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The coronavirus main cysteine proteinase (CoVMpro) is a key target for drug development against

severe acute respiratory syndrome virus (SARS).  The active site of the enzyme is large cleft which is

divided with several subsites. Subsites region, S5-S4-S3-S2-S1S1´-S2´-S3´ where accommodated with

specific octapeptide (P5Thr-P4Val-P3Lys-P2Leu-P1Gln-P1´Ala-P2´Gly-P3´Phe). The research is to

investigate interaction between the enzyme and the octapeptide using molecular docking including

molecular dynamics simulation. The results indicated that S3, S1 and S4´ should be critical subsites for

specific octapeptide binding. S3Glu47 specific to P3Lys with electrostatic interaction, S1 specific to P1Gln,

including S4Thr-cluster (residues 21, 24-26 and 45) specific to octapeptide at C-terminal with hydrogen

bonds. Several waters within 5 Å of octapeptide related to binding mode. Molecular dynamics simulation

after 500 ps indicated that protein chain of one turn α-helix was highly flexible and became to induced fit

model in the latter.
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1. ∫∑π”
‡¡◊ËÕ°≈“ßªï æ.». 2546 ‚√§√–∫∫∑“ß‡¥‘πÀ“¬„®√ÿπ·√ß

(Severe Acute Respiratory Syndrome) À√◊Õ‚√§À«—¥

¡√≥– À√◊Õ‚√§´“√å  (SARS) ‡ªìπ°≈ÿà¡Õ“°“√∑’Ë¡’

≈—°…≥–§≈â“¬‚√§À«—¥ ·µà¡’Õ“°“√∑’Ë√ÿπ·√ß°«à“ „π√“¬

¢ÕßºŸâªÉ«¬∑’Ë‰¡à “¡“√∂√—°…“‰¥â∑—π®–‡ ’¬™’«‘µ®“°Õ“°“√

ªÕ¥Õ—°‡ ∫¿“¬„π√–¬–‡«≈“‰¡à‡°‘π 60 ™—Ë«‚¡ßÀ≈—ß®“°‰¥â

√—∫‡™◊ÈÕ [1-3] ´“√å ‰¥â·æ√à√–∫“¥‰ª∑—Ë«‚≈°‚¥¬‡™◊ËÕ«à“µâπ

°”‡π‘¥¢Õß‚√§‡√‘Ë¡√–∫“¥¡“®“°¡≥±≈°«“ßµÿâß¢Õß

ª√–‡∑»®’π Õß§å°“√Õπ“¡—¬‚≈°‰¥â√“¬ß“πÕ¬à“ß‡ªìπ∑“ß

°“√«à“´“√å ‰¥â√–∫“¥®“°¿Ÿ¡‘¿“§‡Õ‡™’¬‰ª Ÿà¬ÿ‚√ª√«¡∑—Èß

Õ‡¡√‘°“¿“¬„π√–¬–‡«≈“‡æ’¬ß‡¥◊Õπ‡¥’¬« ‚¥¬ª√–™“°√

‚≈°°«à“ 10,000 §πµ‘¥‡™◊ÈÕ ·≈–°«à“ 1,000 §π‡ ’¬™’«‘µ

[4] π—°«‘∑¬“»“ µ√å‰¥â»÷°…“®πæ∫«à“µâπ‡Àµÿ¢Õß´“√å ‡°‘¥

®“°‰«√—  “¬æ—π∏ÿå‚§‚√π“ ÷́Ëß‰«√— ™π‘¥π’È‡ªìπ∑’Ë√Ÿâ®—°°—π¡“

π“π·≈â«·µà‰¡à‡§¬æ∫«à“‡ªìπ “‡Àµ∑’Ë∑”„Àâ‡°‘¥Õ“°“√ªÕ¥

Õ—°‡ ∫™π‘¥√ÿπ·√ß µàÕ¡“¿“¬À≈—ß®÷ß¡’√“¬ß“π«à“‡ªìπ

‚§‚√π“‰«√—  “¬æ—π∏ÿå„À¡à [5-6] ·¡â«à“„πªí®®ÿ∫—π®–‰¡à¡’

√“¬ß“π®“°Õß§å°“√Õπ“¡—¬‚≈°∂÷ßºŸâ∑’Ë‡ ’¬™’«‘µ®“°´“√å 

(Õ“®¡’°“√·æ√à√–∫“¥·µàÀ“°√—°…“Õ“°“√„Àâ∑√ßµ—«°Á‰¡à

‡ªìπÕ—πµ√“¬∂÷ß™’«‘µ) ·µà°Á¡’°“√»÷°…“‡æ◊ËÕ§âπ§«â“·≈–

æ—≤π“¬“µâ“π‰«√— √«¡∑—Èß«—§´’πªÑÕß°—π°“√·æ√à√–∫“¥

¢Õß´“√å °—πÕ¬à“ßµàÕ‡π◊ËÕß ‡π◊ËÕß®“°Õ“®¡’§«“¡‡ªìπ‰ª‰¥â

∑’Ë́ “√å ®–°≈—∫¡“√–∫“¥Àπ—°Õ’°§√—Èß·≈–Õ“®¡’§«“¡√ÿπ·√ß

°«à“∑’Ë‡§¬‡°‘¥¢÷Èπ„πÕµ’¥ π—°«‘∑¬“»“ µ√å “¡“√∂æ‘ Ÿ®πå‰¥â

«à“‡Õπ‰´¡å‚ª√µ‘‡π ¢Õß‰«√— ‚§‚√π“ (Coronavirus Main

Proteinase; SARS CoVMpro) ∑’Ë‰«√—  √â“ß¢÷Èπ¡’§«“¡

 ”§—≠„π°√–∫«π°“√ gene replication ‡æ◊ËÕ°“√¢¬“¬

æ—π∏ÿå·≈–‡æ‘Ë¡®”π«π¿“¬„π‡´≈≈å∑’Ë∂Ÿ° infect ¥—ßπ—Èπ SARS

CoVMpro ®÷ß°≈“¬‡ªìπ‚ª√µ’π‡ªÑ“À¡“¬∑’Ë ”§—≠ ‡æ◊ËÕ°“√

«‘®—¬·≈–æ—≤π“¬“µâ“π‰«√— ´“√å „π‡«≈“µàÕ¡“ [7]

‡æ◊ËÕ„Àâ‡¢â“„®∂÷ß°≈‰°°“√∑”ß“π¢Õß‡Õπ‰´¡å SARS

CoVMpro °“√»÷°…“§ÿ≥≈—°…≥–¢Õß‡Õπ‰´¡å√«¡∑—Èß§«“¡

®”‡æ“–¢Õß∫√‘‡«≥‡√àßªØ‘°‘√‘¬“®÷ß‡ªìπ ‘Ëß∑’Ë ”§—≠ ¢âÕ¡Ÿ≈∑’Ë

‰¥â®– “¡“√∂π”‰ª‡ªìπæ◊Èπ∞“π‡æ◊ËÕ„™â„π°“√ÕÕ°·∫∫

‚¡‡≈°ÿ≈ “√¬—∫¬—ÈßÀ√◊Õ‚¡‡≈°ÿ≈¬“∑’Ë¡’§«“¡®”‡æ“–·≈–¡’

»—°¬¿“æ Ÿß ≈—°…≥–∑“ß™’«‡§¡’¢Õß‡Õπ‰´¡åπ’È‡§¬¡’

√“¬ß“π«à“‡ªìπ‡Õπ‰´¡å„π°≈ÿà¡ cysteine proteinase ∑’Ë¡’

°√¥Õ–¡‘‚π His ·≈– Cys ‡ªìπ catalytic dyads Õ¬Ÿà„π

∫√‘‡«≥‡√àßªØ‘°‘√‘¬“ ·µà≈—°…≥–°“√¢¥µ—«¢Õß‚¡‡≈°ÿ≈

‡Õπ‰´¡å°≈—∫¡’§«“¡§≈â“¬§≈÷ßÕ¬à“ß¡“°°—∫‡Õπ‰´¡å„π°≈ÿà¡

serine proteinase [8]  ‚¥¬∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å

SARS CoVMpro ¡’æ◊Èπ∑’Ë°«â“ß°«à“ 20 Å ·≈– “¡“√∂

·∫àßÕÕ°‡ªìπ∫√‘‡«≥¬àÕ¬ (subsite) ‰¥â®”π«π¡“° ´÷Ëß„π

ªí®®ÿ∫—πæ∫«à“¡’®”π«π¡“°∂÷ß 10 subsites ·≈– “¡“√∂

¬÷¥‡Àπ’Ë¬« —∫ ‡µ√∑∑’Ë¡’§«“¡¬“«‰¥â¡“°∂÷ß 10 Àπà«¬

(residue) ‚¥¬·µà≈– subsite ∂Ÿ°°”Àπ¥„Àâ¡’ —≠≈—°…≥å‡ªìπ

S ·≈– S´ ¥—ßπ’È§◊Õ S5-S4-S3-S2-S1-S1´-S2´-S3´-S4-

S5´ „π∑”πÕß‡¥’¬«°—π —∫ ‡µ√∑∑’Ë®–‡¢â“¡“¬÷¥‡Àπ’Ë¬«°—∫

„π·µà≈– subsite ∂Ÿ°°”Àπ¥„Àâ¡’ —≠≈—°…≥å‡ªìπ P ·≈– P

¥—ßπ’È§◊Õ P5-P4-P3-P2-P1-P1´-P2´-P3´-P4´-P5´ ∑—Èßπ’È

∫√‘‡«≥∑’Ë‡ªìπ catalytic site ∑’Ë¡’ catalytic dyad ®–Õ¬Ÿà

√–À«à“ß S1 ·≈– S1´ „πÕ’°∑“ßÀπ÷Ëß —∫ ‡µ√∑®–∂Ÿ°¬àÕ¬

 ≈“¬∑’Ëµ”·Àπàß P1-↓-P1´ ‡™àπ°—π (≈Ÿ°»√§◊Õµ”·Àπàß

æ—π∏–‡ªª‰∑¥å∑’Ë∂Ÿ°µ—¥) [9-10] µàÕ¡“¡’√“¬ß“π«à“∫√‘‡«≥

¬÷¥‡Àπ’Ë¬««‘°ƒµ‘¢Õß‡Õπ‰´¡å (critical binding site) ÷́Ëß

‡ªìπ∫√‘‡«≥∑’Ë ”§—≠Õ¬à“ß¬‘Ëß¬«¥µàÕ°“√¬÷¥®—∫°—∫ —∫ ‡µ√∑

√«¡∑—Èß “√¬—∫¬—Èß¡’Õ¬Ÿà¥â«¬°—π 6 subsites §◊Õ∫√‘‡«≥

S3-S2-S1-S1´-S2´-S3´ ´÷Ëß®“°°“√»÷°…“§«“¡®”‡æ“–

¢Õß subsites ‡À≈à“π’ÈµàÕ —∫ ‡µ√∑ æ∫«à“ S2 ·≈– S1 ¡’

