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          Leptospirosis is a zoonotic disease caused by Leptospira interrogans�ǰ *UTǰ

nonspecific symptoms make it difficult to distinguish it GSPNǰPUIFSǰEJTFBTFT�ǰ%JBHOPTJTǰ

relies on antigen and antibody detection, but antigen testing is limited by the small 

number of bacteria in serum, long cultivation times, and the expensive machinery 

SFRVJSFEǰGPSǰNPMFDVMBSǰEJBHOPTJT�ǰTherefore, serodiagnosis serves as the gold standard 

GPSǰMFQUPTQJSPTJT� Previous studies have reported the potential of flagellin protein as an 

antigen for serodiagnosis development based on the findings of flagellin antibodies in 

leptospirosis patients�ǰ*OǰUIJTǰTUVEZ
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FODPEJOHǰBǰ��ǰL%BǰQSPUFJO�ǰ'JOBMMZ
ǰUIFǰTQFDJGJDJUZǰPGǰUIFǰGMBgellin QSPUFJOǰXBTǰDPOGJSNFEǰ

by testing it XJUIǰTFSBǰGSPNǰMFQUPTQJSPTJTǰQBUJFOUT�ǰ 
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ïììĊęǰ�ǰ

ïìîĈǰǰ
ǰ

1.1ǰÙüćöđðŨîöćĒúąÙüćöÿĈÙĆâ×ĂÜðŦâĀćǰǰ

 ēøÙÞĊęĀîĎǰ	-FQUPTQJSPTJT
ǰđðŨîēøÙêĉéêŠĂÝćÖÿĆêüŤÿĎŠÙîßîĉéĀîċęÜìĊęöĆÖöĊÖćøĒóøŠøąïćéĔîßŠüÜùéĎ

òîìĊęöĊĒĀúŠÜîĚĈ×ĆÜ óïĔðøąđìýđ×êøšĂîđðŨîÿŠüîĔĀâŠǰēé÷đÖĉéÝćÖÖćøêĉéđßČĚĂĒïÙìĊđøĊ÷ Leptospira 

interrogans ìĊęĂ÷ĎŠĔîðŦÿÿćüą×ĂÜÿĆêüŤóćĀąǰđßŠîǰĀîĎǰÿčîĆ×ǰüĆüǰöšćǰñŠćîÖćøÿĆöñĆÿÖĆïÿĆêüŤóćĀą

ēé÷êøÜǰĀøČĂñŠćîÖćøÿĆöñĆÿÖĆïÿĉęÜĒüéúšĂöàċęÜéĉîĒúąîĚĈöĊÖćøðîđðŚŪĂîđßČĚĂĂ÷ĎŠǰĀúĆÜÝćÖĕéšøĆïđßČĚĂÙîĕ×š

ĂćÝöĊĂćÖćøĒÿéÜĂĂÖöćǰĀøČĂĕöŠöĊĂćÖćøĔéǰėǰĒÿéÜĂĂÖöćđú÷ǰàċęÜúĆÖþèąĂćÖćø×ĂÜēøÙÞĊęĀîĎ

ÿćöćøëĒïŠÜĂĂÖĕéšđðŨîǰ� øą÷ąǰÙČĂǰøą÷ąĒøÖǰ	BDVUFǰQIBTF
ǰÙîĕ×šÝąöĊĂćÖćøǰðüéýĊøþąøčîĒøÜ, 

öĊĕ×šÿĎÜ, ĀîćüÿĆęî, ðüéìšĂÜ, ìšĂÜđÿĊ÷, ÙúČęîĕÿš, ĂćđÝĊ÷î, ðüéÖúšćöđîČĚĂ, êćĒéÜ, êĆüđĀúČĂÜǰĒúąǰöĊñČęî

ÙĆî ÿŠüîĔîøą÷ąìĊęÿĂÜǰ	JNNVOFǰQIBTF
ǰøŠćÜÖć÷ÝąđøĉęöÿøšćÜēðøêĊîìĊęÝĈđóćąêŠĂđßČĚĂ×ċĚîöćǰìĈĔĀš

ĀúĆÜÝćÖĕ×šúéúÜðøąöćèǰ�-�ǰüĆîǰÝąÖúĆïöćöĊĕ×šĂĊÖĒêŠĂćÖćøđïćúÜÝćÖÙøĆĚÜĒøÖöćÖǰĂćÝóïĂćÖćø

ĒìøÖàšĂîøčîĒøÜǰđßŠîǰđ÷ČęĂĀčšöÿöĂÜĂĆÖđÿï, êĆïĒúąĕêüć÷đÞĊ÷ïóúĆî, đúČĂéĂĂÖĔîðĂé, ĒúąöĊõćüą

Āć÷ĔÝúĈïćÖ đðŨîêšî ĀćÖøĆÖþćĕöŠìĆîìŠüÜìĊĂćÝìĈĔĀšđÿĊ÷ßĊüĉêĕéš ĔîðŦÝÝčïĆîöĊüĉíĊĔîÖćøêøüÝēøÙÞĊęĀîĎ

ĀúćÖĀúć÷üĉíĊöćÖǰüĉíĊìĊ ęĔßšđðŨîöćêøåćîìĊ ęĕéšøĆïÖćø÷ĂöøĆïìĆ ęüēúÖǰ	gold standard test
ǰÙČĂǰ

.JDSPTDPQJDǰBHHMVUJOBUJPOǰUFTUǰ	."5
ǰđðŨîÖćøêøüÝéĎÖćøÝĆïÖĆîøąĀüŠćÜĒĂîêĉïĂéĊĔîàĊøĆęöĒúą

ĒĂîêĉđÝî×ĂÜđßČĚĂǰĒêŠ×šĂđÿĊ÷ÙČĂǰÙüïÙčö÷ćÖǰĒúąđÝšćĀîšćìĊęđÿĊę÷ÜêŠĂÖćøêĉéđßČĚĂÿĎÜ 

 Leptospira interrogans đðŨîđßČĚĂĒïÙìĊđøĊ÷ĒÖøöúïĔîÖúčŠöÿĕðēø×ĊêǰöĊúĆÖþèąđðŨîđÖúĊ÷ü

÷ćüǰïćÜǰðúć÷ēÙšÜÜĂÙúšć÷êą×ĂǰöĊÙüćöÿćöćøëēééđéŠîĔîđøČęĂÜÖćøđÙúČęĂîìĊęĒúąÖćøÖŠĂēøÙ đðŨî

ÿćđĀêčĔĀšÿćöćøëĒóøŠđßČĚĂđ×šćÿĎŠøŠćÜÖć÷×ĂÜöîčþ÷ŤĀøČĂÿĆêüŤĕéšĂ÷ŠćÜøüéđøĘü àċęÜÙüćöÿćöćøëîĊĚđðŨîñú

öćÝćÖĒôúÖđÝúúćǰĀøČĂǰperiplasmic flagella ×ĂÜđßČĚĂ ìĊęđðŨîĂüĆ÷üąÿĈĀøĆïÖćøđÙúČęĂîìĊęǰõć÷ĔîöĊ

ēðøêĊîĒôúÖđÝúúĉîìĊęđðŨîǰimmunoreactive protein ìĊęÖøąêčšîĔĀšđÖĉéÖćøêĂïÿîĂÜêŠĂõĎöĉÙčšöÖĆî

ĒïïÝĈđóćąǰ	TQFDJGJDǰJNNVOFǰSFTQPOTF
ǰîĈĕðÿĎŠÖćøÿøšćÜĒĂîêĉïĂéĊìĊęÝĈđóćąêŠĂĒĂîêĉđÝî ìĈ

ĔĀšĒĂîêĉđÝîĂ÷ŠćÜøĊÙĂöïĉĒîîìŤēðøêĊîĒôúÖđÝúúĉîÿćöćøëÝĆïÖĆïǰIgM 	*NNVOPHMPCVMJOǰ.
 Ĕî

àĊøĆęö×ĂÜÙîĕ×šēøÙÞĊęĀîĎĕéš àċęÜöĊïìïćìÿĈÙĆâĔîÖćøüĉîĉÝÞĆ÷ēøÙéšü÷ÖćøĔßšàĊøĆęöđðŨîĂ÷ŠćÜöćÖǰđóøćą

ÿćöćøëĔßšđóČęĂìéÿĂïÖćøĒÿéÜĂĂÖ×ĂÜēðøêĊîĒúąÖćøêĂïÿîĂÜ×ĂÜõĎöĉÙčšöÖĆîĕéš 

 đîČęĂÜÝćÖúĆÖþèąĂćÖćø×ĂÜēøÙÞĊęĀîĎĕöŠöĊÙüćöđÞóćąđÝćąÝÜđĀöČĂîēøÙĂČęîǰėǰÝċÜìĈĔĀšêøüÝ

óïĕéšßšćǰàċęÜîĈĕðÿĎŠÖćøüĉîĉÝÞĆ÷ñĉéóúćé øĆÖþćĕöŠêøÜÝčéǰĒúąøĆÖþćĕöŠìĆîìŠüÜìĊǰéšü÷đĀêčîĊĚÝċÜĕéšìĈÖćø

ÿĆÜđÙøćąĀŤøĊÙĂöïĉĒîîêŤēðøêĊî×ċĚîöćđóČęĂîĈĕððøą÷čÖêŤĔßšÖĆïàĊøĆęöÙîĕ×šĔîÖćøìéÿĂïÖćøêĉéđßČĚĂēøÙ

ÞĊęĀîĎĔîøą÷ąĒøÖ (acute phase
ǰîĆïüŠćöĊÙüćöÿĈÙĆâĔîìćÜÖćøĒóì÷ŤđðŨîĂ÷ŠćÜöćÖǰđóøćąìĈĔĀš
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ìéÿĂïÖćøêĉéđßČĚĂĕéšĂ÷ŠćÜøüéđøĘüêĆĚÜĒêŠĔîøą÷ąĒøÖǰĒúąìĈĔĀšÿćöćøëÝĈĒîÖēøÙĕéšđÞóćąđÝćąÝÜ

×ċĚîøüöëċÜüĉîĉÝÞĆ÷ēøÙĕéšëĎÖêšĂÜĒöŠî÷Ĉ×ċĚîĂĊÖéšü÷ 

 

���ǰüĆêëčðøąÿÜÙŤ×ĂÜÜćîüĉÝĆ÷ǰ ǰ

    ÿĆÜđÙøćąĀŤøĊÙĂöïĉĒîîêŤēðøêĊîĒôúÖđÝúúĉî FlaB đóČęĂĔßšđðŨîĒĂîêĉđÝîĔîÖćøêøüÝĀćĒĂîêĉïĂéĊ

ìĊęÝĈđóćąĔîàĊøĆęö×ĂÜÙîĕ×šìĊęðśü÷đðŨîēøÙÞĊęĀîĎ 

 

���ǰ×Ăïđ×ê×ĂÜÜćîüĉÝĆ÷ǰ ǰ

    �
ǰ éšćîđîČĚĂĀć 

- ìĈÖćøđóćąđúĊĚ÷ÜđßČĚĂ E. coli ìĊęöĊøĊÙĂöïĉĒîîêŤđüÖđêĂøŤïøøÝč÷Ċîǰ flaB ĒúąđĀîĊę÷üîĈ

ĀøČĂÖøąêčšîéšü÷ǰIPTG đóČęĂĔĀšđÖĉéÖćøĒÿéÜĂĂÖ×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊî FlaB  

- ìĈĔĀšēðøêĊîĒôúÖđÝúúĉîĀúčéĂĂÖÝćÖđàúúŤ×ĂÜǰE. coli éšü÷üĉíĊǰsonication 

- ìĈēðøêĊîĒôúÖđÝúúĉîĔĀšđ×šö×šî×ċĚî protein sample concentration 

- üĉđÙøćąĀŤðøĉöćèēðøêĊîéšü÷üĉíĊÖćøǰ SDS-PAGE ĒúąÖćøìĈðäĉÖĉøĉ÷ćÖĆïǰ anti-6xHis 

antibody éšü÷üĉíĊ Western blot, ĒúąǰDot blot 

- ýċÖþćÖćøÝĆïÖĆîøąĀüŠćÜĒĂîêĉïĂéĊĔîàĊøĆęöÙîĕ×šÖĆïēðøêĊî FlaB éšü÷ÖćøìĈǰELISA 

    �
ǰ éšćîÿëćîìĊę 

- ĀšĂÜðäĉïĆêĉÖćøõćÙüĉßćüĉì÷ćõĎöĉÙčšöÖĆîǰĂćÙćøýĎî÷ŤüĉÝĆ÷ÖćøĒóì÷Ťýĉøĉøćßǰ	4J.3
 Ùèą

