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PEG RGBT B EHCHFERA MR

KR, ML, ALK, F £ EER4L NEY, 2ER

(1. PR B AR T ARSI TR R S SET0 4, bt 100080;
2. LI ER B 2, WAL AKE 050015; 3. dbRRHECIRE LR S IEAERE, JLat 100083)

W E: MHRZCCE(PEG)ILIES G BN H ARk 4 2R [ PTR (HBsAg), X PEG KA. pH {H. BT ifE5¢
Wi PEG JUUE M R 3AT T IEAS LI 9T. 4538, WEEN 0.12 g/mL (1) PEG6000 7 4°C, pH 9.0 £/ ¥l HBsAg
AL R LA FIAR, Alifb 55k 3.7, IR 96.8%, A3 6% T 2EM K4y F R BRI AR Il (4 85 (1 (BSA), PEG 755
SR e T AR 22, A T EMEMCR g = 3] 41%.

Vol.6 No.1
Feb. 2006

KR B MR TERIAPUR; PEG U
FESES: Q819 XERFRIRED: A

1 W=

1991 4, o [E il = 2 B B R F v G B BN
4l ffd(Chinese Hamster Ovary, CHO)#IA Z T E T
(Hepatitis B Surface Antigen, HBsAg)3k 15 i1, CHO 4
MR 7= B3 W(Cell Culture Supernatant, CCS)Z:id ii/K
JENT(HIC) BT A8 e 2T AEC) A ik 8 (GFC) Jig nT LA
33 HBsAg 4l i, 2 HIC 43 B 5 AR S & A /b i
DNA. “FIfiLi A 8 F(BSA) K A Bk 8 F (1gG) O FE AR 14
VRTINS RS HBsAg #i, At
PLZEBR. SR B A8 )2 A R R i 0B J 2 AT 23 B AR A
If (H R SOD [AICR AR IR (20 31 A 50% A1 60% 26 41)
FEUBTETERICEAE] 20%, B FEAN 2l T E A
M. PEG ¥TiE(PEG Precipitation, PP)& AR & 128 #e 24T
SEMRPOZ I — M 25K, 78 PEG DUE 5 BURE
A CHRIE T, 28T 2SR PEG PUvE H Tk4ikt
ol T 2 T 0 A B P B OB AR A3 B Y,
OB RS, Hagen Z5PHRIE T PEG JLie 4 & 2T
FAR Sy B W s ks, E T 2 A i B ot (R AZ IR I 2
BRAZIR, HMOAR S, A g alais.

AWFOKE PEG UUUE S & JZHTHOR N H T HBsAg i
R o & atife, Mk fitk PEG Uiie i sLs 444, Wi PEG
WRE. pH (. BSFuRfEss, EHerEVIIE HBsAg, ZBR
HIC 73 &5 J5 1 il ik B 1) BSA FIZEMIK 431 2% 0 (U DNA,
IgG AR, 48/ T HBsAg IS HEMIR, PEG 1
I %% HBsAg FE il P 5% B A 21 T B 5k 22K,

2 ARG

2.1 (X5
it b5 1X 550 A1 Mini-PROTEIN®IT Hi, ¥k X (3% [H

It BEA: 2005-04-05, f&[E HEA: 2005-05-30
EEWHE: EX 863 v RITBIHH " : 2002AA217031)

resaif; ETEAR
XEHRS: 1009-606X(2006)01-0100-04

Bio-Rad 22 A]), 3K30 .0 HL(3E H Sigma 22 7)), BioPilot
System JZHT 1% % (3£ [H GE Healthcare A 7)), 781 8 =54
WHI RS (GEE Agilent A7), JZHTEE(LHERAEIZNTE
%)), TSK G5000 PW 43 H14E(7.8 mmx300 mm, 7 [H
Tosohaas A #)).

CCS R4t 5 98% LA L [¥) HBsAg 4l i (1AL il 2454
[#1), BSA(f#[E Roche A7), PEG6000( iR 2K, 4l
P2 A B A ), HBsAg S ] Bk I ) fr (Rl ok
A7), SDS-PAGE HLIKMIFR#ES 1 marker(3E[H GE
Healthcare A A]), Hi/KJE#HT41 5 Butyl-S Sepharose 6FF .
BT AL )2 M1/ )it DEAE Sepharose FF FlER i 38 )2 BT
#*J5 Sepharose 4 FF(3£[H GE Healthcare 23 7).
2.2 H&
2.2.1 EKEHT

