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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  A1l 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. 
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1  �������� 

1.1  ����. 

Vero ���¹º»���\�¼½¾�| 

(American type culture collection�ATCC)�¿mÀ

Á_ 130À�,-�. 71/ H3-TYÂ_ÃÄÅ 

\�ÆÇÈÉOÊ�Ëc{�ÌNªÍÎÏ�+

Ð_ C4Ñ/(GenBankÒÓÔÕKF668443)' 

1.2  Ö× 

AKTA purifier 100jkÖ(»� GE Healthcare 

Life Science�Ë)ØJ-26XPI�ÙÚÛ{|Ü(»�

Beckman Coulter�Ë)ØAgilent 1200�PÝJÞ

ßÖ(»� Agilent�Ë)ØMillipore Pellicon 0.11M

2

à�áh(»� Millipore�Ë)' 

1.3  âãEäå 

æçèÝ(émê�ëìí LéOÊ�Ë�

îÔÕ20101201)Ø,-�. 71/ï9ðÎâãñ

(ÃÄÅ \�ÆÇÈÉOÊ�Ë�îÔÕ

20100818)ØVero���7��(host cell protein�

HCP)��ðÎâãñ(»� Cygnus technologies�

Ë�îÔÕ210610)ØVero �� DNA ��ðÎâ

ã(òóôõ�Ë�îÔÕ12647521)Ø��ö�ð

Îâãñ(»� Thermo �Ë�îÔÕ158759)Øj

k÷� Sephacryl S-400 HR(îÔÕ10016772)}

Source 30Q(îÔÕ311828)�_»� GE Healthcare 

Life Science�Ë�¼Øø�c¬�_ 100 kDa6

à�ùú(îÔÕC1NA35832)} 0.22 µm6��×

(îÔÕR1HA88389)�_»� Millipore�Ë�¼' 

1.4  û� 

Wistar>ü�SPFê�7ýþ�♀♂�:��

(180�30)g�����¼é¼ð�()�û��|

q��°��ÔÕSCXK(	)2009-0017' 

2  	
 

2.1  �.ÝLµ 

m
��\��×���� Vero ���

EV71�� 75%��6����������4 � 

8 000 r·min

−1

{| 15 min½�����' 

2.2  �.Ý6·¸ 

½�6�.Ý� 1�4 0006�[���í�

��37 �·¸�� !"ðÎï9ö��·¸P#' 

2.3  �.6jk 

·¸$6�.ÝÌ Millipore Pellicon à�á

h%& 50~100'��()*c¬+�'�.%&

Ý��,Ì PBS(pH 7.2)-./60O Sephacryl 

S-400 HR6��1��2�m PBS(pH 7.2)34�

½56 2347(�.7)Ø89½56�.ÝÌ:

�;<$��,m 20 mmol·L

−1

 Tris-Cl(pH 7.5)=

>Ý-./60O Source 30Q 6��1��m

20 mmol·L

−1 

Tris-Cl(pH7.5)=>Ý34 1~2a1:

?�8m 20 mmol·L

−1

 Tris-Cl(pH 7.5)} 20 mmol·L

−1

 

Tris-Cl +1 mmol·L

−1

 NaCl(pH 7.5)@Azy34�

½56 1 7(�.7)'9jk½5"¼mºBC

ð�' 

2.4  ;<�)D�� 

EFï9ö�6�¶�9jk"¼m�.G

HÝ:�;<$�m 0.22 µm 6�×)D���

2~8 �GH' 

2.5  ð� 

9jk"¼cX��·¸P#¦�rï9ö

�r��ö�rI{æç��rJK����

(bovine serum albumin�BSA)��rVero�� HCP

��rVero�� DNA��rL.Mö�r�PÝ

J(HPLC)rbuNªOPQ-sRSTU~�VW

(SDS-PAGE)r���XY(Western blot)rZ[V\

c��]Q9AðÎ' 

2.5.1  ï9ö�Î�  lm^_]Q�(ELISA)

Î���¿m`+a����' 

2.5.2  ·¸P#¦�  !·¸�}$6�.Ýb

c Vero ���(35�1)��� 5 d�½��d�e

g 2 À��Àfg\hijOkWlA6m��

��nm(cytopathic effect�CPE)'kWlA CPE

opq·¸¦�°�' 

2.5.3  ��ö�Î�  BCA�Î���ö�

[13]
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�Î�

[14]

���t50 µg·mL

−1

' 

2.5.5  BSA ���Î�  lm^_]Q�(ELISA)

Î� BSA���

[14]

