FHA LA YA 2AS AT AHY WA

ANEBEE QAANE £EBYPA J1FL DASE 2P Azolth  FR
Al Agel ASA Y PPl QA2ste] FAHC] BRE Bl o= g
Aok QAl2Ae AZe] Fazde) Bejsks el oles] 522 WHAA TUAZ

W AESte) #AE f=st 2 AR 7)1Fel 2o &Y+ (Fitzsimons and
Weyers, 1987).

PA|zAakel]l o J]FEEY MEHEEAR YHAE B2 A7 Ao
o}lA7tA] e A 2] ke FEx Brh @Al 2Abel os sFe] B 9, calcium
iono] ozt 21FZEEZ F&g o] BuHUZ (McAnsh et al, 1990, 1992; Irving
et al., 1992), calcium ionol o8} AlE=to] =Aft= inward K channel®] 43l
ZAal=l 7 (Schroeder and Hagiwara, 1989) anion channel (Schroeder and
Hagiwara, 1989; Hedrich et al, 1990)2] @&/gel 3 ge] #A&At}. =3 54
AZEHE v)A)@u|FUE inositol 1,45-trisphosphate (IP3)7} A Z & calcium ¥
TE =99, 1FE 2A 3 (Gilroy et al, 1990), inward K channel & 2F&3
o] Ru@tt (Blatt et o, 19%0). P& phosphatidylinositol 4.5-bisphosphate
(Ptdlns:P?)7F phospholipase C (PLC)oll 2lsf Esi= 2E9ld, og7ta] A=xxuhg-
9] 27t AEHEERAR ALt olEe AREL J|2E fHE D 2L UL
24L& Ao g ]i
cycled] BAHHL T 2% 34T P calcumFES ZANA oleAqdsl T

——-

ol was Yot ol e BEA AAne S0 e S

Akl 93] 7]F el E3le #HF M phosphatidylinositol (PD)

9] ol Al B AXATY EIE SLAA inositol phosphateE: HAHA|7|=71E
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Mo

Folstes Aol BEAelT ek oL ASHHA WEL Asdd ZUHg

ARG AM 1P B2 G-protene ®IZ/NR o) FAx= HE47h st
(Hardie, 1991). 4 &A% G-protein®] AZAGHHo| #dls o8 2AE
o] UTH (Terryn et al, 1993, Zaina el al, 1990.). 25 (Vicia faba L) ZHAE
A, GDP-B-So 28] inward K current”} Z7Fstil GTP-7 -Soll olgid=
I BMAE  curent7t Tradte @de] BEAHAT (Fairley-Grenot and Assmann,
1991, & A3@49M%E GTP-7-S / GDP-4-59] mA&EnFgA8L 235, Ho
E (Commelina communis L)2] THAZANA G-proteine] A EAG Bdge
A% v Ut} (Lee et al, 1993). °)49] SAHER uFo] B w), irjailkd) o)
71F-0] B3 Al g oA phosphatidylinositol cycle®] #4stsE

7}
G-protein© | ¥ @T 7FeAd ol C”ﬂr ol & Algetr] ¥&ll, G-proteine] ZH&-dle] AF

WY Jlsg WAAIlE Z2EE AR, YA2Ad d% 7B BREE
IPse] F7hd4e] %S weAE 29sad
FEATONA actine] NEHLUNAAZ Fgerhe FAB0 len, =9

actin-hinding p10te1r15 (53] profilin)] PLCwl gl G wvhs Rigo]

At (Forscher, 1989; Goldschmidt-Clermont et al, 1990). <§A]2akel] ]3] 7]
Fol 23]= FAd actine] GE TR F}HAd o) 9=#&, actin polymerization

%+ depolymerization® S A5 o GEL AE3IS FAREAL, o] B HAA =

actin fﬂament—J EEZNE 7 HEs=3E immunolocalization "JJ‘%E.% w23

=
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r

A 14 YA 2o 913 PI cycle o A3

11, §A &3] 98 o= & AA 29

WA A ZE E 10, 60, 180, 300, 600F A T AT A AR x4 oFg
AAe]l WEE AHIFEFTE FHEHAFTANAL o] AE XHEL thE Lol Y]
&l 20~40%] WYl AL (Fig1).

