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Abstract

Peptide is a biologically active molecule of paramount importance in the fields of health care, cosmetic and

nutrition. Nowadays, there are many techniques used to industrially synthesize the peptide compound. Among all, three

methods were selected to summarize in this review. Chemical synthesis is a potential and limitation method for peptide

production due to high yield production, however requires many harmful reagents for reactions and a risk of racemization

during process. Peptide-bond-hydrolyzing enzymes, such as proteases are required for the production of peptide via a

chemoenzymatic method that gives a stereospecific product. However, a non-aqueous condition such as that in an

organic solvent might cause the loss of enzyme activity. This problem should be solved by an engineering of either

medium, biocatalyst, or substrate. The third method is an enzymatic synthesis by the potential action of nonribosomal

peptide synthetase (NRPS) or L-amino acid α-ligase (Lal). This method has advantages because the enzyme used is

likely the most cost-efficient and environmentally friendly.
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∫∑π”

§à“π‘¬¡„π°“√„ à„® ÿ¢¿“æ¢Õß¡πÿ…¬å  àßº≈„Àâμ≈“¥

°“√º≈‘μÕ“À“√ ÿ¢¿“æ‰¥â√—∫§«“¡π‘¬¡‡æ‘Ë¡¢÷Èπ Àπ÷Ëß„πÕ“À“√

‡ √‘¡ ÿ¢¿“æ∑’Ë¡’°”≈—ß°“√º≈‘μ·≈–°“√·¢àß¢—π Ÿß„πªí®®ÿ∫—π‰¥â·°à

‡§√◊ËÕß¥◊Ë¡º ¡°√¥Õ–¡‘‚π À√◊Õ‚ª√μ’π‰Œ‚¥√‰≈‡´∑ (protein

hydrolysate) ∑’Ë√—∫√Õß«à“¡’‡æª‰∑¥å∑’Ëæ√âÕ¡®–¥Ÿ¥´÷¡·≈–„Àâ

 ¡Õßπ”‰ª„™âß“π‰¥â∑—π∑’ πÕ°®“°π’È§«“¡ π„®„π°“√¥Ÿ·≈

√—°…“√Ÿª√à“ß ¬—ß àßº≈μàÕ°”≈—ß°“√º≈‘μ√«¡∑—Èß°“√æ—≤π“

º≈‘μ¿—≥±åÕ“À“√À√◊Õ‡§√◊ËÕß¥◊Ë¡„π™’«‘μª√–®”«—π„Àâª√“»®“°

πÈ”μ“≈À√◊Õæ≈—ßß“π (·§≈Õ√’; calorie) ·μà¬—ß§ß√ ™“μ‘¢Õß

§«“¡À«“π‰«â‡™àπ‡¥‘¡®“°°“√‡μ‘¡ “√„Àâ§«“¡À«“π‡∑’¬¡„π√Ÿª

¢Õß‰¥‡æª‰∑¥å‡æ‘Ë¡¢÷Èπ¥â«¬ ®“°§”‚¶…≥“™«π‡™◊ËÕ¥—ß°≈à“«

°√–μÿâπ„Àâ‡°‘¥§”∂“¡¢ÕßºŸâ∫√‘‚¿§∂÷ß∑’Ë¡“¢Õß ‘π§â“¥—ß°≈à“«

√«¡∑—Èß°√–∫«π°“√Õ—π‰¥â¡“´÷Ëß “√§ÿ≥ª√–‚¬™πå∑’Ë™◊ËÕ«à“ ç‡æª‰∑¥å

(peptide)é π—Èπ

‡æª‰∑¥å ‡ªìπ‚¡‡≈°ÿ≈∑’ËÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æ (biologically

active molecule) ∑’Ë¡’§«“¡ ”§—≠·≈–∂Ÿ°π”¡“„™âÕ¬à“ß

·æ√àÀ≈“¬‰¡à‡©æ“–·§à‡æ’¬ß„πÕÿμ “À°√√¡Õ“À“√ ÿ¢¿“æ ·μà

¬—ß§√Õ∫§≈ÿ¡‰ª∂÷ß∑“ß‡¿ —™°√√¡ ·≈–∑“ß°“√‡°…μ√ (Berson &

Yalow, 1973; Guinn et al., 1995; Sergeeva et al., 1997;

Yagasaki & Hashimoto, 2008) μ—«Õ¬à“ß¢Õß‡æª‰∑¥å∑’Ë√Ÿâ®—°

§ÿâπ‡§¬°—π¥’ ‰¥â·°à Õ‘π´Ÿ≈‘π (insulin) ´÷Ëß‡ªìπ‡æª‰∑¥å¢π“¥°≈“ß

∑’Ëª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π 51 Àπà«¬ (residue) ∑’Ë„™â„π°“√

√—°…“‚√§‡∫“À«“π À√◊ÕπÈ”μ“≈‡∑’¬¡·Õ ª“·∑¡ (aspartame)

∑’Ë¡—°æ∫‡ªìπ à«πº ¡À≈—°„πÕ“À“√∑’Ë¡’√ ™“μ‘À«“π·μà‰¡à „Àâ

æ≈—ßß“π‡À¡◊ÕππÈ”μ“≈

π‘¬“¡¢Õß§”«à“‡æª‰∑¥å„π∑“ß™’«‡§¡’π—ÈπÀ¡“¬∂÷ß “√

ª√–°Õ∫‡Œ‡∑Õ‚√æÕ≈‘‡¡Õ√å (heteropolymer) ∑’Ëª√–°Õ∫¥â«¬

°√¥Õ–¡‘‚π (amino acid) À≈“¬Àπà«¬ ‡™◊ËÕ¡μàÕ°—π¥â«¬æ—π∏–

‡æª‰∑¥å (peptide bond) ÷́Ëß‡ªìπæ—π∏–∑’Ë‡°‘¥¢÷Èπ√–À«à“ßÀ¡Ÿà§“√å

∫Õ° ‘́≈ (carboxyl group) ¢Õß°√¥Õ–¡‘‚πμ—«Àπ÷Ëß°—∫À¡Ÿà

·Õ≈ø“Õ–¡‘‚π (α-amino group) ¢Õß°√¥Õ–¡‘‚πμ—«∂—¥‰ª

‚¥¬∑—Ë«‰ª “√ª√–°Õ∫¢Õß°√¥Õ–¡‘‚π∑’Ë®–®—¥‡ªìπ‡æª‰∑¥å‰¥âπ—Èπ

μâÕß‡ªìπ “√ª√–°Õ∫∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈‰¡à‡°‘π 6000 ¥Õ≈μ—π

(dalton) À“° “√ª√–°Õ∫¢Õß°√¥Õ–¡‘‚π¡’πÈ”Àπ—°‚¡‡≈°ÿ≈‡°‘π

°«à“π’È®–®—¥‡ªìπ‚ª√μ’π (protein)

Àπâ“∑’Ë¢Õß‡æª‰∑¥å ‚¥¬‡©æ“–‰¥‡æª‰∑¥å (dipeptide)

∑’Ë ”§—≠·≈–∑”„Àâ ‰¥â√—∫§«“¡π‘¬¡„π°“√º≈‘μ ¡’Õ¬Ÿà ÕßÀπâ“∑’Ë

§◊Õ Àπâ“∑’ËÀ≈—°¢Õß‡æª‰∑¥åπ—Èπ‡Õß ‡™àπ  “√„Àâ§«“¡À«“π

·Õ ª“·μ¡∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“°“√‡™◊ËÕ¡°√¥Õ–¡‘‚π·Õ ª“μ‘°‡Õ´‘¥

