Bhp&S 1019

=125 [ AR B O D8R G K - D 2h =R BRI N KD M AR O 53+
B IR DB %

brroglgh, RO, BE PR, Rk B, PR R

SR R A e G IR R B 2 F

B E EEHICBTAERAEOR L, AFERNOSE T TRl itz m RS E OB RS EE
ThD, 1EROERRIELTIRY | B TR IR AW+ EREICEY, B CHULWE-EE M 5 LI EME
HI DL FEEL 72D, FRCEEOBIR T OFREZ THEI CEX DGR T OF IR THLZEND, HMEIZH B
DO DR EE % T DGR T AbZIP10 & AtbZIP53 (ZiEH L, ZHSIRER T O ELF Thod
ProDH 57 %FIH LT B CIEHEALDOAD =X AOFRHIZEY | HH PN BRI 5 1T BLE OB 72 1
m RIAEND, ZZTAMIETIL, ZHHD bZIP BERG K DOHEREZ W RAVCHI T 228 C, Wi ZiitE e 5
TELFAEEFINOHREZ B LIt a 1T o7,

AR FT AT OTANTTANIEIT H W BLRE HWT ProDH B AR T DR GIEMEALIZ DUV T2 5 5
AbZIP53 & AtbZIP10 Z [FIRFIZFE B S H Z & TR GIE M LS D DY, BRBYEME(LIZIE AtABI3 OBERRI T E 22
EMHBINI 25T, £T2. AZIP10 & AbZIPS3 (D bZIP FUER G K+ L R IZEZ I JFTEL . bZIP KA Z L Chl
AL T, T, CaMV35S 7't —X—% U= AthZIP10 DI HAR Pyss: :AtbZIP10 FEH) Tl GE G T-H kD
B o HME R BN RS LT =2 Db BRE K CTh DB AR T OREIPEBLOT 7 a—F L LT, bZIP Bl
BN LZ OFERRIR T ProDH 815 1O 7 0t —4—% e B CIEHAL O AT LOFIHBIEFE A Z ThHER
WBXAVTc, — 5. AhZIP10., AthZIP53, ProDH BInFDFBLZ— | KOG HE 7 1Y) O RN 31T D1%
FHai G T 5L, AZIP10, LT AZIPS3 ORERERLIZIVEIFRF CEHDIT, PRI LD AR AZDHEDITH L
TTIE2< AN R [EIE T HERO AN ZADFEFNZ B E /2 AN D=3 O T OEECIE 72 8 S A E IS L4
A=V DR T D, FER. Psss:: AtbZIP10 HEY) TILHZIEA RN ZRLER 1% DFE/KIZ LD EIERF CO I | B AR L bl LT
A EIRARC AMED 2208 Ribiiz, AR ZADDEE T 5B [FERIC SRR E EOIR ISV REELZIT D800,
AtbZIP10 & AtbZIP53 DHEREZNZRHTH I L 7o BB E R 07 7 — 1280 | AR ZIZBIL Th AR DRE H
BEONDEEZBND, BIEEERIITEE LD IBRETINLEN DDA, AFEICESHHRE DENZIVARTZE T, 2
AUHBRE R F- OB R AT L7 8 LR PR O 55 1 B REEAN OB AN FTRE T D LIRS D,

1. AREW
WEMICB T AIEMAEEDN LoD, AER
T OYGETZ T TrEe< | MHENEZ 7 LS EM O B3
MHEETHLEEZ DD, (EROFRIELITELRY &
R He il 2 Ve B REIC KD B TRl

WIEEZ AT G5 LI B a2 (BT D2 L3 ATREL /0D, FT,

B TR B e O T-ME M R O 2 B RO 72

DITIX, MEN DRI E 2 A 5 CE DB s T DB
FENMEELIRD, KR BB OIEE LSO E DA%
BETHZE, ROT 4 — LR~V THH I TEAEY~
DA G-, & W ReE T HEAORESLH | FEEEDIEH D
ST BEROBRICBW TR ICEHETHD, rbEDT
ZHETICHMHEMREY O 55+ B REIZBIL Thk % 220778
DPATOITODA, EEICFI A TEAEAM BRI T
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WAEIXEWEROORBLRTHD, —T7, BEIREE -7
WL TR 2 ZRBRBEA L AITIS QD720 | i
L DIBFRIT IV NT R L TRMEZR AR AT 2 S 45
LTEEBZOND, MO EEZAY &~ T
SORBRFZFFOIEND, ZOEMEIR AT =X AT
G F DOEBE I I DL DO TH D ATREME S RIB ST
W5,

