Q9] =519 9B Ak T Wy
(Leaf Senescence and the Metabolism of Oxygen Radicals in
Peroxisomes)

29 =3 9 AE F2o dubEl £a) € 1 BeitEe] AEAY b2 N#oze o] F(mobilization) & ¥
de A oR W A8t (oxidative process) otk 99 =3l@AE F2 F3A &5 AA|, AE 27|
T2 B, G249 A 22 AE TASEY 24 2 X7 BExpe) skl AEe st FAQ F7) 5
o oJal £47 o]zt Buchanan-Wollaston, 1997). §3] A4 29| 148}l whah Axet shaj= wajaby ot
AEZA A TAEE BAF Aa BalE(activated oxyegen species | A0S)Y] Z7tel F2 7]918tH Thompson

15BN GEA defzols v ¥ ASATTE w33 A3 A QTEHE JUAE AFer] Yate
wd=H dAL € £ Qe AE EAEY 5T AL 98-S 3K Buchanan-Wollaston, 1997). A gekzolt
% A2 40-50%E HHshe galactolipidE SFIU LA~ (gluconeogenesis) WS B3 Fo g AdHE

=SSR SF Hod oUAYO R o] LAY 32 ABA Yol I ¥ & AL PAEHE
Y 9lo] 71EARE ol$8th (Landolteh Matile, 1990 ; Smart, 1994). ol2)& Bslaiao] BREHOE w37} A
49 #HFAF(leaf peroxisome)HolA dofubs Aoz AT o] Ak o HEAFo| vpx] A i F
AF (oil seed) W9l 2EISAIE (glyoxysome) Y Aake] f-A3h-83) 28] malate synthase (MS) 2
isocitrate lyase (ICL)$} 22 glyoxylate 32 FAEAE ¥3sh)e A2 4Z2HT 9} (Landolt®d Matile,
1990). B3 MS$} ICLS wde] wgl5el AolA Z7kd fdx Pl Axnterd FAdohs vak wgglct
(Pistelli &, 1996).

A, B4 A FUi2 (oxygen radicals) g EEaE Al
& AR F5& 2Yslke A HYHAE E8 e Ao2 dHA 2 It Thompson %, 1987). @A77 AT
of ofetd, AF itk BAEL AEY =l olojA A &g AUAHS fFrEA) HY oA
superoxide ZH]Z (Oy " ), hydroxyl #Ht]ZH "OH), HyOs, Singlet oxygen 5] Z3H 1T 9=t o5 A2 g
Z Fo A 53] superoxide BHHZE DNAS AA 1EAEE A&sH] 246t 3EE + 98 A=Y AP
AsE oA NI F&& olue e AsA| (AHaEA) 7} "ik

g AEe AX W SAFE 4% a8 vg4A% g4k o)A (antioxidative defense system)E 7FA) 1
etk Superoxide dismutase(SOD), catalase(CAT), peroxidase(POD)$} ascorbate-glutathione 33 T8 &A
Zo] % kst 8§49 d7F At v E4a% A8l (nonenzymatic antioxidants) 24 ascorbate (HIEFI
C), glutathione, @-tocopherol (H|EFY E), B-7128 2 Zgln o]t So] 9w o|AES F7 G2Ad 2%
alo] 3 v EZgjope} B[S AT EAF] T YA 3 girk AAEQ AL S stllA A8 9] dHks} o
Ae 93k izl figh S8 W g A8 AT FAu A4 grizte] AAo] gAals Holxg 234}
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w o T

HA (S50 4Ex89 3 oluel st 27t vehbl €t
aEE 2 23dAE 99 k3l E GANL B B AuSAIEe 5 BuAe) nad saz di,

1. SSA%e] Bl (beroxisomal heterogeneity)¥ superoxide ]z WA

H

HEAES AT (single membrane) 7|9 oJate] AE U] 9 Axds) ZAAHA nHHow Eajeh= 4%
AE A71Ho2AH 5HH 0= catalaset HiOpH4-flavin oxidases& E33t e} (Huang 5, 1983). o] A%
£7182 1960 24 iLLi w8 85 2 AgEHH Aol #HEHT (del Rio ¥, 1992). ﬂ—"ﬂ 54
Fo] A HEAIFY SFAHZ AolA 2R FA9] Hi0:E o] 7H8L Q3= catalase S o]-&3la] Ha) A
A7le qEE T@O]*‘ AoR derov e A BE N TAA 41£*]i°] T AEI5E F
gala glgol WAt (Huang 5, 1983 ; van den Boschs, 1992). & HSAIES Aoz A3y dilfA
S g@ddtal o kg o tE dikE FIE 588 7P‘]J— Ae 740]‘4

