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{ SUMMARY >

| 3=z | D—02

O Purpose of the project is achieving industrialization of molecular farming
by setting a model with real experiment by selecting useful protein with
highly productive GM plant from inland. Performing total production

Purpose& ) ) )

processes with optimal SOP from mass cultivate, harvest, separate

Contents e . . . o .

purification, investigation of biochemistric characteristics, QC, package

and storage as the size of industrial volume rather than experimental

level

O Massive volume plant cell cultivation system, building of cultivator, and
massive protein separation purification line for industrialization of molecular
farming being accomplished.

- Area of cultivation room: 204.6m”

- Bioreactor Volume: 80L/reactor, Number of bioreactor: 140

- Productivity: 11 ton/batch

- Capacity of protein purification: recombinant protein 100g/batch

O In this research, Enterokinase and hGM-CSF producing cell lines were
used before setting up the useful protein production system to produce

Results commercial product. Industrialization being achieved after the testing the
effectiveness of the product.

O Through the project, 7 different cell lines were developed such as FimA
mADb, human Insulin, hG-CSF, TEV endopeptidase, CCP mAb, PNGase A,
human Activin A

O Among the mentioned new proteins, Antibody of FimA, the effective
evaluation method for preclinical study has been established.

O Among the mentioned new proteins, hG-CSF and TEV endopeptidase, high
purity commercialized item were produced and industrialization was

achieved through evaluation of effective of the final products.

O Through this project, expectation of entering global market with
partnership with Sigma to enlarging the volume of selling of inland
product.

Expected O Industrialization is expected with applying the useful protein production

Contribution cell line through this research project.

O Most of the technologies quired in this project are source technologies
for producing proteins from plants. Application of the technologies to

various high valued useful proteins will contribute into industrialization.

Molecular Closed type pharmaceutical Industrial

Keywords , Biosimi lar . .
farming plant-factory proteins proteins
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. L I
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— Pgingivalis®t A#H anti—FimA A9} anti—CCP A& ntdst= A AS
AEAI2H 5 9 =g
— Anti—FimA A9} anti—CCP A=

HEAG o) 2 e Ao
— P.gingivalis®} d38% anti—CCP Ab$} anti—FimA AbE o] &3} Frlgl2A & 9
A5 AMELR AES FHIL o5 A H&
prs A

— 215t9] f8ad w4 224 89 (CCP mAb, PNGase A, G—CSF)

§l
—
=
E

BHEE GAA ABA BBYLS S

- APAT 23 - GMH fell FA el tig affinity columns ©]-&3 AW 24
7FE8 st A7 AFsted Felelx AHARA-A in vitro, in vivo BAZ A&
— Anti—FimA A 1238 A5 A|2q] g5

Anti—FimA &AE 133+ transient expression HEo| F24
: Anti—FimA 3AS @uje] Aol agroinfiltration S o]-&ste] A3
FAASH  FEES o] 835t Western blot analysis 433

— Anti—FimA A 13d A=A o] tFyL A &4

— P. gingivalise 719 #4H &
ThFe WRle g APt HAde] ostE st gk =1 TN HH9
PG-CIA T&5249 AHH

Y ¥ PG-CIARHANAN P. gingivalise & anti—Fim A FAE T3l A3t

A B A=Y HEE A 2 el

— RAZALS) AFEFAZSS FHEY] A=/ Anti-FimA FAE A2 5, T4 =4,
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gingivalisdl] st AAEHRE in vitrool A
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oF

453,

o

9l (collagen induced arthritis mice model) <l

BN

AH(gargle vs inoculation

DRAT AN o SR S4B}

ar - y

— Anti—-CCP @A 1@ A& Al=d Ty
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, hG— CSF(granulocyte colony stimulating factors),

o 2] =22 FZ o] o’ (erythropoietins, A FAFEHFIRIA}), AvlEZ A (somatropins,
A T 2E HGH), AEAs) 3¢ (low—molecular weight heparins) 2
A 7 &¢I (interferon alphas) & 670 /9] nio] ook thgh A& L3

— T3 20109 SHLFEIGA EFo 3 rtol=gkel %9
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— Sandoziit= 2 FAIY (rituximab) ol e A2GA A S 7383’3}31 N
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H] & A 71 ¥ 3Z & (non—Hodgkin's lymphoma), ¥ & = A wl

leukemia) ¥ FUulEl2#A Y 59 X5 ALEH
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E3F =9 gsAm A FEow AEd A 5AQ o] Al E(etanercept)

Ratiopharm GroupitZ 214%+

ol2~g}dl Tevaiits AWlE Fotz ALY-S 317 A3 2010:d FA EUIA
RO

O w3 AtRoprl obd B 2o AFFAL 7195 A vlo] 2D Rojz AEsn

_ q.]g_ -1(3_ C‘ﬂi )\L

o]
Transnationaljil ¢} ¥&52o &

%2

A& Quintiles

1% &
o 5HW ~ 39 99X GHE FA Aow 4HF

]

> v &
O FDA7} <213t nlo] oA A ZFo+= ZF7F(glucagon),

3| d-F 2 Y t}o}A| (hyaluronidase ), ZA| EUJAHE ] Z3HA] (calcitonin salmon recombinant) 7}
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o ]
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ALk Al
O Pfizeriib= 2010 Q17F 1<% ¥ (human insulin) BFo] AL AJ#H-S 93] Q=]
Bioconjit ¢} =+ A oFg A
— Pfizeriit= 3% vlo] A

o o
S90S BS AoF o

— Pfizerite= 28t L2]AE oekE s tont X
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> Auo F
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- & Axl= Hla) ﬁh—‘?—ﬂ 2k vt A FAIGS T F] A kA Y A
HANELE obdH, Ayt 7IdE9] vloleAZy M &5 % &R E+
O Apotexjiit= 2008 Hlo] ALl AN A A EZASZ122 GM—CSF
(Granulocyte —Macrophage Colony—Stimulating Factor) A2ke 93l Intaxiib ¥ Kwinda
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Fermentation) & & 4 U+, B2 AR gojoby HlE, st Y ) =2ALE,
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9]¢FE ; Plant Manufacturing Pharmaceutical) A% 435 913 vlAE $AE 2
e, FHdAe AE YoF Aitel FEHE AES AME
Molecular Farming , Biopharming®]g}il= &§)o] o}&& 27| A
Bustal Sl B3 AE EAEdel BrEg FdHor H=A IYste, o]¢
HEE dorY #H dAEY AE F4FY R&D JA] 7] @Al HEH AL
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SemBioSys Genetics (Calgary, Canada)

http://www.sembiosys.com/

Ventria Biosciences and Meristem
Therapeutics

htp://www.ventria.com/

ORF Genetics Ltd.

http://www.orfgenetics.com/

Fraunhofer Center for Molecular
Biotechnology

http://www.fraunhofer.org

Medicago Inc. (Quebec, Canada)

http://www.medicago.com

Icon Genetics(Bayer; Halle, Germany)

http://www.icongenetics.com

Texas A&M(College Station, TX) and
Kentucky BioProcessing LLC

(Owensboro,
KY)

http://www.kbpllc.com/

Terrasphere

http://terraspheresystems.com/

Protalix Biotherapeutics, Inc.(Israel)

http://www.protalix.com

DowAgroSciences(Indianapolis, IN)

http://www.dowagro.com/

ROOTec Bioactives Ltd

http://www.rootec.com/

Greenovation GmbH

http://www.greenovation.com/

Biolex, Inc.(Pittsboro, North Carolina)

http://www.biolex.com

Syngenta

http://www2.syngenta.com/en/index.html

Agrenvec

http://agrenvec.com/
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<AHERFH 5§ df A A3 >
A SRR A &/& = oA
Ventria Bioscience _ i I F
H frobg AFH7MA (34, FASA)
(7=)
Protalix(o]2=2}td) g IAMHA W X 5A Tl <
Dow AgrosciencesLLC ) ) )
) Newcastle disease vaccine (% X85&) =9l
(|=)
SemBiosys (ZAU+h) <3} A= =
Cobento AS (dlw}l=) | 7] H Vitamin B12 deficiency Al 521
. . L 2= UIAA HNe=E xags o Z A}
MeristemTherapeutics| ' ' " JE AT AR wstoA a2
(ZF2) Sag e A1
Monsanto (0]=F) S5 AR A g dig 1gG A2
] TA S 98 1gGs A 2 A
Planet Biotechnolo
o Aut 747 o AL
(7 =)
2k AR A G A A1
<HAEFY gL dHAY 43 d3>
Pharma| Source of Commercial Company Company Selling 2
Product Trade Name .
Crop Genes Purpose Producing (product number)
Aprotinin AproliZean Corn Cow Research a.nd ProdiGene Not available
manufacturing
Abrotinin Apronexin | Tobacco  Cow Research and |Large Scale|Sigma Chemical Company
b b manufacturing Biology (A6103)
.. Recombinant . Research and . Sigma Chemical Company
Avidin avidin Corn Chicken diagnostic reagent ProdiGene (A8706)
B—glucuromdaseNot available| Corn Bacteria .Resea.rch and ProdiGene Not available
(GUS) diagnostic reagent
. Research and . Sigma Chemical Company
Trypsin TrypZean Corn Cow manufacturing ProdiGene (T3568 and T3449)
Lactoferrin |[Not available| Rice Human Research .Ven.trla Sigma Chemical Company
Bioscience (L4040)
Lysozyme |Not available| Rice Human Research Yenjtrla Sigma Chemical Company
Bioscience (L1667)
O 2009 o AMAH £ BAEY AFS7 0TS FHo FAN F75n
Noemw, mZo] PYEHOZ B
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Bl Figure 1: PM farming field trials 1996-2006.
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EU before 1995 LS dax :a were basod on ﬂvﬁd’m.ﬂa;plt.r tion, which does not fully correspond with field trial conducted. This & ako
true for data from the EU. Source: Sauer (2006, updated 2nd modfed

< AHIAE F2A D=9 EAEFY AF 5 F0](1996~2006'1) &3: EU FFATAEHJRC

: Joint Research Center) >

W oz e g Yus GMAES) THAY AMEHE 2008 0] FHHA
Z7ketn o] BAEde) BAN Adsrt 6 43H
2004 0 276
2005 I 456
2006 I 799
2007 N G11
2008 2672

500 1000 1500 2000 2500 3000

(Ex) FHHHE A (0l 01 3H)

<HlZe dEeRNA AE TAND AW BH Fo], 04~'08HE)>
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O BA%Y Ba A% 7L A9 EUSZlA ezl A9, A %7} 9 EU

O 19943% A &= A4x} Framework TZ AW AFE R3PEom 6x('02~06)d A=
Pharma— Planta ZT2AEZ A3 % QS. European Pharma—Plantaresearch consortium

1,200%F Fr=2(eF 2009¢)

O 72('07~'13) FPME ®EAFdol] T2} ], =492k (Green Pharmaceuticals)
S BxE 9
— Food and Agriculture(FA) A oA Fa5s EAsde 758 28
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<EU Frameworkd x5 Z=ZAE>

Project No. Project Title

4* Framework Programme

FAIR-CT96-5068 Molecular farming of therapeutic antibodies in plants

FAIR-CT96-3110 Production of diagnostic and therapeutic antibodies in plants by molecular farming

FAIR-CT96-3046 Production of recombinant immune complexes In transgenic plants for systemic and mucosal vaccines
FAIR-CT95-1039 Processing Technology for Recovery of Recombinant Antibody Produced in Crop Plants
FAIR-CT95-0720 The Plant as a Factory for the Production of Oral Vaccines and Diagnostics

5* Framework Programme

QLK3-CT-1999-00692  The Plastid Factory
QLK2-CT-2000-00739  Immunotherapy of enteric Infections by rotaviruses and coronaviruses using plantibodies
QLK4-CT-2002-51547  Metabolic engineering of plant cells for the production of pharmaceuticals

6* Framework Programme
N.L Pharma-Planta
O] LED719 48339 57
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C )
O ujok2d WA: 33 O vk WH: 629
O Hjek7] &= 10L ®iSE7] 307 O wiF7] &= 80L w7 1407
O AAMFR: 150 L/batch O A2HFE: 11 ton/batch
O &4 3wt O 54 d&ulg Al
- A2 AT F 1- 2 F 1142 il
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(W) 2
T 8 T 3 A3 (IAA 3 F)
A2
(Aex)
A4
57|
=2 AA
73]
O AeAld: 221(10%, 3%)
O ALA)A: 1,200L A O A4
=S| O AY: 5mL, 20 mL ZY 6% — Hd 30L ZY B&
O Ag]&%: 100 mg/batch — 298 =AY 49 157] B
O g% 100 g/batch
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1. LED 7|6t H & o} & AHSZA Y
ED-sAYE g7 I=4AH)

O (d7=d718: L

O fre&aid 44 GMAE 3

— f 8 M T KA, A g 2y

- GMAES F, J 24 YL 24 Y

- GMO &S] A7t 5 AUF) ANY ABFFL BN sa, TFF S
A2 A0 7142 Fu

G ARATY FP2H (BaA)

O #899Md A GM A29) H7 Az 37 2 e 5] LED 324
MAAE 2 FAEA] e AR Wolg 2 AL wuwstn HHxA Y
203

T ARATAL SFRE A2 D )

FEENA AL GMAE AES 3Pty Astel B wAe Folr)ne)
oFdlol L2713}

(1)
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R =
@ F&did g3t Fo] 7hs g <+ (100mg/batch) o] TS A
&

>~
>
o
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Jfu
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N
30,
fr
H
)
il

. 47294 ¢ 1

(1) @uje] Fols Hlw (germination test)

(7}) LED ¥x7do| & Holg Ml (1§ 322-1-2)

@ LED?] #x4L& 247} Blue:Red=8:2, B:R=5:5, B:IR=2:8%} 35 AgT2 AAHsHoH,

BEFe H 100 umolm s 2 T}

@ A27+¥ oF 100¥/petri dish 3WH5.

@ AT ol 54 dot At gRE 90% ol =& WolsS B A7 BAF
froxt= fls.

@ FxAd e ol Hole= fle AR AR H.
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(W) FAF obg wiA] Az Tokg Ml (Y 322-1-3)

O "FsAR 27] Zole} #e7t TostEE, oty & filter paper?} vermiculiteS
Hix] AEE A,

@ filter papere= FAFY] #ol&S F743}= paperZ
Asste Aoz dH. T4 AR dF S = T U ous =245 E3stA
. AlEe T2 BEly AEF ofgjoll A BEA] 53] T #Fo] &,

@ vermiculiter &9 1/153 =2 7PH1 E7A T B4Alo] 4350 FAHol =g
1F8 59 HEZ Bo| 249

@ A7 oF 1009 /petri dish 3WHE (A )

<a¥y 322—-1-3. ¥iA] A= filter paper(F)e} vermiculite($-)e] Lo} >

® LEDEAYE §871€AF4E Al Aul5o] AXH Fluorescent light typed] LEDE
BEFe PWF 100 ymolm s '2 TYE (29 322-1-4),
® A5 Lokg ot A3} BF 90% o) w2 TolEg HOou, filter paperg ©] 8

Els
BF TEXA vYo] AdHo R "ol wold FAVE M= B T
@ vermiculite®2 Wro} #E]sl= A o] filter paper Rt} FE|& Aoz FAdH.
AA LS 9% dol= plug trayS ©]83tS vermiculites A1 tjFo=Z
Wopr| 7] Aol FEd Ao ATH.

-—x—F %
Vi

il ETiTH] 2] ferll] THi ]

Relative spectral intensity (%)

Wavelength (mmp

< 1% 322—1—4. Fluorescent light type® LED.>
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(th) HiA] 257 ¥ 9] $E S v (18 322-1-5)

@O wA F7F @ Lo} testE T3 vermiculited]A] ol BE B 4v] M) F St
29A 2 ¢} vermiculite(plug tray)ol 71213

@ AlAANu S0 AXF Fluorescent light type LEDZ #F&H< 7 100 umolm %s 'Z
Y.

@ WA FF d S B AEE ot 2 fHE wiAdA 90% oY =2 AEES
BAoH, vermiculited o] &% A5 FRFA oHFo] o] AES] HolA=

Ao= .

@ %7] ¥rol:= vermiculiteol A AdPste] AA7A] SHE g viR| A 7= Ao
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< 3% 322-1-1. &@¥le AS vuE S F A2+ >

Treatment BR Ratio (Blue:Red) Intensity (umolm *s™ ')
A 25:75 150
B 50:50 150
C 50:50 200
D 25:75 200
E fluorescent light 200
_ 100 _ 100
g g
2 B0 = 80
£ £
_: &0 .;:_r &0
E 40 ?E 40
e 5 \_/ & 20
E i E | e i 3 '.-:i a /q-j -Llj l.;._.-’-
= 30 400 SO0 600 7O BDO = o0 400 S0 600 TR BOO
Wavelength (nm) Wavelength (nm)
A : B:R=25:75 (150 pmolm™s™) B : B:R=50:50 (150 U molm™s™)
= 100 = 100
;; 80 n N ;; 80
% » ” TE »
E w0 0 .
: /| : I\ |
= 3 = 3
fale A JA ] gl A S
= 00 4040 s00 00 TOOD 800 = 00 4040 s00 A00 TOOD 800
Wavelength (nm) Wavelength (nm)
C : B:R=50:50 (200 M molm™s™) D : B:R=25:75 (200 U molm™s™)
= 100
";, B
g
.E L] o
£ w0
:
: i —\J'\‘J Lfdl\“—h
f_§ 2 A . !
= 300 400 B0 A00 ] 800

Wavelength (nm)

E : fluorescent light (200 umol-m’2-s'l)

< 1% 322—-1-6. LED 393 =%

J|m
o,
%
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@ wHuje) FxA g 2Hd wE ASE vu Ay

D AEZAF A3 D AT C S 20 d4, daF, AAFol A vebd

@ LED A7l ®lsf @35 AT d7F o, duxoz de a77r F.

@ 2E AT C o] EAA FHHTh gHF, AAFo] =A vehd. wabA
g o] RSl C FHo] FET Ao Ay (F 322-1-2, 29 322-1-7, 322—-1-8,
322—1-9).

@ 3 LEDEAEER7IsATFAH AP Au)Eo] AXE Fluorescent light typee] LED

(B3 100 pmolm s DA Y 2 TS A A7 F5F FPo=
A G

A : B:R=25:75 (150 pmolm™s™) B : B:R=50:50 (150 U molm™s")

C : B:R=50:50 (200 pmolm?>s™) D : B:R=25:75 (200 pmolm™s™)

E : fluorescent light (200 p molm™s™)

< 29 322-1-7. @l BxAF Fo} A0 BE A A7 >

_43_




A @ B:R=25:75 (150 wumolm *s™ ) B : B:R=50:50 (150 umolm *s~ ')
left:C ¥ right:J okl left:C 9k right:J ok

C : B:R=50:50 (200 umolm *s°!) : B:R=25:75 (200 wmolm *s™ ')
left:C < right:] kA left:C < right:] oA

2671

E : fluorescent light (200 pmolm™
left:C 99 right:J okl

< 39 322-1-8. w9 Fx3 G A wE A5 >
< ¥ 322-1-2. "l Fxda A =40 gE S >
No. Leaf Leaf Leaf Fresh photosynthetic
Treatment of length width area weight ODD* rate
leaves (cm) (cm) (sz) (g/plant) (pmol-coz-m'z-s'l)
C 45ab’ 9.4c 8.3b 957.4b 44.1abc 45.2b 5.1ab
A J 24e 11.5abe 13.9a 902b 29.6¢ 22.6d 4.5abc
C 36.3bcd 12.2ab 11ab 1213.6ab  47.8ab 37.4bc 3.6bcd
5 J 28.3ed 11.1bc 10.3ab 717.6b 31.7bc 60.7a 3.3cd
C 39.3abc 11.8abc 9.6ab 1107.3ab ~ 44.7ab 39.1b 3.6bcd
¢ J 30edc 11bc 9.3ab 752.1b 28.5¢ 47.9b 3.3cd
C 49a 11.6abc 10.1ab 1514.7a 57.3a 46.7b 4.9ab
b J 39.3abc 10.6bc 9.1ab 912.5b 37.1bc 45.1b 53a
C 27ed 13.6a 12.1ab 949.8b 38.4bc 24.3d 2.9¢cd
: J 24.3e 13.1ab 11.6ab 840b 35.7bc 26.5¢cd 2d

Optlcal density difference measured by a chlorophyll meter.
“means with the same letter are not significantly different.
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AT Bol g EEL e, YA ES 5 wol
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7

i
=z
2
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O

[e]
u
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S o Aol w3 "l A E A%

==15B75R{150) A
—a—30B30R{150) B

Net COy Assimilation rate
(pmol-CO; w5ty

] 250 500 750 1000 1250
Light Intensity (p-mol-photon-m*-s")

< ¥ 322—-1-10. @¥ije] Fx3 g 7o w

——25BTSRE00)D
——S0BSORE200)
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2. LED 7]%F ¥ 353 LMO A EFF ASAw € A% 54 &4

O (753 71#: LED-sAE§d7I=4H)

AR A% S Bu

g ARAT +924 (Ba4)

O GMAE o Ay g2 9Astel F7718 dule] P54 2482 o2
oz GMAE e A4S A% 493 LMO 4539 AZAuE Broz
T

As R W)

S|

o AFRATAE FPRE (
(1) FF71E o] HF543
H

(7)) EZ& NBMOA] HoF ub

=4
S ol ( Nicotiana benthamiana) EAS AHE3L L
A& Z 712 institutional repository of the University of Amsterdam

http://hdl.handle.net/11245/1.378174 “The use of Agro infiltration for transient

expression of plant resistance and fungal effector proteins in Nicotiana benthamiana
leaves S Fra13dle] R 3YP3yPS

3¢9 : Red(660nm)+Blue(450nm) &3+ LED <R:B=5:5> 150 umolm s
%%71(‘3371/0171) : 12/12 h, 10/14 h

Az 20C, & 60%

Hjj okl @5}- ok 2.0 msem ', pH 6.

© e Lo e
ot
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< 3 322-2-1. @99 A& vuE 3 F AHAx=A>
Treatment BR Ratio (Blue:Red) photoperiod Inten§12ty_1
(umolm ™ “s™ )
A 50:50 12/12 150
B 50:50 10/14 150
< 3% 322-2-2. @] FHAA v g =AdxE >
Nutrient elements Contents (g/T)
Macro element
KNOs3 380
A 5[Ca(NO3)s 2H:0INH4NO3 720
Fe—EDTA 15
KNO3 380
MgS0O4 H»0 360
KH,PO, 240
Micro element
B HsBO3 2.86
MnSO4 4H20 2.13
ZHSO4 7H20 0.22
CUSO4 5H20 0.09
NazMOO4 2H20 0.25

e L T

=1

sity (%)
2
I —

Relative spectral
8 &
= |
|

500 600 700 300
‘Wavelength (nm)

< ¥ 322-2-2. FF71E Aok @n A AR >
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2 d7ds4 % 1 F

(1) guje] B2 210 e A5 v 23

(7h) AT 221(12/12)00A4 4, 944, AT =4 Yehy f8a9d Agiks s
N. benthamiana® A< 12/12 FF7] & Aiksts 3lo] a&F ozt vy (11
322—2-3)

(P 1A= °ok°—‘1%‘ As v APEH e gelFxo] bE AR
AFgde] dEAA FART A, AAFol =4 Ve, weba wefe] ASof

C ekl #9 @ Aoz
(th Fui7h 94 Y= &

Sol Ws F7129 Age] By

Leal area fem"2) Freshwelghi iz pani} Casben] of Chlapspbyll

-1 IEEEE—
L]

B —
1 ) g

H -
o
i | -
oo - ]

i Heldk 1k

< 19 322-2-3. FF7E ﬂﬁﬁ“’ﬂ uE %Hﬁ*ﬂwr(xéél 60%_1 —7—) >
(2) FAPSNE 2= LA 71& A

D GMAE RIS A% AZAH(HE D ob)
o)

@b vermiculiteE

ﬁ
2
il

2 AAse] 7R XA R (20%30cm) Sk |7)d) <k
10,0009 I%

@ 3F F °F 3¢ H AGFIF sk 5L Fol A Yozt HolA7] A#F

@ 1A% 23 vermiculited] AIE ARE3h= Zo] FHIEY MAZ oA T w B} o]
He g

@ F & @9 Bt AsS W o g2 vermiculiteZt @A oA Ao
At
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< 19 322-2—4, 3 A% 9} -45 0Y (2o} IE 149 3(S) Nicotiana benthamiana >
FAAME A e HA o]
oh IFEF 209 T AR 7 AR Wasb oF 3cm ol AHS W SH G R 0]

© o] FHoA Eul] FE} vermiculiteE Eo] 7 22 £7]9] @7} vermiculiteE
A A3

€ el ¥ert At FEF o]
@b o]m‘a_ WA= SE 7|0 o]F 3] #E( 2014X12 = 2,520F)

O %€ : Red(660nm)+Blue(450nm) &3 LED <R:B=5:5> 150 umolm *s~' = #3}
O 1%—71( 71/¢471) 1 12/12 h 2 AAs9S

O Az 2% 20C, % 60% = Tz A¥E B3 FA8IYS

O A e Aug gAoz sgon A7 AE=(EC) 1.0 msem ', pH 6.52

A FHH gugel Y47 4%

Rt
- A4 109 F e gude] 343 F/8L 94 =¥ oy
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- AW FE RS Holn] hFPe] A5Ae] Fop B
— el @ AWH Aol AR AT PG lZo] s
— S}EWOlE(159), WolE—>Sd g o4 A (209), ©)4) 44 (159), B4 F(10

02 7k A% AtolFol BRF o2 ABIMWKEADL 48 Jujd met

3
s

2emAE AL W 7 A A

< ¥ 322-2-3. ©Hle A L2 ¥ A5 >

No.of Leaf Leaf Leaf Fresh
Growth days le a\', s length width areg weight ODD?
(cm) (cm) (cm”)  (g/plant)
5 6.3 5.2 1.6 102 15.3 37.2
10 7.5 10.2 8.7 508.3 25.7 38.3
15 9.2 11.5 9.8 557.2 31.2 36.5

“Optical density difference measured by a chlorophyll meter.

d 5(5), A4 13d #(3h) >

~
2
LAY

Ne)
S

< 19 322-2-6. A4 A B (A

y O 1
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<A Z15¢>
Nicotiana benthamiana 85>

2-7. A4 47 4

< 13 322

NBMel| @l B 400F A2

O ddAEet A =E AF

oy
Ho
=
=
=
m
Z
o
=y
v
)

H 322-2-8.

< 1

A a7t

A

AFE AF LMO

2483}

B

iz

A AE(394.76m?)

49

LED—

]

/‘5:_-1]0

R4

g LMO A2 H A3t Al

) EANA The

F7=ATAEH LMO dFA14E >

<y

4

< 19 322-2-9. LED—
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olABERRRDY

< 1% 322-2-10. LMO Al &QA]>

0

® LMO 2= Ay
mo = Z2ol [MO ) z_x]__g_ 2=

b NBMO. 2 HE A& Hbe ]
g

O wuZetolEd] stEstel 71E WHoE Auste] YREY ¥4
O BN BA 2 AEE BO LMOAE A4 F71 2 M P 8y
C

O Aujgd ZAES ABYstu ¢ NBMSo| AdAE S22 A

< I9 322-2-11.924% HH SAkek LEDE o] &3 o} we]>
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< a9 322-2-12.82AA% Gl thEu) Fg>

3. LED 7]ut 953

O (A3 7] LED-SAHE§E7|&AEH)

ﬁ,
-
=
@
>
(e
ol
o)
o
<
ofo
rob
=
ol
2L
=z
N
al
g
r®

o @dTAEe BE % ATAE FIUE
O feuud DA GMAE Ay 25, oA
— SETU A ASAT], A e Y
- GMAFEe] @, o) 24 TN 24 3
~ GMO 429 Au7l Fsd 2T A4T ABFLE 2Ae 1, GFa 42
A A7) &S Fu

i} AEATY $92H(BaA)
O GMO 29 443} o F $Pa4 20 2 57145 S 59 2474 a9}
e A AA GMO 89 Al 233 27 2419,
O GMO #=¢] A7t Z7hsha wejo] ua)lo] wet Aol tg A4 ¢ a9}
a79lael B U AAL AL
O g=ol we} GMO 229 A7} o] FolAoksin, o AAF LUHPo Bad
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O 8yl A= GMO, LMO, fFAAHs &

& 5
O LMO(Living Modified Organisms) : LMO®Hol| uwf= ‘A

&
NEe FARAY 282 TP e BE dokgle YEA'S v,

O FAARRF(GM)#E - FAARZAEA S EstAY FAaAaA=A AN el

AEE A8 A FL AIEE 47 FRAEFE(GM)
O FRAAFAFY M, YA 5ol #3 AFG 73
SOl & %%(LMO%)’@] | &
O FAAEE HEA(LMO)2 AL, ik 5o otAA
=

B
=2
X

Alg-AdTFEor o]&5ooF ¢

o ARATAL FPRE (AFE L )
(1) LMO A7A1A ¢Slxg 12 9 2

=
(7)) A1E-d7-8 LMO 2= Ak hd e s 93 EUHY, &9 2 2438 A9 27

&k AFAARE =712 H AAL
(2) LMO d7A14 2= A% 37 A
) FEY A BHL AA A

% AUsE, CO2, LED & So] &
37 o %H”?J. olgjgt F+2 37

B AR B0l
EC, pH, B, $& 52 Ashy
Y Nzdow
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< I¥ 322-3-2. &AAANE LMO d+A14 LED AEFH9] &H4A 7] +x3d>

(5)) LMO @FAA o Az 429

O g 24 A2 LMO 22 gt F4s 2487 A3 A4l 3 BAlo] 4L
23 Qe dA5o2RE AA LMO B FFY Foll 2 dAn 55 AA EC
% pHE A8l St Fde] 7 WA Agshe ALHE ¢k

@ FA 24 AN=HE FFANYGe FUHOR AeH i, ARt WH ojste] 9
WA AAIE BAIE ek A H, AA Aofrlel efsll EC, pH AlM e A Kol
et £33 fF APALRe] WH AN 7S 2dst] FAEFRAT} 7HEE o
A FEEHA S, o] F, 95 glo] AHH RS S, FAEFRAL] ECo}
pHE AR&A} A o] st AbgAte] @89 A R et S
FFA(FAANE FAH 353

© FAe) exAols WArIE @A AA s, AA LxAlof7]d st 44
LEE #AF
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@ < ECe pHE EYHHstA Fi8 EC 2 pH A 71(WM—-32EP, TOADKK) &

< 79 3234 K ¥ ¢ =37)>

(3) LMO a7A1d gl 24
(7}) 9 ECSt pH 3t <Jell= B4 F 279 T FAS HEH st 771884
(ol Fol2)S AN
(W) AL 50ml tubedl] W=7 st Adidtal o AR: 35 APAFH 233t

F A1) &) (Chloride(Cl-),Nitrite(NO2—),Bromide(Br—),Nitrate (NO3—),Phosphate (PO43~)
Sulfate(S042—)3 ko] (Sodium Na+, Ammonium NH4+, potassium K+, Magnesium
Mg2+,Calcium Ca2+)S £413192.
(th) Sol& &4 =1L ot o] Ay AS
@ Model : DX=600 IC system Dionex Co., USA
@ Column :IonPac AS14 Analytical, 4X250mm 3
— Guard : IonPac AG14 Guard, 4X50mm
— ELUENT : 3.5mM Sodium carbonate, ImM Sodium bicarbonate
— Flow rate : 1.2 mL/min
— Inj.Volume : 20ul
— Detection : ED50 Conductivity
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o gole ¥4 lege] mma QA FA4 He A e
(7]') C}:‘ﬂ Ol ol==° H]ﬂ‘—l @071 A 1_7/q\e —111
ofell ole B Awtel FAAZ ZEo] AANE o] FF B o
(W) & o2& FAAY ZA=o AGH AFo] G5 3 A=
zqu_ooﬂﬂaz ]1 A= ]@9_ Ig= o = ].EQ
—‘—é o 12 ‘—11:5.01}\ \__'X1 1_]:]1__34\.__ /\J_w_n
800
700 -
- iy
--‘.“‘-._-
s /v_"-'—o——-*
. 500
E
& = (Cl-)
S a00
b -=-(NO3-)
E 300 «(PO43-)
e s AT el 5082-)
— e
200 1o e e
. - - x
100
o
12345678 91011121314151617181920212223 24252627
Growth days
=2 —3— 0 -S-7) 71 okl o)L 3}
< 19y 322-3 5.*":1‘7ZJ'E 0]:"1 UOL_]‘:H. >
it seans s eean G i | 1R 7 | D00 | eRAeE3
'\\g/c—-h‘—"-'- E_‘gmk{ © T amns [T [T B4R | 1BOYED | EENINE
EEITW WG 0 AUE 9 (EHE) TELGH) GO FAK Sy R L b ~ kel coml hazaisnss
= i T
E‘Eﬂ“éi 2:;21?,"% ‘Ei¢‘_w: ED::‘::&? U —— " [ELE S GIWETZ | 1033300 | 236 B34
E-mall  npelizage b AWM E MI0-3609-3058 & 1amsE | smom | s [ emnee
o1 8 AN tiEAsuETN N E D U = -
i 135075 BHIRIG | (034ETE | 036BRS
*q g 1 » N 1aeee S EERZIL | 170B4IE | 30845
1. The amion conbinis of simples # LIz BETRE | BT | 6371
(Uit + ppm) F
15 149 B35,74E | 16 E3LD | BS5IES4
) 135 BA4E70 | 65D | DEE.3I08
mmpesition ANIONS(EDE)
. P [Pl T B 5"'? a 13536 B36,7061 | LB70BLA | 2576665
Sﬂa\_, T | T | G | R S (B8 z e | 13D o | msoes | mane | @nms
1 13,188 BULIEE | 1@EEM | shesEL = Tana 51065 | 1B ULET | 5B
4 82% “ » BIS.E007 | 1798803 | HIEEID7 o 12506 -~ " BELABSS | 1ETRH | BEVEAL
3 EEL] BLATIES |18t | BOEL = s ismitel ool o
4 L s BLEERE | 101 5204 | maze & Lk BIEAZTE | I461858 | EFT.T6A
kel 2. BILIIE | LBMR | 2FTTNE
HAE | BLIAD | 1BAR | 203808 | pe—e s
13,383 GARBEID | 1E3ERES | 2063
* 5 4R R B4E
) 13,483 BT | IBS.BPE0 | 2E3AL - H2
U 23,4800 BEREERD |1BET | WAk 5'1"3:35??;3&3?%)?5? ;‘g ﬂaﬂ-ﬁg;; A 4 WU
s ~. | HEm BAEPEGE | 174G | BE10es | @ WHDFE o OlOcpsob@nate com
1 13478 BRI | 1B | et HYfizin SSAS AR

< 19 322-3-6. %A Lol BA Ar|>

@D Model : DX-600 IC system Dionex Co., USA
@ Column : Ion Pac CS12 Analytical, 4<250mm
— Guard : TonPac CG12 Guard, 4><50mm
— ELUENT : 20mM H2S04

— Flow rate : 1.0 mL/min

;9‘
52

al(e

2

Lo
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— Inj.Volume : 20 ulL
— Detection : ED50 Conductivity

450
-
-
400 == - e
-
- —
-
350 r
300 w
E
250
g —~MNa+
= =K+
wa 200
E Mg2+
150 —Ca2+
100
50
o
12 3 45 6 7 8 9 101112131415 1617 18 19 20 21 22 23 24 25 26 27
Growth days
=) A 717k ofol okol e W3}
< 3% 322-3-7. AF7IME Fq Fol= WI>
. 14 17,728 N LML | ELTE | 1415079
» Fvans vvesier ey ag o
WA S o e . = S ENI| 15 183017 N.D. | serae | sEERE | 14DazEL
e 1B 1B.3365 N. D 39D, 4630 EEB.3762 14085
§ E50-7d8 Y W4 YT B0 (FHE)  TELIOEL) BEB-BEEI FAR (DBL) B5S-BEED
S e S T B o X MEEEE b 17 191687 N.D. aD713BL | SBMEZ | ZDZBASH
ERAFAX P HEE 71 3 B asws Eesssd e 18 22,5688 D.Z18E 6013404 FLA0IZ 3637483
E-mail  0jb2002@jkav,ack AW T 0L0-36E9-3159
o] B 717 olZ3=0EaHE OB = o 18 193305 N 30BOEEN | EOA76D | 1321807
o 185731 N D, 3005730 EBETTE 13LE711
& ﬂ 2 3” z 2Dzele N. D, a0D,321L BD,127 1285007
. zz 2D,05EE N. . a0¢,760L ED,7920 1263081
1. The cation contents of samples (Unit = mg /Ty
3 18,0978 N. D, 407,023 E1,5796 110,7377
CATIOND(IS 1) 2 21,0861 N.D. [C40BSODE | B2EEOR | 1188452
Carnposition|
3 2D,B20E N. . 4111892 B2 Pl 116,3388
Bample Sodin | Ammonium | potassium |WBgnesium | Calsioen 25 21,7041 N, D. 415 6262 E22714 1089209
Nt WEH & v ce?
1 147281 45407 ZOESTE | B3l | 1253 T D - Mot defected
3 17168 e | segear | amsam | 184893 | oo auwomas
3 1B,072 E1475 3E3,0543 407451 1330751
1 17.0831 16447 BBB.1BTT 1882 1336607
FAIDE AT A3 BHAML
5 173508 5,385 3662062 | 602186 | 1342003 %igg gi Iﬂz’g e g‘;‘ 2 51%;%;23 BT 4 gauT,
3 162524 SEEAT | BERABIE | G02231 | 134445
? LB70BE 20260 3704126 50957 1358857 | @ SHEFIA 1 O1ABKlerpeoh@nate.com)
B 17,3586 M. T 3742861 E1 520 13,7606
9 16,7071 M. T 3738020 Ez3pndn 143,8002
1 L1717 N D 3738137 61 BBBL 13B.7EB7 2015, 9. 16
1 17,6011 N D 376,796 B3281¢ 137.7521
1z 17,692 N.D. 37780L | 53107 | 13BeRe
=l ] I AISIAIL DL X}
12 17,5068 N D 3781321 £3,7213 1378316 xl_1 Hm = m (=3 % =2ao32s= E—l' (=]
B —92_ ok ol 01:0].9_ =S| 7:137/} 1
< IO¥ 322-3-8. ¥4 Yol =4 AAA >

(W) & Fole 4 23 Fol2 £427et FASHA o5l vwd dAFsHA A
He As 23 @ AMe

(Th) &9 oleE4 23t F2AY gz AGF AFo] F& 3 Aoz Hop 499
243 FABSHoA EAHL e AoE AlRE

(ZH) & W Fr1e &3] WsE BEstr] fs) ICP_OES(e|2&st=rt AFE47DE
ot £4S AAY

(3) #71& &4 43

OUbhF71E &4 212 ofgfet 2ol JdsA=

D Instrument : ICP—OES/PerkinElmer/USA
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@ Plasma Unit : RF Power 1.4(Kw)

oFol ) gtefo] AEO =9 o BAEQQ o A7 7Fo] 3 E ] ofoH
(4) = K =2 »J———v—‘i = H’ }‘lv—i R | AA— =57 Zl' 1_]. UL:].}‘ o T
/\9/] \=e) J 6’/\:-]_1_— /\]\:l-ﬂo Ex] 0O o] & fe) ]_ =
a= L S — = oF =2
20l 58S WA Fdle AEA 54O Q3 Aow AIRH
60
5
. -
30 1 = -
P
2 o . w
e - L o
40 =
g_ of «Ca
a
= .
E M
Fe
20
+Na
-
* ——t — - * —— .
10 |-=
A " . e
1 2 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27
Growth days
—Q_ B oOFoll =
< 19 322-3-9. AS7)7HE Fo EI)E Ws)>
0 (B 58 X 5] T2
CCRF - - .
T" AR ITUHLEE oy g g my iy 3 3.8 [ET 550 [ T3t
1-.). TmasEl 2tM e 1 1268 4612 550 i) 130
17 17,58 4755 ] ) 130
2 SE0TY A N OIS EKEWE)  TELDEL) BSO-BEEL__ FAX (OBL) BE0-6500 18 350 A1 587 ] L7e
TFHE AL-IRE S+ A NEEE S 1 125 4750 £78 Bl2 140
ExoEA e auy J = m a=ngem ] 2% [ 580 ) 140
E-mail njp2002@jbon,ac br AW T D10-3668-3159 £l 1EEE [INE] 1] [t L0
Ol % 7171 ICP-0ES NE m e % 5.3 [z [} ) 152
B W [EAL] A1) ) 148
HaA ] 1616 5360 ¥ 03 156
— B 1300 5178 BT 5] 150
3 [EE] 5552 5] ) 175
Qapalitage. Avslysis of o, Mg, Fe, Ha o seinples B 2.0 T340 3 [t} 173
1) Instrument and Analysis. conditions T W deered
(1) (st oraett [CP-OEE(Perkinlmer(USA
(%) Plasras Urit BF Power LK) -
Gas Elow Bofe Line) 15 *Tm ARRIA
(3)Waselength Ca al7.g3 Elsclial .
& put B 10l BHANE AT ATT A0 W THANAUD,
= : i o 2 BHANS BE 099 H3, BD, 4% 3 ¥4 LA0F ASY + PELIL:
o E36.204 Aol
ta B0 Elocial & 2HEIY AT Bmarytime Gdrmnd

2, The minerels content of Ca, K, M Fe, Na in semples

(Ul ¢ mg/100g)
[
o Ca K i3 Fe la
1 EY ERT [ 0] T8
B T K] ® i 110
3 T [T5) 13 [ T
T e i3 3 T 11z
E fE ] (] ] 54 i3
B Ty [ [ 11 114
7 ] [ELl 5 3 11
5 JEE) [E) B 11 115
5 JEES an 5o 15 ¥ 2015 9 12
il T25e 3 B N1 L]
i JE) [ Ta 11 15
A 1251 [TE 52 11 3 > SIALA
13 1230 [ Bl 112 ] HYlizty SSsAdAsUE

(4) LMO 9744 1339 LED =% 7/

(7h) ¥ LMO d7A12d x5 AFFPdoe 2 LED 292 vt Auja] 2 o] Z g o
F-2pahe] Ajuf o = 5)

(W) LMO 29 A5 G0 Adstes W7/d7] Ao7F H AAA|2E 55 T3l
Aujed w3 A Alo] 2 dimming Ao HEEE AXH.

(th) A2 400~700 nme] 7FA1BA A3t §AFSE 380~760 nm oA 33HA o]

SRS

;
e
b
N
=
I
ki
fu
ﬁ
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< 1% 322-3—14. LED AE3% LED 249 449 W79} A% L2 7]>

(5) ¥2AS 2= G A5 Al L HF AL

7hH) A7 FRRE

O 2 7Y A5 Aol AH&E FAFEF
benthamiana) 2 &M Pl A A|-F o}

ol .
@ 9= & 2F Fo &% 20C FAHE A48 B A2 A)2~"H (closed—type transplant

production system, CTPS)ol X SEH 3.

@ 1, 2xd= FHE oo 2 874 Fx9 LMO d7AAEA LED AEZFA %
At z18y.

@ Bulge 1, 22339 AFAHZRE 12/12 h, Blue : Red = 5:5, 3:7 27 A
oYY Ao AREHYL,

b BAZA 1 7] 2242 / 1812 C, & 60+5%
@ FZ7 1 12/12 h, Blue(450nm) + Red(660nm) &3+ LED 150 umolm %s ' (@20cm)
@ Az A @ AEY AL kB EC 2.0 msem—1, pH 6.5
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< # 322-3-1. GMZ&

Sl 73 A Al B

2>

Nutrient elements

Contents (g/T)

Macro element

KNO3 380
A 5[Ca(NO3)2 2H,0]NH4NO; 720
Fe—EDTA 15
KNOs 380
MgS0, H20 360
KH2PO4 240
Micro element
B H:BO; 2.86
MnSO4 4H0 2.13
7ZnS0,; 7H0 0.22
CuS0O4 5H20 0.09
Na:MoO4 2H20 0.25

(W) Fadg 2 2] 25 A

@ LMO gHle vgEAE %7] wol #g7t 83 wabd 1, 2xpd o] AT A0 RE

L3}

.

vermiculiteE vjA] A EZ 9]

< 19 322-3-15. ¥

@ 2o TAE dFE TFAH TAEA Holrole F& a3t FAo
A= FF0 w2t zFol7t A+
Q @Au ol AF B GMAE G| FAHN. benthamiana) &

ol A4,

—
=
=)

008 5. W o 39 A% F
=2 AJuf oA

A|ZE oA SR A

L
T
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4092 &= 7

FoA A o] A (FH) 60 2~8H. T HHF

vermiculiteol] <F

A
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© AwE AEAs FH7]H NBMA 5713 AEHSud A5 Ho] 43 A== 8%
® 5 °oF 357 ¥ v 3

e

O 3AZA 712 2242 / 18%2 C, &% 60+t5%

O 3=7A :12/12 h, Blue(450nm) + Red(660nm) &% LED 150 wmolm—2-s—1 (@20cm)
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0 ms/cm—1, pH 6.5

< % 322-3-16. F2AL &) A9 A 22 F(oH) >
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9
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N
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O
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4
>
i

O
—
T
7
off
o
o

O &EZ, =4 Auf Al el (upo] 2, Alxt)e] T} A A X}viv
O ® Z=ol Blste] za) 270l Xlﬁﬁﬂ% BEFE AE 718 ol FEe ol Ha
AAFol FAH9] 2,000 v wi7kA] AFstEE Aol F&H He A To] 9de=

O o]4 ¢k 33 & LMO AFA|AEC LED AEZA 74 A wl=o] A&,
AEA 7] 2242 /1842 T, % 60+5%
Z7 :12/12 h, Blue(450nm) + Red(660nm) &3+ LED 150 umlm—2-s—1 (@20cm)

O
H oH

O
”\OE rlok

5
Z74  AEY A JH EC 2.0 msem—1, pH 6.5
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O LMO ¥A14<¢1 LED

Al
2

E37(394.76 m*) £7 A H=

N

(th) dAAg A5 @) A5 g A4 vX= LED 334&4
O @ 49 ATl FEol 7P A Ao FAE AR SHETE FAAA Fhel M
%771% FAL FTARE FTHOE AR HoldE "o,

FAF Aol X FEhES 3 660 nm FZo FAF] o5 o], A Y
%%ﬂlﬁé@ S, 450 nm FZ A Fo| g3 HES EEA AU FEEE FA
59 &8s 3
@ ol¢} & 3oz wujde] LED ALZ S19] Zo], 74 59 ¥g& Hel.

@ 1, 223 = AFZAARZHE B:R=5:5, 3:70] A&F oo, 4 SN Foa=
A=
© LED ZALE #d3s A5S Ho|w = Alg Az Aid o o] 753 FEdh
ARG A& ) AF dF AAS Fote] AA @A 2 55 vladtr] 93|
s 71HANA AT
3 322-3-2. F2 F 30¥ 2% GMAE ©ul(N. benthamiana, 9—1)2 B>
No. of Leaf length  Leaf width Leaf area  Fresh weight 2
leaves (cm) (cm) (cm?) (g/plant) ObD
N. benthamiana  26.0£3.0 13.6+0.8 13.040.8  1330.9+147.5  58.043.9 34.3+0.7
N. Tjﬁacum 17.0£1.5 220424 13.5513  1965.8+414.6  71.6:158  38.440.7

“Optical density difference

measured by a chlorophyll meter.
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< 19 322-3-18. A2 & 30¥9 2% GMZE Su)(N. benthamiana(F}),
N. Tabacum 9—1(5)9 -S>

O odut =2 Auje] g A7) de BF
AA ol w2k Dol MEE stg, T8, 49 52 EEH, o] FElE FF0

o] %017,
O LMO d7A14Q LED AE341A wule] %o me f-eamad 4e 9%
§— UL

M6 896 v ezad

ziBe8ocveziMeasoavce L(6acss
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o

< 29 322-3-19. B4 ¥ 30¥ 2% GMZAE @l (N. benthamiana(F),
N. Tabacum 9—1(%)9] Lo &>

O 8278 242 W) 48 ¥3E LED &3}

=2
-~ WAAE 2w w) Asel BlAE LED AE B2l dae e, BHAL
SA

~ $AANY LMO AFAY LED 4EFFNA LEDSFIA 438 @ 9 922
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30¥ 2x9] GMZAE 9w (N. penthamiana(F}),

k=3
N. Tabacum 9—1(%)9

3

—3—20.

< 1% 322
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- S4AHAE LMO A7A14 LED &3l LED

tod =ujel Bt

71(Li—6400 XT Portable photosynthesis System) A}-&3
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— LED #tge] & &9
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<
T

34

< 19 322-3-21.
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(6) LMO d7-A14<l LED

O @anglo gz Ry AF e LMO B8l ZXHN. benthamiana, 9—1,14—3)E 3.
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oG ARATALT FPRE (AE 2 EH)

< 1% 322-4-1. 208 E #AH oY LED

7] o]& &= Ao

)

],

SR

L

[}

|

O 54 g wet A% 29 7}

gloly LED =&% ©]-8& GMz=(Eul) AHj

O LMO aAFA-E=Z 17}

el
s

kel (EC:2.240.2ms/cm, & 20C,&5:21+2C,F%:60%)

z7A (33F7] 16(1)/8(D)h)

&
— Red(660nm):blue(450nm)

=50

— 332:150umolm %s 'at 20cm

o7
o
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@ AHi7d : LED ZAH oY A&7

@ % @ AV Fd (EC:2.240.2ms/cm, & 20C,&%:2142C,$%:60%)
@ Fz=7A (FF7] 16(L)/3(D)h)

@ Red(660nm):blue(450nm)=5:5

® F : 150umolm *s ' at 20cm

Wi

< 19 322—-4-3. EBFEFEAE =AH3 LEDAHEH dolg >

H

g d7Z28 € 13
(1) 7154 #E&E A8 bar type LED =9 7§
4 E

(7H) GMzh= A A8 Al A&

O 54 28§ LED 9 Al=¥ 7

@ 71& 9davt 2AF & 4= 9= Top Down W oA Heat sinke W ZA} 7Moo 2 A5
A =}

@ EvtE, 287t 534 22 7] & A& d&7ts

@ GMZAE(FHl) A A87bs ok, FFo w2t 2a ol 2 Aleto 3 2§ FF
71h

© Arful = A21E LED 2% A& 9¥71/947] 2 A @A o238 7E Ao] %

Dimming 7}F&
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LED Al &E3F & oA ] Ak
@ BAZA : 2242/18427TC, 60+5%, AED vlFH 2.0+£0.2 ms/cm, pH 6.5+0.5
® F=Z7 : 16/8h, 120umolm *s™' Blue:Red=5:5

< 19 322—-4-6. A2 3 3094 GMZE 2ul(N. benthamiana)® S >

< 9 322—4-7. A2 3 4598 GMZE Dul(N. benthamiana)® S >
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TR FIHE
GMZF2 Auls St o g ul

Z7AY LMOZE (Nicotiana tabacum) (P—10, P—11) A]

— HFA s

B
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22!
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7h, TR

A uf

k3|
=4

-
o

79 £9%4 (Bay)

X

. Al

71

S|

ol e At

Ho

H @l (Nicotiana

a8

A

&l

0

o AFRATALT SRS (AFE 2 )

v A Al

(1) vermiculateol] = & 10%

—

0 22+2/18+2°C, 60£5%, AENIFY 2.0+£0.2 ms/cm, pH 6.5£0.5

: 16/8h, 100 pumol'm *s”' Blue:Red

=515
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o LMO%A} Pngase T—10, T—11>

< 1% 322-5-1. =dtigtalo| A &4

14 209 (&% &) >

< 19 322-5-2. A, HF104F, o4 109

9 A EA
kol 2.04+0.2 ms/cm, pH 6.5£0.5

(5) §AAS A&
- S AxA 1 2242/18+27C, 60+5%, AE
— 3=zA 16/8h, 120 umolm %s™! Blue:Red=2:8 , Blue:Red=5:5, Blue:Red=8:2

Blue*Red=5:5

Blue:Red=2

< 1Y 322-5-3. Fu & LEDH T >

% d7dd 2 1@
(1) #l82 Sias 27

(7 338 A D] AS (A2 209%)
@ LED Blue:Red=2:8 Hl&o|A FHF ] 714 =3k

@ GMAEL AAoZ gt ZAE vl x7] Wolg A3}t #EE

@ ZFA A FAE FRE 3 7] AS FX3= 71ey B 2.
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(2) LED & o] & HAAS v (Nicotiana tabacum)® A3 @z shak vlw
O 3%9 A&EA a3 @94 (insulin, PNGase T, Activin A)9] AF3}F 7FsAS 884

I Au) 247 SHoA A

X

O LEDAIE 9] Activin A 370 2}¢l, PNGase 170 2}¢le] d A A3 2 &4 T1 At A=
Bl & AEAE Blue:Red xS 247} 25:75, 50:508 5o Wol® A &EA| sample
< B

— Blue:Red ¥ &3 25:75, 50:5004 A& A&EA A A FTZFS HlasHAT
< 53 9wde] ddES vl

O a9rs Tl (PNGase T, Activin A)e] Wol o3 Aul) 2A1ZF ZHo|A A3 ol

— Western #41&

2 AS 247 25:75, 50:500.2 223 _%r wholx]o] A=}

St A EAE Aol A TS B A Activin A SBAZ A EA L} PNGase

| E5olA Blue:Red = 25:75914 AFo] F4th (2#©322-5-5).

— Activin A—1 8323 Gl A EA = ¥ 27 Blue'Red=25:757} Blue:Red=50:5001 13}
A FEFo] 1.7v) S71ekR AL, B9 Activin A—3 §AAZ @) AEA = 3.99 S}
ST

— PNGase T—10 §Z2AE AEA A Activin A AN A=A Bop A FFo]
QAR W Z79]] Blue:Red=25:75914 3.29 Z7}sdoh.

— 3} Blue:Red WZEAoA @A westernS Edle] HdSS Hluw A3 Ay
Activin A FAAE ANEANA Activin A Eo] W ZZA Blue:Red=25:757}
Blue:Red=50:509] Bv]3} 2& o] 2.38] S7}st(o (29¥322—-5-5, Z1H322—-5-6).

- wEA Axg duiEe] s fEoky] fsiA ARG A=A Asx0]
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3—2-3. A&7 Anti—FimA A YAV |< 3 2@ g§5A4=

1. ] A8 ¢ 73 anti—FimA 34 g &F A 2 3¢5 E2 A A

O 7371 - A5, @ARY

7b. AFAEe] 28 2 A7 FPE
(1) ¥ g} F anti-FimA FA FFAEF 735
@D Anti—FimA A2+ A A v HA AYrzxa &

= B

@ FimA A 2dS A% Zo] = wiA A vl F

[e]

@ Protein G affinity columne o] &3+ A A

(2) ¥ Wl T2 anti-FimA A9 & F 1ecE FHBZA AAFSH

O A= anti-FimA A4 1= ZHZAE AT 5= &2, A Z=A2 Iy
@ AHd3t 7R (300L°]d) AMZEF FimA A dwd B2 ZA 7] 93 5%
@ FimA AbE A% #32] GAst7] 913 affinity chromatography 423

@ Affinity chromatography 43 % Desalting

(® Ion—exchange chromatography =3

® lon—exchange chromatography 3 & & A|ZL ¥E57] Y3} Desalting

@ FimA Abo] A @A g A=k

(3) ¥ W F F2l anti-FimA FA 9 Y TZALE &4

O AES anti—FimA Ao sk &7] RES 9)e Ay LAY 3

ot

H

(4) H A F 7 anti—-FimA Ao} A4 &<l
@O @71 AZ71zrel WE A Efe anti-FimA Ao i FA &<l
@ 7] ARZ71Zre| wE AEFd anti—-FimA Aol g kA &

Y. AEATY 353 (B84A)
O 3"4 o =X FdFoZ AHRA P gingivalis® Q3] Frlg A9 o] By
3 Slo™, P ogingivalisdl 93 FA 9@ FrtE X
gznngéJ/ISQ 7o #AsE fimbrilline] W3k A7 FES w1 9lS

¥

O FimA FAE 23 SHAE= A% 7154 7H=A, 2 59 A3
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o ARATAL FPHE 2 d7+EH

(1 W Al 3 anti-FimA 34 AFAEXZF 725

UbhdTNE F3RE

D At A

O Jdds = M EZ= 2 mg/LeY 2,4-D¢}F 0.02 mg/Le] Zloluldl & 3%9] A&
50 mLY N6 AAuAS L3l AAZagras o]&ete] 28 C, AL

100 rpm Zz19] A& HjF 101]*1 o Gl A mi et Ath. Anti—FimA @A o] A4t

g AEZE Aol HIFEA 42 50 mL A wjA o A FF
5e9) U8 W A AEE a stel 79 B9k MG F oFAL A

to M do

@ Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS—PAGE)3} Western blot
analysis

O wWAWE &89 anti-FimA A9 wjA] W 29 FES F1st7] fiste] AA
Bradford's methodE AH&3ste] FAxS @ A2 Y wjgoz Ry AHwo]
A7ME A g2 AUZE 79 < EHE iAo WA G AFS S AT
(Bradford 1976).

O 5 pgel AA a8 Laemmli (1970)2] Wl 7]1%3}4] non—reducing condition® A 8
% 9} reducing condition®| A9 12 % ¢ Z}Z+9] arcrylamide gelS ©]-&3}<
SDS—PAGEE 33t EgHor, g d¥ld =L Coomassie's brilliant blue®]]
o)sle] AME 1 7HAI3} Yl Western blot analysis® $33}7] Y3l acrylamide
gelo| A E8ld @A ELS Hybond—C membrane (Amersham)el] 15VEZ 30% F<F
electro—blotting A1Z1 & TBST buffer (100mM Tris pH 7.5, 0.9% NaCl, 0.1%Tween
20)°] 10% skim milkZ <¢F 16417t A= blockingdtsd ™. MembraneS TBST buffer=
3WH A& & Anti—mouse IgG (whole) alkaline phosphatase conjugated (A3562, Sigma),
anti—mouse IgG (y—chain specific) alkaline phosphatase conjugated (A3438, Sigma)
18] 31 monoclonal anti—mouse kappa light chain (K2132, Sigma) <& 5% skim milk”}
E3H TBST bufferoll 1:7,0000.2 3 43}e] ALor 2412k 5o+ w33l th. TBST
buffer2 33), TMN buffer (100mM Tris pH 9.5, 100mM NaCl, 5mM MgCl2)=Z 13] A&
gk 29 5—bromo—4—_chloro—3—indolylphosphate (BCIP)®} nitro blue tetrazolium
(NBT)2.2 TMN bufferoll A #4135}t
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@ Affinity chromatographyE ©]&3F anti—FimA &A2] A A

O Anti—FimA A& A4kstr] 918 go] e 2o dd-& 8 &
T A S FAStY AEFO|Z filtrationd}e] soupS EF st T2
bufferol] =<4 sodium phosphate buffer® 2 sttt FA48 3t Sof njsA s
Protein G column (GE Healthcare)-& 723t BioLogic LP, chromatography system
(BIO-RAD)& ©]&3dto tha3 & WHo =2 AA AT

O Columng 20 mM sodium phosphate buffer (pH 7.0)Z washing 3+ & sample$
loadings}al ©A] 20 mM sodium phosphate buffer (pH 7.0)% washing 3}t

O Samples washingdt $-of A @S Relslr] 9ste] 0.1 M glycine—HCI (pH
2.7)E ©]&3}9d elution sttt FA G AL elution 3+ Fo] &d9] pHE FTAHOE
D7) Y& v EHEiELS 1 M Tris—HCL (pH 9.0)<=2 1/10 volume %¥-& tubedl
eluteEs 43 AAE A= fraction @E SDS—PAGEZ} Western blot analysisS
T35t

(W) A2 4 uZ
@ anti—FimA 44k GMH o] 2 iz gy
O AgA+ A7 g5 anti—- FimA FAE o a

Imm X 1mme] €~ F& o8&t FHAEE 238 skal 300 ml flaskel] 50
TEZ A ATk Aetd elitegtel o] A E vido 2R wAWE EHjdE
FA S AS sy 9t Zo] H7EHA &L 50 ml Hj = &
Ak HEFste] 7 S H
A8kt

@ anti—FimA &A @& g A4k 3kl

O Adeo] H7IEA &2 wiANA 7d T wSE widdol] SHHE anti-FimA A
A S 3135l7] 913t SDS—PAGES} Western blot analysisE 43 3} 9t}
Non-reducing condition®]A] hybridoma cell line 1233} 265 &A]2] ¥W&o] whole &4
2719 theh 170 kDaolA FE @Hd A4S Yeom (Kim et al., 2014), thekst
FHl 9] heavy chain¥} light chain®] assembly ® =719 &AEo] AU (1€
323—1-1). Reducing condition®| 4] th2F 55 kDa®] heavy chain®} 25 kDa<2] light chain©]
TdE As sy (21 323-1-2).

O Airgs gst7] skl A7eA 7Isd viel o Aste] ELISAE 33 23
hybridoma cell line &4 1239 4% A E A<l 9H AEA 2 mg/L 1811 3HA)
2659 B¢ dYE 2 49 73”501]’\1 17 mg/Le] A& &l FimA I3A7F AL S
Q—?_]S‘]—E}IZ]— (29 323—-1-3).
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(kDa):

(kDa

170
130

< a9 323-1-1.

(kDa;

130

100
70

55
40

35
25

(kDa)
130

100
70

55
40

35
25

< a9 323-1-2.

< 1% 323—-1-3. ELISAE

< #123 >

PC MNC1 2 6 9 11 1213

] “l'(—

130
100

35

l i —. <_(kDa) -

170
- 130
100

Non—reducing AEjo A 2

< #123 >

PCM NC1 26 9 111213

130
100
70

—— = 5

PCM NC 1 4

< #265 >

56 8 9 12

l!!“ie

i

HC
specific

¥

’
- i)
-_— ==

LC

- . specific

A E G anti—FimA 3A) 9

< #265 >

(kDa)PCM NC 1 45 6 8 12 13

- € HC

-

-—— - 35

40
35
25

(kDa)
13
100

70
55
40

251

Reducing AEjoA] 2

specific

e

LC
specific

- =y — - €

ME Ao FimA A9 &3

25
20 T
fary
=~
o
£
e
Q
2
F=
£
<
q 10
E
('S
5
0 - -

1239

265-4

53 2

p s

265-6 2658
215 F3 FimA &9 A% >

iy >

>




@ Protein G affinity columng ©]-&3F AA|

O 47114 714 FimA JAE EFste dGAE A o2 HE FimA FAE
223}7]1938ke protein G affinity chromatographyS ©]-&3te] FAstH . Al dE 1
AE 126G EFEFS 7IF 2 AR A= #Fd FimA A9 ZFE FFstr] 913t
SDS—PAGE®} ELISAS 33ttt (19 323—1—4). 7L A%} hybridoma cell line 123—9<]
749 90% o] x5 H o™ 50 ml batch cultureo]A g 3 mge A=
R3NOH, 265-49 AFF 80% o9 £ = H} oW 50 ml batch cultureo] A
e=F 5 mge] FAE FrREAT

O 44 FimA A AL AZFo] tigh dF84T 15 FAle Fa718
ENBM A w3 stdon oo A= o]Fd 7|3+

IgG standard 123-9 265-4

1 3 5 M 1 3 1 3 (19

8.0
7.0
6.0 547
50 +——
4.0
3.0
20 -
1.0 T
00 +—— T

1239 265-4

677

mg/ml

< 1% 323—1—4. Protin G affinity chromatographyS ©]-83F 21% 2 anti—FimA 3|2] A 2 g >
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(2) ¥ gl ol anti-FimA Ao dj&F 1= EHZA AASGH
O AEFd anti-FimA A 1= F2AAE A 55 9, A Z=2A42 &9
O AZ3F FimA A @ AS HA3}7] ¢ sequence 4
— GAS A sk Bl @ E Q] FimA AbY #4133 plgks £43817] 98
http://web.expasy.org/compute_pi/ A}e]E°] FimA Ab9 light chain® heavy chain®
ob =t MES fdEeta pI/Mws 83t B335
— B2 As7] 913 e 9=l FimA Ab9] light chain®] ##h#-& <F 26.5kDao] i

pl#ke 9F 6.7°]3l heavy chain® EA}#F2 52.1kDaolal pl&= 7.6492 &2l 3

e@j)‘ﬂ it/ webiexpasy.org/cgi-bin/cormpute_pl/pl taol L - & | Ederasy getp

oeFE EHTE =AM SAIA =70 =SZH)

%’_‘ ExPASY Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

10

MESQSQVEVL LLLW

230 240
TC EATHKTSTSP IVRSFNRNEC

iC?I-S'-fuNSW% DQDSKEDSTYS MS, STLTLTKD

Theoretical pl/Mw: 6.72 / 26511.61

< 19 323—1-5. FimA 349 light chain® plztd Ext% £ Ay >

a@}_)lg fittp://web.expasy.org/cgi-bin/compute_pl/pl_tool p~-c H} ExPASY” get pI/h

oEF EEE 270 FARIA) =M ESTH)

&!‘E)"F}Ag‘/ Compute pl/Mw

Compute pl/Mw
Theoretical pl/Mw (average) for the user-entered sequence:

40 50
A EPGASVEMSC RASGYSFISY WMHWVF

¥ FRESVIVIWN

240

E VHTAQT

7 RAPQVYILPP Bl

0 440
5 YFIYSELNME TSEWEKT,

{ NYYLEKTISR SEGK

Theoretical pl/Mw: 7.64 / 52103.86

< 19 323—-1-6. FimA 3A ¢ heavy chain® plgtat #2122 24 A3 >
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@ 243}t FE9 (300L0]) AEF FimA A dd #e FAs7 9% 55
O a7 F3u-&
— W AGAIE] vl 320LF A8t 1] =5 SOPol wet 10L= of 324 53 % 20 mM
sodium phosphate, pH 7.0°¢] H=Z pHE BASE o]|F 0.45 um 7 EZAIE AMEs)] o3kstar affinity
chromatographyS =343} %NS equilibrationd}?] 913 &= <F 10 Loi] NaHPOs, 16.4g3}
Nall,POy, 10.2gS ¥l pHE 7.00.2 B3l FFHy) 10LE DW= 25 o] z22lo|A 2h
B9t stir 3F % 0.45 um filterS AFESt] o381 columnel] loading $F

12% acrylamide F%9¢] gel& AM&-3

30kDa 7FEZ A& /\}‘lﬁﬂ /‘1

M : size marker

1: FimA antibody Hj 2k, 30 uL
2:30kDa conc,, 30 uL
3:30kDa FT, 30 uL

< 1% 323—-1-8. 320L¢ FimA A7} H&E wjdAE =3 & silver staining >
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@ FimA AbE &% 28 AA 3}7] Y3 affinity chromatography 433

O a7 F3u-&

— FimA Ab wleFe} 320LE AFish 7#=9] %5 SOPel| we} 10L2 oF 328 53 5 pH HAge A=
10LE column®l loading. A}7] FimA Ab AAIE $3F SOPl| we} 14% e AAE vy

HISE protein G sepharose”} packing F]©] )= affinity chromatography-8- Z 3ol AKTA prime<]

buffer A line2 & sample<=- loading . flow rate &= 5 mL/min®]al wash= equilibration buffer, 500
mL, elution< elution buffer, 1LE affinity chromatography= 533}, fraction sizet 10 mL ©]A]g+
pH 2.72 elution 3F7] W&o FimA a7 WAdo] dojd 4= loJA fraction tubeol] 1M Tris, 1

mLA Yo F ¥ fractionS Wk

O A0 =343

— 5=31 FimA Ab v 10LE affinity chromatography =333+ A3} I ZrfE 1308 pH 2.79] W&
pHE elution 3FFS v thFE-2] A7} resinol|A] E2]l=o] A . 5214 protein G binding
capacityZ} o 3ge] FAIE 2 & 5 7] wlEell 300Lolde] e & midds AT
L ZFz}e] fraction2 12% acrylamide geloll 10 ulL® loadingd}il gel run 3F %= silver staining

ale] g2l 8 Ax} SDS—PAGEAIA 90% o)de] purity S %1 & 4 AYsle. 93 o=

chilgo] FUs BalES 71R|a1 9loix PAGEellA bandoll 7k A= 2103 Ton—exchange

chromatography& 712 Faslo] Jee= £ Al 45 EdE 5w Wl SAlsk=

endopeptidase®] oJ&] Fall=l= RS 21 & 4 A=

T Ml Rn600 UV
—— — — Mamal Rn 6:10_Logbaok

Mamal R 6:10 Cond  —— ~—— —Manual Run 6:10_Fractions

mAu

s O

1000

500

o Lz &[4 s [s Mo flaofee|fe

0 5000 10000 ml
Matmal Run 6:10_UV
~— ~ ~ Mamual Run 6-10_Logbook

Mamal Run 6:10_Cond  — — —Marmal Run 6:10_Fractions

mAu mSem

T TNamal) -

\"(L ibs QHP )- )- I* P Pi\ )—SM M

b
16550 15600 16650 16700

< 2% 323—1-9. FimA 3|9 affinity chromatography ©]$ chromatogram >
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MW FT1FT230 31 323334 3536 373839404142 43 44 45

70
55 M : size marker
40! W - wash after AF , 10 uL
: FT1 : flow through afterAF, 10 uL
35 FT2 - flow through afterAF, 10 uL
30~45 : fraction #30~45, 10 uL
25
15
10

< 119 323—1-10. Affinity chromatography ©|3% Z}Z}9] fraction= 12% gelo A &1 >

@ Affinity chromatography 43 ¥ Desalting
O AN FP &
— affinity chromatography & FimA 8|7} = fraction #34~45, F 121 mLE Eo} 2| LA
desalting 573Y. Z}7} 70 mLA desalting column®ll loading 3}al bufferv= ROFE A3, flow
rate= 10 mL/min®& 3}31, fraction sizee 10 mLZ . 1L9] ROFE ARSI elution &

O AN 347

— Desalting A] size7} Jthz o2 & Thild2 wE A7t wEa] LY A|N size7} 2R whlEe-
salt o} =4 Y= A57F 92 SHAI9F FimA Ab2] 735 Exlako] =7] wjFol| salt Bt} I
eltuion Ho] Y& 12} desalting 3F £ fraction #8—533 2211, 23} desalting 3F 3= fraction12—57=

2 5 3= 34 jon—exchange chromatography 3% &

MI201461%9n0001:10 UV MT2014619n0001-10_Cond
T T T MI201461%9n0001:10 Fractions —  —  — MI2014619n0001:10_ Logbook

mAn rmSem

8.0

6.0

4.0

20

0.0 L e e e e e O {Lﬂbﬂilﬁdlli-qjiﬁ

200 300 400 500 600 ml

< 19 323—1—11. Affinity chromatography <=3 % FimA Ab fraction®] 13} desalting%} chromatogram >
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® lon—exchange chromatography 3j

O a7 F3u-&

— 1,27}l AA desaltingdt & fraction #8—53% fractionl2—575 22 & 3h}E g3 2F 900 mLol]
Mcvaine's buffer, 10 mM NaCl, pH 6.0°.2 pHE RA3}al 0.45 um= 333+ $ ion—exchange
chromatography 48§ 3} FimA @A £8] A#lo] &gt SOPel| we} vig] 118 & SU-BPX 22
column®l] 100 mL2] CM sepharoseE =7 3} equilibratino 3F AZ el A& loading. flow rate= 5
mL/min, wash+ equilibration buffer(buffer A)=Z 500 mL, elution2 22}l Z*] 4=88st A HA}=
buffer B2 3}l 222 buffer CE& AM8-314] eltuiond}. fraction sizew 10 mLZ & ol B+
ion—exchange chromatography®ll AF&-8F Z32}+e] buffer 23S eRA.

s
Na2HPO4 : 35.9¢g
Buffer A Equilibration buffer (pH 6.0) Citric acid : 14.2¢g

NaCl : 5.84g
Na2HPO4 : 46.8¢g
Buffer B Elution buffer I (pH 7.0) Citric acid : 6.8g

NaCl : 5.84¢g
Na2HPO4 : 46.8¢g
Buffer C Elution buffer II, (pH 7.0) Citric acid : 6.8g
NaCl : 584.4¢g

Buffer name

O i 823

— desalting 3+ FimA AbZ ion—exchange chromatographyS F-3Jste] 12 Fe] A g Tdst
size®] FAEFS 7ML Sle B AR wjgliel] B ©ild 55 AASkL FimA Ab9
S 287 Yl YhilA Y] ple} salt strengthol] ol&l] e BAEIGS. 2 Ay ol 18 1™
323—1-129] A=2rkET9S B pH 7.0 buffer eltuion P2 ) Y3 2], 2312 1M NaCl=2
salte] TEE 2HS ) EEuEe A 1 18 323-1-132 212}9) fractionS 12%
acrylamide gel®ll 10 ulL® loading 3}aL silver staining 3+ 232 Ve, FimA AbY fraction
#10~255 Ho} HFZHOZ saltE A3 23l desalting &

Mamal Bun 3:10_UV Manual Bun 3:10_Cond
— — — Mamual Run 3-10 Fractions —— —— — Mamual Run 3:10 Logbook

mAu mS.em

/

300

250

200

150

100

T = THIESJLS{IOEDIL L E LI RALIER | LR
2600 2650 2700 2750 2800 2850 ml

< 19 323—1-12. lon—exchange chromatography =3} 3 chromatogram >
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MCSFTW 9101112 1314151617 1819 20 21 2223 24 M25 26 21 28 29

M : size marker

CS - AF fraction after desalting of AF fraction, 10 uL
FT : flow through after CM, 10 uL

W : wash after CM, 10 uL

9~29 - fraction #9~29, 10 uL

< 19 323—1—-13. Ion—exchange chromatography 53} & z}2}9] fractionS- silver staining 2= 341 >

® Ion—exchange chromatography 3 % #HF A|F2 7] 93 Desalting
O A7 F=3u-&

— ion—exchange chromatography $=3) % fraction #10—25% &-& & °F 150 mLE 23}l 23] desalting
4338}, 212} sephadex G—257F %1% desalting column®l] 80 mLA loading 81, RO 1LZ elution
buffer2 AF8-3}4] desalting 47333} flow rates= 10 ml/min, fraction size= 10 mLZ 43}

O i F34x

— Gel filtration® & desalting 3+ $(1& 323—1—14) Z}2}9] fraction=- silver staining® = 21 31331
(19 323—1—15), silver stainingdF % 1,22} desatlingol|A] 22} fractoin #27—682S Ho} stz
AT GSAIR AE TS 8 -70x00 overnight3F ¥ SAHUZE -3 GAIS FimA Ab2]
purity= silver staining® & °F 98% oo = o=,

MT201462300001:10 UV —  MI2014623n0001:10_Cond
— — —MT2014625n0001:10 Fractions —— —— —MT2014625n0001:10 Loghook

mAu mE/em

30.0
£20.0
400
Lis.0
300

ro.0
200

B0

100

(LR}

200 300 400 300 600 T00 ml

< 1% 323—1—14. Ion—exchange chromatography ©]& 12} desalting 3} chromatogram >
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M 13 14 15 16 17 18 19 20 21 M 22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 3940

M 41 42 43 44 45 46 AT 4849 5051 52 5354 55 56 57 58 59 M 60 61 62 63 64 65 66 67 68

M - size marker 13~68 - fraction#13~68 after desalting, 10 uL

< 1% 323—1—-15. Desalting &9 silver staining 23 >

@ FimA Abo] gA| @AY a@d g
O A7 F3 &
— Z}Z}e] AlZE 96 well plateol] ZH2} 5, 10 ul il 557} ZIgk 73-9-ofl= 2ul), 5l 108] 3]45}cd
5, 10 uLE A7F193S- standard BSA, 1mg/mlL 0, 4, 8, 12, 16, 20 uLE A8k standard curveS
TS, 2] AlRTF EoE wellol DWE 15 = 10 ulE ¥z ¥2AI9F Bicinchonic acid<}
4% CuSO4 mixtureZ 180 uLS il 304 B2t 37 Collq Hk-A)1Z1 & 56 2nm°ﬂ*‘] s

4319+ ¥8% =4 ¥ Graphpad prism 4.0 Z2 738 ARESl] T w28 FA5195-
O A =843}

- BAGAE Sl Adgs g A9 FEHA oF 320g0] EAIEE culture sup.
320LEHH w5 2 @A A”S A 300gs 35 AL, affinity
chromatographyE 4313t} EPAlE ™A FimA antibodyE 1.6 g& 3 393, olF
12} desalting®} ion—exchange chromatographyS 3 3+ 3 ¢F 1g2 3|4 sl a1, o=
HFE AEFo 2 WE7] Y3 desalting 3t %= 98% ©|A FimA AbE ¢F 800 mg=
AAE RS, 19 323—-1-16¢ 12 B AAS FimA antibodyd purity S
glgk A3}, non—reducing gel# reducing gelolA] CBBR¥} western blot 2
reducing gel®l|A] silver staining }<] light chain®} heavy chain ¥ purity&

st
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< 3 29 323-1-1. AA @AM 2] gAe 2l = >

L Protein Total protein Total volume
Purification step
mg/mL g mL
Cultuer sup. 1.2 £0.02 384 +£7.6 320,000
Concentration step 31£1.2 310%13 10,000
Affinity chromatography 15%0.9 1.8+£0.014 120
Ion—exchange chromatography 7.3 0.4 1.1£0.05 150
Desalting 1.08+0.04 0.89%0.06 820

Non-reducing gel, 12%

Reducing gel, 12%

CBBR Western CBBR Western
staining blot staining blot
M1 o 1700 1 170 el
L ;_. 130 100= L
130 100 100 s woo
100 - 70 70 - :
R - — 55 55 -
40 AQ = —
ELE. -
25 35 35
25 25 - w——
25 -
-
1500 15 15
10 10 0

Reducing gel, 12%

Silver
staining

15 =
10

< ¥ 323—1-16. anti—FimA mAb<¥] purity ZA} >

<320L FimAAD U} 224>

"
1 Timh artocy #er 00l
2 SKDaconc. S0

5 DT b

<Desalting >

| <Affinity hromatography 8 % 21> .
. \ [

<lon-exch:

< 719 323—1-17. v FEAEZ ujYgA o ZHE FimA

<Desalting $ Zif >

O~
T

Anti-FimA mAb 123
2. lg gamma 2b heavy chain

Anti-FimA mAb 123
- lg kappa light chain

w8 Iy 2o >




(3) ¥ dgulY¥ f2 anti—FimA A2 HA EZUYH Y
7hH A F3WE 2 23
O A=fel anti-FimA A g F7] BHES AT A4 £
B Ao AASE FimA Abe] formulationgS EHZE &% A=S Y3 500 ug/mL
o]’49] formulation ¥ ¥7 WS N g & o He AN Xﬂﬁé}% ET&,
R TFe SHA AHEG dyo
2 e AgAge] 4 By
A7 WEd $d sdAx §
5

PBSel =] E&F3)A AHE-3}7]

f%":

HA %7]94 ﬁr*“’]
9 e asla HE AR} AE

o #Ho
ko
-
Mo &
&3
>
2
e
3R
0

N

o
N
M

et
N
<)
R
ol
kT
B(il
>
=
e
o
ok
i
il
=
i
ol
&
lo

],

(W) a7 F3E 2 A5
(O Formulation 1
O A E riced A A A 98%ol A 1E-EE EEAA S FimA antibody=S PBS buffer (pH
7.2)2 dialysis =% Gel filtration columng A}&3}4] buffer exchangeE 3+ 3 0.2 um
Iy g ELISAE 4335} antibodyS A3 & 1 mg, 10 mg, 50 mg, 100 mge] = A
ZyZ} 9] vialo| 538t FAAZSIY B2 E 4. AF W endotoxin free] 10

mLe| ROFE $4 TAse] AF 847 AP0 %9 & UES T,

< 19 323—-1-18. 27} 10 mL vialdl &F35t SZ2A4% 344 >

@ Formulation 2
O A& riceoll A FEHAIA 98% o] e EE B2 A A S FimA antibodyE ROFZ dialysis
T+ Gel filtration columne AF83}ed desalting 3+ & ELISAE 433} antibodyS
g#Fatal 1, 10, 50, 100 mgel A 24z vialo] #53ta T20% st RLIHE
2% 3 AFH 10mLe] PBSE A ZA3 HE AHEAE AHEs7] HEsES 3
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< I¥ 323-1-19. s2471x & & Eola HHFsA AF =F >

< 1% 323-1-20. =z AZF anti—FimA monoclonal antibody A& X% >

(4) ¥ =g 3 anti—FimA A HAFA &2
O @7 AF7ZE) WE AEF8 anti—-FimA Ao 3k o+g A gl

O AN TP &

— dutxo g Az @A HE BEHE -20C~-70ColA 12 month &<F, 2~8T
oJq= 1 month & <HAHsiotn EeEF. E=F -20C~-70C Euss T
freeze—thaw 3}A ™ 1 month 7} HFstt A, AT AF] ey =, &
4, A wetA 1 AR 2Eef WYL bR meba BEAFEE dRiF o U4y
A Az g de] By o Z -70C, —20C, 4C, RT9 A HF
ByHs A4staa g

— APl ae= EeAA) §F FimA antibody $871% 2% Imgs 22 -70C 2} -20Col] 1271
A BA3 3 1 mg/mlE 5 T SDS-PAGES} western bloto. & B}l ©@h & 9]

&
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- BAAZ el 70T 20ColA 19 o] B3 7153

AAZ BLS -70Ce 20Co) 127197 B#AT

Jk?l
o
i
)
rO
ol

R

hs &<l
(A) CBBR staining, -20°C
M1 2 3 4 5 6 7 8 9 M 10 _11_12 13 14 15 16
70 70 -
D5 W e o s e e e 55 e
40 40
35 35 -
25 o .- — - 5 - - -
15 15
10 10
(B) Western blot, -20°C
M1 2 3 4 5 6 7 8 9 M 10 11 12 13 14 15 16
70 708
55. LT
40+ 40
35 1 o
25« 25
150 15%
10 10
I : size marker
1~16 : HZ71ZH month~16 month
(A) Reducing gel, 10 ug loading
(B) Reducing gel = western blot, 5 ug loading
< 19 323—1-21. FimA antibody®ol] thst <tAHA 3l >
@ A7) AZ N WE AEFd anti—-FimA Ao th3 +FA 2l

1) e
g, s xﬂ%sﬂ Fe) 2, 2, Ao
E]_]_-

A

‘FO
=
o
B

-20C~—-70Col A freeze—thaw 3}A ¥1L

w1 A 2=t

Ao g A AR wuwlAo] B o
AdA HZA RAHHE 1, 2xpd 29

— 1zxpd%d 1% B84 3 FimA antibody S274%F 29 1mgs 242 20Tl 397147

BE#AS $ 1 mg/m

LE =2 & SDS—PAGE®} western blot2

A T~
A, SHAT AFe Fe =, 2, AA
o)

2 g4 g9 2 9] bandE

~—70CNA freeze—thaw 3}A] &1L

geby 1 AF Lxe

=
e ey, e RATHE dubHow 9wz Axd vude nayol




ek A7+E —70C, —200C, 4C, RTY oA HF BgRS 1, 23 =
<}

O A+2x
— 13 =0 3¢x B8 AA 3 FimA antibody 3274%F % 1mgS 742 -20Co]
3971€ 7 HA3 & 1 mg/mLE =9 & SDS—PAGES} western blot2. E E}FAl Tl 2 o]

— FimA antibody 327AF 48 —20TC9 3971L3 13 & 34 Ay} ¢tA3 A=
HIEASS 2 3
~ BAAZ A 20TIA 34 o] BE shsde e
(A) CBBR staining, -20°C (B) Western blot, -20°C
M PC18 21 24 27 30 33 36 39 M PC18 21 24 27 30 33 36 39
70 - 70
55 e - - - - - - —e 55
40 40
35 , 35
25 25
15 15
10 10

I : size marker

18-39: M & 7]2F 18 month~39 month

(A) Reducing gel, 10 ug loading

(B) Reducing gel = western blot, 10 ug loading

< 719 323—1-22. FimA antibody®l tidt A& 7| 7to)] & ot A 3ol (18—-3971¢) >

2. A& vyiral vectors O]%?} anti—FimA A = A A F+=

2]
O A7) @ dF5g 713 A5 stn, @AYsl

7 A7 £ 2 AL FPgE

(1) Anti—FimA A add ey Al 2" 375

D FimA A9 transient expression Vectoroﬂ 24
@ Agroinfiltration & ©o]&3 &

A
@ Western blotHS ©]&3F 11 @& &9l

(2) Anti—FimA Ao ndd, LA 28 75

D anti—FimA &A9] ndHES 93k 834 < transient expression system T3

_95_




@ &3A <l agroinfiltration ¥ T

(3) Anti—FimA o] diFP 75
@O EHAQI transient expression A|Z~H-S 53 FimA A9 o FAy 4t

@ dANH 1Ed Sz AdY AS 2 HFET =24 F

U ARATY 354 (BoAy)
O HZo X oz dHA P gingivalisZ Q3] Frlg] 2o fato] HilE il
AL Jew, P. gingivalisd] & T B FriEs 25 oA 3 A8 E st P
gingivalis® Z+gol| #odst= fimbrillino] W3t A7 F5& Wi S
O FimA AE X3 SAALES A% 7 i
o =

H}O] Q HﬂEii el

&
—H
rr
1>
e
<
=8
=)
<
@
Q
a
@]
'—1
o
2
3
=
ot
N
Lo

o AFRATANL FPYE 2 72T

(1) Anti—FimA A 4@ 2] Al2" 75

b 7T S

D FimA 3A) 9] transient expression vectorol] S24

O TMV based vector?] pMYV1509] A3dAF7L A3 3R H FimA 3A) 9] heavy chaind

light chain Z+7+& At)8te] pMYV1513} pMYV1522 HE3t9o™, PVX based
vector?l pMYV1709] FimA & A9 heavy chain®} light chainS Z}7zF Ay sl
pMYV1713} pMYV1722 W3Rt

@ Electroporatione ©|&3¢ Agrobacterium (strain GV3101)o] & A3
O Electrocompetent agrobacteria cellS YH5 7] ¢34 agrobacteria (strain GV3101)2 50
mg/L rifampicin®] H7F8 5 mle] LB mediumol] HZFste] 28T, LA e 2
g7 A aFF Ft v ATt dAEEVIE ol &3t Alxe} wjgd S £
% agrobacteria Rt& FA St FAAE A A7 At AZGA FrIE 500ul] 10%
glycerols ©]83le] 2¥ washing 3t Pelletol] xF4A =1lE 100 ul® 10%
glycerol® resuspension ¥ % 25 ulg F st v|g] x3A F01E EP tubeol] 531
electrocompetent cellS F=H]3FA T 25 ul®] electrocompetent cellol] A7]oA FH] = 1
ul®] plasmid DNAE F7Fgt & wlg] A F01E cuvetted] mixtureE FIl iceol A
5E7F WA Y. GenePulserE ©]83Fa] 1800 kV, 25 uF 28|31 200 Q Z713}ol A
PFAAES Pttt A HAF = electorcompetent cellE EP tubedl &
A3 1mle] LB WA S 718 3 28CollA 2-3A17F &+ Arejol A g

$7 %
of

st
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ofl
=

£ o
[\]

H AJXE 50 mg/L rifampicin®} 50 mg/L kanamycin®] H7}E uj x4
8ColA 2-3Y &<t wigste @d FZ2UE Ao A7 H7kd
AA4E Y FEYZHE plasmid DNAS F= 3 3 A3 a4 =2

A5o] 4EH0E =9 AL HAsH

jus)
=
=
X
ot

bt

DI 1= Y)
ol
-

=

o
T

o
N
Lo

@ Agroinfiltration HS ©]&3F A AS
O pMYV151, 152, 171 2812 1727} £35 of1=ZxHdg gl oS 50 mg/L rifampicin® 50
mg/L kanamycino] H7Fg LB iAol HEste] 28C, Hdefo] A& ujd7]olA s+
S st AR VIS o &dte] ofaEutE ot AlERhE EE3 F
infiltration medium (10 mM MgCl,, 10 mM MES, 2% sucrose and 150 mg/L
acetosyringone, pH5.6)° 2} dE3} 9l Agrobacterium HEH L ODgoool A 0.30]
I == infiltration mediuml. 2 3 A3} syringe®t vacuum= ©]-&35}¢ infiltrationS

339 e (28 323-2-1).

