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Abstract

Psittacine beak and feather disease virus (BFDV) is a haemagglutination circo virus causing psittacine

beak and feather disease (PBFD) in psittacine birds. The infected birds showed feather dystrophy and

occasionally associated with beak deformities. Development of vaccine and detection of the disease is difficult

and ineffective due to this virus could not be cultured in tissue or cell lines and embryonated eggs. The aim of

this study was to express recombinant capsid protein of BFDV using Pichia pastoris system. The recombinant

protein was purified by affinity binding with Ni-NTA resin. From the results, the time point of protein expression

was 48 hours after inducing with methanol. The recombinant capsid protein was expressed in inclusion bodies

form. From SDS-PAGE analysis, the protein had molecular weight of 38 kDa. Moreover, Western blot analysis

demonstrated that this recombinant protein could react with convalescent serum from BFDV-infected bird.

Based on this information, it would be a potential to develop in house BFDV capsid protein-based diagnostic

test and vaccine in the future.
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∫∑§—¥¬àÕ

‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘‡ªìπ haemagglutination circo virus ·≈–‡ªìπ “‡Àμÿ¢Õß‚√§¢π·≈–®ßÕ¬ª“°

º‘¥ª°μ‘∑’Ëæ∫„π°≈ÿà¡π°μ√–°Ÿ≈π°ª“°¢Õ π°∑’Ë‡ªìπ‚√§®–¡’Õ“°“√¢π√à«ß·≈–Õ“®¡’®ßÕ¬ª“°¬◊Ëπ¬“«‰¡à «¬ß“¡ ‡π◊ËÕß®“°‡™◊ÈÕπ’È‰¡à

 “¡“√∂‡æ“–‡≈’È¬ß„π‡π◊ÈÕ‡¬◊ËÕÀ√◊Õ‡´≈≈å‡æ“–‡≈’È¬ß·≈–‰¢à‰°àøí°‰¥â ‡ªìπº≈„Àâ°“√æ—≤π“«‘∏’°“√μ√«®·≈–°“√æ—≤π“«—§´’πμàÕ‚√§

∑”‰¥â§àÕπ¢â“ß¬“° ¥—ßπ—Èπ „π°“√»÷°…“„π§√—Èßπ’È®–∑”°“√º≈‘μ√’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°

º‘¥ª°μ‘ ‚¥¬„Àâ¬’π¡’°“√· ¥ßÕÕ°‚¥¬Õ“»—¬√–∫∫‡™◊ÈÕ¬’ μåPichia pastoris ®“°π—Èπ∑”„Àâ√’§Õ¡∫‘·ππ∑å‚ª√μ’π∫√‘ ÿ∑∏‘Ï‚¥¬Õ“»—¬

À≈—°°“√ Affinity binding °—∫‚¡‡≈°ÿ≈¢Õß‚≈À–π‘‡°‘≈ ®“°º≈°“√· ¥ßÕÕ°¢Õß√’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°æ∫«à“‚ª√μ’π

¡’°“√· ¥ßÕÕ°‰¥â¥’∑’Ë ÿ¥À≈—ß®“°°√–μÿâπ¥â«¬‡¡∑“πÕ≈ 48 ™—Ë«‚¡ß ·≈–æ∫«à“ à«π„À≠à‡ªìπ inclusion bodies ‡¡◊ËÕπ”‚ª√μ’π¡“

∑”°“√·¬°¢π“¥¥â«¬°√–· ‰øøÑ“ æ∫«à“‚ª√μ’π¡’¢π“¥ª√–¡“≥ 38 kDa πÕ°®“°π’È¬—ßæ∫«à“√’§Õ¡∫‘·ππ∑å‚ª√μ’π “¡“√∂®—∫°—∫

´’√—¡¢Õßπ°∑’Ëμ‘¥‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘‰¥â ‡¡◊ËÕμ√«®¥â«¬«‘∏’ Western blot analysis ´÷Ëß¢âÕ¡Ÿ≈∑’Ë‰¥âπ’È®–™à«¬„Àâ¡’

°“√æ—≤π“«‘∏’°“√μ√«®À“‡™◊ÈÕ·≈–º≈‘μ«—§´’πμàÕ‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ ‚¥¬„™â√’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°

„πÕπ“§μ

§” ”§—≠ : √’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ° ‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ ‡™◊ÈÕ¬’ μå Pichiapastoris
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∫∑π”

‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ (Psittacine

beak and feather disease virus) ‡ªìπ‡™◊ÈÕ‰«√— „π°≈ÿà¡

haemagglutinating circovirus ·≈–‡ªìπ “‡Àμÿ¢Õß‚√§¢π·≈–

®ßÕ¬ª“°º‘¥ª°μ‘ (Psittacine beak and feather disease) ∑’Ë

æ∫„π°≈ÿà¡π°μ√–°Ÿ≈π°ª“°¢Õ∑—Ë«‚≈° ‡™àπ ª√–‡∑»‡¬Õ√¡π’

(Rahaus and Wolff, 2003) ·Õø√‘°“„μâ (Heath et al., 2004)

