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T, FFEWEE S IGREZFHRBZEM 2 E, B
AR ONBIEF LY EOERICHEATAZ LICL
NEL DI VAT =y s 2B L7z, LA M
S Fphotoautotrophyil X o TE DY A FLIE ML P B
BRE % EOWRERDERE Y AT b L REMTREE RN+
VT8 =R NBHIEN, MWPFEE SR TVEKER
BHO—DTHLH, T/, HWMIEZENTH L0, BFR
#1%4fipost-translational modificationdSER 3 N5 L ) %
I e R 7F FOESROBE I EERDOKRBE L Y
DERTHELEZOND, 852, BT A VAR T ) F
¥ (prion) 2 & B2 EROTEEEN VR EORETOEHIC
&0, BIEE THY /NI Nicotiana tabacumz & DHEEMHIE
{, BIEFERLLTVEBYY VS0 HONAF )T 5—
E U CHBBREICRIE ST &

FEER, KEAHV 7+ Vv=TNa<) v Y REREREE
M, ILIBFEROBETFO—BEMAAL LI VAV 2=y
7Dy ERRCIROT S F Y OMRICHEEL. £
OEBED LIS, VI UATV vy JHYWOBRIKE FOEXE
IEHICET AREDEESENT 5.

IR Z Y VRV BEEEYV AT LD—DTH5H

SHETI,I AV 2=y 7HEYOBRIL, ERPKRE
Fle BV EEREL OO MERREFENE LSO
ETho7zh, BE, FUHEOEVY YNNI BEEERT 5
NWAF) T2y =L L TEEBSNIILDTE, Fo—FlE
LTk hOBFLSY /37 ETH 5B B-casein® « -lactalbumin,
lactoferrinz &EDHEWIZ L HEEIFIT LN LY, HHRB
N7 ¥ —OT-DNAMIZHAAL L VRIS /32 BDcDNA
% TIBMIE Agrobacterium tumefaciens® - THIMHL Bets
HAZEA L, Mo YA 74— LWL &R EEL
RrERTA L, BARGEFERATEII I VAV v Y
WA T S (Fig. 1,2). ZoFEzHVWT2{ szt
SVARVzZvy VX AA4EE, H2kghice FoRELL
Jw bVHRIZEEND B-caseinZ ELET X, 1005D1L—h—
DB TIESNA PN VAV 2=y 7T 4 ED P -casein

SHEE, 1EMICIHE 1 APEBIT % B -caseiniZLFK§
58 ZHLT, ke bOBIIILIEENRVS VIS
% BE TR & o THEBMEMICERT 5 2 L 45T
HTHD, LESMIIBZIHLTTLVF—2RTEE
2, BEFBIIZL o TERITERWEE R L, BHEED
E MY s BRSO R N E — 7 — FOME
ELTHRwAZ P TCENE, SRS IPTHERILY /8
SEERENTAZENTELEEZONS, YRIZTFTRL,
WA L72ARANCK LTHRBER EELR ETORBERF ST
LBHELRY N EBROMRE VI BE» S, FIRMEDD
HLDEEZOLND,

¥7-, W E MEENZHOLODOMBEEEI AT L L L
THWAZLHWETHS., HEMBE LY & —TRARBEIC
Lo TEE S NIHURYBEIFREY 4 WV ADMBELHTIER L
TWaAY, #NaTELSNIHBAgiZ KIFEHEEDHBcAg
CRABORBEEZFE O L ME SN TVEY, ZDLH I,
Rk o TERS NS V5 BHEW, fo/s44)7
Yo TEESNEDDEECFBRICEDFED Z LaF
TEBIAITTHL, ERODVATF L LY DEMEEICRDES
TR E D TV A,

