RBRESF 21

B B0 ik HE PR A ko 72 o B A A

AT R
FORKY: o et eaT

BEREITEE W - BRI - B L Vo e BEMRERROEEICE I AOFHILTE
7o BHEBEORMEEGETIZBWTREL TENLEREBWAEEEZHRFT S
DI, AEICAWVONAEFIIMEEICERL TS Z EREREIND, BERIT.
EHEELAGT IR, 2T 27008 ESERABMGSERIGEF &R T
T L ClitEE 2 BE L TWS, AR TIX, A ML ATHEELIWTHELY O
BRG & FIET 5 ERRERE L LT, A4V A PV RIRET S Cpl1-Riml01 #%
KL BBEERFLRICGET S HOG B L ICEREY T, TOHBEBEOR L\
REZHAGNI LT,

Cpl1-Rim101 BEIL. A A 2 F L RIZGE L TIRERF Rinl01 2RESMEL .
EMEILT 2R THD, ZONMREMBETELEZ LN TSI, ART BT
7—+ Cpll IZMM% . Rim8, Rim9, Rim20, Rim21 & RN 5 & /7 BRI OHE
BRERFTHAEZLBMONTWAR, ZHOBLUTOL D ZIEFTHIEL., KHIT
RLIE ORI T FINOFENRH D L EBRFNFEEZRAVTHLNI L,

A A2 ARV A — Rim8 * Rim9  Rim21 — Cpll - Rim20 — Riml101 FRES R

— M E

¥, TORBICLVEEFEEINIBLEFE LT, TR UALF 2B T
HENFUAR—E—TH5D Bnal #a— KT HEETFERELL, ZTOZ Lk, 4
FUA R LRICEDIEEL SN Z ORBA, IGERIGE LTHEA A O %R
DOEMHLZEBEREILTWAZ EERLTWS,

HOG #RB&IE. 2 DDBEFBEYL VI —HE % X 7 A b U RAJSEM MAP % - —Eifk
BTHY., BBEERA LA LoTHERLIh, fr ORERGES &2 9@
EFLTWA BEEE L —#EDO—>ThH 5 Sinl BRI DOHEKERF T 5 Sski 1,
BEEAMVAIRELTHRY VERbSh, TOZ LI DIEH LB L 22> TTH
D MAP FF—PREEEEITHZENMBN TN, AR TIXY VEBLEN L
7= Ssk1 OFIFECIN X . BLY VB LA Sskl (ZBIRWY e o fRISENTFEL, BEZ
BIZHIHLTWAZ LEZALMNI L, o, ORI EXFY - TuTrT Y
—ARICEBRbDTHABI L. DRI X F AR Ube? LabFF )
H—¥ Hrdl BRPEELTWAZ L 2R LE, &bIZ, ZONMREREIL, BEELE
MEET LB 2 HoNICAESEIT 272D TnD Z LML
7o :
BROTEMEICED S 2 b 2 2O A N U AERIRERE ORI NG, HA b
L A SE RSB ICHRAE ENTWAEFRIH LI o Tz, AR TH LA
Bab 22, BROMHEMEBEEOS FEBOFEME A ST L, THEMICEI B
BHROAIMO =D OREBEEHT 2 LB LIV,






