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Abstract

The covalent attachment of ubiquitin to proteins plays a fundamental role in the regulation
of cellular function through biological events involving abiotic or biotic stress responses,
immune responses, and apoptosis. Here, we characterize the biological function of the
Arabidopsis thaliana RING Zinc Finger 1 (AtRZF1) in dehydration response. AtRZFI was
significantly reduced by drought stress. The atrzf7 mutant was less sensitive to osmotic
stress than the wild-type during early seedling development, whereas transgenic plants
overexpressing ArRZFI were hypersensitive, indicating that AtRZF1 negatively regulates
drought-mediated control of early seedling development. Moreover, the ectopic expression
of the AtRZFI gene was very significantly influential in drought sensitive parameters
including proline content, water loss, membrane ion leakage and the expression of dehy-
dration stress-related genes. AtRZF1 is a functional E3 ubiquitin ligase, and its conserved
C3H2C3-type RING domain is likely important for the biological function of AtRZF1 in
drought response. Together, these results suggest that the E3 ligase AtRZF1 is an important
regulator of water deficit stress during early seedling development.
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H|F =} rgrwg% HAEZ E“ }\H%}G AEHA ¥R
A=A L% ﬂﬁa T71 Ay 4 Aﬂ Fslol Fofglth2-5). 1= s HEH 8 kDa TRl {47
El(Ub) ATP 924 W40 Ub £43t a4 Elof 9Jsf HA E43ke]1, Ub M a4 22

A9t J9 ok Ub-E2 B3Al= Ub-E204 714 ehiidz Ub AZE E3lske Ub-dd
W}O}Xﬂ E30] Agst, ol 268 ZEE|olgo] o Q1A% EsjEcHe]l. Ub E3 27loHl=
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g J23)) 7] ol2joll= DNA B+ X o 5t 22 vlEsid el fH|F€ste] 7159
et SA7F Eofvar ATH7I.

7P iAol ol 1,4007H opdel RAAkEe] M2 B A4 Ub-E3 llebAlE
IFFE A o= B HI glom[g], E3 F7loMls F A58 R 4= it & SdiAs T
ABHROo R 28351= RING(Really interesting new gene)/U-BOX &2} HECT(Homology
to EG-AP carboxyl terminus) FEIQl F3 84AEE FAE] 9t ok SFAE SCR(Skpl-
Cullin-F box)2} APC(Anaphase-promoting complex)E E3F5l= F3 GAEL T AU &
AR 715TTHI-11]. o7 eholl A Al A= & F32F g g A5kl s ol 9 469
7] RING REZE 23l Q= E3 g7IoFAleleH12,13]. Cys-rich RING finger= 1990t
Z AZ0 = 7l&=ArH14]. RING A= =] oAl A 21X]9] Cys = His A7)l wet
C3HCA4(RING-HC)®F C3H2C3(RING-H2)2] 7 7HA] #82& ts & ATH15]. ZZo] -2 of
7174t RING E3 27lolAl7t &A1 418, PAIAAL 415, BepA| e Ag|2olE BhE, S} Wol, f-1
Hd A Agte] et 38 A& 9 3 e 22 TRt Al 3] Hofols AoE Ukt
[3,16-19]. §3], RING TAE2 87 A=) theh vhgoA dAQl = gtk oE &0,
I3 FFHIA, Bol A=, 8} 39, 71, & 2 AT AEH A0 tiet Wi 7133
o] QltH2,20-22].

710N L= g AEH A HhSof] T o B2 RING finger TS dohfi=d] T4o]
AUt AR EARR23]00 wet 7Rgol WREShe AR W1 RING Zine Finger
I(AtRZFI)(At3856580) A8stRLm, W7 18H 34l AE 240 2shd C3H2C3-type
RING-H2 finger #3124} 1502 FREH13]. 27t Al&cks SAES AtRZF10] A
71502 FHIFE E3 g7lotAo]x, g4 AEHA HREoA EEH RING ZHIQlo] ARZF19]

A= 71s0] $8F F YES HoE.

