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Abstract

Development of foot—and-mouth disease antigen—antibody
complex vaccine using

antigen expression cell culture technology

Kyong-Leek Jeon

(Supervised by Professor Kyu-Kye Hwang)

Department of Veterinary Medicine
Graduate School

Jeju National University

Foot-and—-mouth disease virus (FMDV) is the first confirmed and well
studied virus in animal. It causes foot-and-mouth disease (FMD), a highly
contagious animal disease, is spread by air, produces vesicle symptoms,
and inflicts tremendous economic damages. It is classified as an
Aphthovirus of Picornaviridae, lacks an envelope, and its nucleic acid size
i1s about 8500 base pairs. The complete virus particle i1s a regular
icosahedron consisting of 60 combinations of 4 types of capsid proteins
(VP1, VP2, VP3 and VP4). The inactivated vaccines, currently used in
many countries, have low antibody formation rate, which creates a
potential risk for FMD outbreaks. The development of a new vaccine, such

as recombinant vaccine, without the problems of the inactivated vaccine is



urgently needed but is limited by the high production costs.

To evaluate the possibility of a new generation of vaccine, antigen
—antibody complex vaccines were developed, and their efficacy was tested
in guinea pigs as the preliminary experiment. The antigen—-antibody
complex vaccines for porcine epidemic diarrhea virus (PEDV) and
newcastle disease virus (NDV) were produced by combining antigens and
antigen specific antibodies. Inactivated antigens (PEDV and NDV) and
antigen—antibody complex (PEDV-IgG and NDV-IgG) were vaccinated into
four guinea  pigs, respectively. Antibody  titers produced by
antigen—antibody complex have been identified 60-110% higher than those

by antigen alone.

The aims of this study were to increase the immunogenicity and decrease
the production costs by using cell strains that express recombinant FMDV
proteins (VP1-3C and VP1-3D). Cell strains continuously producing the
recombinant antigens were developed by transducing retroviral vector
particles. Specific IgG against VP1-3C and VP1-3D were refined from
immunized pigs. VP1-3C-IgG and VP1-3D-IgG antigen—antibody complex
vaccine were made by combining antigens and specific antibodies.
Inactivated FMDV vaccine and antigen—antibody complex vaccines
(VP1-3C-IgG and VP1-3D-IgG) were inoculated in 4 pigs, respectively.
The antibody titers of the developed antigen—antibody complex vaccines
were confirmed as 2 -3 times higher than that of the inactivated vaccine
currently used in Korea. These studies may provide academic backgrounds

for next generation of vaccine with high efficiency.

Keywords: Foot-and-mouth disease, cell culture technology, Antigen—antibody

complex vaccine, antigen expression, recombinant protein
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2. A5 & ¥y

2-1 34 2 25

o AGs PEDVS NDVE 34 9T ad, @59 na A48
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T AAE Fof wro} A& Th Agd o]8¥ 7Y T I(Dunkin-Hartley):= 12
TR 4A 24vpg =, SLCAHJapan SLC Inc, Japan)olA 6F8S T4 5
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SREE ASANA 67 FF Hee AAA AGol FYsA

2-2 7|1 W
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1= P 3rd 4th Final Boosting

< ¥ ¥ ¥ @

S S N

=

6 weeks
blood-collection

1 week 2 weeks 3 weeks 4 weeks

Fig. 1. Hyper immunization schedule for raising anti-porcine epidemic diarrhea
virus (PEDV) IgG and anti-newcastle disease virus (NDV) IgG in guinea pigs.
Guinea pigs were Immunized with the antigens five times weekly. Blood was

collected two weeks after final inoculation.
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d

estaining solution©. & 2417+ &A1 &k9 T},

AA S & [gGE Bio-Rad AF9] Protein Assay kitg Al&3le] @l 22 =34

stk &, 1 mg/mle]l BSAE 107 3)4)ste] 96-well plated] 2+ wellol 180 w7}
HEeE B35 st AA"E IgGE 107 345t ZF welld 180 w7 H ==

stk ZF wellel Protein Assay Dye 20 wE 713t & &E0] FUHh 30% $of

plate reader® 450 mollA =S =AHd ] @ w2 Fa

2-4 FA-1gG 2FA S A
el M AAE 7o IgG 2 mg¥t ZH7re] G N(PEDV: 25 mg, NDV: 20 mg)<
Aol Efeta 38TolA 1A ¢ 20 rpmez Jgsto] AgAZAH
MiniTrap™ G-25 column (GE Healthcare, UK)S o]-&3}o] IgG-
= 2 AT Columnol]l MHAE 5 m H7tate] AFs)a,
Zyzbol IgG-3d 24 2 mE columnd] Y& & FHo| Yalo] Ay 23

200 ekth $ASA £AE AHEAS SDS-PAGES Fhe] Helshglnt.

o



2-5 SDS-PAGE

Bio-rad®] MINI-PROTEINII 7]7]& A}&3t91 2™, non-reducing condition® =
SDS-PAGEZ +337] 93Fe] bufferel 2-mercaptoethanol®]t} dithiotreitols % 7}
3FA] 2 kt}. Separating gele 12%, stacking gelS 5%¢] polyacrylamide gel
AFE-3F9 T GelS running tankel] %3 ¥ running bufferE $-31, A|5E 4 x

sample bufferE o]-&3}e] HA| volume 20 ploll %EFE 3 100CoNA 3E7 #<

L

)

wellell loading®}al bromophenol blue dye’} ®lE o2 wAu-g w712 @79 %
(100 V) 3

2-6 Bl AF
PEDV-IgG Z3A9k NDV-IgG Z2¢AE 22 1 mg/mee] HE== 4 ms A
sto] &d-gA Ag Wals Azsdth PEDVSF NDVE HE8h#] &2 71Uy 19
G Sepharose gel columng ©]&3te] [gGE A8t T

olgA AAH IgGv @5 Fo dixzvoz AE3t9th. PEDVSL NDV i
olw] FA Hoj glornz Mrol Fxolth AAAA Qlo] MAE FUow ALEs

Atk WMA A # Al adjuvantsE EgEHA] gkt

i

2-7 WA T FAV} F5H

IgG, anti-PEDV IgG, anti-NDV IgG, ®€3} ¥ PEDV % =EZs3t¥ NDV,
PEDV-IgG 284 2 NDV-IgG 2FAE vlel2 1 nl Q00 pe/m)¥ 2% 747 4
ntelo] HES st WA FRek HE &S Table 1o YERHAT

WAl HE vk2 A9l pre-serum WA HE 1, 2, 3, 4, 5 23 650 EHE
fE A A AE &t AE¥E dAHS PED Antibody One Step test kit
(NOVAmed. Israel)®} ProFLOK NDV Plus ELISA Kit (SynBioTics. UK)2 =2
FAME S Ak FA A7k kite] AR vl Lol webA Alitel o, A
s fste] AT do| FAb A WEEw ALtsto] YERASIH

)



Table 1. Immunization conditions for various antigens

oG ? lgG™ P Inactiv.ated Antigen*antib(.)dy
vaccine complex vaccine
_ + ‘ -P
e e PEDV © IgCGompi[})f
PEDV (200 pg/mt) (200 pg/ml) (120 DU/ml)
(200 pg/me)
1 md 1 md 1 ml
1 md
_ + JoG—
e IoG NDV ¢ ffmiff
NDV (200 pg/ml) (200 pg/ml) (220 DU/ml)
(200 pg/mb)
1 md 1 md 1 md )

# Normal guinea pig IgG

> Hyper immunized anti-PEDV antibody (IgG type) or anti-NDV antibody (IgG type)

¢ PEDV: porcine epidemic diarrhea virus

4 NDV: Newcastle disease virus

_19_



3. 2 3%

3-1 1gGS} IgG-¥d AFAY A

Normal 71431 IgGE PEDVSF NDVel w=ZHA ke 71yyzie] daoA
Protein G Sepharose gel columng ©]-83le] AA|sH Tt PEDV % NDVel ojgk
g ozrE AAI IgGe SDS-PAGEES F3to] 1gGel 8 =719 160 kDa¥

g o AATHFig. 2-A).

tlo

RS e K P
columne °]&3lo] =3 PEDV-IgG A%HA9F NDV-IgG 2345 SDS-PAGEE
23l wlel =Zv|E =AY 1 A7, PEDV-IgG ZFA (190 kDa)9}
3}

geld = A (Fig. 2-B).
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. 1 2 3 4
1 2 3 4 5 6
250 kDa -
180 kDa gy
160 kDa=—> = =

100 kDa |y

Fig. 2. SDS-PAGE profiles of IgG fraction and IgG-antigen complex purified by

affinity chromatography. (A) SDS-PAGE patterns of affinity purified fraction of

IgG. The size of main band was matched with that of IgG (160 kDa). lane 1:

size marker (SDS-PAGE analysis of protein: Rockland Immunochemicals Inc,

USA), lane 2: fraction 1, lane 3: fraction 2, lane 4: fraction 3, lane 5: fraction 4,

lane 6: fraction 5, lane 7: fraction 6. (B) SDS-PAGE patterns of IgG-antigen

complex. lane 1: size marker (Clearly Protein Ladder: TAKARA, Japan), lane 2:

IgG-newcastle disease virus (NDV) complex fraction, lane 3: IgG-porcine

epidemic diarthea virus (PEDV) complex fraction, lane 4: IgG fraction.

