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Recent Studies of Edible Plant Vaccine for Prophylactic Medicine
against Virus-mediated Diseases
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ABSTRACT Transgenic plants have been studied as delivery system for edible vaccine against various diseases.
Edible plant vaccines have several potential advantages as follows: an inexpensive source of antigen, easy
administration, reduced need for medical personnel, economical to mass produce and easy transport, heat-stable
vaccine without refrigerator, generation of systemic and mucosal immunity and safe antigen without fetal
animal-virus contaminants. The amount of recombinant antigens in transgenic plants ranged from 0.002 to 0.8%
in total soluble protein, depending on promoters for the expression of interested genes and plants to be used
for transformation. Throughout the last decade, edible plant vaccine made notable progresses that protect from
challenges against virus or bacteria. However edible plant vaccines have still problems that could be solved. First,
the strong promoter or inducible promoter or strategy of protein targeting could be solved to improve the low
expression of antigens in transgenic plants. Second, the transformation technique of target plant should be
developed to be able to eat uncooked. Third, marker-free vector could be constructed to be more safety. In this
review we describe advances of edible plant vaccines, focusing on the yields depending on plants/promoters
employed and the results of animal/clinical trials, and consider further research for the development of a new
plant-derived vaccine.
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M B £ did BHAAE o] &7 A7 A AL At 10d
7 Mason%- (Mason et al. 1992)0] Hx=Z 3+ nlo]zx~
HEAE o|-8g 47 WAl (edible vaccine) A4k 7 o] ¥ g9l (HBsAg)td S Hhllo A Ad3st olg2 &
AT et dol wrhe A AEe A7 2ok A AAH R FAA A5l AFH L Ut
83 =3 Fof % o}‘%i AAA I itk 712 WAL A o V# oz *}4‘15] de 2% HEE T Uy
=AY ES HAE AT HE F =2 AR e W2 YA AA 2 AEE lete] dd
U ‘:’5}9‘ (WHO 2000)3 Gell oFgt o]fr= A LA 2] A N %‘?“é | goit 3 &g A /AL |
< Bl g F4AQ A4 Fad 5L A = o Whgo] F2 AU 24 oA dojutel dvte &
g dEQle] ad dxso] Stk ol SEaA} 4 HE 7ML ik ol2id Bl B Bl Heke
o] 43t Hut MUl F = secretory IgAQ) A FE HY
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g FTUAE o] &3 Y WY whgo A7 e 39 wlo]
29t 2L F7F JEFS HQ 2 3k Au disjA] A+
& TR AL FH FFE AR 7 JE FHe| A
t} (Bouche et al. 2003). H2 z+dof| that wWo], A=
g el 53 A, S4E Y w1 A TS
£ dejelol el 3 tolerance s F 715 2E =
Ao WA (mucosal immune system)7} H¥E 5= 724

© =+ gut associated lymphoid tissue (GALT), bronchus
associated lymphoid tissue (BALT), nasopharynx associated
lymphoid tissue (NALT) mammary glands, genitourinary
lymphoid tissuego] gloH, o]F Hut HAA L 70-80%
E X}A|8H= gastrointestinal tracko] AT WAle] F 1A
NBozN 7P A7t Wol HojA gl GALTHA &
W duh W kg9 f-Ei= peyer's patchol| A dojdr
(Brandtzaeg 1996) (Figure 1).

A AT Wale) e gatel Ay F9 ATE 2
A A A 9% B AT volg 2y A o
A% ooz APH T Yok Al 3 FAo=
He amass A7 4 gl BEH BE
S 4~3)&}= adhesion protein (Lee et al. 2002)-\1L Al
=X (Haq et al. 1995; Hein et al. 1996; Tacket et
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Figure 1. Scheme of inductive sites and cells traffic of intestinal
immune system. Antigens are transported mainly into Peyer’s patch
via M cells (M) and are presented to T cells by macrophages
(MP), dendritic cells (APC) and probably by B cells. Lymphoid
follicles with germinal centers are activated, where primed B,
memory B cells and T cells are generated. These cells migrate
through lymph node to the peripheral blood circulation and
extravasate mainly in the intestinal lamina propria under the
influence of MP, APC and CD4" T cells to plasma cells
producing mainly polymeric IgA, which is transported to the
intestinal lumen by epithelial transmembrane secretory component
and after cleavage formed secretory IgA. Most CD8™ T cells
migrate into the villus epithelium, where they probably mediate
oral tolerance to food antigens and act as cytotoxic cells. [Figure
was cited from Brandtzaeg (1996) Ann N Y Acad Sci. 778: 1-27].

al. 1998; Wang et al. 2001; Chikwamba et al. 2002)<
et 54 gidEe] 2 AMEEI glon uioly
2] tidt gkl 0 = nlole]~9) K2 (Huang et al. 2001;
Khandelwal et al. 2003; Satyavathi et al. 2003)3} +2&
o]F+= whld (Carrillo et al. 2001; Gao et al. 2003;
Marquet-Blouin et al. 2003) o] 2 AME-H1 ok 4
B 94 uaE wAAY A3E A9 AT Aok
ek AxF BALe B N5 FUSE T2

7RI 9910 (Ma et al. 2003; Smith et al. 2003), %g
Pdag o]83 F5AA Ady AHAA A AHFAe
AT Ark BT WA 4§ U@ S ¢F 27
A7) it} (Kappusta et al. 1999; Wigdorovitz et al. 1999).
8 =R dolel 43 AUE AU A7 W) S