150 150

PIP, PA
130 130
110 f 110 —W!
90 90

0 70 | , |

S 150 150
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5 130 130

Q

o, 10 110 4 B 1

o 2 : 8

90 90 +
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70 70 7 T ] 7

150 - 150 4 PE + PG

130 130 -

110 110 T 13

}.\"//—‘I\“

90 90 | T

70 1 I 1 t i 1 70 I [ 1 i 1 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600

time (s) tume (s)
Fig. 1. Changes in levels of ¥pO),-labeled limds in guard cell protoplasts of Vicig fahba upon ABA (10
UM) treatment (or 10, 60, 130. 300, and 600 s (from Lee et al. 1996).
led with for 30 mun, and the lipids were separated on a Merck 60 plate and exposed to x-ray film. Ph

Guard cell protoplasts were labe

ospholipids were identified by co-separation with authentic standards. scraped from the plate, and the r
adioaclivity of cach bands were counted. FIP:z phosphatidylinositol 4.5-bisphosphate. PIP: phosphatidyli
nositol 4- phosph ate, PI: phosphatidylinesitol, PA: phosphaticic acid, PC: phosphartidylcholine. PE! phos

phatidylethanolarmine. PGiphosphatidylglycerol
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PtdlnsP: ¢ phosphatidylinositol 4-phosphate (PtdInsP)&] & 1024 HSL
Z 297 60~180& A AA 3] F71EE BAFHCE o] o|=AIE QXA F

AR 47 300204 BEFHAT. Ptdlns %2 10F04] H222 Z23ivr)

I % HAZAEJA FAaE Holtjrt 300z oAl FIFSIE T Ptdlns el ©|Z
2 W3l= PtdlnsP:¢ PtdnsP9 AFs= giz3<e 2452 2499 PudnsP:e] 7
2o WE Ptdlnse] =7} Chlamvdomonasel Al ©|v] 2" vl 9t (Quarmby

et al, 1992). PAS ¥2 30027tA= Aty WIE Bo)x vz 1 F 300~
600zl x4 Hab F7igc 28z vE £7F9 2lAE<d PC, PE, phosphati-
dvlglycerol (PG) TdAle PAL4b Ao EF3a
ol8re] WHE BREL ol

B

Hza3 vag o 5%

1.2. A A 49| 2|3t jnositol 1,4,5-trisphosphate®] %7}

THRAETL

‘,_,
o

Foste HET Y29 1P 92 10 mM Lite 59 wat
Z+7ZF 014 £ 0.012 (n=35)¢ 0.14 = 0.024 (n=22) pmol/nmol phospholipidZ 3} o]
7b ST 1Py %2 10 mM LiClel &4 stellA] sirlzqh M) & 10&A4 o
Zaol Bl 190%7tA ek 60&7MA] B2 FARE2 FAHGI A] dH A
HZ Eolgtt (Fig. 2). ¥y 10 mM LiCle]l §1& 2 [Py & 10x0A
2] 119% 7R T Zd53t Rt

280 A

240

200 1

160 -

% of contro

120 -

30

40 ; , ; . ,
0 100 200 306 400 -300 600
time (s)
Fig. 2. Time course of IP: production by V. fuba guard cells upon ABA (10 uM) treatment in the
presence of 10 mM LiCl. Data were normalized to total phospholipid phosphate in each sample and

are expressed as percentages of the values of control cells (from Lee et al, 1996).
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A 28 WA 2 2F 7]Fo] 23= HAHo| G-proteine] o dt

W3] %2 (Pertussis toxin, PTx)%F Z @8 %4 (Cholera toxin, CTx)&=
G-protein®] 57& o}u|x=4t Z7]E ADP-nbosylationA 21t 2 ZAikE PTxE
-9+ G-proteind] =843, CTx9Y ¢+ 432 dosunz oF 45

