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Abstract: In this research, recombinant human cytotoxic T-
lymphocyte antigen 4-immunoglobulin (hCTLA4Ig) was pro-
duced by transgenic rice cells. RAmy3D promoter was used
for overcome the limitation of low expression level in trans-
genic plant cells, and the secretion of target protein was
accomplished by signal peptide. However, the RAmy3D pro-
moter system which can be induced only by sugar starvation
causes the decrease of cell viability. As a result, cell death
promotes the release of protease which degrades the target
proteins. The protein stability and productivity can be signifi-
cantly influenced by proteolysis activity. Therefore, develop-
ment of new strategies are necessary for the in sifu recovery
of target proteins from cell culture media. In this study, in situ
recovery was performed by various strategies. Direct addi-
tion of Protein A resin with nylon bag leads to cell death by
increased shear stress and decrease in production of hCT-
LAA4Ig by protease. Medium exchange through modified flask
could recover h(CTLA4Ig with high cell viability and low pro-
tease activity, on the other hand, the productivity was lower
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than that of control. When in situ recovery was conducted at
day 7 after induction in air-lift bioreactor, 1.94-fold of hCT-
LA4Ig could be recovered compared to control culture with-
out in situ recovery. Consequently, in situ recovery of
hCTLA4Ig from transgenic rice cell culture could enhance
productivity significantly and prevent degradation of target
proteins effectively.

Keywords: Plant cell culture, /n situ recovery, hCTLA4Ig, Air-
lift bioreactor, Protease

1. INTRODUCTION

hCTLA4Ig (human cytotoxic T lymphocyte antigen4-immuno-
globuliny= 217} e} 22k} 2152l Fubel A el A2
A 2 AH8-E ] Orencia® (abatacept)2h= A& 0 2 Thoj| & 11
o1t -84 9l hCTLAdIg= NuFeko] CTLA4S] 4| Z9] %o
ol Fit2 YIAIAI7]aL CEEo] hinge FEy Y2 =2Ed
o] CH2, CH3 358 §3sto] 9= whaldo|c} [1]. wWel2
ZEY 475 FHAZ 22X Protein AS 0] &3 25H
S zobe 192 S5 B el FA7E s 2]
FAAS AEAZE o-§3F Tl 7HE de) AR E =
3 2 W E] = cauliflower mosaic virus (CaMV) 35S T2 HE| &
FA EE Al2golnt vhd o aizbof] ofsjA vt HE =
RAmy3D Z2ERE & AZA L BE ALgolA 7P 58
wraao] BIE YT, Wo] F4 wo} 4] 2k Bajsi] 9

o WA E L autobuaobA| $AA A o] st [3]. 5
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Ak BARY FAL Bk BARAY AT 2
AZ A S o] §3 22122 o AaPg ol ch, A4 A o]
a}s}] gHo] obyl Aotgli Al £ S o] &3t FAo]7] thi
o BAAAHE o] 9o = the 2 50| ATk o] ¢ A
HE RAFRELS ALY g W B AR A Bl o
AR v XA Heh 2% AEE ko] A9 BA B &

gAB7E dofd 4= AL, FakE A o] H4 w2 ofl A2 9]
7ol FA2 Fde vIA Aato] A E 2 At o] et
A= s dst7] el A3 R o] in situ 3] 4=0]t} [6]. In
situ 3|2 Wi A W] 22 Yabas AT A7) o gf4s)
of FE Aot Tl 40| e FalkE& A7 skl Al
o A% B AYAE &S AN AT [7]. 3 QH A o] HofA]
= AikE A& HA s o =i AkE o] d4 o] 74
2 4 glo, AikEo] g el 4 HH] g e
ofAlef ot e E W= L Utk [8]. A o2 FAAY
A= FolHA

s de Ao
FAAG A ZAEE o] &3 A= T Y2 A2
Ui toll e A 2 S 25 gabshA v, A2 o2 T
wH|sko] AR [9,10]. Ml 920 A =3t Tl o]
o= A2 E upashA] Far wiA] o T of 43 A
g W Yol el ol welstet [11]. n situ
%] oS o]8T o| AR A T A
AA 7] o850 . sAIR A& F&
M ZE o] & Art SN insitu 955 ©]-§-5Fo] YA
= Q7= AEE AT [12]. A=H2E o] &7
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AL BHYARZY o], 1Ak, Futet, 247
o WA S Fakol insini 8142 3ol 285k [13,14].
3 Aol A= hCTLA4IgE: AJAFSHE 1) Ao ofol 4 =
S o] YRR Ao i st 8152 B0 24 A A
AA717) $13t 972 AWk RAmy3D T E -

