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Moo, MO/, BX#EY, Fma, B!
(1 BRI KB 225 T3 R 2100955 2. VLR AR B £ ih ik 22 4 SR INBFSE T, VT35 Rt 210014)

TEE: T HEE AR AED Ia A HLEE, AR LN FASE ( Brassica rapa chinensis) §IHT #BL, BF5E T AR 1R
B (Na,SeO, ) ZbFI R R N IRAE 520 T— &AL A (NO) ML & (H,S) F7E 4L 5 BrRbohGI1 1 BrRbohG2 FEik 15
. HiRFHT.0.03 ~0. 46 mmol/ LI Na,SeO, B EMHIR A4 1, I RISV ; B Na, SeO, A BRVR B 1 T+,
PR NO B g i BT TR H,S 8T TR, P 2 35 TG B8 NO & J3am il 57 (| -NMMA FlT Tungstate ) 5%
NO JEBRF ( cPTIO) REMS & W] Na, SeO, X IR H,S A5 FEM ; Na, SeO, 4b FEAEDS i 15 AR N BrRbohG1 FI
BrRbohG2 133k , 73 Vi -NMMA  Tungstate ,cPTIO [ H,S f{A& NaHS 4 8E i 2 310 1 Na, SeO, % I 38 i 5 K L1k 1)
FERVEH, Ui Na,SeO, 431 F , U NO /M2 T Na,SeO, % BrRbohGI FI BrRbohG2 W VE 3215, T H,S W] A
Tl TR AR ; NO Al REMEA T H,S 155 89 LiF,

KR, A, UM SiIbE; —8ILA; BrRbohGl/BrRbohG2

RESES. S634.3 XEEFRIAD . A XEHS: 1000-4440(2015)01-0149-09

Selenium-induced expression of BrRbohGl/BrRbohG2 in Brassica rapa
root through nitric oxide and hydrogen sulfide signalling

CHEN Yi '*, CHEN Jian’, LU Wen-jing'?, LI Li-na'?, YANG Li-fei'
(1. College of Horticulture ,Nanjing Agricultural University , Nanjing 210095 , China ; 2. Institute of Food Quality Safety and Detection , Jiangsu Academy of
Agricultural Sciences, Nanjing 210014, China)

Abstract: Selenium (Se) has been becoming an emergent pollutant in the agricultural environment. In order to
explore the mechanism of Se-induced stress responses in crops, the present study investigated the effect of Na, SeO,
treatment on two important endogenous signalling molecules, hydrogen sulfide (H,S) and nitric oxide (NO) , on the
roots of Brassica rapa and the regulation of the expression of BrRbohG1 and BrRbohG2 by H,S and NO. Results were
achieved as follows. The root growth was significantly inhibited by Na, SeO; varying from 0. 03 mmol/L to 0. 46

mmol/L in a dose-dependent manner. Compared to the

r#s H#A:2014-08-14
HESTE : FFEARBEESTH (31401857) T HRA R EH B

control group, the root elongation was decreased by

EOIFREA T [ CX(13)5052] almost 60% in the treatment of Na, SeO; at 0. 06
TEEEA W X(1990-) | T O3 BTG B9l mmol/L. Treatment with Na, SeO, resulted in the in-
BB S A W AR . (E-mail) 2012104082 @ njau. edu. crease in endogenous NO content and the decrease in
cn endogenous H,S content in root in dose-dependent man-

BIEE %32 K, (E-mail) fy@ njau. edu. cn ners. The correlation analysis suggested that there was a
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significantly negative correlation between NO and H,S in root with Na,SeO, treatment. The inhibition of H,S induced

by 0. 06 mmol/L Na, SeO; could be significantly attenuated by the addition of both NO synthesized inhibitors
(,-NMMA and Tungstate) and NO scavenger ( ¢cPTIO). The expressions of BrRbohGI and BrRbohG2 could be in-
duced significantly by Na,SeO, at 0. 06 mmol/L, which could be inhibited by the addition of | -NMMA , Tungstate,
¢PTIO, and H,S donor sodium hydrosulfide ( NaHS) , respectively. In conclusion, both endogenous NO and H,S are

probably involved in the regulation of the expressions of BrRbohGI and BrRbohG2 in the root of B. rapa under Na,
SeO; stress. The endogenous NO mediated Na, SeO;-induced expressions of BrRbohGI and BrRbohG2 while the endog-
enous H,S might inhibit the expressions of BrRbohGI1 and BrRbohG2 in the roots of B. rapa under Na, SeO, stress.

And NO might have functioned the upstream of H,S in the above process.