3 @3S sty go R JNMFHI Aol ejA] =1
A} gl
2 =

A2 FT WOl ABE 2HIK9| S

&Y dd s wdstE Jd dgAd AMEE ubR Y
promoter$} terminator= 2 CaMV 3559} nos7} AR5
o} A 1 (Mason et al. 1996; Sandhu et al. 1999) 2o &
FHofo] Zu|E HAo g vtz ALY =0iE 9% thE

A% §8 3' UTRY AR (Castanon et al. 2002; Warzecha
et al. 2003) 2 Tl A QA A 4 FHE HS 2
E vlo)g)2 gEle] B4 d7)144 (leader sequence)d ©)
£3}= M8 (Richerter et al. 2000; Huang et al. 2003)0]
18 = om AZA Y o 54 @A ErtE 34 (B8
promoter) (Sandhu et al. 2000) = zkzx} #7 (patatin
promoter) (Martin-alonso et al. 2003)2] E3 H9]d] utg

S fEde £32 Eol3F promotersS ©]-&3F
A]éﬂmq (Table 1, 2). T8 plastidE o] &
29 wds ARd FoE BRYe A
(Tregoning et al. 2003). - el W&ok ﬁoé_‘ A 3lEl
A EA 9} ALgE Labo] R}E} 0.002%-0.8% )2 A&
Azt o ng-ugd] YAE Holal ¢t (Table 1, 2).
Jev B Ao R g 0} ] £ "1b A7 7
235 0] s ol 1 Wl 2L W
A AR &ol FUE AR k3 vk Eg ¢F
e g geEe F’—%E 4F = op7lE & e oral
tolerance & 34| & #HA 4o Hasitt sHAth A
AR o2 AU A dANA ZHE B B Wale A
. 4% 50 g AW YR FET 5 UGS Mol
A3 %t} (Kappusta et al. 1999). &A] 2 {ﬂxﬂ.q A
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Table 1. Properties of edible vaccines produced in transgenic plants (human)
Source of Antigen Promoter, cis Resistance Expression Transgenic Animal/
X . . . Reference
Disease acting element /terminator marker level plant clinical test
0.23%/TSP (tobacco leaf) Masonet al.
Ni’r“z"‘ NVCP C:?;{X‘ 35: imztEe\r’/g’:ss ((ngV 112(2)3 kan (PNV102), 0.37%/TSP (tuber) ‘°l§:f§’ ':\fr‘:;; 1996:Tacketet al.
P P P (PNV140) P 2000
CaMV 35S, AMV leader
) . apple leaf,
Respiratory F sequence, pea plastocyanin n.u na nd Sandhuet al. 1999
R protoplast
syncytial enhancer/nos
virus CaMV 355/nos (pJSS3), E8/nos 9.01 ug/g of fruit (pJSS3),
F (pISS4) kan 12.68 glg of fruit (pISS4) tomato mouse Sandhuet al. 2000
CaMV 35S, TEV/355CaMV
H (pBinH), 35S, TEV, KDEL/358 kan na tobacco mouse Huang,et al. 2001
(pBinH/KDEL)
i -] inet,
Measles virus H CaMV 35S, TEV/35S kan 2 uglg of carrot carrot mouse Ma’q;etzlzg’;me
H-'tetanus 2x CaMV 35S,TEV/35S kan n.a carrot mouse Bouche,et al. 2003
toxoid (L4T4)2
CaMV 358/nos (pBIVPG), 0.006-0.02%/TSP (pBIVPS), Matsumura et al.
R i VP6 CaMV 35S, enhancer, TMV kan 0.1%%/TSP (pBEVP6) potato mouse 2002
otavirus leader sequence/nos (pBEVP6) o
VP7 CaMV 355, KDEL/nos kan 0.18-3.84ug/mg of TSP potato mouse Wuet al. 2003
L
L1 2xCaMV 35S, TEV/vsp kan 23 ngfg of fresh tuber potato mouse Waxz;((;l(;z;et @
Papillomavirus
0.5%/TSP (tobacco leaf), tobacco, . 5
Lih CaMV 358, Q/Ocs kan 0.2%/TSP (potato tuber) potato mouse Bicmeltet al. 2003
]D(;%Zi‘;—lga tobacco Yusibovet al.
(31D)-AIMY TMV CP promoter nu na spinach mouse 1977;Modelskaet
cp al. 1998
Rabies virus G
0.4 mg/g of tobacco leaf
(22033;‘21782'21 AIMY Iggﬁgﬂ'%)' ™V nu (NF1-g24), 50 uglg of ?tii:i: mouse | Yusibovet al. 2002
MV CP' & spinach leaf (AV/A4g24) P
. 1992;
CaMV 35S/nos (pHB101), 2-6 ng/mg of TSP (pHBIOI), Masonet al. 1992;
HBsAg CaMV 35S, 2x enhancer, kan 66 ng/mg of TSP (pHBI02) tobacco mouse Thanavalaet al.
TEV/nos (pHB102) ¢ 1995
11-150 ng/g of lupin callus. tobacco, lupin
? hi .1
HBsAg CaMV 35S/nos kan 1-5.5 ng/g of lettuce leaf callus, lettuce mouse,human | Kapustaet al. 1999
HBsAg patatin/nos kan 1.1 pg/g of tuber potato mouse Richteret al. 2000
CaMV 35S, TEV/nos
(pHB103), CaMV 35S, TEV,
KDEL/mos (pHB105), CaMV 0.33 ug/g of tuber (pHB103),
35S, TEV/vspaS/nos 6.50 ng/g of tuber (pHB104),
(pHB106),CaMV 35S, TEV 1.25 ug/g of tuber (pHBI0S), Richteret al.
HBsAg vspaL/nos (pHB107), CaMV kan 0.80 ug/g of tuber (pHBI06), potato mouse 2000;Konget al.
35S,TEV TPSS/nos 2.40 ug/g of tuber (pHB107), 2001
(pHB110)CaMV 35S, TEV /vsp 0.33 ug/g of tuber (pHBI11),
(pHB104), CaMV 358, 16 ug/g of tuber (pHBI14)
TEV/pin2 (pHB114), CaMV
Hepatitis B 358, Wnos (pHBI11)
: 90-300 nag/g of leaf,5-15
virus cherry
HBsAg CaMV 35S/nos hyg nag/g of stem,6-7 nag/g of . mouse Gaoet al. 2003
fruit tomatitlo
2% CaMV 35S, TEV/vsp
(HB117), 2x CaMV 35S, TEV,
vspaS/vsp (HB118), 2x CaMV 128 ng/mg of TSP (HB117),
35S, TEV, vspaL/VSP 226 ng/mg of TSP (HBI118),
(HB119), 2x CaMV 35S, TEV, 49 ng/mg of TSP (HB119), tobacco ..
HBsAg KDEL/vsp (HBI2L.1), 2x kan 61 ng/mg of TSP (HBI2L.1), | cell(NT-1) mouse Sojikulet al. 2003
CaMV 358, TEV, vspaS, 177 ng/mg of TSP (HB122.1),
KDELAvsp (HB122.1), 2x 17 ng/mg of TSP (HB123.1)
CaMV 35S, TEV, vspaL/vsp
(HB123.1)
2.9 or 8.0 ug/g of tobacco tobacco
CaMV 35S, 2x enhancer, cell (HB115), 25 or 74 ng/g cell(NT-1),
HBsAg TEV/VSP (HB114), kan of soybean cell (HB115), 17 or sovb 1’1 nd Smithet al. 2003
Ocs-mas /VSP (HB115) 88 ug/g of potato tuber 4 ‘::Zt:e g
(HB114) P
Hepatitis E 47.9 ng/g of leaf,
virus ORF2 CaMV 358, Wnos hyg 61.22 ng/g of fruit tomato nd Maet al. 2003
Parvovirus 2L21 CaMV 35S/nos kan 75 ug/g of leaf arabidopsis mouse Gilet al. 2001

