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Abstract: In order to obtain a more stable PEGylated interferon a-2b, and prolong its half life, interferon a-2b(IFN a-2b) was
modified with monomethoxy polyethylene glycol propionaldehyde (mPEG-ALD) 20000. It was found that the optimized reaction
condition for the maximum bioactivity and highest PEGylation degree of the mono PEGylated interferon a-2b was as follows: in
20 mmol/L, pH 6.5, citric acid and sodium dihydrogen phosphate buffer, the concentration of IFN a-2b was 4 mg/mL, and the molar
ratio of PEG/IFN a-2b was 8:1, and the reaction time was 20 h at 4°C. Under the optimized reaction condition, the mono PEGylation
degree reached to 55%. Ion exchange chromatography was used to separate and purify mono PEGylated interferon o-2b from the
reaction mixture. The purity of mono PEGylated interferon a-2b was higher than 97% characterized by HPLC. The bioactivity of the
mono PEGylated interferon a-2b was 13.4% of the native IFN a-2b, while its half life in SD rat is much longer than the native IFN

a-2b. The mono PEGylated interferon a-2b is also stable in aqueous.
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FIRITIE R, LENG IR, 7L PG 3R 3 1
B, B G IRk B R, B W AE R R G BR,
T LW AR, 25 A 0 H B A TS R AR R
HIAE . 2 Z P (Polyethylene Glycol, PEG)fk 2414
i RE % A RUEAC 25 W = ], JE ek bR [a) @) —
e 2 1 4 ks A

B _EAMital 80 4R LISk, PEG B4 R7E K &%
YT AR b O L HBUS TR KRMEEE, Bk
R E AR RSAZ—. BHEL ©4 Ly
R WYL 2 S I Y R T 2
(PEG-ADA)®! | K 4 [ Jt il (PEG-L-asparaginase)'*),
DA H2H Nk 41 i 4 75 00 3 TR F- (Pegfilgrastim) 55 25
FRZ54,

tFFHEa-2b R ZFEMIFE, B2
TR, BHAr b= s 2 EER
TR | AR 72 RO RUAR BE (Pegintron), A7 12 kD £k H
SRR 3R & I 3% A Tt MV Ve ik PR 6 (NHS-mPEG) &
M TP R o201, ARG VR B o R B A
1) 28%, “FREBHARBWE LN 10 £5, Wk, 7E0E
F2iasE 5 KILFRMA R TR K o-2b BN TE
PR, MELAH B S 1RIER, BeAh, iz

BR H PEG B M 7E TP R o-2b R H MR 5 A3,

M ZH A BRK B SE () 2k 5 NHS-PEG e & IR b
TRV WP AR E, I HRE USRI AR A
AN T A, 1 FLL 25 A T AME
S M A 7 D0 A1 3 SRR S0 2R 2 T P 1Y)
FEHEKRZ /2 PEG BT, fE—
W, PEG &M 04y 7 8ok, B4 Py i 1 54

MK Wi PEG b2 K, &4y (>12 kD),

AE 5 26 11 i Re e b 24 B 0 28 AR PEG B4 771 Y
Ml O nae. Hrh, HHSEERC RN
(mPEG-ALD) 5 & 15t 52 T T2 1% 10 e 20 B i HL A
WP B K R M o L, A8 b SR 3 i
PEG &M %) T 2 o-2b HEATIEME, M5 2IFaE
PEAF . R KA .

i — L, R ZEEBM AT, B AL
MEEEPRTEEAN Lys. Cys DU H A i i) — 2
AR, W T TIMEa-2b K, HaTEME 007 S5
Z, HUB Y E R TS R S TR A
Yo ABEAS[R] BB i LA P S Mt A BT AS [,
A b 316 i 5 L 2% 4 ) s i) S S o = 0 0 A 1

el IR R & Ak AR R A — .

