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9. B3 Ag #d A& A W) FE) Hgseh 2 A Hgg A
28 WA FozAd =eaA s A T B ALY £ AU, A
AE 24P AATde AP T 53719 PhzHez Fvd £ U

AgA §d WAL 5 A Pgez Aesa Yok

Ag A2 WA o] J)ge #AYg T A4 JEA fFAAzFez WdA
22H fd¥E F9¢ YIANA vaccined Btk AEAE oz HHPL=
N Fdol AAHY AstAAE T UFY A% A AN EAstA A o
g4 dAapgialel dgd Y 149 B WASAE A diFae SAA(LD
< XFPF AAE 43R ¢1 Yoz URNAAN HALARGH AAEY ¢HEE
R s

Tulane & Clement Z4E ZAto]A cholera toxine B-subunit& $HA7Ix 11
ol ool ZAE HAHAAA 10991 %)NA IgGrt 9= FHe IgA F&
67 (55%) Al 47} F7H= ATt

71912 ulol) A QJAHCVP) : HE virusE FAx 23F3d surface protein®ll
M4 9 epitope® ATAT, o 71¢€ B peptide BAHEE A HE
2 o Weo) pon ARS T WILNE UEhd £ e L@ 2710
o s1uE solela QAE AEBANA VST FApgoly mz A7 A
RADT,

ol el oA wyez NEAA ¥do WA YFNN FF EE Aol I
AW 4BAS 4Astel FAZ YAHE o) FHHYAG. 2 AFWAE 97
ANHNY HAWNG HEAE 08T WA ALY A AFE FYAHUG

2 AT Mee 7143 WA F84LE F AR Yol 44" F do.

AA, AYFTE L o8 Fof At FAA Iu9 Ng5Fo] AR v <
Aola A ZlendE BE REo g7 rlgg Eise @ASdE FHeoldh 1
A2 B PAtE vaccined A5 UM E oA o T AT AI}E LR
@ Ro] AT A il oI A= 199290 & o2 Texas W& Charles
Antzen¢] gujolA A=F hepatitis B surface antigen(rtHBsAg)S U@ (PNAS
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1992 vol 89, 11745-11749AN 7 B3} A=z, dulol A &€ vaccineol 71&9) &
RoA 2@Ho AR Je AT vaccinedH FHE PYHAY S TP ¢
F(PNAS 1995 vol 92,3358-3361)9} mucosal immunity® +EA171E antigen®
Al gste] ARZET oy}l FEE edible vaccine® /el e AF o] o] FAA
%t

AZANA vaccined A AEL HAFIAMNE NZE 7|€2 UFH2
den, 47 Z71FH 2 EFAH Wi ol& steAe FIH go. H2 ¥
Q FAY AF AHAZ Kol o[ sigol AYFHE ¥ oliyt Y ¢ A%
oA E de A48 4 A FHAT #F EAAV AE Aoz 4Zd
4, dF MEE Y g2 T4 AZF, monoclonal antibody 4t 71&,
NE AX wiF 2)&, AE9 FIAF ey, oMo S0l LY
systemT% 7]€, mucosal immunityE FEA7IE U 2 WY EFAYY T )
ZHE MAE 4 A o8 71EE FEo 48 4¥8E ste AAAA A4
A F3e 7 &g FHANL F UL BY ol U S8 tFE
Aoz HAY wed $ UMz HEdM I 714 EFE AP
oz 4ad £ de MELE 71€S rE, o JEg uS A IA
AR3Ye e dotn Az dr
A4 ZddAE T S0 HEAM *F, JAHAF F& ALEA A8
bioreactorg °]&3= V77t BZH 1 glow AW #}dtd FAFY ZIQEl Fh
HAM 2 F2 £EF HAA gysEn Jdt FAold 53] Aty AW AW
AFEC] AA AR A L o8t A@Fo] U7 W&o HEoAM oofF A4
o MY FaAHe dS F7HE Agoln. A FulldAMxe 10004 ol
vaccine®] ¥ -, B AR WA, 453 Ydoz 4AHn den, B
88 vaccineol FuldlAd AAFHAY FUse Hojsn dok AF7A 9
vaccine A4 WYL FE MX WY E yeast U bacteria & °l-&3o HxE
vaccineg AJAste WS AYstn 7] WEo] AP 2] bioreactorE A3t ol
st @ A oo Bon 53 FEAL WiFe B AUR vaccined
g4 FE Foll viruse) LQ7Hs80 A Hol g
g 2 A3 E FIAM ALstzzl e oral vaccine(Z T #M4l)E mucosal
immunity & FE322 3 A ZFVt 2oH, HEE ol&I2E A4 §o
AA B3 AFe] #H$u AdAdces FHPol U wHA HEEZ o] &Y
vaccine® W#F Aistd FE}Fo2A AP AL HAE AEY F W WE
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of 2 AA AFE 7HAL & AL Aolz o2 AY BY EoFe U= T
AN £ AL Aot
TG ol E NEe Y L Y Bold FAPHPLZ o8B F AL ¥ o
A2g 71¢e ds 7AAdsa Aedad F3) oy vaccined] 7HE, HE9 AE
ANE 4+ A A% AF 59 ALE kA & 7 A2 BY A FAR F9H
I YE B vaccine € ATFEHLR dAAYoEN Rl AL AHE £
Ql7) Mo A2 o]&% A2 T A YL o FofE FUAE #F &
38 7AAe 4 9e Aoz 445 A |

el olEl g 7]a e IFUAME ATFLEZHA A J1EE FHIGA FY A
Bagol He ATH WAL AYY /P2 AN Y AZFA 7|HqE
$ Qe WPoz AP o] FFUHojop F Aojtk, EF o]g L vaccineo]
ZA ARNHE o AAHol F Aoz JdHY 7Ed FAELR LR
vaccine € AT WALE A A, HEF9 Fdst 7IHEY IE vaccined F4
Al multi vaccine |¥¢E 7H53dtEd d&FdH.

m a7hg e 2 H9

B A7 25e AgoA ZF T4 vaccined BU3ed F3Fo] Ut 53] &
FoA xEAA AP cholera ¥ B & Y vaccined FTF LR Fode K
43 9E vaccineS 7iEdtE Aot Y& vaccine® oA FFHE FHAAA
mucosal immunity® oM FA YL e PHeE e ¥4
B4 B&o] g2 Aoz €A AUt
- Cholera toxin B subunit 9 #3xs BY 719 &Y #4498 #AAE Vibrio
cholerae R B 8 7+ 29 o)y #2) 1 2, cholera toxin B subunitE P4
oA 2dANA BAAA $E FHsUL
- AN ¢HRY antigeng BA37] Y3 cholera toxin® B subunit$t HBV
o 9 4] ot monoclonal antibodyg AJ4FstE= hybridoma cell-line2 4%
1470 5718 A4z, ©@LFAE  AW/AANNLH, EE  anti-CTB
anti-HBsAg polyclonal antibody& A34t8t9]ch.

-B ¥ 39 BAe AT FLoE fwdy] 948 B ¥ 3F viruse EY T4
3} B subunitZ gene fusion A7| Pl A EoA LPA| 7|1, vaccineL 2 mucosal

immuity & 58 4 A=AE TELIL T AW
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- BB A¥E 3 AT vaccine o Al A/ ANeAE HAY F A
assay system< 7% 39t}

rir

P2 AP gL o143 vaccine & AU He Wi, FuiFE, o, DujdaM
g FRANAT.

- Vaccine® A4tsts g 2 Sl FFL ML) sy, 4G 78
4 8%Q vector pHGCTBS} BT @A¢ HEBNA He&Hoz FFAYH 2
¥ 4 & pSB119 vectorg Al &3ttt

Az AL AAzAHALY Aol Hol¥ MS E Bl Ao wfdd 2
HEA AL FAFT AFzAA =AM E MSHAY Bl EG FA Y
Elgten 1 FqHE 1 mg/L NAAY 5 mg/L kinetin 2 5 mg/LY BAZ} #H7}
g MSujRlel N & AEpEo] 42%2 7HE w2

AgzAos RE ALIHE HEAY 5 WUEE F0)7] A9 1 mg/Le
NAASH 4871A] X9 BA(2, 4, 6, 8, 10 mg/L) ¥ kinetin(2, 4, 6, 8 10 mg/L)
o] F71® 10Z79 A3 wAd #F F 59€ F9 A4S e 2H2¥
5, 6), kinetin® ##§ WA o} rtiE BAZE A7t AN A&RZE] A U
Bt o BAY 57 dmg/LE o 63%S 7MY =& AEA ALHES UYEUN
o},

Qo] ¥g ujFe Agozye A/ AL IS YAz
BFe B 43, gy AaddM HFAE olFy W= dojuA @nou,
g 39F RHE Zd ZAFoA AXEL0] FAA doldS BEL 5 9
A, wF 7Y Fole AR shoot primodiad ALY, WiF 209U Foll
e ZAAA AEs A &EsA

HAAGY wFd it FAA} FEI AAHJSAE Lotrr] AHA
hgromycin FAAE 71222 2lmer27]9] 2709 primerE A &3t} primer 1
& 5-AgC CTg ACC TAT TgC ATC TCC-3’°lZ primer 2= 5-TgT CCg
TCA ggA CAT TgT Tgg-3'clch ©]& Edi2 PCRE #3T A} JAQE
Wl %o hgromycin #RA2} cholera toxin B subunit FAXA7 8FHE =HAS S
g3t

a3 ol FolA PAANY WF2RE AYFAE Fo) olF MM FuUFAH
PFE 2A7] 93t HAAY FX 9 controlFAE hygromycino] ¥t FA
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HFuj oA Fold YL A A, YAAFNFY FAEL FAA wR AN
Yol Wolg 3d nHdte YAAE HA G FASLS LoldtA] Rde 7
FZ YetdAd.

gy 2 AYE Fobd wFed AN 2 R FAXAE AAE $¥

g £ ANeH vaccineFAA7E A#E ¥FE 53}
- FulFoA vaccined wdE7] A YulF wlFH =& Agrobacteriumo 2 A
% ¥ stolaZuoldo] SlE iAo X4 F 1Fduict wjAE n@s}AA v ¥
Ak 4-6F HE Fo) viFEYN o2 HE shootdt #4 BH27 FAHAJGD. F=2
shoot2the Pa Ao o FYd H2e 23 AE3HeiAA shoot
2 AR S ALY shoots BAZFAZ g MSHRAA RAE #7]
ANz F ¢NA Edor ojdste 246 Aujstct FAAGA FF &
719] A &o] &% lem AE & W7A 1 F 4CoAA o VYA ALHY & F
A A Auistdct o 2-3 FAE F| Szt AFH T FaAE A7193A
UsEe stach Midzgozie] gAAPE Qa2 JHEL 0-50%2 L
U S04 Avig gAF FAAEAN e HAHY FAPEEL 3-6% oI
o ol FA A F 547iA S XY FAMNFAE dE £ ARG FAREA £
e #& 54 AN dAH CTB FAA7 &4A3] genomeB 22 Z=AHAEAE
Southern ¥4 & 3o &5 ct AEd T-DNA ol A A4 Hindl sites
grjolm 2 o] FAZ DNAE AW3le CTB FAAR hybridizationdte] 1} W
e2A 2298 FAAY £ ¢ F Aok 2 A3 FFAAEAANA gL
control FulFAME WHert JerdA Skn JAAE AAENXE CTB FAA
7} 1-5 copy 2 ©438HA genomedel A AE A& FAHAG.

Ty AdlZEx g8E CTB 34 =% #AE 54 7 FolA 3BAFANA
A8 4 F UMDt FA FEFS A w2 e 195 10093 3
E2 dol7} AsA dehgch ol& AMMEe] g stelazwioldl AP Fd
Y 24 Ady o o 319 2eHlE vetd sRAE 1070ARZ YA v
A3HA FwE Jehidt. T 4 &84 & CTB F4# primer® PCR £4 & %
o ¥ A% A FHd2e 03kb HX o4 DNA H=7t F4HAS )Rz gl
Fole WA FAA FUz2 Ao fFAdUE Aol HAHUG
- HalA C6-1, C6-3¢ =9YHA ¢%kx Cl, C2-1, C2-2, C3, C5, C9, Cl11, Cl12,
C14 linedlA 178, 2, C8 lines)Al 270, C4, C7 linedlA 371, C13 lineo] A 4749
CTB #3AA7 AXSE A 4 QA 13719 linel M =Y FAAS g3}
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AL B2 JAFHAAE =4 A 15719 lineFolM 2749 linew =YE A
A7t g S A F A4S, = 2-17 2-2, 6-1% 6-2& 44 FY callus
M ALstE HEHNZA 2L pattemd YEfUE Ao Mol FY callusolA
AL o2 A HEAE EF 2 FH2 JAAG HASS ¢ F AN
35 lineol Al F2b7F AR @ 8% EYgol AUEE AUk TiFAE 20HHH
1009 7kA chFst .

A5 4 system & L3 Y (cholera toxin B) S AA7F AEH oA
FigFHor2 YHEIHEE ¥7] st 4E9 nuclear transformation, plastid
transformation, chloroplastZ2] @A targeting L A& ulo]e{2E o]& ¢

9] epitope sequence?] transient expression® A E3}%it}.

- 2E9 nuclear transformation® 93l border sequenceZ Agrobacterium?)
left border$} right border& Al&3%.2.9, promotere CaMV35S promoter& AM-&
gt AE #d ¥Ed cholera toxin B (CTB) #3AAE AYsid AZY
DNAE W@ FNA FAZ ¥ Agrobacterium-mediated transformation ‘Holl £ 3]
FAES YAAENHNY FAAY F FAAE LT AGuiA oA A EHY
AL =3t AAD HEA dste FH4 BHE AASS ab frAA
=Y 2 2dE HAHAT b FAAY =Y R FHo] @A A EAMZYH
993dE #8339 immunoblottingg HAEdAoU LA Eo] ot CTBY ¥4
g Bold AEE e dyd dHS A8y oA FH A2 =Y4A
of g YPR = o) (position effect)E FH3}7] st L&) ¥& A&
A2 genome Y2 ¥ A4 =L F53E MAR sequenced Alg3td »
oy o] ARE ctb FAAY =Y L BAL Hol =HAA T immunoblotting
S AANHAE o SEEo] WolA CTBY #Ag Foj3 AL 3t 9l @
HE U3t oK.

- Plastid transformationg $18t w4 X ¢ Maliger groupe] T EE pLAA24A
WE A2"e Algstnt 313l oy Maliger groupe] ©] ¥Ele] EFE X FGE
ox &9 digtez F groupollA AEF RN T FEo] BimA Yo pSBL
derivative® A3ttt pSBL W¥ AlA%& border sequenceZ tml¢t tmA&
A}839, promoter® Prrm  promoter® AME39], aadA genedl &%
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spectinomycin WA & Hdsted 9% FHAE aodA gene Bt2 ¥ o} promoter
9lo] fusion S E&3 polycistronic 34 LEHE=E 1re Fojrh, pSBL HH
9] addA gene S open reading frame& 59| cholera toxin B(CTB) #& A&
A% AzY¢ DNAE diFTold 74 ¥ Particle bombardment Wl o4&
plastid transformation® AAlstAch FFAS ¥ FAAE ZTTEE AGuiioA
e AL Azsdgett FAZ E9o] dojuA] o} spectinomycing EF
g AeujRol A Aobgd& shootE T 4 AN

Nuclear transformationA] CTBS] 2@ &o| W o, chloroplst gene targeting ]
A% A3 WEe] ¥ur o]P chloroplaste] FAAEC) 71EFH o2 o7
2o olo] W& uigte =2 CTB proteing chloroplastZ o] 5 (targeting)A#H 4
AU A CTBS 2d&S FUA71nAa sHch. 54 w@ide 2dL Axd
& EAse 2 @AY P 9&) =HE 4 At Chloroplasts & MEF
100007} 7}% EAsted AEZAN 44E @] chloroplast W2 o] F3HE
AEAV dude 23L& FiAIez 54 @yF LdY F7HE 7|HE F
altk,  Chloroplast2¢] 9% targeting® 39 Agrobacterium® border
sequence®t CaMV35S promoter& Al-83%1.29, promoter 9l tobacco R rice
9] transit peptide sequence$} ZtZt fusion® ctb FAAE A UdtH AZF DNA
2 g AFNN FASEt. Agrobacterium-mediated transformation Yol o3 7
HAEe PFAABPo, YAAY F FAAE TS AdQuie A JEH
e fE3tgdet. 2 23} riced transit peptide sequenced AHE® ZfolE 1
Ao §FAE A=A B 59 MY HEANE A2, tobacco?] transit
peptide sequence® Al ¥ Z ol 44#H9 PYAANG NEE Sz EF3
i AR M N2 Aol FEHA A%t AT AFHE FulY &AM
tobaccod] transit peptide’t vi$- A&Ho=2 FHFdte CTB ©¥A 9 chloroplast
membrane °)F %A Fol AFAol ¢ CTB ©¥F°l membraned] embedding
o] MXo FA & FFL Fe Ao fFadth #H FYEAA riced
transit peptides T HoZ A FaA ¥ 754l ded 2¥8Y doete &
#go] ¥ riced transit peptided] =& o} fusiond YHIE &A= CTB
gulde w@dgo] Z719 sbsAol k. @A rced transit peptide sequence$}
fusion® ctb FHAZ PYAAEE independent FujHE 205 E Frungow,
o] Zo) uldle] genomic-PCRE #8381 rice? transit peptide sequence$} fusion
9 cth FAAY 20E AN HA FE FAE oo dF 4L AFHL
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2 A3 rice?) transit peptide sequenced} ctb FAA =0E FujA EA
gld g #2359 immunoblotting® AAlsted CTB ©¥de FHYE ZAstn
A o CTB @9 2@ &0 £¢ Aole ol FF4 & £938Y edible
vaccine A4t 754 & AS ZALE Aol

- 3 Zo u|AET ulo]e 29| epitopeE 4] E viojz A9 EH LA W
Yol 2783 Aot o)t A2 HButojelx FA] 7j&e] WA YA dHE
FEY ARAFH ZALE Ad FTE JuezAed stsAdE AYz U 48
upole] 28 o] &g Yo epitope sequence?l transient expression® Hdted EH
59 WYAA Zd2t epitope’t AAEHAD F UEEF Gl Exoja yiel
29| ¥y g¥Pe] FAXE AzxEsAG. Gl ZAo|2 vlelg A (TMV)Y 9
3 @¥A9 surface loopell epitopeoZ #4 8 4 U= CTB sequence ¥-9E 4
7% A3 epitope sequence?] transient expressiong Alx&ct. TMVE
full-length ¢cDNAS®] coat protein®| surface loop region®l Z}Z+¢] epitope sequence
€ A48t hybrid TMV ¢DNAE 74 % ¥ run-off transcription Y22 A@#
ol 4 RNA polymerase©] 2|3} in vitro transcripts®& A3l o] & dul 4 Z
HAEFET. HAF 7Y F 4789 X epitope sequence ZHE U 2717 AHdlE @AY
€ hybrid TMV (pTMV6.4ES} pTMV6.4G)E &< AFIE W A7 TMV
¥Zg yole Aol FAUHALG. TMV HE L Bojt YJEANEZRYH dydg &
£3%¢9 immunoblotting® AA5A20, I A% TMV ¥H5E Role HEEY %
g9a FoA CTB @9 FolA AEe s d¥d dHS {AT + AR
tt, £§ CTB 349 B0 ZFE & vl gL SDS-PAGE ‘el
TMV coat protein Bt 2kt £ AdA dA=cd ol FdFH o549
Aole AxY By duiAd A=) epitopes] Holot FH3 Lol@olzm
o9 jmmunoblotting EA¥AM pTMVE4GE Azxg I GYo
pTMV64ESte] AL Zo| A x EF&n oS ZsHA EAFU.

V. d7AgZs R g8 A A

1), 8 dFoa olF8] & Y vaccinel® B9 vaccine2® £ ohz}t
multivaccinee 2 A48 % A& ot

2). B vaccine®] A &40l Y9ZHWA AS7AY I F84 Q& 7]&q AEH
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2 Qe B84 ¥ subunit vaccineE WAE £ AL Holdh

3). Chimeric antigen®] 7§22 A%o] /L H FoF A3} 9 RA3E 47
A2 FE Ao

4). & A7%A £9 F dolAE 72 71€d FAHF {FAA dF 2 AA%
o Q23 NEM dojAn 4437t o]Fold & Ut EHE assay systemd
g3 72 AFE 8 MZE vaccined screeningo] 7M5du E & A%

& ey + o
5) A 2oA vaccine®2gt olyzt 4 E-E bioreactorZ ©] 439 g o F A
= 7bsdtch
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SUMMARY

The purpose of this research is to produce edible vaccine from plants.
Especially this research is intended to develop a effective edible vaccine
for cholera and hepatitis B, It is well known that edible vaccines are
suitable for simulation of mucosal immunity and induce more antibody

production.

The objects of this research are as follow.

First, we intended to clone the genes for cholera toxin B subunit and
hepatitis B surface antigen from blood and express and purify cholera
toxin B subunit from microorganism,

Second, we intended to develop effective vector systems and gene
transfer methods for the production of edible vaccine from plants

Third, we intended to make hybridoma cell lines to produce monoclonal
antibodies for cholera toxin B subunit or hepatitis B surface antigen,
These anibodies were used to detect the antigens produced from plants.
And we intended to produce polyclonal antibodies for cholera toxin B
subunit or hepatitis B surface antigen.

Fourth, we intended to confirm the mucosal immunity of a edible vaccine
using animal model. The vaccine was produced in the fusion protein form.
The gene for hepatitis B surface antigen was fused gene for cholera toxin
B subunit and produced from microorganism. It was demonstrated in other
reports that hepatitis B surface antigen or subunit of this surface antigen
in the fusion protein form could induce mucosal immunity. And another
advantage of fusion antigen (or fusion protein) was to minimize the
phenomenon that fusion antigen was digested in the gut by protease. To
improve this effect, peptide sequence modification was done in this
research.

Fifth, we intended to choose the most suitable plant and develop drug

delivery systems suitable for this edible vaccine,

12
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As a model system, transgenic plants for cholera vaccine production was
generated in this study. Three strategies for production of cholera toXin in
plants were devised : Genetic transformation of the nuclear genome of plants
using pBDCTB ; Genetic transformation of the plastid genome of plants using
pSBLCTB ; and transient expression of engineered tobacco mosaic virus (TMV)
with epitope sequence of CTB.

pBDCTB is designed to produce CTB constitutively under the control of 35S
CaMV dual promoter in transgenic plants. Transfer of ctb gene and the
presence of mRNA for ctb gene were respectively identified by nucleic acid
analysis in F1 progenies from 3 transgenic lines. However, CTB proteins were
not detected by immunoblot analysis. It was likely that the expression level of
ctb gene was very low in cytoplasm of transgenic plant cells.

Because oral immunization requires larger amount of antigens by comparison
with parenteral immunization, plastid transformation using pSBLCTB was tried
to improve CTB expression level. Plastid transformation event in this study
based on incorporation of the aadA and cth gene into the plastid genome by
two homologous recombindtion via the flanking plastid genes, Prmn, psbA.
Unfortunately transplastomic plants were not gained in this study.

The surface of TMV coat protein for presentation of a cholera toxin epitope
to the mammalian immune system was engineered. Due to the size limitation
of inserted peptides for proper assembly of TMV coat protein, 4 shortened
series of a CTB epitope was selected. And synthetic oligonucleotides
corresponding selected peptides were inserted into the surface loop region of the
TMV coat protein gene by overlapping polymerase chain reaction, respectively.
Recombinant TMVs are all transcribed in vitro. The infectivity of these
transcripts was assayed on a TMV local legion host, Nicotiana tabacum cv.
Xanthi nc. After 7 days, typical mosaic symptoms on the leaves of Xanthi nc
inoculated with pTMV6.4E and pTMV6.4G were appeared, respectively. The
recombinant coat proteins of pTMV6.4E and pTMV6.4G migrated slower than
that of TMV-K in SDS-polyacrylamide electrophoresis and were specifically

detected with anti cholera toxin IgG by immunoblot analysis. The differences
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of apparent mobility are consistent with the presence of the inserted epitope in
the recombinant coat proteins. In addition, the differences of band intensity in
western blot analysis are consistent with the length of the selected epitopes.
These recombinant TMVs have the possibility to meet the need for

cost-effective and commercial scalable production of cholera subunit vaccines.

Tissue culture system and transformation system of cabbage were
established. Using these technologies, cabbage was transformed with the
gene for the vaccine. It was demonstrated that the gene was stably

inserted into the chromosom of cabbage.

Total 54 transformants that had the gene were identified. It was
demonstrated using southern blot that each transformants had from one to
five copies of the gene in the chromosom. But It was observed using
northern blot that the expression level of the gene in each transformants
were different. Usually the transformants that have more gene copies in
the chromosom produced more protein. However, it could be observed that
the transformant that had only one copy gene produced the protein in the
high level. T1 seeds for the transformants were obtained using
autopollination. T1 seeds had. from one leaf to 100 leaves variouly. Until
now, seeds for 35 transformants among 54 transformants could be
obtained. Among transformants, Mendel's law could be applied to some
ones, but not others. Using PCR analysis of T1 cabbage, it could be
concluded that the gene was inserted into the chromosom and the inserted

gene was stably inherited to the next generations.

When rice plant was tranformed with the gene, only 2 lines among 15
lines did not have the gene in the chromosom. It was observed that Cl1,
C2-1, C2-2, C3, C5, C9, C11, C12 and C14 lines had one coly gene in
the chromosom, C6—1, C6—2and C8 lines had two copies, C4 and C7 lines
had three copies and C13 line had 4 copies.The inserted gene in the 13

lines chromosom was detected and the gene copy number was various.
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Line pairs of C2~1 and C2-2, or C6~1 and C6—2 were redivided from
single callus and showed the same pattern. Therefore it could be thought
that many plants redivided from single callus were transformed into same
pattern. Seed came into bearing in 35 lines and 28% were sterile. T1

seeds had from 20 leaves to 100 leaves variously.
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Ai1g dTASF

FAAFNEZ o] & T vaccine/I'L

A2 & APl BN HY

2 dFe EAE AEM T4 vaccined /AL o) F ol &3t Fd AL
A A7 H1 Qe o APES d¥stna @ 53] AJdAA APYHA I
#Ql cholera Y} B & ¥ vaccine® AFELZ T3y A&HYU HE vaccine
& Agste Aotk Y& vaccined FAA FHEHE FAAA mucosal immunity
g doAM g4 QUL FEFE WPoZ gvtyoz JA MY 5o & A
oz gA Aok '

rie
-4

A5 Ausa e i, Bol4, Az F el FHAN BE @HE A
Un dokm @ $ ok olREL Yitn oz Fabd o) AT, Pt v
Ma EgE ga= @

£ o] WAEe] Ha dY wg e fFESRG, FGME HRMY EHREES
Yo7z ged 2YdE ¢, Z, W, £, | £EBFY FFEELE R E
A7A, volel 2y WLA7 B2 EoE F2YU Aoln,

i)

o]$¢ WAL APz AP YUY FAMYE HANEH

rir
tlo

2dTE 48
53g Fadd.