Ēóì÷ýćÿêøŤýĉøĉøćßó÷ćïćúǰöĀćüĉì÷ćúĆ÷öĀĉéú 

    �
ǰ éšćîøą÷ąđüúć 

- ìĈÿĀÖĉÝýċÖþćđðŨîøą÷ąđüúćǰ�ǰđéČĂî 

 

���ǰðøąē÷ßîŤìĊęÙćéüŠćÝąĕéšøĆïǰ ǰ

    �
ǰ ĕéšøĆïÙüćöøĎšĒúąđìÙîĉÙĔîÖćøÿĆÜđÙøćąĀŤøĊÙĂöïĉĒîîêŤēðøêĊîǰÖćøìĈĔĀšēðøêĊîïøĉÿčìíĉĝǰĒúą 

 ÖćøüĉđÙøćąĀŤēðøêĊîéšü÷ĀúĆÖÖćøìćÜõĎöĉÙčšöÖĆî 

    �
ǰ ĕéšðøąÿïÖćøèŤÖćøìĈÜćîĔîĀšĂÜðäĉïĆêĉÖćøǰøüöëċÜđìÙîĉÙĔîÖćøĔßšđÙøČęĂÜöČĂ 
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ïììĊęǰ�ǰ

ìùþãĊĒúąÜćîüĉÝĆ÷ìĊęđÖĊę÷ü×šĂÜǰǰ
ǰ

���ǰēøÙÞĊęĀîĎǰ	-FQUPTQJSPTJT
ǰ

ēøÙÞĊęĀîĎǰ	Leptospirosis
ǰđðŨîēøÙêĉéêŠĂÝćÖÿĆêüŤÿĎŠÙîìĊęđÖĉéÝćÖđßČĚĂĒïÙìĊđøĊ÷ÖŠĂēøÙìĊęöĊßČęĂ

üŠćǰLeptospira interrogans ëċÜĒöšēøÙîĊĚÝąđðŨîìĊęøĎšÝĆÖĔîßČęĂüŠćǰēøÙÞĊęĀîĎǰĒêŠĀîĎĕöŠĕéšđðŨîÿĆêüŤđóĊ÷Ü

ßîĉéđéĊ÷üìĊęđðŨîÿĆêüŤóćĀąǰĕöŠüŠćÝąđðŨîÿĆêüŤđúĊĚ÷ÜúĎÖéšü÷îĚĈîö, ÿĆêüŤôŦîĒìą, ÿĆêüŤđúĊĚ÷ÜìĊęđøćÙčšîđÙ÷

Ă÷ŠćÜǰÿčîĆ×ǰĒöü, ÿĆêüŤđýøþåÖĉÝĂ÷ŠćÜßšćÜǰöšćǰüĆüǰÙüć÷ǰøüöëċÜÿĆêüŤðśćǰĀćÖÿĆêüŤđĀúŠćîĊĚêĉéđßČĚĂúšüî

ÿćöćøëđðŨîÿĆêüŤóćĀąĕéšìĆĚÜîĆĚîǰöĆÖóïÖćøĒóøŠøąïćéÿĎÜìĊęÿčéĔîßŠüÜùéĎòîǰìĊęöĊòîêÖĀîĆÖǰėǰîĚĈìŠüö

×ĆÜǰĂćÖćýßČĚîĒÞąǰĒúąóïöćÖìĊęÿčéĔîðøąđìýđ×êøšĂîǰîĂÖÝćÖÿõćóĒüéúšĂöîĚĈìŠüö×ĆÜìĊęìĈĔĀš

ñĎšðøąÿïõĆ÷ĀøČĂñĎšìĊęêšĂÜđéĉî÷ęĈîĚĈĕðöćđÿĊę÷ÜêŠĂÖćøêĉéđßČĚĂēøÙÞĊęĀîĎĒúšüǰðŦÝÝĆ÷đÿĊę÷ÜĂ÷ŠćÜĂćßĊóĒúą

ÖĉÝÖøøöïćÜðøąđõìÖĘđðŨîĂĊÖðŦÝÝĆ÷ÿĈÙĆâìĊęìĈĔĀšđÿĊę÷ÜêŠĂÖćøđðŨîēøÙÞĊęĀîĎđßŠîÖĆîǰēé÷đÞóćąñĎšìĊęêšĂÜ

ìĈÜćîÿĆöñĆÿÖĆïÿĆêüŤǰéĉîǰĀøČĂîĚĈìĊęĂćÝöĊÖćøðîđðŚŪĂîđßČĚĂĂ÷ĎŠđðŨîðøąÝĈǰđßŠîǰđÖþêøÖøǰîĆÖðýčÿĆêüŤǰ

ÙîÜćî×čéúĂÖìŠĂøąïć÷îĚĈǰóîĆÖÜćîđÖĘï×÷ąǰñĎšìĊęìĈÜćîĔîēøÜÛŠćÿĆêüŤǰĒúąñĎšìĊęìĈÜćîĔîđĀöČĂÜǰđðŨî

êšîǰĔîÿŠüî×ĂÜÖĉÝÖøøöǰĕéšĒÖŠǰÖĉÝÖøøöđéĉîðśćǰĒúąÖĊāćìćÜîĚĈêćöĒĀúŠÜîĚĈíøøößćêĉǰ"OUPOZǰ7�ǰ

Samrot et al�ǰóïüŠćĂĆêøćÖćøðśü÷ĒúąĂĆêøćÖćøđÿĊ÷ßĊüĉêÝćÖēøÙÞĊęĀîĎđðŨîÝĈîüîöćÖĔîìčÖǰėǰðŘǰ

ìĆĚÜîĊĚĂćÝöĊÿćđĀêčđîČęĂÜöćÝćÖÖćø×ćéÙüćöøĎšÙüćöđ×šćĔÝǰÖćøøĆÖþćÙüćöÿąĂćéǰĒúąüĉíĊĔîÖćøðŜĂÜÖĆî

ēøÙìĊęđóĊ÷ÜóĂ 

 

 
øĎðìĊęǰ���ǰĒÿéÜúĆÖþèąĂćÖćø×ĂÜēøÙÞĊęĀîĎ 

ìĊęöć: IUUQT���XXX�TDJFODFEJSFDU�DPN�TDJFODF�BSUJDMF�BCT�QJJ�#������������������9>

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



4 
 

ǰ

����� ÖćøĒóøŠđßČĚĂĒúąúĆÖþèąĂćÖćø×ĂÜēøÙǰ	5SBOTNJTTJPOǰBOEǰ$MJOJDBMǰ

.BOJGFTUBUJPO
ǰ

đßČĚĂÖŠĂēøÙǰLeptospira ÿąÿöĂ÷ĎŠĔîĀúĂéĕêÿŠüîêšî×ĂÜđÝšćïšćîǰ	IPTU
ǰēé÷ÿćöćøëĂćýĆ÷

Ă÷ĎŠĕéšđðŨîøą÷ąđüúćîćîĒúąÿćöćøëëĎÖ×ĆïĂĂÖöćĕéšñŠćîìćÜðŦÿÿćüąǰēøÙÞĊęĀîĎÿćöćøëêĉéêŠĂĕéšñŠćî

ìćÜÖćøÿĆöñĆÿÖĆïÿĆêüŤóćĀąēé÷êøÜǰĀøČĂÿĆöñĆÿÖĆïÿõćóĒüéúšĂöìĊęéĉîĒúąîĚĈöĊÖćøðîđðŚŪĂîðŦÿÿćüą

×ĂÜÿĆêüŤóćĀąñŠćîìćÜïćéĒñúĀøČĂøĂ÷ëúĂÖïøĉđüèñĉüĀîĆÜǰêćǰđîČ ĚĂđ÷Č ęĂïčñĉüǰĀøČĂñŠćîÖćø

øĆïðøąìćîđ×šćĕðǰëċÜĒöšüŠćÝąĕöŠÙŠĂ÷öĊÖćøĒóøŠđßČĚĂÝćÖÙîÿĎŠÙîǰĒêŠÖĘöĊÙüćöđðŨîĕðĕéšüŠćđéĘÖìćøÖ

ÿćöćøëĕéšøĆïđßČĚĂñŠćîìćÜîĚĈîö×ĂÜĒöŠìĊęêĉéđßČĚĂǰĀøČĂöĊēĂÖćÿĒêŠîšĂ÷öćÖǰėǰìĊęÙĎŠîĂîÿćöćøëĕéšøĆï

đßČĚĂÝćÖÖćøöĊđóýÿĆöóĆîíŤÖĆïñĎšìĊęêĉéđßČĚĂ 

ĀúĆÜÝćÖĕéšøĆïđßČĚĂĒúąĔßšøą÷ąđüúćĔîÖćøôŦÖêĆüðøąöćèǰ�-�ǰÿĆðéćĀŤĒúšüǰÝąöĊìĆĚÜñĎšðśü÷ìĊęĕöŠ

ĒÿéÜĂćÖćøĔéǰėǰĒúąñĎšìĊęĒÿéÜĂćÖćøǰēé÷ÿćöćøëĒïŠÜúĆÖþèąĂćÖćø×ĂÜēøÙĕéšđðŨîǰ�ǰøą÷ąéĆÜîĊĚǰ

øą÷ąĒøÖǰ	acute phase
ǰöĊĂćÖćøǰĕ×šÿĎÜǰĀîćüÿĆęîǰðüéĀĆüøčîĒøÜǰðüéđöČęĂ÷ÖúšćöđîČĚĂǰðüéìšĂÜǰ

ìšĂÜđÿĊ÷ǰÙúČęîĕÿšĂćđÝĊ÷îǰöĊñČęîÙĆîǰêĆüđĀúČĂÜǰĒúąöĊêćĒéÜǰÿćöćøëêøüÝđÝĂđßČĚĂǰLeptospira ĕéšĔî

đúČĂéĒúąîĚĈĕ×ÿĆîĀúĆÜǰÿŠüîøą÷ąìĊ ęÿĂÜǰ(immune phaTF
ǰÝąđÖĉé×ċ ĚîĔîßŠüÜìĊ ęÖúĆïöćöĊĕ×šĔĀöŠǰ

ĀúĆÜÝćÖĕ×šúéǰöĊúĆÖþèąĂćÖćøÙČĂǰÙúČęîĕÿšǰðüéýĊøþąǰöĊĕ×šêęĈǰĂćÝóïĂćÖćøĒìøÖàšĂîĂ÷ŠćÜđ÷ČęĂĀčšö

ÿöĂÜĂĆÖđÿïǰêĆïĒúąĕêüć÷đÞĊ÷ïóúĆîǰĀć÷ĔÝúĈïćÖǰđðŨîêšîǰÿćöćøëêøüÝđÝĂđßČĚĂǰLeptospira ĕéš

ĔîðŦÿÿćüąǰĀøČĂĔîđîČĚĂđ÷ČęĂ 

�����ǰüĉíĊÖćøüĉîĉÝÞĆ÷ǰ	%JBHOPTJTǰPGǰ-FQUPTQJSPTJT
ǰ

ĔîðŦÝÝčïĆîöĊüĉíĊÖćøêøüÝüĉîĉÝÞĆ÷ēøÙÞĊęĀîĎĀúćÖĀúć÷üĉíĊöćÖǰēé÷ÿćöćøëĒïŠÜĕéšđðŨîǰ�ǰüĉíĊ

