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Abstract

Cells growing aerobically are exposed to reactive oxygen species (ROS)
generated during metabolism. These ROS can seriously damage the cell by reacting
with cellular components, causing oxidative stress and cell death. The aim of this
study is to investigate roles of two S cerevisiae genes, YGR021w and YGLO026c
(tryptophan synthase, TRP5), in oxidative stress response by taking genetic, molecular
and microarray approaches. Firstly, YGR0O21w is predicted to encode a protein
belonging to a conserved novel protein family, namely DUF28. The results showed:
(1) YGRO21w expression was repressed by oxidative stress factors; (2) Deletion of
YGRO21w led to enhanced tolerance to H,O, and heat shock stress, and YGR0O21w
over-expression had opposite effects; (3) Stress-induced expression of oxidative
response-related genes in YGRO21w-deleted strain was faster and stronger compared
to the wild-type strain (WT) ; (4) Microarrayjbased transcriptome analysis revealed
enhanced induction of genes involved in-oxidative response, carbohydrate metabolism
in YGRO21w-deleted strain compared to the WTi As the first report, these results
together indicated that YGRO21w plays-a negative role in yeast response to oxidative
stress. Secondly, role of TRPS in oxidaﬁge‘. stress has not been elucidated until this
study. The results showed: (1) TBPS e";;;éssion was induced by oxidative stress
factors; (2) Deletion of the TRPS led to r!é}narkably increased sensitivity to various
oxidative stresses and hydrophobic:toxic compoﬁnds, while complementation rescued
some of these defects; (3) Stress-induced expression of oxidative response-related
genes in TRP5-deleted strain was much reduced compared to the WT; (4) Exogenous
supplement of plant hormone IAA, enhanced tolerance to oxidative stress in the WT
and the TRP5-deleted strain; (5) Microarray analysis revealed decreased expression of
genes involved in stress tolerance and protein degradation in the deleted strain
compared to the WT. Therefore, in addition to possible loss of cell structure integrity,
the accumulation of abnormal proteins under stress condition in TRP5-deleted strain,
which is not capable of degrading and removing such proteins, may account for the
increased sensitivity of TRP5-deleted strain to oxidative stress. These results pointed
out that TRP5 plays an important role in yeast stress response. Taken together, the
results suggest that both negative and positive elements are required to involve and
coordinate to achieve proper and efficient response in yeast to oxidative stress.

Keywords:. S. cerevisiae, oxidative stress, DUF28, tryptophan



BSA Bovine serum albumin

bp Base pair

CAT Catalase

DEPC Diethylpyrocarbonate

DNA Deoxyribonucleic acid

dNTP Deoxyribonucleoside triphosphate
EDTA Ethylenediamine-tetraacetic acid
EtBr Ethidium bromide

ETC Electron transport chain

LB medium Luria-Bertani medium
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rpm Rotation per minutes
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RT-PCR Reverse transcription- PCR

ROS Reactive oxygen species

SOD Superoxide dismutase
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HAFMY T TnS &~ a AP POAF A7 i L52 F o pRELT F LR
B4 ZMEERAF - SR HATHE R AR TnS > F 5 A8 a2 £ 5]
RSc2190 » # f Flig A %7+ DUF28 & % $2% (Pfam family DUF28)¢ » 4 g it
ERAEIM I mA BF AR se s o AT e s
RSC2190 2 4 3-9 A 7[4&4p 02 0fk Flir & o @ AfE* F (YGRO2IW) 2 fr i 6%
(At2925830) ¥ 7 DUF28 £ ] > A% 5 5 #5488 3-9  (Marcotte et al.,, 1999;
Ghaemmaghami et al., 2003) » P #v & o R E F P YBH ELE2MEM > 5218
pd 2 kiR (Turrens, 2003) > e 2 DUF28 A F|&2 ¥ i“ 35 2 B % > 0 2 Hpw
EEAR TR - R S TN IR o G- B o *éﬁz}_ﬁ]z? WFLISMEY P RG 2
TIHREL LG WA mrﬂ)ﬁsﬁv 7 Pséudomonasaerugmoga b - BARM AT T 4R
# (Liang et al., 2008) 2 - "P. aeruglnosa m}}% 2% & * 2.2 quinolone signal system
(PQS)= £ & 2 Rt (pathogenlclty)?l-% w AR R om R E o ROER S
g B E BT RIAE P aeruguqogawDUFés protein YebC family PA0964 gene
5% PQS system ® 20 f B Fr & F ) $AE YebC famlly protems LIRS
et AF G (éiﬁﬁ; Fl) Jefin o r% KBy 41 ie— % 1 2 DUF28
protein Z # iy > AF HE A AT HAFIME 2 #5477 (comparative
genomic and functional study) » ¢ & &t 5 2 3> 2. ~ % {% 7] (Escherichiacoli)* § 1=
% F] (R solanacearum) ~ £ 1% 4 4 2 F¥ * [ (S cerevisia) 2 [P = 0
(Arabidopsis thaliana) » #7 3% &7 I 4~ f8 ¢ #£3+ DUF28 protein &35 % 2 £ 8 ¥
ALY IF 2 & ¢ 0 TR Y MR A (S caevisa)i s A o AR
i YGRO21w (DUF28) *+§ i 5 T 2 b 4] # ol R by 2§ L35
2R AL R RATHLS AE AW BT &I o



1.4YGLO26c (TRP5)# i 4p =~ 1
¢ Miefik tryptophan  — f&& F VAL 0 AR L (& H ﬁ_%%? 31 EAqea i
befp? o B b @R FESI RS R A mE T TE S o F IR
24+ 5 ¥ % & phenylalanine (Phe)# tyrosine (Tyr)fe 35 4 5 4 % %
#f& (aromatic amino acid) - fi¥* j <P tryptophan i & d tryptophan biosynthesis
genes > & 3% TRP2 ~ TRP3 2 TRP5 & = fi¥ % 2 % (Zalkin and Yanofsky, 1982) »
PaiF5/7% a‘ disel i 4 & & (amino acid biosynthesis)£? i 5 #5 Fuit 4
7 B (Takagi et al., 1997; Takagi et al., 2000) - |4 : fif* ] S cerevisiae # Z 3
ek lysine % ‘e %<fi% histidine ¢ @ wmfe pIRARR Z B AW A 3B R F LR
% ¥z 7= (apoptosis) & F VRAR IF AL € B e (N3 3 22 I ¥ v
B & =2 wmiwig i (Bisler et al, 2004) o * &4 @ gpiepe 4 & 2T (lysine
biosynthetic pathway) § # FHESALL ¥ #4oh 818 0 HoRps 3 £ 4 il € 4 15
(lysine auxotrophy) ¢ 3 42 %kl DNA B E ool R A2 R AT R
mitochondrial retrograde signaling 2 33“ mre 1‘*' NRE A IR A F LB R e
7= 2% (Jensen et al., 2004) > v %ﬁ’%ﬁg’% %3& L EB 2 E By A
ALY &2 BB R A2 19 Fz,,? I“Y’rﬁzﬁ‘ M—?& prollne IR B AT T RS
fwo WORRLC BIR TR R Ff%;fﬂ

(stress protectant) VOGRS AU E R
osmotic stress (& 3= 7k ik freezmg !5 L R deswcatlon) FT (ethanol stress) ~ % %
it (oxidative stress) ¥ % f&ifi#i o *ﬁ g S don 2 O PR R 2 T %
ROS » kx4l 5 % £ (Takagi, 2008) °

Fr4td R G BF e ApM LR TR EA A § 0 B Wave dopER
S cerevisiae ¢ ¥efis § & 44 1) % Btk (aromatic amino acids auxotrophy)¥t*t 33
7 #ELiE B (weak organic acids stress) ~ JFp# i 5 (ethanol stress) % E i 5

) +

(cold stress) & & B ATR » % ~ £ 4 IR tryptophan biosynthesis genes 2% »* 33 & £ ¢F
v tryptophan % < & # IR tryptophan permease gene TAT2 > # 3§ 4v & ¥efik 2 £ B~ >
PP WRRNRE I ORE Y R AT R B R B 2 St 12 (Bauer et al., 2003;
Hirasawa et al., 2007; Rodriguez-Vargas et al., 2007) o P % & 4riaip|d "epe 3 & 4

SRR PR F o AT S R R S i@ = $30 weak organic acids i AR
e G MR AFER A IL L chad L 2 N e d P AF R ¢ R I
PIF B A (stress protectant) > b H F LB L AL HY AL R R o
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1571 F #%
AFTF P L R Ao Gl A F) YGRO2Iw % 4 dRpbd £ A2 § i
fir

&
Jhard
(\x

B %o & w3537 YGRO21w £ 1% tryptophan synthase (TRP5)&_F % £2

% TRPS & 71+ £ 4 ;. Ftk{c YGRO21w 7I'% F#k (YGRO2IWA) 2 TRPS 7
PR (rpBA)IF & B L 4 > RBRABRS Fal KRS A R GRT DF
SEVRRICR O L S RSN U S AR A

A ¥

BF RApM 2 7 EH4 - 271 25 By Kk o 12 YGRO21w £ 7]
%Eﬁ
T g




% MRS
2.1 YGR0O21w 2 TRP5 # F):E 7
2.1.1 p%* # genomic DNA 33~

PH-B*ARAEIYPDRERAA G 28CRATE A Y 21 % 12-16
PR R R R A 30 )0 4 Rk A B LR kbR
R EaiE e 30402 "$ £ B’k 4% ¥ 4o » 0.2 mL solution A (2% Triton
X-100 > 1% SDS » 100 mM NaCl > 10 mM Tris-Cl pH 8 > 1 mM Na2EDTA)% 0.2 mL
phenol : chloroform : isoamyl alcohol (25 : 24 : 1) » £ 4 » 0.3 g acid-wash glass
beads’> #& F 2 & 43> #r » 0.2 mL TE buffer (10 mM Tris-HCI pH8.0> 1 mM EDTA) »
B SAARTS Pl kR iR E ¥ - BHCL AL E o B~ 100% SR 0 R &
|y o e 2 b 3 “,’TTJ /‘}a;‘/xi’ v B ZREZME (S 0 4~ 0.2 mL TE buffer ;3 fZ .
¥ 0 # 4 » 0.3 mg/mL RNase A 3% 37 C/5 %8 9 4 ~ 10 b 4M ammonium
acetate {1 mL 100%Fpf > ¢~ 80T & (Fibiie <L 3 2 ~ 4 > 3 % b ik o
B #R§5% 0 3% 50 uk TEbuffer -

212 F 4R LR 4 R )I%(RT PCR)
R S HREE e G Y P&omega kit ‘° A1) PR AL ? ( mRNA (8 6

+ 3 poly A tail > @ * Oligo'(dT)ls' LT (primer)é‘ = cDNA-# # = ;%407 >
B 0.5~1 pg endd e peo fe o 2 puboen ANTPmix (10 mM)~1 pL = Oligo (dT);s
(0.5pg/uL) ~2 plL =7 10x reverse transeription buffer ~ 4 uL <7 MgCl, (25 mM) ~ 0.6
pL 7 AMV reverse transcriptase (15U/1pL) 2 0.4 pL recombinant RNasin
ribonuclease inhibitor » # {548 -k T 3484 20 pul £ > B 3T 42°C/1.5 ) pF > L OREE
BFrFBEBISC 4 Shds 2. 883k} 5045 Bk F R 4 TE buffer I 4%
A 100 pb o £ 1 * H 2513 SR e 48 5 i (PCR)#- YGRO21w 2 TRP5 3
F14% ¥ (amplify) o &7 PCR #F# &K FIpF » #7552 R & 1 11.88 pl o3 3+
7 F’k ~ 1.96 uL 7 10x reverse transcription buffer ~ 0.36 pL -7 dNTP (10 mM) ~ 1
pL =7 forward primer (10 uM)~1 pL - reversed primer (10 pM)~1.5 pL =7 MgCl, (25
mM) ~ 2 uL e first strand cDNA 12 2 0.3 uL 7 DNA F & f= (DNA polymerase »
5U/uL) e PCR & Jii8 B &2 pE R 4o

10



Cycle# Denaturation Annealing Polymerization

1 94°C/5 » 48
30 94°C/30 #; 55C/1 » 4 72°C/1.5 ~ 48
1 72°C/5 » 48

G PCRAFH 2 A1 5 SpL 7 1% 5 5 B A~ f7 (100V/30 A 48):
PUFE B F]2 & R o 2 15 1% Geneclean III system (Q Biogene, U.S.A) i& {7
DNA 2z 3 P3 #8455 %% w J (gel extraction) » w Jz & 4 £ % NanoDrop (Thermo

Scientific NanoDrop™ 1000 Spectrophotometer)# & 1 % jz2. DNA 2. 4% & » #-

DNA z & -

2.1.3 LH|gF ey ok iR :

#-pANDS 44 2 TRPS 2~ YGRO2IW.h 5] 5 DNA I * Notl #2417 % if i -k
i3 o Bt o™ 23 5l HDNA o 4~ 0.5l 2 NofT (20 U/ul) ~ 2 ul 10x
NEBbuffer (100 mM Tris-HCI > 1.5 MNE_(_;IE’_,I(;O mM Méélz » 10 mM DTT pH7.9) ~
0.2 pul BSA (10 mg/mL) £ 4 g+ & faele 4 3 ﬁx SHAT20 UL > R B G 14
# PR 37C/3 ) s R e M uITH 4:1P"z,;;2 3“7?C/1 o] B B (7)1 ok 22 DNA»
E 315 pLie 7 1% R R b A 46 (100V304'8) » mas ik Fl2 £ & -
Z_fs £ §1* Geneclean III systérr; Q “Biogene, USA) it 7 DNA 2_ 3§ "q 2% w
Yo » w iz A 4~ £ 5 NanoDrop # ¥ i wic2. DNA 2_ 4% § > % DNA =& -

214 fHA AT RE

# pANDS {42 TRP5 2 YGRO21w # #]¢7 DNA 1% 4% & fis (T4 DNA
ligase) (Promega, U.S.A)# & o #2 5 B~ 30 ng 7 DNA » 4c » 5 pl ¢ 2x Rapid
ligation buffer (30 mM Tris-HCI > 10 mM MgCl, > 10 mM DTT > 1 mM ATP) > 100 ng
PANDS ' 48 > 1 pL 9 T4 DNA ligase (3 U/uL) » &8 12 3 5 & B ki 1 & % #
BlOpL» 23R ELN6CTRFHREF 12 ] -

11



215 %+ B4 % = ok el g e
2.15.1 % %% F% = e el

e — 4 %548 i DHSa B - 5% 0 % 4mL LB broth 37°C ™ Fp e 32 % = B~ 1 mL

e 38 & DR B2t 50 mL LB broth ® » & 37°C ™ #4132 % > & 3| /#i% 5 600 nm

Bk {8 (ODeoo)* 0.3~0.5 () 3~4 - BF) o it is] » 3o F ¢ o ki 30 & 415

125000 rpm > 4°C s 15 4 48 0 S 8o h w53 iR o 1 10 mL 2 S R E

Ko it e e Tk g 0 045000 pmo 4T H 15 A4 b iR o S ml

7% Ejeuk 10% glycerol i ¥cim¥ ymakd » 2 5000 rpm > 4°C &t 15 4 > 4

Fire o 12 2.5 mL i Ferk 10% glycerol i 45 im e itk 4 0 A % 60~80 ul I © &

Ao s F 0 FARE BT REF Y 0 T B80T k5T o KB UK @A
BN ACE R HT AT Pkl o

2152 < % F]E*xiim”emﬁgj e

P~1luL & & ivH fg~?‘r§f'DNA 7 60uL —’\%%&‘pﬁ’ﬁéfi?m?é“&@ v Bt
e FaE Y 25KV m\q‘/mbﬂf’_'l lmLSOCmedmm BEB D ER L
e - A 37C“%j’i‘]§%‘ 1 { F‘i" “ux"&x?%ﬁm 1 44594 900 uL
iR o R EFIR IR S Wbl L&; e ‘-k+m1;],,zim*“/"ﬁ ampcillin 7

LB f]w*%\zg’%wc*rr il L6Ne | BHC

216 2 A% Z e hil f H g3 iER
2161 > A% Ewmie il §
PepE* AE - Atk £ 2~4 mL YPD broth 28°C ™ 250 rpm & i I 32
% o B~ 1mlL F§ 32 % R E " 50mL YPD broth ® > & 28°C ™ 4 250 rpm
REBA 4 [P RFRE e g ? > 121500 rpm > 4CHE 5 4 48« 52 ¢
‘)’%l;fx’i’ » 11 50 mL skend g e ﬁ’]i‘iﬂ" FimPe Uik o 11 1500 rpm o 4 C s 5 4 48 o
v 25 mL pkend B R ER T AT ok o 14 2000 rpm s 4C s S A 4R o
St ik o 2 2mb ke IM sorbitol i 4T im e ik o 14 2000 rppm  4C AL 5 A 4B e
1285 i,lsz » 4 x 1~2 mL IM ke 1M sorbitol i+ fgim %2 Uik > 4 7 60~80 pL
(R SEH P L) I ARl g TRRENREE Y RFEGRE
AEF o FREURERTFHACE A EIT P EET EEEL -

12



216282 A% Ewre g3 v

B~2uL F 48 DNA {r80uL p* F%k iz § 5 15mLicd g g @ 208
BBkl SAM FAME N e T L F Y 0 H 25KV ST e 0
1 mL 1M sorbitol ;& & ¥ 1) 137] e -,‘j_/\j%g(f&_,%,épuig oo Mg e 1 A4 3
900 ub £t ik o R & FlAR R B e UK o BR £ 4 PR % SD-Leu
FEFME AR 28 CTIRRER 23 % o

2.2 B RILEFER FOEE A S ot £ R R
2215 2 2 PR RILT FEA S22 RE

PAE* FE - Ftkes £ % S mbL YPD broth 28°C ™ 250 rpm & F Fi & 3% & o B~
ImL f§ %3 % HpFpRk £ 10mL YPD broth ¢ > & 28°C ™ 34 250 rpm & ¥ 3
%23 P #Fik AL ODgio = 0. > FAEIX R » £ &= ﬁr% 10x ~ 100x >
B uise SuL » 4 4 2 2x10  2x10% e 2x 00 e et Bk 5§ 3 I kR 2t A
2 FME ALY R 2CFR i‘“% 1~3 =% 5354;;%@7\; LA A B L i
F vz (H0,) ~ = figph= (dlamlde)i a% & K (menadlone MD) ; H,O, €_F % ¥
TF CEEF Y 25 A ROS r{ £ "%‘:E%E_*’ O, 4 ¢ superoxide dismutases i
)= HyOp » H ie *5 4 F= F\#i fé G\‘j;m”é'xj LF s 42 diamide
S FRFEF Al (thiol oxidant) ¥ & Bermlib e 75 R o b 4 e p g
% 4 *X (glutathione)s=7 7 & l}#ﬁ e’ (Kosewer and Kosower, 1995) » & ‘mPz p

fm e

3 B RF B4 § 5 menadione P v #F AS5R Kk £ “;}B;]lmﬁfria v H B

2
i

# 1T * (cytotoxic mechanism)» 5 & # superoxide radicals 2. ¥ * #] » 5 §_#* 3%
5 2

3 tig S wmredp sy (Castroetal, 2008)c 7352 1 & 1 H)O) s 7 k2 %

3=
L35 B e o

222H0: 5§ “H B EJLT RERAY 4 £ A2 P
ezt A E - FthE £ 5mbL YPD broth 28°C ™ 250 rpm & i Ff o33 & o P~
ImL f§ %8 & DRk £ 10mL YPD broth ¢ » A 28°C™ ¥4 250 rpm & i 3
% 23 | > #pik % D ODgoo 5 0.3 £ AJL7 ik B Hy0,: 025~3 mM » 5
6 FF28C AT A » R H ODgoo © ™ A &IL 15 B 55 ODgoo &% 17 10095 »
B e J2 w9 ODgoo EAR Y 22 F AV EER o