epitope-Gus

TSP: total soluble protein, Antibiotis: kan:kanamycin, ppt: phosphinothricin, hyg:hygromycin, spe:spectinomycin, KDEL: ER retention signal sequence, TEV: tobacco
etch virus leader sequence, ¥: TMV RNA 5' untranslated leader sequencen.d:not determined, n.u: not used, n.a:not available
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Table 2. Properties of edible vaccines produced in transgenic plants (animal)

Source of Antigen Promoter, cis acting element Resistance . Transgenic | Animal/clinic
. X Expression level Reference
Disease /terminator marker plant al test
_ 0,
Glycoprotein S CaMV 35S/nos kan 0.03 0'06/°/TSPf arabidopsis mouse Gomezet al. 1998
Transmissible (0.02 ug/ 30-60 ug of TSP)
gastroenteritis | Glycoprotein $ CaMV 358/nos kan 0.02-0.07%/TSP potato mouse | Gomezet al. 2000
virus (N-gS)
Glycoprotein S Supet/nos kan 0.1-0.2%/TSP tobacco pig Tubolyet al. 2000
VP1 CaMV 35S/nos kan na alfalfa mouse ngdorov1t92 ot al
Foot and 199
mouse VP1 CaMV 35S/nos kan na arabidopsis mouse Carrilloet al. 1998
disease virus
CaMV 35S/nos, o .
VP1 2% CaMV 35§/n0s kan 0.005-0.01%/TSP potato mouse Carrilloet al. 2001
0.06-0.43 ng/mg of TSP (leaf)
CaMV 358, (pPK2-VP60), 0.82-2.97ug/mg
2x enhancer/nos (pK3-VP60), of TSP (leaf)(pK3-VP60), 195 . Castanonet al.
VP60 CaMV 35S, kan ng/mg of TS P (tuber) potato rabbit 1999
/nos (pK2-VP60) (pK2-VP60), 702 ng/mg of
TSP (tuber) (pK3-VP60)
patatin, $10 leader . Martin-Alonsoet
Rabbit VP60 sequence/proteinase inhibitor II kan 618 1g/g of tuber potato rabbit al. 2003
hemorrhagic CaMV 35S/nos (pK2-VP 60)
disease virus CaMV 358, 2x enhancer/nos 0.2 pg/mg of TSP(leaf or
tuber) (pK2-VP 60), 1.27
(pK3-VP 60), CaMV 358, 2x
Hg/mg of TSP (leaf) (pK3-VP
enhancer, 910 leader sequence 60), 1.11 ng/mg of TSP (leaf, Castanonet al
VP60 /nos (pK3T7-VP 60), kan . L1 dgms @b | potato rabbit :
A tuber) (pK3T72-VP 60), 1.36 2002
ubiquitin/nos (pUBI-VP60), Jg/mg of TSP (leaf)
seﬁ?lt:rtl::/p(i;lii)o I}S)Zrlgferae (PUBI-VP 60), 1.6 ug/mg of
inhibitor II (pTUB2T7VP60) TSP (tuber) (pTUB2T7VP60)
_ H CaMV 35S/nos kan 0.12-0.49%/TSP pigeon pea mouse Satyavathiet al.
Rinderpest 2003
virus
H CaMV 35S/n0s kan 0.75%/TSP tobacco mouse Kha“dezl(‘)’;a?’l ot al.
Hogvszglera E2 CaMV 35S/nos, patatin/nos kan na potato nd Kimet al. 2002
Infectious
bronchitis Si CaMV 35S/nos kan 3.64-11.44 yg/g of TSP potato mouse Zhouet al. 2003
virus
= 2 = = = v = =
mpille] ™, $4 ABA) FehAel Golom bar 1 BN Fy g2 54
A} £ ASHR Jon] GMOS| AA R4S A
selection marker F-AA7} gl $HkAl7F AdEa Qo) 7 ale] Fa3 A8 71Ul A5 e T AR
(Hajdukiewicz et al. 2001). 2 Zte vlolg vt o] dAQl AT WAle] B4 dAwoe=
o .
wztol ot 74 wole A5S nEE Te 2 AR
NS A7 HNoE ASEH HE HEA 2 vjolgl o] YR @A) A7 WA 77t W3

