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Genetic Engineering: An Important Strategy
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ABSTRACT

Lipases are enzyme that catalyze the hydrolysis of ester bond of triglyceride and give

glycerol and free fatty acid as product. Besides, the reaction is reversible and theses enzyme can
catalyze esterification and transesterification in conditions with less water. From these reasons,
lipases have been widely used in a number of industries like in food, chemical, pharmaceutical,
and especially, detergent industries. Microbial lipases are more attractive than animal and plant
lipases because of their versatile tools. Moreover, it is well known that there is useful of genetic
engineering technique for improving the efficiency of microbial lipase production. This article is
focused on the overexpression of lipase by genetic engineering technique. The topics include the
basic knowledge about lipases, microorganism producing lipase with high catalyzing ability that
is Fusarium solani, heterologous expression system which is the expression system of gene in
another host like Pichia pastoris, and beneficial application of lipases in detergents.
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∫∑π”
‰≈‡æ  (lipase, EC 3.1.1.3) ‡ªìπ‡Õπ‰´¡å∑’Ë¡’§«“¡ “¡“√∂„π°“√ ≈“¬æ—π∏–‡Õ ‡∑Õ√å (ester

bond) ¢Õß‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å (triglyceride) ‰¥âº≈º≈‘µ‡ªìπ°≈’‡´Õ√Õ≈ (glycerol) ·≈–°√¥‰¢¡—πÕ‘ √–
(free fatty acid) ªØ‘°‘√‘¬“‡°‘¥∫√‘‡«≥º‘«√à«¡√–À«à“ßπÈ”°—∫‰¢¡—πÀ√◊ÕπÈ”¡—π [1] ªØ‘°‘√‘¬“π’È‡ªìπªØ‘°‘√‘¬“∑’Ë
º—π°≈—∫‰¥â ·≈–‰≈‡æ ¬—ß “¡“√∂‡√àßªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå‡Õ ‡∑Õ√å (esterification) ·≈–
∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π (transesterification) ‰¥â ‡¡◊ËÕÕ¬Ÿà„π ¿“æ∑’Ë¡’πÈ”πâÕ¬ ¥â«¬‡Àµÿπ’È∑”„Àâ‡Õπ‰´¡åπ’È∂Ÿ°
π”¡“„™âª√–‚¬™πå„π∑“ßÕÿµ “À°√√¡Õ¬à“ß·æ√àÀ≈“¬·≈–À≈“°À≈“¬ ‡™àπ Õÿµ “À°√√¡Õ“À“√ Õÿµ “À°√√¡
°“√º≈‘µ “√‡§¡’ Õÿµ “À°√√¡¥â“π‡¿ —™°√√¡ ·≈–‚¥¬‡©æ“–Õ¬à“ß¬‘ËßÕÿµ “À°√√¡°“√º≈‘µ “√™–≈â“ß [2]
·À≈àß„π°“√º≈‘µ‰≈‡æ æ∫‰¥â„π ‘Ëß¡’™’«‘µ™π‘¥µà“ßÊ ‰¥â·°à æ◊™  —µ«å ·≈–®ÿ≈‘π∑√’¬å ‚¥¬∑’Ë°“√º≈‘µ‰≈‡æ 
®“°®ÿ≈‘π∑√’¬å°”≈—ß‡ªìπ∑’Ëπà“ π„®¡“°°«à“°“√º≈‘µ®“°æ◊™·≈– —µ«å ‡π◊ËÕß®“°‰≈‡æ ∑’Ëº≈‘µ®“°®ÿ≈‘π∑√’¬å¡’
§«“¡ “¡“√∂„π°“√‡√àßªØ‘°‘√‘¬“‰¥âÕ¬à“ßÀ≈“°À≈“¬ ¡’ª√‘¡“≥º≈º≈‘µ Ÿß ¡’§à“„™â®à“¬„π°“√º≈‘µµË” ßà“¬µàÕ
°“√¥—¥·ª≈ßæ—π∏ÿ°√√¡ ¡’§«“¡∑πµàÕ “√≈–≈“¬Õ‘π∑√’¬å ‰¡àµâÕß°“√‚§·ø§‡µÕ√å (cofactor) „π°“√∑”ªØ‘°‘√‘¬“
·≈–¡’§«“¡®”‡æ“–µàÕ “√µ—Èßµâπ (substrate) ∑’ËÀ≈“°À≈“¬ [3] ®ÿ≈‘π∑√’¬å°≈ÿà¡∑’Ë∂Ÿ°„™â„π°“√º≈‘µ‰≈‡æ °—π
Õ¬à“ß·æ√àÀ≈“¬ §◊Õ ®ÿ≈‘π∑√’¬å°≈ÿà¡√“ (fungi) „π °ÿ≈ Fusarium ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß Fusarium solani
´÷Ëß‡ªìπ√“‡ âπ„¬∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ‰≈‡æ ·≈â«À≈—ËßÕÕ°¡“πÕ°‡´≈≈å‰¥â ·≈–‰≈‡æ ∑’Ë‰¥â¬—ß¡’§«“¡
 “¡“√∂„π°“√‡√àßªØ‘°‘√‘¬“ Ÿß [4, 5] ·µà‡π◊ËÕß®“°‰≈‡æ ∑’Ëº≈‘µ‰¥â¡’√“§“ Ÿß [6] ·≈– F. solani ‡ªìπ
√“‡ âπ„¬∑’Ë¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ§àÕπ¢â“ßµË” [7] ®÷ß‰¥â¡’°“√π”‡∑§π‘§∑“ß¥â“πæ—π∏ÿ«‘»«°√√¡¡“„™â‡æ◊ËÕ
æ—≤π“ª√– ‘∑∏‘¿“æ„π°“√º≈‘µ‰≈‡æ  ´÷Ëßæ∫«à“®ÿ≈‘π∑√’¬å∑’Ë¡’√–∫∫°“√· ¥ßÕÕ°∑’Ë‡À¡“– ¡°—∫°“√· ¥ß
ÕÕ°¢Õß‰≈‡æ  §◊Õ Pichia pastoris [8] ¥—ßπ—Èπ°“√„™â‡∑§π‘§æ—π∏ÿ«‘»«°√√¡„π°“√‡æ‘Ë¡√–¥—∫°“√· ¥ß
ÕÕ°¢Õß‰≈‡æ ®“° F. solani „π P. pastoris ®÷ß‡ªìπ∑“ß‡≈◊Õ°∑’Ëπà“ π„® ÷́Ëß “¡“√∂∑”‰¥â‚¥¬§—¥‡≈◊Õ°
¬’π∑’Ëº≈‘µ‰≈‡æ ®“° F. solani ¡“‡æ‘Ë¡®”π«π™‘Èπ à«π¢Õß¥’‡ÕÁπ‡Õ ·≈–‡™◊ËÕ¡°—∫æ≈“ ¡‘¥ pGAPZαA
´÷Ëß‡ªìπæ≈“ ¡‘¥∑’Ë∂Ÿ°§«∫§ÿ¡°“√· ¥ßÕÕ°¥â«¬‚æ√‚¡‡µÕ√å glyceraldehydes-3-phosphate dehydrogenase
(GAP) ÷́Ëß‡ªìπ‚æ√‚¡‡µÕ√å∑’Ë àßº≈„Àâ¬’π¡’°“√· ¥ßÕÕ°µ≈Õ¥‡«≈“‚¥¬‰¡àµâÕß¡’°“√‡Àπ’Ë¬«π” [9] À√◊Õ
‡™◊ËÕ¡°—∫æ≈“ ¡‘¥ pPICZαA ´÷Ëß‡ªìπæ≈“ ¡‘¥∑’Ëª√–°Õ∫¥â«¬ à«π¢Õß‚æ√‚¡‡µÕ√å Alcohol oxidase 1
(AOX1) ÷́Ëß‡ªìπ‚æ√‚¡‡µÕ√å∑’Ë “¡“√∂™—°π”„Àâ¡’°“√· ¥ßÕÕ°‰¥â¥â«¬‡¡∑“πÕ≈ (methanol) [10] ®“°π—Èπ
Ω“°∂à“¬æ≈“ ¡‘¥≈Ÿ°º ¡∑’Ë‰¥â (recombinant plasmid) ‡¢â“ Ÿà P. pastoris ·≈â«‡Àπ’Ë¬«π”¥â«¬‡¡∑“πÕ≈
‡æ◊ËÕ„Àâ¡’°“√º≈‘µ‰≈‡æ ÕÕ°¡“πÕ°‡´≈≈å„π√–¥—∫∑’ËµâÕß°“√ ‡æ◊ËÕ∑’Ë®–π”‰≈‡æ ∑’Ëº≈‘µ‰¥â‰ª„™âª√–‚¬™πå„π
¥â“πµà“ßÊ µàÕ‰ª