BEXT LA B )8, AHIESER 4> F i K R
AW AR 20 kD B SRR £ BN
(mPEG-ALD)& i X T K a-2b #E47T T EMi, I
LA RN A, WEEARAR KRR,
HARSMNE PEAR B 4w 10 PEG AL T R o-2b 771 15
SRR 25, DL BB i 0 M O R A s
Mt AL BAR, K& SN 45 5% i PR 240 sk 4 7
T 5%, A AR 2 1, R E T 28 )2
M it = A 7y g lifk, 1538 TaiER T 97%
BB =) o FNHZ A = kAT T AL K
HMEE IR SRR RGN, it — A R
2Bl ) 2 LR B T Skl

1 MR %

11w
Jiioek: HLR AL R £ TS N (Shearwater
Polymers), B 41 A\ T4 2 a-2b(Escherichia coli %3k,
TP Sl IR B 25 R
FER: A4 13 1 8 1 (SIGMA), Folin ¥y, N
A I e (Mlerck),  HY SCTA A 96 Ji (Meerck), A 1 2 11
("PRFEE AR BT, Haialon 340 1 o dr
afi A
AL EY Wk 46 TE (Milipore), AKTA explorer
100 Y& AH (413 22 5t (GE Healthcare Biosciences), SP.
Sepharose Fast Flow {4j{1:(GE Healthcare Biosciences),
HLUKAL OS2, BERC A4 R SE Quantity One(Bio.
Rad), 43 )t )t & i1 Ultrospee2000(GE Healthcare
Biosciences), 96 fLANMIKEFEH (Costar), 5 FH 7K 4
K H Rios M2liK ZRG AL
12 A*
B RN R FIAE 4°C R R4 i 40 5% vl i i I
e, BEAANTM R a-2b BHF TS5 miEwR T
Lowry RN 8 FIHRE, R 88 1R 22 S 08 i il
B, e BEEE R BC Eb (18 1 /28 1 50 Iim A8 77 B ik
55, IRA ), 4°C SOV st ElE, A
RN
BB e #e i Crh A AR AR E 24
L 2005 W) " flE T (Lowry) By 2R I 2 25 1 i vk
[7]
B4 r= W B 5 25 4lifk: SP-Sepharose FF {44
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EHEF AKTA explorer 100 AHEIE RS L, AFH: &
MR- 2 FREN G AR (20 mmol/L, pH 4.5); B #H: 7£ A #H
A 1 mol/L S L4R. BAEEVEME, ik 3 mL/min.

SDS-PAGE HLJKK: 288 Laemmli® 7k,
WAGIE N 4.5%, I3 BSIEH 13.5%, HRYLILL K et
Pete,

TR IO i Ao U e i A RO A R R S
Agilent1100, Superdex™ 200 %EJE (o i%HE, WM 5%
MRCA 50 mmol/L YBERRZE A 0.1 mol/L B iR
Hl, WK 0.5 mL/min, &K K 280 nm. {4 A:
Je 198 MR 78 53 VA5 I 1 B

RGP . A B A ] . Fe R (rhAE
N BRFEFNE 2588 2005 Ji ) HB 90 2= A 2= T D e
Dy gty

i AL R BT A R R A e U8 A )
M A, BT A T TR . B i A =
H ) 77 1 0 TR/ 45 4 43 04 TR AR 22 1.

TEAL IR : R SD KR T4t #
Jok SR M, A [) B (i) BCAE 24 i 7 41 ol vk ) g HE A
Y2tk o 2 5 B R IV %) A 0 2 1 PR A 2
fE—2FH ] .

2 BERE5itb

Shy B A6 A IS 45 R 2 R BRI A 7 4 (Mono
PEG-IFN) & &M AL 42 36 M LK PE A 7 e AL SR A
Som, [ RVIRE R 4°C, BT pH {E N BB
FEYIRSNE VR R, DA B TR BT OR
B BT . B G . R N ) 46
S RHE M AL s, I ST T B Y o
aifb T2, ME T B 8 R IMNE TR R
2.1 (&I R & 3T BAR IR RSN EE IR B Y
A

