOSEEMIC DL TIXER ARSI TULVELY) TIE, 37°C B RV I7LOFIRIZEITS
Hsfl OFAEEL) VBB RRBICEAL T, FAEKREORMITEWIRONGNI LN
HFEIN TS (Kaida et al., 2003), IWEFR TIDFEZRIAT HEIETEGLAY,
HZToEKRDEWN RspsS DEERLDEWVNZKDEDEEZLND,

1-3-7. AEFFUH—+E Rsp5 A HSF1 & MSN2/4 DEEIZEIELTLS

BERIZIE AFLRICEH>TRBAFTESNIECFEHEHT SEERAEHREFEL
T Hsfl & Msn2/4 DNEFHET D (Sorger & Pelham, 1987; Martinez-Pastor et al.,
1996), Hsfl &, FICE—FavIEEICBEETHIENKLMMENTEY ., 22/
BODI+—ILT142J1ZBH 5 HSP42, HSP82, HSP12 &, AIEH DAL AR
NI BEEGFDEEZHIELTLNS (Gasch et al., 2000), —A . Msn2 & Msnd [,
E—kavy, BEERANLR, BBEARV R B pH, FILa—REEH. SEEISR/
—IJ)LARL R EIZIEZ L, DDR2, CTT1, TPS2 HE. 5 200 DAL RAL/INOE
BIZFDEREFHI{EILTLNS (Causton et al., 2001),

CNETIZ, B2 EMTOERESE. T4/—IL, VILEF—ILARLRIZENT,
rsp5*'t TIERRLRZV RO B DRBIZ RN DS E%ERLTEF - (Haitani et al.,
2006), L1=A2T. rsp5™*""t M ALGALRIZH L TREZMHZRI DI, EITR
fORBVIRVEDEFTFENBLLI-F-HTHDEEZLND, RspS (21, HSFL
& MSN2/4 DEREZHIEY 5 LT, Hsfl, Msn2/4 {KFRILIE ST D FIZ % Hl 1
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FTHEWSHLWLEENHLIDOMELNAL, F2T, AL RARIET T, Rsp5 HEx

ERHRFORBICEZ2EEEMATT 50, HEkE rsps™'" 12H1F5

HSF1 & MSN2/4 DEEE% . J7ILFAL PCR [Z&>THRIELT- (Figure 17), ¥

ERkE rspst T ESEEHEH . 25°C TRIEIETEH T THEER. 37°C ~DFBITH,
Ff=E. 10%IT2/—)LIZEBLT=,

BRYVIMEDBFAEMKIZH TS HSF1 & MSN4A D mRNA LARJLIE, 25°C T
DBEESELERLTH 50%EML=, T8 /—ILAFLATIE. MSN4 DEEEAHT
MITEMLTULV =, — A, rsp5™ " TIEEBKENZEIC, ANV R LORETEE
EFNEEENFEMRIVEELGADL T, 512, rsps™'t TIK, T4/—
WB[CEH>TREGRFORENFTEIN TV, ChoDFER LY., ARV RIZK
STIHETARBIIRLEES5THAN. Rsp5 H HSF1 > MSN2/4 DEE(CEHE
FTHIEMNTREEINT=,

1-3-8. Rsp5 I& Hsfl & Msn2/4 DFEBEIEFEEZLANIILTHIEILTLS

AL RABTFHE T T.RspS [E—REDKSIT Hsfl & Msn2/4 DOFEBEHIFELT
WBDTEAIM, BIZHBARF=&S1Z, Rsp5 AY Hsfl & Msn2/4 ~DIEFXFFik
ENLTAMNREAV N VBEDEEZFIETHELD. HADOHEEEZELTLSATREM
NH5b, ZZTET . ANLRIRIED Rsp5 A Hsfl & Msn2/4 DEEEOHFEEE
525 EBEMNTT 518, Figure 15B THER L= pAD-HSF1, pAD-MSN4 [Z
MZT.MSN2 BEEFD C KRIFAIZ HA 2T ZMAMLE=<IILFIAE—TSAIK,
PAD-MSN2 Z#Hi1=ITHEEL, ZLT. IO DTSRIFEZEN TN FER L
rsps?'t ABAL, Bon-HEERAE T LT 25°C THEER. SBIIM®
IA/—ILARLARIZESLE,

F9 . rspst*E NE T LM (SC-Leu), 37°C TRSMERIEEZREL
f= (Figure 18A), RIZ, HSF1 & MSN2/4 @ mRNA LARJLETFILEAL PCR T
FEMTLI=ECA. BPERKRE RspsS ZEHOMIC. ANV DEEEZT-HELGEL
HoNIEMoT= (Figure 18B), CDHER (L, SEEELI-TSAIF LD ELEZFH.
BRMIZRIRT S ADHL JOE—4—KFEMICHKELIzfzH. EENELE, o1
1LDEEZLND, ERIC, RILFOAE—TSRIFIZEITSH HSF1 & MSN2/4 DExR
BEIX. BAKL rsps™'t BHEDS /L 1 AE—DHEE LY. 50 EHEmML
TULV= (Figure 17),

—A. 1 HA filAZ AWz RAVETIE, SRV IS/ —ILEHmiE,
FERkE rsps™'F DA T Hsfl & Msn2/4 DIFEEAEMLT (Figure 18C),
CCTERIRECLE. mRNA LRI TR RIZEDHEZRIFEAEZ T TN
ICEEHLT ANV AREBRZICEVW TGRSR FAKREICTHEELTLIZELD
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CETHD, SHITHEBKENTEIZ, rsps™*'E [FAMLRBELDIRETEZH, KEE
REEFOFEEENTFEKRIVBLEIMITHEADL T,

SHICH AT AVNNVEERBEEZERITHSVAANXT IR (CX) ZHVT.
rsp5**'E 12145 Hsfl, Msn2/4 DREMEEM LI (Figure 18C)o ARLRIZEIT
% rsp5E ) Hsfl FHREIX.CX £HMLTEELITROhEGEMO=, —A.
Msn2 & Msnd DFEEEIFASLAOHY . LLIZEHLT . CX &H/MTHIET
Rk, rsps™ 't OmAIZE W TR ERESELT-.

CZT.AMLRIRETTD RspS [CKDEBFBREFRFADIEFF LR
(2725, AT LT=&SIZ, Hsfl [& RspS DEBEHEERANVEHBEERATIDICHE
B.LPKY BEF—TJEMENDIEEEINEBL TSSO, EWNIHEETELHAIEEN
NEWL, LOLEDS, in vivo [2HITEHEBRY—/N(T)yRT7vt4 (Matchmaker
System) (CLONTECH #t) *°. in vitro IZH(+551 HA A ZFIAL-RELIEE
D.MAEFFUORRKICKDIVIRZVBMZERAT-ETH Rsp5 HY Hsfl £
Msn2/4 EERBICERWMEE/ERZ R BREFonGM o1z (Figure 19),

Fr= OB FOATETSXIK pRS415 #ALVT,. HSF1 & MSN4 EinF
ZEEOTAE—F—TTREIEIHEETEH (Figure 16), Figure 18C LEIHRDEE
BEBf-2&N B, ADHL 7OFE—4—I[d RspS [ZE-TIRIFEEZZITHNKST
HB, CNODFER KLY, Rsp5 (& Hsfl & Msn2/4 DERERHIHEICEAELTEY.
Rsp5S A EH Hsfl © Msn2/4 OHFEBOEFEEE. TERICEEE5Z TS AEE
HEARIEINT =,

1-3-9. Hsfl & Msn2/4 DBEFEBIZ&D. rsp5™ " AL RBRZ OB

CNETORRKY, rsps**'"t AHFLALIALRAICHLTREZMEZTIDIEF. R
FLREVNIBBIEFDEEN+RITHEEIN TG (Figure 11), BESY
INOBPEBEINT MIRRNICERIHENRERTHLEEZONS, CDOARN R
BB IREHRTHEIMN, BFSL rspsF 2B TP EERGTRFOEES
NELGEDLTNAST=® (Figure 18C), +REFENBLNBLD TIEARLNESS
Mo COIRERESEBAT B71=1Z, rsp5™*°'F (2T HSF1, MSN2, MSN4 % ADH1
TOE—42—T CHRHNICBRRBEIESILET. ANVARZEOBEEBEL -,
pAD-HSF1, pAD-MSN2, pAD-MSN4 2 4708 % FE#kE rsps 't ~AEA
L. HIRERICEEIVNNIVENELDHITHAIRRERAN AT T, LD EErit
KORBEZHR 1= (Figure 20),

LR EERH{R, CKYS (pAD4), CHTS81 (pAD4), CHT81 (pAD-RSP5), CHTSI
(pAD-HSF1), CHTS81 (pAD-MSN2), CHT81 (pAD-MSN4) %, Se&iEh T 25°C &
EL.Pro DEMT7FRITHS AZC, Arg DEETFTRITTHSHFH/\=0, BiR.
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IR/—)L BIEUFILVILER =L, BERIEKFRESAEICRAR YN Tz, £
DFER . rsps™'t T HSF1 ZBEIR|MSBLE EBILUF VLRI RIZENT,
rsp5**t KYBL AL RAEZEEBIT DR AHDNT=, LMLEAD, Figure 18C
TRY &SI, rsps™™ (BT 2EEREEFOEEEIFKRARELTELEILT
L5718, AL RADFEFICE>THETHIRR[YEICETOEREH DD, Bz
HEHREIT DETIZFESHEI ST,

1-3-10. rsp5**'t DAL RABEZ LA L AV EBE DR

Figure 14 TRY &I, RspS (FALAVEBEDEESBICKEEELTLNS, C
NETICHRAR @Y ERERH R FTHD Spt23 A Rsps IZK->TIAEFFUik
SN, 268 TATTY—LIZKEEAREEZFTTIORI VT INTF-R . A LHE
ESINTHLAVEEREETF OLEL DEEZEFEMIET S (Hoppe et al., 2000;
Shcherbik et al., 2003),

WA S. cerevisiae IZBWWT. ALAVBEEERKEER Olel (&, EESIZ2/—IL
ARV ATHEICHETHDHZEMNBHLMIZHE>TET: (Kajiwara et al., 2000; You et al.,
2003) TR/ —ILARL R (I BT oKBEBMBORBERZEHSIETIA—T%
5z ANLABZEDFIERITHLEFEIN TS, ZZTRIZ, rsps™' (281
% RspS DHENELIETLTWSETIIE,. BZoALAVBEERHIZKXES
ELTHEY., EEGHBREORBEN TETITRN ARZHETTENLH D,

FITET ., rsp5™'E [2EITD OLEL DEEE%. Y7IL2A(L PCR IZ&Y
fEFTL7T= (Figure 21), TDHHR. FHICKLT 25°C TEBLE-EBRETIE,
rsp5*'" 12F11% OLEL DEEENHFEKRIYLH 15 BEI oz SBIT &
BOIR/— LAV RBEET TR, rsps™F 2B TREEEAFEKRIYEH
1.5-2.0 ML T =, LI=A 2T, rsp5™*'™t TlE Rsp5 DHEEEE TIZL S,
OLEl MEREFEICRIZTEZ(IHNEM T,

RIZ, rsp5™F T OLE1 ZBEIEBSE . BABA RICHTHEZ L
I BT, pAD-OLEl 2 n &) #REBELI-%. FAEKRE rsps™'t ~BALT,
HMBERNICEEIVNNVENELBANR (AZC, hF/NAZV ER.I4/—)L. 18
EF oL VILER—IL, BF{EKER) FET T, CKY8 (pAD4), CHTS81 (pAD4),
CHTS81 (pAD-RSP5), CHTS1 (pAD-OLE1) DR BEERIBIADKRTEZF /- (Figure
22), TDHER . FAKEAICRZEZHEMT AL F o=, HEBRIZEITS
Olel MDEFHAEOALAVEEEEATELTIILENA, BFSL rsps™t (2H1
B2ALAVEBRE ERRBADEEILEIZEITH S,

1-3-11.  rsp5**'F T HSF1-, MSN2/4-mRNA D5V kI RGN H S
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Rsp5 [£.RNA 2F (mRNA, rRNA, tRNA &) DOIVVEEDEERIZE T
LR EIZES EMBEL M >TE - (Rodriguez et al., 2003; Kwapisz et al.,
2005), LINDM D mRNA #ZNEERFICEITIIE X F AL, I EEFBRD
FEICHFSEL TS, mRNA #EIZIE, 5 FrvyT@Gm. RTS5405  RIF7T
ZIVERE 14 mRNAs BIERAARE DL DA DTOES VT R TYTHBRETH
%, FNEEBZRATYTIZHITEH RNA ZU RV BEESIKRIE. RNA RUAS—F 11
[CKBEEMBELHEEERALTNAIENELMN > TE:,

i, rsp5-3 Z£E# (T104A, E673G, Q716P) TlE. 37°C MEEB AN RIZH
LVT.mRNA % 60S YT A=y DBNEEICKELGEEFEES-F I HESN
TLY5 (Neumann et al., 2003), S5, rsp5-3 ZEK TIX. RNA RIBFATHS
pre-tRNA 4> pre-rfRNA D7OEL VI HAABTINDZETRNA 1 rRNA D%
NEEICEREEELTENTEIN, LEDIHMEKY. rsps™ ' [TEWTEE
FERFOFEEENBLOLTWSERERIL, A401E [CERFHTHET, KEEH
IR F D mRNA DNENANEBICHESN TGN =HTHLHEFEL: (Figure
23), £ T, HSF1-, MSN2/4-mRNA DHMRNBIEMERETT 518, insitu /(T
Y& A4H—avik (FISH) #17o7= (Figure 24),