Tulane th3 Clement &= ZA)A cholera toxine B-subunitE 2dAI713 11
39 oj&s) AAE AFsta 109801 %)M 1gGrt BAEHT e IgA FE 6
B (55%)e1 4 47t &7t ot

4

2 AZFAAL N AY HAAY AEFAE UES HAL ML A 7
AN 9 FAAE Fustn, FAALE o g FE AES st By
AF3E "2 assaydt7) 95t YL ojABAA AAdstn, BAFALe, €
< #A & + A i Yidold, oM vaccineg A TFAHA mucosal
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immunity2 F53td 34 4 218 AgsA

B AFNM 24 AF FEE 9S# 2o

A5, Cholera toxin B subunit ¢ f#2zlel BY 19 EE U fAAE
Vibrio cholerae ¥ B ¥ 2t &xte] ¥ holA £e8t1, cholera toxin B subunit
E o AEdA HAANA A

£7, Cholera toxin B subunit %% ¢}y B 8 g ANE AT+ FoLoz
Maet7] Y8 B 8 9 viruse] ¥W 34, =¥ HBsAg?l epitope®t B subunit
% gene fusion Al71Z w4 g $EAZ g BuAE G

AR, HEHAN LHY antigend A7 Y&l cholera toxin®] B subunits}
HBV ¢ Ed? 3Y¢] oidt monoclonal antibodyE A4t8tE hybridoma cellline®
AaEn g8 AAEGod s13, anti-CTBS anti-HBsAg polyclonal antibody &
A3

s, fAEdAN ddd 3YE ]8435, vaccine®E mucosal immunityE
ET 4 ASAE TEAYE 3 U

M, T2 A8 F3 AT vaccine T4 FA7t A71eEAE &I F A
+ assay system® 7iggch
AR, B vaccineg MEd7] Y8 HHe AEHE AEE, delivery system
<

Mgt
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A 3z AFUE

A 148 Az 2L 4y

1. $A7 cloning, $89e Az ¢ ¢33

7}, Polymerase Chain Reaction (PCR)® PCR &e d7]9% % DNA L)
A

w22 20u9) 6.7u£2) 10X PCR buffer(Perkin Elmer), 25184 8] sense primer
9} antisense primer, 05442 Taq DNA polymerase(5U/ut), 188149 97d FF
4 7 1e¥e] 10mM ANTPE 92 40l % 100x£9 @827 H=E siivh
PCRE % 30 cycle® F¥sREdl, £7] M4TIA 3023 denaturing & F Y3k,
42T M 3023 anealing® Al F, 72ColA 1¥ 30%7 extension® A ZAth

10089l PCR AHZo] phenol 100z4¢t chloroform-isoamylalcohol(24:1, V/V) 100
QE P33BT BEA vortex mixer2 4 Z A 2FFY F& EAAG 4
z2oe A BEHZ &71 % #3299 1/108 3¢ 3M sodium acetate(pH 5.2)2
ouj Rujo] # ojeeg sHE H, 4Te) 208 o4 HAste DNAE FHAAG.
o] 10000XgM 2087 43S ¥ AAY DNAE 2 70% AEe= Ad¥F ¥
7] FAA AZAAG ABE 1049 TE(IOmM Tris, ImM EDTA, pH 8.0)° =
A % 1%9 agarose AolA A7)FSAAT. AHAe) AdE ¥Fo DNAE
BT bandE ATst: DNAS &8 olF IxE A7ITsd 2 v=F
ARSI YA E insertZ AHSIFAH.

1}, DNAY 229 € DNAY/IME 24

zZ%g PCR A2¢ pBluescript KSII dlEld] 42t 229 & ¥, DNA 97
Ade 248 DNA 971M9 $A4& Sangerso] s dideoxy
analoque(dNTP)¥ & o8& USBA}H] SEQ-UENASETM VERSION 2.0 DNA

sequencing kit AHBate Al#s 4. 1 pmole) E¥2vl= DNAC] 02N NaCH,
02mM EDTAE Y3 37CoA 3087 waste] o)F71d DNAE B 7tge=
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WAAZ F, 1/1087 ¢ 3M sodium acetate (pH 5.2)9 2] ¥3e] I &S
7b3te] WA ¥ DNAE 4TolA 10823 FAAZ T 15000mpmiA 1082 94 &
2)5te] 9 DNA IAL 70% ogL2 ANstm AxAU F TE 7l %4 ¥
28] 5x Sequenase¥Z Y7} 142l sequencing primer(lpmol)& 7H3t T} 65T
A 2B AT & 3086 FH MME F2e] ]2 F 3o anealing€ AT
716l 1449 0.IM DTT, 2449 labelling Mix(dGTP, dCTP, dTTP & 15uM),
054£8] ®S-dATP, 2p8e] Sequenase(3-4unit)& 7H&n A&olA 58 AR
t}, o] & 35u4 e 2ttt 4% F 9 termination mix 2.5ulol ZF8Fx 37TAA SE3E
w$-A1Zl & 4p89 stop solution(95% formamide, 20mM EDTA, 0.05% BPB,
0.05% Xylene Cyanol FF) 713t w38 AAAZT o]& 95TCAA 280 &
o] WA F, 8M Urea’t £3% 6% polyacrylamide sequencing gel®] 2t lane
o 3% HFI 65WE 2ATAE 7|95t gelS 3MM filer paper2 &4
A% A BE7) (vaccume gel driyen)d] ¥ 80TA 1AZel4 2@ F 1542
o)A filme] &N Y F & J7IHEE #53HH.

th. HE e ligation
A 71&d v} o] FH|# insert} vectord E¥l(molar ratio)7t °F 3:1¢)
HEE ¢33, 1409 5x ligase bufferet 142l T4 DNA ligaseE 71t % 54
J 922 § F 14T 20 1242 oj4 A s Ak
2, A 229 AY

Ao AeF BE AY 529 ¢5 9L New England BiolabAtel & AHE
34t 229 EgAuS DNA 1~2ugE Z A Zadl AFT &54H A
A9 4o) 37CTAA 1243 o] AesHyg., & ¥hgo] EUE 08% agarose
Ao AVNYFEA A FAL Gsin Y3t AV WMEE FE3HA9 AFE3IA
},

o}, Competent cell®] &H]

Competent cell= Inoue$(1990)¢ Wgoz Fulact -70C BB FUL
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E coli DH5e 9 glycerol stock® FZ(loop)Z Wil LB(1% bacto-trypton,
05% bacto-yeast extract, 10mM NaCl-agar %ol streakdtx 37CH| %7}l
1243+ o)A wjerstdch 10-1271¢) 2 A (2-3mm)E FH3t 250mle] SOBw¥)A)
(2% bacto-trypton, 0.5% bacto-yeast extract, 10mM NaCl, 25mM KCl, 10mM
MgClz, 10mM MgS0q)°l &7 600nmelA] 2| FBE7) 06°] € w7t 18TAA
A wPFsATt. & oA ol HHE 50ml YA 2D 572 §A & &
A 1083 WX sch 2500rpml A 1583 94 2@ ¥, A& 20mle) TBE
o} transformation buffer, 10mM PIPES,pH6.7, 55mM MnCl;, 15mM CaCl,
250mM KCDol ZA2YA #A13ch 1083 & $A8k3, 2000rpmelA 10
22 94 2@ ¥, WL oA 4mid TBE Y =A2HA FHEAAT 97
o] 280409] DMSOE 7ht ¥, 4o 1083 WAt o€ 200u4 »lg
A7 HFUE FRo| 2Fan dAPL SN FEYFAD F, -10TA Has
At

ul, E. colid] ¥AAE

gAE7} &5 E 14ml polypropylene FEE vlg A &l 51, 44 7l
@ o2 e HZANL 2004F LA A F FUH E R SAT
CompetentA] £ ligationt & 2,08 EF3te] 308 A& &0l WAF F, 42T
A 3027 d 23L NHFEAG. B4 Lo A 3BT HI F, 800ud
SOCH A (SOB with 20mM glucose)& 7}3tx 37CAlA 1NEY I Wi Fs A
t}, o]& 5000rpmollA 5% FAAZ F 100-200pL9 SOCel A ¥F3t 40ug
/mle] X-gal, 0.2mM¢] IPTG,. 28] 100xg/mle] ampicillino] ¥£3€ LB agar H
o) ZAsA R olF 37CAAM HA wiFEA

A ¥4 A A
sheb e Ashd 100u/mie) ampiciline] 58 LBHA 20uol FFex
JTCMRIINA 1NES WFe F 144 Aste] PCRE AN oW A8

g primers CTB £+ HBsAg W¥ Mg &3 primerE PIN-RCR- 1Y

o}, &a}Av|= DNAS F&
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Egan=9 22 ¢ S wet =Pt 2o FUL 0
2lo} & 100ug/mle) ampicilline] % ¥ LB¥A 50mld) FF 32 37CTAA 14713
g wlgstget. 6000rpmolA 10%3 944 £t d& FAE 10mle STES
H(0.1M NaC!, 10mM Tris - Cl, ImM EDTA, pH8.0)°l A H&3ld AAHG ¥ o
Al 6000rpmell A 1082 Y4 Estd AL AR o€ 5SmI solution
50mM glucose, 25mM Tris » Cl, 10mM EDTA, pH8.0)ol A §f3% ¥ 10mi9f
solution 1I(0.2N NaOH, 1% SDS)E 7t} AoA 583 &8 A AT d7]
7.5ml2] solution II(3M potassium acetate, pH 4.8)& 71& F 8§l 1083 ¥
332, 6000rpmel A 1583 YA #2lstd 43 de AU 2 A5 A 15mld
isopropanol® 713t DNAE IFAAZATH A2l 10%3 2Xg & 6,000rpmel
A 1583 9AEst 9& DNA FAE 3 0% deEE2 AJzzn 37 T
A AzAAG. AL 50049 TES] %A F microtubeZ &t A7) L
2yle] 5M LiCLE 7}¢ ¥ 15000rpmolA 583 94 sty 434E 42
t}g 9% 239 isopropancl® DNAE AHAAZG, HHE 70% d&e&z AF
331 AxAA 20ug/mle] RNase A7} ¥ TE 10089 =< F 37CoA 30&
2 BSAAG A47)e] FAF B 13% PEG, 16M NaClg 7Hst 4§ oA
1A o144 wA% £ 15000pmel A 10%7 dY s BWE 400u TE
o) =21 ¥ phenol® ¥, phenolichloroform&2 ¥, chloroformo.2 A4 F
&% ¥ 1/10 £3 9 3M sodium acetate (pH 5.2)¢ 28] #39 3 &L 7}
o &0 1083 FAs%ch 15000pmolA 1022 44 #2ste d& DNA A
He & 0% gLz AFstn A=ZAA TE 100 5¢ ¥ 260nmaAlM 2 &3
TE %4389 DNA ¥5& AZF3H

A 289 F4E 9T 2F E2v|= DNAY F2

Zt 28¢ 2ml9 LB-ampicillin W*|o] AZF3tzm 37CoA 14413 71% A% o)
3ttt olZ%E plasmid DNAE # & 3 ™ (Modification of Molecular Cloning
2nd Ed., 1989). A4 15ml9 bacteria® <& microtube2 %7} 12,000g°1A 30
23 94 2Ysgd. 42948 v @& AU resuspension solution(50mM
Trs - Cl, pH75, 10mM EDTA, 100zg/m! RNase A) 200ufol) ¥ #-3F3 200uL9)
lysis solution{(0.2N NaOH, 1% SDS)& 7}8t9] 522t bacteriag £3]AZ . 7]
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NEEXM:E

RSN

o) 20029 neutralization solution(3M potassium acetate, pH 48)& 78t 9=
oA 5EIF WG F 12,000g0AM 58 24 sk FTAL A tube=
27 9 299 phenolichloroform(l:l, v/v)& 7t 2 42 9 12,000gelM 2%
94 2sgh £49 22 A tubeE $A4 2ul Fujo oEee e F 4
2o q 287 WA sAT 12000goA 1083 24 2 F 43 4E ¥x A
AL 0% dgez AFHAG. F7) FA4 1082 2 F P& 20pg/mle
RNase A7t &+¥ TEol 5t of FoA 1ux0& fsta] A Hash 37CTAAN 2
NZHESH wgAZ ¥ 6x 4 23 $39(025% BPB, 16% Ficol) 7}3 2pg/ml
o] ethidium bromide’t $5%¥ 1% agarose geldlA A71FEsA. Agd& ¥l
# ¥ ol DNA band9] ¥4& #F3AH.

2}, & R(Pichia pastoris)ollA]¢] %@

1) CTB, CTB-HBsAg, HBsAg-CTBS| £E @93 %@ weos] 224

zu)§ MZF9 pBluescript KSII WHd zz €23€ CTB, CTB-HBsAg,
HBsAg-CTB #dA& AR @93 w@we<l pPIC3 Edxn=d 229 33
g 224¢ w3 7 AY xA2Z A 299 DNA g7IMES EAMY
reading frames AU olFA HM Mg e A THY Y4& LHEY F

9l W& ¥ ] (expression vector) & EHI A

2) AR H¥IAY H L¥

A7e HAAYL lithium acetated AHE3HE WiHE W ARE3AT
-70Co] ®#s S WPichia pastoris Mut’ straino] ¢} glycerol stock& #Z2 o
o] YPD(1% bacto-yeast extract, 2% bacto-peptone, 2% glucose)-agar 3 e
streak3t T 30C wiF7)olN 29z wigdtich AAe) 2-3mmEE I IAE
2xz #sd 30mle YPD¥IAo] WEET 14~18A1E<E 30TeA el s}
g} o]% ARE skl 300mle] YPDuIAl o] 600nmelAel FF=7F 0.27F
gA @ 5 30CAM 2417k 7hE AgulFste] 600nmelM e FFE7E 0571 HA
9. o8 ALolA 1,000xg2 583 F4 £ A, AAE 10mle] BEE
Bo 2 H&dto] M F ohAl 1,000xgE 587 94 REstd MEE JJANA
. AAHY ERE 15mle] BT d TE/LiAc® 9 (TE, pH75, 0.1M lithium acetate,
pH75)ol % A7tk o] %A #u]¥ Pichia pastoris Mut® strain competent#]
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X 200 2~5ug® o|Pd A = DNASH A FHo WAL 100ugs]
carrier DNA(297te o] DNA)E 2 ERA71Z, o9 12mlg FA Fd@
PEG/LiAc894(40% PEG, TE/LiAc)& ¥ & 4& 5 30TelA 302z A% o
FHAT. 2 F 42T 20 1580 A3t 4 F4& & oS, 52 54 ¥
of 3t ol& o 5x3 €A EaUNAo FFYL wa 8Y oS, M€ Pichia
pastoris Mut’ straing 15082 TEol A A7t ©]& CM(complete minimal)
drop out(6.7g yeast nitrogen base without amino acids, 20g glucose, 0.77g
CSM-his per liter)-agar B %ol S3F 3 ut& H 30CAAM Aol AF w7
34 7hF wigste. o] ulAHdM HFE FAHste BERE pPIC39] oj¢gd AR
olrz I JFEL Hitd Dy BFE FEEGAT dulF UE A8 E
37] 918t AR E FASslY dwAL FE 83, ©]F sodium dodecyl sulfate
polyacrylamide el A7]F&3tdct. A7]GEo]l ¢ Mol Coomassie G A
HERPE FYst] @I Ld AR E A3} A

3) R ¢AG

ARE MEYo| v]$ @E3E 2 glass bead® AHR39] FAIAZC. wiFE
ERE 2000xgolA 58 A4 Eeste JAAM A 22 A FHEd AH3n
Al FAAAG AR JAY FAE FAHNY FA=2 A4 A o] packed cell
volumeg 7|EoZ 3u] ¥d9o FAs &4FAGBOmM Tris - Cl, pH 75 250mM
sucrose, 02mM MgSOs;, ImM EDTA, 10mM DTT, ImM PMSF, 5mM
benzamidine-HCI, 25ug/ml leupeptin, 25ug/ml aprotinin)€ 7}3td A BHF Az
olo] 4w R3] 3 glass beadE 7§ H, vortex mixerZ 20% 3t vortexing3li
dgo) 18T Fof Yttt oA vortexingdt@th ©f FAL 153 WHEFH H §F
B9 stddo) 24 Alo]A] FA}7] viEE FHE FI AFEY AZsio AN E
o524 bead2HE TAAL £d ot FIF TFYE 20000xXgZ 10¥3E
A 2o F FEdE N FEZ &A olFe Y AHgsdd. A d H
AFL 4C3E X2 E FA3Y FYFH

2. @93 £ 9 AA

7h, @93 A719% R 2y £19
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Sodium dodecyl sulfate(SDS) polyacrylamide 8 7]9%& 5% stacking gel,
8% separating gel€ AH&3te] £¢3 At Sampled 2% SDSE 5% oul Al
g2gd7 412 o] 387 B A 2 wellel 0uy F32 10VE 78T S
Paa. A7YEL g2 ¢ 5 Towbins9 #dol wet BioradAhe] TransBlot
® Celle] AMo] 92 N(39mM glycine, 4mM Tris base, 0.037% SDS, 20%
methano) & 93 1AZ 2A15<¢ ©¥9E S nitrocellulose(NC)2t22 o FAA &
ANZAT. wdo) iy NCu 5% BAE#7t £}E TTBS(25mM Tris - C,
pH 7.4, 137mM NaCl, 3mM KCl, 0.05% Tween20)& 7H3t 3 1AHEE A2 W
28] blocking® sxY¢ ¥ TTBSE 1x3l AHsgdch. 3 HA mouse
monoclonal antibody®& 5% ©AEHF7E Eolgle TTBSE 11000 434
blocking® NCuel 7bta 2412b5¢ Aol WA ¥ TTBSE 5284 533
AAstQdch.  olel horseradish peroxidase’t Z@¥ goat anti-mouse IgGE
TTBSZ 1:2000 8Aa 7hetn 1AZEL AeoA E3AL F oA TTBSE
584 5xtel MAstA. AHe] £d ¥ enhanced chemiluminiscence (ECL,
Amersham)dr ol o8 2 @ald Wee] F4E FAsAD

3. Monoclonal antibody$} polyclonal antibody I3

7}. Hybridoma A X*¢] Alx

1) Myeloma A|XF

Hybridomao] ©|8%= $2& BALB/c vh$20l3, ojdA #€ myeloma cell
line P3-X63-Ag8, P3-NS1/1-Ag4-1(NS1), P3-X63-Ag8,653 (V.653),
Sp2/0-Agl4(SP2)2 FO $2.2 ©]Eo| hybridomasl 23 o]§=e] ot dA A
£3% myeloma cell line& SP22 ATCCOA ol s] Mgt

2) 9 A1-8¥ Mouse

A A% BALB/c mouseE A23t09] Charles River Japan, Inc.olA Toich B
= 5629 ARY female mouseTE Fulste] 2-3F3 £3AN F FHt ¢
%% mouseWe WA ALg@ch Fusiondl At8® mouse A =F 7@

spleen2 A}-&3%ch
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NEEX: §HAE

3 NEEH

ot}2) 9] mousedld HA spleend A& wash medium 10 ml7t 3 cell
culture dishol B3 & ES ALsd 2749 A2 & dishz A7 T AR
o 60mm cell culture dish 9lof 60 mesh ¥F& Lel¥x ol A¥d spleen
eds= @ £2ZE spleend FAZ =¥ H=Yyn @ &£22T wash
medium  10mlE #2de dojmalol Hw Hde s¢A EH4E  connective
tissue® WEZ @}, Dishel R2obd spleen #HHE pippeteZ F FHAA
bovine serum 25 mlo] =] 1 15ml 438 44 E @ AAN3F FHAIZ
9087 Wx3a Fu} Tissue debrisEel 94 2T vigte] A3 JAHY
pippetoZ R FET AAS Bob ErE 44EABOD §7 AeolA 0xgE
1027 94 Bagc AFde FJskd AAL old 083% NHCl &9 10
mie 7hetd AAY AXE 3B BEHHEA AYF/t Y SEF ¥ o€ 15
ml 94 E2@el fetal bovine serum 25 ml ol FHAD Fl 44 A0
g4ade &Y A Fo wash medium 10mig 7152 AZE T TR 44
2gag. sk e HEe F o o BHEdd. 9 FRES oM H4so
hemocytometer2 A EZ+E Aok, ©&22 myeloma celle] FHlE HAMA
8-Azaguanine mediumel] mid-log phase® (1-4 X 10° cells/ml) ®d3ste
myeloma cell& 94 Restd £t °j& wash medium 10 ml= B&3te 10
W2 5)4% T hemocytometerZ A E4E Atk Splenocytes 9 myeloma cells
o] &% W& 512 @0

AZE ¢8s7) A8 1x10° splenocytest 2x10° myeloma cell& 50ml ¥4
Ealgo] &7]2 o8 94 Eel@ch. Wash mediume2 JAE celld neg ¥
a4 2@ A% 2 wye @3 o wEdd 43d¢ AAdGn ¥4 ¥9
o ulge uidd 25 AN F 259 AEst @ 4olE& gk oloA A4 2
Ape HASE HolM @ £ F8FWUA PEGGEI%) 1 miE 123t 2A o}
= A3 Jbeoh 187 94 RE@e v2E58 o ASHN EHES o]
A wash medium 1 ml& 1&g 22X 7kech, A48t wash medium 10 mlg
sbsted o W AL 2 miE 2Bl FAH ¥3 UrA 8 mie &Y M
9 AEEHEL 200xgE 102 AL ¥4 2@t F34E ¥ A3
9 celle 2XHAT medium : conditioned medium(l:1) ¢ H &2 4& WAR *7
3te] 96-well plates] multi-channel pipette2 2 E¥l @t gz o2 splenocytes
2 71202 03-05 x10° cells/mlo] el 96-well platedd Eo17kA = =

Al22 0|28 Vaccine MY, H3XEE /s8R



welld 0.2 ml¥ Eol71A) @} 96-well plateE #7117} E£34d 37C9 5 % CO:
incubatorol A wjokgtth, chSdel 1x HAT medium& 7Hate] vf wello] 745 A
T2 3tk 1243 EE 24N Fo) 4Fde wg FAstq AAsT 1X HAT
mediume 7S A&k o) F2E u) 2-3Y9 Fo o]} Zo] 1X HAT medium2
2 medium& u}#e] £rh. 109 F£olE 1X HT mediumo 2 vhEo, g AX
$%% 23%Yo|W ELISAZ antibody® 248 & Ath

4) "I

CTBol thd hybridoma® ¥7] ¢ dgUo 2 sigmad]d FU§ CTBE A
£33, HBsAgel W@ hybridomag @71 $18iA WUz s JuHe
HBsAg AM&3tt),

5 99

goz ALElE CTBSY HBsAge ¢u9d &3 e R Complete
Freund's adjuvant& 7}8ted o]& £HE FA &£ 0|83 emulsionez %
Et} o] 4 gulFe Bt RolM emulsiono] # ¢ HiE F - Complete
Freund’s adjuvant® t©] 7}8te] Freund’s adjuvant mixtureg& &u|¥c}.
wude] 5 Fo uet vpgA F 20-200 pgo] S Ho] FYH = Freund's
adjuvant mixture® (0.1 ml-1 m))& 2R84 o|& AF 6-859 BALB/c v+
A B o FAbste) W& AlZEoh Complete Freund's adjuvant mixtured 7%
o) FAEE ASE FA 3AL UF 3-4F2 3tn 99 848 AH FAs
£ A$ode g 2F 4o ok Wo| AHI YertE HAsHr] Hskq ¥
AE FAPA 3-49 Fo] FolA AYstd FAG7tE FHYH. o] AR(E B
28 Wy 7|zr¢ AR} Booster FALE AE §8E &7 3-4ddd AlgE
t}, o] w Y& Ael2 "4y phosphate-buffered saline (PBS)el %< 045 m
filter2 3t® AL AME o F9L& M5t vhg2 ma) FHoz2 FYdte A
o] £o0 oojx Yo EGd FUgth Yoz FHUE FAsSE Ffde #
Tukgo]l Yojgd WE glos o2t Wl FA] epinephrined FAMET

6) Screening
Indirect ELISAZ screening@t}. Immunoassay plate well& JU22 coating
37] 93t 8¢ CTB, HBSAG £4(1 ug/ml) 100 ul¥ 7}3tL wrap2Z €79
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A G4 FHE B3 4 T YoM overnighte® BA #3ALH. o
2 £9& AANT well EHE 1 % BSA/PBS €9 300ul2 1A17E¢ 37C
incubatorel A}  blockingAlZ1th. Blocking €98 £43 AAH AT YA
hybridoma % A& 9] 100ul€ welld] 7}t 37C incubatorol A 1A} Sk
$A12tt. PBS-Tween 20 (0.05%) &322 354 MH3tn 2' antibodyS HAF
£(1000 #W)Z 5 % BSA/PBS ol HM3td welld 100 ul¥le o} 37T
incubatoroll A 1A]7t F¢t ¥kg-A| Utk PBS-TZ wellE 33 A&3 5 ABTS 713
£9L 100 ul¥ Yol EHyAD TP Fe49 FREE 405 nmolAM ELISA
Reader2 &7 ¢ch M9 ¥ ELISA o o3y Fdoz #Ad welle] AE
< gt BF hybridoma AEF AEE& western bloto2 #A% F AAYYH
=3

1}, E79A polyclonal antibody 44k

Monoclonal antibody”} 93 epitope?t U43}7] &) AE viruslA LIEH
= CTB peptide epitopes A4 3}71918] Anti-CTB polyclonal antibodyE E7|
oA AdstAdt.

