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���
�������������phosphoenolpyruvate car-

boxykinase PEPCK������ !�"#��$%&'()	�*+,-.�/0�*+1234

56
�34 !��
�������������789:;0<=
�>?.+
��34

 !@ABC���D@AEFG.HI�J@AKLMN�Enzyme link immunosorbent assay, 

ELISA�OP��$%&'	FQG IgG ()��R��
�()S)T0"#MUVOP�WX

Y.��W�MN
Z[=\]^
�	�34_`ab
��<=cdXefgh 72 kDa�34

 !iWestern blotjk34 !abRBC( BCG&'lmFQGn*i34 !@ABCo�

BC&'	�()pqr� 1s1280 tui34 !+v ELISA wx(�OP$%&'yGzh

17.3%�30/173��D	{�$%�yGzh 32.5%�13/42��|{�$%�yGzh 12.9%.�/0�

WR��
�()S)T0"#MUV�OP�WdY�}~Gh 51.0%�FQGh 96.7%.����

��
� PEPCK�����@A�G9(�G��ravh��$&'E"#��4(���. 
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����sA   
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��$�Tuberculosis�����
�(Mycobacterium 

tuberculosis M.tb)~����X%������]�

�G��$.��u�� 1/3�%~����� 8�

�%l$�2��%��.�������$� ¡

¢£�¤¥¦§¨�"#��$X©ª«��$�¬

­®¯3°.�©������±kN|a²e³­

~�9´µ~�,2¶·¸�E¹�º»�¼½�¾

FQG¿¦À}qÁ�"#/0tÂÃ������

±kN.ÄÅ��l³��
����������

��(PEPCK)���
�mÆ�ÇÈ�ÉÊ�[1,2]�Ë

aÌÍÎ¿�ÏÐ@An*.Ñ��Ò+m?ÓÔ5

6��]^
�	
�c��
� PEPCK�+D@

ABC���DÌÍ()>maÕ��Ö PEPCK +

v(��×Ø ELISA OP��$%�&'�tÙ,

PEPCK ���$"#	�*+,-�h¼½Ú��

�$"#/0ÛÜÝÞ. 

1  �����  

1.1  ��  

1.1.1  _`9�ßsà� pckA12á#�34_`

pHF/pckA �âã�äå]EÛÜi]^
� HB101.

�Escherichia coli HB101, E. coli HB101�æ©	ãçEè

ém?���. 

1.1.2  BCs6ê8ëì�18ê22 g'íî<¾ BALB/c

BC�æ©ïð]EñEèkNò?	ó. 

1.1.3  &'s��$%&' 173ô�D	{�$% 42ô�

|{�$% 131ô�§¯)O¹&' 20ô�tu&'�

�ïðõöçñè9÷øù��$úû���ÛÜ. 
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1.1.4  ü°MUsý¯�_` DNABgþ�«�M

UVh V-gene ��>�iBBST NTA Resin !_<

=MUVæ�u��	m?��i
����
��

�=���
��æ��âm?ÓÔ��i��|�

��U¦BCG @AC&'�hÑkN��«iB�

&'(BSA)hu�������>�iAP� �!(

C IgG �"?hâã Sigma ��>�iAP � �!

(% IgG �"?æ©�âm?ÓÔ�#���h

Promega��>�i��e$
�()S)T0"#

MUVhu�%&m?ñ'�#��>�. 

1.2  PEPCK �������	
��  

Ö34_` pHF/pckA[=]^
� HB101.�©

()*+,±� LB-./u-.�01yG23�

4 1:50�YôI¾©()*+,±� LB-.1	�

3756�7 OD -� 0.5ê0.6 ¥�8\ IPTG�9:

qh 1 mmol/L,;<6� 5 h.=>�?�8000×g�

@ó 5 min��AB	8\Cg� PBS 9�g�

3×SDS- PAGE uDEF?,GHIJ7Ï�AB��

KL�MNO 3ê5 min�12000×g@ó 5 min�1u

'�+.  

1.3  SDS-PAGE   

1uPD� 20 μL�+ 11%�e@S9 3%�:

QSX
�>?R­ SDS-PAGE ST�UVWXY

R-250�Z�[Z?[Zo\]�W. 

