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1 J Vet Med Sci. 2017 Nov 10;79(11):1822-1825.
- Determination of optimal age for single vaccination of growing pigs with foot-and-mouth disease
bivalent vaccine in South Korea.
2) Antiviral Res. 2017 Jul;143:134-141.
- Antiviral activity of ovine interferon tau 4 against foot-and-mouth disease virus.
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- FOOT AND MOUTH DISEASE VACCINE PRODUCTION IN CELL CULTURE

2= (EZ2E HE 571)
- Verification of Proper Vaccination Time for Porkers with Foot-and-mouth Disease Vaccine
- A Comparison of Methods for Purification and Concentration of Foot-and-mouth Disease Virus
- Chromatographic Analysis of Foot and Mouth Disease Virus

Evaluation for Inactivation of Foot and Mouth Disease Virus

Large-scale production of foot-and-mouth disease vaccine in serum-free and suspension culture
of BHK-21 cell
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- AgZd 0.01 MOl =44 o oF 10°° TCIDs/ml 2] A
7HE A

o F-¥A ujAE o] &3 FfAMlxzel IEA 4d FA I
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- Hol R Y HEE o] &3 FAY nlolH 29 Wi B B3, A
gAY
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- Canine virus, Porcine viruse] vlolglx 7H4A 2SS E3hd
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o F¥A WA E o] &g dF AT ML
- BHK-21 RHAM=ZY utolg 2 HF 23AA A 714 w2
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&) el 5855 T3 383U A8 E 4 ol 7|HIe 2 ALY
3} 7heAdol =2 Eokgtal & 4 Ao =3 7EY BEAY F
SAEZ wFrIEy TFAE Hol dol nviolylx WAl ALY
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ek AHl &8 F FA238 AL s dAEE =olA HYE o
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G4 o foot-and-mouth , suspension serum-free
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1. dFMdgA e MHe
1-1. A3 =23

o FAS WA hFYLES AT FEAEZ e g
- TAY vpolE 2~ WMAYAHE 7 FEAMA 7|6 3 EA] wSFFAH 7= T
- TAY wiolE 2~ WMAYAE 97 FEAMA 76 {UHA wSFEAH 7SN
- 1% % TEAZBHK-2D wdrls &Y
- TAY wlolg 2~ WAPLES g AlzujeF vjA] H A3}
- TAY WA FAYES A MEE Y ALY
1-2. A770¢e) a4
o FT=§& WAl 4o e
- =8 94 AYY FoA: WA AGE ool THed Aol 99%71HA HHE
= Y F Ade PE "B a7 VPR 2 FFoEA =Y FA4A &
of g AL FAZR G2 I FAEV SV Je ASHEEY
- ZRAH) WAL o] GRS FA HT vtol e Tl THkgE A& AVE
MEE 58 MAE et 1A B3], of=3t WAlRT ofygt A B
WAL Marker WiAl3} o AT WAlo] A3HEH A= A
- AA FEE BN AZ AFE 24% sEE A4F NS 78, 5H, @, 1
ol AN TR Us F doH, 58 WA NS 1 F 24%E A Q)
S(ED

# 1. Global Animal Health Products Market by Product Group (20010): Percentage Share
Breakdown by Value Sales for Parasiticides, Vaccines, Anti-Infectives, Medical Feed
Additives and Other Pharmaceuticals

Product Group U4 Share o

Parasiticides 2876 18.76

Waccines 2431 Parasiticidas
Anti-Infectives 16.42 1N E::'zj::f“_.w“
hedicinal fead additives 12.69 Madicinal faad addtivas
Other Pharmaceuticals 17.82 ! : i Shammazeii
Total 100.00 1o e

- Veterinary vaccines A global strategic business report. 2010 GIA <1&

A 7458t ATAHOZE ALEHO oW EFuF
£ liposome, ISCOMs, microsphere ¢ AlZ
adjuvantEol it A+7F &3 AP

nf

- A7 WA adjuvant AL A
=

Freund’” adjuvant %<

Mo
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o] Wed Ut gEd 7
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Sy
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N
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ol
N
L

- "ol Jle ZINE AR T2EAE AYY AEE dEud
e =7he] Hboleak]] IEAA 0] P HT AFAAES AT AF
golzel}l F3tE fte] Hiole WA PA|o) th FAE s s AS.
Aokl AN ulAE So] tE HiolQ At AkPAe] dAFdEGo =
OAUA m3s BHu A Zlo= VY

- JH AR sENA S O=F JATE 3] RS diEE 2R s 3
A FEREA ZIeNEr|zre] Aa, AR Axduld g FAH7E
ol £8%H, 433 =&t %ﬁé}ﬂi Bl Al FFA T 27 AL
o] 433 = A=A AAEAY FF5HAE Y=o I A o= A
APl oA 670 v=F Z1hol 70% ol A= AWl =

- 2011 AAANAZTFEE ¢ 2872 million USD, CAGR (2007-2015) 4.5% A+ A
AA 5L WA A 200735 201597-A] wid st 2011ded&=
US$ 2872 millionS 7123t3 wid 4.5% 443kl 2015l USS 3440 million
o2 g AYAEFE 2)

3 2. World Recent Past, Current & Future Analysis for Veterinary Vaccines by
Geographic Region - US, Europe and Rest of World Market Independently Analyzed
with Annual Sales Figures in US$ Million for Years 2007-2015

e T TR T u Bevies LViccman i Paultry Vaszmmes o Dy YViscigen Eqpams Vaoiwes

o
| - I
(]
[

- Veterinary vaccines A global strategic business report. 2010 GIA <1-&

- 14 -



3 3. Tabula Analysis on Select Animal Diseases Controlled by Vaccines

Species Divemves

Puis Parvoviris, Enfenti, Colibacillosss. PRRS. Clostridial disease. Porcine Poetimoma. Atroplac
Rhuruns and Ervapelns

Fish Furunculosis, Vibnosis, Moratells Viscosus and Entenic Redmouth disease

Caitle ||| echous Bovine Rhunotrachesctis (IBR). Resparatory Syncytal Vi, Blackleg. Tetanus

hngworm disense (k). Ententis. Leptospirosss, Ringworm, Rotavirus. E Cali
Pasteurellosis. Masnne, BAVD, Salmonella. P13 and ©Coronaymn

Poulry Pasteurellosis, Clicken Annenua virus, Duck Vs Ententis. Avian Coccxdions, Avian
Encephalomyyelitis, Avian Infections Bronchitis, Avian Infectious Bursal Disease, Avian
Reovirus, Marek's disease, Egg Drop Syndrome 1976, Turkey Rlunotrachertis, turkey
Haemorthagic Enteritis, Erysipelas, Infections Larymgotracheitis, Newcastle disease
Salmonellosis, swollen head swndrome md post-natal Cohibacilloss

Sheep and Goats | Chlnmydiosis and Toxoplasmosis, Footrot, Clostricial diseases, contagions Postlar Dermatitis

Pasteurellosis and Louping il

- Veterinary vaccines A global strategic business report. 2010 GIA 218

- AT W6 9% AR o) obed FF Tikd B w4l ulolg s Wil 53
Bd® 2ok e AR B3 o 4AY Aow JuE. 01dE T TA
B ow Ao WAL AF FASA Ho ) AR A7} wE et 2012
RE TAled wale] ) A4 Ea FolAe] AR AE T H3e Ao
= 7g

o T AN e DA
- FUL ol §T YAPRE AABI HE AT FFl Basy o2 A3
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2. ¢

{F

A7 e 2 A
BT R FIAFFTAATL

L 7AY 34 A4 AEFo 448 WA "7}

7h g WA A B 54

o @A AAZA v F A FFE WA T, HholE 2 WAl Aike] ALgEoiHE i

A|(VP : virus production) 20 /& AE3ste], A9 vlolg] = WAl AL A=
Q1 BHK-21¢] Al A (& 1.D

2052] HiA] F VP12E A3 YA =% CD(chemically defined) =]
serdEdy Af AATEH HFT dGFY A EAE dexlor V&
2 o 2 AQOF(animal origin free) WX & A&

Growth factore] A% HjA|S|ALA 1 AEI FS F/NSHA &EA| T, fibroblast
growth factors Z-2 ®9® growth factor®] 7% BHK-219] A&& ZXAZ
BHK-21 AM|aZF=of thgt wjx]7)¢-2 CDe} AOFE 7]+

# Name Medium Platform cD’ AOF” Growth
1 VP1 Viral vaccine Production O O O
2 VP2 Viral vaccine Production O O O
3 VP3 Viral vaccine Production O @) O
4 VP4 Viral vaccine Production O O O
5 VP5 Viral vaccine Production O O X
6 VP6 Viral vaccine Production O O X
7 VP7 Viral vaccine Production O O O
8 VP8 Viral vaccine Production O O @)
9 VP9 Viral vaccine Production O O O
10 VP10 Viral vaccine Production O O O
11 VP11 Viral vaccine Production O O X
12 VP12 Antibody Production X O X
13 VP13 Viral vaccine Production O O X
14 VP14 Viral vaccine Production O O X
15 VP15 Viral vaccine Production O O X
16 VP16 Viral vaccine Production O O X
17 VP17 Viral vaccine Production O O X
18 VP18 Viral vaccine Production O O X
19 VP19 Viral vaccine Production O O X
20 VP20 Viral vaccine Production O O X

* CD : chemically defined
** AOF : animal origin free

- 18 -



v EFEA AE R HJUF VS oY
o FFuiA A AHd(CH™ 1D

- BHK-21 AlZFE 20 S/ viAd Ha 5 Al &< 25AZ
BHK-21% 50 ml/250 ml Erl flaskell 0.3%x10° cel/mlZ %%
5% CO2 shaking incubatorell 4] 37°C, 100 rpmo.2 643t 7%
Ml AL 55 9 AZEH4E 54
3 HHEste Hi g Fear A &, AR wet 4 OFeE Us(d 1.2,
1.3, 1.4, 1.5
VP6, VP8, VP5 HXx]7} wjef 5UA MVCC(maximum viable cell concntration)
14.9+0.1, 14.2+0.5, 13.8+1(x10° cel/mDE 71 =&

_.'.I‘-MJ!F!"-FHI_“-“I“ e} .q‘.d"' L RE

i

e -y -

)

Viabillty (M

Cell conc(x10" cells/ml)

Y

LM
¥

o RFHA| HIV7IE o9
- X% HiAolA BHK-21¢] E5A4& #4387 9sted, vl 393 494 Specific
growth rate( ) ¢} doubling time(DT)& 43
In (XQ) —In (X1)
Bt dt
dt*1n2
InX, —InX;

L

(X = cell concentration)

- DT=

- 19 -



¥ 1.2 BHK-21 A|3Z¢] Specific growth rate( ) ¢} doubling time(DT)

VP1 | VP2 | VP3 | VP4 | VP5 | VP6 | VP7 | VP8 | VP9 | VP10

¢ (™| 0.021 | 0.014 | 0.009 | 0.001 | 0.022 | 0.023 | 0.020 | 0.019 | 0.016 | 0.014

DT (h) | 32.3 | 50.3 | 75.3 | 662.1 | 31.0 | 29.7 | 349 | 37.2 | 43.8 | 49.3

VP11 | VP12 | VP13 | VP14 | VP15 | VP16 | VP17 | VP18 | VP19 | VP20

¢ (™) ] 0.006 | 0.004 | 0.001 | 0.020 | 0.006 | 0.014 | 0.001 | 0.023 | 0.019 | 0.021

DT (h) | 112.2 | 155.5 | 647.3 | 35.5 | 116.4 | 50.1 | 535.8 | 30.1 | 36.9 | 32.9

- MVCC7} 71 =2 AdFAA= VPo, 8, 5, 7, X7} 23318 1.2)

- MVCCE ujgk 594 12~15%10° cel/mle] BXE 7}AH, wjf 694 MNZSHE
= EF 80% ol%

- ATEY WAE AFESEA vlolgl 2 J7F AE 2 AHE wiAHTEE )

= =
PEIE SIp

—p=\FPh —e=VFE8 =—a—VPS VP7 =—a=\P3

198 1.2 1% A 8x 9 BHK-21 A& MEsds
- 8l %] BaE A+ VP18, 1, 2, 10, 168§ A7} =& (218 1.3)

- MVCCE= ik 5¥A) 7~12X10° cel/mle] BEZE 7HAH, wjek 6¢A) AEZZHAEE=
80% o]’ VP2, 10, 16021 1 o]sl= VP18, 12 F43] Holx

- 20 -



20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0

Cell conc (x10° celle/ml)

2.0

0.0

.:.E.:.'.=-=:!":.|."‘#l- -'-"'t.:'--' =

"

100.0
-, = 0.0
: 80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

Viability (%)

0.0
Day

—=VP1E —a=\F] —e\l VPID —a=VFlb

% 1.3 2% B 8}A ¢ BHK-21 A% Axdd=

- WA CaZoAE VP12, 14, 3, 15, 19917} 23" (29 1.4)
- MVCCE Hle¥ 597 4~7%x10°% cell/mle] BZE 7FAH, MVCCE AT Hj<k 6
A AEZZAH == VPI9E A3 25F 80% ©1 #A

200
18.0
16.0

-
.'L'
-

12.0
10.0
8.0
6.0

Cell conc (x10" cellsfmil)

2.0
0.0

1N
J.: _".ln-.:l

30.0
80.0

3 a s = i -'-—- El ¥ i =
PITTLL Dl dinbintidd Ll AL TLIT
- .,

=

-‘4—&:‘

0.0
60.0
50.0
40.0
10.0
0.0

10.0

=

0.0

Viabili by (%)

1 2 3 [ 5 6

Day

—=\VP1? —e=VP14 —=—-\F3 VP15 —e—VP15

¥ 1.4 3% C ¥iA9 BHK-21 433 AEzgd s

- 8l ®] DS A= VP20, 13, 17, 4, 118x7} =35 (29¥ 1.5
- MVCCE 2~4X10° cel/mlZ 7}3 vz uk wjok 6U A HEXEAH = VPIIE A 93

W5 80% ol f
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20.0 100.0

wo §iSimizfizizig i ben b %00
Procaial” . ~ ¥~328

=160 | ' '+\ 1 s

& 14.0 s 70.0

= L —
v 12.0 ~ 600 &
= + "
- 10.0 50.0 =
= 3
B0 o =
a s >

Cel
D kA e
S Qo o
- L
e R N
o = -}
o o

D d'y

——VP20 —==\VP13 —=—VP17 VP4 —e=VP11

% 1.5 2% D ux]¢] BHK-21 A& Axdd=

2. 7AG nvpolz = 971 &5F
o wHiolH 2 7+ A] Fresh media®} PBS x}o] &4
- rentivirus 7S 53¢ transfection® ol A PBS7} A @A o 22 X]= protocol
o] &)
- Hlol# 2~ 7] Al Fresh media®t PBS Abololl 7HH o] Zpol7b A=A &<lstarzt
Ad3ad 2.D
- PBSE nlolg] 2 ol AFEA|, virus titer7} ALl Yo A &S
- Hholgl 2 S AIZFE 24X E2 kAl o] 1 Abo] Gkl flo virusrh &

AE7A NzI7E = A= AIRHY ts 2AYolA = DMEMo|Y RPMIZ-&
MAE wlolel 2 2 WA gl Bdse FAstuA
7.00
¥ = 6.00
= ©6.00 5.50
=1
2 soo0
ig? 4.00
é:" 3.00
_,-_'-g- Z2.00
1.00 0.50 0.75
S il =
VP12 vP12 VP13 VP13
PES PES

% 2.1 BHK-21 AJxF2] nlo]# 2= 2ol A wj X<} PBS A}o]
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3. WoF 2] WA AR w3}

o HjF Z7] wiAHTI=E FTEel &%k AlEuief - E
- W% %7] Feed 89 H7I7F AA| Al zzuj el <t

BHK-215 50 ml/250 ml Erl flaskell 0.3x10° cel/ml2 H=

Feed 8 (50 g/L)& wlF 3 tiv] 5% wjF 0ol H7H2.5 ml H7b)

5% CO2 shaking incubatorell A 37C, 100 rpme.2 7L 3t 7]&

e AZ = 3 AlZ24E 44 3D

-3 WE3] Bt g

- W 27 AHE

A E ob7let=A A9

2w eat Agstel MVCC 712 49 5% 2419 3.2
A7tell <lsked

H A 7HA] Bt MVCC A9 10F0)A HF

11.7x10° cell/mlol A} 14.6X10° cell/mlZ 2.9Xx10° cell/ml Z7}&

Wlop PhA g A EBYES

7d-¢-, MVCC 749 10FolA H 94.2%°0 A4 95.1%

2 A @7 El o5t 0.9% 71

MVCC %] 5FollM p g2 B 0.02 h'elA 0.024 h™'Z 0.004 h™ Z7}, DT

A9 B 35347 A 294470 2 5947 wiket R

- | - a
A =
- .
2 - -
L]
Sy,
—— . —
L e a ""'-\._\_\_
5 . i
S
- — A

O 31 WiAATIEY 27l Al AR mAe FEF
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=3

27] WAAE "ol oD

3.1 HH
ecific growth rate( «) <} doubhng time(DT)

BHK-21 /ﬂ]li_.‘ll

(')QO

VP1 | VP2 | VP3 | VP4 | VP5 | VP6 | VP7 | VP8 | VP9 | VP10
¢ (™) 0.027 | 0.022 | 0.017 | 0.015 | 0.023 | 0.029 | 0.019 | 0.026 | 0.019 | 0.015
DT (h) | 25.3 | 31.1 | 40.8 | 475 | 29.7 | 24.2 | 36.8 | 26.3 | 36.4 | 47.3
VP11 | VP12 | VP13 | VP14 | VP15 | VP16 | VP17 | VP18 | VP19 | VP20
¢ (™| 0.015 | 0.010 | 0.007 | 0.016 | 0.010 | 0.025 | 0.007 | 0.031 | 0.007 | 0.001
DT (h) | 455 | 67.4 | 100.2 | 43.6 | 68.4 | 27.7 | 994 | 22.1 | 95.2 | 531.6