ĀúĆÖǰéĆÜîĊĚ 

x ÖćøêøüÝìćÜÙúĉîĉÖǰ	DMJOJDBMǰGJOEJOH) đðŨîÖćøêøüÝüĆéøąéĆïđĂîĕàöŤĀøČĂđöĘéđúČĂé

ÝćÖđúČĂé, îĚĈĕ×ÿĆîĀúĆÜǰĒúąðŦÿÿćüą đßŠîǰÖćøüĆéÖćøêÖêąÖĂî×ĂÜđöĘéđúČĂéĒéÜ, 

êøüÝÖćøìĈÜćî×ĂÜêĆï, êøüÝÙŠćĕêǰĒúąÖćøêøüÝüĉđÙøćąĀŤðŦÿÿćüą 

x ÖćøêøüÝìćÜĂšĂöǰ	TFSPMPHJDBMǰBOEǰJOEJSFDUJPOǰEJBHOPTUJD) đðŨîÖćøêøüÝÖćø

ÝĆïÖĆîøąĀüŠćÜĒĂîêĉïĂéĊìĊ ęÝĈđóćąǰ	specific antibody
ǰÖ ĆïĒĂîêĉđÝîÝćÖđßČĚĂǰ

Leptospira 

o MAT (microscopic agglutinaUJPOǰUFTU
ǰđðŨîüĉíĊìĊęĕéšøĆïÖćø÷ĂöøĆïüŠćđðŨîÖćø

êøüÝüĉîĉÝÞĆ÷ìćÜÖćøĒóì÷ŤìĊęéĊìĊęÿčéǰđðŨîöćêøåćîÿĎÜÿčéǰĒúąđðŨîìĊę÷ĂöøĆïĔî

øąéĆïÿćÖúìĆęüēúÖ (gold standard test
 đîČęĂÜÝćÖüĉíĊîĊĚÿćöćøëìĈĕéšøüéđøĘüǰ

ĒúąÿćöćøëêøüÝĀćĒĂîêĉïĂéĊđÞóćąÖúč ŠöĕéšǰĒêŠöĊ×šĂÝĈÖĆéÙČĂǰàĆïàšĂî 

ÙüïÙčö÷ćÖǰêšĂÜÙĂ÷êøüÝÿĂïđßČĚĂìĊęđóćąđúĊĚ÷ÜĕüšđðŨîøą÷ąǰėǰĂĊÖìĆĚÜ÷ĆÜđðŨîǰ- 
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ĂĆîêøć÷êŠĂđÝšćĀîšćìĊęðäĉïĆêĉÖćø 

o ELISA (enzyme-MJOLFEǰJNNVOPTPSCFOUǰBTTBZ
ǰêøüÝéĎÙüćöÝĈđóćą×ĂÜ

ĒĂîêĉđÝîĔîđßČĚĂǰLeptospira ìĊęöĊêŠĂǰIgM ĀøČĂǰIgG ĔîàĊøĆęö×ĂÜñĎšðśü÷ēøÙÞĊęĀîĎ 

x ÖćøêøüÝìćÜêøÜǰ(EJSFDUǰEJBHOPTUJD)  

o Microscopic techniques đðŨîÖćøêøüÝéĎđßČ ĚĂǰLeptospira ÝćÖêĆüüĂ÷ŠćÜ

đúČĂéĀøČĂðŦÿÿćüą×ĂÜñĎ šðśü÷ēøÙÞĊ ęĀîĎõć÷ĔêšÖúšĂÜÝčúìøøýîŤ (dark field 

NJDSPTDPQZ
 

o 1$3ǰ	QPMZNFSBTFǰDIBJOǰSFBDUJPO
ǰÿćöćøëêøüÝĀćđßČĚĂǰLeptospira ÝćÖ

êĆüĂ÷ŠćÜđúČĂéĀøČĂðŦÿÿćüąĕéšêĆĚÜĒêŠÖćøðśü÷Ĕîøą÷ąĒøÖǰÿćöćøëĔßšìĆĚÜÖćøêøüÝ

ĒïïǰRT-PCR Ēúąǰnested PCR ×šĂéĊÙČĂǰÙčšöÙŠćǰøüéđøĘüǰĒúąÙüćöĒöŠî÷ĈÿĎÜ 

o -'"ǰ	MBUFSBMǰGMPXǰBTTBZ
ǰđðŨîÖćøêøüÝĀćĒĂîêĉđÝî×ĂÜđßČ ĚĂïîĒñŠîđöö

đïøî ×šĂéĊÙČĂǰøćÙćëĎÖǰøüéđøĘüǰĔßšÜŠć÷ĕöŠ÷čŠÜ÷ćÖàĆïàšĂî 

�����ǰüĉíĊÖćøðŜĂÜÖĆîÖćøêĉéđßČĚĂǰ	1SPUFDUJPO
ǰ

đóČęĂðŜĂÜÖĆîÖćøøąïćé×ĂÜēøÙÞĊęĀîĎĔîßŠüÜùéĎòîĒúšüǰÙüøðäĉïĆêĉéĆÜîĊĚ 

x ĀúĊÖđúĊę÷ÜÖćøđéĉîĀøČĂÿĆöñĆÿÖĆïĒĀúŠÜîĚĈ×ĆÜǰĀćÖđúĊę÷ÜĕöŠĕéšÙüøÿüöøĂÜđìšćïĎììčÖÙøĆĚÜǰ

đöČęĂêšĂÜđéĉîĔîĒĀúŠÜîĚĈ×ĆÜ ĀúĆÜÝćÖîĆĚîÙüøøĊïúšćÜöČĂúšćÜđìšćéšü÷ñúĉêõĆèæŤÛŠćđßČĚĂēøÙ

ēé÷đøĘü 

x øĆÖþćÙüćöÿąĂćéõć÷Ĕîïšćî 

x ĀúĊÖđúĊę÷ÜÖćøÿĆöñĆÿÖĆïÿĆêüŤóćĀąǰĒúąêšĂÜúšćÜöČĂúšćÜđìšćĔĀšÿąĂćéìčÖÙøĆĚÜĀćÖÿĆöñĆÿ

õćßîąïøøÝč×ĂÜđÿĊ÷×ĂÜÿĆêüŤ 

x ĕöŠêĆéđúĘïđìšćÿĆĚîđÖĉîĕðÝîđÖĉéïćéĒñúǰđîČęĂÜÝćÖđßČĚĂēøÙÿćöćøëđ×šćÿĎŠøŠćÜÖć÷ñŠćîìćÜ

đìšćĕéšÜŠć÷ 

���ǰLeptospira interrogansǰ

Leptospira interrogans đðŨîđßČĚĂĒïÙìĊđøĊ÷ÖŠĂēøÙĔîÖúčŠöÿĕðēø×ĊêǰĂ÷ĎŠĔîÝĊîĆÿ Leptospira 

öĊúĆÖþèąđðŨîđÖúĊ÷üǰïćÜǰ÷ćüðøąöćèǰ�-��ǰĕöēÙøđöêøǰðúć÷Ùúšć÷êą×ĂǰĀîćðøąöćèǰ���-����ǰ

ĕöēÙøđöêøǰđðŨîĒïÙìĊđøĊ÷ĒÖøöúïìĊęêšĂÜÖćøĂćÖćýĔîÖćøđÝøĉâđêĉïēê ÿćöćøëđÝøĉâđêĉïēêĕéšĔîßŠüÜ

ĂčèĀõĎöĉǰ20-37°C îĂÖÝćÖÝąēêßšćĒúšüǰ÷ĆÜĂŠĂîĕĀüêŠĂÿõćóĒüéúšĂööćÖǰàċęÜöĊĂÜÙŤðøąÖĂïĀúĆÖǰ�ǰ

ÿ Šüîǰđ÷ Č ęĂĀ č šöß Ć ĚîîĂÖìĊ ęß Šü÷ĔĀšđß Č ĚĂÿćöćøëÖŠĂēøÙĂ÷ŠćÜø čîĒøÜĕé šǰö Ċÿ ŠüîðøąÖĂïĀúĆÖÙČĂǰ

lipopolysaDDIBSJEFǰ	-14
 Ēúą periplasmic flagella öĊÙüćöÿćöćøëĔîÖćøđÙúČęĂîìĊęǰàċęÜđðŨîÿŠüî
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ÿĈÙĆâìĊęđßČĚĂĔßšĔîÖćøđÙúČęĂîìĊęđ×šćÿĎŠđÝšćïšćîǰöĊÿŠüîðøąÖĂïĀúĆÖǰ�ǰÿŠüîǰÙČĂǰfilament, hook, Ēúąǰ

basal body õć÷Ĕîǰflagellar filament öĊēðøêĊîĒôúÖđÝúúĉîìĊęđøćÿîĔÝđðŨîĂÜÙŤðøąÖĂï 

 

 
øĎðìĊęǰ��� ĒÿéÜúĆÖþèąøĎðøŠćÜ×ĂÜđßČĚĂǰLeptospira interrogans 

ìĊęöć�ǰ<https://studymicSPCJP�DPN�MFQUPTQJSB-interrogans-complex-lab-diagnosis-

antibiotic-USFBUNFOU�> 

 

���ǰēðøêĊîĒôúÖđÝúúĉîǰ	'MBHFMMJOǰQSPUFJO
ǰǰ

ēðøê ĊîĒôúÖđÝúú ĉî  đð Ũîēðøê Ċîì Ċ ę Ă÷ Ď Š Ĕîǰfilament ×ĂÜǰperiplasmic flagella öĊ

ÙüćöÿćöćøëĔîÖćøđÙúČęĂîìĊęĒúąöĊÙüćöÿćöćøëĔîÖćøÖŠĂĔĀšđÖĉéēøÙĕéšĂ÷ŠćÜøüéđøĘüǰđîČęĂÜÝćÖǰ

periplasmic flagella đðŨîêĆüÖćøîĈóćĔĀšđßČĚĂđÙúČęĂîìĊęĕðđÖćąïîđàúúŤ×ĂÜ îĂÖÝćÖîĊĚ÷ĆÜđðŨîēðøêĊî

ìĊęöĊÙüćöÝĈđóćąöćÖǰėǰÿćöćøëóïĕéšĒÙŠĔîđßČĚĂìĊęĂ÷ĎŠĔîǰserovars đéĊ÷üÖĆîǰ	highly conserved 

QSPUFJO
ǰĔîÖúčŠöÿĕðēø×ĊêǰĂĊÖìĆĚÜ÷ĆÜđðŨîǰimmunoreactive protein ĀøČĂĒĂîêĉđÝîìĊęÿćöćøëÝĆïÖĆïǰ

IgM ĒúąǰIgG ĔîàĊøĆęö×ĂÜÙîĕ×šĕéšǰĒêŠđîČęĂÜÝćÖǰepitope òŦÜĂ÷ĎŠéšćîĔîìĈĔĀšĒĂîêĉïĂéĊĔîøŠćÜÖć÷×ĂÜ

đøćÝĆïĒúąÖĈÝĆéĕöŠĕéšǰÝċÜîĈĕðÿĎŠÖćøêĉéđßČĚĂēøÙÞĊęĀîĎĔîìĊęÿčé 
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ïììĊęǰ�ǰǰ

üĉíĊÖćøéĈđîĉîÜćîüĉÝĆ÷ 

ĔîÿŠüî×ĂÜüĉíĊéĈđîĉîÖćøÿĀÖĉÝýċÖþćđóČęĂÿĆÜđÙøćąĀŤøĊÙĂöïĉĒîîêŤēðøêĊîĒôúÖđÝúúĉî×ċĚîöćǰ

ÝąđøĉęöÝćÖÖćøìĈÖćøēÙúî÷Ċî (gene cloning
ǰēé÷ìĈǰPCR đóČęĂÿĆÜđÙøćąĀŤ÷ĊîìĊęêšĂÜÖćøēÙúî×ċĚîöćǰ

ēé÷ĔßšéĊđĂĘîđĂêšîĒïïǰ	template DNA
ǰ×ĂÜ Leptospira interrogans đöČęĂĕéš÷ĊîìĊęêšĂÜÖćøĒúšüÝċÜ

ìĈÖćøđßČęĂöǰ	ligation
ǰ÷Ċîđ×šćÖĆïđüÖđêĂøŤ đÖĉéđðŨîøĊÙĂöïĉĒîîêŤđüÖđêĂøŤǰĒúšüîĈđ×šćÿĎŠǰE. coli ÿć÷

óĆîíčŤǰ501��ǰĀúĆÜÝćÖìĈÖćøǰspread plate ĒúąïŠöìĊęǰ��°C đðŨîđüúćǰ�ǰÙČîǰĒúšü ÝċÜđúČĂÖēÙēúîĊöć

ìĈǰPCR đóČęĂêøüÝÿĂïüŠćēÙēúîĊìĊęđúČĂÖöćöĊđüÖđêĂøŤĒúą÷ĊîìĊęđøćêšĂÜÖćøĀøČĂĕöŠ êŠĂöćÝċÜìĈÖćø

ÿÖĆéóúćÿöĉéé ĊđĂ ĘîđĂÝćÖĒïÙìĊđø Ċ÷ǰ	plasmid DNA isolation
ǰĒú šüĔÿ Šđ× šćĕðĔîĒïÙìĊđøĊ÷ǰ

Escherichia coli ÿć÷óĆîíčŤ #-�� ÿĈĀøĆïÿøšćÜēðøêĊîêŠĂĕð 

 

���ǰ4JOHMFǰDPMPOZǰ1$3ǰ

 ×ĆĚîêĂîÖćøìĈǰsingle colony PCR đðŨîÖćøìĈđóČęĂêøüÝÿĂïüŠćøĊÙĂöïĉĒîîêŤđüÖđêĂøŤìĊęĕéš

ìĈÖćøēÙúîđ×šćĕðĔîđßČĚĂĒïÙìĊđøĊ÷ǰE. coli öĊ÷ĊîìĊęđøćÿîĔÝĂ÷ĎŠĔîđßČĚĂîĆĚîÝøĉÜĀøČĂĕöŠ 