FI . EHEKRE rsps™t RS 25°C THEILEIAETIEER. 582
Th.IHR/—ILARLRIZES LTz, AL RELDIREETIL, B4R E rsps™'E @
WA IZHULT, RNA Poly(A)', tRNA™ (/orOVHY), tRNAM (A bAVEL)
A, O S ERICEE SN T, BRI EIZ, rsp5™ ' TIEAML RN
% . HSF1, MSN2/4 ® mRNA DBEAICEELTEY. ALV RALGLOKETEZAL
BTOEBMNBEINT-, SOITEETREZEIL, rsps™ 't DAL RLIBEIZH
LT, KBRS D mRNA & (RNA dFE N EESNTERBLTNCETH D,
CNSDEER KLY, Rsp5 A HSF1-, MSN2/4-mRNA D#%45 %I HEIRMICE ST
5L ZFLTIA/—IILRRLRIZELNTE, RspS DHEEEAY RNA 7 FD %5 %
[CIHBETHAZ LT WO THLMIZLT,

IR/—)LARLRIE, GIRAMNRERGDIANZ X LTEAVINIEDIA—ILT
425 %BELTNS (Piper, 1995), LT=A2T. rsp5**°"* TlETH/—ILAFLRI(Z
LT, AL RAV N EDEEEFFE T HBUGNEET HIENTELGLOMN D
Ly, DFY, Rsp5 AY HSF1-, MSN2/4-mRNA D#%45 % (B H B4R A/
DEDIAEFFURIZKKL., BIEEEBICRIONIDEEESZTVSAHEEERE
LT3,

1-3-12. Rsp5 [FRARLRATT Hsfl & Msn2/4 ORBITICIZIZHEES 2L
Hsfl & Msn2/4 MEDEILBAMLRIZRHLTHEL. EQ XSG EHRATRE
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LRAVIRGBEDEEEFETLION., CRETHLAIZEIN TSI EIZDLWTIR
Rz, Hsfl (£, RARLRBUNVBBEBEFOTOE—4—LIZRESINT- Heat
shock element (HSE) EF—27ZRDITHL. RE=ZERETHEL TERMMN DFFE
SR ETHEE T 5. ARNLREFE X TLVEWNRBIZHE LTS, Hsfl (A TEIZY
UEAEIN TN, Ffz. 7ILAY pH, BBIERARL R BARML R 7 )L O— R R
EDNREBETTIEL, BHEVBIESNTERHREOBEEZLY. 2—FTYNELGFDEES
#F8 9 5@E%H D (Hashikawa et al., 2006),

MSN2 DEEFIFERMICRELTEY. MSN4 DIGFEIFRANREFEETT
Msn2/4 {REMIZERISTHY. COZD2DEV NI EIZIE 41%DERMENH S
(Estruch & Carlson, 1993), msn24 & msndA O BEMBIRMRICHOANGRIBAEDE
EIXRO5NELAY msn2msnda OEEIEKTIERRIBHE. E—ravy. RBEE
ARLRBAERML RIZENWTHRERZMEEZRT  ANVALGLOREIZE LT, Msn2
& Msnd (FHIBEERIICBELTHY ., RANVABEET TILARE VB EEZ T TR
~NBITTHIEMNSNTLVS (Gorner et al., 1998),

ARVRBFHETIZEWT, RspS BRIFF Hsfl & Msn2/4 DR%EENDEE
ERRDI=. MR BAEEEREFT LIz (Figure 25), HSF1, MSN2, MSN4 £&{5F
M C XRiFAEIZ GFP @& E=ht vt DNA #ERL, FE#KE rsps't ~
BALTHARGHMZ IR (CYHOI-CYH06) ZEELT=, FF4EH# (CYHO1, CYHO02,
CYHO03) [Z&1F5 Hsfl [F. EITEKIZCHBELTULVz, £1=.25°C TOBRERREIZE
LT, Msn2/4 [ESHEBREEICH LT EA . SRV TR T2/—/LALEBRIZIE,
HEIEERKIZBEL TV, FIC. BFEKTIESERNL ADEEIZ Msn2 A%
BMEOMATEEESIN, T2/—I)LARLADEE(Z Msnd AR TEEINT-,
BEFLLAMVRIZHLUTIEEIZ Msn2 AIEELTHY. KYBLWRMLREHED
BEIZEWNT Msn2 AEYZKEESIN, REMITHFEELTWS-OTHHIEEZADL
nd,

— 7. rsp5**°'E (CYHO04, CYHO05, CYH06) 1281+ 28 BREREFL. HEHKD
BEERICLESLMBABELEERLI-, DFY. mRNA ORNVEEICITEEEET-
FTEDD. LI NIEFRSNF=EAON\IVBEOZAEE (L. ERBITHEETHIEMH
BALTz. CNODHEERKY . ARV RIZTHULVT Rsps [, Hsfl & Msn2/4 D#%NEE
[CEWT, [EIEREEEZLRNIEETRLZ, LML, BEKRELLERT DL 4008
DHEEEBENELGEDL T, T, rsp5s™'F TR RIZESTHESQ
FERERERFOFEEN . FERICERTHEDL TR (Figure 18C) &—
BLTWS,
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1-4. EE

CNETIZHRIE. HRBEAMNRBRE T T, rsp5't 128145 HSE-, STRE-
BAEEEFDORBICRMENHDHZEERL, RspsS HY Hsfl & Msnd DEIERZBISER
ENLIZRAM RV NNV BEOHBRGHHET HET. EHIVNIED)IT+—ILT
AT 1B BT EFIRIBLTE Y (Haitani et al., 2006), 37°C DERAMLRIZH T
HEFEMRTO HSF1 & MSN4 ORIRE(FBMLTHEY ., T2/—ILHMIZE->TH
MSN4 DRITEHNEMLT- (Figure 17), CD KIS, IRERERFDEFFEL,
BLoKIREAMNANBEIGT S5 L TRELGHKETH L, LHOLELL, HEPIR/
—J)LRARLRIZIEZE TS MSN2 OFRBEIL. FAEKRICEWLWTEAL T, KL%
ARLRIZEWT, Msn2/4 A MSN4 D FEIRZHIEL TLIVSAY., EIZ MSN4 DiFEMH
IEDRRLRBV N BEGFORBRICEEEZEZTOHAREELH D,

BEIZENTIE, Hsfl NERAMVRIZHLT, Msn2/4 BNITH/—JLRARLR
IZHLTIEELT, BLDAMNRAVNVEEBERFEFTETLHIENHMONTLNDS
(Hashikawa & Sakurai, 2004; Ferguson et al., 2005), C L HER B RS A FIZLSH AR
REAVNDBBEFDFEAN_ILIZFTBALZANZ N, BFLLRAMRPE
FLECFOREBICEELTVNSEEZ LGNS, fFEHIZ RspS [, HSF1 > MSN2/4
DEEBEFEIAONDELEEEZ TIFLSH, rsps™ 't DBNAM REEZH(E,
F(Z HSP12 #E . ARL ARV NV EEBEEFORIBREN B LI-I-OTHAHEHER
N5 (Figure 11),

Rsp5 [EHkRGHABAARUMNIBESELTLVSAY, ERIZ HSFL, MSN2/4 DEx
EENEIOLIE-DIE. RNV ABEZHE RS AL TIEGEL, ZRHM7A rsps*'t D
TRV DEBIM, Figure 17 [TRT &SI, AL RELDIREE T, rsp5™'F [
H1T5H HSFL, MSN2/4 DERE 2L TIZ, HFAEKRDOKF RHITETRAL Tz, D
FY. rsp5*t OFBAN ZABEZ UL, BEENLESEFHLORETRHANES
2%, BEBL rsps' [THEITARNMEMEDEENEESEL TS MET DL,
Figure 12 TRLI=&SIZ. mEZRARLRAU/ROE HSP12 % rsps™'t TiBEIH
IHEETH, HSP12 BFAY HSF1, MSN2/4 D TFHRICGIELTLNST=8. HSF1 D&z
BEEICREFEFSZEEE5Z LN EEZLONDS, LE=AD T, rsp5s ' TIEEBRINLR
RZUMNRET HSFL, MSN2/4 DEFEEMNFE D LE-D TIE%L, £IZ HSFL,
MSN2/4 @ mRNA Z#ZSNANIEEITEE TERNIET, ANV ARZHZEF| S
LIzmTREMEAYE LY,

SLEKEN - &L, BAEE rsps™™'F [281+% HSFL & MSN2/4 DEx
BEE%. BEERBISRAIFZHAVSZETIIEFARBEICHESLTH, ANV ADEHE
[CEDHLTEEKRICE TS Hsfl & Msn2/4 DEEENELGHEDLTINVECET
5 (Figure 18), T T AV VEEHBAEFERIC/7AAFIIF (CX) ZHAWT.,
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Hsfl, Msn2/4 DR TEMEZEEEMLT=(Figure 18C), ZDHER. CX #HRMLTERM
RIZHTS rsps™'t D Hsfl HEEIC. BEIERShGEA o1z, ThiE, rsps*'t
[ZEWT, F5< HSF1 D mRNA DFEAERMILEEINTELT . HhT M
HREN=E=OTHD, —H . Msn2 & Msnd DEEEIFRANADHY . #LIZEE
Hod . CX ZHRMTBIETEHEK., rsp5*'t OEATHAILTULV =, CDES.
MSN2, MSN4 @ mRNA AEFEMSEEINTEY . TOEFIRSNTZ Msn2,
Msn4 (X, AV N\OBERBERBEENLTHBRINI-AIREENEZILSND,

B2 VT, Hsfl & HSE E23I(Z, Msn2/4 & STRE EEHIZZENENES
FTHIENMSNTEY ., BOEIERAFLRIZIEELT HSE-, STRE-BEEGFHIR
DEIEEELED, LHOLEND, Hsfl & Msn2/4 MEDKSIZLTRANEZEINS
DMNMEFBETHD. COBIEITHVT, Rsp5 (& Hsfl % Msn2/4 ~ADIEFFo
EENLT. REHEOKANDEEZHHT SEVVSEELEEIZEH-TLSOMNE
LA, ZTEAIZLEA. rsps™ ' [CBWTEHEBERSFTRFOFEREENF LT
WAHEHIZ, MiaENSZANDEEICKBRLIEZEFL., iiohrnTaoF7—=EIC
FOTHBEINEDOTIFEWAETELT, &5(2, rsp5™'F (F, WW AV RAD
401 FEBD Ala A Glu [T7I/BEBL TS0, SRERMEAFERHELTHE
BTEHEWNELNSTEEREE R 5N T, B R HE T, RspS & Hsfl, £z Msn2/4
CEDOMBEREZBATLI=N. EHGRITESNG I o= (Figure 19), D=8,
rsp5**'t 123145 Hsfl Msn2/4 DHIERBEMEBTLIZECD. AL ADAL
BEORETITHBEASEKICOMLTULV A, AL RAFMZIE GFP gig 4 /3
VEDHEEZTBLLTWV DD, BEFMIZHIZHFEELTULV: (Figure 25),

ZTOMOERFENRELTIE. EREPIF/—IILACLRANEE | FFEK.
rsp5**°1E 2 ULVT, HSF1, MSN2/4 @ mRNA [FZE{ELALVEZE. Hsfl, Msn2/4 @
FEEI/EMLI-CETHS (Figure 18C)o CNFETIZ, Hsfl % Msn2/4 [FRARLR
RETTUVRIEOEEEEEZZT. BHEORELRLIZR. ANLRFIV NNV EE
EFDEEEFET HENHEIN TS (Hashikawa & Sakurai, 2004), ZD7T=
& . Hsfl ¥ Msn2/4 NEFEILTHIET, RREBIA—VF—N\—ZFmNT-TTHEM.
(X AEXTFUENLI=AV N\ E R RIZELS Hsfl, Msn2/4 DR EIMZIELT-
ATEEMENEZ OND,

CNODEEREIEREBRIIZ, rsp5™'F [2F(12 RNA D FOMAEABEMEN
BIBIIZZEIEL TULV = (Figure 24), BLV=Z &2, ANV RLGLDIREIZEWNT., £
mRNA % (RNAs MIEBIZENANEEINTUOSIZHEH5T L HSF1 & MSN2/4
D mRNA DEIZERBL TV, BRIZCEWLTIE. SRR RERBKIZTA/—IL
ARLRAYGEIRMIIZ mRNA DO#ZVEEZESIZRRIITENHLMNTLNS (Tani et
al., 1995; Saavedra et al., 1996; Krebber et al., 1999), T4#/—JLARL X% ZI(T1-#ka
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M. #IZTE mRNA 2E8ETH5—AT.E—havI 30/ B%H0—KT 5 SSA4
D mRNA AEIRMICENSEEINDIDTHS, PRI, ZOEERAGHEFTH
% Hsfl & Msn2/4 (L, FzZEZRFLRADHZUVVREIZEWNTH, BRMICHREINT
HY . MREICEELTOWSRELH D, TDT=6. Rsp5 [XEER, F=IXREER
[ HSF1, MSN2/4 @ pre-mRNA DTOtL 25 %, mRNA DRIRAILIMEEEIC
BEELTWSDOhELNEN, SHICHLIX, BROIF/—ILARLRIZET,
rsp5**°'t TIE HSF1, MSN2/4 ) mRNA HM#IZEFELTWSIEZBELMIZLE=,
£ mRNA, t(RNAs OBHNEEIZDNTE, RRLATTIE rsps™'E [2HL THEL
BWFENTNWEIEEZRR LIz, BF5<. mRNA BN EEZEE Mex67 H
(Gwizdek et al., 2006), THO/TREX (transcription/export) 8 S A DERREFTHS
Hprl (Gwizdek et al., 2005) #&A1- RNA #EE&ZABMAEELT mRNA [TUD)L
—FENTUVELATEEMEE . Mex67 DERENMETLTLS=HIZHETZ S mRNA #
NEE~NDEENEZOND,

