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 ‰´≈“‡π ∑’Ë∂Ÿ°º≈‘µÕÕ°πÕ°‡´≈≈å®“° alkaliphilic Bacillus halodurans  “¬æ—π∏ÿå C-1 ∂Ÿ°∑”„Àâ∫√‘ ÿ∑∏‘Ï
¥â«¬°“√µ°µ–°Õπ¥â«¬‡°≈◊Õ·Õ¡‚¡‡π’¬¡´—≈‡øµ DEAE-Toyopearl §Õ≈—¡πå  ·≈– DEAE-HiPrep FF 16/10 ·≈–
Mono-Q HR 5/5 fast performance liquid chromatographys  ·≈–µ√«® Õ∫§«“¡∫√‘ ÿ∑∏‘Ï¥â«¬ sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) ·≈– active-PAGE æ∫«à“‰´≈“‡π ∫√‘ ÿ∑∏‘Ï∑’Ë‰¥â
¡’¢π“¥ª√–¡“≥ 47 °‘‚≈¥“≈µ—π °“√»÷°…“º≈¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬‰´·≈π™π‘¥µà“ßÊ ∑’Ë≈–≈“¬πÈ” æ∫
«à“‰´≈“‡π ¬àÕ¬ soluble birchwood xylan ‰¥â¥’°«à“ soluble oat spelt  ·≈– larchwood xylans °“√»÷°…“
®≈π»“ µ√å¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬‰´·≈π∑’Ë≈–≈“¬πÈ” æ∫«à“§à“ Km ¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬ soluble
birch wood  oat spelt  ·≈– larchwood xylans  ‡∑à“°—∫ 1.63 1.83 ·≈– 2.76 ¡°./¡≈. µ“¡≈”¥—∫  ¢≥–∑’Ë§à“
Vmax ¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬ soluble birchwood  oat spelt  ·≈– larchwood xylans ‡∑à“°—∫ 0.175
0.150 ·≈– 0.125 mMmin-1/mg µ“¡≈”¥—∫  Õ—µ√“ à«π¢Õß Vmax/Km ¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬ soluble
birchwood xylan ‡∑à“°—∫ 1.3 ·≈– 2.4 ‡∑à“¢Õß soluble oat spelt ·≈– larchwood xylans µ“¡≈”¥—∫

§” ”§—≠ : alkaliphilic Bacillus halodurans  “¬æ—π∏ÿå C-1 / ‰´≈“‡π ∫√‘ ÿ∑∏‘Ï /
§”®”‡æ“–¢Õß‰´≈“‡π  / ‰´·≈π≈–≈“¬πÈ”
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Specificity of Purified Xylanase from
Alkaliphilic Bacillus halodurans Strain C-1

on Hydrolysis of Soluble Xylans

An extracellular xylanase from alkaliphilic Bacillus halodurans strain C-1 was purified to homogeneity, as
demonstrated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and active-PAGE, by
means of ammonium sulfate precipitation, DEAE-Toyopearl column, and DEAE-HiPrep FF 16/10 and Mono-Q
HR 5/5 fast performance liquid chromatographies. The molecular weight of the purified xylanase was estimated
to be about 47 kDa. The hydrolysis rate of soluble birchwood xylan by the purified enzyme was higher than those
of soluble oat spelt and larchwood xylans. The Km value of the enzyme is 1.63, 1.83 and 2.76 mg/ml, against
soluble birchwood, oat spelt and larchwood xylans, respectively, while the Vmax value of the enzyme is 0.175, 0.150
and 0.125 mMmin-1/mg, respectively. The Vmax/Km ratio of xylanase on soluble birchwood xylan was approximately
1.3 and 2.4 fold higher than those of soluble oat spelt and larchwood xylans, respectively.
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1. ∫∑π”