§«“¡®”‡æ“–µàÕ P2Leu ·≈– P1Gln µ“¡≈”¥—∫Õ¬à“ß

¬‘Ëß¬«¥ √Ÿª·∫∫§«“¡®”‡æ“–π’È¡’§«“¡‡À¡◊Õπ°—∫‡Õπ‰´¡å

‚ª√µ‘‡π ®“°‰«√—  “¬æ—π∏ÿåÕ◊Ëπ®”π«π 3  “¬æ—π∏ÿå ‰¥â·°à

mouse hepatitis, piconavirus ·≈– Transmissible

Gastroenteritis Virus (TGEV)   à«π„π°√≥’ subsite Õ◊ËπÊ

πÕ°‡Àπ◊Õ®“°π’È¬—ß‰¡à¡’√“¬ß“π∑’Ë·πàπÕπ«à“¡’§«“¡®”

‡æ“–µàÕ°√¥Õ–¡‘‚π¢Õß —∫ ‡µ√∑™π‘¥„¥ ·µà¡’°“√æ‘ Ÿ®πå

·≈â««à“ subsite Õ◊ËπÊ‰¡à‰¥â¡’§«“¡®”‡æ“–‡À¡◊Õπ°—∫

‡Õπ‰´¡å‚ª√µ‘‡π ®“°‰«√— ∑—Èß “¡ “¬æ—π∏ÿå∑’Ë°≈à“«¡“¢â“ßµâπ

[10-15]

Fan ·≈–§≥– [16] ∑”°“√»÷°…“ substrate speci-

ficity ¢Õß‡Õπ‰´¡å SARS CoV Mpro æ∫«à“ —∫ ‡µ√∑

octapeptide ∑’Ë¡’≈”¥—∫¢Õß P5-P4-P3-P2-P1-P1´-P2´-

P3´ §◊Õ Thr-Val-Lys-Leu-Gln-Ala-Gly-Phe ‡ªìπ

 —∫ ‡µ√∑∑’Ë‡°‘¥°“√¬÷¥‡Àπ’Ë¬«√«¡∑—Èß°“√ hydrolysis ‰¥â¥’

∑’Ë ÿ¥ ́ ÷Ëß¥’°«à“ —∫ ‡µ√∑™π‘¥Õ◊Ëπ∑’Ë‡§¬√“¬ß“π‰«â°àÕπÀπâ“π’È

´
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∂÷ß 4 ‡∑à“ [13, 16] Õ¬à“ß‰√°Áµ“¡ ¬—ß‰¡à¡’§«“¡™—¥‡®π«à“

°√¥Õ–¡‘‚π·µà≈– P ¢Õß —∫ ‡µ√∑®”‡æ“–π’È¡’§«“¡

 ”§—≠µàÕ°“√‡°‘¥Õ—πµ√°‘√‘¬“Õ¬à“ß‰√‡¡◊ËÕ‡¢â“‰ª¬÷¥‡Àπ’Ë¬«

„π·µà≈– subsite ¢Õß∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å ¢≥–

∑’Ë¡’«‘∏’°“√Àπ÷Ëß∑’Ë®– “¡“√∂π”¡“„™â‡æ◊ËÕ™à«¬„π°“√»÷°…“

Õ—πµ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈‰¥â¥’·≈–°”≈—ß‡ªìπ∑’Ëπ‘¬¡Õ¬à“ß

°«â“ß¢«“ß„πªí®®ÿ∫—π §◊Õ°“√®”≈Õß·∫∫∑“ß‚¡‡≈°ÿ≈

(molecular modeling) „π‡™‘ß¢Õß molecular docking

√à«¡°—∫°“√»÷°…“ ¡∫—µ‘∑“ßæ≈«—µ‘‡™‘ß‚¡‡≈°ÿ≈ (molecular

dynamics simulation; MD simulation) ‚¥¬«‘∏’°“√π’È

®– “¡“√∂»÷°…“Õ—πµ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈„π≈—°…≥– 3

¡‘µ‘ ́ ÷Ëß∂◊Õ‡ªìπ°“√ —ß‡°µæƒµ‘°√√¡¢Õß‚¡‡≈°ÿ≈∑’Ë‡ ¡◊Õπ®√‘ß

‚¥¬Õ“»—¬°“√§”π«≥Õ—πµ√°‘√‘¬“¢ÕßÕ–µÕ¡µà“ßÊ ∫πæ◊Èπ

∞“π¢Õß ¡°“√∑“ß‡§¡’‡™‘ßøî ‘° å ·≈–π”º≈∑’Ë‰¥â„π√Ÿª

·∫∫¢Õß§à“æ≈—ßß“πÕ‘ √– (∆G) À√◊Õæ≈—ßß“πæ≈»“ µ√å

(potential energy) ¡“„™â‡æ◊ËÕÕ∏‘∫“¬§«“¡®”‡æ“–À√◊Õ

»—°¬¿“æ„π°“√‡°‘¥ªØ‘°‘√‘¬“¢Õß “√∑’Ë°”≈—ß π„®„π√–∫∫

„¥√–∫∫Àπ÷Ëß

ß“π«‘®—¬π’È‰¥âπ”«‘∏’°“√ molecular docking ·≈– mo-

lecular dynamics simulation ¡“„™â„π°“√»÷°…“

Õ—πµ√°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ√–À«à“ß‚¡‡≈°ÿ≈‡Õπ‰´¡å SARS

CoVMpro °—∫‚¡‡≈°ÿ≈ —∫ ‡µ√∑®”‡æ“–∑’Ë‰¥â®“°°“√∑¥≈Õß

„πÀâÕßªØ‘∫—µ‘°“√ [14-17] ‚¥¬®–∑”°“√®”≈Õß√–∫∫°“√

‡°‘¥ªØ‘°‘√‘¬“·∫∫‡ ¡◊Õπ®√‘ß§«∫§Ÿà‰ª°—∫°“√»÷°…“≈—°…≥–

¢ÕßªØ‘°‘√‘¬“∑“ß‡§¡’„π·µà≈– subsite ¢Õß‡Õπ‰´¡å SARS

CoVMpro «à“ —¡æ—π∏å°—πÕ¬à“ß‰√°—∫‚§√ß √â“ß·≈–√Ÿª

·∫∫¢Õß —∫ ‡µ√∑®÷ß∑”„Àâ‡°‘¥°“√¬÷¥®—∫Õ¬à“ß®”‡æ“– º≈

∑’Ë‰¥â®“°°“√»÷°…“§◊Õ¢âÕ¡Ÿ≈∑’Ë®–‡ªìπª√–‚¬™πåÕ¬à“ß¬‘ËßµàÕ

°“√π”‰ª‡ªìπÕß§å§«“¡√Ÿâæ◊Èπ∞“π‡æ◊ËÕ°“√ÕÕ°·∫∫‚¡‡≈°ÿ≈

¬“∑’Ë¡’»—°¬¿“æ Ÿß„π°“√µâ“π‰«√— ´“√å „πÕπ“§µ

2. Õÿª°√≥å·≈–«‘∏’¥”‡π‘π°“√∑¥≈Õß
2.1 §Õ¡æ‘«‡µÕ√å·≈–‚ª√·°√¡

(1) ∑ÿ ° ¢—È π µ Õ π ¢ Õ ß ß “ π «‘ ®— ¬ π’È „ ™â √ – ∫ ∫

§Õ¡æ‘«‡µÕ√å∑—ÈßÀ¡¥‚¥¬Õ“»—¬¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà·≈â«∑’Ë‰¥â®“°°“√

∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√¡“„™â„π°“√ √â“ß√–∫∫‡ ¡◊Õπ®√‘ß

´÷Ëß‚ª√·°√¡ §Õ¡æ‘«‡µÕ√å∑’Ëπ”¡“„™â„πß“π«‘®—¬π’Èª√–°Õ∫

¥â«¬‚ª√·°√¡ Insight II version 2001 ·≈– modules

µà“ßÊ ‰¥â·°à Builder, Discover, Biopolymer ·≈– Ho-

mology ¢Õß Accelrys, USA. ‚ª√·°√¡ Autodock ver-

sion 3.0.5 ·≈– Autodock Tool ¢Õß Scripp, USA.

·≈–‚ª√·°√¡ GROMACS version 3.3.1 ¢Õß Univer-

sity of Groningen, Netherlands

(2) §Õ¡æ‘«‡µÕ√å cluster ∑’Ëª√–°Õ∫¥â«¬ AMD

Athlon 3500+ 64Bit 2 nodes, AMD Athlon 2500+ 1

node, Intel Pentium IV 3.0 GHz 2 nodes ·≈– Silicon

Graphic O2 workstation R12000

2.2 °“√‡µ√’¬¡‚§√ß √â“ß “¡¡‘µ‘¢Õß‡Õπ‰´¡å
SARS CoVMpro ·≈– —∫ ‡µ√∑
(1) ‚§√ß √â“ß¢Õß‡Õπ‰´¡å SARS CoVMpro ∑’Ë

„™âπ”¡“®“°∞“π¢âÕ¡Ÿ≈∏π“§“√‚ª√µ’π¥â«¬√À—  1UK4 [10]