Õ‘μ“≈’ (Bert et al., 2005) √«¡∑—Èß„πª√–‡∑»‰∑¬¥â«¬ (Banlunara

et al., 2002; Sariya et al., 2011) ‚¥¬‡™◊ÈÕ‰«√— ®–‡¢â“‰ª

∑”≈“¬‡´≈≈å∫√‘‡«≥‚§π¢π º‘«Àπ—ß·≈–®ßÕ¬ª“°¢Õßπ°∑’Ë

μ‘¥‡™◊ÈÕ ∑”„Àâπ°¡’Õ“°“√‡ âπ¢πÀ≈ÿ¥√à«ß °â“π¢π‡ª√“–

·μ°À—°ßà“¬·≈–°â“π¢π‰¡àæ—≤π“ ∑”„Àâ¢πÀß‘°ßÕ °“√∑”≈“¬

‡´≈≈å∫√‘‡«≥®ßÕ¬ª“°∑”„Àâ®ßÕ¬ª“°º‘¥√Ÿª√à“ß ‡™àπ ®ßÕ¬

ª“°¬“«º‘¥ª°μ‘ ·≈–¬—ß∑”„Àâ®ßÕ¬ª“°°√àÕπ‰¥âßà“¬ (Pass

and Perry, 1984) πÕ°®“°π’È¬—ßæ∫«à“π°∑’Ëμ‘¥‡™◊ÈÕ‰«√— π’È

®–¡’¿Ÿ¡‘§ÿâ¡°—π∫°æ√àÕß‡π◊ËÕß®“°°“√‡¢â“∑”≈“¬¢Õß‡™◊ÈÕ∑’Ë

μàÕ¡‰∑¡— ·≈–∑’ËμàÕ¡‡∫Õ√å´à“∑”„Àâπ°ªÉ«¬μ“¬¥â«¬‚√§

μ‘¥‡™◊ÈÕ·∑√° ấÕπ®“°‡™◊ÈÕ·∫§∑’‡√’¬À√◊Õ‡™◊ÈÕ√“ (Adair, 2000)

·≈–π°∑’ËÀ“¬®“°‚√§π’ÈÕ“®®–¬—ß¡’™’«‘μÕ¬Ÿà√Õ¥μàÕ‰ª‰¥â

·μà®–‡ªìπæ“À–„π°“√·æ√à‡™◊ÈÕ Ÿàπ°Õ◊ËπÊ ∫√‘‡«≥§â“ß‡§’¬ß‰¥â

(Ritchie et al., 1991) ‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°

º‘¥ª°μ‘‡ªìπ‰«√— ‰¡à¡’‡ª≈◊Õ°πÕ° (non-envelop virus) ¡’

√Ÿª√à“ß°≈¡ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢ÕßÕπÿ¿“§‰«√— 

ª√–¡“≥ 17 ∂÷ß 23.5 π“‚π‡¡μ√ (Niagro et al., 1998) ¡’

 “√æ—π∏ÿ°√√¡‡ªìπ DNA ™π‘¥«ß°≈¡ “¬‡¥’Ë¬«¢π“¥ª√–¡“≥

1992 ∂÷ß 2018 ‡∫ ´÷Ëßª√–°Õ∫¥â«¬ 3-7 open reading

frames (ORF) ·μàÕ¬à“ß‰√°Áμ“¡¡’‡æ’¬ß 3 ORF ∑’Ëæ∫„π∑ÿ°Ê

 “¬æ—π∏ÿå‰¥â·°à ORF1 ORF2 ·≈– ORF5 (Bassami et al.,

2001; Sariya et al., 2011) ‚¥¬ ORF1 ‡ªìπ rep gene ∑’Ë

∑”Àπâ“∑’Ë √â“ß‚ª√μ’π∑’Ë ‡°’Ë¬«¢âÕß°—∫°“√‡æ‘Ë¡®”π«π¢Õß

‰«√—  ORF2 ‡ªìπ cap gene ∑’Ë∑”Àπâ“∑’Ë √â“ß‚ª√μ’π‡ª≈◊Õ°

πÕ° (capsid) ¢Õß‰«√—  à«π ORF5 ªí®®ÿ∫—π¬—ß‰¡à∑√“∫

Àπâ“∑’Ë ®“°°“√»÷°…“≈”¥—∫ “√æ—π∏ÿ°√√¡¢Õß¬’π∑’Ë √â“ß

‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘

∑’Ë·¬°‰¥â®“°π° “¬æ—π∏ÿåμà“ßÊ ®“°À≈“¬ª√–‡∑» æ∫«à“

‡™◊ÈÕπ’È¡’§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡§àÕπ¢â“ß Ÿß ‚¥¬ “¡“√∂

·¬°‡™◊ÈÕ‰¥â‡ªìπ 6 °≈ÿà¡ (Phylogenetic cluster) ‚¥¬æ∫«à“

·μà≈–°≈ÿà¡¡’§«“¡®”‡æ“–„ππ°·μà≈– “¬æ—π∏ÿå·≈–¬—ß®”‡æ“–

°—∫æ◊Èπ∑’ËÕ’°¥â«¬ (Bassami et al., 2001; Kloet and Kloet,

2004)  ”À√—∫°“√»÷°…“¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ∑’Ë·¬°

‰¥â®“°π° “¬æ—π∏ÿåμà“ßÊ „πª√–‡∑»‰∑¬ “¡“√∂·¬°‡™◊ÈÕ

ÕÕ°‡ªìπ 3 °≈ÿà¡ ‰¥â·°à °≈ÿà¡ I °≈ÿà¡ II ·≈–°≈ÿà¡ V ‚¥¬‡™◊ÈÕ

°≈ÿà¡ I ‡ªìπ‡™◊ÈÕ∑’Ë¡’§«“¡®”‡æ“–°—∫ “¬æ—π∏ÿåπ°·≈–æ∫„π

ª√–‡∑»‰∑¬‡∑à“π—Èπ ‡™◊ÈÕ°≈ÿà¡ II ‡ªìπ‡™◊ÈÕ∑’Ë®”‡æ“–°—∫ “¬æ—π∏ÿå

π°·≈–æ∫„πª√–‡∑»‰∑¬·≈–ª√–‡∑»ÕÕ ‡μ√‡≈’¬ ·≈–

°≈ÿà¡ V ‡ªìπ‡™◊ÈÕ∑’Ë‰¡à¡’§«“¡®”‡æ“–μàÕæ◊Èπ∑’Ë·≈– “¬æ—π∏ÿåπ°

(Sariya et al., 2011) ∂÷ß·¡â«à“‡™◊ÈÕ∑’Ëæ∫„πªí®®ÿ∫—π¡’§«“¡

·μ°μà“ß∑“ßæ—π∏ÿ°√√¡§àÕπ¢â“ß Ÿß ·μàÕ¬à“ß‰√°Áμ“¡¬—ß‰¡àæ∫

§«“¡·μ°μà“ß∑“ß´’‚√‰∑ªá¢Õß‡™◊ÈÕ (Raidal et al., 1993)

