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∫∑§—¥¬àÕ
„πß“π«‘®—¬π’È¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ°“√ÕÕ°·∫∫·≈– —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´π‡´Õ√å∑’Ë¡’Õπÿæ—π∏å

¢Õß‰æ√’π·≈–§Ÿ¡“√‘π‡ªìπÕß§åª√–°Õ∫ (Pydpa ·≈– Es)  ”À√—∫„™â„π°“√·¬°ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å
‚¥¬„™â°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫À≈—° (Principal Component Analysis, PCA) „π¢—Èπµâπ‰¥â
‡µ√’¬¡ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß‡´π‡´Õ√å‚¡‡≈°ÿ≈ Pydpa-Zn, Pydpa-Cu, Es-Zn ·≈– Es-Cu ‡æ◊ËÕ∑’Ë®–„™â®—∫
°—∫π‘«§≈’‚Õ‰∑¥å ´÷ËßÀ¡ŸàøÕ ‡øµ¢Õßπ‘«§≈’‚Õ‰∑¥å  “¡“√∂‡°‘¥Õ—πµ√°‘√‘¬“∑“ß‰øøÑ“ ∂‘µ°—∫ “√ª√–°Õ∫
‡™‘ß´âÕπ¢Õß‡´π‡´Õ√å‚¡‡≈°ÿ≈‰¥â ®“°π—Èπ‰¥â»÷°…“§«“¡ “¡“√∂„π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ ‚¥¬„™â
‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πµå ‡ª°‚∑√‚ø‚µ‡¡∑µ√’ æ∫«à“ Pydpa-Zn, Es-Zn ·≈– Es-Cu ¡’§«“¡®”‡æ“–µàÕ PPi
‰¥â§à“§ß∑’Ë°“√®—∫ (log K) ¢Õß Pydpa-Zn, Es-Zn ·≈– Es-Cu °—∫ PPi ‡∑à“°—∫ 8.83, 5.23 ·≈– 4.64
µ“¡≈”¥—∫ πÕ°®“°π’È‰¥âπ” PCA ¡“„™â·¬°ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å ´÷Ëß‡ªìπ∑’Ëπà“ π„®«à“¢âÕ¡Ÿ≈∑’Ë»÷°…“
‰¥â®“°°“√„™â‡´π‡´Õ√å·Õ‡√¬å Pydpa-Zn / Es-Zn À√◊Õ Es-Zn / Es-Cu æ∫«à“  “¡“√∂·¬°·¬–°≈ÿà¡
¢Õßπ‘«§≈’‚Õ‰∑¥å ATP, UTP, ADP, UDP ·≈– GDP ‰¥âÕ¬à“ß™—¥‡®π

§” ”§—≠: °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫À≈—° π‘«§≈’‚Õ‰∑¥å ‡´π‡´Õ√å
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Abstract
This research aims to design and synthesize sensors containing pyrene and coumarin

derivatives (Pydpa and Es) and then apply the sensory molecule to discriminate various nucleotides
in aqueous solution by Principle Component Analysis (PCA). Initially, the complexation of Pydpa-Zn,
Pydpa-Cu, Es-Zn, and Es-Cu were prepared as the sensory molecules to coordinate the phosphate
anion based nucleotides undergone the electrostatic interaction. The complexation studies of
sensors were carried out by Fluorescence Spectrophotometry. It was found that Pydpa-Zn, Es-Zn,
and Es-Cu showed selectively to PPi. The log K values of Pydpa-Zn, Es-Zn, and Es-Cu towards PPi were
8.83, 5.23 and 4.64, respectively. In addition, PCA analysis was applied to classify the
types of nucleotides. Interestingly, the combinatorial data obtained by the sensor arrays of Pydpa-Zn /
Es-Zn or Es-Zn / Es-Cu in the attribution of PCA method could obviously discriminate ATP, UTP,
ADP, UDP and GDP.

Keywords: Pricipal Component Analysis (PCA), Nucleotide, Sensor

∫∑π”
π‘«§≈’‚Õ‰∑¥å‡ªìπ‚§√ß √â“ßæ◊Èπ∞“π¢Õß

¥’‡ÕÁπ‡Õ∑’Ëæ∫„π ‘Ëß¡’™’«‘µ ·≈–¡’§«“¡ ”§—≠
µàÕ°“√‡®√‘≠‡µ‘∫‚µ °“√∑”ß“π¢ÕßÕ«—¬«–µà“ßÊ Õ’°∑—Èß
¡’Àπâ“∑’Ë´àÕ¡·´¡‡´≈≈å∑’Ë∂Ÿ°∑”≈“¬ √«¡∂÷ß
°“√‡º“º≈“≠æ≈—ßß“π„π√–¥—∫‡´≈≈å ¥—ßπ—Èπ
°“√µ√«®«—¥‚¡‡≈°ÿ≈π‘«§≈’‚Õ‰∑¥å®÷ß‡ªìπ°ÿ≠·® ”§—≠
 ”À√—∫µ√«®«‘π‘©—¬‚√§ [1] „πªí®®ÿ∫—π°“√ÕÕ°·∫∫
·≈– —ß‡§√“–Àå‚¡‡≈°ÿ≈‡´π‡´Õ√å ”À√—∫µ√«®«—¥ “√
®”æ«°π‘«§≈’‚Õ‰∑¥åπ—Èπ ®–æ‘®“√≥“®“°‚§√ß √â“ß
æ◊Èπ∞“π¢Õß π‘«§≈’‚Õ‰∑¥å´÷Ëßª√–°Õ∫¥â«¬ 3  à«π
À≈—°Ê §◊Õ πÈ”µ“≈ ‡∫  ·≈–À¡ŸàøÕ ‡øµ ®“°ß“π
«‘®—¬∑’Ëºà“π¡“æ∫«à“ À¡ŸàøÕ ‡øµ “¡“√∂®—∫°—∫
‚≈À– —ß°– ’ [2] ·≈–§Õª‡ªÕ√å [3] ‰¥â¥’ ®÷ßπ”‡Õ“
 “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß‚≈À–§Õª‡ªÕ√å À√◊Õ —ß°– ’
¡“„™âµ√«®«‘‡§√“–Àåπ‘«§≈’‚Õ‰∑¥å ·≈â«µ‘¥µ“¡
°“√‡ª≈’Ë¬π·ª≈ß ’¢Õß “√≈–≈“¬ [4] À√◊Õ —≠≠“≥
ø≈ŸÕÕ‡√ ‡´πµå [5-6] Õ¬à“ß‰√°Áµ“¡°“√µ√«®«—π
π‘«§≈’‚Õ‰∑¥å¥â«¬ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß§Õª‡ªÕ√å
À√◊Õ —ß°– ’π—Èπ ®–„Àâ§«“¡®”‡æ“–°—∫À¡ŸàøÕ ‡øµ
‡æ’¬ßÀ¡Ÿà‡¥’¬« àßº≈„Àâ‰¡à “¡“√∂®”·π°™π‘¥¢Õß