(aspartic acid) ‡¢â“°—∫°√¥Õ–¡‘‚πøïπ‘≈Õ–≈“π’π∑’Ë∂Ÿ°‡Õ ‡∑Õ√‘‰ø≈å

(esterified phenylalanine)  àßº≈„Àâ‡°‘¥√ À«“π ·≈–Àπâ“∑’Ë

„π°“√‡ªìπ “√Õπÿæ—π∏å (derivative) ¢Õß°√¥Õ–¡‘‚π∑’Ë∑”„Àâ

§ÿ≥ ¡∫—μ‘¢Õß°√¥Õ–¡‘‚ππ—Èπ‡ª≈’Ë¬π‰ª ‡À¡“–°—∫«—μ∂ÿª√– ß§å

°“√„™â∑’ËÀ≈“°À≈“¬¡“°¢÷Èπ ‡™àπ °√¥Õ–¡‘‚π·Õ≈-°≈Ÿμ“¡’π (L-

glutamine) ‚¥¬∑—Ë«‰ª®–√–‡À¬‰¥â‡¡◊ËÕ∂Ÿ°§«“¡√âÕπ·μàÀ“°Õ¬Ÿà

„π√Ÿª¢Õß‰¥‡æª‰∑¥å·Õ≈-Õ–≈“π‘≈-·Õ≈-°≈Ÿμ“¡’π (L-alanyl-L-

glutamine; Ala-Gln) ·≈â«®–∑πμàÕÕÿ≥À¿Ÿ¡‘‰¥â Ÿß¢÷Èπ À√◊Õ

μ—«Õ¬à“ß¢Õß°√¥Õ–¡‘‚π‰∑‚√ ’́π (tyrosine) ∑’Ë‚¥¬∑—Ë«‰ª‰¡à “¡“√∂

≈–≈“¬‰¥â„ππÈ”·μàÀ“°Õ¬Ÿà„π√Ÿª¢Õß‰¥‡æª‰∑¥åÕ–≈“π’π-‰∑‚√ ’́π

(Ala-Tyr) ®– “¡“√∂≈–≈“¬πÈ”‰¥â‡æ‘Ë¡¢÷Èπ ‡ªìπμâπ (Yagasaki &

Hashimoto, 2008) μ—«Õ¬à“ß¢Õß‰¥‡æª‰∑¥å∑’Ë∂Ÿ°π”¡“„™â

∑“ß°“√§â“„πªí®®ÿ∫—π· ¥ß¥—ßμ“√“ß∑’Ë 1

μ“√“ß∑’Ë 1 μ—«Õ¬à“ß‰¥‡æª‰∑¥å∑’Ë¡’¢“¬∑“ß°“√§â“·≈–Àπâ“∑’Ë

 “√Õß§åª√–°Õ∫ °“√„™âß“π √Ÿª∑’Ë¡’¢“¬∑“ß°“√§â“

Aspartame  “√„Àâ§«“¡À«“π  “√∫√‘ ÿ∑∏‘Ï

Ala-Gln ¬“©’¥  “√∫√‘ ÿ∑∏‘Ï

Gly-Tyr ¬“©’¥  “√∫√‘ ÿ∑∏‘Ï

Carnosine ‡§√◊ËÕß¥◊Ë¡‡ √‘¡°”≈—ß, ‡°≈◊Õ·√à  “√º ¡,  “√∫√‘ ÿ∑∏‘Ï

N-Acetyl carnosine  “√μâ“π√‘È«√Õ¬  “√∫√‘ ÿ∑∏‘Ï

Val-Tyr Õ“À“√ ÿ¢¿“æ  “√º ¡

∑’Ë¡“: ¥—¥·ª≈ß®“° Yagasaki & Hashimoto, 2008
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„πªí®®ÿ∫—π¡’‡∑§‚π‚≈¬’°“√ —ß‡§√“–Àå‡æª‰∑¥åÀ≈“¬«‘∏’

‰¡à«à“®–‡ªìπ°“√ °—¥‚¥¬μ√ß®“°·À≈àß∏√√¡™“μ‘ (Hipkiss &

Brownson, 2000) °“√º≈‘μ‚¥¬‡∑§‚π‚≈¬’¥’‡ÕÁπ‡Õ “¬º ¡

(recombinant DNA technology) ÷́Ëß‡ªìπ«‘∏’∑’Ë‡À¡“–°—∫°“√

 —ß‡§√“–Àå‡æª‰∑¥å¢π“¥„À≠à ‡™àπ Õ‘π´Ÿ≈‘π À√◊Õ ŒÕ√å‚¡πÕ◊ËπÊ (Gill

et al., 1996; Walsh, 2005) °“√º≈‘μ„π√–∫∫‡Õ◊ÈÕ°“√· ¥ßÕÕ°

∑’Ëª√“»®“°‡´≈≈å (cell-free expression system) (Katzen et al.,

2005) °“√º≈‘μ‚¥¬„™âæ◊™·≈– —μ«å∑’Ë‰¥â√—∫°“√∂à“¬¬’π (transgenic

animal/plant) (Cunningham & Porter, 1997; Wright et al.,

1991) °“√º≈‘μ‚¥¬°“√ —ß‡§√“–Àå¥â«¬ªØ‘°‘√‘¬“∑“ß‡§¡’ ∑’Ë‡À¡“–

°—∫‡æª‰∑¥å¢π“¥‡≈Á°∂÷ßª“π°≈“ß (ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚πμ—Èß·μà

5 ∂÷ß 80 Àπà«¬) (Du Vigneaud et al., 1953; Kimmerlin &

Seebach, 2005) À√◊Õ °“√„™â‡∑§‚π‚≈¬’‡Õπ‰´¡å‚ª√μ’‚Õ‰≈μ‘°

(proteolytic enzyme) ¿“¬„μâ ¿“«–¢Õß ¡¥ÿ≈ªØ‘°‘√‘¬“∑’Ë∑”„Àâ

‡°‘¥°“√ √â“ßæ—π∏–‡æª‰∑¥å (Feli et al., 1995; Guzmn et al.,

2007) ÷́Ëß‡À¡“–°—∫°“√º≈‘μ‡æª‰∑¥å∑’Ë¡’ “¬°√¥Õ–¡‘‚πμË”°«à“

10 Àπà«¬ ‡™àπ ‰¥‡æª‰∑¥å À√◊Õ ‰∑√‡æª‰∑¥å (tripeptide) (Kumar

& Bhalla, 2005) ‚¥¬«‘∏’°“√º≈‘μ Õß«‘∏’À≈—ßπ’È‡ªìπ«‘∏’∑’Ë‰¥â√—∫

§«“¡π‘¬¡¡“°„πÕÿμ “À°√√¡°“√º≈‘μ‡æª‰∑¥åªí®®ÿ∫—π·≈–‡ªìπ

«‘∏’∑’ËºŸâ‡¢’¬π®–¢Õ°≈à“«∂÷ßÀ≈—°°“√‚¥¬ √ÿª¢Õß°“√º≈‘μ‡æª‰∑¥å

¥â«¬«‘∏’¥—ß°≈à“«‰«â„π∫∑§«“¡©∫—∫π’È

°“√ —ß‡§√“–Àå¥â«¬ªØ‘°‘√‘¬“‡§¡’ (Chemical synthesis)

π‘¬¡„™â„π°“√º≈‘μ‡ªª‰∑¥å∑’Ë¡’¢π“¥„π™à«ß√–À«à“ß 5 ∂÷ß

80 Àπà«¬ ÷́Ëß¡—°‡ªìπ‡æª‰∑¥å∑’Ë‡ªìπ à«πª√–°Õ∫ ”§—≠∑“ß

‡¿ —™°√√¡ ‡™àπ Õ‘π´Ÿ≈‘π ∑’Ëª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π∑—ÈßÀ¡¥

51 Àπà«¬ À√◊Õ„™â„π°“√º≈‘μ‡æª‰∑¥å‡æ◊ËÕÕ∏‘∫“¬§«“¡ —¡æ—π∏å

√–À«à“ß‚§√ß √â“ß·≈–Àπâ“∑’Ë¢Õß‡æª‰∑¥åÀ√◊Õ‚ª√μ’ππ—Èπ √«¡∑—Èß

„™â„π°“√º≈‘μ«—§´’π ¬“ À√◊Õ “√∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß∑“ß°“√·æ∑¬å

‰¥âÕ’°¥â«¬ Õ¬à“ß‰√°Áμ“¡°“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬ªØ‘°‘√‘¬“∑“ß

‡§¡’π’È¡’¢âÕ‡ ’¬„π‡√◊ËÕß¢Õß§«“¡®”‡æ“–„π°“√§—¥‡≈◊Õ° —∫ ‡μ√∑

¡“∑”ªØ‘°‘√‘¬“∑’ËμË”·≈–‡ªìπæ‘…μàÕ ‘Ëß·«¥≈âÕ¡ °“√ —ß‡§√“–Àå

‡æª‰∑¥å¥â«¬ªØ‘°‘√‘¬“∑“ß‡§¡’π—Èπª√–°Õ∫¥â«¬¢—ÈπμÕπæ◊Èπ∞“π

4 ª√–°“√∑’Ë ”§—≠ (¿“æ∑’Ë 1) ‰¥â·°à
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(1)  

(3)  

(4)  

¿“æ∑’Ë 1 ¢—ÈπμÕπæ◊Èπ∞“π∑’Ë„™â„π°“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬ªØ‘°‘√‘¬“∑“ß‡§¡’

∑’Ë¡“: ¥—¥·ª≈ß®“° Zubay, 1998
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·≈– “¡“√∂·¬°‰Õ‚´‡¡Õ√å∑’Ë®”‡æ“–μàÕ°“√„™âß“π‰¥â (Guzmn

et al., 2007; Yagasaki & Hashimoto, 2008)

„πªí®®ÿ∫—π°“√ —ß‡§√“–Àå‡æª‰∑¥åÀ“°‡ªìπ‡æª‰∑¥å∑’Ë¡’

¢π“¥‡≈Á°´÷Ëßª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π‡æ’¬ß‰¡à°’ËÀπà«¬π—Èπ π‘¬¡