AzADG B AFo] B2 EFEA e 2olm YT

(o

21. 54 A A7 7% L5 Wi

YA 2aLE 718S e 2490 B BAF stlM = 7] B Fig. 3

CONTROL
ABA

Stomatal Aperture(pm)

| —o— PTx

{ ———se ABA+PTxX

0 T T T Y T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Time (h)

Fig. 3. Effect of PTx on ABA-induced stomatal closing in intact epidermis of Comwneling communis L
(from Lee et al, 1994). The adaxial epidermis of fully expanded leaves of 4 wk-old plants was peeled
and floated on test solutions containing 30 mM KCl, 10 mM K'-Mes (pH 6.1). 0.1 mM EGTA. with or
without 1 pg/ml PTx for 30 min. ABA (10 uM) was then added to the test groups. Stomatal

apertures were measured every 30 rmun. Bars indicate standard errors (n=20).
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A, WA o8] 12~13 umZ B FelYW J1Fol A=A A F 242
Wl 4 umz s AL B & ATk QAL 9@ 1FTHL PTxol o
AAHGUT GA =T A LBTo] 13 uml A 4 um7A 713 BEe) W
s, PTx%h 241240 84 AP 48ZAAE 2719 15 umeld o] 10~11
um AEZ Balod 2RT 28y PTxel o8 PAaitel 2389 oA B
Aot &, PTxol o8] 918 A7 olF3Add FA24 Aejsh] A

o 7132717 FA Ik & Rolu YAl 2ate] AYH o F tha 7 Fe] Bal:
FdE BAT. 1 ug/mlt 05 ug/mle] PTxE AH&3] Bted, PTxo A FE
o e Aol WE YU CTxs YA 24 98 7139 2Yol 9F& 74

xS

2.2. AN 2349 g 1P S719 PTxol "wA+= 53

Al YA ET Be TnlZd HE
Q1 WA 2AHS 1027 AP NE @, YA 2] A IPse) Fo] hEFe] ©]3)
]|

Q A, okl AET Ame AWA Wl g Aoz G

m

PTx (AF FX, 1 ug/mDE 2412t 1A ), gA242 A20e g 94
2Akell 9 o] b7 4As] JA AT B PTxY AHe=zn gAas
abe] o AEgle]l 1P o] dlztol Hl&) 70% A== Hidte AL %
At (Fig. 4). o 44 ZA2RE PTxel o8] FHAZL 1Py o] #4H

T, GAke] 27 [P 77 AAHE As € F YA

AL

A 38, AA 249 & 7]Fo] 23)= FH A Actin filament7} &
o g,

=0

A Y 2L o] F = microfilament, microtubule 5 cytoskeletal elements
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B ZEE, #7499 W3 59 AFo "} dynamicdtA EotH, £ dEEe
oj2) T FXA cytoskeletal elementEo]l A& zide] #TAdthes BEagEe]

o] A ZWAENAE cytoskeletal elementEo] A F Aol AEe] ¥HE w5

3.1. Actin filament7l 71 & &5 VX = I3

Actin depolymerization® ¢ #%h= phalloidin® Al 2:4Fe] &3} 7 | =3
= dA4e AANAL (Fig. 5), actin polymerizationg 4 AStE cytochalasin B+

PA) 2 Akl 9ld] 71Fo] @81 AL AAstx] ZeE (Kim, 1995).

150Q
= 125 4
.
5
o
o)
° w
5 ]
B2 100 A
S E
"
(a8
wr
j ol
pe— 75_<
50 4

ABA PTx PTx+ABA

Fig. 4 Effect of PTx on ABA-induced IP: increase in guard cells of Vil faba L{from Lee ef al.
1994). The abaxial epidertnis of fully expanded leaves from 4 wk-old V. fabg plants was isolated and
digested with cellulase until only guard cells remained in the tissue. The digested peels were floated
on the selution containing (.15 M mannitel, 5 mM ascorbic acid and incubated for 1 h. PTx (1 ug/ml)
was then added to the test groups. and 2 h later ABA (10 uM) was added to both the test groups and
controls. After 10 s of ABA treatment, the reaction was stopped by adding trichloroacetic acid to H%..
and the supernatant was collected. The amounr of IPs in the supernatant was measured by the
receplor binding assay.
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Stomatal aperture (um)

