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Effect of Osmotic Pressure on hCTLA4-1g Production
in Transgenic Rice Cell Suspension Cultures
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An immunosuppressive agent, human cytotoxic T lymphocyte antigen 4 (hCTLA4), is used for the prevention of graft
rejection and treatment of autoimmune diseases. hCTLA4-lg, a CTLA4-immunoglobulin fusion protein, was produced and
secreted from transgenic rice cell suspension cultures using rice a-amylase (RAmy3D) expression system. In this system,
hCTLA4-lg expression was regulated metabolically by sugar starvation. For the purpose of improving hCTLA4-lg production,
the effects of osmotic pressure was investigated in suspension cultures of transgenic rice cells. The highest production level
was achieved at 40 mM sorbitol (140 mOsm - kg" Hz0). Using the medium with 8 mM glucose, the level of hCTLA4-Ig in
the medium reached 45.3 mg/L. By adjusting the osmotic pressure of induction medium, it was found that the hCTLA4-Ig
production could be increased up to 2.1-fold compared with that in batch culture.
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stressof] k3l cf Fujke] ol g AHAELE AT H
2 A 7kE, B ZAY Aoz Q1 =& Aty
&, A St volP A 2E 7MeA 59 B9dHE vt
A3 JTR).

ojg g, BHE FEIY] AN HEAE )83 A7t
HFEERer, A4EAEE o]§3 dFE APE WA 7}
A, 0|8 scale-up, vpolY 2L} 4o I oig <
A T AHE 23 A, AAE G o] Axya
AZY WA BH F Ay 714 FAER QAdte &Y
A BHIEZA E3ln, FEMESS] v|R3 post-translation
modification x}o]o] FA|Ho] glo] o|& Aty AT
T= A4 AYH JTE-D).

AEA LA 9 vl e o} A7A] wjrtAZY
o] g FAATH F2L AV IA YR 2 Azlo]
Adry. E1g, FH2 2] HA2E xHste Aol B
3} A]  constitutive promoter$] cauliflower mosaic  virus
(CaMV) 35S promoter o]-83 dxje] 2z wd e
< 9F 0.1~1 mg/LE FEAZ HIgtY A3 ¥ &
o|th8, 9). °o]& H&3}7] #3 inducible A]ElojAM o] B
A=A A7 FAH oW, inducible Al 2~H 2] s
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2 ool AuAdAE AEAG] 2WL BRo] AE
g ¥5g Lelu FuAdAE vud 48 AHz
S RFOEA T b HAE 2 %F vy 4
A4S EY 5 UA FJTA0. o)m] HATNA P 27
[e]

& AR EFgdAY §AAE WA I = aamylase
gene Amy3D2] inducible promoterE o]&3le] AZxF
aj-antitrypsin®] WAFES F4 mgll ooz FrhAY)
I ek, =3 Puj A F) A constitutive promoterE o]
23 9 mgl £Fo= A4S human granulocyte-
macrophage colony-stimulating factor (\GM-CSF)E B A| £ &
%3 inducible promoterE ©]-&3] M mg/l oA R =
ZHN7 R3% ek(12).

B Ao 0|3t Amy3D inducible promoter7} &
28 ARSR HAXE o 85 ]o)4 Ao Bel]
& dAGt T ArtEgAEn e g5438S X853}
= AHE-H £ hCTLA4-Ige] A4S wole dAT4E +
83ttt o]2]dt hCTLA4-Ige  CTLA4e] Cogo]
immunoglobulin (Ig)9] FeR &g §FAZ] dHAZA, o
#3 322 CD28X T} B79 th§ 37} ofF 208 F7}
A, B}A O CD28-B79 ZF S AAAAT A9
B4e A ew, Fo T Ag7E 4-3043F x|
Aok 4d7bA] AR HATA3, 14). EF, FTH] 2old
steroid A4 59 DHAAAT v 5| AL A g
of gk FA8 Aol gle ukde] CTLA49] 7% CD28%
B79] A3tol] A3 T AX &43 %A 02 A3}
7l g V& ANRAERTD B82S 2 ¢ e Aol
ATH(1S).