§«“¡ “¡“√∂„π°“√‡√àßªØ‘°‘√‘¬“¢Õß‰≈‡æ 
‰≈‡æ ‡ªìπ‡Õπ‰´¡å∑’Ë¡’§«“¡ “¡“√∂„π°“√ ≈“¬æ—π∏–‡Õ ‡∑Õ√å ¢Õß‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å

´÷Ëß‡ªìπ‚¡‡≈°ÿ≈∑’Ë‰¡à≈–≈“¬πÈ” ‚¥¬®–Õ¬Ÿà„π√ŸªÕ‘¡—≈™—π (emulsion) ‰¥âº≈º≈‘µ‡ªìπ°≈’‡´Õ√Õ≈ ·≈–
°√¥‰¢¡—πÕ‘ √– ¥—ß· ¥ß„π√Ÿª∑’Ë 1 ªØ‘°‘√‘¬“‡°‘¥∫√‘‡«≥º‘«√à«¡√–À«à“ßπÈ”°—∫‰¢¡—πÀ√◊ÕπÈ”¡—π ·≈–¬—ßæ∫«à“
‰¥°≈’‡´Õ‰√¥å (diglyceride) ·≈–¡ÕπÕ°≈’‡´Õ‰√¥å (monoglyceride) Õ“®‡ªìπ “√µ—«°≈“ß (intermediate)
„πªØ‘°‘√‘¬“‰¥â ·≈–‡π◊ËÕß®“° “√µ—ÈßµâπÕ¬Ÿà„π√Ÿª∑’Ë‰¡à≈–≈“¬πÈ” Õ—µ√“‡√Á«‡√‘Ë¡µâπ¢ÕßªØ‘°‘√‘¬“ (initial rate)
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®÷ßÕ“®¢÷Èπ°—∫®”π«π‚¡‡≈°ÿ≈∑’Ë∂Ÿ°¥Ÿ¥´—∫‰«â„πæ◊Èπ∑’Ë√–À«à“ßπÈ”°—∫ “√µ—Èßµâπ [11] ´÷ËßªØ‘°‘√‘¬“π’È‡ªìπªØ‘°‘√‘¬“∑’Ë
º—π°≈—∫‰¥â πÕ°®“°π’È‰≈‡æ ¬—ß “¡“√∂‡√àßªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå‡Õ ‡∑Õ√å ·≈–∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π
‰¥â ‡¡◊ËÕÕ¬Ÿà„π ¿“æ∑’Ë¡’πÈ”πâÕ¬ [2]

√Ÿª∑’Ë 1 ªØ‘°‘√‘¬“°“√ ≈“¬æ—π∏–‡Õ ‡∑Õ√å„π‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å¢Õß‰≈‡æ  [12]

‰≈‡æ ®“°®ÿ≈‘π∑√’¬å
‰≈‡æ  “¡“√∂æ∫‰¥â„π ‘Ëß¡’™’«‘µ ∑—Èßæ◊™  —µ«å ·≈–®ÿ≈‘π∑√’¬å ‡π◊ËÕß®“°‰≈‡æ ‡ªìπ‡Õπ‰´¡å∑’Ë¡’

§«“¡ ”§—≠„π°√–∫«π°“√‡¡·∑∫Õ≈‘́ ÷¡¢Õß‰¢¡—π ·À≈àß¢Õß‰≈‡æ ∑’Ë ”§—≠´÷Ëßæ∫„πæ◊™ ‡™àπ º≈ª“≈å¡πÈ”¡—π
º≈¡–°Õ° ‡¡≈Á¥¢â“«‚æ¥ ‡¡≈Á¥∂—Ë«‡À≈◊Õß ‡¡≈Á¥∑“πµ–«—π ·≈–‡¡≈Á¥¢â“« “≈’ ‡ªìπµâπ [13]  à«π‰≈‡æ ∑’Ë
æ∫„π —µ«åæ∫‰¥â„πÕ«—¬«–µà“ßÊ ‡™àπ µ—∫ÕàÕπ °√–‡æ“–Õ“À“√ ·≈–≈”‰ â πÕ°®“°π’È¬—ßæ∫‰≈‡æ „ππÈ”π¡
¢Õß —µ«å¥â«¬ [14]

‰≈‡æ ®“°®ÿ≈‘π∑√’¬å°”≈—ß‡ªìπ∑’Ëπà“ π„®¡“°°«à“‰≈‡æ ∑’Ë‰¥â®“°æ◊™·≈– —µ«å ‡π◊ËÕß®“°‰≈‡æ ∑’Ë
º≈‘µ®“°®ÿ≈‘π∑√’¬å¡’§«“¡ “¡“√∂„π°“√‡√àßªØ‘°‘√‘¬“‰¥âÕ¬à“ßÀ≈“°À≈“¬ ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß®ÿ≈‘π∑√’¬å∑’Ëº≈‘µ
‰≈‡æ  ¡’ª√‘¡“≥º≈º≈‘µ Ÿß ¡’§à“„™â®à“¬„π°“√º≈‘µµË” ßà“¬µàÕ°“√¥—¥·ª≈ßæ—π∏ÿ°√√¡ ¡’§«“¡∑πµàÕ
 “√≈–≈“¬Õ‘π∑√’¬å ‰¡àµâÕß°“√‚§·ø§‡µÕ√å„π°“√∑”ªØ‘°‘√‘¬“ ¡’§«“¡®”‡æ“–µàÕ “√µ—Èßµâπ∑’ËÀ≈“°À≈“¬
·≈–¬—ß¡’Õ—µ√“°“√º≈‘µ‰≈‡æ ∑’Ë ŸßÕ’°¥â«¬ [3]

®ÿ≈‘π∑√’¬å∑’Ëº≈‘µ‰≈‡æ  “¡“√∂æ∫‰¥â„π·À≈àßµà“ßÊ ‡™àπ „π¥‘πÀ√◊ÕπÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ‰¢¡—π
À√◊ÕπÈ”¡—π [15, 16] ‡¡≈Á¥æ◊™πÈ”¡—πÀ√◊ÕÕ“À“√∑’Ë‡πà“‡ ’¬ [17] √«¡∂÷ßπÈ”æÿ√âÕπ [18] „πªí®®ÿ∫—π¡’®ÿ≈‘π∑√’¬å∑’Ë
 “¡“√∂º≈‘µ‰≈‡æ ∑’Ë∂Ÿ°„™â„π∑“ß°“√§â“ 98  “¬æ—π∏ÿå ·∫àß‡ªìπ√“ 39  “¬æ—π∏ÿå ¬’ µå 20  “¬æ—π∏ÿå ·≈–
·∫§∑’‡√’¬ 39  “¬æ—π∏ÿå ¥—ß· ¥ß„πµ“√“ß∑’Ë 1
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µ“√“ß∑’Ë 1 ®ÿ≈‘π∑√’¬å∑’Ëº≈‘µ‰≈‡æ ∑’Ë„™â∑“ß°“√§â“ [19-21]

·∫§∑’‡√’¬ √“ ¬’ µå

Achromobacter sp. Absida corymbifera Candida sp.

A. lipolyticus A. hyalospora C. antarcea

Acinetobacter sp. Amylomyces rouxii C. auricularia

A. pseudoalcaligenes Aspergillus sp. C. curvata

Alcaligenes sp. A. flavus C. lipolytica

A. denitrificans A. fumigatus C. deformans

Arthrobacter sp. A. nidulans C. foliorum

Bacillus cereus A. niger C. humicula

B. megaterium A. oryzae C. rugosa

B. laterosporus Chaetomium sp. C. tsukubaensis

B. sphereicus Coelomyceles sp. Pichia miso

B. stearothermophilus Fusarium oxysporum Saccharomyces fragilis

B. thaiminolyticus F. solani S. fibuligera

B. thermonocatenulatus Geotrichum sp. S. lipolytica

B. thermoleovocans Glomus versiforme S. cerevisiae

Burkhoderia cepacia Hansenula anomala Schizosaccharomyces sp.

