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Effects of Proline and Gelatin on hCTLA4Ig

Production in Transgenic Rice Suspension Cells

Mi-Na Song, Su-Hwan Cheon, Jun-Young Kwon, Sung-Hun Choi, and Dong-Il Kim*
Department of Biological Engineering, Inha University, Incheon 402-751, Korea.

Abstract Rice cells were transformed to express human cytotoxic T-lymphocyte antigen 4-immunoglobulin (hCTLA4Ig)
using RAmy3D promoter. hCTLA4Ilg was produced and secreted into culture media inducibly when sugar was
depleted. The obstacles of this system are the cell death and release of proteases by sugar starvation. These
problems resulted in the losses of stability and productivity of hCTLA4lg. Therefore, the effects of proline as
an inhibitor of cell death were investigated. When 4 mM proline was added in sugar-free media, the cell death
and release of proteases were reduced. As a consequence, the production of hCTLA4lg was enhanced. In
addition, the effects of protein stabilizers such as gelling agents were studied. It was found that the application
of 0.01 g/L gelatin led to an increase in hCTLA4lg production. This increase might be originated from the
stabilization of hCTLA4lg. In conclusion, the production of hCTLA4Ilg could be enhanced by the additions of

proline and gelatin in transgenic rice cell cultures.
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Plant-made pharmaceuticals (PMPs)< &2 o]&3}]
Al X548 ©AS YA O™, human growth hormone
fusion protein, interferon, monoclonal antibody, human
serum albumin ¢ 21ES o] 83 Lol RuEI
AEME WFE B XEE& SEe] AYALS post-
translational modification (PTM)®] 7}=3la. &2 - AA|7}
AH difts Aite] Bolaithe AE B3k Tk,
ol#gt YAHFH HEMEE o] 83 X g& T
A H3sE FHES 218k promoters 83 84
o], promoterol] &3] =2 il Ae] Wl Fo] 2HY
t}. RAmy3D promoter<= B 9] Fx} WolA] Fxlo) A%
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Hol e HTE E3lsr] st LHE = a-amylase
gene family 5 dh}o]®, Yu 5(2)3 Mitsunaga 5(3)
o-amylase gene®] FRIFFTo] TR0 B 10| o3
ZAEE AL A ol¥EE §A=2A s 24
©] 7F&3t inducible promotery] RAmy3D promotere &
11,519 bpE o]Foizxl LA E pMYN409¢] hCTLA4Ig
FAA e A Ao AxEoEN I 2 St
7F EaEATH4). £ dFoMe FEHEE W X
£ ©]-8% hCTLA4Ig AL o] AAHUE o T
7] A&8HE RAmy3D promoterS ARE3F n&d A4}
Nzde A,

Human cytotoxic T-lymphocyte antigen 4-immunoglobulin
(hCTLA4Ig)> THEol &J3t HERRS-of I3t CTLA4
(CD152)%} human 1gG9] Fe H-E-S §33 whjdoltk
1 A3}, dimeric hCTLA4IgE F433}e] Aol A 2]
Hkzb7) 7 Ao TR affinity chromatographyol]
gt AAHR! AAT} 7hs3HA HIUTKHS). AREES- kel
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oJA F-238F THIES] co-stimulatory signal-2> TAHE EH
2] CD28°1Y CTLA-4%} antigen presenting cells (APCs)
W] B7 -84 (CD8O E CD86)7He] Agolr}). o]
W, CTLA-4E CD283} W2 TH X &4 & A4
AU AEAT= NEE AGEe 982 div, BY
-9k oF 20~500) =& FshEg HArkFig 1). =}
A hCTLAdIgE TAHE SojF WA uhe-8 Fr38lo]
HIAA A &S 3ti6). 20053 12¥ Bristol-Myers
Squibb (BMS)A+2] hCTLA4IgE A7Pa9a8ke) 9%<)
Fotel #HE XFAZA vl= FDA (USA Food and
Drug Administration)ol}4] %918 o} Orencia® (abatacept)
ghe AFHoE wiEa glon, 2008'd 287 dle L
mjEafo] 1,5009] o o]=ZFirh
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Fig. 1. Mechanism of hCTLA4lg as a co-stimulation blocker on
T cell-mediated immunity.