- A9 5% MVCCY Z9 16X10° cell/mloll A 20X 10° cel/mlE Ex3}™, VP67}
19.9+1.1(x10% cellmDZ A3 71F =2(238 3.2)
Hi ¥ =7] WA= 93] Bagol ™ VP1Z VP27) 49 5F =3d A
o2 Bol WX HI7IES A 45 2go] FUHd

.U : I Ll r ----ﬂ-'h'-‘-'-‘*"'ﬁ-h

“'r

_. 10.0

—a—'/PH —a=VP] —a-WV5 VP2 = PT

a9 32 migx7] WA= o' 49l 5F wiA AR

4. 7AG WA P4 A E2F] A HIHE H7)

7h g A E Ad 2 54

o @A AAARJ] ALY FdE AR FE T, BHK-21 AlZFE& H7bEolu,
Hholg) 2 WAl Yol ALEEHY H7M=(F : Feed) 10 F/FE Agsto], 749
vholej 2~ WAl A4k M EFQ] BHK-219] wiA A 7= A¥ (& 4.D

o F8, F9, F10 ¥t CD H7t=
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o RE H7E9 A$ 7B o7 AOF9 PF(protein free)Z AA FAH o oofx
A UEhE ZAE wjAIAIZ

o F2, F8, F9¢] 7% Growth factor7} 3= o] QU

o F9, F10¢] 7% Lipid7} Zstd H7M=

o Glucose} glutaminee] 74-¢ wlgaA &< 2z 1 g/Let 1 mM o]y FA1%

o Control2M WX H7}&2] H7F ¢lo] glucosee} glutamineTt 3 7}sh

41 TAG WA AEF] WA AR A

i)
i
o

Growth
Factor

I
O
O
.
iy

Name AQOF

Feed 1(F1)
Feed 2(F2)
Feed 3(F3)
Feed 4(F4)
Feed 5(F5)
Feed 6(F6)
Feed 7(F7)
Feed 8(F8)
Feed 9(F9)
Feed 10(F10)
§ PF : protein free

O X0 [ N[O | Ol xlWwWw I =

O|O|O[X | X |X|X|X|[X]|X
O|O|0O|0|0|0|0|0|0|0
O|O|0O|0O|0|0|0|0|0|0
X|O|O|X|X|X|X[X|O|X

—
S

U v A7 A 9 B3 71 g Y
o "X HIE A¥E AT E 4D
- ®F HjA AEHolA MVCCrF 7HE &4™ VP6 ¥iAIE o] &3st AA(TH1,
3.D
- BHK-21¢ 50 ml/250 ml Erl flaskell 0.3x10° cell/ml&2 HZE
- Feed stock (50 g/L)S wi<F B3I thH] 5%(2.5 mDE vl 0, 2, 4, 6 A H7}
- 5% CO2 shaking incubatorell A4} 37°C, 100 rpmo.2 7L 3t 7]
- Ho] ,q]_L = u‘l ,q] ST 27@]
- 3 REESt] W 9 ZF A 44
- F9, F10, F8 vl A7} vleF 6¥5 MVCC 26.1+3.3, 26.5+2.5, 25.5+4(x10° cell/ml)
2 7M ==
- Control®] 79 glucose®} glutamine®] Z&Awro 2 7]& MVCC 14.9%10° cell/ml
o A} 17.8x10°% cell/mlE 2.9x10° cell/ml Z7}&

- 25 -



- Feed H7}2 <13 MVCCe A A9 5%9 o] 24.2%x10° cell/mlZ Conol

H) ko] 6.4X10° cel/ml %7}
- MVCC 9] 5%ellAl x %2 3¢ 0.03 h', DT
0.038 h', 18.1A17k1 Bl Hla) By AN, vk Hwke] A

HHF 214N 7S 2 Controle] z+zb

el 4ol 7hs

e

or
"
|

FE =—w—F9 —e—F10

4% B AEEAE

1Y 4.1 MAHIE A-oA BHK-21 A|ZEF2

¥ 4.1 iR HI7E @7bel 2]dF BHK-21 Al 9]
Specific growth rate( ) <} doubling time(DT)

F5 F6 E7 F8 F9 | F10 | Con
0.024 | 0.028 | 0.041 | 0.038

F1 F2 F3 F4

0.037 | 0.038 | 0.038 | 0.033 | 0.032 | 0.038 | 0.031
21.0 | 21.7 | 18.2 | 22.6 | 28.7 | 24.9 | 17.0

w (™
DT (h) | 18.5 | 184 | 18.3

- Lipid7} Z3+8 F92} F100] wjek3ule] o
M E aFA| lipide] H&o] F83 Ao =E A}
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Cell conc(x 10 cells/ml)

Cell conc [x107 calls/mi)

40.0

5.0

30.0

250

20.0

15.0

10.0

5.0

0.0

¢

::::‘ﬂ.-.'!‘-|Iibl.",=:#:EE;=:’1.1.1¢E‘='.‘:t

"
. -
oy .
~ e S
A . -

1 2 3 4 5 b 7
Day

—g=F9 =—e—F10 ——FB —Fh —e—Fl]

9 4.2 WA= o7 S 5F wiA IR A

100.0
90.0
80.0
70,0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

Viability {%)

- FAS} & wixZ7F=9] A7t 938t control®th Aol AAEHE Zer B
of, WA e} iR H7F= o) FE2Eo] Tasta AsH(LY 4.3)

40.0

S s ST TIEELY YUSE I
35.0 ".12'4" ¥ .l

30.0
25.0
20.0
15.0
10.0

5.0

0.0

Day

-—F —e—F —oF! ——F5 —eo—Con ——H

38 4.3 vjA"E7ME 93k 319 5% vl A H7ME 3} control
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B2 A 9 7=

o 4g WA BE B g;, %7}%14% 29 e w2 7E 2 9}
=
o EEAA O] WY, u}o]aaé o7} éxé%‘ 53]

# 5.1 F2WA 75 3 FAY HolHx HITS AT WA uA

HIO|2{AFE A Blalwpls
2= 2| S HYf 2FHE X £ L2
ProBHE -1(A) A
A
CD-BPM(B)
B
KCTC12945RP HH H=Z ()
AB M (73 A
AB Mix (5:5) A
PraBHE -EB A
:_.||':--.--_-* ______ + ______ *..'_31.‘_ _:___.‘-‘ 1000
180 "‘l o= S | 50.0

Viable cell cone (x10° cells/ml)
Viability (%)

i 1 2 " 5
Day
--ProBHRK-1 {A) VCD —=— CD-BFM (B) VCD - A-B=7:3 V(D
= A:B=55V(D -~ ProBHE-FB VCD

% 51 EFHA ] WE AT = 2 AEEAHE

o kst TEu|A A A:B=5:5 &3] A7} v 492 A =& AlZEEQ 15.38X
105 cell/ml 7FA] A A
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X
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ok 5 x
B. CD-BPM (B)

-

T

RS EARE S Y

R

kel
A, ProBHE-1 (A)

A £}

=

=

o ProBHK-EB(Enhanced batch)¢] 7
= 93

o ProBHK-EB

(LIS AR S TR ST T S )
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) o L ’ 4 %
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» . 1 e .

1By ma g wh Damo g
T A R 8 5 0 EQ AR

Fsl B iy
- L » - - = - ss =

L L ™
e T | B N
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L —
H_ﬂlf"_
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1% 5.3 TFEu) R o wh
Hl oF 39 EE Glucose} Glutamine 25 1244

T
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o ProBHK-1



07:3 T&u|A], 55 EFIA= WlF 44 FH Glucosee}t Glutamine 25 1z
o ProBHK-EB&= Wl &5 7FA] Glucose$} Glutamine i2zto] §l<
o CD-BPM & Glucose®t v 49 atel]l 1= 31 Glutamine 127 flo] vl T5

Average (TCID5sy/mil)

1%10° (TCIDsg/ml)

KRIBB

I8 54 FF A wE A vlolgl A~ 97 =A

oHjF 4% 5<P A ek & Al mlolg = H7t Hrt

o 55 &ujR|oA 80x10° TCID50/mIZ 7} =& ulo]lg]~ AAAE S HolW 7:3

E%‘HHX] ProBHK-EB7} 1 t}h&o & =2 ulola] 2~ WAL
oCD-BPM #Hi#]9] A% waA|wjA 7} ProBHK-1¥ W] ] & o
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6. 7AW FHITEAR

7F FAS AL Aol HIE wiA|Ql CB feedl ¥4 5% AW

o 7]1& 50 g/L CB feedl(pH7.2)o| A A" EA|H & H+—§— Aastr] fste] M=
A—]Xl—oﬂ _%]X%O] L:I::E_ }\4%

025, 30, 35, 40, 50 g/LZ CB feedl (pH 7.2)2 whEo] wjok 0Y o] ujoke) Hx tju]
5%E H7lsted A¥

g 100

s=s==f§==
Es s S S SEEESsE==my=-

= 80
— L)
£: S &) )
z £
< 4 50 &
E 10 ﬁ
; 30
1)
{ ]
0 1 2 3 | :
Day
—a—15 o/T. CB feed!] 30 g/l CB feedl ——35 g/L CB feed]
——40 /L. CB feed!l ——50 g/l. CB feedl
19 6.1 Cell Booste] =& AMxE AAA 9 M AT
T57F 35 g/l olstY wf, 83EA &= EE glo] BT 5%
onfjeF 4L A 25 g/LL CB feedl”} 6.6 x 10° cells/ml= 7V =29 gokRE 14 EAR
AESAH 7} 5€A 71 wol "o F
o Fed-batch ®joF& E3la], 25 g/L CB feedl®] EA|Ho] sidE Aoz HoyEM,

Osmolality g SAl fA38t7] $138ke] 25 g/L CB feedl& AH&
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7. ARu A o B3 vio] 2 A EH I}

7}, =AY A Al A (Standard Operating Procedure)

oThE HEF7|HF AHA HEE Folal, G8FQ VEolHS st BE=ZAYA
NAE ZAdste] A3 43

CHE FE U AZBHE ZA

o Glucose, Glutamine, Lactate, Ammonium, Osmolalityg =%

1}, Simple fed-batch protocol

# A A
1 | &gk23 +1] | - Erl flask 125 ml
5 R - ProBHK-1 28.5 ml + 1.5 ml CB feedl (25g/L)
- - 37°C CO2 incubatorell 4] warming
- 0.3x10° cells/ml
3 MNE HF - 3AIY o), 3~4Y ) Al =Z,
- AZE% > 3x10° cells/ml, ME&AG > 95%, HEH< 1.5 ml
- 200 g/L stock
4 Glucose # 7} & g
- HiF 2, 4¥9) glucose stock 0.6 ml 7}
. y - 200 mM stock
5 | Glutamine #7} ) .
- vl eF 2, 4¥ <) glutamine stock 0.6 ml 7}
6 Sampling MY NEs= 9 AZ AT =4
7 Termination - Viability 80% <
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40 1 6 - 20
4s
30 b 415
~10 € =
s o B
) 44 E —
E 2 1 E
W b = %
EW- S -:E 4102
E F & E
] B E
) ] 42 a
. l:\_,-".h
10 | 1°
41
ok 0 49
100 ¢ 400
o - 380
Eﬂls Hmﬂ
- E -
£ By 'mg
gm-E {320 &
) @ E
- S 4300 =
3 - =
Ol T d280 B
2 :
', = o 260
e o
wl = J 240
® 4 220
ol 200

Day
1% 7.1 Simple fed-batch protocolel] W& M 4% 2 WEEZOE £

oSimple fed-batch ¥i%Fe] ¢ AWAEEEE wF 4Yd] 9.5x10° cells/ml, A=
ST+ 95% o)

o Glucose$} Glutamine®] n12& &

oLactatex HW 33 mME FA &3, Ammoniume Ho] 1ImMS 9A &2
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t}. Fed-batch protocol

# A A

1| &223 +4¥] | - Erl flask 125 ml

- ProBHK-1 28.5 ml + 1.5 ml CB feedl (25 g/L)

2 Hj 2] =R , ,
- 37C CO2 incubatorel| 4] warming

- 0.3x10° cells/ml
3 ME HF - 3AIY o)X, 3~4Y v A E,
- AEXTE®E > 3x10° cells/ml, A|Z&A > 95%, F==< 1.5 ml

25 g/L. CB feedl, pH 7.4

4| CB feedl #7
ee Pl ujop 2, 4900) CB feedl 15 ml @7

200 g/L. stock

5 Glucose #7 §
’ HjoF 2, 4, 799l glucose stock 1 ml 7}

200 mM stock

6 | Glutamine 7 . N
' HjoF 2, 4, 790l glutamine stock 1 ml A7}

7| Sampling MY AEsE 9 AE $45 23

8 Termination Viability 80% <
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40 14 6 - 20

12 F T 45
30 | 8 /‘ 415
c S0} s =
3 1*E =
E ( o
— ey 5 @ E
U A E =
8 g £ £
g2or % ' 1°§ 1"E
S Eﬁ.- ] E
il | . \.-\ -2‘- H\:;
10 b 45
4 1
ol 0 19
100 ¢ 400
E < 380
T 4 360
= S S
i “> -3414}.:_;:
Egﬂ-b 132{' D
=] ] E
= E o300 =
s | B
O L B - [
wE 3 280 E
O 2 4260 &
9 o
wh = 4 240
® d 220
ol 200

Day
19 7.2 Fed-batch protocolel]l w2 Ax A% 9 welEgo]E 4

o Fed-batch Wl%e] A<$ A Mok 499 10.9x10° cells/ml, A% A=
= 95% ©|%

o Glucose?] 7% vjoF 4Ll A= wjk 2, 3, 4¢9] 1 ml 7= HH

o Glutamine®] 12 Qe

oLactatex= Ho) 31 mMS B4 %3, Ammonium<S HW 12.6 mMS 94 ¥S

2
.
off
bt
rlr
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2}. Simple fed-batch®} Fed-batchul & 8] L
o HhAMZFEE=MVCO), HANEZEsE =2 HiYd, AR £5(w), AE Az

(DT, doubling time)& Hl L

7.1 Simple fed-batch¢} Fed-batchu]<F B]wl

Simple Fed-batch Fed-batch
MVCC (10° cells/ml) 9.48 10.9
MVCC day 4 4
w (h-1) 0.022 0.024
DT (h) 20.7 19.9

o N4 FA4& T = Fed-batch: 0.024Z Simple fed-batche] 0.022Rth =& o wE
o Al ZFuj A7k Fed-batch7} 0.8A1%F o m-&

nf. 2 L vlo] 2] AE|o|A pH 348 &4
02 L vo] g HHE o] &8st widFaA pH =4
o Fed-batch protocolel] w2} 43

050 ml/250 ERK flaskE ©] &3t 6~12A1%F ZFE S =2 p

ftlo

g

T
Wl
|\
o2l

- . —;
50 mli250 ERL flask 73 \ . } 5
-[] \ 6 %
A : s
pH &% :e~12mr 2ty | | ! . 4 2
N 5 & ...' . L : :
5T - ..‘ .F “. 1 ::
pH profile & 4| 66 " 0
0 12 24 3 48 60 71 R4 96 J0R1Z0132 144156 16F 1 B0

19 7.3 Shake flasku] ko] M3 5% 2 pH profile ¥4
vl Flask pH profiles Hlo] 2 2] HE uj el A&

oFlask pH profileS wlo] @] HE wljeFol] L3}, 7= W2l pH7.2Z AASHA

FAske] wjFstAdS AS-9 v

- 36 -



Izl--g;':--l'-"'—"*i--::l_ 1]

i Bl
2
= -
- &
Y L 4
-— Al e
M &
- T
- .
= & =
5 X
-
. T
3

1]
i 1} 24 36 4F & 72 R4 06 D0R 120 132 144 154 168 JRE 197 204
Tems (hawr)
=e—Flask pl profile =e—=pl 7.1 continnmus == Flak

19 7.4 Flask wj%F, Flask pH profile %8 wlo] 2 g]<h¥, Continuous pH # &
Ho| R 2R Y M A 9 Ax 4% Hlu

] CEET

P“Lm
{
|
|
{
i iad e f—————————————————————————————— R T = I -
L] | o8 a3 .9 L oLl L8 LS ) L FLLN i0.9 inEe g4 i HLE W 180,09
Continuous pH7.2
= EOIT
. ]
& MO0
|
1
k-1 | _no
| - . "
| mn‘ Mﬂ" ; .Ff- g
' \ - e 11T
| P " ’ i ik
5| oL
1
|
1
o954 00
1
|
| s
. inap — e
.__-"-
1
{ e
P B e
T L. W 3 BE.u -.a ap.a Ta.0 L L .0 b | &1 . IE.m is4a 1.0 e 1.0

a9 7.5 vko] 22 AE| ] pH control
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oFlaskol Al pH profilee Z83t3AS 4%, pH7.4Z AJZFsto] 24A13F S7E Hojx]7]
A ZFste] 60A1ZHRE pH6.791 4 pHE.9AIC] 2 FA]E

oFlask pH profiles H}o] 2] HEfo] & &3l pH7.4E A|Zreto] 22 & pH6.87}
A AR EF wjeFstal, 11 o]% pHE.8& FAIStE=SE 1 M carbonate &4 & pH
zZdsto] v

o Flask #i<¥#} Continuous pH7.2 ¢ 7%, vi<F 4o 9.5%x10° cells/ml7bA] A5k oL}
Flask pH profile> TR T 24A17ko] A|AHE 5¥d HUAXE Fx =23

o HYAEZFE EEstE A2 2443 =AAR AEZEPEANA = vl TL7HA

90% o4& frABte], ME HPHS 71

Al Hlol 2 2 E Bk HEHEZO|E &4 Wl
onlo]glHE HjFe] Flask pH profiles* 3 Continuous pH7.28% 2] Glucose,
Glutamine, Lactate, Ammonium, OsmolalityE =%