14 16 3

22
BhRES 0253
B o E s m Loz oD%
BTHE =i GRRKE o TFMlaswEur5ee)
OWFFE B W

BEfHILEEM - DR - BB L Vo EEMREAROEECHI AORHASH
Tx7, BEHEEORBEEFETICBVWTEE L TENEERE B WVAEEETE
BT ai-nicid, EECAVONSERIIMEEICERL TS ZEBRERSH
5, BEfFIE., BHEESET TR, ZhEMRT 2D S SERAERNS
AR EBEET I L CHEEEES LTV, BliE, MBAICHEALE
A FVEPHT AP TVAR—F—2FEE LY, BERELZERL Tl
JERAOBRBEEFME LIV THZE8MbN TR, BHEERFOZD
WM ERISERS 2 SENICERT 2 ICIBREVCORTERTH D, o, B
REEA N L AREERE L, RERIEZERBIT2ODFREFREBEICEL
Th. FHARZARELEIShTWS, A LA, HIRBAIOA A RED
BRI L VB XRBoEhd A4 A ML AL, BREREBEEICLY 5
XRISNIBBEA ML ZAOMUEICHTTEXLH LN TE D, Fxid, &
2R UATEELENTEL OGEREEHHET 2 EREERKE LT, 414
VAP VAGET D Cpll-Riml101 B &, BEEA b L RARGET S HOG
REBLICEAZY T THAEEED TS,

Cpll-Rim101 ¥ iE, A A2 A b LACIGE L TREREF Rim101 & RESD
fRL. BEHEALTAIRKTHD V, ZONMEMBTI2LEZONTVD IS
4T e T 7 —F Cpll o %, Rim8, Rim9, Rim20, Rim21 & F:iFh 5 ¥
VRIERBEBROBERETFTHI I ENMONTVER, ZhbREDL IR
SFHETA A LA N UARREL, &5IC Riml01 ORESFZ Hl#H L T
BOMIH o TWRY, ZRLOHEEETFARE LZEERIZBWTE, W
FHHIEE LT Rim101 ORESMBE 5T, T THEENET T
B ENBEINTVWS, AT, 2 bOXRBERKLITHFEIZ, 14
A RVARELENTHWARVWESETTYH, BEMEFICEE/L S Riml01
DRESEBEE LX) RERKOBEB2RAS 5, BOhER L LRHER
FORBERL O _EBEEEKICB VT, Rim101 ORESMBHREZ 5 0PENEZIR

-303-



14 16 3

FTazZlicky, HERTVBREANTHET IIEFLBCFHICRET S, &
512, Cpll iZBId 2 A LFEMMBIT 2 MAGHLE T, A AR & RE 55
MO FHEZTHALPCTHZ EEBET,

HOG &KX, 2 20ORFZEE VY —HEEMHATZA b L AREM: MAP &7
—ERETHD 2, TNETCURBELV—bEDLREOFHERERRE T
ZREL, FOEABBOKREEHALMILTE L, HOG BKIE, BBEX b
VAo CHEHIEENTE L. OSERIGE I EEZ 328, MasZEER
AR EHENTWRVIRERL, A M RAREORKR L L TEREERBICHEIS
LR TIRIARTEEICHR N TWD Z ERMbRTWD, APFR TIE, BREXR
EHEEOH LWBIEEZHALO T2 2 BET, BEEE VS —#EDO—>
Th 5 Slnl &KX, B+ —4F Slnl 226V VBREGBFHETH 5 Ypdl
EFRTCUVARALF 2L —F —8skl ~2 W) 2RO Y U BRERBRGE
MLTSsk1 DY VBILIRIBZFE L, Zhic X v Sskl OIEMEEHIFE L TW 3,
OV UBLIC L AEIEICINZ T, TaF T Y — MMEERE R B RBRMN
Ssk1l O ENLTZ ORKEAICHIE L TWagE > \WT, TOAEBNE
BEEOTHLITZT D,

WA b L ARERISICE DS 2D 2 SO RHIREEKOMA LB LT, B
B OMEEES OS5 FEBOEME R L L, TS ICEN 2B O A
Db OEBWEEFTHZ L2 BRI,

QW37 ik

1. Cpll-Rim101 &R DMEH BICTEMEIL S 2 28 F 0k D BifE

Rim9 RIBZE RIS, THEMEZBEIE L X 9 RZERKE, LY 57U 2%
TOHMMEEZRECHBEE L, BoiEELEE LEZEREKICEBWNT,
Rim101 O PRE LA RRFIZEIE L TWA1E S %, Riml101 2545V X
Z ok ERWTHRE Lz, Rim101 ORESMEAEE Lz b DO, REISEH
WiEE LS h A ERBBOFEMEZ X b5, Rim101 [RES RO EEOJFRE & 72
STWHERY, Rim9 REEENOGHBEL CHMER L LIZBEIT, A A
FLRIZELENTVWARWELETTY Riml0l ORESMEREEL TWEINE
IMEYTTAF EERWVTRE L,

