Bk 0626
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72 Hogl MAP 7 —BITMlaEZ I Tt S L, S35 K 7OV Al Jo TR 1 1 i | S 7R B AR T BE D FE B 1 4
119, L72235TC, Hogl MAP - —Ef%# (HOG #8#5) A3 KB L 72 BERE CIE MR EE NaCl f77E F COAB R AIHETH
%R

BUZR T IOITIERRZIT Shol & SInl @ 2 FED IR A EDDIEMELS 7 F VAR DI U7 B 33 (SHO1
BRIE & SLNT FRER) 2MFAET D, SLNLFEEE TIL SINL 5 Ypdl, Sskl ~&fe TV BRI L — i | 3 i i S,
Ssk1 o Ssk2/Ssk22 MAPKKK ~Dift &34 L CTENETE LT 2L E 25T _

. hyperosmotic stress

W5, —J7, SHOL AR Tl IR B Th 25 Shol D3RG D e EAITALE L T
Y. LIS /P RIS BEBLBITIS, 6 RARTHS Sl'n’1 - S:ﬂ . T -
Cdcd2 EMALEAL Ste20 Lf5A 3528 T, Ste20 (XIEMERLIZ/2Y | Stell

MAPKKK %V i#Ab - TEMEAL 5, TEMEALESHU7- Steld 13 Ssk2/22 L[RIEE, Phs2 ", ;?

MAPKK Z U BRAb - 1EVEL T 5, 2D LT SHOL B DIEME LDV o) 3

STETCNDHLDOD, EHRIBEITIGU T Stell DU ER{L, Phs2 DUV ER{b/aL I}

FAEPEALSE A E D LT ETNDON, Z DRI T- A =R MO 1

TARBZ2 W%,  Ssk2/Ssk22 | [ Ste11] Ste50
ZCAMFE CIERRC SHOL #REEIZI1T DIEMHAL D 75 1 HEAE ZBIL CTRENT ~ ¢

BAT T, TOREM, ML L HTR % —F (B0 1255 FifiosF—8

LB DU | LV RS AT v 71T, ZRE TRy X7 - A M e Lz 4

B L BT OB O AN BT T D LM F & DFFAE b bho Tl

7o7%, SHOL EB CIIRER  WE T ENERA T 274 74— R ERA L0 4

osmoadaptation

Tt Gzt CTHEA RPN S, BER | IREIIMEERICR G L. RGOS &1
PEEND LV BD THEL 7R TE AL AT = X W CIHEHALRS R Z AL bh 5T,
<F&Fim > Tatebayashi K, Yamamoto K, Tanaka K, Tomida T, Maruoka T, Kasukawa E, and Saito H. (2006) Adaptor
functions of Cdc42, Ste50, and Shol in the yeast osmoregulatory HOG MAPK pathway. EMBO J., 25: 3033-3044.

1. R B/ HWT, BREREICER T 2EmZEE~OMMEE, &
B OEBEZ, INaBIOCl 441 ICERBIEV Y T IR EHE B R 2 TTRTL

FDALFHIER ) ETEEIROb SRS EIC LM BT T,

FITER ) E DB BRI B TH D, MR I Mt BRI 83 D J& 3 2 B K FIE R TR O D

AT A7DIIE, AA VIO A TIERAGREIERN  IEROREE N — &2 B WEL, FRRBEY )

PELERTHVLENHD, AL TIE, BB D  WEERICHEETEZENMOLN TVDIBE T DK%

OO TRWET NVAEY THL IR OV R 28 FIE L7z (Fig. 1) [Tk 1-71,
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Fig. 1 Schematic diagram of the HOG osmoregulatory pathway
and the mating pheromone pathway in the budding yeast.