‡π◊ËÕß®“°ªí®®ÿ∫—π¬—ß‰¡à “¡“√∂‡æ“–‡≈’È¬ß‡™◊ÈÕ‰«√— π’È

‰¥â∑”„Àâ°“√æ—≤π“«—§´’π≈à “™â “·≈–°“√æ—≤π“«‘∏’ °“√

μ√«®À“‡™◊ÈÕ®÷ß¡ÿàß‡πâπμ√«®À“ “√æ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ´÷Ëß¡’

§à“„™â®à“¬„π°“√μ√«® Ÿß ¥—ßπ—Èπ®÷ß¡’°“√æ—≤π“«‘∏’°“√º≈‘μ

√’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–

®ßÕ¬ª“°º‘¥ª°μ‘‡æ◊ËÕ„™â„π°“√º≈‘μ«—§´’π·≈–°“√μ√«®

«‘π‘®©—¬‚√§¥â«¬«‘∏’ Hemagglutination ·≈– Hemagglutination

inhibition ´÷Ëß«‘∏’°“√º≈‘μ√’§Õ¡∫‘·ππ∑å‚ª√μ’π¡’∑—Èß√–∫∫

°“√„™â‚ª√§“√‘‚Õμ (Prokaryote) ‡™àπ °“√„™â Escherichia coli

(Patterson et al., 2013) ÷́Ëß√–∫∫π’È∂÷ß·¡â®– “¡“√∂º≈‘μ

‚ª√μ’π‰¥â„πª√‘¡“≥¡“°·≈–¡’§à“„™â®à“¬πâÕ¬ ·μà‚ª√μ’π∑’Ë‰¥â

 à«π¡“°®–Õ¬Ÿà„π√Ÿª‰¡à≈–≈“¬πÈ”·≈–§ÿ≥ ¡∫—μ‘°“√‡ªìπ

·Õπμ‘‡®π‰¡à¥’‡π◊ËÕß®“°‰¡à¡’¢∫«π°“√À≈—ß°“√ √â“ß‚ª√μ’π

(Posttranslational modification) ·≈–Õ’°√–∫∫§◊Õ√–∫∫

°“√„™â¬Ÿ§“√‘‚Õμ (Eukaryote) ‡™àπ °“√„™â Baculovirus (Stewart

et al., 2007; Duvenage et al., 2013) ´÷Ëß¢∫«π°“√ √â“ß

√’§Õ¡∫‘·ππ∑å‚ª√μ’π¡’¢∫«π°“√À≈—ß°“√ √â“ß‚ª√μ’π∑”„Àâ

‚ª√μ’π∑’Ë‰¥â¡’§ÿ≥ ¡∫—μ‘°“√‡ªìπ·Õπμ‘ ‡®π§≈â“¬§≈÷ß°—∫

‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‰«√— „π∏√√¡™“μ‘ ·μàÕ¬à“ß‰√°Áμ“¡

æ∫«à“√–∫∫¥—ß°≈à“«‰¡à‡À¡“– ¡„π°“√º≈‘μ√’§Õ¡∫‘·ππ∑å

‚ª√μ’π„πª√‘¡“≥¡“°·≈–¡’§à“„™â®à“¬ Ÿß (Heath et al., 2006)

¥—ßπ—Èπ „π°“√»÷°…“„π§√—Èßπ’È®–∑”°“√º≈‘μ√’§Õ¡∫‘·ππ∑å

‚ª√μ’π¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ ‚¥¬„Àâ¡’

°“√· ¥ßÕÕ°„π√–∫∫‡™◊ÈÕ¬’ μå P. pastoris ´÷Ëß‡ªìπ√–∫∫

°“√· ¥ßÕÕ°∑’Ëßà“¬¡’§à“„™â®à“¬πâÕ¬·μàº≈‘μ‚ª√μ’π‰¥âª√‘¡“≥

¡“°·≈–‚ª√μ’π®–¡’¢∫«π°“√À≈—ß°“√ √â“ß‚ª√μ’π‡™àπ‡¥’¬«

°—∫√–∫∫°“√· ¥ßÕÕ°„π¬Ÿ§“√‘‚Õμ∑”„Àâ‰¥â‚ª√μ’π∑’Ë¡’

§ÿ≥ ¡∫—μ‘„°≈â‡§’¬ß°—∫‚ª√μ’π∑’Ë·¬°‰¥â®“°‡™◊ÈÕ∏√√¡™“μ‘

(Cregg et al., 2000)
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Õÿª°√≥å·≈–«‘∏’°“√

‡™◊ÈÕ‰«√— ·≈–´’√—¡

‡™◊È Õ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘∑’Ëπ”¡“

„™â „π°“√∑¥≈Õßπ’È ‡ªìπ ‡™◊È Õ∑’Ë ·¬°‰¥â®“°π°°√–μ—È «¥”

(Probosciger aterrimus goliath) Accession no. GU015022

(BFDV13/49) ÷́Ëß‡ªìπμ—«·∑π‡™◊ÈÕ‰«√— °≈ÿà¡ I ∑’Ëæ∫„π

ª√–‡∑»‰∑¬‡∑à“π—Èπ (Sariya et al., 2011)  à«π´’√—¡‰¥â®“°

π°°√–μ—È«∑’Ëμ‘¥‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘·≈–

π°∑’Ë‰¡àμ‘¥‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘‡ªìππ°

∑’Ë∑√“∫ª√–«—μ‘ ÿ¢¿“æ·πà™—¥ ·≈–ºà“π°“√μ√«®¬◊π¬—π°“√

μ‘¥‡™◊ÈÕ¥â«¬«‘∏’ Polymerase chain reaction (PCR) ‚¥¬ÀâÕß

ªØ‘∫—μ‘°“√Õ≥Ÿ™’««‘∑¬“ »Ÿπ¬å‡ΩÑ“√–«—ß·≈–μ‘¥μ“¡‚√§®“°

 —μ«åªÉ“  —μ«åμà“ß∂‘Ëπ·≈– —μ«åÕæ¬æ §≥– —μ«·æ∑¬»“ μ√å

¡À“«‘∑¬“≈—¬¡À‘¥≈

°“√‚§≈π¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°‡¢â“æ≈“ ¡‘¥ pPICZαA