2. Cpll-Rim101 #& B DR R 7 23 RN THERE T 2 IEfF DR E
BohEEEEER L BREMHEKEF Cpll, Rim8, Rim9, Rim20,

Rim21 OWFN P ORBEER O ZEEREKEZ/FERMNL, ZEZXZEKT Riml01

DRESREBEZ > TVDINENE VT RAZ EIZ L VRFT Lz, 1EEBEE

-304-



14 16 3

m%£®ﬁﬁﬁﬁ%ﬁ:~bewé5VN&E%X\:E%&kbfﬁ&é
bﬁtﬁ%%&@%&Y&#ﬁ&\melomiﬁﬁﬁﬁ:ofwnﬁ\x
&iYiD%ﬁ%KBwTTﬁT%%?é&%iEh\ﬁmmﬁ%%ﬁﬂlof
w&ﬁﬂﬁXMYlD%Lﬁﬁ%%?é&%i%héoﬂ%&éf@ﬁﬁéb
ﬁf:i%i%%ﬁ%f@:kKiD\ﬁ%%%ﬁ?é%@%ﬁﬁ%ﬂﬁ%%
T HNEFZRE LT,

3. Cpll Z&te s v/ HEA RO E{CFERIRAT

BRI DT h—7 % 7% Cpll © CHRMICHA LIHREFRL, TR
DOt HIE» BT 7 A =5 ¢ —pERIEIC XY Cpll %’é\ﬁ/}?V/\"ﬁEf@/a\ﬁ:
EREM U7z, WERUE % SDS-/ VESIKE & GRSV AT L, Cpll &3¢
wEll XN B X Uy BERE L

4. Cpll-Rim101 &I DEHBIZTF OFE

Rim101 OIRENENE - ZEA LY C RIMMERKSED & HELOT
bﬁ@i%ﬁ%ﬁ%kL&w%@&ﬂ%%%k&éamn:@%%MﬂRmum
BN, A F A FVAREBERTVRVEHFTTH, TR 2N TE A
éht%ékﬁt%ﬁﬂéﬁﬁo:@:k%ﬂﬁbf\mmmlmibﬁﬁﬁ%
Wéhéﬁﬁ%wﬁﬁ%uTmiﬁkﬁ&fﬁﬁkob?yxﬁfy%ﬂﬁb
t]mZEE%ﬁlf/A?477U*ﬁ%éoCW?%f?U*%%Pék\
R/AmﬁyﬁAKMdﬁﬁ%%ﬁﬂfézaﬁf%éommw1mibﬁ3
ﬁﬂméﬂéﬁﬁ%ﬁﬁﬂﬁ@:ot%éﬁﬁ\%@%@mel%%otﬂ
@&Rmun%kﬁéﬁtm@evmaﬁ&%w%ﬁﬁ&&m%w%%xem
BEEE LCTR-HT 7 by F—PiEHEOERLE LTRITHZ LN TED L
%%ém&(Iyny%—-h§y7w,gﬁwzuzﬁﬁ%ﬁkﬁuomfﬁ
ﬁm@Rmun@ﬁ%mié%ﬁ®QM%ﬁML\%ﬁ@%k@ﬁ%néﬁﬁ
D lacs EETFFAERRE L, TR EROMABRTERET S 2 LICLD,
mmmlﬂiD%Eﬁﬂméhé%ﬁ%@%ﬁ%ﬁﬁbh@h@@%ﬁ%ﬁ%
%K4ﬁyxkvxfﬁW%§ﬁéwﬁm‘it%@%%ﬁﬂMmmlw&ﬁf
BPEPICOVT, B AW TR ZIZ .

