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Stable and efficient expression of hepatitis B virus S antigen
and preS1 epitope fusion protein (S/preS1) in CHO cells

Zhenxi Yang'?, Shichong Li*, Hong Liu®, Miao Zhang’, Lingling Ye’, Yanzhuo Wu’,
Mingbo Xu’, and Zhaolie Chen’

1 School of Life Science, Anhui University, Hefei 230601, Anhui, China
2 Institute of Biotechnology, Academy of Military Medical Sciences, Beijing 100071, China
3 Beijing SL Pharmaceutical Co. Ltd, Beijing 100049, China

Abstract: Hepatitis B surface antigen (HBsAg) carrying preS sequences could be an ideal candidate for a new hepatitis B
virus (HBV) vaccine with higher efficacy. Here we report the success in achieving efficient and stable expression of
hepatitis B virus S antigen and preS1 epitope fusion protein (S/preS1) in CHO cells. The HMRCHEF53u/Neo-S/preS1
expression vector carrying S/preS1 gene was constructed and transfected into CHO-S cells. A stable and high-expression
CHO cell line, named 10G6, was selected by ELISA and limiting dilution analysis. Western blotting analysis showed
S/preS1 expressed from 10G6 cells possessed both S and preS1 antigenicity. 10G6 cells displayed characters of favorable
growth and stable S/preS1 expression in repeated batch cultures as evaluated by viable cell density, viability and S/preS1
concentration. And cultivation of 10G6 cells in fed-batch mode resulted in S/preS1 production at 17-20 mg/L with viable

cell density at 7x10°~10x10° cells/mL.

Keywords: HBsAg, PreS1 epitope, vaccine, CHO cells, expression

LTI 9% B¢ (Hepatitis B virus, HBV) &%
YUAE A ATH AR S — ™ B 5 e N 28 il B 1) 42 BR
PR 2 B Z IR, R AE A A
A L TR 42 b 2 O TR A 2
L% A 05 A SRR D) R 2 A X
FAE201H 22 904 AR ) 3 [ s S L &9
BRI s i S AT 2SR . HRi R
FE] )32 {687 T 498 R D356 IR TR o AR 7 e A 2L
Bl 40 R 3 R 2 s A R BT R S B A
(HBsAg) & Mo Wi, #HAENE KAH
10%~15% 1 ANBETC N & s RN, H—HeA
BER S A0 M S 2100 A A v ABRAT 2
5 VT R PRI R 2 R T A — A ) 1Y)
A,

HBV &AM S &, [ S1 &H
(preS1) FIFT S2 M (preS2). WFzE %W, preSl

1) 21~47 L B FR P A P AEAE L S TSR AT B 4
FERT T 4 BT R RN, &4 preS1 PLIREALN S
H 1 HBsAg HAT 58 i s Jr el ks
TWHEIN & preS1 Pl X Y £ HF 2w Bt Jit 0 WF
KA HALHE B, Wl€%)] BiotechGen 72y
F)4E P2 Bio-Hep B. Sci-B-Vac fil Sci-DaPT/
HB-Vac %t UL M 92 Medeva 2y F] 4 7= 1)
Hepacare $ 15 f &% preS1. preS2 fil S #it)/t, Il
KRR @R, Bio-Hep-B L BYFRIEMAILL S %%
BfE A R A S s R A 3R
JFZE A St IS e, (R E AR A
K7 BT IRGE , OO S R A A E R
ik S FUEAIET S1 X A& HEE R CHO 41l 5,
AR 7=y HAT preS1 FI S Ay el 2
2 CHO & JH48 1 i FH 1 e R DR 25 24 40 i A A1
FIRAKF, SR In) I T R R AR &
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RO e AR DA R A aE i 2R O AR T2

AUFGENG Gt S YU preS1 LR R AL
(21~47 i HER) MiAE R cDNA TaER S
T CHO 4 g PRI 2, 8 o B o A 0 6 A3 o
FRELBT preSl PLIRFA A S F A HEHMA
(S/preS1) £ CHO #ffi it @Rk, H
JE SR O I A BEE T Bk

TR

1.1 #isd
111 ZHH R AN s 57l

CHO-S 4lifig f1 DME/HIGH MODIFIED %
F#Hk. CD CHO Ki#%: K CHO CD Efficient
Feed™ B W INEE I 30 [ Invitrogen 23] 5 B2k
A 1fl 3 (New born-calf serum, NBS) 4 H DAA
/N H] 5 Trypsin EDTA 1 | Corning 2\ A ; Pluronic
F68 FIGL MR # KM H Sigma 2],
112 EBRBBEMGFEY2EEH]