HIZERERFIT, 300 mM LA D NaClEE IcSbEnb e,
ZDIRBIEEEZ L HOG MAP ) —E Rk a1E AL
FTHILIZRY, EREEREICEIG T 5, LT
Hogl MAP & — | ZHIfakZ Il S AU STk 6] | #i55
K1 DOV AT Lo CiRads il i VS ZE 7R IR AR T HED
FEEHEAZTTY, Liz23> T, Hogl MAP - — Bt
(HOG #%i#%) S RIALT-IERE Tl Mt EE NaCl 777 ¢
DEBDARARETHD, it R Shol &
SInl O 2 FEOIE A E N HIEHEAL S 7V aARET DIl
SEUTz B SRR DMFEAE T D LICHK 1, 2],

SInlizd It —IX R E @A DS RV T
HY . MaSA O — IR CIRBE A LA L,
JENIZHDEAT V) —F « KAL L OTE M il
THEEZEZHIVTWACHK9], Ypdl EEE ALV
FERUL — S 12 E o T, Sskl 2R DYk BEA- 1l
L[k 3], Sski 1% Hogl MAP & —F D LIk +C
% Ssk2/Ssk22 MAPKKK [Z#EA L CENETEMELT %
LB Z BTN [SCHR 6], TEME(bS 72 Ssk2/22 1R v
Y7 ARNESTL Pbs2 LfEA L, ZVEV IR - IETEL
T2

—7J7. SHOL ##8 Tl, 54 FE Th5D Shol 23K D
e EALICAIEL TR, IHHLy 7 Vv E T RES

LHEEZBNTWD [ SCER 2], 7z, Shol 1L > Pbs2
MAPK F—BLiEETHZELHbN TS, SHIZ G
EHE THD Cded2 NIEMHALSHL Ste20 LG9 528 T,
Ste20 [ EIFEMEALZ/20, Stell MAPKKK %V gl - iFE
b330k 7], TEME LS 4U72 Stell I3 Ssk2/22 L[FIER,
Pbs2 MAPKK %V fgft - 1EMEAL 95 [ 3Tk 4], SHOL #%
KERR T AR 1T LRI B EESL TS
DD FOIGEHACE I TR 72 S 20,
(1)SHO1 #EICHB T HmiIRGEE P —DRETET
AV AN
(2) Cdcd2 IEMAIC B ATE A LD AT TR Th D,
(3)Cdcd2 TEMEALD D Stell FEHALIZEDFEL V11
PR THD,
(4) TEPE(bEA7z Stell 23 Phs2 Z{E AL 325U V1
R RHTHD,
FFE 4 BooB, (3), (DIZERELIZY, 20501
FRE AR LT D T 35,

2. ARAE

EEBDIER

R OBAR TIEE B4 VT T FRE HV = PCR
1%, 3%V error-prone PCR 7EIZXOVERR L 72,

HOG #ZE&/EMILDRIFE

HOG MAPK R B&EMEAL D E BRIHIE L, Fex 34K
AFFECBRAFE L7z HOG #RBE DG PEA A A TR BLFHES
15 8XCRE-lacZ VAR —#—%AE L7z, BARGIZITFA
LA MR LD E D ONPG I24f 32
B-galactosidase << hi% ODgy &L THHAIL | MR, <
JERETR] CREE L L 72,

VBRI 35 MAPK DiEMEA LI, Vg ik
MAPK FrBLAGHLIRE =T = AZ 7 ey MEFTIZ L -
THRHLT=,

BN BEHEE DR

LGB ER NI OREE L, SE IR LR
Hriiz,

Z Dt

AW BE R Bk, R OVE B AT — =0 T ik
DNA 2 ARG 7 =R ARG 812D
TILCR 9, 12 IR EN TV,

3. fERLER
3. 1 SHOL1 #KIZHI1T5 Stell OEEILH#LE
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3. 1.1 Ste20 & Cla4 (& Stell DiEMEALICEE L1
REZETS