o2 FEE o] v ZE EulE v A 2E &
Aol 23k B dolv 39 93 EgAdol Jlom,
53] =] proteaseol] o 4 whulde] Fale A4k
Aol 7P & dgS wiX A "Hrl(7). RAmy3D promoter
9} RAmylA signal peptideE ©]-85 BAASH ] AX
9] 745, 7 31ZAl] E2 i) Bhgo] 73shA o] Fo
A M ] wix|E FRlEc) ATk o] AlEle] why
< 7 e o3 Adbe] FEY] wiitol] AAd A
o) g deidiM 54 @A A Arke Aol
o} ol AMEAL MEY AER Th 9 A, o
Q18 WA £.2] protease B8] F71E fdale] HA whi
Ae] Mg Al FFHoRE A AE Yol
o mEba 53 gd A S Bste g40]
T ST AR FEdhe Blo] dasith olE s,
wjR|e] BAZ7E ZH ALY Al H3E Sh= gelatin
# 22 22 gelling agentE2 F71sje] EF thulzol

AL Eole A7t AP UATKHS). EFF protease
inhibitorE ©}-83}] protease BAE FEOZHN A ©
Aol MAAE EolE APE BaEa ko). kAt
o]2J3t QFAA| 9} protease inhibitor7} £ THlAe] QFEA
ol mlX= Gkl het g 7)=hE gA Fala,
S HojA= Bahi vk webA 4w At
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hCTLA4Ige] A2ke FUjr71 24 SFATh
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9} 0.2 mg/L kinetin, 0.1 mg/L gibberellin (GA;)& %7}t
i) WA pHE 5.8% 2433, 500 mL Erlenmeyer
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Fig. 2. The plant expression vector containing hCTLAdIg gene.
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=2 gl o) inductiong 93 AARIRZE sucrose
7t H7EA] 2 AAUIAIE AMESE e, ot FY%
g2 AES FFsHTh

Hizg &3

Aol AR BR1st7] YA NZATF (fresh cell
weight, FCW)3} A ZZAA% (dry cell weight, DCW)2
=239t} 100 mL Erlenmeyer flaskoll A w3k &gt
A|3ZE Buchner funnelS ©]-8-5}2] Whatman No. 1 <3}
Aol A AEe] viFAz Zck v FH S5
F2 2~33] AHT & JAFFPEE o)g3lo] FEES AA
st vE] FAE Z74E weighing dishol] AEE &
ol FCWE 2339t FCW &3 £, 60CY dry
ovenollA] 48217} Ft o] & wj7kA] HEd DCW
& A3

Cell viability =3

AMEES] AES ZXE- Y= TTC (2,3,5-triphenyltetrazolium
chloride) FUH-E& ARE-3t FhZQI S ALkt
FCW 0.1 g MEE microtubedl] Bo} 1.5% TTC £4
1.6 mL& AH7}etd 20°CollA] 24412 vREAIZHTE 1 3
TTC 848 AA3}AL 95% ethanolS 1 mL 73l 60C
oA 308 B2t A1) 5 A F o) ABXAE red formazan
< FZFY 15,000 rpmollA YAEF & A5HS
spectrophotometer (Agilent 8435)S ©|-8-3}¢q 485 nmol| X &
B2 =431} Blank2+x 95% ethanolS- ARSI

Protease &4 &3

A|E7} A2k710) hCTLA4IgE ABAksls} FAlol protease
= BHjslEg w2 FHlE hCTLA4Ige] eHdAda} At
gl & HFE PRtk o]H3 protease ] WIS Lol Y]
#1381 modified Anson’s methodS A3} protease 4
< SAFA11). 0.5 mLe] 1% Na-caseinate (67 mM
phosphate buffer, pH 7.0) 8<}¢j B]A] sample 0.5 mL-&
H7rste] 50C oA 2083F REEAIZTE 1 F 30% TCA
(trichloroacetic acid) €9 0.3 mL-S 378k 50C oA
3047 AR F ¥-E-& FE3IATE 15000 pmellA] 108
AR ¥ AEAE Fsled 978 280 nmollM] 3=

