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Electrophysiological mechanism of root length growth
of Arabidopsis thaliana inhibited by JA-Me
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Abstract : Arabidopsis thaliana (ecotype Columbia) was treated with methyl-jasmonate (JA-Me) and the relations of
JA-Me,Hz Oz and inward potassium channel were examined by using patch clamp technique. The results showed that
different concentrations of JA-Me(10% —10-3mol/L)could all inhibit the elongation of primary roots to some degree.
The inward K+ currents of root cortical protoplasts were inhibited with 104 mol/L JA-Me and 105 mol/L H;O;
treatment. What’s more, 104 mol/L DPI and 102 mol/L V¢ could both reverse the JA-Me-inhibited inward K+ cur-
rents respectively, which suggested that H2O» may act as a second messenger involving JA-Me inhibition of the root
inward Kt currents. The results indicate that JA-Me inhibition of root length growth may result from the H2O; in-
duced JA-Me inhibition of the root inward potassium channel.
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et i Em Ll KT A MER W E B RGBT
REREKER, EWMBARHE K (RRXE,
1998), YR K* W EENHZ — BB L HH
MR EAy e KYEE#FTR. JAs R K
AKRES KN BEREAX . 25 MEHRE.
TR R, £ L F a4 CnvB5eE .
BERE.TE.BES T, MY 40 M 0T L&
ERRBREHN JAs MIEEA(ROS). H.0, &
WHREFEEENTERRZREX.BRAT ZHE
HAEABMIN, ERHEERANGENAC, MS5T
ABA(Pei ££,2000; i B %, 2000; 7k 554, 2001
Zhang %£,2001a,b) .SA(Dong %,2001; fEHEEE,
20005 EMESERURE. EXRNFREZN . ER
ARt ENGESESEIERP . NOE JAMe T
U H O, W EWREREER IBHEFES JA-Me
HE s EAEaH M A H,O0, R (Ryan &
Cardenas, 1999,2002), Jih £ (2003)iA R HE 0 K
EZEGHEE . F4ER JA-Me A ] B8 1T 3015 40
MR NADPH E4LB§™= 4 H, O, R#¥E IPOEE.
B2 H,O, BEZ 5T JAs MR KA KN MH T
BOURLBE. EXFABRAFHER, ST JA-
Me H. O, BiRGHM RN ] K BEZEHRR,
DLE B JAs BB R AR G FEREIH,

1Rk

1.1 ¥ERH

BEBRH . 4 % E 8 (Cellulase C-1794) . Mg-
ATP 44 E C(Ve) .BSA Mes,Hepes,DPI 3} Sig-
ma J= % , CAT(Bovine liver) 2§ CalBiochem(La Jol-
la, CA, USA) 7= 54, 2 & B (Pectolyase Y-23) 3k
Seishin Pharmaceutical Co. Ltd ( Tokyo, Japan) f=
dt > FoR S B PR A AT R
1.2 XWRKE

FAPE 10 mmol/L B EEREH .5 mmol/L Mes.1
mmol/L CaCl, .2 mmol/L MgCl, ,pH5. 5(KOH) , i #
BRIEB AR E R 334 mOsmol « kg™ s B K 1. 5%
4 Y E B (Cellulase C-1794),0. 1% 5 2 B (Pectolyase
Y-23).0.1% BSA JFHAFE W+, pH5. 0(HCD ; 4l
MPAH 100 mmol/L A& B .0. 1 mmol/L CaCl, .
1.1 mmol/L EGTA. 2 mmol/L MgCl,. 10 mmol/L
Hepes,2 mmol/L ATP-Mg,pH7. 2(KOH), A H &
JE% 3% WK B 2 510 mOsmol « kgt 40 M 4 ¥ . 10

mmol/L B EEH .5 mmol/L Mes.1 mmol/L CaCl; .
4 mmol/L MgCl, .pH5. 5(KOH) , i H BRI B &k
B & 450 mOsmol » kg,

