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Stomatal Closure due to Water Stress in Plants
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The environmental stress that plants are most susceptible to is water stress. Abscisic acid (ABA)
is a plant hormone synthesized by plants to counteract environmental stress. The role of stomata
in plants is to allow the synthesis of sucrose by absorbing CO,, which greatly affects photosynthetic
activity. In addition, stomata are pathways for transpiration, which releases H»O and help establish
a water potential gradient that allows plant roots to continuously absorb water and inorganic substances
from the soil. Plants have a mechanism to minimize water loss by closing their stomata when exposed
to water-stressed environments. The most well-studied hypothesis concerning the mechanism of stoma-
tal closure is the response to water stress. When a plant receives sufficient water, its stomata open
during the day and close at night due to its circadian rhythm. In addition, stomatal closure occurs
when the concentration of CO; in the intercellular space increases. However, the mechanism of stomatal
closure due to circadian rhythm and increased CO, concentration in the intercellular space is not
well understood. When plants undergo water stress, the increased concentration of ABA in the guard
cell cytoplasm induces an increase in Ca’" concentration, resulting in cytoplasmic depolarization. As
a result, the outward K'-channel of the tonoplast and the slow-type anion channels SLACI and SLAH3
are activated, releasing K', CI', and malate2', causing the stomata to close. Therefore, in this paper,
the mechanism of stomatal closure caused by water stress was investigated.
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st =S A= =k 7152 7K A 7]
T2 oy WAYSFS FalA 23le AL
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(Commelina communis)®] =7k 2 E(intact leaves)ol]

*Corresponding author

Tel : +82-43-261-3360, Fax : +82-43-260-3361

E-mail : jslee0318@chungbuk.ac.kr
This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

A& stFth 2 F 7132 108 ool oF 4.5 um7HA|
FRloH, 15/ ¥, 9L o HEskat 248 99 7F
2 w2 A 23)7] AZEnh AR 712 GA okl 7]
T 7L 1089 oF 8§ ymE Z4AT o]AL 71T
HAUZE S e 774 371 16 ym2] 1/20] ATH3I].
o] 23= 71E €™l H3) 71E 239 whgo] AN
o wagds A4S Yedg. 529 7} (starch-sugar
theory)2 204171 &= 71F A gte] 71& Ad ot o]
o] &2 1856'd Mohlol o3 =RHATH3T]. 4 =0l B&
o FeAdo] dojut Al W) CO, Yol Zaste W
A E2] pH7} F718t & pHol A& =20 222
Z Bolste 52 A48t & A (starch phosphorylase)”’ &
48t FHAE W Yz AHFE]to] FUhetA 71F
o] &t} ¥, & XA doAE FFAol oA
%ol CO, &7 F7teth dfH o2 e pHolA =
So] FAR2E BV} HA ol 7] Fo] 23tk v
U FHEE B FIE BdAE GEA YRy 52
Aol AEHAY AZARE o] Fate] ra=Z o] A
of AHgETH Tt 52 72 19431 d 422 Ima-
mura®] =wo] WHEEA SR 7] AASH TH20].
194349 Imanmurat= FSAELZHRE I E EEsly,
Ea]® F9(isolated epidermis) AH-& 1HE2] KCl &Y
ol A ul) 313 TH20]. Imanmura= 2|8 B3] 9] FHAM X
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Aoty 3-?5‘}3&‘3]' o] /\]7‘4‘“51 K"
A < 53t EEE Q]
AZAPG57). A 71 239 WAYES K, I, 18
I malate” o] NEZHE ANZHA2 WEEHE Aol
HAs=Ho] AF7F o] Fo1A Skoh9, 11, 21]

Ty H2 SE-g JHEo] oA S WO WA, T
azx7F 7 94YE fEsE F8 AE a@_olﬂ‘rﬂ
SR EATH3, 12, 28, 29, 33, 34, 38, 39, 54]. °|# 3 7| F
ATe] AN E BTt oA E g 7|F AETgAE
S 71F 28 dig iAYES K9 HERE 8 =
HE Aow &1 9t} De Silva S[9]S 71F 23 0]
ABAS} Ca™ol 98 HrEE < dohE AL 4 Hx9

