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ABSTRACT

Purification of mature viral particles is needed for the research involving in viral
infections. Herein, a simple and efficient purification method for yellow head virus (YHV) from
Penaeus monodon-infected gill is developed. This purification method does not require the
density gradient centrifugation and ultracentrifugation. The YHV-infected gills were homog-
enized and centrifuged to remove the cell debris. The gill lysate was filtered through 0.45 μm
membrane filter and centrifuged to collect the YHV. The partial purified YHV was verified by
SDS-PAGE technique. At least 3 viral structural proteins of GP116, GP64 and P20 were
detected. The intact virion was also observed under a transmission electron microscope. The
purified YHV was quantified using real-time reverse transcription PCR (real-time RT-PCR)
technique. The preparation was found to contain 6.53 Ó 107 copies per microliter. The virulence
of purified YHV was evaluated. The shrimp injected with the purified YHV resulted in 100%
mortality within three days. Moreover, the incubation of purified YHV with Sf9 insect cell line
showed the expression of viral gene, gp64, indicating the viral infection of Sf9 cell. Thus, the
partial purification method of YHV was efficient and convenient to be used for the research in
YHV disease.
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∫∑π”
‚√§‰«√— À—«‡À≈◊Õß (Yellow head virus disease, YHD) ‡ªìπ‚√§μ‘¥‡™◊ÈÕ∑’Ë àßº≈°√–∑∫μàÕ

Õÿμ “À°√√¡°“√‡≈’È¬ß°ÿâß„πª√–‡∑»‰∑¬·≈–√–∫∫‡»√…∞°‘®¢Õßª√–‡∑»Õ¬à“ß¡’π—¬ ”§—≠ ‡°‘¥®“°‰«√— À—«‡À≈◊Õß
(Yellow head virus, YHV) ÷́Ëß°àÕ‚√§‰¥â∑—Èß„π°ÿâß°ÿ≈“¥” (Penaeus monodon) ·≈– °ÿâß¢“«·«π“‰¡¥å
(Peneaus vannamei) ‡¡◊ËÕ°ÿâßμ‘¥‡™◊ÈÕ‰«√— ®–¡’Õ—μ√“°“√μ“¬ Ÿß·≈–√«¥‡√Á« [1] „πª√–‡∑»‰∑¬¡’°“√æ∫
°“√√–∫“¥¢Õß‰«√— À—«‡À≈◊Õß‡¡◊ËÕªï æ.». 2533 ·≈–μàÕ¡“‰¥â¡’√“¬ß“π°“√·æ√à°√–®“¬„π·À≈àß‡æ“–‡≈’È¬ß
°ÿâß„π∑«’ª‡Õ‡™’¬ [2] πÕ°®“°π—Èπ¡’°“√μ√«®æ∫‰«√— À—«‡À≈◊Õß„π°ÿâß·™à·¢Áß∑’Ë àßÕÕ°®“°ª√–‡∑»„π·∂∫‡Õ
‡™’¬‰ª¬—ß À√—∞Õ‡¡√‘°“ [3]

‰«√— À—«‡À≈◊Õß‡ªìπ‰«√— ∑’Ë¡’ “√æ—π∏ÿ°√√¡‡ªìπÕ“√å‡ÕÁπ‡Õ “¬‡¥’Ë¬« (Single-strand RNA virus)
®—¥Õ¬Ÿà„π°≈ÿà¡¢Õß Retrovirus ´÷ËßÕ¬Ÿà„π °ÿ≈ Okavirus «ß»å Roniviridae ·≈– Õ—π¥—∫ Nidovirales ¡’√Ÿª
√à“ß‡ªìπ·∑àß ¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 55 ± 5 π“‚¡‡¡μ√ ·≈–¡’§«“¡¬“« 195 ± 5 π“‚π‡¡μ√ æ∫Õ¬Ÿà„π
‰´‚μæ≈“  ÷́¡¢Õß‡´≈≈å∑’Ëμ‘¥‡™◊ÈÕ ·≈–™àÕß«à“ß√–À«à“ß‡´≈≈å Õ«—¬«–‡ªÑ“À¡“¬¢Õß‰«√— À—«‡À≈◊Õß ‰¥â·°à ‡π◊ÈÕ‡¬◊ËÕ
™—Èπ‡Õ§‚μ‡¥‘√å¡ (Ectodermal) ·≈–¡’‚´‡¥‘√å¡ (Mesodermal) ‰¥â·°à μàÕ¡πÈ”‡À≈◊Õß (lymphoid organ),
‡¡Á¥‡≈◊Õ¥ (haemocytes), ‡Àß◊Õ° (gill) ·≈–Õ«—¬«– √â“ß‡¡Á¥‡≈◊Õ¥ (haematopoietic tissue) ‡ªìπμâπ
[4›6] ‡¡◊ËÕ°ÿâß‡°‘¥°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß≈”μ—«°ÿâß®–¡’ ’´’¥  à«πÀ—«¡’ ’‡À≈◊Õß‡π◊ËÕß®“°μ—∫·≈–μ—∫ÕàÕπ¡’ ’
´’¥‡À≈◊Õß °“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß “¡“√∂μ‘¥μàÕ‰¥â∑—Èß∑“ßμ√ß (Vertical transmission) ºà“π∑“ßæàÕ·¡à
 Ÿà≈Ÿ°·≈–∑“ßÕâÕ¡ (Horizontal transmission) ‚¥¬°“√°‘π°—π‡Õß·≈–ºà“π∑“ßπÈ”´÷Ëß¡’°“√‡≈’È¬ß°ÿâßª°μ‘√à«¡
°—∫°ÿâßªÉ«¬ [4, 7] „πªí®®ÿ∫—π¬—ß‰¡à¡’«‘∏’∑’Ë„™â„π°“√√—°…“°ÿâß∑’Ëμ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß∑’Ë¡’ª√– ‘∑∏‘¿“æ ¡’‡æ’¬ß°“√
ªÑÕß°—π‰¡à„Àâ°ÿâß‡°‘¥°“√μ‘¥‡™◊ÈÕ‰«√— ¥—ß°≈à“« °“√»÷°…“‡°’Ë¬«°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π·≈–°“√‡æ‘Ë¡®”π«π¢Õß‰«√— 
„π°ÿâß®÷ß‡ªìπÕß§å§«“¡√Ÿâ∑’Ë ”§—≠„π°“√·°â‰¢ªí≠À“‚√§μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß ‚¥¬ß“π«‘®—¬‡À≈à“π’È à«π„À≠à¡’
°“√ °—¥‰«√— ∑’Ë∫√‘ ÿ∑∏‘Ï¡“„™â„π°“√∑¥≈Õß ‰¥â·°à «‘∏’°“√ªíòπ‡À«’Ë¬ß·∫∫‡¥π´‘μ’‡°√‡¥’¬π (density gradient
centrifugation) √à«¡°—∫°“√ªíòπ‡À«’Ë¬ß∑’Ë„™â§«“¡‡√Á«√Õ∫ Ÿß ‚¥¬„™â‡§√◊ËÕßÕ—≈μ√“‡´πμ√‘øî« å (Ultracentrifu-
gation) [8, 9] ÷́Ëß«‘∏’¥—ß°≈à“«π—Èπ¡’§«“¡´—∫´âÕπ μâÕß„™â‡§√◊ËÕß¡◊Õ‡©æ“–∑’Ë¡’√“§“ Ÿß πÕ°®“°π—ÈπºŸâ«‘®—¬μâÕß
¡’§«“¡™”π“≠ ¥—ßπ—Èπ„πß“π«‘®—¬π’È¡’«—μ∂ÿª√– ß§å„π°“√ª√—∫ª√ÿß«‘∏’°“√ °—¥‰«√— À—«‡À≈◊Õß„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬«‘∏’
Õ¬à“ßßà“¬·≈–¡’ª√– ‘∑∏‘¿“æ ‚¥¬‰¥âª√—∫ª√ÿß«‘∏’°“√∑¥≈Õß®“°ß“π«‘®—¬¢Õß Xie et al. [9] ´÷Ëß‡ªìπ°“√∑”
‰«√— μ—«·¥ß¥«ß¢“«„Àâ∫√‘ ÿ∑∏‘Ï „πß“π«‘®—¬π’È„™â§«“¡‡√Á«√Õ∫„π°“√ªíòπ‡À«’Ë¬ß∑’ËμË”°«à“ “¡“√∂„™â‡§√◊ËÕß‡´πμ√‘
øî« å∑—Ë«‰ª„πÀâÕßªØ‘∫—μ‘°“√‰¥â ‚¥¬‰¡à®”‡ªìπμâÕß„™â‡§√◊ËÕßÕ—≈μ√“‡´πμ√‘øî« å·≈–°“√ªíòπ‡À«’Ë¬ß·∫∫‡¥π ‘́μ’
‡°√‡¥’¬π ‰«√— À—«‡À≈◊Õß∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï·≈â«®–∂Ÿ°μ√«® Õ∫‚ª√μ’π‚§√ß √â“ß¥â«¬«‘∏’ SDS-Polyacry-
lamide gel electrophoresis (SDS-PAGE) ·≈–«‘‡§√“–Àå§«“¡ ¡∫Ÿ√≥å¢Õß‰«√— ¥â«¬°≈âÕß
Õ‘‡≈Á°μ√Õπ·∫∫ àÕßºà“π (Transmission electron microscope) μ√«® Õ∫ª√‘¡“≥‰«√— À—«‡À≈◊Õß¥â«¬‡∑§π‘§
real time -PCR ·≈–∑¥ Õ∫§«“¡√ÿπ·√ß„π°“√°àÕ‚√§‚¥¬„™â°ÿâß°ÿ≈“¥”·≈–‡´≈≈å·¡≈ß sf9
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Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
1. °ÿâß°ÿ≈“¥”·≈–°“√‡æ‘Ë¡®”π«π‰«√— À—«‡À≈◊Õß