C. chocolatum Humicola grisea Talaromyces thermophilus

C. viscosum H. lanuginose Thielavia minor

Corynebacterium acnes Microthrix parvicella Torula thermophila

Crytococus laurentii Mucor javanicus Ustilago maydis

Enterococus faecalis M. lipolyticus

Flavobacterium arborescens M. miehei

F. ferruginem M. pusillus

Lactobacillus sp. Neurospora sitophila

Leishmania donovani Nocardia amarae

Malbrancheae pulcella Penicillium crustosum

Micrococus frendenreichii P. camembert

Mycobacterium chelonae P. cyclopium

Myxococus xantus P. roquefortii

Propionibacterium acnes P. candidum

P. granulosum P. citrinum
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µ“√“ß∑’Ë 1 (µàÕ) ®ÿ≈‘π∑√’¬å∑’Ëº≈‘µ‰≈‡æ ∑’Ë„™â∑“ß°“√§â“ [19-21]

·∫§∑’‡√’¬ √“ ¬’ µå

Protaminobacter alboflavus P. simplicissimum

Pseudomonas sp. P. solitum

P. aeruginosa P. uriticae

P. cepacia Phycomyces nitens

P. fluorescen Rhizomucor miehei

P. fragi Rhizopus sp.

P. pseudoalcaligens R. chinensis

P. stutzeri R. delemar

«√“¿√≥å ¡≈‘≈“» [5] ‰¥â§—¥·¬°√“®“°µ—«Õ¬à“ß¥‘π·≈–æ◊™πÈ”¡—π 21 ·À≈àß¥â«¬«‘∏’∑”‡ªìπ
 “√≈–≈“¬‡®◊Õ®“ß≈¥§«“¡‡¢â¡¢âπ≈ßµ“¡≈”¥—∫∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ PDA æ∫«à“ “¡“√∂·¬°‡™◊ÈÕ√“‰¥â∑—ÈßÀ¡¥
70 ‰Õ‚´‡≈µ ‡¡◊ËÕπ”√“∑’Ë‰¥â¡“∑¥ Õ∫°“√º≈‘µ‰≈‡æ ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß BYPO ∑’Ë„ àπÈ”¡—πª“≈å¡·≈–
‚√¥“¡’π ∫’ æ∫«à“¡’√“®”π«π 38 ‰Õ‚´‡≈µ “¡“√∂º≈‘µ‰≈‡æ ‰¥â ®“°π—Èππ”√“∑’Ë “¡“√∂º≈‘µ‰≈‡æ ‰¥â¡“
‡≈’È¬ßµàÕ„πÕ“À“√‡À≈« ”À√—∫°“√º≈‘µ‰≈‡æ ‚¥¬„™âπÈ”¡—πª“≈å¡‡ªìπµ—«™—°π”„π°“√º≈‘µ‰≈‡æ  ‡¡◊ËÕ
∑¥ Õ∫§«“¡ “¡“√∂„π°“√‡√àßªØ‘°‘√‘¬“¢Õß‰≈‡æ æ∫«à“√“‡ âπ„¬ F. solani º≈‘µ‰≈‡æ ∑’Ë¡’·Õ°∑‘«‘µ’
®”‡æ“– Ÿß∑’Ë ÿ¥ §◊Õ 87.73 ± 0.99 ¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡‚ª√µ’π

Maia §≥– [4] √“¬ß“π§à“æ’‡Õ™∑’Ë‡À¡“– ”À√—∫°“√º≈‘µ‰≈‡æ ¢Õß F. solani §◊Õ 8 ·≈–
Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ”À√—∫°“√º≈‘µ‰≈‡æ ¢Õß F. solani §◊Õ Õÿ≥À¿Ÿ¡‘µË”°«à“ 35 Õß»“‡´≈‡ ’́¬  πÕ°®“°π’È
°“√‡µ‘¡‰¡‚§√¡‘‡πÕ√—≈ å (microminerals) ≈ß‰ª„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ®–∑”„Àâ F. solani ¡’°“√º≈‘µ‰≈‡æ 
¡“°°«à“Õ“À“√∑’Ë‰¡à‡µ‘¡‰¡‚§√¡‘‡πÕ√—≈ å·≈–°“√∫à¡‰≈‡æ ¥â«¬πÕ√å¡Õ≈‡Œ°‡´π (n-hexane) ·≈–‚∑≈ŸÕ’π
(toluene) ∑’Ë§«“¡‡¢â¡¢âπ 50 ‡ªÕ√å‡´Áπµå ‚¥¬ª√‘¡“µ√®–∑”„Àâ‰≈‡æ ¡’·Õ°∑‘«‘µ’ Ÿß∑’Ë ÿ¥ ·≈–‰¡àæ∫·Õ°∑‘«‘µ’
¢Õß‰≈‡æ ‡¡◊ËÕ∫à¡¥â«¬ “√≈–≈“¬Õ‘π∑√’¬å∑’Ë≈–≈“¬πÈ”‰¥â∑’Ë§«“¡‡¢â¡¢âπ Ÿß°«à“ 20 ‡ªÕ√å‡´Áπµå‚¥¬ª√‘¡“µ√
πÕ°®“°π’È Jallouli ·≈–§≥– [22] ¬—ßæ∫«à“‰≈‡æ ®“° F. solani ¡’¡«≈‚¡‡≈°ÿ≈‡∑à“°—∫ 30 °‘‚≈¥“≈µ—π
·≈–¡’§à“·Õ°∑‘«‘µ’®”‡æ“–‡∑à“°—∫ 1,610 ¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡‚ª√µ’π

‚§√ß √â“ß “¡¡‘µ‘¢Õß‰≈‡æ ∑’Ë‰¥â®“°®ÿ≈‘π∑√’¬å
‰≈‡æ ∑’Ë‰¥â®“°®ÿ≈‘π∑√’¬å¡’πÈ”Àπ—° 19-60 °‘‚≈¥“≈µ—π ¡’°“√®—¥‡√’¬ßµ—«¢Õß‚¡‡≈°ÿ≈„π√Ÿª·∫∫∑’Ë

‡√’¬°«à“ α/β-hydrolase fold ́ ÷Ëßª√–°Õ∫‰ª¥â«¬·°π°≈“ß∑’Ë‡ªìπ·ºàπæ—∫‡∫µâ“·∫∫¢π“π°—π (parallel β-sheets)
®”π«π 8 ‚¡‡≈°ÿ≈ (β1-β8) ∑’Ë¡’§«“¡·µ°µà“ß°—π‡™◊ËÕ¡µàÕ°—π¥â«¬‡°≈’¬«·Õ≈ø“ (α-helices) ®”π«π 5 ‚¡‡≈°ÿ≈
(A-F)  ”À√—∫∫√‘‡«≥‡√àßªØ‘°‘√‘¬“ (active site) ¢Õß‰≈‡æ  ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π‡´Õ√’π (serine),
°√¥·Õ æ“√å∑‘§ (aspartic acid) À√◊Õ°√¥°≈Ÿµ“¡‘§ (glutamic acid), ·≈–Œ‘ ∑‘¥’π (histidine) [3]
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ªØ‘°‘√‘¬“°“√ ≈“¬æ—π∏–‡Õ ‡∑Õ√å¢Õß‰≈‡æ ®–‡√‘Ë¡¢÷Èπ‡¡◊ËÕÕÕ°´‘‡®πÕ–µÕ¡¢Õß°√¥Õ–¡‘‚π‡´Õ√’π
∑’ËÕ¬Ÿà„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‰≈‡æ ‡¢â“‰ª®—∫Õ–µÕ¡¢Õß§“√å∫Õπ∑’Ë √â“ßæ—π∏–‡Õ ‡∑Õ√å¢Õß “√µ—Èßµâπ·∫∫
nucleophilic attack ·≈â«‡°‘¥ “√µ—«°≈“ß∑’Ë¡’‚§√ß √â“ß‡ªìπ‡µ∑µ√–Œ’¥√—≈ (tetrahedral) À≈—ß®“°π—Èπ®–¡’
°“√ √â“ßæ—π∏–‰Œ‚¥√‡®π√–À«à“ß “√µ—«°≈“ß¥—ß°≈à“«°—∫‰π‚µ√‡®πÕ–µÕ¡¢Õß°√¥Õ–¡‘‚π∑’ËÕ¬Ÿà„π “¬‚´à
À≈—°¢ÕßæÕ≈‘‡æª‰∑¥åµ√ß∫√‘‡«≥∑’Ë‡√’¬°«à“ oxyanion hole À≈—ß®“°π—Èπ®–¡’°“√°”®—¥·Õ≈°ÕŒÕ≈åÕÕ°‰ª
‡°‘¥‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß‰≈‡æ °—∫°√¥‰¢¡—π (acyl-lipase complex) ·≈–¡’°“√ª≈¥ª≈àÕ¬
°√¥‰¢¡—πÕ‘ √–ÕÕ°‰ª„π∑â“¬∑’Ë ÿ¥ ®“°π—Èπ‰≈‡æ °Á®–°≈—∫§◊π¡“ Ÿà ¿“æ‡¥‘¡ [3]