‰´·≈π‡ªìπÕß§åª√–°Õ∫À≈—°¢Õß‡Œ¡‘‡´≈≈Ÿ‚≈ ∑’Ëæ∫„πºπ—ß‡´≈≈åæ◊™ ‚§√ß √â“ß¢Õß‰´·≈π¡’≈—°…≥–‡ªìπ “¬
‚æ≈’‡¡Õ√å¢ÕßπÈ”µ“≈‰´‚≈ ∑’Ë‡™◊ËÕ¡µàÕ°—π¥â«¬æ—π∏– β-D-1,4-linkage ·≈–¡’°‘Ëß°â“π‡ªìππÈ”µ“≈·≈–Õπÿæ—π∏å¢ÕßπÈ”µ“≈
™π‘¥Õ◊Ëπ [1]  „π°“√¬àÕ¬‰´·≈π„Àâ ¡∫Ÿ√≥å µâÕß°“√°“√∑”ß“π√à«¡°—π¢Õß°≈ÿà¡ xylanolytic enzyme ‡™àπ endo-β-
1,4-xylanase ·≈– β-xylosidase ´÷Ëß∑”Àπâ“∑’Ë¬àÕ¬‚§√ß √â“ßÀ≈—° ·≈– α-arabinofuranosidase ·≈– acetyl
esterase ´÷Ëß¬àÕ¬ à«π∑’Ë‡ªìπ°‘Ëß°â“π¢Õß‰´·≈π ‡ªìπµâπ [2] πÕ°®“°π’È¡’√“¬ß“π«à“‰´≈“‡π ‡ªìπ‡Õπ‰´¡åÀ≈—°∑’Ë¡’
∫∑∫“∑ ”§—≠µàÕ°“√¬àÕ¬ ≈“¬‰´·≈π ́ ÷Ëß®ÿ≈‘π∑√’¬å·µà≈–™π‘¥¡—°º≈‘µ‰´≈“‡π ÕÕ°¡“¿“¬πÕ°‡´≈≈å¡“°°«à“ 1 ™π‘¥
·≈–‰´≈“‡π ·µà≈–™π‘¥¡’§«“¡®”‡æ“–µàÕ°“√¬àÕ¬‰´·≈πµà“ß°—π ·≈–∑”ß“π√à«¡°—π„π°“√¬àÕ¬‰´·≈π [3]

ªí®®ÿ∫—π¡’°“√π”‰´≈“‡π ‰ª„™â∑“ß°“√§â“„πÕÿµ “À°√√¡‡¬◊ËÕ·≈–°√–¥“… (pulp and paper) Õ“À“√ ·≈–
Õ“À“√ —µ«å „πÕÿµ “À°√√¡‡¬◊ËÕ·≈–°√–¥“… ‰´≈“‡π ™à«¬„π°√–∫«π°“√øÕ° ’‡¬◊ËÕ°√–¥“…§√“øµå ≈¥ª√‘¡“≥
§≈Õ√’π∑’Ë„™â„π°√–∫«π°“√øÕ° ’°√–¥“… ·≈–™à«¬≈¥ª√‘¡“≥ “√ adsorbable organic halogen ´÷Ëß‡ªìπ “√æ‘…
∑’Ë¬àÕ¬‰¥â¬“°¡“°„π∏√√¡™“µ‘ ∑’Ë‡°‘¥®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß≈‘°π‘π·≈– “√§≈Õ√’π [4] „πÕÿµ “À°√√¡Õ“À“√
‰´≈“‡π ™à«¬‡√àß°“√‡°‘¥ dough „π°“√∑”¢π¡ªíß §ÿä°°’È ‡§â° ·≈– ·§√°‡°Õ√å [5] ·≈–¡’√“¬ß“π«à“
xylooligosaccharides ∑’Ë‰¥â®“°°“√¬àÕ¬‰´·≈π‚¥¬‰´≈“‡π ∂Ÿ°π”‰ª„™â‡ªìπ thickeners À√◊Õ “√∑¥·∑π‰¢¡—π ·≈–
„™â‡ªìπ antifreeze food additive πÕ°®“°π’È¡’°“√π” xylooligosaccharides ‰ªº ¡„π¬“‡¡Á¥‡æ◊ËÕ¬◊¥√–¬–‡«≈“
°“√ÕÕ°ƒ∑∏‘Ï¢Õßµ—«¬“ [6]  à«π„πÕÿµ “À°√√¡Õ“À“√ —µ«å‰´≈“‡π ™à«¬„Àâ —µ«åªï°·≈– ÿ°√π”‡»…æ◊™µà“ßÊ ¡“„™â
ª√–‚¬™πå‰¥â¡“°¢÷Èπ ∑”„Àâ‰¥âπÈ”Àπ—°µ—«‡æ‘Ë¡¢÷Èπ ‚¥¬‰´≈“‡π ™à«¬≈¥§«“¡Àπ◊¥„π√–∫∫¬àÕ¬Õ“À“√¢Õß —µ«å∑’Ë‡°‘¥
®“° “√æ«°‡Œ¡‘‡´≈≈Ÿ‚≈  √–∫∫°“√¥Ÿ¥´÷¡Õ“À“√®÷ß¥’¢÷Èπ [7]