0 30 680 90 120

- =
Phalloidin ABA  Time (min)

Fig. b. Effects of phalloidin on ABA-induced stomatal cloging in intact epidermis of Commeling
communis L. (from Kim et al, 1999) The solution that floated the epidermal pieces eithsr contamed or
did not contain 0.1 mM phalloidin (A) and various concentrations of phalloidin (B). A: (O, control; @,
ABA: [, phalloidin; I, ABA plus phalloidin. B: (O, contro; @, ABA; (], 0.01 mM phalloidin plus
ABA; A, 0.1 mM phalloidin plus ABA; <, 1 mM phalloidin plus ABA.

3.2. AN 22 9F §x5 = Actin filament®e] ¥ 3}

EH 71F9 FHAZAE VT HoERY v oz RAN FH=z A
3] B2l actin filamentEo] F[AHT (Fig. 6). YA 242 Heglstd o]8 3+ actin
filamentE°l 5-108 oluiel &A HAL, 71F Zow oy dolglorn, 308
715l A Bold FeElQ] actin filaments Holx ¥xm, 23|H 7|F

o] 7]

gy

Zole g7

N

o) 71 &3 Pk ek o wjAlets 4 weEoe 2 FHE actin
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filamentEo°] £¥3t9 Y (unpublished data). 60% Foflw= 30849 FA18 W)

A2 BT

-

Fig. 6. Distribution of actin filaments in guard cells of Commeling communis L. The actin filaments in
guard cells were stained by indwect wnmunofluorescence mmicroscopy using an antibody to actin from
chicken gizzard, The entry of the antibody was facilitated by (reezing the epidermal tssue in liquid
nitrogen and cracking the guard cell in the frozen state.

3.3.Actin filament?] dynamics”} o]2Alde] A qAE 43

Actin filamentE°] WAl4 o2 wld®E FHE IAHAA dynamic change:

A8} 3} = phalloiding inward K channel® outward K channel® 42 # 34

=

Ak Fig. 7). 15 K+ channelE& 7|50 €ejx 23ed B8 o2 o|F2

gz,
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A Initial After phalloidin treatment
= = g

Sy ee——

-60 mV
-180 mV
50 DA
400 ms
B Initial After phalloidin treatment
100 mV

------- L 60mV

J
50 pA ! r.—
400 ms

Fig. 7. Effects of phalloidin on inward (A) and outward (B) K’ chapmel activities in the plasma
membrane of Vicia faba guard cell protoplasts. Whole-cell K' chaonel activities were measured using
patch clamping techniques. Intracellular medium contained 100 mM K -glutamate, 5 mM KOH, 2 mM
MgClz, 02 mM BAPTA, 4 mM MgATP, and 20 mM HEPES (pH 7.2 with N-methylglucamine) and
D-mannitol to adjust the osmolarity to 520 mOsm. The extracellular medium contained 10 mM
K'-glutamare, I mM KOH. 1 mM CaCla 2 mM MgCl, and 10 mM MES (pH 55 with
N-methylglucamine) and D-mannitol to adjust the osmolarity to 480 mOsm.
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m. = &

A 18, gA24ko) 9@ PI cycle®) 24 3}

Pl cyclee S3 Azde7ze 354d &4 59 shye, agonist A ©]

2 £z ol PtdlnsP.7t F53] 7FFEH AT e o ko] ZAHETH
= Aotk o]#F AL g9 Ao BAlAA HF F 1029 PtdlnsPs
o] WE Rl dg ez dFEHUAT (Fig. 1). 300& F = Ptdlns:P¢l

FaZt AFHAJEY AL otnte AF bR 23 AlZIY TheAgel Uk
o] 22 PidlnsP:® &Y WHE Chlanvdomonas reinhardtiol A o7 #EH
HE 21T (Quarmby et al, 1992). PtdinsP:¢] F9d Z4+ PLCO g 7= 7}

ool o RY & A e PrdinsPe® ZHad olol Prdinse el
EA)d PtdinsP>8] AE77) dolv= AE, fAlAA o] 23] PtdlnsP:d] 7R &)
7y deju i F o]oA] Ptdlns 4-kinase?l Ptdlns(4)P 5-kinase’} £435HE A
olzkx A tghrt.

