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WBEN D, AMFFETIE, B F NEM THD HEFERERE VT, S A TR 45 & B E ~ OS2 B
BT T IAREERIRIZ O\ TC, @i R 2 BN T 500 TR e b CTHRIT L 72,

B R IR RE LB B I 2595729, Hogl MAP & — B (HOG R ) MIFEIEL . ZAUTEREAEY TIAL
RSN TODARL ARE MAPK R IE D JFRLEE 2 5 CD, AR —ERELL_ LD NaCllzEband &, BERHTE
DI FHEIEAIEZ L HOG B AR L, 1ML L7= Hogl MAP % —VB 38R G R 172 Ehk 2 72 FE OV itz @l
Cranzid S f#<, L7223>C, HOG fﬁ%ﬁﬁéw_%# TERE NaCl 77(E F COEBNRATRETH 5, BRIEED
TRV I 2N =B R A RN 9 D 2 E MM THY | I RIREE L —0 Hkrl <° Msb2 78 4 [AlfEE# R
FIE 7 Shol L1 RIL TEIK ZEMRHDIV TN, Z D53 %&L%% ZOWTIEARBAD B0 % o7, ZZTARIFIETIL, B
RBEOD i3 1% RN DB % B 2 B 7= Shol (COWT, DS B ERIIE AL ~D BRI 5., L BARDZEM o
ERFRATL . EREIERAN D5y 1 A =X AOBRfiR% B LT,

L FBRZ2E 75 Shol 13 B B O E BN Z /ML CH &EEZRL TODLZEN bl o7z, 40D EE (TM) ik
%10 Shol D B RIEEZIGMZ 95728, Shol O TM WIZ Cys (& #Z8 B A AHANE AL LA 7R 1 —
EHWTI/aR) 7 EREAToT2, 200 TM IR AER T 256 A2 —7 oA AZHHT I/ BRITEWITTHEL
THEVIZaRY L — VI SNAT-0H ., TM falkFE oM EEROA . BT MAZEMNTES, Shol
O TM FEIRNIZE A L7248 50 0D Cys [EHESRDOH S| [Fl—D Cys [A LD TrrRI 7 (FEDI/ORY 7)) TED
EALHN, 4 DD TM AT Tat 13l foioTz, SHITAREDZAY 73 AIREZR Cys 22 F o — 55 F- il ;#O%)\f%gj
TM2 & 3 D 5 Cys R ClX Shol OFE ZEAEDERSNIZ, —H TMI &4 O 5 Cys EROI/aR) 7Tl
RETLOERESNT . TML £ 2,183,224 0 8 Cys BETIIDAL %t;-;ﬁtif@%éi{mw&théﬂfco oL
7o 7 =200, Shol 1X TM2/3 AL 2 —T 2 AALLT =0 FRIFER . TMUA ZRIDA L H—T A AL LT 5y 1%
LCEEMREL, ZOREA ORI IOHIIEE Flca=—27 "R TS BREEEZER L TWDEE BT,
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BIEIZLHMYOABREIT, Na BLOClL 44212
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BIVER ) E OGN B Th D, WP 5h =R K<t
AT G5BT, AA UMD Tl R B LT
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Shol &AL TRz AT 2 &4 R 2 L7z (3L
Mk 4), 1 T4 X512, SHOl KHEEE TIiE Pbs2
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Ste50 LD ZH AR, Ste20 FF—E L Cded2 DEEA
DSRRREESE 5 TR E AL CCik 3, 5) . SHITHEARR +
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I EAEREHET D5 &L LT, RS RS
T LM Lo REEE = —0
Shol, & HE D Opy2 DBIE-73E 2 55, Shol 1EH
BT ERETHIENMOIVTEY, £72 Pbs2 7217 T2
<EREEE Y —0 Hkrl/Msb2 & H'E Opy2 &b
fEa T2 Uik 4. IR, #Ebk, R REERT —4), it
-7 Shol DL EMRHEEN, EiREEISC THEEA'E
O EMERNFEINDL T Ty 74— LE L THERE
LCWDAEEMEDR S D, 2T, AFFETIL Shol EEHE
DL BRI S A Y T, RIS L ~DR 542~
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2. IRAE

WM Cbol-> T, 3 FEMFRTIE, o F8IEY
HITFE, AP FIEE B EL T 9E21 T o7,
2.1 Shol ZEEEERFDIERK

AHFFE T, Shol DIEERFEINIZ A D2 FAE
ALT=M, A B n 7134 U= DNA % FV /2 PCRVEICE
DYERY LTz, BEITE T —T 2o v T IR LT,
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8XCRE-lacZ L AR—Z—%Affi L7z, BARAYICITFEEL -
& MR H R I X D E o ONPG 2 Xt 35
B-galactosidase [)Jix% ODyy fEELCEIHIL . A&, X
SRR CREME L LT,
2. 3 Shol EHE D LEMHRILDAEILFHIRFT
2. 3.1 #iLEE

