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Review

Recent Studies on the Edible Plant Vaccine for Prophylactic Medicine
against Microorganism-Mediated Diseases

Bum~-Soo Hahn', Young-Jae Jeong, Kyung Hee Roh, Jong-Sug Park, Kang-Jin Cho,
Yong-Hwan Kim, Jong-Bum Kim'
Plant Metabolic Engineering Team, National Institute of Agricultural Biotechnology, Suwon 441-707, Korea

ABSTRACT Plants have considerable advantages for the production of antigenic proteins because they provide
an inexpensive source of protein and an easy administration of vaccine. Since a publication describing edible plant
vaccine of HBsAg in 1992, a number of laboratories around the world have studied the use of plants as the bioreactor
to produce antigenic proteins of human or animal pathogens. Over the last ten years, these works have been mainly
focused on three major strategies for the production of antigenic proteins in plants: stable genetic transformation of
either the nuclear or plastid genome, or transient expression in plants using viral vectors. As many antigenic proteins
have been expressed in tobacco, also several laboratories have succeeded to express genes encoding antigenic
proteins in other crop plants: potato, tomato, maize, carrot, soybean and spinach. At present many works for the
production of edible plant vaccine against bacteria-mediated diseases have mostly performed the studies of entero-
toxins and adhesion proteins. Also the development of new-type antigens (pili, flagella, surface protein, other enterotoxin
and exotoxin etc.) is required for various targets and more efficacy to immunize against microorganism pathogens.
Many works mostly studied in experimental animals had good results, and phase 1 clinical trial of LTB clearly indicated
its immunogenic ability. On the other hand, edible plant vaccines have still problems remained to be solved. In addition
to the accumulation of sufficient antigen in plants, human health, environment and agriculture regulation should be
proven. Also oral tolerance, the physiological response to food antigens and commensal flora is the induction of a
state of specific immunological unresponsiveness, needs to be addressed before plant-derived vaccine becomes a
therapeutic option.
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#22 Ha 5 ZHE (genetically modified crop; GMO) Tacket et al. 2004). o|2{st A& HLHAl A= 100)d

2 o1 §% AT WA (edible vaceine) AL A AW A o] Foke] ATAS) A MBS Amizen 3AL] )
el Qlol HFel Waldat et A e fFedton 5 ERAASolM Ay ol sl A A 5 Sl AA
o) g Ao LEEA, WAl AR HollA] HAA o A BEgE 2te Fale) spelele Azl 7
Bohs Zwold dA AAAKCE ATt Bws] WA % F whhiE ol8F A% AT WAl AT May et al.

2004)7} Mason 5 (1992)0] z+4d wlolzfe] Fwd 3¢
*Corresponding author Tel 031-299-1740 Fax 031-299-1732 (HBsAg)S ol A] 28 oz AE AF wale 7}

E-mail: bshahn@rda.go.kr \_6__/%1_% E_]_E}’ @@-ﬂg}ﬂq (Mason et al. ]992)



234 . Korean J. Plant Biotechnol.

WA (mucosal immune system)7} 3 23
Aok A7 o] 70-80%F X}A)SF= gastrointestinal track
Ao = §4 2Ho B APT 7HE Wl Hol
™ (Brandtzaeg 1996) 553} Aol Hdste] A
Wt Al 72 A2 2 e 71HS Yot 24
287) deke Bl oA A 54 BhE sl E

T

7131 Qiths oAl Aw Aeukg e 2
el A
=

ne
(o

N
1o,
ox
24

o
IgA (slgA)sh A wie] whgo] o)

A 27)ol A L i e FYSE AL 5 Q)
AN S|

fy b}
2 AMEE gld2 s Al A Zhd A
27155 Fdste 344 & (adhesion protein)
o] 4 veAES 4 3

2=

ol ot A3 dAe B 71eg Falshes

25 73 gien TR AAS dAle] e
ATt A= A WA Agste] g 7UE ¢ L
Al7]3 9it} (Lauterslager et al. 2001; Chikwamba et al.
2002; Cox et al. 2002; Walmsley et al. 2003; Tacket et al.
2004). ¥ =EolAE Aty AW e AT 48 4T
walel g 4%e Ansn fom AdEs Agel o

A =sharat gt

Vibrio Mannheimia
F_:TEC cholerae haemolytica Al
fimbrial adhesins cholera toxin lenkotoxin
enterotoxins
Badillus / Clostridium
anthracis tetani
protective antigen ’/ tetanus toxin

