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Abstract: Transgenic rice cells using RAmy3D promoter
can provide high productivity, and the production of recombi-
nant protein is induced by sugar starvation. In this system,
productivity was reduced during the scale-up processes. To
ensure the influences of shear stress and oxygen transfer rate,
working volume and mixing performances were investigated
under various agitation speeds and working volumes. In addi-
tion, inoculation methods including suspended cells and fil-
tered cells were compared. Working volumes and shaking
speeds were 300, 450 mL and 80, 120 rpm, respectively. Hyd-
rodynamic environment of each condition was measured nu-
merically like mixing time and k;a. Good mixing perform-
ance and high shear stress were measured at high agitation
speed and low volume. The highest level of hCTLA4Ig was
30.7 mg/L at 120 rpm, 300 mL. When conditioned medium
was used for inoculation, increased cell growth was noticed
during the day 0~4 and decreased slower than filtered cells.
Compared with filtered cells, the maximum hCTLA4Ig level
reached 37.8 mg/L at 120 rpm, 300 mL and lower protease
activity level was observed. In conclusion mixing perform-
ance is critical factor for productivity and conditioned medium
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can have a positive effect on damaged cells caused by hydro-
dynamic shear stress.
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1. INTRODUCTION

AU A AL AHFS B3 OJorg o] 4
AL ABAE o] 8 59 vl3 B BHE AT 4B
A wek YAL7|Zo) 3, el S AR 5 el o,
Aol B4 Aakst7] uho] olobg wrael el
BAE Ao o] /Pstied [12) sl e g
B3} e 3] G2 AR 5O QA3 FHSF0| FL
EW”N°WHﬂ31@?%1%%%3@&@%%%ﬂﬂ
9laf Hlx) W) o] 2| ¢S v el RAmy3D Z2
B o] §5te] Y WAL ¥ e o 4] hCTLAAIgS T

WS § A 28 oS3k 4T,

hCTLA4Ig (human cytotoxic T lymphocyte antigen4-immu-
noglobulin)= T N Z & &4 3}el = F2 A= Al S o] Tofs}
L hCTLA4S} HeZ 28] 9] Fe B E-S §-313) thal Zo| T},
hCTLA4Ig= S o] (homodimer) -3 2 B} oF
92 kDao|H, gt 7§ o] N-A ¢y & 7HXI ) [4,5].

vjok7] yo] mutg 82 B Akl 2 o] AALA]of| A =R 3t

A3 Z ofLfolh. mRkE F71 2k 97 v okl Ui o %X‘iﬁ
I AGLEe g84 07 Fels|Eo). kv muks:
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gheh ol 2t 2hd -2 w719 FHl, 71 F E, whk
2] 27 A =F (working volume)o]] ]} 2 & Ht} [6].

A EA) E v ok Q] AbAAH| L= (oxygen uptake rate, OUR)
2 5~10 mmol-Oy/(L-h)= W] & H o} vl - 2|9t FEA
EHTE 2 A0 Huw ek J1gfal AEA| E Hio] &
2 HE vieFo] QtE= FEALHALDAS (kea) gL 10~
50 h'2 m] AP E2] 100~1000 h'e} v wdlo] A Wil SEA)
ZjoFel 0.25~10 h'H ks w2 0|t [7]. AENZ=
L] A oo Aol Bagt Aba g e W2
o] AWt A A 115 = QFol| A = v F A O] =& T of] o3
3k Ak o] o] £o 2] 2] ettt [8,9].

Al &0 e A o A Pof A= i FE0] HESHE AL

AAE 2 mm FE7HA] A Z2EHAE FA4sH SHS 7
A AL Utk A Z-3 A = ¢ A 7heketot ufek7] o] A2
T i E A7 i Zoll AA| vl oFoll A= dHEgE agto]
Sty 1AL o A =S A Woll AlE 7He] ok ¢
Abarl 7F P Bt e S0l 457 4k [10].
ERF A2 A 9 e = A % glof Bl
T &S YouE NSl ARt
2287k a7 H 1]

2 A= A2 E 3ot G2 i FH O E A Z 2 FE
HHEH SR, opu| i Ak, A 22 A, )T H F
71, EGF (epidermal growth factor)2} ZH-2 A1 %12} 18] 31 A
3 9] 714 Tl d T ZgstaL Qi [12,13]. E3H A 2=
Wi Foh= =5 Al ol 23 = o] Ql| thefet 2 EE

ofy

rlr

HHto] SASHA| =Tt [14,15]. o 7] A =

o Ao Agol 7hsste R viEsE e dFe
[16,17]. ol= 719 A2 S & Bk ofy ),
A7 9] Al EANE & Satsf = Ak QU [18,19].

