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Abstract: In this system, rice cells were genetically modified
to express human cytotoxic T-lymphocyte antigen 4-immuno-
globulin (hCTLA4Ig) using RAmy3D promoter induced by
sugar depletion. Even though the target protein fused with sig-
nal sequence peptide, plant cell wall can be a barrier against
secretion of recombinant proteins. Therefore, hCTLA4Ig can
be trapped inside cell wall or remained in intracellular space.
In this study, to enhance the secretion of hCTLA4Ig from cyto-
plasm and cell walls into the medium, permeabilizing agents,
such as dimethyl sulfoxide (DMSO), Triton X-100 and Tween
20, were applied in transgenic rice cell cultures. When 0.5%
(v/v) of DMSO was added in sugar-free medium, intracellul-
lar hCTLA4Ig was increased, on the other hand, the secreted
extracellular h(CTLA4Ig was lower than that of control. DMSO
did not give permeable effects on transgenic rice cell cultures.
And Triton X-100 was toxic to rice cells and also did not give
enhancing permeability of cells. When 0.05% (v/v) Tween 20
was added in rice cell cultures, however, intracellular hCTLA-
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41g was lower than that of control cultures. And the maximum
44.76 mg/L hCTLA4Ig was produced for 10 days after induc-
tion, which was 1.4-fold increase compared to that of control
cultures. Especially, Tween 20 at 0.05% (v/v) showed the pos-
itive effect on the secretion of hCTLA4Ig though the decrease
of intracellular hCTLA4Ig. Also, Tween 20 as a non-toxic
surfactant did not affect the cell growth, cell viability and pro-
tease activity. In conclusion, secretion of hCTLA4Ig could be
increased by enhancing permeability of cells regardless of the
cell growth, cell viability and protease activity.

Keywords: hCTLA4lg, Plant cell culture, Permeabilizing agent,
Protein secretion, Tween 20

1. INTRODUCTION

ZT AE HAAE o] &1 uho] L. oJofF YAto] FEhal
Qlt}. 20124 v])=r FDAZRHE 3]71& ¥-2 ProtalixAFe] 1L
A 2| 74| ELELYSO™= Al A Zuf oF-& ol A= %
3L [1], ofl &2t vpe] 2 2of thEk 715 €] ¢F<% 1 Mapp Biophar-
maceuticalAF9] Zmappe- HHi %S o] &7 AL E A|LH]
ofl A AATE| Ak [2]. o] A g E7F k] A 28 T YAk
off Qo] A& e A= o2 A A o vls) F S 7t 5t
ANk Al E FHAE 0] &3 Hpo] 2 oo AYAtof Qlof &
Ak o) vho YA S SEEoFd Al = Fobglet [3].

8] A v ol A RAmy3D Z2WE = 1923l 7 1
oA T IS FEg [4]. o] 23 2R R E 9
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Mg A2 AR A e} DP“ A YAEAE 2efshe Aol
7Fssto] date Al ol e A & Aakd 4= ot SRR 4
A EE AlE2H o] 51113}7] 2ol T F o] Fu|E=
oA Az olut M| Wi of] EA| Hof Yrtid o] WotbA| =
A7 AT AEA Zo M= Al E Yol M g el &
A HFo= #H[A7]7] f8f A= AT [5] B ol
AZAM G [6]& ol &t shA T T A o] Fulagof= Al
TAE Qo oA 8eFol FF= A [7], I &
W2 Aszatoluy Al o Fe|okehd At 4% 2
sto] Zulago] S WA Hok 8] dad 9dE &
S0 Ao R FulATe A wd T A=
S7HAA Bt ozt A aeo] 2 IS &k o
ZhA A S A E Uloll A 2 u] = 2] 3ok A2 e EelE

SHAIZI7] f1eE A-7F e stet. 2 o 24 uf A o] AHEF
=4 [9]° U 2234 2] [10]15 S8 &24 Haks AU,
AHZGA [11] 5 A& 3Fet4] A 2|71 e 2 o] ]
A&l FFE Frhe Havk Qi

