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∫∑§—¥¬àÕ
ªí®®ÿ∫—π°“√µ√«®«‘π‘®©—¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘ ∑“ßÀâÕßªØ‘∫—µ‘°“√Õ“»—¬°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ ́ ÷Ëß‡ªìπ«‘∏’¡“µ√∞“π ·µàµâÕß

„™â‡«≈“π“πÕ¬à“ßπâÕ¬ 2-3 «—π  ”À√—∫°“√µ√«®∑“ßπÈ”‡À≈◊Õß«‘∑¬“¬—ß‰¡à¡’«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ‡æ’¬ßæÕ‡π◊ËÕß®“°¢“¥
·Õπµ‘‡®π∑’Ë¥’ ®÷ß¡’§«“¡µâÕß°“√·Õπµ‘‡®π∑’Ë¡’§«“¡®”‡æ“– ”À√—∫°“√«‘π‘®©—¬‚√§ °“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ
À“ “√‚ª√µ’π∑’Ë¡’§«“¡‡ªìπ·Õπµ‘‡®π∑’Ë¥’®“°‡™◊ÈÕ Burkholderia pseudomallei ·≈–π”¡“ª√–¬ÿ°µå„™â„π°“√µ√«®
«‘π‘®©—¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘ ∑“ßÀâÕßªØ‘∫—µ‘°“√ ‚¥¬‡√‘Ë¡®“°°“√∑” partial Sau3A library ‚¥¬„™â pUC18 ‡ªìπ
‡«§‡µÕ√å·≈–„™â‡™◊ÈÕ E. coli DH5α ‡ªìπ‚Œ ∑å ®“°π—Èπ§—¥‡≈◊Õ°‚§≈π∑’Ëº≈‘µ‚ª√µ’π∑’Ë¡’§«“¡‡ªìπ·Õπµ‘‡®π∑’Ë®”‡æ“–
¢Õß‡™◊ÈÕ ‚¥¬„™â´’√—¡¢ÕßºŸâªÉ«¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘ ∑’Ëºà“π°“√¥Ÿ¥´—∫‡Õ“·Õπµ‘∫Õ¥’∑’Ë®”‡æ“–µàÕ‡™◊ÈÕ E. coli ÕÕ°‰ª·≈â«
®“°°“√»÷°…“æ∫«à“‚§≈π PHE191  √â“ß‚ª√µ’π¢π“¥ª√–¡“≥ 40 kDa ¡’§«“¡§≈â“¬§≈÷ß°—∫‚ª√µ’π∑’ËÕ¬Ÿà„π
zinc-binding dehydrogenase family º≈°“√ª√–‡¡‘π‚¥¬«‘∏’ Western blot ‡æ◊ËÕ¥Ÿ§«“¡ “¡“√∂¢Õß‚ª√µ’π∑’Ë
‡µ√’¬¡„Àâ∫√‘ ÿ∑∏‘Ï·≈â«„π°“√„™â«‘π‘®©—¬‚√§ ‚¥¬„™â´’√—¡ºŸâªÉ«¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘  ´’√—¡ºŸâªÉ«¬‚√§Õ◊ËπÊ ·≈–´’√—¡§πª°µ‘
∑—Èß„π·≈–πÕ°æ◊Èπ∑’Ë√–∫“¥ √«¡ 107 √“¬  æ∫«à“‚ª√µ’π™π‘¥π’È¡’§«“¡‰«√âÕ¬≈– 78.9  ·≈–§«“¡®”‡æ“–√âÕ¬≈– 72.5
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’ IHA ÷́Ëß¡’§«“¡‰«·≈–§«“¡®”‡æ“–√âÕ¬≈– 86.8 ·≈– 66.7 µ“¡≈”¥—∫ ∂◊Õ«à“‚ª√µ’π™π‘¥π’È¡’
§«“¡®”‡æ“–„π¥â“π°“√«‘π‘®©—¬‚√§‚¥¬«‘∏’ Western blot ¥’°«à“«‘∏’ IHA ·¡â«à“§«“¡‰«®–µË”°«à“ ¥—ßπ—Èπ§«√»÷°…“µàÕ
‰ª‡æ◊ËÕ¥Ÿ«à“À“°„™â‚ª√µ’π™π‘¥π’È„π√Ÿª‚§√ß √â“ß∏√√¡™“µ‘ ®–¡’»—°¬¿“æ„π¥â“π«‘π‘®©—¬‚√§∑’Ë¥’°«à“π’ÈÀ√◊Õ‰¡à
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®“° Burkholderia pseudomallei ´÷Ëß‡ªìπ·∫§∑’‡√’¬
·°√¡≈∫√Ÿª·∑àß ‡ªìπ‚√§‡©æ“–∂‘Ëπ„π¿Ÿ¡‘¿“§‡Õ‡™’¬
µ–«— πÕÕ° ‡©’ ¬ ß „µâ ·≈–µÕπ ‡Àπ◊ Õ¢Õßª√– ‡∑»

ÕÕ ‡µ√‡≈’¬(1) ‡ªìπªí≠À“∑“ß “∏“√≥ ÿ¢∑’Ë¡’§«“¡
 ”§—≠‡π◊ËÕß®“°¡’Õ—µ√“°“√ªÉ«¬·≈–Õ—µ√“°“√µ“¬ Ÿß(2) °“√
µ‘¥‡™◊ÈÕæ∫„π°≈ÿà¡ª√–™“°√∑’Ë¡’Õ“™’æ‡°…µ√°√√¡·≈–
Õ“™’æ∑’ËµâÕß —¡º— ¥‘π·≈–πÈ”‡ªìπª√–®” °“√µ‘¥µàÕ¢Õß
‡™◊ÈÕ§◊Õ∑“ßº‘«Àπ—ß∑’Ë¡’∫“¥·º≈ ·≈–°“√À“¬„® ≈—°…≥–
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Identification of Burkholderia pseudomallei protein as antigen for diagnosis

of melioidosis
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ABSTRACT
The gold standard method for laboratory diagnosis of melioidosis is bacteriological culture. However,