∑”°“√ —ß‡§√“–Àå¥â«¬ªØ‘°‘√‘¬“‡§¡’„π√Ÿª¢Õß “√≈–≈“¬¡“°°«à“

°“√ —ß‡§√“–Àå‚¥¬„™â§Õ≈—¡πåμ—«¬÷¥¢Õß·¢Áß (solid support

column) ¢âÕ¥’¢Õß°“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬«‘∏’π’È§◊Õ “¡“√∂

·¬°·≈–∑”∫√‘ ÿ∑∏‘Ï “√μ—«°≈“ß ´÷ËßÕ“®‡ªìπº≈‘μ¿—≥±å‡æª‰∑¥å

ÕÕ°¡“‰¥â„π·μà≈–¢—ÈπμÕπ ‚¥¬‰¡à√∫°«πªØ‘°‘√‘¬“°“√μàÕ “¬

‡æª‰∑¥å„π√–∫∫∑’Ë®–‡°‘¥¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕßμàÕ‰ª √«¡∑—Èß¬—ß

 “¡“√∂ÕÕ°·∫∫¢π“¥¢Õß‡æª‰∑¥å∑’ËμâÕß°“√‰¥â®“°°“√‡≈◊Õ°

À¡Ÿàøíß°å™—π∑’Ë®–∑”°“√ªÑÕß°—π  ·≈–¬—ß “¡“√∂ —ß‡§√“–Àå‡æª‰∑¥å

¢π“¥„À≠à‰¥â ‚¥¬°“√§«∫§ŸàªØ‘°‘√‘¬“¢Õß‡æª‰∑¥å “¬ —Èπ∑’Ë‡°‘¥

®“°°“√ —ß‡§√“–Àå„π·μà≈–¢—Èπ‡¢â“‰«â¥â«¬°—π (Guzmn et al., 2007)

°“√ —ß‡§√“–Àå¥â«¬°“√„™â ‡Õπ‰´¡å√à«¡°—∫ªØ‘°‘√‘¬“‡§¡’

(Chemoenzymatic synthesis)

‡Õπ‰´¡å∑’Ë “¡“√∂ ≈“¬æ—π∏–‡æª‰∑¥å‚¥¬ªØ‘°‘√‘¬“°“√

·¬° ≈“¬¥â«¬πÈ” (hydrolysis) ‡™àπ ‡Õπ‰´¡å‚ª√μ‘‡Õ  (protease)

·≈–‡Õπ‰´¡å‡Õ ‡∑Õ‡√  (esterase)  “¡“√∂π”¡“„™â‡√àß

ªØ‘°‘√‘¬“¬âÕπ°≈—∫¢ÕßªØ‘°‘√‘¬“°“√ ≈“¬ ‡™àπ ªØ‘°‘√‘¬“°“√ √â“ß

æ—π∏–‡æª‰∑¥å√–À«à“ß°√¥Õ–¡‘‚π Õß™π‘¥„π ¿“«–∑’Ëª√“»®“°πÈ”

§◊Õ „π ¿“«–∑’Ë¡’μ—«∑”≈–≈“¬Õ‘π∑√’¬å (organic solvent) À√◊Õ

„π ¿“«–¢Õß‰À≈´ÿª‡ªÕ√å§√‘μ‘§Õ≈ (supercritical fluid) ‰¥â °“√

 —ß‡§√“–Àå‡æª‰∑¥å¥â«¬°“√„™â‡Õπ‰´¡å√à«¡°—∫ªØ‘°‘√‘¬“‡§¡’π—Èπ ‡ªìπ

«‘∏’∑’Ë‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß Ÿß„πªí®®ÿ∫—π ‡π◊ËÕß®“°‡ªìπ«‘∏’∑’Ëº ¡

¢âÕ¥’·≈–¢âÕ‡ ’¬¢Õß«‘∏’°“√ —ß‡§√“–Àå‡æª‰∑¥å∑—Èß Õß‡¢â“‰«â¥â«¬°—π

(Hou et al., 2005) ‡™àπ §ÿ≥ ¡∫—μ‘„π°“√§—¥‡≈◊Õ°‚§√ß √â“ß

Õ‘·ππ∑‘‚Õ‡¡Õ√å (enantiomer) ∑’Ë¡’§«“¡®”‡æ“–·≈– ¿“«–„π

°“√∑”ªØ‘°‘√‘¬“∑’Ë ‰¡à√ÿπ·√ß¢Õß‡Õπ‰´¡å ·≈–¬—ß§ßμâÕß°“√

 “√‡§¡’∑’Ë‡À¡“– ¡„π°“√‡æ‘Ë¡§«“¡®”‡æ“– ”À√—∫°“√∑”

ªØ‘°‘√‘¬“¢Õß°√¥Õ–¡‘‚π —∫ ‡μ√∑ ¥â«¬°“√ªÑÕß°—πÀ¡Ÿàøíß°å™—π∑’Ë

‰¡à‡°’Ë¬«¢âÕß°—∫ªØ‘°‘√‘¬“°“√ √â“ßæ—π∏–‡ª∫‰∑¥å„π°√¥Õ–¡‘‚π

 —∫ ‡μ√∑μ—«„¥μ—«Àπ÷Ëß ‡ªìπ°“√‡æ‘Ë¡ª√‘¡“≥º≈º≈‘μ„π°“√

 —ß‡§√“–Àå∑’Ë Ÿß¢÷Èπ ‡ªìπμâπ °≈‰°∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√ —ß‡§√“–Àå

‡æª‰∑¥å¥â«¬ªØ‘°‘√‘¬“‡§¡’√à«¡°—∫°“√„™â‡Õπ‰´¡å ¡’ 2 °≈‰°À≈—°

‰¥â·°à

1. °√–∫«π°“√ —ß‡§√“–Àå·∫∫§«∫§ÿ¡ ¡¥ÿ≈ (equili-

brium-controlled process) À√◊Õ∫“ß§√—Èß‡√’¬°«à“°√–∫«π°“√

 —ß‡§√“–Àå·∫∫§«∫§ÿ¡‡∑Õ√å‚¡‰¥π“¡‘° (thermodynamically

¢—Èπ∑’Ë 1 °“√ªÑÕß°—π (protect) À¡Ÿàøíß°å™—π (functional

group) Õ◊Ëπ∑’Ë‰¡à„™àÀ¡Ÿàøíß°å™—π∑’Ë„™â„π°“√ √â“ßæ—π∏–‡æª‰∑¥å¢Õß

°√¥Õ–¡‘‚π ‚¥¬ à«π„À≠à¡—°‡ªìπÀ¡Ÿàøíß°å™—π¢Õß “¬‚´à¢â“ß (side

chain) „π°√¥Õ–¡‘‚π —∫ ‡μ√∑π—Èπ ‡™àπ À¡Ÿà́ —≈‰Œ¥√‘≈ (sulfhydryl

group) ¢Õß°√¥Õ–¡‘‚π´’ ‡μÕ’π (cysteine) À√◊ÕÀ¡ŸàÕ–¡‘‚π„π

 “¬‚´à¢â“ß¢Õß°√¥Õ–¡‘‚πÕ“√å®‘π’π (arginine) ‡ªìπμâπ

¢—Èπ∑’Ë 2 °“√°√–μÿâπ (activate) À¡Ÿà§“√å∫Õ°´‘≈Õ‘ √–¢Õß

°√¥Õ–¡‘‚π∑’Ë∂Ÿ°ªÑÕß°—π (protected amino acid) ‚¥¬∑—Ë«‰ª

¡—°„™â “√‡§¡’„π√Ÿª¢Õß‡°≈◊Õ ‡™àπ ‡°≈◊Õ¬Ÿ‚√‡π’Ë¬¡ (uronium salt)

À√◊Õ‡°≈◊ÕøÕ ‚ø‡π’Ë¬¡ (phosphonium salt) ·≈–‰Œ¥√Õ° ’́

‡∫π‚´‰μ√Õ–‚´π (hydroxybenzotriazole) „π°“√°√–μÿâπ

‡π◊ËÕß®“°¡’§«“¡ “¡“√∂„π°“√∑”ªØ‘°‘√‘¬“ Ÿß ·≈–„Àâº≈º≈‘μ∑’Ë¡’