AHEAZNFAM A2 Sld YA
= RS e wErly nudEx

R

olye pH, 2%, WA AR v= Fo| ¢#A Ath2). °

-

Hg B0 dFE FE ARE ed WA A=
Wake AT Astd W, AEAEd Azdyz 2

@ AW protease #EI BAGNA a2 ZAT
A A e 2o 9902 9HA AT, 16, 17). o

gA B dpdie B 22 FETEH A2"Hg m8g
W, qde A5d ZHEAE Hriste ARG Hrhgd
sucrose?] AH] ¢} induction HjR|E 2] mSto|A Q& HIA
9 MNEQRE A FoZH AN ZUE Folux

3

NE Y uhy

HEF

A date] ARRE AEZFE REAdogRE B
9k WFe hCTLA4-1gE AAteteE F2AAS W (Oryza sativa
L) g A XEolH, W] a-amylase gene family$! RAmy3D
inducible promoterE AY3tH L, ©] promoters= Fo] 1Z
" e dFdct

MEY A x|
A 2] 2 amino acid (AA)Z)|E 1 DE AlE3lgH e
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o, A9 2= 30 g/L sucroseS AMEsIE R, AAZAEA
2+ 2.0 mg/L 24-dichlorophenoxyacetic acid (2,4-D)9} 0.2
mg/L kinetin® A}-£3}94 ). wjA| pHe= 5.8 ZF3Ya,
500-mL Erlenmeyer Zg}Aze] B3 o8, 7lgEridd
st ALE3 2™, 0.1 mg/L gibberellin (GA), 50 mg/L
hygromycin3} o}n]=4t £3-8 4 (1.0 mM glycine, 6.0 mM
glutamine, 2.0 mM aspartic acid, 1.3 mM arginine)& 5 <3t

S 0.2 mm membrane filter2 o #}3) 7}t 3 e
& 34 AgurlelA 28T, 120 rpm, BN 7
Q Aoz A W,

Z2lA3 Y

H)Z= 02 mm membrane filter2 o33 100-mL
Erlenmeyer &z}~ 30 mLA EFsld AL 5393
Ao, NEudy 543 249 HXE A48T &
A AL WAE7] 43 inductionS $ A= A
Z7A9 WA AA sucrosetHS A E HIAZ AFNG 59
sttt Bl%e 28T, 120 mpm, ¢rERANA $35td AE
£ FAstar.

Bioreactor i %}

vl gr1E ol 8% MEMYSE $3 S5-L bioreactor
(Kobiotech Co., Incheon, Korea)E Al&3¢owm, 2 L9
working volume2. 2 AFL FPd Pt AZ2ETE 15%
VWME QL AYNEEE 80 pmE FAFAG. Fr)e
0.1 vwmo 2 FFsle] 28ColA wlkdlgr). Inductione
3T 1z AIFEQ) ik 7Rl induction HJA]Z  working
volume?] 75%= n g3 FAct

Nz £3

AXY AAL 24317 YA dry cell weights: =3
8ttt 100-mL Erlenmeyer flaskol] 4] ulof3l etz s
Buchner funnel-2- ©]-£3}o] Whatman No. 1 &3} Aol A
Ao WA S AU A FFY FHFE 2~
33 AHG £, AFHZE ol &doq S AAF L
? FAS =39 weighing disho] MEES &7 o} 60T
9 AxIoA 2447 F FFo] & wix ARAA
dry cell weight® &3 359}

SN

WA We % wwe HPLCE olfata =Fac)
HPLC system <3¢ pump (model 910)2} WatersAl2)
refractive index (RI) detectorZ A3}tk WatersA}9)
carbohydrate column (4.6 x 250 mm)S ©] &3¢ o|EA
O 2% acetonitrile¥} waterE 85 : 159 v E EF3}o
1.2 mL/min9] &0 2 BA34u