5. Sskl SRICHT BT uF 7 Y —bDBEEORE
fn%TV—A@%ﬁ%fn:yme&mmmwmﬁﬂﬁﬁﬁiﬁ%%w

T. Sskl ORI T 27w T T v ADMEEEZRE L, Sskl ORE - §

%%%méﬁékﬁﬁﬂ%ﬂ%%%@ﬁgwﬁtqmmWWSwlmi%ﬁiﬂ

-3056-



14 16 3

ZBICEOVBRENICHET 2T, s 7Y —LDFEENMET LIRS
7 Sskl 053 fif 3 BE % FFAf L 72

6. Sskl #fED Y BILEFEM DR

Sskl @V VER{LIRIENR Z O SMRICKIETHRIZONVTKRD & 5 72 FETHRE
Lz, W% DBBEERMET T Sskl iV vBILRBIZH D0, ) v BEGB S
Mk Ypdl Z kB SE D L Sskl Y UERILITEZ b7V, BFAK L Ypdl k1B
ERBRICBIT S Sskl O fREER2 5. ERBEOFIEEZ AWK L, S5,
SRR T A7 T T Y —AOBEERNT 572DIZ, Rpn9 REEEK &
Rpn9 Ypdl “EXRIBERKICEKIT 5 Sskl D43 fif ik % RERIC bk Uiz,

7. Sskl HRICBEDL LA X FURKAMSE 2 FF L) T —BORE

X F UREAESRE Ube? Lo xF ) F—+¥ Hrdl @, Sskl D43 R~D
M5 D FHEMEIZ OV T, WA E Ube? RIBEREK, 5\ iX Hrdl RIBZE B
W28 D Sskl O RMEESR 5. LRFDOFEELAWVTHET 22 LIk RE
L7,

8. 8skl 43fi# D HOG N IEMEALIZI 1T 2 & E O it

Sskl DR HOG #B O RIS LI B 7 TR BN & R 5720, BB
% > Hogl MAP % —¥ OTSHELRIEDLZALE . WA L Ubc? K% Rtk
& TH L7z, Hogl OiEME(LIRAEIL, VU BRIk Hogl 2R T 296 %2 vz
U T A & UMRATIC &0 BRI L 72,

O ES
1. Cpll-Rim101 & 0 BI=FHIfFHT

INETICEE SN Z OREOHEKEF Cpll, Rim8, Rim9,Rim20, Rim21
OWTN2EXRBLEERKIZ, 28 L T Riml0l ORESMERIREZ HF, £
MITEEWTHEMESE TS 5, £2 T, Rim9 RBZEEK? S, MHEME & Rim101
DR E SR % R EIE U728 Bk (MEERK) ZHEREELZ, BEOFRRA L
o TWAHERL RimI REERPODHEL CTHMERL T, A A A T
VARZEDL ENRVWEETTYH Riml0l ORESMBREEL Tz, Z0
ERERFOMETIEEEIMEFOICEEEESR TV LRALNITR T
(F—ZEAR LTV, BohEEEECERLE BEBREFTHD
Cpll. Rim8, Rim9. Rim20. Rim21 OWFThhDOXRBER L D _EERMKE
ERLL, T ZTHiIZB W T Riml101l OREDMBEHEZ 2 0EPEHRFTLZE Z

-306-



14 16 3

%. Rim8, Rim9, Rim21 ¢ D —EBEERKICBWTIIRELSMBEZ o TWVD
DIZK L, Cpll, Rim20 & O ZEZERKKIZE W TIXRESMRIEZ - TH 72D
ot (F—FIFFRLTWVWRY), FE_EEXEKOMEMEIL. IRELMEDOEIE L
—HLTHELE, Z0Z b, EENEELCERORREREFORBKLGFE
Whr X ET2L., ZORKTITHEEAFN Fig. LICR LIZ)EF CHE L, BXR
FICRLIEY T FAORNRH D Z EBRHALNITR T,

Ton stresses

i
‘——[RimQ J———[RileJ—— membrane

']
1

(Cpllj (Rimzo]
|
> Rim101 proteolysis

Induction of salt tolerance

Fig. 1. Signal flow in the Cpl1-Rim101 pathway.