Fdoz ALSHE CTB ©¥d &9d43 Z& #399 Complete Freund's
adjuvant 718t o] &£3E FAF vhEE o839 emulsione2 THET. o] of
gude] %7l YWolr emulsionol F ¢t =le ZH$olE Complete Freund's
adjuvant& © 7}3} Freund’s adjuvant mixtureE ZH]gHch,
gy 3% P wet E7 F 200 ugd @] FYHEE Freund's
adjuvant mixture?] ¥ 1 ml& E7 §9 FAIstd dHE AFgot. FAL AAHE
Wek 3F2 3t dYo] FHI Ye7tE HAsy] Astd FHLE FUTA 3 B
AFo) AN A3t YAGILE FAPYG o] AFHE EUER 3o A¥E EA
a3, A% APGste FAIHE Elisa $gez2 st

4. ATFRC 9% AP 1

btz 26 Y4 AT T
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Anti-CTB IgGE AH4% Eo0]3 ELISAZ seronegative %€ Charles River
2ZRe FY¢ ICR o17] cl$22 7Y Holg 6539 nts2E £ Y A8
Qe 9 A4 2AL F31517] Y8 4% sodium bicarbonate £9-& 100 ul¥y ©
A FANE FAF F gAM Fu|F¥ CTB, CTP-HBsAg 15mer epitope,
CTB-HBsAgS ¥E¥E 37 FA3At SAUETOEE salineg HY vhg
g AHgEgoh AT B9 3L UFg 2F2 dta HYo FHI JertE #UAd
7] 9lste FAL FAEA 38 BAFo wolMq AYso FMNGste SAIA
o] A3E EYZ 3o AYL BAs, 4% AYsto FAZE Elisa Y2
s

1}, Elisa ¥4

1)CTB =& HBsAgS lx/mle] ¥XE 0.05M carbonate buffer, 0.05M sodium
bicarbonate buffer(pH9.6)¢l ¢ ELISA plated] 100xL/welld ¥ o&E F 4TdA
overnight2 ¥ 33t}

2)washing buffer2 5% o)t}

3)blocking buffer(PBSel 1% BSA(Bovine Serum Albumin))& 300« Vwelld) 8¢
Z % 37T A 1413t < incubationAl 21t}

4)washing buffer: PBS& ¢ 0.05%Tween 20& do]&ch

: PBSY) 1% BSA{Bovine Serum Albumin)g Yol &t

5)Anti-CTB IgG E£E& Anti-HBsAg IgGE 345 100xlwelldolEF 37T
A 1A)3E <t incubationAl 1T}

6) washing buffer2 43 Aojdth

7)Anti-mouse IgG(Fc specific)® 100pl/wellgdEFE  37CAAN 1ATFES
incubationA] 71t}

8) washing buffer2 4% o]t}

9) 2 A A(ABTS: H:0:=1:1)& 100 #Vwell'#AE F 3083 A},

10) ELISA readerol X 405nme| SHFo2 HojA HFFd}
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0 |

A 24 A
1. 39 fAx &1 @ 2F vector AZ

7}. Cholera toxin B subunit(CTB), CTB-HBsAg, HBsAg-CTB 224 % E

coli &8 vector A=

E coli %@ AAE 1§34 ¥9& A7 A3 Vibrio cholera inaba strain
€ LB WA oA 37=A 24A7E wi%Fsto] phenol #&3t4 total DNAE FZ3}
%t} pfu PCRE 4833, A@AEAL EcoRl HHE AAISo, agarose A Aol A
B 32)a 1, pBluescript KSII WEl A¢] MCS9 EcoRV-EcoRI #£9& ATEA
HE & g9A) e wyoez B} ligatione T4 DNA ligasezZ F 3149 2,
E. coli strain DH5-c o] BAWYsto, AdaL A2 #, agarose A &=
‘é% #2139 t. CTBE cloning® pBluescript KSII plasmid$} pETl1la(+)¥EE
AFEA Ndelt BamHIZ A 2)3led, ttA] agarose AAelA #el3sle] ligationdt
o, E. coli strain DH5- ¢ ol AR, AFAL A F, agarose AYAA F
2Y< B F7IEE stArch
CTB-HBsAg(CTB-HBV)f A4 cloning 3t7] 3ty $4 HBV virusdl &9
¥ ¥#FolA HBsAg F+HAE PCRE o83t HR3n F7IMEE 48t &
AAE gUsiglch. CTB, HBsAg #AAHE fusion A17171 #13 PCR primerg ©]
L3l CTB 32} HBsAg #AAE d43ld CTB-HBsAg(CTB-HBV) &4
g 4+ AU pfu PCRE $838t%, A FAA EcoRIXNZE Ao, agarose A4
oA £33, pBluescript KSII ¥WE] 49l MCSe EcoRV-EcoRl #+HE€ A%
B2 AE F, 94 e Wioz EIsHct ligation2 T4 DNA ligase2 AT
391, E coli strain DH5-ce ol FAAGES, APaL ] F, Agarose A4
A 2829¢ #Usldth. CTB-HBVE cloning¥d pBluescript KSII plasmid$t
pET1la(+)¥ME & A 8§ aA Ndelst BamHIZ 228, thAl agarose AdoA #
2lste] ligationdte], E. coli strain DH5-c ol HAAFstd, Agas: My F,
agarose AolA 293¢ #U&HAH.(Figl)

1}, CTB-HBsAg epitope 13mer 249
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CTB-HBsAg epitope 13mer 34 A& cloning 3t7] $13tq ©olv] ¥2{Z HBsAg
epitope $4% 92 L primerg 482 CTB #4A C-terminale]l PCRE °l &
8te] gene fusion Al# CTB-HBsAg epitope 13mer peptide& #2331 g7144
o FAAE AU AHEE primere GEH #

1) AGTATGGCAACTACCAGCACGGGACCATGCAAGACCTGCACGATTCCT
GCTTAAGCGGATCCGG
2) AAATTTTAATTTGATCATATGT

}, pET32a(+)28 vectorg ©)§% CTB, CTB-HBsAg I3mer epitope,
CTB-HBsAg®] ¢d.

CTB, CTB-HBsAg 13mer epitope, CTB-HBV, HBV-CTBZ pET 1la vectorol

cloning 89 E. coli strain BL211A4 2@& ALY inclusion bodyZ W 5o
active®t protein®. 2 TWE7l 98] vHA] refolding stedokfth. E. coli ¥ system
oA u@slel §A4el & CTB, CTB-HBsAg, HBsAg-CTBE A4st7] #3)
soluble protein A4t vector] pET32a(+)ol ¥ 28t o] BamHI# EcoRI siteol]
cloning3}3, E. coli strain AD494(DE3)%] transformationdte] Hd& HAA
t} (Fig2)

33

0|8t Vaccine HE. M3 T / s8R

Jz
[l
mo



PCR product CTB

CTB-HBsAg, HBsAg-CTB pBluescript KSII ¥ €
! i)
EcoRV-EcoRI digested EcoRV-EcoRI digested (73.9kb fragment)

ligation reaction

i)
transfection in DH5- a pET11la(+) vector
) )

BamH1/Ndel cut(™0.4kb fragment) BamH1/Ndel cut(*5.9kb fragment)

ligation reaction

!

transformation into DH5- a
!

transformation into BL21(DE3)
{

protein purification and assay

Fig. 1. CTB, CTB-HBsAg, HBsAg-CTB 9 full gene cloning® %% scheme
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pBluescript KSII vector-CTB,

CTB-HBsAg, HBsAg-CTB pET32a(+) vector
l ‘ l
EcoRl/BamHI1 digested EcoRI/BamHI digested ("5.9kb fragment)

ligation reaction

{

transfection in DH5- a
!
BamHI1/HindHI cut

1)

transformation into DH5-
l

transformation into AD494(DE3)
!

protein purification

Fig. 2. pET32a(+) vectorolr 8¢ 43
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2. 39 2d 2 AAY ¥

7t. E. colidl X &4 A4

off

pET1la vectors]l CTB #AAE E=dsld IPTGE 28I 2% LIS
W el 40%%128 inclusion body® soluble HEE 80% : 20%2 @ ol
Zgorg AR E dYh. pETlla vectord]l CTB-HBsAg-13mer epitope 32t
s 2EY AR & Yde 40% A2y inclusion body2 EHEHAH.
a2\ pETlla vectordl CTB-HBsAg, HBsAg-CTB ##dA& st 23
#1918 SDS-PAGE ¢} anti-CTB, anti-HBsAg monoclonal antibody$ ©]-838 <
western blottings ®l2@ A3, ¥Yo] inclusion body2 HHI VEF: 7|
Fehe(H A 9o 5%AE) HEYUF AHE dA £3}A(Figd)

pET YME & Ag3to B@§ CTBE soluble proteine2 AB71#s8te] E. coli
A wjgFEAL WA 30CAM vt soluble FEje] @A FFe
40%7HA Z7HNZ & AQey Aol HojAn F Iy FPo] WAL F9f
et

23 3014 AHY pETlla vector: o]§3d UdE CTBE anti-CTB

(°)

i

monoclonal antibody®& AJ4+8}= CTB14¥ hybridoma clone€ fetal calf serum©]
e wAoA wFstn MFEE AL AR western blotting 3HA7] - WEe
CTBY & M &0l W&oz I band7t BF HIUCH

pETl11a vectors) CTB-HBsAg, HBsAg-CTB # A& =3t LdF 3
2 Aol HolH FRE band7t HAHA R E colidld wHE
CTB-HBsAg, HBsAg-CTB #93}7] $13t4 anti-HBsAg monoclonal antibody
2 AArslE HBsAg 4% hybridoma cloneg fetal calf serumo] E#g vjA| A
wjoksla wjgAdEHg 4u] B A st} western blotting % 2y, HBsAg9olx o
7+e] v 50]3 Q] band7t T HU. (Figd)

Monoclonal antibody& AF&3e] western blottingg & W ¥ 5°]3< band
7} Jeld Q912 fetal calf serumo] X&@ vl o|A a2 AE hybridoma A E
£ wjstd s, wjgRE Protein A-sepharose affinity columm& ©]8-3td FAE
32 gty] Rz Atz Ee, o FAME MAsty HE FIEH A A
hybridoma M¥& wjFstAxn, sAP4 ¥ /A4 affinity chromatography €
o] &3t anti-CTB, anti-HBsAg ##& AA st
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«—CTB

(€) (W)

Fig 3 E. coli-pET 1la vector systemolA 39 2@ % western blotting2

o] &3 &<l
C : Coomassie blue g4, W : Western Blotting

Coomassie blue g4
1 : Standard marker : 200k, 97.4k, 68k, 43k, 29k, 18.4k, 14.3k

: HBsA-CTB IPTG induction
: CTB(10g8 culture broth) IPTG induction

PN 95 B ]

: CTB(204¢ culture broth) IPTG induction

Western Blotting 9 44

: Standard marker

: HBsA-CTB IPTG non-induction

: HBsA-CTB IPTG -induction

: CTB(10g¢ culture broth) IPTG induction

© o0 3 O !,

: CTB(2042 culture broth) IPTG induction
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1 (2)

Fig 4 E. coli-pET 1la vector systemo)A 39l Wy U western blotting S
o] &3 ¥l

(1) Anti-CTB 83 & o] &% western blotting
M : Standard marker 200k, 97.4k, 68k, 43k, 29k, 18.4k, 14.3k
1: CTB IPTG non-induction
: CTB(204¢ culture broth), IPTG induction
: CTB-HBsAgl13mer epitope(10gt culture broth) IPTG -induction
: HBsA-CTB (10g2 culture broth), IPTG induction
: CTB-HBsAg (10 culture broth), IPTG -induction

(62 I - /L R AV

(2) Anti-HBsAg ¥4 & ©l&% western blotting
1 : HBsA-CTB IPTG non-induction
9 : HBsA-CTB (10g¢ culture broth), IPTG -induction
3 : CTB-HBsAg (10g¢ culture broth), [IPTG -induction

FOTR/0 120 18408 R T
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22y pET lla vector systemoldl &¢o] inactive Feh2 Aolx]7] WE, &
o] Q= soluble el AL A7) Y8t E coli-pET32a(+) systemE At
239t pET32a 2# systemo]ld CTBE pET1! verctorolA Bt <3k ¢d
2o] Wolxm, pETIl verctor systemolX 3 CTB-HBsAg, HBsAg-CTBY
A% w@Bo] 5% coldtz wHEFo] Wy, =} CTB, CTB-HBsAg,
HBsAg-CTB #9 257} inclusion body2 ##= ol E. coli-pET32a(+) system
2 /88 F gdd. (Fig 5)

Wy oy 3% L bovine serum albumin(BSA)E EEEAZ AE-3te] Bradford
o Wil o3 FF HA

Fig 5 E. coli-pET 32a vector systemellA] 39 @&
1 : CTB (2044 culture broth), IPTG induction
: CTB (10g culture broth), IPTG induction
: HBsA-CTB (2044 culture broth), IPTG induction
: CTB-HBsAg (10 culture broth), IPTG induction

BoWw N

)]

: Standard marker 200k, 97.4k, 68k, 43k, 29, 18.4k, 14.3k
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E. colild #9& $@A77 sislNE pETlla vetorg ©l83tq CTB%
CTB-HBsAg 13mer epitope€ 2@ A7l $io] $dFo] go} HJsvx @
@atn #5& LBHA 37ColA 719 ODeo = 054X ImM IPTGE 4@ &
#5 3 & ODsw = 3 AHoA Y AE harvestdtd AXLE s, ALY
8o pellet® 10% Tris-Glycine gelol A719%& AAT A} o4 W=7t 12kDa
oA Zz & HAd.

E colild 9L 2@A7x CTB ¥#2& 44 371 93l inclusion body(40%
AE)z 231, AEE A48 inclusion body HAE A, 2 detergent
2 AH¥sz AAY inclusion bodyE 8M Urea/Tris bufferdl £3|A F FHE
gAd2 95t active FHOZ refolding A7l £ R AAZDE %ot o
o] CTB A AL ganglioside affinity columm® o} &3 ¥ E2/FAY & AT o
Fo] CTBE 223l7] A3t FAl ¥y AdsA.

Inclusion body2 dojx CTBE 33 Al&sd 60% ol €58 ¥¢& + UL
refoldingd ¥ gel chromatography$ ion exchange chromatography& 3t CTB
€ A A
A ¥Ye Inclusion bodydlA refolding® CTBE 12,000g2 30&3 d4HEd
3 £58 ¥ol7] 9ty e o) @9ae Pstc Sephadex G-75
columme& ©] &3t gel filtration€(50mM Tris-HCl pH75) #%©. Main peak
BB Do} centricon®® %53t 10% SDS-PAGEE 443t densitometer2
zZ} @93 band®] AHAHA FEE FYAAL W FASE 70%°1FE HEAIN
oo, @y 4L 30 % FEOIUD
Ion exchange chromatography® ol&3td AAs71913f Sephadex G-75
columm® ©]-&3te] FAE peak® 3|53ted A pHolM 254 ZHY octyl-T
mono Q- WL A4sld HATE Hlm3te 3192 ™, mono Q-ZH & ©] 83}
50mM PB(pH7.2)/IM Urea/ 100mM-950mM NaCl gradient A 22 #2dAE
o 90% FAEIE BT, H5EL 5% CTBE €€ + U
Hogoz ALY YL E colidlA inclusion body2 dold CTBE 33] A3
3le] refolding® % refolding® active CTBE 12,000g2 30&% f4&d F
mono Q-ZYE o]&£3d 50mM PB(pH7.2)/IM Urea Aoz Ee3HULT o
80% AAAINE B, 35LL 30%e] CTBE 42 & AU (Figh).

E colild wH=e HAXE #3531 inclusion body2 YA gel
chromatography 9} ion exchange chromatography ©AIFiTie]l FAARE HAs7|
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¢13te] SDS-PAGEE 4AA3te] 29 7 AN &3t

k-1

—

1o gok¥o Uk

Table 1. CTB full gene

o}
=1

HAE AASY AYE

ATE AYsted AHEE 82 € P 4 gAE AA=E otz table

@A

&

2}

3

o

volume

prot.
amount

Culture

fermentation

LB broth batch

8L

cell harvest

centrifuge 5.000rpm, 15°

10g cells

microfludize

cell suspension (100mM Tris pHT7.5,
20mMEDTA, 0.2M NaCl, 1lmM PMSF, 100ug/m]
Lysozyme)

->stir 30°, RT

->add 200ul(5mg DNase/ml), stir 5

->add DNase treat (50mM Trs, 7.5, 10mM
MgClz 20ug/ml DNase), 300ml

300m!
(+300m1)

inclusion
body purfy

Triton X-100 treatment 2-3times (100mM Tris,
7.5, 10mM EDTA, 25% Triton X-100)
~>homogenize and stir 30’, RT

->centrifuge 12,000, 14°C, 30’

final washing

(100mM Tris, 75, 10mM EDTA)
->homogenize and stir 30’, RT
->centrifuge 12.000, 14°C. 3¢/

24g

A

&30

8M Urea(100mM Tris pH7.5) and 25mM DTT
->homogenize (30"+60")x Stimes

->stir for 30, RT

->centrifuge 12,000xg, 15’

15 ml

0.5g

refolding

dialysis in refolding buff,
2M wrea (100mM Tos
pH7.5), 0.25mM EDTA, 0.3M
Lysine, 0.2mM Cystine, 2mM
Cysteine). for o/n

by dilution (50xd)

90 ml

120mg

in running buff.
(50mM Tris pH7.5)
1. 1/2 change for lhr
2. 4/3 change for 2hr

3. 9/10 change for 3hr
4. 1002 change for Shr

->centrifuge 12,000, 14C, 30

90 ml

100mg

gel filtration
(G-75)

in running buff.
(60mM Tris pH7.5)

200 ml

30mg

FPLC

mono—Q sepharose

(20mM Tris(pH7.2)

22 ml

17mg
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Fig. 6 Ion exchage chromatography (Q~Sepharose)& o] &% A profile
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Fig. 7. SDS-PAGEe] ¢|& CTB FA:= &<

Lane 1-5:

M : Standard marker @ 200k, 97.4k, 68k, 43k, 29k, 18.4k, 14.3k
: CTB non induction

: CTB pellet

: CTB supernatant

: CTB washing pellet

: Q-Sepharose A CTB

O s W N =
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3. Pichia pastoris?) 4] CTB, CTB-HBsAg pPIC3 WEde] 224 % &3

e g A3t A2 Pichia pastorise FAA Az @¥PAL Aisted A
A ge ZHe AU e 78 7MsAol vig 2 £FAE2 geiA ded o
FPdozs AANZ P postoris o ¢E A3EA | T2REH (AOX 1 promotor)E
% ZFEsn (L@ Fol AA dPFY 0% o) F Ao HEAUE Aoln &
#MZE o P. pastorisdlA Al FAAE 2HAINZ] A8 A DNA (foreign
DNA)E P. pastoris ¢ ZZ2% DNA (chromosomal DNA)o| AJstA smz
o] Agg 9e DNAE ZFE i L 2d 7| & v dFsoe Rold
MAZ P. pastoris = shaking flaskZ2RE PE7|Me LsE LAEZ22 scale
upe] dots A AAMEZ 23} (glycosylation) BEH7t S. cerevisiaedl Al HEY 7
99} t}2 7 terminal a 1,3-linkage mannose® 7FX L YA Fooz Fo oGF
202 A48 o) antigenicity BAE Y274 gevtes Aol

ol % wete =8t A2 P. pastorisE ©|43ld CTB, CTB-HBsAg fH¥AE
pPIC3 vectorel 4t13te] @4 vectord &3

Pichia pastoris intracellular expression vector pPIC3¢] MCS BamHI# EcoRI
B 9o pBluescript KSII #€] At¢] MCSe BamHl-EcoRI #HE AHNTAEA A
2 ¥, 9A 7 wygoz B ligatione T4 DNA ligaseZ HE3IH 1,
E coli strain DH5- e o] 83AA8e}A, AFEL Ag F, agarose AAgolA =
9& At (Fig 8) .

pPIC3 4E] o= AOX promotorZ} 1ol methanol&a] &ol] @A o] W@ &
=gl YNB oA A A2 sl wiRe] FFaI 30TAA o) & A=
Wk el ARE FRG F @9d 2 F2AF ST
W% FE2E YNB(yeast nitrogen base) without amino acids, inorganic salt,
trace salt, biotin, 1% glycerolg ¥& ]z 50midl 5% HF 3] $3 30ColA
18A1 ¢ et gy A AF FEJ 05%7F HEE methanold HA 71 o
S 48N A wjgste B $@E FE3AG ol 600nmelH e FF=
£ 104=2 R85 wYgd AZE 494 Y3t AN H UZE 2R
ARE AA AHET pelletd Hdt SRS FE3AT

guael wy RE 357 s ZRE FASEY dRAL FEsa,
0] 2 sodium dodecy! sulfate polyacrylamide Ael @719 F3tsict. H719F] €

44

Al22 0|28t Vaccine WY, M3XEE / s8F



W Ao Coomassie blued 4z BB RLE Fasle] wiAde Y 7 & {A

st oh.(Fig 9
CTBS CTB-HBsAg7} soluble Y ElZ oAt Wl o] ol FA& & 54

oz 2I/AME +YI}A ¥

PCR product of HBV-CTB or

PCR product of CTB-HBV pBluescript KSII ¥ &
{ !
EcoRI/BamH1 digested (71.2kb frament) EcoRI/BamHI digested (73.9kb
fragment)

ligation reaction

]
transfection in DH5- a pPIC3
) i)

BamH1/EcoRI cut(T1.2kb fragment) BamH1/EcoRI cut(*3.3kb fragment)

ligation reaction

l
transformation into DH5- a

i)
transformation into Mut'

A

protein purification and assay

Fig. 8 . CTB-HBsAg 9 full gene cloning® pPIC3 Y& scheme
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Fig. 9 SDS-PAGEd| €% CTB-HBsAg, HBsAg-CTB ¢d &<

M : 200k, 97.4k, 68k, 43k, 29k, 18.4k, 14.3k

Lane 1 : cell lysate of P.pastoris host cell (non-induction)

lane 2-3 : cell lysate CTB-HBsAg, induced with methanol induction
(30°C, for 30hrs)

lane 4-5 : cell lysate HBsAg-CTB, induced with methanol induction
(30°C, for 30hrs)
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4. ©d FA YA

CTB ¢ HBsAg® monoclonal antibody& A4+s}7] #13te] CTBSt HBsAgE #
o) ZAMste] 38 WYAIZY F spleen celld Y531 myelloma celld SP2/0 cell
% ¢822 % anti-CTB hybridoma cell 3 anti-HBsAg hybridoma cel & 4
a3t

R R L IR

1) Anti-CTB mouse monoclonal hybridoma 41d

AR e AR 4R AXFE 13 Aesn Add ALFY A AP
= ggsty) 9std 12709 cloned T-flaskolA w3t wlg 4AFE AAA
Z fraction® 280nmold FFEE 2AHHYL ol ¥AvEE AN AIL
Table 23 2t}
CTB14 ¥ hybridoma clone®] A anti-CTB Ab AAbzo] 713 Etoo, & A4
2 5302 serum free mediumol A H$AA FH A4 clonel 2 AHgsHHT

1

Table 2. P42 3to]lBel v} AMEFo] MAb 8%

NEE 28 A280 Ab conc.(ug/ml)
CTB2 0.079 55
CTB5 0.028 19.5
CTB6 0.090 62.8
CTB9 0.031 22
CTBI10 0.050 34.9
CTB13 0.026 184
CTB14 0.19 136
CTB15 0.020 14
CTBI17 0.029 204
CTBI19 0.050 3438
CTB20 0.082 57.3
CTB24 0.020 14
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2) Anti-HBsAg monoclonal hybridoma 41'#

ALFARE AH 2009 AEFE 13 Adstn ELISANE S S84 713 @
A Fo] & 519 AXF HBV4, HBVS, HBVIS, HBV 178 @t A
¥ 3 HBV4, HBVS, HBVIS, HBV 178 A XF9] 3 HAAHE=E Bestz] A3t
o 4709} cloned T-flaskol A vl gFstn viF AAH-& AA}A Z frationE 280nm
AM FLEE ZHSAUZ °]& Ab¥EZ $AF AH}E Table 37 Ao}

Table 3 & MEXF9 anti-HBsAg 34 A4tk

A EZF AAF oA F(ug/mL)
HBV4 65
HBVS 78
HBV15 131
HBV 17 83
HBV 20 45

A vi7bA AMEF9 HBsAgol Ui &AM affinityE ®lasts] A8t 2z
o MEFE FRPuRAM 59U wlg@d F Protein A Sepharose 4B gel
chromatography2 A& £ AAsA52, AT FAE FYT %10 ug/mL)o]
S22 8lM8F 5-fold seral dilutiondd ELISAE AA&HATH 2 A3 affinity
£ HBV4> HBVI15> HBV8> HBV 17>HBV20¢] &£2o2 Yelwtd.(Figlo) Z= 8
HBsAg 4 AArg£o2 HWQF A& binding affinity7} 2 cloneolojof 32
2 2 AYeAM e HBV4AS Adsto o) &atch
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Fig. 10 Affinity ranking of anti-HBsAg monoclonal antibody
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Hybridoma cell-line?] 4} AJ4+g anti~CTB, anti-HBsAg monoclonal antibody & 3
AL 5 vjR A FAE A4 st western blottingS 312 W E colidl A
UEdd gin MX g A e AL v AL AYE Wi Gt
band7} ‘ebstth oldl® EAFE #ds7] st anti-CTB, anti-HBsAg
monoclonal antibody A4} hybridoma cell & 33 wix|dA A& AlA vjIsg
=3

S WYFE serum dilution WHLZ FHH ujAo AHEE g MEFE ¢
71 98lME B3 AEF EAHGo] Yastn, T-flaskdolld AF deo 43
SR o]l&3ld HHFxe MEE FFetn T AXAFZ0) 7t = A
< FA7lsled HE wYg AAsT YAFEE 47194 FFH o $HE 7 F
A iR A Y AXFE Fe L ol Lsidd. HFEex BAE Fotet
71 A T-flaskol 1x10 cells/cm’ M #E 2, 3, 5, 6x10" cells/cm®A AL E
FEstd 597 gy nld MELE FAHSFC HFEE A HoE AA
E 2x10° cells/cm®®) MEE FZFstz vl A =& 05 1, 2, 3, 4, 5%
2 47 £z 5 ¥XE wgstd od AEFE FAHAT. A F A
Hold Q& AWE 2 o CTB 14 AZY A% , §F 5Ee 2-3x10%cells/cn,
ASEE 2%5E 784 H/ES B4 S HAddAG.

