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Study of Berberine Target Enzymes in Breast Cancer
Inhibition by Molecular Docking Method
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ABSTRACT

Breast cancer is the most frequently leading cause of cancer-related death in women.
According to the 2012 Report of the National Cancer Institute of Thailand, 24% of new cancer
cases were breast cancer. An alkaloid berberine was tested against breast cancer MCF-7 cell line
and exhibited a significant cytotoxic effect on the MCF-7 cells. However, it has not been
studied on the enzyme target of berberine. Therefore, this research was performed to search for
potential enzyme targets of berberine using molecular docking approach with reverse docking
procedure. The representative enzymes associated with breast cancer were obtained from
the Protein Data Bank (PDB) with the target of Aromatases, Hydrolases, Isomerases, Ligases,
Lyases, Quinone Reductase 2 (QR2) and Transferases. The results showed that the binding
affinity of berberine with QR2 was a significantly higher than the other targets. The complex
interaction between berberine and amino acids in the binding site of QR2 revealed the H-bond
with residues Gly68, Thr71, Asp117 and Gln122.
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∫∑π”
„π√à“ß°“¬¡πÿ…¬å®–ª√–°Õ∫¥â«¬‡´≈≈å‡ªìπ®”π«πÀ≈“¬≈â“π‡´≈≈å‡°‘¥°“√·∫àßμ—«·≈–‡ª≈’Ë¬π·ª≈ß

‡ªìπ‡π◊ÈÕ‡¬◊ËÕ ·≈–Õ«—¬«–μà“ßÊ „π√à“ß°“¬μ“¡·μà≈–™π‘¥¢Õß‡´≈≈å ‚¥¬°√–∫«π°“√π’È®–∂Ÿ°§«∫§ÿ¡¥â«¬
√–∫∫°“√∑”ß“π¢Õß√à“ß°“¬∑’Ë∑”Àπâ“∑’Ë§«∫§ÿ¡„Àâ‡´≈≈å‡°‘¥¢÷Èπ„πª√‘¡“≥∑’Ë‡À¡“– ¡·≈– Õ¥§≈âÕß°—∫§«“¡
μâÕß°“√¢Õß√à“ß°“¬ ¥—ßπ—Èπ ∂â“°√–∫«π°“√·∫àßμ—«À√◊Õ‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å‡°‘¥¢÷ÈπÕ¬à“ßº‘¥ª°μ‘ ®–‡√’¬°
°≈ÿà¡‡´≈≈å∑’Ëº‘¥ª°μ‘‡À≈à“π’È«à“¡–‡√Áß ´÷Ëß “¡“√∂·∫àßª√–‡¿∑¢Õß°≈ÿà¡‡´≈≈å∑’Ëº‘¥ª°μ‘π’ÈÕÕ°‡ªìπ 2 ™π‘¥
‚¥¬™π‘¥∑’Ë 1 ‡√’¬°«à“ Benign tumors ‡ªìπ‡π◊ÈÕßÕ° ∑’Ë‡°‘¥‡©æ“–„π∫√‘‡«≥∑’Ë‡´≈≈å¡’°“√·∫àßμ—«∑’Ëº‘¥ª°μ‘
‡∑à“π—Èπ ‰¡à‡°‘¥°“√¢¬“¬μ—«‰ª¬—ß‡π◊ÈÕ‡¬◊ËÕÕ◊ËπÊ ∑’ËÕ¬Ÿà√Õ∫¢â“ß ¡’Õ—μ√“‡√Á«„π°“√·∫àßμ—«‡∑à“°—∫‡´≈≈åª°μ‘¢Õß
√à“ß°“¬ ‡™àπ ‡π◊ÈÕßÕ°„πÕ«—¬«–μà“ßÊ ·≈– ™π‘¥∑’Ë 2 ‡√’¬°«à“ Malignant tumors ‡ªìπ‡π◊ÈÕßÕ°∑’Ë “¡“√∂
≈ÿ°≈“¡‰ª¬—ßÕ«—¬«–Õ◊ËπÊ ‰¥â ¡’Õ—μ√“‡√Á«„π°“√·∫àßμ—«‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ‡™àπ ªÕ¥ ≈”‰ â °≈â“¡‡π◊ÈÕ √–∫∫
‡≈◊Õ¥ ‡ªìπμâπ ®“° ∂‘μ‘°“√‡ ’¬™’«‘μ¢Õß§π‰∑¬æ∫«à“‚√§¡–‡√Áß‡ªìπ “‡Àμÿ°“√‡ ’¬™’«‘μ¢Õß§π‰∑¬¡“°∑’Ë ÿ¥
·≈–°“√‡ ’¬™’«‘μ®“°‚√§¡–‡√Áß¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ∑ÿ°Ê ªï ‡ªìπº≈¡“®“° ¿“«–·«¥≈âÕ¡„πªí®®ÿ∫—π∑’Ë«‘∂’™’«‘μ¡’
°“√„™â ‘ËßÕ”π«¬§«“¡ –¥«°∑’Ëº≈‘μ®“°Õÿμ “À°√√¡¡“°¢÷Èπ ∑”„Àâ‡°‘¥°“√‡æ‘Ë¡¢÷Èπ¢Õß¡≈æ‘…®“°Õÿμ “À°√√¡
·≈–‰Õ‡ ’¬®“°√∂¬πμå∑’Ë¡’¡“°¢÷Èπ®“°√“¬ß“πºŸâªÉ«¬‚√§¡–‡√Áß National Cancer Institute Thailand „πªï
2555 æ∫«à“¡–‡√Áß‡μâ“π¡‡ªìπ¡–‡√Áß∑’Ë∂Ÿ°æ∫¡“°∑’Ë ÿ¥∂÷ß√âÕ¬≈– 24 ¢ÕßºŸâªÉ«¬¡–‡√Áß∑—ÈßÀ¡¥ ‚¥¬¡’ —¥ à«π
¢ÕßºŸâªÉ«¬À≠‘ß√âÕ¬≈– 23.9 ·≈–ºŸâªÉ«¬™“¬√âÕ¬≈– 0.1 [1] ®“°°“√»÷°…“∑’Ëºà“π¡“æ∫«à“ª√‘¡“≥¢Õß
ŒÕ√å‚¡π‡Õ ‚μ√‡®π∑’Ëæ∫À√◊Õ – ¡„π√à“ß°“¬®– —¡æ—π∏å°—∫Õ—μ√“°“√‡°‘¥‚√§¡–‡√Áß‡μâ“π¡ °≈à“«§◊Õ∂â“¡’
ª√‘¡“≥ŒÕ√å‚¡π¬‘Ëß¡“°¬‘Ëß‡æ‘Ë¡‚Õ°“ „π°“√‡°‘¥¡–‡√Áß‡μâ“π¡¡“°¢÷Èπ ¥—ßπ—Èπ·π«∑“ß°“√√—°…“ºŸâªÉ«¬¡–‡√Áß
‡μâ“π¡§◊Õ°“√ª√—∫ ¡¥ÿ≈¢ÕßŒÕ√å‚¡π„π√à“ß°“¬‰¡à„Àâ¡’¡“°®π‡°‘π‰ª·≈â«∑”„Àâ‡°‘¥°“√∑”ß“π¢ÕßŒÕ√å‚¡π
®πº‘¥ª°μ‘