TR GElstd ARESI A, blanke THSFE YL
@49 1 U (unit)> 22 Z79A B3 tyrosine 1 mg©]
S G40] o2 AFolsigith

hCTLA4lg HEEA

hCTLA4Ig®] %L goat anti-human IgG (Fc) antibody

(KPL)<} peroxidase-labeled goat anti-human IgG antibody
(KPL)Z Z}7} first antibody % second antibody 2 A}&-5}
o sandwich enzyme-linked immunosorbent assay (ELISA)
Z 4739391, ABTS peroxidase substrate (KPL)Z 41
3te] 405 nmolA FE=E FH3AH XFEEAEE
ImmunoPure® human IgG (Pierce)Z AHE-3}TH

hCTLAIg BA2N

hCTLA4Ig9] 984S #1381 SDS-PAGES} Western
blot analysisE F3331TE Aito] F8H Higg el Thid
< 10% acrylamide gelZ ¥2]3+ §, PVDF membrane
(Invitrogen) &2 ©]FA]A 5% skim milkZ 1A17F &<
blocking 313t} Goat anti-human IgG (Fc) antibody (KPL)
2 hCTLA4IgE captured}3l peroxidase-labeled rabbit
anti-goat IgG antibody (KPL)Z secondary antibodyZ 3}
dk3-A]Zt}. TMB membrane peroxidase substrate (KPL)
£ #7181 membrane “FeIA ©HF band7} F3E3] Y
HEE 3191, 33 SHSE AFsI 9he-E 255k
o] o 22} marker =+ MagicMark ™ standard (Invitrogen)
£ ARESITh
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HIZ AlEn} protease =2H|

F2A3E ¥ FEA|E hCTLA4Ig A4t inducible
promoter$] RAmy3D promoterS ©]-&go =M, 1 o
o] Z&HA P ME Bre] w2 FHlEe RAE &
1kt BFAIRE o] A|2Hle] FAIHE B aLdAol FF
dlde] wgol 57| wiiel A3 gado] gle
Jefoll A G A S Al Arke Holth AlE 8
A BiR)ol] A7}E= FF2) sucrose, glucose, fructose 5
& Axze] A & fA) vk=A] R3 gAAS AF
3k3, o] A2 A ZY FHAFF TCA cycle 59 thA}
AEE AA AdUAE FFEH At duAe] gle
JefollAe] Az w2 F23 viabilitye] A3t} ME
APE-E 7 e o2 RISt Tild FAL AlS o F
od = A Bk &g o|FA A7 2E# 2 %
ME APEol AlEUQ proteasedt DHS F&Ho] S0
HEATH12).

o2 3QI}arz} hCTLA4Ige] AAHEAGNA relative
viability®} protease &=} @A gt ATE F
A3tk 2 A} vik 6L viability= 20% ©|3kE
A= o, oju2] protease B4 80 U/mL7HA] 57}
e RISt Fig. 3). ol 7 1zolghs Adkxio]
A3 9] viability 74 2 AFRE do7|H, o]Z 1 HiA
29| protease ¥HI7} S71HES vt
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Fig. 3. Comparison between relative viability and protease
activity during production phase. The cells were cultured
in sugar-depleted AA media for the indicated times :
m, relative viability; o, protease activity.
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hCTLA4Ig A3 AN 9] ME viability 74 W APE,
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o] P & Ak ASE dogit) Wb e stressE
Y AEZE BIste] AE APEE 920 2H, protease
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opp|=Ate] UF? prolineS 718} reactive oxygen
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Fig. 4. Effect of proline concentration on (A) relative viability
and (B) hCTLA4Ig production. The cells were cultured
in sugar-depleted AA media added proline at 0 days
after induction.

