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(Development of an oral vaccine formulae

against fish iridovirus infection using recombinant

protein over—expressed by plant bioreactor)
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SUMMARY
GCEEL

® The characterization of fish iridoviral structural protein, major capsid protein, was
performed by the isolation of virus, followed by the cloning and sequencing of that
gene. As a result, domestic fish iridovirus isolate has some sequence variations though
not significant. Using that genetic information, recombinant capsid protein was
expressed from E. coli. After cloning the capsid gene into the prokaryotic expression
vector (pRSET A), construct was transformed into optimal E. coli and the
transformants were selected, followed by the expression of desired recombinant protein.
After purification, rabbit polyclonal antibody was produced, which raised against

recombinant capsid protein.

® Using codon usage analysis, capsid protein gene was modified and optimized to express
recombinant protein from plant, rice callus and tobacco. Optimized gene was introduced
to plant expression vector, pJKB13 and transformed into the rice callus using gene gun
technology, followed by the confirmation of transformation by PCR & Nortern blot.

® Additionally, optimized gene was also introduced to plant transformation vector,
"TIA: RclpGAH"” and transformed into tobacco. Transformant was confirmed also by
Southern blot & Northern blot.

® For the evaluation of the antigenicity of recombinant capsid protein and formulae study,
resin—formed chitosan formulae was produced and the optimal resin contents were
screened. After the administration of the chitosan resin formulae into fish, antibody
inducibility was evaluated using monoclonal antibodies, 3Al, 8F80, and 11A40. As a
result, antibody against recombinant capsid protein in oral administrational formulae was
successfully induced. For the protection study and small sized clinical test, fish cell-line
(EPC cell) was stabilized and the wild-type fish iridovirus isolate was prepared.

® Foreign mRNA transcript of fish iridovirus capsid gene was detected from
transformants and the over-expression line was selected and stabilized. After selection
of the plant cell line, suspension culture induction and condition was prepared.

® Plans transformant containing Rclp promoter was selected and screened using GFP
protein reporter system. And the expression of foreign capsid gene from the selected

transformants were verified by RT-PCR.
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® Mass production batch system for chitosan resin production was prepared and the
actual production of the resin was done. Fish fed with rice callus transformant produced
antibodies successfully and approx. 80-90% of fish were protected against viral
challenge. Preservation and effectiveness tests for prototype product were performed and
confirmed that product can be stored and was effective for at least 6 months.

® To secure the transformant seed, mass production of those was performed in LMO
facilities. Mass culture condition in 5L bioreactor was stabilized and the prototype
product was produced.

® T1 transformants tobacco was adapted into the soil, and the genomic verification of the
T2 generation was successfully performed. Though expression of the foreign capsid
transcript from tobacco leaves was detected and confirmed by RT-PCR, expression of
the foreign protein was not detected by Western blot. This was thought to be the
unstability of the foreign protein in tobacco. To overcome this, capsid gene was
introduced to the sweet potato cells. The mRNA level of the desired transcript (capsid)
was much higher than that of housekeeping gene (actin) and the expression of the
foreign protein was confirmed by Western blot, which needs more selection steps to

increase the protein expression level.
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}1\_]__
& S °1EIEH}°1€V‘ Azugs T3 AIFFd £9).
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M2 & 2o vaw #g
) -9 BERckl U@ JENEE
1 = #EFore] 7/l 3%

o WA FuUAE HEATUA hF AT &
qeATuAncs amy golsta 7zte] &

=
0 ABAE W ARG solAE FA AFE A3t

o UITgm FAE FFYIME HA AAFATHAANIE 25F RdG 1B 5
LD FEALE PN 32 = Ao AFENA @

& B

63 Z_}%‘ 3}0131 29 JAFARe Ao dAEL g FAAE AT AA HAE
AR ATE Fdst A

o Agstw {3 uFgL HAAFHIHAET (Actinobacillus pleuropneumoniae)®] =4l
ApxE TE3E & IS Tl AANEZEFVATE AERAE AEsa e

o IYoAE FL3A (F) A2 AstA] A T Fol HEstE =rhulo]g 29
ATl A S o] &3 o Fo Uik AEAH A i AFE FPZ UL

2. 79 BAEEY JleME A7

7h AE A ddaiide d S 3 Ve g3 T AEH o= P o

53] Hdd 1&8& ol 2¥EE o] &3 AT (Gleba &, 20075l 93] Jr7} o] F1F
2 Ly

U 74 B AFAe] 93] AEA ddEE FUS o] &3 WAl do] AEHJEH 2

=& HA¥rd

® Chikwamba 5 (2002)2 E. coli heat labile toxin ¥ & T A THFAS

® Dus Santos & (2002, 20052 FAS Hlo]gix (FMD)—4 VPl &9& ¢FaoA T3}
R

[ )

Tregoning 5 (2005)2 I4F 54E G4l chloroplastE ©]&3te] 2332
9 nloly

® Webster & (2006)2 ¥ £ L AEoA FIHFYS
® Guerrero-Andrade 5 (2006)2 SFFolA 2 FAE vlolg s dPe] HATgH B4
g3t

x ATLAII) ZU - 9 JEMSEIFNA AAFE 9F 52 &

® 1990t =Rk AZFoA 9 FAGHd T A3 Jwo] A LHIL AAHLE Q14
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" olF TG AdAM = AedA TdE FLS 2 3 AARES S FA (parenter]
route)E T3 WIRISE FEsts Aol FE olFo JAH ok FAW HZ 1E
& 9d ANz="ETo NTE Qs (Gleba &, 2007) AEolA FAddide BHAFE=E v ¢

el AEwt dotd wjg Aozl HE 9 AR A e &ofo] JtHE FES
A AE fd HA AFH NEE AT Hd #dS FAFAR 2EZFY IUHA #F
2, ddamd Hddo 284 Ax 2 A5 FAdo T tolerance I 7Hsd o # Al
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AM3E dIALsY e W 2

« ATUE L ATAY

1. AliIxtd = d78 2 d74ax
7h ALAFAA AFHE # 72

(1) FWEY o mutole s AXAGE B vhojzx )

Grunt fin (GF)AEE o] &3 HlolH A i T4 - ZHo] AAH= A (oFd 28 D=
Y A vFs HESL PBSE A3 AF#F F ol AE (chopping)dti 8,000
pm/102 44 28835

I9 1L Add 9A19 sl AR (3 2 73 A ARE), ob7tel R gbTol oS B
ol J/MAE AHsAS.

A-d F 045uM 2 0.2uM size9 syringe filterE ©] &3t AlF 2 Ixk o= ZF & filtration

st & vtolH 2 FFATE cel-lined] HF
ojg|mutol g 2~ mlFA-E YHELI cell debrisE AAT the FF Ao PEG 8000

JAES TNE (0.01M Trise base, 1 mM EDTA, 02 M NaCl, pH 74) ¢Z & A&
Bl o]Z sucrose gradient (25 ~ 60% continuous)oll A Beckman L7 YA &7 E ALE
sle] 25,000 rpme-Z 20413k, CsCl gradient (10 ~ 35%) AollA 24A7 YAREE 31

dhol 28 &5 B A4

(2) o] olgntold A ) BYFY &2 R olF o] & FTA ol =utelB e T

ZaW Al capsid 542} characterization

® 2006, 2007 H 20089 % o] (R olF
—

= H2 FAA 28 20061, 20074
2 20089 % HA HE olFE HlolH 2 FARLEAT A E AFAA FAE (W
AL 2 CAHERH As (FEoANE Ta@ot A% 2 v Zd A viral DNAE AH F:&F
% PCR& 2AX8td #AAE FFHaAR+.
Z, o]E 93] viral DNA isolation kit (DNA prepmateIM, Bioneer)E ©]&3t] DNAEX
% olg=nte]Hq 2 o] primer setE ©]-&3t capsid #HAE FHARE (LE 2)
AT AT Suad 2HLS 98 forwardo]l BamHI site ¥ reverseol HindIIl

enzyme siteZ FH|3l9 S

o

® Forward primere= 5-TATA-GGATCC-ATGTCTGCGATCTCAGGTGC-32Z (BamHI
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restriction site: underlined), aga reverse primer+
5-TGTG-AAGCTT-TTACAGGATAGGGAAGCCTG-3 (HindIII restriction site:
underlined) & +H] 35} 2.

a9 2. o]lglEnlol Bl X capsid AR Eo]F<Ql primer setE o] &3t FE3 capsid 7 A}
AR 7|dE+= =Z7]¢] PCR band. M: 1 kb DNA size marker, lane 1-2: 2006 @ % Al &,
lane 3-4: 2007@% Al &, lane 5-6: 2008 @ = A| &,

® ¢ 6719 PCR AFE S EF sequencingdt 2 71X LA AolE 3Qld g o} zpo]H
o.

< A UEuA F%E (2™ 3)

a9 3397 289 olglx: wlol# 2 capsid FAAY alignment. nucl: 2006%d, nuc2: 2007
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d, nuc3: 2008d &5 539 SNP7F #Ed

® o= 71F HZQ 20083 %9 A EE o)8&3to] pRSET vector clonings AA 89S, =, 2
Mol AFAaAQ BamHIF HindIllE ©]-83t 4&F LS sticky-ends® ¥HE3L pRSET
vector 9A] 22 §422 A8 F T4 DNA ligase system= o] &3t AFA AT 284H
construct= Ampicillin®] #7}¥ LB agar plate®l A selectiondt$ iz ThA] LB brotholl A &
7+ %3t the plasmid miniprepg A A8t S

® =27 % construct (plasmid)¥ cloning J¥ & 93
A7) (F 1.3 kb)$} vector (dir 3 kb)9] sizeE &

o,
o
o

138 4. pRSET vectord] cloning® ©]#]% vlo]# A capsid 42 &L & 2719 A&
24, BamHI#} Hindlll2 A2 ¥ sizeE U3 149,

® Vectort] AYH capsid FAA7} on framel® AP HAE=A LolR 7] 93] sequencing<
3 A3 Y3= framel 2 (frame shift)gle] & AAIANSS A3 HL.

(3) tidd @ld BdE systems o8 AZXY capsid EHHELY AL H o]F o] &% I

Ayt

® Small scale expressiong 3 A=g9 colonyE OD 057+A] broth ¥l & IPTGE HF%
T ImME %30 Fosle] bl ddS FE9S. 2 A, 19 SoAe 2ol 7dH
AW size (F 52 kDa)e] @HFo] #HHAHELE & F AU olE UF LHIY
Ni2+-charged affinity column (Probond, Bio-Rad)& o] &3l Ezst3 &
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a9 5. IPTGE‘ Fostx] &2 HFAAE AT (BL2DOl B3 (lane 1) IPTG Fo ¥
(lane 2-5, ¥l F 1A7-4417h) 7l0sE 27] (52 kDa)e AZzF wudo] JEHL
¥ 1¥. M: protein size marker.

8 P FH AR d¥d FE3 1 Probond affinity columne ©]-&3}
B @iido] EHHA &E wd, Id

a9 6. Affinity columne ©]| &3 £ ZI IPTGE TAFE3 AlE (lane2)o| A7 &

WAool =R IAES HoFE= 1Y, M: protein size marker.

o ridd ZHZ"%L @l d S o] &ty FAE AASAS. FA YA = 2/ EH NZ white
rabbitS °| &3S, F, oFEIHE AZF A 200ugS PBSol 34 ¥ Freund's
complete ad]uvant ZOOUL-Q’]' &3sle] 18] primingS AASITZ ©A] v 25 & F 2¥
Freund’s incomplete adjuvant®} &3%}3F vaccine formulaeES boosting 3t 29 %] boosting

F 795 2719 Wolg of 500ul AAdA AF FANE ZAAYL
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5 qA7F AL ELISAY S o] &39S & AZTE YS lug/mLE binding bufferel
o] FH|3dla o]Z 96-well ELISA plateo] 90uL® overnight incubatiod}®] coating3}
<. O dAZ Agduelr wjH PBS-T (PBS+0.05% Tween 20) 100uL® washing 3+
t}. Coating & 1% BSA €92 & 447t blockingdtx 1x¢A 2 Wl E7]9 €4 (1:
100 3]4), 2438 A Z& goat anti-rabbit IgG-HRP conjugated (1:10003]4, Pierce, USA)Z
AFESIR 2. A ZE ABST €9 (Serotec, USA)E A48t 2. SAAUZRTLS tq&“’]’ﬂ
o E7] @& AMEotR A, FAHETS AZXH capsid ©HE A o
10& A 405nm°ﬂ A spectrophotometerE ©| &3l TJEE FH ‘5}‘}‘;%.
13 2t & AxFIFY (o)g=vtol# 2 capsid DHA)dl ok A
7} BAHLSE wg FodA FEHASS 1T F U=

m +

# 14 a5d 3A7 A2

% 4E7 e FAR 2T
B OD 0.907* 0.229 0.380
E A2} 0.077 0.095 0.140

* P <001

AR @PWE 2 AFA
O A4 g4 2 28 48 75

hH A& codonoZ HZA A FHAS FA4
@© olg)xhlelg 2 I= B4 2 HAH A7

EE5Rfd olgd = ulolglx (RBIV; Rock Bream Irido virus) A= @9 a F42+¢] codon
usage® A% ZAE I 19 HEMUS. £ ATdA AR oA B9 codon usage T
ANA Zt ofnliibel] B FEE codon FOAA AFE RIEZ} vl Yo} BloA wEE R o A Fo]
BeAo® #aE codone AA codon 45470 FolA 2317F @] AA codonF F 50.8%
o MFEHAS. T3 HoAMA FHRe] ddI kP JgS FE trouble sequencel!
ATTTAMRNA destabilizing sequence), GCAG(3'-Intron splice recognition sequence),
CACCAGATGGGAGTAGA (Polymerase II termination sequence)s ¢ £#]3te] mRNAZ} &
4 B old ElE JheAol vlg Eof Eeor WA FAo] oHE ASE HAUH

H

o

2 Be] Mo REHOE 4§ 5F G/INEL AAsGew ol
= 9 fAA G7) ANE ENEFHE E 1o, o % dolgx AA=
o fAA RE AFSUE BAANRE E 20 JHUAS. E9, oldE B4 ARE vigo
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@ olgxrto]ld 2 FAFHAA} T4

A3 olg|lx uioly A FAAE hul (IV—opt)Q] coding sequencesi 1383bp ©]al 9]
FAst7] flste] dA @71 A LolA 500bp ¥ 3FE (3709 fragments)o 2 o] HA A}
AL G S. AR FAAL 8 80-mer? oligonucleotide (primer set)E A& 3y
@ B dAF"HNA F5% overlap-PCR WHE o] &3l FAsAeH FA /MeE 17 39
B S, 1A 93 1, 2, 3 47s A7l ZFo|HE ol &3ty S e oE A4
T-vectorel =3t F7IMEE FRlsAn(2Y 3) AAF F7IAEHR dXTF F8S AL
3t 23 S AAEY FA F Fo| o]l T-vectord =T Foll E714E& sty
AR G7IME7 X3 1380bpe] FARE FRIALS(2F 4). ol % nlold A A

AA7F ¥ WHEo AEA (endoplasmic reticulum)W ol targetting 3}l retention &
ER-retention signal ¢l KDEL @714 €& 233, HaAM9 FAA &d FX IZ=
23 Kpnl Algt& A A E 3 -region ol PCRE o] &3] AR, =3 ¥ &
AREA)eNA Bk T&4Q olgk vlolglx A= o FHAL] EHE 3

A7l ozt aEdH FHo| FHd Ho FERAE(T ZFEA) 5°|4 3D RAmy
signal peptides sequences® &4 g F A=A 5 -region®l overlap-PCR& o] &3le] 43
(O 5. FF S48 KA VAL FRlste AA EVAEH AT e
o ofBE FAALL FE

o i
ofs
23] Ll

I
r‘E

oft ﬁ i =l°

o
o
g
o
ol
32
o
M
o
&

o]
3D promoter?} mRNA¢ #3]& 9A|st= 7159 3D RAmy 5 UTR(terminator ¥3%)
—] —g—

) l J=
AE 2d JEd 229 o A} FRY AF = AFEL (BamHI/Kpnl) & 3 #4
Z} mappingS £33 (2 E 7)3te pJKBI3E ¢4A(2E 8)slgen, B wdaHEE 3to]l

Zujolalg Ad niAad FAN AH2E AL T 5 YES AYL.

