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Plants respond to survive under water-deficit conditions via a series of physiological, cellular, and
molecular processes culminating in stress tolerance. Plants accumulate osmolites, such as sugars, amino
acids and potassium, during osmotic stress. We identified various transporter genes were upregulated
during osmotic stress in Arabidopsis. We analyzed an osmotic stress-inducible sugar transporter, ESL1,
from Arabidopsis. ESL1 is mainly expressed in pericycle and xylem parenchyma cells. The fluorescence
of ESL1-GFP-fused protein was detected at tonoplast in transgenic plants. Alanine-scanning
mutagenesis revealed that an N-terminal LXXXLL motif in ESL1 was essential for its localization at the
tonoplast. Transgenic tobacco BY-2 cells expressing mutated ESL1, which was localized at the plasma
membrane, showed the uptake ability for monosaccharides. The value of K(m) for glucose uptake
activity of mutated ESLI in the transgenic BY -2 cells was extraordinarily high, and the transport activity
was independent from a proton gradient. These results indicate that ESL1 is a low affinity facilitated
diffusion transporter. We also analyzed an Arabidopsis stress-inducible potassium transporter, KUPG6.
The localization of KUP6-GFP was observed at plasma membrane. KUP6-overexpressing transgenic
plants showed less transpirational water loss and increased tolerance to drought stress. Furthermore, we
also analyzed Arabidopsis stress-inducible transporter-like proteins, Cor413 family, whose expression
was regulated by DREB1A during cold stress. COR413-IM1 and COR413-IM2.1 were localized at the
chloroplast membrane, while COR413-PM1 was localized at ER. Furthermore, we used both gain- and
loss-of-function analysis of a histidine kinase, AHK1, and showed that it acts as a positive regulator in
osmotic stress signaling in Arabidopsis. Overexpression of AHK1 improved the drought tolerance of
transgenic plants.



(BREHAL - 1)

[ERESE S EPEN )
200 54E 12,000,000 0 12,000,000
200 64 12,000,000 0 12,000,000
200 74HE 12,000,000 0 12,000,000
200 84 12,000,000 0 12,000,000
200 94EHE 12,000,000 0 12,000,000
wwoE 60,000,000 0 60,000,000

WHIE5Y Ry - AW

PR 53 F: - #0E - AW - fi o F/EY - AP

F—U— R RBEXNLARE

1. WFFERAE SO 5

WX EN D H &2 R 2222, B L
BRI 2 M 2 WV CTEEMMEE T TV
M7 T IE R B 70, FEM & B & < BREEE
F O T, FLREDRBEA N LA LR B
I > TIHAEFICEDL L EERK O —

DOThDH, HEWTRBEA L AZSITDH L,

A A R OEFEMERERC, A N L AMED
ERICEDLIME EMIENICER-T 2% L
TEREZLICERICELE L TWVWD, ZET
(2, RIBEA BV ARRZIIEEOA 4T+
TR FE W) O R R D S RE T D = &
D LNCSNTEZ, 62, YRR
TARNLABIZED LS b T v AR —
B — B URRBET D DOMNTHOWT, T DFE
WEHIE A B = XL E T+ 52 L THEY
DALV AMMEERERNRIA X5 525
ns,

2. WMo HB
AWFIECTIIRT 7 AEESINFERE S, 7/
LAEEROBETHEEE BT T 5 2 &2 AHE
IZhpolevaf XA 2 EBHNT, M
FEWNIZ A R LV ARFICHBIN LT D T v~
AR—F—%RET D, £z, REINTE
R BEDOFEM 72 MBS 2 AT 95, F 7.
DA E AR FEE VT
INSD KT RAR—Z —ORERE & R
5HELHIT, A ML ABOWMED A 4 B
BEOIE T MEHERFEREC, X b L AR HERSIC
B B R O&REIZH LT H, A b
L ABFICHERET D b T v AR — X — D
BT LD . A R L ARRZR N THEAY O b
FUAR—L — BT ORAFEN LS
TR TOX A F I v I e A0
BPEY OB X 2R 5,