Fig. 1 IZRONDHIDIZ, HEFRERED SHOL #23E TldE
ZBI LIS T T Cded2 775 Ste20, £ LT Stell ~EJER
TEMHAE N BZDHEE 25N TS, Fox 1d HOG RRIEDTE
PEAbZ E B EITHRZ H723D12, HOG #RIRTEMELIC v
BE#HHIND CRE-lacZ LAR—Z—ZF%L ., &K T Ok
BRIE AL ~D 52 ZEHIC ] ~7-, CRE-lacZ L R—%
—& W56 Hogl U iRk A FEHEIZ HOG #RIRTEME
{LEFRAT- A LIREE, SHOL, SLN1 f&#&o Rt citim
(Zf81< Pbs2, Hogl % K<KER, Ssk2/22 Stell Z [RIHIZ R 2k
SH72Z&7C SLNL, SHOL fREED MR IR D 27 /L%
W2 CIERIRBEIE IS HOG IR LY <
BB oTH3, SLNL #RH (Ssk2/22 DRK) DT
SHOL & (Stell DK IK) EBoi— b0y 7%
L7 5 A TR LS o 7= (Fig. 2A), BB
Z &I, [RIT SHOL #R#& DR ALIR - C Stell IEMEALIT@i<
Ste20 A K IUTRELLL F O SEERTI%, SHOL #REE DML
K10 HOG #REEIETE(L (=SHOL #REIEMEAL) 2705
72 WTILORED Ssk2/22 2 /K KL T SLNL f& D 7
FVEIERIL T D, 1T, Stell LT FRAVFH 235,
TEME I &7, F & 13 Stell ZEMEA L35 R F-75 Ste20
DOMUZHIFIET D AMREMEZ S 2 | Ste20 (ZHELIL 7= PAK
X —ETh o Clad B, HDHV T Ste20, Clad 7 4

DRERES KRS TR CIE AL~ DA T T, ZDORER,
Clad Bl CITIEMHELOE FIXZ<b T Th oD L,

Ste20, Cla4 [fi& OEBESR e ~7- £k Tld SHOL RREEKILTE
{em e Ean -7z (Fig. 2B) , L7zh3> T SHOL #2#%1
VT Ste20 M ) Clad 13 Stell A5 b4 2 HRe A E4E

LTCALTNAZENDbI ST,
3. 1. 2 JEMIEIZ Ste20. Clad ZHEELLALEER
Stell ZE DB

EHIZF & 1 Ste20, Clad (2l -> TV b/ Th
SHO1 fEHEATE ML T&D Stell DOFEMARIZ BABE I
BiEL7- (Fig. 3A), Stell (% Ste20(Clad) {2k N KOl
SEIRIC U R b a2 TR LS AL 08 TE MRS 532
DOVABACENL D JE L E C RKDOFF—ER AL NOFFE
fEPTIZEE LTz (Fig. 3B) , Stell (i, N KO
IS C ROFF—ER AL LA LZEDOTEMANHIL
THEY, VBIC IV ZOfE A BMRRS N TR LS D
EZEZBND, LIZR o TINHDIEMERIZE B3V b
Stell ZAR{LI=E R THHEE 2 HiD, FKEE, Ste20 &
O Clad OI§REZ Ko T- R THIE MR Stell (Stell-Q/P) &
BT 5L SHOL fREOTEME(kI L Z 572 (Fig. 3D).

BTN ST PR Stell 236814 ARRICHB W Th,
BB LR 2 E SHOL BRI OIEM kIZR 25,
FIIEPEEIZIE Shol 2 1Y Ste50 2344 8 T~ 7= (Fig. 3E) ,
ZDOZET Stell MEMALLZ# Pbs2 2V R LT D AT
7 (Stell {EHEAL B AT > ) ICh miRB I ARIF LT TG
PALATI =X LMENTEY, Steb0, Shol HZDAT 7
WG LTWHZea w45 GHMIE3. 2001H),

A B
g 8 : 5
| | s
g gl 1 87| |
S g o

ol ] = B 7
5 ° A ﬂ : | 1@
0T F F o+ o+ + + 1+ + o™ T T TS
MaCl - MaCl

_ 5 % F 8 & 8 3 8 a8 8 z
Strain = = E’ g @ %m z E .E % % Strain % §§ %%%

% % & 3 9

Fig. 2 (A) Osmo-stress induced activation of the HOG pathway in various mutant strains.

redundant in the SHO1 branch.

(B) Ste20 and Cla4 are
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Fig. 3 Characterization of constituitively-active Stell mutants.