3t HEAEY & FY2A FESAELS F2 AT T A AZRANA £ B F ged o7ldE
[Hite] p-Atstel Fa A AdE doz AsAI)E glyoxylate 32 THEAES XFetn glo] Fahgol
o} ol A& 27|A%d 2A A%} (Huang 5, 1983). o HEAES B E Fd5E 23 o £}
33%E (photorespiration) ¥+8-& gdsts AE AR HSAFo|th 7)o Bxsh= 54 G422 & catalase 019
o] RuBP9] ®34HE<1 glycolateE AF8HA7|= glycolate oxidase® hydroxy pyruvate reductase’} QJth = o}
2 Eotd HEAIEo2A g5 A FHE BEv (root-nodule) AXE Woll E¥3H= root-nodule ¥2A1E
o] Qlem o] AE AHeAE AEAHY FoT o]FY Hi AFPEY & FTFHY allantoing) o] dojutt
(Huang 5, 1983). ol2|gt &2 Fejo] HSAZUA Ha0p9] A4l B T8 diPHERME 335 349
U9l glycolated] Atshutg xubste] A-4t3} flavin oxidaseZol @)% E4NS 2 superoxide zhrjzre) wig
Hhg Fo] Bi FH1 9lth (del Rio %, 1992, 1996).

SAEL WEZSTolel GEAMY Ao GFAQ dAEE 3 AAREA superoxide FHIZE THEo] Wl

b f
o M

e

J

r

’l

Membraneé

Matrix \e. e-? Te'
NADPH
NADH

Fig.1. Mode! illustrating the NAD(P)H-dependent production of superoxide radicallQ ") by peroxisomal membranes
from pea leaves.
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o 9% Y] HEALAME Hojm FFdlY superoxide BU1ZS] A4 Favt 48R o) O F F Fak HE
A% 712 (matrix) F-324] o] 9= xanthine oxidase?} superoxide @rjzte] 4AYdo= Folyglon &
vz g s s feaEe o 213 (del Rio 5, 1992). 9 HLA1E Do 98 superoxided] Aol AL
TR AR Azt B0 e AR BAAL i} F, o ¢F YHSAFANA WA BSAE o
Ao] SDS-PAGEd ¢sto] |5 0=tl] 2 % 3749 mehd (18, 29, 32 kD) 9 EA4o] 47 32 kD9 flavo &
Wao] NADH: ferricyanide reductase ¢ 18 kD9 cytochrome bs (cyt bs) @ 29 kD9 NADPH:cytochrome C
reductase $9A2A FHHATY (Fang 5, 1987). o] Yrild AJRE0] NADHZRE cyt bsol] 0|2 dh}g)
e AR ADAE o] Fo| 3EAE W superoxide lZ Aol #ed Aoz YFHUY (Lopez-Huertas %,
1996, 1997). o] o) ©Jé}H NADH:ferricyanide reductase, cyt bs 2 cytochrome C7} @435 0] 41825
superoxide SH]Z4E 3YA)7)=d &, NADH:ferricyanide reductase® HSAE 7|29} NADHEZYE cyt bs
Zo2 Jojuhe A 3 FgArt 5o oA eyt bsi AAle] ¥k AAE cyt Coll @A FEH o] FAoA
WA superoxide’t HEAE Lo A AAEE )RR superoxide A Ye] Aok 39, 29 kDY HEA)F gt
Wzle NADPH:cytochrome C reductase #4-% 714 ¥4 superoxide ZHtlZh AjAlol #elghd doA] AFs
NADH:ferricyanide reductase 41tk 2 vehdol (Fig. 1),

0|9} Z& superoxide iz 4L HEAIFY vl AAHE HojzlE NAD & 387 f3td 584
F9 AAAG AlEo] 9d NADH At doluvte 98 ¢ gle 292 Bk AAHQ diAl A3l #HE
AEel ofs] AAE superoxide T AT g o)z Rehd 1 ol MEZ} superoxide BIZZHH
88 BaEy| wFort 12y HEo] 2EHAE ¥ v T FHSAFE oA AA4E superoxide #]
Zvo] AEA o W HZo] Yol Hol A¥EE Az Ase @A Hoh