E5\2, HEMIE, BHLTAEERBOBEOEEI AT
LELTHHETELI MDD oT WA, 4T, HEWIC
HEMREETH BNV 7 2T —PluciferaseBIZFE2HAT A
TRk, HYHEBATOEAREFORREAN
(Fig.3). 9 L-HEic &k 2BEEORBI, HWHMITEA
BIEFEELCES, B, RUFRT 2T TR, BE
RRDZRTCHEE & EYFRRRED RN S L 9 W EREICE
MEBEFHREDE 7+—NVTFA Y7L TwBEIEERLT
w3,

M RE T e EE UZBRED
D0FVEEVATLAELTHATES

BiETR, NIVAV v oW E T F L DRETE
MAERNA AT 27— LTHRETHEVIBEMILE -
Twb* (Table 1), EEDOMabidpWeEs 7Y vS-IgA
AT A 40D TF R (HSE, L$H, J8R, HWwhH) %
FNEFNEETHABEO NS VAV 2=y 7 - ¥85a%D
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Table 1 Production of immunotherapeutic proteins in transgenic plants

Recombinant protein Plant Production level Reference
1. Anti-S. mutans S-IgA Tobacco 200-500 #g/g leaf 5
2. CTB Potato 30 pg/g tuber 6,7
3. LTB Potato 3-4 pg/g tuber 8
4. HBsAg Tobacco 0.01%" 9
5. NVCP Tobacco 0.23%" 10
Potato 10-20 ¢ g/g tuber
6. Mouse GAD67 Potato 150 ¢ g/g tuber™ 11
7. CTB-Insulin Potato 10 #g/g tuber 12
8. CTB-GAD65 Potato 0.1 p#g/g tuber 13

HBsAg: Hepatitis B virus surface antigen

NVCP: Norwalk virus capsid protein

{*)Percent of recombinant protein in tobacco leaf soluble protein.
G ADB67 was estimated based on 0.4% production level (ref. 11).

AGROBACTERIUM MEDIATED PLANT TRANSFORMATION
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Fig. 2. Agrobacterium-mediated plant transformation. Ster-
ile plants (e.g., potato) are grown on Murashige and
Skoog (MS) medium. Leaf explanis are excised from
the young plants and laterally bisected in a culture dish
containing Agrobacterium tumefaciens cells harboring
plant expression vector. The explants are incubated in
the bacterial suspension and the leaf explants are incu-
bated for 2-3 days on MS medium to permit T-DNA trans-
fer into the plant genome. The leaf explants are

Fig. 1. Plant expression vector pPCV701FM4. The follow- transferred to MS medium containing the plant hormones

ing three genes are located within the T-DNA sequence
flanked by the right and left borders (RB and LB): (1)
the bacterial luciferase fusion gene ({uxF) under control
of the mannopine synthase Pl promoter as a detectable
marker; (2) an NPT II expression cassette for resistance
to kanamycin in plants; (3) a B -lactamase expression
cassette (Ap) for resistance to ampicillin in E. coli and
carbenicillin in A. tumefaciens. Multiple cloning site
downstream of the mannopine synthase P2 promoter is
used to insert the gene of interest. The g7pA, gdpA and OcspA
are polyadenylation signals derived from the A. tumefaciens
T.-DNA gene 7, 4, and the octopine synthase gene, respec-
tively. Pnos is the promoter of the nopaline synthase
gene. OriT is the origin of transfer derived from pRK2.
OriV is the wide host range origin of replication for
multiplication of the plasmid in A. tumefaciens derived
from pRK2. Ori is the replication origin of pBR322 for
maintenance of the plasmid in E. colt.

(auxin and cytokinin), and the antibiotics (kanamycin
and claforan). Transformed plant cells form calli on
the selective medium (3-4 weeks). After 2-3 weeks incu-
bation, calli regenerate shoots. Regenerated shoots are
excised at the base from the calli and transferred to MS
medium without plant hormones to stimulate root for-
mation (2 weeks). The plantlets are grown into mature
plants in soil (7-9 weeks).

