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∫∑§«“¡«‘®—¬ 

°“√·¬°·∫§∑’‡√’¬·≈§μ‘°®“°Õ“À“√À¡—°∑’Ë¡’»—°¬¿“æ„π
°“√º≈‘μ tetramethylpyrazine 

ª√–«—μ‘ Õ—ßª√–¿“æ√™—¬* π—∑∏åÀ∑—¬  ß∫æ—π∏å ·≈– ¿—∑√“«ÿ∏ ‚ ¿“ 

∫∑§—¥¬àÕ 
 §≥–ºŸâ«‘®—¬∑”°“√·¬°·∫§∑’‡√’¬·≈§μ‘°®”π«π 43 ‰Õ‚´‡≈∑ ®“°Õ“À“√À¡—° 14 ™π‘¥ 
·≈â«π”‡™◊ÈÕ∑’Ë‰¥â¡“∑¥ Õ∫»—°¬¿“æ„π°“√‡ªìπºŸâº≈‘μ tetramethylpyrazine (TMP) ‚¥¬∑¥ Õ∫  
°“√ √â“ß acetoin ·≈–§«“¡ “¡“√∂„π°“√„™âÕ“√å®‘π’π‡ªìπ·À≈àßæ≈—ßß“π ´÷Ëß®“°°“√∑¥ Õ∫æ∫«à“¡’
·∫§∑’‡√’¬®”π«π 29 ‰Õ‚´‡≈∑∑’Ë¡’ ¡∫—μ‘∑—Èß Õßª√–°“√¥—ß°≈à“« ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‰Õ‚´‡≈∑ SC4 ´÷Ëß
 “¡“√∂º≈‘μ acetoin ‰¥â„πª√‘¡“≥ Ÿß·≈–‡®√‘≠‰¥â¥’„πÕ“À“√∑’Ë„™â∑¥ Õ∫°“√„™âÕ“√å®‘π’π ®÷ßπà“®–‡ªìπ
‡™◊ÈÕ∑’Ë¡’»—°¬¿“æ Ÿß„π°“√‡ªìπºŸâº≈‘μ TMP 
 ¡’§«“¡æ¬“¬“¡„π°“√ —ß‡§√“–Àå™‘Èπ à«π¢Õß¬’π ”À√—∫‡Õπ‰´¡å arginine deiminase   
‚¥¬«‘∏’ PCR ‚¥¬„™â degenerate primers ∑’ËÕÕ°·∫∫®“°≈”¥—∫°√¥Õ–¡‘‚π¢Õß‡Õπ‰´¡å arginine 
deiminase ®“° Lactococcus lactis ·≈– Lactobacillus sakei ·≈–„™â‚§√‚¡‚´¡®“°·∫§∑’‡√’¬ 29 
‰Õ‚´‡≈∑‡ªìπμâπ·∫∫ æ∫«à“ “¡“√∂ —ß‡§√“–Àå™‘Èπ DNA ∑’ËμâÕß°“√‰¥â®“°‰Õ‚´‡≈∑ SC8 ‚¥¬≈”¥—∫
π‘«§≈’‚Õ‰∑¥å¢Õß™‘Èπ DNA ¥—ß°≈à“«¡’§«“¡§≈â“¬§≈÷ß°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π ”À√—∫ arginine 
deiminase ®“° Lactococcus lactis  “¬æ—π∏ÿåμà“ßÊ Ÿß°«à“ 92 % 
 
§” ”§—≠: ·∫§∑’‡√’¬·≈§μ‘° Õ“√å®‘π’π tetramethylpyrazine, acetoin, arginine deiminase 

¿“§«‘™“™’««‘∑¬“ §≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤  
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ABSTRACT 