Shol @ ~&IKEFKIZOWTIL, HA, GST #7 %1
72 Shol DOAFHEAL AT N FERBMIAIN THFEBIL . %
ORI HIKZ TR 7-, T VEF AT ra— AL —
REFAWT, %5 GST-Shol Z[EIXL ., Zi % SDS
-PAGE, V= AZ 7y b 52 THRAGLILLT D
HA-Shol ZHH L7z,
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3. 2. ICRTdDIT, TM EIRIC Cys ZBRAEALT-
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AL, SHO1 #RBIEMHALLL B b~DOREL R LI,
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XU Ile, Leu, Phe 72 & 12OWTIT Ala (SiEHL 7225 FAY
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B 3 12" 9), TM Z5OEAIZEY Shol £ &K ALEE
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RE\CHELTHHEE X T OEMI SR 21T~ 7,

TM fElEZ 1L 72 Shol 2 EARDIEIEZfEI 357212
%, 4 KD TM FEIRO AR B ONL i BRSO BEE A 15
LB GBS, TM FEIF O BEAER O A 4 FREED
A MAHFEELC HAEMEHTS ™M EikFE 21k
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DD TM I AAEM T 256, A F2—7 =AAITHh
DT IBRITEVNCIT L TWD, TM FEIIZ R
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X 4. fEALTAEI R T — a2 Bk

3. 2.2 YARYIEIZLS Shol @O TM fBEMHKEE
OBEE FRE-VORYY)

Shol TM fEIE DAL BIfRA 7 mAY L ZIEIZ I BB
({29572, Shol D4->D TM FHIENIZ Cys [E#ZL H A
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Cys f&HL% Ser ICEMLIZ, 2D (CT8S C858) I
Shol DEIRIBIEIAEAFLT= SHO1 FREETEMELOREIC
BN NI, ERROLR—2—T oA L0RERL
720 2O Cys ZFf7=720 ) HA-Shol M4 TM PIZ Cys %
AULTem AT 7 8 50 fE7ERL 72, 45 Shol Cys 2552
R EE 2B T B AR AR S > A B L, BMH
(kDR Z IR T 5T, [A—® Cys Rl 0T
RRYL 7 (REDI/AAY 7)) BEBET, Shol DX A~—
DR ENIZEBALAS, 450 TM fElHEF 13 18 7o)s
o7, B 5 1ZFlERT, ZRBIZOWT, 7R 7 iRk
DRI DR F1—% FHWTRIERO 7R 7 Ehga
1TolelZ A WNTNDOIaR) I —THRERED I/ rA
Vo733 m T Oz, 7aAY 7 BREED
0-PDM %A ~7- 7573 p-PDM T3/ RY 7R &S
{0 (194C) |, 1T 0-PDM TlIZr AV 7 S720 D
(T66C) 72 EMTFAEL , 457 X/ E DO FEx Y72 BEEfE D 4
DHEH|CET,

3. 2.3 YARYUYEIZLD Shol @ TM fBEMHFEE
OBE(FTNLoarR)2Y)

RIZARFED AR 773 0 Be7R Cys 22 Fa— 43 71T
2O ANLTca L ANT I NERL X T Va7 58
Bra17-72 (K 6), TM2 D T66C & TM3 ™ 194C <° T112C
%> HL Cys 28 BL{K T66C 194C, T66C T112C % BMH
\ZED a3 5k BV ZEIZ Shol D — &K TE
STz, TM3 NOD BIRDALED Cys Bl bE
72 194C T112C IZB W THRIBEDFE RN Z DI, ZDZ
&l Shol 73 TM2 & TM3 (IZB1T5 3 [HFROR A 4
AL TNDZEERLTND,

—J7. TM1 ® G50C & TM4 O A124C ZfA&bET-
G50C Al124C Tlt, 7uAV 772 LT RAIRETERKL .
BMH 702U ZALERCHZ L, LD L BARIZIT b7
0Ty 2-ANVH T RTH ) — )L DIE TR CID — &
RITAD L7200 (KITEME) . 70 77U THED
72 T BIKIE G50C, A124C DRI TOY AL T 4RAEEZEIT

G50C T66C
Sho1* (TM1) (TM2)
- opB -o0opB -0p8B
: R | ““"|<-dimer
|~ — “ mer
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m m [a0] m m
5= b =
b, <+
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— .- - e