this method is time-consuming. Currently, a serological method with high sensitivity and specificity for
diagnosis of melioidosis has not been available. Specific antigens for serological diagnosis are highly
needed. The aim of this study was to identify immunodominant proteins from B. pseudomallei as
antigen for laboratory diagnosis of melioidosis. In this study, a partial Sau3A library of B. pseudomallei
genomic DNA was constructed in pUC18 vector. The E. coli clones expressing immunogenic protein of
B. pseudomallei were selected by a colony blot assay using pre-absorbed pooled melioidosis sera as the
probe. One clone, PHE191, expressing a 40 kDa recombinant protein with high homology to
zinc-binding dehydrogenase family protein was chosen for further study. The recombinant protein was
purified and evaluated by Western blot analysis for its diagnostic utility using a total of 107 serum
samples from culture-proven melioidosis patients, patients with other related diseases and healthy individuals
from endemic and non-endemic areas. The results showed that this protein had sensitivity and specificity
of 78.9 % and 72.5 %, respectively, whereas indirect hemagglutination assay (IHA) gave sensitivity and
specificity of 86.8 % and 66.7 %, respectively. This protein had higher specificity but low sensitivity
than IHA. With a higher specificity, this protein is warranted for further study to determine whether its
native conformation would provide better diagnostic potential for laboratory diagnosis of melioidosis.

Key words:   Melioidosis,  Burkholderia pseudomallei,  diagnosis,  immunodominant proteins

Õ“°“√∑“ß§≈‘π‘°¢Õß‚√§¡’À≈“¬·∫∫§◊Õ ·∫∫‡©’¬∫æ≈—π
°÷Ëß‡©’¬∫æ≈—π ‡√◊ÈÕ√—ß ·≈–‰¡à¡’Õ“°“√ πÕ°®“°π’È‡™◊ÈÕ¬—ß
 “¡“√∂Õ“»—¬Õ¬Ÿà¿“¬„π phagocytic cell ·≈– √â“ß

glycocalyx ¡“ÀàÕÀÿâ¡µ—« ´÷Ëß “¡“√∂ªÑÕß°—π‰¡à„Àâ¬“
µâ“π®ÿ≈™’æ‡¢â“∂÷ßµ—«‰¥â ∑”„Àâ‡™◊ÈÕ¥◊ÈÕµàÕ¬“µâ“π®ÿ≈™’æ
À≈“¬™π‘¥ ·≈–¡’‚Õ°“ °≈—∫¡“‡ªìπ´È”‰¥âÕ’°(3)
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°“√«‘π‘®©—¬‚¥¬Õ“»—¬Õ“°“√∑“ß§≈‘π‘°¢ÕßºŸâªÉ«¬
∑”‰¥â¬“° ‡π◊ËÕß®“°¡’Õ“°“√§≈â“¬§≈÷ß°—∫‚√§µ‘¥‡™◊ÈÕ
Õ◊ËπÊ(4) ®÷ßµâÕßÕ“»—¬º≈°“√µ√«®∑“ßÀâÕßªØ‘∫—µ‘°“√ ÷́Ëß
∑”‰¥â‚¥¬°“√‡æ“–‡™◊ÈÕ ́ ÷Ëß∂◊Õ‡ªìπ«‘∏’¡“µ√∞“π ·µàµâÕß√Õ
Õ¬à“ßπâÕ¬ 2-3 «—π®÷ß®–∑√“∫º≈ Õ“®∑”„ÀâºŸâªÉ«¬‰¡à‰¥â
√—∫°“√√—°…“Õ¬à“ß∑—π∑à«ß∑’ °“√µ√«®∑“ßÕ≥Ÿ™’««‘∑¬“ ‡™àπ
polymerase chain reaction (PCR) ‰¥â∂Ÿ°π”¡“»÷°…“
æ∫«à“¡’§«“¡‰« Ÿß ·µà¡’§«“¡®”‡æ“–µË” ·≈–¬—ß‰¡à‰¥â¡’
°“√»÷°…“„πµ—«Õ¬à“ß®√‘ß(5) πÕ°®“°π’È¬—ß‡ªìπ«‘∏’¡’§«“¡
¬ÿàß¬“°·≈–„™âß∫ª√–¡“≥¡“° ‰¡à‡À¡“–°—∫ÀâÕßªØ‘∫—µ‘
°“√„π‚√ßæ¬“∫“≈¢π“¥‡≈Á° ¥—ßπ—Èπ°“√µ√«®∑“ßπÈ”‡À≈◊Õß
´÷Ëß “¡“√∂„Àâº≈°“√µ√«®‰¥â√«¥‡√Á«®÷ß¡’ª√–‚¬™πå„π
¥â“π°“√«‘π‘®©—¬‚√§ ·µàªí®®ÿ∫—π¬—ß‰¡à¡’«‘∏’∑’Ë¡’∑—Èß§«“¡‰«
·≈–§«“¡®”‡æ“–∑’Ë¥’æÕ «‘∏’∑’Ëπ‘¬¡„™â°—π‚¥¬∑—Ë«‰ª§◊Õ
indirect hemagglutination assay (IHA)(5) ·µàº≈
°“√µ√«®¬—ß‰¡à¡’§«“¡®”‡æ“–‡æ’¬ßæÕ ́ ÷Ëßªí≠À“À≈—°¢Õß
°“√µ√«®À“·Õπµ‘∫Õ¥’ §◊Õ ¬—ß‰¡à¡’·Õπµ‘‡®π∑’Ë®”‡æ“–
 ”À√—∫°“√µ√«®À“·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ Õ’°∑—Èß§π∑’ËÕ¬Ÿà„π
æ◊Èπ∑’Ë√–∫“¥  à«π„À≠à®–¡’·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ ∑”„Àâ‡ªìπ
ªí≠À“„π°“√·¬°√–À«à“ßºŸâ∑’Ë¡’¿Ÿ¡‘§ÿâ¡°—π‚¥¬∏√√¡™“µ‘
°—∫ºŸâªÉ«¬ ¥—ßπ—ÈπÀ“°¡’·Õπµ‘‡®π∑’Ë®”‡æ“–·≈–¡’
ª√– ‘∑∏‘¿“æ®– “¡“√∂°”®—¥ªí≠À“‰¥â

ªí®®ÿ∫—π‰¥â¡’√“¬ß“π«‘®—¬À≈“¬©∫—∫∑’Ë‰¥âæ¬“¬“¡À“
·Õπµ‘‡®π√Ÿª·∫∫µà“ßÊ ‡æ◊ËÕπ”¡“„™â„π°“√«‘π‘®©—¬
µ—«Õ¬à“ß‡™àπ affinity purified lipopolysacharide(6), 36
kDa exotoxin(7), 19.5 kDa protein(8), 40 kDa purified
protein, 200 kDa surface antigen, 30 kDa crude
culture filtrate(5) ·≈– Bps-1 recombinant protein(4)