4ol 4 2551 7] uhizol ol Rl WA 2 eks
ofof qHTF. B 17 BAL ) AT A HEE 7
2o}, ool T obd] ]S 2 xele] 2AR
o] 32a) 2 of7|5fol AAH 22 olof ek, webA 5
Hrha)go] ZeejopAlol] ola) o5 ES Ak 5
Kofl iAol Al $|5:5H 20| o 20| cf. hCTLAMgS: in
situ 2)4=3}7] 9]5}o] Protein A | X1 wiA] W2 2] M7}
Sfo] BATMAL 84347, A2 BepAaE 1ok}
o B2 WA 35S Sot A 3]%-2 A5}
27} shelck. Eak, Aok AR E T 5 o B0
X A EALS 7] 2 T10k8}e] Protein A 8-S 23] hCTLA-
41g2] in situ 35 X3P} o} (Fig. 1).
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2. MATERIALS AND METHODS

21 A EF Y ujgFz4

2 AFN AEEH AE N EZF= ARHERE 2 3
AAE W A Eo|t). o] MEFE Oryza sativa L. cv
Dongjin 2 & #EHA|Z0]H RAmy3D ZZEE 7} 4} 5
ojglo] o 17 gH7g of| AWk hCTLA4Ig S "I gt} Ceho]]
10 A elo] §31E]o] 97| uo] hCTLAMg 44t 5 o7
2wk g EA S W Az o] Al A] = ARA| A 23 of

Suspension cell zone
Medium zone

8 um pre-filter
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column

Peristaltic
pump

/ \ T i

Out let
[Modified flask]

New medium T
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Fig. 1. In situ recovery concepts of (a) Protein A resin with nylon bag, (b) modified flask for medium exchange and (c) air-lift bioreactor.
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o]l Ab (AA)ERR O 3% SR O A, 2.0 mgL 24-T] 222
T = AJObA| EAL, 0.2 mg/L 7Fo] ] €, 0.1 mg/L A H| H 7 Abo]
H7FE 1AL 50 mg/Le] o] 12 uto| Al YRS AHE-BH
th. 500-mL ZetA0) A 9U THA o2 Arfujofs x13 st
9l at, 28°C, 120 rpm, &} Z 7 of| A &bl oF3} ¢t hCTLA4-
Igo] At == ol gl obm| Al v 2| 2 neksto] 713y

shsict.
22. N|2F 24

A AR A AR S S A ool Al Ee) AL 2l
SHIC). 100-mL Zehs oA uj kst HEA|EE Fo] of
AE ol goto] A x| ok FoY) FRAE 38 A

jus)

FAZYRE S22 AATAT AFHAES 0 85t0] 4]
E RS 25 60°C 1271 4] 48417 A ko] 4]
= ANFE S5

[

3. Z2HolA 84 §3

|27} ZH] Sk ZRE oA o B4 572 7% E Anson's
W ol &ttt [15]. 1% 7FAIQ] (67 mM QIAMGE R, pH
7.0) &4 1 mL& 7| A2 AFE3EAL 0.5 mLe| wjoF AR E
E3ste] 50°Cof A 2027t HH-G-A| Z T BE-g-& S =35H7] ¢
o 30% ET|S =224 85 AT sto] 50°Co A 3027t
g 2181H3A T 15,000 rpmof| A 1:27F 42 &, A5 3
sko] b 280 nmofl A FF=E S5k Bl 2 A8 9
=92 (.05~0.4 mgmLE AAste] FREAR ALLE}
AL, 32 FFTE S 28T 919 SAofA 12T
1 mge] E|241E B8 4= =849 2 1 U (Uni) o &2

A elshaint.