TIETHE & 1T, M EIC B DM REZ FF DR 1 —
OPFOMMNTEAL, (EFHINCRBSEHIET, i
PEREW OO 531 B RO B3 2 B H§L T&7z (Eltayeb et
al., 2006, 2007, Uddin et al., 2008) , L2>L72 3 BVER)~D
MEMEDfT 525 2 H& | BARFFHBUHENIC L0 EE D
AR T OFREZ AT CE DGR AR AL 70383
I ChHHEVNZ D (Fig. 1), ZAVETHEEE D ExISRE
L XTI ThHI A XF A F D bZIP HiEE.
[K¥- AtbZIP10 (Kaminaka et al., 2006) & AtbZIP53 1%, 4t
”’“L’Cffajél’ﬂf{fs%@aﬁﬁgéﬂwﬁ%ﬁﬁ:J:T*?"DU VIRED

FEFRENC R DD S IE O BEA2 95 (Weltmier
et al., 2006) . HHEN DI F5 3 Ei s AR LR L2 ER<
BIH-322 Lm0, AZIP10 & AtbZIPS3 DOFSREAFI 4
HZET, MY DOIAN AL DIEE | FRHZAN ADD[E]
ET HEROBI R EEIE DI L DX A— D DR
AHECTHDHEEZDND, 2L, BN FDEUTZD
R i BRI O HERF O 70D I Hp T S
IRSNDT=D IR TEE B RS EH L
E—MRAICEEL VN, 22T ZNHERE K - D EHEOIE
HBIR OB —X—%HNHZET, ANVAEMT
TOHRZNHETRFDOFBAFHFETEL2T TR B
CIEMAL DA = A LEFIP T HZLIZED | FEFIIZH
BLSH 155 A CRBLEDO RIS RiAEND
(Fig. 2), 20120, ZOT7 7 a—F L HH AL A5
HI72 5 B K - O @ S BLE IR O BRF& 1%, Zh =R A7 it itk
DL T BREICBWCIERICE THDHENZ D,

ZZCARRFZE T, HIFEN ORE R ENC B DER S
[K¥- AtbZIP10 & AtbZIP53 |2 LD HE G AT =K 2% 1
O T HEIINT BB LA T R BRI
DI bZIP BERGK 1 OENEIR T Thd 7 mlv
FeRusF—8 (ProDH) O 7 18— 4 — il T THy 5
FNZFE TS WDk 4 708 n T2 L, Zhb DB s T
Z N UT- B s R A O E A R 3528

Abhintic strass

(Salinity, Drought, Chilling, etc)

[l ="

|
\Y

! <

| Transcripfion factors

“W}JUI (== IUI Bl-“?\‘-ﬁﬂ‘ WIUIHI o

Fig. 1. Function of transcription factors under abiotic

stresses in plants

increased iolerance against sail siress

Fig. 2. Strategy of stress-responsive strong overexpression
of AthZIP10 and AtbZIP53 by self-activation using ProDH
promoter

T, FERICT 4= VLUV TR TED MM E D
oy FBREBAN OB Z B LI 72T o7,

2. RAE
2.1 EYHH. £F - AL RNEEHE

A XF AT (Arabidopsis thaliana) DEFAERIEL T,
Columbia 2:15'4’7°<CO1-0) DM ZEATA LTz, vaAX
FRXF D AhZIP10 EAs T O T-DNA #fi A% KK
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(atbzip10-1) 1%, Kaminaka © (2006) TfEHiL7=b DA fl
AUz, v aA X A FIRREAE R L (P H e A—r3—3
VIR AN N=IF 2T A N—=T Ak =3:2: 1) RICHEFE
L. 12 REH BS54 & U<I3 14 FREE B, 10 IRef] T
. 2COEMETEBTSET=, A2/ 7 0y MENTIZIE, v
0AXF A FOFEA-% 1/2MS IR HERR% | fElRlhE
FIZID 10-14 AMEFSEEFEAEFE ML, v rAX
T AT OFBANAMEL, FEH % 4 B ORI ~D
faKkz 2 RO 7% FHfa/KE 1 M ORED OIREET
AL 72,
2.2 FJSASFOBELMEGHR S O(XFXF O
VEAXTAF D AbZIP10, AtbZIP53, AtABI3 D4
cDNA D4 ORF % PCR [ZLVHiE#% . BP clonase 1I
(Invitrogen) % H V7= Gateway recombination % (Z T
pDONRzeo (Invitrogen) |23 A L7z = R —7a— 2 AE
L7z, ZhbT M —rr—2a v, 4 cDNA DR
ORF %, —i@A% 8L O GFP @& # s - OEHOSA
1% p2GWF7 (Karimi et al., 2002) |2, CaMV35S 7' —%
— XD FIRBUADIEH DO AT I MEHDTZHIC
pGWB605 (Nakamura ef al., 2010) 1=, FEREDY — A7
U KA H WD 85 &1L pEG202-gw . & L <1
pJG4-5-gw (Holt et al., 2005) (ZZ41Z%1 LR clonase 11
(Invitrogen) % F\ V7= Gateway recombination (2 CE A
L7z, > aAXFXF D ProDH, yVPE D7 18 —4 —fHi
1Z. 7"/ DNA %8121 C PCR ICXKDIEIR | [FFRIC
BP clonase II & LR clonase II % J 7= Gateway
recombination VEIZKY, =N —rm—aEHL
pUGW35 (Nakagawa et al., 2007) ~L&E A L7, £7-.
ProDH @ 7 w1 & — % — fifi 3k X pDONR P4-PIR
(Invitrogen) ~H3E AL, AtbZIP10, HL<IE AtbZIP53 @
4F ORF & ier N —rn—1 32 RApGWB613
(Nakamura et al., 2010) ~& LR clonase 11 %\ 7=
Gateway recombination VEIZKVE AL, 7I /R T
—TERUZ AbZIP10 & AZIPS3 DFATH L /R B %
—FN T 28 EFE2EHT 57202, PCR THEMEL
AtZIP10, HLLIE AbZIP53 DK ORF Wil RO
71— %3 % H\ . In-FusionAdvantage PCR Cloning Kit
(Clonetech) IZ XV Z 6 2 5 L 72 It i (AtbZIP53
-AtbZIP10) Z pDONRzeo (Z3E ALz, ZOF AT 5T
E. ERLE RO T pGWB605 . b L < iE