z7] 7oA GElE Bd Al 2o Agslg ot

2 v &g #e, EvlE, @
A (Wigdorovitz et al.
1999; Gao et al. 2003; Ma et al. 2003; Marquet-Blouin
et al. 2003), Yo2E T o] &2 FI} AEF
Wt AT AQgdele AP, B PFo| ojzle =
7he] 176l T vlhje} e WA A FsT A8

Z

g
BT

A A= g AgE.

al. 1999; Carrillo et al. 2001) o] 3 AT tAlolw] A=t
Wel i HAE A9 F5 Aol 2ol vo|zi el 7
d 22 v Hehg B8 AR JdFE ARHE YUt
(Tregoning et al. 2003). 2| ExofA HAAE A=F I
oaizlo]l 3hle 3RAFS- 23l Vibrio cholerae &
enterotoxigenetic Escherichia coli®] endotoxin$] cholera toxin
(CT)#} heat-labile enterotoxin (LT)¢] A4 W =& (Gwu
ganglioside)o} ZA3ale H]EA FEA CT9F LTY subunit

£ adjuvantE ARS3E SEAY A7 LS 3 AA
t} (Mason et al. 1996; Richter et al. 2000; Huang et al.
2001; Warzecha et al. 2003; Wu et al. 2003). T3 DNA

WAz 2GSl A2 AT WY TES THAIE o



(Webster et al. 2002)<} adjuvant® CpG DNA & o] &8}
of A8 AT WY 858 Y A7 A7 R AREHAT
(Biemelt et al. 2003).

HiO|2{A ZEO| Thgt A= F7 WY A (2UA)

Norwalk virus

Caliciviridae 9| 43} Norwalk virus (NV)E 295
2, B £ AlEE SAA AdEHE FEARE 7R
A el G4 Y173 (acute gastroenteritis)-8- f2H3tct
(Kapikian et al. 1996). T3+ nlo]lzo] 7+ A] no]e]2o)
e 5ol dA &4 (IgG, IgA, IgM)o] k. Masons
(1996)2 NV capsid protein (NVCP)S 233}= 2 A%
AE AEE stgoen Az 9 LAY TEV leader
sequences EME FWHA7F TEVE T34 ofe vt
AR} AT Eodvh A G G A A4
5 HAAE AT SEAY A%, FujdlA ZEE gd S
cholera toxin (CT)& &7 T3 T3} T34 & &
Atolol= A FASE w9 U IgA] o7t drhE
ztol & Holx] ergtom a 3 71AH¢} cholera toxing
A A2l gk wollA 2d) o & A A A BEE E
F 99t (Mason et al. 1996). =3 NVCPE H&3h= 7+
AHE 2078 Al 2-331 8 A FSHAl §F 2 199 o)A NVCP
o Eo]FQl IgA A 4] AE 7t FUEHIYL o]F 4
e o] A2l A 34 1gGe SIS, 682 ti¥ 5o
A 1gA9] 971 F7H UERII e 35% (7/20%8)00 &
23l AlEhe A A E Norwalk virus-like particles 2 413
g Al 22 FH 1gGst IgMe] F7FS B3ivt (Tacket
et al. 2000).

5~
0

Respiratory syncytial virus

Paramyxoviridae®ol| 31 respiratory syncytial virus
(RSV):= o}, fro}, ojdo] 2 =419 lower respiratory
tractel] st 7| B A HEE ov]= HEA Hlo
golt) &9 dMAEZE kg o transmembrane
surface protein¢] fusion protein (F)=%} G proteino] &&#] 9l
t} (Mackie 2003). Sandhu 5 (1999)& F ©hia S X}z o
¢} protoplastolj 4] E@A)| 7)1 =Y AHFER o™ AMV leader
9} enhancer’} SIE 2RHAA LAY SO 2AHE FA3s
91t} (Sandhu et al. 1999). FE3F o] 5& RSVe] Fahula &
B EnfEE A 3l AFHE o83 TEADAA
ANz o] Thl/Th2 A E WS vhg-& Farehs 49k
o} (Sandhu et al. 2000).