1.4  ��
�
�����[3]   

=> IPTG ÌÍ
��[=� HB101�4 BBST 

NTA Resin !_<=MUV^Z�®_G`ab<

=34�c" !�Ö<=�� !_d\e;f�

�G?�(� pH8.3 20 mmol/L Tris-HCl�1 mmol/L 

EDTA�2 mmol/L
����g��0.2 mmol/L �=

���g��	 45�24 h�ho+ PEG2000R­:

Q�+ UV3000Pi !_(g. 

1.5  Western blot  


�>?7 SDS-PAGE STotjkS¬S[

l7m�no±pu�8 1%� BSAqr��k6s

tu 3 h�+ pH7.4� TBSK?vw 3¡�8\ BCG

@A�BC&'�1�50�ÑkN�«����ktu

2 h�Fw 3 ¡�8\ 1�5000 !(C()��k6    

2 h�8\ 4-xyz{Z�375{Z. 

1.6  ������ 

|'íî BALB/c BC 20 }�~����ek

N49X�4.kN4�}BC����
����

 ! 10 μg8d�)º���|���U�X�4B

C�����d�g���|���U�� 2ë@A

1¡��@A 3¡��¡@A 2ëo��� 5}BC�

���&e@&'�ELISA0OPBC@A&'�(

)�,. 

1.7  ELISA 
Ö34 PEPCK+�?��?��� 10 μg/mL�

�� 100 μLwx 96�n*/�173ô$%&'9 20

ô§¯)O¹&'4 1:100 ����� 100 μL 8\

�7wx�� 96�n*/���HI ELISA0OP

IgG ().4 1�15000 ����G���� �!

(% IgG�"?h�(����¦yGX���? PNPP

{Z.+���OP A405-.Pi� A405-�yG�-

hyG��� h�G.�Ö�WR��e$
�()

S)T0"#MUV�OP�WR­Y�. 

2  �� 

2.1  PEPCK ����
��   

Ö3423[=]^
� HB101�×Ø IPTGÌÍ

o�XÏÐ¡L?×Ø SDS-PAGER­e;�R¢[

=�]^
�Y�l³�¶23r
�c� 72 kDa�

 !�R£�¤P� PEPCKefg]B���¥ 1�. 
    

 
 
� 1  ��� HB101 ���	 SDS-PAGE 
� 
Fig. 1  SDS-PAGE analysis for the lysate of host cell. 1. Protein 
molecular marker; 2, 3, 4, 5. Expressed recombinant protein PEPCK 
in E.coli; 6. E.coli without recombinant plasmid. 

 

2.2  �������	
�  

���� PEPCK ���	
��
����

���� Western blot ��� BCG�������

������ �!"# 72 kDa $%&'()��

�*�+,- ./012�3��*45 267 

2.3  ���������
� 

8 PEPCK��9���:;<=�>?,��<

=@AB��CD�EF+EG�@AHI 1�1280J

K%LM�NO�P>?<=7QRS )T�UV

4P<0.05645 367 
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� 2  ������	
 PEPCK � Western blot �
 
Fig. 2  Western blot analysis of recombinant protein. 1,2. recombi-
nant protein. 

 

 
 
� 3  ���� IgG ����� 
Fig. 3  Change of IgG in mice serum. 
 

2.4  PEPCK �������	
�� 

� PEPCK���, �� ELISA�	
��
�

��.������
������ 32.5%�13/42��

���
������ 12.9%�17/131�������

� 17.3%�30/173� � 20 !"#$	%��� 1 �

��$�� &'��()�� 51.0%�*+��

96.7% ,��-./��$0$1�23456�

	
�789�:;'��<=�� 83.24 %�> 1�  
 

� 1  ��	
 PEPCK ELISA �����������
�� 173 ��� !��"#�$ 
Table 1  The comparison between two different diagnosis 
methods for 173 tubercular patients 

PEPCK ELISA test M. tb antibody Colloidal Gold Diagnostic Kit 

 + − Total 

+ 26 4 30 

− 25 118 143 

Total 51 122 173 

Concordance=(26 +118)/(51 +122) = 83.24%. 