Key words: Brassica rapa; selenium; hydrogen sulfide; nitric oxide; BrRbohG1/BrRbohG2
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( BrRbohG1 Fl BrRbohG2) &3k ARG, LAY Ry ik
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filh,
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1.1 ##E5iF

BN S b R R T Rl A 7 8 A
&, A NOS 7], -NMMA | NO % 45 ¢PTIO \NO
FCYLEL DAF-DA ¥ A ¥ 138 = RAE Y RH A R
ZAH]; NR ] 5] Na, WO, H, S fHE4K #i & AL 4
(NaHS) ) H Sigma 7\ f]; TaKaRa Prime Script RT
reagent 14 | TaKaRa 7\ F]; Trizol Reagent I H In-
vitrogen 7y F) ; H, S %6 Y6 44 B} WPS-1 [ 3'-methoxy-3-
oxo-3H-spiro ( isobenzofuran-1, 9’-xanthen )-6'-yl2-
(pyridin-2- yldisulfanyl ) benzoate ], F 3% [ 18 B K
AL ZR Prof. Ming Xian 2 HANKH 0 B E
ECZI
1.2 REH*
1.2.1 @52 FF2a0 1%NaClo 14
10 min J&5 , HZRBK /hOE 3 0K, 78 25 C R AF T
BEEHEZE 12 h, SR J5%% A 1/2 Hoagland & F7## , 1E
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JERREE SR A (RDN-300B-3) 85 3%, 5 97 26 AF 0 25
C/22 C (/%) R 14 h/10 h (JE/1)
FIXHRE 75% , B ERKZE 0.3 em B IF 47 4L
PR Pk AR K AAEE A 41 3] 1/2 Hoagland B F7
H, BEEE FR W Na, SeO, fie Z ¥k BE 43 5 R . 0
mmol/L, 0.03 mmol/L, 0.06 mmol/L, 0.12
mmol/L 0. 23 mmol/L 0. 46 mmol/L, 4t ¥ 48 h B}
AR R H YR NO  H,S; 40 HE 72 h 5 ST,
BASAEEL 10 BRET,3 IRE &, 5k B Ry 50%
ZeAT AL VR B AR R 5 Sl 2 . IR IR
NO 5 WU H,S I F ek &Rk E LT A H,
Na,SeO, (0 mmol/L) | Na, SeO; (0. 06 mmol/L) .
Na,SeO,+,-NMMA (200 pmol/L) | Na, SeO, + Tung-
state (30 pmol/L) ,Na,SeO, +cPTIO (100 pmol/L) ,
Qb3 48 h JERUARIR T H,S ik, ARG IR IR
NO MM JE H,S 5 BrRbohG1/BrRbohG2 3 ik & 5
Z, BT LU AR HE . Na, SeO, (0 mmol/L) | Na, SeO,
(0.06 mmol/L ), Na, SeO, +,-NMMA ( 200
pmol/L ) | Na,SeO, + Tungstate ( 30 pmol/L ) |
Na,SeO, + cPTIO ( 100 pwmol/L) | Na, SeO, + NaHS
(0.5 mmol/L) NaHS(0.5 mmol/L) b Bl 48 h )&,
WO RO T A L 5 el e i 1

1.2.2 H,SARFEEANMNS >4 WHN H,S KA
RSSO WSP-1 A7 AL AG I 2 AN ]
AL FRA /NSRS B AR AR 2 0K b 3 0, T
TSy IR R AT 20 wmol/L WSP-1 #REHA
WP TE 25 C REGAIF T 320 40 min, FREFREEL
SeJE I ZE MoK vk 3 W, il ad 78 2¢Ot BB (E-
CLIPSE, TE2000-S, Nikon) T LA 465 nm A3 & I
£ 515 nm j\j?’iﬁﬂ'{ﬂiﬁ,ﬂ:éﬁﬁﬁﬁﬁ Image-Pro Plus
6.0 FAFGE IR T WSP-1 O | DLt ok iz b
H,S BYAHX & &

1.2.3 NO AREEn 554 KN NO SRR
SO HEET DAF-DA HEAT ALK I b AS [
AbFRA /NSRS B AR AR 28 0K b 3 0, I
LKy B RIZE AR 15 wmol/L DAF-DA 54}
VW TR 25 °C HDGZRME F 33 15 min, REFAR
55 5 PRI WO 3 UK, B0 0 (-
CLIPSE, TE2000-S, Nikon) A 490 nm A 3 A&
£ 525 nm j{]?’iﬁrj‘/ﬁjﬁ,ﬁéﬁ/ﬁ\ﬁﬁﬁﬁ Image-Pro Plus
6.0 MG IR AR DAF-DA ZGH E, LR I
W NO BYAHRS 54

