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√Ÿª·∫∫¢Õß‡®≈Õ‘‡≈Á°‚∑√‚ø√’´‘ ·∫∫ Õß√–π“∫
¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈

(Carica papaya Lin. cv Khak Nual)
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∫∑§—¥¬àÕ

°“√»÷°…“‚ª√µ’‚Õ¡‘° å¢Õß¡–≈–°Õ (Carica papaya Lin.)  “¬æ—π∏ÿå·¢°π«≈®“° à«πµà“ßÊ
‰¥â·°à „∫ ¥Õ° º≈·°à ·≈–√“° ∑’ËÕ“¬ÿ 270 «—π ¥â«¬«‘∏’Õ‘‡≈Á°‚∑√‚ø√’´‘ ·∫∫ Õß√–π“∫ (2-D PAGE)
‚¥¬·¬°µ“¡§«“¡·µ°µà“ß¢Õßª√–®ÿ ÿ∑∏‘¢Õß‚ª√µ’π¥â«¬ non linear gradient pH 3 - 10 ¢π“¥ 18 ‡´πµ‘‡¡µ√
„π√–π“∫·√° ·≈–„™â 12.5% sodium dodecyl sufate-polyacrylamide gel electrophoresis (SDS-
PAGE) ·¬°µ“¡¢π“¥‚¡‡≈°ÿ≈¢Õß‚ª√µ’π „π√–π“∫∑’Ë Õß ·≈–¬âÕ¡‚ª√µ’π„π‡®≈¥â«¬«‘∏’´‘≈‡«Õ√å ·µà≈–
µ—«Õ¬à“ß∑”°“√∑¥≈Õß´È” 3 §√—Èß ®“°°“√∑¥≈Õßæ∫«à“ ®”π«π‚ª√µ’‚Õ¡‘° å¢Õß¡–≈–°ÕÕ¬Ÿà„π™à«ß 553 -
967 ®ÿ¥ ®”π«π‚ª√µ’‚Õ¡‘° å¢Õß¡–≈–°Õ„π¥Õ°¡’®”π«π®ÿ¥¢Õß‚ª√µ’π¡“°∑’Ë ÿ¥ √Õß≈ß¡“ ‰¥â·°à „∫ √“°
·≈–º≈·°à ‚¥¬¡’®”π«π¢Õß®ÿ¥‚ª√µ’π∑’Ë 967 ± 10.60, 960 ± 8.02, 780 ± 13.32 ·≈– 553 ± 11.02
®ÿ¥ µ“¡≈”¥—∫ ‚ª√µ’‚Õ¡®–°√–®“¬Õ¬Ÿà„π™à«ß pI 14 - 7.5 ∑’ËπÈ”Àπ—°‚¡‡≈°ÿ≈ 10 - 100 °‘‚≈¥“≈µ—π ·≈–
pI 9.5 - 10 ∑’ËπÈ”Àπ—°‚¡‡≈°ÿ≈ 15 - 50 °‘‚≈¥“≈µ—π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫À“®ÿ¥¢Õß‚ª√µ’π√à«¡„π·µà≈– à«π
¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈ æ∫«à“¡’®ÿ¥√à«¡°—π ®”π«π 33 ®ÿ¥ ®“°°“√ ◊∫§âπ™π‘¥¢Õß‚ª√µ’π‡À≈à“π—Èπ®“°

1»Ÿπ¬å‡∑§‚π‚≈¬’™’«¿“æ‡°…µ√ ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å «‘∑¬“‡¢µ°”·æß· π
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§≥–°√√¡°“√°“√Õÿ¥¡»÷°…“
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5¿“§«‘™“‚√§æ◊™ §≥–‡°…µ√ °”·æß· π ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å «‘∑¬“‡¢µ°”·æß· π
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§ÿ≥ ¡∫—µ‘¢Õß§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈„π∞“π¢âÕ¡Ÿ≈ TagIdent ¬—ß‰¡àæ∫‚ª√µ’π∑’Ëµ√ß°—∫∞“π¢âÕ¡Ÿ≈
¡–≈–°Õ ·µàæ∫µ√ß°—∫‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡°’Ë¬«°—∫°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ Õ“√å‡ÕÁπ‡Õ ·≈–‚ª√µ’π À√◊Õ
‚ª√µ’π∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√‡¡·∑∫Õ≈‘́ ÷¡ ́ ÷Ëß‚ª√µ’π‡À≈à“π—Èπ¡’°“√· ¥ßÕÕ°ª√‘¡“≥ Ÿß (highly abundant
protein) „πæ◊™™π‘¥Õ◊Ëπ ‡™àπ ¢â“« Arabidopsis °“·ø ·≈–∑“πµ–«—π ‡ªìπµâπ ®÷ß§“¥«à“‡ªìπ house
keeping protein

§” ”§—≠: ¡–≈–°Õ ‚ª√µ’‚Õ¡‘° å ‡®≈Õ‘‡≈Á°‚∑√‚ø√’´‘ ·∫∫ Õß√–π“∫
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2-D PAGE Patterns of Khak Nual Papaya
(Carica papaya Linn. cv Khak Nual)

Chalinee Kongsawat1,2,4*, Tanong Phueaouan3, Sittiruk Roytrakul4,
Parichart Burns4 and Wichai Kositratana1,2,5

ABSTRACT

Proteomics differentially expressed of leaf, flower, mature fruit and root of Khak
Nual Papaya (Carica papaya Lin.) were determined by two-dimensional polyacrylamide gel
electrophoresis (2-D PAGE) using a 18 cm of non linear gradient of pH ranged 3 - 10 strip for
pI separation and then 12.5% sodium dodecyl sufate-polyacrylamide gel electrophoresis
(SDS-PAGE) for molecular weight determination. Approximately 553 - 967 protein spots from
different parts of papaya plants were resolved. Comparison of the total proteome in each part,
the most number of protein spots were found in flower. There were 967 ± 10.60, 960 ± 8.02,
780 ± 13.32 and 553 ± 11.02 protein spots in flower, leaf, root and mature fruit, respectively.
Separated papaya protein spots were located mainly in the area of pI 4 - 7.5 / MW 10 - 100 kDa
and pI 9.5 - 10 / MW 15 - 50 kDa. Comparison of protein spots in each part, only 33 highly
abundant protein spots were coincidently found in every part expected to be house keeping
proteins. These spots were searched against TagIdent database by pI and MW. Not of the protein
matched with papaya protein but the 33 highly abundant protein spots matched with various
proteins including enzyme involved in synthesis and processing of DNA, RNA and protein or the
major metabolic pathway from other plants such as rice, Arabidopsis, coffee and sunflower.
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∫∑π”
¡–≈–°Õ (Carica papaya Lin.) ‡ªìπæ◊™ ”§—≠¢Õßª√–‡∑»‰∑¬ ¡’°“√ª≈Ÿ°∑—Ë«∑ÿ°¿“§¢Õßª√–‡∑»