3  �� 

�������	
��
��������

������	
������� ����!�

"#$%&'()*+,-�./0123����

4567(869:0;<=>?@01�+,��

�ABCDEF=GHIJK�L<��	
MNA

OPQRSTUV/Ag85/ESAT-6/MPT64 WAX

YZ[+,\]�^_(̀ aX��	
bScde

fgShViPEPCKj�^_9klmn(opqH

I0��	
 pckA rB�4stuvwxyz	


HB101.,{|�}~�JK�4sMN PEPCK(

SDS-PAGE���lAJK������ 72 kDaA�

��������;�(Western blot ������

PEPCK?@���� BCG����A0��(�J

K�w�4sMN����AELISA�������

�A�� ¡��¢£{ 1�1280¤$A¥����

¦	
 MPT64 ����§¨���¢£©ª[4]A«

�JK�4sMN0¬­���|���|�( 

������®P������¯°�®P�

�|(��
±iPPDj²��³´����+,/

µ�¤�¶[�D^_·0 50L�A¸- PPD¹y

º»-Y�yL¼MNt�Y½�¾	
�¿ÀÁ


©ÂA¥ÃyyÄÅ�Y®P�(ÆL�DE·Ç

XL<��	
�|Z[�^_(OÈ38 kDaMNA�

�D+,�É�"� 67%ÊËA®P�� 96%ÊË[5]A

¸� CFP-10 ��+,�ÌAÉ�"�K 82.4%A®

P�K 98.1%[6]ÍAg85AUÎÏ 309 ÐÑÒÓÔW[7]

ÕÖ�w4s Ag85A²� ELISA×�������

��AY®P�� 93.9%,Ø��� 15.6%ÍESAT-6A

Ù��|��������É�"Ú0 20%A{Û<

���¾	
�Ü�MN�Ý-¬Å�ÍMPT63 �

|A�������Ø���®P���� 15%�

98.7%[8](¹�;Þ^_!���	
 65 kDa ßàH

MN�������É�"¬á�K 82%A̧ -®P

�¬ÅA� 89%[9]( 

o^_�4sJK� PEPCK ELISA�����

���AâÉ�"� 17.3%Íã
�������É

�"� 32.5%Íäã
�������É�"�

12.9%ÍØ��� 51.0%A®P�� 96.7%(å��

�¤æ�APEPCK Ù��|��ã
�����É

�"5á�äã
���A¥«� PEPCK X�ç�

�����+,èé0\](`a,PEPCK X���

������É�"ê¬ÅA|B�?- PEPCK ë

hì�§¨���¢£íáîEïð£ñÅW(op
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Recombinant phosphoenolpyruvate carboxykinase from Mycobacterium 
tuberculosis for sero diagnosis   

Xuelian Bai1*, Qingkuan Wei2, Jin Li2, Guiping Li 2  

( 1 Department of Pathogenic Biology, Binzhou Medical University, Binzhou 256603, China)  

( 2 Shandong Institute of Parasitic Diseases, Ji’ning 272033, China) 

Abstract: [Objective] To express phosphoenolpyruvate carboxykinase (PEPCK) of tuberculosis and evaluate its immune 

diagnostic ability. [Methods] PEPCK was cloned and expressed in prokaryotic expression system. We analyzed immune 

response of recombinant PEPCK with Western blot and studied the immunity of it through mice immunization. We also 

investigated the sensitivity and specificity of immunodiagnosis of PEPCK via detecting the sera from tubercular patients 

by using ELISA. The results were evaluated by comparing with a Mycobacterium tuberculosis antibody Colloidal Gold 

Diagnostic Kit. [Results] The recombinant protein was 72 kDa and specifically reacted with anti-BCG antibody. Specific 

humoral immune response was elicited after mouse immunization with PEPCK protein and the high titer specific antibody 

was generated (1:1280). Antibodies were detected against M. tuberculosis 17.3% in all tuberculosis patients, 32.5% in 

patients harboring Mycobacterium currently and 12.9% in patients without M. tuberculosis. The sensitivity and specificity 

of ELISA were 51.0% and 96.7%. [Conclusion] These results indicated that the recombinant PEPCK might be one of the 

suitable antigens for serodiagnosis of tuberculosis. 

Keywords: Mycobacterium tuberculosis; phosphoenolpyruvate carboxykinase (PEPCK); serodiagnosis; enzyme-linked 
immunosorbent assay (ELISA) 
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