üĆÿéčĂčðÖøèŤǰ

�� ĕöšÝĉĚöôŦîðúĂéđßČĚĂ 

�� Autopipette Ēúąǰtip 

�� PCR tube 

�� đÙøČęĂÜðŦũîđĀüĊę÷Ü×îćéđúĘÖǰ(Spin-EPXOǰDFOUSJGVHF
 

�� đÙøČęĂÜđóĉęöðøĉöćèÿćøóĆîíčÖøøöǰ	Thermal cycler PCR

 

�� đÙøČęĂÜüĉđÙøćąĀŤøąïïõćóđÝúǰ	Gel Imaging Analysis System
 

ÿćøđÙöĊ 

�� đßČĚĂǰE. coli ÿć÷óĆîíčŤǰ#-�� 

�� ĂćĀćøĒ×ĘÜǰ	-#ǰBHBS
 

�� Ampicillin 

�� îĚĈÖúĆęî 

�� 59ǰ1$3ǰSFBDUJPOǰCVGGFS 

�� 25 mM MgCl2 

�� ��ǰN.ǰE/53 

�� Tag DNA Polymerase, 5 U/µL 
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�� 'PSXBSEǰQSJNFS 

��� Reverse primer 

��� 2% Agarose gel 

��� �9ǰ5#&ǰCVGGFS 

üĉíĊÖćøìéúĂÜ 

ìĈÖćøĒ÷ÖđßČĚĂǰE. coli ÿć÷óĆîíčŤǰ#-��ǰĔĀšđðŨîēÙēúîĊđéĊę÷üǰ	single colony
ǰéšü÷üĉíĊÖćøǰ

streak plate ïîĂćĀćøđúĊĚ÷ÜđßČĚĂǰLB agar ìĊęöĊ÷ćĒĂöóĉàĉúúĉîǰ	BNQJDJMMJO
ǰĒúšüîĈĕðïŠöìĊęĂčèĀõĎöĉǰ

37°C ×šćöÙČîǰÝćÖîĆĚîĔßšĕöšÝĉĚöôŦîÝĉĚöđúČĂÖēÙēúîĊđéĊę÷üöćÝčŠöĔîǰPCR reaction mixture đöČęĂñÿöÝî

đ×šćÖĆîĒúšüîĈĀúĂé PCR tube ĔÿŠúÜĕðĔîđÙøČęĂÜđÙøČęĂÜđóĉęöðøĉöćèÿćøóĆîíčÖøøöǰ	Thermal cycler 

PCR

ǰđóČęĂđóĉęöðøĉöćè DNA ìĊęđøćêšĂÜÖćøǰđöČęĂÙøïđüúćÝċÜìĈÖćøüĉđÙøćąĀŤ×îćéǰDNA éšü÷üĉíĊÖćøǰ

Gel electrophoresis ÿčéìšć÷ëŠć÷õćóđÝúéšü÷đÙøČęĂÜđÙøćąĀŤøąïïõćóđÝúǰ	Gel Imagine Analysis 

4ZTUFN
 

 

êćøćÜìĊ ęǰ���ǰĒÿéÜÿŠüîðøąÖĂïĒúąðøĉöćêø×ĂÜǰ1$3ǰSFBDUJPOǰNJYUVSFǰÿĈĀøĆïǰ4JOHMFǰ

DPMPOZǰ1$3ǰ

$PNQPOFOUTǰ 2VBOUJUZǰJOǰw-ǰ

%JTUJMMFEǰXBUFS �� 

�9ǰ1$3ǰSFBDUJPOǰCVGGFS 5 

25 mM MgCl2 3 

��ǰN.ǰE/53 � 

Tag DNA Polymerase, 5 U/µL ��� 

'PSXBSEǰQSJNFS � 

Reverse primer � 

 

êćøćÜìĊęǰ���ǰĒÿéÜǰ5IFSNBMǰDZDMJOHǰDPOEJUJPOǰÿĈĀøĆïǰ4JOHMFǰDPMPOZǰ1$3ǰ

4UBHFǰ 5FNQFSBUVSFǰ 5JNFǰ /VNCFSǰPGǰ$ZDMFTǰ

Initial denaturation ��r$ ��ǰNJO � 

Denaturation ��r$ 30 sec 

�� Annealing 55°C 30 sec 

Elongation 72°C �ǰNJO 

Final Extension 72°C 2 min � 
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���ǰ*OPDVMBUJPOǰBOEǰ*15(ǰJOEVDUJPO 

üĆÿéčĂčðÖøèŤ 

�� ôúćÿÖŤøĎðßöóĎŠ×îćéǰ���ǰmL 

�� ĀúĂéđàîêĉôŗüÖŤǰ	$FOUSJGVHFǰUVCF
 

�� ĀúĂéĕöēÙøđàîêĉôŗüÖŤǰ	Micro-centrifuge tube
 

�� Autopipette Ēúąǰtip 

�� êĎšïŠöđßČĚĂĒïïđ×÷ŠćÙüïÙčöĂčèĀõĎöĉǰ(IncubatoSǰTIBLFS
 

�� đÙøČęĂÜðŦũîđĀüĊę÷Üǰ	$FOUSJGVHF
 

�� êĎšðúĂéđßČĚĂǰ	#JPTBGFUZǰ$BCJOFU
 

�� đÙøČęĂÜüĆéÙüćöìċïĒÿÜǰ	4QFDUSPQIPUPNFUFS
 

ÿćøđÙöĊ 

�� đßČĚĂǰE. coli ÿć÷óĆîíčŤǰ#-�� 

�� Luria-#FSUBOJǰCSPUIǰ	-#ǰCSPUI
 

�� Ampicillin 

�� IPTG (Isopropyl-ɴ-D-UIJPHBMBDUPQZSBOPTJEF
 

üĉíĊÖćøìéúĂÜ 

ìĈÖćøđóćąđúĊ Ě÷ÜđßČ ĚĂǰE. coli ÿć÷óĆîíč Ťǰ#-��ǰēé÷đ×Ċ ę÷ēÙēúîĊđéĊ ę÷üĕðÝč ŠöúÜĔîĀúĂéǰ

centrifuge ìĊęöĊĂćĀćøđĀúüǰLB broth ìĊęñŠćîÖćøđêĉö÷ćðäĉßĊüîąǰAmpicillin ĒúšüîĈĕðïŠöĔîêĎšïŠö

đßČ ĚĂĒïïđ×÷Šćǰ	incubator shaker
ǰìĊ ęĂčèĀõĎöĉǰ��°C đ×÷Šćéšü÷ÙüćöđøĘüøĂïǰ���ǰrpm ×šćöÙČîǰ

ÝćÖîĆĚîĒïŠÜđßČĚĂìĊęđóćąđúĊĚ÷Üĕüšðøĉöćêøǰ�ǰmL ĔÿŠúÜĔîôúćÿÖŤìĊęöĊĂćĀćøđĀúüǰLB broth ðøĉöćêøǰ

���ǰmL ìĊęöĊ÷ćðäĉßĊüîąǰAmpicillin îĈĕðïŠöĒïïđ×÷ŠćìĊęĂčèĀõĎöĉǰ��°C đ×÷Šćéšü÷ÙüćöđøĘüøĂïǰ���ǰ

rpm đðŨîđüúć 2 ßĆęüēöÜǰđöČęĂđĀĘîüŠć×čŠîĒúšüÝċÜîĈĕðüĆéÙŠćÙüćö×čŠîǰ	0%
ǰìĊęÙüćö ÷ćüÙúČęîǰ���ǰnm 

éšü÷đÙøČęĂÜǰSpectrophotometer ĔĀšĕéšÙŠćǰOD Ă÷ĎŠĔîßŠüÜǰ���-���ǰÝćÖîĆĚîéĎéđßČĚĂðøĉöćêøǰ����ǰµL 

ĒïŠÜĔÿŠĀúĂéĕöēÙøđàîêĉôŗüÖŤǰĒúšüîĈĕððŦũîđĀüĊę÷ÜđóČęĂđÖĘïǰpellet ìĊęĂčèĀõĎöĉǰ�°C ÙüćöđøĘüøĂïǰ

����ǰxg đðŨîđüúćǰ�ǰîćìĊǰÿŠüîìĊęđĀúČĂîĈĕðđêĉöǰ� mM IPTG ðøĉöćêøǰ��� µL ĒúšüïŠöĒïïđ×÷ŠćêŠĂ

ìĊęĂčèĀõĎöĉǰ��°C đ×÷Šćéšü÷ÙüćöđøĘüøĂïǰ���ǰrpm ĒúšüĒïŠÜđÖĘïêĆüĂ÷ŠćÜìĊęǰ�ǰßĆęüēöÜ, 6 ßĆęüēöÜ, Ēúąǰ

��ǰßĆęüēöÜǰđÿøĘÝĒúšüÝċÜîĈöćðŦũîđĀüĊę÷ÜđóČęĂđÖĘïǰpellet ìĊęĂčèĀõĎöĉǰ�°C ÙüćöđøĘüøĂïǰ����ǰxg đðŨî

đüúćǰ�ǰîćìĊ 
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���ǰ4%4-1"(&ǰBOEǰ8FTUFSOǰCMPUǰ

üĆÿéčĂčðÖøèŤ 

�� ĀúĂéđàîêĉôŗüÖŤǰ	$FOUSJGVHFǰUVCF
 

�� ĀúĂéĕöēÙøđàîêĉôŗüÖŤǰ	Micro-centrifuge tube
 

�� Autopipette Ēúąǰtip 

�� đÙøČęĂÜĂčŠîĀúĂéìéúĂÜǰ	Heating block
 

�� đÙøČęĂÜđ×÷Šćÿćøúąúć÷ǰ	7PSUFYǰNJYFS
 

�� đÙøČęĂÜðŦũîđĀüĊę÷Ü×îćéđúĘÖǰ(Spin-doXOǰDFOUSJGVHF
 

�� đÙøČęĂÜđ×÷Šćÿćøúąúć÷Ēïïē÷Öǰ	Rocking shaker
 

�� Microplate reader 

�� ÖøąÝÖǰ	Spacer plate ĒúąǰShort plate
 

��� Casting frames 

��� $BTUJOHǰTUBOEǰXJUIǰHSBZǰHBTLFUT 

��� Lid 

��� Mini tank 

��� Electrode assembly 

��� Clamping frame 

��� Combs 

��� 1PXFSǰTVQQMZ 

��� Gel releaser 

��� Gel holder cassette and foam pad 

��� Forceps 

��� Western blot blotting tank  

��� Sponge 

��� Filter paper stack 

��� Nitrocellulose membrane 

��� ��ǰXFMMǰQMBUF 

ÿćøđÙöĊ 

�� îĚĈÖúĆęî 

�� 30% Acrylamide solution 
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�� ���ǰ.ǰTris-)$M
ǰQ)ǰ��� 

�� ���ǰ.ǰ5SJT-)$M
ǰQ)ǰ��� 

�� ���ǰ4%4ǰ	4PEJVNǰ%PEFDZMǰ4VMGBUF
 

�� ���ǰ"14ǰ	"NNPOJVNǰ1FSTVMGBUF
 

�� 5&.&%ǰ	5FUSBNFUIZMFUIZMFOFEJBNJOF
 

�� �9ǰ-BFNNMJǰTBNQMFǰMPBEJOHǰCVGGFS 

�� �9ǰ3VOOJOHǰCVGGFS 

��� Coomassie brilliant blue 

��� High methanol 

��� -PXǰNFUIBOPM 

��� ��9ǰ5PXCJOǰCVGGer 

��� �9ǰ1IPTQIBUF-#VGGFSFEǰ4BMJOF
ǰ����ǰ5XFFOǰ��ǰ	1#45
 

��� Mouse Anti-His tag monoclonal antibody 

��� ALP conjugated rabbit anti-mouse Ig 

��� BCIP/NBT (5-bromo-�-chloro-3-JOEPMZMQIPTQIBUF�OJUSPCMVFǰUFUSB[PMJVN
 

��� #PWJOFǰTFSVNǰBMCVNJOǰ	#4"
 

��� Bradford dye reagent 

üĉíĊÖćøìéúĂÜ 

đøĉęöÝćÖÖćøìĈ×ĆĚîêĂîǰ SDS-PAGE đóČęĂéĎ×îćéĒúąÖćøĒÿéÜĂĂÖ×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîǰ

ĀúĆÜÝćÖìĈÙüćöÿąĂćéĒúąðøąÖĂïĂčðÖøèŤđøĊ÷ïøšĂ÷ĒúšüǰìĈÖćøđêøĊ÷öđÝúēé÷Ĕßšǰ��% Resolving 

gel Ēúąǰ�% Stacking gel àċęÜöĊÿŠüîñÿöêćöêćøćÜǰéĆÜîĊĚ 

 