13



2.3 RNA expression
231RNA ¥ #

PR F¥ - Ftkes %2 10 mL YPD broth 28°C T 250 rpm 2 i I %3 % -
4 it % 3 5 ODgoo=1 » ## B4 3 S0mL < % » 2 6000~7000 rpm i
o 10 2480 2 “,‘fi ‘}%‘21’3’1 s TR R E eokok Y 2 B R AL =212 6000~7000
rpm o IO/Q’f%’i“/fJ/F,,z’ﬁ%lmL rkehd g Fek o s B D ) g
" ’;? BPIE-IE § RN WA RS f 7 F 7% »4v » 400 pL e TBS buffer (10 mM Tris-Cl
pH 7.4 > 5 mM EDTA » 1% SDS) » #-2_ 5t £ 4 » 400 pL 7 acid phenol » * #

Mk o B 65T Kis 30~60 A4 WA T 5 ek o BEE KL 5~15 A
BB iR 4 CH s 15~30 4450 By b Jrik té 0 4e x> 400 pL =Hacid phenol - iR £
YRkt 30 A4 B iE 4CHS 5~15 Ao - FiR B0 0 4o 2 400
uL % i (chloroform) » /8 £353 . 12 ﬁxrﬁ 4 CH s 30 A4 B R
4o~ A 10x 0 3M sodiunacetate (pH o 3)5 BRAR 2x 9 100% ARVERE 0 B
380 CiE ik o £ M HeF @ 4C%H.'u 30 ~4m ﬁ’* 75~80% /J\rﬂ,ﬁﬁ‘/ﬁ S
RNA > #-i# dow 17 7] RNA -2 ﬁc‘/f‘ﬁ% &,’ %7 |& 30-50 pL. RNase free DEPC -k -

£ 124 kS & 2 2 NanoDropypl £ £ rta‘r‘lﬁl\TA “‘% B EL Asgo/Agg SV B o
2.3.2 A+ 8L % 7% (Northern Bldttjng) 1%
%% Boegringer Manngelm e the'DIG sysyeni 2
23211%° T A% A # (1% formaldehyde gel)
P~ | gifagarose 4r » 37 mL 2 33 & Fok o Mok S R 2w 2B RS o F
%43 70-80°C > e » SmL 7 10x MOPS 2 8 mL 1137% % iR & 353 {8 5 » i
B0 R dtnis FARTEE T B 5~10 ug BB (total RNA)»2 pl 10x
MOPS > 3 uL 9937%® fix~> 10 uL < formamide % 1 pL 7 EtBr (10 mg/mL) » & &
o2 5 CAe A 10 A 4> Bkt Fi 44 10 ~ 4818 > 1 pcE B F #-total RNA &

Sk~ ERE Y 5 01T R T70-80 RAFE (TR AR o

2322 Bt g e (Total RNA transfer)
PR ) P g F R 395 12 20x SSC (3M NaCl» 0.3 M sodium citrate
pH 7.0)7 i% o 78 3 4 £ 28 4 » 14 20x SSC i 4 et » 1% ¥ hren g e > i B

14



d T R AR R TR faxﬁf e w R RN A sk
Ao Bfs g * hgIE 2 300~500g 2L hE e 0 THAHFRIER o e
TAEOIT KA RIWEY KRB R TR R E 5 120,000

wem® » & RNA & L 35054 4 & 45 o

2.3.2.3 4] i* DIG &34 4 (probe)

f1* Boegringer Manngeim 7 PCR DIG labeling mix =77 3% » #-47 -4% 32 }
DIG - #- 5 % DNA § £ 2~ I ng> 4 + 5 plL < 10x PCR reation buffer (200 mM
Tris-HCI pH 8.4 > 500 mM KCl > 20 mM MgCI?) > 5 pL ¢ PCR DIG labeling mix
(dATP ~ dCTP ~ dGTP & 2 mM > 19 mM dTTP > 0.1 mM
digoxigenin-11-dUTP/DIG-11-dUTP > pH 7.0 ) » 1 pL > gene forward primer (10
uM) 1 pL 7 gene reverse primer (10 pM).2 0.5 pk <7 DNA F & = (5 U/uL)n
PCR F Jgi® - REIDF 3 %{@ﬁﬁ@&;’:ﬁ BEPEFTF K -PCR F BER

BpERF 4o Arog

Cycle# Denaturation | ;__Aﬁn?aling Polymerization
1 94°C5 B | :5'? i

30 94C/T A | -'Eés"cm Sl O T2CNS Ak
1 S| ) T2CI5 A 4

G PCRAFH 2 A 1 P Lyl €5 1% s b~ 17 (100V/30 A &)

MFEE R FIZ R R o

23243 & F & (Hybridization)

RRAEH TR EFE Y o o2 EF BB (5x SSC o 50% formamide
0.1% sodium-lauroylsarcosine » 0.02% SDS » 10% blocking reagent) > 2884 5 £ 4
W A 100 cm® > 4o r 6 mL FEEF BRR 0 B LCTREAFRLF B
(pre-hybridization)1 -|- F¥ » % pre-hybridization % = { > i ",% fe b F EinR o AT
be xR L K RIA R E o %M (denature) % = 9 DIG 3% probe (5~25 ng/mlL) -
AR S RATG A4 100 cm® o 4o 35 mL RS F BRI 0 B ARCTRER

& F i 16~24 /] pF o
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2325 L H F+i®* (Immunological detection)

PRI LY 0 4o r 5§ 10 mL 7 2x wash solution (2x SSC » 0.1%
SDS) > BT 3T SR F e 15 4 4 0 §]H 2x wash solution » £ - = 5 £
de x % 10 mL =9 0.5x wash solution (0.5x SSC » 0.1% SDS) » & 68°C * **T 4 &
Ff% 15 ~ 48 @4 0.5x wash solution» € - =& » 2 “f 0.5x wash solution & >
r2 % 2% wash buffer (100 mM maleic acid > 150 mM NaCl pH7.5 » 0.3% v/v Tween
20> EFR T T SR e 1 A4 BHB R 0 4o~ 1% (W/v) blocking reagent
(73 *% Ix maleic acid buffer, Roche) » & % § ™ ** T 2 & if i€ 30~60 4+ 45 > |4
7% % > 4v »~ anibody solution (anti-DIG AP, Roche, 1:15,000 ﬁ%% *+ blocking
reagent) © . F B T 3T SR e 30 448 0 B3 0% 0 4e » wash buffer > &%
BTRE SR G 15 A4 £ R - S B4R 0 4o~ detection buffer (100 mM
Tris-HC1 > 100 mM NaCl pH9.5) > L_g_ BTETOdRT R 2 A4 B LA
TEP RS A 984 e fé_i CDP-Star (Roche) > #-% & fv % 4
CDP-Star ¢ “,‘TT » 3t LAS3000 &7 /4 Jc&;' ® EJE o

2.4 4 4o iRA LR B i ] lT = | “;

Pepx* FE - ARE AR5 m YPD: broth 28°C ™' 250 rpm B M et & o B
ImL et & DR R 55710 mL‘ YPD broth 0 280 M 250 pm R
& 23 RERA D ODgoo 5 030 & uEEERE > fer 50 uM 2 100 uM &
FhER 2 ¢ vefih ~ FOREEE TAA ERERFER  E A 2P FR 0 - AR R
28CRiFs 43P RlEH ODgyfs » #FiRAFH + ODgoo » 0.1 F 17 Ix 7
e o ik AR 10x > 100x > A BB~ Sul > % 58 2x10% > 2x10° > 2x10° fn ¥z e -
BEEZFARERHOZHMBEARAL > 28CT2HR 4 1-3 % BLEH R

25 #& 5| (Microarray)

Ftk 2 £k LBt log-phase PFEF » WT ~ YGRO2IWA 2 trpS A~ %) a2
R 0.6mMH,0, 0~ 103060~ 120 ~ 45 > 4B~ & PR EL2. Flth2 RNA » #-
fied® HyO,10 ~ 30 ~ 60 ~ 120 & 45 FREFEPERR RNA LR E » 5 F 5%
o2 L (treatment) » ¥ P 2 (control) B & i F dZ HyO, 2 #43#L » & 3+ F % &
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A B A ERE R 2 (WT control, WT-C) ~ ¥ 2 fa |tk 7 % 2 (WT
treatment, WT-T)~ YGRO21w 7 “,f Atk = (YGRO21wA control, YGRO21WA-C)
3 YGR021w 7| % AT % 2 (YGRO2IWA treatment, YGRO2IWA-T) » £ 4+ 7 =%
L& % -2 A~ e batchl- WT-C ~ batchl- WT-T ~ batch1- YGR021wA-C ~
batchl- YGRO21WA-T ~ batchl- trp5A\control ~ batchl- trp5A\ treatment 2 Batch2-
WT-C~batch2- WT-T ~batch2- YGR021w/\-C~batch2- YGRO21w/\-T ~batch2- trp5A

control ~ batch2- trp5A\ treatment °

5 . o, il - n
- Wy ﬁm-.l g
i - ™ A LA

b
oy T P
CoRepeIeIo
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¥=% %%
313 R TR FATH N AT YGR0O21w (DUF28 family) 2 = it 4 47
3112 # F# (bicinformatics)# st &7 3
3.111DUF28 }-% %% Ir 4 fE2 & # § F (taxonomic coverage) %
homologues ;% i #f (phylogenetic trees) 4 45
% 1B f%2 DUF28 39 &7 4 fE2 & % gf,a%] f1* EMBL-EBI (European
Bioinformatics Institute) InterPro 3 #L & 4 +7 8 & i< 2 DUF28 3-v ## > j& 'iék
= (A)T 5 5/ DUF28 3oi A BRI % 0 54 2 5 mAp Y B 9] B
3| DUF28 3¢ 4pM A7 AP A F Do @A L2 i -~ 1 2 4
w7 DUF28 §-v 3 &> @ Bf¥* ] S cerevisae 2 DUF28 » ¥ 2 AHp 2 77 7 2
A YGRO2IW - #if#5= ~ (B)#~v f¥ domain #% 4 » DUF28 J-3 3% £ § £ &
%) 230 1 "=k e e DUF28 domain 2s° > N terminal £ £ 7 #f 12 zinc-binding
domain Integrase * @ IR ftff 4@ ® 1 Pk 2g 2 B2 DUF28 3%v - £ %
coiled-coil domain 2. F=v-Jor 7R L i‘_h:lé?—DUF28 By E o RHERIPWAE
74 85 KO = 20 @ wHEE T ’ﬁ§ @& cerevlsae DUF28 #v (YGR021W) &
* &= DUF28 3¢ (Q8K0Z7, C(;P44 }i‘» )ﬁx - AR B X R A b e ARG

iz - |

|
11

312 %k § A EIL2 § si BT YGR0O21w RNA 2. 4 3%

7 @ YGRO2Iw 7% Y BT 2 A5 4 w2 0.5 mM HyO0 1.5 mM
diamide # 100 pM menadione & JZ WT 30 4 4& 0 2B~ H Fphis 2 744 > 8L E 2
d # 5% (B ~A)F 4> YOGROZIWRNA Ai24 AJLF i #2 $@ 2T » 7 £ LA
RNA » & &2 H,O; ~ diamide 2 menadione ¢ » YGR021w RNA 4 L& 27 ¥ BB
ogprt > EpAEani £ YOGRO2IWRNA £ IR € 0% P38 T E M8 &5 £
B2 % o B AEHY I LRY 2§ (V& HO, kg WT > AIZRFR 5 10~
30 ~ 60 ~ 120 4 45 > i {7 RT-PCR % p] 2_YGRO21w RNA 2_ £ 3% " > d B]- -
B 2 % {940 YORO2IW #k ¥ § 46 % AJL H 0, chps [ 4c > @ § & F i > 48
o
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313 RIF % PTE 2 B FF R YOGRO21w & Fl2 4 1

SRR RES IR EFFH D o I A3 B E R T WT -
YGR021w,A\ ~ WT strain containing vector (WT®) ~ YGR021w overexpression strain
(WT'CR%2W L YGRO21w-deleted strain containing vector (YGRO21IWA®) ~ YGRO21w
complemetation strain (YGROZlWAYGROZlW )2 YGRO2Iw A Fl& R o d &9 % (/8]
- )& 5% # 5 YGRO2IWA 2 YGRO2IWAC % & 7% # 4 41 YGRO2IWRNA » & WT ~
WT ~ WTYORO2Y 2 YGRO21wA YOO B4 £ 7 YGRO21w RNA - & WTYeRO2W
% YGRO2IWA "R 2 YGRO2IWRNA 4 R 41t WT § o b 5 % 7 fist &
Ui % 2 PI% Ftk null mutant WTEOR 2 YGRO2IWA ™ 7 6 < £
# 7 YGRO21w A %] o 10T R Sk * 2 FRR Y AR LT 2 0 SR PR

30 3

~ — O

3.14 iﬁ:ﬁ_iﬁﬁ@i‘fﬁ# ?ﬁ'%ﬁji’zx é.; 4'_;;;\%1?:
AOBED R AR 2T § i ¥ WE {2 YGRO2IWA S thin £
A o A WY & i YPD mw%;&u *’,;?”mSD £ AV 4o r § LA
A uH % D 1~4 mMHO; ~ 0.5~ ISmM dlamlde %110~100 uM menadione > £ & & &

m |
+ 8~16'mM #: a4 (ZnS0,) % 20 ~160 uM &

Bl E 125

{“ 4% (CACLy) » i 8 Ban- J~“ 10:4%-~0. 05% SDS 12 2 # kI 55°C/5 A 4 o
AHET SRR YGROZlWA #-YPD, 24 'SD 32 & A ¥ % (control) T 7 ¥ 4
L ¥ AHRE WTerGRozlwA%ﬁ?:i EAzde- R VR YPD & SD B &
AR P EEZFRHREEHRE  PHFR F A WT & YGROZlWAm;?]%'
£ %3 F RARRSFFTE 0 £ WT fr YGRO2IWA & YPD 32 % Jd2 % IF 31 35
SRR S r;;—]”gi% L8724 (B=Z)o#m & SD % A AJ2 3mM H,0,
2 FEIE 55°C/5 A 482 BT > WT 24 £ & YGRO2IWA £ (Ble ~B % D)o 4 #
WTC\WTYGROﬂW\YGROZlWAC z YGRO21wWA "R ¢ (5 complementation 35
4 BT ¥ 4v fe SD-Lue &3 33 % AT ImM H,0, T » YGRO2IWA® £2 8 # Fx
W FEAERRERG S HX L WT SERle 2S5 A2 4R
Fth WTYEFPM 2 YGRO2IWA "R i+ 4 L » e hd2 H,0, ™ 8 54 & ¢ %
I AR B A H O, 5T > YGRO2IwW A Flak & /i f & R hif B X 2
(tolerance) 4 | o 218 F ZH ¥4 4 HOr i 5 3 B A2 - 4 YPD &
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BARAY ALV RZFHREFFR LF HO0, AL AERH S WT &
YGRO2IWA ¢4 £ £ Frfl fi 4 B T > 2 & HO0, 5T WT 92 4 £ 5
YGRO2IWA £ > ¥ YGRO2IWA R £ 5 20~30%2 2 £ F (Bl ) &L+ 9 % (B
T ~B)jp i oo d gt ¥ mwiﬂi?%ﬁTﬂ@mmwgﬂﬁamgﬁﬁ
2 FB L B 5 4T YGRO2Iw £ i3 S ES Fa R0, F i
B oR¥

3.15 A FR A IE f2 Rl
B A F S G A A% > AR Feh YGRO2Iw Fov 3R
A A S T B AR YGRO21w £ £ A o Al 0§ # i % YPG (yeast
extract-peptone-glycerol) 2 SG (synthetic-glycerol) 7 ik #2 % 25 F & 7R 248 i
PR o K S S F (BZ 2 8e) . YPD A SD B4 Ak e? > 24 Fik
2 FiE L R4 R YPG.2 SGF gk L (2] 2 Bz - 1) WT fe
YGRO2IWA 5 ic & F & Koo, BASR YGROZ].W . fg‘;f R ¥ FHPEIT

3.16 % I § i A A HER FE & ’?”%‘

LEREN R YGRozlwA:MWTL B i HOs s B £ 1 5 1 Rt
AaAgeng W E TS g ES W!T_ﬂfr’ YGR021w4iw FAj e % A w3 YPD #
Gtz SDRE ALY AULA Ak BAEF LA B 5 10.5-1.5 mM diamide
% 10~100 uM menadione - ¢ ZL4FRIZASE % (B= 2 Blz ) 2 YPD ¢ SD & & A&
e aE g4 EAsd- Ko VR YPD & SD B A A AT A2 Rk ee
R e 7 g I WT 4o YGRO2IWA # g2 diamide 2 menadione YPD % SD 32 % £

LRI ABRRLT P LR (FI= ~C-D 2 Bz ~C D)o

31L7F#F “4PMAFIEWT 2 YGRO2ZIWA &5 i #HHB T 2. &1
3B EA HOy 8 ™ > YGRO2IWAY WT ¥ Fif - i ip b A 7]z %
it L g § Real-Time PCR (RT-PCR):E& {7 & 47 15 2. Fg “ B AP A F) 5
CTT1 (cytosolic catalase T) ~ GSH1 (glutamylcysteine synthetase) » SOD1 (cytosolic
superoxide dismutase) # SOD2 (mitochondrial superoxide dismutase) - RT-PCR & #}

BRI VERHEFT TR AP T ERE(E S #iF) ¥ & loading control gene ACT1
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35— {4 (norponazise)is * & M RAEJEZ ¥R EITL 1> F o ed 22 H jp B 54
t2 Bl LAY ABER FH%RA (B-) 3 F L WT 2 YGRO2IwA >

v F R IR CEE AP M AT A% O 0 & YGRO2IWA Y CTT1 it

-3;’, ey

% > GSH1 -S0D1 2 SOD2 B & Hy0, AJZ 60 A

Tnd Rt WT s § 0 2 o0 HaOp AJE 10 2 48R 0 8 4 R WT

&pF > LAk P BRI 4
BRI WT 5 - %57 » A5 FEF (@5 YGROZIWA S WT 40t -
YGRO2IWA 2 42§ it 4 Féf&ﬂi#&ﬁﬁﬁ{éﬁﬂ% *(W=) A RF YGROZIWA
e B RS E

3.1.8 DNA #&* 5] (Microarray)4 45

RiE-H A EAITEF CHBE TV a0 X YGRO21w B2 A F] o 1 EERR e
TR P YCROZIw # % i SR 23 12 fﬁ:wt 4 0 A 1 DNA et 7|
370 > w A 17 & YGRO2IwA®E 1.+_3€ '“i 5 T 5L YGRO21w B2 582 L F] o Hp A
i 19 40 YGRO21w fufif * F# 130 5 T #7420 o0k 405 DNA Bt 7 S AL 5
WT %2 YGRO2IwA » 4z B~ 3+ 3% FE' L_;,. (batch)x *Hq" (independent biological
repeat) > " B L LG -Fatchl WT éontrol batch 1-WT treatment ~ batch

\

1-YGRO21w A control > batch 1 YG 21WA treatment %“batch 2-WT control ~ batch
2-WT treatment ~ batch 2-YGR021WA control ) ba_tt:h 2¢ YGRO21WA treatment » =
R L i