ªí®®ÿ∫—π°“√√—°…“¡–‡√Áß‡μâ“π¡‚¥¬°“√ª√—∫ ¡¥ÿ≈ŒÕ√å‚¡π„π√à“ß°“¬·∫àß‡ªìπ 4 °≈ÿà¡§◊Õ 1. Selective
estrogen receptor modulators (SERMs) ∑”ß“π‚¥¬‰ª·¬àß®—∫∑’Ëμ—«√—∫‡Õ ‚μ√‡®π (estrogen receptor)
¢Õß‡´≈≈å‡μâ“π¡¥—ß¿“æª√–°Õ∫∑’Ë 1 ∑”„Àâ‡Õ ‚μ√‡®π‰¡à “¡“√∂¡“®—∫°—∫μ—«√—∫‡Õ ‚μ√‡®π·≈–ÕÕ°ƒ∑∏‘Ï‰¥â
 àßº≈„Àâ°“√·∫àßμ—«¢Õß‡´≈≈å¡–‡√Áß≈¥≈ß 2. Aromatase inhibitors ¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å
Õ‚√¡“‡μ ∑’Ë¡’Àπâ“∑’Ë‡ª≈’Ë¬π·Õπ‚¥√‡®π‡ªìπ‡Õ ‚μ√‡®π 3. Selective estrogen receptor down regulators
(SERDs) ∑”ß“π‚¥¬¢—¥¢«“ß°“√®—∫°—π√–À«à“ß‡Õ ‚μ√‡®π·≈–μ—«√—∫‡Õ ‚μ√‡®π‚¥¬®–·μ°μà“ß®“°
SERMs ∑’ËÀ≈—ß®“°®—∫°—π·≈â«®–∑”„Àâμ—«√—∫‡Õ ‚μ√‡®π‰¡à “¡“√∂∑”ß“π‰¥âÕ’° ·≈– 4. «‘∏’ Ovarian
shutdown and removal ‡ªìπ°“√ºà“μ—¥√—ß‰¢àÕÕ°∑—Èß Õß¢â“ßÀ√◊Õ©“¬√—ß ’∑’Ë√—ß‰¢à ‡æ◊ËÕ„Àâ√—ß‰¢àÀ¬ÿ¥∑”ß“π
 àßº≈„Àâ‰¡à¡’°“√ √â“ßŒÕ√å‚¡π‡Õ ‚μ√‡®π„π√à“ß°“¬ [2] ®“°«‘∏’°“√„™â¬“√—°…“¡–‡√Áß‡μâ“π¡¥—ß°≈à“«æ∫«à“¡’
°“√„™â¬“¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß‡μâ“π¡¥—ßπ—Èπ®÷ß‡ªìπ∑’Ëπà“ π„®„π°“√»÷°…“À“
‡Õπ‰´¡å‡ªÑ“À¡“¬¢Õß°“√¬—∫¬—Èß¡–‡√Áß‡μâ“π¡ ®“°°“√ ◊∫§âπ‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß‚¥¬„™â∞“π¢âÕ¡Ÿ≈∏π“§“√
‚ª√μ’πæ∫«à“¡’‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß‡μâ“π¡ 7 ™π‘¥§◊Õ Õ‚√¡“‡μ√  [3] ‰Œ‚¥√‡√  [4] ‰Õ‚´‡¡Õ‡√ 
‰≈‡°  [5] ‰≈‡Õ  §«‘‚ππ √’¥—°‡μ√  2 [6] ·≈–∑√“π å‡øÕ‡√  [7]
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¿“æª√–°Õ∫ 1 SERMs ·¬àß®—∫°—∫ estrogen receptor
E = Estrogen, ER = Estrogen receptor, SERMs = Selective estrogen receptor modulators [2]