B 6. Shol O TM PIZE AL —H Cys IZ

LTSN TEY, TMI &£ TM4 12 G50 & Al24 =& T
AT CHAEERALTWAEB 2D, —F7, TM1 & 2
(G50C T66C) . TM1 & 3(G50C T112C) , TM3 & 4(T112C
A124C) D Cys EROMAAHHETIL, BMH AL
12XV Shol W D7el b L REKRETERTHIENBIZSN
77

4. BRESEDRE

ARFIETIX B IR 7 ST R 32 R2 % E B
DTN WAL D 8 1225 RSN D ATy = R 17 B

PINCT BT AR REL miREE S —E
[ L C i Zs RO @< 4 [ EEE A E 0 Shol O
& LRI BAL TR 21T o 72, ZDHER. Shol A3
B (TM) fEIR 2 /T L CE B EZ L, A mizisE
JEAARAF LT iR B O TE AR IC E B e X 2 b D2 &
Y oYYy e

IR B R OG0 EIROTEIL, <D 7T
JAREERR B OIGTEALIZ L B2 R THY | ITHEFRC
FEIR A L7 AR O EZEMEDGRFRS LTV D, L

L. f IS fRAT O IR EES 22 L0 B RE O TM fH
WO AAERICBE T A LS EOBBRIISL B %
T e, RBFZE T, REEDFES Shol AR FE D% &K

trimer!

-— G, wedl < dimer!

———— e . M M s | 4= TIONOMEN!

TM284! TM3&4! TM3&4! TM3&3!

T66C! 94C!  T112C! 194C!
A124C!  A124C! A124C! T112C!
C78S C85S!C78S C85SIC78S C85SIC78S C85S!

YN

S . <« trimer!

- 9
.

"

- - onw - - S | < dimer!
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BUIFAET A0 7 ER

WIEZ R 272D O FIEEL TR e R 7 B4 R
fifiL. Shol 1% TM2/3 AL H—T = A AL UT= =50 -k
A TM1/4 ZRIDALH—T 4 AT 0 F G E %
T HIEEHALINC LT, ZO2REDA L H—T 2 A A
TOREADRVIKEINHIET, Shol IHMAEME £z &k
TR D == 70w B EA TR T 22N E 2 b

(B 7). BRDIINT, BEREOD m iR IR &SRR
DOIEMEALIZIE, Shol ZIEXU%H, Opy2 C@i=EE
—® Hkrl/Msb2 LW\ o7 R HEOM TRz Ik
FLUCHEERANFESNDZENNEIZEEZ DD,
ARSI Z IR ITEITIS S o7z Shol D ERNEEN 7T
T —DITIRY | EEB S LD AR O 2R R R
B OREEEAIZ PR EE O IR B RIAE BAEH 23
BINDHZENTAREND, FR24FEL B EfiE /L b
YA = 2 TR FH KO ZE DB AN 272 52 81T
O, AR TR MR AR RIS, MG EEmD7
TR T 4 —2E720H% Shol DL EIRHEEDZEM7 /AT
&, Shol ZEAKL Hkrl, Msb2 X° Opy2 LW 7o R
FE LD IR G E IR LB M BRIV T
FRNT 2 HEWD | (=128 I D 5y 1 HAE DO — 8 D BRI
BDT-,
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Analysis of an Osmo-Sensing System That is Involved in Salt- and

Osmo-Tolerance in Yeast

Kazuo Tatebayashi, Haruo Saito

Division of Molecular Cell Signaling, Institute of Medical Science, the University of Tokyo

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 kinase cascades are conserved signaling
modules composed of three sequentially activated kinases (MAPKKK, MAPKK, and MAPK). The HOG
pathway can be activated by either of two upstream pathways, termed the SHO1 or SLN1 branches. However,
the osmosensing mechanism in the SHO1 branch has not been clearly defined.

In this study, we showed that Shol formed a homomultimer via its tarnsmembrane regions. Shol is a
tetra-membrane-spanning protein to play a crucial role in osmosensing in concert with osmosensors Hkr1/Msb2.
Intermolecular thiol cross-linking experiments revealed that Shol molecules were associated at two distinct
interphases of TM1/4 and TM2/3 to form a homomultimer. Three Shol molecules bound at the TM2/3
interphase, while two bind at the TM1/4 one. These interactions of Shol result in formation of a lateral polymer
structure on the plasma membrane, in which other membrane proteins such as Hkrl, Msb2 and Opy2 may interact

and coordinately work with Shol for osmosensing.
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