LFEIA X DNA e s F S22 ¥R - ¥V (78§ #7434 (independent
biological repeat) > i {7 % = $+ 2 & B] > At BT HINA 0 HHLI] S P47
v e sk e (AR 0.6 mM H05)2. & PERFEE (10 ~ 30 ~ 60 ~ 120 A 48) A B ie {7
gRT-RCR - iF * % it 5 5 2. 7 & F] (marker gene) CTT1 k& B » # W &
GRT-RCR 2 & % (4 ~A)> & g® H,0, & f& 2. CTTL 14 I8 » & YGRO2IwA
FREEY WT 2L a AR EEp (F- ) BF - FHETHRES
WT treatment /WT control Z_ ¥ & & % 3.9 » YGR021w A\ treatment /YGR021w A\
control ZZ ¥t F 5 72 % - R F % 5% > WT treatment/ WT control 2
AR X L 9.3 YGRO2IwWA treatment/YGRO21w,A control 2z 48 %2 & 4 10.1 >
B CTTL =P k2 A% - R L A2 MBI E 2 ehE 4L Bt F %
2o mAEMEG > Tt i WT 2 YGRO2IWA & 5 2 &% A FIHE & » % i F
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2R RBEE > A YGRO2IWA treatment /'YGRO2IwWA control 2 4p ¥+ 2 F % 3
W15 B

& Gene Spring 7.3 ficrL s 24k BT B E % (B~ A

EF] 355 BAF o ez AT IR Mt A S

PRI B LR ME A
FoPrRE NP ARLIHEF - EE ST

REZ F e 5L B &
£ A 7 & ",ITT T8 # YGRO21wA  treatment  /YGRO21w,/\ control
(YGRO2IWA-T/YGRO2IWAN-C)2_ 4p ¥ B F ¥ 33 1.5 B0+ » ¥ ¥

e R R

-

4P e 322 WT treatment /WT control 2_ Ap %2 3¢ » I * s~ 478 & - (1] 78 A&

F L G E - -E 78 A 7)1 * Gene Spring #i % ~NCBI~SGD (Saccharomyces
Genome Database) 2 KEGG (Kyoto Encyclopedia of Genes and Genomes)4it _F F #
B E 7 2 F]# i 4 358 (Gene Ontology &

(D5

HAGO) HerEAFAE L H T
AP B2 4 B 4% A& F] (environmental information processing):

¢ RRE G AP 2 Slﬂ‘ﬁsﬂ‘*’i i+ i3
2 S5BATF -

(2) *~ #4p B AL F] (metabolism)

- 17 B A& %)
S5 AT 4 3 5] 5 e R i

Sll B A SRR & RS R 2 B A
Bl Sk S BHpBE T 'ﬁf&fﬂ' DNA AP M S 2 AT -

(3)im®z 4 £ 4p B 2 F] (cellular HrTcessems) —“ 10 A 5] 2 @ 527wz 2 £ Ap B
28 BAT ::mw?waﬂ»n,?\ B R m\ S £ s ey K

1
% mve 3 K ifAe 0 4E 13% "egvm;}grﬁg 27, x[;;ér]c

(4)H i p B AL 7] (others processmg) CROMA T e R R0 FLF (L iEARAp

B2 5 B4 22 MAP kinase 30 @849 B £ 1 4 71> 2 RNA 40 1 642
PR E 1 AT > 22 kinase iE AP M E 2 B AT o

(5) & &7 it 7L F1¥¥ (Unknown): % 32 B A F -
GEE R Lt FEEF W

B ¢ 4L YGRO21w #7182 52 A F1# (78
FAT) &

b%ﬂﬁigﬂﬁ’u§w7*ﬁi Rl I S TS N
PR B A TR Bev L F EARAPM AT S e 2 RAPM AT ¢ e
'a\ﬁﬁié\@%@imﬁ}ﬁﬁﬁ$~iﬁﬁé%$’ﬁ%éﬁw@’

338 A i

2

LEF b2 GER (RN~ Ao
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3.1.9DNA B 5| R % o718 A Fl2 %@
0 RS R B g 0 £V EIN A ATl (7 qRT-PCR 4 47 > #1% F %1t
Al perd 71 0@ % 2 A iy 0 e ¥ 7 B F #7414 (independent biological repeat)#-
WT %2 YGRO21w/\ > ** log-phase # & fE FF8p > & %] adZk B 0.6 mM H,0, 0 »
103060~ 120 ~ 45 > 4B~ % pF A gLz EFH%RNA 1% gRT-RCR » **& i pF
BE¥e P P A F12 RNA % 348% ; qQRT-RCR %3z %% » % 7 WT control
T4 10 A2 HyO, 10~30~60~120 4 452w 2 WT-treatmeant ~ YGR021w A\-control
3 32 HyO, 10~ 30~ 60 ~ 120 4 452 2 % YGRO21w A\ -treatmeant » 4 %] £ > WT
control #E"f B HE AR AR o FIP R H&REF T AT YGRO2Iw B £ &
BF s DML s 2 AR B RS AE RN AR L0 4
PEN A B A TR 2 0t A S ere 4 £ 2wt fviAp B AL F] 2
MAP kinase 3t % & $4p B 27> & ﬁ*%\ o FEN A drr g 2L F]E L Prdier WT
AR B IR 2 AFIRERF qRT- RCR Eém_ o
STE R AT d
(1)YGR088W/CTI’1 : 10\
Lwre F Y g s (cytcfsohc AN T) g #¥twmre L2 T 2 HO

| l

52 2am0h QRT-RCR'R % ® (R4 ~A)» 74

sk ok o Rk ae A 2T B
51 YGRO2IWA f 2. HiO3 10, 24b 75 o0« $4 71 0 b B2 WT 5 4 1f
15| CTTL thd - 3 & ASEH,0,30'4 4 39 = 492 - & YGRO2IwA® CTTL
g4 A AIE HyO0,30 A 455 3] m i 5 2018 CTT1 & YGRO2IwA 2. 4 1] ™
%o m  WT ? CTT1 gd® HyO, 60 44554 & B 4 I 215 CTT1
LRBETE 0 S RP A 0 A% B A AL H,0, 5P F 8 0 YGRO2IWA ¢
CTT1 £ % WT ¢ CTTL £ 3IRLP B33 -

(2)YDR256¢/CTAL

% 73 2t peroxisomal matrix 2. #E % * fi* > & qRT-RCR 9 % * (B4 -~ B)>
v 'J: 3] CTAL & YGRO2IWA ¥ A2 a2 Hy0,30 & 45fs B 4pd 3R> 2 R REFF 4
M2 AB% > @ & WT ¢ CTAL i R > Aed® HyO 167 B4 E AR > 2 e
EdZ HyO, 10 # 45 %2 30 ~ 48P CTAL 2 & & @ £ T ' ik % » & YGRO21wA
2. CTAL 2 3 > v 5 B a2 a2 HyO, s B 330 WT ¢ CTAL £ 3 o
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(3)YMR250w/GAD1

% glutamate decarboxylase » ¢ # % Z & @ glutamate "% fF =
gamma-aminobutyric acid (GABA) > % #i¥ it 4+ F GSH 2 widk4r » @ fvfr §

@5 & qRT-RCR #% ¢ (Fl1 ~C)> ¥ % 5| GADL - B 4 & YGRO21wA
s B 3T WTo 2 4 &g HyO, 14 4 8 S H e > 190 A2 Hy0,30 A s
BEFFE > & WT ¥ chGADL 43 » g2 Hy0, 10 & 48/ 4 o8 5 T % » fe3b
30 A 4B P 2E1S 0 i B a3 4 GADL £ 3L E > 2 4p #22% YGRO21wA » WT £ GAD1
LAWBEM LR

(4)YJL101c/ GSH1 (gamma glutamylcysteine synthetase)
B R 73 A B éFiE d 20 A T3P > e F] glutamate % glutathione (GSH)
z A% > 7% #& P] GSH biosynthesis 2_ : Jﬁ EafEE GH1 A 2 aJLif
—Tiiﬁ%“’iﬁwﬁﬂR?%ﬂ(@i~m,?§ﬂaxammmﬁﬂG&u
td® Hy0,30 » 48 i B Ac4F e 2 E @ e WP 60 GSHI1 £ izt g2
}Mbmbﬁﬁ%%ﬁﬁ’Eﬂﬁﬁﬁgﬁﬂmmmﬂmﬁﬁg’WRWMA
B4 A T GSHL 1 - # R A GFEWT 2 GSH1% L2 -
I m |
(5)YMR169c/ALD3 A | ]
B F R e fT Y e EdlE ﬁ» (cytoplasm1c aldehyde dehydrogenase): B
¢ At SR 0 & qQRT-RCR A% (B4 E) ¥ 5 3] & YGRO21WA a2
Hy0,10 ~ 4875 » ALD3 £ 8% 2 T %% » e &2 Hy0,30 4 4875 » Bl 5 3 4
RERBI ABRILEHO 2 kit » 2 5 FIRFF L R2ZB%5 > F2 & WT ¥ > i
7 Hy0,10 4 4815 » ALD3 2 LB T %% » % ¥ HyO A2V e £ ¥ 2 2 3 %
v ¥ @ ot YGRO2IWA ¥ 2. ALD3 % L E Mxff 2 3 & BARS > P} 'F‘] kil e
fed® H,O, © » ALD3 £ YGRO21wA%2 WT 2. £ & -

(6)YCROGBW/ATG15
wdmre foeE iR P g aafE 0 S eI Bl e B € MR e e s
AfEs PR ERFRRALERENEE LA LB F R AT &
qRT-RCR § 2% * (Bl ~A)> WT ¢? ATGI15 # F] H,0, *73 % > it & YGRO21wA
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o ke A EJ2 HyO0,10 4 48 pF » ATGL5 4 ER,F e o A kd? Hy0,30 4 485
s eI ATGIS 5 IdF 5 F 2 L 32 484 o £ gt WT 2 ATG15 4 31

L oA oo

(7)YGRO4OW/K SSL

% ¥  mitogen-activated protein kinase (MAPK) signaling transduction
pathway > 3% 7 filamentous growth 2 pheromone response’ % qRT-RCR ¢ &% * (]
+ ~B)> ¥ 5 A2 HO, T v 82 WT 2 YGRO2IwA 2. KSSL 4 A%+ 4 4p
20 ¥R IR R HoO, 10 & 4B £ I ¥ > e 2 {5 2 PR BER 5 4% 0 4 R AR
e & YGRO2IWA® ¥ 3 > b AadZ 2 J? H)0, 7 > 2 KSSL 2 £ E % P &
%3 WTKSSLzZ 2E -

(8)YLR164w ‘

sacesti g b Gl ep G pRY RS
Timlgp # Sdndp % & A'¥f iz (% GRTRCR # %% (W+ -C)» 7 51l &
YGRO21WA 2. YLR16AW -4 %2 cnlﬁ,;-;@%;g%g s b BT H0, 10 A 48 15

YLRI64W T B 45 4 3+ .25 30 A %fﬁ'&mjzmaﬂé o (ST ABS TR 0 A WT
2. YLR164w # 31 1’vxﬂiﬂh&ﬂﬁﬁaﬁa4%m@%m»f&&ﬁ

10 & 45 p% > R § Lotk T ER mi\%i’.v*%ﬂg%?%;ﬂ'r » A B RdE HyO, chps /Y gt o

YGRO2IWA * YLRL6AW 4 3 & WOWT. & YLRIGAW 4 5/ B3 & -
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32 % “HH;TE* A YGLO26c (Tryptophan systemase, TRP5)2. # it 4 {1
3217 F § “®AEIE2 §F L8 T TRPSRNA 2 £ 11
21 TRPS A itm ™2 235 2512 0.5 mM HO,~ 1.5 mM
diamide # 100 pM menadione i dZ WT 30 4 40 a2 FiRis 8174 > B &2 o
d @ % (Bl+-)F* > TRP5 RNA {f&il7 23 M H2ZHRe™ > ¥ 2RH
RNA > & &322 H,O, ~ diamide 3 menadione {4 > TRP5 2. RNA ¥t 2 2 3 » 42
% #F TRP5 2 RNA # i ¢ 4 H,0, ~ diamide 2 menadione > % I fasf 2 ¥ it &

BOL2 § B TRPE P i 9§ MHHF e M -

322 BIR H*TH 2 FAKRY TRPSAF2Z 43R

FEFR SRS E T WA KD 0 JIF A2 BEE BT WT ~ trpbA ~
WT strain containing vector (WT®).» TRPS_ overexpression strain (WT'°)
TRP5-deleted strain containing Vectof (trﬁé&c) V. TRP5 complemetation strain
mwgm%yaﬂwsgﬂzﬁmoﬂ**%(ﬁ#:)&%m%nwgauwg°
@it A4 9 TRPSRNA » /m WT» W,L SWATRS 2 trp5 ATRPS A4 % 3% TRP5 >
*Wﬂ%anwAW51W%mm%m%%mwr Rl
w@%;%mﬁpmmmmmxmﬁ%anmgm% P& 4R TRP5 A 7o

R L AES N '1‘1{1 Py ﬁﬁ"%rﬁ—%’f«w: - o

323 % fBid 5 AR s ﬁﬂzi‘ AEF 2B
SRR FAFORBEER LT 3% WT fr trpSAS thind £ 353
%,Qw%%$ﬁﬂmﬁ@%%%ﬁ%%?iﬁﬂD%%&ﬂéﬁﬁﬁ’ﬁ$
WT&vaﬂiéﬁwz§%ﬁﬂmﬁ@%%%%b’éi;ﬁﬁﬁW$(n
e dom (doe BE~ e W)4p B 35 8 (cell-surface related stress) ~ (2)F it i# 5t
(oxidative stress) ~ (3)£ £ /&5 8 (heavy metal stress) > w¥® & @ i 5 4p B 35 5 &
B % 10.005 % SDS ~ 0.1% congo red ~ 0.5% polymycin B> ¥ it &4 %] 5 @ 1~4 mM
H,05 ~ 0.5~1.5 mM diamide % 10~100 uM menadione » & £ 4 4 %] 5 © 2.5~40 mM
Frpadr ~ 8~16 mM Fipads % 20 ~ 160 UM F M 45 c A~ HF T £ 5 F R > WT v
trpSA > & YPD $#RR e ihpiE 2 L Asde- R (B2 ~A) bl REs2LF
BB HREApRT > WT & rpbAHFE 4 £ 5 F 7 kAR afrd s > 7
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BSRLG B EH GG ook R o R biwmie koG S B APM R 0 0.005% SDS -~ 0.1%
congo red ~ 0.5% polymycin B 2 ¥ it # > 1 mM H,0, ~ 1.5mM diamide ~ 50uM
menadione 2. JZ T > trpSAP B WT 2 £ 5 £ (R-+ = ~B~G)> 2 £ 2 F%
f#cAp £ 10~100 B2 5 > A F 2 BEH > 6 > AL 8 mM ZnSO, 0 trp5 AR WT
i%éggnﬁAiaiﬁgﬁﬁWTiaiﬁ%&ﬁ*Q10%1%(%43‘
I)- B e SD & AL 5 A2 g W H L H A D 1~4 mM HyO, ~ 0.5~1.5 mM

=1

diamide 2 10~100 pM menadione > & & &4 %] 5 © 2.5~40 mM £rfiidF ~ 8~16 mM
Frpads®r 20~160 UM F 1“ 45 - § “ B A2 B 52 A YPD B A A AIL 2 B % -
® o trp5 A & HyO, ~ diamide 2 menadione Zd2 F P & # WT 2 £ 5 2 (Bl+L 2
B~D): ti2E £ hits 0 WT 2 trpSAR f2 2 B gap gL 212 R

*EYHN%%%Qﬂﬁ&%’MﬁAi£&WW£,@4 b K B T
Rlagrid i (B+z ~EG)- ﬁ Complementatlon XL H ob £ 4 oTLpE
% 0.005%SDS 53 T > EUrpsA PF T % ;g_, TRPE AL F 7 4R %43 fm ¥ Wi 5

2 S (B3 ~B)y @i #mME0, 5 5T "wpsA " -~ £ 4 R TRP5 & 7] »
3 HOp v Escp i (B3 ‘C) ui&*" rﬁaz?l Be o+ 7 BEL trpbAY < £ £
. TRP5 RNA » fe. ' A #i 28 ) #ﬁanﬁ$g@&wwmAé%§%mﬂ@5
RNA » e # Ftr2 tryptophan #ﬂf&?é'ﬂu 31 ® 0o EE v HO, 8 B

AR M YK j\ﬁ%—%ﬁ/ﬂﬁ#&/?])ﬁ'ﬂu&' % 72 TIPS Flak £ ¢ B 5 p
Aﬁ*iﬂﬁﬁimfamwwi T a4 0 TRPS & 5l it im
(LR A K Rl A LW RINA 0 48> YPD 2 SD i B

AT e xR kR Z H)Oyr 2% 16 /) FF18 5 Bl 2 H ODggo - iz WT % trp5A
SRR FEEEF IR F H)O, AR /k}ii‘a% » WT & trps A4 & %

?‘"\

Wﬂﬁﬁ@?’“ﬂﬁAm4£W&mWTpi I E 5 10~30% (B~ = A
2 B BA R EERARZ LSS (B2 - EZB-+e ~B)od pt¥4rs A&
FUgBRERT 24 TRPSAFhA L § 2 Fid &7 L &3

LA A

Sy

324FF APM A FIEWT 2 trpbA@BF ¥R 2R -
ES E,F\?’\ﬁﬂF H,O, i 5.7 > trpSAbk’ WT ¥ $i it 5 8 4p B ér‘] giv o
L 7§ Real-Time PCR i& 7 4 47 > #7iE 2 Fi§ 1“8 4p b & %1 5 : CTT1 (cytosolic
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catalase T) ~ GSH1 (glutamylcysteine synthetase) » SOD1 (cytosolic superoxide
dismutase)# SOD2 (mitochondrial superoxide dismutase) ° § % ¥ -+ (B = ~A) >
By RNYPDR A AR A2 WT 2 trpSA‘pi‘]"#\ » &# CTT1 -GSH1 SOD1 #
SOD2 2. RNA £+ » 3 7 FR4F P EBEAAMAFIEH HO0 5% & & WT
® 5> CTT1 ** &2 H,0, 10 Qﬁ_ﬁﬁvijfﬁéi‘;%%m’ﬁtrmﬂﬁi # > & GHIL »
SOD1 2 SOD2 # & ¥ > B &L Hy0,60 ~ 45p% » & WT ¢ & A Fehi g
PR trpS AR 0 BfiE* A8 F B rpb AL WT 4prt > trpb A2 47F
T ATFILEEE N RS NER AF R P LN SDEEABE 2L WT 2 trpsA
FR(R- - ~B)> &¥ CTT12 RNA £} » &8 WT 2 trp5A4p 7 > { &
PAELR > & WT a2 HO,10~30 4 45P% » CTT1 2. RNA £ 3R & J4% 3 4o >
e B trps A¢ CTTL & TR A i 4 > @i iR Pl st » B %871 > LfE® 5
WiBE LGB trp5 AL WT Ap K » trpSAN#Fuss L Ap BE AL F]E 2 ¥ 2R 35 eh
2 (Bl+-) > @3 = wpSAR® &5 ozﬂf@a; (L AfH e

32547 FIRARAILE g iﬁi 7);,&

LBy fRd mr@:{@;;i\‘gﬁ%c %};4 4352 G A (T b4 e R
%’@'f$%~w4ﬁéum?ﬁ$%%‘%& PR SR B A
(Bauer et al., 2003; Hirasawa et alw 2007; Rodrlgugngargas etal., 2007) » %% 3¢
Hirasawa % 4 2 ¥ Jitig (7 /) bp 3 5 % BB b b Fip o vERE Y T R
s 1 fL > F%f4 (methionine) i 5 R ARER - Tt g R 5 [AA > T i=
fe & 22 ¢ TRPS ¢ £ & = indole > £ & = ¢ "=fk (‘fére ) IAA &
indole-3-acetic acid » ¥ it Z4p s it c KA HEF T (B ~) 2 YPD {R®
e ,7,? thde d vREE ~ RS TAA ’bng A ERRABAGL P4
4 RATR B R2 AT o e HO B2 FiE L LR KR AP T
T g2 HoOp g2 & ] 24 K2 d > 2 vk 40 50 uM 2 100 puM 2. TAA > P
ERDEd *ﬁ b4 2. WT & k4 & }.u,f& N }a&ﬁxy WT » H #43 H,O, 2. $aF B B R
B SRET M JAAT RSB HOr 3 PR 2Z AR Lo