π‘«§≈’‚Õ‰∑¥å‰¥â [4] ‡æ◊ËÕ„Àâ¡’§«“¡®”‡æ“–‡®“–®ß
µàÕ™π‘¥¢Õßπ‘«§≈’‚Õ‰∑¥å‡æ‘Ë¡¢÷Èπ ®÷ß‰¥â¡’°“√
æ—≤π“°“√µ√«®«—¥‚¥¬„™â‡´π‡´Õ√å¡“°°«à“Àπ÷Ëß
™π‘¥¡“√à«¡«‘‡§√“–Àå°≈ÿà¡¢Õß “√µ—«Õ¬à“ß [7]
´÷Ëß‡∑§π‘§π’È‡√’¬°«à“ ç‡´π‡´Õ√å·Õ‡√¬åé ‡æ◊ËÕ§«“¡ –¥«°
„π°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§π’È ‰¥â¡’°“√π”‡Õ“
°√–∫«π°“√∑“ß§≥‘µ»“ µ√å¡“™à«¬«‘‡§√“–Àå

÷́Ëß°√–∫«π°“√§≥‘µ»“ µ√åπ’È§◊Õ °“√«‘‡§√“–ÀåÕß§å
ª√–°Õ∫À≈—° (Principal Component Analysis,
PCA)

„πªí®®ÿ∫—π¡’ºŸâ„Àâ§«“¡ π„®„π°√–∫«π°“√
π’È‡ªìπÕ¬à“ß¡“° ‡π◊ËÕß®“° “¡“√∂„™â·¬°ª√–‡¿∑
¢Õß “√∑’Ë¡’≈—°…≥–§≈â“¬§≈÷ß°—π ‡™àπ ‚≈À– [7-9]
·≈–‚ª√µ’π [10] À√◊Õ·¡â°√–∑—Ëßπ‘«§≈’‚Õ‰∑¥å
¬°µ—«Õ¬à“ß‡™àπ „πß“π«‘®—¬¢Õß Severin [11]
‰¥â»÷°…“°“√µ√«®«—¥π‘«§≈’‚Õ‰∑¥å‚¥¬Õ“»—¬°“√
·∑π∑’ËÕ‘π¥‘‡§‡µÕ√å (multicomponent indicators
displacement assay, MIDA) Õ‘π¥‘‡§‡µÕ√å∑’Ë„™â
®–µâÕß¡’§«“¡ “¡“√∂„π°“√®—∫°—∫ “√ª√–°Õ∫
‡™‘ß´âÕπ‚√‡¥’¬¡‰¥â·µ°µà“ß°—π ´÷Ëß„Àâ§à“°“√¥Ÿ¥°≈◊π
· ß∑’Ë·µ°µà“ß°—π¥â«¬ ·µàÕ¬à“ß‰√°Áµ“¡°“√
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«‘‡§√“–Àå¥â«¬‡∑§π‘§¬Ÿ«’-«‘ ‘‡∫‘≈π—Èπ ¡’¢âÕ®”°—¥§◊Õ
 ’¢Õß “√µ—«Õ¬à“ß®–¡’º≈µàÕ°“√«‘‡§√“–Àå∑”„Àâ‡°‘¥
§«“¡§≈“¥‡§≈◊ËÕπ‰¥â ¥—ßπ—Èπ„πß“π«‘®—¬π’È ºŸâ«‘®—¬
®÷ß π„®»÷°…“°“√µ√«®«—¥π‘«§≈’‚Õ‰∑¥å ‚¥¬„™â
°√–∫«π°“√∑“ß§≥‘µ»“ µ√å ‡æ◊ËÕ·¬°ª√–‡¿∑
¢Õßπ‘«§≈’-‚Õ‰∑¥å ‚¥¬ √â“ß‡ªìπ‡´π‡´Õ√å·Õ‡√¬å

÷́Ë ß ® – „ ™â ¢â Õ¡Ÿ ≈∑’Ë ‰ ¥â ® “°º≈°“ √∑¥≈Õß∑“ ß
ø≈ŸÕÕ‡√ ‡´πµå ‡ª°‚∑√ ‚°ªï ‚¥¬„™â‡´π‡´Õ√å
Pydpa-Zn, Pydpa-Cu, Es-Zn ·≈– Es-Cu

«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬
‡æ◊ËÕ„™â„π°“√·¬°·¬–ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å