N

Plant
transformation )

Clinical test

Figure 1. Microorganisms and their antigeriic proteins used
for the development of edible plant vaccines. ETEC: enteroto-
xigenetic Escherichia coli.
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A &3)7] 9 3&7]0] 798 enterotoxigenetic Esch-
erichia coli (ETEC), Vibrio cholerae, Mannheimia haemolytica
A1, Bacillus anthracis, Clostridium tetani 5 °)S A #
2 AT AEE ddst A ATEE FE2 55 AX
718 F&o] d a3k 224 oA E (Cox et al. 2002; Lee
et al. 2002)3% =50l 545 Uehlle 54 (Arakawa et
al. 1997; Arakawa et al. 1998; Mason et al. 1998; Chikwamba
et al. 2002; Tacket et al. 2004; Tregoning et al. 2004)7}
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b AFolh PolurhE S B e AT 94
AE &5 Az FEA} AT vk 7] A o] WE A
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2. U3 HIE] (expression vector)2 S4 3 ME 47
sisloz oI TEl A HEk

nAE Fu gl @ g gEtel=E HEA el
Aesty] e AREE TRARE o] ZRRE (promoter)iT
F2 CaMV 3587} Zo] ARgEolF o1 (Haq et al. 1995;
Hein et al. 1996; Lee et al. 2001; Aziz et al. 2002; Jani
et al. 2002; Lee et al. 2002), =3+ A A} (transcription) 2}
N9 (translation) THAloA ek L F=E Al npold
2 G 9 enhancer @ TEV7} A&5 1t} (Hein et al.
1996; Mason et al. 1998; Wang et al. 2001; Chikwamba
et al. 2003). Th2 g o2 WE ThE ) AE W 27|
(AEA), 9, FEA JH & T3 LHALEE ST
st A7 APt (Daniell et al. 2001; Yu et al.
2001; Kim et al. 2003; Kang et al. 2003; Streatfield et al.
2003; Tregoning et al. 2003). Ejrju|e]E (terminator)i
nos, CaMV 358, vsp7} A&-Eo1Z 1 FEA ol @S
Aol F=AoNA frefd psbA H rbeLe] 3'UTR Fo]
ALgE oA T} (Tacket et al. 1998; Lauterslager et al. 2001;
Tregoning et al. 2003; Walmsiey et al. 2003; Kang et al.
2004; Piller et al. 2004). 3 AL&5 2 E-3]9] o]-& 54
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Table 1. Properties of edible vaccines produced in transgenic plants
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Animal or clinical