28



3.2.6 4% § 48k (nitrogen starvation)ig s
Bk o gy ) R R LA g e PR S R A G S R

N

"+

-

hikF RB T O350 T3l RAE Mg 2 me = (Eisler et al., 2004) > ¥

-

L
I

ETIS

TR R L IR A T R QAR AR 3RS RS (B
L4) B AR FZEAYEARET UPSALF T X T2l o & WT 1w
$100%2 b 2 iE g 0 trpS AR Ak 2w 4 Bl WT 0 B % B
dRfit g RPER AL FRBET O EZIF A @RISR

3.2.7 DNA gt 5| (Microarray)4 #7

ETIS

B-H A ELITAT PHBETHE T AL TRPS AF& As P T X
TRPS 2582 AT i EERg I 1 25 @ TRPS &4 i & 5 1L 3B 2 AT (3 8 >
*# 2 1t DNA ML 7 Hiss 2ok 17 trpSAv’ > Fae X TRPS & 3 L35
T % TRPS 2582 K F] o Hp wom » ﬁ’ TRP5 3 tryptophan #7852 4 LT 2
HAZ LB T A8 gard d e DNAfV LTS A WT 2 trpSA - fePa
# % ke = (batch)z +# i»(mdependent blgloglca# repeat) R BT EHA G
batch 1-WT control ~ batch 1-WT trr:atméﬁ?, batch 1- trp5A control ~ batch 1- trp5SA
treatment % batch 2-WT control - }) tch-22 iWT dtfeatment vbatch 2- trp54\ control ~
batch 2- trp5/\ treatment 2. % N ‘fié’; i |+ i |
DNAZ%@JW$%’/¢$; ’€ A doaRg Ub#%npaﬂ 2 EE ¥ 2R
EE T AFEAR B P RPRE T AR F2 EF T - 2 &2 TRPS 4p
Mz AT BPERM G > L TRPS A pF > &2 WIAp H ARSI EMEELR
2. F o PeiE AL B 5 (ratio) = WT control / trp5A control (WT-C/ trp5A -C) »
S LS5 B 02) AT trpb A BpE A8 F BT AFEAR
Bpeni PN TREOFFY 2§ Mg ApPM 2 AFFE - BPE RS > e

T HO, T > WT P B 2B 2R EatrpbARES 2 B0 22 AT

F_*

d P EENZ AFIRLZET a AT CHBZ M o
1)A 45 trpS A ];—]J_ FAEREETAREL AFHFHLR
#.= =x batch » WT control ¥ % > trp5A control 1.5 2+ » W& F X F k2.7 1

B o F1* Gene Spring 7.3 #7247t > KA IT B F - Hatr o &E D 54
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BAF (B= -+ A)>#-H 54 B A F]41* Gene Spring #5482 NCBI 4+ FALE
SGD s } FALE & 7 A FIF g s > B @ AT FH 5 00T Bag
(D)FE B 4p M 20 4 B 47 &L F] (environmental information processing) : 15 B » & 3%
ﬁﬁ%%S%%ﬂ‘i“ﬁﬁwwﬂ6%£ﬂ\@ﬁ§ﬁwwg4@%ﬂo
(2) < 24 B 45 F] (metabolism) : 11 » & J2K 1t £ 4 S24p B £ 5 B A F] »
R RSN E 1 BAT] EASEF AN E 2 BAT] > HRLR
PR L 1 BATF > SRR AN S 1 BAT] -
(3)im#e 4 £ 4p B A F] (cellular processes) : 5 B » & 5 fm¥e fEle 2 p B 2. L F] o
(4) & Fo# i L F1# (unknown) : 23 i o
S B AEEA FR KA EERT 62 TRPS P L AT Ao o
PRz AF oy A AT B B S EB AR AT Bk
@%@$Wﬁ%ﬂ~Mﬁ%£$wwwwgﬁam%@ﬁwwﬁﬂ’&ﬂﬁﬁﬁ
ﬁT’%%ﬁﬁiﬁﬂ%ﬁ$iww(@;¢‘B£%3%
2) & 47 trpSA & mﬁﬁifiﬁﬁ%‘§ A TFHE AR
= =% batch #* % » H,0, }f‘@@

l -‘—:

_V‘F

WE® 4% 26807 2R & b tipSARH
e e i & f %%

% & 4| * Gene Spring 7.3 #c't
J&ﬁ@w’?@wﬁ<%ﬂﬁbﬁw§*%én(@ - A 83
# #141* Gene Spring #ic % % NCBI MR FANE SGD RFFRREE T AT A
MR R R T AT L T B
(D)3 4p B 20 4, i 42 AL F] (environmental information processing) : 24 & » & 3%
BAPM O BAFF MHRAPRE S BAT] wre Thmin R 10 B AT
(2) < #4p B AL F] (metabolism) : 9 B » @ FZE-RIC &5 RBHPR E 3 B AT >
R R BPM E I BAT  pE R A AP & 2 AT NAD S 3p k2
1 AT Py S sin bl 1 1 > DNA S8Hph 2 1 B A 5] o
(3)im*e 4 £ 4pBE &L F] (cellular processes) : 5 i » & 324 E4pM 2 2 B A7) »
mre AR E 2 BATF AR FASHME 1 BAT -
(4)2  Ap B 20 & AL F] (others processing) : 7 B > & 35 DNA 2 4p % 4F W Ap A £ 1
BAF AT AN E2BATF] > o FrEjipME 2 A7 LB g
AAHE1BAF -
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(5) A % iv £ F1¥ (unknown) : 40 B -

EEFENY - AR ANEY CUBRFLDT G A2 ATFE B3 BAT)
B drE i 2 A FY o URBAPM A LEARRA T G o s 1 F 1% 5 A
BARM AR wre Eap AT B R BEEET 0G5 5 Aer 2 A Bk E
FH 6] (F-4- ~BZ2z2)e

32.8DNA L5 8#:E 2 P A Fl2 %@

0 RGRHCL I F R % o A TR T qQRT-PCR & 47 0 7% F &t
Mtz v 2 Hfi4p i > 2 ¥ 7 8 % 37444 (independent biological repeat) - WT
2 trp5A v *t log-phase 4 &k fi pFp > & W ed®Zk A 0.6mM H,0,0 ~ 10 ~ 30 ~
60~ 120 445 > B~ L PFRFBLZ 7 & RNA » §]* qRT-RCR > & pE R R P
P& F]2. RNA 4 B48% ; gRT-RCR T 72 %% > % 12 WT control i 5 1 g
5 1,0, 10 ~ 30 « 60 « 1204 &% » i WTtreatmeant « trp5./-control 2 AL H,O,
10 ~ 30 ~ 60 ~ 120 4~ 482 w2 4rpS/\-treatmeant > % "LJJ%. 35 WT control 4p ",% 18
A2 A RE -

'::'-"‘ L |

SriE A F 8 4 !“rﬂf-

m |\

(1)YJL101c/ GSH1 |

% GSH biosynthesis 22 & é B fiz % gam'niq glutamylcysteine synthetase > >
bR 2 O T L R ; _qRT-RCR“’E’Eﬁ“ (Fl=+= A 74
FlAatrpSAP GHL Ak HyO & 2o F IR T 52 48% > & WT ¢ ¢ GSH1
B f - B 4T HyOp 10~30 A 48P% > 7 R IRT IR % > i d2 H)O, 60 4~ 45
(6> B4F g 2mE > ZtrpbA? GSHLIAp®R ™ > PREARR P2 L B o

(2)YMR250w/GAD1

% glutamate decarboxylase » ¢ #- glutamate *# f# = gamma-aminobutyric acid
(GABA) > 52 GSH z_ w44 » ¢ r4r % it ¢ » & qRT-RCR #5% 7 (B =
+Z ~B)» ¥ & rpbA? GADL f/edZ HyOp © @ ZIRT M2 MIE 0 A &
WT *® 591 GAD1 /a2 Hy0,30 #4818 > & I3t & cdF i+ 2 485 > &2 trp5A
P GH1pT P REERRE XL R
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(3)YGRO88w/CTT1
%tz JT ¢ hcytosolic catalase A fictL 7 EFiE T Eﬁ?é‘ﬁ*“/@?—_ H,O0, 7 » &
WT 2 trp5 A #% 8 2 @ 232 A%, A qRT-RCR 9% ¢ (Bl= Ltz -~C)>
': FIWT a2 HyO0,30 2 458 T x £ A0 2 A F FFRFEEZ. trpS AT & 18R]
FCTTLend > F d® H)O, 60 4 4fs 1 & 2E > & WT ¢ CTTLeh& 3|
B dE HyOy 60 ~ 4apF i | B g > 2. {8 CTTL A WT 2. A I T "% > @ A trpb
P CTTL Ajed® HoOr 18 » L R T '548% » A ed? 30 ~48% 60 ~ 451 4 I
ER 42 P A g i HATRE Mt WT 22 CTTL £ % % » 82 A /a2 H)O,
120 & 4% > CTT1 ftrp5 A\ %2 WT ¢ LA E4pi > v A8 @ prF gLz, CTT1L 431

a

£ o e trpSA® P A R WT i< o

(4)YDR256¢/CTA1 |

503 3 iEF Y3 (peroxisomal “matrif(")'i catalase > ¥2 CTTL 4p i1 2. iv »
G e 5| R T ’ﬁﬁfﬁﬁi?@_ H)O, * » & WT % trpSAj’ﬁ 2@ A2 ATF]
JCTAl % WT & trpb A ¥ > A2

& qQRT-RCR # %7 (= + - "D)§ 253
e
H,0,# H CTALh4 B %2 g &7 “?"’** WT v CTAL e IR R IREA T 5 {8
| |
54 J'fﬁ | CTAL s B 3 5 7 ' 4
R w AR g - 2 CTAL & WT 2

#

B R SR TR b
%‘“&E”f’""‘é‘ﬁ&u@“’Hp_Oz@A}?Fﬁ
PSAY 2 % B > 3 FIAEE HOy2 o 1 & fe o A AL AT G

(5)YGRO40W/K SSL

% mitogen-activated protein kinase (MAPK) kinase » %% 24 3= filamentous
growth % pheromone response 2 signal transduction pathway - fc"e 7| &€ © > §F
K EJE HoOr T 0 i WT % trp5 A& 2 &2+ 32 2 %] & qRT-RCR § % ¢
(Bl= L= ~E)» 232 H)0, 15 » WT & trp5 A * 2 KSSL e 3§ & P 5 4 I >
P FEIE H)O 2 R E 2 @ A2 A EAM2Z G o
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Fri iwm
41F “HHT R FHA T AT YGRO21w ## i 42 #F 3
BRETHAOLFIDUR2S Rl 3 o s mp  LF ®F oy > &
Fi- P RAFZ &9 R ?EQ%%’@Bﬁ%ﬂﬂﬁﬁﬁﬁ%%W%°%u$
W g F (S cerevisa)iis Y 0 4 1% F YGRO21w  (DUF28) AL

THEFIEBFREF I ERY > BFREELENT BEEFTHG -

4.1.1YGRO21w £ F1 &% = § v A (oxidants) 2 ™ 2. & M IF

KA P ERES T YGRO2IW A F el ¥4 LT T4 L300 gL
% & 1 & : HyO, ~ diamide 2 menadione & 2 LB F @ &> (B- ) 2B 7 i
Pt FBF LB YGRO2IW B R f R irché d o 3 eenf LA EFE

F_

FE2F BB FRBAT (oxidative-stress response genes) > 2 M € FIk 7 b
EIRLRGE AR5 Sl W =gl T LIS Hmn,ﬁ—‘i (Thorpe et@al.,2004) » & i fr @ 4] 2.
LPBL o m g ,fﬁ d Yaplp% Msn2p/Msn4p transcrlptlon factors X g P % it if

¥ » ¥ f&#s glutathione % thloredoxm_.detoxlﬁcatlon systems » | * catalase %
superoxide dismutase ‘% - G A, % ’ g_% ’5" ;4 g L]0 % F SiE- e
g1 cell processes k15 B% »/m i@— ﬁ m*m”?%l“ Ll g FR ke chF WA G A
H,O, #7343 2_ % it if (HzOz 1nduced stress) g LR P o T 3 Bk
485 B B d (resplratory chain)®* so%#*T Hy0O,-induced stress 2. Fufd + &
£ & odiamide 2. 7 % 4| % & ;% "¢ F=9 vacuolar protein-sorting (VPS)% ergosterol
metabolism 1 i¢ » &k #47 thiol-oxidizing 3%k ¥ - menadione #7i% = ¥ “ 5 5 >
I R AEREFL 2 IS (pentose phosphate pathway, PPP)#»/wda+itl ¥ it 5 2. € & 7]
% 57 NADPH ¥t ",4rf superoxide ion -+ 4 & & (Thorpe et al., 2004) > F =%

# Mt Hy)O, ~ diamide 2 menadione > # ¢ fa4f 1% i & e ts > YGRO21w 3 7]
2 €0 0 B YGRO2IW A FI¥ it 42 4 R A0 L E B 0 PIFR LD
Wi Emadd ol b AR AILHES FREY SRS (B2 B>
C %2 D) & HOr 88T 7 7] YGRO2IWA L #® 2 @< 44 » & & diamide %
menadione ¥ B T 0 £riZ ”ﬁ 7 3 WT 2 YGRO21w ARE R EPESLE

BT A AEER FY £ F fo YGRO21w # i 3 48 2 JL F1# o B2 - YGRO21w A F) 5

“,% » Hofs EAp it iy 20 A F]mar 2 YGRO21w 2o # it 0 11 &3 A diamide %
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menadione F 5t T » YGRO2IWAX § E M H S fEF i HE KB 2 dd X Lo »
TGP R A2 YGRO2IwW T oAt L F 2 2 R AT 5 Gifa
7 M % YGRO2IWA & HyOr 4 2 5 8™ R IRRF 2 ot o

412YGRO21w A Fl# 4 &7 Pk 2 7 FPARIKR T 2 3% 4 233
A~ F RS EHET 0 YCGRO2ZIWAAp#3 WT B g 2 HyO % 38 % 3

et b (Fle B2 G)r 5 HES L E 45 20C~30C 2 F » L
Rl g B RS Finted L3 4 IAM R B RS 40T RE g
E* A2 RS2~ > FEARALT FHEFFIP R (40 25-30°C to 37-42°C) >
F @ ¥ o gcimie 4 £ (Gonzalez-Parraga et al., 2008); & F S * B pey K7 3

B RRIERER B Flnt b R R G ST B (oxidative

damage) > @ g Fonmig - 2y LB E 5 B T2 (Davidson et al.,

1996) » 5 * YOROZIW £ Jsr 3 Baiish 25, 1osii 5t 2 W 1 o 3¢ 5 @ ey
AP eREFERT ’géﬁ"rs}i#ﬂmi gl KRG OREIRT o
RBUER  fLL s S B F)@#ﬁﬂ: _(,s.‘.ore stress response, CSR)#% 1 » 2+ 7

S cerevisiae s CSR » & % e sﬂress actlvated protein kinases pathways (SAPKs)
REFHF AT LTS lﬁ'-ﬁ* fﬁiﬁi ‘ h; % (Smith et al., 2004) » ¥ i
EFREE RGBT iy g Fﬁ%’r Hogl - JL @ H&J5 (Hogl-SAPKs) » = it
stress tolerance response element (STRE)4g i 5-%] > &4 catalase (CTT1 ~ CAT1) ~
heat shock protein (HSP104 ~ HSP26) ~ multistress response protein (DDR2) % » # 12
AEERTEF2Z G T YCGRO2MWA LS B2 FRERT P L L FE 0 H
BT A YGRO21w L Flak 4 15 > K @ @ STRE ApRd A FliE 1t » i~ Ml 5§
Yoo hT R I AF PERT o AR WT o YGRO2IWA ¥ 2. STRE 4p B 2 7]
CTT1-~CAT1-HSP26 ~DDR2 % > ¢ R IR# B HEAIRE > s i PR T
YGRO2IWA 2. STRE 48 B A F1 & % 2 > Rigivdng 4] o

PP AR ELT R o BRI F I (glucose)dE B L H W
(glycerol) » fie ® 14 glycerol i - BR2Z YPG 2 SG 32 & & > FIpE* F& 38
1% glycerol ¥ it Ef‘?*ﬁ FeEvx oo @ B{TG OF PR o Gy & R AR R
o FRAMA A IANEY o PlEZAYPGZ2 SGEAAL AL (Wallis and
Wilkie, 1979) > * 22 sk & 1URIGEREH R RALE L 12 YGRO21w &2 > St 4
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2B K EEF (B ~H 2 Ble ~H)> WT {¢ YGRO2IWA ¥ it & YPG %
BEAIIF AL BT YGRO2Iw 4 2 # i i3 B M ¥ SN
YGRO21w & # %-¥7 % f?_‘“'] a2 aL o

4.1.3DNA #cE 5 F % ¥ ¥ i % YGRO21w £ 8k F2. 7 it # i #F 3
4.1.3.1DNA #c'i 5|9 5% 2 5 3
A2 1% DNA #cds|§ 5% o (i

A-

TP 0 2o M 247 YGRO21w
FULHBTE LB oAb A AL F SRS F I WT 2 YGRO21wA
A IZ HoOp P2 i) 8 1 0 B AT L IRARE S 2 Ap i > ¥ 50 7 Sl -

MELR I i g = ;.L'Zr‘\ Rt T a EP AR 2 A% 42p YGRO21w
Fatmed BT #Efﬁﬁi#ﬁ B4 o pE B4 0 YGRO2IW £ 7 § i 4 2 £
B¥ o AL %2 AR ’?B’» p % ¥t#cHp (exponential phase)? £ ik ik

j25: ) P J;Ht}\m-l F;P‘nhﬁ‘ﬂ

pE* Pﬂmﬁ 4 (lag phase) 2= ¥ (stationaryphase) > %2 ‘m?e 4 L3 7 o

mtg

B AL T rzﬂ\ﬁﬁé}ﬁ/ :P”’T‘ YGRO21w ¥ it

\
| p—

4.1.3.2 YGROZIWA & i mi:ﬂ § iy ﬁfﬁwrizg&&ﬂ%i% A
b2 U A 47 évsg, ﬁ;u ‘"’gn %“;’;‘i; it W T £ YGRO21w § e
TR TR RO AR "‘H'#%%ﬂ‘i%%é%ﬂéi? YGRO21w % §
BT 2 M % A B YORO2IW G A E Y WAl i ing 4 o

(DI B Ap B 20 4 1B 47 2L 7] (environmental information processing) :

S AR EAPN ~ F B APK ~ wre E AR M2 AT o LA AT B
YGRO2IWA ed® HyO, 16 > 2% 1 2 B &2 B Ap b A F1 R TRATR 5 H 4 - B4
YBRO72W/HSP26 ~ YCR021c/HSP26 ~ YER103w/SSA4 5 heat-shock proteins > P &%
¢ Ariplt kv F g R g A BB T g iREme d Hiy f% 4
(Papp et al., 2003) ; YGRO88w/CTT1 2 YDR256C/CTAL i catalase » 35/ f# 4 2.

