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FE DELLASE /A5 R E T i — 2O KR A E O SE 2R 5, (E4U ¥ T (Arabidopsis thaliana)Jk 4]
M O &% SADELLAE 3. H AT A8, DELLA H7EPu b il TR /E M . T4k, % 4% (nitric
oxide, NO)KHF 7T TN 1S B EEk e, IGIK B2 INOREMS AR I A K, BAE Bk B N e ST AR KR L2 S 8
AHFET: . I At — S A BB AT 49 (sodium nitroprusside, SNP), WFST i NOX UL B IF 4 1 2L KR semi, % BAY
YR INH0 R, 4hT 20T . WAL HF 5T DELLAE A 3 (R 3Rk (AR 4k S FEAH G SR Ak fr e A, 1iF WDELLAKE (1 7EHEHIN OIS

Bipile TSR . BRS04 MR T DELLAZE (1 SNOM B I 5, A JE R IE SR kP 4t T B 1 A

XEIW AWML, DELLAGH, %A, hiil

Wk, AEL, ZEHE, R, AZE (2011). DELLAGE A2 5B I — 2L U0 8 T, #5946, 481—

488.

R AEE ) “ABPE” Phosg FB I H — 858
FEIRI7 81 22 G K . 70 FLERBE (1948 4k, . DELLAEE 12
— R % % (gibberellins, GA)f5 5 i& 1% 1) 5% 1 P 18
Y, 1EUFIIT(Arabidopsis thaliana) 1 54N, &
fITZ&GAIl. RGA. RGL1. RGL2#RGL3. DELLA%
AT T RS RE SRR AR, anfh 71
K ZFFRAMRMAPK . JFfe. RERMTFIRE S
(Olszewski etal., 2002). I KMF5¢% I, DELLA
B 1 B A% i N RS TI BT A0 o v R R BB A S
%1% (abscisic acid, ABA)f5 5, Mifi{E #DELLAZ [1
MRS, HEIE Y A K, bttt (Achard et al.,
2006). MG REE £ & /R 3 3% A O 4% GA20x3F
GA20x6H: R Rk, T /44 4 3 P GATR 5 £,
fe 2 DELLAZE (1, 2 & ii4 1 i’ fig 71 (Achard et
al., 2008a). Gkt ] LU ik B AR GAZK P K 2 il
DELLAE AR, FERWIM KK FE M,
F Y RHICHE KT 52 € 77 (Jiang et al., 2007). DELLA
A K R (salicylic acid, SA) I ZE #j 1
(jasmonic acid, JA)E ‘5 i 42 111 R i 3 A 4 e
DELLASE 1 (18R 58 T LA$ iy X 28 44 25 A2 B 1) Pk

Wk H 49: 2011-02-09; 432 H 11: 2011-05-24

NP AA 25 A T R AU (Navarro et al., 2008). B2,
DELLAZE FI/E 345 10 53 A5 5 S m i g P itk 1
FHARHHEMER.

— 48 Ak & (nitric oxide, NO)E b —F {5520 1,
PaREE7/DaNa Y RiIE| A7/ bR A1) AN TN
AR WARKE. AR e, 22 Rk
ST TH #5424 ] (Crawford and Guo, 2005).
FH T NOXT R4 1¥ 5% W LA 7R % 2% % (Anderson and
Mansfield, 1979), HI{EARIK LN REW (e AEAEYI LK,
RLE SR B R A A KR A R . i S A
W4 (reactive oxygen species, ROS)[1)—Ff, NO
10 5 55 HoOp— 2 18 Ik 4 1 1 A 55~ 487 DA A1 2 411 i)
4l fu 4L T (Delledonne et al., 2001; Beligni et al.,
2002; de Pinto et al., 2006). KiHF5iRM, MHYHK
U R B BN, B 15 40 I [R) R 40 i N AR 3R K
NO & 2E 4N M F2 7 P ZE T, AT & s A A2 % it
1Pt (Allan and Fluhr, 1997; Clarke et al., 2000;
Romero-Puertas et al., 2004). t4h, A HRkiER,
NOZ: 5Lkt 4l i 73 R4 3 P ifs 3 (AR ) R e
4 i€ T (Garcés et al., 2001; Carimi et al., 2005).
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NOZ 5 i 2 (1 A Wy RIAE A= W o 36 S 32, 2k ok 2 —
Ttz 34 (¥ 1 58 7 5 3 -7 (Gould et al., 2003).