‡π◊ËÕß®“°ªØ‘°‘√‘¬“°“√ ≈“¬æ—π∏–‡Õ ‡∑Õ√å„π‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å¢Õß‰≈‡æ ®–‡°‘¥¢÷Èπ
∫√‘‡«≥º‘«√à«¡√–À«à“ßπÈ”°—∫πÈ”¡—π ¥—ßπ—Èπ®÷ß‰¡à “¡“√∂„™â ¡°“√ Michaelis-Menten „π°“√Õ∏‘∫“¬°≈‰°
°“√∑”ß“π¢Õß‰≈‡æ ‰¥â ‡π◊ËÕß®“° ¡°“√π’È„™âÕ∏‘∫“¬‡©æ“–ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ„π ∂“π–„¥ ∂“π–Àπ÷Ëß‡∑à“π—Èπ
·≈–®“°°“√»÷°…“‚§√ß √â“ß “¡¡‘µ‘¢Õß‰≈‡æ  (√Ÿª∑’Ë 2) æ∫«à“∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß‰≈‡æ ®–¡’°√¥Õ–¡‘‚π
‡√’¬ßµ—«‡ªìπ√Ÿª√à“ß‡°≈’¬« (α-helix) ª°§≈ÿ¡Õ¬Ÿà ‡√’¬°«à“ ≈‘¥ (lid) À√◊Õ·ø≈ª (flap) ·≈–‡π◊ËÕß®“°æ◊Èπ∑’Ëº‘«
 à«π„À≠à¢Õß‰≈‡æ ¡’≈—°…≥–‰¡à™Õ∫πÈ” (hydrophobia) ¥—ßπ—Èπ‰≈‡æ ®÷ß®—∫°—∫∫√‘‡«≥º‘«√à«¡√–À«à“ßπÈ”°—∫
πÈ”¡—π‰¥â¥’ ‡¡◊ËÕ‰≈‡æ Õ¬Ÿà∑’Ë∫√‘‡«≥º‘«√à«¡√–À«à“ßπÈ”°—∫πÈ”¡—π≈‘¥®–À≈ÿ¥ÕÕ°‰ª ∑”„Àâ∫√‘‡«≥‡√àßªØ‘°‘√‘¬“
¢Õß‰≈‡æ  —¡º— °—∫ “√≈–≈“¬∑’ËÕ¬Ÿà√Õ∫Ê ·≈–‡°‘¥ªØ‘°‘√‘¬“‰¥â [3]

√Ÿª∑’Ë 2 ‚§√ß √â“ß “¡¡‘µ‘¢Õß‰≈‡æ ®“°®ÿ≈‘π∑√’¬å [3]
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§«“¡®”‡æ“–„π°“√∑”ªØ‘°‘√‘¬“¢Õß‰≈‡æ 
§«“¡®”‡æ“–¢Õß‰≈‡æ ¡’ 3 ≈—°…≥– ‰¥â·°à §«“¡®”‡æ“–µàÕµ”·Àπàß∫π‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å

§«“¡®”‡æ“–µàÕ™π‘¥°√¥‰¢¡—πÀ√◊Õ´—∫ ‡µ√∑ ·≈–§«“¡®”‡æ“–µàÕ‰Õ‚´‡¡Õ√å (stereochemical specificity)
Macrae [11] ‰¥â·∫àß‰≈‡æ ∑’Ë‰¥â®“°®ÿ≈‘π∑√’¬å‡ªìπ 2 °≈ÿà¡„À≠àÊ µ“¡§«“¡®”‡æ“–µàÕµ”·Àπàß

∫π‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å °≈ÿà¡·√° §◊Õ °≈ÿà¡∑’Ë‰¡à¡’§«“¡®”‡æ“–µàÕµ”·Àπàß∫π‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å
‰≈‡æ °≈ÿà¡π’È®– ≈“¬‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å‰¥â‡ªìπ°≈’‡´Õ√Õ≈·≈–°√¥‰¢¡—πÕ‘ √–Õ¬à“ß ¡∫Ÿ√≥å °≈ÿà¡∑’Ë Õß
§◊Õ °≈ÿà¡∑’Ë∑”ªØ‘°‘√‘¬“°“√ ≈“¬æ—π∏–‡Õ ‡∑Õ√å‡®“–®ß∑’Ëµ”·Àπàß∑’Ë 1 ·≈– 3 (1,3 Sn specificity) ∫π
‚¡‡≈°ÿ≈‰µ√°≈’‡´Õ‰√¥å ‰≈‡æ °≈ÿà¡π’È®– ≈“¬æ—π∏–‡Õ ‡∑Õ√å¢Õß‰µ√°≈’‡´Õ‰√¥å‰¥âº≈‘µ¿—≥±å‡ªìπ 1,2
(2,3)-diglyceride ·≈– 2-monoglyceride ÷́Ëß‡ªìπ‚¡‡≈°ÿ≈∑’Ë‰¡à‡ ∂’¬√ ·≈–®–¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ
1,3-diglyceride ·≈– 1-monoglyceride µ“¡≈”¥—∫„π∑’Ë ÿ¥ ·µàÕ¬à“ß‰√°Áµ“¡ Jallouli ·≈–§≥– [23]
√“¬ß“π«à“‰≈‡æ ®“° F. solani ¡’§«“¡®”‡æ“–µàÕµ”·Àπàß∑’Ë 1 ·≈– 2 (1,2 Sn specificity) ∫π‚¡‡≈°ÿ≈
‰µ√°≈’‡´Õ‰√¥å

°“√„™â‡∑§π‘§æ—π∏ÿ«‘»«°√√¡„π°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ 
P. pastoris ‡ªìπ¬’ µå∑’Ë “¡“√∂„™â‡¡∑“πÕ≈‡ªìπ·À≈àß§“√å∫Õπ„π°“√‡®√‘≠‡µ‘∫‚µ‰¥â

(methylotrophic yeast) ·≈–√–∫∫°“√· ¥ßÕÕ°¢Õß P. pastoris ¡’¢âÕ¥’À≈“¬¢âÕ ‰¥â·°à  “¡“√∂ °—¥
‚ª√µ’π∑’Ë P. pastoris º≈‘µÕÕ°¡“‰¥â –¥«°  “¡“√∂º≈‘µ‚ª√µ’π∑’Ë¡’°“√¡â«πæ—∫∂Ÿ°µâÕß·≈–ºà“π
°√–∫«π°“√°“√ª√—∫·µàßÀ≈—ß°“√·ª≈√À—  (post translation modification) ·≈– “¡“√∂ª≈àÕ¬‚ª√µ’π
ÕÕ°¡“πÕ°‡´≈≈å‰¥â„πª√‘¡“≥¡“° ¥â«¬‡Àµÿº≈¥—ß°≈à“« P. pastoris ®÷ß‰¥â√—∫°“√ª√—∫ª√ÿß„Àâ‡ªìπ‡´≈≈å
‡®â“∫â“π∑’Ë¡’√–∫∫°“√· ¥ßÕÕ° ‡À¡“– ”À√—∫°“√º≈‘µ·≈–ª≈àÕ¬‚ª√µ’π®“° ‘Ëß¡’™’«‘µÕ◊Ëπ À√◊Õ∑’Ë‡√’¬°«à“
√–∫∫°“√· ¥ßÕÕ°·∫∫‡Œ‡∑Õ‚√‚≈°—  (heterologous expression system) [24]

¢—ÈπµÕπ„π°“√ √â“ß√–∫∫°“√· ¥ßÕÕ°·∫∫‡Œ‡∑Õ‚√‚≈°— „π P. pastoris µâÕßÕ“»—¬‡∑§π‘§
æ—π∏ÿ«‘»«°√√¡ ´÷Ëßª√–°Õ∫¥â«¬¢—ÈπµÕπÀ≈—° 3 ¢—ÈπµÕπ [25] ‰¥â·°à

1) „ à¬’π∑’ËµâÕß°“√‡¢â“ Ÿà‡«°‡µÕ√å∑’Ë„™â ”À√—∫°“√· ¥ßÕÕ°¢Õß¬’π (expression vector)
2) π”‡«°‡µÕ√å∑’Ë„™â ”À√—∫°“√· ¥ßÕÕ°¢Õß¬’π¥—ß°≈à“«‡¢â“ Ÿà‡´≈≈å‡®â“∫â“π P. pastoris
3) ∑¥ Õ∫°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë„ à‡¢â“‰ª„π P. pastoris ‡æ◊ËÕ„Àâ √â“ß‚ª√µ’π∑’ËµâÕß°“√