J

b

J

Hopd F ghiellA wjgslEA AeHoR 9 w8E FRoidE W =35 Yol Eejd #HEAl
T 3% ) !

glycolate oxidase

o
3
/ °
&
umol NADH . mun” . (mg protein)’
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Fig.2. Specific activiies of enzymes of activated-oxygen metabolism, glyoxylate cycle and photorespiration in
peroxisomes purified from pea leaves induced to senesce by dark incubation. XOD: xanthine oxidase,
XDH:xanthine dehydrogenase, UQ:urate oxidase, SOD:superoxide dismutase, CAT:catalase, GOX:glycollate
oxidase, HPR:hydroxy pyruvate reductase, MS:malate synthase, ICLlisocitrate lyase.
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(GOX) ¢ hydroxy pyruvate reductase (HPR) 84%=7} A48 ZaEH il 24 JAHJS de AY ol
A8 AEHRA et gy glyoxylate 32 2491 MS9 ICL BAEE 38 daAs AEHA gout
w37} X HA FE o2 ZE718k) (Pastori 9 del Rio, 1994). %8 8l (purine) 23] tiAle] #d® %717
7291 xanthine oxidase (XOD) ¢} urate oxidase (UQ) 4% A 713t} o|gA 71l XOD ¢ UO &4
< 77} xanthine 3 uric acidE A8} A7l oA Babdel 4ag SAPAAN B HSA1EW superoxide
gz H0; 54 23 Hev ol F 2259 T/ =3 o RNA #8245 78 79 o
7] Ballol] oA HEAEF] A4 &S ofn)ste Ho| "t (Pastori 9 del Rio, 1994). HEAIEFAE &4
g A4 gz diabeh #EE = g2 Fe 549 HEEAM F45 &4 A9 Mn-SOD (Mn-superoxide
dismutase)B4%7F 9} w39 g0} F43) F7KETh o) 22 AR HEAF0) superoxide ZZ F3 3}
H:0:9] #Aelgke &4l Ada] A3 uishz 7o) drh dAl 48 HSAFAM9 SOD EAe A= 7 £
o] AN B Hyen ojF 4 £ A5 SOD 247} immunoelectron microscopy®l &late] 154
th $8 Hy0p 2alo] 2AHQ 938 21 9 catalase FALEE 288 =371 A wel 2 @40] A9
o &9 (Fig. 2). 4a 02 dipeh #3d o9 22 g479 wshs Addoz w3 9 (natural
senescing leaf) A E S48 A3S JeRa v} (Pastori & del Rio, 1997). 0|43 HLAZE e H,0; 5%
o} HEAE 2o A9) NADH &4 superoxide 27 A4S A2 Iishits £59 tfEo] w3lFdl oo o
SAZA A Z7HEER w3de FFHoR TN A4

superoxide Z-E AEW AEZE A WEATA HH £ HSAE stez d4 2 5 e H0:9
FJ 8 AAE (Table 1). o] 23 540l &) Zm & Hx0:9 superoxide 2hrjze] At
23k AbshAlQl hydroxyl EHE}Z (OH )o] WEAAWA A chofdt AslrEa e FusH 5
(Halliwell ¢} Gutteridge, 1989). %& 9] =8He<t #HSAE Yo giAlabge] wiske dovle AE A3 (cell
signal) BAEA 9 #AdA B uf o]F superoxide STZoLt HiDpst 28 444 ddd & Ax AaA

Table I Lipid peroxidation, superoxide production, and H20: concentration in peroxisomes of naturally
senescent pea leaves

MDA and HyO: concentrations were determined in intact leaf peroxisomes purified from 15-and 50-d-old
plants. The NADH-dependent generation of 02 radicals was esitmated in peroxisomal membranes. Each

value is the mean of six(MDA and Hy0») and three(O2" ) different experiments T se.