êćøćÜìĊęǰ���ǰĒÿéÜÿŠüîñÿö×ĂÜǰ���ǰ3FTPMWJOHǰHFMǰĒúąǰ��ǰ4UBDLJOHǰHFMǰ

���ǰ3FTPMWJOHǰHFMǰ 'PSǰ�ǰHFMǰ ��ǰ4UBDLJOHǰHFMǰ 'PSǰ�ǰHFMǰ

%JTUJMMFEǰXBUFSǰ ����ǰw- %JTUJMMFEǰXBUFS 700 µL 

30% Acrylamide mixǰ 2500 µL 30% Acrylamide mix ���ǰw- 

���ǰ5SJT-)$-
ǰQ)ǰ���ǰ ����ǰw- ���ǰ5SJT-)$-
ǰQ)ǰ��� ���ǰw- 

���ǰ4%4ǰ 50 µL ���ǰ4%4 ��ǰw- 

���ǰ"14ǰ 50 µL ���ǰ"14 ��ǰw- 

TEMEDǰ 5 µL TEMED ���ǰw- 

ǰ
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ĀúĆÜÝćÖĔÿŠǰ�5% resolving gel úÜĔîßŠĂÜüŠćÜøąĀüŠćÜĒñŠîÖøąÝÖǰÙŠĂ÷ėđêĉöǰIsopropanol đóČęĂĕöŠĔĀš

đÖĉéôĂÜĒúšüðúŠĂ÷ĔĀšìĈðäĉÖĉøĉ÷ćǰpolymerize ÖĆïǰIsopropanol đðŨîđüúćðøąöćèǰ30 îćìĊ đöČęĂđÝ

úĒ×ĘÜĒúšüđì Isopropanol ĂĂÖǰĒúšüúšćÜéšü÷îĚĈÖúĆęîðøąöćèǰ�-�ǰÙøĆĚÜǰÝćÖîĆĚîÝċÜđêĉöǰ�% stacking 

gel úÜĕðĔîóČĚîìĊęìĊęđĀúČĂǰÿĂéĀüĊǰđöČęĂđÝúĒ×ĘÜĒúšüðøąÖĂïĂčðÖøèŤđ×šćéšü÷ÖĆîǰîĈĒñŠîÖøąÝÖóøšĂöìĊę

üćÜđÝúĔÿŠúÜĕðĔîǰ electrophoresis chamber đêĉöǰ �9ǰ SVOOJOHǰ CVGfer ĒúšüÙŠĂ÷ǰ ėǰ éċÜĀüĊĂĂÖǰ

ÝćÖîĆĚîđêøĊ÷öêĆüĂ÷ŠćÜøĊÙĂöïĉĒîîêŤēðøêĊî×ĂÜđøćǰ ĀúĆÜÝćÖĔÿŠǰ marker ĒúąêĆüĂ÷ŠćÜøĊÙĂöïĉĒîîêŤ

ēðøêĊîìĊęöĊÖćøñÿöǰ loading dye đøĊ÷ïøšĂ÷ĒúšüúÜĕðĔîĀúčöĒúšüǰ ðŗéòćÙøĂïǰ tank ĒúšüêŠĂđ×šćÖĆï

đÙøČęĂÜǰelectrophoresis ēé÷ĔßšĒøÜéĆîĕôôŜćìĊęǰ��� V ÙŠćÖøąĒÿĕôôŜćǰ���ǰmA øą÷ąđüúćǰ�ǰßĆęüēöÜ

ÙøċęÜǰ đöČęĂÙøïđüúćîĈđÝúöćêĆéǰstacking gel ĒúąïøĉđüèìĊęîĂÖđĀîČĂÝćÖêĆüĂ÷ŠćÜĒúąǰmarker ĂĂÖǰ

÷šĂöéšü÷ÿĊǰCoomassie Brilliant Blue đðŨîđüúćǰ�ǰßĆęüēöÜǰđöČęĂÙøïđüúćǰĒßŠǰhigh methanol đðŨî

đüúćǰ��ǰîćìĊǰÝîÖüŠćÝąĔÿǰÿčéìšć÷ĒßŠéšü÷ǰMPXǰNFthanol đðŨîđüúćǰ�ǰßĆęüēöÜǰđöČęĂÙøïđüúćÝċÜìĈ

ÖćøêøċÜđÝú 

 ìĈÖćøüĉđÙøćąĀŤĀćðøĉöćèÙüćöđ×šö×šîēðøêĊîéšü÷üĉíĊ Bradford’s method ēé÷Ĕßšǰ BSA 

đðŨîÿćøúąúć÷öćêøåćîǰ đÝČĂÝćÜìĊęǰ ���ǰ 
ǰ ���
ǰ ���
ǰ ����
ǰ Ēúąǰ �����ǰ wH�N-ǰ ĀúĆÜÝćÖēĀúé

ÿćøúąúć÷öćêøåćîìĊęÙüćöđÝČĂÜÝćÜéĆÜÖúŠćüǰêĆüĂ÷ŠćÜēðøêĊîǰĒúąǰblank úÜĔîǰ��ǰXFMMǰQMBUFǰĀúčö

úąǰ��ǰµL ĒúšüǰđêĉöÿĊǰBradford dye reagent ĔÿŠĀúčöìĊęìĈÖćøđêĉöÿćøúąúć÷úÜĕðĀúčöúąǰ���ǰµL 

îĈĕðē÷ÖïîđÙøČęĂÜǰ Rocking shaker đöČęĂÙøïđüúćîĈĕðüĆéÙŠćǰ OD ìĊęǰ ���ǰ îćēîđöêøǰ éšü÷đÙøČęĂÜǰ

microplate reader 

 êŠĂöćéĎÖćøĒÿéÜĂĂÖ×ĂÜēðøêĊîéšü÷üĉíĊǰWestern blot ĀúĆÜÝćÖøĆîđÝúéšü÷üĉíĊǰ SDS-PAGE 

ĒúšüǰêĆéđÝúìĊęøĆîĕüšÿĈĀøĆïìĈǰWestern blot öćðøąÖĂïÖĆïĂčðÖøèŤĂČęîǰėǰĔîúĆÖþèąÙúšć÷ĒàîéŤüĉßǰ

éĆÜøĎð 

 

 
øĎðìĊęǰ���ǰĒÿéÜúĆÖþèąÖćøÝĆéđøĊ÷ÜǰWestern blot 

ìĊęöć: IUUQT���XXX�DSFBUJWF-QSPUFPNJDT�DPN/CMPH�JOEFY�QIQ�UIF-principle-and-

procedure-of-XFTUFSO-blot/ 
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ÝćÖîĆĚîîĈĕðêĉéêĆĚÜđÙøČęĂÜđóČęĂ÷šć÷ēöđúÖčúēðøêĊîÝćÖđÝúĕðÿĎŠĒñŠîđööđïøîǰēé÷ĔßšÙŠćÖøąĒÿĕôôŜćìĊęǰ

200 mA đðŨîđüúćǰ�ǰßĆęüēöÜǰđöČęĂÙøïđüúćîĈĒñŠîđööđïøîìĊęöĊēðøêĊîĕðǰblock éšü÷ǰ�% BSA Ĕîǰ

PBST (blocking solution
ǰìĊ ęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆ ęüēöÜǰóøšĂöē÷Öéšü÷đÙøČ ęĂÜǰRocking 

shaker đöČęĂÙøïđüúćúšćÜéšü÷ǰPBST 3 ÙøĆĚÜǰÙøĆĚÜúąǰ�ǰîćìĊǰÝćÖîĆĚîîĈĒñŠîđööđïøîĕðïŠöÖĆïǰMouse 

Anti-)JTǰUBHǰNPOPDMPOBMǰBOUJCPEZǰ	QSJNBSZǰBOUJCPEZ
ǰìĊęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆęüēöÜǰđöČęĂ

ÙøïđüúćúšćÜéšü÷ǰPBST �ǰÙøĆĚÜǰÙøĆĚÜúąǰ�ǰîćìĊǰĒúšüÝċÜîĈĕðïŠöÖĆïǰALP conjugated rabbit anti-

NPVTFǰ*Hǰ	TFDPOEBSZǰBOUJCPEZ
ǰìĊęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆęüēöÜ đöČęĂÙøïđüúćúšćÜéšü÷ǰPBST 

�ǰÙøĆĚÜǰÙøĆĚÜúąǰ�ǰîćìĊ ÿčéìšć÷đêĉöǰBCIP/NBT substrate ìĈÖćøē÷Öéšü÷öČĂđðŨîđüúćĕöŠđÖĉî ��ǰîćìĊǰ

óøšĂöÖĆïÿĆÜđÖêÖćøđðúĊę÷îĒðúÜǰđöČęĂêĈĒĀîŠÜ×ĂÜēðøêĊîïîđööđïøîđðúĊę÷îđðŨîÿĊöŠüÜĒúšüǰĀ÷čé

ðäĉÖĉøĉ÷ćéšü÷ÖćøîĈĕðÖúĉĚÜéšü÷îĚĈđðúŠćÝîÖüŠćǰBCIP/NBT substrate ÝąĀöéĕðǰĒúšüîĈĕðêćÖÝî

ĒĀšÜ 

 

���ǰ4POJDBUJPOǰBOEǰQVSJGJDBUJPOǰ

üĆÿéčĂčðÖøèŤ 

�� ïĊÖđÖĂøŤ 

�� ĀúĂéđàîêĉôŗüÖŤǰ(CeOUSJGVHFǰUVCF
 

�� îĚĈĒ×ĘÜ 

�� 95% ĒĂúÖĂăĂúŤ 

�� ÖøąéćþìĉßßĎ 

�� ÙĂúĆöîŤ 

�� đÙøČęĂÜđ×÷Šćÿćøúąúć÷ǰ	7PSUFYǰNJYFS
 

�� đÙøČęĂÜđ×÷Šćÿćøúąúć÷Ēïïē÷Öǰ	Rocking shaker
 

�� đÙøČęĂÜǰUltrasonic Processor 

��� đÙøČęĂÜđ×÷ŠćĀúĂéìéúĂÜǰ	5VCFǰSPUBUPS
 

ÿćøđÙöĊ 

�� (VBOJEJVNǰMZTJTǰCVGGFS
ǰQ)ǰ��� 

�� Binding buffer  

�� 1SP#POEǰ3FTJOǰ	���ǰSFTJOǰJOǰ���ǰFUIBOPM
 

�� %FOBUVSJOHǰCJOEJOHǰCVGGFS
ǰQ)ǰ���ǰ 

�� %FOBUVSJOHǰXBTIǰCVGGFS
ǰQ)ǰ���ǰ 

�� %FOBUVSJOHǰXBTIǰCVGGFS
ǰQ)ǰ���ǰ 
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�� %FOBUVSJOHǰFMVUJPOǰCVGGFS
ǰQ)ǰ���ǰ 

×ĆĚîĒøÖđðŨîÖćøìĈĔĀšđàúúŤĒêÖđóČęĂĔĀšēðøêĊîìĊęđøćêšĂÜÖćøĀúčéĂĂÖöćēé÷đøĉęöÝćÖĔÿŠ guanidium 

lysis buffer úÜĕðĔîĀúĂéđàîêĉôŗüÖŤìĊęöĊǰcell pellet îĈĕðǰvortex ĒúšüîĈĕð rotate éšü÷đÙøČęĂÜ

đ×÷ŠćĀúĂéìéúĂÜǰ	tube rotator
ǰđðŨîđüúćǰ��ǰîćìĊǰÝćÖîĆĚîîĈĕðǰsonicate éšü÷đÙøČęĂÜǰUltrasonic 

Processor ìĊęǰ"NQMJUVEFǰ����
ǰQVMTFǰPOǰ��ǰüĉîćìĊ, pulse oGGǰ��ǰüĉîćìĊ, đðŨîđüúćǰ�ǰîćìĊǰ	ìĈ

ÝîÖüŠćÝąĔÿ
ǰÝćÖîĆĚîîĈĕððŦũîđĀüĊę÷ÜìĊęĂčèĀõĎöĉǰ�°C ÙüćöđøĘüøĂïǰ����ǰxg đðŨîđüúćǰ��ǰîćìĊǰ đöČęĂ

ÙøïđüúćđÖĘïǰpellet Ēúąǰsupernatant ĕüšìĊęĂčèĀõĎöĉǰ-20°C 

îĈǰ supernatant ìĊęĕéšÝćÖÖćøǰ sonicate öćìĈĔĀšïøĉÿčìíĉĝéšü÷üĉíĊǰAffinity Chromatography 

ēé÷đøĉęöÝćÖÖćøđêøĊ÷öÙĂúĆöîŤĒúąđøàĉęî ĔÿŠǰ1SP#POEǰ3FTJOǰ	���ǰSFTJOǰJOǰ���ǰFUIBOPM
ǰðøĉöćêøǰ