‡æ◊ËÕ„™â√—∫ª√–∑“π‡ªìπº≈‰¡â·≈–ª√–°Õ∫Õ“À“√ ‚¥¬‡©æ“–„π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¡’°“√∫√‘‚¿§
¡–≈–°Õ¥‘∫‡ªìπÕ“À“√„π™’«‘µª√–®”«—π πÕ°®“°π’È ¡–≈–°Õ ÿ°¬—ß‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠„πÕÿµ “À°√√¡
°“√∑”º≈‰¡â∫√√®ÿ°√–ªÜÕß‡æ◊ËÕ°“√ àßÕÕ° [1] °“√ √â“ß¢âÕ¡Ÿ≈¥â“π™’««‘∑¬“‚¡‡≈°ÿ≈„π√–¥—∫‚ª√µ’π‡ªìπ
æ◊Èπ∞“π ”§—≠‡æ◊ËÕπ”‰ª Ÿà°“√»÷°…“¥â“πÕ≥Ÿ™’««‘∑¬“ °“√»÷°…“‚ª√µ’π∑—ÈßÀ¡¥∑’Ë‡√’¬°«à“‚ª√µ’‚Õ¡ (proteome)
π‘¬¡„™â‡∑§π‘§ 2-dimensional polyacrylamide gel electrophoresis (2-D PAGE) ÷́Ëß‡ªìπ«‘∏’°“√∑’Ë¡’
ª√– ‘∑∏‘¿“æ·≈–¡’§«“¡·¡àπ¬” Ÿß„π°“√»÷°…“‡ª√’¬∫‡∑’¬∫°“√· ¥ßÕÕ°¢Õß‚ª√µ’π„π‡π◊ÈÕ‡¬◊ËÕ ·≈–™à«ß
‡«≈“∑’Ë®”‡æ“– [2] ªí®®ÿ∫—π¡’°“√»÷°…“‚ª√µ’‚Õ¡„πæ◊™À≈“¬™π‘¥ ∑—Èß°“√»÷°…“√Ÿª·∫∫¢Õß 2-D PAGE „π
‡π◊ÈÕ‡¬◊ËÕ à«πµà“ßÊ ∑—Èß √“° „∫ ¥Õ° º≈ ·≈–‡¡≈Á¥¢Õß¢â“«‚æ¥ ∂—Ë«‡À≈◊Õß ¬“ Ÿ∫ ΩÑ“¬ æ√‘°‰∑¬ ™Ÿ°“√å∫’∑
·Õæ√‘§Õ∑ °≈â«¬ ∑“πµ–«—π °ÿÀ≈“∫ ·≈–æ◊™Õ’°À≈“¬™π‘¥ [3, 4] °“√»÷°…“§«“¡ —¡æ—π∏å¢Õß‚ª√µ’‚Õ¡
‡¡◊ËÕ∂Ÿ°°√–µÿâπ¥â«¬ biotic stress À√◊Õ abiotic stress „π¢â“« [5, 6] ¢â“« “≈’ [7, 8] ∂—Ë«≈‘ ß [9] °“√„™â
‚ª√µ’‚Õ¡‘° å„π°“√»÷°…“§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õßæ◊™„∫‡≈’È¬ß§Ÿà™π‘¥µà“ßÊ [10] ·≈–°“√ª√–‡¡‘π
§«“¡ª≈Õ¥¿—¬∑“ß™’«¿“æ¢Õßæ◊™¥—¥·ª√æ—π∏ÿ°√√¡ ‡™àπ ¡–‡¢◊Õ‡∑» ·≈–¡—πΩ√—Ëß [11, 12] °“√»÷°…“§√—Èßπ’È
¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“√Ÿª·∫∫¢Õß 2-D PAGE ¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈„π‡π◊ÈÕ‡¬◊ËÕ à«π „∫ ¥Õ°
º≈·°à ·≈–√“° ‚¥¬»÷°…“‚ª√µ’π ”§—≠∑’Ëª√“°Æ„π∑ÿ°µ—«Õ¬à“ß ‡æ◊ËÕπ”‰ª Ÿà°“√„™â‡ªìπ§«“¡√Ÿâæ◊Èπ∞“π„π°“√
®—¥∑”∞“π¢âÕ¡Ÿ≈‚ª√µ’π¢Õß¡–≈–°Õ·≈–»÷°…“„π¥â“πÕ◊ËπÊ µàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
 “¬æ—π∏ÿå¡–≈–°Õ·≈–°“√‡æ“–ª≈Ÿ°

‡æ“–‡¡≈Á¥¡–≈–°Õæ—π∏ÿå·¢°π«≈„π¥‘πº ¡∑’Ë¡’ ¥‘π: ¢’È‡∂â“·°≈∫: ªÿÜ¬À¡—°: ¢ÿ¬¡–æ√â“« Õ—µ√“ à«π
6: 4: 2: 4 ®πµâπ°≈â“¡–≈–°Õ¡’„∫®√‘ßª√–¡“≥ 5‡-‡7 „∫ À√◊ÕÕ“¬ÿª√–¡“≥ 1‡-‡2 ‡¥◊Õπ ·≈â«¬â“¬ª≈Ÿ°
¡–≈–°Õ≈ß„π°√–∂“ßæ≈“ µ‘°∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 80 ‡´πµ‘‡¡µ√ ª√–°Õ∫¥â«¬¥‘πº ¡ Ÿµ√‡¥‘¡
¿“¬„µâ ¿“æ‚√ß‡√◊Õπ ∑”°“√√¥πÈ”«—π≈– 2 §√—Èß ·≈–„ÀâªÿÜ¬ Ÿµ√ 46‡-‡0‡-‡0 „π™à«ß 3 ‡¥◊Õπ·√°¢Õß°“√
‡®√‘≠‡µ‘∫‚µ ·≈–„™âªÿÜ¬ Ÿµ√ 16‡-‡16‡-‡16 „π™à«ß‡√‘Ë¡µ‘¥º≈ ®”π«π 2 §√—ÈßµàÕ‡¥◊Õπ ‡°Á∫µ—«Õ¬à“ß„∫ ¥Õ°
º≈·°à ·≈–√“°¢Õß¡–≈–°Õ‡¡◊ËÕÕ“¬ÿµâπ 270 «—π

°“√ °—¥‚ª√µ’π
π”µ—«Õ¬à“ß„∫ ¥Õ° º≈·°à ·≈–√“°¢Õß¡–≈–°Õ¡“ °—¥‚ª√µ’πµ“¡«‘∏’°“√∑’Ë¥—¥·ª≈ß®“°