Age Lipid Peroxidation Superoxide Production H20; Content

d nmol MDA mg-1 protein nmol O2 --min-Img-1 protein nmol H202mg-1 protein
15 0.78 £ 0.1 46 * 1.1 1.9 + 02

50 <253 £ 03 98 + 35 32 04

9 Aol S9E S5 Az 284N
QA Fol B Aol AFANS) s :
Y5 superoxide Felgelt HOpE S48 fa4je) we
e Aoz AL U,

d3te 38l A 2t} (Prasad 5, 1994; del Rio%s, 1996). ¥
' S de Ag afste] & o oo wshaet A
e

158% B4l ofE 4ug ¥ &

- L
w O

¢

3. Ascorbate-glutathione 3 z¢} =3}

Ascorbate-glutathione WAt 3|2+ Ho0p7F AAEE oA HoOp FE3] E491 catalase’} EA5HA] &= Al
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T BN HO.E AASH: ol 23491 o] ®t} (Klapheck 5, 1990). o] AR R 4719 3413}

| ZAHHE due) dhgol| A Faksl 8l £29Q ascorbate$} glutathioneS: o] &8k o] 2] A
U 237t 424, NEZ, nEZSg o}l 54 21 F1 9tk (Foyer 9 Mullinneaux, 1994; Jimenez 5, 1997a).
AF YoM EE HEAEY vEZEopol A o] HZ 4 47] &4 BTl A7t D gAY (Jimenez 5,
1997a). &, ©] 47}A] &A%E ascorbate peroxidase (APX), monodehydroascorbate reductase (MDHAR),
dehydroascorbate reductase (DHAR) 3} glutathione reductase (GR) ©]t}. X8t ascorbate$} glutathione©] Z+
7t 159 A9 dehydroascorbate(DHA) 2 GSSG 87 EA3tth= AMdx HPLCE4o] s 5=
t} (Jimenez 5, 1997a). A 9 H2A]ZW ascorbate-glutathione 29 S 3t Zdo] Fig.3 #} zZo| A

|Peroxisonral
Metabollom

CATALASE H20
NADPH G8SG ASC
NADP esH OHA 4 ™o
xanthine

Fig.3. Model proposed for the function of the ascorbate-ghutathione cycle in leaf peroxisomes. ASC:ascorbate,
DHA:dehydroascorbate, APX:ascorbate peroxidase, MDHAR:monodehydroascorbate reductase,

DHAR:dehydroascorbate reductase, GR:glutathione reductase.

k=l a 9ltk. DHARY GR2 #SA1F 7|2 (matrix) F-HollA 25w whde] APXE #&AE 29 upgZ Hel
ZAgHol otk o|E A= ek Wl A& HSAE B EAske APX T84 H: 3 Al gAst
£ Z°lt} (Bunkelmann 9} Trelease, 1996). APX 9} tlE0] MDHAR 94| #HEA| & fix18it), ohs 33534
ZA3k= MDHARo©| #SA1%2] 714 24 ol NADHE A3} A|Z & 9lon o] w) NADHY AHldst A2
o] AEZE Zof Hajols 84 £4< monodehydroascorbate® 28kt £t} (Luster®t Donaldson, 1987;
Bowditch ¢ Donaldson, 1990). ©] #AeA Atriabe AR #4412 2837 1 23 superoxide ZH]Zo] A
JEtHLopez-Huertas &, 1996). 12u}, o HEAIF Tl A9 APXSF MDHARY &EAle HSAIE dialelA o]
E 49 AHHS o]F7%E st Atk &, 1 AA 715 HEAE AN dRE A ] s 93
NAD'9 3o 78 v oA 3 WA NADHY A Al #olsity F WA 7)%e vl EAshs
ol 47t HEAFA ANEEE FHo| 1o = Ho0:9 548 Wojdths Alolth HoOpw dA HSAIE T8
T3l ANEEZR Flso] Y& 5 9lor ofu Tefl EAskE APXVE FEHY Yt H0:8 ¥549 B2 o
AF A AASH "k Aol HE&A1E ghe] NADH-9&4 Az} AgAllA BAEE superoxide 2hejzol] <3
wEo) 2 HoOpXe FA] 0] APX 9 oJste] AAHT (del Rio 5, 1992,199 ; Lopez-Huertas 5, 1996, 1997). ol
& 2& HSAIE oA 9] HiOp AAE AYA] A& difag Fetel = ofF 548 2EHAE A& 1



6 A2
e B¢ -o] Feoll HeAFNA AAE HoOp 3 500] AR S0 F 308 ol AEE U9 HOp %
AL oA & & €t} (del Rio 5, 1996).

AAR 7 F Bl catalase 5o AAAZA dHA Az 3§22 aminotriazoled A Eol| w]xHHS]
FEZ A8 o714t Aol catalase BHE7}t EAEHA A =0 olwf APX9 GRY F &4 4=
7h A7 FRAEUA (Figd) B4 Ho0:9 30| zel=lA] o3& A3 (Figh) 71 LRHU olw) APX9} GRY
284w W3lel #ysle] ko] FRA WES BAS Ay, By 84Ut ol i AR FTUHE 7=