3. WHEDTTIE

Bl - A PV AAE L= a A XF XF

ERELE LT 2k A4 ) <A 7 a7 LA il
ATV, Rof - A P L ASMTHRILL TWY
DIRBEEA N VAFFEMED N T AR —
2 —BiafERELE, £, IhoD T
VAR—H — DR I NETRIESINT
WAH FT UV AR—F— LT 52 & T
BEZMEAEL C, KV EEEREVEEZEZI LN
DIEETH B,k LT,

BIEINTZFNENOBEMLEFIZOWNWT, B
PO I L OMEIE A b L R AT - T4l
MaERWT, /J—¥r7ey hBIOEER
RT-PCR £ % FV CREAM 22 s B O bl %
1To7=e F2. TNHDOBRLEFOTOE—
A —|ZEfE L7 GUS LiR—Z —Em &
B L7~ a A XF A FEHNT, FT v
AR —H —EnFREOREWIRIC BT 53,
DA RV L=, WRIZ, T A
R—F =5+ D = — RHEIC GFP & Hifk
L7-% 7B %, 355CaMV 7 EE— & —
BLIOM I VAR - FEHED T 0
E—F —ORBHIE T CHRET LA X
FAFEHNT, ARV RAFEMENT R
K= —BIGFEEDOA LA TIZEIT 5
N JRBEME DR 24T > 72, S HIZ, A b
AFHEYE N T AR —=H—H T B O
BEHLNNIT A0, P TVAR—HF—
B XY B R BT D EERE R X O R
WAEDIRFANT, F T 2 AR—F —DilgkiE
P2 AT LTz, £72. A ML ALRETICBIT
HHE N T v AR — 2 —DHRE &SRO,
FAEZ B SN T D720, LA L
A —BBAE T DOFRBUEX DT 217 - 72,

4. WFIEEE

(1) ESL1 35 X T) ERD6 D FHEER DT
vaAXFRF22kA) IS 0T LA
LV, 100 fHLLED N T o AR—H —Ei5 T



BERRNBBFELRT Z ERHAL NI
oty TNHLOBBTFNY A XFAFD
BBEA NV AMMEESICEET 5 &5 %
DIV, IR SN RSN N T AR —
A —RBRTRECIE, R A L ASRMET T
N HRBFET HHPE N T AR —H —
¥ i& {= + ERD6 (EARLY-RESPONSIVE to
DEHYDRATION 6) D [a & FRETH 5,
ERD6 7 7 XV —#B I BHFEL TR,
ERD6 77 X U —D{RiEHEA b L AfiHEIZE
T BHEREIC DWW TCHiT 24T > 7=, ERD6 & 43
TR b TR Cdh D i&E{s 1 ESLL (ERD
SIX-LIKE 1) X, ERD6 k7 7 2 UV — D1 T
HE WA ML AFEMEEL R L L,
ERD6(AT1g08930) ESL1(AT1g08890) .
AT1g08900, AT1g0892 IZ O\ T, ZHHD k
T VAR—=H —E BT RHEOEMIRICEB T S
REEXNEL  —F Ty MTIVHAL N
L7, TORER, 2o DB IR -
B ARIRA b VAR T R BEFET D
ZEBHALMNIRH-T2 (K1), 512, ERDG
773 —EEFOTaE—F—IEEOR
T RMEEZBH ST LTz, ERD6 77 I VU —
BEFOZDREBEEA bV AFEMEEZ R
L. BIZBWT, ESLL I, N, K
AUAIZ, ERD6 |3 & g CRELL T\ 5
ZENTRENT,

30 ESL1
& 25 'I' 3
Re]
[73
g 2 B control (Leaf)
£ 15 [ 125mM NaCl (Leaf)
o
o [ 100uM ABA (Leaf)
E 10 3 control (Root)
3 O 125mM NaCl (Root)
= ] 100uM ABA (Root)
0 ™l T o