DMSO (Dimethylsulfoxide)= 21 Ad o] =84 B} L3
2 /b2l gofoln] e Abo] FHARA TG S22
2 TR BNY YRS Bk SEA T
%ol DMSOZ A2l te] T2 o] A2 ol AT o2 B
B A Y, A ZFSA AR T o BAES FTHA
= "B 7} Q) [12,13]. EZE X-100 (Triton X-100)
Hjo] 24 AU/ A olm, AlEA|x Fabd S99 Aetgt
theto = ARE-E AL QlTt [14]. H]E O] FEPA I ol A] 0.7
mM F =0 EZ]E X-1002] 7} v|epA obd 9] 30%7} vl
AWz RHEH AL [15], BR At #fFollA E7]E X-1000]
Aol AAHQ BT S YA AE ERS 5
PA AT BTk [16]. EYD 20 (Tween 20)2 Z2] aH|
o|E 200]et % el HEA ANIRA o], 4 Eut]
S35} 22 AL§E T Qe B8 oJoFE S Qg shsiE =
Hogt poju, AL Fr 2 Fitg Utttk A =0E
of Bejufefoll Al E 209 F7HE Faf el Yol 4" E
28 gol=e) $ulE 534 Bk A7)

= OEWOM = P A g B A2z ol A hCTLA4IgS] Ay
% ekl A o] Hou|SEALS. B3 AL
Aok 43 vjo) o] hCTLAYS)
= E]-HHX]'J =] u] ;GE sz].o] o].o:}_ﬂ
Ao o 08 S oA 49 DS, £
E X-100, E 2 208 2 2 }oq hCTLA4Ige] Bu|2 =t 4|7
A soiek B 0 2 FUAH o) AT E4o] 914 ¢
O WA hCTLAIES] 8]2 Z21AZ 4 Qi F3kA S74A
£ ustol u ool -§5telet

%

2. MATERIALS AND METHODS

21 N EF DA A E W Fz
AE =i e £ /-2 hCTLA4IS AYA4tsh= A e |

(Oryza sativa) | 255 AHE-5HTH[18]. 5 A 25 RAmy-
3D Zz2 I 7|4k WAl A/ o] 7] wf o T a1z B of
olaj 2 chui A & AT B A EO] A% v 2.0 mg
L24-t) 22 29 &5 A| o EAF, 0.2 mg/L 7Fo U €, 0.1 mg/L
A H 2 A, 50 mg/L 3to] LR ubol Al 3% AR AT
7] obu]ieAl v & AFGBHE T B A 9] pHi 582 Bl

457] dadel 4esisict AL oY elos
500-mL kAT of| A 28545 2 H e 92 28°C, 120 rpm,
oF A A 438514 hCTLA4Ig4 AALG =5 95| Al
B & 9L A}F A2 E HF oA YA A = pa R 2 A7)
HIHEA) 9L ok Ak vh 4 S S-S T kA FHA)
+= 0.5, 1% (v/v) DMSO(Sigma aldrich, USA), 0.01, 0.05, 0.1%
(viv) EE]E X-100(Sigma aldrich, USA) 121 0.05, 0.5%
(v/v) E¥ 20(Sigma aldrich, USA) . & A % 3}o] & 7}5F4 ).