Flank pH grofile Continuous pHT .2
L ] 7 - 1. B T 1F
] | [ : |
a i ] L ] e [ | -
| £ [ ] - !E E E g A ST — }E £
== 3 A 4 15 - RN . 2
i 2 - - ] : |3 ; i “ . - E
» N - J
L ] { . P, . L o I \ o 5 -
- L| - u » | { .'l'u | &
¥ ¥ o u B o = Y L 9 ¥
L] ey e T ey = — - e [ ll'l.-_-_:_—-—-c:)-ug_:-__.---'ll
¥ T 1= = N e ol Jmm
= i_ B ¥ st . 1 D ™1 E Bp / "-_—."-""". o4 =
= 1 = o - E .- =
: |+ PP e |+ -\ 1
EEF nE m 2 P o E = 5 rl
= = - *E =] = ] ko]
> i -— = o ] i g ¥ R
= |= & ™ » - = 2 B
a - ! o .; a 13 1 3 J E ) ;
= '; o o .; (w] _-_.: / A =0 g
=t ¥ , . LES W g . L
L] dms L] 3 rm
L a— i [ N . o
' 1 X [ 1 1 1 1 1 5 [ T 1
Cimy Thay

1% 7.6 el 2 HE o MEHEEO|E B4

oFlask pH profiledAoAds #iF mpAH71A] Gle, Glnel zZe giglornt,
Continuous pH7.28 oA = vl 2¥9) Glcrt v d E

o Continuous pH7.2& Ao A= Glc &AF7} vl$- w231, Lac7} vleF 3o 70 mM ©]
qo 2 IEdtA %ol Baserl #F Eoiztom, Osmolality®= wieF 3¢ o], 340
mOsm/kg ©]7do] o] AMEZZFFE7F v 5 olF F435HA oA

oFlask pH profiled# o] Continuous pH7.2& A Kt} HElElo|E ZHoAE o-A

o o]Fo]
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oHlo] L AE HFNHE 27 AX EEE 0.3x10° cells/mlol 4] 0.4x10° cells/ml
EE 1 ooz w9 7]9] lag phase XS Fo]a, pHE 313HXS 6.8914 6.9

2 FAste OsmolalityE @Al FAstEE 38x20e WAsty dd+3d

of. WA H7l=e HI} T%

onfo] P ME| FAHANA <
Glutamine, CB feedlZ 3t

o Shake flaskE o] &3l vk Z7]9] Glucose, Glutamine, CB feedl®] %<& &gl s}]
3k ol H7bste] vjF

oulF Fol AIHEE BohA BE

FHAagstr] fstd wigzr]o H7FE<l Glucose,

X 7.2 27 H7ME A7

A7V (ml)
Glc-GIn-CB Glucose Glucose CB feedl
ProBHK-1
feedl (200 g/L) (200 mM) (25 g/L, pH7.2)
5-5-5 27 0.75 0.75 1.5
5-5-10 25.5 0.75 0.75 3
5-5-15 24 0.75 0.75 4.5
5-5-20 22.5 0.75 0.75 6
10-10-5 25.5 1.5 1.5 1.5
20-20-5 22.5 3 3 1.5

a9 7.7 27) AUVEY HAbg AW
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z719 HIFES AW HIsE S 74§, lag phasert AojH o} 5-5-15
ol A mjeF 4ol 11.5x10° cells/mle] HuAZEF = =E3te] 7]& Fed-batch
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N Csmolalty mOsmkg)

A
gml
EEW
L] m
— S 3
o — .
.E. e e )
jiﬂ
= . .
El ]
i d
g ol
= P -
. l. . . - —
F — . i ; . .
ey

13 7.8 5-5-5 v eF

0 5-5-5 Y} 5-5-10 Wi wi<F
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05-5-15 WYL Wi FEU7HA Gleo| 7L %izb} Ine 4 5E 12y
05-5-10 Al Wi FELY7FA| Glce}t Glne] a1zo]
o Osmolality+= 340 mOsm/kg °]3l=2 X2

lo
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010-10-5 Hj ¥} 20-20-5 vl ¥ Glucoses =<2t Glutamine %7} # =34 E°7}
HjF w97k A] A=A s

oujeF 0ol Osmolality7} 340 mOsm/kgo. 2 =A AFEo] AL Z71ste] AX =2
of oS v

ZF. CD-BPM  ZZFuj| A 2] vlo]| o g]ME wlF 23 38

o CD-BPM ZTZH|AZ o]|&3 1 L vlo]log]oe wier A 3

o CD-BPM #ZH|A| = o] &3+ 50 L vlo]oalE] wjeF 24 33 2 ZAo nlo)g
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1L reactor (-PF)
0.3X10° cells/ml
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1L reactor (-PF)
0.5X10¢ cells/ml

;\ f: _:'
| i-‘\\!&

|

] ¥ [ i
oy

Criwmnat @kt [P B |

FEEFERRRERRRT

% 7.13 CD-BPM & viA| Y flask #j = 1 L vlo] 2] AE] vl

o Flask vl o A= CD-BPM X Zu] A9 Pluronic F-68(PF)o] $lol% Hjek 49 =)o
10.5x10° cells/ml2 =&

ol L utolegdE oA PF7} glod HE 2o A#glol wi¥ 49xte] 3x10°
cells/ml o]st&2 Aol AAEM MEZLX o] W3t
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19 7.14 Pluronic F-68 #H7}e] w}2 1 L nvlol ] HYE v

o CD-BPM 3w Aol Pluronic F-682 1 g/LZ H7ISIR S 74 Hiolg]HE ujdk
Al ek 3 xpoll 10.4x10° cells/ml M= 34+

o Pluronic F-68 H7}S %3lo] Lag phaseE ©EA#A HuA|EE 5o o2
GE7Hsst AZEHAES 90% ol Fe = g H

NZE

rr
fllo

1L reactor (+PF)
0.5X10° cells/ml

1) 1l
1] 1]
i |
it -

19 7.15 Pluronic F-68 H7}o] w2 1 L nlo]| )M E vk wElETolE B4
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050 L mlole g HE 9] 12} njoke wieF 382} 8.3x10° cells/ml 12 wiF& wiF 3¢
2} 10.8x10° cells/ml Al X% %712 A%

022} Hj ¥l Z7] Glucose} Glutamine®] <Fe] Z+z+ 0.7 g/Le} 0.9 mMo] Ao,
v oF 294} Lactate =& ko] 13 31 mMollA 23k 26 mMZ &9 &

orfF 3¥A AE FE 2oVt U o]f=E Lactate SF 2] Ho] MEAA AV}
°oFgt Ao g AlRH

8. A S3AEFE HAIYEE SEAEF HAES =YL=

7t A= A% Bl

oA FAY WA AEF KCTCI2945BP9t AR Fao WA A
32521 BHK-QV34, BHK-QVS429] Mx A4 2 ANZ&AHE=E Shake flaskol| Al vl
'{531—

oAl MZEF =% e wjgko 7 gk Al XEoln, KCTC12945BP¢t BHK-QVS42:= -
7 wiz|, BHK-QV34= @A wjA oA H-g3te] A&

Rl ey TTTT SRS 100

- PR T e T
TR, bl Lol L

“ 80
%

"

E =
0 .
— o
l:]d o
5 60 i 60 2
5 :
2 40 40 =
0 =
- o
9 20 20 o
2 o0 0

1l

= 0 1 2 3 4 5 B

o

> Day

—-KCTC12945BP —-BHK-QV34 —e—BHK-QV542

% 8.1 S AlEF A4 vl

o KCTC12945BP M 3£F9] 7% wieF 494 6.5x10° cells/ml 74#] A43tw, Ax4
= 95% ol +AH

o BHK-QV34¢} BHK-QVS42:= Wi

O

490 Z+z+ 21x10° cells/ml (88%), 2.3x10°



cells/ml(83%)Z A <A AEF2] 4o o FFo2 A
U dE% vlu
oHje 3Y Y 4Y o FEEE =H
odegEE HA MEoA 3/ o) T AE HIES W FhY
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80
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H

wl 40
o

20

0

KCTC12845BP BHK-LIV 34 BHK-L1WV 542

® Day3 EDay4

19 8.2 ESAEF FEE M

o KCTC12045BP= 421714 80% o]4+e] HME =2 717m. BHK-QV348} BHK-QVS42=
ok 40 70% A5 FEEE K

o%eko @ flaskE RS w), KCTCI2945BPE= AMZ E3 @ibo] molx LA,
BHK-QV349} BHK-QVSA2= S9to 2 stold Axz 53 d4o] Uey

oME FR AMNE AEF SAHE A ¥, TFAHA AHE ¢

e 'a A=
b | | N
PUEI} Had WolsolA Ral MEEET A AT F 9T ATITHEE W
H

O:

L= S A s L S B A

oMEZ Fzbo A Ude MET @Al Fibronectin, Collagen 1, Collagen 1V,
Laminin I, Fibrinogen®] & kS vl

o B2A|EQl WT BHK-21 AlZ¢} E3] MEFE Hlw

o BSA= negative controlZ A}-&%
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Fibronectin =~ Collagen]l  CoBlagenIV Lamiminl  Fibrinogen BSA
sAdherent BHK-11 wKCTCII3BF #BHEK-QV4) =BHK-QVS
a9 8.3 BeA®EFe] AxEn Rdua ¥m

o RZA zol va) AeAES] A% RE B guldo] 50-80% AT 1Y
o EFAEF HlmME T8 i AH-$® KCTCI2945BP9} BHK-QVS420] A]
&% wiAol =¢¥ BHK-QV3RT Ratghulze] wdo] ZolE dAHS WY

e TAY wholei s Y44 W
oWl 4QA BE AEE HFdtel, FAY wolgx itE Z

oZt7} 7199 wiAE wA WA Z AMEste AF 43

L A07 (TOTRS0 ml)
(¥ BEES - T - I - ]

= o b W e

KCTCI1204SBF  BHK-QVM  BHKQVS42
1Y 8.4 Ss|AEF9 Hiolg 2z Hrt vl
o A wHiolgl~ Yrk= KCTCI2945BPoll Al 8.5x107 TCID50/mIZ BHK-QV34$}
BHK-QVS421x.t} oF 8 &2 97}2 vehfo] KCTCI2945BP A7} wi Al 44k
TE e 2Y
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9. 71 &ulA A

7}. DWPZ o] &% BD T2 EES] A AW

013%¢] CD (chemically defined)®2} 14%¢] AF (animal component free)w]x]E DWP
(Deep-well plate)& ARg3te] 1a4 02 wj=] A

024 welle] DWPE A&3}o], ZzF welld ®iA] 4 ml& ¥ 300 rpme 2 HEka) ok

oulleF 0, 4, 7, 10¥o] HNEZsE =A

onk 4, 790 4 mM glutamine®} 2 g/L glucoseE 7}

oHjA] M 7]FZL "l 49 A 10x10° cells/ml o], AXIAHAE 90% o|FS =3
=2 44

!

Hﬂiﬂlinl lﬂlllll“l il

AL I 2 ¥ B P
fffffﬁfﬁf’ﬂ Sfé g.ff.-*.f’f,-f S

i

BV BTEWT EDTWD DT

% 9.1 DWPE o] &3 Z2EEY HjA A4

WL [ I Sl |

oCD Hj=] A
- vl 49 AM Mz FErF =2 CD30, 35, 429 Hj<F 7oA AELs=r 7 =
< CD25& AWsle] scale-up A&

o AF wjA] 48
- ZEEE]] #jA oA Bl TN AlZFs=rF 7B =& AF20, 325 A sh
scale-up A&
- 71 OE A4 MEFAA JIEEJAT BDAF viA] F, vl 490 MEFE
7} 7M=& BDAF6_v3E A A3} scale-up AlE

o 7] Euj A Ql ProBHK-13 ®lwstR<S -5, MY 49 AExs=7F § & WA= 9l

[e)

=

- 48 -



1}. Shake flaskS ©] €3t BD Z2EEY wjA AW

o DWPoll A AHHE 452 CD wjA|(25, 30, 35, 42)¢} 352 AF ujX](32, 20, AF6-v3)=
Shake flaskE o]&3ste] A

oHlF 7YX wWld NEFE ZH

o] d metaboliteE %3l glucose= 1 g/l °]4, glutamine2 1 mM ©| A

%#JJJJJJ#

& & & & ¥ ¢

BIOWCD BIMVYCD BVCD s0OVD sDLVID = DSVID @VED = 0veD

19 9.2 Shake flaskE ©] &3 Z2ZEES] A dEAE 55)

-«. & < o £ ]
v 4 &

& & & & L v

ED0Viah w0 viah S0V SDivish S04 Vial ®0Sviah SDEYish =07 vish

% 9.3 Shake flaske o] &3 ZEEES] iz AEAE d45)

e

Vishsllity %)
E

K

8

o w2 EERY WA AolA 7 RuAQ] ProBHK-17} Wl mal RS A%, Mk 4LA A
ot do} wie] H¥ JHE 5 Ax 4L ¥ Bavt
1F

A=
oujR o] AEZE 93 =R EEY WA A CD 13} AF 1£S AW

oShake flaskE &3t scale-up Al @olAE= CDHIA = % 497 MEEE7} 74 =
© (D352 AWstg I, AP AE wlek 497 Hazess 233Ho= wHg
st AF20< A%

o DWP2] E437 shake flaske] AMEA% dele &3 UA A& 2SO 2 @3
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X g

=k
A=

i ri 1>

Sabo] wlx 42

L0 F AT}V
REBY A ZLdskE
|4 Hholel 2 7

=

AeYstr] A, A1 H}Olﬂ%.’:-‘ﬂ A 37k
ol Wefj=l= A 75 I

r:} BD =2 =elq) iAo A npole)s v} 24
o AF wjx ¢}t 759 CD viAE T4 97} A3 43}
oShake flaskE o]&3ste] AEZARS] AAPES &< 5, FAY violej =9 d7p =
3 AEe 59
# 91 ZEEEY wx o EA
) Osmolality Glutamine Glucose
Media pH
(mOsm/kg) (mM) (g/L)
AFL 20 6.9 323 5.01 5.56
AFL 32 6.9 324 5.07 5.78
AFL 100 7.5 310 7.24 5
CDL 13 7 317 4.96 5.7
CDL 25 6.9 317 4.61 6.03
CDL 29 7 321 5.06 5.9
CDL 35 7.6 315 4.96 6.2
CDL 42 6.9 319 4.94 6.17
CDL 43 7.6 324 4.96 5.56
CDL 44 7.6 315 4.89 7.38

onlolH 2 7} Ao A8 wiA2] pH, osmolality, glutamine, glucoseE
= 737, CD35, CD43, CD44¢] 7% pH7l 7622 =3kom, AFe 4
7.2 mM=E 71 o] FH71Eof

]
]
i
¥
i
L]
B
]
]
]
b
]
I
i
)
1
I
¥
]
| AFL 20
L

villamid)

Vialds voll cniw (il
i | -
e

[ ——

FruflHk-}

% 9.4 uholel s o7}

A H=

o] o

|I'

il

CE

=439

4% glutamine”}

‘i

CIM 44

- B
II"‘ '
o COL &3

A& —?—lf?} Shake flask A FAM X %)

oAl AR EH-& AFujA] 203 3294 7] BB A2 ProBHK-1 HEt} sjefF 444 A&
=57} 1.4%x10° cells/ml B =4 Aetx, 1 o]Z wjek 6¥7-2] 11x10° cells/mlo] A+
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o7 XAk

o CDH A 2] 7%, CD35 Bt} CD429} CD44ollM wif 4¥8A AEZ F=7F oF 1x10°
cellsiml ¥ &<

o CD 44%= wjoF 794 10.5x10° cells/ml7bA] A &stH, 712 CDHIR| Rt} S3+ A
4% 58e A

b

.
6
5
= 4
-
o
2 3
= 2
1
0
AFL 20 AFL 32 CDL 13 CDL 25 CDL 29 CDL 3% CDL 42 CDL 43 CDL 44
'n"ﬁ;‘:;'d" 482 SO07 S6 2 S44 519 526 2 S63 0 28 519 L19
SChamgrdmedia )7 sS4 575 S® 519 S S8 600 S88 644
(ProVero-1)

8 95 TR EEY vjA 9] vio|zl A drt =HA

ol 497 NEEEE 3x10° cellsimlZ dAHSA ©& F, FAG vlolg = 97t
=74
o wAMIAIE M FRY WA EZ wASFAS B 718 WA Q) ProBHK-102 nl A3}
A= 455 vl
o WAl A4k FAHAA WAMAE MEE AT WiAE wAStE s 7R S%
2 3
o AF vjA| o] 74 v A A&l ulolgj 2~ S Walstes AES gle Zor wiy

o] AF20& WA F& Zste] ALE3
o CDHjA| ol A} A3 AdAo] Z¢kE CD429} CD44o) A npold 2~ ¢717F ©+& CD #j A
Ho} 50% ol dri7h EojEY wiAl ARl A JA AAIE EAEE o=
AR
oThE CD iAol A e 53] wolgix el 4F S F= ARV 9

=4 How ¥
wo] CD35E HiA A& Aol A8

s

rr
o
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® 9.2 Z2EErq] wjA o) vlol# s A7} &9

Brand N MVCC Virus titer Virus titer
rand fame (10° cells/mD(day) /BD /ProBHK
AFL 20 11.21 (do) 4.82 (8) 5.13 (10)
AFL 32 11.64 (d6) 5.07 (D 5.44 (8)
AFL 100 3.54 (d4) 5.63 (D 5.75 ()
CDL 13 6.19 (d7) 5.44 (3) 5.69 (6)
CDL 25 7.77 (d8) 5.19 (5 5.19 (9
CDL 29 6.43 (d8) 5.26 (4) 5.69 (6)
CDL 35 5.15 (d6) 5.63 (D 5.81 (4)
CDL 42 4.85 (d4) 2.82 (9 6.00 (2)
CDL 43 6.37 (d7) 5.19 (5 5.88 (3)
CDL 44 10.52 (d7) 1.19 (10) 6.44 (1)

10. E3uf=3 7}

7h AF20 Z2EES] wix o] 4% A3

o AF20 wj=]e] CD H7I&E% HE HA/MES AHEstd wiA4ES 43)

o FYaTAH BHE Tt MEAR T uEd wA AHEE6M, spent media)S 7t

ste] WA HEE 23t

FiLKF
THERY

& = o

B BB

B
=

WD [n 1056 collyfmil )
=
E =

f" P4 &

?JJJJJJJJ

jjjj,

J"fﬁ.f"‘

il
i

11'5 & a"f .ﬂ‘! v‘f 4 F'F' f*"_'r ;—*&- 4
-'! o
&

13 10.1 AF20 HHX]«] ‘é:‘fr: 5]—%? iy HHX] AHAMEZ 75)
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bE T
T O