Anti-HBsAg 88 A4lste HBV4 MEFE 5% 9 dialyzed FBS7F Eo{3e
a-MEM ®iA ol A wiFstar 80-902% confluencydld MEXE wlojWllAd  250mL
spinner flask® &A wgstgdrt. 7)o+ T-flaskd| A9} FL§ wix=Z wjtsin
AXE7 AR AHFEE 5%NA 3%, 2%7+2] 9 I3t 2719 FF AXF
2 3-5x10° cells/mL 2 3%tk GC-CHO-P1 iAol 8 3EEE 2%, 1%, 05%,
0.25%, 0.1%, 0.05%, 0.01%2 HAHeoz R3o FYUA Z} FE ACdAM Holx
2AY o) 4e wigd F MEAY) FAHoZ RS W ok SAR AP
At gAS YA e v & GC-CHO-PI/EX-Cell 301(1I:1)2 g3} x
27) WEFEE 2x10°cells/mL2 253 AZE T 8-10x10° cells/mlslA AE
AABQr. FHA vix] HEUT T HAE = H

T 90%E AT & AN

3). Monoclonal antibody 7 A
Anti-CTB AbE& AAHE CTBI14 cell-line2 F¥ 3 iAol wgsin T o34
o012 A}g3la o 40 ¥] ¥33 k. A-Sepharose columnel] PBS buffer2 #H3
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Al7]2 hybridoma ®1%¥ $%9& affinity-chromatography AA3tR 05M NaCl
PBSZ washingd ¥, 0.IM glycine buffer(pH3.0) 2.2 elutiondtg ok, (24 11)
£239 3% PBS buffer® F4]8t3 protein A-Sepharose columng °©] &3t
22/3A% 949 RASE SDS-PAGEE olg3tel HAsAH2Y 12). 14
affinity columm& ©] &% AAEE 70% F=2 A HrEe 45%0°] A .

i
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Fig 11 Protein A column chromatography profile
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Fig. 12 Anti-CTB abtibody®l SDS-PAGEE °| &% AA =

M : MW maker 1. Standard marker : 200k, 97.4k, 68k, 43k, 29k, 18.4k, 14.3k
1: Anti-CTB
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5. E7o)d Anti-HBsAg$ Anti-CTB polyclonal antibody 44t

A2l monoclonal antibody”t ¥A epitope?t U&7 WE EE HBsAg$
CTB peptide epitope ¢14371$18] Anti-HBsAg polyclonal antibody & E7)°l
A AARTH 200xg/ml HBsAgst CTBZZAE 500 u1 PBSe 8432 5001
Freund adjuvant$} @7 ¢¥sd EFAAGE E79 2o FaFEAt o @
dyjzte 3% Aoz 33 wogsgch 33 dgF AFAY Y 50 ml Falcone
tubeoll 4 164]2F WA I WA ST 3000 rpme2 1083 AL 43
< 3 F3ta
Elisa method2 ¥# Wl anti-HBsAg polyclonal @9 titer® AA3A
CTB, HBsAg ZtZ& 96 well plated] 10ng/100#¢ coating3ti HH < 3] 4 3t
anti-HBsAg, anti-CTB polyclonal &#7-& A4tstgich Anti-CTB #3839 #%
84 STE 60008 anti-HBsAg &¥AH 9 A F=& 100008 s143gE o 7t
A < ELISA Z2%8 4¢ & A

6. 4e AFFA o FAGH 1%

NE WAL gde AAstE ARG 8L T8O Ardel AAsA el
N 9lo] F4-50] [gAst IgGrt FAET WL 4Y € F Ue WYl &
A2 BAME TYEdM A4E 492 FTFARA RAEE 1gG FAZL
ANHE 2AS AT FAAY 45 AL 9 FAYY A&
3 o3ty s CAYEAAN LAY FUL AT FA £€ ARE FAF FAY
e S5z 4% AYsd PAE 23 dhen ANPHELEE CTB F9
% CTBY active, inactived®l, HBsAg$ fusion ©¥d, Atgst ¥,
CTB-HBsAg epitoped A& anti-CTPS} anti-HBsAg ¥ & BT & U
218 ANE Ao

7. CTB %ol w2 3} &
Soluble CTB$} incusion body CTBE 20 pg/dose, 50 pg/dose, 200 pg/dose, 500

ug/dose, 352 mousedl X 2z F 3¢14 33 BFFFHA 200 pg/dose 0] A4 oll A
ok &7 YA
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9-10¢d BFo2 AGNAY, 13 AF, AL, 23 ¥F, AY, 33 FF, A¥E 4
At A9 A3 20 gg/dosedl ME Feigo) Hol FRY WAHAHE A T
£ Aoy, ddFez 57 £ Sigma AFAM BAYAFI Biow, 200
ug/dosedl = sigma AEF inclusion bodyE AHEE HAAM BV AF7F LElu
o

olg AFZ o] B o, GAY £ Aoy, 200 pg/dosec] FE FAY FF B
o A% 99 FFEE B 5 AL Aolv, e ¥UH Y B4 Hoh 44
HYsAE #d Aoz AZrdrt.(Tabled)

o o
&
32
o

Table 4. CTB %) w& N4 &7

20 u g/dose 50 1 g/dose 200 ¢ g/dose | 500z g/dose

IR A R e R R A E R ks
CTB-sigma 0 0 0 0 0 5 0 8
CTB-inclusion body 0 0 0 0 0 15 0 7
JA CTB 0 0 0 0 0 2 0 8

2o 28 Cholera toxin B subunit(CTB)E Zztell H@AIA 1 g(30 pgo} C
TBo) #%2)9 transgenic ZA2) AF microtuberg& #He] Y& o =5 ¥-CTB
A7t YAHAen 2UY 528 FIAE & AU 22v AAL CTBE 3
T EdAE BE %9 9o W ojfE S22 FAAETD Y proteas
eoll o&ted Baise] AFol ZAAEHA G Azl

\}. Inactivation cells§ ©o]&%§ 384 A7

A7%9A HAY CTBE 93 E anti-CTB IgG7t ¥43571 dEol 37 A&
AEAAY CTB7F A9 23187144 44 F=EA FA 37 A, A7
A (PETlla vector)ol# 39& w&AAF2 Wi} F formaline2 EEJFAA A
23 ¥ PBS buffer2 AA3tgct. Egsid dATE A B F ¢dd CTB
%5 & SDS-PAGEE 933, AAY CTBS ATFAste] vimdyay 4%
= gzA ®5 dM4AY AAY CTBE 7759 A o FAIY (7t
#9920y, CTBE A4% t3Fe AW F4%E #olE 500.¢CTB/dosed +4
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Table 5. Inactivation cells & o]l &% FAFH &

200 # gCTB/dose 500 # gCTB/dose

424 | "z% | 4% | ¥3%

CTB 0 3 0 7
CTB-inclusion body 0 2 0 6
CTB-inactivation cells 0 0 0 1

t}. CTB-HBsAgE °|4% ¥AJ4Es

AA € CTBS E. coli-inclusion bodyZ ¥olA+ CTB, CTB-HBsAg& °| 43t
Z}zbe] A %o 9o} 200 pg/dose, 500 ug/dosed F 7HA FEZ FF 10 F4&
AP, CTB 200 pg/dosedl HE Fol3o] Aol FRY HFAHE A & #
Ao, 500 ug/dosel M= inclusion bodyE A& FH oA He A JEg
t}. £% CTBS HBsAgZ %217 CTB-HBsAgolA< anti-CTB FAE A3
= #37 CTB 2UE "ojxe AFAZ uFo & o, @d¥ F= oy,
HBsAg® ¥ @¥do] Brd tAsht A MEWZ inclusion body7t F57F HA
ool 4% BY AFE E & AW A 2o

E.colilME CTB, CTB-HBsAg inclusion bodyZ @A &% 23 system%
o] &3 activedt $UL AL & o, ¥1E dFTF B@ AA vmst] LFF
& 2oy P pastorishA active CTB-HBsAg fusion ©HZ2 {5l
CTB-HBsAg #A&A @3 P pastoris AX SHF 288 LIS
SDS-PAGEAolA A4ste] P. pastoris ME Hdg Y AF FAAE 7
A A4 EBE BF € 4 AU ol= HBsAg#d w¥de]l nrh AARY B
W A XUZ CTB-HBsAg fusion @¥do] 47} HA ¢ro} AW 49 AFE
£ 4 Add Rez Atgdth(Table 6)
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Table 6. CTB-HBsAg §32¥%3AE o4& FAYYEH

200 pg CTB/dose 500 ug CTB/dose

HE4d qEF AFA Hz=F
A4 CTB 0 ! 0 7
CTB-inclusion body 0 ! 0 6
CTB-HBsAg inclusion body 0 0 0 7
CTB-HBsAg 0 1 = -

2}, mucosal immunity® JeElUE 2AAA 2 adjuvant ol &3ty B A 7|

A.

ol FAAY HEAA CTB ¢dFo] wo} FEAYAA FAFAHYL 37
A E @ ASANE AFHstodol FA Aol sMEsig. AAY HEAE
A7 HANRM A AHE 21E A2 #A%7] 8, E colidd ¢
#A 9 inclusion body CTBE #AA)8A @3 inclusion body CTBE 5% washing
buffer2 A8tz SDS PAGEZ HAZE AT ZF 70% o4& deWld.
70% ©|4 FAE CTBE # Yolol 4ol pellet& %3, Hojz2 4 A1A ¥
AY HEAE AT =Aozx dudYde 9 FA. ASAE  pelletd
inclusion body CTBE 1M Ureadl ¢ 20ug/pellet, 50 i g/pellet, 200 u g/pellet,
500 « g/pellet, Im g/pellet ¥ =2 Z ¥ 3 3092 A mousedld 3F 1Foz 3
3 "ol A AR AY F A PFPE LA A K (Table 7).
o2 £ 7L %9 CTBE 2M Ureadl ¥4 20ug, S0pg, 200ug, 500xg, Img
g 500 E FAE o838ty A7 Fo%At. & £ 309HEl 4 mousedl] A
2% Aoz 33 AT T4 F HdM AY Adsd &M YHE HUHA
t}.(Table 8)

=% control &
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Table 7 CTB A% ¥ Anti-CTB % ¥4

9 =% | 20 g/pellet | 50 # g/pellet | 200 « g/pellet | 500  g/pellet 1mg/pellet

v [ | | . | s | =
Table 8 CTB AT %9 % Anti-CTB &3 34

FAFAF 20ug 50ug 200ug 500ug 1mg

%i?:i:)‘ = = 3 18 21

CTBE AT S9ge ush Holz 4AAL o Bt R} wA A A4 &AH}7L
Uetgt. ®ols CTBE AAHYE wWe EAdE # MAT d3F< CTBE
HHAA 7 olgde A dout, HAAE JBAE Yo)2 THIW AL
23 o & A 44 A7 vetdee 939 Soluble CTBE Fll 27
Edqge wet EYs7A, inclusion body CTBE 200ugold FARE #H
anti-CTBZM & ¥ AJstsdrh

o}z HARY AZo)M CTB LTl Yol FENGAM FAFZL FLs7)
daME g AZANE Aol A Aiko] shEth oy TAHFE
AAs7) 98 nAENAN L@Y CTBE FHoldl 4o caked W& 4FH AR
ch.

Soluble CTB$} incusion body CTBE 20 u g/dose, 50 # g/dose, 200y g/dose, 500 s
g/dose, lmg/dose ¥%2 mousedlA 33| HTFEAAN 200ug/dose ©)FoAMgt &
A7t 4R

a}. Cholera toxin B subunit-HBsAg 13 mer epitopeAl At R 33 ¥4 &7

Oral cholera vaccine® B¥ 79 #A& /d3tr] 94t CTBE E. colidl M ¢
AXNA FHe) AFEAs  anti-CTB antiserum$ AR 2, HBsAg‘t
CTB-HBsAg® A7 59 39¢ @t anti-HBsAg' anti-CTB antiserum°] ¥
A5 gtct. HBsAgyt CTB-HBsAg F¥&AA7t A BEApo)7] wjEo] Fu
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AXE B3 23%AY £ CTB-HBsAg#92 CTBel HBsAgE Bt F2
Walo] oJste fusion® Fhol CTB} 2A @A F=7F dst=lof F AXEd 2
go] <tslm F47F HA o} FA YAHA ¥ev Aadnh

Fusion® CTB-HBsAg3t9< anti-HBsAgu anti-CTB #A17F 3452 &7 4
29 CTBY C-terminald] ©lv] €23 BY Y virus epitopeE VA3 FHol
AT 93t BY 19 $H <} cholera 7t FAlol FAHEANE At
CTB-HBsAg 13mer epitope peptide €& pETlla vectorolA Z@A)A
inclusion body® 21431 inclusion body CTB-HBsAg 13mer epitope &g
washing 3t 70% ol42 AAZE 4L + ANev, CTBE refoldingdts WU
o2 active Fgoz2 WY AHLS 9 20%9 3FEZ soluble YR FHFHY
t}. Soluble CTB-HBsAg 13mer epitope #¥E& F o H3FAIe 73T HF o8}
anti-CTB ¥ anti-HBsAg Ab 34& #1& A
1). Anti-CTB-13mer ¥

89¢ PBS, IM Ureadl ¥ 500pg/ml S=F AZ33 3072 mousedl Al
2% Aoz 33 Fo AFFA F A% AUt FA YHE AUz, H3
FAEozE F9E& PBS, IM Ureadl =9 05ml 200p¢g CTB/miz 0.5ml
Freund adjuvant® & 4o]A 5ut2] moused]H 2F tAo2 33 I FAq F 4
F A¥sta A YHE A =g control 22 10 vl2jo) salined
FA71E ol g3t ZF T2 Foadt 33 £ st 159 F A AU

2). Anti-CTB, Anti-HBsAg Bgug &<l

CTB-HBsAg 13mer epitope® HATFFAst H3FAZ AH3A  anti-CTB,
anti-HBsAg %A ¥4¢ HA¥ ot o8] HBsAgel epitope2 Y
peptide(TSTGPCKTCTPPA)E& CTB® gene fusiondld XA fusion GHBel
epitope?t masking5 o] anti-epitope FH7t FAAHA F& & U7l AEA FA
73t} AFFo 84 anti-CTB, anti-HBsAg ## ¥4& #A¥2=24 CTB
AZ ¥ epitope’t CTBFZE Hud W3t A7IA €31 3T FH9A anti-CTB ¥
A9 anti-HBsAg 7t 84 A #olth. anti-CTB, anti-HBsAg 33 4 &
immunodiffusion, ELISA, Western blotting o2 #s% .

7} Immunodiffusion

ATS% WRFAZ PAEY YAE ¥Ass] Astedl  anti-CTB-13mer
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antiserumE CTB 3 HBsAgE w&AZA oY HatFAts WA FHAM A3A
8¢ YYolAE immunoprecipitation® FA T+ YU, ATFFAZ 4L ¥
A2 #9sl7] 98t anti-CTB-13mer antiserumE CTB 3 HBsAgE WH$A17
o1} immunoprecipitationg§ A #4 AAT

ELISAY Az Bo A3Fd2 dd9¢ FHolA anti-CTB-13mer FA71 Ho}
CTBS HBsAgd #49 #A¢tg A7t YehdA gkt Atz €

) ELISA w9o =z 34 g4 &3 3¢9l

Coating antigen©. 2 100ng/ml 1z g/ml¥=2 CTB(Sigma)®t HBsAg(54zt Al
Z)8 96 well plated] coatingdtz. HIFAIY AFEAE AU
anti-CTB-HBsAg 13mer epitope antiserum 100 A € 12,800 wj7}A] 34
ste] wellZ 1001 8 7h3ted A Y ¥8& HASAT

EISISAZ 3ol o8td H3FALRZ UG FoA A4 anti-CTB-HBsAg 13mer
epitope antiserum 3 CTB, HBsAgE W&AIZ & @ CTBs+ 100008 HBsAg
okE 60008 A st E Elisadeld 277t $3dod, 37542 498 34
2 #9377l 9989 anti-CTB-13mer antiserum? CTB 3 HBsAgE vH3-A13
ELISA A3+ HBsAg$ ¥H$-< 300ui, CTBo: 400v] 3|43tz 34-3A w3
2 9 ¥ F AN AT F9A FA ¥AH Ay deiAz: A HY dje
E 4008) A7 A FA gE #F F F AU

t}) Western blotting

Anti-CTB-HBsAg 13mer epitope antibody 7} CTBS} HBsAg #4943 B9 ¥3%
& Bolalr) 9989 o]& sodium dodecyl sulfate polyacrylamide ol A7) 953
Aok, W19 %o] B9 Ao Coomassie G4F WAEFLE Fsto] YA
4E o3 E gUsA
HBsAg £ SAAAN A4gn gle AES CTBE E colidd AASdHS
93l3ALE wW9gste] AAkg CTB-HBsAg 13mer epitope antiserum$ 3000v] 3
A 8] western blotting 3ttt Western blotting?] ZA#2 anti-CTB-HBsAg
13mer peptide antibody”’} HBsAg® CTBo]l 2F ¥ ¥gS yehdd {UsH
. (Fig 13)
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o]Ate] ZAd}e] <]3H CTB-HBsAg 13mer peptideE® & Wioz Mu3dy
Z T a2 cholerast BY UYL owd & & ez Agdy

Fig 13 Anti-CTB-HBsAg-13mer epitope Ab ¢ western Blotting ¥4
4-20% Gradient Gel

C : Coomassie blue %)

1. Standard marker : 200k, 97.4k, 68k, 43k, 29k, 18.4k, 14.3k

2. HBsAg 5ug, 3. HBsAg 3upg, 4. HBsAg 1lug, 5 CTB lug,
W : Western blotting

1. HBsAg S5ug, 2 HBsAg 3pg 3. HBsAg lug

4, CTB lpg 5 CTB 3rg
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- Cholera toxin B subunit &} #¥Ash BY 9 E¥ %ol #ARAE Vibrio
cholerae 2 B 8 7+ #x9] ¥ £33, cholera toxin B subunite 7|4
oA HAAA A PPE YA

- oA AEHA LHLP antigend &A37] $3  anti-cholera toxin B
subunit ¢ HBVS EW &9 g §a]E A3t hybridoma cell-line& 4zt
1475t 57HE o) FAE At AANALH E£F anti-CTB anti-HBsAg
polyclonal antibody & AAbsttt.

-B % 29 948 AT F4L0E ALY A8 B Y 2 viuss] ER 39
9} epitope$} B subunit& gene fusion A7 Pl AE A LYHAF]IL, vaccineL=
mucosal immunity& 28 + JSANE FELYES T3 FAA

HBsAg 9 9%£2] peptide?t Al43l9 X mucosal immunityZ} 15°] FHHAU
t}.

- 58 A¥e %3 AF vaccine 9 A A7 ArIEAE BAY F A=
assay system< 7]Z3t%o.

A2y Adsr] s PAAY HEAE BER olE AFH 39 mucosal
immunity& FEE & JA=ANE FE4YE F3 Aok @k 22y ARG
AN FEG 3o Fdo| wHAHT FUHAE T A FIAE 42
AE Qed F7I1e AgrIte] ooz vjYE WP AAE o83ty B
& Aasta, FAE ol g3ty YAz, FEANYE H22M mucosal BHE F
Eite 23& s

9Z M CTB dAAE #AAE 23 HF39(B0ug CTBo HF) FA7 YA
HAoy AHAE CTBE AT+ F9 A @& 49 CTBE F9#°F anti-CTB7}
g48Act. FAE CTBE ZA+5d #¢ oo vjusA, gAAE AxE 2%
A= A7 48 5 e 4UAL BN &ej¥ FA CTB7 Y&
%3] Yol = CTBS vl @3 A proteinased] 28] QA FolA 3=, 7 4
EAE adjuvant® %2 saponined #F3t ol FAAFE A ESAA LHEE

WAL £2Fo2T WA B $4adT A=,
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e gAR o] o3 vaccine A4 wlF Alde] B AT
O d7/Mge 83 2 F84

SAZHNYL o8 FEFHARY ALY HEANY FAAER olF &
7 dgHoz d@ss HE2ZAe YEL HBHE IS dTEE B ATA
9 Exolt .

#z2 UM E B A729 qetolA old dig ATE £33 T U2
o o)} A =EX suitt Zst&Ae Atk A% ok Lyt FE4H
A g4 2 FARe] AFAW YIAY 7jee MR v $E FEOIY,
53 JYFAAI dFHoz LPste FAY Gue olF LT FFY AL
NFE Aol

e 2 d7e $ued 8 A2FEY NFE JEHEE 0§ TEH
o §Azt B AA FYH vaccineFAAT AFPoz YHI}E FAE FHIH
7l 918 3 s A

2oz o)A AolA XPHQ AW choleratt BY Y vaccined
ATrao0z Eose A4 HE vaccined Mie 2 439 /MY F2E 53
o|t},

o olEd SHEBE Ve AEEE FE vaccine D& wiFe ALLE 7
o FAbgvaccineRt ¥ ARzo) ol ¥ ohJel vaccineitel EE =¥
3} ugx YAaHez 29 4 A HE Aol UR FAetdelF EolA 7te
AR AU WALF HAFY BY AREY SHYE A A4
237 S5Hez YN byl AHME Had v FLAEEC A
F3F%H FFAL JIYE &3 a7k Uo

A AAGZL SAFAFTE A € ol & o]£F FRAUAS SHYSC o
271209 o)dERE T8I Yoz $IAE od Y gIHyoz FAFAF
gte] 298 7149 ASPAAErE AA} L &3] B =Y & 7] &0
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h&E

g RAoln.

o 4+ A ie3 ¥4

~ Vaccine& At wjF € Sl FF& MEsr] Ao, A F83
4 &2 qvector pHGCTB 2 ¥ 5 @AY Bl AEHoZ FAHEH EQ
¥ 4 3+ pSB119] vector& Al zstsict.

Ao AAE BAFzAA Y 24e] Fol@d MS R BsulAdd wj¥d 2,
NEA AL FYF YRA2AA ZPAMHE MSHA 7L Bl A4 4
gyton, 2FdMHE 1 mg/L NAAS 5 mg/L kinetin ® 5 mg/Lel BA7F 7}
d MSHlAl A AEA AEsHgo] 42%=2 7 'St

AdzHo FH AEg=EE 4EH Y5 NUSE wo)|7] A% 1 mg/Le
NAASH d4871A ¥ X9 BA(, 4, 6, 8 10 mg/L) L kinetin(2, 4, 6, 8, 10 mg/L)
o] 7t 1057 AL WA FFF 5YE WF AP wWIFH vH(2Y 5
6), kinetin€ FFT viAAAN Boe BAZ H7HE wixN AE}L &A Y
Ewton BAS F57F 4dmg/LY o 63%9] 7t &L AEA ALEEE b
=3

4ol F#Ad v AQgo2Rg AEANI ALssHE ¢S 2T
[t B A3, 4o ADHAA AFoe ofFd WIE dojuA AR,
g 34 F REHE ZY ZAFHAAM HEED] FATA doldE vEEY +
ANZ, WMYE 79 Fole AH¥9 shool primodiag® FAsNoH, MY 209U ¥
ot YA ALZHMA 2AHAC

YFAPE wiFd H3te FAAT AGE AQAHJEAE Lotrr] A
Hgromycin A& 7|22 2 2lmer37]2 :27H3] primerE A2l H Tt primer 1
< 5-AgC CTg ACC TAT TgC ATC TCC-3'°]3 primer 2% 5-TgT CCg
TCA ggA CAT TgT Tgg-3'clth °o|& EWZ PCRS +3¢ 2% FAAE
W30 hgromycin #7298} cholera toxin B subunitfAzt7F HAAE HJLSE
g,

293 olE Yoid YAAE WEZHE FAFAE Dol oE AAY FUFA
F3E FAE7] st YAAE? FA9 controlFAE hygromycine] 91t FA
BFuj oA Gold YL YUY A, YAAGuF FASL FAA ulAA
YREe] Folg ded e HAAG A ¥ FAEL LoldA Ree F
F< Yo
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gty B Ay it wde 284 2AuY £ FAAANE AAE &Y
8 4 den vaccined A7 AP wjSE Y5

FujSeo] & B]EZA L Agrobacterium®.2 FF F sto]azrie]dlo] e H)
A o] XA F 1FY v v g 2@SEA SH AT 4-65F = Fo wFx
2) 0 22 E shoots} 7 W27t FAHUD F2 shootRthe AE PP E|
=t 4" g2 23 ARJei A shootZ A&t HU A&}
shoote AZZFA7 gle MSHIAGA REE F71NAF £3AA EF22
Hate] Mo AujsAct FAAEH FF €719 AFol & lem = €
W7kx] F)FEF 4T F 0YAT ALALT F 4oA AufsAct. o 2-3F
AT Fo] Fort AR T FAE 47194 WsLES AT WSz
g ¥ANRY W2 FHEL 30-50%2 Ehoy 24 Aujd SAT §
AR He AAHY FAAJLEL 3-6% )tk olFA WA F 54
AP YANPAS dS & AU FIAYA EMEe F 54 Ao WA
CTB $dA7t ¢4+43] genome} L2 EYIHAJEAE Southern EHE 3t F<U
&gt Agd T-DNA Ao AF &4 Hindl sites doj22 o] 42 DNA
g Ad3ld CTB §4AZ hybridizationdtd Y2 WeFz A =919 fd49
TE ¢ F ANt 2 23 FIAPAIA 42 control FWFAHE WET Y
BuA astn FAAGE AASdME CTB #3A7F 1-5 copyE ©F3HA
genome’dol APHATE RS FAsAdh

Ty AdiZA 2E CTB /A =900 #¥ $54 /A FolAM 3BAAAA
%32 42 F AUk FA £¥FLE AA g HAE 195FE 1004013 A
=2 ¥o|7l AstA Jelgth olg AAE dF stojazulold AHYAHe Fo
24 A3 AdyFe g 319 2Yug vebd AAE 10AAZ W AE H
RAAAHA EQulE YA Ty A EME CTB #4* primer2 PCR #4& 3
of & Z3 92 329 03kb HXelA DNA e FAHAG ojRe2 Fu)
Fole HAN FAAZ FUz Aoz FHEGE Rel HAHNUD

- W9 A% C6-1, Co-=¢=A &stxm Cl, C2-1, C2-2, C3, C5, C9, Cl1, Cl12,
Cl4 lined)M 170, 2, C8 linedld 270, C4, C7 linel A 378, C13 linedl Al 4719}

CTB #3A7 HASE #AY 4 AU 13709] linecld =] FAAE &U3
An HE JAFALE A dH 15709 lineFolA 2709 lined FAA} =
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8 fAAdFEE OGP 9 7 ARG =G 2-1% 2-2, 6-1% 6-2& 4%
F9Y callusoll A A AEANZA 2L patternd HEME 22 Hol FY
callusol A AE3F 2] 9 JEAE 2F ZS FUHZ YAAE HJLE ¢
4 AUk 35 linedl A Fa7F DRI 28%9] Edol AULE HAAL TiFEA
£ 20958 100874 s
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SUMMARY

Tissue culture system and transformation system of cabbage were established.
Using these technologies, cabbage was transformed with the gene for the
vaccine. It was demonstrated that the gene was stably inserted into the’

chromosom of cabbage.

Total 54 transformants that had the gene were identified. It was demonstrated
using southern blot that each transformants had from one to five copies of the
gene in the chromosom. But It was observed using northern blot that the
expression level of the gene in each transformants were different. Usually the
transformants that have more gene copies in the chromosom produced more
protein. However, it could be observed that the transformant that had only one
copy gene produced the protein in the high level. T1 seeds for the
transformants were obtained using autopollination. T1 seeds had from one leaf
to 100 leaves variouly. Until now, seeds for 35 transformants among 54
transformants could be obtained. Among transformants, Meridel’s law could be
applied to some ones, but not others. Using PCR analysis of T1 cabbage, it
could be concluded that the gene was inserted into the chromosom and the

inserted gene was stably inherited to the next generations.

When rice plant was tranformed with the gene, only 2 lines among 15 lines did
not have the gene in the chromosom. It was observed that C1, C2-1, C2-2, C3,
C5, C9, Cl1, C12 and C14 lines had one coly gene in the chromosom, C6-1,
C6-2and C8 lines had two copies, C4 and C7 lines had three copies and C13
line had 4 copies.The inserted gene in the 13 lines chromosom was detected and
the gene copy number was various. Line pairs of C2-1 and C2-2, or C6-1 and
C6-2 were redivided from single callus and showed the same pattern. Therefore
it could be thought that many plants redivided from single callus were

transformed into same pattern. Seed came into bearing in 35 lines and 28
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H1z&ddxNs: AKX =¢o o|st
vaccine MAFE H|F Jjut

A2z ME

AS7A Y vaccineAt HP L FEHAXUY £ yeasttt bactedaE o] &3l
AZF vaccineS s WP E AHESISIch ol @ WY SR vaccined AAHY
73§ vaccine A%de] B Fulet kYol et € AFE Buh PHStD 4F
A WY o= vaccined AL ol A UdAAAM LAALD F A= WY
Maatr] fstd YA

AA wfFe] dY FHdA AF NAHE §Hdtn ol & wH R vaccinef A3
€ HEMd FHA st vaccine FHAE YAEle 2L JEAE Mgst
12 olgt #EY A=A 4ge FHPFAt.

HEE FHolAlolodAM F9 AaAEZ dy AuEa S8 oty £39
FaUgeE HXY FL8Z 9 AMEHT Uk AF7AA w]Fe =P
©& Brassicad A vls] wiFA L] mi¢ W& Aoz dBA gon olddy
T AFAFAE o) AxEHch 1990dEelF o, A, Wi, dHEW F dxze
ZFE AL AFAMNE ANy 2 %KL a2y 52 R AT HI
Az, AFzAAY 24, dEAGAA S H7F 534 2L AFEH} vuHY
Al BARE wFEE] MM et of] wFe] 2HuY AL vis B
2 AAolth wA & AYMe dA wF AdD wiExA g o) g3l no
& AEHHEAE Y5 + e 20 THI}A wiF g A WX &
AZZEAY 9, NBAGANA(AgNOs)S} &3}, HAHEZF L explantd] AW T
3 2e Ydd9 dFE FYigvh. agm ol g YR vaccineFrAAE vl S0
HAAY F3A vaccineHFrHAE Ad AELHE HE AF, viFe PAAY A
A 8%, 283 ol ¥ABY wiFe dF EAH4ENY HAAY TR ddy
ATE Tt R ARg B udte volrt,

¥ Fu)F(Brassica oleracea ssp. capitata)®] Z$-ol% vjSolA Fojx &= 7)
Z2A8€ W73 o2 CTBRAAE Ao, vy AS 2 JHE YAAE A
AE o4}z AE225E CTBEYA L dIAAE + e 2d Al=dez

o

72

SOTB/OU/2G IBE- B R XE Y

NESEX: g2Ms AE82 088 Vaccine W, M3XHT / sE8F
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248 & AE 7HsAE AN E 4¥E FHSAG

A 18, dFNLY =3 gg z=9 A

o

flo mj.