(2) AEA 2343
b #AAFE o] &35t I

d<d B 29 WzRE 28 Y 24S
ste] wf A Ao wES FEIIFPOon o Az FHA F& o]&st pJKBI13
plasmid DNAE Hol Z=YAIZH T 2 AFL pJKBI3 plasmid DNA (10ug)S "l&] &M EE
microcarrier (¥ QA gold particle) o 25M CaCl2, 0.1M spermidine &S o] &3t =ZH
3ol ALR3lS. FEAS A7) 24X3F Fo] B BHAE Co-culture ¥ A A hygromycin



o] X3 AIHlA (N6SE)E A ¢x3 (256T) dA wWFFsAs. vl 357 HF4os AA3%

MAZ §7 W2d (250) ARG 9w, FYAE e AHNA AFSE 22 linedd
Bl 2g ARHPO FAFEY L BHIRE HAsY) Aste] FAMANA FHHA

(W) FAA3A Y 2AYETH 4

@® Genomic DNA PCRE ©]-&3 F3dA =¢ &<l

sto] 12 uto] S EFetE XA Adg 22 lined FAHET A2 {FAA EYAF
ZQ13t7] $18t9 Genomic DNA PCRE& AAX3l%+. Genomic DNA PCR& #A3t7] 913}
ekl =] (N6SE)l A Adrgk A2 2(0.3g)25E genomic DNAE F&E3}% 2. Genomic
DNA+= lysis buffer [NaCl (6M), SDS (20%), proteinase K(400ug/mL), RNase(10mg/mL)]Z
M2~ 23 L lysis A7 F, phenol/chloroform &2 gl o]et2o] Ao wd & =FH
H Eo ¥ F%39 LS. Genomic DNA EEE £3A39] 200ng/uLE genomic DNA PCRel
AP S, FAA EYdAFE A7 HEA [V-opt #AAE FF & + U+ forward
primerZ IV-opt-F1 (5'-ATG TCT GCC ATC TCA GGT GCC AAC-3')$} reverse primer
2 IV(opt)F3-12 (5'-GGT ACC TCA TCA CAA CTC GTC-3")& A}£3t9 3, denaturets
95C/1%, annealing< 60C/1%, polymerization 72C/1% 2 303] HFE319 2. PCR products+=
1% agarose gelolAl #<13t914 (27 10). Genomic DNA PCR& AA1% A% fHA7} B9
HA @& dEzTFAAE A FAR Bete 7AAY FFo] FRIHA o JFAA
g d AdYzdAs FAFAAL] IV-optiAAte] FFo] s FAFHA Add d2

A3 delzd FFH R ERlHEASS EAFAL.

2

@ IV-opt FLHAAS] LS
2942 A2 P KA oopt FAAE A0 B A FA) skl
2

]
A ‘IT =
gelatg S (28 11). Total RNA F&£& JAAS 4
[«]
3

o

Northern blot analysisE 3
z7o2 wEo 5d Y wigste] Fd @Ee EHS
RNA%THS F2389 LS. ©]Z nitro—cellulose membraned] AoJAl7l & a-32p-dCTP S ULE
29l RBIV #AHAE probeZ 3t Northern blot analysisE F33t91S. Northern blot

P A3 FAAF EYHA &2 dzTAAE Y A @ EsE mRNA
o] e fdort FEAAHSE A AY2dAME FAFARY IV-optFHARE AdEHE A
do] Eiso] FZo] R FAFHAA Add FAHE A2 mRNAZ THHD
&. ¥ Northern blot analysisE 33 234 & ulgdo=z FHAHE Ay A 8
< 9 7AA 2RFAEFEA ALss. A AN AEFE o]fsto] xrd
°

al
= A¥Y Western blot analysis® ¥3AH 33t L.

==

O

[*3

analysisE <

oft

i)
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9 18 27 36 45 54

5' ATG TCT GCA ATC TCA GGT GCG AAC GTA ACC AGT GGG TTC ATC GAC ATC TCC GCG

63 72 81 90 99 108

TTT GAT GCG ATG GAG ACC CAC TTG TAT GGC GGC GAC AAT GCC GTG ACC TAC TTT

117 126 135 144 153 162

GCC CGT GAG ACC GTG CGT AGT TCC TGG TAC AGC AAG CCG CCC GTC ACC CTA TCA

171 180 189 198 207 216

AAA CAG ACT GGC CAT GCT AAT TTC GGC CAG GAG TTT AGT GTG ACT GTG GCA AGG

225 234 243 252 261 270

GGT GGC GAC TAC CTC ATT AAT GTG TGG CTG CGT GTT AAG ATC CCC TCC ATC ACG

279 288 297 306 315 324

TCC AGC AAG GAG AAC AGC TAC ATT CGC TGG TGT GAT AAT TTG ATG CAC AAT CTA

333 342 351 360 369 378

GTT GAG GAG GTG TCG GTG TCA TTT AAC GAC CTG GTG GCA CAG ACC CTG ACC AGC

387 396 405 414 423 432

GAG TTC CTT GAC TTT TGG AAC GCC TGC ATG ATG CCT GGC AGC AAA CAA TCT GGC

441 450 459 468 477 486

TAC AAC AAG ATG ATT GGC ATG CGC AGC GAC CTG GTG GGC GGT ATC ACC AAC GGT

495 504 513 522 531 540

CAG ACT ATG CCC GCC GCC TAC CTT AAT TTG CCC ATT CCC CTG TTC TTT ACC CGT

549 558 567 576 585 594

GAC ACA GGC CTT GCA TTG CCT ACT GTG TCT CTG CCG TAC AAT GAG GTG CGC ATC

603 612 621 630 639 648

CAC TTC AAG CTG CGG CGC TGG GAG GAC CTG CTC ATC AGC CAG AGC ACC CAG GCC

657 666 675 684 693 702

GAC ATG GCC ATA TCG ACT GTC ACC CTG GCT AAC ATT GGC AAT GTA GCA CCC GCA

711 720 729 738 747 756

CTG ACC AAC GTG TCC GTG ATG GGC ACC TAC GCT GTA CTG ACA AGT GAG GAG CGT

765 774 783 792 801 810

GAG GTT GTG GCC CAG TCT AGC CGT AGC ATG CTC ATT GAG CAG TGT CAG GTG GCG

819 828 837 846 855 864

CCT CGT GTG CCT GTC ACA CCC GTA GAC AAT TCC TTG GTG CAT CTC GAC CTG AGG

873 882 891 900 909 918

TTC AGT CAC CCT GTG AAG GCC TTG TTC TTT GCA GTC AAG AAT GTC ACT CAC CGC

927 936 945 954 963 972

AAC GTG CAA AGC AAT TAC ACC GCG GCC AGC CCC GTG TAT GTC AAC AAC AAG GTG

981 990 999 1008 1017 1026

AAT CTG CCT TTG CTG GCC ACC AAT CCC CTG TCC GAG GTG TCG CTC ATT TAC GAG

1035 1044 1053 1062 1071 1080

AAC ACC CCT CGG CTC CAC CAG ATG GGA GTA GAC TGC TTC ACA TCT GTC GAC CCC

1089 1008 1107 1116 1125 1134

TAC TAC TTT GCG CCC AGC ATG CCT GAG ATG GAT GGT GTT ATG ACC TAC TGT TAT

1143 1152 1161 1170 1179 1188

ACG CTG GAC ATG GGC AAT ATC AAC CCT ATG GGC TCG ACC AAC TAC GGC CGC CTG

1197 1206 1215 1224 1233 1242

TCC AAC GTC ACC CTG TCA TGT AAG GTG TCG GAC AAT GCC AAG ACC ACC GCG GCG

1251 1260 1269 1278 1287 1296

GGC GGT GGA GGC AAC GGC ACC GGC TAC ACG GTC GCC CAA AAG TTT GAA CTG GIC

1305 1314 1323 1332 1341 1350

GTT ATT1ggg GTC AAC CAC AAC ATC ATG AAG ATT GCT GAC GGC GCT GCA GGC TTC
CCT ATC CTG TAA 3'

Red letter : A &9 A codon usage’} 7} @& :E
ATTTA : RNA destabilizing sequence

GC AG : 3'-Intron splice recognition sequence
CAC CAG ATG GGA GTA GA : Polymerase II termination sequence

a9 1L EERE olPE wold s AAE 9 fAA 24
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£ 1L 257 o2k Holg 2

T2 471 AR

AAE

LR

Base Original seq. Optimized seq.
count (%) count (%)
A 299 (21.95) 312 (22.55)
C 395 (29.00) 421 (30.44)
G 355 (26.06) 359 (25.95)
T(U) 313 (22.98) 291 (21.04)
£ 2 BERY OUE volel s AAS B §374 2E AFUE 24
Original seq. Optimized seq. Original seq. Optimized seq.
Codon Codon
count (%) count (%) count (%) count (%)
TTT-Phe 9 (1.98) 2 (0.43) TAT-Tyr 3 (0.66) 1 (0.21)
TTC-Phe 9 (1.98) 17 (3.68) TAC-Tyr 15 (3.30) 17 (3.68)
TTA-Leu 0 (0.00) 0 (0.00) TAA - 1 (0.22) 0 (0.00)
TTG-Leu 7 (1.54) 11 (2.38) TAG—*** 0 (0.00) 0 (0.00)
TCT-Ser 5 (1.10) 7 (1.51) TGT-Cys 4 (0.88) 1 (0.21)
TCC-Ser 8 (1.76) 13 (2.81) TGC-Cys 2 (0.44) 5 (1.08)
TCA-Ser 4 (0.88) 6 (1.30) TGA-**x 0 (0.00) 2 (0.43)
TCG-Ser 5 (1.10) 2 (0.43) TGG-Trp 5 (1.10) 5 (1.08)
CTT-Leu 3 (0.66) 1 (0.21) CAT-His 2 (0.44) 4 (0.86)
CTC-Leu 6 (1.32) 19 (4.12) CAC-His 7 (1.54) 5 (1.08)
CTA-Leu 2 (0.44) 0 (0.00) CAA-GIn 3 (0.66) 2 (0.43)
CTG-Leu 20 (4.40) 7 (1.51) CAG-GIn 10 (2.20) 11 (2.38)
CCT-Pro 10 (2.20) 6 (1.30) CGT-Arg 7 (1.54) 0 (0.00)
CCC-Pro 11 (2.42) 0 (0.00) CGC-Arg 6 (1.32) 9 (1.95)
CCA-Pro 0 (0.00) 5 (1.08) CGA-Arg 0 (0.00) 0 (0.00)
CCG-Pro 2 (0.44) 12 (2.60) CGG-Arg 2 (0.44) 1 (0.21)
ATT-Ile 9 (1.98) 4 (0.86) AAT-Asn 15 (3.30) 6 (1.30)
ATC-Ile 11 (2.42) 17 (3.68) AAC-Asn 18 (3.96) 27 (5.85)
ATA-Ile 1 (0.22) 0 (0.00) AAA-Lys 2 (0.44) 3 (0.65)
ATG-Met 18 (3.96) 18 (3.90) AAG-Lys 12 (2.64) 12 (2.60)
ACT-Thr 6 (1.32) 4 (0.86) AGT-Ser 5 (1.10) 0 (0.00)
ACC-Thr 22 (4.84) 16 (3.47) AGC-Ser 13 (2.86) 12 (2.60)
ACA-Thr 4 (0.88) 10 (2.16) AGA-Arg 0 (0.00) 3 (0.65)
ACG-Thr 3 (0.66) 6 (1.30) AGG-Arg 2 (0.44) 4 (0.86)
GTT-Val 5 (1.10) 4 (0.86) GAT-Asp 3 (0.66) 6 (1.30)
GTC-Val 11 (2.42) 10 (2.16) GAC-Asp 16 (3.52) 14 (3.03)
GTA-Val 5 (1.10) 0 (0.00) GAA-Glu 1 (0.22) 4 (0.86)
GTG-Val 23 (5.06) 30 (6.50) GAG-Glu 16 (3.52) 14 (3.03)
GCT-Ala 5 (1.10) 12 (2.60) GGT-Gly 6 (1.32) 4 (0.86)
GCC-Ala 13 (2.86) 17 (3.68) GGC-Gly 21 (4.62) 19 (4.12)
GCA-Ala 9 (1.98) 1 (0.21) GGA-Gly 2 (0.44) 8 (1.73)
GCG-Ala 8 (1.76) 5 (1.08) GGG-Gly 1 (0.22) 0 (0.00)

_22_




¥E 3. olgx violg & HAE G FHA (IV-opt) FAE A3 primer set

No Name Length Sequence

1| veoon-F1 | somer [B~ATGTCTGCCATCTCAGGTGCCAACGTGACCTCAGGCTTTATTGACATCTC
D TGCATTCGATGCGATGGAGACTCACTTGTA-3'

5 | WooRl | somer [P'-CTGTACCATGAGCTCCTCACGGTCTCGCGAGCGAAGTAGGTCACGGCGTT
D ATCGCCTCCGTACAAGTGAGTCTCCATCGC-3'

3| Woo-R2 | somer [P'-CTGAACTCCTGGCCGAAGTTAGCATGGCCAGTCTGTTTGGAGAGTGTCAC
D TGGAGGCTTGCTGTACCATGAGCTCCTCAC-3'

2| Woon-r3 | somer [P -GGGATCTTCACGOGGAGCCACACGTTGATGAGGTAATCGCCTCCTCTAGCC
D ACTGTCACGCTGAACTCCTGGCCGAAGTT-3'

= | Voot Re | somer PP=ITGTGCATCAAGTTGTCGCACCAGCGAATGTAGCTGTTCTCCTTGCTGGA
D CGTGATCGACGGGATCTTCACGCGGAGCCA-3'

6 | Woo)-R5 | somer PP=TCGCTGGTGAGTGTCTGAGCGACGAGGTCGTTGAAGCTCACTGAGACTTC
D CTCCACGAGATTGTGCATCAAGTTGTCGCA-3’

7| Woo-R6 | somer P=TTGTTGTAGCCAGACTGTTTGCTTCCAGGCATCATGCACGCATTCCAGAA
D GTCGAGAAACTCGCTGGTGAGTGTCTGAGC-3’

8 | Ioo-R7 | somer [P -GCAGGCATGGTTTGACCATTGGTGATTCCGCCCACCAGATCAGAGCGCAT
D GCCAATCATCTTGTTGTAGCCAGACTGTTT-3’

9 | Voot F2 | somer [P-AATGGTCAAACCATGCCTGCCGCTTACCTCAACCTGCCGATTCCGCTGTTC
D TTCACACGCGACACAGGCCTCGCCTTGCC-3!