AP 319t ABAS} A £ 3] v A CaClL S
A7HE o 7F D‘H‘/I B FA FEEHAT 2
B3 kAol 10° mMe] ABAE HY IS W= 7FY
2717F ¢F 8.6 ume]™ 10" mM&] CaCLE 713 < o
7189 Z71E 9F 8.8 umel Atk 183 10° mM2] ABA
9} 025 mM9| CaCLZ 37 3 7}?&% w o] 71&e] A7)+
0.5 pmo] ATHI]. ©] A 71FL Ca’'oll o8 FEHXA
ok, Ca™' 3 T3 ABAC <3 71 & 29 mAYFe] &
A & dtkeE AL oudet. weka ABAS} Ca’ 3o
5 JEHOIAY S AadGA Al ot 71F
239 MAYEFES 2SR

Ca’ -AISHEAHE S5t 71T 2

Ca’oll 93l A 7]Fe] B8 4= Atk Zo] G AA,
==
o

AR ol ca* FEe] 2717} o® WAUZS FolA
N Bee fEaeAo A% 4780 Bl 13

Z h(tonoplast)ol| 4] M 22
2 K7 gEdAY 7F ‘?:”él Betell FHAMEANA WE
== K'Y 90% ol do] FHAE Hxe A Fef=E ATt
FESFAT63]. 0.1 mMI 1 mM2] CaCLE 7|3+ vl
N o] G BAE(C. communis)®] EZFI| A= A}
KCIe 9J3iA =9 71F o] JA=HAH[9, 21],
dd 718 A 18], FHAE AP HA 9] 7]
7} 223 TH11]. 0.3 pMe] Ca™ B X0l A= H-ATPase
o] o] 50% Fastgem, 1 yMe Ca’ FEAA =
H'-ATPase2] &7d°] YeR}A] egkth24]. Gilroy S[15]
2 FHAE] HZA o] o 600 nM9] Ca™ FEE He]
P& W= 7F 2YE BEAY U, 500 nME Ca’' 9}
EEE 9FUE Arole 7IFol 23A Geval B
3 TH15]. Ca®" Z o] El(chelator)?] 2 mM EGTA (ethylene
glycol-bis(B-aminoethyl ether)-N,N,N',N'-tetraacetic acid)E
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S AE(C. communis)o| Al L& wHod Foll, Yo 5§
BE B3 E9)(lower epidermis) W WY ol 2] 8}
ty, 713°] @& AE 95 ’5]'7 7189 A7E F
7P HeH, Yol glE A E%e el 7F 2F
o] A3 F JATH52]. 21 &l A Ca2+‘: AR ) Bd
B ot Az ]%a FAHE oA EAGEAR &
HA 2 Zg P FF " A 9 E 2 E
@ (calcium modualated protein, CaM)3}2] Ag-S F3)| o]
Fol 1T 18].

Ca’'o] TWAE AX Yo EA s FEEHE]
o] ofgA dojub=A 27lolle 2 A Zdoh o
Totols MEZAZ K BESe F 25, 93 (out-
ward)-TPK/VK @3} £]&A TPCI/SV AdE0] ATh
[29]. ©1 & &JA TPCISV A'dL& K3} Ca™” F FF2
olese AEZAR UET 5 3lon, 2 TPCI/SV-
K" Ade Ca™oll sl B4 3E Q53] WekA 7]1F
Ca’'o] dzuto] MZAR oA K A de] A
THNAA, AZAZ] K" E 3iA dojdth
Fa1Al =9tk SLACI (slow anion channel-associated
Zo|| WiZF3 EAHo|} COy0l F1743 EHH o)
| ik AEolA S Fol AEE Ao Tx
H ATH3, 40]. SLAC19] 715 e E@qol= f71%h
(Arabidopsis thaliana) FRA L] S-F8 2ol Ad &
A& A £4ANAT3]. SLACIE W71 ZN(A. thaliana)
ol 4711¢] “& ) (a homologue of the slow type anion chan-
nel, SLAHI-SLAH4)E X 33l= &8 FoH3]. SLAH3S
ol AMEEA 7| Z @3E F5311, SLACI EFF 7]
FR & FASkE N7 A FHAES] ST Jo]2 )

TH13]. R¥(rapid) 3! S (slow) o2 A7 AHAF
E(patch-clamp) HH S AL83t AF(Vicia faba)2] -3