ªí®®ÿ∫—π°“√»÷°…“‡æ◊ËÕÀ“‡ªÑ“À¡“¬„π°“√¬—∫¬—Èß°“√∑”ß“π‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫‚√§μà“ßÊ
‚¥¬π”§«“¡√Ÿâ∑“ß‡§¡’‡™‘ß§Õ¡æ‘«‡μÕ√å‡¢â“¡“„™â„π°“√»÷°…“‚§√ß √â“ß‚ª√μ’π·≈–ÕÕ°·∫∫‚¡‡≈°ÿ≈μ—«¬—∫¬—Èß
‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√∑”°“√∑¥≈Õß„πÀâÕßªØ‘∫—μ‘°“√®√‘ß ‚¥¬«‘∏’∑“ß‡§¡’‡™‘ß§Õ¡æ‘«‡μÕ√å®–„™âæ◊Èπ∞“π¢Õß
«‘™“‡§¡’ „π°“√»÷°…“§âπ§«â“·≈–∑”§«“¡‡¢â“„®‡°’Ë¬«°—∫ ¡∫—μ‘¢Õß “√ ‡æ◊ËÕπ”§«“¡√Ÿâ‰ªª√–¬ÿ°μå„™â„π°“√
ÕÕ°·∫∫ “√„πß“π¥â“πÕÿμ “À°√√¡ ·≈–°“√ÕÕ°·∫∫ “√∑’Ë„™â‡ªìπμ—«¬—∫¬—Èß‡Õπ‰´¡å„π°√–∫«π°“√æ—≤π“¬“
ß“π«‘®—¬∑“ß¥â“π‡§¡’‡™‘ß§Õ¡æ‘«‡μÕ√å ”À√—∫°“√§âπÀ“μ—«¬—∫¬—Èß∑’Ëª√– ‘∑∏‘¿“æ¥’°«à“μ—«¬—∫¬—Èß‡¥‘¡ À√◊Õ
°“√æ—≤π“μ—«¬—∫¬—Èß‡¥‘¡„Àâ¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’¢÷Èππ—Èπ «‘∏’°“√∑’Ë‰¥â√—∫°“√¬Õ¡√—∫¡“°∑’Ë ÿ¥§◊Õ«‘∏’°“√∑“ß
‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß ´÷Ëß‡ªìπ°“√§âπÀ“‚§√ß √â“ß∑’Ë‡ªìπ‰ª‰¥â¡“°∑’Ë ÿ¥„π°“√‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ßμ—«¬—∫¬—Èß°—∫
‡Õπ‰´¡å∑’Ë»÷°…“ ‚¥¬„π¢—ÈπμÕπ°“√‡¢â“®—∫®–¡’°“√‡§≈◊ËÕπ¬â“¬μ—«¬—∫¬—Èß·∫∫ ÿà¡‰ª¬—ß∫√‘‡«≥°“√®—∫¢Õß
‡Õπ‰´¡å‡ªÑ“À¡“¬∑’Ë¡’°“√°Ì“Àπ¥¢Õ∫‡¢μ∫√‘‡«≥°“√®—∫¢Õß‡Õπ‰´¡åÕ¬à“ß™—¥‡®π·≈–¡’¢π“¥‡À¡“– ¡μàÕ
°“√‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ßμ—«¬—∫¬—Èß°—∫‡Õπ‰´¡å‡æ◊ËÕ„Àâ‰¥â‚§√ß √â“ß∑’Ë¥’∑’Ë ÿ¥·≈– Õ¥§≈âÕß°—∫§à“æ≈—ßß“π
Õ‘ √–„π°“√®—∫°—∫‡Õπ‰´¡å´Õøμå·«√å∑’Ë„™â„π°“√»÷°…“‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß„πªí®®ÿ∫—π¡’Õ¬ŸàÀ≈“°À≈“¬ ∑—Èß∑’Ë‡ªìπ
´Õøμå·«√å‡™‘ßæ“≥‘™¬å·≈–∑’Ë‡ªìπ´Õøμå·«√å‡æ◊ËÕ°“√»÷°…“ ‚¥¬´Õøμå·«√å‡æ◊ËÕ°“√»÷°…“∑’Ë‰¥â√—∫§«“¡π‘¬¡
Õ¬à“ß¡“° §◊Õ AutoDock (Molecular Docking) ‡ªìπ‡∑§‚π‚≈¬’„π°“√ÕÕ°·∫∫‡æ◊ËÕ∑”π“¬ “√ª√°Õ∫
‡™‘ß´âÕπ¢Õß “√ª√–°Õ∫™’«¿“æ°—∫‚¡‡≈°ÿ≈∑’ËÕÕ°·∫∫§”π«≥‚§√ß √â“ß∑’Ë‡À¡“– ¡‚¥¬ª√–‡¡‘πº≈®“°
æ≈—ßß“π°“√®—∫√–À«à“ß‚¡‡≈°ÿ≈¡—°„™â»÷°…“¬“ À√◊Õ ‡Õπ‰´¡å [8]