NOJE M5 54> 7, [H] It & BB V5 e S fh h
() —Fh ey o AT IE I A1 ilENO A 1 84 (sodium
nitroprusside, SNP), #JF 5t = < 5 NO X 40 g I+ 4 1
AKRE R, JEE 6 DELLA S [ 3 M K ik &
HIRAPRR R T, HITDELLAR (X NOW 5 i
I FIHRATL IR 23 LI

1 HRS 7

1.1 EU R R AR

S #4 8L A 8L B IF (Arabidopsis thaliana L.) Land-
sberg (Ler)#fE 7 ga1-3. tetra. pentass 48 1A F135S-
TAP-DELLAS(35S-TAP-GAl/Ler, 35S-TAP-RGA/Ler,
35S-TAP-RGL1/Ler, 35S-TAP-RGL2/Ler, 35S-TAP-
RGL3/Ler)i AR &R . T MRHEHL 15 503 A Ler.
Hrp, tetraZ@ B R4 K T 44-DELLAZ [1(GAIL. RGA.
RGL1FIRGL2); pentas& LAk 2k T 54 1 (GA1.
GAI. RGA. RGL1#1RGL2); TAP(tandem affinity
purification bR 1, & 2xIgG 45 & 4 48 . 3C R 1 gy
ZINT 55 . 6xHisF19xmychr2% .

FURG I Bh 1 F& Pl T 0.8% 55 i (1 1/2MS 15 75 5k
Wik, 4°CHDEHMIR, 23°COLl R R, b
JEBESE 49150 pmol-m™-s™, 6N 16/ M /8N it
Frah e KRG, AR SE [ SNP 5 /b 2 3 iG55
FRHVRA], B FEOLW B, 1508 UBETANO,
ML) v 1) AR

1.2 FERF

MSih. DAB(3', 3'-diaminobenzidine). PI (propidum
iodide). 14 (SNP)I4T-SigmaZs & . TRIZOLI T
Invitrogen /A & . cDNAZE 1554 BRI &L Taqligly I
Takara’a ml. MYCHUE P o BEHTIA . B ALY
B AL 2 BT BN E ST R BTAIE T-Abmart /A 7] . N2
H FIRPN6HLAI H Milipore 4 7] o

1.3 DAB#&

PR IF 4N HEAR T2 mLE.0 T, NG E=DAB
Jei(1 mg'mL™", pH 5.5), 28°Cil {5 fr2/ it . Bl i
HCH e, ImN80% L BEii (L, 7 Leica Ty fk a1k

B NI
14 PIE&

AR R4 AE10 ug-mL PGS G 243 i, 76
ROKERE R, RO IR AT Bl BiLeica SP2(14
[¥Leica) W &2 FF 41 o

1.5 RT-PCR4TEERIE

KHATRIZOLIESE I R T4l B RNAL i i 5k H
Takara /s 7] cDNAGHE 158 & Rk i &, 4% IR ) & i
BB T B4R . HR U DELLAZE 5L K R UBQIE [l ¢
S 2X 514, 51075 W& .

PCRY MR R N RMARI25 pL, L7 10xPCR
buffer (£rMg®*) 2.5 pL, 2.5 umol-L™'dNTP 4 uL, 10
umol-L™" IE i), [ i 514 %2 ul, cDNAKIH1 L,
ddH,0 13.5 pL, 2 U-uL"'Tagh§0.5 yL. PCRY M f¢
FE e Q4°CHlAE L2 4h; 94°CAR:20F), 58°Cil k
30%b, 72°CHEM30FL, 18 MEHR; 72°CHEMI1053 4k
PCR™ 41 F 1 % 55 N8 B F S 0 - 411 L

1.6 Western blot# 4

PP T4l s, IE B S i e .
40 ugiiE 14 SDS-PAGE LK G, MR RRIRLT
e b, BRI T5% M h BN, I —
FIMYCHU A4 CLE B EMBE LA, 0.1% TBST(#
50 mmol-L™'Tris-HCI, 150 mmol-L"'NaCl, 0.1%
Tween-20, pH7.5)PE¥3IK, RHR1008), TN A