(Y, ZNHDINTZEITEDELTLICLNSIgAD 48]
DEABEFETERBEEYE, ZRESIgAREETL TV
ATy 7 INARERTAHZLICEB L72Y. TDSIgA
IXhEoREE 25 I 2— % » ABStreptococcus mutans®
R7F FHREERRROICERT 220 TR, L FOOKER
TORERITERTE ., SIgADY V737 BAREERIHTT
HIEFMIOERRZ EORBER CORETFHOBRBO CTEE
Thb. S50, BRERTIIS-IgAZELET 2 /300
W ORKRS L-BEZDEE, 34 AMS. mutans®DiEFEH
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Fig. 3. Detection of luciferase activity in transformed potato
and tomato plants. After Agrobacterium-mediated trans-
formation of leaf explants with the plant expression vec-
tor containing luciferase gene, the plants express luciferase
activities above background levels from untransformed
plants. Luciferase activity was detected in tuber slices of
four transgenic potato plants (lower row) by low-light
image analysis. No luciferase activity was detected in
tubers of four untransformed potato plants (upper row).
Similarly, transformed tomato fruit showed luciferase
activity (A) in comparison with untransformed tomato
fruit (B).
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A, ANEZ2BmstEnE B_RHZ LICL b, DR
12k o CEEE SN RS v N By BEEROBNTE 5
FlEsds., 20, Yy H4ER T MIFNNaL R Y,
5 YISO BORMBARLETHY), N )T ¥—ETF)
N = YAFADOWHDOEBE R RIzTIEDFTESL, KA
i3 L SH Vibrio choleraeD&E#% (CT) B$BETFE &L H
SRV =y - Ty A4 EEZERL, ENHEREOGH
Ay 7)Y FICEENIEET 2B ARGEEETHI L
WKLY, ST xHAE2CD-1TTAIERSIES L,
e & B NICHCTHUE (BIcIgGES-IgARE 0T V)
HELEIND, HCTHAIMEE, BOTU 7 F 5 FIik%k
BAVET LI 72725, 7—A T 52 LICX Y Dl LR
TAHI LD bhol. kB, VYTAET I F e ROEE
L= AD/WE (ileum) =V —t—TYRIKRTEY, 21
SEZEFEALLL ZABEANKE T 2KG0E L KB
THIEDMEIOON, BIE, TOT7F i, BRIKER
DEEGFRIEIZH 5.

52, A =9 FREODTacket b DERREERTIZER
FE A B Henterotoxigenic Escherichia coli (ETEC) %
s ER (LT) OBEEV Yy M BICEL SE, AKKE
DI ¥ HATLAREEETH, ERNTREGEZRL
MAB L UBERICHLTIMRE BESELZ LI LTy
BY, OIS VAV vy - Vx4 EOE, BE
AT Dantibody-secreting cells (ASC) DIEEILEARL 225,
BAREZ LI OETECEBELL /58 DASCH L N)ViZ
WA %R T,

DL BRMBEARIHEICNT A7 7 F  OREICET A
LSS, BUERAERFIERI T / — U - TANVA
RBRIFF R A VAT T AT 7 F Y OB ITHhRA TN
A90 29 LI-BIRERIE, RN, ATy
WA TR EBIRED T 7 F v & LT ARIISHT
EBLUREMEEHOTVWAILERBL TS, F72, IV
AV zzy 7T EERERER T 5 FRIC b FIRT R
I ENHFY, FUF)FREOMaLDT NV—"TIZE > T
e 5720, 4 v A RFHHERF (IDDM) O HCHUR
autoantigen D — 2D TH B V¥ I VBRI R BB K
(glutamic acid decarboxylase : GAD) % ELET S ¥ /N2
BXOYy ¥4 E%, IDDMOETFIVEMTHANODY 7 A
WCEREES ERBHVMLONE ZEMFREINTWABY,

