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W E: KB (salicylic acid, SA)ERHEPAEN—FNEAFSHF . RELHEENR, AR SELESIILXARRE
HYHRRERTAX, UBRESIAMN  AARERED AN B HEFRPRTENA,SAWETE 1 ~ 1 000 pmol
L' BESOSIXA R A RS, T 10 mmol L' B S B M S FL A R AN ;20 U mL™' 1933 E AL E B (catalase, CAT) S
SA EFAL TR AT Mk SABR R L MEAN 3% ~0%., U2 FMBESBERIRTARFEF KR ERERRL
BMEHTLERAE K BHAEL. B 100 pmol L' SA LEHSF 20 min FTHIH W H K BB 70% £ 4 ; R, 10 pmol
L' H,0, 2 3#J5 20 min FIMH K" BW A 47% , BT 20 UmL ™' B9 CAT AT Hi%E SA MG MMM N K BH M 52%
Eh,HRY CAT AR BB SA MR BAMAE K B i M s /EA, R Lo, TRELMHMEBEA® K B
% SAEFHSIILXALE,
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Effect of Salicylic Acid on Stomatal Movement and K* Channel on Plasma
Membrane of Guard Cell in Vicia faba L.
HE Jin-Huan', WANG Peng-Tao2 , WANG Wen-]ingl , and SONG Chun-Pengz' M

"D of Bioengineering, Zhengzhou College of Animal Husbandry and Engineering, Zhengzhou 450011, Henan; * Department of Biology, Henan
University, Kaifeng 475001, Henan, China)

Abstract: Salicylic acid(SA) is an endogenous signal compound with many functions especially in disease-resistance in
plants. Previous studies have suggested that SA can inhibit catalase( CAT), resulting in elevated levels of H,0,, which
activate defense responses in plants. At present, it is accepted that H, O, may be a new singal performing general functions
in plant physiological processes. In this experiment, SA induced stomatal closure with a concentration-dependent manner,
the changes in stomata apertures were reversible when the concentration of SA was 1 — 1 000 pmol L™", but irreversible
when the concentration of SA was 10 mmol L~'. The treatment with SA and CAT of 20 U mL™"' reversed the SA-induced
stomatal closure by 83% — 90% . The protoplasts of guard cells in Vicia faba L were isolated by two-step enzyme digestion.
The voltage-dependent K* -selective channels in the plasma membrane were recorded by whole-cell configuration. The
current recorded should be carried by K* based on the two results below: one was the determination of reversal potential
and the other was the whole-cell current which was rapidly blocked by external 1mmol L~' of Ba®* . The whole-cell inward
K* currents were inhibited by 70% at 20 min after treated by SA 100 pmol L' . Similarly, 10 pmol L™' H, 0, inhibited
inward K* currents by 47% at the same time. But intracellular application of CAT abolished SA-inhibited inward K*
current by 52% . This indicated that H, 0, mediated SA-induced stomatal closure by inhibiting inward K* channels on
plasma membrane.
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48 % & 1 (pathogenesis-related protein, PRs), 3=
APURHEY . SR 1,0, HLEEVE S & PRs, R E
HFESRMNIET SA, AT SA B1ERLH = 4
#oarE H0, AR, FEIANSAERE CATEER,
WHEHEE, FHEYER 1,0, KFEFAR, #HTHES
FMBBPTRE . REWES 38, A AT
A3 CAT & ¥, 830 CAT mRNA KT &, 3
RYSAREART 3.0 mmol L'WHERRLNIHAR.
#h— X SA WK CAT 5 ¥, /% H,0, KFEkH
BAYTURENE,

SILE SR TR DA BE pO 450 R AR D400
MRS K K ERIARBEN AL PEEFE
EER K BERERSTEEAYARMEE, 3%
STLEWTFF . ABAY FE 4 AU 1 Al 0 sk I R P 1
K' B, R#ESIA XA, RESAERRT AR
4 H,0, ERRMAER ,SA W Bl H,0, X—%F
M55 4 FER T4 D4R K @RS
XM, HWIEX —HEW , 42 3R 510 F)F BT st AR
LRRTHAMREA RIAERFRL BTN LMR
K B, RYEES SA MIBAGT  SARD4HA
B RO, WEERKAHE K BHMEM. X
A FHRABR SA N SH IR, FTNEDH
REFREHEEKE,  RAE TAEENIREL.,