d o hF ity B %"‘ff ROS 2_# it (Izawa et al., 1996) ; YMR250w/GAD1 =
glutamate decarboxylase > ¥ glutamate degradation » H iF A7 ¥ F - 35 8 2 @ %
M-+ o & & (Coleman et al., 2001) » H % % ¢ > qRT-PCR %% (B4 ~ A~C) >
CTT1-CTAl 2 GAD1: % J® HyO, {4 » = YGRO2IWA P £ L& % P &g g >t WT
P2 A #F b YGRO2IWA ¢ OB odasg 2 FiF it fEA 8] o d fierL s 2
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qRT-PCR Za 8T f 2 F i BT T €318 - @ P PB4 hi4ng L35 > L i
YGRO21w # % p= » H g 444> # 45 CTTL~CTAL1 2 GAD1: ~ @ I { &
2 iE 4 o A Rl E g g
A lm e é’ﬁﬁj Ap B 2. & ¥ ¢ > YGR138c/TPO2 ~ YHRO48wW/YHK8 ‘% /§ »t
Drug:H+Antiporter-1 (DHA1 family) > 5 % &4 :& ﬁie?i‘ (multidrug transporters) > €
M P BT mre s BlAovRAR - £ HaS % YGRI3BC/TPO2 i
polyamines transporters (Albertsen et al., 2003) > polyamines ¥_i5 23t R {24 % &
a2z wg d 0% R 52 EAN Pk €AY LR R E D
polyamines ¥fim? & 5 & 4+ > % %%’ d polyamines transporters k3 & > #-F A2
polyamines 1§ i¥ I Mm%e ¢t gk > ¥ - A58 2 4 H 5 & (Bower and Mulvey,
2006) ; YHRO48W/YHKS8 7+ 5 multidrug transporters » & %% i % K jj %o 3R] e ¥
BALIP grwiep g bR R o S A2 A 4 YGRO2Iw
A F @ R_% 4p B 2 sﬁ'ﬁa?] = (tranéport éystems) R CORN A B A R = 4
> l4e polyamines & Hin e w 43 Jn k.2 Sw¥e s (Tomitori et al., 2001) -

4"..._‘“ |

(2) # 33t4p B 75 7] (metabolism): | “ "7': “ “‘;
‘ T

Y ST el oS W;ﬂfﬂﬁfﬁi—&ﬂ DNA & % 4 B -
YGR256W/GND2 % YELO]L’I.\?V/GIECS 8 ]ﬁ’%i‘? 'J“ FHiE 42 >0 YGR256W/GND2 3
6-phosphogluconate dehydrogehase S T BpERERE 1t 27T > - NADPH &7 %
VR B e T R Fiiied V5 (Izawa et al, 1998) 0 ¥] NADPH
P e fr2 Fiy vk 4 glutathione #i¥ 1t % %2 thioredoxin g B4 ]+
(cofactor) » ¢ #-#L % it 2 glutathione % thioredoxin W 4 = § »xe:f 25 ik
YELOIIW/GLC3 % glycogen branching enzyme > € i = glycogen * # > @ §
4 Z_ glucose F¥ » glycogen if B 4~ % # (Parrou et al., 1999) > glycogen ¥ & i # p*
MpT e fEAE 0 & SRR e B o B F LR A S g SR ES
EEAEA L 2T B NADPH #4 & > i a B8 FLF 1 ks o

fe gl e N 3sTAR B K P ¢ 2 YLLOB0C/GT T2 YMR251wW/GTO3 4 £2 glutathione
metabolic process » ¥ & glutathione transferase (Choi et al., 1998) ; YGL184¢/STR3
%-£2 methionine biosynthetic process » % cystathionine beta-lyase » ¢ #- methionine

Z_ cystathionine ##& 3% =¢ homocysteine > P 7+ ¢ #r methionine biosynthesis # % (&
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FIF = 2)E P PRI R i2a B NADPH <07 £ > 3¢ = NADPH
pool crdfi 4L » & (Hd T ppERIRL 1Y AR 0 & & 2 P AR X 5 BT X T 1R aE(Slekar et
al., 1996) » & FEAT 5 B2 sk fi 15 S B A %) J28] YORO2IWA & H,0, 2. i 5
457 5 {%‘%E‘ I BAPERARL Y45 > 32 % I %¥F glutathione % thioredoxin 1% f*
BRat 4 o B EIIRBIE s oo

2 DNA & =48 2 A %5 YLR245c/CDD1 % YILO66¢/RNR3 ; CDD1 =
cytidine deaminase > %22 DNA #eg ¥ JTi /& (pyrimidine salvage pathway) » % 'm
e 4 fREARY 0 HAE - ¥ B2 DNA g%ﬁd AR EATE AR w TR T Rik(T
F1#* (Kurtz et al., 1999) ; RNR3 3 ribonucleotide-diphosphate reductase > p # & v
» dNTP synthesis 2 i# F -2 ZRE = = DNA 4F % (replication)2 DNA
damage checkpoint pathways (Elledge and Davis, 1990) » ¥ i 535t ¢ 22 ROS > ¢ %
imte ¢ 2 Fg R v Fﬁ‘r * DNA 2. RNA L%FI’(&‘ » 5] §_DNA > i$ = DNA %t
B gz d e izqp o i@ A e ik m% E';-i‘ (M.B:-Toledano et al.,2003) » 4&p]
YGRO21w 4 4 ¥ » & @ % DNA § 5\‘« fxﬂ?‘ 2 5, W rHE e DNA AF R4 0 B F

L] 71%319’E$’&r§”hfiﬂb" **Ti_i T%F"E"i U S A

|
(3)im*z 4 £ 4p B 2L ] (cellular p!ro“cessclj “J ‘

b 3smre i dn B W%E$wwjﬁﬁi£w%om%gﬁﬁ%
(autophagy) % E 124 # % & I,‘%? 2_5k%, § d_cytoplasm-to-vacuole targeting
(Cvt) pathway » #-F-v H & jmre Fi8 3 % fe 88 (lysosome)® i& {7 v J7'% 2%
LR E SRR E AR PR FRE P R AT L
autophagy ¥ #2 ¢ & im¥e B ¢ A} iR 2 ik ¢ (double-membrane vesicle) » £
2_ % autophagosome @ pt MR A Ef e p F TR AP F 0 E 1R 0s
B2 e pow LR B¢ %4 autophagy Az A FINF 30 B o A2 G
autophagy-related (ATG) proteins > @ fic"L 7| & :E 3|2 ATG protein 7 = & > 4 %]
> YPLI4OW/ATGS # YCROBBW/ATG15; ATGS % # autophagy * il fiji 42 (Cut
pathway) » ATG15 3 ‘¥z f vgli®* ¢ chfgihfis » 528 g g (v % S fschh 3> & %
e i &7 4 f# (Tsukada and Ohsumi, 1993) o B % ¢ s fE* F¥ 2 ATG
proteins » ¥ sk 2 & ¥ 5 i fid - A £ & > F4k 4 ATGL (atgl) - ATG6 (atgé) -
ATG8 (atg8) ~ ATG12 (atgl2) > ¢ i sk T 5 Bifshs T % » ¥ T4t % £
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ROS » i & 8 ## it £ ¥ (Zhang et al,, 2007) » f&é- 47 § » 5 ) » ATG proteins
¢ H-FIROS ¢ = 2 % & ¥ 4> T d autophagy 4% > *T4F 2 B A INA iE
FAfRIEY > REALEL XD F $ 2 Jin, 2006) - 5 qRT-RCR (Bl ~ A)»

HF 4 EJ? H)O, 18 > ATG15 2. 2 3% & YGRO2IWA Y % B3 & WT ¢ 2. 4 35
£ > ¥ autophagy ¥2 YGRO21w % % it 53 2 M|+ > 38R ¥ &t & YGRO21w 4 %

P o ¥ ¢ 313 autophay 7% > # % EINE SRS WX R RN I S uR L i

G A ERISRHO L F s -

(4)H = 4p B 20 4, 4L F] (others processing):

& 3% v FiLk 1Y BARAP B~ MAP kinase 3 4 @ - 4p B - RNA 4c 1 B 424p
Moo 3 FiEE it EARAR b 2 L] > 5 YDR265W/PEX10 > 5§ i 48 F 2 %
#-v (peroxisomal membrane protien),> £ E3 ubiquitin /&% > i L4 4 & =
(peroxisome biogenesis) ® /i peroxisémal }ﬁotein import 2_ ¥ s > %ﬁ 4 ubiquitin
T TFEr > MBF AT AR e F 3 iEY “«f”’" JEWEY 22 g
LR ER P N L PEXIONA B ARk f R
L o 218 g EFE> %“@5:‘? % ‘m‘ im g %‘r ®  (Eckert and Johnsson,
2003) > 5B 5B T 3

o % o (autophagy) o fulfE LB 0 BE ¢ 4 3§ g

N

a \.L#._

erox;sorne degradation) > 5 - f&E 2

cytoplasm-to-vacuole targeting (Cvt) pathway & éis?l Hefr T Fo FE1HF P
Ly CPHRT Y A EE P R0 2 F RS R
BE L AL $ AR A RBRFES P piE Y g
itﬁaéiiﬁ e R éé_ﬁ;ﬁ:;ﬁg’gﬁ/} 25 F @ YGRO21w #* % z_JkmT™ » 0%
S ‘}%“,f ’

e e T JRIT R S PTG

=
=k
g\\}

~iEy L4 & T d Cvt pathway & %J H#-E

farve sy LB 2 £ (Geyetal., 2008) °
22 MAP kinase 3t 4, @ #4p i 2. £ 7] 5 YGRO40W/KSSL > i mitogen-activated
protein kinase (MAPK) » 3 #; filamentous growth * pheromone response 2. signal
transduction pathways o B # @ Frf* F2 F55 3 & 2 & (filamentous growth) > €
FF Rk o i H BHMAER A2 &~ A2 & 3] (invasive growth) > Y 4]
= B sk 4 £ (pseudohyphal growth) » KSSL ¢ gk i* T 258 %] » & fF &

filamentous growth signal transduction pathway (Cook et al., 1997) » ¥ ¢t KSSL » ¢
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# ¥+ pheromone response > i B & fpFHp i ~ i 42 pF P (Sabbagh et al., 2001;
Oyedotun and Lemire, 2004) » B # %% filamentous growth 2 pheromone response
2 signal transduction pathways £ § 1 1§ 5t 2 4p B 122~ prdF %3 505 37 Fdp !
filamentous growth £2 ¥ i :# 5 4p A > & £ filamentous growth 2. A5 i T » 3t 5
B L g 2mLt; @2 qRT-RCR § % %% (B+ ~B) > fed® HO, 18 »
YGRO2IWA ¥ 2. KSSl1 4 & B * WT » &2 F st &= YGRO2IWA ¥ ¢ 3£ 3
filamentous growth % pheromone response MAPK signal transduction pathway > £¥
BT AR A FI R HE L8 0 & YGRO2IWAH AT F bz mw o £F
» ¥ filamentous growth 4p R » ™ 7 8- H ek °
Kinase activity 48 B & F]15 YGLOSOwW/PKP2 2 YJL141c/YAKL ; PKP2 %
mitochondrial pyruvate dehydrogenase kinase » B @ & % ¢ f 23 ¥; pyruvate
dehydrogenase complex (PDC) » PDC % - pyruvate & # = acetyl-CoA » & {73 47
B2 e > H e i B dR 2 %:wteisgp\ NADH # = ** NAD'# ¥ » PDC
R % mitochondrial pyruvate dehydrogenase kinase (YGLO39w) % 2. 7 & & » < 7|
Fr4] (Gey et al., 2008) ; YAKL = serlne\-threonme protein kinase » ¥ § F &30 4
@ E (glucose signal transduct1on) #i li'—ﬁ:*’* F’] 4 EaFfRY 77 2 5 7 4 (Moriya
etal,2001)- § § 4% ¢ 5 d 1‘)%?# IE“J ’ %pyruvate 3¢ & lactate > H ¥

¢ %2 acetyl-CoA % trlcarboxyhc acid(T€A) Cycle ciEE PR AT S B

Z_ pyruvate

2_ 1B 42 (Semenza, 2007) - &ip} YCGRO2IWAN %% (L35 % 3R 3B T £ g 2 @t
XP- TR EAF AT ERALITEL S RO R0 8y LERT o

L
MAET S hifeaY T3 RASE 0 §A4 4 F ROS) it % NADH £ % fr > i &

PDC % 3] PKP2 4] » @& & & &5 d PDC #-pyruvate ##& 4% = acetyl-CoA 2_ i 42
X IRE o EA A4y TCA cycle $:i-2. NADH 7z £ > & 3| w iR oz T 72 R
l‘:t:

(5) & 77 it £ F1¥¥ (unknown) :
AKRPEHRLRL LR L AR R ATFIRIF Y
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4.1.3.3DNA ML 5| R % 2 %37

A & DNA L7 Sa o Sevd - LU IRBAPM U LB A T &5 1t
2R B Aph 2 A Fie 7 QRT-RCR %% &R % %% (B4) v H3 424
L i B 2 4P B A F] 0 YGRO88W/CTT1 - YDR256C/CTAL ~ YMR250wW/GAD1 %
YIL101c/GSH1 » & A&l® Hy0, 15 » & YGRO2IWA® £ I % P A8 » WT ¥ 2 4
W B e YGRO2IWA Y B 5 g g iR B4 A 5E S RE R 2 kA
F]: YMR169c/ALD3 » & &2 Hy)0, #5 ALD3 & WT ¥ & - & 4 . it & YGR0O21wA
PArG B4 A TR R 2 AR £ 7 ALD3 AT ARRE 2 A T2 g 4 F L ang B
Moz BB v Ay L2 EAY > RET P AFLRAER X F oS5 H
2 ILE . gigécz\zfuﬁ 7R 2 g CATD HIRE T RARR i bk
2RE

S A RAAF L YGROBBWICTTL Zsh fwskfi A 7] YLR164w -

YGRO88W/CTTL » Hid Ak = i Ao g8 tHgAY o g
ﬁ\agim,xghﬁbm%%mf%ﬂﬁkﬁ%1;#%%mw,@ﬂ£ﬂ
e 2IEY (5 R pxslraw)é;x;mi\%‘&-— rﬂ—y iR AR P - B
ﬁﬁiﬁé’@WaJWﬁuL1Eﬁ ﬁ@ﬁwpxﬁw’uﬂ4#w
71@7’#’“—‘iﬂﬂammér‘]f | §
F g2 ki o i BA P i 8 s S e P2 CTTL §
B A iEE Y eh CTAL ]‘é’z, Fdk Fa vk ke ‘H202 (Izawa et al., 1996) - %

ru3 _ [ Iﬂsé 4 "d el p%#ﬂﬁr'ﬁ’ﬁm}??‘}"f

YGRO2IWA ¥ > fid® HyO, 10 4 45fs » B CTTL ¥+ £ £ 7 » 3t a2 H)0, 30 4
PR S BE s 2B LT CTTL & YGRO2IWA ® 2 £ IR v WT &
FAF o A CTTL w3 & chd M2 B % 0 4 HhO,
,J(ﬁz,;i;é oo
YLR16AW % & frr it & %] > & qRT-RCR § % ¢ (B+ ~C) - ¥ 7 I

%ﬁ
A EM ozt TE RT-RCR 7% (Bl- )2 %% - k> YGRO2ZIWA$3+ 5 1t 3%
BE

=

YGRO2IWA % g2 HyO; 16 YLR164AW & JR 5 WLidE 20 4dR% > 22 CTT1 4 mAk$t
AL BRIV A 5 F PHEY SHARDATF P A REPER T WT 2
YLR16AW # 3R E o p o (4 YLRIGAW F-v =% ¥ & 2 £ Fo B A 7§
£ Timl8p % Sdhdp £ % & 4p i+ > Timl8p % mitochondrial Tim54p-Tim22p #F

EA O SRR FRAUVRE ~ B PR R PR T R SR F i
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B (Kerscher et al., 2000) » Sdhdp = 7L34 ™ & f* (succinate dehydrogenase) > ¢
Ed F it 2 ghmaph > BT 332 T 5 B2 ubiquinone (Oyedotun and Lemire,
2004) - $&7p] YLR164w ¥ it 22 Tim18p % Sdhdp £ #g i e\ 2 b 2_ % it » S8k
W 2 EEE RS Biish o @ 2 T YORO2IWAL B $H4LF ik i 4 o
RHYgpmZE- HEFEF o

FEH AL MK TS L YDR256C/CTAL ~ YMR250Ww/GAD1 % YJL101c/
GSH1 ~ YMR169c/ALD3 ~ YCRO68W/ATG15 ~ YGRO40W/KSSL -

CTA1~GAD1 2 GSH1-ALD3: H £ Rag% 2 At o R afE* Flds
LHET o HREET SREGHREG B AR AT L A T2 R &
w4e CTAL &2 CTT1 E 2 8% ; GAD1 ¢ #- glutamate *# % = glutamate
gamma-aminobutyric acid’> » glutathione (GSH)2. % 44 > & qRT-RCR ¥ % ¥ (]

1N

1 ~0)» ¥ 7 Il A2 Hy0,30 448 GADL 7 YGRO2IWA * € <~ & £ 3 > 2 3 3
H4e o F]PL AR ET B a2 HoOr T YGROZlWA" GSH £ 31¥ B~ #& WT ¢ 2 4
TLEF  RBEEF (B4, D)2 =2 GSH Zz G8H1 (Gamma glutamylcysteine
synthetase)2. % L& > YGROZlWA Ei-g + }%@I‘*’ H,O, 30 4~ 45 fs B 4% I3 0
WT > ® & LS5 e ddd koot inrsﬁ l“ B 344 20 YGR021wA > 2 GSH
iz V4 B WT b ™ { & 44 LES ’%\’%‘W‘E)ii 2P 5 & YGRO21IWA
¢ > GADL *t e H20230/w\£r£'§ & ;n”r_.ﬁrs ez GH1 £ 3§ >
GH1 2 £ Rty REe 7 2 GADL > el B2y F|H 2 E g A ) > @ R
S H Fg it 2 »cit (Coleman et al., 2001; Dormer et al., 2002) ° ¥ — i 4% 5§ 3 4r %

ek ] YMRIGOC/ALD3 » % 5 w3t wPe B ¢ e fEd 4 fF (cytoplasmic

\\\?{r

aldehyde dehydrogenase) » B o ¢ 5422 § f8i8 > & qRT-RCR 7% * (B4 -
E)» 753 & WT ¢ ALD3 8- @ £ 3 > & & YGRO2IWA ? frj # Rt & ]
2 3 Ao AE g > B ad® H)O, 120 4~ 4818 > E“J% MNELAREEWT EPELRE P
w3 % ALD3 ¢ 3% 4% pantothenic acid (vitamin Bs) pathway # ¢ ¢ [3-alanine

-

biosynthesis > @ pantothenic acid = coenzyme A (CoA) biosynthesis 2. # & & >
CoAx &g % 5444 12 5y 5 B » ALD3 ¢ #-polyamine *% f# = [-alanine » i%_
i i& {7 pantothenic acid & = » i& @ ¥rHUFEE 2 B35 B2 55 (White et al., 2003) ;
G é/,?%iﬁ Do FTRRBRBEEBR AP LEDPFCERT T T ERRAET
ey E ] B EW A LALE 5 £ 3 5% (Smith et al., 2004) » ALD3 %
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& YCRO2IWA#H4es t B2 £ & > Fac 457 & 29 ik ime o

His 2bii B dp b A 7@ 350 w2 p v 4p B A 7] YCRO68W/ATG15~ MAP kinase

g, % % 4p B A F) YGRO40W/KSSL > & qRT-RCR # 2% (B2 ) > tid® Hy0, 4 >
B A T2 ARE A YGRO2IWA P ¥ B3 A WT ¢ 2 28 » Hopii L2 418
BERA BT 2 i c ATGLS Z fmfe pegi®% ¥ cnfgipfs » ¢ R e f}&_{gggﬁa\