SDS-PAGE was performed under non-reducing condition.
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3-2 A 5A
W A 7Ydg 2 IgG, W9d 7ydga IgG, 23 PEDV, =3t NDV,

o

PEDV-IgG A3 gl NDV-IgG 2@A& 247 W9 138 § ANdew

NDV$¢t PEDVel gt oj7te] Wes 2AFetAtH(Fig. 33 Fig. 4). A 7ke] #sh=

AE A9 OD #g vE2 #43 F 77 FA44W OD 3 vER e
= etk & 65 %

971 IgG (IgG )¢ A9 #

DVl PEDVel thgt &A71e] S717F A8 B2

2 HEI aFodAE Az 7 gelEgdEd,

A Fohse] 4ol AF A vlas

1% del ¥EE )z vy ge wMrg
o WakE 24T 2w A4 7]

HEE TFoM = odd

°
N
°
=
u
=)
»)
T
!
Pt

o =
bt
Z,

Al g4tk PEDVS NV
PEDVE HEd 45 AF 157 $HF

o] 220%° FAF FEss HAoH 5F o]FolE oF 250%9] FATL ol #EH
Atk NDVE HE3d A$m FE3 Izt 4ol #EHAon 45 Foe=
oF 210%9 S HAx 4 Hd 7|z 67744 oF 200% FEow AT

gAzte] AEe e F A%tk PEDV-IgG AFAE AT 45 679 713t

Fb Alke] AfAE o 330%E etk WF 4% Fol o 250%8 45e
ngom 67744 A%HA FA gol FANUL NDV-IgG 2FAE §F

Ay

&A% HE F AR o 350%9] FAL Fol HATYM, T o] FE 65 7%
3

20%9] A7 ol el =,
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g 350

E 00 -

E, 250

£ | —o—IgG-a
g 200 =1 E+P
v 96+
e 150 1 —PEDV+IgG
8, 100 - —%-PEDV
§ 50 -

5

o 0 T T T T T T ]

Weeks post vaccination

# Normal guinea pig IgG

> Hyper immunized anti-PEDV antibody (IgG type)

Fig. 3. Serial changes in titers of antibody against PEDV. Titers obtained before
vaccination and at 1, 2, 3, 4, 5 and 6 weeks after the inoculation are expressed
as percentages of pretreatment titer measured by ELISA. There were no
significant changes in antibody levels for IgG™ and IgG’". The PEDV-IgG complex
vaccine exhibited higher antibody levels than the PEDV vaccine from one week

after its administration.
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400 -

g

= 350 -

2

= 300 -

c

Q

g 250 T +IgG_a
g Moy

£ 200 - -a-[gG+P
v

o

g 100 - Bani
b

g 50 -

o

n- O 1 1 | | 1

Weeks post vaccination

# Normal guinea pig IgG

> Hyper immunized anti-NDV antibody (IgG type)

Fig. 4. Serial changes in titers of antibody against NDV. Titers obtained before
vaccination and at 1, 2, 3, 4, 5 and 6 weeks after the inoculation are expressed
as percentages of pretreatment titer measured by ELISA. There were no
significant changes in antibody levels for IgG  and IgG'. When the animal model
was administered with the NDV vaccine, it exhibited higher antibody levels than
the NDV-IgG complex vaccine one week after its administration. However, from
two weeks after administration, antibody levels were higher in the animal model
administered with the NDV-IgG complex vaccine than one administered with the

NDV wvaccine.
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MAlo] FFEE AEZMAl(avirulent or attenuated live vaccine), AFE =
233w Al (killed or inactivated vaccine), A E-FUYE  ®WAl(subunit vaccine),
A2 AZEF W2l (recombinant vaccine), EFO] = # Al (synthetic peptides), DNA
WA(DNA vaccine) s°] UTH7). o trgst WSS 2 2§ Ao AFe
Wol A2 g2v. ¢ WMAs AFtetr] A oY A7 weEo] dAAlk
AA A A o] FojAar . 53] FHTolE IgGe Fe H-E& o83l M9

FeS Fole A7k A A dTH26, 29).

HoAgode d9-dA AguAe 284S dotry] Yt WA Fd-3A

ot FY-gA AF 9e ARsr] fste] 71y g 1o
ggdog AFES PEDVY NDVE 1& WY A7|a Adste] [gGe 8 AA s
SDS-PAGEES %3le] &9lstith(Fig. 2-A). ¥8¥ IgGol PEDVS NDVE 7z}

2olx dY-3d AgrA el PEDV-IgG A3 A NDV-IgG ASTAES Azttt
[e=]

(Coulomb force)® ®ru|22+ 23] (van der Waals force) 181l #4243 SS9 7Z+%
glo] z2+&35HAl Hof gYd-3A] vkgo] doju} AFS SHA H=u(14,15), o] witol
3

WA e 2934 ARAE A4E £ A9d Aoz Arst A,

FA-gA A WA HF AdA7(Fig. 3)E w4 IgG-PEDV ZAgAe 4%
°F 330%9 AL F5E G 5 AT [gG-NDV AFAE HESdF 4% (Fig.
Yol Ae Ao 350%°] FA7E Fsol AUt E&s) WAl PEDVS NDV
s JES A%E EW PEDVE HE Fol Hdl 250%<] A7 o] #EE

lovl, NDVE A3 A% Al 210%e] 4452 el 5 Ak F9-34
A% WA J)Ee B@e WAL dastd FA-A AF W] BT WAl
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AT R Az AER volds ARE o83 FAY B4
AR AEF A2

FAGE AGHe] o}F FHa 43 AvEs] WEe] AA AFIAE FAY
o e U] Ss AAE AAL A Yok W] FAGe Bl we
g4 AL, AR A, AAg B)% de] BAR e AAH 7
ool 2 Aelet & & AThUT4R). oISk HEel FFAwY Aseh B
oJ A% B WA £42 23 ANE BN opIE £ dE FLE HEAY

Holtk(7, 8).

TAGHAL 194171 744 A vpolg o] wE:AA F59 WYS FEste
o]l o] &5 AtH49). Vallee S°] 192689 *-2 formaldehyde (FA)Z A
Hio] g A5 Egglsie] WS s AGE AR o], 1937d o= Waldmann
59 FAZ nlo]g 25 B&3lsto AlOH)3-gel®t &3het 7419 e ALE3H%
th(50). Frenkel (1947)2 3 & Skl AALANA nwlole 25 HFto] wj st
WS fEetel B Al de] o] BHUT ey A B Ao o]F Al &
EEFoERYH EE5He AdA AIAEZE FekA ol EAFoE A
of <2l A3 Ho] wdth(B0). 19608 = A& ZHAIZA E(bovine primary
kidney cell)E roller bottles o]-&3te] tidFo= wjdst = Qv WAL 2klo]
e e o] WAL 19609 frHolXs FASE olF= A7I7E HATHE0).
ol FxE AF FAAEBHK-2D)9F 22 AXEF7F AEHEA g Ee
A7 7hss A Hla, o1 ¥ BHK-21 Al ¥olA A9 unlolgf o] wjoko] Ay
How o]Fojyhon LEIHIAE FAo|A aziridines, binary ethylenimine (BEI)
To® HHA WA QM-S SEE F JA HATEGL, 52). T, A WAl A
o WAoo HestHA sHAelA WY FAgo] "HojAd FAF H& thavwt

il

s

o
g

o
it
e
)

facs
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zgu g Aol 7 AV e Aol EY AAE 98] edetate disodium
dihydrate (Na;EDDA)E ©o]-&3l= WHol A% A =dH, NaaEDDAE A -frolAl EZ 9
AEZZE A 7b¢ 2 8BFS AA s Ca¥ A Atolo Eol7kA AfolEs

ol AFS adAow As T Arh6l. B2 FIAANE EF Ca”AFS 7HA
I AR Aot el Hlste] 1 Mlgo] wtom R Ca¥el AP A FH

o

Aol e w7t WA dojuAl #r) ol e AdfrolMret I M ube
b oolFoAA= AIZEA Aolg o] &3tH Ao MdfolAdre AJIMEE £
g g otk gk Ao AlEet AfolMErt Al Al w714 27 A8 2
FaQlate] el = Aol 7 ATH62, 63). A frotbAl R I A wE %
g7 FAS 98 9 % fetal bovine serum (FBS)S H22 A% 4
AEs A2 4ol FBS vtoerk S8 o] Jhesitt oy g AXFFol w

545 ol&std ey or AfotAEE AAL 5 ATH64, 65).