æ≈“ ¡‘¥∑’Ë„™â„π√–∫∫°“√· ¥ßÕÕ°·∫∫‡Œ‡∑Õ‚√‚≈°— ¢Õß P. pastoris
- æ≈“ ¡‘¥ pPICZαA

°“√„™âæ≈“ ¡‘¥ pPICZαA (√Ÿª∑’Ë 3 °) „π√–∫∫°“√· ¥ßÕÕ°·∫∫‡Œ‡∑Õ‚√‚≈°— ¢Õß
P. pastoris ¡’¢âÕ¥’ §◊Õ æ≈“ ¡‘¥ pPICZαA ª√–°Õ∫¥â«¬ à«π¢Õß‚æ√‚¡‡µÕ√å AOX1 ÷́Ëß‡ªìπ‚æ√‚¡‡µÕ√å
∑’Ë “¡“√∂™—°π”„Àâ¡’°“√· ¥ßÕÕ°‰¥â„π√–¥—∫∑’Ë‡À¡“– ¡¥â«¬‡¡∑“πÕ≈ πÕ°®“°π’Èæ≈“ ¡‘¥ pPICZαA
¬—ßª√–°Õ∫¥â«¬ α-factor prepropeptide ®“° Saccharomyces cerevisiae ´÷Ëß™à«¬„Àâ P. pastoris
 “¡“√∂À≈—Ëß‚ª√µ’πÕÕ°¡“¿“¬πÕ°‡´≈≈å‰¥â ·≈–¡’ C-terminal (His)6 tag ∑’Ë™à«¬„Àâ°√–∫«π°“√∑”„Àâ
‚ª√µ’π∫√‘ ÿ∑∏‘Ï∑”‰¥â –¥«°¬‘Ëß¢÷Èπ πÕ°®“°π—Èπæ≈“ ¡‘¥ pPICZαA ¬—ß¡’ à«π¢Õß¬’π∑’Ëµâ“π¬“ªØ‘™’«π–´’‚Õ´‘π
(Zeocin) ÷́Ëß„™â ”À√—∫§—¥·¬°®ÿ≈‘π∑√’¬å∑’Ë‰¥â√—∫æ≈“ ¡‘¥·≈â« [24]
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- æ≈“ ¡‘¥ pGAPZαA
°“√„™âæ≈“ ¡‘¥ pGAPZαA (√Ÿª∑’Ë 3 ¢) „π√–∫∫°“√· ¥ßÕÕ°·∫∫‡Œ‡∑Õ‚√‚≈°— ¢Õß

P. pastoris ¡’¢âÕ¥’ §◊Õ æ≈“ ¡‘¥ pGAPZαA ª√–°Õ∫¥â«¬ à«π¢Õß‚æ√‚¡‡µÕ√å GAP ´÷Ëß‡ªìπ‚æ√‚¡‡µÕ√å
∑’Ë àßº≈„Àâ¬’π®“° ‘Ëß¡’™’«‘µ™π‘¥Õ◊Ëπ¡’°“√· ¥ßÕÕ°µ≈Õ¥‡«≈“ ‚¥¬‰¡àµâÕß¡’°“√‡µ‘¡ “√‡Àπ’Ë¬«π”‡À¡◊Õπ°—∫
æ≈“ ¡‘¥ pPICZαA [26] πÕ°®“°π’Èæ≈“ ¡‘¥ pGAPZαA ¬—ßª√–°Õ∫¥â«¬ α-factor prepropeptide
®“° S. cerevisiae ·≈– C-terminal (His)6 tag √«¡∂÷ß à«π¢Õß¬’π∑’Ë∑”„Àâµâ“π¬“ªØ‘™’«π–´’‚Õ´‘π‡™àπ
‡¥’¬«°—∫æ≈“ ¡‘¥ pPICZαA [24]

®“°√“¬ß“π¢Õß Delroisse ·≈–§≥– [26] æ∫«à“‚æ√‚¡‡µÕ√å GAP ¡’ª√– ‘∑∏‘¿“æ„π°“√
§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π¡“°°«à“‚æ√‚¡‡µÕ√å AOX1 ‚¥¬‡¡◊ËÕ∂à“¬¬’π Tribolium castaueum
carboxylesterase (TCE) ‡¢â“ Ÿà P. pastoris ‚¥¬Õ“»—¬æ≈“ ¡‘¥∑’Ë∂Ÿ°§«∫§ÿ¡‚¥¬‚æ√‚¡‡µÕ√å GAP ·≈–
‚æ√‚¡‡µÕ√å AOX1 ‡ªìπ‡«°‡µÕ√å æ∫«à“¬’π TCE ∑’Ë∂Ÿ°§«∫§ÿ¡°“√· ¥ßÕÕ°‚¥¬‚æ√‚¡‡µÕ√å GAP ¡’°“√
· ¥ßÕÕ°¢Õß‚ª√µ’π¡“°°«à“‡¡◊ËÕ∂Ÿ°§«∫§ÿ¡°“√· ¥ßÕÕ°‚¥¬‚æ√‚¡‡µÕ√å AOX1 ª√–¡“≥ 2 ‡∑à“ ·µà
®“°°“√√“¬ß“π¢Õß Boonvitthya ·≈–§≥– [24] æ∫«à“‚æ√‚¡‡µÕ√å AOX1 ¡’ª√– ‘∑∏‘¿“æ„π°“√§«∫§ÿ¡
°“√· ¥ßÕÕ°¢Õß¬’π¡“°°«à“°“√„™â‚æ√‚¡‡µÕ√å GAP ‚¥¬‡¡◊ËÕ∂à“¬¬’π‡∫µâ“°≈Ÿ‚§ ‘‡¥  (beta-glucosidase)
®“° Aspergillus oryzae ‡¢â“ Ÿà P. pastoris ‚¥¬Õ“»—¬æ≈“ ¡‘¥∑’Ë∂Ÿ°§«∫§ÿ¡‚¥¬‚æ√‚¡‡µÕ√å GAP ·≈–
‚æ√‚¡‡µÕ√å AOX1 ‡ªìπ‡«°‡µÕ√å‡™àπ°—π æ∫«à“¬’π‡∫µâ“°≈Ÿ‚§ ‘‡¥ ∑’Ë∂Ÿ°§«∫§ÿ¡°“√· ¥ßÕÕ°‚¥¬‚æ√‚¡‡µÕ√å
AOX1 ¡’°“√· ¥ßÕÕ°¢Õß‚ª√µ’π¡“°°«à“∑’Ë∂Ÿ°§«∫§ÿ¡°“√· ¥ßÕÕ°‚¥¬‚æ√‚¡‡µÕ√å GAP ª√–¡“≥
1.4 ‡∑à“

√Ÿª∑’Ë 3 °  à«πª√–°Õ∫¢Õßæ≈“ ¡‘¥ pPICZαA
¢  à«πª√–°Õ∫¢Õßæ≈“ ¡‘¥ pGAPZαA
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°“√»÷°…“‡°’Ë¬«°—∫°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ „π P. pastoris
‰¥â¡’°“√»÷°…“‡°’Ë¬«°—∫°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“°®ÿ≈‘π∑√’¬å™π‘¥µà“ßÊ „π

