J. Plant Biol. 37(4): 429434 (1994)

BAILEO| 28l |FLOI &S|=
G-ZEEHS| 1

FHE B -FT B E-F X

* & &

{SER{EEETZ0 M
=&

‘;ﬁl

WRTHAEE EhfEf

4% 5229 hiel gLl 489

gl o]
Bolth 52 AE(Commeling communis 1L.)2) 9 3

pertussis toxing A3 23 F G242
olAE AAEENEH YA A
tein®] FeIstn 9oL o &

e
s

7152 24 = #% Fo) phospholipase C71 £435 ¢ inositol
14.5-trisphosphate(IP;)e] %e] F7}gte] B E AT} (Coté and Crain, 1994), 221} ©}3| 7]

pholipase C2] &A1& ZAsI= G-9¥dd g Bix= gt 282z Pal2ald) 23k 7];
FHEHEAE A5 22, G-l d 249 AahA] < pertussis toxinT 24
HAH o2 RE
B8 Faste] FHAELGE g7 B2 pertussis toxing AzEg e o
deoz dJAEdE BEFHE 28} cholera toxing

HM]E‘)ﬂH phos-

SEEAE G-
cholera toxmd = €] 5t
2As BWEH AT (Vicia faba 1)9] 4%
o, sjalatel o 7132 Yo L

Mo

T

AL oH2d 2gol Ygich FUARGS A Lol
, BAA 2 I F9] 37} Pyl AALL DA

e 9 71EEPAA Oﬂt pertussis toxin-sensitive, phospholipase C-linked G-pro-

F8.0: G- A, GA2A, ATHSRA, pertussis toxin, FHAHE

WEaL e ZATY, 56 $LAT AAAHE 713
o 2L $xad 3 4—32?}?%@3@4%Q:é

ug wAsEd, oJde 349 A
oy geiA AckDavies o al 1981)
¥ FuzAd #Adsle o oL 3F& Lf}f‘]ﬁ a
A AR AES 2 fEstY 7Fe] B4 s
(Fitzsimons and Weyers, 1987).

WA 224k ofgt 7]F 2] A sHEA 2 dsje
A77E ARt obF7HA HEAA g2 FEE B 44
224 o 71Fe] 28 W, calcium ion] oA ATEAR
Z-aeto] HAHRI(McAinsh et al, 1990, 1992; Irving er al.,
1992), calcium iondl &3] HETe| EAF= inward K*
channel(Schroeder and Hagiwara, 1989)7 anion channcl
(Schroeder and Hagiwara, 1989; Hedrich er al., 1990)2] &4d¢]
ZAgo] ALYt E3 THAFWE v A @9 FUE inos-
itol 14 5-trisphosphate(IP;)7} 7152 27 sta(Gilroy er al,
1990), inward K* channel2- z}gtelo] B1159) 0 B(Blatt er
al, 1990), FA|2AHS Aelelr FHAIE IP;9] ¥FE recep-
tor-binding assay® A FHS A, YA 2te] o3 4

- olo
oW

Wrd: BUT 9FA SAE AAYHL YFeT
*WAIA R} Fax (0562) 279-2199
© F=2Ae%s [42] 199

429

Ef IPse] o] F7HE]
1994).

FEAZAAM B o 9o, AsdeRA¢xe 1P,
o) 482 G2 g w72 o] Fo]FTHHardie, 1991). £
HNEAME G-2de] JaAedge Bodve oy F

Azl YithTerryn et al, 1993). ¥ 2] 28 2o A AL memb-
rane vesicleo]| e GTP-v-S¢ ZA¥o] g4l9 EAstolA
F7HITE Bt e, ol £41 #EA7F A 9
of A ozl o] AT of ofyf) WA G-uEde &
8" Uz 95 77 fEolgn SAHUHZaina e
al., 1990). Acer pseudoplaranus (Dillenschneider er al., 1988)%}
Dunaliella salina (Einspahr er al., 1989)9]4 guanine nucleo-
tides] )3 phospholipase C(PLC)S] 4ol 7ttt ¥
1% $ith lon channel®d #EsAM =, ZF(Vica faba L)
THMEANA, GDP-B-Sl 93] inward K* current’} &7}
gkil 9o ' GTP-Y-So] a4 1 current} 7H4dhe E4to]
iz e A r(Fairley-Grenot and Assmann, 1991). B3+ Avena
samvad) A cab, phy$t & phytochromedl] ¢Jsf] L&o] 23
5 #A4AE 0] cholera toxin(CTx)o] &8 2z @élo] £3
T dAgo] Bage], 459 FAZHDV|F 9lfM G-
il do] #ofdla §lgo] Byttt ¥ A8AAME GTP-v-
S/GDP--5¢} ml43v|ZddE & B4,

communis 1.)8] FHAEA 7)F0]

oln] UZHArHCoté and Crain,

523 E(Commelina

g2 o G-dYEe]



430 Joonsang Lee et al.

Foghe Beld v dthLee e al. 1993).