R4pGWB613 ~LE ALz, PCRIZMEFA LT T4~ —D
%1% Table 1 1277,

pGWB605, HL<IT R4pGWB613 ZRIMELN - s
Fa AT 7K (Fig. 3A) &5 L7 TAINET 70 r 7))
7 I\ (Rhizobium tumefaciens) GV3101::pMP90 Fi~&E A
% 2D ANT 7 N Floral-dip VAIZ KD aA XX
T ORI A LT, TRE AT Nakamura
5(2010) DIFIEI ESTHT 2T,
2.3 YOAXFASTD—BHIFERR, #A/FEALR

—3—=7vtA

TRAXT AT OERT BT T AN e — il i
B FRBLRDOFRIL Yoo 5(2007) DIFIEIIESTIT-
720 BIRTEALO TN T TANIEIT DK HOA L /X
JHRDE SN 7T OR I, B R — AR
BAMEE FV-10i-0 (Olympus) & IV TI 7072, BB FEA
BOT ORI TAMIBITDFN VR =2 =2 N ITETH
DIRG NN T 27— (LUC) VIV AZ TN T =T —
£ (RLUC) Z N Z D {E ML, Dual-LuciferaseReporter
Assay System (Promega) £/VI ) A—4— (JLIT AKX —
C-110:Fya—<) O TELT,
2.3 BEOY—/NAT)YMER. 4 L/7 Oy MEH

FERETD Y — AT MENTIL . Kaminaka & (2006) O
FENESTT 2T, AL 7y MEITIZE D GFP e
SO/, SR VBl Buffer [50
mM Tris-HCI (pH 7.5), 150 mM NaCl, 1 mM EDTA,
1 Xprotease inhibitor cocktail (Sigma-Aldrich)] (ZJV4hH
D2 X % SDS-PAGE (10%) [ X0 7 BEtL . 1 %kt
{RELCTHI-GFP HUiAK (Roche Applied Science) . 2WkHiikE
L CHi-~ 7 A IgG-HRP (Sigma-Aldrich) % it~ % .
Immobilon Western Chemiluminescent HRP Substrate
(Millipore) & A A—7 F 74 % — (LAS-4000 EPUV
mini: FUJI film) % VN CiTo 72,
2. 4 FFE RT-PCR IZ&DFHIRMET

TotalRNA OffifHiZ Total RNA Extraction Kit Mini
(Plant) (RBC) ZH|FHL . ¥R B i3 PrimeSeript 11 1st
strand cDNA Synthesis Kit(TAKARA) % N TTTo72,
WHR B 1% D PCR i 1X GoTaq Green Master Mix
(Promega) % VN C{T->72, PCR IZEALIZ7 T A~—D
B F11% Table 1 127”7,

