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ATP; adenosine triphosphate

bp; base pair

cDNA; complementary deoxyribonucleic acid
COSY; correlation spectroscopy

CTP; cytidine triphosphate

DEPC; diethyl pyrocarbonate

DMSO; dimethyl sulfoxide

DNA; deoxyribonucleic acid

DTT; dithiothreitol

EDTA,; ethylenediaminetetraacetic acid
GC-MS; gas chromatograpgh-mass spectrometry
GTP; guanosine triphosphate

h; hour(s)

HMBC; heteronuclear multiple bond correlation
HMP; hydroxymethylpyrimidine

HMQC; heteronuclear multiple-quantum coherence
HPLC; high-pressure liquid chromatography
Hz; herts

KD; kiro dalton

m/z; mass to charge ratio

min; minuite(s)

MIPS; The Munich Information Center for Protein Sequences
MTA; methylthioadenosine

NAD:; nicotinamide adenine dinucleotide
NADH; reduced nicotinamide adenine dinucleotide
NMR; nuclear magnetic resonance

OD; optical density

ORF; open reading frame

PCR; polymerase chain reaction

rDNA; ribosomal deoxyribonucleic acid

RNA; ribonucleic acid

rpm; revolutions per minute

Rt; retention time

SAH; S-adenosyl homocystein

SAM; S-adenosylmethionine

SGF; Simulated Gastric Fluid

TTP; tymisine triphosphate

UDP; uridine diphosphate

UTP; uridine triphosphate

UV, ultra violet
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BHEBEIL, BOBRICIDIATASADOEREIENE ., BRICXSDT
VA — VREEEE RRICIT O WITHEREB L FIEN 5B OBREIEICRY .,
HROBEFEOPTELEWVWT AL — LVEBELZERL TWABEETH
5, ETSNEBEOEREERTLILDOIC. GECERAIShIEXE
BRI LTHEAL, KETEHMICh > TEHEEIT O R U2 /%
EROBEBETHL, BEBECTHAVWLLIEBER (BHEBER) X
Saccharomyces cerevisiage BIZ BB I N TWHNB, @mWT b o — LV AREM
B L O, KR T O RAFRIEHME, &= AT VAERRER EEN TR
RLH, INETCHLERBICBT AT — LTRMEEE ORI X
T&le, $—5T, HEBEOBEPICHEME L ZEHEZ., REMROK
RBREMOK T ELBIC, EHEWVWIERPURRESHE L THEERACH
LENTE, ZRIEOBRRICEHTIEBOBEIVOT THEBEARZOD
DEYTFIALFELTHATLIREEMBZAONDI L IR T
B, BARTIE, BHEVOBEBERLZZEDREKE LT, H< P
BOBBRP TN TWEZZ Lilhd, TIWRKITEERFEME THL K%
RTZEBRLFIATHENITEIT TR, BEEERSBIER S ORFEA~
OFELEFRROCED DN TV EEXLND R, TS HBEEROR
SEEBHIC DN THAARTERTON TS L FEVREV, FiT,
INOEEEBEROL DB RERBEROBERE, 206 DOREE
PEIZOWTHREZIT T2,

HEOREME - =XV X —E~OELOFEY NG, MAEHICX
ENRAFT AW Z ) —VREBOMREN RSN TEY ., HEER
DEST N 3 — VTHEEE OBITITE VAR EESh, EREEZ&ED T
W5, Saccharomyces cerevisiae D F A = — it b 5 R O R B 4 O
BTN TRAT O A NEERREE R LTVSZ L% Inove b I3H
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H 2 LTV 5 (Inoue 2005), & Z CTEE L IXHFBEER O 7 L o — Ltk
WOWTZ N TRT 0= VOEBOFFTZRRA, SHIZ VIR Ta—
NEREIRTF ORI 2T ole, BEBERMHFII VIR T o — LG
AT LWRETH LD, BEBRERVIZAT o —LERENS
WIZT TR, MBECBWCH#MEZE TSI 7 —DZ LI RXTFa— )
DHFRAFTAZVAPEL RIENTVWAZEERLTE, TORREZE1LE
IZFd,

BHEBEEOB VWY ) —AMHEREREARBEEZELZL TS LA
AT —= NV THDHIB, REBHEOBRNOARD LML TnE s I D)
EHIFEN AN Y ARINOMEERE LTHEATHL, EF0IIX. HHE
BBOBVTA TR 0 — AR B 7 00T O AR I B
ROBRSTHLELSARENTVBEDOTRERVWNEEX, AT AT o —
NEBRBRTCAFNLVEMEEERL LTOREERLT S-TF /Y NVAFF
= (SAM) (& B L7z, SAM ZAKRNOK L2 RRSICEE L THWLH Y
BThY., 7Na— TR % (Martinez-Chantar et al. 2002, Purohit and
Russo 2002; Lieber 2002), 9 2% (Mischoulon and Fava 2002, Saletu et al.
2002, Nguyen and Gregan 2002), BJ#iZ (Padova 1987, Bradley et al 1994),
T VY oA < — % (Morrison 1996, Newman 2000)72 & DEFIZEER H
LI ENWMEIN, EENCHEETIVETHYEERA b ARV &
BEZMRAFR BTN TEY, TAUDTEYF I A beL
T, 3=y XTRAFEERE L THAINRTWD, SAM O A FEILEER
ERNTITORA TV S0, BEERIMOBEDICHELT SAM 2%
BICEMET S L VI HENR EN TV 5 (Shiozaki 1984), = = T, EHE
BEROBEW SAM ARELX S OICHDEKREBRFRIEEZITO 2 & 722 <
BB T O2HEORBER AT, VAT a0 — LERICHERS
NDSAMEBEZWAIEDLZ LICXVBEMENICERT 2 SAM &% 1
MEEDOTEHARVID»EORBICESE SAM B ERK O RE WA S
BEHELEOT, TOMRLE2BICET, |



BAFMATHMMITEL > Tk, BEEREOEME TS SAM ZFEFITHH
BRYMETHHN, BRICL 5T SAM 2B T2 L3 8D X ) EK
WdHDHDIESHD D SAMIL, BITbBR72E BV EERNDER L IRRIRIC
BELTRBY, AFA=V, YATA Y, FVEFFUREEHRT I/
BMABMOBAFTRAZ LV AZHEBRT ILOOHRLRL5WE TH Y (Thomas
and Surdin-Kerjan 1997), Mil@aN® SAM BEZHAHT T 52D CHRTFD
SAM [ RIS D L VWb TV 5 (Nakamura and Schlenk 1974),
EHEIEBANCERE SN SAM BIXLEISCCHBOEBNICHA S
TVWEDTIERVWNEEZL, BREBEFZHFTTOMBEAD SAM O %
FEAT L SAMIZERBIREBICBWVW TN -SHEERDZZ LEERLED T,
ZTORREHE IFEICRET,

CNFETCHRARIZEBOENICS, BEBRICIIRY RBEELID 5, &
BEEEICETAHMEE LT BV RAKLD &R, =& ) — VAREE,
T ) —NTHERRZR ERET oD, Eo, BOVERESCEYE T + X7
74 —BIEM., BEBEORICEATIHABBORBICHFIA I
TWd, b DOREE DNA ~A 7 a7 LA OFELHVCEERED
DEBETHRALEREERL LTS & TR EITo 72, S BIMETE
fTolRNL, BERFORAOEVIABEESOEN-HELZETDH
LTWBZLBRREINTZN, BEFORARERICERERREL OEV
RRBR SN b DR, REEOWEOE NS TRRSHE bORD - T,
THEDBRICOWTE 4 EIET,



w1 ®E BHEEBEROD AL IRTu—LVAEASRICERIET
HELZHEORE

AT7a—ViEE2TOEKMBIZE > THEOMEBERSRR
TdH D, B Saccharomyces cerevisiae (T BT D E D AT a— )b
vHiwﬁx?nwwfﬁb\:ﬂm%ﬁﬁ@zvz%n~wm%
E5b0DThH5bH, MOEKMIL RIS cerevisiae DT T
AT —=NVE TV —DRATHR—JEATE— LT AT LN
ZoD0EEELoTWVWE, 7Y —DOATr— VI EICHMBEREICE
LT, BECHEELTWIHEA R UV IJEOERICKES
FEL, BORSHMHE - ZGEMEICHEFICREREHEZRELZLTWVDS
(Bloch, K.E., 1983), — /. AF B — L XFLITHBENICH B
AT = NVDORAFTAFZ I RAICEBERBEER (Lipid particle)
BT & 4L T\ % (Zinser et al. 1993; Zweytick et al. 2000), ¥ 4E |
THAART o= VRRIZFEEL, BRECOMBICBT 5770
BRECEETLII 7N EHENDEI A7 RAAL VOBBKICE
HETHLI LAV TOEBEMHICERNE X > TV 5 (Bagnat
et al. 2000; Eisenkolb et al. 2002)0 AT RATe—LVERKRITEBW
T, TEFALCo-ADDLTFEAT B — VTV D E TORKNE
a2 LLBEORBEELEANDI I LNDO AT v — VIIER
DMAEEIZL > THREATHDIZ RO,
BEBECAVOLNLI2BEEERIZT 20 %bodi ¥ ) — LR
ErzERLTREY MoOEXABELIVbOEV X ) — ViR %E
FoZ &EMBM 5 Tuv 3 (Casey and Ingledew 1986)0 Inoue & II{FE
BERELIY., TLHXQH-AT = C-AFNVNFT VAT =T —
YTaa— T35 ERGOICE > THBENDEZF ) —VERZ MK



B L TV 5 (Inoue et al. 2000), Z OEERIXZ, = VLT X TF a1 — L
BARRICBVWTFERAT T — LD C-24 ZAF N LT zarRT
H—= b ~DEBEMELTVWD, o, 2 AVIT AT 0 —LEKREE
HBBCRBTL2Z ) - VHMEDEBELRERTHDILEXL DN
T VY % (Alexandre et al. 1994; Swan et al. 1998; Inoue et al. 2000), =
DEHSTzNVITATe— LV EEBROZ ) —NLiEESD 5 &
EZZbN DM, BEICIEERF (Osumi et al. 1978; Jahnke and Klein
1983)% 2 WX B E O = ¥ J — )L (Walker-Caprioglio et al. 1990;
Koukkou et al. 1993 RO VT AT o —LAERZEBDL ER S
TEPHBRESNLTRY BHEBEOEBREIrPOBRREET X/ —
SHEERTHLE BMETOBBOIATRAT 0 — LG BIFIE<
RoTWHZERTREIND,
ZITHBERBEBIUCEREREOBERESRMH T TO MK
N NVTRAT a0 —VOEBEMFT L5010, BEEBEICEHET
DN OMDOEHETTO, 2L ZOOBEROZ VI RAT o — )L
BRICOVWTHHEITo, TRNETCORBEBHERO LI T 0
~wK%LTM\7U~@x%n~wkx?m~w:x%w®ﬁ
THIRENITRAT - L EBIZOWVWTOAFREI TR TE L
(Swan et al. 1998; Inoue et al. 2000), S E & x X, BHEEH
Saccharomyces cerevisiae K-9 & EBREFE R S. cerevisiae X2180-1A
ZHWTHEBEBERKE CTRINLLIWVWS O DEHET TRV
TR2Fu—LVEESH L TCZAITRAT e - LOARICESE % #H
DEROKRY ZHhEToTe, REBEBEOHEB THIEBESR
BFT. &7 ra— A EETTORALITRT o —LEL 7Y —
TNV IRAT = VDNEiTolc, EHIZ., T 0 OER DM
RO A ITRATa— VOEHOEWE T LIRT— LEKE
BFORBAOBEEMLIIOWVWT DNA YA 72T LA 2 HWTHEBE
BELEREBIOERTFORBEOEBNZ LB LA L=,



B2 Hi EBRFIE

% 1 H R E K & BE S

AT, BHEBER L L T Saccharomyces cerevisiae K-9 (LA
T, BEHEEBER K-9), EBREEN L L T Saccharomyces cerevisiae
X21801-A Z W7, EAR L2285 1X, SD EH#( 0.67 % Difco
yeast nitrogen base without amino acids, 1.0 % D-7 /. 22— X )% H
VW, EREMITIT SDEEHIC 1.8 0 EXREHRMLTAWE,

% 2 H BERE O & — Uit M BE Al 5 I
BHEEBEREEBREEBEO Y J —ViEE, =% 7 — 2V E2HBMN
Lot CoMMMECTHEMEIT o, BRI, SD KE K H I —
He&BMEEL., 30CC 24 FEREEZERZITV., ELOBEICXDY
BER., MEKTIHBERL, ZhA L OB HIZ ODgo 2 1.0 &
BROAEOICHEL, SHRZIOEBEREBEBEKRD 1052 L 0HRFK
a1 ETHERLEZ, 2h oK 3ul 0BBBRBREZ Y ) —
0. 5, 7%HRMUL7 SDEREMEICARy FL, 30CT2HM
HELC, MBEEZBE L, SO, AKCHERLZEBEIEBRBK
L) — 0, 5, T%WRMUL T SD IEE HIZ, ODegeo 2% 0.1
LR ESCHME L.30CIBT A RBEECOMME N1 F 7
F L a—F—TNI506 (7 FAYF v 7) THREBHICHELE,

% 3IH BRoRolrIxATFr—LEBLIORTZ7Y —x= A
AT7Fu—)VEDERKFIE
BEOR=VIXAT e — V&L, Inoue b D FIEILHE > TITo
72(2000), AIEE L ERIX, #EEZHFTERELEZ, HON
FHAEEZKBHEEK T _EHESRFL. ACLOD2XBARREICAN
THMBEHREL, EE2XZWER. 3mloRAY /) — ), 0.6 g /kBE1{k
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AV T A BEBLERME LTAEREOER T 2 — A2 MX T, N,
BHAEITWVW, 8SCT2RHEMANSMEEIToT, BERETHA L 2
B.2ml AW — T A EMACHLIBERLC2EEHLE, &
bhlATe— Nz AMc—FT NVEZIIBEEZBELEZ%., 1
ml @27 vwfk)LhZEREL HPLC(TSK Gel ODS-80Ts 4.6 mm x
250 mm) TH &2 17 - T2,

BREo7Y)—xVd X7 a— VEIX, Bailey 8 & U Parks H ®
FHEIZH > THELEA975), BIER L EERIISHEREH T
BRLIEBR,. BONTEEEZKBBREKT2EESREL, LD OX
BEAERBRECANTHEREZRLEEZWE L, 400pl 0TV A F
VAR FTF (DMSO) B L. 100°C T 1 eI ma L 7=,
BRETHALZHR, 3 ml OFXEKRKEMZTEBLEZEZ., 2 ml
DEMT—TVEMAZTHLLBRL2EMBELE, BbhiH
Mo —FLVBEBEEZBELEZOL, 500l © 7 oo kL LI ER
L. HPLC TH#H 21T > 7=,

% 4 IH DNA A 77 bvA Lz pdRTa—VERK
B s T D% B O MR

DNA A 707 VAICHWLIEREBEEOCERERS L, SD
AR C 24 We RTS8 L2 B K % SD M A 5 #1112 ODeeo 2% 0.1
ERBDEDOICHE L.30°C TODgso 5.0 DETIRBEERE
Tol, BONTZHEKRZIELSBMICIVEIR L, K& L2 EEE
BATIHEEREZT T, BRE»PLO F— %)L RNA O IEH
v N7 = J — )V TAT o 7= (Kohrer and Domdey 1991), & &t /=
F— %/ RNA L & D DEPC LB KIZEML, DNA~ A 7 a7
VAR LT,

cDNA O HNEBEDOIEEITETAKIBR ETITo72, h— %)L RNA
25 pg X 5x First-Strand Buffer (Invitrogen-Life Technologies,
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Carlsbad, CA) 8 pl, yeast-specific primer mix (Eurogentech, Seraing,
Belgium) 1 pl, 20 mM dCTP % & < dNTP (2 ZH 6.67 mM D
dATP, dGTP, dTTP % & %¢) 3 pl, 1 mM dCTP 1 pl, 1mM Cy3- ¥ 7=
I Cy5-% & dCTP (Amersham Pharmacia Bioscience, Piscataway,
NJ)1.5pl, 0.1 MDTT 4 pl, RNasin (Promega, Madison, WI) 1 ml
LIKBE L%, DEPCALABEKZHAWVWTEKEES 40 plic7H
Bll, AR LERIGERIT65°C TS M., EH11242°C TS
M PR#E L724% . RNasin 1 ul & Superscript II RT (Invitrogen-Life
Technologies) 1 ul ZM X TEXKIEEG L. 42°C T2 NHEUEKEEK
W EZ AT o7, 1 RHEKIE %17 o 72 B T HEIZ Superscript I RT %
1pl EBINL 72,

WEEREK TH#., 50 mM EDTA 5 pl, 10 N NaOH 2 pul % K&
WHRIZHEML, 65°C T20 EEFLEBEERIEEZELELE, S
MEFB AW ZMX TCREBERO pHEFHICHE L2, RIGEIK
M HE# SN cDNA ¥ —7 Z 8T 5 7= 2 QlA-quick PCR
purification kit (Qiagen, Hilden, Germany)%® F \W 7z, B L 7= Cy3-
BELO Cy5 i cDNA v — 7 X, Microcon-30 ultrafiltration
device (Millipore, Bedford, MAY% i\ C 24.5 pl ITEM L 7=,

AR ZBR T IX Yeast chip ver. 2.0 (DNA Chip Research, Yoko- hama,
Japan) Zv A7 a7 v L LTHEAL.v~M1 727 1vfDv=a
THEE>T AL TIVEA - a vy ROBEROBRELZIT- I,
Wk, B Liz~vA 2707 LA1X FLA-8000 Fluorescent Image
Analyzer (Fuji Film, Tokyo)% FH W CTH X M E %2 H A~ B Y |
GeneSpring 6.0 software (Silicon Genetics, Redwood City, CA)% A
WTTF — & DR AT > T,
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% 3 gﬁ %W\;ﬁg%

® 1 XA FHEEREACEREREO T F /) — VIHE

TH ) NTHETIEBEABBIC L > TRVEEREE OO &
OThHDH, BEARNICEI=F ) —VIBEDR 20 %IET HIFEHE
BIZAVWON2BEBEERI. BV X ) — Vit aFE o2 & TH
H AL T % (Casey and Ingledew 1986), EEEF K-9 & EBR=EE
B X2180-1 0= Z ) — Vi Z 5 %EB X O T7T%ERD L DI X
J—VEWRMUZEMZ AW THFM LR L Fig.l IR,

A 1 10 12 105 100 28

-
- o N

Increase in OD 660nm
[=]
tn

0Lt
0 4 8 12 16 20 24 28 32
Incubation time (h)

Ing
o

»N

X2180-1A

-

Increase in OD660nm
o -k
n o

0
0 4 8 12 16 20 24 28 32
Incubation time (h)

Fig. 1. Ethanol Tolerances of S. cerevisiae K-9 and X2180-1A.