& dolA = Brol iz wiA| £ ©]8-3ho] hCTLA4IgS]
ke skt Seha A W anta o Mo A4t Al
719 v A szof| of r ]t YIS FeA dotR A wlj g EEF
239 MR Eof A efs &els
ot ERE A=A s u ool g Al
Ae 2 A& 3 24w
AEFo 2N ofu Tt FFE vl

2. MATERIALS AND METHODS
21 =39 w4

2 Atof ARE-E Nl EZ3= hCTLA4IgE A= A x gt
H] (Oryza sativa L. cv Dongjin) § A o] RAmy3D Z &

HE 7 A Eofglof o] Lz Aefofl ARt A Tl A S
AR o] A5 AEY 25 E Ala2 vkt A7l
22X ofu| Ak (AA)B) Ao 30 g/L sucroseS 7}l
pHE 5.8% W& F 121°C, 1.27| 4ol A 7H457] Hat= 3
ok AR AA Z 2.0 mg/L 2,4-dichlorophenoxyacetic acid
(2,4-D), 0.2 mg/L kinetin, 0.1 mg/L gibberellin (GA3)S 50
mg/L hygromycini} 917 0.22 mm 9] 9} o} 22| & of 3} & 3
7¥ate] Ab-g-shlch. Al -2 500-mL Z 2k A of| A 23
SFAAL, H 2 28°C, 120 rpm @] 317 4] & ufjoF 7] ol A 9%
7702 oA »FsHelch AT Ao S 9
S R 2 027 MRS ) g AAU A ARESH
AOom] I-L EekAAE ALE-3to] 28°Co A Ik =0} 2He)
L Feloho] ST, WL E L 80 pmzt 120 pm ©
2, Z2Fe 300 mLY} 450 mLE2 Zh2- AA s Th 2 A
A AAE ALY Fujo} e H &2 A ghart

22. NEF &%

RIZO] %412 2 4517] 194 A AR (fresh cell wei-
ght, FCW)3} A 3£ 7 %2 (dry cell weight, DCW)2 245}
o, Bebaio] A WloFE AN £E HEY ZT7|E o] &
3o} Whatman No. 1 ]2 22 A] 9] tfofol-& 2oy i},
whA o} o] BR4R 238 AHT 3, 4
sho] 288 A AL v e £AS 24
2 §7 Hol BTA L2 FCWE 243}
60°C] A 710l 4] 24417k 52k afeo]
DCWE £33}l tt,

2.3. Protease &4 3

A| 327} A3 4E71 ol hCTLA4IgE: ARSI A o Thall 2 23]
A 49l proteaseE wH|517] wiZof] iAW = #H]E hCTL
Adlg9] Fall 5 fdste] Aol 2 F3FS vlF et F pro-
tease| L& S 5}7] 914 H P % Anson's methodE ©]
L3513t} [20]. Hi ¥ A& 0.5 mLE 1% Na-casein (67 mM
phosphate buffer, pH 7.0) 828 0.5 mLof| 2] 7}8}31 50°Co| A]
2057 WES A1 F T 1 3 30% TCA (trichloroacetic acid) -&
4 0.3 mLa H7}ske] 50°Cofl 4] 3027t Hhg= A XXX £,
15,000 rpmof| A 1047+ L4l 2] 8] 45 A& FI8FAT 4
THE 2 FEAE 0]&5to] 280 nmo| A SFEE SH
St FEEAZ = B Z2AIEHNL 0.05~04 mgmLE 5%
£ Gejstol ASSHAL, 3N FHEE o gofe] FHE =
gkt &) 1 U (unit)2 22 2710f| A £ tyrosine 1
mgo] AAFEE B0 QR0 2 0|t

2.4. hCTLA4Ig 3% B4

hCTLA4Igo] A 242 ¢4l = enzyme-linked immuno-
sorbent assay (ELISA)E 43§35l th YA} &4 += goat anti-
human IgG(Fc) antibody (KPL)Z, ©]A} &A= peroxidase-
labeled goat anti-human IgG(g) antibody (KPL)E- A}-&-3}o] A
E91A] ELISAE 4~3¥5} 4t} ¥ 5241-2 human IgG (Pierce)
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= 0]-&3}91 3 ABTS peroxidase substrate (KPL)Z A}-&-5}0
AT 5405 nmo)| A S EE S A

2.5. 823 Y EFAIZ Y FEALASAE (ka) 3
ZgAa3a Y T3A 7S 0.1 N 5 %9 HClZ NaOH 18] 1
phenolphthalein (Sigma)& AF-8-3}o] =435} ch 1-L EetA
9] 0.1 N 5 %=2] NaOH 200 mL, phenolphthalein 100 mL-&
go] wiks AAsto] HAA AT S 6] A EH 0.1N &
T O] HC1200 mL& 7kt & Ao] AbgbA| = Wh-gA| HE &
Aottt FEALAGAS (ko) EtaAo| FFRTE
Zerol W AL AavtAE Fojdo] §A Y Aba
£ A Ssto] A9 watae A s EZokg) i 5% o|5tE
FATh AT A A EH G Hof| kS AASFL Ak