„πß“π«‘®—¬π’È‰¥â√—∫§«“¡Õπÿ‡§√“–Àå°ÿâß°ÿ≈“¥” ÿ¢¿“æ¥’ ¢π“¥ 15-20 °√—¡ ®“°»Ÿπ¬å«‘®—¬·≈–
æ—≤π“ “¬æ—π∏ÿå°ÿâß ®. ÿ√“…Ø√å∏“π’ ª√–‡∑»‰∑¬ ‚¥¬π”°ÿâß°ÿ≈“¥”¡“∑”°“√ª√—∫ ¿“æ‚¥¬°“√‡≈’È¬ß°ÿâß∑’Ë§«“¡
‡§Á¡ 20 æ’æ’∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 1  —ª¥“Àå°àÕππ”‰ª„™â„π°“√∑¥≈Õß

°“√‡æ‘Ë¡ª√‘¡“≥‰«√— À—«‡À≈◊Õß„π°ÿâß°ÿ≈“¥”‚¥¬„™âπÈ”‡≈◊Õ¥°ÿâß∑’Ëμ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß ´÷Ëß‰¥â
√—∫§«“¡Õπÿ‡§√“–Àå®“°»Ÿπ¬å‡™’Ë¬«™“≠‡©æ“–∑“ß¥â“πÕ≥Ÿ™’««‘∑¬“·≈–®’‚π¡°ÿâß ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ‚¥¬
π”πÈ”‡≈◊Õ¥°ÿâß∑’Ëμ‘¥‰«√— À—«‡À≈◊Õß¡“‡®◊Õ®“ß 10-7 ‡∑à“¥â«¬ 0.85% NaCl ·≈–©’¥‡¢â“∫√‘‡«≥°≈â“¡‡π◊ÈÕ¢Õß
°ÿâß°ÿ≈“¥”ª√‘¡“μ√ 100 ‰¡‚§√≈‘μ√ ‡ΩÑ“μ‘¥μ“¡Õ“°“√¢Õß°ÿâß°ÿ≈“¥”∑’Ë¡’Õ“°“√„°≈âμ“¬ ́ ÷Ëß„™â√–¬–‡«≈“ª√–¡“≥
3 «—π ‚¥¬∑”°“√‡°Á∫‡Àß◊Õ°¢Õß°ÿâß°ÿ≈“¥”∑’Ëμ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß‰«â∑’Ë -80 Õß»“‡´≈‡ ’́¬  „πÀ≈Õ¥‰¡‚§√
‡´πμ√‘øî« å ¢π“¥ 1.5 ¡‘≈≈‘≈‘μ√ ®π°√–∑—Ëßπ”‰ª„™â„π°“√·¬°‰«√— À—«‡À≈◊Õß„Àâ∫√‘ ÿ∑∏‘Ï

2. °“√∑”‰«√— „Àâ∫√‘ ÿ∑∏‘Ï
°“√·¬°‰«√— À—«‡À≈◊Õß„Àâ∫√‘ ÿ∑∏‘Ï„π°“√∑¥≈Õßπ’È‰¥âæ—≤π“«‘∏’°“√¡“®“°°“√·¬°‰«√— μ—«