Alkaliphilic B. halodurans  “¬æ—π∏ÿå C-1 º≈‘µ‰´≈“‡π Õ¬à“ßπâÕ¬ 6 ™π‘¥ ́ ÷Ëß¡’¢π“¥∑’Ë·µ°µà“ß°—π [8] ‚¥¬
‰´≈“‡π ·µà≈–™π‘¥Õ“®¡’§«“¡®”‡æ“–µàÕ°“√¬àÕ¬‰´·≈πµà“ßÊ ·µ°µà“ß°—π ¥—ßπ—Èπ„π√“¬ß“ππ’È®–∑”°“√·¬°
∫√‘ ÿ∑∏‘Ï‰´≈“‡π ∑’Ë∂Ÿ°º≈‘µÕÕ°πÕ°‡´≈≈å®“° B. halodurans  “¬æ—π∏ÿå C-1 ·≈–»÷°…“§«“¡®”‡æ“–¢Õß‰´≈“‡π 
∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬‰´·≈πµà“ßÊ ‡æ◊ËÕ§«“¡‡¢â“„®∫∑∫“∑°“√¬àÕ¬Õ¬à“ß®”‡æ“–¢Õß‰´≈“‡π µàÕ‰´·≈π·µà≈–™π‘¥ √«¡
∑—Èß°“√π”‰´≈“‡π ‰ª„™âª√–‚¬™πå„Àâ‡À¡“– ¡„π‚Õ°“ µàÕ‰ª

2. Õÿª°√≥å·≈–«‘∏’¥”‡π‘π°“√∑¥≈Õß

2.1  “√‡§¡’

