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AELE o7A AFe] dis] Od@stzm gdd Hgg Btk IERE g
AFAA 7&L FEG nAEANNGG vlArA 2 BRen A Ade F2T 5
Jdr, Y AEL o F2¢ 7% tE AREFH} E FEo] OB, O
AZAA AN Fe = Sol WEC) EAY Aotk HEY SO 42 F FoH AL
9, AAZ AEY A4, 23 2 B 750 4 Fx, 33, W T T
g8 ZA 2 EPE Heolth, o|F¥A photoreceptors] HEo] FaF  olfis,
EUdGFAEA 9 AdiAE F5etn A Agste B3] Fadta, nAAE
48] 98 3¢ F AAY "WeAol v WEY Helth F HE AEAA
AquUX Y3} HES BAH BT HFF ARE I} EAZ HJEAEXT 9O
Ax ez Ea Ad gich o AxsEoz Ay A F dFol AAHL FAHH,
AXS} NAE F729 qHEo] FEH} d¥ELS 4, Ho] AF T F2E 7I¥S
ok AAE, 429 meristem FHAY BEEF & YT potentialE FFXZ 1A,
e g o] FHFHom FAFHRA gov T|HEY FPE A ¥e FHelth
agEz AEe AIFUR NFEL S5z L FHEE Aotk olE
Fattd EhdA B ol ARe AFAde] IFIHoxE EF HEY
Al J&Esta, e AN HEe] X3 HAE nBE o, JEY AFUAAY
#HY AT £ 9 ARt
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1. A8 Q33 (Lipid Biochemistry)

&2 signal transductiond] Phospholipase A (Andre and Scherer, 1991),
Phospholipase C (Morse et al.,, 1987, Einspahr et al., 1988; Einspahr and Thompson,
1990) Bo] Fa3Ithe BaEo] gl AQ ALY Fagdel A GFHUTH
Xz Agste] 71¢L single celld 71% 9T AM43lax & o single cell types
EH3lz 3ol 47 &2 dolvh FEARLY B AXEo e AXESY AxHd
3 R o FAL AL o]&dd, FHAXLE #5384 28 + ot (Fig. 1).
& E¥ 39 cellulase® U3 AW HIAAEE] YFFAZ LEHLH, °ES
ARG FAAXEYE G2 F¥Fo] oA cellulased ARSI 438 =7t w2
THAXESY fHEAAE d€ T+ o

(1) 3 AAXAX ABAS AzAE7 &

2 AddedA Ad ABes 71Y-E o83 FHEAE} abscisic acid (ABA)E
wro} 7]-go] @ o phosphatidylinositol (PI) cyclee] @A43€-& Wt Vicia faba
L(FF)Y FWAEE 93dA2 &5Ees PO,z A8z, ABAE & F,
A& FZ38o] TLCE ¥ 3le] autoradiograme At (Fig. 2). 2+ band® &
radioactivity® A &3}, inositol® 353l phospholipidE kel ABA¢] ¥k-&-3}¢]
A 9EELs 5ot (Fig. 3). Pl cycleo] 8435 o] phosphoinositideS o] 35 A
inositol phosphateZ¢] b€t} $-#+= inositol trisphosphate (IP;) receptor binding
assay (Quarmby et al, 1992)8 o|-&3%« P& A%sach LiClE 10 mM &4/-%
A A FHEAxe f9¥AA ABAE HEHAS W, 10 = ollld]l IPs levele]
T ws] 2w2 Frhskdc (Fig. 4).  wiAe] LiCl/t 6394 @+ A$9
ABAC o7 [P F7HER 20%<] 3™ ol AAE Py mz2A EIiHZ
ol# ¥ BalE LiCl7l AsiA7)7] A& Ao s ¥elrh (Nahorski et al, 1991).
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Fig. 1. Intact guard cell pair (A), and isolated guard cell protoplasts(B) of Vicia
faha leaves. Healthy guard cells contain round chloroplasts evenly distributed.
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Fig. 2. Autogradiogram of *PO,-labeled lipids in guard cell protoplasts of Vicia
faba. the plate was exposed to x-ray film (Kodak, X-OMAT) for 1 days.