2. Cpll-Rim101 & ¥ D A FE R RHT

INETIRALN TV ARBERRFORBERKORFAUNLBTH D Z
Evh, TR DEFR—DDBEAERELR L THIEL TS AREENE XL
n5, TOFMEEICOWTELENFEEZRA VTR Lz, BEEFEROLD
DI h—TF 7 %7 a7 —¥ThHD Cpll ICEALIKEERL, TOKRD
MaEIE» BT 7 4 =F 4 —1kIc LD Cpll &t v X BEEHFEEER
Lize LA L7A2AB, SDS #/VEKKE Tk Cpll O FITRER SN b D
D, DOF NI BEDONY IR TE 2ol (F—FIImRLTWawn), Z
DZLiF. AFVYARLARZED SR TWRWEET T, Cpll &{LFEMRD
KREALTWARFAFELTWRWNWI EERRL TV,

-307-



14 16 3

3. Cpll-Rim101 &R & DIFERIEIEF D FE

TEMEIL S Cpll-Rim101 B, HEMICSHOBEFOERERIEEZ ML
TIHEMEOEEAIZFEE L TWE EE L bD,

lacZ # LV R—¥% —#EEFL LIz v —- b Ty TE2ITV, EELER
Riml01 I X WV BENHIB SN2 B ETFERI V—=v 7 L, BERFES L
5bHdE LT, Enal, Stvl, Pho8, Shcl = — K+ 2 420 ET. MflS
na3Htm L L TPrbl 22— F‘?‘éiﬁ{ﬁ%%lﬂi L7z, 2B OBETFHERIC
A F VA MVATHBEZZTDPEPERFLIEEZA, Stvlxa—FT5&
BFLUSND b DI DWW TIE, HEHEAE Riml101 AW izH4 & RO HI#H % 5%
FAZERHLNIRoT (F—F iR LT, £, £72 Rim101 X
ERIRICBWTRBEOMIT2ITo 2 &L v, BIEINLEBEEH#EA Riml0l
WARGET ADENERF LI Z A, Stvl 2a— FTH2BEFUND L DITD
WTHEFELTWAZ EBHALNI R o7 (T—FIFARL TV,

4. Sskl HSfRicst 57 uT 7 Y —a0OBEOKRF

o TaTt—LEfHB e L& )87 B EER OBV RN 31T
N, TOBRIAKRENRTND S, ZhiEBZRL, SskliFavxF b TiC
AEXFURAEHRTHD UbeT EREETHIEERH L, TDOZ &Ik Sskl
RAELFFy - FPuFT Y — AR L ALIPOEEREST L 2RE LTS,
FrCEP. T T Y —AOMEY 7=y F Rpn9 & Rpnl2 O FhETh o
R Bk E AV T, Sskl ORI T 27 0T 7 Y — AOBE 2R
L7z, Sskl OIEE - FIRR 2SI &85 & RIFICEREEHIRIREICE L, Ml
MO Sskl DEZEBEICHET 2 & . WTFHORERZEEBEICBN TS,
WA & b U C Sskl AEAZICEEL SN TS Z ERH LN R o7 (F—
FIFRLTWARY), TDZ &L Sskl ORI v 77 Y —ARICESFL T
ZHZEETRLTND,