´—∫ ‡µ√∑∑’Ë„™â„π°“√»÷°…“°‘®°√√¡¢Õß‡Õπ‰´¡åµà“ßÊ ‰¥â·°à p-nitrophenyl-β-D-xylopyranoside, p-
nitrophenyl-β-D-glucopyranoside, p-nitrophenyl-α-L-arabinofuranoside, p-nitrophenyl acetate, ost spelt
xylan, birchwood xylan √«¡∑—Èß bovine serum albumin, ammonium sulfate ·≈– sodium dodecyl sulphate
 —Ëß®“°∫√‘…—∑ Sigma-Aldrich Inc. (St. Louis MO) larchwood xylan ®“°∫√‘…—∑ NBS Biologicals  à«π DEAE-
Toyopearl ®“°∫√‘…—∑ TOSOH (Tokyo, Japan),  §Õ≈—¡πå DEAE-HiPrep FF 16/10 ·≈– Mono-Q HR 5/5 ®“°
∫√‘…—∑ Pharmacia LKB (Uppsala, Sweden) Standard markers  ”À√—∫ SDS-PAGE ·≈– Coomassie brilliant
blue R-250 ∑’Ë„™â¬âÕ¡·∂∫‚ª√µ’π  —Ëß®“°∫√‘…—∑ Bio-Rad (Richmond, CA)
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„π à«π¢Õß‰´·≈π™π‘¥µà“ßÊ ∑’Ë„™â„π°“√∑¥≈Õßπ—Èπ ¡’‚§√ß √â“ß∑’Ë·µ°µà“ß°—π ‚¥¬ birchwood ·≈– larchwood
xylan ‡ªìπ‰´·≈π®“°‰¡â‡π◊ÈÕ·¢Áß ´÷Ëß birchwood xylan ª√–°Õ∫¥â«¬ πÈ”µ“≈‰´‚≈ √âÕ¬≈– 94.1 °≈Ÿ‚§ √âÕ¬≈–
1.4 ·≈–°“·≈§‚µ √âÕ¬≈– 4.5 „π¢≥–∑’Ë larchwood xylan ¡’°‘Ëß°â“π¢ÕßÕπÿæ—π∏åπÈ”µ“≈·≈–À¡Ÿà·∑π∑’Ë™π‘¥Õ◊Ëπ
¡“°°«à“‚¥¬ª√–°Õ∫¥â«¬πÈ”µ“≈‰´‚≈ √âÕ¬≈– 47.5 °≈Ÿ‚§ √âÕ¬≈– 26.5  ·≈–·¡π‚π √âÕ¬≈– 26.0  à«π oat spelt
xylan ́ ÷Ëß‡ªìπ‰´·≈π®“°‰¡â‡π◊ÈÕÕàÕπª√–°Õ∫¥â«¬πÈ”µ“≈‰´‚≈ √âÕ¬≈– 52.5 °≈Ÿ‚§ √âÕ¬≈– 15.7 °“·≈§‚µ √âÕ¬≈–
9.5 ·≈–Õ–√“∫‘‚π √âÕ¬≈– 22.3 [22]

2.2 °“√º≈‘µ‡Õπ‰´¡å‰´≈“‡π 

∑”°“√‡æ“–‡≈’È¬ß alkaliphilic B. halodurans  “¬æ—π∏ÿå C-1 [8] „π Ÿµ√Õ“À“√‡À≈«¢Õß Berg ·≈–
§≥– [9]  ´÷Ëßª√–°Õ∫¥â«¬ NaNO3 √âÕ¬≈– 0.2, K2HPO4 √âÕ¬≈– 0.05, MgSO4.7H2O √âÕ¬≈– 0.02, MnSO2.H2O
√âÕ¬≈– 0.002, FeSO4.7H2O √âÕ¬≈– 0.002 ·≈– CaCl2.2H2O √âÕ¬≈– 0.002 ´÷Ëßª√—∫æ’‡Õ™‡ªìπ 10.0 À≈—ß®“°∑’Ë
ºà“π°“√π÷Ëß¶à“‡™◊ÈÕ·≈â«¥â«¬‚´‡¥’¬¡§“√å∫Õ‡πµ√âÕ¬≈– 10  ·≈–¡’ oat spelt xylan √âÕ¬≈– 0.5 ‡ªìπ·À≈àß§“√å∫Õπ
∫à¡‰«â„π incubator shaker ∑’Ë§«“¡‡√Á« 200 √Õ∫µàÕπ“∑’ Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈´’¬  ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß À≈—ß®“°
π—Èππ”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 10,000 √Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 10 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬   à«π„ ∑’Ë‰¥â§◊Õ
crude enzyme ´÷Ëß‡°Á∫‰«â„™â„π°“√∑¥≈ÕßµàÕ‰ª

2.3 °“√µ√«® Õ∫°‘®°√√¡¢Õß‡Õπ‰´¡å [11]