Westermeier and Naven [13] ‚¥¬∫¥µ—«Õ¬à“ß®”π«π 3 °√—¡ „π‚°√àß∫¥∑’Ë‡µ‘¡‰π‚µ√‡®π‡À≈«  °—¥‚ª√µ’π
¥â«¬ lysis buffer (8 M urea, 4% (w/v) CHAPS, 2% IPG buffer 3 - 10) ª√‘¡“µ√ 1.5 ¡‘≈≈‘≈‘µ√
π”‰ªÀ¡ÿπ‡À«’Ë¬ß∑’Ë 5,000 g ‡ªìπ‡«≈“ 15 π“∑’ π” à«π„  (supernatant) ª√‘¡“µ√ 80 ‰¡‚§√≈‘µ√ ¡“°”®—¥
 ‘Ëßªπ‡ªóôÕπ¥â«¬ 2-D Clean-Up Kit µ“¡¢âÕ·π–π”¢ÕßºŸâº≈‘µ (GE Healthcare Life Sciences) «‘‡§√“–Àå
ª√‘¡“≥‚ª√µ’π∑’Ë °—¥‰¥âµ“¡«‘∏’∑’Ë¥—¥·ª≈ß¡“®“° Bradford [14] «—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 595
π“‚π‡¡µ√ §”π«≥ª√‘¡“≥‚ª√µ’π∑’Ë °—¥‰¥â ‚¥¬‡∑’¬∫®“°‚ª√µ’π¡“µ√∞“π bovine serum albumin
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°“√µ√«® Õ∫‚ª√µ’‚Õ¡‘° å¥â«¬‡∑§π‘§ 2-D PAGE
π”‚ª√µ’π∑’Ë °—¥‰¥â¡“·¬°µ“¡§«“¡·µ°µà“ß¢Õß§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈ ‡√‘Ë¡®“°°“√π”

µ—«Õ¬à“ß‚ª√µ’π¢Õß¡–≈–°Õ∑’Ë °—¥‰¥â ª√‘¡“≥ 150 ‰¡‚§√°√—¡ ¡“∑”°“√·¬°√–π“∫∑’Ë 1 ‚¥¬«‘∏’ isoelectric
focusing (IEF) µ“¡§«“¡·µ°µà“ß¢Õß§à“ isoelectric point (pI) „π‚ª√µ’π·µà≈–™π‘¥Ê ≈– 3 ‡®≈ ÷́Ëß
§à“  pI ‡ªìπ§à“ pH ∑’Ë‚ª√µ’π¡’ª√–®ÿ√«¡‡ªìπ»Ÿπ¬å ∑”„Àâ‚ª√µ’π‰¡à‡§≈◊ËÕπµàÕ‰ª„π‡®≈∑’Ë¡’°√–· ‰øøÑ“ºà“π ∑—Èßπ’È
§à“ pI ¢Õß‚ª√µ’π·µà≈–µ—«®–¡’§à“‡©æ“–µ—«„π‚ª√µ’π·µà≈–™π‘¥ ∑”°“√·¬°‚¥¬„™â·ºàπ‡®≈ ”‡√Á®√Ÿª
ImmobilineTM DryStrip pH 3 - 10 ™π‘¥ immobilized pH gradient gel (IPG) ∑’Ëº≈‘µ∑“ß°“√§â“
(GE Healthcare Life Sciences) ¢π“¥§«“¡¬“«·ºàπ‡®≈ 18 ‡´πµ‘‡¡µ√ ¥â«¬‡§√◊ËÕß Ettan IPGphor II
(GE Healthcare Life Sciences) ‚¥¬„™â ¿“«– ¥—ßπ’È

¢—Èπ∑’Ë 1 Step and Hold 300 ‚«≈µå 600 Vh.
¢—Èπ∑’Ë 2 Step and Hold 500 ‚«≈µå 500 Vh.
¢—Èπ∑’Ë 3 Step and Hold 1,000 ‚«≈µå 1,000 Vh.
¢—Èπ∑’Ë 4 Step and Hold 8,000 ‚«≈µå 14,500 Vh.
¢—Èπ∑’Ë 5 Gradient 5,000 ‚«≈µå 20,000 Vh.
¢—Èπ∑’Ë 6 Step and Hold 500 ‚«≈µå 3,000 Vh.

®“°π—Èπ π”·ºàπ‡®≈ ImmobilineTM DryStrip ∑’Ë·¬°‰¥â®“°¢â“ßµâπ ¡“∑”°“√ª√—∫ ¿“æ„π
equilibration buffer (2% SDS, 50 mM tris-HCl pH 8.6, 6M urea, 30% (v/v) glycerol, 0.002%
bromophenol blue) ∑’Ë‡µ‘¡ DTT 100 ¡‘≈≈‘°√—¡µàÕ 10 ¡‘≈≈‘≈‘µ√ ‡ªìπ‡«≈“ 15 π“∑’ ·≈–„π equilibration
buffer ∑’Ë‡µ‘¡ idoacetamide 250 ¡‘≈≈‘°√—¡µàÕ 10 ¡‘≈≈‘≈‘µ√ ª√‘¡“≥ 10 ¡‘≈≈‘≈‘µ√µàÕ·ºàπ‡®≈ µ“¡≈”¥—∫
π”‡®≈ ImmobilineTM DryStrip ·¬°‚ª√µ’π√–π“∫∑’Ë 2 ·¬°µ“¡¢π“¥‚¡‡≈°ÿ≈¢Õß‚ª√µ’π¥â«¬ 12.5%
sodium dodecyl sufate-polyacrylamide gel (SDS-PAGE) [15] ‚¥¬„™â°√–· ‰øøÑ“ 15 ¡‘≈≈‘·Õ¡·ª√å
‡ªìπ‡«≈“ 15 π“∑’ ·≈–°√–· ‰øøÑ“ 30 ¡‘≈≈‘·Õ¡·ª√å ‡ªìπ‡«≈“ 5 ™—Ë«‚¡ß µ“¡≈”¥—∫

°“√¬âÕ¡ ’‡®≈
π”‡®≈∑’Ë‰¥â‰ª¬âÕ¡¥â«¬«‘∏’ sliver staining ‚¥¬¥—¥·ª≈ß®“°«‘∏’¢Õß Blum ·≈–§≥– [16]