Inset: To observe PtdInsP: band, the plate was exposed for 2 days.
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Fig. 3. Changes in levels of 2pQ,-labeled lipids in guard cell protoplasts of Vicia

Faba upon ABA treatment for 10, 60, 180, 300,and 600 sec. Data were
normalized to cpm in total phospholipids of each lane and were presented as
percentages of the control values. Total counts were about 20,000 cpm per

lane. AveragesEstandard errors from five independent experiments are

presented.
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Fig. 4. Time course of InsP; production by guard cells of Vicia Faba upon ABA
treatment. Data were normalized to total phospholipid phosphate in each sample
and are expressed as percent of the values of control cells.
Averageststandard errors from 2-4 independent experiments with 2-3

replicates each are presented.
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(2) Plant wound signal

Z2AFE Zd % A AH (Wound)= A8 e Udd) & FFS
WX gA et A& 7]REo] indeterminate growthel] ols] A4 $ Uz,
T AE2AY AHEA &L FHAME WorFe] gAgdAdE A EHIY
AAZY FAAY AFY 4TE T F dvke Fol tE ABAMgE Fold,
oA 459 wound signal transduction 7] 3t%E )9 Holg & o}

Wounde) 918) oz $dAge WAL 2 ABE shASHE  second
messenger=4] jasmonic acid7l ZH&E wIE o AIAFHEC] RIHUG
(Staswick, 1992; Creelman et al, 1992).  wounded plantel*] jasmonic acid”}
ZFHgo] RuHSer, woundg UA & HEE jasmonic acidE: AAHLZE
Aei8%® wound-inducible gene T& WdTBTL e} wounded planto] A
jasmonic acid’t A HE= FAAd T E & o3t Hol A @k

Jasmonic acid®] AFEZHo] linolenic acidds F XA AtolH, olAESE 7%
Fs] AAs] 4 4 QlE &4V} phospholipase Az (PLA)OlZZE, B AFHAd e
woundell 28 PLAt 439 7154 & HAEEATH V. faba delA 1 cm A7 €]
leaf disk®& 9= C-ethanolamineg X @3 wixo] 24 A+ F<¢t incubationdts
phosphatidylethanolamine¥ phosphatidylcholines FA 3 F AP ez Hy HAE
Tt 1 #  oldq PLA»<] A&l lysophosphatidylethanolamine =}
lysophosphatidylcholine®]  %F¢] wounded sampled]* F718= o] g0
FRH QT 1 N7 Fole =74 v8 300% Fx=2 F71819 % (data not shown).
Wound-inducible gene=2] W0 A9} w7t A2 PLARS BAFE A2 K9
Bk ol]d B AA A w@EH=7) (Systemic response), 1B woundd) <7
PLA: @43} 74| G-proteino] #3tE7lE A8k Aot

2. W@ FYH (Microinjection technique)

nAEHFIEE o4dd dsA FATAG wud, AN 5 AEZTe
$AA @= BAES AU woiN ool I ALRAAN LA Nz ALY
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#Ag 7FAdS AAR 5 Utk AEAX JEo vAAEAVFEYL A BAX Folg
Z B o) 43 ojgrh. o] injection st E9E Dojulr] wiEe|th
v smgee] AHEste] WS FAAZ F injectiond I} EoldirtE HIEO
At (Brownlee, 1987). w3k abe] &8 oFFo] Eo7}A &L 734, injections
gt W o= jontophoresis®} pressure injectione] 1t} Iontophoresis = positive
EE negative curtentd F0] charge® W FFHEE HE Wz dof E= ¥,
dnl7l EA=AE AN B £A87] ¥, Pressure injection® ¢&EFF 7|
GEFAE o] L3539 injection needled] 73 $ES Fo needled] U= EES AXE
Wz B wWyelrt. o W cell el Enl9) volumeo] FEOZEIFE FAHIE
o g 22 2AA silicon oilS ¥ I AAL AN ALFL

B AgdeMs dA= o WHe Agstd FRAEY diEe #HAd
G-proteine] #AAE 7ol UsES @At (Lee et al, 1993). FHAX HE
qaA Gxn dAs HAFYYE F AT, FAT M %ol thE AEE FHAF
&t ZHE Hol (Fig. b), © 7I=% single cell leveldl A2 B&S HED = UAFS

F34tt.  Commelina communis (8¢3F)2 FHMXd vAdAuFYE GTP--5
= s2e 9A 9= (Fig. 6), ¥ GDP-p-S 1} ATP—-S&= 712 &5 o}%
FEFS vAX FRt.