-201 -



Table 1. Nucleotide sequences of primers used in this study

Primer name

Sequence (5'>3') Note

AtbZIP10ful BPGW-F
AtbZIP10ful BPGW-R

GGCTTCACCATGAACAGTATCTTCTCCATTGACGA

For AthZIP10 cDNA cloning into pDONRzeo.
GAAAGCTGGGTCGTCCACGCATTTTTTCGGCCATGCTG

AtbZIP53BPGW-F
AlbZIP53BPGW-R

GGCTTCACCATGGGGTCGTTGCAAATGCAAACAAG

For AtbZIP53 cDNA cloning into pDONRzeo.
GAAAGCTGGGTCGCAATCAAACATATCAGCAGAAGCTC

AtABI3BPGW-F
AtABI3BPGW-R

GGCTTCACCATGAAAAGCTTGCATGTGGCGGCCAAC

For AtAB/3 cDNA cloning into pDONRzeo.
GAAAGCTGGGTCTTTAACAGTTTGAGAAGTTGGTG

AtProDHproBPGW-F
AtProDHproBPGW-R

GGCTTCACCATGACTAAAGACTAAACAGTGATAAAG

For ProDH promoter region (1,500bp) cloning into pDONRzeo.
GAAAGCTGGGTCAAAATTCAAAGATTTTGTTTITTG

pProDH-BP4GW-F
pProDH-BP1rGW-R

GGGGACAACTTTGTATAGAAAAGTTGTTGCACTAAAGACTAAACAGTGATAAAG

For ProDH promoter region (1,500bp) cloning into pDONR P4-P1R.
GGGGACTGC GTACAAACTTGGCATAAAATTCAAAGA G G

pAtgammaVPEBPGW-F
pAtgammaVPEBPGW-R

GGCTTCACCATGGAATGGTGTGTGTCGTTGAATAAAAG

For y VPE promoter region (1,095bp) cloning into pDONRzeo.
GAAAGCTGGGTCAGCCGGCGAGTGATGATGATAGGAATC

FelxLink-Inf-F GATATGTTTGATTGCTTGGGAGGTGGTGGAAGTGGTGG
FelxLink-Inf-R GAAGATACTGTTCATAGCTGCTGCACTTCCACCTCCACC
bZIP10-Inf-F GGAAGTGCAGCAGCTATGAACAGTATCTTCTCCATTGAC For AthbZIP53-(linker)-AtbZIP10 cloning into pDONRzeo.
bZIP10-Inf-R CAAGAAAGCTGGGTCGTCCACGCA TTCGGCCATG
FlexLinker TTGGGAGGTGGTGGAAGTGGTGGTGGAGGATCAGGTGGAGGTGGAAGTGCAGCAGCT
GWUniF GGGGACAAGTTTGTACAAAAAAGCAGGCTTCACCATG To add attB1 and attB2 sequences at 5" and 3' ends of PCR products for
GWUnIR AGATTGGGGACCACTTTGTACAAGAAAGCTGGGTC cloning into pDONRzeo vector using the Gateway BP recombination.
AtbZIP10RT-F CACAGGTTAATGATCTAAAAGG
For RT-PCR analysis of AtbZIP10 gene.
AtbZIP10RT-R GTCCACGCA CGGCCATG
ProDHRT-F CACATAACGCTGATTCGGGGAG
o For RT-PCR analysis of ProDH gene.
ProDHRT-R CTCCTCTTAAGTTCCATCCTC
AISTZRT-F ATGGCGCTCGAGGCTCTTAC .
For RT-PCR analysis of ST gene.
AtSTZRT-R TCCTTCGTAGTGGCACCGC
GPX6RT-F ACGTTGCTTCTCAATGTGGC
For RT-PCR analysis of GPX gene.
GPXERT-R CAACTTCTTCACATCCTTCTC
HSP17 6RT-F GAGAACTCAGCGATCGTGAAC For RT-PR analysis of HSP17.6 gene.
HSP17.6RT-R AGAGATCTGAATAGACTTAAC
AtgammaVPERT-F GTTCA GGGAAAAGTACC
For RT-PCR analysis of yV/PE gene.
AtgammaVPERT-R CAAATGCGAAGACGGTTTAGG

AtEF-1RT-F
AIEF-1RT-R

GATGATTTGCTGTTGTAACAAGATG

For RT-PCR analysis of £F7a gene.
ATACCACCAATCTTGTAGACATCC

Fig. 3. Transcriptional activation of AtbZIP10/AtbZIP53 target genes mediated by AtbZIP10, AtbZIP53 and/or AtABI3.
Firefly luciferase (LUC) reporter activity of (A) Pprpu::LUC or (B) P,ype::LUC was measured in transiently transformed
Arabidopsis mesophyll protoplasts after co-transfection of the effector constructs indicated and P;ss::Rluc (Renilla LUC)
plasmid used as internal control. GFP-fused AtbZIP10, AtbZIP53 and AtABI3 are expressed under CaMV35S promoter.

LUC activity was normalized using Rluc activity and shown as relative ratio (data in no effectors was used as 1). Given are

AtbZIP10 - + - - + +
AtbZIP53 - - + - + +
AABI3 - - - 4+ - 4 AABIZ - - - + - +

35 160

S 30 I S 140

[v4 x

S 2| & 120

-} -

2 %l =) 100

2 S 8o

© 15/ ®©

° o 60

£ g 0

[0 [0)

o 5 ¥ 20
0 0!