‡√‘Ë¡®“°µ√÷ß‚ª√µ’π„π·ºàπ‡®≈„π “√≈–≈“¬‡Õ∏‘≈·Õ≈°ÕŒÕ≈å 40 ‡ªÕ√å‡´Áπµå ·≈–°√¥Õ– ‘́µ‘° 10 ‡ªÕ√å‡´Áπµå
‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ≈â“ß¥â«¬‡Õ∏‘≈·Õ≈°ÕŒÕ≈å 30% ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ·≈–≈â“ß¥â«¬πÈ”°≈—Ëπ∫√‘ ÿ∑∏‘Ï ®”π«π
3 §√—ÈßÊ ≈– 10 π“∑’ À≈—ß®“°π—Èπ ∑”°“√ sensitization ·ºàπ‡®≈ ¥â«¬ “√≈–≈“¬‚´‡¥’¬¡‰∑‚Õ´—≈‡øµ 0.02
‡ªÕ√å‡´Áπµå ‡ªìπ‡«≈“ 3 π“∑’ ·≈â«≈â“ß¥â«¬πÈ”°≈—Ëπ∫√‘ ÿ∑∏‘Ï ®”π«π 3 §√—ÈßÊ ≈– 10 π“∑’ ·™à‡®≈„π
 “√≈–≈“¬´‘≈‡«Õ√å‰π‡µ√∑ 0.1 ‡ªÕ√å‡´Áπµå ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´ ‡ ’́¬  ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ®“°π—Èπ
≈â“ß¥â«¬πÈ”°≈—Ëπ∫√‘ ÿ∑∏‘Ï ®”π«π 2 §√—ÈßÊ ≈– 1 π“∑’ ·≈â«®÷ß≈â“ß‡®≈¥â«¬ “√≈–≈“¬¢Õß‚´‡¥’¬¡§“√å∫Õ‡πµ
3 ‡ªÕ√å‡´Áπµå ·≈–øÕ√å¡“≈¥’‰Œ¥å 0.05 ‡ªÕ√å‡´Áπµå ®π°«à“®ÿ¥¢Õß‚ª√µ’π®–ª√“°Ø™—¥‡®π ®“°π—ÈπÀ¬ÿ¥
ªØ‘°‘√‘¬“¥â«¬°“√≈â“ß„π “√≈–≈“¬°√¥Õ–´‘µ‘° 1 ‡ªÕ√å‡´Áπµå ®”π«π 2 §√—ÈßÊ ≈– 10 π“∑’ ‡°Á∫·ºàπ‡®≈„π
 “√≈–≈“¬°√¥Õ– ‘́µ‘° 1 ‡ªÕ√å‡´Áπµå
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°“√‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß‚ª√µ’‚Õ¡‘° å
π”·ºàπ‡®≈‰ª ·°π¥â«¬‡§√◊ËÕß ImageMaster Scanner ·≈–«‘‡§√“–Àå¥â«¬‚ª√·°√¡ ”‡√Á®√Ÿª

ImageMaster 2D Platinum ‡«Õ√å™—Ëπ 5 (GE Healthcare Life Sciences) ‡æ◊ËÕ«‘‡§√“–Àå®”π«π®ÿ¥¢Õß
‚ª√µ’π„π·µà≈–µ—«Õ¬à“ß¢Õß¡–≈–°Õ ‚¥¬‡ª√’¬∫‡∑’¬∫À“®ÿ¥‚ª√µ’π√à«¡∑’Ëæ∫„π∑ÿ° à«π¢Õß¡–≈–°Õ¥—¥·ª√
æ—π∏ÿ°√√¡ π”¡“«‘‡§√“–ÀåÀ“™π‘¥¢Õß‚ª√µ’π‚¥¬„™â§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈„π°“√ ◊∫§âπ®“°∞“π¢âÕ¡Ÿ≈
Viridiplantae ¢Õß TagIdent (http://ca.expasy.org/tools/tagident.html) [17]

º≈°“√∑¥≈Õß
√Ÿª·∫∫‡®≈ 2-D PAGE ¢Õß„∫ ¥Õ° º≈·°à ·≈–√“°¡–≈–°Õæ—π∏ÿå·¢°π«≈

√Ÿª·∫∫°“√°√–®“¬¢Õß‚ª√µ’‚Õ¡ „πµ—«Õ¬à“ß„∫·≈–¥Õ°¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈ æ∫«à“
¡’°≈ÿà¡°“√°√–®“¬®ÿ¥¢Õß‚ª√µ’π 2 °≈ÿà¡ ‰¥â·°à °≈ÿà¡ pI 4 - 7.5 ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 10 - 100 °‘‚≈¥“≈µ—π

(a) „∫ (b) ¥Õ°

(c) º≈·°à (d) √“°

√Ÿª∑’Ë 1 √Ÿª·∫∫°“√°√–®“¬®ÿ¥‚ª√µ’π„π 2-D PAGE ¢Õßµ—«Õ¬à“ß„π à«πµà“ßÊ ¢Õß¡–≈–°Õæ—π∏ÿå
·¢°π«≈∑’ËÕ“¬ÿ 270 «—π
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·≈–°≈ÿà¡ pI 9.5 - 10 ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 15 - 50 °‘‚≈¥“≈µ—π (√Ÿª∑’Ë 1 a ·≈– b)  ”À√—∫µ—«Õ¬à“ßº≈·°à
¡–≈–°Õæ—π∏ÿå·¢°π«≈æ∫°“√°√–®“¬®ÿ¥¢Õß‚ª√µ’π‡æ’¬ß°≈ÿà¡‡¥’¬«„π™à«ß pI 4 - 7.5 ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈
10 - 100 °‘‚≈¥“≈µ—π (¿“æ∑’Ë 1 c) „πµ—«Õ¬à“ß√“°æ∫°“√°√–®“¬®ÿ¥¢Õß‚ª√µ’π‡ªìπ 2 °≈ÿà¡ ‰¥â·°à °≈ÿà¡
pI 4 - 7.5 ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 10 - 100 °‘‚≈¥“≈µ—π ·≈–°≈ÿà¡ pI 9.5 - 10 ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 20 - 50
°‘‚≈¥“≈µ—π (√Ÿª∑’Ë 1 d)

®”π«π®ÿ¥¢Õß‚ª√µ’π„π„∫ ¥Õ° º≈·°à ·≈–√“°¡–≈–°Õæ—π∏ÿå·¢°π«≈
‡¡◊ËÕ„™â‚ª√·°√¡«‘‡§√“–Àå ”‡√Á®√Ÿª ImageMaster 2D Platinum ‡«Õ√å™—Ëπ 5 µ√«®π—∫®”π«π

®ÿ¥¢Õß‚ª√µ’π∫π 2-D PAGE ®”π«π‚ª√µ’π¢Õß¡–≈–°ÕÕ¬Ÿà„π™à«ß 553 - 967 ®ÿ¥ ‚¥¬æ∫®ÿ¥¢Õß‚ª√µ’π
„π¥Õ° „∫ √“° ·≈–º≈·°à ®”π«π 967 ± 10.60, 960 ± 8.02, 780 ± 13.32 ·≈– 553 ± 11.02
µ“¡≈”¥—∫ ¥—ß√Ÿª∑’Ë 2