X AP AT A Ao Z BFHATH23, 50]. 3
o] AEQR] AL AXxA dojupeZ At
o] A de] EA stk FHrH10]. U}QFOH R AL
A Eo] EASHA FethA
old 71 glth. AE &0l %’”5}3 ZH
Zo) 10°719) o] 2ES WmEA F5T &
delxoh Ao AHe ke @5} z=
pHS} o] 25l s =42 <+ 3l =
AP = A ZAA T 715= —’Fﬁg sk ca” A
A4 gFolt), o) 23} WEARRI Ca¥'o AZ U &
olt], ZmEH | TA3E M Ca’'e AFe] B
stk Ca¥oll 2FHE ZREAL 7| UA] E(kinases) EE
¥ 2 3}E}A| E(phosphatases) ¥ 22 ThFgt 322 Tl 3}
9] H5Aes Hysle 2w 4As AY AR dRE
2H-8- 3 7]

21 &9 %-‘4"‘* Wgo A Ca¥'3 AT 2REHLS
IAA (indole 3-acetic acid)®] =54 Tl HA(pin)s &
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d8tete] 1AA FEFES %—7}/\]@ [61]. Ca*'o] TEZ o
Eo] K A2 o] &4l
S = AR =A% ‘3]- CAMK (calcium/calmodulin
modulated kinase)s= CDPK (calcium dependent protein kin-
ase)] 3+ TFE, CDPK wHIE = 6714 39 &4
2 7IgetAl 2 FAHEH, 4 fF3oe T3¢E =4 =
olo] 2 Ro = L HTHIe, 26, 55, 61, 63, 66]. Ca ol
o]+ &43kE CDPKE SLACI % S8 Fol Ad 3&
A=t S inward-K” A'2& 5 K FUE A
SHOH3]. Talbotte} Zeiger [57]= 71&°] €8S o A
E Wl A e 293k 800 mMe] K'o] 3 5 Atk
w g EIY Fel Eale] Age A AT Y
A wgate 71T WAUE S ey RuE
tH31]. 22l 99 FHAEE 34 alET vj¢f
AM(KCl == CaCly)oll © W73tA w859 ). Grantzot
Schwartz [17] ZL#] 3L Lee2} Bowling [31]
SAT 9 AoloA Yofuhs 71T wree] Aol & Hsh
AT} Mott S[38]& HF(V. fuba)2] E&]¥ T I Z 0] &3
A wf, 71Fo] He] FE} CO, FE2 Wl ¥hg-3f
A gt dESA
webA EEE F3 9t EFEA 42 o 7]F w
o] F 7kA F8 ol o3 tE 5 9
e QSN waAEy
(middle lamella)ol] 2]3] @dstA A= o 7] wf e,
el Aol A mIAA L o] dojdtt. =4, ASA
Zo| AARZ el FFAEe; FIAZ Abo] o] AFEA
ZAZE AFE A7) W] Ao FA T wEba cat
of 23 71F 2ol AAZ oA g o7
3 AR A &gk

L rlo ol
e
i)
i
2=
A
o

HE2RE MSHIENAE S8t 7|3 28

ABA®] 7V T3 7IsEde T4 9 24, &
s P4T gAY AA|, BHEH 2EFG 20 i A3
Whg 18al 7)E 23e fEske Zolth ABAE AE
A =53, F& Ade FA A%S B3] 93l
THIE E(bub scasles)yS HZAZITH ABAE T3 3%
AT AE ELE At 12 # 23 Al
A& JAEt] AL & 2o U3 H3e8E 7}
AZITHE2]. AMAaA A T FEAT FE A2 Y F] =-3-
Ql4ke] Hh-g-3le] o] A3l ERd o] )1 4H(Isopentenyl pyrophos-

phate, IPP)o] A E T} IPP= ABAE A 3= F4HE
2 IPPE 7}EE| o] B &3l 9 A A W e FAE O
2 384 1A & F3l A%ﬁ o= ABA7I 428 F
=5 Agshs Sb=olt56]. ABAS| 749l IPP=
A A o Al élow 2T 348 o, AxAdA
S E IPPE M AA| 2 E0]71A4 ABAY AFAR 8-
3HoH36].