FAZTAINEE 048 FEFAAY B AN FAAY} o]
7t Aoz wHE ATEAY YS& HEHSIUL ATEE B
E9 x|t

2 $AUTAME B AFa9 dgtdM oo i A7 E FYT Aoy
ols} AP wEE vtk F7H5Ad Aok FHAW ofA fAYFY FE&FAR
g4 2 A AN JFAAG Ve AT HEE EE FEH, 53
defAAR} dFH o dHae FAY ro o]F o]&F FF MLL AF
& o)}, '

Bt 2 A7e $Yud Fo A2FEA FE 712 o83t S
A fAA AY A ¥Y7} vaccinefr WAL AL BHI}E FAE BH
7l 98 FEHAT

FIFHoz ujFoA AzolA XWHA AFYA choleravt BY T4Y vaccined
AFRo2 Fd5e AL e vaccined NI B 439 M T =3
o},

agm oA FAFH 71ey HAE3E FE vaccineAHE wiFS Ee 7]
Z9] FAlgvaccineRtt ¥4 ARzde] Fo4F ¥ oty vaccineitd E€ =Y
B HgE HAHe2 Y4 A He otk URYFEANF FotkAste T
2o Mgt AT FAFE Bd AFEY SHFE Y oA g
7} 540z g8 Uiz gaNe H4F fvd FLREEd dE /IAF
8 EENT 719S &A1Y dast A

A AAZLZTE ST 4 L o] & o] 8T FRAYY SHEYS 4%
2714 oldFYg F73n YesZ $% od g YEPyez FAHAF
o] ot 7]ed HEHAAGIIEY AA L 443 B xFHE 7S}
& Aol
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4
)
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A 24, AT WET P

1. w3

vaccineg AAtste wWF B FulE FFE ALy Aso, 4R F&F
2 & dvector pHGCTBS} BlF GAAFEANA A&ZHo2 YPAAREHS 2EY
4 9l pSB119Y vectorg A)z3lsdch

AegujFo AAS AFRAAL 4ol Fold MS ¢ BselA Wi A
X ALFEL TIF AF2AA =ddHE MSHiR 7} BAlng A4 o
Elgon, aFAME 1 mg/L NAAY 5 mg/L kinetin @ 5 mg/Le] BAZF 37}
B MSHRAIA AN A EA EsHEo] 42%2 7HE Euot

AdzAoz B AEIAHE A Y5 UZE wol7] 9819 1 mg/LY
NAAY A871A] =9 BA(, 4, 6, 8, 10 mg/L) 2 kinetin(2, 4, 6, 8, 10 mg/L)
o] A7l 10FF AE3 v HFF 54€ wiF9 AAS wEFd vHaY 5,
6), kineting ¥HFT ¥MIRNAN BoEs BAZE IR WiXdAM ARgge] A
Byxtos BAS FT7F dmg/LY # 63%9 7HF 2 AEA ALHEE YA
o

dHo] A wiFe AQozig AN} AL FFE zAGRHoE

BEae 2 ZAH, G99 ADHAA AT ofFH BEE YojuR| egtont
g 3UF REE 2Y 2AF YA AEED] FA3A goldS BEE + ¢l
AL, viF 74 Fole 4AH9 shoot primodiag HFAsH2d, wlY 209U Fd
T A4HY AN EEIAS

HAAPE viFo] dites KA I AJHAJAESAE Lotrr) 8A
Hgromycin §-AZAE 71E22 2lmer3”|9 2709 primerE #1334t} primer 1
< 5-“AgC CTg ACC TAT TgC ATC TCC-3’¢)l3 primer 2+ 5-TgT CCg
TCA ggA CAT TgT Tgg-3'cIfith ¢|& EUZ PCRE 33 A yAHE
v] 5o hgromycin A A9} cholera toxin B subunitfA 27} dAAE AL &
gQ3tao.

gz o)F A YAAE wiF2ZRE AFAE B ol ANAY FAFA
FAL ZAE] el FAAY E29 controlFEAHE hygromycin®] &9t Fab
HFujA oA BoldPE YT ZAH, FAAZuFY FAESS FAAA wiAAA
gREo] WolE ded vste FAAE HA e FTASL Lol Rate 3
FE Jdehiiie
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gEd B H4YL E5td wide £&4U 2AuY 2 ARAE AAE &Y
& 4 9o vaccineSAA} AgY WEE YESHY

2. g

JulF wj&2AL AgrobacteriumeZ HF F oz vlojdle] & uiA o
A4 F 159 uivt Wi E @A I 4-65F FE Fo wiFzHe=
2¥ shootst ¥4 B2 YAHAUL F2 shootdThe AelE A& =%
o 349 B2 23 AEFAA shootZ AR JAck ALY shoots
AFzAA A MSHXAN B {F7ANNE £3NA EGoR oYy
Ao ApuisAct HAAZFA FF €719 AEol ¥ lem A= E WA
FNEFE 4CAA o NYAE A2Adg F 4A Azttt F 2-3F F=
Fol Fu7t AFEH T FAE A7ARA WFEE A WiFzIo24y
HANGE A2 PYHYEL 30-50%2 oY 2444 Aulg 4AT yIAE
A7t He AAEQA PYAAREL 3-6% oItk ol FA HA F 5474 &A@
YAANGAE I8 F AN FAAYA 2L F 54 A4 WA CTB +4
247 &A3) genomed e =UYHUEAE Southern EAE st FAsAo. A
g9 T-DNA A} A§ AA Hindl sites o] 2 o] 445 DNAE A3
o CTB fAAXZ hybridizationdtd Y& W=EfzA 2918 FAAe 8 ¢
AU 2 A3 YAAPAINA F& control FujFAE st depgR @gt
T YAAG AANEANME CTB #HAT 1-5 copy2 Tt genomedoll 44
HAE A& FA3A

Ty AtZA §2E CTB #32 E=4e] g8 %54 Al FoAA 3BAANA
228 92 F AN F3 FEFL A et HAE 1¥FE 1008013 3
2 Ho|7h 4aA Uehth oE AMES WY stojazateld AFAHe F)
24 23 ALdAe) He 319 2UE Yehd AAE W0AALD deAE v
A3 2euE Jehhgle Ty 483& CTB #AA primer2 PCR £4& 3
of & ZA3 WA §Hzke 03kb #X o)A DNA W=rt ARG, olRez Pl
Fole YA F3A7} FYE A Ho2 FHETE o] FAHUG.

3. 4
C6-1, C6-=4H A &gz Cl, C2-1, C2-2, C3, C5, C9, C11, C12, Cl4 line Al
171, 2, C8 linedlA 274, C4, C7 lineclA 374, C13 linedl A 4749 CTB ®A A7t

75

A28 0188 Vaccine HE. MI3XE= /s8R



HASS A% £ ASdTh 13719 linedld EY FAAE &lddn Wz @y
F4A4E =T A3 15719 lineFAA 2789 lineT FAAV 2918 fARAFE
FdEe U9 5 AN BF 2-13 2-2, 6-1% 6-2& 4L FY callusol A Al
T3E A EAMZAM 22 pattems YElUE Aoz Hol FY calluslld H23Hg
g e AEAE BF 2L Yy FIAY HUSE € & AN 35 lineol
A FA7E R 28%9 Bl ANSE AN ThvFAE 204956 100874

7 g
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A3z Nz G

A 14, Vaccine ¥ A ; Cholera Toxin B-subunit (CTB)

Borure  cholera toxin B subunit& QG7INE  EAsd NCBIY F5€
VCTOX(sequence ID = K01170)3% ®lu§ Az YT Roe=2 AU A
A7IMg BAZAFE ENE 8t 2709 primer (P/Pr)E A3t 2™, PCRE 4
A&t CTBE FEAH
Pf ; 5 aa ccatgg cc acacct caaaata ttactga 3' (30mer) (Tm = 694 C)

Ncol
Pr; 5 ga gcggecge cagtgtga 3° (18mer) (Tm = 696 TC)

Notl

Lo, gula8 kA A2

Bglll/BamH]I
Sstl

Sstl

Kpnl

EcoRI

Sstl

Fig. 1. Restriction map of vector(pHBCTB) for CTB gene transformaton

in cabbage.

2.9 34488 SuA A} H =9

7h HAAGE 0 A

CTB gene °|59i 1A &8 pSK-RTGE °¢]43l9 pSK-RTCE A3t £ -
3 pSK-RTCE o]439 Intermdiate vectord] pSBRTC-MAR(pSB11)E€ A 2}3t

o (Z2¥2).
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0 |

AbEE 7] B2 $wkAl= pSBI1 ¥ Agrobacterium 1LBA4404(pSB1){1dl, °l
$utA o] E4 L acceptor vectordl pSB1& Agrobacterium# st ohvel E. coliol A
T BEAY 4 de A orging 7HAIL o9 tetracycline A3FA HHAE T
83 Vir B, C, G& #% wH3I}EE nd S¥kAloln intermediate vector
pSB11& EcolidA gt &A% 4+ A= EA origin® 7FA2 13T spectinomycin
AP FHAAE TEHY F8& FHAE YA 5 Sl left border R right
border& 7}A 31 Q3 super binary 9 AlagozH CTB #3 A= pSB1l9Y
left borders} right borderWiol Azt=lon), AlxA A4 FHAQ bar FAA
7} o] EukAUlo) 35S promoters] @A} qUth.

v, Az LA el Agrobacterium 22 £

B HPYAAYFG A9 AgrobacteriumW 29l T intermediate vector
(pSBRTC-MAR)E 7}A 2 9l E.coli DH5a 9t acceptor vector(pSB1)& 7HA 1
9= Agrobacterium LBA4404AFo)o] pRK2013S 7FAlz U= conjugal strain?
E.coli HB101-2 %3 £4¥AE MY3tE triparental mating BYP o2 FY3 A
HA 34 A& pSB1{LBA4404)3}, 14 71  pRK2013(HB101),
pSBRTC-MAR(DH5 2 )& Nutrient-agar ¥}x]¢] F%°| negative control2 pSBIl
7} pSBRTC-MARE, #H=& &4 pSBl, pRK2013, pSBRTC-MARS £A 2
5~7/19] spot2 TS spreading 3tATh 28ColA 1¥ 71 ¥, ABST dAu)=]
Imgo] =ch o]& 4z ABST ZAu|A o] =%t 28ColA 3d&A 71& F 2
Wl Adul¥E 53 purifydtd single colony® #2383, AgrobacteriumWiz
=AY F co-integration #¥AstE 4FE AASAG.
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pKS-RTC

L
Xh S H3I RV RIP Sm B Sp p Ne RIPRVN Sell S¢

I pBluescript KS
B GRVSmXn
pSBRTC-MAR
H3 Sh RI RV D K SC
_M3IRVRIPSm P Ne¢ RIP RVNE Ne S Sell S¢RI
S ‘ pSB11
Lo B G RVSmXh P RV E K BL
MAR 2 MAR
Pv H3

H3 Pv

- Rice rbcS promoter(1.3kb) - 35S promoter(0.74kb)

Rice roecs transit peptide(0.16kb) [ b coding regionco.s9kb)

Bl oo ez R ; vos terminator(0.28kb)

- 3° PinlI(1.0kb) —— MAR : Matrix Attachment Region(1.3kb)

Fig. 2. Restriction map of vector for CTB gene transformaton in rice
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A 24 HEAE

I

E 43 AHgE uixle £2 MS € BlXE o83 AEAF2EAE
BA, NAA, 24-D, kinetin, IBA, zeatin, GAs 52 o|€3lddh

FNEZFE “MNEuF"Y 14FFo2 o] WF FAE 70 % ethanold] X 30
%, 50 % Rox £dolA 208 A AF¢ F HIFF2 3-43 AH3A 3 %
sucrose®t 0.8 % agarg #r3 MSH|A el 3F3to 25C, 19 1641 B2 u)
datach FHuY 59% AAE gyl 2 mmAE FiE iz FIsAY §
M&E 1 cmA7I2 2 2AMF NEE AHESHSITH

wjFo] AW 2B sy Y3t AX sj2uiN 2 MSHiA ¢ BsHll Al &
AHE-3t 3 BA, NAA, 24-D, kinetin, IBA, zeatin, GAs5°l 987} =2 E&%
14559 A3 Ao AEE& 50~100704 X4ate] 25C, BAHE wjFatATt
AR stujxie] AyFzdaA 4ol HEA AMEHd e S AN Aty
NAA 1 mg/L3} BA 2, 4, 6, 8, 10 mg/L. E< kinetin 2, 4, 6, 8, 10 mg/L°] A7}
g 10579 MSAES wiAo] AAL wigsidn AF2EA =44 AEee
ZAbst ot

ojdd AT AL AgNOz7t WiF st o=25E HEAH Ead vAe
Jee& AR HFF 5YES FEHYE hiFE NAAU mg/L)¢t BA(4
mg/L)7F 7 El2 0~5 mg/Le] AgNO:& &% MSHlA«l uicksted Z+ Xy
A g HEES ZAEIEC

w3 F3Y ALSGES dotrrl #H3td “MEMF"Y 14FF AW
NAA(1 mg/L)$} BA(4 mg/L)7t d7t8 MSuiAol] wigFste] FF &34 AL
€& ZAEIY.

AEY e AF2HA} FrrsA &S MSHIAZ o4 st HE &
718tg o0 o 3F% #elst 718 A EAE peat moss, vermiculite, ferrite?}

LIIZ E8E ¥EES §74 €37 F EYoE oldsyn

2. FulF

E Agol A48 FulFE FL hybrid A8 AHE8AT. TAE 70% cl&EAM
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ANEEXN:g€E

12 A2 T 50% TAR BTN 15-20% F¢ EF0] FUA EPLTHY
O g Ha ¥ WE4E 5 9 AR A¥g ¥ AZzZIA W84 gL
MSO (MS 7)Eu}R) + 3% sucrose + 0.8% T.C.agan)uiz|o] X338t X448
234g 349 WFAAN 670 T Wi F AAH AFHE AAsn
WEZHE 05m 2712 FHA FARE ARZ AL MEEAL. 2 7
GA717] Aol shoot AwSuASIA 1QEE WulFataich

3. Y

Agrobacterium® IR Z8 B YFAAYo] BYAF HJEIZME scutellume=2F
B 4719 WA Mg EeddRes 4ddA A wEbA scutellum 2 FE
Bl 28 §71817] 3t ¥ EFo2+ Y5 (Oryza sativa. cv Nakdongbyo)E
A&t

A 3d Mg 22 % FAAD

1. w3

AgulEe 2% 599 A9E g4 4 2 mm FE FIE FHZ A8
ARzAR e 240 ol MS B BsulAlol wMFE (Y 34), 4EA AE
g&e Y AFzAEA zAdME MSHIAZL BjARTG EA Yexes, o
A E 1 mg/L NAAS 5 mg/L kinetin ‘_}! 5 mg/L9 BA7F 3A7td MSH A
A A2A AEseol 42%= 73 E=%th  Narashimhulu$} Choprak® wWig A+
o AE3pA MSHAZF BHiART Ao Actn dte ZJRujAEAN £ HY
o] Aze} AHUS.

81

Me A22 0|88 Vaccine . M3XET /s8R



Percent of

Regeneration

60
o0 |
40
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Medium
BNo. of shoot(%) ONo. of root(%)

Fig. 3. Shoot and root regeneration from cotyledon tissues of B. campestris ssp.

pekinensis on MS media with different hormone combination.

MS medium: MS basal medium + 30 g/L sucrose + 8 g/L agar.
MS - 1: MS + 3 mg/L IBA + 10 mg/L BA.

MS - 2: MS + 1 mg/LL NAA + 5 mg/L kinetin + 5 mg/L BA.
MS - 3: MS + 3 mg/L IBA + 5 mg/L Kkinetin.

MS - 4 MS + 3 mg/L IBA + 10 mg/L BA + 05 mg/L GAs
MS - 5 MS + 3 mg/L IBA + 10 mg/L BA + 05 mg/L 2.4-D.
MS - 6: MS + 1 mg/L. NAA + 4 mg/L zeatin.

MS - 7: MS + 1 mg/L NAA + 6 mg/L zeatin.
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ENo. of shoot(%) ONo. of root(%)

Fig. 4. Shoot and root regeneration from cotyledon tissue of B. campestris ssp.
pekinensis on Bs media with different hormone combination..
Bs medium: Bs basal medium + 30 g/L sucrose + 8 g/L agar.
Bs - 1! Bs + 3 mg/L IBA + 10 mg/L BA.
Bs - 2: Bs + 1 mg/L NAA + 5 mg/L kinetin + 5 mg/L BA.
Bs - 3: Bs + 3 mg/L IBA + 5 mg/L kinetin.
Bs - 4: Bs + 3 mg/L IBA + 10 mg/L BA + 0.5 mg/L GAs
Bs - 5: Bs + 3 mg/L IBA + 10 mg/L BA + 05 mg/L 24-D.
Bs - 6: Bs + 1 mg/L NAA + 4 mg/L zeatin.
Bs - 7: Bs + 1 mg/L NAA + 6 mg/L zeatin.

Agzaes RE AE4He 4849 Y5 WEE wol7l A% 1 me/Ld
NAAS 2712 ¥E9 BA(2, 4, 6, 8, 10 mg/L) 2 kinetin(2, 4, 6, 8, 10 mg/L)
o] ¥7td 10259 AL wixd RFE 598 w3 AHL W vHaH 5
6), kineting & wlAAH Brtie BA7E 3719 wjxelM AEsEo] A U
o] BAY %7 4mg/LY W 63%¢] 7tF &L A €4 AEEE YU
th. o) B juncea®] ZAW%o|A BA7L Zeatin, 2-ip R kinetin®th A7 0|3
3 @ Sharma$ ¥ Chi®e 4723 2 #A9 AQuidelA BAZF EF3H A
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g2 § Onose A7Z3st BARIHHAA H&@ ZggelAR, & ATA 1
mg/Le] NAAS 4 mg/Le] BA7l E£45HUE o 71 & 4 &4 AEFee 4
e, o] Ade wiFzAu|YolA NAASH BAE &3t Zol AxF
i @ Hachey53 YoonSe d7ZAds FAIAAR ol €] ¥ NAAS BA
9 ARy & 479 ZHg g2 detded ol A8HE9 genotypedt
z228 97t Mz GEdA HRE AFtn 44L

80
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Regeeeration Irequency($)
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2 4 8 3 10
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[OFs. of ehoots(h) ONa, of rosts(ss ]

Fig. 5. Effect of BA concentration on shoot formation from cotyledons of

B. campestris ssp. pekinensis.
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Fig. 6. Effect of kinetin concentration on shoot formation from cotyledons

of B. campestris ssp. pekinensis.

2. duiE

Fujs wjEzFe HANFL AEA AL marker2A hpt(dto] 12 uto]d A
g4 §A42) FAA7 A2 YA FAA2 CTB(ZdE &4 B) #dAE E#st
I Qe pHGCTB’t Q¥  Agrobacterium tumefaciens®&  ©]&& .
Agrobacterium& F}ulolAl i} dto]lazulo]Alo] X3= o] fle YEP uiA] oA 48
N WFE ¥ SEE 5-8 X 10%/me o2 2R YAHY ALt FE
7t 2RE 7 9ol 19 AviSFTE FuiF wEE=ANGE 3 158 = F=HA
EEoF AN stk Fol ZHE PF AL AR WAHd F9 e
filter paperfiol X4 ¥ 25ColA 297 FFu¥stAch T-DNA transferg& &
olatAl &7 3te] dul AuwlF M Xt Acetosyringone(100 # M)S A& BHujX]
of A7tste] A& FEMG F A ANEINAR Agrobacteriume A A
¥ £ carbenicillin (100 mg/1)3} cefotaxime(250 mg/1)°] 7z Ay FAANZ 15
mg/19] dto]a2ulolNo] ¥7te AR (MS71EuIA + 3% sucrose +1 mg/l
NAA + 2 mg/l BA + 2 mg/l AgNOs + 08% T.C. agar)ell A43tHt. wWAE 7-10
d tFdoe n@sHEAN F M 3-6F FT wiFsHch WF 4-65F Fo ul
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Z9o RN A2s} FA HE3E shootd FdS R {71 A
carbenicillin® cefotaximeo] 7t MSO®|AE &Zch Shoot7t AA” 3fojaz
vlolal Agd AWHAZRE shoot® o AEHAINZ] AsA A28 23 A
A3 R (MS7]2ujA + 3% sucrose + 02 mg/l NAA + 2 mg/l BA + 2 mg/l
AgNOs; + 0.8% T.C. agar)2 At ¥3tdt}.

HAAEA ¢35 2 FAFHEL AL FAAL T A AEsfuiA M FA
€ shootZHE B E #7]A2 F 7lddA zAgtn Je FFE T EL
SAX A £HAA A Aujstct FWlFe £717t 05-lem HEEF T
¢ F4TE &7 ALANYE o9 Fo& FIAAA A2A 60-90Y A= A
g8 FuFE A 242 $A FUE AQF Eol A3 AZFHNHA s
& AA selfingd F4E AR

HAARA BN MAEso Y2 dulF FAABAY 9L AHFHS DNA%
RNAE 2339 Southern 3} Northen #4& 3%t Southern ¥4 953
Zo) Q. YozHE E§F Total DNA(10xg)E HindlIZ2 X2 F 08%
agarose geldl A7)® 53k nylon membraned] &Zth PP-dCTP HA4 FH4
A2 EAE CTB §HAE probez 3tal hybridization® 3t Hybridizatione
68°Coll A 18X A= & F 24 2xSSC, 0.1%SDS2 15%, 68Cl4 1XSSC,
0.19%SDSZ 20%, 0.1XSSC, 0.1XSDSZ 30¥%¢t membraned AAHE F X-ray
filme] x=2AZt}. Northern 42 total RNA(BOxg)E ¥ ¥ formamide gelol
A A7195E F Southern ¥43} & WHPL2 hybridizationd 3.

7 AHx F)

FAAR] FN $H ¥ FAZLE FIAEY ARY A2E AWl A&
AYF o 200749 FAe F4FE RAUNZ FFE A&k I Fol 0% &
2 100ml&3o] 183 Al £59 AAFEF 20% &2 100mlE ¥2 120mmd
g7 oA 1A% 258 g WFSFE 5-68 Aoula, FIEE FTAE 2N6 4
B2 §7) WA X453 25C WG A 4F T Gulgdeh 4FF scutellaZ ¥
B §719 228 N2 N6RAMMAZ AduiFstn &VA 498 BA=E
FAAG ArgA
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Co-cultivationA] Agrobacterium® =& 3-5x10° cel/ml¥d FAAZo) 7}
A 583 Aoz 4 A 1o Arobacterium® X7t 10°%ells/mle) S|=& 3}
7] 918 LBA4404(pSBG700)& 2719] ABSTaAu|z|e] =2 F o3 28T v oF 7}
A 39 Bo WY F o 2Zoz F Fo|Rol BF FHio AAM JFujA
0mle] = g APt

t}.  Co-cultivation

49 AW T FAsA B P28 FA 1-2mmAEY AVZ AE H
A.tumefaciens LBA4404(pSBRTC-MAR)7} Solle e AAM Az« 5§
ol &2 & IN6-ASTA MR 7 plated 50704 co-cultivationdte] 25C ui 47|
A 39 F< YuFdct
2. 1z Ag

39 %9 co-cultivation¥F B 22 XE AgrobacteriumE £ U730
Agrobacterium XA} A Q) cefotaxime(250mg/ £)0] 01 YT E@FA @7l
Aoz HAANGY A AE MLz gd 2N6-CP 1344% nA A §A 2
5C wlUd7|dA 35 & GujgFert
ol 23 Mg

13 Mug 2828 N6-7-CP 23 A mAlvjxl=2 &7 25T wlgrldlA 10
Q Sqt grujoksin, 109F 1xpAE AY2F st A SA 24 W2 g
Ao,
v, A E£3}

22} Ay wiA o)A gL YA AP As ¢ AL AL} wiAQY

MS-CP2 &7 28C wigAoA Fuigoz ALsE FEAIT 1,27 48 2§
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o3 Fe2E MS-CP AE3) vixlz2 &3, AxA 4 ¥ phosphinotricin®]
e wiAIA HAGFUCE vjFHeA AEstE ¥ YA A= MSOuix]of
A 1049 SR A EGe] e §72 §AFD 259 242 A
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M4y did dad

A 12, vl holM AgNOsel a3 2 FF3¢
A&} 54

AgNOy7b viFo] W& zxog RY AEA £l nAe I%& zAStRAL
NAA (1 mg/L), BA (4 mg/L) R 1~5 g/L9 AgNOs7t 78 MSwiA o] 335 5
dE wiFy FE3 (1 cm3AZDE WG i Y 5), AgNOy7l H7HHA @&
g2l Al 63% AZF A4 £3&S B ¥, 1 mg/Le] AgNO:E &+
g A AAME 813%9] & NEH £33 YA T AgNO:o F=ele 2
Aol7k U2 AgNOsd F%=7F 3 mg/L ol 4d de AL 4249 #23
$7F A% APt 2 el BihE AgNOsd sl 2A dAHE Ao
LHERSE R o] 2§ AgNO;ol AZFEIE siF9 AY, st 9 ¥ g9 23
FAME HEZH EA Uetwtth ol B juncea® L ujde) spulZ A ul el A
AgNOy7t a3 olctn & A7 AT} AgNO:9l EFfdoA 2 FA4E YER
Ack vt & AFoNA AgNO7t H7He wiAol wigd sviF=2 e %9 shoot
S £3E 3A FAHAAT o 3= A JAHYAEH o TAY A%
Z oA AgNOse el Aoy shootEdele AFHoIUANT He A4
o] 253 ¥t ¥ De Block®s d7Z s} &g APt
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Fig. 7. Effect of AgNO; concentration on shoot and root regeneration from

hypocoty! tissue of B. campestris ssp. pekinensis.

aAge 45 B e 23ee 2AE7] diq #F F 49,59, 6
48 A9e NAA (1 mg/L)9h BA (4 mg/L)7F 37t€ wixidl vgd vH(E 1), o
2z 499 AGAM 275%) 7t B HEA ARHEL AT oY A=
Sharma$°} Bjuncea® A% ¥Rl #E 5498 FIel 7b3 MEa7t =R
7 #Fd7AGeGE AolFdUAT KnittelF S utetzle AFuiFAM, Onos 2
sA9 AQAu PN 22 498 AN AHRIL XTI T AT AIASE
g HE Ao At
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NEEH

Table 1. Effect of seedling ages on shoot regeneration of B. campestris

ssp. pekinensis

Response 4 days 5 days 6 days
No. of shoots(%) 22(27.5) 13(14.4) 13(13.0)
No. of roots(%) 53(66.3) 72(80.0) 72(72.0)

Total no. of 90 100

cotyledons plated

Regeneration medium: MS medium + 1 mg/L NAA + 4 mg/L BA.