N

7

E_

it

A& A WS NEsr] flskel, A vhole~o] theFe fdzbe oig
AF7E o]Fold gtk HARE VPIS g ®ol drd HAAR A
npolg] o] ouE s FEollA 7Hg Welrh ABTh68, 69). A who] 29
VP19 G-H loopt T8 E FEste To% Foo|n=, o] 99 Jetol=s
o] g3t A7} o] FojA L (69, 70). dFA 2+ A9} sfA]o] VP1 =+ G-H loop
g HAEtol=2 HE A9 g T AE dIENE W93 Ffod BF
Zlgete w2 g3 UEhx @evn B st vh(70-74). a8 A 7
¥ FEAM 9yt ofd Fx wwAe 3Ce 3Del wiE Al wAsdTE
Bk IUk(75, 76). ol VP1 ¥ oy}l 3C¢ 3D &3 F8 I FH=E #E

T UAtE Sl

ek
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2. A5 & ¥y

2-1 &9 A Hoto A&

45 Eoto] 29 HA Hols FH L FHACE AFgs HE

g AS2 AFESEATh Holrt 5o v AFe 70% oe@&S Adsto] Aok
Hs AEstal FUAAE FAA HolE AEsATh g FE7HE AHEsh
s Aeta da EdAE ol gste] HES 2

(Povidone Iodide, 100mg/ml)-& S A}-83to] Elo}e] I 55 A %53}l chlorhexidine

€A 0% Potadine &95 Hold ¥ H4& 4

=
ol
£
=
o3
ol
tlo
2
e
ol
o
2
x
(@)}
=

Hol 7] A29 mE ARe FRHoz At

2-2 2722 5¥ RBCY AA

Fadoz2 HEFH ZAS Dulbecco's modified essential medium (DMEM:
GIBCO, USA)d Y2 & =z} Hlo]# <Qlo|A 7Fagt ZA A7l F 50 ml conical
tube® &Fth RBC AAsL7] A8kl 1~2% AAAA 24 Aye] o 7teherod

Ahem AMew 24 ARS OA ReAZ F 027 AAGn AEAL A7

2-3 249 g42HT

A g A gl AldzA e A dHAS (37 or 36T)A FEATE RBCH
AAD Aol NG =HLHA 142 025% collagenaseE 20~60% =<t 2] &t
a1, 22 Ao+ trypsin/ EDTA 32 dispase (0.01%, 10~30% AH&)& A&3t4
o B dAFolAE, trypsin/EDTA (0.05%/0.53 M, GIBCO, USA)E 2 mlZ7}sta
BTCAA 1~38 Tk Aegat & A3 FAALS 203 o] GddAER T2t
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10% FBS (GIBCO, USA)7} #7Fe DMEM# A (DMEM-10)& 30 m 3 7Fske] 160 x
g& 3% woF dAEYS F dAAEE It A" GAAEE 24-well
cell culture clusterel] 1x10"78% EF3 5 DMEM-102 2z 1 m¢® #H7}eta 36T,
CO, A5tHlolE ol A 12417t ul) &3} A TH65).

A A A 22S AA AAsta RBC7F AlAE 1 g9 23S A A&+

7t 2AE dYAER FEstr] fste 23k AAd aiAEE st 37T
DMEM A 5 mlol] 0.25% collagenaseS #7}ale] 20~60% EoF 37T, CO, <l5F
Hlo]H oA A glstal, collagenase® &7} €5 5™ 0.01%¢ dispases #H7}skod
10~30% SoF W8S A2 F A3 209 7t HAL S stolr] AEE By
ot AE 9 v FAs DMEMS 10 m ®7ksE § 160 x goll Al 3&3F 944l #e
Stk Ttk AETS A 2E Aol FFA7IaL T25 Al FEE SR flaskol]l #i <
SFATHE6). 229 EAaAE ZH2 Table 20 YeRfAt)
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Table 2. Enzyme treatments for tissue digestion

1® treatment 2" treatment
Animals (collagenase) (dispase, trypsin)
Enzvme Concentration  Time" Enzvme Concentration  Time”
v (%) (min) Y (%) (min)
10
20
dispase 0.01 20
Bovine collagenase 0.25 40 30
1
60 trypsin 0.05
3
20 10
Porcine collagenase 0.25 40 dispase 0.01 20
60 30

* Reaction time of enzyme treatment
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2-4 zUF AE Ads 54

AAALE PSD ARAL AT W A A G AAse] 2 A7
A A& sh=7E dopr ] flste], A AA A 24
AR e 3709 welll A FALste F434Ss FAHAT 1 x 10719 Al
E2 6-well plate 6 o] ®F 33 1, 2, 4, 6, 8 10, 1220 AEFZ =3t

HU
4t
a
o
A
=
1o
5
o|N

=4S 95te], PBSE YA A AEE crystal violet (Sigma-Aldrich, USA)2. &
T AEFE - AR m S5t 3719 welld] S T3FATHOE4).

ules

A
AN

e

2-5 AFoAE AAE 5T 2T Ad

Zoelek & Axe A dHE Fdsta AfotdEE AAGT 29 =X
glofe] Zojul 241l AGAHEE ZH7E 3719 T25 flaskol 24A1%F vl Fslol A
TdZo] 70%7F H=E vy widE flaskoll ArolAlEo Ao A E7} E A5}l
e AL v Fow st PBSE 4 ml F7bste]l AZE A FHe AH S
S Z+749] flaskel 0.05%9] Na;EDDAZ 1 ml¥ #H7}etith Na,EDDAS & 7}shar

3~56% ¢ dvde Ftel Aot Rrt e H=xE dEsdY. Aot

r°"

uhe] 5] 7] Ak flaskE  EvbEe R JpWA AFHAM A AE7E dels ] g4
A A& 3 TH64). NapEDDAE o8-8 A frobAl 2o AA el i 7= Fig. 5
of =43 &3l
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15t treatment 2nd treatment 3rd treatment

(Na,EDDA) (Na,EDDA) (Na,EDDA)
Lz2ah o h b 1zh
¢ 10% FBS 2% FBS 10% FBS _y)|
DMEM DMEM DMEM

Subculture [Change medlum] Cgril';[r?uees

Fig. 5. Schematic diagram of NaEDDA treatments for the separation of
fibroblasts from epithelial cells. Primary cells were cultured for 24 hours by
adding Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal bovine
serum (FBS). DMEM containing 2% FBS was added and fibroblasts were
removed using edetate disodium dihydrate (Na;EDDA). Fibroblasts were

additionally removed twice by Na.EDDA treatment.
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2-6 BEE3E 9% HEEZE ulojzx Hy AFHA

AE EE3lE ¢ P ERZ vlo]g]~ #ME = Michile Sakamoto (Department of
Pathology, Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku
160-8582, Tokyo)®45F-H o] Hro} Ao A&t th(76, 68). WEH ] Al 234 &
&3 2tk pCLXSN-ACC-hTERT #¥e] Al2t& 9184 Hela celle ©]-8-3t¢]
RT-PCR (Thermoscript reverse transcriptase (Invitrogen, USA)¥} KOD
polymerase (TOYOBO, Japan)E& %3t RNAE FE3IAth. Aol A3
Primer+ 5 GGA ATT CGC CGC GCG CTC CCC GCT GCC GAG CC 3'#% &
GCT CTA GAT TAG TCC AGG ATG GTC TTG AAG TCT 3'= AF&3t%
2719 cloness A% st7] 918 Primerv 5° AAA AAG CAG GCT CCA CCA TGC
CGC GCG CTC CCC GCT GCC GAG CC 3'# 5 AGA AAG CTG GGT TAG
TCC AGG ATG GTC TTG AAG TCT 3'& A3ttt Adaptor primers 5’
GGG GAC AAG TTT GTA CAA AAA AGC AGG CT 3'¢ 5" GGG GAC CAC
TTT GTA CAA GAA AGC TGG GT 3% Ab&3kith. pDONR201#E 2 BP
reactions &3l cDNAE cloningstith. pCLXSN ¥ (Imgenex, USA)2]
multicloning  site®] attR, ccdB (Invitrogen, USA)7} Eo7[=E A #slo]
pDEST-CLXSN ®E & A28ttt pDEST-CLXSNel hTERT (cDNA)A Y 3t
pCLXSN-ACC -hTERT ®E & A 238} tH67).

pCMSCV-puro-hBmi-1 #&e] AzS  $8iA K526 celllA]l  RT-PCR
Thermoscript reverse transcriptase (Invitrogen, USA)} KOD polymerases &3}
o RNAE FZ3t9 RT-PCRES 33t primer®Z 5 ACG CGT CGA CCG
CCA TGC ATC GAA CAA CGA GAA T 3’3 5 CGG ATC CTC AAC CAG
AAG AAG TTG CTG 3'& AH&stdth. pDONR201¥E 2 BP reactions &3
cDNA cloningdlal, pMSCVpuro vector® 5LTR $Xo CMV/LTR fusion
promoterE A% 3] pCMSCV-puro vectorE A Z+eldch HE24 o2 pCMSCV-
puro vector?] MCSe| hBmi-1 (cDNA)S 43t pCMSCV-puro-hBmi-1 ®HE
A 25k A TH68).
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2-7 Az @A AL AP AEER ol WH AFHA