The growth of K-9 (A) and X2180-1A (C) on solid SD medium containing
0, 5, or 7 % ethanol. The series of spots was made by dilution of the yeast cell
suspensions of their cell density at ODggo at 1.0 by 10 times. Yeast cells spotted
on the medium were cultured at 30°C for 48 h. The growth of K-9 (B) and
X2180-1A (D) in liquid SD medium containing ethanol at a concentration of 0%,
solid lines ( — ); 5%, dotted lines ( *--- ); 7%, broken lines ( — ~ ). The yeast
cells were inoculated at ODggo 0.1. The growth of the two yeast strains was

measured by ODggo every 30 min at 30°C aerobically.
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X ) =Nk El SDEXRKM ETOEREER X2180-1A O #
X, BHEEBEEKIDOLD LT D DRI LD, F
o, =& = vEET SD KM TOERERHR X2180-1A ©
WL, =% ) = VEEERVERTOHEMBICHEE L TELIE
NTEY . BEEBRBRKICROLNIHEEOEBEN LIV bEFICKE
WZEBGMhDL, TOMENDL, BHEER K9 IEREZER
X2180-1A IR T ¥ ) — LV ERIBEB VW LR REIN T,
TANITRTa—LVERENET LT erg6 TER ¥ ) — V&
ZHEEER T EWV DR EDI DL (Inoue et al. 2000), = & /
— N2V TRAT e -V ERPEEREHEZRZLTWVD
TERBESR TV L EBEX . A OHEBEE T TOHE
B K-IKROPERERES X2180-1A D VT AT u— LERED
D EAT o T,

2 e DEEEFHT CORBEEEIAVCERERTOK
T RT H— ) E

SD LM T25C. 96 R BB LI L X OFHEER K9 & E
BREBR X2180-X Oz LI AT u—LEIEZ., T EFH 16.5,
5.8 mg/g dry cell weight TH Y |, HEER K-9 OB VTR T 1
— A B EREED X2180-1ADF 3% < 72 - T 7= (Fig. 2),
WIZ, BIEBEIHICRZ IV a —ABERELI LY, BEENE
BB EPBRO NIRRT o - LVERICEEBLTCVWSE DT
ThwvwheEEZ SN a—2BRELEEEOR LT RTF 0 — )L
E~OEBIrRIT L, FAha—REMETo72 ¢ 20 EHER
K-9 L EREFER X2180-1A0R VI AT a— LE% Fig. 21
RLE, BHFO I Va2 BEEZELSTSL, BHEER K-9,
EBRERER X2180-1A L bR AV TR T — LV ETHEML TV
oo ZNVva—2A0RPYVIZ, D-YVE F— L FE 72X NaCl T 5 %

14



TN a—RLFALRRDEIICHEBMOBREELZREL., BFEMN
Mo N TAT a0 - VBRI TEELZBIT LN, 2hb O5HE
TTEHI%Z7Va—RE2E0HMEIV b LARD LI RT 0 —
NEBEE DR o TV,

40

35 L 1Ko
X2180-1A

30
25
20
15 |
10 |
5 -
0
Glucose (%) 1.0 2.0 5.0 1.0 1.0

Sorbitol (%) - - - 4.0 )
NaCl (M) - - - - 0.3

Ergosterol (mg/g dry cell weight )

Fig. 2. Ergosterol Contents of §. cerevisiae K-9 and X2180-1A.
Each type of yeast cells was cultured at 25°C for 96 h aerobically

in SD medium containing glucose and an osmotic adjuster respectively.

CNDLDRERNPL, I NVa—2A3BEORTNVIRAT a— VE
EHMSEL29RDBL2D, TO0OHRIZBBEREICLD SO TR
W B ghol, Fl, B LEETOLEHT CTHEEER K-9
DT NAZRT o —VEITEREER X2180-1A LV 2L 2o
TWie,

15



% 3 H BMBEROTEY ) —NVRBERBROBZ VIR T o — VE
CRETEE
BHEBEEIEBRIERETCHY . T LZOTLVa—VREIIT 20%
CHET D, TN ART - LVERCESFREZLPILETH D
KB L T HHEERBIIERBREOEES AH 0O T T MK
DEBEEZERICHEFELRTITALERZORV, EZCHEEBEETRO LV
ARAT = NVERICEZLIMBOXBELMNT L I,

20

15

10

Ergosterol (mg/g cell weight )

A B C

Fig. 3. Influences of Oxygen and Ethanol on Ergosterol Contents of Yeast
Cells of S. cerevisiae K-9 and X2180-1A.
Yeast cells were cultured at 25°C for 96 h in SD medium containing

0% (A and B) or 5% ethanol (C) with shaking (aerobic, A and C) and without
shaking (hypoxic, B).

EHEER K9 RO EREBER X2180-1A 2 SD A CTIRE
EOHE T 25C. 96 Bz L., o rdxgu— 1vELYHE
Lz, BEERETCIESRERBICHEBK L CHEBEERS K-9 T 1/4 12,
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EBREREFT X2180-1A TiX 1/2 1284 L T iz (Fig. 3-A, B), BB
R K9 ORZLVIRXRTn—VEBEEIHEERELZITI Z LI L -
THEREBER X2180-IA KB L TREIBALALTNER, £h
THLRBEREERN X2180-1A DR VIR Tu—LELYHS
KRoTWe, ZOXHC, BHEEREKIFIRE, BBEOLLH
DEHBHTHEREEBERBIVLE VWD LVI AT o —LVERELH
LT B b Rmey o,
KICEEBECRBVWIEREREEL TS ) — LB, =
NIRRT U= VERIECERETEERBEHENR L, 2V TRXTF 00— )L
HEBEEOT Y ) —AVHEICEE LTS 2L, =28 ) — LD
FERBBOZINVIATF o L EREEHEMEE 5O TRV,
EEZONTERN . 2 F ) - VX BEEERKIDODKRZ VIR T 7 —
NEEZEAD I HE TV (Fig. 3-C), EBREER X2180-1A OB = L
2T — LERENMLTCVER, PEIVEBEEEROR - LI X
TR —VEBERIEREEREOLBD LV HEI o T,

% 4 H MERYZZ ) —ABBEROT7 Y - LT RXT 1T —
NVEICKIFE TR

INEFTCHRARTELZIOSR,. ERMEREL=FY ) —VEBEFO
TNTRAT - LVEREBDTIDIRILD, 200 XEETLE
WWHkBEBTLHIERTHY BEFONLIAT o — LVERICEESL
EZTCWAHHBEBERS L, T T ¥ ) — V2 EEBIBOHEEDE
FHMICHFTT 6L L, BlcbRkLdic, = pvaday
P EMBERETHELTVWS ) -0 T AT E— VL
BHEERNCERSNTWSE AT r — LT AT L0 0KE
THEELTWS, 7V —Dx AV dRFu— x5 7 R E
HICEBEL,. =¥ ) — VREBICERR Pmalp & 45 % Gaslp, Tat2p
REBMUEBEET DN OB DF Y NI EOBEEFICESE LT
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WarbEEZILN, 7YV DV ITRAT R LVOEBNEEFR O
) — )V ICEETCE ARV EEZX, 7V —DT VT RAT 1 —
NWEARATO— LT ATV ESMLTCTHELE, 7 —0Dx TR

Fuo— iz rdATa—LORKEENEZ Fig. 4127 LT,

15 15 1.0
° ::: ° :.:':" ° E o :.::
2% BF 2% B3
3210 25 %2 2%
53 5% 53 3

S £

Sz 5z g 5z
go S go fo o
2§ £g °F L8

o L 1 1 Il 0.0 0 ] " 1 1 0-0

0 24 48 72 96 0 24 48 72 96
" Incubation time (h) Incubation time (h)

Total ergosterol

( mglg dry cell weight )
Free ergosterol

{ mg/g dry cell weight)
Total ergosterol

{ mgl/g dry cell weight)
Free ergosterol

( mglg dry cell weight )

L

0 24 48 72 96 0 24 48 72 96
Incubation time (h) Incubation time (h)

Fig. 4. Time Courses of Free and Total Ergosterol Contents of Yeast
Cells under Aerobic and Hypoxic Conditions without Ethanol.

A, K-9 cultured under aerobic conditions; B, K-9 cultured under
hypoxic conditions; C, X2180-1A under aerobic conditions; D, X2180-1A
under hypoxic conditions. Yeast cells cultured in liquid SD medium
without ethanol at 25°C. Open circles, total ergosterol contents; closed

circles, free ergosterol contents.
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REBELEZETCTIR.BEERKIOR LVIRT o — L BIHERE
RERI O RBIZIE T THEM UL 15 mg/g dry cell weight 23 L 7= 23,
HEBEABHETTCRLBA LTV (Fig. 4-A, B), ERERF
X2180-1A DRV TRATFTu— L ERZRE., $EBEE L L ICHE
KREAORBIZEADLLT RKERE/NIZTR D b - (Fig. 4-C, D),
BHEEBED K9, ER=EER X2180-1A &2, BB, BEEE Y
V=D VTR T7Tu— )L IHREH 48 KM TR ICHiML T
W, BEBEKITE 7V - rvdRTu— ik, BE., &
BOWMBELZHET CEIERLTHDLIN, EREFER X2180-1A T
HEB R LB L CHERECH Y ) D= TR T a—
BEIBEALTRY ., BB SHBoO 7)) —xo v XTF o — VEX
12 THo Tz,

TH )= LVOBFEERBRI AL TZATF o — L BICEBSBLTWVWS D
LPERINTEOT  BEBRLF ) — A DB R VI RT a— b
B 7V —Dx VIR Tu—LVERXHERNREELYE Z TV
DR & % 7 (Fig.5)e =& 7 —VIIEEER K9, EREER
X2180-1A it rd2xFa—LE, 7V —0Ox LA RXT @ —
NBILEEBYBEZ TCWE, =X ) —VOEMIZEYD, o LI R
Fu—LBREO LTV, REEECOBERE K9 & #E
R CTOEREREE X2180-1A TR LT XF o — LES KX <
BOLOLTWER BN LEE2TORESLSGE T CHEBEER K-9DR
T ARATa—)VEITERERT X2180-1A XV b2 WI & 2K
BENF, =2 ) —NiF 7)) -0 A TATa— VI RE R ERE
ZRL,.S%DO=F ) — VIRMTIE, BB BHEHRICALATHE
—BHR 7Y -z AR TFa— LD LARNEE - BBEEL DL
HOLNBRLSRoTWE, Z)—Dxz VI RXATFTa—LDEIEF K-9

IRBEGTLHELXRGETTCRERLELTH - 2D, %%%%ﬁ
Xmm1A<i% FBETTHEALTVWEZ R oT,
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Fig. 5. Time Courses of Free and Total Ergosterol Contents of Yeast
Cells under Aerobic and Hypoxic Conditions with Ethanol.

A, K-9 cultured under aerobic conditions; B, K-9 cultured under
hypoxic conditions; C, X2180-1A under aerobic conditions; D, X2180-1A
under hypoxic conditions. Yeast cells were cultured in liquid SD
medium containing 5% ethanol under aerobic and hypoxic conditions at
25°C. Open circles, total ergosterol contents; closed circles, free

ergosterol contents.

% 5 I BFHEEBERBOZLVLIZAT o —VERER T OXAME
B

BB KO ERERR X2180-1ACKEBE LT LA RT

—NVERE,. EEEBEEOBCEVI oo, BHEER K9 D

CDEIYBBEBA NIRRT - VEREBREFORERBEDE W
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X560 E S5, DNA < A
7 a7 VA& R TN E AT
S, Bl K9, ERER
X2180-1A & % {Z SD & K #5
WMLz 2 BORERELYIT
h— &/ RNA ZHi i L C
WEEBMBEIEE ATV, 2 H O M
MLl 7T LA ~DN
AT VEFA X HELEEHRDOA
NBEXEZTWREEAMT L,

~ A4 7 a7 LA THFEIT
ST 19D VLT RTFr— e
FRERFDOO S, EBEER K-9
B WT 9 BERLFPRERER
B X2180-1A 2 th# L T 2 fF UL
EFHEBE L TEBY (Fig. 6 B XV
Table 1), EBRE B & X2180-1A
KEWTHBEER K9 £V
BMEBRLTVWLIBEETFIIRAD
nRhot,

BHEER K9 KRN A
NARTFur—VEREBRETOD
EmERLIBEEESEOS VW L
dATa—)ERED—RK L
Ezxzbh b,

ANN
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i
acetoacetyl CoA
ERG13 1
HMG CoA
HMG1 l
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!
1
1
l
dimethylallyl pyrophosphate
ERG20 ! 2.5 (0.000186)
geranylpyrophosphate
ERG20 ! 2.5 (0.000186)
fanesyl pyrophosphate
{

3.3 (0.00311)

2.7 (0.00179)
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!
1
4,4-dimethylcholesta-8,14,24-trienol
ERG24 ! 2.4 (0.00317)
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ERG26 ! 2.2 (6.02E-05)
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ERG6 1 1.2 (0.328)
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ERG3 1 2.0 (0.0018)
ergosta-5,7,24(28)-trienol
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!
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Fig. 6. Overexpressed Genes Involved

in Ergosterol Biosynthesis in K-9.

From DNA microarray analysis (n

= 4), overexpressed genes involved in

ergosterol biosynthesis in K-9,

expression ratio compared with that of

X2180-1A, and p-value of t-test.



Table 1.0Overexpressed Ergosterol Biosynthesis Genes in K-9

Gene Gene product Ratio p-value
ERGI3 CoA synthetase 3.3 0.00311
HMGI HMG CoA reductase 2.7 0.00179
ERG20 farﬁesyldiphosphate synthetase 2.5 0.000186
ERG24 C-14 sterol reductase 2.4 0.00317
ERG26 C-3 sterol dehydrogenase 2.2 5.02E-05
ERG6* C-24 sterol methyltransferase 1.2 0.328
ERG2  C-8 sterol isomerase 2.0 0.0209
ERG3 C-5 sterol desaturase 2.0 0.0018
ERGS5  C-22 sterol desaturase 2.1 0.00472
ERG28 unknown 2.1 0.0251

*ERG6 was not overexpressed in K-9, shown as control gene

%4 5 w3

BBRE,. /=J/ —VRE, ARZEE, BE. 7 va—2R
EREPBBCL TEERESAGIER R bOLBEXOND, &
EEREIMOEXRABRECEBL TRV Y ) — Vit & & -
TWBZ ERHMB I TV N (Casey and Ingledew 1986). A #f 38
CRERWTHHEBEBER S cerevisiae K-9 X, RBREBER S cerevisiae
X2180-1A L N T HEFEHM THEREMTLZF /- % 5%
WML&EBHCT, BOEBEELRLE (Fig.1), kv d X F
P VIEEROMBEROEEERS =X — VR ICEE 2K
HERLZLTWDZ RSN TV D (Bloch 1983; Alexandre et al.
1994; Swan and Watson 1998; Inoue et al. 2000), KL DO HF CTHEE
B KIIERERRS X2180-1A B L THIFoRo L IR
THu—VEEROIENREINTL, BHEEREIH 20 %b 0= X
S NVREEZERTLOIILENTELD—HAEZORV X/ — )b
METHLIEEX, I NVa—RARE BEE, KBHE, =&/ —
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NR EHBEBRESICHEET I LEELPRAABRBEERNRI = VIR T 1
—VOMBARNOEBRHIZEDL I REBEE XTI NMBIFT 5
Te®io, BIEMER K-9 & EREEE X2180-1A OMBAN =L I X
Ta— VO EITo T,

BREREOS VAR FAITRAT o LVAREEET I, B
BEREERRL I rva—20x T RATFun— VAR T 5
MEDRIBBRECLZbOTRERARVWI ER Lok, T VTR
TH—NVERIZIEEZ D ATP 2= X V¥ — & L CE L (Parks and
Casey 1995, ¥ 2= VT RXTF a0 —VAERDAZ—FERBT EF
WV Co-A bMBERPOLHEBRENTVEZ NG, BP0 /L=
—AREREFHI LD LI oT, 2 X AFXF—HHERRERROD
MEPEZV . BordxTu—LEBOEMABRREhZbLDL
ERADD, BICHEMBRBITPILETHD EEbNh 5,

T IARAT = VERCETSFRBEBIBLPLETH S 2O (Parks
and Casey 1995; Daum et al. 1998), HEHEEEICI T 5 KB B R E
HEBEORZVIAXT o —VEEERTI®L2LETHEINE, &5
W Z ) — VX BER O @ # P (Tierney et al. 2005)° = )b I X 7
n—VERICEEEE 2D L Wbt TR Y (Walker-Caprioglio et
al. 1990; Koukkou et al. 1993), T b _>DERIXBEBEER K-9
BEOEREMES X2180- 1A DRI AV IXTFn— L EEETSE
DHMBENRAEONTZ, LAL, KA TCHRAEZMALETOEHET
T HHEEBERFKIDKRZNVITRAT o - LVEITERERER X2180-1A
IV B2 BHEEBBKINPHEEBECHETALEETTLE L
TNIART—VEREZHEFELTWVWDI EWVWR D,