= 2 EE

1. MEls, 48%xH A AEYHA R

7= & 22C, 60% A 5= 2 16AIF ZAxA9] Ao ABGAIHS. ARZFI
T-DNA A<} 29191 SALK_024296(atrzf 1) Salk Institute®] o714 T-DNA 4% A= HofA
3155199 TH24]. T-DNA A 534 4159 AL 44 Bol4 Auigkmatolr 5'-TCTAGA
ATGTCAAGTATTCGGAATAC-3" ¥ IHigFato|n] 5'-GTCGACATAGTCAAAAGGCCATCCA
C-3'(upstream and downstream, respectively)E ©]-&5to] £8a4 AHHPCR)}S £}
%t} PCR AFEo] RAgoA] ok 4182 T-DNA left border £0]4 Zalo]H 5'-GCGTGGACC
GCTTGCTGCACCT-3'" 9} A} Sol4] g meto|wE oA AMgslo] T-DNA 49 %S
SRI5IAT.

2]
o AIEE 0, 6, 12 B 24ARE 5 A AEFAS FoloH, 2749 MESS IA E4E ol8s
o:‘{ =

2. In vitro self-ubiqutination assay

AtRZFI cDNAS &/d317] Hall 5'-GAATTCATGTCAAGTATTCGGAATAC-3'(BcoRI site
underlined) and 5" -GTCGACATAGTCAAAAGGCCATCCAC-3’(Sall site underlined) Z&}o]
Mg o]83slo] PCRE W5ttt PCR AMEE2 AIRKa A EcoRBt SallCE A= &, pMAL
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P2x vector(New England BioLabs, USA)ol £&243}9it}. o] SetAn|=: oA BL21oA &
A|A, opdetobA]| P A(New England BioLabs)2 o|-&3}o] ZsHdazntE 180 Sa) HA51
t}h. /n vitro self- ubiqutination assay= Auto-ubiquitinylation kit(Enzo Life Sciences, USA)
£ Argsto] Hegelict HRSAIZ] MEES 12% sodium dodecyl sulfatepolyacrylamide gel
electrophoresis (SDS-PAGE)E %3l £2I5t991, semi-dry transfer cell(Bio-Rad, USA)& ©]
8519 polyvinylidene fluoride(PVDF) membranes(Millipore, USA)2& O AF. Immu-
noblots Enzo Life Sciences product manual®] @We} anti-Ub antibody(Enzo Life Sci-
ences)E Ahgsto] Z1YsH3ict.

2 1

1. AtRZFI(At3g56580) TRl 34 % Of|icit ME 24

22 A o7 A F7IAE A0 WEE Ar3g56580°] C3H2C3-type RING-H2
finger A%} I8l Eok= 202 SRIFEIITH13]. Ar3g56580 A= 963 bpeld, 35.8 kDa
9] EAFFE Ald TR 32071 ofn|iAkS Fslols shue] ©Y @ 2 mHQloR A
o] i} o] thAo= =HQl B4 AnEo] & J:M(http://myhits.isb-sib.ch)ell 2Jaf et
AAY zine finger EMIQE Efoh=s ACE A= thFig. 1A). Fig. 1BolA Hol= Hie}l Zoj,
F25 op] Ak 482 &2 RING-H2 Zinc Finger @4 & A3t A543 UeRAT
w2bA], W71 At3256580 SARNE AtRZFI01ZFL AA5I%LE Supplementary Fig. S104]
Hol= v} Zol, opn|iAl MY alignment B3, ARZFIZ W9} 845=9] AHA|A] I T
S oI AFBAE olFAL Qi o]2fgt o|F AFEAES AtRZF1 ofn| Al A Gt AR o & 36%
-70%9] 5487 43%75%2] Aol WA AT N7 AtRZF19] S¥YHZ 7|8t ol 4]

( A) Ring H2-type
zinc finger domain
1 186 226 320 aa

AIRZF1  NH, — . L cooH

B) ¢ C CH H C c C

Y v B C D CKDE FE TS EARQMPCHH T YHSDCTVPWLVQHNSCPVCIRES
Y EIe PR C P CKDE FET,GSEARQMPCNH T YHSDCTVPWLVQHNSCPVCIERM
AtRHCZa 201 SAMSIRONIG YIRS SHN PCHIYHEDC TEPwLENERNSC PV R
AtSIS3 235 CICEEFEIGEE @HPC ;HFHNEF DONIR {Ohzrle 275
YV IR N C P DI EVGEEARBMPCRAR Y HEMEC T PWLVOHNSC PVCIERH
b IS PIIRICY C Py CKED L T GAAROHPCRIM Y HSDC TVPWT EIIHN S C PVCIERR