 Forty-three isolates of lactic acid bacteria from 14 fermented food samples 
were isolated and selected. These isolates were assessed on their potential for 
tetramethylpyrazine (TMP) production by testing for acetoin production and utilization 
of arginine. As a result, 29 isolates were found to possess both of these properties. 
Isolate SC4, in particular, could produce a high amount of acetoin, and showed high 
growth in the arginine-containing medium, indicating its high potential as a TMP 
producer. 
 In an attempt to amplify arginine deiminase gene fragments, Polymerase 
Chain Reactions with degenerate primers - designed from amino acid sequences of 
arginine deiminase enzymes from Lactococcus lactis and Lactobacillus sakei, were 
carried out, using chromosomal DNA samples extracted from the 29 isolates as 
templates. A desired product was generated from isolate SC8, and its nucleotide 
sequence showed over 92 % similarities to arginine deiminase genes from a number of 
Lactococcus lactis strains.  
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∫∑π” 
 ·∫§∑’‡√’¬·≈§μ‘°‡ªìπ·∫§∑’‡√’¬™π‘¥Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠‡ªìπÕ¬à“ß¬‘ËßμàÕÕÿμ “À°√√¡°“√
º≈‘μÕ“À“√ „πª√–‡∑»‰∑¬Õ“À“√∑’ËÀ¡—°‚¥¬·∫§∑’‡√’¬·≈§μ‘°¡’°“√∫√‘‚¿§Õ¬à“ß·æ√àÀ≈“¬·≈–¬—ß¡’
»—°¬¿“æ„π°“√æ—≤π“ Ÿà°“√ àßÕÕ°®”Àπà“¬„πμà“ßª√–‡∑» ∂÷ß·¡â«à“º≈º≈‘μÀ≈—°∑’Ë‡°‘¥¢÷Èπ®“°°“√À¡—°
 “√§“√å‚∫‰Œ‡¥√μ‚¥¬·∫§∑’‡√’¬·≈§μ‘°§◊Õ°√¥·≈§μ‘° ·μàº≈º≈‘μ√Õß (by-products) ∫“ß™π‘¥‚¥¬
‡©æ“–Õ¬à“ß¬‘Ëß “√∑’Ë„Àâ°≈‘Ëπ (flavouring compounds) ®—¥«à“¡’§«“¡ ”§—≠μàÕ§ÿ≥¿“æ¢Õßº≈‘μ¿—≥±å
Õ“À“√ ‚¥¬ “√∑’Ë ”§—≠‰¥â·°à diacetyl (2,3-butanedione) ·≈– tetramethylpyrazine (TMP) 
 Diacetyl ‡ªìπ “√∑’Ë„Àâ°≈‘Ëπ‡π¬ (buttery flavour) ´÷Ëßæ∫‰¥â„πº≈‘μ¿—≥±åÕ“À“√™π‘¥
μà“ßÊ ‚¥¬‡©æ“–º≈‘μ¿—≥±åπ¡À¡—°‡™àπ unripened cheeses, cultured buttermilk, cultured 
sour cream ·≈– ripened cream butter [1] πÕ°®“°π’È “√¥—ß°≈à“«¬—ß¡’§«“¡ “¡“√∂„π°“√¬—∫¬—Èß
‡™◊ÈÕ®ÿ≈‘π∑√’¬å ∑—Èß·∫§∑’‡√’¬·°√¡∫«° ·∫§∑’‡√’¬·°√¡≈∫ ¬’ μå·≈–√“ ÷́Ëß√«¡∑—Èß‡™◊ÈÕ°àÕ‚√§∑’Ë·æ√à∑“ß
Õ“À“√ [2-4] diacetyl ‡ªìπº≈º≈‘μ®“° diacetyl-acetion pathway ‚¥¬‡°‘¥®“°ªØ‘°‘√‘¬“ 
oxidative decarboxylation ¢Õß α-acetolactate Õ¬à“ß‰√°Áμ“¡ “√ ”§—≠Õ’°™π‘¥Àπ÷Ëß∑’Ë‡ªìπ 
º≈º≈‘μ¢Õß pathway π’È§◊Õ acetoin ´÷Ëß‡°‘¥®“°ªØ‘°‘√‘¬“ reduction ¢Õß diacetyl À√◊Õ 
enzymatic decarboxylation ¢Õß α-acetolactate ‚¥¬ acetoin  “¡“√∂„™â‡ªìπ “√μ—Èßμâπ¢Õß     
°“√ —ß‡§√“–Àå “√∑’Ë„Àâ°≈‘Ëπ∑’Ë ”§—≠Õ’°™π‘¥Àπ÷Ëß§◊Õ TMP 
 TMP ‡ªìπ “√∑’Ë„Àâ°≈‘Ëπ∂—Ë« (nutty flavour) À√◊Õ°≈‘Ëπ∂—Ë«‡À≈◊ÕßÀ¡—° (fermented 
soybeans odour À√◊Õ çnattoé) [5-7] ∑’Ëæ∫‰¥â„πº≈‘μ¿—≥±åÕ“À“√À≈“°À≈“¬™π‘¥ ‚¥¬ “√       
¥—ß°≈à“«‰¥â√—∫°“√¬Õ¡√—∫«à“ª≈Õ¥¿—¬„π°“√∫√‘‚¿§ (Generally Recognised As Safe À√◊Õ GRAS) 
[8] ·≈–πÕ°®“°π’È TMP ¬—ß¡’§«“¡ ”§—≠∑“ß°“√·æ∑¬å‚¥¬æ∫«à“¡’ ¡∫—μ‘„π°“√¢¬“¬À≈Õ¥‡≈◊Õ¥
·≈–¬—∫¬—Èß°“√‡°“–μ—«¢Õß‡°≈Á¥‡≈◊Õ¥ „πª√–‡∑»®’π¡’°“√„™â TMP ∑’Ë °—¥®“°æ◊™ ¡ÿπ‰æ√ 
Ligusticum wallichii Franch „π°“√√—°…“Õ“°“√ª«¥‡π◊ËÕß®“°‚√§À—«„® À≈Õ¥‡≈◊Õ¥À—«„®º‘¥ª°μ‘
·≈–¿“«– ¡Õß¢“¥‡≈◊Õ¥ [9, 10] TMP ‡°‘¥®“°°“√√«¡μ—« (condensation) √–À«à“ß acetoin ·≈–
·Õ¡‚¡‡π’¬Õ¬à“ß≈– 2 ‚¡‡≈°ÿ≈‚¥¬‡ªìπªØ‘°‘√‘¬“∑’Ë‰¡à¡’‡Õπ‰´¡å¡“‡°’Ë¬«¢âÕß ‚¥¬∑’Ë acetoin ‡ªìπº≈º≈‘μ
®“° diacetyl-acetoin pathway ·≈–·Õ¡‚¡‡π’¬‰¥â®“°°“√ ≈“¬Õ“√å®‘π’π‚¥¬ºà“π arginine 
deiminase (ADI) pathway 
 ·¡â«à“ “√æ«° pyrazines ®–æ∫‰¥â„πº≈‘μ¿—≥±å®“°æ◊™ ‡π◊ÈÕ —μ«å·≈–º≈‘μ¿—≥±åπ¡ [7] 
·μà¡’√“¬ß“π«à“·∫§∑’‡√’¬∫“ß™π‘¥ “¡“√∂º≈‘μ TMP ‰¥â ´÷Ëß‰¥â·°à Bacillus subtilis [11], Bacillus 
natto [12], Bacillus cereus [13] ·≈– Corynebacterium glutamicum  “¬æ—π∏ÿå∑’Ë‡°‘¥°“√°≈“¬
¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫ isoleucine-valine pathway [6] Õ¬à“ß‰√°Áμ“¡¡’ºŸâ‡ πÕ«à“·∫§∑’‡√’¬·≈§μ‘
°πà“®–¡’»—°¬¿“æ„π°“√‡ªìπºŸâº≈‘μ TMP ‚¥¬ Lee ·≈–§≥– [14] ‰¥â· ¥ß„Àâ‡ÀÁπ«à“ Lactococcus 
lactis  “¡“√∂º≈‘μ TMP ‰¥â∑—Èß„π ¿“æ∑’Ë‡ªìπ‡´≈≈åÕ‘ √–À√◊ÕÕ‘¡‚¡∫‘‰≈ ǻ‡´≈≈å πÕ°®“°π’È¬—ß‰¥â¡’
§«“¡æ¬“¬“¡„π°“√‡æ‘Ë¡º≈º≈‘μ TMP ‚¥¬·∫§∑’‡√’¬¥—ß°≈à“« ‚¥¬°“√ª√—∫ª√ÿß ¿“«–°“√‡®√‘≠„Àâ
‡À¡“– ¡‡æ◊ËÕ‡æ‘Ë¡º≈º≈‘μ¢Õß acetoin [15] ·≈–·Õ¡‚¡‡π’¬ [16] ´÷Ëß‡ªìπ “√μ—Èßμâπ¢Õß TMP 
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 ∫∑§«“¡«‘®—¬π’È√“¬ß“π°“√·¬°·∫§∑’‡√’¬·≈§μ‘°®“°Õ“À“√À¡—°·≈–∑¥ Õ∫»—°¬¿“æ„π
°“√‡ªìπºŸâº≈‘μ TMP ·≈–√«¡∑—Èß°“√ —ß‡§√“–Àå™‘Èπ à«π¢Õß¬’π ”À√—∫ arginine deiminase ·≈–  
°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å‡∫◊ÈÕßμâπ ´÷Ëß®–‡ªìπª√–‚¬™πå„π°“√»÷°…“¬’π¥—ß°≈à“«„π√–¥—∫‚¡‡≈°ÿ≈
μàÕ‰ª ·≈–Õ“®π”‰ª Ÿà°“√ª√–¬ÿ°μå‡æ◊ËÕπ”·∫§∑’‡√’¬∑’Ë·¬°‰¥â¡“„™â„π°“√º≈‘μ TMP 