·¥ß¥«ß¢“«®“°ß“π«‘®—¬¢Õß Xie et al. [9] ‚¥¬π”‡Àß◊Õ°°ÿâß°ÿ≈“¥”∑’Ëμ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß®”π«π 1 °√—¡
„πÀ≈Õ¥‰¡‚§√‡´πμ√‘øî« å¢π“¥ 1.5 ‰¡‚§√≈‘μ√ ∫¥„π∫—ø‡øÕ√å TNE (50 mM Tris-HCl pH 8.5, 400
mM NaCl, 5 mM EDTA ·≈– 1 mM PMSF) 200 ‰¡‚§√≈‘μ√ ∫ππÈ”·¢Áß ‡æ◊ËÕ∑”„Àâ‡´≈≈å·μ° ®“°π—Èπ
‡μ‘¡∫—ø‡øÕ√å TNE (‡¬Áπ) ‡æ‘Ë¡Õ’° 1 ¡‘≈≈‘≈‘μ√ π”‰ªº ¡„Àâ‡¢â“°—π¥â«¬‡§√◊ËÕß vortex ‡ªìπ‡«≈“ 1 π“∑’ ®“°
π—Èπ∑”°“√ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 5,000 Ó g ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 5 π“∑’ ‡æ◊ËÕ°”®—¥‡»…
´“°‡´≈≈å®“°‡Àß◊Õ°°ÿâß π” “√≈–≈“¬∑’Ë‰¥â‰ª°√Õßºà“πμ—«°√Õß∑’Ëª√“»®“°‡™◊ÈÕ ¢π“¥√Ÿæ√ÿπ 0.45 ‰¡‚§√‡¡μ√
(Milipore) ®“°π—Èππ” “√≈–≈“¬∑’Ë‰¥â‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 16,000 Ó g ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ‡ªìπ
‡«≈“ 45 π“∑’ π” à«π∑’Ë‡ªìπμ–°Õπ‰«√— ‰ª≈–≈“¬„π∫—ø‡øÕ√å TM (50 mM Tris-HCl pH 8.5 ·≈– 10
mM MgCl2) ª√‘¡“μ√ 50 ‰¡‚§√≈‘μ√ ·≈–‡°Á∫ à«πμ–°Õππ’È‰«â∫ππÈ”·¢Áß „π à«π¢Õß “√≈–≈“¬∑’Ë‰¥âÀ≈—ß
®“°°“√·¬°μ–°Õπ‰«√— „Àâπ”‰ªªíòπ‡À«’Ë¬ßÕ’°§√—Èß∑’Ë§«“¡‡√Á« 16,000 Ó g ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ‡ªìπ
‡«≈“ 45 π“∑’ ´÷Ëß®–‰¥âμ–°Õπ¢“« ªî‡ªμμå “√≈–≈“¬∫—ø‡øÕ√å TM ª√‘¡“μ√ 50 ‰¡‚§√≈‘μ√ ≈–≈“¬μ–°Õπ
®“°π—Èππ”μ–°Õπ‰«√— ∑—Èß Õß§√—Èß¡“√«¡°—π·≈–‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“‡´≈‡ ’́¬ 

3. °“√μ√«® Õ∫‚ª√μ’π‚§√ß √â“ß¢Õß‰«√— À—«‡À≈◊Õß¥â«¬ SDS-PAGE
π”‰«√— À—«‡À≈◊Õß∑’Ëºà“π°“√∑”∫√‘ ÿ∑∏‘Ï®“°¢—ÈπμÕπ¢â“ßμâπ¡“μ√«® Õ∫‚ª√μ’π‚§√ß √â“ß¢Õß‰«√— 

¥â«¬°“√π”‰«√— ∑’Ë‰¥â¡“º ¡°—∫ 0.4% (v/v) Triton X-100 ¥â«¬ —¥ à«π 1 μàÕ 1 (‰¡‚§√≈‘μ√) ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ®“°π—Èπμ√«® Õ∫‚ª√μ’π¥â«¬«‘∏’ SDS-PAGE ‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß Polyacrylamide
gel ∑’Ë 12% ·≈–π”‰ª¬âÕ¡‚ª√μ’π¥â«¬«‘∏’ Coomassie

4. °“√μ√«® Õ∫§«“¡ ¡∫Ÿ√≥å¢Õß‰«√— À—«‡À≈◊Õß¥â«¬ Transmission electron microscopy
(TEM)

π”‰«√— ∑’Ë °—¥‰¥â¡“μ√÷ß≈ß∫π°√‘¥§Õª‡ªÕ√å (copper grids, 200 mesh) ·≈–¬âÕ¡·∫∫
negative (2% uranyl acetate) ®“°π—Èππ”‰ª àÕß¿“¬„μâ°≈âÕß Transmission electron microscopy
(JEM-2100) ‡æ◊ËÕμ√«® Õ∫√Ÿª√à“ß¢Õß‰«√— À—«‡À≈◊Õß
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5. °“√À“®”π«π¢Õß‰«√— À—«‡À≈◊Õß¥â«¬‡∑§π‘§ quantitative reverse transcription
PCR (realtime RT-PCR)

„πß“π«‘®—¬π’È‰¥â„™â¬’π gp64 ¢Õß‰«√— À—«‡À≈◊Õß¡“ √â“ßæ≈“ ¡‘¥≈Ÿ°º ¡ ”À√—∫ √â“ß°√“ø
¡“μ√∞“π„π°“√À“ª√‘¡“≥‰«√—  ‚¥¬‡°Á∫‡Àß◊Õ°¢Õß°ÿâß°ÿ≈“¥”∑’Ëμ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊ÕßπÈ”Àπ—° 0.5 °√—¡ ®“°
π—Èπ‡μ‘¡ “√≈–≈“¬ TRI reagent (Molecular Research Center, USA) 200 ‰¡‚§√≈‘μ√ ·≈â« °—¥Õ“√å
‡ÕÁπ‡Õμ“¡§”·π–π”¢Õß§Ÿà¡◊Õ  —ß‡§√“–Àå “¬ cDNA ‚¥¬„™â oligo (dT)18 ‡ªìπ‰æ√å‡¡Õ√å√à«¡°—∫™ÿ¥ Revert
Aid™ First Strand cDNA synthesis kit (Fermentas, USA) ‚¥¬ªØ‘∫—μ‘μ“¡§Ÿà¡◊Õ ∑”°“√‡æ‘Ë¡ª√‘¡“≥¬’π
gp64 ¢Õß‰«√— À—«‡À≈◊Õß¥â«¬‡∑§π‘§æ’´’Õ“√å ‚¥¬„™â§Õ¡æ≈’‡¡π∑“√’¥’‡ÕÁπ‡Õ (cDNA) ‡ªìπ¥’‡ÕÁπ‡Õμâπ·∫∫
‚¥¬„™â‰æ√‡¡Õ√å ¥—ßπ’È gp64_YHV_Forward ·≈– gp64_YHV_Reverse ¥—ßμ“√“ß∑’Ë 1 „π°“√‡æ‘Ë¡ª√‘¡“≥¬’π
ª√‘¡“μ√√«¡¢Õßæ’´’Õ“√å 200 ‰¡‚§√≈‘μ√ ª√–°Õ∫¥â«¬ cDNA 8 ‰¡‚§√≈‘μ√ 10x buffer (§«“¡‡¢â¡¢âπ
 ÿ¥∑â“¬ §◊Õ 10 ¡‘≈≈‘‚¡≈“√å Tris›HCl pH 8.8, 50 ¡‘≈≈‘‚¡≈“√å (NH4)2SO4, Triton X-100 0.1% (v/v),
2.5 ¡‘≈≈‘‚¡≈“√å MgCl2) 20 ‰¡‚§√≈‘μ√ dNTP 0.2 ¡‘≈≈‘‚¡≈“√å, ‰æ√å‡¡Õ√å§Ÿà≈– 0.2 ‰¡‚§√‚¡≈“√å ·≈– RBC
Taq DNA polymerase 10 ¬Ÿπ‘μ ‚¥¬∑”æ’´’Õ“√å¥â«¬ ¿“«–¥—ßπ’È ¢—Èπ∑’Ë 1 pre-denaturation ∑’ËÕÿ≥À¿Ÿ¡‘
95°C ‡«≈“ 3 π“∑’ ¢—Èπ∑’Ë 2 ª√–°Õ∫¥â«¬ 3 ¢—ÈπμÕπ §◊Õ denaturation ∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡´’¬  ‡«≈“
30 «‘π“∑’ annealing ∑’ËÕÿ≥À¿Ÿ¡‘ 58 Õß»“‡´≈‡´’¬  ‡«≈“ 30 «‘π“∑’ extension ∑’ËÕÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡´’¬ 
‡«≈“ 30 «‘π“∑’ ‚¥¬∑”¢—Èπ∑’Ë 2 ∑—ÈßÀ¡¥ 30 √Õ∫ ¢—Èπ∑’Ë 3 final extension ∑’ËÕÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡ ’́¬  ‡«≈“
5 π“∑’ ®“°π—Èπ∑”¬’π„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬™ÿ¥ Gel purification kit (Favorgen, Taiwan) π”™‘Èπ¬’π∑’Ë‰¥â‰ª‡™◊ËÕ¡
μàÕ°—∫ TA cloning vector ‚¥¬∑”μ“¡§Ÿà¡◊Õ¢Õß™ÿ¥§‘∑ RBC TA cloning vector (RBC Cloning system,
Taiwan) ‚¥¬„™â TA vector 50 π“‚π°√—¡ ·≈–™‘Èπ¬’π 200 π“‚π°√—¡ π”æ≈“ ¡‘¥≈Ÿ°º ¡∑’Ë‰¥â‡¢â“ Ÿà·∫§∑’‡√’¬
Escherichia coli  “¬æ—π∏ÿå XL-1Blue ‚¥¬«‘∏’°“√ Heat Shock Transformation ∑”°“√‡≈’È¬ß‡´≈≈å
·∫§∑’‡√’¬∑’Ë¡’æ≈“ ¡‘¥≈Ÿ°º ¡ (gp64-TA vector) ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·∫∫·¢Áß Luria-Bertani (LB) ∑’Ë¡’
·Õ¡æ‘´‘≈≈‘π 50 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ isopropyl-ß-D-1-thiogalactopyranoside (IPTG) 100 ‰¡‚§√
‚¡≈“√å ·≈– X-gal 50 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ ‡≈◊Õ°·∫§∑’‡√’¬∑’Ë¡’‚§‚≈π’ ’¢“«¡“‡≈’È¬ß„πÕ“À“√ LB ∑’Ë¡’
·Õ¡æ‘´‘≈≈‘π 100 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ ‡ªìπ‡«≈“ 1 §◊π ·≈â«∑”°“√ °—¥æ≈“ ¡‘¥≈Ÿ°º ¡ÕÕ°®“°
·∫§∑’‡√’¬¥â«¬™ÿ¥ Plasmid DNA Extraction kit (Favorgen, Taiwan) ‚¥¬ªØ‘∫—μ‘μ“¡§Ÿà¡◊Õ ·≈â«À“§«“¡
‡¢â¡¢âπ¢Õßæ≈“ ¡‘¥‡æ◊ËÕπ”‰ª„™â„π°“√ √â“ß°√“ø¡“μ√∞“π„π°“√À“®”π«π‰«√— À—«‡À≈◊Õß