2 mL ĒúąîĚĈÖúĆęîðøĉöćêøǰ�ǰmL úÜĔîÙĂúĆöîŤǰđ×÷ŠćĔĀšđ×šćÖĆîǰÝćÖîĆĚîîĈĕððŦũîđĀüĊę÷ÜìĊęĂčèĀõĎöĉǰ�°C 

ÙüćöđøĘüøĂïǰ���ǰxg đðŨîđüúćǰ�ǰîćìĊǰêĆĚÜøĂÝîÖüŠćîĚĈÝąñŠćîÙĂúĆöîŤĂĂÖöćĀöéǰÝćÖîĆĚîĔÿŠǰbinding 

buffer ðøĉöćêø 6 mL đ×÷ŠćĔĀšđ×šćÖĆîǰÝćÖîĆĚîîĈĕððŦũîđĀüĊę÷ÜìĊęĂčèĀõĎöĉǰ�°C ÙüćöđøĘüøĂïǰ���ǰxg 

đðŨîđüúćǰ�ǰîćìĊǰêĆĚÜøĂÝîÖüŠćÿćøúąúć÷ÝąñŠćîÙĂúĆöîŤĂĂÖöćĀöéÝîđĀúČĂĒêŠđøàĉęîǰ	ìĈǰ�ǰÙøĆĚÜ
ǰĔÿŠǰ

supernatant úÜĔîÙĂúĆöîŤǰ đ×÷ŠćĔĀšđ×šćÖĆîĒúšüîĈĕðǰ rotate ìĊęÙüćöđøĘüøĂïǰ��ǰ rpm đðŨîđüúćǰ��ǰ

îćìĊǰđöČęĂÙøïđüúćîĈĕððŦũîđĀüĊę÷ÜìĊęĂčèĀõĎöĉǰ�°C ÙüćöđøĘüøĂïǰ���ǰxg đðŨîđüúćǰ�ǰîćìĊǰ	ìĈǰ�ǰÙøĆĚÜ
 

êĆĚÜøĂÝîÖüŠćÿćøúąúć÷ÝąñŠćîÙĂúĆöîŤĂĂÖöćĀöé ĔÿŠǰEFOBUVSFǰCJOEJOHǰCVGGFS
ǰQ)ǰ���ǰðøĉöćêø 

�ǰN-ǰúÜĔîÙĂúĆöîŤ đ×÷ŠćĔĀšđ×šćÖĆîĒúšüîĈĕðǰrotate ìĊęÙüćöđøĘüøĂïǰ��ǰrpm đðŨîđüúćǰ��ǰîćìĊǰđöČęĂ

ÙøïđüúćîĈĕððŦũîđĀüĊę÷ÜìĊęĂčèĀõĎöĉǰ �°C ÙüćöđøĘüøĂïǰ ���ǰ xg đðŨîđüúćǰ �ǰ îćìĊ êĆĚÜøĂÝîÖüŠć

ÿćøúąúć÷ÝąñŠćîÙĂúĆöîŤĂĂÖöćĀöé ĔÿŠǰEFOBUVSFǰXBTIǰCVGGFS
ǰQ)ǰ���ǰðøĉöćêø �ǰN-ǰúÜĔî

ÙĂúĆöîŤ đ×÷ŠćĔĀšđ×šćÖĆîĒúšüîĈĕðǰ rotate ìĊęÙüćöđøĘüøĂïǰ��ǰ rpm đðŨîđüúćǰ��ǰîćìĊǰ đöČęĂÙøïđüúć

îĈĕððŦũîđĀüĊę÷ÜìĊęĂčèĀõĎöĉǰ�°C ÙüćöđøĘüøĂïǰ���ǰxg đðŨîđüúćǰ�ǰîćìĊ êĆĚÜøĂÝîÖüŠćÿćøúąúć÷ÝąñŠćî

ÙĂúĆöîŤĂĂÖöćĀöé ĔÿŠǰEFOBUVSFǰXBTIǰCVGGFS
ǰQ)ǰ���ǰðøĉöćêø �ǰN-ǰúÜĔîÙĂúĆöîŤ đ×÷ŠćĔĀšđ×šć

ÖĆîĒúšüîĈĕðǰ rotate ìĊęÙüćöđøĘüøĂïǰ ��ǰ rpm đðŨîđüúćǰ ��ǰ îćìĊǰ đöČęĂÙøïđüúćîĈĕððŦũîđĀüĊę÷ÜìĊę

ĂčèĀõĎöĉǰ�°C ÙüćöđøĘüøĂïǰ���ǰxg đðŨîđüúćǰ�ǰîćìĊ êĆĚÜøĂÝîÖüŠćÿćøúąúć÷ÝąñŠćîÙĂúĆöîŤĂĂÖöć

Āöé (ìĈǰ�ǰÙøĆĚÜ
ǰÿčéìšć÷ĔÿŠ EFOBUVSFǰFMVUJPOǰCVGGFS
ǰQ)ǰ���ǰðøĉöćêø 5 mL úÜĔîÙĂúĆöîŤ êĆĚÜøĂ

ÝîÖüŠćÿćøúąúć÷ÝąñŠćîÙĂúĆöîŤĂĂÖöćĀöé  
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øĎðìĊęǰ���ǰĒÿéÜ×ĆĚîêĂîÖćøìĈĔĀšïøĉÿčìíĉĝéšü÷üĉíĊǰaffinity purification 

ìĊęöć: IUUQT���XXX�BBUCJP�DPN�DBUBMPH�BGGJOJUZ-purification 

 

���ǰ%PUǰCMPUǰ

üĆÿéčĂčðÖøèŤ 

�� ĀúĂéĕöēÙøđàîêĉôŗüÖŤǰ	Micro-centrifuge tube
 

�� Autopipette Ēúąǰtip 

�� đÙøČęĂÜÿĈĀøĆïǰDot blot 

�� đÙøČęĂÜðŦũîđĀüĊę÷Ü×îćéđúĘÖǰ(Spin-EPXOǰDFOUSJGVHF
 

�� đÙøČęĂÜđ×÷Šćÿćøúąúć÷ǰ	7PSUFYǰNJYFS
 

�� Nitrocellulose membrane 

ÿćøđÙöĊ 

�� �9ǰ1IPTQIBUF-#VGGFSFEǰ4BMJOF
ǰ����ǰ5XFFOǰ��ǰ	1#45
 

�� �"�"��ǰDVMUVSFǰTVQFSOBUBOU 

�� HRP anti-mouse 

�� Anti-human IgM-AP 

�� BCIP/NBT (5-bromo-�-chloro-3-JOEPMZMQIPTQIBUF�OJUSPCMVFǰUFUSB[PMJVN
 

�� #PWJOFǰTFSVNǰBMCVNJOǰ	#4"
 

�� àĊøĆęöÙîĕ×šēøÙÞĊęĀîĎ 

đêøĊ÷öĂčðÖøèŤÿĈĀøĆïǰdot blot ĒúšüđêøĊ÷öêĆüĂ÷ŠćÜēðøêĊîøĊÙĂöïĉĒîîêŤìĊęÙüćöđ×šö×šîǰ�
ǰ�
ǰ

���ǰĒúąǰ���� µg ÝćÖîĆĚîĀ÷éúÜĔîĀúčöǰĀúčöúąǰ��ǰµL øĂÝîÖüŠćĒñŠîđööđïøîÝąĒĀšÜǰîĈöćúšćÜ

éšü÷ǰPBST 3 ÙøĆĚÜǰÙøĆ ĚÜúąǰ5 îćìĊîĈĒñŠîđööđïøîĕðǰblock éšü÷ǰ�% BSA ĔîǰPBST (blocking 
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solution
ǰìĊęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆęüēöÜǰóøšĂöē÷Öéšü÷đÙøČęĂÜǰRocking shaker đöČęĂÙøïđüúć

úšćÜéšü÷ǰPBST 3 ÙøĆ ĚÜǰÙø Ć ĚÜúąǰ�ǰîćìĊǰÝćÖîĆ ĚîîĈĒñŠîđööđïøîĕðïŠöÖĆïǰ�"�"��ǰDVMUVSFǰ

TVQFSOBUBOUǰ	QSJNBSZǰBOUJCPEZ
ǰ×šćöÙČîǰđöČęĂÙøïđüúćúšćÜéšü÷ǰPBST �ǰÙøĆĚÜǰÙøĆĚÜúąǰ�ǰîćìĊǰĒúšü

ÝċÜîĈĕðïŠöÖĆïǰHRP anti-NPVTFǰ	TFDPOEBSZǰBOUJCPEZ
ǰìĊęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆęüēöÜ đöČęĂ

ÙøïđüúćúšćÜéšü÷ǰPBST �ǰÙøĆĚÜǰÙøĆĚÜúąǰ�ǰîćìĊ ÿčéìšć÷đêĉöǰBCIP/NBT substrate ìĈÖćøē÷Öéšü÷öČĂ

đðŨîđüúćĕöŠđÖĉîǰ��ǰîćìĊǰóøšĂöÖĆïÿĆÜđÖêÖćøđðúĊę÷îĒðúÜǰđöČęĂêĈĒĀîŠÜ×ĂÜēðøêĊîïîđööđïøî

đðúĊę÷îđðŨîÿĊöŠüÜĒúšüǰĀ÷čéðäĉÖĉøĉ÷ćéšü÷ÖćøîĈĕðúšćÜĔîîĚĈđðúŠćÝîÖüŠćǰBCIP/NBT substrate Ýą

ĀöéĕðǰĒúšüîĈĕðêćÖÝîĒĀšÜ 

ĀúĆÜÝćÖđêøĊ÷öĂčðÖøèŤÿĈĀøĆïǰdot blot đøĊ÷ïøšĂ÷ĒúšüǰđêøĊ÷öêĆüĂ÷ŠćÜēðøêĊîøĊÙĂöïĉĒîîêŤìĊę

Ùüćöđ×šö×šîǰ2 µg ÝćÖîĆĚîĀ÷éúÜĔîĀúčöǰĀúčöúąǰ��ǰµL øĂÝîÖüŠćĒñŠîđööđïøîÝąĒĀšÜǰÝćÖîĆĚî

îĈöćúšćÜéšü÷ǰPBST 3 ÙøĆ ĚÜǰÙøĆ ĚÜúąǰ5 îćìĊ đöČ ęĂÙøïđüúćîĈĕðǰblock éšü÷ǰ�% BSA ĔîǰPBST 

(blocking solution
ǰìĊęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆęüēöÜǰóøšĂöē÷Öéšü÷đÙøČęĂÜǰRocking shaker đöČęĂ

ÙøïđüúćúšćÜéšü÷ǰPBST �ǰÙøĆĚÜǰÙøĆĚÜúąǰ�ǰîćìĊǰÝćÖîĆĚîîĈĒñŠîđööđïøîĕðïŠöÖĆïàĊøĆęöÙîĕ×šēøÙÞĊęĀîĎìĊę

ÙüćöđÝČĂÝćÜǰ����� (primary antibody
ǰìĊęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆęüēöÜǰđöČęĂÙøïđüúćúšćÜéšü÷ǰ

PBST �ǰÙøĆĚÜǰÙøĆĚÜúąǰ�ǰîćìĊǰĒúšüÝċÜîĈĕðïŠöÖĆïǰanti-human IgM-"1ǰ	DPOKVHBUFEǰBOUJCPEZ
ǰìĊę

ĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ�ǰßĆ ęüēöÜ đöČ ęĂÙøïđüúćúšćÜéšü÷ǰPBST ÙøĆĚÜǰÙøĆ ĚÜúąǰ�ǰîćìĊ ÿčéìšć÷đêĉöǰ

BCIP/NBT substrate ìĈÖćøē÷Öéšü÷öČĂđðŨîđüúćĕöŠđÖĉîǰ��ǰîćìĊǰóøšĂöÖĆïÿĆÜđÖêÖćøđðúĊę÷îĒðúÜǰ

đöČęĂêĈĒĀîŠÜ×ĂÜēðøêĊîïîđööđïøîđðúĊę÷îđðŨîÿĊöŠüÜĒúšüǰĀ÷čéðäĉÖĉøĉ÷ćéšü÷ÖćøîĈĕðÖúĉĚÜéšü÷

îĚĈđðúŠćÝîÖüŠćǰBCIP/NBT substrate ÝąĀöéĕðǰĒúšüîĈĕðêćÖÝîĒĀšÜ 
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ïììĊęǰ4ǰ

ñúÖćøüĉÝĆ÷ĒúąÖćøĂõĉðøć÷ñúǰǰ
ǰ

ñúÖćøüĉÝĆ÷ÝćÖÖćøðäĉïĆêĉÿĀÖĉÝýċÖþćđóČęĂÿĆÜđÙøćąĀŤøĊÙĂöïĉĒîîêŤēðøêĊîĒôúÖđÝúúĉî×ċĚîöćǰ