‚¥¬ √â“ß‡ªìπ‡´π‡´Õ√å·Õ‡√¬å ´÷Ëß®–Õ“»—¬°√–∫«π°“√
§”π«≥∑“ß§≥‘µ»“ µ√å„π°“√«‘‡§√“–Àå

«‘∏’¥”‡π‘π°“√«‘®—¬
1. °“√ —ß‡§√“–Àå‡´π‡´Õ√å Pydpa-Zn

·≈– Pydpa-Cu
1.1 °“√‡µ√’¬¡ “√ Pydpa
Pydpa  —ß‡§√“–Àå„π∑”πÕß‡¥’¬«°—∫ß“π

«‘®—¬¢Õß Lucy A. Mullice [12] ‚¥¬‡√‘Ë¡®“°≈–≈“¬
pyrenecarboxaldehyde 0.23 g, dipicolylamine
0.20 g ·≈– sodium tris(acetoxy) borohydride
0.28 g „πµ—«∑”≈–≈“¬‰¥§≈Õ‚√¡’‡∑π 10 mL
§π “√≈–≈“¬º ¡¿“¬„µâ∫√√¬“°“»‰π‚µ√‡®π
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 5 ™—Ë«‚¡ß ‡µ‘¡ sodium
hydrogen carbonate ‡æ◊ËÕª√—∫„Àâ “√≈–≈“¬‡ªìπ°≈“ß
·≈– °—¥¥â«¬‰¥§≈Õ‚√¡’‡∑π  3 §√—Èß §√—Èß≈– 30 mL
°”®—¥πÈ”¥â«¬ anhydrous sodium sulfate
·≈–√–‡À¬µ—«∑”≈–≈“¬„Àâ·Àâß ∑”º≈‘µ¿—≥±å„Àâ∫√‘ ÿ∑∏‘Ï
¥â«¬‡∑§π‘§§Õ≈—¡πå‚§√¡“‚∑°√“øï ‚¥¬„™â 5%
‡¡∑“πÕ≈„π‰¥§≈Õ‚√¡’‡∑π ®–‰¥â¢Õß‡À≈« ’‡À≈◊Õß
¢Õß Pydpa (0.36 g, 88%)

1H-NMR (400 MHz, DMSO-d6) : !
(in ppm) = 8.50 (d, J = 4.0 Hz, 2H-pyridine),
8.37 (d, J = 8.8 Hz, 1H-phenanthrene),

8.27 (s, 1H-phenanthrene), 8.25-8.01
(m, 7H- phenanthrene), 7.70 (t, J = 7.8 Hz,
2H- pyridine), 7.48 (d, J = 8.0 Hz, 2H-pyridine),
7.21 (t, J = 10.0 Hz, 2H-pyridine), 4.35
(s, 2H-methylrine), 3.81 (s, 4H-methylrine).
13C-NMR (400 MHz, DMSO-d6) : ! (in ppm) =
120.9, 148.6 136.2, 124.1, 156.1, 60.1,
58.1, 127.0, 126.0, 126.6, 125.7, 126.3,
128.3, 133.4, 124.8, 124.5, 124.2, 134.9,
132.8 ESI-HRMS: calcd for C29H23N3 m/z [M+H]+
414.2048, found 414.2022. UV-Visible
(DMSO): 315, 330, 347 nm. Fluorescence
(DMSO): 379, 398 nm. ESI-HRMS: calcd
for C29H23N3 m/z [M+H]+ 414.2048, found
414.2022.

1.2 °“√‡µ√’¬¡ “√ Pydpa-Zn
≈–≈“¬ Zn (ClO4)26H2O 0.171 g „πµ—«

∑”≈–≈“¬‡¡∑“πÕ≈ 5 mL ‡µ‘¡≈ß„π “√≈–≈“¬
Pydpa 0.112 g „πµ—«∑”≈–≈“¬‡¡∑“πÕ≈ 5 mL
§π “√≈–≈“¬º ¡¿“¬„µâ∫√√¬“°“»‰π‚µ√‡®π
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß µ–°Õπ ’‡À≈◊Õß
ÕàÕπµ°ÕÕ°¡“ ®“°π—Èπ°√Õßµ–°Õπ·≈–≈â“ßµ–°Õπ
¥â«¬‡¡∑“πÕ≈‡¬Áπ ®–‰¥â Pydpa-Zn (0.21 g, 100%)

1H-NMR spectrum (400 MHz, DMSO-
d6) : ! (in ppm) = 8.71 (s, 2H-pyridine),
8.45-8.13 (m, 9H-phenanthrene), 7.94
(d, J = 9.2 Hz, 2H-pyridine), 7.68 (t, J = 6 Hz,
2H-pyridine), 7.56 (d, J = 6.4 Hz, 2H-pyridine),
4.55 (s, 2H-methylene), 4.35 (d, J = 15.2 Hz,
2H-methylene), 3.69 (d, J = 15.6 Hz, 2H-
methylene). 13C-NMR spectrum (400 MHz,
DMSO-d6) : ! (in ppm) = 154.1, 147.6, 140.5,
130.9, 130.7, 130.6, 130.5, 129.9, 128.0,
127.9, 127.2, 126.4, 125.8, 125.7, 125.3,
124.8, 124.7, 124.6, 124.0, 123.7, 122.6,
55.6, 51.9 UV-Visible (DMSO): 315, 330, 347
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nm. Fluorescence (DMSO): 379, 396 nm. ESI
HRMS: calcd for C29H23N3Cl3O12Zn m/z
[M+(ClO4)3]

- 773.9639, found 773.9829.
1.3 °“√‡µ√’¬¡ “√ Pydpa-Cu
≈–≈“¬ CuCl2 .2H2O 0.05 g „πµ—«

∑”≈–≈“¬‡¡∑“πÕ≈ 5 mL ‡µ‘¡≈ß„π “√≈–≈“¬
Pydpa 0.078 g „πµ—«∑”≈–≈“¬‡¡∑“πÕ≈ 5 mL §π
 “√≈–≈“¬º ¡¿“¬„µâ∫√√¬“°“»‰π‚µ√‡®π
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß µ–°Õπ ’‡¢’¬«
ÕàÕπ®–µ°ÕÕ°¡“ ®“°π—Èπ°√Õßµ–°Õπ·≈–≈â“ß
µ–°Õπ¥â«¬‡¡∑“πÕ≈‡¬Áπ ®–‰¥â Pydpa-Cu
(0.90 g, 100%)

UV-Visible (DMSO): 320, 333, 350 nm.
Fluorescence (DMSO): 384, 402, 475 nm.
ESI-HRMS: calcd for C29H23N3 m/z [M+H]+
569.1320, found 568.9213.