- T 200

o g 1 ‘gé) L A

3 S 150 P

e £ o0t = E 100

2, S E

22 o ©dg sk

3 Q‘é 0.2 } z

< E Eé o | ] ¢ | {

° . 0.4 r B
700 =

o £ 600 F g ¥ 0.3 ;_MQ
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g g 200 L 0 i 1 1 1 1

B =00} 0 1 2 3 4 5

S oo Days after treatment
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Fig4. Developmental changes of the activities of
ascorbate peroxidase and glutathione reductase in
growing leaves of A. thafiana in the presence(@)
or absence(O) of 0.1mM aminotriazole.

Fig.5. The developmental changes of catalase activity
and hydrogen peroxide content in growing leaves
of A. thaliana in the presence(@) or absence(O)
of 0.1mM aminotriazole.

0 1C 1A 2C 2A 3C 3A 0

1C 1A 2C 2A 3C 3A

APX GR

Fig.6. Native gels stained for ascorbate peroxidase(APX) and glutathione reductase(GR) in growing A. thaliana
leaves treated with (A) or without(C) 0.1mM aminotriazole for 3-days.
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I 98-S 3 & 4 gt (Figh). HLAEY ascorbate-glutathione 3|2% GA] o] w-3lof 23] o
o} o AP 28] w3} FE YollA HIA|E9] APXS MDHAREAHE/F dA43] 4sht DHAR
ol gA FAdc 2 GREAEE w3l 2A J3e wx] F=t} (Jimenez 5, 1997h). HASAE
IH ascorbate $#& 949] w8} A7 FTEIV F glutathioneEH-E oF 208 F7Hebc) o]l e w8tatol AsHd
el GSSG7F A Eolwr) WEdd 2 A% HEA T GSSG/GSHE# Hl&o] 43 Wiz F7H3itt (Jimenez ,
1997b).
ol Aiw w3t APHI catalase LAl AEE 9 HSAIZAAM H0.E  AA] A3
ascorbate—glutathiione 327} 2834 243t AL dnjsis A0E 34E + = Aot

4. 9 k3ol 23 HSAF-FSAIE] W

w350l QoA 9l HEAjEe] FeAE 07 o HME (reverse transition)& e HZ9 oz Bl ¢tk
AAZ w3 g HSAIEH 2 EAEY ]iL"L MS9} ICLY EA7L o] A& Folld LA
(Landolt 9} Matile, 1990 ; Nishimura %, 1993 ; Pistelli %, 1996). Fig. 7 3} Fig. 8 2 4} percoll Q%74
AT o8 1599 47 o o F & el o3 w3t FEE 09 € YAM &5 2l HSAER
v EZsgol £8E(fraction)E0lth Fig7 9 oJd o FZ9qU9] 1783 199 Ale]9] EYE A= vEE=go}
o AREAQ fumarase BT HF HEo] QtEe oz Hol MEZEE ol ofgt 2 Fo] HE gle HSAE
28 peak A 1091 g cm 9 M1F& YERIEA o] BSAF 2FAME FeSAF E4Q MSICL #4%7}
Azol o2 gtk 22 30Y © =319 o F2EXA percoll =T G4l ReHe) EAAR, 1797 21 &
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Fig.7. Purification of peroxisomes and mitochondria Fig.8. Purification of peroxisomes and mitochondria
from young(15-d-old) pea leaves. Cell organelles from 30-d-old leaves induced to senesce by dark
were purified from 15-d-old pea leaves by Percoll incubation. Cell organelles were purified by Percoll
density gradient centrifugation. density gradient Centrifugation.
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g o) % 7l ASAE A2k Feo] BAQ FUFAR o] F HSAF Y Helq MSS ICL 5
B4o] 7] Lehtar gtk o) A3k 99 w3t A AR FYAFOE W o

wa g By
of Ath= F4& AAS Fe= Aolck 99, o Y7 wshd &7 AolA °*°11J HEAIE BEEY srrd=s
g E48)7] A% AAdnE B Aol gatd wshd oA dojd F HEAIE 3 Ad (Fig8 9 179
87} 219 £3) Ajolo] Huldk JeiA Ao)Ho] AL F, 17H EIHEUY HEAEL ofd gz 949 He
NE (Fig. 9A) 3 A F2AZ 7]"o] 7= X%Z}U‘E(electron density)® 2o} A3H9] HeAlE AVE R
A&t (Fig. 9B). 2oz 21 RIEUle] HSAES 2/ A1 B2 AAEEE Yehlz 9o (Fig. 9C).