§«“¡®”‡æ“–·≈–ª√‘¡“≥ Ÿß

¢—Èπ∑’Ë 3 °“√§«∫§Ÿà (coupling) ªØ‘°‘√‘¬“¢Õß°√¥Õ–¡‘‚π∑’Ë

∂Ÿ°°√–μÿâπ (activated amino acid) °—∫°√¥Õ–¡‘‚π∑’Ë∂Ÿ°ªÑÕß°—π

¡—°„™â‡°≈◊Õ™“√å‚∑√ªî° (chaotropic salt) ‡™àπ CuLi, NaClO
4
,

KSCN ·≈– “√º ¡¢Õßμ—«∑”≈–≈“¬Õ‘π∑√’¬å ‡™àπ dimethylfo-

rmamide, trifluoroethanol ·≈– dimethylacetamide ‡æ‘Ë¡

ª√– ‘∑∏‘¿“æ„π°“√§«∫§ŸàªØ‘°‘√‘¬“·≈–°“√μàÕ “¬‡æª‰∑¥å„Àâ¥’¢÷Èπ

¢—Èπ∑’Ë 4 °“√°”®—¥ (unblock) À¡Ÿàøíß°å™—π∑’Ë∂Ÿ°ªÑÕß°—π

∑—ÈßÀ¡¥¢Õß‰¥‡æª‰∑¥å ‚¥¬∑—Ë«‰ª®–„™â “√≈–≈“¬°√¥‡¢â¡¢âπ À√◊Õ

μ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ëº ¡°√¥ ‡ªìπ “√°”®—¥À¡Ÿàøíß°å™—π ∑’Ëπ‘¬¡

„™â ‰¥â·°à  “√º ¡¢Õß HBr °—∫ trifluoroacetic acid À√◊Õ

 “√≈–≈“¬º ¡¢Õß triisopropylsilane °—∫ trifluoroacetic acid

‡ªìπμâπ

¢âÕ‰¥â‡ª√’¬∫¢Õß°“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬ªØ‘°‘√‘¬“∑“ß

‡§¡’ §◊Õ  “¡“√∂„™â —ß‡§√“–Àå‰¥‡æª‰∑¥å‰¥â∑ÿ°™π‘¥‡¡◊ËÕ‡≈◊Õ°À¡Ÿà

øíß°å™—π·≈– “√‡§¡’°√–μÿâπ∑’Ë‡À¡“– ¡·≈–„Àâª√‘¡“≥º≈º≈‘μ„π

°“√ —ß‡§√“–Àå (yield) ‰¥‡æª‰∑¥å∑’Ë Ÿß √«¡∑—Èß “¡“√∂∑”°“√

 —ß‡§√“–Àå‰¥â„π√–¥—∫‡≈Á° (small scale) Õ¬à“ß‰√°Áμ“¡°“√

 —ß‡§√“–Àå‰¥‡æª‰∑¥å¥â«¬ªØ‘°‘√‘¬“∑“ß‡§¡’π—Èπ ¡’¢âÕ‡ ’¬„π‡√◊ËÕß

¢Õßμâπ∑ÿπ„π°“√ —ß‡§√“–Àå∑’Ë Ÿß‡π◊ËÕß®“°¡’°“√„™â “√‡§¡’∑’Ë

®”‡æ“–·≈–μâÕß∑”„πÀ≈“¬¢—ÈπμÕπ √«¡∑—Èß¡’‚Õ°“  Ÿß∑’Ë®–‡°‘¥

ªØ‘°‘√‘¬“‡√ ‰¡‡´™—Ëπ (racemization) ´÷Ëß∑”„Àâ‡°‘¥°“√

 —ß‡§√“–Àå‡æª‰∑¥å∑’Ë¡’‰Õ‚´‡¡Õ√å (isomer) μà“ß‰ª√–À«à“ß°“√

 —ß‡§√“–Àå‰¥â ·≈–„π∫“ß§√—Èß¡’°“√„™â “√‡§¡’∑’Ë‡ªìπÕ—πμ√“¬„π

°“√ —ß‡§√“–ÀåÕ’°¥â«¬ ®“°¢âÕ¥’·≈–¢âÕ‡ ’¬‡À≈à“π’È∑”„ÀâªØ‘°‘√‘¬“

‡§¡’‡À¡“–∑’Ë®–„™â„π°“√ —ß‡§√“–Àå‡æª‰∑¥å∑’Ë‡ªìπ “√‡§¡’∑’Ë„™â

 ”À√—∫ÀâÕßªØ‘∫—μ‘°“√∑“ß«‘∑¬“»“ μ√å  ́ ÷Ëßπ‘¬¡º≈‘μ„πª√‘¡“≥ Ÿß
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controlled) ‡ªìπ°“√ —ß‡§√“–Àå‡æª‰∑¥å‚¥¬Õ“»—¬æ◊Èπ∞“π§«“¡

 “¡“√∂„π°“√‡√àßªØ‘°‘√‘¬“¬âÕπ°≈—∫¢Õß‡Õπ‰´¡å‚ª√μ‘‡Õ À√◊Õ

‡Õπ‰´¡å‡Õ ‡∑Õ‡√  · ¥ß¥—ß¿“æ∑’Ë 2 §”«à“°“√ —ß‡§√“–Àå·∫∫

§«∫§ÿ¡ ¡¥ÿ≈π—Èπ À¡“¬∂÷ß°“√√—°…“ ¡¥ÿ≈¢ÕßªØ‘°‘√‘¬“√–À«à“ß

°“√‡°‘¥º≈‘μ¿—≥±å®“°ªØ‘°‘√‘¬“°“√ ≈“¬¥â«¬πÈ”∑’Ë„Àâ°√¥Õ–¡‘‚π

Õ‘ √– °—∫ªØ‘°‘√‘¬“°“√ √â“ßæ—π∏–‡æª‰∑¥å®“°°√¥Õ–¡‘‚πÕ‘ √–

∑’Ë ‡°‘¥¢÷Èππ—Èπ·≈–‡¡◊ËÕº≈‘μ¿—≥±å ‰¥‡æª‰∑¥å∑’Ë ‡°‘¥¢÷Èπ¡’§«“¡

 “¡“√∂„π°“√≈–≈“¬πÈ”∑’ËμË”°«à“ —∫ ‡μ√∑°√¥Õ–¡‘‚πÕ‘ √–·≈â«

°Á “¡“√∂·¬°‰¥‡æª‰∑¥å∑’Ë‡°‘¥¢÷ÈπÕÕ°¡“‰¥â®“°ªØ‘°‘√‘¬“ ¡¥ÿ≈

¥—ß°≈à“« ∑”„Àâª√‘¡“≥¢Õß‰¥‡æª‰∑¥å„π√–∫∫ªØ‘°‘√‘¬“‡°‘¥§«“¡

‰¡à ¡¥ÿ≈  àßº≈μàÕ°“√‡√àßªØ‘°‘√‘¬“„Àâ‡ªìπ‰ª„π∑‘»∑“ß¢Õß°“√

 —ß‡§√“–Àå ‰¥‡æª‰∑¥å‡æ‘Ë¡¡“°¢÷Èπ „π∫“ß§√—ÈßÕ“®„™â°“√

‡ª≈’Ë¬π·ª≈ß§à“æ’‡Õ™∑’Ë àßº≈μàÕ ¡¥ÿ≈°“√·μ°μ—«¢Õß°√¥

Õ–¡‘‚πÕ‘ √– °“√∂à“¬º≈‘μ¿—≥±å‰¥‡æª‰∑¥å∑’Ë‡°‘¥¢÷ÈπÕÕ°®“°

 ¡¥ÿ≈√–∫∫‚¥¬°“√≈–≈“¬„πμ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ë·¬°™—Èπ®“°

™—ÈππÈ”·∑π°“√μ°μ–°Õπ°Á ‰¥â  àßº≈„Àâ‡°‘¥§«“¡‰¡à ¡¥ÿ≈

√–À«à“ßª√‘¡“≥¢Õß‰¥‡æª‰∑¥å∑’Ë‡°‘¥¢÷Èπ°—∫ª√‘¡“≥¢Õß°√¥

Õ–¡‘‚πÕ‘ √–„π√–∫∫ ‡√àß∑‘»∑“ß¢Õß√–∫∫„Àâ‡ªìπ‰ª„π∑“ß¢Õß

°“√ —ß‡§√“–Àå‡æª‰∑¥å ‚¥¬«‘∏’‡À≈à“π’È¡—°π‘¬¡„™â ”À√—∫°“√º≈‘μ

„π√–¥—∫Õÿμ “À°√√¡∑’Ë Ÿß (Guzmn et al., 2007; Lombard

et al., 2005; Yagasaki & Hashimoto, 2008)

 

¿“æ∑’Ë 2 ªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå‰¥‡æª‰∑¥å·∫∫§«∫§ÿ¡ ¡¥ÿ≈

∑’Ë¡“: Yagasaki & Hashimoto, 2008

2. °√–∫«π°“√ —ß‡§√“–Àå·∫∫§«∫§ÿ¡®≈π»“ μ√å

(kinetically controlled process) ‡ªìπ°≈‰°∑’ËÕ“»—¬§«“¡®√‘ß

∑’Ë«à“ª≈“¬§“√å∫Õ°´‘≈‡Õ ‡∑Õ√å (C-terminal ester) À√◊Õ‡Õ‰¡¥å

(amide) ∑’Ë∂Ÿ°°√–μÿâπ “¡“√∂„ÀâÀ¡Ÿà‡Õ ‘́≈ (acyl group) °—∫

‡Õπ‰´¡å‚ª√μ‘‡Õ ‡©æ“–„π°≈ÿà¡‡´√’π‚ª√μ‘‡Õ  (serine protease)

