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WE D& T (Vicia faba) h kL, FIHBOCHRE BB AR OCEER, 4648 %5EK, KitiihE (hydrogen
sulphide, H2S)#lid 4 {1k & (hydrogen peroxide, H202)7r 5K #i& (jasmonic acid, JA)HIE LB IIE S 2P EH . 4%
KW, HaS4 B4 S 5 £ (aminooxy acetic acid, AOA). ¥2Ji%(hydroxylamine, NH,OH). P i#:# (potasium py-
ruvate, C3H3KO3) fil & 7K (ammonia, NH3), HxO i Bk 7 Pt 5K I B (ascorbic acid, AsA), & & 3 il 7 /K ¥ 2 5 1R
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K H] W (jasmonic acid, JA)ZE— Rt A K &
B LSS5 0 s A AR F R AR . A
RYMES, KFMR T (methyl jasmonate, MeJA)fi
i 0 3o AR [ A 33 £ I 98 i AL ) 0 198 5% ) e
(7 HRITAE, 2009). A3 08 o, JATT I 5T I M 1)
Fik Bk = iU IF (Arabidopsis thaliana)ffi 415 6
J1(Huang et al., 2008); JF{e it A 7EJASY
FHME 5 FIRA (R AT, 2002); 4hitJAT]
DA AS 2 AR S5 FH P AL IR K 41 (Gehring et al.,
1997), I H.id % LA (hydrogen peroxide, H,0,).
Ca* fil—% v & (nitrogen monoxide, NO)%51% 54>
TH2 5IAE T 4 5(Vicia faba)t <AL % H 1)
5 5 5 5 b (4 A PR 45, 2001; 1B 5%, 2005;
Munemasa et al., 2007), ¥ T —ANE 22145 M
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i Ca?* 4 JATE ALK M 1 1 7 (Suhita et al.,
2004; Gonugunta et al., 2009). 7EJAE S <FL<H]
X-dlEhRETEAHEFETS S 12, DAXEFE
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H,S(Papenbrock et al., 2007). ¥4 £ 4&igfe &
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(Veal et al., 2007; Angelini et al., 2008). M. iE,
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%%, 2000); HoO,i4 fEfG 51 TIALE 520 FNOKI-TF
25 ORI ALz g (il [E 4245, 2009); [ I
I &4k T% (carbon monoxide, CO)if T 1Lk
M FE 20 (She and Song, 2008). H#i &I,
£ R EBE W IE T, K. (Glycine max) 4l
(Ipomoea batatas) 1k N 2% 7 - H,S(Zhang et al.,
2009, 2010a); HH,Sillid i AEH0, MK -2 E 21 %
SHBIE G N 25 (Zhang et al., 2009); 754 —Fit
FAAE 5901, HoSH] LLEAR /N 22 (Triticum aestivum)
A AP [ 21 (Zhang et al., 2010b), i A [l
R 1) IR HLS X 8l 5. (Pisum - sativum)fid 9% Je 301
GNP FEAN R R 520 (2 2R 55, 2010) {HEF JLH,S
Z: SRR I e AR B R R H0 00 R IR IE

SALIZ B R AR A5 5 BT AT, HaSXH AL
TS A EE R EE? TR 2 kW HL0,.
Ca” MINOJEJAYE I /Lo I KI5 5 S B
LA 5y, WA EFE SRS S5 IARER
KALIZF? EAEJATE T 1AL P I R AR AT
AFERIRR? T MBS 8, ARS8 DLZE oA
PEL, BRI T HoSFIHL 0. 7EJATS T 1A FL G P i 72
H AR A R &R
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1.1 #HFnH
N7z ¥ (Vicia faba L.)F 1 H0.1%HgCl K & AL 3=,
B2/, 25°CHE2E2-3°K . ARG B T B %
24°C/18°C. YR E200 pmol-m™-s™" . S I )4
KA/ S AR BE K160% 145 4 T 55 5% 3—4 i Jr it
SR