LT
1
E ]
il T
’ Ll W
L]
WL
i
[ Sl
Lt

'h

. ffff*’f’ffd'
f-f"’x./fx s S 4

¥ & ¢
ifl

mhivied BO)Vied 00 WVieh G0k @ 0dsh 8§04 WVeh @00 Vel

% 10.2 AF20 wi Ao &3S T3 WA AEUAEZ E4E

o AF wx|o] Z+& HIJIES E3F Hjx] RS 735y

pal o
AE A7po] WBo] Eoby

< 749, ProBHK-1 ®jA] Rtk

o T RE2 iAol A i 49A HAE 71EA 10x10° cells/ml o] FS AL, AlES3
AEE 90% ol A

o AF 20 controlell A 7] BD9 shake flaskujeF Bt} o =& AX AL HPoH,
CD Suppl, peptone blend 2, 3, 4, 55 H718l¥E A%, w1 5¢# 16x10°
cells/ml o] A3+ 2

oCD supp2& H7lst9<
A e MEAZZ 4 F

A9, AZ Qo] wow FojEE o mel, 54 1)
FFL F

U AEE D ZEEES WA 4R 75

oCD 35 Hl Aol CD H7HEE AHgdte] MAYEL B3

cFdFLTAH EME B3 WidHAA T A" A AJE(SM, spent media)e 7}
st A AES 73

oCD #j#| 2|, DOEE & ®iA| blendE Ah&3ste] Al e AIES
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0o
. |

i

S YA A VAN AV AN &Y & A
,e*‘f Y ,&*'# VARV I A Y
o4 a‘*’*\ §d & T8

& ¢

B00VCD WDIVCD BDIVCD w(IVCD w4VCD w0SWID mDeWD w[7 VD

719 10.3 CD wiA o] A&243E T3 A ARUA=E 55)

FEE LSS ,,@"1 @f

WOOVab DIV WO2VEh WOIVh WDAVED WOSVEh WOGVib WD7Vch
719 104 CD wiA o] A&2A3E 3 WA AEAZ 24 5)

ot o] CDHjA A, #iA AE71EQ] wek 447 10x10° cells/mlo] ¥ = whof

AR 53
o CD35 controlell ®lm3ale], W= AES 743l3tA S uf viek 4L A 5x10° cells/ml ©]
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& ARt AEAs aRE B
: CD35+Group 10-concl, CD35+Group 10-conc2 |

o AB CD44v2& HjoF 497 7.8x10° cells/mlZ CD A & 7} & AZzA4S B
Q)
08F°] CD Hjx|e} 8F2| AF HiAX2 FAY wolgjx d7F 54 5, HF AEd W)

Az WA A A3tE st vjA A8 5% J|Eo2 B
DOE1, DOE6, DOEI12, CD35v3+SM Supp-conc2, CD35v4+Group 10-conc2,
CD35+Group 10-conc2, AB CD44v2, CD35 control
: AF20_CD Suppl, AF20_Peptone Blend 2, 3, 4 and 5, AF20_SM Supp, AF20_Dev
CD Supp2, AF20 control

ot AR Z3lE wR e AdA Hr)
0 8% AF A Z shake flaskell 719 AAA &<l
3}

08%2] CD u]A]Z shake flaskel] 714 AAA 3l

% 101 AgE JEZSAA] 9y B 54 B4

Media ID Data Review ID Lot pH | osmo(mOswkg) | ghcose (L) |glutanine (mM)

AB AF20 AF20 Cad 170309 6.96 m 68 6
AB AF20001 AF20 CD Supp! 170310 6.96 0 68 6
ABAF20002 |  AF20 Peptone Blend 2 170311 696 33 68 6
ABAF20003 |  AF20 Peptone Blend 3 17.0312 696 33 68 6
ABAF20004 |  AF20 Peptone Bieod 4 170313 696 (5E 68 6
ABAF20005 |  AF20 Peptone Blend § 170314 706 3 63 6
AB AF20.006 AF20_SM Supp 170315 696 323 68 6
ABAF20007 |  AF20 Dev CD Supp? 17-0316 718 313 61 6

AB CD35 CD35 Ctl 170283 695 331 6 6
AB CD35.001 DOE! 170303 695 33 § 5
AB CD35.002 DOES 17-0304 695 331 6 6
AB CD35 003 DOE12 17-0305 695 331 § 6
AR CD35004 | CD3S3+SMSuppconc? | 17-0306 715 319 56 6
AB CD35005 | CD35vd + Growp 10 cond 170307 6.9 34 55 6
AB CD35006 | CD35+ Growp 10 conc 2 170308 695 331 6 6
AB CD44,001 AB CD44v2 170302 12 328 ] 6
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20 AF media
18

16
14
1
1

Bl m] B2 =3 ml m5 m&

AF20 | AF20 C AF20_Pe AF20_Pe AF20_Pe AF20_Pe AF20_S AFZD D

ptone | ptone = ptone = ptone
Col D Suppl| gie) Blend3 Blend4 Blends M SuPP Supp~

m0 035 032 | 0355 0345 0375 | 037 | 041 @ 0305
ml 0815 0705 07 085 088 | 078 | 0905 07
m2| 277 | 2685 | 246 | 3 | 2995 | 311 | 3275 | 2835
m3 7115 6545 | 668 @ 777 | 777 | 8355 | 7595 | 6875
m4 1101 1122 | 10315 1094 11015 1236 @ 11095 9025
m5 12685 1906 @ 1691 @ 1397 @ 1643 13705 1199 744
m6 9995 951 | 11125 9455 985 | 9135 856

29 105 vlold 2 97 =4S 93 A¥E AFu x| 9] Shake flask A/ FHNE =

Viable cell conc (3 109 cells/ml)
—= | 3 ] =& o [r.a] [ |

AF meda

ABAFXY)  AB AB AB AB
AF20.001 AHG.[?-[I!J AE{F_ME APGEHM AF0005 AF20006 AF20007

)
W A= [ —
s &£ 2= 8 =

Call Viabihity (%)

=

alnlnledndndng
19 10.6 vlolH 2~ drt A4S ¢33 AEE AFWlA] 2] Shake flask A/ FHNE S
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o AF20_Dev CD supp2E A2l3 UmA 2E AF ®jAolA wgF 495 10x10°
cells/ml o] AR, MEZEHE E3 5% ooz FX3H
o MiZ A gk uA &A= Dayd > Dayd)
- AF20_Peptone Blend 5 > AF20_CD Suppl > AF20_Peptone Blend 2
oHjF 4L} A Z FE
- AF20_Peptone Blend 5 : 12.36x 10°cells/ml
- AF20_CD Suppl : 11.22 x 10°cells/ml
- AF20_Peptone Blend 2 : 10.32x 10°cells/ml

10 _
CD media

BE0mElm2 23 md w5 m6

llﬁll‘ iill‘ | || li‘ll ill ll“ 1|I| il II

e

Viable cell cone { x 109 gells/ml)
| B

0
cis \ _I_’E:‘I‘ CD35v4 CD35+
Carl DOE1 DOE6 DOEI2 Eup[:; Iﬂ(}crzsfb Gzz:p 10 CD 4 42
concl

m0 038 037 043 0.42 0445 0.39 034 0.445
m] 0.565 0.87 0.755 0615 0.93 0.79 0.6 0.695
m2 106 3.06 2.67 2255 | 3525 | 2.045 | 2005 1:12
m3 159 3.51 3805 5195 5805 3.82 3.095 1.68
m4 2075 476 3403 3.68 7.095 537 4.15 2.19
m5 324 455 4.05 428 6.21 6.58 5795 | 3235
m6 4475 7.6 6.155 | 6045

19 10.7 vlolH A~ 97 =S Y3 AEE CDHEjA 9] Shake flask A FHE 5%
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=

—

Call Viakality ™0

—_—

CD medha
100 - = = =
. s
"
0
AR AR AB AB AB

AB (D33 : AB AB
(D33001 CD3s000 CD35003 CD35004 CD35005 CD35006 CD44.001

eimimlndndning
19 10.8 Hlo]H A~ Hr A4S Y3k A8 E CDuiA| 9] Shake flask A/HAE A 5)

o CDHj A= wjeF 4¥x 5x10° cellsiml &F7FA A&+A] E3 1, DOE1, DOES,
DOE12 wj x| A wiF 494 HNZSH=7}F 90% otz WH

o CDHjA o] 75 WA A&e] A3 & vz HI7ME LS st HuAE 555
2% $£2(10x10° cells/mDo 2 =Y Fardo] &

oM A fElgt wiA] &(FA<E=2 Dayd > Dayb)

- CD35v3+SM Supp conc2 > CD35v4+Groupl0O conZ2 > DOE1 > CD35+GrouplO conc2
oHl g AU} AX FTE

- CD35v3+SM Supp conc2 : 7.09 x 10°cells/ml

- CD35v4+Groupl0 con2 : 5.37 x 10°ells/ml

- DOE1 : 4.76 x 10°cells/ml

- CD35+Groupl0 conc? : 4.15x 10°cells/ml
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o WA= M EE

=

o
2J
)
=
X
Lo
-
N
18
T
=o)
)
Av:)
[>
18
N
N
Ay
ol

[o
oft
ot
=

R

3102 7AY welE 2 97 S8 AR A u

azs | iz | ONSESA | ayga | EEESHE
KCTC129458P 5% C8 e HA A= ° e
BD HiX] 163 o BD H{X|] 165
# 103 FAY Hlolg = HF AL AE 5 2 AZEAHE
x| Viable cell concentration Cell Viability
(X105 cells/ml) (%)
AF20 Ctrl 11.6 99
AF20_CD Supp1 10.72 99.1
AF20_Peptone Blend 2 11.49 98.9
AF20_Peptone Blend 3 13.29 98.8
AF20_Peptone Blend 4 12,66 99
AF20_Peptone Blend 5 13.01 988
AF20_SM Supp 12.89 989
AF20_Dev CD SuppZ 9.47 96.6
CD35 Ctrl 4.62 984
DOET 3.16 94.1
DOE6 4.01 898
DOE12 338 934
CD35v3 + SM Supp conc2 6.97 99.1
CD35v4 + Group 10 con2 5.55 988
CD35 + Group 10 conc 2 4.5 97.3
AB CD44v2 4.22 99
ProBHK-1 6.57 984
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1x10* TCIDS0/ml
I
~ I
e —"

& & o ;
L™ 5] ™ - Loy L5 oy ' o) 2 o “0 =
9V F T T TP T I IS SF
‘ O A R I A S P O &
@ a2 - @ G o S, T
e e, S S G S, L
= 3 (€ - < < Q'{ \\ @
e - - o & A
; = ¥ 4" A e X
P A A ™

a9 109 A2 A o) FAY whelH A H7F Bt

o CD35v3+SM Supp conc2E A 2|3k thF-E2 CDAE wiA oA AF wjA] Bo}p -3
Hiolgl 2~ 97t HY

oCD A& 749, DOEAIE HlA| 3Fo] MEsErl g% E73tal ProBHK-1 Hj
ARG =AY FARRE vlol2l2 IS B

o AF Hlx 9] A$ Ha ME 57} 10x10° cells/ml o) o g2 AT EFsla
Az vlolg) 2~ AL S Uehdo] nloll 2~ HY AR e vpolE 2~ FA o
A2 7E v A o] EAetE Aoz Ao

o Osmolality A
- AE7stE AF9} CDwiAl dif-+< Osmolality”} Cell BootsE& =g3ta Sl
ProBHK-1 s}z ®2.t} ¢k 20~40 mOsm/kgely &=
- ProBHK-1(CB feedl) ®jx]¢] 4% <k 2925 + 2.7 mOsm/kgZ 340 mOsm/kg ©]
2L o AEZAZEAM T F
- AF wx]¢} CD ujA1¢] ¢ 313 ~ 332 mOsm/kge] Osmolality® 8 ¢1E 713

o FA Y WAl Aiko] FE g A =9
- CD : DOE1 > DOE6 > DOE12 > CD35v4 + GrouplO conc2 > CD35 Ctrl
- AF : AF20_Peptone Blend 3

rr
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11. WA A 7= A
7} AR H IV E A
o AHIMEE BE AES ¢ F d= CD AE MAHNER AT
oCD A€o WA AH7IE 20 & DWP([Deep-well plate)= 1z} AHE(DWP studyl)
o1z} AEH HiA H7HE-S DWPS o] &3le] sx AHDWP study2)
oStudyl, 2& %3 A¥EE wiAHIEL HI/MEY FEF Shake flaskol|A ALY
ste] 37l e A ¥(Shake studyl, 2)
o w2 M 7HE AEDWP studyl
- &Y RO WA HIIES Y 2, 4L4A vk FIiH] 10% H 7t
-7 FY WARTHE AR

L

1]

WEE [n 1048 cnlafiml )

=
- - = @ a

it b

& D s a P o
"J “! ‘f ‘# "t ‘f ‘f “. “’ \‘P Jf \"‘ -..,f \“- l.“. ﬁ! -.": t"ﬁ \‘# '."‘- t‘p fﬁf
y-
£ &
& &
EO0VID WOTWD @OLVD mOYVD

I3 11.1 DWPE o] &3k v A H7IE 2052 Al F=(DWP studyl)

‘elapheiliy
E 5 =z E

S

rr;:;;;hffffaz“a;rfs;.eff
@*‘f @*"&

R WD Veb WO aR § DY VR

19 11.2 DWPE o] &3 WA H & 2059 Alx &4 =(DWP studyl)
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oHj¢f 44} AEZFEE 1R o, Wi TR AZ2 FEE 2&9E st wjA
b= 1E5& "‘]%
oFeed 4, 5, 6, 7, 8, 16, 20 XAt wAH7I=Y & AH 3

o Wi A H71E2] F% AEDWP study2)
- WX H7FES] 3 7HA] BEE vl 2, 4L A v FEIdiE] 10% 7
- AdE A HVbE A4 Az vEE AR
- Feed 169 A WA H7IE2 &S WY3l Feed 16b, ¢, dE& AFdIH =
37t

- Feed 16¢ =¥ 2 "l 04qr Hrpste] Ax A 37}

ALY
(7]
LL
L

il lu ' lh Il

OO L8 L88 L8 888 L88 408 88 447 .r.u 488 S

CES POF $88 P38 250 1557 255 35 PAS 2N -*.z.f"' "'*’

T | B bl |

aNER gy gldwn giten

a9 113 viXAVMES] Az w5 AZ F=DWP study2)

!fa‘_‘fff‘-“ff nrz FrP L £ sir -”’f‘* £Er Las ff
CEF P87 P87 S8 JFF 550 55 S A "*Hu.ﬁ" # #

BNV 0 dm eVl aDTves

a9 114 AT Az w5 AZ &4 =DWP study?)
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oFeed 5, 6, 16, 202 concloll A wjeF 4Lz}l 713 =& M EZAAAS B

oFeed 4, 7, 82 conc2olA] 7} =2 AxX AL 19
oFeed 169 HERI b, ¢, dolA MEAAS o|5HU= 23|83 AAANE o
oFeed 16<& ] el wt A7Lsld = conclol Al ik 4Qzto] M EEE7F 9x10°

cells/ml oo =2 é Aole Aoz Hol MR HVIES HUMAZEHS 53 1FE Al
Zujofo] 753 Ao R AR E
]

o B ZAAA i 44t MEZEAAEE 90% ol e E FAH

o v X M 71E9 H7} A= AAH(Shake studyl)
- Shake flask® AL Y3t Feed H7}
- Feed 5, 6, 7, 8, 16, 209] 6ol ti3te] H7}
- X HTES wlF 0, Wil 0, 2¢, Hi<F 0, 2, 4, wieF 2¢, Wl 2, 4L =}
ok BaiEl 10% Hriste Aoz Ax 434 B}

ﬂ ﬂﬂﬂﬂl Jﬂﬂ i

1wt Prwdd

ﬂ |I-1H lml

_ RO

A R T O S AR T

1Y 11.5 wix 3 7}HE(Feed 5, 6, 7)4 747} Agk A A%
M F% H7} (Shake studyl)
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=) r = B = = B A

g £ 5 & LR §F F % £ 5

- = = = - = = £ o =

2 - b - - v - - _
=

a

L

il ol 5 Fmind & Fawg ¥

19 11.6 # A E(Feed 5, 6, N H7F A AAHS 93
A4 = H7} (Shake studyl)

Iy

A L e

@

8 i § ] ¥
= - = - ra
E i P = -
= - - -
o
o v e Pl 18 Bl i
BOWD STIVID SD)WD =DIVOD BD-E VIS -0 YD

19 11.7 vi R A7} =(Feed 8, 16, 2009 A7 A= AAH LS 93
ME F% H7} (Shake studyl)

B g E 3 £

= = = =

g S : : )
= &= -

-

8

=

Cornryls Femi 8 Feeal] Tl Femd M)

N DEVak W01 R E0F Vel DGR RO el DRl

3 11.8 v A H7FE(Feed 8, 16, 2008 H7F A& AAH S ¢35
Az &4 = H7} (Shake studyl)
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o WA A 7+&E2] 7} e 47 (Shake study?2)
- Shake flask2 =AY H3te] Feed H7}
- Feed 5, 6, 8, 16, 16-2, 202] 69 thsle] H7}
- WA HMES Ak 0, wieF 2, ®i%F 1, 2, 3Y, WieF 1, 3Y, HijF 2, 3Y A}
wjoF B tin] 10% A7sls Aoz Al AAA Hr)

1 00000

LT

= & =
5 ¥ 5 5 ¥
= - - = -
E s = - ma
E
Lowaligd [Ee=n o b [ R+
WBIEWD @D ENEWS =BV @D e DNVD - OOV

% 11.9 wiA A 7}E(Feed 5, 6, 16-2)9] HA7F deEk AA S Y3
ME F% H7} (Shake study?2)

= = ] R P 2
g g 5 £ g g £ E g
- = e = = - P = s
z ¥ - i o 13 5 e i
[ - i

a2

2

e Fred S Ferdd & Ferd 163

i viah EI WS ERFvial E00Viah wEDaVlh =S YAk D yish
19 11.10 Wi R 71=(Feed 5, 6, 16-2)2] 7} A= A S ¢35
ME A= H7} (Shake study2)
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]