O SyringeZ ©]&3} direction injectione 4—6 F A% A+ Nicotiana benthamiana®) A<
Sl vte 2ol deals FAM] uh=glo] FAVIE FUFCEAN FPHAT. TMV
based vectorell 4F4= o] 2+ heavy chain®} PVX based vectoroll AYd= o] A+ light
chain 12]31 PVX based vectorol]l A& o] A+ heavy chain®} TMV based vectordll
M=ol A= light chain® &3 vtelgof g A2 21T 2709 A EA4 Y
370e] ol agroinfiltration Ao, 22 C, 18A1F W, 6A17F G &AM 119
<t 438, infiltation ¥ 5,8 18|31 11¥e] Zh2he) Q& S8t vl d S
24t Vacuume ©]€3F vacuum infiltration2 A AEAE Mol = Fol
Lol A FA nAHT T LS FFolA 5L 79 ofagvtE gof T
7= & F —-90 kPaolA 1# 5 vacuums ZolA dggd <tof = V|EE
= & A vacuums e —10 kpa 7R FH2Th ojw] ol EMbE|go} o
AEA S o ¢tow IFHE S FAoE FAT & vk Vacuumol] &3
infiltration | &A= 22 C, 18213k W, 61 Pdefe] 24olA 34 <t
ket At 1, 2 283 34 AEY 45 FEste] A A A A7IE 2A 6]

A% #40) MM,
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(A)

<Direct injection using syringe>

(B)

<N. benthamiana>

<Vacuum infiltration>

<¥ 323—2-1. Agroinfiltration ¥, (A) syringeS ©]-8-3} direct injection, (B) vacuum infiltration >

@ Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS—PAGE)3} Western blot

analysis
O Anti—FimA &A9] 2dE g3sl7] st AIZFE=E 483 agroinfiltration ¥ EHl

JogRY HA d¥AdS %3 ¥ Bradford's methodS AFE-3le] A Ha ot
(Bradford 1976). 5 wgo] AA @A Laemmli (1970)¢] ol 7] %3}
non—reducing condition®] A 10 % ¢} reducing condition®| A2 12 % ¢ Z+7+9] poly
arcrylamide gel& ©]-83te] SDS—PAGEE st EEqlon, L9 duldse
Coomassie's brilliant blueol] &3t AA =31 71A3 FH QY. Western blot analysisS
T338}7] 91t acrylamide gelolAl #2]® @¥ & 52 Hybond—C membrane
(Amersham)9l] 15VZ 30% &<t electro—blotting A]Z1 3 TBST buffer (100mM Tris pH
7.5, 0.9% NaCl, 0.1%Tween 20)°] 10% skim milk® ¢F 16417t = blocking3} % th.
MembraneS TBST bufferZ 3 & & Anti—mouse IgG (whole) alkaline phosphatase
conjugated (A3562, Sigma), anti—mouse IgG (¥—chain specific) alkaline phosphatase
conjugated (A3438, Sigma) “L2]31l monoclonal anti—mouse kappa light chain (K2132,
Sigma) 5= 5% skim milk”} Z&% TBST buffero] 1:7,00020.2 3] 23} A L0 A
2A1 7 Z¢F whg-&t k. TBST buffer® 33)], TMN buffer (100mM Tris pH 9.5, 100mM
NaCl, 5mM MgCI2)Z 13] A& 3F o] 5—bromo—4—chloro—3—indolylphosphate (BCIP)<%}
nitro blue tetrazolium (NBT)2.2 TMN bufferol A 2213} c}.
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(W) 23 &2 3z
@D Anti—FimA A9 transient expression vectoro] F=2Y

O TMV based vector?]l pMYV1500)] AaiAFT A &R A FimA &9 heavy chain¥}

light chain 2475 Bsa 1 siteE ©]83to] A9dsted pMYV1513 pMYV152&
W 3P o, PVX based vector?l pMYV1709] FimA 349 heavy chain®} light
chain® 7tz Atdated pMYV171% pMYV1722 ®algith (19 323-2-2). 27k £

coli T+ agroifiltratione 93l agrobacterium strain GV310109¢] & &A% 3T}

pMYV150
T 2 o
% o R0
RB Aus & @ LB
|y Iy
pMYV170
=
7 35 Z 3
RB AttB B =@ LB
gy
V150+265H V170+265H
Kpnl BamHI Kpnl BamHI V150+265L V170+265L
Sacl Sacl Sacd Sac Kpnl BamHI Kpnl BamHI

Sacl Sacl Sacl Sacl

pMYV151 pMYV171 pMYV152 pMYV172

< 19 323-2—-2. TMV based vector (pMYV150)¢} PVX based vector (pMYV170)9]

FimA 3tA) 9] heavy chain®} light chain® =24 >

@ AgroinfiltrationS ©o]-&3 A A3

O 220X 4-65F A% A N. benthamiana 2= S ©]-&35te] anti—FimA 349 11

HH-E 93 TMV based vector®} PVX based vectore] T3] 23S dolrR 7]
et FAbbE S AL FAZIE o] &8st o Al oz utH o} &9
At S FU3A T TMV based vectorol] 24z A4 heavy chain (pMYV151)3} light
chain (pMYV152), PVX based vector Z}Z}tel] 44 ¥ heavy chain (pMYV171)3} light
chain (pMYV172), TMV based vector®]l A4 % heavy chainZ PVX basd vectorel
AF1 = light chain 28]a1 PVX based vectordl]l 49 heavy chain®} TMV based
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vectoroll AYH light chain ZHE infiltrationS 33 & 547 109 A
Fghsle] guld BAS F8egdtt. 1 A3 PVX based vectordl] A9 ® heavy
chain®} TMV based vectoro] A E light chain %9 7% infiltration & 10¥ A
T3 JogrE FE3 I A9 non—reducing condition®} reducing condition

SDS—PAGE % Western blot analysisol] A whole 3¢ @do] =4 Vel (18

35

323—-2-3).
Non- reducing condition Reducing condition
Q
& # & &
o x <
«Y\\ ) = N Q x
A S & & ¢
NCH 528510 & 165 10 {dpD NCM 5 10 510 5 10 5 10 (dpi)
(kDa) (kDa) =
170 100 :
130 o 55 —
100 ‘3"; : .
70 - o
0 - 25 .
T
- 17 [

< 1% 323—2-3. Transient expressione =% FimA &A1 HZFH Z=4 A% >

O FimA Aol 1 23S 93 a3l infiltration S Aestr] 93 o
A& o= PVX based vectord]l A% heavy chain (pMYV171)3 TMV based
vectoro] 2] light chain (pMYV152) %S Aelsth.

@ Western blot analysis®} ELISAE ©]83 31 &g 3l
O PVX—-HC (pMYV171)3% TMV-LC (pMYV152)°] Z3° & FimA Aol 1 vtd 2HS
7] 3l syringe®} vacuumS ©|-83}4] agroinfiltrationS 433} }. Infiltration $ 5
10 283 14Y F S &8t 753 G A= RBE SDS—PAGES Western blot
analysisE 339t (¥ 323—-2-4).
O 2 23} vacuum infiltration®] 73-¢ FimA &A1 11 @3o] EQFE o F 719
viral systemolA A& §lo] Z+zte] heavy chain®} light chain®] @& Eo] AFg2zo=

assembly”7} o]F o] A AL 3213ttt E3] vacuum infiltration ¥ 144 33




AEANA FimA A9 1 &do] &2l Hlom, M4 dild F 2.3 & AA
stgom, MAFH ke 242.5 mgd FimA A7 428S a4t (28
323-2-5).

| Non- reducing condition Reducing condition

PVX-HC + TMV-LC PVX-HC + TMV-LC

syringe vacuum syringe vacuum

Dape M NC5 10 14 5 10 14 (dpi) @pmPC M NC 510 14 5 10 1.4 (pi

70— o e S < 100

70 -
130 B 55 4
100 i 4 :

35 2
70 oo - <«
55 !
i - - 17 ;

-~
35 i
—F ——p

o |
EURE

T =
L iRees 1

< 19 323—2—4. Syring®} vacuum infiltration= ©]-83F FimA A9 1 &3 =4

300 -

2.3%
= TSP
c 250 -
a4 o
E 3 200
i
o

(=}
= > 150 1
£ 3
5 2
£ 100 -
S
* N . .

Nl B | B
5 10 14 5 10 14

Syringe Vacuum

Days post infiltration (dpi)

< 19 323-2-5. ELISAS %3 FimA A9 F% >

(2) Anti—FimA A& 128, YAA=H 75
b A7AE F3 WE
@ Agroinfiltration < ©]&3 FA A3
O pMYV151, 152, 171 283 1727F ¥ o1 &Zxte| g o}= 50 mg/L rifampicin® 50
mg/L kanamycino] H7Fg LB iAol HFFste] 28C, Hdefo] A& wj&F7]olA s+
S M AT AR TE o] &3t ofaEMbH ol M ERFS EE3 £
infiltration medium (10 mM MgCI2, 10 mM MES, 2% sucrose and 150 mg/L
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acetosyringone, pH5.6)°l A & €3} t}. Agrobacterium HEH-E OD600 A 0.39]
%2 infiltration mediuml. 2 3 A3} syringe$} vacuums ©]-83}to infiltration
Ty AT
O Agroinfiltration> 4—6 5 A% A= Nicotiana benthamianas ©]-83t TP = ATt
TMYV based vectordll A= o 9l+= heavy chain®} PVX based vectorol] A Q4= A+
light chain 28]31 PVX based vectoro] A= U= heavy chain®} TMV based
vectorell A= ol A= light chain® &3 vte|gjo} AgAe 7o =0T 2709
AMEA S 3709 Aol agroinfiltration HRem, 22 C, 18A17F B, 6417 e 9
Ao 11 &<t 4L, infiltation § 5,8 28] 11l Z2zbe] 915 335}
G dSs Fetdvh. g FimA A9 a1 23 % gk ol = ubE 2jo} dAE 9
FEE A3 A ODgoool A 0.3, 0.6 233l 0.92 % F infiltrationS $3 3Tk
S ©]8-3F vacuum infiltratione A AEAE 3tEo A& Fo| EolAA
GA 18 F S FHFA 5L A7l ofmute glol &gt A= E gt
| A 18 &<t vacuumS ZAojA dEA <t = V|EE wiE $ Aukg
vacuums e —10 kpa 7HA] 2tk ojuf ol EvtE| g o} A Ho] AEA Y
olo g HEHE A eto g A 4 At} Vacuumol| 3l infiltration ¥
AEAE 22 C, 18A17F H, 6A17F P 244 39 &<t i dstAdnt. 3,4,5,6,7,8
a8l 9LA AES dE& st Aol A A AI7IE AsH] A% &4l
AH&sH AT

o
Ho

@ Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS—PAGE)3} Western blot

analysis
O Anti—FimA 849 &3S &213l7] 93t AIZPEE 483 agroinfiltration ¥ Bl

QozHH HA d¥dE FEF3 F Bradford's methodE AF8-3te] A ZF3tAth
(Bradford 1976). 5 pgo] ZA @ &AL Laemmli (1970)2] Wl 7] %3514
non—reducing condition®| A 10 % ¢} reducing condition®| A2 12 % ¢ Z+7}+9] poly
arcrylamide gel& ©]-83te] SDS—PAGEE Fdste] EEEglon, L9 duldse
Coomassie's brilliant blueo] 93t A= 11 7FA)1 8 HJTE. Western blot analysisS
337 Y3t acrylamide geld| A £ E @9y é‘% Hybond—C membrane
(Amersham)el 15VZ 30% &< electro—blotting A 7! & TBST buffer (100mM Tris pH
7.5, 0.9% NaCl, 0.1%Tween 20)°] 10% skim milk® ¢F 16417t = blocking3} % th.
MembraneS TBST buffer2 3¥ %2 % Anti—mouse IgG (whole) alkaline phosphatase
conjugated (A3562, Sigma), anti—mouse 1gG (y—chain specific) alkaline phosphatase
conjugated (A3438, Sigma) 18]l monoclonal anti—mouse kappa light chain (K2132,
Sigma) 5L 5% skim milk”} E%E TBST buffero] 1:7,00020.2 3]23}o] A L0 A
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2A17F F<F W3ty TBST buffer® 33], TMN buffer (100mM Tris pH 9.5, 100mM
NaCl, 5mM MgCl2)& 13] A& 8F Zof 5—bromo—4—chloro—3—indolylphosphate (BCIP)<%}
nitro blue tetrazolium (NBT)2. 2 TMN bufferoll Al 221351t}

(W) d72% 4 3
@ FimA A9 1 #dS 93 HF ofazdtd ol A8 5= =4
O FimA Aol 1 &dS 93k a34 <l infiltration HS Adsl7] 93 o

AFo| = PVX based vectoroll A9 E heavy chain (pMYV171)3% TMV based
vectoroll AAYE light chain (pMYV152) XS e sttt ol 12 ubg glo} &gl o]
F%E 0D600 0.3, 0.6 12]3L 0.92 Bt ¥ syringeE o]-&ate] gl <l sl
agorinfiltrationS 4348t 5,8 181 1194 AL 583t SDS—PAGES} Western blot
analysisE& a3ttt 1 Ay ofa= dHE glof g F% 0D600 0.6914 H2L2Y
CCP whole antibody Hl&°] =4 YelU= AS &9l 3G (28 323-2-6).

5 dpi 8 dpi 11 dpi
M PC NC 0.3 0.6 0903056 09 0.3 0.6 0.9 (Ao 5 8 11 (dpi)

g <=— Hil,
130

TDB

55 —

Non-reducing condition

- Optimal density of agrobacterial cells (ODgy,= 0.6)

< 1% 323-2-6. FimA A9 3 FdS A% HA ofnzute 2ol A8 v A¥ >

3

Ae Hg ol EvtE|glol dEY FEE ODso 0.602 Z2AFS &
e A2e 3 2EA FHE 93] vacuum infiltrationS 93 Z21S #7] 93)
12 A= 383 PVX based vectord] A4 % heavy chain (pMYV171)3 TMV based
vectordl] A4 light chain (pMYV152) 32 Ae3le FimA A7 =2 A=
A715 AAste APS A9 Y. 4-65 A= A Nbenthamiana 2 EAZE

0] £-3}o] vacuum infiltrationS 433+ 3 2, 3, 4, 5, 6, 7, 8 2181 9 ZoF ujF3t

ih

@ FimA A9 11 & A7)
O FimA 38A|e] 11 &

/\]

NA
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T AEE AEAE St Al dAFE F13t7] 91 SDS-PAGES} Western
blot analysisE 433 dth (18 323-2-7). ol=2utg gel dgde] Fx7} OD600
0.6°14 Vacuum infiltrationS 333+ & 2 EA 9] FeHE &2 3+ 23} v|g 7d o]F
HHE 2EA49 do] w3ty = dXo] FEHUY (2™ 323—2-8). Western blot
analysis€ 433 27} FimA A& WHdo] 54 o]FHE F7lstr] AlZstdlon,
TR Ho HAFS Hole S &Rlste] FimA AY tiF ALs 9T
agroinfiltration Ao & ol &Eutg g o} A& =% 0OD600 0.6904] vacuum

infiltration® 7€A AEES F83t= Ao] ntdA sttt Alg

MPCNC3 4 56 7 8 9(dp) MPCNC 3 4 5 6 7 8 9(dp
[— L] - ]
sl -
- { . i , L e . ey
- BERRRERY s BEES
- ) b
: §*" - L8
. L sessus .
(kDa) (kDa)
19 -—-.ﬁ."e Hls  go08
f— -
198 = £, ——— -
55 40
40~ - ] 35
:: 22 - e e < IC
5 17
Non-reducing condition Reducing condition

= PVX-HC+TMV-LC & TMV-HC+PVX-LC
= Density of agrobacterial cells ( 0D600=0.6)
= Sampling time (7 dpi)

< 9 323—-2-7. FimA A9 11 T3S 3 HF AA7] 2 >

PVX-HC+TMV-LC & TMV-HC+PVX-LC
Density of agrobacterial cells ( OD4p,=0.6)

< 9 323—-2-8. Vacuum infiltrationS F83+ & A|7te] W& A &A1 e >
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(3) Anti—FimA A 9] FYLNH 7=
b7 38 WE
@ A& 37A<l transient expression A|2=®S E3F FimA A9 o
O 22pd =0l FHE NFANES o] &s) dds Ha 2 &+
HHEH o2 Fefalgs wolx 1 Hd
Arkdo] & F Jje duiiE S o] &3t

blot analysisE 433} T}.

(W) A743 ¢4 2%
O #F4F FF9 Anti-FimAgA] 42k 2l
O 71¥o] 29 Anti-Fim A A9 F& FF wwste] Hoks w, 1 Fo] =
WA 2SS AP, AZ T2 Jo Agroinfiltrationd}e] harvestd] s Ej
Ao A L wE FFo] Ao FAIGS western blot2 3 s HS W, 1 @
F=Fo] Ao EAES APt 2™ 323—-2-9).

MPC NC 1 2 MPC NC 1 2

70 ™
40 40
- 5

25 = [

< 19 323-2-9. Western blot& &3} Anti—-FimA3A¢] &<, Non—reducing ZA(F),
)

Reducing Z7A($) >

™

@ IAA g gz Ad8 A
O 3xpdxo AHE s 249 A A A (clone 265)2] Heavy
chain (HC)3} Light chain (LC)¢ AW EE, Agrobacterium &2, SdG#EZ
g9 d BAS FsRon tEd o] 3AhdRY A}t Zes FAFFe 2 A

NP E A VExhoz IHES & & AT PVX #dHEH fFH ] LCH

TMV Z@du g fee] HC 29 3543, 27 ddde7E 448 €

agrobacterium %%9'49] EXZ7F ODsoo®ll A 0.69] HA & AEAZE £, 181

(19

2]
B 7-8UA AEAY 2 20 Hae HHES YEHH
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SDS-PAGE Immuncblotting

M BSA NC -7dpi,0D=0.6-~ M PC NC -7dpi,0D=0.6—

"

-
—_—

p—

[ A

< 1% 323-2-10. FimA 26532 1

Ll

BIA-Iy

O 9o Azte} o] FimA FAZ A EA oA A 5oz
T8t o, o]F AFHES FAY 7sd &I F F
AFE st 50 o o)AFe] N. benthamiana 2 E A FimA ?{}iﬂ
infiltration® 2 EYA|A FimA A @d LS piEHo =2

Z\JIE %%%E

il
=
=

44

g-83}o] Protein G affinity chromatography & ©] &3}

% SDS-PAGEE

53t 2H2LEE] 9] whole assembly@E] 9] anti—FimA A=

stelstlon, ek 90% oo === FAH

Non-Reducing

SDS-PAGE

S gy (29 323-2-11.)

—

—
—— — - '
M PCNC 3 4 5 6 7 8 9(dpi M PC NC 2 4 5 6 7 28 9(dpp
- - . 10
100/ & . . 70 -
o 55, | - —— e - -
55 = 40 |
an I R Westernss
EL = e — — -
25
15 - 15 |
< 1% 323-2-11. B4 £F FimA &4 @ud 39l >
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3. &R/ anti—-FimA 3 A a2 43 PG—CIA 55724
3y 92 g58<

O A7FR7)B © AFFA7) 9 AR SaL, @Au] )

7h dFAEY £ 2 A9 SRR E

(1) PG-CIATERY 3§

D P.gingivalis R3] T4 e) ZA (extract vs live bacteria, mouth vs intraperitoneal
)

@ PGY Fof 3l 2 o] wE #dd g Bt H2H9 PG-CIA 2d A Y

(2) PG—CIA9A] anti—FimA 38A9] &3 FA}
@O PG-CIAE ) anti—FimA & Fo8H ZA (oral, intraperitoneal, intravenous &)
@ anti—-FimAgA 9] s=¥ A-EE o ul

fex]
@ PG—CIARY o)A anti—FimA 3HA|S *]
EN

4
4

B2 W WestAe wa 9 A= W

(3) Anti—FimA A9 FAAHEANA in vitro 3 FA}

@D RASHA}S] x]FH WA PG complexES #8]3}e] cultureX] 3y

@ PG complex?l X anti-FimAZAE AHelste] B 4E(Fim ALFILA HFAH)
g A

(4) Anti—FimA A9 FAAMZAA in vitro EFHE FA}

@ H&H, PAD enzyme®d A%, virulence factore] odH Hx &
gk F7F g EE 24}

(5) 243 anti-FimAZA FAFH &4

@ Gargle®d® 9] anti—FimA A

@ Intravenous FAFEN Y anti—FimAgA

@ @A anti-FimA FA59 & I AFS v A7 £ FAFH

EX

7o W= ozt

U, AEAFY FPEF (BLA)
O 2 A7E AEFd FimA 349 HFrlgs X894 &

o
jincH
ol
k1
koj
olr
tlo
fot
o
ol
£
1
N
2
0]
fru
4
*“3
oL
o,
)
ok
L
o OIF
ot o
g
ol
k1
by
4
o
ol
4
oo
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O ARATAL 39S 2 d72
(1) PG-CIATEERY 3]
b A7 *ffMﬁ
D #AHA TERdo o
O Porphyromonas gingivalis (P. gingivalis) 7 % FrlE]2~ A G o] AAAA S A3
A8 AEE 58 BAS AR Ao 2, P gingivalis W83 E 2561 #F 2 653
FAF(DBA/1]; LEAE ulo] oA Qdg) AFT T 5vhy AS 44 4. ¢4, P
gingivalis 79 AE HAZE 4As7] Y8, +4FA(oral) & EFZFA(IP) #+o=2
oM g 15, #E 9 S 7IFoE dFYd ARYH 5 WA
Foste o5 Pre o2 BHsiglon, #HY 5 & #5 Fosle &5 PostE
W ste] APstRTh BAA o 2ol FEE 0.05M oFA EAH acetic acid) ol =<1 2mg/ml
29 A28 ZF&H4 (type 1I collagen)(Chondrex) ¥ €A Z 2 E HY=7FA](complete
Freund's adjuvant, CFA) (Chondrex) 4mg/ml < 1:1(v/v)¢] HIE&E 4& & o] E3H
100ulE el 12} HatFAL sttt o] 258 35 § 232 A2¥ ZeHal(type 1
collagen) Smg/ml ¥ E¢H ZZRJE WAAF7A (Incomplete Freund's adjuvant,
IFA)(Chondrex) 5mg/mlg 1:1(v/v) HIE&Z 42 & &Y 50ulE H3FAF AT
O FAFAE AA HEE = ‘rT/‘P“O et 7] 98 F 59 FF Aol AHH
Fostes WS AMEERon, BERFRAE 79 B W IYeE £3rd F As
Pz

7be/d< wiAIEY] sk 3ol WA F23] FoE Vo =z s
Sl

53 A5 (Pre)ds, #4A F=(F 3
—28HEH A& Fosilen, Ed, #dAS
TFE 74 B 545 53 FA9F 47+ (Post)= 7] ZX}E A2d ZebA (type 11
collagen) 5mg/ml ¥ Incomplete Freund's adjuvant (IFA)E FY3 24L& 0Y=E 314
o2 7]Fo7 —20¥9RH +28U71A EoEYc}.
O B3 P gingivalis W83 2 2561 #3F+ EF 1x10'CFUY HXE A}-g3te] PBS 9
TFe & FAFAY Arole HF 50ul, EAFAY B 100ulE ARS8
a | ol A, TF9 T, A2Y
g 71t §& BT Aok Fdsi, gt 759
T, 05 FABE, FANHS 23 Aoz Al ARkt (1™ 323-3-1).

J i
=5
Vv
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@ AEENE 53 AdYG AdAx A
O #dd9 AdAEE Z4317] A8ty B AHE FAstr] 9 AT S
339tk H&E 944 (staining) 2 AbZEbd O WS o] &3l AEE
BEeAY. Ho SEe geldor uPAZ F ddste] 23 GAS AN FE
WHo g Festt
O H&E G4 (staining) 2] 3, AFL A (xylene) I 3 2L A (xylene) I oA 1583t

=

g ot (deparaffin) 85 AA 100% AN&E-E, 90% oleh-E, 80% ol&s, 70% &
(hydration &) o8 742} 584 A7), FEENA 58I A3 F Harris
hematoxylin (Sigma—Aldrich HHS32) 2.2 10%3F 4Xg & FXEZ F83] A2 5
1%HCIo 2-33] 28 22 & 0.2% FEYole 2-33 A AYS AX
Eosin(Sigma—Aldrich HT110132)2.2 18 30%7F 92 & A F3AUY. 70% &2, 80%
olErE, 90% A&, 100% o2 (dehydration ) o2 FTHAIZ] &
2L (xylene) o] @7} 2 (mounting) BE 3P ste] =31}

O Safranin O 4] -5 4471 H&E AW (staining) ¥ L3 34 S8kl
Aot ThE AL o] &5t e o] wo]= Weigert's iron hematoxylin
(Sigma—Aldrich HT1079—1SET) ¢} Fast green(FCF, Sigma—Aldrich F7252—-5G)2.& 5&7t
AAgE Holl, 1% ol EA 2-33] A% @131, Safranin o(Sigma—Aldrich

§2255-25G)& 523 AA% & FxREM AY F LT edAES FHAH

@ Mouse TNF—a and IL—6 ELISA(Enzyme—linked immunosorbant assay)

O ¢t} AHE S sl v ) AES IS5 4 A AEFLS 42, 12,000rpmol A
30% F¢ ¥4 EHste] d3 S Byste Aol AEsHT. P gingivalis 2]
HAEH #HE F =7 v AW e A543 Aol E7EIS] TNF—alphaol oW d3dF&
H)| X =X LolH 7] ¥ste] ELISAS $331¥ 3L, kit(mouse TNF alpha ELISA
ready—set—go!, Cat REF# 88—7324—88, eBioscience)?] protocolo] wa} 2133} t}.

il
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O 96 microwell plate(Cat REF# 439454, Nunc)°l] anti—-mTNF—a & (250x)S 1x=E 3]A3H
S 100p A ¥ 4Co A overnight3t ¥ th. Washing buffer oAl WHA washingdt
5, 1x assay diluentE 3+ well & 200ul 2 2o 1x)7F H¢F Ao A blocking &
ThA] washingS oAl W 33ttt AAFE welldl mouse TNF alphaZs ¥
standardg& 293t U A well2 Fo 34 AMES PBSo A H, 100u & ¥11
Ao 2A17F F<F incubationdt{ Y. WashingS tAl ®H 33 & detection
antibody ] anti—mouse TNF alpha biotin(250x)S 1xE 3|48 & Z} wellol] 100ul 2
Qa1 ALl 1A F<F incubationd & Washing®}AES AA avidin—HRPES 1xE
g Astar 100ul A wello]l ¥31 302 &< incubationd} . Incubation®] £4kal

HE A o2 washings X33+ 3 TMB substrate solutionS 100pl & ¥ i1 A&

2

15% E<F incubationd}ith. 50ul 9] stop solutione H7}3F F, 450nmolA TFE=E
Z43At 919 Y3 WHOZ anti—IL—6 antibodyES AFE3te] IL-6 sTEES
=43 A .

(W) 94234 9 3%
O A1719F AWl 2 AH-E &8 2d f %=
O P. gingivalis @3

=
=
FERLS /wos APL 3

ho 2 S Ayttt Pemgivaliste] s Ae 225 A4 38H7]
Asll FAW FA(oraDTH BN FA(P)Z o2 7R3t JAPFstqen P,
gingivalist 9 Tl FE oS F= A7l FimAd 753 a2 &=z
W83 A+l 2561 olghe F 7Y P gingivalistS ol &3t A3FS #3313}
O o Fo Al7] JA] & AP oAwg S 71X=A] oFF] Al nvprt g7l

=
FHsigon, B9 §5 F T& Folshe T& Post3stel 4¥e 1S
°] A vle) wstel BAA AR FAG FHol AN
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< 1% 323-3-10. #FY LA TNF-a9 5 5% >
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Ho 2 Alo]E7IRle] Frkste Ae & F7F At

AHA 1= A9l w§- =L o= EASAR o] "ol =d
152 3le A AAHGAHE 1S =& £XE §X3E AL &
NFell A 7bd 3435 3ol BistE RoFAd B4 4E f+

- 119 -




Hs =2 79 IL-69

oA

)

A8

o] =& HoFal

]

o 3
=2 FX

o
=

o2 IL-69 H$7F TNFRH H

SINE

z:gl_

Aot =

H

%

+
o

el

AN

O ®g A

to]l ) =3) s IL-69]

J

Ho
mj

i3

ol

3!

W
e

S

—_—

0
s

el

]

7

==
-T-

o] sEC
dF=

I

o

Sl
1, ol REEE WAolY #e) Rl gt

3|

innate immune response’} IL—62]

==
T

A=

)

o

o

3 -

o #

18 7} o (29 323—-3-12).

glo
B B

[e)
As

)
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(2) PG-CIA9 A anti—FimA A9 &3 FA}
HATNE FFRE
O A3 a5 mEF =4
O Porphyromonas gingivalis (PG) @5 25610]9, dAAQ71x] 8182 6719 3 (Type)
Fimbriae (FimA) & Al 13 types 7FAl= wolth. #Al= A3t XA T2
7t Rl wEk vt As Eds wol ARE ST
@ DBA/1 vl$-2 F8H4 524 #2d Y =29 (Collagen—induced arthritis in DBA/1 mice,
CIA)
O A 7F¢ Bl AHEEE Frte s Bddy txzel 22
% H

Feoz Agstel BAY

A, Al 2% FZ=Hdle] A7t

A
BN

A7l mycobacteria®] EAHA|A TE £R)9; 111 (vv) HEZ €L H
homogenizer (& 7])E ©|-&st ZsiA wwt & (A== F wE A7k AREstH, 4T
AEHE FAEH), o] TFA 150 ulE k2o HotFAL AT

@ 749 = =1 % FimA A ¥

O F7349E 5317 938t 5X10° CFU/mIY] PGTHS 2% carboxylmethyl—celluloseE =<1
PBS W¥o] &gttt o] S AA HEBEZ4Y FAHS YER Y] fske
1547 Wi vk el AR FAE ST (28 323-3-1). Fole &2XFJES

FET Sui7tF =3o™, FimA A ¢ke] vbSAS HUE Fol&g 7] fgolt.

O £ AFS f3te w2 2 6702 rAth 4242 wild type (WT, oF¢-3%=
gz ore 72) Buffer (2% arboxylmethyl—cellulose 2] 3+ PBS W35l &3 18 ),
CIA (collagens A#ate] #H G = 1F), CIA+PG (#EH F &= 25 PGS
Ae)g 2F), CIA+PG+FImA Ab (384 = 250 FimA A S 42 PGHS A2 d
%), CIA+FIimA @4 (3849 f= IF° FimA A4S 42 I25)°H, &4 &2
3etg] ¥y Ag s th FimA A (18] {nbm}, recombinant anti—FimA mAb) *]€]
Alel= g AlZE &2t 500ng FimA A ¢ PGS 410151, PGS dAEH7IE B
% 2% carboxylmethyl—cellulose =<1 PBS ®| ¥ o] & g3t}

=
O BHY FES 5% ST tsto] Frielx #AY 4= F k2o A7
2 =

pul
O o

tom gAse, 2} thel § 0 WA 45O
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=2
O 7 W 2o Az ¥4 AR S457] Askel, A¥E m1x oeE ¥

bt AR (autoclave) & 13 & WE wahfo], 3% hydrogen peroxided] 18A17F
old At F& £S5 AASL Z Ed F, 183 0.1% methylene blue® ¢ 443

=
F}. o] & gAE AHEAdUYE HFH (cementoenamel junction) oA X ZF k¢
(alveolar bone crest) 7FA] AT E dgFo =z 3XE AAs =AY}
@ AFEH &= 249 (CT: Computerized Tomography)

O 7 vh$z 7o W A% 9 pae] Fusty WHE FoAsy] gAd, A%E B

O Porphyromonas gingivalis (PG)#< XF2SE o= HEA SHMNTL=E, 77
W Za AlEed Eo] Az WY, Axs dITH ddE 7AES doin. £
FrHEl S BE G SAb= old 7 ae ¥ Hert vl 4R 9o, PG
ol Qlal Arl= FAEe FriEl: #EdH AR #dAo] eS¢ F dH

O ol 3 PGHol HAAS do7]7] faiie vEA 74 49 AXo EoX ZFES
Jo Aok st=d], o] W FQgt FERAI} #A Tl EA3I= Fimbriae (FimA)oltt.
FimAe <39 HAEEAN SFAEZY ol s T3 9 s3It

o 49 J=sgon, 7 tele %712 § H 1 3
Ak (717 323-3-13). 7 the) MR 44S An P52 se] G o, AHg
A% B9} 1680 AES Sk
Aol @714 vtEelel B4 27
5

H o
To=

-

=

Aty RES FHst IR E WA, 4% formaldehyde BR#3 & AFE
A Aok B AP AL ot By &AFE AFAIHA 9 F 5o
S

kyScan 1172 2= desktop X—ray Microtomograpy S ©]-& 3}
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a¥Eg B APIAE PG-induced B FERIL o] 5te] FimAsl Frbel
BAd PR 9L dofair, © Uolr} FimA #AE o &3t FimAel 48<
JASAS W WaE Felstel, YR FriEs B BRYS TRt

=

rui

.

wE ol Ao FimAS &S H7str] #ste], Frotgs #d4 ”}"?—51 w2
(DBA—1)< o] &3l AHZAHoZ PG (2561, type 1 FimA) JJr mAE 293= FimA
FAE AL PCHS 2y 74 ATt #EEY BEE Fdste AP
R8stk

Adulz oz FAE A HIEE Z71A7]7] Y3l 232 collagens F7HE A S
A PG Ao wWE #A-AA Fr7F ARE =o]7] Y8t 13+
Atk APstAT. Aol Fue 449 F vl 2E COE o] &3t SHALE A1)
Pz

o ARE Q2] AT AR w25 AAS AYSHAG (1Y 323-3-13).
|
I

CIA induction Paws scoring Dissection

l | | ! | l

| |

15 days (Feeding) 44 days (Observation)

< 13 323-3-13. 28 94 >

9 27t

B AgolA 1693 PGES At 749S =3 F collagen &S 38}
#EAS = A WT U buffer 5ol Bt AASHA vhg-2 o] Hof
Fe HE ge 2S99  glon, #-dd FET I aF0 HEteE #d Y

AN Z W) FimAS) 288 #e
FSE7E 719 o AR AEHA
¥ 323-3-14, 3}AHE).
o] 7 WX FAEE dod)e PGl TRHeRE vh-2d
t ta 4%
°

ARl whs 2 Aol M= AW Aol &
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& Atk (28 323-3-16). o3 A7
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W
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b x4

b a2

b

108+

Iwn49

(alveolar bone loss)¢ Z7}

CIA+PG+FimAAb CIA+FimA Ab

CIA+PG

< I1¥ 323-3-17. PG
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)o] enamel (HEd)d Ho
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HEgFdo] 27t T o2 Hol
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=
=

g, ©]

3=

AA AL cementoenamel junction (A|HE LA HsHA) o|z}x
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(3) Anti—FimA &) 9] BAAMEANA in vitro £
b 74T FARE
O " z=7 318 A% (Immunohistochemistry assay)

O mh¢2 BAFY Z253 s gQlstr] A8 4ol € vk Ay s
HE R 7R st Z3FES do], 10% fomalino] ZAHAIZ] & 10% EDTA H19
219 &< 318 A A(decaclified) ZHS At o] & FAHZE AA, =7
U Ethanolell A8 o2 g4 345 Algstar, Addol] @71 Xe3Ads #AA
gHetge] =38 27 g E55 AL AT ARE ggd 552 A Sgfol~
ZARL st F#5AS A A, EEte]l= FEk2~o] &9 haematoxylin and eosin
(H&E), safranin O, or toluidine blueE ©]-&3st Zzt G4S APt =4 I3

A% 57 S8l vhEelol dae B Aol AL FimA e
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a, 8 GAe DAPIE AR&sth W AlX S 98t CDllc
StElulY = FA]AM X (Dendritic cells), F4/80 <tElvlY+= A Al¥E (Macrophages),
etelult]E S FAE (Neutrophils)E 2+2F o] 83} th.
@ AFH 45 F9 (micro—CT)
O Zt vz 7o) W Bx g Adof Jeistd wsts &lstr] fsf, sfjF-E 53l
g FES HFHs JFE HWANIL, 4% formaldehyde B #E § ZFH
AAE AT B AT AE opt Y AFE ATFAH oty
33ttt Avl+= SkyScan 1172 2+ desktop X—ray Microtomograpy S ©]-8 3}

2935l CTAn softwareZ o|83}e] AFx12 48 W33t}

O <tentt o vregjol Al A JA| =5 B7ist7] st FriE: &3 +=
Ao d& gtz oA e G AHE (synovial fibroblasts)2} ATCCA}oll A
TY3 X/ EAME (gibgival fibroblasts)S o] &3ttt WA vle glo}S A X
Aestz] Ao vtelgoby] AgE AAsY] g APTL O E 1X10 78 celle] BHe] 2] ofol
50nge] FE M E 1A7F F<F Akt o] vrH ol AATS widE Aol 2
AIZHE<t A2ttt

@ A} &Av 7 (electron mmicroscopy)

O weglote] Ba5S Felslr] A8 Ax2E Ax dv|F oz At v g ot
Y= v AlEY BlRE A AS 4 % paraformaldehdydeES A& ste] 1143 &=
2.5 % glutaraldehyde’} £ %1+ 0.1 M phosphate buffero] @<t} &g £HS

A A3 1% osmium tetroxideES 1A]7F T A3l & (LS A7tk &3 A=}t
w7 (Transmission electron microscopy) &S A &3l7] 943t ool RS A
BZS et ol Ee £xFoE g5 BAHS AXaL, 60~70 nmZ A
<o) 25 3] 200 mesh gridol &8 T3 FAF AAF dAw] 7 (Scanning
electron microscopy) M&S A&s7] skl AlES lgEF} hexamethydisilazane
goo A sl Gdtal 2§ =g E b o] ¥ Au|FowE wESUTh
® WY 3 94 (Immunofluorescence assay)

O "ol A& vkl ME WA & AAskaL, 4% formaldehyded *2|sto] 1178 A7)
< 0.1% tritonX100S A &3te] M xHe| Y-S =tk o] & 2% bovine serum
albumin (BSA)ol 1A]7F <t &7} blockingS A7l %o Hvte|g]o} FimA Stgvlg =

A

142 B Aelstdt). 23 QrElulelE Asr) St ol g AAST 21
3 GO E 3087 APele] selols Fejad S8 ¥R ARAL
B2a) ),
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33 Wet gAgHoR RrlEs BAGT AR FHS Holn Uge @

L =3 whePole] 74 WAl BEA Fimbriaed) B4E oA ¥ + 3
B vheo] FEA717) A wElelote] AYE ¢ wHY A B4l
A HaF & % & Yok ARHoE TG WYL Frigs BEIS
2 fESE, B W 0 A% FFEE =Y 5 on, vhHe} $RL
S FimA QEHOE AL A A8 AL AAT 5 Ak ogF Ave
7t FRGOE A% Friels By AR EAHos Ag 8 5 98
gk,

H&E

Toluidine blue Safranin O

&= 29 (micro—CT) &4
do=Z 3t Frlg 2~ A HAERE HAAFoRE S % BA43517] 95t AFH
HAE A=A B AgoA " glols THAAITIA] &2 vl§-2of vl

gol2 AN mhe2ol A W Lyl AAEA FAEAT (2™ 323-3-21).
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(29 323-3-22). oo W3 FimA <TEIvS A2 A
dte ot EA7F A A FasArt (1™ 323-3-22).
7bed FAF A @vE B
A Gt ASS
Hlejol AA 2%
ob7k A 7 &7 M niole AE o]
A2S S74ekA shevl tEubYZE o2 @ e 2ot

(o3 e]
T AE BY

[e}

fale
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=
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152

&, Ael

M= AEHITE A7
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= A
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=

Lo AoF sh=H,
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=
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gom, Yoyt 339 458 5 e AR 37 W8S A ol
t RolEzs gAY A4S AAY 5 AeS FAFAT

DASHA BEHo] 3l
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29 3 A ArA AR >

< 13 323-3-23. G EA
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@ FimA FEINITIe) wlElEol A% odAls BB AE 2F B

O fimbriaee] A& A= FimA ¢Elnult o] A5S AZ317] Y3y

2 APeA Htelglols AT RE MM FF
Lol QHEHYE A 23 el glotl MET B =A YEoH, o= <tEuHY Tt
A

WG S AP 2

L

segole] BAES AASA FaAD F A2 FA T 5

4 9o (2™ 323-3-253}
323—3—-26).
DAPI FimA Merge
WT
2561
2561+FimA
FimA

< 7138 323-3-25. (NG AE] WAFF MY

DAPI FimA

Merge

—
2561+FimA

< 9 323-3-26. SHHFEAEY] HIHFA

- 132 -



o)
l )
b » T
X =9 " ) G <
3 M_l = o) T -~ == m
o %O X v ry ~ o o o e
- = = ™
oyl N ‘@r‘_ ) —~ O# ) K —~
O O — A ~o ‘Aﬂ 1 ;.OL —_
@_zéﬁfkmou ofﬁ(mag <
. = D AN N o N = B ™
:%M]ﬂ%%z u]nar7qEALﬂ
fﬁﬁ;ﬁ;ﬂ% mwmm&.m_gw
2 Jﬂ?é AWHOGAF_EE
T no2 W= o It o N
e -— . o) K = . OW iy ﬂ_- Gal T 2 T O#
é“ﬂ.ﬂwawm e oﬂraﬁeﬂ@
5w B g O B4 oy R m B
T X o o Bo 5 b SR n op I
R4 B > 3B = B R o] K - T
N T e B8R NO o B o~ = TR
Jl r il o 3 ] ‘m_wl B Jl X o fig C..*
§1To_aqlx i3 ﬂ?fd%;;lﬂ
m‘._ 0 “_UUA X_! 01_ ._II,V'L ‘a — v — L —_ ‘._mu_-_ o o
0] o I OL J:FI X R ) N mu.l o
&rLLMui%mQM,Val%Qq s
Qﬂxﬂﬂééo%&ﬁ@ﬂutw @%
@ﬂg.gM??ﬂ}ﬂuowgﬁyw
el armLodn@@%%mWﬁoﬂ w0
—_ M o ™ = a0 = o 8° i T i
iy Ao o —_ i T W o 2 =) w ol X
or e B z B N| oy o 5 F o ol ™ g
? _ﬂﬁ T = A @ = by ,mM W W T T o Y £
ﬁL o o o T ol G 0o W o = o> w2
o H] M s .mw Mn = = EK m = = o = s = B
%WWQ%%%M%@@%Q%Mm T
e 0 e _ .
g m = T g M g o2 ar 9B -
Me % = B T T W oo oy s o o% [
K SN BH o) o B ) o 0 g
o WO N T N T K O pK T ™ A= 2
S B! - o o 5 ol s oh T ™
; 1_.0 Jl 1_.mH = nAro e n)mo pu H__l NIV,A iy ﬁE QE
Ll o T ) Tz X . X zﬂ T ar PovL L) R oy 9
@mﬂaowﬂiq RS WWAT@@}O
- = T ™ B 0| 5% o o 5 = Bn © w o9 ~
U el BH o o o L iny ol T o™ =
UGt A 'Ot = = WX W= RGN 195
_i H mm_v ﬁa XX Y 1! N ﬂu 0 o T ° s CHYID v
O el 5 = = O N _— o2 Wi+
T iy B 5 ) FI on L9SZ+ YW+
- . T o _ = o T do YD Y10
. —_
O L RR EET
0 ~
H_.: 1‘@!.._ MM_ Z.E
o] l_ﬁﬂ

- 133 -

< 19
3 323—-3-27
. 1:'].




o

gute] 4
a2 ol

jﬂ-x

EEECEEERBEEER

RCEERY
22 2o ARHQ o

o
pi

Wy Hmm oo % X
‘OI ‘_*IME ;o_l . ﬂm:._ \‘W =
. - I
e < -~ ol
— ib! B X N
X M oo N = i
N o] o Nd
Mool S T
oy i o B oW RS
< o W T wom
T — o @ o iy
_,T o
ok 2 = e Al %
o < T o oo L 5
< o MO e o 'R =
- T = T 9 — M
o ) =
e oy N R
N ‘\w _UI WU . ;OU o0
| T T o
BiN T O o |
s G B  @ &
o BRI Moo 2 | g
o AT TR LS
—_— ) 42
s E T ot
T T 0 wow AR
PeTeyETw U
O_E de ‘\w wAO —_— ‘WM ~ — _._mn
o - " 2 F &
Zo X ) B + T -
BoL® T om oy, B
W TR ST -
s e A o W
\UI ‘_._,._ X ‘a < Eo _!1_ 0 o
TR :
iwﬂ WA W o = W
» =z0o T«
. T _u"_ NN iy R N
T 4.0% = o 4_0w B! o — 1__.._
) ) ¢
W E T TR, WG e T
T — M) BT — WW = F
B o M R W ° R
T ol W do oo N T W N
a2 x° o T R X
o WO~ W N o M @ B AR
O

- 134 -

< 19 323-3-28. 9}




(4) Anti—FimA &9 SAAEAA in vitro EFE ZA}
Uh A1 =38 W&
O "Wy =4 35t A
O vk #- F99 24383 HgE glstr] s 79 Aol € v
S E B R 7HA drhste) AlEe AF s, 10% fomalind] GAIZ # 10%
EDTA ©10] 219 &<t 434 AA (decaclified) 23S A o] & FARAHS
AA, X7} & Ethanoldl] A8 02 g #HE AA, 57} t+E Ethanold
AA o7 G RS APk, A B AeAH S AX gt 2 x4
& AR ALE HeE BEL gl Selols AL S AL
A AsL, EEtol= =Et2o] 27 haematoxylin and eosin (H&E), safranin O, or

toluidine blue® ol §3le] 247 A4 AW 22 R AAAFL 57 93
o
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‘

ClA+Pg+FimA

< 19 323-3-30.
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O Th-17 M229] wdo] FimA UEHILE AH2lg vpg-2 ZH oA A AT
Slstdom (19 323-3-29), vteElgote] HE A Ldste @A
FimA SHERuITIS X gldh npox A ) QoA AA3] 7243
323—3-30). ¥ AFol|A A2 FimA AEny 7} axxo=
AAFoZ 3 2xH o2 WA JHEe HEA dslo= any

O "2 SlellM A AE AAstdor, 729s 4o vhe29 slgdA de
AES welgol A8 K wAd 71S W, FimA SEUHE 223 vk A
gre|Elobe] Eo] AAS] ads Fdstth (L™ 323-3-31). olHT A=
Fote] HreElZlote] 43S FimA tEw 7L S35 o= At AL g8t

CIA+2561

< 1% 323-3-32. #HEH F=x
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T

A5 A% FimA <EHY Y] 4744 58 AS8H7] sk
HA G garet 2 o) Ank gxpe] AAe 2 A7 A
Aol A st A5 wEE ke £48tAat (¥ 323-3-33).

Rheumatoid arthritis
1

Normallc onirol

< 79 323-3-33.

O Porphyromonas < (genus)®] vre|@lo}e}  Pophyromonas gingivalis % (species)<
=45t HE Ik 2 69 AHESIAY (2™ 323-3-24). A 7|EL @4
vHe| globrt X4 o EA5t= #E A 34} 29 (RA2, RA3)I} Porphyromonas
gingivalis &°|] HAHA &S #HEA &4 29 (RAL RA6), Z8jar Lyl 29 (NI,
N2)olth. X852l ™ 9o oua SHE 1u#ste] 53 vtelgolrt gl=A] g2
HEA A 2T

ofs

250- Porphyromonas (genus)
& 3 Porphyromonas gingivalis
T 200 (species)
g
o 150+
Y
o
o 100-
L
5
= 50+ q I
oML L LA -
NS ks o A D NG
AP P P P 0
Patients

< 2% 323-3-24. B4 utel2lo} 27 & B4 >
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(5) A2 anti-FimAZ A F9FH I
7h A7 3L
@ Gargle®@® 9] anti—FimA A
O F749 f= 274 FimA A& PBS buffer®} £33t A3y o PGH 7Y
2 FimA 34 235 &213s7] 9] PGH ¥ PGoll FimAE * &3k & low jaw bone?]
CEJ—ABC lengthEs =433t ZF oA 33 PGS sheep blood agarol A
wj ksl o kS wWlwdtal McFarland turbidity standards®d2 o]-&3st Z+
o] FAENE T FE 4 T
@ Intraperitoneal injection ¥ &9 anti—FimA3} A
O #44d =& 53 5EEDS PGS intraperitoneal injection o 3 & -
e FAskAh Anti-FimAZA ] &35 &<18t7] &) anti-FimAZAS &

=
[e) R4
FA3 Wy 5YU3A intraperitoneal injection Fo 3 3 X]ZF &4 (alveolar bone

4
o:

loss) SAsIAT. 2 vh¢-2= o] XxEe] B4 A=E 7] feto, siF-d
o9~ ofgg RES JptdEF A X (autoclave) 2 213 & wWE webfo], 3%
hydrogen peroxided] 18Xt o] A&t F& £4S AAstaL 2 2 &, 183
0.1% methylene blueZ @3] Fo. o] & FAE MuEU# HIAH
(cementoenamel junction) oA X ZZF 221 (alveolar bone crest) 7}A AZE

@ 1FA9 anti-FimA A 59 OF3 Ieo AFS 5o JAaAR7} F2 FALH

O #AHYE 55 £33 EE2Y0) anti—-FimAS A Z hydrogeldEH 9 Aoz ¥

=
2 2 2] AZHS 583 anti—FimA A 77395 AEE £43}¢] anti—FimA 3

(W) a7 2 a3
D GargledHl 9] anti—FimA &4
O 7349 = =1 oﬂﬂ FimA &A= PBS buffer$} &£3ate] 223k
FimA A a3 F23d7] Y8 PGH# PGol FimAE A &3 & low
CEJ-ABC length& %Xé% CIA #F9] A E volol} HHFolA A x& o
(CEJ=ABC)dl| °]27]7}A]

Zol& Pgol B HFol AF W E4& FHIdves AL
AAVsla Bz o2 w9k PGe} FimA Ab (Pg / FimA Ab)E CEJ-ABCeA $-2]5H)

1
3}% S7Fe B4, webA PGell o7 7430l FimA Aol osf AAldS
P9 S (29 323-3-25). &3+ Z} oA =83 PGS sheep blood agarol A
of 79 & ¥wdtar McFarland turbidity standards®¥H S ©]&3l] 1
g 23 PG e oA 74 @714 HElgoky 7 SN A

Z o
oS 2
ofr ol
ol

-
Ll
AN
o2l
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?l 3klal PG / FimA Abe 774 714 wHElgel =5 @A 3] IJA A7l A&

st (28 323—-3—26).

o

0.15

o
=
=]

o
o
o

E
£
s
o
=4
2
Q
a
<
iy
u
(8]

.00

¢ PP
CJ\ xQQ 0\?3‘
v

< 1% 323—-3—25. low jaw bone® CEJ—ABC length =4 >

4. dekk  dkkk
A
E 3
3
(8] 2 J
S
& 44
04
\&‘6 043’( o¥ xqqq\(‘\ Q‘@\h
A7) G\"‘ WX
ng O\?"
\'s
o

< 29 323-3-26. FRE 74 @ N84T + 4 >

@ intraperitoneal injection &) anti—FimA 3|

O #4dY =25 53 552498 PGHL intraperitoneal injection F¢] 3

v}

a4

i

k-3
ZAS #9213t A} intraperitoneal injectionC. 2% WA A 47} ZU1E AS

golatge (1Y 323-3-27).

- ClA

Arthritic index
Arthritic index
=
P T

0=
0 21 24 27 31 35 37 42 45 48 51 54

. ——-
0 21 24 27 231 35 37 42 45 48 51 54
Days after primary immunization

Days after primary immunization

< 1% 323—3—-27. PGE intraperitoneal injection®.E Fo & AAA =4 B3z >
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S

O Anti-FimAGA o) EHE B1517] 919) anti-FimAGA S #& 24T 4% 5L

intraperitoneal injection ¢ 3t & AAA AFE =43 23 Anti—FimAol] 23|

R

B89 A%k Fold AL 8 (2Y 323-3-28).

b2
(=]

" .

.§ =

o 1.5

=

g 1.0 L sy

&

=

Z 05

=

2

0.0 : - . T

NC ClA  CIA*WE3 CIA+F

< 19 323-3-28. #EH FErF20AM PG 2 Anti—FimAd] &3 #- A A

b
V

@ ngH anti-FimA A5 e FHo AFE v AR T2 FALH

O #BHYE 22 53 TE2290) anti—-FimAZ A S hydrogelFej o] A|Fo g wrEo] L2
2 AR AZHg 593 anti-FimA A 7395 AHE 583+ anti—FimA 34 9
AHE AFES AR Rou A AYeYge Soldor Hago] "oy T4l
g go] AN (dolH gl3). 22Hoz A g8y FFAHoY a4E 7|Fo=w
Gargle® Bl 9] anti—FimA &4 4ol &3 3 Fo] 7P &olehs &3t

A A s g9 2 AF

O T4 93 49 o3te] ek Anti—-FimA9 HgF = 3 a2 AZ3)7)
e #HHQ F= 24 5X10° CFU/mIe] PGS 2% carboxylmethyl—celluloseE 391
PBS 3] &3t3ted A stal(CIA+PG), #H4E % 159 FimA FAE 42

PGH& A e A5 (CIA+PGHFImA Ab)3} Hlastey] AA ST e AS shax

==

g

#HEd AFE 53 Anti—-FimA g sed 2 a3 4=

O #4Y f= F FE2do] Anti-FIimAS A3 vp$-29) AlA7} Fojeas AS
Fetoz #AF 4 vy B 0 WA 4o F BU)d wE JFE R F et
BAA 235 FAINGS. TAAJA 7=, 032 dEvt A A g
dejoln, 18- Wrteto] sty e F/7E ¥ FHZE AANAS. 23 13
Y EEe AHE dulg £ w5 o] 2e Aotk 33 28-S X st W
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o
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=
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AU
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o
i)
L
ol
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=
o
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ol
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o
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A
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g o2} (deparaffin) 34 A AL 100%, 90%, 80%, 70% (hydration ¥
ZvZy 5RA G 5 FEEA 587 MF & ©o] 3 Harris hematoxylin
(Sigma—Aldrich HHS32)2.& 10&%F g4 & FxEZ S35 AHd 5 1%HCl 9
2—-33] AA T2 ¥ 0.2% FEYolT] 2-33] AHAYGE AX. o]F
Eosin(Sigma—Aldrich HT110132)2.2 1% 30%37F 44 3 A=3l9th 70% g2, 80%
et 90% oNErL, 100% o2 (dehydration ©) o8 E3A)7] &
A+ A (xylene) ol ©7F 29 (mounting) FA S R sYsle] B2
@ AFE &= &9 (CT: Computerized Tomography)
Ozt vh¢-2 7o W 9% 9 Ado Fy sty wsts F<str] fal, siF-E 530
o] S dHste JFE WANIL, 4% formaldehyde R#$ § 7 3FE]
2 Atk B AP AL oM B AFE AFAEC 9= 5
S

kyScan 1172 2= desktop X—ray MicrotomograpyS ©]-& 3}

jz
A
lo
u

(W) d+49 ¢ 3
@ IND AHAAGS fal 8248 H7HE A% Anti—-FimA $5 A9 2 Py gy
O T4 93 49 osto] ek Anti—-FimA9 A4 F%5o] that 3= 32138}
As #HYG F5 27 5X10° CFU/mIY PGS A3 #(CIA+PG)T #A-YE &
A

a5l FimA @AS 42 PGS A2d 25 (CIA+PG+FimA Ab)e] -

HWE E3] Anti—Fim A9 &35 A= 393 T35 Anti—FimAZS Scanning electron

microscopy (SEM)#} Transmission electron microscopy (TEM)E o]&3te] AZ 3o

FA7E & FAHMES e HAFFIAAUE o8 FAT 23 Anti—FimA
< ]

GA7L PeRY AHSAS ASE AL Bl (1Y 323-3-29).

ol
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Bacteria proportion
(Fold change)

Pg/FimA

-“‘ E
< 719 323-3-29. Anti—FimAE 3l 7o) Z A oA Scanning electron microscopy (a)3}

Transmission electron microscopy (c)i Fo¥ Anti—-FimA #Z 9 Anti—FimAol &3 PGt
9] attachment’} Z428<& 3% >

@ Anti-FimA g % &<l
O #dY = § F=22d Anti-FimAS A gsto] vh-29 ARAZE Role2s As
S¢oz BFst] Anti-FimAd] s - A A7k AT A Fash= A
Anti—FimA A2 s&=7F Adsidss Flskdls (A7 323-3-30).

-
(=]

1 +WT
< Buffer

84 =+ CIA

+ CIA+Pg

© CIA+Pg/FimA
# CIA+FimA

Average paw scoring (/16)

0
CIA+FI 0 7 14 21 28
Day

< 1% 323-3-30. Anti—FimA & Ao & Adde defsd w3t @ #-dd A
Hsl Az >
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® #AA] AFEE FA Y] st BH] FEHE Rl A% ANAFS

O H&E 9% (staining) 2 AFZEd O GAY S o] 83y AEE A S. B
A4 Aol Ax)8HA Anti—FimA 3419 2o g 5o °

AEAA Aol FaAY FrPEHoR IS s (19 323-3-31).

i
B>
it
do
r (o]
L)
32
kl

w
of
T
o
=1
&
‘®
0| .
3|
L
2
=l
o
8 o
o 8
=] 64 5]
: 8
(=] o
T 41 2
= k7]
g 2 3
= S
0 =
& F Q%
Se)
0\'?‘
< 19 323—-3-31. Anti—FimA A g & BH-o d= oz

1= 2 Bdo] et Weles HFE ¢ 29 (CT: Computerized

Tomography) 2.2 13t A7} Anti—FimAZA ol ok W &3 =7F A% S0l

AZE YT, AEE %%aog@ﬂrﬂ SEA Jﬂ7} x] z2 4%7}%?%% AT A+
AzAo

(19 323-3-32).
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3—2—4. AE 9 human insulin A2+7|&

1. d 3 FAHS A|2FS 0]-8-3 mini proinsulin A4+ GMAE 712
O QTS ANY  wARSE

b, dFEY 2% € Q7Y SIS
(1) mini proinsulin A2 @ do] LA FAASFu| A EA A 1L 2EA S
O &4 d3dg AZF mini proinsulin A Z% @2 construct #| 2}
O <QIZF mini proinsulin®] EYE FEHE Gujr e AEA Ax F Az ded

2
1=
24

(2) mini proinsulin ©¥ & 9] proteolytic processing®] #HZ 3 3y

3l
(3) d=d Az d FEHS gl HEA e @A F8 5 &g A

=

. ARATFY 323 (BRA)
ot 3

O 10t @ oefFor FFse Aol & 3= A&
O dH53s 9= st A AAZHCE vpole Ty /fEe] thdo] Hal 9oy
Hpol QA 7} B FEY
Fag ol A Y E=

A= 7}01 ghele Algste Hio]A™

I SdE FE st 7hs Aol ==

O & 7= 12d A& 3 2 A=de olgsto] I o3 2 A5 de
(e}

AFEE 0] X 31 = mini proinsuling AY4HeHE GMAES /|dstaal =36192

A

o AFATFAL PN E 2 AFEH
(1) 917t mini proinsulin A ZFHM A construct AMAA L FAAS ) AEA AX
O &4 ¥3d-g 217 mini proinsulin 2% @& construct A%
— 217} mini proinsulin®] o¥]A & Ao A A Z3F constructe= W& 2157 Y 5)
proinsulin® N—'&tte]] RFP @i Ao Eojx 2339t}
— Gl deufkH o)A mini proinsulin®] ¥&E 11, proinsuline] EZAC] ol&) A

AT B Al BEE 4 e AL Slsdn.

— ol% YAHG Guj A EA Axst stE 8IS =o]7] 8l proinsuling]
N—2t Oﬂ RFP7} Ag = A && AMZEZE constructES A ZsH712 o).
— AQF3 Ad<LH 183 constructs FFE 35S promoterdl] X% +E construct A1 [N
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i — W E tobacco E2 signal peptide — B—peptide(1—29 AA) — AAK —
A—peptide(1—21 AA) — RR — His6 — KDEL — C%&t] o] JE< zta QY= tx}¢l

sttt (o™ 324—1-1A).

— G EA oA FH EE&S =o]7] Y3lA E2 signal peptided] o}v]x=4t HES

HEstR 2 W3 E E2 signal peptide®] probabilityZ SignallP 3.0& o]&3}e] XA}SH

A7 0.9847F Ugkom o] AL original®] 0.923 Bt} T =& FXgonz Hy
AVNMEES ALES7| 2 AASAY (27 324-1-1).

A B Mini
M proinsulin

Mok Tobacco E2
gnal Peptide

B-chain(1-29) AAK  A-chain{1-21) RR+His6+KDEL

< Vector

(7636bp)
Neol and BamHI
Enzyme site
< Insert
Plant (287bp)

Expression
Vector LB
(7636bp)

» Ncol+BamHI cut

< 1% 324—1-1. 21EA) 38 mini proinsulin AZEE @A) construct (A) 2 PCR &1 >

A
Tobacco E2 signal peptide+MI[ B(1-29) +AAK+ A(1-21)+RR+His6+KDEL]

E2(Mcol)-F
—
ccatggctatgaactteoctcaaaagottecccttttttgecttectttgttttggecaatac

M A M ¥ F L K B F P F F & F L € F & g X
tttgtagctgttactecatgecttttgtgaaccaacacctgtgeggetecacacctggtggaa
F ¥ A Y T H A P ¥ H 0 H L € & 8 H &= WV E
getectctacctagtgtgeggggaacgaggecttettetacacacccaaggetgetaaggge
A E ¥ L ¥ C & BE R 8 F FE X T B K A & K &
attgtggaacaatgctgtaccagcatctgectcectetaccagetggagaactactgeaac
I ¥ B g € €€ T &8 I € 8 E ¥ @ L E N ¥ €€ N
agaagacatcatcatcatcatcataaggatgaactttgaggatcc

R R H H H H H H K D E L = m
B
Signal peptide Signal anchor
i probability probability

Original sequence

MNFLKSFPFYAFLCFGQYFVAVTHA 0.923 0.049
MAMNFLKSFPFFAFLCFGQYFVAVTHA 0.984 0.012

(signal IP 3.0)

2

d

< 89 324—1-2. 355 ‘mini proinsulin & #& 71X E2 opu| =AM E (A), HFH tobacco E2

signal peptide 9] Signal peptide probability (B) >
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— o|% Agrobacterium GV31019| A7 Z3}e] vl Fgt colonyoll Al ¥ plasmid DNAE
223 & Astasrz At o] construct7t EYEHO] AL et

— PCRZ A|Z% mini proinsulin AHS RFP @l Zo] A A" 2]E93E pTRAkt
vectordl| ligationdte] A71g&S T3l HAFHoE &lstAdtt (24 324-1-1B).

- H=Z 949 AEF constructs Agrobacterium GV31019) a%‘a‘%ﬂ@r/\]i’l el

kanamycin®] ¥ 3 colonyE v] %3l plasmid DNAS &8 A& Neco [ Bam

HIo 2 Adste] A7)95E T8t Gttt (27 324-1-3).

=

2 4 5 6 7 & 910 1112 13 14 MI
SERPTET T ETECE

: #?’—@: o ]
S g <. < 287bp

FOLIME L) IIIIrIII

-

< 1% 324—1-3. Agrbobacterumd] B AASH A Z3 A4 construct <1, (M, 1kb marker;
lanel~14, Agrobacterum oA 23+ AMZ3 A< plasmid DNA; MI, A Z3 AEFH 9
>

(2) mini proinsulin AZFE S Ao] Bdd FAXATGH A EA A 1@dd HEA Y
O FAHS 2 EA4Y Ax

— 7Y mini insulin T AR ELYE Agrobacterim tumetaciens TFE v ¥ste] Euj

4
AdA FEHAGA A

— A A kanamycin(100mg/1)e] H7FE v Aol A &F 85F F= vl F shoot7} FAHH=
AL G & AFNA 4~6 F 5 o wjdste] FZAASAE Adein (23
324—1-4).

8 7 thg 125 ~ 14 5 8y 20 7 B
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— & 1,20070) oA PP F vl &4 FAATE HE A 87 Bl
A5sgon, o8 AR §74 o 177 FAoR SHAAT (17 324-1-5).

< 719 324—1-5. 217} mini proinsulin FZAAZ gl 21EA] >

—_—

O ¥

i

A3 Sl 2] E4 o)A 17+ mini proinsulin FAARS) 4FY EH<

g A EAZ Add 87le B9 o ZHOoZRE genomic DNAS #2]3}e]

insulin F774e] 971 FHE 0|4 primer A&t PCRE 33T,

— Z%3 7t mini proinsulin FZ& A2l DNA AHe] oAte Alo] =21 201 bp7} 8742
2kl Foll A 579 el AT G &t Ato] =7 FRIH AT (17 324-1-6).

— gA] HEHOZ Q7 mini proinsulin FAA AYHE FRAAZ AEAZ AEF

12 39, 49, 59, 69, THO R 57 #Rle® gAYt (28 324-1-7).

ol
X
R

A

Plant ExpressionVector

(pTRAKY) P1 P2
—

Mini

LB J 4
insulin

B
M WT MI
R ,3;
02 . iﬂ “
< 1% 324—1-6. 217F mini promsulm AR A EA TEHE construct (A) L A A3

el 2 E-H oA Q7 mini proinsulin F+& 2] A <l (B) >

/1

< 719 324—1-7. 217} mini proinsulin 2 2Fe] &2 A3k
o) A=A >
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mini proinsulin

N

—_—

7ol

N

3o

!

o) ob4 & ul

Pl

S

DEN

Internode length

=A7F o8 E HEAEY

Plant Height

@ ™ - o

(w) spoussyul Jo Wpbua

Awtr oz A o] AA AT (2™ 324—1— 9).

(19 324—-1—- 8).
_Node Number

8R8888RE2°

(wo)iybrayiued

"¢]
™~

e w o w o
N - -

apou jo Jaquiny

Leaf Area

mini-proinsulin
400

17} mini proinsulin

Leaf Length

< 19 324—1-8.
40

2 8 8
2 8 &

(;wo) ease Jea

(=] (=] o
el o~ -

(wo) ybusa year

WT

N

©17F mini proinsulin

< a9 324-1-9.

A TL At FA4E

o

<

]

Ll

il
ol

U
0

™

—_—

0

324—1-1).

-
st

wE BN EA NG} 5~46% FEOE

8.9~20.9% FF o=z 7439t (

Els

) 2]

Ly
=

=

=

& MI—4

o 3 $Ake] 7

SA7E R ol v

of E7e)

N

E

;.00
Bo

el A o] FAk Aol =

A} AastE Aoz BAFHT
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¥ 324—1-1. A% 2 7F mini proinsulin & Ag 2154 T1A Y
A N, FA >

Plant Numbers of seeds Weight per 100 seeds (mg)
WT 1115178 6.8+1.1
mi-3 7341266 7.0+0.5
Mi-4 12201542 6.2+1.3
MI-5 1050+240 6.0£1.5
Mi-6 9061356 6.8+1.3

o] 1 217t mini proinsulin ©¥ &) H3 51?_
— A %% <17t mini proinsulin 2 A3 G2 EA oA 2
s @il AS A SFe] WA Human Anti—insulin

=5 <
§E2L‘r T8N Yo A hexamerES ©o|F1 Y= Ao = 1= insuline] A
o
1

solx)x] ggkom 2 4 dot blotS 43§34t}
ARG ANEA M3 MI—6 MI—79 TO Aol
t

WS =23 3 Anti—insuling

b
Ag3He] dot blotg BHels A3} Q& EFoA whulde] S EAstgld
— A% 2AZF mini proinsulin Y& 213 FAAS AEA &S 570 = MI—4, MI-5,
MI—6, MI=7 ¢ 478 2}l XTt T1 AtE ¢& F AU

TO
MicH

WT M3 M6 MI-7

- Western blot ZH -

T1 1 2 3 4 5
W 9900 O ..

monoclonal antibody E2E3 (1:100)

= Secondary antibody: Goat anti-
MI-5 . . . . . mouse IgG HRP (1:2,000)
WT 4 5 6 7
- X P e LT
.
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324-1-10).