���t100 ng·mL

−1

' 

2.5.6  Vero��HCP���Î�  lm^_]Q

�(ELISA)Î� Vero �� HCP �����¿m`

+a�������t1 µg·mL

−1

' 

2.5.7  Vero �� DNA ��Î�  lmu�vù

�wx+�

[14]

���t100 pg·mL

−1

' 

2.5.8  L.Mö�Î�  lm~��Î�

[14]

�

t10 EU·mL

−1

' 

2.5.9  HPLCðÎ  ��§¨yz[14]�Þß1Õ

TOSOH TSK-Gel4000 PWXL(7.8 mm{300 mm�

10 µm)Ø�ûJÕ20 mmol·L

−1

|P}=>Ý�ö

0.4 mol·L

−1

nkQ(pH 7.5)ØðÎ~�Õ280 nmØ

�ÙÕ0.4 mL·min

−1

Ø1�Õ25 �Ø�"�Õ100 µL'

�¨�?�`k����77�?�¶º��

?6 95%' 

2.5.10  SDS-PAGE � Western blot c�  �¨y

z[15]6���9��½�Ý%&��rSephacryl 

S-400 HR1jk½57} Source 30Qjk���

� 12% SDS-PAGEc����õ�� R250GÞ'

9�.��½�Ý%&��}jk���� 12% 

SDS-PAGE$�s��tS(polyvinylidene fluoride�

PVDF)ù���ï EV71 �.ü���ï:ºö

5%4���6��Ý� 4 �������3$�

���Ý;<6uï(�E��k�^��6�ï

üï:)����� 1 h�3ù$����fÞ' 

2.5.11  Z[V\c�  �¨yz[16]6���9

jk"¼�	ö ¡¢ù6 200 £¤¥��¦

§ 5 min$m�¨©(?ª"¼�	|«PèÝ�

GÞ 1~3 min�©(?ªGÝ�¬$V\ij' 

2.5.12  ]Q9AðÎ  jkÝ:�;<$Ì®

�k¯©°L^QR^¼�±²³[]Q Wistar

>ü�d�´èµ¶A¯}®�k¯·ã�¨¯�

�¯ 8 ¸�♀♂B¹�]Q$ 2�4�6�8�12 ý

lKc{K�'lmg������Î�K��

6�}ï:��}ï:�¶A�¨K�O 4 '�

��º�opq_»A

[17]
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3  �� 

3.1  �.·¸¼# 

�.·¸¦�â¦¼#*+�·¸ 3 d$�·

¸¦�â¦¼#�¶A�f½�.·¸¾N'ï

9ö���·¸�¿6À�TÁ¶�¼#Â* 1' 

� 1  ������� 

Tab. 1  Results of virus inactivation 

opqr/d opVstVuv wxyz/EU·mL

−1
 

0 + 6 400 

1 + 6 400 

2 + 3 200 

3 − 3 200 

4 − 3 200 

5 − 3 200 

6 − 1 600 

7 − 800 

{/+ −*M|}~ CPE	− −�|}~ CPE< 

Note: + − produced specific CPE; − − didn’t produce specific CPE. 

3.2  ï9ö�r��ö�}BC��ðÎ��+

��()�c� 

�.ÝÌ Sephacryl S-400 HR1jk$��.

ï9}ÃÄ+��Å"Æ/6c{��.ï97

85�	627(�.7)Ø8ÌSource 30Q1jk�

�`�()"�7 DNA�ÃÄg�6���6 1

7(�.7)_£6ï9�¼#ÂÇ 1'jk$6�

.Ý��ï9ö�rI{æç��rBSA ��r

Vero�� HCP��rVero�� DNA��rL.

Mö�ðÎ�¼#Â* 2'EF��.½�Ý}�

.jkÝ6���ö�6Î�����+��(

)��>99.9%�¼#Â* 3' 

 

� 1  EV71�	�
��� 

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 

�� 

wx 

yz/ 

EU·mL

−1
 

��� 

���/ 

µg·mL

−1
 

BSA 

��/ 

ng·mL

−1
 

HCP 

��/ 

ng·mL

−1
 

DNA 

��/ 

pg·mL

−1
 

�I� 

yz/ 

EU·mL

−1
 

201003 51 200 13 24.8 323 <10 <10 

201004 51 200 25 30.0 155 <100 <10 

201005 51 200 21 28.7 76 <100 <10 

� 3  ������������� 

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

after purification 

HI@�� HI��� 

�� 

��/ 

L 

��yz/ 

µg·mL

−1
 

��/ 

L 

��yz/ 

µg·mL

−1
 

����

��/% 

201003 20 2 106.6 0.68 57.7 99.91 

201004 20 1 879.4 0.65 44.0 99.93 

201005 20 1 984.1 0.70 40.4 99.92 

3.3  HPLCðÎ 

jk$6�.ï9Ì HPLCÎ��jy>95%�

¼#ÂÇ 2' 