BERIZH VT Rsps (. AN EERF Hprl DAEFFUILEREENLT
mRNA OFHEIC—EEELTLSH ., ZDFMBZEAN=X LITEBRIN TULVEL,
B RNA 5 FDRIEEIL, RspS DOFMEEAIICIMA T REEDHEAICEE
2 B/AE 3FED WW RAMVICE->THHEFIZavrO—IILEA TS
(Rodriguez et al., 2003), Rsp5 ;&M (&, 37°C TD mRNA #Z5VELE IS L THES:
M. 25CTIEIMELZLY, LALEAS, HSFL & MSN2/4 @ mRNA [FXRLADFE
FBIZE T BANEBA SN THESN TS A REELNH D, §HSDIT, AL R
BET.EGFETIZE TS rsps't T AN REVNRVEEETHDELGFD
mRNA [2DWWTH, MIlENBEMZFMRICETT I ROLND,

ARVATEET. EEET T, BEKE rsps™™'F 12875 Pgkl DEFEHEEMN
FIXELCTHo=IZHBEH 5T Hsf & Msn2/4 DFEEN rsps**'F TIXFELGH
HLTUL - (Figure 18C)e CNOLDHERIF . ACLADIGNWKETETAD
PGK1-mRNA M EBJBIRMICEMNBESNTEY .. R*¥FIT HSF1, MSN2/4 @
mRNA AEESN TR EERELTILVS, 52, BRIEEERESIZ2/—ILAL
LRIZBENTWWSERBA LI A 10 min THY. AL RMEBHIIZFEELTL:
Pgkl AEIZHREINEZTFAELNLLY,

3 21 Figure 12 1R &SI, rsps*E [2HUVT HSP12 #BEIFIFIES
CET RRLGARLVRIZH T HRZMEZRMTELIEEZMALMNITLT: (Haitani et
al., 2006)o #ZT. HSF1 *> MSN2/4 [ZDULTHREHRIZ, rsps™*'* T ADH1 7OE
—A—%FALTERFEBESE - (Figure 20), LMLEDS, EE R EF D& HE
RBIL. BEIVNNVEEERTHEOGHRRBANR (BiR. T2/—)L. Bk
KE.EMTI/BETFO51HE) TTrsps™t OEBEHS LT TELRI ST,
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CNSDOEERE. rsp5s™'F [2HULVT HSF1-, MSN2/4-mRNA D #4482 RFEAS
HBEETELTLNS, sBBRIIZ, rsp5™F [2HUVTE HSP12 1% SSA4 LRIk,
AMVRIZESDTELEEEFIVN\VEF BRI 510 EZIRMICEZNEEST TH
RENBADZA LD FEET HAIREENEZ NS (Tani et al., 1995; Saavedra et al.,
1996; Krebber et al., 1999),

BELGHERIE. RspS DRIV RICEDTELIEEEIVNIBEDBELSED.,
ZOMAICBEESELTLWARREENEWNENSZETH D, HIZ, BEOPIF/—ILAL
LRBET Tl Rsp5 [C&BHEH4 RNA HFORNEZEZELT, ANVAKE
[CWEBELRERBRETRFORBEZHEL TS EETHHIZTR R L (Figure 26), &
Z5<  Rsp5 KFMEILE FF LD, BEEMNEIIFEEMIC RNA 5 FOEEIC
FEEEZ TS, LMo T Rsp5 ISRV EERFDIEXF LA, i
NACLRAGEIZBBETHDEEZONDT=H., rsps™ 't TIXEREIS/—ILYE
BIZBWT, ERBICHBLVEZMEERTDOTHSS, TOMBEEMET R, FEKE
rsp5**'" [2F11% mRNA & (RNA DRAEEICOVNTISHEBHNBLETH
%, BRICHWT,.RspS [FAEFFUEFBELTRESD RNA £ & BAOEHIZER
BEIRO—)LLTHEY . &N EEICEAHSTHAD RspS DEBZRETSHE
N SEODEELRETHS, F—ETIE. Rsp5 £7rL71= RNA 5 F D% EE
BEOBBICRIT-EELMREZB{HIENTE -, SHELAMN R E#IEN BT
SMERY . FRDAN M EBEBEENOREICDENDIEEEFT .
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Rsp5  1-810
c2  4-103
WW1 229-266
WW2 331-368
WW3 387-424
HECT 474-809

HECT domain

binds membrane phospholipids in
a Ca?*-regulated manner.

are protein interaction modules
that bind proline-rich ligands.

ligates ubiquitin in the process of
target protein degradation.

GRLPPG W ERRTDNF
GELPSG W EQRFTPE
GRLPSG W EMRLTNT

WW1 domain
WW2 domain
WW3 domain

G | RTYYVDHNTRTTT W KRPTLDQTE
G | RAYFVDHNTRTTT W VDPRRQQYI
A | RVYFVDHNTKTTT W DDPRLPSSL

3rd WW domain:
Ala401 (GCA)

) Glu (GAA)

Figure 5 The rsp5 mutation (Ala401Glu). Rsp5 is an essential E3 ubiquitin ligase containing the HECT-domain.



YPD (25°C) YPD (37°C) SD (37°C)

Wild-type & o 8
+DL-b- +0O-Fluoro-DL-
Hydroxynorvaline +DL-Norleucine phenylalanine

(2 mg/ml) (Thr) (2 mg/ml) (Met) (20 mg/ml) (Phe)

Wild-type ®o0

+Heat shock
YPD (25°C) +H,0, (0.5 mM) (50°C, 6 hr)

Wild-type

+Ethanol (8%)  +LiCl (100 mM) +NaCl (1 M)
Wild-type

Figure 6 The rsp5 mutant is hypersensitive to various stresses that generate abnormal proteins in the cell.
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[Ubiqui‘rina’rion Growfh\
&,
®
0 ) ) @ a0
Rsp5 Degradation
Abnormal in proteasome
\_ proteins or vacuole /

Wild-type

4 No

Ubiquitination

Growth )
inhibition

OB &= e

rspb Accumulation
\*P )

pspBA40IE

Figure 7 Mechanism of stress hypersensitivity of the rsp5A401E cells. The rsp5 mutant cannot recognize and bind to abnormal
proteins via its WW domains to conjugate ubiquitin; thus, the ubiquitination-triggered degradation of target proteins in vacuole

or in proteasome fails, causing growth inhibition.
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Table 1 Yeast strains used in this study

Strain Genotype Background and/or description

CKY8 MAT « ura3-52 leu2-3 112 RSP5 S288C, wild type

CHT81 MAT ¢ ura3-52 leu2-3 112 rsp5A401E S288C, rsp5 mutant

CHT82 MAT ¢ ura3-52 leu2-3 112 rsp5A401E gaplA4 S288C, rsp5 mutant

CYHO1 MAT a ura3-52 leu2-3 112 RSP5 HSF1-GFP-Kan S288C, HSF1-GFP fusion

CYHO02 MAT « ura3-52 leu2-3 112 RSP5 MSN2-GFP-Kan S288C, MSN2-GFP fusion

CYHO03 MAT a ura3-52 leu2-3 112 RSP5 MSN4-GFP-Kan S288C, MSN4-GFP fusion

CYHO04 MAT « ura3-52 leu2-3 112 rsp54401 HSF1-GFP-Kan S288C, rsp5 mutant HSF1-GFP fusion
CYHO05 MAT ¢ ura3-52 leu2-3 112 rsp5A41E MSN2-GFP-Kan S288C, rsp5 mutant MSN2-GFP fusion
CYHO06 MAT ¢ ura3-52 leu2-3 112 rsp5A401E MSN4-GFP-Kan S288C, rsp5 mutant MSN4-GFP fusion
ERX-17C MATa his4-N met4 ade8 S288C, wild type
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Table 2 Oligonucleotides used in this study

Name Oligonucleotide sequence
RSP5-Hindlll 5-AACCAAGCTTAAAAGACATACGCTTAACCA-3’
RSP5-EcoRI 5-ACCGGAATTCCGTTTCAAGTATGTACCTCA-3

p546-HSP12-HIndlll
p546-HSP12-BamHI
p546-HSP42-Hindlll
p546-HSP42-BamHI
p546-DDR2-HindlIl
p546-DDR2-BamHI
HSP12-Pstl
HSP12-Sacl
HSP42-Pstl
HSP42-Sacl
DDR2-Pstl
DDR2-Sacl
HSF1-Sall
HSF1-Smal
MSN2-Pstl
MSN2-Smal
MSN4-Sall
MSN4-Smal
HSF1-HA-Pstl
HSF1-HA-Sacl
MSN4-HA-Pstl
MSN4-HA-Sacl
OLE1-Hindlll
OLE1-Pstl
ACT1-EcoRl
ACT1-Sall

HSF1-F

HSF1-R

MSN2-F

MSN2-R

MSN4-F

MSN4-R
MRNA-dT50
MRNA-HSF1
MRNA-MSN2
MRNA-MSN4
tRNA-lle-m
tRNA-lle-p
tRNA-Met
HSF1-GFP-F
HSF1-GFP-R
MSN2-GFP-F
MSN2-GFP-R
MSN4-GFP-F
MSN4-GFP-R

5'-GGCCCAAGCTTGGACTAGAAGCCAAAAGCCAG-3
5-TTGGGGGATCCATTGTTGTATTTAGTTTTTTTTGTTTTG-3’
5-GGCCCAAGCTTCTGGGGTTGGGTAACAAGTGA-3'
5-TTGGGGGATCCATTGCTTCGGCTTGGTATGAT-3’
5-CCGCTCAAGCTTTTATTTCCTCTGATGTAA-3’
5-TTGGGGGATCCATGTTTAAATCGATATTAAATTAGCGTG-3
5'-CCAAAACTGCAGCAAAACAAAAAAAACTAAATACASACA-3’
5'-AACCCCGAGCTCTACAAAGAGTTCCGAAAGAT-3’
5'-CCAAAACTGCAGGATCATACCAAGCCGAAGCA-3
5-AACCCCGAGCTCTGTGTGTATAAACAGATACG-3
5-CCAAAACTGCAGCACGCTAATTTAATATCGATTTAAAC-3
5'-AACCCCGAGCTCCAGTAAGCGGCGTTTTTC-3'
5'-ACGCGTCGACTACTCCACTAAGGCCAGTAG-3’
5-ATCCCCCGGGCCC*TTTCTTAGCTCGTTTGGGCA-3’
5'-AAAACTGCAGATCTAAAATGACGGTCGACC-3
5-TTCCCCCGGGACC*AATGTCTCCATGTTTTTTAT-3’
5-ACGCGTCGACTACGAAGCGGTTGGTAGCGA-3’
5-ATCCCCCGGGCCC*AAAATCACCGTGCTTTTTGT-3’
5-ATCGCTGCAGGCTGGAAGGGAAAGGAAACA-3
5-GAAGGACACAACCTCGAGGAACACTCTGTT-3
5-TAGCCTGCAGAACGCCTTTATCAGTTCGGC-3’
5'-GAAGGACACAACCTCGAGGAACACTCTGTT-3'
5'-GCCCAAGCTTTACAACAAAGATGCCAACTTCTGGAACTAC-3’
5'-AAAACTGCAGGTGATACTTAAAAGAACTTACCAGTTTCGT-3'
5-CCCGGAATTCGGTTGCTGCTTTGGTTATTG-3’
5'-ACGCGTCGACGAAACACTTGTGGTGAACGA-3’

5-GATCCGCAGTCAGCAGCAT-3

5-GTTTCCTTGAGTCATGGAAAAAAGA-3’

5-TGCGTCCGTTATTGCGAAA-3’

5-CCTCTGTCAAAAATGGCATATCAT-3'

5-GTCGGCATTCGACAATAACGTA-3’