°“√ √â“ß°√“ø¡“μ√∞“π·≈–°“√À“®”π«π‰«√— À—«‡À≈◊Õß ‡√‘Ë¡®“°‡®◊Õ®“ßæ≈“ ¡‘¥≈Ÿ°º ¡∑’Ë¬’π
gp64 „Àâ¡’§«“¡‡¢â¡¢âπ 105-109 °äÕªªïôμàÕ‰¡‚§√≈‘μ√ ‡æ◊ËÕπ”¡“„™â‡ªìπ¥’‡ÕÁπ‡Õμâπ·∫∫„π°“√ √â“ß°√“ø
¡“μ√∞“π ∑”°“√ °—¥Õ“√å‡ÕÁπ‡Õ®“°‰«√— À—«‡À≈◊Õß∑’Ëºà“π°“√∑”∫√‘ ÿ∑∏‘Ï ‚¥¬„™â™ÿ¥ BioFACT™ Total RNA
Prep Kit (Biofact, South Korea) ®“°π—Èππ”Õ“√å‡ÕÁπ‡Õ∑’Ë °—¥‰¥â¡“„™â„π°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õμâπ·∫∫
„π°“√À“®”π«π‰«√— À—«À≈◊Õß ‚¥¬„™â™ÿ¥§‘∑ iTaq™ Universal SYBR˙ Green One-Step RT-qPCR
(Bio-Rad, USA) ‚¥¬¡’ª√‘¡“μ√√«¡¢Õßæ’´’Õ“√å 10 ‰¡‚§√≈‘μ√ ª√–°Õ∫¥â«¬ 2x iTaq universal SYBR
reaction mix 5 ‰¡‚§√≈‘μ√, ‰æ√‡¡Õ√å gp64_YHV_Forward ·≈– gp64_YHV_Reverse (μ“√“ß∑’Ë 1)
Õ¬à“ß≈– 0.1 ‰¡‚§√‚¡≈“√å ¥’‡ÕÁπ‡ÕÀ√◊ÕÕ“√å‡ÕÁπ‡Õμâπ·∫∫ 1 ‰¡‚§√≈‘μ√ ·≈– iScript reverse transcriptase
1.25 ‰¡‚§√≈‘μ√ ( ”À√—∫μ—«Õ¬à“ß∑’Ëμâπ·∫∫‡ªìπÕ“√å‡ÕÁπ‡Õ) ®“°π—Èπ∑”æ’´’Õ“√å¥â«¬‡§√◊ËÕß CFX96 touch™
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real-time PCR detection system ¥â«¬ ¿“«–¥—ßπ’È ¢—Èπ∑’Ë 1 Reverse Transcription Reaction ∑’ËÕÿ≥À¿Ÿ¡‘
50 Õß»“‡´≈‡´’¬  ‡«≈“ 10 π“∑’ ¢—Èπ∑’Ë 2 Polymerase Activation ·≈– Denaturation ∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“
‡´≈‡ ’́¬  ‡«≈“ 1 π“∑’ ¢—Èπ∑’Ë 3 °“√‡æ‘Ë¡ª√‘¡“≥¬’π gp64 ª√–°Õ∫¥â«¬ 2 ¢—ÈπμÕπ §◊Õ Denaturation ∑’Ë
Õÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡´’¬  ‡«≈“ 10 «‘π“∑’ ·≈– Annealing ·≈– Extension ∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡´’¬ 
‡«≈“ 30 «‘π“∑’ ‚¥¬∑”¢—Èπ∑’Ë 3 ∑—ÈßÀ¡¥ 40 √Õ∫

μ“√“ß∑’Ë 1 ‰æ√å‡¡Õ√å∑’Ë„™â„πß“π«‘®—¬

™◊ËÕ‰æ√å‡¡Õ√å ≈”¥—∫π‘«§≈’‚Õ‰∑¥å (5û-3û) «—μ∂ÿª√– ß§å Õâ“ßÕ‘ß

gp64_YHV_Forward CATGGATCGTTTGGCTTTCGTTC Real-time RT-PCR Jatuyosporn et al.

gp64_YHV_Reverse TCACTATTACTCCAGTTATCA ·≈– RT-PCR [10]

EF1-α_Forward GGTGCTGGACAAGCTGAAGGC Internal control  ”À√—∫ Visetnan et al.