611 mmol-L™" JARE . 0.4 mmol-L™" P i g 4
(potasium pyruvate, CsH3KO3). 0.4 mmol-L™"4/K
(ammonia, NH3). 1 mmol-L™" % &4k 5 (sodium hydro-
sulfide, NaHS)EE# . 0.8 mmol-L™ ¥l (hydroxyl-
amine, NH,OH). 0.8 mmol-L™" & 45 J& Z. 1% (aminooxy
acetic acid, AOA). 0.8 mmol-L™" L->}: k5 (L-
cysteine). 0.8 mmol-L™" D-*: it % % (D-cysteine).
0.1 mmol-L™" — %3l (diphenylene iodonium, DPI).
0.1 mmol-L™"/K##% JI5# (salicylhydroxamic acid,
SHAM)FI1 mmol-L™"Hi A I (ascorbic acid, AsA)
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DL3—4 JH s 75 O 4h i B ik se A R Sl Mk
i PR ILE A IKTIF . W R R, Rl LR
B ey R Al P S B R S AL IR B AR L AR,
MR, BENLIS A, AL h BEALIE10
AL ARG AR BE RIS [R] AR B (NaHS .« JA. JA
43 571 5 C5H3KO3FINH3 NH,OH. AOA. DPI. SHAM.
AsASE LTI 14 B2 4 22 19 (10 mmol-LT'MES. 50
mmol-L”'"KCI. 0.1 mmol-L™'CaCl,, HKOHTipHZ
6.1), 75200 pmol-m™2s™" ff1 i L & R AL FT1.5 /8,
RS, BNaHSA BRI & )5 R I 4%, A
TS, BT OLsEZ200 pmol-m™
sT)E/NNHEA TR, IR AL IR R A
LAz T AbFEECE B LA SV R AL KT A (R b v i
FER R o AALIFFE I 5 2 B ) [ 4R 45 (2009) (1)
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1.3 RILLAEAEAH,0, /I

FHH0, [P RE 7 1 % J6 474t 2!, 7'-Dichlorodihydrofluo-
rescein diacetate(H,DCF-DA)(Sigma2\ ] )4 i {4 12
20 i Y IR H0o( X1 [El 4625, 2009; 7k /N4, 2009). LL
34 S A G AT e B e A IR B AR, /D
O N R, ONR &M, 6 J S
AL AT R KHILE T0.1 mmol-LTJA. 0.4
mmol-L™'C3H3KO3+0.4 mmol-L™'"NH;. 0.1 mmol-L™
JA+0.4 mmol-L™'C3H3KO5+0.4 mmol-.L”'NH;. 0.8
mmol-L”'"NH,OH . 0.1 mmol-L""JA+0.8 mmol-L™"
NH,OH. 0.6 mmol-L"'AOA. 0.1 mmol-L"'JA+0.6
mmol-L"AOAKL # 3 . 4k 3 I in A H,DCF-DA(50
umol-L™"), 25°C. BOLHF 20704, T se e n &
B 4 GRP i I R P 22 U AR 2 B R Gkl o Kb B 5
WG, BERMEAE TREN b, Srsss, ¥
(488 nm)¥k, KA K A505-530 nm, FHEOEIL
A WM BE (Zeiss LSM 510 META)F 4 i ¢,
7ELSM 5 Image Browse -0 T3k A3 AL IR L4t i
HFHOLMER S AT S . AR DR BIRER
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AR PRI K A G 0.1 giEATH O JEIE, ALk
2% BrennanflFrenkel(1977) 1 1% .

1.5 &EMRHSEEMNE

7 L HRS B 1 5 2 I Sekiya % (1982) 1) W1
FIE W V5 . AMi0.1 mmol-L™ JAZ 4 #E0. 1.5, 3.
45, 6M7.5/ )5, BO.1 gM A, 0.9 mL 20
mmol-L™"Tris-HCI(pH8.0) ) %, &Ly 35 1 T
T, 2R AR K100 pg-mL™ . Kk A S IR B 1 W i
JFE T34 B3R/ IE (12 mmx75 mm)y, i
A100 pL 30 mmol-L~'FeCly(# 1.2 mol-L""HCI)
1100 pL 20 mmol-L™" N N-— FFE- X6 28 — e (0 T
7.2 mol-L™"HCI)J&, 44 M 5 FHT e 11 I 3 o A
F37°CJ N304 Bl . fE670 nmik &K T, W&
JeE .