Fig. 1. Structural features of the AtRZF1 protein. (A) The structure of the conserved regions of
the AtRZF1 protein. The primary structure harbors RING-H2 zinc finger motif site (186-226) is
shown in the black box. (B) Alignment of C3H2C3-type RING motif deduced amino acid sequences
of AtRZF1 and other AtRZF1 homologs from different plant species. Shown are the sequences
of AtRZF1 (At3g56580), AtRHC1a (At2g40830), AtRHC2a (At2g39720), AtSIS3 (At3g47990), Oryza
saltiva RHC1a (OsRZF1; NP_001044543) and Zea mays RHC1a (ZmRHC1a; NP_001149547).
Black and gray shading indicate identical and similar amino acids, respectively.
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&9 RING @33} 39%-95%2] 5Lst T RING T=HQ1E X3ttt o|gsh 9 RING Z=HIQI
< 7HAL Qs BEEY] Ve & Al MY R ARJMA FHIF™ E3 27IekAIR] Sugar-
insensitive 3(SIS3)E Al<stil= & L&A A AH19]. Cys-X2-Cys-X14-Cys-X1-His-X2-
His-X2-Cys-X10-Cys-X2-Cys A¥2 & H2F 417] ofn|icAt RING RE|Z(Fig. 1B)o]H,
AtRZF12 C3H2C3-type RING-H2 Taidolct, Z#AH dEEE ARESto] ofu|ieil A 11
& 119 AGE Uelie A% A ERE 75013t Supplementary Fig. S2).

2. OH7IETHOlIM AtRZF12| 'L
ARZF19] 7]%50] 3t ©GAE A7) dl, 1.146-kb AtRZF1 Z2RE-GUSE =3t o714
FAAS} AEHEL f-glucuronidase(GUS) GA5Ha] GUS Hd HjElS gHolslgith S41EH|9
= XZA(Fig. 24), 3| ApdANA ZFolA HA= 1 0H(Fig. 2A and 2B), ZollAl= 3t
$&(Fig. 20), 2715%(Fig. 2D), Y& (Fig. 2F) 121 2715 (Fig. 2P)o1A Ld= et
[25].

3. 7t AEY AN Qs =HE= AtRZFT 74Kt

71T Ay WA T BAL ARZFI9) o] A AEd A0 o8] 7Ad Aoz UeR
tHhttp://jsp.weigelworld.org). AtRZF19] AA| Y 7152 EQlstaAl 23 H of7|IAd f-Ho
AE AEYAE 1 A AAIZE PCRE o851 AtRZFI mRNAS] Hd ALg S5t
Fig. 3A0] Uehd Ble} Zo|, ArRZF1S] A 2 TUE A7 24417F $of] 3u] ZHAsigit
7ha Al Egt o7 QoM ARzZF1 @S] THAEATHFg. 3B). = £ AEHA A
2202 AE AEF A 95| %= Responsive to ABA ISRABIS)26] FAAS ARES
AcHFig. 3A and 3B). o]=gt Zik= AtRZF10] B 27| o5 2EHT= AE =5 A4
Eli=s

4. HIFHE! E3 2|7[0tHIe] H4S LIEfL= AtRZF1
RING Z=rQl ehide RIS} 3ol 325HE E3 7HA9] g Fgolth27]. ARZF1 i
2 C3H2C3-type RING-H2 ©hA9] 144 o|xeKFig. 1B), o]0 E3 2|7loHA] EAof tisf

(A) (©)

(E)

Az

' )

{A) 10day Seeding, (B} Leaf, (C) Flower, (D} Pollen, {E) Stigma, {F) Anther

Fig. 2. AtRZF1 promoter-GUS expression pattern in transgenic Arabidopsis plants. (A) GUS staining
in a 7-day-old seedling plant. (B) GUS expression in a fully expanded rosette leaf of a 3-week-old
transgenic plant. (C) GUS staining in a flower of a 4-week-old transgenic plant. (D) GUS expression
in the anther. (E) GUS activity was strongly detected in pollen.
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Fig. 3. Expression of the AtRZF1 gene in Arabidopsis under water deficit stress. (A and B)
Quantitative real-time PCR analysis of the expression of AtRZF1 involved in mannitol (A) or drought
(B) response. Total RNA samples obtained from 14-day-old plants treated with drought or 400 mM
mannitol at the indicated times. Error bars indicate standard deviations of three independent biolo-
gical samples. Differences between the expression of AtRZF1 or RAB18 in 14-day-old Arabidopsis
seedlings untreated and treated with various abiotic stresses are significant at the p<0.01 () levels.
The RAB18 gene was used as a control for the drought or mannitol stress treatment.

