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In-vitro Refolding of PEGylated Lipase
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Covalent modification of a protein with polyethylene glycol (PEG) has become one of the most widely used and well
established drug enhancement strategies in the biopharmaceutical industry. The general benefits enjoyed by PEGylation, such
as prolonged serum half-lives or reduced immunogenicity in vivo, are well known. By now the PEGylation process has been
performed with purified proteins, and it is required to recover the desired PEGylate by a muiti-step purification process. The
ultimate aim of our research is to develop an integrated process of PEGylation and in vitro refolding starting with inclusion
body material. For this, we investigated the feasibility that a protein could be PEGylated under a denaturing condition and
also the PEGylated proteins could be refolded correctly. Using lipase as a model protein, we found that it was PEGylated in
the presence of 8 M urea and that the PEG molecules covalently attached to lipase did not appear to hinder its refolding.
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B AYA ALE-E lipase= Amano Enzyme Inc.oA 79
3ttt (AF%: LP “Amano” S, Nagoya, Japan). ©] lipase®
Burkholeria cepacia2RE] 83 Aoz EAgko] 33 kDo]
1 ] 430]9 F 7Y lysine #7|1E TS AT
(@). ©] lipase &A= 20~30%2) glycineo] HAAE H}H
o 9ol ZHE E3) ol& AL, GPC 27 (Superdex
200 HR 10/30, Amersham Biosciences, Uppsala, Sweden)& A}
£319 7|e} BEES AASGT 843 PEGE 3T 4
o] 5 kD! methoxy polyethylene glycol-aldehyde (mPEG-
aldehyde)E ()X ulo] QAKX P38t A3 T
Sodium phosphate, WA Z AM§-% urea, FUAZE AFEF
sodium cyanoborohydride (NaBH;CN) % dithiothreitol (DTT),
718} A)eke SigmaAl (St. Louis, USA)SA] Alobgoz F9)
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&2l Lipase?| PEGylationd} £z

BA W9 (8 M urea, 0.1 M sodium phosphate, 1 mM
DIT)¢] pHE 4022 2FH3 & 2 mgmlLy F&7} H7
lipase 89L& HAIElY E4e EYL Fm3idt: 979
WA v¥ o) n|a] £813 mPEG-aldehyde £4-& lipase ©H]
PEGS] & u]g-o) 50, 75, 100, 1508) H=2 H718ba, 4
A2A 50 mM NaBH:CNE ARS8t 3417 5 Ao A
2 A)A PEGylationg A)E31QTE & pHolA #94) &
Al 3l A PEGylationg 433l o]-f-% lipase?] A4 4]
9] ofRI7|E $AHeE F2517] 9% AIATHS). PEGH]
5 Hed 8949 Bry}l Hlad =2 o]fE BSAE A}
43 AE AFNA weart FHE WA HHNAMY
PEGylation A] urea’} §l= W HoAMMTh 2-& PEG7} 84
¥ %l7] wjEo])tHdata not shown).

PEGylationEl lipase2| in vitro X FEl

PEGylation® lipase?] A4E 7154 2 $£4& AHEY
A8 g3 2 Hxy A¥E FASAY. F, (1) lipase
£ PEGylation A7l & ZtZ}e] PEGylatesS GPCE E gt
2, Q) o158 HAA 2 FYA7 FaE WA w3y H
e EYUE HES T, @) AFAA N4 wEd) o)
in vitro QYA F, () AL G7ME S AHY
£2 BAFEY. 4 PEGylationd ¢3ted 0.1 M sodium
phosphate ¥ (pH 8.0)0] 8 mg/mLe] FEZ =9I lipase -&
A3 lipase iH] PEGY & wjgo] 20v) HEEF
mPEG-aldehydeE 71319t} ©] o] 20 mM NaBH:CNE 3
AAZ ARSI AL B RO wReAHTH
PEGylation 34 ¥ mono-PEGylate®} di-PEGylateE £]3}7]
3ty GPC (Superdex 200 HR 10/30)2 AM&3l90 29
FI+= 25 mLola AR FIe 1 mLo|th {54 HEE
£ 0.1 M sodium phosphate M3 (pH 8.005% AME3IHI R4
£ 05 mlmin® 2 QYHA SAt] ST 2 9=
o &8 242 SDS-PAGE (12%)F o]&3lo] B89t

GPCol| ¢j3 £ ¥ mono-PEGylate, di-PEGylate 3 ®]4=2]
B @A lipase 2 0.5 mLE WA ¥ 8 M urea, 0.1 M
sodium phosphate, 5 mM DTT, pH 8.0) WollA A-20A] 24]
b B¢t Z8A7] F rapid dilutionA) 7] & WHE 93] AH
AAAD AFAY vHEE 01 M sodium phosphate B
(H 80)5 AM&3tR o, 34 wi+E I0ME 3o HF ¥
%7} 100 pgimLo] 7] SHAC