‚¥¬‚§√ß √â“ß®–¡’Õß§åª√–°Õ∫¢Õß‚¡‡≈°ÿ≈πÈ”·≈– “√

¬—∫¬—Èß ®÷ßµâÕß≈∫‚¡‡≈°ÿ≈‡À≈à“π’ÈÕÕ°‰ª„Àâ‡À≈◊Õ‡æ’¬ß

‚§√ß √â“ßÀ≈—°¢Õß‡Õπ‰´¡å‡∑à“π—Èπ ´÷Ëß‚§√ß √â“ßÀ≈—°¢Õß

‡Õπ‰´¡å¡’≈—°…≥–‡ªìπ dimer form ®÷ßπ”‚§√ß √â“ß dimer

form π’È¡“¥”‡π‘π°“√„π¢—ÈπµÕπµàÕ‰ª ·≈–‡π◊ËÕß®“°

‚§√ß √â“ß¢Õß‡Õπ‰´¡å¡’°√¥Õ–¡‘‚π∑’Ëª≈“¬ N ·≈– C

terminal À“¬‰ª®”π«πÀπ÷Ëß®÷ß∑”°“√µàÕ‡µ‘¡°√¥Õ–¡‘‚π

¥â«¬‚ª√·°√¡ Builder √à«¡°—∫ Biopolymer ®“°π—Èπ

∑”°“√ª√—∫ ¿“æ‚§√ß √â“ß„ÀâÕ¬Ÿà„π≈—°…≥–‡ ∂’¬√¿“æ

(≈—°…≥–‚§√ß √â“ß∑’Ë∫√‘ ÿ∑∏‘Ïª√“»®“°‚¡‡≈°ÿ≈Õ◊ËπÊ ´÷Ëßπà“

®–‡ªìπ‚§√ß √â“ß®√‘ß„π√–∫∫¢Õß∏√√¡™“µ‘) ¥â«¬°“√∑”

energy minimization ‚¥¬„™â«‘∏’°“√§”π«≥·∫∫ Steep-

est descent 10,000 §√—Èß µàÕ‡π◊ËÕß¥â«¬«‘∏’°“√§”π«≥·∫∫

Conjugate Gradient 10,000 §√—Èß ‚§√ß √â“ß ÿ¥∑â“¬∑’Ë

‰¥â®–π”‰ª„™â„π°“√»÷°…“ molecular docking ·≈– MD

simulation „π≈”¥—∫µàÕ‰ª

(2) ‚§√ß √â“ß¢Õß —∫ ‡µ√∑∑’Ëπ”¡“„™â„π°“√

∑¥≈Õß§√—Èßπ’È§◊Õ octapeptide ∑’Ë¡’≈”¥—∫§◊Õ Thr-Val-lys-

Leu-Gln-Ala-Gly-Phe  ‚¥¬∑”°“√ √â“ß octapeptide ¥â«¬

Builder module ®“°π—Èπª√—∫ ¿“æ‚§√ß √â“ß„π·∫∫

‡¥’¬«°—∫∑’Ë„™â ”À√—∫‡Õπ‰´¡åµ“¡«‘∏’°“√„π¢âÕ (1)  ‚§√ß √â“ß

 ÿ¥∑â“¬∑’Ë‰¥â®–π”‰ª„™â„π°“√»÷°…“ molecular docking

·≈– MD simulation „π≈”¥—∫µàÕ‰ª
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2.3 Molecular docking
ß“π«‘®—¬π’È®–∑”°“√ docking octapeptide ‡¢â“‰ª

¿“¬„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å SARS CoVMpro

∑’Ë momomer A ‡∑à“π—Èπ ‚¥¬„™â‚ª√·°√¡ Autodock „π

°“√»÷°…“≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«√–À«à“ß‡Õπ‰´¡å SARS

CoV Mpro °—∫ octapeptide ‚¥¬°”Àπ¥„Àâ»Ÿπ¬å°≈“ß

¢Õß°“√§”π«≥Õ—πµ√°‘√‘¬“§◊Õ°√¥Õ–¡‘‚π Cys145 ́ ÷Ëß‡ªìπ

catalytic dyad ¢Õß‡Õπ‰´¡å ·≈–°”Àπ¥„Àâ octapeptide

‡¢â“‰ª∑”Õ—πµ√°‘√‘¬“„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“·∫∫¬◊¥À¬ÿàπ∑’Ë Cα

backbone ·≈â«∑”°“√§”π«≥ª√–®ÿ‰øøÑ“¢Õß‡Õπ‰´¡å·≈–

octapeptide ·∫∫ Kollman ·≈– Gasteiger [18] µ“¡

≈”¥—∫ æ“√“¡‘‡µÕ√å∑’Ë ”§—≠ ”À√—∫„™â„π°“√§”π«≥¢Õß

√–∫∫‰¥â°”Àπ¥§à“¥—ßπ’È§◊Õ „™â gridbox ¢π“¥ 60x60x60

Å „™â Lamarckian genetic algorithm (LGA) energy

evaluation = 5,000,000,  generations = 270,000, popu-

lation size = 100, mutation rate and cross over =

0.02 ·≈– 0.8 constraint = 300 ·≈–„™â pseudo-solis

and Wets local search ·≈– parameter πÕ°®“°π’È„Àâ

°”Àπ¥‡ªìπ§à“ default ∑—ÈßÀ¡¥ ®“°π—Èπ∑”°“√ run = 100

run ‡ªìπ®”π«π 50 √Õ∫  ‚¥¬®–‰¥â√Ÿª·∫∫°“√¬÷¥‡Àπ’Ë¬«

¢Õß octapeptide ¿“¬À≈—ß°“√§”π«≥∑—ÈßÀ¡¥‡ªìπ®”π«π

5,000 ·∫∫ ®“°π—Èπ∑”°“√®—¥°≈ÿà¡ (cluster) √Ÿª·∫∫∑’Ë‰¥â

¥â«¬°“√§—¥°√Õß∑“ß ∂‘µ‘ root mean square deviation

(RMSD) = 3.0  ́ ÷Ëß octapeptide ∑’Ë¡’ conformation µà“ß

°—π‰¡à‡°‘π 3.0 Å ®–∂Ÿ°®—¥„Àâ¡“Õ¬Ÿà„π cluster ‡¥’¬«°—π

®“°π—Èπ„Àâ‡≈◊Õ° cluster ∑’Ë¡’ population ¡“°∑’Ë ÿ¥ ·≈–

π”‚§√ß √â“ß∑’Ë¡’§à“æ≈—ßß“π docking energy µË”∑’Ë ÿ¥„π

cluster π—Èπ¡“«‘‡§√“–Àåº≈§«∫§Ÿà‰ª°—∫°“√∑” MD

simulation „π¢—ÈπµÕπµàÕ‰ª

2.4 Molecular dynamics simulation
„™â‚ª√·°√¡ GROMACS „π°“√®”≈Õß√–∫∫

æ≈«—µ‘ ‚¥¬°”Àπ¥„Àâ‚¡‡≈°ÿ≈‡Õπ‰´¡å‡ªìπ·∫∫ dimer form

∑’Ë¡’ octapeptide ®“°º≈¢Õß molecular docking ¬÷¥

‡Àπ’Ë¬«Õ¬Ÿà ´÷Ëß‡ªìπ√–∫∫„ππÈ”∫√‘ ÿ∑∏‘Ï∑’ËÕ¬Ÿà„π°≈àÕß®”≈Õß

¢π“¥ 10x10x10 π“‚π‡¡µ√ °“√ª√—∫§à“‡©æ“–¢Õß

‡Õπ‰´¡å‡°’Ë¬«°—∫ ¿“æ protonate state ·≈– charge ¢Õß

side chain °àÕπ∑’Ë®–∑”°“√ simulation „Àâª√—∫§à“µ“¡

ß“π«‘®—¬∑’Ë‰¥â∑”‰«â°àÕπÀπâ“π’È [19] µàÕ¡“ª√—∫ parameter

¢Õß√–∫∫„Àâ‡À¡“– ¡°—∫ß“π«‘®—¬π’È¥—ßπ’È§◊Õ „™â GROMOS-

96 force field „™âπÈ” SPC ‚¡‡¥≈ °”Àπ¥√–¬–Àà“ß¢Õß

°≈àÕß°—∫æ◊Èπº‘«‚¡‡≈°ÿ≈‡Õπ‰´¡å‡∑à“°—∫ 1 π“‚π‡¡µ√ §à“

electrostatic interaction „™â«‘∏’ Particle Mesh Ewald

= 0.6, Lennard-Jones interaction = 9 Å, tempera-

ture constant = 310 K ¥â«¬ Berendsen 0.1 ps,

pressure = 1.0 bar ¥â«¬ 1.0 ps, bonds length „™â

LINCS algorithm, time step = 2fs Õ–µÕ¡∑—ÈßÀ¡¥

„π√–∫∫¡’®”π«π 96,800 Õ–µÕ¡ ∑”°“√ initial state ‡æ◊ËÕ

ª√—∫ ¿“æ‚¡‡≈°ÿ≈πÈ”°àÕπ‚¥¬„™â™à«ß‡«≈“ 100 ps ®“°

π—Èπ®÷ß‡¢â“ Ÿà equilibrate state ‚¥¬„™â™à«ß‡«≈“¢Õß°“√

simulation ‡∑à“°—∫ 2,000 ps ‡°Á∫§à“¢Õß°“√§”π«≥∑ÿ°Ê

1 ps ·≈– snapshot Õ—πµ√°‘√‘¬“∑ÿ°Ê 100 ps °“√

∑¥≈Õß∑—Èß√–∫∫®–„™â‡«≈“ª√–¡“≥ 120 ™¡. ·≈–æ◊Èπ∑’Ë

 ”À√—∫‡°Á∫¢âÕ¡Ÿ≈ª√–¡“≥ 5 Gb

3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å
3.1 Energy minimization ‚§√ß √â“ß¢Õß

‡Õπ‰´¡å SARS CoVMpro
¢—ÈπµÕπ°“√‡µ√’¬¡‚§√ß √â“ß¢Õß‡Õπ‰´¡å®”‡ªìπ

µâÕßª√—∫ ¿“æ‚§√ß √â“ß„Àâ¥’°àÕπ ‚¥¬°“√∑” energy

minimization ‡æ◊ËÕÀ≈’°‡≈’Ë¬ß ¿“æ°“√™πÀ√◊Õ‡°’Ë¬«°—πÀ√◊Õ

bad van der waals ¢ÕßÕ–µÕ¡ ¥—ßπ—Èπ°“√‡°‘¥°“√

‡ª≈’Ë¬π·ª≈ß¢Õß‚§√ß √â“ß∫“ß à«π√«¡∑—Èß°“√À¡ÿπµ—«¢Õß

side chain ¢Õß°√¥Õ–¡‘‚π®÷ßµâÕß‡°‘¥¢÷ÈπÕ¬à“ßÀ≈’°‡≈’Ë¬ß

‰¡à‰¥â °“√µ√«® Õ∫‚§√ß √â“ß¢Õß‡Õπ‰´¡å¿“¬À≈—ß®“°

minimization °àÕπ∑’Ë®–π”‚§√ß √â“ß‰ª„™â„π¢—ÈπµÕπµàÕ

‰ª®÷ß‡ªìπ ‘Ëß∑’Ë ”§—≠¡“°

ß“π«‘®—¬π’Èæ∫«à“‚§√ß √â“ß‡Õπ‰´¡å SARS

CoVMpro ∑’Ëπ”¡“„™â (1UK4) ¡’°√¥Õ–¡‘‚π∫“ßÀπà«¬¢“¥

À“¬‰ª·µà “¡“√∂µàÕ‡µ‘¡®π ¡∫Ÿ√≥å‰¥â ‚¥¬‚§√ß √â“ß

‡Õπ‰´¡å√«¡∑—Èß∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß SARS CoVMpro