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß 
·∫§∑’‡√’¬ æ≈“ ¡‘¥·≈–Õ“À“√‡≈’È¬ß‡™◊ÈÕ 
 ·∫§∑’‡√’¬·≈§μ‘°∑’Ë„™â„π°“√»÷°…“·¬°‰¥â®“°Õ“À“√À¡—°™π‘¥μà“ßÊ ‚¥¬‡≈’È¬ß„πÕ“À“√‡≈’È¬ß
‡™◊ÈÕ‡À≈« MRS medium [17] ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  ·∫§∑’‡√’¬∑’Ë„™â‡ªìπ‚Œ μå ”À√—∫æ≈“ ¡‘¥§◊Õ 
E. coli  “¬æ—π∏ÿå TOP10 (Invitrogen, California, USA) ‚¥¬‡≈’È¬ß„πÕ“À“√‡À≈« Luria Bertani 
(LB) medium [18] ∑’Ë¡’°“√‡μ‘¡ ampicillin 100 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ ·≈–∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 
Õß»“‡´≈‡ ’́¬  ·≈–æ≈“ ¡‘¥∑’Ë„™â„π°“√‚§≈πº≈º≈‘μ¢Õß PCR §◊Õ pCR2.1-TOPO (Invitrogen, 
California, USA) 

°“√·¬°·∫§∑’‡√’¬·≈§μ‘°®“°Õ“À“√À¡—° 
 ∑”°“√‡®◊Õ®“ßμ—«Õ¬à“ßÕ“À“√À¡—°„ππÈ”°≈—Ëπ¶à“‡™◊ÈÕ ®“°π—Èππ”¡“≈“° (cross-streak)   
∫πº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ MRS agar ∑’Ë‡μ‘¡ 1 ‡ªÕ√å‡´Áπμå (πÈ”Àπ—°μàÕª√‘¡“μ√) calcium 
carbonate ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  48 ™—Ë«‚¡ß  ÿà¡‡≈◊Õ°‚§‚≈π’‡¥’Ë¬«∑’Ë¡’«ß„  (clear zone) 
Õ¬Ÿà√Õ∫‡æ◊ËÕπ”¡“μ√«® Õ∫√Ÿª√à“ß °“√μ‘¥ ’·°√¡ ·≈–°“√ √â“ß‡Õπ‰´¡å catalase ‚¥¬§—¥‡≈◊Õ°‡™◊ÈÕ
‡ªìπ√Ÿª∑àÕπ ∑√ß°≈¡ À√◊Õ√Ÿª√’ μ‘¥ ’·°√¡∫«° ·≈–‰¡à √â“ß‡Õπ‰´¡å catalase ‡æ◊ËÕ„™â„π°“√∑¥ Õ∫μàÕ‰ª 

°“√∑¥ Õ∫§«“¡ “¡“√∂¢Õß·∫§∑’‡√’¬·≈§μ‘°„π°“√º≈‘μ acetoin ·≈–°“√„™âÕ“√å®‘π’π‡ªìπ
·À≈àßæ≈—ßß“π 
 °“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√º≈‘μ acetoin ¢Õß·∫§∑’‡√’¬·≈§μ‘°∑”‚¥¬π”‡™◊ÈÕ∑’Ë‡®√‘≠
„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Methyl Red-Voges Proskauer broth ¡“ 1 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ α-naphthol solution 
(5 ‡ªÕ√å‡´Áπμå α-naphthol „π absolute ethanol) 0.6 ¡‘≈≈‘≈‘μ√ ·≈– “√≈–≈“¬ KOH (40% 
KOH, 0.3% creatine) 0.2 ¡‘≈≈‘≈‘μ√ º ¡„Àâ‡¢â“°—π·≈–∫à¡ 15 π“∑’ ∂â“¡’ acetoin „πÕ“À“√‡≈’È¬ß
‡™◊ÈÕ®–‡°‘¥ªØ‘°‘√‘¬“„Àâ ’·¥ß 
 °“√∑¥ Õ∫°“√„™âÕ“√å®‘π’π∑”‚¥¬‡≈’È¬ß‡™◊ÈÕ„π modified MRS medium (¥—¥·ª≈ß®“° 
MRS medium ‚¥¬„ à 0.3 ‡ªÕ√å‡´Áπμå (πÈ”Àπ—°μàÕª√‘¡“μ√) arginine hydrochloride ·∑π 
triammonium citrate) ∑’Ë 30 Õß»“‡´≈‡ ’́¬  48 ™—Ë«‚¡ß  —ß‡°μ°“√‡®√‘≠¢Õß·∫§∑’‡√’¬„πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ‚¥¬°“√«—¥§«“¡¢ÿàπ∑’Ë OD600 ‡∑’¬∫°—∫ modified MRS medium ∑’Ë‰¡à¡’°“√‡μ‘¡‡™◊ÈÕ ∂â“¡’
°“√‡®√‘≠‡°‘¥¢÷Èπ· ¥ß«à“·∫§∑’‡√’¬ “¡“√∂„™âÕ“√å®‘π’π‡ªìπ·À≈àßæ≈—ßß“π‰¥â 
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°“√ °—¥‚§√‚¡‚´¡¢Õß·∫§∑’‡√’¬·≈§μ‘° 
 „π°“√ °—¥‚§√‚¡‚´¡¢Õß·∫§∑’‡√’¬·≈§μ‘°®–„™â«‘∏’∑’Ë¥—¥·ª≈ß®“°«‘∏’¢Õß Lewington ·≈–
§≥– [19] ‚¥¬π”·∫§∑’‡√’¬∑’Ë‡®√‘≠„πÕ“À“√‡À≈« MRS broth 10 ¡‘≈≈‘≈‘μ√ ¡“‡°Á∫‡´≈≈å‚¥¬«‘∏’ 
centrifugation ®“°π—Èπ‡μ‘¡ “√≈–≈“¬ 0.25 M sucrose ·≈– 50 mM Tris-HCl (pH 8.0) 240  
‰¡‚§√≈‘μ√ ·≈â«‡μ‘¡ lysozyme (10 ¡‘≈≈‘°√—¡μàÕ¡‘≈≈‘≈‘μ√) 50 ‰¡‚§√≈‘μ√ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“
‡´≈‡´’¬  10 π“∑’ ·≈â«‡μ‘¡ 20 ‡ªÕ√å‡´Áπμå SDS 160 ‰¡‚§√≈‘μ√ ·≈– 5 M NaCl ∑’Ë‡¬Áπ®—¥ 80 
‰¡‚§√≈‘μ√ ∫à¡„ππÈ”·¢Áß 1 ™—Ë«‚¡ß À≈—ß®“°π—Èπ·¬° à«π∑’Ë‡ªìπ¢Õß‡À≈«ÕÕ°‚¥¬«‘∏’ centrifugation 
·≈â«π”¡“ °—¥‚ª√μ’πÕÕ°¥â«¬ phenol/chloroform (1: 1) 2 §√—Èß·≈–¥â«¬ chloroform 1 §√—Èß 
∑”°“√μ°μ–°Õπ DNA ¥â«¬ 3 M sodium acetate ª√‘¡“μ√ 0.1x ·≈– absolute ethanol 
ª√‘¡“μ√ 2x ·≈â«π”μ–°Õπ DNA ∑’Ë‰¥â¡“≈–≈“¬„π DNase-free water ∑’Ëª√“»®“°‡™◊ÈÕ 