(a) „∫ (b) ¥Õ°

(c) º≈·°à (d) √“°

√Ÿª∑’Ë 2 ®”π«π®ÿ¥‚ª√µ’π„π 2-D PAGE ¢Õßµ—«Õ¬à“ß„π à«πµà“ßÊ ¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈∑’ËÕ“¬ÿ 270
«—π ∑’Ëµ√«®π—∫‰¥â‚¥¬‚ª√·°√¡«‘‡§√“–Àå ”‡√Á®√Ÿª ImageMaster 2D Platinum ‡«Õ√å™—Ëπ 5
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‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫®”π«π®ÿ¥¢Õß‚ª√µ’πæ∫«à“ „π¥Õ°¢Õß¡–≈–°Õ¡’®”π«π®ÿ¥¢Õß‚ª√µ’π¡“°∑’Ë ÿ¥
(967 ®ÿ¥) √Õß≈ß¡“‰¥â·°à „π„∫ (960 ®ÿ¥) √“° (780 ®ÿ¥) ·≈–º≈·°à (553 ®ÿ¥) µ“¡≈”¥—∫ ¥—ß√Ÿª∑’Ë 3

√Ÿª∑’Ë 3 °√“ø‡ª√’¬∫‡∑’¬∫®”π«π®ÿ¥¢Õß‚ª√µ’π„π„∫ ¥Õ° º≈·°à ·≈–√“°¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈∑’ËÕ“¬ÿ
270 «—π

‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß‚ª√µ’‚Õ¡„π„∫ ¥Õ° º≈·°à ·≈–√“°¡–≈–°Õæ—π∏ÿå·¢°π«≈
‡ª√’¬∫‡∑’¬∫®ÿ¥¢Õß‚ª√µ’π‡æ◊ËÕÀ“®ÿ¥¢Õß‚ª√µ’π√à«¡√–À«à“ß„∫ ¥Õ° º≈·°à ·≈–√“°¢Õß

¡–≈–°Õæ—π∏ÿå·¢°π«≈ ‚¥¬„™â‚ª√·°√¡«‘‡§√“–Àå ”‡√Á®√Ÿª ImageMaster 2D Platinum ‡«Õ√å™—Ëπ 5 æ∫«à“
¡’®ÿ¥¢Õß‚ª√µ’π∑’Ë¡’§«“¡‡¢â¡¡“° (highly abundant protein) ·≈–æ∫∑’Ëµ”·Àπàß‡¥’¬«°—π„π∑ÿ° à«π¢Õß¡–≈–°Õ
[18] §“¥«à“‚ª√µ’π‡À≈à“π—Èπ®–‡ªìπ‚ª√µ’π„π°≈ÿà¡ house keeping protein ®”π«π 33 ®ÿ¥ „πµ”·Àπàß§à“ pI
·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈µà“ßÊ ¥—ß√Ÿª∑’Ë 4 ‡¡◊ËÕ§âπÀ“™π‘¥¢Õß‚ª√µ’π®“°§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈„π∞“π¢âÕ¡Ÿ≈
TagIdent ¬—ß‰¡à “¡“√∂®”·π°«à“‡ªìπ‚ª√µ’π™π‘¥„¥®“°∞“π¢âÕ¡Ÿ≈‚ª√µ’‚Õ¡¡–≈–°Õ ·µàæ∫«à“„π·µà≈–
µ”·Àπàß¢Õß®ÿ¥‚ª√µ’π®–µ√ß°—∫‚ª√µ’π¢Õßæ◊™™π‘¥Õ◊Ëπ ‡™àπ ¢â“« Arabidopsis °“·ø ·≈–∑“πµ–«—π ‡ªìπµâπ
¥—ßµ“√“ß∑’Ë 1
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(a) „∫ (b) ¥Õ°

(c) º≈·°à (d) √“°

√Ÿª∑’Ë 4 ®”π«π®ÿ¥‚ª√µ’π√à«¡„π 2-D PAGE ∑’Ëæ∫„πµ—«Õ¬à“ß∑ÿ° à«π¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈∑’ËÕ“¬ÿ
270 «—π µ√«®π—∫‰¥â‚¥¬‚ª√·°√¡«‘‡§√“–Àå ”‡√Á®√Ÿª ImageMaster 2D Platinum ‡«Õ√å™—Ëπ 5
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µ“√“ß∑’Ë 1 · ¥ß§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß‚ª√µ’π∑’Ëæ∫√à«¡„π∑ÿ° à«π¢Õß¡–≈–°Õ ‡¡◊ËÕ ◊∫§âπ
‡ª√’¬∫‡∑’¬∫°—∫‚ª√µ’π„π∞“π¢âÕ¡Ÿ≈ TagIdent

§à“®“° 2-D PAGE §à“®“°°“√§âπÀ“„π∞“π¢âÕ¡Ÿ≈ TagIdent
À¡“¬‡≈¢®ÿ¥

πÈ”Àπ—°‚¡‡≈°ÿ≈
Accession number ™◊ËÕ‚ª√µ’π ™π‘¥æ◊™ pI

πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß‚ª√µ’π pI
(°‘‚≈¥“≈µ—π) (°‘‚≈¥“≈µ—π)

1 3.80 57.0 AN321_ORYSJ Acidic leucine-rich Oryza sativa 3.74 51.8
(Q6YSF3) nuclear phosphoprotein sub sp. japonica

32-related protein 1 (¢â“«)
2 4.20 80.0 P2C18_ORYSJ Probable protein Oryza sativa 4.20 85.0

(A3A8Q4) phosphatase 2C 18 sub sp. japonica
(¢â“«)

3 5.10 78.0 HSP81_ORYSI Heat shock protein 81-1 Oryza sativa 5.00 80.2
(A2YWQ1)  sub sp. indica

(¢â“«)
4 5.20 78.0 SL11_ORYSI Protein spotted leaf 11 Oryza sativa 5.20 75.3

(A2ZLU6) sub sp. indica
(¢â“«)

5 5.30 78.0 WNK1_ORYSI Serine/threonine-protein Oryza sativa 5.38 79.8
(A2YMV6) kinase WNK1 sub sp. indica

(¢â“«)
6 4.20 44.0 ATX3_ORYSJ Putative ataxin-3 Oryza sativa 4.24 36.2

(Q8LQ36) homolog sub sp. Japonica
(¢â“«)

7 5.00 44.0 CCA33_ARATH Cyclin-A3-3 Arabidopsis 5.05 38.1
(A0MEB5) thaliana

8 5.40 45.0 PSBD_COFAR Photosystem II D2 Coffea arabica 5.33 39.6
(A0A330)  protein (°“·ø)

9 6.10 41.0 RPOA_RANMC DNA-directed RNA Ranunculus 6.24 39.4
(A1XGS0)  polymerase subunit macranthus

alpha (¥Õ°∫—µ‡µÕ√å§—æ)
10 6.20 44.0 COBL6_ARATH COBRA-like protein 6 Arabidopsis 6.19 45.7

(O04500) thaliana
11 6.30 41.0 CHSY_PERFR Chalcone synthase Perilla 6.33 42.7

(O04111) frutescens

(ÀŸª≈“™àÕπ)