®“°°“√»÷°…“ “√ª√–°Õ∫®“°∏√√¡™“μ‘∑’Ë¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß‚√§¡–‡√Áß‡μâ“π¡æ∫«à“‡∫Õ√å‡∫Õ√‘π
¡’ƒ∑∏‘Ï„π°“√μâ“π°“√‡®√‘≠‡μ‘∫‚μ¢Õß¡–‡√ÁßÀ≈“¬™π‘¥√«¡∑—Èß¡–‡√Áß‡μâ“π¡ ´÷Ëß‡∫Õ√å‡∫Õ√‘π “¡“√∂ °—¥‰¥â
®“°≈”μâπ·≈–√“°¢Õßæ◊™À≈“¬™π‘¥ ‡™àπ ¢¡‘Èπ‡§√◊Õ ·≈–æ◊™„π«ß»å Berberidaceae, Menispermaceae,
Papaveraceae ·≈– Rutaceae ‡∫Õ√å‡∫Õ√‘π¡’‚§√ß √â“ß‡ªìπ«ßÕ–‚√¡“μ‘°∑’Ë¡’‰π‚μ√‡®π‡ªìπÕß§åª√–°Õ∫
¥—ß√Ÿªª√–°Õ∫∑’Ë 2 ∂÷ß·¡â«à“‡∫Õ√å‡∫Õ√‘π®–¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß‚√§¡–‡√Áß‡μâ“π¡·μà¬—ß‰¡à¡’°“√√“¬ß“π∑’Ë™—¥‡®π
«à“‡Õπ‰´¡å‡ªÑ“À¡“¬„π°“√¬—∫¬—Èß¢Õß‡∫Õ√å‡∫Õ√‘πμàÕ¡–‡√Áß‡μâ“π¡§◊Õ‡Õπ‰´¡å™π‘¥„¥ [9, 10]
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¿“æª√–°Õ∫ 2 ‚§√ß √â“ß¢Õß‡∫Õ√å‡∫Õ√‘π

¥—ßπ—Èπß“π«‘®—¬π’È®÷ß π„®∑”°“√»÷°…“‡æ◊ËÕÀ“‡Õπ‰´¡å‡ªÑ“À¡“¬¢Õß‡∫Õ√å‡∫Õ√‘π„π°“√¬—∫¬—Èß
¡–‡√Áß‡μâ“π¡‚¥¬„™â√–‡∫’¬∫«‘∏’‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß

«‘∏’°“√∑¥≈Õß
°“√»÷°…“‚§√ß √â“ß·≈–Õ—πμ√°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ√–À«à“ß‡∫Õ√å‡∫Õ√‘π°—∫‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫

¡–‡√Áß‡μâ“π¡ ¥â«¬√–‡∫’¬∫«‘∏’‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß ‚¥¬„™â‚ª√·°√¡ Autodock 4.2.6 ∑”ß“π∫π√–∫∫ªØ‘∫—μ‘°“√
≈’πÿ°μå (Linux)  à«π¢—ÈπμÕπ°“√‡μ√’¬¡‰ø≈å Ì“À√—∫°“√∑Ì“‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß„™â‚ª√·°√¡ AutoDockTools
1.5.6 ∫π√–∫∫ªØ‘∫—μ‘°“√«‘π‚¥«å°“√∑”‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß®–ª√–°Õ∫¥â«¬‚§√ß √â“ß 2  à«π§◊Õ  à«π¢Õßμ—«
¬—∫¬—ÈßÀ√◊Õ ligand ·≈– à«π¢Õß‚ª√μ’πÀ√◊Õ receptor ‚¥¬ à«π¢Õßμ—«¬—∫¬—Èß®–∑”°“√‡μ√’¬¡‚§√ß √â“ß‡∫Õ√å-
‡∫Õ√‘π∑’Ë„™â„π°“√∑”‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß ¥â«¬√–‡∫’¬∫«‘∏’ HF/3-21G ‚¥¬‚ª√·°√¡ Gaussian03 [11]
´÷Ëß∑”ß“π∫π√–∫∫ªØ‘∫—μ‘°“√≈’πÿ°μå ‡æ◊ËÕ§”π«≥‚§√ß √â“ß∑’Ë‡À¡“– ¡·≈–¡’§«“¡‡ ∂’¬√ ”À√—∫„™â„π°“√∑”
‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß à«π¢Õß‚ª√μ’π®–∑”°“√¥“«πå‚À≈¥‚§√ß √â“ß¢Õß‡Õπ‰´¡å®“°∞“π¢âÕ¡Ÿ≈∏π“§“√‚ª√μ’π
®“°π—Èππ”‚§√ß √â“ß∑—Èß 2 ¡“‡μ√’¬¡‰ø≈å Ì“À√—∫°“√∑Ì“‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß‚¥¬„™âæ“√“¡‘‡μÕ√å¥—ßπ’È grid
¢π“¥ X=Y=Z ¡’§à“‡∑à“°—∫ 60 Å ·≈–„Àâ»Ÿπ¬å°≈“ß¢Õß grid Õ¬Ÿà∑’Ë∫√‘‡«≥‚æ√ß°“√®—∫‡¥‘¡¢Õß·μà≈–‡Õπ‰´¡å
„™â grid point spacing ‡∑à“°—∫ 0.375 Å √Ÿª·∫∫°“√ Docking ‡ªìπ·∫∫ Random ®Ì“π«π√Õ∫„π°“√
§âπÀ“√Ÿª·∫∫°“√®—∫∑—ÈßÀ¡¥ 150 √Õ∫ ·≈–„™â Lamarckian GA „π°“√À“æ≈—ßß“π∑’Ë¥’∑’Ë ÿ¥„π·μà≈–√Õ∫
¢Õß°“√ Docking ·∫àß‡ªìπ¢—ÈπμÕπ¥—ßπ’È 1. ‡≈◊Õ°‚§√ß √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß‡μâ“π¡®“°∞“π
¢âÕ¡Ÿ≈‚ª√μ’π 2. Redock ‡æ◊ËÕ«‘‡§√“–Àå§«“¡‡À¡“– ¡¢Õß‚§√ß √â“ß‚ª√μ’π 3. Reverse Docking ‡æ◊ËÕ
«‘‡§√“–ÀåÀ“‡Õπ‰´¡å∑’Ë®—∫°—∫‡∫Õ√å‡∫Õ√‘π‰¥â¥’∑’Ë ÿ¥



SWU Sci. J. Vol. 32 No. 1 (2016)34

º≈°“√∑¥≈Õß
°“√√“¬ß“πº≈°“√«‘®—¬‡√◊ËÕß°“√»÷°…“‡Õπ‰´¡å‡ªÑ“À¡“¬¢Õß “√ª√–°Õ∫‡∫Õ√å‡∫Õ√‘π·∫àßÕÕ°‡ªìπ

3  à«π¥—ßπ’È
1. °“√‡≈◊Õ°‚§√ß √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß‡μâ“π¡