TAdRTe— ViIEBEREMARP T, MREECHELTWVWS Y
=Dz pFR7Tun— ) EEENICITBERSAL TS AT 12—
NEATNEWVW) ZODHBRBTHEELTWVWLIN, BICFELT 7
hPOBREBLCTHSY V7 HOBERFCHEOEHIECHS
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LTW3 7Y —0xdRTFr— LOER, BREMIEOHEEER
WBLTHEETH»L2 LLEDND, BBELZHFETCT, BEBR
KOOI AITRATa—VEBFRESBILEN, 7V —D=x L
2T u—NVEOEDITIIV, TREHEBRTLLERERERR
X2180-A CRHEBEFLGTTCER AV ITXT r—LEDFEDIX
MEWVWHR, 7YV =0z ITRATa—LEEFIREIBES LTV,
CORRNOEBERES K9 IEREBRBICEEL TEBRESMHE
FTTHL7V—Do VTR Ta—LVDERAFTRAEZ ARSI
TWs EEZDBND,

EHR,. =X )= VOBFEEERBEMBEO VI RAT a—LDK
AFAZVARLRKREVWEEZRF>-TWL I P bhole, =& 7
— NV EEHPICEMNTA LI LY, BE SEHERICRONE—
R 7 ) —0xzrdRxATu—LVEOEEPRLRERS ol
EBREER X2180-1A THEHRZ VT AT o — VEOBDIE/HE WD
IENB, 7Y DI ATRATF oL EO—BHARALERR O
R BpoleDE, 2V IRXATa—VAEROHBEIPIEREREEIETEZ 2L
nNiwnw, $fe, B2 7)) -0z IdxATa—VEDEFITR
BN TH  R—RAEARBZT7)—Dx VT RATu—NAVEETIELLOD
BRETHLEELTWVWE, TLHLORBR»L, 7V -0 VA RT
E— A DHEAFRAFZL AT NIRRT o — LEREICITREL
EBINT . BBIELHETOZY ) -V EETCHLROMBEMER
WHEBERZY —xAVId2ATF 0 —VDOEBEFE-~-TWVWEEEZILN
Do | |

BHEHBER - ZEREERL DI, EER2MROMELERT
WDIZ7YV—DxzpdRTur—LVEEZaYy b —A$T5Z LI3E
BETHHIN, 7)) =Dz )VITRATFTa— VDY F—N—=LEZ LR
HBATH—NVZAT VIRV ITATE— LVEDH 65~99 %&
HESN. BEEMATLL2TOLRG T CHEBERE K-9 T ERER
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B X2180-1A LV b=V TRTu—LVER ST, ZTHHOD
EEMNLEBEHEERCREIBEVVIAITZATFa —LARKREIC LD BB
L7EATae— AL ATV eFBAL, BEBRESY ) —VEETLE
WIHI T AVITARAT e —LARPETFTI2REOCFTLMBELIC
GETDH7)V -0z NVIRT e —LVEEHEBFETLHIZILTHBER
BETCOLEFERMREOBEZE > TWVWELEEILRD,
INLORBEIL, DNA ~A 707 v A 2HVWEFEBEER K-9
CEBREME X2180-IA DT A TRATF R — A SR ERFOREE
DHBHRELL-HLWVWE, 2AVITRAT - LARELBETDD
Ho 9 OKIEEER K9 CERERERN X2180-1A XV b HEEHRL
TV, B L d27F e —LARD LR TORBEEL 2o T
W% HMG-CoA V¥ 7 Z —FB % a— KL TW5S HMGI & X7 v —
NEABRBEHEHAKOBRLERD VRN IJEEa—FLTW?3
ERG28 (Veen et al. 2003; Mo and Bard 2005)® & 3 3 0\ 15 1 % &
DEWZLVIZATFTua—LVERE,. SOLEHEEEROG W X /) —
NI EEEL TS L Ebh 2, BEBRECTIIERE, B ¥
JmNVBELI NIRRT o -V EREBRTIELIEXZHBIER-
TWAR, BEBBOB VWL IZTFa — LARERI DL R
BETTOZY ) —VIEOHBFIZORD > TWVDEOTEARN
7259 b,
BEHEERLERERBBOALIAT O —LAREBTFOXE
DEWIL, S. cerevisiae S288c H K O KB EFF X2180-1A TR &
N5 HAPI DB R BNEE & % % b % (Gaisne et al. 1999), HAPI
i HMGI 21 L LTHEHB oLV I RATu—LVERKRERTF O
ERERFEABICEENDI X A 7EE%a—FLTWS, &5
WIEEEBERBER O HAPI # EFBREFER X2180-1A CHEALLELKO®
TATRATF - ALARERBTIORB Lo AT RTr — VA RE

DEBRICEBLTELSRDLEWVWIHESL R I TV B D (Tamura
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et al. 2004), BHEHERFROZ AL I XTF 0 — L& KO Hl #1225 TiX
SOHIZHEMBHELEDDILEN NS LEbI 5,

INET.EBEOZ ) — VI DWW TIIEERME DKL
AT = VEBEIZOWVWTOLZBEBHEBIMA N TR KD
FC.BEERKIREBRBIESEDY )  —VEETELEET LR
T ITATu—LVELTZT) 0o AT 2T u— LVEEGELERS
TOHOIERRIN, 20X RBEERORIZG VX J — L
MEC 2B > TWDHEEZLNTE,

B 5 Hf /N

BEOMBKEOREBEHMBFET 2D NV ITRAT o — L idHk
BRBEEATTHOY, ILETOVEREO Y J — ViEICEER
BRXRTHHZ PO TV, BRAxid, BHEEBERIC 20%b D
My ) NVIREZERT DEBEER Saccharomyces cerevisiae
K-9 & ERERE X2180-1A OMBFO VT XT 12— LB
LTBESFERED LY R EEL S 20 REEMX 2, BB
HKITERZT-LETOERENHT T.EREER X2180-1A
IDVbZVWRNAIRAT o -V EEFODZI LB lo, =&
— L EEBRBREFFOKROBRT VI RAT o — L EICH L CHR
BB RERT LY, BRICEREER X2180-1A D7 U —=
NAZATa—VEBRIREZMHDRERLE, —F, BEBR
KODZ7 UV —x=NdAXA5u— VBT HIEEBINE o1z, B
BEEBTTO7Y —Dao LT RATFTn—LEBEOEWRA LT ALY
AHMEFBRADPFERBOEEREHR Lo T O b MR
W, DNA A 7 a7l ALz rIdRATa—VERERTO
REBOHEBRICBWTHHEREMER K-9 TRHRERERE X2180-1A
CHARTEERLTVWIRETRERbNE, |
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B 2E  HESTF ) UANAFAo L EEMERKORE S
HEOBR R L BT

51

o
i}

S-TTF )V NAFF=U(SAMIRZ U 78, KB, £ ¥HE,
VUVEE. BVBOERLEDI A TFALERELRTHY, 2 TOEYIC
BWTHLERI XL X5 CTH % (Tabor and Tabor 1984) &
EBRZ,.EMT7T IV BAEASKHRBREORBHAGICEE T 2/ED L
LTHELEZED TV 5 (Thomas and Surdin-Kerjan 1997), — 5. E
ZR R T SAM X 7 v = — L M BT BE 2 (Martinez-Chantar et
al. 2002, Purohit and Russo 2002; Lieber 2002), % -2 %% (Mischoulon
and Fava 2002, Saletu et al. 2002, Nguyen and Gregan 2002)., P&
%% (Padova 1987, Bradley et al 1994), 7 /LY /)~ 4 < — J% (Morrison
1996, Newman 2000)72 Kk x R RICH R D HEaWTH D =
EBR RSN, BEEMELTOREQRAEBEPIRHINLTEBY, 7
AUBTIE 198 ELDL NIy TAMNTRETHEATEDZ T
A FELT, 33—y RXTIE 1979 FENLMFEEL LTHH
ENTVWD, TOLHIICSAM OFEEHEMAAAELTWVWBEIZY
b ERCEBTHL ENDHERD R VEREFENEE
NTEY,ZHNETIZWLS DD Saccharomyces cerevisiae % i\ 7z
SAM O R AEFEDRANB SN TV S, Shiozaki b3, BE.
M. D C L BORE 2 A & R B D SAM A JEME &K < B
S. cerevisiae . L b BHEERO —HPEFICERBE O SAM %
MEPNICERT 22 &% R L7k (1984; 1989), £ 7 Shiomi b X
TFF VM EBTEAEBORGHERICEAT S LT SAM O
AEZENMIEDLIILENTELILELHRELTWVDH(1995), TnbD
RAICLED LT, SNETH T Y AL R &~0 % L5 B
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BEBFREZHEDRY SAM B EHBBEBONEN 2B FEIX
HESh TR,

SAMDBBEELTWVWAEREKIED O E DIZS. cerevisiae I BT 5
TNVARTu—VAERBEEN DD, TORBKETIX, FEAT
=V ERG6 I3 — RENDHA24-AT 2 —V-C-AF VKT A
727 —F (EC 2114 KXo T V7 xaRxATFue— VitEHBEIH
% (Parks 1958), TDO K C.SAM i A F NV EffL 5k L LTH X,
H#%E X % (Fig.7) (Dickinson and Schweizer 1999),

squalene

i ATP S04
A\

zymosterol methionine \
ERG6 @ s S
| )
SAH

fecosterol _ O-acetylhomoserine
M adenine

€<€<€

homocysteine

ergosterol

nystatin

Fig. 7. Principle of the Nystatin Selection Method for the Isolation of
SAM-Accumulating Yeasts.

SAM is consumed at the transmethylation step as a methyl group
donor in the biosynthesis of ergosterol. Nystatin, an antifungal reagent,
interacts with ergosterol in the yeast cell membrane. Some of the
nystatin-resistant mutants will have deficiencies in ergosterol
biosynthesis, and will consume less SAM than their parental strains.
Thus, SAM-accumulating mutants can be isolated efficiently by

nystatin-resistant selection.
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—FH . FTAREZF I INRNETCRRoANTRAT e - LERRER
RO ZBIRICH B & T&E & (Trocha et al. 1977; Molzahn and Woods
1972; Barton 1974), 7 A A Z F VIZEO VIR TF o — VIIHEE
L.ROBREMEZ PR SEIZ LRIV AEHEEAZ R TILAY
T & v (Kobayashi and Medoff 1977), HBEFT OBERIZO AN EE
AERT I, REEREKEORBRMFECISAHVLENRT
BV, Inove LIXZIDODFARFFURBEHEETAVWTZF 7 — LK
ZEBROBPBICHDLTWVWL , HONEERRKRSEKE bET ergé
CEROBLIZHETHY, ooz VI 2ATa— VEITHEKICK
RTAHRWNWZ EBRE T (Inoue et al. 2000), AW THE ~ 1%,
IAEAT R A DARBTERL Ro kKT, WRSh?
SAMOENDRLSBRDZZEREY, BHRICHSATSAM A B EME
THDODTERWDLPEWVWIRMENLT, TAREZFUMHEICELDY =
NIARATa—LVAEREBRKRZRBIRT DI LI LD S. cerevisiae 0
5D SAM BEBBKROBRFEOREZ2RAL, . Bohk
SAM ZBEEEROY I ALV MELTOFMABORMESREZBRS D
W RS O SAM OZEM & HLEIZTOWT b T &2 17

> T,

2 Hi EBR 7 ik

&

N HREK - BEFBREKROBER O E&H
ARFFRTCHERASINTZEHKZ Table 2R LT, =&/ —VEE
PEE B es-5 XTBEEEER K-9 O — 4% SY-32 X Y Inoue DI
X o THEB &N Q2000), Xergd T EBREBFR S cerevisiae
X2180-1A 2> 5, Aerg4 L Aerg6 X S. cerevisiae BYA4T742 7 5
kmmwmﬁ%KEmmQMEKMEMMmW@%n%nL%'
TH O 500bp 222 WEPCREETHAVWTHERLEKTH B,
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YPD 35 HE (2% BER=FX, 1% X7 MY, 2%D-7)a—
R) BXOSD EH# (0.67 % Difco yeast nitrogen base w/o amino
acids, 2% D-Z7 Va3 —R) TRBERMELMETHT7 I/ BEHE
BEWRMLTHERLE, TARXRFZFUMEERKOBRICIT. YPD
BHIZ 50 pg/ml B L5 TFAREZF U E2Mia-BREMY
Hnwr, BRO SAMEFBEEOHEICIT, SAMOERERET D
T, 0B (5%D-7Va— A 1% peptone, 0.5 % yeast extract,
0.4 % KH;PO4. 0.2 % K;HPO4, 0.05 % MgS04°*7H,0., 0.15 %
L-methionine, pH 6) % H \» Tt #& % 1T - 7= (Shiozaki et al.1984),

Table 2. Strains Used in This Study

Strain Genotype Source

K-9 sake yeast

es5 MAT @ lys2 erg6 Inoue et al. (2000)
X2180-1A MAT a | laboratory yeast
Xerg4 MAT a erg4::kanMX4 In this study

BY4742  MAT « his3 A1 leu2 A0 lys2 AQura3 A0  Invitorgen

Aergd MAT o his3 A1 leu2 A0 lys2 A0 ura3 40 Invitorgen
ergd A ::kanMX4

Aergb MAT & his3 A1 leu2 AQ lys2 AOura3 A0  Invitorgen
erg6 A :-kanMX4

g 2 B T A RZF ML RO REFE

S. cerevisiae K-9 & " X2180-1A % YPD £ #1 |2 T 30 °C T — Wi,
RECTHIEREZITV., BEL0AMICCEF LEE., BEKTHRE L
HEEELEOBEKIC 2.5x107cells/ml & 725 X 5 ICEE L. &
MEHMICBRLE EFE10~20%E 22 X O2ICUVEHEITD,
30  CTA4HMBELERZABTLTCE kan=—%2HEEL, &
AR FUMEEREK L L TIEL L,
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% 3 H BEBICEEND S-TFT VYAV AF A= OERTS
%

BEREE. 4 mlO OFHIC—BE&HFMEE L. 30 °C 2T 48 K fH
BREEREZIT o L B0NTEHEIZKMBEE KT 2HEHBER L .1 ml
D10 %BEERBAKBRICBEB L, Z2ET 1 EH,. BOorIcER
LB L %17 o 72 ® 5 (Shiozaki et al. 1984), & .0 B2 T
BN EEZ 045 um O 7 4 VX — TP L . Accusep fused silica
75 pm x 60 cm (Waters Chromatography Division,‘ Milford, MA,
USAHZERA L., ¥ 7 U —BXR KB ¥EE Waters Ion Analyzer
(Waters)% i \W T #l &8 L 7= (Panak et al. 1997),

%/ 4 H S-T7 ) U NVAFF = EmEEKOHETESEME O
(i
FTARXRZFUMBEERKLE LTEREINLTE SAM BEREKEO =
27— NVEETTOEBERMEIL, YPD AR M# T 30°C T—KIE
BERBLEEREZ 5% X% 7 — VIO YPD MK & £ #1112 ODgeo 28
0.1 2B X2ICHE L, 30 CTIREERELANL 300X
ODsso ZWE L, =& /) — VERMCTCOBHEEE LR L,

% 5 IH BERIZEENARZ NIRRT o —LEDERL AT
m— L O FE 8k

BEREIZ, Sml D SDEMIC—BHE&HFME L. 30°C T 48 B IR
BERR T, BONETHEHAORD VI AT u—LEBIIE1E
B2 FEIBHRXRLEGFETRELE, FEBEL»LHMEBEN
TATFu— L OBEMEIoALIXATFae—LDDEELRLLEHRED
HPLC T, EAT v — VEGPE—-Y— 7 LR 2% E THE -
BREIToTe, . FEHSORBHRBICRFCEL TIX., N,
BREITOTLEHREBR TITo I,
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% 6 IH 27 a— N OFEEFE

BERMOME - R IhEXFTe—1iE '"H NMR B X O ¥C
NMR X O* GC-MS IZ L > CRIE%41T> 7%, 'HEW® “CNMR o
FE 1 CDCl; J& it T JEOL ECP-500 spectrometer % W THIE L
72 CDCl; @8y 7.24 ppm B & Wé¢ 77.0 ppm D ¥ 7 F /v % NMR
AR MNVOREFEEL LTERALE, AT 2 —1L0O NMR ¥ 7
F ik '"H-'H COSY, HMQC B L 18 HMBC A X7 A2 & v B /B
L7, GC-MS A7 k/LiZ Shimadzu QP-5050A spectrometer % Fi
WTHIE L,

AFa—) 107 F ik, 'HNMR (500 MHz, CDCl3) & 5.93 (d,
1H, J = 15.8 Hz, H-23), 5.57 (dd, 1H, J = 8.9, 15.8 Hz, H-22), 5.55
(m, 1H, H-6), 5.37 (m, 1H, H-7), 4.82 (d, 2H, J = 15.8 Hz, H-28),
3.60 (m, 1H, H-3), 2.53 (m, 1H, H-25), 2.45 (m, 1H, H-4), 2.26 (m,
1H, H-4), 2.13 (m, 1H, H-20), 2.06 (m, 1H, H-12), 1.96 (m, 1H, H-9),.
1.90-1.84 (3H, H-1, H-2, H-14), 1.76-1.62 (3H, H-11, H-15, H-16),
1.59 (m, 1H, H-11), 1.46 (m, 1H, H-2), 1.41-1.22 (5H, H-1, H-12,
H-15, H-16, H-17), 1.06 (d, 3H, J = 6.6 Hz, H-21), 1.06 (d, 3H, J =
6.6 Hz, H-27), 1.05 (d, 3H, J = 6.6 Hz, H-26), 0.93 (s, 3H, H-19),
0.63 (s, 3H, H-18) T&® - 7z, '’C NMR (125MHz, CDCl3) ®F — &
IX Table 312/ L7, GC-MS KX > THFA A2 ¥ — 2 %m/z394
WER SN,

AT 1 — /v 2 (zymosterol)® ¥ 7 F A%, '"H NMR (500 MHz,
CDCl3) 8 5.07 (t, 1H, J = 7.1 Hz, H-24), 3.60 (m, 1H, H-3), 2.10-1.92
(6H, H-7, H-11, H-12, H-12, H-14, H-23), 1.90-1.78 (2H, H-2, H-23),
1.73 (1H, m, H-1), 1.70-1.47 (6H, H-4, H-6, H-7, H-15, H-15, H-16),
1.66 (s, 3H, H-27), 1.58 (s, 3H, H-26), 1.47-1.01 (11H, H-1, H-2, H-4,
H-5, H-6, H-11, H-16, H-17, H-20, H-22, H-22), 0.93 (s, 3H, H-19),
0.92 (d, 3H, J = 6.6 Hz, H-21), 0.59 (s, 3H, H-18) T & » 7=, '*C NMR
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(125MHz, CDCl3)®D 5 — # % Table 3 IR L7, GC-MS BT

SFA A — 71T m/z 384 |

Table 3 C Chemical Shifts® (ppm) of Isolated Sterols.