Pl cycled 9d AS@2V|FAMY TEFH B4 £ e stus, A
3 agonistell 218 [Ps7F AZ oA 2 R F453] F7hstths Relth o+
-?*7‘-1]‘94 Az A, FA 24 A T 10 24 [Pa7h
AR (Fig. 2). o9} #HHSIY PudlnsP:] Z47F Wepdoh [Pse]  Frbst
PtdlnsP2®] Zraie, fAl2dte] PLCE ZHEAMA o]=AE dAZE A7
O 23 [PE WEINSS £33 10FRd A PtdlnsP:d ZA gk E9rE [Py 2
E0E7AIRE A FAHE 180&4 o249 dl&2F FE% v ASZ gojz

o &

1:}_ ] -]E-? )\]Ezqtl

_4

w2 gh3-2of kineticsd ME BHEF oz A2 E& o]} (Quarmby et al, 1992;
Fukami and Takenawa, 1989). IP;2] short pulses™ I[Ps;-dependent Ca® release,
Ca” -induced Ca™ release, Ca® channel opening® Z-& o2 #4ZL

STk Bathing mediumdl| LiCI7F $1& alEs @Az Ml F 1Py 49 5771
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o

Aotk o]E Li'®] inositol mono- & bis phosphate phosphatased] ™ k73
& oA Aol 22 (Hallcher and Scherman, 1980; Inhorn and Majerus, 1987), ©1 &
Hee A9 AAE P 98 F asd o6 F%3 RiAHE $=& FAANE
2 oglen} LiCle] gle g o¥ e 7ug 7] W2 ZAe2 Btk
300904 PtdInsP:9 PtdlnsPSl 2374 74 =, oo W= 1Pl 23k
A Z77 AR g olfE BydxNE @k ey olvk=E Li el inositold]

Aoldh

s

i
et
4

i

B3z gola 22 918 PudinsPe] Al o[FelA A &7 wE
(Nahorski et al,, 1991).

o)Atz e 4ol AF}E Pl cycle tumover’t Vicia faba L.olAl BA| &4k
o o NFeYPe AT NEABIF)A FoF 8L FE BHoFn ok
Az g ABANHNE Commelina communis L& ['Hl-inositol2 X3 23
AA GAbs daps  douth (MacRobbie, 1992). FTHAE 2] Az @ oA of A <]
Pl cycle®] <ol g $=o A 7]EY BuE (Blatt et al, 1990;
McAinsh et al, 1990; Gilroy et al, 199D)Z%E FTHAFE] A 24F e ol F
o AA DAL §38 B F Anh A2 FEHE F3) Goproteing B
gpsim, ol d) olwAE YA He] Sel4e& Xd PLC (PI-PLC)E 2743H%
v} @435" PI-PLCH 98] PtdlnsPrb 7heRaiE i, 1 A [Py7h HEE o

cytosolic [Ca®1¢ A%AAS.  F742 [Ca¥] € inward K flux® A2
(Schroeder and Hagiwara, 1989), anion efflux® £x38t9 7139 23L& FES

ot

g4 229 N5 ADo|A G-protein®] HE

me

A 24. 71 F2d

o2
>

1. AR 226 98 7] 528 o] G-protein® ##A

PTx:= 7139 @82 24817 (Lee et al, 1993) 71%9 28L& FASIAT

1#2]

e}
o)
1
o
i
i
il

(Fig. 3). PTxel 23] ADP-ribosylation® &2} G-protein
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rir
B
)
=2
ri
iy
sk
il
(o