Az dNds TAT £ = AR dEZ ol WEHE Asd
HFARE Wdds v dA e A whel#se] VPIF o] A
of oste] FA HholH ol FAFE HA A SolFAE HH FEoE el
S dE Agstel VPI-3CS VP1-3D9] Alxg duds

1 3D FHAE EAS7] 93 Primers
AE et 2t FAATE ek H® 15 bprb AAREE TAQ &Stk VPIS PCRE
gAel7] 9% Primere 5 GAA TCC TAT GCG CCC CCA AGC TTT GCC
GCC ACC 3’3} 5" CCC CCC CCC ATC GGG CTC GAG TTT TGC AGG TGC
30|tk 3C ¥&& PCRZ $#43}7] 1% Primer: 5 CCC GAT GGG GGG GGG
AAC TTG TGA CCT AGG ATT 3'¢} 5 ATT ATG ATT ATG ATT ATG
ATT ATG CCT ATC TTG GA 3'°lt}. 3D #8& PCRZ §43}7] 913 Primer
£ 5 CCC GAT GGG GGG GGG TCA AAA TTC GCC AAC GA 3’9} 5' ATT
ATG ATT ATG ATT ATG ATT ATG CCG GTA ACA CTG 3'°]t},

VP1#} 3C z28]a 3D fAA $48& TAKARAAHJapen)el Long PCR WH o=
EAE il In-fusion EAE o]&3te] VP1-3Ce VPI-3DE ZFAIA 3 sA
Atg 2 pmaC 102 Ay pDONAI-2 #WE o] 4918t pDONAI-2-VP1-3C
W E 9 pDONAI-2-VP1-3D WEHE Azt WE #z2te] mAxE= olgo g
Wl (Fig. 6, Fig. 7, Fig. 8).
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VP4 2A VPg(s)
O—fL | | w2 VP3 2B 2 3a ) 3c AAAA

/ N
\
| N

Csc || D

o /B\ | )

recombinant protein 1 recombinant protein 2

\ (VP1-3C-His) / \ (VP1-3D-His) /

Fig. 6. Diagram of constructs used for FMDV recombinant protein expression. A:
FMDV recombinant protein 1 (VP1-3C-His), B: FMDV recombinant protein 2
(VP1-3D-His). A and B are depicted below the diagram of the epitopes coding

for the FMDV polyprotein. Segments representing individual proteins are shown.
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15 bp 15 bp
\ &

In-fusion
/ enzyme

Recombinant
vector

Vector Vector

Fig. 7. In—fusion enzyme protocol overview. In-Fusion allows to join two or more

fragments, vector and insert (or multiple fragments), as long as they share 15

bases of homology at each end.
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pmacl

pDONAI-2 , >

In-Fusion

Fig. 8 Mimetic diagram of the FMDV recombinant protein VP1-3C and VP1-3D
directed by the pDONAI-2 vector. VP1-3C and VP1-3D were infused into
pDONAI-2 vector. The inserts between VPl and 3C or VP1 and 3D were

designed to give the fused proteins flexibility for functional conformation.
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2-8 AxY HEZR uto]d= YA AF

Ao AXTHE FAAE =YAT7] fste] A& HER nlo] s YAt
£ Retrovirus Packing System (TAKARA Bio, Japan)S ©|&3}¢] co-transfection
WS Fabo] Al Fekd Tl 293cellel recombinant retrovirus vector2} pGP vector
12]3l pE-ampho  vector®  calcium  phosphate  transfection  method®
co-transfections 3ttt} Co-transfection & 7~11A|7Hs<t 5% CO,, 37Tol A7
T A= AR ke F=o0th Transfection 48413t 5 A& =2 439 3
ol 045 m sterilized filterE AF-8-3ste] o2 80T H &3 transduction?l
AH&-5F 9 tH(Fig. 9).

VP1-3C¢ VP1-3D¢] AZxF dWdS ddsts dER voly 2~ A5 HER
Hrol gl WS AR&-sto] AAbeRTh =, 293cellel pDONAI-2-VP1-3C #E HE=
pDONAI-2-VP1-3D ®HE Z+Z} pGP vector 183l pE-ampho vector2} &7
calcium phosphate transfection method® co-transfection 3}1t}. co-transfection
T 7~11AN 75 5% COy, 37CE incubatingdt & M EL wjA = wshs] Foh
Transfection 48417 & QAEHZE FFNS $743t2 Retrovirus titer set
(TAKARA Bio, Japan)S ©]&3}9] Real-Time PCRE T3dte 975 =4 3%
(Fig 10).
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é )

pCLXSN-ACC-hTERT

pCMSCV-puro—hBmi-1 _4Y Jag

\_ v

< .
<

Co-transfection
293 Cell

Fig. 9. Diagram of all process for retrovirus particle production. The
recombinant retrovirus vector was co-transfected with pGP vector and pE-ampho

vector to produce recombinant retrovirus particles.
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VP1-3C-His [TVE |  HOMVIE promoter

pDONAI-2

gaqg

@

<€ pE-ampho

[ Co-transfection ]

env

Recombinant retrovirus
particle

293T cell

Fig. 10. Principle of the generation of recombinant retroviruses. Schematic
diagram of recombinant retrovirus particles for producing cells expressing

recombinant proteins VP1-3C and VP1-3D.
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2-9 Telomerase &3d A X9 cloning
Telomerase’} Hd = NEXE AW3L7] 98] G418 (geneticin)= BlA ol 500 pg/
ml= F7betal mjd G4180] H7tE wA R ZAolFuA 279 AE wjYstdo A

23 AEE G4I8 BEE wo g 2 wjx|o wWgsle EHs RS sy

2-10 AEZWF 7t AT F3

AEZE Adafdste] 300 ol A7t 7 Al Gotr A| flte], TR
FH HFol o3k FAAMA 24 FA R bl 3749 well®] FHAFsELAL T
T A7) ol%F confluent’d Bl =2 71744 S2A34dS g8ttt 2hzke] welldl 1
< 10° 9] AEE 6-well plate 67101 5 3k 19, 29, 4%, 6%, 8Y, 104 18

3 12¥) AEE FASY PBSE MAHgE & crystal violet A& o] AETE

i

AEe FA%5dES A7l 98] tritium EA thymidineS 53 AT E
scintillation counter® WAlsS FASATE T25 MEMIYGE flask 271E 4A17F
HjeFsle] wjFols wsdketar M EF2 A=Al(Epidermal growth factor: GIBCO,
USA)E 001 m¢ F7Fskal 1A1ZF wiFst $ tritium 3% thymidine (0.5 uCi/ml)<
HA7veto] 4~24X%F wj sttt ool 2ol A 1% NaN3 0.01 m¢ F7Fef wh&S A A
Al71aL, PBSE 29 A& e & 02 N NaOH 05 mlZ MEXE §IAAY. 58 H &
d AEAS APHoR &7, 05 mee 02 N NaOH &9 o= A3k (welldl
He AE EF) Aol F7Hg & 2 N @4 02 ml StAl AT 5% TCA 0.15
S H7bs) 4Tl A 30 AAstd A A7 FFAE AAG A ol %, A
ES 5% TCAZ H#3 5 300 x golA 3&3 dAEsd. JAAEe Fetx~2
Hol %713 5% TCAd 2%, 221 e I3} oA ES o] &

At FE~FEE vialdl ¥ 10 me9] scintillation ZHEIY S H7te H wEILE
Elol A SA AT

fru
ofN
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2-11 Telomerase Y S ZAl

23 HAHS AR AMEES SHAWEE 5o telomerase HE S

o

TRAPeze®RT Telomerase Detection Kit, FAM detection (Chemicon international,
USA)S AFE3t9] Real-Time PCR (1Q5 Real-Time PCR Detection System,
Bio-rad, USA)& AA8koith Z4zte] Alttd AEE 1 x 10704 54t =2 Ew)
3Fa, TSR quantitation control, 1000 cell equivalents of telomerase positive
extract control, minus telomerase control, no template control (NTC), %
experimental sample control A%} &o] Real-time PCRS A A&ttt A= 33
°] Real-time PCR= 33t Higks A aitt Real-Time PCRe #1& oA
°1& Table 33 #Zt}. ofgfe F2S o] &3te] copy numberE =4 3Fe] plasmid

DNAS] AFEAS 9t

Copi/ut = [6.02 x (copy/mol) x amount] / [length(bp) x (g/mol/bp)]
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Table 3. Real-time PCR assay design for the telomerase detection

well 1 well 2 well 3 well 4

Sample 1

A TRS&" 40 amoles Sample 1 Heat Treated

Sample 1 +TSK"

Sample 2
B TRS8 4 amoles Sample 2 Heat Treated Sample 2 +TSK
. Sample 3 .
C TRS8 0.4 amoles Sample 3 Sample 3 +TSK