2.2. 4] A Z Y ¥ hCTLA4Ig &

B Al 22 ol ol 3l hCTLAdIgS Zﬁko}ﬂ ER 2
A 0.2 g AA 22 gpafsho] &5 & ol QA=
A Z T 2+ 83|HL 50 mM Tris-HCI (pH 8.0), 29 mM
MgCl,, 4% CHAPS, 10 mM EDTA, 100 mM DTE, 0.2% PVP
4002 A2k A2 Thaff Alofl 8] H = Z2E opA o
O3+ hCTLA4IgS] Z3 & HAI5k7] fl8l Z=HobA| A3l Z¢
Bl 45 H7kskaleh. o -2 15,000 rpmof| A 1527 4+
2]5te] 5 A& FIskAH

2.3. hCTLA4Ig J% B4

B AE WO hCTLAdg B2 Al ka9 e] A5 ol
o] -85} 11, v X &2 Eu] % hCTL4Ige] A o2 343l vl x|
2 o]l g3t} MEX| &4 A W 24 (Enzyme-linked
stith. BEEAL

skt

Immunosorbent Assay; ELISA)E 33
ImmunoPure 21713 IgG (Pierce)S AFE-3

24 Y NZPEE FF
Az AEE= 23,5-EgHdE EgtEF S2E0E (2,
3,5-triphenyltetrazolium chloride)E ©]8-3 TTC &AW Z
A A AE G SAolac19] 4% A 01 g
1.5% TTC €94 (0.05 M QIAFAE &N pH9.0) 1.6 mL&
W7N5100 42014 A1 S ZIEE WS T, TTC 912
A ABFIL 99% o eh-E 1 mLS 3 7}3P°1 60°Cof| A] 307k 1t
SAIA FEA O] ZEphE 5381 15,000 rpmof| 4] 30
2 QAR stol A5 oE g 5, 485 nmol 4 FHES

LU

g3t 3t

AN Az of

25,9 A WY =3 315 44

¥l A28 8] 55t0] 4% Tt E S US| £ H7E 5 4C
ol A 12X|7F TABFGITE 1 B, =T 8 0 A (10, 15, 20%) &
oo xpel = A skl A5 528 ZhA| OTC™ (Sa
kura Tissue) o] §-5Fo ] A 2} 87 52471k 3149
HPA7)8 AFgStol Aa|ele] BYE ool =] AN F
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e Aeo) A AxAZAT B Al AHe] hCTLA4IgE
IHC select 7] E (Chemicon International)& ©]-8s}o] & A3}
%11, goat anti-human antibody (KPL, USA)%} biotin-labeled
rabbit anti-goat antibody (KPL, USA)E o|-&-5}o] F-2FA| T}
Streptavidin alkaline phosphatase (abcam, UK)E ©]|-&3}of 2+
A A] 7] 2 hematoxylin (Sigma aldrich, USA) 0.2 1-8 A5}

At
2.6. ZE2E LA &4 574

Anson’s method & ©]-&35}of Hj A} Z=E|opA] B/4d& 54
F4th [20]. 1% Na-casein (67 mM phosphate buffer, pH 7.0)
£-o8 0.5 mLof| AJ3ZH]joFH 0.5 mLS 3 7}3}aL 50°Co) A 20
A HRS A ZA T A2 G AIA7]7] 913l 30% TCA (tri-
chloroacetic acid) & 0.3 mL-& A 7}s}o] 50°Cof| A 3057+
HE-S- Al ZA T HE-6-912 15,000 rpmof| Al 1027 14 2 3} o
deHe FIBHAAL & F=AE o] &3k 280 nmof A &

5 32} SHRFE o8t HS wH
ZaHohA &/4d9 ZFEd2e HEAZNS 0.05~04
mg/mLE 5= o2 AL Z2E olA| o B4 THe]
= &% HEA I mgo] ArE = 849 & 1U (i) o=

Helstsint.

e x

3. RESULTS AND DISCUSSION

31 9 YA W AZ 9] hCTLA4Ig TEI
94708 ] A ZH] kol A hCTLA4Ige] WAPAS B8}
7] 919l wo] W7E|A] gke AP A2 A g5t A v
2 Bu|g hCTLA4Ig= ARG E 2 102 Z}of 40.50 me/L,
A W] hCTLAdIgE ARG = B 49 2hof| 10.95 mg/LE
A e (Fig. 1) 2HDHD YA = 42
A} o] Foll 4= A U1 50] hCTLAIg?] ofo] 43} it
ol AZO] AEE 7ok AE SR Qo AE o]
hCTLA4Ig7} 82 917] ol ot [21]. 52| 5k 4| 27} &3
el A U0 Z2EobA|7 A U 2 85 of BAjrhul
o] £al7} ojut7] ujEof A A A 7]of Eaghugo] £
W5 Ao] whu o] £ olof ule- % asit.