Wz TEY AEZA) ARFSL Lorry] Hs) AgulFe 14FFS A
2 NAA (1 mg/L)$t BA (4 mg/L)7t #7tg MSHlR o] vl HEH(E 2), “M&)
a"gho] 57.8% L AENEE BRI YA FFANE 1% W9 o+ ¥R
e ALFLe BolAY A8 A3 ojux ggezz FYIAE 4=
“eujxE BANZTZoz olgs%rh ol2d genotypedt AMEIFTH Aol
ZAWY Z71%E oHFENN LHAA K2, BrassimEd HENME B
campestris , %3, B, junceaSNA EE2t AR 59 Holzt nud v A
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Table 2. Varietal difference in efficiency of shoot and root regeneration

from cotyledon of B. campestris ssp. pekinensis

No. of cotyledons No. of cotyledons forming
Varieties
cultured shoots(%) roots(%)
Seoul 180 104(57.8) 70(38.8)
Samjin 160 0 62(38.7)
Jangwon 180 3(1.6) 30(16.6)
Manna 200 1(0.5) 83(41.5)
60 days 200 1(0.5) 39(19.5)
Pungsan 150 2(1.3) 35(23.3)
Naeshu samgae 110 0 85(77.2)
Olympic 80 0 28(35.0)
Wonwoo 50 0 0
Tambok 200 0 1(0.5)
Hanyerum 190 0 85(44.4)
Gowon 160 0 43(26.8)
Hanmukum 200 1(0.5) 120(60.0)
Gangsae 100 0 67(67.0)
Manjum 200 2(1.0) 135(67.5)

Medium:MS medium + 1mg/L NAA + 4mg/L BA + 30g/L sucrose + 8g/L agar.

dyo] Rg R AFozRy A7 ALdHE FFE =Tz
sl 2 Fg gy AaddA A gl offFd wEE dojua o,
g 39%F e AY ZAFHAAN AXEQGo] FAFA dojde XYL + A
Ax, M 79 Fo= AFH shoot primodia® ALY, g 2094 F
= AAAA AN E@EACT
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A 24, CTBRAA A&zE N2

1. W3

Fig. 8. Transgenic chinese cabbage containing colera B Subunit(CTB)

gene transformed with Agrobacterium vector.

AR e ke FHATE FHI] UYHASAE Lot AHA
Hgromycin S48 71222 2lmer27]19 2702 primerg AlZslRcl. primer |
€ 5-AgC CTg ACC TAT TgC ATC TCC-3'°el3 primer 2& 5-TgT CCg
TCA ggA CAT TgT Tgg-3'°lUch o1& EdlZ PCRE +#y¢ Z3 FAAE

W g0l hgromycin F+Axet CTBRFAA7F A SUSS TASFAH(LHI).
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Fig. 9. PCR amprification of the hygromycin gene in transformed and nontransformed
Chinese cabbage.
Lane ! - 5. Transgenic plants, Lane 6: A/ Hind III marker, Lane 8 : control plants

Lane 9, 10, 12, 14, 15 transgenic plants Lane 11, 13: non transgenic plants

aYan olg dojF YAMY wjF2 Ry AAFAE do] olE MM FuUFAILE 2
ALgt7) glste] FAAY FA9Y4 controlFAHE hygromycino] £t FxgZul 2o 4 ol
AYE F9% 23T Y10), YARYuZ] FAEL FAA wAjol M ciFEo] Lol 3
Td vlste] PAHY =2 e FAEL Lol Rite F¥E HeELAAT. olE Aol
YU WFEL go2 vaccineFrdz FHAESG ¢AHY Ffdel 2 d3+E o
% AEUA AL AFstefof ¥ Aoz AlaEY.
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Fig 10. Progeny test of transgenic

genes

7z
1Ho
mjo
=)
0P

chinese cabbages
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2. gl &

FulF vz AgrobacteriumoZ HF F dtolazulo]dlo] Q& A
(MS u}z + NAA Img/l + BA 2mg/l +AgNO; smg/Del A4 £ 15FY vbe} ul %
wgatH A u gkt 4-65F HE Fo] wZz 2 o2 HE| shoote}l FHAl A
27t A EUC F2 shootthe Beld AP Fol =itch ¥4 HzE 23
A& A(MS + NAA 0.1lmg/l + BA 2mg/l + AgNO3 2 mg/I)ol A shoot3 #] &
8t = Ack(Fig. 11). A28 2 shoot= AFZAA7L ¢le MSulxlol A ol §7]
NLE 3 AH EYor ojdste] 4o AuistdchFig. 12). & dsta) <
g 2719 A Eo) o lem HE H w7kA 7EF 4TAN oF 0UHE AL
# % 4ol A & 2-3F AR Fol Folzk Algsol Ty A A7)
AsA WFEe AthFig 13) MEZIozre FANRE Yol YYES
30-50% % kot 24dA AulE LT FAARAI} == A FAAY
&2 3-6% olATh ol¥A AMA F S547iHe] SAG AHMBANE L& 4 AU
HAARTA BAL F 54 Aol thaiA CTB A7 24723 genomed 058 12
ASHNEAE Southern £4E& st FAsArh g T-DNA ol AF f4
Hindll site: tolzg o FAZ DNAE Hudte CTB AR

Wi

hybridizationd}e] &
FHHBAINA FE control FulFolHE WErE GebtA] gita P A
golldE CTB # Az 1-5 copy2 ch¥stA genomedeol WA cts 2e &

& i ch(Fig. 14. 15, 16, Table ).

=4zq £598 §974e] 48 @ 4 AUtk 2 @3
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Fig. 11. Shoot regeneration from hygromycin Fig. 12. Transgenic cabbage plants
resistant callus derived from hypocotyls habituated in greenhouse.
infected with Agrobacterium.

Fig. 13. Transgenic cabbage plants selfed by bud-pollination and seed setting in

greenhouse.
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9a 19 31 47 54 2
59d 19a 25b 36 49 59% 1

s TN e -100kb
- |
g i !~ 40kb
e - !
J\.'..:‘
feits Ll - 16Kb

Fig.14. Southern blot analysis of transgenic cabbage transformed with Agrobacterium
tumefaciens (pHGCTB). Lane 1: plasmid DNA(4.0kb), lane 2! untransformant,
lane3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13: No. of transgenic plants.

59 3e 12 15 32 60 2
3b 11b 14 26 38 59a 1

- 1.6kb

Fig .15. Southern blot analysis of transgenic cabbage transformed with
Agrobacterium tumefaciens (pHGCTB). Lane 1: plasmid DNA(4.0kb),
lane 2. untransformant, lane3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 14:
No. of transgenic plants.
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la 3d 5 e 9o
1c 4 8 18 3a

=

- 1.6kb

Fig .16. Southern blot analysis of transgenic cabbage transformed with
Agrobacterium tumefaciens (pHGCTB). Lane 1: 1kb DNA marker,
lane 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11: No. of transgenic plants.

=99 CTB +32te] 2@L Northern £4& F3te] ZASte ¥ 2% {7}
%95 % % control F¥iFelME WEs et @stch. CTB 347 =4 €
547 A Fol A 2 AF AT CTB Hdeol §A Fxn yoz] AAelA d3t= 03kb
iAol M7t HART ojReE CTB AR Fuldol =d=o] RNAZ
ANEGE Ae HAF 4 Utk Y RNA 2@3e Qityog ¢z A 2ol
A2 copy#7t BEFE 2@ Fo] ®A Jebuch (Fig. 17, 18. Tabled)

54 19 9 59d 12 60 60 63 32 27 23 2
47 14 3b 59 8 1 5_838292576_1

.h : A
LR
?

@ W

Fig 17. Expression of CTB in transgenic cabbage analyzed by Northern
blot hybridization. Lane 1: RNA ladder, lane 2! untransformant, the
remainder of lanes: No. of transformants.
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54 43 37 17 1la 5 61 52 4 21 % 2
40 24 1llc 7a 1 62 46 35 16 3¢ 1

47

30 22 18 6 3 36 26 15 3 5%¢ 2
% 28 20 13 4 1 31 25b 11b 3d 59a 1

Fig. 18. Expression of CTB in transgenic cabbage analyzed by Northern
blot hybridization. Lane 1: RNA ladder, lane 2: untransformant, the

remainder of lanes: No. of transformants.

T, AEA $8E CTB fA% E0] §8€ %54 7HA FAA 3BAAAN
FAE 4 5 ANt FA 3 A gt FAE 1-]FE 1001
HEZ wol7t A& A UebTHTable 3). o5 AME @ 3toja2reiold
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Agde] o £4 Ax AdygYe] g 319 EYHE Y AAe
1070A2 32 YeAe v Z45d g Yetl A (Table 4). T: 4 &3S CTB
%47 primer® PCR £4¢ &t & 23 944 F129 03kb #4114 DNA

ME7E FAEAHFig. 19). o)Az WA FAA} A2 dFHoR
fFrAdos Aol #AHUG

Table 3. Copy numbers and expression of CTB gene and seed setting in the To

cabbage transformants.,

RNA
Transgenic | Copy RNA . |Seed Transgenic | Copy |expressio |Seed sett
expression .
plants number setting plants number |n
level
level
la 1 + >100 22 4 +
b 1 + >100 23 NT L4+ 70
o 1 + >100 25a 1 +++ 50
3a 1 ++ 100 ‘b 1 +++ 64
b 1 ++ 33 27 1 NT 45
c 1 ++ 52 28 NT = 48
d 1 ++ 100 29 1 ++ >100
e 1 ++ >100 30 NT + 95
4 1 >100 31 1 +++
5 1 32 1 NT 43
7a 1 ++ 3 35 1 +++ 20
b 1 ++ >100 36 1 +
8 1 ++ 37 1 +
9a 1 e+ >100 38 1 ++ >100
b 1 ++ 30 39 1 NT >100
10 1 + 40 40 3 +++
lla 1 + 66 44 1 +++
b 1 + 30 46 1 +++
c 1 + 100 47 2 ++4
12 1 + 74 52 2 +++
16 NT NT M 5 +++
17 1 47 55 2 ++
18 2 >100 58 4 +++
19a 1 O 59a 1 ++ >100
b 1 86 b 1 ++
20 1 ++ 1 c 1 ++
21 3 +4++ 60 5 +++
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Table 4. Segregation of resistance to hygromycine in T, progeny of selfed

transformants of cabbage.

Transgenic Number of[No . .
L Hygromycin resistance
plant No. seeds germination
Resistant Susceptible
la 74 62 12
1b 74 57 17
1c 83 65 18
3a 74 59 15
3b 20 15 5
3c 18 9 3 6
3d 54 43 11
3e 65 5 48 12
4 74 2 33 39
7b 34 22 10
9a 72 37 35
9b 13 7 3 3
10 24 13 11
1la 42 3 30 9
11b 29 10 9 10
1lc 63 3 44 16
12 39 24 15
17 28 24 4
18 39 11 13 15
19b 63 40 23
23 35 21 8
25a 37 31 6
25b 35 24 11
27 23 18 5
28 28 2 16 10
29 81 1 49 31
30 54 32 22
32 30 3 19 8
35 22 5 15 2
38 70 4 36 30
59a 68 1 32 35
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HE AZSZ2 0|88 Vaccine Y. H3XAE /=8 S

ZOTB/01/20 1558 § & XTI 3 2 L ol



P.CUt Transformants

1.0kb

0.5kb
0.3kb

Fig. 19. PCR analysis of T, transgenic cabbage plants. Ut: untransformant, P.C

positive control, CTB plasmid DNA.
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Table 4 . Agrobacteium-mediated transformation of rice

Regeneration

i .|After 3 weeks Herbicide
.. |Experi|Co-culti . After 10days on on .
Plasmid . on selective . . . resistant
ment | vation . selective medium | regeneration
medium . plants
medium
SBRTC
P 1 | 370 | 33069.1%) | 215(8.1%) | 70(189%) | 4
-MAR
2 460 430(93.4%) 131(28.4%) 42(9.1%) 5
470 435(92.5%) 220(46.8%) 85(18.1%) 12

4 400 | 355(88.7%) 171(42.8%) 97(24.3%) 21

7h FAAER ¥ HEM] AzxA AP AA

A BAZA AzA AYY FAFE A AE] YRAY FA4A AP
4 #RAGE 2 ZAMPA B2 £EAY AR o ¥ Fed
H2A FEANE ALY 4 At FFE AAD Aol AYUIN Heslo} AR
B9 ¥ ABAE AN % B YR A F AzA A4 ARE AAB.
YPYE A AzA ARY AL 871 Al AFl FEHR A Basta
29g AFFE 05%7 AA BN YRHAA e A% daTEe 939
897 ge 45 9o AW R0 FTnF YRR g 13U A o 2
3 BAUTH VAW A3} dETE Yol ASL YHOE WY ¥R AW
£ 2e9 2548 §4, 7Y WE BAY + Yok

SR EEEERREY RO P T

HAAGEE v A= 3049719 Lined] AT 100974 Ae] oj231 glow,
CTB #3dx9 =% 2 HAAF(copy number)E Lolx7] 3l genomic
Southern blot& +#33cH YARY © v} YAAS =X Fe vy
8 A8% 059 o|d YO ZHE genomic DNAE Eaadth 59 #Axe g
Jde =9 fAANTE NdPoz AUY 4 Yt AVELE o|LAL =98
FAAS e gvAel EQ $HA4E TP e vY A Fove
7R Qe AFELAE ol Lt old wal pSBRTC-MARS HAAF A Z4
22 =9 4434 ¥4 95 EcoRVeZ ZWauz, 598 SdA+E ¥
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o] g3
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PC NC CI C2-1 C2:2 C3 C4 C5 C6-1 C6-2 C7
M .IX3X5XRV RVN RVN RVN RVN RVN RVN RVN RVN RVN M .

LT - - 2% 1 1 I8

PC NC C8 C9 C10 CIl C12 C13 Cl4 CI5
M JX3NSX RY RUTL JRVN . RYE® RUN RVN R RN RN M

———— <7 i,

Fig.20. Southern blot analysis of pPSBRTC-MAR transformed transgenic rice
plants and estimation of the transgene copy number.

1X, 3X and 5X in PC represent 1, 3 and 5 genome equivalents of
pSBRTC-MAR relative Sug of rice genomic DNA, respectively. The size
markers(M) are indicated on the left-handed and right-handed side. Genomic
DNAs isolated from the leaf tissue of pPSBRTC-MAR transgenic rice plants
(C1-C15) and from an untransformed control plant(NC) were digested EcoRV
(RV), NotI(N) and hybridized with a *P-labeled 0.5kb DNA fragment containing

the CTB coding region. PC contains EcoRV digested pPSBRTC-MAR
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BYeteln o EUE vaccine WAE AFAHoZ vlFo] YINE HHew o
AA ) FARe] AYARE FAF A FAA} HAHH o2 EHUS
& gasA,

Gz AAFANE YT A7 443 FAAFE] FHA7F A AA
S % s4AS AR ASOE ¥ 4 Yok o/F Al E Southern ¥4
25 §HA7 sl M A copy 74 EAHUG. 22T =YW FAAe) 2@
2 %sy] flshe] Northem 242 she] 2 @ wdol s Ueho
HEE copysrt BES4E B@o] A UERon @ copyt EUE duiEe)
ME waZo] BA UG 2ol Atk ol PMFE AR T, FAE
guagc £848 A5 19RE 1009744 ISR SAAE FoAA WA
AR BAANN EAE BRSAYG o AN W Fo A4 A 2w
Augadde] he 319 uee U uALN weE Bess Aol
ATk WA FAA ©9€ T FulF 489 PCR ¥4 A# 43447 =4€
Aol RALYTL ol2A RAA} FFAoE FUz FHIAGE AL AT £
2%k

Wz MAFANE £UT AHE 28 29 1579 neFAMH 249 linet
SRR =UdE=x 3z Cl, C2-1, C2-2, C3, C5, €9, Cl1, Ci12, C14 linedlA 1
7, C6-1, C6-2, C8 linedlA 271, C4, C7 lineollA 371, C13 lineclA 471¢] CTB
$4A7 9L TG + AN 1349 Jnedld U SAHE FAKYDL
£98 345 GIUS BAY 4 AT £ 2-17 2-2, 6-17 6-2& 24zt
59 callusl ALHE ABAZM 2L patternd e Aoz vl Y
callusel M AREE o4 A ABAE BE e Huz YA 9USL I
4 %Y. 35 linedl A A7 ART 28%] TYo) UNSE YAHAT TIFA
S 209%H 10871 chFstac

wja
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2 A7 FHS HES AN Aoz olgstd WAL g
A Qe A7tE RV fE NZE A7lEd i FAjo] #e3] o]Fojx 1
T 7hed EeA e A AL A2 & #4E 2on Ao HEAAY
A BEE 719 WA YA B vsiy ofg- & FHE Fed 48 YA
S A2 E 3G A, 3 7HEH] R uiA] gho] WastA gon, N9 4
& Zo] animal cello]'t Yeast cell B2 7th§A) Fonz d Y4 1o o
£ XYY vl go2 Qao] 7ty AAHoz felsich, FARY JE Yae
cultured animal cell& ©]-&3 YA Yito]A ¥4 Y 222 diF 5+ animal
virus®] #Fgel i@ Fejdol ol Bl Holumz HEAAY W gie
Aoz o Fas

vl A

B2

<
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o= £

m a70E e 2 H9

£ 47 ¥4 (cholera toxin B) #A4A7t A& WelX adHog 4dH
EF 371 939 489 nuclear transformation, plasmid transformation,
chloroplast29] ©¥WA targeting X A& uolg2= & ol&¥¢ YU epitope
sequence®] transient expressiond Al E3t3ith

2489 nuclear transformationd $13t] border sequence® Agrobacterium®
left borders} right borderZ A}-4-3929, promoteri= CaMV35S promoterg& Ab4-
sk 48 ¢¥d ¥Wgol cholera toxin B (CTB) #AxE A44Ysid Az
DNAE oiFdor FA%¥ F Agrobacterium-mediated transformation ¥ef 9}
FAES YAHIRHeY YAAYE F YAAE FE AGuAAN HEAY
ARE T3t ALY HEAY ddtd FA2 24 & AN cb KA
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EYQ R 2EE gdddt. ob #1449 = ¥ ddHo) gAY AEAHZRY
¢ 2g EEstd immunoblottingd AAlSA o Wl &o] PolM CTBY &4
o SolA AL = Iy d¥E HQAHy] oalflch FH FARY =09
ol @& SUF X A}e] (position effect)F FE3}7] 98 BHLo] L& AE
A8 genome U2 IJF FAA =YL FESE MAR sequence® AHEdtd B
%ot of AFAE b A E¢] B ¢ e #o] HAYA T immunoblotting
& AAEHE W EH &) Rolx CTBY FA L 5013 Z{E st oz o
e B3] o= Ao

Plastid transformation® & A2 the] Maliger groupe] ¥ X3 pLAA24A
e N2dg AHgEaa 9o} Maliger groupo) o] WEe] BFE A Ys
Oxn de giter F groupdA ML HejAL E&ol vy Yol pSBL
derivative® AM83l3td. pSBL ¥E A2¥& border sequenceZ tml®t tmAE
AH&3t8, promoters Prrn promoter& AM$EHE], aadA  gened] ¥
spectinomycin WA & HFo&cd 9% FAANE aadA gene ¥H2 F ol promoter
Sle} fusion ¥ X234 polycistronic 3t CHEHEE 3% Aolth, pSBL ¥
9] aadA gene F°l open reading frame® ©3=°] cholera toxin B(CTB) §#A &
AdeE Az DNAE dFddAN F4E ¥ Patice bombardment ol &
plastid transformationg AAFc FAAR F FAAE THF dujx o]
HEAMY AL A=dF ot FAR EQle] AoriA] ¢fo} spectinomycing X E
o deluj]o| A Aot shoot® F¥ 4+ tifldh

Nuclear transformation’] CTBS] 2@ &°] @29, chloroplst gene targeting®
Z$e HEW WE9 ¥url ojY: chloroplastd PR M| 7jlegHoz oYPr)
&} olo} i3t dieto = CTB proteing chioroplast® ¢l % (targeting)A}#A A
EA A CTBY) ¥HE&ELE FUHAF A it 5A aude] 2de 4%z
&o] EA%= 2 9vA9 Yo o8 =AY 4 9loh.  Chloroplasts # AXZ
1000070 7}k EAsted MEAAA AYE @Yol chloroplast W2 o] Fad
AXAW @A FHE F2AR2 £ aydd Y 3718 74 ¢
2tk Chloroplast2¢] W targeting® A3 Agrobacterium® border
sequence} CaMV35S promoterd Ab£3td 2.9, promoter th&of tobacco ¥ rice
9] transit peptide sequence$®} Ztz} fusion® ctb HAAE ArYstd A=F DNA
& QA TN FA3 Q. Agrobacterium-mediated transformation Jo) 93 @
WA EE YAALRG oY, §AAE F YAAE EEE HYuiAAAN HEX
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ANe g8t 2 B} riced transit peptide sequence® A& F-dlE 1
Aee) PAAY AZM BL 9 AMY JEANE ALY, tobaccos] transit
peptide sequence® ALEE AS-olE 42309 YAAE AZE FASAE BT
2 AduAs A2x9 Aol A=A gkeh ol Az FulHEoN
tobacco®] transit peptide’t "¢ A &Aooz ZA5sd CTB @429 chloroplast
membrane ©)1E %A Fo| A%Ao] Z¥ CTB ©¥A°] membraned] embedding
gol Mz 2 & gL FE Ao2 fFdch ¥ DY ENA riced]
transit peptide® E&HoZ AFdA #& 7Hs4el ded 2¥9 sdH=E &
#&o] &L riced transit peptide®] E&& 'Wo} fusion®d FHE &A% CTB
guae wdgo] 2718 7540l Utk WA rices] transit peptide sequencest
fusion® ctb FAAZ YAAHBE independent FHlHE 207E& HEdungled,
olgd ulat genomic-PCRE + 834 rice transit peptide sequence$} fusion
9 cth 229 298 g A4 F8 FAE ol g AL A&EHL
2 Y3 rice®) transit peptide sequencest cth FAATE =UE FujA EAAN
g d e %2349 immunoblottingg AAde] CTB @29 THFE AR
A} ¥k, CTB @A 9] $d o] £& Ao ol AN B =Y3tA edible
vaccine AAF 7t A& Ad ZAE dAoH,

a2 nAEH} vlolzjA 9 epitoped A ¥ ulolglz9) EHA WHAII= B
Wol AASm Utk olg AXF NEulojgia JA) 7jEe HA A4 @
SEY FAYH AAYE Ad ATE HAue2AY NS AU A HE
ulo] 2 AE o] 4% 899 epitope sequence® transient expressiond $&< XA
589 Wsol Sz} epitopert AXHA F JALE FH ZA|2 upol |
29 ®3 @Al £ARE AP Ful ZAe]2 ol 2 (TMV)Y 9
¥ A9 surface loopdl epitopel® 24¥ 4 AE CTB sequence F9E 4
1 AAso] epitope sequence®] transient expressiond AEFHATE TMVY
full-length cDNA 9] coat protein®] surface loop regionl] Z}2}€] epitope sequence
& AMQJste] hybrid TMV ¢cDNAE A% ¥ run-off transcription Y22 AW
Wl RNA polymerases) ©}&l in vitro transcripts® A3 o|& Ful &9
HEH9t. HE 7Y F 419 FX epitope sequence 7H&-H 2707t AHE V¥
® hybrid TMV (pTMV6.4E%} pTMV64G)& 72 FFs9e 9 A EA TMV
W22 gole A FAHUL TMV ¥F & ot NS Y @yde &+
23}e] immunoblotting® AA&#Aen, 1 43 TMV H3FS BolE &89 ¥
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@9 FA CTB ¥t Boldd FY¥L ste vy vde U ¢ U
O. B¢ CTB 3AS 5olxQ A¥L 3= dyd M e SDS-PAGE ArolA
TMV coat protein Bt} ot £& HX A dHS = olzlgd AUy o549
Aele Az EY) Dy A epitopes] Holot H&s Wopgolx 1
25, immunoblotting EAXWAAM pTMV64GSY) A=F EN gyao)
pTMV6.4ES}e] H & o] Aoz EFsn o 738 gx5Uc)

V. a74% 23 € &84 dig A9

ditos ZFFUAL parenteral W vlsl o Be %o o] Yasn
E CTBY ¥d 4& 59 & ' 98 712 AFL A 439 i, & g7
A nuclear transformation® ©]-8% CTB ##¥A] position effect Brie &3}
CTB ¥ #3H2t9 codon usage’t & Ro) ctb F AR Wi P& S
A2 Has22 4 oligomerd ol 4% FA f1e FG7|MYg wgo] Yoy
Aoz Aleldt}t. Chloroplast gene targeting®] ¢ chloroplast®] 32 We) 9
A7 ARl H7198t9E homologous recombination® §¢¥E  border
sequence’} vj$ $ 2382 Maliger 1§ chloroplast gene targeting ¥} &
AME 7158 2te HEA 299 &usl B4 Maslolol ¥ ReE Algddg. 4
€ Ho)B 2§ o]§¥ 899 epitope sequence®] transient expression® A &
7% immunoblotting A YoM pTMVA4GS A=Y ¥y wwAdo] pTMVEAE
g AL o] Az EFHL oS A BAHE Ae& MUY epitope
sequenceZ} "i-¥ antigenicdtthe A& ujsw ol e A2 ¥ o, H=2H
TMVZE A% JAEE $48 M2 S subunit YA O2NY o] § 75
4& 71 Aoz A,
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SUMMARY

As a model system, transgenic plants for cholera vaccine production was
generated in this study. Three strategies for production of cholera toxin in
plénts were devised : Genetic transformation of the nuclear genome of plants
using pBDCTB ; Genetic transformation of the plastid genome of plants using
pSBLCTB ; and transient expression of engineered tobacco mosaic virus (TMV)
with epitope sequence of CTB.

pBDCTB is designed to produce CTB constitutively under the control of 358
CaMV dual promoter in transgenic plants. Transfer of ctb gene and the
presence of mMRNA for ctb gene were respectively identified by nucleic acid
analysis in F1 progenies from 3 transgenic lines. However, CTB proteins were
not detected by immunoblot analysis. It was likely that the expression level of
ctb gene was very low in cytoplasm of transgenic plant cells.

Because oral immunization requires larger amount of antigens by comparison
with parenteral immunization, plastid transformation using pSBLCTB was tried
to improve CTB expression level. Plastid transformation event in this study
based on incorporation of the aadA and ctb gene into the plastid genome by
two homologous recombination via the flanking plastid genes, Prrn, psbA.
Unfortunately transplastomic plants were not gained in this study.