1.2.4  BrRbohG1/BrRbohG2 %k 5 ¥ T4 56U
NCBI ( http://www. ncbi. nlm. nih. gov/) "4l Eg ¥
B RbohG J¥ 5\ £ /N A 2% 3& 1 4 Brassica database
(BRAD) (http;//brassicadb. org/brad/index. php) '
#EFT BLAST #5238, RAFAR LI 488 5 197N 5 BrRbo-
hG 2L, SR ) 38 ax R J Lb XoF i 51 245 44 43 Bt
AN, 2 H X R Fl DNAMANS. 2. 2; 8 i
FHEMR Y 5 45 74 73 7 >k Al SMART ( http ://smart.
embl-heidelberg. de/) 4 = A TR A |
K WoLF PSORT (http://wolfpsort. org/) "**'; J3
B IR X 850 7 % Fl PLACE (http ://www. dna.
affre. go. jp/PLACE/signalscan. html) ',

L IR 531 K F RT-PCR, K A Trizol 42
HUAR 5 RNA, i ] TaKaRa PrimeSriptTM RT reagent
A A A A cDNA B, (R A7 T 4 CHRMF. 25
Ll BrRbohGI ( Bra019189 ) . BrRbohG2 ( Bral9191) |
Actin JFHVETHRES MG 19, 519055143538 < BrRbo-
hGI-F: 5'-CATGACGGCTATCTGAGCGT-3', BrRbo-
hGI-R: 5'-CGTGCTGCGATTTCGTTCAT-3'; BrRbo-
hG2-F: 5'-TTGGCTTGCGATTTTCCACG-3’, BrRbo-
hG2-R:5'-GGATAAACCGCAGCGTTCAC-3"; Actin-F ;
5'-GTGACAATGGAACTGGAATG-3', Actin-R: 5'-
AGACGGAGGATAGCGTGAGG-3', PCR J W 1A % .
FEAR 1 wl, BT 51445 1 wl,PCR Mix 12 wl, #4lisk
10 wl, PCR I 451 :94°C 5 min;94°C 30 s, BrRbo-
hGI .BrRbohG2 (50 °C 30 s) ,Actin(58 °C 30 s) ;72°C
1 min,28 MEH;72 °C 10 min, PCR =¥ 1% %

MR B G FEL K A TR 8 P 6 s J A% 3R 48 ( Tanon-
3500, iR HE) WEEHANA
1.3 Siton

BAGER R 3 WHEE W F B b5 25 5%
7N, EERH SPSS 2. 0 SHAE B T A FE Oy 2
SHF (ANOVA) SRJGHEAT F ARG 506 0 AN [] Ak B 2
V) Py 2 5
2 RS0
2.1 Na,SeO,Xf/\E ¥4 B IRKH R0

Na,SeO b F 5 2 4] 1 /1N S MR A0 A= K (1]
1), 7€ Na,SeO, ¥ & 4 0. 06 mmol/LAb P i} - )
KL Xt B 1Y 36. 9% , Fi % Na, SeO, 3811, 4R
KB W AE G, 24 Na,SeO, ¥ & 4 0. 46 mmol/ LA R
K&, IMHRIEE 93. 0% , /N ASEAR B IL P 150
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AR UL 7E— € BTN, Na, SeO % /)N 1 3 41 i
AR AR A MR, H A6 5 Na, SeO, W & 1
IEAASE,

FEIRC (em)
© = N W A L

0 0.03 006 0.12 023 046

NaZSeOﬂ{E (mmol/L)

* FORA AL S XTI 0. 01 /K B2 B
B 1 AERE Na,SeO;xf/N AR EKA N
Fig.1 Effects of Na, SeO; concentrations on the growth of

Brassica rapa root
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mmol/L 0. 23 mmol/L 0. 46 mmol/LAbFHE}F DAF-DA
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KR 2% ORI 255 24 Na, SeO, A 0. 06 mmol/L ¥,
WSP-1 % 5 % FE W 3 Ik T xF B2, Sy X BB Y
71.1% . 4 Na, SeO, ¥ & 4> %] 9 0.12 mmol/L,
0. 23 mmol/L, 0.46 mmol/LALFHE}, WSP-1 % %%
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& NO #1 H, S
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Fig.2 Effects of Na,SeO; concentrations on the content of en-

dogenous NO in B. rapa root
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e
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Fig.3 Effects of Na,SeO; concentrations on the content of en-