o] AlZFETHS, 53, 58, 60, 63-6
of THAZ AEA e} Ca™e Z1TH35,
48] FEZEHZ2E WUS W, ABAS] &4 A 1 R
3= NCED (9’-cis-epoxycarotenoid dioxygenase)= 2= 2]
BE A A 43Ut ko), ZEP (zeatin epox—
idaseyi= Welol A7k FASFETH) ol WE, ABo] 5
2EHAE wro ABAY Ao V)l Ao=E %}g:]
2 Y8, 58, 60, 64, 65]. L&} "’]‘«] }E(C. communis)
AEmE 10-17°Col M A o 2o Az 7)E
< 235 JFd=E EF3a, ABAoﬂ «]’B‘H =8 A=zd
Ca" T=o] F7H vEhiAl s Has SIthl]
o] A ABAY] ol 71F Belo] WA AEA vl
i 520 3718 fmsteAel tske) ojwo] A7l
T AUTh ABAE 21 7]F 2] vAYUZLS v o
st REE BA o ALEE = ol whel ABATE Al2E
o] ca v= F7kel E37F AAY EE mEE Ble
et = FoHeo].

Bye 7t a3t 71eES A& AX e A" S0l
EgeT 4BL 2] B4 HO% COsE ol $3ko 3
YA AL Fol #AR2E ANIIER 59 JUL

B =

TEE SV

B e P
/) 9% BAEES Sstel N 4k w22 A

= A
58, 60, 64, 65]. E%F ol & T-F7Fo] iste 7HE

FEol o] 2, EFd} A& Alo]9] 4~E-3 Bl 8 (water po-
tential)2] 7] &7]7} AL AES B EZRE ES FF
S 7t ok ol @ A Eo] & AH A, AES BS
st 7 F83% Ve 71ES 2ot O ol i

E£4e Aashe solh

AS
T 2Ef 20 o3 7]F 232 B o] ABA &

Ao Z7IRRE AsAGAAZE AFEY Sk g

e ABAE F#& 234, & ERS 53 o= 54

o A o] 22 Yo A ABAS FEE FAASE #

A3t 91L& oyt MZA o] ABA TE+ HollA<

T4, AFAZ o Au) 28a BejRRE ] Fo
A Z713TH56). ABAE EFRE B 5P 4
2 FR2E#H 2 Ao wold ERF £ pHe
08 &7 315 9] pH 6.3°014 pH 722 =olzith &2
el A= ABA” FAdo] dEEoA 2e A T
A

Foloe FUARIL Qs F7AA Be) S50l 9
Stk 7bgstgich. el Bakie] dgelsit ABA
FHAERE] 54 ZATTHE ol2ol o EHo] 4
o ABAE: WA YA E o] A5

rimlm-hgﬂﬂ_um{mﬁ



7] gj&olth. AHS B3 FEAY 7% £5= FA
© 2 1 mh'o|tH56]. ABAE EH5} A B 2T 9
3 REE AT IREA O 7 A|@{E FHo] FHRI Aow
dH R H54]. W2V ANA. thaliana) N A= T8 ~EH =
of B3t S-S AV ERlEy BREAAT F7
2E 2o tigh ghgog2 A ddo) uidt H4%
a7 5P 24 A"l e o Z Wt 1
< 7 7H= ABACl 9|EZola hE dhub= ABAC =9
ol AT, 2, 54].

Ca”'& A ZHHe] Ca™ o] A& Fal MEH, LX)
J8a AZRRE PEHE oE B /‘ﬂ:fél«l
Ca™ H5+E 100 nM 3¢ ¥ AZ(10 mM)yeF Al ZH(1

mM)2] Ca* FEE U OoR Folx AEde] & F
= 7]1L7)2 Ql3te] Fulo] S EHTHIS, 18, 24, 51]. AE
A Yol 2Asts thiRe §4E0] Ca’'dl s g
AZA W Cae] BE= At 29t Axd e
Ca’ FEE WA FAEH o} 3, Ca¥ =9 W=
AMZL HEEo] A2 e 2 4T HI=E ojojzl
o} o]} o] MZZ L] Ca TEI}F YA AAHE A
g At 9= Ca’-ATPased] BAS B3l Ca¥'e 5%
Ho=Z Ax vtog W& ¢ Q7] "ot 7| Fo] &
3l BUK E 2ol FES viEte SAME I=
uke] o] A do] & %El‘zqt}[zz, 49]. 8 2Ef 2~ 27
oA 9] ABA FE= Hd 40i7bA] F71E 5 Aok