AgE o] QIrH28]. weha, fulFEst IolA AtRZF10] B3 7lolA|e] 58& ERlsk=
2] $H4lo] Y} oIS s ARZF1S in vitro B400| 9J8) E3 gj7lolA] B4 SlRlslirk(Fig.
4). A3 MBP-ARZF1 AL g olgsto] 3t TiAES AYAlket 5, opdlajo}
A FAE ARES] BAIS T Supplementary Fig. S3). E1 ® E27F § *
MBP-AtRZF1 ©P8L anti-Ub(Fig. 4) TS ARESH HIESE EX0f oJ8f AZE L) El T
E27} g 7%, MBP-AtRZF19\4E 8|7 R8s} E4do] T&E|R] okttt Fig. 40 HojF= vlet
Zol, ARZF10] 9J3) fujFielshe siert A=, ol AtRZF10] Al8F oAl HE
E3 g7lopA] &4 7l ulgitt.

FII‘ ﬂJ
oﬁ.

5. AtRZF19| W2 7kF AEY AN CHet 2 DIAT W

YA W AtRZF19] 75 _,_/\}o}_]_x} 358 ZEH 1% ol-gstod ArRZF19] EAE FEot3
o} 12709 53T AR Al LA, FAY TS Flot] =2 AZ—E T (Flg 5A)
sh= 2709) AB(0X1-1 ¥ OX4-2)= A 3}5\’1‘:} WT2 ARZFI-2PEE AE-Z vlugt 23}, 3
sk Mot /\—RJ- 2 AL LERA] ek}tHSupplementary Fig, S4A). _,_7].;(-1 oa 0H7]7<H:Hoﬂ
A AtRZF19] 715& B7FP] 98l SEle Ar3g56580 A0l T-DNAZE s EAHo]
SALK_ 024296& O‘%\*E’r Ar3g56580 -74A+9] knock-out qutﬂo]xﬂ— T5kalAL, exon 100 4F
?:]ﬂ T-DNA®] T-DNA left borderg ©|-&5}%] RT-PCRE 53513tt. Fig. 5A°|A] Hol+= HiQ}

o], RT-PCR &8 2}, ARZF] 747t vl Bz 22 SRISSIH oid Aol anzf]
& A7gsiolch

THE] o FrEoiRl= " =3&9 Wdf| Y=g RARl| fstod, ArRZF1 Udo] 24
AEH A0 0| JE GotH T WT, atrzfl E AtRZFI-IPEAAS] 471 0 mM T+ 400
mM T EZ Z35k= MS iAol Horr ke , 71iE MS iAoM) WT, arrzfl R AtRZFI-3}
9FdA] 7] o} Hl&-2 FAIATHSupplementary Fig. S4A and $4B). 400 mM YHiEo] 2§+

H 270 ol & 1097 PAHE o 99 w32 WT o] 9F 35%0]1, OX1-1 ¥
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MBP MBP-AtRZF1

E1 + + - +

EZ + + +

Ub + + + +

{kDa)

130

95
72

53

anti-Ub

Fig. 4. E3 ubiquitin ligase activity of AtRZF1 in vitro. Purified MBP-AtRZF1 was incubated at 37C
for 1 h with E1, E2 (UbcH5a), ubiquitin (Ub), and ATP. Polyubiquitin chains were visualized with
anti-ubiquitin antibody. Omission of E1 or E2 resulted in a loss of ubiquitination. MBP served as
a negative control. Numbers on the left indicate the molecular masses of marker proteins in kDa.