∑’Ë‰¥â minimization ·≈â«· ¥ß¥—ß√Ÿª∑’Ë 1 ·≈– 2 ‚¥¬

∑—Ë«‰ª‡Õπ‰´¡å SARs CoVMpro ¡’¢π“¥¡«≈‚¡‡≈°ÿ≈

ª√–¡“≥ 33 kDa ·≈–„π∏√√¡™“µ‘¡—°Õ¬Ÿà„π≈—°…≥–‡ªìπ

‚ª√µ’π‚¡‡≈°ÿ≈§Ÿà (dimer protein) ¡’≈”¥—∫¢Õß°√¥Õ–¡‘

‚π∑—ÈßÀ¡¥®”π«π 306 Àπà«¬µàÕ‚ª√µ’π‚¡‡≈°ÿ≈‡¥’Ë¬« ‚¥¬
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¡’°“√·∫àß‚§√ß √â“ß‡Õπ‰´¡åÕÕ°‡ªìπ 3 domain ‰¥â·°à

domain I §◊Õ°√¥Õ–¡‘‚π≈”¥—∫∑’Ë 8-10 domain II §◊Õ

°√¥Õ–¡‘‚π≈”¥—∫∑’Ë 102-184 ·≈– domain III §◊Õ°√¥Õ–

¡‘‚π≈”¥—∫∑’Ë 201-303 πÕ°®“°π’È¬—ß¡’∫√‘‡«≥∑’Ë¡’≈—°…≥–

‡ªìπ “¬¬“« (long loop) §◊Õ°√¥Õ–¡‘‚π≈”¥—∫∑’Ë 185-200

´÷Ëß∑”Àπâ“∑’Ë‡™◊ËÕ¡ domain II ·≈– III ‡¢â“‰«â‡ªìπ‚ª√µ’π

 “¬‡¥’¬«°—π ∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å (√«¡∑—Èß

∫√‘‡«≥¬÷¥‡Àπ’Ë¬«; binding site) ‡ªìπ∫√‘‡«≥√àÕß°«â“ß

·≈–≈÷° (cleft) Õ¬Ÿà„π™àÕß«à“ß√–À«à“ß domain I ·≈– II

À≈—ß®“°∑”°“√ª√—∫ ¿“æ‚§√ß √â“ß¢Õß‡Õπ‰´¡å¥â«¬ en-

ergy minimization 2 ¢—ÈπµÕπ æ∫«à“‚§√ß √â“ß¢Õß

‡Õπ‰´¡å¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª‡≈Á°πâÕ¬ ‡¡◊ËÕπ”‚§√ß √â“ß

Cαbackbone ¢Õß‡Õπ‰´¡å°àÕπ°“√ minimization ¡“

´âÕπ∑—∫ (superposition) °—∫‚§√ß √â“ß¢Õß‡Õπ‰´¡åÀ≈—ß

®“°°“√ minimization ·≈–«—¥§à“§«“¡·µ°µà“ß¥â«¬

RMSD æ∫«à“¡’§«“¡·µ°µà“ß°—π‡∑à“°—∫ 1.24 Å

√Ÿª∑’Ë 1 ‚§√ß √â“ß‚¡‡≈°ÿ≈‡Õπ‰´¡å SARS CoVMpro À≈—ß®“°∑’Ë∑”°“√ª√—∫ ¿“æ‚§√ß √â“ß¥â«¬°“√ minimization ·≈â« (°)

ribbon model · ¥ß≈—°…≥–°“√®—∫°—π‡ªìπ‚ª√µ’π§Ÿà (dimer form) ¢Õß‡Õπ‰´¡å´÷Ëß‡ªìπ≈—°…≥–∑’Ëæ∫„π∏√√¡™“µ‘

‚¥¬‡√’¬°·µà≈–‚ª√µ’π‡¥’Ë¬««à“ monomer A ·≈– monomer B  ́ ÷Ëß‚§√ß √â“ß¢Õß‡Õπ‰´¡å∑—Èß Õß monomer π’È¡’‚§√ß √â“ß

°“√¢¥µ—« ·≈–≈”¥—∫¢Õß°√¥Õ–¡‘‚π‡À¡◊Õπ°—π√âÕ¬≈– 100  à«π (¢) ribbon model · ¥ß‚§√ß √â“ß‡Õπ‰´¡å 1 monomer

∑’Ë·∫àßÕÕ°‡ªìπ domain I, II ·≈– III ‚¥¬∫√‘‡«≥‡√àßªØ‘°‘√‘¬“´÷Ëß¡’≈—°…≥–‡ªìπ√àÕß¢π“¥„À≠à®–Õ¬Ÿà√–À«à“ß domains I

·≈– II (yellow surface model) ∫√‘‡«≥‡√àßªØ‘°‘√‘¬“∂Ÿ°·∫àßÕÕ°‡ªìπ 2  à«π §◊Õ S subsite ·≈– S´ subsite ‚¥¬¡’

§«“¡°«â“ßµ≈Õ¥·π« S ‰ª¬—ß S´ ª√–¡“≥ 20 Å ·≈– catalytic dyad ‰¥â·°à His41 (blue surface) ·≈– Cys145

(brown surface)

  

(°) (¢)
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√Ÿª∑’Ë 2 ‚§√ß √â“ß∫√‘‡«≥‡√àßªØ‘°‘√‘¬“ √«¡∑—Èß°√¥Õ–¡‘‚π∑’Ë·«¥≈âÕ¡Õ¬Ÿà√Õ∫Ê catalytic dyad (His41, Cys145) ¢Õß‡Õπ‰´¡å SARS

CoVMpro  ‚¥¬∫√‘‡«≥π’È “¡“√∂·∫àßÕÕ°‡ªìπ 7  à«π §◊Õ red β-sheet: residues 19-28, yellow one turn α-helix:

residues 41-49, green ß-sheet: residues 67-70, blue β-sheet: residues 117-120, pink loop: residues 139-

145, sky blue loop: residues 163-172 ·≈– brown long loop: residues 187-192  ∫√‘‡«≥∑’Ëª√–°Õ∫¥â«¬‚§√ß √â“ß™π‘¥

β-sheet À≈“¬Ê  à«π√«¡°—π‡√’¬°«à“ β-sheet cluster ·≈–∂Ÿ°°”Àπ¥„ÀâÕ¬Ÿà„πµ”·Àπàß¢Õß S´ subsite ¢≥–∑’Ë à«πÕ◊ËπÊ

´÷Ëß¡’‚§√ß √â“ß‡ªìπ loop ∂Ÿ°°”Àπ¥„ÀâÕ¬Ÿà„πµ”·Àπàß¢Õß S´subsite

√Ÿª∑’Ë 3 ≈—°…≥–‚§√ß √â“ß∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å SARS CoVMpro À≈—ß°“√∑” energy minimization ‚¥¬ (°) §◊Õ

superposition ‡ª√’¬∫‡∑’¬∫√–À«à“ß‚§√ß √â“ß°àÕπ ( ’øÑ“) ·≈–À≈—ß (·¥ß) minimization ́ ÷Ëßµ”·Àπàß∑’Ë‚§√ß √â“ß¡’§«“¡·µ°

µà“ß°—π¡“°§◊Õ one turn α-helix  ‚¥¬§à“§«“¡·µ°µà“ß¢Õß RMSD ‡∑à“°—∫ 4.65 Å ·µà¬—ß∂◊Õ«à“‡ªìπ‚§√ß √â“ß∑’Ë‡ªìπ a

ctive form ‡π◊ËÕß®“°‡§¬æ∫≈—°…≥–‡™àππ’È„π crystal structure [8, 10] ·≈–‡√’¬°≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ßπ’È«à“ open

mouth   à«π (¢) §◊Õ model · ¥ß°√¥Õ–¡‘‚π Glu166_A ∑’Ëæ∫«à“¬—ß§ß¡’æ—π∏–‰Œ‚¥√‡®πÕ¬Ÿà°—∫ Ser1_B  À≈—ß®“°

minimization

(°) (¢)
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‡¡◊ËÕ∑”°“√µ√«®«—¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß‚§√ß √â“ß

∫√‘‡«≥‡√àßªØ‘°‘√‘¬“√«¡∑—Èß side chain ¢Õß°√¥Õ–¡‘‚π√Õ∫Ê

catalytic dyad ¢Õß‡Õπ‰´¡å  æ∫«à“¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß

Cαbackbone ∑’Ëµ”·Àπàß one turn α-helix (residues

41-49) ·≈–µ”·Àπàß long loop (Residues 187-192)

‚¥¬¡’§à“°“√‡ª≈’Ë¬π·ª≈ß¢Õß RMSD ‡∑à“°—∫ 4.65 ·≈–

1.26 Å µ“¡≈”¥—∫  à«πµ”·Àπàß ß-sheet cluster æ∫

«à“‚§√ß √â“ß‡ª≈’Ë¬π·ª≈ß‰ªπâÕ¬¡“°‚¥¬§à“ RMSD ¡’§à“

‰¡à‡°‘π 0.5 „π°√≥’∫√‘‡«≥ one turn α-helix (residues

41-49) ¡’°“√‡ª≈’Ë¬π·ª≈ß¡“°æÕ ¡§«√À≈—ß®“°°“√

minimization ÷́Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬∑’Ë‡§¬»÷°…“¡“

°àÕπÀπâ“π’È∑’Ë√“¬ß“π«à“∫√‘‡«≥π’È‡ªìπ∫√‘‡«≥∑’Ë¡’§«“¡¬◊¥

À¬ÿàπ Ÿß [19] ·≈–°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢Õß∫√‘‡«≥

π’È¬—ß¢÷Èπ°—∫ ¿“æ·«¥≈âÕ¡Õ◊ËπÊ ¥â«¬ ‡™àπ §à“ pH ™π‘¥¢Õß

solvent ·≈–Õÿ≥À¿Ÿ¡‘ ‡ªìπµâπ °“√»÷°…“æ≈«—µ‘°àÕπÀπâ“π’È

∫àß™’È«à“∫√‘‡«≥π’È¡’°“√‡§≈◊ËÕπ‰À«¢Õß Cαbackbone µ≈Õ¥

‡«≈“¢Õß°“√ simulation √Ÿª·∫∫°“√‡§≈◊ËÕπ‰À«‡™àππ’È¡’