À√◊Õ´’ ‡μÕ’π‚ª√μ‘‡Õ  (cysteine protease) ‡°‘¥‡ªìπ “√

μ—«°≈“ß‡Õ ‘́≈‡Õπ‰´¡å (acyl-enzyme intermediate) ∑’Ëæ√âÕ¡®–

∑”ªØ‘°‘√‘¬“μàÕ°—∫πÈ”À√◊Õ‡μ‘¡°√¥Õ–¡‘‚πÕ’°Àπà«¬ ´÷Ëß‡ª√’¬∫

‡À¡◊Õππ‘«§≈’‚Õ‰ø≈å (nucleophile)  √â“ßæ—π∏–‡æª‰∑¥å¢÷Èπ‰¥â

¥—ß· ¥ßªØ‘°‘√‘¬“„π¿“æ∑’Ë 3 ·≈–‡π◊ËÕß®“°‡Õπ‰´¡å‚ª√μ‘‡Õ 

 “¡“√∂ ≈“¬æ—π∏–‡æª‰∑¥å‰¥âÕ¬à“ß™â“Ê ®÷ß∑”„Àâ¡’°“√ – ¡

¢Õßª√‘¡“≥‰¥‡æª‰∑¥å‡æ’¬ß™—Ë«§√“« ¥â«¬‡Àμÿπ’Èª√‘¡“≥

º≈‘μ¿—≥±å∑’Ë‰¥â®÷ß¢÷Èπ°—∫§«“¡‡√Á«¢Õß‡Õ´‘≈‡Õπ‰´¡å„π°“√‡¢â“∑”

ªØ‘°‘√‘¬“°—∫πÈ”·≈–π‘«§≈’‚Õ‰ø≈å™π‘¥Õ◊Ëπ À√◊Õ§«“¡‡√Á«„π°“√

 ≈“¬‰¥‡æª‰∑¥å¢Õß‡Õπ‰´¡å‚ª√μ‘‡Õ ‡Õß ¥â«¬‡Àμÿπ’È°“√ —ß‡§√“–Àå

‰¥‡æª‰∑¥å‚¥¬°√–∫«π°“√π’È®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–μâÕß§«∫§ÿ¡

§à“æ’‡Õ™ Õÿ≥À¿Ÿ¡‘ §«“¡·√ß‰ÕÕÕπ (ionic strength) ·≈–

§«“¡‡¢â¡¢âπ¢Õßπ‘«§≈’‚Õ‰ø≈å„Àâ§ß∑’Ëμ≈Õ¥°“√‡°‘¥ªØ‘°‘√‘¬“‡æ◊ËÕ

ªÑÕß°—π°“√·μ°μ—«¢ÕßÀ¡Ÿà‡Õ´‘≈·≈–π‘«§≈’‚Õ‰ø≈å∑’ËÕ“®√∫°«π

√–∫∫¢ÕßªØ‘°‘√‘¬“‰¥â °“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬°√–∫«π°“√

‹

 —ß‡§√“–Àå·∫∫π’È¡’¢âÕ‰¥â‡ª√’¬∫‡Àπ◊Õ°√–∫«π°“√ —ß‡§√“–Àå

·∫∫§«∫§ÿ¡ ¡¥ÿ≈μ√ß∑’Ë “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰¥â„πÕ—μ√“‡√Á«∑’Ë Ÿß°«à“

·≈–μâÕß°“√ª√‘¡“≥¢Õß‡Õπ‰´¡å∑’Ë„™â„π°“√∑”ªØ‘°‘√‘¬“°—∫ —∫

 ‡μ√∑∑’ËπâÕ¬°«à“ ‡π◊ËÕß®“°μ—«„ÀâÀ¡Ÿà‡Õ´‘≈ (acyl donor) „π

√–∫∫π—ÈπÕ¬Ÿà„π√Ÿª¢Õß°√¥§“√å∫Õ° ‘́≈‘°∑’Ë∂Ÿ°°√–μÿâπ ‡Õπ‰´¡å‚ª√-

μ‘‡Õ ∑’Ëπ‘¬¡„™â„π°√–∫«π°“√ —ß‡§√“–Àå™π‘¥π’È ‰¥â·°à ª“‡ªπ

(papain) ‡∑Õ√å¡Õ‰≈ ‘́π (thermolysin) ∑√‘ª´‘π (trypsin) ·≈–

·Õ≈ø“-‰§‚¡∑√‘ª´‘π (α-chymotrypsin) ‡ªìπμâπ (Guzmn

et al., 2007; Yagasaki & Hashimoto, 2008)

®–‡ÀÁπ‰¥â«à“°“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬°“√„™â‡Õπ‰´¡å

√à«¡°—∫ªØ‘°‘√‘¬“‡§¡’∑—Èß Õß«‘∏’π—Èπ®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–μâÕß„™âμ—«

∑”≈–≈“¬Õ‘π∑√’¬å‡¢â“¡“‡°’Ë¬«¢âÕß„π√–∫∫ ‡æ◊ËÕ‡Àπ’Ë¬«π”∑‘»∑“ß

¢ÕßªØ‘°‘√‘¬“„Àâ‡ªìπ‰ª„π∑‘»∑“ß°“√ —ß‡§√“–Àåæ—π∏–‡æª‰∑¥å

‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√ —ß‡§√“–Àå √«¡∑—ÈßμâÕßÕ“»—¬

§«“¡®”‡æ“–·≈–§ÿ≥ ¡∫—μ‘„π°“√§—¥‡≈◊Õ°∑’Ë Ÿß¢Õß‡Õπ‰´¡å

‚ª√μ‘‡Õ „π°“√∑”ªØ‘°‘√‘¬“ ¥â«¬‡Àμÿπ’È „πªí®®ÿ∫—π®÷ß¡’°“√„™â

§«“¡√Ÿâ∑“ß«‘»«°√√¡¡“ª√—∫ª√ÿß§ÿ≥ ¡∫—μ‘¢Õß‡Õπ‰´¡å‚ª√μ‘‡Õ 

À√◊Õ ¿“«–„π°“√∑”ªØ‘°‘√‘¬“‡æ◊ËÕ„Àâ ‰¥âª√‘¡“≥º≈‘μ¿—≥±å‡æª‰∑¥å

∑’Ë‡æ‘Ë¡¢÷Èπ «‘∏’∑’Ëπ‘¬¡„™â„πªí®®ÿ∫—π (Bornscheuer et al., 2002)

 “¡“√∂ √ÿª‰¥â‡ªìπ 3 «‘∏’„À≠àÊ ‰¥â·°à
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- °“√∑”«‘»«°√√¡ “√μ—«°≈“ß (medium engineering)

‡æ◊ËÕ„Àâ‡À¡“–°—∫°“√∑”ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å‚ª√μ‘‡Õ ∑’Ë„™â ‚¥¬

°“√·∑π∑’ËπÈ”„π√–∫∫¥â«¬μ—«∑”≈–≈“¬Õ‘π∑√’¬å ´÷ËßÕ“®‡ªìπ°“√

º ¡μ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ë‡¢â“°—∫πÈ”‰¥â ‡™àπ ‡Õ∑“πÕ≈ ≈ß‰ª°—∫πÈ”

∑’ËÕ¬Ÿà„π√–∫∫¥â«¬ ∑’Ë‡√’¬°«à“ √–∫∫‚Œ‚¡®’‡π’¬  (homogeneous

system) À√◊Õ°“√º ¡μ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ë‰¡à “¡“√∂‡¢â“°—∫πÈ”‰¥â

‡™àπ ‡Œ°‡´π ≈ß„π√–∫∫ √–∫∫·∫∫π’È‡√’¬°«à“ √–∫∫‡Œ‡∑‚√®’‡π’¬ 

(heterogeneous system) À√◊Õ∑’Ë∫“ß§√—Èß‡√’¬°«à“√–∫∫ Õß™—Èπ

(two-phase system) °“√‡μ‘¡μ—«∑”≈–≈“¬Õ‘π∑√’¬åº ¡≈ß‰ª„π

√–∫∫ “√μ—«°≈“ß‡™àππ’È ®–™à«¬‡æ‘Ë¡Õ—μ√“°“√ √â“ßæ—π∏–‡æª‰∑¥å

¢Õß√–∫∫°“√ —ß‡§√“–Àå·∫∫§«∫§ÿ¡ ¡¥ÿ≈·≈–§«∫§ÿ¡

®≈π»“ μ√å‰¥â

- °“√∑”«‘ »«°√√¡μ— « ‡ √à ßªØ‘ °‘ √‘ ¬ “∑“ß™’ «¿“æ

(biocatalyst engineering) ‡ªìπ°“√ª√—∫ª√ÿß§ÿ≥ ¡∫—μ‘¢Õß

μ—«‡√àßªØ‘°‘√‘¬“∑“ß™’«¿“æ À√◊Õ‡Õπ‰´¡å„Àâ‡À¡“– ¡°—∫ ¿“«–

°“√ —ß‡§√“–Àå‡æª‰∑¥åπ—Èπ ‰¥â·°à °“√‡æ‘Ë¡§«“¡ “¡“√∂„π°“√

≈–≈“¬¢Õß‡Õπ‰´¡å‚¥¬°“√¥—¥·ª≈ßÀ¡Ÿà‡§¡’¢Õß‡Õπ‰´¡å„Àâ

 “¡“√∂·μ°μ—«„Àâ·≈–√—∫À¡Ÿà‡Õ ‘́≈‰¥â¡“°¢÷Èπ °“√μ√÷ß‡Õπ‰´¡å

(immobilization) „ÀâÕ¬Ÿà„π√Ÿª∑’Ë “¡“√∂π”°≈—∫¡“„™ấ È”‰¥âÕ’° À√◊Õ

°“√μ—¥μàÕ¬’π·≈–¡‘«‡∑™—πμ√ß®ÿ¥ (site-directed mutagenesis)

‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√‡√àßªØ‘°‘√‘¬“ §«“¡‡ ∂’¬√„πμ—«∑”

≈–≈“¬Õ‘π∑√’¬å ·≈–§«“¡®”‡æ“–μàÕ —∫ ‡μ√∑ ‡ªìπμâπ

- °“√∑”«‘»«°√√¡ —∫ ‡μ√∑ (substrate engineering)

‚¥¬°“√¥—¥·ª≈ß¿“¬„π‚¡‡≈°ÿ≈¢Õß —∫ ‡μ√∑„Àâ¡’À¡ŸàÕ–¡‘‚πÕ¬Ÿà

∑’Ëª≈“¬§“√å∫Õ°´‘≈ ‡À¡◊Õπ°—∫°√¥Õ–¡‘‚π‰≈´’π ·≈– Õ“√å®‘π’π ‡æ◊ËÕ

„Àâ “¡“√∂·μ°μ—«„ÀâÀ¡Ÿà‡Õ ‘́≈‰¥â¡“°¢÷Èπ

 

¿“æ∑’Ë 3 ªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå‰¥‡æª‰∑¥å·∫∫§«∫§ÿ¡®≈π»“ μ√å

∑’Ë¡“: Yagasaki & Hashimoto, 2008

°“√ —ß‡§√“–Àå¥â«¬‡Õπ‰´¡å (Enzymatic synthesis)

‡ªìπ°“√„™â‡Õπ‰´¡åÕ◊Ëπ∑’Ëæ∫„π ‘Ëß¡’™’«‘μ·≈–‰¡à‡°’Ë¬«¢âÕß

°—∫√–∫∫°“√ —ß‡§√“–Àå‡æª‰∑¥å„π‰√‚∫‚´¡ (ribosome system)

·μà “¡“√∂ √â“ßæ—π∏–‡æª‰∑¥å√–À«à“ß°√¥Õ–¡‘‚π Õß™π‘¥¢÷Èπ‰ª‰¥â

‡™àπ ‡Õπ‰´¡å‡æª‰∑¥å´‘π∑‘‡∑ πÕ°‰√‚∫‚´¡ (nonribosomal

peptide synthetase) À√◊Õ‡√’¬°¬àÕ«à“ NRPS ‡Õπ‰´¡å‚æ≈’-

°≈Ÿμ“¡’π´‘π‡∑  (polyglutamine synthase) ‡Õπ‰´¡å‰´¬“‚π‰ø ‘́π

´‘π∑‘‡∑  (cyanophycin synthetase) ‡Õπ‰´¡å°≈Ÿμ“‰∑‚Õπ´‘π‡∑ 

(glutathione synthase) ‡Õπ‰´¡å¥’-Õ–≈“π’π ¥’-Õ–≈“π’π‰≈‡° 

(D-alanine-D-alanine ligase) ·≈–‡Õπ‰´¡å·Õ≈-Õ–¡‘‚π‡Õ ‘́¥

·Õ≈ø“‰≈‡°  (L-amino acid α-ligase) À√◊Õ‡√’¬°¬àÕ«à“ Lal

(Yagasaki & Hashimoto, 2008) °“√ —ß‡§√“–Àå‡æª‰∑¥å‚¥¬

„™â√–∫∫‡Õπ‰´¡å‡À≈à“π’È ®”‡ªìπμâÕß¡’°“√°√–μÿâπ°√¥Õ–¡‘‚π

 —∫ ‡μ√∑¢Õß°“√ —ß‡§√“–Àå„Àâ‡ª≈’Ë¬π¡“Õ¬Ÿà„π√Ÿª¢ÕßÕ–¡‘‚π‡Õ ‘́≈

Õ–¥’‚π ’́π‚¡‚πøÕ ‡øμ (aminoacyl-adenosine monopho-

sphate À√◊Õ AMP)  ”À√—∫√–∫∫‡Õπ‰´¡å NRPS À√◊Õ‡ª≈’Ë¬π

„ÀâÕ¬Ÿà„π√Ÿª¢ÕßÕ–¡‘‚π‡Õ´‘≈øÕ ‡øμ (aminoacyl phosphate)

 ”À√—∫√–∫∫‡Õπ‰´¡å™π‘¥Õ◊Ëπ∑’Ë‡À≈◊Õ Õ¬à“ß‰√°Áμ“¡°“√ —ß‡§√“–Àå

‡æª‰∑¥å‚¥¬„™â‡Õπ‰´¡åπ—Èπ¡’¢âÕ¥’∑’Ë‡Àπ◊Õ°«à“«‘∏’°“√ —ß‡§√“–Àå

∑“ß‡§¡’ À√◊Õ°“√„™â‡Õπ‰´¡å√à«¡°—∫ªØ‘°‘√‘¬“∑“ß‡§¡’ μ√ß∑’Ë

‰¡à®”‡ªìπμâÕß¡’°“√¥—¥·ª≈ßÀ¡Ÿàøíß°å™—π„π°√¥Õ–¡‘‚π —∫ ‡μ√∑

°àÕπ°“√ —ß‡§√“–Àå ®÷ß‡ªìπ¡‘μ√μàÕ ‘Ëß·«¥≈âÕ¡ ·≈–°“√

 —ß‡§√“–Àå¥â«¬‡Õπ‰´¡åπ—Èπ¡’ª√– ‘∑∏‘¿“æ Ÿß°«à“°“√ —ß‡§√“–Àå

‚¥¬«‘∏’Õ◊Ëπ ∑—Èßπ’È‡π◊ËÕß®“°§«“¡®”‡æ“–¢Õß‡Õπ‰´¡å·μà≈–™π‘¥∑’Ë

 ŸßμàÕ°√¥Õ–¡‘‚π —∫ ‡μ√∑‡©æ“– Õ¬à“ß‰√°Áμ“¡«‘∏’π’È¡’¢âÕ‡ ’¬

μ√ß∑’Ëª√‘¡“≥º≈‘μ¿—≥±å∑’Ë‰¥â®“°°“√ —ß‡§√“–Àåπ—Èπ¡’ª√‘¡“≥μË”

 ”À√—∫„π∫∑§«“¡©∫—∫π’È®–¢Õ¬°μ—«Õ¬à“ßÀ≈—°°“√∑”ß“π¢Õß

√–∫∫‡Õπ‰´¡å NRPS ·≈– Lal ‡∑à“π—Èπ
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1. °“√ —ß‡§√“–Àå¥â«¬√–∫∫‡Õπ‰´¡å NRPS √–∫∫

‡Õπ‰´¡åπ’È‡ªìπ√–∫∫∑’Ëæ∫‰¥â∑—Ë«‰ª„π·∫§∑’‡√’¬·≈–‡™◊ÈÕ√“ (fungi)

´÷Ëßπ‘¬¡π”¡“„™â„π°“√ —ß‡§√“–Àå‡æª‰∑¥å∑’Ë¡’§«“¡ ”§—≠∑“ß

‡¿ —™°√√¡ ‡™àπ ¬“ªØ‘™’«π–μâ“π®ÿ≈™’æ (antimicrobial) ·«π‚§

‰¡´‘π (vancomycin) À√◊Õ°√“¡‘́ ‘¥‘π‡Õ  (gramicidin S) ·≈–

¬“°¥¿Ÿ¡‘§ÿâ¡°—π (immunosuppressant drug) ‰´‚§≈ ‚ª√’π

‹

- Õ–¥’π’‡≈™—Ëπ‚¥‡¡π (adenylation domain) À√◊Õ ‚¥‡¡π‡Õ

(A-domain) ∑”Àπâ“∑’Ë®¥®”°√¥Õ–¡‘‚π —∫ ‡μ√∑·≈–°√–μÿâπ

°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‚¥√‰≈ ‘́ ¢Õß ATP ‰¥â‡ªìπ À¡ŸàøÕ ‡øμ·≈–