dogenous H, S in B. rapa root

2.3 Na,SeO,fHE T/MAXRAIE NO 5 H,S By
B

AT R B, AR Na,SeO, 4b B
R RN TR NO 5 H,S & ARkl 3 A
5 00 fEE NO i) BTk, H,S B R % (A
4) . FATHYRTIABE LS 3 BoR , H,S Al /EN NO (1)
TUHESAEMRLZE? . A TH#E—BH5E NO
5 H,S 7EA+F Na, SeO, X} /N 32 4 i A AL B2 47 5
B LIRS R, AR SMNEAR I NO 7= 4 3 il
7 ( ,-NMMA F1 Tungstate) 5 NO 7&FEH] (cPTIO) ,
A AR J2 b N YR H, S & . i &5 R A,
Na,SeO, &b B 5 AR 42 WSP-1 2% % B 55 %+ 1R 26 AH
LB R, R IR 43, 7% s {H 2 A NO i
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g3 it WSP-1 %€ Y6 % Ji 43 3 7 Na, SeO, 4b B 41 Y
1.43 i 1. 37 4% 1. 78 fi%, 2= 5 343K 3 B K7,
P A A B S o 90 ) B BRAR 2R P NO |, BE A2 34
HRORPURH, S & it , B0 A1 50 A TR A 1, AR 2R o
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Fig.4 The correlation analysis between H, S content ( WSP-1

fluorescent density) and NO content ( DAF-DA fluores-
cent density) in B. rapa root under the stress of differ-

ent concentration of Na, SeO;
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Fig.5 Effects of NO inhibitors and scavenger on the endoge-

nous H, S in B. rapa root

2.4 Na,SeO,fHET/MNAXRRANIENO 5 H,S E
{E3t+ BrRbohG1/BrRbohG2 EE K%k K220

H Hi A 9 338 B Rboh 3t [ 5k £ B AU &
11 NG (RbohA-J) o AH LA A 5, RbohG 11
WFFERR XS A /0 | 2 55 ) 4 A Bl R 1) i 3 A

Xk =, B, FRATLABIEG IF T Y AtRbohG 3 [H T
GINFE /N 3 3 R 2 47 BLAST, K % 21 P 2% [
J8 F 5. Bra019189 ( BrRbohGI ) Hl Bra019191
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EN TR R R AR, 8 TR, RISl
AR AL B2 S IR AT T — 2 4l
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][ Ca™ BAEZE K38 Fe' iR R 45 #9350  FAD 45 &
B NAD 5535 (Bl 6), ZHILXMERER, b
IR AE P X5 R OC AR H A7 s FE BrRbohGI |
BrRbohG2 F1 AtRbohG W AHXTASF —3 (K 7).
8t R KR A AL BEXT BrRbohG 3 [H 3 1k
B2, S5XF IR EL , 28 Na, SeO, A0 BE ) /N H AR
Z ™ BrRbohGI BrRbohG2 FE [N Fik &1 % I
PE, 4y 0 X B 4. 33 f5 1. 63 5, T
Na,SeO, Zb FERE WS 15 5 N R NO 19 7= A=, R b 3 AT
TE Na, SeO, Ab BE i Z8 J8 4% I NO & 1 #0 H1 551
_-NMMA Tungstate , 3§, NO & %5 cPTIO J5 , BrRbo-
hGI1 F1 BrRbohG1 W3Rk 5 73 J| Fb Na, SeO, F b
AT N R T746.7% ~61.7% F47.9% ~ 83.6% .
39k, B F Na, SeO, &b B GE 4% 410 i P9 U5 H, S 1™
A I EFE Na,SeO, A B 38 1 /MR I H, S it ik
NaHS I INNIE H,S & &, 255 BN, BrRbohG1
F1 BrRbohG1 1335535 b Na,SeO, H i 4b £ fif
TRET 57.4% F178.8% , L&, 7E Na, SeO,
AEFRZAT R MR FP Y NO B8 A H,S 2 fE AT
BrRbohG1 F11 BrRbohG2 ik,
2.5 BrRbohGI #1 BrRbohG2 EE R ZhFX B
7t BRAD 1 %& {3 BrRbohG1 F1 BrRbohG2 F
B, R I %S #2000 bp 3 51 38 i
PLACE ( http://www. dna. affrc. go. jp/PLACE/)
HEATA B F B o A, SR (R 1) B,
BrRbohG1 F1 BrRbohG2 [#) I ¥i# i a1 F X 35 A1 15
N4 JE B T e F MRE ( TGCACAC) Wi iy, NO
FHEICIE, 5 bZIP 5 S K F 45 5 1 ACGT #E
(ACGT) 45 ; ma i A F I T, an AR 4K 3R i i
K7 ARFAT(TGTCTC) ) %%, Ja 3h 1 X A A [
Wi B, 76 /4 U B 7E Na, SeO, ik 38 T, BrRbohG1 Hil
BrRbohG2 & H W 852 4 J& B 1 \NO A K R G
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Table 1 Signal responsive elements in the promoters of BrRbohGI1
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TGACG 59 (-)
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