Pt e A PR LERE SR L AF B2 P AFf &£ qRT-RCR
F%? (B ~A)> & YOGRO2IWA® ERFFH 22 d > 2 MEZ LR
ABF P R WT 2 F > F 22 WT &J2 H)0, i ATGL5 & 7 ¢ it 47 > M7
ATG15 3t YGRO2IWAFc#ig it 3ac 4 > B2 F 2o 2 & 0 3PV i &
YGRO2IWA® »# { & W P48 ? 7 & F 3 4 c7ROS £ > & @ 2% % autophagy
AFER > EFREVRAM2 AT > Nwfp A E T3 Bilda #a o 3
FROS ¥ i 52 fi e ‘

YGRO40W/KSSL % %# ﬁlamentous growth %~ pheromone response MAPK
signal transduction pathway, > # :}”” ﬁlamentous growth 2., pheromone response > f&_
gRT-RCR ¥ % * (B -+ ~/B)> KS&I»--E%IR.—»#‘»*?&%% Af4 o 2 p WT 2
YGRO21wA ® 2. KSSL 4 Eﬁ.fl\ﬁ E’; i ’“ et g R AR DL
Bopig —F, P ™ HyO, {67 YQIiOZlWA v L KSS1 % 58 ¥ B3 WT o dap+

v & YGRO2IWA® ¢ 5% ﬁlamentous growth ?'x pheromone response MAPK signal
transduction pathway » ;¥ # & 3% ;}g M Rk Hhig lin g o
ML 2 S5 o o pE2 A8y BB YGRO21w 4 £ pF 0 R
HES%mnd qRT-PCR &9 /il > ¥ pEig 2
EAPM AT X B AR VA APEN
wmre 23 LR RT T JERR WT { 23 PR AELEE B YGRO21wA 2

%"
707
et
!
E
P
4m
‘3
/\ﬁ
Il
;l

S S RS IEAE IR R R
A TR LT TR B LR TR H I BE (O

rI) ARBEHMBLANL LR 2 ATFATIEEF AL 2B B0+ 2 RE

AV HeL A H 45 0 YGRO2Iw Bt FE B A A2 & o
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42§ T BT FEA F YGLO26C (TRP5)# it #8412
Rihe IR F (S cerevisi@)i s AT B 0 AR FTRPS 2 F i

2B h o KPR ST BB F S o

42 1DNA 5| F 2% ¢ ¥ a4t X TRPS B2 ehfl 712 ¥ &t # it 73
b I A ATHCL AR o PE T H T A 6 £ TRPS B FH o
LA Ay by T T UE#;:'F' S s y]b‘é‘:l}&\g\? (z\:_E» z\q:) ) u—f F2d it
AFE TRPS e ¥ 2 £ #7232 F PR T2 M% 26 7/ TRPS 2
tryptophan #f>+fi% -+ ﬁi%%ﬁ?i%%‘ PR F VB2 kPR A

F o XA Kk

423.1trp5 wpER Fr ¥ 2R GFE T AR ATFEAR

()75 4p B 30 4 18 A7 AL F) (environméntal information processing) :

£ AEF 1% 6 i hp e e 18 Ay WL The o 5 1 4P 1 2R T
YGRO88W/CTT1 & 3 B m%e %‘r 25) catalase T~ YDR4536/ TSA2 5 thioredoxin
peroxidase (TSA) » $8% ,—,?.‘-“f ROS 7 14 & (Traczyk et al., 1985; Park et al., 2000) -
YFLO14w/HSP12 % heat shock protdm e 2 HOG pathways % ¥ % %% (Hirayama et
al., 1995) » YMR250W/GAD 1% glutamate decarboxylase’ % ¥7 glutamate degradation
(Coleman et al., 2001) - YKLA50WMCRY Y 7}“_ 4 18 NADH-cytochrome b5
reductase > % £2 & & Ffiz 4 & == (ergosterol biosynthesis) (Hahne et al., 1994) »
STty PR AEEL A ER

B g B 2. A F1F small heat shock protein (sHSP)-YBRO72w/HSP26 » £

YDR17IW/HSP42 I % small heat shock protein (sHSP) family » £ chaperone 7 |4
(Bentley et al., 1992) ; heat shock protein HSP70 family # 35 YER103w/SSA4 %
YBR169C/SSE2 » i & i # “,f % | 1t misfolded proteins & # & § v 2. & 4
(Werner-Washburne et al., 1987) o 2 s 2235 3 4p B 2L %] > &]4e ¢ YOLO52c-A/DDR2
% multistress response protein > € X xenobiotic % & ~ Tri 2 A L B E
(Kobayashi et al., 1996) - % TRP54: 4 pF » €3 % i 2 H s F 5 Ap b 2 7K F]2
RNA 28 T "% »trpb A it § iF 2™ T WT 4 L Fuip B B8 20 a0 4 48]
ot e UPSAF T E M 2 R R AR 2 RFIZ - 0 F MR ARM AT 4 T
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W
&
%«l

ZRFoFa FlEL TRPS ~ & e 7z B M > @ F Ipaiphf e 74 2. 4
R L R R R i A S i R e I g 1

FrL2HEWGHEAAMAT -
8B e @‘ﬁ%}w B 2_ 2 ] 5 1 YDR342c/HXT7 ~ YDR343c/HXT6 ~ YHR096¢/HXTS

=t
1

% % glucose transporter (Ozcan and Johnston, 1999; Diderich et al., 2001)> ¢ i& Z 5
¥RAE 0 BEZ RN 2 FEE - YGR1I38C/TPO2 5 polyamines transporters
(Albertsen et al., 2003) » #- % & 2_ = |4 polyamines @ :% I ‘wre *F A fEde & ¥ - 4

2 4§73 & (Bower and Mulvey, 2006) - 5 TRPS5 4% & ¥ > 38R 7 i¢ 18 = f¥* F
FSTE R REARE 0 e AL R SR i«“—t»ﬁ@ﬁﬁl T

(2) *~ #4p B AL F] (metabolism) :
gAERUK Y B NSRRI BOEPE S £ AR R R B 2 2 & AR F A AR
B o BRORTY & 4 R BHe B2 ANEL YFROSB&/HXKl % YGR248w/SOL4 ; HXK1 A
hexokinase isoenzyme 12 27 9 1% * 36 %i’ B ik et “51‘%7‘ & 22 glucose
uptake 4p & ( Lobo and Maitra, 1977) SQL4 & 6 phosphogluconolactonase KB T
B FERAL T 2 5 (PPP) (Stanford et al 2%)04) 3
DS IS A }(E 4 i ”‘  YELO1IW/GLE3 - YILO99W/SGAL %
YPR160W/GPH1 > GLC3 & glycogen branchmg enzyme g AFEE R A 0 SGAL G
sporulation-specific glucoamylase » GPHL, % ‘glycogen phosphorylase » ¢ %27 3+
 #iE 42 (Yamashita and Fukui, 1985; Hwang et al., 1989; Thon et al., 1992) » & 5
PRSP f B R RTPE 0 s BT PESE o § TRPS5 A X
fo i N PERE N BTR A T E o Rl trpd AU pEAE v B EREE R A

Kl

(s

BA g A AP 2 A %] 5 YGRO08C/STF2 2 YDL18IW/INHIL %22 34 3k
#48 FIFO-ATP & = = (ATP synthase) > INH1 ¢ #r4] ATP -kjzie* » STF2 %
stabilizing factors » ¥ # % INH1 z_#r4|2c% (Dienhart et al., 2002) -

(3)imrz 4 £ 4p B L F] (cellular processes) > & fwm®e ke = 4p R 2. 2L F] > & 3%
YDL222c/FMP45 ~ YGL027¢/CWHA41 ~ YER150w/SPI1 ~ YNL160wW/YGP1 - FMP45

% integral membrane protein 1 %-¥7f%* F 4 4F sphingolipid 7z & 2 & 77 142
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(Jiang et al., 1996)° CWHA41 % i=* p 5 4 2 glucosidase I (Jiang et al., 1996)° SPI1
% glycosylphosphatidylinositol (GPI)-anchored cell wall protein (CWP) family
(Simoes et al., 2006) » YGP1 % Cell wall-related secretory glycoprotein (Destruelle et
al,, 1994) > p w0 @ Sof Blmie BRE & 5 M o A7 3 dg IV EE e e BR2 R3] HHR
BB AP o bldo SPI1 82 3 M ks ﬁ? 34| 2,4-dichlorophenoxyacetic acid
(24-D)z @ {4 > B4t 24-D 2 if o1t - A7) PIL S eegmie BEenipdl] > £
i B 6 20 5 3V (porosity) b B T E K i’c#ﬂ#"ﬂ‘,% ¥ %5 8 (Lagorce
etal, 2003) - § TRP5 4% % BF » JEIB| ¥ av i = P F o o ik k52 nve B2l 2 4p B
g FREAF o A P BN 2 R rpb A T A TR 7 %
BoomEEF i o025 1V 2 Hi g o

(4) & 77 5t L F]# (unknown)

LA R F 2L P PO TRRE R S P2 AT 0 3 5 5 R arH i
Ho

7] AT trpbAL WT fprt B LI FAREL 3 B 2§ blde
YDRO70c ~ YKLO71w » YML128c > 4 1*;%* B EpE LR 2 AT HIFEH o
] -"'_,,r“ |

43221trp5 hpER ﬁiﬁiﬁi‘! db i‘z?!#l;-“r&'fﬁ’%“ AFFELR
(1)IE 3 4P B 20 4, 36 42 AL 5] (env1r0nmenta1 1nf0rmat10n processing) -
EECE RS RUSTY 57N RN Epip ML A Tl R BAPM ¢ i &
47 %]+ :YDR423c/CAD1 %2 YOR162¢/YRR1>CAD1 i AP-1-like basic leucine zipper
(bZIP) transcriptional activator » %-£2 i# 5 & J& iron metabolism drug and metal
resistance (Wu et al., 1993) ; YRRL % Zn2-Cys6 zinc-finger transcription factor » %
22 multidrug it (Cui et al., 1998) - YPL240c/HSP90 = heat shock protein Hsp90 »
£ chaperone 7% £ (Gross et al., 1990)° YDR258c/HSP78 % mitochondrial heat shock
protein’ & thermotolerance’ ¥ f# 1+ misfolded matrix proteins # # (Leonhardt et al.,
1993) » YOL151Iw/GRE2 % 3-methylbutanal reductase % NADPH-dependent
methylglyoxal reductase » € 4% 7 &1 3 31 ¥ ¢ 4% osmotic ~ oxidative ~ heat shock
% heavy metals » YLR205c/HMX1 % heme-binding peroxidase * 3% #5#> 41 #8 4t + T
fi= (Protchenko and Philpott, 2003) o 3R] trpS A%+ % 1 i 5 2 ¢ 4 » £ F)H p
BAPM A F] 0 & 324p M 8 4-F]F % heat shock protein # JLE X » B
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TAGF PR m mE G R IEF LB o

gg it B e 45 0 YKLO26c/GPX1 5 phospholipid hydroperoxide
glutathione peroxidase * ¢ % glucose starvation % ¥ (Avery and Avery, 2001) >
YKRO066¢/CCP1 % mitochondrial cytochrome-c peroxidase * ¢ i ",f R Y
ROS » % ¢ % it i 8 (Charizanis et al., 1999) » YJL10lc/GSH1 % gamma
glutamylcysteine synthetase %% & = GSH (Kistler et al., 1990) » YNRO74c/AlF1
mitochondrial cell death effector > ¢ translocates & % % » ¥ F JE4%4< apoptotic
stimuli (Wissing et al., 2004) » YBLO64¢/PRX1 % mitochondrial peroxiredoxin (1-Cys
Prx) » £ thioredoxin peroxidase /=14 » ¥ ‘m?2 3 i* B T §f74p B (Pedrajas et al.,
2000) °

& %o 3F g A B 2 A F13 : vesicle-mediated transport 3 YDROO3W/RCR2 %
YER143w/DDI1 > RCR2 %-¢ endosomal-vacuelar trafficking pathway A e A
Fov PE RS S e W B Boplasma membrane- transporter activity (Kota et al.,
2007); DDI1 % DNA damage-inducible v-SNARE -binding protein (Liu et al.,

1997) » YPR201w/ARR3 % arsenite tra‘n-spbrter » #2538 arsenic compounds 2. Fuft

(Wysocki et al., 1997) » [ | ':,]' .
(2) 1% 3H4p B 2 7] (metabofism) : |
RRBUK T £ R AP BE S 2R (SR B B R E AP M~ &2 NAD

AR B 2 22 SEpE S n M 20 A ] o BRI S B i sk M 2. YBRLLTOTKL2 > %

11

transketolase > € #-fik i % = FEPE > 52 pentose phosphate pathway o &2 e fk fk
i~ 4p B 2. YFLO30W/AGXL » % alanine:glyoxylate aminotransferase (AGT) & ¢ &
= glycine (Schlosser T, et al. 2004) » & %% 14 4p i (energy metabolism)2.
YER175¢c/TMTL1 » % trans-aconitate methyltransferase > 4% leucine biosynthetic
pathway (Cai H, et al., 2001) » &2 NAD #* #+4p# (NAD metabolic process)z.
YGRO10W/NMA2 > % nicotinic acid mononucleotide adenylyltransferase >
nicotinamide adenine dinucleotide (NAD) % &4F m?2 F 3 i iR /2. % F &1 cofactor
22 KRR B SAE R 2 2 IREAR 0 FIFHE S B0 M2 YLR251w/SYM1 -
¢ 4% heat shock 3% % (Trott A and Morano KA, 2004) -
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(3)im®z 4 £ 4p B X ] (cellular processes) :
BT A AR AP R B me prdp B o YHR139¢/SPS100 » #7232 + A5
= = 3 AP B o YPL166W/ATG29 2 YBLO78C/ATGS £ w2 p v4p B (autophagy) °
ATG29 % autophagy-specific protein > £2 pre-autophagosomal structure 4p i ; ATG8
% autophagy i# iir?.lﬁ A2tp B > B2 & autophagosomes 2. % = -] (Kirisako et al.,
1999) -

(4) & s 49 B 3 4 A 7] (others processing) ® £ F-o F E fEAp B 0 & IE
YLLO39wW/UBI4 > % ubiquitin ° #-3-v (5 d ubiquitin-26S proteasome system "% f% >
22 cellular stress response 48 B (Finley D, et al.,1987) » YBR280c/SAF1 = F-Box

protein » %-¥ proteasome-dependent degradation (Escusa S, et al.,2006)

(5) & Fv# iy 78 F]1F¥  (unknown) °

Akt A mE AR 2 Rer EE%W&:‘%/\P% o

K52 SR BT  [hl #fnia T_Tﬁ,—-? TRP5"P = UrpSA S & iy
EEE AT w%%q;%mT%’hﬂ’?@ BTy vz H e AT
4B RRARMEE 7Y qRT-PCHI B uwdm il S R Y L

R OF z-,trp5A—F—H@§ - 412 f!‘?f?u (YRR
2R F 2 » P e S % 5 Thh bki;g R AR M AT Bk L

w3 i 2 NAD S 304 i) ~ &9 ?“ﬁﬁﬁﬁﬁé%&ﬂ‘ﬁw?éVi«f#ﬁf’ﬁ?&ﬂi KOLERT 1
@?ﬁp MAF »» Atrpb 7 2ME TR T > 38RV i trpbAp PR ErF B A
25 Pl A8 E i ’trpSAﬂ,z;ﬁd Fv FUEfR S ove p R wieiE
P KBS E2 ROS @2 4o "8 L0 Bipppras el
WD FE- e RE (e ) KRBT EAMEZL R 2 AT 27 E D

/w\:kf%ﬁ‘ﬁé}’Tirﬂlé"’*f&ﬁﬁ%‘“z‘ gglL_ii"_iﬁ-_é'o
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¥I% AREY
&% YGRO21w (DUF28 family)2 # it A 47 » (1) 7 & L 28 Fv FAJE =
B (protein locatization) » 1% # % #+ & Al 2 4 KA ALE 5 RS B
oo K H FY FATEED KRR YCGRO21wW F ic 2. # i 0 F IR M 2 B 1%,
(2) & Hy0, 35 8 T » YGROZIWAN & B 2 it % o ¥ % B 68 { 48 %2 § it 4l »
KAERJEFFF B NN BETw e Ld CHEBZEFHFR LI AR

L8250 LR YGRO2IwAXmPe . ROS ~ 43 i“ i 2 g ‘2. 2 & » &

ol

=

i RECAL R LR YORO2IWA e ¢ BAfE (bldrdz + < ] 2) % P 304Ei3 (D)
delmie PR P A2 R ) KA FER B LS 2 LR HREIZEE; )
EHCESF &Y 0 - | gRT-PCR 2 R Rk > kH@E riHFE 25 &
ABATF] A F 485 R 0 29 &5 YGRO21w i ® Fr biological process i /T
PRI A 0 DL Ae R R P32 & ik 5 B4R B2 i LI FORE
B R A TIFE R W *’?7}93‘—{/@554—,’4 fok %"r%ﬁi%ﬂ; (4) = HE e
prEiT* 2. ATGIS- R ¥ ﬁlamentous growth % pheromone response 2. KSSL 2 &
Fort oy 78 ] YLR164W > ¢ YGR021W,-£\A\ H’ HHARM L 2 By R
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TRP5 overexpression strain (WTTR®)
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TRP5 complemetation strain (trp5 RSy
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This study
This study
This study
This study
This study
This study
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Process/Gene (ORF)

Description

WT-T/WT-C

YGRO21w-T/
YGRO021w-C

batchl batch2 batch1l batch?2

Environmental information processing

Response to stress

Rresponse to oxidative stress

Transporters

YBRO72W
YCR021C
YER103W
YFLO53W
YGR197C
YMR169C
YNL234W
YPL223C

YDR256C

YGR088W
YKLO86W
YMR250W

YHRO48W
YGR138C
YKL188C
YNRO34W
YOL119C

Small heat shock protein (sHSP) 26 with chaperone act1v1ty
Heat shock protein 30

Heat shock protein that is highly induced upon stress
Dihydroxyacetone kinase

Protein involved in nitrosoguanidine (MNNG) resistance

T

Cytoplasmic aldehyde dehydrogenase ‘ "'f-» A
Similar to globins and has a functional heme—blndm%domam
Hydrophilin of unknown functionjstress 1nduqed . '*:_ ‘

|
|

Catalase A
Cytosolic catalase T
Sulfiredoxin

Glutamate decarboxylase

Presumed antiporter of the DHA1 family of multidrug resistance transporters

Polyamine transport protein specific for spermine

Subunit of a heterodimeric peroxisomal ATP-binding cassette transporter complex (Pxalp-Pxa2p)
Protein with a possible role in tRNA export

Protein with similarity to mammalian monocarboxylate permeases
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43
3.1
4.0
3.9
1.5
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1.2
1.3

3.9
3.5
4.8
1.7

35
1.2
1.4
1.4
1.8

4.9
48.9
7.0
5.0
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1.3
2.0

9.3
6.2
59.9
2.0

14.3
2.5
1.3
1.6
2.8

52
14.9
6.8
4.7
2.2
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1.7
1.5

7.2
5.1
17.2
1.8
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1.9
23

53
514
7.3
7.4
2.4
13.0
1.6
24

10.1
7.9
69.9
23

18.2
2.7
1.9
1.7
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WT-T/WT-C YGRO21w-T/
Process/Gene (ORF) Description YGRO21w-C
batch1l batch2 batchl batch?2
M etabolism
Carbohydrate metabolism
YELO11W Glycogen branching enzyme, involved in glycogen accumulation 1.5 1.5 1.7 2.0
YGR256W 6-phosphogluconate dehydrogenase (decarboxylating), - 1.9 3.6 2.9 4.6
Amino acid metabolism
YLLOG0C Glutathione S-transferase capable of homedimerization 6.4 19.7 13.9 22.4
YMR251W Omega class glutathione transferase 1.4 1.9 2.0 24
YGL184C Cystathionine beta-lyase W 1.1 L.5 1.7 1.9
YKL218C 3-hydroxyaspartate dehydratase 1 :-1-* ‘ 1.5 1.5 1.5 1.8
YHR137W Aromatic aminotransferase u “ p .1- 7“ 1.4 2.5 1.5 2.8
YBRIB3W  Alkaline ceramidase 1| == 1.5 1.3 1.7 1.7
YFLO30W Alanine:glyoxylate aminotransferase‘(‘AGT):f 1 2.7 5.9 5.1 9.1
DNA metabolism : .
YLR245C Cytidine deaminase 1.2 1.7 1.7 1.8
YILO66C Ribonucleotide-diphosphate reductase 1.2 1.6 1.8 2.0
Cédlular processes
Cell growth
Ascospore formation
YDR403W Sporulation-specific enzyme required for spore wall maturation 2.2 1.5 2.0 1.8
YNL194C Integral membrane protein required for sporulation and plasma membrane sphingolipid content 3.2 8.3 6.3 10.5
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Process/Gene (ORF)

Description

WT-T/WT-C

YGRO21w
YGRO21w

-T/
-C

batchl batch2 batch1l batch?2

Cédlular processes
Filamentous growth
YPL203W
YGR249W
Actin filament organization
YDL161W
YHRO16C
Cell wall synthesis
YOR134W
Autophgy
YCRO68W
YPL149W

Other s processing

Protein ubiquitination
YDR255C
YDR265W
YGL227W
YLR102C
YOR018W

cAMP-dependent protein kinase catalytic subunit

Protein similar to heat shock transcription factor.