E

(L)
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10y
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[y

77 e

(KL ]

ey

] bemil Bk g

WD SR B D DD il D - D

2% 1111 WA " 7HE(Feed 8, 16, 2008 H7F Ak AAS 93
AlZ F= H7} (Shake study2)

: |2

Twed & Fwwwt BN Tmma pil

§ §
e -

i

It
el

% 1112 ¥ A " 7HE(Feed 8, 16, 2009 H7F A AAHS A3
Az &4 = 7} (Shake study2)

o DWPell A Shake flaskZ ~ALY F, AZaF 444 AE SHIFS 2
oDWPS] 7% Shake flask ®]FE T} =& RPMOZ vjS &
A4S FEIE PHoR Y e =S FaXo] I HoR ARH
o CDAE WA H/IER H/MHEE gt B o2 AP oy 7[EujAE A8
Batch wjFrth M EZAAA o] =olxl Fed-batch Wl FH-2 ¢l3
oCB feedl9} Z& 4dE& wMiXAEA/IEdE A ARV} 2= A7) W&o A=
Aol o, AR BxdtdE CDAE A AMERZE MEZAAES =
= A7 A
oXAHE 6709 WA HINES VAL AN AAP AE F3H



o 7] Buj =] o ¥R H7ES 10% 3 718le] Metabolites #418 E3le] EA 7713

3E 111 #ix " 7b=el Hrbd Z12Ae) 54 24

Glc Gin Lac NH3 Osmo
(m) (mh1) {mM) {mM) (mOsm/kg)

DOE1 38.14 6.76 0.04 0.27 303

DOE1 +Feed5 40.61 545 0.04 0.27 284
DOE1+Feed6 39.27 5.37 0.04 027 285
DOE1+Feed7 40.96 5.29 0.04 0.27 288
DOE1+Feed8 42.11 55 0.04 0.27 288
DOE1+Feed16 47.18 547 0.04 0.27 291
DOE1+Feed20 46.51 5.8 0.04 0.27 301
ProBHK-1 + CB feed1 20.09 817 1.09 1.26 277

o DOEl1 7]EujAo] H|8l] FeedE H71sl9S o, Feed20& A3 vm = oA
Osmolality 7} sto}3

o Glucoser= ProBHK-1(CB feedD-2 <F 20 mMo]al Feed”} #7F¢ DOE19] 7%
7 40 mME Glucosedt#o] &2

o Glutamine2 ProBHK-1(CB feedl) ¢F 8.2 mM& DOE1l 7]|&#} %] 2] Glutamine-&

F2 o 2 9 Bayol dg

o

of

3t
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oA H7tEe W 0, 2¢ HH & 1, 3ol wiF FHdiEl 10% H7bste o=

w4, 593 A= "é AE va gy

100 -

8.0

]

£

- - I ] N ; 2o |

g

L3

£ 40 -

S

.

“

20 -

0.0
; Wy = E ﬁ :-I. ; Wi | o E 'l?'l -nld
s 3 3 3 3 3% ¢ 1 2 ¥ 2 § § M
I I R E - - T T e = =

£ £
0.2 Feeding 1.3 Feeding
mdm5

29 1113 WA "= H7bd el e Mz Hla

oM A H7HES] HIFE Wik 1, 39t HI7bske Zlo] ik 0, 2L kol A7l A
Hoh ME 557 9 &5

oFeed 208 A% AR A@ANA Az JA|H A Doz

oFeed 169+ F71A 7} Ak mFol|A vk 4Y=to] 6x10° cells/ml o)A A3
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oWloF 1, 3Ut] WA HHES AL W] TAG vholH 2 4B 5
oo 49 ol WE MEE 5|5ehe] DOEL 7| RMAZ AR F FA o]

» HE

6.0 -
=
=
e 50 -
-
Ly =
£
& 40 -
g
= 3.0 -
=
E 2.0 -
£
= 1.0 -
) " B
0.0
z & G = & @ = —
(=) k] g T g o= = é
m da da i =] E E
< = - & 2 : ~
: & § B =5 & &
o o o o = = e
= a = = g =
a9 11.14 "X H7FES] H7HeF, S 53 FAY vlo]y 2~ AL Ao B}

o FAe] nholel2 &7} W= ProBHK-1M % £ wholel2 ¢/l=HgAE nhg
o2 ) 37}

oFeed 160 714 H& MEAAR S RGO}, Feed 68 713 wjakol A TAIe u}
olgl 2 Aol A BA e

o ProBHK-1 ¥} %] #la}ed Feed 604 oF 4.6 ¥ o]4 mlo]j~ A4kio] &g
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20.0 -

10.0

ProBHK-1 B

0.0 “—

Relative FMD virus production
e 7
= (=
I 1 1
DOE] I —
DOE1(Feed6) [

DOE1(Feed16) -

19 11.15 Feed 69} 16 ©] &3 AlZnjFe] 7414 nlolg 2 H7F wHEg 7}

o A el 7P £ Feed 163 ulolg 2 A4t4e] /b4 F& Feed 6 4W3te]
sfele 2 471E AH7} 53
o Feed 64 Feed 168T} of 560 ol4fe] FAel vhole] 2 A44& 1Y

Relative FALD virus production

2 5 B =
porl B
DOE(Feeds) |
DOE1(Feeds) NG
propik-| [
porl I
poEl(Feeds) NG
poElFeeds) NG
roBHK-1 [N

Total cell AX10° cellml
19 11.16 Feed 69} 85 o] &3+ AlxZujfe] FAY nvlo]z) 2~ I} HEEH 7}
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ovjF 4L}t MEZAZA vlolH 2 U} HIloA 2HAE AAVE FUH Feed8¥ uvf
ol 2~ A4k o] 7 F& Feed 6 AXEste] nlolg| 2 H7HE AH7F 3
o AA MEe HEA MEFEE 4x10° cellsmlZ BAste] FAS vlole] 2~ YA

_4

= B7}
o KA MEZESFE nvlolg] A AYAAL B WEPE H$, Feed 67} Feed 8ETF & A
/1\_]4612_ H

= 24
oM EZFE FLA FASA wiA AARE HlwslHR S o= Feed 67} Feed 8%
S
F8NAE AE FEo AT glo] A Az nlelg 25 HFE A

® 112 A7F Ao wE HuMETss L A blo|y 2~ A7) A HF Q9F

C (105 cells/ml, day4 :
heed Macka Feedi:U:ay(:l, 2 F;drin:::i:y 1.3 viﬁa::dflﬂgn
DOET 446 4.46 25
Feeds 494 5.70 3.2
Feed6 497 5.77 4.6
Feed7 5.14 5.76 3.3
Feeds 5.51 6.02 3.3
Feed16 6.32 7.03 16
Feed20 1.50 2.37 06
ProBHK-1(CB feed1) 8.89 7.97 1.0

oA H7ES HIPdEE uF 1, 3Y 2ol HIlsk= Aol vk 0, 2¢ 2ol Hsh=
Ant G2l

o A wolg s €7 ZHow EH WAWME AEE Feed 67} 713 S5
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weskals] Siskel W 0

dol BE HIteS

¥ 11.3 Enhanced batch vjFS 98 &

e wE A

Gln Gle Feed
(mM) | (g/1) (%)
1 No Feed 0 0 0
2 0 5
T 0 0 10
T 5 5 5
— Feed6
5 ) 5 10
6 10 5 5
T 10 5 10
8 0 0 5
T 0 0 10
T 5 5 5
— Feed8
11 5 5 10
T 10 5 5
T 10 5 10
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Vinble cell cone ix10% cells/ml)

, II Il II Il‘ll Il II I| || II ‘| ||| || I| H II‘ III "
12 13

1 2 3 4 3 6 7 8 L 10 11

1% 11.17 Enhanced batch %S 93 HAIE 5o WE A=z A H7}

oHlleF %7] Glucose®} Glutaminee] 7} HA7l= A XEAAAS Folu|slA m=o|z] EdH
omjeF 0Uolul Feed 62 A7 lsle Ao ® ok 493 HIAETEEE Zol=g &7

12. 200 L vlo] 92| A& ol &7 FAY wpoleiz A4 Mx] BhF wiky 75
oDOE1 7] = 9} Feed6 wi A H71&S ©]&ste] 200 L vlo] g HE oA vjF 3
o AL G T EFulF FHHAA A wet vjg 3
onfjeF 0¥l Feed 65 vl vl 10% H7tst] v &4
o ef 0ol M=E HF £ 200 L vi7]olA o4 AEH
Shake flaskel] 719 HlaL
o27§¢] Shake flask% 3ty= 200 L wid3} e ZHOZ wjf &
flaskoll A= vl 2Y 2}l Feed 62+ 4 mM glutamine-S S
oHEZAHE 80% old7tA HFEn WY AEHsY MEFE, AE3
MetabolitesE 2]
o7|E wjF =H
- AZHZE : 0.5x10° cells/ml
- Temp 37C, Stirr 30 rpm, Air flow 10 Ipm, pH 7.2 = 0.2, DO 50%
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3£12.1 200 L wi<F flask v F ¥lx

Medium Feed
_20{] L DOE1 Feed6(do. 10%)
Bioreactor
Flask1 DOE1 Feed6(do. 10%)
fex Feed6(d0 10%. d2 5%)
Fkask2 DOEI1 Gln(d2 4 mM)
1—-'.-—---.—-—-'----1'::::-.,5 = 100

2
/
i |

k

el
o)

(==

Cell Viability (%)

(2]

Viable cell conc (x10° cells/ml)

]
=]

[
k
I
-

Day
—e—200 L Bioreactor —e—Flaskl —e—Flasl2

% 12.1 200 L v ¥ flask wle] ME wx9) MEzgdx

oujeF 3¥xt 200 L ujeFe 8.8x10° cells/ml, Flaskle 9.9x10° cells/ml, Flask2+&
11.84x10° cells/mlZ wjoF 2¥xte] HIFES F713 koA Azxor 714 =
A BA

o BE HiFAA HiF 4 AE o] AFHOM HlF 5UA o]F AEZEAHETL
90% olsl2 HoR

onjeF 0¥Yx+ Feed 69 Hr7iwto = 8.8x10° cellsmlo]l 3434
Fed-batch Wl T3] HIAELETEE O 545 S ASZ AlsE

oHjF 4¥at ME L& My st WY dEEEE o wolAY wiAEY
D AZSHE oS F UE FUYAE ARE BXeo Hrrgogn AzSHeH4

o] 2%

k]
of
o2l
=
@
Pt

£
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o
o T Hj = HHE
200 L Reactor
5 - l,__‘.- m
o T
7 - -
i3]l ™ =LK
Eal 2T N 'w 3
1| L o [
L 8| A =
= %l - -
= \ L
- \ 8
i
1L - 1 y: —m
5 Bt '__*--. T
" A e p— 8
z ks B
-, :Elt + el
Emi = .. 4m
- = v
= | £° - ™
:I-E [ L ] » <
O £ ol § 2
o > f o
LA R jam
-
e 1 =
[ L]
Dun

Agste] A wpole) 2 AL 3

Flask
- I.l_‘ " o
[ A - .
1= ﬂ T ; s ]
g Z - L2 g F
I E £ |3 | " a A T L
| E .l =} . i 2 £
¥ ik d £ |3
‘E _-.“: ' h E iE
2 jn- I:.l [ T + 0 2
Ja o B w £
1} -
1 L~ . 1? 43
i =8 —3
a b st - - - - 4
W - i 0 —7 o
7| 1
wl 2 |‘ L o | .
- _ . / - _
s £ |= .l R
é Fal = i ® lm 5
E 3 i / - H
z : | £°| - . il
- Sef § | . . {= 2
£ " H
8 o '-; 'l} 1= 5
HE > 2l < 3
L] | J__.-o-. 4 59
;.r 5 . o
| 2 & L i
Dag

a9 12.2 200 L v flask vl ¢ke] wEtEeo|E &4

-
FTET

o Glucose 2] Flask ul ool A=

41 Glucose 2]

mM7}R| =24 =
0200 L of=Fuf kst Flask #jF =5
10 mM o|ste &2 =

oDOE1 7)&u) = ¢} Feed6 H) A H 7=

shel Wlof 3L A P RY

7}
718 wjeF =4
- AEAHZE - 0.5%x10° cells/ml

- Temp 37C, Stirr 30 rpm, Air flow 10 lpm, pH 7.2

==
o T

Af <

Glutamine&] 1

[e)

==

- 75 -

Zre 9o ™ Ammonium

+ 0.2, DO 50%

F7FA 1Zo] Loy 200 Lo 2Fuj kol
Tt Wl 49 A o] % ié}%‘
0200 L thEkujeko) A Glucoses] azto] A

LN el
5 o

o]-g3te] 200 L niol 2 HEjol A njf =3
2 AEE olFdte] A Hiol2l2 97t 4

o Flask2el| A/l wjF 2 =)ol 5% Feed 6, 4 mM Glutamine, 4 g/l GlucoseE F7}2



# 12.2 200 L #j 3} flask v eF Hlw

Medium Feed
A DOE1 Feed6(d0, 10%)
Biloreactor
Flaskl DOE1 Feed6(d0. 10%)
Feed6(d0 10%. d2 5%)
Fkask2 DOE1 GIn(d2 4 mM)
Gle(d2 4g/L)
:E“=='==-‘n-=*---..-:__.. 100
S
- -
? . “Jw 80
W »
ERL -
g 6i =
ch -
o E
S 5 1
s 40 -
e .
[*) i U
&
2
2 2
’ 0 2 3 4 5 5 7

Day
—e— 200 L Bioreactor —e—Flask]l —e—Flask2

¥ 123 200 L w3} flask vl Alx T AXgdHd=

ouje¥ 3¥UxF 200 L wlke 7.5x10° cells/ml, Flaskle 7.0x10° cells/ml, Flask2x
6.0x10° cells/mlZ 200 L thek wjol A MZzE%7) 714 =4 A%

oFlask HjoFollAl Hl<F 4¥xt Mx o] AFHoH HlF bYA o]F AZEPEV}
90% olstz Eoi3]

oHlYF 3Yzt BE MEE 33t AYGEEZ ANEZE olF & FAY nlojgix o

A

- 76 -



200 L Reactor

1 F | 3 i E |

2 3 - &
ild ERN
o | e % e
n-i” =
3 -
%!; . :g
1. / -
3--,3 m 3
o |§° / = §
= _
DOay
Flaskl Flask2
:\ 1 g lia N /. | ili
1§ UL S 1Y
w-sl- ', g \\\ﬂ 15 -‘g gn- 5'- \\ H‘“-( ,g “E
TR N [ T A AT s
[ :"% . " " . v * ' ;f;:? . . " " s '
» e C- L - ™ "o—'.._-:;_.;:-o—etp—-{T-
u-g- W—Q\\\D 1: H-g"' \\O:
i = AL 1
i 5 S A P oy 15
3--.% /A“\.qm': E“i -g
CHE / "“E o | 87 / ’"5
wt > {un nt = s {m
s - | == S -

bay o3
a9 124 200 L vk flask vjeke] wElEglolE A
o Glucose?] &%+ Flask Wl oAM= wWlE FE57FA] axzo] glar 200 L o Zhul ol A]
Glucose?] &=+ HiF 3Y7A] nzo] Qle

oFlask wvj%FolA Lactate= vl 3L7}A] ¢F 25 mM7IA] SHEHAG7} 1 o] AR
o] vjA] W SA o] A

0200 L o =Fufoka} Flask vl =5 Glutamine?] 128 g o™ Ammonium X%
10 mM ©°)3l= &=
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AIFETET713  SESAAHAGER 1A A= 75

L HHe 7A9 miels 2 HEHF A4

o A wolgd2E 0.001MOL, 0.0IMOL 0.IMOl HE#Fo 2 20 ml H-u]e] HEAH Z 6.0
X 10° cells/mDoll HZ

o HpelH 2z HFwFe] mE A FAY niolg 29 4t 2pol7t

8 - 7.55 7.68 762

@7t (logl0 TCIDSHVmI)
o

A

bjoje|

0.1 MOI 0.01 MOH 0001 MOI

ol A L EY

a9 1. FAY FAY vHloly 2~ HEH AA

2. AGA| o g FAY uvlo]# 2~ 7}R}o

o FAY mupolEAE 0.0IMOl HEFo2 20 ml By FEAEA0 cells/ml vs 10°
cells/ml vs 107 cells/mDol] =

o AEAN 2T FUVETE QA FAY ulolg 229 HUt AF

o 1x10°0)49 MEFZME mleld 2 gt Ao A7t SusiAs 3
ey

o

U

=]

v oj 2~ F 7t (Logl0 TCIDS/S0u))
] i

5 & »
MH==(ogll

0% 2. A EF mE FAY violg 2~ §riato]
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3. F-AA et AEAE S| npo] B 244Hd H

o TAY HlelHAE 0.0IMOI HFFoz FAMEL HFE5(0.9x10°ells/mD) vs. HEMA
I HF%5(4.5%x10°%ells/ml)

o FRHjFAEE w7l met AEgrt g A vl gkl A9 5
LEIAY AEZFE D F 7] WZel el FRuj A LR AlES
£ =0l AF vlolgl 2z Ut R dA ET e

8
_§. 6,03
&
g 5.29
=
o
& 5
g
~
ar
j‘_F 2
=
O r }
e SN
09 3 RAA e} Az vole2AAy Mw

o lEel BabF WAz 2 Bl BAe Fa 5Y AT Wge] e
A5} 50 o4 F7)

o T Woldag MEA MEE wastel Ra(@EERgo] k)
o wpolelz F440] B

H

o
O

- 79 -



4. vtolg 2 YA AE7|H FH
Hol B A2 HE3 A ZoA 1¥olUd] AZdS 343 F PEG AHystu
5

O

-1 =
19 5% § 9EgooR

overnight & Al E2]3le] 3

o RB#3 e tA ARSI insoluble material A At AEA 3|4

o FTds AR HAAE FAdE 37 ths 4F5Ed 1ml HUbste WA
Z71o 4 overnight M]3t & A E-S resuspennsion

o WEFH) Zu&EPARe o thaflA 259nm FFEE ZAHSte] HlolE A~
2} A=

0D at 259 nm

P
ul

9 4. vlolgl 2~ YA AEUY &Y
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5. FAA Lo} AL ulo]y 2L Wl
o FAY upolaEAE 0.0IMOl AETOZ 20 ml Eu]e] FEAZB.0 x 100 cells/mDol] A