EF1-α_Reverse CGTTCCGGTGATCATGTTCTTGA RT-PCR [11]

actin_Forward CGTTCCGGTGATCATGTTCTTGA Internal control  ”À√—∫

actin_Reverse GGAGGCGTGGGGCAGGGCRTA real-time RT-PCR

6. °“√∑¥ Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß„π°ÿâß°ÿ≈“¥”
π”‰«√— À—«‡À≈◊Õß‰ª∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√μ‘¥‡™◊ÈÕ„π°ÿâß°ÿ≈“¥” ‚¥¬π”°ÿâß°ÿ≈“¥” ∑’Ë¡’πÈ”Àπ—°

3-5 °√—¡ ·∫àßÕÕ°‡ªìπ Õß°≈ÿà¡ °≈ÿà¡≈– 10 μ—« °≈ÿà¡∑’ËÀπ÷Ëß∑”°“√©’¥‰«√— À—«‡À≈◊Õß∑’Ë∑”°“√‡®◊Õ®“ß 10-7

(653 °äÕªªïôμàÕμ—«°ÿâß) ‡∑à“¥â«¬ 0.85% NaCl ª√‘¡“μ√√«¡ 50 ‰¡‚§√≈‘μ√ ·≈–Õ’°°≈ÿà¡Àπ÷Ëß∑”°“√©’¥¥â«¬
0.85% NaCl ª√‘¡“μ√ 50 ‰¡‚§√≈‘μ√ ‡ªìπ°≈ÿà¡§«∫§ÿ¡ ‚¥¬∑”°“√©’¥‰«√— ¥—ß°≈à“«∫√‘‡«≥°≈â“¡‡π◊ÈÕ·≈–
∑”°“√®¥∫—π∑÷°Õ—μ√“°“√μ“¬¢Õß°ÿâßÀ≈—ß®“°°“√©’¥‰«√—  ·μà≈–°≈ÿà¡μ—«Õ¬à“ß∑”°“√∑¥≈Õß È́” 3 §√—Èß

7. °“√∑¥ Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß„π‡´≈≈å·¡≈ß sf9
∑”°“√‡æ“–‡≈’È¬ß‡´≈≈å sf9 (invitrogen) ¥â«¬Õ“À“√‡≈’È¬ß‡´≈≈å sf900 (gibco) ®“°π—Èπ

∂à“¬‡´≈≈å≈ß∫π∂“¥À≈ÿ¡¢π“¥ 24 À≈ÿ¡ ‚¥¬„Àâ¡’ª√‘¡“≥‡´≈≈å‡∑à“°—∫ 2 Ó 104 ‡´≈≈åμàÕÀ≈ÿ¡ ·≈–∑”°“√
∫à¡‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 30 π“∑’ ‡æ◊ËÕ„Àâ‡´≈≈å sf9 ‡°“–∑’Ë°âπÀ≈ÿ¡ ®“°π—Èπ∑”°“√‡®◊Õ®“ß‰«√— À—«‡À≈◊Õß
∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬¡’§«“¡‡¢â¡¢âπ 6.5 Ó 105 °äÕªªïôμàÕ‰¡‚§√≈‘μ√¥â«¬Õ“À“√‡≈’È¬ß‡´≈≈å sf900 ·≈–
ªî‡ªμμå‰«√— À—«‡À≈◊Õß∑’Ë‡®◊Õ®“ß·≈â« 10 ‰¡‚§√≈‘μ√≈ß„πÀ≈ÿ¡∑’Ë‡≈’È¬ß‡´≈≈å (6.5 Ó 106 °äÕªªïôμàÕÀ≈ÿ¡) ∑”°“√
∫à¡‡´≈≈å sf9 °—∫‰«√— À—«‡À≈◊Õß∑’Ë 27 Õß»“‡´≈‡ ’́¬ ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ®“°π—Èπ∑”°“√‡°Á∫‡´≈≈å sf9 ‡æ◊ËÕ
π”¡“ °—¥ total RNA ¥â«¬ “√≈–≈“¬ TRI reagent (Molecular Research Center,  À√—∞Õ‡¡√‘°“) ¥â«¬
«‘∏’μ“¡§”·π–π”¢Õß§Ÿà¡◊Õ ®“°π—Èπ —ß‡§√“–Àå “¬ cDNA ‚¥¬„™â oligo (dT)18

 ‡ªìπ‰æ√å‡¡Õ√å√à«¡°—∫™ÿ¥§‘∑
RevertAid™ First Strand cDNA synthesis kit (Fermentas, USA) ‚¥¬ªØ‘∫—μ‘μ“¡§Ÿà¡◊Õ π” cDNA ∑’Ë
‰¥â¡“∑”°“√μ√«® Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß¥â«¬«‘∏’æ’́ ’Õ“√å ‚¥¬„™â‰æ√‡¡Õ√å gp64_YHV_Forward ·≈–
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gp64_YHV_Reverse (μ“√“ß∑’Ë 1) „π°“√μ√«® Õ∫°“√μ‘¥‡™◊ÈÕ¢Õß‰«√— À—«‡À≈◊Õß ·≈–‰æ√‡¡Õ√å
actin_Forward ·≈– actin_Reverse „π°“√μ√«® Õ∫¬’π β-actin ´÷Ëß„™â‡ªìπ¬’π§«∫§ÿ¡

8. °“√μ√«® Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß¥â«¬«‘∏’ Reverse transcription polymerase chain
reaction (RT-PCR)