AtbzIP10 = + = = + +
AtbzIP53 = = + - + +

mean values and standard deviation.

3. WIRAER

3. 1 AtbZIP10 & AtbZIP53 IZ&% ProDH E&{=FDEx

A

AtbZIP10 & AthZIP53, KT HHDEREIEF ThD
ProDH Bi5 107 0E—%—HikA AV iz bZIP BERE:
KT o B CiEH bE2RI L& s o AN 7 Mt
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PEREY) D 53+ B H BRI 35729 121%, AZIP10
& AtbZIP53 @%L“C“ProDH@ﬁi?@iﬁ%‘Lﬁ‘fﬁE{ b3 +531T
ZDWENHD, it AOZIP10 & AtbZIP53 DIERE S
TELTC, a7V aa—Rd5 282 BIR T RIESIT
BY, ZOBE T DEGIEMEKIZIZZAS bZIP BUER B[R]
T720 TS, B3 B DNA #EA R A & T DER 5 R 1
AtABI3 DB THDHIENRIIN TS (Alonso et al.,
2009), F£ZT, 7 AtbZIP10, AtbZIP53, &} AtABI3
\Z&D ProDH &5 DERGIEMALE oA XFXF D
BER T b7 T AN W —im R BLR E O TR
(Fig. 3A)., TOFER, 282 BT OHEEITRRY,

ProDH 815113 AtbZIP53 & AtbZIP10 % [RIRFICFEBLX
peaviak®ae Nl IRERT U X AV g NR/bY SY/ENCY el 3 N
ZDOFRWEREIEMEAIZ AtABI3 OREREIT LN 2L
o iZhhote, —FH LRI T —FX—2
ATTED-II (http://atted.jp/) % Fll F L CTHr #LIC 7 E L 7=
AthZIP10 D FE )& {5 1. yVPE (vacuolar processing
1999) IZ DU TH [AlERD T2l %
17o7= (Fig. 3B), ZD#ER, ProDH BAR T DE LT

enzyme: Kinoshita et al.,

A

AtbZIP10-GFP

ALbZIP53-GFP

AtABI3-GFP

720 yVPE BAG T DRV GIEMELIZIL AZIP10,
AtbZIP53 7217 THES | AtABI3 DFEREL L THDHZ L%
SN LT,
3. 2 AbZIP10 & AtbZIP53 DHBINBEES/\IE
B E 1EF

AWFFETEOREREZFIH T2 AbZIP10 & AtbZIPS3 73
HIR PN CHERE T2 53 T-HE 2 B D2NZ 3572012, il
WIRAEEL &5 2 R 7 B BAERIZ DWW TI AR, &
A XF A FOERT a7 T AN e — il B8R
Z T, AZIP10 & AtbZIP53 OFMIEPN JRTE % fl
G L7z GFP O A FRHEICH~RT=LZ A, AbZIPS3 1%
AtABI3 DA NI T~ —71—Td % NLS-tdTomato
ERICIANTHED AT FTEL TWODDIZHI L, AZIP10 1
FE I O 5 ZJRTEL QD E A S LT (Fig.
4A), F£7-. AbZIP10 & AtbZIP53 MO HAEH 2RO
V= NAT VY REHTICEOHRIZEZ A ADZIPI0 1X
bZIP RAA %S LT AZIPS3 SFIEAERL CWDZl%
BH52MZ L7z (Fig. 4B) ,

B

9 146
m\ AtbZIP53

. AtbZIP10(1-411),

SD(Glu) SD(Gal)
(AD bziP

215
411
302 411

302-411

Control

Fig. 4. (A) Subcellular localization of AtbZIP10 AtbZIP53 and AtbABI3. GFP fusions of AtbZIP10 AtbZIP53 and AtbABI3

were transiently expressed in Arabidopsis mesophyll protoplasts. NLS-tdTomato was co-introduced as a nucleus marker and

a control for transformation. GFP, NLS, and BF (top) represent GFP and tdTomato fluorescence and bright field images,

respectively. n: nucleus, c: cytosol. Bars = 10 pm. (B) Detection of the interaction between AtbZIP10 and AtbZIP53 by yeast

two-hybrid assays. Yeast (EGY48::pJK103 [3lexdop-lacZ]) cells were co-transformed with bait plasmid including LexA
DNA-bindingdomain (DBD)-AtbZIP53 fusion in pEG202 and prey plasmid including activation domain (AD)-AtbZIP10

fusions in pJG4-5. To observe the interaction in each transformant, semi-quantitative f-galactosidase (B-gal) activity assay