3. 1. 3 Stell FM1EIZIE Ste50 & Cdca2 DA ER
NLETHD

F# 1% Cded2 73 SHOL REEIEMAICEE ThHhHZ &%,
Cdcd2 DIEPER A W THERE L 7=, TH MR Cdcd2 D388
12D SHOL MREEITISMEALL . ZoiEME(RIZIE Ste20,
Ste50, Shol 23 ETh 7= (Fig. 4A), Stell MAPKK
F—BOFEARAE THD Steb0 1X Stell EDFEAIZE
% SAM KA1 % N RIZ, G EHELOFAICEDS
RARAL % CRIZAL, ZIbi SHOL BRI BT HY
7 G ILE TS (Fig. 4B).,

BT Thorner 7 v —>1% Ste50 @ RA RKAALL N
Cdcd2 LiEGTHZLa WA Lic, Box DI HBEL 72
SHO1 #R B ATEMEAL CEZR VA Bk (mut-153; Fig. 4C) 1%
Ste50 O RA KA WIZZ B4 5 THsY, Cded2 EDFH
HAERIC KBNS D ATREMENN B 2 Bz, Cded2 NITE
FH Ste50 LORE G A IE T DL RN ALZE T 7T
JAREMNEIE DL 2 mut-153 28 BRROD 1512 % 1 I
AT 55572 CDCA2 B B-AY)—= T 5ATo7
LA 4 BIEBOuA ST B BT CDC42

IR NEEES -, ZDZ L% Cded2 & Ste50 RAR A&
DOBEAER NS 7T MR D CRETHHI 2R
97, Cdcd2 (MR EC Ste20 EiEA 9503, Ste50 &
Cdcd2 LDOFEA I Ste20 DIE L7025 Stell % Stell f5 G
EHE THD Sted0 4L TRIRLFEIC I TS, Ste20 (2
&% Stell DV AL OBEARIEL THHZ &N TR
5, EEE, Ste50 D RA KA %&b 72720 SteS0AL |ZfE
JRAES 7 F L (Cpr) &2 F % &, @iz i@ ERIZIS T T
Shol MREEOIEME(LA I (Fig. 4E) , ZDE Z 3 XFFE
Az, FIEMA Stell Z3BLTHEET Cpr AANIZLD
Ste50 A ERTESE DL, miRE LR L T SHOL # i
IR L& (Fig. 4F), 202 &1 Stell iEME(Lg AT
7Tl Ste50 DML ~DEATHN B B RIS T
TEETWDLIELETREED,
3. 2 EMEAE Stell [T&B Pbs2 VU EBIE D FHEE
TEME(EL 7= Stell 23 Pbs2 2V FR(b T2 AT 7 I2h &
B K AE LT A = X L DMBIV T EY | Stes0 K O
Shol MMETHHZ LMD, ZNHO B GOV TR A
1777,
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Fig. 4

3. 2. 1 JEME Ste50 [FEREERIBEKFRIESE
El Ste11 2k 5 SHOL R IKE ML ESIEHET
3. 1. 3THSN=LIIT, Ste50 BB TS Thlt,
TEMEb% Stell 13 m iR ERIEEL (2 SHOL #2215 1
b5, ZOZEiE Stell {EMEALHEART 7 Tl g%
JERIZIE T T Ste50 ASEMERI L2 IR TL B /]
REPEDE 2 HID, £ TH & TR T4 Ste50 &[F]
Bk, TEMEIY Stell (Stell-Q/P) 3Bl J- DAz U VT
B LR 23 2 < T SHOL R ATEMEAL T& D Ste50
FREHEEEL 7=, TORER, 146 FHOT ANRTX U
D) N7 z= VT T7=2 (F) 72 Sl E#S - Steb0 48
R EE (DIF) 1R Stell FHUK D SHOL R TG (L
ZHlERIF e DN -7 (Fig. BA), RA KA Zd T2
72U Steb0ALIZ DIF E A NT 5L i1y 7T V%
FINL 7235 A L RRR, B4R Stell FEERR CIE SR BT
IS C T (Fig. 5B,C) | JEMEMY Stell FEELK Tl MR
LA L C SHOL MRS ANE M L XA (Fig. 5C) | &%
4 Ste50 | AR A IR AT D2 EAVRIBE LT,
FIZZ DA DIEMACITR IR E LTI 1 E 0 Shol (2K
#L7= (Fig. 5D),
3. 2. 2 E4E Shol [EERBEERIBIHKFNIESE
EI Stell (25 SHOL #RERIFE ML ES IS T
AR TRLE B 2 HDTE MR Ste50 (2525 SHO1
FRBETEPELITHRIRE LTI EE B ThDH Shol HMZHT

Interaction between Cdc42 and Ste50.