‡æ‘Ë¡ª√‘¡“≥¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— ‚√§

¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘¥â«¬°“√∑”ªØ‘°‘√‘¬“ PCR ‚¥¬„™â

‰æ√‡¡Õ√å BFDV-Cap-6f-KpnI (5' ATC GGT ACC CCA

ATG GCT GCA GTG CC 3') ·≈– BFDV-Cap-843r-

XbaI (5' TGT TCT AGA TAA GTG CTT GGA TTG TTA

GG 3') ‰æ√‡¡Õ√åπ’ÈÕÕ°·∫∫¡“®“° à«π∑’Ë¡’§«“¡§ßμ—« Ÿß

(conserve sequence) ¢Õß¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— 

‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘∑’Ëæ∫„πª√–‡∑»‰∑¬

 à«πª√–°Õ∫¢ÕßπÈ”¬“ PCR ¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬

¢ÕßπÈ”¬“·μà≈–™π‘¥„π PCR ª√‘¡“μ√ 25 μl ¥—ßπ’È 1X PFU

DNA buffer (MgSo
4
) 0.4 mM dNTPs mix 0.5 M primer

forward 0.5 M primer reverse ‡Õπ‰´¡å PFU DNA

polymerase ª√‘¡“≥ 0.5 unit ·≈– DNA template ª√‘¡“μ√

10-100 ng ®“°π—Èπº ¡„Àâ‡¢â“°—π·≈–π”„ à„π‡§√◊ËÕß DNA

thermal cycler (Biorad, USA) ‚¥¬„™âæ“√“¡‘‡μÕ√å·≈–

®”π«π√Õ∫¢Õß°“√∑” PCR §◊Õ first denature ∑’Ë 95 Õß»“

‡´≈‡´’¬  π“π 2 π“∑’ ®”π«π 1 √Õ∫ ·≈– Denature ∑’Ë 95

Õß»“‡´≈‡´’¬  π“π 45 «‘π“∑’ Annealing ∑’Ë58 Õß»“

‡´≈‡´’¬  π“π 45 «‘π“∑’ Extension ∑’Ë 72 Õß»“‡´≈‡ ’́¬ 

π“π 60 «‘π“∑’ ®”π«π 35 √Õ∫ ·≈– ÿ¥∑â“¬ Final

extension 72 Õß»“‡´≈‡ ’́¬  π“π 10 π“∑’ ®“°π—Èππ” PCR

product (¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°) ∑’Ë‰¥â‰ª∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â

Gel extraction kit (QIAGEN, Germany) ∑”°“√μ—¥

æ≈“ ¡‘¥ pPICZαA ·≈–¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°¥â«¬‡ÕÁπ‰´¡å

μ—¥®”‡æ“– KpnI ·≈– XbaI ·≈–‡™◊ËÕ¡∑—Èß Õß à«π‡¢â“¥â«¬°—π

‚¥¬„™â‡ÕÁπ‰´¡å T4 DNA ligatase (NEB, United kingdom)

·≈â«π”‰ª Transform ‡¢â“ E. coli TOP10F' (Invitrogen,

USA)‚¥¬„™â Calcium chloride ·≈–§—¥‡≈◊Õ°æ≈“ ¡‘¥∑’Ë

¡’°“√·∑√°¢Õß¬’π‚ª√μ’π‡ª≈◊Õ°πÕ° ‚¥¬π”‰ª‡≈’È¬ß∫π

Õ“À“√‡≈’È¬ß‡™◊ÈÕ Low salt LB medium ∑’Ë¡’¬“ zeocin ·≈–

μ√«®≈”¥—∫ ‡∫ ¢Õß¬’π‚ª√μ’π ‡ª≈◊Õ°πÕ°¥â«¬°“√∑”

Sequencing ‡¡◊ËÕ‰¥âæ≈“ ¡‘¥∑’Ë¡’°“√·∑√°¢Õß¬’π‚ª√μ’π

‡ª≈◊Õ°πÕ°·≈â«π”æ≈“ ¡‘¥¥—ß°≈à“«‰ª Transform ‡¢â“‡™◊ÈÕ

¬’ μå P. pastoris strain KM71H ‚¥¬„™â Easy Comp

transformation (Invitrogen, USA) ·≈–§—¥‡≈◊Õ°æ≈“ ¡‘¥∑’Ë¡’

°“√·∑√°¢Õß¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°‚¥¬π”‰ª‡≈’È¬ß∫πÕ“À“√

‡≈’È¬ß‡™◊ÈÕ Yeast extract peptone dextrose sorbital ∑’Ë¡’¬“ zeocin

°“√À“‡«≈“∑’Ë‡À¡“– ¡„π°“√· ¥ßÕÕ°¢Õß√’§Õ¡∫‘·ππ∑å

‚ª√μ’π‡ª≈◊Õ°πÕ°

π”‡™◊ÈÕ¬’ μå∑’Ëºà“π°“√‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ buffer