10l eot-R8 | Somer |2 ~TCCTCCCAGCGCCTCAACTTGAAGTGGATTCTCACCTCGTTGTATGGCAGG
D CTCACTGTCGGCAAGGCGAGGCCTGTGTC-3'

1| Weot-R9 | Somer 3 ~TTGGCGAGGGTGACGGTGGAGATGGCCATGTCGGCCTGAGTAGACTGGCT
D GATCAAGAGGTCCTCCCAGCGCCTCAACTT-3'

B 5'- AACACGGCGTATGTGCCCATCACGGACACGTTGGTCAACGCTGGCGCCACA

12 IV(opt)-R10 | 80mer |1 1GOoCGATGTTGGCGAGGGTGACGGTGGA-3

13| Vionn-R11 | Somer |2 ~CACTGTTCGATCAGCATGGACCTGGAAGACTGAGCAACGACCTCGCGTTC
D CTCGCTCGTCAACACGGCGTATGTGCCCAT-3'

14| TVion-R12 | Somer |7 ~AAGTCAAGATGGACCAAGGAGTTGTCAACTGGAGTCACCGGCACTCTTGG
D AGCAACCTGGCACTGTTCGATCAGCATGGA-3'

15| TVoo-R13 | Somer 7 ~TTGCGATGCGTCACGT TCTTCACGGCGAAGAACAACGCCTTCACAGGATG
D GGAGAACCTCAAGTCAAGATGGACCAAGGA-3’

16| Von-F3 | somer 7 -AACAACAAGGTGAACCTCCCGTTGCTCGCCACCAATCCGCTGTCTGAAGTC
D TCACTCATCTACGAGAACACACCTCGCCT-3'

17| Vion-R14 | Somer B ~GGGAGGTTCACCTTGTTGTTGACATACACCGGTGAGGCAGCGGTGTAGTT
D GGATTGGACGTTGCGATGCGTCACGTTCTT-3'

18| TVion-R15 | Somer 7 ~ATGCTCGGAGCGAAGTAGTACGGATCGACGGAGGTGAAGCAGTCCACGCC
D CATCTGGTGGAGGCGAGGTGTGTTCTCGTA-3’

19| TVoo-R16 | Somer 3 ~GGATTGATGTTGCCCATGTCGAGCGTGTAGCAGTAGGTCATAACACCATC
D CATCTCAGGCATGCTCGGAGCGAAGTAGTA -3’

B 5'-TCGGACACCTTACAGGAGAGGGTCACGTTGGAGAGCCGGCCGTAGTTGGT

20| IV(opt)-R17 | 80mer |oGAGCCCATCGGATTGATGTTGCCCATGTC-3’

21| VoD RIS | 8omer |2 ~TGGGCGACCGTGTAGCCTGTGCCGTTGCCTCCTCCTCCGGCAGCTGTCGTC
D TTGGCGTTGTCGGACACCTTACAGGAGAG-3'

2| TV(oo-R19 | Somer |2 -GCTCCGTCGGCGATCTTCATGATGTTGTGGTTCACGGCGATCACCACCAGC
D TCGAACTTCTGGGCGACCGTGTAGCCTGT -3

23| TVopt)-R20 | 63mer |2 -GGTACCTCATCACAACTCGTCTTTGAGGATCGGGAAGCCAGCAGCTCCGT

CGGCGATCTTCAT-3’

_23_




Fragment (1, 2, 3)

F1 =
e R1

F1+ R2, 200bp weR2
F1+ R3, 260bp

I
F1+ R4, 320bp e R4
I

T-easy vector cloning

Sequence : 20 colonies
F1+ R5, 380bp

F1+ R6, 440bp
F1+ R7, 500bp

Fragment (1+2) [0 FL« RI4 (1000bp)
IV (opt) (1+ 2+ 3) [ R+ R20 (1383bp)

% 2. IV-opt over-lap PCR B4 %

29 3. IV-opt over-lap PCR
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Final product

lane 1: 1kb DNA ladder (size marker)
lane 2: fragment 1+fragment 2 (1000bp)
lane 3: fragment 1+fragment 2+fragment 3 (1380bp)

1% 4. IV-opt 2% over-lap PCR products

lane 1: 1kb DNA ladder (size marker)
lane 2: IV-opt_(KDEL-Kpnl) (1380bp)
lane 3: 3Ds.p—IV-opt_KDEL-Kpnl (1527bp)

23 5. 3Ds.pt IV-opt AR &A agarose gel &<l
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1 10 20 30 40 50 60 70
5' ATGTCTGCAATCTCAGGTGCGAACGTAACCAGTGGGTTCATCGACATCTCCGCGTTTGATGCGATGGAGA
kkkkkkkhkk kkhkkkkkkkkkk kkkkk *k%x kk kk kk khkkkkkkk kk kk khkkkkkkkkkkkk
5' ATGTCTGCCATCTCAGGTGCCAACGTGACCTCAGGCTTTATTGACATCTCTGCATTCGATGCGATGGAGA
1 10 20 30 40 50 60 70

71 80 920 100 110 120 130 140
CCCACTTGTATGGCGGCGACAATGCCGTGACCTACTTTGCCCGTGAGACCGTGCGTAGTTCCTGGTACAG
Kk kkkkkkkk kkhk kkhkkkk kk kkhkkkkkhkkhkkhkkhkkhkk *kk kK% *kkhkkkkkkkkx * *k%k k% *kkkkkkk*k
CTCACTTGTACGGAGGCGATAACGCCGTGACCTACTTCGCTCGCGAGACCGTGAGGAGCTCATGGTACAG

71 80 90 100 110 120 130 140

141 150 160 170 180 190 200 210
CAAGCCGCCCGTCACCCTATCAAAACAGACTGGCCATGCTAATTTCGGCCAGGAGTTTAGTGTGACTGTG
kkkkkk kk kk kk kk kk AhkAkhkhkkhkkkkhkkhkhkkhkkhkkhkkk khkkhkhkkhkkhkkhkhkhkkhkkkx *k khkkkkx *k%
CAAGCCTCCAGTGACACTCTCCAAACAGACTGGCCATGCTAACTTCGGCCAGGAGTTCAGCGTGACAGTG

141 150 160 170 180 190 200 210

211 220 230 240 250 260 270 280
GCAAGGGGTGGCGACTACCTCATTAATGTGTGGCTGCGTGTTAAGATCCCCTCCATCACGTCCAGCAAGG
kk kk kk kkkkk kkhkhkkkhkhkkk kk khkkhkkkhkhkk kk kk kkhkkkkhkkkhkk Kk khkkhkkkhkkkkkkhkkkkkkx
GCTAGAGGAGGCGATTACCTCATCAACGTGTGGCTCCGCGTGAAGATCCCGTCGATCACGTCCAGCAAGG

211 220 230 240 250 260 270 280

281 290 300 310 320 330 340 350
AGAACAGCTACATTCGCTGGTGTGATAATTTGATGCACAATCTAGTTGAGGAGGTGTCGGTGTCATTTAA
kkkkkkkhkkhkkkkkhkkhkkhkkkhkkhkk *kk *kk kkhkkkhkkhkkkhkkkhkkkkk *k%k *kkkkk*x *k%k k% k%% *k k%
AGAACAGCTACATTCGCTGGTGCGACAACTTGATGCACAATCTCGTGGAGGAAGTCTCAGTGAGCTTCAA

281 290 300 310 320 330 340 350

351 360 370 380 390 400 410 420
CGACCTGGTGGCACAGACCCTGACCAGCGAGTTCCTTGACTTTTGGAACGCCTGCATGATGCCTGGCAGC
kkkkkk kk kk khkkkk kk hhkkkkkkkkhkkk *k khkkkk khkkkk *k khkkkkkkkkhkkkkkkx *k%k
CGACCTCGTCGCTCAGACACTCACCAGCGAGTTTCTCGACTTCTGGAATGCGTGCATGATGCCTGGAAGC

351 360 370 380 390 400 410 420

421 430 440 450 460 470 480 490
AAACAATCTGGCTACAACAAGATGATTGGCATGCGCAGCGACCTGGTGGGCGGTATCACCAACGGTCAGA
kkkkhkk khkkkkkkhkkkkhkkkhkkhkkhkhkkhkhkkhkhkkkkkkkx kk kkkkkkkkkhkkk khhkkkkkkk khkkkkx *
AAACAGTCTGGCTACAACAAGATGATTGGCATGCGCTCTGATCTGGTGGGCGGAATCACCAATGGTCAAA

421 430 440 450 460 470 480 490

491 500 510 520 530 540 550 560
CTATGCCCGCCGCCTACCTTAATTTGCCCATTCCCCTGTTCTTTACCCGTGACACAGGCCTTGCATTGCC
Kk kkkkk kkhkkkk kkkkk k% kkkk kkhkkkk kkhkkkkkkk *kk *kk kkhkkkkkkkkkk k% kkkk*k
CCATGCCTGCCGCTTACCTCAACCTGCCGATTCCGCTGTTCTTCACACGCGACACAGGCCTCGCCTTGCC
491 500 510 520 530 540 550 560

561 570 580 590 600 610 620 630
TACTGTGTCTCTGCCGTACAATGAGGTGCGCATCCACTTCAAGCTGCGGCGCTGGGAGGACCTGCTCATC
*k kkk Kkhkkkhkk khhkkkhkk khkkkhkkk Kk khkkkkkkhkkhkkhkkk *k khkkkhkkkkkhkkkkkkkkx * kk*k
GACAGTGAGCCTGCCATACAACGAGGTGAGAATCCACTTCAAGTTGAGGCGCTGGGAGGACCTCTTGATC
561 570 580 590 600 610 620 630

631 640 650 660 670 680 690 700
AGCCAGAGCACCCAGGCCGACATGGCCATATCGACTGTCACCCTGGCTAACATTGGCAATGTAGCACCCG

K*kkkkk kk hkkkkkkkkkhkkkkkhkkkhkkhkk *k *k khkkhkkkkkk *k k*kkkkxk kkkkkkkkx *kx *kx *

AGCCAGTCTACTCAGGCCGACATGGCCATCTCCACCGTCACCCTCGCCAACATCGGCAATGTGGCGCCAG
631 640 650 660 670 680 690 700

701 710 720 730 740 750 760 770
CACTGACCAACGTGTCCGTGATGGGCACCTACGCTGTACTGACAAGTGAGGAGCGTGAGGTTGTGGCCCA

* kkkkkkkhkkkkhkkkhkkhkkkkhkkkkhkkkkhkkkk *kkhkkkk %% kkkk Kk kkhkkkk kk kkhkkkk kk *kk k%

CGTTGACCAACGTGTCCGTGATGGGCACATACGCCGTGTTGACGAGCGAGGAACGCGAGGTCGTTGCTCA
701 710 720 730 740 750 760 770

a9 6. ol % Hlolg s A= Wl KA FE ALLHE 24
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771 780 790 800 810 820 830 840
GTCTAGCCGTAGCATGCTCATTGAGCAGTGTCAGGTGGCGCCTCGTGTGCCTGTCACACCCGTAGACAAT
K*kk*k * * kkkkkk kk kk kkkkk kkkkk k*k k% * kkkkk kk kk kk Kk kkkk*k
GTCTTCCAGGTCCATGCTGATCGAACAGTGCCAGGTTGCTCCAAGAGTGCCGGTGACTCCAGTTGACAAC

771 780 790 800 810 820 830 840

841 850 860 870 880 890 900 910
TCCTTGGTGCATCTCGACCTGAGGTTCAGTCACCCTGTGAAGGCCTTGTTCTTTGCAGTCAAGAATGTCA
khkkkkkhkkk kkhkkkk kkk kkkkkkkkx kk kkkkkkkkkkk kk kkhkkkk kk k*k kkkkk *k X
TCCTTGGTCCATCTTGACTTGAGGTTCTCCCATCCTGTGAAGGCGTTCTTCTTCGCCGTGAAGAACGTGA

841 850 860 870 880 890 900 910

911 920 930 940 950 960 970 980
CTCACCGCAACGTGCAAAGCAATTACACCGCGGCCAGCCCCGTGTATGTCAACAACAAGGTGAATCTGCC
* kk kkhkkkkkkk kkk kkk kkhkkkkkkk kkk kk khkkkkkkkkkhkkkkkkkhkkkkkkkkx **x *%
CGCATCGCAACGTCCAATCCAACTACACCGCTGCCTCACCGGTGTATGTCAACAACAAGGTGAACCTCCC
911 920 930 940 950 960 970 980

981 990 1000 1010 1020 1030 1040 1050
TTTGCTGGCCACCAATCCCCTGTCCGAGGTGTCGCTCATTTACGAGAACACCCCTCGGCTCCACCAGATG
khkkkk khhkkkkkhkkhkkkhkkk khkkkk kk kk kk khkkkk khkkkhkkkkhkkkhkkk kkkhkkkx khhkkkhkkkkhkkkkkk
GTTGCTCGCCACCAATCCGCTGTCTGAAGTCTCACTCATCTACGAGAACACACCTCGCCTCCACCAGATG
981 990 1000 1010 1020 1030 1040 1050

1051 1060 1070 1080 1090 1100 1110 1120
GGAGTAGACTGCTTCACATCTGTCGACCCCTACTACTTTGCGCCCAGCATGCCTGAGATGGATGGTGTTA
kk kk kkkkkkkkhkkk kkhk khkkkhkk khk kkkhkkkhkkk *k kk khkkkhkhkkhkkkhkhkkkhkhkkhkhkhkkhkhkkkhkkkhkkkkx
GGCGTGGACTGCTTCACCTCCGTCGATCCGTACTACTTCGCTCCGAGCATGCCTGAGATGGATGGTGTTA

1051 1060 1070 1080 1090 1100 1110 1120

1121 1130 1140 1150 1160 1170 1180 1190
TGACCTACTGTTATACGCTGGACATGGGCAATATCAACCCTATGGGCTCGACCAACTACGGCCGCCTGTC
khkkkkkkhkkkk kk kkhkkkk kkhkkkkhkkkkhkkhkkk *kkhkkkk *k *kkhkkkkkhkkkhkkkkhkkkkhkkkkhkkkhkkkkx *x%k *%
TGACCTACTGCTACACGCTCGACATGGGCAACATCAATCCGATGGGCTCGACCAACTACGGCCGGCTCTC

1121 1130 1140 1150 1160 1170 1180 1190

1191 1200 1210 1220 1230 1240 1250 1260
CAACGTCACCCTGTCATGTAAGGTGTCGGACAATGCCAAGACCACCGCGGCGGGCGGTGGAGGCAACGGC

kkhkkkkk khkhkkkk kk khkkhkkkkhkkkkhkkk kkkhkkk khkkkkkkk *k *k *k *k *k kkkkkkkkkkkk