Heat Treated

Sample 4

D  TRS8 0.04 amoles Sample 4 Heat Treated

Sample 4 +TSK

. . Sample 5
E Positive Extract Sample 5 Heat Treated Sample 5 +TSK
Minos telomerase . Sample 6 .
F control Sample 6 Heat Treated Sample 6 +TSK
Sample 7
d
G NTC Sample 7 Heat Treated Sample 7 +TSK
H Sample 8 Sample 8 Sample 8 +TSK

Heat Treated

# Control template, TSRS is an oligonucleotide with a sequence identical to the TS primer extended
with 8 telomeric repeats AG (GGTTAG)

" Inhibition/normalization control, 0.2 amole/gl TSK template

¢ Telomerase positive cells (10° cells)

4 No template control

Three samples for each were produced and polymerase chain reaction was

performed to calculate the average values.
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2-12 WEEAR FE BF A wolzEH=vt FAHA

A2E Adiuidstas ZulAze] el ##, contact inhibition @Y, HF

N

O]

(multi-layer) 2.2 F248t= 4 5ol d=AE B Ax7E GAxES HAEX

AN

TElw AMAEY 5AE FAEASE o R Ssth Busd AL vl
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2-13 A9 ELH

AfE wEs AZF} AT AAY FNALL FAs] 9ol

cytokeratin@ fibronectin®] &S AUt 12-well Al Ev]SE platee] Z2H7+9]
wellel acetone®} 3-aminopropyl-triethoxysaline®] F®HE AvFeAE vl

Y T EUSE AXA &2 zdlmdAEet BEE o]F 4HA0 A AEE
Adska 48417t &<k vttt (5% CO,, 37T). wiFE Mo wjAE A At
PBSE A&ttt AZ 3 49% paraformaldehyde® 10 ¥ &<¢F 2 g)dtal 1% BSA
7} #7bE PBSE 33 AlAHSATE 0.25%9] triton X-1000] #H7FE PBSE 103t
Aglsta PBSE 33 Al sAtE 0.2% BSAZ 30% <t blockings 3t 12 &4
2 1110028 34 A]7] anti-cytokeratin 18 antibody (Abcam® USA)E A2o]A 2
AIZF Hor WhSAIA I 1:2000% 3 AIA7] anti-fibronectin  antibody (Abcam?®,
USA)E 2ol A 1A17F vES A Z T whg-o] &y & PBSZ 33] A& 3t 22 A
2 1:1002. 2 344171 mouse anti IgG FITC (Abcam®, USA)E 45% <k 480
A A st & PBSZ 33 AT AlE o 1:300022 A A7l DAPIE 10%
7 A gete] S JAs & PBSE 13] A& Prolong® gold antifade reagent
(Sigma, USA)Z mounting o] g3 n)d oz #2315 tH64).
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1 zgEG AEe Aus 23
AX F458e AAs] 9Astel 22 1,5, 10, 15, 20, 25, 30 Akl s @

A= AMEE PO R tritium EA thymidineS #5354 3Fal scintillation counter

2 WA S S & Fae HA A AlEe] A9 2ok Alxe 154
o] FHE = BIE x| &th(Fig. 11, Fig. 12). & &l AXF FoAM 714 B4
40| E=9kd AlE¥FE JNUBK-3% ]NUBK-4 Al ¥£52 JNUBK-3 MXF7F 714
S FAE BAGFig 11). A 2 AES F$ INUSK-2 AZ2F7} 718 &2
FAE 2oy INUSK-1ast JNUSK-1be Z+7+ 20419} 25 At o] Fojl= 7 9]

TashA & hrh(Fig. 12).
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3500 -

3000 -
£ 2500 - _ ] [ ] B
B —
% B - W Primary cells
£ 2000 - ] BNUBK-1
& EJNUBK-2
(=8
< 1500 - OJNUBK-3
=
G OJNUBK-4

1000 -

] ‘r

250 - . ' ‘ ‘

1 5 10 15 20 25 30
Generation

Fig. 11. The ability of cell division of immortalized bovine kidney cell lines and
primary cultured cell. Among bovine cell lines, cell lines whose proliferation was
active until the 30" generation were JNUBK-3 and JNUBK-4 cell lines.
JNUBK-1 cell lines showed the highest cell division ability in the first and the
fifth generations but their ability to divide rapidly decreased in the 10"
generation and they did not divide after the 15" generation. The division speed
of JNUBK-2 cell lines slowly went down and they did not proliferate from the

20" generation.
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2500 -

2000 1 =§=—Primary cells

=-JNUSK-1a
1500 +
=—f=)NUSK-1b

Count per minute (cpm)

=#=—INUSK-2
1000 +

500 -

300 T T T T = - ——
1 5 10 15 20 25 30

Generation

Fig. 12. The ability of cell division of immortalized porcine kidney cell lines and
primary cultured cell. In the case of porcine cell lines, JNUSK-2 cell lines
showed high division ability until the 30" generation. The division ability of
primary cultured cells and JNUSK-1a cell lines continued to decrease from the
1% generation and they did not divide from the 20" generation. JNUSK-1b cell
lines had the highest division ability in the 1°* and 5" generations but their
division ability continued to decrease from the 10™ generation and they did not

divide the 25" generation.
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3-2 AFoAE AAE T XUAAAEY Ad

ZuulFs T Auaed wg A7t me dfolaze AA &S A
Zojleke] AdErt S7sAAM AfolAEsr AAEE & HAE gasAh
ZHu G AEE 43 AT o 7HA= Aokl Ee AAEe] =A% 8H AYE
g A715 50% olste] AAES BT A7t 43] olete] 4-%+= NaEDDA
2 Agsty dAn g oz AW Fig. 139 B ARKoA Binpel o] Alfo}
Az Axde] waA F353ted AR 9A B BE5Ss 32 & 5 Atk 24

WFAREES 2447 W F 100%2] @50l A= wfgFstar, wiF 24~48A7t

Fololl 0.01% NaEDDAZ 3%7F AH#E 3 AfolAlxe AEXEL 50% A=
FE5S A Ha wGE7IE JHHA A Fox wigET]dA vt HA gE
el 7 #h olw] trypsin/EDTAS Aut AN ZAW Al Abge= g3 52z oF

15~30%7F 36ColA A2 S dtal trypsin/EDTA A7} #uvbd Zulz v -87] 9
TPAA 4 FH Aok ErE W=, 10% FBS7F dr® DMEM=
A7tete]l AAE star gste] wiAE AAsHE AfobAEe] 70%~90%E AAT
T AT
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Fig. 13. Separation of fibroblasts from epithelial cells by treating with Na;EDDA.
Appearance of fibroblasts removed by Na;EDDA treatment. A: Mixed cells right
before Na;EDDA treatment and the arrow indicates fibroblast clustering between
epithelial cells. B: Contracted cytoplasm of fibroblasts thirty seconds after
Na:EDDA treatment. C: Fibroblasts were detaching from the bottom of flask 50
seconds after Na;EDDA treatment. D: Epithelial cells attached on the surface of
flask with a few fibroblasts after Na;EDDA treatment. Scale-bar: 40 .
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3-3 HEZ utolz|= HH F4

ZO | IAEE Edgsly] ¢ HEZ ulo]lgl ~WMEE AFTALE ALY
stolsl A th(Fig. 14). #12HE pCLXSN-ACC-hTERT ®HZE Xpa 13} Hind IS
o] g3te] Adtati HM7|FES T3k sttt pCMSCV-puro-hBmi-1 €=
BamH 1 A§E29 Clal ATaLE ST T ol9edl Xem I, A4 1, EcoR

I, Clal, Nde 1 Z12]3l Xho 1 A& & A5 AbEste] 1~35&S dAdsto] WE 9 A
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10,200 bp —

4,000 bp —
2,961 bp —

1,000 bp —

500 bp —

Fig. 14. PCR detection of retrovirus vector. lane 1: 1 kbp DNA Marker
(BioNEER, Korea), lane 2: hTERT (Xba I, Hind T, lane 3: hTERT (Xem 1,
Xba 1), lane 4: hTERT (Af 1, Xba 1), lane 5: hBmi-1 (Cla I, Hind 1II), lane 6: 1
kbp DNA Marker (BioNEER, Korea), lane 7: hBmi-1 (EcoR I, Cla 1), lane &:
hBmi-1 (Bamt 1, Cla 1), lane 9: hBmi-1 (Xba 1), lane 10: hBmi-1 (Nde I, Xho
D.
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3-4 EH3} Axeo Ay AE9 cloning

2USAEE Adelr] 98 9 Gasel Wk WAR ZelFuA 25 A
Lobinh Aobdd AEE G418 T E o 91 WX E o] &3to] )
FetA Edst oARE Gt 2EEE SARlE AEE AE] SN B
Ud& 7o FV|HE AXE typeS T cloningstAth AIXE Al ed
A A A ES B9 §-A]) contact inhibition ¥4, E-Z=(multi-layer) 0. &® F2] 3=
4 sol deAE BHF st AE7E dAES HJeA 2l FIAE] 54
& fAsE AE &9 &Gtk Fig. 169 19 A & AR An AE<d