==

==

o
o wolE HEA AZHGF] A48T FH MAE $SEe] WA B WARYO W

sle] AlA Hlol# 29 drE =X
o Wi A A7E Beoln MAEROl mek vlolel 2 A Aol el (& 5.1

3 5.1 ¥R FR T E ol A4HY

A == vl A 24 ] 7}(-log10)
Fresh media -6
PBS -0.75
PBS+CB feedl -0.5
ProBHK1
PBS+2g/1 Glc -0.75
PBS+4 mM GIn -0.875
PBS+2g/l Glc+4mM GIn -0.75
Fresh media -5.5
PBS -0.5
PBS+CB feedl -0.5
SFMACHO PBS+2g/1 Glc -0.5
PBS+4 mM GIn -0.5
PBS+2g/l Glc+4mM GIn -0.5
ProMDCK Fresh media -3.375
VPSFM Fresh media -6
SFM4HEK?293 Fresh media -3.875
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AFTAT71E : THSAHYGESR 24 A= 75D
1. 71% wjx 2 A = §7} : ProBHK-1

DRER e
Blolgd] A AZFA] Alxex QA Bg] 5
- fol 2% ae LR E
(x10° cells/m) oo AHE Al A F
T T
6.07
1 ProBHK-1 X -
(total cell)
6.07
2 ProBHK-1 0 ProBHK-1
(total cell)
3 ProBHK-1 3 0 ProBHK-1
4 ProBHK-1 3 0 CD-BPM
5 ProBHK-1 3 0 DMEM (-FBS)
6 ProBHK-1 3 0 DMEM (+10% FBS)
ProBHK-1 (+5% CB
7 ProBHK-1 3 0
feedl)
1/5 diluted
8 ProBHK-1 3 0 )
ProBHK-1 in PBS
9 ProBHK-1 3 0 MEM alpha

onpol @ 2 o7}

- wolelzs HER WA wEo] WA

=
- 59 2=AAE nelg s FEA ALt DEEY W 40 O
- mau Aol @3 £3E A9 vheld s Fo] o & 4
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2. 718 vjx 9 wA ulx] Hr} : CD-BPM

Hlo|H 2~ AFEA AETew o) Al 1L SPSRRCI k-
No. | 71%eopen =) o] 2] 2~ fo | MEZs 1 2 al 2
(x10° cells/ml) g8 5 | AFRHIAIER
6.65
10 CD-BPM X -
(total cell)
6.65
11 CD-BPM 0 CD-BPM
(total cell)
12 CD-BPM 3 0 CD-BPM
13 CD-BPM 3 0 ProBHK-1

o vfo 2 &7}

- HlolH 2 HEA vjA wgro] A
} 5}

- Al

FEo} 47} Aol

H g A gaaA /=
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3. 718 vil=x 9 A wjx] 7} : ProBHK-1 vs. CD-BPM

HRol ) 2= HFA A& A EY =
No. | 7] 5w ok« ol S A 1 = el g =
MEZES (x10° cells/ml) | &8 &% AH-8-H) 2] E 5+
1 ProBHK-1 3 0 ProBHK-1
5.81
2 ProBHK-1 0 ProBHK-1
(total cell)
5.81
3 ProBHK-1 0 CD-BPM
(total cell)
4 CD-BPM 3 0 CD-BPM
6.6
5 CD-BPM 0 CD-BPM
(total cell)
6.6
6 CD-BPM 0 ProBHK-1
(total cell)
7 ProBHK-1 3 0 DMEM (-FBS)
8 ProBHK-1 3 0 DMEM + 2.5% FBS
9 ProBHK-1 3 0 DMEM + 5% FBS
10 ProBHK-1 3 0 DMEM + 7.5% FBS
11 ProBHK-1 3 0 DMEM + 10% FBS

o Hfol 2~ A7}
- MZEe} mlolg] 2 |7 Abo] {o Al AFHdA S
- W3R 7} ProBHKS1X] CD-BPM<¢IAo] w}& Z}o] ww]st
- wgfR o €A gF moldFE uiolE 2 AUt FUMete AE YEd
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4. 712 A R nA wjA B}

: VP series

VP5 4.67=10%
VPGB 6.17x10°

3=x10°
VBT 592x10° Cells/ml
VPE 657 =108
VP9 5.32x10%

3X1076 cellsiml

(=]
1

Lk

=
=
1
1

log10 (TC IDsg/50ul)

=

=
=

il

%

onpol 2 2 o7}

- AlZapel mlolH 2 ArE Ak wlE A AdaEA |
A HAAMA =4 F

- AES HAYAS 3

VPS8 VP9
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5 718 ujx] & mA ®jx] H7} : BD series

BHK21 Day 3 Day 4

BD 1 1,06%10° 97 % 3.32x%10° 96 %

BD 2 503=10° 99 % 12 10¢ a5

ED 3 242x1D8 98 % 313=108 a8 9%

BD 4 1.58x10° 98 % 299x10¢ 96 %

BD 5 3.65x10¢ 58 % B 0win a3 %

BD 6 243108 a8 % 358x10° 96 %

BD 7 1.95x10 99 % 3.94x10¢ 99 %

BD 8 1.75:x100 a7 % 3E7=10" 99 %

BD 9 3,16%108 99 % 4.2x106 96 %

BD 10 1.70=10° 98 % 235x10¢ 96 %

Tite Titer.
WX RAMA | gepsosouy | Avereee WE A Average
8D1 _ BDI 5,25 563 544 BD1 .50 5.88 5 69
02 | D2 | 483 500 | 481 BD2 4,75 550 513
BD3 = BD3 4.88 550 519 BD3 4.88 5.50 519
8D4 BD4 513 | 538 5.25 BD4 5,00 6,38 5,69
BD5  BDS 463 5 50 506 BDS .| 500 588 544
BD6  BD6 5,50 5.75 563 gD PrOVErll cg3 6.00 581
BD7  BD7 | 250 313 | as1 BD7 6.00 6.00 5.00
BDS BDS 5.00 5.38 519 BDE 5,88 5.88 5.88
BDS  BD9 113 1.25 119 BDS f.38 6.50 644
BD10 BD10 5.63 563 563 BD10 5,63 5.88 575
fin . BD media

B3 Provero-1

= 51 = 91 -
2 3 g
d, g 2
2 L 3
=1 = 3
g g 3

L]
i

24 HE

o Hfol g2~ 7}
- 3%x10° cells/mlZ MZ4E
ALEE Aol A Ew s

FAA DA AP 5 A ALFHEEI Hhole s

- AlZSA A7 sttt vholH 2 HFA wA|HA|ol wel wpojs 2 ALtE s

2ol7} A
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6. BFAEFTE FAY vlo]H A A4 BE vl HU}

1x4} (2017.05.11) | 24} (2017.05.19)
Cell Counting Cells/ml Cells/ml
BHK21 1-1 6.11 x 10° 6.75 x 10°
(+TFB)  1-2 6.32 x 10° 6.50 x 10°
BHK21 2-1 4.11 x 10° 4.28 x 10°
(+Boost5) 2.2 4.32 x 10° 418 x 10°
QV34 3-1 1.22 x 10° 145 x 10°
(GMEM)  3-2 1.29 = 10° 161 = 10°
QVs42 4-1 1.89 = 10° 226 = 10°
(OptiPRO) 4-2 1.97 x 10° 2.40 x 10°
Titration
8=
B3 1 BHK21 (+TFB)
g B 2 BHK21 (+Boost 5)
= B 3 QV34 (GMEM)
g’ mm 4 QVS42 (OptiPRO)
e
g

oupol @ 2 ¢j7}

- 4 A HAU S AEE wpolH 2 At AlEas) HlolE s FAA Abo] H
e /=

- BHK21(+TFB)¢} BHK21(+CB feed)+= MEZSAMIAITE 231 violgi 2 HE 1 s
WA= FLstu TFB AlZzF2 iAo Zd 1FF H7h=o] Hpolg| = F2ole H

7(—]2‘] 0116]:,94 ]j];(] 7-] oz T@Q
- 2% FAAEFQV34 B QVS4D) mls] dA miA A AE Tl SEAES
(BHK2D7} 7} nlolg 2 Z2]%0] $43}
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7. FAY uvlolF 2~ ARH465) AFH B Y

The uze of the Pesk on the chirt recorder o proporuonal to the gquantity of virug

FR = PA = FSD = 1000
S=PL=ExW

+ FR fiow rate of socrose through the call {mlfmin) —
o PE Pealc soad [in sguane ekt
= FSD Aull scale s tivily mq-‘.!-harhmm-tl- -1
« £ rpeed (Blom/h - inghymind - 059
. :L[Di'l?r W‘L‘hﬂf tra Figw o#ll fem) = G2
= W owasght mmuﬂa‘m@lilmﬂ:nmrmm I & Prl) =

D e’ Siaed JREL S0 12

Sensitivity setting: 0.1

« PA
' : om_| e 2 x 0.248 x 0.1 x 1000
". a | cmZinches | 05 0,197 BT
. ; b cm@ Inch gigt ;32 1.260 039 x 0.2 x 72 x2
inch a*h=HAt 0248
o |

=(49.6/11.232) = 4.42 ug/ml

+ Sensitivity setting: 0.05

. PA
B &m Inch
a cmE inch #a 0.4 0158 2 x 04977 = 0.05 = 1000
b jemBincheg | 8 s 0.39 x 0.2 x 72 x 2
il 1!'|-|:h : a*h=3ﬂﬂ 04977

=(49.77/11.232) = 4.43 ug/ml

o FAY HholE 2 YAH146S) FFHE WETHEAIZ FYF

- Aol A A B B8, w5, AAE EF A vpolyiel tis| 2F A8
7t

- HolH & HVtE FAT HolH 2z Ahde A WAoo R 7sste 7AY

Hhol 2] 2 2H(146S) B HF<= Tl A&dst= WHe AH
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AlFFsAT78 - ESAAGES 32 = A7
1 AZejlA % vl 2HEH wANA = M
0 71E AiA tg FAY welgx st @ Y YAF v
- CD-BPM wiA|} ProBHK-1 M4 & 302 4e A% 7 S48 nelgdx o
bR 1465 B ANFIFY 71H)S 1Y

Average (TCIDgg/ml)

120

5:5-Pro 6.6

Media 1465 (ug/ml)

— 1007 T
‘E‘&= 204 Pro-Pro N.D.
E ! m @ CD-Pro N.D.
) CD-CD 0.1
x -

= 7:3-Pro 2.5

9*

9!“ 9!“ ¢° 9."‘
° @ gt o TFB-Pro NLD.

Pro-Proziosey 23

KRIEB

O Al 7iZ WiA(BD) SAE FAF Hlolg 2 44 WL

- FANET ] ProBHK-1(7]1E Al &uiA) vl &/ A2 FEH(AF) WA F 2
stz A 7(CD) A -&A &exAuAQl CD35.001(=DOE1) ®iA|7} 7Hd -
sto] 7] & wiAl=E A

BD Media Virus Titration

TCID &,/50ul
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O [BD-TEST 1] $H 7[Eu|X(DOE1)°] th¥3dt Feed 2HA LAY HF =2 A
T4 9 plo]g 2 9r vl

- kA x72 ProBHK-1 #jA] o] B8] DOE19] Feed 62 AF&3F 1HFoA 713 &
2 dlolgj 2 HrtE e

- BAA MEAAF 7P £ 2L Feed 160|104 vlolg 2~ drleE 19

SRR

Cell Number Average (TCIDsp/ml)
10-
E =
= % E
3 o =
tna g
= E
- b
o -
X =
T —
m

O [BD-TEST 2] ¥x Z]|EH|X|(DOE1)S] Y3t Feed XA FLAM HF =2
Az 9 oulo] & A7t vl
- AWMA HZ2ES niz7AE g2 ProBHK-1 iAol H|3] DOEL]
Feed6>Feed8S AM83F -Oo 2 =2 uHlolg|x 9r7tE YEMY

Cell Number Average ( TCID5g/ml)
- 8- 1001
E
E ‘mm § E E
3 |k 7 E =
) = = =
* e 2 —
= oo v —
= o ) =
o™ [ i —]
¥ e x —
I [ I.:. - E
m L —
] | —
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O [BD-TEST 3] & 7|Eu|X(DOEL)*] ¥zt Feed ZFA LAY HF =2
Axs 9 ovlolg 2 Hrtet FA7F Bl

- B2E s} et 4TS YEhIRS
- Hlolgl 2 977 Holy Feed 22 Hiold s A=W W PEG HZAA AZo
N 27t 1465 FUFL BAF A, vhol 2 drhek wagel Faad vl
BAE HolA+ Fdoy tAdez w2 A7HE Hols HiAI=AN FdF
® 95 AL gAY
- Feed 65 At&ste A5, A5 B 544 &Y EFAM Fx7EX<
2ug/ml °]d= YERY
Cell Number Average (TCIDgy/ml)
10+ 501
E
E 8- E 40 22
2 2 30- = %
-tpa E E
= 2 =
= . 207 =
o = —
2 = =
T ~ 10 —
m —
| ey — T Y HF

I

O [BD-blind test 33] 3] 35S 93 blind test ¥t5 3 (WE
s Ay

- FBAT VAR FTHATA)C] 42 A PHA e AFL ALYEF]
BAGER)] ATHE ALY BEAGER)NA A AT 22 T

Aol s HEF EAsHAS

- ATE ST R(HGEF) Y oHd FHE MGEHA o2 BHAME T2 A
RGN FAR Age dErdiglon ol Axtel mRTIA R Feed6(=EH1!
= AS 7y M e AdE YER



Cell Number Average (TCIDgy/ml)

10- 850- s
= ]
b T =
® = 750

6- = i
2 S . H
= 4 =
— 'T:, zm- —
o 2 e —]
2 —
= e = 1UU- E
oo (FE i =

0 | : : oLk rocy I — A

1 2 3 4. & B 1 2 3 4 5 B

O [BD-EW v AF] A4 =] € & 8jx A5 vz

- dgo 7 FHFH DOElL % Feed6 vs. BLE FFHo] ALEA oA Ax¥d DOEL
2 Feed6 A5l =Fol7} gleAl vlugt 23, vlolg] X FAFodA Fo& <l 2
o] E HolA| A3k

B-

S

3 -

- =
0 e
FE o

= =

F l.l

m l.l

=] =

Liquid Powder
BD Media
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2. 71& Al 2 A R A E 283 JAdRAE FAY AEE A=
1) 71& Al#ujA &4

7} CD-BPM ProBHK-1(1:1 mix)+ProBHK-1 media &%

[ #3A77) A 5 238t 7)ol A CD-BPM/ProBHK-1(1:1 mix) WA 2 447}
&3 508 H Y FRAZE A7 HEHGEF)E ol d38 we FEI
RM ZH]ol| A aj A a4 & mlo]e] 2 HFato] S AIZ

O HlolH 2 A7} 9.7x10° ~ 2% 107 TCID,/ml (28] HHEA3E Ay}

O HF &5 - 4AF WAFAF146S &) 2.56ug/mi

) CD-BPM+ProBHK-1 media &%

[ F3AT71HAEFSATF L)l Al CD-BPM HiAZ 44 3F v gk 2008] B 9] F-f
AZE Algs71BFHAZT)Z olFste] 1 T 208HE <d38& HS 83 RM
Zrlel A, UmA 1802 1 200218 Hio] 2] HEjo A ProBHK-12.2 HjX|nixl]
Hpol 2 & HF s T4 A

L
-
Z

O RMH| 2021 E)

e

az:t _1'9:3

- o] FE3 A% cell density= 6.16 < 10°cells/mi (viability 96.2%)
90% MAZLAZE 0% AAF 0.002MOl HE 164714 A=
nlol 2 2~ ¥7k1.1x107 TCIDso/ml

- HF w5 AAT 146S FAF 2.1ug/ml

- 903 -



O Hiol 2] E Hj (180 Ef)

- o] FE<}] AZ cell density= 3.06 x 10°cells/ml (viability 73.6%)
- 70% WA XA ZE 08 AAF 0.002MOl HE 1647 A=

- Hlo] & 2= ¥ 7}2x10° TCIDs/ml

2) At A vjA] &-§: DOEl(+Feed 6 media)

O FHAF7BRAE A TFY)ol A DOE1+Feed6 WA 2 44 7F wj k3t 2002 E 9
FHAIZE A7 #FHIERE o|Fste 11 F 208HE €38 #HE 283
RM AHlol A, Uy A 1802 El&= 2008 E Hio] L] HE| oA DOE1L.E

Hiol g 22 HFaste] F2AF

O RMH %(208] )

- o]FEY AF cell density=  6.45x 10 cells/mi (viability 89%)
- 80% WA WA F OF AT 0.002MOI HF 16A1HA A=

- HEolH 22 9 7}4.1 10" TCIDsp/ mé

- HF 5 - AAT 1465 FLTF 1.96ug/ml

O npo] 22| E i (1802 E)

- o]FF ] AT cell densitys 2.81x10°cells/ml (viability 55.8%)
- 70% WA A 08 FHF 0.002MOI HF 16414 A=
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- Hlo]#l 2 9 7t2x10° TCIDsy/ ml

O FAIY woledz WAl Ul Y4 AE
- A RE A A F2 gl AHH Ao HE2 wEA A8y
- Az AN A P53 FR, 2l H=E, OF manualel] w2® AlE5= 3x10%ml, vt
ole 2% 7} 107/nl, vholH 2= lyg/ni 7k 7| EHOEA B ATHA S AopEo|
T BHHY FAVEE BE FHIAS

- Foot and mouth disease (nfection with foot and mouth disease virus), OIE
Terrestrial Manual 2017
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A2EEAT7IH - FEYAATED
L FE4 WA vjAE o] &3 HiolH 2 HAETAH FH

D 2t TERu Al Z4H FAAZNA vlolg s 72 A4
TYRuA AN FE FHRAEL FRAZY AL AL FARAT AZ
Mzl 44 FAMEe] 249 6-well platec] A )

6- FtRrar, FHAEe -5l

+ shacking flaskoll A vi<kstdth AlZ&= 3x10°cell/ml2 Y344 seedingdte] 59 5

gol Al FAA S st

AN@AT FHAEZE 10x10°cell/ml ©)d F FAEZe A H
1

1=}
=1 5 T
33x10°cell/ml =&71A] M= E AL AT & AU o F2A | 38 o]

.