iAo Hr7hEe Alge] e HulY 23 A7) 3
7V} F83% 84 F 3lo|th Proline®] A Wt FEE
AA3t7] Y3t Zol AA"E AAR NEE HE 3}
RS SHTE 7190 0, 1, 2, 3, 4, 5 mM9] prolineS
718F451, hCTLA4IgS] A4tao] Hujo o2+ vk
6dA o} iR E FF3FHTH13). Fig. 4= proline] 37}
F59] WE viability?} hCTLA4IgS] Ak Hslo) )t
ANE HAFETE 4 mM9 prolineg 718H9S o), 7H3
E2 viability S FABIL e AL ERlEtFen ojue
hCTLA4Ig®] Abre thzs Bt 158 e AL
& g AT o 339 AL 4 mMY] prolineS
A7 1= AA3IATh
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Fig. 5. Time course changes of (A) relative viability, (B) protease
activity and (C) hCTLA4lg production. The cells were
cultured in sugar-depleted AA media with proline at 0
days after induction: e, control; o, 4 mM proline.
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PEZSE B FAE vl A hCTLA4IgS] a3t
Ul proline©] W]X|& FEg dobR A} 34Tt Fig. 5&
proline 7} relative viability, protease &4 ! hCTLA4Ig
Akl ek 295 HAFETh Ao vl w2 24"
4 mM2| prolineS F7}stAE o, diZxwel Hg) @
protease F4-2 BRISIYT) o= viability2] 7ol &
FFOE BIrk &3 o]efdt A= hCTLA4Ig] A4t
T FE FUL, WY 3R Ao 48 mg/L] hCTLA4Ig
iS58k o] AdEE dixdte Bis) 1.34)
7 237340k Wt 4 mM 9| prolines iAol
7ho 20, 7 sizbel| ot Alxe] Abd g o= QIgh
A 29] protease FHIE Y F AU} o= A3
© 2 hCTLA4IgS] AT AAH FHe = ojojdl A
o= pod:

Protease 2H|2} hCTLA4Ig SR

PAHEE ¥ A E] hCTLA4Ig Akl RAmylA
signal peptideE 832X, Z31A o] AgH F
A whe) w2 22 ol Aol hCTLA4Ig7} BBlEE
Ao| 7¥sdtt. kAR of AlXElY] FA|HL 2] o] 5o
A 714 712l oJs] hCTLA4Ige] oHgA< o] e
ARl ATkdt G vXA Hokes Holo) o]eidh v
A9] Aol JES wxe glogE WaE o] w2
| whilE ZAle] A B4 ok Bl Aol
aggregation®] 2|3 BRFgAdo] Jom, 53] MEZHE
HHE AW proteasedl] o3 £ whie] Ea=
Aol 7P & F3E FE AeZ gEA Uthi4).
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Fig. 6. Stability of hCTLA4lg in spent media and autoclaved
media: e, spent media; o, autoclaved media.

olg ERISITA} protease #H|9}F hCTLA4lg ESHAA
o] daaA] g ATE F8IATE wSFE sl b
Ag 1%F7) ATst AHHSZ proteases BEAIE}
AlZl ¥, rProtein A column®} Hiprep™ 26/10 desalting
column (GE Healthcare Bio-sciences)& ©]-8-3l] 267

o] Ax AHA3 hCTLA4Ig A EE HA7Islith o2l 2
Tl A B 4 QI50], protease S BEA3} A7l 1E7]
D3 uj R A= hCTLA4Ig] SHAde] fAHem,
BE2] protease’} =A5= spent mediadlAE TjH-E0]
EEe SAAE 5 UAAKFig. 6). WA hCTLA4IgS]
Eorg Ao vix|Yell EA3}= proteaseol] 23+ F3l71 5=
# 8219e ¢ F AUk

Gelatine| ¥gF

AE2RE 289 proteaseo] 2|3F hCTLA4Ige] &3
& go} o P IS FASIALAL gelatin®] H7HE
A=Y TE AP gelling agentE FolA TR A=A
24 337} 18°] Bi1E gelatino] hCTLA4IgS] 4
A FA vXE FEFS eItz sHUTk8). Gelatine
collagens 33t o= AR glycineo] 713
2o BES Axsl Qe gUdd BEAFY EFER
o]Fo)7 BaAg i dolr) o]Re &Y AgollA B2
glycine &= Q13 f-540] B, o3 d¥ldsT Fs
23 4= Q¥ multivalent structureE 7RO R T
A Ao 4 mixta E=A