Measles virus
39 (measles)> G o] Uhs] &2 nfo|zA Ao
2 dd@7 g ofrlsta At Abgel 74A] o2 A g

HIOIEA T S 9Bt A P U HT 5 - 1S5

o AAAH ez Az 3 vt W Syt wAish 80
H AE7b A S o2 delA ok (Pan American
Health Organization 2000). - W18 AL&3le] 471 @
Qe 2AQ oF vholaize] o3 X WHH
H3|A 5ol IgG Hrvh wta Agglo] Hojx e dA st
Al Zashs Aol glo] WAl HEE wtEsof drte &
A& 7143 Y} (Markowitz et al. 1990). T3 23] &4
o] S wlAslY] HEiA A 12-1870L ol MAl o]
olFA o= 12709 ol 74 A B2 AL & )
Zgo)th. Huangs (2001)2 hemagglutininZ =&
FAANEAE CTBY 87 AF A7 A3 Fof A7
Hie A Bos 5o A9 gz vis) 26
& PAANG DAY, T2 vlolelz A AP 2
g4 At e F FA ZFolA plaquesrrt 74
9ttt (Huang et al. 2001). =38+ ¢3S Fojsh] 9
& ulo)2] ~ 9] hemagglutinin £ LH3H= DNA HAal
HAARANE 2t AFE o] &g F=HFANA &
A7b F7tEe RS 8Ag 48 d=e 94 Huangs
(2001)2] Ao A HQl, ¥ A ArtE EoluAt =
AN=Z A Q71 F7HE BAoR s A A8 7FsAd
] 9-8-& AJAFg} (Webster et al. 2002). Marquet-Blouin
(2003)2 ¢ T ¥E FE2ES EAOE FA s
FA 7 AEE gstgd o FEAA 7193 F
F2 Th2vhg-& dogou 3 i e Axy
23} AHA 42l Thl/Th2-balanced responses -F-'2
F= AMS Ukt (Marquet-Blouin et al. 2003). Bouche
Z (2003)8 &9 wvlo]z]~ 9] hemagglutinin w2 9
protective loop-forming B cell epitope (H386-400)3} tetanus
toxoid T cell epitope (itt830-844)E F=§gt chimeric
polypeptide (L4T4)22} hemagglutinin T+l @o)| 2]gjA F=
e Weukgo] ThI/Th2# &l Apol7t 9l&-& BAFI
t} (Bouche et al. 2003).
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Rotavirus

Aol 3= rotaviruse ojHoleld] AZHet HANE f
Wl 991 ulole] A2 dElA] gl AAIA SR uid Wk
o] AMgzLE oo F)= Aot} (Avendano et al. 1993).
Reoviridae T} 43} rotavirus@] capsidi= 5 S22 o)
ol glom upgZEo| capsidE Tl VP73 VP4E, ¢t
£ capsid= VP6 ¥hlA g FAJglo] It} (Taraporewala et
al. 2004). AL 1119 dHo = FAE o]F}A RNA
olm & wA VP (VP1, VP2, VP3, VP4, VP6, VP&
T} v) & hRE NSP (NSP1, NSP2, NSP3, NSP4, NSP5)
E2 FAE o] glt) (Taraporewala et al. 2004). Matsumura
5 (2002)2 & Zge ARl A guld sHE o] TEA|
E (SO)olA HdE ko] 1730 Pl 58S Holy
A 978 (VP62 750 ng)& 2F {HAo® F ¥ 57

e
=

=
)

O
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AFeE A3 v g2 HBAE FARSE gzt b3 269 =
L FHEE YePEE 3lsk )t Matsumura et al. 2002).

Wus (2003)-2 human group A rotavirus serotype G12]
VP7-& ¥3Fshes 742 373 cholera toxin®E= cholera
toxin BE 7 798 olX F7HE A 97 918}
A At Aol vlste] gi¥oA o =& IgAY] Vs
wEet vl A 3t A 23 8 dde S5
A7F EABHA] kot thRoA izt vis) ek 60
slel we 23 Gt AYPS FASET (Wu et al
2003).

Papillomavirus

ApE 7o (Cervical cancer)?] & ¢l vlo]#HAE &
7] human papillomavirus (HPV)+= ¥\ AAIZH S Z 50
% 9o ool wsa glom, @A) we dosls
Z ujold 2 typeo B 125 (16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59)7F &&lA At} (zur Hausen 2002). \}o]
H2 AL 8719 open reading frame (E6, E7, El, E2,
E4, ES, L2, L1)S Zt= dsDNAE TAFo] glon 7=
6,800-8,000 bpo|t}. o] L13} L2+ capsidgh#z S vt
= frAztel™ capsid AL 7 Fof A] A 1gGe}
IgAE F7} Al7]= A2 43 A Aot (Rose et al. 1999).
Warzechas (2003)& %213 241& codon usagedl] 2HA 34
% humam papillomavirus 11 (HPV11)¢] L1 capsid protein
& w35l F 2 A8 A native HPV11 virion (24 55
nm)3 H| 53 capsid frAF TERE Gl oH FEAE
A LTE 7 9Ql dellA tizael vls) Fo4 e
A A7t 7P HEpdE Bt (Warzecha et al.
2003). Papillomavirus 162] L1h capsid protein® =&}
FAAGAE o] &3 TEAFAA AHAE HPVI6 L1
VLPE S8} F Ak e m9 94 2 97
3} cholera toxin B %= CpG plasmidE 34 A3 & #
oA k| =715 <2135t} (Biemelt et al. 2003).