5-TCCTGAGCCGGAGATGACTT-3’
S-TTTTTTTTTTTTTTTTITTITTTITTITTTITTITTITITTITTITTTITTITTITITTITTITTIT-3
5'-GATCCGCAGTCAGCAGCATCGCCGGTTCCTTCTTCCTCTTTTTTCCATGACTCAAGGAAA-3’
5-TGCGTCCGTTATTGCGAAAGTGGCGACTACAGGCTTGAGTAATGATATGCCATTTTTGAC-3’
5-GTCGGCATTCGACAATAACGTAGACCCCTTCAACATTCTCAAGTCATCTCCGGCTCAGGA-3’
5-GCGGGATCGAACCGCTGATCCCCGCGTTATTAGCACGGTGCCTTAACCAACTGGGCCAAG-3
5-CGTTGCTTTTAAAGGCCTGTTTGAAAGGTCTTTGGCACAGAAACTTCGGAAACCGAATGT-3’
5'-CCAGGGGAGGTTCGAACTCTCGACCTTCAGATTATGAGACTGACGCTCTTCCTACTGAGC-3
5-AGAGTACAACGATCACCGCCTGCCCAAACGAGCTAAGAAAGGTCGACGGATCCCCGGG-3
5-AAATGATTATATACGCTATTTAATGACCTTGCCCTGTGTAATCGATGAATTCGAGCTCG-3
5-GTCGCAACACATCAAGACTCATAAAAAACATGGAGACATTGGTCGACGGATCCCCGGG-3'
5-TTATGAAGAAAGATCTATCGAATTAAAAAAATGGGGTCTAATCGATGAATTCGAGCTCG-3
5'-ATCACAACATCTAAAAACTCACAAAAAGCACGGTGATTTTGGTCGACGGATCCCCGGG-3'
5-TAGCTTGTCTTGCTTTTATTTGCTTTTGACCTTATTTTTTATCGATGAATTCGAGCTCG-3

The underlined sequences indicate the restriction site, and the asterisks show the replacement of the termination codon by
glycine in HSF1, MSN2, and MSN4, respectively.
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Whole cell extract

CKY8 CHT81

25°C 37°C  25°C 37°C

Supernatant

CKY8 CHT81

25°C 37°C  25°C 37°C

st

Figure 8 Expression and stability of Rsp5 in the rsp5A40iE cells. Strains CKY8 (wild-type) and CHT81 (rsp5A401E) were grown
to logarithmic phase on YPD medium at 25°C and subjected to temperature up-shift (from 25 to 37°C, 30 min). Whole cell
extracts and supernatant (20,000 g) were prepared and analyzed by Western blot analysis using anti-Rsp5 monoclonal
antibody. The 3-phosphoglycerate kinase Pgkl was used as a protein-loading control.
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CKY8/ERX-17C

CHT81/ERX-17C

Figure 9 Tetrad analysis of CKY8/ERX-17C and CHT81/ERX-17C diploids on YPD agar plate.
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Table 3 Survival analysis of the spore from CKY8/ERX-17C and CHT81/ERX-17C diploids.

0 12 24 36 48 60 (hr)

CKYS/ERX-17C 182 352 245 262 252 243 (colony)
100 193 135 144 138 136 (%)

CHTB1/ERX-17C 160 224 218 204 188 134  (colony)
100 140 136 128 118 84 (%)
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25°C

37°C

9% Ethanol

1 M Sorbitol

Heat shock
(50°C, 4 hr)

B-gal activity (U/OD) B-gal activity (U/OD) B-gal activity (U/OD) B-gal activity (U/OD)

B-gal activity (U/OD)
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Figure 10 Expression of stress proteins was defective in the rsp5 mutant under various stress conditions. Recombinant
strains CKY8 (wild-type) harboring p546-HSP42 (diamond), p546-HSP12 (square), and p546-DDR2 (triangle), and CHT81
(rsp5A401E mutant) harboring p546-HSP42 (diamond), p546-HSP12 (square), and p546-DDR2 (triangle) were grown to
logarithmic phase on SC-Ura medium at 25°C and subjected to temperature up-shift (from 25 to 37°C), ethanol (9%), sorbitol
(1 M), and heat shock (50°C, 4 hr). Cell extracts were prepared and the B-galactosidase activity was measured from at least
three independent cultures.
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Temperature up-shift CKY8 CHT81
Time (min) 0 30 60 120 0 30 60 120
-— - HSP12
Relative amount 27 100 34 26 29 51 36 28
of transcript (%) g ol b b (s s e HSP42
88 100 62 46 68 74 63 44
- S DDR2
45 100 51 52 37 68 36 29
B St St St | Nt St S e ACT1L
100 85 87 80 100 83 74 75
Ethanol CKY8 CHT81
=1 = HSP12
11 20 28 100 10 12 24 65
et - - e e HSP42
47 96 100 79 28 75 76 45
o s DDR2
58 83 100 52 37 70 72 48
. . ACT1
100 82 83 82 89 77 84 83
Sorbitol CKY8 CHTS81
L - .. HSP12
28 87 100 36 11 52 51 22
_ - ! HSP42
50 100 39 35 50 64 31 26
; DDR2
58 100 84 57 46 71 61 62
il S s w e P ACTl

100 76 70 71 75 59 68 66

Figure 11 Expression of stress proteins was defective in the rsp5 mutant under various stress conditions. Strains CKY8 and
CHT8L1 cells were grown to logarithmic phase on YPD medium at 25°C and subjected to temperature up-shift (from 25 to
37°C), ethanol (9%), and sorbitol (1 M). Total RNA (10 mg) from each strain was prepared from samples collected before (time
= 0) and at several times after temperature up-shift, and was hybridized to three stress protein genes (HSP12, HSP42, and
DDR?2). As an internal control, the level of ACT1 encoding actin was also measured in the same blot.
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Table 4 Selected results from microarray-derived expression changes of known genes after ethanol treatment for 1 hr.

Transcriptional rates after 1 hr

Gene name Protein function CKY8 CHT81 CKY8/CHT81
Containing HSEs -fold -fold
HSP42 Heat shock protein 84.2 62.5 1.3
HSP60 Heat shock protein 2.7 2.0 1.3
HSP82 Heat shock protein 49.8 32.2 15
Containing STREs
DDR2 DNA damage responsive 15.5 4.0 3.9
CTT1 Catalase T 6.8 3.4 2.0
TPS1 Trehalose-6-phosphate synthase 5.1 4.8 11
TPS2 Trehalose-6-phosphate phosphatase 8.4 3.6 2.3
Containing both HSEs and STREs
HSP12 Heat shock protein 49.5 16.7 3.0
HSP26 Heat shock protein 202.3 135.7 15
HSP104 Heat shock protein 12.6 27.9 0.45
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25°C 36°C

+ 12% Ethanol + 50 mM LiCl + 2 M Sorbitol YPD

CKY8
CHTS81
CHTS81 (pAD RSP5)

(pAD HSP42)
(PAD-DDR?2)

Figure 12 Overexpression of stress proteins complemented stress-hypersensitivity of the rsp5 mutant under various stress
conditions. The growth phenotypes of various strains were examined. Approximately 106 cells of each strain and serial
dilutions of 101 to 105 (from left to right) were spotted and incubated onto YPD medium, YPD medium containing 12%

ethanol or 50 mM LiCl at 25°C for 3 days, or onto YPD medium at 36°C for 4 days.
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Figure 13 Does Rsp5 regulate expression of stress proteins via Hsfl and Msn2/4?
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Cytosol 26S

proteasome
ER
: Rsp5
= Spt23
; LPKY motif

ﬂ Partial degradation

2. Spt23 | Processing

u Transport

[spt23]
—
Nucleus OLE1

Figure 14 Two homologous transcription factors, Spt23 and Mga2, are ubiquitinated by Rsp5 and partially degraded by the
cytosolic 26S proteasome, and the truncated forms are imported to the nucleus for the transcription of OLE1 required for the
oleic acid synthesis (Hoope et al., 2000)
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CKY8 CHT81 CKY8 CHT81
_ pAD- pAD- PAD- pAD-

HSFL % PADA HisFimsNa PAPYHsF1MsNa

MSN4 - <+—Hsfl
-

ACT1

. " 4— Msn4

—

b | Pt~ 4— Pkl

Figure 15 Expression of Hsfl and Msn4 was defective in the rsp5 mutant. A: Strains CKY8 and CHT81 cells were grown
to logarithmic phase on SC medium at 25°C. Total RNA (10 mg) from each strain was prepared and hybridized to HSF1,
MSN4, and ACT1 probes. B: Recombinant strains CKY8 (pAD4), CKY8 (pAD-HSF1), CKY8 (pAD-MSN4), CHT81 (pAD4),
CHT81 (pAD-HSF1), and CHT81 (pAD-MSN4) were grown to logarithmic phase on SC-Leu medium at 25°C. Whole cell
extracts were prepared from a set of cultures and analyzed by Western blot analysis using anti-HA monoclonal antibody.
The 3-phosphoglycerate kinase Pgkl was used as a protein-loading control.
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Figure 16 Expression of Hsfl and Msn4 using centromere plasmid pRS415. Recombinant strains CKY8 (pRS415), CKY8
(pPRS-HSF1), CKY8 (pRS-MSN4), CHT81 (pRS415), CHT81 (pRS415-HSF1), and CHT81 (pRS415-MSN4) were grown to
logarithmic phase on SC-Leu medium at 25°C. Whole cell extracts were prepared from a set of cultures and analyzed by
Western blot analysis using anti-HA monoclonal antibody. The 3-phosphoglycerate kinase Pgkl was used as a protein-loading
control.

— Pgkl
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Figure 17 Rsp5 is involved in the transcription of HSF1 and MSN2/4. Strains CKY8 (wild-type) and CHT81 (rsp5A401E mutant)
were cultured to the logarithmic growth phase in YPD medium and incubated for 10 min under the following conditions: at
25°C (opened bar) at 37°C (shaded bar) with ethanol (10%) at 25°C (hatched bar). Total RNA from each strain was prepared
from samples collected before and after stress, and the transcription of HSF1 and MSN2/4 was assessed by real-time
quantitative PCR. The mRNA level was normalized to that of ACT1 in the same sample. Values represent the means and error
bars indicate the standard deviations of three independent experiments.
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Figure 18 The protein levels of Hsfl and Msn2/4 were defective in rsp5A41E cells. (A) Strains CKY8 (wild-type) harboring
empty vector (pAD4) and CHT81 (rsp5A401E mutant) harboring empty vector (pAD4) or RSP5 (pAD-RSP5). Approximately 106
cells of each strain and serial dilutions of 101 to 10 (from left to right) were spotted and incubated onto SC-Leu for 3 days. (B)
Recombinant strains CKY8 (wild-type) harboring pAD-HSF1, pAD4-MSN2, and pAD-MSN4, and CHT81 (rsp5A41E mutant)
harboring pAD-HSF1, pAD4-MSN2, and pAD-MSN4 were cultured to the logarithmic growth phase in SC-Leu medium at 25°C
and incubated for 10 min under the following conditions: at 25°C (opened bar) at 37°C (shaded bar) with 10% ethanol at 25°C
(hatched bar). Total RNAs from each strain were prepared, and the transcription of HSF1 and MSN2/4 was assessed by real-
time quantitative PCR, as shown in Fig.17. Values represent the means and error bars indicate the standard deviations of
three independent experiments. (C) The above strains were cultured to the logarithmic growth phase in SC-Leu medium at
25°C and incubated in the absence (-) or presence (+) of 100 pg/ml CX for 10 min under the following conditions: at 25°C (-) at
37°C (Temp.) with 10% ethanol at 25°C (EtOH). Whole cell extracts from each strain were analyzed by Western blot analysis
using anti-HA monoclonal antibody. The 3-phosphoglycerate kinase Pgkl was used as a protein-loading control.

53



CKY8 CHT81
(PAD-HSF1)  (pAD-HSF1)

CKY8 CHTS81
(PAD-MSN2)  (pAD-MSN2)
SEES L L
- o - 9
Stress & & & &

CKY8 CHT81
(PAD-MSN4)  (pAD-MSN4)

Figure 19 Ubiquitination of Hsfl and Msn4. Recombinant strains CKY8 (pAD4), CKY8 (pAD-HSF1), CKY8 (pAD-MSN4),
CHT81 (pAD4), CHT81 (pAD-HSF1), and CHT81 (pAD-MSN4) were grown to logarithmic phase on SC-Ura medium at 25°C.
Whole cell extracts were immnoprecipitated by anti-HA antibody and analyzed by western blot analysis using anti-ubiquitin
monoclonal antibody. Input was used as a protein-loading control.