2. ° “ √»÷ ° … “  ¡∫— µ‘ ° “ √ ‡ °‘ ¥   “ √
ª√–°Õ∫‡™‘ß´âÕπ¢Õß‡´π‡´Õ√å Esculetin
°—∫·§µ‰ÕÕÕπ (Zn2+ ·≈– Cu2+) ‚¥¬‡∑§π‘§¬Ÿ«’-
«‘ ‘‡∫‘≈ ‰∑‡∑√™—π

„π°“√»÷°…“®–‡µ√’¬¡ “√≈–≈“¬µ—Èßµâπ
¢Õß “√ Esculetin ∑’Ë§«“¡‡¢â¡¢âπ 0.001 M
„π¢«¥«—¥ª√‘¡“µ√ 5 mL „π DMSO ·≈–‡®◊Õ®“ß
 “√≈–≈“¬π’È¥â«¬∫—ø‡øÕ√å HEPES §«“¡‡¢â¡¢âπ
0.01 M pH 7.4  ”À√—∫„™â„π°“√‰∑‡∑√µ „Àâ¡’
§«“¡‡¢â¡¢âπ 5x10-5 M ‡µ√’¬¡§«“¡‡¢â¡¢âπ¢Õß
Zn2+ ·≈– Cu2+ ‡∑à“°—∫ 0.001M „π°“√∫—π∑÷°
°√“ø¢Õß¬Ÿ«’-«‘ ‘‡∫‘≈ ∫—π∑÷°§«“¡¬“«§≈◊Ëπµ—Èß·µà
200-800 nm ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‚¥¬„™â§‘«‡«µµå
¢π“¥‡´≈≈å‡∑à“°—∫ 1 cm ®“°π—Èπ®–‡√‘Ë¡∫—π∑÷°°√“ø
¢Õß¬Ÿ«’«‘ ‘‡∫‘≈À≈—ß®“°‡µ‘¡·§µ‰ÕÕÕπ≈ß‰ª 1 π“∑’

3. ° “ √»÷ ° … “ ¡∫— µ‘ ° “ √ ‡ °‘ ¥   “ √
ª√–°Õ∫‡™‘ß´âÕπ¢Õß‡´π‡´Õ√å Pydpa-Zn, Pydpa-
Cu, Es-Zn ·≈– Es-Cu °—∫ π‘«§≈’‚Õ‰∑¥å
¥â«¬‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πµå  ‡ª§‚∑√‚ø‚µ‡¡∑√’

‡µ√’¬¡ “√≈–≈“¬µ—Èßµâπ¢Õß “√ Pydpa-Zn
·≈– Pydpa-Cu ‡∑à“°—∫ 0.001 M ·≈– stock
solution ¢Õß “√ Es-Zn ·≈– Es-Cu §«“¡‡¢â¡¢âπ
5x10-4 M „π¢«¥«—¥ª√‘¡“µ√ 5 mL ‡µ√’¬¡ stock
solution ¢Õßπ‘«§≈’‚Õ‰∑¥å (PPi, ATP, ADP,
AMP, UTP, UDP, UMP, GDP, GMP, CMP)
§«“¡‡¢â¡¢âπ 0.001 M „π “√≈–≈“¬∫—ø‡øÕ√å
HEPES §«“¡‡¢â¡¢âπ 0.01 M pH 7.4 „π°“√
∑¥≈Õß® – ‡µ √’ ¬¡ “ √≈ –≈“¬ „ à „ π§‘ « ‡ «µµå
¢π“¥‡´≈≈å‡∑à“°—∫ 1 cm §«“¡‡¢â¡¢âπ ÿ¥∑â“¬¢Õß
Pydpa-Zn, Pydpa-Cu, Es-Zn ·≈– Es-Cu ‡∑à“°—∫
1x10-5 M ª√‘¡“µ√√«¡ 2 mL ‡µ‘¡π‘«§≈’‚Õ‰∑¥å
≈ß‰ª‡ªìπ 10 ‡∑à“¢Õß Pydpa-Zn, Pydpa-Cu, Es-Zn
·≈– Es-Cu π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“À“§à“§ß∑’Ë¢Õß°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ (log K) √–À«à“ß‡´π‡´Õ√å
°—∫ PPi ‚¥¬„™â‚ª√·°√¡ Solver

º≈°“√«‘®—¬
°“√ÕÕ°·∫∫‡´π‡´Õ√å Pydpa-Zn, Pydpa-

Cu, Es-Zn ·≈– Es-Cu
„πß“π«‘®—¬π’È‰¥âÕÕ°·∫∫‡´π‡´Õ√å Pydpa-Zn,

Pydpa-Cu, Es-Zn ·≈– Es-Cu ‡æ◊ËÕ„™â„π°“√µ√«®«—¥
π‘«§≈’‚Õ‰∑¥å · ¥ß¥—ß¿“æ∑’Ë 1 °“√ —ß‡§√“–Àå
Pydpa  “¡“√∂ —ß‡§√“–Àå‰¥â®“°°“√π”‚¡‡≈°ÿ≈‰æ√’π
Õ—≈¥’‰Œ¥å∑”ªØ‘°‘√‘¬“°—∫‰¥æ‘‚§≈‘≈‡Õ¡’π ®“°π—Èππ”
Pydpa ∑’Ë —ß‡§√“–Àå‰¥â¡“‡µ√’¬¡ “√ª√–°Õ∫
‡™‘ß´âÕπ°—∫´‘ß§å·≈–§Õª‡ªÕ√å‰ÕÕÕπ ‰¥âº≈‘µ¿—≥±å
¢Õß Pydpa-Zn ·≈– Pydpa-Cu ‡ªìπ¢Õß·¢Áß ’‡À≈◊Õß
ÕàÕπ·≈– ’‡¢’¬«ÕàÕπµ“¡≈”¥—∫
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¿“æ∑’Ë 1 ‚¡‡≈°ÿ≈ Pydpa, Pydpa-Zn, Pydpa-Cu, Es-Zn ·≈– Es-Cu

°“√»÷°…“ ¡∫—µ‘°“√‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ¢Õß‡´π‡´Õ√å Esculetin °—∫·§µ‰ÕÕÕπ
(Zn2+ ·≈– Cu2+) ‚¥¬‡∑§π‘§¬Ÿ«’-«‘ ‘‡∫‘≈  ‡ª§
‚∑√‚ø‚µ‡¡∑√’

Esculetin (Es) ¡’À¡Ÿà‰¥ÕÕ≈‡ªìπÕß§åª√–°Õ∫
´÷Ëß “¡“√∂‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‰ÕÕÕπ
¢Õß‚≈À–·∑√π ‘́™—π‰¥â ¥—ßπ—Èπ®÷ß‰¥â»÷°…“ ¡∫—µ‘
°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß Esculetin °—∫´‘ß§å
·≈–§Õª‡ªÕ√å‰ÕÕÕπ ‚¥¬„™â‡∑§π‘§¬Ÿ«’-«‘ ‘‡∫‘≈
 ‡ª§‚µ√‚ø‚µ‡¡∑√’ ‚¥¬ Esculetin ®–„Àâ§à“°“√¥Ÿ¥