— 3R g AT AZF mini proinsulin EAZ AEA 22l 47) EFANA HFHoRE
AEAoR dad dulde wds glsiitt

— dot blotol| A @&o] &ol® A =3t 2AZF mini proinsulin A AZ 2] S| oA Tl dS
F=3% & Ni—NTA agarose ZHE ©]83}% mini proinsuling ZAE 33+ & His
antibody S AF83}o] western blot #2418 33}t

- 1 A ARG NEA MI-3 MI—4, MI-5, MI—6, MI—7 23] 5|4 10.5 KDa

=719 monomer &
o] H7] Y3 hexamerd ©j
— wg}bA A ZF 2A7F mini proinsulin®] #

de=d

Ao BEES

kDa

130
100
70

56

35 |
25

15 -

10

WT 3

do] AEHoH, 6719 F2FATHE FAE AP e
Ql 63 KDa Z7|% EEAY (28 324—-1—-11).
AFFA A DA el A=A Al =F oA
18k
Mini-proinsulin
4 5 6

7

«— Insulin Hexamer or
insulin Crystals

> = » » * < Mini-proinsulin With
6His taq (10.5 kDa)
< 1% 324—1-11 JAZ} mini proinsulin @929 Fx &2l >
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2. 2 & viral vectorE® ©]&3} mini proinsulin AJA71& 7N

2]
O AFSa 7| - ABgstw, (F)d8]ql

b, ALY 2% € A7 3PS
(1) 2= viral vectorg ©]-&3% mini proinsulin A4F7]s 7
@O 2 EA mini proinsulin AFdS ¢ FHAe] HAS L A
@ human mini proinsulin® transient expression vectorol] =24
@ Electroporationg ©]8 3+ Agrobacterium (strain GV3101)ol] d A XS
@ Agroinfiltration H& o] &3 J@ A3

® EAMESA 24

z
WA oJepEoR BRAE AgAol 2 Fun AuA

) 2] °

O QHES wgz sl A AAZCE nlo]leA Dy el thate] Ha glom
Hlo] QA H 7t Be F5Y

O Feuvet Ao E nto] A g Zhol=2kls A st vpo] ALY e
Hlo] e W E 9] /s FHsta v FHLE A4S rteAel =5

O B A3+ 2 E viral vectorE 0]83}14]

T 43t g A8l dY AREHOAAL =
[e=]
AA

o AFEAEANE =3Py
(1) A& viral vectorE ©]& 3} mini proinsulin B4+7)& 74
) AFEATFY =P E (A8 € HH)

@ 2 EoA mini proinsulin XEH-S 93t FHA] HZHsE 2 A

O Al 38=7A A 43 =2 human mini proinsulin® THAFEL Zolua FHA A
A 4FF7|BAA ALESa Q= W HEAME Eold s WE e A 2@ FIAANA
AF83}a & transient expression systeme ©]-83}4 human mini proinsuling & A

7]13L#} human mini proinsulin®] ZES A& APstes FHZH s sAw. Wl AHEH
o] X codon usage: http://www.kazusa.or.jp/codon/ & databaseol| A #|&3t= Oryza

sativa H]o)E & H1sle] EA5F S

@ human mini proinsulin® transient expression vectoro] =4
O TMV based vector?]l pMYV1509] F&7]#< NBMCOZXE W& human mini
proinsulin+6his FAAES AAYste] pMYD216C. 22 HH3Y S, human mini
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1

ol

proinsulin+6his®] 3@ @e] KDEL sequence’} €50 e FHAS 44

pMYD2172 W3t}

@ ElectroporationS ©]-8&3¢ Agrobacterium (strain GV3101)ol] d &3+

O Electrocompetent agrobacteria cell ¥F=7] 913} agrobacteria (strain GV3101)<
50 mg/L rifampicin®] H7}F= 5 mle LB medium®] HE3s}] 28°C, L e| 9
A7l A sHF Tk wdstRth dAEe 7S ol &3t AlEX e} v S Fe g
% agrobacteria W& FASIA FAAE Al AL Hsted A FHlE 500ule] 10%
glycerol& ©]&3}le] 2¥ washing 3t} Pelletoll 2F4Al =81E 100 ule] 10%
glycerolZ resuspension ¥ & 25 ulE F3lod vg] *3Al £81E EP tubedl
B33} electrocompetent cellS FHISFA Y. 25 ul®] electrocompetent cellol]
F7101 4 =8]" 1 ul?] plasmid DNAE #H71st & vlg] 234 A #8149 cuvettedl
mixtureE ¥l iceollA 5&7F WA SFATE GenePulserg ©]-&3kof 1800 kV, 25 uF
aela 200 Q 2A35teA FEHAEES FAstAY. FE S FH electorcompetent
cell& EP tubeol &7 ¥ 21438 1mle] LB ¥iAE H71sk & 28ColA 2-3A17F &
el dgnfd st d-AAS @ AEE 50 mg/L rifampicin®} 50 mg/L
kanamycin®] F7FE #jR|o] =@ale] 28ColA 2-3Y T vlUdsle @Y F2UE
At FAA I H7ME iAo FAAE Gd FEYEZRH plasmid DNAE F& ¢

=
F AT Bk AYE 3719 fA4E] 4FHOR =98 AL FAdGh

@ Agroinfiltration & ©]-&3 FAS

O pMYD2163 pMYD217¢] ¥3td ol gH g g]o}E 50 mg/L rifampicin®} 50 mg/L
kanamycino] F7}E LB wjA]ol] HFste] 28°C, Hdefe] A wdrlolA shF &<t
v Fetith. AR 7S ol &ste ofaEutH o} AlEYHS EEl§ ¥ infiltration
medium (10 mM MgCl,, 10 mM MES, 2% sucrose and 150 mg/L acetosyringone,
pH5.6)0] A AE3IH . Agrobacterium HEHL ODgpooll A 0.3°] F == infiltration
medium .2 X3} syringeE ©]-83}4] infiltrationg 3t TE SyringeE ©] 83t
direction injection2 4—6 F AX A&+ Nicotiana benthamiana® 42l Sl vHg| o}
gAS FA] vhsgle]l FAIZ FAFe=HN S HAT. TMV based vector®]
A Elo] 2= human mini proinsulin+6his®} human mini proinsulin+6his+KDEL2]
Z+zr o] wre|go} AgHS A o 2] AEAY 3709 Yol agroinfiltration ¥ oM,

22 C, 18717t W, 6412 el £Ao)A 115 485, infiltation ¥ 5,8
o
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(SDS—PAGE)¥ Western blot analysis

O pMYD 214¢} pMYD 2159 &S &<138t7] ste] 1,2,34 283 54 SxE=
438 agroinfiltration ¥ B} Yo 2RE A @WAS F=3 F Bradford's
methodE A3 A #3th (Bradford 1976). 5 pgo] A @ -LE Laemmli
(1970)9] e 71%3} reducing® non—reducing condition® A&} 15%<]
arcrylamide gel& ©] 83}l SDS—PAGEE F3diste] EHon, Egd duldse
Coomassie's brilliant blueol]l &3ty AA =1 71A13 FH It Western blot analysisS
FP3t7] Y3t acrylamide geloll A 28] ¥ @A =2 Hybond—C membrane
(Amersham)el] 15VE 30% %<t electro—blotting A]Z1 ¥ TBST buffer (100mM
Tris pH 7.5, 0.9% NaCl, 0.1%Tween 20)°] 10% skim milkZ °F 1643t A=
blockingd} %4 th. Membrane= TBST buffer2 3¥ A& % anti—human insulin
antibody 9} anti—his antibodyE 5% skim milk7} Z3€ TBST buffero] 1:5000.2
s At AoA 2417 T WhEst o o]ak AR anti—mouse 1gG Ap
conjugatede 1:7000Z 3 A3le] oA 2A17F 5t WA ZH T TBST buffer®
33%], TMN buffer (100mM Tris pH 9.5, 100mM NaCl, 5mM MgCI2)Z 13] A& 3+
3o 5—bromo—4—chloro—3—indolylphosphate (BCIP)%} nitro blue tetrazolium
(NBT)2.2 TMN bufferoll A 13}$ich,

(W) d7+43% 2 aF
@ 2)Eo| A mini proinsulin 128 9 FHAS] HAH3 2 A
FAl HAGe g o) witH] FEo] FRlH rice

alpha—amylase 3D (RAmy3D) {2 signal peptide (3Dsp)$} 21 &AL oA whulz
a1 =2 o] &% 5UTR Translational Enhancer & AS insulin 32k 5°—
region®| F23}a] 5°UTR/3Dsp/insulin €8 FAAE fAR1EG o, C—Edo His6
tag¥} KDEL sequenceE #H7}sle] Ni—NTAZE ©]83F Affinity chromatography &
BAZE &oletA At

O &3] insulin®} His6—tag A}o]oll Arg(R), Arg(R) dibasic processing siteE %7} 24
trypsin 2] shHo g2 C—gto] KDEL A <E3 His6—tag 7FA] Zehfo] 7FE3}A insulin
gl s AT 5 AEE oAl shsith 5ol Pacl-Bsal—Xbal Algtas 22 &
a0 2 wjdslRal 3—Leto= Xhol—Bsal—Kpnl A|gtg A8 S 3-—EHEHE
Wi EAI AT olgA YA E FHA AEL overlap PCR 7]&S o] &35t FAsA =

O A H insulin® insulin—KDEL FHAE £ coi®] 2 AZAZ 11 Ampicilline] 235
LB wjAo| A A&t S 24 40 S FHSt A|S+E A Pacl/+Xhol# Bsal, 123l
Xbal+Kpnl &2 st 2 o7& st (24 324-1-8). 1 23 74
frazke] 24 19, 29, 39, 491 25 A1 insulin? insulin—KDEL®) 3]33sl=

- 185 -




334bpS} 346bp band I 717} AL 5 Y T, insuling Z2ZY 3HS A=
insulin—KDEL2 224 1S A83Aitt. G714 ES g2lsle] At FEAS=

el o SAE F7INGL ofiet g (1Y 324-1-9).

(A) linsulin restriction enzyme mapping

PachXhol
1 2 3 4

Xbal+Kpnl
e I S

—pGEM-B1 pGEM-B1

i — = — - —

1500 e bl — P GEIM-B1

il —insulin

insulin

(B) linsulin—KDEL restriction enzyme mapping
Pacl+Xhol Bsal Xbal+Kpnl

c AR I 8 S

—pGEM-B1

pGEM-E1

3000

200

1500 pGEM-B1
1000
—insulin-KDEL

o0
insulin-KDEL

250

< 19 324—1-8. $A % mini proinsulin®] A=}l th3t A|s+E A mapping >

1 10 20 30 40 50 60 70
GGTTAATTAAGGTCTCAAGGTTCTAGAATTATTACATCAAAACAAAAGATGAAGAATACCAGCTCGTTGT
71 80 90 100 110 120 130 140
GTTTGCTTCTCCTCGTGGTGCTTTGCTCACTAACATGCAATTCGGGACAAGCATTCGTGAATCAGCACCT
141 150 160 170 180 190 200 210
CTGCGGCTCGCACCTGGTCGAGGCCCTCTACTTGGTTTGCGGGGAGCGCGGATTCTTCTATACCCCGAAG
211 220 230 240 250 260 270 280
GCCGCTAAGGGTATTGTGGAGCAATGCTGCACAAGCATCTGTTCCCTCTATCAGCTCGAAAACTACTGTA
281 290 300 310 320 330 334

ACCGCCGCCATCACCATCACCACCACTGATAGGTACCGCTTTGAGACCCTCGAG 3°
H HHHHH

< a9 324-1-9 A& HZA3IE proinsulin 71X E >

@ human mini proinsulin+6his®} human mini proinsulin+6his+KDEL®] transient expression
vectorol] 2493} electroporations ©]83¢ Agrobacterium (strain GV3101)el] & 3}
O TMV based vectorl pMYV1509] human mini proinsulin+6his®} human mini
proinsulin+6his+KDEL-& Bsa I siteE ©]-&3to] 443t pMYD2143} pMYD2152
W3R 3 infiltrationS ¢80 agrobacterium (strain GV3101)o] #A A sttt (29

324—1-10).
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Mini preinsulin+6his mini proinsulin+6his+kDEL

M12 3 4 5 6 7 8 9

pMYD 214 pMYD 215
< 9 324—1-10. TMW besed vectar$! pMYVIS0E- 0}t mini proinsulin BEHE] pWYDR149} pWYIRLS 7455 >

@ Mini proinsulin®] 1 2&S 93t 342l transient expression system 7=
O Agroinfiltration ¥ ©]83F human mini proinsulin+6his®} human mini
proinsulin+6his+KDEL] W3S dolH 7] ¢35t syringeS ©]-&3F] A7)l A
Hho} ke WS o] &3] infiltration 3to™ 5, 8 2 119 A AL ATk

@ BAABESHE EA
O Agroinfiltration < ©]-8 3+ human mini proinsulin+6his (pMYD214)2} human mini pro
insulin+6his+KDEL (pMYD215)2] &d & LdolH 7] 93}4] syringeE ©] 835} A7)0l A
713 vke} 22 WHS o]83td] infiltration 3F¥ e 1,2,3,4 283 5¢ A A&
Tt At

Non-Reducing Reduci

M NC1 2 3 4 1 2 3 4 (dpi)

Anti-insulin Ab

Anti-his Ab

i

< % 324—-1-11. pMYD2147} A4 ¥ ol zute|g]o}Z infiltration® N.benthamiana®] 73l
9} pMYD2149] ¥He 3kelS 913t SDS—PAGES} Western blot analysis >
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O A4 o @ adS 323 & proinsulin® 6 histidined] t3+ Eo0]F< FHES

o]-&3tod SDS—PAGE<®} Western blot analysisE 433ttt

Human mini

proinsulin+6hiso] 44 & pMYD214¢} pMYD2159] 79 agroinfitration 3 4%
A HE-E] syringeZ injection® HYET vlE2& o] #AFAEOoH 5AA = A3
Zepa @ d S FEete Aol ofHTh o] insulineo] WHE ] wat ©@Huf <)

A Zol =445 Kol

SDS—PAGE<®} Western blot analysisE $3stuct. 1 21
o A~
&

o

2
R
-
@
o
=
e
5
0Q
=
o
=
A
@
[@N
=
e
=
0q
BN
N
=2
R

(s}

(28 324—-1-11, 28 324-1-12).

1dpi 3dpi Non-Reducing

=

= O]_’
ul 1
dh

o Algdd. FE3 4 FA G AS o] &35}

pMYD214¢} pMYD215
@A o} 8)2=Ed
o] gEA et

Reducing

MNC 1 2 3 4 1

~
<]
>

2 3 4(dpi)

Anti-insulin Ab

Anti-his Ab

< 1% 324-1-12. pMYD2157} A} ® of12ute|g]ol2 infiltration® N.benthamianal) 7l
o} pMYD2159] & &2lS 93t SDS—PAGES} Western blot analysis >

3. /| Y AMXEXE o]L3 mini proinsulin A2H7 )&
O A+ 71F @ AEUEgw, (F)An]d

7h A B 2 AFAT I NE
(1) ¥ YA X Eo
@ Proinsulin F32 gx 2 & g A=z}
@ Electroporations ©]-838t Agrobacterium (strain GV3101)o
@ Agroinfiltration HE o] &3 JAHg
@ EABEETH 4

7k

o] 3ty X FZWEE 0|83t mini proinsulin A7 ]E 7|t

4298
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g ARATY £958 (Ba4)
O 100 @ olofFow BRAE A4l 2 Fu A

O 4538 9= sto] A AAZHCE npoleA Dy /fde thdo] Ha 9o
S o

O ket 2ok o oA EE 7tol=lele A|ASI] Hlo)| QALY EE
o] QW E o] S AEsla e FEOE QS JhsAol =5

=
O & OIH—LL A& viral vectorg o]&3te] BT &3t B A Fol dY ARREHAAL =

o ARATFAL R f A3

(1) FAA Z@HE A=

(7}) Proinsulin SAx} &1 2 drg wE A=

O 92449 Sold udd A|l2"E &83 proinsulin FA2He] TAHE A= FH7]H
NBMO 2 ¥-8 ¥+2 human mini proinsulin®} proinsulin/KDEL 3 *}e] B &&HS §]314,
RAmy3D promoter 9} 3°—UTR terminator7} ¥3t= o] = 215 LAAWHE F2Y 3}
A} (1 324-1-13). 1 F vector DNA$} insert® AF&E proinsulin 3 proinsulin/KDEL
DNA Z%Z}< elution ?‘5}3’_ T4 DNA ligaseES ©]&3la] 15CoA 12A]7F ligation A]Z]
& competent cello] FZAA3g 34}

Vector Proinsulin Proinsulin/KDEL

vector >

<insert <€ insert

< I9 324-1-13. fdx 2295 9 plasmid DNA A G493 >
@ 50ug/mie] Zhdetelal GAAZE T wjAel A Agk F2UE proinsulin®] 35 1071,
proinsulin/KDEL®] 3¢ 37§ & 77+ F3ke] Sml wiA|elA 7] H, plasmid DNAS FF
B B % Bk f31A A AFE FAASAT (TY 324-14-4), B2
Y 2% pJKS1298F WHstAt (29 324-1-14). Proinsulin/KDEL®] %%, 3749 &
2UZ st Xpa 13 Kpn 129 HEstgsd, 22U 1-3H =% ok 300bpo
proinsulin/KDEL &Az}7} AMlsleS solslgdy (2¥ 324—1-15), 224 1W<
pJKS130 (19 324-1-15)°]2} B3t
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() A=

@ pJKS1299} pJKS130 A&

mating

(A) Restriction enzyme mapping

Plant expression vector/proinsulin sub-cloing (Xba1/Kpn1)
10 100bp

kb 1 2 3 4 5 6 7 8 9

300bp

}

proinsulin

< 719 324—1—14. Proinsulin & =}¢]

(A) Restriction enzyme mapping

Proinsulin/KDEL (Xbal+Kpnl)
kb 1 2 3

500
250

4
proinsulin/KDEL

< 119 324—1-15. Proinsulin/KDEL -FA A=

ARG

=
WRle ARgste ¥

(1™ 324-1-16).

pJKS129 (Proinsulin) : LBA4404 transformation
100bp PC NC 1 2 3 4 5 6

(B) pJKS129 plasmid map

EcoRl_sac1.Kpnl
bal.Sall(Hincll).Pstl

=
358 3'UTR
Proinsulin
RAmy3D

LacZ

pJKS129
11377 bp

(B) pJKS130 plasmid map

coRl_Sac1.Kpnl
bal.Sall(Hincll).Pstl

(o]
0
358 3'UTR
Proinsulin/KDEL
RAmy3D

pJKS130
11389 bp

HPT

pJKS130 (Proinsulin/KDEL) : LBA4404

kb PCNC 1 2 3 4 5 6

4%

< 19 324—1-16. Proinsulin

=

=13

A B o] LBA4404 FAAF >
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(2) Proinsulin &¥d FZIAZ cell line A
7h) A& (8 AYx) dAAS
O H FAASS g SRIRBFoZNY Aex F5 AL tH 2o ¥4 F9E

AAT ZAE 70% NEGFSE FHAES 311, 29% 2o 2087 258t 30g9]
sucrose, 4.4g9] CHU medium (N6; Chu et al., 1975), 1g9] casamino acid®} 2,4—D7}
F3HE N6CI i Aol of 16704 X743t A5 3—4mm = =7]9] F9A A7)
S5 (Tran et al., 2015; Yang et al., 2013), 35 & AHAE B3y 283
2Y s M2 N6CI A2 AT, FAI0 A2TdNE7E L35 LBA4404 7&
AAMHI A S ©] 83} [pJKS129(LBA4404), pJKS130(LBA4404)] v 3tc} (Hiei et al.,
1994). 39 &, ¥ 2AH2Z LBA44040] ZPAIA, 100uM acetosyringone©] ¥ He
N6CO mjAloll 3€%t, 25CelA i F stk 1 5 W AHEE Hal 22 A H 3t
o &9 LBA4404E A A3FaL, N6S HlA o] (N6CI vl #]e] 50ug/mle] Hygromycin B2}
500ug/ml cefotaximeo] E3+) X|dste] 3—4F FE wjgsiar, F8A AFAHS Kol
N2 At A 2vks B83te] 30g/L sucrose, 2mg/L, 2,4—D, 0.2mg/L kinetin,
50mg/L hygromycing ¥7}8 N6 #jx(N6SE)2 &AF At

=

(}) RAmy3D promoter/5’'UTR/3Dsp/proinsulin/3'UTR (pJKS129) FAASHA g @ E X
(D Total RNA extraction & cDNA synthesis
O Agrombacteriume ©]-g3to] A3 5o} hygromycin BY AZAH S 7HA &= F
22709 B2~ ZHH total RNAE FEZ31G 0 AA DA} Tri—regentE ©]-8-3}¢]
RNAE F= 3 H Z= RNA pellet2 150ul®] DEPC watero] =< % nanodropl =
FTEE 34 Aok 283 25uge] RNAY] DNase IS 37hste] 37CollA] 5047t
288k 3 350ul DEPC waterE Z 7}l total volumeS 400ul® 23 F phenol
extraction & CHCI3 treatment ¥ 2 = RNA purificationS 438 s}ttt EtOH 1mlt
40ul 3M NaOAcE H7betar -70CellA 303t A2 g F RNA pelletS 32ul DEPC
waterol]l 0]l nanodroplE FEE =AY
O Z+z+e] 1ul purified RNAZ Promega®] 1% strand ¢cDNA synthesis kitZ ©]&3fA 1ul
oligo—dTZE #H7}3}al annealing temp: 25Co| A 5min, synthesis temp: 42°C 1hr, 18|11
RTase inactivation temp: 70C 15min¢] FHCE cDNAEZS A sJ T
@ Quantitative real—time PCR
O Zz+o] A= 1ul®] ¢cDNAZE AFg3lod normalized expression levelS 21317 93

b

all

reference gene® 2+ house keeping gene®l ubiquiting F3%3} 3L, target gene?l
proinsuling Z%3ste] Al ddFS B4 3059 th Ubiquiting forward:
5—=TGA CTA CAA CAT CCA GAA GGA GTC CA-3’, reverse: 5’ —CAG ATC ATC
TTG TCC TGG TTG TAC TTG—3’primerE A}&3}al, proinsuline Proins(RT) F:
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5~-TTC GTG AAT CAG CAC CTC TG-3’, Proins(RT) R: 5'-=GCG GCG GTT ACA
GTA GTT TT-3primerE A3} pre denaturation: 95C 10min, denaturation: 95C
10s, annealing: 60°C 10s, synthesis: 72°C 20s 40cycle ¢ 272 =2 real—time PCRE
T B 3FAT.

(t}) RAmy3D promoter/5 UTR/3Dsp/proinsulin/KDEL/3'UTR (pJKS130) A 3k4 r
D Total RNA extraction & cDNA synthesis
O hygromycin B AFAA L 7R+ & 18719 AHYA2ZFE total RNAE F=3F9 T
DA AL} Tri—regentE ©|-&3F] RNAE F= 3 5 HF RNA pelletS 100ule]
DEPC water®l =2l & nanodropl.Z 55 =X 3ttt 28]3 30uge RNAJ)
DNase [2 #7}ste] 37ColA 5087 A &]dk &, phenol extraction & EtOH
precipitation® 2 RNA A A & RNA pelletS 40ul DEPC water®l] =9°]3l nanodropl &
TEE S4%uh
O Z+7+9] 1ul purified RNAZS Promega®l 1°° strand ¢cDNA synthesis kitS ©]8-3] 4]
annealing temp: 25Col| 4] 5min, synthesis temp: 42°C 1lhr, Z22]31 RTase inactivation
temp: 70C 15mine] 72 ¢DNAE A5t Th

s
Al
14

@ Quantitative real—time PCR
O Z+zte] A9 1ul®] ¢cDNAE ARE3ste] AFH pJKS1299 FY3 real-time PCR
Z 742 2 reference gene?l ubiquitin®} target gene$l proinsuling ZE3}¢]

proinsulin/KDEL mRNA Ath# el w3 &S B39t}

(3) Homo lineFHE 93 AL EA 9 EATH

7h A=A A3t

O AHEZHE ¥ QL3 AHASA SEE A% FHAF L g7 2ok N6SE 8=l
AgE A FoA Ao Beavhs MEste] 30g/L sucrose, 0.5g/L glutamine,

phytagel, 0.5mg/l. NAA, 3mg/l. BAP,

250mg/L cefotaxime, 50mg/L hygromycin®] X3t N6(MSRE) A v} x| of] X]4}3}ar 25TC,
16/8 (day/night) AIZF 47 273004 v sttt

@ ¢k 2~3g & AHAZHE shooting® /NAES AH3std 1% hyponex £MA 1FL3H
TN T FEg FE oA s E HE oF /L ASAIHATH

L

0.5g/L proline, 0.3g/L casein hydrolysate, 8g/L
15

(4) Proinsulin @& FAAZ cell line A
7hH) AE (] Ayx) FAHF
DO 1x3x9 AZF HAdD pJKS129(RAmy3D promoter/5’ UTR/3Dsp/proinsulin/3’'UTR) 2}
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pJKS130(RAmy3D promoter/5’'UTR/3Dsp/proinsulin/KDEL/3'UTR) ®EE o]&3sta] H
o FAAIL plant transformation *¥HE& ©]
f£3}o] pJKS107(LBA4404), pJKS117(LBA4404)7S &2 A3 3l hygromycin B7}
F35 0] iR o A A s THAE AesE A g A3, pJKS129¢ F 20709
FAA A AYAE Adstda pJKS1302 18719 Aeg2~E Awsle] N6SE
=71 MF st

T3 (Tt Agrobacterium—mediated

[ R=S
AR -

=

[

Hj 2] 2

(Y4) RAmy3D promoter/5 UTR/3Dsp/proinsulin/3’'UTR (pJKS129) ¥ =&
D FAYA AL 712 E= 20709 pJKS129 A AZRE proinsuling transcription level&
w3t7] 93] cDNAE #4431 real-time PCRE 43 3}A T Vector control®l N75&
negative control® AA3}3l ubiquitin—based proinsulin mRNA L& =S vlwst Az}

S129 #4¥ A A= transcription©] YoJu}A] &gkl S129 #16 WE 27 AgjFo=z

AGA Fu 2 2

2
ax
el

7V proinsulin W@ Eo] Ee AHE HAASATH (2 324-1-17). ©] FolA mRNA
WE go] =2 A9 8709 Ay (S129 #2, #5, #6, #10, #14, #16, #18, #20)=
Adstar 5 dld F45 918l suspension cultureE G sATH

pIKS129{Proinsulin) Real-time PCR

M Proinsulin mANA

40 -
Els)

20

Relathve conc(x10%)

10

< 1% 324—1-17. Ramy3Dpro/5’'UTR/3Dsp/proinsulin(pJKS129) mRNA expression level >

(t}) RAmy3D promoter/5’UTR/3Dsp/proinsulin/KDEL/3’'UTR (pJKS130) H @A 3A]| 2

1=
54

@ Hygromycin B & A <]

AFAEE 7HA]
433t proinsulin/KDELS] mRNA
(19 324-1-18). S130 #7¥ Z#2=o|A= RNA
Ao g Felx o] A 2]stA ). Negative control
AHE3FE AL ubiquitine] TE
S130 #18 7227k 7 mRNA 2@ #l&o]
=& S130 #1, #9, #12, #18 ZAH2=E A3}l suspension cultures

=]
=

=) AR

o =

Ao

1870¢] pJKS130 2 A~2HE cDNAEZ
1223} 7] 93 real—time PCRS

=) e

=

A=
| .
}&lEFS u)

T3ttt
TS Xé
vector?t @& A
= proinsulin/KDEL mRNA & =2k

=3t (28 324-1-19).
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E'T:“ s'”::" nghl | 2607280 s'”:" mglel | 2607280 s'";:" nghd | 207280
5130-1 | 133165 | 198 | 5130-10 | 126330 | 157 | 5130-1 (DNasel) | 37089 | 176 | 5130-10 (DMaseD | 27800 | 152
s1302 [uzmsn | 199 [sisoni[wmes] 194 [s1502 onasen [ 32064 | 183 513011 ONase | 29929 | 182
5130-3 135752 197 5130-12 | 139273 197 S130-3 [DiNisse ) X157 184 S130-12 [ONss= ) | 29548 185
51304 | 10532 | 132 [s1%0-13 | 139253 | 153 [s130.4 (DMaseD | 29883 | 192 | 5130-13 ONaseD | 7661 | 17
s130-5 | 107705 | 194 |sim-ia]1soes7 | 195 [s1305DNeset | 2216 | 175 | 515018 ONeseh | M918 | 19
51506 1100953 | 195 [saso1s| 4es09 | 185 [s150-6OMmen) [ 26011 | 128 | S5130-15 [ONase D | 20280 | 186
5130-F 29553 186 S1%0-16 | 187323 L96 S130-7 (DMas= 1) -14.64 a93 S130-16 [DNase ) | Loz 205
51308 | 145566 | 157 | 513017 | 185356 | 156 [ 51308 DMasen| 30759 | 179 | 513017 (DNese ) | 30006 | 179

S130-9 | 115760 | 193 S1x-18 | 73578 156 S130-9 (DMese I} | 25142 1489 $130-18 (DNase ) | M1LI6 184

gl ] 2607280

< 19 324—-1-18. pJKS130 RNA F%= =4 & DNase 1 A & AF =4 >

pIK5130({Proinsulin/KDEL) Real-time PCR

d Proinsulin/®DEL mRNA

u IIIIII.IIlIlnIII

P S s

sasgﬁiﬁﬂ

Relative conc. (x104)

< ¥ 324—1-19. Ramy3Dpro/5'UTR/3Dsp/proinsulin/KDEL(pJKS130) mRNA expression
level >
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3—2-5. A& F8 hG-CSF A27|& g 2 2435

1. ¥ dYAMXEE o]&3 hG-CSF A2t7|& 7|

O d73d8713 « AU, AAFAELALTL, =4 TTAT

i

7h d7ge] Ex 2 A7ME SRR E

(1) ¥ dFAEE ©]&3g hG-CSF Ai7l= 7

(2) RAmy3D promterES ©]&3F hG—CSF 2& WE A&+
(3) shG—CSF @MW Jdx%

(4) shG—CSF 1dd FAgkA A

U ARATY F35F (BaAy)
O hG—CSF= AAIARE A 409%(eF 522 AFAe] vl &
O 2006 Y53 TEE st FA MAHSZE nto|A|d e Y thido] =Har
qom wpol e Al e 7t 7HE Be FEY
O &dA gt Al G—CSF Aib7l&o] & 71l ot 5= Qlo] dA
Aoz o] AHF(AENA LHE AL 9 glonz YATAANA FA]
AT L(ATE 7 5009 Ao 2 A Y3t 7}1‘—5:})
O Fejvet AHdAME uto]AID g 7tol=aRls A st nlo] A D &
Hho] QW E1 ] TS AElstal e FEROE St el =5
O 4719} 2o] hG-CSF9] thaFaste] 7Had A9 Akdsl 7ol e s=oha dds o
H HEA|EE 0|83 hG-CSFY Ai7|&S g8t Fh5t9S

rr

O ARATAL FRRE 2 72T

(1) ¥ AHAHEE o] &3 hG-CSF BA7& AT
7F f-2l 9 granulocyte colony—stimulating factor (hG—CSF) F3 A5 @AY 1k
A8 Wl A & sty] 9t FAA 24E TR B ATl A
E2 0 &23t= G-CSF fF3z= QIZF frefolH, &d g A2l og = @Aty
AEQ] HE ARSI o WA o g o]9f e A9, At WA ARE-ste
codon usage®] zFolol 2Jsf, B oA F& HIxF Al %= codon usage’} =3
Azt AFEEAS A5, T A @d 3d 88§ v JAULU Yoty
Huwo] gJorm g hG-CSF9 codon usageES FQlsjH gttt HoA AlEEH oA =

codon usaget http://www.kazusa.or.jp/codon/ ¢ databaseol X A &3t= Oryza sativa

et

HE
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o8& Farste] wAstqirt.

% 325—-1-1014 & 4= 9l%o], native hG-CSF (hG—CSF) @71 EE $1%l, HollA
F&Ho7 A8 Ve ZEOR HAF3I HAG hG-CSF (shG-CSF) 471X4S
olgfZol] YEstgon, XgH oo} sl AL Ho AEAE FAEIY. 2 2y
o ARRHIE ) codone AA| codon 17871F 48 =, o]+ A codon®] 27%°) 3|E=H,
AA 534709 A7 E FolA 49709 H7)MGoe] xghE|ojo} e Aoz FHeh w3t
shG—CSF2] 7%, e AHAS &o|3H 3}7] 93t polyhistidin—tag (6xHis) & 3'—

Sl 2Zsgn} (2 325-1-1, e AEAE7)). hG-CSF A2 97] AFens
A= £ 325-1-190, codon AHE W= #4AHE F 325-1-2¢ e AT

ML nd

325-1—1. G-CSF A4 @7] Aeus 24 >

Base hG—CSF shG—CSF
count (%) count (%)
A 86 (16.10) 91 (17.04)
C 192 (35.95) 192 (35.95)
G 157 (29.40) 158 (29.58)
T(U) 99 (18.53) 93 (17.41)
1 10 20 30 40 50 60 70
hG-CSF: ACCCCCCTGGROCCTGOCAGCTCCCTGCCCCAGAGCTTCCTGCTCAAGTGCTTAGAGCAAGTGAGGAAGA

shG-CSF: ACaCCaCTGGGCCCTGCCAGCTCtCTGCCaCAGAGCTTCCTGCTCAAGTGCTTQGAGCAQGTGAGGAAGA

71 80 90 100 110 120 130 140
TCCAGGGCGATGGCGCAGCGCTCCAGGAGAAGCTGGTGAGTGAGTGTGCCACCTACAAGCTGTGCCACCC

FhhKKKIKK KKK KKKK Kk khk kKK *kkKhk

TCCAGGGCGATGGCGCcGCGCTCCAGGAGAAGCTGGTGAGCGAGT GeGCCACCTACAAGCTGTGCCACCC

141 150 160 170 180 190 200 210
CGAGGAGCTGGTGCTGCTCGGACACTCTCTGGGCATCCCCTGGGCTCCCCTGAGCAGCTGCCCCAGCCAG

KKK AKKKKKKRKKKAKKAKK hRKKKKKAKKKAKKhhK hhkkkk Kk Kkhkkkhhkkkhkkkkk *kkkkk

aGAGGAGCTGGTGCTGCTCGGCCACTCTCTGGGCATCCCaTGGGCCCCaCTGAGCAGCTGCCCaAGCCAG

211 220 230 240 250 260 270 280
GCCCTGCAGCTGGCAGGCTGCTTGAGCCAACTCCATAGCGGCCTTTTCCTCTACCAGGGGCTCCTGCAGG

kkkkhkkkhkkhkkk kkkkkkkkkkk *kk kkkkkkkk *

GCCCTGCAGCTGGCCGGCTGCTTGAGCCAQCTCCATAGCGGCCTCTTCCTCTACCAaGGCCTCCTGCAAG

281 290 300 310 320 330 340 350
CCCTGGAAGGGATCTCCCCCGAGTTGGGTCCCACCTTGGACACACTGCAGCTGGACGTCGCCGACTTTGC

* kkkkk Kk *k KhkkhhkkhhhkhhkkhhhkhkkAkkhkkkk *%

CtCTGGAQGGCATCTCCCCaGAGT TGGGCCCaACCTTGGACACACTGCAGCTGGACGTCGCCGACTTCGC

351 360 370 380 390 400 410 420
CACCACCATCTGGCAGCAGATGGAAGAACTGGGAATGGCCCCTGCCCTGCAGCCCACCCAGGGTGCCATG
kkk Kk kkhkkkkkkk *k Kkhkkkkkkk Kkk khkkkk khkkkkk

CACaACaATCTGGCAGCAGATGGAQGAQCTGGGAATGGCCCCTGC t CTGCAGCCaACaCAGGGCGCCATG

421 430 440 450 460 470 480 490
CCGGCCTTCGCCTCTGCTTTCCAGCGCCGGGCAGGAGGGGTCCTGGTTGCCTCCCATCTGCAGAGCTTCC
kk kk kkkkkkkkkkk *k kk K*kkkk
CCaGCgTTCGCCTCTGCCTTCCAGCGCCGGGCCGGEGGEGTCCTGGTCGCCTCt CATCTGCAGAGCTTCC

491 500 510 520 530
TGGAGGTGTCGTACCGCGTTCTACGCCACCTTGCCCAGCCCTGA 3'

KRAkKKKKAKKkK Khkkkhkkkk *k *khkkkkhkkhkkk khkhkkkhkkkkk *kxk
TGGAGGTGTCt TACCGCGTcCTgCGCCACCTCGCCCAGCCacatcaccatcaccatcacTGA 3
HHHHHH

< 19 325—-1—.1 shG—CSF 2= HAF A71NE >
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< 3% 325-1-2. G-CSF x4 AE AMERIE &4 >
hG—CSF shG—CSF hG—CSF shG—CSF
Codon Codon

count (%)  count (%) count (%)  count (%)
TTT—-Phe 1 (0.56) 0 (0.00) TAT-Tyr 0 (0.00) 0 (0.00)
TTC—Phe 5 (2.80) 6 (3.37) TAC—Tyr 3 (1.68) 3 (1.68)
TTA-Leu 1 (0.56) 0 (0.00) TAA— s 0 (0.00) 0 (0.00)
TTG-Leu 3 (1.68) 4 (2.24) TAG—#*x 0 (0.00) 0 (0.00)
TCT-Ser 2 (1.12) 5 (2.80) TGT-Cys 1 (0.56) 0 (0.00)
TCC—Ser 3 (1.68) 1 (0.56) TGC—Cys 4 (2.24) 5 (2.80)
TCA—=Ser 0 (0.00) 0 (0.00) TGA—sxx 1 (0.56) 1 (0.56)
TCG—Ser 1 (0.56) 0 (0.00) TGG—Trp 2 (1.12) 2 (1.12)
CTT-Leu 2 (1.12) 0 (0.00) CAT—His 2 (1.12) 2 (1.12)
CTC-Leu 6 (3.37) 8 (4.49) CAC—His 3 (1.68) 3 (1.68)
CTA-Leu 1 (0.56) 0 (0.00) CAA-GIn 2 (1.12) 2 (1.12)
CTG-Leu 20 (11.23) 21 (11.79) CAG—-GIn 15 (8.42) 15 (8.42)
CCT-Pro 2 (1.12) 2 (1.12) CGT—Arg 0 (0.00) 0 (0.00)
CCC—Pro 10 (5.61) 0 (0.00) CGC—Arg 3 (1.68) 3 (1.68)
CCA-Pro 0 (0.00) 11 (6.17) CGA—Arg 0 (0.00) 0 (0.00)
CCG—Pro 1 (0.56) 0 (0.00) CGG—Arg 1 (0.56) 1 (0.56)
ATT-Ile 0 (0.00) 0 (0.00) AAT—Asn 0 (0.00) 0 (0.00)
ATC-Ile 4 (2.24) 4 (2.24) AAC—Asn 0 (0.00) 0 (0.00)
ATA-Ile 0 (0.00) 0 (0.00) AAA-Lys 0 (0.00) 0 (0.00)
ATG—Met 3 (1.68) 3 (1.68) AAG-Lys 4 (2.24) 4 (2.24)
ACT-Thr 0 (0.00) 0 (0.00) AGT—Ser 1 (0.56) 0 (0.00)
ACC—Thr 6 (3.37) 2 (1.12) AGC—Ser 8 (4.49) 9 (5.05)
ACA-Thr 1 (0.56) 5 (2.80) AGA—Arg 0 (0.00) 0 (0.00)
ACG—=Thr 0 (0.00) 0 (0.00) AGG—Arg 1 (0.56) 1 (0.56)
GTT-Val 2 (1.12) 0 (0.00) GAT—-Asp 1 (0.56) 1 (0.56)
GTC—Val 2 (1.12) 4 (2.24) GAC—Asp 3 (1.68) 3 (1.68)
GTA-Val 0 (0.00) 0 (0.00) GAA-Glu 3 (1.68) 0 (0.00)
GTG—Val 4 (2.24) 4 (2.24) GAG—Glu 7 (3.39) 10 (5.61)
GCT-Ala 2 (1.12) 2 (1.12) GGT-Gly 2 (1.12) 0 (0.00)
GCC—Ala 13 (7.30) 15 (8.42) GGC—Gly 6 (3.37) 13 (7.30)
GCA-Ala 3 (1.68) 0 (0.00) GGA—-Gly 3 (1.68) 1 (1.56)
GCG—Ala 1 (0.56) 2 (1.12) GGG—-Gly 3 (1.68)) 0 (0.00)

O 4719 3= 4 2HAE ng oz HAsE A7IMEE o838t shG-CSFol| thgh

primerE A9 2™, overlap extension PCR W22 shG-CSF A=

sttt 2 2ol AH8S primere U3 2T
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=

ol 9] primerE overlap extension PCR WS 9]
shG—CSF(His6) @& 19 325—1-2¢] =2{3}3t bix
St Sl HZE AFES pGEM—T—easy vectordl]l S2Y 3t A7144g
29 AAYE B dRHAS &

g8te] o] mEoR HAHE

}4¢ B F4A. PR 23
S g9l

ol pMY03042 BTt (2

] 3]’})\—1—

J 325—-1-3).
O shG—CSF(His6)
=3 = H ¥

AAE EZF3= pMY0304= B3
AABS 317195t A 48 F 7B

é

o) 7 5o
A

Tz A A =L E
o A

OH

shG—F1
shG—F2
shG—F3

shG—R1
shG—R2
shG—R3
shG—R4

shG—R5

shG—R6

shG—R7
shG—R8
shG—R9

shG—R10

shG—R11

shG—R15

shG—R16

¢ TTGGATCCATGGCCGGACCTGCCACAC
¢ TTGGATCCATGGCCGGACCTGCCACACAGAGCCCAATGAAGCTGATG
: GCATCCCATGGGCCCCACTGAGCAGCTGCCCAAGCCAGGCCCTGCAGCTGGCCG

: TGTGCCACAGCAGCAGCTGCAGGGCCATCAGCTTCATTGGGCTCT
- CTCCTGCACTGTCCAGAGGGCGCTGTGCCACAGCAGCAG
: GAGCTGGCAGGGCCCAGTGGTGTGGCCTCCTGCACTGTCCAGAGG
: CTTCCTCACCTGCTCCAAGCACTTGAGCAGGAAGCTCTGTGGCAGAGAGCTGGC

1 CCAGCTTCTCCTGGAGCGCGGCGCCATCGCCCTGGATCTTCCTCACCTGCTCCA

¢ TCTGGGTGGCACAGCTTGTAGGTGGCGCACTCGCTCACCAGCTTCTCCTGGAGC

: AGAGAGTGGCCGAGCAGCACCAGCTCCTCTGGGTGGCACAGCTTGTAGG
: CAGTGGGGCCCATGGGATGCCCAGAGAGTGGCCGAGCAGC
1 CCGGCCAGCTGCAGGGCCTGGCTTGGGCAGCTGCTCAGTGGGGCCCATGGGAT

© AGGAGGCCCTGGTAGAGGAAGAGGCCGCTATGGAGCTGGCTCAAGCAGCCGGC

1 TGGGCCCAACTCTGGGGAGATGCCCTCCAGAGCTTGCAGGAGGCCTTGGTAGA

shG—R12 :

shG—R13 :

shG—R14 :
: AGACACCTCCAGGAAGCTCTGCAGATGAGAGGCGACCAGGACGCCGCCGGCCC

¢ TCATGGCTGGGCGAGGTGGCGCAGGACGCGGTAAGACACCTCCAGGAAGCTCT

shG—R17 :
shG—CSF R1

GCTGCT

AGGGCCCAGTGGTG

AGCACT

GCGGCG

GC

CAGCTGCAGGGCCTG

GGAAGAG

GGGCCATGCCCAGCTCCTCCATCTGCTGCCAGATTGTTGTGGCGAAGTCGGCGA
CGTCCA

CGAACGCTGGCATTGCGCCCTGTGTTGGCTGCAGAGCAGGGGCCATTCCCAGCT
CCT

ACGCCGCCGGCCCGGCGCTGGAAGGCAGAGGCGAACGCTGGCATGGCGCCCTG

GGCGCTG

GCA
TTGGTACCTTCATGGCTGGGCGAGGTG
. GGTACCTCAGTGATGGTGATGGTGATGTGGCTGGGCGAGGTG
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Fragment 1 Fragment 2

F2— <Rl F3— <R10
 — | —

—R2 <RT11
1 <R3 C——— 71 <R12
C— R4 1 <R13
C——— 1 <Rs 3 <—R14
C——— <R6 C———1 <R15
1 «R7 —R16

l Fragment 1 + Fragment 2
F1— —R17
]

l 6xHis fusion
F1— < shG-CSF R1 (6xHis/ Kpnl)
0

< 19 325—1—2. Overlap extension PCRE ©] &3t shG-CSF 4544 >

iall(Hincll)
BamHI
8, shG-CSF

pPMYO304
3336 bp

EcoRlI

< 19 325-1-3. shG—CSF #AA7} Add Sgare >

(2) RAmy3D promterg& ©|&3% hG—CSF %@ #H¥ Az}

(7F) RAmy1lA signal peptide (1Asp)E ¥ 3 shG—CSF o3& WE Azt

O ¥ AFoNAE=E ¥ AFGAE wlFS 5319 hG-CSF 92 S wiAY =2 EHA|A 13dd
Al71az et on, B AgElel oste] A wjgA FAduEe] uEH] o] Fld
rice alpha—amylase 1A (RAmy1A) @ signal peptide (1Asp)E hG—CSF 449 5°—
region®] ¥&sta] 1Asp/hG—CSF €3 F44= FHsyoen, pMYO306 Zzt2~w] =9
24 3t} o] £ rice alpha— amylase 3D promoter (RAmy3D promoter) ¢ 3*~UTR
terminator’} ¥ 0] e A& T 22Y AL, HFHoE e

Zg}2An=E pMYO03098F B3R Y (18 325—1—4). RAmy3D promoter+= ¥ S EA|E
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s
EEREHC 1 W51 mRNAS] E31E oJAste £
gl g o] ¢t sl 7)dte] AFA o Wt F83 IS st AoZ gEA
ATH.

1Asp/shG-CSF [J35s polya
PMY0306 B 1aspsna.csF ————) T8 pMY0309

10985 bp
3665 bp

< ¥ 325—1—4. 1Asp/shG—CSF F&A7} A9 215 daue =22 >

(W) AERANE o Agrobacterium B2 S
@ ==Y 1S pMYO309/LBA4404 (19 325—1-5)8} WH3FoH o] 5 A& F&A
AHg-3E AT

pMYO0309 : LBA4404 transformation
1kb PC NC 1 2 3

1000
750
500 shG-CSF

250

< 19 325-1-5. 1Asp/shG—CSF(pMY0309)2] LBA4404 FAH % >

(t}) RAmy3D signal peptide (3Dsp)E X3S
DO 7] AF3AR, 2 AFoME & a1-3)

promoterg A&t onz EATMAel BH §&& ¢ Eo]7] 93+, shG-CSFY

]
TFZE AR =ZH shG—CSF @A (572 bp, 1

i
F
O
o
wm
=
7
(@)
wm
)
(2
g
z
o
2
N

g 325—-1-6-B) o] & 7Y
SHE 4 o] 3Dsp F29} shG—CSF R2 Zzlo]mE Alg3le] HE =% ©H




3Dsp/shG—CSF (617 bp, Z¥ 3256—-1-6-C)&F FHAE Fustdon o&
pJKS126°]zt ¥H sttt (1H 3256-1-7).

(A) 3Dsp/shG-CSF (15mer) (B) 3Dsp(15mer)/shG-CSF (C) 3Dsp/shG-CSF
3Dsp F2+3Dsp/shG-CSF R1 3Dsp/shG-CSF F1+shG-CSF R2 3Dsp F2+shG-CSF R2

3Dsp/shG-CSF

200
100

3Dsp/shG-CSF \ B
pJKS126 f.  Stul.383
3690 bp .

Kpnit*
Spel
EcoRI
Notl
BstzI
Pstl
Sall
Ndel
Sacl
BstXI
Nsil

< 119 325—1-7. 3Dsp/shG—CSF £#A=7} A44=E plasmid >

@ pJKS126 plasmid® 3Dsp/shG—CSF fragmentE RAmy3D promoter 9 3*—UTR9]
g5 Jdu A% HHEHY F2Ysr] 95k, pCAMBIA1300—based plasmid <}
pJKS126 plasmid DNAES A& A BamH 13 Kpn 1.2 2 8]8Fth. Agarose gel & 5-E
2+7} 9] vector?} 3Dsp/shG—CSF H-#2] DNAZ elution sFal (18 325—1—8—A), ligation=-
THT F TOP10o] FZAHE sidvh. A 2d wiAolA At 22Y 270S
23t Hind 11+ EcoR 1 (RAmy3D promoter /3Dsp/shG—CSF/3'—UTR 4=} v
Q1) BamH 1+Kpn 1 (3Dsp/shG—CSF F3#} 4+ <)< 2712 WHo=
AFaLE A st 2E2Y AFE sttt 2 23 224 19, 29 BF
UEbd band Z7)7F dAES Sdska (29 325-1-7-B), 224 1W<
pJKS1279¢]e} W3ttt (219 325—-1-9).
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(B) pJKS127 restriction enzyme mapping

(A) Enzyme reaction for sub-cloning
colony 1 colony 2
kb HE BK HE BK

pJKS126

1kb pCAMBIA

7

Vector

3Dsp/shG-CSF

BamHi
Xbal

< o0l
3558 FUTR
HPT 3Dsp/shG-CSF _
indlll
RAmy3D

35S polyA
L8 Lacz

K pJKS127 -
11377 bp

it
>
il
e
med
=
)
2
»
v

< 1™ 325—-1-9. 3Dsp/shG—CSF &Ax7F A<

() AELdNE ) Agrobacterium B H 71
A EWHWE S tri—parental mating WH S 2 Agrobacterium

)
@O 7] R3S pJKS127 2] &1
tumetaciens LBA4404 o] HAASS Z 21 1-32F shG-CSF fRAA}9 =)

sholxElglom F21 18 pJKS127(LBA4404)8F HHstEt (18 325-1-10).

pJKS127 : LBA4404 transformation
2 3

1kb PC NC 1

1000
shG-CSF

750
500

250

< 19 325—1-10. 3Dsp/shG—CSF(pJKS127)¢] LBA4404 FAHE >
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(7}) RAmy3E promterZ ©]-83 hG—CSF (3Esp/shG—CSF) &3 wg =)z

@ 3Esp/ShG—CSF #2x =

op E AFEool= RAmy3D promoterE ©]-83F ©Alg 1 A|2E] o] o % rice
alpha—amylase f-21¢] 3E promoter (RAmy3E promoter)E X4-3}3l Itk ©] RAmy3E
A8 A RAmy3D promoter9t #2o], AYAE vigellX T AHA] 52 @Ee] e

FE3= Aoew HuEo rt webA RAmy3E promoter system= ©]-838}d shG—CSFE2]

WS- 39lslarz} ko, o] 5k RAmy3E signal peptide (3Esp)E shG—CSF

Azl §sted 3Esp/shG—CSF F3xHE &R\, shG—CSF @& S33IATh (576

p, 28 325—-1—-11-B). o] F 719 &HE 419} 3Dsp F29} shG-CSF R2 Zglo|HE

AHg3l] HF B @<l 3Dsp/shG—CSF (663 bp, 18 325-1-11-C)&F F2AE

By on, o]F pJKS123o]g} Wit (19 325—-1-12).

o

d
ol

(A) 3Esp/shG-CSF (15mer) (B) 3Esp(15mer)/shG-CSF (C) 3Esp(15mer)/shG-CSF
3Esp F2+3Esp/shG-CSF R1 3Esp F2+3Esp/shG-CSF R1 3Esp F2+3Esp/shG-CSF R1

3Esp/shG-CSF

J’ 750

500

600
500

200
100

< 1% 325-1-11. 3Esp/shG—CSF A A& v A2 >

3Esp/shG-CSF \ T

pJKS123
3678 bp

BamH1*
Spel
EcoRl
Notl
BstZI
Pstl
Sall
Ndel
Sacl
BstXI
Nsil

< 19 325—1-12. 3Esp/shG—CSF F+dA7F 44 % plasmid >
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© pJKS123 plasmid®] 3Esp/shG—CSF fragmentE RAmy3E promoter ¢+ 3*—UTR©]
Z3Elo] Q= AE urguE o] F2Y35}7] $5ted, pCAMBIA1300—based plasmid <}
pJKS123 plasmid DNAZ A& BamH 1% Kpn 122 *8]3}4t}h. Agarose gel 25
2}72+9) vector®} 3Esp/shG—CSF F-£2] DNAZE elution 3}al (18 325—-1—-13—A),
ligations 33 & TOP10°] &AM sttt A7 HE A ]oAM A S2Y
20 S #Hsld Hind W+ Bamtl 1 (RAmy3E promoter@1)3 BamH 1+Kpn 1 (RAmy3E
promoter/shG—CSF F+32} 49 81)e] 271A] WhHo =z AfaAE A st F24
ARE eIttt 1 A3 FEY 19, 28 25 Yehd band Z717F A7 <18kl
(29 325-1-13-B), F2Y 19¥S pJKS1289|g} WH3ldtt (27 325—-1—14).

(A) Enzyme reaction for sub-cloning (B) pJKS128 restriction enzyme mapping

colony 1 colony 2
1kb pCAMBIA pJKS123 1kb HB BK HB BK

1

vector

T
3Esp/shG-CSF

RAmy3E(L)
pJKS128
12169 bp

Hindlll

Sphl

< 1% 325—-1-14. 3Esp/shG—CSF7} Al® A& adEwg A2 >
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@ A=A E o Agrobacterium B A XS

op 7] R3S pJKS128 A EWHWE] S tri—parental mating HH O 2 Agrobacterium
tumeftaciens LBA4404 o] AN 3 F2Y 14 pJKS128(LBA4404)2}t B E3IA T (218
325—1-15).

pJKS128 : LBA4404 transformation
kb PC NC 1 2 3 4 5 6

shG-CSF

< 19 325—1-15. 3Esp/shG—CSF(pJKS128)¢] LBA4404 FH X% >

e

(3) shG—CSF Zd9 e A%
b AT 8298
@ Agrobacterium—mediated Biolistic—mediated and plant transformationplant transformation

g AR L el stel FAsAT

(W) 2428 224 24

@D 1Asp/shG—CSF (pMYO0309) d2dAst4 gx & 2

@b pMYO03099] 749 Agrobacterium—mediated H 3}, Biolistic—mediated®] 27}A] W&
ALl HAASS STt AgrombacteriumS o] &35t FAAHS B A9,
10709 A 2E (pMYO309a), bombardmentE o] &3t A A3 = HA$- 18709

AH2Z (pMYO309b) 7} FAA S Eaals Aeux o Z=28S sty =
Ao 2183 PCEE pMYO309 plasmid DNAE, NCE2E HAAS Al7]A && H
A ~2HE 23 genomic DNAS AFE381.2 ™, 1Asp/shG—CSFol Eo]#<l
ZgtolHE AMESle] PCRE F33tdth. 2 A3 pMYO309(a)dlA= 232~ 1-109
2ol A 1Asp/shG—CSF7F SZHAFS ettt (27 325-1-16—A). =3
pMY0309(b)ol & 143} 15U LS A 23 16709] A 2~o M 1Asp/shG—CSF FAA<]
A1 ol 3 4 Y (2 325-1-16—-B).
@ Genomic DNA PCRelA 1Asp/shG—CSF 32} 49& 13 AExF2HE dFF9
AHAE Hsto] ¥ AT wFS 39T Western blot analysisE 433+ 2=},

pMYO0309(a)e] A-F, 4, 7, 8H M EFAA 7} 733 hG—CSF @& (28 325—-1-17—-A),

- 175 -




pMYO0309(b)e] A% 11¥H MEFAA 7} 7 4dS ey
(28 325-1-17-B).

rr
po)
o
il
J {
ro
L)

(A) pMY0309(a) : genomic DNA PCR
PCNCM 1 2 3 4 56 78 910 MPCNC 5 6 7

1Asp/shG-CSF

(B) pMYO309(b) : genomic DNA PCR
MPCNC1T 2 34 56 7 8 9101112 13 PCM NC1415161718

B! OO eSS, EEeEm | DA S e DS - =

< 1% 325-1-16. pMYO0309 genomic DNA PCR >

(A) pMYO309(a) Western blot analysis
M PC NC 1 2 4 7 8 9

72
55
43

34| -
26 |«

17

(B) pMY0309(b) Western blot analysis
M PC NC 2 4 8 9 11 14

72
55

43
34
26

< 1% 325—-1-17. hG—CSF ©#d g <] >

@ 3Dsp/shG—CSF d&x&A gH

o pJKS1279 7%, Agrobacterium—mediated plant transformation
FEAHSS TP, A A AFAES Hole AY=E
e i e

oL

o I
o

oft

o

£

2
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@ 3Esp/shG—CSF (pJKS128) F& A% &x 2 A

op pJKS128L Agrobacterium—mediated plant transformation W< F3ta] £ 87]2] A A
AFPE Hole AHEE FHSIAT. 479 WY 22 HE genomic DNAE FE31a,
77}e] DNA 50nge o] §3te], PCRS 483ttt PC2E pJKS128 plasmid DNAE,
NCEE FAAS A71A & ¥ BY2ZRE F23 genomic DNAS A3l 4iTh
3Esp/shG—CSFeol Eo]&<l RAmy3E sp F/shG—=CSF R2 Zz}o| HEE o]&3}od PCR
33 Ay 1-8 RE A EFA 3Esp/shG-CSF 7} ZZHASS Felsgnt (29
325—-1-18).

pJKS128(3Esp/shG-CSF) : Genomic DNA PCR
1kb PC NC 1 2 3 4 5 6 7 8

3Esp/shG-CSF

< 19 325—-1-18. pJKS128 Genomic DNA PCR >

(4) hG—CSF @ FAASA A
7h 753 3y
(D Total RNA extraction & cDNA synthesis

O Agrombacteriums ©]-&3t A sto] hygromycin B AFA3E 7HA= F 8709
cell line& AW3dle] z+2+e] A A2 RE Tri—regents} AA|AALE o] 83 total
RNAZE =39tk RNA pelletg 150ul DEPC waterdll =2 % nanodropl.Z T&E
=7 39tk 4 H RNA 555 ZAZ 314 30uge RNA®| DNase 1& H7}3hed
37 Col A 407+ A2g ¥, 400ul DEPC waterg& 3 7}8ll total volumes 500ul®Z 9
% phenol extraction & EtOH precipitations 433t th. Purified RNA pelletS 40ul
DEPC water®l] =9]3l nanodropl. & FEE =433 Y.

O Z+7+9] 1ul purified RNAZS template® 3} 1ul oligo—dTE H7}3] 70Co|A 587t
denaturationS 2 A]8}aL iceoll 533t fixing 39tk 18] 2 Promega®] 1° strand cDNA
synthesis kitES ©]83]A] annealing temp: 25C 5min, synthesis temp: 42C 1hr, RTase
inactivation temp: 70C 15min®] ZH S 2 cDNAE A3t
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@ Northern blot analysis

O z2+e] A 2=ZHE Tri—regentE ©]-&3t] FZ3F total RNAE AHE-3te] RNA
levelol A %8 shG—CSF elite line2 AW¥3}l7] 93] Northern blot analysisE
F3ystaTh ZH2H9] total RNAE 20ug® AF&3l formaldehyde geldll 40 volt=
SAITFA E loadingdte] gel leat™ 18S, 28S RNAE 32135t7] 93] EtBr stainings
T3P 3F 3 THE lea gel€ positive charged nylon membrane®l] transferS 4333} $1T}.
Transfer ¥ membrane< shG—CSF probe& A}8-3}4] hybridizations 33 &, 23}
799 exposure time ZASZ shG—CSF mRNAS &3S B4 3.

@ Quantitative real—time PCR

O Agrombacterium—mediated plant transformation WS E3le 53 A FoA

RNA levelol4 31 & shG—-CSF elite lineS A1W¥3}7] 3l real—time PCR (qPCR)

WS sttt Z2hzbe] A E cDNA 1ulE template2 ARE-3}3L, normalized
expression levelS &¢13}7] 93}t reference genel Z+ ubiquiting AF&3F$ o).
Ubiquitin forward: 5'—TGA CTA CAA CAT CCA GAA GGA GTC CA-3’, reverse:
5—=CAG ATC ATC TTG TCC TGG TTG TAC TTG-3'primerE o|&3le] T2}
shG—CSF+ shG(RT)F: 5'=CTC CAG GAG AAG CTG GTG AG-3’, shG(RT)R:
5—=AGG AGG CCT TGG TAG AGG AA-3'& o]&3te FF3I ). Real—time PCR
Z74& Pre—denaturation 95C 10min®]™ denaturation 95C 10sec, annealing 60C

15sec, synthesis 72C 20secE & 40cycle®Z 3} A4S 3130}

@ Suspension culture

O Real—time PCRE &3l A ¥ pJKS127 #5, #6, #8, #11, #12, #13 3 671 callus lineS
Z+7+9] callusZ5-E 45+ shG—CSF gz s 3Ql35l7] Y3l cell suspension
culture system= ©]-&3} 23S $33At} (Shin YJ et al., 2011). 30g/L sucrose,
2mg/L, 2,4—D, 0.2mg/L kinetin, 50mg/L hygromycin<S #7}3F N6 A uj x| (N6SE)<]
pJKS127 line callusE ¥ 28 ColA] 150rpme.E kS 4345ttt} 179 & o=
Ax A callusE mesh@S o]&35t ZA sievingS 3] A Z-F N6SEr] R o] <A
WS sttt 179 1A o2 9o GAE 2~3HA HbE ¢t A vjdd
calluisE FHdEA AFHZE o] &l wjFd S AlAstL 5go HAHEZE N6SE
v R A sucroseZ} A AE N6—SHjA|o] 10ml/g Bl E&=E HE3de & Z2F AEH=E
28 ColA 150rpmo 2 YujFS =33t & 28 74, wiA W= #H]¥H shG—CSF
A s E48E7] flste] Zzbe] v —’1‘43}"4 12,000rpmoll A 303 42 E

q
ol 45N AP ¥ DAY AL ASAT o F Bl A2HL o PUS
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® SDS—PAGE & western blot analysis

O 9 23 vkl A #Hak vjgAS SDS—PAGE & western blot analysisZ 93t A5 =
83Tk 28ule] WA S 10-20% gradient PAGE—Gel (ATTO)o 20mA/gel2
A71dEss AT W719F 3 gel 170= coomassie blue @4 FS F o)A
SDS—PAGE analysis AA]3tH a1, Y™ A gele PVDF western blotting membrane (03
010 040 001, roche)ol 200mA=E 90&7t transfer 3F¥U T ©]& PVDF membraneS 5%
skim milk® RTo|A 30&3F 33 blocking 3lal 0.1% tween 20°] H7FH TBS buffer
(TBST)Z 15%%F 33 A& 3+ % biotinylated anti—human G—CSF (R&D systems,
BAF214)E 1aF IAE ARE-3te] 4ColA] O/N 3ttt TBST buffer® 1537t 33] A3
3l & anti—goat 1gG AP (Santacruz)E 2%} A2 ALE3te] 4T 24 7HE<tH

RS AIZ T TBST buffer2 1523 33 A% 3 %, NBT/BCIP (Roche)&% 2.2 PVDF

membrane-g detectiondte] G—CSF @ &S &9l 19t}

() a5 23
D RAmy3D promotero] &]3F hG—CSF 12¥& cell line A& 2 v 74
O RAmy3D promoter/1Asp/hG—CSF/3’'UTR terminator &&d3sl= pMYO309¥ EH =
A2 29l pMYO0309(a),
Biolistic—mediated transformations &3t Aozl A2 <l pMYO309(h) o] 9l2=€
22X A3 pMYO0309(a)— 2, 4, 7, 8, 2 9, 183 pMY0309(h)— 11 &R GTt (18
325—1-19, 1A= 23 24 AFHZ AAF vk 3l5).

Agrobacterium —mediated transformations E3te] Aozl

(A) pMY0309(a) Western blot analysis
M PC NC 1 2 4 7 8 9

72
55
43

34|~
26|«

17

(B) pMY0309(b) Western blot analysis
M PC NC 2 4 8 9 1 14

72
55
43
34
26

17 -——

< 119 325—-1-19. pMY0309 A8~ 59 hG—CSF ©d d-y slo) >
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O #1289 B2lg Flel hG-CSF wd Bdo] 2l @ A2 25 5 A
3 25T A A%

AE7E dojgl XA A vlA JdAE FHA dEeiy Aol 7t
AWl gt e A~ suspension cultureZ} 23
gdog A= Ae Bol B &

secretionA] =8-S 283}

Jed 13 A9 el
B Aol A FH3 v AMSHA Agk= cell line A&
ZQ93% A g9 F9 syoltt (29 325-1-20). "% wlAst L3 Fei =
Fu A2 (WE2HNC) 9 Blaste] #HE Ak pMYO0309(b)—119]
S HlwaETt (28 325-1-21).

Az 3

A 2~ A}

o fr

A
u
w
w
Do
ol
)—A
\\]
(e}
i)
O
&
okt
=
fru
X
)
K
%o
rr
i
v
[»
v

g cell line AT 913 A wjeF ol HS(BEA B F8)=

< :LH—’”:, 325—1-21. —?—‘Z[: e} =
=3 g FE)E pMY0309(b)—11 Ak 2jele] Ay A v 2 >

=T (NC), $=(

< ¥t HEFHSZ pMYO309(b)—11H-E& hG—CSF &4 cell lineS &2
Awstgon], @A RGeS sl ALARAA EAuA] AL] WjF Fo
)
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>
e

@ 5UTR 3Dsp/shG—CSF His6 (pJKS127) xd HAM3EA A

O 1A x9N Agrobacterium—mediated plant transformation ¥ S
h=]

=

&3t HE

A AFA AH2E o] &3] mRNAGIA shG—CSF FdA7F &3 st= 1 g}o)&}7)
93k Northern blot 418 F33l7] 938t & 127019 5°UTR 3Dsp/shG—CSF His6
(pJKS127) line®l 4] total RNAE FZ3Ith F& 217H9] total RNAE nano dropo 2
TEE 54 s

O Z+7+¢] 20ug total RNAE ©]&3}e] Northern blot ¥4 433514t} Negative
control(NC)& vector¥t 3@ AS © N75 /JA S AFE3S 3L formaldehyde gelol
loading3}e] EtBrol] 9238t Ay} 25 18S, 28S9) 3 E3t= band’} &<1x o] RNAZ} 2+
F2d AL oY (Y 325—-1-22—A). Membrane©| transferde] northern blot
24 Ayt 29, 799 exposure timeol A pJKS127 #5, 6, 8, 11, 12, 139 7§A oA
band7} &91 H 3L (28 325-1-22-B), @& B8 42383} 7] 913} cell suspension

_9.

A. Total RNA  in formaldehyde gel (used 20ug)

S'UTR 3Dsp/shG-CSF Hiss (pJKS1IT)
NC k 2 3 4 5 [ = g 10 11 12 13

B. Morthern blot analysis
S'UTR 3Dsp/shG-CSF Hiss (pJKS1I7)
NC 1 2 3 4 S5 & B % 10 11 12 13 NC 1 2 3 4 S5 6 & ® 10 11 12 13

mRMNA expression after 2 days exposure mRMNA expression after 7 days exposure

< 1% 325—1-22. 5'UTR 3Dsp/shG—CSF/His6 (pJKS127) northern blot analysis. (A) Total
RNA in formaldehyde gel, (B) Northern blot analysis of pJKS127 callus cell lines >

_4

@ 3Esp/shG—CSF His6 (pJKS128) s A ASA AW
O 13hd =4 genomic DNA PCRE Fa3te] 134202 2ol 5 8719 Aej=zrE
Tri—regent/ LN2 grinding3] 4] total RNAE % 3+ & DNaselS *18]3F & RNAE

purificationd}®d nano droplZ FEZ =74 3}Yct (18 325—-1-23).

Sample ngid | 2607280 - ngiul | 260/280
| s 4eer | 19 NIS (Ohase 1) 42699 185
5128-1 #7677 | 185 5128-1 (DNase 1) 44857 190
51282 76267 | 190 5128-2 DNase ) | 42010 20
51283 A2 | 1 51283 (DNase 1) 7268 194
T suma | 0as | 14 | s ONessd | aeoe | 190
ﬁsﬁ— 58 3[!_ 192 S138-5 [(Dhiase 1) 40873 182 i
| sizme 15674 | 193 §120-6 (DNase 1) 789 19
51287 966,70 196 $178-7 DNasel) | 41470 19
| sus | 139260 | 198 | s8-8iDNasel | ssal | o1 |

< 1% 325—-1-23. RNA % =34 & DNase 1 A3 & AZF =4 >




O Z+7+9] sampleo] thsle] 1uge] RNAE o] &3] cDNAZ A 33l RNA levelol A
hG—CSF9] W& &8 dolr 7] Y3l real-time PCRES 43 3} t}h. Reference gene?l
ubiquitin melt peak= N75 (negative control)S X3t B E MZo)| A 85.5~7C 9] one
peak’} A EHo ©¥H FZS Q¥ (29 325—-1-24—A), shG—CSF primerZ
AFE3le] ZE3) melt peak 23+ 88.8~89.5C 9 one peak’} A E QAT negative
controlql N750lX & AR FFHo] HA ¥& ZH}E AUt (28 325-1-24-B). ]
AFNE vl S F normalized expression level2 A3t A3} pJKS128 cell lineol A
shG—CSF] mRNA #&#o] 714 %2 lined pJKS128—#6 /NA Ak (18 325—-1-24-C).
o] real—time PCR H°]HE ul®gto g #3, 6, 8Wcell lineS A3}t

A. Ubiquitin melt peak B. shG-CSF melt peak

A

Fa

I [F Ml 5,7 || | 51 e
I8 Tooe) ey ] | :' [ s | | | i | | B I
il B me || oz [H s ms | | . ] JETENE B [ =
2 . HETE £ [T : ™13 . o
11 &
A i IR ] T "
t 1 . 12 ] L | I i A Fa | =e | : 1 . | BuS-4 | A
W lseed [ | w | W [Szen | ws | [ 7 B | mes || i ) e
= et TR ey = e T | Rk =y
5 | e N W[ e < 1 Py =31 | [ i

C. shG-CSF Relative expression
hG-CSF Real-time PCR
250 -

o M hG-CSF \

2 200 |

H

= 150 -

]

i

H] 100 |

L] -

2 -

é 50 - I
N |

N78  5128-1 S128-2 5128-3 5128-4 S5128-5 51286 51287 S1288

< 118 325—1—-24. shG—CSF mRNA expression level of pJKS128 cell line >
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2. A& viral vectorg ©]83F hG—CSF A4t7|& 7

O 757 © AR, FAn

=

7h @70 B 2 A7 F3RE

(1) hG—CSF9] transient expression vectordl] =24

(2) Electroporatione ©]|83+ Agrobacterium (strain GV3101)o] #&A A%
(3) Agroinfiltration S o]&3F 2 As

(4) BEAAEZ# BA (SDS—PAGE®} Western blot analysis)

(5) hG—CSF9] A &4

. ARATe P24 (FLA)
O hG—CSF&= AIAIAG & 402$(F 529) & A|ZAe] w23 2006 M5 HER
QAstel B AAHOZ npoloA AL spte] tiate] Ha glom npo] oA e}
Ve B EFEY
O Sgug Aok e vlo]o AL E slol=gtolS A Ase] nlo]l oA D EE
Hlol QW E o] /MAE Al Ye ETEo g A3} 5o =L
O 4719} Zo] hG—CSF9& theFysto] 7158 A 243} 714

q
o] i
A& 198 viral vectorE ©]-83F hG-CSFY AA7|&S stz 339S

an

o AlRATAL FYYLE

(1) W dHAEE o] &g hG-CSF Ai7l= 7N

(7h) a7 sy

D hG—CSF9 transient expression vectorol] 24

O TMV based vector?]l pMYV1500)] A3AF+ZA3} &R A native hG-CSF FHAAE

AFQISe] pMYO882. 2 WHIR 2™, rice amylase 3D signal peptide”} &34
3Dsp+hG—CSF #XAE A48t pMYO90°o.2 WH ettt F¥7]3#<Q] NBMo 25
o 21E59] codonl. 2 HZA3Z H synthetic hG—CSF FHAE pMYV1509]] A st
pMYD408% WHatler, 3adtd AAE &olstA 37l #1st] 6 his tags §HT
FHAE pMYV150 4938t pMYD409=2 ™ 3} 4 .

@ Electroporatione ©]&3¢ Agrobacterium (strain GV3101)el] &2 A3}t
O Electrocompetent agrobacteria cellS & 7] ¢34 agrobacteria (strain GV3101)2 50
mg/L rifampicin®] H7F8 5 mle] LB mediumol] HFst] 28T, IAe 9
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HE 71l sk F<t vl ket
AR 7S ol &sto] MEo} wMFHS 2l F agrobacteria & 73]
FAAE AAS7) Aste] A F81E 500ule] 10% glycerolS ©]-&3te] 21
washing 3} T} Pelletol] XH3A 11 E 100 ul®] 10% glycerol® resuspension 3F 3 25
ulE FHshed vlg] Z33A #1818 EP tubedll 534 electrocompetent cellS
13T 25 ul?) electrocompetent cellol] A7)0l F8lE 1 ulel plasmid DNAES
71 3 vl A4A F8lE cuvetteo] mixtureE ¥l icedl A 583 WASA T
GenePulserg ©]83}a] 1800 kV, 25 uF 28|31 200 Q ZAstA JAAZS
T8t
O 828 = electorcompetent cellZ EP tubeol] &3 % 2143 1mle] LB A S
A7he & 28ColA 2-341%F ok Felol A deui} seich. FAAS B ALE 50
mg/L rifampicin® 50 mg/L kanamycin®] F7}8 vl X o] =s}e] 28Coll A 2—-3Y &<t
ikt @ ZEYUS AT AV e wiA AN FAE dd FEYUERYH
plasmid DNAS 22 3F & A3t &4 XFZ 7|9 §ARES] HAzFoz ==

A% slshaleh

@ Agroinfiltration H-& ©]-&3 FH A3
O pMYV1603 pMYVi6loe] EZ3HH ol =ZHtg|glolE 50 mg/L rifampicin®} 50 mg/L
kanamycin®] H7hd LB #iAoll HFste] 28C, el e wjFrIoNA sk &<t
Hj Fat et AR 7S o] &st ofamute o} Al Evks ®2§ ¥ infiltration
medium (10 mM MgCl,, 10 mM MES, 2% sucrose and 150 mg/L acetosyringone,
pH5.6)°l A d&stHATt. Agrobacterium EEH-2 ODgoooll A 0.3¢] = =5 infiltration
medium &2 343} syringeE ©]&3to] Kim 5 (2012)0] 33+ A3} 2o
infiltrations 3 3} A ot
O SyringeZ ©]8-3} direction injectione 4—6 F AE A& Nicotiana benthamianad 29
S wE ol AEAS FA] vhaglo]l FAVIE FUTFEA FHHAT. TMV
based vectordl] A= A+ native hG—=CSF2} synthetic hG—CSF9] Z}z+e] g o}
AgdS 24 F 27 AEAY 3709 ol agroinfiltration H oW, 22 T, 18A17F
o, 6A17F G Ao 115 A A, infiltation ¥ 5,8 283l 11L 9
Tt @S Festath

zt2te] 9]

3T

rnlo

@ BEAAYESZA BEA (SDS—PAGES} Western blot analysis)
O Native hG—CSF$} synthetic hG—CSF¢] @3 -& 3kelstr] ¢ste] A 7hE=E 533}
agroinfiltration ¥ BH] Yo ZHE HA @l AS F=3F & Bradford's methodE

=
AVe8e) AeFsla Tt (Bradford 1976). 5 pgd AA 99 E L Laemmli (1970)<]
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HhH ol 7]1% 3} reducing conditionol A9 12 % 9 Z+z+9] arcrylamide gelS

o] &3t SDS—-PAGEE Fdsto] Eelsder, £8¥ @252 Coomassie's
brilliant blue®] °J3te] =1 7FAI8L & ATt

O Western blot analysisE 3J317] 93] acrylamide geld|A] £ @z ELS
Hybond—C membrane (Amersham)ol]l 15VZ 30% 5<%t electro—blotting A1Zl & TBST
buffer (100mM Tris pH 7.5, 0.9% NaCl, 0.1%Tween 20)°] 10% skim milk= ¢F 16A]7+
A% blockingd}l At Membrane2 TBST buffer® 3¥H A& & biotinylated anti—human
G—CSF antibody (R&D systems, BAF214)<S 5% skim milk7} E&E TBST bufferoll
1:5000.2 3] 4ste] Ao 2A17F FF ¥t o o|x} A& anti—Goat IgG Ap
conjugated (Sigma, A4187)& 1:70002 3F]X3slo] Ao 2413t &3 vH-EAI T
TBST buffer2 33], TMN buffer (100mM Tris pH 9.5, 100mM NaCl, 5mM MgCI2)Z 13]
A gk o 5—bromo—4—chloro—3—indolylphosphate (BCIP)®} nitro blue tetrazolium

(NBT)S.Z TMN buffero] A 228319t}

® hG—CSF9] A4

O Agroinfiltration® ¥ JoZHE hG-CSFe W3S AZFsE7] A8t hG—CSFol
£-0]2Ql ELISA kit (Endogene, Woburn, MA) 2] AF8-HH S o] 831t} ELISAE 96<
|o]Eo] ¥ T 2 ug/mle capture antibody 7} ¥3+% 50 nl coating bufferE
6}1 4 ColA sp7 Wk WA 3 th5 PBST Al¥ ko (PBS €54 1 L + 0.5 ml
20)2 4z} A AU TE A 7 200 ple] EA AN (assay diluent; 10 %

S TFPshe PBS 93N BFSI, A2o)A 247 weAZl F PBST
AHgFdo=z 3§] M A3t . Standard protein 3 &Aoo 2 M EH sample £
4 100 pl #F3 F 4 Coll A b7 ¥ WA v PBST A|H &5 (PBS
0.5 ml E120)Z 42 A3t} Detection antibodyE 4 T

o 2ol 2A1%F WA 8L, PBST A X $FH o2 43]
A 3| 1:10008]&=2 3 A% HRP (Avidin—Horseradish
Peroxidase)E €3 100 ul¥ EF313 429 < AejolA Wxg o5 100 ple
NEdE Fdsk] AF2olAM 2083 WSA1A 0.D. 430 nmoll A FB=E 28t
et

el
_va

[m
e AN

o)
oy}
wm

b QAT Y 23
D Native hG—=CSF9} synthetic hG—CSF¢] transient expression vectorol] 24
O TMV based vector?]l pMYV1509] native mature hG—CSF$} rice amylase 3D signal
peptide”t & &€ native hG—CSFE 4F9438t pMYO88% pMY090°o. 2 HH &L
infiltratione 93l agrobacterium (strain GV3101)ol] A A3} ¥t (28 325-2—-1).
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< a9 325-2-1.

O &3 F=#7]#Q0 NBMOZHE e

ko] HAE &o]s
8

pMYD409=

B

pMY088  (BamHI+KpnI) pMYO90

A 3t7] 918ted 6his taqe] §¢E FHAAS A

3T (28 325—-2-2).

< a9 325-2-2.