BB SR,

Carbon Sterol 1, Sterol 2, Sterol 4,
Atom Rt=21min Rt=24min Rt=30min
1 384 35.1 38.4
2 32.0 31.7 32.0
3 70.5 71.2 70.5
4 40.8 38.4 40.8
5 139.9 40.8 139.8
6 119.6 25.5 119.6
7 116.4 27.2 116.3
8 141.2 128.3 141.5
9 46.2 135.0 46.2
10 37.0 35.7 37.0
11 21.1 23.0 21.1
12 39.1 36.9 39.2
13 43.0 42.1 42.9
14 54.5 51.9 54.5
15 23.0 23.8 23.6
16 28.2 28.8 28.0
17 55.8 54.8 55.7
18 12.1 11.2 11.8
19 16.3 17.8 16.3
20 40.6 36.1 36.5
21 20.6 18.7 19.0
22 135.8 36.0 33.7
23 129.4 24.8 30.6
24 153.0 125.2 39.1
25 29.4 130.9 31.5
26 224 ° 17.9 17.6
27 22.1°° 25.7 20.5
28 109.7 15.4

a d 77.0 was used as the internal standard.
b Assignments may be reversed.
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AT a— ) 4
(ergosta-5,7-dien
-3-oy > ¥ 7 F
ik . 'H NMR
(500 MHz,
CDCl3) 6 5.55 (m,
1H, H-6), 5.37
(m, 1H, H-7),
3.62 (m, 1H,
H-3), 2.45 (1H,
m, H-4), 2.26
(1H, m, H-4),
2.07 (1H, m,
H-12), 1.94-1.83
(4H, H-1, H-2,
H-14, H-23),
1.85 (1H, m,
H-9), 1.75-1.64
(4H, H-11, H-16,
H-22, H-23),
1.60-1.47 (5H,
H-2, H-11, H-15,
H-15, H-25),



1.42-1.15 (7H, H-1, H-12, H-16, H-17, H-20, H-22, H-24), 0.92 (s,
3H, H-19), 0.92 (d, 3H, J = 6.4 Hz, H-21), 0.84 (d, 3H, J = 6.6 Hz,
H-27), 0.77 (d, 3H, J = 6.9 Hz, H-28), 0.76 (d, 3H, J = 6.6 Hz, H-26),
0.63 (s, 3H, H-18) Td » 7=, '*C NMR (125MHz, CDCl3) O F — #
X Table3ICRL7Z.GC-MSIZBWTHF A A —271Xm/z398
B ST,

¥ 7 H WIEBEBRBICEEND S-TT /) VNV ATFF =
_ D & E P
SAM B EBI LB, HEZBRLIEEBERET O SAM O % E#
#-20, 4, 25 COBRETHRFL, F28E F 28 HFIEICRK
REFHET SAM BEOAFAF AT T 7 ¥ (MTA)D 558 & 1T
of, HREBEROERIZEZEND SAM E% 100 %& L THR
FHOSAMOZEMZFML =,

% 8 IH WHEGERBERBICEEND S-TTFT ) VAV RAF A=
D Ak

ABEKOHEMEEBE L SAM EEBERE»S . HELEHET O
SAM D HEALEZA D02, BLEWEAE S T SAM il H EBR
4T o7, HC1 T pH 1.2 IZFH % L 7= milliQ IZ 3.2 mg/ml X7 ¥
VEBRM, ERITERMOBKREBLUBEMLKESGHE LTHE L,
ABEERLITIRMELZBE L SAMBEEELBEBER.37°CTYPHR
ML 22N 5 HAL %2 1T - 72 (Astwood et al. 1996), 0, 5,15, 30,
60, 120 TR EFLEL, HEZELOBEICKVBRVWERD
EHEBESICEEND SAMZEE, F28 F2H F3HIZAN
EHFETHOH LE, AERCAVEEBRBOERHE, T L3 HBEL
RAEHEOBSLHE2E F 2o FIWORLE LS IL, 10%B
HEBBERCT 1 REMEBLEZE XD SAME% 100 % LT, %
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Ks8I 5 SAM O {#E{b M %2 5 4H L 7-,
% 3 ffi EBR R

#/ 1 H BHEHEBEBEROZ Y ) —NVEZEKResSDS-TF /&
NAFF = R VA RT e —VE
FTAAZFUMBEEEKE L L TIREINT S cerevisiae es5
i erg6 TR EZKF-o-TRBY = NVIATu—LVARERIEFIZICDH
72N DT H o (Inoue et al. 2000), T/ TR T 1 — /L F KRR IC
BEROHDIHKIT, SAM ZEEBHLTVDI LV EHREY Thh
. TD es5 KT SAMEERBRBL WD EE2XDLDND, £ T,
Z D S. cerevisiaees5 LK TH D K- 9D SAME = VA AT 1 —
NEBELEZ, K9 O )L XTF 1 — )ik 9.30 mg/g dry cell
weight TH o 72, es5 TiE T 2 1.04 mg/g dry cell weight ThH
ST, ZDRERIL. Inoue b DFME & —E L 72 (Inoue et al. 2000),
— 5. es5 ® SAM X 45.7 mg/g dry cell weight TH Y ., K-9 ® 3.5
BEEL WL, TOBRIPLL, 2 AT XTu—LVEREEN

es5 D SAMERAZFIERBILEELEERXZLND,

K-9 BMoBRIYEEVL LD SAM 2&ET 5 2 LMK
# X T3 D (Shiozaki ot al. 1984), Tk« 1L F £ 2 & F o fiit %5 5
BROBIRICEL D SAMBEBRKOBMBIC K9 ZEHKELTCHEAT
k& LT,

% 2 H FTARAZFUMBERKOBMBR Y S-7T 5 /7 v v
AFF =V |
FTI0~20%DAEFRLRDEIISCUVERICIOI2ERLA
BT ofth, BREHMEZBA VT THA AZ T UMEE B L HEBEEL
oo ZIRAZ V—=v 7 LTEBREMICEI - TERESNTZ T A
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SAM (mg/g dry cell weight)

AEFUMBELERKEDO SAMBL Rz 270 — VERZREL
7= 6

K-9 2 50X 34 8. X2180-1A 2> 61X 100 Bk D F A4 A & F o Ttk
EEBEZHEBEL, TARXRZTUMEEEKOEERXIZENLETH 3X
10 & 1.0X10° Th » 72,

R, Bonle T AR FUMEERERKDO SAMERE 2 W E
L7 K9ODPOLHBLNEMBKEOTAREZTUVMEERKD I B 3
BB BRICHEL T 1.7~3 %D SAM #EFH L T 7 (Fig. 8), =
o o%E € KUNI4, KUNI8, KUN22 &4 L7z,
X2180-1A B LB LT 100 KD T A A FZF UMHEERKD S
L, SHRCHMICHB LT 42~55%0D SAM2EHL T\,
b 8§D L SAM ERMEOZ W 5 HKEENLE N XUN2,
XUN12, XUN15, XUN49, XUNS89 #kt 4 L, B THDHE
PEER K-9 1T, EREER X2180-1A £V b 4 D SAM 2 &
BLTBY., 20O EIX Shiozaki HbDOHE L b — K L 72 (1984),

80 T T T — 25 T T T T T
E
00 A i 5
0 20,
60 | . 3
3
50 - . B
.E 15
40 o
30 - g’ 10
20 =
; ~ 5
10
- .
0 | 1 b i 0 I | S
K-9 KUN14 KUN18 KUN22 X2180-1A XUN2 XUN12 XUN15 XUN49 XUN89
Strain Strain

Fig.8. SAM Contents of SAM-Accumulating Mutants Isolated from S.
cerevisiae K-9 (A), and X2180-1A (B).

The yeast strains, cultured in SD medium for 48 h at 30°C.
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Ergosterol (mg/g dry cell weight)

% 3 I S-TT ) VNMNAFF=rvEBEBRBKD VT AT o
— )V &
HFHEEE»LELNT SAM BEHEZELREK KUN14, KUNI1S,
KUN2 DO A d2A7e— LEEFEBKICZEBELT. BB X% 50%,
50%, 20% ThHh o7z, EREEBEMILELNT SAMBEMEL EK
XUN ROz IT A7 ua— VEE HPLC W X 30 Tk T
RWIE ER A LT (Fig. 9),

12 T T T E 7 T T ] T T
Ry
S
10 A - = B
8 l
L 4 2
8 ©
E’ —
of | B
= |
ar g oy
pr=1 |
[7)]
o
2 . 2 i
L
o ] ] , I 0 > ] L l | I
K-9 KUN14 KUN18 KUN22 X2180-1A XUN2 XUN12 XUN15 XUN49 XUN89
Strain Strain

Fig. 9. Ergosterol Contents of SAM-Accumulating Mutants Isolated from
S. cerevisiae K-9 (A), and X2180-1A (B).

The yeast strains, cultured in SD medium for 48 h at 30°C.

% 4 1H S-T7 J VYNV AF A= EERGOHTHE M
TARZTFUMBEEREKLE L THREBINE SAM B EEKIZH
Wizt pprdxTFue—AERBLLTCEZELL, 2T
ATH=—NVERRICERZRI DD EEZADND, Z VI RXAT v — )V
WEBEREO=Z ) —ViEICEEREFZREZL TS Z &3 H
EShTWb2n, Bbhk SAM BEMBEO= & J — Ltk %
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ODgg6o

5% Z ) —VHEETTCOHEFEHEMELE LTHMLE, HRE Fig.
10 IR LTz, BHEER K9 POBREBLEZERIT, HEONHO
BIE T R DAL 2y o 7o 03 | b S 88 5 B C o0 TR B L BLER & Mg
TOHELEELS o T W, EREBE X2180-1A O WMEBEINTEE
BRI, HEVHELPOBEKI Y DEBEIELS 2o TV,

2 T 2 T T
A B
1.5F 7 1.51 T
3
N4
1 Q\D 1
o
—* K9 *—X2180-1A
o—KUN14 o—XUN2
0.5 —=—KUN18 | 0.5 —#—XUN12
0—KUN22 t—XUNI15
——XUN49
——XUNS$9
0 L L A 0 P ! L L
0 5 10 15 20 25 0 5 10 15 20 25 30 35

Incubation time ( hr) Incubation time ( hr)

Fig. 10. Growth Profiles of SAM-Accumulating Mutants Isolated
from §. cerevisiae K-9 (A), and X2180-1A (B).
The yeast strains were pre-cultured in YPD medium for 24 h at

30°C, and were inoculated in YPD medium containing 5 % ethanol.

% 5 1§ S-TT ) VNV AF A= EERBETHENT 2 2T
7 — )L O FEE

K-9 moEbhle SAM BEBEKOXT v — VI, BHEED
A7 —VHMEREIXRR > TWE(Fig. 1), 20O &1, SAM &
ERHRONVITZAT 0 - LVERRICETMOEPLPOERNELT T
BT ELEFRBLTCNVNDS, £Z T SAM BEHEHKEO VT RT 11—
NEBRBROERZHEMICTFE NS 2®HIC, KUNI4 B L O KUN18 C

EEABDODONTEZEAT e -V IZEREY THIFE1T >, KUN14

20w
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L KUNIS D ZODHIEISAM KO AT RTa—VE, =¥ ) —
NVSUHEET COHBEREME, AT a0 —LEKRMIEIERCTHS 2
EPHL NIRRT e —LVERBREELCERIALCL TS Z &R
FHIN7, KUNI4 R KUNIS TIEHBEK TE Db LrgH S
N7 WR 7 a— /L (Sterol 1: RT=21min) R EFE L. B TELIRH
d A7 v —)(Sterol 3: RT=24min) B ¥ L T = (Fig.11), =
DI &b KUNI4 TRHRENICERL TWVWDLI AT 2 —LO@FT%
fTW, KUNI4 D=V T25 a0 —LVARROERIZOWTHKF%

177,

Sterol 1+ RT=21min
Sterol 3. RT=26min

= hSterol 1+ RT=21min
Sterol:2 : RT=24min -

" Sterol 3 ¥ RT=26imin

o

E—Storol 4 RT=30min

KUN14 K-9

Fig.11. HPLC Chromatograms of Sterols Extracted from §. cerevisiae

K-9 and SAM-Accumulating Mutant KUN14.

ﬁﬁ@héﬁ@%ﬁK@%;wMM%%ﬁ%mmmiD%%
L7eAXAT7Ta— ) )VHE 4, HPLC T VI XATa— VO EE LK X
Tur—LORRETHN BOoNZEMXT o2 — L OREE GC-MS
B X O NMR TIT - 7=,

S. cerevisiae K-9 )25 HPLCIC LV HBHEHEINBE2 AT a— i 4
BMELV . 2NV ITRTu—VOEEERTIONEMHELRACELHET
AFu— VOB EIT > %, Sterol 1 iX HPLC 4347 TIiX 21 5D Y
TrvaridAhraRmLTEY, GC-MS O F A F v — 7%
m/z 394 THoTmZ &6 CpgHpO O F+RTHDZ RNy vo
7z, Sterol 1 ® 1L 'H, "CNMR B L ' 2DNMR i L W ®&E L,
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BCNMR & 5 — % i Table 3 i&k L 72, '"H-'"HCOSY ¥ & 8 HMBC
PN+ 5 2 & T &k o T Sterol 1 X ergosta-5,7,22,24(28)-
tetraen-3-0l Th B ERE L =,

Sterol 2 X HPLC o Hfr T 24 B2V 7o v a vy A4 A% LT
BV, GC-MS TOHFA A — 271 m/z 384 ThH Y HF R
C27H440 & B E U 7z, Sterol 2 ® #3& 1% 'H, >C NMR % X U' 2D NMR
ERWTHILICE o THRELE, *C NMR @5 — ¥ % Table 3
2R L7, '"H-'H COSY B X HMBC %24+ 5 2212k » T
Sterol2 I IFEAXATau— NV ThHHERELE, ¥/, NMR F —#
EBEICHRE SN TWSE AT b )LF — F (Taylor et al. 1981)& —
L,

Sterol 3 X HPLC O Tk 260DV T v va v ¥4 b6k xrLk,
Sterol 3 '"HB XV PC NMRF—F IEHT LT RF o — /LD
F—FE—HLTBY, = VIFTRATFa— LERELE,

Sterol 4 /X HPLC A #Hr ClX 30 DV T a vy F A L&k L,
GC-MS TOHFA AV E—21Em/iz398 ThoToZ by FRK
C23H460 & — B U 7z, Sterol 4 ® #3& 1X 'H, ’C NMR B X T8 2D NMR
BT AHZLICEoTHRELELZ, C NMR @5 — # X Table 3
IR L7, '"H-'"H COSY BL U HMBC 2+ 5Z itk > T
Sterol 4 I ergosta-5,7-dien-3-0l & E L =,

KUN14 7b>62%'=6h5x7‘n~—/w‘i3‘5i::ﬁﬁ%b\HPLC?D
< b9 A, GC-MS 27 Fv, 'HEB IO *C NMR ¥ — % &
HP(LC T ® Sterol 1 & Sterol 3DERDOT —F L DHBIC LY %
nEn ergosta-5,7,22,24(28)-tetraen-3-0l (Fig.12)¢ = v T X F 1
— L EWREL T, Ergosta-S,7,22,24(28)-tetraén-3-01 [ty i B S
O— )V DOEBORBEKTHY, ERG4IZa— FEI 5D C-24(28) K
Ta—NM L E I —FlLoTom VAT —LVIZEHBREIND

(Zweytick et al. 2000),
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Fig.12. Proposed Structure of the Sterol Accumulated Specifically by
KUN14 (sterol 1).

Sterol 1 was identified as ergosta-5,7,22,24(28)-tetraen-3-0l, and as
the direct precursor of ergosterol. The numbers in this figure correspo'nd to

carbon numbers in Table 3.

%= 6 IH ergd WEBEKR D S-TF /) VAV AF A= FRx A
AFa—ag&E

ergd EEPSAMEBEEZBERBILTVE I LEBRRBT DD,
EBREEFR BY4742 O X2180-A @ erg4d IERR O SAM B L O’ =
NIRATu— VEESH L (Tabled4), DO D erg4 MEEKRITH
BRICHBE L TSAMAEZEEB L TCWE, 2D erg4 BIFERR TIZ
NIRRT u— LR IR o7, KUNI4 B L Y KUN18 C
ERBR DN ergd ZRIICEMT 5=V I X7 1 — L4 F
M & ergosta-5,7,22,24(28)-tetraen-3-ol » # H & R 7= (data not
shown),

Table 4. SAMContents oferg Genes Disruptants and Their Parental Strains

Strain SAM (mg/g dry cell weight)
X2180-1A 3.77

Xerg4 7.43

BY4742 11.1

Aergq 16.3

Aerg6 18

Yeast strains were cultivated in O-medium for the determination of SAM
at 30°C for 48 h aerobically.
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w7 H WREEBBRECIEEND S-TT J VAV RAF A=
D % E M

INE TR FEIC SAM EEBHE O E W 72BN
HFEPBEL SN, LM LR SAM BEREK2Z2EBEROL - &
BREZIVREIUVUARIEREODEHR Sy EH_THAT S 2D
DHEBET . BBIZEENLS SAMOZENLE EHEILETH L L& X,
FTHELRBERETO SAMOREMZ M L 2,
20, 4, 25 CCOFBEE CTHMEELBEBEEL 6 »r ARMREL. £&
FHIRTO SAM B2 EE L, B HERSHERO SAM &%
100% & LD EFEE L TCHMLE, BE % Fig. 13 2R 7,
WAER IR O SAM 1X-20 °C CiX 6 » AMBREHZEBITEAL
BAHLTWRNoEN, 4°CTIE 6 AKICTIES7.0 %I E TH
HSLTWh, EZAN25°C T 2HEBMTO65.7%ET, &HIT6
ry ABIZIE 3.6%ICETHE A LTV,

100

I o 0
) S S

[\
O

Remaining SAM (%)

)

Storage period (month)

Fig. 13. Stability of SAM in Lyophilized SAM Yeast Cells during
Storage.