Polymerase Chain Reaction (PCR) 
 Degenerate primers ∑’Ë „™â „π°“√∑” PCR ‰¥â·°à rdi29 (Forward): 5û-
GT(AGCT)AA(CT)(AT)(GC)(AGCT)GA(AG)AT(ACT)GG(AGCT)AA(AG)(CT) 
T(AGCT)AA-3û, rdi30 (Forward): 5û-TT(CT)GC(AGCT)CA(AG)AC(AGCT)(CT)T 
(AGCT)(AC)G(AGCT)GA(CT)AA(CT)GG-3û ·≈– rdi2 (Reverse): 5û-CAT(AGCT) 
GT(AG)AA(AGCT)AC(AGCT)GT(AG) TC(AGCT)A(AG)(AG)TGCAT-3û ÷́Ëß
 —ß‡§√“–Àå‚¥¬ BioService Unit, Bangkok, Thailand 
 „πªØ‘°‘√‘¬“ PCR (50 ‰¡‚§√≈‘μ√) ª√–°Õ∫¥â«¬ DNA μâπ·∫∫ª√–¡“≥ 250 π“‚π°√—¡, 
1x PCR buffer ∑’Ëº ¡ MgCl2, dNTP ·μà≈–™π‘¥∑’Ë§«“¡‡¢â¡¢âπ 2 mM, primer ·μà≈–™π‘¥
ª√‘¡“≥ 50 pmol, ·≈– Taq DNA polymerase 0.4 unit ‚¥¬‡μ√’¬¡„π DNase-free water ∑’Ë
ª√“»®“°‡™◊ÈÕ ·μà≈–√Õ∫¢Õß PCR ª√–°Õ∫¥â«¬¢—ÈπμÕπ¥—ßπ’È§◊Õ denaturation ∑’Ë 92 Õß»“‡´≈‡´’¬  
2 π“∑’ Primer annealing ∑’Ë 40 Õß»“‡´≈‡ ’́¬  2 π“∑’·≈– primer extension ∑’Ë 72 Õß»“
‡´≈‡´’¬  2 π“∑’ ·≈–¡’°“√∑”∑—ÈßÀ¡¥ 30 √Õ∫ 

°“√ √â“ß Recombinant DNA ·≈–°“√∑” transformation 
 °“√‚§≈π™‘Èπ DNA ‡¢â“‰ª„πæ≈“ ¡‘¥·≈–°“√∑” transformation ∑”‚¥¬„™â TOPO TA 
cloning kit (Invitrogen, California, USA) μ“¡«‘∏’∑’Ë√–∫ÿ‚¥¬ºŸâº≈‘μ ‚¥¬™‘Èπ DNA ∑’Ë —ß‡§√“–Àå
¥â«¬«‘∏’ PCR ®–∂Ÿ°‚§≈π‡¢â“„πæ≈“ ¡‘¥ pCR2.1-TOPO ·≈– recombinant DNA ∑’Ë‰¥â®–∂Ÿ°π”
‡¢â“ Ÿà One Shot TOP10 Chemically Competent E. coli (E. coli TOP10) ‚¥¬°“√∑” 
Transformation 

°“√ °—¥æ≈“ ¡‘¥ 
 °“√ °—¥æ≈“ ¡‘¥®“° E. coli ∑”‚¥¬„™â Wizard Plus SV Minipreps DNA 
Purification System (Promega, Wisconsin, USA) μ“¡«‘∏’∑’Ë√–∫ÿ‚¥¬ºŸâº≈‘μ  
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°“√À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å (DNA sequencing) 
 °“√À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß recombinant DNA ®—¥∑”‚¥¬ BioService Unit, 
Bangkok, Thailand 

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈≈”¥—∫π‘«§≈’‚Õ‰∑¥å 
  °“√«‘ ‡§√“–Àå¢âÕ¡Ÿ≈≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑”‚¥¬„™â‚ª√·°√¡®“° European 
Bioinformatics Institute, Cambridge, UK (http://www.ebi.ac.uk/services/) 

º≈°“√∑¥≈Õß 
°“√·¬°·∫§∑’‡√’¬·≈§μ‘°®“°Õ“À“√À¡—° 
 π”Õ“À“√À¡—°®”π«π 14 μ—«Õ¬à“ß¡“∑”°“√·¬°·∫§∑’‡√’¬·≈§μ‘° ‚¥¬ ÿà¡‡≈◊Õ°‚§‚≈π’‡¥’Ë¬«
∑’Ë‡°‘¥¢÷Èπ∫π MRS medium ∑’Ë‡μ‘¡ calcium carbonate ´÷Ëß¡’«ß„  (clear zone) Õ¬Ÿà√Õ∫‚§‚≈π’‡æ◊ËÕ
π”¡“μ√«® Õ∫√Ÿª√à“ß °“√μ‘¥ ’·°√¡ ·≈–°“√ √â“ß‡Õπ‰´¡å catalase ‚¥¬§—¥‡≈◊Õ°‡©æ“–‡™◊ÈÕ∑’Ë¡’
≈—°…≥–‡ªìπ√Ÿª∑àÕπ (rod-shaped) ∑√ß°≈¡ (coccoid) À√◊Õ√Ÿª√’ (ovoid) ÷́Ëßμ‘¥ ’·°√¡∫«°·≈–
‰¡à √â“ß‡Õπ‰´¡å catalase ‰¥â®”π«π∑—Èß ‘Èπ 43 ‰Õ‚´‡≈∑ ¥—ß· ¥ß„πμ“√“ß∑’Ë 1 

°“√∑¥ Õ∫§«“¡ “¡“√∂¢Õß·∫§∑’‡√’¬·≈§μ‘°„π°“√º≈‘μ acetoin ·≈–°“√„™âÕ“√å®‘π’π‡ªìπ
·À≈àßæ≈—ßß“π 
 π”·∫§∑’‡√’¬·≈§μ‘°∑’Ë§—¥‡≈◊Õ°‰«â®”π«π 43 ‰Õ‚´‡≈∑¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√º≈‘μ 
acetoin (Voges-Proskauer test) ·≈–°“√‡®√‘≠„π modified MRS medium ‰¥âº≈¥—ß· ¥ß„π
μ“√“ß∑’Ë 1 ‚¥¬¡’·∫§∑’‡√’¬·≈§μ‘°®”π«π 29 ‰Õ‚´‡≈∑∑’Ë “¡“√∂ √â“ß acetoin ·≈– “¡“√∂„™âÕ“√å®‘π’π
‡ªìπ·À≈àßæ≈—ßß“π‰¥â 