1.3 #HpaE s

B ST (Arabidopsis thaliana , ecotype Columbia)
P20 1%FRETESE 6~7 min, HEEKEY
J5 3T MS Bk E L, HESEARRREY
JA-Me(10® ~10" mol/L) R JC B 7K (Xt B fm B 3% 3%
MA, PR RERENE, RS O REF, 75
4 CTFHEH2~3d /. BTHEREA8~23 C, R
SR 90 pmolm? - s, J6/BERIM 16/8 h, X B E
80% 24 3 3 (Staswick %,1992), 9 d /, R&A
BFEMFHREFHERFITIZHRFHRE, LWBEAR
6] JA-Me 4L YR B TR KB RN
L4 REREKOH &

BB R,R 2 mm EEHNRE. BET4
BIESWRR 291 CHMBT . EFHE N 50~60 r/
min IEEK L, BE#E 27 30 min, R/EF 220 pm 9 B
R EEEARFR S, BY/5,7E 600~630 r/min
M&EEFT,. B0 7 min, % ELER, BRAERER
YR EO2~3KRE. BREFELTE, A 200 pL &
EEBRETRENRARELETERR. 4 CTRAF
#ZH. (B EBRRBREFAINRERLRERN 0. 45
pm B EEFL IR B D .

1.5 &g R

B BMA 2 mL 4004, B E 10 pL
MR P AR G0 ML SR A SRR 0 IO A Rt 9 R —
Bt e, R A RERBOTTRERBES, EEE
BRF 15 pm f 5T B 89 IR A 4 IR B2 2 40 A
RAFiERTFNTE, 199D,

LK F EPC-9 B i 4 (HEKA Elektronik,
Lambrecht, Germany) 47 R B FHEE R KR,
43 R B AR 2o - 4 B BT AR e P B e (R RHL
H1~4 GO, X B 4% N B in £, BT AR 4 40 AR
HEE&EES,20000. ZEHERNGE, 5 HABR.
BHEAMEUMBE SR BT, Widet, ERFEE
4-52 mV, Jl 3 8 EA-190 mV %%%&%@JHO
mV,FHA 20 mV,FFLERE K 3 s, B RHA 5 s, 50
F 0.2 Hz, XM patch-clamp K E B E,
BERKW X FE 2:A fin, UHETIHEIEER
K HE g ¥ EAE 2.9 KH: T2, #H
PULSE-+PULSEFIT (version 8. 3) % 4 X & 41 f
BTSN, EHEARBEBEXRRZE,
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BEBEREN, B KRHEREHE 3~5 K.
2 R

2.1 JA-Me 3t E FF R K £ K R0

B 1 RBSER R ER JA-Me(10° ~107
mol/L) MR i AR Ay KK, BHEE JA-Me
ERAR,ZMEEGZEHE K. H 10° mol/L K
JA-Me 238 )5, M i R EH R/, SHEBRER T ™

BHYE. ML 10°~10" mol/L By EHE +, 10"
mol/L # JA-Me &b 38 33 1R {1 42 K 32 90 6l 1 I &%
K, BT AE Bk A 8 4 B/, B BE AT g, 107
mol/L ) JA-Me W LAME XA B R HE S /0 TR M
KAEKZMHIRFEER MAUTHLRAEU
W R EER JA-Me b EIRE.
2.2 JA-Me XU @It AR B B4R A 6] KT i i8 B R Wi
AR KT BERTSSTRIOMKRER B
Je 43 B 4R O AR B B A0 ML R AR BRI R ARG AR
28] B
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Fig. 1 Effect of JA-Me at different concentrations on the primary root growth of wild-type Arabidopsis thaliana
A.a,b,c,d,e,f g 4 FIFR 107,104,10°,10°,107, 10 F1 0(Xf B ) mol/L B JA-Me 4b ¥ ; B. HRWMARERKZWHAR.
A. a,b,c,d,e,f and g represent the JA-Me treatment at different concentrations, 103,10%,105,10%,107,10°¢
and 0(control)mol/L, respectively; B. Growth inhibition of primary roots.