1 HB5FE

1.1 #YHH

& 5.( Vicia faba L.)F T 715% Z BER HE 5
S5 min, EBE(20~25C) THHFE3~4 4, T
BFEL(EFRL-BEH 1:1)F, BEAEKKL/M
JE8% 14 /10 h, Y6 FRIREH 0.2 ~ 0.3 mmol m™?
s BWBEN 25C £ 2CH 20C £2°C, WX B E
0% 225 , A 1 3 18 AT AT Rt o
1.2 REFEHIH

B 20~30 d ETAME 1 ~2 XE&RIF M
FORZEISKSE S IR TRE 2 RARE, 8
B S mm KT K, BEFZ M (KC 50 mmol
L' \Mes 10 mmol L™" \pH 6.1) ., ZEEHSFLKIF
B4 (23C RO THFH 3 b SR LKIFSE,
M RO R & AR R AL B P b8,

REIDRS 2/, —FRAEIVEHFER 1 KK
LIFE, 42 h ERBEHICRAEREHNSILITE,
ZIRHREABEREETHHENEARZE RS, 2 b
EMBEHEREAFEREIER; 5 —FRIAELE
2 P A5 IR — 8 #Y B[R] I R R D 1 RRALIF
B ESIER S K. SILHEHE 10x 25 EHER
HETHUMRANE. SRBER I MREK M
ML 5 MREFI DR 50 MRALFFE., 840%R
BEHE3~5 K, GEHHPHEAETERET %,
1.3 EFSARIARELERENSE

% BB Kmse 2%, Fairley-Grenot 20 1 Blom-
Zandstra %0 {778, B IMAE B, T 5 BE AR 5 i S
SIREDHEREERE. HIRBEMAFTEE,E
10mL ZEAMNFE(HBHE 0.45 mol L7, CaCl, 0.5
mmol L",MgClz 0.5 mmol L', HLIFIM B 0.5 mmol
L™',KH,PO, 10 umol L', Mes 10 mmol L™',pH 5.5)
HHERYESE ,7E 28°C (160 K min™' (RHE 2 cm) BT K
b 4% — B8 % ¥ (Cellulysin 0.7% .PVP-40 0.1% .4
mMEAEE 0.25%, B F 45% WA N B ) HH
2hER BRERKE EHH NSRS, ERMETH
Wi F BB TR EMSIALFE TR, 220 pm 9B
T WL UE, KW YE R AN B, RERAS
B ¥ (Cellulase RS 1% , Pectolase Y-23 0.01% , 4 Ifi
KHEHEH0.25%, 5L MA 0.5 mmol L™, 78 T 45%
BIERANFF), 7 28C .45 K min ™' (1R 2 em) B9
IR EIEAG AR B 7 4 B 1] 9 4R T4 RS A
WL R A, —RTE 50 min /245 © B AL 5E b,
30 pm E WL I8, A A o ik)S 60 x g B 0>
Tmin, FE EHEW, B 0% HAR N FTHEHk 2~ 3
K. BERFEEREETRERR(H B 0.45 mol
L™',CaCl, 1 mmol L™* , MgCl, 2 mmol L', Mes 10 mmol
L', pHS5.5) 0~ 2CHEKRE., RELESTHEL
FRHHBEEBRPMA 2 mg mL™' B FDA
(fluorescein diacetate) P B & ¥, fif FDA By B R Wk &
2 0.01% ,5 min J& 7524 B #U 5% (Nikon-TE300) F 31
BN ERIAMRIFEAEFEE N, RBOEENIE
EHERR TR,
1.4 BRHHERLEMH K &K