1 RT-PCRY HIDELLASLIAI UL UBQIK S 191751

Table 1 Primers used in RT-PCR of DELLAs and UBQ
genes
Gene Sequences of primers
AtGAI 5'-CGTCGTCTAACGCCGAGTA-3'
5-GTTTGAGCATTTCAACCG-3'
AtRGA 5-CTCCTCTTCCGGCGAGTT-3'
5-GTTGTCGTCACCGTCGT-3'
AtRGL1 5-TGACCCGACCCGGATT-3'
5'-AGAGCGCGTAGAGGATA-3'
AtRGL2 5-GAACAACCCGGCTTCTT-3'
5-TCGTCCGACGATTCGCA-3'
AtRGL3 5-TAATTACTACCCGGAT-3'
5-GCTGGTCACTGAGTCA-3'
AtUBQ 5'-CAAGAGCGCGACTGTTTAAAG-3'

5-CATTTGTGCCATTGAATTGAAC-3'
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I A B (HRP) bR Ad 1 = Ht, =30 1 /NI
TBS-TUEE3WK, #FX10 4350, RAECLI(GEA )
WA ROCTRERE E, TX0th EREE.

2 ZR5i1e

21 AEIRENOMHBEIFTAEEKEM
PG IT % 1 X NOI SN HAT IR FE RN . A T WF90AR
A BENOX LR T+ 4 P 1 g, JRATTIEAT TR BEHA
FEsRE . AR RIILNE, 43550 10, 25, 50.
75 umol-L'SNP, & ILNO R 41151 41y i 4 K- (181 1A=
E). HNOX Ll Rg I+ 4l i 1405 T 3= 2k A A2 41 it 50
umol-L™" LAt vk 5 (KT SNP, 22 B Ay 7 I (i Y3 11 A AR
ANAET (D, E, I, J)o BRIAERE 5 S T FRAT]
PEIL50 pmol-L™" SNPAE Ay Ak BRI B K il vk FENO
XTI

2.2 BEIRENOMIIREFT 4 E IR T

e RS TRTNO BR 8 0] 400 B 71 40 Pt pl i 5, 7™ BN 350
Har:, mE2A-DFi7r, KSR, FMiti50
umol-L™"SNP, 24 /Nl Wi S5k 11 1 P-4 19 (R L 4,
B J AR AE T o 49 5310 52 SNP AL B AN W] B[] i 00 p
TR 0 B IR AE DL, I B A5 Ak FR I [R] () ZE K
I RN ) e P AN N, R R R BB S IR T
36/ Ji ik B 5 e (K1 2E)

2.3 SRENOMHRIT4E FH0. A RAIFM

NORENS 55 HoOpAH ELAE FH LR ST 4l B it et . R
FIDAB G £, J5 VL K IINO X 0 R T 40 15 44 Y HL 0, 75
G . WE3HT N, EKSRMLE, 450
umol-L'SNP, 43550, 3. 6. 24/NH 5K IIIH,O,
RAR EAS I, R IR NOII AR WIRE K, HoOo7E 0l B
T AN B H R, BWHH0 MM R RES 5 T

B AN RIS 5 A (SN P 8L R I+ 40 i B HC AR SR 1 5% )

(A)—~(E) BFETIRIHG 401 2 0. 10, 25, 50, 75 umol-L™"'SNPAL 36/ I A AR UL (F)—(J) BF 242 T30l B 3T 40 43 B0

10. 25. 50. 75 pmol-L"SNP AL HI36/M I J5 HEJ FRIP 1YL 5 15 5L o

Figure 1 Effect of different concentration of sodium nitroprusside (SNP) on Arabidopsis seedlings and its root tip

(A)-(E) Phenotype of 5-day-old wild-type Arabidopsis seedlings treated with 0, 10, 25, 50, 75 umol-L™" SNP for 36 hours, re-
spectively; (F)—(J) PI staining analysis of root tips of 5-day-old wild-type Arabidopsis seedlings treated with 0, 10, 25, 50, 75

umol-L™" SNP for 36 hours, respectively.
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Figure 2 Treatment of wild-type Arabidopsis thaliana seedlings with 50 pmol-L™' SNP

(A)-(D) Phenotype of 5-day-old wild-type Arabidopsis seedlings treated with 50 ymol-L™' SNP for 0, 12, 24, 36 hours, respec-
tively; (E) lon leakage measure for 5-day-old wild-type Arabidopsis seedlings treated with 50 pmol-L™' SNP for 0, 12, 24, 36, 48

hours, respectively.