OX4-2 AL 15% ulgholgleckFig. 5B). olo] ¥lal, a7 o142} 80% ot 3 10947+
A ST Fig. 5B). Wb, ARZFI-TPREAIS wel WEe] wold A% AEd|Ac] v
RS8BT, Ok ansf] EAHO\ASL ARZFI-IRERAT} 78 AEd| 0] WSl Hi) H
P2 AL Holzeh

iy

6. AtRZFI-TPSHOIN 7HE0] O3t 8 AMS Z7} U ot of

S |
7& AEH 20 gt ¥ —’Fﬂi Lol H3f A 2 FES 2ok % SAES
I

0% 9 919 912 e o} 1 Se9E vz 45 29O 29l el i, AtRZFI-
TpAAe] Qe 20} ZAGMH WT B anrzfl A159) Gt v 28 A% £4l0] Uehith(Fig
6A). 7L Roli= 208 olufell WAIOW, o]F o LHsiFc /i AEAL Ea AR Ao
s} Sl et SAo) B1E St ol Aol YEE WSk i 4 9
oH30). arrzf1 EARCIAE WT D ARZFI-TRIRAS HT3AS 1, 0] e o} o}e &
AgolA] Holxl vlot go] kg g EAGo] AAsIirkFig. GB)

olefet AW AR Wyl 7ol o) fEsoIE BAFel WT ¥ arz/rurh
ARZFI-SPIBAN & e] AR hehdict

7. 718 HM2| £, AEYA ZE QUS| HA Eal Yo
Deltal-Pyrroline-5-Carboxylate Synthase 1(P5CSI), Deltal-Pyrroline-5-Carboxylate
Reductase(P5CR), RABIS, Responsive to Dessication 294(RD294), RD29B, Alternative
Oxidase 14AOX1a), COLD-REGULATED 15A(COR15A), EARLY RESPONSIVE TO DEHY-
DRATION 15ERDI15) R ERDI SAAES AE A0 Ofg)] FrEojzckal dejA QIrH31—35].
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Fig. 5. Influence of atrzf1 mutant line on osmotic stress tolerance. (A) Expression levels of AtRZF1
in wild-type (WT), atrzf1 mutant, and two independent transgenic lines overexpressing AtRZF1
(OX1-1 and OX4-2) were determined by RT-PCR using total RNA isolated from 2-week-old
seedlings. Actin8 was used as an internal control in RT-PCR. (B) Osmotic stress effect on cotyledon
greening. Seeds were sown on MS agar plates supplemented without (-) or with (+) 400 mM
mannitol and permitted to grow for 10 days, and seedlings with green cotyledons were counted
(triplicates, n=50 each). Error bars represent standard deviations. Differences among WT, mutant,
and transgenic plants grown in the same conditions are significant at the p<0.01 (“) level.

FAHCE P5CSI, CORISA D ERDI GAA= ABA, 9%, &5 E-l A2 AEHA 27000 o5)
FEElE W, PSCR, RABIS 9 ERDIS= @ 9 €4 AEH A 270 oo FEH. Rd294
4 Rd29P= 7Va, ABA ¥ 9E AEA 2704 fdch E‘e} AOXIa SR = 71, ¥ ¥
Ao} AEg| A0 O8] RiEt). Fig. 72 7RE A2 & P5CSI, P5CR, RABIS, RD29A, RD29B,
AOXIa, CORI15A, ERDI5 9 ERDIS E3Iet AEHA S1A GARLS] wdo] WT U arrzf10]
v W5t ARZFI-FEEAQ] OX1-1 E OX4-200M A4S BojEe). T8y atzflolAs WT
Hoh 7hs Ao osf o o] FEE Yt F8oHH, $29 AEHA G 444 EE HolEHE
ARZF10] 7hg AEHA TH A7 HdS 24 TS Uepdh