JNUBK-3 AxF9 B5om Alxdol & MxEst Axzdo] 2 Alx7t 4o S

=
o2
o
X
4

o
o

32

b 2% BE & #d AEQA INUBK4 AlEFeola F3F A7]9 AZAS 7}
AEZEZT o]Fox e As FUF + Atk 29 C= #HA Fd A=EA
INUSK-la X9 EHoz a7|7F 22 AXd=Zuk o]Fojd . 19 D
A FH@lQl INUSK-2 MEFe EFxoz A7|7F vl & Azt o]FoA 9l
Now, JNUSK-laot HlustH  Axdo =A7]7F 2 & AS g0T + AUS

o,

2L
rir
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Fig. 15. Immortalized primary epithelial cell lines. A: The appearance of
JNUBK-3. Cells with large cytoplasm and those with small cytoplasm are mixed.
B: The appearance of JNUBK-4 cell lines. They are composed of cells with
middle-sized cytoplasm only. C: The appearance of JNUSK-1la cell lines. They
are composed of cells with small-sized cytoplasm only. D: The appearance of
JNUSK-2 cell lines. They are composed of cells with large-sized cytoplasm only.
Their cytoplasms were twice larger than those of JNUSK-la cell lines.

Scale-bar: 40 gm.

_5’7_



3-5 Telomerase T & ¥ =A}
Telomerase?] THY TS A2 Ao} HA BT Zdiufd AxE telomerase
ol 7 Al ystorm AfE MESTY A$ JNUBK-3 AMEZF7F 264t 7HA]

A AEF AS JNUSK-27F 7H8 B2

telomerases FTstA Ed SHH AL, °
Gl NUSK-1b9] 72§ Ztiujek Ao} vz

_0|L
32
=
—y
Z,
C: (
P!
0
&
TS
—

telomerases %
of HAYANS ettt 31 W& A9 A3 cycle threshold (Ct) #k2

_58_



8
1074 w5t generation
107+ m10'™" generation
%{ @15 generation ] ]
¥ 1084 h ~
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Fig. 16. Real-time PCR analysis of telomerase expression in primary cultured
cells and immortalized primary bovine epithelial cell lines. In the 5% and 10"
generations, telomerase expression of JNUBK-3 and JNUBK-4 cell lines was
twice higher than that of JNUBK-1 and JNUBK-2 cell lines. JNUBK-1 and
JNUBK-2 cell lines did not divide from the 10" generation, therefore
measurement was not taken from the 15" generation. JNUBK-3 and JNUBK-4

cell lines showed high telomerase expression until the 25" generation.
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Fig. 17. Real-time PCR analysis of telomerase expression in primary cultured
cells and immortalized primary porcine epithelial cell lines. JNUBK-2 cell lines

showed the highest telomerase expression from the 5" to the 25" generation.
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zut AN

3-6 FSAEA T #F R wolaE
AZE NEF S AUF7E Erleteds A9AEe FEHE & 7143190
T EES BEEA gkt BEstE AE| vpolaEetznl 3¢ o
& Fot

EZo2 Aghe
£ PCR kit (Mycoplasma PCR detection kit. iNtRON, seoul, Korea)S

A BFE FAAoE vkt (Fig. 18).

Jo
o
B
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1,000 bp —

200 bp —
100 bp —

Fig. 18. PCR analysis of Mycoplasma contamination in established cell lines. lane
1: 100 bp DNA marker (TAKARA, Japan), lane 2: positive control, lane 3:
negative control, lane 4: JNUBK-3 cell lines, lane 5: JNUBK-4 cell lines, lane 6:
JNUSK-1 cell lines, lane 7: JNUSK-2 cell lines.
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3-7 A9 YFIAN
AZE BH3 AEZF7F AIAEL S &3] 98Fe] cytokeratind} fibronectin
o] Ids et thHFig. 19). Ul AEE fibronectin® = Mg Ay of

40%<] M ERF fibronecting Y5t AS &1 4 ATk AFolMEE A A

(o3

JNUBK-3¢} JNUBK-4 MlE%E cytokeratin® 2 JAa A} 90% o] 4e] A oA
cytokeratine ZHIet= e &9 shdvh A = ol % 154tHSl JNUSK-2
Aok 35 Aol JNUSK-28 cytokeratin® 2 9418 A7 A7t F7bstel

A%5ke] cytokeratino] 2w HE AL Felatanh. ol AfolAEe AAT 2 5
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Fig. 19. Immunofluorescence analysis of cytokeratin and fibronectin in established
cell lines. A: Primary cultured cell lines with the fibroblast cells, only a part of
cells produced fibronectin (red color), B: The expression of cytokeratin (green
color) in JNUBK-3 cell line, C: The expression of fibronectin in JNUBK-3 cell
line (red color), D: The expression of cytokeratin (green color) in JNUBK-4 cell
line, E: The expression of cytokeratin (green color) in JNUSK-2 cell line (15
generation), F: The expression of cytokeratin (green color) in JNUSK-2 cell line

(35 generation).
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o] VP1-3C9} VP1-3D 4=

2'536‘

PN
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3ti PCRE&

2%
o

=
=
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el o).
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ojy
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/\‘jr(Fig. 20).
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10,200 bp —

2,000 bp —

1,000 bp —

Fig. 20. PCR detection of recombinant proteins. lane 1: 1 kbp DNA marker
(BioNEER, Korea), lane 2: The recombined VP1-3C gene was identified about 1
kbp, lane 3: The recombined VP1-3D gene was identified about 1.5 kbp.
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A el Abgetal gl FAlg A2 FAS HholYAE tE W

sto] Ed3 A v w5 2 AA A AR vleld s i AR

go] ¥ Hpolg a9 f& Aol FY SATH. whEbA Hdsta A2 Hlgo

Ael) AFAR64)E MO RE 29 A Hopo] AAFeA FIAERHS o
¢ sk zouiged AExFo FATHE AAG Ay Afd AEFAAE
JNUBK-3 AlZF7HFig. 11), #AFall AExFoA= INUSK-2 Al EF7HFig. 12)
A7t F7hetd® e SA5ES st Addth zdividE AEFA
Na;EDDAE Atgste] a4 os AfoldEsE AAYE = A Fig. 13). ol=

=

Mool MR Agel 3

—

A2 ko] FBS whogw Fi3] Hzbo] 7hzsitts AFH 7t duh64, 65). wheh
A 2% FBS7F shr%l wiAlE o] &35t w3t & NaEDDAE Al Ay Hu}

FeHoR AfoHEE AAL = A

hTERT FAAE A9 & d& AxF dEZ vlolH 2 YAE AZsta 2
e A ETFo| ZAAS AAA AEY EEHIE ALYt G418% o] 835}

3

o

Ao [FHAAZ EdE AESF WS AWE telomerase TSNS
Real-Time PCRE& &slol st An hfrel AEF9 49 JNUBK-3 AEF7F
%!

BAN7HA telomeraseE  $FatAl @@ & (Fig. 17), A A EF9
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A A FAS F4-FA G949 Az 2 234 A5

A5l oate] A5 Walo] Jidd o]F FEI A9 Ao ® skl HAF=
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Aol o] Foyx A ¢thrl, 2009 o] Auk 19941 o] Celis Sl 23F9, hepatitis B
(HB)ol #&d  IgG7t IUAAAES] Y52 50]7} hepatitis B surface antigen
(HBsAg)®l 45 7zt o] ST ®=3 o] wAe Axxow T
Alzek IFN-yo Atbs S7RAZ . ol Fo A7 WMAilow F-3A AgA <
2 A7 Jge] HATHE2). ol A H
gA-gA A WA AE uf7]HE Y (cellular immunity)d] 93 &= EHrhes A

Aitoll i Etetal ofH kAl A 7E ol o] FojA A ekar Sl

ﬁ
=l
fo
i
g
=
)
i
[N
o
Lok
r o
ol
o
N
Ao
ok
>
e}
b

1960873 Alxs ddFez gd & A=
o3 TAY mielH 2o hF wjko]l ThestAl WA EAHA FAG WAl
O~

ARFERAT10). 2 5 1970d el = A npole s Fag &l F9Q VPI

rlr
o

i)
o,
d
2
ot
=
i)
)
_>L
A
N
Y
H
it

9E ATt ol olFolArke). @A TAIY WAL DNA WA, Ag FEA
WA, WY BRAE ol§F WA Tel3 HE L AEuold B o]§W WA F

g e AgEal dtkd3). ol #A Al MAlel dhste] w2 AUt

o FolA L ot opANA =2E WS AT Freo adst FALS FF

_69_



A

=Wl A

o). wepA]

o

L

]

A
hus

ul
S

bo] Al zfo]

0

&4

3o )

] 2

=z
HqE

uﬂ/‘\_]

[e=]
L

Al

:rL

|

oA A ALY ARE-S 2010-2011 A=A Q1 A
o

ATHO). weEbA A Fulol A AAbE I e A

3

S

aul g el 570 A7 vl e ¢ AH(Merial, France)el A

T

°
T

L
=

8|

Z

A
Il
al

offy

&

o

)
g

ol
==

Fol Al

i<

Q

= |8

=
T=

ST
X

Al

S

¢}

L

|=]

ATl 1T ).