FLK;# kA& HMRCHEFS53u/Neo H 7555
P 2Bl Be R 1) T AR5 BT 40 M T AR B = 4
H; gatd S HUEA preS1 HLIHFRAL (21-47 (iR
HER) BhAEMAM cDNA g st &G A bl
Be; Taq DNA RAGHE N BFEFEA R 70 ; DNA
Bl 14 N DD I ) NEB 23 B s DNA TR % 42 il
A TaKaRa 23 w) 7™ i ; BURL/N il 45 &5 DL & DNA
J 1m0 g 3 3R 5 o R AR 2 ] s R g s
Lipofectamine' ™ 2000 I [ Invitrogen 23 7] .
1.1.3 HBsAg Fl preS1 ks3]

HBsAg 2 Wi & A b5t r A PR
WS 5 preS1 HUE2 iR & W B At 5 DR
V) TREA BRAE] 5 S HURA preS1 HTiANA H Santa

Cruz %],
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1.2 Ak
1.2.1 S/preS1 FHFE Tk B AH

A L) S/preS1 ¢cDNA M ki pUCS57-
S/preS1 H1Z: Hind TIIF1 Xma T XUEHY) . Bk
LIRS . BRI alifb S, BOR, St A TR i
Y i) B 8% 3 38 2 /K HMRCHEF53u/Neo , 4 #
S/preS1 K F k3 /A HMRCHEF53u/Neo-S/preS1,
28 PCR M) %6 J PRI P 9y 7 T

122 FEY R TiIETE
CHO-S 41 L 7.5x10° cells/mL [ %% B 5

6 fLEFM, 37 C. 5% CO, 53¢ 24 ho H
Lipofectamine™ 2000 %% LK+ S/preS1 K:[H
k7 & HMRCHEF53u/Neo-S/preS1 ¥4 Yy if
CHO-S W, #Y4)5 24 h, ] Trypsin EDTA JH1k
LI 2 24 fLEEFRMRT, 4~5 h RS
LR 10% (V/V) NBS Fil 400 pg/mL G418 [
DME/HIGH MODIFIED ¥;5#3&, 37 C . 5% CO,
Hi %o BEFR 3~4 d BEHUHTEEAY T IR AL, H B
2 JEVJE T o B S 114 T 4 4 i o e

A & 10% (V/V) NBS f DME/HIGH
MODIFIED#% 7 3 & % £ Trypsin EDTATH LAY
e i YL PHPE A0 M s e, 3 el 38 A5 R B s
PRI R 2 5 BE 2210 cells/mL, KF I 40 D 2 v 342
200 pLALEERI T oL A IRk, & T37 C.
5% COi 9%, 5 dJm, TEfE BIEE T WETFbn
RS — A TS AL s 14 AR AR IR TE i)
1) SERETH A A AC 2 24 L B 6L A MU 35 52 A . F-r 4t
U R B2 05, TR 5 B T AR T
S/preS1HYKIE K-,

1.2.3 FKik preSVUS HiAEA MIEHEFRET LA
PEH 2 Te IR L R 18 S/preS1 il R $%

B T25 )53, 4% 10% (V/V) NBS fi) DME/HIGH
MODIFIED #5738 F 37 C. 5% CO, HiF# .



HIREE S/Z B S FUEH presl HEREIAMAEA (S/preS1)TE CHO MM HBESRER

4~5 d Jf] Trypsin EDTA JHALAEAC, 2440 j T
TR TSN 8 mL % 10% (V/V) NBS fJ DME/
HIGH MODIFIED $557 B: 2% 11 i Ak I R 7
WHL 2~3 mL £:FFA LU FRMAAR, et
preS/S Rk K45 K2 240 v 1 o e A5
1.24 ik preSL/S ZHMIFETC M IE K FRELH 1
R