8. 7t8 AEYA ZUUA atrzf1 SAHOM DE 13k

atrzf1 BFHOANN PSCSI A PSCR 979AK0] o] Z7h0 0, Sole WT 2 94
R} BAoI ZE S ZAYE WT, arrzf] D ARZFI-PEAASE] L2 S| o]
7} QA Flst] 98] 109 7k A% A2l Yol BEY S SYellck. AEHAS W
ol € Aol Zael Uk vE etton(Fig, 8), 71 AEe02 2ol WT
atrzf1 U ARZFI-SPRAA) 7] B FFE Akt Aolrt BRAEUT. acrzt BAHOIA]
R FFS WT U ARZF-TEA ABARC} ] 52 $702 Uehton], WT 4840 o8
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Fig. 6. Measurement of water loss and electrolyte leakage in WT, atrzf1, and AtRZF1-overexpressing
plants. (A) Quantification of water loss in 2-week-old WT, atrzf1, and two independent AtRZF1-over-
expressing plants. Rosette leaves of the same developmental stages were excised and weighed
at various time points after detachment. Water loss was calculated as the percentage of initial fresh
weight. Data represent average valuestSD of five leaves from each of seven replicates. The
asterisk denotes a statistically significant difference compared with the wild-type [0.05>p>0.01 ()
or the p<0.01 (")]. (B) Electrolyte leakage of leaf cells of WT, atrzf1, and two independent AtRZF1-
overexpressing transgenic plants under drought stress. Light-grown 2-week-old plants were grown
for 10 days with (normal) or without (drought) watering. Leaf tissues were carefully excised after
drought treatment, and used for measuring electrolyte leakage. Data represent average values+SD
of seven leaves from each of seven replicates. Differences among WT, mutant, and transgenic
plants grown in the same conditions are significant at the 0.05>p>0.01 () or the p<0.01 (*) levels.

A FE ARZFI-IPEAA R 7RE Aol s A Ho] fEES & 4 IIrKFig. 8).
olgf3t Adk= 7HE Z2Z0fA AtRZF10] ZEZ AYAlo] Aoz FoIghe yehdch
ik

2= C3H2C3-%9 RING Zinc finger WA-E QIFQoR= ArRZF] 327} 7R BESOlA
2931 93 Fitke AL HolRgt)h B BE AEHA kS BA AT} a2/ EAMOAP} 71
HhSol © wIzst Bhd, AtRZF1E TPEEsH: AEAlE o Blsllet o= ARZF10] 27] B
e B9 7HE BheE S0E TS AR

AnpHog B A= ARZF1-TEAAS} arrzf] EXH0IA] Alo]2] £ &A1 9l o] & o]
ESI3 2ol g HolF qug 6). 7HE 2NN, ARZFI-IPEAA|Y] A2 WT 9 arrzf1 99
o] 93} vliwslo] 7 &4 9w o] Eo] FA F7ISIAHHFig. 6). P5CSI, P5CR, RABIS,
RD294, RD29B, AOX]a CORI5A, ERDI5 2 FRDIE T3t AEFHA G4 §A70] AAA
FE2 7R A T WT 9 anzf1 NEET ARZFI-3PEE AsollA 4= ok Fig. 7). OIH’G‘P
A= AtRZF10] 7He AEHA Hhgol 8402 Zqotth= AL 3712 FHAT) anzf] B
OlAl= WT & ARZFI-ZFEEAIL Blw e f 33et 7ha WS Uehdlet A& Az E%‘ao

—

SAHY AT AEHARRE AZE HoT 4 QU030). anzfoH ZEYS S22 WT 3
AtRZFI-IEAA oA Het o @Rtem(Fig. 8), °l= AtRZF10] AR/ A 282 531 9 7He

WS fEshe Rdeky A 4 9tk
RING BE|28 E3he B3 27kl A% R4 713 2 9284 18 5 sftolr. ol
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Fig. 7. Expression of stress-regulated genes, P5CS1, P5CR, RAB18, RD29A, RD29B, AOX1a,
COR15A, ERD15, and ERD1. Light-grown 2-week-old WT, atrzf1, and two independent AtRZF1-
overexpressing plants were further grown for 10 days with (normal) or withholding (drought) water.
Total RNA was obtained from treated plants and analyzed by qPCR using gene-specific primers
in listed in Supplementary Table S1. Each bar indicates the induction fold of the P5CS1, P5CR,
RAB18, RD29A, RD29B, AOX1a, COR15A, ERD15, and ERD1 genes in response to drought stress
as compared to the control treatment (normal condition). The mean value of three technical replicates
was normalized to the levels of Actin8 mRNA, an internal control. Differences between the expression
of P5CS1, P5CR, RAB18, RD29A, RD29B, AOX1a, COR15A, ERD15, and ERD1 in Arabidopsis
seedlings untreated and treated with drought stress are significant at the 0.05>p>0.01 () or the
p<0.01 (7) levels.