EBHEDCTBIERTF R —FD
Higtke LTHIATE S

T4, HEWICEESERCTBR, 77 F VHURELTE
TTRLOEE ) v BN OTROEREE LTHRT A Z
LERALATVAS, FOWMEN—&RL LT, CTBXIDDM®D b
Y—ONEELHTHETHSA VR Y EBEFLANMT
BEEE, A VA Y ENODTY ADGALTIZHF R I ER
B LIZH LAY, CTBREFO 3 Kimic 724 >~ A
) vcDNA%R &S S¢ A, bV (P-GP-G) ¥a-—
FTAA)ITXZLAFRZ20DOBRFOMICEAL, 7
o4 A 03 FK/INEEFRE > 77 )V (endoplasmic
reticulum retention signal) T# ASEKDEL% a2— N7 3%
ANVTXILAF FEFEELE. 2B, HMPMERANTOMR
BREEOLLD, TELRVFERBEEOB VI F U 2EA
L7248, k¥ VEBORTF FIZIREIEREEOR NI F
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YEFMBALE FRUILoTYRY -9 vy VHERBEEB
TAHEE, MERFEEIETLCTBO 7 + — V571 YV #RT &
Eions, bPIUVATVzZvY - VX HAEIX, FFEY
30 kDa OCTB& A v AY) Y OW DR ME®FHFOCTB/ 1 ~
AV VIBEY VRV EREE L. X5, BEY U0 H
DITEAEDCM T T AT RIS BEERNT 74 =F 4 —
PEOHERTHALEILIEIOON. TOIMSy AT
Zo s Ve HLEENODT T RIZANREE S L, Th2Y) v
NEREEEALL, FICRES9 ) YIgGloA Y R Ui
BLREEIN:. 2B, VIVAV vy - TV HA4ED
BOBEUC L D IDDMESFEDOBIN T » 7 VN REBORIEN
ZELETL, BRBROBHFEE2HZ LI LA bhrol. 4V
AN URFRETEEETA NS VATV vy - U H(E
T D& ) BIREMMEL, BYWHEHROCTBHUEERE L
LCHATRETHL L2 Rmgd AR Ro7. £/, CTB
LTI AGADBSDBEE Y v /3y Bh EET HHE = BV 728
MERTDH, A VA YOBELULMERE B2,
CTB/HURHRE ¥ v /37 HiX, MUREHEE) /IR
BB T A 75T Cld R, AEAROERIZL ) CTBZF 1
FMACHTHIEDENEY SHEICHIBL, V) v /3lE&To
BERORELZE L {BOAZENTERTHALEEZLSL., ¥
IR BER L VDS EFER N A T U T 7 5 — T,
CTB:FEMOERE L LTHWS Z 8o & W B ARBEFED
DBEEERPRERTAZENTMEETH L. BIE, KL IZZDH
EERAWTIO Y YA VAT 2 F Y ORBICY#HATH S,

FHLWFS VAV 22w ZHMOBRRED
AN &

Dy A ETEORREDL, KB F IV AT A LR
T, RYAPFATERLEDT, BOT 7 F VY OEFIVHE
We L THEZEOMTEH{EbNTEL., LrL, B&MEY
IF v EBETBEE, Yy N4 BB LEY EIZEVEE
W, #oT, EDFFELNENFF R PR EHAET
WL EEIC b/ o TEE, HEINTWLERET 7+
VELTHALL) EWIBEIREFREOHE TILE > T
W3, B, I—32VKREDArmtzenl LD NV—FE, /—
T A=A NVADH T FHRIE (NVCP) O#EZFr2&t
NG VAT 2=y - NFFERBERTH L. Fe dDiBO
WM HRREEDP LSNT T2 BV T 2 F S0kt
VST BOEERMIELICEDTWAS, NFFE0RREY
FFIURTA—LTHIEICE D, B - BRI
BEORBARIINTAETZF LT, WY »EBEANEBTES
EVIHIRIEDELSE, COLHIRECEBLT, REAHIRE
BIZHWT A XV v TA TEORBETCHMONLKEE V¥
AL I FCOBRRBICEIBLTVAE, THLEIHIIC
NI VARV z oy VHYOERZESEF TORRBERIIL L, B
BN, BRETRMET7FrBLUS T ST liEHEsy
NROBOEERELTHBESINLTHA .
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