IRRAERTHEHALERITFER . &
PHRBEERER TS 3 ol MEPE(BEAKS
10 mmol ™', MgCl, 2 mmol L™, CaCl, 1 mmol L',
KOH 1 mmol L' , Mes 10 mmol L' ,pH 5.5, FHERE
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B BEIE R 460 mOmol kg™ ') HIZE L /N M,
T8l & B %485 (Nikon-TE 300) T, % B & 30 ~ 60
min {5 JF A S5 A I BE 3 B I e AR f R IR A N B
I E 4% (Kimax-51, Klimble Glass, Vineland,NJ, USA )
H-FERL# AL (PC-10, Narishige ) b 1 , 32 10 B Al 9 %
&(MF-QOO,Narishige)i&ﬁMfﬁo RFARBRHI1 pm
A, AFBARB (4 E B4 100 mmol L™, MgCl, 2
mmol L', KOH 4 mmol L' ,Mg ATP 1.1 mmol L7},
CaCl, 0.1 mmol L™, Hepes 10 mmol L™' ,pH 7.2, FH
BEETBEERN 510 mOmol kg™ ), BRI AN
20M0, BEEHBEREEERENEEELT
B EAGNE T DL R 6 o AR 2R 35 5 40 B R
EREEAE RS HTSANIER. —RER
T, EEEEE 1 ~3 GO 2 I8, 3 F ok 8% 5 A%k
R B 3 454 40 KO B W2 R AT AR B A b A R
E, R E A —BFE4.0~13.0 pF Z [, R
BEMN - 190 mV ZHK EZRAE + 110 mV, BE N
+20 mV, ZERERTE] 3 5, 30N 0.2 Hzo 240 HE
JEBR 10 min f5 R L YR, 6 EPC-9 R 7 # R #%
(HEKA Elektronik , Lambrecht , Germany ) ¥ <& 4= 4 Jfg .,
i, {8/ PULSE + PULSEFTt 3k {2 3R £ 71 43 47 & 40
B, EESMRBERE-BEXRZI, AR E
REM, 8- LREREH3I~5K,

2 HREHW

2.1 SAMBESILEFHRN

1R, ESAXEARAR, HESFIILXAN
YERMAE 1 pmol L™ A 100 pamol L™ A SA 7] 4351
FESILFERX BB/NY 7% 45% , T 10 mmol
LA SA BRERILEME 0% EH. SAWERE 1
pmol L' Z 1 mmol L' R B F WAL XMIEAR
A, M55 10 mmol L' B S FL i XM R T
o HMTEER FDA WKW, & SAETE 1
pmol L™' Z 1 mmol L™" B T04H M 7 B¢ B 4 A6,
T 10 mmol L™" A4 TL 40 ¥ KR V& 4, R B SA 7E
WENSEMSAXARM ARG FENER. WX
R IRER R EE R Y S, R AT
YIRS SA F R 4H135F 100 ~ 150 pmol L7
#0.5~9.0 pmol L™ o HULHATIAN 100 pmol L7!
i) SA T LAMEN A R 5 4 FEE Y Hm K AL
PREMFEEXUTHERDPUNELFEN
SA LW E

[ Before treatment
€222 Aftes treatment
XY After washing-out

i
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1 FERE SAMSAFROEH
Fig.1  Effects of different concentrations of SA on
stomatal apertures

2.2 CAT X KFEFFKILXHAN KNG

FHEIT HO, RBESE SABSNRA LML
2,08 10, HERE CAT(20 U mL™' ) 100 gmol
L'y SA [FBf AL, G5 R K 8,20 U mL™" 9 CAT ]
B SABESFHIILXAER, ELHE 30 ~
195 min, CAT )% 1EFiik 83% ~ 90% , T CAT 8
MR SILFE X BEINT 5% ~ 9%, B R
CAT #%; SA BESHSIL KA ERT BER B T CAT
HBRT SABIEERN H,0, MARM T CAT {23
SALFEHME SA FECSTLIFE B/ 0 RS F
(F2).
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Fig.2  Effect of CAT on stomatal closuring induced by SA
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Separation of protoplasts from guard cells of V. faba
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2.3.2 REMBEBRAERAKL ML K &R