B3 AhiESNPXT T A A4 F 40 1 A ) H O 24 1 5% )
(A)~(D) JH50 pmol-L™" SNPZF 54310, 3. 6. 24/ JE il
T4 02 7 R (FIDAB S (4,43 4

Figure 3 Effect of SNP on H;O, accumulation in wild-type
Arabidopsis seedlings

(A)—(D) DAB staining analysis of H,O, content in 5-day-old
wild-type Arabidopsis seedlings treated with 50 ymol-L™' SNP
for 0, 3, 6, 24 hours, respectively.

NO% U I A WAL T (K e

2.4 $#IEITDELLAE B RER X NOIZ LR # i

FIFH A JEDELLASE [ & &t M 58 A8k ga1-3 (F5%F %
A R AR B ) LA K DELLAE 1 VU 58 4% 4 tetra(gai-t6
rga-t2 rgl1-1 rgl2-1) ¥l penta(ga1-3 gai-t6 rga-t2
rgl1-1 rgl2-1)KWF 5T DELLAZE (4 75 2L B 7+ M 5 NOi
Bih BT E . g5 R EAARTR, AR5 KM%
43 IS0 umol-L'SNPAL#E24 /M, =59k BENORE
B A PR A AR T, figat-3H 1A
WA R T8 % DELLAZ (AR BRI bitE; 5
Z AR, pentad& LA BAR IR 8 A U >, (HH
TR TANDELLAGE A, SRR ZE, X5
tetraZ< W PR 1 R A — 5. Ui DELLARE T RERSHEHT A
WIENO T EU 4l s T

[ IS SR F P (0246l T DELLAGR (I AEAR 1 B
AR . A KB RI4 1 HI50 pmol-L SNPik
TPAREE, 4350504 3. 6+ 9/ G AL SR A 41 e fr 4E
TS L. RIALFEG /N G tetrasd AR A MR AR L R 7k
FEE AN A TS, B A B Ab B O /N P T U
MMIFET:, /NN A gaT-35E A AR 22 i oK 2k 41
JAET- I % (K4B). 1t WIDELLAZE FIAEAR [/ RE 7T LA
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Time after SNP treatment (h)

B4 BRI LR (WT) FIDELLAZE AR A AT M it SNP 1) 5 )37 S 41 i 2 W 4%

(A) KSR MHURI I A ftetra. gat-3. pentaZ<AF k4 F150 pmol-L'SNPALBE24 /N5 BB, (B) AR K5 R LR I+ 1
M FIgat-3. tetrasi B Ak%) 50 pmol-L'SNPAL O, 3. 6. 9/ SARA P IZL (5 1% 1o

Figure 4 Response and microscopic characterization of Arabidopsis thaliana wild-type (WT) and della mutant seedlings to SNP treatment

(A) Phenotype of 5-day-old Arabidopsis wild-type and tetra, ga1-3, penta mutant seedlings treated with 50 pmol-L™" SNP for 24
hours; (B) PI staining analysis of root tips of 5-day-old Arabidopsis wild-type and tetra, ga7-3 mutant seedlings treated with 50

pumol-L~'SNP for 0, 3, 6, 9 hours.

SNP (umol-L-7)

E5 RV ESNPAL BN DELLAZK [ 5 25K 11 5
A5 R B AR B LR T A1 4y 0 H 0. 20, 50, 80. 100
pmol-L™" SNPALHI12/MI J5, RT-PCREGIIELF £ k. UBQA
WZ LA

Figure 5 Effect of SNP treatment on DELLA gene expression

RT-PCR analysis of DELLA gene expression in 5-day-old
wild-type Arabidopsis seedlings treated with 0, 20, 50, 80,
100 pmol-L™" SNP for 12 hours, respectively. UBQ transcripts
provide loading control.

IEZENOFT S EL 4 st

2.5 NOFEMEFFDELLAZEHEERIERIEN
WA KSR IR IF 4, 43 AN [ 52 ) SNIP Ak
12/, SR RT-PCR 7 i 4 il DELLA 2 1 3 4]
(ks . WEBHTR, GAIFIRGAXE K (f # ik 5 bl
# SNPIKFEI ATt &, RGLT. RGL2MIRGL3
FERITES) T IR IEACTPRAR, FERRIE KA i
AN AN K. (R, DELLAEE (6 NOFR i B 7] fg & A
FEH KA