∑”°“√·∫àßμ—«Õ¬à“ß°ÿâßÕÕ°‡ªìπ 2 °≈ÿà¡ °≈ÿà¡≈– 5 μ—« ∑”°“√©’¥‰«√— À—«‡À≈◊Õß∑’Ë∑”°“√‡®◊Õ®“ß
10-7 ‡∑à“¥â«¬ 0.85% NaCl ª√‘¡“μ√ 50 ‰¡‚§√≈‘μ√ ·≈–Õ’°°≈ÿà¡Àπ÷Ëß∑”°“√©’¥¥â«¬ 0.85% NaCl ª√‘¡“μ√
50 ‰¡‚§√≈‘μ√ ®“°π—Èπ∑”°“√‡°Á∫‡Àß◊Õ°°ÿâß∑’Ë‡«≈“ 48 ™—Ë«‚¡ß À≈—ß°“√©’¥‰«√—  π”‡Àß◊Õ°°ÿâß∑’Ë‰¥â¡“ °—¥ total
RNA ¥â«¬ “√≈–≈“¬ TRI reagent (Molecular Research Center, USA) ¥â«¬«‘∏’μ“¡§”·π–π”¢Õß§Ÿà¡◊Õ
®“°π—Èπ —ß‡§√“–Àå “¬ cDNA ‚¥¬„™â oligo (dT)18 ‡ªìπ‰æ√å‡¡Õ√å√à«¡°—∫™ÿ¥§‘∑ RevertAid™ First Strand
cDNA synthesis kit (Fermentas, USA) ‚¥¬ªØ‘∫—μ‘μ“¡§Ÿà¡◊Õ∑’Ë„Àâ¡“ ®“°π—Èππ” cDNA ∑’Ë‰¥â¡“∑”°“√
μ√«® Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— ¥â«¬«‘∏’æ’́ ’Õ“√å ‚¥¬„™â‰æ√‡¡Õ√å gp64_YHV_Forward ·≈– gp64_YHV_Reverse
„π°“√μ√«® Õ∫¬’π gp64 ¢Õß‰«√— À—«‡À≈◊Õß ·≈–„™â‰æ√‡¡Õ√å EF1-α_Forward ·≈– EF1-α _Reverse
„π°“√μ√«® Õ∫¬’π EF1-α ´÷Ëß„™â‡ªìπ¬’π§«∫§ÿ¡ ¥—ß· ¥ß„πμ“√“ß∑’Ë 1 ‚¥¬„™â RBC taq DNA
polymerase (RBC Bioscience, Taiwan) „π°“√‡æ‘Ë¡ª√‘¡“≥¬’π gp64 ·≈– EF1-α ª√‘¡“μ√√«¡¢Õß
æ’´’Õ“√å 25 ‰¡‚§√≈‘μ√ ª√–°Õ∫¥â«¬ cDNA 1 ‰¡‚§√≈‘μ√, 10 Ó buffer (§«“¡‡¢â¡¢âπ ÿ¥∑â“¬ §◊Õ 10
¡‘≈≈‘‚¡≈“√å Tris›HCl pH 8.8, 50 ¡‘≈≈‘‚¡≈“√å (NH4)2SO4, Triton X-100 0.1% (v/v), 2.5 ¡‘≈≈‘‚¡≈“√å
MgCl2) 2.5 ‰¡‚§√≈‘μ√, dNTP 0.2 ¡‘≈≈‘‚¡≈“√å, ‰æ√å‡¡Õ√å§Ÿà≈– 0.2 ‰¡‚§√‚¡≈“√å ·≈– RBC Taq DNA
polymerase 1.25 ¬Ÿπ‘μ ‚¥¬∑”æ’´’Õ“√å ¥â«¬ ¿“«–¥—ßπ’È ¢—Èπ∑’Ë 1 pre-denaturation ∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“
‡´≈‡ ’́¬  ‡«≈“ 3 π“∑’ ¢—Èπ∑’Ë 2 ª√–°Õ∫¥â«¬ 3 ¢—ÈπμÕπ §◊Õ denaturation ∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡ ’́¬ 
‡«≈“ 30 «‘π“∑’ annealing ∑’ËÕÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡ ’́¬  ‡«≈“ 30 «‘π“∑’ extension ∑’ËÕÿ≥À¿Ÿ¡‘ 72 Õß»“
‡´≈‡ ’́¬  ‡«≈“ 30 «‘π“∑’ ‚¥¬∑”¢—Èπ∑’Ë 2 ∑—ÈßÀ¡¥ 30 √Õ∫ ¢—Èπ∑’Ë 3 final extension ∑’ËÕÿ≥À¿Ÿ¡‘ 72 Õß»“
‡´≈‡ ’́¬  ‡«≈“ 5 π“∑’ ®“°π—Èπμ√«® Õ∫º≈∑’Ë‰¥â¥â«¬«‘∏’ Agarose Gel Electrophoresis ‚¥¬„™â Agarose
gel ∑’Ë§«“¡‡¢â¡¢âπ 1.2% (w/v)

º≈°“√∑¥≈Õß
1. °“√μ√«® Õ∫‚ª√μ’π‚§√ß √â“ß¢Õß‰«√— À—«‡À≈◊Õß∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï

π”‰«√— À—«‡À≈◊Õß∑’Ë∑”„Àâ∫√‘ ÿ∑∏‘Ï ¡“μ√«® Õ∫‚ª√μ’π‚§√ß √â“ß¥â«¬«‘∏’ SDS-PAGE æ∫
‚ª√μ’πÀ≈—°Õ¬Ÿà 3 ™π‘¥ §◊Õ P20 ‡ªìπ‚ª√μ’π™π‘¥π‘«§≈’‚Õ‚ª√μ’π GP64 ·≈– GP116 ‡ªìπ‚ª√μ’π™π‘¥‰°≈
‚§‚ª√μ’π ´÷Ëß‚ª√μ’π¡’¢π“¥ª√–¡“≥ 20, 64 ·≈– 116 °‘‚≈¥“≈μ—πμ“¡≈”¥—∫ ·≈–æ∫°“√ªπ‡ªóôÕπ¢Õß
‚ª√μ’πŒ’‚¡‰´¬“π‘π∑—Èß 2 ‰Õ‚´øÕ√å¡ ´÷Ëß¡’¢π“¥ 73 ·≈– 75 °‘‚≈¥“≈μ—π ¥—ß· ¥ß„π√Ÿª∑’Ë 1
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√Ÿª∑’Ë 1 ‚ª√μ’π‚§√ß √â“ß¢Õß‰«√— À—«‡À≈◊Õß∑’Ë«‘‡§√“–Àå¥â«¬«‘∏’ SDS-PAGE ‚¥¬„™â 12% Acrylamide
(lane M: prestained protein marker,lane 1: ‚ª√μ’π®“°‡Àß◊Õ°°ÿâß°ÿ≈“¥”∑’Ëμ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß
°àÕπ∑”∫√‘ ÿ∑∏‘Ï‰«√— À—«‡À≈◊Õß lane 2: ‚ª√μ’π∑’Ë °—¥®“°‰«√— À—«‡À≈◊Õß)

2. °“√μ√«® Õ∫≈—°…≥–¢Õß‰«√— À—«‡À≈◊Õß¥â«¬°≈âÕß®ÿ≈∑√√»πå™π‘¥ àÕßºà“π
‡¡◊ËÕπ”‰«√— À—«‡À≈◊Õß∑’Ë∑”„Àâ∫√‘ ÿ∑∏‘Ï¡“μ√«® Õ∫¢π“¥·≈–√Ÿª√à“ß¥â«¬°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°μ√Õπ™π‘¥ TEM æ∫«à“‰«√— ∑’Ë‰¥â¡’√Ÿª√à“ß‡ªìπ∑àÕπ¡’¢π“¥°«â“ßª√–¡“≥ 50 π“‚π‡¡μ√ ·≈–¬“«ª√–¡“≥
180 π“‚π‡¡μ√ ¥—ß√Ÿª∑’Ë 2 º‘«¡’≈—°…≥–¢√ÿ¢√–¢Õß‡Õπ‚¥æ≈“ ¡‘¥ ÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“‰«√— ∑’Ë °—¥‰¥â¡’§«“¡
 ¡∫Ÿ√≥å

√Ÿª∑’Ë 2 °“√μ√«® Õ∫√Ÿª√à“ß¢Õß‰«√— À—«‡À≈◊Õß¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå™π‘¥ Transmission Electron Microscopy

3. °“√À“®”π«π¢Õß‰«√— À—«‡À≈◊Õß
‡¡◊ËÕπ”‰«√— ∑’Ëºà“π«‘∏’°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï·≈â«¡“À“ª√‘¡“≥‰«√— ‚¥¬°“√‡∑’¬∫°—∫°√“ø¡“μ√∞“π