BRI PR e ST, BimE
I 06 MR FAB A 5 o A B i S B B
JOT T L F B, B AR 11 A REAS B K R 1
-E . mPEG-ALD I SL AR 75T 1) 22 3k I g ok 5
W, SN I M 7 B O T R L R ik . R
[l LR sk %L, H pK EARFE, Hm7EARF A pH {E
AT, HopBtAa k20 . AR pH (E5%
e 3 2 11 BT A A 6 A, 2 S MBS M 7 0 0 P 1) e
FEEREK,
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Wi, S5 1 R . 7ER— 96 fLAk EIE R
B AR A RSN EY 2 E v, SR N
B B 115 AAB U B P AR S M 1 AL (%) o 1 T T
DU, By koGRS pH IS K%
KGN, 76 pH 6.5 B BAEI =06 P f i . X
5 Wang YS i —5, W AT RE B T TE
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M ER B T 3 s B AR S A Wy 3 1 o X, AT i
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Fig. 1 The effect of pH on retained bioactivity
2.2 (BB &R RIERFE L R
221 B TEIRNE THE

SEIGAEARTR] pH {E F (pH 6.5), & T A E T
RN BB e AL AR 2R . IR T BEIR 2% PR
PR B — BT AR IR S R AT AR PR AT AR PR BN 2% vhi
3 PG AR, RILETRE BB AL R
Wi AN, TEREIR A —N-FT IR Rk R, B
W 2 A g DR T L P AR R . DR T T R IR
TR IR 2 A R A DY pH 2.2~8.0, T
BEIR 22 MR R AV ZE LN pH 5.8~8.0, FTIEIR-FT
BRI Z R R ZE IS pH 3.0~6.6, J5 &
XF pH 6.5 B2 M RE 1A SR Firii iR o SCIR A
SCHRARIE, TR a-2b FEBEIR S AN-Fr R AR A
F PR E MR, HOEFRZAIA R AE R VAR R

Ry Ak B 7 A R N X BB A P e AR Y
SN, BEHCT 5. 20, 35, 50 mmol/L PUANES TR,
R BB 7 ) B B AL AR B B 0 AR AL BN,
20 mmol/L Z J5 BEACAAE S i T i B o A A T Is
SR BT A g4 8, ORI 20 mmol/L AE N

Bioactivity (%)
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Jof 1) g A 5 R
222 HEFIKSERIEMA I

L 2 Ry 2 VR B B IR TC BE X LB A Ak 23 1Y
. WK 2 RTRVE M, BEE B B EE A3 hn e
FAG M) /28 FUBC FE A B, A8 i = 1 2 Al A s
Bl 23K HJE Tl d vk B R A AR AR E,
HHREVIE, WEFEEAWE 4 mg/mL 15N
FR A5 A, T B A 7] /8 1 C EL AT T — 2 R
W, ZERWE 3 o, HIE 3 aTLUE Y, BEE &1
JRE FUIC L P G I, 248 B 11 ) Ak 38R b
i, BRAE W A SRR R R N, FE 8:1 I Ak
TARTERKAE o X0 BT8R vk B DL S A b ) 2
ST b A G, A 75 8 1 BRI A R 43— 6 Al
LR, AR B T840 S g A T o (EAB AR )/
A JBTAC He el I, R IHE N 1 8 i ) A0 R Ry
FHIRERENL S, A HE T 2840 P ik A= i

n
=

B
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Fig. 2 The effect of IFN concentration and PEG/IFN
molar ratio on mono-modification degree
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Fig. 3 The effect of PEG/IFN molar ratio on modification degree
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Wy B B R B — s (RIS, 218 i S, e R B
ZIGR o RIF] 20 h A, BB I ) B AR R
SR 2248 M 7 ) 11 A S R (DR A 7 S ik
HAO)FSE, SO 0 BN, T2
W= My S RN TE GRS o NI, 2B 20 ho AN
ROV A
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Fig. 4 The effect of reaction time on modification degree

Zi Bk, 193] 20 kD R L ZEEN R TR
FRa-2b Wi iEti s, BIfE4°CT, 7E20 mmol/L,
pH 6.5 FIBERR A " BN-FrP IR 22 i i, PR
4 mg/mL B, EMER/ER B RELEL N 8:1 A L
N, ROV 20 he ZANARAET, BB B e A R R]
ik 55%.
23 iR Bl