ojFe] FAER "Ro] £ W, ALk ) 7]Fo|
23 AzHLHANME G-d o] §8 TheAo] =
t}. o] 2 AFE7] P AREL BAZE 9 FHY FHF|
pertussis toxin(PTx)e[} CTxE A3 ¥ PA =4S A
A W, dALde] g3 7]EERel FFE PeAE
AQaga, B F59 FHAMEAA YA 24 sf A4
HE 1P o] PTxE AAAPL Wl o9 2eAeAZ
ZAII o8 Sae G229 subunits] £ opul it
ANEPTxY 2% Cys, CTxe %4$ Arg) ADP-ribosyla-
tiondle, G-#HEdL PTxe H|GAEA7 T CTxe @43
A7IBE, AZALRY a7 T2 TTRA g 2ojn
ek

M2 Yy

2 oM 7139 e 5

»

45 7} A BARE (Commeling communis L)g 2 9
§ 27% 4% A99 499 A=z Agasn. 99 o
9Re] 9%¢ FAEES sl B 2o 271 B AL o 400
umol-m™*s~'¢] WAB8le] 4] 24|17t 7} o} Fol 7]Fo|
g7 df 5= 319t 3.5 em F7A9) Falcon dishE w}&3}o]
Z42vo 30 mM KClL 10 mM K*-Mes(pH 61) 01 mM
EGTA7I € 49 1 mLAS 99t} olg F E4(CTx Ex
PTx) Azlwte] siFE = dishol 2 545 | &= 05 pg/mLo]
HA lekdh 1 ¥, Az BAE og3te 99 Fib
FHENE E93e FE 245 49t 9 F e
slide glassoll Fo} #n]A& A cycpiece micrometer® 7]
7% A7|(stomatal aperture)® ZHsh=] AT &
AT FA7F A2l AeolA CTxe 147, PTxE 308
F2t %‘17‘43]3}93‘3](0]“41 defMe F2AE 2q2 {FAEA
. AAE T 71F 2718 243 2 dishdl 02 mM CaCly
9% 10 M FA 24 7]“5]' 2 2NN FAE AR
Solzkth. 2oL ATt WE )3 AVE A8 1 WeE
B3

EHAEE MM ZHZoMe 73 7HH 5%

FHAZY AT ﬁﬂ%—-ﬂ e AEES AL Hl)
AR BASDE ATY 2HEES DA Astd B4
£S5 AAND FPATDo) %-% EAEE 98 % A% 34
F 1% A %9 445 AT A8 blenderE AH43ke]
2 T8, 20 um URRA Aol $EE2 Aol FRATLE

F

0 o]‘!{

J. Plant Biol., Vol. 37, No. 4

A FZe 229 dgth ol AL (7% cellulase
(Onozuka R-10), 0.1% polyvinylpyrrolidone 40, 025% BSA,
06 mM ascorbic acid, 027 M mannitol, 3 mM Mes-KOH
(pH 5.5), 03 mM MgCl;, 03 mM CaCl,, 6 mM K*-phos-
phateZ 7AH A4 &N 3027 Mestdrh o]2 20 ym
Y242 A2 the 045 M mannitol, 0.5 mM CaClL¢]
4oz Aopliget a4RHAE vl FHEE FA
E7F AALE FHAIT G e dAv)Fes 3
Atk olFA BERSH FHEE 015 M mannitol, 5 mM
Mes-KOH(pH 6.0), 10 mM KC], 0.1 mM CaCl,, 0.5 mM
ascorbic acid® FAH S =231, 350-400 pmol-m 257!
o] WA 1 At 2ALE 713E A § o, ATele
PTx(HE 3% | pg/mL)E 1 Az Agstith o] % 3% 5%
10 pMo] HEE PA2AE 7i8le 1 Az AHeE 7%
718 A5k

P, &4

347 A AY AR $d3 Ad 9F AXY £
4052 Agsty FEEAAEE ofA RS 015 M
mannitol, 5 mM Mes-KOH(pH 60), 10 mM KCl, 0.1 mM
CaCl,, 0.5 mM ascorbic acid2 =A% &9d] &1, 350-400
umol'm~2s71¢] WAL A7 RAlee] 7135 EA &

2 AP E PTx(EEZ 5% 1 w/ml)E A st 243t
“H"k'c?}?&f} YA 2AHE 7H8h7] 208 Aol LiCKEE $% 10
mM)E ]9 gl H7kgick LiClE inositol 1,4-bisphos-
phate phosphatase, inositol 1,34-trisphosphate phosphatase,
2] 1 inositol 4-monophosphate phosphatase®] A3 A 24
(Nahorski er al, 191), 1P;2] £3] £58 E57] Y5 &
oJFgth A= FE FEIE 10 Mo] HES 718},
10& o) 298%24HCHCLCOOH)S Ro] w3 e 3