Epsin-like protein involved in endocytosisiand actin patch assembly

Protein involved in the organizatioh“ ofithe actinreytoskeleton

\ |
T

Rho GTPase activating protein (RhoGAP) | | :-i-f |
| | M

Lipase required for intravacuolar lysis of aut:o&ihagicbndies ‘and Cvt bodies

Conserved protein involved in autophagy and the Cvt pathway

Conserved protein that has an E3-like ubiquitin ligase

Peroxisomal membrane E3 ubiquitin ligase

Protein involved in proteasome-dependent catabolite degradation of fructose-1,6-bisphosphatase

Subunit of the Anaphase-Promoting Complex/Cyclosome (APC/C)
Membrane protein that binds the ubiquitin ligase Rsp5p via its 2 PY motifs
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2.0
2.4

1.5
1.4

1.1

1.0
1.7

1.7
1.3
1.5
1.4
1.3

2.9
1.3

1.5
2.0

1.3

1.7
1.4

1.9
1.4
1.9
1.7
1.9

23
3.0

1.5
1.6

1.9

1.5
1.9

2.0
1.6
1.7
1.5
1.6

3.0
1.7

1.7
2.2

1.9

23
1.5

23
1.5
2.6
1.8
2.1
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WT-T/WT-C YGRO21w -T/
Process/Gene (ORF) Description YGRO2lw  -C
batch1l batch2 batchl batch?2

RNA process

YDLO87C Essential protein associated with the Ul snRNP complex 1.3 1.2 1.5 2.0
MAP kinase activity

YGRO40W g/r[;t\(;%}el:r; sgtrl)\}/li‘[ri(iforr(:;erl:sl;gis: involved in signal transductlon pathways that control filamentous 12 16 15 18
Kinase activity

YIL141C rSeeSrl;r;i Stilrtzogl?fozzoati:hl;g:ii; that is patt of a glucose- sensmg system involved in growth control in 14 20 16 29

e e e i 24, 1 A
Unknown T |

YAR023C Putative integral membrane protein, member oif DUPIZ4O gene family 1.4 1.7 1.9 2.1

YBRO4A7TW Putative protein of unknown function \ y 3.6 5.8 53 6.4

YDL180W Putative protein of unknown funetion | 1 1.1 1.6 1.5 2.0

YDR042C Putative protein of unknown function 1.5 2.5 1.6 2.9

YDRO70C Putative protein of unknown function 33 4.1 4.6 5.2

YDR222W Protein of unknown function 2.1 7.9 43 8.6

YERO37W Protein of unknown function 2.7 3.8 3.6 43

YIR0O39C Putative GPI-anchored aspartic protease 1.7 2.5 2.5 32

YGL004C Putative non-ATPase subunit of the 19S regulatory particle of the 26S proteasome 1.5 1.9 1.5 2.0

YERO67W Putative protein of unknown function 4.2 2.7 6.2 3.5

YBLO43W Non-essential protein of unknown function 2.7 1.2 32 2.5

YPL250C Protein of unknown function 23 2.9 34 3.1
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WT-TWT-C  YoROZW
Process/Gene (ORF) Description YGRO21w
batch1l batch2 batchl batch2
Unknown YPL250C Protein of unknown function 2.3 2.9 34 3.1
YGL117W Putative protein of unknown function 1.3 1.3 1.7 1.9
YPL230W Putative transcription factor containing a C,Hs zinc finger 1.7 1.9 2.2 2.2
YJLO57C Putative serine/threonine kinase : 23 3.8 3.0 4.2
YKLO23W Putative protein of unknown function 1.5 1.6 1.7 1.7
YLR154W-E Dubious open reading frame unlikely to encode a protein 1.5 1.3 1.7 1.5
YJL165C Putative protein kinase 1.5 2.2 1.8 2.4
YLR164W Mitochondrial inner membrane of unknown funetion., ' 1.2 1.8 2.0 2.8
YMR135C Protein of unknown function | T3 1.6 L5 1.7 1.6
YDR222W Protein of unknown function | | ‘ ..1; “ 1.9 1.8 2.3 2.0
YMRO90W Protein of unknown function 1| <> 3.7 5.9 6.0 6.4
YGR043C Transaldolase of unknown function:.:", i 39 4.4 5.1 5.0
YMR140W Protein of unknown function 1.3 1.8 1.9 2.0
YMR196W Putative protein of unknown function 1.5 1.6 1.6 2.0
YOL084W Protein of unknown function 1.3 1.3 1.5 23
YOR220W Protein of unknown function 1.9 1.9 2.2 2.2
YOR223W Protein of unknown function 1.0 1.6 1.7 2.2
YOR289W Putative protein of unknown function 1.3 1.8 1.6 2.1
YFLO54C Putative channel-like protein 1.7 1.9 2.1 2.9
YNRO02C Putative transmembrane protein involved in export of amm 1.4 1.6 1.6 1.7
YKLO64W Putative magnesium transp 1.4 1.7 1.6 1.8
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o WT-Cltrp5 -C
Process/Gene (ORF) Description
batchl  batch 2
Environmental information processing
Response to oxidative stress
YDR453C Stress inducible cytoplasmic thioredoxin peroxidase 10.5 2.2
YFLO14W Heat shock protein that protects membranes from desiccation 5.0 10.8
YGRO88W Cytosolic catalase T 1.5 1.5
YKL150W Mitochondrial NADH-cytochrome b5 reductase, involved in ergosterol biosynthesis 1.5 1.5
YMR250W Glutamate decarboxylase 1.8 32
Response to stress .1
YBRO72W Small heat shock protein (sHSP) with chaperone aé‘t‘[‘g];y 1.9 2.9
YER103W Heat shock protein that is highly induced upon stres$F 2.7 1.5
YKRO76W Omega class glutathione transferase 2.5 1.5
YELO39C Cytochrome c isoform 2 2.0 3.0
YBR169C Member of the heat shock protein 70 (HSP70) family 1.7 1.7
YOL052C-A Multistress response protein 6.6 7.1
Transporters
YGR138C Polyamine transport protein specific for spermine 3.0 1.8
YDR342C High-affinity glucose transporter of the major facilitator superfamily 1.8 1.7
YHR096C Hexose transporter 2.0 3.5
YDR343C High-affinity glucose transporter of the major facilitator superfamily, 1.8 1.7
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o WT-Cltrp5 -C
Process/Gene (ORF) Description
batchl  batch 2
M etabolism
Carbohydrate metabolism
YFRO53C Hexokinase isoenzyme 1 1.6 4.7
YGR248W 6-phosphogluconolactonase 33 3.7
YELO11W Glycogen branching enzyme, involved in glycogen accumulation 1.9 2.7
YILO99W Intracellular sporulation-specific glucoamylase.involvedsin glycogeén degradation 1.5 1.5
YPR160W Non-essential glycogen phosphorylase required for the mobilization of glycogen 1.9 6.3
Lipid metabolism ]
YER062C One of two redundant DL-glycerol-3-phosphatases (RHR24GPP1 encodes the other) 1.5 1.7
Amino acid metabolism o
YFLO30W Alanine:glyoxylate aminotransferase (AGT)| | ,3%‘ d 1.8 1.5
Regulation of enzyme activity 1 = |
YDL181W Protein that inhibits ATP hydrolysis.by:the F1F0-ATP synthase 1.8 2.2
YGRO08C Protein involved in regulation of the mitochoﬂdrial FIFO-ATP synthase 1.7 2.0
Enzyme activity
YORL173W Non-essential, stress induced regulatory protein containing'a HIT (histidine triad) motif 2.3 2.9
Cédlular processes
Cell wall synthesis
YDL222C Integral membrane protein localized to mitochondria (untagged protein) 1.8 1.8
YGLO27C Processing alpha glucosidase | 1.8 1.5
YIL116C Protein that functions with Nca2p to regulate mitochondrial expression of subunits 6 (Atp6p) and 8 (Atp8p ) of the Fo-F1 ATP 21 34

synthase
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o WT-Cltrp5 -C
Process/Gene (ORF) Description
batchl  batch 2

Céellular processes

Cell wall synthesis
YER150W GPI-anchored cell wall protein involved in weak acid resistance 4.6 3.1
YNL160W Cell wall-related secretory glycoprotein 1.6 2.2

Unkown
YBRO56W Putative protein of unknown function 1.5 1.6
YDL204W Putative protein of unknown function 2.7 2.8
YDRO34W-B Putative protein of unknown function 2.6 2.7
YPLO17C Protein of unknown function, required for accuratelmeigticichromosome segregation 1.6 23
YDRO70C Putative protein of unknown funetion "_i;- ' 44 3.8
YERO37W Putative protein of unknown function [ | ‘ ﬁ d 2.2 23
YIL136W Putative protein of unknown function 1.6 1.8
YKLO71W Putative protein of unknown function:- ; 4.7 1.7
YOR120W Putative NADP(+) coupled glycerol dehydrogénase 1.5 1.6
YPL230W Putative transcription factor containing a.C,H, zinc finger 1.5 1.5
YLR149C Putative protein of unknown function 1.5 24
YLR297W Putative protein of unknown function 2.1 1.8
YGR043C Transaldolase of unknown function 2.1 1.7
YLR327C Putative protein of unknown function 1.7 25
YML128C Putative protein of unknown function 2.4 3.8
YMRO90W Putative protein of unknown function 2.5 2.2
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o WT-Cltrp5 -C
Process/Gene (ORF) Description
batchl  batch 2
Unkown
YMR196W Putative protein of unknown function 1.6 2.2
YNRO34W-A Putative protein of unknown function 3.7 2.2
YMR181C Putative protein of unknown function L.5 1.6
YOL084W Putative protein of unknown function 1.7 2.1
YOR161C Putative protein of unknown function 1.5 1.6
YOR289W Putative protein of unknown function 1.5 1.7
YOR338W Putative protein of unknown function 1.8 2.3
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Process/Gene (ORF)

Description

WT-T/WT-C

trp5  -T/
trps5 -C

batch 1 batch 2 batch 1 batch 2

Environmental information processing

Response to stress
YDR043C
YPR093C

YPL240C

YDR423C
YOL151W
YJIR048W
YLR205C

YOR162C
YDR258C

Response to oxidative stress
YKLO026C
YKR066C
YJL101C
YNRO74C
YBL064C

Transcriptional repressor that recruits the Cyc8p-Tuplp eomplex to.promoters

Ubiquitin ligase that modifies and regulates RNA-Pol I

Hsp90 chaperone required for pheromone signialing and negative.régulation of Hsflp; docks with Tom70p

for mitochondrial preprotein delivery

AP-1-like basic leucine zipper (bZIP) transcriptienal activater involyed i stress responses
3-methylbutanal reductase and NADPH-dependentmethylglyoxal reductase

Cytochrome ¢ ‘ :-’-* ' |
ER localized, heme-binding peroxidase involved in ‘q'iq degradation of heme

Zn2-Cys6 zinc-finger transcription factor that iactivat:ésfgene‘s involved in multidrug resistance

Oligomeric mitochondrial matrix chaperone; 1

Phospholipid hydroperoxide glutathione peroxidase

Mitochondrial cytochrome-c peroxidase

Gamma glutamylcysteine synthetase catalyzes the first step in glutathione (GSH) biosynthesis
Mitochondrial cell death effector that translocates to the nucleus in response to apoptotic stimuli

Mitochondrial peroxiredoxin (1-Cys Prx) with thioredoxin peroxidase activity
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4.1
2.8

2.7

23
2.1
2.2
24
2.6
3.9

2.1
2.1
2.2
2.2
2.2

3.7
3.5

2.6

3.3
3.6
2.6
2.1
32
44

2.6
2.8
2.9
34
32

1.5
1.4

0.9

1.4
1.1
1.5
0.9
1.6
0.7

0.9
1.0
0.9
1.2
1.0

1.1
1.9

1.4

1.3
1.8
1.6
0.8
1.4
2.0

1.2
1.4
1.2
1.1
1.4
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Process/Gene (ORF) Description

WT-T/WT-C

trps  -T/
trp5 -C

batch 1 batch 2 batch 1 batch 2

Environmental information processing

Transporters
YPR201W Arsenite transporter of the plasma membrane
YDROO3W Vacuolar protein that presumably functions within the endosomal=vacuolar trafficking pathway
YLR214W Ferric reductase and cupric reductase ‘ - .
YKR052C Mitochondrial iron transporter of the mitechondrial carrier family (MCE),
YLLOS5W High-affinity cysteine-specific trapsporter with similarity.to the' DalSp .family of transporters
YDR533C Possible chaperone and cysteine protease with s;t;mlanty to|E. coli Hsp31
YER143W DNA damage-inducible v-SNARE binding prote;;l: :
YDROO3W Vacuolar protein that presumably funct10n§ wlthm .&he endosomal-vacuolar trafficking pathway
YHRO48W Presumed antiporter of the DHAT family of #ulhdrug res1stance transporters
YERO53C Mitochondrial phosphate carrier -7 v { 1
Metabolism | 2
Carbohydrate metabolism
YBR117C Transketolase
Amino acid metabolism
YFLO30W Alanine:glyoxylate aminotransferase (AGT)
Enzyme activity
YER175C Trans-aconitate methyltransferase
YIL164C Nitrilase, member of the nitrilase branch of the nitrilase superfamily
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2.1
2.7
2.2
2.1
24
24
25
2.7
3.5
2.8

23

2.7

2.5
2.7

3.8
3.7
2.9
2.9
4.8
4.5
2.6
3.7
14.3
2.7

29

59

23
33

1.2
1.2
0.8
0.7
0.9
1.1
1.2
1.2
1.4
0.6

1.4

1.2

0.8
0.9

1.9
2.0
0.7
1.5
1.7
1.6
1.3
2.0
1.9
1.1

0.9

1.6

0.9
1.0
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WT-TwT-c  UPS T/
Process/Gene (ORF) Description trp5 -C
batch 1 batch 2 batch 1 batch 2

NAD metabolic process

YGRO10W Nicotinic acid mononucleotide adenylyltransferase 2.0 24 1.3 1.3
Ethanol metabolic process

YLR251W Protein required for ethanol metabolism 2.5 3.1 0.8 1.3
Ergosterol metabolic process

YNRO19W Acyl-CoA:sterol acyltransferase 23 23 1.3 1.3
Regulation of glycolysis d _

YLR345W Similar to 6—ph0sphofruct0-2—kinase/fructose-2,67bisphosphatase enZ},/mes 2.1 2.1 0.9 1.0
Phospholipid biosynthetic process | :E-;_F

YKRO67W Glycerol-3-phosphate/dihydroxyacetone pliloksphaﬁleﬁual si“lbstrate-speciﬁc sn-1 acyltransferase 2.1 2.5 1.0 1.2
DNA metabolism | 4 = =3 ‘

YKRO91W Cytoplasmic protein that, when 0V¢rexpreréd, suppresses the lethality of'a rad53 null mutation 2.2 2.2 1.0 0.9
Céllular processes
Cell growth and develople

YPL123C RNAse; member of the T(2) family of endoribonucleases 2.2 24 0.9 1.2

YHR139C Protein required for spore wall maturation 23 34 1.0 0.9
Autophgy

YPL166W Autophagy-specific protein 2.7 23 0.6 1.3

YBLO78C Component of autophagosomes and Cvt vesicles 4.5 4.1 0.8 1.8
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Process/Gene (ORF)

WT-T/WT-C

Description

trps  -T/
trp5 -C

batch 1 batch 2 batch 1 batch 2

Response to pheromone
YGLO53W
Other s processing
DNA repair and replication
YOR386W
Response to unfolded protein
YMR174C
Protein degradation
YBR280C
YLLO39C
Signal transduction
YGL121C
Unfolded protein binding

YBR214W

Unknown
YJROO5C-A
YERO67W
YGR043C

Pheromone-regulated protein

DNA photolyase involved in photoreactivation

Cytoplasmic proteinase A (Pep4p“) inhibitor

F-Box protein involved in proteasome—dependeﬁiﬁﬁgzadatiOn of Aahlp

Ubiquitin, becomes conjugated to proteins | ,ff ‘
Proposed gamma subunit of the heterotrimetic G protein that interacts with the receptor Gprlp

One of two S cerevisiae homologs (Sds23p and Sds24p)-of the Schizosaccharomyces pombe Sds23
protein

Putative protein of unknown function 8.8
Putative protein of unknown function 4.2

Transaldolase of unknown function
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2.2

23

2.9

2.0
2.7

23

2.6

3.9

2.2

3.1

2.5

2.2
24

2.6

23

8.3
2.7
4.4

0.8

1.0

0.9

1.0
0.7

1.0

0.6

0.7
04
1.2

1.2

1.6

1.6

1.1
1.7

1.6

1.1

1.4
1.0
1.9
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WT-TwT-c  UPS T/
Process/Gene (ORF) Description trp5 -C
batch 1 batch 2 batch 1 batch 2
Unknown

YHR209W Putative S-adenosylmethionine-dependent methyltransferase 2.5 2.2 1.5 1.5
YNRO68C Putative protein of unknown function 3.6 42 0.8 1.3
YDL204W Protein of unknown function ‘ 34 3.8 0.8 2.0
YOR120W Putative NADP(+) coupled glycerol dehydrogenase 3.1 34 0.7 1.2
YBLO49W Protein of unknown function 32 4.3 1.0 1.5
YIL165C Putative protein of unknown function ‘ 2.7 33 0.9 1.0
YJRO96W Putative xylose and arabinose reductase Nati ) 3.8 3.7 1.3 2.0
YKLO70W Putative protein of unknown function o 32 118 1.1 1.2
YNL195C Putative protein of unknown function oy 30 40 19 11
YILO97W Protein of unknown function q 2 | 3.0 3.6 1.3 1.9
YGR250C Putative RNA binding protein 1 ~ 30 35 11 18
YKRO71C Protein of unknown function ‘ 24 34 1319
YHROO7C-A Putative protein of unknown function 2.9 2.6 1.2 1.0
YHL021C Putative protein of unknown function 2.9 34 0.6 1.7
YERO79W Putative protein of unknown function 2.8 24 0.9 1.6
YPR127W Protein of unknown function 24 33 1.3 1.6
YLR149C Protein of unknown function 24 2.4 0.4 1.0
YOL029C Putative protein of unknown function 2.0 2.8 1.6 1.4
YBRO47W Putative protein of unknown function 3.6 5.8 1.1 1.4
YLR149C Protein of unknown function 2.4 2.4 0.4 1.0