°“√ÕÕ°·∫∫ degenerate primers  ”À√—∫ —ß‡§√“–Àå™‘Èπ à«π¢Õß¬’π ”À√—∫ arginine 
deiminase 
 ∑”°“√ÕÕ°·∫∫ degenerate primers  ”À√—∫ —ß‡§√“–Àå™‘Èπ à«π¢Õß¬’π arginine 
deiminase ®“°·∫§∑’‡√’¬·≈§μ‘°∑’Ë·¬°‰¥â ‚¥¬π”≈”¥—∫°√¥Õ–¡‘‚π¢Õß‡Õπ‰´¡å arginine 
deiminase ®“°·∫§∑’‡√’¬·≈§μ‘° 2 ™π‘¥∑’Ë¡’√“¬ß“π„π European Molecular Biology 
Laboratory (EMBL) database §◊Õ Lactococcus lactis MG1363 (EMBL accession 
number AJ250129) [20] ·≈– Lactobacillus sakei (EMBL accession number AJ001330) 
[21] ¡“‡ª√’¬∫‡∑’¬∫°—π‚¥¬„™â‚ª√·°√¡ Align (Needle) ‡æ◊ËÕÀ“∫√‘‡«≥¢Õß‚ª√μ’π∑’Ë‡À¡◊ÕπÀ√◊Õ
§≈â“¬°—π√–À«à“ß‡Õπ‰´¡å∑—Èß Õß‡æ◊ËÕ„™â„π°“√ÕÕ°·∫∫ degenerate primers: rdi29 (Forward), 
rdi30 (forward) ·≈– rdi2 (reverse) (√Ÿª∑’Ë 1) 
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°“√ —ß‡§√“–Àå™‘Èπ à«π¢Õß¬’π arginine deiminase 
 π”·∫§∑’‡√’¬·≈§μ‘°∑’Ë “¡“√∂ √â“ß acetoin ·≈– “¡“√∂„™âÕ“√å®‘π’π‡ªìπ·À≈àßæ≈—ßß“π‰¥â
®”π«π 29 μ—«Õ¬à“ß (μ“√“ß∑’Ë 1) ¡“ °—¥‚§√‚¡‚´¡ ®“°π—Èπ∑”°“√ —ß‡§√“–Àå™‘Èπ à«π¢Õß¬’π 
arginine deiminase ¥â«¬«‘∏’ PCR ‚¥¬„™â‚§√‚¡‚´¡∑’Ë °—¥‰¥â 29 μ—«Õ¬à“ß‡ªìπμâπ·∫∫  ”À√—∫·μà≈–
μ—«Õ¬à“ß®–∑” PCR 2 ™ÿ¥§◊Õ™ÿ¥∑’Ë 1 „™â degenerate primers rdi29 ·≈– rdi2 ·≈–™ÿ¥∑’Ë 2 „™â 
degenerate primers rdi30 ·≈– rdi2 ‚¥¬º≈º≈‘μ∑’Ë§“¥«à“πà“®–‡°‘¥¢÷Èπ®“°°“√∑” PCR ™ÿ¥∑’Ë 1 
·≈– 2 ¡’¢π“¥ª√–¡“≥ 810 ·≈– 670 bp μ“¡≈”¥—∫  
 ®“°°“√«‘ ‡§√“–Àåº≈º≈‘μ¢Õß°“√∑” PCR ∑—Èß Õß™ÿ¥‚¥¬°“√∑” agarose gel 
electrophoresis æ∫«à“„π™ÿ¥∑’Ë 1 ‰¡à¡’°“√ —ß‡§√“–Àå™‘Èπ DNA ∑’ËμâÕß°“√®“°‚§√‚¡‚´¡¢Õß
·∫§∑’‡√’¬·≈§μ‘°∑—Èß 29 μ—«Õ¬à“ß „π¢≥–∑’Ë™ÿ¥∑’Ë 2 ‡°‘¥°“√ —ß‡§√“–Àå™‘Èπ DNA ¢π“¥„°≈â‡§’¬ß°—∫
¢π“¥∑’Ë§“¥‰«â®“°‚§√‚¡‚´¡ 2 μ—«Õ¬à“ß§◊Õ®“°‰Õ‚´‡≈∑ LC1 ·≈– SC8 

°“√ √â“ß recombinant DNA ·≈–°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å 
 π”™‘Èπ DNA ∑’Ë —ß‡§√“–Àå‰¥â®“°μ—«Õ¬à“ß∑—Èß Õß¡“‚§≈π‡¢â“‰ª„πæ≈“ ¡‘¥ pCR2.1-
TOPO ·≈â«π” recombinant DNA ∑’Ë‰¥â‡¢â“ Ÿà‡´≈≈å E. coli TOP10 ‚¥¬°“√∑” transformation 
®“°π—Èπ∑”°“√ °—¥ recombinant plasmid ÷́Ëß¡’™‘Èπ DNA ∑’Ë —ß‡§√“–Àå¢÷Èπ®“°·μà≈–μ—«Õ¬à“ß‡¢â“
·∑√°Õ¬Ÿà ·≈â«π”æ≈“ ¡‘¥∑’Ë‰¥â‰ªÀ“≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß™‘Èπ DNA ¥—ß°≈à“« 
 ∑”°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß™‘Èπ DNA ∑—Èß Õß (∫“ß à«π) ‚¥¬„™â‚ª√·°√¡ 
Fasta ´÷Ëß≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß LC1 ·≈– SC8 ∑’Ëπ”‰ª«‘‡§√“–Àå (‚¥¬∑—Èß Õß‡√‘Ë¡®“°π‘«§≈’‚Õ‰∑¥å
μ—«·√°∑’ËÕ¬Ÿà∂—¥®“° primer rdi30) ¡’§«“¡¬“« 418 ·≈– 467 π‘«§≈’‚Õ‰∑¥åμ“¡≈”¥—∫ º≈®“°°“√
«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑—Èß Õßæ∫«à“™‘Èπ DNA ∑’Ë —ß‡§√“–Àå®“° LC1 ‰¡à¡’§«“¡§≈â“¬§≈÷ß°—∫   
≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π ”À√—∫ arginine deiminase „π EMBL database ·μà°≈—∫§≈â“¬°—∫     
≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π lp1241 ®“° Lactobacillus plantarum WCFS1 (EMBL accession 
number AL935255) ‚¥¬¡’§«“¡‡À¡◊Õπ°—π∂÷ß 99.282 ‡ªÕ√å‡´Áπμå ·μà¬—ß‰¡à¡’√“¬ß“π∂÷ßÀπâ“∑’Ë¢Õß
‚ª√μ’πº≈º≈‘μ¢Õß¬’π¥—ß°≈à“« „π¢≥–∑’Ë™‘Èπ DNA ∑’Ë —ß‡§√“–Àå®“° SC8 ¡’§«“¡§≈â“¬°—∫≈”¥—∫    
π‘«§≈’‚Õ‰∑¥å¢Õß¬’π ”À√—∫ arginine deiminase ®“° ‘Ëß¡’™’«‘μμà“ßÊ∑’Ë¡’√“¬ß“π„π EMBL 
database ¥—ß· ¥ß„πμ“√“ß∑’Ë 2 
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μ“√“ß∑’Ë 1 §«“¡ “¡“√∂¢Õß·∫§∑’‡√’¬∑’Ë·¬°®“°Õ“À“√À¡—°„π°“√º≈‘μ acetoin (Voges-
Proskauer test) ·≈–°“√„™âÕ“√å®‘π’π‡ªìπ·À≈àßæ≈—ßß“π 

 
 
 μ—«Õ¬à“ßÕ“À“√ ‰Õ‚´‡≈∑ √Ÿª√à“ß 

Voges-
Proskauer 

testb 

°“√‡®√‘≠„π 
modified MRS 

mediumc 

ª≈“ â¡ 

FF1 rod-shaped + + 

FF2 rod-shaped - - 

FF3 rod-shaped - - 

FF4 rod-shaped - + 

π¡‡ª√’È¬« (¬’ËÀâÕ B) 
SM1 rod-shaped + + 

SM2 rod-shaped - + 

‚¬‡°‘√åμ (¬’ËÀâÕ D) 
YG1 rod-shaped - + 

YG2 rod-shaped - - 

§√’¡‡ª√’È¬« (¬’ËÀâÕ F) 

