osteoblast-like cells differentiation and mineralization [J]. J gene expression in mouse osteoblasts through a cAMP-PKA

Tiss Eng Regen Med, 2012, 6(1): 40-48. signaling pathway [J]. Int Immunopharmacol, 2004, 4(6):
[11] HASLAM R J, DAVIDSON M, DESJARDINS J V. Inhibition 779-789.
of adenylate cyclase by adenosine analogues in preparations of [13] ZHAI Y K, CHEN K M, GE B F, et al. The changes of iNOS
broken and intact human platelets. Evidence for the and NO in the osteogenic differentiation processof rat bone
unidirectional control of platelet function by cyclic AMP [J]. marrow stromal cells promoted by icariside II [J]. Acta Pharm
Biochem J, 1978, 176(1): 83-95. Sin(252%42%4R), 2011, 46(4): 383-389.
[12] PARK Y G, KANG S K, NOH S H, et al. PGE, induces IL-18 WekE E 3. 2014-07-28

Vero {HfEfZERS 71 B AGER B EETE

27K, &%, BRER, BFk, mE, BEHAE, RE, 2L RENIEESREBR SN, WHTHLESEY

TREBEFERTFOT R B SE =, HUN 310052)

+&

FHE: B A3 Vero @Mmimdg 71 REVIDRERGHEALLIE, HiF RERKERZBESEF. BRLERRE
Fo AR e R 45 )G, KA Sephacryl S-400 HR # ficid & Z A7 = Source 30Q & T X4 BAT 2 F BEAT k4l EVTL, #47& T2
By pah ALk, BRI B ACIRARY AP B 23 2010 FR R R, RE A EHFE>99.9%; ik
ik A2 B0 T VLI E) 2 A 49 EVT 1 9% &%k, £ SDS-PAGE & Western blot 547 , #i] | &5 S #k 4R & K 404549 EVT1 VP1,
VP2, VP3 B F M AR ; & RIEG G B R AT AT HPAih, Hif KEBREILT Vero Mmied EVTI
REBRGHACT L, b5 R &0 EVT1 K& LA B4 98 R,
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Purification and Identification of Inactivated Enterovirus 71 Vaccine Derived from Vero Cells

JIANG Yunshui, GAO Meng, ZHOU Kangfeng, CHEN Keda, GAO Limei, TANG Caihua, ZHU Lian, MAO
Jiangsen(Medical & Biological Vaccine R&D Key Lab of Zhejiang Province, Institute of Virus Disease, Zhejiang Academy of
Medical Sciences, Hangzhou 310052, China)

ABSTRACT: OBJECTIVE To develop a purification procedure of inactivated enterovirus 71 (EV71) vaccine derived from
Vero cells. METHODS The harvested liquid was pretreated by means of centrifugation, ultrafiltration, inactivated with
formmdehyde, and then the inactivated EV71 vaccine was purified by Sephacryl S-400 HR gel filtration chromatography and
Source 30Q ion exchange chromatography. The vaccine was subjected to control tests and analysis then sterilized by filtration.
RESULTS ALl test results of three lots vaccine after purification accorded with the requirements of Ch.P(2010). All the
removal rates of protein in vaccine were >99.9%. Typical morphology of EV71 was observed in purified EV71 samples under
transmission electron microscope. SDS-PAGE analysis showed three protein straps with relative molecular weight which was
according with the VP1, VP2 and VP3 of EV71 and could be confirmed by Western blot analysis. The purified vaccine induced
neutralizing antibody titer in rats. CONCLUSION A purification procedure of EV71 vaccine derived from Vero cells is
developed, and the vaccine demonstrates high immunogenicity.

KEY WORDS: inactivated enterovirus 71 vaccine; Vero cells; purification; identification
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EV71 Y3 )R 08, B 2 2 300 EVT1 5
BT 0] HFMD 2, 85 2 T i ERe Jod 41 1)
KA, EFRE OB — AN a8 D) )

FL 8 1R B 2 0 P lidh 2 R A i e . 3
L TEYTPE 3 P B B 0 R e Js ok i S A 45
PO Bt I S AR UE R PR R,
Sl A 6 A A 4 IR B 3 (DNAL RIS (1) 5% B e A7
SRR IS Ik B bR AR AR i, AR S Al i
O 00 SR 00 3l A2 92 1 P I TR . ARSEIRAE S I
RS A5 S8 ¥ B A0 7 vl b, SR EERR
REPERES A A G EMT I T, #SL T EVTI
WEERI 2L T2, e T sl AR K EVTl
KIGPEH o
1 4. R7SHR
1.1 4iHu g

Vero 4 Jf >k U5 T 5 1B A oE 28 42 5 50k b o0
(American type culture collection, ATCC), {# X
U 130 X, B 5 71 AL H3-TY BRI % 5
EERBD AR AT B, K28ERNT, ¥
ffi b C4 W7 (GenBank %55 : KF668443).,
1.2 U4s