®“°°“√»÷°…“æ∫«à“ recombinant protein ‡ªìπ
·Õπµ‘‡®π∑’Ë¡’§«“¡‰«·≈–§«“¡®”‡æ“– Ÿß ¡’§«“¡
ª≈Õ¥¿—¬„π°“√‡µ√’¬¡ ·≈– “¡“√∂º≈‘µ‰¥âµ“¡ª√‘¡“≥
∑’ËµâÕß°“√ ·µàÕ¬à“ß‰√°Áµ“¡ ¬—ß‰¡à¡’√“¬ß“π«‘®—¬µàÕ‡π◊ËÕß
∑’Ë· ¥ß„Àâ‡ÀÁπ∂÷ß°“√π”·Õπµ‘‡®π¥—ß°≈à“«¡“ª√–¬ÿ°µå
„™â„π°“√µ√«®«‘π‘®©—¬‚√§ ÷́Ëß™’È „Àâ‡ÀÁπ«à“Õ“®®–¬—ß¡’
ªí≠À“„π∑“ßªØ‘∫—µ‘Õ¬à“ßÀπ÷ËßÕ¬à“ß„¥‡°’Ë¬«°—∫·Õπµ‘‡®π
¥—ß°≈à“« °“√»÷°…“π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕµ√«®À“ “√

‚ª√µ’π∑’Ë ¡’ §« “¡ ‡ªìπ·Õπµ‘ ‡ ®π∑’Ë ¥’ ® “° ‡™◊È Õ β.
pseudomallei „π√Ÿª·∫∫ recombinant protein ‡æ◊ËÕ
®–π”¡“ª√–¬ÿ°µå„™â„π°“√µ√«®‡æ◊ËÕ™à«¬«‘π‘®©—¬‚√§
‡¡≈‘ÕÕ¬‚¥ ‘ ∑“ßÀâÕßªØ‘∫—µ‘°“√ °“√µ√«®À“ “√‚ª√µ’π
¥—ß°≈à“«®–∑”‚¥¬°“√ √â“ßÀâÕß ¡ÿ¥®’‚π¡ (genomic
library) ¢Õß‡™◊ÈÕ ·≈â«µ√«®À“‚§≈π∑’Ë √â“ß‚ª√µ’π∑’Ë¡’
§«“¡‡ªìπ·Õπµ‘‡®π∑’Ë¥’¥â«¬´’√—¡¢ÕßºŸâªÉ«¬‡¡≈‘ÕÕ¬‚¥ ‘ 

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
·∫§∑’‡√’¬·≈–´’√—¡ºŸâªÉ«¬
„™â‡™◊ÈÕ B. pseudomallei  “¬æ—π∏ÿå K96243

‡π◊ËÕß®“°‡ªìπ “¬æ—π∏ÿå∑’Ë¡’¢âÕ¡Ÿ≈¢Õß≈”¥—∫π‘«§≈’‚Õ‰∑¥å
‚¥¬ ¡∫Ÿ√≥å·≈–‡ªìπ “¬æ—π∏ÿå∑’Ë·¬°‰¥â®“°‡≈◊Õ¥¢ÕßºŸâ
ªÉ«¬„π®—ßÀ«—¥¢Õπ·°àπ  ”À√—∫´’√—¡∑’Ë„™â„π°“√»÷°…“‰¥â·°à
´’√—¡ºŸâªÉ«¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘  ∑’Ë “¡“√∂·¬°‡™◊ÈÕ‰¥â ®”π«π
38 √“¬ ‚¥¬‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°»Ÿπ¬å«‘®—¬‚√§
‡¡≈‘ÕÕ¬‚¥ ‘ ·≈–Àπà«¬®ÿ≈™’««‘∑¬“§≈‘π‘° ‚√ßæ¬“∫“≈
»√’π§√‘π∑√å §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
´’√—¡ºŸâ∑’Ë ß —¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘ ·µàº≈‡æ“–‡™◊ÈÕæ∫
·∫§∑’‡√’¬Õ◊ËπÊ ®”π«π 23 √“¬ ‰¥â·°à Acinetobacter
baumannii 5 √“¬, Acinetobacter lwoffii 1 √“¬,
Burkholderia cepacia 1 √“¬, Coagglulase positive
Staphylococcus 2 √“¬, Escherichia coli 2 √“¬,
Enterobacter spp. 2 √“¬, Flavobacterium spp. 1
√“¬, Klebsiella pneumoniae 2 √“¬, Mycobacterium
tuberculosis 2 √“¬, Mycobacterium spp. 1 √“¬,
Pseudomonas aeruginosa 1 √“¬, Pseudomonas
shigelloides 1 √“¬, Pseudomonas spp. 1 √“¬ ·≈–
Salmonella group D 1 √“¬ ‰¥â√—∫®“°Àπà«¬
®ÿ≈™’««‘∑¬“§≈‘π‘° ‚√ßæ¬“∫“≈»√’π§√‘π∑√å ´’√—¡§πª°µ‘
„πæ◊Èπ∑’Ë√–∫“¥®”π«π 34 √“¬ ‰¥â√—∫®“°ºŸâ¡’ ÿ¢¿“æ¥’„π
®—ßÀ«—¥¢Õπ·°àπ π§√√“™ ’¡“·≈–™—¬¿Ÿ¡‘ ´’√—¡§πª°µ‘
πÕ°æ◊Èπ∑’Ë√–∫“¥®”π«π 12 √“¬‰¥â√—∫®“°ºŸâ∫√‘®“§
‚≈À‘µ„π°√ÿß‡∑æ¡À“π§√ ́ ’√—¡∑—ÈßÀ¡¥®—¥‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘
-70 ÌC ®π°«à“®–∑”°“√∑¥ Õ∫
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°“√ √â“ßÀâÕß ¡ÿ¥®’‚π¡¢Õß‡™◊ÈÕ B. pseudomallei
°“√ √â“ßÀâÕß ¡ÿ¥®’‚π¡¢Õß‡™◊ÈÕ B. pseudomallei