Az} A EE Aol o] Bhuel hCTLA4IgS] 44
S gjalo] gl A E de) A E LS E T 6
o) Ahe] AES 3)550] ARG THESIT ¥ A% Ao
ol 24 35 A1S AWSHAL B 07 JAIE hCT-
LA4IgE 813 5= 9 9ltt (Fig. 1(b)).

A ] A T kS E3HhCTLA4IgS] Aol §lo] Fat
& GopR AL 2] Y2 of 2

g flo

51-0] MSOZ 0, 0.5, 1% (v/v) =9
, T AR = & 2] & 8larskef hCTL-

40 A
=3 30 A
b
g
=
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=
=
Q
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Fig. 1. (a) hCTLA4Ig production in transgenic rice cell cultures. The
cells were cultured in sugar-free medium. @, intracellular h(CTLA-

41g; O, extracellular hCTLA4Ig. (b) Immunohistochemistry for the
detection of intracellular hCTLA4Ig in transgenic rice cells.

AdlgE A48T oAl W2 Z8]H hCTLAIgE v gt
A3 DMSOE 71t v Al ol A 4 7}3HA] b2 v A 2o &
< AYAkerol QI E ik (Fig. 2(a). HA A b= &
4 2o M| 55 whf5to] Al U] & hCTLA4IgS oF= H
W3 A3 DMSOS H7Iet A3t o] Al WollAl o g %
2] hCTLA4Ig7} &2l = it} (Fig. 2(c)). 234 2.2 DMSO+=
o F 27] A2 AEE FA A Q] TS AL FEAE
Bl A2z o] RA T Ehjoe S FA R AL
AT (Fig. 2(b)).

3.3. YA A o Ao A E]E X-1000] hCTLA4Ig
A A& 9T

H]o] 2/ AHBGA Q] E7fE X-1002 FAAL 1) A £
& A A7FsE] A A 2] AL 2 hCTLA4IgS] A4k vl
A& e st E2E X-1002 0,0.01, 0.05, 0.1%
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Fig. 2. Effects of DMSO concentration on (a) the production of ex-
tracellular hCTLA4Ig and (b) relative cell viability during produc-
tion phase. @, control; O, 0.5% DMSO; =, 1.0% DMSO. (c) Eff-
ects of DMSO concentration on the level of intracellular and extra-
cellular hCTLA4IF. The cells were cultured in sugar-free medium
for 4 days. , intracellular hCTLA4Ig; , Extracellular
hCTLA4Ig.

(V) S EE R H7)E g
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Fig. 3. Effects of Triton X-100 concentration on (a) the production
of extracellular h(CTLA4Ig, (b) relative cell viability and (c) prote-

ase activity during production phase. ®, control; O, 0.01% Triton
X-100; =, 0.05% Triton X-100; o, 0.1% Triton X-100.