ÝąđøĉęöÝćÖÖćøìĈÖćøēÙúîǰ	gene cloning
ǰđóČęĂÿøšćÜ÷ĊîìĊęêšĂÜÖćøēÙúî×ċĚîöćǰĒúąìĈÖćøÿÖĆé -

óúćÿöĉééĊđĂĘîđĂÝćÖĒïÙìĊđøĊ÷ĔÿŠđ×šćĕðĔîĒïÙìĊđøĊ÷ǰE. coli ÿć÷óĆîíčŤ #-��ǰÝćÖÖćøêøüÝÿĂï×îćé

×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîēé÷ÖćøìĈǰColony PCR ĒÿéÜñúñŠćîÖćøìĈǰgel electrophoresis Ēúą

üĉđÙøćąĀŤñúĂĂÖöćēé÷ĔßšđÙøČęĂÜǰgel imaging analysis óïüŠćøĊÙĂöïĉĒîîêŤēðøêĊîìĊęÿîĔÝöĊ×îćéǰ

���ǰCQǰêŠĂöćÝċÜìĈÖćøđóćąđúĊĚ÷ÜđßČ ĚĂĒïÙìĊđøĊ÷ǰE. coli ÿć÷óĆîíčŤ BL2� ĒúšüÖøąêčšîĔĀšđÖĉéÖćø

ĒÿéÜĂĂÖ×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊî 

 

  
    øĎðìĊęǰ���ǰĒÿéÜñúÖćøĒÿéÜĂĂÖ×ĂÜøĊÙĂöïĉĒîîìŤēðøêĊî×îćéǰ���ǰbp éšü÷üĉíĊǰColony PCR 

 

êŠĂöćÝċÜìĈÖćøđóćąđúĊĚ÷ÜđßČĚĂĒïÙìĊđøĊ÷ǰEscherichia coli ÿć÷óĆîíčŤ #-�� ĒúšüÖøąêčšîĔĀšđÖĉéÖćø

ĒÿéÜĂĂÖ×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîéšü÷ǰIPTG (Isopropyl-ɴ-D-UIJPHBMBDUPQZSBOPTJEF
ǰđöČęĂüĆéÙŠć

Ùüćö×čŠîÝćÖÖćøđóćąđúĊĚ÷ÜđßČĚĂĒïÙìĊđøĊ÷ǰìĊęÙüćö÷ćüÙúČęîǰ���ǰnm öĊÙŠćĂ÷ĎŠĔîßŠüÜøąĀüŠćÜǰ���-���ǰ

ÝċÜîĈêĆüĂ÷ŠćÜìĊęĒïŠÜđÖĘïĕüšìĊęǰ�ǰßĆęüēöÜ, 6 ßĆęüēöÜ, Ēúąǰ��ǰßĆęüēöÜǰöćêøüÝÿĂïÖćøĒÿéÜĂĂÖ×ĂÜøĊ

ÙĂöïĉĒîîêŤēðøêĊîēé÷ÖćøìĈǰSDS-PAGE đóČęĂđðøĊ÷ïđìĊ÷ïÖćøĒÿéÜĂĂÖøąĀüŠćÜøĊÙĂöïĉĒîîêŤ

ēðøêĊîìĊęĕéšøĆïÖćøÖøąêčšîéšü÷ǰIPTG ìĊęßĆęüēöÜêŠćÜǰė ĒúąÖćøĒÿéÜĂĂÖ×ĂÜēðøêĊîìĊęĕöŠñŠćîÖćøÖøąêčšî

éšü÷ǰIPTG óïüŠćøĊÙĂöïĉĒîîêŤēðøêĊîìĊęöĊ×îćéðøąöćèǰ��ǰkDa ĒúąöĊÖćøĒÿéÜĂĂÖ×ĂÜøĊÙĂö

ïĉĒîîêŤēðøêĊîßĆéđÝîìĊęÿčéìĊęðøąöćèǰ��ǰßĆęüēöÜǰÿŠüîēðøêĊîìĊęĕöŠëĎÖÖøąêčšîéšü÷ǰIPTG ĕöŠđÖĉéÖćø

ĒÿéÜĂĂÖ×ĂÜēðøêĊîǰ 
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øĎðìĊęǰ���ǰĒÿéÜñúÖćøĒÿéÜĂĂÖ×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîìĊęëĎÖÖøąêčšîĒúąĕöŠëĎÖÖøąêčšîéšü÷ǰIPTG 

éšü÷üĉíĊǰSDS-PAGE 

 

 đîČęĂÜöćÝćÖēðøêĊîÿîĔÝòŦÜĂ÷ĎŠéšćîĔîđàúúŤ ÝċÜÝĈđðŨîêšĂÜìĈüĉíĊÖćøǰsonication đóČęĂĔĀšđàúúŤ

ĒêÖĂĂÖÖŠĂîǰøĊÙĂöïĉĒîîêŤēðøêĊîÝċÜÝąĀúčéĂĂÖöćĕéšǰđöČęĂìĈÖćøǰsonicate ĔĀšđàúúŤĒêÖÝîÖøąìĆęÜ

êĆüĂ÷ŠćÜĔÿĒúšüĀøČĂđàúúŤĒêÖĒúšüǰÝċÜîĈĕðìĈĔĀšïøĉÿčìíĉĝéšü÷üĉíĊǰAffinity chromatography ĀúĆÜÝćÖ

ĕéšøĊÙĂöïĉĒîîêŤēðøêĊîìĊęïøĉÿčìíĉĝĀøČĂǰpurified protein ĒúšüÝċÜêøüÝÿĂïÙüćöïøĉÿčìíĉĝ×ĂÜøĊÙĂö

ïĉĒîîêŤēðøêĊîñŠćîÖćøìĈǰSDS-PAGE ĒúąêøüÝÿĂïÙüćöÝĈđóćą×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîêŠĂǰ

Mouse Anti-His tag monoclonal antibody ñŠćîÖćøìĈǰWestern Blot óïüŠćø ĊÙĂöïĉĒîîêŤ

ēðøêĊîìĊęÿîĔÝöĊÙüćöïøĉÿčìíĉĝǰöĊ×îćéðøąöćèǰ�� kDa ĒúąöĊÙüćöÝĈđóćąêŠĂǰMouse Anti-His tag 

monoclonal antibody ÝćÖćøìĊęöĊÖćøĒÿéÜĒëïÿĊöŠüÜ×ċĚîöćïîĒñŠîđööđïøî 

 

 
øĎðìĊęǰ���ǰĒÿéÜñúÖćøìĈĔĀšøĊÙĂöïĉĒîîêŤēðøêĊîĔĀšïøĉÿčìíĉĝéšü÷üĉíĊǰSDS-PAGE ĒúąÙüćöÝĈđóćą×ĂÜ

øĊÙĂöïĉĒîîìŤēðøêĊîêŠĂǰmouse Anti-His tag monoclonal antibody éšü÷üĉíĊǰWestern Blot 
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đóČęĂìéÿĂïÙüćöĕüǰ 	Sensitivity testing
ǰ ×ĂÜøĊÙĂöïĉĒîîìŤēðøêĊîǰ éšü÷üĉíĊǰ Dot blot ēé÷Ĕßš 

Leptospira monoclonal antibody 	N"C
ǰđóČęĂéĎÙüćöÖćøÝĆïÖĆîøąĀüŠćÜøĊÙĂöïĉĒîîêŤēðøêĊîÖĆï

ĒĂîêĉïĂéĊ×ĂÜđßČĚĂǰLeptospira ēé÷ĔßšÙüćöđ×šö×šî×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîìĊęǰ�
ǰ�
ǰ���ǰĒúąǰ���� 

µg ĒúšüîĈĕðìéÿĂïÖĆïǰLeptospira mAb óïüŠćðøĉöćèøĊÙĂöïĉĒîîêŤēðøêĊîìĊęîšĂ÷ìĊęÿčéìĊęÿćöćøë

ÝĆïÖĆïǰLeptospiral mAb ĕéš ÙČĂìĊęðøĉöćèǰ���ǰµg 

  

 
øĎðìĊęǰ��8 ĒÿéÜñúÖćøìéÿĂïÙüćöĕü×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîìĊęöĊêŠĂĒĂîêĉïĂéĊ×ĂÜđßČĚĂ 

Leptospira éšü÷ÖćøìĈǰDot blot 

 

ìĈÖćøìéÿĂïÙüćöÝĈđóćąǰ 	Specificity testing
ǰ ×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîǰ đóČęĂéĎÙüćöÿćöćøëĔî

ÖćøÝĆïÖĆïàĊøĆęö×ĂÜÙîĕ×šēøÙÞĊęĀîĎǰ ēé÷ĔßšÙüćöđ×šö×šî×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîìĊęǰ 2 µg ĒúšüîĈĕð

ìéÿĂïÖĆïàĊøĆęö×ĂÜÙîĕ×šēøÙÞĊęĀîĎǰđðøĊ÷ïđìĊ÷ïÖĆïàĊøĆęö×ĂÜÙîĕ×šìĊęðśü÷đðŨîēøÙĂČęîǰĔßšÙüćöđ×šö×šîàĊøĆęö

ìĊęǰ�:200 óïüŠćøĊÙĂöïĉĒîîêŤēðøêĊîÿćöćøëÝĆïÖĆïàĊøĆęö×ĂÜÙîĕ×šēøÙÞĊęĀîĎǰĒúąĕöŠÝĆïÖĆïàĊøĆęö×ĂÜÙîĕ×š

ìĊęðśü÷đðŨîēøÙĂČęî îĆęîĀöć÷ÙüćöüŠćøĊÙĂöïĉĒîîêŤēðøêĊî×ĂÜđøćöĊÙüćöÝĈđóćąêŠĂàĊøĆęöÙîĕ×šìĊęðśü÷

đðŨîēøÙÞĊęĀîĎ 

 

 
øĎðìĊęǰ��9 ĒÿéÜñúÖćøìéÿĂïÙüćöÝĈđóćą×ĂÜøĊÙĂöïĉĒîîêŤēðøêĊîìĊęöĊêŠĂàĊøĆęö×ĂÜÙîĕ×šēøÙÞĊęĀîĎ

đðøĊ÷ïđìĊ÷ïÖĆïàĊøĆęö×ĂÜÙîĕ×šìĊęðśü÷đðŨîēøÙĂČęîéšü÷ÖćøìĈǰDot blot 
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ïììĊęǰ�ǰǰ

ÿøčðñúÖćøüĉÝĆ÷Ēúą×šĂđÿîĂĒîąǰǰ
ǰ

ǰ øĊÙĂöïĉĒîîêŤēðøêĊîĒôúÖđÝúúĉîìĊ ęìĈÖćøÿĆÜđÙøćąĀŤ× ċ ĚîöćîĆ ĚîǰöĊÙüćöÝĈđóćąÖĆïǰ

Leptospira mAb ĒúąÿćöćøëìĈðäĉÖĉøĉ÷ćÖĆïàĊøĆęö×ĂÜÙîĕ×šēøÙÞĊęĀîĎĕéš ēé÷ĕöŠÝĆïÖĆïàĊøĆęöÙîĕ×šēøÙ

ĂČęîǰàċęÜÝćÖñúÖćøìéúĂÜđĀúŠćîĊĚÿćöćøëïŠÜßĊĚĕéšüŠćøĊÙĂöïĉĒîîêŤēðøêĊîĒôúÖđÝúúĉîîĊĚǰÿćöćøëîĈöć

ðøą÷čÖêŤĔßšĒúąêŠĂ÷ĂéĔîÖćøóĆçîćßčéêøüÝĒĂîêĉïĂéĊđóČęĂßŠü÷ĔîÖćøüĉîĉÝÞĆ÷ēøÙÞĊęĀîĎĔîĂîćÙêĕéš 
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ǰ