Lyophilized SAM yeast cells were stocked at —20°C (filled circle),
4°C (filled square) and 25°C (filled triangle) for 6 months.
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SAM BB H LTARELRWE CTHY, ERBEOHICL-
THObHRACGBLTAFAFFITT 7V MTARSBEN S =
EMBHE BT B (Zappia et al. 1969), £ 2 CHEHBRER T O
MTA IZ 2 W T b oH#H %17 o 7% (Fig.14), SAM O & B i 72 5 4 1
WV, MTA MNP R o, RFEECEKFL T SAM © MTA
~OGZEPREINTWVWE I EBREINTE,

35

— e NN W
S W O w»n O

MTA (mg/g dry cell weight)

S W

Storage period (month)
Fig. 14. MTA in Lyophilized SAM Yeast Cells during Storage.
Lyophilized SAM yeast cells were stocked at —20°C (filled
circle), 4°C (filled square) and 25°C (filled triangle) for 6 months.

% 8 IH HERRBERBLIOCAEBHCEEINDS S-7F /7 v L
AF A =0 ELE
SAM B ERBOKBFTIZEFEINLTEY ., ZUDBHEAE TR
Shpdhid SAM BEBKREZEOEERAT LI LI TERY,
ZIT, BUMREBET CSAMOBRE L OMB 2 RIEL L,
SAM EHRBRZ2EBLBLBLELOLEBH RIS N
DB EBELLAEAFEOELME ALK SGF 1 CTD SAM ¥ 1k = %
B L7z (Fig. 15), WAEREEER CIX., SGF ML AREIZIS W T
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Digestive efficiency ( % )

81.8 % @ SAM B & LT\ 7 (Fig.15 A), 30 43y % 2 1% 1k =
FEHEICEL Wik, £ Tk SGF ML BB IC X, 0.23 %L H»
SAM Tl EN T2 WR | BRI SAMEILRITIER LK 60
FCEBEHICE L, HEZBELE SAMEBREER I, X7V v

DEESEBRBOEBIZBOLLTEVWHEILREREZ R LE, AH Tk, B
BOBRERDLEHBELEERRORLBETLTWVDR 60 47 TIEIIE
80% D HILHE L 72 > TEB Y (Fig.15 B), BHEHEBEER., A5
HEAAE TOHAEBRRICHETZWEEbRh 5,

F72. SAMIX SGF 1T 37°C, ROLTHEZETHDZ &b

277,

100 L\é/}’% 100 |
O
80 A N
B
i g
60 &
&
(0]
40 | 2
@
(0]
20
20 F A
A
0 1 1 1 0 ] 1 1
0 30 60 90 120 0 30 60 90 120
Incubation time (min) Incubation time ( min )

Fig. 15. Digestive Efficiency of Lyophilized and Viable SAM Yeast
cells in SGPF.

SGF consists of sterilized water adjusted to pHI1.2 with
hydrochloric acid with pepsin (open symbols) and without pepsin (closed
symbols). Lyophilized (A) and viable (B) SAM yeast cells 2 mg/ml

(circles) and 10mg/ml (triangles) of SGF were incubated at 37°C for 120

min.
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i, BEOZNVIXT o — L ERRCERZATCLHZ LT
SAM mEBEZBIERER T EREL, 74X FF Uit EE R BK®
RICEDHH SAM B EEMEDE FELHBE L, HEBER K-9
BLOERERM X2180-1A 225 UVEBHICLIBZER LT 4 R &
FUMBEERBKOBEIRICELY SAMEEEKOBMBICHITI L,
X2180-1A P"OWMBINTEZERK T VIR T e — VETKRE
TERWIEEEALTEBY, SAMEBBEEIHRKRICHEEL T 4.2~
5SS ELEERBMLCVE, K9 DOMEBEhZERK TIZ. SAM
EHERBIVILIRTFTu —VEBEOEIDT, ERERD
X2180- 1A MBINTEEEKRTRONE SAMEEEOHEHNE
EHRTARLE, 2T RATa—LEBEORBPEIINENo, 20D
BWE, KORXZHEETHY X2180- 1A E— AR THIZ Lici
HLTWaEEBEXADODND, DFD X2180- 1A LB OLNTEEERK
TR, o2 Ard2AT e - LVAERRCELEERICLE VD VIR T 0
—VDOERPIFEZTRCER I TVLIN, ZREFKTH D K90
bRONTEERKRTCE - FOoBRFVPBFABMCTCHL LD, = A
AT —VDEREIEHOBICES T I2CBERVWED EEXD
nas, |

KUN14 3 X ' KUN18 TEM L CTWiz Sterol 1 BT R F 1
— VOEBEOMMBAETHY Brgdp DEEH THDZ EPREI N,
KUNI4BXOKUNIBICA UL ERITergd THDZ LB TFTHEIN
2o X BT, X2180-1A B X1 BY4742 2» 5 kanMX4 ORF 2 X ¥
ERG4ORFEZMWETHZ LI L VIERLIEZ DD ergd HEKR TDH
BHRIECERXRTSAM Z2EHBERBLTCVWAI LB RENE, HHEHER
KIBLUOZODERZHEIPONBEINTL eagdTRAKRN T T
SAM B RBR & 72 o 72 2 & /v b | Brgdp MM T B 4 & K S I
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TN ITRAT - LERRICBWVWT SAM &9 % Ergép A filt 1
THAAGRRIGELYV L THTHAICHLEDLL T, SAM BEM %
BlE BT IR FRENTZ, = AT AT o — LA KRR DR HFH
KT& % ergosta-5,7,22,24(28)-tetraen-3-0l DE BN = L T X F 1
—LVEREMB LEROIC SAMOEELZFEREILTWVD DD
blivzw, TNOHLDORRNG erge TRV T VT AT 1
—NVEBRRDOERN SAMOEEZF SR IFT BRI,

TOXOIRLTHEBEINTE SAM BERBROEKEZY U X
VIR EDETHMATLZEDOBA bIT o, SAM O B 5 5§
EEPTTORE®RIT, BREOCEEBEZRELIXT, 6 »y AOREM
MR T D DICIE-20C CORERLETH o7, SAM T A F
NEREFBICEETAAFARNANFT=TAL TV EDFRHNIC
ELTOVWDBED BT A DYV RCH LTRLEETHD I a5
hTws, SEIOKRTH, BREICKFL T SAM 0L EMHITIK
TLTREBY, SAMOBAVICTHEW SAMOBESRICEIVART S
ERME SN TS MTA O AR PN HIB S, SAM O 53 g 73 Bz
RESEBINDZZ LB RENTZ,

R TYI AP LTHAPBEEISNIEBEBEEEL X
G, BATHLS LR ENTELBEBHICEENDIAEHREKIZOWNT
BLIEIL SGF T SAM O Z RET L, EBELRERK
TIHALBERBERZRICIZEALED SAM BAHHINTEY, BWVH
bR RENT, TEAEELL OB TIX, BEAICHEILRIX
ER L., 604 TH 80%D SAM SIS TH Y, BE O WILE
OWHEBMARFCHE SN S 2 & ARS N, BUESRER
TIHMEOBEOANY THERRbND Z & TEBEICE X THLE
BEllgoleEBzbhbd, £, SAM B7 A0V ICx L Tik
REETHDHZ EPMOLNLTWVWD N, HIELERABD X 5 Bt
BETTEHEBRHWELZETHY, RFRTH pH1.2 ® SGF F Tt 37
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C.I20 DI EETHDZLBPHERINTE, 2D X DI SAM B
ERERIL SAMBZERICHRBEIELI D OO, MBI 5
EHEICETMEN RS RECBBETLEAD YTV A e L
THIHWMETHI EEE2 NS,
ARFRCBNT, FTARIF UL RL2 NIRRT B VG
BRARDERN SAM S&E#EEslgR8 T arL i, BEER
K- 9 BXOEREREER X2180-1A b A A F Uit E Rk %
BIRTHZ LT, BHEHET SAM BERKEMB T2 L IR
Liceo SOXIICTARFFUMEICLDBRFEIDL SAM 5 E
BEOFBECEDRBRFEL VLIS, SOREAFEEZA VDS Z
CICEVEETFRMERLLIC SAM GEBKLZMETE L2605
SAM DEXRAEKRORBICLEN T LW D, BEIZ, &
BERERIKXY RBEHOFTTELoLbE D SAM 2EHT 5
TERHEIN TV A Z & 5B (Shiozaki et al. 1984), & 1 B & 2>
HBEIHIZ SAM 2 BERBIIMPIBMECEEI LRELXMNAOHL
POEBLEBRBTRERTHAS, 5% b, SAM s EBHmHEELRFAL
72 SAMAEFEOKRTT L SAM O R EM O @ 20T oRF3e R
EIEnh b,

# 5 #  E

S-TTF )Y NAFA =V SAMIFEETOENITB NN TELL DA
BERBELCATFNEEEERLE L TEELTWLI2EELRYETH D
EEBbiIT, Do - ITHEERSE -BHHRARLEOZOEBICED
THHILENOLEFZFHMHRICBWVWTHLIIEFICRETRELINE
NTWnd, EEREXEFA~OHHFELL. LV HRHBR SAM £
EHEOBEERLENR TV, S, cerevisiae D% < O SAM % 4
TOHERKIEOFIZ= VT AT o — VA KR O Ergép 2 fill 4 5
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AFNVEBBRISENHDH, T2 TCHRAEFTZVIRT —VEKR
DEBRKI=AVIRATF o — L AR CHESHD SAM O &3 5
THILICEY, SAMPEETL20TIERNEEZ, SAM 5
ERBEOBRBCINETCAIRAT o — L EREKOBMEICHW
bRTEREF AR FUMEERKRERFEORAERAALT, &
BRAEZHVWDLZLICLVEBEER S cerevisiae K-9 8B L E
BREEER S. cerevisiae X2180-1A 7 B Z R IZ SAM EH % & &
THILENTERL, TNLOKITEKICHEL T 1.7~55 o
SAM ##MHE L T\, NMR B X U GC-MS I & % #&# T K-9 »»
LbBELNEZ OO SAMBEBEKEIT ergd EETHDZ LEWRRB S
N, SHIEZODERERR X2180-1A B L O BY4742 2 b 1B AL
L7 ergd HEBEHR CTHLHBKICHSRTSAMEZ2EEREL TWVWDE Z &
HRINE, ThOOBENL, = VI AT a0 —LAEKFKE T SAM
EHETDEgp LV b THOBBLa - NI H5EBEBEFIIEZ S
ZRTHL SAMEBLESI BTN RS, £ SAM ¥
BEEEETO SAM 2R EMICHET H5720ICIE-20 °C TOHRE
BHLBEBTHLD,. BEEPDLOWECITIBELI RIS TY Ak
ELTOMMOATREMEN RSN,
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B 3 = BT IcEEBINT S-TF ) VA AFF = D%

&
o
=
%\
Tl

S-TF ) Y NAFFH = (SAM)IEE K ODAEBRKIBIT A FVELEEE L
LTHELTWARET TR, M7 IV BRBOFALTRAF VRITE
WTHEBERRFEZRLLTEBY, BRI >TIEHEERMLEHLTHD
(Thomas and Surdin-Kerjan 1997), EEREHEE CTik, HIME N O SAM R E
EHIEL, BT I /VBOFAFTRAZ VAR THOBEE R SAM
1198 B T R & T U B (Nakamura and Schlenk 1974), #A3E @ SAM
BENEL DL SCFMCBEAKE N Ui EiEE/ILEF Metdp D 43 fif
W2 &V MET Bz T DS NIHE X5 (Rouillon et al. 2000), £7-., EF
BRBREERTHIEDOTERNI TR C O vps BEEETIX, RFO
SAM Z I ICEBTHZ LA TERVWLEOMENO SAM I & % il
BTET, AFA=VEREORBETL 25 DM H 5 (Jacquemin-Faur
et al. 1994, Chan and Appling 2003), #I~D SAM O FEREEEIC OV T
AT EAT oM RIIZEOND P, —HMRNICEE I SAM 2
BOMAIDLTWENE I DI OWTOMRIZR RV, EF DI,
BERMREPICEEINTZ SAMIZ STRSNFEOME LEEZET TIIEWY
MRBEBEIZR A SN DO TRERVNEEZE X T, SAM X ATP & XA F 4=
YINHL ARSI, HFaxRERRISICEDN D BT XX — b LI E A
FAUBRHDI D, BRIZEWRT I VBORAL AL VAR ESTD
IS SAM 2EF BT 50T, AFEKISICHFNHATER STHEH S
WHEZFAF—ROREL LTERL TS0 TRAVNN EE LT, &
FEDIL, TORRERIET S0, a2 NR, SEZSLEHETT
OB MIAN O SAM %3 B, 5 5 B B M B R IR I o W TRAT
AT o7,
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B2 H  ERFE

SAM B ERBREE I MEERBF IR S IR LB ABLIUB %
AWT, 30°C, 24 ReIRBIC CRIIER ZITWER L, Thd Zo0%
BT CEBET - TEEEZHEEL AB XU B EHIZ ODgo 2% 0.1 & 7225
LOWHEEL, 30°C CIREEERZTo71-, 5T, SDEMIZINEL X
VCSIHEELTEENDIHBT VE=v A0RDYICRFEZ AV CHEHt
L. YNB without amino acids and ammonium sulfate O A % & ¥p D £2H#1 %
RAwnie, BP0 SAM IBEICHE Le ik (B 28 $ 26 % 3 H)
X DB EITV, BER O HEFEIL ODgo THRIE L7z, |

Table 5  Compositions of Media Used in This Study *1

Medium A B C D
YNB w/o a.a. and (NH,),SO, 0.17 0.17 0.17 0.17
(NH,),S0, 0.5 0.5

L-Methionine 015

Urea 0.23
D-Glucose 2 2 2 2

*1: Compositions are expressed as by percentages

3 H  EBRERRUBE

Saccharomyces cerevisiae K-9 % SD E5#11Z 0.15 %A F A = ZHRML
T ABHMTERZITIZLICLD., BBOMBPITIE SAM NEFET 5
(UL T high-SAMEBR L T)R, AFF =0 0Mo7 2 ) BERNE T,
(NH4):804 DA ZZLeBH O SD M TH D BREHTHEELTT S & SAM
DEBIIZLAERDONR DS TZELT low-SAMBER LT %), 2 b
TODHKBTTHIEREZIT - BBOKA R NE, SEEZEALEHT
O SAM D HE B & AR E & ARAT L. BN O SAM 2385 HE o
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ODésoom

NP, STHIZED L S REBEZIT TVDONRENZ1T > 72, high-SAM
Bz ZhZh A, B, C HH#IZHE L2HBE. 2 b OB OHEFEE
EIXIZIER T TH - = (Fig. 16 a),

35 1.4
30 1.2
:
25 ~ 1
3
Q
20 o £ 08
o £
a3 8
15 3 O 0.6
10 = 0.4
°§:
5 = 0.2
0 :!:::::::o::o:b:’o"‘
0 1 2 3 4 5 6 7 8 6o 1 2 3 4 5 6 7 8
Incubation time (h) Incubatioq time (h)

Fig. 16. SAM Contents and Growth Rates of High- and Low-SAM Containing
yeasts.

SAM consumptions and growth rates of high-SAM-containing yeast (a),
low-SAM-containing yeast (b), in A medium (open triangles: SAM contents, closed
triangles: growth), B medium (open squares: SAM contents, closed squares:
growth), C medium (open circles: SAM contents, closed circles: growth),
compositions of media are shown in Table 5. Yeast cells were inoculated at

ODyg60=0.1, and cultured at 30 °C aerobically.