AKTA purifier 100 2i{£.{% (3% H GE Healthcare
Life Science 7 ); J-26XPI 1 i ¥4 1 B Lo HL(FE [
Beckman Coulter A #]); Agilent 1200 /= %A €4
WA (22 [H Agilent 23 7]): Millipore Pellicon 0.11M?
R IE R 4 (32 E Millipore A 7).
1.3 A5 AR

RV (2 2, W ra 7R I 25 IR A A
fE45: 20101201); 7B EE 71 BB s IR ) £
(WL ERAEDERBEBARAA, 5.
20100818); Vero 4l g1 7= 25 M (host cell protein,
HCP)%k 8 AL 571 55.(32 F Cygnus technologies 2
"], 5. 210610); Vero 42 DNA 5% B A6 It
FE LB RAE, b5 12647521); EASER
WA G (GEE Thermo A, fit'5: 158759); 4l
fb A %t Sephacryl S-400 HR(Ht 5 : 10016772)4
Source 30Q(#Ht 5 : 311828)#4 435 [H GE Healthcare
Life Science 23w/ s U 4r 154 100 kDa )
NS . CINA35832)F1 0.22 pum it g 2
(5 : R1HA88389)%4 3 [H Millipore 2 7] 7™ i
1.4

Wistar K, SPF 2, 7 i, @3, e
(180£30)g, [ £ i 24 S K e Wt 5 e 3 4 v
R E AR I 25%% 2015 45 2 A3 32 B4 2

Feft, AHAES: SCXK(5)2009-0017.
2 HE
2.1 JREEI %

FH U 2R AR S B 28 E R RS 97 Vero 4l g A
EV71, 4 75%UL b 40 it B an s A5, 4 °C
8 000 rmin~" B 15 min WFRREFE L
2.2 JEERMI KIS

WOIR B5 BE 3 1 2 4 000 (4 LGN AR /R B
MR, 37 “CRIE, BERIEATIN G 5 1 S KGR
2.3 mEERaith

K% I R R4S Millipore Pellicon B JE &
Lok 50~100 £, LLEBR/ANS T2 k4
WINAZIZ PBS(pH 7.2) Vil (%4 Sephacryl
S-400 HR ff))2HTAEH, k4] PBS(pH 7.2)%E M,
WCHE SR 2 Pl O B0 ) s FERRF AR 1) o BE R 48 1
MR E A EIH] 20 mmol-L™" Tris-Cl(pH 7.5)%%
M7 4F 35 Source 30Q IJEHTAEH, H
20 mmol-L™" Tris-Cl(pH7.5)ZE B 1~2 AT 44
B, #5420 mmol-L™" Tris-Cl(pH 7.5)#1 20 mmol-L™"
Tris-Cl +1 mmol-L™" NaCl(pH 7.5)2k V86 1 vk i,
WOEREE 1 WEOWBEIE) . HF AL OB R i T % Tt
RE o
24 kBRI UE

HRYE PSS 2 1 R Al AR O B AR
FWOE SRR G, ] 0.22 pm FIuERS IR B g,
2~8 CHRAT -

25 M

W SRR 2 Bl AT KOG R B E . PR
H.EOSE. WEPERE. FEAEA
(bovine serum albumin, BSA)¥% 4 . Vero 4l i HCP
KRB\ Vero 41l DNA BB . W RS 8. S0
FH(HPLC) e SE A PR 0 - 3R A 95 I M e Jg v ik
(SDS-PAGE). # [ i Fli2F(Western blot). 37 5 Hi %
I3 T S G 3% SR ARG o
251 PUREENE K BIE % %% (ELISA)
W5, $2 A8 H B kT .