≈—°…≥–‡À¡◊Õπ°“√‡ªî¥·≈–ªî¥ª“° (open and close

mouth) [8-15] ‡™àπ‡¥’¬«°—∫‚§√ß √â“ß¢Õß crystal struc-

ture ¢Õß‡Õπ‰´¡å SARS CoV Mpro ∑’Ë¡’„π∏π“§“√‚ª√µ’π

´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“∫√‘‡«≥π’È¡’∑—Èß√Ÿª√à“ß·∫∫ open mouth

·≈– close ¢÷Èπ°—∫™π‘¥¢Õß “√¬—∫¬—Èß·≈– ¿“«–·«¥≈âÕ¡

„π°“√µ°º≈÷°¢Õß‚§√ß √â“ßπ—ÈπÊ  Õ¬à“ß‰√°Áµ“¡ ∫√‘‡«≥

one turn α-helix (residues 41-49) „πß“π«‘®—¬π’È¡’

≈—°…≥–‡ªìπ open mouth §◊Õ “¬‚ª√µ’π∑’Ë‡§¬¢¥µ—«Õ¬Ÿà

‰¥â§≈“¬ÕÕ°·≈–‡À¬’¬¥‡ªìπ “¬‡√’¬∫·µà¬—ß§ß‚§âßµ—«‡ªìπ

turn model Õ¬Ÿà (√Ÿª∑’Ë 3°)

≈—°…≥–¢Õß dimer protein ¢Õß SARS CoVMpro

®–¡’‡æ’¬ß monomer ‡¥’¬«‡∑à“π—Èπ∑’Ë‡ªìπ active form  ‚¥¬

°”Àπ¥„Àâ active monomer §◊Õ monomer A ∑’Ë‡ªìπ

‡™àππ’È‡π◊ËÕß®“°°√¥Õ–¡‘‚π Glu166_A ®–µâÕß¡’æ—π∏–

‰Œ‚¥√‡®π°—∫ Ser1_B  ®÷ß‡°‘¥°“√µ√÷ß side chain ¢Õß

Glu166_A ‰¡à„Àâ‡¢â“‰ª¢«“ß S1 subsite pocket „π

Õ’°∑“ßÀπ÷Ëß∑’Ë Glu166_B ‰¡à¡’æ—π∏–‰Œ‚¥√‡®π°—∫

Ser1_A „π‡«≈“µàÕ¡“ side chain ¢Õß Glu166_B

®–À¡ÿπµ—«·≈–™’È‡¢â“‰ª„π‚æ√ß¢Õß S1 subsite  ¿“æ‡™àππ’È

sidechain ¢Õß Glu166_B ®–‡ªìπµ—«°’¥¢«“ß‰¡à„Àâ

 —∫ ‡µ√∑‡¢â“¡“¬÷¥‡Àπ’Ë¬«‰¥â ‡π◊ËÕß®“° S1 subsite ‡ªìπ

critical binding site ¢Õß SARS CoVMpro  ”À√—∫

≈—°…≥–¢Õß Glu166 ¢Õßß“π«‘®—¬π’ÈÀ≈—ß®“°°“√ minimi-

zation ·≈â«æ∫«à“ Glu166_A ¬—ß§ß¡’æ—π∏–‰Œ‚¥√‡®π°—∫

Ser1_B Õ¬Ÿà¥â«¬√–¬–∑“ß‡∑à“°—∫ 2.85 Å (√Ÿª∑’Ë 3¢)  ‚¥¬

‚§√ß √â“ß¢Õß‡Õπ‰´¡å SARS CoVMpro ∑’Ë‰¥â®“°¢—ÈπµÕπ

π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ∑’Ë®–π”‰ª„™â„π¢—ÈπµÕπ molecular

docking ·≈– molecular dynamics simulation µàÕ‰ª

3.2 Molecular docking
„π°“√»÷°…“°“√¬÷¥‡Àπ’Ë¬«√–À«à“ß‡Õπ‰´¡å SARS

CoVMpro ∑’Ë∫√‘‡«≥‡√àßªØ‘°‘√‘¬“°—∫ octapeptide ¥â«¬

Autodock π—Èπ°”Àπ¥„Àâ‚¡‡≈°ÿ≈‡Õπ‰´¡å rigid ¢≥–∑’Ë

‚¡‡≈°ÿ≈ octapeptide ¬◊¥À¬ÿàπ º≈¢Õß°“√»÷°…“®–Õ¬Ÿà„π

√Ÿª·∫∫¢Õß§à“æ≈—ßß“π∑’Ë‡√’¬°«à“ docking energy (kcal/

mol) (µ“√“ß∑’Ë 1) ´÷Ëß„π°“√∑¥≈Õßπ’È‰¥âπ”‚§√ß √â“ß¢Õß

octapeptide ∑’ËÕ¬Ÿà„π cluster ∑’Ë¡’ population ¡“°∑’Ë ÿ¥

§◊Õ cluster ∑’Ë 6 ¡“∑”°“√«‘‡§√“–Àå (‚¥¬∑—Ë«‰ª‚ª√·°√¡

®–®—¥‚§√ß √â“ß∑’Ë¡’§à“æ≈—ßß“πµË”∑’Ë ÿ¥‰«â‡ªìπÕ—π¥—∫·√°„π

cluster π—ÈπÊ) ‚¥¬º≈¢Õß°“√¬÷¥‡Àπ’Ë¬«√–À«à“ß‡Õπ‰´¡å

SARS CoV Mpro °—∫ octapeptide · ¥ß¥—ß√Ÿª∑’Ë 4
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µ“√“ß∑’Ë 1 §à“æ≈—ßß“π mean docking energy ¢Õß°“√§”π«≥

≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«¢Õß octapeptide °—∫‡Õπ‰´¡å

SARS CoVMpro ∑’Ë‰¥â®“°°“√§”π«≥¢Õß‚ª√·°√¡

Autodock ‚¥¬‡≈◊Õ° cluster ∑’Ë¡’ population ¡“°∑’Ë ÿ¥

(cluster 6) ‡π◊ËÕß®“°‡™◊ËÕ«à“πà“®–¡’‚Õ°“ ‡°‘¥¢÷Èπ¡“°

∑’Ë ÿ¥„π√–∫∫®√‘ß ·≈–‡≈◊Õ°‚§√ß √â“ß∑’Ë„Àâ§à“æ≈—ßß“π

docking energy µË”∑’Ë ÿ¥„π cluster ∑’Ë 6 ¡“„™â„π¢—ÈπµÕπ

MD simulation µàÕ‰ª

Population

1 -18.05 40

2 -16.46 24

3 -16.28 16

4 -14.84 12

5 -14.16 51

6 -13.45 1,482

7 -13.21 51

8 -13.02 15

9 -11.79 30

10 -10.46 980

11 -10.23 250

12  -9.43 160

13  -8.91 1,201

14  -8.21 150

15  -6.11 260

16  -5.21 80

17  -5.09 58

18  -1.22 29

19  +2.45 111

Cluster
Mean docking

energy (kcal/mol)
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√Ÿª∑’Ë 4  ≈—°…–°“√¬÷¥‡Àπ’Ë¬«¢Õß octapeptide „π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å SARS CoVMpro  ‚¥¬ (°) §◊Õ º≈¢Õß°“√

docking ∑’Ë· ¥ß„Àâ‡ÀÁπ«à“ octapeptide (pink stick model)  “¡“√∂‡¢â“‰ª¬÷¥‡Àπ’Ë¬«„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å

SARS CoVMpro monomer A (gray surface model) ‰¥âÕ¬à“ß·πàπ·øÑπ  à«π (¢) §◊Õ model · ¥ß°√¥Õ–¡‘‚π

¢Õß‡Õπ‰´¡å SARS CoVMpro „π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“√Õ∫Ê octapeptide „π√—»¡’ 5 Å ´÷Ëß‡°‘¥æ—π∏–‰Œ‚¥√‡®π

(‡ âπª√– ’™¡æŸ) ÷́Ëß°—π·≈–°—π√–À«à“ß octapeptide °—∫‡Õπ‰´¡å®”π«π 13 æ—π∏–

(°) (¢)

√Ÿª∑’Ë 5 Superposition √–À«à“ß‚§√ß √â“ß‡Õπ‰´¡å∑’Ë¬÷¥‡Àπ’Ë¬«°—∫ “√¬—∫¬—Èß (crystal structure 1UK4) °—∫‚§√ß √â“ß‡Õπ‰´¡å

∑’Ë¬÷¥‡Àπ’Ë¬«°—∫ octapeptide · ¥ß„Àâ‡ÀÁπ«à“º≈¢Õß°“√¬÷¥‡Àπ’Ë¬« octapeptide ∑’Ë‰¥â®“°°“√ docking ¡’§«“¡∂Ÿ°µâÕß

·¡àπ¬”‡π◊ËÕß®“°‚§√ß √â“ß octapeptide Õ¬Ÿà„πµ”·Àπàß‡¥’¬«°—π°—∫‚§√ß √â“ß¢Õß “√¬—∫¬—Èß®“° crystal structure [10]
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®“°º≈¢Õß°“√ docking æ∫«à“ octapeptide  “¡“√∂

‡¢â“‰ª¬÷¥‡Àπ’Ë¬«„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“‰¥âÕ¬à“ßæÕ¥’ ·≈–

‡æ◊ËÕ‡ªìπ°“√¬◊π¬—π«à“≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«®“°°“√ dock-

ing π—Èπ Õ¬Ÿà„πµ”·Àπàß∑’Ë∂Ÿ°µâÕß·≈–πà“®–‡ªìπ®√‘ß¡“°

∑’Ë ÿ¥„π∏√√¡™“µ‘ ®÷ß‰¥â¡’°“√π”‚§√ß √â“ß¢Õß “√¬—∫¬—Èß∑’Ë

‰¥â∂Ÿ°¥÷ßÕÕ°‰ª„πµÕπ·√°°≈—∫¡“‡ª√’¬∫‡∑’¬∫°—∫

‚§√ß √â“ß∑’Ë‰¥â®“°°“√ docking [10] º≈¢Õß°“√‡ª√’¬∫

‡∑’¬∫· ¥ß¥—ß√Ÿª∑’Ë 5 ´÷Ëßæ∫«à“ Cαbackbone ∑’Ëµ”·Àπàß

P5Thr-P4Val-P3Lys-P2Leu-P1Gln ¢Õß octapeptide

Õ¬Ÿà„πµ”·Àπàß‡¥’¬«°—π°—∫ Cαbackbone ¢Õß “√¬—∫¬—Èß

µ”·Àπàß∑’Ë ”§—≠¡“°‡™àπµ”·Àπàß¢Õß side chain ¢Õß

P1Gln ´÷ËßÀ—π‡¢â“‰ª„π pocket ¢Õß S1 subsite ·≈–¡’