@ hG—CSFe] 1 W3S
O Agroinfiltration <&

syringeE ©]&

5,8 283 11¥ A

stof A7lelA Zledt viel 22 WEe o8

—
—_—
E—
—
-—
-—
Rad

pMYD 408

(BamHI+Kpnil) pMYD 409

J%N'

Z <l transient expression system T+

o] &3t hG—CSF¢} synthetic hG—CSF¢] &3

rLIlo

g3l thzEe

Synthetic hG—CSF¢ TMV based vector29 F2Y

Native hG—CSF¢] TMV based vector (pMYV150)29] 249

>

>

synthetic hG—CSF9} synthetic hG—CSF¢] 3'—
Q3] pMYD4083%}
3l ( A infiltrationS ¢J3l agrobacterium (strain GV3101)9l] & & A3k

ol r 7] 95}
3} infiltration 3}
FZ3te] SDS—PAGE, Western blot
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analysisZ® 433t} Native hG—CSF9] mature form SEj= H pMYO88<9] 7
infiltration & 8 #] 2k 19 kDa2] hG—CSF2] @do] 713 =4 ‘/}E‘r‘*ﬂuﬂ kg /‘3 iﬂ
ZFF oF 20mge hG—CSF7F A2t S &213l o™, 3Dsp+hG—CSF&] pMY0909] 785
5AA AMZEolA hG-CSFo| 2do] =4 UehdS st (2d 325-2-3).

pMYO88  pMYOZ0
M PC NC 5 8 11 5 8 11 (dpi)

< 1% 325—2-3. SyringeZ ©]&3} infiltration®] €3+ native shG—CSF¢] &3 >

O ¥kA synthetic hG—CSF9] ¢ 3'&dol 6his tagol €+3d pMYD409¢] H$-
infiltration & 5¥ ¥ 84 MZ oA hG—CSFE FAHE= =k 19 kDaolA <FsHA
solE At (¥ 325—-2—4).

pMYD408 pMYD409
M PC NC 5 8 11 5 8 11(dp1)

< 719 325—2—4. SyringeE ©]&3} infiltrationo] €3+ synthetic shG—CSF¢

i

l-c U
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3. 18 F3d hG-CSF 1¢E EIHARFA @ EA 24

O ArFa7Ie  @Au, FRAFTATY

@R S5 3 AR S8
@ hG-CSF 1@ AZF g AAT% (0.5 ton o)

(2) (2) HEAYAME 8 hG-CSFY AHAd3s 72 EIAA 34 &4
O A& human G-CSF @¥d = R A ZZAM2 g-(100 mg/batch, 0.5 ton ©1d)

(3) ¥ FA=ulF fr#l hG-CSFY AZAH £4

O AF=AAZLE, pH, AZ717H) o mE A &4

U ARdse] 928 (284)
O hG—CSF+= AAIAIA A 409%(eF 524)E AJAAo] ¢ =1 2006 @ YAHETFH
WEZ st @A AAHoz neleAWY Aol thae] w1 glon

ufol e A} b Be F2Y

O & 475 T3t 753 hG-CSF 1AL Al2FE o|g3to] st =59 e
203 aee TYAA 248 YL, ol ARAYS It FHE A

O ARATAE FIRE R A7EY
(1) hG—CSF9] 2t43b7} 7hs )k H5 (100 mg/batch) o] @ d 2244 54 gd
@ hG-CSF 3&d A2 di# vl (0.5 ton ©174)

@b seed culture

O A7 33U &
— hG—CSF 2223 cell line 085#5 callusE 500 mL 2z Z8F2~=9] N6 vl A], 80mLS
Y3 AED F ANIL AN
N6 media A= (1L 71F)
N6 salt 4g
sucrose 30g
2,4—D (500ppm) 4ml
Kinetin 400ul
Hygromycin 50mg/ml 1ml
PH 5.8
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O d+4Ax}
8] hG—CSF 2238 cell lineo. 2 A®E 085#5

— Northern blot¥} western blotS %

callusE A uf A A At §A&
— hG—CSF 1223 cell line 085#5 callusE th&F vl %317 Yall 500 mL Atz Zet2==0

N6 vj=#], 80mLS ¥ H=3gH

< 19 325—-3—-1. hG=CSF 118 M=z (085#5) callus >

@ hG—CSF &3 MEF9 mass culture (RH2Eek2=)
callus®] mass®& &<l %

2% %

ofN

O AT F3u-&
— 500L 24tz} Zg}~=0)] hG-CSF 228 A|x2F A
sieving St callus= 1L & et==9] HE

— sieving & 3~5¥ T 2 AF A F Fgr~T £FS 2LE 59

il

O A+ZAw
— hG—CSF ti#rjks el 1L AdZetxazm0 A 2L 4428232 seed culture FS

2L A7Eesa

1L Az Eeisa
< 19 325-3—2. hG—CSF 1&& M EZF9 mass culture (A2t~ =) >

@@ hG—CSF iy
1

O AT =P8
— hG—GCS mard M ¥EF 085#59 2L Az Zgkx~=o) A wjek 7€ 3 10L round

3 A EF9 mass culture (10L round reactor)
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reactoro]l N6 ¥l 1.5LE ¥l 2L 42t Zef=3o) A o get callusE HET § 10Y
W o

— W%k 10Y & A= 1. 5LO]]/\1 3AL7MA] Z7F A1A 79 wlgs & % 2709 10L round
reactor2 ZtZ} 1.5L4 &7 & 7Y vl

O d742%

— 2L Az} Z8}2 =94 10L round reactor® cell massE 58 HA 290 % ¥a &
A3,

— N6 H}A], 1.5Lo A 3L7F HA ¢ Yol 7Y vt cell mass &H S}

€@ hG—CSF & AXZF9] large culture (80L reactor x 57])

O A7 =3 &

— hG—GCS ¥ M ¥ 085#59] 2L Az Zef23F9 vk 79 F 57]¢] 10L round
reactoro] N6 ®]A] 1.5LE ¥ 2L 4z} Sef2=3 oA vkt callusE HSS & 109
Hj <k

— 8jF 10¥ ZF 8jR|Z 1.5LA 3L7HR] S7F A1A 79 8#iU3 3 57]2] 80L reactor®
zZkzy 3L &% ¥ N6 HjA|, 20LE 779 80L reactoroll il 7Lzt nj kst

- 79 AL E N6 viAE HAF 20LA © ¥olFa 60L7F ™ 4014 wAs] F
170 €7 cell massE SR 3

O A2

— 80L e 57]o] Z+ZF 20L9] N6,3% sucroseS ¥l 3537F w3k A X 3LE
HE3tA cell massE S7HAF. WG Z7)o= 2dE e A
AR S st 2 $FH BRHoE & A

— g AdE 17]9 ¢F 5kg9 cell massES FE3F},

10L reactordl] 1.5L H= 10L reactorol] 3L HZE
< 1% 325-3-3. hG-CSF 1238 A ¥F2] mass culture (10L reactor #j<¥) >
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Seed Culture 1

Seed culture 2(Scale up) After 2 months

f

1CNG Zﬂi

1LE2tA30 3099 cell mass 9 N6,3% sucrose HA,
30nig £ 782 suspension cultre,

10LHH0|2 ZJAE M 357t B = % 3L & B0L Z{UE0 22 BED N6, Seed culture 2 3} 27§ =
3% scurase HiX| 2012 &7to10] 727 BT ZHH2Z NG, 3% sucrose XIS 223t cell mass (2F Skg/reactor)

200 4 52 0] T 8 32 6004 51T 404 DAY Z0 E 42 4

< 1% 325—-3—4. hG—CSF 2138 A X9 large culture (80L reactor x 57]) >

hG—CSF d AxFo g (0.5 ton o) HAFHLS=E °F 0.5 ton oS
Hjoksle] G-CSFE AAHs7] 918l 107]9 B AEHE HEux A2 f Ao B3

Hj .

5719 g NE (cell mass ¢F S5kg/BAE)E 139 ¢F 0.5t o)A

I
NP
=z
0%

o

- 2784
o el Fstrl fla &3

— Z4Z+e] gl B oA 30L A PAYAE A S HWolA 5719 AHEE 2 AH o
Bk, 10719 AA 9 oF 40Le] N6, 3% sucrose HlAS @i 7L7F w3t cell
mass ¢F 50kg/2]AEZE H <.

O a7 23

— 2707t B3] cell mass, F 50kg/reactorE &H 3 5719] reactorol| A zZ+zF 2014

S M L vjfAS ol A2 57|19 reactorol] cell massES 7]3 107] AA ] 4019

N6, 3% sucrose BRAS ¥ 743t vkt A3} cell mass ¢F 50kg/ reactorE &xH &

< 1% 325—-3-5. Main culture & cell mass ¢F 50kg/reactor X >
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@) hG—CSF ad MEF9 0.5

ton )4 th#F vk 2 ¥ (50L x 107]=500L): =1j-<]
Hx=Z ¥ AH2E o] &3t 0.5 ton oFe &= wirIoA AxF A7 G-CSF&
R

O A7 3§
— 10719 reactor(cell mass ¢ 50kg/reactor)ES A X A]A cell massE 7}
Hj k3l Hj kNS A AT A BWold, 3 Z

T

il
BT 53 Zo]9 tube”} reactor Woll A=+

Hof glojA] 40Le] HiAE HoldW Inductions 98 7IEA7FA BE cell masse}t
W] 2] 7} SFE Aol 93| w7

gho.

2 WA v

— 10719 reactorel ®mg] FH] 3% N6,sucrose(—) Induction HjXE Z}z} 404 Y11
119 7F vk g

— 1197 Induction 3 & 10719 reactor® AA] AA cell massE 7}12}eEs| 1
oF50L A 4C, 1ton harvest tank & harvest &

— °F 500LY H¥iFHS Eof 0.5 ton/3 o] g FAE 33

O a7 A

3T X =
aT=

— hG—CSF Al 119 =)
bot< 3 ZA3} induction 2Y & F
HY7 A=

— °F 500Le] WiFd =

< 19 325—-3-6. hG-CSF 11

Fajeiz
HE G-CSF7} 28 = 7] A&ty

o
= =

q 24 A Z7kec) A8 #3le] SDS—PAGE$} western

a8 o) F

2 ol

WhE M| 2o 2k wieE (0.5 ton ©]A}) >
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o size marker

- induction 32 M, 30 uL
- induction 42 M, 30 uL
- induction 52 A, 30 uL
-induction 6, 30 uL
s induction 72 A, 30 uL
- induction 82 M, 30 uL
- induction 924 M, 30 uL
- induction 102 R}, 30 uL
“induction 1127}, 30 uL

< ¥ 325—3-7. SDS—PAGEE ©]&3+ HjgAI3tel] w& hG-CSFo] A gl>

M PC 1 2 3 4 5 6 o Mm PC 9 10 1
0 =
B —
70@_ : 70 | —
55 66 | m—
40 - 40 e—
36 o
35—
25 25 [ —
] .
15 o _— N k. . 15:-I*-¢-n
Wb- 10 [
- - A R e —

M - size marker

PC : G-CSF, human (Cat. NO Z02874-50, Genscript), 500 ng
- induction 12 %, 30 uL

- induction 2247H, 30 uL
“induction 32 R, 30 uL

- induction 427 30 ul

s induction 52 Y, 30 uL

- induction 8FY, 30 uL

- induction 72 FH, 30 uL

- induction 827H, 30 uL

- induction 927Y, 30 uL

0 - induction 1027}, 30 uL
11 - induction 1127}, 30 uL

SO0 NG U AWM

13 Ab - anti-G-CSF (cat No. ABIN2180501, Rabbit, polyclonal Ab, 0.5 mg/mL)
= final 0.5 ug/mL =2 X 2|
274 Ab : anti-Rabbit IgG conjugated AP (Sigma, 1mg/mL)

< 19 325-3—-8. Western blot analysisfmf ©]-&3F vj A7t W& hG—CSF &3 = 32l >

(2) B@gA=E f&8l hG-CSFY ’&‘ﬁi} TE FRA 33 g4
O A&/ human G-CSF @¥1d F= Fa|, GA| ZZA2 (100 mg/batch, 0.5 ton ©)’d)
e AZ3 human G—CSF @9 &S GA|3}7] 13 sequence #2]
O 771 F3h&
— AAS7] 218 b @Al human G-CSFe 233 plgts 2437 Y8 a5
— AA A 3= A Al human GM—CSFe] Ex133 plghs #4317 93]
http://web.expasy.org/compute_pi/ AFe]Eo] human GM—CSF¢] ofu] Ak A gd&
JE3ta pI/MWE A3
O A2
— B AAE]) Y93 b4l @Al human G—CSFo] 238 oF 18.6kDao] il plghe <k
5.6599% #¢l & webA ion—exchange chromatography S 35t -T2 E2] A A

o) 2= [e]
g .
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A LA S Compute pliNtw

Compute pliMw

Theoretical pl/Mw (average) for the user-enterad sequence:

Theoretical pliMw: 565/ 18671.65

< 719 325-3—9. human G—CSF9] plgt¥} &4 &4 27 >

@ hG—CSF dl&F vl %< harvest (0.5 ton ©]7d): 10719 80L reactorZ%-F human G—CSF Hj]

FHs HiF7IW b= o]8-3o] harvest.

O A7 =3 &

— hG—CSF 2%d cell line 085#5 callusE 10719 80L reactoroll Al 50L& wj &gk &

1197t inductiondt & v gHS 343}
O A543
— 10719 reactorE harvest tankZ AZs| A vjFd 343

@ hG—CSF o vieFalel dE 2 53 (0.5 ton ©]43/3)): 2abd =0l 7] g3igh o=
% N 2EE o] &3ty T 0.5 ton2] HiYFAL Xz
O dA7/ME F3n-&
— v]=F WaterSep A}2] hollow fiber cartrideg, Maximizer 24 (BA 945 10MAX24 SH, Lot#
14082001C, 0.45 um)E AH&3te] 0.5 ton®] MiFHs e +3 3
— oF 500L9] HjekHol 1.58kge] NaHPO,9} 0.63 kgl Citric acid® ¥ & &3 3+ &
pH 4.0 HXA

e
off

— 0.45 um BE 9} FA)9 v WaterSepAFe] hollow fiber cartridge, Maximizer41(BA 030
10MAX41 SH, Lot # 140819001C, 30K dalton)& AMg-3te] wiFds 108 5= 3

— Bgd =5 F hG-CSFE FRI35}7] ¢3l 12% SDS—PAGES} western blots 433 &

O d742%

— 10719 reactor25-¥ 3|43t gl <F 0.5 tons 0.45 um ZE sh=d ¢F 1A]7to]

.y
20895, WFA L 1008 S oF 143b0] &0,
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— target T4

amylase”}

o] w3 A2=H Ao A amylase’} L T =) pH 4.091 4 alpha
o H 73:]@0] o] wj kol o] nujetof YA Hola A AFEE

S HE pumpE }*‘175}@1 o 1}t
— #HF 50LZ 553 & hG-CSFE &<2137] 93 12% SDS—PAGES} western blot<
33t A7} 30kDad] FF A ¢F 50Le] EAlste AL &Rl & Flow throughdll=

B g

o] &4 3}11 sy

< 1% 325-3

M - size marker

PC: G-C5F, human (Cat. NO Z02974-50, Genscript), 100 ng

1 - Culture sup., 30 uL

2 - 30kDa conc., 30 uL

3 - 30kDa FT, 30 uL

1=t Ab - anti-G-C5F (cat No. ABIN2180501, Rabbit, polyclonal Ab, 0.5 mg/mL)
= final 0.5 ugimL 5= 2 He|

2nd Ab - anti-Rabbit IgG conjugated AP (Sigma, 1mg/mL)

—11. 0.5 ton® hG—CSF wj} e = F= 3 silver staining®} western

bloto.2 &2l >
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@ lon—exchange chromatography 43 (0.5 ton ©]4/3])
O A7 F3hh&

— human G—CSFZ E&&A|3}7] ¥3l cation—exchange chromatographyE 93} resinl
CM sepharoseES A}&3te] 122 FAl @A fractionS 34 . 2F 500L9] vk s
A7) 18l pilot scale®] CM sepharose 10L7} packing & ©] S+ BPX 300
columng AF&3gh pilot scaled] &g ZHAS ALE317] Y3l A= pilot scale®] pump
system®} monitoring system©] QR 3td] AA A28t Gear pump system¥} AKTA
prime plusE 23} monitoring 3o FAF o]t FAF FHHES 7=
® human G—CSF #l)d& pH 4.008 BAS 53 A8 o 50L FH

e Buffer A =%

buffer A | Citric acid, 315.2g% Na,HPO4, 90.6g, 10mM NaCl, pH 4.0, 100L
buffer B Citric acid, 10.5g3% Na,HPO,, 552.2g, 10mM NaCl, pH 8.0, 100L

buffer C Citric acid, 10.5 g¥ Na,HPO,, 552.2 g, 1M NaCl, pH 8.0, 100L

10L9] CM sepharose”} packing o] 2+ BPX 300 column<S pump systemol] &2}s}
3 AKTA prime plus®l] 23l & Buffer AZ equilibration.

o HljFol oF 50L2 column®l loading: Gear pump? flow rate= 100 rpm (400 mL/min)
© 2 3}al UV monitoringS $3+ AKTA prime plus?] flow rate= 3 mL/min® 2 | &
a4 F 50Le] FFAES loading 3.

e oF 100L9] buffer AE AF&-3}] wash.

e Buffer A9} BE A}8€3}] gradient® elution 3.

e Buffer CZ elution 4~3J.

o AKTA prime plusE AF&3dte] Z17}9] fractionS 13 mLA R wjwgd WHoZ 7}
7} 9] peaks ES.

o Z}7}9] fractione SDS—PAGE 3] & A @@ A9 purity®} band &<l

O A2
— pilot scale®] ion—exchange chromatography 43 & 2 2L.9] elute fraction < 34 &
— Z}Z} 9] fractions SDS—PAGE % silver staining®} western blot2 433} human
G—CSFE& &<l &
— human G—CSF¥] positive control GenescriptAt2] G—CSF, human (Cat. No. Z02974—50,
source :E.col)E AF83F%al, primary antibody= ACRO BiosystemsA}e] Rabbit
anti—human G—CSF polyclonal antibody (Cat. No.GCF—PR74, 250 ug)S Al-&3ste A A3k

B v 243
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Mamal Fam 7:10_UV
— — — Mamal Bun 7:18_Fractions

Marmal Bam 7:10_Cond

mAu m 8 em

300

600

I i
4300 3000 3500 6000 ml

< 1Y 325-3—-12. Pilot scale®] Ion—exchange chromatography 43 % chromatogram >

70
55
40

35
25

15 - — d—  — o =
10

M : size marker PC: G-CSF, human (Cat. NO Z02974-50, Genscript), 50 ng

1 : elute fraction #50~87 after CM, 30 uL 2 : elute fraction #88~92, 30 uL 3 : elute fraction #93~95, 30 uL

4 - elute fraction #36~100, 30 uL 5 elute fraction #101~110, 30 uL 6 : elute fraction #111~128, 30 uL

7 - elute fraction #129~145, 30 uL 8 - elute fraction #146~165, 30 uL

< 19 325—3-13. Pilot scale Ion—exchange chromatography =38 & fraction collector A& 2]

SDS—PAGE % silver staining®} western blot >

Gel filtration 4~3) (0.5 ton °©]/4/3])
O A7 F3hy&

— human G—CSFE EZ A A|3t7] ¢ cation—exchange chromatography ©]% elute
fractione Xo} ¢F 2LE desalting 3. Anion—exchange chromatographyS 333} 7]
Q&) pilot scale®] sephadex G—25, 10L7} packing ¥ ¢ $l= BPX 300 columng AF&
3t desalting =3 & pilot scale®] &% AHS AL8317] 98 A= pilot scaled]
pump system®} monitoring systeme] ZL3HH A A &3+ Gear pump system
AKTA prime plusE $1Z3}4] monitoring 3t HAgH o|3} A FINHES 7&
A=

e human G—CSF elute fraction, ¢F 2LE H]

e Desaltingol] AM&3}+= buffer= ROFE AME 3§

e BPX 300/500 column (WlZn}o] )9l sephadex G25 ¢F 10L7} packing %] U&=

columne ROFZ equilibration.
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e human G—CSF elute fraction, ¢ 1L column®] loadingd}xl Gear pump?] flow rate
+ 100 rpm (400 mL/min) 2. & 3}3 UV monitoringS ¢33+ AKTA prime plus®] flow
rate= 10 mL/min® 2 43 & (29¥ ¥E&)

o Z+7}9] fractione SDS—PAGES 3} 3 silver staining® western blotS %3] human

G—CSF fraction= 32l s},

O dA+4d%
— 12% acrylamide gel rund}l®] silver staining®. & &<13+ A3} fraction #10~31lA
human G—CSF band& &<l

— #10~31< Xo} anion—exchange chromatography <=3j.

MPC56 7 8 910111213141516 17 1819 2021 22 M PC23 24 25 26 27 28 2930 3132 333435 36 37 38 39

70 .
55
40

70 =a

55
40

35
25

15

35
25

15

10 10

MPC 5 6 7 8 91011 1213 14 1516 1718 19 20 1122 MPC23 24 25 26 272829 30 31 32 33 34 35 36 37 38 39
70 % 70%
55« 55.

401 408

35% 354
251 25s

15 & 13
10| 10

M : size marker PC: G-CSF, human (Genescript, Cat. NO 202974-50), 50 ng
5-39 - Desalting fraction #5~39, 10 uL

< 1% 325—3—14. Pilot scale®] Gel filtration 4-3) 3 silver staining®} western blot 4=3) >

Anion—exchange chromatography <=3}
O A7 F3h-&
— Gel filtration 973y & elute fraction #10~31, ¢F 419 20 mM Tris—HC, 10 mM NaCl,
pH 8.02.2 X A3} DEAE sepharose 3 & |3} A3 FIU LS 7E3AS
e Gel filtration 3y & fraction #10~31, ¢F 4L S =5 ®o} 20 mM Tris—HCI, 10 mM
NaCl, pH 8.00.2 o=

e anion—exchange chromatographyS 4=33}7] 93 buffer A%

buffer A | 20 mM Tris—HCI, 10 mM NaCl, pH 8.0, 50L
buffer B 20 mM Tris—HCI, 1M NaCl, pH 8.0, 50L

e DEAEZ} packing 1o $J& BPG 100/500 columng gear pumpel #&sta UVE &
o157l 918l AKTA prime plusell &2 Gear pump? flow rate= 50 rpm (40
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mL/min) &2 3}3. UV monitoringS ¢+ AKTA prime plus®] flow rate= 5 mL/min
o7 3 3
e pH B3} sampleS columnd| loading 3}ar Buffer A, 10LZ wash.
e Buffer A9} B9 step gradientE AFE3}Y] elutionS F33 3L 2+7}9] fractionS =2
% gel run® = target protein® band &<l g
O dA+4a3%
— anion—exchange chromatographyE 338t 23} target @& hG-CSF thF-i o]
column® resino] A&3stal salt strengtholl & A elution ¥
— human G—CSF¥¢] elution& 50 mM, 100 mM, 200 mM, 300 mM, 500 mM¥} 1M NaCl=
step gradient® elution 3+ 23 100 mM ©]W oA human G—CSF thi&o] gol .
— 12% acrylamide gel rund}l®] silver staining® & human G—CSF bandS <13}

Marmal Run 3:10_UV
— — — Mamal Run 3:10_Fractions

Mamial Run 3:10_Cond

mAu  [mSem
300

600

400

200 r20.0

wﬂsne 4 Whie 5 Whe § Wike

1400 1600 1800 2000 2200 2400 2600 ml

< 1Y 325—-3-15. Anion—exchange chromatography 43 >

70

—
55—
40~
35 wa
25
15

10

M : size marker PC : G-CSF, human (Cat. NO Z202974-50, Genscript), 50 ng
1 - DEAE loading & sample - 30 uL 2 - Flow through after DEAE, 30 uL 3 - Wash after DEAE, 30 uL
4 - elute I{50 mM NaCl) after DEAE, 30 uL 5 - elute Il (100 mM NaCl) after DEAE, 30 uL

6 elute ll (200 mM MNaCl) after DEAE, 30uL 7 : elute IV (300 mM NaCl) afer DEAE, 30 uL

8 - elute V (500 mM MNaCl) after DEAE, 30 uL

< 1% 325—3-16. Anion—exchange chromatography =88 - Silver staining®} western blot =34 >
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@) Gel filtration
O A7 3 hH&
— DEAE sepharose 3 & fraction #13 25 25 Xo} ¢ 500 mLS desalting 53335}
mom, ofgfo] FANES 7= RS
e DEAE sepharose ©]% fraction #1,25 =&
e BPX 50/500 column (¥]Z=8}o]2)9l sephadex G25 ¢F 1L7} packing o] 1+ column
S ROFZE equilibration.
e sample, ¢F 250 mLES column®l loading3d}xl flow rate= 10 mL/min, fraction size+=
12 mL 2 3% (2% 9&),
O a2
— 12% acrylamide gel runs}e] silver staining®.Z 213+ A3} fraction #10~360°1A
human G—CSF bandE 313}
- #10~36< Eo} 3241% 53,

M PC 26 27 2829 30 31 3233 34 35 3637 38 3940 4142 43

M - size marker PG G-GSF, human (Genescript, Cat NO Z02974-50), 50 ng
8~43 - Desalting fraction #8~43, 10 uL

< 1% 325—3—17. human G—CSF9 Gel filtration 3} % silver staining >

uv Cond — — —Fractions

mAn [m 8em

120 i

100 leo
80
50

40

20

200 300 100 500 500 ml

< 719 325—-3—-18. human G—CSF9 Gel filtration 3y % chromatogram >
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Size—exclusion chromatography
O A7 =3
— 95% ©]% 31 =2] human G—CSFE A A 0}7] 93 size—exclusion chromatography S
Fastdoen, ol FAWES 71=33d
e FANZS A8 < 50 mLe ROFE %‘-1 =2l & 0.45 um syringe filterg AM&
3t filtration
e Hiprep 26/60 sephacryl S—100 HR (GE healthcare)ES AKTA prime plus®l] &&s}al 50
mM sodium phosphate, 150 mM NaCl, pH 7.32. & equilibration
e Flow rate= 1.3 mL/min, fraction size 5 mL=Z size—exclusion chromatography <=3}
O A4
— SEC #3& A3 95%°1%¢ A= hG-CSF A &<l
— 12% acrylamide gel runs}e] silver staining®. 2 213+ A3} fraction #23~340°lA
human G—CSF bandZ &913}.
— Size—exclusion chromatographyS 43 & #23~34E X0} final gel filtration 3§ s}

AF 27

wv

Cond — —— —Feactions — — —Inject

mSem

100

2[33[34J33]36]37[38 ]3940 )4 |-\ |-~'
180 200 ml

< 19 325—-3-19. 95% o] 1+% 9] human G—CSFE AHA3L7] 93 size—exclusion

chromatography 43>

MPC 1 2 3 4 5 6 7 8

I
o
@
~
®

M PC 1 2 3

70 W 70
55 e 55

40 ;g

35

e 25

15 15 — ——— S

. L =
] s e p
~ "

M - size marker

PC - G-CSF, human (Cat. NO Z02974-50, Genscript), 50 ng
1 size elclusion chromatography = fraction #23-24, 10 uL
2 - size elclusion chromatography= fraction #25-26, 10 uL
3 size elclusion chromatography== fraction #27-28, 10 ul
4 size elclusion chromatography 2 fraction #29-30, 10 ul
5 - size elclusion chromatography = fraction #31-32, 10 uL
6 - size elclusion chromatography = fraction #33-34, 10 ul
7 - size elclusion chromatography= fraction #35-36, 10 uL
8 - size elclusion chromatography= fraction #37-38, 10 uL

< 1% 325—3—20. Size exclusion chromatography =8 % Silver staining®} western blot 4-3§ >
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@ Gel filtration
O A7 &
— SEC 43 & fraction #23~342 R Ho} ¢F 480 mLE 5= % desalting +3Y3tH 2
o, otgfol] FAHES 78 A=
e SEC ©o]% fraction #23—345 &% To} ¢F 480 mL 53 & 5=
e BPX 50/500 column (Rl2=n}o] 2 )] sephadex G25 ¢F 1L7} packing ¢} 1= column
S ROFE equilibration.
e sample, ¢ 150 mLE column®l loading3d}al flow rate= 10 mL/min, fraction sizex 12
mlL 2 33}
O A4
— 12% acrylamide gel rund}¢ silver staining® & 3213+ A3} fraction #16~30A
human G—CSF band& <13}

— #16~30= REol sAAx 73 & & G AF 27

oo

Mamial Ram 3:10 UV Mamial Bun 3:10 Cond —— —— — Manual Run 3:10_Fractions

mAun mSem

300

400

300

200

100

0 200 400 600 300 ml

< 119 325-3-21. Size exclusion chromatography <3} % gel filtration >

@ A Z3FF human G—CSFe] AA| @AE o

O oq:rL7 al— /\zsgq].g_

— A ZF human G—CSFo| EeAA| ©AME thlde] 5 Alklelr] 918 BCA A= 3
31902 AA DAL BE stepS FEsle] HA whillAolA human G—-CSF7}F Gvhg A8}k w3k
HZ AAF- 95% ©)¢ human G—-CSFE drh ket <= lex] gl gk

— Z4Z+e] A|EZ 96 well platedl] 242t 5, 10 ulL® ¥ar 57} 213 7490l 2ul, 5ul, 108)
3|X5t] 5, 10 uLE 3718F9-e- standard BSA, Img/mL 0, 4, 8, 12, 16, 20 uLE AF&-3}] standard
curveS 731932 Zzke] A5 E0IAE welloll D.WE 15 = 10 uLE ¥al i)k
Bicinchonic acid®} 4% CuSO4 mixtureS 180 uLE ¥l 30% 5t 37°Coll A WES-A1Z1 3 562nmell A

AT E =439S 3% =4 F Graphpad prism 4.0 ZE2 1S AL83le] thilde] s =

i,

e
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2L,

O a2

L L
chromatography & 4=8§3te] ¢F 30
chromatography & 33t ¢ 3g
chromatographyE 33+ =

%_g_-uﬂ Z]

B2 A 690g=

gol g ds

oF 700g°] &A3}= culture sup.

)4~ 3FH I, cation—exchange

3]4%F. o]% anion—exchange

gl AL 345t HEF O R size—exclusion

< 3 325-3-1. A 9AE Ea] Al A 2 >

95% ©]/4<] human G-CSFE <F 870 mg A4+ 3.

Total volume

o Protein Total protein
Purification step
mg/mL g mL
Cultuer sup. 1.4 £0.12 700 +£12.1 500,000
Concentration step 13.8+0.8 690+11 50,000
Cation—exchange chromatography 7.510.32 30.0%x1.1 4,000
Anion—exchange chromatography 6.3 0.6 3.15+0.13 500
Desalting after size—exclusion 1.9540.15 0.8740.24 450
chromatography

]
Racoﬂ‘birjoi
human G

100"

an G-c5
100 my

< 119 325-3-22. AAZ3F human G—CSF, 100 mg ¥#& (87, 800 mg) >
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(3) ¥ dgul 2 G-CSFY AZA &4
(Z7hH) A7 ug
O Ayststd A4S 913 @A preparation

O Suspension culture: western blot analysis& ©]-&3}e] A¥H G-CSF 12

38

W AYZERE ASE P 98 vude F23
L

sucrose, 2mg/L, 2,4—D, 0.2mg/L kinetin, 50mg/

w3 pMYO309
o T dE ol A 30g/L
hygromycing 7} N6 HA vl %]

(N6SE)E o]&3ta] Suspension cultureE 28 ColA 150rpml & uj kS 33Tt
O Secretion F5: ZHA #lgE pMYO309 calllusE AFHZE o] &3l 7]|E vjgA S
A A3Fal sucrose’} A A% AL 50mg/L hygromycing A7} N6 HA|uf =] (N6—S)e]

10ml/g B1&2 HFsle 747 v S steh. T 28 AejolA G-CSF

SEEBENE
FENS AT
SERE

(W) 220l Be A3 24
O &8 AZZA: dA secretion F=F 53 HHld diido] 235 wjgd S
o] g&-3led 4°C, 23C, 40°C, 60°C Z+Zo| A 48h B<F ¥ A|H T ZF ¥k
3UkE- O g7 AAFHP(2YH 325-3-23).
2= 4C 23C 40°C 60C
w9
P.C | pMYO309 | P.C | pMYO0309 | P.C | pMY0309 | P.C | pMYO309
P.C 2 - 2 - 2 - 2 - ul
pMYO0309 - 18 - 18 - 18 - 18 ul
10X
phosphate 4 4 4 4 4 4 4 4 ul
buffer
D.W 34 18 34 18 34 18 34 18 ul
Total vol. 40 40 40 40 40 40 40 40 ul

10x phosphate buffer: phosphate buffer saline (Sigma P5368) + 10mM DTT
P.C: positive control, G=CSF from E.coli (Sigma G0407)

Incubation time: 48h

Triplicate

< 18 325-3-23. G—CSF9 Thermal dependence #4418 $3} reaction mixture >

O pHY AAZA: secretion FES Sl Evld childo] Z3td njfy
[e)

[e]
325—3—-24¢9} o] pH reaction mixtureE YHE 3 37ColA 48h F<t

7 wrge 3wrEow NS
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25 pH 6.0 pH 7.0 pH 8.0 pH 9.0 ool
P.C | pMY0309 | P.C | pMYO309 | P.C | pMYO309 | P.C | pMYO309 =

pP.C 2 - 2 - 2 - 2 - ul

pMYO0309 — 18 — 18 — 18 — 18 ul
10X

phosphate 4 4 4 4 4 4 4 4 ul
buffer

D.W 34 18 34 18 34 18 34 18 ul

Total vol. 40 40 40 40 40 40 40 40 ul

e 10x phosphate buffer
phosphate buffer saline pH 6.0 (Sigma P5368) + 10mM DTT
phosphate buffer saline pH 7.0 (Sigma P5368) + 10mM DTT
phosphate buffer saline pH 8.0 (Sigma P5368) + 10mM DTT
phosphate buffer saline pH 9.0 (Sigma P5368) + 10mM DTT

¢ P.C: positive control, G=CSF from E.coli (Sigma G0407)

e Incubation: 37C 48h

e Triplicate

< 1% 325—-3-24. G—CSF9¢ pH dependence #41& 93} reaction mixture >

O AHE HHE AFz2d: AE2H G-CSFY &5 3 By FAH3 ¥ A2 7H
secretion® A Z3 G—CSF7} 235 v A S 18ul® aliquotdte] Tris—HCI buffer2}t
phosphate buffered saline®l Z}Z} Room—temperature, 4C, —20C, —75Col] H&3}H 11,
freeze—thaw recycle(F/T 2} 3&7])d w2 AHAHES SH37] 93t 138 5 &
L=¥E(4TC, -20C, —70C)2 BRASY vludo g WA 8 AZxF G-CSF
gl AT 9o} 2o o7 FUA H# Stk A7te] Byt® G-CSF @A
TAHE 6/1E7A] BastdA gduld S 4 skd (2™ 325-3-25).

iALe Freeze—thaw recycle
Storage _ _ B _
temperature RT 23C 4T 20T 75C 4T 20C 75T

Buffer Tris | Phos | Tris | Phos | Tris | Phos | Tris | Phos | Tris | Phos | Tris |Phos | Tris | Phos
PC | 309 PC | 309 PC | 309 PC | 309 PC | 309 PC | 309 PC | 309 PC | 309 PC | 309 PC | 309 PC | 309 PC | 304 PC | 309 PC | 309

P.C 20=12 =2 =2 |—=|2|=|2|—=|2|—|2|—=|2|—|2|—|2|—|2|—-|2|—|2|—
VNAORI — | 18 — (18 — |18 — |18 — |18 — (18— |18 — |18 — |18 — |18 — |18 — |18 — |18 — |18

10x Tri
butfer . AR

10x
Phosiphate
butfer

D.W 16 —|16/— |16 — |16/ — |16/ — |16 —|16/— |16/ —|16{— |16/ — |16 — |16/(— |16 — |16/ —
Final vol. 20 ul

e 10x Tris buffer

© 250mM Tris—HCI(pH7.5) + 10mM DTT
e 10x Phosphate buffer
: 100mM Phosphate buffered saline (PBS) pH 7.4 + 10mM DTT
P.C: positive control, G=CSF from E.coli (Sigma G0407)
pMYO309 : ¥ {2 G-CSF &1 &=
B 7|7 : 0day, 7day, 1month, 3month, 5month, 6month
Triplicate

< 19 325—-3-25. G-CSF9 BaHy, &% 7|7t e oFgA 4S8 913} reaction mixture >
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(t}) western blot analysis

O @& Ak Positive controlQ] Aol &d® Az G-CSF @@ W F
ANz FH @l d G-CSFebe] 593 &S 257] 98l G—CSF western blot&
T35A. 10ng, 20nge] AT el A G-CSF @ dS F4 A3,
20ul, 40ul®] W fre§ G-CSF @¥do] £H] € viAE B 424 A&

O dxg, pHol 2 AT FA}: reaction sample 40ul®} 4x reduce sample buffer
10ulE E§ste] 583F 97ColA denaturation A7l ¥ 50ulE 12% SDS—PAGE Gelol
loading 3} A7]9%5S 43 3} 3L, western blot analysisS F3sle] whl A

e B4 .
o

Coll A denaturation A7l & 25ul S 12% SDS—PAGE Geldl
loading 3] A7) 9%S 433193, western blot analysisE =3 3}e] w2

YL BAHYE,

) a7 23
@ hG—-CSFe] A=
O A el G-CSFet A3 W fee] G-CSFe] €Az, pHAE, 181
Bz o FgAFE Bk JFEA vusty] A& & S AP AT
T A g e G-CSF7F 20ngd W, ¥ 2AS W & G-CSF7} 234 Hjx
20uls} HIS=3E BAS S HouR o]F RE AP Hdd &8 G-CSF 20ngst
PAAE W F2d G-CSF 20uls ©o] &3ttt (2 325—-3-26).

G-CSF(p) pMYO309 G-CSF(p) pMYO309
10ng 20nag 20ul 40Ul 10ng 20ng 20ul A0l
—
—
0 — 70
55 55
10 - O -
35 . 35
5. 2
. G-CSF
15 - 15 - H- *=
Coomassie blue staining G-CSF westernblot

< 9 325-3—-26. A e AT G-CSFeF ¥ f-8 AZ3 G—CSF9] western blot analysis >

@ 9xg)e] W& G-CSF (pMYD319 18] @) e] oA ZA}
O phosphate buffer saline (PBS)oll ®#d thdw & G-CSFet ¥ 2 G-CSF2 Z+7}
23C o] 9] 2xoA FFgo] "olAe AE &<l gen 53] 60C odAs AY
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3 band7b HolA| Gt (7 325-3-27).

G-CSF(p) pMY0309

i 4 23 40 60 4 23 40 60 T

== I = !
m' _

R
10 E—— ey vy
35
25 ;|
15 -. “ - © «—G-CSF

G-C5F westernblot

< 1% 325—3—-27. Western blot analysis of G—CSF under Thermal dependence >

(th) pHell W& G-CSF @i o] obgA xA}
O A+ 8l G-CSF2 3%, pH 6.0 ~ pH 9.0 AfojollA] ©huld ekgAde] zol= A<
AR B Fa G-CSF @ dL pH 9.0014 2zt degradationo] ¥ AA Tt} pH
qME A9 Aol7t 9tk (27 325-3-28).

G-CSF(p) pMY(0309 PH DEPENDENCE
PC 6 7 8 9 6 7 8 9 (pH)
—4—hG-CSF -8—phYO309

100
70! e :-:T"""i_}%k':?i‘__——ﬁ___
55 80 = =3
Al 50
35
25 40

20
15 -

1]
G-CSF westernblot PH 6.0 PH 7.0 PH 8.0 PH 9.0

< 1% 325—3—28. Western blot analysis of G—=CSF under pH dependence >

® B# ¥y, B 25 9 7|t & G-CSF @A) g4 A}

O AT 8 A% G-CSF (P.C, sigma G0407)3} wlw3dled ¥ e G-CSF
(pMY0309)2] A4 W, AFex = BA7|7o] uE did obgAs zALe Ay
Tris—HClol 7¢ &<t B3 A 8dA pMY0309E ©uld ok Ao W3y} gl wka
P.C= RT(23C)elA A3 WAe] H7] AR 1€ Foll= RTAN Ee AE7}
o] E =t pMY03099] -9 2F 80% A=< MBS
40%4x=2 tHAdS YERIL RTE AQ3 Umx R#ex o = P.CS pMY03099]
Tl kg A A HEke Y (8 325-3-29A).
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A Tos-HO i
1 2 3 4 5 6 T PP 8 9 W 1 12 13 W

wonth
Tan
P ep———
1 2 3 &4 6 8 1 PP oS 9 10T 123
PP 12 3 4 5 6 T PP B 0 0 1 12 M "
- —
= -
Imonty Smont 0
P 1 2 38 4 5 67 PP 8 8 W N 12 13K .
P.C in Tris-HCI
——— i —
Smonsh
B Phosphate buffered saline (PBS)
1z 3 a4 58 T PP S 0 10 0 1213 18 P12 3 a4 5 8 7 PP OB 9 10 W 121318
™
T
Toay Sencetr
PP 12 3 4 B 8T PP BB W 112 13 14 Lo N S L .. Lo 2 U
y e
- —
ot Simodn
P PES M 9 B
4 2 s 3
- o -

< % 325-3-29. G-CSF9| Ba Wy, AFr % 7|3td n& @id g A
PP: P.C in phosphate buffered saline, PT: P.C in Tris—HCI, P.C [1: RT, 2: 4C, 3:
-20C, 4:=75C, 5: 4C(F/T), 6: —20C(F/T), 7: —75C(F/T)1, 309P: pMY0309 in
phosphate buffered saline, 309T: pMYO0309 in Tris—HCl,pMYO309 [8: RT, 9: 4C, 10:
—-20C, 11:=75C, 12: 4C(F/T), 13: —=20C(F/T), 14: =75C(F/T)] >

@ ®b PBSOl| E#E Age F o teoludys d3E Yedllth P.CY ¢ RTAA

Aol AT 3 & Hole 60% FE] PG
yebdith 2]a 4C9F 4C(F/T)oll Rad
RAE gyt pMY03099] S,
RTAA BAH Alge 19 F9 20% 714 HgAdo] By 38 $HEH= G-CSF
g do] w5 wAe] HAth aga 4T(F/T)Y Aol 670 Foll 40% &2
AL BA 20T} -75CE A3 YwA BALENNET oF 80% FF2
AL A o] A 4C ool A Tris—HCl bufferol R#3t= WHo] tgzo=
Hyshs Wyelsta deEn

il
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3—2-6. A &3 TEV endopeptidase A7 <= &

=

1. 23d 3) FAAZ A AE]L o] &3 TEV endopeptidase

b, 7MY £ 9 AN E P&
(1) TEV endopeptidase I&& 21 &) 7jgt
O A&y A&

@ FAAS 2 unty AxFo] X

® BAABSH BA

. ARdTe] S35 (a4)

O Az @ud A1) tagging proteins Al A8k 422l

79l T

O @de)l 5474 gl Ak & wol inclusion bodyE Fdste] Bata& ol
stom, t& CHO celldlA A4tsts #AR w9 17k

O 988 9id YA 22 49 AR FEAEZRH aLoS 7|Yste Aol =w
AN A EE T dol vl =&

O 7719k Z°] TEV endopeptidase®] T 4to] 7hed A5 4Fds}t 7HeAdo] vi-¢- =il
#E o] TEV endopeptidased] AiH7|&S etz #3333

o ARATFALT FIRHE

(1) TEV endopeptidase 113 21 &3 At

(7}) Recombinant TEV endopeptidase A} A ELHAHNEZ A

@ Recombinant TEV(Havana) @¥dS FE=dte A= B (Havana) A =A|olA &2
TS 98l 2w HHs s T8l 4 sioh 3489 TEV #FHAAE
AN EE AYst] fste] TEV #3827 AAdE WE o g2 S 2@y o] 2h2t
Agta s BamHI 3 EcoRIAEE slo] Eelssdnt

@ TEV 32 #dWE = ESQ Agrobacteriumes 083 A& FAATS

1o
ol

I
Triparental matingS %3} agrobacteria®] & A3t 519931, plasmid DNA PCR¥} A 3F

B2 AcclS Aol oste] A AT
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jin)

(W}) TEV endopeptidase®] aAyAF M| EF9]

O E%it (Agrobacterium tumefaciens)S AH&3te] 25 FAAS Fx:

eb TEV 22 &AW (pJKF48, pJKF49)E 717l agrobacteria(E¥) S 2~3Y%F gl
% harvestd}le] Imle] MSO liquid mediaE %3l vortexing, centrifugedts] 454 S
WEe B34S 3 WHE3te] celld washingdlE $ Al MSO liquid 1ml& %o
resuspension 3+t 283 7] v Dl (Havana) 9S WA messES o] &3}
st 271(0.5mm x 0.5mm)Z 22} £4H] At MSO liquid ¢F 20mlS petridishel]
R, 9o 7]gHo] 9AS s E=E st MSO liquid 1mlel resuspensiondt
Agrobacterim< Fo]x] 1587t infection Al AT A EF petridishol filter paperE Zo}
g2l AE He & 2] 48 A vjFdo] YE FeF MS104ufA o FE3] 2l

2947 bk skt 293t wieF F MS selection HiA|ol]l Sl& &¥ WujFow

O

25CoA 254 % 7190 s, AAIA 7 7] AZSHE wjA & 2ol
shooting® A A3A = rootingt] Aol £AFH, pot £3= AA EAE 53 .
MS media(100ml)

Reagents MSO MS104 MSA ) A] | rooting®i A
MS salt 4.3 g/L 4.3 g/L 4.3 g/L 4.3 g/L
sucrose 30 g 30 g 30 g 30 g
plant agar 8 g 8 g 8 g 8 g
vitamin B5 1ml/L 1ml/L 1ml/L 1ml/L

BAP . 1mg/L 1mg/L
NAA . 0.1mg/L 0.1mg/L
cefotaxime . i 500mg/L 500mg/L
kanamycine . ) 300mg/L 100mg/L

@ g2 Aad A2 Genomic DNA E4

O pJKF48 (3Dsp/sTEV) & E] 9} pJKF49 (3Dsp/sTEV.S219V)¢] @A A3 &3
3t7] 918l Ztzre] AEAZRE Eu] AS 50 mg¥ ZHzt Rof AAALE 0] &3l
723} 3 & 3Dsp(BamHI) F (5'— TTG GAT CCA TCA GTA GTG GTT AGC AGC
ACC -3¢} TEV(KpnDR (5'-GGT ACC TCA TCA TTG AGA GTA AAC CAA CTC—3")
primerE AF&3}o] olg PCR Z#A S E genomic DNA PCRE A A5t}

95°C, 5%7F pre—denaturation

°l

=
= A

fhole

95°C, 30% denaturation 30cycles
60°C, 30% annealing
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72°C, 30% extension

72°C, 3% final extension

@ FA HAeHE e Northern blot #49

O ZHiAEAE Wt & FAHsE FidS 1g4 A7 Rof #d3} 3 & A RNAS
FZ(30 ug) 9t Z4zte] M EF9 RNAE Formaldehyde gelol loading 3 %
£438t3 NC membraned] £¢1 §, a—32p—dCTP (9 HL4)E £ pJKF48, pJKF49
FZAAZE probeZ 3}o] Northern blot #2418 =33} t}.

(t}) Tobacco TEV — Homoline A1

D =A} o}: Gerimination WH-E Ep tubed] FA} seed(eF 50ul)E FHlstaL, 70% o &2

500ul A71she]l ERASE ShTh o F 1REL QyRelstel 4FAL AAGL
ZRFZ AR e s S AARL, 1% AT LI 10EFN A A
455 GRZFFE 33 AHAA G223 238 AASAL oF 1NNFAd Bl
AN F FYA AY AEHA) germination =5k,

FAA A A A
Reagents 1L 71+
MS salt 4.3 g
sucrose 30 g
plant agar 8 g
vitamin B5 1 ml
kanamycine 300ppm
pH 5.8

lo

@ Homo line A (selection): Zhrto] Al 300ppme E sl Aduf Ao A ASo] FA3H
2 ZA 9} o]ojx o]F EZE FAA AWt & FAE AYstY {FHA EYHE
gkl st A .

g ARATAE SRS (B2 ¢ 13

(1) TEV endopeptidase & 2 & AdaA

(7}) Recombinant TEV(Havana) A} 2 EddAWE 2 4

O F4¥ TEV #8245 AT HE 4Adstr] #st TEV 327 A9 9H
[(pJKF44 - 3Dsp/sTEV),(pJKF45 — 3Dsp/sTEV.S219V)]1¢} Gujj 2] E -3 g o) zhz}
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(bp) np

2000bp >
1500bp >
900bp |

@ ofzH

T
AT =

RB

< 2% 326-1-1. @A SR E 2 TEVHAAZE AYE HE 9 Adar g >
(bp) g

M : size marker ELPIS 1kb + 100bp
Lane 1 : S A 2uSHE] pJKS20 elute
Lane 2 : TEV & A7} A4Sl pJKF44 elute
Lane 3 : TEV §&AL7} 422l pJKF45 elute

2000bp >

1500bp >

900bp >

< 7% 326-1-2. Elution ¥ P¥jZ2AME @ TEVHAA Sl ez 4dstac. >

A Z3 TEV vectord]
W B = pJKF48 ¢ pJKF49 o2 %™ 3tAch (2¥ 326—1—-4)

A et g A BamHI ¥ EcoRIAEE 3t (19 326—1—1), Elution & Agrose gel run
B3] Z<l &9tt (19 326—1-2). Elution & TEV FAAE ligationd F A A=A
AA AE HES FE=3

M: size marker ELPIS 1kb + 100bp

Lane 1 : CHAIBWSHIE] pJKS20 (BamHI-EcoRl 42])
Lane 2 : TEV A7t A UH pJKF44(BamHI-EcoRI X{2])
Lane 3 : TEV S5t 24U H pJKF45(BamHI-EcoRI H2[)

|<— 1200bp

BAE

olm (29 326—1-3), Z+ TEVY A%

pNOS L NPTII |

_|_

NOS

@ TEV endopeptidaseZ HHjjojlA] 1t

SAA7AE Hindll19} EcoRl A &
EcoRI A3t a4

BAE ARESH #9l sad (2

< 19 326—1-3. @ujolA TEV endopeptidase

E AM&3te A71E #139a, TEV
& 326—1-5).

LB
//’ = ~
pIKF48 3Dsp/sTEV
pIKF49 | 3Dsp/sTEV. 5219V

- }
=-1ac|

N7 98 AZE TEV 9 >

7171 e
g42, TEV %{

Ll

HE A ZZREHFE TEV
oA 3'UTR 7}Al= BamHIz}
A A= BamHI# Kpnl A|dk

- 212 -



TEV

ik

Triparental matingS £ 3}
A

Hindlll.Sphi.Pstl

Bl El 3550

pJIKF48
10884 bp

Km
-

< I% 326—1—4.

T4 ¥

st (2

g 326—1-6, 7).

(bp)

< ¥ 326—1—6. pJKF48 ¢] agrobacteria &

=

/' xbal

/-~ BamH|

| Kpril
-~ Sacl

_-EcoRl

Hindiil.Sphi.Pst!
/ ¥bal
/- BamHl
EI Bl 3550 ok
.‘.' 3Dsp/sTEV. 5219V
" 3 NOs
4 NPTI
[ PNES pJKF49 |
A 10884 bp
i
‘ RB Th |
\ /
Km o
LI

pJKF48 ¢} pJKF49 F37 A= >

Lane1:
Lane 2 :
Lane 3 :
Lane 4 :

M : ELPIS 1kb + 100bp

HindII + EcoRI (2} 2000bp)
BamHI + EcoRI (2 1200bp)
BamHI + Kpnl (2 900bp)

not treatment

ol

FAAES A3l
31931, plasmid DNA PCR&
, AZE 84 AcclS A g5k

oft
ol
-

A

of\

M : ELPIS 1kb + 100bp
Lane 1 : plasmid DNA PCR(sTEV/5219V. pJKF45) : Positive control

Lane 2 : Negative control

Lane 3~7 : sTEV/S219V(pJKF49) agrobacterial clone 1~5 PCR (884bp)

ARAE £F AL >
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(bp)
M : ELPIS 1kb + 100bp

Lane 1 : plasmid DNA PCR(sTEV. pJKF44) : Positive control
Lane 2 : Negative control

Lane 3~7 : sTEV(pJKF48) agrobacterial clone 1~5 PCR (884bp)

2000bp >
1500bp >

900bp >

< 719 326—1—7. pJKF49 9] agrobacteria & Ag #F A >

(2) TEV endopeptidase®] LA A EF9| &Y

(7V) ET (Agrobacterium tumefaciens)S AHg3ste] A& dAAS &

@ Agrobacterium tumetacienss &3 2 EAX FAHELS TEV
pJKF49)E 717 agrobacteria( ESTF)S AF83te] g & a]%_ii% 3 A
g FAA ALZHE Mot Auejis J|EEHL 32 EYARE
EAgESHor gl

@ shooting® FAAEA = rooting® Aol &AFH, pot £E5 AXH TAE F5A
(19 326—1-8).

Tobacco TEV @EH & Al EH| Process
A =R Leaf disk B. 3 RFSH shooting
n 3 N

< 19 326—1-8. Tobacco TEV AAS A&EH A= AAH >

® A ALZFE olde g

i)

H 2 (¥ 326—1-9)= pJKF48 LW EHE
&) FAAS B 177 A EF, pJKF49 LW S
Sl FAAE B 10/ AxFE 47 Frsgoh

ofl

Agrobacterium tumefaciensS ©]-&
1 &

odt

Agrobacterium tumefaciens2 ©
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@ FuE G AEFEIY REYA FA4 EQoiNE PAYRGH 0 F5)]

sty z}zte] MSREj A ] sjekslact (28 326—1—10).

< 9 326—1-10. §AA AdZHEH Aolde A&t GujdEA v)<

Or
V

23] dAAS A7 A EF 17709 pJKF49 (3Dsp/sTEV.S219V)E E ok (agrobacterium)-<
53] FAAE A NEF 78S 22 genomic DNA PCRS 3 & opylz ==
B3] oF 900bpoll Al bandE 13Tt (18 326—1—12).

g M PCNC 1 2 3 4 5 6 7 § 9 10 1 MPC NC12 13 14 15 16 17

M : GeneRular 1kb DNA ladder
PC : pJKF44(3Dsp/sTEV)
NC : pJKB5

1000
750
500

250

< 1% 326—1—11. pJKF48 waW 7} =4 A EF9 genomic DNA PCR >
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{bp) M PCNC 1 2 3 4

M : GeneRular 1kb DNA ladder
PC: pJKF45(3Dsp/sTEV.5219V)
NC : pJKB5

10,00

1000
750
500
250

< 1% 326—1—-12. pJKF49 wEWE 7} =98 MEZF9 genomic DNA PCR >

® Genomic DNA PCR Z3} pJKF48(3Dsp/sTEV) @AW EHE EYdS S A4S 231
735 pJKF48 1la, 2a, 3a, 4a, ba, 6a, 7a, 8a, 9a,10a, 11a, 12a, 13a, 14a, 15a, 16a%} 17a
AZF 170 A sk =3 pJKF49(3Dsp/sTEV.S219V) HEWEE EUdFS 53
HAAG A7) 73 pJKF49 1a, 2a, ba, 6a, 7a, 8a2} 10a MEF 7712 At pJKF48
WEHE S EUS B3] dAAS ® 1770 AEF = genomic DNA PCRE &3t 1770
MEFE A8, Northern blot 418 3] pJKF48 8a%} 12a A|EF 271E Awksle]

EV fxx1e] duld it {75 ZAReH7] sl AltA] 2 v shadvk (2" 326—1-13).

F

H~l

—

Aagrobacterium
NC 1 2 3 4 6 7 8 9 10 12 17

< 1% 326—1-13. pJKF48 LW EE EYTS 53 FAATE 117) ANEF
_]

Northern blot #41 >

@ pJKF49 HWEE ESdS B3 dAAS &
53l 7] MEFE AR, Northern blot #2498
Awrste] TEV ©ijd & /75 2AH8H7] 9 7
326—1-14).

%
r

—
=)
=
)
l:l

X+ % genomic DNA PCRE
53 pJKF49 la M|XF 14 E
A 2 o o (1™

é".: m

Agrobacterium
NC 1 2 5 6 7 8 10

< 119 326—1-14. pJKF49 @AW EHE ESTS 58 AHSH 7 AEFY

Northern blot #241 >
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(W}) Tobacco TEV — Homoline A4+

=

O FAol: add AEF=E A8E pJKF49 1a, pJKF48 8a z}2te] A=A o gt

Homoline 2128 913}e] =3+l pJKF49 1la, pJKF48 8a A &4 ZA2 A A A

A ukl 2] o)l germination FE3F9t (18 326—1-15).

PJKF49-1 pPJKF48-8

@ A Fhvetell 300ppme EFshe AL
Fhdetol el disted g9 RR 348 FHILO=
°JE ZEA &AM AW F FAE A4

2
v

HomolineS A1+a}¢dch

< 19 326—1—16. TEV endopeptidase 11'&3 pJKF49 la, pJKF48 8a & &9

=
T1ZxA2%¥ Homoline A& >
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2. 21E 838 TEV endopeptidased] 3 AA & A 59l

&
O 73718« @A

b, ALY 5% € dFAE 39§
(1) TEV endopeptidase BAE 9 A=x24 4
O AAHLE o] 85 i
@ 29X homogenizerE ©]&3F 3
@ 4ColA homogenizerE ©]-&3F v uH
(2) o]l2ud AZvEIHIE o]&3 TEV endopeptidase A
O Fol AZutETHIE ©]8g TEV endopeptidase Al
(3) ¥4 a484d =4 9
O ¥ A e 484 <
@ pHell W& TEV endopeptidase?] &4 ZA}F
@ A% 2= wZ TEV endopeptidase®] &4 ZA}
@ A% 717k w2 TEV endopeptidase] &4 FA}

o
“
o)

)
rL
ot
i)

U ARATY FR54 (BeAy)
O Az @A AYAakA] tagging proteine Al Adh= FZQ a4
O dwde] EAA thFFol A A4k & wo inclusion bodyES A3t 24§
ston, g CHO celldl Aitste #A= w9 17t
O 98¢ aid YA 23 749 BAZ FEAEZRY E4E 7193 dAHom=
AAA A4S 7sAd ol Mg E
O & AFE 5314 243} 7sAdo] =& TEV endopeptidase] LA 2 EA 7} 7= of
o]ZF¥ TEV endopeptidase® 8B A 7&S gHela A AF=x0E gtz
T8+
g ARAFANE PN E 2 A
(1) A48 59 d¥d oF F55& A AE =3 A F44H
O TEV endopeptidase L& A=A 2HE 243t o dulld & 55 93 4=
22 AR S ZAEES. AEAZE B & BF AEAEZ do EAlste
th&Fe] endopeptidase©l] o3l AzForwAo] FafjE o] Aitgso] WolR=H o]
FARS S5 f8) ke sl e Axgdande] S4S SA

Ao 21 FYAAL.
HO

(7h) AANAALE o] &3 4
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(1)

(h

(2h)

o P

—lo ﬂllm
it

pH 6.0, 10
S
—20Co] HAshHA

Y

mL tubeol]
’F2oA] homogenizerg ©]-& 3%
& vjag A A2 F 44

27t g

mL tubeol

gk 7399
homogenizer= I}23j

3! homogenizer® ¥
oo g i Qw

S 2 mL tubeol] ¥
k-3

Atz (Total cell extract)S FA 2~

&3t 3 st =

18 g 24 #2

) EFRpApEe] g

A A 29F PMSF (g &

.47 AlREE 2 mL tubeol

mM NaCl) 0.6mL=Z #E % 12,000 rpm,
HA A2 2

BrE, 449 NRE

ol (Mcivaine's buffer, pH 6.0, 10 mM

o
ol

NaCl) 0.6mL=Z d& 12,000 rpm, 4C, 30% AR 3 HS. FS5Y (Total
cell extract) S ZAEHA AZF 2 mL tubeol] ¥a1, —20Cd BRAstHA 543
R8s A =

4Co A homogenizerE ©]83+ 3}z H

As W22 ZA AE F 47 25 AR A F vlg FHEE(-70C B#) 2
mL tubeo] Z+Z} ¥ 3 homogenizerZ 4CollA I3 sl ATZHL AAZA §lo]
g o did Eaf AAARE ¥ g FeE, 440 NEE
homogenizer® 34 3 2 mL tubeo] ¥ AE-E M (Mcivaine's buffer, pH 6.0, 10 mM
NaCl) 0.6mLZ &€& ¥ 12,000 rpm, 4C, 308 &< IAEY A2, 45 (Total

cell extract)&
Rl R B

& el e Axduawd
EbAl Az @ TEV endopeptidase?] 2
GEFP—ENLYFQG—TNF—a fusion &9 d&
4=38t. TEV endopeptidase®] 23] EGFP (

wh

ZA2HEA NZF 2 mL tubed

Y3, —20Ce] RAsHEA 248

HH

,_|

o

=

R Z4e7) A3 714 @
o]-&3t] SDS—PAGE®} western blotS

kDa)@} TNF—a( kDa)9] bandE <l
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)
)

=

™ -

o e
EGFP ENLYFQG > (EGFP ‘EN.[FO(‘S @ \'\

=g /\ \

< 19 326—2—1. TEV endopeptidase &4 EA%E >

O TEV endopeptidase &= SA317] A8 2429 S o s 53 434S
o] &3}l olef e} Zo] enzyme reaction mixtureE® W= & 30C, 3h Z¢F HFEAH S
Z+ 7y o] wkg-ol 30 ul9} 5X sample buffer 6 uLS ¥ 100C, 5 min < A|85 #<
% 36 uL= 12% polyacrylamind geldl loading 3}tal 120VE gel rune 38 S. o]%F
CBBR @M 3} silver @4, western blotS 3332
. NC PC A& ey
stock Working TEV :
TE TE substrate PIOYEASE | zhzto) gz ul
(Invitrogen)
Substrate 194
(EGFP—hFXa u./ul 1.24ug 1 1 1 ul
TEV—TNFa) | "8
10X reaction
buffer 3 3 3 ul
TEV protease | lunit Lunit _ 1 _ ul
(Invitrogen) /ul
AlE - - 26 ul
DW - - 26 25 - ul
Final volume 30 30 30 ul
- 10X reaction buffer
: 250mM Tris—HCl(pH7.5), 750mM NaCl, 10mM DTT, 5mM EDTA
- Positive control : AcTEV™ protease ( invitrogen / cat. 12575—015)

O western blotS 93 anti—hTNFa asciteZ primary antibody® 1:50002.2 AF&3}} a1
secondary antibodyi= anti=mouse 1gG(AP conjugated)& 1:10,000.% A18:3fe}
BCIP/NBT &l o & ok 45 ubaldl & phapnd=S <) 3

12} antibody 22} antibody
anti—mouse IgG (Whole molecule)
Name anti—hTNFa ascite fluid —alkaline phosphatase

polyclonal antibody

Working
concentration

Az 24}

1: 5000 1:10,000

HFEAELAAT A
AEASAY HFE A7 d
ukAl : BCIP/NBT solution (241 3'30")

Sigma/Cat. A3562
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O 4% 249 syl weh TEV protease] B4 Mwg A3 o 2¢0) gl 92
oo A Fast By AANEAAS HrslA ok A9, == protease? inhibitorE
93 sE A BF B0 A e B 219 sk AEE AN QLS
Bl v S o #dsrr & HAa, B2 4Co s gl 4 2Fo] & uh4
94 ok

A. SDS-PAGE B. Western blot analysis
M1 2 3 M1 2 3 4 5 6 7 8 9
(kDa) (kDa)
72 - 72I .
55 55 .
£ - - 43gw
34 sl
2 %6
17 .. 17 W e >
1058 —_— 10

M : protein ladder, 1: PC (pJKF33/RIL E.col/f TEV) + substrate
substrate, 3: NC (Tobacco) 35ul + substrate

RT + substrate, 5: RT (+1mM PMSF) + substrate

4 C + substrate, 7: 4 C (+ 1mM PMSF) + substrate

MA| AL + substrate, 90 AA AL (+ 1mM PMSF) + substrate

oo Oy > IO

< 9 326—2-2. AEZZ g Yo WE TEV proteased] &4 =4 >

(2) TEV endopeptidase L& 2 EAZ FE A
(7}) TEV endopeptidase?] “g A
O 198 326—1—-1737 o] &2 zju] =< TEV endopeptidase d 2] &<
Tobacco TEV[pJKF48—8/pJKF49-11& F383te] A 52 A3 2

a. Tobacco TEV Pot =3} b Leaf harvest(25gAt-&)

< 29 326-2-3. TEGA AuFA Beje Tl £ 9 PP >

|
= e}
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O g o 2R E TEV proteased] AA|: pJKF49—-12] @S 943te] TEV protease=

AAEH7] Y3l 2] ion—exchange chromatography 383}, S9]& ion—exchange
chromatography+= Q—Sepharose FFE AF&833 o™, pH 8.0 HHYE o] &35}
T3 A . ol ion—exchange chromatographyE 433+ 23} fraction#5—8
Abolol A 1709 peakES &<elst oM, fraction#5—82 SDS—PAGE % Western blot
analysis 248 $343F A3} 2 E fraction#5—89| A TEV protease?] Ao o3t
WEZE HE 5o TEV protease’t £e| ¥ A=5 &AAstA= (24 326-2-5)

miu [mau

250

00

1001150 1200 1250 1300 1350 1400 m

< 1% 326—2—4. pJKF49—-1 @ujd o2 HE FE3 MZ9
anion exchange chromatography <3 >
A. SDS-PAGE B. Western blot analysis
M1 2 3 4 5 6 7 8 9 M1 2 3 4 5 6 7 8 9
(kDa) = (kDa)

72 : 72
35 - 55
A3 T e e — — — — — et 43 —— - - . - FU—
34 = .. 34
26 26

17 W

.

o
=]

—— 10
M : protein ladder, Lane 1: PC (AcTEV protease. 1unit/ul) + substrate
Lane 2: pJKF49/1 culture sup. Filter +substrate, Lane 3: pJKF49/1 Flow through + substrate
Lane 4: pJKF49/1 fraction 4+ sub., Lane 5: pJKF49/1 fraction 5 + sub.
Lane 6: pJKF49/1 fraction 6 + sub., Lane 7: pJKF49/1 fraction 7 + sub.
Lane 8: pJKF49/1 fraction 8 + sub., Lane 9: pJKF49/1 fraction 9 + sub.

< 119 326—2-5. pJKF49—1 el o 2 HE FE3F AMZ2] SDS—PAGE 2 protease@A =4
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(1) A Ef3d TEV endopeptidased] &4 &<l
(7H) MEFATLNE P&

@ TEV endopeptidase 11¥d AEAZFEH A3ty 45 93 @lds F=330
AE2AS i w24 FHstr] fste AAALE o] &std AEXZS s,

total cell extractE F=3FH T}
@ TEV endopeptidase I1&d A&49] & w22 A2 & 500 ;ﬂii A & 25gS
gl FHFE(=70Co] B#) Sxjapdte] Y3 I3t H . A]|5E 100 mL tubeol] ¥

& eFR- N (Mcivaine's buffer, pH 6.0, 10 mM NaCl) 50mL= & &t 3‘?— 8,000 rpm, 4C, 30%
B AR 3 &, A4S (Total cell extract) S ZAZHA AHZ-E tubedl] Y1, YA

2 E 13 ¥HESlo] ASAE FHelHo. I % Flow throughg ®rol —20TCel| B #3shH

@ HFg-2=o] W& TEV endopeptidase (pJKF48—8 Flow through)9] A ZA}

O Havana 2] A 23 Tobacco etch virus protease?] HHE-Lwo] W& A4S FA}S}HY]
A&l &) FvEla A+ invitrogenAte] TEV protease$} ¥}l th.

O Enzyme reaction mixture: Havana 2] A% TEV endopeptidased] &AL
gyl m) ol A A3 EGFP—hFXa TEV—TNFa substrate proteine ©]-83}o] <135}t
TEV endopeptidase (pJKF48—8 Flow through)¢] ¥F8& %o WE g4 A8
3] 10C, 20C, 30C, 40C ZtzZ}o| A o}# reaction mixture¥r= ¥ 15h &<t
W3- A1 7

Work 10C 20T 30C 40C
stook i only JKF4 JKF4 JKF4 JKF4 | &<
Ing p p p p iy
s& substrate PC PC PC PC
sE 8/8 8/8 8/8 8/8
Substrate
1.24 1.24
(EGFP-hFXa ul 1 1 1 1 1 1 1 1 1 ul
ug/u u
TEV-TNFa) ¢ ¢
10X reaction
4 4 4 4 4 4 4 4 4 ul
buffer
TEV protease 1 1
. . . - 1 - 1 - 1 - 1 - ul
(Invitrogen) unit/ul unit
pJKF48/8 - - 35 - 35 - 35 - 35 ul
ow - - 35 34 - 34 - 34 - 34 - ul
Final volume 40 40 40 40 40 40 40 40 40 ul
- 10X reaction buffer
: sodium phosphate pH 7.0, 10mM NaCl, 5mM EDTA, 10mM OTT
- Positive control : AcTEV™ protease ( invitrogen / cat. 12575-015)

O SDS—PAGE % Western bloto.2 &4 =3 3}7] -?4’6‘]] Reaction sample 40ul 3 5X

reduce sample buffer 8ul & &&3le] 5&7F 322 & 48ul & loading 3l A7|F &=
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43939931, Western blot analysisE $3)8te] &4 B39t}

Western blotoll A}8-3F antibody

12} antibody 22} antibody
anti—mouse IgG (Whole molecule)
Name anti—hTNFa ascite fluid alkaline phosphatase conjugated
polyclonal antibody
Working 1: 5000 1:10,000
concentration
A = 3] AL AFBELANAT L Sigma/Cat. A3562
wkA - BCIP/NBT solution (F2) 2')

@ Buffer 2/ m2 TEV endopeptidase (pJKF48—8 Flow through)e] &4 ¥l ZA}
O Enzyme reaction mixture: Havana 78] %% TEV endopeptidase®] &AL Eellnjglol A
g #1%t EGFP—hFXa TEV—TNFa substrate proteing ©]-83}e] g1s}lth. TEV
endopeptidase (pJKF48—8 Flow through)®] Buffer &4 (Buffer 1. 250mM Tris—HCI
(pH7.5), 750mM NaCl, 5mM EDTA 10mM DTT ; Buffer 2. sodium phosphate pH 7.0,
10mM NaCl, 5mM EDTA 10mM DTT)¥%} ¥Hg-2%=(10C, 20C, 30C, 40C) & &4
S A7) 8 Z4ztoll A ol reaction mixtureThE $ 15h F<F HES-A|FHTH

Wor 10T 20C 30C 40C
stock | king Only =3
el By pJKF pJKF pJKF .| PIKF |
5= 5 substrate | PC 18/8 PC 48/8 PC 18/8 PC 48/8 4
Substrate
(EGFP—-hFX 1.24 1.24 1 1 1 1 1 1 1 1 1 ul
a ug/ul ug
TEV—TNFa)
10X
reaction 4 4 4 4 4 4 4 4 4 ul
buffer
TEV 1 1
protease . . - 1 - 1 - 1 - 1 - ul
X unit/ul | unit
(Invitrogen)
pJKF48/8 - - 35 - 35 - 35 - 35 ul
DW - - 35 34 - 34 - 34 - 34 - ul
Final volume 40 40 40 40 40 40 40 40 40 ul
- 10X reaction buffer
buffer 1. 250mM Tris—HCI(pH7.5), 750mM NaCl, 5mM EDTA 10mM DTT
buffer 2. sodium phosphatﬁe pH 7.0, 10mM NaCl, 5mM EDTA, 10mM DTT
- Positive control : AcTEV™ protease ( invitrogen / cat. 12575—015)

O SDS—PAGE % Western blote. 2 A =A3}7] —?43]] reaction sample 40ul ¥ 5X
reduce sample buffer 8ul & &£&3le] 5&7F 22 ¥ 48ul & loading 3l A7|F &=

393931, Western blot analysisE F3§3te] &4 B39}

® pHell W2 TEV endopeptidase (pJKF48—8 Flow through)® &4 ZA}
O Havana 3} A =% Tobacco etch virus protease?] HZ A4S Hol= pHE FASH]
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A&l A=) FvEla A+ invitrogenAte] TEV protease$} ¥l a3} th.

O Enzyme reaction mixture: Havana & #1Z% TEV endopeptidase2] &4
galv) ol A A A3+ EGFP—hFXa TEV—TNFa substrate proteins ©]&3}o] =33} a1,
pHel WE &4 48 %A} 317] 98l pH 6.0, 7.0, 8.0, 9.0 buffer Ztz}ol| 4] o}z

reaction mixtureE W& & 30T, 15h &<t HFSAI AT

| Worki onl pH 6.0 pH 7.0 pH 8.0 pH 9.0 o
stoc orkin nly o
o Er ~ | pJKF pJKF N pJKF ~ pJKF 5
5 g% substrate | pC es | PC | Bgs | PC | Bgjs | PC | Nigys 4
Substrate
(BGFP—hFXa | L2 | 1.24 1 1 1 1 1 1 1 1 1 ul
TEV—TNFa) | &Y ug
10X
reaction 4 4 4 4 4 4 4 4 4 ul
buffer
oten 1 1 uni 1 1 1 1 1
protease : unit - - - - - u
(Invitrogen) unit/ul
pJKF48/8 - - 35 - 35 - 35 - 35 ul
DW - - 35 34 - 34 - 34 - 34 - ul
Final volume 40 40 40 40 40 40 40 40 40 ul
- 10X reaction buffer
sodium phosphate pH 6.0, 10mM NaCl + 10mM DTT, 5mM EDTA
sodium phosphate pH 7.0, 10mM NaCl + 10mM DTT, 5mM EDTA
sodium phosphate pH 8.0, 10mM NaCl +10mM DTT, 5mM EDTA
sodium MKmphMeIﬁIQQ 10mM NaCl +10mM DTT, 5mM EDTA
- Positive control : AcTEV'" protease ( invitrogen / cat. 12575—-015)

O SDS—PAGE % Western blote. 2 A =A3}7] —.43]] reaction sample 40ul ¥ 5X
reduce sample buffer 8ul & &3] 582 7F £<¢ & 48ul £ loading 3t A7|9=&
T35t Har, Western blot analysisE 3ste] &4 B A1

O Enzyme reaction mixture: Havana 2] A2% TEV endopeptidase®] &43& FA}S}7]
28] EGFP—TNFa substrate proteine ©]&3}¥t). ofg] %2} o] enzyme reaction
mixtureE WE 3 30C, 3h E<¢F 98 A)A. TEV protease= Z+zF 4TC, —20TC,
=70 COﬂ A DR ATE 117 E7hA] B3E samples 24 wiE Fax] AJ7to] ¥ U=

NC PC 2aecd Freeze-thaw recycle el
stock | AE pJKF33-RIL RT
=c =c x - ! Cone e . o e
S J| (E.coli TEV) (23C) 4C 20C 70C 4C 20C 70°C ul
Substrate
(EGFP-hFXa U1 '/EUAI 1Q24 1 1 1 1 1 1 1 1 1 ul
TEV-TNFa) ¢ g
10X reaction 4 4 4 4 4 4 4 4 4 ul
buf fer
pJKF33-RIL 0.17 | 0.17 ~ 1 ~ - ~ ~ ~ ~ ~ ol
(E.coli TEV) ug/ul ug
Havana = cH
THxa TeV 30ul 30 ul 30 30 30 30 30 30 30 ul
ol - - 35 34 5 5 5 5 5 5 5 ul
Final volume 40 40 40 40 40 40 40 40 40 ul
- 10X reaction buffer
© 250mM Tris-HCI (pH7.5), 750mM NaCl, 5mM EDTA, 10mM OTT
- Positive control : pJKF33-RIL(£.co// TEV) from (Z=)NBM
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O SDS—PAGE % Western blote.2 &4 =4 reaction sample 40ul ¥} 5X reduce sample
buffer 8ul 2 &E§3sle] 5837F 9 F 48ul = loading 3] A7FELS F3s9aL
Western blot analysis® F=3)3}e] &4 E A5t}

h) 7
D " o WE A EFedl TEV endopeptidased] A FA}
O Havana -2 M=% TEV endopeptidase®] W= M2 g4 4SS ZASH 23
20Ce} 30CoAA HAHY &S Hepilen, 10T o]3}, 40T o]%

endopeptidase EAdo] 7FA3lE e AL &< 390 (19 326—2-6).

i

Ko

R

oo rg

H

H 1 2 3 4 5 5 ? B g L' GFR-TMFa fusion proten l'ul: rae::.‘-dl..g

tDa 2 GFP-THF3 fusion proteinsubstrate) L 24ug

- TEV protease lunit [10°C)
1 - 3 GF#-THFa fusion prote ".-‘,sut strate) 1.24ug
- + pIEFAG/E 350l (10°C)
1 — i — ——— 4 GEP-TMFA fusion protesn(substrate) 12409
+ TEV protease lunit {20
1 - 5 GFP-TMFa fugion proteinjsubsirate) 1 24ug
+ DJKFSE[E 35uL (20°C)
3 . f: GFP-THFa fusion proteinsubstrate) Lidug
+ TEV protease lunit (30°0)
7: GFP-THFa fusion protesn(substrate) 1.24ug
+ PIEFAEAE 350l (30°0)
1508 ¢

— — — — B GFP-THFa fus

protenisubsirate) L2dug
+ TEV protease lunit (80°C

o GFB-TWFa fusion proteinisubstrate) L2dug
+ PIKF4B/E 35ul (40°C)

< 119 326—2—6. )& TEV endopeptidase?] &% wtE g4 A ZA} >

@ Buffer Aol W& A&/ TEV endopeptidase] &4 vl FA}

O Havana 3] A Z% TEV endopeptidase= buffer 1 [250mM Tris—HCl (pH7.5), 750mM
NaCl, 5mM EDTA, 10mM DTT]& wkeAIZl& el 2=k Z3glel Ao 4%
Holx] okt 18y} buffer 2 [sodium phosphate pH 7.0, 10mM NaCl, 5mM EDTA,
10mM DTT] 2 WA ZH S weoll= 20T 9 30CoA HA 9 &4 Yeflon,
buffer 19 B3] =& a4 A4S Hole= AL 234y, wataA] Havana 20
Az TEV endopeptidase®] @S FAFsl7] Y341+ sodium phosphate pH 7.0,
10mM NaCl, 5mM EDTA, 10mM DTT, 30CellA w-&A7]= o] HF =AYS
el AT (2™ 326—-2-7).

@ pHel W& A&/ TEV endopeptidasee] &4 ZA}b
O Havana -2 AZ% TEV endopeptidase (pJKF48/8)<¢] pHell w& &4 &4
A3} pH 6.0, 7.0, 8.0, 9.0 buffer Z+Z}tol A endopeptidase®] &3] =5 cleavage &+
As Fdgom Z Zol= HolA FUtt (27 326—2-8).

-

o

ENR!
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(A) M1 2 3 4 58 68 7T 8 8
Wha) (&) Bufferl
Z50rmM Tris-HCI (pH7.5), T50mM Macl,
S EDTA 10mb DTT

(B Buffer 2
3 sodium phosphate pH 7.0, 10k NaCl
SmiA EDTA 10mdd DTT

L GFP-THNFa fusion protenisubsirate) 1 24ug

¥ GFP-THFa fusion proteen s ebstratel 1.248ug
S8 Tunit (10°7)

ion protenizubsirate] 124ug

s 35Ul (10°0)

1 9 3 4 5 8 7T B O 4. GFP-THFs fusion prolenisubsirate) 1.24ug
s TEW protease lumng (3T

5 GFP-THFa fusion ;urn': nisuDstrate] 1.24ug

pURFAS/

B -:—rr THFa fu

+ TEW protea
— ——— — —— oo

(B)

i

rotemisubsirate) 1240
« TEW protease Iunsd (20°C)
& GFP-THFa fusion protenisubstrate] 1.28ug

= PIKFAR/E Y5ul (S0PC

B
rr i

< a9 19 326—2-7. A= TEV endopeptidase? buffer ZAJol] w

ri

M : Size marker

H 1 2 3 4 E 6 7 B g L GFP-THFa fusion protsindsubstrate] 1 24ug

fkDaj & GFE-THFa fusion proteinfsubstrate] 1.24ug
+ TEV protasss Iunit (pHED)
- 3 GFP-THFa fusion protein{substrate] 1.24ug

¢ pUEFEESE  35ul (pHED
o — - & GFP-THF2 fusion proteinisubstrate] 1.24ug
+ TEY proteate funit (pHT.M
GFP-TMFa fusion proteinjsulbstrate) 1.28ug
. + PIKFAE/E  3Sul (pHTH
; GFP-THFa fusion proten{substrate] 1.:5u§
+ TEY protease lunit (pHELD
T GFP-THFa fusion proteindsuibstrate) 1.24u0

[Tl

- ]]

3 + PIEFASE . 3%ul (pHED
8. GFP-ThFa fusron proigin{subatrate) 1.243ug
i + TEV proteases lunit (pHSO)

O GFR-THES fution profeindubsirate) 1 280y
+ piKF48/8 356l (pH2.3

< 1% 326—2-8. &3 TEV endopeptidase?] pHoll m& &4 &4 XA} >

= Ef2l TEV endopeptidase?] &4 ZA}
dutro g Az dwlAe] HF HAWHE —20C~-70TCoA 12 month &<k,
2~8CelX= 1 month F<F Hgstrkar &4 Aar. 3k —20C~-70C HaAs= &<
freeze—thaw 37 =™ 1month 74A] bFstoka &l vk AR AFY FH =,
T, A by a2 A 2ok WS G meb ALEE " 7|3t
A28AS ZAg o 2R AZFS M A(TEV endopeptidase)d] HZ HAHS
3ta1A} gtth. TEV endopeptidase a2 EA o] AZAAS ZAFsH7] ¢80
Awvjde) A GA|ek pJKF33—RIL (E.coli TEV) TEV protease$} Bl n3} T},
Havana 2] A Z% TEV endopeptidase [pJKF48/8 Flow through] 35ul® aliquots}<d
Room— temperature, 4C, —20C, —70Co] B A3}, freeze—thaw recycle(F/T &t

i &
ot
MI

i}
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—

E7)) o] mE BHL 28] Yate] LR (4T, —20C, —70C)2 BH3GT}. 27
IMLEE 11/4€0] 242 H9<S w) A|22 AW o] TEV proteased FAS =3
S
Havana -2 A= TEV endopeptidased] AF% % HA7|7H] WE 54 A4S
ZARRE A3 B 7AZIAlE A & Aol HolA Fdn. 27hE o|FHH=
HhEo® a4 BAo] FAastr] AL, el Ea dle A5 A a4
FHEE 84 40 AHEMRS EsY. a8y 4T BaAgS 4%
ANM= a4 FAd 2el7t fle Aoz St wekA Havana

il

H Al =
Mz TEV endopeptidaseE #7] R#3517] ei<= @2 -Er'ﬂ A A, glycerol
5o FFAES HUhstd Haste Ao sbgA o R wHashe WyolEtal Heln (1Y
326—2-9).
) M1 i 3 4 5 I 8 @ woxm M1 T 3 4 5 8 7 a 8
0 day g 4 month =
. b
o e
7 day : 6 month
T - e —————— —
1-.."' L
Da
2 month i 9 month :
17 17
i i
i T 11 month

M : size marker, 1 : PC, 2 : substrate, 3 : RT, 4 : 4T,
5: =20C, 6 : =70C, 7: 4C(F/T), 8 —20C(F/T), 9: —=70C(F/T)

il

< 1% 326—2-9. TEV endopeptidase (pJKF48—8)9] A A% % 7|7t uw}
a4 84 =4 >
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® TEV endopeptidase®] 274 EAHHY

O TEV endopeptidase?] A& 93t

R

han Be)
J=H protease®] A% FE AFAFor Avjd. e JGAFez G
EUge= FZ24d% E2dd AgA PN 50% glycerolS ALslal FAAZ

=
sto g Buslste] AFoz XS AEld. AAAF S 913 formulationS 50

mM Tris—HCI, pH 7.4, 1 mM EDTA, 5 mM DTT,

50% glycerols& A7}she] A x5t
21572 TEV endopeptidase= gel filtration column®]y dialysisE &3] 50 mM

Tris—HCI, pH 7.4, 1 mM EDTA, 5 mM DTT= buffer exchange 3+ & 50% glycerol
A7tste] AP S vHE.
O Formulation 1
— A& TEV endopeptidaseS gel filtration columno]t} dialysisE 3 50

Tris—HCI, pH 7.4, 1 mM EDTA, 5 mM DTTZ buffer exchange 3+ & 0.