CAACGTGACCCTCTCCTGTAAGGTGTCCGACAACGCCAAGACGACAGCTGCCGGAGGAGGAGGCAACGGC
1191 1200 1210 1220 1230 1240 1250 1260

1261 1270 1280 1290 1300 1310 1320 1330
ACCGGCTACACGGTCGCCCAAAAGTTTGAACTGGTCGTTATTGCAGTCAACCACAACATCATGAAGATTG

kk kkhkkkkkkkkkhkkhkkkkhkkkhkk kkhkkkk k*k ) khkkkk *k k*k kk *k kkhkkkkkkkhkkkkkkhkkkkkkkkx *

ACAGGCTACACGGTCGCCCAGAAGTTCGAGCTGGTGGTGATCGCCGTGAACCACAACATCATGAAGATCG
1261 1270 1280 1290 1300 1310 1320 1330

1331 1340 1350 1360
CTGACGGCGCTGCAGGCTTCCCTATCCTGTAA 3'

Kk kkkkk kkhkkkk kkhkkkkhkkkk kkhkkkk * %

CCGACGGAGCTGCTGGCTTCCCGATCCTCAAA 3'
1331 1340 1350 1360

upper line : original sequence
lower line : Optimized sequence

29 6. oY% vlolea PAS WY f4
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lane 1: 1kb DNA ladder (size marker)

lane 2: pJKB12/ BamHI+Kpnl (1527bp)

lane 3: pJKB12/ Sall+EcoRl (607bp, 1220bp)
lane 4: pJKB12/ Pstl+EcoRI (335bp)

a9 7. 4E 2 HE 224 A 24 &2l (pJKB13)

a9 8. pJKB13 map
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I8 9. pJKB13S o] &3 ¥ FAAS
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lane 1: 1kb DNA ladder (size marker)

lane 2: positive control (pJKB5 plasmid DNA PCR), 1527bp
lane 3: negative control (pJKN75 & 43 A x)

lane 4-17: pJKB13 A A& A~

23 10. Genomic DNA PCRS o] €3 HAAE Ay 29 FAA =Y

PC: positive control

2

J 0

NC: negative control (pJKN75 &2 A3 Ae~)

lane 1 - 12: A A3 A~

%9 11. Northern blot analysisE ©]-8-3F A A9 FHA LA

o AR ATRE 2 ATED

Sk

=
Stz 3RS, AEUEHE AT

(e
e to

4B ARA FA4 AAFP] RES G)NEL

olg]| =ulolH 2 WA= {FAHAE Graphical codon

usage analyser program3¥ http://www. Kkazusa.or.jp/codon®] databaseZ #-&3to] F7|AES
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@l A e mE 2A H A8 S

- ZEo] HAHFH olgmulolg A PBA= FHAE overlap extension PCR7|ES 8314
SIS (28 1). oF 40 bp Zo]Z Forward kel 48712 Zalto| <} Forward
ZZo]H 9} ok 15bpHE HAEE Reverse WHOZE 48719 Zato|HE AAJSIAS. 24719
Zgloly %3 (F1~F12, R1~R12)2 & 95°C 5%7F predenaturation; 30cycles®] 95°C 20%
denaturation; 51°C 15% annealing; 72°C 30% extension; & i 95°C 5% final
extensionZZA 2.2 PCRE 33l oF 370bp ~ 380bp Z©]¢ blockl® WEUL (Ist step).
E72e 2A0F block2, 3 45 e F 4719 PCR #HSAHEE S gel elution 3 & 539

H &2 338l templated THI .

- 1,405 bpe] WA FES v=7] 98] template 2ul, 10pmole ¥ =¢] F1, R48 x&olw z}z}
lul, 25mM dNTPs 2ul, pyrobest DNA polymerase 0.3ul (takara), 10 x PB buffer 2.5ul&
431 F RkEdo] 25ul HA wEAA 95°C HE; SOCycle-»] 95°C 30%, 50°C 30%, 72°C 1&
30% ; 95°C 579 2722 2nd PCRE 33l¥ 2 (2nd step).

- JAF FZH AES gel-elutiond ¥, pGEM T—easy HEZ F293te G748 &4
A5t A =

a9 1 . Overlap extension PCR method for gene synthesis

(\}) Rclp promoter M4 A A AS #HE A%

- ZE FZ3tE olglEnto)ly 2 PAE FHAE rclp promoter’t ETH MAA JA A
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7129 E ¢l TIA:RclpGAHEZ =989 (29 2).

- |A 712¥EQ TIA:RclpGAHZ #E mGFPHEES AA3s 7] 18] DNAZ AFdFas Pstl
22 A2 ¥ Klenow & HIYE IS AYF BHSESL Sal AFELE AE U
Phenol/Chloroform ¥ o|&& HAE st HHE FH S

- pGEM T-easy HE|W¢] o]g|=nlo]2|x A= A= EcoRVS} Sall AFEAZ AT
% gel purification kit (Bioneer)& A3l 23132

- 239 olglEnlo)lg] A AAE FHAE DNA Ligation kit-Mighty mix (Takara)E o] &3}
o mGFP7} AA® TIA:RclpGAH ® ¥ (Sall/Pstl*)A}2] 2 subcloning?d ¢ E.coli W& =Y
3o TIARclpGAH:iridoVirus® A A 39 < (¥ 3).

a9 2 UyzdExy gy MaA A3 72 JIAE 9F

¥ 3. U=zexy gl AAAE 283 ojgErtol s Oy HAtE HE

Y dd S AT e AEFHE A ATHERE Y= °] e YA &
= = FAA L HIMEA e MS A A "ol F 5F o] 7ol A ]
= gul o4& Rmop HIA] Yol X443 & Bio-Rad AF PDS-1000 7] —% Algsle] F4AA
S AP HS.  CaCle spermidineg AMg3ste] FA A3 plasmid HWEE 0.6um gold
particleZ coating 3. ¥ AE chamber W vaccume 28 inHg, &8 1100 psi, A
£ 9cm=Z &t wlA] Qo A" @ul Yol bombarding 3% <. Bombardment® Bl 92
A7 L HA ] Hj °okfﬂ' %, bmm X 5mm E &3t Rmop sp AEaf x|l A 6-7F vl ¥}
A A shootS FE3HA

Spectmomycm Xﬂ %“‘3 Ao A =% shootE 3mm X 3mm F7|E Hdsle Y

\)
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3lE B3l A shootE YAl FESAS. o9 Zo] A wjx| oA
g FAAY homoplasmyE £9FAS.

@h. Aauxlof A M MAirA FAHSA 2 PCR =4

- FAA H7 AN AR AEAZ EF AV =YE FAAIALAE
37 st Z+ AEAZHE genomic DNAE FE3le] #HE Eo]F<Q trnlF39 trnAR1
primerZ PCRS 339 s (18 4).

a9 4 AEstd HaA 92d8A 9 PCR HS

©@ Southern blot £4]

- A EANA F=A9 homoplasmy HFEHE &23t7] 8t trnA FHAE probeZ o] &3}
o] southern #4& T3S T A, oFJYPAE 083kbelA DNA W=7 AEol €
B, JAAGA NN EXY A EYE AE UEY = 45kbel A DNAWEYE A Z o]
HAS (29 5). ol 2= AESd FAAS AEAY FEA Ax DA 5F FHAAI
=49 U= d&o] HAY= homoplasmy FHE v gt

- Southern #4& $3% total genomic DNA+ DNeasy Plant Mini Kit (QIAGENE,
Germany)& A48t %39S, %% DNA 4ug2 BamHI ¥ Bgl II 22 A3 1%
agarose geldl A7|FE3sto] H2 3 F Zeta—Probe GT blotting membrane (Bio—-Rad)oll
blotting A1 Z T+, Probed] #HlE, tmAE T FstE DNA B S [o-PPIACTPE EAste] #H|
399 2. Prehybridization®} Hybridization < 7% (w/v) SDSE X3g3l= 025M sodium
phosphate buffer (pH 7.2)& Al&3le] 65TColA overnighteZ ST, #go]
membrane< 5% (w/v) SDSE X33 20mM sodium phosphate buffer (pH 7.2)Z 65T A

302 tAH kL 343 =EAI A
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a9 5. AAaA dAAZA Y Southern blot ¥4

@ Northern blot &4
- 3, FAR =90 dd FAAG AEANA, =Yg ol ErtolH A E FHAY
TdS dolr7] 98t 5709 FHAMAE A28t northern 42 Fdq3IAS (2™ 6). 2
A3, FAAZAANA ol o]y PAEFHAY THS AT F YA
- Northern #4& 93 total RNAE TRIzol Reagent (Invitrogen)E& Al&3le F&3Y
—’F% 8l RNA 2ug2, 5.1% (v/v) formaldehydeE %713 1.2% agarose gelol 7] 531
213t & Zeta-Probe GT blotting membrane (Bio-Rad)oll ZAFA# t}.
~ Probe®] #HE, 1405 bpe olgEwtelel~ #HAS PCRE %3¢ & [a-¥PlACTPE =
A8lo] FH)31 ]S, Prehybridization® Hybridization & 7% (w/v) SDSE X &3= 0.25M
sodium phosphate buffer (pH 7.2)& A}£3}o] 65T A overnight® = 3 3ic}. wk-$o] £t
membrane 5% (w/v) SDSE ¥ 313 20mM sodium phosphate buffer (pH 7.2)2 65Tl A
30#7F washing?dr 3 30#37t exposure A ZTh.

r_lm EI{O

() AT AaA dd Z2RE 9 242 R

Pl

%!

o|\

O AFAaA 28 Z2ry ¢ 22 299 98 Az

(o

- A AAA LY Z2rE 2 242 FEE Y EF Fd9 Gallo TERE S GALT
AR A9 E TIA:GalGAG HEHE AZ39e (¥ 7).
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Iy 6. MAA FFAASA 9 Northern blot #4

@ Al AAA 2d FAASA A=

- TIAGalGAG ¥ HE Qiagen 2] Plasmid midi Kite 2 31F %9 PlasmidE F&3% H
0.6um gold particleZ Z® % ¥ YA ZZFu]o] Bio-Rad A} PDS-10002 AH&3sto] A AA|
FAAES FHAS. B AAAREY EYAA LS A7) AFTFAHE AASA S

o
o

48 Wy A

@ AlqtA2aA FAASRA A

- Homoplasmy &< | 93te] FAA HorujA A 33 ARS vE AZE AR
10718 548 MAE AHE9S. Genomic DNAE F& % WE 503l trnlF3% trnAR1
primer2 Al4-3ld PCRE #3833 A7 10719 TIA:GalGAG A7 MaA] FZAFA Lol =
FTHAS (21 ).

B ol

N

o]
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13 8. TIA:GalGAG Al A4 FAAEA 9 PCR A=
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2. A2EE AFUE 2 AFA
7h AAFESA dHE 2 d72s

(1) 3&4¥ coating &

® o|g % nHlo]lH 2 capsid YL L3

adjuvant formulaeE ¢ 3} chitosan screening

3 dX7F AEA £ Atsd o)
. ol A3 old AFZAFe] o3
Aldrich) 0.125g< 2% acetic acid®] %% & ©]& overnight incubationdte] $+A3| =2t} w$-
AZAAE g o] gHg AR 317] Yal 15% TTP (sodium triphosphate, Sigma)E 5ml &H| 38}t
BAFe| chitosan &3E 25oml& HHs] HI7ISHAA stiringS AAISIHS. 2ol A717] AlZshd

o 6A17H A

PBS tml& #

& "Astd 24e oA 9%

£33 .

o] AA3H resine AFFE 4 05 - 1% HYHAA adjuvant=2H 9] 7]5°] 9
ZAZ 23 o] formulations FH|E L

oo r_>,Jj

chitosan formulaet>

ull. 3}

v [

ako] pellet

s
o
=

T~

F 1 Ao} R gujete] 35 9% 7|% formulation TdH]

AEA A8 o)A formulation AT
Rol=Ao gt Abd AdE AASA

chitosan (low molecular weight,

24 (3000 rpm/10%8) S AAIES resin (ZAFEIQ] chitosan)S EH 3 o] 7]
A 2E A171 B8 sonication (Sonic & Materials)S AA3t] 24-& nA3 314

Hati o] & formulaeE $¥ 71X resin® 2 A}

group ¢ formulae Ate et A EAY £33 Ay X &
1 chitosan resin 154+PBS 854/ ALE 0% +2Hu o} 20% 5
2 chitosan resin 30x0+PBS 70u¢ AR 80%+2Hvl oF 20% 5
3 chitosan resin 15u4+PBS 854 ALE 90% -+ o} 10% 5
4 chitosan resin 304+PBS 70u¢ A& 90%+2 ] o} 10% 5
5 chitosan resin 15+PBS 854 ALE 80%+% 8] 20% 5
6 chitosan resin 30x4+PBS 70u4 A2 80%+%EH] 20% 5
7 chitosan resin 15u4+PBS 85u0 ALE 90%+EH] 10% 5
8 chitosan resin 30+PBS 70u¢ A& 90%+9H] 10% 5
9 chitosan resin 1540+PBS 85u4 ALE 100% 5
10 chitosan resin 30x0+PBS 701 AL=E 100% 5
11 PBS 10014 ALE 100% 5

* group 9, 102 chitosan-only control2 A& E A3 group 112 H|HFET controlZ AHEFH A

o

o HFAE Hgdr JEY Xo] FTHEFA FUstH Al ed dutdoe=z AR <
S5cme] MAEE AHE3HAS.

o AEE Aot g4 F B AE (M EAY chitosan®] HI7FHZA &&)d H e &
e 2 ¢ 5-7d & Folstdn uwd 23], MAT B ALE 270 o] FolHEE XA
& Bole & 17U AAFHHL2H Z group® tankel Ao XF AR NFE SHTL
ZH Fo] AFNES AEE ASFA LS.