HIE §ATH43], o]H 3 X2 ABA & Z7}= Th2
AP A= 4wx] Z3Th ABAS} 2 ¥ 25t
oW Ca Ado] BABE O AEAL ¥ FEI T}
gtk 1 uMe] ABA A= <F 2-10(F 200-1,000 mM)Hj] 2
Ca®'9 ¥52 Z7MAHTHI14, 35]

MEZAL Ca¥ TEE fura2 T=E indo-17 2L Az

sl o] 5 A Aeke AXLE B3 Gt

AZAL Ca¥' & ABsA ZA3717) o8 AL
2 dEFT g, FEAEE dE7} glo] o)E g
AloFE o] 83} é QE} w2kA ABAY 23k A2 9
Ca FE Wde 3t ol wet AU oE
Ak HZ 7‘“:r(V faba)§ AgZ HAEFHZ 71HE o]
3 AFPolX ABAZ B35 Ca Ado] HAQ 13
AEQ Aoz YelTH35). Ca G4 Aok B3 4Y
ANME gr] e AZA Yol ¢ wx2 Wit B2y

¢}

Jﬂ E]IO

=4
4

A EATHS6]. FAAZ(C. communis)o A FS5AHEZH
Bl E2l¥ s3I (lower epidermis)E AHE-gF A g oAl 7]

J

o 43 23L& KOl 2 CaClhe v=o IA %4
ATH3]. CaCl, (0.1-1 mM)e] H7}e= 3 =74 7183 KCI
o fite 7y 489S IA JAS L, Y 7S
2 A=t om[s52), 3HAE dFFA ] 2717 o
A = ATH38].

AZAL) Ca¥ 57}t F71eha FHA L] 7%

(o

N

g
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it
e

= (depolarization)® T}, Ca* ol 2]
ol A &4 s et o)

Yol ofs) FEE BEIE I T 2]
1
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o
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91%%]3}% o2 BuEltile, 26]. 218

ol W17kebA] a1, whe] gEFe o) K
W23 56]. CaZh‘: RBOH (respiratory
burst oxidase homolog)-D/F & &4 &3sl1 ROS 55 F
7FA 21tH41, 59]. RBOHEE ¥& % 2] &E NADPH A3}
FaE FHAAS 715E F33k= ROSE A o7
AU, thaliana)® EA3H= 10712] RBOH 32 5 270
¢l RBOH-D ¥ RBOH-F= ©-HI & & I (pleiotropic ef-
fect) & WEFN ™ 2=E# 2ol thek vh3-& E3H3E TRk
”‘gﬂ]?ﬂ’ﬂ A S FASE o= %}qui‘:}[ﬂ 591.

B AE] ca” oEZQ Az AG BEH, gts
(11gand)7]— Azete] FgAol 2A%std o, B, v /\D‘rfli
745 G- o] dAstE g 43 E Go-aT9E
PLC (phopholiapse C)E &4 3}A171t}. PLC7F &4 3=
ZA9E|HO| Al E 4, 5-9] Q1 4K(phosphatidylinositol 4,5-
diphosphate, PIP,)©] DAG (diacylglycerol)2} IP; (inositol
1,4,5-trisphosphate) 2 3l 2] T}, IP; HZEol 1| X]= ABAS
AHE Golry] YME IPEFE QS AEEH
AASE ol|=AE A4k7FE-3) & 2 (inositol phospha-
tase)2] A3NA QA Li'S wik vix|o] FA 7= Zo] B
st} o] Zx1olA ABA A2 £ 10% Wl P9 =7}
Z7}8F A TH32]. WAV AN(A. thaliana)N A1 ABAS &8 A
55+ PLCO| S Adsh= QFEJAI 2~(antisense) DNA
£ AH83he A= ABAVE ol A% B A I3
BEFES WA A PLCY A3/ dojvof dth32]. &
Hjoll Al PLCE QHEJAl A FHAZA FEZHO R
ABA A& zdgo] dojuba] eiskth[56]. 1E L A&l Al
9 G- d AsHGo] FEAESE tE2nE Zo] &
HATH42]. WebA ABACK 2 s IP3 =7 7= A
e o B2 FA7F stk 'Y /4= CDPKE &
Aalste] QR ZRE €Y 571 HYdS EXE 5 QU
Ca’’oll oj3] &A3le CDPKE SLACI % S§ o] A
2ES AFstE A K F9-e AT, 26, 61].