12 6.80 43.0 ADHX_ORYSI Alcohol dehydrogenase Oryza sativa 6.79 40.8
(A2XAZ3) class-3 sub sp. indica

(¢â“«)
13 9.70 43.0 TLP6_ARATH Tubby-like F-box Arabidopsis 9.74 46.1

(Q0WPY0) protein 6 thaliana
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µ“√“ß∑’Ë 1 (µàÕ)

§à“®“° 2-D PAGE §à“®“°°“√§âπÀ“„π∞“π¢âÕ¡Ÿ≈ TagIdent
À¡“¬‡≈¢®ÿ¥

πÈ”Àπ—°‚¡‡≈°ÿ≈
Accession number ™◊ËÕ‚ª√µ’π ™π‘¥æ◊™ pI

πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß‚ª√µ’π pI
(°‘‚≈¥“≈µ—π) (°‘‚≈¥“≈µ—π)

14 3.50 36.0 NEP1_NEPGR Aspartic proteinase Nepenthes 3.75 37.5
(Q766C3) nepenthesin-1 gracilis

(À¡âÕ¢â“«
À¡âÕ·°ß≈‘ß)

15 4.20 35.0 PAP3_ARATH Probable Arabidopsis 4.17 34.6
(O82291) plastid-lipid-associated thaliana

protein 3, chloroplastic
16 4.90 34.0 CHLL_ANGEV Light-independent Angiopteris 4.96 31.7

(A2T392) protochlorophyllide evecta
reductase iron-sulfur (‡øî√åπ)
ATP-binding protein

17 5.50 39.0 ODPB_CHLAT Pyruvate dehydrogenase Chlorokybus 5.50 36.7
(A2CI50) E1 component subunit atmophyticus

beta ( “À√à“¬¥‘π)
18 6.10 39.0 SF21_HELAN Pollen-specific protein Helianthus 6.19 39.2

(O23969) SF21 annuus
(¥Õ°∑“πµ–«—π)

19 6.50 36.0 AP2L3_ARATH AP2-like Arabidopsis 6.57 34.2
(A0JPZ8) ethylene-responsive thaliana

transcription factor
At1g79700

20 4.20 29.0 CHIA_CUCSA Acidic endochitinase Cucumis sativus 4.28 28.0
(P17541) (·µß°«“)

21 4.40 28.0 ACTN_ACTDE Actinidain Actinidia 4.42 27.4
(A5HII1) deliciosa (°’«’)

22 5.70 27.0 CEMA_NUPAD Chloroplast envelope Nuphar advena 5.78 26.7
(A1XFW7) membrane protein (¥Õ°∫—«‡À≈◊Õß)

23 6.10 24.0 REHY_ARATH 1-Cys peroxiredoxin Arabidopsis 6.12 24.1
(O04005) PER1 thaliana

24 6.60 24.0 RAN2_ORYSI GTP-binding nuclear Oryza sativa
(A2Y7R5) protein Ran-2 sub sp. indica 6.66 25.0

(¢â“«)
25 7.70 27.0 NDHK_NUPAD NAD(P)H-quinone Nuphar advena 7.61 25.3

(A1XFV9) oxidoreductase subunit (∫—«‡À≈◊Õß)
K, chloroplastic

26 9.50 26.5 RR2_COFAR 30S ribosomal protein Coffea arabica 9.58 26.9
(A0A324) S2, chloroplastic (°“·ø)
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µ“√“ß∑’Ë 1 (µàÕ)

§à“®“° 2-D PAGE §à“®“°°“√§âπÀ“„π∞“π¢âÕ¡Ÿ≈ TagIdent
À¡“¬‡≈¢®ÿ¥

πÈ”Àπ—°‚¡‡≈°ÿ≈
Accession number ™◊ËÕ‚ª√µ’π ™π‘¥æ◊™ pI

πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß‚ª√µ’π pI
(°‘‚≈¥“≈µ—π) (°‘‚≈¥“≈µ—π)

27 5.00 20.0 SRS1_ORYSI Salt stress root protein Oryza sativa 4.91 21.8
(A2WMG6)  RS1 sub sp. indica

(¢â“«)
28 3.80 17.5 K501_ACTDE Fruit protein pKIWI501 Actinidia 3.77 18.9

(P43393) deliciosa (°’«’)
29 5.00 17.0 TL16_ARATH Thylakoid lumenal Arabidopsis 4.90 15.7

(O22773) 16.5 kDa protein, thaliana
chloroplastic

30 3.00 14.0 BCP1_BRACM Anther-specific protein Brassica 3.50 11.3
(P41507) BCP1 campestris

(¡— µ“√å¥)
31 4.00 14.0 CALM3_ORYSI Calmodulin-3 Oryza sativa 4.09 16.6

(A2WNH1) sub sp. indica
(¢â“«)

32 4.70 15.0 NU3C_ANGEV NAD(P)H-quinone Angiopteris 4.73 13.8
(A2T338) oxidoreductase evecta (‡øî√åπ)

subunit 3, chloroplastic
33 5.70 16.0 SODC1_ORYSI Superoxide dismutase Oryza sativa 5.71 15.1

(A2XGP6) [Cu-Zn] 1 sub sp. indica
(¢â“«)

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
√Ÿª·∫∫°“√°√–®“¬µ—«¢Õß‚ª√µ’‚Õ¡„π 2-D PAGE ¢Õßµ—«Õ¬à“ß„∫·≈–¥Õ°¡’√Ÿª·∫∫°“√

°√–®“¬∑’Ë§≈â“¬§≈÷ß°—π ‚¥¬æ∫°“√°√–®“¬µ—«„π 2 °≈ÿà¡À≈—° ‰¥â·°à ™à«ß pI 4 - 7.5 ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈
10 - 100 °‘‚≈¥“≈µ—π ·≈–™à«ß pI 9.5 - 10 ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 15 - 50 °‘‚≈¥“≈µ—π ‡™àπ‡¥’¬«°—∫
°“√°√–®“¬µ—«¢Õß‚ª√µ’‚Õ¡∫π 2-D PAGE ¢Õßµ—«Õ¬à“ß√“°∑’Ëæ∫°“√°√–®“¬µ—«¢Õß®ÿ¥‚ª√µ’π„π Õß
™à«ß‡™àπ‡¥’¬«°—π ·µà¡’§à“ pI ·≈–¡«≈‚¡‡≈°ÿ≈µà“ß°—π‡≈Á°πâÕ¬  à«π„πµ—«Õ¬à“ß¢Õßº≈·°àæ∫°“√°√–®“¬µ—«
¢Õß‚ª√µ’‚Õ¡∫π 2-D PAGE ‡æ’¬ß°≈ÿà¡‡¥’¬«