Az WAL Tl A
[¢}

iy

-

o)

A
=
=

Z
T

Aol M Tl mko] 2

ok X

A 5
2L -

i

j
o]

Al T %olA PEDVE NDV

b st

A2

(78, 19)=

,?_

0
e
0P
mjJ

A1 %ol Aset o

(Fig. 3, Fig. 4).

_70_

ATt

[

AbR7E A HEAH R, A
5 opr izt



2. A5 & ¥y

[\

-1 AzE FLe 3A
9 A7 2004 AgE FAPLE ALFE GFAYG st A AN

TE 2 A E MR F ouAE s FAF WA E HisTALON

HO

Al X
Cartridges & Gravity Columns (TAKARA, Japan)S o] &3] AAe

Columns< H¥ 6 mE AR&ste] AlHE & FA% wiAE 2 mt H7F Atk Al
g 4T AS 6 ml FUtete] Aol HA ¥ dWAS AHsNY. 58 &
9 2 mE HUte $ &5 VPI-3D @A VPI-3C 9ulds A 3
g FA"E Az @M AL Bio-Rad AFe] Protein Assay kitS AR&3lo] w9
FEE =4 39 = 1 mg/mle BSAZ 107 3Aste] 96-well plated] Z+ well
of 180 ut7} HE%E EFE st AAE VPI-3C3%# VPI-3DE 107 S|4t 7

H~

wellel 180 wlo] H == 34ttt ZF welld] Protein Assay DyeE 20 wl H713g &
EE50o] F1, 30% %o plate reader® 450 mmoll A EF =S A3 ] @l FEE
T3k ot

2-2 A "W

berkshire®] n@gFo 2 =438+ A|F AP oA ALS3LY

2-3 HAA IgGY AA
VP1-3C¢} VP1-3D= W9s & g A dFHS Protein G Sepharose 4

Fast Flow (Amersham Pharmacia Biotech, UK)E ©]&3} affinity chromatography
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2 XSt [gGE #88Ft}E. Sepharose resing syringe column (16 X 80 mm)©ll

gk = PBS (pH 7.2)Z 2d] 84 7Yyl &4 40 mle flow rate?} 1.0 mé

flo

/min®] %% 3o columno] 7}t Protein G&F ZA3tslA] ¥& A HEE

STis 49 PBSE AFHEY AAs AL A3dE IgGE 3 M NaSCNE  7}stod
SEANAY. 59 23S PBSE 33 A& ugsy 7247 £t Ado] s
AAEAT AAE  IgGE #9lsr] 98] non-reducing  condition© &

SDS-PAGE A4S AAsaY. AAE IgG 88 10% polyacrylamide gelol

loadingdt ¥ 50 V& 153t &stal, olojA 100 VE HAds =9 =
bromophenol blue dye’} vtgtel]l =23 wj71x] 7|4 5S AA AT 7950l

2 gel2 coomassie gel staining solution® = 40%7F A M3 I destaining

solution® & 24417+ &A1 3519 T}

AAE & IgG Bio-Rad AFe] Protein Assay kitS AF£3le] @] 525 =4
st &, 1 mg/mle] BSAE 107 34sto] 96-well plate®] ZF wellol 180 ul7}F
HEE B5F5 sta, AAE IgGE 108 3Aste] ZF wellol 180 wo] HE%H
3tk ZF wellol Protein Assay DyeZE 20 wE #7713 & S50 FAuh 30x

%o plate reader® 450 oA FFEE SAH @Y FLE FolAT

ShiA

\1

2-4 FL-1gG 2FA AR €L 2
dol A AAE Z+zte] 1gG 2 mgd Z+7e] &M (VP1-3C: 10 mg, VP1-3D: 10

& AUl EgAa B/CAA 1A B 20 pmoE AP A
=

-

% PD MiniTrap™ G-25 column (GE Healthcare, UK)& ©]-&3
o IgG-FY 2FdAE F=3At Columnd AHHS 5 ml H7Fste] AHS sfa,
7217+ e] 1gG-F9 AFA 2 mE columndl|] ¥ F FHo| ot MAE¥e 2YS
200 pevttt FAste] st 719 A& S SDS-PAGEE E3to] 2elstdd
Bio-rad®] MINI-PROTEINI 7]7]1& A}&3t¥ 2™, non-reducing condition® =

ot

l

SDS-PAGEE 4335}7] $13te] bufferel 2-mercaptoethanol®]Y dithiotreitol< % 7}

kAl &kt}. separating gelS 12%, stacking gel 5%9] polyacrylamide gel&
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A3 th GelS running tanke] #&2éF 3 running bufferE A3, AlEE 4 x
sample bufferE o] &3t AA volume 20 woll & & 100TolA 387 #2d &
wellell loading®}3l bromophenol blue dye’} ®lEo 2 wAuU-g w712 #A7|9 %
(100 V) sttt ol A A 2tE VP1-3C-IgG Z23HA¢F VP1-3D-1gG 23A & 2+t

5 ng/ntel SEE 4 nE ARsel FU-FA A WAL Az

-5 WA T FAI A

IgG, anti-VP1-3C IgG, anti-VP1-3D IgG, VP1-3C-IgG ZA3%# % VP1-3D-IgG
AgAE A 21€H e 47 A (landrace®t berkshire®] nFF)ol| Fof )
Fost &2 g 1 me (400 pg/mb)A % 242 4utElo] HEakdnh =23t W
2 AHE AA e Fo g3 B 2 mE 4utEdl HEEAT BE FolTe
Aol WAl HFE vtE A pre-serum¥ WA JF 1, 2, 3, 4 1L 5579 EF
S dEANgA AP & Eesi. £33 dAS FMDV antibody detection
kit (LPB ELISA kit: BDSL, UK)& °l&3t9 54 a3t &4 <7k= LPB ELISA
kite] AR§ wiirdel webAd Axtstdn A Ade Hidt(mean)d  EE A
(standard error; SE)2 UEeRHom, Adi7te] A8 242 Student's t-test

2 Abgste] POOL o8l 4B folde] i Aow B4 8

>
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3.2 %

3-1 IgG BA¢ IgG-Fd Z2&A AZ

FMDV &€l x=Fo] Hx &2 six°] Al Protein A Sepharose gel
1§3te] 1gGe AT A= o

WAl VP1-3C¢F VP1-3D 7H7+&

1=

columng ©
1% HYsk & [oGE AA S SDS-PAGE

A st
IgGe] e 27121 160 kDacll A

A nEEd T gl
columns  ol&stel  AAF  VP1-3C-IgG
SDS-PAGEE %3le] wulde =A7|E
VP1-3D-IgG A 3HA 2

AgA ¢ VP1-3D-1gG

AgA S
=74389t}h.  VP1-3C-IgG
A2 27 shela

A3 o
A8 4= A H(Fig. 21).
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245 kba
180 kba
135 kba
100 kba

Fig. 21. SDS-PAGE profiles of IgG fraction and IgG-antigen complex purified by
affinity chromatography. lane 1: size marker (SDS-PAGE analysis of protein:
Rockland Immunochemicals Inc, USA), lane 2: VP1-3D-IgG complex fraction,

lane 3: VP1-3C-IgG complex fraction, lane 4: IgG fraction.
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3-2 A 53
v 2tE IgG, ##E IgG, VP1-3C, VP1-3D, VP1-3C-IgG Z#A gx
VP1-3D-IgG Z294AE A5 vtz A3 HF 1, 2, 3, 4 2L 550 A dsto] 34
A7te 4T A ofdd JeERATH(Fig. 22, Fig. 23). HF Ao FAE
Vo w 15 (Ao w F 5F ¢ AV WEE S48 Ay vgztE IgGeot

HAE 1gGE HER 1AL FoF FA WAE FAT 5 YA

VP1-3CE HEd 4% HF 15 ¥
A= oF 240%°] FAT o] A
7hel Aol #EEl e

5F7HA oF 2000 FEom AAT FAMY AEe FAY F Atk VPI
3

_EL
=~
-
o
-3
rlr
%
(@]
X
o,
ox
ol
o
f
2
(=3
N
o
BN
=
~N
L
ro,

-3C-1gG AFAE HEsh
HA A &A1 A b FsS FASATE 579 717 e HUAE oF 310%=
ol VP1-3D-IgG AgAE HEd 4

o] ¥, 1 o]F& 5F 7AE oF 340% FAt Hes st

Ko 2 VPI-3D-IgG Wle] 7Hd =& A 7FE YEeER AT

<
o
=

\

O>’I
ol

i
)

VP1-3C%} VP1-3C-IgGE 747t Fost & x4 gA7te] Wsts AHE A3
Fo] 23 o]FHE HFoAS 7MAa VPI-3C-1gGe @A77 B =¢vh(p<0.01,

Fig. 22-A). E#, VPLI-3DS VPI-3D-IgGE 27t Fol@ F 49 479
WIS ATE A Rl 274 o FRE FO4L 73 VPL-3D-IgGel A7}

o

v go] o E=UH(p<0.01, Fig. 22-B). 219 oG & [oG'E FoJst 499 23
el VP1-3C, VP1-3C-IgG, VP1-3D 18] VPI-3D-IgGE Eols 7495 77}

Mg A PTAN BE RO% At P52 mol: AoE ehg

(p<0.01, Fig. 22).