AR5 4 40 0 RO 0 R T A B DA M R A
SRR A4 K . AR T340 e R A 5 4 19 40 i b
W& K' 10 mmol L' HLAR & K* 100 mmol L', 24§
L4 EEIE UG , BRI WS 40 R N Rk B R

is; B: good viability of protoplasts indicated by FDA .
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Fig.4  Characteristic of whole-cell K* -current of guard cell protoplast
A G 4 40 PR O b B 7 B 5 B+ 4 T 40 LA R A A MO Rl 9 s € B P O ERAS L EE L Al 4R
A

: the voltage protocol applied to the cells; B: the whole-cell current of guard-cell protoplasts; C: the steady I-V curve in B.
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- 190 mVET, BIE KA P4 B 4 40 o e 3 (8 4-B),
FAR T RGBT B 25 oy WA e - 3 (1-V) Bl 4%
(H4-C),

BFIEE R N 0 i 40 R R e SRR O R 5
HAL(E,,), B FTE i3 15 6 I A0 B 7 S 4 v A4
[, BE5s ZAICRBMWBEERBEMR BN

- 60 mVAEH . #R#E Nemst B X 40 Ml N Sh il £ B
BT V&R itAERS, MCRAN4HBR %
AR K PR (-58 mV)(E 5-B), A
L4 40 B T R R T B AN | mmol L' B Ba®* BN
#E6) BERICRBMWBEHBEHE K B
m[mo
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804 400
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Fig.5  Characteristic of tail current of guard cell protopiast
Ao B 45 40 O Y e B 355 B R AR SRR 2 A O T R L
A the voltage protocol applied to the cells; B: the tail current of guard-cell protoplasts.
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6 GRIMMRERG K BHNE
Fig.6  Characteristic of K* -channel of guard cell protoplast

A:HA 1 mmol L™ BaCl, B #9441 HIE ;B2 A 1 mmol L' BaCl, 1 min J& B9 & 41 MH JUHHIE :C: B A F0 B OB ZS ey FE i MM 2R
A: the whole-cell current before added Immol L~! BaCl,; B: the whole-cell current | min after added lmmol L™ of
BaCly; C: the steady I-V curve in A and B.
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Fig.7  Effect of SA on whole-cell K* -current of guard cell protoplast

A 51045 40 09 P R 7 5B A SRR 100 mol L™ SA B4 9 41 M K H ¥ 5C, D I A SR 100 mol L™ SA J§ 10 min #1 20 min &)
2K RHE:E B,C,D P HRARERRHL(n=5),
A: the voltage protocol applied to the cells; B: the whole-cell K* current before added exogenous SA 100 mol L™'; C and D: the whole-cell K*
current 10 min and 20 min after added exogenous SA 100 mol L™", respectively; E: the steady I-V curve in B, C and D.(n =5).

2.3.4 HO, SREWMMBABAG K LAY Hw

HEW H,0, BEN ST T SA Xt {7 I 41 g i B
WA K B ms R, 2ARBEERE, B E
10 min #F L FLER € B M RSN R P INA H0, (K
BIWRIEN 10 pmol L7, FFREIDFBMA L, &
RFEUE SA KL, 10 pmol L' # H,0, HLTT M A
B K . A FE-E I (I-V) ER, R HT 10 pmol

L™ 'f H,0, ZEAL 5 10 min F1 20 min B 7T 4> 540
HEMBAR K BH3BRM4T%LEE(H S8,
2.3.5 CATHSA#HAKAG K LReHh
Pl Scue 0 SA F H,0, ¥ 45 T 40 B R
JEAE KB, E B0, REMTT SA MHMHE
PHRK BRERERE. RITEBRBEPMA 20
Uml ' BICAT, EH BB R EHBHFARBESE
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Fig.8  Effect of H; O, on whole-cell K* -current of guard cell protoplast