‡¡◊ËÕµ√«® Õ∫®”π«π‚ª√µ’‚Õ¡¥â«¬‚ª√·°√¡ ImageMaster 2D Platinum ‡«Õ√å™—Ëπ 5 æ∫«à“
¡’®ÿ¥¢Õß‚ª√µ’π¡“°∑’Ë ÿ¥„πµ—«Õ¬à“ß¥Õ° º≈·°à „∫ ·≈–√“° µ“¡≈”¥—∫ ‚¥¬¡’®”π«π‚ª√µ’‚Õ¡Õ¬Ÿà„π™à«ß
500 - 1,000 ®ÿ¥ ®“°®”π«π¬’π∑—ÈßÀ¡¥¢Õß¡–≈–°Õ 24,746 ¬’π ®“°®’‚π¡¢π“¥ 372 ≈â“π§Ÿà‡∫  [19]
´÷Ëß®”π«π¬’π∑—ÈßÀ¡¥ (genome) ®–¡’®”π«π¡“°°«à“®”π«π‚ª√µ’π∑—ÈßÀ¡¥ (proteome) ‡π◊ËÕß®“°„π·µà≈–
Õ«—¬«–·≈–·µà≈–™à«ß‡«≈“®–¡’¬’π‡æ’¬ß∫“ß¬’π‡∑à“π—Èπ∑’Ë®–· ¥ßÕÕ° ·≈–Õ“®¡’°“√¥—¥·ª≈ß¿“¬À≈—ß°“√
·ª≈√À—  (post-translation modification) ‡ªìπ‚ª√µ’π∑’Ë®”‡ªìπµàÕ°“√¥”√ß™’«‘µÀ√◊ÕµÕ∫ πÕßµàÕ ‘Ëß‡√â“
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≥ ™à«ß‡«≈“π—ÈπÊ πÕ°®“°π’È °“√· ¥ßÕÕ°¢Õß¬’π®–¢÷ÈπÕ¬Ÿà°—∫™‘Èπ à«πæ◊™ Õ“¬ÿ ·≈–‡«≈“∑’Ë‡°Á∫ ´÷Ëß„π°“√
»÷°…“§√—Èßπ’Èæ∫®”π«π¢Õß®ÿ¥‚ª√µ’πÕ¬Ÿà„π™à«ß 553 - 967 ®ÿ¥  Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Maldonado
·≈–§≥– [20] ∑’Ëæ∫«à“ ®”π«π®ÿ¥¢Õß‚ª√µ’π∑’Ëµ√«®æ∫‚¥¬ 2-D PAGE ®“°µ—«Õ¬à“ßæ◊™ ®–Õ¬Ÿà„π™à«ß
200 - 3,000 ®ÿ¥ „°≈â‡§’¬ß°—∫∑’Ë Tsugita ·≈–†Kamo [21] √“¬ß“π«à“ ‚ª√µ’‚Õ¡¢Õßæ◊™∑’Ë·¬°‚¥¬ 2-D
PAGE ®–Õ¬Ÿà„π™à«ß 200 - 2,000 ®ÿ¥ µàÕ 2-D PAGE ¢π“¥ 22.5 x 22.5 ‡´πµ‘‡¡µ√

®“°°“√‡ª√’¬∫‡∑’¬∫®ÿ¥¢Õß‚ª√µ’πæ∫®ÿ¥¢Õß‚ª√µ’π∑’Ë¡’§«“¡‡¢â¡ Ÿß ·≈–æ∫„π∑ÿ° à«π¢Õß
¡–≈–°Õ ∑—Èß„πµ—«Õ¬à“ß„∫ ¥Õ° º≈·°à ·≈–√“°¢Õß¡–≈–°Õæ—π∏ÿå·¢°π«≈ ®”π«π 33 ®ÿ¥ ‡¡◊ËÕ§âπÀ“
™π‘¥¢Õß‚ª√µ’π®“°§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈„π∞“π¢âÕ¡Ÿ≈ TagIdent æ∫«à“ ‚ª√µ’π∑—Èß 33 ®ÿ¥ µ√ß°—∫
‚ª√µ’π ”§—≠¢Õßæ◊™™π‘¥Õ◊Ëπ ÷́Ëß‡ªìπ‚ª√µ’π ”§—≠„π°“√§«∫§ÿ¡°“√∑”ß“π¢Õß‡´≈≈å·≈–°√–∫«π°“√
‡¡µ“∫Õ≈‘´÷¡¢Õßæ◊™ ‡™àπ protein phosphatase 2C, serine/threonine-protein kinase WNK1,
photosystem II D2 protein ·≈– pyruvate dehydrogenase E1 ‡ªìπµâπ [22 - 24] ‚ª√µ’π ”§—≠
„π°√–∫«π°“√·ª≈√À— ¢Õß RNA ‡™àπ DNA-directed RNA polymerase subunit alpha [25] √«¡∑—Èß
‚ª√µ’π ”§—≠∑’Ë§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ·≈–æ—≤π“°“√¢Õßæ◊™ ‡™àπ AP2-like ethylene-responsive
transcription factor At1g79700 ·≈– Anther-specific protein BCP1 ‡ªìπµâπ [26, 27] ·µà¬—ß‰¡à
æ∫‚ª√µ’π∑’Ëµ√ß°—∫∞“π¢âÕ¡Ÿ≈¡–≈–°Õ ‡π◊ËÕß®“°®”π«π¢âÕ¡Ÿ≈‚ª√µ’π¢Õß¡–≈–°Õ„π∞“π¢âÕ¡Ÿ≈ TagIdent
¬—ß¡’Õ¬Ÿà®”°—¥