XL hCTLA4-lg A&

WAZ $ulE hCTLA4Ige] & ELISA 249g o4
3l A=Y Capture A Z  Goat anti-human IgG
(KPL, USA)E A&3l9 o™, capture & A9} coating B
(15 mM Na,CO; 35 mM NaHCO; pH 9.6)& 1 : 100002
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Ao welld 100 mL® E3F3lo] 4T overnight3t F,
blocking M (8 gL NaCl, 02 gL KH,PO, LIS gL
Na,HPO,, 0.2 g/L KCl, 2% FBS, pH 7.49)Z wellg 200 mL
A BZEste] 1~2A)17 AF2d A incubationA] Z T} Standard
+ human IgG (Pierce, USAYE A}£3}o] assay diluentS
welld 100 mLA 2333 A]E 2 standard 200 mL¥ 4
3128 FAEe A2dA 2417} incubationA] Z T}
Detection 3}A]<¢] peroxidase labeled goat anti-human IgG
(KPL, USA)¢} assay diluentZ 1 : 50002.2 &3} well
2 100 mL¥® BZF3tm A4 147t incubationdt &
ABTS peroxidase substrate (KPL, USA)E welld 100 mLA
Bx3gle ALdA 208 Z¢F incubationA] AT IF stop
HHE well ¥ 100 mL¥ 334 microplate reader
(Bio-Rad, USA)E o) &3t 405 nmol A =A<},

SHYE Y

Z A9 ke Bio-Rad (USA)ALS] Bradford assay kit
S AMgEte Al XFEZFZE  bovine serum
albuming A}-£3}] microplate reader (Bio-Rad, USA)E 595
mojA FREE AT AFFEAE T o F A

FEA AHEstAH

Protease €4 £3

A el Za3lE hCTLA4-Ige] <A
protease®] G3FS Yolu 7] 3} 4 F Anson’s methodol
ol& protease FAS =43 HATHI8). 1% Na-caseinate (67
mM phosphate buffer, pH 7.0) &% 0.5 mLo| ®vjA] A&
02 mLg H7}3ted SOColA 20837 WA AT ®3F
30% TCA £ 03 mL& A7}5ted 50CAA 3087 B
AZl ¥ 12,500 pmo A TEF AAE AT F5A 0.5
mLg AT F 280 MAA FFEE FASRAG. ETE
AZE tyrosine £9-& AFEslg o™, 1 wit (U) $9 2
ZANA B tyrosine 1 mge] AAEE &9 ¢go

Z A

o A&

flo

A 53

AEQ =27 9|rE Osmette Model 5002 (Fisher
Scientific, PA, USA)Z Al&slgon, 24dees W)H7} st
g 0|83ty ANEY oeHHT 12T He 2EE
supercoolingA]Z] ¥ vibration®. 2 AL ZAA-E s
o3 AA7e HIANHNE e WHE FHs= Wy
ojltt. HEY FHE A& 4 AE5E 2 mlY HF F, £
A4 test tubeS AME-3FA] 7bzbe] AEGE SAEUT A
7 27 A, 100 mOsm - kg’ H;03% 500 mOsm - kg' H0
o) FEANEE old FH7E BASAT BHE mOs
m - kg' H,08 AH&8tgoh

2 o o

Induction AlZ|0] TE HE
B A r A AHEE RAmy3D promoter’} B 1z 2]3F
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inducible Al2EQl A& uHE wf, AEAYF] GANA
AAA 7)Y wet Zb7] 2 AEel WAz AEE A
7] W&ol Zo] gle viAZEY HHE AU Y2
2 de] gatel glo] F83th Fig. 194 & 4 3
So] ARFA o] UFFAVIA 44dAS TEH, T L
Zo) 93] AAZIZE EME WIANE Ao wixw
& E3 A9 3A9) inductione A|Zth 10U A9 induction
e AN 29 O APFER A e AAAEE
BRI, Aijzte] oA dets F3E HaEdy flo]
Zth 157 mg/L hCTLA4-Ig A4t Z2H) o= UF =&
AFAZ 18t dHez FA &PD AXGH o
Fo7 g 443 AXAAL e A7 44 9
7479 Afde URE o] A7I9l 44 KT o= AL
o] AZAGo] ojFoln TUX wFAY FHul 323 mglL
hCTLA4-Ig A4HE B4tk o8 <S4R ojf9 BE 4%
& g 744 FE AAT AR wE-E A, &
He el hCTLA A4S FolnA shdleh Eoa
3 FFEAMY WA i} 7dA] AEE Fo] gl
£ WAz AREse AL,