Rabies virus

Rhabdoviridae 319 &30 FZ7H (rabies)E Lo 7|=
rabies virust Y AlE RNAZR 7R Alss 72 3l
o o 7l (N, P, M, G, )Y +8AE ¢3ststal itk
o] ntolejiE 57kA S} AAHYH I T FHFoE o]
A k. oid AAF o2 30,000 o] by} Al
W 4E F AAA FelE fdstal £ FEHE AA A
o ol2r xAHg-o] ] 57%¢ &3l @ olr} (Jackson
2002). 5 &9 B4 = glycoprotein (G protein)o] L A
3 vl AqFo] 2 HEFH nucleoprotein 2T 9
3 AL2E 1 9t (Woldehiwet 2002). Yusibovs (1997)-&
alfalfa mosaic virus coat protein®} 7% (rabies virus) 2

glycoprotein (G5-24), nucleoprotein (31D)2] chimeric epitope

(Drg 24)E fusion A7l A28} alfalfa mosaic virus (AIMV)-
CPDrg24-& 57 7o § So] A7} F7Hd & I8kl
npoleiz F3lAgol A B 90%2] FI=E ATt
(Yusibov et al. 1977). S A3 o)A A3 AIMV-CPDrg24
& 54 FAF T HoA gixte) vlF) 3 22 A o
77b BRI B vl 2CVS-115 o8 T3}
AelA 3 A G717 FAAAT EFE B ulol
22 CVS-24% o83 &4 HF AolA 16Y Fo=
40%2] AEEC] AFEHUAY BT AIFAE AT AU
H 7 Fojlow Fofd A A d off 1gGo IgA
o] 29 S7rek o 1gA] 2.89) S7bF 4zt 1 vt
(Modelska et al. 1998). Yusibovs (2002)<- glycoprotein (G
protein) (amino acids 253-275)3} nucleoprotein (N protein)
(amino acids 404-418)-2 AIMV 2] coat proteino}] fusion¥
Feje) BulEe WASH: vlolel 28 B FA F 5ol
a7} A ES H23A T rabies virus 3374LE o]--3t
FAYE 4P 10vke) 55 423 st A
g ol §% A AYIM vhojel MU O HEH Fol
A 219l A 595 39614 FolHel 8 IgGrt %
7L wpolelz w0 R JF B3R G Tl A AlEA
4

£ 92l % 93T 4HoA S0l A IgGrF S7HERA
on o|F 3WLe A IgA7} Z7FHTh (Yusibov et al.

Hepatitis B virus
Hepadnaviridae 3ol £3= B3 714 nlo]gjA: AlA
o= 39 549 g RFAyE 9lar 7673 (cirrhosis)
H 7relS sl nlolE AR e A Yt (Ribeiro et al.
2002). "lo]g] 9] Z7]= 42 nmo]™ AlFL 3.2 kb 27|
9] o}F UAow ® DNAZ AA7A L#A 718 2z
DNA Hlo]2] o)™ 4719] 4=} [surface gene (S), core
gene (C), polymerase gene (P), X gene (X)], 474 2] &3
3 (adw, ayw, adr, ayn)¥} 7712 9] FH2H (A-G)o] EA)
deiA 15 R AGH EEEE YE e (Kao
et al. 2002). Masons (1992)& AR &M A& o] &3l &
i FE=E W = Hbolel~ A 4At A7 o] 10-40
nm (FF AL 22 nm) 27|94 BESIGITE (Mason et
al. 1992). o|& Azl 93k A A vholg|s AH
oS A3 AE AN AR AT ZARE 9
of7b stk ==& 9o gl FA AEAA AFAlE
tHBsAg & AFol| 57 FAF & Fo] A7}t F71Hdol &
AL T cellg A= & 4 5ol #HHHGI o)z
A= AE Y @39

WS S0e YL 2 g

i o R o e (2
0, I"-Q juied) I
o
5
s
=5)

@

=3

)

\O

NG
offt
it
i
2
>,
[o]



& o 99 (10 UL)RY & 84 IA7F Uebsitt
(Kapusta et al. 1999). Richters (2000)2 HBsAgES 3
3= BZASAHE cholera toxin 3 34| 77 Fo F &
A WA 5718 4 93 HBsAgE 8% %ol F
7P 57}5’ Flstr). g o] & AAEL 8714

/‘F‘lo}@] AL o] Fgol e T 2
5—*}0}91‘3}- o|E WHA%F pHBI114 7} 7bg @e i
S BEom HA £84 Bl 0.25%7H4) Sl%S
A A1FHTh (Richter et al. 2000). & H3d 7o) 3
¥} chlorea toxing ™M¢l & 653 o) Eo| A9 &9}
rHBsAge] A} & &2 d3kd 373 cholera toxing 9

L 8 o
o [T
o2 o 2 2

r t

o, OlN

ol A% sA7} Z7hHo] sl Holu} (Kong et al. 2001).
W3 cholera toxinglo] 4 Agy WAL Fodt LolA]
T A 5712 Eoi-l— rI'BSAg*‘ TA]‘ & AL g