P. pastoris ¥—ßπ’È Brunel ·≈–§≥– [27] »÷°…“°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“°¬’π CpLIP 2
®“° Candida parapsilosis „π P. pastoris ‚¥¬„™âæ≈“ ¡‘¥ pPIC 9K ‡ªìπ‡«°‡µÕ√å ”À√—∫°“√
Ω“°∂à“¬¬’π ·≈–§—¥‡≈◊Õ° P. pastoris ∑’Ë‰¥â√—∫æ≈“ ¡‘¥®“°§«“¡ “¡“√∂„π°“√µâ“π∑“π¬“ªØ‘™’«π–
·Õ¡æ‘´‘≈‘π (ampicilin) æ∫«à“‰≈‡æ ∑’Ë‰¥â¡’§à“·Õ°∑‘«‘µ’®”‡æ“– Ÿß ÿ¥‡∑à“°—∫ 74 ± 8 ¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡‚ª√µ’π
´÷Ëß§à“·Õ°∑‘«‘µ’®”‡æ“–¥—ß°≈à“«¡“°°«à“‰≈‡æ ∑’Ëº≈‘µ®“° C. parapsilosis ‚¥¬µ√ß 60 ‡∑à“ Quyen ·≈–
§≥– [28] ‰¥â»÷°…“°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“°¬’π BTL2 ¢Õß Bacillus thermocatenulatus
„π P. pastoris  “¬æ—π∏ÿå GS115 ‚¥¬„™âæ≈“ ¡‘¥ pPICZαA ‡ªìπ‡«°‡µÕ√å ”À√—∫°“√Ω“°∂à“¬¬’π·≈–
§—¥‡≈◊Õ° P. pastoris ∑’Ë‰¥â√—∫æ≈“ ¡‘¥®“°§«“¡ “¡“√∂„π°“√µâ“π∑“π¬“ªØ‘™’«π–´’‚Õ´‘π æ∫«à“‡¡◊ËÕ„™â
‰µ√∫‘«∑’√‘π (tributyrin) ·≈–‰µ√‚Õ‡≈Õ‘π (triolein) ‡ªìπ “√µ—ÈßµâπÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ°“√∑”ß“π¢Õß
‰≈‡æ ∑’Ë‰¥â®“° P. pastoris §◊Õ 65 ·≈– 75 Õß»“‡´≈‡ ’́¬  µ“¡≈”¥—∫  à«π§à“æ’‡Õ™∑’Ë‡À¡“– ¡ §◊Õ 7.5
·≈– 9 µ“¡≈”¥—∫ ·≈–‡¡◊ËÕπ”‰≈‡æ ‰ª∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬ºà“π§Õ≈—¡πå∫‘«∑‘≈-‡´ø“‚√  (butyl-Sepharose)
æ∫«à“¡’§à“·Õ°∑‘«‘µ’®”‡æ“– Ÿß ÿ¥‡∑à“°—∫ 23,000 ¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡‚ª√µ’π‡¡◊ËÕ„™â‰µ√∫‘«∑’√‘π‡ªìπ “√µ—Èßµâπ
πÕ°®“°π’È¬—ßæ∫«à“‰≈‡æ ∑’Ë‰¥â¡’§«“¡®”‡æ“–µàÕ “√µ—Èßµâπ∑’Ë‡ªìπ‰µ√°≈’‡´Õ‰√¥å∑’Ëª√–°Õ∫¥â«¬°√¥‰¢¡—π∑’Ë¡’
®”π«π§“√å∫Õπ 4 Õ–µÕ¡ ¡“°∑’Ë ÿ¥ ·≈–¬—ß¡’§«“¡‡ ∂’¬√ Ÿß‡¡◊ËÕÕ¬Ÿà„π “√≈–≈“¬Õ‘π∑√’¬åÀ√◊Õ “√™–≈â“ß
Zhao ·≈–§≥– [29] ‰¥â»÷°…“°“√· ¥ßÕÕ°¢Õß¬’π‰≈‡æ ®“° Candida rugosa „π P. pastoris
 “¬æ—π∏ÿå X-33 ‚¥¬„™âæ≈“ ¡‘¥ pGAPZαA ‡ªìπ‡«°‡µÕ√å ”À√—∫°“√Ω“°∂à“¬¬’π·≈–§—¥‡≈◊Õ° P. pastoris
∑’Ë‰¥â√—∫æ≈“ ¡‘¥®“°§«“¡ “¡“√∂„π°“√µâ“π∑“π¬“ªØ‘™’«π–´’‚Õ´‘πæ∫«à“‰≈‡æ ∑’Ë‰¥â¡’§à“·Õ°∑‘«‘µ’∑’Ë Ÿß ÿ¥‡∑à“°—∫
14,000 ¬Ÿπ‘µµàÕ¡‘≈≈‘≈‘µ√ ‚¥¬Õÿ≥À¿Ÿ¡‘·≈–§à“æ’‡Õ™∑’Ë∑”„Àâ‰≈‡æ ¡’·Õ°∑‘«‘µ’ Ÿß∑’Ë ÿ¥‡∑à“°—∫ 26 Õß»“‡´≈‡´’¬ 
·≈– 6.5 µ“¡≈”¥—∫ Yu ·≈–§≥– [30] ‰¥â»÷°…“°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“°¬’π YlLip2
¢Õß Yarowia lipolytica „π P. pastoris  “¬æ—π∏ÿå X-33 ‚¥¬„™âæ≈“ ¡‘¥ pPICZαA ‡ªìπ‡«°‡µÕ√å
 ”À√—∫°“√Ω“°∂à“¬¬’π·≈–§—¥‡≈◊Õ° P. pastoris ∑’Ë‰¥â√—∫æ≈“ ¡‘¥®“°§«“¡ “¡“√∂„π°“√µâ“π∑“π¬“
ªØ‘™’«π–´’‚Õ´‘πæ∫«à“‰≈‡æ ∑’Ë‰¥â¡’§à“·Õ°∑‘«‘µ’·≈–·Õ°∑‘«‘µ’®”‡æ“–‡∑à“°—∫ 12,500 ¬Ÿπ‘µµàÕ¡‘≈≈‘≈‘µ√ ·≈–
19,880 ¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡‚ª√µ’π µ“¡≈”¥—∫ ´÷Ëß§à“·Õ°∑‘«‘µ’®”‡æ“–¥—ß°≈à“«‰¡à·µ°µà“ß®“°‰≈‡æ ∑’Ëº≈‘µ®“°
Y. lipolytica ‚¥¬µ√ß ·≈–æ∫«à“‰≈‡æ ∑’Ë‰¥â¡’§«“¡®”‡æ“–µàÕ “√µ—Èßµâπ∑’Ë‡ªìπ‰µ√°≈’‡´Õ‰√¥å∑’Ëª√–°Õ∫
¥â«¬°√¥‰¢¡—π∑’Ë¡’®”π«π§“√å∫Õπ “¬¬“«‡∑à“°—∫ 12-16 Õ–µÕ¡ ¡“°°«à“ “√µ—Èßµâπ™π‘¥Õ◊Ëπ πÕ°®“°π’È
§ÿ≥ ¡∫—µ‘µà“ßÊ ¢Õß‰≈‡æ ∑’Ëº≈‘µ‰¥â®“° P. pastoris ¬—ß‡À¡◊Õπ°—∫‰≈‡æ ∑’Ëº≈‘µ®“° Y. lipolytica
´÷Ëß¡’Õÿ≥À¿Ÿ¡‘·≈–§à“æ’‡Õ™∑’Ë‡À¡“– ¡µàÕ°“√∑”ß“π¢Õß‰≈‡æ ‡∑à“°—∫ 40 Õß»“‡´≈‡ ’́¬  ·≈– 8 µ“¡≈”¥—∫
·≈–‰≈‡æ ∑’Ë‰¥â¡’¡«≈‚¡‡≈°ÿ≈‡∑à“°—∫ 39 °‘‚≈¥“≈µ—π πÕ°®“°π’È Wang ·≈–§≥– [31] ‰¥â»÷°…“°“√‡æ‘Ë¡
√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“°¬’π YlLIP2 ¢Õß Y. lipolytica „π P. pastoris  “¬æ—π∏ÿå X-33 ‚¥¬
„™âæ≈“ ¡‘¥ pGAPZαA ‡ªìπ‡«°‡µÕ√å ”À√—∫°“√Ω“°∂à“¬¬’π·≈–§—¥‡≈◊Õ° P. pastoris ∑’Ë‰¥â√—∫æ≈“ ¡‘¥
®“°§«“¡ “¡“√∂„π°“√µâ“π∑“π¬“ªØ‘™’«π– ’́‚Õ ‘́π æ∫«à“‰≈‡æ ∑’Ë‰¥â¡’§à“·Õ°∑‘«‘µ’∑’Ë Ÿß ÿ¥‡∑à“°—∫ 13,500 ¬Ÿ
π‘µµàÕ¡‘≈≈‘≈‘µ√ ·≈–¡’Õÿ≥À¿Ÿ¡‘·≈–§à“æ’‡Õ™∑’Ë‡À¡“– ¡µàÕ°“√∑”ß“π¢Õß‰≈‡æ ‡∑à“°—∫ 40 Õß»“‡´≈‡ ’́¬ 
·≈– 8 µ“¡≈”¥—∫ ‡™àπ‡¥’¬«°—∫‰≈‡æ ∑’Ëº≈‘µ®“° Y. lipolytica ‚¥¬µ√ß ·µà‰≈‡æ ∑’Ë‰¥â¡’¡«≈‚¡‡≈°ÿ≈‡∑à“°—∫
37 °‘‚≈¥“≈µ—π ´÷Ëßµà“ß®“°‰≈‡æ ∑’Ëº≈‘µ®“° Y. lipolytica
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®“°°“√»÷°…“¢â“ßµâπÕ“®°≈à“«‰¥â«à“°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ „π P. pastoris ¡’
ª√– ‘∑∏‘¿“æ·µ°µà“ß°—π ¢÷ÈπÕ¬Ÿà°—∫·À≈àß∑’Ë¡“¢Õß¬’π‰≈‡æ ·≈–™π‘¥¢Õßæ≈“ ¡‘¥∑’Ë„™â„π°“√Ω“°∂à“¬¬’π
¥—ß· ¥ß„πµ“√“ß∑’Ë 2 °≈à“«§◊Õ  “¡“√∂‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“° C. parapsilosis ‰¥â∂÷ß
60 ‡∑à“ [27] ‡¡◊ËÕ„™âæ≈“ ¡‘¥ pPIC 9K „π°“√∂à“¬¬’π‰≈‡æ ‡¢â“ Ÿà P. pastoris „π¢≥–‡¥’¬«°—π
°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“° Y. lipolytica „π P. pastoris ‡¡◊ËÕ„™âæ≈“ ¡‘¥ pPICZαA „π°“√Ω“°∂à“¬
¬’π¬—ß§ß„°≈â‡§’¬ß°—∫‰≈‡æ ∑’Ë‰¥â®“° Y. lipolytica ‚¥¬µ√ß ÷́Ëß¡’§à“·Õ°∑‘«‘µ’®”‡æ“–‡∑à“°—∫ 21300 ¬Ÿπ‘µ
µàÕ¡‘≈≈‘°√—¡‚ª√µ’π [32] ·≈–‰¡à “¡“√∂‡ª√’¬∫‡∑’¬∫√–¥—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ ®“° C. rugosa ·≈–
Y. lipolytica „π P. pastoris ‡¡◊ËÕ„™âæ≈“ ¡‘¥ pGAPZαA „π°“√Ω“°∂à“¬¬’π°—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ 
®“° C. rugosa ·≈– Y. lipolytica ‚¥¬µ√ß‰¥â ‡π◊ËÕß®“°¬—ß‰¡à¡’√“¬ß“π§à“·Õ°∑‘«‘µ’¢Õß‰≈‡æ ∑’Ë‰¥â®“°
C. rugosa ·≈– Y. lipolytica ‚¥¬µ√ß  ”À√—∫°“√· ¥ßÕÕ°¢Õß¬’π‰≈‡æ ∑’Ë‰¥â®“° B. thermocatenulatus
‚¥¬µ√ßæ∫«à“‰≈‡æ ∑’Ë‰¥â¡’§à“·Õ°∑‘«‘µ’®”‡æ“–‡∑à“°—∫ 29 ¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡‚ª√µ’π ´÷Ëß„π°“√«—¥§à“·Õ°∑‘«‘µ’
¥—ß°≈à“«„™â«‘∏’°“√«—¥§à“°“√¥Ÿ¥°≈◊π· ß‚¥¬¡’ p-nitrophenylpalmitate ‡ªìπ´—∫ ‡µ√∑ [33] µà“ß®“°°“√«—¥
·Õ°∑‘«‘µ’¢Õß‰≈‡æ ∑’Ëº≈‘µ®“° P. pastoris ´÷Ëß„™â«‘∏’ pH-stat ‚¥¬¡’‰µ√∫‘«∑’√‘π√‘π‡ªìπ´—∫ ‡µ√∑ ¥—ßπ—Èπ
®÷ß‰¡à “¡“√∂π”§à“·Õ§∑‘«‘µ’¥—ß°≈à“«¡“‡ª√’¬∫‡∑’¬∫°—π‰¥â