°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 380 nm ®“°º≈°“√
∑¥≈Õß®–æ∫°“√‡ª≈’Ë¬π·ª≈ß°“√¥Ÿ¥°≈◊π§≈◊Ëπ· ß
‡§≈◊ËÕπ‰ª∑“ß§«“¡¬“«§≈◊Ëπ Ÿß¢÷Èπ (red shift)
Õ¬à“ß™—¥‡®π‡¡◊ËÕ‡µ‘¡´‘ß§å·≈–§Õª‡ªÕ√å‰ÕÕÕπ≈ß‰ª
„π “√≈–≈“¬ Esculetin ´÷Ëß®–æ∫°“√¥Ÿ¥°≈◊π· ß
¢Õß Es-Zn ·≈– Es-Cu ∑’Ë§«“¡¬“«§≈◊Ëπ 398 nm
·≈– 387 nm µ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“ Esculetin
 “¡“ √∂ ‡°‘ ¥   “ √ª√ –°Õ∫ ‡™‘ ß ´â Õπ°— ∫´‘ ß §å
·≈–§Õª‡ªÕ√å‰ÕÕÕπ‰¥â

¿“æ∑’Ë 2 °“√¥Ÿ¥°≈◊π· ß¢Õß Es-Zn ·≈– Es-Cu (1x10-5 M) ∑’Ë§«“¡¬“«§≈◊Ëπ 398 nm ·≈– 387 nm
µ“¡≈”¥—∫ „π “√≈–≈“¬∫—ø‡øÕ√å HEPES 0.01 M pH 7.4
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°“√»÷°…“ ¡∫—µ‘°“√‡°‘¥ “√ª√–°Õ∫
‡™‘ß ấÕπ¢Õß‡´π‡´Õ√å Esculetin °—∫·§µ‰ÕÕÕπ
(Zn2+ ·≈– Cu2+) ‚¥¬‡∑§π‘§ ¬Ÿ«’-«‘ ‘‡∫‘≈ ‰∑‡∑√
™—π ·≈–»÷°…“Õ—µ√“ à«π„π°“√‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ√–À«à“ß Esculetin °—∫·§µ‰ÕÕÕπ

°“√‰∑‡∑√µ√–À«à“ß Esculetin °—∫·§µ‰ÕÕÕπ
(Zn2+ ·≈– Cu2+) ‰¥âº≈°“√∑¥≈Õß· ¥ß„π¿“æ∑’Ë 3

æ∫°“√‡ª≈’Ë ¬π·ª≈ß§à “°“√¥Ÿ¥°≈◊π· ß¢Õß
Es-Zn ·≈– Es-Cu ∑’Ë§«“¡¬“«§≈◊Ëπ 398 nm
·≈– 387 nm µ“¡≈”¥—∫ πÕ°®“°π’ÈÕ—µ√“ à«π
„π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß Esculetin
°—∫·§µ‰ÕÕÕπ (Zn2+ ·≈– Cu2+) ‡∑à“°—∫ 2 µàÕ 1
´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬∑’Ëºà“π¡“ [2]

¿“æ∑’Ë 3 °“√‰∑‡∑√µ·≈–Õ—µ√“ à«π„π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß Esculetin °—∫´‘ß§å (A) ·≈–
§Õª‡ªÕ√å‰ÕÕÕπ (B) „π∫—ø‡øÕ√å HEPES 0.01 M pH 7.4

 

 

A 

 

B 

P1-66 4/5/13, 11:07 AM17



18

«“√ “√¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ( “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’)              ªï∑’Ë 5 ©∫—∫∑’Ë 9 ¡°√“§¡ - ¡‘∂ÿπ“¬π 2556

°“√»÷°…“ ¡∫—µ‘°“√‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ¢Õß‡´π‡´Õ√å Pydpa-Zn, Pydpa-Cu,
Es-Zn ·≈– Es-Cu °—∫π‘«§≈’‚Õ‰∑¥å ‚¥¬‡∑§π‘§
ø≈ŸÕÕ‡√ ‡´πµå  ‡ª§‚∑√‚ø‚µ‡¡∑√’

®“°ß“π«‘®—¬∑’Ëºà“π¡“æ∫«à“ ‰ÕÕÕπ¢Õß‚≈À–
·∑√π´‘™—π‚¥¬‡©æ“–´‘ß§å·≈–§Õª‡ªÕ√å “¡“√∂
‚§ÕÕ√å¥‘‡πµ°—∫À¡ŸàøÕ ‡ø ¢Õßπ‘«§≈’‚Õ‰∑¥å‰¥â [13]
¥—ßπ—Èπ °“√»÷°…“ ¡∫—µ‘°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
¢Õß‡´π‡´Õ√å Pydpa-Zn, Pydpa-Cu, Es-Zn
·≈– Es-Cu °—∫π‘«§≈’‚Õ‰∑¥å · ¥ß¥—ß¿“æ∑’Ë 4

‡´π‡´Õ√å Pydpa-Zn ®–‡°‘¥°“√§“¬· ß
∑’Ë§«“¡¬“«§≈◊Ëπ 384 nm ·≈–‡¡◊ËÕ‡µ‘¡ PPi ≈ß‰ª„π
 “√≈–≈“¬®–‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß¢Õß —≠≠“≥
ø≈ŸÕÕ‡√ ‡´πµå‡æ‘Ë¡¢÷ÈπÕ¬à“ß™—¥‡®π πÕ°®“°π’È
¬—ßæ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πµå
‡≈Á°πâÕ¬ ‡¡◊ËÕ‡µ‘¡ ATP, ADP ·≈– GDP µ“¡≈”¥—∫
„π¢≥–∑’Ëπ‘«§≈’‰Õ‚∑¥åÕ◊ËπÊ ‰¡à‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
´÷Ë ß ·   ¥ ß „ Àâ ‡ ÀÁ π «à “ ‡ ´ π ‡ ´ Õ √å P y d p a - Z n
¡’§«“¡®”‡æ“–‡®“–®ß°—∫ PPi >> ATP > ADP > GDP
· ¥ß¥—ß¿“æ∑’Ë  4A ·≈–§à“§ß∑’Ë „π°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ (log K) √–À«à“ß Pydpa-Zn
°—∫ PPi ‡∑à“°—∫ 8.83 ·≈–Õ—µ√“ à«π„π°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß Pydpa-Zn °—∫ PPi
‡ªìπ 2 µàÕ 1 „π°√≥’¢Õß‡´π‡´Õ√å Pydpa-Cu