1E T25 A 10% (V/V) NBS () DME/
HIGH MODIFIED 85373855 572 1 # 1k S/preS1 4l it
% Trypsin EDTA WHfbJE, H& 02% (W)
Pluronic F68 Fl 25 pg/mL i &4 CD CHO
RiFRFECBIEE , LA 3x10° cells/mL (28 FE 427
100 mL [ = MAPCERN, AN 30 mL, &
37 ‘C. &} 100 r/min PIRIKE IR TR, IR
4~5 d WU preS/S Fah K PRI K A0 157
Mrfnit g, A& 02% (W/V) Pluronic F68 Al
25 pg/mL HRERH R BEK CD CHO 55 2355 411 g
IE R 3x10° cells/mL HERHT A = MABIEIE .
1.2.5 33k S/preS1 fMEIFINIESE

ik S/preS1 ZHMILL 3x10° cells/mL FY %
R 0.2% (W/V) Pluronic F68 Fl 25 pg/mL i
P2 #1 ZEWE Y CD CHO 537 21 100 mL = ff 3¢ 3
PR, B3R 30 mL, B 100 r/min
PR IR B TR RS FR, IREBEE N 37 C. TG 4%
FEBE 2x10° cells/mL (J53% 3~4 d) J5, A
4 mL CHO CD Efficient Feed™ B. /5 F-%5F&
2d /it A 4 mL CHO CD Efficient Feed™ B 2 X .
Mt A CHO CD Efficient Feed™ B 12 mL.
2 d PO 4N AR R RS ) 9 AR preS1/S K
W, NS SRR S0% DL T IR SR
1.2.6  H 20U B AN OIS I 2

FH RS W 2 W JBUAE A 00 240 B A 5 100 pL 5

SERFU 5 W Y ORI 5T, TR0 L e |
FH Countstar 2] A 31 AL 0 7€ 20 MY %5 & A1 20 fg
GRS
1.27 3Rik SlpreSl M MIEF EEW
Western blotting 43+

ik S/preS1 Ak #E L4 SDS-PAGE

, AR RIIRAAE R -, H 5% (W/V) JiiAE
ﬁ]ﬂ‘%ﬂ?ﬂ 2h, WMAEHEPLS 8P preS1 ik
BRRE WS 4 CFR . DR, ImABR
3 A A T R B 1) B B 1gG AR —dit, 37 C
B 2 h, TBST M 3 Wn, FiRsEEE
10 min, [EH B,
1.2.8 S/preS1 KK

K H ELISA lE #ik S/preS1 AR5 I
IH /Y S/preS1 & i, At G & 0 B At s db )y
A I RS BT Y HBsAg 12 Wit & .

2 ZR54M

2.1 HMRCHEF53u/Neo-S/preS1 & £ {4k B
Mg

R G KPR R L SR A
() F R AR BT R, B TR pUCS7-S/preS1
FR ) RIS RY S/preS1 ¢cDNA,  XUK; ¥ 1% A ELAZ
F A K HMRCHEF53u/Neo () hEF-1o 511
T B IS C/E RESE (RNA exporting
and stability element) ) ¥, & T S/preSl

3 [H & i85 # {K HMRCHEF53u/Neo-S/preS1
(B 1A). i Hind AT Xma I X % &
(F 1B) Bl 56 i FT 4 8 3235 4R IE

2.2 B%FKIE S/preS1 CHO 4 ff1HY 5 B 7 1%
HMRCHEF53u/Neo-S/preS1 % 4k fH 1 41 ity

23 G418 IRk A BRFs B e, 7E 96 fL
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A B bp
Amp (R) MAR
mp /
2UAS
\ gt
" i h & EF-1 alpha promoter 5000
pUC origin v, /\ ) 3000
|\;,/ y X 2 000
(} . § 1500
HMRCHEF53u/Neo-S/preS1 1 000
— S/preS1
SV40 PA M/x\ 750
e 500
u”’.
/" Q. " “NRESE 250
Neo R} W - /
i & N 100
) | HEF3UTR
SV40 earlypromoter f1 origin
Bl 1 &S3FRIE SipreS1 £ E B H K (A) R EBG) 4 TE B ik E (B)
Fig. 1 Sketch map of HMRCHEF53u/Neo-S/preS1 (A) and identification of HMRCHEF53u/Neo-S/preS1 by

restricted enzyme digestion (B). M: DNA marker; 1: S/preS1 ¢cDNA from MARHEF53u/Neo-S/preS1 by restricted

enzyme digestion.