THHRa-2b WEBRIE 6.1 i, &R
AN A SR ST o SRS D ) B R e e
Mo T E X BN = it Ay o s A, SR 5 By
o H5EEENE PO, VEMBIE P1. P2, P3 4R, AT
SDS-PAGE HLyKAG I, FHAR JeAer i &4 & F i 4oy
CRIEMRE T BB A 2B 8 ), BRIl &
PEG 243 (i 831 PEG FRB I A 2B MR 1), 45
R 6 fis. B 6 ITLVEH, PO KRB
I BRI EI ), P1 o 2B I, P2 Sy BB
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Fig. 5 lon exchange chromatography of PEGylated
Interferon a-2b

WAl 2% BRI E £ vk, RS B E ]
W 99.1%, HUEHE P b B R 52%, RIE
W= WA 2 AT IR B 93%, AT UL, XFT PEG &1
TR a-2b KR, BT 5o B 8 R Rk 8
NN E S iy =
2.4 BEIEYEIERAT
241 ASERNE

7 A AAE iR IFN o-2b DL K B8 M PEG-IFN

1 2 3 4 5 Marker kD
- ; — — 97.4
‘ - 66.2

- -
- — 430
— 310
_ — 20.]

- ——

— 144

a-2b ERCEE R AL IR S A . Bl 19.3 mL AR P g
HARAEM A T4 K a-2b, 13.5 mL Ab BT HY I g 2005 i
1) PEG-IFN o-2b. I IETAITE, 28158y
RO RN TR o-2b YT R
Mir=y, HAiEEa ik 97%LA o 2R F 20 s 28 30 i)
FER I NG NS S | I 3l 7/ (O Al )
1.96x107 1U/mg, ABMil) IFN o-2b iGH 1.48x
10° TU/mg, BAAEHP=40iE PE AR B A FI T 13.4%.
242 JEHAFRH

78 AAB M 25 1 RN BB I 2 L E SD R A Y
BITEER P28, 25K 8 Fis . mIFAT LIE H, 1T
S5 ARG AR 11 B A 2 P s B e KA, A
I h Ze AR 2 MBI A 2= 16 HEAE 8 h
A IRER KA, 24 h AR E 2, L, BEMEN
TES WA N PR S 3 7RI Mg K,
KABME R 20 f5 A
243 FUEHF

BB YK WRAE 4°C & 1. 2. 3. 6 T H
Joi, 8 e AR I Aok U R i R H DR R I, A L R AR
Bl S, 2 2 R AR 0 ) 3 I O L I 4TS R B A
107 TU/mg. AT WA B84 7= ) AT 55 g 9 7K 7 TR
FaE M.

kD Marker 1 2 3 4 5
e £

30— - e

20 —

10—

B 6 PEG{2if IFN a-2b =¥ B F X% 5 B AI/E SDS-PAGE RIKE(Z: RFE: AH: #P
Fig. 6 SDS-PAGE profile of IEC separated PEGylated Interferon a-2b (left: silver staining; right: I, staining)
1: reaction mixture; 2: PO, PEG-ALD 20000; 3: P1, multi PEG-IFN a-2b; 4: P2, mono PEG PEG-IFN a-2b; 5: P3, native IFN a-2b
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Fig. 7 High performance liquid chromatography of INF
a-2b and purified mono PEG-INF a-2b using ion exchange
chromatography
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Fig. 8 Half time of IFN a-2b and mono PEG-IFN a-2b in
SD rat

3 i

ABFFE R 5 TN 20 000 BB F LR 2 —
FENEEXT TR o-2b HEAT T8, %95 T & B
N AR R, A5 B A RN A, B 4°C, 7
20 mmol/L, pH 6.5 M1 R & 48 -F1 16 F 2% vh i W,
EAWE N 4 mg/mL, BHiF/EAZERKER 8:1 1)
TEOLR, RN 20 ho FEIAER N AT, gttt ik
R IR E] 55%. KRB T2 B = P A 7
e Ak, ALK A AT 0 A B, G RURE I
g R, B AR R 97%, RS
TR BB BIR B E A 13.4%. HIESIIEN
MG LRI R TR KRR, SBRBIHEA

(20 1, HOKERBA BUF R EE . ADTERE
Wi B 0 o3 B A A i il 7, b it — 28 i 254K
2 e MR 5L U B 5E T AR
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