=

2.4. hCTLA4Ig A%F B4

FAXS W A2 afFA A ES 0]-8-5o] hCTLA4IgS] A=
BXS A3Y5}19 o} ImmunoPure® 217+ IgG (Pierce)S F
TEAR ARt MEQA] a4 A3 WY 4] (Enzyme-
linked Immunosorbent Assay; ELISA)S 283} c). 12} &
A+ Goat anti-human IgG(Fc) (KPL)2 AF8-3} 3 3L, 22} 4|
+= Peroxidase-labeled goat anti-human IgG(y) (KPL)& A5}
il

2.5 hCTLA4Ig A4 B4

FAAS v Az vjFd MEE o] §oto] YA HERS
A ePshich. vyl MZL 10% Z2|ofaHotuto|= AL
o]-g-5}o] F] 3k % PVDF 7l B2 ¢l (Invitrogen) ©. = ©]-5-A| #
Aot BAFEF ] nhA 2= SeeBlue® (Invitrogen)S AH-g-
5} a1, 12} A= Goat anti-human IgG (KPL), 22} &4 =
Peroxidase-labeled rabbit anti-goat IgG (KPL)2 AF&35F4 T

2.6. Za A3 o A Protein A # A& 0]-4% hCTLA4IgS]
34
hCTLA4Ig?] 3222 9|3) 9} Z7]7} F 85~165 um¢] STRE-

AMLINE rProtein A (Amersham Biosciences)& A28} %1 Th.
A} 2 710] 4ol AL 8] 913 Fo] 50 um o]t
U E FHYE 2x2 em 27| 2 A|&Fste] & %1-& ¢ i 100-
mL Zeb 220 245k WS Adskct (Fig 1), 2
£ 200UE 0.1 R2UEE SASREE S0 1057} 2
A3t % Hatof] A2 5}o] AR&-5FA . Protein A | 12 Hi
% 49 Aol 4417+ 5k A7kstel 8l 4stedc,

27. 424 Ee23§ T WA g4

v ok 2 wj 2| & w3}slo] hCTLA4E 3]4:317] 98 x4
250-mL &2k A5 AQkshgith. o] ek Wikl = v
N 35 A3 FE17F LAl L Atofofl = Al 2o v F el
w2]8t7] 915k fr2] of o] 4h¢d =] of Qltk (Fig. 1(b)). vl
S g A5 zZof| ol 3] pEn, 5T Akl A]
7bEetAa R e A

2.8. 371 5-%2 AEYE7] & 9 hCTLA4IgS] 34
FAAL ¥ Azt uj A7} 2] H =g i uf kg 1.2-L
7| R AERE 7 E aekst it Bl Z 20 2 A2t
& A2 sho] AL o] wloF F 7k} vl Fel &f 3] F 7S
Slohoich A L2 viefsldlal 371 B+t 98 E
8 0.11 vvme 2 15k it} (Fig. 1(c)). 371744 A=
371l Protein A A # & A }o] v = &H|E hCTLA-
4gE in situ 2|55kl WA 1 em®] 2= H A7 (Bio-
Rad)S B++5t9] STREAMLINE rProtein A (Amersham Bio-
sciences) 2| %5 10 mL S-2Iskgl o, 9] Eds ¢l
24471 5 20% o kol FAIBHATE 11 5 HatEH 20 mM
QUAILFER 29 (pH 7.0/ 2 HY5hA7] T ALSHALH T
35 v 2= 1 mL/min®] £ X2 Protein A 28-S E3A|F
1, 8417 59k 2 2344170 & 8|10 F2HE hCTLATg
£ 3lskqleh. A #3919 108 o] 355} 20 mM Q1AL
EE &Y (pH7.0) 22 ZH3 A A5l H|Eol2 o2 K2t
oS A AL, 0.1 M 22 Al-F4F 85 89 (pH
3.0)2 AF8-3Fo] hCTLA4IgE 84 Fith 8<% hCTLA4Ig
o] F3E fl8f =Y S%EY I M E A4 89
(pH 9.0)= 3 7Fsh it