B KT EERE. AdEERICRSTERER
R4k (B 2:B), N A B IR B 33 5% B 4% (Erev) 8-50
mV, REEHT TR AR A EER TR
BOTFE R, BRI R 40 M R B A M R R L R IR
K+ B8 7 (-58 mV), 3 A ZEBAMNEW F A 1
mmol/L BaCl, , | JLF 52 & # % i 15 K* & 3 (&
3D, AMEEICFEWEERREER KA.

RUERA JA-Me MBI RMKAERKERS K #iE
FEHEE 5 FEHMANE A 10 mol/L & JA-Me #
403,18 min G, KN M HEREFB ST 32.1%
(B 4),
2.3 H,O, X R4 MERE KX [ K* B KR

£ 8 HEEOR) JLHEZ OH - & M i/ TR
RPN 1) Ca®* 3B A A 1) KT 3 38 548 Py AR 40 B 1
{8 A K B A 36 (Vadim %5£,2003), B 41 H,0, 7]
MR SR K A K (A £ 35 %,2002) . FiE#A
H,O, 2 & RAMEE AN KY EEF W, K
SMBHFIIA 10° mol/LH, O, #1743 . 5 JA-Me 4t
LR (E 4) 20, 7E 10° mol/LH, 0, 438 15 min
Ja» B RN PR ) K e P BE T B 4 48 %0 (B 5D

2.4 DPI 3 JA-Me I IRE EHMBEREHN @ K 8
il ap AL ’

HAEBITE JA-Me % 4R B2 /5 40 M B B P 1] Kt
BRRASETREESR HO, 25, EBRBEFMA
10" mol/L B — # #: Bt (diphenylene iodonium,
DPD. DPIZ i NADPH f4bLE M & — M4l
., g RHEERE, EHRMEFMA 10°
mol/L #) JA-Me, 53X} (E )4, 7€ JA-Me 4
3 18 min 5, 240 A [ K* & 3% BE b AL B AT
W T 12.2% ( 6), 1 DPI Bk 77 75 B Xk 40 i 79 1]
KT B B W, 39 DPI ] %643 4% JA-Me
5] B AR 40 M B B PN 1] K e 3, BE R HL O, T RES:
5T JA-Me MEIR MR BN F KT EENSR.
2.5 Ve Xt JA-Me ISR EMMARKR N E KT BiK
A

Ve £ H.O, AW ERN, it —HiEH
H,O, WRES 5T JA-Me MHI MR R [ K 8
B, RATEBRBRBFMA 102 mol/L # Ve, H2 4
MU EEIE B B W AR B S5 1A M S W R o A 107
mol/L JA-Me, 4552387 JA-Me 403 18 min J§, N
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190mV 1s fg;-‘ Wm
5_ 20!
5.3
(3]
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C +10mV i ]
>-10
-50m ey g 15
Y 5omy g -20+ —— Control
é 261 -@— BaC:
100pA 30
s 200 160 120 80 40 O
Voltage(mV)
3 BaCl; X4 B2 2 40 Hfd J7 A iR
Bz IR A R A ik NI G B TR R oA
SHRME A E K s RaEH Fig. 3 Effect of BaClz on the inward K* channel
Fig. 2 The whole-cell recordings of inward K+ currents currents of root cortical protoplasts
of Arabidopsis thaliana root cortical protoplasts A, 5t B RS s I A BaCl, B89 PRI K+ B9 5 B. AN IDA
A BB BAREAE RS MIICR; B A RE RO 1 mmol/ L BaCl, 1 min JE XTI/ K+ 82 a0 M C. A 5 Bhay
5EaEXRHE; C BREEARELEREARE RICR, K BT SR R RS,
5k FT R A BIR K Bl WA & 5% 4 (-50 mV) A. Inward K* currents before the addition of 1 mmol/L external
A. Typical whole-cell recordings of A. thaliana root cortical proto- BaCl ; B. Inward K+ currents 1 min after the addition of 1 mmol/L
plasts; B. I/V curve in A; C. Tail current of root cortical proto- external BaCl, ; C. Steady-state I/V curve in A and B,
plasts. Erev=-50 mV.
) K+ e 3 BE AL B M) 8. 0% (B 1), T JA-Me 8 | A = J——
M AE AR R B 18], PO 18 K+ o 900 95 BE B4R 32. 1% T =
(B4, Ve BMAFFER X K EHMBA M K B H T "
HEEW, HERHE-FHERT HO, ATHER JA-
Me MR EZ MR AE KT B HOPENS RS .
c .
3 itk g
= 104
§ -15]
Btk KA LR B 89 HY -ATPase 5 il S
40 B 16 1 4 K % Y48 3& (Hager %, 1971; Rayle 5 2] —-Bacy
& Cleland,1972), K* ZEHWEGESIFHREAFIE