. . i sgeni Ref
Source of disease Antigen clement. Aerminator Expression level Transgenic plant test eference
. . Lee
K88ac CaMV 358 kan 0.1-4 pg/g of carrot carrot mouse, piglet et al. 2002
K99 Cal\g;/wf\S/S,BS'I;EV/ ppt 0.5%/TSP soybean mouse Piller et al. 2004
5 or 14 pglg of
TSP (tobacco leaf);
LTB CaMV 358, TEV, kan 30 or 110 uxg/g of  tobacco; potato mouse Haq et al. 1995
KDEL
TSP (potato
microtuber)
Mason
CaMV 35S, et al. 1998;
LTB TEV/vspB kan 172 pg/g of tuber potato mouse, human . Tacket
~et al. 1998
. Lauterslager et al.
sLTB class [ patatin /nos kan 17 pg/g of tuber potato - mouse 2001
SsLTB ¥ Zein, TEV/vsp ppt 0.01-0.07%/TSP maize callus mouse Ch'kwg'(‘;g; ot al.
o .
7-Zein, TEV, 0.0002%/dry weight )
LTB native Itb . mai (endosperm); mai nd Chikwamba et al.
s fzein :p/’vs aize . 0.00013%/dry 1ze & 2003
pvsp weight (strach)
ETEC 0-10 wpg/g of fresh Walmsley et al.
. CaMV 358, TEV, L weight (tomato leaf); 2003;
sLTB-ZP3 epitope linker/vsp kan 0-64.7 pglg of dry tomato mouse Walmsley et al.
weight (fruit) 2003
5. .
LTB-ESAT-6 CaMY 338, TEV, L kan 2249 ;zg{g of fresh Arabidopsis nd. Rigano et al. 2004
linker/vsp weight
LTK63 Pren/psbA3’ spe 3.7%/TSP tobacco* n.d. Kang et al. 2004
LTB Prrn/psbA3’ spc 2.5%/TSP ~ tobacco n.d. Kang et al. 2003
CaMV 35S, o
sLTB SEKDEL/nos kan 2.2%/TSP tobacco n.d. Kang et al. 2004
maize constitutive,
a—a:;zl:s:czlgnal Streatfield et al.
i - 2001;
1a§E§i[r)1b]:e Pizi[clgﬂ 8TSP human; Lamphear ct al.
sLTB vagcuoleg Larqetin . ppt (cell sulface); maize mous : 2002;
getng 12%/TSP (vacuole) s Streatfield
sequece, nuclear
wargetin et al. 2003;
8eng Tacket et al, 2004
sequence */potato
protease inhibitor 11
35S enhancer,
CTA and B CaMV 358, kan n.d. tobacco n.d. Hein ct al. 1996
TEV / CaMV 358
0, >
8 mannopine synthase a SOﬁzv/{;)gsﬁlzg of Arakawa et al. 1997;
¢ P2, TEV/ gdpA kan e potato mouse Arakawa et al, 1998
TSP)
doubled enhancer,
CaMV 358, Q
Vibrio cholerae sequence/ nos 9
(pBI-CTB): doubled (zfg;‘_é’%i?
CTB enhancer, CaMV kan 9 TS tobacco mouse Wang et al. 2001
0.095%/ TSP 2
35S, 2 sequence,
PRIb signal (pBI-PCTB)
sequence/
nos(pBI-SPCTB)
3.5-4.1%
CTB Pren/ psbA3’ spe /TSP (40 1eg/mg of tobacco* nd. Daniell et al. 2001

TSP)
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0.02%/TSP (leaf);

CTB CaMV 35S, TEV/nos kan 0.04%/TSP (fruit) tomato nd. Jani et al. 2002
CaMV 35S,
CTB ERRSS/nos kan 0.02%/TSP (leaf) tobacco mouse Jani et al. 2004
mas 1, KDEL/Ocs
e CTB- NSP4 : . ?
Vibrio cholerze CTB-CFA/I mas 2, GPGP, kan 33 pg/g of tuber potato mouse Yu et al. 2001
KDEL/g7pA
0.006-0.026%/
mas 2, GPGP, (tuber); .
CTB-NSP4 KDEL/gTp kan 12525 ugh g potato nd. Kim et al. 2003
(tuber)
PA CaMV 338/0cs kan nd tobacco n.d. Azhar et al. 2002
CaMV 358/Ocs; n.d ‘ .
Bacillus antheacis PA Prm/ psbA3’ kan; spc 804/ TSP tomato; tobacco mouse Aziz et al. 2005
PA peptide
. 500 pglg of
(671-702)-TMV TMV virus n.u. spinfci spinach nd. Karasev et al. 2003
capsid .
Lki66-mGFP-KDEL ~ CaMV 33S/nos kan nd. white clover rabbit Lee et al. 2001
. TetC-AT, TetC-GC .
Mannhe.‘lmla Prm, T7g10 leader (l\?t:’(stjjilTSI[()]) Tregoning et al
haemolytica Al Clostridium tetani Seq(trljl;?rel/:)bcL spc 10%/TSP ’ tobacco mouse & 20(;53 '
Ne-pISTI 1) (Nt-pJsTt1 and 12)
TSP : total soluble protein
Antibiotics : kan:kanamycin, ppt:phosphinothricin, spe:spectinomycin

KDEL : ER retention signal sequence, TEV:tobacco etch virus leader sequence, sp:signal peptide sequence

Vsp
Q : TMV RNA 5 untranslated leader sequence

n.d : not determined, n.u:not used, n.a:not available

* means the expression of antigenic protein in plastid

the 3° UTR and polyadenylation signal of a soybean vegetative storage protein gene

# means plastid targeting sequence from maize granule-bound glycogen synthase

& means vacuole targeting sequence from barley aleurain

@ means nuclear targeting sequence from simian virus 40 large T antigen.
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AFolE gulE mY ANsdoz AHgstg oy
94 HEEE 8 BAE HEE FT, S5, Bt
B, )%, A=, 29 Fo] AFHAR (Haq et al
1995; Lee et al. 2001; 2002; Karasev et al.
2003; Walmsley et al. 2003; Piller et al. 2004; Tacket et
al. 2004).
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1) Enterotoxigenetic Escherichia coli (ETEC)