10 - - 35
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Figure 1. Time course changes of cell growth and sugar consumption
during batch culture in flasks.

AFe =FA FR0 o Y

wlF 7YA, A AZAAA FTE AT w29
7 3HA] mannitol, sorbitol, NaCl, KCl, PEG 3,350} &2 4
B¢ 2FAE 0@ wjAd Ayl Fo2H Ho 5L
hCTLA4-Ig A4tE-S Folna sttt AdT A45Y =
AA B=E A8 AFNAY AFF (180 mOsm - kg’
H0)& 71Eo2 WA Hriste] dPS AUt A
A, AE &3 o]F x| &H3tE AA(S) HIA oA
= F53 AErEY 74 E BPYA T, mannitol¥} sorbitol
o] H7lo YoIME kzte] METAHAS BHon, 1 olF
dE Ve AEXs: Z2ES HYUh Fig 29 2ol F
L A5 2dFE ol E PEG 3,350 395 A9
Stue 4P FQ 2HAEE Ho FUTE 80 mM sorbitol
e 2F 170 mOsm - kg’ H.0 AT AFEYL §A3}
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I, A Fel AEPEL dojA % induction & 5YU A7}
2 50%9] & AEZo UzRTo ¥lE 15w AERE
H9th hCTLA4-Ig AJXHEe B, Fig. 2(b)o] vebd u}
9} zFo] induction ZulolE BI&EE Al Rolxu 1Y
7] o]&F o) 80 mM sorbitol H7tell A et trE Ay
o "l Hd L7 AEE BAen, 3dA 146
mg/Le] HjAaFS BRYch FoRAFdas o2 49
T Hls) 80 mM sorbitol H7FA] B AAE Holw,
Fig. 2(b) 2 3@9 ZA#HZRE hCTLA4IgE FEH 79
6% AL 5S¢ F A

Fig. 3(b)= protease A4S UEhiL SI=d, 80 m
sorbitol H7HA] AAT] e FAE EAT ol FEAS
B FEAE wjFA AEZATEZ A3 WA U= sulfhydryl

=

(@)

—@— AAGS)

Osmolarity (mOsm’kg H ,0)
B

75 —hA— AA(-S) + mannitol(80 mM)
50 4 —W¥— AA(-S) + sorbitol(80 mM)
—O— AA(S) + NaCl(40 mM)
25 —A— AA(S) + KCI(40 mM)
04 —— AA(S) + PEG 3,350 (30 mM)
0 1 2 3 4 5
Time (day)

(a)
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protease’t $EBLRE ¢ wT o, HHen w9
AEE 8o 45 ZFEAZ H/HE sorbitolo] &
AAAAE BY = " 2A AR HEK19).

=3, induction ZWh F7hel A FEAAS fasle
sorbitol= 4] E M2 9] ZZujdolEt=7) callus A Ao o]
A B9 AlgoZ <ldte AAS &I sucrosed}
o] BE&Hstd ddjHe d & AZENE FEde A
o2 Bz QrH19-21).