3. Jon—sensitive microelectrodes

of ¥PE AA Wl o2 FTEE Ax ¢ H¥Fs H, K, Na’, Ca™", CI' ¥
o] 29 o|Fo] FAEY ANIAY Ao FLF JYL IR, oF o2 FTEE
w21 A A 4 = ion-sensitive electrode 7]&-< ¢ AR ¢ g
718 AT geo] A" Aotk FHde A ol&wts: FHAIIE FEE AA
electrode® WENTH, AZ3I77E wE A=gy FR ATFHAAT & 5 e
7l€ol gl o}, 1980 W RE &= liquid ion sensorZ pipette ol MY ¥l electrode®d
wEE= el AdEoe] AFe] ofF HoFFh o] WHE WAEFUYIG
PLRAAMA R A B 4T e AEE, W4 Fol £A €k, 284 plastic resin
£ pipette tip ol A HEFF A#EIEol 2} (Felle and Bertl, 1986).
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Fig. 5. Fluorescent images of guard cells microinjected with carboxyfluorescein.

Guard cell chloroplast accumulate carboxyfluorescein, thus fluoresce brightly.
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Fig. 6. The opening of a stoma bordered by a Commelina communis guard cell

microinjected with caged GTP-v-S. The arrows point the injected cell.
Brightfield views before (A) and 2 h after (B) photolysis which released
GTP-v-S from the cage.
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Agol dol AFE ¥ o H'e #5331 K'e F5922, B 490448 o 7148
olg3te] AolAFE st A2 AENFEL AP B,

4, Patch clamping

Patch clamping technique T2 A Xol|A ojn o] A3y ot} o WYL
1980 =71%-E 54U electrophysiologist %1 Dr. Neher$} Dr. Sakmanne] <£]3j
MEERow (Hamill et al, 1981), o] =He] 98] =E=Hd] voltage clamping
APA7E EYE F53949 W2 BA o ion channelgo] &A1, oF
iyl da 2@ el d#HskA 908 g8 A= AL HAF B o5 QA
HAtk o]8jt FEEF Dr. Nehers}t Dr. Sakmanng 1990 de] Nobel Az 2]&tat&
FE FAsg. o Wy EAL electrodest MET 74e] Aje] AUIAFoEE
10° @ (gigaohm seal) o]}o= wekstsl o] FoiA, o}F & %o AFE 2AY +
AE Aot

Patch clampingg AEAXEe] 37 gdxE AxXYE AAR: HHo|
A= ojof o}, oled BFHoFT o £ cellulase BE AT, o]Eo] AR
v xe A& HA48E 9 gigachm seale] o F FAFAr}; ojv] A¥ (Hedrich and
Neher, 1987), €53 5, AXW 27|82 e X patch clamping ¥HS L& 5
Aol RuHen, 7oz ouge]l Bel ofF gd duee BX I,
Foz Z ddo] s ool

2 Z9] ion chammel® FE9 A H& wW¢ =gA du =gA BE FEFo]
A=, Macroalgae ¢ 9%¢ Chara oA action potentiale] Z2AEHUEH 7 £X7}
29 Ad HE 1000 ¥ AT ==tz v} (Brownlee, 1987). ¥ AFHgH=
patch clamping ¥H{S o] 83l polyunsaturated fatty acidEo] 7|&<L dA38x K
channel&¢] 84L& 2L BRI 4¥& whole cell configurationel] 4]
A 33t Holding potentialgl —90 mVelA 0 mVE SR E depolarize AL 1)
outward current’} A7 3L, holding potentialel 4] -160 mVE %A $)& hyperpolarize
AAE o inward current”} WaE gt (Fig. 7A). °]E current® K* o]2¢ €49
72 AL reversal potential £33 K* channel blocker$] tetraethylammonium<
AbgEte] & 4 gtk 50 uM  arachidonic acid® AFFL o, inward K
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curent= F7}HE D outward K'curremt® #28ith (Fig. 7A). o8 ¢
A 2L 48L vrE3dle Current—Voltage (I-V) Curve® g &d], o] I-V
curve: arachidonic acid®] &#H7} oJd 53 A A dobe Ao opd e
B+ (Fig. 7B). Linolenic acid¥ arachidonic acid®} & A& B o} (Fig.
7C,D), linoleic acid= K* currentd] o}%-# J&E ux|x] ggie},