P

AZF S7rE Ao o Fgo] FA =t

Oﬂlﬂ /J-];qu [e) i

2 A% 3 Fgou}, FAZ 2
7] WErS-S S5 3 A 7<}°i boosterZ A
=g Ffde A7 F7HEE #EskdY (Gao et al

&3] guld HEgS
ATATANA H) LGS
HBllS AR Fd AgE AN vl o 35%9)]
a determinant (7t wlolg]2=o] AWFF o7 Q1= epitope)
& Zgstn Ytk Vsp @S9} fusion® wrlAo) A g
A DTTE #H7}8 A5 SDS-PAGE Aol o gL
HBsAg9] oligomerization (dimer-tetramer)& R Q1 =
Ao vsp @ S} fusion® @jdo] o & A I}
Z bRt} (Sojikul et al. 2003). FEH A B oA &3
¥ HBsAge] AZ U] 733 5L SEAFA 239
HBsAge} vl 548t a7 A3y}, HB11SE &4 Ags
S Aol A B H HBsAgE A¥ A9 lumendl|A 1A
o F2E P4 AT AE ] Bz o] &9 whuldo]
EAsla 9lgo] Fel =k HB1142 34 Asd gt
o] AT AolM= UFAEAMGYG FAEE 2W A% A
W] vl F29k 14-15 nmme] T2 Y72 B2
Aom AEe] mhtz Yo 3y dhelFe] HAYS o 4
o
o
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Transmissible gastroenteritis virus

Coronaviridae #}ol| 4313= transmissible gastroenteritis
virus (TGEV)& AA iAo A S 4AHANE do7n 53

HIOIZ|A T WS A AB FT U ¥T 5F - 157

s} WAL A7) A A4 Aol A = A
How oAl ick WAl wolels 2ol e oAl
2E YAg ofn] FXleA dg g FEAZ T o™
A2 2A BAZ Wolahe Aol e wHow A%t
Ho] Ao glh. TGEVE] 5 39l whilAe spike protein
(glycoprotein S)©o = o}u|: Feto] 4782] (A, B, C, D)
epitopeE-0] WA Jom glycoprotein S¢] o}y @ik
Aol slkais FRWOEE Wl o} AAE fushe
Ao2 4e#A I} (Tuboly et al. 1990). Gomez % (1998)
2 TGEV ] spike proteing &3l FAHTAAZ o] 83
TEAY 2% A2 9de 25 HITH B$ spike
proteine] e Sol Ak AdHgen volei2 T3}
Aol 22359 FHEE Jehig S5 Gomez
et al. 1998). Y HAE-2 TGEVE glycoprotein S&] o}
P 28 o (NgS)E BRI AP o187 TR
o] Bo=z W w8 S5 FolA] A7 HES
A3 o} (Gomez et al. 2000). =31 W3 okel =8
Aoz ofg] FWAHE o]-&3 glycoprotein S| Id <A
A3, ¢4 Gomez (1998)59] Ax}e]] v)s) 5-10n) Axe
B kS U3 (Tuboly et al. 2000) EEAFH)A] Eo]
GA|2] ST} wpolelaFs}t g7} #EE T (Tuboly et
L 2000). olele 49 A ANE HRE = F2ol £l
&= Tl g A7 Wl ol 2 slep7} glnk

i)

Ags =

Foot and mouth disease virus

Picornaviridae 39l 481+ foot and mouth disease virus
(FMDV)¥ %2 7129 79317 LoefflerS (1897)°] FMD
9] F HQAAE wraWlon AR TES serotype (A,
O, Asial, SATI, SAT2, SAT3)o] ¢2# Ut} (Davies
2002). Hpolg]z9] AlEd @ Al RNAZ FAEH0] ¢
11 polyprotein FE|Z Guldo] B &) nlo|#{A protease
91 L™, 2A, 3C™¢] &)1 mature7} Lo It} CapsidE
TA3HE 72 gild 2= VPO, VPI, VP2 (1AB, 1D, 10)
7} &2A i} (Mason et al. 2003). Wigdorovitz 5 (1999)
< FMDV serotype O1 campos (O1C)2] VP1& Z&s=
RAATAE o 88 FRAPIN B2 34 ¥ At
Y4B BASRUT Holeix TAUT 49 27 2o
2 FAgh TollA] 77%-80%2] BEa3} -8 =Sl oA
T 66%-75%9] H5go] YeEhdS #Est9T) (Wigdorovitz
et al. 1999). T3} Carrillos (1998)-2 FMDV serotype Ol
campos (O1C)9] VPIE sl A3 A4S Atshe]
=AY A3 FAF A EE BEIR L npolE 2 ¥
AHE AFAA 10° nlolz)x XV\P%}% %70‘2?_ o
& 145k w
&e13}k v} (Carrillo et al. 1998) d i g FMDVS’J
VPIS wrdst= 724 FAASAZ ARolA B A}

3 Eo] 3 27158 FMDV OICE o] &3 34H%
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A& A 87%-91%2] Wol &I} LehdS wx
(Carrillo et al. 2001).
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Rabbit hemorrhagic disease virus

Caliciviridae T}l 43} rabbit hemorrhagic disease
virus (RHDV)= E7]9] 54 3+ &43 9 W) 288
el A8 o R nlol# A capsidE FASE F wads
E VP607} ¢4#A <t} (Liu et al. 1984; Parra et al.
1993). Castnon % (1999)-& RHDVe] VP60E sl 9
AAZAE EZONA H3t FA} B 2K FAkste] W
$E FET B4 5ol FAVE SUHE €Al virulent
RHDVE AL&3E $AHE AQolAM F vhe] BE7le BF
8-S #elslith (Castanon et al. 1999). Y A=}
RHDV?e] VP60E Hdsh= 4 AAANE 54 4
of HEshE o R FAdFS dAsHA A4 A
4 AzxE AAE E7CA Hat 2 2] FAFE 5
A9 $7Me #AQIEH L RHDVE o 43 FAHE
Ao A Wo] 15 FASH T} (Castanon et al. 2002).
Martin-Alonsos (2003)2 99 %o ma oFyA &
A& Hste] A Mgk R JAE 4, FAzA 2
27t B3 5 97 g3 18 pgollA 6.25 ngo g 7+AdHs
AI}E A FHAHE oA A0 RYS E
AA 774 TG 2 Feo] A7t FrrEgen =
virulent RHDV 28 ]88 3AHE AYPelA 7P 52
A Gk e Bl AESS s8It (Martin-Alonso
et al. 2003).
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Rinderpest virus