& F£22 WS {FEE Y3 23-25CTE FAEHT =A== AdFdAFE &<
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Oceanic Natural Sea salt mix (Oceanic
systems, TX, USA)E #7138l dE& fFA 3}

(2) Adt¥E chitosan candidateE o] &3t WY gy #AZ

o HFo HFTE Fo|7] Y3 AZF olEl= capsid WA Ui GEFE FAE FHF
Fe. 5, AR oFiEdd AZxYE FAdE o] &3 w20 HF-hybridoma fusion
- A - ELISA titer screenings 9 A S AA IA77F 71F =4 deEhvs 3719
hybridoma cell-lines FH3 A (FSEIA AHHAA 7| A=), o] dFEIA S EA
S ol uxa AEF @A dYF ELISAE 53 A o]F Western blotS ©] €314
FA-FARS FE AAAS.

o Aqz3 I9YE SDS-PAGE A7/l 3 PVDF membranel transfer $ 1z} A= H = 370
9] clone (Z+Zy 3A1, 8F80, 11A40)& MEM s X]o| A w3t A& o
vl 34 oS FH|Fe] AMESLYG Al 233 A = goat anti-mouse IgG HR

R T A= ok ¥ 13 2

v}
—~ M
Y
o)
=
o
U
il
Sv
=
ofo
o}
ol

ZEIAE o] &35to] 2AE Western blot 23 13, 23 A3 BE FE9|
A zg dldo] thek Z3 FY-3HA wreS HoFE= 2H. M: protein size marker, Lane 1:
3A1, lane 2: 8F80, lane 3: 11A40. 32HE: ¢F 52 kDa2] ©o|& % Hlo]#] X capsid T2

Ko
(]
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235 EUE FEHE H=AE o83 I 7= 239 JIx A= 1Ad
Az o= capsid FEES o]&st] AlE Wl FLEA ) WE

o = 99 formulation T4 B9 A chitosan® A EA e E&Ed] AZF o8 % capsid &9
A& 100 (349 stock 1 mg/mlE AHE3HE F7IE Hrtsle A4 T899 ¢

o AF9 Folt 1597 Y FHAIE Fol F 15U AR FolE 3¥ whEEn wix|g Fol
54 ¥ EE JIAE st MBS AAste] AxF ddel g FA (gM) B4 oF-E ELISA
2 gel3}

2 r

o
.

ofr

¥ 2. Ao} & e} chitosan®] E£3E] FoF 3L formulation T4 H]

e R o &8 A =39 A
Sl L 2 = 3.

group 19 formulae 5.9 A EA)9 T3] 9 P

1 chitosan resin 15+PBS 754 ALE 80%+2ul o} 20% 1040 5

2 chitosan resin 30u{+PBS 7544 AL 80%+2Hel o} 20% 1048 5

3 chitosan resin 15+PBS 754 Alg 90%+2trf o} 10% 1010 5

4 chitosan resin 30+PBS 7544 A& 90%+2Huf o} 10% 1014 5

5 chitosan resin 1544+PBS 75u4 AR 80%+EH] 20% 1048 5

6 chitosan resin 30u0+PBS 754 AR 80%+2Hl 20% 1048 5

7 chitosan resin 15+PBS 75ué A& 90%+EHl 10% 100 5

8 chitosan resin 30+PBS 7544 ALE 90%+EHl 10% 1048 5

9 chitosan resin 15u0+PBS 854 ALE 100% 0 5

10 chitosan resin 30u0+PBS 704 ALE 100% 0 5

11 PBS 10018 ALE 100% 0 5

* group 9, 102 chitosan-only controlZ AMEEH 13 group 11 H|HFET controlZ AFEH A

o
= .

0 I HE 5YF A¥ste ¥HS EYsta o]F ELISAY 1A A2 AFESIHS. ELISAE ¢

coating buffer 90ulell A2 MCP 9 #H7lsted HEFSE7F 1ug/0u7t H=F 9 coatingS
AAN3BL 1% BSAZ blocking3tge. 22 &A= Anti-floundr IgM monoclonal antibody
(Aquatic Diagnostic Ltd, UK)E Al&393. 338A= goat anti-mouse IgG HRP (Pierce)E A}

£33

o H3¥ Z¥z yehd Hd ODUFH 19 we

"8 3~ ELISA readerg °]-&3l9 405nmolA SHEE SA3ste] OD#oll W& W3tz &
A WS TE SAHIN L.

THARE okl ®9 2o

T3 A el g G A7} vl
group 1 2 3 4 6 7 8 10 11
mean 0355 0.151 0436 0115 0328 008 0221 0.069 0.072 0.082 0.083
SD 0.002 001 0.005 001 0.003 0.001 0.001 0.001 0.001 0.001 0.001

® 9| ZIE one-way analysis of variance (ANOVA, Graphad)E Dunnet multiple comparisons test
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Hoz EAMae OD# Atele] BAA froAds Fatds. 2 A, 6W growpdt A3y =T
controlo] B3 EAFZ F94 AA =2 (P < 001) A4 ABAH5S HA chitosan formulaeE F
7betd adjuvant= X vi¢- £ THt Y-S HAFUR

® 69 groupoll A &u|lE FAIPE oA &=
=

o

(3) M=% 39 2 chitosan formulaeE ©]-&3 AFE oral vaccine Y732 A 2 nlo] 2 2|

kol & 0]&3l challenge study

® uiol Xz HFS 3 WA ol = ulol o] THHo| oAlFH
AT TR EgE R } olfl = H4E 94 MAE &
&3t wiolH 2 FHE AAIIAS.
o WX GAMNAY zH A, vFE AFHSL A7 AFES] PBSE H7F F o3& Tissue
grinder (Ultra-Turrax, IKA-Werke, Germany)Z& ©¢|-&3la] Adsle ZAS EH3AL.
7|E dAHdo 2 oF 12,000 rpm/Smin Y-S AAIELY cell debris 2 7|EF E4ES AAS
I 0.45um % 0.2um filterE ©]83t HpolelX o9 9 vAES AASI 5.
o A HP’]T’%"-J EAE FRlst7] st ol Enfo]y A o] xto|HE o]-&3 PCR
HoZHE] DNAE FZE3t9 1Ad=d AL ol EEo]
primer set& ]“15}04 PCRe 335, 1 A3, ofdl 17 3¢ o] A goA FAdTS
£ 2E F UAS

=

mlo
E
)
>
>
ol
344
Ulo
o
4
N{N'
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a9 3. gA 2HO2RE FEF DNAJA Y ol HlolH A ¢4 AEE AE PCR. 7Y
HE AZ7]9 band (dir 1.3 kb)7} AAHASE HAFE= 2¥H. M: 1 kb size marker, Lane
1-2: kidney, 3—-4: liver, 5-6: spleen, 7: positive control

o ulojzx EIE 93 MEFE EPC cell line (ATCC, USA)S o] 839 2. HA EPC cell
$ EMEM mediaZ ©] €3t 6-well microplated] seeding ¥ #} %3l 70% confluency 7}
HEE wjgsta oo utolels FEAE A7 200p8 B 300u¥ HITst oF 74 #
23 A=

® 1 A3 oty 1Y 4¢ o] of 64AFE FE kidneydlA EE FEAo2HE CPE
(cytopathic effect)’} BZEHAS
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control 100l HZFT (kidney)

200pf HET (kidney) 300t HZET (kidney)
a9 4 voly = FEH FF o2 CPE (3H43%).

® ulo]#] 29 CPEZ} &<¢1¥ micro-plate welloll A ujj %A %‘-—‘.‘ 4 NEE EZ5F AFHS FH %
sucrose gradient separation'd 0.2 1% YA EIHE A (25000 rpm/4A7F) vlol g

o 298 wpolgxF Yol wloledx EA olF R WSFeH wel 9% CPEZY 754
WAE 98 B B9 PCRZ B E. 2 A7 ofd) 19 59 Zo] BFol wpolgx
7 EZFH] 98¢ FARHE

=
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a3 4. EPC cll-line®] CPEE4-E #3239 DNA sampledA] £Z 3 o]g =nlo]#] A capsid
A} M: 1 kb size marker, Lane 1: Al &, lane 2: positive control

. AAREAA A7le * A7Ad

b d4SRE Ry AETFe A

D AE codonoz HH3E olgmulold 2~ FYGAAT AYE IV-opt, sSMCP) H 33
A A

olg) = Hlolg 29 Y HA (sMCP, 1383bp)E= A EA 2ds7]o HZH3 mE=

oz dAHAS F4E=E 3&% AR} 9 anchor region (17639 7], 1282713834 71)e] A<

olZ| % whol#x F9 FAA (1215bp)Y) 5region®l RAmy3D signal peptideZ 73l

3 reg10r1°ﬂ Endoplasmic Reticulum retention signal peptide (KDEL)Z #H7}3le] A& ddw

HUZ 49392 A22ddeE ¥ d8AXE 3 224N agE o 53 §AAE

Eoldog 3y A7 promoter® ¢EH A RAmy3D promter$t 3'UTRo] ¥3ds o] o}
(2% 1, 1x3d= 29 Rau g48).

O9 1L W dHAE 2d 802 A oYk wolya FY FAA A=

@ #9 vaz
47§84 FANHE ¥ callusd] BAWE 3 Foj7 FAWE AR Northern

fd
i3
¢
X,
K
N
lo
[

blot £4& S8 A3 #2, 43, #6 22T #79] 4] AEFAA olgx Hlol2xe Fd 3
A mRNAZF 7H €& #FL= 4.

0
TEES A e (29 2, 1RdRE 23 By
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29 2. pJKB13 @A A3 MEFY Northern blot ¥4 23}
(W) EF Fd olglx vlo]lglx &Y FAA (original MCP) 2434 72
@O old % uHlolH 2 &Y FAX L& HE AF

o]zl Hiolg 2 Y FHAE AE codone®E WHPAFA Zun B Fr|NES
A FHAA SHAA AE codonoE WHIFAZ A B zolE v} A
= E¥ T8 olgE volr 29 qd FHA (MCP, 1362bp)= W diolA A= {2
48 a2 ALE3g e, WA 1 BHE FE3E o2 &9F RAmy3D signal peptide
(3Dsp) & 5'regiond #7}slal, 3'region & Endoplasmic Reticulum retention signal peptide
¢l KDEL sequence & #7}ste HF 1524bpe] F7IMES FE 3R oH, o5 93 ALE%
primer list& 3 1o YEIRIAS. AE0A olgkrtolglx & FHAE HAA TR, A7)
o] MCP #FAAE g3 UFIHE A5 s, AE2dHEEH = RAmy3D promterst
3'UTR termintor’} X35 %12 ™ selection marker®+ hygromycin phosphotransferase gene
(HYGY) A4S ALg¢3t22, o] MHES pJKB53 B9 32 (29 3).

¥ 1. signal peptide®} KEDL #3#-2 3%+ primer list

No Name Length Sequence (5'-3")
3Dsp
1 23mer | TTGGATCCATCAGTAGTGGTTAG
F(BamH1)

2 | 3Dsp-RBIV-F 33mer | CAAGCCCAGGTCCTCTCTGCAATCTCAGGTGCG

3 | RBIV-R(KDEL) | 39mer | GGTACCTCAGAGCTCGTCCTTCAGGATAGGGAAGCCTGC

a9 3. ¥ dHAX 2E8oE AFdE &5 7 old=E wolF A Y FHA A=
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W EAERE 7970 0 24 AL RE

Fat = 3 5, o Ay 2AE sy
co—culture HAZE FAH FF T AWAANAN  wIIHRS. o Ao [HIAF
(Bombardment)& AM4-3t9] p]JKB5 plasmid DNAE #®o] Z9J3d&. o F 54zt
co—culture iR A =xA (25CT)NA vjF 3k —Ef—, hygromycine] Xt Adajx]2 274 2
5TlA 16A17F Bulg F 8AIZE Y 3tF . 3F Foll FBAE Z3ste vix oA g3t
= 10 lined A 2E FHEQPL, B AFE gsty] st FAuMA A wiF A=
(29 4).

I¥ 4. o8 = Hiolyx Y FAA FAHE (pJKB5)Y FEAE A2
@ FAAZA S ZANETLH 4
Fd AR HAEAW = AFE sty fsto, FEAEA AEE S

hygromyocin®] A 34L HQ callus®Z4%E genomic DNAE FZ3t9 PCRES S35
Genomic DNA  PCRel Al4¥  primer=  forward primerZ  3Dsp-RBIV-F,
5'-CAAGCCCAGGTCCTCTCTGCAATCTCAGGTGCG-37°] 11, reverse primer=
RBIV-R(KDEL), 5-GGTACCTCAGAGCTCGTCCTTCAGGATAGGGAAGCCTGC-3" o]
. PCR 2¥& 9BTAA 1% deneature, 60ColA 1% annealing, 72 Col A 1# extension 3}
o 303 wrEE= FHoE FP3AU L. 1% agarose gelol A 1524bp9] PCR productE &<13}
Re. 2 A3 FAAZ callus 107] lined R 3, pJKBS JAAEA G FPsIA L (2

2 5). PCRE #2342 E£<¢o] &24 107019 callusE A X o F=F3t] 25CA 110 rpm
o2 AYUMPAEE BE

2

a3 5. pJKB5 d2A3H 9 Genomic DNA PCR #¢1 A}

o]FA FEH pJKBS FEAH AEFY old|= Hio]H L Il @HjFe] mRNA &4
BEE ¥otR7] 938t Northern blot 45 3335 (248 6). Northern blot 4 Z 3,
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pJKBS A AZA #1, #2, #4, #6, #32] 5/ A EXFo]A mRNAZF HdH= AS FA3A 2.

a9 6. pJKBS A Ag A EF9 Northern blot 4 A3
(th) olgl = nlolglx &Y dild vty A EF Mg

© solndwrt ALF A%
oJgErtelg s BHAL IR AAGY] 9F GIFEFAS AXT 5 A= 359 Fol
a8 3 =2

LA 9hgo] 7 & AEXFE AEsta, AERHY olg= ulolg
g7l Ak, TN B QX oy = nlo|
El7t @A -3 @ negative control 1 NC (pMYN75) A& A F% @wad g1 pJKB13¢
#3399 callusol A FE3 dYA L o] 83t Western blot analysisE T3S, WA 47
o] GlAS 12% SDS-PAGE geldlAl #H7|9%F ¥ ¥, polyvinylididne difluoride (PVDF)
membrane®| electrotransferd}t & S. 5% skim milk solution® 2 4T|A 12A]17+& < blocking
3 & 3%F9 dlolEExul wYAL 152 diution 3t ¥& F A2 347 F v
A AT}, Goat anti-mouse IgG AP conjugate A S o]&3le AL A 247 wHE B
NBT/BCIP solution® & 248 43 3t9&. L A7 8F0 3tolBe=wt NEF9 Z$-, A
3 olgl® Hiolglx &4 ¥y olyg NC 18z AETLd olgk uHlo|z{A Y uid
o2 39 HAUL. 3A1 stolBErte] A 2§ olg|k HlolH A
3 FAdde= w-g3kx gkt whEo] 11A40 3dtolB ] Ermt AT A
%]

& J

{
i

[t
ook
[.._.‘(g
_V:(‘

E |
i o

o b BN

BAF BZE FA A, AZE olUE wpolds FUARE Wgehel, 4T UE oY Exto]
g2 FARE WP & RAE A0 FAPYS (2Y 7). o AAE Fahe] 11A408 F 3
nurt AEFE 4 F9S
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a9 7. olglx vlolH 2 &Y G Ao ot dlo] Bl =vle] western blot 23}

Western blot £4 A3 A2 AL 11A40 stolB g =rle] Y Eo|d L Ho}
gdo Aj3te THo ¥ AoE #uHo Fd dfdd did ZF¥S5HE o9 Ruz
ascite fluidE &3+, 1vk2]l9 Balb/c (4%, vk$2)d PRISTANE (sigma, P9622)&
FAEt I 79 Fo 11A40 (2x10°) BlolBE Ent AXE wlex Bd FAbsla, 25 o #}
$-22 ascite fluid 20 mge 23 AL £8F ascite fluid7} FAZA AdeHo] TFHA
<A &9t At western blot £4& FHSUS. GHAE A= 11A40 stolB=vrtz 2E
o] #<20¥ pJKBI3-#3 FAAFA A2~ THAL AE3S. ol ol o i
ascite fluid 9A] & EolAdL wlud EHou 11A40 3dtolPawrnte] AFHo] T2 7
ascite fluiddXE Y 2¥HL A F4
duld By o] HEHULL, S00ET E2 3

l

i

A gkskth 1:2007 1:5000.2 843 Ao e
A gl dldo] HEHA F4c (24 3).