2 um 2§ 3
oald e & 10 unit, 50 unit, 100 unite.2 vialdll Z+z} +F311 520235
TUEHE 4

O Formulation 2

— 2 &R TEV endopeptidaseS gel filtration columne]y dialysisE E3] 50 mM

Tris—HCI, pH 7.4, 1 mM EDTA, 5 mM DTTZ buffer exchange 3+ % 0.2 um 2§ g}
g d A7 1000 unito =2 vialoll 22} #5381, 50% glycerols 3 7hsho]

FFAFoR 24

< 1% 326—2-10. A EfF#: AE3 TEV endopeptidase AF EZA >

a0
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3—2—-7. A& Anti—-CCP A Ai7& g 2 5%

!
olN

1. Anti CCP 84 #AA =24

O A75a7B AR

7h A7 B 2 AFAT 30§
(1) Anti—CCP A FAA gx

(D Antibody isotyping

@ cDNA ¥4

@ CCP A PCR

@ Library2%-¥ 3A-f-AA}F screening

U AFAT7Y 353 (B8A)
O Al 2g853A Y FoA7182d 7F
slolBg)entE Rt Q)
EZ

_Em}m
N
.
T w
fu)
dob ot
T e
i
i-li
igf
ﬂ[o—'

o

O Frtelz Bddel g x7], A2 Ake] 7@ D8 AR o] § 7tedez
FrtE s Bd Y AT ER A4S} b

O £ A& A& anti-CCP FAE AA¥sl7] Akl $40 anti—CCP A& Aalsh=

28 FAE ke ol B =rtR R anti—CCP FAo] Fo]#l A&

=2gstnd FPstae

FXL

it

o AFAFAL FPHE

(3) Anti—Cyclic Citrullinated Peptide (CCP) 3A 43z 24

b 7T FARE

(D Antibody isotyping

O 7ZIE8 9t =48 ugd d7Fgo2HE 9B hybridoma cell (12G1, anti—CCPE
AAE) o] v Fl-S- o] 83} heavy chain®} light chain® antibody iostypingS 3FTt.
Heavy chain antibody iostypingS T3 & ELISAS AFg3te] =393} tt. ELISA
plate(NUNC)®l Goat anti—mouse IgG1l, 1gG2a, 1gG2b, 1gG3 antibody S Z+7z} 2o
coating(4C, overnight)3dF & PlateE washing, 5% skim milk solution® Z Blocking3d}F
b= CCP hybridoma 8] gHS Fo] AofA 2/\]7‘* v 3t t). PlateE washing, anti
mouse [gG—HRPE Y1 Ao 1A%t vl & PlateE washing, substrateE %
A e

LoA 20~30% AE M HES A7l & stop solutiono E WSS £g3 &
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Spectrophotometer(PACKARD)Z 540nm&] & oA =A3¥ Y. Light chain
isotypinge o2 & W o F dot blotS F338LA Tl Nitrocellulose membrane®]]
CCP hybridoma B2 A#F 3 & 5% skim milk solution® 2 Blockingd} i th.
ZY7¥ o] anti—mouse kappa light chain alk phos®} anti—mouse lambda light chain alk
phosE 2] ¥ substrated Fo] T4 {2 typingS sHAT

@ Anti—CCP &A|E A2+ hybridoma cellZF-E] RNA F= 2 ¢DNA 34
O B hybridoma cell (12G1, anti—CCPE A4S fresh over (=& & = 7] A ©A) 714
718 & 5x10° cellfFS 473t RNeasy Micro Kit (Qiagen)E AF83la] A RNAS
FZ3F9 . Spectrophotometer (Bio—rad, USA)E ©]&3t] RNA ¥% ¥ purityE
918t & ¢DNA Library Kit (Clontech, Takara Bio Company, USA)ZS A}-&3lo] ohe-3}
& " S o] &35t first strand cDNAES FASATE 1-5 ug? total RNA9] 3°CDS
e 5 72CAA 38 & Attt 5X First—strand buffer, DTT, dNTP
mix, Oligonucleotide, RNase inhibitor, reverse transcriptases <= &35t 42T oA
90 ¢t g & 68CoA] 10 &< €2 7hste] H-&-S FHSEAL first—strand
cDNAE 43t

@ CCP A PCR
O BALB/c origin® ZAFHAZ 4 714G sfdetes otk 22 e

primer< AF£3}e] PCRES 433}t Heavy chain PCRE €3}t primer set: F:
5°=GGC ACC ATG GRA TGS AGC TGK GTM ATS CTC TT-3’, F: 5'=GAG GTG
AAG CTG CAG GAG TCA GGA CCT AGC CTG GTG-3’, F: 5'=GGC ACC ATG RAC
TTC GGG YTG AGC TKG GTT TT-3", R: 5'=CAT GGT CCC AGG CAT TGC TGG
GTG CT-3". Light chain PCRS $3F primer set: F:5'— TGG CGT CCT GAA CAG
TTG GAC TG-3’, R: 5'=GGA TGG AAG CCC CAT GCT CAG CTT CTC-3, F:
5'=TGG CGT CCT GAA CAG TTG GAC TG—-3", R: 5'=GGT GCA TGC GGA TAC
AGT TGG TGC AGC ATC-3’, F: 5'=GGC ACC ATG ATG AGT CCT GCC CAG TTC
C—-3", R: 5'=GGT GCA TGC GGA TAC AGT TGG TGC AGC ATC-3’, F: 5'=GGC
ACC ATG ATG AGT CCT GCC CAG TTC C-3’, R: 5'=GGG GTC GAC ACT GGA
TGG TGG GAA GAT GGA-3’, F: 5'=GGC ACC ATG ATG AGT CCT GCC CAG TTC
C—-3", R: 5'=GGA TGG AGW CAG ACA CAC TCC-3', F: 5'=GGC ACC ATG ATG AGT
CCT GCC CAG TTC C—3', Rt 5'=GGA TGA GGT KCC YTG YTC AGY TYC-3".

@ Library2XE 3A-FAA} screening
O Heavy chain¥®} light chain® DNA probeZE A28l mouse IgGl heavy chain®]
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constant (CH29} CH3)$} kappa chain®] PCRS 43339t «—*PZ ¥ A3 Colony

Blot HybridizationE 435t X—ray film©e. & develop 3} positive signalS YEM =
colonyE At Adtd F2YZHEE DNAE 9o A & sequencingS 2] F
sttt

(W) d+43 2 a#
D B hybridoma celloll 4] CCP 3}A] 9] isotyping
O B hybridoma cell®] #jkelL& o] 83+ antibody isotypingS ¥olR 7] 93+ ELISA ZAx}
heavy chain& IgGl typelZ FAF ATt (& 327—1-1). Light chain& dot blotZ2 3}
kappa chain®< &<l (29 327—-1-1).

< 3 327—1-1. ELISAE ©|&3} heavy chain isotyping >

IgGl IgG2a IgG2b IgG3
0.899 0.881 0.200 0.218 0.146 0.093 0.387 0.348
0.917 0.734 0.181 0.123 0.081 0.114 0.327 0.396
0.827 0.662 0.211 0.216 0.114 0.121 0.332 0.318
0.615 0.416 0.230 0.253 0.124 0.144 0.255 0.300
0.453 0.317 0.149 0.265 0.119 0.152 0.248 0.263
0.338 0.307 0.212 0.182 0.128 0.141 0.214 0.227
0.233 0.255 0.211 0.208 0.147 0.148 0.183 0.215
0.182 0.132 0.207 0.214 0.134 0.177 0.170 0.151

< 1% 327-1-1. Dot blot& ©]&3F light chain isotyping >

@ cDNAE ©]&3 PCR
O BALB/c origin®] AFAAZ A A7 st oS3t 4719 primer=
AFE3le] PCR 4333l th. Mouse Ig—Primer Sets® PCRES F33F A3} PC
product = heavy$} light chain gene®] oA=& Zol9} wE AES dAglon,
cloningsl®] sequencingstH o}t 7]E] &3 A FAA2}F matching®+= product”}
o], Bt} 043 Primer2 A33L7] 938+ Mouse Ig Primer Sets (Novagen)<
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TA93td PCRES 33ttt Light chain® 7% 16709 primer® PCR3}Y light
chain® & oAE = FA3F 37]9 WME 371 Aot (28 327-1-2).

< ¥ 327—-1-2. PCRS ©| &3} light chain 2H& >

bandZ purifyste] pGEM T—EASY vectore] &AA3E A1 & Eco RIF}
Sal 1 a2 A2lE F3tY insert7} St & &<138te] sequencings ¢ # &k
S 728 sequencing AFHE 13t CCP &A1Y light chain® F&E4 0]
BEAORE o]Fo] FHua ATstg o, o|F & AFA FrF FHAE o] &35t
CCP @A 1A} H=AE /NEsdls (29 327-1-3).

ACGCGGATTCTATCGACTCCTATAGGGCGAATTGGGCCCGACGTCGCATGCTCCCGG
CCGCCATGGCGGCCGCGGGAATTCGATTACTAGTCGACATGAGGTACTCGGCTCAGT
TCCTTGGAATCTTGTTGCTCTGGTTTCCAGGTATCAAATGTGACATCAAGATGACCAC
GTCTCCATCTTCCATGTATGCATCTCTAGGAGAGAGAGTCACTATCACTTGCAAGGC
GAGTCAGGACATTAATAGCTATTTAAGCTGGTTCCAGCAGAAACCAGGGAAATCTCC
TAAGACCCTGATCTATCGTGCAAACAGATTGGTAGATGGGGTCCCATCAAGGTTCAG
TGGCAGTGGATCTGGGCAAGATTATTCTCTCACCATCAGCAGCCTGGAGTATGAAGA
TATGGGAATTTATTATTGTCTACAGTATGATGAGTTTCCGTGGACGTTCGGTGGAGG
CACCAAGCTGGAAATCAAACGGGCTGATGCTGCACCAACTGTATCCATCTTCCCACCA
TCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCT
ACCCCAAAGACATCAATGTCAAGTGCCGAAGATTGATGCCAGTGAACGACAAAATGGCG
TCCTGAACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCA
CCCTCACGTTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCA
CTCACAAGACATCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATGAGTGTTAGA
ATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGC
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GTTGGATGCATAGCTTGAGTATTCTATAGTGTCACCTAAATAGCTTGGCGTAATCAT
GGTCATAGCTGTTTCCTGTGGGAAAATTGTTATCCGCTCACAATTCCACACAACATAC
GAGCCGGAAGCATAAAGTGTAANCCCGGGGGGGCCTAATGAGTGAGCTACTCNCATT
AATTGCGTTGCGCTCANGGCCNGCTTTCCAGTCNGGGAAACNTGTCGNGCNANCTGC
ATTAATGAATCGNCCANCNCNCGGGGNAAAAGGCGGTTTGCCNANTGGGGCGCTTTT
CCGCTTTNCCCCTCAANNGANTCGGG

< 1% 327—-1-3. Light chain sequencing 23} >

ol

2

O Heavy chain& Ig—Primer Sets (157 primer)S A}&3te] PCR A 33t A3 32135}
CCP A9 heavy chain®] EF240o] AFHOZ o]Fo] Huil AlgHo] A < 1
327—1—-4).

o

TNACGGGGAAACCCGGCGAACGTNGCGAAAAAGGAAGGGAAGAAAGCGAAAGGAGC
GGNCGNTAGGGCGCTNGCAAGNGTAGCGGTCACGNTGGGNGTNACCNCCCACACCC
CGCCGCGCTTAATGCGCCGCTACAGGGNGCGTCCATTCGCCATTCAGGCTGCGCAAC
TGTTGGAAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGG
GGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGT
TGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGCCCG
ACGTCGCATGCTCCCGGCCGCCATGGCGGCCGCGGGAATTCGATTAGCAGCACCAAG
GTGGACAAGAAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGGCATAAACAACCT
GTGATCCGTGTCCTCTCCACAGTCCCTGAACACACTGACTTTCTCCATGGAATGGAGT
GGGGTCTTTATCTTTCTCTTGTCAGTAACTGCAGGTGTCCACTCCCAGGTCCAGTTGC
AGCAGTCTGGAGCTGAGCTGGTAAGGCCTGGGACTTCAGTGAAGATATCCTGCAAGG
CTTCTGGATACGGCTTCACTAACTACTGGCTCGGTTGGATAAAGCAGAGGCCTGGAC
ATGGACTTGAGTGGATTGGAGATATTTACCCTGGAAGTGGTAATACTTACTACAATG
AGAAGTTCAAGGGCAAAGCCACACTGACTGCAGACAAATCCTCGAGCACAGTCTATA
TGCAGCTCAGTAGCCTGACATCTGAAGACTCTACTGTCTATTTCTGTGCAAGAGAGG
GGGGAATTACTACGGCTCCGTACCCGTTTGGTTACTGGGGCCAAGGGACTCTGGTCA
CTGTCTCTGCAGCCAAAACGACACCCCCATCTGTCTATCCACTGGCCCCTGGATCTGC
TGCCCAAACTAACTCCATGGTGACCCTGCGGATGCCTGGTCAAGGGCTATTTCCCTGA
GCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCAATCACTAGTGAATTCGCGGC
CGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTGAGT
ATTCTATAGTCACNAAAG

< 1% 327—1—4. Heavy chain sequencing 23 >
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2. CHO &3 <& %3} anti CCP A 4 FAIFA 59l

o
O A7y 7|R + AEYstn

7h d7Ee] B 2 A7 3 HE
(3) Anti—CCP A &4
@ anti—CCP &AFES CHOAM Zo transfection
U AFAT7Y 353 (B8A)
OB AFE Bl 224 & anti—CCP A 227 AFH o2 anti—CCP A=
A=A F18t7] st T35k

o AFATFAL FPHE

(3) Anti—Cyclic Citrullinated Peptide (CCP) &A fAA} 29
b 7T F3 WE

@ Plasmid DNA <=H]

O pGEM T easy vectorell A=l 2= CCP antibody - AF(heavy$} light chain)&
mammalian cell(CHO cell)®l] transfectiond}”] €13ty pcDNA3.1 vector® AFY %
plasmid DNAS 4|3} %t}

@ pcDNA3.1—CCP antibody DNA®] CHO—-K1 AM3ZZ9] transient transfection

O Transfection 3% o] 24 well plateo] welld 4x10" cell/0.5 ml(#]X]: RPMI-1640, 10%
FBS) =2 AXE HFEste £4H3H, transfection B cell density7} confluent
e o] 70~80%7F H =& slofoF 3. Serum free Opti—MEM medium(100ml)ol 2mg2]
plasmid DNAES ¥ 31 2 mix3Ft & Lipofectamine 2~5mlE ¥ o] ¥ =HA mixshe
DNA-Lipofectamine complex’} @A FHEE 420 58 FoF HleA1 7). vjA =

A A3 AA8 viA] 0.5 mlES F7}3F th8 DNA-Lipofectamine complex (100ml)Z
Wi i gFE|E AEHeZ R=YA rockingdt F 37C CO: incubatorel Al 1~3Y
% culture supernatantE F&3te] o gt vF3AS ELISAS
= -
@ A A 2 ALE FA Y HAS 9 ELISA

O ELISA plateol] CCP 52 CRP ©@¥AS 7z} welld] ¥ o] plateE coating(4C,
overnight). PlateE A& 33 5% skim milk solution®Z blockingS A3+ b3 CCP
SHA| A ALS transfectionA]| 2] Al E 8] W =S control CCP 84 A 4F hybridoma

HFAS 9o & Ao 241 7HE<F vES-A1F). PlateE A & 3}al, anti—mouse
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[gG—HRPE Y& & A2ox 1A7H=<F vk A7), PlateE | &3}l substrates
F7Vete] Ao 20~30F AE LA WSS ZdPA|Zl & stop solutionS E WHS-S
A A A7, Spectrophotometer® 430nme WA oA FFE=E =4,

) a+2% 4 vz
D CCP 38A A2F 2 AAbm skA| o] AAL 93 ELISA
O CCP antibody +Z A& transfectionA]Zl CHO—K1 AJ3Ze] nj Ao 483k culture
2

supernatantE HFSAIZ S W] CCP @A S AETS 13t A /AR 78S
z A

Fom, CCP 62}7'4] A AE transfectionA] 7!

o ofste] HEHA Fot 249 AHE 2 & F UMs (& 327-2-1).

< X 327-2-1. A2td A AA-ES Y3 ELISA >

CCP coated well CRP coated well Hybridoma culture
supernatant
1.293 1.181 0.190 0.211 0.516 0.493
0.932 0.914 0.189 0.223 0.735 0.695
0.652 0.667 0.215 0.217 Negative control
0.392 0.416 0.236 0.258 0.124 0.244

21 & viral vectorg ©]-& 3% Anti CCP A9 i ZFA4 4 2

b, A3 28 2 Ad7AL P PE
(1) Anti—CCP A xts 21E& viral vector ®E F+= 2 Ay2+g<l
O CCP Aol ztd 2

o

EYHE 249
°ol&

@ Agroinfiltration g+

® BAYESH BUS FF G

e

CR

Bl
gl (Western blot analysis)

- 236 -




(2) &3& <l transient expression system T

O CCP &Ae] n¢dS 93t 7492 transient expression system T3

@ BEAABEsHH B4 (SDS—-PAGE® Western blot analysis)

@ Affinity chromatographyS ©]-&3F anti—CCP A9 AA 2 3 25w 3l

Y. ARdTe #3354 (384)
O 8 A+7E 53t 229 & anti—CCP FA| FxA7} CHO wWiFS F3te] Fgom

al U
O & 4= FrtEl& #d el o 271, 4™ Ado] 7had g A= o &

o AFEAFAL FPHE

(1) Anti—CCP A 31¢d A& viral vector ¥H 5 92 A4F &<l

7hH A7+ W&

D CCP 38A 9] transient expression vectord] 24

O E AFE F3lo gxd CCP &A9 heavy chain (pMYD316)2 TMV vecordl

AFdskel pMYD316—1¢]2al W 3atal PVX vectordll 4F9ste] pMYD316-112}
Hstach AyATF A Fr"E CCP &A<] light chain (pMYD315)& TMV vector$}
PVX vectorol 2+ 4F¢dsted pMYD315-1% pMYD315-112 =333t

@ Electroporationg ©]&3+ Agrobacterium (strain GV3101)el 3= %

O Electrocompetent agrobacteria cellS Y= 7] €13} agrobacteria (strain GV3101)< 50
mg/L rifampicin®] H7F8 5 mle] LB mediumol] HFst] 28T, IAe] 9
] g7 A a7 Bt S ATh dAEYVIE ol &3t Az} vigd S
- agrobacteria Y& FASIA FAYAE A ASH] Hste] A FHE 500ul9] 10%
glycerol= ©]83la] 2¥ washing 3t Pelletoll xF4A £=xl€ 100 ul®] 10%
glycerolZ resuspension 3+ & 25 ulE #3dle] v|g] x3A FHIE EP tubeol] 3314
electrocompetent cellS FH] 3},

O 25 ul¥] electrocompetent celldll 7]l A FHlE 1 ul¥ plasmid DNAE FH7}st &
ulg] A TR cuvetteo] mixtureE ¥l iceoll A 583 WX SFH . GenePulserg

ated 1800 kV, 25 uF 283 200 O ZAAstelA FEAEES FPrt. F248

&
H electorcompetent cell2 EP tubeol] &7 & A1A3F Imle] LB viRE H7}3F &

28 CollA 2— 3/\]7} o el A AEuig st
O dAAZ & MEE 50 mg/L rifampicin® 50 mg/L kanamycin®] H7}8 u] Ao
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Tsle] 28ColA 2-3Y FoF widsle] @ F22YES AdY. A} Hrt"
Hj A oA AR dd Z2UZXE plasmid DNAS 32 3 T A3t &4 A=
J =" AL sy

@ Agroinfiltration & o]83 A A3
O pMYD315-1, II Z28]a pMYD316—1, 117} 3+ ol Zvtg 2]o}E 50 mg/L rifampicina}
50 mg/L kanamycin®] 7} LB wjX]oll HZF3sld 28°C, G dAE uj 7)ol A
shF F¢ Wittt dAE e 71E ol&ste] ot EubE 2ol AEREE EEld &
infiltration medium (10 mM MgCl2, 10 mM MES, 2% sucrose and 150 mg/L
acetosyringone, pH5.6)°l A #AE3}ATh. Agrobacterium HEH-2 OD600A] 0.39]
H == infiltration medium &2 3]43}a syringeS ©]-&3}9] infiltrationS 33 AT}
O SyringeZ ©]&3} direction injectione 4—6 F A% A& Nicotiana benthamiana®
Qo] S Btegol g S FALY] vl Qlo] FAVIE FATOEN FP A
TMV based vectorell A Yd=o] = heavy chain®} PVX based vectorol]l 4+ = o]
A= light chain Z12]31 PVX based vectorel A= o] A+ heavy chain®} TMV
based vectorol] A4 o] A= light chain®] &3 g g]ol degA e z74zte] AT
2709 AEA9 3709 Yol agroinfiltration FRo™, 22 C, 18A|7F B, 647+
AdEle] 240 11Y &t AASIA AL, infiltation $ 5,8 283 11€l 2479
= Tgste dulds Eeeain

HQ

@ EARYESZA BA (SDS—PAGESF Western blot analysis)

OAnti—CCP A9 TS &Qletr] flet] AIZPEE 53 agroinfiltration ®
HomRE A @idS FE3 F Bradford's methodS A&} G FFstAtt
(Bradford 1976). 5 pgo] A @@ A2 Laemmli (1970)¢] ®Hol 7]|x3t4
non—reducing condition®] A 10 % ¢} reducing condition® A2 12 % & Z+Z+9] poly
arcrylamide gel& o] &3} SDS—PAGEES $3)3le] EaEgon, 2ag gdwzase
Coomassie's brilliant blued] 23t G231 71A|8} H AT}

O Western blot analysisES F3§3}7] 93} acrylamide geld|lA E&¥ @z E Lo
Hybond—C membrane (Amersham)ol] 15VE 30% =2t electro—blotting A]Z1 ¥ TBST
buffer (100mM Tris pH 7.5, 0.9% NaCl, 0.1%Tween 20)°] 10% skim milk= <F
16217t A= blockingd}$3t. MembraneS TBST bufferZ 3% 2L & Anti—mouse

m

IgG (whole) alkaline phosphatase conjugated (A3562, Sigma), anti—mouse 1gG
(¥—chain specific) alkaline phosphatase conjugated (A3438, Sigma) 1&]1l
monoclonal anti—mouse kappa light chain (K2132, Sigma) &< 5% skim milk7}
¥3tE TBST bufferdl] 1:7,0000.2 3] Asle] HA2o|A 2A)17F FoF Hk-8-5F T}
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TBST buffer2 33%], TMN buffer (100mM Tris pH 9.5, 100mM NaCl, 5mM
MgCl2)Z 13] A% 3+ 39 5—bromo—4—chloro—3—indolylphosphate (BCIP)<}
nitro blue tetrazolium (NBT)2.Z TMN bufferol A &3} T},

() 7234 2 nz
D Anti—CCP &4 9] transient expression vector®] =Y
O TMV based vector?l pMYV150 (28 327—-3—1)°] A3AF71 23 3HFE CCP A9

heavy chain® light chain Z+Z}S Bsa I siteE o] &3t 4rdsted pMYD316—13%
pMYD315—-1¢2 HWH3H o™, PVX based vector?! pMYV170(1¥ 327-3—-1)9l CCP
A 9] heavy chain# light chaing Z+z} 4Fiste] pMYD316—119F pMYD315—-112
sttt (298 327-3-2, 327-3-3). 72| E. colidFE agroifiltrationS 13}
agrobacterium (strain GV310109¢] &&A A3 3T}

pMYV150 pMYV170

EcoRI
EcoRI

Bsal

i
-t = W
RB Atte 2 3 =

=

b}
a T LB RB At LB
|| LacZa []J—{ P 3 |va ntr }—‘

< 19 327-3—1. ATl AFEE TMV based vector (pMYV150)¢} PVX based vector (pMYV170) >

——Bsal

315/31180 AE
2 1 PCM

< 1189 327—3—2. Monoclonal CCP antibody®] light chain %2 TMV based vector
(pMYV150)9} PVX based vector (pMYV170)2¢°] 24 >

< 1% 327—-3-3. Monoclonal CCP antibody® heavy chain % %}2] TMV based vector
(pMYV150)¢} PVX based vector (pMYV170)Z29] 214 >
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@ Agroinfiltration& ©]-&g 2 H& 3 Western blot analysisE ©]-&3gh &d &<l
O &Aoo 4-6F F= A N. benthamiana 2 EAE ©]83}] anti—CCP & <] heavy
chain®} light chain®] B8-S 3013} 7] 9)5e] FAuIES A3 FA]E o] &35}

% SWe] olazutg ol &3 A FYstArE. TMV based vectorell 247}
AFd & light chain (pMYD315—1)3} heavy chain (pMYD316—1) 128]3 PVX based vector
A9 light chain (pMYD315-11)¢} heavy chain (pMYD316—11) 2] Z}Z}+<]
ol12 4y ] o}E infiltrations ¢ & 897 11494 IS St dd #4&
33ttt 2 A3 reducing conditionol Al theF 25 kDa9] light chain¥} th=F 55
kDaoll Al heavy chain®o] HaE AL 32159 2™, non—reducing condition®] A light
chain®} heavy chain ZtZ}o] assemblyS HAst= AL A3 3T (1" 327-3—-4).
B 2% A3E &3] monoclonal antibody CCP9] light chain® heavy chain©]

Nicotiana benthamianaol X <t@ Ao 2 WHE= AL st

Reducing
Lc HC
TMV PVX TMY PVX TMV PVX
NC B 11 8 118 11 (dpd

< 119 327-3—4. N.benthamiana®l~ monoclonal antibody CCP9] heavy cahin®}
light chain®] ¥&d &<l >

(2) @3A<l transient expression system =
b 74T FARE
D CCP A9 11ddS 913k 34491 transient expression system 73
O 3xpd=d] FHH anti—-CCPEA 128 24S o]§3te] ofazute glolE 50mg/L
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rifampicin® 50 mg/L kanamycin®] J7}8 LB v Ao HE3sle] 28°C, A eje] dE
HjF 710l A 3t E< wi etk AR 7S o] &3t of1EubE glo} A ERFS
23 & infiltration medium (10 mM MgCl2, 10 mM MES, 2% sucrose and 150 mg/L
acetosyringone, pH5.6)°] & e &gl Agrobacterium AEHL OD600 A 0.39]
% 2 infiltration medium .2 3]A43}] syringeES ©]-&3lY infiltrations 43§ 3} A Th.
Agroinfiltration2 4—6 & A% Ae Nicotiana benthamianas ©)-83F] 3 = A}
TMV based vectordl]l A= o] A+ heavy chain(pMYD316)3 TMV based vector®l
AFlso) 9l light chain(pMYD315), PVX based vectorel 4= o] & heavy
chain(pMYD322)3 PVX based vectorol]l A= o] I+ light chain(pMYD321), TMV
based vectorel] A Y=o = heavy chain®} PVX based vectordll A4 Y4E o A+ light
chain Z18]31 PVX based vectoro] A= o] I+ heavy chain® TMV based
vectord] A Y=o = light chain®] &3t dhe|2lo} degte 7tz 2719 27]9
AEA 9 379 Aol agroinfiltration HReW, 22 C, 18A17F B, 6417 e 9
A 7Y TS AASIRAAL, Azt AE st dA S F7 9 westen
blot& &3 AT 2ZA o)A BHFFE H assemblyE FAstith 7HE =&
H2L2 whole antibody ¥dES Hol&= PVX—-LC, TMV—-HCE o] &39S W heavy
chain®} light chain®] 7Fg £& HHAES Hole AIZHS AAst7] 98l infiltration $&
5,7, 994 A He 2ol U& FEst] diAdSs £ stk EgH Anti—CCP A 9
A TES AR ofamvbH 2ol A FEE ZAstarxt 0D6001A 0.3, 0.6

83 0.9 23 3 infiltrationS $33FF T VacuumE ©]83F vacuum
infiltration AA A EAE s A+ Fol Lol A FA 14 & sis

FIF oA 5LY 4719 ofagutH 2ol o] WUV EF g ¥ —90 kPaolA 1#
& vacuumE ZojA G <tol] Y= Z|EE wE & AW vacuumS EF —10
kpa 7hA] ot ol ol gulH o} A o] AEAH Y 9 o R IFHE AS
o o2 &9l & 4 At} Vacuumol| 93} infiltration © &A= 22 C, 18A%F

, 6A17F e o] Ao wiE A, 3,5,7 2 9YA A B Y& F3Eto]
JZJEH FA A A71E AAS] 9k 40 AFEsEA T

Q EAYESZA A (SDS—-PAGES Western blot analysis)
O Anti—CCP &A9] wdS &R135t7] 98t A|ZPEZ 4=33) agroinfiltration © &l

FZ3F & Bradford methodES AF&-3le] A3t
(Bradford 1976). 5 pg®] HA &AL Laemmli (1970)9] ®Rol] 7]Z 3}k
non—reducing condition®| A 10 % ¢} reducing condition®| X< 12% <] 2 —}4 poly
arcrylamide gel& ©]83}o] SDS—-PAGEE 33le] B Ao, Eod dydss
Coomassie brilliant bluedl] &3t AA =31 7}A]3 EHRAY;. Western blot analysisS

=
Yo ERE MA @iES

ay
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F3st7] Y5t acrylamide gelol A EEd @A S Hybond—C membrane
(Amersham)ol 15VE 30% 59t electro—blotting A7l 3 TBST buffer (100mM Tris pH
7.5, 0.9% NaCl, 0.1%Tween 20)°ll 10% skim milk®Z °F 16A]Zt A= blocking3d 4t}
Membranes TBST buffer®2 3 A& & Anti—mouse IgG (whole) alkaline phosphatase
conjugated (A3562, Sigma), anti—mouse IgG (kappa—chain specific) alkaline phosphatase
conjugated (SAB3701215, Sigma) 18|31 anti—mouse IgG (gamma—chain specific) alkaline
phosphatase conjugated(A3438, Sigma) 5= 5% skim milk7} 23+ TBST bufferol
1:7,0002. 2 343to] AeolA 247t Tk vE-&aF AT TBST buffer® 33], TMN buffer
(100mM Tris pH 9.5, 100mM NaCl, 5mM MgCI2)Z 13] AlF 3 Fo
5—bromo—4—chloro—3—indolylphosphate (BCIP)<} nitro blue tetrazolium (NBT)2.2 TMN
bufferol] A 2213} ).

@ Affinity chromatographyS ©]&3F anti—CCP &A1 2] A A

O Anti—CCP ZAE Aitete Fulel W ARG 2R E AES FRIT & ASTOI=E
filtrationd}o] soupS E&dt] 4= g+ & PBS bufferd] A sodium phosphate
buffer2 4 3AH. F4& 3t o vjYgA S Protein G column (GE Healthcare)<
2%+ BioLogic LP, chromatography system (BIO—RAD)S o]&3}o] tf&3 7+
HH o 2 AA AT, Columne 20 mM sodium phosphate buffer (pH 7.0)%
washing 3+ & sampleS loadingdtal ©A] 20 mM sodium phosphate buffer (pH
7.0)Z washing 3t SampleS washingdt ol & Tl dS E2sl7] 95t
0.1 M glycine—HCIl (pH 2.7)E o]&3}d elution 3ttt At a2 elution F
Fol g pHE TR BtF7] Aall vlg EHlslES 1 M Tris—HCl (pH 9.0)&
1/10 volume 22 tubeol eluteE 4131 HAE A= fraction B2 SDS—PAGEH}

Western blot analysisE® 433} it}

(W) d+2% ¢ vz
@ Vector 2% W& anti—CCPEANS Id 47 &2 9 assembly &<l
O Anti—CCP&A| 2] A4tel] o] HAQI vectord] 23 % o]wj2] &A assembly JFE
¢rolr 7] 93t pMYD316, 315, 322 18]a 3215 Z+7t %33} Heavy chain¥ light
chaine] @& o] &3l R FY ZZAAA infiltration ¥ 74A] HE ol
F33te] dmAdS & 2 western blot 3H Y7+ 9] anti—CCPEA &d 55
Hl st ok 2 23 PVX based vectoroll 44 heavy chain (pMYD322)3} TMV based
vectorel]l AY ¥ light chain (pMYD315) Z:th% o] &3lUES w A EA ] AZsHA]
< FFS AUAN P =S 59 H2L2¥E 9] anti—CCPRAIZF Tdd S
59Tt (18 327-3-5, 327—3-6).

l"

m[o

>,

o g§o
o
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@ Anti—CCP & <]
O Anti—CCP &4 ¢

17 Feb-0dpi

< 9 327-3-5. Vector 2§ w&

M P

?O.-.
55— —

Non- Reducmg 0

Reducing—

3y
PVX based vectorel] 4

light chain (pMYD315) %

3 ES 9
1
1_

23 Feb-6dpi

24 Feb-7dpi

I=TMV-LC & TMV-HC
I=PVX-LC & PVX-HC
M=TMV-LC & PVX-HC
IV=PVX-LC & TMV-HC

TMV: Tomate Mosaic Virus
PVX: Potato Virus X

HC: Heavy Chain
LC: Light Chain

Aol 9 >

SDs- PAGE Western
CNCI kDaMPCNCInmN
170 — 2H2L
130
100
70_
55
40
35
EEES ;
kDa
g g 170
mooem o
100
70 .
55 +=HE
40
I"li >
25
ERess
15
kDa
130
100
70
55
40
35
25 p— -_—LC
15
£ anti—CCP A9 &8 = 2 assembly&l >

< 118 327-3-6. Vector 29

3t

R
o
=

ipal

282

A ola=zvte| o} dgH
£k
heavy chain (pMYD322)3 TM

&34l infiltration §<

Aestart. ob1 2t o}

2 39l

Al

v
kil

FollM =

el

golo] F%Z= OD600

wats] g A
b

ased vectorol] 4
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0.3, 0.6 18|31 0.92
83t 5,8 183 1194
FystATh 2 A3 ol 2 e g o}

=~

o]

whole antibody B]$-9]

doH R =4 YEUe

grE 3 syringes ©|-&3to] &) o SWHo) agorinfiltrationS
QS sty SDS—PAGE ¢ Western blot analysis&
HEr =

L e O

OD600 0.39]4 H2L2¢] CCP
AL F AAY (29 327-3-7),

Non-Reducing Reducing
Heavy +Light Light chain Heavy chain

0906 03PCM PCNCO0.306 09

M PCNCO03 0609

SDS-PAGE

| —
—

ol

EEETIED

Bl e ==

- B8
WB =

I[C—> %

< 9 327-3-7. o} E Htg|glo} HE N Fro] i anti—CCPEA| 9] itd =4

@ Anti—CCP A9 11
O Anti—CCP &Aje] 11
T o AE S
PVX based vector®l
light chain (pMYD315) Z3<&

4

FEE 0D600 0.6o2 A3
S 98] vacuum infiltrationS {3 2L F7] 93)
eavy chain (pMYD322)3 TMV based vectoroll 4t¥
Aelste] Anti—CCP &A7F HU2 AE s A7E
ARste APS T8 4-6F BE AW Nbenthamiana 21 EAE ©]-&3t
syringe infiltrationS 438 & 3, 5, 7 183 99 FF vt 3 F AER AEA S
T35t Hu HdFS glstr] 913 SDS—-PAGE®} Western blot analysis&
sttt (27 327-3-8). o 2ute g} #EH o F=7F OD600 0.394]
Agroinfiltrations 33 $ A=A FHE &2 & AF vif 7Y o]F FH=
A& o o] w35+ HAo] BFEQTh Western blot analysisE 33t 2=}
Anti—CCP @A) &do] 5 o] FHH F718ty] AlAsslon, 794 Ao 2dFE
Hole A& Flstdth. ¥HA, vacuum infiltrationA ol 5QolA 79X Y &
Heavy chain® Light chaino] &<21= a1, H2L2 ZH A+ 543 74 A A9
Foz FAFAY (18 327-3-9). o] whe} Anti—CCP A di&F S 9

agroinfiltration FHC 2+ ol Zdtg g ol 8N F% OD600 0.3°914 vacuum

=

L —

.
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infiltration %

Non- Reducing

l'r
|

Reducing

<«—HC

< 219 327—-3-8. Agroinfiltration 3 8] A] 7+l

Non- Reducing
M OB NC 2 & X

< 9 327-3-9. vacuum infiltration % Hj

Reducing
9O M BLNC 25 79

o - -
S i
- o4
-—l s
- -
-
-

oF A7t W anti—CCP&HA| 9] 32-d

z=

2 anti—-CCP&A o] merd =7

il

J U

H >
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@ A EF anti-CCPIA 9] HA A T

FATA3 e 1 B 2305w FEAS W Al A XS Fol gle
Wz ol A 9 Fot vkt & wjgFNS 4273} proteinG affinity chromatography =
o] &35l A& F# anti—CCP AE £ A3 Non—reducing ] ol A
SDS—-PAGEE 83t A3 whole assembly Fe) ] 2H2L <] anti—CCP A7} o 2F 85%
TEE Y A @ AS AT (2" 327-3-10).

70 iy - =l e
@) 2 . !
40— —
5
(B) 70

SDS-PAGE (8%) and Western blot analysis

< 19 327-3-10. Protein G affinity chromatography 2 ©]-&3F 2 &&2 anti—CCP&A| 9] &34 >

@ 2= & anti—-CCP A9 3o A &2l
O ProteinG affinity chromatographyE &3l £ dA @ =73 anti—-CCP FA=

filaggrin 219 4 CCP #E}o]= (Girbal—Neuhauser E et al., 1996)2} 19 th =<l
CRP #Helol=olo] AeE S SDS—PAGES} Western blot analysisZ 35t &213} 9t
(29 327-3-11A, B, C Z18]3L D). SDS—-PAGEE 33l 7]o] H33t CCP HElo] =9
Z2 Dot blotS 3t g 2 pgo 2 AFHJoH, 2 EFH 2 FAH anti—CCP
A E Lap g2 AFEste] SDS—PAGES} Western blot analysisE 43§ 3+ 23}
A =8 anti—-CCP FA|7} FHo = ARES 44 CCP A etol=9} Agsto] e
2.3kDaol A WI=7F Yeh= 28 skt W CRP Jefo|=9k= A9shA] ¥e
Ag FdstAdt (28 327-3-11C ¢} D). =3 ELISAS Fsto] F 7He] Zdo]Eq
stvt= CCPHEol=2 I"” S stal & b= CRP JEo|=E I"H S 3 £
A2@¥s AE71HEQ FIEH Y F Ad aF dFAZHRY 22 12G1 hybridoma cell
culture medium (Kim Y et al., 2015), anti—CCP&A F3#7} & ® CHO M=
Wit AEF2 anti-CCP A S I FA=E vFSAIZHS o EH 2 ARgS
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Hk-g-o] eh}A]

FXAT G Al 7HA 23 &

A Gt (19 327-3-11E9} F). 919 2 AFd= A=/ anti—-CCP IAE
THY 27 AGS AT 71E AR FAZ AHEE F deS A
@ Antigen Amino Acid Sequence

Filaggrin-derived CCP

HQCHQESTX*GRSRGRCGRSGS

CRP HQCHQESTRGRSRGRCGRSGS
*X standsforcitrulline, forming a chemical bond between the two underlined “C7s.
CCP peptide 20 10 02 0 (ug) o . CCP coating
(B) [} o =4 —e—CHO
g 12 —o— Rice
z —8— Hybridoma (12G1)
CRP cce T 081 =N
-+ M+ - 3
> m .« Zoo
18 =
0 ; . . . : :
(©) - 1 2 4 8 6 R
46 Reciprocal dilution
CRPF — < CCP
(2.3 kDa) L7 @3 g . CRP coating
> ol < -
o] = 124 —— CHO
0 § —o— Rire
D) = osd —=— Hyhridona (12CT)
4% E ' —O—NC
B
= <CCP g8 047
W exwwy S Begefem s
0 . . : : : :

Xl E. O

< ¥ 327-3-11. A&

-

4 8
Reciprocal dilution

o

-

& anti—CCP&A <} Je=e] A% &2l >
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3—2-8. A& 87 PNGase A Ai7)& &

. B YA EE o]8&3 PNGase A A& 7
O QFFew : FEABTAT, A4

7b AR B8 2 A7AL IR E

(1) 22dS $3F PNGase A FA#e] Z& HZH 3}

@ Almond PNGase A §3#e] Z= HA3 2 412 34

(2) PNGase A 2ra9 g Az 2 A3}

O ¥ dgMx 5oy ZZREE o] &3 PNGase A 1UH A ETHME 9 A2}

@ dgAE F=

(4) 2] &3 PNGase A9 A58tz £A:
@ PNGase A &4 4

U ARATY R854 (BeAy)

O HZ vpol A edF e Easd A9 #4lo] HopAEA A=fd 2

ZEAERH FERAY] FEA AFTE vl EEEA o] FoAAL U

O A& da9d FFZ2% Fucoses} XyloseE Xg3ta Jdorz vAE F
PNGase Foll 9ate] Aeto] A gfo} RF=EA] AEfef G492 PNGase AS
AFg3tedoF Aol H(Altman et al.,, 1998, Eur. J. Biochem. 252, 118—123)
719k 2ol ot FA4SHA kst e @ Aoy dAAle A ol =ollA
FE3t AFEtEE wl$ 7H309HE/ImIU) o]B2 AxF Tl d 2 x o] Aito]
olFolAl= FA At rhesitial At
O B AFE= AE viral vectorE ©]83F PNGase A2l A7 |&S /sty 95

e

g

o

- 248 -




.

(1) 2HEE 93 PNGase A §7

FaTAE sFRE 2 &
]:‘lE %

(7h) == %3 PNGaseA 32 24 5 94

O PNGaseA #8045 @Ay i@ A9l wol A wasts] Aste] Fa4 £42
N B }

TPt & Aol
Frefolw, e o A
Fo] v& AFol= AHE-3t= codon usage?% i}°1°ﬂ osf, B oM Yo Nxg
AH&E = codon usageZt HF FAAl AMEHIS A, T A @A iy
88 T AUt Goldtta Haxo] gloema PNGaseAd codon usages

Bl R gkt). Wol A AFE-E o] A= codon usage= http://www.kazusa.or.jp/codon/ 2]
databaseo Al A|&3= Oryza sativa H°|HE Fasle] 243190

O 9 328—1-194 & & 5%o] XFHo o} st FU7IMEL HF2Mo 2 HASAT.

I A, B2 AFERIE ] codone A mature peptide codon 57170F 250 &, o]=
AA codon?] oF 43.7%°N 3= ATk

O AA7F 5= olgde dAV|E vlEo w2 FHAXE LA HTH

=] 15 =7 =1 = a5 54

GAE Cos .ﬁ.%g CCa Wi E% GAE AT E‘g-';. DA AT Egnﬁ TTI: TTI: E% GETC ACC -';.SBE

CCT AT Gas GTE CCT Aa8G ACC A40 DG TET TOo CAaEg ST AT CIE CAaE CAT Eac

11% 15 135 144 153 152

TTE G TAC ACS TAT GEC CAas GRT CCA GTC TTE GO AM0 TAC ACT CCOT CCT TCC

171 10 159 195 =207 =216

Gall TET COE TCOT CaE A0 TTC TCOC ACC AT GTC CTEC Gas TGEE &A86G GCT ACC TEC

=25 =54 =45 =52 =61 =50

AGS DEC AGS CAE TTIC GAT ABEG AT TTC GGET GTE TG0 CTLE GGET GGTE GTT G&G AT

=g =i =g = ] =) J15 b g |

CTC AGE AGL TGEC ACAS GhA Gad CCA AGA COT A48T GELC ATC GTC TEHF ACT GTC GAG

DG S 551 b= =10 Sed PN =]

ABE G0 AT A0S A6 TAH0 TAD ToS CTE ST 84805 AL A4 CAaE ACS CTT GCRE GTE

SaET pe1= S 405 414 4205 4.5

TAT CTT GO A4 TTG AT CGAal AdE ACC TAC ACT CGOC AT TAT CAT GOTGE &3 ATIC

a1 [a1=n] 459 LY =1 ) 4777 fat=] =)

AGEE CTT CAT TTC TAC COT GO AMG GAGE AS8E TTGE AS&KT TOT TTC CAS CAE ANE TTE

495 S0 515 52 531 540

GAL A4 TTE GO TOT GEE TAC CAL TRT TEHG GLET GAT TTGE AT TTE CCA AT TCOGE

549 555 [=1 = 576 =1 594

AEE AT CTS COE TTE AAT GA GG TTE TEG TTE GAGS GTT LA Ad0 TR &A58T Al

ST ps) [ = [SP=l | 530 [SPs.=] [ST =]

A0 GaEG TTIG ASs0 Gas TIC &80 ATT CCA CAG AT GO TALD AGHR CGCT GTG TTG0 GAG

557 [S]= 5] == BS54 [=1= 5 o=

GTE TAT GETEH TCOLC TTE CAL GAG A48T GAT GaE TTC TGGE TALC TCoA A48T CTT CCT A48

711 e g pesl=] hek 1 hrl=1=1

GAGE Tac AT GLT G AM0 A480 DT AGD GGELE ACS CCA GG AT GEG CCT TTEE AGA

p=1=] o =) a2 [=]m)| 910

GAaG GTEH GTGE GTC AG0E CIE GAT GGET GAG GTGE GTT GET GoA GTC TE5 CCOT TTIEE ACT

S19 f= s [P S45 f=1=5 SE54

GTE AT TTC ACT GGEA GEE ATC ASAT CCT ST TTE TGE AGS CCAa AT ACT GCE ATT

[=irde] [=l== =91 [=[n]n] (=] =] 918

GEC Tos TTD GAT CTT COE ACT TaA GAT ATC GaE AT ACS CCA TTE DTC GG 44805

b= P = b = 945 =L ) =] h= e

ATIC TTEH GAT GGEE ASAG ADC CAC ASAG0 TITC GG TTC A48T GTD ACS A80 GOC TTE AMC

951 [SI=n] 999 10035 101°% 10265

GTIE TEE TAC GTIZ GAT GO ALA TTE CAT CTIE TEGE TTE GAL A48E CA5 AGD A0S S84815

1035 1044 1055 1a52 1071 1as0

ACT Gty GELE ASE CTIC TS A8E CAT AGE AGC TTGE COT CTED GTE GTG ToC CTE GTE

10sg 10== 1o+ 1115 1125 11=4

TCE G TTD A GET_l T52IE et L5 ] GE[:_l .1'5.%.1'5. TTe: TTE_| ?%S SO0 ACS A0C A6 TEE_l ?%g

TCA TOEC ACE GEA TGG_I ETE AdGE TI::T1 5?% TAT GG[:_I SSE ATD ACS ACC CEIE TD[:_I 515

CAaE Gal TTE Tal T.ﬂ'.lj1 ol YN i TI::.ﬂ'.1 ggg ST I::TIZ:1 ggg AnE GAT GEE A8l .‘%TE1 %gg

AT GTL A80 CAE &80 AT AT TTR &80 CGAC TR GTE TALD AT AS80 DTEO CCA TOD

1514 1523 15352 13541 13550

TCC TAC GTEL CAC ToA CTE ACC ToA CAD AS8E ACC TTEC CCA TG TAC TTE TAC ACT

13559 1555 1377 15856 135355 1404

GAC TTL CTE GEAa Coad GEE AT GELE ACE TAD TTE TTE AT ACE ASC GTE GAC TTH

1413 14222 1431 1440 14449 1455

GCGa TTIE ATE GAG 4480 AS0 TCOT GGG TIG GG TTC TCOC: A0 AGC TOE: CTC AGE A8

1457 14 1455 1494 1512

CTG &G AGL GO GAG GEOS A40 ATG GILGC GTG A46G AALC A40 TTG GIC GTG AGE GGA

1521 1 1550 1545 5 1565

TTE BEAWNG AGL ACE CAGE CAG AT TALD AGE TAD GAT GGEI GGET 4486 TTC TELC TAC TTE

1575 1554 1595 1602 1611 15620

ACE A ATIC ACC A6 TS A8 TAC ACE AT CTC TADC GAC &80 GI6 GGE AGC et s L2 ]

1529 1532 1547 1555 158 [ =prd )

TEC A8C A48E A486E TC[:_I TTE T .'5"'5.[:1 %E? [T TTI::1 g'{g TTE AGC AGY CTG TGG CCT
TTE GG GO CEE ATE A8 TTE GOLE GET CTC CGE TTE ACET

< 19 328—1-1. ¥ Z= HAHF= 938 PNGaseA F-A A (AL 143 3 =07

e Yelel >
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(2) PNGase A 2@ E A= 2 FAAS

(7F) RAmy3D signal peptide(3Dsp)/PNGase A(Ndel) construct A%}t
O N-—glycanase (PNGase)+ Asnoll 233 g 2 o] N—glycan T AF&ES 7F54E3) 3=

aso|th (Suzuki et al., 2016). A& Eo]|& T AFE<Sl B(1,2)—xylose®} a(1,3)—fucose”}
EA 5=t PNGase F (N—glycosidase F)& tFE9 & Al&S €9

G 0]A W N—acetylglucosamined] 92 % a(1,3)—fucoses BF3I= %EE‘S}Z] 3}
(Tarentino et al., 1985). ¥I'H o} = 2 PNGase A= ©]d g 5
(Tretter et al., 1991).

O Overlap PCRE %3 RAmy3D signal peptide (3Dsp)/PNGase A(Ndel)/construct #| %+
- B Ao es ¥ dAGAE vjSS 53 o= {2 PNGase A @A S v =
BolA A 188 A 71312 9T ol2 = §8 PNGase A sequenceE WA Ho|
3l codon optimizationS 433+ &, 3'—region®] His6 tag¥ Kpnl enzyme siteZ
3Z3hgk 1740bpell thate] Genotecholl 3%} &S o=t FHAE FH st
353 RAmy3D signal peptide (3Dsp)®} PNGase A(Ndel)©¥#H-& fusion Al7]7] €3l

}7to] @ HE S overlap PCRE 43 3}o] 3Dsp/PNGase A 5 —20bp, 3Dsp
3’—=20bp/PNGase A(Ndel) 2709 @HE A|Z3AT (L8 328—1-2A).

— Z}Z} 9] band¥E elution 3t fusion Al7]17] $3] 2cycle PCRS 43 & A=
product® PCR ZZ& 3} 279bpol 3l @3t 3Dsp/PNGase A(Ndel) ©HE
R (18 328—1—-2B). T—vectordl 1igation S TOP109) transformations}<d

53 24709 white F2YEXE DNAE F= F BamHI/Ndelo 2 Asta i =23t
A3 oF 300bpol A band7F &<l HJA (29 328—-1-3) 1 F 6719
colony(#4,6,8,18,19,24)2 #3}o] sequencingS 2] #3to] cloning o #Z <183t
O A3 F2Y 49, 61, 8] sequence’} 100% EX3t= AL &9 ¥ F2Y
4HS pIKS1052 W3ttt (28 328—1-4).

N

A. Fragment i 1 Fragmant ¥ I g

S0up $Dwp 8 -20bp

FHiGazs & §'-10bp PriGace Afhdaf] 1Dup/PHiGase A(Nde=l)

w—  Eluticn

< 1% 328—1-2. 3Dsp/PNGase A(Ndel) ©¢H SR E 93 F2Y >
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Enzyme digestion: BamHl+MNdel
IDsp/PNGase A(Mdel)

1 2 3 4 5 6 7 8 910 1231314 1516 17 18 1% 20 21 22 23 24

< 719 328—1-3. 3Dsp/PNGase A(Ndel) 32 21& w3Hg Az >

B. pJKS105 plasmid map

| o]
| Aaill

| plKS105
| 3285 bp

< 1% 328—1—4. 3Dsp/PNGase A(Ndel) #+dA7F 444 plsamid >

(Y}) RAmy3D signal peptide(3Dsp)/PNGase A/His6 construct A|2}

O 3Dsp/PNGase A(Ndel) fragment3‘—region-%5E U # ] PNGase A9} His6=2 £9]7]
23] PNGase A9} His6o] EgE o] = pJKS104 ZFHE (Ndel)PNGase A/His62
Ndel+Sacle. 2 A3E A XS st 1620bp =719 fragmentS FH 3}, vectorE
AFE- 5= pJKS105 plasmid®] PNGase A(Ndel) 3'—regione Ndel+Saclo & A|3a i
1 8]3}e] fragmentE FH G (19 328—1-5A). Z+2}9] vector fragment®} insert
fragmentE ligation 4733+ & TOP10°] FAAZ ATt FAA7F 3= Hf 2] A
A& 224U 11702 colony PCRES F33te] S22 2, 3, 61, 79, 9o A] <
1887bp¥] band7} EJAHAY (28 328—1-5B). o] & 2W, 3¥, 69, 7H F2YE
# sk BamHI+Kpnl(3Dsp/PNGase A/His6 +%12F vl &21) 2 Bgl II(PNGase A fr 2}
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gel)9] 27kA] W o2 AFa A A ste] 22 3015bp/1887bp, 612bpe] band S
St (19 328—1-6), E2Y 2W& pJKS106°]2t Wtk (2¥ 328—-1-7).

A. Enzyme digestion: Ndel/Sacl B. Colony PCR: 3Dsp/PNGase A/His6

Vector Insert 1 2 3 4 5 6 7 8 9 10 11

Elution

< 1% 328—1-5. 3Dsp/PNGase A/His6 ©@#H r

il
do
&
iy
f
ol
Y,

Restriction enzyme mapping
3Dsp/PNGase A/His6
M 1 2 3 4 5

6 7 8

M : Fermentas 1kb ladder

Lane 1. colony #2 BamHI+Kpnl (BK)
Lane 2: colony #2 Bgill

Lane 3: colony #3 BK

Lane 4: colony #3 Bglll

Lane 5: colony #6 BK

Lane 6: colony #6 Bglll

Lane 7: colony #7 BK

Lane 8: colony #7 Bglll

< 1% 328—1-6. 3Dsp/PNGase A/His6 22 A& LA A2 >

pJKS106 plasmid map

P
S Amg

ACEpPMGRSEAMHE

pJES108
AD0F bp

"~ Ecarv, 1009
.
Bygiil, 1065
Y
N, Aeel 1425
L g \
" bl Bgmaers
| Baixi
\ Epel
| (el
| Sael
| Bt
| Mait

< 18 328—1-7. 3Dsp/PNGase A/His6 @27} 419 plsamid >
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(t}h) RAmy3D promoterES ¥3+3F 3Dsp/PNGase A/His6 construct 2a ®E A2}

O 27 449 1948 5= 95t RAmy3D promoterE AF&3F12 RAmy3D signal
peptide(3Dsp) & AH&sto] Hxguld o] 1] 885 ¢ %°|7] 948t RAmy3D
promoter/3Dsp/PNGase A/His6 constructS A Z3slax} st th. Vector® AR
pCAMBIA1300—based plasmid®} insert® AF&E pJKS106 plasmid DNAEZ
BamHI+Kpnl 2 A& g & 24749 bandE gel elution 3t} (29
328—1-8A). Ligation& F&3}i TOP10o] FAAE & & F 471 FAA A4
ZEYE g5 2 2Y AEE &7] 98] BamHI+Kpnle 2 AFdFa s A2t 23,
=24 2ol ¢F 1.9kbol | Fst= bandE &< ¥ (28 328—1-8B) 2 S 249
sl HE AHES 938 AFa A mappingS 339 HindIII+EcoRI(RAmy3D
promoter/3Dsp/PNGase A/His6/3’UTR 22} v &<1)3 BamHI+Kpnl(3Dsp/PNGase
A/His6 FHAF 49) &<1), 18] BglII(PNGase A A& &21)9] 3714 WHo =

Agtaa A2 A, 242+ 3260bp, 1887bp, 612bpE Y X|3t= =719 bandE

R15tA T (19 328—1-9A), F2Y 2¥-& pJKS1070]2} Wittt (18 328—1-9B).

1

A. Enzyme digestion: BamHI+Kpnl B. Enzyme digestion: BamHI+Kpnl

RAmy3D pro/3Dsp/PNGase A/His6

Insert Vector

+— Elution

< 19 328—1—-8. RAmy3D promoter/3Dsp/PNGase A/His6 ©@¥H 3HE 3 F2 >

A. Restriction enzyme mapping B. pJKS107 plasmid map
RAmMy3D pro/3Dsp/PNGase A/HisG

fkh) FEoR kol Sact

B P b

[=N -1

< 19 328—1-9. RAmy3D promoter/3Dsp/PNGase A/His6 7} AYH A& 23] wg >
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(2h) AEddEwy (pJKS107)9] Agrobacterium & AAS

O 7] &x3k pJKS107 A& WEE tri—parental mating WH 2 Agrobacterium
tumetaciens LBA4404 o] FAAZ sl om gFu iy shvtuto]slo] E3kE uj) %] ol A
A 97 o] Z2YE A¥slr] Y3l colony PCRE $3 3t Positive control-2
pJKS107 plasmid DNAE A}83} 3l negative controle LBA4404 non—transformed
cell& AFE-3IH Y. 3Dsp/PNG FoF PNG(H6) R1 primer® annealing temp: 53T
28cycle®] Z71° 2 colony PCR AR S 3 A3} F2Y #1-9 EF PNGase Aol
s FaE bandE Qe Ha (28 328—-1-10), F2Y 3HE pJKS107(LBA4404)e}
B skt

pJKS107 : LBA4404 transformation
M PC NC 1 2 3 4 5 & ¥ 4 8 9

ki

A : Fermentas 100b ladder
PC : pJKS107 plasmid DNA

NC : LBAL4D4 nan-transformed cel

< 1% 328—1—-10. RAmy3D promoter/3Dsp/PNGase A/His6(pJKS107)2] LBA4404 A A% >

(v}) 5'UTR/3Dsp/PNGase A(Ndel) construct A%+
O PNGase A translation®] &8 H5 =0]7] 93l 3Dsp/PNGase A/His®] 5 —region®l
untranslation regione F7} EY¢st= ZA S 3 . Yol AFHAUY pJKS106
(3Dsp/PNGase A/His6)2] plasmid DNAE template® ©]-83}4] annealing =% 55C,
58C, 60C 37}A =7 & PCR 3+ A3}, 5UTR/3Dsp/PNGase A (Ndel)ol| & 3st+=
2719] bandE &< ATt (28 328—1—-11A). ©] bandZ gel elutionS F3l FA 3
% ligationS F=343t3L TOP109] FAAES 1}

O FAA AIAdS 717 F 247019 white S2YE 531 PCRER 23, E&
FZYo| A 5UTR/3Dsp/PNGase A(Ndel) A=A}l sjE3st= =719 bandE &<l
33 (2 328—1-11-B), #1-12 F2YZS amp A7 719 LBHIA ] 5ml
culture® stAh Z7+e] FE2UEREH F53 DNAE BamHI+Ndel AFELE
A8 23, g FZYA 5UTR/3Dsp/PNGase A(NdeD) ol 31@3t= bandS
golslda (298 328—1-12A) Y& 2w, 4¥, 9, 10¥, 11¥, 12 FEY
plasmid DNAE sequencing & & 3Att. 1 A3 2E 67 cell lineoll A sequence”}
gz slPgar o] F 9H FEYE pJKS1158 HHeATt (28 328—1-12B).
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A. 5'UTR/3Dsp/PNGase A(Ndel)  B. Coleny PCR : 5'UTR/3Dsp/PNGase A(Ndel)
1kb 55°C 60°C 1kb colony #1 - #24

05

R

< 18 328—1-11. 5UTR/3Dsp/PNGase A(Ndel) ©#H R E 93 229 >

A. Enzyme digestion: BamHI+Ndel B. pJK5115 plasmid map
5'UTR/3Dsp/PNGase A(Ndel}

kb 1 2 3 4 5 6 7 8 9 10 11 1kb 12

< 1% 328—1-12. 5’'UTR/3Dsp/PNGase A(Ndel) F&A7} A4 & plasmid >

(¥}) 5’'UTR/3Dsp/PNGase A/His6 construct A2}

O pJKS115 plasmid9] 5UTR/3Dsp/PNGase A(Ndel)¢} ¢toll AF5H AW pJKS1069)
PNGaseA/His6S fusion A]7]17] Y3l Astai *2]H pJKS115(Ndel/Sacl)E vector®
ARS8t pJKS106 (Ndel/Sacl)$ insert® ARttt (198 328—1—-13A). Z+7z+9]
fragmentE ligation =83} TOP10o] FAHZ & FAA 7} E3HE v x| oA 2
Z2Y 37/0E #Hst Ndel+BamHI(5'UTR/3Dsp/PNGase A/His6 A 4AF<d
51Q1,234bp, 1619bp) AFEARE Hste] F2Y 75 It 1 A% =224
19, 2%, 3% 25 band Z7|7} 234bpe}t 1619bpell GRS RISt (1€
328—1-13B), 224 1WS pJKS1160]g BHEaI AT (18 328—1-14).

A. Enzyme digestion: Ndel+5acl

B. Enzyme digestion: Ndel+BamH1
S5'UTR/3Dsp/PNGase ASHis6

Vector Insert

(ki)

+=—Elution

[=1L =

O D0 e
B Ul

< 19 328—1-13. 5'UTR/3Dsp/PNGase A/His6 ©#H FIHE 93 224 >
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o
o EcoRy, 100s
Bgin. 1931

Wil 1643

il el Sack Baml Spel farx) Beofl Koni*

< 1% 328—1-14. 5UTR/3Dsp/PNGase A/His6 &AA7} 4] plsamid >

(A} RAmy3D promoterE X3}sh 5‘UTR/3Dsp/PNGase A/His6 construct 23 #g =%
O &2 9w A translation®] 2 885 93] AFE 5UTR/3Dsp/PNGase A/His6
fragmentE ©]7] AFEHAUH %31 FAAe] 18d fF =5 95k RAmy3D
promoter®} 3'UTRe] £33 E o] 9l pCAMBIA1300—based 21 & W3 W E F2Y
staA} (Y. VectorZ A8 pCAMBIA1300—based plasmid®} insert® A&
pJKS106 plasmid DNAS BamHI+KpnlC & Asta s &t & z+7+9] bandE gel
elution sF¥ Y (28 328—1—15A). Ligation 33}R 31 TOP10o] R3S & = 14719
FAA AFE F2EYUE 590 FE2Y PCRe st 14719 FE2Y F, ‘?i
11 247t dld =7]9) band7F &2 Ho] 12 A8 Y40 (29 328—1-15B).
O‘-‘ﬂi 11 F22UE M9 3] restriction enzyme mappings 3t 42 A
5 FHF #A37] 98t HindlII+EcoRI(RAmy3D promoter/5 UTR/PNGase
A/His6/3'UTR 2=} v 321, 3227bp), BamHI+Kpnl(5’'UTR/PNGase A/His6 &=}
AP <91, 1853bp), Xhol(PNGase A 49 <1,539bp,1077bp) 2] 3714 ¥Rl =

Agas AeAda, 247 sigst= 2719 bandE FASAL (2™ 328—1-16A),
F2Y 11HS pJKS1179)8F HHsAY (179 328—1-16B).
A ;.:zr?:;wlel g:’gni;!.tinn: B. Colony PCR : RAmy3D pro/5 UTR/3Dsp/PNGase A/His6/3' UTR

Insert M PC NC 1 2 3 4 5 6 7 8 9 10 11 12 13 14
(ki)

Q
&%

-
Elution

< 18 328—1-15. RAmy3D pro/5'UTR/3Dsp/PNGase A/His6 ©+#H IR E 93 24 >
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A. Restriction enzyme mapping B. pJK5117 plasmid map
RAmMy3D pro/5 UTR/3Dsp/PNGase A/Hisb
KD H B K Ao

il
0

M : Fermentas 1kb ladder sl s
Lane 1: colony #11 Hindl+EcoRl
Lane 2: colony #11 BamHi+Kpnl
Lane 3: colony #11 Xhal

.I
paKavTE AAmyao |

A55 polys
i 12557 bR

+H

/‘?'
. R
/

&

(ob) A& 2@ (pJKS117)¢] Agrobacterium B2

O A7) 813 pJKS117 A=943d WEE tri—parental mating WH O 2 Agrobacterium
tumetaciens LBA4404 o] FHAAZ stHow 2 Fuil Fhuepo]ile] E3E v x| A
A& 6712 F2YE A¥Es7] Y3l colony PCRE F83FTh. Positive control(PC):
pJKS117 plasmid DNA, negative control(NC): LBA4404 non—transformed cellS
AHE3FR 3L 5°UTR/3Dsp F primer®} PNG(Xhol) R primerE AF8-3}l4] annealing
temp: 58°C 25cycled] ZA2 & colony PCRE 334 tt. colony PCRE A3t
Ay, S2Y #1-4°14 5UTR/3Dsp/PNGase A (Xhol)ol| slldsl= F 660bp=a7]9]
bandE BQlsta (29 328-1-17) FEUY 1S pJKS117 (LBA4404)2}
By skt

pJKS117 : LBA4404 transformation
M PC NC 1 2 3 4

< 1% 328-1-17. RAmy3D promoter/5 UTR/3Dsp/PNGase A/His6(pJKS107)2] LBA4404
FAAS ()T FAA 2F A oA FEAAZ A A (S) >

(3) PNGase A 12td A AEA Fr
7hH 73 W&
(D Total RNA extraction & cDNA synthesis

- 257 -




O Agrombacterium= ©]-83 212 FAXAE WS AE-3te] hygromycin B7F 3 71H4€
B XA FEd ¥ AH2E AHESAL Tri—regent®} AAAALE 0] 831 total

RNAE FZ3}th 150ul DEPC waterol RNA pellet 59 & 555 Z439x 1
ANE vg o F 30ug®] RNAY DNaseE 37ColA 40E7F X235}
RNAE FE317] 9158l phenol extraction & EtOH precipitationg 4383} 3L
Purified RNA pelletg 40ul DEPC water®l] =9¢]3l nanodropl. & %

lul purified RNAE template® 3} oligo—dT primerES FH7}sf 70C o 4
denaturationg A A&} iced] 587 fixing 39t 18] Promega®l 1°° strand
cDNA synthesis kitZ ©]&3]4] annealing temp: 25°C 5min, synthesis temp: 42°C
lhr, RTase inactivation temp: 70C 15min®] ZH S 2 cDNAE A3t

@ Northern blot analysis

O Y AY22ZHE Tri—regent $HOE F=3F total RNAE AFE-3}e] RNA levelol A
a3 PNGase A elite lines A®3}7] 138 Northern blot analysisE G333t
Z+ZF 20ul®) total RNAZE formaldehyde gelol] 40 voltZ 3A1ZFAE loadingdled gel
leat™ 18S, 28S RNAZ 3}el13}l7] 98] EtBr stainingeS 33993 tE lea gel
positive charged nylon membrane®l transferg 4335} tF. Membraned] Transfer
RNAE= PNGase A probeE A}ME-3}4] hybridizationS G338t R L 1A 7F~4A] 7S]
exposure time Z7 2 & PNGase A RNA 3 EAS 3 sttt

@ Quantitative real—time PCR

O F7VA o2 Agrombacterium—mediated plant transformation W< £3lo] 853 A~
Z oA RNA levelollA] 12 & PNGase A elite line2 A¥3}7] 93l real—time PCR
(gPCR) WHE S35ttt 2219 A= cDNA 1ulZ template® AFE3R 1
normalized expression level= &<213}7] $]3} reference genel 2+ W actin
2 GeneBank: X15865.1)& AF&-3H . Actin forward: 5’—AGC TTC CTG ATG
GAC AGG TTA TC-3’, reverse: 5'—=ACC ACT GAG AAC GAT GTT GCC—3’primerE
o] &35l FE3519 3L, PNGase A= PNGase A(qPCR)_F: 5°'=TAA CGA GTA CAT CGC
TGC CAA C—3’, PNGase A(qPCR)_R: 5'=AAT GGT GTG ATC TCG ATA TCG TAA
G—3'& o] &3l Z=Z35YUT Real—time dyet SYBR Greeng AME 311, PCR
Z7& Pre—denaturation& 95C 15min®|™ denaturation 95°C 10sec, annealing 54C

15sec, synthesis 72C 30secE % 50cycleZ s} 3¥bEo 7 B A5 733}t

@ Suspension culture

O Northern blot analysis ¢} Real—time PCRES E3l A% pJKS117 #1, #12, #14, #16,
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#18, #22, #23, (2)#1, (2)#2 97 callus lined} pJKS107 #1, #2, (2)#2, (2)#4, (2)#6,
(2)#8 67} callus line>ZHE PNGase A @@ o] BHE {Fx35t7] 93 233
AHAE FA L F243517] Y5k, cell suspension cultureE 43 3} th. 30g/L
sucrose, 2mg/L, 2,4—D, 0.2mg/L kinetin, 50mg/L. hygromycing H7}3F N6 ol A nj %]
(N6SE)ell pJKS117, pJKS107 line callusE 9L 28 ColA] 150rpmo 2 oS
T3 AT. 1Y & o= AL 2 callusES meshdS o] &3t A sievingS dF
M EF N6SErfA]ol] A vigS ATt 17Y A2 At wjds 3 A
FAA T v A B JAe] F7I7F Al FASEA F4E FESAT
A e W AHEE Tl I -T%‘E% o] g3t 7]E W FH(N6SE)=
A Ast D.W=E washing 3-9l sucrose’} 22 H N6—S X E 10ml/g HI &= HZE3l11
T AE FHE 28ColA 150rpme 2 157U S FAsAS. WAz £H -
PNGase A T8 d-S %45‘} flete] 2z 4 vl RS #H3F F 12,000rpmel A 3023F

ANTLE & FEAoR v BAL AP,

® Antibody A%}

O Western blot analysisE E3] 8 ZAe]A~ZRE EHE PNGase A T A S B A5}
13 PNGase A AE A&} 3tk NCBIo|A] PNGase A (UniProtKB/Swiss—Prot:
P81898.2) databaseE ©]&3te] FElol= F4& sta 7P A3 @A HolH<d
sites A3}t RabbitE o83l A M2 In Incomplate Freund’'s Adjuvant
(IFA)E AAA FA7F E3+H serum purified PNGase A antibodyZ A 25ttt (Pro

SciA}).

® SDS—PAGE & western blot analysis

O T A3 koA FH3F vl SDS—PAGE & western blot analysisE ¢3F A8 &
A& Zhzte] A2 e EulE 40ule] WYAS 12% TGX PAGE—Gel
(Bio—rad)°ll 200vE A7]|95S AAE9Y. A7]9F 3 gel 17+ coomassie blue
M ekS Wojx SDS—PAGE analysis A8, U™ A] gel PVDF western blotting
membrane (03 010 040 001, roche)ol] 200mAZ 903} transfer 3t Tl A o]
transfer ¥ membrane< 5% skim milkZ RToA 40E7H 3334 blocking 3} 0.1% tween
200] #71= TBS buffer (TBST)E 15%7F 33 A& 3+ & 1xF 8491 His—prove
rabbit polyclonal IgG (Santa cruz, H—15)9} A|Z+gF PNGase A antibodyS 1x} &A=
AHE-3te] 4Col A O/N &F9th TBST buffer2 15487k 33 A& & &, 23 A= Hise}
PNGase A 1%} &A= =5 anti—rabbit 1gG AP (Santacruz)E 2z} FAE A3}
4TCAX 2A17HE< ¥ A1H Y. TBST buffer2 15837+ 33] A& 3+ 3 NBT/BCIP
(Roche) &2 & PVDF membrane< detectiondl™d PNGase A ©¥d-S- 321 s} th
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() A2
D Agrobacterium—mediated plant transformation
O Fdxgs S ErHAAFRE F9E AAT SAHE 70% &S] ZHLASS

3Fal, 3% sodium hypochlorideol] 1022 33] 4%, N6H] A (sucrose 30g, casamino acid
0.3g, proline 0.5g, 2,4—D 2mg/1)oll 1074 XAt ¥ BH2AE FE3519T 3~4F &
FEE AYaw Y A &AF F 347 28ColA s R, 3¢ F H
A2~} PNGase A7F =9 AEwaW g pJKS117, pJKS107 (LBA4404)S F%
B S 33 7] Y3 100uM acetosyringone©] 3E3HH N6COB| R o] 3€2E 25T o A
ol ok SFATE W A 2E 250mg/l cefotaxime &M A3 the 500mg/l
cefotaxime, 50mg/l hygromycin®] X3 N6SE vjX|o] X A3t( . A HA selection
iAol A FAED Belaes 5 HA selection WA E5F &FAFAL, Al MA
selection AR &2 v A2 A& Aej2EXF SAFALL, o] o FAA AFAHES
UeEt= A 2els A skl (29 328—1-18).

pJKS107

pJKS117

3= & 6= 3 A CHeH & ==

@ 3Dsp/PNGase A/His6 (pJKS107) ¥t @A Ag A A
O Agrobacterium—mediated plant transformation WS 535t H % JAyA| A GA
A 2~E o] 83 mRNAo|A PNGase A F3A &d 318 938 Northern blot
B8 Y3t = 32709 3Dsp/PNGase A/His6 (pJKS107) cell line®l A total
RNAE =319ttt 42 359 total RNAZ nanodropl & 52 =4 9ot (19
—-1-19).
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Sample ng/ul Sample ng/ul

N75 851.71 S107-17 1197.94
S107-01 805.14 S107-18 1061.79
S107-02 756.37 S107-19 818.77
S107-03 1466.19 S107-20 847.38
S107—-04 1285.39 S107-21 1283.63
S107-05 760.69 S107-22 1051.99
S107-06 883.65 S107-23 1190.91
S107-07 312.37 S107-24 1402.23
S107-08 905.32 S107-25 1175.51
S107-09 1161.03 S107—-26 1078.26
S107-10 1266.13 S107-27 1362.11
S107—-11 1179.89 S107-28 1193.48
S107—-12 765.29 S107-29 1290.54
S107—-13 1438.48 S107-30 842.48
S107-14 1107.43 S107-31 1288.44
S107-15 1339 S107-32 1063.52
S107—-16 1182.11

< 19 328—1-19. pJKS107 total RNA &% >

O Z+7Z+9] 20ug total RNAE Northern blot 24 30| AF83} 3L, negative control

(NC)+= empty vector control?l N75 H&@AAg /JA S AU 1.2% formaldehyde
gelol loading &+ ¥ EtBrol] @23l 18S9} 28S9) si%3l= bandES <l 3¢t
ztzt o] total RNAS membrane©l transferdle] northern blot #43 ¥ <19 band
FoNA =& TS Hol= pJKS107 #1, #2, #6, #10, #18, #20, #21, #22, #23, #30
7]]741]2 )\—]Hﬂo].(}aq. (;Lal 328—1-20). }\—]I:ﬂE,] tq 711,:11 1_—1: u}unyd H}H /\63'3}7]
93} cell suspension cultureE %133} T

pJKS107 (PNGase A) Northern blot analysis
NC 1 2 3 4 5 6 ri

oo aaa
_

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

< 119 328—-1-20. 3Dsp/PNGase A/His6 (pJKS107) northern blot analysis >
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@ 5'UTR/3Dsp/PNGase A/His6 (pJKS117) 11d A ASA ¥
O A E3F v Ao A AEE AH2ERE Tri—regent/ LN2 grindingd] A total RNAZ
FZ3}¥ 3, nanodropS ©] &3t RNA &5 =74 39t (29 328—1-21).

Sample ng/ul Sample ng/ul

N75 302.85 S117—14 1717.04
S117-01 1082.92 S117—-15 1271.61
S117-02 1338.27 S117-16 1353.67
S117-03 866.12 S117-17 1180.89
S117-04 708.46 S117—-18 905.52
S117-05 999.7 S117-19 1465.02
S117-06 278.25 S117-20 1107.42
S117-07 785.66 S117-21 1097.28
S117-08 888.55 S117-22 1232.77
S117-09 949.45 S117-23 1141.18
S117-10 1166.49 S117—24 1138.89
S117-11 1485.56 S117-25 996.98
S117-12 1362.28 S117-26 1052.69
S117-13 1211.87

< 1% 328—1-21. pJKS117 total RNA &% >

O Z+z+e] 20ug total RNAE AF23Fe] PNGase A9l RNA w388 ZASHY] Y&
Northern blot #41 $3)o] A}8-3t9 T Negative control (NC)+= N75 A A MAS
AH8-3tAth 1.2% formaldehyde geloll loading 3t ¥ EtBroll $413}e] 18S9} 285
bandE &<l 393, membranedl transferdted PNGase A probeZE ©]83}] northern
blot A& & &1H band FolA £ FAS Ho|= pJKS117 #1, #12, #14, #16,
#18, #19, #22, #23 MAE AEsAT (17 328—1-22). AHHA ¥ AH2x FHolL

chld B8 S=303517] $13}e] cell suspension cultureS Z 83},

pJKS117 (PNGase A) Northern blot analysis
NC 1 2 3 1 {8 9 10 11 12 13 1415 16 1/ 18 19 20 21 22 23 24 25 26

P L L - —9.‘-..“--..---

< 1% 328—1-22. 5'UTR/3Dsp/PNGase A/His6 (pJKS117) northern blot analysis >
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(1) PNGase A 12tg PFFAEA Fr
(7}) 3Dsp/PNGase A/His6(pJKS107) & 5" UTR/3Dsp/PNGase A/His6(pJKS117) T dbe =
O 3zapd = Aol A AEE pJKS107(S107) #29F pJKS117(S117) #1, #14, #16, #18 /A=

=

o

il A =0 A PNGase A7} wHa s o] EH|E =2 21517 93} western blot
analysisE 33ttt 1 23, S117 #16& A2 U™ A cell linedl 4] Vector control
(negative control) & AF&3F N75¢ 2 3709 bandE #<13}33th. PNGase A+
55kDa2] subunitS 7FAI 3L 270 9] subunitS 3 @A F7]= 75.5kDazE EH A
2AT}H (Altmann et al., 1998). Western blot A}
bandE &A3}HN I ©]= PNGase AT Zo] 7}

ost Aoz Atz dth. 18]3 100kDao]dol Al &

S

i Z4zhe] @uld F71H o & 27]9
A= 12709 glycosylation siteol]
¥ band= subunit®] dimer FE =
o FE ot PNGase A9 ©@uid rdo] AgdE F 470 A 2l FollA] @i d

=

Rl

B

e g-o] =31 YA A A wj R oA Ak A~ AEj7F 93 S117 #13F S117
#14 AH2E HAESFT (29 328—1-23).