DL E, E SN2 high-SAM BEREFICERB I TV SAM i%, N
ELTREBOREHRMLUTEY SEOD RV CEM TIELHICHE X
NTWEINR, AF A= 28T A TIIBERMT, £ LT, (NHy)2S04
EET BEMTIXI A E CEMOM OB S T SAM B LTV,
TOXIT, BEBOMETICEE SN SAM OHBEFRE L, HH#icE
FNDENEPLSEOECHBEICEE L TVWEZ LR RENT,
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TR, g o NJE, S EABBME T O SAM OERIC L
DEIRBREBEEZDONEMBITHHIT, low-SAM BEREE A Bl
B, CEHMIZHME L, Z0LE, AFF =S ABOLT
B SAM OERBB R O/~ (Fig. 16 b), ABHICHE LA-EZ» D
M FIZ SAM OEEBBEINDZZ LN, ABMPICEENS AT
F=VIIBERMBICER YA ENTZR, BN SAM KEBRESA TV
WG oTe, Low-SAM BER OBEFEEREIIEMIC L > TRR->TE
D (NH:SOs & BT B M TR b B KICAFF =0 2 BT A B,
NELLCTRFBOLEZFRMLTEY SIHODRNWCHEMTEH - L bIEL
o TWiz, CHEMIZBIT S low-SAM EROHMIEOBNLIL. BETIZH
BEHFizh STEX DRV EEZ BN D, high-SAM BERELEE L=

BT, STEOD 72\ C M COBFEFEE X N FEL SEN+4

NS AR BEMEFRUHBBEEZRLEZ DL, HEND SAM
ESTHEOHBINEFHET CREROHEBICHIAS LTS LEZ LN
%5, 7. high-SAM B2 A F A =0 25T A BHIIEE LE-BERD
WA E L, STRM ARHICH R TAHRW B EH, CEMICHEEISNZ
high-SAM B R L BT B L IZERI L Th oz, Thidgdho S FER
ARLTOWTHEAEANDSAMZ STERE LTHIAT L2 LR TE D),
high-SAM B¢t A NJRE L TREBE LS EF SEX D22\ C HHICHEE
LEBAETH, SIHREZ L e A MO B 8 & 1SR U K503 B %
RTELLOTERVWALEZOND, EZAB A, B, COEZERHTO,

high-SAM B#f: & low-SAM BERIOBEEE 2R L CTHDBZ L, LA
low-SAM B2 RE DHEFEREE DT REL 7o TWD &3 3lnrole, T Ok
Fix, MEANDO SAM OERBIIHELRET DO THERL, & LAHEHE
DENZFEEBILTWVWDIEEZLND, ThiX vps BRKICBITS
SAM DR EEMPHEMEELF S 24 &\ 5 HE (Jacquemin-Faur et
al. 1994, Chan and Appling 2003)& —FH L TW5, T HDOBEND

MBI ER S N2 SAM ICIEBEOHMICH LTZo0MKRT 555
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—OEDITHBEICH AR SIHE LT, b0 2HEEMEIRTF &
LT—ZHoTWnHEEZIOND, LDOLEBL, TNETOERBER
TiX. high-SAM BEH: & low-SAM BERE D & 5% HiC D B 5iE 36 B D & W 3B
A PIcERm S SAM OBFEMEIZRZTNRERR L 2o TWBH
BEPERS B © TN B, £ 2 T SAM SO BRI FIR S5 O Thiid,
BEREMBEIEEBEINLTVDS SAM OBNEAHBERECIEVWE 6T &
% Z. high-SAM BERE L low-SAM EER A NJR, STRE bICHIBRE D
Bt (Table 5) 1T ODeggo 2% 0.05 L7225 XD ICHEE LIEBELX R/, D
BEHIICHE T S 1U72 low-SAM BERHITSBICIR 72 R & F U < HETEAHIC
(% high-SAM BERE X 0 b B\ AEE % 7 L, AIKSI O SAM o ST
DROBEMENERTE, L L. low-SAM EER: 1T B FE A H 121X
high-SAM BERE XV b EWHEBEEE L TR LN O b, HWEEIX high-SAM
BEROHEEEDK 3/412 & ¥ £ - 7 (Fig.17).
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0.06 , 15 g
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Fig. 17. SAM Contents and Growth Profiles of High- and Low-SAM-Accumulating
Yeasts in D medium

High- (open circles: SAM contents, closed circles: growth) and low-SAM
(open triangles: SAM contents, closed triangles: growth) accumulating yeasts were
inoculated in D medium, whose composition was shown in Table 1, at ODg0=0.05, and

cultured at 30 °C aerobically.

33



NJR., STEXHIR S NZBRE T TO low-SAM EBEHE & high-SAM BE R D 1
FHEDBE WL, MIENICEBINZ SAMANEHD WX SIHELE LT
FEWCFIA SN TR  ZOHMEN SAMERBEDOE VST A WEEZ NJE,
SHEDELZRY, OVWTITMBEHEEENDEVWE RoTHNZEEZ BN
%,

UEDHRNSL, BT I VBORAT ALY ZAD I DEROKAN
CEBESh, MEETOREOCHRENITOA TN LEEILND SAM
X, BHPICEEND N, STHEOBEBELRIZIE U THEER OB H
S TWasZ ERRENTE,

% 4 & /N

BEPIIEBEMRICEREIND S-TFT /YA AF 4= (SAM) 1.
BEEOHBIIZH LTI OHEEF - TS, BRARTOEERED
SAM I3, HEIEMHN I L IE T 223, NIR STHOHI R S /-5
THHEMBEHMECEHERD S, MEETO SAM BED =L | o
=N DD PICEEIN D SAM T O NJFES S FEORBEL
B CTHMAIL TS Z EBRRENT,
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% 4 B BEEBEROBRETFRE 2 7 74 VORI

w1

e
i}

B, K2R E L THELNDIBERBO T La— LB Th D, KIZ
EFEND TAOEAMTE LKDREIC dspergillus oryzae & LB SV T2HD
EETAHATIT—FPIREoTINa—RA~NLEEREINE, TARALND
TNha—A~OFELEBRICE DIV a—2ADx K ) — )b ~DEHBITL
AHPTRIFIZEITT D, E— VEEE CTIIE b & BB ILR 4 O TR TfT
bhaN, BEBETCIEINLD 20 TEIMABIZITLLSD Z LB RKE
BREWERSTWD, ZORELERENFEITLTITONLOHEEOBRES
BT WATEFERE L I TV D, HEERT 10~15°C T 15~20 HHIC
EESBEBEICBWTMICEZ ARV 20%0 Ox & ) — VIR E % 2R
THZLENRTE D,

BEBERIIMEELOREREOR T, 7 Vva— Vi, ;=& /) —1
AN, RIRICB T 2B VWRBESCHBREMER EOBEBREICHEL
EEMEATIBENBRINTE L, FVARVEEOKELBET S
I, M AT IOVARER, RAMBRAER, K87 IV BRARR EEED
FWRICHEL 52 ABEROMEICOVWTHERBIEEEORIROE &
SN T&EE,

T B R ZBR EBE R Saccharomyces cerevisiae X2180-1A 72 & LA U
BIZSEENTWER, TOZS>OBBORHEIIRELS ER-oTEY,
BICEBESEICBEL TR REARAEVWRALNS, BHEEBERO NI R
U7 D=L T—F 2 b ICA P AMMMEOH 5BROBEELIT 5 R
#Cix (Hirasawa et al. 2006) , DNA ~ 7 a7 L A BNEHEER O B# O%E
WEBTT B0y — L LTHWLNTE T, T’xld, BHEERS
cerevisiae K-9 & EBREERERE S. cerevisiae X2180-1A O RFMEDE W% | BEH
DREBLBEDORERBVOOLESDTHIRBELEHEL VD ZODOKE
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FHTTDNA A 70T VALK DBENEITVD., 2hd ZO0ERD
B G RS BT AW ER RN LT,

s 2 & EBR 7k

% 1 H HEBR T R K& OVEE 2 5 1%

DNA~A 27 a7 AL BBWITICHNTERIL., S cerevisiae K-9 (1
=95, BHEBER) BIOS cerevisiae X2180-1A (MAT a, EBREEFR)
ThHhoDH, ThHZODKIE, YPD HHC 30°C, 24 Wf. &I THIE:
24T\, 100ml O YPD £ H1iZ ODeeo 25 0.1 & 72 2 K 5 ITHEE 21T > 72,
BEF 13 30°C TIRE D D WIXFH B R E T ODgeo 2 1.0 1272 5 £ T o 72,
HEZEINT 2 FE CICELBERBITZIREE®E CTILK-9 T6.5 K,
X2180-1A TTS5 R TH Y, HEEETIILELLOK L 98K TH-
7=

% 2 I DNASAZu7 LA

ODggo 25 1.0 (T2 L 7o BRI, 0 K Y ER L, @IRE K T Z[H
Vel 2179, EIEENS O F—F /v RNA OfIEAR Yy b7 =/ —)b
EIZTIT 5 72 (Kohrer and Domdey 1991), DNA~ A 7 a7 LA IZHWS
Tu—TOHE, NATIVFAEBE—vary, vA47aT VAT — X DR
BBIOMITIIE 1 EF2HBFE4HICTRLEFETITo7, 25ug O b—
Z )V RNA 75 Cy3 E£721X Cy5 E&# @ dCTP (Amersham Pharmacia
Bioscience) % V), yeast-specific primer mix(Eurogentech)% 7° 5 A < — &
LIEBEERRIZEY IR 72T e —TL L, &lahi”
v — 71X Qia-quick PCR purification kit (Qiagen)Z A\ TH &L & E#E & 17
W ZENEN Cy3 BLWCy5 T XV E Tz ¢DNA 7' 12— 7 % Yeast Chip
ver. 2.0 (DNA F » RN NANA TV XA XS E T, "A TV XA B—
Va ik, 65°C T, BEEZ R LEMARSNTITOV, B - RO
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% . FLA-8000 Fluorescent Image Analyzer (7 ¥ 7 4 /L A)Z XV H KA
ExRE LT,

DNA~A 7 a7 LAT7T—Z3 FHREGET CIEHOML L ERE
TV, ZNTRORE TEREROAY v ¥ T E2fTo kT u—7 %1k
RLTAATVEAR—varifTol, DED | HEBLFHETT4E
DNATVEAB =T a VinbBONTET —F ONE1To 7,

% 3 H 7 — & AT

*A 7T VADT—HFiEY 7 MU TT GeneSpring 6.0 % AV CTHEE
WA & AT o 1o, BOETREE I GeneSpring 6.0 {12 X ¥ Lowess #5iC L 0
=% T4 -V arEfTolk, K9 TORAEBHOR O NIZBETIL,
TNTNOERFHET T2 4BOERD S H 3 EL LEDOERICEN
T K-9 T X2180-1A LV b 2 BULEEHASP LN OH D2V IFDRNE D
ELTERZITo, SHIINDDEMLTFI D Student’s t-test (12 L Y
fEBRE p<0.05 THDH LD EBIRL, UTOMITEIT - 72, BIEETOHHE
< The Search for Functional Distribution of Gene Lists of MIPS Functional
Catalogue (http://mips.gsf.de/proj/funcatDB/search_main_frame.html){Z & ¥
TV, BT 1E# L The Munich Information Center for Protein Sequences
(MIPSIZTE - 72, K-9 ICBWTIRE D 5 W ITFHFEERSLM T T X2180-1A
CHANTHEAPZ LR > TV BB FEEBICIIOEHEZTocE, 7T
VDo =V GREY T AT AL LD TAF—TRL
TWd, X2180-1A DBIRFHEBLHLE L K9 DBEEFOREHEL L
XENEND T —A P r—FZTRLEATREL, BEHUEXENEN
DEEHE TR LT,
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B 3 A EBRE R
B 01 R

RBIZDBEESNEZBEFORE T 7 7 A V% Fig.18 1257 L1z, fA#
W8 E T2 B AR T % MIPS @ The Functional Distribution of Genes T fi#
LA KIOTEBALTVWDIERLRFTIET I/ BNRH (p-value,
1.44e-07), CIlbEWER L ORAKILHIFH (p-value, 4.71e-10), fEE. HEHH
BBLOA YTV A R (p-value, 1.22¢-05), B4 2 v MEEB X
O prosthetic 7 /v — 7 ORHEE (p-value, 1.42e-07)RNBEE RV T 5 IV
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Fig. 18. Alteration Expression Profiles of the Genes in the Category “Metabolism” in K-9.
The expression profiles of the genes in K-9 are shown in two columns, indicating culture
conditions: a, shaking conditions, and b, static conditions, and with colors indicating their
expression levels in K-9 as compared with those in 2180-1A., as shown in the indicator bar: red,
overexpressed, and green, underexpressed in K-9. The reliability of the data is shown as the

density of the color. The method of the clustering is described in “Materials and Methods”.
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EXEMBERRICL > TiE, By /) —VEERTIEERBFROO &
SThHY ., BORREORBERSSHLEZBRTVS, CILAYS L
NRAKIEDFNIRO I T TV ICEENTWDEMLTFIL. GLKI (aldohexose
specific glucokinase), LSC2 (succinate-CoA ligase beta subunit), MNNI
(o-1,3-mannosyltransferase) N W B FHET CHEER L TWiz, EERED
JOBEFARKICE 59 5B T 1L ACSI (acetyl-CoA synthetase), SFAI
(long-chain alcohol dehydrogenase), PGM2 (phosphoglucomutase, major
isoform)23, TASAB IO aENRBHICEET 2 EE T+ TX GLC3
(1,4-glucan  branching enzyme) . GSY!I (UDP  glucose-starch
glucosyltransferase, isoform 1), GSY2 (UDP-glucose-starch glucosyltrans-
ferase, isoform 2), MUCI (extracellular a-1,4-glucan glucosidase), TPSI (o,
a-trehalosephosphate synthase, 56KD subunit), 7PS2 (o, a-trehalosephosphate
synthase, 102KD subunit), 7SLI (a,o-trehalose-phosphate synthase, 123 KD
subunit), 77 7 b —ABIXOHT 77 Fr—2ARHMICBEET 2EMET TIX
GRE3 (aldose reductase). GCYI/ (galactose-induced protein of aldo/keto
reductase family), UGPI (UTP-glucose-1-phosphate uridylyltransferase) 2’ &
BREBRMTTEREBIE LTV, BIZ, TCAYA 7 VICEET 5 &ET
TlX ACOI (aconitate hydratase), CIT! (citrate (si)-synthase, mitochondrial),
KGDI (2-oxoglutarate dehydrogenase complex E1 component), MDHI (malate
dehydrogenase precursor, mitochondrial), MDH2 (malate dehydrogenase,
cytoplasmic), SDHI (succinate dehydrogenase flavoprotein precursor), SDH2
(succinate dehydrogenase ironsulfur protein subunit), SDH3 (cytochrome b560
subunit of respiratory complex II), SDH4 (succinate dehydrogenase membrane
anchor subunit for sdh2p) b L REHESRE T TERIE L TV,

TI/VBR#BOAI TV ICHEENTWDEMRF T, 4DII
(aci-reductone dioxygenease, involved in methionine salvage pathway), ALTI
(strong similarity to alanine transaminases), BNAS (strong similarity to rat

kynureninase) . CAR2 (ornithine aminotransferase) . GCVI (glycine
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decarboxylase, subunit T). GCV3 (glycine decarboxylase, subunit H), SAM]I
(S-adenosylmethionine synthetase 1) . S4M2 (S-adenosylmethionine
synthetase 2), ¥ & " SHM2 (serine hydroxymethyltransferase, cytoplasmic)
DEHEEBLFHTTCTEHRE L TV, #IZ, BNAI (3-hydroxyanthranilic
acid dioxygenaée)\ YJRO78W (tryptophan 2,3-dioxygenase), HIS4 (histidinol
dehydrogenase) . HIS5 (histidinolphosphate aminotransferase) . HIS7
(glutamine amidotransferase), ILV5 (ketolacid reducto-isomerase). LYS9
(saccharopine dehydrogenase), MET6 (5-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase), MUP3 (low-affinity methionine permease),
PROI (glutamate 5-kinase), SER2 (phosphoserine phosphatase)¥s & U8 SER33
(3-phosphoglycerate dehydrogenase)lI IR ER LM T CERREEH TH - -,
¥ 7z CPA2 (arginine-specific carbamoylphosphate synthase, large chain),
LEU4 (2-isopropylmalalate synthase), LEU9 (strong similarity to Leu4),
MET17 (O-acetylhomoserine sulfhydrylase), SULI (sulfate permease 1) X
N YHRO33W (strong similarity to glutamate 5-kinase)iZ B ESFHTIZE
WTIERREB Cholz, BIL, TARTIF LV « TARTIXUVBRBICEE
; 15 ASNj (asparagine synthetase), ASP3-1, ASP3-2, ASP3-3 ¥ X ON ASP3-4
| (L-asparaginase I1)X>, LYS2, LYS21 (homocitrate synthase), YFRO55W (strong
similarity to beta-cystathionases), CBFI (centromere binding factor 1, which
is present at several sites, including MET gene promoters, and centroemere
DNA I encoded by CDEI), AROI0 (similarity to Pdc6p. Thi3p., pyruvate
decarboxylase)$s & TN ARO9 (aromatic amino acid aminotransferase II){3 [
BEREEFHTCTEEE TH T,

IBE. BUVBBIOA Y7V /A4 FREB|ICBET 52 OBEEBETFN
K-9 T ®mFEEBE L TWi, ACHI (acetyl-CoA hydrolase) . ACPI
(mitochondrial acylcérrier protein) . COQI (hexaprenyl pyrophosphate
synthetase precursor), CSG2 (which is required for mannosylation of

inositolphosphorylceramide and for growth at high calcium concentrations),
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ERG25 (C-4 sterol methyl oxidase), IPT1 (mannosyl diphosphorylinositol
ceramide synthase), OPI3 (methylene-fattyacyl-phospholipid synthase), OSH2
(member of an oxysterol binding protein family), SURI (which is required for
mannosylation of sphingolipids), 7SC10 (3-ketosphinganine reductase)¥ L OV
YDCI (alkaline dihydroceramidase) N {REIEESLH T TEHREE L TV,
JBE. BUPBRBEIOA Y 7TV /4 FREICEET2E&EFD 95, ARE2
(acyl-CoA sterol acyltransferase), CYBS (cytochrome b5), ERGS (C-22 sterol
desaturase), ERG7 (lanosterol synthase), ERG8 (phosphomevalonate kinase),
ERGI0 (acetyl-CoA C-acetyltransferase, cytosolic). EFRGI3 (3-hydroxy-3-
methylglutaryl coenzyme A synthase) . ERG20 (farnesylpyrophosphate
synthetase), ERG2 (C-3 sterol dehydrogenase, C-4 decarboxylase)., ERG2S8
(involved in the synthesis of ergosterol), IDII (isopentenyldiphosphate
delta-isomerase), MVDI (mevalonate pyrophosphate decarboxylase)., YEHI
(similarity to triacylglycerol lipases)¥ JL OY YPCI (alkaline ceramidase)id &
BERRIXGTTEER LW, BE., BHRBRBLIVOA YL 4 R
#H B E L T W5 #EEB T O F T HMGI (3-hydroxy-
3-methylglutaryl-coenzyme A reductase 1), OLEI (stearoyl-CoA desaturase),
PLBI (phospholipase B). SCS7 (which is required for hydroxylation of
ceramide), ¥ £ O YNLO45W (which encodes protein hydralyse leukotriene-
like substrate)id, MFTERSFLHT TEREE LT\, BE., BB IO
ATV A4 FRECEELTWL2BEFDOELIE, EHLN0OEERSE
HETTERERLTVWDLIETTERL, b2 FOERBEFHETTH
X2180-1A L RABED, FLEFLLHMRBIL TV,

v& Iy, fERB X O prosthetic 7/ — 7 OMRBICEE L TW5iE
{5+ TiX. THI2 (regulator of thiamine biosynthetic genes), THI3 (positive
regulation factor of thiamin metabolism), THI4 (involved in thiamine
biosynthesis and DNA repair), THI5 (pyrimidine biosynthesis protein), THII1