= AtRZF1 @82 C3H2C3 99 RING-H2 zinc finger RE|ZE E-3511 Qlo™(Fig. 1), A
Z ghyska] 2407 AtRZF10] tHE RING-H2 zinc finger @A 18 93A9 28 A5A4S
7= 202 YeRdtiSupplementary Fig. S2). RING-H2 zinc finger 2E|Z9] 79~ AtRZF1
T} o2 A Ajolo] UL 39%0A4 95% Alolo](Supplementary Fig. S2), A E=
WA A RING-H2 zinc finger B¥1d 18 9427} wo] HEEo] 918-g ousicl Ir
RING finger T2 fH|FE E3 Z|7lolA| = 2R&sto] F8|FH3}/ T2 H|olsg oA 44
Ql 9T oh= A0E YERHTH3T]. ARZF12 Al W £43 AREsto] B3 -RHIFE 7IokA|
Ao dis] Astch 29 BALS ARZF] whido] E1 @ E2 849 A4 slojlA MBP-
AtRZF1 % T2 2p7h-fH]Feste] HAgol| 7] Zsle] AA|E S E3 27l ASsHal
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Fig. 8. Leaf proline content in WT, atrzf1, and AtRZF1-overexpressing plants. Light-grown 2-week-old
plants were grown for 10 days with (=) or without (+) watering. Leaf tissues were carefully excised
after drought treatment, and used for measuring proline content. Error bars represent standard
deviations. Differences among WT, mutant, and transgenic plants grown in the same conditions
are significant at the p<0.01 (*) levels.

tHFig. 4).

SHEAE B2 B3 fHFE Z7loAlE AEYA HRgo] 34 2R} 9IS 3t g &
HOS1(High Expression of Osmotically Responsive Genes 1)< Inducer of CBP Expression
1ICEDB8le FHIAESsto] AL w34 faxte] TdS 2408 245k, DREB2A-Inter-
acting Protein 1(DRIP1)< Dehydration-Responsive Element Binding protein 2A(DREB2A)
S fulAdssle AEHA HESolM DREB2AS] BoHgst W diF 2EE ZHITH3IL
HSC70-Interacting Protein(AtCHIP)9] Carboxyl @H-2 Protein Phosphatase 2A(PP2A)9] A
AMERRE Sd-RHIF RSk 1 S4S ST A 0E B W, ArCHIP-IEE o7 1%
= A2 AE A0 tigt W= S71RE A 0= UERTH20]. A= E3 2l71eFAIQ] Keep on
Going(KEG) o] 2= ABAC] oJsf) 28&= 2o & W ATHI6L KEGE ABA 415 M
¥ 2EAR] ABA Insensitive 5(ABIS)E A& A-g-sto] Eofgitt. ABA= A7H-RH|FES] 2
2t KEG #3E £XI5to] KEGLF ABI5Y] #3< RARITE ERL o] B3 g7lofAl7t BEd AE
G A0 kg AR ZREolE Ao 2 YeRth o]t Tl o= ABA 415 HE9] o] SH0
Tofdl= RING-H2 Finger A2a(RHA2a)[18] & ABA Insensitive RING Protein 1(AtAIRP1)[5]
o] 2T} RHA2a7F O = sl= Tiid2 ABA 4S8 Ad HR9| 34 2EA= AjkE &
Ak AtAIPR19] ZPEEL SAL ot 9 7|5 H4f 52t ABA IHINES-Z 86t} 7hg AE A
izt e gttt

S-219] Aol 71%510], $2)= AtRZF1°] FH|IFH-Z2E|olE A|ARE F5f 7] 4(eH] g1y
A ek)9] Eolg wifsl= E3 2l7loHAIR 715 el 7PYRH16]. AtRZF1 A7 71E B
o= A= A& A Hi(Supplementary Fig. S5), $-2= ARZF10] oJs] &aie
Ao i S AEYIA] of Ao, of2jet E4E AASH 7hE ¥eZ B4kl B
7F kAl AQtste}, wEbA AE9] 7HE BhE YEYIE 5| odloleH AtRZF1, 32 thila
4 o]59 A% AL tigt F7t 7|5 A7t RSl oA

O OfF
4 /|
Su o] that HIFEle) ATS MR B 4R AL WS, WY WS U olEEAA
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A} 2L MR AEH A0 o5t} FASHA AASIAT azf] ERHo] SAEAE 27 AF
B2t opiEo vl A AEH A0 E wIRt v, ArRZF] I FAHTA IS IS B
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80|, AtRZF1 A7) ol WdL ZEY 7, S8 &4 vt o] & U g AEHA
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