0 5 10

1. B8V pzmp st

(2)ESL1 ¥ X T* ERD6 O BB lig &7 4 o fibir
&N ol MmN BY-2 & AT ESL1
3 L OV ERDG i FIF LM A (ERL L, B
PEIEME A E L7z, ESLL i@FIZEEAMA I =
Vb a— LRI L BT 3 — R ETE
PICEIT R SN o 72, 2T ESLL 28K
JEICRELTWAZ LiIckatEZBN
7D T, MAERIER O ESLL(LLL/AAA)IE
%%ﬁﬁ@%@%b?”ﬂ—X%Lﬁi%
HE L7, TO/RE, = e —/Lilgic
Nfﬁﬁmﬁwz~x%wWTé:&ﬁ%
Ehiz (M2), ESLI(LLLIAAA)D 7L —
xﬁ%@KMﬁiNMMT%Ot(I@
K12 ERDG i REIFEHLANIL 2 /ERL L, [RIERIC
w:—xﬁé@Kfﬁ%MELtF%
309mM T&H V. ESL1 & ERD6 I LB Fnfkd
HE NIV AR—F—THDHILENREN

7=

[*“C]glucose uptake (nmol mg Fw' 10min")

2. ESL1 B TFESLT (LLL/AAA)
D7 )L — Bk EHE

ESL1(LLL/AAA)F L T8 ERDG6 it JoI %8 Fi A
M TliX CCCP ZWRM L T 7L o1 — REkTE
PIZEALRR BN ho7=2 & LY., ERD6
B 7 7 XU — Ol s B 1L R B RE Bl i 5
TR IBREILB TH D L) 2 &R
STz,

Km=102.2+1.97
Vmax=2.540.1

15F
2

1F
Vi

05F o
0 VIS] 0.025

0

[“C]glucose uptake (nmol mg Fw' 10min)

0 50 100 150 200 250
Glucose concentration (mM)

X 3. ESL1(LLL/AM) D5 )La—X
HEIZH T DN T1HOR BN

Q)i A 2L B — P TEAR T DT
ESL1 (ZIEMERTE CTH D=, 1RiFBEA
LA TFIZET DI AEN O BB OB R
REAL B BT S Z Lk, ESLL ORERE
ZHOMNITHEDICEETHLEEZD
iz, WRIENOFREARRKO 1258 L TR
JaBlf o _ 2 —BIZL D A7 o —ADSy
fiElZEH Lz, RBEEANLVATIZEIT 5K
Rl A oL & —F OTEME A RIE U7 R
LI, YR, ABA MLERIZ X o CIRME RN E
LHZENRENTZ, 2D L Ly, BBE
A N LA T CHRIBNIZ X 0 & o BN
BT ENTHENT, Y a A XFXF
WX v "L 2 —F &+ & LT
AtBfruct3. AtBfructd O 2 BLTDHFET D,



RNA 7' & v MENTIZ LY Atffruct3 13I25)E
A NVAFHEMEBLETFTHDL I EBNREN
72o F7-. TR RT-PCR #£E L ' GUS HEix
FERAWET v —% —fITIC X0 Apfruct3
D R BL O F R R B 2 AT L T2 RER
Atffruct3 1XHRIZI) T mRNA OZFRENE < .
FlTae—F—{EEIIER, KB, NET
R, POETEWZ ENR LN R 5T,
R A L B — P O R R R 1Y
FBUX BESLL & —HER > TRV, Bk
& R4 2 LR E T,