AMP ®—∫∑’Ëª≈“¬§“√å∫Õ° ‘́≈¢Õß°√¥Õ–¡‘‚π —∫ ‡μ√∑ ‡ªìπ°“√

°√–μÿâπ°√¥Õ–¡‘‚π —∫ ‡μ√∑„Àâæ√âÕ¡∑’Ë®–‡°‘¥ªØ‘°‘√‘¬“°“√ √â“ß

æ—π∏–‡æª‰∑¥å

- ‰∑‚Õ‡≈™—Ëπ‚¥‡¡π (thiolation domain) À√◊Õ‚¥‡¡π∑’

(T-domain) ‡ªìπ‚¥‡¡π∑’Ë√—∫°√¥Õ–¡‘‚π∑’Ë∂Ÿ°°√–μÿâπ®“°‚¥‡¡π‡Õ

‡¢â“¡“ ≈“¬ AMP ÕÕ°‰ª‡æ◊ËÕ„Àâæ√âÕ¡∑’Ë®– √â“ßæ—π∏–‡æª‰∑¥å

°—∫°√¥Õ–¡‘‚π —∫ ‡μ√∑Õ’°Àπà«¬∑’Ë∂Ÿ°°√–μÿâπ

- §Õπ‡¥π‡´™—Ëπ‚¥‡¡π (condensation domain) À√◊Õ

‚¥‡¡π ’́ (C-domain) ‡ªìπ‚¥‡¡π∑’Ë‡√àßªØ‘°‘√‘¬“°“√ √â“ßæ—π∏–

‡æª‰∑¥å√–À«à“ß°√¥Õ–¡‘‚π∑’Ë∂Ÿ°°√–μÿâπ„π‚¥‡¡π∑’∑—Èß ÕßÀπà«¬

(cyclosporine) ‡ªìπμâπ‚¥¬∑—Ë«‰ª‡Õπ‰´¡å™π‘¥π’È®–∑”°“√‡μ‘¡

°√¥Õ–¡‘‚π∑’≈–Àπà«¬„Àâ ‰¥â‡ªìπ “¬‡æª‰∑¥å‚¥¬°“√ √â“ßæ—π∏–

‡æª‰∑¥å¢÷Èπ√–À«à“ßÀπà«¬¢Õß°√¥Õ–¡‘‚π∑’Ë‡μ‘¡≈ß‰ª ®“°°“√

«‘‡§√“–Àå‚§√ß √â“ß¢Õß‡Õπ‰´¡åæ∫«à“ª√–°Õ∫¥â«¬‚¥‡¡π

(domain) À≈—°∑—Èß ‘Èπ 4 ‚¥‡¡π (¿“æ∑’Ë 4) ‰¥â·°à

 

¿“æ∑’Ë 4 ‚¥‡¡π∑—Èß ’Ë¢Õß√–∫∫‡Õπ‰´¡å NRPS ·≈–ªØ‘°‘√‘¬“°“√ √â“ßæ—π∏–‡æª‰∑¥å

∑’Ë¡“: Yagasaki & Hashimoto, 2008

- ‰∑‚Õ‡Õ ‡∑Õ‡√ ‚¥‡¡π (thioesterase domain) À√◊Õ

‚¥‡¡π∑’Õ’ (Te-domain) ‡ªìπ‚¥‡¡π∑’Ë∑”Àπâ“∑’Ëª≈àÕ¬‡æª‰∑¥å∑’Ë

‡°‘¥°“√ √â“ß®“°‚¥‡¡π´’ÕÕ°®“°‚¡‡≈°ÿ≈¢Õß‡Õπ‰´¡å ·≈– àßμàÕ

‰ª¬—ßÕÕ√å·°‡π≈≈å (organelle) ‡ªÑ“À¡“¬μàÕ‰ª

2. °“√ —ß‡§√“–Àå¥â«¬√–∫∫‡Õπ‰´¡å Lal ‡ªìπ√–∫∫

‡Õπ‰´¡å∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡‡Õπ‰´¡å (superfamily) ‡Õ¡’π‰∑‚Õ‰≈‡° 

™π‘¥μâÕß°“√æ≈—ßß“π ATP (ATP-dependent carboxylate-amine-

thiol ligase) ·≈–μâÕß°“√À¡Ÿà‡Õ´‘≈øÕ ‡øμ (acyl phosphate)

‡ªìπ “√μ—«°≈“ß„πªØ‘°‘√‘¬“ °“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬√–∫∫

‡Õπ‰´¡å™π‘¥π’È¡’¢âÕ¥’§◊Õ¡’°“√§—¥‡≈◊Õ°°√¥Õ–¡‘‚πÀ≈“¬™π‘¥ ‡ªìπ

 —∫ ‡μ√∑ ”À√—∫ªØ‘°‘√‘¬“ ‚¥¬¡’≈”¥—∫°“√‡√’¬ß “¬°√¥Õ–¡‘‚π

∑’Ë∂Ÿ°μâÕß ·μà¡’¢âÕ®”°—¥§◊Õ °√¥Õ–¡‘‚π∑’Ë¡’§«“¡‡ªìπ°√¥ (acidic

amino acid) À√◊Õ‡∫  (basic amino acid) ·≈–°√¥Õ–¡‘‚π„π

‹
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‡≈◊Õ¥®√–‡¢â À√◊Õæ‘…¢ÕßßŸ º÷Èß ·¡ßªÉÕß ‡ªìπμâπ πÕ°®“°π’È

§ÿ≥ ¡∫—μ‘„π°“√μâ“π°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å∑’Ëæ∫„π‡æª‰∑¥åπ—Èπ

¬—ß “¡“√∂π”¡“ª√–¬ÿ°μå„™â „π°“√º≈‘μ¬“¬—∫¬—Èß‡™◊ÈÕ°àÕ‚√§

„π∑“ß‡¥‘πÕ“À“√ ¬“¬—∫¬—Èß‡™◊ÈÕ∑’Ëº‘«Àπ—ß À√◊Õ∑”‡ªìπ à«πº ¡

„π§√’¡∑“ªÑÕß°—π°“√μ‘¥‡™◊ÈÕ„π§π‰¢â‚√§‡∫“À«“π ·º≈‰ø‰À¡â

πÈ”√âÕπ≈«° ·≈–·º≈æÿæÕßμ‘¥‡™◊ÈÕ‰¥âÕ’°¥â«¬  ”À√—∫°“√„™â

‡æª‰∑¥å„πÕÿμ “À°√√¡Õ“À“√π—Èπ ¡’°“√„™â„π√Ÿª·∫∫¢Õß°“√

‡μ‘¡‡æª‰∑¥å‚¥¬μ√ß≈ß„πº≈‘μ¿—≥±åÕ“À“√∑¥·∑π°“√„™â “√°—π∫Ÿ¥

À√◊Õ‡μ‘¡≈ß„πº≈‘μ¿—≥±åÕ“À“√ ”À√—∫ —μ«å ‡ªìπ°“√‡ √‘¡‚ª√μ’π

„Àâº≈‘μ¿—≥±å·≈–™à«¬‡ √‘¡¿Ÿ¡‘§ÿâ¡°—π„Àâ°—∫ —μ«å∑’Ë‰¥â√—∫Õ“À“√‰¥â

Õ’°¥â«¬  (Klimova & Chebotarev, 1999; Ohta et al., 1996;

Thammasirirak et al., 2008) ®“°μ—«Õ¬à“ß∑’Ë°≈à“«¡“¢â“ßμâπ

®–‡ÀÁπ‰¥â«à“ ‡æª‰∑¥å ‡ªìπ “√ÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æ∑’Ë¡’