B TE B 27 A~ BT o 45 24 FLAR G 37 A1 S/preS1
R, £33 S/preS1 ik FHMEAN L vekE 13 4~
&l 2 J&45 S/preS1 FRik FHYE A M FEFETE T25 J7 il
4 10% (V/V) NBS ) DME/HIGH MODIFIED
Ri R SLRE 9210 S/preS1 Fib /K, 45l 4F8,
5B5. 6E9. 7F8, 8C7. 8F9. 10G6 Al 11G8 4
8 M40 M v Y S/preS1 ik K ¥ I HE
200 ng/(10° cells-d)LL |

MNEE W8 AR 25 Wil SR G I s 55 5 T2
RFATA I H &, LL S/preS1 1A 77 /K F
N ELEVEMN TR, EBEE R PP b
W8 AN T B TE G I I AL U IR AR Y
S/preS1 FIXFAMMA K . & 1 PR R AEAT I Ky
FEHErp S/preS1 F kKL 200 ng/(10° cells-d)
(4 M v B, E G I 3 3t TR B 5 ARG B
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S/preS1 A 7 /K- Fil g KT 40 B 25 2 . 10G6 4t Y
A 3x10°cells/mL FOZEREHERT, 8595 8 d Mk
Y2 BE ARG SR 10 d B9dR R S/preS1 A=K 43
k%] 5.42 x 10° cells/mL 1 3.99 pug/mL.

2.3 10G6 #HAEIEFF LiBEHY Western blotting
VRl

Bl 3 BTm S A 32 JC I s A VR B 77 1
10G6 4fikE3E Fi5 ) Western blotting 4344
R, 7B S/preS1 43T AN 27 kDa X1,
KIRE ST S PR FIBT preS1 PR 545 4 i L B
5 (5 a7, W 10G6 4T ik 1 S/preS1
& E A S Fl preS1 Tl

2.4 10G6 {Ap7E ol iE IS E E it iR g
75 HO4A A4 A0 S/preS1 Rk
DU VR B 3 435 o BsF 4 36 40 it 2 F R0 41 i v
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500

1

~

[l

(=)
T

300 - ] ]

200

3G5 4C6 4F8 5B5 6B8 6E9 7D8 7F8 8C7 8F9 10G6 11D3 11G8
Cell clone

S/preS1 expression (ng/(10° cells-d))

Bl 2 S/preSl AR e & A B MIB1E 55 £ F A9 S/preS1 ik KF
Fig. 2 Expression of S/preS1 in HMRCHEF53u/Neo-S/preS1 transfected cell clones in serum-containing medium.

x 1 FREMBEEEAELTLEREZEFFHTH R AL YR IR I A AR K FT S/preST1 3Rk . 1

K F14 ‘
SlpreS1 FiE AL < . A
Table 1 S/preS1 expression and growth of the cell s . N ] \
clones in batch culture in serum-free medium &H@¥ﬁ?ﬁﬂ@%§%$ﬁ?¢ﬁ 4x10° cells/mL A
Cell Peak S/preS1 Peak viable cell L WETHERFTE 90%L 1 (B 4A). B 10G6
clone  concentration (ug/mL) (106d 221811:/ymL) éHEI 8 S/preS1 Fikmy S/preS1 Wk JEFEAFTETE
S 0.82 6.00 1~1.25 mg/L 7K (& 4B),
5B5 1.08 2.49 T -
6E9 0.63 1.94

SipreS1 FRix
78 0.43 4.86 L 10G6 21 L )75 40 i %5 5 F0 S/preS1 e JiF

= 060 22 Sy EEAS T . 8 10G6 AII7E TG L35 Fi b b 7
8F9 1.48 2.53 .
LR AT R S/preST Fik . [ S R
10G6 3.99 5.42 o 4 e . Y4 @Hﬂﬁp
s 14 510 3 #HEWR 10G6 40 Bt 3 i ks 3% i) 15 41 it R R

S/preS1 MeFEAS Mk, ARHEI 10G6 41 i hin %
TIVFHr 10G6 4l AR K P ERFa bR, LAEFR B3 FRAOTE AN K ) 7 x 10°~10x10° cells/mL,
Hi) S/preS1 WeFE N B 10G6 4 S/preS1 & S/preS1 Y BRIk FE IR F 17~20 mg/L, KiFf5e:
KEITEM SRR, 2L 10G6 40 M 76 0 I 3 555 55 5 BHEN A F 17~20 d (4 5)
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A kDa B kDa
— 72 72
— 55 55
— 43 43
— 34 34
27 kDa — 26 26
— 17 17
anti-S anti-perSl