(thiamine regulated gene), THII2 (protein involved in the synthesis of the

61



thiamine precursor hydroxymethylpyrimidine, HMP), THI20 (hydroxymethyl-
pyrimidine phosphate, HMP-P, kinase), THI2] (hydroxymethylpyrimidine
phosphate kinase, involved in the last steps of thiamine biosynthesis)% & &¢
BEFIHFEEREFET TREEIRL W,

T H T YT, X7 v A F FRBPICEET 5 EET MIDI
(methylenetetrahydrofolate dehydrogenase, NAD"), ADEI (phosphoribosyl-
amidoimidazolesuccinocarboxamide synthase), ADE2 (phosphoribosyl-amino-
imidazole carboxylase) . ADE4 (amidophosphoribosyltransferase) 3 & O}
ADEI7 (5-aminoimidazole-4-carboxamide ribotide transformylase)72 & @&
BFPRHFERELZGTCEER LWL, UV UBRBICHEET 2EET
CTiX PHO3 (constitutive acid phosphatase precursor), PHOS (repressible acid
phosphatase precursor), PHOS (repressible alkaline phosphatase vacuolar),
PHOI11 (secreted acid phosphatase), PHQOI2 (secreted acid phosphatase)3s &
Y PHOS1 (cyclindependent kinase inhibitor)?’ 5% 554 T CIRFE I L T
Wiz,

% 2 I TRV K —

Fig 19 IC=RX VX —DA T AV ICHEINTEBEBETFOEE 07 74
NERLE, TOAT7 Y THERY T HT IV E, BEFEEs X OE
AT X)X —EH# (p-value, 1.53e-16), MWL (p-value, 1.45¢-19), 3§
B% (p-value, 0.00196), =X)L F¥ —FEMRH (p-value, 0.000852)F L ¥~
AN —FH|E L OFAE (p-value, 0.000852) TdH - 7=,
BFWELLOEFEHE RN X —BHRICEHET 2EEBEFICIE, 8§ 20
ATP #B1{sF & . CORI (ubiquinol-cytochrome-c reductase 44K core protein),
6 2D COX BI=-F. YMRI45C (mitochondrial cytosolically directed NADH
dehydrogenase) . NDII (NADH-ubiquinone-6 oxidoreductase) . MCRI
(cytochrome-b5 reductase), QCR2 (ubiquinol-cytochrome-c reductase 40KD
chain I1)¥ & U8 QCR7 (ubiquinol-cytochrome-c reductase subunit 7) 723 #& % 1%
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BEMHFTCTHEEE L CWiz, T COXI5 (cytochrome oxidase assembly
factor), CYCI (cytochrome-c isoform 1), CYC7 (cytochrome-c isoform 2),
CYTI (cytochrome-cl), QCRY (ubiquinol-cytochrome-c reductase subunit 9)
¥ £ O RIPI (ubiquinol-cytochrome-c reductase iron-sulfur protein precursor)
ISR EG T CHIEE LT\,

HEEICB 5§ 515 T Tk, ALD2 (aldehyde dehydrogenase 2, NAD"),
ALD3 (stress-inducible aldehyde dehydrogenase)3 & O ALD4 (aldehyde
dehydrogenase, mitochondria )23 R B IE B LT TEFEH L T\,

Fig. 19. Alteration Expression Profiles of the Genes in the Category

“Energy” in K-9.

The expression profiles of the genes in K-9 are shown in two columns,

indicating culture conditions: a, shaking conditions, and b, static conditions, in

the same way as in Fig.18.
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% 3 H  MEmE, WX EERXOERER

MlaEgx, MEXREESBIOCREROI T IV CHEINEBBTFOR
BIX Fig20lom L, 2O T AV DOHRCHEERY T T IVIEX, 44
v, ClLa®mBs L ORAKIEBEmE, 73 ) Bk, BT/ KEREER
FOEREEEED AL EY (EE) (p-value, 9.10e-17) & ATPase i
% (p-value, 1.77e-06) TH o7z, A A VEEICHE T LB ET T, B4
B A A4 ik (Cu, Fe, ete)\ICEAET 5 & EFN X2180-1A B 5B
L Bpo Tz, CCC2 (P-type ATPase involved in the export of Cu®* from
the cytosol into intracellular, secretory compartments), FTHI (with a
similarity to Iron permease Ftrlp, YERI45¢). ARNI (a transporter of ferrirubin,
ferrirhodin, and other ferrichromes)3 & T8 SIT! (transporter of the bacterial
siderophore ferrioxamine B)IX IR & GBS T TEEH L T\,

CTR3 (intracellular, cystein-rich protein involved in high-affinity copper
uptake) XM EE B EH T CEHBE I L TV, ARR3 (probable arsenite
extrusion protein), COTI (vacuolar zinc and possibly other metal transporter),
FET4 (low affinity iron and copper transporter), FRE7 (similarity to Frelp and
Fre2p)¥s & OF ZRTI (zinc transporter D)IXMHE R KA T TERREHR L T,
FET3 (cell surface ferroxidase with high affinity)IX#R &R LB T THH
FLTWED, BEBEERGT TEREHRL W,

oV T AT TR, VUrBREECEET D EMEF T PHOSY
(inorganic phosphate permease) & PHOS89 (Na'/phosphate co-transporter) 3 i
HESMHETCEREL CWR N, PHOST (low affinity phosphate
transporter) XM B FH T THEHEE L TV,

ClbEMB L ORAMHERICE ENDE LB F TiX. GAL2 (galactose
permease),7 > ® HXT &{xF .JENI (lactate and pyruvate permease)., VPS73
(similarity to glucose transport proteins)¥ & 8 YDLI99C (similarity to sugar
transporter proteins) N IRBIZE B RMGF T THEHHE I L TEB Y . HXT4 (hexose
facilitator of moderately low affinity)IXH I # LA T CTRIBEH L Tz,
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7 X BREIXIZBI 5§ 5 BB T TlX. 4AGP2 (carnitine permease), CAN]
(arginine permease), DIPS (glutamate and aspartate permease able to mediate
the transport of other amino acids). GNPI (broad-specificity amino-acid
permease), LYPI (lysine permease)¥3 X U8 PTR2 (di- and tripeptide permease)
DIRGREBLRMET CTEHREIE L T\, TATI (broad-specificity amino-acid
permease) X W B E 4 T TIERFE I L Tz, BAP2 (broad-specificity
amino-acid permease inducible by most neutral amino acids)IZ #R & £ & &4
TTHEREBRL TS, FEBERFAET TRERRL TV, MMPI
(S-methylmethionine permease, which has similarity to S-adenosylmethionine
permease Sam3p)iE, FIEEEHET CEERL T,

BF/AKBREOI T IVICEENDEML T TIX, THI7 (thiamine
permase) N M EER LM T CTEFEE L TE Y. YOR07IC (strong similarity to
Thi7p). YORI192C (strong similarity to Thi7p)3 & O} YLR004C (similarity to
allantoate transport protein) I FF BB LUE T TEHEEHE L T\,

AW EICE DB TF Tk, PDRII (full-size ABC ransporter
involved in sterol uptake), SGEI (putative substrate-H" antiporter conferring
resistance to crystal violet and to 10-N-nonyl acridine orange, NAO), TPOI
(vacuolar polyamine-H' antiporter), TPO2 (proposed vacuolar polyamine
- transporter) 33 X U8 TPO4 (proposed vacuolar polyamine transporter) 2’ #2 % 5%
BEMFTCTEIBE L CWi, HOLI (putative substrate-H" antiporter of
unknown biological function)d3 & U YHR032W (ethionine resistance protein)
IR SEF T TR BB L T2, multi-drug transporter & =2 — K LT\
5 BARTF Tk, SNQ2. PDRS B X QN YILI2IW W& &4 T CEBEE L
Tz,

ATPase IZ B 5§ 2 &/5 T TlX. PMA2 (poorly expressed, H -transporting
P-type ATPase), PMCI (vacuolar P-type ATPase transporting Ca’* into the
vacuole), PMP2 (H'-ATPase subunit in the plasma membrane), ENAI, ENA2
B XN ENAS5S (which encode plasma membrane P-type ATPase, involved in
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Na' and Li" efflux) (X IRBEESLHE T TEEHRL W,
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Fig. 20. AAlteration of the Expression Profiles of the Genes in the Category

“Cellular Transport, Transport Facilitation, and Transport Routes” in K-9.

The expression profiles of the genes in K-9 are shown in two columns,

indicating culture conditions: a, shaking conditions, and b, static conditions, in

same way as in Fig.18.
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% 4 H &E

HREILDHEINIBEBRERTORA S0 7 7 4 V% Fig. 21.AIWCRLE, &
DAFTIAVICEENDBMETF TIX. CUPY (involved in copper homeostasis
repression of protein import), MBRI (required for optimal growth on glycerol)
3 £ U STP4 (involved in pre-tRNA splicing and in uptake of branched-chain
amino acids) PIREHRERH T CERE L TK Y. MGAI (similarity to
heatshock transcription factors)IIMIBESLMF T THERE L Tz, SMPI
(MADS-box transcription factor, which is involved in regulating the response
to osmotic stress), ¥ & T8 ROXI (heme-dependent transcriptional repressor of
hypoxic genes)IIFF B R FLMH T THEREBE L TWiz, NETI (required for
rDNA silencing and nucleolar integrity). ESC4 (which establishes silent
chromatin)¥ & Of SAS10 (involved in silencing) i #% ¥ 55 & e 4 T TR F B
L CTW/z, FLOS5 (member of the Flolp family of flocculation proteins)i [l
BRERAMTCTEREEL TV,

% 5 IH S NI B AR

ZURTEERONT AV IEENLIBBFOREA T vy A V%
Fig21 B IZ R L%, ZOHT TV T, ZLOBEBEFHREEN TV EYT
AT AVRYIVRY —LEFHRTH Y, MNPI (strong similarity to cricetus
mitochrondial ribosomal L12 protein), 19 @ MRP Efi’?, NAMY9, PET123,
kmmkmmA%iw50®Rm4EE?%%%%%%#T?%%%LT
W72, KRSI (lysyl-tRNA synthetase, cytosolic)id, MiE& LM T CTHERKEH
LTWwWi,

6 W  SFUNTROKEER (Tx—NT 4 vT BB L U8
%)

ZURIBEOMEEBRON T AV CHEESNLBBFORA T 07

7 A NVE, Fig2l.C ICm LTz, ¥V RV A MBERE 2 — RT3 AXLI
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(haploid specific endoprotease), MAPI (methionine aminopeptidase, isoform
1). YPS3 (GPI-anchored aspartyl protease 3, yapsin 3). RPNJ5 (subunit of the
regulatory particle of the proteasome), STEI3 (type-IV dipeptidyl amino-
peptidase)¥ &L Y FPR4 (nucleolar peptidylprolyl cis-trans isomerase, PPIase)
TIRBEE R SLME T CTEREBR L TV,
carboxypeptidase), PEP4 (aspartyl protease). YPSI (aspergillopepsin), A4PE3

YBRI39W (strong similarity to

ab ab ab
[ vProsSW (ROX) e YPR166C (MRP2) Bl veri2zw ey
B ver239C e YNLOOSC (MRP7) B vnorrw
[ veR3ozc PRPID) B YILD93C (RSM25) I B viraadc paarny
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Fig.21. Alteration of the Expression Profiles of the Genes in the Categories
“Transcription,” “Protein Synthesis,” and “Protein fate” in K-9.

The expression profiles of the genes in K-9 are shown in two columns, indicating
culture conditions: a, shaking conditions, and b, static conditions, in same way as in
Fig.18. The expression profiles of the genes in each category are shown at to A,

transcription, B, protein synthesis, and C, protein fate.
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(vacuolar aminopeptidase Y) . PRCI (carboxypeptidase Y, serine-type
protease)dd & U8 LAP4 (aminopeptidase yscl precursor, vacuolar)i T)fz?%i%%
T TRERL TV,

E—bhvav s BRI ET IV KRBT DX NI HEa—F
LTWoSEBIEFD S S HSP26. HSP31, HSP42, HSP78, HSP104, MDJI
(heat-shock protein chaperone)s & U FMP31 (similarity to D. melanogaster
heat-shock protein 67B2)IRE L ZEFMH T THREI L T\,

B/ 7 H  MBEEAHBICDNA Faty S

MBEMB L DNA Yy v 70TV ICEENDLBEFD
BB 7 7 A V& Fig22 AlZR LTz, 2D DEMGFIL. DNA 7Yk
vy ZRBICFMRESRERB LOMBEEAS =2 e —Ar 0T T
TVICTHENTEPRFANCEERY T AT IV IR NPT,
DNA 7ut vy 7T 53 %8BT Tld. CLN2 (cyclin, G1/S-specific).
MLPI (myosin-like protein related to Usolp), RAD6 (E2 ubiquitin-conju-
gating enzyme), RAD9 (DNA repair checkpoint protein), RDH54 (required for
mitotic diploid-specific recombination and repair and meiosis), YRFI-1 5 X
Y YRF1-2 (Y-helicase protein 1), YRFI-4 (protein with similarity to other
subtelomerically-coded Y-helicase proteins)NIRBHEB LT CHEIEH L
TWio, A KEHS L OCMRE# = b — LV CEET 58 EBT
TlX. CBF5 (putative rRNA pseuduridine synthase), FARI (cyclin-dependent
kinase inhibitor, CKI), MYO4 (myosin heavy-chain, unconventional, class V,
isoform). NDJI (meiotic telomere protein), PIN4 (similarity to S. pombe
Z66568_C protein), REX4 (strong similarity to X. laevis XPMC2 protein and
YGR276¢), SLKI9 (involved in the control of spindle dynamics together with
kar3p). SMCI (chromosome segregation protein), NUFI (spindle pole body
component), UTHI (involved in the aging process). ZDSI (involved in

negative regulation of cell polarity)ds & OY YLRI179C (with a similarity to
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Tslp) PR B R R KM T TR B L CT\Wiz, SNZI (stationary phase
protein)dS & Y SCM4 (cdc4 suppressor)iI MG ERGF T THERBHI L T\,

% 8 I MRS, FEE, MIRAER

O TAVEHFEINDIBEFORBIA TS 2T 7 4 )V % Fig.22.B IR
Ui, HEFICMET 5EET AXL2 (required for axial pattern of budding).
RAX2 (weak similarity to Pstlp), BUD3 (budding protein)¥ KX I8 UTR2
(cell-wall protein)iZ IR BB KM T THEREHR L TV,

% 9 H MICEREE & DHEEER R X UM A E S

INOZOoD0HTAVICHBEINLIEBEBTFORBE T 7 7 A V%
Fig.22.C R L, 7z Kih, BEEMRERB I OEFEN Z
7 B E ¥ 5#15F GIC2 (cdc42 GTPase-binding protein), GPA1 (GTP-
binding protein o subunit of the pheromone pathway), KEL2 (involved in cell
fusion and morphogenesis), STE2 (pheromone a-factor receptor), STE4
(GTP-binding protein beta subunit of the pheromone pathway)., STES
(pheromone signal transduction pathway protein)., STE6 (full-size ABC
transporter responsible for export of the a factor mating pheromone), MFA2
(mating pheromone a-factor 2)., LRGI (GTPase-activating protein of the
rho/rac family) i M 45 T TERREEL L TWie,

5 10 H  BALVAFa—, Bl X OREME

TNV AFa—, HBLOREEODT IV CHEINLIBEFD
BT 7 7 A )NEFigRDIER LE, 20D T3 CTHRIVICHEE
VT 72V, BIEX FVRIEE, E—bya v 708, REMBT
BrEEDA DU RIGE (p-value, 1.74e-07)F8 X Mg & (p-value, 2.60e-09)T
HbD, AMNVARKREFEICEET 5B MRF TIiX CTTI (catalase T, cytosolic),
HSP30 (heat shock protein), PPZ2 (protein ser/thr phosphatase of the PP-1
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Fig. 22. Alteration of the Expression Profiles of the Genes in the Categories “Cell
Cycle and DNA Processing,” “Biogenesis of Cellular Components,” “Development
(Systemic) ,” “Cell Type Differentiation,” “Cell Fate”, “Cell Rescue, Defense and
Virulence,” “Interaction with the Cellular Environment and Cellular
Communication Signal Transduction Mechanism,” and “Transposable Elements,
Viral and Plasmid Proteins” in K-9.

The expression profiles of the genes in K-9 are shown in two columns,
indicating culture conditions: a, shaking conditions, and b, static conditions, in same
way as in Fig.18. The expression profiles of the genes in each category are shown as to
A, cell cycle and DNA processing, B, biogenesis of cellular components, development
(systemic) and cell type differentiation, C, cell fate, D, cell rescue, defense and

virulence, and E, transposable elements, viral and plasmid proteins.
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family)¥ & Y YRO2 (strong similarity to HSP30 heat-shock protein Yrolp)as,
FE - fEBICBE 53 5 & T Tid CCPI (cytochrome-c peroxidase precursor).,
PRXI1 (mitochondrial isoform of thioredoxin peroxidase) ¥ J U8 SOD2
(superoxide dismutase, Mn, precursor, mitochondria) N B & B & & T CT&
FEHRLTWE, A NVRIRBIZCEENDSBETD I B, GTTI (glutathione
S-transferase) , HOR7 (hyperosmolarity-responsive protein) ¥ £ U8 YGPI
(secreted glycoprotein)iX W& 5 T THFEEL L T 7z, SULI (a protein
mediating excretion of sulfite), LT7VI (a low-temperature viability protein),
GPX2 (glutathione peroxidases)$s &K OF SRLI (with a similarity to vanadate
sensitive suppressor SvsIp)IZRERE B T CEREE L T e, BiRNHE
FEICMEECTH D L Vbl TV 5 i s T TIR3 (cell wall mannoprotein)id i
BESBTCTEBBELTERY, TIR4 (cell wall mannoprotein involved in
cell-wall maintenance)IIFHEREBSRHE T TCOAFERKIA L TWe, fEFICE
54 5 @&+ ClX CUPI-1-CUPI-2 (metallothionein)i i £ % & F T/I&
FHL L Tz, SEDI (abundant cell-surface glycoprotein) X R & E & KH T
TREHLTWEDS, BERESRMT CRERBEL TV,

/11 H BALRT, VANAREBIORTTAI RE I HE
MK FICEE LB B TFORA T a7 74 V% Fig22 EIZR LT,
13 D TY1 elements (XM HFE &/ F TEFEBE L TWeH, TY2 elements,
YCLO20W, YCLOI9w 3 X YBLIOIW-A (I ERBELET CHEEHRL T

Wiz,

% 12 H ROBEF NI E

RGBS N TEIREINDIBEFORRE T 07 7 (V% Fig.23 12
ALz, REBRELDWVWITHEEREZGTCEHEREED 2 WITIERBE L T
WeBRFIE, 105 CDED, ThbOBREFO I bYAKKRAITIC
a—=RFENTWBEL U7 BICHROCHERAYEEZ b2 13 OBETDIRER
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Fig. 23. Alteration of the Expression Profiles of the Genes in the Category
“Unclassified Protein” in K-9.