SC1 rod-shaped + - 

SC2 rod-shaped + - 

SC3 ovoid - + 

SC4 rod-shaped +++ +++ 

SC5 ovoid - + 

SC6 ovoid + + 

SC7 ovoid + + 

SC8 ovoid + + 

Mature Cheddar Cheese 
(¬’ËÀâÕ A) 

ChC1 rod-shaped + + 

Red Leicester Cheese 
(¬’ËÀâÕ A) 

LC1 rod-shaped + + 
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μ—«Õ¬à“ßÕ“À“√ ‰Õ‚´‡≈∑ √Ÿª√à“ß 
Voges-

Proskauer 
testb 

°“√‡®√‘≠„π 
modified MRS 

mediumc 

Double Gloucester 
Cheese (¬’ËÀâÕ A) 

GC1 rod-shaped - +  

Danish Camembert 
Cheese  

(¬’ËÀâÕ RA) 

CaC1 coccoid + + 

CaC2 rod-shaped + +++ 

CaC3 ovoid - +++ 

CaC4 ovoid + +++ 

Danish Blue Cheese  
(¬’ËÀâÕ RO) 

BC1 rod-shaped + + 

BC2 coccoid + + 

BC3 coccoid + + 

BC4 rod-shaped + +++ 

BC5 rod-shaped + +++ 

BC6 rod-shaped + +++ 

BC7 rod-shaped + +++ 

BC8 rod-shaped + +++ 

Fresh cream Cheese  
(¬’ËÀâÕ C) 

CrC1 rod-shaped +++ + 

CrC2 coccoid + - 

CrC3 rod-shaped + + 

CrC4 rod-shaped + +++ 

CrC5 rod-shaped + +++ 

CrC6 ovoid - + 

μ“√“ß∑’Ë 1 (μàÕ) 
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μ—«Õ¬à“ßÕ“À“√ ‰Õ‚´‡≈∑ √Ÿª√à“ß 
Voges-

Proskauer 
testb 

°“√‡®√‘≠„π 
modified MRS 

mediumc 

Edam Cheese  
(¬’ËÀâÕ MA) 

EC1 ovoid + + 

EC2 ovoid +++ + 

EC3 ovoid + + 

EC4 ovoid + +++ 

EC5 ovoid + +++ 

EC6 ovoid + +++ 

π¡‡ª√’È¬« (¬’ËÀâÕ ME) -a -   

Light Philadelphia 
spreadable (¬’ËÀâÕ K) 

-a -   

Gouda cheese (¬’ËÀâÕ MA) -a -   

μ“√“ß∑’Ë 1 (μàÕ) 

 
À¡“¬‡Àμÿ: a ‰¡à “¡“√∂·¬°‡™◊ÈÕ·∫§∑’‡√’¬·≈§μ‘°‰¥â„π ¿“«–∑’Ë„™â„π°“√∑¥≈Õß 
 b ‡™◊ÈÕ∑’Ë¡’°“√ √â“ß acetoin (‡°‘¥ ’·¥ß) · ¥ß¥â«¬‡§√◊ËÕßÀ¡“¬ + ·≈–‡™◊ÈÕ∑’Ë¡’°“√ √â“ß 

acetoin „πª√‘¡“≥¡“° (‡°‘¥ ’·¥ß‡¢â¡) · ¥ß¥â«¬‡§√◊ËÕßÀ¡“¬ +++  
 c ‡™◊ÈÕ∑’Ë‡®√‘≠‰¥â„πÕ“À“√ modified MRS medium · ¥ß¥â«¬‡§√◊ËÕßÀ¡“¬ + ·≈–‡™◊ÈÕ∑’Ë

‡®√‘≠‰¥â¥’„πÕ“À“√¥—ß°≈à“«§◊Õ„Àâ§à“ OD600 nm  Ÿß°«à“ 0.5 · ¥ß¥â«¬‡§√◊ËÕßÀ¡“¬ +++ 
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√Ÿª∑’Ë 1  °“√‡ª√’¬∫‡∑’¬∫≈”¥—∫°√¥Õ–¡‘‚π¢Õß‡Õπ‰´¡å arginine deiminase ®“°·∫§∑’‡√’¬·≈§μ‘° 2 
™π‘¥‚¥¬„™â ‚ª√·°√¡ Align (Needle) ‚¥¬∑’Ë AJ250129 ‡ªìπ≈”¥—∫°√¥Õ–¡‘‚π¢Õß‡Õπ‰´¡å
®“° Lactococcus lactis MG1363 [20] ·≈– AJ001330 ‡ªìπ¢Õß‡Õπ‰´¡å®“° 
Lactobacillus sakei [21] ∫√‘‡«≥∑’Ë„™â„π°“√ÕÕ°·∫∫ degenerate primers: rdi29 
(forward), rdi30 (forward) ·≈– rdi2 (reverse) §◊Õ∫√‘‡«≥∑’Ë¡’°“√¢’¥‡ âπ„μâμ“¡≈”¥—∫ 

AJ250129         1 MNNGINVNSEIGKLKSVLLHRPGAEVENITPDTMKQLLFDDIPYLKIAQK     50
                   |.:.|:|||||||||:|||.|||.||||||||.|.:|||||||||...||
AJ001330         1 MTSPIHVNSEIGKLKTVLLKRPGKEVENITPDIMYRLLFDDIPYLPTIQK     50

rdi29

AJ250129        51 EHDFFAQTLRDNGAETVYIENLATEVFEKSSETKEEFLSHLLHEAGYRPG    100
                   |||.|||||||||.|.:|:||||.|..: :.:.||.||..:|:|:..:..
AJ001330        51 EHDQFAQTLRDNGVEVLYLENLAAEAID-AGDVKEAFLDKMLNESHIKSP     99

rdi30

AJ250129       101 RTYDGLTEYLTSMPTKDMVEKVYAGVRKNELDIKRTALSDMAGSDAENY-    149
                   :....|.:||.||.|.|||||:.||||.||:|||..||.|::..|  :| 
AJ001330       100 QVQAALKDYLISMATLDMVEKIMAGVRTNEIDIKSKALIDVSADD--DYP    147

AJ250129       150 FYLNPLPNAYFTRDPQASMGVGMTINKMTFPARQPESLITEYVMANHPRF    199
                   ||::|:||.||||||.||||.|:|||||||.|||.||:..|.:|.:||||
AJ001330       148 FYMDPMPNLYFTRDPAASMGDGLTINKMTFEARQRESMFMEVIMQHHPRF    197

AJ250129       200 --KDTPIWRDRNHTTRIEGGDELILNKTTVAIGVSERTSSKTIQNLAKEL    247
                     :...:||||:|..|:||||||||:...:|||:|:|||:::|:.|||.|
AJ001330       198 ANQGAQVWRDRDHIDRMEGGDELILSDKVLAIGISQRTSAQSIEELAKVL    247