1.6 |IZM HFL-D-FRE BRI EETE AN E
A G R L-/D- 21 o 0 0 A5 ik I S v (00 o S R
Riemenschneiders (2005) (¢ 757%. J0.1 mmol-L™
JA%3 51 50.8 mmol-L'AOA. 0.4 mmol-L™'C3H;KO5+
0.4 mmol-L"'"NH;. 0.8 mmol-L™'"NH,OH. 0.1 mmol-
L'DPI. 0.1 mmol-L”'SHAM. 1 mmol-L™'AsA}t kb 5
4.5/ JEHCRE . BX0.1 gAbBERE I in0.9 mL 20
mmol-L™"Tris-HCI(pH8.0) 4 4, &5 LI - 375 1] T4
M, B AWKIE #4100 pg-mL™.

L~ J e 2 M 2 e 3 0 00 2 S 3 3o 3 s L2
R (S DTT)B UM HS K52 . 1 mLK) S vk
Z A5 0.8 mmol-L7'L-1: it &% 2.5 mmol-L'DTT.
100 mmol-L ™" Tris-HCI(pH9.0)F110 pgk FH .
AL-2F a5 & 137°CI W30 8, HeJa i 100
uL 30 mmol-L™"FeCls(% 1-1.2 mol-L""HCI)F1100 uL
20 mmol-L™"N,N-— Fi B 2 e (% 1°7.2 mol-L™
HC)Z 1 Vo 7E670 nmi KT, Wl e WG .

-2} I 2 I 10t 370 35 Wl 5 2 (0 00 5 R 7K L2 Bt
SR e 1 D-2F ok % R LA K Tris-HCI 1) pH{E 2k 8.041,
HAR D B85 - I 21 10t 35 5 T T e 1 0 52 e 4 A
[l o S0 HE R A PR 147 A S A2 (1 1 S (1 R s v a5
TR
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h 2 NaHS I B A AR R, B % %~ NaHS
AT S AALEH, I SRS LA 40 it
A, I T AN ) NaHS % & 6 i < fLig 5l
DS, DB SE B AT MINaHS b 35 A AL O 40
WP G Bl o 45 KW, 76— alE A, HSH kA
NaHSn[ i T & ok B3 fLoCH], H B R (E1A)
AR N (BI1B). Pellit 5250 o, 2NaHSIK Ly
0.1 mmol-L7"i, 5 D4 £ RLGE KiETE, HF S
AL P R AT LG S ok 1 2 (B 1B), R WIE
LI B R AN 20 A i e o Ak, BRATTIACH 0.1
mmol-L ™" NaHS iJ A 3 20 A5 2 6 <AL ok
VI SO HREE A, AR R S5 36 DASRIR BEAE b 538
Fiky Ak B AR B
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L-/D- - It 2 1 i 5 I Ity 3 448 A2 AR ) PR HLS T = ok
U5, AOAFINH,OH & L-/D->F It 2 R it 5 3 1 (1) # s1
7], C3HaKOz+NH3 i L-/D-J it 2 18 M 3 ik lig Js2 )3 (1)
). SR, AOA. NH,OHAMIC;H3KO5+NH 4k
YT I F P HIIATE S 0 78 ok <AL G (B12)
M, K A L-D-F R PSR IE BRI IH,S S 5 T
JAE 12 5 A AL I R