AAbo] A gl = AL FRlskitt (Fig. 3(a). 531, 0.05,0.1%
(VV) FE22 ERE X-100 H7H= Al Lo YEEE T2
1L (Fig. 3(b)), Al 222] &3l & friesto] Z2HobA o] A&
Z7} A AT (Fig. 3(c)). T8, EEE X-1002 0.05, 0.1% (v/v)
HERE X 2|5 S hCTLA4IgS] AYAto] A& fmw]A] ¢kgt
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o ARAHOR, EelE X-100& FYAE v Ao FAo|
om, EaY S GFS FA Ot AL BAY 5
9t

3.4. ARG v N ZuFo) A EQ 200] hCTLA4Ig A+
AuA &= I
FARAG B Aol A v A GAI EH 20
0, 0.05, 0.5% (v/v) 5% & ] 2|3}o] hCTLA4IgS] AJAto| m|
A= FFS Felsklet. Sl A AR = F 49 2] v 7]
S} N ZE 3] oAl A2 2= TaH oA g4 e
11 hCTLA4Ig®] AJAHFS vt} (Fig. 4). 223t mE
Lo EQ202 ZaH oA S ST Ak AEE o] FFF
= A UL =40 gIRUTh 0.05% (vv) T =2 E209]
A7h= B 203 A 2fobA] o2 27} Bl aLsto] 16w o
=0 hCTLA4lg A B ATt 3HA T 0.5% (viv) 529
E 9] 20S #H7}ek Al 9] hCTLAIg: o) 279] 65%2 7+
2 AS Zelsei

0.05% (viv) =9 E 205 AR sto] ek & Al <]
0] hCTLA4Ig AJA4+2 W WL akqlet (Fig. 5). v A= 28]
hCTLA4Ig= Thel 4 AJ ARG = 102 2}l 44.76 mg/LE 2
e UL EA 205 A 2fokA] ohe ti Rt E Tk oF 1.4u)
S71steieh Wil Al Wofl XA st= hCTLA4Ige] oF-
o 2ot H ok A 2 ghlskeith EQ 20 A
A i v el FAd o] §laL M| iz A E =9 T2 E|obA| o] g4
of FFE FA FUrh olH T Atz EY 200] FAAS
B A ufj ol FRFe FA FOoHA Al2H Fibd o] st
£ 0] hCTLA4Ig®] #H| & SHAF th= A& Hol &t

4. CONCLUSION

Aol M= F A ] AL ol A hCTLA4IgS] A4
T2 A B SAE A 2sto] HAT Ao Fu|E F
A7) L2} shgl ek o] H7FE A] g2 A AR 2] o DMSO
£ Aot dS o, HH Ty YA = T4 242 Hfoky
I A| 22 U hCTLA4Ig A AFS gl el B9kt DMSO2] 3
7h= B Al o) Rabduh Al g o] Bujof] S 4
oottt EEE X-1002 A4ihf Aol {83819 45, BE
A 2] FrEol A B Al2zol| FAdo] QlolTh. Al e tgh H4d2
e opA 9] 4 FFI R o]o] F il HA Thul Z Q] hCTL-
Adlg®] THAF of7|Fch v E 9 202 A3 B A 22w
ol Aot wf, M Zo] 2T JFS FA] F= AL
Felstgl il T2 otA o Aol e JFS T2 okt &
3] 0.05% (vv) sE=2 E9 208 7 AE o] ufekyof
e EQ 208 AE]shA] o2 tf 2t vls) 148} 32 hC-
TLA4Ig A Ato] ghelskqlar, v Aol Zh&5}= hCTLA-
41g9] & 2w ok AT AL I8t o] = v EA
AR A Q] E 200] A AG 8] A o] Az E3A

= SAANA WA W HAEEY FrE SASFL A ES AL

35
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Fig. 4. Effects of Tween 20 concentration on (a) protease activity,
(b) relative cell viability and (c) production of intracellular and
extracellular hCTLA4Ig. Cells were cultured in sugar-free medium
added Tween 20 for 4 days. -, intracellular hCTLA4Ig; :l,
Extracellular hCTLA4Ig.
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Fig. 5. Effects of Tween 20 on hCTLA4Ig production between (a) extracellular and (b) intracellular, (c) relative cell viability and (d)
protease activity in transgenic rice cell cultures. The cells were cultured in sugar-free medium for added 0.5% Tween 20 at indicated times
after induction. @, control; O, 0.05% Tween 20.
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