 

 

� 2  EV71����� HPLC���  

Fig. 2  Purity testing of purified EV71 by HPLC 

3.4  SDS-PAGE�Western blotc� 

SDS-PAGE c�¼#f½Ì Sephacryl S-400 

HR} Source 30Qjk$6�.���jyÅ,"

fÈq��;ij,E EV71�.WlA¼É��

Ê! VP1rVP2} VP3ËÌc¬�>*6 3ÊÊ

!�¼#ÂÇ 3A} B'�.jk��m EV71W

lAü�ï��Western blotc��¼#�»A�

¼#ÂÇ 3C' 

 

� 3  EV71���� SDS-PAGE!Western blot"� 

A−Sephacryl S-400 HR ��*)	B−Source 30Q ��*)	C−EV71
PQ��*)< 

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  V\ij¼# 

jk$6"¼��Z[V\ij�	Í>'

@_ 2~10�'�ÎÏ,�.ÐÑ��.ÐÑ�Ò

Ó�>*�Æ�`�ÔÕÖ_ 27 nm�×°Ø/6

EV71WÙ�¼#ÂÇ 4' 

 

� 4  EV71 ��#$�%&'((93 000�) 

Fig. 4  Electromicroscopy of purified EV71(93 000�) 

3.6  ]Q9AðÎ 

K�Ú 1Û2 ÜÝ 2 'áÞ;<ðÎ�}ï

:�ßÁ]Q$ 2ý�K����à� EV71�}

ï:'ßÁ]Q$ 4ý�EV71�}ï:Ná»��

	ßÁ]Q$ 8ýâ,�7�;ÎãÆ��¿' 

4  � 

EV71 01� HFMD 678�9:�£äå

kOP6ZU�æ�(L EV71 QR^_UL

HFMD ��6ç`OPèé

[18]
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�×��ÆÇ}��jkÆÇêëkLµ
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bm��×���.Ý�ñòóô�×�õ�l
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����������

������� 37 ������ !3 d"��

#$%#&'()��*+��!,-��� 

�./!0123456�!789:;<=>

3?@�	ABCDE!F)��G���H�

I<=JKL!MNJOPQ;�0123�6

�EV71��RSTUVWXYXZ[�\X&

]!̂ _T 24~30 nm!̀ abcde3O�� 100 

kDaf 300 kDa�ghijkl�m!nopHq

rstu� 300 kDa�ijgh!hq�sPQ;

v�T 5.0wx���!7y� 100 kDa�ij!

hq�szPQ;��!{|�� 100 kDaijg

h!}>J��01�~��q 50~100��g

h�m!���J�dAde�E!X�mA"

����I����qh���������

��������qh Sephacryl S-400 HR ��

e�� Source 30Q �������!���

Sephacryl S-400 HR�����!��J��z�

�����qrs<=���de3�� �N

d(¡ 1 ¢)�Ade�E(¡ 3 ¢)!� SDS-PAGE

�ELISA�d�£¤��01¥¦LsG¡ 2¢

,-Z§¨©+ª�«¬®!¯°Z§¨s±

²D�PQ«¬³´!µ¶· Vero	
¸¥ DNA

�¸¥¹?�±²|�=<qrsº»D�±²

[19]



¼�����½|y¾¿±²D�23À;Á

Â!{|Ã»���e����|k����¾

¿±²D� Source 30Q�Ä	��!k��6

�JÅ���ÆVero	
¸¥ DNAÆHCPÆBSA

�Ç�È�±²!�����sÉÊ±²Ë�Ì

ÍÎ"ÏN�§¨N�ÐÑ�s¯ÒÓ 2010 Ô

Õ������ SDS-PAGE�Western blotd�!

2� EV71µÖª01×Ø!HPLCd�&'£¤!

��>95%�Ù� EV71§¨Ú§Wistar Û"!

<=J EV71s�0X 

Ü¾{¿!���ÝYJ�ÞOßà��

EV71��§¨���áâ!Tk��áã�=<

EV71��§¨ä�Jåæ 
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