XA S Gulsls tR el ETECE —1eh &4 ol

5 AW i) dsiAe WA gel F8As 2
e T FAE ol Folof gk olw) thATef A Al
2% 98E she Ao| fimbriaeo] AL F oF 5007)
AE7t EAE 2R FElA slvk A9 dollA LA
g o]¥: ETECY fimbrial adhesine.23i= K88, K99,
987P7} RIE M o]F K88 ulgFel el de

o2zl fimbrial adhesin® &btk (Jin and Zhao 2000). &
A K882 wiolH= 3714 (K88ab, K88ac, K88ad)7| ¥&

Z olom ol wiAE e AHEAl (identity)2 Kab/Kac
(92%), Kab/Kad (89%), Kac/Kad (90%)= A Zirel] -
S A5}tk ek o]2) 3t fimbrial adhesins ¢} tﬂo] Aol e
77te] 4842 Ealgo] 16-240 kDao| b ehula
(glycoprotein)# FA] 4 (glycolipid) &% ogaqzq olt} (Jin
and Zhao 2000).

o]# &t fimbrial adhesing ©]-8-&to] 218 A wiilo] 7
g A% A7EREE #HT Cox T (2007)01 o) 7ol &
AAH fimbrial adhesing 77402 Foiglt & s Ajol| A Tt
A7F A E Tk ALAS dokor, Lee 5 (2002)2 K88ac
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(LT)-& ADP-ribosyltransferase 218 7F4 1 9l subunit



A (27 kDa)e} 3] A| X (epithelial cell)2] M=ol &5}
+ Gui-gangliosidesol] pentamer® Z3%&le subunit B
(11.6 kDa)2 450} Q)T (Schmitt et al. 1999). LTe] 1]
ZAeRyE G4 &S YEE subunit A7} WA GTP
binding proteinsS €443t A7) 32
engerql cAMP9] 718 7HA2 A3} o] 2 % oA ¥4
& sl AR S gl F7HE ke A
A2 gteles Aos 4] 9l (Schmitt et al. 1999).
A LTE o &8 A& A7 Wale] A7+ &A1 4%
3l LTB (heat-labile enterotoxin subunit B)E o] 83 o
T7F 2 FgHN o Ik 5d HolE T3 4 8y
o] & LTE o839 dA7E APt} (Kang et al.
2004). Haq S (1995)& LTB 3918 wadal= shujsh 704
& Auatoich el Qv ZhA} A A e Tl ok
AXA XA AZE AY (endoplasmic reticulum retention
signal sequence)S ©]-&3 WE] FZo|A ARESIA] S
ol w3 tigf 3ufAE F7kE AoR BuEdeh 3
olg dATAES AxF FAL s Peidd #A
Y7ES A% AU 2 Holz FHIA 3 AHY TE
ol A mucosal IgA 3= EA 1G] & F712 &2ls}
&It} Mason %5 (1998)2 LTB (sLTB)Z & codon usage
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o} 4914 UA Gui/Carcass H]go] 225 Ach A of
gk g F7t anE 2] ffste] 4 M3 gAE
A4 Folgh 1499 1°J1}~ W o ge) gl e i
AEE 1RE A% e 3tz tol HlE)A] IgG

anti-LT ASCQ— IgA anti-LT ASC—J =71= #&sdv) =
3 Eo] 515 <t 119F 947 69l A Z7be LT
IgGot Ingl A7be ST B3 LA 108 5T
o] oAl thFTol vkl sigA 97prt 4n) SUbEE
Ao v I 4o Sk e A 4o 574
© YERA] egked] o]2fgt At JhA Alolo] whE F
Aot AAxy 7b AL Ze) 719l kil BarEkal glvk
(Tacket et al. 1998). Lauterslager 5 (2001)2 37 Ho]
promoter?] class 1 patating o]-&3}o] sSLTBE &&= 7
245 Mdraidch ol# gk A3k 2HA Mason 5 (1998)2)
Q7o) fA1E FRPLE BTk AHE ol 8 52U
A4 v)e) SUTBE A5k FA 26 843 wolA] TG
9] S7VE g1, A FEEZ 284 boosterdt

o] gioA IgA T/t EAEHAUTE AxHES 2 A 9
3 2 A et Woo] dojupx] e glow AL &
Ag} 2 booster T T 2 ] TilEe 3o

microprojectile bombardment
sphinothricin (PPT)el AgdA& 2=
£E Adsdv 2dd LB Az
e gjotol A e A3} 22 55 kDa
Az i Ae gt &
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2) Vibrio cholerae