®–æ∫æ’§∑’Ë 475 nm ÷́Ëß‡ªìπµ”·Àπàß excimer
¢Õß‰æ√’π ·≈–‰¡à “¡“√∂‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
°—∫π‘«§≈’‚Õ‰∑¥å‰¥â ‡π◊ËÕß®“° Cu2+ ‰¡à¡’ÕÕ√å∫‘∑—≈
«à“ßæÕ∑’Ë®–‚§ÕÕ√å¥‘‡πµ°—∫π‘«§≈’‚Õ‰∑¥å · ¥ß¥—ß¿“æ
∑’Ë 4B

 ”À√—∫‡´π‡´Õ√å Es-Zn ·≈– Es-Cu ®–‡°‘¥
°“√§“¬· ß∑’Ë§«“¡¬“«§≈◊Ëπ 470 nm ·≈– 468 nm
µ“¡≈”¥—∫ ¿“æ∑’Ë 4C · ¥ß°“√‡ª≈’Ë¬π·ª≈ß
 —≠≠“≥ø≈ŸÕÕ‡√ ‡´πµå¢Õß‡´π‡´Õ√å Es-Zn
‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡µ‘¡π‘«§≈’ ‚Õ‰∑¥å≈ß‰ª„π “√≈–≈“¬
®“°°“√∑¥≈Õß “¡“√∂·¬°π‘«§≈’‚Õ‰∑¥åÕÕ°‡ªìπ
°≈ÿà¡‰¥â¥—ßπ’È PPi, ‰µ√øÕ ‡øµ (ATP, UTP),
‰¥øÕ ‡øµ (ADP, UDP, GDP) ·≈–¡ÕπÕøÕ ‡øµ
(AMP, UMP, GMP, CMP) „π à«π¢Õß‡´π‡´Õ√å
Es-Cu ®–æ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß —≠≠“≥
ø≈ŸÕÕ‡√ ‡´πµåÕ¬à“ß™—¥‡®π ‡¡◊ËÕ‡µ‘¡ PPi  ”À√—∫
ATP, UTP ·≈– ADP ·≈–¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß
 —≠≠“≥ø≈ŸÕÕ‡√ ‡´πµå‡≈Á°πâÕ¬· ¥ß¥—ß¿“æ∑’Ë 4D
§à“§ß∑’Ë„π°“√®—∫ (log K) √–À«à“ß Es-Zn
·≈– Es-Cu °—∫ PPi ‡∑à“°—∫ 5.23 ·≈– 4.64
µ“¡≈”¥—∫ ·≈–Õ—µ√“ à«π„π°“√‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ√–À«à“ß Es-Zn ·≈– Es-Cu °—∫ PPi
‡ªìπ 1 µàÕ 1

  

A B 
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¿“æ∑’Ë 4 ø≈ŸÕÕ‡√ ‡´πµå ‡ª°µ√—¡‡¡◊ËÕ‡µ‘¡π‘«§≈’‚Õ‰∑¥å‡ªìπ 10 ‡∑à“ ¢Õß A) Pydpa-Zn, B) Pydpa-Cu,
C) Es-Zn ·≈– D) Es-Cu

  
 

D C 

æ‘®“√≥“°“√µ√«®«—¥π‘«§≈’‚Õ‰∑¥å¥â«¬
‡´π‡´Õ√å∑—ÈßÀ¡¥ (Pydpa-Zn, Pydpa-Cu, Es-Zn
·≈– Es-Cu) æ∫«à“‡´π‡´Õ√å à«π„À≠à¡’§«“¡
®”‡æ“–‡®“–®ß°—∫ PPi „π¢≥–∑’Ë Pydpa-Cu
‰¡à  “¡“√∂„™â ‡ªìπ ‡´π‡´Õ√å „π°“√µ√«®®—∫
π‘«§≈’‚Õ‰∑¥å‰¥â ‡π◊ËÕß®“°‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß
¢Õß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πµå‡¡◊ËÕ‡µ‘¡π‘«§≈’‚Õ‰∑¥å
®“°¢âÕ¡Ÿ≈‡À≈à“π’È‡√“ “¡“√∂µ√«®«—¥π‘«§≈’‚Õ‰∑¥å
‚¥¬·¬° PPi ÕÕ°¡“‰¥â ‚¥¬„™â‡∑§π‘§ø≈ŸÕÕ‡√ ‡´πµå

 ‡ª§‚∑√  ‚°ªï „π¢≥–∑’Ëπ‘«§≈’‚Õ‰∑¥å™π‘¥Õ◊Ëπ
·¬°‰¥â‰¡à™—¥‡®π ¥—ßπ—Èπ®÷ß„™â‡∑§π‘§ Principal
component analysis (PCA) ‡¢â“¡“™à«¬„π°“√
®”·π°ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å™π‘¥µà“ßÊ ́ ÷Ëß PCA
‡ªìπ¢—ÈπµÕπ∑“ß§≥‘µ»“ µ√å  ‡æ◊ËÕ„™â „π°“√
≈¥®”π«π¢Õß¢âÕ¡Ÿ≈„π°“√«‘‡§√“–Àå„ÀâπâÕ¬≈ß
‚¥¬¬—ß§ß¢âÕ¡Ÿ≈‡¥‘¡∑—È ßÀ¡¥ ´÷Ë ß√Ÿª·∫∫„π
°“√æ‘®“√≥“‡ªìπ¥—ß¿“æ∑’Ë 5