213 JANETHFH,SEERL-/D-EBREEHS
BRI

N EE— LU W JARE RS SR H,S & AR fh, M T
JAEH,SE ik FAOA . NH,OH LA & C3H5KO5+
NH a0 2 5 FrHoS 2 K L-/D-F JE 2 8 3t 57 e Pl 3
PERISEMT . 25960, 0.1 mmol-L™ JAW i F 48 o
Fr W H S & BT, HAEAC 5 4.5/ I ik B 45
KAE(KI3A); AOA. NH,OHHIC3H;KO+NH, 1] 35 410
AT L (1 2 & A HoS I8 7 A2 FL-/D- 2 Bt & 1R
Jlit S 5 il 0% P 1 8 00 (/813B-D) . Hi bR HE— B
M, L-D-- R RIS M3 2 5 T IAE FI0H,SIN
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Figure 1 Effect of NaHS on the stomatal movement in Vicia faba leaves

(A) Effect of NaHS of different concentrations on the stomatal aperture in V. faba; (B) Time course of the stomatal closure in-

duced by 0.1 mmol-L"'"NaHS in V. faba
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Figure 2 Effects of H,S synthesis inhibitors on jasmonic
acid (JA)-induced stomatal closure in Vicia faba leaves

a: No treatment by inhibitors; b: 0.8 mmol-L™" aminooxy acetic
acid (AOA); c: 0.4 mmol-L™" potasium pyruvate (CsHsKOs3)
+0.4 mmol-L”"ammonia (NH3); d: 0.8 mmol-L™'hydroxylamine
(NH2.0H)
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Figure 3 Effects of H,S synthesis inhibitors on jasmonic acid (JA)-regulated H.S level, L-/D-cysteine desulfhydrase activity in
Vicia faba leaves

(A) Effect of 0.1 mmol-L™" JA on H2S level in V. faba leaves; (B) Effects of H,S synthesis inhibitors on JA-regulated HS level in V.
faba leaves; (C) Effects of H,S synthesis inhibitors on JA-induced L-cysteine desulfhydrase activity in V. faba leaves; (D) Effects
of H2S synthesis inhibitors on JA-induced D-cysteine desulfhydrase activity in V. faba leaves. a: No treatment by inhibitors; b: 0.8
mmol-L™'AOA; c: 0.4 mmol-L™'C3H3KO3 + 0.4 mmol-L™"NH3; d: 0.8 mmol-L™'NH,OH
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Figure 4 Effects of the H,O, scavenger and H,O; synthesis inhibitors on jasmonic acid (JA)-regulated H,O, level (A) and

stomatal closure (B) in Vicia faba leaves

Insert in the figure (A) indicated the effect of 0.1 mmol-L™' JA on H,O; level in V. faba leaves. a: No treatment by the scavenger
and inhibitors; b: 0.1 mmol-L™" diphenylene iodonium (DPI); c¢: 0.1 mmol-L™" salicylhydroxamic acid (SHAM); d: 1 mmol-L™"

ascorbic acid (AsA)
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Figure 5 Effects of the H,O, scavenger and H,O, synthesis
inhibitors on NaHS-induced stomatal closure in Vicia faba
leaves

a: No treatment by the scavenger and inhibitors; b: 0.1
mmol-L™'DPI; ¢: 0.1 mmol-L™'SHAM; d: 1 mmol-L™'AsA
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C3H3KO3+NH % AT T 1 At &2 AL IR L 40 i HL0,
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FIRAMFHIFILEH, b: 0.1 mmol-L™'DPI; ¢: 0.1 mmol-L™'SHAM,;
d: 1 mmol-L™'AsA

Figure 6 Effects of the H,O, scavenger and H,O, synthesis
inhibitors on H,S level, L-/D-cysteine desulfhydrase activity
regulated by jasmonic acid (JA) in Vicia faba leaves

(A) Effects of the H,O, scavenger and H,O; synthesis inhibi-
tors on JA-regulated H,S level in V. faba leaves; (B) Effects
of the HyO, scavenger and H;O, synthesis inhibitors on
JA-induced L-cysteine desulfhydrase activity in V. faba
leaves; (C) Effects of the H,O, scavenger and H,O, synthesis
inhibitors on JA-induced D-cysteine desulfhydrase activity in
V. faba leaves. a: No treatment by the scavenger and inhibi-
tors; b: 0.1 mmol-L"'DPI; ¢: 0.1 mmol-L'SHAM; d: 1 mmol-L~'AsA