GPCo| 93] £&]3 PEGylated lipased] B4 9718 &34
3} native lipase?] 7}2} wjwsto 24 PEGylated lipase2]
4% FHrhstgok = AFEH PEGylated lipase] H7+&
SRFoEZN AHY & AHSATH Lipased] 4L
Lesuisse®] I (FEE WS AHESATHE). <ld
lipase®] 71 Z & p-nitrophenyl palmitate (Sigma, USA)E A}
43l omn lipase 1 unit& p-nitrophenyl palmitate”} 23 1
pmol] p-nitrophenol 2 F-2lEle do= HostPtt. AP
H lipased] B4 =42 NaOH HAY-E A2t or o|m
o] 71AZ olive oil (Sigma, USAYE A3} Th6). AHTE

339

=X
=

oL

3 £y o NaOH AW AHEd ol A
7\‘3‘@ jf: 7&%—5}“:\: 111‘68.7]‘ 7] Z‘é(p-nitrophenyl palmjtate)g,‘ _'g_%

I~

]
=

b
H

g
K

HA HIH AoM Z28l lipase? PEGylation

W4 Wy AolA mPEG-aldehydest lipase®] Hghdh-e
PEGS] 2 H|7} Z7}84-2 PEGylationo] Z7}3ts AL
UebdthFig. D). |4 wse pHE 4002 3 olf
reductive alkylationg E3&) backboped] ZEA|3}= lysine 7
o] e-amine”]9] pKa 3t (7.00% 24 TEV]9 a-aminer]e
pKa 7t (10.0)9] 2o)E o] &3t di TEv|9 ofgls
9 S0 (site-specific) 2.2 F2A]7]7] 2|4 1ATHE). ©l
WHe =0 pHolA RE lysined| o}vl7]E ez 3
‘random’ PEGylationo]] Bl3} 4~8-& H|x2 Qh5). Fg. 29|
A HEo] PEGS ZH|7} Z7}3H4E diPEGylates A4S
B Ao uFo] Hol HAA 2 FUA EA] M=
PEGylationo] FThe A& & 4 itk PEGylation 482
lipase®] RE o}nl7|e] oF 55%7} PEGO| o3} F21=Ath=
o2 Bare] Bl3Pd H A 2rks).

Zg A oA PEGylation® lipase?] AHY 71543E %
A&7 YEiME 44 PEGylatesE, & mono-PEGylate,
&i-PEGylate 52 HAE duielA Eigher [tk 1t
urea &4} sl EEHA FUTh &, pH 60 o|stolA

N

1

wea§ AR Z lipases] §RANe Lols] WEelg
tHdata not shown).

“4—— Di-PEGylated lipase

4—— Mono-PEGylated lipase

€— lipase

Figure 1. PEGylation of lipase in 8 M urea (pH 4.0). Lane C: lipase, lane 1-4:
50, 75, 100, 150 molar ratio of mPEG-aldehyde (MW. 5 kDa)-to-lipase.

PEGylated lipase2| in vitro }{& &

Urea7} 1= 0.1 M sodium phosphate ™3 (pH 8.0)o]| A
PEGylationA] 71 % ZZ}e] Ex13F xto|& o|&38te] GPC
913 mono-, di-PEGylate ¥ n|&21® TA lipased AF
Aoz Bgd 4 9UThFig. 2). Native lipase ti¥] mono-,
di-PEGylated lipase®] A& 22} 76, 65%°] AThFig. 3).
o] Ax PEGylation® PEG EA}57} Z7184% lipase]
RESZH Aol Zadthe Inada 59 FAet A A
t}®). Inada 5 &A3} PEGE o]83}o] lipased] F o7l
a5 £ @ 5% 4235191 o2 A PEGylation® lipase
= 97180 A A native lipase ti®] oF 80%<] A&
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GPC2 223 mono-, di-PEGylated lipaseS ™A oZ 8
M ureaS H7}3t] EEAZ F XS 5 AHY AR
t}. Nativedt tHebd] lipase?] A AHE $L£L & 30%
0|31, mono-, di-PEGylate B $-olx= Z+2 27.9%, 28.1% %
Aol FLS +&E YU o] A FHAF o
3 HEE PEG AV 549 AP FHHY 9FS
XA e AS vt

600

Lipase
500 \ ¢
g 400
c Mono-PEGylated lipase
=)
X 300
‘é’ Di-PEGylated lipase 34
S 200
a
o
§ 100 -
0 g
-100 T T T T T
0 5 10 15 20 25
Elution volume (ml)
@
M C 1 2 3 4
{

250 kD | ey

148 kD

98 kD

64 kD| FH s sy ——————t Di-PEGylated lipase
50 kD] G “aile ‘el <€— Mono-PEGylated lipase
36 kD Lipase

22 10| S

®)

Figure 2. GPC chromatogram of randomly PEGylated lipase (a), and
SDS-PAGE of each fraction (b).
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Figure 3. Relative activity of mono- and di-PEGylated lipase. Native
lipase (M), mono-PEGylated lipase (A), and di-PEGylated lipase
(@)

Korean J. Biotechnol. Bioeng., Vol. 20, No. 5

o Of
i =

HAA (urea)} LA ) o3 @A EA A9 lipase
T PEGY 93 F4HE A& BHIHYUC EF mPEG-
aldehyde® 4+21% mono-PEGylate®} di-PEGylateS A<k
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