LR HE o] §5fo] Ak FU7HE 302 (A OR &

AT [21].
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3. RESULTS AND DISCUSSION

3.1, BE 9 FdsFo] TRA| I FEALAGA S
(kpa)of) v X &= 9F
T agol bl wheh viek Aol ofwdt FaFo] o
7V gotr 7] §Jste] A7t Gl 1-L kAT ol A ek
T ob 2k TS gelsto] vl st ook wukE = v ool W
of Abae} GoFro] Fwo] Z whkE = Q=& 2 d ¢
of s, ATt AU Ao Wit T £dEES
o 4= St

HjF71 9] wRkE 5 Al ofsto] A gFol whE AL
Astoich 24 s 300 mL, WS 120 rpm R 7 of| A &
A7 3528 7MY €2 S3adE velth v
450 mL, 80 rpm Z 70| A 22122 714 o AuE Wt}
WRtEEE 2S5 E AYE2 HS4E A g 2

Fol AT WS T 120 rpm o] ol A= 2Fd=Fo] H 5]

SokA| 7ol = & W3 §llTh (Fig. 1(a)).
450 mL, 120 rpm Z 7o) A] 0.83 h-12 7} =
S H039) 11 300 mL, 80 rppmo]| A 7}&F Lt
< HolF=}ek (Fig. 1(b)). it =7 57F
Ekao] 32 FFS FAAR St

of W3k TheE A9HE vehjgle
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3.2. @A P4 2704 A& =l ZFYFo| A=
Y

A A 27 o A w Rk = oF A JeF o] 2o 7 hCTLA
4ig AY4tof| ol m 3t FoFS =4 Eelst7] $1al 80, 120 rpm
2300, 450 mL 27 of| A Al ZHjFS =38l 2 Aol
A= go] LZE S o TS AYASH= A AF 0] 7] uf
Fof Mz A& Qs ers TE| R oo} H|lZH =
O] Nj22 1A EEEo] A7 ot 18 al {A o sHy
gHo] Alazo] RAEA FF= Al ZAE O] fE 5 7]
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Fig. 1. Identification of (a) mixing time and (b) k.a values in
various agitation speeds and working volumes. Closed bar, working
volume 300 mL; open bar, working volume 450 mL.
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F2 n|Feke 2L HojFn] 2ejere] Wzt
glo] Wa}sto] Al ol ml A= FaFol Aol
7] W T2 AR E T (Fig. 2(a)). SHAIRE vl Fe o] pH ¥
518 4F9] 57 80 rpm, 450 mLe] 7% ]9 ZRHRLE] pHY}
Z7hehe 2L s 4 ek o2 2719 A5 uA o £
ol AdA o= o]Fo|2)7] Yo AHe 2HALE §
3 A% 2 FE A pHoF WOl S71oke RS
Kt} (Fig. 2(b)). 222 © 2 80 rpm, 450 mLe] 2710 A
EFga SO FhH o e AS % 5 ek

= aEof whE hCTLA4IgO] AAbEFS v alet Ay}, 120
tpm, 300 mLo| 4] 37.8 my/Lo] o AJAF-S hehf olek. vt
Holl 120 rpm, 450 mLoJ A= 7.6 mg/L& 7P W& A
H At} (Fig. 3(a)). Protease®] 739~ 120 rpm, 450 mLoj| A 7}
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Fig. 2. Effects of agitation speeds and working volumes on (a) dry
cell weight and (b) media pH with filtered cells. ®, 80 rpm / 300

mL; O, 80 rpm /450 mL; m, 120 rpm /300 mL; O, 120 rpm / 450
mL.

AL

& e BT ol 2 A HoF 6AARE
23] S7FoFRATt (Fig. 3(b)). 2= =714 protease 2
Z7h2 Q18 BAcha o] e} Aol wo 8AR
©19-9] RCTLAdIg A& 7hestoic). 12l Almefel 4t
48} 317 protease] &4 o] F7151%ith A EA S 2 120 pm,
300 mLoll A 714 £& B3h4 w2 e 31 hCTLA4IgS)] Al
AT 71 ESkh SPA R 8 MRS A Eo 7

1o it o

-3 713131 protease o] A o] 71 FA DA S5k
hCTLA4Ig®] H3) = W 7] 295 9le. o] 2] AvkE 53
W2 WS EE St E &8 S A7 AT & AT-SE o
Wt A Eo] 233 el GEE Fol A Sa1o] 2 pro-
tease®] HH| 2 of7] 3k AL oF 2= 9l oltt. BhA|ut ZepAa
el Edagol F2oe = h ZF¢f ko] ubz} hCTLA
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Fig. 3. Effects of agitation speeds and working volumes on (a)
hCTLAA4Ig concentration and (b) protease activity by with filtered
cells. ®,80 rpm /300 mL; O, 80 rpm /450 mL; =, 120 rpm / 300
mL; O, 120 rpm / 450 mL.