70



R o~ FER FIRF ALY A PR TV AR TRPOEFL AT

WT-TwT-c  UPS T/
Process/Gene (ORF) Description trp5 -C
batch 1 batch 2 batch 1 batch 2
Unknown

YNROG9C Protein of unknown function 24 2.8 0.7 1.0
YML128C Putative protein of unknown function 2.4 2.2 0.5 1.1
YBRO85C-A Putative protein of unknown function 2.4 2.3 0.7 1.2
YPL250C Putative protein of unknown function 23 2.9 0.9 1.4
YDL025C Putative protein kinase 2.3 32 0.8 1.6
YJLO57C Putative serine/threonine kinase. 23 3.8 1.0 1.5
YER130C Protein of unknown function L o' 22 2.3 1.0 1.3
YDRO61W Protein with similarity to ATP-binding cassette (m,trapSporter family members 2.3 2.3 0.9 1.0
YPLOL4W Protein of unknown function Ll R | 22 23 06 13
YLR108C Protein of unknown function q P 2.2 4.5 0.8 1.6
YMRO85W Putative protein of unknown function : : i | 2.2 3.8 0.7 1.5
YMR265C Protein of unknown function : - 21 22 11 12
YBLO86C Protein of unknown function 2.1 2.7 1.0 1.3
YDL091C UBX (ubiquitin regulatory X) domain-containing protein/that interacts with Cdc48p 2.1 24 1.2 1.4
YDLO21W Homolog of Gpmlp phosphoglycerate mutase 2.1 24 0.9 1.4
YKRO11C Putative protein of unknown function 2.1 2.6 0.9 1.2
YHR199C Putative protein of unknown function 2.1 2.8 1.0 1.1
YNL305C Putative protein of unknown function 2.0 2.0 1.0 1.0
YKRO46C Putative protein of unknown function 2.0 2.1 0.9 1.2
YOR059C Putative protein of unknown function 2.0 2.7 1.5 1.3
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1
120 ' (Min)

YGRO21w (Cycles:35)

ACT1

Bl ~ YGRO2IW 2§ a8 T 2 £ R o (A)r2 4 > BB 2 247 27 F § 1 AL
T YGRO2IW 2. % TR o £ 35 AJL & 42 : 12 0.5 mM HoO, AU 30 A48 2 1.5 mM
diamide &J2 30 4 4&;12 100 uM menadione AJ2 30 4 4&; (B)!4 £ ¥ & RT-RCR 4
17 532 0.5 mM H,O, 14 2 B PEFRFEE (10~ 30~ 60 ~ 120 ~ 45 ) # YGRO21w 2. 4

R
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Bl =
Wild-type; YGRO21w , YGRO21w-deleted strain; WT®, WT strain containing vector;
WTYCRZW  yGRO21w overexpression strain; YGRO21w ¢, YGR021w-deleted strain

containing vector; YGR021w "™ YGR021w complemetation strain o
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(A) control (YPD)

WT
YGRO21w
oxidant heavy metal other stress
0.05% SDS
8wt
YGR0O21w
L5mM diamide =\ , /5 min Heat shock

WT
YGRO21w
WT
YGRO21w

1 1:10  1:100
(Dilution of cells)

(N=3)

B= ~WT 4 YGRO2Iw ¢ %3 & A &d27 352 ka2 £ §F3)0 97
ol BERFRY 2l <% 20,000 FER%E RRZE o (A)YPD
control; (B)&2 3 mM H,0,; (C)&2 1.5 mM diamine; (D)2 50 u M menadione;
(E)£JSZ 20 mM CuSOs; (F) A2 8 mM ZnSOs; (G)ASZ 20 uM CdCly; (H)ASZ 0.05%
SDS; (I) 55 A2 5 4 48; (1) YPG 2 % 4 o

74



(A) contral (SD)
WT

YGRO21w

(©)

YGRO21w

(D)

YGRO21w

1 1:10 1:100
(Dilution of cells)

(N=3)

Bz ~WT {r YGRO2Iw ** B2 % A F mdZ? B8 2 BiRhd £ 5350 97id
1 RIERFR? 2 HP ~ 95 20,0000 F 2R %€ R = = (A)SD control;
(B)&d2 3 mM H,0,; (C) &2 1.5 mM diamine; (D)2 50 u M menadione; (E) a2
20 mM CuSOy ; (F)/&d 8 mM ZnSOy; (G) &2 20 uM CdCly; (H)/&d2 0.05% SDS;
(D55 25 #2458, (0)SGHE A A -
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control SD-L 1mM 1.5mM

WTYGRO21w

WT¢€

YGRO21w ¢

'YGR021w YGRO2lw

:Jg (Dilution of cells)

(N=3)

BT ~ WT® ¥ YGRO21w overexpression strain ** &J2 H,O, T 2. 4 &£ 535 0 #7i% #
1 BER AR 2w edp + 95 20000 2% SD-L&#FEB LA Fef
%€ Btz = o WT, Wild-type; YGRO21w , YGRO21w-deleted strain; WT®, WT
strain containing vector; WT R yGRO21w overexpression strain; YGR021w  ©,

YGRO21w-deleted strain  containing vector; YGRO21w "F%Y  YGRO21w

complemetation strain °
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(A) Rich (YPD) medium

16H
120

100 -

o]
o
|

Growth curve (%)
5 8

8]
o
|

o
I

H0,(mM)

(B) Minimal (SD) medium

120

‘Growth curve (%)

8

16H

0 05 06
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(N=3)

B+ ~ WT 4 YGRO2IW  AJZ Hy0, > 35 % 16 /) PFis2 2 £ 1§35 o & kA w12

FdZ Hy)Or 2 /R i i AR 8 (100%) > 22 2 HyO, 22 7 B et i » 1932 4

£ 5 (%) Feg %k E f = = -(A)YPD (rich medium); (B) SD (minimal medium)-
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(A) (B)

WT YGR021w
0.5mM H,0, ! Vo ; 1
i) 0 3 6 120 "0 10 30 60 120
——WT
|~
——WT
-

W ——WT
, —=&

=—=WT
—-

B= -~ X 7§ RT-RCR 445 WT fo YGRO2Iw 2. § it 3k 4p B AL 7] o

WT fr YGRO21w 3% % ** YPD (rich medium)?$ > g2 7 e PR (0~ 10 ~ 30 ~ 60 ~
120 A~ 45)2. 0.5 mM HyO, > H ¥ i* 53 4p M 2. &35 2L 7] # 35 © CTT1(cytosolic
catalase T) ~ GSHI1(glutamylcysteine synthetase ) » SODI1(cytosolic superoxide
dismutase)* SOD2(mitochondrial superoxide dismutase)?. RNA # I o (A)3 77 4%
ABR AR  FdfE4 RNAEZ APHE B H B)HWTE RNAZARE 2 & &

B - WT, Wild-type; , YGR021w-deleted strain; X $ih % &J2 H,O, 2. P F¥ (4 48) »
Y #hi RNA 2 ip$H 2 8k o
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(A)
YGRO21lw  T/C>1.5X1

batch 1 batch 2

> batchl-wt T/C
and
> batch2-wt T/C

(B)
Response to stress
Rresponse to oxidative streés" :
Transporters

Carbohydrate metabollsr,m :
Amino acid metabolism
Autophagy

Cell wall organization
Actin filament organization
Hlamentous growth

DNA metabolism
RNA process

Protein ubiquitination
Kinase activity

MAP kinase activity
Unknown

A
oy ol
2 T Ce”ular processes

)\

5 L Others processing
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Gene numbers

Blo o~ ERF BTV AR YGRO2IW B SRk TR 2 5 i A e o
(A)&E 2 # Bl(venn diagram); (B)f¥* F4ed ALY &g P EHRTF i %
YGRO21w #5552 4k 5% i {4 3 o

79



(A)

Relative expression

(B)

Relative expression
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B4 ~ 2 *pr @ RT-RCR 417 w3 8 F Bip M 2 A Flihd ) - WT A

YGRO21w

12 0.6 mM Hzoz@l PE-EE?F?{;L%EI}‘]% Iﬁa%“ R

(A) YGRO88W/CTTL; (B) YDR256C/CTAL; (C) YMR250W/GADZ; (D) YJL101c/GSH,;
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(A)
4ATG15 (autophagy-related lipase gene)

3
c /§
K]
g 2
S
g 1
2
B
€ o : : . .
0 10 30 60 120
(B)
. KSSL (mitogen-activated protein kinase )
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."_:l “'_l-h'l
B+ - ~ YGLO26c (TRP5) ’:c"fq;:J i i{-# 2 z\q‘;o %‘%3 BLEE S A P E (LR
fad2 T TRP5 2. 4 3 o % ﬁ/%;ﬂ Eify%ﬁ‘bg'LrﬁM HO, /&2 30 4~ 4&; ™2 1.5 mM

diamide ZJ2 30 4 4&; 12 100 uM menadione /&J2 30 4 48 o
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(A)

=)

Bt -~z i 2 23N p* FFAtk? TRPS 2 £ Me(A)4 4% £ tryptophan
2. SD &+ % (SD-Trp): &l WT &2 trp5 2. 24 £ 535, (B) 144 > gL B2 &
7 TRP5 z_ 4 3 - WT, Wild-type; trp5 , trp5 -deleted strain; WT®, WT strain

trps

containing vector; WT "™, trp5 overexpression strain; trp5 ©, trp5 -deleted strain

trp5

containing vector; trp5 , trp5 complemetation strain °
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(A) control (YPD)

cell-surface related oxidant heavy metal

B 0005% sps (E) 1mM H,0, ) o5mm Cuso,
: WT

trp5

©)  01% congored - .
- WT
trp5

R ,
(D) 0.5% polymycin B "E.,(-f? 15

WT

trp5

1 1:10  1:100
(Dilution of cells)

(N=3)

Btz ~WTHetrps *F2u 2 A d27? FHE ot £ e o7 * |
BOERFRY 2P X% 20,000 FEf %L Rz = o (A)YPD control;
(B)&F2 0.05% SDS; (C) &2 0.1% congo red; (D)2 0.1% polymycin B; (E) &2 3
mM H,0,; (F)&2 1.5 mM diamine; (G)EJE 50uM menadione; (H)&JZ 2.5 mM
CuSO4; (I)ESZ 8 mM ZnSOy4; (J)ASE 20uM CdCl,
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(A) control( SD)
WT

trpS

(B) 1mM H,0, (B) 2.5mM CuSO,

1 1:10 1:100 (Dilution of cells)

(N=3)

Btz ~WTfotrps *t ks % 5t AJL7 Fig s end £ H2500 o i 7 |
BRAEFRY 2 e Bp < X5 20,0000 & 2 F % £ K = = °(A)SD control; (B)
fZ2 3 mM H,0,; (C)EJZ 1.5 mM diamine; (D)EJZ 50 uM menadione; (E) &2 20
mM CuSOs; (F)ASZ 8 mM ZnSOy ; (G)ASZ 20 uM CdCl, -
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(A) controlSD-L  (B) 0.005% sDS () 2mM H,0O,

trp5 ©

WwTC¢

WT TRPS
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trp5 P, trp5 complemetation strain
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(A) Rich (YPD) medium (B) Minimal (SD) medium
16H 16H

Growth curve (%)

(N=3)

B+ ~ WT e trp5 ‘
’f#\k\ w1 #\@ H,0O, Lﬁf%k‘ﬁ’_féﬁ\f; ELJ%(IOO%) ’ —‘;’E’@ H>,0O, —L'? Bk b ﬁL ’
Bz 4 £ F%)  BefskeE iz =% - (A)YPD (rich medium); (B)SD (minimal

medium) °
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mM H,O, » & it 35 5 4p B 2. &3¢ L F] ¢ 35 © CTT1(cytosolic catalase T) »
GH1(glutamylcysteine synthetase ) > SOD1(cytosolic superoxide dismutase) *
OD2(mitochondrial superoxide dismutase)z. RNA # IR
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(A) (B)
control 3mM H.0,

+ 50 pg/uL |
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+ 100 pg/pL
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MO/ CIAA
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60 g/uL
fpg ! Methionine

o) W
(illition of cell9

(N=3)
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(A) .
WT-C/trp5- C:1.5X 1

bacth 1 bacth 2

(B)
.E" e 1'2:'
Response to oxidative s ol
oy .
‘gé Environmental
RESpon,ﬂ to infor mation processing
Carbohydrate metaboli

Regulation of enzyme activity

Enzyme activity

Cell growth 0cesses

Unkown

0 5 10 15 20 25 30
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(A)

trps -T/C :2X 1

(B)

Phospholipid biosynthetic process
Cell Growth and develople
Autophagy
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Ergosterol metabof ic précess

Regulation of glyco

DNA metabo

DNA repair and replication
Response to unfolded protein
Protein degradation

Sgnal transduction
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Unknown
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(C) CTT1 (cytosol catalase)

A
( ) GSH 1 (gamma glutamylcysteine synthetase)

Relative expression

®)

Relative expression

~de—trp50

0 10 30 60 120
Time(min) after 0.6mM H,O, treatment

Blo L - ~ 0 2§ RT-RCR A 4580 7 638 2 4 Fleh4 o WT e trp5
12 0.6 MM HyOp AJE 7 e PERY 152 & A FI R LG o

(A)YJIL101c/GSH1; (B)YMR250W/GAD1; (C)YGRO88W/CTTL; (D) YDR256¢/CTAL;
(E) YGRO4OW/KSSL -
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G-~ AR R 2513 B

. Full length
Gene Primer sequences a
(bp)
YGR021w F:5-AGATCTGCGGCCGCATGTTGGTAAGAAATAGGTATCTGG-3' 873
(DUF28) R:5'-ACTAGTGCGGCCGCTTAAGCGTTGCTAGCGTTAGTGTAC-3'
F:5-ATGTCAGAACAACTCAGACA-3'
TRP5/YGL026C 2124
R:5'-TTAGGCAGATGGGTCTTCTT-3'
Fragment
Gene Primer sequences length
(bp)°
F:5'-ATGGTTCAAGCAGTCGCAG-3'

SOD1/YJR104C 373
R:5'-CTTGGCCGGCGTGGATAA-3'

F:5'-ATGTTCGCGAAAACAGCAG-3'

SOD2/YHR008C 543
R:5'-CAAGCACCATCAAACTTATG-3'

F:5-ATGGGACTCTTAGCTTTGG=3'

GSH1/YJL101C ‘ 746
R:5'-GGTTTGGGAAGCCAGTTTEC-3'
F:5'-ATGAACGTGTTCGGTAAAAAAG-3!

CTT1/YGRO88W 791
R:5-CCATTITGCAATTGAGTGAAC-3!
F:5'-CGAATAGCGTAGATTTAACTG-3'

ALD3/YMR169C | 292
R: 5'—GTAGCTGGGTTCACA.G;ITC-3‘
F:5'-GAAACCACTCTGCAGAATAAG-3'

YLR164W | il 304
R:5'-GCAAGACTGAAATCCGATATG-3'

F: 5'—GGTCAAGTCAT-CACTATTGG-3'

ACT1/YFLO39C ‘ 299
R:5'-GAACCACCAATCCAGACGG=3'
F:5-ATGGCTAGAACCATAACTTTETG-3!

KSS1I/'YGR0O40W 297
R:5'-GGTTTCCATCAACTCTTCGAC-3'
F:5'-GGATAGAGTTGTGACAAACTC-3'

CTAL/'YDR256C 306
R:5'-GTGTCGGCACTACCTTTATC-3'

F:5'-CCCTTCAAGAAAGAGATTTGC-3'

ATG15/YCR068W 344

R:5'-CGAATATGCCACCACTAACC-3'
F:5'-CACAGGCACGGTTCTAAGC-3'
GAD1T/YMR250W 292

R:5'-CAGTGGTAAAAGTGTTCACG-3'

aFull length (bp) * ** fL F]:E 78
b Fragment length (bp) * ** RT-PCR % qRT-PCR
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(A)

2 Saccharomyces cerevisiae nclassified 1
27 Fungi irus
1 Caenorhabditis elegans Archaea
4 MNematoda Bacteria 1252
24 Metazoa yanobacteria 24
4 Fruit Fly ynechocystis PCC 6203 1
12 Arthropoda Oryza sativa (Rice) 2
12 Chordata Arabidopsis thaliana 1
4 Mouse reen Plants 3
2 Human Plastid Group 3
Bl Eukaryota Other Eukaryotes
TS ey
r I: e Y
(B) AR I“.'-“' .- i3

N . .
v - i '{‘ N
Saccharomyces cerét{ii‘W?OZl < G

51 o |
Arabidopsis thaliada:AtZJﬂ_&%ﬁ

=
—W' * B
et Zo1 Bhnaicont
Human:Coiled-coil n:containing protein 44" -
——— i L% ‘T
TR, SR T N

.:f:;- l"!

8 Protein of unknown function DUF28 '
“« ModBase

.t o
# Integrase, N-terminal zmc;plndlng Jomet_qn-llre d

=~ I 2 5 F 8 InterPro 4 47 DUF28 39 o
(A)DUF28 #-¢ 7 Ip 4~ f82 4 574~ F] (taxonomic coverage) #F % {87 © 4
2. DUF28 #-v # ¥ ; (B) DUF28 #-¢ # 3 domains ° http://www.ebi.ac.uk/
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—a JOBRZ MOUSE 9 (coiled-coil domain containing 44, Q8K0Z7)

.||_ — YG1D YEAST 5(YGRO21w)
_” -

% ¢ FHME L2 F(eukaryotic); ¥ ¢ F 48 £ lwF)(bacterial) °

http://www.ebi.ac.uk/
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Chorismate

* TRPZ/TRP3
Anthranilate

+ TRP4
phosphoribosyl-
anthranmlate

* TRP!
CdRP

* TREP3
(3-indolyl)-
glycerol phosphate

Y TRFPS
indole

* TRPS
L-tryptophan

Wagw S pER %ﬁé’ et en g 2 LT (Yeast 2000; 16: 553-560)
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DUF28 YGR021w

1.Anitioxidant 2.Destroy the ROS 3.Reqgulation of
defense and toxin redox homeostasis

4.Hlamentous growth

pheromone response

SyStem Auto .
phagy
CIT1, CIAL, ATGIE

GSH1,GADL, e (SN i
0OD1, OD2 e o= 4lRentose phosphate

v
— Other
Oxidative stress

M-I ~ YGRO2Iw 2§ 1“3 TV v S27 2 ARSI o

BAS A REL AT RRABRB RARSAIM PR § R R AR T R R
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W s K R R AR

LB medium
Component per Liter
Bacto tryptone 10g
Yeast exract S5¢g
NaCl 10g
Adjust pH to 7.0

Additional 15 g agar for afar medium

YPD medium
Component per Liter
Peptone 20g
Yeast exract 10g
Dextrose (glucose) 20¢g

Adjust pH to 5.8 :
Additional 20 g agar for afar medium

SD medium
Component 'jf_‘,.;: : per Liter
Yeast nitrogen base o il 6.7¢g
Amino acid drepout 4 "E_“ ‘ 0.67'¢
Dextrose (glucose) ‘ “ ” 20 g
Adjust pH t0'5.8 n
Additional 20 g agar forafar medium "
SOC medium
Component per Liter
Tryptone 20g
Yeast exract 5¢g
NaCl 05¢g
250 mM KCI 10 mL
Adjust pH to 7.0
Autoclave
IM MgCl, 10 mL
IM Glucose 20 mL
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