was carried out by plating transformants on galactose and raffinose base selection medium (Gal) containing X-gal. Negative

control experiments were performed using glucose base selection medium (Glu).
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3. 3 AtZIP10 & AtbZIP53 # AL B mFHEM A HEY)
EEAOELGEFIVAN VN ESGBAEDEL
FEMIZ T AhZIP10, AbZIP53 TN ZEN V7T
T —EPFAIT AL A(CaMV) 358 7' aE—HF—% T
WRIEHS G D7D DAL ANT IR Pissr AthZIPI0 &
Pjss::AthZIPS53, e N NHERE R T OFERBIE T CTh D
ProDH Bix1 D7 0 —4 —fEig A FIV N CHs B A il
TD Ppopp--AtbZIP10 & Pppopy::AthZIP53 ZAEH UT=, £
7oy TRV F1—1280 AhZIP10 & AtbZIP53 2872
X AT H G DR AHZIP53-AtbZIP10 A5 St
FEIRED T ANT I Psss:: AtbZIP53-AthZIP10 & Ppopir:
AthZIP53-AthZIP10 ZAEH LTz, fEH LT ART 7R D

FEAHIT Fig. SA RS, 77 s Ty AEEHVCIH
LOAVANT VN EYARAX T XA FICE AL,
Psss::AthZIP10 (2D CUIL T E R D AR OME 35
DAIVIEIN, DT ARG I N N LT B AR T E
R FEBR L OB N E WD R A EEH/LNTEL T,
UHBORBIZIIHWDIZENRTER M- T,
Psss:AthZIP10 FEMIZBEIL Tk, EAE G+ O3B A A
L7 ey MENTIZ XV ~7= (Fig. 5B) , TOFER, Zo3
DESRIZE DD 268 T T Y —ADHERITHS
MG132 ZHFEL 72855 D A E B FHROHZ 37
& AtbZIP10-GFP Z A 52 LM TET,

D ASTZIDAN (o WS aen I
355 —F
B ———
P AthZIP53 - AwziPss EE{T,. )
358 = —mu hoy
l;- unker
P __AthZIP53-AthZiP1() L AbZIPS3 TADZIPI0NCEEHT .
DD -" - —
5 ALl Tirmd N E:; .-nn.ﬁﬁiiié_{ﬁ:r }
P JCAIDLIFTU L ADLIF U v
ProD v
e e s
o Atk FIDED W I
P, .. AWLIF53 R ADZIPSSEH] wod
- v
b
- AL FIDES AL TID4n T .
rpfeD” FAWV LT IO M alln TV -
D
[
o P._AthZIP10
o S
< RAM AN
(&) - 4+ wVio1o<

a-GFP

 —
T PN SO

Fig. 5. (A) Schematic representation of the constructs used for making transgenic Arabidopsis. P3ss: CaMV35S promoter,
Ppropy: Promoter region of ProDH gene, AtbZIP10: AtbZIP10 coding region, AtbZIP53:AtbZIP53 coding region, Linker:

Amino acid linker for translational fusion, GFP: Green fluorescent protein, 3xHA: 3xHemagglutinin-tag, Tyos: Nopaline
synthase terminator. (B) Immunoblot analysis of AtbZIP10-GFP. GFP-tagged AtbZIP10 protein in wild-type (Col-0),
P3s55::AtbZIP10 and 10 uM MG132-treated Pjss::AtbZIP10 plants was detected using an a-GFP antiserum. (C) The increased

tolerance of Pjss::AthZIP10 against osmotic stress induced by re-watering after drought treatment. Representatives of

wild-type (Col-0) and P;;s::AtbZIP10 plants after dehydration treatments followed by re-watering. Photographs were taken 7

days after re-watering.
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3. 4 AthbZIP10 BEIFEBRADAS AMtEER N X
EEEFORBRAEN

NIRRT DI BLA RS CTET2 PssseAthZIP10 Fi¥IZ
DUNT, AN RERICIZZE DRI A LS DR
PEARL 2% DG KIZ LD [EHE IRF D AR L A4 B A7
&4 (Col-0) & L L 7= (Fig. 5C) , ZDAGH, B ARIEY)

BCEBELREWVWEIRAMNAEMHE T TH,
Pjss:AthZIP10 FEW) DO—ERITAESER T A& FR -7, LinL
TRING | BB AR ZALEE | R O AR ZALERZ L TN
fHICl. ME RO 722 21T b7 -7z (data not
shown) , 7z, Psss:AthZIP10 FE¥I L AthZIP10 &{51D
T-DNA ff A loss-of-function AR TH D atbzipl0-1 1
BT DA AR HGEAR T DR BUENT % | -8 B LG
(RT)-PCR V% W TAT > 72 (Fig. 6) ., = D5 R
Pjss::AthZIP10 FED Z 35\ N CTRE R 5 - CdhD ProDH 18
GFDRBENEIML T, 72, AN ZAD~—7
— BB ThD STZ Bin+. L OHETHICFEE LIRS
{5¥ yVPE BInTORBELEL DT THLIEEMND A
e SR AR ITHE N T HIE PR R IZ L DM R AR
AD~—H—BI5 T THD GPX6 &5 1L HSP17.6 i85
FORBEBIILLRVD, LU LTz,
atbzip10-1 \ZBIFHZNHIBIRFOIBLEDOER ML,