49 99 (murrain) 2.2 ¢4a 2 rinderpest= A GAd o]
3 A, 22, & g4 5 WEEEd PEse AeR
dejx] glom, F2 ofxesl, Fdolrlol, HopalotalA
Qs Qi) (Barret et al. 1999). Paramyxoviridae T}l
Z:5}= rinderpest virusi= @ A& RNAZ TAEH AlES
7 Z ez 7 1ol 3l hemagglutinin
3} fusion proteino] €& A It} Satyavathis (2003)-2
rinderpest virus2] hemagglutinin & 2@ A]|7])7] $J3) v &
71Z9] cotyledonary nodeZ o]|-&3] A¥s A7} ot F
I AE BHop A 52 67%9] FFH HEEE gl
(Satyavathi et al. 2003). Khandelwals- (2003)-2 rinderpest
virus®] hemagglutinin 2 2l FAAS A7 T1AH)
NME Azd BNA-g BHAES 25T rinderpest o}
peste des petits ruminants virusE ©]-§-3F nfolgjx F3 A
ol A A& F2 hemagglutinin Tz o] oA 754
¢l & hemagglutinin A& WHE 5 JEE FHsIAT
(Khandelwal et al. 2003).

7|E} HojA

Ma'g (2003)< Hepatitis E virus2] ORF2 {3215 &
st FAASANA A2 didFe GAA T go
AP Bl AT} (Ma et al. 2003). KimS (2002)2
hog cholera virus®] 1023 bp = 7]2] FAHAE L3 3=
73l ¢] AALES-S patatin promoterZ} 104] o] 4e] E&
&3S B35 (Kim et al. 2002). Gl (2001) canine
parvovirus (CPV)2] 2121 epitopeE GUSo|| ZA$3 fusion
P Pejn dass JAABAE oY SRAL
N B} ol 73} o) 238E TA Tl FolA] B
VP2el thgt 37} HAdH S BT (Gil et al. 2001).
Zhou% (2003)< Infectious bronchitis virus (IBV)2] Sl
glycoprotein® HH3HE FAAF AE A 93D
AYMoR Foia 2old 4 2718 Asdn 774
Solol 2§ FA1 Woldold g 27} 9 vpolelag
o188 $AHF AR Pol £H}E 1A (Zhou of al
2003).
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AD % 917 wEe] SFG 74 EE A A
she WA woleizst AT
| Zdsly] Aol HeHe e
dp 23t g 478 o
A4 7] A7 B9 G e Helehart AR ALE
o] ele] AFAZNA AP 3 glck. AT W0z 7
4& A3A A EE Y 98AL &3] oA 44
E37F dojues HE Yt Suo I D] FaEs
sl TEF AF7E AlEHAL Qo A, o
o] WHFLS A EolA A E 0.002%-0.8% W] wi-¢- vt
o] HAHY olgjst AL HAYG FAE FHI}ILA
2] Eo]4 promoters} A& 2 3IUTRY x§& ¢
chall e ke ks Fisl A7) W (Richter et al. 2000;
castanon et al. 2002; Warzecha et al. 2003), plastid®
3+g o]-835h= 4 (Tregoning et al. 2003), ¥ =
A8 AE B 2713 (2ZA)d THE= 1Y 5ol
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A7 (Huang et al. 2001; Wu et al. 2003; Sojikul et al.
2003)50] B3] AEAT L B T2 fA 0%
& A8 2 codong HAHs A7)E Al=Ee] Sl
(Sojikul et al. 2003). A, AT ol A Felio] B v
w49 g94E 7] 93 TAHOE A HE adjuvant
¢l B E F cholera toxin B G okl gjAH =4
£ o] &3 g Sul e dig A7rt APH 3 gle
™ (Mason et al. 1996; Richter et al. 2000; Huang et al.
2001; Warzecha et al. 2003; Wu et al. 2003) 3 FE|
v Algel Al A4 AT Haom ALge) Sleled 27 B
vhE, vl AlER] BelA 9 FAA 3 A Al
¥ 3 1t} (Arntzen 1998; Wigdorovitz et al. 1999; Gao et
al. 2003; Ma et al. 2003; Marquet-Blouin et al. 2003). T
volzt AAEE AEA 9] FolHd g4 Aol2
3 27 s WA Y8l T Al &)
312 %+ glycosylationo] #ofdhe Tahdl tigk B4 AT
(Lerouge et al. 1998; Lerouge et al. 2000; Fotisch et al.
2001) 7} W3 Fo|H o]& Fg A A7t MPEH &
g2r] 1 EAHEE H48d 5 98 e MYy
Ho® HEIE AT 2L AT 9 AL F AHR
Q1 AA} Tholl ARR-SE7] A Tl dE e S
312 ¢13) inducible promoter 7|3 - WAle] A W
i AT = obge s Zlo] A olgt AgHTh
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