SDS-PAGE analysis Western blot analysis: PNGase A

S117 $107 s117 $107

M N75 #1 #14 #16 #18 #2 M N75 #1 #14 #16 #18 #2

(kDa) (kDa)

130 — 130

100 W—_— 100 e - - Hpvc A
75- 75 £y ase

55—
- - 40

40—

35— L
25 — -

35
25

15— —— -
e
10 gy - et

15

< 1% 328—1-23. S117, S107 cell line western blot analysis >

(W) F7F4 Q1 pJKS107 (NS107) & pJKS117 (NS117) ©aid by

AN

%]

O RNA FFo|A Fr1x oz AEE 4709 NS107 cell line (#2, #4, #6, #8)3 5719
NS117 cell line (#1, #2, #3, #5, #6)& @A FFJA PNGase A7} E& = o]
EHE =X &2135t7] $13}e] western blot analysisE 33} T}, negative control
vector controlql N75Z2ej~2 5 EHlE @ AS AL 3131, Positive control
PNGase A @il wrdo] 3Qlg 7]& S117 #14 cell lineS AHE3tA 22t 40ul9)
Hj A2 A719% 3 A3}, NS107 cell linedl A= #4, #6, #8914 ¢3S &< P
NS117 cell linedl M= #65 A& Aol X EHE 2
cell lineEt} NS117 cell lineol|A E&HEo] =& AL
5°UTRY &A)9 32 Q&) W3 o] o 1 Aoz ALEHT} positive controlE

AFE3F S117 #14WH9) AL TE cell lineRth Wd o] A3 e Aoz HF

Lot
e

sttt AAH o g NS107

g 4 A%, o=

-l U
o
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A= o]= NS1073 NS117 cell line®] A% A5 ZA seivingdt ©]F Hi=Z
TS 7] Wi =2 @i EH7F 5 " A2 AR EY. PNGase AY
do] glH callus line FollA WHEO] =2 NS117 #2,3% #55 AESHY (18

SDS-PAGE analysis SDS-PAGE analysis
S117 NS107 S117 NS117
M N75 #14 #2 #4 #6  #8 M N75 #14 #1 #2 #3 #5 #6
(kDajT = a) Foow
130 el .
100 H
75"
55
40
35
250
15
" = ==
‘Western blot: PNGase A ‘Western blot: PNGase A
S117 NS107 S117 NS117

M N75 #14 #2 #4 #6 #8 M N75 #14 ##2 #3 #5 #6
2) (kDa)

130 130
-—

1000 T 100 f— —— - —
75 DI P —
ss 55 -t —
40 40
35 35

25 25
15 15
10 10

< 1% 328—1-24. NS107 & NS117 cell line western blot analysis >

(th) AA S107, NS107, S117, NS117 @ wkg wvlnl
O A A¥E PNGase A 9 FAAIA A2 HHEES U3 3A0A 24z

Bl wsE7] 8] S117 #1, S117 #14, NS117 #2(#1-10), NS117 #5(#6—4), & 47) A2
Ze g ZA sevingS FHIL 1FY F ol secretions 33t PNGase A
wElde] FHIE fFEEAT 28al o] E8lE wHdo] IEGE HiAE

western blot analysisE ©]-83}] PNGase A HdES

controlQl N75¢} vlwdte] 470¢] cell line 25 H]$3F B &S HQ Ao=

gelstd o (198 328—1-25).

F

SDS-PAGE analysis ‘Western blot: PNGase A
S117 NS117 S117 NS117
(kDa) M_N75  #1  #14 #1-10 #6-4 (kDa) M N75 #14 #1-10 #6-4
- :
7 , 130
100
75 -
55 .
40

35 -*--

25
15 .

10

< 19 328—1-25. A¥E=E S117 & NS117 cell line western blot analysis >
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@ Suspension culture

O Northern blot analysisE& &3l A E pJKS107 #1, #2, #6, #10, #18, #20, #21, #22,
#23, #309F pJKS117 #1, #12, #14, #16, #18, #22, #23 B8] ~E PNGase A tH 4 o]
THIE FEst7] A% A3 AH2E 74 B S4387] A8, cell syspension
culture® 43 3} t}. 30g/L sucrose, 2mg/L, 2,4—D, 0.2mg/L kinetin, 50mg/L
hygromycinS H7}sF N6 HAu) x| (N6SE)el] pJKS117, pJKS107 line callusE ¥l
28 CoA 150rpme.E ujtS F335tAt}t. 179 & o= AT A callusS
mesh™@-S ©]83ld ZHA sievingS 3] A2 N6SEu| Ao AA| ] FS 3FAT
179 Ao 2 A wids 73 atiA FAA g wiAoA Ay JAe F717t
A FASHEA FAS FEAT. dAF o E FAATE EFE HA u ol A
pJKS107 #29} pJKS117 #1, #14, #16, #18 /WA7} X&54 Q0 FAHA A4S e
F2o] & He MARZ AEsAT (1" 328—-1-26).

< 19 328—1-26. suspension cultureE ©]&3 FAAHS v A =4 >

® Quantitative real—time PCR
O F7MH 2.2 Agrombacterium—mediated plant transformation WS 3l 53

A2 Fo| A RNA levelol A 1L & PNGase A elite lineS A83}7] YY) real—time
PCR (qPCR) ®WHE A Z2te] 4 E cDNA 1ulE template® ARE-3}3]aL,
normalized expression levelS &R13}7] 93 reference geneZ &= W actin
A4} (GeneBank: X15865.1)5 AF&-3A o). Actine forward: 5'—=AGC TTC CTG ATG
GAC AGG TTA TC-3’, reverse: 5’—ACC ACT GAG AAC GAT GTT
GCC—3'primerE ©]&3t] FZ3}H 3, PNGase A+ PNGase A(qPCR)_F: 5'—=TAA
CGA GTA CAT CGC TGC CAA C—-3’, PNGase A(qPCR)_R: 5’=AAT GGT GTG ATC
TCG ATA TCG TAA G—3'& o] &3ty =Z3¥t}. Real—time dye= SYBR Greens
AFE 3F AL, PCR 7L Pre—denaturatione 95C 15min®]™ denaturation 95C 10sec,
annealing 54C 15sec, synthesis 72C 30secE & 50cycle®Z 3} 3WtEo 2 B AMS

A5 AT
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O real—time PCRo] # 3] HJ=A 3213}7] st Amplification, Melt Curve, Melt
Peak 23 =5 32l 3} T} Reference gene?l actin PCR 7%, no template control
(NTC; 3AMA)E A 93t negative control (N75;empty vector transgenic callus,
ALMA), positive control (pJKS117—14, B2 M), F712 A¥E = PNGase A line
(pJKS117(2), pJKS107(2) line)oll Al 30 cycle o]He] TFo] & o]FH T RS T2l
stk 218 al melting 5% NTCE A9 YA Aol 832 dASHA st
actine] & FFo] HAT= Ae &<l &tk PNGase A PCR 4%, NTC (34 4) 9}
negative control (N75, AL A)E A 23 YR MZ| A 30cycle o] Ao FZo] &
AL 30l 3R, melting 5% 85.552 YASA U9} PNGase A 31271 &
ZZH = AL 32l F¥UT (28 328—1-27A).

O ol83 Ax= nlgto &2 PNGase A 229 normalized expression levelS 2Hel3h
A3}, pJKS117(2) AH 2 I = #1, #25 F718ox2 AW 393 pJKS107(2)
A gl = #2, #4, #6, #8382 F7HH o2 AW 39T (29 328—1-27B).
A¥E MAl= F7HH S Z PNGase A B4 @l dg B4317] 93] suspension

cultureE 33},

A

+ Reference gene (Actin)

Amplifieation

&8 ¥ 8 B

~d(RFU)AT

o B 5 H
Cycles. Temperature, Celsius

PNGase A gene expression
T

o N &

| D e e el ek
o ®
!

'S
|

Normal ized Fold Expression

e
[N]

o
o

A L.

NS s117 M @ # #9#HO
#14 SN7 (2) $107 (2)

< 1% 328—1-27. Real—time PCRE ©]&3F PNGase A A&~ A >
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® PNGase A antibody A|2}

O J2AA3S ¥ Ay 22ZHE EH] 5= PNGase A @S western blot analysisZ ¥4
371 Y&l 2 a3k FAE A F s th PNGase A (UniProtKB/Swiss—Prot: P81898.2)
NCBI databaseE ©]&3ate] sJetel= £A& stal (29 328—-1-28) ¥94, I+4,

EH =4 FAE 18t 71 A- S residue 2 (C—LDKQSTKTEGKLSK) &
Aegsle] FA4S 1Y AT} RabbitE hostZ A8l 1389 In Complete Freund's
Adjuvant (CFA), 3319 In Incomplete Freund's Adjuvant (IFA)Z A X 4] PNGase A
A 7F E3SHE rabbit serum¥} purified PNGase A rabbit polyclonal antibodyZS #|2F
skt

H

T J 1
= % ® % W o e Mo 0 o o Mo Mo 0 o J o o
- =

Residuel : C- YPAKEKLNSFQQKLD Residue2 : C- LDKQSTKTEGKLSK

= Turns 2.0 = Turns 1
= Hydrophilicity (H): 5.0 = H:6.5
= Antigenicity (A): 6.0 = A:90
= Surface Prabability (SP): 6.0 = SP:7.0

< 1% 328—1—-28. PNGase A peptide A¥g A >

(@ Western blot analysisE ©]&3%F PNGase A antibody &<l

O AZ¥E PNGase A antibodyE &9 5ol4 A 23 AFE F213t7] #13te] western
blot analysisE 339t} Positive control-& A A 2ol AFRE A A
C—LDKQSTKTEGKLSK peptideE AF&-3tHth. 0.5ug, 1.0ug®] PNGase A peptide<}
PBSE #H7}sl] total reaction bufferE 20ul® 1 4x reduce sample buffer 5ulE
Egste] 97ColA 583t denaturationS A7l & 25ulE 12% SDS—PAGE Gel&
o] &3} western blotg 33ttt 12} &A= PNGase A antibody 1/10002. &
3 X3t 4 Coll A overnight© & hybridizationS A3 3931, 22}4A E Rabbit 1gG AP
1/20008 AF&3te] NBT/BCIP €4 o2 wrals A7t} 15 amino acidZ 74 ¥ PNGase
A peptidex geld] 7FF o BEEojA @A ¥ AL 39 3P (2¥ 328—1-29), °]
Z72 2 PNGase A western blot& & o ot}

- 267 -




PNGase A peptide westemblot

1 2 3
130
100
;: 1! Tug PNGase A peptide (15aa)
40 2' 0.5ug PNGase A peptide (15aa)
38 3+ PBS buffer

2 1stab PMGase A antibody 1/1000

15 . 2nd Ay Polyclonal Rabbit oG AP (1/2000)
10

< 19 328—1-29. AZ3F PNGase A antibodyES &<13}7] 93+ western blot >

(4) 2 &3 PNGase A9 A3}stz £4:

hH a7+ W&

@ Western blot analysisZ ]%—:6}04 A ¥ PNGase A 148 A2 g FollA,
pJKS117(S117) #14 ¥ Ao =2 RE] A5etd £45 93 AP S F3317] st 2
i FHE S117 #14 callluss AEFHZE o]&3te] 7IE€ M FAS A AL sucrosert
A A3 50mg/L hygromycing 7} N6 HAA v x] (N6—S)o] 10ml/g Hl& = HE3H
747 wiek stk 3 2 AEiolA PNGase A @A) BuE fE& ujYAS
Ak 5, Ashsts E45 A3 A

@ &4 FA4st &4 0 g938 (Fetuin)
O Fetuin 3 & sigma (GO516)AL2HE Fd8te] AME3IaL, RocheAte] of2 =
2l N—glycosidase A(PNGase A, 11 642 995 001)<} ¥ -2 PNGase A(S117 #14)&
ARESEe] 1ul(lug) 9 fetuin®] @3S F=stAdth (28 328—-1-30).

uv)
z
i)

Treatment 1 Treatment 2 10x buffer*
Fetuin (lug) lul lul .
PNGase A (almond) Sul (0.25mU) N 100mM sodium acetate buffer
PNGase A (S117 #14) - 89ul 5M NaSCN
10x Buffer* 10ul 10ul IM 2-mercaptoethanol
D.W 84ul - pH 5.1
Total 100ul 100ul Incubation: 24h, 37°C

< ¥ 328—1-30. PNGase A 882 F43}7] 93t deglycosylation reaction mixture >

nAE 29 PNGase FF9] Fetuin § @A &93lE F=317] 98 o8 2719
sample mixtureE Z&P3ATt (2 328—1—-31B). PNGase F(NEB)ES o]&3F &33}
WSS NEBO| A A &3t= buffer®} protocols ©]-83te] 43835} o).
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Treatment 1 Treatment2 Treatment3 Tr 4 Treat ts Tr 6
Fetuin 10ul(100ng) 10ul(100ng) 10ul(100ng) Fetuin lug lug lug
PNGase A 2ul (0.1mU) = = 10x Giycoprotein 2ul 2ul 2ul
(aimond) denaturing buffer
PNGase A N soul N DwW 16ul 16ul 16ul
4
(BI7#14) Incubation: 100T 10min
N75 - = 80ul
10x Glycobuffer2 4ul 4ul 4ul
10x Buffer 10ul 10ul 10ul
10% NP-40 4ul 4ul 4ul
DW 84ul = =
PNGaseF 2ul
Total 100ul 100ut 100ul
PNGase A
S117 %14 12ul
10x bufferr 100mM sodim acetate buffer. SM NaSCN. 1M 2 thanol. pH 5.1 ( )
Incubation: 24h, 37%C N75 - - 12ul
DwW 10ul
Total 40ul 40ul 40ul

Incubation: 37°C lhr
PNGase F (NEB) protocol &2

< 19 328—1-31. PNGase A9} PNGase F &8 #A43}7] 93+

il

deglycosylation reaction mixture >

(t}) Pepsin—released glycopeptideE ©]-&3F &3}
O 5% formic acid®l] 100ug? fetuin @A S &3 A A pepsinS 1:509] H|E=Z H7}std

37=0] O/NAIA HH-ES FE34AT. FZ2HZRE AlA HHEES AFAA 0.1M citrate
buffer (pH 5.0)9] =& o} = F#f9] PNGase A, H 8 PNGase A (S117 #14),
231 N75 vl A] controlS H7}ste] €33 ¥l8-S EAstct (¥ 328—1-32A).
5 Y3IA PNGase F¢} fetuinte] €33} Hbg 218 o] &35lo of2= f# 2 PNGase
A9 g3} d-gS B3] 93t NEBAFOA A|F == buffere} protocols
o]-gste] &3l v #AE dAstAot (1" 328—1-32B).

A. B
Treatment1 | Treatment2 | Treatment3 Treatment4 | TreatmentS | Treatment6 | Treatment?7
Fetuin sul (4ug) sul (4ug) 4ul (4ug) Fetuin 2ul (2ug) 2ul (2ug) 2ul (2ug) 2ul (2ug)
(pepsin-released) = = = P
b Glycoprotein
PNGase A detaturing bufter 2ul 2ul 2ul 2ul
almond 2ul (0.1mU) - -
fatmorid) DW 16l 16ul 16ul 16ul
PNGase A
(S117 #14) = 86ul = Incubation: 100T 10min
N75 - - 86ul 10x Glyeobuffer2 4ul 4ul 4ul 4ul
- o 3 4
1M citrate buffer _ 100 10ul 10% NP-40 4ul 4ul 4ul 4ul
pH5.0
PNGase F 2ul
0.1M citrate buffer oqul _ B
PHS.0 PNGase A it
(almond) h
Total 100ul 100ul 100ul
PNGase A 120
Incubation: 16h, 37T (8117 #14)
N75 - - - 12ul
D.wW 10ul Tul
Total 40ul 40ul 40ul 40ul
Incubation: 37°C lhr
PNGase F (NEB) protocol

< 9 328—1-32. peptide ¥ fetuin®] €Is}E B£43}7] 93 reaction mixture >

- 269 -




(2}) Glycoprotein: RNase B
O 7 @94 RNase BY €93E FE317] 9stH, v]¥=E 2 PNGase F, o}l2= R/
PNGase A, ¥ 2 PNGase AS RNase B9} wFEA#TH HF-2x 742 NEBA} A

A &3t protocols ©o]-&3td HAFES YA (2" 328—1-33).

Treatmentl | Treatment2 | Treatment3 | Treatment4

RNase B 4ul (20ug) 4ul (20ug) 4ul (20ug) 4ul (20ug)
10x Gly t

denitosn b 2ul 2ul 2ul 2ul

D.W 14ul 14ul 14ul 14ul

Incubation: 1001 10min

10x Glycobuffer2 Jul 4ul 4ul 4ul
10% NP-40 Jul 4ul 4ul 4ul
PNGase F 2ul
PNGase A sul
(almond)
N75 - - - 12ul
D.W 10ul 7ul
Total 40ul 40ul 40ul 40ul

Incubation: 37°C lhr
RNase B (NEB) protocol

< 1% 328—1-33. RNase B9 €&33}= E43517] 93} reaction mixture >

(7}) SDS—PAGE & Western blot analysis
O Reaction sample 40ul®} 4x reduce sample buffer 10ulE &3st] 587 97 Col A
denaturation A7l ¥ 50ul& 4—-20% TGX PAGE—Gel (Bio—rad)°l 200vZ 7|9 5S
AAEEAT. HA719%F 3 gel 170 coomassie blue 92 eFS ¥ o]A SDS—PAGE
analysis AA13FA 31, Y™ A gel& PVDF western blotting membrane (03 010 040 001,
roche)oll 200mA=Z 90%-7F transfer 3}t @ & o] transfer ¥ membraneS 5% skim
milk® RToA 408 7F 33 blocking 3t 0.1% tween 20°] H7}=E TBS buffer
(TBST)Z 1583t 33 AlF g & A3k PNGase A antibodyE 13} FAZ AHE-314
4Co A O/N 3t TBST bufferZ 15%3F 38 A& 3 &, 22 A Z anti—rabbit
IgG AP (SantaCruz)E AH&-8t 4 CollM 2A12b&E WH-3-A1 7. TBST buffer2 1531t

33] A& 3 & NBT/BCIP (Roche)& 9 2 PVDF membraneS detectiond}®] PNGase
A @ as skl AT

O Fetuin B9 &) A 4-20% TGX PAGE—Gel (Bio—rad)& AF&3td 1ul(lug)et
3ul(3ug) 9 fetuin FEHMA-S lodingdte] SDS—PAGE analysis®} western blot analysisZ
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FHstFTh 12k A 2 Rackland (200—101—-456)AF2] Anti—goat IgG Fetuin &A1&

1/1000 3 A3t 4Tl O/N sttt 23 84| 2+ anti—Goat IgG AP (SantaCruz) &
1/20000.2 34 ARg-3te] 4TColA 2A7HEF RESAIA A4S T3t

= T

hH |4+2379
@D Fetuin B @M AL o] &3 PNGase A (S117#14) 54 A XA}

oF WA SAHC tehbe AgzREuARA, 28279
A chain® 2770¢] olw]x=Ato] ¥ 3= B chain©]

= )
heterodimerE o] Fo] Ex}#2 32 .9kDao|t}. 3tA| vt F3lo] 93] A

%3} Fetuing
45~55kDa AE 9] Ex#S Yebdt. WA A Z3F human fetuin®] western blot

EXS Q3 HF o 2AS >3] Y3} fetuin proteino] W3+ western blot
BXS 2339}t western blot 241 A3}, ok 55kDaol 4] Fetuindl] 3|33t band7}
T2 5

A3 (298 328—1-34), 1ul(lug)?] Fetuin T+ A& A}L-3lo] o]
=]
AA

@ PNGase AE ©]&3 Fetuin ¥ @9 deo] €933 4= % 4

1= =
O 9 @9 Fetuind 4% 9

{0

O

1 &85 western blot 24 27 ulg o 2 PNGase
S 293 = A3

o
=

o]l & 285ttt Western blot analysisS 33+ 23},
A ¥ 2 PNGase A @A 3} Fetuin A 9te] A3HS Rl x| ool 3}A 9

o]gd& 3¢l HArt (1Y 328—1-35). o] AHE vlelo g B9 Fetuind
Bl 3le] ol = §8 PNGase A *2]3F Fetuin @ A3} ¥ §2) PNGase A(S117

#14)9F &A1l Fetuin @& ZA3jo A &3} dk-go] FE% A &t} oivk H
2 PNGase A9} ¥F-3t fetuine 2 AZ3+= © =24 55kDa &2 HEo|A band’}
H2= Ao

‘Western blot: Fetuin

Fetuin
1ul 3ul
(kDa)
130
1_;)2;
ssw . ‘ I Eg}lsjgkna)
40

35
25

15

< 19 328—1-34. & @¥A Fetuin® western blot analysis >
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DI

& «'Q‘\'\Q
RPN
N @v@
x&vx A

SDS-PAGE analysis Western blot: Fetuin ‘Western blot: PNGase A

< 1% 328—1-35. & @A Fetuing ©]&3F PNGase A 84 &4 ¥4 >

O Fetuin @9 &3} B F2) PNGase A wrgoA #&H bandE F213}7] 993t fetuin
A3} vector controll N75 AejAz 5 Erld @udele] whg 45 I3
gt (29 328—1-36). Western blot ¥4 A3}l ofE= {2 PNGase A= ©o]A

Aol FhsHA @13t dojubA] okl (Treatment 10 T1) W 2] PNGase A
(S117#14) = E337F dojyA] ¢k fetuin AF0]=9] band9} 55kDa ©]3toll A o] A
Axol FU3HA band7F &2 H AT (Treatment 2: T2). Z18]3 N75 A2 vjkd =}
fetuinz}e] @3} vH-3- vluo| A= ¥ f PNGase A9} vz 3] 295 Bt
(Treatment 3: T3). o] Z¥, MK PNGase A9 ZIo] BAW 55kDa ©]&}2]
band<= fetuin @&l @3sl7} ofd ZAelx EH Fx x| ot vhgo = 13t
Ayt AFEY PNGase A9 Z3ob= 28], PNGase F&} fetuin®e] wkS-oM+=
(Treatment 4: T4) ¢F 40kDa F-<ZolA] fetuin©] &2 = o] PNGase F&= fetuing]
293tE FEdte Aom 1l HUd

b L
\ s N
e} \% $ \J \'\% & \% \‘$
LT 0 b LHEC 0 08 LHFEQ QY E R
GID&)_ (kDa) (kDa)
130 e 130 130
75 3 5 7
2 1 75 = Ll
is-@ .- = e
35 - . 1
25 S . » 15
15 - i 15 15
10 o n 10
SDS-PAGE analysis Western blot: Fetuin Western blot: PNGase A

< 1% 328—1-36 F @A Fetuing ©]&3F PNGase A & PNGase F &4 &4 4 >
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@ Pepsin—released glycopeptide futuin @2 &9 gw3}
O PNGase A9 @49 93] e
'&0] 0 BHuHo] vk 284 &
Fe 9 fetuino] PNGase AS # g
fetuine ©]-83}] PNGase A9 &

=S4,

3l 932 JElol= FE Y T Tl o]

g A fetuing pepsine x| g ste] FElol=

g233ts et WA JlEol= FH 9
< ®£24317] $18l, reaction sample 40ul<}

4x reduce sample buffer 10ulE &%3}d western blotS 33} 1, PNGase F

g3 W 2A0E ofEE #¥ PNGase A9 293 &4 FFE5 B4 4

reaction sample 12ul®} 4x reduce sample buffer 4ulE &3] western blotS
F3stRTt (19 328—1-37).

™ ™
N & x> &

Q:\ PN W o Q:\ & W e o

R SRS U PR P U QL L QL
(Day__ (kDa)
130 == 130
100 - 100
75 - 75
55— 55 N D«
40— 40
35
25

li-i 15

10 - 10

35

25 —

SDS-PAGE analysis Western blot: Fetuin

< 1% 328—1-37. 3E}lo]= Fetuing ©]-&3F PNGase A & PNGase F &4 &4 4 >

O pepsin Aol s == HAelol= FE 9 fetuing ©] &35t PNGase A9 PNGase
Fol a4gds ##% 247, old A7t TUHA PNGase F A2t (T4)ol A=k
g3 FEEHAL, YA HgTolM e @337 fE2HA Edt. 579,

pepsin® 2] & & T1, T2, T3 A g|& SDS—PAGE analysisol| 4] band7} #2 = QA

fetuin western blot analysisol A= band’7} &&= x| &4t} pepsinel]l *g]o] 2] 3|
protein 7-%2 WSE Qe fetuin® FA7} 2GR X3 A= AlEHH

O =gxoz Azt Fdl AZRT T @Ad fetuine PNGase Foll oA €337}
dojual PNGase Adl o3&l €937t F=5HA] 7] "o PNGase A 5o|4
TZ= ¥33A e Ao Alg®Y

(3) RNase B 99 A& o] &3 PNGase A (S117 #14) 84 84 ZA}
(7}) Glycoprotein: RNase B

O Bovine pancreasolA] =% RNase B+ endoglycosidase®] ¢J3] N-—linked

- 273 -



carbohydratesE A}EZ+= positive control® Zo] A}&5 3 J+= high mannose
glycoprotein (1—3)¢]t}. BE SDS—PAGE analysist} MALDI-MS #2418 o|-83}o] PNGase
Foll 93} deglycosylations ##&sl= 7122 ®o] AF8-%3 . o] RNase B &
Tl A8 o]8-35le] PNGase F9F PNGase A9l a4 A4S #&AsIuA}; 31HoH,
NEBA}2] RNase B (P7817S)E F¢3le] o]& AHS WPt Western blot #4L
$13%+ RNase Be] &A= §lsl719] SDS—PAGE #2402 &33 #48 HAAsATt.

(\}) PNGase AZ o] &3 RNase B & @iz o] & = 2 34 24
O RNase B= @@ Exlko] 1.7kDa A &= LE‘% Z 931 deglycosylation ¥

>,

13.683kDag == Zolzthal &4 A Joh. PNGase 4% RNase B 8935 =311
SDS—PAGE B4& E3A 893 55 #5399 (219 328—1-38). RNase B=
1.7kDa Bth= 9zt 2 X o] A% band7} #& = A3, VWA E F# PNGase F
2]+ (Treatment 1: T1)ollA RNase B €337l #&=HAY. 283 ofE= {3
PNGase A &+ (Treatment 2: T2)ol4 %= RNase B ©€33}7} 100%= oFUA T 80%
ol F=HAth o= PNGase F& PNGase A9 @471 & A&S Adste 97
ME & Fio] Jdve AS ou gt AN ¥ 2] PNGase A A2
(Treatment 3: T3)olX+= €23 =% RNase Bel|l 3E3h= band”} N75 control
Aelt (Treatment 4: T4) RHthe= A&tA YebdA| v G50 @A Yeigith 430l
AHEE ol = {2 PNGase A9t Bluald, AAl o wlx Jel2 43S
Z18) et A 7] of SEA B2 Zpol7t vk A EEF ] WA Fo] ¥
o

= )
) % @ 4 oz A9me, #4499 A8 AR

o ,\%\ &
N

L & F R
(kDa) .

130 v

100 s

75

55

40_--

35 - *
" “
15 -

1l]—

<« RNase B
*= Deglycosylated RNase B

SDS-PAGE analysis

< 1% 328—1-38. RNase BZ ©]&3F PNGase A & PNGase F &4 &4 4 >
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2. 21 & viral vectorE ©]83F PNGase A A7 1& 7

O A7Fa7D - ABUSw

b @FAEY B 2 AFAE IR E
(1) PNGase A o] g 218 Wdwg 7=
@ PNGase A9 18y AEWEHE F2Y
@ Agroinfiltration & ©]&3F J A3
o

@ Western blot™d

U, ARATY 3 E5F (BaAy)

O HZ vloj A d AT EAsd A9 #Alo] mopAHA AEFH 2
ZSAZfH FEHEY FEA AT g @S o] FolA AL o, A=
Eo)z gl Aol gtz E HAsl= N-GlycosidaseEA] Almond 28] N—Glycosidase?]

A F7rekal e dildey dAxle A olE=olA

S 70T/ ImIU) o2 AzF Az Ao AJito]
7} 7hssittal #eE o] A& viral vectorE ©]83F PNGase
Aol A7 leS JhEelr] St SRS

=
(1) PNGase A & 11¥d A& dd¥ygy 35
7h 74 =3
@ PNGase A9 11 23 AEWEZo F2Y
O TMV based vector¢l pMYV1509] F37]3<] NBMO 2 H2E
FAAE Adste] pMYD411E2 %3kt

%
rlo

ol &7 PNGaseA

@ Electroporation=S ©|83F Agrobacterium (strain GV3101)e] & A3+
O Electrocompetent agrobacteria cellS %+ 7] €13} agrobacteria (strain GV3101)<= 50
mg/L rifampicin®] H7}8 5 mle] LB mediumol] FF3te] 28C, <de] 9
AgujFrlol A 37 Tk wgstAitt. dA 7S ol &3t AlExet wjgd S Feg
& agrobacteria ¥+& FAst FAAE A A Hete] A2EA FHIE 500ul9] 10%
glycerol& o]&3te] 29 washing &ttt Pelletell xp34Al FHIE 100 ul®] 10%
glycerol® resuspension S+ % 25 ulE FH 3t vlg] 24A FHIE EP tubed] B335}
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electrocompetent cellS FH|SFAT}E 25 ulg electrocompetent cellol] ZF7]oA F1]4d 1
u194 plasmid DNAE #H7}3sF 3 vlg] 2734 8 cuvetteo] mixtureE ¥l iceol A
E2F X84k GenePulserg ©]4-3t4 1800 kV, 25 uF 228]a 200 Q 273}l
AgS F33Aet. 2 A8 = electorcompetent cellS EP tubeo] %31
Iml9] LB ¥iAIE H7Fe & 28CollA 2-3X%F oF Aol A A=l skt
FAAS H A EES 50 mg/L rifampicin®} 50 mg/L kanamycino] H7}E #j =
Tete] 28CoA 2-3Y Bt vidste] ©@d F2UE AUtk A7 HokE
Ao PFAE dd FEYEZRE plasmid DNAS FF & $ A a4 A=

F71e RS dEdor =dE Ae FAskith

Cﬂ

@ Agroinfiltration H& ©]&3F A AS
O pMYD4119e] x3td ol zZHdrg|g]olE 50 mg/L rifampicin® 50 mg/L kanamycin©]

A7FE LB wi Aol FFste] 28°C, Hdefe] A& wdrlolA shF F<F ufFst .
AR 7S o] g3sle] olzutg go} MEYHS E3k ¥ infiltration medium (10
mM MgCl2, 10 mM MES, 2% sucrose and 150 mg/L acetosyringone, pH5.6)°l] A
HAEstA o). Agrobacterium @92 OD6009 A 0.6°] H == infiltration
medium 2.2 3]43}o] vacuumS ©]8-3}¢] infiltrationS 4 3FJ k. Vacuume ©]-&3F
vacuum infiltratione A A EA S o = Fo| LolxA] kA nAHI &
sHES FRoA 5L 4719 ol EubE glol gt U= E 3 £ —90 kPaollA
I &< vacuums ZolA A <t U= VIEZE wiE F AW vacuums thF
—10 kpa 7}A] ZZth. olwf of1zubg ol A Ho] AEA Q) o AFHE

S S¢to g g 4= th Vacuumol &) infiltration © &A= 22 C, 1847

, 6A1ZE e o] 24 A 3Y Rt vl gEtAT 694 AES dS st
A

Ni—NTA agaroseE ©]&3lo his—tagged PNGased A S F3 3} At}

ol

P

o

@ Ni—NTA agaroseZ ©]&3F his—tagged PNGase A & AA|

O Polyprep Chromatography Column (Bio—rad)ell 800 ul®] Ni—NTA agrose
(Qlagen)S ZA2HA E& ¥ 10mM9 imidazole®] #H7}¥ PBS buffer®
equilibration 3t & =3k Q wwAS A~ A ZHKB WL Flow through
(FT)E W= 2oy o]F 20mMe imidazole®] H7FH PBS buffer®Z resine-
washing 3t¥ 2™, 250 mM9 imidazole©] #H7}= PBS bufferE ©]&3} his—tagged
proteing AASA . AAEH @ FS SDS—-PAGES} Western blot analysis<
T3P st

O AR E3H E2A(SDS—-PAGES} Western blot analysis)
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ol=Zt & PNGase ¥ glolsl 7] 3ty 6YA 433t agroinfiltration ¥ BEH
Ao THY A dHAS gk % Bradford's methodE AMg-3te] A &ttt
(Bradford 1976). 5 pgo] AA @A L [aemmli (1970)¢] Wy 71%3+Y reducing
conditiono]| ¢ 12 % ¢ Z}2z}9] arcrylamide gelS ©]83led SDS—PAGEE 43514
TEEder, Beld @A EL Coomassie's brilliant blueol] ¢]3te] A= a1

A
el
=

7FA18F H Atk Western blot analysis® F33}7] $13}] acrylamide gelol|A] #3 ¥
g A =S Hybond—C membrane (Amersham)ol] 15VE 304 <t electro—blotting
AlZ1 & TBST buffer (100mM Tris pH 7.5, 0.9% NaCl, 0.1%Tween 20)°] 10%
skim milkZ ¢F 16A17F A% blockingdtgth. Membranes TBST buffer® 3¥H A&
anti—his antibodyS 5% skim milk7} ¥&%F TBST bufferd] 1:5002. 2 3|23}

ol A 2A17F FoF Hk&3l¥om o]z A& anti—mouse [gG Ap conjugated =
1:70002 X3t A2 2A17F &k vb-SAIA Y. TBST buffer®Z 33, TMN
buffer (100mM Tris pH 9.5, 100mM NaCl, 5mM MgCI2)Z 13 A& 3+ 39
5—bromo—4—chloro—3—indolylphosphate (BCIP)$} nitro blue tetrazolium
(NBT)2.2 TMN buffero] A 2213} 9},

kel
T
e

) 72434 2 nF
D PNGase A AAF9] transient expression vector®] F=24Y
O TMV based vector®l pMYV1500°]] 3@ cto] HAAZE &olstA d17] $3Fe] 6 his taqo]
A 71% PNGaseAZE 4 %’3}04 pMYD4112 H™ s} 1 infiltrationS 93l agrobacterium

(strain GV3101)o] d&A A3 ¥t (29 328—2—1).

PCR Cloning into T-vector Subcloning into TMV vector

MPC NC1 2 3 & 5 (EcoRl) M PC NC1 2 3 4 (KpnkACCl)

Sequencing

—_
—
—

pMYD411

3Dsp+mature PMNGaseA
+6his

T
ACCI

< 1% 328—2—1. PNGaseA9 TMV based vector29 F&2Y >
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@ PNGaseA®] A 2 &8 3
O Agroinfiltration H-& ©]-&3 PNGaseAS] TdAS Lolr 7] 93t vacuums ©]-8-3}<

71 A 71egt vkel 22 WS o] 83k infiltration O]-Oﬂoﬂﬂl 6AR AL 4351
G A& FE3k] Ni-NTA agroseE ©|&3t] BA|E A3 - SDS-PAGE, Western
blot analysisE 33ttt (198 328—2—-2). 71 A3} o} = PNGase A9 oA =72
65 kDaE. t} & 2F 100 kDaol| A &<lo] Hde ™, crude (C1, C2), flow through (FT)<}
purified protein?l elute 13} elute 2 (E13} E2)oA] & E A}t 0|83t Auf= o=
PNGaseAW ol ol A5+ N—glycosylation site 7} 113 % &3t A 7]¢15lE Ao =
Atg He,

Vacuum infiltration
pemen g Purification using Ni-NTA resin
M PCNC €1 €2 FT WTE1 E2E3

=¥

(kDa) f-

E
120 E - < PNGaseA

(Almond)

< 1% 328—2—-2. PNGaseA9 11 ¥& 3218 93} vacuum infiltration 3} SDS—PAGE ¢}

o

Western blot analysis >

O Nicotiana bentfzamlrénaﬂ]/ﬂ PNGaseA9] W& AAAHS &2lst7] Y3t vacuum &=
infiltration 3 & Ni—NTA agaroseS ©]83}a] HA|st & SDS—PAGES} Western
blot analysisE Fa3tAth. 3k FA g Tl Ao Ni—-NTAd Zst=
non—specificdt G Aol JY=AE Lot 7] 95ty F2 AEHA Fe 2o A9
g FZE5E Ni—NTA agaroseE ©]-83}o] A3} anti—his antibody &

o] &3] Western blot analysisE 3ttt (L9 328—-2-3). 1 A% 4
AE A e Fujdle] gdwd (WIS ©]&5 AA MEFANA < histagell st
AFHES 7HAE w3 g EAL S1E A egken o5 F3slo] pMYD4lle] AdE
otz zutg g]olS o] 83 agroinfiltration®] A& &2 o]Fo] Horw TMV based
vectorE ©]83F PNGaseA2] & o] o]Fo] Hria AR HCT}
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M PC NC Crude FT W E1 E2 E3 WT

015 9138 SDS—PAGE ¢} Western blot analysis >

0]8-3F PNGase A A4+ GMZHE 7l

b AFAEY £ 9 AL RS
(1) EvfEQ] 215+ PNGase T 3%} 24
@O EvlE9] PNGase T #34 22

(2) PNGase T F3A &3 =4 A+

O ErlE 27 Yol|A 2 PNGase T #2z &d 23 A+
(3) PNGase T frxzte] &%

@ PNGase T 32+ #FAH$*

[CRE=Ng Wiyl

=
T
u)

=
@ PNGase T @il w3 8 2 EA EX4
@ PNGase T A2F 2l&E4)9] oHg2 2d line &9

. ARATe] £9=24 (Bay)
O 2 vl oA D AT st BAFY A7 Bl FolAWA HEfe o
%A

== 1T
x
fo geud g

hl o

=
foh gemde) TREH A7} S BEeA o FAAT Ye

2> M

g

O

T2 Fucose®} XyloseE XEststar lorm =g nAE {3
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PNGase Foll o]3lo] dAtto] x| ¢ro} wt=A] 2 E/2 849 PNGase AS
Abg3hejof Aol H(Altman et al., 1998, Eur. J. Biochem. 252, 118—123)

O A719F 2o] a7 F48A 718t e 9w do|y AAQE A ofE =4
FZE3lo] AFgStE g2 w9 u7H(309H/1mIU) o]2g A2F Tl A Z o] AYrto)
o|Fo A= FA| APt 7hssivkal BTE

TS 3 FAAE A|AEHS o] 83}a] PNGase A9 AAH7|&S 7w

ol

171

4y
Og{:,"
ﬂ
oo

o AFATFAL PN E 2 AFEH
(1) EvlE9] A5 PNGase T fAAe 24
7h) AFAT FFHE (A5 2 HY)
O AEAE
- B AR e BEvtE (Solanum lycopersicum L. cv Micro Tom) QoA £33 total
RNAZYE §AE cDNAE ®dwol EvtE PNGase T 3AF EE) ol AHE-3H4A T
O Total RNA £
— Total RNA £l AAALsA oF 0.1 g9 22 IAAPEZ
ml<] TRI Reagent®™(Molecular Research Center,Inc.)9} 3027
WABEATE 4T, 12,000 rpmoll A 1025 ARt de A5 Al tubed

[e]
7131, 0.1ml9] BCP (1—bromo—3—chloropropane)E # 7}t 30

e

A3 A F 1

L ERE FH AL &3

=
Ao FAEAT. 4T, 12,000 rpmel M 1587 22 S A st d&
2EHE MEL tubedl] £713 0.5 ml9] isopropanols H7Fste] A-2olA 10%7t

RNAS FAAIZ ¥ 4C, 12,000 rpmel A 1023F AAE213 T I -AE RNA pellet
70% oNere= A AH3Y 0.1% diethyl pyrocarbonate (DEPC) ZF50l =
spectrophotometer (UV—1601; Shimadzu, Japan)Z ©]&3}le] RNA &£5+% 2 &S 3213
S Ao AHEE wi7bA] 70Tl BAstA

O RT-PCR % cDNA 73

- A 229 @ FA2 2d BAS e D23 Ist strand cDNAE  PrimeScript'
1st strand cDNA synthesis kit (Takara Bio Inc. Japan) & A}&3te RT—PCRS
Tt FetAtt. cDNA F48Y FE 2+ 1ugd total RNAE A& H,
oligo dT primerE A}&3t] 1st strand cDNAES $4 3l T

O cDNA 2493 d7IMd &4

— 9% cDNAE ©]83te] EntE Al [Locus: LOC100316898 [3,613,961 nucleotid (nt) ~ 3,616,373
nt, GenBank accession No. NW_004194361] o] $X]3l Q= PNGase T +Z A= outer primer
(forward, 5 —TCTACAGTATATTTTAGTCA-3; reverse, 5 —AGCTTTAGCAGCAAATGAGTG—3)%} inner
primer (forward, 5 —CCATGGCTATGGCTGCCTCCTCTTCC3; reverse,
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5 —TCTAGATCAACCAGGAAGAGACOGC—3)E Al &3t nested PCR ¥H§-& B3t S33t3
PCR®4—TOPO cloning kit (Invitrogen, USA)E o]43}o plasmido] Adstg . S =
plasmidE g9=2 o=z AT DHseo =Y & A screeningS A=A
v 2k3l the plasmid midi kit (Qiagen, Germany)E AF&3}] plasmidE F=3st3 ).
F=3 plasmide A719FoE Eestal A7IAES St NCBI A&
5239 th (GanBank accession No. KM401550).
W) a4 2 aF
O EFLE PNGase QA (PNGase T )9 cDNA #2] 9 F8x &4
— ErlE Al (GenBank accession No. NW_004194361)2] AR E &85} PNGase T
FAAS] EolF primers F& A Z3H  nested PCRS $3Y3}l4] full—length?

PNGase T ¢ cDNAE E#359x (¥ 328—3-1), NCBI GenBank &3}t
(GenBank Accession number KM401550).

(A) (B)
= — g == kh

outerprimer  inner primer innrprimer ouler primer

1stPCR 3.0

5 2.0 4

e
Y' 1,767bp

1.0 -

5 === -

2nd PCR l
(Nested PCR )

5

- -

5t

< 13 328—-3—1. Nested PCRE 0] 43t EulE PNGase T 32 474 t]jx}el(A)Z PCR
A7(B) >

O EvE PNGase +3A (PNGase T ) ¥4

— PNGase T 9] ORF+= % 1,767bp, 58871¢] oju|=ito g2 o]Fojx] Qo Exjzke
65.8 kDa oo oAH pl 72 8.69% ZAME AT (http://web.expasy.org/compute_pi/
AFOlE) (1Y 328—-3-3)

— ¥y cultivar Momotaro ErFEC|A #2]E PNGase—Le (GenBank accession No.
FJ804752)9] 32k 7|7} vlas| ¥ ORFo] A7I1A ¥ 1,767 bp F 370 4717}
g5t o} ofm|ieat qIL 5887) F 5867071 BLEY 99.7%9 TS
VR ATH( 2" 328—-3-2).

— PNGase T9] N & B-Ljoll= ribosomes AXANZ TAHAT|= 21709] opv|i=iko g o]Fofx
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signal sequence’} =A)shH Dol N=a3) H9j9) ol ule}Ia—X—A|/Ed 29
oAl AME REJE (NXS/T)E £ 970 (o}u)=d A 39) 266, 386, 397, 447, 481, 489,
551, 556, 570)°|H o]= 10701 N-3FAs} H7} EAsk= PNGase—LeXRt} $+ 7171 AU

ATGECTGCCTCCTICT TOCATT ITCITAGITTAT TTCTTGCTACCCTTATTT TCCACAGC 1
AN B S S N CE AN TR L B EN x
ACCCTCCACAGTACTTCTICTCITIATAGATCCCAACTCATCACTCAGCAAGARTCTICA 61
7 L B & % 5 8 L % K 50Q L ¥ T @ 4 E 5 8 2

CCCAARART GOCRCCCCCACARCATTTTTTGAAGTCACARARCCTATARRATTACCCARR 121
FE N AT ET IEFENY T R EERELEE 41
ACCARACCT TTTTCACRCCTARTTCTT GAACATGATTTTGGTICCACCTACAGRARACCC 181
TE B F'S BL ILLEWNLF E§3 T YR K P 61
CCAATTCITGCTAACTACRCACCCCCTITTAAT TGCCCATCTCAGAARTITTCCARRATT 241
P.F L AR X2 T BBE R GB 5 g K E 5K 1 8

GIGCTGGAATGGEAGAGCARCT TGTARAGETAGACAATTTGATAGRATITITGGIGTTIGE 301
VEE W E AT CES B FUIEITEGY S 101
GITAGTGGEEITGAGATTTTCAGAAGC TGCACTGCTGARCCARCTARRART GGEATCTIT 361
V'S B ¥VELEESETLEFITEEGIE 121
TGGACTGTCARGAAGGACATT ACTAGETATICT TCITTGCITATGARRART CARATCTIT 421
I % Xk B 1 TR ¥ 55 L L M KEE QT F 141
GCTGTTIAT TTAGGGARTATTGTTGATAGTACATATACT GETGIGTACCATGTGGARATT 481
L°F ¥ L6 B1 VOHEITT ETEENED 161
TTTGTTCACTITIAT CCTGCT AARGTGAGATIGGETGGATITEAT ICTGEGECTGATTIIG 541
EY R F YOS A E OV EL G BT DS EA DL 161
ATTGTTCCCATTTICAAGARAT ATGCAT TTGARTGATGGETIGIGGTTTGAGATIGARRAT 601
1% 1 5 R § M E L B O & L W EETEHN 201
TCAGCAGAT GTACAGTCAARGGATTTCARGATTCCCCCARATGTGTATAGGGCTGTATIG 661
E LB Y¢S EDIEEILFIYER AN 22

GARGTTTATGITTCATITCAT GAGAAT GATGAGTTITGGAATGGGARTCCACCTARTGAG 721
E°Y ¥ ¥ S EE E B LEE W OB E W PR U E 241
TATATAAGT TCGARTARTCTT AGTATCGCGGEGARTGEAGCTIICAGEEAGGTGEIGETT 781
¥ 5 55 % b 8§ FA G N &5 L F REEVTEN 261
AGTITGGAT GRARTGGIAGTTGETGTAGITIGECCITTTACTGIGATCTATACTGGEEET 841
L B EM OV VEWAYNEEFIVIEILITES 281
GITARTCCCCTCTIT TGGAGACCGATT AGTEEAATTGGATCGITCGATCITCCIICTIAT 901
VE R OLE W OBEPL SRl B S E D LB SY 301
GACATTGARATTACCCCGTTGITAGGARRGATT TTAGATGGARATAGTCATAAGATTICA 961
B F E 1T OB L LGB K I LD 6N S B ¥ T oS 321
TITGEAGTCACGEAT GCTCTGAACGTG TEATAT GTTGAT GCARM TTGCATCTTIGETTG 1021
FE ¥ T HALERWREIYTE ALELILIWS 341
GACGGEAARAGTAAGARAACGGARGGEARGTIGTTGAGATACAGCTTATIGCCOCTTICT 1081
6 % 5 B K I E B oKL L REY S ELRETS 381
TTATCGGTGCTGACCARTTTT ACAGGT TTTGATGGATCCTITATCACGART GCTAGTAGE 1141
L 5% L T ® % % 6 F D G5 F F T R A S R 3s1
TCCATCACATTGACCGEARTGGTGAAGTOGTCT TATSGAACTATCACTACTAAGTCETCT 1201
EE R T B Y ESEEE I ET RS B 401
CARAGTITAAGTTATAGCRACCATATGGIARTGGEARAT GAAGGGAACTIGCARRTAGIG 1261
g 5 LT8R YOS N R M OV M E NE B WL ¢ IW 421
GATCAGATARTCGAATTCART GATACT GITTATGCCACGACGCCATCITCTTATGTTCAC 1321
B g% 1 FEE e B YNV EETIORESE R YN 141
TCGCTTGAGTCCTTCARARAGTATCTGTIGARGTTGTATTCTGACAATGTAGATCAAGGR 1381
5 LE 5 F ¥ K ¥ 5L B L ¥ 5 K8 VY HO 6 461
ARCCARRGCTATACCTCGATATCARACTIGACGTTGGGATTAGAT GACARGAGEGTAARG 1441
g8 T T RISl L LR EN K 481
GETTCCAAGTATGGATCCTCAGTCAGC TCTGTGARTART TTGCARAACGOGCAGGSCTAT 1501
6 5 K ¥ 6 55 V55 % 8§ 8 LQBLOG T 501
ATGATTGTAARGGEGCCACTTAGTAGTCARAGGACTTGGAAGTACCCAACAAGTATATARL 1561
¥ I ¥ K6 B L VY K6 LB 5 THQVEK 521
CATARCGAT GATTCGTECTGC TACTCCAGGARCATAAGC AGCTCARATTACACEATACTT 1621
B B B S E € fTo5 B W 385 5H XYL 541
TACGATAAGGTARGCARTAGC TGCAGCARTAGTACTIGGTCTCAT IGGCCT TTGAGEATT 168

¥ F KN ER S CH N ST N S5 E NP LE I 561
GACAARAAGCGGTCT CTTCCTGGTIGA 1741
o B R85 P 5 581

< 19 328—-3-2. EFlE PNGase T & d7|4<d & olu|=A E(L=: Signal

sequence; =< =4 putative N-F&3} 79]) >
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=RV NEASy Compute pl/Mw

Compute pliNw

Theoretical pliMw [average) for the user-entered sequence:

Theoretical pl/iNhw: 8 69 / 65833 76

< 19 328—3-3. EFlE PNGase T T9 pl gz ExteF B4 Ax >

O gt A EA 2 PNGase A multiple sequence alignment 49

- 25 Bud 12709 PNGase 34 members 2 N-323 F95 BluLs)
obw] =2k A dojA Bl A HEAO] £ RIZE 67171 EAEH N-FAE 29
FHOF op|iit A EY FAo] Bl A H& F97F EASEE o5 F-97t
PNGase T° 245914 o2 AGEHAT.

= 7]&d Hag o8 AEAZRY 22" PNGase T +AAE vlus] & 23
obu| =2t At TUA L castor bean, TZT, X5 S+ oF 61-62%9 FUAS
vellom, of 71t e] 27) gene memberst= 22t 54%, 38%9 TLAS YEFHAL,
B o] 27 PNGase T gene members®+ 50%, 43%2 TYAS YEd. & uEQd
250l 9t 24549 PNGase T9e 42% A =2 TIAE et (29
328—3-5).

- % 10%9] AEAZTEH E2¥ 12789 PNGase F348 @¥d AdE &4
ASS4E B PNGase T & 9A PNGase—Lest 7F4 £& #ABAE Yeisia
o2 X9 PNGase 9 Bl A L FABAE YetlATh (19 328-3-4).

Hd
(e}

oo o

[ tomato T

ltomato Le
grape

populus

arabidopsis1

rice1
—( Ii rice2
|_|:org hum
’7 zea

moss

arabidopsis2

0.1

<1¥ 328—-3—4. PNGase o}v]=4F A &S ©]&3F Neighor—joining phylogenetic analysis >
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< 1% 328—3-5. EFlE PNGase T ¢ ©3t 2 E59 PNGase fFAAE2] multiple

sequence alignment 41 [#& ZX): putative N—F A3} H9; AL 7% conserved
sequences; Arabidopsis 1,aral(GenBank Accession No. NP188110); Arabidopsis 2,ara2

(NP568155); tomato, TomLe (FJ804752); PNGase T T;tomT (KM401550); moss (XP001764866);
grape (XP002285454); castor bean (EEF37846); ricel (EAZ10975); rice2 (BAB92157);
popular,pop (XP002316856); sorghum,sor (XP002454967); zea (NP001152324)] >

(2) PNGase T F3A &4 =34 A+
) AEATY FINE (A L FH)

O AEARE
— Quantitative real time RT—PCR #4& {3t ErnlE A5+ Fo EnfEAEE A A

BoFwro Eul¥ (Solanum lycopersicum L. cv Styx TY) 50 ZXHE total RNAS
Egk & cDNAE @43t A1-8-3tdTh
O Total RNA &8 % cDNA &4
— Total RNA 22 TRI Reagent® (Molecular Research Center,Inc.) & AM&-3led 4)3} 9]
TP R mepa E2lstd cDNA /o AREsEAT. cDNA A2 1pg9 total
RNAZ PrimeScript™ 1st strand cDNA synthesis kit (Takara Bio Inc. Japan)Z A}-8-3}4

DI FHNEH LA FAAA
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O Real time quantitative RT—PCR (qRT—PCR) &4

— Real time qRT—PCR #41& 935t ErlE 389 e FAHL 69419 stageE Uro]
Z3AS 519 =4 194+ mature green (MG), 29A|= Turning (T), 39A= Orange
(0), 4&A1= Orange—Red (OR), 5841+ Lignt—Red (LR), 6©4]+= Mature Red (MR) EA4]
TFEAE 7t 9A9] EvtE &l A total RNAE FE3+4 cDNA Aol AME-3sFAT
qQRT-PCRE o] &3t EA3tax} e FAAES 5ol3 primere AZAR] AZHEH S
o] g-ato] A alPa (F 328—3-1), real—time qRT—PCR #2412 Chromo 4™
Continuous Fluorescence Detector (MJ Research, MA, USA) & ©]-&3s} F=3j3}5 ).
Strip PCR tubeoll iQ"™ SYBR® Green supermix (2, Bio—Rad, USA) 10 l, Forward
primer 0.25 pl, Reverse primer 0.25 ul, §438F ¢cDNA 1 ulE 93 20 w7} ==
DEPCZ A|g "5 H7Iskdth PCR 2702 95ColA 158 &< holding ¥
95Col A 30%, 57 CollA 30%, 72CollA 30%Z 45 cycle ¥F&AIZL F 72TCol| A 102
Ag)stHon, 95Tl 65C7A 0.2C +40Z 124 melt curve stageS X3Pt
o]} 242 Opticon Monitor ™ software version 3.1 (MJ Research, MA, USA) <
©]-8-3} Applied BiosystemsolA |33+ Delta Delta CT 3= 7|E2o.2 A4l

B skl

< ¥ 328-3—1. Real—time qRT—PCR #A0] A}&3F E0]3 primerd G714<g >

Gene Strand Sequence

LeActin Forward CATGTTCCCTGGTATTGCTGA

Reverse ATCCTCCAATCCAGACACTGT
PNGase T Forward TGATGGGTTGTGGTTTGAGATT

Reverse ATTAGGTGGATTCCCATTCCAA

LeMCA Forward TCGTTACGGATTTGCTGAGGAAGACA
Reverse AGCAGGTAACCTAGTTCCATGTCCA

LeACS2 Forward CGAGGATTCGGAGGTTCGTAGGTGT
Reverse GGTGAGGGAGGAATAGGTGACGAAAG

LeACSS3 Forward CTATCCTGGATTCGATAGAGACCTCA
Reverse GGTTGGTCACTAGAACACCTTTCACT

LeACS4 Forward GCAAGGATTCGGATGTTTATGGATGC
Reverse TGCTCGCACTACGAGCGAGGAATTG

LeACS6 Forward TGATCCTGGTGATGCATTTCTAGTTC
Reverse CTTCTTCTAAGGCTTCTTTTGTTACC

o i e o B =
O N-glycanaseZA] 7]&o) o] AEA| NN FHA B2/t RaE PNGase T7F 21EA 2
e 23 oMY AR Je] tiste] A AT npt gl7] wiiE] o]F 4]
ZAFSFA.
O EvtE 359 Ao WE PNGase 79 AA =& 24
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— EulY (Solanum lycopersicum L. cv Styx TY)9 #}8-9] AAo] fAdH o]F <=4

Axo] wel HAG AR FFA GAE AXD A FFAL AH 1PYH
Hegg PR AR ro]l B85S F88tdnh (2198 328—-3-6)
FruitRipening Stages
1 2 3 4 5 6

Scale bar: 2.5cm

< 19 328—3-6. EntE IS A9 6¢A. 1@ A, mature green(MG); 294, Turning(T);
39|, Orange(0); 49+4], Orange—Red(OR); 594, Lignt—Red(LR); 64|, Mature Red(MR) >

- EnE #59 ARA wet PNGase T FAAS] Hde vluzd £& F£Fo 7
constitutivedtA] WA E < S B Ao E H3E= HA (T Al7])olA
PNGase T RAAA o] F7tste] Qalx o] 35 (0 Al7DAAA 7HE =& AAMA
FE Bt ol AxHAR olojA e FHEHE HAHoNX PNGase T A 4

29

A2 A9 ( 328—3-17).
PNGase T
_ a0
=
i
S m
(=%
&
2
g
g . . . . )
MG T o OR LR MR

Fruit Ripening Stages

>

RO 6

Scale bar: 2,.5cm

< 19 328-3-7. EvlE 759 A @AY ©E PNGase T A @] qRT-PCR &4 >

— PNGase T7} #=olA B3 & 55 E%l;ﬁl%i constitutive 3}A LA FHE =
5] sAHHAA o] XV\}Zﬂ &l ¢ 23 g5 A4 9

Ho
o|\
_\,L
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=gtag oA AAbe] 2Ho] dojuye Aoz AAXH.

O EvlE #59] Ao ©E metacaspase FAA] @Hd £X4

— F3o] XY= =3t A A F-8&3F= caspase—like proteolytic B4 Z717F YA
=4 o] w A= cysteine protease$l metacaspase type II F-22}e] HAMA] LS
AT

— Metacaspase= A=A HHddo] HAHAS W S2 4353 2EH 2 59 737
ZEH 27 Fo]H S W programmed cell death (PCD)E Z# st o #at
OP"]E} Al 5 OFe TRY TEHAE BAsts FAEAM MAE F59 vHAR
Z4-8H

— Metacaspase 119] FH2}2 LeMCA FRAE A ZA B E BlwZF e HALA
FEOIAARE F5o] KAdE o] wmstEo] Tk FAGAA AR o] ZA ST
=Aglo A QAR Mo 7 HAFEE A7) (T A]7])ol LeMCA«] AArA 7o) 2.54)

Z7H0H, 0% LAAM(0 AZDAAN HAE V1SS S5 A7) vl
AN A TR, olF B AR @wﬂrﬂw M FE FEY
LeMCA ZAAMA = Aok (28 328—-3-8).

- 7 A3= proteaseo‘z?l metacaspased A2 W& EHH PNGase 7Y
B o] 25 Al A FHoA 7MY =2 AAA ZFS FAStE HolA AE
FrARSHA T WEtx PNGase 7ol o3l BAbEo] AdEs AAo] dewdoy 1
oo @ RAEo] =3y PCD 5] HANA Eaj=7] fAs) dojubes AHAA
52 ol AAER] BAFEC] od gugle A T daod o3 doju=

FAAA ] e B} 4% 7S AF7F Qs Ao g AR
LeMCA

s ®

3

i

§ 10

i

% 5

B o ; ; ) .

MG T o OR LR MR

Fruit Ripening Stages
-

W o~

Scale bar: 2.5cm

< 1% 328-3-8. BEvlE #59 4 Tl W& LeMCA #32 A2 qRT-PCR 4 >
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O dg#d Ay a4
— PNGase T ¢ H& o] EvlE 39 <ARAHAN ZA F7130 8 EnE 389
SABAGAAM T TS st AES2E dgE@e Ao #ost= ACC
synthase 7 #}2] gene memberse}e] ¥Hd S E ¥} vl w9 o)

— EunlE9] ACC synthase®] gene members= FHA3F 7 isoform ©]io] EXE Ao =Z
AAAH EvtE FsoMe FFo] SAHE FANA AL A Fol Fr1et=T
E3] #59 wgAAHNE Le—ACS29 Le—ACS67F BAstaL Qo™ Le—ACS3S
F5o] AAsta Wl ZA oA constitutivedtAl FHHE isoformoE LA Ut

- EvlE #&o] BT AR XNE LeACSZ, LeACS4, LeACS6 A9l w0 OHOMXI
Bt AAF w40 IFEHHEA ;AT Aol A 37HA] isoform®] FHAATE B
7V =& AAAES YElAY (2" 328—-3-9).

— Reference AR actin A} vlaLgh Fdi Al dd o] 71 H2 isoforme
LeACS2 oo, TS50 2= LeACS49} LeACS6 -2 2 YEGT

— 5o g R A 2Lt sl A= B o] F43] HAs)
synthased 722} memberQl LeACS39] AAM = ErlE #SoAd= AL
oot (19 328—-3-9).

— MXEW A =3} EOVQ Ql ACC synthase® #ZAA members3 A At EAFQ]
7}VEE) 7} Suk =3l A EolFo g wdHo] F71sk= ACC synthased]

A memberE®# Fd i Ho] FASIAT

Ir

ACC
TE A

ofs

L r

g

r LeACS2 o6  LeACS3
o5 |

8

o4

z

a3 f

Relative ExpressionLevel
Relative ExpressionLevel

a0
oz }
A o1 | o oo
o < L L L L . oo L L L L L )
MG T o OR LR MR MG T [+] OR LR MR
=z ¥ r LeACS4 = 2 LeACSS
=
- -
=
.g 1] -§
- @
£ 5 R
d 55 i
- -
2 = 2 F
E s i
N I T T I S
MG T o OR LR MR MG T o] OR LR MR
Fruit Ripening Stages Fruit Ripening Stages
Scale bar: 25:;n Scale bar: 2.5(:_rn

< 19 328—-3-9. BEVlE #HF9 A4 G wE dddl AP FAA e
gRT—PCR &4 >
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O wetA PNGase T4 A dd = S A=x ?T%J’Jr HHEE JhrEs 29l
metacaspased] A W& 180 4 # % ACC synthased §#=}
members®] FHF} FAE S Y= Ao ® Hol PNGase T= AHEAANA =3}

A=A WA APd ANEAZA 9

ox
NCOYE
b
ot
[-u: oA
3

Hos =8t HE‘;E}% e ZERHE AHshe 2ol H

vlA gk Ao g H AT

O bg& &8t oz s 54 A7l s e 50]4 ZEZREE AMEste] dapxe=
FAAGFowN PNGase T HE F% A&ES AXT F ol g 54 9Jsh&
ANz A A2 £Yste] PNGase 79 53 ookg ol A S Exjo] BHdEE
AEAE Axd dild £ & N-HAES AAS S 34S ASFE 5 AS
RAolH, ol AxFENA] A FHS GIAA By AAHoZ o5t A=
A S A s Ao E ARHATY

O 53] PNGase T9 FAx8 @714 E Aol 60% Axol EFstn=z 7123
AgeA B AAY BrE ARAdN AZFRuAS 40E A9 N-S S
A7) faiA Wz dilde] fAgdo] =2 EvtE #Fdl PNGase T & 2&3t=
Aol o= fF#: <9 PNGase A Y BHHIglo} fal¢ PNGase FEU ¢ a338Y
Ao E AR E U

(3) PNGase A 1@ FAAEA 1
O A EA TdE EvlE PNGase T MZF @A construct A2}
O PNGase T 7349 5" —region?] ER signal peptide A€ IUE AFE-3A T
O 3 —regione @A A A] Ni-NTAEZ o]-&3} affinity chromatography & #|3}7]
sl C—2o] His6-taq AE (CATCATCATCATCATCAT)S AYdstnod,
oEld A 3 ERON retentionA]7]17] 91814 KDEL M€ (AAGGATGAACTT)S
|3 AxF PNGase T constructE AZ3te pBlunt TOPO ¥ EH ] E2d3A .
O F718 o2 37 —regiono] KDEL A€ glo] His6—tag ALt g3+ AW Z3 PNGase T
FRAAE pUCL18 W E o 443t construct® FZ2YFHASS ATt (29
328—3-10).

O o]F o]& constructsE A=W E HE AYstes 4TS AP
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kb

= M: 1kb ladder
= 1: Ncol+Xbal = 3162bp,1799bp

= 2: EcoRlI - 4503bp, 456bp
5 - 3: Pstl > 3243bp, 1713bp
%-2: = 4: BamH| - 4344bp, 33%bp, 274bp

0.5 -

0.1 -

< 1% 328-3-10. KDEL A €e°] §l= PNGase T ¢ pUC118 #WE =R F2Y >

O 1apdxe g s A& A
vector)oll PNGase T 2 A}
328—3-11).

aes iy Axd I BdE A& (pTRAkt

=3t7] 93+ constructE RIS P (2E

K

s

qui

2d3tel A%
g9 agdu} (23 328-3-12).

Stop
T e
+KDEL
Stop
hg

# PNGaseT-His6-KDEL PNGase T

Xbal

# PNGaseT-His6 PNGase T

His6 | Xbal

LB Ascl | EcoRI Ncol Xbal RB

p35SS
1
PTRAKt-PNGase T

< 1% 328—3-11. AAZF PNGase T §427F AdH 2F9] 21& 243

W) fHR T >

= 1: 1kb ladder
= 1: Ncol+Xbal > 7626bp,1811bp

= 2: EcoRlI = 7491bp, 1476bp, 484bp
= 3: Pstl - 9375bp, 109bp
= 4: BamHI -2 9143bp, 340bp
< 1% 328—-3-12. &4 &dE HEH 249 & FAHH EvlE PNGase T

A Aol 3+ AStEa A mapping >
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O Az EvtE Fd PNGase T AR (PNGase T )9 2)E&¥3d construct=
HTHOoE dAEHNOH JFAASAEA F FAAS FuiuiFAE TS st
A& AT

@ EvtE f2 PNGase T @ide] ity JAxg gl A EA4Y &5
b AFATY FIHE (AE ZH AR
O Agrobacterium—mediated & & A sk

— gl A EA 0 AP opYY Fuje] A AHA(0.5cm’) S Agrobacterium tumetaciens

Hj o] 18 F<F 7+ 2171 & MS shooting Fr=H1 A (MS salt+ 0.1 mg/L NAA, 1 mg/L

BAP) o A3t 29 &t oF widstaint. Txujefe] ¢ & @ o e

Agrobacterium= A A3}7] 993t 250mg/L cefotaxime©] H7FE MS shooting B A] ol
7 A7 & vgstATE 1 o]% 250mg/L cefotaxime®} 100 mg/L kanamycin©]
Z17FE MS shooting WlAZ &A 25 HFoZ AUu]g staA FAHSE gl

i e

-‘ U

)

] 9 Aol AYA2HE A2V AP AMAES HEste 2o
H7FE A 2 MS free WiAlol &7 HeE FEs3lor He7t tgHoz fed

¥ o3 A E HEAE 2N ASAAT

jin
o
[-'N
D)
dot
rO
o
o]
-
()
D
=
@]
S
o
o
Z,
>
M
AC)

— Genomic DNAE NucleoSpin Plant II kit (Macherey—Nagel)Z AF&3}o] £2]3t99th 100
mge] ¢ _%Zl% MAAALZ FHA 2ot 400ule] PL1 buffer®} 10 ule] RNase AS

Yol & Z 65T 1087 92 Al A NucleoSpin Filter (violet ring)ol] &3S
¥ol 11,000%g oM 2&3t A2 F 4S5 HS 450 ule] Buffer PCE %
X o]Fith o] &3-S Nucleospin Plant II Column (green ring)ol] ¥o] 11,000Xg
oA 287 AHNEYT} T ASAS PW1F PW2 &9& o] &3 AlHGAESE AH
v}z 2kof] Nucleospin Plant II Column =%l 50ul®] Buffer PEE ¥ o] 10,000Xg
o A 28 i3l genomic DNAE &&3t E|stth.

O PCR £4& 53 PNGase T 34 49 &2l

— A7) oA 23 genomic DNAES o] 83t E9o]F primerE AFE3Y genomic
DNA PCRE& A8 ErlE PNGase T 3+ (1,767bp) 7} 2ol 2] &4 of
A E R ER Festgtt. PCR 21L& 94Co| A 587F pre—denaturation 3+ &,
94 Coll A 30%7t denaturation, 60C°ﬂ/‘1 30%7t annealing, 72Col) A 18 30x%7t
extension ¥ L 35 cycle® F33F T 72T A 1087 final extensionS 4395193 3L
PCR product= 1% (w/v) agarose geldlX A 7|9F TOoZM =2 DNAS FF AR5
Bl

of
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3
Walz, Germany)S ©]&3le] A5Z ZHuAS B3 %Xé’s}?iljr
BHS 422 2SS HA FEL
#3184 88 (Fv/Fm)E 5383t Fve Fm—FO0=Z AZbs}
231 gEo] o AFHAAH, Foe HA JFEE 24
I8)3l PamWin3 AZE o] (Walz)E ©|&3te] dlo|HE EA3A
— kY AEAS} EvtE F) PNGase T A FAAZ GujEAS 2404
AE3te B o5 AEANY YL ZABIATH AEA 214 (cm), it A<,
9 WA 2AEIG AL, Ao WA dWAA (model 3100; LI-COR, Lincoln, NE)Z

ol g3te] YAt

@ d7Ex 9

O KDEL AMgeo] 239 A= PNGase T (+His6+KDEL) 73 AFe] Gl & &4 2 9]
A

— EntE §; MES PNGase T (+His6+KDEL) AR =UH Agrobacterium
TTE st 2l o dAdo TFEAA RS AAT

— 250 mg/L cefotaxime®} 50 mg/L kanamycin®] ¥3&¥ MS shooting Bl Aol A
A&H &2 AduF stden F4A AdEHE dopde FAHSA =
FefA &4 F &Y (28 328-3-13).

8F ~ 105 H|Y (selection: kanamycin)

< 1% 328—-3-13. AZXY PNGase T 2] FAHS ol A=A A= 24 >
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g 292 wrEsigon 531700 w9 AN FAAA FAA
3 a4

=)
A= 257024 FAAZ §80] 4.7%

3 go] ohde 3
oIich
- gobge FAABAZ 15718 RelFmuiAd $7 B/t 4= 2he SFHA

A EA (PNGase T—10, PNGase T—11)E #H& A%sdd (19
328—3-14, 328—3—-15).

WT PNGaseT-10 TwWT

< 1% 328—3—14. &40 A A=< PNGase T—10 &% 43&&, A (F FAAA wF
654 AL, ¢ FAAA W 1234 AS) >

WT PNGaseT-11

WT PNGaseT-11

< % 328—3—15. 244 AFZF2 PNGase T—11 A3 AEA. (F: FoA wj&
477 A5, 9 FolA wd 8FA AS) >
O ANEF PNGase T F4dx8 2 EA A9 genomic DNA PCR &£4
— Genomic DNA PCR #9218 93ty 19 328—-3-163} #o] AMEF PNGase T
(+His6+KDEL) 74} construct W& 6702 E9°]3& primer regione TIAFQI LA
PCR 24l ©]-&3}3At.

— 1337} 2999 primer= B8] 2 EAo AQUS EvlE PNGase T +AAFe] full-length7}

22 £ e R9ola 3 ~ 6W primer= pTRAkt WE W] B9t (29
328—3-16, % 328—-3—2 ).

- 293 -




1306 3875

-]
8381 9160 - <+
8

3676
TGA

1811bp

< 1% 328—3—16. pTRAkt M E]o] AYH PNGase T 34} constructe} E0]& primer =] >

< 3 328—-3—2. Genomic DNA PCRol| AF&3F 9|3 primer A<

Primer Sequence

1: PNGase T-S1 GGA TGG CTG CCT CCT CTT CC

2: PNGase T—AS1 GGC AGG AAG AGA CCG CTT TTT G

3: pTRAkt—AS CTA AGG GTT TCT TAT ATG CTC AAC
4: P35SS—-F ATA CAT GGT GGA GCA CGA CA

5: NPTII-F GAA GAA CTC GTC AAG AAG GCG

6: NPTII-R GAT GGA TTG CAC GCA GGT TCT

— 2}l PNGase T—103 B}Ql PNGase T—11°] BARAE T &4 o ZZF A
genomic DNAE #3213 & Z+7+9] primerE A3 genomic DNA PCRE 2l A&
PNGase T +277F gl A &40 & AAH A=A agarose geloll 71953}
gkt

— 19T} 29 primer® PCRE 33 A EvlE PNGase T 7342+ full-length 2 ¥ o)
TEEQ 0o 8l PNGase T—10% 21 PNGase T—11°] 3273 gl 2 E A oA
1,811bpe] W=7} ElxAct (18 328—3—-17A).

— pTRAkt W E o] 4AH PNGase T A FH WE A€ primerE ©| &3t PCR 3+
A5 & PNGase T—10% &R PNGase T—119] BZAXHE gul] 2AEA A LF
2,001bpe} 2,332bpe] PCR WI=S Z47} g1E vt (29 328—-3-17B, 17C).

— JAA kanamycin A& FAAQ] neomycin phosphotransferase II (NPT 1I)
FAAS] primer® PCR 3+ A% &%) PNGase T—103% &%l PNGase T—119]
FAAG T AEA M 25 780bpe] WMES skt (1™ 328-3-17D).

~—___ Primer 1&2 186 5&2 788 Transgenic plant
Plant (1,811bp) (2,001bp) | (2.332bp) (780bp) oot (=24d)
| WT | X | X X | X |
| #10 (PNGaseT-10 | © | o g | wep | 0
| #11 (PNGaseT-1) | O 0 0 0 0
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| (A) Primer: 1+2 |

PNGaseT
M WT 10 11 P

| (B) Primer: 1+6 |
PNGaseT
WT 10 11 P M

(C) Primer: 5+2 |
PNGaseT
M WT 10 11 P

| (D) Primer: 7+8 |

PNGaseT
WT 10 11 P

M

gl A EA o)A (2] PNGase T—103} 221 PNGase T—11)9lA]
genomic DNA PCR &2l >

Rz

Uﬂ

1_°]
o s}
T =
o} (Haweker et al. 2010).

o
A

Ay ,:q g}zq JJrXJ o]] }\1 J/Lzﬂ-/\

-

[}

S XA Ay EvtE 8 PNGase T +3A7F =

2}el PNGase T—103 &+l PNGase T—11 3 ok & A EA Alolo|x e & xto]l&
HolxE &dtt (28 328—-3-18).
0.9 0.9
0.8 0.8
0.7 0.7
0.6 0.6
E 05 } E 0.5
c 04} o 04
0.3 0.3
0.2 0.2
0.1 0.1
0.0 0.0
WT PNGase T-10 WT PNGase T-11
< 17 328-3-18. FAAZ Gull AEAANA (2} PNGase T—103} 221 PNGase T—11)0lA]
FIAPE A >
— olE FAHE AEA & 2l PNGase T—10 + oA E Bop A4 =7t <t
S 7 st ar wk= A 7H§‘rﬂ°* ow gkl PNGase T—112 vluZ oA} AF&ET 7}

= %

o} (3% 3 328—-3-3).
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< 3% 328—3—3. Wild type® PNGase T A3 A EZA| oA HEF XA}

WT PNGase T—-10
Plant height (cm) 64 69
Leaf area (cm®) 383 202
Number of node 27 21

WT PNGase T—-11
Plant height (cm) 37 26
Leaf area (cm®)* 342 262
Number of node 16 14

offl

Tk

FRAH e ol REY #HE 10, 11, 1294 QA s

H
Agrobacteriums ©] 83 215 FAXAES 93] Triparental matingS Y
Agrobacterium tumefaciens (strain GV3101)ol] d&AH3 3t}
— PJAAZ 7FF 875 v]Sste] plasmid DNAS E2 S & AgaA Neo 13 Xpa [
x28]3te] KEDL M &E°] §l= 1,794bpe] PNGase T (+His6) A2 A4S &<l
(19 328—3—19).

g
52
o

M 1

kb

8.0

v
=

I

= M: 1kb DNA ladder
=Lane 1~8: | =3t PNGase SHAIE Agrobactenim®f] HEHEAIZ] #F

< 1% 328—-3-19. KDEL M <¥o] ¢ AZ3% PNGase T (+His6) &H1zte] dAAS 73

A >
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O KDEL A €o9]
- EviE o A

= W% PNGase T (+His6)
%3t PNGase T (+His6) <

AA7Y Agrobacterium®] =R H

Azre] g EA e §

2 A 3}

Z
T

#89 MRS W) A W] FAANA FAAF AAT (1Y 328-3-20).

H

1=

ol

=

43078<] =) ol 4

o
S 7+

Al A FAHA

=
) 2 3 &

s

A= 707M=A FAA

£°] 16.3%

< 19 328-3-20. FAA X3 A A KDEL M de] gle AZF PNGase T (+His6)
FRAAE = E '@l o A9 A BFA W) >

— ANZY PNGase T 229 XS a&Ho|A B KDEL A go] e AMEZF
PNGase T (+His6) 7322 @AA3 G890 16.3% =4 KDEL A <go] £&%H PNGase
T (+His6+KDEL) 749 dAAE a8&KR1T}; 3.50 Z718t4h

— ERAIM = A&3}A folding® @S ER wro 2 WHU= 9IS st=d folding®]
ANZ o] Fo]A A ¥ we dmiAo] ERoA &A1 H 1 @Al aggregation©]

X150l A= ERo] 33t oe] 7leE 4ol FH =] ER stress7h dojut

A o] stress A1E = ER Ho g2 AGEo] ME AAY 2EF XA ¥ES X3
HEg FAAS a0 Ge Ao Ao
— W&t PNGase T (+His6+KDEL) A2 Gl 9 Aol FAAS g80] e

o] KDEL A ge &3 uZ ER stress @eFoz ®BoAF T}
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(3) PNGase T ©Hld ul3 49 @ EX 22X
(7h) MEATe] F3HE (A5 2 W)

O )\]‘:’]HE

_ BEvlE $ PNGase T (+His6+KEDL) SAA7} =918 AA3 S 224 2ol
PNGase T—103} PNGase T—119] & AL 4835} total RNA 2|2} total &2

el ARE-ATh
O Total RNA #¢
— Total RNA £2]& A dislolA o 0.1 g9 2FS Sapipdz A3 vpadh 3 1
m194 TRI Reagent®™(Molecular Research Center, Inc.)$} 3027}t vortexsdls] &3t §
2ol A 53 WA s 4T, 12,000 rpmell A 107 &< dAlEE st &
NS A tubeol] 2713, 0.1ml¢] BCP (1—bromo—3—chloropropane)S 37}
2t vortexshe] EjFetar, 583 Aol WAsHTE 4T, 12,000 rpmell A 1583t
5 AR FAst S FFHS MESF tubeol i7]37_ 0.5 ml9]
isopropanols #E7}sle] oA 1087 RNAS HAA71 & 47C, 12,000 rpmol Al
1087 AR & 2 AE RNA pellete 70% ANer-E =2 A AR 0.1% diethyl

i

ﬂJ
rlr

,4
o rlo

3

30

<

1

B

o>,

pyrocarbonate (DEPC) &/ =4 spectrophotometer (UV—1601; Shimadzu,
Japan)& °©]&3te] RNA 5% P &S gRlst & Ao A& wj7pA] -70C e
B #s A

O RT-PCR % cDNA 43

- FA2 29 9 fA43 dd B4E 98] BAs Ist strand cDNAE
PrimeScript' ™ 1st strand ¢cDNA synthesis kit (Takara Bio Inc. Japan) & A3}
RT-PCRS F33te] 439tk cDNA 49 FHo 2= 1ugd total RNAZ
ARSI 0, oligo dT primerE AFE3l] 1st strand cDNAE A 3HA T

O Real time quantitative RT—PCR (qRT—PCR) #A

— Real time qRT—PCR £4& 93l A7) A8 WHO 2 total RNAS FE3 cDNA
ol AHESERTE qRT-PCRE ©]-&38te] A3tz s F3A=9 5°]3 primer=
AzARe] AZHE o4t} A12ekAt) Real—time qRT—PCR £4}-& Chromo 4™
Continuous Fluorescence Detector (MJ Research, MA, USA) & o]-&3}o] =33} ch
Strip PCR tube®ll iQ™ SYBR® Green supermix (2%, Bio—Rad, USA) 10 ul, Forward
primer 0.25 wl, Reverse primer 0.25 ul, 433k cDNA 1 plE €3 20 u7F ¥ %
DEPCZ A3t 345 H7IslHt PCR 272 95CoA] 1548 &<t holding § 95ColA]
15%, 57CoA 30%, 72TColA 30%= 45 cycle HFS-AIZ] 3 72Co|A 10% *]8]3HoH,
95CaA 65C7A] 0.2C 2FAo 2 1%2A melt curve stageS 23519t Hlojgl EA&
Opticon Monitor ™ software version 3.1 (MJ Research, MA, USA) & o]83}a Applied
Biosystemsol| 4] A &3t Delta Delta CT 32 7|+=C.2 AAFSIY] vlastygch
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1

il

>

(W) 7254 4 1
O 23 gl AEAAA ErtE PNGase T WA A7 4

— EvtE Ff PNGase T (+His6+KDEL) FA7F =48 A4S &l A=A 27] &<l
(PNGase T—10, PNGase T—11)\A W@ E EutE PNGase T A HAAMA &
gQlsl7] fste] G} EvlE Sl PNGase A A multiple alignment F2¢) 2] 3j
3" I regionol A EVLE PNGase?] E°]4 primerE YAASYTH 1H 328—3—-22).