54



25°C

+ 0.5 pg/ml
Canavanine

+ 20 pg/ml AZC SC - Leu

CKY8

CHTS81

CHT81 (pAD-RSP5)
(PAD-HSF1-1)

( -2)

( -3)

(PAD-MSN2-1)
( -2)
( -3)
(PAD-MSN4-1)
( -2)
( -3)

37°C 25°C

+ 12% Ethanol + 150 mM LiCl + 2.5 M Sorbitol +5mMH,0,

[ S @ e

Figure 20 The effect of overexpression of HSF1 and MSN2/4 in the rsp54401E cells under various stress conditions. The
growth phenotypes of various strains were examined. Approximately 106 cells of each strain and serial dilutions of 101 to 10-°
(from left to right) were spotted and incubated onto SD+Ura medium containing 20 pg/ml AZC, or 0.5 pg/ml Canavanine, or
SC-Leu medium containing 12% ethanol, 150 mM LiCl, 2.5 M Sorbitol, or 5 mM H,0, at 25°C for 3 days, or onto SC-Leu
medium at 36°C for 4 days.
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Figure 21 The transcription levels of OLE1 was increased in rsp5A41E cells. (A) Recombinant strains CKY8 (wild-type)
harboring pAD-OLE1 and CHT81 (rsp5A401E mutant) harboring pAD-OLE1 were cultured to the logarithmic growth phase in
SC-Leu medium and incubated for 10 min under the following conditions: at 25°C (opened bar) at 37°C (shaded bar) with
ethanol (10%) at 25°C (hatched bar). As shown in Fig. 17, the transcription of OLE1 was assessed by real-time quantitative
PCR. Values represent the means and error bars indicate the standard deviations of three independent experiments.
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Figure 22 The effect of overexpression of OLEL in the rsp54401E cells under various stress conditions. The growth phenotypes
of various strains were examined. Approximately 106 cells of each strain and serial dilutions of 10-1 to 105 (from left to right)
were spotted and incubated onto SD+Ura medium containing 20 pug/ml AZC, or 0.5 pg/ml Canavanine, or SC-Leu medium
containing 12% ethanol, 150 mM LiCl, 2.5 M Sorbitol, or 5 mM H,0, at 25°C for 3 days, or onto SC-Leu medium at 36°C for 4

days.
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Figure 23 Is Rsp5 required for the nuclear export of mMRNA of HSF1 and MSN2/4 under stress conditions ?
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Figure 24 The nuclear export of HSF1- and MSN2/4-mRNA is inhibited in rsp54401€ cells. Strains CKY8 (wild-type) and CHT81
(rsp5A401E mutant) cells were shifted to 37°C (Temp.) or added 10% ethanol (EtOH) for 10 min. FISH was performed using
specific digoxigenin-labeled probes recognizing intron-containing tRNAIlle and intron-less tRNAMet, and probes specific for
poly(A)+, HSF1-, and MSN2/4-mRNA. DNA was stained with DAPI. Scale bars: 1 um.

RNA DNA RNA
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Figure 25 Hsfl and Msn2/4 are mainly localized in the nucleus under stress conditions. Strains CYH01, CYH02, CYHO03,
CYHO04, CYHO05, and CYHO6 were observed in the fluorescence microscope for the localization of Hsf1- or Msn2/4-GFP after
shifting to 37°C (Temp.) or adding 10% ethanol (EtOH) for 10 min. Cell morphology was observed through differential
interference contrast (DIC) and was also stained with DAPI to visualize nuclei. Scale bars: 5 um.

60



/ Hsfl, Msn2/4 _— — Nucleus \

A /AAAA ~

Nuclear o _—anan

W eXPOrt 2 1isF1, MSN2/4mRNA, TRNA
Rsp5
R N

f
\_ (Msn2| STRE  HSP42, HSPIZ, DDRZ )

Figure 26 Rsp5 primarily regulates the expression of Hsfl and Msn2/4 required for stress responses through the post-
transcriptional event. The Rsp5 activity is required for proper mRNA export, indicating that the Rsp5-mediated ubiquitination
acts directly or indirectly to affect the export of RNA molecules.
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$F2E Rsp5 BEFADTUVELEREAICKSAMNAMEDF L

2-1. #¥E

B%#f Saccharomyces cerevisiae (&, &/ PEELGEDRMEEICILFIAS
NTLBEELGHEYNTHS, RERAERBEIEXRBICL-T. SR BRET
L= AR . BRERE. KR, LBLELSHREANANERINDS [EEXF
LR RIETHY. HIERIVNIENEEL. BEEIVNVEEZERTSH-D.
FHEEDHRBENHIRESND,

HEADIVNNIVEREICAETHIEXFFUOIRTLIK El (AEFRFUEHE
ILEER). B2 (AEXFFURBER).E3 (AEXFUUH—F) HohdERRT. A
EXFUORBEIVNIE~DHFEHEESZMIET D (Figure 1)o AL RIZKYHRRE
RIZELEEERN\VEX,. AEXF UL RTLIZEYAEXFURE. TOTTY
— LB THBINDIEEZZAOND, AIEXFFUOVRATLIZEWTEEL Rsps (&
E2 (2895 HECT RASU  BHIAVIN\VBEERHELEE TS WW RASUF
ALTWAHA. E2 [THESLEENREAEXF % HECT FASVAD Cys777 12
RS R. ENAVNRVEBITERZIELRENZE>TLS, RspS D&%
HECT # E3 DIHFA.E2 (FAEXFFURBERELTHEET S,

CNETISAVNNVBEERDOBIZTO) U ERELTEAEN. BESV/NVE
EHERTEITEFOU2-NILRUEE (AZC) ISHBRERZUERTEERE S BELT-,
CHDEERMTEIEBIIREDAEXF YA —+H RspS DEGFICEELNHY.
401 BEOT7I/BBEETHS Ala A Glu [TEHLTULV =, F=. rsp5™0E A3,
AZC DWMIZHEEEIVNNVEFERTHAMNR (BR. T42/—IL.VILEL—IL,
BEAEKR, B FOLIGE) ICRERZHERTIEND, RspS OFLLVEREELT
[BEAVNIBERBEADEE] Z1RIBL TS (Figure 7)o

AMETIE. BEFN\VEDAEREE - RANNEICEHSL. BEBOAMN R iHE
ISHERBICBWTEERIV/ANVE ., AEXFFUVH—E Rsp5 I2DWT 2V/N\VE
IZOFEEAVTEECLZEEOM L. EEHEHORELE DEHEEILITL
AEXRFUOSRTLBIEBRLGEFEEL ANLANDAEMMEEEITT S,

FT.Rsp5S BELEFADIUVFLERBAICKY, AL ATiMERILESESE
2R Rsps F#ENEBL. TOHEEZRENTLI-, TSRIFICHARAATE A40IE £E
£ RspS iE{ZFIZ Error-prone PCR A TIUA LERZE AR, rsps™ " 28
L. T2 B TOREREECTEETIHIVR—anHiLiz, Bon-BEH%/0—
2@ RSP5 EEFICIE, £ELT Glud0l A Gly [TEHLTULV = (Figure 27). =
DERE(L, RspS NEBFIVNVEEHALTAIEXFUILTHDICEELR WW K
AMUIZTFEEL. WWI, WW2, WW3 RASVTREENEL 0. S#EELICEDH
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BEHERINT=, FTT,rsp5™'F NT A401G ZTER Rsp5 #HRRILETA,
FERBAMVRAREZM (T2/—IL. VILEL =)L, BEE/KFR) #HEMETE, LH
L.EER Rsps [THHART, AL RMEIZEIZR SN o1,

RIZ.AD)—ZU T HEEEZT AZC SHEMTHLAEEAIRLGUELE
(T357A/A401G/K764E/E767G) ZH I SRR Rsp5S ZEELT-. COEHEER
Rsp5 % rsp5™ "'t THRIRIEBEHE.AZC THEKRIYEROFEZRLE, LD
EREHEIC, AAETITIBLIEMELERR Reps P AMIGKTIGEERTTG 5\
SHEEILICEADLIBREDEE. BLURM RIZHEITS Rsps DHEEMRTZEITo
1=

63



2-2. RERARK
2-2-1. HEHREHEM

AWM ETHEALE-ERIL. S. cerevisiae S288C R#F%ETH D, CKYS (MATa
ura3-52 leu2-3, 112) I&. C. Kaiser &Y% EELTULV =121 =, CHTS1 (rsp5**'™") [,
CKY8 #% M5 EMS ZEMEBIZKYNEELT: AZC BREZHEEEK Rsp5S D
Ala401 A Glu [ZEHE) T#HS (Hoshikawa et al., 2003), Escherichia coli strain
[FA ®80lacZAM15 A(lacZYA argF)]JU169 deoR recAl endAl hsdR17(r my') SupE44
thi-1 gyrA96] &, BRHEERFO YT /O0—=2F TfFRALT .

EEHBIZ I, yeast extract/peptone/dextrose (YPD) (2% glucose, 1% yeast extract,
2% peptone), synthetic complete (SC) (Rose et al., 1990) consisting of 2% glucose,
0.67% Bacto Yeast Nitrogen Base with ammonium sulfate (Difco Laboratories £1),
drop-out mix lacking leucine (SC-Leu) FE7=IE lacking uracil (SC-Ura) &L =,

2-2-2. FS5RZR

pAD-rsp5**'F FSZX2REF LT L—MZ error-prone PCR $%I2&>T RSP5
BIZF D ORF Z#HiE# . Hindlll & Sacl THIEEENIEL:, ZOM A%, B
[CHIREERMIELT- pAD4 IZEHEL, rsps™ 't SUS LEREBASATS)—,
YHS #HELT-,

pAD4 (supplied by J. Nikawa) (&, YEp B DTS XZIRT 2 um DNA DERE
REBRTOERRBY—I— LEU2, 5&U E. coli TOEHEREERT—H—
DT7VED) U EERFEEATWNS, Tz, YILFI/O—=FH A bD LFRIC
ADH1 OE—4—, Tl ADH1 A—IR—42—MNEEL TS,

pYES2 (Invitrogen #t) &, YEp B2 D TFSRXIFT 2 uym DNA DERE S LB
BTORIRAY—H— URA3, LU E. coli TOHEHMRRERRT—H—DTY
E UM BEFESATND, £f=. YILFH/O0—=U5 34D EFIZ GALL
TAE—4—,CYCl A3—3IR—42—MNEFEHLEL TS,

pRS415 (Stratagene 1) I&. YCp DTS AIFT. BB THERT—H—
LEU2, & E. coli TOHEBEREERY—H—DOT7UEV)UMMHELTFES
ATWND, bl BRHERFORBRICAHL:,

RSP5 ;&{=F® DNA Mr% PCR THEME#. Hindlll & Sacl THIEEEWD
BL-, ZO A%, EHRICH REZRLIELI- pAD4, pYES2, pRS415 [ZEEEL.
pAD-RSP5, pYES-RSP5, pRS-RSP5 ##&&EL 1=,

2-2-3. RRRIHFRER
RSPS EIEFICEEREATHBEMZERBEBRSELTS/v—%KETL.
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pAD-RSP5 T > L —KRIZHW T, Quik Change Site-Directed Mutagenesis Kit
(Stratagene f1) ICKYUBPGIIFELEEZE AL, PCR &£ EWYZ Dpnl HIRERL
B (1ul,37°C, 1 hr) LT, AFIIESNFETSRIROAHETLT=, RIZ, TSRAZKR
Z E. coli ICEALTHEGRAZIGER. TORIFEHELTRERSIZHEL
foo SO EEFI AL T, pAD-RSPSTITAAVIGKISEETSIG - A1y R GpSTITAKIGEETSTG
pAD-RSP5TISTAAOIGKTSE a1y ppSTISTAKTSE ATy RGPSTISTA o ATy RSPSKTOE %
WL,

2-2-4. )7 I)LAA L PCR

SC-Leu IFiT ODgy = 5.0 RIRFTIREDBELI-E#Z%Z dH,0 THHFE.
SD+Pro #EHh[ZHEBEL . 25°C T ODgoo= 1.0 BIEETIRESEE LT -, (NH,),S04(10
mM) ZHRME. 0, 5, 10 min FIZTEBELT=, 3,000 rpm, 5 min, 4°C TELE. 1 ml
DAFBEKIZHEZFAL, SZ 028 (12,000 rpm, 1 min) 217271, #ULN T, #
EDBREE 0.05 mm HSRAE—XZFAULVT, 2,500 rpm T 60 sec DL 60 sec
DA% 6 [@, #Y5RLTITLY, RNeasy mini kits (QIAGEN #t) ZRL\TZ RNA
ML=, FYMIEENSD RNase-free DNase set (QIAGEN #t) ZAUVT, #iH
EEIFFIZ DNase MLIEBH1To7=,

HHE L7z RNA (&, #E&&ELT MESA (20 mM morpholine propanesulfate
(MOPS), 5 mM EFEE, 1 mM EDTA; 10 x MASA &R (pH 6.7 - 7.3)) (FOytHEZELD)
AW, 1.2% PAO—XZ)LEFEH>T 50 V DEZBET 60 min ERIKEILT-,
RNA DFHAEEIL MESA T 10,000 fZIZF LTz Syber Gold i&i& (Invitrogen
) ZAVT. 7 IILEERT 15 min RBELGHNSEEL, 260 nm DWRIEZLRIE
LTHERLT, RNA N5 cDNA ~D#HE5F (& High-capacity cDNA reverse
transcription kits (Applied Biosystems $t) ZFl\, #EIERERZARIMLTLVELRE
a2hA—)LELTTROBYIZITOT=,

1J7ILAA L PCR [& cDNA ZT>TL—hk&L. Sybr Green PCR master mix
(Applied Biosystems #t) ZRAWLNTITof=, RIGHMIE 25 pl (REBFE) OFEAK
DEED master mix & (x 1 BER) IZ. %¥ET 100 nM DREEIZHEKSIZT
T4 —& 20 ng cDNA #MNA 1=, {ZHSEEFIHEENGT T 547 —IZIE. GAPLF:
5-TTG GTG CCT CCT CTG TGG AT-3’, GAPI-R: 5-CCG TGA GTC TTA ATG GCA
ATG A-3 ZRL=, ATEMIFA—)LELTIE ACTL (Actin) ZHEULM=, U7 ILEA
L. PCR DEMIE 12% FHO—RFTILEZRANTERKEIL. 10 mg/ml ethidium
bromide AR TEELT. EBFEMTIBIREZEZELI=, UT7ILE2A4L PCR [X.3 ED
AR DEEBEIYEFLNT=2 RNA AT, 3 BEfTo7=,
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2-2-5. DIRBLTOVTAUT N (EF0 /OB RDHRER)