HUE R CCS, M (NH),SO, 8 K 52 Al 80
g/L, H 1 mol/L NaOH ¥ 15 pH % 7.0, 0.45 pm 43
JE g H 5 MR MAEE 20 mmol/L PB+80 g/L
(NH,),SO4 (pH 7.0) I¥) 2% i 5 ¥ 1~ 15 i /K 2 T+ (50
mmx75 mm). HOE ARG EAE, I 280 nm P
KR EAMRIAE. Dk Sl P E TR AR &5 & 2 U
J11 20 mmol/L PB (pH 7.0) {1 %4 M ME I HBsAg, WC4E
VeV 5y, VA PEG YL IIFE Y, 4 C FARAE % .
2 MNFERAEFR ) 20 mmol/L PB+30%.5+ A lE(pH 7.0)#1 4
ANFERAA ) 25 B /K BERE P AR, 3N AT R A
5.0 mL/min.
2.2.2 PEG JiliE

& = m K E 0T H s A wlE ), 1 mol/lL
NaOH 75 pH 22 i 758, DG 7 NaCl 5 2515,
PEFEAA i 0.5 g/mL PEG6000 YW 2 FT 75 W 15

EERIN: K#1979-), T3, TLIEERMETN, LA, A r el HEE, WRERA, Tel: 010-62561817, E-mail: zgsu@home.ipe.ac.cn.



E1M

K#k%: PEG JLIES & EN 0 B E A 4R iR PR 101

4°C N#'E 2h,4°C K 10000 g &0 30 min, FF F3H
FH3E 244457 ) 20 mmol/L PB ¥R VTIE, T 4°C K 4000 g
FRRES 30 min, WCAEER 2 IRESO RIS
22.3 BFAIHRENT

Ji1 20 mmol/L PB (pH 7.0)F-#5)ZH7#E(50 mmx75
mm), HEl 280 nm A EAMRIE. U BB KR
A, F 20 mmol/L PB+0.12 mol/L NaCl (pH 7.0)f 22
PO, WSO SR AR ST Xof 7 PRI e, P K FH 20
mmol/L PB+0.5 mol/L NaCl (pH 7.0) 2% S Fn 2 &
FIOKVEAE PR JZ T, Yiis 5 mL/min.
2.2.4 BRI IE

2 AMFERAF ) 20 mmol/L PB+0.9% NaCl 1%
TR 2 HTAE (26 mmx800 mm), 280 nm P K F I
ML HNR A, BUER PEG VUIERE S EGE TACH 2 Mt
FEah EATE, FH PBS REEVEMG, Wb 54Nt ] B (1 vk
Bk, ViE 0.8 mL/min.
2.2.5 HBsAg i PER

HBsAg & il it HBsAg 7. v S0 il 7 & E AT
I, Fo BT GO T M ER A D BRIEA T, AR 45 HBsAg
(IbRAE I ZTHAFE i P HBsAg 75 &
2.2.6 AR BRI

SV R SR T B B Y Bradford RN E , MR bR
#Edh BSA HARAE & H SRR S h R B RS
2.2.7 PEG A

fele (rhAe NRJEAE 25 0) kil PEG 5 &1
J7ETPHEA T A
2.2.8 SDS—-PAGE HiIK Kyl

1418 Laemmli J7i5PEAT, A2 B BERIE N 15%,
VAR TALN
2.2.9 SEC-HPLC =i AR K

A RE K A TSK G5000 PW, JishAH A 50
mmol/L PB (pH 6.8), 7i# 0.5 mL/min.

TP

3.1 PEG J7UiE HBsAg BYIBIR IR

K JZHTRER P23 I PEG 2 H 4R EEh 0.02,
0.04, 0.08 1 0.12 g/mL, i pH % 9.0, 1A NaCl &
WA 0.2 mol/L, BT PEG UivE, AR bk
VRN E TR (1) HBsAg & /= A1 B2 (15 &, Il PEG
DUVE R A U7 B2 PR A HBsAg A1 3 SRR A
BSA(>90%)MPTiE4T 4. PEG JLiE B R fE Ul

lgStf= p-aC,

XA, S O A R R (mg/mL), C 24 PEG K% (g/mL),
SO E A H S A EAE R R, B ot

pH {H F 4, Hoh o2 B A BT R 5.
A PEG #JE FMIER HBsAg W% AR R A
(FEZE BSAYREEARA B, DL 1gS WA bR, C Ak
bR, VEEL 1, RPERDASKRAF R FIHEER, HBsAg Ml
BSA [FUTHE T 70 N 1gSupaag=—4.9162-10.496 Cpgg Al
1gSEsa=—0.4711-2.0529Cpg.

0

A . . PY .