ANF. AdE AdEaht Ade 587 15000 pmlA

4R st Zﬂﬂaﬁiﬂr FAAE F3h] FFAZ} AL
B AA M2 55T 2, [P, ¥L receptor-binding
assay "ol o8 248 rHQuarmby er al, 1992). Recep-
tor-binding assay:= 29 Ao & IP; £4H e ¥
AHEALLE BXE B9 AR T Soide IPE 3
ARoe FAFNA AW Eolgie IR dE ZF3e
o). ojW] AR IP; #EAHE o 1P o444 F
inositol 14,5-trisphosphatec] ¥ Aeld oz A¥shs S4E
AYz ek A8 o) W& 1P F8] Wole #A AAE
F& T rolFez HARY chBarlett, 1959). FA
XA AAEZEE chloroform : methanol2:1) 3 mL¥
07 M HCl 075 mL& AM38le FE3AT Ade d&T

rO



December 1994

20

ABA
PTx % /ﬁ-—___..._%_____%
. S g
15 4,/& <

~~~~~

Stomatal Aperture{um)
=

L]
1

o CONTROL
= ABA
——g-— PTx
e ABA+PTX

0 T T T T T

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (h)

Fig. 1. Effect of PTx on ABA-induced stomatal closing
in intacl epidermal peels of Commelina communis L. The
abaxial epidermis of fully expanded leaves of 4 wk-old
C. communis L. 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 pM) was then added to the test groups. Stomatal
apertures were measured every 30 min, and averages and
SE from an experiment are presented (n=20). A separate
experiment with n=50 showed similar results. Samples
were irradiated with white light (400 ymol-m™2-s7") th-
roughout the experiment
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Fig. 2. Effect of CTx on ABA-induced stomatal closing
in intact epidermal peels of Commelina communis L. The
abaxial epidermis of fully expanded leaves of 4 wk-old
C. communis L. 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 pyg/ml. CTx and incubated
for 1 h. ABA (10 uM) was then added to the test groups.
Stomatal apertures were measured every hour, and averag-
es and SE from an experiment are presented (n=>50).
A separate experiment with n=50 showed similar results.
Samples were irradiated with white light (400 pmol-m ™
s7) throughout the experiment.
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Fig. 3. Effect of PTx on ABA-induced stomatal closing
in partially digested epidermal tissue which contained
only guard cells and no other epidermal cells. The abax-
ial epidermis of fully expanded leaves of 4 wk-old Vicia
faba L. was isolated, digested with cellulase until only
guard cells remained in the tissue, floated on the solution
containing 0.15 M mannitol, 5 mM Mes-KOH (pH 6.0),
10 mM K, 0.1 mM CaCl,, 0.5 mM ascorbic acid and
incubated for 1 h. PTx was then added to a final concen-
tration of 1 pg/mL, and the samples were incubated [or
1 h. ABA (1 uM) was then added to the test groups.
Stomatal apertures were measurcd every hour. Samples
were irradiated with white light (350-400 ymol-m™2-s™ ")
throughout the cxperiment. Averages and SE from 3 se-
parale experiments are presented (n=260).
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Fig. 4. Effect of PTx on ABA-induced IP; increase. The
abaxial epidermis of fully expanded leaves from 4 wk-old
Vicia faba L. was isolated and digested with cellulase until
only guard cells remained in the tissue. The digested peels
were floated on the solution containing 0.15 M mannitol,
5 mM Mes-KOH (pH 6.0), 10 mM KCL 0.1 mM CaCl,,
0.5 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 pM) was added to the test groups. After 10 s
of ABA treatment, the reaction was stopped by adding
trichloroacctic acid to 5% and the supernatant was collec-
ted. The samples were irradiated with white light (350-400
pmol-m™*+s™Y) throughout the experiment. The amount
of IP; in the supernatant was measured by the receptor
binding assay. Averages and SE from 4 separate experi-
ments with duplicate samples each are presented.
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Involvement of G-protfein in Signal Transduction Process
of Abscisic Acid-Induced Stomatal Closure

Lee, Joonsang', Hanju Yi, Sumin Lee and Youngsook Lee’
Department of Life Science, Pohang University of Science and Technology.
Pohang 790-784, Korea

ABSTRACT

Activation of phospholipase C (PLC) and consequent elevation of inositol 1,4,5-trisphosphate
(IP;) level have been reported during ABA-induced closure of stomata. However, it is not
known yet whether G-protein regulates the PLC activity during the process. We tested if
G-protein is involved in ABA-induced stomatal closure, using pertussis toxin (PT,), which
inactivates its substrate G-proteins, and cholera toxin, which activates its substrate G-proteins.
PT, inhibited ABA-induced stomatal closure both in intact epidermal peels from abaxial sur-
face of Commelina communis L. and in partially digested epidermal tissue of Vicia faba L.,
which contained only guard cells and no other epidermal cells. Cholera toxin did not show
any of the effect. Moreover, PT, completely blocked ABA-induced elevation of IP; level in
partially digested epidermal tissue of V. faba L. These results indicate that PT,-sensitive,
PLC-linked G-protein is involved in signal transduction process of ABA in guard cells.

Keywords : G-protein, ABA, signal transduction, pertussis toxin, guard cell
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