MHRBEA N VRSBV TN T R
R—% —KUP6 DOHEREMFAT

TV EA A BT AR—4%—KUP6 1%
e, M., KIBEICEALS HFET D
KUP/HAK/IKT 7 7 2 U —|ZJ@ L. Hilg - 1R
ML AZRMIERB LT 7 v Ui (ABA)LEL T
FKHNFESN S, KUP6pro:GUS M ZiE
N U 36 BURLASR B 2 ME 2 iR L 7265 . KUP6
70— — IR OHEE HRR TRV VR BLA
R LTz, KUP6-GFP %#E A L 72z B\ T
KUP6 | 3R RENE 2 7~ L7z, KUPB 38 L Ot
FH R A5 7 KUPS 0> — Fi 28 BL4K kup6kup8 1
EE OEBLRM T TREROMIRE A L
THEY, bz, ZOAREKITA—F
B A L, ABA B L O —F o Ui
EPHERINPA IR LIRS AR LTz, £ 72,
KUP6 % [EIIC @3B BB s = A
XF A F DR EMETITARSEENMET L TH
0., tHEx LB RRE, EYORE R
s LAWK LitEDm L2 R LE, —F,
kup6kup8 D FLEASHIZIIT D ABA &ML
KFLTHEY, RABEDKSBEIITIERL T
Wiz, ULEOFER XY KUP6 IXHEMIIKD [k
FEHilEEs L ONREEA b L ASEICEE o6
BEFOD IV U AREAKRTHDL Z ENEZLD
=,

(5) #55. N1 DREBIA I[ZHlfl s D b7 v &
R— % — 5T Cordl3 DOHEREMEHT

RIBA b VA GEMEEE R DREBLA (I
L UHEEENS Cordl3 BT 7 7 I U —I3,
HEM DARIE A b L A MMPEIC AT & 2> DERE 2 A
LTWbdEE2x61%5, RNAI %2 VT
Cord13 a7 7 2V —IZBT 5 IMILEB LW
IM2 Bfn 10 " EHERE KT BRI AR 2 (B
L7, RNA 71y MEIZEY ., ZoOREls#k
KOBEE DT A BN T 2 ODBInF DI
HAMH ENTHWDZ EEHLMIT LT, IML
IM2 BERERIBMASIL, WG A B L AR LTl
AR LR TERRONT, 2 bO#s
FIFEREMPEICIZEE S5 LT n 2 & 2RI
SNz, —FH T, B LARWEEOKIREA K

VAR CHREREREZEHMAETSE D &,
BEREOCT VN T o EER L, UED
Z B Cordld X X7 EITIKIESM T
HFEEICES- L TV B rREMEDR B 2 bz,

6) RBBIEAFLAFTEHEMEOE AF VU F
F—¥ AHK1 B15 T OFEBERRAT

B A L AIC Lo CEES NS 1
A XFRXFOLAF Vo HF—F¥#ELF
AHK1 122\ T, Z ORI R L O H
RBURDIRMNT 24T > T2 58, AHKL 2NRiE)E
ARV AEZRLUT, WEOESIE < EE
FREORBLZ EICHBET 22 B KTHD 2 &
ZoR LTz, AHKL 38515 7@ 5 SLAR IR 01
ABNVARHETDZ ERHALNNTo T2,

5. ERRER LE
(WFgFe g, WFFEsr 8 K ONHEERF 7245 (2
X TR

GdesEam ) GE 91
. Osakabe, Y., Mizuno, S., Tanaka, H.,
Maruyama, K., Osakabe, K., Todaka, D., Fujita,
Y., Kobayashi, M., Shinozaki, K. and
Yamaguchi-Shinozaki, K. (2010)
Overproduction of the membrane-bound
receptor-like protein kinasel, RPK1, enhances
abiotic stress tolerance in Arabidopsis. J. Biol.
Chem. 285(12), 9190-9201.
Yamada, K., Osakabe, Y., Mizoi, J., Nakashima,
K., Fujita, Y. Shinozaki, K. and
Yamaguchi-Shinozaki, K. (2010) Functional
analysis of an Arabidopsis thaliana abiotic
stress-inducible facilitated diffusion transporter
for monosaccharides. J. Biol. Chem. 285(2),
1138-1146.
PEARIPE « BRI Fn+ (2007) K%y « I8 A b
V2 RE LR RER y U —27 . &
HE % %5 52(6), 543-549.
Tran, L.-S. P,, Urao, T., Qin, F., Maruyama, K.,
Kakimoto, T, Shinozaki, K, and
Yamaguci-Shinozaki, K. (2007) Functional
analysis of AHKI1/ATHK1 and cytokinin
receptor histidine kinases in response to
abscisic acid, drought and salt stresses in
Arabidopsis. Proc. Natl. Acad. Sci. USA. 104,
20623-20628.
Yamaguchi-Shinozaki, K. and Shinozaki, K.
(2006) Transcriptional regulatory networks in
cellular responses and tolerance to dehydration
and cold stresses. Annu. Rev. Plant Biol. 57,
781-803.