4 oy

ol
it

rZ ooffl ok |

3. RESULTS AND DISCUSSION

3.1. Protein A | R 78 B & insitu 3|5

A A Aol Al i A] 2 EH]H hCTLA4IgE 24 34517
23l Protein A FF o] E0]%l+= Y2 FHUE H7st4
t}. Protein A & 712] A7} A& ZA 7] Yol & 12wy
A of| Al 3 A8 W A| 32 0] hCTLA4IgO] AJ4k2 2Hl s} qlTt
(Fig. 2(a)). hCTLA4Ig= Thil & AYALS &= B 49 2o 7}3¢
F23] S7HsFAL H o AR 62%7F AATE ATk AJAE
T 5Y A} o] %ol = hCTLA4IgS] At A 7]-& 717} #h4
© A4S AT 93 FAT A ZAFE T} u A Y2 Fy|
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Fig. 2. Time course changes of (a) hCTLA4Ig production level for 8 days after induction. The cells were cultured in sugar-free medium. (b)
Changes of hCTLAA4Ig level in the cultured medium for 12 hr after Protein A resin addition. The resin was added into the spent medium
containing hCTLA4Ig. Time course changes of (c) relative cell viability and (d) protease activity during production phase. The cells were
cultured in sugar-free medium with Protein A resin for 4 hr at day 4. @, control; O, treatment of Protein A resin for 4 hr.

H Z g opA o] oJsl hCTLA4IgS] a7} X3 = ¢ict. 212
2 =2 Protein A H A9 A 7F= hCTLA4Ig AT = & 49 2}
of ysp| = shelck. e Ae Hok A7 A 9
hCTLA4Ig7} A4 B 2] & o] §-}o] 2 %-& 713t F 24]
Zhutch v oFol e 312shel hCTLAIgS SHelsht (Fig. 20).
120 7} 44121 0] 0] 90% o] 4] hCTLAdIg7} 2155 A
= RIS = A3 o] 4] Protein A 2] 212} 2 7}= hCTL-
Adlg AL 42 Zhol 4117 S 1A 2 st

HiQF 8 9] X F HAES vl weh, g XS ket A
Y (0.36 mg)e] BAko] B RS H7behA] bt
(0.62 mg) AAT2k2] 58%0l ETT. Protein A 2171 7
A 7}sto] 0.28 mg®| hCTLA4IgE A A 3okl Sole &
shaL mAThul R ko] A Q) e Fi A TS
At ol 2|t Ak v F 4 Ao Protein A 2| XS 44171
et AL o] &, A2 9] YE =T AL (Fig. 2(c)) Hi A
W= 2HE Tz oA 9 g/do] 54 3] 57157 wZo]
t} (Fig. 2(d)). 27+ © = Protein A #|Z10] E0]8l= YU &

FojU 9] A7he A|Ee] AEHAS Fol HEAES o]
531 2 0|9 BAS F74A17 hCTLAIE Aol 274
2ol 9 F ot

32. AzQ 23 NA Y insitu 34
Protein A 2|12 234291 2 7h= @A g ¥ A2 vl o]
A hCTLA4Ig A ibol] R 95117 wf<zof] v gFel vt 5] +~5}
o] hCTLA4Ig?] in situ 3|55 Y5} A} 3} ). v 2] w3
HAS F ol hCTLA4Ig7} A i Fol S 3]4=51aL A =8
YA RS A7l E o 24 ZEE opA o o3t HA T A
O] FofE L A& S| = A BHo 2 AP
AdYstet. AxE SetAas= A 2E JAAZHE of vjA]
T3 ¢ e Y o pubo] Al E FEA-E FUtel
of a1Qkst it

i ¥4 o] 3] A& hCTLAAg AYAE 2 54 2o 2
Fotqict xH S A o Al BEE e ARE STk
Lo A H &Rt o 2t W] sto] F 2po] 7 gl AW (Fig.
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Fig. 3. Time course changes of (a) relative cell viability and (b) protease activity. The cells were cultured in sugar-free medium with modi-
fied flask. ®, control; O, medium exchange at day 4 after induction in modified flask. (c) Comparison of hCTLA4lg production level.
[, control; [, Protein A resin addition; [Illl, modified flask. (d) Western blotting of hCTLA4Ig in production media. Production
media were recovered after in situ product recovery by Protein A resin addition and modified flask. M, marker; Lane 1, production medium
after Protein A resin addition at day 4; Lane 2, elution sample after in sifu recovery by Protein A resin addition at day 4; Land 3, production
medium after medium exchange by modified flask at day 4; Lane 4, elution sample after in situ recovery by modified flask at day 4.

o]

3(a)) Z2E|O}A| O] &2 vi7| Tt Fe At Ae 2l
e (g 30) /100 Bok15 59 sl CTLAM
(0.78 mg)= &Jul ZakAa 2 3] 5)2¥ hCTLA4Ig (0.96
mg)2] 81% U= FelstHtt (Fig. 3(c)).