AJ250129       248 FANPLSTFDTVLAVEIPHNHAMMHLDTVFTMINHDQFTVFPGIMDGAGNI    297
                   |||. |.|:.:||::|||.|||||||||||||::|:||:.|||....|.:
AJ001330       248 FANH-SGFEKILAIKIPHKHAMMHLDTVFTMIDYDKFTIHPGIQGAGGMV    296

rdi2

AJ250129       298 NVFILRPGQDGEVEIEHLTDLKAALKKVLNLSELDLIECGAGDPIAAPRE    347
                   :.:||.||.:.|::|.|.|||:..|:..|.:.||.||.||.||.:.||||
AJ001330       297 DTYILEPGNNDEIKITHQTDLEKVLRDALEVPELTLIPCGGGDAVVAPRE    346

AJ250129       348 QWNDGSNTLAIAPGEIVTYDRNYVTVELL----------ISSELGRGRGG    387
                   ||||||||||||||.:||||||||:.|.|          .||||.|||||
AJ001330       347 QWNDGSNTLAIAPGVVVTYDRNYVSNENLRQYGIKVIEVPSSELSRGRGG    396

AJ250129       388 ARCMSQPLWREDL    400
                   .||||.||.|...
AJ001330       397 PRCMSMPLVRRKT    409
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μ“√“ß∑’Ë 2 ≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π EMBL database ∑’Ë¡’§«“¡§≈â“¬§≈÷ß°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß 
DNA (§«“¡¬“« 467 bp) ∑’Ë —ß‡§√“–Àå®“° SC8 

Gene/Organism 
EMBL 

accession 
No. 

DNA 
size 
(bp) 