— JAAS G AEA NN ErRE PNGase 73442 E°]& primer ZH

o Forward primer : 5'— GAT GAT TCG TGC TGC TAC TCC — &
o Reverse primer : 5'— TCA ACC AGG AAG AGA CCG CTT — &

= 47 FHE PNGase T 3ARS T 284 270 el EvtE PNGase T 71419
A & &<2lst7] 98 RNA #8 £ cDNAE 433t real-time qRT—PCR<
Tttt

— Reference gene®. 2% house keeping gene$l acting F%3l9 EvlE PNGase T
TS HARA S &A%t A 21l PNGase T—10 8RAZ vl AEA = WTO
Hls) EvtE PNGase T #3d#kel A Al <Fol 2.28) F7tekelal, 2kl PNGase T—11
FAMG ) AEA= WT 2o} 3.38) Z718tdoh (19 328—-3-21).

— wEtA EvtE {2 PNGase A7 BAASE &) A EA 2F (PNGase T—10,
PNGase T—11)& EvtE PNGase A} (35S5..PNGase T—His6—KDEL)7} &xll 21&A)
chromosome Wol ¢kgA o7 Z =JEA o™ mRNAS &d 8o WT EY ¢5
78S Q9 53] 249 PNGase T—11 BAAS Gl 2 EA NN PNGase T
Az 2d adrt ¥ Fskdh

0.015 |
0.012 |
0.009 |
0.006 f
0.003 | -
0.000

WT PNGase T-10 PNGase T-11

Relative Expression Level

< 19 328—-3-21. PNGase T 2% gul] A EA| A EvlE PNGase A &d <]
qRT—PCR &4 >
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tobacco TGTAAAGBGCCAGTTAGTAGTCAAAGGACTTGEGAGTACTCAACAAGTATATAAATATAA
tomato tgtasagggccact tagt agtcaaaggact tggaagtacccaacaagtat at aaacataa

& k& kA kk Kk EEhEAE AL Ak AEkE Fhhdhd AhEAAAAd bbbk dtd dkdk

tobacco COAAGATTCATTETGCTACTCGAGGAACATAAGCAGCTCAAATTACACGATACTTTACGA

tomato cgat gat tegtgetgctactccaggaacat aagcagetcaasat tacacaatact t tacga
kA ﬂ**** * HHAA AL EE HAEAAAAAAEEAAA A A A A AAAAA A AN whhrhbhhAhkhdh
F
tobacco TAAAGTGAGCAATAGCTGCAGCAAAAGTACCAGRTCTCGCTTTCCTTTGAGGGATLTTTC
tomato taaggtaageaatagetocagcaatagtact tgatcteat tggectt toagoat tgacaa
Rk ek ke ol ke ohe e o e ol ke ke oo oke ok e e R e ok ok ok ok ke e e ke ok e ok e e e ol e ke ke ok ke ke k3
tobacco TGCAATCTAATCTTGGTGATGATAATGT TGGTAATTGACTTTGCTCCATGCGATTATCTT
tomato aaagcggtctet tectggtiga
£ e e ke ke e
R

< 1% 328—-3-22. EvtES} T PNGase 242 multiple alignment ¥4 >

O F2Ag gl A EA A Ful PNGase FAA] AALA = F4

— ErtE PNGase TO 3% drdo] WA FHl PNGase ol vXe &S

g2lsl7] 93t RT-PCRES S35}

— EntE} F@uje PNGase F+AAS] 71 €S o]|83ta] multiple alignment #49
SfHH 85.4%2 FLAS YEI =Y primer YARI-S Guj el EvlE S PNGase
AR 50 T 37 Tk regionol X @ule] PNGase®] EolA primerEs
txRlste] EvtE PNGase T7F S34H A =& AASAY (28 328—-3-23).

— @l PNGase +7AA2] E9o]& primer AH

o Forward primer : 5'— CTA TCA TCA ATG GCT ATT TCT - 3
o Reverse primer : 5°— TCA TCA CCT AGA TTA GAT TGC - 3

F—
tobacco TTTACTCTACATCT ACACTATATTCACCTGCTTATGCTCAAALCTATCATCAATGRCTAT
tomato ———— .- - atgactacctc

tobacco TICTTTAATTTTCT TAGCTTATTTCTTACT ACTGCAACAACCCTTTTTTTCCACAGCAAA
tomate ctettecattttcttagtttatttetta———---ctacccttattttccacageaaccct

sk hock sk ook ok g ok oA R ok ok o e w ok &

tobacco TCTCCACACTTCTTCTCTCTTT AGACCACAACTCATCACTCAGCTAAATTCTTTACCARA

tomato ccacagtacttcttototttatagatoccaactoatcactcagcaagaatct tcacccaa
LA MAR AR ARAARN K AKNAR A AR ARAANAARAARAARA R ok RARK ARA RN

tobacco COAAGATTCATTGT GCTACTCGAGGAACAT AAGCAGCTCAAAT TACACGATACT TTACGA
tomato cgataattcatactactactccagoaacataageasct casattacacaatact ttacga

W R R o R R R K 0K R R R R A R R

tobacco TAAAGT GAGCAATAGCTGCAGC AAAAGTACCAGGTCTCGCTTTCCT TTGAGGGATCTTTC
tomato taaggtaagcaatagctocagcaatagtact tagtctcat togect ttoaggat tgacaa

o kA MR M ERCA R MMM AR MR AR mAKA AR W MR RRKMMKE &

+«—R
tobacco TGCAATCTAATCTTGGTGATGATAATGTTGGTAATTGACTTTGCTCCATGCGATTATCTT
tomato aaagcy srfctt cctogttga

HOMAK

< 119 328—-3-23. EvlE} @H] PNGase 449 multiple alignment ¥4 >
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— RT-PCRE 433 Az} ofyd A& o vls] EvlE PNGase 79 AR
21 2A A Bl PNGase A9 @do] tha Frlat ot & Aol Holx|

BSARE EVE PNGase T frAxte] e dF FFo] & Zog HoAHyg (24

328—3—-24).
PNGase T PNGase T
M WT #10 #11 WT #10 #11

< Tobacco PNGase

oo == R L
(00 o e o

< Tactin

< 1% 328—3—24. PNGase T & A3 Gu) 2 EA oA &H] PNGase A} &d 9
3

(4) PNGase T A2 AEA9] <4AH ¢d line &
7hH AFATRE FHU-E X
O &@dd &9 2 A
— AMNZE3 PNGase T construct’} =9 E PNGase T—10, PNGase T—11 SZA A3+
HHl A EA S o 2HoNA 10gS AFst HA @ids F=3 F Bradford's
AHgste] g ekt
— &3 AA) G AS Ni—NTA agaroseE o] 83}te] His—tagged protein ZA S
FsA = vhA Y GAZ A 250mM imidazole©] 718 elution bufferZ 0.5ml% 47§
tubeol] ol HA® wwl A AHaFsle] SDS—PAGES} Western blot &40l A3t}
O Western #4]

— B g A8 4~12% Bis—Tris Plus gel (novex by Life technologies)ol] #7953 &

o

el

iBlot®2 gel Transfer Device (novex by Life technologies)< ©]€3ted nitrocellulose
membrane®) transfer3t@th. ©]% iBind"™™ Westen Device (novex by Life
technologies)g AF&-3}ed iBind'™ Cardol nitrocellulose membraneS &8 =L the
PNGase antibody®} 6xHis Tag monoclonal antibody (ThermoFisher, Cat
#MA1-21315)%} Secondary antibody Enzyme conjugate anti—mouse IgG:HRP (Santa
cruz)E 1XiBind™ Solution (novex by Life technologies)dl Z+zt 33l v &2

3| Asto] AEolA At wEE § SRFE AHsAH. ©]F nitrocelluoase

membraneS SuperSingnal West Substrate Working Solution (Thermo)el blotS 5%
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7ML WO Z blotS Yol X—ray EEol exposure

() dA723 4 vz

O ErE F& PNGase T wAA7F =€ FEAAE &) 2EA 27 &) (PNGase
T-10, PNGase T—11) #% st Ach.

— PNGase T 5327 ndd JAHS @l 2 EA| (PNGase T—10, PNGase
T—11)°1A PNGase T Traizo] @y &<lst3int.

— PNGase T—10 327 % a2 &4 doA G A F531] Ni-NTA agaroseE °]&
3t AAE 33 & SDS—PAGE, Western blot #2412 <313+ 23} anti—PNGase T

antibody®ll 2]3] ZA3E PNGase T @] o =7]21 66 kDaollA] ME=EE

2

— PNGase T 5327} avddd A8 Gl A=A (PNGase T—10, PNGase T—11) 4
PNGase T ©@jze] b Slskint (13 328-3-25, 328—-3-26).

— B3t 66 kDakRtt & T & 100 kDaolA PNGase T 2&o] QlE=d o]z
A= EvlE PNGase T ol o4& = N—glycosylation site7} 97] AE EA3t= Aol
71Q18le Ao = Alg "t

— Anti—His antibodyS ©]-&3F western blotS $33l|2 A3} PNGase T—10, PNGase T—11
FAAZ A EA A PNGase TZ o|d=+= 45 kDad} 20 kDaolA] =&

ghlst ATk (1Y 328—3-25, 328—3-26).

ot -1rl

M C FT W2 W3 E2 E3 E4 C FT W2 W3 E2 E3 E4

= PNGase T> Mw:67.3kDa = Anti-PNGase T 1:500

M C FT W E1 E2 E3 E4 M C FT W E1 E2 E3 K4

= Anti His 1:2,000

< 1% 328—3-25. PNGase T—10 2 E4A]; PNGase T &3 3L 93 SDS—-PAGES}
Western blot ¥#41(9],anti—PNGase T; ©o}&},anti—His) >
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M C FT W E1 E2 E3 E4

M C FT W E1 E2 E3 E4

£3 35

B B 533

= Anti-PNGase T 1:500
M C FT W E1 E2 E3 E4

2z2zzsBEE

SRS ¥ .
= Anti-His 1:2,000

T

Western blot #41(9],anti—PNGase T; o}&},anti—His) >

< 1% 328—3-26. PNGase T—11 A EA]; PNGase T o3& 321& 93 SDS—PAGE$}
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3—2-9. A& activin A B27|& 3

1. ¥ A8AEE o] 83 activin A A& 7

AA B4

O AFFH7 B : TP FHATY,

7} ATALY BE R AT SRS
(1) 2L A% activin A FHA] TE AH5 2 {04 34

@ Activin A F3%}e] ZE HH3} 2 FAA A

(2) Activin A &9 Az 2 FHH3
O ¥ dgMxz 5oy ZZREE o] &3 Native activin A &

@ BAYBHH BHS 58

(3) EK siteZ}
@ EK site7}
@ ¥ FAHL

® FAABA ] EAN LA

activin A2l AAF 71& 70
activin A FAAE E&3=
=4

(4) ¥ dgAE 7 activin A9 1sE EEAA
O 28 HAAE S wgd e 2y © 5

@ Fole ug AZvtEIY Y FA

@ Lol w3 FEvlEIH T A

(5) ¥ AHAME F& activin AS] &4 &
@ pHeoll W& Activin A @& 9] <t
@ & Aol wE Activin A9 A
© H3 Wy, By 2=

. ARATY 923 (BLA)

2 7)7be] WE Activin A @ E o] b A

=i

1 15T B2 AA

AEagu g 2%

O ActivinA7} FA1=Eo]ZHl A AZ(fHiniit) 2 biomarker®2 H i FH il o] o=
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kR

AG7E 7fito] 7}53$H(The Journal of Clinical Endocrinology & Metabolism

2012, 97:8, E1370—E1379)
O Activin A= TGF—8 family®Z A&, A4 2 APA 5 tpdt ZFo A dAEH,
=

v:i‘r—é
"Activin

O FHIZA=

AT wue) Aol Bl E Ao Uy

2002, J.

Biochem.

o Mgl A&t 23 % BAE FEshe 9gs Ik
ki

, A AE W PAX49} neurogenin 3(Ngn3)9] &aS ZAste] WiEH] AE
=38 Aoz e A2 (Li L., Yi Z., Seno M. and Kojima 1., (2004)

A and Betacellulin." Diabetes. 53:608—615).

712 FS] AAEA Fo7F 531 oy dide] S v Eol A 9
& &M 3Z (Pangas and Woodruff,

Endocrinol. 172:199-210) 2 =43 (Ciaran et al., 1998, The Intern'l J.

& Cell Biol. 30: 1129 — 1145)8]%S T3t AAksta =

mN

m{o

O Activin Ao th3t EFEF = TR HJOH, 2 Eo o] AZF Activin A A4 #dH
Ede SdEHA FS AHE B 72T gl 2 SASHSEET} 7Hsd

O Activin A= homo dimer®] FE|Z o]Fo X FAZ v EAA e Astoe] = A] go}
A F=Al AN Aitste] AHEE= vl a7F @i (12009 /mg)

O Activin A= non—glycoprotein ¢|E2 2] &F2 T o3 FA7} glo] &% g go=z

Ag7Fs ] W S
O & $TE 71 UL GIF 2 QYK 5] % 2L activin A A2 FAY
Solq U ZEREE ol §F AAV1&S ML) fstel FaAsd

FAL YN E 2 A7ER

98 activin A FAAe] ZE HA3 @ A2 A

(7}) human Activin A (hActivin A) §3x &4 2 3= 3}
O QIZF F2] Activin A (hActivin A) FAAE GxG 19-d A|2EQ WA

A3}

FRA (

HEQ WE AT Aok AWHOR o]} 2

g
N
|o

Aste] FAA BALS 35T B AFoA EFH o F 3= Activin A
GenBank #. M13436.1)% 217 &&o)H, ?_‘r‘ﬂ.‘él Uy AjxElo 7= TA
KR o

r
L
i
i3
2
X
>
>

o
o
ol
rr

codon usage®] xfolol o), ¥ oA Ee HIE =R A]—%Qlf: codon usage’} &34

F AR o
Higo]
usage=

A& sh=

AFEEAS AT, I AR did 1y 88 e AEET) ozt
o 22 Activin A9 codon usagesS 3213} ol AF&E o] X|= codon

codon HAZE s}7] Yt http://pombe.kaist.ac.kr/codon/ & database®l] 4]

SynBioCodonOpt Z 213 -& ©|83} Oriza sartivadl A codons

HAgstHuTh 18 329-1-1914 & 4 9%0°], native Activin A (hActivin A)

@714

o AF, Bl aedor A8 7 ZEow HHsisto] AAF

synthetic Activin A (shActivin A) @71 LS ol Fol] Y3l o, x|&x|ojof
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e
codon 4267}
714 <€
FAA)
329-1-2¢ ER)ATH

==

=

T

o]

g o]

AEAE FAEHH. 1 A
ZAA codon®] 26.06%9)
2| e ofoF Bh=
329110,

o
=, AA 1278719
Ao g2 A}, Activin

codon Ag HI%=

i=] = i3I

AR T 9] codone A

A

1 10 20 30 40 50 60 70
5' ATGCCCTTGCTTTGGCTGAGAGGATTTCTGTTGGCAAGTTGCTGGATTATAGTGAGGAGTTCCCCCACCC

KA K KIAIAIAIAIAIAIAIE AKAKE K Kk IR IIEIEIAIE KRAIAK KA AK KK K

syntnetic activin A 5" ATGCCtTTGCTTTGGCTGAGAGG TTTCTacTtGCtAGTTGCTGGATTAT t GTGAGG cgTCCCCaACtC
1 3

original Activin A

7 80 90 00 110 120 130 140
CAGGATCCGAGGGGCACAGCGCGGCCCCCGACTGTCCGTCCTGTGCGCTGGCCGCCCTCCCAAAGGATGT

Kk kRARK KRR KA Kk Kk kK

CAGGATCtGAGGGGCACt cGGCGGCaCCgGACTGCCCGTCCTGTGCGCTCGCCGCQCTCCC tAAGGATGT
" 80 90 100 110 120 130 140

141 150 160 170 180 190 200 210
ACCCAACTCTCAGCCAGAGATGGTGGAGGCCGTCAAGAAGCACATTTTAAACATGCTGCACTTGAAGAAG
GCCCAACTCTCAaCCAGAGATGGTGGAGGCCGT t AAGAAGCACATaTTAAACATGCTGCAt TTGAAGAAG

141 150 160 170 180 190 200 210

211 220 230 240 250 260 270 280
AGACCCGATGTCACCCAGCCGGTACCCAAGGCGGCGCTTCTGAACGCGATCAGAAAGCTTCATGTGGGCA
* kRRRAKKR KK KRKAE KAEEK KRAEK
CGeCCCGATGT tACaCAGCCaGTACCaAAGGCt GCGCTTCTGAACGCGATCAGAAAGCTCCATGTGGGE A
21 220 230 240 250 260 270 280

340 350
AAGTCGGGGAGAACGGGTATGTGGAGATAGAGGATGACATTGGAAGGAGGGCAGAAATGAATGAACTTAT
*x

KkkRk

AAGTCGGGGAGAAT GGCTACGTGGAGATCGAGGATGACATTGGAAGGAGGGCCGAQATGAATGAQCTTAT
281 290 300 310 320 330 340 350

351 360 370 380 390 400 410 420
GGAGCAGACCTCGGAGATCATCACGWTGCCGAGTCAGGAACAGCCAGGAAGACGCTGCACTTCGAGATT
-
GGAGCAaACCTCGGAGATCATaACGTTTGCCGAGTCAGGAACE GCQCGCAAGACGCTCCAI TTCGAGATT

351 360 370 380 390 400 410 420

421 430 440 450 460 470 480 490
TCCAAGGAAGGCAGTGACCTGTCAGTGGTGGAGCGTGCAGAAGTCTGGCTCTTCCTAAAAGTCCCCAAGG
TCCAAGGAAGGCt cGAtCTGTCAGTGGTGGAGCGTGC GAQGT t TGGCTCTTCCTAAAAGTCCCCAAGG

421 430 440 450 460 470 480 490

491 500 510 520 530 540 550 560
CCAACAGGACCAGGACCAAAGTCACCATCCGCCTCTTCCAGCAGCAGAAGCACCCGCAGGGCAGCTTGGA
CCAAt AGGACaAGGACCAAAGTCACCATCCGCCTCTTCCAGCAaCAGAAGCACCCaCAGGGaAGCCTGGA

491 560

561 570 580 590 600 610 620 630
CACAGGGGAAGAGGCGGAGGAAGTGGGCTTAAAGGGGGAGAGGAGTGAACTGTTGCTCTCTGAAAAAGTA
- P
CACAGGCGAAGAGGCgGAGGAAGTGGGCcTcAAGGGGGAaAGGAGTGAACTI CTGCTCTCTGAQGAAAGTA
561 570 580 590 600 610 620 630

631 640 650 660 670 680 690 700
GTAGACGCTCGGAAGAGCACCTGGCATGTCTTCCCTGTCTCCAGCAGCATCCAGCGGTTGCTGGACCAGG
*x Kk kkk
GTtGACGCTCGGAAGAGCACCTGGCATGTCTTCCCTGTCTCCAGEAGCATCCAaCGCTTGE TGGACCAGG

631 640 650 660 670 680 690 700

701 710 720 730 740 750 760 770
GCAAGAGCTCCCTGGACGTTCGGATTGCCTGTGAGCAGTGCCAGGAGAGTGGCGCCAGCTTGGTTCTCCT
Kk kAR KkkKRE K KRR K Kk

GCAAGAGt TCCCTGGACGTTCGGATTGCCTGTGAGCAaTGCCAGGAGAGTGGOGCCAGCCTaGT Tt ToCT

710 720 730 740 750 760 770

701

7 780 790 800 810 820 830 840
GGGCAAGAAGAA GGAAAAAGAAGGGCGGAGGTGAAGGTGGGGCAGGA
KRAK KK KKK
GGGCAAGAAGAAGAAGAAAGAQGAGGAGGGGGAAGGGAACAAGAAGGGCGGAGGTGAGGGTGGaGC t GGA
i 780 790 800 810 820 830 840

841 850 860 870 880 890 900 910
GCAGATGAGGAAAAGGAGCAGTCGCACAGACCTTTCCTCATGCTGCAGGCCCGGCAGTCTGAAGACCACC
*x *kkkk * kRRAK K
GCtGATGAGGAGAAGGAaCAGTCGCACAGACCTTTCCTCATGt TaCAGGCOCGCCAGTCTGAAGACCACC

841 850 860 870 880 890 900 910

911 920 930 940 950 960 970 980
CTCATCGCCGGCGTCGGCGGGGCTTGGAGTGTGATGGCAAGGTCAACATCTGCTGTAAGAAACAGTTCTT

CTCATCGQaGACGcCGCCGGGGCcTcGAaTGcGACGGCAAGGTCAACATCTGCTGCAAGAAACAGTTCTT
911 920 930 940 950 960 970 980

981 990 1000 1010 1020 1030 1040 1050
TGTCAGTTTCAAGGACATCGGCTGGAATGACTGGATCATTGCTCCCTCTGGCTATCATGCCAACTACTGC

TGTCAGTTTCAAGGACATCGGCTGGAATGACTGGATCATTGCTCCOTCTGGCTATCATGCCAACTACTGC
981 990 1000 1010 1020 1030 1040 1050

1051 1060 1070 1080 1090 1100 1110 1120
GAGGGTGAGTGCCCGAGCCATATAGCAGGCACGTCCGGGTCCTCACTGTCCTTCCACTCAACAGTCATCA

B R L T T

GAGGGTGAGTGCCCGAGCCATATAGCt GGCACt TCCGGaTCt TCACTGTCOTTCCACTCAACAGTCATCA
1051 1060 1070 1080 1090 1100 1110 1120

1121 1130 1140 150 1160 170 1180 1190
ACCACTACCGCATGCGGGGCCATAGCCCCWTGCCAACCTCAAATCGTGCTGTGTGCCCACCAAGCTGAG
KAKIIAIKKE KAKKE KKKHK
ACCACTACCGOATGCGaGGCCACAGCCCCTTTGCCAAL CTCAAATCaTGCTGTGTGCCQACCAAGCTCCG
1121 1130 1140 1150 1160 1170 1180 1190

1191 1200 1210 1220 1230 1240 1250 1260
ACCCATGTCCATGTTGTACTATGATGATGGTCAAAACATCATCAAAAAGGACATTCAGAACATGATCGTG
GCCaATGTC t ATGTTGTACTATGATGATGGTCAAAAI ATCATCAAQAAGGA tATTCAaAACATGATCGTG

1191 1200 210 220 1230 1240 1250 1260

1261 1270
GAGGAGTGTGGGTGCTCA 3"
Tk kAR AR KRR KKK
GAGGAGTGTGGGTGCTCA 3"
1261

(Y}) Activin A 3=}

< ¥ 329—1-1. shActivin

A B4

O 4719 2E HAHFA GrINELe 7R
AEAEAA G Wel 58 Z70] &

(it
N
X
fale

71 A

0}04 hActivin A9l 5°— region®]

A signal peptide/Activin A mature peptide

H3}9 3 NBMAAS] 3'—

region®l| Histidine 67§ &

o

==

H 5°UTR A <€
32

[e)

%1-

AASE AAZ

FIE

A signal peptide/Activin A mature peptide/His6Z TFAH S 214 AES

AAsted AAHZ 9

mapping<

3t Ath. NBMAASH NBMAAH9]
o # st pGEM-B1 vectoroﬂ FzYsga
Tl Gxo HANE HeA FHHASS

Xbal# KpnlS-

FA2 TS vhol e1jolol
o] &3l A3agit

ak3lal

(¥ 329-1-

F-2rste] 57 UTR/Activin

HZske] 5 UTR/Activin

2),
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Z47+e] ZEtav| =2 NBMAAS NBMAAHZ BH3tdch( 2y 329-1-2). A=
TS A2 FE 7| FFeAT
< ¥ 329-1-1. Activin A -2 &7] AHEHE 24 >
Base hActivin A shActivin A
count (%) count (%)
324 (25.35) 322 (25.19)
322 (25.19) 312 (24.41)
391 (30.59) 381 (29.81)
T(U) 241 (18.85) 263 (20.57)
< 3 329-1-2. Activin A F2A Z&= AFEHIE 4 >
hActivin A shActivin A hActivin A shActivin A
Codon Codon
count (%) count (%) count (%) count (%)
TTT-Phe 4 (0.93) 4 (0.93) TAT—-Tyr 3 (0.70) 2 (0.46)
TTC—Phe 8 (1.87) 8 (1.87) TAC—Tyr 3 (0.70) 4 (0.93)
TTA-Leu 2 (0.46) 2 (0.46) TAA —s##x% 0 (0.00) 0 (0.00)
TTG—Leu 9 (2.11) 6 (1.40) TAG—##x 0 (0.00) 0 (0.00)
TCT—Ser 4 (0.93) 7 (1.64) TGT-Cys 7 (1.64) 4 (0.93)
TCC—Ser 10 (2.34) 6 (1.40) TGC—Cys 7 (1.64) 10 (2.34)
TCA—Ser 5 (1.17) 6 (1.40) TGA — sk 0 (0.00) 0 (0.00)
TCG—Ser 3 (0.70) 6 (1.40) TGG—Trp 6 (1.40) 6 (1.40)
CTT-Leu 4 (0.93) 5 (1.17) CAT—His 6 (1.40) 7 (1.64)
CTC-Leu 7 (1.64) 12 (2.81) CAC—His 9 (2.11) 8 (1.87)
CTA-Leu 1 (0.23) 3 (0.70) CAA-GIn 1 (0.23) 7 (1.64)
CTG—Leul 14 (3.28) 9 (2.11) CAG—Gln 16 (3.75) 10 (2.34)
CCT—Pro 3 (0.70) 5 (1.17) CGT-Arg 2 (0.46) 1 (0.23)
CCC—Pro 11 (2.58) 4 (0.93) CGC—Arg 3 (0.70) 7 (1.64)
CCA—Pro 3 (0.70) 7 (1.64) CGA—-Arg 0 (0.00) 1 (0.23)
CCG—Pro 4 (0.93) 5 (1.17) CGG—Arg 8 (1.87) 6 (1.40)
ATT-Ile 7 (1.64) 7 (1.64) AAT—Asn 2 (0.46) 6 (1.40)
ATC—Ile 12 (2.81) 12 (2.81) AAC—Asn 11 (2.58) 7 (1.64)
ATA-Tle 3 (0.70) 3 (0.70) AAA-Lys 9 (2.11) 7 (1.64)
ATG—Met 10 (2.34) 10 (2.34) AAG-Lys 26 (6.10) 28 (6.57)
ACT—Thr 0 (0.00) 3 (0.70) AGT-Ser 6 (1.40) 6 (1.40)
ACC—Thr 8 (1.87) 5 (1.17) AGC—Ser 9 (2.11) 6 (1.40)
ACA—Thr 3 (0.70) 4 (0.93) AGA—Arg 5 (1.17) 4 (0.93)
ACG—Thr 3 (0.70) 2 (0.46) AGG—Arg 7 (1.64) 6 (1.40)
GTT-Val 2 (0.46) 6 (1.40) GAT—Asp 7 (1.64) 8 (1.87)
GTC—Val 11 (2.58) 8 (1.87) GAC—Asp 11 (2.58) 10 (2.34)
GTA—Val 4 (0.93) 2 (0.46) GAA-Glu 13 (3.05) 9 (2.11)
GTG-Val 9 (2.11) 10 (2.34) GAG—Glu 25 (5.86) 29 (6.80)
GCT—Ala 2 (0.46) 8 (1.87) GGT-Gly 4 (0.93) 6 (1.40)
GCC—Ala 13 (3.05) 9 (2.11) GGC—Gly 14 (3.28) 13 (3.05)
GCA—Ala 6 (1.40) 1 (0.23) GGA-Gly 6 (1.40) 8 (1.87)
GCG—Ala 5 (1.17) 8 (1.87) GGG—Gly 10 (2.34) 7 (1.64)
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(W) Activin A F32 F32 A4
O 4719 2& HAsd A7IMEs 712 S =2 3k hActivin A9] 5~ region]
AEZAFANN B We &8 o] F2A™ 5 UTR HE< R2ste] 5°UTR/Activin

A signal peptide/Activin A mature peptide 3 A& AL A5t AAE

W sl NBMAAS 3°— regiond] Histidine 6705 F7F2 F25te] 5° UTR/Activin
A signal peptide/Activin A mature peptide/His6Z TA8H | +4x AL
AAst AAHZ sttt NBMAASH NBMAAHS 312 §4S nlo] Yol

9 F)3te] pGEM—BI1 vectord] 29391 Xbal#} Kpnl& o] &3 Asta s
mappings & TR AAUNE FEeA dHAFS I8k, A7
et~V =5 NBMAASH NBMAAHZ WHeATHZE 329-1-2). 48 FAA=

Z27te) QB 71w BFasTt

Nael

1 ori

SUTR/ZDsp/ ABH R,

%
SUTR/ZDsps A N2

NBMAA NBMAAH

drp 4331 bp tew T e 4349 bp New '@

Honnl ®ranl

ori

< 29 329—-1-2. Activin A §A27F AdH 3

(2) Activin A T3 A 2 FAAE
O 9743 W&

(7}) 5'UTR/3Dsp/Activin A =& #E A=z}
Activin A F3AE ©]8319 31, Xbal# Kpnl enzyme

digestionS &3l pJKP15 vectord]l =YL 43 3ttt WA A|FHke

D Al 1 ARFAZEE AFe

A€ vector ZFE Xbal#} Kpnl enzymes

Activin A7} ¥38H5] o]

o]-g3te] 37 Co A 3A1ZHE<]E incubations
ZeY&}dar 1316 bpell sigsl= 5UTR/3Dsp/Activin A THE EH
enzyme digestion ¥ pJKP15 vector2} 5'UTR/3Dsp/Activin A
o]-&3to] 16 CollA 48h ligation 4GS AX

3}t Xbal ¥ Kpnl
@dHS T4 DNA ligase=

T =

3 TOP109] E.coli transformations 43§ s}t
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(1}) 5'UTR/3Dsp/Activin A/His6 && #WE A2}
@ Activin A/His6 A AE Xbald} Kpnl A|gtai =2 37TCo|A] 3A17HE2 23] 1334bpel
g3t 5'UTR/3Dsp/Activin A/His6 @& &8 3tk T4 DNA ligaseS ©] 83}

enzyme digested pJKP15 vectore} 5’ UTR/3Dsp/Activin A/His6 ©HE 16 Coll A 48h &<t

ligation A ¥ TOP109l transformation sF{ T Zhpwlol 2l A &A v R oA 53
10719] F2YE colony PCR WHE &3 &<l 3td o)

ofj

(th) A Ewaw e (pJKS 110, pJKS111)9 Agrobacterium &A%+
O ZFoAH 7hdetolal AFAES 7HR 5719 SF2Y (#1-5)F &4 st¥al, pJKS111
4709 F2Y (#6-9)2 EA s} pJKS1103} pJKS111 =g ZF2Yo|A] 5’UTR

BERBE Activin Aol a}338tE= 1316bp bandS 13t Th

(2}) Total RNA extraction & cDNA synthesis

O Agrombacteriums ©]-83 A& FAHZ WHS ARSI hygromycin B7} 7M€
Aol A F=d ¥ AeAg AEsAa Tri—regentst A ALS ©]-831o total RNAE

FZ3l9th 150ul DEPC waterdl]l RNA pelletE =9 & 58 =X393 11 A4S

e O 2 30ug®] RNAO] DNaseE 37ColA 4087 22 3tH ). 5-3F RNAE F= 3}7)
213} phenol extraction & EtOH precipitation= 33} a1, Purified RNA pelletS 40ul
DEPC water®l]l =9°]3 nanodropl. Z 55 =A3¥Yth. 1lul purified RNAE templateE
3t oligo—dT primerE 7}l 70CollA 5837t denaturationS A8}l iceol] 5&3F
fixing 3FFth. 28] a1 enzynomicsAte] TOPscript™ ¢DNA Synthesis KitE o]-&3j 4] 50C
60min%t incubation ¥ 95C 5mine] A2 ¢DNAE A3t

(7}) Northern blot analysis

O ¥ AH2ZHE Tri-regent WHOZ FE3F total RNAE A3} RNA level ol A]
128 Activin A elite lineS A1 3}7] ]3] Northern blot analysisE 33t} 242}
20ul9] total RNAE formaldehyde geloll 40 voltZ 3A]1ZFJ % loadingdlod gel leat® 18S,
28S RNAE &<lst7] 93] EtBr stainingsS 333 thE lea geld positive charged
nylon membrane®] transferE 3§59 F. Membrane©] Transfer RNA+ PNGase A
probeE A}&3} hybridizationS 38R 1A 7H~2A17HY] exposure time ZHCE

Activin A RNA 28 242 e 590}

(¥}) Suspension culture

@D 30g/L sucrose, 2mg/L, 2,4—D, 0.2mg/L kinetin, 50mg/L. hygromycin< 3 7}3F N6 0 A vl %]
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(N6SE) o] pJKS111, pJKS110 line callus® %3 28°C ol A 150rpme.2 oFuj ke =8 5Hsic.
17Y 3 o= A% A& callusE meshWS o] 83t ZA sievingS 3] 23
NESEuj Al o] A wjFs AT 179 HAS=E A widsS 73 A FAA =7
iAo A A AxEe] F717F A FASAA A4S fFEEAH. AA FE H
AY2g FHdHdA JAFHZE o83t 7]E wFA(N6SE)S A A8t DW=
washing %9l sucrose’} A2 ¥ 40mM fumaric acid’7} £ H N6—S Bl X=S 10ml/g
HS 2 HFsta & 29 Zel= 28CoA 150rpm o2 15793 s skt
iAW R EHE Activin A @ AS FA487] At 7o) mjgFd S He H

L

12,000rpmoll Al 3087 A

(A}) SDS—PAGE & western blot analysis

O & 23 agelA v BHA2HE FHS vjdd-S SDS-PAGE & western blot analysis&
3 A5 2 ALESAT. 4o Ae22RE E8)H 40ul9 #iSY-S 4x reduce sample
buffer 10ulE &338te] 5837F 97 ColA denaturation A% 3 50ulE 4-20% TGX
PAGE—Gel (Bio—rad)dl 200vZ 7195 AASAT. 719 F 3 gel 17l= coomassie
blue G FS wo]x SDS—PAGE analysis AAl8}93a, YA gel& PVDF western
blotting membrane (03 010 040 001, Roche)®] 200mA= 90%-7} transfer 3+t w4 o]
transfer ¥ membraneS 5% skim milk® RToA 40&7F 33] blocking 3}al 0.1% tween
200] 7}l TBS buffer (TBST)& 1543+ 33 A% & % Activin A 13+ 34
(SantaCruz, sc—166503) AF&3}o] 4TollA O/N stk TBST buffer® 15%3F 33 A& 3
5 2z} A2 anti—mouse IgG AP (SantaCruz)S A}&3te] 4TColA 2A17Hs<H
RESAIZ T TBST buffer2 1523 33 A% gk %, NBT/BCIP (Roche)&} S = PVDF

membraneS detectiond}te] Activin A @ Aol W&S 3kl ).

O d+23%

(7}) 5°UTR/3Dsp/Activin A 23 # ¥ A2}

O Z2 gulde] y3d & 9135 RAmy3D promoterE AMHS-3lal B A F79]
Hj zlol| A EZ whalide] BEu] §85 ¢ Eo]7] Y8l RAmy3D promoter 2] signal
peptide (3Dsp)& X &3} Activin AS AFE3A T 28]aL Activin A translation &%
0L Eo]7] 93] 3Dsp/Activin A9 5°—region®)| untranslation regione F7}2 = Y3+
5'UTR/3Dsp/Activin AS 215 @& WEo = st st (18 329-1-3A). PC=
AT AT Activin A genes AHESIRAIL, Fhute] il AFA v Al A =53 9719
white Z2UZE colony PCR o2 #3, #8 ZEYZE W3}l inoculations 213}
A (23 329-1-3B).
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A. Enzyme digestion: Xbal/Kpnl  B. Colony PCR: 5’UTR — Activin A

3Dsp/Activin A PC NC #1 #2 #3 #4 #5 #6 #71 #8 #9

[«— Elution

224 >

rot

< 19 329—-1-3. RAmy3D promoter/5’UTR/3Dsp/Activin A ©@¥H IHE ¢

@ #3, #8 FEZYZHH plasmid DNAE F=3}a] 2689bpl 3| F3l= Ramy3D
promoterf-E 3'UTRFE7IXe] @A-& &2l & 4 9= HindlII+EcoRIZ 1316bpol
Fste Activin AS ¢ & F e Xbal+Kpnl9 27FA] W o2 Aa s =g st

91 a4t Activin A #3 Z2U A 7t2t | dsteE 2719 bandE &9 gy (218
329—1—4A), 24 3¥H-S pJKS1109)g} "WHsgtt (28 329—-1-4B).

B. pJKS110 vectormap

A. Enzyme digestion
1 2 3 4

S'UTR/ADsp/AA '\ AR

// 355 polyA
LB

PIKS110
12021 bp

LacZ 7™ Hindiil

Lane 1: #3 colony Hindlll + EcoRI (HE)
Lane 2: #3 colony Xbal + Kpnl (XK)
Lane 3: #8 colony HE

Lane 4: #8 colony XK

< 2% 329—-1—4. RAmy3D promoter/5 UTR/3Dsp/Activin A7} AY4¥ A& 4g wg >

(4) 5°UTR/3Dsp/Activin A/His6 & WE A=t
D /‘P7] R 3 pJKS110 A& 23] WE el =Y oz 71¢d % RAmy3D promoter,
A translation &5 ¥°]7] 9% 5UTR
regions =Y3FL Activin A &d 9l & HAE A3 EXOF Activin A9
3'—region®] His6 regiong F7F=2 =3t 5°UTR/3Dsp/Activin A/His6= 215 3
e £9) duzt 39T (28 138 329—1-5A). T4 DNA ligaseE ©] &3}

enzyme digested pJKP15 vector®} 5 UTR/3Dsp/Activin A/His6 ©HE 16Col A 48h

o] 888 =o]7] Y3 3Dsp, L& 3l Activin

- 311 -



ot ligation ¥4 % TOP109] transformatio
3} 1070 ¢] F2YZE colony PCR H'H

T
REEE Activin AF

LN
3| = =
=

o

m fot ol

YA 5UTR

(298 19 329-1-5B), enzyme digestion H'H

2 7HA

n 34tk Fhuulol Al A 3FA HY | o A
S B3 el STk #4, #8, #9

31 ZF3k= 1316bpe] bandZE &9l
o F FUlAHo R F3sl7] sl

=

Z2YEHXE plasmid DNAS

B. Colony PCR: 5’UTR — Activin A
#1 #2 #3 #4 #5 #6 #T #8 #9 #10

A. Enzyme digestion: Xbal/Kpnl
3Dsp/Activin A

<— Elution

< 719 329—1-5. RAmy3D promoter/5 UTR/3Dsp/Activin A/His6 @ ZHHE 93l F2Y >

@ Z2Y XA¥ES st 79 &R H plasmid DNAE o] &3te] Agtas AHZE AA
3ttt Xbald} KpnlS *2]3sted 1316bpoll sl E3sl= Activin AS #9189 11, HindlI1<}
EcoRIE A &3l 2689bpol 3133+ RAmy3D promoteriE 3‘UTR “—EJJ]-X]
FstAdth (28 329—-1-6A). Z4zte] Agtas A2jsto] #4, #8 FE2UE A3t
His—taq F%= &<213}7] 93t 3’'UTR primerE A#A WHS E3] 39l 3} o F
FZY EF His—taqe] EAst= RS A9 F2Y 4¥E pJKS1llo]z}
gAY (28 329-1-6B).

A. Enzyme digestion B. pJKS111 vectormap

1 2 3 4 5 6

u:ss pob e ‘ /<;§f"(Hinc“)
Lane 1: #4 colonyHindlll + EcoRI (HE)
Lane 2: #4 colony Xbal + Kpnl (XK)
Lane 3: #8 colonyHE
Lane 4: #8 colony XK
Lane 5: #9 colonyHE
Lane 6: #9 colony XK
< 19 329-1-6. RAmy3D promoter/5’UTR/3Dsp/Activin A7} A 4H 218 o4& #Eg >
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(th) A E9dw e (pJKS 110, pJKS111)9) Agrobacterium &A%

@ %71 &Rx3g pJKS1103# pJKS111 A=43d ¥WEE tri—parent mating $HO=E A
tumetaciens LBA4404 o] &A% 319929 colony PCR #HS %3 1316bp band=
selsldtt (¥ 329-1-7). pJKS1102 F2Y #12 A¥E3}e] pjKS110(LBA4404)&
sldal, pJKS1112 F2Y 6W-S pJKS111(LBA4404) 2 93t

Colony PCR: 5°UTR — Activin A (1316bp)
PC NC #1 #2 #3 #4 #5 #6 #7 #8 #9

#1 - #5: pJKS110 colony
#6 — #9: pJKS111 colony

< 329-1-7. pJKS110¥% pJKS111 ¢ LBA4404 &% >

(2}) Activin A (pJKS110, pJKS111)¢] 2 AZ A &x

O 23 AYAE 0|83 Agrobacterium—mediated plant transformation Wy o &2
pJKS110%} pJKS111 FARES &) Foll Jdom dAA FAA AFAHS Hole
MYAE Zbzh oF 20097 R YT (19 320-1-8), 712 A% 81 2 o HolH

Z}7+ 9] biomass7t R E= UZ2 £4& FIT o Holt},

sttt & 187019 pJKS111(S111) cell lineol A total RNAmf 32 stgx 7z}
FZ49 total RNAE nanodropl.® 52 A3yt (28 329-1-9).
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Sample ng/ul Sample ng/ul

N75 794.51 S111-10 1101.56
S111-01 1182.69 S111-11 997.63
S111-02 1232.66 S111-12 1113.97
S111-03 1194.87 S111-13 1057.28
S111-04 1229.93 S111-14 882.1
S111-05 816.91 S111-15 1116.06
S111-06 1059.56 S111-16 1020.69
S111-07 907.38 S111-17 1147.39
S5111-08 955.68 S111-18 1267.94
S111-09 1038.38

< 1% 329-1-9 pJKS111(S111) total RNA &% >

@ Z+7+9] 30ug®] RNAE Northern blot #41ell AL-83FS13L, NC (negative control)2 vector
control®l N75 & AE AYAE ALESFAT 1.2% formaldehyde geldll loading 3F %
EtBrol g4ate] 1859} 2859 sl@3l= bands <2 Aok Zh2he] total RNAES
membrane®)| transferst™] northern blot &4k ¥ Z<1HE band FTolA = LIS

Hol&= S111 #1, #3, #13, #15 /WA E AESIAT (¥ 329-1-10).

Northern blot analysis: S111 (ActivinA)
NC #1 #2 #3 #4 #5 #06 #7 #38 #9 #10 #11 #12 #13 #14 #15 #16 #17 #18

R LR 1

<2¥ 329—-1-10. 5° UTR/3Dsp/Activin A/His6 (pJKS111) northern blot analysis >

(®¥}) Suspension culture

(D Northern blot analysis2 E38l A pJKS111 #1, #3, #13, #14 471 callus line®} =
1A 5324 NBMOo. 25 AEwr-e JAASA 5 UTR/3Dsp/Activin A (pJKS110) #12b,
#13a, #17b 37} callus lineSZFE] Activin A ©fdo] BH|E fx3lr] 93 g3
A A2 F2 9@ =237 9314, cell suspension cultureE $3) dtgch A £
iR A Ao TS FEIAL, FAAF 2FE QA u)FA A 3719 S110 cell
line (#12b, #13a, #17b)3 3709 S111 cell line (#3, #13, #15)W A7 X&H 2
FAA AFEAE YA F 6709 AAE dEeAS. (8 329-1-11).
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$110-12b $110-13a

S$110-17b S111-3 8$111-13 S111-15

< 19 329—1-11. Suspension cultureE ©]-83F Activin A §2AAS 1 Ay~

olN
>,
V

(A}) Western blot analysisS ©]83F Activin A &d 4

O A AA iAo A AEH F 6712 activin A 22 2RI ZHE N6-SHj A=
o]-83}] secretiong 33t} HIA] W activin A @] BHE FE3HTE Activin
Aol ¥y 2 BH] fEE5 &sl7] ¢35t western blot analysisE reaction sample
40ul®} 4x reduce sample buffer 10ulE E£§3}e] 4—20% SDS—gradient PAGE Gel<
o] 83l 33t (28 329—-1-12). R&D systemsAte] CHO cell f21€] recombinant
Human/Mouse/Rat Activin A (338—AC—010)< Positive control® 10nge AF&3Y
negative control vector control?l N757} #8] vjdg v} XS AF8-3}HTh Activin A
12} A2 western blot £33 A3} F 6709 e~ 25 oF 59kDa® propeptide @}t
mature activinA7} AE =7]19] bandE <1t th Mature “JEf2] Activin A <F
13kDadll 3]33kal activin A7} E44S 7FA21™ homodimer FEjZ oo st} (Walton
et al., 2011). Activin A9] homodimerE +X=3h= Z°] propeptideHl western blot &4
Aol A BZE band”} propeptide®} mature activin A7} furin €12 A Gl <))
AZAE ] & AHolth positiveZ AFE-3F CHO cell 8] Activin A¥ reducing 374 ol A
monomer FE] =7]2 13.5kDaZ #FFH Tt F 67019 el 242l 9|4 Activin A
oA o] Wl go] £& S110 #17b Az AESAN o]F AAS IPsAt

SDS-PAGE analysis ‘Western blot: Activin A

S110 S111 Sll(l Si11
M N75 12b 13a 17b 3 13 15 P (kD)M N75 12b 13a 3 13 15 P

130
100
EL -
- — <«—Pro-Activin A
(~59kDa)

40

15 . Mono mature-
L +— Activin A

10 -—- i (~13.5kDa)

< 29 329-1-12. ¥ ) AZXF Activin A (S110 & S111)9] western blot analysis >
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(o}) Furing ©|83F fusion protein (propeptide + Activin A) digestion

@ <A western blot analysisoll 4] &<1% pro—Activin A (propeptide + mature activin A)olA
activin A9 &AL 93l propeptide®} mature activin Ae] 8 E R 3YstHuTh 2+7+9
peptideZ} furin €124 MEZ AZ4H A= HS ALt furin A E 3t &
3t A} 3}t Fusion protein®] #8E 98l furin M WHL & 37}x wHo =g
APatAct (18 329-1-13). Method 12 filter columns AH&-3}e] pro—Activin A7}
EulE v RS 1x digestion buffer® buffer changeE st furin A8 E X183}
Method 2% filter column ARE A] @A o] £A8 Fo]7] 93t 10x digestion
bufferE H7FAAA furin AZE F3FsR L, vFA 2 method 3 activin A T A S

T3+ secretion T A 10x digestion buffer®} furin 4 E vl Aol H7IAIAHA

[e)
4
wHlel Agg o] fralt wyow AAsAT.

Method 1: 1x digestion buffer change Condition
Treatment1-1 | Treatment1-2 | Treatment 1-3
Pro-Activin A
in digestion buffer 600ul 590ul 598ul
Furin (2000U/ml) - 1ul 2ul
Total 600ul 600ul 600ul
- - Incubation:
Method 2: 10x digestion buffer 257 16hr
Treatment2-1 | Treatment2-2 | Treatment2-3
Pro-Activin A 540ul 530ul 538ul
Furin (2000U/mI) B 1ul 2ul
10x digestion buffer 60ul 60ul 60ul
Total 600ul 600ul 600ul
Method 3: 10x digestion buffer in secretion culture Condition
Treatment3-1 | Treatment3-2 | Treatment3-3
Pro-Activin A media media media
Incubation:
Furin (2000U/ml) - 10 10 287 with
shaking
10x digestion buffer 10% of media 10% of media 10% of media
Secretion 7| 7t 7 days 7 days 12 days

< 1% 329—1-13. Fusion protein digestionS 93+ furin *] 2] reaction mixture >

() Western blot analysisE ©]8-3} fusion protein digestion &2

D oAy ZAA furin 45 ©]83}4 propeptide®} mature activin A9l 8=
3393 western blot analysisE %3l digestion &1EA-S HY3FA T 40ul2)
reaction sample2 AFg83le] EA38 A3, BE furin * g WA 13.5kDa mature
activin Aol @3t band7F QLAY <A FEHYT (18 329—1-14). Western
blot ¥4 AHE nigto g A& Fg AMEFF Activin AJA furin &4 o st

fusion @& F2] E&o] gAY vl ¥ &8§& Hole FOE AgdT,
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& o~
o x@ N oA J S ¥R
? A N 7
M P L&YY M P &Y
(kDﬂ)h- (kDa)
130 b 130
100 190__
75 -— 75 .
5 55 u ﬂ d <+—Pro-Activin A
43. et et o e et 40 - (~59kDa)
35 . — — — ) ] — 35
25 - 25
15— 2 15 - Y Mono mature-
pr— — ad *+— Activin A
10 : 10 (~13.5kDa)
SDS-PAGE analysis Waestern blot: Activin A
PO\ S S R S T
M p &KL M p &
asDa) (kDa) 1
130w 130
13‘5’ = . 100
» 75 «—Pro-Activin A
55 55 B e
o — b gg (~59KkDa)
53 -
25 - 25
15 B | 15 a— o~

SDS-PAGE analysis ‘Western blot: Activin A

< 19 329-1-14. ¥ & AMEF Activin A (S110 #17b)9] fusion protein digestion >

(3) EK site7} =% activin A9 A 7]&7)d

O 4753 &

(7}) EK site7} =Q® activin A(pMYD317)¢] @ AASS 93 W

@O A AFNA furin 14 AE (RRRRR) 93] AZ2E W fref A= Activin A (S110
#17b)9] fusion protein furinel] oJsijA AT I A %}t Aoz g9l stHTh. 1A
gAo] e Activin A9 BEHZ 93t furin 914 ¥ (RRRRR)S enterokinase
A2 A< (DDDDK)Z WAt 33t =F 3ttt Enterokinase A EZ A2 @ Activin
A WE S NBMO 2R E Agolr ARGkl

(W) HEgrdw ey (pMYD317)2] Agrobacterium 82 71%
O AELHAWE S tri—parent mating WH O 2 Agrobacterium tumefaciens LBA4404 ol
PFAME g o FFuiy Fhyeto]dl AIGAAS VMR F2Y FT 2E AEEH]

RAmy3Dpro_F: 5°—GTC ATT CGC CAC GAA CAC ATC GAT C—-3"> ¢} 3" UTR_R: 5 —GCC
GTG TAG AAA CTG GTT TGA GCA TGA C—3° Zg}o]HE o]&3}o] 1425bpel 3Tt
RAmy3Dpromoter — 3> UTRS PCR i & AL&3le] <l gt

(t}) Agrobacterium—mediated plant transformation

O F2dgS AT FvAAHeRE FIE AAT FIAHE 70% Ao FHLZFS L,
3% sodium hypochloride®] 1084 33] 4%, N6H}X|(sucrose 30g, casamino acid 0.3g,
proline 0.5g, 2,4=D 2mg/D)°l 10744 X¢sto] B A 2E =300 3~4F & F =8
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A 2wt U wiAo] &AF F 393 28CoA hlgS AL, 3¢ F H A=
Activin A7} =9 % AE43WE (pMYD317)E &% wde F33517] ¢3] 100uM

N6COB Aol 34zt 25T A 4ule stATh W BHAE
250mg/l cefotaxime Aol A3t t}2 500mg/l cefotaxime, 50mg/l hygromycin®] X $HH
N6SE wj Aol x]7%dstHdar, FAA AgHd Aej=E Ads3

A)
acetosyringone©] X &+
£

(2}) Total RNA extraction & cDNA synthesis
@ Agrombacteriume ©]-&3F & FAA3 9HS AL8-3}o] hygromycin B7F H71E
H R NA 2 B AHAE AEEH T Tri—regent} AAAALE 0] 83} total RNAS

FZ39th FE2UR T cDNAE ©]F] Activin A (furin)9] A@olA AdFH ZHe=
A

(7}) Quantitative real—time PCR

O A¥E FAA AFd B225H 449" cDNAE o]-&3te] RNA leveldlA g3
Activin A elite lineS A¥3}7] 93l real-time PCR (qPCR) WS 334t 279
3t = cDNA 1ulE template® AFE3} a1, normalized expression levelS 213} 7] ¢k
reference gene® 2+ H actin A A GeneBank: X15865.1)2 AF&3}93th. Actine
forward: 5’—AGC TTC CTG ATG GAC AGG TTA TC-3’, reverse: 5’ —ACC ACT GAG
AAC GAT GTT GCC—3’primerg ©|&3le] 523931, Activin A= Activin A(qPCR)_F:
5°=TCG AAT GCG ACG GCA AGG TCA AC-3", Activin A(qPCR)_R: 5° —=TGA GTG GAA
CGA CAG TGA AGA TC-3" & o]&3}o FZ3A T Real—time dye= SYBR Greens Al
3331, PCR &4 Pre—denaturation® 95C 15min®|™ denaturation 95C 10sec,
annealing 60C (activin A) & 54C(Actin) 15sec, synthesis 72°C 30secE % 40cycleE 3}
3rE o 7 FEAS sttt

(B}) Suspension culture, SDS—PAGE & Western blot analysis
@ gPCR W& =3 A" Ay A~E SDS—-PAGE & western blot £418 23)3}7] 93|
2] &2 gdd BuE §53517] 93 suspension cultureE P3G ct o]F A

R olml Activin A(furin) A3AA A€ BHA FdsiA I HAo

O 7243

(7V) Agrobacterium—mediated plant transformation

D NBMOo ZXHE AFe pMYD317 vecterE Agrobacterium tumetaciens LBA44049)
AP silon, FBA AFAY 2709 22YE PCRE £433H. PC=
A1ARIA 28 AF A Activin A FRAAE ARSI, pMYD317 &
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FZ Y44 RAmy3D promoter(C—term) F-&5¥ 3 UTR7}A| 1425bpol 3]33}= bandE
gelslgtt. 22 #1S A¥ste] pMYD317(LBA4404)2 M9t (18 329-1-15).

pMYD317: LBA4404 transformation pMYD317 vector map
PCR: RAmy3D(C-term) — 3’UTR (1425bp)
M NC PC 1 2
(kb)

Xbal
— Sali(Hincl)
Pstl

T Hindlll

pPMYD 317

L5 — — - 021 oo
1.0

< 138 329—1-15. RAmy3D promoter/5” UTR/3Dsp/Activin A (pMYD317)2] LBA4404 FAAE >

@ pMYD317¢] &2 A3 ]%ﬂ% A7) 938te], pMYD317(LBA4404)2} Z2W AHAE
o] &3l FFHIUS B3 Agrobacterium—mediated plant transformationS 3§ 3} At} H
A 2~5 500mg/l cefotaxime, 50mg/l hygromycin®] ¥3H NG6SE v} X|of] X]}3s}o]
FAA AFPES vdehdle A2 gls A st (2" 329-1-16).

Agrobacterium-mediated plant transformation: pMYD317

o,
-~ pa 4
a % b 4 &8

"‘ **’ 'th“ﬂ
'”“*’ﬂ"&.’sﬁ&
Trgae e

o ng N
o

- 4
kS

l
- ¢

& .
' “'

B '..-x'_' ___,_../

(W4) 5°UTR/3Dsp/Activin A (pMYD317) & FAAZA A

@ Agrobacterium—mediated plant transformation ®'H< E3le] 3R F A A #3844
A 2~E o] &3] mRNAO|A] Activin A A2 &¢& S $3 Northern blot £4&
TR Y. F 33709 5°UTR/3Dsp/Activin A (pMYD317) cell lineollA] total RNAE
F%3}9 3, nanodropg ©]§3te] RNA ¥=5 AT (219 329-1-17).
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Ratio Ratio Ratio
Sample ng/ul Sample ng/ul Sample ng/ul
(260/280) (260/280) (260/280)

N5 2572.4 2.02| pMYD3ITHTS | 47239 2.00] PMYD317#91 3134.0 1.98
PRSI0 #LTS | 3945 4 2.00] PMYD317#80 | 41045 199 MYD3I7#92 | 34885 2.00
pMYD3IT#69 | 3902.4 1.97| PMYD3ITHESL | 41325 2.02| PMYD3l7#93 2718.1 1.94
MYD317 #70 2746.7] 2.00| PMYD317#82 3769.6) 1.98 pMYD3I1T#%4 32923 2.00
MYD317 #71 3383.8 1.98] PMYD317#83 3097.8 2.02] pMYD317#95 36825 2.01
PMYDIT#12 | 3474.7 1.99] pMYD317#84 | 36859 1.99) pMYDI1T#96 2979.1 2.01
pMYD317#73 | 4063.8 1.94] pMYD317#85 | 30643 2.00] pMYDINT#97 20164 2.00
pMYDIIT=74 | 33481 2.02] pMYD317#86 | 2047.8 2,01 pMYD3IT=98 2346.8 1.96
pMYD3IIT=TS | 31133 2.01] pMYD317=87 | 3420.0 202 pMYD3I7=99 3270.4 1.96
pMYDSITH16 | 4239.4 1.94] sMYD317#88 | 33014 2.03] pMYD317+100 2714.7 1.97
pMYD317 277 | 3960.1 1.99) pMYD317#89 | 3106.8 1.98) PMYD317#101 | 38487 1.95
pMYD3IT#18 | 3666.2 2.01 PMYD317=80 | 383081 1.98

< 19 329-1—-17. 5 UTR/3Dsp/Activin A (pMYD317)9] total RNA A ZF=4 >

=9 lug? total RNAS A}83te] cDNAES A3t 1ule] cDNAE A3}
gRT—PCRE 433} t}. Vector control?l N75Z negative control(NC), positive control
(PC)E 7]& activin A9 S110 #1722 AA3sta RNA leveld A pMYD3179] Activin
A mRNA 2dFS Plusiide (28 329-1-18).

pMYD317 qRT-PCR: 1125 Activin A ¢ 4= 201 M
e 12 F T 3
S
2 10 F 1
&
= o8 1 3
= ] =
2 06 ~:- E H
= 4
S 04 F - 1
S
2,1 M m mA000 |-of0a. A o0=U=Asl
N|P|[69(70|71\72|73|74|75|76|77|78|79(80/81|82|83|84|85|86|87/88(89|90(91|92(93|94(95|96|97 |98 |99 1: lf
ct 35.17.15.14.15/15./13.114./115.(15.117.(15.|]17./16.17.15./16.{15.17.17.]16.16.17./]17.(19.116.18.17.(17./119./15.]18./116./19./14.
2(3|4/7|0/|1|2|5|6|1|2|6|1|4|1|7|2|5|2|9|6|8|2|9|1|5/4|/0]|1[4|3|6/1|3|2
84.84.84.184.84.84.184./184.84. 84, 84.84. aalaq [84-84.84.84.84.184.84, 84.84.184.
Melt 5/5/5/5/5|5|5]5 5848458484558484848484..—...—.5 5|5|5|5]5 584845 5|5

+ Negative control (N): N75, Positive control (P): $110-17b

< 719 329-1-18. 5°UTR/3Dsp/Activin A (pMYD317)9] Activin A mRNA expression level >

@ N755 A2gk yofzlellA 20 o]ste] Ctahs el 2HLER 84~8455E%
Activin A8 FFo] & O]-Er‘ﬂ Atke s FstAth PCoF BlaLéted Activin A
mRNAS] &&-&o] =& F 1379 pMYD317 #69, #70, #71, #72, #73, #74, #75,
#76, #78, #82, #84, #97, #101 AHX2E AE}IR A, Activin A @ Z 9]
=9 48 93 suspension cultureE FP3FATH (2 329-1-19). Z42+e] Ay
2hel BF Aol A FAA AR YERHaL SA o] & o] FoRA= RS el

A ~2HE Activin A9 ©¥ld EHE Fx3}7] 93] secretionS ZI3Y st
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< 1% 329—1-19. Suspension cultureE ©]-83F Activin A (pMYD317) &A% W 727

[>
lg
v

(2}) Western blot analysisZ O]%} Activin A (pMYD317) & BA

O A AGA wiAA AEE F 13709 activin A (pMYD317) A2 2hlo 2 K
N6—SHH7<]§ o] &3}l secretions =8 3ke] viA] W activin A @A o] Ewn

T3ttt Activin A9l Id 2 BEu] FEE 39137 93te] western blot analysisE

reaction sample 40ul®} 4x reduce sample buffer 10ulE &3t 4-20%
SDS—gradient PAGE GelE o] &3l 339t (19 329—-1-20). PC+= 30ng CHO
cell 2 Activin AS AFE3FY AL, furin 2 LGo] Egd S110 #17bE A& F-2
Activin A PCZ AF&-3}H T} Activin A western blot A3}oA NC (N75)& A<k

i

EE pMYD317 #RlellA S110 #17b} S L7 pro—Activin Aol sj33h= @ o]
el H. A HEo] B pMYD3LT #71% AWshe] o]F AR QM)
SDS-PAGE analysis ‘Western blot: Activin A
s110 pMYD317 5110 pMYD317

M PC NC 17b 69 70 71 72 73 74

M PC NC17b 69 70 71 72 73 74

— «+— Pro-
Activin A
(~59kDa)

«+— Mono
mature-
Activin A

pPMYD317 pPMYD317 (~13.5kDa)

M PC NC 75 76 78 82 84 97 101 M PC NC 75 76 78 82 84 97 101

+—Pro-
B Rin A

(~59kDa)
e |
2 <+— Mono
_ mature-
Activin A

(~13.5kDa)

< 19 329-1-20. ¥ fd AME3F Activin A (pMYD317)9] western blot analysis >
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(v}) EnterokinaseZ ©]-83F fusion protein (propeptide +DDDDK + Activin A) digestion

@ <A western blot analysisoll 4] &<1% pro—Activin A (propeptide + mature activin A)olA
activin A9] 438 93l enterokinase 1AL (DDDDK)E 2= o] )& propeptide}t
mature activin A fusion proteing enterokinaseZE ©]&3le E2 & PsAct (29

329—-1-21).

Method: 10x digestion buffer

| Treatment 1 Treatment2
Pro-Activin A@MYDI17 #71) | 178ul soul
Enterokinsse 00IU) | 2l 1l
ox digestonbuffer | 2oul 10u
bw . 1000l
Totalv ----------- 200ul “ 200ul
. 105 digestion buffer: 200mM Tris-HCL, S00mM Nacl, 20mM CaCl
+ Incubation: 23T 12hr

< 119 329—1-21. Fusion protein digestion= $|3+ enterokinase *]2] reaction mixture >

(B}) Western blot analysisE ©]83}+ fusion protein digestion #49

@ Enterokinase 45 ©]-83} propeptide®} mature activin A2l £ & FP3tA
western blot analysisE %3} digestion Q&A1 R P3HA T} 40ule] reaction sampleS
AH8-31e] reducing conditiono| A pro—Activin A9} denature® monomer FE]] activin
AE 39l dtarA} 31 ar, non—reducing condition®] 4] pro—activin A9} dimer & Ej2]
activin AE 3lstax} sttt (218 329—1—-22). Positive control (PC)< 30ng CHO
cell a9 Activin AS AF8-3F93, negative control (NC)& N755 AR&3}A T
Treatment 1(T1), treatment 2 (T2)2 western blot 23 reducing condition®| A=
enterokinase’} A 2] ¥ pMYD317 #71 A& a4 A7} QZ] oro AN Z 3l n)wsle]
pro—Activin A9l o] AA3] FAESR L, positive controld} F L3S monomer EFY Q]
mature activin Aol 33+ band7F <15 AT non—reducing conditiono] A=
enterokinase’} A gl® T1 &T2 AWZE BF dXA3] =& pro—activin A9} positive
control¥} Y3 dimer FE] 2] mature—Activin Aol 3| F3= band7} FHEH A, ]
AHRE FHE 7FAE Activin A ©eEo] B Aejx F8] AJA" o) wdI EH7t

f% A0 AL 29 s

- 322 -




SDS-PAGE analysis
Reducing condifion

Western blot: Activin A
Reducing condition

M PC NC #71

NC #11 T1 T2 M PC NC #71 NC #11 T1I T2

(kDa)

130

100 s

75 — L

— 4— Pro-Activin A

55— — ! (~39kDa)
40

e - +— Mono mature-

Activin A (~13.5kDa)
10
SDS-PAGE analysis Western blot: Activin A
Non-reducing condition Non-reducing condition
M PC NC #711 NC #11 T1 T2 M PC NC #71
(kDa) e
130 - i i
‘ Pro-Activin A
— (~59kDa)
4 ﬂ
3 . —— : Dimer mature-
15— — Activin A (-27kDa)
el 1 ! |
10— -

< 19 329-1-22. ¥ ¥ QX Activin A (pMYD317 #71)9] fusion protein digestion >

(4) ¥ AHFME & activin A9 I¢x I FA
hH 73 H&
O 29 AAS A wFde I8 2 w5
O Lab scale systemS o83 Tz 4
SRS HF 0.1LE 5. 554 100 mLel 20
mM NaCl& %3 cold room®l| A
HiPrep SP sepharose®} Hiprep Q sepharoseES Z+

718 SOP el uhel 1.6L<
mM sodium phosphate, pH 6.0, 10
o]% (.45 um ZH=Z o3t

T3

2417k &<t stir 3

7} 7}

@ Cation—exchange chromatography

O Activin A9] pl Fte] pH 7.00) s}7]ol] Yukd2el CM sepharoset DEAE sepharose S ARE-8=
AR} strong ion exchange chromatographyS $1%F mono QU4 SP sepharose”} &5t & Ao =
Siaacipvec

GE healthcareAF2] HiPrep 16/20 SP sepharose®] pre—packing column< AKTA prime plus, FPLC

71710 1A83kar 3ml/mine] f

ARE3F buffers oFl ol HAIBIIS-

4502 200 mLe] buffer AZS
EAek= pumpE AR88ke] oF 100 mLE
3lar, buffer A9} buffer B gradientE AFE3}¢] elution 3+ 3

S5 o]% AKTA prime plustiol]
column®| loading . 50 mL9] buffer AS AFE-3l wash
fractions 2+t 10 mLA 22
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buffer buffer ZA(1L)

Buffer A 20 mM sodium phosphate, pH 6.0, 10 mM NacCl

Buffer B 20 mM sodium phosphate, pH 6.0, 1M NaCl

O BPX 50/500 column (¥]Z=nv}o] 2 )9l sephadex G25 ¢F 1L7} packing ¥} 91+ columne
RO<Z equilibration.
O sample, ¢F 150 mL<E column®l] loadings}al flow rates= 10 mL/min, fraction size= 12

mL Z $33}

@ Anion exchange chromatography
O D317-719¢] 5 kDa x=9-& AF2-3}] strong anion—exchange chromatographyS $=333}7] 93l Q
sepharose resing ARE-gE SFA|9F vkl o] 739 conductivity7} 294 resin®l] target THHZ 0]
AsFsHA] Edh= 7Aeko] 917 Wil desaltingS 478 & anion—exchange chromatography <3 3
O Gel filtration 573§ : D317—712] 5 kDa =92 BPX 50/500 column (R Z=8}o] 2 )] sephadex
G25 ¢F 1L7} packing H o] %+ columne©l] loading. flow rate= 10 mL/min, fraction
sizee= 12 mL & 433}

@ Anion—exchange chromatography <33

O D317-719] 5 kDa &=L BPX 50/500 column (‘j‘./.:H}O]_?_)Oﬂ sephadex G25 ¢F 1L7}
packing ¥ ¢} 31+ column®l loading3}®d desalting 3+ & #7—325 2o} 50 mM sodium
phosphate, pH 7.4, 10 mM NaClZ X A3} 0.45 umZE filter¥ loading.

O GE healthcareA}2] HiPrep 16/20 Q sepharose®] pre—packing column& AKTA prime plus, FPLC

71710l AL 3ml/ming] F4-02 200 mLe] buffer AS 8%, ©]% AKTA prime pluste]

EAek= pumpE ARESE] ¢F 100 mLE column®l] loading € 50 mLY] buffer AS A}8-3}] wash
3la1, buffer A2} buffer B9 gradientE A3 elution 3F & fractionS 212; 10 mLA 2L
AR buffer= ol ol HAIEIES.

(b A2
@ &2 Human Activin A B2 ZA ZT2AH 2= 3¢
O Human activin AS 2 AAE 43 EA B
— Human Activin Aol thgk pI, &4F% A4k native human activin Aol gk pIgt %
EAZFS ZHAFH B4 55 ol&ste] &g A3 pl @& oF 7.90]aL, EAFL 45
kDao 2 22l 3

— Enterokinase cleavage siteZ #7}3F human activin Aol thdt pl gk L Ex}=zF Al
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=

il

=)

1=

A3} pl 32 oF 6.20]31 EAFE 44.8 kDaZ

ﬂ !“‘ ExPASY

Compute pl/Mw

Compute pl/Mw

Theoretical plfMw (average) for the user-entered sequence:

ARLPEDVPNS

{TAE TSGSSLSFHS TVINEYRMRG

Theoretical pl/Mw; 7.90/ 45085.31

i=]
R

< 9 329-1-23. Human Activin Adl g}t pl,

BT NSy

Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

LDOGKSSLOV
300
GLECDGKVNI
380

TVINHYRMAG

Theorstical pl/Mw: 623/ 44892 90

< 1% 329—1-24. Enterokinase cleavage siteE H7}3F human activin A9l

3k pl & 2 EAF AL >

O A& human activin A9l N—glycosylation site o=

— 2] &4 N—glycosylation®] ghd] dold 4 UAATF pro—activin Aol A &
A A active 3F activin Aol4]= N—glycosylation site7} &4 3}A] &S5 &<l

AE dimerE o]Fo} activedt activin AZ modification®] doj}

GG MAS e Ao B HAL.

=

pro—activin
A tha
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Use of assignment to $[ is deprecated at /usr/cbs/bio/src/netNglyc-1.0c_P/bin/colonr line 7.

Name: Sequence Length: 406
PT APDCPSCALAAL TLNMLHL VTQP ALLNATRELE! 80
VEIEDDI MEQTSEIIT TLEFEISKEGSDL LFLR TRTRVTIRLFQQQR 160
HPQUSL RGERSELLLSERVVDARRS TWHVFPVSSSIQRLLDQCRSS LDVRTACEQCQESGAS LVLLGRR 240
)SHREF L MLOARY TCCRRQFFVSFRDICWNDWIT 320

APSGYH) PSHTAGT FESTVI XS CCVETRLRPMSMLYYDDGONT TRRDTQNMTV 400

80
160
240
320
400
480

(Threshold=0.5)

SeqName Position Potential Jury  N-Glyo
agreement result

Sequence 145 NRTR  0.5838 (8/9) +
HetMGlye 1.8: predicted N-glycosylation sites in Sequense
Threzhald
- Potential
cl
z 14
=
i
2
o
= a.75
=
G
bl
2 B
Y
it
@
g
El
: .25
=
2 T T T T T T T T
B 58 100 156 2eq ese 300 EE] 4g0

Sequence position

< 1% 329—1-25. human activin A9l N—glycosylation site o= >

©@ 212 & human activin A9 EZAAS 93 Dy @ =
O Z+7+9] HH FolS- F53F 23} 5kDadllA e @ do] 55 = AS SDS-PAGE o|%
CBBR dMo g FolstyHe.

M: size marker
PC:recombinant human Activin A 100ng (Isokine) 10ul Ab/10mI PBS (2ug) with 2.5% skim milk for overnight
1:511017b(1), 30uL

2:511017b(2), 30uL 2ndAb: Anti-Mouse IgG

1stAb: Mouse Anti-Activin A (Santa Cruz)

3:511017b(3), 30uL 1ul Ab/ 10ml PBS with 2.5% skim milk for 1h at RT

4:D31771(), 30uL
5:D317101(5), 30uL
Chromogenic time:= 26 mins

< 1% 329-1-26. A& human activin A 5= % cut—off >

@ Cation—exchange chromatography
O Cation—exchange chromatography 43}
— activin A9 pl gto] pH 7.09] <3379 4wt&A <l CM sepharosety DEAE sepharose
& AH&3h= AR strong ion exchange chromatographyE 13+ mono Qv SP
sepharose’} A & Ao &2 AH3}e] GE healthcareAF] HiPrep 16/20 SP sepharose?]
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pre—packing column< AKTA prime plus, FPLC 7]7]ol] dAA3sta AASHAS

— 7] activin AZ £83A 3 F AZvEIHS GE healthcare/\}gl PrimeView
Evaluation T2 1W & ALE3le] EA8E Ao RE duldo] B ¢F1 flow through®
-z JeE AL A280nme == 53 &g o, Z2+9] fractiond 25

_‘51

=]

SDS—PAGE®} western blotS 433+ 23} SP sepharose resin®] Ag3}A] %31 flow
througholl activin A7} A8t AL 32 3

— Mamaf Run 1:10_UV Mamal Ren1:10_Cond —— Mamusl R 1]
— — — Marmal Run 1-10_Fracions  —— —— — Marmial Run 1:10_Loghook

mAu mS em

400

200

31, 2% 4:39-18 HFEE

;
2034 2 T

Q 30 100

— Manual Run 1:10_UV Manual Run 1:10_Cond Marual Rany )_Con:
—— = — Mamal Run :10_Fractions —— —— — ManualRun 1:10_Leghook

mAu  |mSiem = %38

150 200 250 300 - 350 ml
< ¥ 329—-1-27. SP sepharoseE ©|&3} cation—exchange chromatography 23} >

MCSFT7 8 0 1112 10 13 M 14 15 16 17 18 19 20 21 22

MPCCSFT 7 8 9 10 11 12

70
55
40

35
25|

15

10

M size marker PC activinA, 100 ng C3 - culture sup., 30 ul
FT - flowthrough and wash after SP, 30 uL  7~22 - elute fraction #7~22 after SP, 30 uL

< 19 329—1-28. SP sepharoseS ©]&3} cation—exchange chromatography®] Western

blot analysis >
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O Gel filtration 48§ : activin A7} SP sepharose resin®] Z3s}A] &3l flow throughol
ZA3L7] W&o =& flow throughS X} desalting 3332

— BPX 50/500 column (¥]Z=nv}o] 2 )l sephadex G25 ¢k 1L7} packing ¥ ¢ += column=-
ROZ equilibrationdt %ol sample, 2F 150 mLES column®] loading3d}al flow rates=
10 mL/min, fraction sizew 12 mL Z 33} F =

— Gel filtrationg3 A3} main peak”} salt % buffer Hol o= A

— Sephadex G—255 A}&3}4 desalting &3 & A+ &3 F O Z activin A fractionS
a7l oHd+.

— Desalting ©]%& fraction #1—8, #9—20, #21—-303% #31—-55= Z}7Z} Ro} o]|F 23

5 o
=2r =
235kl

o =
S 39l

@ Anion exchange chromatography

O Anion exchange chromatography 4382 93} gel filtration 53}

— chromatography : D317—719] 5 kDa =% A}&3}4 strong anion—exchange
chromatography & F33}7] ¢13l Q sepharose resine AR&3hu v kA o] -
conductivity7} =0}FA resin®ll target @ o] ARSI A| Rk o] 7] wfiEol
desaltingS 43 % anion—exchange chromatography 4~3J3} %=

— D317-719] 5 kDa =948 BPX 50/500 column®l| sephadex G25 ¢F 1L7} packing & ]

o) =

2+ column®l loadingstal flow rate= 10 mL/min, fraction size= 12 mL =
TFAs A=

— D317—-71 cell line9 5 kDa &=9< desalting 3+ 23 main peak”} buffer E T} FH ol
YERGS. fraction #7—17, #8—329} #33-502 &5 %o} SDS—PAGE ¢} western blot

433} activin A9 fractionS 213l H S,

Mamial Rin 2:10 UV

Mamial B 2:10 Cond — = — Mamml Bun 2:1¢ Fractions
— 7 7 Mamal Rim 2:10_Logbook

mAu
300

mSom

250

200
H.8

150

100
H4

50 Method Bun 2016-00-05, 25 5:32:08 Hggh

d:.EResult:

&

o 200 400 600 800 1000 1200 ml

< 1% 329—1—-29. D317—-71 cell line®] 5 kDa vl 9] Gel filtration 3 & chromatography >
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— Western blot analysis®l Al fraction #7—179A activin A band &<l st wabr] #7-32

E% Ho} strong anion—exchange chromatography <=8j3dle] W=E 2134 e

M 1 2 3 MPC1 2 3

_—
—

70 -
55 =
40

s
25

15 [

10

M : size marker

PC : activin A, 100 ng

1: elute fraction #7-17 after desalting of activin A, 30 uL
2 elute fraction #8-32 after desalting of activin A, 30 uL
3 elute fraction#33-50 after desalting of activin A, 30uL

< 1% 329—-1-30. D317—71 cell line® 5 kDa v kb2 Gel filtration 53 &
SDS—PAGE®} western blot analysis $3§ >

O Anion exchange chromatography =3

— D317-71¢] 5 kDa &=%< BPX 50/500 column (‘:QZ:H}O].?_)ﬂ] sephadex G25 ¢F 1L7}
packing H o] 1= column®l loadingd}®d desalting 3+ & #7—32= ®o} 50 mM sodium
phosphate, pH 7.4, 10 mM NaClZ HEA3}3 0.45 um=E filter$¥ loading.

— Q sepharoseZ ©]£3F Anion exchange chromatography 3y3tx. 2+2+9] fractions
SDS—PAGE®} Western blot analysisE ©]-&3}e] &<1st Ax} fraction #7,8,9,1000 4]
activin A9} bandE &<l 3F¥3 #7108 Ho} desaltingS 33 &.