ß“π«‘®—¬π’È∑”°“√‡≈◊Õ°‚§√ß √â“ß¢Õß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√ metabolism
„π¡–‡√Áß‡μâ“π¡ ‡æ◊ËÕÀ“‡Õπ‰´¡å‡ªÑ“À¡“¬¢Õß‡∫Õ√å‡∫Õ√‘π„π°“√¬—∫¬—Èß¡–‡√Áß‡μâ“π¡„π°√–∫«π°“√¥—ß°≈à“«
‚¥¬∑”°“√‡≈◊Õ°‚§√ß √â“ß‡Õπ‰´¡å®“°∞“π¢âÕ¡Ÿ≈∏π“§“√‚ª√μ’π æ∫‚§√ß √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫
¡–‡√Áß‡μâ“π¡∑—ÈßÀ¡¥ 100 ‚§√ß √â“ß ®“°π—Èπ∑”°“√‡≈◊Õ°‚§√ß √â“ß‡Õπ‰´¡å‚¥¬°”Àπ¥‡ß◊ËÕπ‰¢ 2 ‡ß◊ËÕπ‰¢
¥—ßπ’È 1. ‡ªìπ‚§√ß √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß„π√à“ß°“¬¢Õß¡πÿ…¬åÀ√◊Õ„π°≈ÿà¡ Homo sapiens ‡¡◊ËÕæ‘®“√≥“
‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫√à“ß°“¬¡πÿ…¬åæ∫«à“¡’‡Õπ‰´¡å∑—ÈßÀ¡¥ 94 ‚§√ß √â“ß‡¡◊ËÕ‰¥â‚§√ß √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß
„π√à“ß°“¬¡πÿ…¬å·≈â« ∑”°“√‡≈◊Õ°‡Õπ‰´¡å‚¥¬·∫àßμ“¡°≈ÿà¡‡Õπ‰´¡åμà“ßÊ ¥—ßπ’È Õ‚√¡“‡μ  ‰Œ‚¥√‡√  ‰Õ‚´
‡¡Õ‡√ ‰≈‡°  ‰≈‡Õ §«‘‚ππ √’¥—°‡μ  2 ·≈– ∑√“π å‡øÕ‡√  ®“°π—Èπ¡“æ‘®“√≥“‡ß◊ËÕπ‰¢∑’Ë 2. §◊Õ‡ªìπ
‚§√ß √â“ß‡Õπ‰´¡å∑’Ë¡’μ—«¬—∫¬—ÈßÕ¬Ÿà„π∫√‘‡«≥°“√®—∫¢Õß‡Õπ‰´¡åæ∫«à“¡’‚§√ß √â“ß‡Õπ‰´¡å∑’Ë¡’μ—«¬—∫¬—ÈßÕ¬Ÿà„π
‚§√ß √â“ß¡’¥—ßπ’È ‡Õπ‰´¡åÕ‚√¡“‡μ ¡’ 3 ‚§√ß √â“ß ‡Õπ‰´¡å‰Œ‚¥√‡√ ¡’ 1 ‚§√ß √â“ß ‡Õπ‰´¡å‰≈‡° ¡’ 3
‚§√ß √â“ß ‡Õπ‰´¡å§«‚ππ √’¥—°‡μ  2 ¡’ 54 ‚§√ß √â“ß‡Õπ‰´¡å∑√“π å‡øÕ√å‡√ ¡’ 17 ‚§√ß √â“ß ®“°π—Èπ
‡≈◊Õ°μ—«·∑π‚§√ß √â“ß„π·μà≈–°≈ÿà¡‡Õπ‰´¡å‚¥¬æ‘®“√≥“®“° ‚§√ß √â“ß∑’Ë¡’§à“ Resolution μË” ÷́Ëß∑”„Àâ‰¥â
‚§√ß √â“ß∑’Ë¡’§«“¡∂Ÿ°μâÕß Ÿß·≈–¡’§«“¡ ¡∫Ÿ√≥å¢Õß‚§√ß √â“ß¡“° ·≈–‡≈◊Õ°‚§√ß √â“ß‡Õπ‰´¡å∑’Ë¡’°“√π”
‡ πÕ„À¡à‡ªìπμ—«·∑π„π·μà≈–°≈ÿà¡¥—ßπ’È ‚§√ß √â“ß√À—  4GL5 ®“° ‡Õπ‰´¡åÕ‚√¡“‡μ  [12] 4D0N ®“°
‡Õπ‰´¡å‰Œ‚¥√‡≈  [13] 4IGK ®“° ‡Õπ‰´¡å‰≈‡°  [14] 3G5M ®“° ‡Õπ‰´¡å§«‘‚ππ √’¥—°‡μ  2 [15]
·≈– 4C3P ®“° ‡Õπ‰´¡å∑√“π å‡øÕ√å‡√  [16] ¥—ß¿“æª√–°Õ∫ 3

¿“æª√–°Õ∫ 3 ‚§√ß √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß‡μâ“π¡
1. 4GL5 ®“° Aromatases 2. 4D0N ®“° Hydrolases 3. 4IGK ®“° Ligases

4. 3G5M ®“° Quinone Reductase 2 5. 4C3P ®“° Transferases
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2. °“√∑” Redock
°“√∑Ì“ Redock ‡æ◊ËÕ°“√‡ª√’¬∫‡∑’¬∫μ”·Àπàß°“√®—∫¢Õßμ—«¬—∫¬—Èß∑’Ëºà“π°“√§”π«≥¥â«¬