 “¬æ—π∏ÿå K96243 ∑”‰¥â‚¥¬„™â™‘Èπ à«π¥’‡ÕÁπ‡Õ∑’Ë∂Ÿ°
µ—¥·∫∫‰¡à ¡∫Ÿ√≥å¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– Sau3AI
(Promega, USA) ·≈– ‡™◊ËÕ¡µàÕ¥’‡ÕÁπ‡Õ¢π“¥ 3-5 kb
‡¢â“°—∫æ≈“ ¡‘¥ pUC18 ∑’Ëµ—¥¥â«¬‡Õπ‰´¡å BamHI
(Promega, USA) ‚¥¬„™â‡Õπ‰´¡å T4 DNA ligase
(Promega, USA)®“°π—Èππ”¥’‡ÕÁπ‡Õ≈Ÿ°º ¡‡¢â“ Ÿà‡´≈≈å
‡®â“∫â“π Escherichia coli  “¬æ—π∏ÿå DH5α ¥â«¬«‘∏’
electroporation ·≈–·¬°‚§≈π∑’Ë¡’æ≈“ ¡‘¥≈Ÿ°º ¡
‚¥¬°“√‡æ“–‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ LB agar (Criterion,
USA) ∑’Ë‡µ‘¡ “√ X-gal (50 µg/µl) ·≈–¬“µâ“π®ÿ≈™’æ
·Õ¡æ‘´‘≈≈‘π (200 µg/µl) ‡™◊ÈÕ∑’Ë “¡“√∂‡®√‘≠‡µ‘∫‚µ
‰¥â·≈–¡’≈—°…≥–‚§‚≈π’ ’¢“«®–∂Ÿ°§—¥·¬°‡æ◊ËÕπ”‰ª
»÷°…“µàÕ‰ª

°“√µ√«®°√ÕßÀ“·∫§∑’‡√’¬‚§≈π∑’Ë √â“ß immuno-
genic protein

°“√µ√«®°√ÕßÀ“‡™◊ÈÕ E. coli ‚§≈π∑’Ë √â“ß immu-
nogenic protein ∑¥ Õ∫‚¥¬‡∑§π‘§ colony blot(9)  ‚¥¬
„™â´’√—¡ºŸâªÉ«¬®”π«π 5 √“¬∑’Ë¡’ IHA titer ≥ 5120 ÷́Ëß
π”¡“º ¡√«¡°—π (pooled sera) ·≈–ºà“π°“√¥Ÿ¥´—∫
‡Õ“·Õπµ‘∫Õ¥’µàÕ E. coli DH5α ∑’Ë¡’æ≈“ ¡‘¥ pUC18
ÕÕ°°àÕπ·≈â« ‚§≈π∑’Ë„Àâº≈∫«°®–∂Ÿ°π”‰ª«‘‡§√“–Àå
¬◊π¬—π¥â«¬‡∑§π‘§ sodium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE)(10) ‚¥¬„™â
12 % separating gel ·≈– 5 % stacking gel ‡æ◊ËÕ
À“¢π“¥¢Õß‚ª√µ’π·≈–„™â‡∑§π‘§ Western blot(10)  ‡æ◊ËÕ
ª√–‡¡‘π§«“¡ “¡“√∂„π°“√∑”ªØ‘°‘√‘¬“°—∫´’√—¡º ¡
‚§≈π∑’Ëæ∫‚ª√µ’π·≈–„Àâº≈∫«°°—∫´’√—¡º ¡ π”¡“
 °—¥æ≈“ ¡‘¥‡æ◊ËÕ«‘‡§√“–ÀåÀ“¢π“¥·≈–µ”·Àπàß¢Õß
™‘Èπ à«π¥’‡Õπ‡Õ

°“√«‘‡§√“–ÀåÀ“ Open  reading frame (ORF)
∑’Ë √â“ß‚ª√µ’π

æ≈“ ¡‘¥∑’Ë °—¥‰¥â®“°‚§≈π∑’Ë„Àâº≈∫«°®–∂Ÿ° àß‰ª
«‘‡§√“–ÀåÀ“≈”¥—∫π‘«§≈’‚Õ‰∑¥å ∑’Ë¿“§«‘™“™’«‡§¡’ §≥–
·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ®“°π—Èππ”¡“

«‘‡§√“–ÀåÀ“µ”·Àπàß¢Õß™‘Èπ à«π¥’‡Õπ‡Õ‚¥¬‡ª√’¬∫
‡∑’¬∫°—∫∞“π¢âÕ¡Ÿ≈„π Gen Bank ·≈–«‘‡§√“–ÀåÀ“ ORF
∑’Ëº≈‘µ‚ª√µ’π¢π“¥∑’Ëæ∫‚¥¬„™â‚ª√·°√¡ Gene tool lite
1.0 ·≈–«‘‡§√“–Àå¥â«¬‚ª√·°√¡ Blastn ·≈– Blastp
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) ‡æ◊ËÕ
À“®’π∑’Ë √â“ß‚ª√µ’π

°“√º≈‘µ‚ª√µ’π≈Ÿ°º ¡ (recombinant protein)
¿“¬À≈—ß°“√«‘‡§√“–Àå·≈–∑√“∫ ORF ∑’Ë √â“ß‚ª√µ’π