£ R EERHR{AZE SC-Leu, 25°C T ODgoo = 5.0 RIRF THEER., SD+Pro it
[CHEBL. 25°C T ODgoo = 1.0 BIERFETHEELT, (NH,),S04 (10 mM) ZFMNE.
30, 60 min #&IZEBR L=, Z D # (3,000 rpm, 5 min, 4°C), 1 ml D AHEHE KIZHE
fazE@ZAL. =0 (12,000 rpm, 1 min) L7z, ZRIZ Inhibitor Cocktails (Sigma #t; /&
B2 20 g H1=Y 1 ml) #EAT 450 pl #E/NYT7—TEEE. 800 mg HSR
E—XZMATIILFE—Xavh—ICkUMMBEHEL. MY &E D
(3,000 rpm, 3 min) L7=,

EEESOITEODBESR (12,000 rpm, 45 min), JEBXIZ 5 Murea EHHE /Y
T7—ZMATRIEE. KET 30 min FHFEL -, SHITRE DD BER (12,000 rpm, 45
min). JEERIZ 2% SDS EFHME/\VIT7—ZHRML. 10 min EHLI=, =D DB
(12,000 rpm, 10 min) [Z&->THoNI-LEFEEZI/N\VBMBRELT=,

EREAV NGB REE 13 pg $2.7.5% SDS-PAGE [Z#tL7= (200 V, 80
mA, 90 min), Transfer buffer TiH#fzL=b52XT7—1=vhk (Bio-Rad 1) TE
K[UKENEDST ILE AT LY (Amarsham Bioscience #t; Hybond-P) ICERE L 7T-
(250 mA, 100 V, 120 min), *>>J L >% Blocking buffer (1xTBS, 0.1% Tween 20,
50% A¥LIILY) TIAYFUI LI (FR 40 min),

—RPUK (anti-Gapl rabbit antibody) [& Blocking buffer T 30,000 {F&HFRL.
ZRI{K (anti-rabbit Ig HRP Conjigated) [& Blocking buffer T 60,000 {&&FRLT
AL 7=, ECL plus Western blotting Detection System (Amersham Biosciences #t)
#HMAL. X 70/l L (Amersham Bioscience ft; Hyperfilm) THRHE L=, 2/
Y& REIX. Dye staining kit (Bio-Rad #t) THRIFELT=,

2-2-6. #REN AZC EEDHIE

EERODRINLE (ODgo) ZFRIEE. x=y/978.45 DX (x=5 ml HI-YDEIE
EE (g), y=ODsoo) ZRAVWTEADHEIEEEZEHL-,. 8FHKE SD HEi#hT
30°C, 24 hr &% AZC ZRIZEE 0.5 mg/ml [THBESITHEMLUT=, —E RN
&2 3,500 rpm, 10 min THEHE.ZXFEZOERKET 0.5 ml OREEKTEEFL. 100°C,
10 min CEUKMELT=, B DB (12,000 rppm, 5 min) D E;FF HCL F4/L4
—BRBRNATIVIEAL. P/ BT 54— (BREFHE ILC-500/V £8
BI7I/BEOMHE) ITHLTz, REVA—FIZIE 1 ml OF7I/BEREZER (&7
/8 2 nmol/ul) ZRILLTaIILEA—ABLI=bDZERALV=,

2-2-7. it
KBANSDTSASRFEEIEL, 7ILAY SDS iEZFEAN—XIZLT= QlAprep Spin
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Miniprep Kit (QIAGEN %) ZRAWLTITot=, TDM. KEGE DR EER#:. DNA @

FIRRERICKHUIM. ERELGEDELETFRER [NNAAT2a7 L) —XDElR

FIZOEBEM (FL) LY INAFEBRASALATYR] (FiEt) 12,
BEORYIRWNPCEGFIREL IN(AT227 L) —XOBER LS5 EEFE

Bkl GEx#) B&U TEMEEERZE 39 BEMDFELTFERZE] (FEHR
2 A—) IZHEELT=,
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2-3. #5R
2-3-1. ELEMTOEERZMEHEE T O MAET RepS D HEECHEREREMNT

rsps 't [F . AEXFULBEINBHEKRELEBELTELETLTEY
(Hoshikawa et al., 2003), BZFLHER LA RABE TFICEWTEESV/\VEBENE
BRI D0 ABFBRELSIERITEEZOND, FIT. EER Reps™'F
[CESHICEERNEEHETET. HEER Rsps KFYELRARLAMEA M LT S EHEAEE
B Rsp5s OEVFZEHBHEYT,

F9 . rsps"t BEFESRICLTSUALERZEAL, YHS S4T30

—Z e8I, rop5™*E [ZEBA LT, RIZ, EBEANVRBTEETT rsps™0F [CEFA R
RspS ZEAL-MEEGERAEIVERKERTTOIHERII—=0T Lz, TOHER.
rsp5* ' TEMEER! Rsps FRIBFLTWDEEEM D HDIRME#HE 24 HEBLL
(Figure 27), EIBRIEWCEIZ. TARTHOEER Rep5 ITIFHBLT E401G OEE
MADTW 1280 (ZEESD Gludol BNEFERD Alad0l [28IFT H2ELL Gly
[CEB#|LTW ). CO7I/BERNEETHLIENTRESINE, FIT.
pAD-RSP5*'C ZREEL T, rsp5™'" ABALT AZC PIELYF I LA R
ZHREZRARN, COBMERICLIMRIIH NG ST (Figure 28), TD
ZLREKZRIC. BRANARZHBME/RETIGELD ., FEKRT EZCTHEZERLE
HO—2FBonT . TIFEAEN,.E401G TEREZHFITHERE Rsps ThHoT=,
ZZT. ANV RADEFEESENSIF/—ILICEBL T, SHEEE RspS OEEZE
BisLfzo LOL. TR/ —ILITEXRMETH L0 . EToEZELTVWSEEIZRE
MELCTLEWVW RV —ZV T EBEREELLEMN 2Tz, SNETIT. T2/—)LIE
AZC #IZVUTHIEAHDBNTULVS (Trotter et al., 2002), ZZT. BEZ—FIC
BETED AZC ZRVWTRY—Z=UT TV T2/—)LARL At ZER LSE
HERR Rsps OEGEHAT-,

2-3-2. AZC ARLARZMZEMET SRS Reps D HEE SAEREREMT

RIZRD)—=U G AEEEBELT, rsps™™'F 12 YHS S4T5—%EBALT=
T EERHAMN S, Pro DEMTFTRT THS AZC AN RFET CLEETESH%
FHELIZ, TDHR.RSPS EGLFADTIVALERBAICKYMELE
(Thr357Ala / Ala401Gly / Lys764Glu / Glu767Gly) #H 3 3HZEEE Rsp5 ZHIEL
e COMBLEEREETE rops™ """ TRIRIEDE. AZC PELYFILICK
LTEHEHRKIYBRUOMMEERLTZ (Figure 28),

2-3-3. Rsp5 DEEEEILICEAH R EDIFE
HAAFREEDBAICKY 4BOEBER (T357A, A401G, K764E, E767G) .

68



FEMD_FEZERE (T357A/A401G, A401G/K764E, K764E/E767G, A401G/E767G,
T357A/K764E, T357A/E767G ) . 4 D = E X £ ( T357A/A401G/K764E,
A401G/K764E/E767G, T357A/K764E/E767G, T357A/A401G/E767G) BT 5&E
EFEHBEL, rsps™'E [CE AR, AZC [ZHTAMMEELZMBTLI-, TOHRKE,
Alad401 Ff1=(F Glu767 OHEBFERICELEZEZEE (T357A/K764E/E767G,
T357A/A401G/K764E) [FMELERELRFD AZC MittdZRL1= (Figure 29), H
BRIZRWLI LI, Alad01 & Glu767 ZFERICELEZELZE (T357A/KT64E) (&
MELEKYEH5EL AZC MHEEFFELz, LALAEMS, K764E, T357TA D& BIR
ZETIX, < AZC MHEZERIEI DIz, L= DT, 401,767 BEDTI/ERITET
HBDFEEFT.HBLEDBEEICEELT WW RAMUIZHRIET S T357A &, &S
iy C777 DEEITRIET S K764E D_EEEMNFERICABIEN., Rsp5 DS
REEICIFEETHAIENRENT,

2-3-4. AZC RRLAfitZERLSEHERR Reps VI 12BITDT7 I/ BT
EDAMBEEIRIEE

S. cerevisiae IZHLVT. Rsp5 DILIFEEIIRIZFFHASNA TGN, £DF=0.
Rsp5 D&5% HECT #D E3 (AEFFUUA—E) OEHHBTHSHLIIZ.E2 (AE
FFUEEESR) N B3 ITHEEL. AEFXFFUoE—BM B3 ~ZITELTHLEE
[CERREESEAHLEE . EDFILHEELRENEILIDMNIEE SN TS (Huang et al.,
1999), $Z 5L Rsps [ZZ(TEEINF-AEXFFUODMELI L. REFXTTOHER LA
WET THD,

AMETEBLIz RspS [2H1T5 T357A DEERBERTIX. Rsps NEBHLHES
FTEHEDIZEELR WWI RASVIZEEL TS, T EEREENELT S
EICEOTEREIVNVBEREATEDESIHY . HIEBAANDESEEHLTLSDOH
HLNAEU, Ff=. KT764E (L, HECT FALL DEMFREIARE (Cys777) ITEFELT
WBT-8 . BEREFHDOR LICEEEZ5A-AIREELEALNDS,

FTTITHRESATVWBELDAEFFUH—H E6AP O HECT RAS DI
EICEDE, ZELTER Rsps A I/ BEBRN RIS EMEETRILE
(Figure 30), CNETDEHETIL, RspS DNAEFFUFIZM IV /NI EIZERRIED
EE.WW RFASDE HECT RAMUDGEET S ENFRINTILNS, LIzA - T,
T357A & K764E DBEMEERTIERAMN AHEERSGEMN>F=2EMDE. 2 FRED
MEMERALTWSATEEEAELY,

2-3-5. EHEEER! Rsps [TKBEBH/N\UE N HREE
Gapl [IEEBIZETEEELTI/B/INN—I7—ETHB, Gapl (&, b D
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H—DEFREN Pro DEEIIEVWTRBERLICEET AN, TUOE=ZVLAF
UDHRMEINDEREIZHEDTI=0 . Nprl FF—H(ZKBUVEEIER. RspS [T T
AEFFUESIN, TVRH A= REBRTRITHEINDIIEATOEN TS
(Vandenbol et al., 1987; Springael & Andre, 1998; Galan et al., 1996; Soetens et al.,
2001; Helliwell et al., 2001; Omura et al., 2005),

CNETIZ. ZEEER Rsps A wE | AZC (23T B AL ATt EAE
LI H2EMNHBALT:, MEEEBLEERELT. ROZENEZOND, — DI,
RspS AY Pro & AZC ZHYIAL Gapl N—IF7—HZEONCAEFFUELT
DERERET DD, AZC ODRYRAAHEHSHAREETHD, HI3— DL, Rsp5 A
AZC DRYRAHZEH>THEENEREICH-AV /N EZEOMZIEFFIEL.,
NEERELTWSAEEETH D,

FTTET . RIBDAREEZFARNS-6H . CKYS (pAD4), CHTS81 (pAD4),
CHT81 (pAD-RSP5), CHT81 (pAD-RSP5T¥AKIE) £ 22 £ m A Pro D H D
SD+Pro IEih CxiIBTELETIEER . Gapl OPBRERIT-OIZHRETVEZY
LZERMUTz, BRI Gapl DFEEZFFNDHHIZ 0, 5, 10, 30, 60 min &I
HEL-EHUTILOEBESZRAEL. i Gapl AZRAVWTIIRIVENTEST
ofz. lEH. EERDOUA—)LELTEAV/NDE Pmal AWM=,

NETOMBEE—HLTHEY., HFEKRIZCE LT Gapl [HEPIHIZHESNT
A, rsps™! TIXBEBEFIEXFULTDEEANETLTNSEHIZ, HEIEEL
TULVf= (Figure 31B), Ef=. A2 bA—)LELT rsp5™" THAR Rsps RIS
H&E. Gapl [FEMERKICHBINTUW , — A BRFENCEIZ.ZEZXTER
Rsp5 37AKTOE Ik TlX . T TIZT UV EZDLAFVHRMBTND Gapl NHRS
NTULV=, BFDL, Gapl #BLT AZC MNFEAEHBRARYAENLZN =0,
AZC T4 EE/LI-LDEEZONT,

2-3-6. J7ILAAL PCR IZ&% GAP1 EsEENDLE

Figure 31B TRLT1z&KSIC. ZER Reps 7V HBEHKTIX, BREELIC
BT Gapl NIFEAEFEELTWVENI=ZEMG, BELEDERFENFAPLT
Wi-mREMEAZE(FEN S, £ T. CKYS (pAD4), CHT81 (pAD4), CHTSI
(pAD-RSP5), CHT81 (pAD-RSP5V¥AK7%Ey ¢y GAP1 855 &%) 7IL44A L PCR
[C&YBHITH5-O. oD REERBRAEZ, JAUVEZHE—DERREL:
SD+Pro IEM CXHIBIEEAE TIEEL . M7 TV LZRME. £ RNA %
HL7T=,