5. Sskl ©RD Y IRAGKTEIE O KRF

Sskl DEMIZFD ) VEBLIRIBICL VSl STV D, U CBRIETAARENE
BIGIL ) VBT BSTEMR TH B, 20 ) VEEIREES Sskl O 5 RIC KIETH)
BIZOWTELTO X 5 ICHE Lz, @ ORGESMF T Tk Sskl ik U U ER{kIR
BBlzhH AN, U rBEEEPEA Ypdl ZREE¥S L Sskl 0V VERLITE =
B2, BFAERE & Ypdl RIBEBRRIZE T 5 Sskl O REEZ LB LI L 25,
Ypdl KBZERKTIE Sskl HMEPBEFICREL TSI I ERHALNITRo T

-308-



14 16 3

(Fig. 2), Z D Z LI Y B LB D Sskl NBIRMWIZHMRENTNBEZ &%
ALTWD,

EBHIT, ZOBY UERER Sskl 1B 2 5 fRICK T2 707 T Y — A DHE
5 2RI 27010, BAKE Ypdl REBZERKIZE VT Rpnd & FRFICKEA S
BIHRICBWT Sskl O fREE LR LIz 25, Ypdl REBIZEVFIEESD
&Ntz Sskl HEOBERRBD bR golz (Fig. 2), TDZ &%, ETR
BB Y VB LT Sskl ISR RN, a7 7 YV —LRIEFLTES
BT EERLTND,

Time after shut off (hr)

Ypdl Rpn9 0 05 1 0 05 1
+ +
-+
- _—

Ssk1 actin (for loading control)

Fig. 2. Phosphorylation-regulated, proteasome-dependent
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Basic research towards improvement in the salt tolerance of yeasts

Tatsuya Maeda
Institute of Molecular and Cellular Biosciences, The University of Tokyo

Yeasts has been used for the production of fermented high salt foods, including soy
sauce, miso, and pickles. To maintain superior flavor and continue high production of
these foods under high salt fermentation conditions, yeasts used for the fermentation
must be highly salt tolerant. Yeasts achieve the salt tolerance by exerting various
physiological responses under high salt conditions to adapt to the stressful condition.
In this study, among the signal transduction pathways activated by the salt stress to
induce various adaptive responses, we focused the Cpll-Rim101 pathway, which
responds to ion stresses, and the HOG pathway, which responds osmotic stress, and
elucidated novel regulatory mechanisms of these pathways.

The Cpl1-Rim101 pathway responds jonic stress by proteolytically cleaving and thus
activating the Rim101 transcription factor. Cpll, a calpain-like protease implicated in
the Rim101 cleavage, as well as Rim8, Rim9, Rim20, and Rim21 have been identified
as constituents of this pathway. In this study, we determined the order of actions
among these constituents in the pathway as follows.

Ion stresses — Rim8-Rim9:Rim21 — Cpll- Rim20 — Riml101 cleavage —

Induction of salt tolerance

In addition, a gene encoding Enal, a membrane transporter extruding the toxic
sodium ion, was identified to be induced by this pathway. This observation indicates
that ion stress activate the pathway to induce the extrusion system for the toxic ions as
an adaptive response.

The HOG pathway is the yeast stress responsive MAP kinase pathway with two
osmotic sensor mechanisms. The pathway is activated by the osmotic stress to induce
various adaptive responses. Sskl is a key component of one of the sensor mechanisms,
the Slnl pathway. Upon osmotic stress, Ssk1 is rapidly dephosphorylated and thus
activated, and it in turn activates the downstream MAP kinase pathway. In this study, a
degradation mechanism specific to dephosphorylated Ssk1 was found to downregulate
the pathway. This degradation was performed by the ubiquitin-proteasome system and
a ubiquitin-conjugating enzyme Ubc7 and a ubiquitin ligase Hrdl participate in the
degradation. In addition, we found the physiological role of this degradation is to
inactivate the HOG pathway timely after the osmotic adaptétion completes.

The analysis of these two salt stress-responsive signal transduction pathways
elucidates the elaborate regulatory mechanism coordinating the salt stress responses.
Based on the observation obtained in this study, we would like to clarify the molecular
basis for the acquisition of the yeast salt tolerance, and to design highly salt tolerant

yeast strains.
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