Cell density
(210° cells/ml)
B

Day0Q DCayl OCay2 Day3 Day4 Day5s

99 L RRAE R PEAAE F4Y v

2) FEAMA SHE FRAEANAML vpolH = A A4
Oo}:

FEAMMAE o] &std FFAEZ il FAAF0] 2 FRuld Az S4S &<l
g 3 ol SIS 9% FEAA ABES AT AF S o 2ol A
WAL RS Sl e FrAlEe] SAETE oy} vloj# 29 FAjo] Hajtow F
7HA 8 4E A F Qe HiAE A e Zo] Fastth Al Zuj iR ef Al
FE TYA o] EHA2 BHK-21 AZE 397 w3 oS vlolgix HE HjA|
£ Gibco-A, Gibco-B, CSTL-B(Cell Science & Technology Inst., Inc) 37FA|Z2 T-Z7

sto] R4AUF AA dlolEs AF F A B wold s IS A

|
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Cell MOI 1Nt PEE A ] <B4 Hlo] & 2~
o ° 1204
Gibco-A Gibco-A

BHK-21 . i . .
P31 0.05 MOI Suspension 6x10° cells/ml Gibco-A Gibco-B
Gibco-A CSTL-B

NEAH mE APIFAN HF 2¢4 nlolg)x o] 10*°TCIDs/mle2 ZA
R, ©]F Gibco-Bet CSTL-BE wHlolgiz F2jo] ©] o] o]Foxx] ¢kgton
Gibco-AE HF 44A 71 =& titers RHo AZujdujz| e} npoldjx HFuA =
%93 Gibco-AZ AT

T 6
A
854
; 24 8~ Gibco-A
2 3 == Gibco-B
= ? o= SCTL-B

i

A it i i 4t 4
S & S @& S .9
N % # % % G
e 2 2 % i %

9 2 wolE s AE WA HE vpojE s T =4

3 F2A wiAIet EAFAHIPA Y wlol2x F4A4 Wl F<

71E ZdE WA A AE ajefoll= alpha-MEM + 5% FBSE %] AR&ste=d Al
EZZANE Bl AA Foy FAHlY AHSAAA TAE EHAdu AF AHe
T3l 28" FEAMAE ol&st miolE = FHA HIAE FAstuA Alde AA
st BHK-21 Aol Aol e e vlolg 28 Abgste] HFskaem, o
ZT o2 AMESE @A A7 wiA = Gibco-Addl AHFBS)®] 3% EFH Aot

NAAF vl HF 2UAMA= HIT titerg R ou HF 3Lt FEA
w2 Aol 10" TCIDs/mle] E& titerE R{Th 217 33 o] dAujx|s} ¥4
A A Apolell H FFe Hiolgl X titerE Hole AlZto] AoldE o £ UL

™, o]E 7|¥lo 2 ulo)#] 29 harvest timeS AAY & YA Dok
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~e—EBHT|[+3% Fas) —8=-SFH BT

W =L

Wirus titer (TCID5/ml )

== (] b

24hr 48hr 72hr Sahr

09 3.8H Rl mE HolE s B 24

HAZ JF S0l e Holgx FHA B

—

A wpoly 2 WAl A4k BHK-21 F-fAl o

) - [e)
(BEFV; Bovine Ephemer Fever Virus) 72 27 ¢S 93l Ax HF +Z 6x10°,

10x10°, 20x10° cell/ml & 3t Zz+z- MOI 0.15, 0.31, 0.57F =2 HZsAch

N@A3 nlolg 25 ZAZAAZ & 29t 7HE £ Hlol X titer:
MOIZ}F 7F& i cell density7} 7F2 & Z7A(20x10° cel/mDolA H&
titer2 A=t

=4

=G 105 ceilfml
== 101055 cellfml
== 20105 cellyml

Wirus titer | TQ Degfmi)
]
=}

Ohr 24hr 48hr 72hr

29 4. MOIS| ©E wlole 2 eF 54

- 08 -
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2. A SE8& FAlxe WAl Pike] HE(Lab scale)

1) Bioreactor(Lab scale)E o] &3 S44 &<

theF AAS 98] spinner flaskolld A AIZ do]E|E 10 L Lab scaled]
Wavebioreactorel] &3t} T8 FE{ujeF BHK-21 AlXF9] 3824 wf A= o
53 Zt}h 10 L WavebioreactorE o] &3t 3|84 wjFZ3} v 393 Az =S
o] 90% o] FA =AU, cell density= 2Y 2t 7 =A Z=AH = AT

z 7 Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
Y Z M| FE S
! 5 il 2.5 16.2 36.5 35.1 21 10.9
(x10° cell/ml)
MEZEA = (%) 97% 96% 98% 99% 61% 31%

40 100

4% 90

g0

30

70 =
ZE 25 £
5= B =
1:3? 20 50 3
= " =
fo =T L 40 =
= L

. 30

20

5 10

o o

Day O Cay 1 Day 2 Day 3 Day 4 Day s

1% 5. Wavebioreactorol| A wvjFst T84 E-5ujeF BHK-21 A= A& 24

3. ML FEE RAMZe) S84 WA A= Lab scale)

D Cas system®| g FH =1 ¥sE 53 34 AH3)

AelE FEA7INE Gibco-A wiA| o] EHuldzd o= w e BHK-21 AlZo] M

214 9 Glucose, Lactate, Glutamine, Ammonia$} & AMIE S =A st H A9
S FYstaA stATE olE g AL AHEe] B4 T3 X o] Hrlsior =

J =z
A7b=e MY TEE 2AE o ATk
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40 4

2 _ 30
5 £
= o=
T $20 1
(] L"ﬂ
- -
5 10
0+ : |
Oday 1day 2day 3day Aday Sday
B -
3
= =
3* 2
821 5
T4
D T T T T T 1
Oday 1day 2day 3day 4day Sday Oday 1day 2day 3day 4day Sday
5 8 ‘.
e a N /
%“ =
E3 - z
E L E 44
=2 N 5
E N £
e o =2 "/
0 : .\- / : 0 ; : : .
Oday 1day 2day 3day 4day Sday Oday 1day 2day 3day 4day Sday

9 6. HZ A ZH @ gAAE =3

- X

2) wolgs Z2d 27 e D UALE 2

A FEA7I BfujeF Alxeo F3ld vy g AAAZ ggol dojue=
F =214 9 Glucose, Lactate, Glutamine, Ammonia®} Z-& thAAIES =A s Th

olglz HFAloll= utolg o o3 MELDAHE, AEgo] Wstel AZ A=
27y AstE S FAE = IA HA, o] F 7|HtoE nio]# A9
Sl additivee] Ao wFdE 4= A = AT
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ap

= 25

o =

£ FE

t F

T = 20

¥ 3

g o 15

-

:-5 10
5
|:| |

Ogay lgay Zaay Joay

(53]
1]
P
[

s 1 20
= {8
53 4 = 15
- E
& | ]
€51 = 10
= =
-

[
o
(3 )

=
=]

Oday iday 2day 3day 4Aday Oday 1day

Zday 3day 2day
—~ 4
=] o §
'E— 3 < = 3
ES3 3
= | =
Eg | =y
TR <t | o £
= | E
g B "1
0 . T T 0 T
Oday 1day 2day 3day dday Oday 1day Zday Jday Lday

O 7. AR e wtolE s B F giAMEE =

2 2 g F A vlolel s UE g BL3 (PELH 353
59 A

sl o} Qe wPEAP e BRe] A ofu
77193t (2016.09~ 2017.04) oA TRkl Ax SR

4. MLE FEE& FRAZY HFETH 33

- BHK-21 B-8A322] v & FHE 93+ 2L bioreactord] A= tE additiveE

A7rste] A Z(57.0x10°cells/mDE vl 3 o
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7}sle] Foot and mouth Disease virus (strain; £3) 72 =4S 2Este H=
I}, group 29 FEA HiA-A 2 group3e] F&EHu)A|-A+additive CB feedl &
Z70 A vlolel 2~ AU7F =2 AS &<13 vtH DMEMe 2 # &3 group 19
FAZE e FAHA L. FEHNA-BAAR 10° TCDs/mlE P& A
st

oy

R

M ) rlo m

N
-

o] ©
=K

- FAY nvlo)# 2~ ZHZHA] additive?l CB feedlE F71=2 AH7ps7| =2 sk

(1o 10 T Dogefmil)

LT

oo
M =R A RS -s-Booms =4 ol |

aE 8 A upolE 2 A A
5. H-AlE HET ulol2 29 A
D). Canine virus®| nfol&] 2 A AL

- 7t ol 2 Zh4e Bel S 9ishel BHK-21 AlZE B# wlekstel Canine virus %
shibel Rabies Virus(3ad® whole208 AEsta 344 lstus .

- BHK-21(7.37x10°cells/ml) A|3ZE 10 L. Wavebioreactorol] F-&A17# 447t wjkst 2
7, 43.7x10°cells/ml¢] density2} 96% cell viabilityS =.<J.

- BHK-21 AxZ9] nlolg]x~ ZH4EAS 8<¢1S 93te] Rabies virus (Seed titer 107°
FAIDso/mDE 0.1 MOIZ HZE3t1 244 7tulch vlo]l g~ titerE A3 Ay, 4YA)

7H =2 1030 FAIDs/mIZ 8415

- AxA o2 BHK-21 B4 AMEE canine virusol A E H54A L 342l
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a0

ha w B
o o L=

el derrty (168 cell 5fml |

-
o

Tewy O Day 1 e frl Day 5 Dy 4

19 9. BHK-21 M =& ZA3=4

- B A AF 2R TAY B GFPLS 9D
st BHK-21 MZ & Hf wjdsted FMDV(ZH)E HEst

- BHK-21 (3.2x10°cells/ml) A|3ZE 2L bioreactorol
(66.4x10°cells/mD&}le] 0.01 MOIZ FMDVE HZ3%. HE =
=
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6.

4.0

ED

FIAD teter {1og 10 TO Dy §

O 11 FAY mpely 2o HF = AUE violy & G
B AZ7|b 3E AEF &4 3R HF 3
1). Bioreactor Hj=71
- 322 wjeke 2L bioreactor®] pH, DO probeE “AZAste] #H|3F th2 PBS ¥
bioreactorel]l AZ¥ tubingS Eg3st HHFE AAS PBSE AASL FEA wiA

800mlE- saturation A]%1 TS probe?] calibrations A A,

- BHK-21 XAz wjeke Erlenmeyer flaskollA ®iFgE 200mle] A EES
bioreactorol] U T ol T} e oA Bl eFsh

I 1. Bioreactor HjeFk=7A

T Agitation Temperature pH DO
A| 3 < 150 rpm 37C 7.0 45%
Hlo] 2] ~u & 150 rpm 37C 7.0 45%

2) FAIY wlolel s 7z Y

- 62.0x10° cells/ml® Fw® F-f AlZo]l FMDV(ZH)E 0.01 MOIZ HE3 oo
< T ANZPEE sampling 3t wlolH 2~ $FS =43+ harvest times &<l 0}57_1}

(o138
.

- NdAH B M ESuspension cel) ZANAME nlolgl 2 HE 23AZHA O 71
=2 10°2TCIDs/mle] &A715 B, 22 A E(Attachment cel) 2= 19A3F
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B.00
—'—'-=|'-Tr‘-|_‘|: e al— I:l:
B 700
I‘é-
=
a
pur
-}
a
= 600
=
o
=
i
200 1
4.00

A| T 15h LTh 15h 21h 23h 30h 3ah

a9 120 B 2 & AlZel e FMDV &A17F ¥l

3) MOI (Multiplicity of infections)oll @& FMD(ZZ)ulo]& 2 S48 &<l
- 1L bioreactoroll M= 2 HjgFzAS

S ZA3HA 3 S, 10"? TCIDse/ml 2] seedE
AH835le] MOIE Z+z 0.1, 0.01, 0.0012 &

=
gste] mholel s HF 242 FUT.

- A@ZA3 0.01 MOl 2214 H F 10°° TCIDs/ml o] FA7LE H4she o=
3lolx]o], o] Ao AL mlolE A~ HE AL 0.01 MOIZ 3le] A3},

FMD Liter (log10 TODS0 ml)
F s o

(5]

o1 ool 0001

19 13. MOIe| & #Hhol#| 2~ A7} Hlal
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7. 84 A E o] &% ERAEY 3EA TYE IF Y
- Media changeoll W& nlolgx ZH2HES Hlwsy] & uloldx HFA 1W

bioreactor= wWjA wAS A AEN L, 2¥ bioreactors HIXE wA|sFA] kil w4t
A oA o] wE BwE 93] glutamine, glucose A& FUdA & 29 o] Hrgh

¥ 2. Media change %o W& nlolg]2~ 97} Hlal 24 %

EXil i Viability | FMDV titer Hl 3
4mM Gln
1 0 5.5
Media change O 33.0 53% 10 4mM Glu
4mM GIn
. 0 5.63
Media change X 36.0 56% 10 8mM Glu
8
E
¥
o T
Media changs O Fediz change X

19 14. Media change %ol W& nlo]z{~ ¥V} H

ral

[e)
[}
=
Ca

- 9o AEANREL B 584 WS BHK-21 MEE 3-5x10° cells/mlE u)
o] 50x10° cells/ml ©]’+9] densityS RY w] HiAwAZ 3Fx %3 FMD Hlo]
HZ3le] 17h~20h Atolel M EsteE =AS F93

8. FEA vAE o] &7 BFAHAEY fUH4 #ZA4E 33X 9
- BioreactorE o]-&3le] kel 1Lo| 4.17x10° cells/mlE seedingslal 7LzF viekdk. 5

AR FdA ujA] 05L, 4mM Glutamine®} 4mM GlucoseE feedingste] 7L A ZH)
62.0x10° cells/mle] M ZE =53
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a2

Medls Feading

Cell denvitylald” celis/mi)

B

9. Hio| LY HHE o] T FAH uo]H 29| wjF B BF3, A A4

- Mg ANEoA FH"E A z7Aol utel 2 L bioreactord] HEZE REAAH FA A
Hlo| H ~(ZHF) 0.02 MOIZ HZ3t3 16~18A17F vl &3t S

- BEIZ 223F4e 73 F &5 3 ZAE T8 14655 A T8+

r/— Bioreactor, SFM, FMDV
Bioreactor® 0| &% 7% H}0|2{A0| bl

Cell 24 Virus infection Inactivation == 9 HH
(BHK 21) (FMDV) (BEI) (146%5)

Wiability Virus titration EEE B0AH

T 410
50 44 L
.09

will yimba my

-
irus Ter (TCIDml)

A 16%8 cell el

il
Time of Culturs

— iy

719 16 vtol 2 g HE QLE o8& A uhole 2 wief
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10. A ANA FAY RN BzA A3 2 &5 B71

D A 234 AY Y9 adjuvant AA A A& A)
- AFEWmaAl 24 YT AFAF o) A2AR FY dF 1 dose(10pg/dose)S
7}A 31 o3 Adjuvant 24 o2 Z}z}o] Al AlS A Z3HY

IE 3 S 3 | AEH Adjuvant
Group 1 10ug/dose 5 one dose /2ml ISA 201 50%
Group 2 10pg/dose 5 one dose /2ml  Combination 40%
Group 3 10ug/dose 5 one dose /2ml oW 65%
Group 4 10ug/dose 5 one dose /2ml WO 80%
Control 5

- SEAY  10~1158 9 FAY A S8 dA7 HA 2% o] &St o 1

T 2ol Z7F Mg 178 25HTE A 457 Fo A Este] Priocheck FMDV

Type A& o] &3t AVIE =

- A3 WA HF ol BEE Hxﬂcﬂw FA7E 240l AFHY o WA HF 4
% Vaccine 1 Z55(ISA 201 ZZ&)olA 1/HAl A3, Vaccine 4 1HF5(WO ZF)l

A BRE AATHGA-L MAE HAD Fgxse] FFEHUATY & 1§ 9 54 =T

oAM= HF 457 o FA7E FA Ao HFEHA| Fohoh

FMDV type A ELISA(pig) FMDV VNT(pig)

£ E £ B 3

Pl wwlin (%)

=2 1ihaFE

miGl ahF 503 w2 =loemy

2217, HA(EHE2)e] 2] FMDV type A ELISA 2@ VNT Az}
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Average SD
2% | A | 3% R g [waaz| wa | wgas
Az A | 453 | A2 4 | 4+ %

G1-1 33.1 42.0
G1-2 27.2 53.5

Group 1 G1-3 8.7 374 18.0 39.5 11.5 9.8
Gl1-4 7.6 38.5
G1-5 13.2 26.3
G2-1 18.7 9.5
G2-2 14.7 18.9

Group 2 G2-3 12.9 18.5 14.1 14.9 3.3 4.4
G2-4 9.5 16.7
G2-5 14.7 10.9
G3-1 114 29.7
G3-2 6.9 24.8

Group 3 G3-3 94 11.5 9.2 26.0 2.4 10.5
G3-4 6.6 40.4
G3-5 11.8 23.5
G4-1 12.8 H A
G4-2 94 66.7

Group 4 G4-3 9.8 61.4 11.2 59.3 1.8 6.1
G4-4 10.5 52.5
G4-5 134 56.7
Gbh-1 1.9 8.5
Gb-2 3.2 9.5

Control G5-3 134 6.2 7.3 9.5 54 2.6
G5-4 12.6 13.4
Gb-5 5.1 9.9
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2) 7AY 1A 08 U adjuvant 2B A F(FHA)
- AN 24 A AAAI o 2A-"E Fd FF 1 dose(10ug/dose)E
7FA AL o 2] Adjuvant 2o E Zh7to] Al MAlS Al 2T

o,
g i 5T g / HEHE Adjuvant
Group 1 10¢g/dose 4 one dose / 2ml ISA 201 50%
Group 2 10¢g/dose 4 one dose / 2ml WO 80%
Control 4