·≈â« ∑”°“√‡æ‘Ë¡®”π«π™‘Èπ à«π¥’‡ÕÁπ‡Õ‚¥¬‡∑§π‘§ PCR
‚¥¬„™â‰æ√å‡¡Õ√å 5ûATTCGGATCCATGCGCACG
CGTGCGGCACG 3' (forward primer) ·≈– 5'
TGCCAAGCTTTCAGATCGACAGGCAGATCTTGCC
3' (reverse primer) ÷́Ëß∂Ÿ°ÕÕ°·∫∫„Àâª≈“¬¢Õß™‘Èπ
 à«π¥’‡ÕÁπ‡Õ∑—Èß Õß¢â“ß “¡“√∂∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡åµ—¥
®”‡æ“– BamHI (Promega, USA) ·≈– HindIII
(Promega, USA) ‡æ◊ËÕ “¡“√∂‡™◊ËÕ¡µàÕ‡¢â“°—∫ expression
vector pQE30 (Qiagen, Germany) Õ¬à“ßµ√ß‡ø√¡
°“√∂Õ¥√À—  ®“°π—Èππ”‡Õ“¥’‡ÕÁπ‡Õ≈Ÿ°º ¡‡¢â“ Ÿà‡´≈≈å
‡®â“∫â“π Escherichia coli  “¬æ—π∏ÿå JM109 ¥â«¬«‘∏’
electroporation(11) ·≈–§—¥‡≈◊Õ°‚§≈π∑’Ë√—∫æ≈“ ¡‘¥
≈Ÿ°º ¡‚¥¬°“√‡æ“–‡≈’È¬ß„π LB agar ∑’Ë¡’¬“µâ“π®ÿ≈
™’æ·Õ¡æ‘´‘≈≈‘π ∑”°“√ °—¥æ≈“ ¡‘¥®“°‡™◊ÈÕ∑’Ë‡®√‘≠‰¥â
‡æ◊ËÕ«‘‡§√“–Àåæ≈“ ¡‘¥≈Ÿ°º ¡‚¥¬°“√µ—¥¥â«¬‡Õπ‰´¡å
µ—¥®”‡æ“– BamHI ·≈– HindIII  ‚§≈π∑’Ë∂Ÿ°µâÕßπ”
‰ª∑¥ Õ∫°“√ √â“ß‚ª√µ’π ‚¥¬À≈—ß®“°∑’Ë‡≈’È¬ß‡™◊ÈÕ¢â“¡
§◊ππ”‡™◊ÈÕ‰ª∂à“¬„ à„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ„À¡à„π —¥ à«π
1:100 ·≈–‡æ“–‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ 37 ÌC π“π 3 ™—Ë«‚¡ß
°√–µÿâπ„Àâ √â“ß‚ª√µ’π¥â«¬°“√‡µ‘¡ 1mM Isopropylthio-
β-D-galactoside (IPTG, Sigma chemical Co., USA)
·≈â«‡æ“–‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ 37  ÌC ‡ªìπ‡«≈“ 5 ™—Ë«‚¡ß ®“°
π—Èπ∑”°“√µ√«®«—¥°“√ √â“ß‚ª√µ’π‚¥¬«‘∏’ SDS-PAGE
‚§≈π∑’Ë √â“ß‚ª√µ’π∑’Ë¡’¢π“¥∂Ÿ°µâÕß π”‰ª‡µ√’¬¡
‚ª√µ’π„Àâ∫√‘ ÿ∑∏‘Ï ‚¥¬„™â™ÿ¥πÈ”¬“ Ni2+-nitrilotriacetic
acid-agarose (Qiagen, Germany) ·≈–µ√«®«—¥§«“¡
∫√‘ ÿ∑∏‘Ï¢Õß‚ª√µ’π¥â«¬«‘∏’ SDS-PAGE
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°“√ª√–‡¡‘π»—°¬¿“æ°“√«‘π‘®©—¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘ 
     ‚ª√µ’π≈Ÿ°º ¡∑’Ëºà“π°“√‡µ√’¬¡„Àâ∫√‘ ÿ∑∏‘Ï∂Ÿ°π”¡“
ª√–‡¡‘π»—°¬¿“æ„π°“√«‘π‘®©—¬‚√§‚¥¬‡∑§π‘§ Western
blot ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’ IHA(12)  °“√«‘‡§√“–Àå‚¥¬«‘∏’
Western blot ¡’¢—ÈπµÕπÕ¬à“ß§√à“«Ê ¥—ßπ’È π”‚ª√µ’π
≈Ÿ°º ¡‰ª·¬°¥â«¬«‘∏’ SDS-PAGE ®“°π—Èπ∂à“¬‚ª√µ’π
„π·ºàπ‡®≈‰ª¬—ß·ºàπ polyvinylidene fluoride (PVDF,
Pall Corporation, USA) ¥â«¬«‘∏’ semi-dry transfer
(Semi-dry electroblotters, Apollo, Sweden)(13) π”
·ºàπ PVDF ¡“ block ¥â«¬ 3% bovine serum albumin
(Sigma Chemical Co., USA) „π Phosphate buffer
saline (PBS) ∑’ËÕÿ≥À¿Ÿ¡‘ 4 ÌC π“π¢â“¡§◊π ®“°π—Èπ∑”
ªØ‘°‘√‘¬“°—∫´’√—¡∑¥ Õ∫∑’Ë√–¥—∫°“√‡®◊Õ®“ß 1:400 ∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕßπ“π 3 ™—Ë«‚¡ß ·≈–¬âÕ¡¥â«¬ peroxidase-
labelled anti-human immunoglobulin conjugate
(Sigma Chemical Co., USA) ∑’Ë‡®◊Õ®“ß 1:2000 ∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕßπ“π 90 π“∑’  ¿“¬À≈—ß°“√≈â“ß ®–‡µ‘¡
 —∫ ‡µ√∑ chloronaphthol (Sigma Chemical Co.,
USA) ∑”„Àâ‡°‘¥ ’∑’Ë·∂∫‚ª√µ’π„π°√≥’∑’Ë„Àâº≈∫«° º≈

°“√∑¥≈Õß∑’Ë‰¥â®–∂Ÿ°π”‰ª«‘‡§√“–ÀåÀ“§à“§«“¡‰« §«“¡
®”‡æ“– §à“∑”π“¬º≈∫«° (positive predictive value,
PPV) ·≈–§à“∑”π“¬º≈≈∫ (negative predictive value,
NPV)

º≈°“√»÷°…“
®“°°“√µ√«®°√Õß transformant clones ®”π«π

1,580 ‚§≈π ‚¥¬‡∑§π‘§ colony blot ¥â«¬ ’́√—¡¢ÕßºŸâ
ªÉ«¬∑’Ëºà“π°“√¥Ÿ¥´—∫‡Õ“·Õπµ‘∫Õ¥’µàÕ E. coli DH5α/
pUC18 ÕÕ°‰ª°àÕπ·≈â« æ∫«à“„Àâº≈∫«°®”π«π 34
‚§≈π ‚¥¬¡’√–¥—∫§«“¡·√ß¢ÕßªØ‘°‘√‘¬“µà“ßÊ °—π  ‡¡◊ËÕ
π”‚§≈π∑’Ë„Àâº≈∫«°¡“«‘‡§√“–ÀåÀ“¢π“¥¢Õß‚ª√µ’π∑’Ë
‰¥â¥â«¬«‘∏’ SDS-PAGE  æ∫«à“¡’ 1 ‚§≈π §◊Õ PHE191
∑’Ë “¡“√∂ √â“ß‚ª√µ’π¢π“¥ 40 kDa ‰¥â¥’ º≈°“√
«‘‡§√“–Àå‚¥¬‡∑§π‘§ Dot blot ·≈– Western blot ‡æ◊ËÕ
ª√–‡¡‘π§«“¡ “¡“√∂∑”ªØ‘°‘√‘¬“°—∫´’√—¡¢ÕßºŸâªÉ«¬ æ∫
«à“ “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰¥â¥’‚¥¬‡©æ“–„π ¿“«– non-
denaturing  (√Ÿª∑’Ë 1 ·≈– 2)