√–‡∫’¬∫«‘∏’ ‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß‡∑’¬∫°—∫μ”·Àπàßμ—«¬—∫¬—Èß‡¥‘¡∑’Ë‰¥â®“°‚§√ß √â“ß‡æ◊ËÕμ√«® Õ∫§«“¡‡À¡“– ¡
¢Õß∫√‘‡«≥‚æ√ß°“√®—∫„π‚§√ß √â“ß‡Õπ‰´¡å®–∑”‚¥¬π”‚§√ß √â“ßμ—«¬—∫¬—Èß‡¥‘¡®“°‚§√ß √â“ß‡Õπ‰´¡å∑’Ë¥“«πå
‚À≈¥®“°∞“π¢âÕ¡Ÿ≈∏π“§“√‚ª√μ’π¡“∑”°“√ dock °—∫‡Õπ‰´¡å¢Õßμ—«¬—∫¬—Èß¢Õß·μà≈–μ—« »÷°…“§à“ RMSD
(Root mean square deviation) ¢Õß°“√§”π«≥°“√®—∫√–À«à“ßμ—«¬—∫¬—Èß‡¥‘¡„π‚§√ß √â“ß‡Õπ‰´¡å°—∫
‚§√ß √â“ß¢Õß·μà≈–‡Õπ‰´¡å ´÷Ëß§à“ RMSD ‡ªìπ§à“∑“ß ∂‘μ‘∑’Ë„™â∫Õ°§«“¡·μ°μà“ß√–À«à“ß 2 ‚§√ß √â“ß®“°
μ“√“ß 1 æ∫«à“§à“ RMSD ¢Õß‚§√ß √â“ß‡Õπ‰´¡å√À—  4GL5 4C3P ·≈– 3G5M ‡∑à“°—∫ 0.429 Å 1.530
Å ·≈– 0.947 Å μ“¡≈”¥—∫ ´÷Ëß‚§√ß √â“ß∑—Èß 3 „Àâ§à“ RMSD ¡’§à“πâÕ¬°«à“ 2.5 Å · ¥ß«à“§«“¡
·μ°μà“ß√–À«à“ßμ”·Àπàßμ—«¬—∫¬—Èß∑—Èß 2 ·μ°μà“ß°—π‡æ’¬ß‡≈Á°πâÕ¬ ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫μ”·Àπàß√–À«à“ß
μ—«¬—∫¬—Èß‡¥‘¡∑’Ëºà“π°“√§”π«≥ μ—«¬—∫¬—Èß‡¥‘¡∑’ËÕ¬Ÿà„π‚§√ß √â“ß‡Õπ‰´¡åºà“π‚ª√·°√¡ Discovery Studio
2016 Client ¥—ß¿“æª√–°Õ∫ 4 · ¥ß„Àâ‡ÀÁπ«à“μ—«¬—∫¬—Èß “¡“√∂®—∫°—∫‚§√ß √â“ß‡Õπ‰´¡å¢Õß·μà≈–
‚§√ß √â“ß¿“¬„π∫√‘‡«≥‚æ√ß°“√®—∫‡¥‘¡¢Õß‚§√ß √â“ß‡Õπ‰´¡å ·≈–μ—«¬—∫¬—Èß∑’Ë‰¥â®“°°“√§”π«≥®–Õ¬Ÿà
„πμ”·Àπàß´âÕπ∑—∫°—∫‚§√ß √â“ßμ—«¬—∫¬—Èß‡¥‘¡„π‚§√ß √â“ß‡Õπ‰´¡å ®÷ß √ÿª‰¥â«à“‚§√ß √â“ß‡Õπ‰´¡å 4GL5 4C3P
·≈– 3G5M ¡’§«“¡‡À¡“– ¡ ”À√—∫π”¡“„™â§”π«≥∑“ß‚¡‡≈°ÿ≈“√å¥ÁÕ°°‘Èß

μ“√“ß 1 §à“ RMSD(Å) ¢Õß·μà≈–‚ª√μ’π

‡Õπ‰´¡å √À— ‚ª√μ’π RMSD(Å)

Aromatase 4GL5 0.429

Hydrolase 4D0N 7.118

Ligase 4IGK 15.861

Quinone Reductase 2 3G5M 0.947

Tranferase 4C3P 1.530

¿“æª√–°Õ∫ 4 ‡ª√’¬∫‡∑’¬∫°“√®—∫°—π√–À«à“ßμ—«¬—∫¬—Èß‡¥‘¡ „π‚§√ß √â“ß‡Õπ‰´¡å
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3. °“√ Reverse Docking ‡∫Õ√å‡∫Õ√‘π
°“√∑” Reverse docking ‡æ◊ËÕ»÷°…“‡Õπ‰´¡å‡ªÑ“À¡“¬¢Õß‡∫Õ√å‡∫Õ√‘π ‚¥¬«‘‡§√“–Àå