glycerol-complex medium (BMGY) ª√‘¡“≥ 1 ml ∑’Ë 30

Õß»“‡´≈‡´’¬  ·≈–‡¢¬à“∑’Ë 250 √Õ∫μàÕπ“∑’ ª√–¡“≥ 16-18

™—Ë«‚¡ß¡“∂à“¬≈ß„π flask ¢π“¥ 500 ml ∑’Ë¡’ BMGY

ª√‘¡“μ√ 100 ml ªî¥¥â«¬ºâ“°äÕ´ –Õ“¥ 2 ™—Èπ ∫à¡∑’Ë 30

Õß»“‡´≈‡ ’́¬  ·≈–‡¢¬à“∑’Ë 250 √Õ∫μàÕπ“∑’ ®π°«à“‡™◊ÈÕ¢ÿàπ

®π‰¥â OD600 ‡∑à“°—∫ 2.0 ®“°π—Èππ”‡™◊ÈÕ‰ªªíòπ∑’Ë 3000 x g

π“π 5 π“∑’‡∑ à«π„  à«π∫π∑‘Èß·≈–≈–≈“¬μ–°Õπ¥â«¬

buffer methanol-complex (BMMY) medium „Àâ‰¥â§«“¡¢ÿàπ

OD600 ‡∑à“°—∫ 1.0 ‡∑‡™◊ÈÕ∑—ÈßÀ¡¥≈ß„π flask ¢π“¥ 250 ml

ªî¥¥â«¬ºâ“°äÕ´ –Õ“¥ 2 ™—Èπ ·≈–∫à¡∑’Ë 30 Õß»“‡´≈‡ ’́¬ 

·≈–‡¢¬à“∑’Ë 250 √Õ∫μàÕπ“∑’ π“π 96 ™—Ë«‚¡ß ‚¥¬‡μ‘¡ 100%

‡¡∑“πÕ≈ (methanol) ≈ß„π flask „Àâ‰¥â§«“¡‡¢â¡¢âπ ÿ¥∑â“¬

‡ªìπ 0.5% ∑ÿ°Ê 24 ™—Ë«‚¡ß ·≈–‡°Á∫‡™◊ÈÕª√‘¡“≥ 1 ml „ à„π

À≈Õ¥ 1.5 ml ∑ÿ°Ê 0, 12, 24, 36, 48, 60, 72, 84 ·≈–

96 ™—Ë«‚¡ß ·≈â«π”‰ªªíòπ‡æ◊ËÕ‡°Á∫ à«π„ ·≈–‡´≈≈å‚¥¬‡°Á∫

‰«â∑’Ë -80 Õß»“‡´≈‡ ’́¬π ‡æ◊ËÕ ”À√—∫μ√«®À“√’§Õ¡∫‘·ππ∑å

‚ª√μ’π‡ª≈◊Õ°πÕ°‚¥¬«‘∏’ Sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE)
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°“√‡μ√’¬¡‚ª√μ’π °“√∑” Western blot analysis ·≈–°“√

∑”‚ª√μ’π„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â Nickel-nitrilotriacetic acid

(Ni-NTA) purification kit

·μ°‡´≈≈å¬’ μå¥â«¬ acid-wash glass bead ‚¥¬‡¢¬à“

¥â«¬ vortex π“π 30 «‘π“∑’ æ—°∫ππÈ”·¢Áßπ“π 30 «‘π“∑’

·≈–∑”´È”Õ’° 7 §√—Èß ®“°π—Èππ”‰ªªíòπ∑’Ë 12,000 x g π“π

10 π“∑’ ·≈â«‡°Á∫‚ª√μ’π à«π„ ´÷Ëß‡ªìπ‚ª√μ’π∑’Ë≈–≈“¬πÈ”

(Soluble protein) ‰«â ”À√—∫∑” SDS-PAGE ‚¥¬„™â‡®≈

§«“¡‡¢â¡¢âπ 12% ·≈–·¬°∑’Ë 120 volt π“π 90 π“∑’

®“°π—Èπ¬âÕ¡¥Ÿ‚ª√μ’π¥â«¬ Coomassie blue

°“√∑” Western blotting ∑”‰¥â‚¥¬∂à“¬‚ª√μ’π®“°‡®≈

SDS-PAGE ≈ß∫π nitrocellulose membrane (BioRad, USA)

∑’Ë 120 volt π“π 120 π“∑’ ·≈– block ¥â«¬ 5% skim

milk-T π“π 1 ™—Ëß‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–≈â“ß¥â«¬ PBS-T

3 §√—ÈßÊ ≈– 5 π“∑’ ¬âÕ¡¥â«¬´’√—¡π°∑’Ëμ‘¥‡™◊ÈÕ·≈–‰¡àμ‘¥‡™◊ÈÕ

‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘‡®◊Õ®“ß 1:20 π“π 24

™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ·≈–À≈—ß®“°∑’Ë≈â“ß¥â«¬

PBS-T ·≈â«¬âÕ¡¥â«¬ Protein A-HRP ‡®◊Õ®“ß 1: 5,000 π“π

1 ™—Ë«‚¡ßμ√«®À“ band ‚ª√μ’π∑’Ë‡°‘¥¢÷Èπ¥â«¬ DAB substrate

(Pierce, USA) π“π 5-10 π“∑’

∑”√’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬

„™â Ni-NTA resin (Invitrogen, USA) „π ¿“«– Native

purification æ√âÕ¡∑—Èß«—¥ª√‘¡“≥‚ª√μ’π∑’Ë‰¥â¥â«¬ Bio-Rad

protein assay (BioRad, USA) ·≈–‡°Á∫‚ª√μ’π‰«â -80

Õß»“‡´≈‡´’¬  ‡æ◊ËÕπ”‰ª„™âß“πμàÕ‰ª

º≈°“√«‘®—¬

°“√‚§≈π¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°‡¢â“°—∫æ≈“ ¡‘¥ pPICZαA

®“°°“√‡™◊ËÕ¡¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— 

‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘°—∫æ≈“ ¡‘¥ pPICZαA ·≈–

Transform ‡¢â“ E. coli TOP10F' ®“°π—Èπ§—¥‡≈◊Õ°‚§≈π∑’Ë¡’

°“√·∑√° Õ¥¢Õß¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°‚¥¬„™âÕ“À“√‡≈’È¬ß

‡™◊ÈÕ∑’Ë¡’ zeocin æ∫«à“¡’∑—ÈßÀ¡¥ 3 ‚§≈π §◊Õ ‚§≈π∑’Ë 10

‚§≈π∑’Ë 11 ·≈–‚§≈π∑’Ë 16 ·≈–‡¡◊ËÕπ”∑—Èß 3 ‚§≈π‰ªÀ“

≈”¥—∫ “√æ—π∏ÿ°√√¡æ∫«à“¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ

‰«√— ‡™◊ËÕ¡μàÕ°—∫æ≈“ ¡‘¥·∫∫∂Ÿ°∑‘»∑“ß·≈–¡’≈”¥—∫ “√

æ—π∏ÿ°√√¡∂Ÿ°μâÕß (¥—ß· ¥ß„π√Ÿª∑’Ë 1)