@S 8-l Vibrio cholerae®) endotoxingl CTE &
2 B8 UEhE B4 B89 CTA (ADP-ribosyltrans-
ferase)$} 5-8-A) (Gumi ganglioside)oll Agtehe )54 F-2
o] CTBE FAHo] ¢th CTAL Ex13R& 28 kDao. 2 A
F0 (A Ay} F dgoR T4 o] 9la CTB= 115
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2 o}ttt (Schmitt et al. 1999). CT2] A W &8 7]H
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kDa¢] A% CTB7} pentamer FEj 2 WS &1t
3 Gw-ELISA binding assay 23}, @& s CTBE HAE
$2) GulEs) pe £ AYHE vepiglon, 4718
o] 43 FE A M= FAATE PAE Fold LY &
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=7 Az} whegjo} CTB9} 22 ¥ e v
atiet. Daniell 5 (001)& CTBE 5
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(Jam et al. 2002). &= 5
ol 13l 2.4u)9] =& ks vehd S gk
inflammatory Th2& gjo] =4 7|2to iz W4
&9 wrglth (Jani et al. 2004). Yu & (2001)
noblot 54 A3}, B2}k 70 kDaoll sjgels Ay vl
AL gostgn A2 3 1Y wkgol f5E A
A} CTB, NSP4, CFA/ol #idsl= &4 &4 1gGeh 9t
a4 1G9} [gA7} 27191 £38] CTBSF A@E NSP4ES
2ol A =2 A 1gG H97HE B CTB7F ¥
FTHAR qs 3 S #esik A gk Z.@L

A2 W whgo] e AF o] Bl oA IL-29} INF

Ho

we i M
ot
o=
O
2 e

12
T O
o
o fr 2
=2
o
3

oo

fuso 5«
=
<

A

il

ul

F
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20] FEE7] wjFolth Flow cytometerS o]-&3+ uj4

AZ B4 A3 CD4" 7| QAZE St o}MJJr CD8" 7]
SAEe] F7h e egieh. ARHEE Hlolel 2 (ro-
tavirus SAI1)Z o] &8 FAGE A6l %@z@ ﬂz}—e—
el ol ol ol 4] sfolslz 8
sfelaielz AT Wale] Aol @A) A4 Hhe
@3 ow dlool A A7} Aold 4 i 5
e HAx2 Hustgdoh Kim § (2003)&
murine rotavirus enterotoxin NSP4 (175 aa)e] AjZ23H o
i o] Bxl2ke 165 kDa (pentamer)¥} 33 kDa (monomer)
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3) Bacillus anthracis

EbAH (anthrax)-2 ¥
anthracis®) < 8|A L O}U% i
A 7hglo] dojdn). 2 ES E3l Aol ojFHF R
224 FEout Aol Adshe Ao deA glon A
Qo 7kA) o] 2A & F Q= FAE Aot} (Friedlander
1999; Metcalfe 2002). 2 421 &2 2+ poly-D-glutamic
acide} 370¢] £ 54 [protective antigen (PA), lethal factor
(LF)9} edema factor (EF)]7F ¢&l4 glem, PAE LF ®
= BP9 2% A 54¢ delds Aoz deid gl 21
g 9lg 7| WAL IRA 1E BE (edema), F
g} (erythema) S kel F-2H8-S UepYoz A28 ¥
glo] WAl s Ao o] thFE 2 g)r} (Brachman et al.
1962). Azhar 5 (2002)2 A E5A AgoA LF (I pgmhE
A gt A A Zo A 26-98%2 AIESA EE &<l o
Atk Karasev S (2003)2 PAS] HEFO|Z (671-702)2 A%
vpolg{ 2~ WELE o] g3t AxF Fde AUk Aziz T
(2002)2 PAE & P43y QEA FHHE 5, AHE
o] 43t TEAYNN T3} A/t AdEE EeletArt