-2 7 m  HBsAg

2-’ 3l ® BSA

4l

-5 I

e
[ NS R U RO R

0.02 0.04 0.06 008 010 0.12
PEG concentration (g/mL)
K 1 PEG #J¥ 55 HBsAg, BSA R IE KR

Fig.1 Relationship of solubility of HBsAg or BSA with PEG
concentration

HYLE R, S5 C 7SS, R aupag
KT apsar WHE—T PEG WET, 7 TEKNK
HBsAg IR LK T3 1 5 /NME BSA, S #Tie.
AT AT RELE A IE ) PEG WK%, 1§ HBsAg 58410
UE, &> BSA HLpivE, AR5 & H .

3.2 PEG JUIERYIE A SRIG SR 1k

Ak PEG PLIEEAE, Wik FAZ %42 pH {4
(A) BT (B). PEG #JE(C)X PEG 4 THE(D)X)
HBsAg [Hic% R FALALAEE P RIS, SR Lyg(4°%2°)
IEACER, IS DY DK 2R A AP 8 Al 7 B 4 AR (R 1).
LI EE R L WK 2), R M PLEC PN EE)RKN, 1
A, B, D R ZERUN, U] PEG WEEXDTIE HBsAg
iR Al i 5 Bog i R, pHY BRI PEG
ST ERIBEIAK.

Fz1 BAHRG5KTE

Table 1 Factors and levels
Level A pH B, NaCl conc. C, PEG conc. D, PEG molecular
’ P (mol/L) (g/mL) weight
: o o 0.02 6000
2 7.0 0.4 0.04
3 8.0 0.8 0.08
1
4 9.0 1.0 012 0000

WA ZE AT TTVE VAN IE A SR 45 0L, S 16 2
WA T 5, Hoor B4 A pH 9.0, NaCl K&
0.2 mol/L, PEG6000 ¥KJ 0.12 g/mL. fEILSZE&1E T,
HBsAg [ME K 96.8%, “ifbfsEeh 3.7.
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Table 2 Designs and results of L;4(4°x2°) orthogonal experiments

No. A B C D R; (%) P,
1 1 1 1 1 7.0 14.0
2 1 2 2 1 8.8 13
3 1 3 3 2 54.0 2.1
4 1 4 4 2 110.8 2.7
5 2 2 1 2 7.2 18.0
6 2 1 2 2 11.0 3.6
7 2 4 3 1 35.0 1.0
8 2 3 4 1 112.9 3.0
9 3 3 1 2 6.9 69.0
10 3 4 2 2 8.3 42
11 3 1 3 1 59.9 28
12 3 2 4 1 108.7 2.9
13 4 4 1 1 75 6.8
14 4 3 2 1 11.8 9.1
15 4 2 3 2 427 2.9
16 4 1 4 2 96.8 3.7

>R DYl >R P R P >R P SUMR; SUMP;

K" 180.6  20.1 1747 241 286 107.8 351.6 40.8

K, 166.1 255 1674 25.1 39.9 18.1 3377 106.1

K 1838  78.8 185.6 832 191.6 8.8

K, 158.8 225 161.6 147 4292 12.3 689.3 146.9

E? 250 587 240 685 400.6  99.0 13.9 65.3

Note: 1) K; is the sum of experimental results (R or P) at level i; 2) E=K; max—Ki min-

3.3 PEGIMIEHMmAHR

S 73 K F SDS—PAGE Al HPLC J7¥:%F PEG it
VERT S MR i AT 20 4047, &l 2 O SDS-PAGE 45 R,
VUERTRE S TP RS HBsAg 54A(24 kDa)Hl — 21k (48
kDa)4l, iB474E BSA(68 kDa) 27y T E KA. 4
PEG JUHES 1 KOG, IXUERER (R4 25 .

97.0 kDa
66.0 kDa W

45.0 kDa

30.0kDa

20.1 kDa -
14.4kDa S

Before PP

Marker After PP

Kl 2 PEG JU3E AifJe A il F bk [

Fig.2 SDS-PAGE profiles of samples before and after PP

Kl 3 HPLC 73 &R, W% PEG PUHESR 2 K2
o) R AR B EREWIR 7 7ok (PR B N IR 12.5
min, F 75K TOR A I 24 17.2 min [¥) HBsAg).
K, PEG WLHE 2 TR /Lo 73 3l W] Bk 25 /N3 1 AR 91 2%
J, IREFTAE A 2R .