Protein A #2129 H7}e}t NZ2E SetAIAE o] 83t in situ
817} hCTLAdIg®) £8)o] of 3+ 3 7917 Yol
7] 3l QAE Erg o HJARAS st YAH
E2 89 AWNE 53) insitu 213} 32] hCTLA4Ig Wi = 2] 2}
ol & gl 4= ATk MEH STk A in situ 3=
hCTLAAIgS] AAFRFE. Z7bA|71 4] 345 22l chu 2l o]
B2 7eA71E AL Sh1E 4 AT Fie ().

BB BB NN in situ 5

FoNE 8)45:81] hCTLAdIgS in situ 35281 W4 0.
715 oFA) A BG7]of 2 ok ek, 12-L 371 %A A
Nrg7] ol HEE0R AR A¥E AX|she] X

m{ﬂolﬂzféi‘“
1-ﬂJ

T,

o B2t whopo o] 814 Bhe FEISHaL, W%k} 515
27H2 Protein A 2 l+ﬁ§r@%4Hflﬁﬂhanﬂg

O in situ 3]4=7} 7H5 A ALk }‘R'M.

37| HokA] A EHES 7 ]oﬂ/\—] MAF S 19 ZJEE 29 71
Aoz HEHYS N5t hCTLA4Ig«1 Ak gHelskgict
(Fig. 4(a)). AL 4= 7¢ 2}of| vl kol 3]4 3} 114 2o

2| 2o} - (Fig. 4(b)) 2t Aak 5= 3 2, 7 2}
off #j Fl= 245t 1 1 2pof 25 ﬁ]’\ﬂ 78 (Fig. 4(c))
VAvALS) hCTLA4Ig4 S v|wstgth 1 7:‘4 A &= 7Y
1ol in situ 35 73‘—?« (39 mg)“ in situ 3|55 Z18Y5}2] oF
© 23 (20 me)K T} 1,948 TR hCTLA4Ig§_ MAFSES T
MAF S 3 A}, 7Y X W in situ 353 A (33.6
mg)= 1.684) -2 hCTLA4IgS A AVeHelT) (Fig 4(d)). ohe}
A A = 7Y 2| in situ 352 AT AF o] M
B2 hCTLAAIgS AJALEH 212 311 3 % QI Qich. 37]%0

[e]
A RS 71 A in situ 215>5 &3 hCTLA4Ig| YAk
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4. CONCLUSION

£ Aol A= P A Azl ool A T a1z 3 of ¢
St Al ZAFE I} 2 2 H|obA| B4 F7}of w2 hCTLA4Ig £-3]
S WAs7] Sl BAGW AL in situ 35T UL

S Y o] Protein A #|21-& o] wjZ]of| 27 A-&35H%&
&, EE Hbol 2 kg o] FUHRE AlZAE ] &
T Qlal ZEE oA o] &/o] 43| Frtskltt 1 At
hCTLA4Ig®] 2| A AFEEL Protein A 8] 42 H7}abA] ok
2] 58%= HAslth F AT W Azl Fofl ul
oFollS #efsto] hCTLA4IgY in situ 3145 X13Y5}7] 9]
Mzw Sepaaet 718G AEWS7E AEotgit
MzE ZapAF o)A hCTLA4G AJAL 4% 4% 2}l in situ

of

ox. rh

358 AR AT B A YEE e Ty olA )
FHE BT insine 35F AWFA e xto] ]
hCTLAdIg®] 2o}t 243t 212 SHIe 4 9lgieh. shxat
2% hCTLAdIg AL o) 229) 81% Z23hgiek v
ofl 7] .94 A BUHS7] A= hCTLAAIg] AAHGE 7
2ol in situ 3155 53kl in situ 8155 A Gk o)
22HTE 1940 & A S 31T 4 qlgich et
A 218 0] A\ FNA] i situ B A T2} el
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