A$-7F Bom®g PTx-sensitive G-proteine] 7]1&°¢] &3

2.2. WA AA] 28 TIP3 =719} G-protein#e] A

o] AgolA BT BAFE 3 FHARY F2 o o Fo] g4
e XHEsk, IPs %L receptor-binding assayE A FPL o), 10%0] [P:e] %
ol ol Hs) 190%7tA F7beled 6027HA FRAHTIF A 48 AEHE E
ob-F& HST (Fig. 2). WA2AAE A3y A PTxE 247 dAzld 3%
Az Frlz4tel 3 [Py S717F 3] AAHUJT (Fig. 4). o] FRoA G4
At ols] ZA3EHE PLC7F G-proteine] 23S wh= AL & 4 9jouh &
WAl =4 Mt dETolu HEYsir] gL A8 EFdAM PTxel 98 IPs

PTxE A=3& o 7159
dde] e V&Y Bt M2 ddgde] 3o (Lee et al, 1993), ¥
A=l fle WelE %Ee Goproteine] #Aol &2 AxFTE = PTx7}
resting level®] G-protein®] 4= AAAA IP; %o] ZFAst= Aozt A
Heh ol e AR2EE GA 240 g V]FEY Y AEHAD @A A PLCY

g5t 2493k G proteind] <J3 Lojdth

K
iTh
il
i
e
¥
o)
A

A 34, ANz o4 JlF2H ol A microfilamente] K

Phalloidin2 # =
HAG (Fig. 5). °] A3 actine] AeAdA2HGZolM Fo3 58L& 398 7ts
& AARSECE Actine] ASHERA Vs Yo
At HAAE actin®] phalloidine] @8] polymerization S FX|ste] AF A o
2 profilin®t A #st= monomer FEH Q] G-actin®] Z4%HA 2318 profilinz}

PtdinsP:¢] Z2&=o 2 Z3 PLCY PtdlnsP-o gk &L wejdtogx 7]%
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o) 2ol dABTE Aot  EAE phalloidin®l 93] polymerization®]
actino] olexde BHL HFAAA 7FLE] BFHQ ol TFC] A3

o] 7]ZeEe] Hej@rie Zolth  Phalloidin®l K channel€ A& 3= +¥

Cytochalasin B @€ 028 327 sA dv 713€ 24 A ¥R, 4

=
A 2=abe]l 7] Z23 Zae] Ag%e FA @gtewm, G E cytochalasin B

o)

BEoz 2HYR JFL DA HE $£FE FEIHULEZ, actin® depolymer—
izationTre Z PLCY} &A3EA= oke A 2okt actin® depolymerization
A
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H2A 02 phalloidinel 93] actin® polymerized state?} A2 Z-Fol<
G A) 2~ o5 7] 3o B3 oe] A F 51, cytochalasin Bl €3] actin®] depoly-
merized state’} A" W& 71Fe B o] W VA dEvhe ¢ 4F EAH
B, iAzate] o8] v]Feo] #3lE #HAl microfilament] depolymerization©]
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depolymerization®] W} polymerizationS 2} A st eSS 22k A3k & A 24
of g%t 7F@ge] FgE LA FAFSATE Phalloidine] 93 actin®] poly-
merized state’} FXE A-Foles YA zA 23t ZFEIe] JAEIL, cyto-
chalasin Bl 93] actin®] depolymerized state?7} #X2 w+= 7]F 3] Fajd
2 gkt A AEY actin filamentd] X Z X immunolocalization 28 Z
I, PA =4S AP EH FHEAEY actin filamentE©] 5-10% o]l ®HEd=
Ae AR, o)HT 2F ARRHEH, @AM 5 NFERC] Lo 9
actin filament9] depolymerization®] ZF4 YL & 4 AT Actin filament]
Halrl ofH e R VFEEY AR &AE ofF waFelAw, FF o

eAds $42 22 Mol 222 ANGE RS AU

b

B ATE 1992~19949E AT BA7Z ATH), 199 LER 5T
219969 etAg A AA X del] s FAHIU

IP; assays 9%, o) 24, ol5ue] FRARGR, A7 MY SE P ol FF,

o
My

2, A4A, Immunolocalization @8 ¢S WAL, AEA, w2 T3}

Aot 4T FARNET AL AB9A FAERAD
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