HEEALEEDRE, MEAME . BEEEAE K.
REHMBERAYTE. BAKBHRNAZS K
WER, WA RARAE R BB, TE
BRERSEFARE . KT RENTHSERE 4K
FEK. AXERETREEN JA-Me(10° ~10°
mol/DEEBHEMHBHMMBKEK (B D, 10"
mol/L # JA-Me 7 L4 88 5 #0 f 45 40 B B5 A% b 89 /R
M OK*EE (& 4), B, WA iEEMAE KT
WIE T RE S AR A K A KRB PIAHR.

120 80 40 0
Voltage(mV)

-160

B 4 JA-Me XF 43 B2 2 40 B0 BB P [e] K+ s S 05 o)
Fig. 4 Effect of JA-Me on the inward K+
currents of root cortical protoplasts

A X B CHANBE S IIA 10 mol/L JA-Me BRI B K+ B H); B.
HEANE R IA 10 mol/L JA-Me 18 min J& % [ K+ B i
W; CASBhMEREMEESHREEXRIE.

A. Inward K% currents before the addition of 10* mol/L external
JA-Me; B. Inward Kt currents 18min after the addition of 10* mol/
L external JA-Me; C. Steady-state I/ V relationship in A and B,
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Fig.5 Effect of H20; on the inward K+
currents of root cortical protoplasts
A3 RSB P MA 10° mol/L H O: BRI K+ B ; B.
MR MA 10* mol/L H;O; 15 min 5% A6 K+ iR i B9 ¢

W; CAYBHRIWBEMAEE SEEEEXRMAZR.,
A, K+ currents before the addition of 105 mol/L external H, O 5

B. Inward K+ currents 15min after the addition of 10 mol/L ex-
ternal H; O; ; C. Steady-state 1/V relationship in A and B

B +{0mV
200pA | -52m
18 90mV
C 5
0 —3—s

—a&— Controt{in the presence of Vc)
—&— JA-Me(in the presence of Vc)

Current density(pA/pF)

-3

200 160 120  -80  -40 0
Voltage(mV)

B 6 DPIX JA-Me s A6 KT B HKER
Fig. 6 Effect of DPI on JA-Me inhibition
of inward K+ currents

A ST (AT EHA 10 mol/L # DPLSF BN A 104 mol/L
B JA-Me BIRYA H KT B i) B. MAB S FH 10* mol/L 1Y
DPLJaAM I A 10 mol/L JA-Me 18 min J5 B 18 Kt B ¥
C.AY BB MF i 5B KX RHIZR.

A_Inward K* currents in the presence of 10 mol/L internal DPI
before the addition of 10* mol/L external JA-Me; B. Inward

K+ currents 18min in A after the addition of 10°* mol/L external
JA-Me; C. Steady-state 1/V relationship in A and B.