Y

29 8. 11A40 ascite fluidE AF&3F pJKB13 2 A3t & ~¢] western blot 23}

® Western blot #2418 o] &3 o]g|x nlo]lg]A ey AEF M
AAE 11A40 stolB @ =nlo] A AAE GEF 8 A= A83t Northern blotol]l A 2



-

R e

ol Zata, de WMEAEY HVE T AXZFAAY dd IdH ARE A3 A F
5. pJKB139] 7§ #37 #6 MEFTE A9 39 ¥£Z sucrose’} ¥£3F
2 iR A 7Y Ft vl T FaAEAA A o] &3t FEUIY METE
harvest 3312 5g (fresh cell weight)®] Al E£ZE sucrose’} AAE 50 mle] FEu]F vl o
HF slo, 5U3F w3 RS, #MF 5¢ F 05g (fresh cell weight) 9] cell® #3}o], LN29}
AL o] 831e] ZolA I powderE 500 9] protein extraction buffer® F& F, 4T,
12,000 rpm o 2 30w 94 28 A5dE AU 2 AFAE dd FFE oo 747
500 ug® total proteing 12% SDS-PAGE geldlA A719% st E&. Positive control (PC)&
AT FH e ol8g]® wlolg A Y G A S AFLSIH 3L, negative control (NC)2 AH7]9]
N75 dehig A=z viads FE53 A8 & SDS-PAGE %, ©@¥d& PVDF
membrane&. 2 electrotransfer 3+ %, 11A40 ascite fluidE 1:2000.2 A}&3te], dde 1A
£ AA Western blot #41& F3stAS. 1 A3 #3, # A XFNA EF band’t HEHUE
d] positive control (PC)+= original MCP ©¥ @ 2 anchor regions X3$3le 52 KDa ©]a,
FAASRA S sMCP= Ze HASHE T3 T4 @ Fol™ anchor regiono] Aol =
A7)17F A E 47 KDaol Al bandE E . ol 44 Z7AA X3 bandE B pJKB13-#3
S 33y AEFE AP (29 9.

A,

I 9. pJKB13 A A3 A E£F2] Western blot 4 23}

pJKB59 A= mlR7tA 2 #29 #6H Y M EF AEE sucrose’t AAE A A
j ket olg]E Hiolzix FY WA BHES FE3 F A AMEZRY dWAd s
%3l pJKB139lA 33 A TLF PHoZ SDS-PAGES Western blot #4418
. T A oA wlg g band7t HEEHAL, o] & F3HH pJKB5AlA ¢ ol % HE
ol g9l Tl wjg ofaA THAPZ 9l T F s (2™ 10).

%

o2,
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a3 10. pJKB5 3@ A3 M EF2 Western blot 4 A3

pJKB139] #3, #6, #7H 3} pJKB59 #1, #2, #4, #6 A A3 AE
A A"nE Fald, AE Fd ZE HHS3E T 5&"3?‘5} oy x
(sMCP, pJKB13)9] @& Fo] mE HAHE 3}
MCP, pJKB5)¢] @d#EFnt}t 4534 =52 &

F92] Western blot ¥
wpolels gl vl
A ¢ olglx ulolzl~ Y @A (original
QT UM (2H 1D,

a9 11. pJKB133} pJKB5 2 A AEFoAe] Iz vn

2 THd A EFo FeA

=

X

g’

=g e

Jo
pt
BN
N

b AN D8P ATFE o5t AHME &

Western blot ¥4 %§3lo] olg]® Hfo]yH 2 f%'?l gl Z o] wulgo] EE AXE
pJKB13-#3& th=ulYd 317 ¢35te, d¥uld A XE 300 ml flask oA 1L, 2L flask®
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scale up2 317] 93 2HES FHIHS. ¥ Y AEE 28T, 110rpmo & 24417 <haj
¥ 39S (2™ 12).

2% 12. pJKBI13# pJKB5 A A EA Ao AeAE Wi

(W) 24 dgudza S

(). ol BATFE& e dHAX A

(OB 2L 729 AEWNZIE o] & A7F9E& AEIHEAE 44

AY FE 94 ARE A4S AxF= HAdd pJKBI13-#39 ¥ ZHAE ofF (9
X))ol AT Fojdte] olg]k ulolz 2 Y @A (sMCP)e 94 HAE YsAE b
g4 dwAd (sMCP)o] 27Htu. pJKBI3-#3 B HEAX thzad wjdS 3o A
air-bubble type bioreactor®] +&7|€< TH3IS. A pJKB13-#3 B ZA 2+ bioreactor
(BETZ7)) d8317] A Mg Folvh (248 13).

l

I9 13 AENETE o] 8F AT FHE HEdHAL A

(W) BERES7)E o] &3l LS AEdEAMEe AL
10L A EuHS-7]o] 2Le viXE ¥, 100g (fresh cell weight)9] pJKB13-#3& HZE3}
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WOl 79 Fo ¢F 300g (fresh cell weight)?] AlZ 2 F2431A E& &2 3PS, o|E o]
43l 10L AEW-S7] 45 o] 83t S pJKB13-#3 &Y ME oF 1.2Kg (fresh
cell weight)S X 391, ol& F ¥+ §2873=x HAHo AdgF ol

g A3HAELA A7FHE 2 A2
(1) Rclp promoter A dAAZA A Z

(71 olg=ntol# & PAE {FH2] GFP operon B fusion A& #E A%

- Adxe] AZE rclp promoter’t E3H MAA FAHIF 7]L“31’Ei(TIArclp--SYHIR1, b
1A)9] ZF712 GFP7} operon Bl 2 dAA™ TIArclp:synlR29} fusion ElYez d4dd
TIArclp::synIR3E Z+2} F7F A &3t &

- TIArclp:synlR2¥ 7] 29 E Q1 TIArclp:synlR1Z 5 E mGFPHAAL (stop I X3 o] Fof
anchor’} #A|AE full-length®] °)FE=PAIE FAA(start Z = EFHHE A& A S
(74 1B).

- TIArclp:synIR3+= TIArclp:synlR12] mGFP#A A oA stop ZES AAZF T 6719 His
tags FIAA full-length®] oA = T (start Z= EFH7F JdZ €9 AEHE A 23A
+ (¥ 10).

A TIArclp::synIR

— tml - Rdp —I—s'yfrlﬂﬂ-deibp-)—l aadA(792bp) = rMB1/B2(781bp) ————is—————

B TIArC'pZ:SanRZ(mGFP?_} no anchor irido operon type)

—— tml - Rdp 'IrnGFP (716bp) —lrrrdu-?-(-lﬁi-l—bp)—l aadA(792bp) - rmB1/B2(781bp) ——#AA———mMm

C TIArclp::synIR3(mGFPet no anchor irido fusion protein)

— tml_- Rdp | mGFP (726bp) —imidorr22bp—]| aadA(92bp) - rmB1/B2(781bp) ——temA———
olg|Eulo]lE A A= FA=2e] GFP operon ¥ fusion FZA A3 g A=

(W) olglmutolgf 2 FAAE FAAe] AMAA FAHSHE A

G A 7} 7"47P3X] B MS A A ol F 55 o4 FUol A wi¢E ¥l 95 Rmop =i
A 9ol A X4s $ Bio-Rad A PDS-1000 7]1ES AM&3te] FAHEHE AP, CaCl
o} spermidineS A3t A A$ plasmid WEZE 0.6 um gold particleZ coating 39 S. ¥
T Z3H chamber W vacuum< 28 7}A] €831, 82 1100 psi, A#l= 9cmZE 3t nj#] ¢
of XAt®l =ul Ao bombarding 3+ <. Bombardmentil 2l & 293 F4E ®iA ] HH
gt & 5mm X Smm A &3] Rmop sp AdujX| oA 6-75F vl 43t A &A shootS

9S. Spectinomycin A4 #iX| A FE=% shoott 3mm X 3mm Z7|Z dtsld] %‘?:l
3 Aduj R AEZE Z3] A FA shoot2 THA] FE3IAS. o9 Zo] Auk x| oA
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R3S HEESle] =Y HE {2 homoplasmys =952

(th) olgl=ntolg & PAE FAA MA4A FLAEEW GFP 248485

SAA H7F WA oA A EskE ’4%74]7} 535-4 FAA E4F HAASAARE &3]
23l GFP E3EA4S 3392, GFP7F £85H A &2 TIArclp:synlRl 2 Ag A e A
£ ZEZ9] samsun 2 ZA ¢ 63 A 3A) Alold Fxlol7t glis (29 2A). GFP @33

o] operon Bl oz 2dHEE TIArclp:synlR2 @@ AEA S HS I8 2BoA HAR=A
AP samsun A EAC v A FFE E F JYS. olFE WA= dWAIR} GFPL
fusion @A Z AHHE TIArclp:synlR3 FZAEA 9 H$ GFP/l dE5oz ddsle=
TIArclp::synlR2 ¥ Z A EA o] vl3|A = oFstA| T ZEE T vl Wl F3o] FHEHE FFS
st S (2" 20).

A

a9 2. ojglEHpol Y & AAE FH2 FAAAH S GFP 24



(2h) olgl=nlolg 2 FAE FAX F A A3 genomic DNA PCR A%
GFP PP EMAYHES F7I2 JAAIANE HAS5798 4 A EAZHE genomic DNAE

Z38lo] WYY trn 3 A 59|3 primer® PCRE 43 O}fau oY & H}O]a’\ WNE
?ﬂx}ﬂ- g4=02 WgstE TIArclp:synlRl 2 A3A S FAL F 11719 FZASA 7 A
HAqL. ogx® HFHAYT GFP ©#WAI} operon %X fusion EYoE I} E=

TIArclp::synIR29 TIArclp:synIlR3 F @A 3A = ZHzE 3709 18/0A7F A= AL (2 3).

A. TIArclp::synIR1 B. TIArclp::synIR2

M WT transgenic plants PC PC

M

C. TIArclp::synIR3

Transgenic plants
M PC

a9 3. olg|=ntolga PAA = FAR FF AT H S genomic DNA PCR AF

(vh) FARAZFu A A ol muto]H A PA=E FHAY transcript HE
GFP c%l"&:" 7} genomic DNA PCRE #%1d FZAZTANES UFoE
o cDNAE #A4T ¥ PCRE FTH}AS. olgimntolglx FALE FHA Fo]ZQ Zlo
£ o]&3l9 PCRS F3g 27 dFE FHAAGANA olgxntolelx AAE FHAHY
transcript7t AEHAE (™ 4). WEbA olgleuto] g2 PAI= FHAA7E Fujd A RNA

Foz A WARE AL FAsHAL,

TIArclp::synIR1 TlArclp:synIR2 TIArclp::synIR3 PCs

I8 4 ol =nbolH A A= FAA AP FHje] RT-PCR €4
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(2) CaMV 35S promoter 33 &3 A=

(7}) olEEuHlolH A FAE GAAe] AF DAY WE A=t

- olEl=ntolH A AAE= FHzte] @l AFAASAE ALsrIAE HEE AFEAS
pHC30 #ME|Z A olgkrlols s PA= F3 CaMV35 ZZ2E 9} Nos ElW Yol %
date] HAHES 19 59 22 WEE AFSA

gl

A3
A7} C

i
bl
HE
Xhol Xhol EcoRI Sadl Xbal
BAR Nos-T LacZa
SynIR
Sacl Xbal pHC30::SynIR
29 5 clgErolea YAE fAAY HPARS W

(W) olglentolgf 2 FAE FAXS AFFAAZ Gl A=A AL

ojg|Erlolef A A= [FHAVF ] FAFSZ EFH dHEHE FAATRANE Ax3L
A R, BHl e 2HA HHFE AN AVIAES & #F F AIvAZA bar A
E A3l dA AL HEFWE pHC30:syniridoE A &3t R 2. pHC30::synirido HMEE o}
Zurg v AF A& et 5~65 @ FoudE FulRAEAY oA EEH 3~4
HA d& ARSI S, of22WHE R FENYE = o AAAE FHE paperZ2 2 ¥,
Murashige & Skoog Shoot Multiplication Medium BHjX| o)A 3¢ ¢ ¢hijdaS. F%
W 39 ¥ distilled water® ol 1ZEMHE S A o]& ¥ Murashige & Skoog Shoot
Multiplication Medium B®#jX*]¢] phosphinothricin A A7} £35 Mdujx oA 3~4FF<H
B S. 3F AR NEE WX E Adeigsiden, AEujAdgA fFEFH shoote
e F25 A MSHIAZ &A ¢ 2~3FF SE2E &4 +£3AA AvistAE.

(th) olglEnlolela A= A AP HAE A=A genomlc DNA PCR AZ
FAAZAE HAFs7I9sted 4 AEAZFE genomic DNAE F&3to pHC30 HE o
AQl primer® PCRE 3slH <. T3 JAAZ vi/iA=E ALE-3 Agrobacterium 2§ &
213817193 Agrobacterium specific primerE& ©] &3] PCRE 339 S. 18 6 AT oA
H5o] olflE FAA7 A" A2 A% /A F 1913 8HolA Agrobacterium®] 2.5
Reo] BANFHRS. walkd HFEHOE O 6A0 HL Yo FAE FAAD (@3, 4, 6,
10, 11)& Ad3le] o]F < AR AASAS.

—_

_54_



A.Irido virus S X} &40 ol

pHC30::Synirido transgenic lines

MX 2@@E 7 X o W e

B. Agrobacterium contamination Of & 29l

pHC30::Synirido transgenic lines

M X 2 3 4 6 7 X 9 10 11 PC

a3 6. ol Ento]H A PAE FAA AFHAAZ G2 E A genomic DNA PCR AS (A3}
Agrobacterium 29 o % &2 (B)

(3) A MaA 948 Z22E FFAASA 24
Oh A AxA 28 Z2rE FAAS Guje] genomic DNA PCR #4

= =4
B R A galactoseo]| 93] Z3A Tdo| FEFH = gall) ZERE S AE AMAA A TH

o FEE 8213793l samsuni} nicotine-free BH]EF S A S E particle bombardmentE ©|

1

43l PAAZJsT HE S0l trn FHA Zeto]HZ genomic DNA PCRE 339, 1
& 74 BAgX= AXF nicotine-freedl A 570 A, samsunolA] 47§A] S PCR E4 oz A
3=

M WT Nicotine-free Samsun PC

P 7. Gall0 =22 A A3 D (Nicotine free, Samsun)® genomic DNA PCR &4

(W) A5 AaA 24 222y A48 @ile] GFP ELISA £4

Genomic DNA PCRZ 423 HAAS GulE A o2 gall) T2RE AZE GFP @



Aol MHHER FsriH Z FEAASJAZREYH dHFE ZFZALARE FESH GFP
antibodyZ ©]8-3l9 ELISA #4418 333 2. Wild type?l samsun3 nicotine-free3s & ol A
+ GFP antibodydl ™% signale] A UAAT Zz+e] FAHEA S GFP signalS rrmp
(tobacco 16S rDNA gene promoter)$} rclp (rice clp gene promoter) & A A A9} HlwE o
H| =3t AY (line # NF 2.1.2, SS 3.3.1), ¢kt @gkt} (line # NF 1.4.1, NF 2.1.4, SS 2.2.3, SS
2.5.1, SS 2.4.1).

B AT434E EUE FRY gall0 T2 RE7F 2] MA A A X constitutivedt 2 ZshA 2
ddo]l FAFo AES MAA A WAFHAE THA I EH F&A AMEE F e =
ERHSIo] FHHAS.