æ—π∏–‰Œ‚¥√‡®π‡°‘¥¢÷Èπ 2 µ”·Àπàß §◊Õ ∑’Ë Glu166 ·≈–

His163 ‡À¡◊Õπ°—π°—∫ P1Gln ¢Õß “√¬—∫¬—Èß∑ÿ°ª√–°“√

·≈– ”À√—∫≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«¢Õß octapeptide ∑’Ë‰¥â

®“°°“√ docking π’È‰¥â∑”°“√§”π«≥æ—π∏–‰Œ‚¥√‡®π∑’Ë

 “¡“√∂®–‡°‘¥¢÷Èπ‰¥â√–À«à“ß‡Õπ‰´¡å°—∫ octapeptide

¿“¬„π√–¬–∑“ß‰¡à‡°‘π 3 Å ·≈–¡ÿ¡Õ¬à“ßπâÕ¬ Ø =135

´÷Ëßæ∫«à“¡’æ—π∏–‰Œ‚¥√‡®π∑’Ëπà“®–‡°‘¥¢÷Èπ‰¥â∑—Èß ‘Èπ®”π«π 13

æ—π∏– §◊Õ∑’Ë S5(Thr190, Ala191)--P5Thr ®”π«π 2

µ”·Àπàß ∑’Ë S4Gln189--P4, P1backbone ®”π«π 2

µ”·Àπàß ∑’Ë S3Glu166--P3Lys ®”π«π 2 µ”·Àπàß ∑’Ë

S1(Ser144, His163, Glu166)--P1Gln ®”π«π 3 µ”·Àπàß

∑’Ë S2´Gly14--P2´backbone ®”π«π 1 µ”·Àπàß ·≈–∑’Ë

ª≈“¬ C-terminal ¢Õß octapeptide °—∫ Thr-cluster

(residues 21, 24-26 ·≈– 45) Õ’°®”π«π 3 µ”·Àπàß

‡¡◊ËÕ«‘‡§√“–Àå®“°≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«¢Õß octapep-

tide  “¡“√∂®”·π°∫√‘‡«≥ subsite ¢Õß‡Õπ‰´¡åÕÕ°

‡ªìπµ”·Àπàßµà“ßÊ ‰¥â 8 subsites (µ“√“ß∑’Ë 2) ‚¥¬°“√

®”·π° subsite ¬÷¥∂◊Õµ”·Àπàß∑’Ëµ—Èß side chain ¢Õß·µà≈–

P ¢Õß octapeptide ‚¥¬ side chain ¢Õß Px À—π‰ª

∑“ß„¥„Àâ°”Àπ¥∫√‘‡«≥¢Õß‡Õπ‰´¡åπ—ÈπÊ ‡ªìπ Sx pocket

µ“√“ß∑’Ë 2 °√¥Õ–¡‘‚π∑’Ë≈âÕ¡√Õ∫ octapeptide „π√—»¡’ 5 Å

´÷ËßÕ¬Ÿà„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å SARS

CoVMpro ‚¥¬®”·π°ÕÕ°‡ªìπ subsite µà“ßÊ ‰¥â

8 subsites

Subsite ≈”¥—∫°√¥Õ–¡‘‚π

S5 Pro168, Thr190, Gln192

S4 Leu167, Gln189

S3 Ala46, Glu47, Glu166

S2 Met49, Met165

S1 Phe140, Ser144, His163, His172

S1´ Asn142, Gly143

S2´ Leu27

S3´ Thr21, Thr24-26, Thr45
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3.3 Molecular dynamics simulation
«‘‡§√“–Àåº≈¢Õß MD simulation ‚¥¬ —ß‡°µ

√–∫∫∑’Ë∑”°“√∑¥ Õ∫«à“‡¢â“ Ÿà ¡¥ÿ≈·≈â«À√◊Õ¬—ß ‚¥¬

æ‘®“√≥“®“°§à“æ≈—ßß“πÀ≈“¬Ê √Ÿª·∫∫ ‡™àπ potential

energy, kinetic energy, Lennard-Jones energy ‡ªìπµâπ

·≈– snapshot ‚§√ß √â“ß„π™à«ß‡«≈“∑’Ë ¡¥ÿ≈¡“

«‘‡§√“–Àåº≈ ÷́Ëßß“π«‘®—¬π’È‰¥âπ”§à“æ≈—ßß“π√«¡¢Õß√–∫∫

(total energy) ∑’Ë§‘¥®“°º≈√«¡ ¡°“√¢Õß°“√§”π«≥

æ≈—ßß“π„πÀ≈“¬Ê ‡∑Õ¡∑’Ë‰¥â®“°°“√§”π«≥¢Õß‚ª√·°√¡

‡¡◊ËÕ∑”°“√ simulation ‡Õπ‰´¡å SARS CoVMpro ·∫∫

freeform (‚§√ß √â“ß∑’Ë‰¥âÀ≈—ß®“° minimization) ÷́Ëß‰¡à

‰¥â®—∫Õ¬Ÿà°—∫ —∫ ‡µ√∑À√◊Õ ligand „¥Ê ‡æ◊ËÕ∑”°“√‡ª√’¬∫

‡∑’¬∫°—∫º≈¢Õß‡Õπ‰´¡å∑’Ë¬÷¥‡Àπ’Ë¬«Õ¬Ÿà°—∫ —∫ ‡µ√∑ æ∫

«à“∑—Èß Õß√–∫∫‡¢â“ Ÿà ¡¥ÿ≈µ—Èß·µà‡√‘Ë¡°“√ simulation ´÷Ëß

 —ß‡°µ‰¥â«à“√–∫∫ free form ®–‡ ∂’¬√µ—Èß·µà‡√‘Ë¡µâπ·≈–

§à“æ≈—ßß“π®–µË”°«à“√–∫∫¬÷¥‡Àπ’Ë¬«  ¿“æ‡ ∂’¬√‰¥â

¥”‡π‘π‰ª®π°√–∑—Ëß ‘Èπ ÿ¥°“√ simulation ¥â«¬·π«‚πâ¡

·∫∫√“∫‡√’¬∫ „πÕ’°∑“ßÀπ÷Ëß —ß‡°µ‰¥â«à“√–∫∫¬÷¥‡Àπ’Ë¬«

¡’§à“æ≈—ßß“π Ÿß°«à“√–∫∫ free form (°“√»÷°…“ ¡¥ÿ≈

„π¢≥–∑’Ë∑”°“√ simulation ¡“„™â„π°“√æ‘®“√≥“ ∂“π–

¿“æ ¡¥ÿ≈¢Õß√–∫∫ ÷́Ëß≈—°…≥–¢Õß§à“æ≈—ßß“π√«¡¢Õß

√–∫∫ SARS CoVMpro °—∫ octapeptide „ππÈ”∫√‘ ÿ∑∏‘Ï

· ¥ß¥—ß√Ÿª∑’Ë 6 ´÷Ëßæ∫«à“√–∫∫‰¥â‡√‘Ë¡‡¢â“ Ÿà ¡¥ÿ≈µ—Èß·µà

‡√‘Ë¡°“√ simulation „π equilibrate state ‡π◊ËÕß®“°

„π°“√∑¥≈Õßπ’È∑”°“√ simulation „π initial state ‡ªìπ

‡«≈“π“πæÕ ¡§«√ (100 ps) ®÷ß∑”„Àâ√–∫∫‡¢â“ Ÿà ¡¥ÿ≈

„π™à«ß equilibrate state ∑’Ë‡√Á«¢÷Èπ

¢Õß√–∫∫„π∑“ß‡§¡’‡™‘ßøî ‘° å‡™◊ËÕ«à“„π ¿“æ∏√√¡™“µ‘

π—Èπ§à“æ≈—ßß“πµË”°«à“®–¡’·π«‚πâ¡∑’Ë‡ ∂’¬√°«à“)  ¿“æ

‡ ∂’¬√¢Õßæ≈—ßß“π‡√‘Ë¡§ß∑’Ë∑’Ë‡«≈“ª√–¡“≥ 500 ps (≈Ÿ°

»√™’È) ·≈–‡¡◊ËÕ°“√ simulation °”≈—ß¥”‡π‘π‰ª æ≈—ßß“π

¡’°“√·ª√ª√«π‡≈Á°πâÕ¬µ≈Õ¥‡«≈“®π°√–∑—Ëß ‘Èπ ÿ¥°“√

simulation ‡ ¡◊Õπ«à“¬—ß‰¡à∂÷ß®ÿ¥∑’Ëæ≈—ßß“π®–‡ ∂’¬√®√‘ßÊ

ª√“°Ø°“√≥å∑’Ë·µ°µà“ß°—π¢Õß∑—Èß Õß√–∫∫‡™àππ’È “¡“√∂

Õ∏‘∫“¬‰¥â«à“ „π√–∫∫¬÷¥‡Àπ’Ë¬«¡’°“√‡°‘¥Õ—πµ√°‘√‘¬“

√–À«à“ß‚¡‡≈°ÿ≈¢Õß‡Õπ‰´¡å°—∫‚¡‡≈°ÿ≈¢Õß octapeptide

Õ—πµ√°‘√‘¬“¥—ß°≈à“«„π∑“ß™’«‡§¡’ ‰¥â·°à æ—π∏–‰Œ‚¥√‡®π

√Ÿª∑’Ë 6  Total energy profile „π equilibrate state ∑’Ë‰¥â®“°°“√§”π«≥„π√–À«à“ß°“√ simulation Õ—πµ√°‘√‘¬“¢Õß

‡Õπ‰´¡å SARS CoVMpro ·∫∫ free form ·≈–·∫∫∑’Ë¬÷¥‡Àπ’Ë¬«°—∫ octapeptide
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·√ß°√–∑” hydrophobic  ·√ß°√–∑” electrostatic ·≈–