- FEFAL A3
Z 8947
MAHE AldW S
Wz A 3% ¥
89 <8 <8
90 <8 <8
ISA201
92 <8 <8
94 <8 <8
98 <8 181
99 <8 90
WO
101 <8 128
103 <8 90
88 <8 <8
91 <8 <8
Control
95 <8 <8
97 <8 <8

328 ol FHo=

i
ri
ot
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- ELISA A3}

N8 A ?ﬂil Ll oD Sam.%ﬂ;ﬁ{)D%O I °o‘:,z%z"§ (;&;E‘]
89 0.9592 0.85925 59.70125 ¥
1SA201 90 0.9118 0.81185 61.9243 +
92 0.8908 0.79085 62.9092 +
94 1.2827 1.18275 44.52912 -
Mean PI 57.26597
SD 8.596587
98 0.6363 0.53635 74.84523 T
WO 99 0.4636 0.36365 82.94485 +
101 0.9773 0.87735 58.85236 &
103 0.6808 0.58085 72.75818 +
Mean 72.35015
SD 10.01382
88 1.5402 1.44025 32.4524 -
Control 91 1.5327 1.43275 32.80415 -
95 1.757 1.65705 22.28449 -
97 1.6089 1.50895 29.23037 -
Mean PI 29.19285
SD 4.878281

1918, HA(F A =)A< FMDV type O ELISA 23}
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3-2. Z3 Ao 7
3-2-1. AxpE AN SR
TE | A= AT E3x g5
- FAY nlolelx WAl AY4kE B FE9 Hf
BHK-21 A=+ Bl & BHK-21 Ml ZF gx
SHAIHEA) - S A FE AT Y AEXLAE SESAEF 7]
EHKCTC12945BP)
i 2P 7L 91g - 20 T AgE wA 44
T RAA 2 - MVCC7|& 7% 5% ujA A 2 EA 4
772 EAEA) |- violg 2~ 97 U 8
_ - Hj A AR~ S Al BDeF Ad AF 3o F
A Z 1) R A
H 1
POIRERN L s pumw 2wy ug
eSS HE y
o AEARd | AANLE 918 BHK-21 Al2F9] mAE o9
= A=rerdre BN 9 nlo]|mEZglznl oHdoR A= o7
-%17]_(}@‘%]0&) “l‘;% ]1:! = ]’] ﬂ' ]' EIO:]T oo
vz 2}o] 2] g oA FE 93 HA MNEF TF
H7tE 5% o FAY nHlolH 2 ALY HIIE FSE 7] EH|A
ZIEH| A B EA) | AE
- AF vlo]y 2 5 B A EF W3 & Al n
Sl dole s Aakg | OO Fole 2 5 32 W3l o Y v}
olg] 9] d7} Apo] B4
N BV = N _
12hd =) 2015 ) . - bl 29dx AE71H &Y
SH(eEFAEYE
o) - Hiolg 2 HFA|, EEt wjA| 7} D4F ol HjA|F
N Froll whet whole] 2 Ak Apo] el
- 2} FEAHuA o FAHE FERAEA e vlo]y
T3 wjA v A& 2 4 e AlE 8=
o] &3 vlolH 2~ |- ZF FEAM|A| o F2AE BFAEA ALY nlo]
A EAR 2 A A 239 9=
gA(ZgMAATL) (- A wix AHAIA Y vlolg]~ =214
Hl o &5
NEd &8 - Shaking flask(Lab scale)oll 42| 2] wjzxa &
Bz WAl A3
A Ako]l A g(Lab - 10L Wavebioreactoroll A HF-fAx2] 2] #j<F
scale)TdHAATL) | =4 8-
MtdE =&
BoMzel 3824 |- Glucose, Lactate, Glutamine, Ammonia$} Z< tj ARk
i FEd FHsHlab | && A3l violg 2 F24S &<l
scale)F G A AT 4)
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4. A8 A=

=&(SCI 2 A)

1 J Vet Med Sci. 2017 Nov 10;79(11):1822-1825.

- Determination of optimal age for single vaccination of growing pigs with
foot-and-mouth disease bivalent vaccine in South Korea.

.*ﬁ%‘ _

Determination of optimal age for single
vaccination of growing pigs with
foot-and-mouth disease bivalent vaccine
in South Korea

Ah-Young KIM'* Dongseob TARK™, Hyejin KIM'1! Jas-Sack KIM",
Jung-Min LEE", Minhes KWON", Soohyun BAE'!, Byounghan KIM*! and
Young-Joon KO

"iCente oo FRAD vaocine Resesch, Andmal snd Fant Quanintine Agency, Gimeheon, Gysonsangbubk-do 19660,

Bepublic of Kores
Dpiea Zoonods Resssch sttt Chonbok Manioesl ey, loan, eollabub-do 50531 Bepublic of Komea

’tﬂwd‘nmﬁlulmmmim myungpcsok Mathonal Linkersity,

Dwegu 41566, of Koews
1 Vel Mied, Sen
ABSTRACT. In South Koies, phgi wese vaccinated onos between §and 13 weeks of ige becaie
TRURWRI-SEA M af thie injection-ite granmulormas, Thevelons thes study wan perionmed 1o determine the optimal
dok 10129 2vme0-0138 age Tor single vaccinetion of growing pigs Wi the currently ined fype O FMD vaccine, With 49m
plgs divided into four groups, soprevalence of the sntibody was analzed with enzyme- lin ke
R caack 1 iria 3007 imsmanosorisent vy ARhowgh douhle waccination i receswany to completely protect growing
g Froam FRADH wirus indection with the cuttent vacdre, the sge of I wesio can be consldered as
mﬁ?mﬁf'ﬁ'ﬁ the ot mal age Ioi et vac anathon I the booter mp<thon n unms il
uh' w"" mm KEY WORDS:  fo -t Ut civedter, i), i ofisvalenas, vacing

ATFA A AL AEFE ol &sto] Ak FAIgutolg =g o83 WA
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2) Antiviral Res. 2017 Jul;143:134-141.
- Antiviral activity of ovine interferon tau 4 against foot-and-mouth disease virus.

Cont=nts lists avasiable st Scesnelact

Antiviral Research

'k journal homepsege: www. elssvier.com/locEie/ sntiviral

Antiviral activity of ovine interferon tau 4 against foot-and-mouth @cmm&
disease virus

Jayaramaiah Usharani “ ', Sun Young Park * ', Eun-Ju Cho *, Chungsu Kim *,

Young-joon Ko , Dongseob Tark ”, Su-Mi Kim *, Jong-Hyeon Park *, Kwang-Nyeong Lee *,
Myoung-Heon Lee *, Hyang-Sim Lee "~

* Josat cnd. mouth Disectse [Nvson, Argiorasd sond Mo (s o Aoy, Wbty of Agetmiire fund aned Bl Affizis 177 fpomiks i 0., Gl hea. sl
iyem ngramphub da. egublc of Keres

" Karra J Basanch | Lt faak ety Maodong Boy w foll bk e o bl of o ms
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- Foot and mouth disease vaccine production in cell culture

ESACT 2017 - Abstract submission

Cell culture based vaccines
ESACT2017-1389

FOOT AND MOUTH DISEASE VACCINE PRODUCTION IN CELL CULTURE

Soonyong Park’ !, Ah-Young Kim?, Young-Joon Ko?, Eun Gyo Lee’

'Biotechnology Process Engineering Center. Korea Research Institute of Biosciencs and Biotechnology (KRIBB),
Ochang, 28118, *Center for FMD Vaccine Research Division, Animal and Plant Quarantine Agency, Gimcheon 39860,
Korea, Republic Of

Presentation Preference: Poster only

Background and novelty: Foot and mourh disease virms (FMDV) is 8 highly comagious and acure viral affliction of cloven footed
amumals [1]. The seven distinet virus serotypes of FMD mcluding A, G, C. Asia-1, and the Southern African Temitorias types 1 fo 3 as
wall as multple subtypes are sndemic globally. Although Scouth Korea had remained FMD-free for 66 vears. however since 2000, six
FMD epidemics have been recorded [2]. Since then. the Korean govermment has adopted vaccine strategy for FMD. We have
developed a new technology for FMDV vaccme prodiction by atihzing senmm-frée cell cnltiure platform, which can promote the ragad
preparation of vaccing against new viral strains,

Experimental approach: Baby Hamster Kidney (BHE-21, ¢clone 13) cell line which act as a host. was developed to be a
suspension-adapted cell line in serum-fres medinm (BHE-5). Twenty media were screensd for maximnum viable cell concentration
using BHE-S, and then, feeding strategy was developed using selected basal media,

Results and discussion: BHE-S has a high growth rate and is highly sensitive fo domestic FMDV strain. Compared o the

adherent BHE cells. most of the attachument proteins on the extracellular membrane showed decreased expression level in BHE-S,
The titer of FMDV increased with the viable cell concentration. Inoculating 0,01 MOT of FMDV to 167, 105, and 107 cells'm] BHK-S
resulted in 4. 8420.1. 6.3120.5, and 6.7520.6 TCIDS0. respectively. The anmal component free basal media and additive feeding
media were scresnad to obtain higher viable cell concentration and better FMVD viral production. Additionally, the feeding strategy
was developed 1o angment maximuom viable cell concentralion up to 2.5 x 107 cells/ml within six davs. This cell euliure basad-FMDV
production technology can atribue to develop an effective viral vaccine in case of FMD onrbreak,

Bibliography, Acknowledgements: 1. 2010 Report from Global foot-=and-mouth diseqse research alliance (GFRA)

2, Jong-Hyeon Park et al, Clin Exp Vaccine Res, 2016, 5, §3-37

Keywords: Foot and mouth dizsease virus, BHK call, Suspension cell culture, Serum-fras culture

- 124 -



DT (E2EH UFE 574)
- Verification of Proper Vaccination Time for Porkers with Foot-and-mouth
Disease Vaccine

D019/

Verification of Proper Vaccination Time for Porkers with
Foot-and-mouth Disease (FMD) Vaccine

Ah-Young Kim®, Hyejin Kim'~, Jae-Seok Kim’, Jung-Min Lee’,
Minhee Kwon’, Soohyun Bae’, Byounghan Kim®, and Young-Joon Ko'*

'Animal and Plant Quarantine Agency, “College of Veterinary Medicine & Animal
Disease Intervention Center, Kyungpook National University

Double vaccination with an interval of 4 weeks at ages between 2 and 3
months has been recommended for FMD-susceptible domestic animals in
Korea. However, fattening pigs are vaccinated only once between 8 and
12 weeks of age because of the side effect such as injection-induced
granulomas. Therefore, this study was aimed to verify the most proper
time of single vaccination for fattening pigs with the currently used FMD
vaccine consisting of 2 strains of serotype O virus. Pigs were divided into
four groups and vaccinated at the ages of 8 weeks, 10 weeks, 12 weeks,
and 14 weeks, respectively. All pigs were regularly bled after vaccination
until 24 weeks. Antibody levels against FMDV were detected using
commercial type O enzyme-linked immunosorbent assay. Although pigs
vaccinated at 8 weeks (group 1) had the highest matemally derived
antibody level at the vaccination point, they exhibited higher vaccine-
induced antibody level than the other groups (p<0.05). Double vaccination
is required to completely protect finishing pigs from FMD wvirus infection
with the current FMD bivalent vaccine. However, the age of 8 weeks can
be considered as the proper time for piglet single vaccination.
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- A Comparison of Methods for Purification and Concentration of Foot-and-mouth
Disease Virus

D021

A Comparison of Methods for Purification and
Concentration of Foot-and-mouth Disease Virus

Hyejin Kim"*, Ah-Young Kim", Jae-Seok Kim®, Jung-Min Lee’,
Minhee Kwon®, Soohyun Bae®, Byounghan Kim',
Choi-Kyu Park’, and Young-Joon Ko™*

*Animal and Plant Quarantine Agency, “College of Veterinary Medicine & Animal
Disease Intervention Center, Kyungpook National University

Foot-and-mouth disease (FMD) is a highly contagious viral disease, which
cause substantial economic loss to livestock. However, little is known
about the efficient method to study the purification and concentration of
FMD wvirus-like particles, 146S, including the removal of non-structural
proteins (NSPs). The 1465 particles of FMD virus (FMDV) were concentrated
through polyethylene glycol (PEG), ammonium sulfate (AS) treatment or
ultrafiltration (UF), Several methods for purification and concentration of
146S particles were evaluated by spectrophotometer to measure the
amount of the purified 1465 particles. The purified FMDV 146S particles
were confirmed by transmission electron microscopy (TEM) and sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The
results of the current study revealed that 146S particles concentrated by
PEG showed the highest purity. Thus, PEG concentration is proposed to a
reliable and efficient method for FMDV purification.
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- Chromatographic Analysis of Foot and Mouth Disease Virus

D022
Chromatographic Analysis of Foot and Mouth Disease Virus

Jung-Min Lee’, Ah-Young Kim®, Hyejin Kim"*, Jae-Seok Kim',
Minhee Kwon®, Soohyun Bae', Byounghan Kim®, and Young-Joon Ko™*

Animal and Plant Quarantine Agency, “ College of Veterinary Medicine & Animal
Disease Intervention Center, Kyungpook National! University

To distinguish the infected animals with vaccinated ones, non-structural
protein (NSP) should be eliminated from the FMD vaccines. Herein,
different types of columns were tested to find the suitable column for
1465 isolation. In this study, we used five different columns for analyses of
foot and mouth disease virus purification. Five types of columns were
used for AKTA purifier150 chromatographic system. With resultant
fractions of each column, 1465 guantitative sucrose density gradient
analysis was done. Among five columns used for chromatographic analyses,
a few columns exhibited marked isclation between NSP and structural
protein (146S). Each fraction was concentrated to confirm if 1465 was
found on the S5DS page. Other columns were not available because both
NSP and SP were detected in the same fractions. Herein, chromatographic
purification of 146S from crude FMD viruses was confirmed using a
suitable column (confidential before publication) with general phosphate
buffer. It will be applicable to the foot and mouth vaccine production
process.
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- Evaluation for Inactivation of Foot and Mouth Disease Virus

D020/
Evaluation for Inactivation of Foot and Mouth Disease Virus

Jae-Seok Kim®, Ah-Young Kim®, Hyejin Kim™%, Jung-Min Lee’,
Minhee Kwon', Soohyun Bae', Byounghan Kim', and Young-Joon Ko™*

'Animal and Plant Quarantine Agency, “ College of Veterinary Medicine & Animal
Disease Intervention Center, Kyungpook National University

Inactivation of the foot-and-mouth (FMD) virus was done by formalin
initially. However, it was revealed that the formalin treatment is not highly
effective for virus inactivation. Subsequently, binary ethyleneimine (BEI)
was found as an effective inactivation reagent for FMD virus. The
validation of BEl is essential to ensure the quality of the inactivating agent
and the validity of the process. In this experiment, the inactivation kinetics
of FMD virus O (Jincheon strain) were determined for different concentrations
of BEI (0 mM, 0.5 mM, 1 mM, 2 mM, and 3 mM), reactiontimes (1 h, 2 h,
3h,4h,5h, 6hand 24 h) and temperature (37°C and 26°C). The result
showed that FMD virus inactivation times were reduced depending on the
increases of BEI concentration. The difference according to the temperature
was also appeared. BEl at 3 mM was able to completely inactivate the
FMDV within 8 hin 37°C. On the other hand, in 26°C, FMD virus was start
to be inactivated from 15 h. This study can be used as a guideline for
routine procedures for validating the quality of BEl and the inactivation
process.
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- Large-scale production of foot-and-mouth disease vaccine in serum-free and
suspension culture of BHK-21 cell

P01328 Large-Scale Production of Foot-and-Mouth Disease Vaccine in Serum-Free and Suspension Calinre of
BHK-21 Cell

Large-scale production of foot-and-mouth disease vaccine
in serum-free and suspension culture of BHK-21 cell

Soonyong Park’, Euasil Kim', Youngli Lee,
Ab-Young Kim®, Young-Joon Ko®, and Eun Gyo Lee!

'Biotechnology Procez: Engineering Camer. IRIBB,
Ochang. 181106, Republic of Korea
*Animal and Plant Quar antime Agency, Deparmment of Animal and Plant Health Research,
Gimcheon, 39000, Republic of Kovea

Foot-and-mouth disease virus (FMDV) is a highly contagious and acute viral affliction of
cloven footed animals [1]. The seven distinct virus serotypes of FMD mcluding A, O, C, Asia-
1, and the Southern Afncan Temntories types 1 to 3 as well as multiple subtypes are endenuc
globally. Although South Korea had remaimned FMD-free for 66 years, however since 2000, six
FMD epidemics have been recorded [2]. Since then, three of the serotypes, O, A and Asia |
have continued to be vaccinated We have developed a new technology for FMDV vaccine
production by utilizing serum-free cell culture platform which results mn evalvating the
vaccination through new viral strains. This technology also serves as a control of domestic
FMD outbreak. Baby Hamster Kidney (BHK-21, clone 13) cell line which act as a host, was
developed to be a suspension-adapted cell Line in serum-free medium (BHK-S). BHK-S has a
high growth rate and 15 highly sensitive to domestic FMDV strain. Compared to the adherent
BHK cells, most of the attachment protems on the extracellular membrane showed decreased
expression level in BHK-S. The titer of FMDV was increased with the viable cell concentration.
Inoculating 0.01 mmltiplicity of infection of FMDV to 10°, 10°, and 107 cells/ml BHK-S, log 10
ussue culture infective dose 50% (TCIDS50/50 ul) was increased 4.84=0.1, 6.31=0.5, and
6.7520.6, respectively. Development of scale-up process from flasks to 50 L bioreactor was
camed out. Large-scale culture using 50 L bioreactor had simular productivity of FMDV
vaccine with flask culture. This cell culture based-FMDV production technology can attnbute
to develop an effective viral vaccine for a short period against newly spread FMD.

References

1. 2010 Report from Global foot-and-mouth disease research alhance (GFRA)
2. Jong-Hyeon Park et al, Clin Exp Vaccine Res, 2016, 5, 83-87
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