¿“æ∑’Ë 5 ¢—ÈπµÕπ„π°“√®”·π°ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å ‚¥¬„™â Principal component analysis (PCA)
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°“√π”À≈—°°“√∑“ß ∂‘µ‘¡“ª√–¬ÿ°µå„™â„π
°“√®”·π°π‘«§≈’‚Õ‰∑¥å ®–„™â¢âÕ¡Ÿ≈ø≈ŸÕÕ‡√ ‡´πµå
∑’Ë‰¥â®“°°“√»÷°…“°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
√–À«à“ß‡´π‡´Õ√å Pydpa-Zn, Es-Zn ·≈– Es-Cu
°—∫π‘«§≈’‚Õ‰∑¥å ®“°°“√»÷°…“¢â“ßµâπæ∫«à“
‡´π‡´Õ√å à«π„À≠à “¡“√∂·¬° PPi ÕÕ°®“°
π‘«§≈’‚Õ‰∑¥åÕ◊ËπÊ ‰¥âÕ¬à“ß™—¥‡®π ·µà‰¡à “¡“√∂
·¬°§«“¡·µ°µà“ß¢Õßπ‘«§≈’‚Õ‰∑¥åÕ◊Ëπ‰¥â ¥—ßπ—Èπ®÷ß
„™âÀ≈—°°“√¢Õß PCA ‡¢â“¡“™à«¬„π°“√·¬°
ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å ‚¥¬®–‰¡àπ”¢âÕ¡Ÿ≈¢Õß
PPi ¡“æ‘®“√≥“ ¿“æ∑’Ë 6 · ¥ß PCA score plot

¢Õß‡´π‡´Õ√å·Õ‡√¬å Pydpa-Zn / Es-Zn, Pydpa-Zn /
Es-Cu, Es-Zn / Es-Cu ·≈– Pydpa-Zn / Es-Zn /
Es-Cu ®“°º≈¢Õß PCA plot æ∫«à“ Pydpa-Zn /
Es-Zn, Es-Zn / Es-Cu ·≈– Pydpa-Zn / Es-Zn /
Es-Cu  “¡“√∂·¬°π‘«§≈’‚Õ‰∑¥å ATP, ADP, UTP,
UDP ·≈– GDP ‰¥âÕ¬à“ß™—¥‡®π ´÷Ëß®“°º≈¢Õß PCA
æ∫«à“°“√®”·π°ª√–‡¿∑π‘«§≈’‚Õ‰∑¥å‰¡à®”‡ªìπ
µâÕß„™â‡´π‡´Õ√å∑—ÈßÀ¡¥ ‡æ’¬ß·§à Õß‡´π‡´Õ√å°Á
 “¡“√∂·¬°‰¥â ‚¥¬„™â‡´π‡´Õ√å·Õ‡√¬å Pydpa-Zn /
Es-Zn À√◊Õ Es-Zn / Es-Cu ¥—ß¿“æ∑’Ë 6A ·≈– 6C

¿“æ∑’Ë 6 PCA score plot ¢Õß‡´π‡´Õ√å·Õ‡√¬å A) Pydpa-Zn / Es-Zn, B) Pydpa-Zn / Es-Cu C) Es-Zn / Es-
Cu ·≈– D) Pydpa-Zn / Es-Zn / Es-Cu

A B 

D C 

πÕ°®“°π’Èæ∫«à“ ‡´π‡´Õ√å Pydpa ·≈– Es
∑’Ë®—∫°—∫ Zn2+ ·≈– Cu2+ ¡’§«“¡ “¡“√∂„π°“√®—∫
°—∫π‘«§≈’‚Õ‰∑¥å‰¥â·µ°µà“ß°—π ¥—ßπ—ÈπºŸâ«‘®—¬®÷ß‰¥â
 √â“ß‡´π‡´Õ√å„À¡à¢÷Èπ ‡æ◊ËÕ»÷°…“Õ—µ√“„π°“√·¢àß¢—π
°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ°—∫π‘«§≈’‚Õ‰∑¥å
·≈–„™âÀ≈—°°“√ PCA ®”·π°ª√–‡¿∑π‘«§≈’‚Õ‰∑¥å

‚¥¬π”‡´π‡´Õ√å Pydpa-Zn º ¡°—∫ Es-Zn
(Pydpa-Zn+Es-Zn) ·≈– Pydpa-Zn º ¡°—∫ Es-Cu
(Pydpa-Zn+Es-Cu)

 ”À √— ∫ ‡ ´π ‡´Õ √å Pydpa -Zn+Es -Zn
‰¥â°√–µÿâπ∑’Ë§«“¡¬“«§≈◊Ëπ 346 nm ·≈–„Àâ
 —≠≠“≥°“√§“¬· ß∑’Ë 383 nm ·≈– 470 nm
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´÷Ëß‡ªìπµ”·Àπàß¢Õß Pydpa-Zn ·≈– Es-Zn µ“¡≈”¥—∫
‡¡◊ËÕ‡µ‘¡π‘«§≈’‚Õ‰∑¥å≈ß‰ªæ∫«à“ PPi ®–∑”„Àâ‡°‘¥
° “ √ ‡ª≈’Ë ¬ π·ª≈ß —≠≠“≥ø≈Ÿ Õ Õ ‡ √  ‡´πµå
¢Õß∑—Èß Õßæ’§Õ¬à“ß™—¥‡®π „π¢≥–∑’Ëπ‘«§≈’‚Õ‰∑¥åÕ◊ËπÊ
®–„Àâ —≠≠“≥ø≈ŸÕÕ‡√ ‡´πµå‡≈Á°πâÕ¬· ¥ß¥—ß√Ÿª 7A
 ”À√—∫‡´π‡´Õ√å Pydpa-Zn+Es-Cu ®–‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß —≠≠“≥ø≈ŸÕÕ‡√ ‡´πµå‡©æ“–æ’§
∑’Ë 468 nm ‡¡◊ËÕ‡µ‘¡π‘«§≈’‚Õ‰∑¥å≈ß‰ª„π “√≈–≈“¬