El
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Fig. 22. Serial changes in antibody titers against FMDV antigens. Titers obtained

before vaccination and at 1, 2, 3, 4, 5 and 6 weeks after the inoculation are

expressed as percentages of pretreatment titer measured by ELISA. (A): After
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inoculation with the VP1-3C-IgG antigen, the maximal antibody level during the
period of five weeks stood at about 300%. The antibody level was elevated to
about 260% four weeks after the inoculation and continuously increased until the
5% week. (B): After inoculation with the VP1-3D-IgG antigen, the antibody level
rose to about 300% in the 4™ week and increased up to about 330% until the 5%
week. Results are reported as means = standard error (S.E.). Results were
analyzed using one-way analysis of variance (ANOVA) followed by Student’s

t-test, and p < 0.01 was considered statistically significant.
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Algd oA Fd-gAsS Festd Ao Fd-FA AFA I A&
FAEH, A2 ZA3tstA @& ddolv FAE AL HA @ ol EAlEHA
Ao o] JYolAe] AU dA ] sEHE 4] (optimal ratio)ghi k. HEAE

Flolu w7t AvHe YR wol EAlshH wgol oAMPoms wel-g4

RS

o

oot

AgA el Aol ast=d olE A& (zone phenomenon)©]ghal  SHCH(R4).
VP1-3C¢t VP1-3DE  Zt7bel 7Hakd IgGelb 494 VP1-3C-1gG AsHAl <}
VP1-3D-1gG Z%AE A&t SDS-PAGEE &35t A& A thFig. 21).
gA-3A AFgA FAo] Folw Ao wFo Hol Fro EPo uwE

A@GgS BA Fd Aem Ao . shAIRt oy Ao 44 §lo]

m7hakE IgG, #AE IgG, VP1-3C, VP1-3D, VP1-3C-IgG Z&A Zgx
VP1-3D-IgG AZAE Aol Z+2t FoAg Fo 1574 FA7te] WHsts S43
A3 Fig. 229 2ok mzArE IgGeh e GE AEd 25 W & 55
ool FAVL WstE ST A foe Wges AT F gk o 5F9
[gGE AEFaHA7] w&ol IgG A W ¥k Y AoR FaAd ARz
Azteo] Xt g WA IgGét e IgGE AE vasd & o A7)
Hlgoll Wart gldich wmeEbA ol gle dEdlA IgG AAE ol FHatH

o %5k GAZLe WMl Abolol i gure] gk AL AAEL

@4 AL e BES WD VPI3C-IgG wAe] FAY v&e v
Ast mE FAelq VPL-3C-IgG Walel ¢ ®e @A} wee nyvHF.
22-A). Ax=F WA VP1-3C+ 574kl 240%9] &A7F S7HE Hol g3t WA
Hrhe e @Ak gEel ddlowt 310%0 FAF F52 n FUA-FA

A% walel VP1-3C-IgG Bthe wokrh A3l Abgst sl 9L 459 714
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VP1-3C¢ VP1-3C-IgG AAE Fog Fo 55 &<kl I/t wste] Ade
Fig. 22-AclA HE Ay 2o VPI-3CE Fa7 Adel wabs 23 A7)
Hlgo] Wslsto] 5Fatol= oF 240%9 o3 F7HE BAlth VP1-3C-IgG 2 9A
& HET A9 HF F 574 A ASKARJ] FAE v & AeS HAow, 57

Ade AA ok 310%2) F7hE Stk el AxF WAl VPI-3CE

FoAg A Bu -4 A WA VP1-3C-IgGE FolstH Hol A 7H
Hl& Aol 110%3AHh ol FA Axd WAl VPI-3Cet d-3A A Al

VP1-3C-IgGell A <Jsk Aoz} @rAst A& Berzofsky (81 Celis 5(82)2]

BaoMad - 29 WA rheAde dEsl Arbe Euar Az E o
Aot -4 29 Wilel e v oM -4 29AE BY 799

NG

| & Al (therapeutic vaccine) . & A}-83}o] $-
T3 Aol Al dA-FA AFAE FoIsd Ay T ME7 A

[FN-gamma®] $7FS &letivha B sk ieh(8)).

-
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E

g3 WAy Fd-gA Ag 9ad VP1-3D-1gGe A7 v&S wlagt
-3D-IgG Walel © ¥ A H&E HIH(Fig.

22-B). AIZF W2l VP1-3DE 5Fabel] 220%°] A7 F7HE Hol Hu)
180%2 =&3} Wi HtiE =& AV 0&9 Aol AdTh A A
=9 VP1-3D-IgG WAS 55 2bo] 340%<] A7} v &9 A5S vEy
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FdA-A A3 WA §%S dotiEy] fste] AdE& 7IYI 1ol PEDVe}
NDVE #HFste] axkz WIS FEsiglon, Uy oM Zad IgGs
affinity chromatography & A Alste]l #2]stAtt. +2d IgGol PEDVS NVDE 4
o}A PEDV-IgG ZA A9 NDV-IgG A¢AE s, Azte - 25 94
S 7IYd e gFste] A7 A& ®stE S48

z

2ok #A e IR AxF HER Hiolgls JAE FAAA
hTERTS hBmig @@A ozx BdHs AXFE Fgsian. sdste AxXF
of VP1-3C¥ VP-3DE wdst= A% HEZ mlolgx IAE FAAAAM A=
g gwd VP1-3C¥ VP-3DE 2dste AlZFE fsisin

TAY FA-gA AF Yas AL F A" 9o T5E Lol Ut
AdE Fg9dd HNEFE ol &ste] FAY AxF IYAd VP1-3CH VP-3DE
o] FA& HA ol nxEZ HWAAA FYo] 7AH [gGE +
of VP1-3C-IgG A3t VP1-3D-1gG Z28AE HEIL o5 HA | HE3

Agsae @9 A% Wae] wsAdsl FAd F9 AN A
A dela A FU-FA B WA EERAE T g AUE

AU

1. 7Iy9zielA PEDVSE NDV 22 % @ $o IgGE BASt SDS
-PAGE®Z Z43t1S |, 160 kDaclA IgGE €<21¥3Uth. PEDVS NDVE 2=+
IgGet 4ol PEDV-IgG ZAF# ¢k NDV-IgG Z@AE #Al&ste] SDS-PAGE
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Ae+dS w, 190 kDa®] PEDV-IgG AgA 9 210 kDael NDV-IgG Z2&A = 7+
el sk,

r—lu:

J?l

2. 743 el PEDVE #5d 2% HF 15 F5H FEstA A7 S7tstke
55 ol Fol= oF 250%°] A7} Bl &9 ol #EHAT. NDVE AT 455%
=3 FATEe gsol BEH o 65l oF 200%0] FAVE Hl& 4 s

ATt

[.

o
ro
ol

s}
o}

+

3. 71U 1] PEDV-IgG AFAE HET 23 65 ol Hulx= oF 330%9]
A7 Asol yewth NDV-IgG Z2F3AE A3 23 ZF T 45z <
350%°] FA7E Aol EAHUL, T o]FE 65 A= of 320% FAF FE

% el sk,

NUBK-33% JNUBK-4 Al2F= #1503 JNUBK-3 Al 57}

Vg me A8 BY A f9 AE A3 NUSK-2 ALF} 43 2e 4
t}

FIF
—

5. JNUBK-3¢} JNUBK-4 #|£5Z cytokeratin® 2 W3 A3s Ax}t 90% o] 4]
A EZAA cytokerating wH|EF= AS &9l FTE JNUSK-2E cytokeratin® 2

dAg A3 A7t Skt = AlESke] cytokeratine] #H EHE AS lE o]

6. TAIY Az Fd AR AEFE JfEea PCR £4& S8 VP1I-3Co

VP1-3D #dz7F 2ddE dArideer @Qdeda, 2 A7l= °F 1 kbp
(VP1-3C)9} <F 1.5 kbp (VP1-3D)°] it}

7. HANA HIE [gG VPI-3C =& VPI-3DE 4 o]Fo] A|&¥ VPI-3C-IeG
A A VP1-3D-1gG A& A S SDS-PAGE=Z =18t A3 210 kDa$} 220 kDaol
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