hCTLA4Ige] ¢P3A FRlol 718 E72 < gelatin]
HA 7} F=E 2R ffetd 48S AWt #
< Fxsled 0, 0.001, 0.01, 0.1, 1, 3, 5, 7 g/L] gelatin
< 37183, hCTLA4Ige] Aiteke] ol o]2+& f
& 6dRol WA E 3)5=te] ATE BASTh 1 A,
0.01 g/L9] gelatinS H7}5}9S of hCTLA4IgS] A4k
L gEF 2ot £ 35 mg/Ldll °l2e RS AT +
AATHFig. 7). webA F5 4L 0.01 gL gelatin
< F7E 2AsHAr:
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Fig. 7. Selection of optimal concentration. Gelatin was tested.
Production of hCTLA4lg at various concentrations
(0.001, 0.01, 0.1, 1, 3, 5 and 7 g/L) was compared
with that in control cultures.

AEE 0.01 g/L2] gelatin©] hCTLA4Ig2] ¢HFFAld] 1]
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Ae FEE AR wE sk awste] dofRaAt 3t
Uk Fig. 82 1 A3E RojErh Ao Wl w58 2
A€ 0.01 g9 gelating 718192 wl, relative viability2}
protease B/ thETF TR 2ho)7t glo) fAlslAT
weba S QPgAEA ] A9E ERIska14} SDS-PAGE
9} Western blot2 3313t} 10%2] acrylamide gelol]
A dRe Beldlal silver stainingS 3FITHFig. 9 (A)).
TS hCTLAAIgE 7E317] S48l goat anti-human IgG (Fc)
antibody, HRP-labeled rabbit anti-goat IgG antibody &
AHE-8led Western blotS 38l ). 718 A 2=
Holx= - L g-amylase]™, hCTLA4IgE 2F 50 kDadl)
A AEEATE 2F 88~90 kDa2] A 71X)= hCTLA4Ig
+ reducing agent®l| 2|3l dimer eI monomer HEN
= sjEjEo] 112 Fxo] Ao HEHUh 0.01 gL
gelating H713IHS ©, proteaseo] 23 hCTLA4Ig2)
37 ZAE AL band patternS E31] 1T = AU
thFig. 9 (B)). ©1EM 0.01 g/L Y] gelatino] hCTLA4Ig<]
XA KA Bt 9 & F UL, ofe AHH
22 hCTLA4IgS) A F32102 ojolx txy Hr}
w2 AMES 25 F Ut
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Fig. 8. Time course changes of {A) relative viability and (B)
protease activity. The cells were cultured in sugar-
depleted AA media with gelatin at 0 days after induction :
e, control; o, 0.01 g/L gelatin.

86 3kDa —»
F54kDa —W

0kDa —»

(B)

Fig. 9. hCTLAIg analysis of production media. (A) SDS-PAGE,
(B) Western blot analysis: M, Mark12™ Unstained
standard and MagicMark™ standard; Lane 1, production
media without 0.01 g/L gelatin; Lane 2, production media
with 0.01 g/L gelatin; Lane 3, negative control; Lane
4, positive control.
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B d7dre 32418 W AEE o83l AP
Agke] A Z A2 human cytotoxic T-lymphocyte antigen
4-immunoglobulin (hCTLA4Ig)S A48 1, RAmy3D
promoter®} RAmylA signal peptideE A3t & 12
Al =7 dde) dEy wix|2e] BHlE Rt
o] AlzHle] BAGL F 1ol o5 52 whulzle] At
o] FEH7) Wi el f1o AZEY A, o2
018t WiAPWHES] protease EHIE HUSHA Hoh oA
=2 vl oAl Aot AR Al &4
S doFit), wEb MEE BE3le APES Y= &)
A2o] BiH prolines 713t A F3 2HE
Flskasl sKrk 4 mMe] proline F7lstod v kel
S uf, Aol AP 2 protease2] BHIE EY £ AL
ol= AFA S Z hCTLA4IgS A 7o = ofojxth
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E3 A AE B3l A UZ £8lE hCTLA4Ig
HPFE o]Fo] AE =olaxt 3IYE 0.01 g/L
9] gelating A-83t] ALY FH 95 dqlslglon,
°]¥ hCTLA4Ige] Hdslo) 93k AYS & 4 Aok
Protease®] EHIE £0]7] 93+ AL B F9} protease®)
F28E 97] Y3 hCTLAdIg R3S B3l FAXHE
W AEE o]838 hCTLA4Ig] SHEA 2 AAAS =
A USRI