BIRRNC LIS, ZEEER Reps M BRI TIL. Gapl DEFEHEEN
FEAEBRESINGEMNzICEEHS5T . GAPL DEE=IXFHEKRERIEETH
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t= (Figure 31A), LT=A> T, TER Rsp5 "V [2&oT GAPL DEEIXIFE
AEFIHEINTHELT . BEREBELD Gapl ZERONHELTHERA~ND AZC
RAZRE ., AZC MHEZEB/LI-CENTREIN -, T, BEKLYL. rsps™*”!
28175 GAP1 DEE=AHT NITEML T ==, Rsp5 [ZKDEFHIEHATE
HETHUEEHEEEZLND,

2-3-7. #iREA AZC B=E

CNETOHELY ., TER RepsVIE WK TIE,. $F5< Gapl 24
RICHBLTLND=HIC AZC AHIBERICIRYRAENT . AZC AL ATEEER
TEHEEZATEz, COREREFIEAT 576, CKYS (pAD4), CHT81 (pAD4), CHTS1
(pAD-RSP5), CHT81 (pAD-RSP5"Y7AKT4Ey -5+ B 4IBAA AZC EEZRITEL
T=o

B EEBRAERBET7TOE-DLE,. TOYVEM—DERRICLI-EHh THE
EL. A HIEERICREEE 500 ug/ml AZC [2HBE3(2MA T, HME 0, 30
min CHIEZEH TH/KMEL., HIIlER AZC EEX7I/B7 54 —THEIEL
T=e TR, SEINRAIEEHTIE Asn & AZC DE—INREL-T-1=6. HEE
BEICHITHRENS. 0min DEFELSIVTHIRERN AZC E22FH L=,

rsp5*'E DHREN AZC EE% 100 LTHIEEZEH T 5L, CHTSI
(pAD-RSP5) M AZC EE(%. FEKRD ZZF(ZEMLTLV = (Table 5), ZhlX.
rsp5*4°'E Tl Rsp5 DEREMNMETLTULNS=8. Gapl NEHMER LIZREIZTF
HLTHY.,AZC ZRYAAmMITTNNBIEERLTINS, — A CHTSI
(pAD-RSP5 ™ AKTNEY g A7C AIFEAEMBAICEELTLEWNI EAHIBAL
Tzo LI=D2 T, E#EERE! RspS I2&oT Gapl ANERPHMIZHEINT=T=8IZ,
AZC DEYAHZEHE . AZC AL ATEFERLIzEEZ DN,

2.3.8. rSp5A401E ZBHAERR RSp5T357A/K764E DRBSLLEM

Figure 31 DEERT, TER Rsp57V ORIFELMTLI-HER. ERICHE
IHLTWALEHERTESN: (Figure 32), I EESLIBE. YILFaAE—TSX
SR (pAD-Rsp5™7AKT0E) @ - LS TBEIFEIRINT-. Rsp5 DEEEEFEZIL
f=HS, ERERWLNC &I, aAME D TIETSASRITIKFEL-BEED Rsps MR
NG oz, BRRIEFEATHSH . Rsp5 [XBEIFKIBLI-H1+, "aliat TIEAEL
TBAMEDANEBITL. BEoKEREEC/NMIERIEGELEEGL TS EFESH
%, F1=.37°C, 30 min OENEEMZTEH, TER Reps VI EHEERR
FELTLV =,
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2-3-9. EHERERY Rsps AV rsp5 U DAL ABRZMIZRITT L

ZRERR RepsAKINE £ ropstUE THRIBAE HABANR (PI/EET T
Ay YZhIA o, T8/—IL EBIEUF I L VILER—IL, AE., B KRR
E) 12T HRZHERAR -, TDHER . AZC, DL-Norleucine "2E DT /750
JARLRIZEWT, BFEMRKIY LBV HEEERLz (Figure 33), £, V=hvA
VUCIA/ =L BEIEKRLBEDAIN RIZHLTIE, BiIFSh-ZELER
Rsp57AKTOE | kB3 B IR oA oT=,

LAOLENS, BIEUF DL VILER—IL BERXCLVATIEL, HFEE Rsps D
SHEBICK>T rsps™ 't OBEZFMBFHOCMHIEDEENERTE . F0EH.
NEDRAMLRERW RV —=VJEBETICET. KYFRLBRM ATt EEE
Bol-EHEER Rsps OEEMNEAFTEDS, INLDHERKY . AL RIZE->THE
T 2EESINIEDHERIZ. Rsp5 AEAGSLTLWAAIREMNEZDNT-,

2-3-10. AZC EFEMIZHITS Gapl BIRHEDEE

CNETORELY, TER Reps 7V WK TIXIRABEE LD Gapl
ZIEBITEONCDETHIET, AZC MHEEEETHIENTEEINT, RE.
AL Rsps DHLULOVEREEL T, AL RIZESTELBEFEAV /NI BEDHRIC
5T 5E0SETIVERIBLTING, FI T, EER Reps 7V R\ ER
LTz AZC MHEICEEIVNNIEDORBABEHLO>TNSILERIET 5120,
rsp5*E M5 I5IT GAPL Bz FEMIEL: CHTS2 (rsp5**'" Agapl) ZAWLNT.
CHTS82 (pAD4), CHT82 (pAD-RSP5), CHT82 (pAD-RSP5 AKXy iy AzC &F
EHCHITEEFTEZRRT -, RIZ. Gapl DREDHMN., AZC AL ATHEDF5
IZBAELTWA7ELIE., Gapl BIR¥MZERAWLSIETHELY AZC AL AT EZETRT
X3 TH5,

FDHER, B =Z&IZ, CHTS2 (pAD4) [ AZC ARLATMtEAF ETBHED
AH, CHT82 (Rsp5 ™Ky T CHTS81 (Rsp5™ "AK704Ey kU438 U Vit 1+ % 1S
L7z (Figure 34), DFY. TER Rsp5 H. Gapl DEOHNGEHFEICIMA. TDD
N—ZF—EMMYIAENT: AZC IZ&>TEMLE=EEZIV/N\VEDHEIZEDH
S2TWAAREMEZ R LT (Figure 35), £f=. BIDAREMEEL T, TAY 2 /IN—ZF —
TLLTHIGND Putd IHED, AZC ZRYADDMDN—IT—EEZEER Rsps
DIAKTGE RIEBRIIC A EL TSI EEEZDND,

APFRIZBFEELTER Reps A DERITIZEY. T357A EKT64E D
EEMN RspsS D AZC AL RIZH TS HED R LIZEHH> TSI EAHIBALT,
S, T357A/K764E DEEEEIL AN X LEfRAT D=, ETILEE (73/
BE/S—3S7—+ Gapl. ZEE ALRIIRTFF—FE Y 4E) 2HVNTEEL
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DIEERE. LEXFFUEMBLEEZHITT DAL EKRN, T, BHEREER
BRTEFES (\UVES, FEES) OMBRATRRSE. EAXNRRET
(AR, IR/—IGE) TEREZERET HRIREMEERL,
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2-4. EE

BERE S. cerevisiae MAEFFUYH—E rsp5 ™' (X, #HAHAFLRIZRLT
BMORZMERTH, ARETIELEZEEER RpsV9% ZDRRR
B MEMEML. 1 AZC AFLATIE rsps™UE [ZZEERY RepsAKTHE a8
AT BIEICKYRRLRTiEZER LSE T,

AEFFUOURTLIZBWTEEL E3 @ 1 DT.HECT #IZBT % Rsps
(. C2. WW,.HECT @ 3 DORAMU iR EINS, AAETIE. MELE-ME
ZFEA Rsps ZMEALAEFER.357 BEED Thr A Ala 2. BELY 764 FEED
Lys A% Glu ICE#TSHIEN Rsps DEHEEILICEETHSIENHIBHLT:
(Figure 29), &1z WW3 RASVITHET S Alad01 [F. WW1, WW2 [2EWVT
Gly THY. . HDEMITELTHLZDRFELAT L, TDT=H. Alad401Gly DEH
(Z&Y rsps't DAL ARZHABBINDIETRALEN, BIKENIEIC
Rsp5**'9 I\ (T AZC BZMEHRETELM o=, COKEEMN S, AL HECT
£l E3 T&5 Rsp5 DHEREIZIZ WW3 @D 401 FBI(X Gly TlEi< Ala TH5
CENEETHIEEZEZADND,

—7A . Rsp5 OEHELICEETIERDIL. T357A [FEEFV/N\VEBEZER
BT BEOITHELR WW2 FAMVICHEET S, T . 85— DEBRTHD
K764E (XiEMTEE Cys777 28T S HECT FASURHNIZFEEL TS, Rsps [$F
BAVNDBLEETAHE UKRBEDRBAAMEILIZKY WW AL E HECT k
AUPEEL, AEXFUERTET EFEINTIVS (Huang et al., 1999), £ T.
Rsp5 LHERIMENATVERDIEFRFUYH—+E E6AP M HECT RFAS DIL{KIE
i& (Huang et al., 1999) [CEDE SR Reps OEMEIZRRLIZ (Figure
30), IMEMRE (Lys) N oBEMERE (Glu) ~NEFDREIZEILL: 764 BB I,
EMRE Cys777 DEFBIZHEELTLNS, £ WW FASCKHDEBRTHD 357
FBITETEDEBMEIRE (Thr) NIEBHEDEE (Ala) ITEMLTWS, BEDLE
ZH WW FAO DI AFBEFTRATHLSM . 5£o< 764 FEBEE 357 HEEDE
EESLLEELTEY., SH#EEE! Rsp5 TIX Glu764 & Ala357 OMEERAHE
KIEY ., BIZIE Gapl N—IF7—ENBRMUIEXFUILDEIZETHS B
b1 SNBHINZ Rsp5 ITKYRBEIN . FEETHILITKY. AEFFULFEELRA
ELI=-MTEEENEZEZ DN, =, 20 2 BREFEENLGHEEEREZTZON.
NELEMIVNIBENLTHAEERTH0OH ., BERIFEL, £ T. T357, K764 %
DML TI/BABRT 5L, T357, K764 FBEMGITIUS LEREE
AT BHIET HRALGAMNRTE (FR. T2/—IL AR DAL TELIHROER
EI Rsp5 EUISDAEIEEM., S5I21E. 2 BEDHEEROHEBENFTES,

. BARETIE RspS DFLLMEREELT. ARLATELSEE SRV /Y
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BOREICEETHEVIETILERIBL. 1) ORIREESICEELI-EES/\VE
HEEDORIEEHAATIND, T TAREERRTIL.2) OAEEMELTEALNS/NN—ZTF
—E DR REENFFARDI=6 . Rsp5 DEBEIV/INNVETHY. Pro #IEL&H 20 &
FOTI /B —IF—HTHD Gapl DHMBEEEHTRELTOVFL T2
>TEHMLE: (Figure 31), ZDHER. TER Rsps V% HBHD Gapl (3.
B4R RspS HRBKRELLEIL T Gapl AEBEITROMNIHBIN TSI EA RS
Nt=, BUV=C &I, Gapl [F7UEZVLRMER] (0 min) [TEWTHEMEIRIC
FEAEFELTULEWIEL L, MNEANSEREREICHESN DR LT E=
DLAFVEFE T THEREINTOLLAREENEZ NS, LOLGEA L, KEER
DANEETIIEBTEZEEL. BTV E=ZVLZEZERRBEICHW . Pro ZEXHK
RICAW-AIBEECTOBNLITOLELH S,

RspS [FTILUKRIZENT Gapl ZRBERLZRDELLABET HHDE
AZHB84>>TLVS (De Craene et al., 2001; Soetens et al., 2001), Figure 31 D EE,
ZER Rsps P AHE HIBET Gapl N7 UEZYLRMAILY R EEE
DTHREINGMS-ERELT, Gapl NI AMSEERRICEEIN -
HHEEZOND, KO TEHEIE. RepS [CKHEBEDRH-HEES. AEFF LD F
HEOREBAZBEMNIC, Gapl DEREROFE. FAERLSHER D Rsps AL
T Gapl DAEFFULREDEL (E/AEFFURLZONR)IEXF LR
DM BEEBEIAEFFUORFADED Lys BEZNLIEELEOMNGEE) ZEEMIC
FARD, P FEYMEMIZIE Gapl-GFP ZHEEL T HBBRNBEMHZ /T THRET
52&Y. Gapl DEEIZES L THAMGFETHSD, £f-. §ERLIz Rsp5 DF
HeElb(X Gapl BEMNLGOMNESINZTHLMNZITHEHBIT, Gapl USNDEE (i
DIN—IF7—EGE) 1T T 25 EERET T HIEBEREL,

R, rsp5MUE (2 IFRERE RepsVKHE D RIIA . AZC WS DRRL
RAZETDEBIZRIZTHZEFFA NI (Figure 33), TDHER . AZC (Pro).
Canavanine (Arg), DL-Norleucine (Met), DL-B-Hydroxynorvaline (Thr) & D&%
DT7I/BT7FOT AL ATHEAM LELF-CEMS, TER RpsS NEEFIV/I\VE
DB E T HIEERELEL,

Fr.YZhTALY (IMBARRRLR), Z2/—)L BIRUFILVILER—IL
AMURTIH, ZEER Rsp5 DBEREBICEL-T rsps™™'t DfftExEm LSEZTE
[ETEL I o=, LA L. Canavanine, DL-Norleucine, DL-B-Hydroxynorvaline AkL
ATIE, FEE Rsps ZBEHEBLI-F T THESAELL--0. KUERLZEER
El Rsp5 OEEGEMNEAFTED,