B 7 Vet JA-Me MEI BN M KT BT R
Fig. 7 Effect of vitamin C on JA-Me inhibition
of inward K+ currents

A REABEFEHE 107 mol/L B Ve MM A 10 mol/L
B JA-Me BT A KT B35 B lMAAB S EH 102 mol/L K
Ve JAMBMA 10 mol/L JA-Me 18 min F# A K+ #%i; C.
A5 BAMERMHEESERBEX R,

A. Inward K* currents in the presence of 102 mol/L internal vita-
min C before the addition of 10 mol/L external JA-Me; B. Inward
K* current 18 min in A after the addition of 10 mol/L external
JA-Me; C. Steady-state 1/V relationship in A and B,
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A H,0, 1 2 (Ryan & Cdrdenas, 1999; Jih &,
2003) , B £ % B 8 7% (Doke 45, 1996; Lamb & Dix-
on,1997), EHYMKNESHE ISP, H.O0, WHEEH
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BB JA-Me XF 18 K* 3838 &9 1 &I/E A (B
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HMEHEAN KT WIEFKRE, XBERZWIBEA
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R, ETER AT =4 H O, MR, M HO0, 7
REE I P KT EER B KT WA RRE
BEWBIME KM E, BIR T 491 1E % N ARH
&S, R BHE SR, SN R R I AR Z B MH.

SEH:

AR HEMR. 1998 MYLEHS S FEWEIM] % 2 K.
b5 B ) Rt - 339

An GY(Z E B),Song CP(FE 2L B§) , Zhang X (5K B%), ez al.
2000. Effect of peroxide generation on stomatal movement and
Kt channel on plasma membrane in Vicia faba guard cellG1 4,
HEMBESLEFMEBEFEENEW (J]. Aca Phyro-
physiol Sin (H Y] L) ,26(5) :458— 464

Dong FC,Wang PT, Zhang L, et al. 2001. The role of hydrogen
peroxide in salicylic acid-induced stomatal closure in Vicia faba
guard cells[J]. Acta Phytophysiol sin,27(4):296—302

Doke N,Miura Y, Sanchez L. M, et al. 1996. The oxidative burst pro-
tects plants against pathogen attack; Mechanism and role as an emer-
gency signal for plant bio-defence-a reviewlJ]. Gene,179:45—51

Hager A, Menzel H, Krauss A, 1971. Experiments and hy-
pothesis concerning the primary action of auxin in elongation
growth[J]. Planta,100.47—75

Han JF(#5439%) ,Liu HS(RI% 1), Chen PH(BRF- %) , ez al.
1999. Effects of jasmonic acid on the germination of seed
and primary seeding growth of tobacco ( 3k F B% X 1 & #
WEMWEFERWBEW(J]. Phant Physiol Commun (4
Yyt E2E B ,35(3) :193—195

He JH(fA/ 4 ¥5) , Dong FC(E R A ), An GY(ZEHB) et al.
2002. Isolation and characterization of reactive oxygen spe-
cies-insensitive mutants in Arabidopsis thaliana (355 IF 15
AR R R AR M S8 [J]. Acta Bot Bo-
real-Occident Sin (WAL F) ,22(3) :496—504

Jih PJ, Chen YC, Jeng ST. 2003. Involvement of hydrogen
peroxide and nitric oxide in expression of the ipomoelin gene
from sweet potato[J]. Plant Physiol ,132:381—389

Kang GZ(FRE #E), Sun GS(Ih & B5), Wang ZX ( E IF #]).
2004. Salicylic acid and its environmental stress tolerance in
plantsCK 1 B 72 45 ¥ 0 37 88 b 38 o 8976 D [J]. Guihaia
(J"FAE) ,24(2).178—183

Lamb C,Dixon RA. 1997. The oxidative burst in plant disease re-
sistance[J]. Annu Rev Plant Physiol Mol Biol ,48:251—275

Maathuis FJM, Sanders D. 1995. Contrasting roles in ion transport
of two K+ -channel types in root cells of Arabidopsis thaliana
[J]. Planta,197:456—464