The surface of TMV coat protein for presentation of a cholera toxin epitope
to the mammalian immune system was engineered. Due to the size limitation
of inserted peptides for proper assembly of TMV coat protein, 4 shortened
series of a CTB epitope was selected And synthetic oligonucleotides
corresponding selected peptides were inserted into the surface loop region of the
TMV coat protein gene by overlapping polymerase chain reaction, respectively.
Recombinant TMVs are all transcribed in vitro. The infectivity of these
transcripts was assayed on a TMV local legion host, Nicotiana tabacum cv.
Xanthi nc. After 7 days, typical mosaic symptoms on the leaves of Xanthi nc
inoculated with pTMV6.4E and pTMV6.4G were appeared, respectively. The
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recombinant coat proteins of pTMV6.4E and pTMV6.4G migrated slower than
that of TMV-K in SDS-polyacrylamide electrophoresis and were specifically
detected with anti cholera toxin IgG by immunoblot analysis. The differences
of apparent mobility are consistent with the presence of the inserted epitope in
the recombinant coat proteins. In addition, the differences of band intensity in
western blot analysis are consistent with the length of the selected epitopes.
These recombinant TMVs have the possibility to meet the need for

cost-effective and commercial scalable production of cholera subunit vaccines.
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Al 44, CTB ©8A 9 chloroplast targeting . 138
A 1%. pBDToTPCTB % pBDRITPCTBY T4 worirrrmcrisrmorien w138
Al 23, Tobaccod transit peptide sequence (ToTP)$} fusion® ctb FAAE

k3 )& Agrobacteriumdte] FA wjde] ¢ Guj4Ee JFANY
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A 3%. Riced] transit peptide sequence (RiTP)$} fusion® ctb +AAE Z i
A& Agrobacteriumte] FA| ujgo] o F Guj g9 HAALH ... 145
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Al 4%, Y22 F AU A EAAAM genomic PCR #A ol A Ri-ctb 3

A 54. CTB epitoped] A LB crrnmrsssmmmsmssennsssmsssssssamsessssssssmssnsns: 148
Al 18, pTMV6.4D, pTMV64E, pTMV64F % pTMV6.4Ge T4 v 148
A 28, Ztz}e] CTB epitope sequences X §3FE recombinant full-length

cDNAE F¥22 3+ in vitro HAMMY A e 155
Al 33. SDS-PAGE #4 4] ¢ recombinant TMV coat protein® #<1 155

Al 43, Immunoblotting®l] 213 CTB epitoped] FH B v 156
Al A%, ZFILE R coverrerreresnmsissensrces s sssssiss s e sss s R 160
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o 1g deAs

Sulol Al vaccine AAE E8E A2 HE Ed 9dHY 75

A 23 A+=H

2 A7 3L 48T AN A2YeE ojgdtd YA Added. o
28 AYFete] A7 A gF fHzY HEY ¢S LoldA 3o F
Age AN FAE A8 Pas A8 kA FY (AzA, @F, vy A
)& 7}A transgenic plant & 3 & 7HesAl st A AT A A
e AT e & & o dopk 3% 2E & ¥ 4 U= transgenic
plant o] W& FFE AN dow, A4dH EE A¥H 7N E = AEHH
AFE) EAM Y o] BA & ez A€ v

HEE A4 Nxgo olgdtuxt & o AEYRH AF 7/1Ldl Yie] /1
Aggel on, A7 &AM Atk HEAMY YA BAL cultured animal cell
EE Yeast cellE o) &3t 7]&9 A4 el wistd oj$- & AL A= 4
E A A Alade F3 MY, 33 7S € dlA] gre] "Wesx gow,
A B9 A& ZAo] animal cellely Yeast cellst @2 7ot §A goruzg d Wy
Hel o9 AP vjgoz Qo) JMEdte FAHeZ fejsich FoARg HE
WAL cultured animal cell& ©]-&% YA AdA &4 A 2de= dfde
animal virus®} #geo] o FHEE AAY + Aok

AEqH WA PAE Hstd 27t AFo] AgE £ I FHuE
Agrobacterium T DNA vector & particle gun 59 A3 W] <& &
Q g¥Ae dEdE FAAE AES d4A dd FFHA AdANTE R
(stable gene expression) ¢14 ¢}3) o] ¥d] ols WAL AA F BaE g4,
ot st viral vectoro] € ©eiA o] epitope F7I1XMEE AU FHE o
43 A4 24y (transient expression) °]t}. Stable gene expression® B& ¥
Yl transgenic plant® Y& F Yds AFHe] yon, d & FHE multiple
component ¥4l A4Hg ¢jste] @ A o) FAAE =YY F Ad%E Aotk
E3 FAz G A% AAY promoterd) AEYLe ¥4 FAAY @ 23
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A=

Eol3 Y& /e EE ¥ B9t toxic alkaloids7t Bo) EAdte] A E)
M AdE dAE FALLZ ALY A 3 dolzg FA Aol Wasd,
ey YA AF 715 AEZA WA AE =AY A AT Bl
£ immune response’t FrEECHH AFA| Hlgo] ARsEE A WIE ¥& F
lch,  Transient expression& viral vector& 2tzte] A &o HF s of st WA=
€0 Aoy wl§ 2 yieldd ¥9E TLEF FA HAA g8 Y £ A=
33o] gt .

}Fo AFAE o4& ¥ FHAAY FFHA EE FAAH G o8 HE
drx YAgoe] BEHh Texas A&M &) Arntzen ©& Hepatitis B virus9)
Y gL g3gste FAAE Y5 =89 JE4A virus proteino] &
A= A &U939n A soluble extract® HA d#} FHA HVBY EW @
BAL AXY ¢ Ae A7 Y8E HA4FAY. oS @AM Amtzen He
enterotoxin®] subunit proteing& FIHI}E FANE FAd =QI¥ H
enterotoxin ¢| subunit proteing ¥AFA Zn e FAYF L ZEHA Gn
A = ZAH} FHAAM enterotoxind] ¥ antibody’t ¥AHHULH, serum
antibody B¢ ofuel AW 2&VAE THF HY A ¥ EHE mucosal
antibody= €7 ¥AHIE RAFU=H, o AIdE AEAN AYOE Yol
7€ Yoz AL £ AT gu AE vlo]PAE animaldlA AWE
Y F glonz B AFgdA AE utolgjag u d¥lA W) immune
responses o] e ¥U YA UF (epitope)d LY & UZE A E vlely
29 fFAxE 2Fs9ch John 5 TMV 9 9y d¥a W] mouse zona
pellucidadll #d&e @9d9) 137 oprleidE AYAA WHAIAW & epitope
Mg Egste ¥8d TMVY A9 @A Fo] FAE ZF FHA zona
pellucida protein fragment& YA Y 4 A& antibody’t FWEAIE HFAs}A
9F e Johnson & HIV ule]#|29] gpdl surface protein® cowpea mosaic
virusol AYANRe™ 2 P} WHE recombinant plant vho]2AE mouse
antibody 44H& HEsden AHE WelA antibodys HIV virusE F588
AU olg @ A= AE utolg|29 oy dAd] Fo]H< epitoped AU
o] 9)&) animal viruse] WA Aibe] JHE g R FEe)

BN Aad MAE A2 g4 E4dax & o =3 Yo g4 &
Aol BE Foz EAMCL AL ¥ 23 HFd JAME WY 3o {EH
o2 A & A2 gio] AE WA A4dAM EFFHo|g, & A7
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Me %4 (cholera toxin B) #AA7} HEA oA A&Hoz UHSHAEE 87
3 A& 9 nuclear transformation, plastid transformation, chloroplast®9] ¥l
A targeting R 4E ulol2|2& o|§¥ Y9 epitope sequence?] transient
expressiong Al X&)
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AN 3&. gTUE

A 138.cth A=}

S42 AFadA ode] MHAY YAFQ Vibrio cholerae inaba typed]
cholera-toxin B subunit +dx& PCR §249% A& AFuwdch AT b
fAAE e Elelo A signal sequenceE ZA-£3E A WA oo AMRE AE%
A ofnlicito]l AAY Aefoln], R WA ofmjicAbo] ThrE AZHe 54& 2
T ATLE b FAANE 2 A2 A B Yo F2Ysr] 93 HA
A BEL 947 A R WA ofmete] Thro® ANZIE 22 initiations] 3
AstA . HE ¢d de F29d AP AP AL F9E AR, A 3
A ofpke4tq] Threl codon (ACA) ¥ol ATGE AUstd E&AHQ initiation
codone 2 HAEHFEE F7] sd E  AFAHAM  primerg: 2AFHA
proof-reading 7]%°] 0o} dlgj&e] ¥tz &elx pFU DNA polymerase (NEB)
¥ AH83tq PCR €249& 4dA&8a 47148 ¢ 843t 2 83 ab #4842
© PCR ®t&%d §-75 = base deletion ¥ @A F2 Ao 92 vjant
& AZ4Y base change 59 W37} Yol kkew, primer RAA] Arg)
initiation codon¥ AY AL F o] Exjta AEuEd 29374 HyAG
LS GAY 4 AUk aY 18 B AFAUAMN cb FHAE F71EN @
¥ ¥Ed Y& straing ctb FAAY QML MDY Ao2A AE 2E Wy
od 2437 189 &89 ctb HAA= 569B-classical typedt sequence?d A&
3 dx1go] AUt
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atg atc
atg atc
atg atc
atg atc

atg atc

cta tat
cta tat
cta tat

cta tat

act gat
act gat
act gat
act gat
act gat

act gat

acg cta
acg cta
acg cta
acg cta
acg cta

acg cta

a

JNI=2--PS - PSR,

g

asa tta aaa ttt ggt gtt
aaa tta aaa ttt ggt gtt
aaa tta aaa ttt ggt gtt
aaa tta aaa ttt ggt gtt

aaa tta aaa ttt ggt gtt

cggatcc atg gcc

ttt ttt aca gtt
ttt ttt aca gtt
ttt ttt aca gtt
ttt ttt aca gtt

ttt ttt aca gtt

aca cct caa aat

39
tta
tta
tta
tta

tta

78

att

tca gca tat gca cat gga

tca gca tat gca cat gga
tca gca tat gea cat gga
tca gca tat geca cat gga

tca gca tat gca cat gga

ttg tgt gca gaa tac cac

ttg tgt gca gaa tac cac
ttg tgt gca gaa tac cac
ttg tgt gca gaa tac cac
ttg tgt gca gaa tac cac

ttg tgt gca gaa tac cac

aat gat aag ata ttt tcg

aat gat aag ata ttt tcg

aat gat aag ata ttt tcg

aat gat aag ata ttG tcg
aat gat aag ata ttt tcg

aat gat aag ata ttt tcg

A28 0|28t Vaccine HE. MI3AIE &/

aca cct caa aat

aca cct caa aat

aca cct caa aat

aca cct caa aat

aca cct caa aat

aac aca caa ata

aac aca caa ata

aac aca caa ata

aac aca caa ata

aac aca caa ata

aac aca caa ata

tat aca gaa tct

tat aca gaa tct

tat aca gaa tct

tat aca gaa tct

tat aca gaa tct

tat aca gaa tct
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att

att

att

att .

att

117

tat
tat
tat
tat
tat

tat

156
cta

cta

cta
cta

cta

Classical biotype 569B
1854/0139-Benga

§7/037

4260B/0139

‘eltor2125

This study

Classical biotype 569B
1854/0139-Benga
§7/037

4260B/0139

eltor2125

This study

Classical biotype 569B
1854/0139-Benga
$7/037

4260B/0139

eltor2125

This study

Classical biotype 569B
1854/0139-Benga
§7/037

4260B/0139

eltor2125



gat gga
gat gga
gat gga
gat gga
gat gga

gat gga

ggt gca
ggt gca
gyt gea
ggt gca
ggt gca
ggt geca

ata gat
ata gat
ata gat
ata gat
ata gat

ata gat

acc ctg agg att gca
acc ctg agg att gca
acc ctg agyg att gca
acc ctg agg att geca
acc ctg agy att gca

acc ctg agg att gca

N=Exd: g§2ME

Mo
o

act
act
aTt
act
aTt

aTt

tca
tca
tca
tca
tca

tea

aga gag atg gct atc att
aga gag atg gct atc att
aga gag atg gct atc att
aga gag atg gct atc att
aga gag atg gct atc att

aga gag atg gct atc att

ttt caa gta gaa gta cca

ttt caa gta gaa gta cca

ttt caa gta gaa gta cca

ttt caa gta gaa gta cca

ttt gta gaa gta cca

ttt caa gta gaa gta cca

caa aaa aaa

gag att gaa

caa aaa aaa gag att gaa

caa 8aa asa gag att gaa

caa aaa aaa gag att gaa

caa aaa gag att gaa

caa aaa gag att gaa

tat ctt act gaa

tat ctt act gaa
tat ctt act gaa
tat ctt act gaa
tat ctt act gaa

tat ctt act gaa

195
act ttt aag aat
act ttt aag aat
act ttt aag aat
act ttt aag aat
act ttt aag aat

act ttt aag aat

gyt agt caa cat

ggt agt caa cat
ggt agt caa cat
ggt agt caa cat
ggt agt caa cat

ggt agt caa cat

273
agg atg aag gat
agg atg aag gat
agg atg aag gat
agg atg aag gat
agg atg aag gat

agg atg aag gat

312
gct aaa gtc gaa
gct aaa gtc gaa
gct aaa gtc gaa
gct aaa gtc gaa
gct aaa gtc gaa

gct aaa gtc gaa
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Classical biotype 569B
1854/0139-Benga
§7/037

4260B/0139

eltor2125

This study

Classical biotype 569B
1854/0139-Benga
§7/037

4260B/0139

eltor2125

This study

Classical biotype 569B
1854/0139-Benga
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4260B/0139

eltor2125
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351
aag tta tgt gta tgg aat aat aaa acg cct cat gcg att
aag tta tgt gta tgg aat aat aaa acg cct cat gcg att
aag tta tgt gta tgg aat sat aaa acg cct cat gcg att
aag tta tgt gta tgg aat aat aaa acg cct cat gcg att
aag tta tgt gta tgg aat aat aaa acg cct cat gcg att

aag tta tgt gta tgg aat aat aaa acg cct cat gcg att

375
gcc geca att agt atg gca act taa gagcteg
gce gea att agt atg gea act taa
gce gea att agt atg gea act taa
gce gca att agt atg gea act taa
gce gea att agt atg gea act taa

gcc gea att agt atg gca act taa

This study

Classical biotype 569B
1854/0139-Benga
§7/037

4260B/0139

eltor2125

This study

Classical biotype 569B
1854/0139-Benga
S7/037

4260B/0139

eltor2125

g, 2 AFoA A28 ctd XA AVIMES JIEC BAH 5A
strain®| ctb FEXC AJIAYZA v]2B Y. Strain ZHo] HIIJI OB ¥
E2 dEXz ZAIBI20, USY FES priver HYOl AISEH HHE U

EtCE
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A 23, ctb -F-AA}oY &% nuclear transformation
1. pBDCTBY 74

4 EA cholera-toxin B #Aate] 2AE A 4N AT ctb 74
AE FHLR 3tn F2Y HEPY AY¥ AL 299 initiation codono] AY"
primers$} pFU DNA polymerase (NEB)E AM&3te] PCR w$& 834t ou)
A& ¥ up stream primerQ] CTXUP2 sequence™ 5'-cggatccatggccacacctcaaaat
attac-3' o} o down  stream  primer<l CTXDN¢) sequence®
5'-cgagctcttaatttgecat actaattgegg-3' °lth. %@ DNA ©¥ g pUCL9 ¥Ed &
293%9 pUCI9CTBE B & F7IMES EXsAch 718 43 29 14
A BE uie} o] PCR $+3-F ol $-2 == base deletion ¥ base change 529 ¥
B7F dojuAl #ked, primer IHA AU initiation codon® AP Ea ¥
B0l &A%t FZd DNAE A EWEHA E24s8t7]d HAF Fede &9
T AU & dydAe A& 4d YEZ pBDI21E AME3 =4 pBDI21 W
t o o9yae 2¥A Ity oz o]g5E= CaMV35S promoter® 7AW npt
A B WLF cassetted ZI 9lel kanamycin selection®] 7Hs53d:
Agrobacterium®] border sequence@ 7}A] 32 o] homologous recombination®l] 2]
& nuclear transformation® 7bs# #vh. pUCIICTBRZHYH ctb FA A& BamHI
# Sacl site® o83t Ryl dF olg £ & AP ALZ A& pBDI2LA T
43t pBDCTBEZ WH3iglen] pBDCTBE A iA2 AYso ctb geneol
sense orientation2 2 WEjWo] S¥l2H Y4YHC] AT FYHAL. 1Y 29
3& pBDCTB9Y consruction schemed A¥&A £4 AAE 42 B4Ed. oF
Z9A F48 pBDCTBE o] A8 £937) A Agrobacteriums] DA E
dsojer . Agrobacteriumol= Ti plasmid’l A8t FAXNE A Bd £1)
v gag YEES PASA % A Y A8 YAARE A @
tl. pBDCTBE HAAYEY AgrobacteriumS 2 XH-¥] DNAE &89 ctb FAR
o] 5o]3<Q primerd& AHE-3t4 PCR &g 3y A b FHA Z7]q AP
& oF 312bpe] DNA d¥o] FEZHE Zo| AU,
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from 11018 B SoKp Bm B XhEaPulpH
| W N T |

CTXUP Primet (30mer)  'cggatceatggccacavctcannatatiacd’
CTXDN Primer (30mer)  J'ogagctotiastitgocatactaattpeggl *

A\ T

from 312 tp 200
P ,T,18U
¥ ¥
L B
POR Product (M2bp) * ©
L Sma |
‘ i s "
- [

: I IR T (T

L

pBDA21
(1ma)

T T
pisucTd
famay

at

Bam Wi ,See |
342bp elution
* 7, ONA gass
! So E
[ wera | sss:p cThome NOST

pBDCTB

(11.3 k)

Km*

Figure 2. Construction scheme of pBDCTB, plant binary vector containing ctb
gene. NPTII, neomycine phosphotransferase gene; 3552 P, cauliflower mosaic virus
dual 35S promoter; GUS, glucuronidase; NOS T, nopaline synthetase gene
terminator; B, BamHI;, E, EcoRl; H, Hindlll; Kp, Kpnl; Sc, Sacl; Sp, Sphl; Xb,

Xbal
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«—312bp

Figure 3. Restriction analysis of plasmid pBDCTB. Plasmids were digested with

restriction enzymes (BamHl and Sacl) and DNA fragment generated by the
cleavage of restriction enzymes were separated on 1.5% agarose gel. Lane 1:1 kb
ladder, Lane 2: pBDCTB, Lane 3: pBDCTB /BamHI and Sacl
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3
>

0 i

A

r=

0=

2. ctb FAAE 23 9= Agrobacterium@ o] FA] vjke] 23 Gy &9
A

pBDCTBZ HFAAK{H  Agrobacteriume kanamycin (20u2/ml) 3}
acetosyringone (502 M/EtOH) &4l 3telA OD #tel 030) HE & ujgd &
Nicotiana tabacum cv. NC829] leaf diske} 29zt §4A vlg3ted ctb FARZL 4
E MZ2 genomed] E=USEE FE319cl. Agrobacterium® FA)u| o] Tt
i A & 9] leaf disk £32]& A4 (kanamycin, 200/1§/n11)7} A7ld vz A
shoot §4& F =3t FAANFANE AR oz AR A& WAZME MS
medium& A& 29, shoot 84 = WAZA = MS mediume] lppme] BAP
s} 0.1lppme NAAZF A7bd R-& AHE8%Yk.  Agrobacterium3t §Alujdo] B¢
Gel A £ leaf disk 22 & A7 A7HE wiA2 &7 95 3F7 AU 4
Al A shoot7t V27] ANFEY, 4-6 FAE AU™ stemo] HA3A FAHE
ok olw A A/ wWiAE 3 Frith Q2L AR uwpFo] F&= Zo]
escape® €olt dl EFHFHolth, Shoot7t AetA leafS stemo] 43 FEHW
o] ATA A& hormoneo] A7/FHA ¥E& MS mediumdl &4 root YA FrE
ek 229 leaf disk2%E shte) shoot?& #3te independent cell lineg
155 A= Rk Agrobacteriumd FANMEFE] WM rootE& 7R
T 21Y A= Alge] HYT

3. FAAY T ABE A EMNINA genomic PCR EAd % ctb HAA e
=9 €9

pBDCTBZ #HAAY ¥ Gy A& kanamycin AP AEHEC) 7|
A 10cm 2712 ARE 9 oJe2HE leaf & dojuo] Gaweld} Jarretd]
ol 98 genomic DNAE #&]3tch Leaf %2 150mgS #3te] oAt A <t
oA dAAL2Z FA T o o7ld] DNA extraction buffer [1% (w/v) CTAB,
100mM Tris - Cl pH80, 1.4M NaCl, 20mM EDTA, 1% (v/v) mercaptoethanol]
15mi¢ ¥7h% THe @ 4olF T extraction buffere] 3/4 #¥e] Aste
chloroform& 37}t 4TelA 30& ol ¥AHAM & 4o FUE. ANEE 4T,
14000rpm el A 3083t A & 25 d& 3o
phenol/chloroform/isoamylalchohol (25:24:1) extraction® AA3td AS54E& A
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e As9a F §99 isopropyl alcohold 71d ¥ 4THA 308 HAS A
NEE 4T, 14000rpmol A 30827 QAR5 genomic DNA pelletd 34319
t}, DNA pellet& 70% EtOHZ M3 ste] &9 saltd AAY F 400428 TEC
e ohd 5ug9) RNase® 713t Al2uie] RNAE AAHAT. RNase A
% phenol extraction/EtOH precipitation 373-& A A pellet& 50ute] TES A
71 DNA ABE ZFvdqch olg & W¥eg genomic DNAE %Y 4%
150mg9) leaf NE&F ¢F 50ug AEY genomic DNAE €& 4 %tk  Genomic
DNA Al&(lpg)E& FYOZ 3 ctb gened FolAA 4 Lol primer (& 50
pmole)$} tag DNA polymerase(lU)E AH&38le PCR (95T, 1% — 94TC, 1¥; 5
7C, 18; 72T, 1¥ 30%— 72T, 5%) W8 303] Y4224 ctb gened 3
A FAAY &S Sdstdth. FEE AL kanamycin AAG HEANEY
- 2olA cth genedl EYE FAY 5 JAASH ctd FAAA FolHQ primer
g AMg3td PCR 8Hg2 3% AL agarose gel& AMEdo A7) 4% BA%
A3 ctb FAA A71e] #AFse o 320bpe) DNA BHo| FEEHE Ho) &y
o (29 4).

e st covh IO GSGEG SN SN SR

Figure 4. PCR-amplified ctb gene from genomic DNA of transgenic F1 plants.
Amplified DNA fragments were separated on 1.8% agarose gel. Lane 1! lkb
ladder, Lane 2: pBDCTB as positive control, Lane 3: No. 4-1, Lane 4: No. 22-1,
Lane 5 No. 22-2, Lane 6: No. 22-3, Lane 7: No. 22-4, Lane 8 No. 34-1, Lane
9: No. 34-2, Lane 10: No. 34-3
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4, ctb FAAY) 9] G9¥ FAAYE Y EAMAA RT-PCR 4 A&
ctb A2 ¢d &<

3ol ctb FAA Q0] Hd ARs YAAY HEMAM leaf 22HE o
o] o] o]2%¥ Chomzynski®] ¥l 23 total RNAE £ sch Leaf 22
150mge #Hdtd Iz A el AMALE FA T WS 9rld RNA
extraction buffer] solution D (4M guanidium isothyanate, 25mM sodium citrate,
0.5% sarcosyl, 19% (v/v) mercaptoethanol) 15ml& H7tg ok & dolFauA
extraction buffer®] 0.1 ¥ 3¢ 2M sodium citrate (pH4.0), 1 ¥ 3¢ acidic phenol,
0.2 239 chloroform/ispoamyl alcohol (49:1)2 «AH o2 H7M3d 3 HolFn
4CAA 308 o4 wAEH. A BE 4T, 14000rpmolA 3083 |AHEAYR F
Asde A% e Asdn 5 299 isopropyl alcohold 7F¥ F 4T 302
2 $As4AT ARE 4T, 14000pmol M 3023 YA EEH total RNAS 8%
@ g RNA pelleté 80% EiOHZ Aldstd ¥ salt® AA F 40049)
solution Dol @3ttt RNA Al&dl 5 ¥3]9 isopropyl alcohol& 713t
alcohol precipitation® A% ¥ A& RNA pelletd 200x£9] DEPC-treated D.W
o] @eg thS phenol extraction/alcohol precipitation #A-& AA HFHo=Z 50
109} DEPC-treated D.Wol @ A4 RNA A8 & v ch. RNA A 3(2-5u)
g #8oz 31 ctb gened I-Ld] Eo]H<Q primer (50 pmole)$} Superscript
reverse transcriptase I (2U, GibcoBRDE AH&3te] 37TAA 1AL wHE3AA
1st-stranded cDNAE #4845 ch. Ist-stranded cDNA #43 WYL FYPo= 3
1 ctb genedl EBolHQ % TS primer (Z 50 pmole)¥t tag DNA
polymerase(lU)_% A48 PCR(95TC, 18 — 94T, 18; 57T, 1¥; 72T, 1¥ 30
Z— 72C, 68) wg& 308 UYL 2M ctb gened THUsE YAAY HES
gasiglet. b AR Eo]HQ primerd AM4-3te] RT-PCR #$& 3%
¥ ANBE agarose geld AHEE] A7) 4% ENW AH cp AR A4 AT
3= o 320bpe} DNA ©¥lo] ZE5= 3o AU (29 5.
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Figure 5. RT- PCR-amplified ctb gene from total RNA of transgenic F1 plants.
Amplified DNA fragments were separated on 18% agarose gel. Lane 1: 1lkb
ladder, Lane 2 positive control, Lane 3: No. 4-1, Lane 4: No. 4-2, Lane 5 No.

4-3, Lane 6: No. 22-1, Lane 7 No. 22-2, Lane 8 No. 22-3, Lane 9 No. 34-1,
Lane 10: No. 34-3
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5. ctb frAAY Ldo] AAY ARG AEAY F G Q%

immunoblotting

Genomic-PCR#} RT-PCR¥l A& ctb F+Axe] £ L Udyo] &ld A
Ag HEAMAA CTB @¥A e $3& =AH7] 948 immunoblotting & A5t
o HAAR NEBANA leaf ZAE A AN Fo)N AANALZ FA T F o
71l 4C2 =AAI¥ protein extraction buffer [25mM sodium phosphate pH6.6,
100mM NaCl, imM EDTA, 50mM sodium ascorbate, 05% (v/v) PMSF, 1%
triton X-100)€ leaf 1 4mlg 7}3td Z 4o&E dF d¥d FEEL 4T,
14000rpmell A 2083t A Eedt] AFA4E AVE Lowryd o &l & oz
TEE FAsAY dE2F Fuish ARG HEANENA 2T YD E(30m)E
SDSE % 3}= 12% polyacrylamide geldl A A7 9S8 Belst £ gel A9 &
YAEE PVDF membraned] o] At @ Ao] blotting® PVDF membrane
& Tris-buffered saline (25mM Tris-Cl pH 7.5, 500mM NaCldl 39 E= 3%
bovine serum albumin (BSA) §¢22 3A]7t F<F blockinge A2 ¥ CTB ¢
Ao gk 3A1F wkgAZT, CTB v©wAe) &9 wg F 339 43
Tris-buffered saline®& Al¥3ld of&9 13} FAHE AAF oS alkaline
phosphatase} conjugation® 23} 33 (anti-rabbit IgG)} 1A13t wg-A|RAc}k 23
g9t o] ¥3 membraned 33]9] HA Tris-buffered saline®Z A& 3o
o8 23 YAE AAF ©L 5-bromo-4-chloro-3-indolyl phosphates}
p-nitro-blue-tetrazolium chloride®] alkaline phosphatase 7]@°¢] E¢] Ax &4
FA st LS A FAAE HEANA CTB @] FHHEAE ZABA
t}, 2”83} positive control2 A4 # CTB ©¥A 9 laned M= LAutgo] et
wou gAAG A2l dyAo] Joading® lanedi = SolF dagtg-g <)
g 4 dded ole FAAY HEANA CTB @93 o] immunoblotting22 7
Y F Ae YRO HE Yoz FAAHI G Aoz 3
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HzEX: g8

A 38 ctb SR} &3t chloroplast transformation

Al 1%. pSBLCTBY T4

Chloroplastel] ctbfAAE =Y37) A% vector& FASE AFE 1Y 69 Y
Bt gich .

cth+AARE EH3E pUCIICTB EdtAn|=o|lA BamH1# Sac A@EAZ 4
YE ctbFrAAFEES 23t T4 DNA polymerase I& A2 @ ¥, SmalA§asz
A pSBL-ctv2 E2v|=o] AAAZTH AUE cbFrAAe) WL MPALE
olg3ste] Ad=z AYHANEA HAstAth. PSBLCTBY A@d&L: =& ¥ 74
Yetliict, o] A#2 Hule Ya Ao THo YRFAAE SIATE HHEA
¢} pSBLCTB7t FAHAUY. °] e & d@gFdM FEFHE F&20=9 pUCI9
7ZI¥HE $3 U spectinomycin ol APAP L RA3}E aadA FARSY ctbH AR
1.24kbs} 0.86kbe] Z71E & A F#9 DNAC AHIEE FAHUC aadA
A} ot A= homologous recombination WA o] &3] AE MAHo) T
=& FAs At

Pl

¥
Se

"t PCR Produiot (¥126p)-

blunt ligation I

pSBLCTD
{6.08kb)

Figure 6. Construction scheme of pSBLCTB. Prrn, the 3 region of the plastid
psbA gene; aadA, adenylyltransferase as selective marker
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Figure 7. Restriction analysis of plasmid pSBLCTB. Plasmids were digested with
restriction enzymes (BamHI and Xbal) and generated DNA fragments were
separated on a 15% agarose gel. Lan 1, pSBL-ctv2: Lane 2, BamH]l digested
pSBL-ctvZ: Lane 3, BamHl and Xbdl digested pSBL-ctv2: Lane 4, lkb ladder:
Lan 5, pSBLCTB: Lane 6, BamHI1 digested pSBLCTB: Lane 7, BamH1 and Xbal
digested pSBLCTB
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2. Particle bombardment ¢l ¢]& chloroplaste] B¥AAE A=

Browerss & ©AHE 2849 Clamydomonas reinhartiidl #FARE A4
o EQsd dAHoz LYY & AT HusdPd. Y 19909 SvabTE
LENEQU Tl M2 AN AR =S PR 2t SAAEY
ArF e RfFAR} EYL AA7A Hgol e Aoz &ejA Qlrh o 7Y
of 2tetsle] CTBH Y-S MAAld mglates A 2,stact.