Marnial Run 6:10_UWV Marmal Bun 6§:10_ Cond
— — —Mamal Pun §:10_Fractions —— —— — Manual Run 6:10 Logbook

mAn Hm S e

300

60.0

0.0

g 1 | oy
450 500 350 400 650 ml

< 1% 329-1-31. Q sepharoseE ©]&3} anion exchange chromatography >
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M PCAFTW 2 3 4 5 6 M 7 8 9 10 11 12 13 14 15
i

70
55
40
35|
25

15

70
55
40

35
25

15|
10

10

MPCAFTW 234 5 6 M 7 8 910 11 12 13 14 15
E | E
550 85
400 400
355 35
258 250
1500 150

10 10

M: size marker PC - activin A, 100 ng
A desalting fract ton#732 SU L FT : flow through after Q sepharose, 30 uL
W wash afterQ s¢ 2-15 - elute fraction #2-15 after Q sepharose of activin A, 30 uL

< 1% 329—-1-32. Q sepharoseE ©|g3}t anion exchange chromatography
SDS—PAGE®} western blot >

(5) B FGAHE & activin A9 &4

O d738 W&

(7}) Suspension culture & secretion

(D western blot analysisE ©o]&3to] A¥H Activin A 283 A~ gkel Zd| A, pMYD317
#71 W AHA2REH Asiety £45 9 | 98t Z2A wigd
pMYD317 #71 calllusE J¥gFZE O]%’S}Oﬂ 71& wjokA S A A3l sucrose”}
A A1 50mg/L hygromycing F7}g N6 AAu| %] (N6-S)o] 10ml/g Bl &= HF 3}t
797 Wi ATk T A AeElolA Activin A e FHE FEEI wigNS
A F, sty E45 1Y AT

*
uE?L
o
4
08(:4"
ol
ol
N

(1) Western blot analysis & Quantitation

O ¥ Ae2z22E YAEE Activin A ¥ BlRE ¢35te] o
#70, #71) 0 2HE Activin A @ AS FE3ATh T AHde
A (propeptide + mature activin A) @& enterokinase &4 * 28] E 3} propeptide 2}

(pMYD317 #69,

Ql
FH]H pro—activin

i
v
2 [»
—“Eﬂ

mature activin A proteing &3l th.

(th) pHell W Activin A @929 A FA}
@ <HAA Bl control ¥ AZ R
O H fra#f A= Activin A IBAEL & 2 HANIA| A FE=H 4 dwldo] 3HE
Hj Gl & o83t &<l ettt B Wl o3t pH IHBAES Wastr] AAste] &
47}A) pHEE (pH 4, pH 7, pH 9, pH 11) BI2E &9tk pH 4% Acetate buffer, pH 7-&
PBS buffer, pH 9+ Tris—HCI buffer, 28] 31 pH 11+ Glycine—NaOH bufferE A}&-3} Tt
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N
N,
o
s
=2
ofr
——
oft
ol
ok,
rr
o
—
=5
D
=
Ll
\)
(@)
(e}
(e}
=
=
'®)
e
=
D
=
o
=
Q
=
D
o
o,
ofo
ol
ok
N8
=
)
<
wm
2.
Ll
@)
~
Z,
offl
2

2)

eYstRar, W3 WA E activin AE o] pH P A H&3st3Th. ol vz

A ¥y g 250 JFo] dHid Y b FFo] Aty HuE A E
FHasted P AY (Ugwu et al., 2004).

@ pH dependence

O ™ el AZF Activin A P 7 2 AAIA NN F=d wu] dejdo] xghd

wjopel g o] akel Sl Sk, pHol s
pHEE 37CoA 48h &< ¥-& A Fth ZH2ho] whg-o] whE 3¢ 33] AA] At
(29 329-1-33).

2= 4T 23T 40T 60T _
P.C pMYD317 P.C pMYD317 pP.C pMYD317 pP.C pMYD317 |
P.C 1 _ 1 _ 1 _ 1 _ ul
: (10ng) (10ng) (10ng) (10ng)
pMYD317 #71 - 16 - 16 - 16 - 16 ul
10x phosphate _ _ _ _
buffer 15 15 15 15 ul
Total vol. 16 16 16 16 16 16 16 16 ul
e 10x phosphate buffer: phosphate buffer saline (Sigma P5368) + 10mM DTT
e P.C: positive control, Activin A (338—AC—-010) from CHO cell
e Incubation time: 37°C, 48h
e Triplicate

< 19 329—-1-33. Activin A9 pH dependence #41S 9]3} reaction mixture >

(@) € AP W2 Activin A (pMYD317 #71)9] AAHA FA}
@D <¢F¥A WAL control @ MZ FH
O B 8 A= 2v) ohld Activin A AT 2 kPSS 2A S Y8 A
Hoj =31 9= R&D systemsAte] CHO cell 219 recombinant Human/Mouse/Rat
Activin A (338—AC—010)2} Bl 3tYG o
@ Thermal dependence

O ¥ fFa A=Y Activin A AL T 2R AA6|R| AN Frd 8] dejdo] x3he
ol S o] &3t FQl slATh Ao wE Activin A @] HFAHS ZALSH
93] pHE=E 4T, 23T, 40T, 60C Z+zto A 48h F<F wkS A AT 2+2+e] ulg-9)
R 3142 33 24 Yot (28 329-1-34).

A 4C 23T 40C 60C e

P.C pMYD317 P.C pMYD317 P.C pMYD317 P.C pMYD317 =

P.C 1 _ 1 _ 1 _ 1 _ |

~ (10ng) (10ng) (10ng) (10ng) u
pMYD317 #71 - 16 - 16 - 16 - 16 ul
Buffer= 15 — 15 — 15 - 15 - ul
Total vol. 16 16 16 16 16 16 16 16 ul

10x phosphate buffer: phosphate buffer saline (Sigma P5368) + 10mM DTT

P.C: positive control, Activin A (338—AC—010) from CHO cell

Incubation time: 48h

Triplicate

#*Buffer: Acetate buffer (pH 4), PBS (pH 7), Tris—HCIl (pH 9), Glycine—NaOH buffer (pH 11)

< 1% 329—1-34. Activin A9 Thermal dependence 412 3} reaction mixture >
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3

@ SDS—PAGE % western blotS 53 &4
O B A= 20ul¢t 4X reduce sample buffer 5ulE &£3tste] 587F 97 Col A
denaturationAlZ] & 20ulE 4~20% gradient SDS—PAGE gel®ll loadingd}< 71<j7] RSN
33819931, western blot analysisS F3)3te] ©@rmld AL BASHTH 2%
Western blot analysis band& ¢4 5% GelDoc XR+ system (Bio—Rad)—-Eé AH-g-3}
AEFsHE vlal 4 stk 2 2dvid 2492 o R st

AN

() 23 B, B¢ 25 3 7|7k ;}E Activin A @R F Y IFAY FAL
O A= Activin A9 B4 ¢4 B3
O Fdx3g v Aej2=2ZRE 29 A3 Activin A(pMYD317) @ do] 238 v &
30,000MWCO Centrifugal concentrator(VS0122, Satorius)E o] &3t #A|E v mFLdH=
30kDa ©]3} size protein®] cut offE X3Y3tATE Cut—offd o] E3tE wjAE
ThermoA}¢] Slide—A—Lyzer Dialysis Cassettes 3.5K MWCOZE o]-&3}o] 4TCoA o]E7H
Tris—HCI buffer, phosphate bufferE ©]-&3F F4& 33l Activin A9 B&# HHE
H7 sk
O ZtZ}o] W ol E3H Activin A @A S 20ul® aliquotd}e] room—temperature(RT),
4C, —20C, =75Co)] BAR a1, freeze—thaw recycle(FT)o] W& AAFAL =437
) 13 RToIA =AU & 4C, —20C, =75C9 Z+z} B3|} vl o2 CHO cell
2 AZF Activin A @A -E Tris buffer?} phosphate buffer(PBS) 19ulel
Lul(10ug)® 3 A3ste] 99} e TU 2oz HAs.
@ SDS—PAGE % western blot& &3 24 &3
O B A= 20u19‘r 4X reduce sample buffer 5ulE &&sted 5387F 97 CollA
denaturationA|Zl & 20ulE 4~20% gradient SDS—PAGE gel®l loading3sl] A7|9 &S
3Y3FA L, western blot analysisE 33t @l QbgAS B35tk eld
Western blot analysis bandE &4 A5 % GelDoc XR+ system (Bio—Rad)E& AF&-3}4
AFstE vl 74 st 4 2deioh 4392 3PkE o= XSGt

O |75 W&

(7 B8srd £4& AT Activin A @2 &H

D Suspension culture & secretion

O 3709 Ay~ gl (#69, #70, #71)C.2RE E 2] E mature activin A¥} pro—activin

AZE]o @ AS reducing A non—reducing LS E western blot analysisE
Z18) 3t mature activin A9l monomer¥®] (~13.5kDa)9} dimer¥Hl (~ 27kDa)E&
o139t CHO cell 8 activin AZS positive control® A&}, 0|9 U3t
AAANAM B Ay oz Ry 2% mature activin A bandE FJASFFHH
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329—1-35). ©o] oA #71H B 2ekQlo] activin A9 FdEo] 7P =2 A=
ZAFEAI 3 HE #7091 2hjle] T3] EEES EAH

* Reducing condition

EK EK ]
PN 69 70 71 N 69 70 71 PN 69 70 71 N 69 70 71 Exposure time: 30sec
(kDa) = tDa)
130 130
100 = 1?0
75 - - 55 = <+—Pro-Activin A
ig = —— - —— e g — 40 ] (~59kDa)
35 - [y 4 35 bz
2 - o 25 3
15 - 15 - == «+— Mono mature-
10 - _— 10 -, -y Activin A (~13.5kDa)
= Non-Reducingcondition EK EK
N 69 70 71 PN 69 70 71 N 69 70 71
(KDa)ue PN 69 70 71 N 69 70 71 (kDa) 7
L 130
0= 100
5 - 75
55 W= ] 55
40 = 40
35 - 35
25 25 <+— Dimer mature-
15 2 15 Activin A (~27kDa)
Coomassie blue staining W.E: Activin A antibody

Activin A expression level: #71 > #70 > #69

< 29 329-1-35. B A= AEH activin A FHE Bl >

O 3Felxl Western blot bandE GelDoc XR+ system (Bio—Rad)Z& A}g8-3}<]
visualization 83}1 L, Image Lab'™ software (ver. 5.1, Bio—Rad) ©]&3} the
method outlined online
(http://lukemiller.org/index.php/2010/11/analyzing—gels—and—western—blots—
with—image—j/) ®H O Z Activin A bandE ©]&3ty & HWE AT (Gassmann
et al., 2009; Tan and Ng, 2008). °o|F & SHE g3t JA A= ol
AFE WHog A3 Y.

O Enterokinase &4 A 2] ¥ #69, #70, #712] Monomer @€ Q] mature—activin A western
blot bandE <F wlw 3+ A3}, #71H AMZoA E2]E mature activin AE positive

control &3} Bl W3PS wf 2F 7.02 mg/gd] o] FAHAT (2 329-1-36).

Mono mature-Activin A band
No Label Type  Std.Dev. Quant(ng) -c7dingsample ro .| cecretion vol(ml) T QUANt e () Quant. (mg/g)
: ¥p - Dev. -ng vol.(ul) M) (mgsaoml) g ¥imare
1 ActivinA #69EK  Unknown 96.054742 4.9 32913 40 5.96 4 1.49
2 ActivinA #70EK  Unknown 137.312906 7.0 32913 40 8.51 4 2.13
3 ActivinA #71EK Unknown  454.89204 231 32913 40 28.07 4 7.02
P ActivinAStd  Standard 59026338 300

< 1% 329—-1-36. Mature—activin A ¢ ¥]ln >

(W) pHell @& Activin A S A 9] QA XA+
D) <+ vl control ¥ MZ W

O W el AZF Activin A FFHE F 2 AAANA FEE 2u] guol

d
o
rit
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o] 83l Fol syt Z+ pHell a3+ buffer® 2000 MWCO membrane<

[e)
o=
ol-g5te] dialysisE® O/NE AWk, W3 WA activin AZ 15 pH A
Ao Ag3AT (28 329-1-37).

pH4 pH7 pH9 pH11
T O O 0

Sample

< 28 329-1-37. Activin A 2% w99 pH¥ wa] >

@ pH dependence: SDS—PAGE % Western blot analysisE ©]&3F ©@taiz ¢ty A =3
O 21" Western blot bandE %A A3 % GelDoc XR+ system (Bio—Rad)& AF8-3}4

gkl
AFIE A Y. pH 494 = CHO cellfFa#l9t ¥ F2] Activin A 35FoZ v
rAHAS BT CHO cell 78 activin A= pH 45 A Y3tar pH 7, 9, 11904]

ot Aol Mzle AR ¥ F& activin A= pH 7oA ¢kF A< pH AHAHAS
ooyt A4 wolxle &S Bk ¥ Fd activin A BAFEES AX =7
2 AE7E ol eng wjxo] EulE @iz Ra 54 53 22 o wido
gk F3Fo] s o vk AFEAT. GG A2 pH 7oA activin A e
2 ¢S BHAH(IH 329-1-38).

PH DEPENDENCE (37°C)

14.00 ms— T1.97

12.00
C7I 10.00

8.00
G.00
400 277 2.79

_||_:

ACTWINA (0

a5 1.60
g LI t l F
0.00
pH4 pHT pHY pH11

m ActivinA(Rice) = ActivinA{CHO)

< 1% 329-1-38. Activin A& 2] pH dependencerAA >
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(th) @ Ao W Activin A (pMYD317 #71)¢] HBA FA}
@D ¢FAA ¥l control @ AMZ SH
O ol g e Ao A 10nge] CHO cell {2 A=3 Activin A9} 16ul pMYD317
#71 FH] @ido] x3+d wiA S 77t Aol ARESHAT. B Fdll X9 Activin A
S F A AAuAAN FrE 8] dido] x5+ HH"‘“’"% o]-g3&to] g4l
stk B Hyol o3k d A2l HgAdS I APsr] fete] T 471A pH
(pH4, pH7, pHY, pH11) HIAE skt #¥= pH 84 HAES $UdF WRle=
R8st AT
@ Thermal dependence: SDS—PAGE % Western blot analysisE ©]&3F ¢l d A =4
O pH 11°] B#H CHO cell 2 Activin A= 60CoA W=7} &3] Bolx] kil
pH 49} pH 119 BdE ¥ F2 Activin A= 60C S g oA L3 eFF A 9]
Ao 2 Yelstth. CHO cell frefet ¥ #ef Activin A 522 pH 7oA 7H
FAZA IS B 2 F 23C7HA] A BAGS BT (2" 329-1-39,
329—-1-40).

i
by 4

pH4 pH7 pH9 pH11

Activin A Activin A Activin A Activin A Activin A Activin A
from Lh H {from rice H 5) {from Cha cell) (from rice callus) (from Cho cell) (from rice callus) (from Cho cell) (fromrice callus)

PC 4 23 40 60 4 23 40 60°Cc PC 42340604 23 40 BO'C PC 4 23 40 60 4 23 40 60°C FCAZJAOSDA 23 40 60°C

< 19 329—1-39. Western blot analysisE ©]&3F pH, %% Activin A Thermal dependance >
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THERMAL DEPENDANCE

ACTIVIMA (NG

Sup 4°C 25°C 40°C 60°C

NCUBATION TEMP

Activin&(THO) pH11

ActivinA(CHO) pHE ActivinA(CHO) pHT

ActivinA(CHO) pHY

- = = ActivinA(Rice) pHa ActivinA(Rice) pH7 - = =HctwinA(Rice) pHY = = = ActivinA(Rice) pH11

< 119 329-1-40. pH, =% Activin A Thermal dependance >

(th) 28 By, B3 &5 @ 77 W& Activin A @9 A9 etFA ZA}
@O A=EF Activin A9] By By, By 5 2 7|7t wE kg 24

O 448 ¥ A227Y F8 AXS Activin AY EAHY, &5
b ZALe] 2AS SRS Y (29 329-1-41).

5 7]kl ut

il

&3

HAoLT Freeze—thaw recycle

S RT 23T 4C -20T —-75T 4C -20T -75C
temperature

Buffer Tris | Phos | Tris | Phos | Tris | Phos | Tris | Phos | Tris | Phos | Tris | Phos | Tris | Phos

PC|AAPC|AAPC|AAPC|AAPC|AAPC|AAPC|AAPCIAAPC|AAPC|AAPC|AAPC|AAPC|AAPC|IAA

P.C 1 |— 1 = |1 |= |1 |= |1 |= |1 |[= |1 = |1 |= |1 {= (1 |= |1 [= |1 |= |1 |— |1 |-

VNG A — (20 [ — |20 |— |20 |— [20|— |20|— |20 |— |20|— |20|— |20 |— |20|— [20|— |20]— |20]— |20

DAY 19 = (19— |19 = |19 = |19 | = [19|—= |19 = |19 |—= [19|—= [19|—= [19|—= [19]|—= [19|—= |19|—

Final vol. 20 ul

¢ P.C: positive control, Activin A from CHO cell(R&D 338—AC-010)
e Activin A(A.A) © ¥ 2 Activin A(pMYD317 #71 line) &14] wilz
o ®W¥ 7|7t : Oday, 1week, 1month, 2months, 4months, 6months

e Triplicate

< ¥ 329—1—41. Activin A°] RIAHY, &5 7|7t wE A B8 93} reaction

mixture >

O 3 H] 215} 7]

ofl
i)

A% H o] Activin A @ E B A] SA(RA) W d BE LS
HHZHOo 7 wo] AL&3H= A% #H el PBS (pH 7)¢}t Tris—HCI (pH 9)Z o]&3}<]

S AP3tF o, CHO cell F8 Activin AS o] &3 AdA7E ZF 219 control&

S
ol

>
ﬂl
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AH8-3+Th Western blot analysis A3 A] CHO cell fr& Activin AE BE# 7]71o]
4709 FRE PBS, Tris—HCl StF RTAIN @92 g 4e] 43 Astee Aol
BQa, 6702 BA7|7kl= RTOIA band7} A2 degradation B A-S <l 3t
18)3 RTE AQ3 b2 LxdAe ZE 7|7 A bande] & f9xtE EQlHR
Fokeh ¥ frEl Activin A @HEL 135 A 9g YA B7)7ke] RTOIA Activin A
o3 degradationo] ¥ a1, PBSel B¥e W # Activin A= RT 2704 A4+
3] 4918 degradationo] o] A ¢HPAo] 9= Ao w BAF AL WA
Tris—HClol A ®¥hel ¥ f2 Activin AE RT 470956 4% degradationo]
BEH A o] Aol M RTOA= PBSET Tris—HCI B3] thgh eHgie] &
Ro = goHQdrt (28 329-1-42, 329—1—43).

(o]

S

Iweek 1week

1month 1month

2months 2months

4months 4months
PT 1 2 3 4 5 6 7
6months 6months

PBS Tris-HC1
< 2% 329—1-42. CHO cell 2 Activin A9] H¥, &5 2 7|7t 2 Tz oPgA] A
PP: P.C. in PBS buffer, PT: P.C. in Tris—HCI buffer, 1: RT, 2: 4C, 3: —20C, 4: =75C, 5: F
4C, 6: FT —20C, 7: FT -75C >

g

E]

}
T
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PP 1 2 3 4 5 6 7 PT 1 2 3 4 5 6 17

Iweek Iweek

PP 1 2 3

IS
o
i

T 1 2 3 4 5 6 7

1month 1month

PP 1 2 3 4 5 6 7 PT 1 2 3 4 5 6 7

2months 2months

4months * 4months

6months 6months

PBS Tris-HCI

—

k4 AR PP: P.C. in PBS buffer, PT: P.C. in Tris—HCI buffer, 1: RT, 2: 4C, 3:
-20C, 4: =75C, 5: FT 47T, 6: FT —20C, 7: FT -75C >

< 728 329-1-43. ¥ &2 Activin A(pMYD317)2] ¥y, &% 2 7|7td] wE gl
_]

O Western blot £
AL-8-3te] A &Fs)l 3o

SEEDIEEER TS
I3

122 20~55%9] HgAde] Rl o] ARE <15t
=2 Aoz A

<& 1/¥7tA= PBSAA © &
IS HAuoy e#: 77 BAT 9o Tris—HClo] © ¢HgZo|t}h Tris—HClol A
6705 Aol ekFA o] 0% AR PBSAIME 4MLARE 10%= T WA HFAo]
dol g, ¥ e Activin A ANAE HISEA Tris—HCINA 4701 BAAE o) 0%=
YA o] WolH A9k PRSI M= 2 LARE A2 0%=S el ©]E Hol 24Tq
717 Bask A9-ol= Tris—HCle] ¥ Aestrhal dhdeth. B3k CHO cell 2 Activin
A g As vuge v LA ¥ e Activin A @A) AL —75C, —207T, 47T,

31‘: o)

24CE 257} wopda= o] @A oAl Fds & 5 Utk spAT 75T
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Hgh @ude 5 7HA bufferdl A & zpelE HolA| G3t7] wiel s k=
)

= ot A o] H|%=3d Ao FIHET (18 329—-1-44).

PBS Tris-HCI

Activin A from CHO cell in PBS Activin A from CHO cell in Tris

80%
CHO cell
609
409
209
00
oD 1w ™M ™M i M oD W M M M 6M
—24°CT4°C T-20°C T -75°C TTFT 4°C TTFT-20°C YT -75°C —24T —4T—-20C —-75C—FT4T —FT-20C —FT-75C
Activin A from R.C. in PBS Activin A from R.C. in Tris
. 1209 1209
Rice callus(R.C.) : :

0D 1w M M aM 6M 0D 1w M M M 6M

—24T—4T -20C -75C =—FT4C —FT-20C —FT-75C — W2 -75C=—FT4T —FT-20C —FT-75T

<8 329—1—44. CHO cell §21<F ¥ G2 Activin Ae] Y, &5 2 7|7t w2 1= H)

O Freeze—thaw recycle(FT)o] W& Activin A @ do] o+gAS &
EQt —75CAA d® ™ CHO cell 218]a1 FAAS ¥ 3 MEES RT =444 1¢
Baste] =20 3 tA] 4C, —20C, —75C| Zhz} H 4
To A& Bad AEH FT A7 e BAE 294 & Aol HolA]
ghom F 7HA Zz+e bufferoll A FT A 2]7-¢} Fx27-9] gz ¢
g
o J

N

o
Z79 A PBS W yo] HAE Activin A7} Tris—HClI ¥ BoH AHCTH
ol AS WYL (1’ 329—-1—45).
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ac=y e

40%
w : f » o o o 1w M ™M ™ oM
=—CHO(PBS) =——FT:CHO(PBS) CHO(Tris) FT:CHO(Tris) =——R.C.(PBS) =—FT;R.C.(PBS) R.C (Tris) FT:R.C(Tris)
20T £ 3 20CE
20CER 20CED
120% 120
100%
80%
40%

0D 1w ™M ™M M 6M 0D W ™M ™M M 6M
—CHO(PBS) ——FT:CHO(PBS) —CHO(Tris) —FT:CHO(Tris) —RC(PBS) —FTRC(PBS) —RC(Tris) —FT:RC(Tris)
I5THB -ISCHEB
120
- - \
8 80%
60% 5
4 40% - =
209
0%
0D 1w M ™M M 6M oD 1w ™M ™ M oM
—CHO(PBS) ——FT:CHO(PBS) —CHO(Tris) —FT:CHO(Tris) —RC(PBS) —FT:RC(PBS) —RC(Tris) —FT:RC/Tris)
CHO cell Rice callus

< 1% 329—-1-45. CHO cell 319 ¥ 8 Activin A @A 9] freeze—thaw recycle(FT)
ol WE A Hlw >

2. 21 & viral vectorE ©]&3}F activin A A& N

O AF#Y718 : Axhsha, HAn

b dFAEY £ 2 IS FIRE

(1) A& viral vectorg ©]83% native human activin A% A4F 7|7
D Native activin A FRAE E3sl= 1wbd 2 EHEH A%

@ Agroinfiltration'§& o] &3 &
@ FddgA o] EAETZ 4
(2) A& viral vector® ©]83} EK site7} =4 ¥ activin A9] A4F 7]&0d
@ EK site7} =Y € activin A FAAE Egete 1L¢d A E9H A%
@ Agroinfiltration & ©]&3F 3
@ FAAgA ] FAMETH 4

. ARaTe #3534 (B84)
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O Activin A= TGF—=0 familyZ A%, A3 3 dHA 5 0 =40lA THHH,
oAy MEES A&t 31 2 S FESe 9ES ok

O HIZolle S7MEMSFY JAARA F87F 531 Yo} @l d o] 5494 A& A9
Az gzl AAko] BrlE3dE Ao g thREES FE 4 ¥ (Pangas and Woodruff,
2002, J. Endocrinol. 172:199-210) 2 =¥ (Ciaran et al., 1998, The Intern'l J.
Biochem. & Cell Biol. 30: 1129 - 1145812 S35l A4l A=

O Activin AE homo dimer?] e 2 o] FojX = BAE vy S Aalto] x| ¢ro}
A FEAEANAM AEIS AFEEE w9 wrF @eld d(12009H9/mg)

O & A< 718 22 olf = 43t 7FsAdol wi-¢ &2 activin AE 2E viral

vectorg ©]&3F AL ES JEstr] Y8t s H

g AFATAL SRR 2 AF2AT

(1) 21 & viral vectorE ©]&3%F native human activin A2 A2+ 7]& gt
7h 7L FFHE

@ Human activin A9] transient expression vectorol] &z

O TMV based vector?l pMYV1509] =& 7]3#<] NBMOo ZHE ®e 5 £/ human
activin A FHAE pMYV1509] 443t pMYD2163 pMYD217 (with 6 his taq) &
B8 skt

@ Electroporations ©]-83F Agrobacterium (strain GV3101)el d&Ad3

O Electrocompetent agrobacteria cell-& THE7] €3}o] agrobacteria (strain GV3101)< 50
mg/L rifampicin®] H7FE 5 mle LB mediumo] HZ3std 28°C, 42tH 9
] g7 A o7 Ft vt dAEE7IE ol &3t Ax e} vjgd S £
% agrobacteria Wt& FA St FAAE A A7 At AZGA FrE 500ul] 10%
glycerolS ©]&3}] 2¥H washing 3} T}

O Pelletoll 2H4A =81=E 100 ul®] 10% glycerol® resuspension 3F & 25 ulE #F 3}
ulg] x34A F8lE EP tubeol 34 electrocompetent cell& FHISFATE 25 ul9]
electrocompetent cellol]l A 7]l A 8] H 1 ul® plasmid DNAZS H7}3 & w)g] 2734
FH]H cuvettedl] mixtureE ¥l icedl A 587 WX 39 Y. GenePulserE o] &3}
1800 kV, 25 uF 283 200 Q A3 FH2ASS 3319

O ¥& A3 = electorcompetent cell2 EP tubeo] %31 & 4143 1mle] LB vijA| &
HA7FgE £ 28CollA 2-3AI%F oF HEjolA dgujeF sttt FEHE @ AEE 50
mg/L rifampicin® 50 mg/L kanamycin®] 7} v A o] =43t 28CoA 2—-3Y F<F
Hi kst ©d 22U E Ao FAZE H7rE A 101]7\1 e 9 FEYEHH
plasmid DNAE FF 3 & A3 84 A2 7|9 FHAE] AFHozE =¢F

AL SAs T,
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@ Agroinfiltration H& ©]&3 2 A%

O pMYD2163% pMYD2179¢] X &3 ol124drg|g]olS 50 mg/L rifampicin® 50 mg/L
kanamycin®] 7} LB vjA] o] H=3}ed 28°C, A efo] e wjdr|oA 3F F<ot
ettt AR NS o] 83t oz utg o} AETHS ¢ ¥ infiltration
medium (10 mM MgCI2, 10 mM MES, 2% sucrose and 150 mg/L acetosyringone,
pH5.6)° A G35 Agrobacterium HEH-S OD6009]A 0.3¢] H == infiltration
medium & 2 3]43}e] syringeE ©|-83}9 infiltration= -3 3} T}

O SyringeZ ©] €3} direction injectione 4—6 F AE AT Nicotiana benthamianas
Qo] HHof vte|glol AgA S FALY] vhs glo] FAVIE FAFOEN FPH U
TMV based vectordl]l A4E o] A= pMYD2163 pMYD2172] z+z+e] wtg] g o}

AeBS ZA F 27) A=A 3709 ol agroinfiltration F e, 22 C, 18417+

6A17F QHdEl o]l Ao 1195t A8 aL, infiltation ¥ 5,8 L83 119

AE FEste G dS BTt 3 a34 Q1 aroinfiltration® &

171 fl8te] olazutg gl dgd F=E 0D600°A 0.3, 0.6 12|l 0.98

F % syringeE ©]8-3}4 direct injections 43P 3}t

@ B ESZA B2 (SDS—PAGESF Western blot analysis)

O Activin A9l ¥&S 321317 Yl A7HEE 433k agroinfiltration ¥ i
JdozryY AHA G AL FE3 & Bradford's methodE AM&3te] Attt
(Bradford 1976). 5 pge A @A Laemmli (1970)¢] ol 7] %38t
reducing condition| 2] 12 % <] Z}Z}9] arcrylamide gel2 ©]83}e] SDS—-PAGEE
Fsle] EEEor, EaE dAELS Coomassie's brilliant blued] 2]3}¢]
FAEI 7N 8 H A

O Western blot analysisE F33}7] 918} acrylamide gelolA] E&E @A EL
Hybond—C membrane (Amersham)ol] 15VE 30% E<t electro—blotting A]71 & TBST
buffer (100mM Tris pH 7.5, 0.9% NaCl, 0.1%Tween 20)°] 10% skim milk® <F 16A]7t
A% blockingd}l A th. MembraneS TBST buffer® 3¥H A& & biotinylated anti—human
antivin A antibody<S 5% skim milk”7} 2% TBST buffero] 1:5000.2 3]A13}<]
AoA 247t Bt 9kgslg o o]z} AR anti—Mouse IgG Ap conjugated<
1:70002 3]Asto] Aol|A] 2412 &t WA F T, TBST buffer® 33], TMN buffer
(100mM Tris pH 9.5, 100mM NaCl, 5mM MgCI2)Z 13] A& 3t o
5—bromo—4—chloro—3—indolylphosphate (BCIP)$} nitro blue tetrazolium (NBT)°.2 TMN
bufferol A =25} $4 o},

(® Furin treatment

Z

f
Lo

i

2
23

>{5 T = e
O

2l

O Human ActivinA9] propeptide®} mature peptide Alo]oll £A3}= furin cleavage
siteE furing *2]$SZ X matur form activin A7} FAHEAE &olH 7] 935}

- 342 -




S 50 ule] AA @A) 25 ule] substrate buffers® 7}k % 2U furins
A7Fste] 30CoA 3FF &<t ¥Eg AJFHTE ©]F mature form human activinAE
gelslry] Yste] Abrle) 7143k vie} o] SDS—PAGES}F Western blot analysis®

T B 3FAT.

(W) d+43 2 a#
@ Human activin A9] 318d AEHEHIZ F2Y
O TMV based vector?! pMYV1509] own signal sequence+prosequence+mature activinA 2}
own signal sequence+prosequence+mature activinA+6hisS AY3te] pMYD2163%
pMYD2172 W™H3}$ 1 infiltration= ¢33 agrobacterium (strain GV3101)el] &A%
stk (22 3290-2-1).

pMYD216 pMYD217

< 19 329—-2-1. Human activin AfZ=2}2] TMV based vector (pMYV150)2¢9 24 >

@ Agroinfiltration®§ 2 o] &3+ 3 =
O Agroinfiltration & ©]&3+ pMYD2163ﬂr pMYD2179] W3S <& 0}E7] 93l syringeE
o]-g3ate] 7oA 1&gt uhel 22 WS ]88t infiltration st o™ 5, 8 181l
119 A 9& S8t @dwlds FE3F9 SDS—PAGE, Western blot analysis&
FPstAt. AT 2R} FsIH o SREE AE JALHE
ZALEFE Y (1" 329—2-2). Denaturing el ¢} native eS| human activin A<]
e S 3215H7] 93 SDS—PAGES} Western blot analysis® 43 3}dch. 2 Ay}
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pMYD2163 pMYD2170] 3= A EH EFo A reducing condition®] Al monomeric
forme. 2 o)== 14kDaR th & dimeric forme] 28kDaol|A] PCZ A}&-3+ insect-2 <]
activin A9} FAFSE = 7oA 11t} (Pangas et al., 2002). T3 thFslt e
multimeric formo] #2151t} Non—reducing conditionoll A= pro peptide’} A= A
e g9 dimeric formQl gk 110 kDadllA = Aomw, PCE A&
insect-f-#} 9 activinA+E mature peptide® dimeric form¢l 28 kDaol|A A=A H(1H
329-2-3). o]¥3 AHNE F3NA N. benthaminas ©]-&3F+ transient expressionol A
human activinA®] @do] JFH o= o] FojgS FIstgiert &4 FefQl mature
forme. 2 H3tE 7] A+ propeptide®} mature peptideAlold A+ furin cleavage
site7} @_%Qo}o]: sty N. benthamianadl€ &= Fe HiZF <l furino]
34 Fe= Ao g AlgEHY wEbA propeptide@ Bl 9] dimeric form¥} multimeric
formite] FAH= A= AT

D216- N.benthamiana condition

Sdpi 8dpi 11dpi

D217: N.benthamiana condition
P e

Sdpi 8dpi 11dpi

< 19 329—-2—-2. Agroinfiltration¥® pMYD2163} pMYD2179¢] Ag¥ 2&EA 9 A= >
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Activin A (D216) Activin A+his (D217)

Nen-Reducing M PC NC 5 8 11 (dpi
e ws M _PCNC 5 8 11 (dpikos (dpi)

w=EREANN ===
' " Scew :.1 Ml I"*EEE
ss,__ b | H “d 35/ ! :
» ¥ 3 '!5 SDS-PAGE
35 25 - —_—

- R H -
15 . k- = | ad
(.

10

Reducing Non-Reducing Reducing
PR

Wa M PCNC 5 B 11(dp)% M PCNC 5 8 11(pi
555._ 100 .‘ um 3
0 k. :
By 55 s B CRE |
55 - 40 . 0
anTe- 35 35
i 2 - = anl Western

15 5 -~

-
)

< 119 329—-2-3. Nicotiana benthamiana®l~] Non—reducing® reducing condition®l] 4]

human activinA<] &3 >

@ ZHAQ Agroinfiltration 2 ©]83F human activinA2] Zd 32l

O Agroinfiltration®} & ©]-8-3}4] human activinAe] 11 W& A4S dgsl7] 93514
ol1zulg glo} Hetle] HA Hx 2 AAS 7] $1319 0D6004A 0.3, 0.6 123l

0.9 2&E 3 4-6F A% A& Nenthamiana® ol syringeE ©] 83} direct injectionS

Fste] 5, 8 2 114A s gt HA dEs FE3 F ofa=g

ste|2lo} dEtl Fxo] w2 3w @d 21S dolry] Yste] SDS-PAGES Western

blot analysis® F33tAch (28 329-2—4). = A% pMYD216% pMYD217°] A=

AEA ] A 25 otz v elel dgtel F& 0D600 0.627A 8 St A
T =

Rl

o
+
lr:_
3T

QoA 7} ddEo] AFHAT. wF Algte] S71EFE ddEC] HoMA=
AFS Hol7|E AR A=A HHE AAA] RS 18T W of1= Hhg g o}
Hetd T 0.63 vk 8AA7F 7FF QFAH A Q) human activinAe] 11 ¥&EHS Ho|=
Aoz Atgdth

Reducing Activin A (D216) Activin A+his (D217)

- 5dpi 8dpi 11dpi - 5dpi 8dpi 11dpi

130 130

100 100

70 70:_ — ——

55 1 55— -

40 SDS-PAGE] 40

: =1 = me=s= 2 Eé!g‘.‘-= ggg

= f - e .- E -—

15 & -—“

10 10

K M PCNC 030609030609 M PC NCO3 06 08 kpe M PCNC 03 06 09 03 06 09 M PC NC 0.3 0.6 09

= 130 ™ -

Iéﬁ ' ’! J E n (Western ‘23 nr-"‘— -

5 ‘ it BN =

. w . 33 -— -

s o = poged
15 5 ;

< ¥ 329-2—4. ofazvtg|g o} HEY FEo] WE human activinAe] 1 Wd 24 3 >
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@ Furin &4 * & &£ mature form activinA¢] &<l
O Nicotiana benthamiana®l < ¥& % pro forme human activinA”} mature form2. =
AgE R = Aoz FlEQon, furin E4AE 388l mature formeZE ASEHE
A5 &2135l7] 98l AFS FFFA T (Wilbers et al., 2016). 2 A3} Non—reducing
conditiono| A furing 2|3t 459 AglstA] FL A EF TYU3IA multimeric
form?] 110kDaco]’de] @l do] Q%o furin Aol €3] matur formoZ H3E X

or

e AL HANAT (1Y 329-2-5).

Non-Reducing Reducing
216-8dpi  217-11dpi 216-8dpi  217-11dpi
k‘Da.‘_,___ : 1 _—
B !! E
7O S
s :
40 .
Eo = ‘
25 E- SDS-PAGE
- e — 2
i ' -——
-l M PC NC C - +
kDa
2" W l' R =
70— 70 >
55—- 55
0
35 -
- Western .
15 - 15

< 1% 329-2-5. Furin A& o] @2 mature form activin A2]3+l. PC: 150ug of derived
from insect; NC: 20ul TSP of wild type; C: 20ul of Crude; — : without Furin treated (30ul);
+ ; with Furin treated (30ul). >

(2) 2% viral vectorE ©]&3 EK site7} =Y % activin A2l AF 7]&7)e

U d770E SRS

@D EK site7} =9% activin A FAAH(4DK—activin A)2e] s A EHEH=E F24Y

O 22apd%= AT 23 furin cleavage siteE 7}Z precursor form®] activin A7} furin®l
93l cleavage® A &2-S 3213}, mature form?] Antivin A9} Enterokinase cleavage
siteE 7} precursor form®] Activin A9l §-AA}= transient expression vectorol] F24Y
StA L, A foldS #std 77zt constructiondl 670 histidine ZH7]1E
C—terminald] A7 §212F =3 F2Y st pMYD308(mature Activin A),
pMYD309(mature Activin A+His), pMYD310 (Enterokinase cleavage siteZE 7}%

precursor form® Activin A) 28]3 pMYD311 (Enterokinase cleavage siteE 7}%
precursor form® Activin A+His)gtax =33}
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@ ElectroporationS ©|83F Agrobacterium (strain GV3101)e] F&A3H
O Electrocompetent agrobacteria cellS %+ 7] €13} agrobacteria (strain GV3101)<= 50

mg/L rifampicin®] F7}E 5 mle] LB mediumol] FE3ste] 28C, Ao e
w71l A e Fb vieFet et AR VIS ol &t AlE e wigd S B3 &
agrobacteria ¥H& sto] FAAS A A7) Yste] 27A =8lE 500ul] 10%
glycerolS 0]51'3}04 2% Washing 3ttt Pelletol]l xp33Al =£8l1¥ 100 uld] 10%
glycerolZ resuspension 3+ & 25 ul& F 3t vl 24 Al =81E EP tubed] #5314
electrocompetent cellS £HISFA T} 25 ulg] electrocompetent cellol] ZF7]oA F4]d 1
ul9 plasmid DNASS 2+7} H71sh & wig] A4A 019 cuvetted] mixtureE Eal
ice oA 5&7F W3 GenePulserg ©]8-3la] 1800 kV, 25 uF Z2E8]al 200 Q
Z73 AN FEATS ST FE A3 A electorcompetent cellS EP tubeol
&7 & 243 1mle] LB #iAE H7sE & 28Co|A 2—-3A17F ¢ Aejo A deku]ek
39t AAE B HEE 50 mg/L rifampicin® 50 mg/L kanamycin®] F 7€ ®j X o

| ¢k Hjgfele] @ ZEYUE AU AV H7HE

Ao A" 9dd ZEYZRE plasmid DNAZ & 3 3 A3 a4 A=

J =

PR NET:

=2
2
o
|
w
e
ofr

=
i o},
@ Agroinfiltration ¥ ©]-&3F 2%
O pMYD308, 309, 310 z8]a 311¢] ¥ 35 ola=Zrtg glo}E 50 mg/L rifampicin® 50
mg/L kanamycino] H7Fg LB wj Aol HFFste] 28C, HFefe] A= wjgF7]olA 87
S et dAEE VIS ol &3t ol EubH o AEVHS EET &
infiltration medium (10 mM MgCl2, 10 mM MES, 2% sucrose and 150 mg/L
acetosyringone, pH5.6)° A AE3FATE Agrobacterium & OD600°A 0.39]
T = infiltration medium®. 2 3]43}o] syringeE ©]&3} infiltrationS F3Y 4}
SyringeE o] &3} direction injectione 4—6 F A%E A2+ Nicotiana benthamiana®l 219]
S e gol AgAE FA] visglo] FAVIE FHFEN FPHJATG. TMV
based vectordll 49 = o] 1= pMYD308, 309, 310 12]a 3119 Z47he] ulegjo}
dgAs =1 F 3/ AEAY 3/ ol agroinfiltration H e, 22 C, 18417 ¥,
1Z7F el o] Ao A wekste] infiltation ¥ 4, 6 Z28]3l 7 H+= ol 4o 4S5
s

O Activin A-/] o] Al ZFE 2 42831 agroinfiltration ¥ El
o ZHE 7ﬂf<ﬂ hil A8 2=3l & Bradford's methodE AF&3te] A Z3 gt
(Bradford 1976). 5 pge] AA @& Laemmli (1970)¢] W] 71%3}e reducing
conditionoll ] 12 % 2] Zt7z+e] arcrylamide gel2 ©]83t4] SDS—-PAGEE 433}
Eogdeon, 2aE W AE S Coomassie brilliant bluedl] &3t A= 7143}

mE
m{o
N ot
0,
ol
o
AN
do
ol
o
£

- 347 -




At} Western blot analysisE 33}7] 913t acrylamide gel oA 8 ¥

il A =2 Hybond—C membrane (Amersham)oll 15VE 30+ &<t electro—blotting A %!
3 TBST buffer (100mM Tris pH 7.5, 0.9% NaCl, 0.1%Tween 20)°] 10% skim milk® <F
16417t A= blockingd}tAth. Membranes TBST buffer2 3 %< % biotinylated
anti—human antivin A antibody< 5% skim milk7} 23 TBST buffere] 1:5000.2
3|4 eto] Ao A 2413 F¢F whgEtl e o]xF A Z anti-Mouse 1gG Ap
conjugatedS 1:70002 3]A13}e] A2o|A] 2A17F ¢t wk8-A| Attt TBST buffer® 33,
TMN buffer (100mM Tris pH 9.5, 100mM NaCl, 5mM MgCI2)Z 13] A &3t Z 9
5—bromo—4—chloro—3—indolylphosphate (BCIP)$®} nitro blue tetrazolium (NBT)°.2 TMN
bufferol A =23} ¢3 o},

® Ni—NTAE ©o]&3% Aictivin A9 A

O Enterokinasexg]ol] 94X &7 @A o] Fxo} x5 Fo|7] Y3t pMYD311<&

o]-&al At activin A+his @ ES FANE A} AT WA ol @ d

FEEE 0.2um9] pore sizeE 7} filtero]l Ze]F3 10mMeo] = AE imidazole s

Yol 3 700ul®] Ni—NTA agarose’} SR FHo] Q= columnol] EHAIZ &

10mM¢] imidazoleS ¥ & washing&dS EFHRA|A HNoJE & 250mMe imidazole©]

3 HoUE elution§ R g didS Hojmy] Aot} o|H g BEE52S

2HESS AR H oz A & 5 A+ imidazoled AAZS ¢35t dialysis tubingS

|83} desalting® it}

® Enterokinase treatment

fo Fﬂ
o

o

O Human ActivinA¢] propeptide®} mature peptide AFo]ol] &3+ Enterokinase
cleavage siteE EnterokinaseE ]2 Z M mature form activin A7} A H= A&
dolr 7] {5l F3stATh 50 uge] A @HMAS 1, 0.5, 0.25, 0.1 unite]
Enterokinase®} 25Col A 3AIZF & 16/\]{} QF WhE &, Tuido] Fxo Wi
aAaREgo A E Hstr] fetod wHul o 3+ £ denaturation 3 Icecl

o]t FAHIE FLEA wheE 3 SRSt T 7)o #FS AA
ot 1452 FAAE dds o] &3t AAS FheAn. olFA A==
= sl7] st A7l 71k viek 2ol
.

o1

=
=

3:94

=]
Run

?01' —{o{: —lN'
T o 2
oo o o

L

e

Jl
o

A Z-o| A mature form human activinA

SDS—PAGE$} Western blot analysis® 43}

i

[

(W) 2% 5 2
@D EK site7} =Y E activin A FHA(4DK—activin A)e] 18 AZWHEHZ 29
O TMV based vector?]l pMYV1509] mature form® Antivin A9} Enterokinase cleavage
siteE 7} precursor form& Activin A @ ZFztol] 6709 histidine Z+7]7F N—2gho)
X3 o)A e FAAE A st pMYD308(mature Activin A), pMYD309(mature Activin
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A+His), pMYD310 (Enterokinase cleavage siteE 7}% precursor form®] Activin A)
18]35 pMYD311(Enterokinase cleavage siteE 7}%l precursor form® Activin
A+His)&tar BRI infiltrationg 93 agrobacterium (strain GV3101)o] &A%k
AT (28 329-2-6).

TMV-based provector : 5" module |
| P

¢ targeting signal

w w
war T E— fm (T

PICH20ISS 5 Apoplast targeting signal
L

Y — [
TMV-based provector : 3 modules |
TMV-based provector : 3’ modules | B

B L
BB " YDA J—w ol e AT E@;L

Integrase module | [

pICH14011 : Integrase module

PICH14011 : Integrase module s

i

n R
— T e W

3Dsp+AA/pICH31070:->Kpnl digestion 3Dsp+AA+h/pICH31070: ->Kpnl digestion

e 4 = 4 3 Vilchid > % 4 Ownsp+Pro+EKC site+ AAPICH31070 Ownsp +Pro+EKC site +AA+ his/pICH31070

+->Kpnl digestion :->Kpnl digestion

#1 =>pMYD308 #1 =>pMYD309

Ctrl: pICH31070

#4:D310 #8:D311

< 119 329-2-6. Mature form activin A(Z}) % enterokinase cleavage siteE 7}%l precursor

activin A A A2] TMV based vector (pMYV150)Z29 24 >

@ Agroinfiltration'§ S ©]-83sF @3 2 human activinAe] F& &<l

O Agroinfiltration H< ©|-&3F pMYD308, 309, 310 1831 3119] W3S dolr 7] 9|35}
syringeg ©|&3te] A7]dlA 7]&ES uiet 22 WS o] &3t infiltration 3t o™
5,8 22a 1194 de Fsto] dulds F3E3ko] SDS—PAGE, Western blot
analysisE TRt AT 295 o]} sy on IAER A=Y A GHE
ZAeEA T (29 329—-2-7). Denaturation e} ¢} native e} 2] human activin A2
S #olsly] 93 SDS—PAGES} Western blot analysisE 33ttt 1 A3}
pMYD308, 3099 A= target band7} &A= A &%k, pMYD310, 3112 THH 2 EA
25 oA reducing condition®] A monomer form®. 2 o4& += 45kDad = A band”}
golggdet. =3k st FE 9 multimeric forme] A% 1th. Non—reducing
condition®| A= pro peptideZ7} AEE A &2 FE) 9] dimeric formQ 90kDaX t} &
2k 110kDaollA EelE Ao, PCE AFEH insect# 9 activinAE mature peptided]
dimeric form¢! 28 kDadllA] S Joh(2E 329—2-8). ¥& & U)X E infiltration
o]% 8 A H& ol /M =& AoE ®HAL oI AHRE FI|A N,

benthaminaZ ©]-83F transient expression©]A] human activinA2] Wdo] HFFH o=z
o] F AL 3P oM o] infiltration ©]F SLA H MZA 71F EL2S & +
A AT
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SDS-PAGE

8 dpi 11 dpi

. . - = o = -
< 9 329-2-7. Agroinfiltration & % A7t w2 2 EA 9] AH W3 >
“ [ o]
D308 D309 D308 D309 D310 D311 D310 D311
" . S i ¥ -1 =7
g = = s-THEETER
% =" = ERM t BB
: ! - L ]
- -
» -
< - = 5 z |
. ‘l 18 - » - aal
MPCNC 4 6 7 4 6 7(p) _ MPCNC 4 6 7 4 6 7(dp) MPCNC 5 8 11 5 5 11(‘*P) MPCNC 5 8 115 8 11 ()
o kf’;, kgg precursor  kDa
1;;3) N i 15,?,'-_-:. Homodimer(?) 154‘
ss o ;2'.".,
40— 108 0 precursor
N | 3B 5 ! . - Monomer (45kDa)
LEmm - 25 e - 5. -
T b UL
o o "
=i

< 1% 329—2-8. Mature form activin A

activin

=

Ao E 8 Az WE WE £F

@ Ni—NTA agarose resine ©]83F Activin A2 A
O Enterokinase *go)| o] &% o
g 9s 8 & amds >

ol >

Ao BEE 93] A7)0 W o Z infiltration

enterokinase cleavage siteE 7}F& precursor

=

T

=3t Ni—NTA agroseE o] &3t HAS F33 &
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SDS—PAGE, Western blot analysisE 35ttt (19 329—-2-9). 71 Z3} Activin A
precursor form monomerd oA =72 45 kDa F-Zol A band7} A F o thekst
FH) 9] multimeric form2 & QI3 A 7= AL E A% = smear band”}, crude (CI,
C2), flow through (FT)%} purified proteinQl elute 13} elute 2 (E13 E2)ol A
591591k,

Non-Reducing

SDS-PAGE

M PCNC C FT W E EZ

. Precursor
~ Homodimer (90kDa)

Western

< 29 329—-2-9. Ni-NTA agaroseE ©]&3}F activin AY HA >

@ Enterokinase &4 X 8] & mature form activinA2] &<l
O Nicotiana benthamianal A L& pro form® human activin A7} mature forme.Z
A3E A FE= Ao 7 3olEQ O, enterokinase E4E A8 3te] mature formo 2
AeE = AE g3ty st 248 S 3359t (Papakonstantinou et al., 2009).
3AIZE 216417t 2 Mt BHts w thxawd AP TS western blot
}o]lE Holx ¢rom mature form? activin AR A2z H & bandE <l
(2% 329-2-10). o]¥ 3 Az} Gl Aol x| o3 FAukS o] 23

oy &
2 op
RN
T

, o

+
%0
52,
o

= e
M
ro
XN

dolr 7] 93t AE W @A S denaturationA]#H HFHRUAS wo =
apole A & = ATk (2 329-2-11). Ni-NTAES o] &3 A2 3 Aoizl Eq
L2 X9 Acvivin AE o] &3t AP EUES wjoll= enterokinase 1%+ 0.5 unit
o]- &3t Aol A oF 28 kDa =719 #X|ollA] w2k signale] 1A (2™

329-2-12). o] Z7AL FrtH oz XAF FelHojor & AHo 7 AZbE A9
HAAN7MA d& AHR=ZA £E7F Fo}Z Activin A9] propeptide®] enterokinaseZ

A28kl mature form® activin AS ol F U= 7FeAol S FAsAh
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Incubate at 25°C for 3h Incubate at 25°C for O/N
Reducing Reducing

SDS-PAGE

C NC Ctl 1 05 025 01 (unit)y M PC NC Ctil 1 05 025 0.1 Ctrl2

Western

2014.10.15 EK treatment D310%8dpi :

EKWorkingconc.  1u 0.5u 0.25u 0.4u

Dalﬁbﬁ EK 2 2 2 i ul
Sampie (50ug) 28 28 22 28
405 seaction Buf 6 6 6 6 ul
3w 24 24 2 24l
Total 60 60 8 60 ul

< 1% 329-2-10. Enterokinased % % Hk3 A|7to] wE mature form Activin A9

Y4 olr el >

M A B C 1 0502501 E F EK Treatment:
- Boiling samples for Smin
- Standing in ice for 5min

- Adding EK

) - Incubate at 25°C for O/N
EGFP (32.7KDa)

M: PageRuler Prestained Protein Ladder

A: EGFP-EKCS-TNFa substrate treated by EK of NBM
B: EGFP-EKCS-TNFa substrate treated by EK of
Navogen

C: un-boiled sample treated by 1U EK of NEM
1-0.1U: bailed samples treated by EK of NEM

E: boiled sample treated by 0.5U EK of Novagen

F: un-boiled sample treated by 0.5U EK of Novagen
G: untreated sample

TNFo (17KDa) —

M PC G C 10502501 E F

12% acrylamide gel

PC: 50ng

Samples: 50ug of TSP

1t Ab: anti-hAA Ab, 2h

2 Ab: anti-Mouse IgG AP (1/7000),2h

< 719 329—2-11. denaturation & Activin AS ©]-83} enterokinaseS * 232 W] 2] mature
form ActivinA®] 84 oJF 2l >
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M_PC NC UT 1 0.50.25 0.1 (unit of EK)
12% Acrylamide gels = o W
Reducing condition - —
—
Sample: 30ul (30 ug) of Ni-NTA = b
purified D311 dialysis->EK treated : '

PC: 100ng of rhAA -
1%t Ab: anti-hAA Ab (1:2500), 2h

2rd Ab: anti-Mouse IgG AP (1/7000),3h - v
Develop: 8 min
i M PCNC C FT W El E2 ws™M PC NC UT 1 0502501 (unit of EK)
0 ; 130 |
- = '
70 - 70
X Precursor 55
40 - “monomer (45kDa) 40 <—Precursor monomer (45kDa)
35 35
25 25 < Cleaved(?)
15 15
Untreated EK treated

< 1% 329-2-12. AA|¥E Activin AZ ©]&3} enterokinaseS X2 3PS W2 mature form
Activin A9 FAAHE 32l >

3. 1d 3 FAHAZ A|2"S 0] 83 activin A A4 GMEE 7

7h aFNEe Ex f AFMNL FPRE
(1) Activin A9 11g
@ Activin A =45 9
(2) A& FAHAg

O ESds ol &3 429 2%

Q FHAASAY FAA =4 4

(3) Activin A 24F 2 ZA 9] homo line A

DO dAASA 9 T1 AHoA homo line A

U ARATFY 354 (284)
O & A3 A3 7154 O] ]9 =& activin AZS AE viral vectorE o] &3 AAr|ES

N3] flste] 3835k

o ARQATAL RS 2 A7AH
(1) Activin A9] I8 A2 wgwE 7=
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W)

)
Activin A A 249

=

(7hH) AFAFNE U8 (s
SREE PRI
— F2Y 9WEQl pUCL118 vectordl] AMEE Activin A 3 AZE blunt end ligation ¥H S

O Enterokinase
o] g3l F24Y s
— Ni—NTA agarose ©]83}] His—tag @ A3 AA|3}7] ¢J3 Activin A2] C &o] His6
construct( 35S’ Activin A+His6)E A=2d-E e pTRAkt vectordl

ol
constructE A| Z3}H .

Mol =

ORI ES

() A2+ #

o
oful o

=1] —J—J—%——}
O Activin A (+His 6) 7328 29 (pUCI118) =Y
Activin A FAAE o] &3t full-length® Activin AS PCRS

— 1A F- A o A gt
B3 st (29 329-3-1).
— Ni—NTAE o]&3} affinity chromatography® ©¥ &S AA 517 st C—Ldeto)
AN Activin A(+His6) +RAAE A ZsHA.

His6—tag AN ¥< §3
— Activin A(+His6) 5RAE 2y W EQ pUCL18 vectordl blunt end ligationd}s

ZEYE AEsAH.

FEAgH

#1 : Activin A 2 1,305bp
REIVIT A atre
Peptide

=
5. Signal i
uR gna Propeptide

#2 : Activin A[+His6) > 1,323bp
' lEHIIi!.iiiElﬁiE His6
pepide

Propeptide

5. Signal
YR

Activin A F3&A2] £8 >

Els

Activin A 3 #+% % PCRE &

< 19 329-3-1.
O AEANA e THHS 95te] AENHEL pTRAKt WE ] =U3 construct A=

2
— 35S:Activin A(+His6 e #8, #9, #10, #13#14W 22NN Activin A(+His6) FAA2)
el 8 W B (pTRAkD N Activin A 327}
e gl v A E Qe 93

A #Y
IRER
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% Z|Z construct> 35S8S :: Human Activin A

728 67 943 958 1325
Heol T 5, smm — = g
ropeptide : His6
: le peptide

Xbal

Neol and Xbal
Enzyme site

Plant Expression Vector LB
(pTRAKkt, 7632bp)

* Ncol

. 727 5-UTR (Activin A translation 2 & £ 0| 7| €&

- 2866  Signalpeptide (2 ZF ZHO| HiX| 0 S ChTio| 2| 58 £0|7] 97
* 67-942 Propeptide

+ 943-958 D-D-D-D-K Enterokinase cleavage site

+ 958-1307 Activin A mature peptide

+ 1308-1325 H-H-H-H-H-H-H, His6 (Activin A CHE HE| SH)

+ Xbal

< 19 329-3-2. A& 4dE Activin AY AZF @A construct TR >

(2) Activin AFRAAS] A& J@ A3
7hH) AF-ATAE FPHE (s
O Activin AR A2 dAWNE Q] Agrobacterim 273
— Activin A ARV} 299 AEEHWEHE Tri—parental mating WHOZ
Agrobacten’um tumetaciens GV3101e] @33t A2 FEYANA Activin A
A =4 FFE FdsA
O Agrobacterium—mediated &3k
— gl B9 FAASL obyE Dol 9 AA(0.5cm”)E Agrobacterium tumefaciens

et

D)

)

mg/L BAP) o 27338t 29 &<k ¢ widsidth. sxudol € & @ o A
Agrobacterium? A A3F7] Y3t 250mg/L cefotaxime©] H7}E MS shooting HJ X

24 dFY7E & vkt 1 o]F 250mg/L cefotaxime® 25 mg/L kanamycin®]
A 7+e MS shooting WiAIZ &A 2F ztAo 2 Aujek A FAHed gaS
A st

okl o] 18 FoF 7FAAZl & MS shooting FX=HIA] (MS salt+ 0.1 mg/L NAA, 1

.

B,
rIo

_4

o

O BY-2 Alx g g A4 A%
— BY-2 AZXE MS 944 wjRA 49 ZoF g w) A7l ok 3 BY—-2 celle] 5mlzt
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o

< FAA7 =AH Agrobacterium W ¥ (ODgoo=1.5) 4& F 25TCoA] 24 Fot

T vk} o]F& MS AR S o] &3] Agrobacterims A A3dFaL 100mg/L
kanamycin¥ 300mg/L cefotaxim®] FH7}H BY—-2 AIXE MS 1A v Ao x5 &
2~37F &< 25TCoA oF viF ST EH AEAY FEASTE ofHE Frie o
AA(0.5cm”)S Agrobacterium ¥jSFo] 185 7+ A1Z1 & MS shooting B #] o
X 4ste] 29 BoF oF vkttt vk & BY-—2 ujFEAZe} ) 9 AHL 25mg/L
kanamycine] H7td AR &7 2F FASE Ahu<t shax FAPSH 2le
ARt

O Genomic DNA £

— Genomic DNA+ NucleoSpin Plant IT kit (Macherey—Nagel) & AF&-3te] ®2lst3 . 100
mgd 9 ZZAS AAALZE FA Zo} 400ule] PL1 buffere} 10 ule] RNase AES
Yol 4&F F 65CoA 1087 ¥-3-A17# NucleoSpin Filter (violet ring)o] &3-S
Yol 11,000%g oA 287 dAES & A=AL 450 ule] Buffer PCE ¥
o]t} o] E3AS Nucleospin Plant II Column (green ring)°l]l 2ol 11,000Xg
oAA 282 AR & AFAE PW1H PW2 4L o] &3 AHTAAE AA
v}z 2to]] Nucleospin Plant IT Column &%l 50ule] Buffer PES ¥ o] 10,000xg oA
2% A&t genomic DNAE §E3to] &2ttt

O PCR A4S E3F Activin A F3AA AY 3

— A7) Ao A EE 3 genomic DNAE o] &3] E9o]F primerE AFE3}Y] genomic
DNA PCRE AA3 Activin A 53A (1,346bp) 7F o) AEA o AA=HAE=A
ol PCR ZAL 94ColA 587t pre—denaturation 3F 3, 94CollAq 187+
denaturation, 60 Cel|A] 1%}t annealing, 72 Coll A 253t extension IS 35 cycleZ

33t & 72T A 10%3t final extensionS 4333, PCR product= 1% (w/v)

agarose gelolA A7]9E Fo2HA 54 DNAY FF 75 s

of

i}

¢

(W) A+24 2 137
O AMES 35S:‘Activin A(+His6) constructE Agrobacterium tumefaciens "j7) &2 A3

WS o] &5t FEAZ S A EA A
— AP A=A olu] -3 Activin A (+His6) FRAAS Agrobacteriums ©]-&3F A&
A H3S 3 Triparental mating WS £33} Agrobacterium tumefaciens

(Strain GV3101)el] &3 519
— A AEu RN HAAS FF 12702 w435t plasmid DNAZS 23 &
ASE A Neo [ Xba & = 8std 1,323bpe Activin A (His6) -2 AMY-S-
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M 1 2 3 4 (5) 6 Fi f"é;] 9 10 11 12 13 14 15 Plasmie DNA
] ¥ ;

Activin A(+His6) > 1,323bp

# Neol+Xbal 2 2 digestion

< 19 329—3-3. Activin A (His6) F2=¢] AAAS #F A >

— Activin A (His6) ¥2Ax7F =49 Agrobacterium 75 #52] vidH S G o AHo
FAAA FAAS A FT

— 250mg/L cefotaxim® 25mg/L. Kanamycin®] ¥3t% MS shooting B X ol A X|&ZF o &2
AciuFstel BAASAT AL,

— GaA TMAGA 227} FAE AAS 34 BAL Fuaen oF e
STule] &7 BolA =FAA FAARAS AU (2 329-3-4).

= T A

- A&How FAAS HAS vHESG o 853709 Hul o AAS FAAA FAA
ARZRY Ax7 FAAE dotde JHAHSA = 112X FHAAST G809
1.3%°] At

- ’%0}”% FAAEA 1IAAE B F=aAd &4 B27F fF=29 3719 F2AS
@Gl A=A (Activin A—1, Activin A=2, Activin A=3)5 HF A3t

e “__.ﬁ: ot ﬂcﬂ‘_ﬁ:ﬁ‘ Hry)
h. v Ey: ;:g
L &
o ¢ =
; %
= Bewieh T AL ‘
'
a
¢

< 9 329-3—-4. FAA E3F v Ao A Activin A (His6) FHX7F =4 d
o] FRAZA HE >
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O AMES Activin A 2R3 A E
[e]

— Activin A B2 A3 2 EA e

2] Q) ZZ oA genomic DNAE £ 3 & Activin A
A2 full-length7} &2 4 A+ regiond primerE A3l genomic DNA

PCRE AAN &N Activin A FAA7} &l AEA o 2 A9 E=A] agarose geldl]
A719Fstd glstA.
— Activn A 8BRS G AEA|NXN BF Activin A 229 full-length7} =Z3
1,346bpe] PCR WMM=E 32139t (19 329—-3-5).

P2
— —
964 979 1346

Propeptide

peplie " Kool

Plant Expression Vector I I . 1
(PTRAKt, 7632bp) i - '~ SAR  =RB

Primer : P1 + P2 (> 1346bp)

Activin A
M WT 1 2 PC

= PCR YIS =2
94°C 1min

60°C  1min }35Cyc|e
72°C  2min

= M: 1Kb DNA Ladder

= WT: OREY gull 42X

= #1,#2: Activin A7t Rl FEPE ol M 2H
= PC: positivecontrol : pTRAkt+Acivin A (plasmid DNA)

< 19 329-3-5. Activin A
DI-HH/\]

S A2 construct®] Eo]& primer 92 FAHS
A o)A genomic DNA PCR&¢l >

(3) Activin A 1148 =49 homo line

A 4
7P, AFEAFE UL (A5 L W)
O g Ry 9 AA
— WZS Activin A7V =LE Activin A—1, Activin A

-2 Activin A—3 243t
DLHH Al 2

A9 o A 1g& AFHst A dHAdS
ARE3te] A st

— FZ3 AA @A S Ni—NTA agaroseS ©]&3}e] His—tagged protein A=

FstF = A GAZA 250mM imidazole©] 7} elution bufferZ 0.5ml% 474

tubeol] Wol A E WAL AHeksla] western blot EAo)] AFE3I T}
O Western ¥4

RN |

FZ3 & Bradford's W<

— 25 AL 4~12% Bis—Tris Plus gel (novex by Life technologies)ol] 7|9 %3 &

v T
iBlot®2 gel Transfer Device (novex by Life technologies)2

membrane® transferdtth. ©]Z iBind™

S 0]83}l nitrocellulose

Westen Device (novex by Life technologies)S
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AFg-38ked iBind™ Cardell nitrocellulose membraned €#%¥-2 thg 6xHis Tag
monoclonal antibody (ThermoFisher, Cat #MA1—-21315)¢} Secondary antibody Enzyme
conjugate anti—mouse IgG:HRP (Santa cruz)E 1XiBind™ Solution (novex by Life
technologies)oll 24zt A3k Bl&=2 3 4sto] HA2oA 347 W3t & SHFE

M A3 ATE. o] F nitrocelluoase membraneS SuperSingnal West Substrate Working

Solution (Thermo)ell blots 5% &<t HHEAI AT AlekS A AT & ZARS o=
blots ®ol X—ray & exposure & & HEE DA S Flstch

b} 1

(W} 9727 2 23

O Activin A 3427} 1ddd GujAEA oA Activin A @A o] dhg 39
&

-

=
— Activin A 2 A G A EA doA @il AS F=F31e] Ni-NTA agaroseE ©]-835}4]

A =
A= F His antibodyZ A}83}] western blot 4& 433 231} 22 KDa

33 5
=1719] His tag @ AS Attt (ZE 329-3-6).

RS

Activin A (+His6)
M #11 #2 #2  #3

220 -

120- =
100 —
80 —

60 —
50 —
40 —

30—.
—-—q‘-
.=

Anti-His

Human Activin A 22.4 KDa

< %Y 329-3—6. Activin A ¥d 21S ¢33k western blot ¥4 >

J

— Activin A @& & pro form FE]<¢] 49 KDa ©]¥ mature form< 22 KDa &2,
$-219] A3} mature FE|Q] Activin A @ Fo] HHEE= AoZ ALRFHUG.

— E£3] enterokinase cleavage site24] DDDDKE E= %3} =4 enterokinase #H7}
% enterokinase cleavage site®|A] propeptide 7} Z& Yzt & mature formo]
JE€ AoE FeEo] vig A G 2H] FHE AR FHHEHG

O oFAgAQ Activin A 2E elite linee] A+

— AWZES Activin A7y =UH Activin A—1, Activin A—=2, Activin A—3 82 A%
g2 EA e T1 Aol £S5 who} 50mg/L Kanamycin A A7 H 78 v A] o]
A 7ste] B oFst T
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3 EREE Gobiz KOREA Zoygoz L 2014
29 AR AHY AF+AI}ES hG-CSF&
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=
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=
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mg/batch)9] EZA| T4
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} 7hssk £ gA AA
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— AERFY Ao 558
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2153 Human enterokinase

light chain®] &A% &<l
21848 TEV endopeptidase
4084 <

— AEfE oA HA BRI
eI
21 & 53 Human enterokinase

light chain® H = Y
A 252 TEV endopeptidase?]
Havy gy
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R g4
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!

<
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100%
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A& HHE Z=oT MAAAE

FYstele

i N 100% | — HAAsE F71AEE g = 5
A FAAE H4 R 2
571830 AFTLE
_ - 2 3x F& sl FH7|He
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= 207] AFAR(EIIEY)
SHA 100
- A3 FFo gl gk 28
Y A5 =3y A
g (1A ze] 23gA st
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- 2%9 HARAYY F
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-2 A9 1, 2 AdE TSP
— g Ao] F& E3te] 313 hEK(human
ZZ A~ Y 100% | Enterokinase)ol] tfg @aido] =& | 30
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— 2 449 A== AAL
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AzsA e
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= A= e A4 ;:\ﬂrmm A gL_x(}uoltg M1
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&7 Aekoz Aurgl X))
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13 —LED #xA% WA Az w2
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271 —GMAE g 4y g 9%
= = Dol MAEA B
. F70 gele] AAEA EA
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- AEZH GMAE At 7EnS
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AN Axt
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EEERCR
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dx
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— Anti—FimA A4F GMH 9] HH
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mg/Le] LS &<

— Protein G affinity column< ©]-&3%t
BAAZIY &He
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- PG-CIATEXdY 3
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— P.gingivalis R3] EA3e 24
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intraperitoneal %)

— PG Fo 3¢ & W m2
#HAA H¢ BEsS HAH
PG—-CIA 29 AHY

30

— Anti—CCP 3 A=
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- AZAo=z Anti—-CCP A S
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] Al 2=" 5
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— FimA 349 transient expression
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=
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P EIEE N
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— anti—CCP A Z&-5 CHOA X
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— Anti—FimA A9 complexE #2]38}] sulture] 3
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13 - 3 TJrZisL gansient eX{)ression
< Hl| o o) 1 ok =] ©
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sreEer g AT A G e AN T
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o FAAket7] Sl dAIH add
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biomass@ 200—250 mg/kg A2
gl
A 100
— &7 transient expression
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VR F 84T A | 100 | T AEEUS B R CCP AReE |y,
W o) HL9F ALH FH| ok 2R} 27 ANEFS &
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- AEwE 582 Axs] fs
ER—targeting signal peptide &&&
AT EE G71E8S Mg &
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Sefu A F A A3 273
— PNGase T F3A2] EA4S
— EvlE{ PNGase T 100% g3ty Yot ErtE 759 15
A4 2E 54 47 7| &ARAC wE PNGase T
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Wl Bl ol 355 Activin A (+His6)2)
AZ3F constructE AZE

40

— Activin A @92 23¥ 2§
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o
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H A EAZEEH T2 FE

—pJKS117(PNGase A) F¢le] )13}
HAEAZEE T2 &R
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25

— PNGase A 114Hd
FAASA Fr
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— BYAAE A5t 1AFEZA
A &

25
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A
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FRA A3 3+ ARER = 1S T
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— Fetuin & @9 A& o] &3 PNGase
2ol wwd) ga
— 428 PNGase A9 A (SUT #14 5wl ©HE) &
43 A e 2 100% | 274 =4t ) 25
ye — RNase B @22 o]83F PNGase
(2016) A (S117 #14) a4 84 A}
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o 9 B AgA LR
SHA 100
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A5 A
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O @dvlglo] BF3ta v HAEGS o] &3 ot d g FyLt 7|ee ugst
el Z o] Aake]]l H-8-o] JhEsith AEA ikt gl A e AT FEA A
A 5Ee Gl Ay vlaste] bEAd o] -5ty S7AZ Y Foll §YEs a7} 3l
S71AE #A o] T A 7S Aoz Adst. AEMEFH AR T2
HT 715 sEEY 852 4EEs B enl AEREY dide] SR
719 ZTH FEAEAA LS AZAJNAE AT F S AeZE AddEy
W FEAHE 2 A= Enterokinased] 871 S7ksk= Al A AAHC=
AEFE AZF Enterokinase AAH71do] ZFAF 132 B 2 AWt A4 58 18 T o
W FGAE 28 AZXF Enterokinased] iAe® ZHAHAE T3 Ais SHE
F3lo AFY nEFAHSI} o]FoR AHA SR ESTIE olojd Ao Z 7|y gt}
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g2 g wHE AW 23 4G BAR SEAZA
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Aol H(Altman et al., 1998, Eur. J. Biochem. 252,
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biomarker® HI1F il glo] o]Z o] &3 ATAIE 7o)
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A (Li L., Yi Z., Seno M. and Kojima 1., (2004) "Activin A
and Betacellulin." Diabetes. 53:608—615).
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Tl o] S wAEd A A dulE o] Aiko]
BI7153 A3 og JHEES FEAX(Pangas and
Woodruff, 2002, J. Endocrinol. 172:199-210) %
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6-1. A& &4 fdHA87 <

Aol animal free Aol A7} HHA Hafef @A) AJ83ted 7o F4
7} @wte x| Qe ulm PEPROTECH(https://www.peprotech.com/en—US/Pages/
default.aspx)A= animal free ZAA OS2 A EfZ Alo]E7FQIS] Hufjo] EUsIHor,
29l Agrenvec (http://agrenvec.com/)AF E3F 2012W@F-H A&/ 2F7171HX AZ

3 gude] ABe A4aa.

e

Tl H O 2 biosimilarg} F2= @A okFS wEA = A3 55| e
I oem, 53] AFIIEXY ofokFe] it 557t vt g o R Qlete] o #MAl o
s Aiksr] f1g IR g et 543 S7HEI Ut olH g EFelA A E
A biosimilarot &2 o8& @A vk ofyz}t AFE % AYgE dES AHgow
Fo = Astr] g 712 biotechd] 7Y T8¢ A4 7iE F9 sy Aotk

4 9EA (European Medicines Agency)S S A2 ERAIS o] &31a] AYALgE 9

=1
FATE Were vtdstel A4 )75 Fol Ao, fHFFYE HAHY E
% fe)

AR
AT AFOE AR YA AxF EJAUY AEFS AN A FFolh

3 A9 AARE Foy:

EMA proposes virus testing for food sector-
derived trypsin used in drugmaking

Alternatives

The EMA also discussed potential
alternatives citing recombinant
bacterial or plant—derived trypsin
or enzymes from invertebrae as
examples.

“The use of bacterial or plant
derived recombinant trypsin
minimises in principle the risk

citing rec

for animal virus contamination
and the application of such

alternatives is therefore
encouraged.

sresmres. William Reed 12

< HAFe Bl ootgon Algo] UF F7oIHER
(European Medicines Agency)®] A3l >
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Draft guideline on the use of porcine trypsin used
in the manufacture of human biological medicinal
products [ Email @ Help

Document details

Download document ' Draft guideline on the use of porcine trypsin used in

the manufacture of human biclogical medicinal products
Reference number EMA/CHMP/BWP/814397/2011
Status draft: consultation open
First published 01/03/2013
Last updated 01/03/2013
Consultation start date 01/03/2013
Consultation end date 21/08/2013

Email address for

S ana.trullas@ema.europa.eu
submissions

Summary

This guideline describes the information to be considered by the manufacturer of human
biological medicinal products using porcine trypsin.

< fH9o k= (European Medicines Agency)°] &Mt A} JAFHE =2 A

EQAle oekg o7 A8 tist rlo]l=gkQl(Qh). AR EA: http://www.ema.europa.eu >

O oA AFEANA M celld 71l thal o 7Fdo] ey ¥ B2 dFE°] 875
ojgitt. < <& X Lgr5’ stem cells®] @5 ¥ 9 in vitro crypt—villus 7% FAJo]
golE o, RankL Ao wat M cell £3F % % in vitro miniguts® T+% A
ol gl wet 2R M cell #3} WHgo] AAFHJAT. HZ Lerd+ stem cell ©] 9]
Intestinal stem cells surface markersZ ©]8-3l4 CD44"CD24°CD166*GPR™ ckit~ single
cell2 &2 #Ho] ARJEFSo™ M cell& As A typed] cell2 £3} FEHo| &
AN webA, 712 M-like cell culture modelS ©]-&3F ¥W¥ o]2]d, intestinal

stem cellsZ FE 9 M cell £3} &= # 54 A5 7ks/dol AAHLL Ao

6—2. 2 EAA BAE 1AW T & (Elelyso)d A&

O 2009 12¢ o]2=8td 9 Protalix BiotherapeuticsAte T Al Zuj %S S A 114
H (Gaucher's Disease) X8 &4 (glucocerebrosidase)?l taliglucerase alphaZ ©]83}o] 3t

AeS Ao E AT @A 11 A Z A v¢ 330 235 A Ak A7
Hol 29 g4 A F3|AR] Pfizere} Protalix Biotherapeuticse 2009 12¢€ 19
A E A EA FHF  glucocerebrosidase?l taliglucerase alfaS 14" (Gaucher's
Disease) X ZA|Z /N&slal A83ste] Pfizer”} taliglucerase alfa®] Zujjol] thdlk A
A 53 5348 B3-S 7}A 3L Protalix Biotherapeutics® o] 22t A Z3 # <l A
3 A8 E 71X A "Hoe Ak A Asg T Pfizers Protalix Biotherapeuticsol] 635 &
26009 ¥)9 7] A%FS A E3sa, Protalix Biotherapeuticst Ht) 5x 5wk o

3
(5509 )¢ 74 vfId~E R E F(regulatory milestone payments)< W& 4 A

o
i)

i
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O FHITo = o]~k 9] Protalix(http://www.protalix.com/index.asp)A}7} A EZ 5 H

O

Hel

a1, Pfizer9} Protalix Biotherapeutics® Z}7Z} 6:49] H]-& = taliglucerase alfa(gAl
Z glucocerebrosidase)?] 7§ W A2 =E 93t x&3 v =92 FFI7E
3t 20123 5€¥€9) Pfizer®} Protalix Biotherapeutics?} type 1 A H A9l A=
54 0¥ X 5E FAARZ NEE Elelysort FDAY $91& wrgo 2 A WA 1A
a4 AZATE vl A2 & JA HAT Elelysod] Az 4 & X859
$150,0002 AP o] AL Cerezyme?] $200,0002} Vprive] $170,0000] H]s) 2
25% % 12% $+& 7140t}
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=

1
o o& o 18 o

o

N
N

HES B3 FE8EHNE AL Vs AVle Eokd &I, Syt & e
Ta4e ve AXS vaste] By dYste AAHoz: B HAV|ES sWgF

d
229} CEO Information A|731% (2009 11¥ 19¢) ‘@=o] FEs)oF & =}
Al ko] @ AF]Y 53 B 1A zﬁbﬂﬁ ol AEolA AFIEA G A S Piksks &
A5 (Molecular Farming) S &% $guet7t A5 Fx}stojo & 742 AAsta Qo
™ (http://www.mypoba.or.kr/file/DATA/NS/pdf/0906_200911180001.pdf), FHIIAM=
2005 3970 AFAa-71ge] A%3 Pharma—Planta AA&A|Go]l 2AFHY FF ATE
FPstal e T B Fopd HAETE ZobA A UF

al

W X F A Glucocerebrosidase enzyme(GCD)& A2FelH o™ wl=r FDAS] /o] &5
ol 4837t o] FoR S

3k, HZol= animal free ZAAYo] tiAM7 HWA AEFH @A F83ted 7149
Ex7F @R 9lew, wl= PEPROTECH (https://www.peprotech.com/en—US/
Pages/default.aspx) AF= animal free A O 2 AEH Alo]EFISIe] HAufo] EU5A
o, 299 Agrenvec (http://agrenvec.com/)AF TESF 20123 FE A&/ 2H7F7HH]
AZ3 G Ao A|HS AR5 YL

I H o E biosimilargl F2= @A oofEFS whE 1Al sh= AEI 55| ey

= 2 Z

alen, ﬂOl ALFRTE7EA] € 4°**°ﬂ o
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(Gleba et al., 2007).
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234 5mg7tA AAake = ot (Hefferon 2012). A

Davis 2016).

s zAgoR

ZEE <9

hYA
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& FFo] Gl (4.3 mg/g of fresh biomass) &L B Yth (Werner et al. 2011).
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HE 7|Wto g sl ZbE A 2R digh WAl skel] oo HT A T o35}
M Cedar pollinosis, House dust mite allergye} 2 IgE % W] #Hd A

(Azegami et al., 2014) 7§

SFFe g 59 AEoA XNEE v AFIZ2EI AAE AxFEN S AYLE)
= P29 ‘MERISTEM Therapeutics S.A'= A A 7|& AE3 A SBHAFS &9
0

NAS Aksta LIS Eole T Aol 7Y
Hlolgl A} A} (virus—like particels, VLP)E o] &3] LS =Y itk ol g}, o
Lol g AGA=Z ALg3y] 9% AFEe]l & 552 A= Ax AT AT 5F

o 2ZA 04]9]—7*/\]6} Y”EJ} Je (Neuhaus et al. 2014)
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