Ma HP(B# ) ,Liu ZMGIZER). 1998. The transport and dis-
tribution of JA and ABA in M. micromalus Makino and their re-
lation to water in soil(JA ,ABA FE¥ B4 MBI R T HEH S
TURGKGHREI] Acta Phytophysiol Sin Y14 B
2#4R),24(3):253—258

Miao YC(EFi/R) »Song CPCR4EMY) , Dong FC(E KA. 2000.
ABA-induced hydrogen peroxide generation in guard cells of Vi-
cia faba(ABABRBEESARIHKR H.0: ;=4 [J1.
Acta Phytophysiol Sin (R )4 FH248),26.53—58

Orozco-Cdrdenas ML, Narvdez-Vdsquez J, Ryan CA. 2001. Hy-
drogen peroxide acts as a second messenger for the induction of
defense genes in tomato plants in response to wounding, syste-
min,and methyl jasmonate[J]. Plant Cell,13:179—191

Pan RCORIIR) ,Gu HQ(FH R K). 1995. Effect of methyl jas-
monate on the growth and drought resistance in peanut seedlings
GRAMHF BN EEYHERANBEENER [J]. Aca
Phytophysiol Sin (M4 B2 ),21(3) :215—220

Pei ZM, Murata Y, Benning G,et al. 2000. Calcium channels acti-
vated by hydrogen peroxide mediate abscisic acid signaling in
guard cells[J]. Nature,406,731—734

Rayle DL,Cleland RE. 1972, The in vitro acid growth responses:
relation to in vivo growth response and auxin action[]]. Planta,
104.282—296

Ryan CA,Cardenas MO. 1999. Hydrogen peroxide is generated sys-
temically in plant leaves by wounding and systemin via the octade-
canoid pathway[J]. Proc Natl Acad Sci USA,96:6 553—6 557

Ryan CA,Cdrdenas MO. 2002. Nitric oxide negatively modulates
wound signaling in tomato plants[J]. Plant Physiol ,130 ;487 —
493

Sembdner G, Pathier B, 1993. The biochemistry and the physio-
logical and molecular actions of jasmonates[]]. Annu Rev Plant
Physiol Plant Mol Biol ,44:569—589

Staswick PE,Su WP, Howell SH. 1992. Methyl jasmonate inhibi-
tion of root growth and induction of a leaf protein are decreased
in an Arabidopsis thaliana mutant[J]. Proc Natl Acad Sci
USA ,89:6 837—6 840

Vadim D, Sergey NS, Katherine BC. 2003. Free oxygen radicals
regulate plasma membrane Ca2t and Kt permeable channels in
plant root cells(J]. J Cell Sci,116.:81—88

Yu CJCF L), Wu WH (E #E4). 1999. Identification and
characterization of inward K+ channels in plasma membranes of
Arabidopsis root cortex cells (BB X EHBMBEER H KT
EE B AESEIH) ). Science in China (C Edit) (b @&}
# C#),29(3):316—323

Zhang X(3k3%) ,Zhang LK), An GY(EZE B ), et al. 2001,
Studies on ABA-induced Hz Oz in Vicia guard cells by means of
confocal laser scanning microscopy( 3t B £ 8 5 R B 5% ABA
HARRTSLRIMNE H:0; 897=4)[J]). Acta Biol Exper-
iment Sin (SLH 4 Y)2ER) ,34:71—74

Zhang X,Zhang L,Dong FC, et al. 2001a. Hydrogen peroxide is
involved in abscisic acid-induced stomatal closure in Vicia faba
[J]. Plamtl Physiol ,126:1 438—1 448

Zhang X,Miao YC, An GY,et al. 2001b. K+ channels inhibited
by hydrogen peroxide mediate abscisic acid signaling in Vicia
guard cells[]J]. Cell Res,11(3):195—202


http://www.cqvip.com