A 045 GRS EB IR 8 B: AN 10 pmol L™ H,0; BT 240 K* B1¥i;C.D: WA 10 pmol L™* H,0; 10 min 1 20 min &
L4 K B E: 85 B.C.D WBREREARBMR(n=5).
A: the voltage protocol applied 1o the cells; B: the whole-cell K* current before added exogenous H, 0, 10 pmol L™"; C and D: the whole-cell K*

current 10 min and 20 min after added exogenous H,0, 10 pmol L™,

HIShFE P A SA AbEE A H AW BE R 100 pmol
L', BI7E40 M N EBFETE CAT ML T WE SA Xf &
M K MM MEIEA. ERERV(E9),CATH
B S % SA Xt 4UM K* E A3 I BL N, SA B
4b 3 10 min F1 20 min J5 K* HLHE 4 B0 WM H] 37 % F
W%ESL,TMERMA CATEEMER T AEFHER
RHE) A SA (XM E SN A K BT 13% F
33% ,W CAT BMAFFER X4 T4 AMm K iR
THEEMEREI ), WERERT 1,0, A
R SAMEE T HMFEEARN K AR FEAN

respectively; E: the steady I-V curve in B, C and D(n =4) .
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BREBEIF RN SAABEREY. BEit, <9
5% PR AT LA R 45 35 20 5% IR B9 R A T A B TR H0AR
HHREY, SAESKILXACREESHYN
WENERZ - KEBHRERH,HO, A 1EHsA



1486 B o ¥ #® 533 %
120 4 A 300 B \
804 200
100
40 4 0
s . -0
= 04 g 201
g —40 g -0 e~
£ £ i
2 -8 5 —5001
S oo
~120 4 7004 h
~160 1 ~800+ Ahidiy gy
~900 4 DAL b Aa L ade bl
=200 T T ¥ ¥ d =1000 T T -t
89 05 10 15 20 25 30 315 40 90 05 16 15 20 15 38 35 490
Time {min} Time {min}
300 c 300
200{ 2004 D
100 100
o 8
—~100 ~100 4
z —200 2 -200
£ o 3 w0
E—400 E 400
E 500 e E 500 S N N
S 600 S _gon et
—~700 ~T700 4
~B0O ~800
~900 ~500
- 1000 u —y T T T ¥ + J -1000 i
05 10 5 20 25 30 35 40 00 05 10 15 20 25 30 35 40
Time {min} Tiroe (min)
300 9
204 E
01 -
— ~ 100
< —200
£ 300
g —400
K wsoo:
‘j.‘gg i+ —w~ Control
‘ém 13 - 10 min SA 10D gmof L~+CAT 20 U mbL~!
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He CATHSANMEEAG K AROEN
Fig.9  Effect of CAT on whole-cell K -current inhibited by SA
A KIS A FE S BB % 20 U mL "' CATHERIF, MLA 100 pmol L™' SA BTG H0ME K BW;C.D:20 U nl ™! CATHEMT,
A 100 pzol L' SA FF 10 min 20 min B SHE K B HGEB.C.D PHREBREARME(n=3).
A: the voltage protocol applied to the cella; B: the whole-cell K* current in the presence of CAT 20 U wL~!, internal before sdded
exogenous 100 pmol L7 84; C and D: the whole-cell K™ current 10wmin and 20min in B sfter added exogenous
100 pmol L™! BA, respectively; F the steady I-V curve in B, C and D{n =3}.

HTHESHFEHDMWRBENFEESRME
AU AR HBRRBEER, H20 Unl '# CATS
SA HRABESH B &N, CAT L P52 (83% ~
90%)WH T SABRHATLXHIEM ., W CAT Bk
HENSATESBEARNENT 5% ~ 10%%
H, KB SAE CAT H R R ILFFE I sA
FCAT B R BRMmFA. BR Chen &
B SATE AL AAEHFNH B, F8H
YRR 1,0, KA RTMETFESRRERE SA K

REEEHFARS CATES, REEREREN T 5
CATEATIMEEER, DRENEIHREHUA
HYSAERT 3.0 mol L7 6o WAL & RS 1A
BETRE. RATHEN CAT M H SA FBHSTLRH
ARERE T CATHERT SA R4 M 1,0,

R EEYAFER, SA FEEEHE (-1 000
wmol L' BSHSILABAF TN, MEBRK
B0 mool LB SESINF TR RARESETH
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