PRK (PPCK related kinase)= S~H 3D ele] o4& T4
A Aol gl 7284 ek =mQlE 72 ok
[16, 56]. vl = 2 EH|Qlef opuliegt A2 74
H AsTe CDPKQ} CRK7} HA3HA A& = o] 1o
TE e THE T Atk A= CAMKE 4]& CDPK
2ot A F %J/]' o 9 #HE 15S 49T
N7 4N (A. thaliana)®] 4271 CDPK, CRK, PPCK % PRK
2kl ™& intron 412 PPCK/PRK”} CDPK 773 9
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b &3 7heAds SRy, 18t Aol A o
QI E E(intron)°] F7H= A

44-46, 55, 63]. 71&°] 23] UK A

il shs FHAAME Hxukel o] Ado] EA3=
S E ATH22, 27, 47, 49]. 47H] BH A o

43l 13719 CDPK A=} Atolol & fofm g #A 7}
Aot A3H 02 OSTI-S NADPH AH3lg 4 W& 20
£ Ad 1(quek-ACl) 183 =¥ &

=4
ACl) 59 ZAHL 5ol FES =TT

3 =
2 Eo A SR 2EY A ATHNDGS 2 QARG =
RELS malo|tys, 58, 60, 64, 65]. EF-L 7|RH o=z W
Y7t F5E F A= 0, 77 4S=4dE 183 ABA
E Y F Utk AL FHAE AESQ =T, obF
Ab F71AE @l K Ogla SEE 5S4 5 9
o 28y A FFAMEES g3 gA EFES
FE3c ZOo=E Hol ABAY B&HQ 4 FEE EF
FROE ABREE G A T56]. 717F & nEolv #E
I 2o BR[O Afoll= HEdA F4E ABATF A1
FAL EFRE AP FF(canopy)©ll A+ A2 FHA|
Z7A e FE& QW Aol AY AoRE FE5F Ut
ATh
Eoko 8 3fF(soil water moisture)> 52| ¥}

B2 $719 Av} 717 Bk

= 7180 gdnh EY rgol wom gl
ol HIAE 7|FE delA Feth EYAY & T
Fo] W3le AIZEe] Aol E FHA AL dojdth. B4k X
A 84 % (soil water field capacity)©] 1< JH Z,
E¢fol 2 x3lHo] S woe e & 2EH
S 7 etk EGY FEHEAEC] oW AE9
EARAEAE A4 A9 B s A o] Yopxd
A& FEHHAL gopxintt, o] A EE A4S
A3 Fole A5 BE 718 7HsAdol it 4
EA4 We] FEHEAe] A et 25 ZE AL
ZH-g5Q B, @i A, ke 4 e A Al
I} A Sol JAET. LFTFES AAAE 7HA
I o] B AFoly BA &2 g 4 YA,
A& 3 Wl dig & A5 Ag A2"s 7HA
o AE2 B3 A Aol wEA vhEst A
v

Lol (Drosera rotundifolia L.), 3} X 2-&(Dion-

aea muscipula) B S (Utricularia vulgaris) 53 22 2

Al AZol A WERT30]. Hel A SE) Bl &
Zo] &4 Yo &y HEsH Ho|(F=E 25 An
‘FET)Q/] %Z}C\):Lg—i ?_]_t:ﬂ' ;1(_].%% Zj]-X]Z'ﬂ— %]_O ?_]-_Z)_éq] _?4 -]
S T Mo R E(trigger hairs T+ sensitive hairs)S

934 At} ZZo|u ARyt o) HE F
sl Mg S, A A A4S

of HEsE Aol

EEHUF{N
0

Jhe
ot
3
P
2
lu
=
[t
X

o N Lo
do
E{\H d
)
3
<
S
A
)
)
lo

ZAg-olth A 5L ol BElE Yl g3 0)A ¥ 1
AE FeHE 4tt) o] FsA B A A EY AEY
HAo] 7hg 2 Ao Eoth 4B &2 oA g 7
oA HHe AE WHE A A ok AL, A E
o] A H A NA AESY] A= HYAEIT E7)
AZe] EAE 22 = 3t Zlo|th =3 252 Ao} 9]
v ¢ =7 AlZE e Ade FY0] T30 A&
Z7IMEE A5 BYE 223 vjofol Xg A F o
2 vEstE Aot wetA 25 HA B3 2 E9
AR N2 713 AYsES SHsE A T8-S
Zk3 A MEolth A5 AYoE FddA Blojd
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