6000

Ul
o
o
o

]
o
o
o

w
[=]
[=]
o

1000 -

o
i

QT I~ OW T O I IO
=3
[=]
o

Transgenic plants

a9 8 Gall0 Z=2RH FZAHE Fule] GFP ELISAE4
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3. Xﬂ37-<]'1dE ?ﬂ:r_LLH_g_ 1;1; ﬂ:llz_;'—]‘jq_
b AR AT R A7

(1) chitosan ™ #AAFS ¢]3F batch production system <H]

(7}) # A 9] chitosan candidate®] tFAAF B o] & o] &3 AR FH]

0 23 %9 A¥E vy o R chitosan formulaes chitosan (low molecular weight, Aldrich)S ©]-&
& resin FE| 9] formulaeE FHISIH L o] E o|-&3te] B-olatA Y] resin formulaed FHH

o o] ZA8H resine HFTEE ¢ 05 - 1% HAWAA adjuvantZH 2] 7]5°] S B3l 4, o]
AR A8 EES 58 formulations F FHSES

o USFe] kS Z3] AAMEE vl chitosan resin ¢ 5ml suspension (7MEo.® A
oj3te] H|go] 2EH)0Z2 Xof (2-3cm 71F) & 10072 AIRE FHE
g

.

i

o]:l

=

[e]
o
AoF

¥o ek

7
L
-

do K
£o, o

a3 1. Ko} (2-3cm 71F) ¢F 1007t &9 AR E AAESHEY] &AM HE chitosan resin®] &
(tubeZ <F 5ml). 53]o AAH FHIH resin® o] LEA ANEE HAFE 19, Lanel-5
2+7}+ 9] batchol] 93 AMAFE resin® <.

(‘%) /“FFE'_Q] AEAE AA

° 2o AAAE AAAE A8 e 2ol 48E S¥T.

° ‘ﬂ?ﬂ g 32AH rice callus EEH SN FHAAZED (o]F wlFa)e AxF Fd9
FTEZAQZSL 93] Western blote AAE. &, WFTdA TE-E =
standard® A3t s o] % dPe FEE A3

® WA ol 2y 29 Zo] /1000, /500, /100, /502] X o2 stadardE F=H|dl AEE /50,
/20, /10, /5] H]& = 31X 3 g 2X sample buffe?t €3 T A|FE FH|

® 1 3% 10% SDS-PAGEXA #A7l3tx2 PVDF membrane®Z transferstx 1z &A] (¥
-irido capsid Ab) ¥ 2x}3}A4] (Goat anti-mouse IgG-HRP conjugated)E #+-%3lar =2
AA T 5 densitometer® A3 FEE FASIA S 1 A, wiFAd = 301.6ug of

rMCP / 0.1g Bl¥ 99 s=2 gYo] AIFHS Falgt
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a9 2 Wgdel BEE A2 FU FEE ZFH] 9
Boxed: 3TN @ @ £5¥ AZT capsid B

lug/AAAZZH 10gY ¥E7F 52 AL2E &3
O ol ¥ 13 Zo] o] nddd WIFH S
=3, EHlet FoldE &

=
A A= X & dEste] 3 2 vFA PCR
= AAstA olgiutolg zo ZHHA F2 N
AE AL F712 3 ol Ertolg X
Aol &4 9H % screeningdld] AP FIHS

3] A A% Western blote] A3},
standard.

X 1 ATFFAE gAY Fdod o5 AAMZERYH FA Y] F =X olr7] #%t
Ay
Trial number
Groups Formulae .
(fish)
Rice callus (W/T) 10%
#1 10
(=) control
#2 Callus (transformant) sample total 109 10
#3 Callus (transformant) sample total 309 10

o °] TE F =5XE JAs] LT o5 HW

o o

goat anti-mouse IgG-HRP conjugatedE 3x&A =

_58_

W A A4
F, TN E9e AZFTLE lug/I0ul/welld] TEZ FH| 5}
plated] coating ¥ %2 AL 1A Z, mouse anti-bream IgME
st} ELISAES
o 1 A3 ol 1Y 374 Zo] FAAHLE FAAUA FAT A5

BZ ELISAZ =74
S 96-well
22 A 2, 28]
AAg

TS HAE



a9 3. Fdaddd wgds Fold T oAAUddA A AHARE A3 ELISA ZH4E
=243} 10% FoATH 30% Fo] ATl T va] SAHCE FAAUA (P<0.01,

FAASEE FAAIA FAIT FsEF oy F/HA =7 & oz Ad ol g
A E39e. =, 3/M2 groupdl °]
g mutolg) 22 1x10° virus copy/ml/tank®] HEZ ZEA 7R 15U A4S =T
I A3} 309 groupdl A BT 100% XAES B #Ho]Ert o] FX R &S & F Y

A=

(th) SoitEe] gd2x 438 2AA

® oo © Ik FA& FolFoBH FAE FSAA Woled BHY F UEF 24
AYe Frg
® = ot X 29 Zo] formulaeE FH|3IY FolE HAAF
. F i Trial number

roups ormulae (fish)

#1 Callus (transformant) sample total 109 10

#2 Callus (transformant) sample total 209 10

#3 Callus (transformant) sample total 3096 10

Rice callus (W/T) 10%
#4 10
(=) control
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LR fz}%it% 10%% 71Fo2 olde 499 3 sEo F3A Fg. F, v
NE 1058 NZOE gAY 10g9 BEA AEE MRS E0E I8 a0l 2
g Mg B, FHlstd FoldEe ARG

o ol ¥ WA FHe FUT wEoz AAsS. 1 A3 o g 4% ol BAA
o2 RANYA FAE FETE B F AN

o HN

\1 r

a9 4 FLdaddEd wgd s F ]l} T oAAAA FA ALAFE g ELISA ZH4E
=243 10% FAT3 30% EO“] oA dizTe B3 FAFeE FAAUA (P=02 =
= <005 F7HgE HoFE 1

o 2o 4N group MAEC 3 TAFFTE AAFL FHAANES ZAF 2
A3 ol el £ 33 o] FAZI7F AE group #H1F #3)A EAFHCE FAAUA W
oF& HAF

# 4. Viral challenge ¥ Z} group T3 A& H L

Survivors after challenge

Groups
(1x10° virus copy/ml/tank)
#1 8/10%
#2 0/10
#3 9/10%
#4 (control) 0/10

* two-sided P value < 0.001 on Fisher’'s exact test.
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ol z49 ®olgt 2 HAAo] dE formulaedl HE €%
AdE. AA 2 B 7T F3 AxF Fho F=E MYEHE XA

® = 1ml conical tubed] WlgAS TG YFARFA FJHZE 671¢€ EHA32 oj¥ AEE AFH
3] FaddEFEre HEFolE #AI)
® I @-_‘7’]', obg] % 59]' Zvol EAAORE AF FJAUA FY9 57 dASFFo

4e ¢ F AN

fru
o
N

CHRAES V1 AlEW (G AT FLe] wx=WE

kel
o

171 < 274 3714 47114 5714 671
PRt 311ug/0.1g 306ug/0.1g  299ug/0.1g 303ug/0.1g 307ug/0.1lg 297ug/0.1g
Han Ce A o o o o o o
A 804 = = = = = =
= T —1"0o

b &9 12d HEAZY &S F ¢35t

olg|=utelgl A A AEF9 FYido] =" pJKBS5 (original MCP)¢ pJKBI3
(sMCP)®] A& F13}7] 93t FZAAS A A2HE ALSE FE3A S AEstd A
43 MSRE HlA|dl&= MS salt, MS vitamin, 50g/L9] sucrose, 20g/L<] sorbitol, 2mg/L<]
Kinetin, 0.1lmg/L¢ NAA ¢ 16g/Le| agar7} X3FHo . 479 vixo] A AE AYAE
47 T 67 AR wlgetH A A2REH Qo] EEEiA Hi (2 1 A), °]E MS salt, MS
vitamin®} 30g/L9 sucrose®} 3g/L9 agar’l £3E MSRE SAFA BE7 AAHA @
(¥ 1 B). 8]9 PAo] AHE, 7IW vigstd B ZFE wlR ¢ agars ¢4 3] AASL
3 FAHALE AN F FA FEE Yo LMO A|EE AL 244 thF Auistd S
(19 1 0.
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a9 1. F2AS Ayso AR} ¢ £33

(W) 5L 1t AEvksr] 4231 &4

olg|Eulolg 2 FgYPdld UdH MEFQ pJKB5 (original MCP)® pJKB13 (sMCP)
o iz oy vl A4 AFE T, HERY e JHEFE S A ol =nt
o8] Y FHAIHsMCP) £3¥ pJKB13-4b cell line?] Z@Fo] 453 o AL &
A FERE QAdEY AR ¢45) IYB2E BEXFEY ATFAE A4 dFGeR
+ pJKB13-4b cell line®} Negative control2 A}-8-2 N75 (empty vector®t FZAHAFAIZ cell
line)o] F71A cell lineg AW3AE. 2 AFNA AL dFug A2do2E: Ao 10LE
ol working volume 5L¢] balloon type bubble Hlo] Q. AEHE AL&3149S (2¥H 2).

(¥ 2) Ballon type bubble H}°] 2 g 9 H

&t balloon type bubble Hio] 2] AE A HAGWF AEY WjF =
S ¥gsl7] A3ste, pJKB13-4b9} N75 d&uld AEXE 1 L flask
working volume 300 mlZ ¥ ¥3sle 30g9 biomassE & Hste] Hlo] Ao FHEF3s}
CAHE T TAA, WA W Al AEE S, Wi wiXE JAFHZE o] &3
o AAszE, W HFHMZ fresh cell weight FCW)E AT 237 HAFHo= <
250g/batch om, ol 74 &< 84 ©]49] biomass7t F71ste 234 S &2 9. Hvf
o|Q @A A o] kulely A FATWAL Lo R HEAE RIS Hdte, 4719
WO =R seed culture & B MEE ZZ 2719 wlol @ AH ] HEFStY sucrose’t TEE
N6+S growth ®jA|eA 79 F<t vigstar, FoAdefolA vlo|ee]dHEZRE wjA & 4t
A AAZ &, 2 L9 sucrose’} AAE N6-SE YW 7¢ F<F F71 8% 3= 2-step culture
g 79 34+

W AXZE N6-S XA v gFstAl = vlo] EAs+E RAmy3D promoterol] ©}she]
a-amylase®] @do] FEHA Hi=d o] SDS-PAGE oA #I#dA =iz 44kDa? 46kDa

uH
— 1
g

o rle
(i)
[‘.Ei:
N
o
[o

5}

3 &

o2 A
do X W
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AP A AFEE RAmy3D promoterd] 23
= d=g 4+ JA Fo. w4 RAmy3D promoter?)
2 337 959 WA 1 mL 9 wWFAL FASY 4T, 12,000 rpmoZ 1027+
El BS FHote SDS-PAGEE +dqstAs. 28 3 (AdA &
, N75% 270 9] pJKB13-4b vlo] 2 2] A oA EF a-amylase®] FE@o] o,
3t RAmy3D promoter 7} 5 5 2 & = A&
olg|=nlole] 2 gkl FHS HQstr] Aste], N6-S viA|o| A wjgFst HjF

_9(:‘ '
o, 4

O 0 o p fo
>
ML
AL
=0
4
Ul
O
=
o,
oy
ol
_10
o

(Tl )
)

of

ME 1gs AA AL} GxpAES 0] 83t E 31, protein extraction buffer2 @HES
=3 & 500 pge 9 AL ALE3le] 12% SDS-PAGE geldlAd A7|9 &5 st (219 3
B). Postive control (PC)2 ulF HFH e olglknleld]x Y dHAFAESE ALY,

negative control (NC)Z+= N758 Al£31% 3. SDS-PAGE %< PVDF membraneo] &2 &

transfer 3+ % 11A40 G EZIAE A8l Western blot analysisE +38tgS. 2 A3 2

7Hel pJKB13-4b Hlo] 2 A E oA EF o]z Znfo]g 2 vt do] gl HYS (¥ 30).

olF E3le E Ao AlEH balloon type bubble Hlo] 2 & HE 9} 2-step culture WHH O E

H A E w %9 biomassE FHRIT F USH FAC, olgj=rtolz L FAGHEL <A
13

Xx
49 BQ EH oJHA F YL FAFAL

M PC N75 1 2 M PCN75 1 2
(A) (B)

kDa
72
55
43

34
26

17
10
M PC N751 2

(C) (A) spent medium from bioreactor
kDa (B) Callus extract

;g (C) Western blot analysis

43 M : protein ladder

34 PC : E.coli-expressed MCP

26 N75 : vector-only transformant (NC)
1:pJKB13-4b#1
2:pIKB13-4b #2

17

10

(2" 3) Alo] B gH E °] &

oL
o
(o,
oY)
=
i
ox
o
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(th) 5L Hto] 2 Z A& o] &3 BT 78 A= FHAXL &

ol 2 dHE o §3 BHEE ATTAS W AHALY UF W P b

Zth dAA N759F pJKB13-4b F71A] cell line2 300 mL¥} 1 L flaskol] vjF3led seed culture
E 3 F, o]E npo]l @ dH HFEIA scale upS FHEIFIS. 7Y wigEFo 1712 ulo] 2 g
AHE 3719 vlo]e g AH=E o] Al 74 T 1097 w3t biomassE Fw3 FH 3
Ae. 7¢ F, vlol 2 dH R RE FHAEHE N6+S #lXE AAsE, 2 LY N6-S v &
o] 79 < Wit ol kntoly 2 AgAdTHFg e HHS FESAS. Y dHEd Iy o
FE N6-S 8lx] H7F 794 F olgdE sl SDS-PAGE F33t9 a-amylase®] #2d &
AE BRFoEZN F2 RS, A FE 3o FRE ¥ A EE TERAXVE ol&
sto] FAAE F ALESE] AZA 70T BE S (2™ 4.