µ“√“ß∑’Ë 2  √ÿª°“√· ¥ßÕÕ°¢Õß¬’π‰≈‡æ ®“°®ÿ≈‘π∑√’¬åµà“ßÊ „π P. pastoris

·Õ°∑‘«‘µ’¢Õß ·Õ°∑‘«‘µ’®”‡æ“– ·Õ°∑‘«‘µ’

·À≈àß∑’Ë¡“¢Õß¬’π æ≈“ ¡‘¥ ‰≈‡æ  ¢Õß‰≈‡æ  ®”‡æ“–∑’Ë À¡“¬‡Àµÿ
‰≈‡æ  (¬Ÿπ‘µµàÕ¡‘≈≈‘≈‘µ√) (¬Ÿπ‘µµàÕ¡‘≈≈‘°√—¡) ‡æ‘Ë¡¢÷Èπ

(‡∑à“)

C. parapsilosis pPIC 9K - 74 ± 8 60  «—¥·Õ°∑‘«‘µ’¥â«¬°“√«—¥§à“°“√

¥Ÿ¥°≈◊π· ß‚¥¬„™â‰µ√‚Õ‡≈Õ‘π‡ªìπ

´—∫ ‡µ√∑

B. thermocatenulatus pPICZαA - 23,000 - «—¥·Õ°∑‘«‘µ’¥â«¬«‘∏’ pH-stat ‚¥¬

„™â‰µ√∫‘«∑’√‘π‡ªìπ —́∫ ‡µ√∑

C. rugosa pGAPZαA 14,000 - - «—¥·Õ°∑‘«‘µ’¥â«¬«‘∏’ pH-stat ‚¥¬

„™âπÈ”¡—π¡–°Õ°‡ªìπ —́∫ ‡µ√∑

Y. lipolytica pPICZαA 12,500 19,880 1 «—¥·Õ°∑‘«‘µ’¥â«¬«‘∏’ pH-stat ‚¥¬

„™âπÈ”¡—π¡–°Õ°‡ªìπ —́∫ ‡µ√∑

Y. lipolytica pGAPZαA 13,500 - - «—¥·Õ°∑‘«‘µ’¥â«¬«‘∏’ pH-stat ‚¥¬

„™âπÈ”¡—π¡–°Õ°‡ªìπ —́∫ ‡µ√∑
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°“√π”‰≈‡æ ®“°®ÿ≈‘π∑√’¬å‰ª„™âª√–‚¬™πå„π°“√º≈‘µ “√™–≈â“ß
‰≈‡æ ∑’Ë‰¥â®“°®ÿ≈‘π∑√’¬å‡ªìπ‡Õπ‰´¡å∑’Ë¡’§«“¡ ”§—≠„π∑“ß‡∑§‚π‚≈¬’™’«¿“æ‡ªìπÕ¬à“ß¡“° ‡π◊ËÕß®“°

‰≈‡æ ‡ªìπ‡Õπ‰´¡å∑’Ë¡’§ÿ≥ ¡∫—µ‘À≈“°À≈“¬ ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß®ÿ≈‘π∑√’¬å ·≈– “¡“√∂º≈‘µ‡Õπ‰´¡åÕÕ°¡“
‰¥â„πª√‘¡“≥¡“° ¥—ßπ—Èπ®÷ß¡’°“√π”‰≈‡æ ‰ª„™â„πÕÿµ “À°√√¡µà“ßÊ ¡“°¡“¬ √«¡∂÷ßÕÿµ “À°√√¡°“√º≈‘µ
 “√™–≈â“ß°«à“ 40 ªï ∑’Ëºà“π¡“¡’°“√π”‡Õπ‰´¡å¡“„™âª√–‚¬™πå„π°“√º≈‘µ “√™–≈â“ßÕ¬à“ß·æ√àÀ≈“¬ ∑—Èß∑’Ë„™â
„π§√—«‡√◊Õπ·≈–Õÿµ “À°√√¡ ‡™àπ πÈ”¬“≈â“ß®“π ºß´—°øÕ° πÈ”¬“´—°·Àâß ·≈–πÈ”¬“øÕ°Àπ—ß ‡ªìπµâπ
‡Õπ‰´¡å∑’Ë∂Ÿ°π”¡“„™â‡ªìπ à«πª√–°Õ∫¢Õß “√™–≈â“ß ‰¥â·°à ‡Õπ‰´¡å‚ª√µ’‡Õ  ‰≈‡æ  ‡´≈≈Ÿ‡≈  ·≈–
Õ–‰¡‡≈  ‚¥¬‰≈‡æ ®–∑”Àπâ“∑’Ë„π°“√¬àÕ¬ ≈“¬§√“∫‰¢¡—πµà“ßÊ ‡™àπ πÈ”¡—π ‡π¬ À√◊ÕπÈ” ≈—¥ °“√‡µ‘¡
‰≈‡æ ≈ß‰ª„π “√™–≈â“ß®–™à«¬≈¥ª√‘¡“≥ “√‡§¡’∑’Ë∂Ÿ°‡µ‘¡≈ß„π “√™–≈â“ß ´÷ËßÕ“®µ°§â“ßÕ¬Ÿà„π ‘Ëß·«¥≈âÕ¡
∑”„Àâ àßº≈µàÕ°“√¥”√ß™’«‘µ¢Õß ‘Ëß¡’™’«‘µµà“ßÊ „π¿“¬À≈—ß‰¥â ‚¥¬∑’Ë‰≈‡æ ‰¡à‡ªìπæ‘…µàÕ ‘Ëß¡’™’«‘µ·≈– ‘Ëß·«¥≈âÕ¡
·≈–‰≈‡æ ∑’Ë‰¥â®“°®ÿ≈‘π∑√’¬å à«π„À≠à¡’§«“¡‡ ∂’¬√·≈–∑”ß“π‰¥â¥’„π ¿“«–∑’Ë‡ªìπ¥à“ß ÷́Ëß‡ªìπ ¿“«–ª°µ‘
¢Õß “√™–≈â“ß ¬‘Ëß‰ª°«à“π—Èπ°“√º≈‘µ “√™–≈â“ß∑’Ë¡’‡Õπ‰´¡å‡ªìπ à«πª√–°Õ∫¬—ß„™âæ≈—ßß“π„π°√–∫«π°“√º≈‘µµË”
 “¡“√∂§«∫§ÿ¡°√–∫«π°“√º≈‘µ‰¥âßà“¬  “¡“√∂ª√—∫‡ª≈’Ë¬π§ÿ≥ ¡∫—µ‘¢Õß‡Õπ‰´¡å‰¥â ·≈–¡’°“√ª≈àÕ¬·°ä 
‡√◊Õπ°√–®°„πª√‘¡“≥∑’ËπâÕ¬ πÕ°®“°π’È‡Õπ‰´¡å∑’Ë‡µ‘¡≈ß‰ª¬—ß “¡“√∂°≈—∫ Ÿà ¿“æ‡¥‘¡‰¥âÀ≈—ß®“°∑’Ë¢®—¥
§√“∫‰¢¡—πÕÕ°‰ª·≈â« ·≈– ≈“¬µ—«‰¥â‡Õßµ“¡∏√√¡™“µ‘ Õ’°∑—Èß “¡“√∂∑”ß“π‰¥â∑’ËÕÿ≥À¿Ÿ¡‘µË”∑”„Àâ‰¡à ‘Èπ
‡ª≈◊Õßæ≈—ßß“π [34, 35]