I ot s

4) Mannheimia haemolytica Al

Bovine pneumonia pasteurellosis Y& shipping feverZ

ol © 71 Mannheimia haemolytica AlL 715 (4, &

= Sl 1% —ww} HEe orla ANE sl
24k koA WAL A E4E oplsks naEol

t} (Griffin 1997 Yates 1982). 2HHl ¢l &2l lipopoly-
saccharide$} leukotoxin (Lkt)o] &#x glom, Lkti= AlE
sl FRIE ol AHFQH HERE fste] AE} T

1 AEos 88 S o AR dvlA vk (Acker-
mann and Brogden 2000; Confer et al. 1995). Lee 5 (2001)-&

=52 AEo) A Lkt transmembrane domain (345 aa)E #|
713+ Lkt663F mGFP5-ER fusion ghzS L&A & 3
A7y AB3EE B8, 5 T8 APl Lktol] vigh
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5) Clostricium tetani

Tregoning - (2003)<> Clostridium tetani®] tetanus toxin
fragment C domain (TetC)2} o= (tetC-AT)3} GC rich
Fej (tetC-GC) S LA 5} Nt-pIST109] whrlj= wlsl & A}
o] UEhg RSN ol B whul e AgHel
WA Dee Tk AH 2E o8 49 W] A
A% 24 94 19637k} ek FHAAN B 1gar)
z71He

[}
ST

0Ol

olal|A sl H T} (Arakawa et al. 1998; Yu et al. 2001;
Aziz et al. 2002). ®£3F LTBS} HBsAgE ] 91412 £3t ¢
AR BBAY AT AR A% AT W A
AA 7Fsd3 gl k& trkalh (Tacket et al. 1998;
Kapusta et al. 1999; Kapusta et al. 2001; Tacket et al.

NEAlA GAARAE Ar) AEEI (Hag et al,
1995; Lauterslager et al. 2001; Lee et al. 2002; Streafield
et al. 2002; Karasev et al. 2003; Walmsley et al. 2003;
Piller et al. 2004).

A AE AT WAl AL A vl gl P
g vlolelz Aol gg 477} ol olFoiHch (Mason
et al. 1996; Richter et al. 2000; Huang et al. 2001; Biemelt
et al. 2003; Smith et al. 2003). 233 3¢ F22 71X 12
i el QlojA e vy P27} 7haE enterotoxin
(LT, CT, PA, Lkt66, TetC) o]} u]AE-o] Rzl @3t
321 ehild (K88ac, K9OES o 48] gtor} oz o
oFet vl A2 a9 (o, pili, surface protein, flagella, 7+<3
&30 wlE o}Z adhesion protein, 7ol e vl
enterotoxin )] 7ido] Basti HF 2o FAE
o AEA U 2dE 918 IRESE o] &3+ e} A28
(van der Velden et al. 1999; Toth et al. 2001; Chen et al.
2003; Pisarev et al. 2005) S8 A7/ Bad oz oA
Aok g8 ATHN0E gl Azg gl 9
o A FHS] A8 wEe S0F sle) plastid

o] W& Aj2®] (Daniell, et al. 2001; Kang et al. 2003;

0}

HTA T o2 95t A8 BT WA 47 S8 . 239

r

Kang et al. 2004)3} 23] A)~elo] 23} 153 (McBride
and Schaaf 1994; Miihlbauer and Koop 2005)7} Q%
A831E 93 chobek <ol A FA AT (Ruf et al. 2001
Skarjinskaia et al, 2003; Dufourmantel et al. 2004) 7]&2]
o] @7 E AL ek ofefgh 71w Q) Aol &jol dAf A
& AT Wale] Jesle] AR AA tFEE e
21 8k21Q] Plotkin7} F+38h= ol A Jofihe 2418
73 (food tolerance)el] gt &gt 714 Aol disir F9
S A& 39 A7t Hoj#oF & Zlojth ol#gt Ui F 1
A (oral tolerance)ol] D3t A @l &2 ovalbuming 1} Fof 3}
W A7) FEEA ¢S AuE 9l (van den Broeck et
al. 2002). wrep A wialez MY Fddso] ot &
AL of718 79, W] A Al AA Ul A QA

¥ Atk oleld EAHE

o
= H
84 Fohs BAME HES T

e e
of 28 FRoIL Ao UG HHS FEZIE 9 4
ooz AgE F otk A
A AL
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