æ≈—ßß“πÕ‘ √–„π°“√‡¢â“®—∫ (estimated free energy of binding) √–À«à“ß‡∫Õ√å‡∫Õ√‘π°—∫‚§√ß √â“ß‚ª√μ’π
„π·μà≈–°≈ÿà¡‡Õπ‰´¡å ‚¥¬º≈°“√§”π«≥§à“æ≈—ßß“πÕ‘ √–„π°“√‡¢â“®—∫®–· ¥ß„π‡∑Õ¡¢Õßæ≈—ßß“πμ‘¥≈∫
∂â“§à“∑’Ë‰¥âμ‘¥≈∫¡“°· ¥ß«à“ μ—«¬—∫¬—Èß “¡“√∂®—∫°—∫‚ª√μ’π‰¥â¥’‡∫Õ√å‡∫Õ√‘π°—∫‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß
‡μâ“π¡ ®–∑”‚¥¬π”‚§√ß √â“ß‡∫Õ√å‡∫Õ√‘π∑’Ë optimized ¡“ dock °—∫‚§√ß √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫
¡–‡√Áß‡μâ“π¡ æ‘®“√≥“§à“æ≈—ßß“π∑’Ë‰¥â®“°°“√§”π«≥¥—ßμ“√“ß∑’Ë 2 æ∫«à“æ≈—ßß“πÕ‘ √–„π°“√‡¢â“®—∫¢Õß
‡∫Õ√å‡∫Õ√‘π°—∫‡Õπ‰´¡å√À—  4C3P 4GL5 ·≈– 3G5M „Àâæ≈—ßß“π‡∑à“°—∫ -7.55 kcal/mol -8.90 kcal/mol
·≈– -10.63 kcal/mol μ“¡≈”¥—∫ ‚¥¬®–æ∫«à“‡∫Õ√å‡∫Õ√‘π “¡“√∂®—∫°—∫‡Õπ‰´¡å„π°≈ÿà¡§«‘‚ππ√’¥—°‡μ  2
‰¥â¥’∑’Ë ÿ¥ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√®—∫√–À«à“ß‡∫Õ√å‡∫Õ√‘π°—∫μ—«¬—∫¬—Èß‡¥‘¡„π‚§√ß √â“ß·μà≈–‡Õπ‰´¡åæ∫«à“
‡∫Õ√å‡∫Õ√‘π‡¢â“®—∫°—∫‡Õπ‰´¡å„πμ”·Àπàß‡¥’¬«°—∫μ—«¬—∫¬—Èß‡¥‘¡ ¥—ß¿“æª√–°Õ∫ 5A ·≈–‡¡◊ËÕæ‘®“√≥“
æ—π∏–‰Œ‚¥√‡®π¢Õß‡∫Õ√å‡∫Õ√‘π°—∫°√¥Õ–¡‘‚π¿“¬„π∫√‘‡«≥‚æ√ß°“√®—∫¢Õß·μà≈–‚§√ß √â“ß‡Õπ‰´¡å
æ∫«à“‡∫Õ√å‡∫Õ√‘π‡°‘¥æ—π∏–‰Œ‚¥√‡®π°—∫°√¥Õ–¡‘‚π„π‡Õπ‰´¡åμà“ßÊ ¥—ßπ’È ‡Õπ‰´¡å§«‘‚ππ√’¥—°‡μ  2
‡∫Õ√å‡∫Õ√‘π‡°‘¥æ—π∏–‰Œ‚¥√‡®π°—∫ Gly68 Thr71 Asp117 ·≈– Gln122 ‡Õπ‰´¡å ∑√“π å‡øÕ‡√ 
‡∫Õ√å‡∫Õ√‘π‡°‘¥æ—π∏–‰Œ‚¥√‡®π°—∫ Gln185 ·≈– Ala213 ‡Õπ‰´¡åÕ‚√¡“‡μ ‡∫Õ√å‡∫Õ√‘π‡°‘¥æ—π∏–
‰Œ‚¥√‡®π°—∫ Ile133 Met374 ·≈– Ser478 ¥—ß· ¥ß„π¿“æª√–°Õ∫ 5B

μ“√“ß 2 §à“ estimated free energy of binding √–À«à“ß‡∫Õ‡∫Õ√‘π°—∫‚ª√μ’π·μà≈–™π‘¥

‚ª√μ’π Estimated free energy of binding (kcal/mol)

3G5M -10.63

4C3P -7.55

4GL5 -8.90
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A B
¿“æª√–°Õ∫ 5 A ‡∫Õ√å‡∫Õ√‘π°—∫μ—«¬—∫¬—Èß‡¥‘¡„π‡Õπ‰´¡å

B Õ—πμ√°‘√‘¬“√–À«à“ß‡∫Õ√å‡∫Õ√‘π°—∫°√¥Õ–¡‘‚π„π‡Õπ‰´¡å

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
º≈°“√∑¥≈Õß°“√§âπÀ“‡Õπ‰´¡å‡ªÑ“À¡“¬¢Õß‡∫Õ√å‡∫Õ√‘π„π°“√¬—∫¬—Èß¡–‡√Áß‡μâ“π¡ ‚¥¬«‘∏’
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