ǰ
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đĂÖÿćøĂšćÜĂĉÜǰ

ǰ

�� îć÷Ēóì÷ŤìýóúǰöĊîŠüö�ǰ�����ǰĒëïìéÿĂïǰ-BUFSBMǰGMPXǰBTTBZǰĀøČĂ

*NNVOPDISPNBUPHSBQIJDǰBTTBZ�ǰ<0OMJOF>�ǰ

IUUQ���XXX�NFE�OV�BD�UI�EQ.FE�GJMF,OPXMFEHF����@����-��-���QEG 

�� ēøÜó÷ćïćúđüßýćÿêøŤđ×êøšĂî�ǰ�����ǰēøÙÞĊęĀîĎǰ	-FQUPTQJSPTJT
�ǰ<0OMJOF>�ǰ

IUUQT���XXX�USPQNFEIPTQJUBM�DPN�VODBUFHPSJ[FE-th/leptospirosis-��IUNM 

�� ēøÜó÷ćïćúýĉøĉøćßðŗ÷öĀćÖćøčè÷Ť�ǰ�����ǰēøÙÞĊęĀîĎõĆ÷ìĊęöćÖĆïĀîšćòî�ǰ<0OMJOF>�ǰ

IUUQT���XXX�TJQIIPTQJUBM�DPN�UI�OFXT�BSUJDMF�TIBSF�MFQUPTQJSPTJT 

�� "OUPOZǰ7�ǰ4BNSPUǰFUǰBM�
ǰ�����ǰ-FQUPTQJSBMǰ*nfection, Pathogenesis and Its 

Diadgnosis-"ǰ3FWJFX�ǰ1BUIPHFOT�ǰ��
ǰ��� 

�� Kimberley H Gibson et BM�
ǰ�����ǰ"OǰBTZNNFUSJDǰTIFBUIǰDPOUSPMTǰGMBHFMMBSǰ

TVQFSDPJMJOHǰBOEǰNPUJMJUZǰJOǰUIFǰMFQUPTQJSBǰTQJSPDIFUF�ǰF-JGF�ǰ��F����� 

�� Min Lin, Narsreen Bughino, and OM SurujbBMMJ�ǰ�����ǰ&YQSFTTJPOǰJOǰEscherichia 

coli of flaB, the gene coding for a periplasmic flagellin of Leptospira 

interrogans TFSPWBSǰ1PNPOB�ǰ+�ǰ.FE�ǰ.JDSPCJPM�ǰ��
ǰ���-982  

�� .JOǰ-JOǰFUǰBM�
ǰ�����ǰIdentification of a 35-Kilodalton Serovar-Cross-Reactive 

Flagellar Protein, FlaB, from Leptospira interrogans by N-Terminal Sequencing, 

Gene Cloning, and SeqVFODFǰ"OBMZTJT�ǰ*OUFDUJPOǰBOEǰJNNVOJUZ�ǰ1�ǰ����-���� 

�� 3BNBǰDIBOOFM�ǰ�����ǰüĉíĊðŜĂÜÖĆîêĆüđĂÜÝćÖēøÙÞĊęĀîĎ�ǰ<0OMJOF>�ǰ"WBJMBCMF�ǰ

IUUQT���XXX�SBNB�NBIJEPM�BD�th/ramachannel/gallery/%E0%B8%A7%E0%B8%

#��&��#�����&��#��#��&��#���#�&��#�����&��#��"%�&��#�

����&��#�����&��#��#��&��#�����&��#�����&��#��#��&��#�

%A7%E0%B9%80%E0%B8%AD%E0%B8%87%E0%B8%88%E0%B8%B2%E0%B

�����&��#�����&��#��"�� 

�� 6SBJXBOǰ,PTJUBOPOUǰFUǰBM�
ǰ����� Application of immunoproteomics to 

MFQUPTQJSPTJT�ǰUPXBSETǰDMJOJDBMǰEJBHOPTUJDTǰBOEǰWBDDJOFǰEJTDPWFSZ�ǰ1SPUFPNJDTǰ

$MJO�ǰ"QQM�ǰ�
ǰ���-��� 
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üĉíĊđêøĊ÷öǰ3FBHFOUǰÿĈĀøĆï÷šĂöÿĊǰ4%4-1"(&ǰǰ

�� Coomassie Brillian Blue Solution  

• Coomassie Brillian Blue R250 ����ǰHǰ 

• Absolute methanol   ��ǰN- 

• Glacial acetic acid   ��ǰN- 

Ļǰ%JTTPMWFEǰXBUFS   ��ǰN- 

- ßĆęÜǰCoomassie Brillian Blue R250 ĔîôúćÿÖŤ  

- đêĉöǰAbsolutely methanol ÝćÖîĆĚîÙîÝîúąúć÷đ×šćÖĆî  

- đêĉöǰ%JTTPMWFEǰXBUFSǰĒúąǰGlacial acetic acid ÝćÖîĆĚîñÿöĔĀšđ×šćÖĆî  

- ÖøĂÜéšü÷ÖøąéćþÖøĂÜǰWhitman  

�� High Methanol Destaining Solution  

• Absolute methanol   ���ǰN- 

• Glacial acetic acid   75 mL 

• Glycerol    25 mL 

Ļǰ%JTTPMWFEǰXBUFS   ���ǰN-ǰ 

- ñÿöĔĀšđ×šćÖĆî ĔÿŠ×üéÿĊßćǰÿčéìšć÷đÖĘïĕüšìĊęĂčèĀõĎöĉĀšĂÜ  

�� -PXǰ.FUhanol Destaining Solution  

• Absolute methanol   50 mL 

• Glacial acetic acid   75 mL  

• Glycerol    25 mL 

Ļǰ%JTTPMWFEǰXBUFS   850 mL  

- ñÿöĔĀšđ×šćÖĆî ĔÿŠ×üéÿĊßćǰÿčéìšć÷đÖĘïĕüšìĊęĂčèĀõĎöĉĀšĂÜ 

üĉíĊđêøĊ÷öǰ3FBHFOUǰÿĈĀøĆïǰ4%4-1"(&ǰǰ

�� �9ǰ3VOOJOHǰCVGGFSǰ 

• Tris base    ����ǰHǰ 

• Glycine    72 g  

• Sodium dodecyl sulphate  5 g  

- đêĉöîĚĈÖúĆęîÝîÙøï  ����ǰN- 

�� �9ǰ3VOOJOHǰCVGGFSǰ 

Ļǰ�9ǰ3VOOJOHǰCVGGFS   200 mL  

- đêĉöîĚĈÖúĆęî   800 mL 

�� ���ǰ5SJT-)$-
ǰQ)ǰ���
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- úąúć÷ǰ5SJTǰCBTFǰ	.8ǰ������
ǰ����ǰHǰĔîǰ%JTTPMWFEǰXBUFS
ǰQ)ǰ���ǰ 

- đêĉöîĚĈÖúĆęîÝîÙøï 200 mL 

�� ���ǰ5SJT-HC-
ǰQ)ǰ���ǰ 

- úąúć÷ 5SJTǰCBTFǰ	.8ǰ������
ǰ��ǰHǰĔîǰ%JTTPMWFEǰXBUFS
ǰQ)ǰ���ǰ 

- đêĉöîĚĈÖúĆęîÝîÙøï 200 mL 

�� ���ǰ4%4ǰ	���ǰN-
ǰ 

• Sodium dodecyl sulphate  ��ǰHǰ 

- đêĉöîĚĈÖúĆęî   ���ǰN- 

�� ��9ǰ5PXCJOǰCVGGFSǰ 

Ļǰ5SJTǰCBTFǰ	��ǰN.
   30 g  

Ļǰ(MZDJOFǰ	���ǰN.
   ���ǰHǰ 

Ļǰ4%4ǰ	���ǰN.
    ��ǰHǰ 

- đêĉöîĚĈÖúĆęî   ����ǰN- 

�� �9ǰ5PXCJOǰCVGGFSǰ 

Ļǰ��9ǰ5PXCJOǰCVGGFS   ���ǰN- 

- đêĉöîĚĈÖúĆęî   900 mL 

- đêĉö methanol ĔĀšđðŨî ���ǰ 

�� ����ǰ1#45ǰ 

Ļǰ�9ǰ1#4    ���ǰNMǰ 

Ļǰ5XFFOǰ��    0��ǰNMǰ 

�� ����ǰ.ǰ1#4
ǰQ)ǰ���ǰ	��9
ǰ 

Ļǰ4PEJVNǰDIMPSJEFǰ	/B$M
  80 g  

Ļǰ1PUBTTJVNǰDIMPSJEFǰ	,$M
  2 g  

• Disodium hydrogen phosphate (Na2HPO�
ǰ����ǰHǰ 

• Potassium dihydrogen phosphate (KH2PO�
ǰ���ǰHǰ 

- ðøĆïǰpH ĔĀšđðŨîǰ���ǰéšü÷ǰHCl 

- đêĉöîĚĈÖúĆęî ����ǰNMǰ 

üĉíĊđêøĊ÷öǰ(VBOJEJVNǰMZTJTǰCVGGFSǰǰ

Ļǰ%JTTPMWFEǰXBUFS   60 mL 

Ļǰ4UPDLǰ4PMVUJPOǰ"ǰ	��9
  ����ǰN- 

• Stock SolutJPOǰ#ǰ	��9
  ����ǰN- 

• Guanidine Hydrochloride  ����ǰN-
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- ðøĆïǰpH ĔĀšđðŨîǰ���ǰ 

- đêĉöîĚĈÖúĆęîÝîÙøïǰ���ǰN- 

üĉíĊđêøĊ÷öǰ3FBHFOUǰÿĈĀøĆïǰ1VSJGJDBUJPOǰǰ

�� %FOBUVSJOHǰ#JOEJOHǰ#VGGFS
ǰQ)ǰ���ǰ 

- ðøĆïǰpH ĔĀšđðŨîǰ���ǰ 

�� %FOBUVSJOHǰ8BTIǰ#VGGFS
ǰQ)ǰ���ǰ 

- ðøĆïǰpH ĔĀšđðŨîǰ���ǰ 

�� %FOBUVSJOHǰ&MVUJPOǰ#VGGFS
ǰQ)ǰ���ǰ 

- ðøĆïǰpH ĔĀšđðŨîǰ��� 
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ÜćîìąđïĊ÷îÙèąüĉì÷ćýćÿêøŤ 
ÿëćïĆîđìÙēîēú÷ĊóøąÝĂöđÖúšćđÝšćÙčèìĀćøúćéÖøąïĆÜ 

ÙĈøĆïøĂÜđúŠöÿĀÖĉÝýċÖþć 
 

üĆîìĊę 28 đéČĂî đöþć÷î ó�ý�ǰ2567 
 

          ×šćóđÝšćǰîćÜÿćüđÖýøĉîìøŤǰđúĉýüĆçîüćîĉß øĀĆÿðøąÝĈêĆü 63050375 îĆÖýċÖþćĀúĆÖÿĎêø

üĉì÷ćýćÿêøïĆèæĉêǰÿć×ćüĉßćđìÙēîēú÷ĊßĊüõćóǰõćÙüĉßćßĊüüĉì÷ć ×ĂøĆïøĂÜüŠć ÿĀÖĉÝýċÖþćǰđøČęĂÜÖćø

ÿø šćÜø ĊÙĂöïĉĒîîêŤēðøê ĊîĒôúÖđÝúú ĉî×ĂÜđß Č ĚĂǰLeptospira interrogans (Production of 
recombinant flagellin protein of Leptospira interrogans
 ðŘÖćøýċÖþć 2566 đðŨîñúÜćîüĉÝĆ÷

ìĊęöĉĕéšÙĆéúĂÖĀøČĂúąđöĉéúĉ×ÿĉìíĉĝ×ĂÜñĎšĂČęîĒúąĕéšñŠćîÖćøêøüÝÿĂïÙüćöàĚĈàšĂîđøĊ÷ïøšĂ÷ĒúšüǰĒúąĕéš

ĒîïđĂÖÿćøÖćøêøüÝÿĂïÖćøúĂÖđúĊ÷îÜćîüøøèÖøøöìĊęêøüÝÿĂïÝćÖđúŠö ÿĀÖĉÝýċÖþćÞïĆï

ÿöïĎøèŤĒúšü 
 
ēðøĒÖøöĂĆÖ×øćüĉÿčìíĉĝ ���3% 
 
úÜßČęĂ�������������������������������������������� 
      	ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ
ǰǰ 

     îĆÖýċÖþć  
 
×šćóđÝšćǰøý�éø�ÿøĆââćǰóĆîíčŤóùÖþŤ ĂćÝćø÷ŤìĊęðøċÖþć Ēúąǰñý�éø�ðäĉöćóøǰüÜþŤóøĀöóĉìĆÖþŤǰ

ĂćÝćø÷ŤìĊęðøċÖþćøŠüöÿĀÖĉÝýċÖþćĕéšêøüÝÿĂïÿĀÖĉÝýċÖþć×ĂÜîĆÖýċÖþć×šćÜêšîĒúšü ×ĂøĆïøĂÜüŠćđðŨî

ñúÜćîüĉÝĆ÷×ĂÜîĆÖýċÖþćÝøĉÜĒúąöĊđîČĚĂĀćÿöïĎøèŤǰǰÝċÜúÜßČęĂĕüšđðŨîĀúĆÖåćî 
 
úÜßČęĂ��������������������������������������       úÜßČęĂ���������������������������������������     
        ĂćÝćø÷ŤìĊęðøċÖþć                     ĂćÝćø÷ŤìĊęðøċÖþćøŠüöǰǰǰǰǰǰǰǰǰǰ 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 