200
L Supernatant after the second centrifugation
—— Pellet after the second centrifugation
160 |-- - - - Before PEG precipitation Ky
S 120
< L
E
< 80 -
< i
40 -
Q Foozzoosm=coooonooooo
L 1 L 1 L 1 L 1
0 5 10 15 20

Time (min)
3 PEG JLHEAE A 1) HPLC
Fig.3 HPLC assay profiles of PEG precipitation

3.4 &P mEERN

Xt PEG UUIE 4 & )2 BALG 2 L2 TR
3), L& HIC 5 GFC EM&M54E%ET T2
IR, B T2 PEG UIHE 194> HBsAg M 3wk 90%
PAE, e TR T2 & A #2020 HBsAg (Rl
#(<50%), ¥ HBsAg Aifb SR8 =3 T 41%, H
A B TR, RS2 T2 &L 1) HBsAg 7]
RCA 5 Al A B SClRAR o (AR

%3 WML HBsAg SERRT L

Table 3 Comparison of HBsAg purification by two processes

Traditional process

Integration process

R (%) P R (%) P

HIC 78 51.1 71 53.0
IEC 48 75 91 36
GFC 60 2.0 63 25
Total 22 766.5 41 477.0
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it PEG UUGE G5 2K R R B 20T T 221 247
i HPLC KyMUAENE, WIfEl 4 iR, 447 6ok e, 2l
18 h 95%, &%) T 25806k CHO-HBsAg 411/ ity 25Kk 1)

2.5

20 -
15+

1.0 -

A,,, (MAU)

0.5 -
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Kl 4 £ i) SEC-HPLC % K]
Fig.4 HPLC assay profile of final product
Ryl PEG YUTERE S FH 225 e B AE i 1Y) PEG 75
i, KW PEG JUiE B PEG &= HULHEHT 0.12
g/mL [#EE] 0.005 g/mL, #F— L &idEtat igENTE,
277 h PEG & KT M S 1 PEG Al 1 R,
4 W
B JZ M7 8 HRE P R SR IO BSA 45/
TRI—2ELE HBsAg 731 BRI A K7 5 (WL IR
IgG SRARIKRSE). HUE T LLEER N 728, (HX LR
T HBsAg YR 728 BUNTRE N 1. 7
AZHJZ AT B0 73 1 LB R A 1 AR T A R 22 S oK OA
) EKE R, AT LAREF 25 BSA RIS R > 1 2%
Jit, {H HBsAg JEH 100 2~ FAA 2 b 2 R AL A
JT, 3 F KT 2000 kDa, $0J5 A0S R AR R 4
By B VIR, HBsAg 5 8 1A Jii oy R A2 2 A0 i
W, ARVl R 2 S R AR AR B, S BUEYE
MR 2k, B LR A2 M A IR AR, — ik

X, PEUETT LK HBsAg Fl5 4y 1 5 75 SR BSA.
WK T 2% 0254y B JF. SDS-PAGE Fil HPLC )43 #r
S5V T PEG UIUE 2 GO IIPER, 28 1 ] LA
HBsAg M AEYR 5 F 24 RUTHE 2K, 117Ny T BSA
WA FE AR B A EIS h Bk 5B DTiEM E RS,
PEG WKERAK, HBsAg %W, Mo T2 KHAEYKR
Y FIRIRLRE, WIS 2 2.

5 % %
(1) PEG JU3E AT LA ot 25 B i K JE AR i v ok
(] BSA FIAEY) KT A=R.

(2) PEG JLIE &5 15wt /K R Ji ik g J= M w] LORE
HBsAg B[R FE ] 41%, 7™ i al Bk ik 31 v 6 24
SUbRHE, B (1 PEG 75 )i 21 Bt It g HhnT A ER 2.
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Purification of Recombinant Hepatitis B Virus Surface Antigen with PEG Precipitation and Chromatography

ZHANG Yan', BI Jing-xiu', ZHOU Wei-bin', LIYan', DONG Ai-hua?>, SUN Juan'?, SU Zhi-guo'

(1. State Key Lab. Biochem. Eng., Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China;
2. North China Pharmaceutical Group Corporation, New Drug Research Centre, Shijiazhuang, Hebei 050015, China;
3. School of Civil and Environment Engineering, Beijing University of Science and Technology, Beijing 100083, China)

Abstract: Chromatography integration is being widely used in the purification of hepatitis B virus surface antigen (HBsAg) expressed by
recombinant Chinese hamster ovary cell line. The low final product recovery rate limits manufactory production and HBsAg vaccine
application. Polyethylene glycol (PEG) precipitation is applied to improve HBsAg yield. The effects of PEG concentration, pH value and
ionic intensity on PEG precipitation were investigated by orthogonal design of the experiments. Under the optimized conditions of 0.12
g/mL PEG6000, 4°C, pH 9.0, the recovery rate of HBsAg was up to 96.8% while the purification factor was 3.7. Furthermore, the
macromolecular impurity and bovine serum albumin were effectively removed by PEG precipitation. The total recovery rate of HBsAg
was improved to 41% and PEG could be removed by gel filtration chromatography in the final product.

Key words: recombinant hepatitis B virus surface antigen; PEG precipitation; purification; chromatography