÷́Ëß‡ªìπµ”·Àπàß¢Õß Es-Cu · ¥ß¥—ß¿“æ∑’Ë 8A
πÕ°®“°π’Èº≈®“° PCA plot ¢Õß Pydpa-

Zn+Es-Zn  “¡“√∂·¬°ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å‰¥â

‡ªìπ 3 °≈ÿà¡ ‰¥â·°à PPi, ‰¥-‰µ√øÕ ‡øµ (ATP,
ADP, UTP, UDP ·≈– GDP) ·≈–¡ÕπÕøÕ ‡øµ
(AMP, UMP, GMP ·≈– CMP) · ¥ß¥—ß¿“æ∑’Ë 7B
 ”À√—∫°√≥’¢Õß Pydpa-Zn+Es-Cu º≈®“° PCA plot
 “¡“√∂·¬°·¬–ª√– ‡¿∑¢Õßπ‘ «§≈’ ‚Õ‰∑¥å
‰¥âÕ¬à“ß™—¥‡®π ‰¥â·°à PPi, ATP, ADP, UTP, UDP
·≈– GDP · ¥ß¥—ß¿“æ∑’Ë 8B ®“°º≈°“√∑¥≈Õß
∑—ÈßÀ¡¥æ∫«à“ ‡´π‡´Õ√å∑—ÈßÀ¡¥™Õ∫∑’Ë®–®—∫°—∫
øÕ ‡øµµ—Èß·µà 2 Àπà«¬¢÷Èπ‰ª ®÷ß∑”„Àâ‡´π‡´Õ√å
∑ÿ°µ—«‰¡à “¡“√∂®—∫°—∫°≈ÿà¡¢Õß¡ÕπÕøÕ ‡øµ‰¥â

¿“æ∑’Ë 7 A) ø≈ŸÕÕ‡√ ‡´πµå ‡ª°µ√—¡·≈– B) PCA plot ¢Õß Pydpa-Zn+Es-Zn

 

 

A B 

  

A B 

¿“æ∑’Ë 8  A) ø≈ŸÕÕ‡√ ‡´πµå ‡ª°µ√—¡·≈– B) PCA score plot ¢Õß Pydpa-Zn+Es-Cu
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 √ÿª·≈–Õ¿‘ª√“¬º≈
ºŸâ«‘®—¬ª√– ∫º≈ ”‡√Á®„π°“√ —ß‡§√“–Àå

Pydpa-Zn ·≈– Pydpa-Cu „π°“√»÷°…“°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß Esculetin °—∫‚≈À–
·∑√π´‘™—π Zn2+ ·≈– Cu2+ ‚¥¬„™â‡∑§π‘§¬Ÿ«’-«‘ ‘‡∫‘≈
  ‡ª°‚∑√ ‚°ªïæ∫«à “Õ— µ √“ à «π „π°“√ ‡°‘ ¥
 “√ª√–°Õ∫‡™‘ß´âÕπ‡ªìπ 2:1 √–À«à“ß Esculetin
°—∫ Zn2+ ·≈– Cu2+ ®“°π—Èππ”‡´π‡´Õ√å Pydpa-Zn,
Pydpa-Cu, Es-Zn ·≈– Es-Cu ∑’Ë —ß‡§√“–Àå‰¥â
¡ “»÷ °…“°“√ ‡°‘ ¥  “ √ª√ –°Õ∫ ‡™‘ ß´â Õπ°— ∫
π‘«§≈’‚Õ‰∑¥å™π‘¥µà“ßÊ ´÷Ëß®“°º≈°“√∑¥≈Õßæ∫«à“
‡´π‡´Õ√å Pydpa-Zn, Es-Zn ·≈– Es-Cu ¡’§«“¡
®”‡æ“–µàÕ PPi ·µà ”À√—∫π‘«§≈’‚Õ‰∑¥åÕ◊ËπÊ
®–„™â°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫À≈—° (Principal
componen t  ana lys i s ,  PCA) ™à «¬„π°“√
·¬°ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å ‚¥¬°“√ √â“ß
‡ªìπ‡´π‡´Õ√å·Õ‡√¬å ´÷Ëß®–„™â¢âÕ¡Ÿ≈„π°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß‡´π‡´Õ√å·µà≈–™π‘¥°—∫
π‘«§≈’‚Õ‰∑¥å æ∫«à“ ‡æ’¬ß Õß‡´π‡´Õ√å°Á “¡“√∂
·¬°π‘«§≈’‚Õ‰∑¥åÕ◊ËπÊ ÕÕ°®“°°—π‰¥âÕ¬à“ß™—¥‡®π
§◊Õ Pydpa-Zn / Es-Zn À√◊Õ Es-Zn / Es-Cu

 à«π°√≥’¢Õß°“√ √â“ß‡´π‡´Õ√å „À¡à√–À«à“ß
Pydpa-Zn ·≈– Es-Cu (Pydpa-Zn+Es-Cu)  “¡“√∂
·¬°·¬–ª√–‡¿∑¢Õßπ‘«§≈’‚Õ‰∑¥å‰¥âÕ¬à“ß™—¥‡®π
§◊Õ PPi, ATP, ADP, UTP, UDP ·≈– GDP
πÕ°®“°π’È „ π°“ √»÷ °…“§à “ § ß∑’Ë „ π°“ √ ‡°‘ ¥
 “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß‡´π‡´Õ√å°—∫ PPi (log K)
‡∑à“°—∫ 8.83, 5.23 ·≈– 4.64  ”À√—∫ Pydpa-Zn,
Es-Zn ·≈– Es-Cu °—∫ PPi µ“¡≈”¥—∫

°‘µµ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥‚§√ß°“√æ—≤π“°”≈—ß§π¥â“π

«‘∑¬“»“ µ√å
(∑ÿπ‡√’¬π¥’«‘∑¬“»“ µ√å·Ààßª√–‡∑»‰∑¬)

∑’Ë„Àâ∑ÿπ°“√»÷°…“ ·≈–¢Õ∫æ√–§ÿ≥  °«. ·≈–  °Õ.
(RMU 5380003) „π°“√„Àâ∑ÿπ π—∫ πÿπ°“√«‘®—¬
„π§√—Èßπ’È ¢Õ¢Õ∫æ√–§ÿ≥Àπà«¬«‘®—¬‡§¡’ ÿ́ªª√“
(Supramolecular Chemistry Research Unit)
¿“§«‘™“‡§¡’ ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ∑’Ë‰¥â‡Õ◊ÈÕ‡øóôÕ
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