2,52 KIESCRYUE BRI RS 0 B
Pl Vero 4L, (35E1)CHFE S d, W3k, FEH
f 2 AR, BRI NS IOk M A i
993 42 VE H (cytopathic effect, CPE). JoHf1: CPE
DI BRI A B I A
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P, RN <50 pgmL ™',
2,55 BSA BB ENE KA 52 (ELISA)
M5z BSA SR EM, BRI N <100 ng'mL™",
2.5.6 Vero 4 fs HCP # B & E R HI Mg Ik F e
1L(ELISA)SE Vero 4l HCP 4k &, 44 FH
WA VAT, BRI <1 pgmL™'.
2.5.7 Vero Zi/fi DNA SR R Hh = 5
BB ARk, N <100 pgrmL .
258 WERERGENE SRABRENE", N
<10 EU'mL™.
2.5.9 HPLC Kl J7vkZ HOCHR[14], (il
TOSOH TSK-Gel4000 PWXL(7.8 mm X300 mm,
10 um); JEIAH: 20 mmol-L™ BfHEh 2w b &
0.4 mol-L™ 5L #(pH 7.5); il K. 280 nm:
Y : 0.4 mL-min™'; KEifL: 25 °C; HEREE: 100 pL.
o RO AU — AT v, 20 T R N AMIG T R T
U 95%
2.5.10 SDS-PAGE }2 Western blot 2} %8 3¢
BRI 7%, B IR IBOGRBORAE ™ ) . Sephacryl
S-400 HR A4l fL Y 4214 AT Source 30Q 4tk =43t
1T 12% SDS-PAGE 70 #ft, % 5 [R52 1 R250 4L fh,.
Y995 13 55 TR AR A P W R Al AL = AT 12%
SDS-PAGE J i 2l # £ }i(polyvinylidene fluoride,
PVDE)i, AHL EV71 58 R w Pk T4
5% MG Wk B A 4 CHFE R, VRN
N PR R 1) — e CHOAR I A A A 2 1 = 4L
BPLR), IEME 1h, WHEINANEYEO.
2511 ESHBNT IR RCSCER[16]M A, K
Sl AL S T AE S SRR 200 HAN L, E
B 5 min 5 FHUEAR 25 2 00, AR IR
Pt 1~3 min, WEZRP, TGN,
2512 RFRMERN i BE YRR & A
AR IR B ) RS A, ILPRYAE S S Wistar
FCBR, T A I G ) 4L R S AR A R A Rk T L
R 8 H, 4%, ks 2, 4, 6, 8, 12 M
SR 73 5 I3 o SR FH D EE: 440 I 5 7% ¥ 0 g I 3
IR AGUAR,  FRRBAR L B R S 4 5 &
LA b 358K 0 3 b g B 0
3 #3
3.0 JETEERIEL R

o 1 K IE RIS 45 MR, KiE3d)E, K
I AE IR A A5 R R EAE, BN R KA. U
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Tab. 1 Results of virus inactivation

KA I IE)/d AT UL 25 A FUS S H/EUmL™

0 + 6 400
1 + 6 400
2 + 3200
3 - 3200
4 - 3200
5 - 3200
6 - 1600
7 - 800

FE: AR CPE: — — AR5k CPE,
Note: + — produced specific CPE; — — didn’t produce specific CPE.
32 PURSE. EEE SN IR R A DL K
HE LR

Ji B ZE Sephacryl S-400 HR #1:4i4b J5 , 9 7
PUR AR TR TR 7 5, R EEPUR
PLAE TR LR 5 2 D (I 505 ) s T4 Source 30Q #E:4li4k,
HE—2 B2 T 16 & DNA M HAB MR, 1
VR ERIE) A H IPTIR, S5 LE 1. alidb )5 s
BT PUR B8 S TP R . BSA BRE.
Vero 4l ffl HCP 5% . Vero 4/t DNA 5% . W
R A, g5 R 2. HRHE X B R AR
BN EO S ERNN G, FERREAE
r#35>99.9%, 45 RME 3.

4001
A
350F
300F
250
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<200f

o A
. / A

LAalr
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1 EV71 ¥ it B A7 i

A-Sephacryl S-400 HR #¥; B-Source 30Q #¥.

Fig. 1 Chromatographic profile of EV71 vaccine

A-Sephacryl S-400 HR; B—Source 30Q.
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Tab. 2 Control tests on virus bulk after purification
iR WA BSA HCP DNA Wil
5 SR/ WRR O IREY T e/ TR/ o/
EUmML" pgmL? ngmL"' ngmL" pgmL”’ EUmL™

201003 51200 13 24.8 323 <10 <10
201004 51200 25 30.0 155 <100 <10
201005 51200 21 28.7 76 <100 <10

®3 REMAMEHLRED FRE
Tab. 3 The removal rates of foreign protein in virus bulk

after purification

R EINT

i 5 AL T

. - - A EPR
5 Wy w|ASE BB EASR/ W 5/%
L pgmL™! L pgmL™
201003 20 2106.6 0.68 57.7 99.91
201004 20 1879.4 0.65 44.0 99.93
201005 20 1984.1 0.70 40.4 99.92

3.3 HPLC kil
alifk )5 I B PR 4 HPLC W58 , 21 55>95%,
gE LU 2,
14
121
1.0

0.8

mAU

0.6

0.4}

02 M

o}

0 5 10 15
t/min

B2 EV71 4474 HPLC 45 Il %
Fig. 2 Purity testing of purified EV71 by HPLC

3.4 SDS-PAGE J Western blot 734/t

SDS-PAGE #7145 4L i7" 4 Sephacryl S-400
HR Al Source 30Q ik J5 (1w vE =4, i A5 T
BER R, KRG EVTL R B S 4 E A
£ VPL. VP2 F1 VP3 B2 T8 K/ 3 464%
i, SR 3A R Bo W ERLEALE ] EVTI HF
R PTHEIT Western blot 208, 45 258 S FHME,
5L 3C.

rhE BLACR 2% 2015 4 2 H 5 32 4555 2 4

LT R _

A B2 B BT g BAKIT KD c m}%*ﬁ =

%El lll%[ IJI%H TN SRR S e | 4:[ ﬂéH
kDa k .