Outward K* current} 7433 inward K* curenty} #7}abd FwiAxE K
iong WRUA &3 A% £AHF Aojztn &% + vk AP4atel ¢F KT
currentE¢] W37t AR Wge 14 @E V|FEHE 44dEE GARE)
A3ty ®EHE9 arachidonic acidr} linolenic acidg =)= 874 1 (Fig. 8) phospholipase
A, (Fig. 998 Agstged, o 9 23 7]¥Fo] Fan (Fig. 8AB; Fig. 9), &¥
71%0] AdElA E3e &5 4AHE RS (FigsC, D) #AFsych. & o
A7E FHARXY opening signal transductiond] EBX#A|WF2ako]  second
messenger®Z & 71540l e AMAEE A= Yz gt
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Fig. 7. Effects of unsaturated fatty acids (AA=arachidonic acid, LA=linolenic acid)
on outward K* current and inward K* current (A, C) developed when the
voltage—protocol shown under A2 was applied, on current—voltage curves (B,
D) of guard cell protoplasts of Vicia faba. Guard cell protoplasts were isolated
from youngest fully expanded leaves of 2-4 week old V. faba plants by
enzymatic digestions. Patch electrodes were pulled from N51A glass (Garnar
Glass Co., California, USA). Pipette solution contained 100 mM KCl, 2 mM
MgCl, 10 M Hepes (pH 7.2), 5 mM EGTA, 2 mM NaATP and its
osmolarity was adjusted to 500 mosm using mannitol. The bath solution
contained 11 mM KCl, 2 mM MgCls, 10 mM Hepes(pH 7.2) and its osmolarity
was adjusted to 550mosm using mannitol. Whole cell currents were recorded
using 3911A Dagan patch clamp amplifier, filtered at 2 KHz, digitized, stored,
and analyzed using Basic—Fastlab software. Experiments were performed at
50-100 umilm s white light at 23+2°C. Fatty acids were dissolved in
DMSO (final [DMSO] < 0.5%) and applied to the cell from a large bore
pipette (about 30 um diameter tip) comnected to a Picospritzer (General Valve,
NJ, USA). DMSO alone had no effect on membrane currents (data not
shown), Comparisons were made only bhetween current measurements

made from indivisual cells hefore and after drug application.

63



Cont.

>

e

250 pA
i

200 +

Cont.

100 -+

—200 -

6007

4001

200+¢/.

Cont.

30 *#A”*V*MMW LA =00

500 ms

64

—200+



A. Opening, AA B. Opening, LA
£
10 + ® L

o - 1 M |

6 F

*
T a4l ! —
=
g 2r T )l
3 s
S :
2 C. Closing, AA D. Closing LA4
5 128 T
E 10 F -+ 4
_9 *
n st L * J

init Cont DM3S0 1 10 50 Init Cont DMSO 1 10 50

Fig. 8. Effects of 50 uM fatty acids on stomatal opening (A,B) under subsaturating
level of white light (100 umolm™s™), and stomatal closure under dakness (C,
D). Epidermal peels from 6-7 week old Commelina communis plants were
floated on the solution containing 30mM KCl, 10mM K*~Mes (pH 6.1) with

and without fatty acids In case of closure experiments 0.1 mM CaCl: was

added to the bathing medium to enhance the closure. Fatty acids were firstly
dissolved in DMSO, and then sonicated in the solution for 1 min to make
micelles. After 1 (closure experiment) or 2 (opening experiment) h incubation,
20 stomatal apertures per each treatment were measured with an eyepiece
micrometer at 1,000x magnification. Averages and standard errors from at

least 3  separate  experiments are shown., AA=arachidonic  acid,
LA=linolenic acid.
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Fig. 9. Effect of exogenous PLA; on stomatal opening. Sgtomatal aperature was
measured initially and 4 h after exposure to the illustrated concentrations of
bee venom PLA. (1.22U/ug from Sigma Chemical Co.). Asterisks denote
significance at p < 0.005. Other conditions were the same as in Fig. 8.
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1. Techniques

o] B oA AAFH 2 AP UE NEEE THLE HE AFUAA F
a7 olgd F dxr JIesEsE A BRIt o¥d= #EF indicators&
o]-&38= W, protein biochemistry, molecular technique ¥ "¢ 8% 7]
FoZ 2Ee AFUA #I dAFe] ol&F Aol oI AFE A=
EUHYE olF FEA €L FTLT FAEE ®Bol /AR Y= o ok ZA &
Aotk ANZE Ve MEE TAE gz -#udre 578
AAME 7eMEy oL FREoF T Flolth

e 0
e, rzi it
go wk © o

2. ¥ 4%

1. F¥AE7} ABAY &8 %38+ :7doA phosphatidylinositol cycle ©]
248" AL wHch

2, 43 & v A Ed A phospholipase A 7+ B433E& A}

3. TEAX AlA@HFUE GTP—-S7F 713¢ 9A%: A #Fsgch

4. Linolenic acid$} arachidonic acid”} 71 %<& @A8tx FHEAMEY inward
K'channel& € A&y, outward K'channel& @4 &< w3ch

olAe] A¥ZAAE wgosm LEE PLAY ¥ 59 739 d¥E FEIE=
Aol Ax #A T, wound signal transduction FAe] FaF¢ AL dvie 4 S
A, o] AL AFIE APYES AP Yt
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