HHZENG, Shol 1T Ste50 DI TI#< AT hEMEA & %
bz, 2T Ste50 OB A LEEE. &M Stell
(Ste11-Q/P) Z 3 B9~ ALIZ I\ T, iR g i A
72T SHOL #RBEATE AL T X5 Shol 48 Bz HREL 7=,
ZOFRER, ANk IZHD C KD SHI R AL ND 342
FHOTNX=(R) D7V (G)IT, HDHVE 346
Ho7U o (G) 3kl (S) ICE S L7 Shol 28 F & H
'Z (RIG, GIS) 1Z7E MY Stell & Bk D SHOL EBEIEEAL
ZR| &9 20 o7z (Fig. 6A-C)
3.2. 3 EMHILIKFMICEEIND Shol-Stes0,
Shol-Stell M EE R

T PERY Ste50, Stell 25 ¥Li4 Ste50/Stell #1 4 {A% Stell
TEPEALB IR T 20— D RTREME N B 2 50
7o =T Shol & Ste50, Stell EDFE A A B AR | JE LA
EAHEIZHOWTCHIEFERICIVFA N, ZORE 5, Shol
1L AR D Steb0 LITFEE LRV olTxiL, &M O
Ste50-D/F LI3fE A LTz, [RBRICEFAERL FEMERD Shol &
Ste50 LDFEAMEE T T-EZ A IHEMETY Shol & Ste50 &
DFEEBESNT, SHIT, THER O Shol 13 Stell DN
Kb AEA LT, L EOREENS, miRBEISE T
Stell MAIEMHEAL T HE, SHIZHEIREILKFHIC
Ste50/Stell A AL Shol LOFEANFHES, fEREL
T, Shol LDOFEA D EISIL TS Pbs2 & Stell 23U 21k
TEHEEZBND,
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Fig. 6 (A)-(C) Constitutively-active Shol mutants. (D) Interaction between Shol and Ste50 or Stell.
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3. 3 Cdc42, Shol, Ste50 D75 F2—#aeE N L1-E
RAGEESARERIEREERHICLS SHOL
BREEHIEREOGERETS
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RBEISC TEHEOWERE 7 LiEE T 574 72—k
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W27,

> 0 & 39

Fig 7. Schematic model of the sequential docking interactions in
the SHO1 pathway. (A) Activation of Stell by Ste20 is mediated
by indirect docking via Ste50 and Cdc42. (B) Activation of Phs2
by Stell mediated by indirect docking via Ste50 and Sho1l.
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Summary

Adaptation to high salt and high osmolarity conditions is a fundamentally important biological response of all
types of cells, ranging from bacteria, fungi, plants, and animals. In yeast, for example, external high salt and high
osmolarity conditions activate the HOG (High Osmolarity Glycerol) MAP kinase (MAPK) pathway, which is
essential for yeast to adapt to and survive on those conditions.

MAP Kkinase cascades are conserved signaling modules composed of three sequentially activated kinases
(MAPKKK, MAPKK, and MAPK). The yeast high osmolarity glycerol (HOG) pathway can be activated by
either of two upstream pathways, termed the SHO1 or SLN1 branches. When stimulated by high osmolarity, the
SHOL1 branch activates an MAP kinase module composed of the Stell MAPKKK, the Pbs2 MAPKK and the
Hogl MAPK.

To investigate how osmostress activates this MAPK module, we isolated and characterized constitutively
activated alleles in three key genes involved in the pathway, namely STE11, STE50, and SHO1. We found that
Cdc42 not only activates the upstream kinases in the HOG pathway, Ste20 and Cla4, but also binds to Ste11-bound
Ste50, thereby bringing activated Ste20/Cla4 and their substrate Stell together. Subsequently, activated Stell
and its HOG pathway-specific substrate, Pbs2 MAPKK, are brought together by binding of the Ste50-Stell
complex to the cytoplasmic domain of Shol, to which Pbs2 is also bound. Thus, both Shol and Ste50 act as
adaptive docking proteins that restrict the flow of the osmostress signal from Ste20/Cla4 to Pbs2, via Stell.
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