°“√À“‡«≈“∑’Ë‡À¡“– ¡„π°“√· ¥ßÕÕ°¢Õß√’§Õ¡∫‘·ππ∑å

‚ª√μ’π‡ª≈◊Õ°πÕ°

‡¡◊ËÕπ”æ≈“ ¡‘¥®“°‚§≈π∑’Ë 10 ·≈– 11 ‰ª

Transform ‡¢â“‡™◊ÈÕ¬’ μå P. pastoris strain KM71H ·≈â«π”

‡™◊ÈÕ¬’ μå∑’Ë‰¥â‰ª°√–μÿâπ¥â«¬‡¡∑“πÕ≈ „π√–¬–‡«≈“μà“ßÊ

‡ª√’¬∫‡∑’¬∫°—∫ P. pastoris KM71H ∑’Ë¡’‡©æ“–æ≈“ ¡‘¥ ·≈–

‡¡◊ËÕπ”πÈ”‡≈’È¬ß‡´≈≈å·≈–‚ª√μ’π®“°‡´≈≈å¡“∑” SDS-PAGE

æ∫«à“¬’ μå P. pastoris KM71H integrant ‚§≈π∑’Ë 10 ‡√‘Ë¡

¡’°“√· ¥ßÕÕ°¢Õß‚ª√μ’π‡ª≈◊Õ°πÕ°„π™—Ë«‚¡ß∑’Ë 36 ·≈–

· ¥ßÕÕ°¡“°¢÷Èπ·≈–§ß∑’Ë„π™—Ë«‚¡ß∑’Ë 48-96 ¢≥–∑’Ë¬’ μå

P. pastoris KM71H integrant ‚§≈π∑’Ë 11 ‡√‘Ë¡¡’°“√· ¥ß

ÕÕ°¢Õß‚ª√μ’π‡ª≈◊Õ°πÕ°„π™—Ë«‚¡ß∑’Ë 36 ·≈–· ¥ßÕÕ°

¡“°¢÷Èπ„π™—Ë«‚¡ß∑’Ë 48 ®“°π—Èπ‡√‘Ë¡¡’°“√· ¥ßÕÕ°≈¥≈ß‡≈Á°

πâÕ¬·≈–§ß∑’Ë„π™—Ë«‚¡ß∑’Ë 60-96 ¥—ßπ—Èπ ‡«≈“∑’Ë‡À¡“– ¡„π

°“√· ¥ßÕÕ°¢Õß‚ª√μ’π‡ª≈◊Õ°πÕ°®“° P. pastoris KM71H

integrant ‚§≈π∑’Ë 10 ·≈– 11 §◊Õ ™—Ë«‚¡ß∑’Ë 48 ‡π◊ËÕß®“°

‚ª√μ’π¡’°“√· ¥ßÕÕ°¡“°∑’Ë ÿ¥·≈–‡√Á«∑’Ë ÿ¥ ‚¥¬‚ª√μ’π

‡ª≈◊Õ°πÕ°¢Õß‰«√— Õ¬Ÿà„π‡´≈≈å¬’ μå (inclusion bodies) ‡ªìπ

‚ª√μ’π¢π“¥ª√–¡“≥ 38 kDa ¥—ß· ¥ß„π√Ÿª∑’Ë 2 ¢≥–∑’Ë

‰¡àæ∫‚ª√μ’π‡ª≈◊Õ°πÕ°„ππÈ”‡≈’È¬ß‡´≈≈å (‰¡à‰¥â· ¥ßº≈)

·≈–‡¡◊ËÕ∑”‚ª√μ’π„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â Ni-NTA resin æ∫«à“‰¥â

√’§Õ¡∫‘·ππ∑å‚ª√μ’π∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï§àÕπ¢â“ß Ÿß (¥—ß· ¥ß

„π√Ÿª∑’Ë 3) ·≈–‚ª√μ’π¡’§«“¡‡¢â¡¢âπ 15.4 mg/L

°“√μ√«®§«“¡®”‡æ“–¢Õß√’§Õ¡∫√‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°

‚¥¬«‘∏’ Western blotting

‡æ◊ËÕ‡ªìπ°“√æ‘ Ÿ®πå«à“√’§Õ¡∫‘·ππ∑å‚ª√μ’π∑’Ëº≈‘μ‰¥â

π—Èπ ¡’§«“¡®”‡æ“–°—∫·Õπμ‘∫Õ¥’μàÕ‡™◊ÈÕ‰«√— ‚√§¢π·≈–

®ßÕ¬ª“°º‘¥ª°μ‘À√◊Õ‰¡à  “¡“√∂∑”‰¥â‚¥¬π”√’§Õ¡∫‘·ππ∑å

‚ª√μ’ππ—Èπ¡“∑” Western blotting ‚¥¬°“√¬âÕ¡¥â«¬´’√—¡π°

∑’Ëμ‘¥‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘‚¥¬∏√√¡™“μ‘ æ∫

«à“√’§Õ¡∫‘·ππ∑å‚ª√μ’π “¡“√∂®—∫°—∫ ’́√—¡π°∑’Ëμ‘¥‡™◊ÈÕ‰«√— 

‰¥âÕ¬à“ß®”‡æ“– ¢≥–∑’Ë√’§Õ¡∫‘·ππ∑å‚ª√μ’π‰¡à®—∫°—∫´’√—¡

¢Õßπ°∑’Ë‰¡àμ‘¥‡™◊ÈÕ‰«√— ¥—ß· ¥ß„π√Ÿª∑’Ë 4
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√Ÿª∑’Ë 1 · ¥ßº≈°“√À“≈”¥—∫‡∫ ¬’π‚ª√μ’π‡ª≈◊Õ°πÕ°∑’Ë‡™◊ËÕ¡°—∫æ≈“ ¡‘¥ pPICZαA ‚§≈π∑’Ë 10, 11·≈– 16 ‡¡◊ËÕ‡∑’¬∫°—∫¬’π

‚ª√μ’π‡ª≈◊Õ°πÕ° (Capsid gene) ¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ (Accession no. GU015022)
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√Ÿª∑’Ë 3 · ¥ß°“√∑” SDS-PAGE ¢Õß√’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘À≈—ß°“√∑”„Àâ