πÕ°®“°‡Õπ‰´¡å·≈â«  “√™–≈â“ß¬—ß¡’ à«πª√–°Õ∫Õ◊Ëπ ‡™àπ ‚´‡¥’¬¡‰µ√æÕ≈‘øÕ ‡øµ (sodium
tripolyphosphate) ‚´‡¥’¬¡·Õ≈‡§π´—≈øÕ‡πµ (sodium alkane sulphonate) ‚´‡¥’¬¡‡æÕ√å∫Õ‡√µ
‡µ∑µ√–‰Œ‡¥√µ (sodium perborate tetrahydrate) ‚´‡¥’¬¡‡æÕ√å§“√å∫Õ‡πµ (sodium percarbonate)
‚´‡¥’¬¡´—≈‡øµ (sodium sulphate) ‚´‡¥’¬¡§“√å∫Õ°´‘‡¡∑‘≈‡´≈≈Ÿ‚≈  (Sodium carboxymethyl
cellulose) ‚´‡¥’¬¡æÕ≈‘Õ–§√‘‡≈µ (sodium polyacrylate) æÕ≈‘‡Õ∑‘≈’π‰°≈§Õ≈ (polyethylene glycol)
‚´‡¥’¬¡‡¡µâ“´‘≈‘‡°µ (sodium metasilicate)  “√‡√◊Õß· ß  “√§«∫§ÿ¡°“√‡°‘¥øÕß ·≈–πÈ”ÀÕ¡ ´÷Ëßæ∫«à“
 “√∫“ß™π‘¥∑’Ë‡µ‘¡≈ß„π “√™–≈â“ß¡’º≈∑”„Àâ§«“¡‡ ∂’¬√¢Õß‡Õπ‰´¡å≈¥≈ß ®÷ß‰¥â¡’°“√ª√—∫ª√ÿß«‘∏’°“√º≈‘µ
‡æ◊ËÕ‡æ‘Ë¡§«“¡‡ ∂’¬√„Àâ°—∫‡Õπ‰´¡å ‡™àπ ¡’°“√‡µ‘¡ “√∫“ßÕ¬à“ß‡æ◊ËÕ‡æ‘Ë¡§«“¡‡ ∂’¬√„Àâ°—∫‡Õπ‰´¡å π—Ëπ§◊Õ
 “√°≈ÿà¡πÕπ‰ÕÕÕπ‘§æÕ≈‘‡¡Õ√å [34, 36] ¥—ßπ—Èπ „πªí®®ÿ∫—π®÷ß¡’°“√®¥ ‘∑∏‘∫—µ√¡“°¡“¬‡°’Ë¬«°—∫°“√º≈‘µ
 “√™–≈â“ß∑’Ë¡’‡Õπ‰´¡å‡ªìπ à«πª√–°Õ∫ ‡™àπ  ‘∑∏‘∫—µ√‡°’Ë¬«°—∫ª√‘¡“≥¢Õß‡Õπ‰´¡å™π‘¥µà“ßÊ ∑’Ë„™â‡µ‘¡‡ªìπ
 à«πª√–°Õ∫„π “√™–≈â“ß À√◊Õ ‘∑∏‘∫—µ√‡°’Ë¬«°—∫°“√‡µ‘¡ “√∫“ß™π‘¥‡æ◊ËÕ‡æ‘Ë¡§«“¡‡ ∂’¬√„Àâ°—∫‡Õπ‰´¡å∑’Ë
‡ªìπ à«πª√–°Õ∫¢Õß “√™–≈â“ß ‡ªìπµâπ
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 √ÿª
‰≈‡æ ®“°®ÿ≈‘π∑√’¬å‡ªìπ‡Õπ‰´¡å∑’Ë°”≈—ß‡ªìπ∑’ËµâÕß°“√‡ªìπÕ¬à“ß¡“° ‡π◊ËÕß®“°‰≈‡æ ®“°

®ÿ≈‘π∑√’¬å¡’§ÿ≥ ¡∫—µ‘·≈–§«“¡ “¡“√∂„π°“√‡√àßªØ‘°‘√‘¬“∑’ËÀ≈“°À≈“¬ ®÷ß‡À¡“–∑’Ë®–π”‰ª„™â„πÕÿµ “À°√√¡
‚¥¬‡©æ“–Õ¬à“ß¬‘ËßÕÿµ “À°√√¡°“√º≈‘µ “√™–≈â“ß∑’Ë¡’°“√‡µ‘¡‰≈‡æ ≈ß‰ª‡ªìπ à«πª√–°Õ∫Àπ÷Ëß‡æ◊ËÕ‡æ‘Ë¡
ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π¢Õß “√™–≈â“ß ·≈–≈¥ª√‘¡“≥ “√‡§¡’∑’Ë‡µ‘¡≈ß„π “√™–≈â“ß∑’ËÕ“®µ°§â“ßÕ¬Ÿà„π
 ‘Ëß·«¥≈âÕ¡ Õ¬à“ß‰√°Áµ“¡æ∫«à“‰≈‡æ ∑’Ëº≈‘µ‰¥â„πªí®®ÿ∫—π¡’√“§“ Ÿß ¥—ßπ—Èπ ∑’Ëºà“π¡“®÷ß‰¥â¡’°“√æ—≤π“
ª√– ‘∑∏‘¿“æ„π°“√º≈‘µ‰≈‡æ ∑—Èß„π¥â“πª√‘¡“≥·≈–§ÿ≥¿“æ¥â«¬«‘∏’°“√µà“ßÊ ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ëπà“ π„® §◊Õ
°“√„™â‡∑§π‘§¥â“πæ—π∏ÿ«‘»«°√√¡·≈–®ÿ≈‘π∑√’¬å∑’Ë¡’√–∫∫°“√· ¥ßÕÕ°∑’Ë‡À¡“– ¡°—∫°“√· ¥ßÕÕ°¢Õß‰≈‡æ 
§◊Õ P. pastoris ‡π◊ËÕß®“° “¡“√∂ °—¥‚ª√µ’π∑’Ë P. pastoris º≈‘µÕÕ°¡“„™â‰¥â –¥«° ·≈– P. pastoris
¬—ß “¡“√∂º≈‘µ‚ª√µ’π∑’Ë¡’°“√¡â«πæ—∫∂Ÿ°µâÕß·≈–ºà“π°√–∫«π°“√°“√ª√—∫·µàßÀ≈—ß∑√“π ‡≈™—π ·≈–
 “¡“√∂ª≈àÕ¬ÕÕ°¡“πÕ°‡´≈≈å‰¥â„πª√‘¡“≥¡“° ·µàÕ¬à“ß‰√°Á¥’¬—ß§ß®”‡ªìπµâÕß¡’°“√»÷°…“«‘®—¬‡°’Ë¬«°—∫º≈
°√–∑∫®“°°“√„™â‡∑§π‘§¥â“πæ—π∏ÿ«‘»«°√√¡§«∫§Ÿà°—π‰ª ‡π◊ËÕß®“°À“°¡’°“√º≈—°¥—π°“√„™â‡∑§‚π‚≈¬’π’È‚¥¬
‰¡à¡’°“√«“ß·ºπ∑’Ë¥’Õ“®∑”„Àâ‡°‘¥º≈‡ ’¬µàÕ√–∫∫π‘‡«»πå∑“ß∏√√¡™“µ‘‰¥â
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