The expression profiles of the genes in K-9 are shown in two columns,
indicating culture conditions: a, shaking conditions, and b, static conditions, in

same way as in Fig.18.

4 Hi E2g =

i

S.cerevisiae \ZJB T DR CTH AEEERIX, m=% / — )V, BF
BERE, [RIE T CoOBmWHEGERE., K7 X JEBRAEMN., B AT VAEMNR
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COBEWEBEICHELZHEZAELTVS, TNOFEERRITE VG ERE
EOREORNTERRSL, BETHMBREREINEZbORFERINT
W5, RFFETIE, IREBIOHEEREZMGTTO DNA v/ 7087 LA
XY, BlEBENESOEBEHICOVWTEBFORA T a7y A A5
Br&47 > 72,

HEBERIMOBERI Y bRV X ) — Uit % 7R3, (Shobayashi et
al. 2005, Casey and Ingledew 1986) EERFD = & J — Vit B % 5 %
HERIIZHOWTIHE., RO Moo — 248 (Mansure et al. 1994) <2#
R D R & @ R A3 F0 £ (Mishra and Prasad 1989, Alexandre et al. 1994, You
et al. 2003), BRI O = )V I X T v — L& & (Inoue et al. 2000) 72 & D
BALOHAPREINTE, BEBEIOREINTETZ ) —VEZ
BRI AV IRATa—LVERRD erg6 ERIZEDLDTHDHZ LN
REN, BREOZ X ) — il oV T RAT o — VE BN EE &S L
RELTWSEZ LB LN - 7z (Inoue et al. 2000),

RO ) —VEICEET S8R FE LT BB LI,
Foora—2ERICEE T 5 TPSI.TPS2 8 XN TSLI iX K-9 TIRER &
XUETTEEELTEY, REAFEHEOAKICES T 5 OLEI(Stukey
et al. 1990)IXMFERFHFT CRHEE L TV, =ATRTr—VERKIC
BHESDBEFREEELCEIHERE, DOVIEIHERXMET CRAEE
LTWi, B2, AT U —LVTRAFADERAF ALV RAIZEEST 5
DD BT ARE2 (Zweytick et al. 2000, Jansen-Pergakes et al. 2001)¥ L O
YEHI(Koffel et al. 2005) S FHEREBRHF T THERBE L T\, BEME T
FER SNV TRATa—VDORESVAT B — VT AT VICEHRS
AR CHRIH S5 £ TIRE BRI BB & 41 TV 5 (Shobayashi et al.
2005, Zweytick et al. 2000), AT T — LT AT )L DKR A F AH T AT BEF:
M CHEEET A7) —DTLVITRAT O —VDRALTRAZ LV AICHE
BChDd, MATZNVIRT B —LAERRTFERAT 12— /LD AF b
FISIZEBNTAFNVERER LD SAM OERICEE T2 Z>0#EE
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F(Parks 1958, Daum et al. 1998) b B EREBESRAE T CTHREIR L T\, Z
DORERIT, BEERELZEBETTKID SAMBIO=VvIATo—LVEE
25 X2180-1A ITHA_NTEWE WO FER E b —E L TV % (Shobayashi et al.
2006), AT B — )L ERICIED FREEDNLETH IO ICHEBEER S
TCTIRHIREEZERGET IV VEEROBAT e —AEEITKI 2D, L
LBBL, K9 KBIFTAHARTa—AVERSCAT HE— LT AT VKR AR
FVACHEET O 2ELFORERIT, HFEEERXTOKI DR VAR
FEr—ARBLIRNT7 Y —Z L TRAFO—/LDEEN X2180-1A I TH
W & & —F LT\ 5 (Shobayashi et al. 2005), T & / — Uit iz B 59
5% DEBFPHBRESNLTVIEIN, KI KBTLINHDOBETFDOH
BT, KIDOFWZF ) —AEICHFEL TS EEXDLND,
CIlEHMB LORAKEHDABICEEL TVWLBEFTIE, W< OO
bONHEEREHET T, ZLO0BBTHRREBLEHET CREHRL T
Wiz, TNHOBEBEBEFOF T, ~F Y —REER L OMOEEOER XIS
O BETFRREFEEZMFETCEERL TV, LLLIIDDEE
FORBEFAS B 59 % &M F(SNF3, RGTI, and GRRI) (Ozcan and
Johnston 1999)1X, S EIEREZ T o L L OLRGETTCLRECEHIIA
bivianole, BIZTCA YA 7, Mk, BR{LH Y BRIk, ATP &R
FORBRETINFX—CHET BB TFPREBERERG T CEEBL
TWle, Zhb D ClhamBs L ORAKMHEY AL, RE, RS IV
TRNX =G T HEBEFOREBEPEIEY) I O & ETE R L EESE
MEEREL LTOK-9IDEWFEEE EEEICEETHL LB 60D,
BURIVERREZRIBEOREER (T —NT 4T Effik
LOH®%) CHEET28ET CREREFHE T TCRERALCWVWELDOT
1., MRPs (mitochondrial ribosomal proteins)(Chacinska and Boguta 2000)7%5
HY, TNEBEOI  Pa Y FITIEETHIER BB Y VERbiZ
BETLIEBETOREHRLEL—HLTCWD, ¥ 7 B0 MNEEHICHE
54 5BEFOEBEBITFEBEHRBO S VWHEARES TN EXZ DX VY
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BERICEELTWS I EEZLRD,

THI7 XU LT H5 AT IVRYVAABLIORBICEET 2&E
FHRMBEREEFHFETCEBEHAL OV, P47 I VERERERICEY T
TH ) VERICBT 2V E B KBEROEELRHEERERTH D,
MBERNOY AT IVREICI > THAAHLRINDIF AT IVARKIC
B 5.9 % &1 T (Prackelt et al. 1994, Hohmann and Meacock 1998)78 & 3% &,
LTWDEWIFRIT, =& ) — LV RBEBEOHERL L TIAT IV H
BINAZ LWLV KIDOHBAOY AT I VEBEMES RoTWAST
O, IOV AT IVERICEET2BEFIEEEALTVWSLELE X
b, L2PLARBLIATIVEMYVIALICEES T 5EEF PHOS
(Nosaka et al. 1989)i%, THI &= F R UBHRAFAGE 2 Z T TWBED T, W
ATIVEBRICEET2BEFAEREBEL TV IEGET CRERATS
T LBFESND N PHO3 12D PHO AT & F U< MG H &L T C
HELCREAPEL WAL TS, EHIZ, PHO3Z OREBENE WS
Z &I PHOS % PHO3 D FBL% #if] 3 % (Tait-Kamradt et al. 1986) &\ 5
IHETEHRESNTVAIELEL BAER-TWNS,

—F U UBRBICES T 2EETIX, K9 CIImEERELE T CRIEHR
LTV, MATAHRI YV VBEKRERTHD VICI, VIC2, VTC3 B LV
VIC4 b HEBE KL o T\, PHO BIETORBEFEHERICHET A
WEde, Y47V MkTFEHES T —¥E2a— T2 PHOSI DIHNE
725 LMD PHO BEFLHEELPWALNL, BECTERHI VBEBRED
FHETCEIIMEEBRE 7 2 A7 7 X —ERREATIZ LRI TVS
(Ogawa et al. 2000)23, BHEERF CIXIZOEHAEZNRLAR Y, TOEWNWE
AOTBETZ 3+ 27 74— BT 28R E AV EERERD LG
e LT AR OBRHESEZEZERE STV 5 (Mizoguchi and Fujita 1982),
BxOARBORBRITZINECICHEEHRBICEL RIS EHRE L —KL
TWle, TNE TR XS5, THIBBETFB IO PHO BB TFORB S
n7 7 ANED K9 Tik PHO BETORBEFEH RIC X2180-1A & 11iE
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Wi DT ER R I T,

T BAHMICEETIEET TR, TARNTIXUVARICEET S E
{51 ASNI, ASP3-1, ASP3-2, ASP3-3 8 & X ASP3-4 L " E® 7 = VBRA R
BESR LYS20.LYS2] PR R GMH T CERFEE L T 7, FFIZ L-asparaginase
11 % 2— K925 ASP3-1, ASP3-2, ASP3-3 3 X X ASP3-4 X FEH ICHEHEMN
B 2o TRV  BEEEEOZINSLD ORFIZMOLPDEVRAELT TS
AEELEZEZ LN D,

CRBAFVEATAZVACEET S8 EF TR, A4 FLIRA
#=— K92 CUPI-1 & CUPI-2 (Butt et al. 198)MEFEHR L T8,
CYC R L TEEBIEE 21T 9 CUP2 OFREBIIEL o Tk o iz,
BHEERIIMOBRICEXTHMEIEW XML TEY
(Watanabe et al. 1984), EBREFEREHIEFTEEZL 5 mM Cu® " DKL H |-
T K-9 [XHFE R 7T BE T B o 7= (data not shown), BEFR: DGR 13 8& 5 F D
T AIE—RMNIEXBALDTHD LS HE(Seymour and Juliet 1982)
R, S.cerevisiae X2180-1A 25 CUPI-1 & CUPI-2 % % 2 F LT 20 =1 &*—
FELTWAZ ERMEINTWSZ 2D (Karin et al. 1984), K-9 Tix
CUP BETFOaL—ERNDRWIEDIZHERENME L | & 07D I Rk
HIES 2o TWBE EEX BN D,

TY1 element % 2 — R BB EFIZOWVWTH K9 TIIWERESMHET T
BENIE L 7o Tz, S.cerevisiae ® Ty element @ %R MEZ DV Tk,
FEBREFERE S.cerevisiae S288c L FE 3 FAFERE T Ty element 2V < D> D
NV 2= arPdHdT LHPHREINTVD (Wicksteed et al. 1994),
S288¢c & Z D YRAEMK TidL HAPI ORF @ 3K AT 4112 Tyl element O i A IZ
L DERENAE LT T 5D (Gaisne et al. 1999), S288c DIRAEHK TH 5 X2180
WILZOEERN S 20N BHEEBEROK-7TIIHAEBO HAPIZALTEY,
K-7 <‘: X2180 D)V T AT 0 — VEAEBGLFORAEEL VT RT o —
NEBEDEWVIIEIZ X2180 @ hapl BRICK D ERFHEEINLTVD
(Tamura et al. 2004) ,
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Haplp i3 ¥ 72, BMERBIIGE L CHRELFH T2 EEREERGR T T
& % (Kwast et al. 1998)  HAPI ODHBEBITZ ZODOERBEFMHF T TEWVITR
LI o Ty, X2180-1A @ hapl RN K-9 & X2180-1A DBEFEOE
WWEoTHIBE SN TWEIBEBFORA T a7 s A VICTENWER I EEI L
TW500b LRy, KFFETIE, K9 TBITHREEREEFMGETTO
KR CRIET HEBT CYC7, ATHI, TPS1, TPS2, OLEl. ERG25 %
L OV ERG26(Kwast et al. 2002)D B HH L, HICHFRMWEHECTRETHE
{5+ CYCI, CYT1, ERGI3, HMGI ¥ X 0" MVDI1(Kwast et al. 2002) D & &
BEEFGTCORBHRAMNAONZ, TNOMERBIIE U CEAT 5 EE
FOHEBE 7 7 A NVDE NELT X2180-1A D hapl ERICEL Db D L
THZELITERWVR, K-9IZKBITS Ty element D EWE I U LT3
LA EDBEBNAVS ONOBEFOREBEOENICEE L TWD AT
BEZDND,

INETBRTELLOIC, BHEEROBKLVEBESRGFICHEHIET D72
DO REIE, MHETLI2EBBEFREBAICLILZbOTHD, LB EEE
BTRREEEFEOBESLELFREAFHRICEVIONPDODEVWRH D Z &
PR SNTZA, BEERO G SHENRDIFFEICHOWVWTHETT 5720
WCIXEROBTPEEND,

% 5 #1 hE

EHEER L EREREFO/FEOEVEZIXREI LTV AEEFITOW
T. DNA~®A 27 a7 LA ZRAWCHEEERS cerevisiae K-9 (= 9 5)
ERRERR X2180-1A OREBEZEBEB L VOHEREFGT CORRBTH
B0 77 A LOEDERT L,

K-9 TREHR L TCWEBEBEFICIE, REBERBICEE T 5 HXT, ATP KXW
COX BinF. =TI RAFu—VERICEE T 5 ERG BETFHB IOV
AT IVRKMICEEST S THI BEFHIbT, TULOOBRETORER
BUE, WIEEERE OB VT - BEBECT Y ) —ATHEICEE LTV
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EEzZ LN,

K-9 THEANEWESLEFIZIX, CUPI-1,CUPI-2 X PHO B+ dH Y,
CUDHITBEEESETHLN TV D RETH DRV, BT+ x>
7HA—EBEEE B LTWD, D OBET OKEBIIIEEEE RO Y
BERBEOEWVWICEK LT IO bR,
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MO

BEBERL., BFEBECBVWTHICEL RR2VWE T Va— VREDF
THEEEZRDT, ZOREEZERTILOORNEZHFT L ENT
D, TOXIREBEHEELTHF OBHEERIISES L. Saccharomyces
cerevisiae (LB T H L INTWVHD  FHEHEBECELEZEKEZEWESROF
TBRBRINZZEICEY, " REOREREBFBOME L IXR 5 /5HE
ALTWD, EFiZ, BEBEIZ, 20boLbREL/FHTHIEL
TH =NV E MR T A0, EOBRRSY THE o LT RT a— )
DEVERBETNVIRT O —VERIZE > TRAREETTH- Th,
BECHETSZ7 ) —DoVIRTa—VEDRAZT AL VA% & MR
LTWSZEERLESRIZBHEBEO =Y / — VIREEE L EH L,
NAF~vAZY ) —NVEEREBEUANDOLOBICER T2 ER8TEN
. BRERIEIRECENRD EEZ DN S,

BT ) — LV EHEETIEDOFEV LT RTFu— LKL
BE L, BEMBBIIMOMED L LKL CEED SAM 2EBNICER
THZENRHOLN TS, SAM X, 7V a— EFEES Y 2K R I
MRBHLZLPAMONTVWIMETHY ., TOEMNEEFIEDORR
BEENTVWD, 22T, VIR Ta—LERROERK T, =
IRTa—LVERTHEIND SAM OEXREALTHZ LICX ., SAM
BEVEIETRTDHLEZL SAM BEBERKOBRBIZINETZAITRT
0= VEEBROWRBIZANONTEET A A ZF UERBIR FEORR
RaeRHTl, TOBRFECZLIVBEERRRELOHENL SAM BE
BHOBRNTETHD I L &M Lk, REICEY ., HEBED» LIS
D2, EREBIILIIEHKDOSHZED SAM 2 EHET 5 ERET
DT LI LEE, 20O SAM 2EERMLEBHEEROLEMES L ONVH
LE COHEMMELER L, SAM BERBEERINY 7Y A bE LTH
HAHETHDIIER L, TOFEBICI o TER SN SAM BEEE
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BEEERZ AW T~ U A2 BT 5158 & DO IN(Manabe et al. 2004)° 7 /L
o — VM FFREE O W2 B (zu et al. 2006) N EFFEE DIk » TRE
Nz, BHEEBICIESAMUAICHLEZ I VBB oI D ey
EbhbxzradxTu—n, REOFZUNI7ELELEENTEBY, @
MR LBEBRZZ2EDREMORBREELEIMT S5 LT, 20
EBEzRESTZENTERE, %, BRATHT T AV MREEHKE LT
SAM AR S NTHEITIEL. SAM B EHEBEER: L AWz SAM Oz =
HAEEOEZRLBHRFIR S,

SAM 3. BERAMIIEN CTIEEMT IV BOKRAZTAZ SV AOREBLIW
HThHhH.BRICEBWT,. SAMIZRBICERT 22RO TS A,
EREINT SAM B, BRBLXG T CHEBERO N, SHEE L THAMA
SINHZ xR LEE, TORBRICKY, BBICEFEIN SAM I&RE
KIS LTHOCMBANTHRA S, MEOHEBEZR CICHAShTHWEZ L
ERLIEBDTH D, SAM O~ D R Z O H#HRIT KR S
NTWRWR, RFERICEY SAM OER~OEES OBk
NI LT-EBLEBRAOXFMETHAZ LEmR L, 5%, SAM D
BR~OEEEBABHA I, L VRN R SAM OEE~DEA
DHRILRDLTHA I,

BHEEBEROL SBNLBESFES VTR T 20— VA B - SAM &/
RBREDRMEEZ DNA~YA 7 a7 VA ZAVWTERERBOBRETHE
EHEEIT) ZLIC X VBT 24T o T, TBEBEBERE OB W AR R KL
MEMRER T, mXNVFXF—AECETLIBEFRY A GRICET
LEBBFORBEEDENE LTRINTZ, BEEBEREMOBERD LB
THEIC, BRROICAVWLN TWEFRETCHIEVCEBE T s 27 7 ¥ —
ETEESEVRMMEIX, BEETEROBKIET TEHARAS LA KEEDE
WICERT 26D THLZ LBRRBINT, BHEEROK L RfFEEE
M OBEFREOEBNOTNL, MOBERICHEAFRRLDE R
TIENTENIDE, BEBBOBEN /LR ICASEATE B2
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LD, BUE, MMATBIEAN BEREESMERZFLELES B Y =2 |
CHEBEBEOY ) MEERED LN TREY . =~ OE»L T ICHED S
BFHRAHFSN D,
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