√Ÿª∑’Ë 1 º≈°“√µ√«® Dot blot ¥â«¬ absorbed pooled patient serum (‡®◊Õ®“ß 1:500) ¢Õß‚§≈π PHE191



110 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 20 ©∫—∫∑’Ë 2 ë æƒ…¿“§¡- ‘ßÀ“§¡ 2551

√Ÿª∑’Ë 2 º≈°“√∑¥ Õ∫ SDS-PAGE (A), Western blot denaturing gel (B) ·≈– Western blot non-denaturing
gel (C) ∑’Ë∂Ÿ°µ√«®«—¥¥â«¬ absorbed pooled patient serum (‡®◊Õ®“ß 1:500)  ¢Õß‡™◊ÈÕ§«∫§ÿ¡ E. coli +
pUC18  (lane 1) ·≈–‚§≈π PHE191 (lane 2)  ≈Ÿ°»√™’È· ¥ß·∂∫‚ª√µ’π¢π“¥ 40 kDa (A) ·≈–·∂∫
‚ª√µ’π∑’Ë∑”ªØ‘°‘√‘¬“°—∫´’√—¡ºŸâªÉ«¬‰¥â¥’ (B ·≈– C)

®“°°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å¥â«¬‚ª√·°√¡
Blastn, Blastp, Gene tool lite ·≈– protein molecular
weight calculator √à«¡°—∫°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–
‡æ◊ËÕÀ“ gene ∑’Ë √â“ß‚ª√µ’π æ∫«à“‚§≈π PHE191 (√Ÿª

∑’Ë 3) ¡’™‘Èπ à«π¥’‡ÕÁπ‡Õ (insert) ¢π“¥ 5.4 kb ·≈–¡’
ORF-B ¢π“¥ 1,134 bp °”Àπ¥°“√ √â“ß‚ª√µ’π¢π“¥
40.02  kDa ́ ÷Ëß‚ª√µ’ππ’È¡’§«“¡‡À¡◊Õπ°—∫‚ª√µ’π„π«ß»å
zinc-binding dehydrogenase

√Ÿª∑’Ë 3  ·ºπ∑’Ë®’π¢Õß recombinant plasmid ‚§≈π PHE191
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®“°π—Èπ ORF-B ∂Ÿ°‡æ‘Ë¡®”π«π¥â«¬ ‡∑§π‘§ PCR
·≈–∑”°“√‚§≈π‡¢â“‰ª„π pQE30 æ∫«à“‚§≈π∑’Ë¡’
æ≈“ ¡‘¥≈Ÿ°º ¡∂Ÿ°µâÕß “¡“√∂∂Ÿ°™—°π”„Àâ √â“ß‚ª√µ’π
∑’Ë¡’¢π“¥µ“¡∑’Ë§“¥°“√≥å‰«â≈à«ßÀπâ“‰¥âÕ¬à“ß∂Ÿ°µâÕß  ‡¡◊ËÕ
‡µ√’¬¡‚ª√µ’π„Àâ∫√‘ ÿ∑∏‘Ï·≈–π”‰ªª√–‡¡‘π»—°¬¿“æ„π
°“√«‘π‘®©—¬‚√§°—∫´’√—¡°≈ÿà¡µà“ßÊ √«¡∑—ÈßÀ¡¥ 107 √“¬
‚¥¬«‘∏’ Western blot ¥—ß· ¥ßµ—«Õ¬à“ß¢Õßº≈°“√
∑¥ Õ∫„π √Ÿª∑’Ë 4 ·≈– √ÿªº≈∑—ÈßÀ¡¥‰¥â¥—ß µ“√“ß∑’Ë 1
®“°º≈°“√»÷°…“æ∫«à“ ‚ª√µ’π®“° ORF-B ¢Õß‚§≈π
PHE191 ¡’§«“¡‰«√âÕ¬≈– 78.9 ·≈–¡’§«“¡®”‡æ“–

√âÕ¬≈– 72.5 „π¢≥–∑’Ë°“√µ√«®¥â«¬«‘∏’ IHA ¡’§«“¡
‰«√âÕ¬≈– 86.8 §«“¡®”‡æ“–√âÕ¬≈– 66.7 ‚ª√µ’π™π‘¥
π’È„Àâº≈∫«°¢â“¡°≈ÿà¡ (√âÕ¬≈– 43.5) πâÕ¬°«à“«‘∏’ IHA
(√âÕ¬≈– 65.2)   ‚¥¬„Àâº≈∫«°°—∫‚√§µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬
Burkholderia cepacia, Pseudomonas aeruginosa,
Flavobacterium spp. ®”π«π 1 √“¬ Mycobacterium
tuberculosis ®”π«π 1 „π 2 √“¬ Enterobacter spp.,
Klebsiella pneumoniae ·≈– Coagulase positive
Staphylococcus ®”π«π 2 „π 2 √“¬

√Ÿª∑’Ë 4 µ—«Õ¬à“ßº≈°“√∑¥ Õ∫ Western blot °—∫´’√—¡¢ÕßºŸâªÉ«¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘  (lane 1 - 9) ’́√—¡¢Õß§πª°µ‘
(lane 10 - 17) ·≈–´’√—¡¢ÕßºŸâªÉ«¬‚√§·∫§∑’‡√’¬Õ◊ËπÊ (lane 18 - 19) ≈Ÿ°»√™’È· ¥ß°“√‡°‘¥·∂∫ ’∑’Ë·∂∫
‚ª√µ’π¢π“¥ 40 kDa
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
ªí≠À“ ”§—≠¢Õß°“√«‘π‘®©—¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘  ‚¥¬

°“√µ√«®À“·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ§◊Õ°“√¢“¥·Õπµ‘‡®π∑’Ë¡’
§«“¡®”‡æ“– Ÿß´÷Ëß “¡“√∂µ√«®·¬°ºŸâªÉ«¬ÕÕ°®“°§π
ª°µ‘∑’ËÕ¬Ÿà „πæ◊Èπ∑’Ë√–∫“¥‰¥â ´÷Ëß§π‡À≈à“π’È®–¡’√–¥—∫
·Õπµ‘∫Õ¥’Õ¬Ÿà„π√à“ß°“¬„π√–¥—∫·µ°µà“ß°—πÕÕ°‰ª  ®“°
°“√»÷°…“¢Õß Sirisinha ·≈–§≥–(5) ‰¥â»÷°…“À“
·Õπµ‘‡®π™π‘¥µà“ßÊ ‡™àπ crude antigen ·≈– purified
antigen ‚¥¬„™â´’√—¡™ÿ¥‡¥’¬«°—πæ∫«à“¬—ß‰¡à¡’·Õπµ‘‡®π
„¥∑’Ë„Àâ§«“¡‰«·≈–§«“¡®”‡æ“–¡“°°«à“√âÕ¬≈– 90 ·≈–
„π°“√»÷°…“¢Õß Dharakol ·≈–§≥–(14) „Àâº≈ Õ¥§≈âÕß
°—∫°“√»÷°…“¢Õß Wongprompitak ·≈–§≥–(4)  ́ ÷Ëßæ∫«à“
recombinant protein ∑’Ë®”‡æ“–µàÕ‡™◊ÈÕ B. pseudomallei
¡’§«“¡®”‡æ“–„π°“√«‘π‘®©—¬¡“°°«à“√âÕ¬≈– 90 ‡¡◊ËÕ
ª√–‡¡‘π¥â«¬‡∑§π‘§ Western blot ®“°°“√»÷°…“∑’Ë
ºà“π¡“· ¥ß„Àâ‡ÀÁπ«à“°“√„™â recombinant protein „π
°“√«‘π‘®©—¬‚√§ ∑”„Àâ¡’§«“¡®”‡æ“– Ÿß ·µà‰¡à∑√“∫∂÷ß
 “‡Àµÿ∑’Ë‰¡à¡’°“√«‘®—¬µàÕ‡π◊ËÕß‡æ◊ËÕπ”‰ª Ÿà°“√æ—≤π“‡ªìπ
™ÿ¥µ√«®«‘π‘®©—¬‚√§ ”‡√Á®√Ÿª ÷́Ëß∂◊Õ‡ªìπ§«“¡µâÕß°“√
Õ¬à“ß¡“°„πªí®®ÿ∫—π °“√»÷°…“§√—Èßπ’È‰¥â„™â·π«∑“ß∑’Ëßà“¬
‚¥¬‡µ√’¬¡ÀâÕß ¡ÿ¥®’π„πæ≈“ ¡‘¥·∑π°“√„™âø“®
(phage)(4) ´÷Ëß¡’§«“¡¬ÿàß¬“°°«à“ „π°“√µ√«®À“‚ª√µ’π
®“°‡™◊ÈÕ∑’Ë “¡“√∂∑”ªØ‘°‘√‘¬“°—∫´’√—¡ºŸâªÉ«¬ ®“°º≈°“√

»÷°…“· ¥ß„Àâ‡ÀÁπ«à“‚ª√µ’π∑’Ë √â“ß®“° ORF-B ¢Õß‚§≈π
PHE191 ¡’»—°¬¿“æ„π°“√«‘π‘®©—¬‚√§‰¡à¥’‚¥¬¡’§«“¡
‰«∑’ËµË”°«à“°“√µ√«®¥â«¬«‘∏’ IHA ´÷Ëß‡ªìπ«‘∏’∑’Ë„™âµ√«®
°√Õß‚√§°—πÕ¬à“ß·æ√àÀ≈“¬  ‡π◊ËÕß®“°«‘∏’ IHA „™â
melioidin ‡ªìπ·Õπµ‘‡®π∑’Ë¬—ß‰¡à∑√“∫‚§√ß √â“ß∑’Ë·πà™—¥
(crude antigen) ®÷ß∑”„Àâ‡°‘¥º≈∫«°ª≈Õ¡„π°≈ÿà¡ºŸâ
ªÉ«¬‚√§·∫§∑’‡√’¬·°√¡≈∫Õ◊Ëπ‰¥â  ¥—ß®–‡ÀÁπ‰¥â®“°§à“
§«“¡®”‡æ“–∑’ËµË”°«à“°“√„™â‚ª√µ’π®“°‚§≈π PHE191
Õ¬à“ß‰√°Áµ“¡‚ª√µ’π®“°‚§≈ππ’È°Á‰¡à‰¥â¡’§«“¡®”‡æ“–
 ”À√—∫‡™◊ÈÕ B. pseudomallei ‡∑à“π—Èπ ¥—ß®–‡ÀÁπ‰¥â®“°
ªØ‘°‘√‘¬“¢â“¡ ÷́Ëßæ∫«à“Õ¬Ÿà„π√–¥—∫§àÕπ¢â“ß Ÿß‡™àπ°—π
πÕ°®“°π’È º≈°“√∑¥ Õ∫°—∫´’√—¡§Ÿà 5 √“¬ (‰¡à‰¥â· ¥ß
º≈)  æ∫«à“ recombinant protein ®“°‚§≈π PHE 191
„Àâº≈∫«°∑—Èß Õß´’√—¡®”π«π 3 √“¬ ‚¥¬Õ’° Õß√“¬ „Àâ
º≈∫«°°—∫‡©æ“– convalescence serum  „π¢≥–∑’Ë IHA
„Àâº≈∫«°∑—Èß Õß ’́√—¡∑—Èß 5 √“¬ ∑—Èßπ’ÈÕ“®®–‡π◊ËÕß®“° “√
melioidin ÷́Ëß‡ªìπ soluble polysaccharide(15) ¡’
§ÿ≥ ¡∫—µ‘‡ªìπ T-independent antigen ®÷ß “¡“√∂°√–µÿâπ
B cells ‰¥â‚¥¬µ√ß ‰¡àµâÕßÕ“»—¬§«“¡™à«¬‡À≈◊Õ®“° T
helper cells  ∑”„Àâ¡’°“√ √â“ß·Õπµ‘∫Õ¥’™π‘¥ IgM  ‰¥â
‡√Á« „π¢≥–∑’Ë·Õπµ‘‡®π∑’Ë‡ªìπ‚ª√µ’π µâÕßÕ“»—¬∑—Èß antigen
presenting cell ·≈–µâÕßÕ“»—¬§«“¡™à«¬‡À≈◊Õ®“° T
helper cell ®÷ß®– “¡“√∂°√–µÿâπ B cell „Àâ √â“ß