)
=
o2
i
>
k1

a9 4. "ol dHE o] &% W Ax d
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A7)0l AL o] L3l B FE AFFALoE ALLE N75¢ pJKB13-4b 2714 cell
lineS = ¥l stR 3, 2 &L Table 19 JEINA S
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Table 1. Blo] L 2] AE & ©] &3 o] enfol =

o HoloEdEE o g% ol mrto|g 2
| Hrojez| g
A Al Cell line FCW SDS-PAGE
Hi 7| =
2011.5.2 N75 2 7209
pJKB13
201154 2 560g
-4b
pJKB13
2011.5.8 5 1343¢g
-4b
pJKB13
2011.5.11 3 8759
-4b
pJKB13
924g
-4b
2011.5.18
N75 571g
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o Hlo]QE|AHE o]&3 olg|kulolg A At A mud A XS] o FalF-2
H}O| @ 2| Al E
ol A Cell line o122/ FCW SDS-PAGE
HiQF7| =
2011.5.29 N75 3 3369
2011.6.5 N75 2 541g
pJKB13
2 505¢g
-4b
2011.6.14
N75 3 899g
pJKB13
2011.6.28 4 1305g
-4b
2011.7.4 N75 4 1144g
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o Ho|2 A E o] &3 ol mulol s FAddHfE nhd AEFo I 4-3

| Hojez|
o Al | Cell line FCW SDS-PAGE
7| 4
pJKB13
2011.7.11 2 496g
-4b
2011722 | N75 3 7329
pJKB13
2011.7.29 1 240g
-4b
pJKB13
2011.8.16 2 498g
-4b
2011819 | N75 3 768g
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o Ho|2 A E o] &F olFmutol s UG HA 1T A XS o FujF-4

| Ho|@2|E

o Al | Cell line FCW SDS-PAGE

27| 4
2011.828 | N75 5 976g
2011.9.15 | N75 2 592g
pJKB13
2011.9.28 3 611g
-4b

2011930 | N75 4 1035g
2011102 | N75 3 743g




o Ho] 2 AEE o] 8T ol rutolg X UG HA a1 AEFO tfFuE-5
HEO| 2 2| A E:
o A Cell line | FOI2EI%NH FCW SDS-PAGE
Hi Q7| %=
pJKB14
2011.10.7 3 6729
-4b
2011.10.18 | N75 5 1148g
pJKB14
2011.10.20 4 998g
-4b
2011.10.24 | N75 2 475g
pJKB14
2011.10.27 it 4 10549
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o Ho|Q A E o] &3 ol mutol s FUGHE RH AEZF] hFH Y6

. HEO| 2 2| E
o Al Cell line FCW SDS-PAGE
B2 7|
pJKB14
2011.11.1 2 4139
-4b
pJKB14
2011.11.6 i 3 6869

2 AT A vle]g Ay 8gs T SHd EXHFE FATF
cell weight2 N75¢] 79 10.68kg<, pJKB13-4b9] 7% 11.18kg <

o oo
o I

HAE M Z9 fresh
139 2.

[e]

T

o ASAFEIA AFHE 2 d+E
(1) olgl=vlo]H 2 A= FHA FAHZEE genomic DNA PCR A%

- GFP 3 EXuHe] F7l2 FAAIAE AFs7 95t 4 JEAZHE genomic DNA
o WEW trmn §d2 59| primer (trnlF3, trnAR1)E PCRE 433192, o]y
oA olgikrtold L PAE  FAAT} %%gi W& st TlArclpisynlRl 2 A
A A F 1149 FAASA ALEHUAS. ol8E FH1A7F GFP @94 3 operon %
= fusion Bl o & &3 = TIArclp:synlR29 TIArclp:synIR3 &2 A &A= 242t 3719 18
MAZE AL A5

- T3 TIAHA A" JAAE G EAZRE TAE dol A ALS AX &
o2 £3IAZ7 T2 2 EA9 genomic DNAE o] &3}a] PCR% Z3} 3 Zklo] Ho]x 57 o]
A AAE BEFRe (28 1.
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I9 1L olg ol PAEFAR} FAPEGHAR HF (T2A4H)

(2) A FuolA olgimnto]d 2 PAE FHAY transcript &

- GFP ¥3%EX3 genomic DNA PCRZ #¢ld HAAIAESL o= EF F3x9
RNA +F& #lstuzt 7z A EAZHEH total RNAE FE3% 5. &% RNAE reverse
transcriptase® ©|-8-3l9 cDNAE &A% ¥ olgl= Hlo]gf 2o specificdt Zgo]|HE o] &
3ty PCRS 3833 olglmulolglx PA= FHAA EFolZQl Zgto]mME o] &34 PCR
< T 2 QEEY TIAARY SujFddSA A olgkrlolg|s FPA= {FH R
transcript’7} A& A <.

- E3, T2Alt o] deiE A A A A o2k Hlo]H A WA= FHATE RNA FEAA o=
zgza BHsE=A e #5798 RT-PCRES T &2 28 A ] 544 &
AEo] FA| BASE actin FHAY ZEto|wE 71X PCRE 3 A7 vugdSur
of 2ol LEEE AT F AASF (TE 2).

- wEkA ojgmrlolH A A E FHATE FHllAd RNA FEo=2 FAlgle] 2dHE AL

TOAR=
o) =] O
§~'—IOL-] O]—;\d}\.—ﬂ.

1
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a9 2. ol =ntolH s PANE A4 FAAE Fule] RT-PCR 24 (T24HH)

(3) AMAaA FAASA S vl dy R
- RT-PCRZ olgl=nlo]lH A& ddd A transcript’7} HdEH= AEAE AL3 & =Zx9)
F2127F G E leveldl A RHIE=XE &R13L7] 918t western blotS Y3 S

- HAEA YolA @ extraction buffer2 & 99 2L F53t9] SDS-PAGE geldl loading
3% & 02m immun-blot "PVDF membrane(Bio-Rad)9l transferdted 5% skim milk®
blocking3til 12 A Z2& (8 3A) GFP A& 1:30002.2 33t AL&stA 3, (29
3B) olg|lZrlol#x dHddMA FAE 1:2000.F2 343l ALL3H o, 23 FAZE
Goat anti-mouse HRP-labeledE 1:50009] #%= AF&3}% .

- Chemiluminescent substrate§! supersignal westpico (Thermo scientific)® ¥& A7l &
chemidoc™XRS+(Bio-Rad)E& TalA &g S. igdodA TFANA AAFE o
(PC, irido antigen)ol A& signale] HGA| T ojglZvlo]ei2 ddhuld MAA FA
A o] MEZN M signale] HolA &g

- ol A EAdA olgErto]d A FAGMA transcript’} translation® o] ©ElF o] g
SR} EASIA proteased] 93 HA EIEH ALY EE western blotdl] A3 U x}pE)
Ao FAE R o HEL Aoz 474

A. GFP antibody
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B. Irido antibody

2% 3 ol Ertoled s ANE fA% AR o] whud W B

(4) olF Euto]H A AAE SARe AFAAS FuAZ A el Fure ol
- APAAE Gl EA A gulALHL U] AFGIAYE F @A S FE319] western
blot& AA o zH 3PS,

- AN FAAA AAF HETF (PC, irido antigen)ol A& signale] B P AT o] =n}l
olgl A It A HAhH 3 ;"ﬂ Ao AMEZo) A= signale] HolX &skS (29 4).

29
~

29 4 ogErelgx ANE fAY FFAAS Gle walA A

i
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(6) ek WA E olF® vrolH 2 FHAS L Wg
- 2 dFdAE @l MAAE 83 ol kutoly
PatFe. 2y Gu] AMAA FAADAYG 8 FAABA A transcription leveld T

A2 gl oixy @A signale 1T F AL U
a7k v FAE Aexo FH AR transcription

A3
A
H}

11“

)=
il
ol

I3

GG BAOR ATE
H

m& ¥

level® 43t Z3} transcription %
A Weto =z ol ZulolH 2 FHAXA

2 w9 TAGRE Felshax

i

-
ol
-

7}, mmb vl kA E 9 Agrobacterium 3 A A3
- olgxulolH A FHAE aFu} vl kA X Agrobacteriums o] &3t FAAIEG L.

- Agrobacterium2 200 uM acetosylingone®©] #H7}¥ YEP brothe] 28C o/mnl& 7] %
3000 rpm, 201"&:5°]' cell down 1\]?3‘:} cell& 100 uM acetosylingone©] H7}® MSID <A uj
Aol AYAIZl &, 70 F FF &V ¢ FvE 8 dd ¥ 3085 I Re. o
wds 187 son1cat10n?<1?4'f—/\] petri disholl ZA#x0] FA}stA 8L £AES AASL 10
mg/ml acetosylingone®] 719 MSID A u]x o] 24FQt 25C duFslg &, o &F
<2 33] washing & A7} £38 MSID A w] x| o] FEA T v S H 2.

- A ul sl FAIES FAA AR 12T 20~25YAHE ATro] AL FHY Hox 10xAHE ¥
A Aol o]F A S W homoplasmyE 42 4 Uviz .

- A, agv) I T FAA M 53 ~6x71A] P AFEjo]H o} heteroplasmy
2t AzZhE o] .

U, F24d8 a3ul A XA RNA 2d 24

- 94 4%‘r§ a7u EFEAEZRE ol Evtolgla FAAE] transcriptE #1187 93t
Z A A2ZHE total RANE 3353t cDNAZS @43 F olzg|knlolg] 2 #

¢l Z&olHZ PCRE 339 e (219 5H)

- olglmulol A FAAY AAE myvl vlFA LM transcriptd] L dALFH S}

actin FAAe Zeglo]HE 7}x]1 PCRE 3 A4 HugSu 15~28A L Tdo| S
e 4 S
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O 5 FEAG a7 wFA Ee A o] RNA 2@ &<

o FARAZ mFel e FAE A gl wyd A

- 7} Ay 2oA RNA FF°] & 2 M &S Adste olg wntole X~ FAE o] &3t
o] western bloto 2 3 ehulzol wg et st S FEHE nyv AHYAE TG
A extraction buffer®2 F 9HEELE FE539 SDS-PAGE geldl loading 3 % 0.2um
immun-blot TMPVDF membrane(Bio-Rad)dll transferdle] 5% skim milkZ blocking3}x 12}
FAZE olgEvtold s FAGNA FAE 1:220022 FAsto] AL or, 23 FA=
+ Goat anti-mouse HRP-labeledE 1:50002] &%=Z A28l S (I¥ 6).

o
e Lot
-

HEE Fgod 4 e 28y

A 3T o 9] SHA A }“j]ﬂa‘% 5} ~62}F7FA] gt 71‘_?'53-?4_ Ae) o] v, heteroplasmy A H ©]

of Ayt W= A = S¥HY, Td & =2 ok A Fol FAA APgo] F ¢
A gt AlZtAe7 ¥ 283 ez RoF,

a9 6. FEAG av i GA EeA 9] Geld 2y 2l
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(6) Viral expressions ©|-§3%F o]g|Enlo]g2 AT ALt

- AxA 2 W FAARA AXAAFL FAAIRE A 2AZE AdE
1d ool &89, 18} viral expressions ©]-83 ©HA AL WHLS R
Aol A AFAHoE FAHE X qFEE @77 He #Qlo] 75T Rk o}

)
HAE G5F 5 9= Pl U,

- A A 2 Fraunhofer, USA 9l A+ molecular farmingS 3+ @2 A Al viral expression
systeme %3 transient gene expression HHS AlE3st1 o AAZ FAAINANEA B

oo ge uuds YAsE ZoE Husy 4.

- @A B dF )% Nicotiana benthamiana 9ol A transient expression WHOoE T7 =
ZHREE 0]&3 viral expression systemeS =3 olg]EHlolg A9 YT AL w3}

a3 AR

- gddide] dFAEE HA A7 95t olElEntolgi 2~ AW A9 C-terminusol
Azt ©U8HA FAAE pfud o] &3 PCRE Z2439S. PCRE

HE 293ge. olglErtolgla FUdMad S1xt¢ 37 pUCI8HE Y Eo]9E viral
expression T3 84% TGB2, TGB3, CP @4¥ A& &7 FHIFTHE (pGD-AIMV)dl = 3}7]
A3t Xmal?} Xbal A|FEAZ AE3H LS. Viral expression ¥E Sl pGD-AItMV ¥ HE Z
2 A T4 Xmal# Xbal &2 AW 3 3 gel purification kit (Bioneer)Z A A3} <.
A A% TGB2-TGB3-Noda-CP DNA fragmentE T4 DNA ligase (ELPIS)Z pGD-AItMV ¥
Bl =43t HF viral expression ME Sl pGD-AItMV::Noda®t pGD-AItMV::Noda-FLAG
E AFstAd S (2" 1.

a9 7. olg|=nlo] ¥ 2 Viral expression ¥ H

7}. Viral expression ¥ B & &-8-3F Transient Agrobacterium—infiltration assay

- F2Y PCRE &3t F4dx 2 WE9 x9o] ¥ Agrobacterium< 71914 infiltration
buffere]l O.D600 = 1.08.% cell ¥=& & ¥ 3-45 ¥ Nicotiana Benthamiana 9 ¥
of olg]muloldl A FHAI AAHUYE AgrobacteriumS FAZ|E AME3le HEFA
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& FA] E2 Q9 SEel 44 AE 0 g0 HAAL AL O Fodste A
3 F2 43 F 594, 12°wn 4E< 3ol RNA 2@ (79 8) 2 ¥z wdg ¥
Ngozm oleErelss FABRAY VAL FAA3A .

U, infiltraion3dt & RNA £F 2 gl doA o 4y EA

- Nicotiana Benthamiana® B8]l infiltrationd 3 5UA, 1244 He ¢ MESHS 2l
AE A Ao FAZL F, total RNAE FE33 S %3} RNAE reverse transcriptaseZ
o] &3l cDNAE A% § olglx Hio]# 29| specificgt o|ME o]&3te PCRS 3
st S, FA LI E actin FAAE] ZgolmE A2 PCRE & A7 v Swrt 2
ol ddaES AIT F UMYS (2™ 8.

= =

- Ty, oA ARl T A Eul MAA FRAASAG 5*“]"43414] I auf
WA EA e A dtdo] FHZX| Fpd Ao} {FALSHA infiltraiondt & EHIYS 9 E
extraction buffer® & @WAS FZ3 ¥ western blotS AP A7}, o}F & signals &

AL =+ s8l+.

O 8 FEAG myv s FAEAA ] RNA 2d &<
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M5 & d7igd M 3 drtes A=

>

* A8k - Ads AUledA F)
(F) Ao FHOZ 7] ALE Ve AQSE FAF A, o]F At AFEW L
QAR B3 71EEF B 7€ A5 S AN dHoln ol del e AT A

=

EEFLE AAEE SEI v o8] A& o tgem HF7e FEE A F
15y

ARAQLE FRE A A77|HEH 2E8FY

A F A5 Codon-optimized expression of fish iridovirus capsid protein in yeast and its
application as a vaccine candidate [2010. 10. 3-5. 4th Vaccine and ISV Annual Global
Congress, & ~E g o} H|al}]

¥ A E . Expression of major capsid protein in suspension—cultured rice cells to
develop edible vaccine against rock bream iridovirus [2010. 8. 22-27. = A|A Y33
ICI2010, €& aLu]

9 A E © Production of Major Capsid Protein in Suspension-cultured Rice Cells to
Develop Edible Vaccine Against Rock Bream Iridovirus [2010. 10. 7-9. 3+=+AEF 33
FA =3, AA]

¥ A E: Oral immunization of fish using recombinant major capsid protein with
chitosan resin formulae [2011. 10. 2-4. 5th Vaccine and ISV annual global congress, "I
= /~l of &]

S &9 dgo olgle nlojzla U JFEolE B o] F o] &F ol EnlolE s A&
WAl ZUWE: 2009-0093996.

N

AT, BATel B8 AY

a4 ¥ a7gel g3 e 4 (2P AGALNAS B wH)e] vud Bd A
zdl] ARFY

g B8E oY% Holg s AT THY U3
@+ gge.

HEAZAA BRo] ¥ F& 5 gow
Budg BANA 1) A% A7E

A7) Ao ofF weles wuy

RNA $ZAE gasglo} ange

‘
rlo

A gk FAZE o] &kl o] mlo]H A FYA]
3 =Y.

AN AF AT AFE ARZ A8E F Y2

ftlo —loz fru

o]

t} mlolg A gildLe g dEAA F FdEEZ (ElgA dF A olgl® ulo|yA dwA
o ofdg SHo] FAL oA WE=EA AT & AV} 1R ol F7h A7E B ofF 1
otz WAl dAS HAnetE YU & F U Y.

o e |d
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