Da
100
L ad
100 =
w .

= =vp2
30 | w-— 30 —
25— «——VP3
25 - 0 =
20 -

10 -
-

3 EV71 4ifk = 41 SDS-PAGE X Western blot 2 #7
A-Sephacryl S-400 HR 4ift;=#); B-Source 30Q 2lifk*#); C-EV71
R A=

Fig.3 SDS-PAGE and Western blot analysis of purified EV71
A-Sephacryl S-400 HR chromatography products; B—Source 30Q
chromatography products; C—purified EV71 vaccine.

3.5 HIBIULERAR
Al 5 AR BT B S BT SE, AR BN
$0h 2~10 J7 50 GEF 23 #E UKL, 95 15 RO 5 Bk
W, KB —, HAZ KR 27 nm, 4 L
EV71 F#E, 455 WLE 4.
; e

201 ym

4 EV71 44 A 5 0 3% 4t 8 455 (93 000 X)
Fig. 4 Electromicroscopy of purified EV71(93 000 X)

3.6 A R PRI

Mg A 102 FFin 2 5 R0 RA I bt
P, EIRRPEE 2 B, Mg > & EVTL A
itk WIRBIEIG 4 4, EVTL HRIFi A4 B,
TEE R SG 8 Ik B b, JFRE4ERFRCK ],
4 itig

EV71 J&51% HFMD /)25 R4k, H v
TAHBMPTFB, W BVT1 B B Rk 458 il
HFMD AT IIME—A5 28 1. AW 5048 A4
BN 2% 15 7 e AR Z T 2l Ak AR BB A ) £
EV71 KiGEW . 1T EV71 £E Vero 41 gL 155 i
F7H CPE, KE4I MR i, (EwiE i
P B AR I U FE L, A D IR URSS, PTLLR
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FBSC J7 35 2 B A M o o3 B ORISR FHAIR
WP SRR 37 CRIE— e A, 3 d JE K
B UE BR85S 70 B 58 4 K, B K I [R]
MK, PUIR S BB G, 1 HEE 2 =4 b
AN NERY T, S0 B AR R R AE A
AT SRR, T LRSI R B = I R
fiCo EVT71 8 8 0RL K — TR SL AR PR IR BR AR &5
), BATR 24~30 nm, HRIZHIL ST E= AR 100
kDa 55 300 kDa (1) JE 50 E 47 e 4, SEBre it
P R I 300 kDa (1415560, 768 18 , et v oA i 1)
WA 5.0 22 A7 (R BE, AT 100 kDa [RIfE AL,
D8 I Y A AS WU 0995 25 T AR 100 kDa JiE L
&, WD TR BEBUR K . 0 50~100 £5 (18
WERAR, BELBR TN TR, BN G
NAFF T —DEt g E gt . AuFEm
alith 5 v R H i 98 Sephacryl S-400 HR Fli
T A Source 30Q M A JEMNTIITE, FEME
Sephacryl S-400 HR )2 4lifk,, kR T 80K 2%
B TR B R 3% i it = A ) — 2 43 i LR I
G T IERUNY T RCGE 3 1§), %4 SDS-PAGE
S ELISA 53 #r & W #5470 it 2 224 TP AR 28 2 0
B o 2 T e A PRI H AR TR, [ SO e ik
B ARSI H 25 A KB 2 Vero 4Hi i 32 DNA
AN 8 A IR B DU E P b R s i ik g
B 2 AT 2l A DLAE IR R B 1 Ok B bR
e, T LA N — 20 2 1A 4 AT ARE— 20 2eBk b
RFLEAY) . 2 Source 30Q HIKG4N4if, #HE—L %
fIC 77 & H . Vero 41l iuf5 = DNA. HCP. BSA
RV BRI B, o B Al A0 VP 75 05k T 4 L Ag]
s 8 I T I 1 8 1 S 3 A A b Bl 2 e 2010 4
- 9 B2 4l AT 242 SDS-PAGE £ Western blot 7347,
T BV PR 451, HPLC 3 i 4 SRR W],
2l E>95% . KA EVT1 1 fuds Wistar KU
FEAT EVTL h R

gE TR, ARWFICEE L T BT BB AL 1)
EV71 KifE gtk T2, Ak TlkfbEr-
EV71 K% i 515E 1 554l
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