SRR

2.3 itig
AL = S 5 A PO BT EAT 7K 3 FSAR A 11
IR, AP IS SO S ALILAR R R P 28R - AD S
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E7  HoSEHANHIFIAOA. NHOH. C3HaKOz+NHax IR (JA) T T (K17 5L AR LA HoO 7K 128K A 5 i

(A) MESZEi; (B) 0.1 mmol-L~"JA; (C) 0.8 mmol-L~"AOA; (D) 0.1 mmol-L™'JA+0.8 mmol-L"'AOA; (E) 0.4 mmol-L™'C3HsKO4+0.4
mmol-L”'NH3; (F) 0.1 mmol-L™'JA+0.4 mmol-L™'C3H3KO3+0.4 mmol-L™'NH3; (G) 0.8 mmol-L"'"NH,OH; (H) 0.1 mmol-L"'JA+0.8
mmol-L'NH,OH. A1-H1: $AME LA, A2-H2: Z M L4, Bar=10 ym

Figure 7 Effects of H,S synthesis inhibitors (AOA, NH,OH and C3H3KO3+NH3;) on jasmonic acid (JA)-regulated H,O; level in
guard cells of Vicia faba leaves

(A) MES buffer; (B) 0.1 mmol-L™"JA; (C) 0.8 mmol-L'AOA; (D) 0.1 mmol-L™'JA+0.8 mmol-L"'AOA,; (E) 0.4 mmol-L™'CsH3sKO4+0.4
mmol-L”'"NHj; (F) 0.1 mmol-L~'JA+0.4 mmol-L™'C3H3KO5+0.4 mmol-L™'NHs; (G) 0.8 mmol-L"'"NH,OH; (H) 0.1 mmol-L"'JA+0.8
mmol-L~'"NH,OH. A1-H1: Single guard cell; A2—H2: Multiple guard cells. Bar=10 pm
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Figure 8 Effects of H,S synthesis inhibitors on jasmonic
acid (JA)-regulated H,O; level in Vicia faba leaves

a: No treatment by inhibitors; b: 0.8 mmol-L™'AOA; c: 0.4
mmol-L~'C3H3KO3+0.4 mmol-L~'NHs; d: 0.8 mmol-L~'NH,OH
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H,S May Function Downstream of H,0, in Jasmonic Acid-induced
Stomatal Closure in Vicia faba

Zhihui Hou, Jing Liu, Lixia Hou, Xidong Li, Xin Liu’
College of Life Sciences, Qingdao Agricultural University, Qingdao 266109, China

Abstract Pharmacological treatments combined with laser scanning confocal microscopy (LSCM) and spectrophoto-
graphy were used to study the role of H,S and H»O-in the signaling transduction during stomatal movement responding to
jasmonic acid (JA) in Vicia faba. Inhibitors of H2S synthesis (aminooxy acetic acid, hydroxylamine, and potasium pyruvate
+ ammonia), the scavenger of H,O, (ascorbic acid), and the inhibitors of H,O, synthesis (salicylnydroxamic acid, di-
phenylene iodonium) all reduced JA-induced stomatal closure. Moreover, JA enhanced H,O, and H.S levels and
L-/D-cysteine desulfhydrase activity in leaves and guard cells. The inhibitors of L-/D-cysteine desulfhydrase diminished
JA-induced H,S production in leaves. In addition, H,O, scavenger decreased H,S level and L-/D-cysteine desulfhydrase
activity induced by JA. Therefore, H,S and H2O; are involved in the signal transduction pathway of JA-induced stomatal
closure. L-/D-cysteine desulfhydrase-derived H,S may represent a novel downstream component of the H,O- signaling
cascade during JA-induced stomatal movement in V. faba.

Key words hydrogen peroxide, hydrogen sulphide, jasmonic acid, stomatal movement, Vicia faba

Hou ZH, Liu J, Hou LX, Li XD, Liu X (2011). H>S may function downstream of H,O; in jasmonic acid-induced stomatal
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