∫√‘ ÿ∑∏‘Ï¥â«¬ Ni-NTA resin Lane ∑’Ë 1 §◊Õ ‚ª√μ’π°àÕπ∑”„Àâ∫√‘ ÿ∑∏‘Ï Lane ∑’Ë 2 §◊Õ ‚ª√μ’π∑’Ë‡À≈◊ÕÀ≈—ß®“°°“√®—∫°—∫ Ni-NTA

resinLane ∑’Ë 3 §◊Õ ‚ª√μ’π∑’ËÕÕ°¡“°—∫°“√≈â“ß Lane ∑’Ë 4-7 §◊Õ ‚ª√μ’π à«π∑’Ë 1-4 ∑’ËÕÕ°¡“À≈—ß®“°‡μ‘¡ Elution buffer μ“¡≈”¥—∫

M: protein standard marker (kDa)

√Ÿª∑’Ë 2 · ¥ß°“√∑” SDS-PAGE‚¥¬„™â√’§Õ¡∫‘·ππ∑å‚ª√μ’π®“°‡´≈≈å¬’ μå∑’Ë‡°Á∫„π™—Ë«‚¡ß∑’Ë 0, 12, 24, 36, 48, 60, 72, 84

·≈– 96 A: ‚ª√μ’π®“°‡´≈≈å¬’ μå P. pastoris KM71H integrant ‚§≈π∑’Ë 10, B: ‚ª√μ’π®“°‡´≈≈å¬’ μå P. pastoris KM71H

integrant ‚§≈π∑’ 11, C: ‚ª√μ’π®“°‡´≈≈å¬’ μå P. pastoris KM71H/vector ≈Ÿ°»√· ¥ß‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— ‚√§¢π

·≈–®ßÕ¬ª“°º‘¥ª°μ‘ M: protein standard marker (kDa)
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√Ÿª∑’Ë 4 · ¥ßº≈°“√∑” Western blotting ‡¡◊ËÕπ”√’§Õ¡∫‘·ππ∑å

‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õ‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘

¬âÕ¡¥â«¬´’√—¡π°∑’Ëμ‘¥‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘

(Lane ∑’Ë 1) ·≈–¬âÕ¡¥â«¬´’√—¡π°∑’Ë‰¡àμ‘¥‡™◊ÈÕ (Lane ∑’Ë 2) M:

protein standard marker (kDa)

«‘®“√≥å

‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ ¡’ “‡Àμÿ¡“®“°‡™◊ÈÕ‰«√— 

‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ π°∑’Ëμ‘¥‡™◊ÈÕ®–¡’Õ“°“√¢π√à«ß®ß

Õ¬ª“°¬◊Ëπ¬“«‰¡à «¬ß“¡ ‡ªìπ “‡Àμÿ°“√μ“¬„ππ°μ‘¥‡™◊ÈÕ∑’Ë

¡’Õ“¬ÿπâÕ¬´÷Ëß√–∫∫¿Ÿ¡‘¬—ß‰¡à¥’ ·≈–¡—°æ∫‚√§π’È„ππ° «¬ß“¡

μ√–°Ÿ≈π°ª“°¢Õ∑—Èß∑’Ë‡ªìπ “¬æ—π∏ÿåæ◊Èπ∂‘Ëπ‰∑¬·≈– “¬æ—π∏ÿå

μà“ßª√–‡∑» (Banlunara et al., 2002; Rahaus and Wolff,

2003; Heath et al., 2004; Bert et al., 2005; Sariya et al.,

2011) ·≈–‡π◊ËÕß®“°‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘

 “¡“√∂μ‘¥μàÕ‚¥¬ºà“π∑“ßΩÿÉπ¢π¢Õßπ°∑’Ëμ‘¥‡™◊ÈÕ ¥—ßπ—Èπ∂â“¡’

°“√§«∫§ÿ¡‚√§‰¡à¥’®–∑”„Àâ¡’°“√·æ√à°√–®“¬¢Õß‚√§„π«ß

°«â“ß ∑”„Àâπ°μ√–°Ÿ≈π°ª“°¢Õ∑’Ë¬—ß¡’Õ“¬ÿπâÕ¬‡°‘¥°“√μ“¬

¡“°¢÷Èπ àßº≈„Àâ‡°‘¥§«“¡‡ ’¬À“¬∑“ß‡»√…∞°‘®°“√‡≈’È¬ßπ°

 «¬ß“¡‡ªìπÕ¬à“ß¡“°·≈–Õ“® àßº≈„Àâπ°μ√–°Ÿ≈π°ª“°¢Õ

 “¬æ—π∏ÿåæ◊Èπ∂‘Ëπ‰∑¬ Ÿ≠æ—π∏ÿå‰¥â„π∑’Ë ÿ¥ ‡π◊ËÕß®“°°“√‡æ“–

‡≈’È¬ß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘„πÀâÕßªØ‘∫—μ‘°“√

¬—ß‰¡àª√– ∫º≈ ”‡√Á®∑”„Àâ°“√æ—≤π“«—§´’π·≈–°“√μ√«®

«‘π‘®©—¬‚√§π’È‡ªìπ‰ªÕ¬à“ß≈à“™â“·≈–‡π◊ËÕß®“°‚ª√μ’π‡ª≈◊Õ°

πÕ°¢Õß‰«√— ‡ªìπ‚ª√μ’π à«π∑’Ë¡’°“√™—°π”„Àâπ°∑’Ëμ‘¥‡™◊ÈÕ

 √â“ß·Õπμ‘∫Õ¥’¡“°∑’Ë ÿ¥ ¥—ßπ—Èπ®÷ß¡’°“√æ—≤π“§Õ¡∫‘·ππ∑å

‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‡™◊ÈÕ‰«√— ‡æ◊ËÕ„™â„π°“√º≈‘μ«—§´’π·≈–

°“√μ√«®«‘π‘®©—¬‚√§‡æ◊ËÕπ”‰ª Ÿà°“√§«∫§ÿ¡‚√§Õ¬à“ß¬—Ëß¬◊π

´÷Ëß°“√∑¥≈Õßπ’È‰¥âº≈‘μ√’§Õ¡∫‘·ππ∑å‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß

‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘‚¥¬„Àâ¡’°“√· ¥ßÕÕ°

„π√–∫∫¬’ μå ‚¥¬¢âÕ¥’¢Õß√–∫∫¬’ μå §◊Õ ®–‰¥â√’§Õ¡∫‘

·ππ∑å‚ª√μ’π∑’Ë¡’‚§√ß √â“ß§≈â“¬§≈÷ß°—∫‚ª√μ’π‡ª≈◊Õ°πÕ°

¢Õß‡™◊ÈÕ‰«√— „π∏√√¡™“μ‘ ·≈–πÕ°®“°π’È„π√–∫∫¢Õß¬’ μå

¡’¢∫«π°“√À≈—ß°“√ √â“ß‚ª√μ’π‡™àπ‡¥’¬«°—π°—∫°“√‡æ‘Ë¡

®”π«π¢Õß‰«√— „π‚Œ μå∏√√¡™“μ‘ ∑”„Àâ√’§Õ¡∫‘·ππ∑å

‚ª√μ’π∑’Ëº≈‘μ‰¥â¡’§ÿ≥ ¡∫—μ‘°“√‡ªìπ·Õπμ‘‡®π§≈â“¬§≈÷ß

°—∫‡™◊ÈÕ‰«√— „π∏√√¡™“μ‘®“°º≈°“√«‘®—¬„π§√—Èßπ’È æ∫«à“

√’§Õ¡∫‘·ππ∑å‚ª√μ’π∑’Ëº≈‘μ‰¥â¡’¢π“¥ª√–¡“≥ 38 kDa

´÷Ëß„°≈â‡§’¬ß°—∫∑’Ë¡’√“¬ß“π°àÕπÀπâ“π’È´÷Ëßæ∫«à“‚ª√μ’π‡ª≈◊Õ°

πÕ°¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘¡’¢π“¥

ª√–¡“≥ 28-32 kDa (Bassami et al., 2001, Stewart et al.,

2007) ·≈–‡¡◊ËÕ∑”√’§Õ¡∫‘·ππ∑å‚ª√μ’π„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬«‘∏’

Ni-NTA æ∫«à“‰¥â‚ª√μ’πª√‘¡“≥¡“°∂÷ß 15.4 mg/L ´÷Ëß°“√

∑”‚ª√μ’π„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬«‘∏’ Ni-NTA ‡ªìπ«‘∏’∑’Ëßà“¬  –¥«°

·≈–‰¥â‚ª√μ’π∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß ·≈–®“°°“√∑” Western

blotting æ∫«à“√’§Õ¡∫‘·ππ∑å‚ª√μ’π “¡“√∂®—∫·∫∫®”‡æ“–

°—∫´’√—¡π°∑’Ëμ‘¥‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘· ¥ß

„Àâ‡ÀÁπ«à“√’§Õ¡∫‘·ππ∑å‚ª√μ’π∑’Ëº≈‘μ‰¥â„π°“√∑¥≈Õßπ’È

¡’§ÿ≥ ¡∫—μ‘°“√‡ªìπ·Õπμ‘‡®π§≈â“¬§≈÷ß°—∫‚ª√μ’π‡ª≈◊Õ°πÕ°

¢Õß‡™◊ÈÕ‰«√— „π∏√√¡™“μ‘

·¡â®–¬—ß‰¡à¡’√“¬ß“π°“√æ∫§«“¡·μ°μà“ß∑“ß ’́‚√‰∑ªá

¢Õß‡™◊ÈÕ‰«√— ‚√§¢π·≈–®ßÕ¬ª“°º‘¥ª°μ‘ ·μà‡ªìπ∑’Ë∑√“∫

°—π¥’«à“≈”¥—∫ “√æ—π∏ÿ°√√¡¢Õß¬’π‚ª√μ’πμ’π‡ª≈◊Õ°πÕ°π’È

¡’§«“¡·μ°μà“ß°—π§àÕπ¢â“ß Ÿß„π‡™◊ÈÕ∑’Ë·¬°‰¥â®“°π°·μà≈–

 “¬æ—π∏ÿå·≈–„π·μà≈–æ◊Èπ∑’ËÕ’°¥â«¬ (Bassami et al., 2001;

Kloet and Kloet, 2004; Sariya et al., 2011) ÷́Ëß°“√

∑¥≈Õßπ’È‰¥â„™â‰«√— ∑’Ë·¬°‰¥â®“°π°∑’Ëμ‘¥‡™◊ÈÕ‰«√— ‚√§¢π

·≈–®ßÕ¬ª“°º‘¥ª°μ‘„πª√–‡∑»‰∑¬·≈–‡ªìπμ—«·∑π‡™◊ÈÕ

‰«√— °≈ÿà¡∑’Ëæ∫‡©æ“–„πª√–‡∑»‰∑¬‡∑à“π—Èπ (Sariya et al.,

2011) ¥—ßπ—Èπ‚ª√μ’π‡ª≈◊Õ°πÕ°∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È®÷ß
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πà“®–¡’§«“¡‡À¡“– ¡„π°“√æ—≤π“„™â‡ªìπ«—§´’π ”À√—∫π°

„πª√–‡∑»‰∑¬·≈–πÕ°®“°π’È¬—ß “¡“√∂π”√’§Õ¡∫‘·ππ∑å

‚ª√μ’π‰ª‡ªìπ·Õπμ‘‡®π„π‡∑§π‘§μà“ßÊ ‡™àπ Hemagglutination

test, Hemagglutination inhibition test À√◊Õ Enzyme-linked

immunosorbent assay „π°“√μ√«®À“·Õπμ‘∫Õ¥’„ππ°∑’Ë

μ‘¥‡™◊ÈÕ„πª√–‡∑»‰∑¬μàÕ‰ª

°‘μμ‘°√√¡ª√–°“»

‚§ √ ß° “ √ «‘ ®— ¬ ‰ ¥â √— ∫∑ÿ π Õÿ ¥Àπÿ π° “ √ «‘ ®— ¬ ® “ °
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