Sl AT OISk WA A8 Al &

AN Az o] Fujof 22 Rl of 242 & 23s}o] A

EE G3olact ol AZE 9% 0mLe 45 0
450 mLo] 7§45 g0 & 23}

*ﬂi—J *“X“— A ArEH, 2G5 A8 o

£ 27004 e} 24 427k ZFstebr) FAslee.

O]txﬂﬂﬂ?@ﬂ Z e e U ’%‘;ﬁ}?l } of o3t &

(o]

W2 P 53] AlEZnhE A ete] 289 B A2 A
XPOl 4 g/L7bA] ol HA Tk 27wl 7} i%‘%l MEZz= HF
M EFe] FAT ot Q9T mukb ot A
14ﬂw F3419) WSk gloleh Al E AR of 23] Aol
A5he of vljof el <] pH7P 7Fohe Ae glE 4 A=,
2 AR A9 o S S7keke AS o & T
WEFEE 80 rpm, 2] EF 450 mL 2 A A= AR E H
715e wof npREZ A 2 Ei A f A o] Al & o] Fo]
2| Z] oFo} pH7} tﬂo11] A] oFQktt (Fig. 4). 248 | 7} £3HE
MEZEZ HEE 7S hCTLA4IgS] AYAFFS 120 rpm, 300 mL
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Fig. 4. Time course changes of (a) dry cell weight and (b) media
pH under various agitation speeds and working volumes with

settled cell volume containing conditioned media. ®, 80 rpm / 300
mL; O, 80 rpm /450 mL; m, 120 rpm /300 mL; O, 120 rpm / 450
mL.

o] 7oA 7FAF =2 37.8 mg/Lo| 21 1, 80 rpm, 300 mL
o] A 17.1 mg/L, 120 rpm, 450 mLoj| A 7.2 mg/L, 80 rpm, 450
mLoj A 2.3 mg/L2 Fo|gt AutE H itk A& A
SFA] ok W ef oh=A) s 12 YA7HA] hCTLA4IgS] AY
qheFo] ZaxshA] ghoth 24 A1 & AHE-5H3l= o protease
O] 2 & QWA E AHESHA] bk W ok Ak A
£ 23tk A= o] A=A wiofel W protease®] B/ S
Zé AE ol A A7HE 2F A 7F A2 &85 A

11 protease®] 4|7} 7FAdlo] B-A Tkl 2 o] hCTLA4Ig
"‘°H7]' A Aoz Hol E]' [23]. F2Ho7 xx%uﬂx]
£ AHESHA] 92 7 -9 H] L slo] hCTLA4Ige] A AteFo] &
7Fsksa Tt (Fig. 5).

L4

4. CONCLUSION

& Aol A= ol Az E A & ©]-8-3to] hCTLA4IgS] A

Fig. 5. Time course changes of (a) hCTLA4Ig concentration and
(b) protease activity under various agitation speeds and working

volumes with settled cell volume containing conditioned media. ®,

80 rpm /300 mL; O, 80 rpm / 450 mL; m, 120 rpm / 300 mL; O,
120 rpm / 450 mL.

&9 Mak7h AYAE A7)
drobr A} wlj oF Feks

4 LHESE}XWE*%%* 6}0% m dol2 A3kt
FAE ﬂiﬂH‘*Oﬂ A FFs & Aol AAA
el A7) Ao
Agdo=Hn OMKP FEF= v A=A gelstalzt skich.
WHFEE 120 rpm, ZFEF 300 mL R A A =2 T3 ES

< UeEhiglon 7h4 =8 hCTLA4Ige] AYAteFS H 3t
SHAIRE w2 A-g g o2 Qs ufjF 44 a; o] % Al B
IpAlo] Zrasskal Al Z-g-sffof o sl thal A sl & 42l prote-
ase®| A o] FA A F7hstgl o, ol = Qlsf v ¥ 8Lt
0] & hCTLA4Ig A AkeFo] 7HAast e, 24wl 2| o] H 7= A
EZ AYAIE O] FAJ T AS AA T £~ o =8 Ak

AN R— T e v

of &gt Al 832} protease] EHF7IE AAD 4

il

Foll A= w719 mRkE = of 2 QfaFo] w2
Bl E‘iﬁ%% ot Al 22| Bl T8 4TS Pt
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