El 3 10G6 #HAEtE S £ iERY Western blotting 43 #7
Fig. 3 Identification of the S (A) and preS1 (B) antigenicity of S/preS1 in 10G6 cells supernatant by Western
blotting. 1: 10G6 cells; 2: HMRCHEF53u/Neo transfected CHO-S cells; M: Lot specific MW.
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= jooz 27
Q -
3?2 & Viable cell density | 5 050
gIr —o- Cell viability 0.25}
> 0 ) ) ) ! ! ) L I ) ) ) 0 0 L L ! L L 1 I 1 1 L 1 )
1 2345678 9101112 123456 78 9101112
Passage Passage

B4 10G6 AR EL# IR BIFIETT PRI AL K (A)FA S/preSl RiA(B)
Fig. 4 Growth (A) and S/preS1 expression (B) of 10G6 cells in repeated batch cultures.
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Fig. 5 Growth (A) and S/preS1 expression (B) of 10G6 cells fed-batch cultures in serum-free medium.
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3 ik

HBV L [ 2 1 91 ST 4 HL A 35 1Y) )
R, AT YRR O RS E IR TR S
JH-928 ¥ TC N 28 38 7 AR B A, AT BT 2 T
B , W BEAENEE 2 AT P 2 A Y R
SHE Y T 240 £ AU 4 % i R A 3 AR S i
RS, AEBRIAE 2 I TR
R,

H T 2 1 BB AN 23 2o 8 A 0 4 - R
YRR, SRS B2 A0 R R A0 P HEBR T O 2 L R
(RS, S A R T s T R AL AE BT B 5 20
PRI T, RE 55 L 5 B B 1 B st o 5 1 gee
N o preS1HI21~474 Z IR T 5 W A7 #E LS HE
S Y BAH AT TR BB R 2 6, o preS 14T IR F AL
5 SE G ALBEHE =LA I A g2 KT
A REIE 2 1755 20 M G0 I 25, e IR o AR
BUAT 2, P8 B S 107 25 B AT 0 225 g e O 171 L
FFAEE I B EEEE, R BLCHOZ 43k Y ST 5
MipreSIHL IR FNL (21~470F EIERR) FlAE 1 fE
% 20 %% 1822 nm UKL, 136 PH preS 14T I 2R A7 I A
5 R (8 TR A, L3 3 /) B HRe J S I
SR Al 2R 1 RE A 5 T B A B R B g R
PEAN,

S EEREAN R R G, R CHO 41/
TR ARG 0 S A R 5 4 )
PLSE 5 TSR BUIF AR L | G2 Stk ve A e g T
AP ST AN 1 E CHO 4 b i 263k
K — et AR FE Y Ak SN E S+
SRIE . B RIRRE ME . mRNA MIBHEERCE
H i F P B RCR L H B & A e S
DR 2%t i PO AR 9 R R K F R R
F SR E AR R SRR AR T R, M

S/preS1 JE 4 A& A v IRALE ROV . 20 M PY IR
PR A 8311 2 mRNA iz i FES e PR ook i
FLAZ AR IB AR, DN SR RN Si Jm /K P TR 4
S/preS1 ik, 1 CHO 4Hffirp 53 T S/preSl
MIFE Rk IR . A, 10G6 4RIk P
Western blotting 73 #fr & B flr ik /4 S/preS1 [a] i}
PREE S FI preS1 A RIR Gz sk, mbiEs: T
S/preS1 4314 5 A8 A PR Ko HAE A 78U 2
MR T

Uiy R AR HNE B LR R RIS SR
B AE P2 MR S S O 92 T 28R, XT3
AP S A PR BE T RTCR R e PR
10G6 2 JifL 7E TG LI I YR 355 5% Hh 1% 17 240 i 2% 3 g
A% 4x10° cells/mL HIHIE J4EHF7E 90%LU
b, RBCH R RIS SR AR Y2 R
CHO 4 i 5 35 51 20 &£ JH 1 10 977 42 1 £l FH 54
R 10~20 pug/F112Y. 10G6 41 7E TC I 3% i in ks
% B S AR T O 40 L B S/preST kK
-, R 10G6 2 it K T M ¥ 7% T2 4 rei
JE L IFRER P AR A e B K
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