2.6 NOFEXIETFTHEDELLAZ QTR R IE

N TKIMNOLEDELLAT A Z MM KR, ATH
Western blot/y k4 MINO &b 2 5 L/ 5+ 4 i
DELLAZE (MR R 155 FFH35S-TAP-DELLAs
2, 7 AESNPALFEA2/ N 124 /N i G A I DELLA
HAMEE. g R ER, B SNPU 8,
DELLAZR FI 1K) & BB W T (K16) . 15 HINOREM 3
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KERERY, NOTEAE S F) 2 5K E
TS N RVRR A BT, A ARV AE AR T TH R IR
WHE— U INOL HyO 4 FLAE FI JL [ 2 5 75 5 14 41
Mi%ET(Crawford and Guo, 2005). 5 C A i —
(Murgia et al., 2004), FA 1t &A1l SNPRE AL ik
HOL AR, HBHAENOS AR ASBIR B H 0, 7 & &
JIXE N, M5 SR e PR MU AT . HoOo ) 8 Ak ik
BB A, A R R E I T R B R,
S04 Mo N A T AN B Al AR S, 2009) . FATTRL I
SNPALHE 5 40 m T+ 4 i I L2 3, RIS R FENOfE
% %o 41 L B 11 s 8 P 3 ™ B () SR A%, AT R T
LIH TR B BT (K2, KI3).

2 L& | Fg I+ DELLARE (3 K 2 — AN T BE UL
AN K, BAE I DELLA R 11 DU 58 A8 A K 1F
FUDELLAZE 119 D) B8 o ) FH e B 5 A8 R A T 2 53 A
T B SRS PR 1 D R A 8L e T A 2 Y
(Xu et al., 2006). i1k FE P 505 AR i 0L B
REE b T % R KR Dh Rede b e R . BATIZR G A
FHDELLAZE 1 L) fig il 2 284 5 A0 44 RN D) g AR A5 214 58 AR
i, Klgat-3RAM M TRN R T KEDELLA
HEAXNOR I H LB A R pg S+ s sm )yt 52
tH %, tetra Fl penta 58 A% & 1 T8k 2k T K H6 4 1
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B6 A[EkESNPAL B DELLASE ;& &I
A K 5K 1) 4% 5 R TAP-DELLAS T #E, 43 B 0.
20. 50 umol-L""SNP 4k #E 12 /N i) F124 /N I S5
Western blotk MIDELLAZE [ 141 21 . RPN6
HNBEA,

Figure 6 Effects of SNP treatment of different
concentrations on DELLA protein abundance

Immunoblot analysis of DELLA proteins in 5-day-
old transgenic TAP-DELLAs Arabidopsis seed-
lings treated with 0, 20, 50 umol-L™'SNP for 12
and 24 hours. RPN6 immunoblotting was used as
a loading control.
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and Fu, 2007). LA RE TR TGRS 15 2 RGL3
) #: 3 KF-(Achard et al., 2008a), £ Fiisils/iriaty
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(ascorbate peroxidase, APX)%4%, {fROS{R i & 1)
K, G xod 40 i P 45 5 (VE A 8h 5%, 2007). L& AT
FURW, EWBE4 1, DELLAZ () LAl it | i
ROS 7t 7 +H 5% (¥ 1 (41 SOD I CAT) ) 2% i Rl 1 >k
B A 30 8595 5 7 2E I ROS 1) 7K °F (Achard et al.,
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DELLA Contribute to Tolerance to Nitric Oxide Stress in
Arabidopsis Seedlings

Tao Yao'', Sulan Bai'", Miaomiao Li', Yaochuan Zhang?, Yikun He"

"College of Life Science, Capital Normal University, Beijing 100048, China
®Beijing Vocational College of Agriculture, Beijing 102442, China

Abstract Five members of DELLAs, important plant growth repressors in the gibberellin pathway, have been described
in Arabidopsis. DELLAs play an important role in stress tolerance. A low concentration of nitric oxide (NO) can promote
plant growth and development, and a high concentration can inhibit plant growth, even cause cell death. We studied the
effect of NO at a high concentration in Arabidopsis seedlings by treatment with the NO donor sodium nitroprusside (SNP),
and the results indicate that the cell death caused by NO is correlated with H,O, accumulation. Study of phenotypes of
serially DELLA-deleted mutants and DELLA gene expression in response to NO revealed that DELLAs contribute greatly
to tolerance to NO stress in Arabidopsis seedlings. Thus, we reveal the relationship between DELLA and NO stress in
such seedlings, which can contribute to agricultural production.

Key words cell death, DELLAS, nitric oxide, stress tolerance
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