NEDARLATIK BEAVAVED D BREBNAENENELO>TVDHIENT
BENTLVS (Davidson et al., 1996; Stadtman 1993), ZMD71=& . SEIMEFLI-ZE
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Bl RspsTUAKIGE FZRLADFBEICKYTEER LS EDIBEEFSITHRNVES
DHY. TI/BREHIZEY RspS DHEBELRNLATERMLIZBRES2V/\VE (&
B) LOBELBENEILTHIENRESNT, =, AZC DLIIZEEFIV/I\VE
EFERTHEMTI/ET7FIOVICHLTERE Reps VI R TIEMMED
EZLCAILLTW =, LE=A>T, TER Reps7AKME 2% MR TIL, 1)
TFHOAThRYAENERLI-EEIVNIED R EIMMRESN TS ATREMS., F£=
(X.2) 7HFOJEHBERIZRYATL /-7 —E DO EIRESH TS ETRESEH
N Ay (1 i

LEDERMNS, ZEE Reps AN £ EIBSE =M TIEL. Rsp5 AREF
BELIZHEAET S Gapl ZEEISEEH -BEE-1EXFUEEL. ZORIEXTF
EEntz Gapl [FFEPOHDICIVRH AP REBETRIETHEINDZH. AZC
NHIRRRNIZIZFEAERASINT | AFLATRENRLLTOSD TGN EEZDS
Ntz RIZ, COREREIEAT H-OICHIRRAND AZC EEZFA~T= (Table 5).
DHER, FTER Rep5 A IFRIT, BAKELBELTE, MR AZC 5 &
MELAEWZEABASMIIHE STz, Ff=. Rsp5 X Gapl Dh(ZH, Trp > Ura D
IN—2F7—F (Tat2, Furd) LIAEFFEL. BFHZHIELTOSIENRESINT
LM% (Gala & Haguenauer-Tsapis, 1997; Beck et al., 1999), ZD = . EEH
RspsTPIAKTOE Bk T AZC WSO ERTI/ BT OIS BMtEAE £k
ELEBL TS 1z28% . Reps DBRRGIEF FURICKYN—IT—HE DR
MNELURESN TS =OEEEZONT-,

REBIC.ERER Reps VT REMMNERLI: AZC THHEICEE R /(Y
BORHEIEESELTVWEWLAEMHEET 5126, GAPL Bz FEMIELT- CHTS2
(pAD4), CHTS2 (pAD-RSP5), CHTS2 (pAD-RSP5 AKXy qy A7C &F
TODEBFZRA AN (Figure 34), T DR . GAPL ZHIEL = CHTS2
(pAD-Rsp5 ™3 7AKT04EY (4 BEIZE L TULVAELY CHT81 (pAD-Rsp5 2 7AK70E - k1) 3,581\
AZC T ZEH/L Iz, &2 T, Gapl NEMEBEERLIZZRELTHFELGWLIEN
AZC THEIZCESDTEETHLHIENESIToTz, LAML. CHTS2 (pAD4). CHTS2
(pPAD-RSP5) TIld AZC BRZMzHMTELI . TDH . TER
Rsp5 P 7AKTOE 13 PrOf#MBRICRYAD /-7 —EDH@BEREL, LH
1. FOMD/IS—ZF7—ELYRYRAEN=7FAT L TERLE-BEZ/VE
D FEHREL TS AIREENEZ BN S (Figure 35),

FEZETIE.RspS DTS/ BEERRICK > THRENTILT S EERLI-CEMG.,
ICHEIZEWVNTE AZC UNDARLR (BFE. IR/ =L, BBEEANREE) T
HLREBEIVNVENEICEDLLSEHEEEE! RepS ZHICIGETHAIEEMENAHD
=8, ERABBOAN AT ER EADISRIZDENSIEFHRFLIZLY,
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SC - Leu

CKY8 A401

CHT81 A401E

CHT81 (pAD-RSP5) A401
(AE1) P382L, E401G
(AE2) N48l, 1378V, E401G
(AE3) E401G, K641R
(AE4) E401G, G756S
(AE5) T252A, E401G
(AES) A Q194R, Q365R, E401G
(AE9) ¥ K56E, M125T, E401G
(AE10) - E401G, F618Y
(AE11) - T357A, E401G, K641R, K764E, E767G
(AE12) S216G, E401G
(AE15) Q194R, Q365R, E401G
(AE29) E401G, D608N, F748L
(AE30) E401G, G756S
(AE35) E401G, Y544H, G605S
(AE39) L95S, E401G
(AE43) E401G, G756S
(AE44) E401A, D608N, F748L
(AE45) E401G, T412A
(AE54) E401G, L798S
(AE55) S328F, E401A, R449G
(AE62) E401G, G756S
(AE63) T357A, E401G, K641R, K764E, E767G
(AE66) E401G, D608N, F748L
(AE68) E401G, G756S

Figure 27 Isolation of high temperature-resistant mutant Rsp5. The growth phenotypes of various strains were examined.
Approximately 10¢ cells of each strain and serial dilutions of 10-1 to 105 (from left to right) were spotted and incubated onto
YPD medium at 25°C or 37°C for 3 days.
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25°C

SD+Ura  +20pug/ml AZC + 150 mM LiCl
CKY8 (pAD4)
CHT81 (pAD4)
(PAD-RSP5)

(PAD-RSP5A401G)
(PAD-RSP5T357A/A401G/K764E/ET67G) I

Figure 28 Isolation of an AZC- and LiCl-resistant mutant Rsp5T73574/A401G/K764E/E767G_ The growth phenotypes of various strains
were examined. Approximately 106 cells of each strain and serial dilutions of 101 to 104 (from left to right) were spotted and
incubated onto SD+Ura medium, SD+Ura medium containing 20 pg/ml or 150 mM LiCl at 25°C for 3 days.
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25°C

SD + Ura + 20 pg/ml AZC
CKY8 (pAD4)
CHT81 (pAD4)
(pPAD-RSP5)
(pAD_RSp5T357AIA401G/K764E/E767G)
(PAD-RSP5T357AKKT64E/ETETG)
(pAD_RSp5T357A/A401G/K764E)
(PAD-RSP5T357AKK764E)
(PAD-RSP5T357A)
(PAD-RSP5K764E)

Figure 29 Determination of amino acid residue of mutant Rsp5 involving stress tolerance. The growth phenotypes of various
strains were examined. Approximately 10¢ cells of each strain and serial dilutions of 101 to 10-5 (from left to right) were spotted
and incubated onto SD+Ura medium, SD+Ura medium containing 20 ng/ml at 25°C for 3 days.
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Figure 30 The T357A and K764E mutations were localized at the WW1 domain and the HECT-domain respectively.
The 3D structure of human E6AP hect domain.
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Figure 31 The mutant Rsp5 enhanced AZC-stress tolerance by rapid degradation of Gapl permease. (A) Recombinant
strains CKY8 (wild-type) harboring pAD4, and CHT81 (rsp5A401E mutant) harboring pAD4, pAD-RSP5, and pAD-RSP5T357AKK764E
were cultured to the logarithmic growth phase in SD+Ura. Samples were prepared before (time = 0, opened bar) and at
several times (5 min, shaded bar; 10 min, hatched bar) after addition of (NH,),SO,.Total RNA and whole cell extracts from
each strain were prepared from samples were used in A and B, respectively. As shown in Fig. 17, the transcription of GAP1
was assessed by real-time quantitative PCR. Values represent the means and error bars indicate the standard deviations of
three independent experiments. (B) Whole cell extracts were analyzed by Western blot analysis using anti-HA monoclonal
antibody. The 3-phosphoglycerate kinase Pgkl was used as a protein-loading control.
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Table 5 The intracellular AZC content was measured 30 min after addition of 5 mM AZC in SD medium

Strain

AZC content (% of dry wt)

Relative amount of
AZC content (%)

CKY8 (pAD4)
CHT81 (pAD4)
(PAD-RSPS5)

(PAD-RSP5T357AKT64E)

1.7
3.9
13
0.28

100
217
76
17
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Whole cell extract

25°C 37°C

CKY8 CHT81 CKY8 CHT81

Supernatant

25°C 37°C

CKY8 CHT81 CKY8 CHT81

Figure 32 Expression and stability of Rsp5T357AK764E jn the rsp5A401E cells. Recombinant strains CKY8 (wild-type) harboring
pAD4, and CHT81 (rsp54401E mutant) harboring pAD4, pAD-RSP5, and pAD-RSP5T357A4K764E were cultured to the logarithmic
growth phase in SD+Ura medium at 25°C and subjected to temperarute up-shift (from 25 to 37°C, 30 min). Whole cell
extracts and supernatant (20,000 g) were prepared and analyzed by Western blot analysis using anti-Rsp5 monoclonal
antibody. The 3-phosphoglycerate kinase Pgkl was used as a protein-loading control.
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Figure 33 Overexpression of the mutant Rsp5T357AK764E jn rsp5A401E cells under various stress conditions. The growth
phenotypes of various strains were examined. Approximately 106 cells of each strain and serial dilutions of 101 to 104 (from
left to right) were spotted and incubated onto SD+Ura medium, SD+Ura medium containing 20 pg/ml AZC, 0.5 pg/ml
canavanine, 2 ug/ml DL-norleucine, 2 pg/ml DL-B-hydroxynorvaline, 2 pg/ml tunicamycin, 12% Ethanol or 150 mM LiCl, 1 M
sorbitol, Freezing (-20°C, 45 min), or 2 mM H,0, at 25°C for 3 days.
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Figure 34 The effect of the mutant Rsp5T357A/K764E in rsp54401E gaplA cells.The growth phenotypes of various strains
were examined. Approximately 106 cells of each strain and serial dilutions of 101 to 104 (from left to right) were spotted and
incubated onto SD+Ura medium, SD+Ura medium containing 20 ng/ml AZC at 25°C for 3 days.
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Figure 35 The mutant Rsp5T357AKK764E was involved in rapid degradation of Gapl and stress-induced abnormal proteins.
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RE

EREYOINVEREEERBICEAEI5AEXFFUOLRTLIZENT, O
EXFUoUA—CRERRIREIVNIE EE) 228 L. 2EXFUETOIE
BELERTHD, BEF Saccharomyces cerevisiae @ HECT EaExXFoUH—+
D1 DTEBIZHEATHSD Rsp5 [2TDWTIEK, FSURKR—E—POLET4—%2ET
FEHREBEDIVRHA— A RNA RYAS—E 11 OEMERAS. FEaMEHEES
BREEFOESRAMEFDFMEIE. RNA 9FORKIEEORE ., /MNaREEE
DR BEFORBORFLERAGHBEE~NDBEENARESN TSN, IR
A—ILFEOT U 74— ILRELE=BE 2V /N E OBIRMAEEONE (815, »
fi2) ICEATAMRIZIFEAERN, ZCTHLAIZ. EFEYMDETILELT, FH
BEROMEICEWCEELBRBEZMEIC. BBORXNATHE#EE@BITLTS
Y. Rsp5 DEFLWVEREEL TR ATELSEREAV NV BNEADEE£IRIE
TS, ERIZRARLRIZEITS Rsps DHEEEIZIFEEL. 1) Rsp5s NEEARV/NVE
BEICEETHIRNRIVNNVBEORBZHIET 5548, 2) SUFLEEEAIC
KYURBLI-ZEERR RspS NACLATHEZRR LS 2HEFETL. LT O
BEHITT=,

1) Rsp5 AEERHEIERF (Hsfl, Msn2/4) DEEE M (mRNA DI EEL
E) ZNMLTRILRAU/NIE (Hspl2, Hsp42, Ddr2 58 OHEIBZFEHL., B
ERVNVEDEERICEETSHIEERLTZ. RspS NEBEAMNRIZTEWNT
RNA S FORNEEICEAETHZEF I TITHESATLSN, LT
Rsp5 A% Hsfl 42 Msn2/4 0 mRNA DRIVEEISRIRMICEAETRIE.H
KUIA/—)LARLRIZENTEH, Rsp5S HY mRNA 40 tRNA DZMEIE(Z
BATHAHAELEZRHL. NBEICEADLLEMIVNIEDREEZEL Rsps
ZN LTz RNA D FORNEEREORRICAT-EELGHREF-

2) RARLVRADETIVELTEMTI/BT7 ORI ERAWNRY)—=U 7 EEHILL.
SURLERSATI)—D LA ATHEDE ELIZEEE Rsps =0 HEL.
TOWEEZRRITLIz, BoN-ZEEER Rsp5 (T357A/K764E) FHIFHETIE.
IN—2T7—+t Gapl NRRICHEIND=H. TI/BT AT XL XMEH
M LEL-CEZBALMICL. AL ADTELEICEKY Rsp5S OEBFIERGLHIELTR
L=,

UEDISZ, KBXITEBDODIEXFU)H—E Rsp5 MARLRAVINIED
RESIEEN L CEREIVNNVEBEICEHAILEHLHNIZTEHELLIZ. EERY
INDENREENETOEER Rsps DRIHIZKY, RELRTHED R ELF-EA
EENBETELHAREMEEZRLTEY. 2 L. KALEMITHEDTH S,
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