Sorbitol 52| I

WA AERS gRFHom 2P FoEH AMALE
E49E sobitole] RlolA HAHe T AL FEHY
hCTLA4-Ig A4S w0l A 3y} Fig. 4@dA & F

16 A
o~
= 14
E
Py’ 12 A
1
3 10
-
G 81
=
5 6 2
E —@— AA(-S)
2 44 —&— AA(-S) + mannitol(80 mM)
= —w— AA(S) + sorbitol(80 mM)
& 2 —@— AA(-S) + NaCl(40 mM)
is —A— AA(-S) + KCI40 mM)
0 - —— AA(-S) + PEG 3,350(30 mM)
T T T T T H
0 1 2 3 4 5
Time (day)
)

Figure 2. Comparison of osmotic effects of mannitol, sorbitol, NaCl, KCl, and PEG 3,350 on (a) medium osmolarity and (b) the production of

extracellular hCTLA4-Ig after induction.
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Figure 3. Comparison of osmotic effects of mannitol, sorbitol, NaCl, KCl, and PEG 3,350 on (a) total protein and (b) protease activity after

induction.
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EEQYE 160 mM sorbitol H7lo|AE 2T
9} Hl%=3E AAREE HYt o2 FE9AE induction
F 5UdAARAE Mg AAFS BAAY, YA olF
80, 120 mMoME F43 7H4AE HYo :LEM 40 mM
M 594 olFdx ZF7E Holy Hu} 20 mgL9
hCTLA4-Ig A4H& BT Fig. 4(b)ollx o} Zo} uiek 7¢
& induction A)HelAle] wlx] AESto] 140 mOsm - kg’
H,091d), 40 mM d71A] o= 130~150 mOsm - kg' H0Z
FAEE A ¢+ gtk o] Ad3}E 40 mMY sorbitol F
747b A EA] A E e AFEG AEGAE AAAE
oZH AZAEZE U A FAFA sl HaEE &
TN Reg Atgdrt

30 1
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Glucose 7iJt O|x{= Y
B A7 ARE3E RAmy3D promoters=
ZFste RATGUAE AARE nEIe sk
58 & Qe A5 AXE glcose H71E T3t A
FAN Fo2ZH S Folixt 311, Fig.
59 £ Ag349 Y. Induction °]F glucosed FH7}tate
TE Bfe AExeY 718 FAT + AU, 8, 10
mM glucosed| M= THE Ao Hlg e NEFEE 7
& 2 4 Atk hCTLA4-Ig AAteFe] oiME, 2 mM
S5 Adstne zdtd JAE LAD 19K o] F
FHE 4% AdF 3718 B9 FUohFig. 50). 39
mMo A 7+ F& AES e AT 7Y
S vz B A7 8 mM S Ao 373

7 1zl o3

3 X
ol-ro

e

3
N
>
o
v
o

&)

WP e
w0 P~ T

20)

]50 $90000000000000000000000000

100 1—./._—._’,“1)—*_—‘
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Osmolarity (mOsm/kg H
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0 eeee hefore induction

T T T T T T T T
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Figure 4. Effect of sorbitol concentration on (a) the production of extracellular hCTLA4-Ig and (b) medium osmolarity after induction.
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Figure 5. Effect of glucose concentration on (a) cell growth and (b) the production of extracellular hCTLA4-Ig after induction. @, 40 mM sorbitol; A,
38 mM sorbitol + 2 mM glucose; W, 35 mM sorbitol + 5 mM glucose; O, 32 mM sorbitol + 8 mM glucose; A, 30 mM sorbitol + 10 mM glucose.
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mg/Le] AAFS Bt 4T Zo] glucose HIME A E
FEE FAY o AMF FUE AT & UdAen,
inductionr] W3] FE WAZANOE AAGS)] 32 mM
sorbitol?} 8 mM glucoseZ H7}s| AME-3l7|2 AA3 -
TS A St 4% AEE T3 AFEY glucoseE
A&HoZ AZEte f71HA wds AHEFoEN Wit
£ 5Y = U /M8 E ANE & A4

2

N

Bioreactor Hj g

o]4dol Al hCTLA4-Ige] Aas F7HA1717] 93 Ao
A AFREL ZAE 5L bioreactoro| A 3 &4 wjoku)
inductionA] ¢ AjAbgkS- B WElAL, E3F scaleup 7[5AE
gast A s