(√Ÿª∑’Ë 3) ∑’Ë √â“ß®“°æ≈“ ¡‘¥≈Ÿ°º ¡¢Õß¬’π gp64 ¢Õß‰«√— À—«‡À≈◊Õß (R2 = 0.9858) ¥â«¬«‘∏’ RT-qPCR
æ∫«à“‰«√— ∑’Ë∑”„Àâ∫√‘ ÿ∑∏‘Ï¡’®”π«π‡∑à“°—∫ 6.53 Ó 107 °äÕªªïôμàÕ‰¡‚§√≈‘μ√
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√Ÿª∑’Ë 3 °√“ø¡“μ√∞“π√–À«à“ß Cq ·≈–®”π«π°äÕªªïô¢Õß¬’π gp64 „™â„π°“√À“®”π«π‰«√— À—«‡À≈◊Õß

4. °“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß„π°ÿâß°ÿ≈“¥”
°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß‰«√— À—«‡À≈◊Õß‚¥¬°“√©’¥‰«√— À—«‡À≈◊Õß„π°ÿâß°ÿ≈“¥” ‡ª√’¬∫

‡∑’¬∫°—∫°“√©’¥ 0.85% NaCl æ∫«à“‰«√— À—«‡À≈◊Õß¡’º≈∑”„Àâ°ÿâß°ÿ≈“¥”μ“¬ 100% ¿“¬„π 3 «—πÀ≈—ß®“°
°“√©’¥‡™◊ÈÕ‡¢â“ Ÿà°ÿâß ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡∑’Ë©’¥¥â«¬ 0.85% NaCl ∑’Ë¡’Õ—μ√“°“√μ“¬‡æ’¬ß 20%
¥—ß· ¥ß„π√Ÿª∑’Ë 4°. ®“°π—Èπ‡¡◊ËÕπ”‡Àß◊Õ°¢Õß°ÿâß°ÿ≈“¥”¡“ °—¥ RNA ·≈– —ß‡§√“–Àå “¬ cDNA ‡æ◊ËÕπ”
¡“μ√«® Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß¥â«¬«‘∏’ RT-PCR æ∫«à“°ÿâß°ÿ≈“¥”°≈ÿà¡∑’Ë¡’°“√©’¥‰«√— À—«‡À≈◊Õß¡’
°“√· ¥ßÕÕ°¢Õß¬’π gp64 ´÷Ëß¡’¢π“¥ª√–¡“≥ 250 §Ÿà‡∫ ‡¡◊ËÕ∑”°“√μ√«® Õ∫¥â«¬ 1.2% agarose gel
electrophoresis ¥—ß· ¥ß„π√Ÿª∑’Ë 4¢. ÷́Ëß· ¥ß∂÷ß°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß

√Ÿª∑’Ë 4 °“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß„π°ÿâß°ÿ≈“¥” °.Õ—μ√“°“√μ“¬¢Õß°ÿâß°ÿ≈“¥”À≈—ß®“°°“√©’¥‡™◊ÈÕ‰«√— 
À—«‡À≈◊Õß ¢. °“√μ√«® Õ∫°“√· ¥ßÕÕ°¢Õß¬’π gp64 ¢Õß‡™◊ÈÕ‰«√— À—«‡À≈◊Õß¥â«¬‡∑§π‘§æ’´’Õ“√å
‡¡◊ËÕπ”¡“μ√«®¥â«¬ 1.2% (w/v) Agarose gel Electrophoresis (lane M: DNA ladder, lane
1 ·≈– 4: cDNA ®“°°ÿâß°ÿ≈“¥”°≈ÿà¡∑’Ë©’¥ 0.85% NaCl, lane 2 ·≈– 5: cDNA ®“°°ÿâß°ÿ≈“¥”
°≈ÿà¡∑’Ë©’¥‰«√— À—«‡À≈◊Õß, lane 3 ·≈– 6: negative control)
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5. °“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß„π‡´≈≈å·¡≈ß sf9
∑”°“√μ√«® Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß„π‡´≈≈å·¡≈ß sf9 À≈—ß®“°∑”°“√∫à¡‰«√— À—«

‡À≈◊Õß°—∫‡´≈≈å ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ‚¥¬π”‡´≈≈å·¡≈ß sf9 „π°≈ÿà¡§«∫§ÿ¡ (mock cell) ·≈–°≈ÿà¡μ—«
Õ¬à“ß¡“∑”°“√ °—¥ RNA ¥â«¬ “√≈–≈“¬ TRI reagent ·≈– √â“ß “¬ cDNA ‡æ◊ËÕμ√«® Õ∫°“√μ‘¥‡™◊ÈÕ
‰«√— À—«‡À≈◊Õß ¥â«¬«‘∏’ RT-PCR æ∫«à“‡´≈≈å sf9 ∑’Ë∫à¡°—∫‰«√— À—«‡À≈◊Õß¡’°“√æ∫°“√· ¥ßÕÕ°¢Õß¬’π gp64
¥—ß√Ÿª∑’Ë 5 ¡’¢π“¥ª√–¡“≥ 250 §Ÿà‡∫  ´÷Ëß‰¡àæ∫°“√· ¥ßÕÕ°¢Õß¬’ππ’È„π°≈ÿà¡§«∫§ÿ¡ · ¥ß„Àâ‡ÀÁπ«à“
‡´≈≈å·¡≈ß sf9  “¡“√∂μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬«‘∏’π’È‰¥â

√Ÿª∑’Ë 5 °“√μ√«® Õ∫°“√μ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß¥â«¬«‘∏’æ’´’Õ“√å (lane M: DNA ladder, lane 1: cDNA
®“°‡´≈≈å sf9 (mock cell) , lane 2: cDNA ®“°‡´≈≈å sf9 ∑’Ë∫à¡°—∫‰«√— À—«‡À≈◊Õß, lane 3:
negative control)

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√‡μ√’¬¡‡™◊ÈÕ‰«√—  ”À√—∫„™â„πß“π«‘®—¬‡ªìπ¢—ÈπμÕπ∑’Ë ”§—≠Àπ÷Ëß„π°√–∫«π°“√«‘®—¬ °“√‡≈◊Õ°