Õ‘∑∏‘æ≈¢ÕßπÈ” ÷́Ëß‡¡◊ËÕ‡°‘¥Õ—πµ√°‘√‘¬“‡À≈à“π’È¢÷Èπ¬àÕ¡ àßº≈

µàÕæ≈—ßß“π¢Õß√–∫∫ ¥—ßπ—Èπ§à“æ≈—ßß“π¢Õß√–∫∫¬÷¥

‡Àπ’Ë¬«∑’Ë·ª√ª√«ππ’È∫àß™’È™—¥‡®π«à“¡’°“√‡°‘¥Õ—πµ√°‘√‘¬“

√–À«à“ß‡Õπ‰´¡å SARS CoVMpro °—∫ octapeptide ¢÷Èπ

„π°“√»÷°…“≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß‡Õπ‰´¡å

·≈– —∫ ‡µ√∑∑’Ë‡°‘¥®“°Õ—πµ√°‘√‘¬“√–À«à“ß°√¥Õ–¡‘‚π

·µà≈–Àπà«¬ P ¢Õß octapeptide °—∫°√¥Õ–¡‘‚π·µà≈–

Àπà«¬ S ¢Õß‡Õπ‰´¡åπ—Èπ æ‘®“√≥“‰¥â®“°°√“ø· ¥ß°“√

º—π·ª√‚§√ß √â“ß Root Mean Square Deviation

(RMSD) ·≈– Root Mean Square Fluctuations (RMSF)

∑’Ë· ¥ß¥—ß√Ÿª∑’Ë 7 ·≈– 8 µ“¡≈”¥—∫

√Ÿª∑’Ë 7 RMSD profile „π¢≥– simulation ‚¡‡≈°ÿ≈  (°) ‡Õπ‰´¡å SARS CoVMpro ·∫∫ free form ·≈–·∫∫∑’Ë¬÷¥‡Àπ’Ë¬«Õ¬Ÿà

°—∫ octapeptide (‡ âπ ’·¥ß)  ·≈– (¢) octapeptide „π equilibrate state µ—Èß·µà 0 ®π∂÷ß 2,000 ps
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º≈¢Õß°√“ø· ¥ß°“√º—π·ª√¢Õß‚§√ß √â“ß™’È„Àâ‡ÀÁπ

«à“‚§√ß √â“ß¢Õß‡Õπ‰´¡å SARS CoVMpro  ∑—Èß·∫∫ free

form ·≈–·∫∫¬÷¥‡Àπ’Ë¬«¡’°“√º—π·ª√‚§√ß √â“ßÕ¬à“ß¡“°

„π™à«ß‡«≈“ 500 ps ·√° ́ ÷Ëß‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π À≈—ß

®“°π—Èπ°“√º—π·ª√‚§√ß √â“ß¢Õß‡Õπ‰´¡å·µà≈–·∫∫¡’

§«“¡µà“ß°—π ‚¥¬‡Õπ‰´¡å·∫∫¬÷¥‡Àπ’Ë¬«∑’Ë¡’§à“ RMSD  Ÿß

°«à“∂Ÿ°∫àß™’È«à“¡’°“√º—π·ª√¢Õß‚§√ß √â“ß¡“°°«à“·∫∫ free

form ¢≥–∑’Ë RMSD ¢Õß‡Õπ‰´¡å free form §àÕπ¢â“ß

§ß∑’Ë́ ÷Ëß Õ¥§≈âÕß°—∫§à“ total energy   à«π§à“ RMSD ¢Õß

octapeptide · ¥ß„Àâ‡ÀÁπ«à“¡’°“√º—π·ª√¢Õß‚§√ß √â“ß

Õ¬Ÿàµ≈Õ¥√–¬–‡«≈“¢Õß°“√ simulation ·≈–æ∫«à“‡¡◊ËÕ ‘Èπ

 ÿ¥°“√ simulation §à“ RMSD ¬—ß§ß¡’°“√·ª√ª√«πÕ¬Ÿà

√Ÿª∑’Ë 8 RMSF profile · ¥ß°“√º—π·ª√‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈  (°) ‡Õπ‰´¡å SARS CoVMpro ·∫∫ free form (‡ âπ ’πÈ”‡ß‘π)

·≈–·∫∫∑’Ë¬÷¥‡Àπ’Ë¬«Õ¬Ÿà°—∫ octapeptide (‡ âπ ’·¥ß)  (¢) ≈”¥—∫Õ–µÕ¡¢Õß —∫ ‡µ√∑ octapeptide
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®“°°“√»÷°…“º≈¢Õß RMSF ´÷Ëß· ¥ß≈”¥—∫°√¥Õ–¡‘

‚π¢Õß‡Õπ‰´¡å SARS CoVMpro ∑’Ë¡’°“√·ª√º—π¢Õß

‚§√ß √â“ß„π¢≥–∑’Ë simulation (√Ÿª∑’Ë 8°) ∑—Èß·∫∫ free

form ·≈–·∫∫¬÷¥‡Àπ’Ë¬« æ∫«à“°√¥Õ–¡‘‚π¢Õß‡Õπ‰´¡å

®”π«πÀ≈“¬Àπà«¬„π·∫∫¬÷¥‡Àπ’Ë¬«®–º—π·ª√¡“°°«à“·∫∫

free form ‚¥¬‡©æ“–°√¥Õ–¡‘‚π„πµ”·Àπàß∑’Ë≈Ÿ°»√™’Èæ∫

«à“¡’°“√º—π·ª√Õ¬à“ß¡“° ´÷Ëß„π∫√‘‡«≥¥—ß°≈à“«§◊Õ∫√‘‡«≥

one turn α-helix (residue 41-60) ·≈–∫√‘‡«≥ long

loop (residue 187-192) ≈—°…≥–‡™àππ’È∫àß™’È«à“„π Õß

∫√‘‡«≥π’È¡’§«“¡¬◊¥À¬ÿàπµ≈Õ¥‡«≈“¢Õß°“√ simulation

´÷Ëßº≈∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È Õ¥§≈âÕß°—∫ß“π«‘®—¬∑’Ë‡§¬

√“¬ß“π‰«â°àÕπÀπâ“π’È«à“∑—Èß Õß∫√‘‡«≥π’È¡’§«“¡¬◊¥À¬ÿàπ Ÿß

[19]  ”À√—∫§à“ RMSF ¢Õß octapeptide (√Ÿª∑’Ë 8¢) · ¥ß

„Àâ‡ÀÁπ«à“Õ–µÕ¡∑’Ë 10, 30 ·≈– 90 ´÷Ëß‡ªìπÕ–µÕ¡

α-carbon ¢Õß°√¥Õ–¡‘‚π P5Thr  P3Lys ·≈– P3´Phe

µ“¡≈”¥—∫ ¡’°“√º—π·ª√¢Õß‚§√ß √â“ß¡“°∑’Ë ÿ¥

¢≥–∑’Ë°“√ simulation ‡¢â“ Ÿà™à«ß‡«≈“∑’Ë 500 ps ´÷Ëß

‡ªìπ™à«ß‡«≈“∑’Ë√–∫∫‡√‘Ë¡‡ ∂’¬√ ®“°º≈¢Õß snapshot (√Ÿª

∑’Ë 9) ∫àß™’È«à“≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«¢Õß octapeptide ∑’Ë

µ”·Àπàß P2Leu ·≈– P3´Phe ‡√‘Ë¡¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª

®“°‚§√ß √â“ß∑’Ë‰¥â®“°°“√ docking ´÷Ëß Õ¥§≈âÕß°—∫§à“

°“√º—π·ª√¢Õß RMSF „π√Ÿª∑’Ë 8  ‚¥¬°√¥Õ–¡‘‚π P2Leu

‡¥‘¡™’Èª≈“¬ side chain ‰ªÀ“ Met49 µàÕ¡“∑’Ë‡«≈“ 500

ps ™’Èª≈“¬‰ª∑’Ë Met165   à«π°√¥Õ–¡‘‚π P3´Phe ‡¥‘¡

™’Èª≈“¬ side chain ¡ÿ¥‡¢â“‰ª„π pocket ·µàµàÕ¡“∑’Ë‡«≈“

500 ps ™’Èª≈“¬ÕÕ°¡“ ŸàπÈ” Õ¬à“ß‰√°Áµ“¡·¡â«à“ P3´Phe

®–™’Èª≈“¬ÕÕ°¡“ ŸàπÈ”·µà‚§√ß √â“ß∑’Ëª≈“¬ C-terminal ¢Õß

octapeptide ¬—ß§ß∂Ÿ°µ√÷ß‰«â·πàπ¥â«¬°“√‡°‘¥æ—π∏–

‰Œ‚¥√‡®π°—∫ Thr-cluster (residues 21, 24-26, 45)  „π

°√≥’¢Õß‡Õπ‰´¡åæ∫«à“‚§√ß √â“ß¢Õß∫√‘‡«≥‡√àßªØ‘°‘√‘¬“

¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª∫â“ß‡™àπ°—π ‚¥¬æ∫«à“°√¥Õ–¡‘‚π∑’Ë S4

‰¥â·°à Gln189  ·≈–∑’Ë S2 ‰¥â·°à Met49 ·≈– Met165 ¡’

°“√À¡ÿπ¢Õß side chain Õ¬Ÿàµ≈Õ¥‡«≈“ ‚¥¬‡©æ“– Gln189

æ∫«à“‚§√ß √â“ß backbone ¡’°“√°√–‡æ◊ËÕ¡¢Õß long loop

Õ¬Ÿàµ≈Õ¥‡«≈“ ´÷Ëß Õ¥§≈âÕß°—∫§à“ RMSF ∑’Ë‰¥â√“¬ß“π‰«â

¢â“ßµâπ

À≈—ß®“°‡«≈“ 500 ps ®π°√–∑—Ëß ‘Èπ ÿ¥°“√ simula-

tion ∑’Ë‡«≈“ 2,000 ps (√Ÿª∑’Ë 10)  —ß‡°µ‰¥â«à“ octapep-

tide ‰¥â‡¢â“‰ª¬÷¥‡Àπ’Ë¬«„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“·πàπ¬‘Ëß¢÷Èπ

°«à“∑’Ë‡«≈“ 500 ps  (√Ÿª∑’Ë 9) ‡¡◊ËÕæ‘®“√≥“∑’Ë octapep-

tide „π™à«ß‡«≈“ 500 ps  ÿ¥∑â“¬ (1,500-2,000 ps) æ∫

°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ßÕ¬à“ß¡“°∑’Ë P3Lys ‚¥¬¡’§à“

RMSF  Ÿß∑’Ë ÿ¥ °“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ßπ’È‡°‘¥®“°°“√

À¡ÿπ side chain ¢Õß P3Lys ®“°‡¥‘¡∑’Ë‡°‘¥æ—π∏–‰Œ‚¥√‡®π

(√«¡∑—Èß electrostatic) Õ¬Ÿà°—∫ S3Glu166 ¢Õß‡Õπ‰´¡å

µàÕ¡“‰¥âÀ¡ÿπ side chain À—π¢÷Èπ‰ªÀ“ S3Glu47 ‚¥¬

 “¡“√∂µ√«®æ∫ electrostatic interaction √–À«à“ß

S3Glu47--P3Lys ‰¥â¥â«¬√–¬–Àà“ß‡∑à“°—∫ 2.25 Å ´÷Ëß

ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫ substrate specificity ∑’Ë‰¥â