WA, Fig. 6o JeEH AZAZE AFHEH Fo A1
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Zro] ogt FE2 kel lME oF 64 HAxo WE
ARZE BEgon, ApErdr 9vd AEFT F4E H
Aok wiAle] pH W3t oAM= AME7]d Hol=& 8Y
AE 7172g MA3] F7eart v 294 olF F4
3 F7iste] Wi 204 A ol= pH 79 c]25th A7 74
A inductionE £31 w]cko] QoAM= vl TLANA = I
B wdd e AFFAE BJAL, AuE o)F g
3 NEEERAE Btk pH wsle 384 wjdde] u
3 ARAAA 5718 EATh

hCTLA4-Ig AAtagol gloiMe, wlg 1295 o]F pH7t
743 S/18te EES HAd &4 g pH &
7k} A 1244 olF ATl F53] FUlkete] e
2097 H 21.3 mg/Le] hCTLA4-Ig AAHS &8 4+ 3l
ATHFig. 7(a). WMARS] AAHA F n@E Tt A4

o~ ~
s 3
] N
Eh @ 4 =
] ]
s z [=]
= =
3 8
K E 2
2 4 2 -
0 -l T T T T T T T T T IL 0 0 -I T T T T T T T T T l_ 0
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Time (day) Time (day)
(@) )
Figure 6. Comparison of transgenic Oryza sativa L. cell growth and pH during (a) batch culture and (b) induction in a 5-L bioreactor.
50 @ 8 50 8
—8— hCTLA4Ig
— —O— pH —~
40 40 -
L6 -6
:n A d
80
3 30 3 30
= - ‘3
-; 20 = 20 1
5 g ,
= -2 S 2
g 10 g 10 1
0 - 0 0 #—0—9—49-0 T T T T T ol 0
0 2 4 6 8 10 12 14 16 18 20 0 4 6 8 10 12 14 16 18 20
Time (day) Time (day)

()

()

Figure 7. Time course change of extracellular hCTLA4-Ig production and pH during (a) batch culture and (b) induction in a 5-L bioreactor.
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ZF ZHE =ol1A YW induction WiFA M= WA 1
¥ o]FRE hCTLA4-Ig A2HS Holwda wjok 18U#
I 453 mg/Le] hCTLA4-Ige] AJ3r&-S H QIthFig. 7(b)).

Bioreactor %S E3}od Fig. 194 B¢wl T2 )
%43 vlwste] Bote o, o w2 AXAGY 134 =&
AETEE A & Uson, hCTLA4-Ig AJ4ke] 9lof
ME 124) & ZA9E RQu AEA TGN HEZA
23 Az gy YAHE Folv] HNe HASH
pHS 71X 24, axtzd, 571274 ol F8¢ dx=2
285k (11, 22, 23), 235t} bioreactordl] 4] o] ) 3k
JAAEY Ao FA7E & o]FofHozZH o F2 AR
AR ge AAFS B Aoz AgdHn.

F3 384 wFEgE AAFHCE inductiond Al AHF
oz 21uje MAA Zd EFE 9L 5 e, o
© AFE B @74 O xR 73 o] o) A
71 wAWY AESE HA3] SgAAFE WA FF
o oM dojzx AR HzH.

2 %
AEAE = AFI FE AAFY o|fE AFHA
© F2 AAEoY FEAZAAN FHA 2T dd s
et gtoh a2y AR wiA JH4d, FE f ubold
2 9 Y3AezRE AA, glycosylation S 9
post-translational modificationo] 7}&8lttE FHEZ ¢ty
HT Eo] AEAEHYS AESH #4& MY nEAWL
28] deidg Aitsted o] o|&FHn k. B Q7o
A A Rle] H7HE sucrose?] AH19} induction wl X
29 nEdA o= AU AFEEE 2Hste hCTLA4-
Igo] BAAES =oluzt 3 thefd AEYG 2EA HAL
AYL &3 sorbitolS A5}, 40 mM]. sorbitol # 7)ol A]
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