e

Fig.9. Electron Micrographs of purified peroxisomes from young(15-d-old) and senescent(30-d-old) pea leaves.
A:peroxisomes from young leaves(x 47,500), B:peroxisomes from dark-induced senescent leaves(iraction 17 in
Fig.8)(x 50,000), C:peroxisomes from dark-induced senescent leaves(fraction 19-22 in Fig.8)( X 50,000).

oAY Yol weshs AZE ASAE DS UL fEshed] ol ouke Q) makel mhAT BAoIA] ekt
= QU Hange Ane A4 Joh SRS o 399 HSa1F oIF4el oY 2Edx 2 HYE
A2le) 45T ehdrhe Bt olv) Hud v

T4, 98A%9] SOD BHEES native PAGEYOR 3413 Aol g, e wsfo] M l§- sArfet ws)
7t dolubi 91g-e & 4 Uk (Fig. 10). 3, QAYE 9 59AZe] ZAE Mn-SOD| FHE7 %) 348
295 B @A) A 29 $A) 21 ASE CuZn SODEAEL 4] chehdeh, o Azel 4
£9 CuZn-SOD &4 F9| shbh 2884%9 CuZn-SODe] Bg GAlo] Slstel A== of gL 99 =
7 9 MEAES FeSAEoR APAATE S B SR A Bt

Relative 0D Relative °%6T

{qrreyl

Fig.10. Isozyme pattern of SOD and western bolt analysis of peroxisomes from senescent pea leaves. Gel A to
E were stained for SOD activity and then scanned with a densitometer. Alyoung leaf peroxisomes(15-d-old),
Binaturally senescent leaf peroxisomes, C:dark-induced senescent leaf peroxisomes(15-d~old), D:dark-induced
senescent leaf peroxisome(30-d-old, fraction 17 in Fig.8), E:fraction 19-22 in Fig.8, F,G:peroxisomes from
dark-induced senescent leaves(fractions 19-22 of Fig.8) and naturally senescent leaves were incubated with a
polyclonal antibody against glyoxysomal CuZn-SOD. Then, relative absorbance was recorded by densitometry.
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olNF U9 wsle] gt HIAE-ZE AT HE2 A= Aate] f-415}et glyoxylate 3= #/dste] S35
AfEo] depsiels AAg Gog M| o] B 5 gom I A ol 32 o oy 7@
AZY 35S AshA T AE FAARR A o] &k

w3k o HEAE Ao o3 AWk ol HIAIE Yo 43l UAl (oxidative metabolism), SOD &
4> 8|1 ascorbate-glutathione 3204 F838 MalE Fugicl walo o3 f=d H5AE &4 A4 g}
o] ¥sl= F7 catalase A= 74, superoxideBttZa Ho0p9] YAtz EYR|oAL, o8 A4 B2
o] 2Re HuAoz WLAZU Y ascorbate-glutathione 29 ¢ste] JAE ¢ 9} superoxide Iz A
YA z2AsllA g2 i7lE 23 glo] ZukE H2029 AR WE Y] Wi k3] 2T Ade o HSAE
9] iAo o A diREES Hi0p8 4 o[8l o] HiOre AIEZE FAEof Yo A "t o|Ao]
HEAE Bk olg} n|EE=go} 3 HEAT U2 AE A7)8d diME A4E A3S dogedy I g
superoxide UZF HoO7t T4 Fullo] 93] B} =3k 44818-& Ad hydroxyl gt]Z (OH)& 4% 5 3l
7] wEolth

JYEZ HEIAFS EAFQ Aaluke-S ¥eele Yo wsplA BAatre] o3
o] Btk 38 HEAFH ANEZE L3l 9 $EREE H202 728 E4d $47 238 E oju: AE
A5 AL A2 A second messengerZA] G sl A 2T}, o] A HSAEE BAA g AdHeR
A w3l BEE FAAY -] 393 AL dsls Hdog Btk
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