ra¥E) Gt 3 240)

1. JHREHE - - B A - A KIE T - L S -
7R 75 it - Seo Souk « /NERE - I —HE -
I (2010) > A X F X FI2H T



10.

HHYV DA NT L AR—Z—KUP6 %/ L
IZRBIEA bV AISE LRI 55
1[5 B A A 4R 22, 3 18— 21 H,
REA.

A HEIRT « (Bl LAR .2 + 111 SR - ST I -
IR — I « RRIRFFN1- (2010) > a2 A XF X
F @ 45 G [K -+ DREBLA 23l 4 %
COR413 7 7 X U — X L XU B OfRNT.
5 1B A AN EFA R4S, 3 1 1821
H, REA.

Yamaguchi-Shinozaki, K. (2010) Plant
response and tolerance under abiotic
stress conditions. International
Symposium  on  Plant  Membrane
Transport, Mar 12-13, Tokyo.

(L1 FE 52 + TR - - Y HEIE R, - e —
HE - R AR - TR — 1 - FEIRFD - (2009)
uA XFAFOREEA N U AFHEM
Bl b7 v AR —% — DR, 5 32
[ml A ARG FAEWYFRER, 12 H 9-12 H,
R

MEIR AN+ (2009) 4 DEREE A b L A
& C MR O T-HE. 5 81 RS F R
% COE 7 +—7 4,3 A5 H, B,

(L1 FH SR+ TR B - i SRIE - BRE
A« AEJOESL - AR — I - AR AT~ (2008)
A XF AT DRBEA N AFHEME
B~ > AR — 2 —ERD6 OHSHERRNT.
B1E H Ay T AW FRFES - 81 EIHA
FFRREGFRE, 12 H 9—12 H, ##
.

Yamaguchi-Shinozaki, K. (2007) Membrane
bound regulators in plant response and
tolerance to abiotic stress. International
Symposium on Plant Membrane Transport
-New development of the Membrane
transporter research-, Dec. 8, Tokyo, Japan.
Arinaga, N., Osakabe, Y., Yamada, K.,
Maruyama, K.,  Shinozaki, K. and
Yamaguchi-Shinozki, K. (2007) Functional
analysis of an osmotic stress-inducible
potassium transporter, KUP6, in Arabidopsis.
7™ APSRC International Symposium: Abiotic
Stress and Plant Growth and Development,
Nov 8, Gwangju, Korea.
Yamaguchi-Shinozaki, K. and Shinozaki, K.
(2007) Regulatory networks of gene
expression in abiotic stress responses in
Arabidopsis and rice. 2007 International
Symposium on Plant Stress and Metabolism
& Annual Meeting of the KSABC, Oct 11-13,
Gyeongju, Korea.

Yamada, K., Osakabe, Y., Maruyama, K.,
Fujita, Y., Mizoi, J., Shinozaki, K. and
Yamaguchi-Shinozaki, K. (2007) Functional
analysis of osmotic stress-inducible sugar

transporter genes in Arabidopsis. 2007
International Symposium on Plant Stress and
Metabolism & Annual Meeting of the
KSABC, Oct 11-13, Gyeongju, Korea.

6. WFTEHHRE

(1) WFgefigess

e FnF (SHINOZAKI KAZUKO)

WHKE - R mAl 2 se sl - 2
%

WFgeE &5 1 30221295

(2) 7R o

JHES  #H.F (0OSAKABE YURIKO)
HRRS: « KRG FAMEPLAIER - 38
fi

WFeE &5 50444071