 °—¥‰«√— ®“°Õ«—¬«–‡ªÑ“À¡“¬®–∑”„Àâ‰¥â‰«√— ®”π«π¡“°·≈–¡’§«“¡ ¡∫Ÿ√≥å  ”À√—∫‡™◊ÈÕ‰«√— À—«‡À≈◊Õß¡’
Õ«—¬«–‡ªÑ“À¡“¬∑’Ë ”§—≠μàÕ°“√μ‘¥‡™◊ÈÕ„π°ÿâß ‰¥â·°à Õ«—¬«–πÈ”‡À≈◊Õß (lymphoid organ) ·≈–‡Àß◊Õ° (gill)
[12] ·μà‡π◊ËÕß®“°Õ«—¬«–πÈ”‡À≈◊Õß¡’¢π“¥‡≈Á°·≈–‡°Á∫μ—«Õ¬à“ß¬“°°«à“‡Àß◊Õ°°ÿâß ¥—ßπ—ÈπºŸâ«‘®—¬®÷ß‰¥â‡≈◊Õ°
 °—¥‰«√— ®“°‡Àß◊Õ°°ÿâß∑’Ëμ‘¥‡™◊ÈÕ‰«√— À—«‡À≈◊Õß  ”À√—∫°“√∑”∫√‘ ÿ∑∏‘Ï‰«√— À—«‡À≈◊Õß„πß“π«‘®—¬°àÕπÀπâ“π’Èæ∫«à“
Wongteerasupaya ·≈–§≥– [8] ‰¥â∑”∫√‘ ÿ∑∏‘Ï‡™◊ÈÕ‰«√— À—«‡À≈◊Õß®“°πÈ”‡≈◊Õ¥‚¥¬°“√ªíòπ‡À«’Ë¬ß∑’Ë
§«“¡‡√Á« Ÿß∂÷ß 100,000 Ó g ¥â«¬°“√„™â‡§√◊ËÕßÕ—≈μ√â“‡´πμ√‘øî« å√à«¡°—∫ continuous gradient ¢Õß urografin
´÷Ëß¡’¢—ÈπμÕπ∑’Ë§àÕπ¢â“ß´—∫´âÕπ μàÕ¡“ Xie ·≈–§≥– [9] ‰¥â¡’√“¬ß“π°“√∑”∫√‘ ÿ∑∏‘Ï‡™◊ÈÕ‰«√— μ—«·¥ß
¥«ß¢“« ´÷Ëß‡ªìπ«‘∏’∑’Ëßà“¬¢÷Èπ≈¥°“√„™â density gradient ·≈–‰¡à®”‡ªìπμâÕß„™â‡§√◊ËÕßÕ—≈μ√“‡´πμ√‘øî« å
·μà¬—ß§ß„™â§«“¡‡√Á«√Õ∫ Ÿß∂÷ß 30,000 Ó g ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‰¥â π”«‘∏’¢Õß Xie ·≈–§≥– [9] ¡“
¥—¥·ª≈ß‡æ◊ËÕ„Àâßà“¬μàÕ°“√ °—¥‰«√—  ‚¥¬≈¥°“√„™â‡§√◊ËÕßÕ—≈μ√â“‡´πμ√‘øî« å·≈–„™âμ—«¬—∫¬—Èß‚ª√μ’‡Õ  PMSF
‡æ’¬ß™π‘¥‡¥’¬«‡∑à“π—Èπ „π°“√∑¥≈Õßπ’È‰¥â¡’°“√ª√—∫§«“¡‡√Á«√Õ∫„π°“√ªíòπ‡À«’Ë¬ß≈ß‡æ◊ËÕ„Àâ “¡“√∂„™â°—∫
‡§√◊ËÕß‡´πμ√‘øî« å™π‘¥§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑—Ë«‰ª„πÀâÕßªØ‘∫—μ‘°“√‰¥â ®“°º≈°“√∑¥≈Õß∑”∫√‘ ÿ∑∏‘Ï‰«√— À—«
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‡À≈◊Õß®“°‡Àß◊Õ°°ÿâß°ÿ≈“¥”∑’Ëμ‘¥‡™◊ÈÕ¥â«¬«‘∏’π’È æ∫‚ª√μ’π‚§√ß √â“ßÀ≈—°∑—Èß 3 ™π‘¥ §◊Õ P20, GP64 ·≈–
GP116 ´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬°àÕπÀπâ“π’È [5, 13] · ¥ß„Àâ‡ÀÁπ«à“«‘∏’°“√∑”∫√‘ ÿ∑∏‘Ï‰«√— „πß“π«‘®—¬π’È
 “¡“√∂·¬°‰«√— À—«‡À≈◊ÕßÕÕ°¡“‰¥â º≈°“√∑¥≈Õßæ∫°“√ªπ‡ªóôÕπ¢Õß‚ª√μ’πŒ’‚¡‰´¬“π‘π®“°πÈ”‡≈◊Õ¥
°ÿâß¡“°—∫μ—«Õ¬à“ß‰«√— ¥â«¬ ´÷ËßÕ“®‡ªìπº≈¡“®“°°“√≈â“ßμ—«Õ¬à“ß‡Àß◊Õ°°ÿâß¥â«¬πÈ”‡°≈◊ÕπâÕ¬‡°‘π‰ª °“√‡æ‘Ë¡
®”π«π°“√≈â“ß‡Àß◊Õ°°ÿâßÀ≈—ß°“√‡°Á∫μ—«Õ¬à“ß®–™à«¬≈¥°“√ªπ‡ªóôÕπŒ’‚¡‰´¬“π‘π‰¥â Õ¬à“ß‰√°Áμ“¡¿“¬„π
‡Àß◊Õ°°ÿâß¬—ß§ß¡’πÈ”‡≈◊Õ¥μ°§â“ßÕ¬Ÿà¿“¬„π àßº≈„Àâ‰¡à “¡“√∂≈â“ßÕÕ°‰¥âÀ¡¥¥â«¬«‘∏’°“√≈â“ß‡æ’¬ßÕ¬à“ß‡¥’¬«

‡¡◊ËÕπ”‰«√— À—«‡À≈◊Õß‰ª∑”°“√μ√«® Õ∫¢π“¥·≈–√Ÿª√à“ß¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·∫∫
 àÕßºà“π (TEM) æ∫«à“‰«√— À—«‡À≈◊Õß∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï¡’√Ÿª√à“ß‡ªìπ·∑àß ¡’º‘«¢√ÿ¢√–¢Õß‡Õπ‚¥æ≈“ ¡‘¥
·≈–¡’§«“¡°«â“ßª√–¡“≥ 50 π“‚π‡¡μ√ ·≈–¬“«ª√–¡“≥ 180 π“‚π‡¡μ√ ÷́Ëß¡’¢π“¥·≈–≈—°…≥–‡¥’¬«
°—∫‰«√— À—«‡À≈◊Õß∑’Ë’ºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬‡§√◊ËÕßÕ—≈μ√“‡´πμ√‘øî« å√à«¡°—∫ discontinuous sucrose
gradient [14]

°“√À“®”π«π¢Õß‰«√— À—«‡À≈◊Õß„πß“π«‘®—¬π’È‰¥â„™â¬’π gp64 „π°“√μ√«® Õ∫ ‚¥¬∑”°“√
 √â“ß√’§Õ¡∫‘·ππ∑åæ≈“ ¡‘¥ gp64-TA cloning vector ‡æ◊ËÕ„™â„π°“√ √â“ß°√“ø¡“μ√∞“π„π°“√À“
®”π«π¢Õß‰«√— À—«‡À≈◊Õß ́ ÷Ëßæ∫«à“‰«√— À—«‡À≈◊Õß∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï„π°“√∑¥≈Õßπ’È¡’®”π«π‡∑à“°—∫ 6.53
Ó 107 °äÕªªïôμàÕ‰¡‚§√≈‘μ√ Õ¬à“ß‰√°Áμ“¡°“√≈¥§«“¡‡√Á«√Õ∫„π°“√ªíòπ‡À«’Ë¬ß ”À√—∫μ–°Õπ‰«√— „πß“π
«‘®—¬π’ÈÕ“® àßº≈μàÕª√‘¡“≥¢Õß‰«√— ∑’Ë °—¥‰¥â πÕ°®“°π—Èπ§«“¡ “¡“√∂„π°“√∑π∑“π¢Õß°ÿâß°ÿ≈“¥”μàÕ‰«√— 
À—«‡À≈◊Õß°Á‡ªìπªí®®—¬ ”§—≠„π°“√‡æ‘Ë¡®”π«π·≈–§«“¡ ¡∫Ÿ√≥å¢Õß‰«√— „πμ—«°ÿâßÕ’°¥â«¬
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