§ÿ≥ª√–‚¬™πåÀ≈“°À≈“¬ ·≈–¡’ª√‘¡“≥§«“¡μâÕß°“√‡æ‘Ë¡¡“°¢÷Èπ

Õ¬à“ßμàÕ‡π◊ËÕß Õ¬à“ß‰√°Áμ“¡Õÿμ “À°√√¡°“√º≈‘μ‡æª‰∑¥å„π

ªí®®ÿ∫—ππ—Èπ¬—ß§ß¡’μâπ∑ÿπ„π°“√º≈‘μ∑’Ë Ÿß ·≈–∑”‰¥â„π√–¥—∫

ª√‘¡“≥∑’Ë‰¡à¡“°π—° ¥â«¬‡Àμÿπ’Èß“π«‘®—¬§âπ§«â“‡æ◊ËÕ„Àâ ‰¥â¡“´÷Ëß

‹‡∑§‚π‚≈¬’∑’Ë§ÿâ¡∑ÿπ∑’Ë ÿ¥„π°“√º≈‘μ‡æª‰∑¥å ®÷ß¬—ß‡ªìπ ‘Ëß∑’Ë

πà“ π„® ”À√—∫π—°«‘∑¬“»“ μ√å‰∑¬ ·≈–¬—ß§ßμâÕß¡’°“√æ—≤π“

‡æ‘Ë¡¡“°¢÷Èπ ∑—Èßπ’È‡æ◊ËÕª√–‚¬™πå·≈–§«“¡ª≈Õ¥¿—¬ Ÿß ÿ¥ ”À√—∫

ºŸâ∫√‘‚¿§μàÕ‰ª

√Ÿª¥’-‰Õ‚´‡¡Õ√å (D-amino acid) ®–‰¡à “¡“√∂‡ªìπ —∫ ‡μ√∑

¢Õß‡Õπ‰´¡å™π‘¥π’È ‰¥â √«¡∑—Èß “¡“√∂„™â„π°“√ —ß‡§√“–Àå‰¥â

‡©æ“–‰¥‡æª‰∑¥å‡∑à“π—Èπ ‰∑√‡æª‰∑¥åÀ√◊Õ‡æª‰∑¥å∑’Ë¡’ “¬¬“«

‰¡à “¡“√∂ —ß‡§√“–Àå‰¥â‚¥¬‡Õπ‰´¡å™π‘¥π’È

°“√„™â‡æª‰∑¥å —ß‡§√“–Àå„πª√–‡∑»‰∑¬

 ”À√—∫ª√–‡∑»‰∑¬ μ≈“¥°“√„™â‡æª‰∑¥å —ß‡§√“–Àå

‰¡à‡æ’¬ß·μà®–Õ¬Ÿà„π√Ÿª¢Õß‡æª‰∑¥å∫√‘ ÿ∑∏‘Ï∑’Ëº ¡Õ¬Ÿà„πÕ“À“√

À√◊Õ‡§√◊ËÕß¥◊Ë¡ ÿ¢¿“æ‡∑à“π—Èπ ¬—ß√«¡‰ª∂÷ß°“√º ¡‡æª‰∑¥å„™â„π

Õÿμ “À°√√¡°“√º≈‘μ‡§√◊ËÕß ”Õ“ß (Klimova & Chebotarev,

1999; Ohta et al., 1996) ·≈–„™â∑“ß°“√·æ∑¬å„π√Ÿª¢ÕßŒÕ√å‚¡π

À√◊Õ  “√ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å·∑π¬“ªØ‘™’«π– (Thammasirirak

et al., 2008) ¥—ßμ—«Õ¬à“ß‡™àπ °“√º ¡‡æª‰∑¥å —ß‡§√“–Àå

‚¥¬μ√ß„π§√’¡∑“√Õ∫¥«ßμ“ §√’¡∫”√ÿßº‘«Àπâ“·≈–≈”§Õ ‡π◊ËÕß

®“°‡æª‰∑¥å “¡“√∂·∑√° ÷́¡ºà“πº‘«Àπ—ß≈÷°≈ß‰ª°√–μÿâπ°“√

 √â“ß§Õ≈≈“‡®π (collagen) æ√âÕ¡∑—Èß¬—∫¬—Èß°≈‰°°“√∑”≈“¬™—Èπ

§Õ≈≈“‡®π„μâ™—Èπº‘« ‡√àß°“√º≈—¥‡´≈≈å¢Õß™—Èπº‘« √«¡∑—Èß™à«¬

°√–μÿâπ°“√ ¡“π·º≈ ¬—∫¬—Èß°“√À¥μ—«¢Õß°≈â“¡‡π◊ÈÕ∫√‘‡«≥„∫Àπâ“

‡™àπ Àπâ“º“° √Õ∫¥«ßμ“ ·≈–√àÕß·°â¡ ™à«¬„Àâº‘«Àπâ“∫√‘‡«≥∑’Ë

‰¥â√—∫°“√∫”√ÿß¡’√‘È«√Õ¬≈¥≈ß‰¥â À√◊Õ°“√„™â§ÿ≥ ¡∫—μ‘¢Õß

‡æª‰∑¥å„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å¡“º≈‘μ‡ªìπ¬“μâ“π

®ÿ≈‘π∑√’¬å·∑π°“√„™â¬“ªØ‘™’«π– ·≈–¡’°“√æ—≤π“  √â“ß¬“μâ“π

°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å™π‘¥„À¡à¢÷Èπ®“°·À≈àß‡æª‰∑¥å∏√√¡™“μ‘ ‡™àπ

¿“æ∑’Ë 5 °“√ √â“ß‰¥‡æª‰∑¥å®“°°“√∑”ß“π¢Õß√–∫∫‡Õπ‰´¡å Lal

∑’Ë¡“: Yagasaki & Hashimoto, 2008
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∫∑ √ÿª
°“√º≈‘μ‡æª‰∑¥å À√◊Õ  “√ÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æ∑’Ë‡°‘¥

®“°°√¥Õ–¡‘‚πÀ≈“¬Àπà«¬‡™◊ËÕ¡μàÕ°—π¥â«¬æ—π∏–‡æª‰∑¥å ´÷Ëß‰¥â

√—∫§«“¡π‘¬¡À≈“°À≈“¬„πÕÿμ “À°√√¡Õ“À“√ °“√º≈‘μ‡§√◊ËÕß

 ”Õ“ß ‡¿ —™°√√¡·≈–∑“ß°“√·æ∑¬å Õ“»—¬‡∑§‚π‚≈¬’°“√º≈‘μ

∑’Ë ”§—≠ 3 «‘∏’ ‰¥â·°à 1) °“√ —ß‡§√“–Àå‡æª‰∑¥å¥â«¬ªØ‘°‘√‘¬“∑“ß‡§¡’

2) °“√„™â‡Õπ‰´¡å√à«¡°—∫ªØ‘°‘√‘¬“‡§¡’ ·≈– 3) °“√„™â‡Õπ‰´¡å„π

°“√ —ß‡§√“–Àå À≈—°°“√º≈‘μ‡æª‰∑¥å‚¥¬ªØ‘°‘√‘¬“·√° ª√–°Õ∫

¥â«¬¢—ÈπμÕπæ◊Èπ∞“π∑’Ë ”§—≠ ‰¥â·°à °“√ªÑÕß°—πÀ¡Ÿàøíß°å™—π„π

 “¬‚´à¢â“ß¢Õß°√¥Õ–¡‘‚π —∫ ‡μ√∑ °“√°√–μÿâπÀ¡Ÿà§“√å∫Õ°´‘≈

Õ‘ √–¢Õß°√¥Õ–¡‘‚π∑’Ë∂Ÿ°ªÑÕß°—π °“√§«∫§ŸàªØ‘°‘√‘¬“‡æ◊ËÕ‡™◊ËÕ¡μàÕ

æ—π∏–‡æª‰∑¥å ·≈–°“√°”®—¥À¡Ÿàøíß°å™—π∑’Ë∂Ÿ°ªÑÕß°—πÕÕ°®“°

‡æª‰∑¥å∑’Ë —ß‡§√“–Àå‰¥â ‰¥â‡ªìπ “¬‡æª‰∑¥å∑’Ë¡’§«“¡¬“«¢Õß

°√¥Õ–¡‘‚π√–À«à“ß 5 ∂÷ß 80 Àπà«¬ «‘∏’∑’Ë Õß‡ªìπ°“√º≈‘μ

‡æª‰∑¥å¢π“¥‡≈Á°∑’Ë¡’°√¥Õ–¡‘‚πÕß§åª√–°Õ∫μË”°«à“ 10 Àπà«¬

®“°°“√‡√àßªØ‘°‘√‘¬“°“√ √â“ßæ—π∏–‡æª‰∑¥å„π ¿“«–∑’Ëª√“»®“°

πÈ”¢Õß‡Õπ‰´¡å‚ª√μ‘‡Õ  ‡¡◊ËÕ„™â°√¥Õ–¡‘‚π —∫ ‡μ√∑∑’Ë¡’°“√

ªÑÕß°—πÀ¡Ÿàøíß°å™—π∫π “¬‚´à¢â“ß¥â«¬ “√‡§¡’°àÕπ∑”ªØ‘°‘√‘¬“

 ”À√—∫«‘∏’ ÿ¥∑â“¬‡ªìπ°“√ —ß‡§√“–Àå‡æª‰∑¥å‚¥¬Õ“»—¬°“√∑”ß“π

¢Õß‡Õπ‰´¡å‡æª‰∑¥å´‘π∑‘‡∑  À√◊ÕÕ–¡‘‚π‡Õ ‘́¥‰≈‡°   √â“ß

æ—π∏–‡æª‰∑¥å¢÷Èπ√–À«à“ß°√¥Õ–¡‘‚πÕ¬à“ß¡’§«“¡®”‡æ“–·≈–¡’

ª√– ‘∑∏‘¿“æ„π°“√∑”ªØ‘°‘√‘¬“¡“°°«à“ Õß«‘∏’°àÕπÀπâ“
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