Õ¬à“ß‰√°Áµ“¡ §“¥«à“‚ª√µ’π∑’Ëµ√«®æ∫®–‡ªìπ‚ª√µ’π„π°≈ÿà¡ house keeping protein [28]
´÷Ëß‡ªìπ‚ª√µ’π∑’Ë®”‡ªìπ„π°“√¥”√ß™’«‘µ ‡™àπ ‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ Õ“√å‡ÕÁπ‡Õ
·≈–‚ª√µ’π √«¡∑—Èß‡Õπ‰´¡å∑’Ë„™â„π°√–∫«π°“√‡¡µ“∫Õ≈‘´÷¡∑’Ë ”§—≠ ‡™àπ ‡Õπ‰´¡å„π«‘∂’‰°≈‚§‰≈´‘  ·≈–
«—Æ®—°√‡§√ª å [29] ®“°°“√»÷°…“°“√· ¥ßÕÕ°¢Õß‚ª√µ’π„π à«πµà“ßÊ ¢Õßæ◊™™π‘¥µà“ßÊ æ∫«à“ ‚ª√µ’π∑’Ë
¡’°“√· ¥ßÕÕ°„π„∫‡ªìπ‚ª√µ’π∑’ËÕ¬Ÿà„π°≈ÿà¡°“√ √â“ßæ≈—ßß“π·≈–„™â„π°√–∫«π°“√‡¡µ“∫Õ≈‘́ ÷¡‡ªìπ à«π„À≠à
‚¥¬‡©æ“–‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ —ß‡§√“–Àå· ß·≈–°“√µ√÷ß§“√å∫Õπ‰¥ÕÕ°‰´¥å ‡™àπ ‡Õπ‰´¡å Rubisco
‡ªìπµâπ  ”À√—∫‚ª√µ’π∑’Ë¡’°“√· ¥ßÕÕ°„π¥Õ° à«π„À≠à‡°’Ë¬«°—∫°√–∫«π°“√ √â“ßæ≈—ßß“π ‰¥â·°à °√–∫«π°“√
‰°≈‚§‰≈´‘  ‰æ√Ÿ‡«∑‡¡µ“∫Õ≈‘´÷¡ ·≈–«—Æ®—°√ Tricarboxylic acid (TCA) [30]  à«π‚ª√µ’π∑’Ë¡’°“√
· ¥ßÕÕ°„πº≈‡ªìπ°≈ÿà¡¢Õß°“√ √â“ßæ≈—ßß“π °√–∫«π°“√ªÑÕß°—π °√–∫«π°“√µÕ∫ πÕßµàÕ§«“¡‡§√’¬¥
·≈–°√–∫«π°“√‡¡µ“∫Õ≈‘´’¡ [31] °≈ÿà¡‚ª√µ’π∑’Ë¡’°“√· ¥ßÕÕ°„π√“° à«π„À≠à‡ªìπ°≈ÿà¡¢Õß°√–∫«π°“√
ªÑÕß°—π‡™◊ÈÕ‚√§ [32] ‚¥¬‡©æ“–‡Õπ‰´¡å peroxidase ´÷Ëß¡’∫∑∫“∑„π°“√°”®—¥ “√æ‘…®“°‡ªÕ√åÕÕ°‰´¥å
(hydrogen peroxide detoxification) ∑’Ë‡°‘¥®“°°“√µ‘¥‡™◊ÈÕ®“°·∫§∑’‡√’¬ √«¡∂÷ß‡ªìπ‡Õπ‰´¡å ”§—≠„π°“√
 —ß‡§√“–Àå≈‘°π‘π [33]

Õπ÷Ëß ‚ª√µ’π®ÿ¥∑’Ë 18 (pollen-specific protein SF21) ‚ª√µ’π®ÿ¥∑’Ë 27 (salt stress root
protein RS1) ·≈–‚ª√µ’π®ÿ¥∑’Ë 30 (anther-specific protein BCP1) ‡ªìπ‚ª√µ’π™π‘¥∑’Ë¡’§«“¡®”‡æ“–
‡©æ“–®ßµàÕÕ«—¬«–¢Õßæ◊™ ·µà°≈—∫æ∫„π∑ÿ° à«π¢Õßµ—«Õ¬à“ß¡–≈–°Õ ‡π◊ËÕß®“°¢âÕ®”°—¥¢Õß‡∑§π‘§
2-D PAGE ·¡â«à“®– “¡“√∂·¬°·≈–¡Õß‡ÀÁπ®ÿ¥¢Õß‚ª√µ’π‰¥âÀ≈“¬√âÕ¬®ÿ¥¢Õß‚ª√µ’πµàÕ°“√·¬° ·µà¡’
¢âÕ®”°—¥∑’Ë®–¡Õß‡ÀÁπ‰¥â‡©æ“–‚ª√µ’π∑’Ë¡’ª√‘¡“≥¡“°„π‡´≈≈å „π°√≥’‚ª√µ’π∑’Ë¡’§«“¡‡¢â¡¢âπµË” Õ“®∂Ÿ°
∫¥∫—ß‚¥¬‚ª√µ’π∑’Ë¡’ª√‘¡“≥¡“°‰¥â À√◊Õ‚ª√µ’π∑’Ë¡’§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈∑’Ë„°≈â‡§’¬ß°—πÕ“®¡’°“√´âÕπ
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∑—∫°—π [34] Õ’°∑—Èß ‚ª√·°√¡ TagIdent ‡ªìπ‡æ’¬ß°“√∑”π“¬™π‘¥¢Õß‚ª√µ’π®“°§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈
„π°√≥’∑’Ë‚ª√µ’π¡’§à“ pI ·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈„°≈â‡§’¬ß°—π Õ“®‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ„π°“√«‘‡§√“–Àå
¥—ßπ—Èπ §«√¡’°“√«‘‡§√“–Àå™π‘¥¢Õß‚ª√µ’π¥â«¬‡∑§π‘§ mass spectrometry ‡™àπ MALITO-TOF MS À√◊Õ
LC-MS ´÷Ëß∑’Ë¡’§«“¡·¡àπ¬”¡“°¢÷Èπ ‡æ◊ËÕ¬◊π¬—π™π‘¥¢Õß‚ª√µ’π‡À≈à“π—Èπ [35] ‡æ◊ËÕ»÷°…“À“™π‘¥¢Õß‚ª√µ’π
∑’Ë‡ªìπ house keeping protein „π‡™‘ß≈÷°µàÕ‰ª ‡π◊ËÕß®“°‚ª√µ’π ”§—≠‡À≈à“π’È®–π”‰ª‡ªìπÕß§å§«“¡√Ÿâ
æ◊Èπ∞“π„π°“√æ—≤π“‰ª Ÿà°“√»÷°…“§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¡–≈–°Õ °“√ª√—∫ª√ÿßæ—π∏ÿå¡–≈–°Õ ·≈–
°“√ª√–‡¡‘π§«“¡ª≈Õ¥¿—¬∑“ß™’«¿“æ¢Õß¡–≈–°Õ¥—¥·ª≈ßæ—π∏ÿ°√√¡ À√◊Õ°“√ª√–¬ÿ°µå„™âª√–‚¬™πåÕ◊ËπÊ
®“°‚ª√µ’‚Õ¡‘° åµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥»Ÿπ¬å§«“¡‡ªìπ‡≈‘»¥â“π‡∑§‚π‚≈¬’™’«¿“æ‡°…µ√  ”π—°æ—≤π“∫—≥±‘µ»÷°…“·≈–«‘®—¬

¥â“π«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ ( ∫«.)  ”π—°ß“π§≥–°√√¡°“√°“√Õÿ¥¡»÷°…“ °√–∑√«ß»÷°…“∏‘°“√ ∑’Ë
 π—∫ πÿπß∫ª√–¡“≥∫“ß à«π„π°“√«‘®—¬  ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘ ∑’Ë„Àâ
ß∫ª√–¡“≥„π°“√ π—∫ πÿπ°“√«‘®—¬„π‚§√ß°“√ BT-B-01-PG-11-4910
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