% 
identity 

Arginine deiminase gene/Lactococcus lactis subsp. 
cremoris MG1363 

AJ250129 467 99.786 

Arginine deiminase gene/Lactococcus lactis subsp. 
lactis ML3 

AF282249 467 99.572 

Arginine deiminase gene/Lactococcus lactis subsp. 
lactis IL1403 

AE006433 467 92.505 

Arginine deiminase gene/Oenococcus oeni 
ATCC23279 

AF124851 481 61.123 

Arginine deiminase gene/Lactobacillus sakei BL13 AJ001330 473 58.774 

Arginine deiminase gene/Lactobacillus hilgardii X1B AJ421514 476 57.773 

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß 
 §≥–ºŸâ«‘®—¬‰¥â·¬°·∫§∑’‡√’¬·≈§μ‘°®”π«π 43 ‰Õ‚´‡≈∑®“°Õ“À“√À¡—° 14 ™π‘¥ ‚¥¬‡™◊ÈÕ
∑’Ë§—¥‡≈◊Õ°‰«â¡’ ¡∫—μ‘¥—ßπ’È§◊Õ‡°‘¥«ß„ Õ¬Ÿà√Õ∫‚§‚≈π’‡¡◊ËÕ‡®√‘≠∫π MRS medium ∑’Ë‡μ‘¡ calcium 
carbonate ¡’√Ÿª√à“ß∑àÕπ ∑√ß°≈¡ À√◊Õ√Ÿª√’ μ‘¥ ’·°√¡∫«°·≈–‰¡à √â“ß‡Õπ‰´¡å catalase ·≈â«π”‡™◊ÈÕ
∑’Ë·¬°‰¥â¡“∑”°“√∑¥ Õ∫»—°¬¿“æ„π°“√‡ªìπºŸâº≈‘μ TMP ÷́Ëß‡ªìπ “√„Àâ°≈‘Ëπ∑’Ë ”§—≠„πº≈‘μ¿—≥±å
Õ“À“√·≈–¡’§«“¡ ”§—≠∑“ß°“√·æ∑¬å ‚¥¬∑¥ Õ∫°“√ √â“ß acetoin ·≈–§«“¡ “¡“√∂„π°“√„™âÕ“√å
®‘π’π‡ªìπ·À≈àßæ≈—ßß“π ‚¥¬∑’Ë TMP ‡°‘¥®“°ªØ‘°‘√‘¬“°“√√«¡μ—«¢Õß acetoin ·≈–·Õ¡‚¡‡π’¬ ÷́Ëß‡ªìπ
º≈º≈‘μ®“°°“√ ≈“¬Õ“√å®‘π’π¢Õß·∫§∑’‡√’¬ºà“π arginine deiminase (ADI) pathway ®“°°“√
∑¥ Õ∫æ∫«à“¡’·∫§∑’‡√’¬®”π«π 29 ‰Õ‚´‡≈∑∑’Ë¡’ ¡∫—μ‘∑—Èß Õßª√–°“√¥—ß°≈à“« (μ“√“ß∑’Ë 1) ‚¥¬„π
®”π«ππ’È¡’∫“ß‰Õ‚´‡≈∑∑’Ë √â“ß acetoin „πª√‘¡“≥ Ÿß´÷Ëß‰¥â·°à SC4, CrC1 ·≈– EC2 ·≈–æ∫«à“¡’
À≈“¬‰Õ‚´‡≈∑∑’Ë “¡“√∂‡®√‘≠‰¥â¥’„πÕ“À“√∑’Ë„™â∑¥ Õ∫°“√„™âÕ“√å®‘π’π´÷Ëß‰¥â·°à SC4, CaC2, CaC3, 
CaC4, BC4, BC5, BC6, BC7, BC8, CrC4, CrC5, EC4, EC5 ·≈– EC6 ®–‡ÀÁπ«à“·∫§∑’‡√’¬
·≈§μ‘°∑—Èß 29 ‰Õ‚´‡≈∑¡’»—°¬¿“æ„π°“√‡ªìπºŸâº≈‘μ TMP ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß SC4 ÷́Ëß “¡“√∂º≈‘μ 
Acetoin ‰¥â„πª√‘¡“≥¡“°·≈–πà“®–¡’°“√º≈‘μ·Õ¡‚¡‡π’¬„πª√‘¡“≥¡“°‡™àπ°—π Õ¬à“ß‰√°Áμ“¡ß“π
«‘®—¬π’È‡ªìπ°“√§—¥‡≈◊Õ°‡™◊ÈÕ∑’Ë¡’»—°¬¿“æ„π°“√‡ªìπºŸâº≈‘μ TMP ‡∫◊ÈÕßμâπ  à«π°“√‡ª√’¬∫‡∑’¬∫°“√º≈‘μ 
TMP ¢Õß‡™◊ÈÕ¥—ß°≈à“«„π‡™‘ßª√‘¡“≥Õ“®®–μâÕß¡’°“√‡≈’È¬ß‡™◊ÈÕ„π ¿“«–∑’Ë àß‡ √‘¡°“√º≈‘μ acetoin 
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[15] ·≈–·Õ¡‚¡‡π’¬ [16] ·≈–«—¥ª√‘¡“≥ TMP ∑’Ë‡°‘¥¢÷Èπ‚¥¬„™â«‘∏’∑’Ë‡À¡“– ¡ [14] μàÕ‰ª 
 ®“°°“√∑” PCR ‡æ◊ËÕ —ß‡§√“–Àå™‘Èπ à«π¢Õß¬’π arginine deiminase ‚¥¬„™â‚§√‚¡‚´¡∑’Ë
 °—¥®“°·∫§∑’‡√’¬·≈§μ‘° 29 ‰Õ‚´‡≈∑‡ªìπμâπ·∫∫·≈–„™â degenerate primers 2 ™ÿ¥´÷ËßÕÕ°·∫∫
¡“®“°≈”¥—∫°√¥Õ–¡‘‚π¢Õß‡Õπ‰´¡å arginine deiminase ¢Õß Lactococcus lactis ·≈– 
Lactobacillus sakei ∑’Ë¡’√“¬ß“πÕ¬Ÿà„π EMBL database æ∫«à“º≈¢Õß°“√∑” PCR ™ÿ¥∑’Ë 1 („™â 
degenerate primers rdi29 ·≈– rdi2) ‰¡à‡°‘¥°“√ —ß‡§√“–Àå™‘Èπ DNA ∑’ËμâÕß°“√®“°‚§√‚¡‚´¡¢Õß
·∫§∑’‡√’¬·≈§μ‘°∑—Èß 29 μ—«Õ¬à“ß ´÷ËßÕ“®‡ªìπ‰ª‰¥â«à“∫√‘‡«≥¢Õß≈”¥—∫°√¥Õ–¡‘‚π∑’Ë„™â„π°“√ÕÕ°·∫∫ 
degenerate primer rdi29 Õ“®‰¡à„™à∫√‘‡«≥ conserved region ¢Õß‡Õπ‰´¡å arginine deiminase 
¢Õß·∫§∑’‡√’¬·≈§μ‘° À√◊ÕÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π¢—ÈπμÕπ annealing temperature Õ“® Ÿß‡°‘π‰ª∑”„Àâ 
degenerate primer ¥—ß°≈à“«®—∫°—∫ DNA μâπ·∫∫‰¥â‰¡à¥’æÕ 
 „π°“√∑” PCR ™ÿ¥∑’Ë 2 („™â degenerate primers rdi30 ·≈– rdi2) æ∫°“√ —ß‡§√“–Àå
™‘Èπ DNA ∑’Ë¡’¢π“¥∑’ËμâÕß°“√®“°‚§√‚¡‚´¡ 2 μ—«Õ¬à“ß§◊Õ®“°‰Õ‚´‡≈∑ LC1 ·≈– SC8 ·≈–®“°
°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õßº≈º≈‘μ¢Õß PCR ∑’Ë —ß‡§√“–Àå®“° LC1 ‚¥¬„™â
‚ª√·°√¡ Fasta æ∫«à“¡’§«“¡‡À¡◊Õπ°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π lp1241 ®“° Lactobacillus 
plantarum ∂÷ß 99.282 ‡ªÕ√å‡´Áπμå ´÷ËßÀπâ“∑’Ë¢Õß‚ª√μ’πº≈º≈‘μ¢Õß¬’π¥—ß°≈à“«¬—ß‰¡à‡ªìπ∑’Ë∑√“∫
·πà™—¥ ·μà‰¡àæ∫§«“¡‡À¡◊Õπ√–«à“ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß™‘Èπ DNA ¥—ß°≈à“«·≈–¢Õß¬’π ”À√—∫ 
arginine deiminase „¥Ê „π EMBL database ®÷ßπà“‡™◊ËÕ‰¥â«à“™‘Èπ DNA ∑’Ë —ß‡§√“–Àå‰¥âπ’È‰¡à„™à™‘Èπ
 à«π¢Õß¬’π arginine deiminase „π¢≥–∑’Ëº≈¢Õß°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õß
º≈º≈‘μ¢Õß PCR ∑’Ë —ß‡§√“–Àå®“° SC8 · ¥ß„Àâ‡ÀÁπ«à“≈”¥—∫π‘«§≈’‚Õ‰∑¥å¥—ß°≈à“«¡’§«“¡§≈â“¬§≈÷ß
°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π ”À√—∫ arginine deiminase ®“°·∫§∑’‡√’¬·≈§μ‘°™π‘¥μà“ßÊ„π 
EMBL database (μ“√“ß∑’Ë 2) ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â Ÿß∑’Ë™‘Èπ DNA ∑’Ë —ß‡§√“–Àå¢÷Èπ‡ªìπ™‘Èπ à«π¢Õß
¬’π arginine deiminase ·≈–®“°°“√∑’Ë™‘Èπ DNA ∑’Ë —ß‡§√“–Àå‰¥â¡’§«“¡‡À¡◊Õπ°—∫¬’π ”À√—∫ 
arginine deiminase ®“° L. lactis subsp. cremoris MG1363  Ÿß∑’Ë ÿ¥ (99.786 ‡ªÕ√å‡´Áπμå) ´÷Ëß
‡ªìπ “¬æ—π∏ÿå∑’Ë‰¥â¡’ºŸâ√“¬ß“π≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π¥—ß°≈à“« (arcA) ·≈–√«¡∑—Èß¬’πÕ◊ËπÊ ∑’Ë
‡°’Ë¬«¢âÕß°—∫ ADI pathway ¡“·≈â« [20] ·≈–πÕ°®“°π’È¬—ß¡’°“√√“¬ß“π∂÷ß∫√‘‡«≥∑’Ëπà“®–‡ªìπ∫√‘‡«≥
§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë∫√‘‡«≥ upstream ¢Õß¬’π arcA ´÷Ëßª√–°Õ∫¥â«¬‚ª√‚¡‡μÕ√å Arg 
box ·≈– catabolite repression element (Cre) sequence ¢Õß·∫§∑’‡√’¬·°√¡∫«° [20] ®÷ß¡’
§«“¡πà“ π„®∑’Ë®–»÷°…“≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π ”À√—∫ arginine deiminase ∑’Ë ¡∫Ÿ√≥å¢Õß SC8 
´÷ËßÕ“®π”‰ª Ÿà°“√ª√—∫ª√ÿß “¬æ—π∏ÿå„Àâ¡’°“√· ¥ßÕÕ°¢Õß¬’π¥—ß°≈à“«„πª√‘¡“≥∑’Ë Ÿß¢÷Èπ‡æ◊ËÕ‡æ‘Ë¡°“√
º≈‘μ·Õ¡‚¡‡π’¬´÷Ëß‡ªìπ “√μ—Èßμâπ¢Õß TMP ·≈–√«¡∑—Èß°“√»÷°…“∫√‘‡«≥§«∫§ÿ¡¢Õß¬’π¥—ß°≈à“«´÷Ëß
Õ“®π”‰ª Ÿà°“√æ—≤π“ inducible expression vector ∑’Ë§«∫§ÿ¡°“√· ¥ßÕÕ°‰¥â‚¥¬„™âÕ“√å®‘π’π 

°‘μμ‘°√√¡ª√–°“» 
 ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπμ“¡‚§√ß°“√«‘®—¬®“°ß∫ª√–¡“≥·ºàπ¥‘π¡À“«‘∑¬“≈—¬
»√’π§√‘π∑√«‘‚√≤ ª√–®”ªï 2546-2547 
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