ITEESN)oT,

4. &

bZIP BUHR B[R 1-THDH AtbZIP10 & AtbZIPS3 [T IA L
TIRBEOHIENZ RO 2R oM OB NI B
T HBa T DI GMHIEHALZIT > TWODD, BIOERE K]
+ AtABI3 232 DERBIEMALIC L ThHH LWL H
% (Weltmieret al., 2006, Alonso et al., 2009) , —IE I3,
F% AT ProDH &1L yVPE &5 Dis GIH AR
DWTHHARTE R, B0 25D iEE T DR EIEMA
DAH =R BRI HZERF BN/ -7 (Fig. 3),
ProDH &f5¥1%. 250 bZIP BRG] 721 T14iis
TSN DDIZH L, 282 G 1L[RIBRIC yVPE s
T AtABI3 IR GIEMEA LIS CTh o7, ZIVETOH
D, 28251 DO mE—4 —fElK 0 G-box 23741
5 bZIP MR E R FDFEA AR THD (Alonso et al.,
2009) DIZXFL ., ProDH i&fn§ D7 0 —X —faik~n
FEAIZIL G-box X > TR (Weltmieret al., 2006)
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Fig. 6. Semi-quantitative RT-PCR analysis of stress
-responsive genes in overexpressor and loss-of-function
mutant of AtbZIP10. The detached leaves of the wild type
(Col-0), Pj3s55::AthbZIP10 and atbzipl0-1 plants were
subjected to semi-quantitative RT-PCR analysis. EF /o was

used as an internal control.

ZENL, INHDBENRENTN DB T DR GG
{EAH =X LDENEEATNDEEZLND, OFD, 7
E— X — IR EORE ST 5 ARSI, B FIEME LD
AN =R LR D ThHDHERBRIND, AZIP10 &
AtbZIPS3 o> bZIP UL G K - LA I AL I RITEL |
bZIP KA ZN L THEA L T (Fig. 4), AtbZIP10 (X
BE720 CHIRE I ZH RITE T A2 DD, ZH0 bZIP Al
BR AL DER B R T OB FIEMEAIZIX, AZIP10
DRIV E DN OEEA~DEATREI G- L TS AR RIS
o,

TEEHRHAR O AT 23ME— RTRE Cdoo 72 AthZIP10 D1t
FIRBUKTHD Psss::AbZIP10 FEWZ I 538 N EL+-
3D AZIP10-GFP ZL /R 7BITHONTAL /T vk
FRNTEAT TG R, 268 70T 7/ — LD EARITHD
MG132 DEHIRFZD - H B2 2 2 EH e T &7z (Fig.
5B), 26S F 0T T — ANEaE R F L ALL LRI E DSy
FRIZBID - QDI EMND, AZIP10 Z 2 77 B ITHEN
TEFF AL, BB (THHA9ID) ST
BHEBZBND, BE R T DZLITEDIFEREDFEA LSy
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FRIZ LRSI SN TOBZEN D, A AR S
(ZB% AZIP10 AT ORRIRHIIE 252 1T THH T L3
SRR CITEE, 7272 FHN T AhZIP10 ZhaH T
DER B K F-Z 58 < FEBL T DA IR DEHITIE, CaMV35S
Tt —F—5EHOWIRREFEBLOT 7 —F XL T
RN EMHLMNIC T2, ZOFRE R bZIP RS
N F-LZDIER) &R ProDH BEin D70t —4—%
V2 A CIE AL D> 2T ORI, TR O/E
HEIRBRR IR W TIEF AR ThDHEZE R BILD,