µ“√“ß∑’Ë 1  º≈°“√ª√–‡¡‘π‚ª√µ’π 191 ¥â«¬«‘∏’ Western blot ¥â«¬ ’́√—¡°≈ÿà¡µà“ßÊ
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·Õπµ‘∫Õ¥’‰¥â(16) ®÷ßÕ“®®–„™â‡«≈“π“π°«à“∑’Ë®–µ√«®æ∫
·Õπµ‘∫Õ¥’‚¥¬‡©æ“–„π°√≥’∑’Ë‡ªìπ°“√µ‘¥‡™◊ÈÕ§√—Èß·√°
Õ¬à“ß‰√°Áµ“¡∂â“‡ªìπ°“√µ‘¥‡™◊ÈÕ„π§√—Èß∑’Ë Õß °“√µÕ∫
 πÕßµàÕ·Õπµ‘‡®π∑’Ë‡ªìπ‚ª√µ’π°Á®–‡°‘¥¢÷Èπ‰¥â‡√Á«‡æ√“–
‡ªìπ°“√°√–µÿâπ memory cells ∑’Ë‡°‘¥„π§√—Èß·√° ®÷ß
 “¡“√∂∑’Ë®–µ√«®æ∫·Õπµ‘∫Õ¥’‰¥â‡√Á«µ—Èß·µà„π√–¬–·√°
¢Õß acute phase  “‡Àµÿ∑’Ë recombinant protein ®“°
‚§≈π PHE 191 „Àâ§«“¡‰«„π°“√µ√«®∑’ËµË”Õ“®‡°‘¥
®“°‡∑§π‘§ Western blot ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È‰¥â
∑”„Àâ‚ª√µ’πÕ¬Ÿà„π ¿“«–∑’Ë Ÿ≠‡ ’¬‚§√ß √â“ß∏√√¡™“µ‘
´÷Ëß®– “¡“√∂µ√«®À“·Õπµ‘∫Õ¥’∑’Ë¡’§«“¡®”‡æ“–°—∫
linear epitopes ‡∑à“π—Èπ  ‰¡à “¡“√∂µ√«®À“·Õπµ‘∫Õ¥’
∑’Ë®”‡æ“–µàÕ conformational epitopes ´÷Ëß®–‡ªìπ
·Õπµ‘∫Õ¥’∑’Ëæ∫„π —¥ à«π∑’Ë¡“°°«à“·Õπµ‘∫Õ¥’∑’Ë®”‡æ“–
µàÕ linear epitopes „π°“√µÕ∫ πÕßµàÕ‚ª√µ’π„π
‚§√ß √â“ß∏√√¡™“µ‘ „π°“√»÷°…“§√—Èßπ’È ‰¥â‡µ√’¬¡ recom-
binant protein „Àâ∫√‘ ÿ∑∏‘Ï·≈–π”‰ª»÷°…“§«“¡ “¡“√∂
„π°“√µ√«®«‘π‘®©—¬‚¥¬„™â‡∑§π‘§∑’Ë„™â‚ª√µ’π„π‚§√ß √â“ß
∏√√¡™“µ‘‡ªìπ·Õπµ‘‡®π ·µàº≈°“√»÷°…“„π‡∫◊ÈÕßµâπ
æ∫«à“¬—ß¡’ªí≠À“„π √–¥—∫§«“¡∫√‘ ÿ∑∏‘Ï¢Õß‚ª√µ’π
‡π◊ËÕß®“°¡’°“√ªπ‡ªóôÕπ¥â«¬‚ª√µ’π¢Õß E. coli ∑”„Àâ¡’
ªí≠À“„π°“√µ√«®«—¥ ®÷ßÕ“®‡ªìπ‰ª‰¥â∂â“ “¡“√∂‡µ√’¬¡
‚ª√µ’π„Àâ¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß ·≈–π”¡“»÷°…“‚¥¬«‘∏’∑’Ë„™â
·Õπµ‘‡®π„π‚§√ß √â“ß∏√√¡™“µ‘  ‡™àπ latex agglutination
À√◊Õ immunochromatography º≈°“√»÷°…“Õ“®¡’
§«“¡·µ°µà“ß®“°°“√»÷°…“π’È  ‡æ√“–º≈ Western blot
æ∫«à“„π ¿“«– non-denaturing gel ®–æ∫§«“¡·√ß
„π°“√∑”ªØ‘°‘√‘¬“°—∫´’√—¡ºŸâªÉ«¬‰¥â¥’°«à“„π ¿“«–
denaturing gel ‡π◊ËÕß®“°º≈°“√»÷°…“„π‡∫◊ÈÕßµâπ™’È„Àâ
‡ÀÁπ«à“‚ª√µ’π®“°‚§≈π PHE 191 „Àâº≈°“√µ√«®∑’Ë¡’
§«“¡®”‡æ“– Ÿß°«à“«‘∏’ IHA ®÷ßπà“®–∑”°“√»÷°…“‡æ‘Ë¡
‡µ‘¡‡æ◊ËÕ¥Ÿ«à“‚ª√µ’ππ’È¡’»—°¬¿“æ∑’Ë®–π”‰ªª√—∫ª√ÿß·≈–
æ—≤π“‡ªìπ·Õπµ‘‡®π‡æ◊ËÕ„™â„π°“√«‘π‘®©—¬‚√§‡¡≈‘-
ÕÕ¬‚¥ ‘ ‰¥â„πÕπ“§µÀ√◊Õ‰¡à

°‘µµ‘°√√¡ª√–°“»
¢Õ°√“∫¢Õæ√–§ÿ≥ºŸâ∑’Ë„Àâ°“√ π—∫ πÿπ„π°“√∑”

«‘®—¬§√—Èßπ’È ‚¥¬‰¥â√—∫®“° ”π—°ß“π§≥–°√√¡°“√«‘®—¬
·Ààß™“µ‘ ®“°»Ÿπ¬å«‘®—¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘  §≥–·æ∑¬-
»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ®“°»Ÿπ¬å«‘®—¬·≈–æ—≤π“
°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√∑“ß°“√·æ∑¬å (»«ª)
§≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ·≈–ß“π
ÀâÕßªØ‘∫—µ‘°“√‡«™»“ µ√å™—π Ÿµ√ ‚√ßæ¬“∫“≈»√’π§√‘π∑√å
§≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
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