NaA PAARE chgd) 2o] APEHAC B2 E= F AxE pSBLCTB
Egtxn=g £¥3t Full g¥Hel bombardment ol & FAMFE ANZEA
t}. pSBLCTB Z&An=F ¥4 RNA 23 &9 promoterd Prm& X §3ta
A, AiA FAANYA psbARAAY -G FHE X JeH
aminoglycoside 3-adenyl transferase #AA9 aadAE T HE A aadAe
spectinomycindl A EAE Fo3= Axtoltt, pSBLCTBE ol &3 FAARLE A
&3 RAAY PrmF aadArtol 9] cthFAR F&ol FAIME Az A& A4l
e 9d0g. & dFoA A9 FF, vjadeNs 27, dHATFE €
= 5 td 2A3 A o 800319 bombardmentE ALY FAAEA
48 4+ N

Plastid transformation® $13t9) A €] Maliger groupe] LEE pLAA24A
wE NAYE A P ey Maliger groupel AW @ A$-dE o] HEHE
E5E &2 geca s9 dtez F groupolA MEE oA F&o] win
# WolA= pSBL derivative® AM43tATh Chloroplast gene targeting® 7%
chloroplast®] $dAt W ¥FAZE AY H71¥&dE  homologous
recombination® §%3 %= border sequence’t Wl $- F LB 2 Maliger 2 F I} &
A 7158 e YHA A9 Hs 9A AYHojof § RLE Al

ia

rir

A 43 ctb ¥ 2 2] chloroplast targeting

1. pBDToTPCTB % pBDRITPCTBS +4

Chloroplast2¢] @92 targetingg 939 Agrobacterium®} border sequence
s} CaMV35S promoter® AH8-3t% 20, promoter tH&¢l tobacco R rice?] transit
peptide sequence®} Z+zt fusion® ctb FAAE AYsta AZY DNAE dA T
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A A8 9t Tobaccod transit peptide sequence & € A4} gujE9
RNAE F8Yo=z 3+ RT-PCR o 93 HRIIALT ricedtransit peptide
sequence £ FA A9 AFT IF2Y¥E EF B riced) chloroplast protein
targeting ¥l Elo]l A subcloning3td A-§3 4

Tobacco®) transit peptide sequence®}t fusion® ctb HAAZ - FAHE
pBDTOTPCTBE ¢47] $i3te ¢4 9ol &9 RNAE F¥2o=2 ¥ RT-PCR H
o 28 ZE§ tobaccod transit peptide sequence® X3 o|E pTIT3IU
o] 243ty ploUToTPE Wiyttt olul ALE¥ up stream primerQl
ToTPUP 9] sequence: 5'gaggatccgccaccatggettcetc3’ ©1™ down stream primer
¢l ToTPDN$Y sequence:= 5'gccatggcctgeatgcattgeactc3’ ©lth.  pl9UToTPE
BamH1®} Nceolo 2 Aadte] 9L 200bpe] transit peptide sequenced FZ& A
$HAE2 AE pUCIOCTB (Al 28 Al 1813 ligation &9 pToTPCTPE 33
t}, pToTPCTPE BamH1# Sacle Adsted & 510bpel tobacco transit
peptide sequence®} fusion® ctb FAAE EZL AFELZ AE pBDI2IH
ligation 3o HZFH o= pBDToTPCTBE AUt 23 87 9= pBDToTPCTB
9] construction scheme® A¥EA ¥4 FAE 47 Ao dZFddM +4
¥ pBDToTPCTBY: Agrobacteriumd] =15EQo0 §AAYE Agrobacteriumo
23%E DNAE &8t cab fAAe Fo]3Q primerg& A3t PCR wW3&
FAH A3 b FAA A7) e o 320bpe) DNA ©¥e) FHHE Ao
A A (29 10).

Rice®) transit peptide sequence$} fusion® ctb %A A2 4| pBDRITPCTB
& 2471989 94 BN £F L& pSK-RTGE Pstld Neole 2 Aesto
d& 160bps riced) transit peptide sequence® EZE A FHELE A2 pDKIOL
#Ejs} ligation 3t pDKTPE T3Aed o3& pDKIOl #EHe Psidst
Ncol& °] 4317 95t 3% Aoltk. pDKTPE Pstld} Neole 2 Ao o
& 160bp9) riced] transit peptide sequence® @& APALE AE pUCIICTB
9} ligation < pRITPCTPE 34 pRITPCTPE  Pst/T4DNA
polymerase/Sacl.2 Haldd UL 470bp9 rice transit peptide sequencest
fusion® ctb ARG Smal® Sacle.2 AE¥ pBDI21H ligation 3t HFH o
2 pBDRITPCTBE 4tk ¥ 112 pBDRITPCTBY construction schemed
¥Fe, a9 12& dRdAM AFHoez FAHY AZY DNA9 diste] PCR
BHgE Y39 insert2M ctb FAAZF EAFE FAY Aolrt, YFFAA T
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49 pBDRITPCTBE Agrobacterium®] TS ev $AARPY Agrobacterium
o2 3E] DNAE #%89 ctb frAe] Eo1H<l primerE AHE3t PCR ¥+8-&
8% 2R b FAA 27N AFSHE ¥ 30bpe) DNA B@Ro] FEHE Ao
A=At

ToTPDn Primer  5'GCCATAGCCTOCATGCATTGCACTC) *

l RT-PCR

Tobacco xS TP (200bp)

ToTPUP Primer  $*QAGGATCCOCCACCATOOCTICCTCS * J

cEEP LTS

Ap

= H1 Mea )
M
e Blunt Ligation '
[ 1 Ih‘jl Ly v g e g

T

”

PI9UTTP
3.08Kb

e B/Ne BNc
i Ligation
e r T L B Sm % 1
ToTP CTB I““’I mul)l RosT c&':” aus Na-TJ

Ligation

FI ” {/!u 3 E

o
INo:F' wmnlw-‘r e vl o1B | ner

PBOTGTPCTR
12.3Kb

Figure 8. Construction scheme of pBDToTPCTB
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* 512bp

Figure 9. Restriction analysis of pBDToTPCTB. Plasmids were digested with
restriction enzymes(BamHI and Sacl) and DNA fragment generated by the
cleavage of restriction enzymes were separated on a 1% agarose gel. Lane 1:1Kb
ladder, Lane 2-7: pBDToTPCTB/BamHI and Sacl
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Figure 10. PCR analysis for plasmid DNA purified from Agrobacterium

transformed with pBDToTPCTB. Amplified DNA fragments were separated on a
15% agarose gel. Lane 1, 1Kb ladder; Lane 4, 6, 7, 9, 10, 11, 12 and 13,

transformed Agrobacterium; Lane 14, pBD121 as a negative control
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R L I R o ey 2 s I
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pBDIZI
13:7Kb

Ps/T4/Sc
Ligation Sm/Se

i N A S W

|Nm?| NP'I'(II)lNuT M:’ilﬂ?l CTB | NosP

12.641Kb

Figure 11. Construction scheme of pBDRiTPCTB
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Figure 12. PCR analysis for plasmid DNA from E. coli HB101 transformed with
pBDRITPCTB. Amplified DNA fragments were separated on a 1.5% agarose gel.
Lane 1:1Kb ladder, Lane 2,3,4:PCR product, Lane 5 negative control
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2. Tobaccod) transit peptide sequence (ToTP)$} fusion® ctb FHAE Z#
i Qle Agrobacterium®}9) BA uj%o] % HulES FAANEG

pBDToTPCTBZ ¥R W#¥  Agrobacteriund kanamycin,  (20pg/mD)3}
acetosyringone (50 2 M/EtOH) &A8talA OD kol 030] S=& ugd o
Nicotiana tabacum cv. Xanthi nn®l leaf disk®t 293+ $A vwlFate] tobacco
transit peptide sequence$t fusion¥ ctb FrAAZE AE AIEY genomed] EUHE
2 8539t} Agrobacterium® FAM %ol Bt Byl &9 leaf disk 23|& &
A A (kanamycin, 200xg/ml) 2 1ppme BAP$} 0.lppme NAAS A& 32&09]
A7tE A2 &A shoot L FESFA2U 1ol 300709 leaf disk& EH
3o 4xae) YAAY ANEE HFASAE BFstn AGuels HEX Ao
FE5A gttt olzi@ A} FulAEoA tobaccod transit peptidest wi§- &
#3502 %3 CTB @A chloroplast membrane 2 ¢ F3te #3
A4Ao] 78 CTB ©¥Ao] membraned] embedding Ho] AXe 2 & 4
$g 7= Aoz §380.

3. Rice? transit peptide sequence (RiTP)$} fusion® ctdb +3AAE &A1
A= Agrobacterium3te] FA| vl g 93t Hu|AEo] YAAY

pBDTRIPCTBZ 8AA$®  Agrobacterium®  kanamycin  (20ug/ml) 3}
acetosyringone (50 ¢ M/EtOH) EAjstelA OD gtol 03¢ H=E ulgd oo
Nicotiana tabacum cv. Xanthi nnl leaf diske} 293t FA] wl¥& A rice transit
peptide sequence®} fusion® ctb FAA7} A& X9 genomed] EJHEE FE
sttt Agrobacterium3 FAuloke] B BujA e leaf disk =3& YAA
(kanamycin, 200zg/mD7t A719 W2 &A shoot Y& FEHA. 2 2
rice?] transit peptide sequence® AHg¥ Hfole= A3 ARG AEAM B
2 49 AANY AEAS Ik FuldEAA riced] transit peptides E&HO
2 FEA e 7hsAdel Aeu 2% soets &l ¥ riced] wansit
peptide®] E&& Wo} fusion® AHE &8s CTB B@¥de ¢y ol F7Hd
754 ol At
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4, §AAE T ANY HNEAMNAM genomic PCR ¥4l 9@ Ri-ctb #AA
9 =4

pBDTRIPCTBZ #AAY ¥ ¥2¥ ALE kanamycin AGF JEHE] 7|
el 10cm 2712 A5ke W o) EZHE leaf 24 wiojuio] Al 249 3PN
o} e wo= genomic DNAE E#stglth,  #A rice® transit peptide
sequence$} fusion® ctb FrAAE YAAFPE independent BHIAE 2078 B1
snlen, oo g genomic-PCRE 4884 rice?] transit peptide sequence$}
cth AR EQ1& A4 Genomic DNA NE(w)E FYL2 33 o
gened] Eo]HQ o ¢ primer (Z 50 pmole)$t tag DNA polymerase(1U)E
AMg3od PCR(95TC, 18 — 94T, 1&; 57¢C, 1&; 72T, 1& 30%— 72T, 5&) @
$& 308 PO ZM ctb gened 2 YE FAAY HES AAHAT. 1H
13¢ kanamycin &84 AEAENH F%° genomic DNAA At ctb F3A
o] Bo)HQ primer§ Ahg3te] PCR 8% #30F A& agarose gel& A8+
A7l 45 BHE FAAEM b FAA 274 SAFsE ¥ 3200p9 FEHFE DNA
GEe RAZET & AFAAME old U 4YE FHA Fr FAE A&Ho
2 A3t riced] transit peptide sequencest ctb FrAZZF =AY G EA
w2 3239 immunoblotting® A3t CTB ©¥Ae] ¥ FE ZASID
A} gch CTB ©yde] w@dgo) £ Aol o)& 4FAEd =Y3H edible

vaccine B4 7HsA S A& ZAY Aol
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Figure 13, PCR analysis for genomic DNA of transgenic plants transformed with
0,

pBDRiTPCTB. Amplified DNA fragmens were separated on a 1.5% agarose gel
Lane 1, 1Kb ladder; Lane 2-14, transgenic lines; Lane 15, positive control
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A 54 CTB epitoped] Z% A

1. pTMV6.4D, pTMV64E, pTMV6.4F ® pTMV64G9 T4

19954 Turpen $°] TMV$] coat protein?] surface loop regiondl malaria
epitopeS transient expressionA7 A& BIg uf 9ok o Axge FHE d
2 B& yieldd $9e 29F A AP g8 £ & AvE Aol

AE uo]PAE o]&F FUo BAL Siste Ful Zxiel3 ule]YH A (TMV)
o) 9|3 a9 surface loopdl epitope2® 2H4¥ 4 31E CTB sequence?| 4
7l 298 MAsA epitope sequence®] transient expressiong A=A & 4
FAGAE MY AFqM $2Y TMV (TMV-K)9] H3 genomed E¥3}e
cDNAE $H4std 2 9714 de £4sger TMV-K9 full-length cDNAZL
HY A=Y Eet2n=§ pTMV64CE B TMV-K9 full-length cDNAE
z8 oz sto] QAP in vitro AANE HEo) ZIAAE A progeny virus7t A
Age $AF v girh, 1986 Guyon-gruaz 5& synthetic peptide& ©]&-3}
CTBS) 30-50 W ofnlixcAtz} 50-75 WAl oju|:eAt AFHo2 FY}UL
4 & {5319 epitope sequence2Al 715§ 7tA® o] F 30-509] ofnjAte]
Byt ARAHYE wdy] WEe & dF4AE CTBY 30-50 WA ofr| kAt
A O 2 epitope?) Zo] R X S& A 47/ FAE VANAS AL 7
z}o] epitope sequenced] 9l oligomers VA A 2w, overlapping-PCRYEE ©]
g3 TMV-K9 full-length cDNA®] coat protein gene®] surface loop region
(coat protein®) 63-66 WA ofmlxAt Z7le) &iFel 42 Aelstaich

18 149} 15 CTBY epitope sequence® X 3tE recombinant TMVE
s AFL nazt E1e 4¥d AH4¥ #4 oligomerd) sequence®
3 RAoln, E2E TMV coat proteins) surface loop regionoh Ar4 ¥ epitope? F
mxAl e HodZr}, Epitope sequence 2249 QT 24 F AUIA
o EMo HAHES 98l TMV genomed] 5785-6395¢] #Bates AL THHE
£ primer (TMVPaclUP# TMVSalIDN)& design 3t tt. EPITOPEUP primere
TMV coat proteing] 56-63H# ojn]xxAte] &]33HE sequencest epitope sequence
o] 5'-region® E§3sie], EPITOPEDN primere epitope sequence®] 3'-region#
TMV coat protein®] 63-70¥1# ofw)icits] #F3E sequenced g
EPITOPES] UP3 DN primerdl® MZ 15 base JES A ¥ sequenceZt 31°]
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overlapping-PCR®} 7} 3ttt

IEPITOPE sequence?t 4}%]® recombinant TMVS! pTMV64DE T437) 4
&4 $4 TMVPaclUP#} 1EPITOPEDN primer ¥ 1EPITOPEUP$} TMVSallDN
primerg 72t Abgst) TMV-K9 full-length cDNAE E#3e E2r=q)
pTMVE4CE F8o23te] PCR W8-& ¢4dAY. Z4Ze tubedM A48 2
719] 2Z9 DNAE A o] geldlM elution® & 29 elutiond DNA
8 e EAHZ HolM olg FYo2 332 TMVPaclUP3t TMVSallDN primer
g PCR W$<& <4#38to] coat protein gene®] surface loop regiondl epitope
sequence’} 4UE ZZE DNA ©He gUed, o|F pT7T3I9U ¥E | €24
s¢] pIQUIEPITOPS ¥tk plIUIEPITOPY insert& sequencing® A3} 9=
% 91Xl  epitope sequenceZt AHI  AYHAUEET  FAIA.
plOUIEPITOPES Pacl Sale.2 Awste A& 670bpel DNA glg 3 A
JEA2 A2 pTMV6EACH ligation 9 HF2 o2 1EPITOPE sequence’} 44l
€ pTMV6.4DE T4 K

IEPITOPE sequence® Al® @3t vistxl2 2EPITOPE  sequence,
3EPITOPE sequence ! 4EPITOPE sequence® pTMV6.4Cel bz Atslste
PTMV64E, pTMV64F 2 pTMV64GE WA ZANAN TFAFAC g 16
pTMV6.4C, pTMV6.4D, pTMV6.4E, pTMV6.4F, % pTMV6.4Gel O & A% f.d:
Y Z9& o4&
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Table 1. Primers used in insertion of epitope sequence into coat protein gene

Primers Sequences
TMVPaclUP
5'-ttaattaatttatgtactaatgcc-3’
(TMV:5785-5809)
TMVSallDN . 3 !
' -gtcgac ccectac-3'
(TMV:E334-6305)| 0 oo oaaeoee
IEPITOPEUP | 5'-atggctattattacttttaagaatggtgctacttttgaagttagtgactttaag -3’
1EPITOPEDN | 5'-cttaaaagtaataatagccatttcacgcttaccagcaagagagaacctaacagt-3' !
|
2EPITOPEUP | 5'-ggtgctacttitgaaagtgactttaag-3’ !
i
2EPITOPEDN | 5'-aaaagtagcaccattcttgaacctaacagt-3’ i,
|
|
3EPITOPEUP | 5'-gctattattacttttaagaatggtgctactittgaaagtgactttaag=3' 1r
SEPITOPEDN | 5'-cttaaaagtaataatagccatttcacgcttaccgaacctaacagt-3 Ig
4EPITOPEUP | 5’'-ggtaagcgtgaaatggctattattagtgactttaag-3’ i
4EPITOPEDN | 5'-catttcacgcttaccagcaagagagaacctaacagt-3' l
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Table 2. Epitope sequences inserted into the surface loop regionof coat protein gene

in each recombinant TMV

Recombinant plasmids ;Eg:f::ge
BV vector nore
pTMV64D SLAGKREMAIITFKNGATFEV
pTMV6.4E FKNGATFEV
pTMV6.4F GKREMAIITFKNGATFE
pTMV6.4G SLAGKREMAII
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TMVPAClup [TOPEdn

[ | TMV coat prgt%.in é_l pTMV6.4C

EPITOPEup TMVSALIdn

* First PCR *
e T ey

EPITOPEup TMVSALldn
Overlap PCR
amplification with TMVPACIup and TMVSALIdn

Recombinant TMV CP

Figure 14. Construction scheme of pl9UEPITOPEs (pl9U1EPITOPE,
19U2EPITOPE, pl9U3EPITOPE, pl9U4EPITOPE).
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pTMV6.4C (PTMV449/Sphl (trimmed between T7promoter and TMV coding region) is ligated with pTMV6.4B/Sphl)

BamHI[33)2) Sall Pal Sphl
GTCTAC 1 !
_._ln,..m] ™ [i qrogAC f {— pUCIISbase pTMV6.4C
Pact(5785) Sphi(6245)

pTMV6.4D,E,F,G (pTMV6.4C/ Pacl Sall is ligated with selected 4 epitopes of pl9UEPITOPEs,respectively)
Spht

BamHI(3332) Sall [¢]]
GTCOAC—
] Treumota ™ arcoAc pUCII9base  pTMV64D

| Epitopes sequence of CTB which s embibod within 63~66residue of cout protzin
Pacl($785) Sphi6245)

Figure 15. Construction scheme of recombinant TMVs(pTMV6.4C, pTMV6.4D,
pTMV64E, pTMV6.4F, pTMV6.4G).
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Figure 16. Restriction analysis of plasmid pTMV6.4C, pTMV6.4D, pTMV6.4E,
pTMV6.4F, and pTMV6.4G. Plasmids were digested with restriction enzymes (Pacl
and Pstl) and DNA fragment generated by the cleavage of restriction enzymes
were separated on 1.8% agarose gel. The arrow indicates TMV coat protein gene
and recombinant coat protein genes,

Lane 1: 1kb ladder, Lane 2: Pacl and Pstl digested pTMV6.4C, Lane 3: Pacl and
Pstl digested pTMV6.4D, Lane 4: Pacl and Pstl digested pTMV6.4E, Lane 5 Pacl
and Pstl digested pTMV6.4F, Lane 6: Pacl and PstI digested pTMV6.4G
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9 zt+zho) CTB epitope sequence® ¥ ¥3HE recombinant full-length ¢cDNA
g Yoz 3 invitro AAM S T4

TMV? full-length cDNAS coat protein®l surface loop region°l Ztz 9]
epitope  sequence’t A¢1® hybrid TMV c¢DNA (pTMV6.4D, pTMV6.4E,
pTMV64F 2 pTMV6AG)E #7 Saleg 2dd t&  linearlized DNAZ
template2 319 cap analogue (m’GpppG) EA 39} T7 RNA polymeraseE A&
st} 2+2t9) in vitro transcripts® 38R (29 17). In vitro transcripts?}
Solqle ZH2te] tubes) B 479 SomM TE (H80)S} Celite® AT FE7}
5Smg/ml SEE A7H% %& 4359 in vitro transcriptsE BEE oy &3ty 2t
o] Nicotiana tabacum cv. Xanthi ncel 3¢ F @WZo) vete A& Y &
gagc 2 A% 4F 79 ¥ 4719 FH epitope sequence 7+ ZEPITOPE
sequencest 4EPITOPE sequence’t ARl®  ¥d¥d TMV (TMVE4ES
OTMV64G)E B283e W ABMAN TMV H3Fol ves Ao RAR{N.

3. SDS-PAGE £4d 9@ recombinant TMV coat protein®] &<l

pTMV64ES} pTMV64GE AEAUE W AEAMIA TMV FFol dervte
Aol BagRomz olEZEH VWAL FHid AL EHH 2
TMV ¥2& 2ol AEN 9 leaf 2ZHE %A g dold ANALE FA 2
et A @Y YA 4T AAE disruption buffer [10%6 (v/v) glycerol,
239% {(w/v) SDS, 60mM Trid - Cl pH80, 5% (v/v) 2-mercaptoethanol) & leaf 1g
T3 1mie el F dojE the WA F&EE 100TAA 58 #Y F 4T,
14000pmel A 2037 QARAsS FEAE ALF Lowryddl & F gy
w58 23899, Mock® AFE dET fuid ¥F5E HEhle R LD
223 DWAEE0mw)E SDST XFshe 12% polyacrylamide gelold 7153
g Lelstd & B WEe UdEdE J2ANM F&E 9¥AEC) loadingd
laned} TMVS) coat protein Bt 2z & cl4arle] @3 ¥AA/UT (2
g 18). B9 e] mock® W3 Y ulzF 89 @dAEdME o 2719 iAol
WA A ket
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4, Immunoblotting®l]l 2% CTB epitoped] ¥ &<

SDS-PAGESN A7|94T% A3 WFE dehis JEAAA 3¢ dydE
o] loading® laneslAl TMV ¢ coat protein Bt} 2kt & A719] w¥Ao] Q15
2222 immunoblotting® A3t o] gdudo] CTBe] FA FolHQ wg&
doFeg AUt 12% polyacrylamide geldlA A7|9EF3st € gel
49 A EE PVDF membraned] ©l&AI1 ¥ ©@¥YAo] blotting® PVDF
membraned Tris-buffered saline (25mM Tris-Cl pH7.5, 500mM NaCDdl] =<g)
£ 3% bovine serum albumin (BSA) €922 3AIF ¢ blockingd AFch
Blocking ¥ CTB @A <] 8tas} 3A1ZF wt-g-A 7 ob& 336 AA Tris-buffered
salinee 2 AAdo B9 13 #FME AAF F alkaline phosphatasest
conjugation® 23 &3] (anti-rabbit IgQ)e} 1A WS A2} 23k A9} wkgo
Y membraned 339 A X Tris-buffered salineS 2 MAste &9 22 A
E A A c}Lalkaline phosphatase 7]&A <1 5-bromo-4-chloro-3-indolyl phosphate
9} p-nitro-blue- tetrazolium chloride®] Eol AE &Y FAsa LYA A 4
2 positive control2 Al-§% CTB @A} TMVE coat protein Bt %3t & 32
719] @yAo] ol waulgg wol: Aol HAHAUY (2¥ 19). =TI 4
H o]FA9 Aol Ax¥ v M) AU AR epitoped] ZAolgt F&I %
oo i ) ew, immunoblotting ¥4'§dlA pTMV64GS M=% EY ©y3
o] pTMV6.4ESte] A& Zo] o BT} 6 & Zdx FAHUC. A& vl
A8 o83 3N epitope sequence? transient expressiond AIEF A
immunoblotting £} pTMV6.4GS] AZ2¥ E¥ ¥ido] pTMV6.4ELe)
He Zo) AdE BFIFL B ZA3A SAHAC
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1 2 3 456

«— Templates
peiainthendenbanllend <+ Transcripts

Figure 17. Synthesis of recombinant TMV RNA by in vitro transcription. Lane 1
1kb ladder, Lane 2: transcript of pTMV64C, Lane 3: transcript of pTMV6.4D
Lane 4: transcript of pTMV64E, Lane 5@ transcript of pTMV64F, Lane 6
transcript of pTMV6.4G
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<—17.5KDa <— recombinant coat proteins

Figure 18. SDS-PAGE analysis of tobacco plant leaves infected with in vitro

transcripts of pTMV6.4C, pTMV6.4D, pTMV6.4E, and pTMV6.4G, respectively.

Total proteins extracted from non-infected and infected leaves were separated on

a 12% SDS-polyacrylamide gel.

Panel A. Lane 1: marker, Lane 2: mock as negative control, Lane 3: pMV6.4C,
Lane 4: pTMV6.4D

Panel B. Lane 1: marker, Lane 2: TMV-K as positive marker, Lane 3: mock as
negative control, Lane 4: pTMV6.4E, Lane 5: pTMV6.4G
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< recombinant coat proteins (17.5Kda)

Figure 19. Western blot analysis of plants infected with in vitro transcripts of
pTMV6.4E and pTMV6.4G, respectively. Total proteins were separated on 12%
SDS-PAGE and carried out western blotting. The arrow indicates recombinant
coat proteins Lane 1: prestained marker, Lane 2: CTB (100ng), Lane 3: CTB
(50ng), Lane 4: CTB (10ng), Lane 5: TMV-K, Lane 6: mock as negative control,

Lane 7: pTMV64E, Lane 8 pTMV6.4G
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