AthZIP10 & f51-& AthZIPS3 51 DR BUTKRE T
o<, EiRif £ y (Weltmieret al., 2006) ., £7-.
ProDH BAnFbHRRROFBL A Z— 2R L D2 DOZ DO
HRRTHLT B AT ERE D — DL L TR D
BREREZEDLEEEL D, ZNOERE T DHE,
AtbZIP10, 1 L< 1T AtbZIP53 DRREIRILIC LV HIFF C& D
DX, HESLHIRIZ DA AZ D DR L TTIERL,
AR Z5 B8 T DB BRI N DR RO T
DARHELI T2 A A BN L DT A= DR TH S,
THUEY | Psss::AbZIP10 AW THLEEARL ZALERIZ O
KIZEDEMERFTO A, FAR L L CH B2 AR A
MO ZE b7z (Fig. 5C) . AR AB[EIE T D5
RIS RIS ZE DR T A EQ RN LR EE
FDEEZBNDHIEND, AbZIP10 & AtbZIPS3 DOFHE
BRANH A LT E A 07 7 e —FI2 80|
AN AZBHL CH RIBROFE RDIFONDHEE 2 D,
ZNHDORRE R 7 OFEREIS T ChD ProDH Bi&T-&
YWPE Y&15 1720 Tl | STZ a1 DR B OFHELFH\
IRRLEEINIRE R (Fig. 6)b, AT 7 a—F BNHEHT
HHZ BT R TD,

5. S DRE

AMFFERE B 5 AbZIP10 & AtbZIP53 DOREREEFI
FTHIET, BYIOI BRI BT HIREIE A
ERT G EOREMDARETH LI ENHLMI ST,
LU D35 | B SEHARDVERAZIXREE 2307035728 |
1 ERICIIAZEO fef& B CTH D R BEIE IR
HERER - O Zh BT I XA MR MR O 4y 1Bl
HFAROR% 1 27V T ICRE CEL R A T ETlaieE
B oTo, S BITBAEAE N RO O E A D%
ROWHIZB T HENE LT OFRBOMRL, 1RBT -

WA AMED AT AN L BLE 72 D, Rl IR A L
TR EANE T 2N R BIETHLD T, EEHEIFNR
WeST TETCUWRWE AR ZALER FEBR O S MaT I
AN 2% DG AKIC LD BIE RF D AR AT 23 FFAm L
R WK OWRENVEET 2D, £, ProDH i&is1-D
TuE—X—fEE R ALz bZIP BERER 1O H ik
PAL S AT 52, AHZIP53-AthZIP10 FATH L 7B D
BEREIC DWW TH IR BLR A W CE 543038
%o EHIT, FEBUFAT O G EHIREETOR R TH LT
D HEAR AL K O /K O [BIEIRF I 361 HHEA
RN R D~ — T — 5 T DR BUENT 21T LB DD,
ZORRIZ BRI EE 2O EREITONLENRHD
S ARRFFEAE LIZHEED T ZET HTLWIHEMRE Y O
T BREEIROBIFN AR TH L MRS D,

oo

ARHFFRICT R THE E LT Ve A = A SRR
WEGH L BT ET, EARMREEZITICHID,
Gateway recombination {E(ZFHWAZENTEHI/I—=0
TR 2 — TR N R EE LT BAR K00 1) 1585
A LB A R GE T OB S B TS T A X
FTRFOEFLBRF/a—ra Rt EE L
Arabidopsis Biological Resource Center EFAL“AAfF 42T/
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Summary

Development of salt-tolerant plants as well as improvement of production technology is required for the
increased production of crops on salt-rich field. The genetic engineering method for plants can accelerate the
development of plants with new characters. Since utilization of transcription factors, which can regulate the
function of a lot of genes, is more efficient for this purpose, we focused on the bZIP transcription factors,
AtbZIP10 and AtbZIP53, involved in osmoregulation, which is related to salt stress. The utilization of
self-activation system by using function of AtbZIP10 and AtbZIP53, and their target gene, ProDH, seems to be
expected to dramatically increase the expression level of these transcription factors. In this study, we tried to
establish the molecular breeding technique for conferring salt-stress tolerance to plants by the efficient utilization
of these transcription factors. The experiment of transcriptional activation using transient expression system in
Arabidopsis protoplasts demonstrated that both AtbZIP10 and AtbZIP53 are enough to fully activate the
transcription of ProDH gene. Both AtbZIP10 and AtbZIP53 are localized in nucleus, and interact each other
through their bZIP domains. Since AtbZIP10 protein is constitutively degraded in the transgenic plants
overexpressing AtbZIP10 driven by CaMV35S promoter (P;ss::AtbZIP10), utilization of self-activation system
with these transcription factors and the promoter region of ProDH gene, would be better approach for
overexpression of transcription factors than using CaMV35S promoter. P;ss::AtbZIP10 plants demonstrated the
enhanced tolerance against osmotic stress in recovery period by re-watering after salt stress treatment. Because
the reduction of damages from dramatic changes of osmotic pressure in recovery period after salt or drought stress
is expected by strengthening of AtbZIP10 and/or AtbZIP53 function, the approach of making transgenic plants by
efficient utilization of both AtbZIP10 and AtbZIP53 could give plants similar effects against the salt stress, too.
Therefore we suggest that the establishment of molecular breeding technique for making salt stress tolerant plants

would be possible by utilization of function of these transcription factors.
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