(=]

Al

2 AFE AAZAR A7y (3ANE
00014836) L Alstn 2AFAYERY7|EATAE
(ERC) 7] Aol ofal] g=34=]9).o0] ool ZA= )

A% 20009 19 59, ARE < 20009 49 2Y

REFERENCES

1. Becerra-Arteaga, A., H. S. Mason, and M. L. Shuler
(2006), Production, secretion, and stability of human
secreted alkaline phosphatase in tobacco NT1 cell
suspension cultures, Biotechnol. Prog. 22, 1643-1649.

2. Yu, S. M., Y. H. Kuo, G. Sheu, Y. J. Sheu, and
L. F. Liu (1991), Metabolic derepression of a-amylase
gene expression in suspension-cultured cells of rice,
J. Biol. Chem. 266, 21131-21137.

3. Mitsunaga, S., R. L. Rodriguez, and J. Yamaguchi
(1994), Sequence-specific interactions of a nuclear
protein factor with the promoter region of rice gene
for alpha-amylase, RAmy3D, Nucleic Acids Res.
423, 81-85.

4. Terashima, M., Y. Murai, M. Kawamura, S. Nakanishi,
T. Stoltz, L. Chen, W. Drohan, R. L. Rodriguez, and
S. Katoh (1999), Production of functional human
aj-antitrypsin by plant cell culture, Appl. Microbiol.
Biotechnol. 52, 516-523.

10.

11.

12.

13.

14.

. Lui, V. C. H,, P. K. H. Tam, M. Y. K. Leung, J. Y.

B. Lay, J. K. Y. Chan, V. S. F. Chan, M. Dallman,
and K. S. E. Cheah (2003), Mammary gland-specific
secretion of biologically active immunosuppressive
agent cytotoxic-T-lymphocyte antigen 4 human
immunoglobulin fusion protein (CTLA4-IgG) in milk
by transgenesis, J. fmmunol. 277, 171-183.

. Pree, I. and T. Wekerle (2006), New approaches to

prevent transplant rejection: Co-stimulation blockers
anti-CD40L and CTLAA4lg, Drug Discov. Today 3,
41-47.

. Wang, W. (1999), Instability, stabilization, and forrulation

of liquid protein pharmaceuticals, Int. J. Pharm. 185,
129-188.

. Ryland, J. R., P. M. Michael, and J. M. Lee (2000),

Effect of gelatin on the stability of heavy chain
monoclonal antibody production from plant suspension
cultures, J. Microbiol. Biotechnol. 10, 449-454,

. Gotoh, T., Y. Miyazaki, W. Sato, K. Kikuchi, and W.

E. Bentley (2001), Proteolytic activity and recombinant
protein production in virus-infected Sf-9 insect cell
cultures supplemented with carboxyl and cysteine
protease inhibitors, J. Biosci. Bioeng. 92, 248-255.
Thompson, J. A., R. Abdullah, and E. C. Cocking
(1986), Protoplast culture of rice (Oryza sativa L.)
using media solidified with agarose, Plant Sci. 47,
123-133.

Battaglino, R. A., M. Huergo, A. M. R. Pilosof, and
G. B. Bartholomai (1991), Culture requirements for
the production of protease by Aspergillus oryzae in
solid state fermentation, Appl. Microbiol. Biotechnol.
35, 292-296.

Beers, E. P., B. J. Woffenden, and C. Zhao (2000),
Plant proteolytic enzymes: Possible roles during
programmed cell death, Plant Mol. Biol. 44, 399-415.
Krishnan, N., M. B. Dickman, and D. F. Becker (2008),
Proline modulates the intracellular redox environment
and protects mammalian cells against oxidative stress,
Free Radic. Biol Med. 44, 671-681.

Doran, P. M. (2006), Foreign protein degradation and
instability in plants and plant tissue cultures, Trends
Biotechnol. 24, 426-432.