√“¬ß“π‰«â°àÕπÀπâ“π’È [14-16] ‰¡à‡§¬°≈à“«∂÷ß§«“¡ ”§—≠

¢Õß S3Glu47 ∑’Ë¡’µàÕ°“√¬÷¥‡Àπ’Ë¬« P3Lys ·µàÕ¬à“ß„¥

 ”À√—∫°“√‡°‘¥Õ—πµ√°‘√‘¬“√–À«à“ß S3Glu47 °—∫ P3Lys

π’Èæ∫«à“∑”„Àâ‡°‘¥ª√“°Ø¢Õß°“√‡Àπ’Ë¬«π”∑’ËæÕ¥’„π°“√¬÷¥

‡Àπ’Ë¬« (induced fit model) ‚¥¬‚§√ß √â“ß Cα-back-

bone ¢Õß “¬‚ª√µ’π one turn α-helix (residues 41-

49) ‰¥â‡§≈◊ËÕπµ”·Àπàß®“°‡¥‘¡‡¢â“¡“„°≈â°—∫ “¬‚ª√µ’π

long loop (residues 187-192) ¡“°¢÷Èπ (√Ÿª∑’Ë 11)  ‚¥¬

‡¡◊ËÕ∑”°“√«—¥√–¬–Àà“ß√–À«à“ß “¬‚ª√µ’π∑—Èß Õß∑’Ëµ”·Àπàß

Cα-backbone ¢Õß°√¥Õ–¡‘‚π Glu47 ·≈– Glu166  æ∫

«à“ one turn α-helix ‰¥â‡§≈◊ËÕπµ—«‡¢â“¡“„°≈â long loop

µ—Èß·µà‡«≈“ 500 ps ‡√◊ËÕ¬¡“ ‚¥¬·µà‡¥‘¡®–Õ¬ŸàÀà“ß°—π

ª√–¡“≥ 20 Å ·≈–µàÕ¡“‰¥â‡¢â“¡“„°≈â°—π®πÕ¬ŸàÀà“ß°—π

ª√–¡“≥ 10 Å  „π¢≥–∑’Ë¡’æ—π∏–‰Œ‚¥√‡®π√–À«à“ß P1Gln

°—∫ S1 pocket ‰¥â™à«¬µ√÷ß octapeptide ‰«â‰¡à„Àâ‡ ’¬

≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«∑’Ë∂Ÿ°µâÕß πÕ°®“°π’È‰¥â∑”°“√

‡ª√’¬∫‡∑’¬∫°—∫‡Õπ‰´¡å·∫∫ free form ¥â«¬ ´÷Ëß®“°°“√

«—¥§à“√–¬–∑“ß®“°°√“ø∫àß™’È«à“ ‰¡à¡’°“√‡§≈◊ËÕπµ—«¢Õß one

turn α-helix ‡¢â“¡“„°≈â long loop ‡À¡◊Õπ°—∫„π‡Õπ‰´¡å

·∫∫¬÷¥‡Àπ’Ë¬«Õ¬à“ß‡ÀÁπ‰¥â™—¥  Õ¥§≈âÕß°—∫°“√»÷°…“ MD

simulation ¢Õß‡Õπ‰´¡å SARS CoVMpro monomer A

·∫∫ free form ∑’Ë Liu ·≈–§≥– [19] ‡§¬ simulation

‡Õ“‰«â°àÕπÀπâ“π’È
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√Ÿª∑’Ë 9 ≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«¢Õß octapeptide (yellow stick) „π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å SARS CoVMpro ∑’Ë

equilibrate state ≥ ‡«≈“ 500 ps ‚¥¬ (°) · ¥ß electrostatic surface charge ·≈– (¢) · ¥ß ribbon model

¢Õß‡Õπ‰´¡å‡¡◊ËÕ surface  ’πÈ”‡ß‘π§◊Õ∫√‘‡«≥ª√–®ÿ∫«°  ’·¥ß§◊Õ∫√‘‡«≥ª√–®ÿ≈∫ ·≈– ’¢“«§◊Õ∫√‘‡«≥ª√–®ÿ°≈“ß

·≈–æ∫«à“¡’πÈ” (green ball) ®”π«πÀπ÷Ëß¬÷¥‡Àπ’Ë¬«Õ¬Ÿà√Õ∫Ê octapeptide  „π√—»¡’ 5 Å
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√Ÿª∑’Ë 10 ≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«¢Õß octapeptide (yellow stick) „π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å SARS CoVMpro ∑’Ë equilibrate

state ≥ ‡«≈“ 2,000 ps  ‚¥¬ (°) · ¥ß electrostatic surface charge  ·≈– (¢) · ¥ß ribbon model ¢Õß‡Õπ‰´¡å

‡¡◊ËÕ surface  ’πÈ”‡ß‘π§◊Õ∫√‘‡«≥ª√–®ÿ∫«°  ’·¥ß§◊Õ∫√‘‡«≥ª√–®ÿ≈∫ ·≈– ’¢“«§◊Õ∫√‘‡«≥ª√–®ÿ°≈“ß ·≈–æ∫«à“¡’πÈ”

(green ball) ®”π«πÀπ÷Ëß¬÷¥‡Àπ’Ë¬«Õ¬Ÿà√Õ∫Ê octapeptide  „π√—»¡’ 5 Å
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√Ÿª∑’Ë 11 ≈—°…≥–¢Õß octapeptide ∑’Ë‡Àπ’Ë¬«π”·≈–∑”„Àâ‡°‘¥ induced fit model ¢Õß‡Õπ‰´¡å SARSCoVMpro ∑’Ë∫√‘‡«≥‡√àß

ªØ‘°‘√‘¬“ S3 subsite ‚¥¬æ∫≈—°…≥–π’Èµ—Èß·µà‡«≈“ 500 ps (°) ¢÷Èπ‰ª®π°√–∑—Ëß ‘Èπ ÿ¥°“√ simulation ∑’Ë 2,000 ps (¢)

∑—Èßπ’È‰¡àæ∫≈—°…≥–°“√ induced fit °—∫‡Õπ‰´¡å·∫∫ free form µ≈Õ¥√–¬–‡«≈“„π°“√ simulation (§) ·≈– (ß) ·≈–

 ”À√—∫≈—°…≥–°“√‡°‘¥ induced fit model π’È‡°‘¥®“° “¬‚ª√µ’π one turn α-helix ‰¥â‡§≈◊ËÕπµ—«‡¢â“¡“„°≈â°—∫ “¬

‚ª√µ’π long loop ‡π◊ËÕß®“°Õ‘∑∏‘æ≈¢Õß°“√‡Àπ’Ë¬«π”∑“ß‰øøÑ“√–À«à“ß S3Glu47 °—∫ P3Lys ∑’Ë “¡“√∂µ√«®«—¥‰¥â

¥â«¬§à“√–¬–∑“ß√–À«à“ß Glu47 °—∫ Glu166 (®)
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4.  √ÿªº≈°“√«‘®—¬
°“√»÷°…“≈—°…≥–°“√¬÷¥‡Àπ’Ë¬«√–À«à“ß‡Õπ‰´¡å SARS

CoVMpro °—∫ —∫ ‡µ√∑ octapeptide ¥â«¬«‘∏’°“√ mo-

lecular docking √à«¡°—∫«‘∏’°“√»÷°…“æ≈«—µ‘‡™‘ß‚¡‡≈°ÿ≈

 “¡“√∂π”¡“Õ∏‘∫“¬‡æ◊ËÕ π—∫ πÿπº≈°“√∑¥≈Õß„πÀâÕß

ªØ‘∫—µ‘°“√„Àâ¡’§«“¡‡¢â“„®‡æ‘Ë¡¢÷Èπ«à“ subsite ¢Õß‡Õπ‰´¡å

∑’Ë‡ªìπ critical subsite  ”À√—∫°“√¬÷¥‡Àπ’Ë¬« —∫ ‡µ√∑§◊Õ

S3, S1 ·≈– S4´ ‚¥¬ —∫ ‡µ√∑®”‡æ“–Õ¬à“ß Thr-Val-

Lys-Leu-Gln-Ala-Gly-Phe  “¡“√∂¬÷¥‡Àπ’Ë¬«°—∫

‡Õπ‰´¡å‰¥â¥’‡π◊ËÕß®“°Õ‘∑∏‘æ≈¢Õß P3Lys ∑’Ë‡°‘¥Õ—πµ√

°‘√‘¬“∑“ßª√–®ÿ‰øøÑ“°—∫ S3Glu47 ¡“°°«à“∑’Ë®–‡°‘¥°—∫

Glu166 Õ¬à“ß∑’Ë‡¢â“„®°—π πÕ°®“°π’ÈÕ—πµ√°‘√‘¬“√–À«à“ß S1

pocket °—∫ P1Gln √«¡∑—ÈßÕ—πµ√°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ∑’Ëª≈“¬

C-terminal ¢Õß octapeptide °—∫ S4Thr-cluster ¥â«¬

æ—π∏–‰Œ‚¥√‡®π®”π«πÀ≈“¬æ—π∏–π—Èππà“®–¡’π—¬ ”§—≠

Õ¬à“ß¡“°∑’Ë™à«¬ àß‡ √‘¡„Àâ octapeptide ∑’Ë¡’≈”¥—∫ Thr-Val-

Lys-Leu-Gln-Ala-Gly-Phe  “¡“√∂¬÷¥‡Àπ’Ë¬«°—∫

∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å SARS CoVMpro ‰¥â

Õ¬à“ß®”‡æ“–

5. °‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥ ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ

°“√«‘®—¬ ( °«.) ¿“¬„µâ‚§√ß°“√ª√‘≠≠“‡Õ°°“≠®π“¿‘‡…°

·≈–‚§√ß°“√«‘®—¬‡§¡’∑“ß¬“¢ÕßΩÉ“¬«‘™“°“√ ∑’Ë„Àâ

°“√ π—∫ πÿπ∑ÿπ«‘®—¬ ¢Õ¢Õ∫§ÿ≥§≥–«‘∑¬“»“ µ√å

¡À“«‘∑¬“≈—¬ÀÕ°“√§â“‰∑¬ ”À√—∫‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å

Silicon Graphic √«¡∑—Èß‚ª√·°√¡ Insight II ·≈–¢Õ

¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå

„™â‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å MAEKA Cluster ‡æ◊ËÕ„™â„π°“√

§”π«≥ Molecular docking
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