µ√«® Õ∫°‘®°√√¡‰´≈“‡π  ‚¥¬‡µ‘¡ crude enzyme 0.1 ¡‘≈≈‘≈‘µ√  ≈ß„π “√≈–≈“¬‰´·≈π√âÕ¬≈– 1
„π 100 ¡‘≈≈‘‚¡≈“√å øÕ ‡øµ∫—æ‡øÕ√å (æ’‡Õ™ 6.0) ª√‘¡“µ√ 0.5 ¡‘≈≈‘≈‘µ√ π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  π“π
10 π“∑’ µ√«®«—¥ª√‘¡“≥πÈ”µ“≈√’¥‘«´å∑’Ë‡°‘¥¢÷Èπ‚¥¬«‘∏’¢Õß Miller [10] ‚¥¬„™â‰´‚≈ ‡ªìπ “√≈–≈“¬πÈ”µ“≈¡“µ√∞“π
 à«π°“√µ√«® Õ∫°‘®°√√¡‡´≈≈Ÿ‡≈ ¡’¢—ÈπµÕπ°“√«‘‡§√“–Àå·≈– ¿“«–°“√∑¥ Õ∫‡™àπ‡¥’¬«°—∫°“√µ√«® Õ∫
°‘®°√√¡¢Õß‰´≈“‡π  ·µà„™â§“√å∫Õ°´’‡¡∑∏‘≈‡´≈≈Ÿ‚≈ ·∑π‰´·≈π ·≈–„™â°≈Ÿ‚§ ‡ªìπ “√≈–≈“¬πÈ”µ“≈¡“µ√∞“π
·∑π‰´‚≈ 

ª√‘¡“≥ 1 Àπà«¬ (U) ¢Õß‡Õπ‰´¡å‰´≈“‡π À√◊Õ‡´≈≈Ÿ‡≈  À¡“¬∂÷ß ª√‘¡“≥¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬´—∫ ‡µ√∑
‚¥¬„Àâº≈‘µ¿—≥±å‡ªìππÈ”µ“≈‰´‚≈ À√◊Õ°≈Ÿ‚§  1 ‰¡‚§√‚¡≈µàÕπ“∑’ µ“¡≈”¥—∫  ¿“¬„µâ ¿“«–∑’Ë∑”°“√∑¥ Õ∫

°“√µ√«®«—¥ β-xylosidase ∑”‚¥¬º ¡ crude enzyme ·≈– p-nitrophenyl-β-D-xylopyranoside
„πøÕ ‡øµ∫—ø‡øÕ√å §«“¡‡¢â¡¢âπ 50 ¡‘≈≈‘‚¡≈“√å æ’‡Õ™ 7.0 ‚¥¬ª√—∫ª√‘¡“µ√„Àâ‡ªìπ 1.1 ¡‘≈≈‘≈‘µ√  ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘
30 Õß»“‡´≈‡´’¬  π“π 30 π“∑’  À≈—ß®“°π—ÈπÀ¬ÿ¥ªØ‘°‘√‘¬“¥â«¬‚´‡¥’¬¡§“√å‚∫‡πµ∫—ø‡øÕ√å §«“¡‡¢â¡¢âπ 0.4 ‚¡≈“√å
ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√  ·≈â«µ√«®«—¥ª√‘¡“≥¢Õß p-nitrophenol ∑’Ë∂Ÿ°º≈‘µ¢÷Èπ  ‚¥¬«—¥°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ
405 π“‚π‡¡µ√

°‘®°√√¡¢Õß β-glucosidase ·≈– arabinofuranosidase µ√«®«—¥¿“¬„µâ ¿“«–‡¥’¬«°—∫°“√µ√«®
 Õ∫°‘®°√√¡¢Õß β-xylosidase ·µà‡ª≈’Ë¬π´—∫ ‡µ√∑‡ªìπ p-nitrophenyl-β-D-gluco pyranoside  §«“¡‡¢â¡¢âπ
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1 ¡‘≈≈‘‚¡≈“√å  ·≈– p-nitrophenyl-α-L-arabinofuranoside §«“¡‡¢â¡¢âπ 0.83 ¡‘≈≈‘‚¡≈“√å  ”À√—∫ β-glucosidase
·≈– α-arabinofuranosidase µ“¡≈”¥—∫

°“√µ√«®«—¥ acetyl esterase ∑”‚¥¬º ¡ crude enzyme ·≈– p-nitrophenyl acetate „π Tris-HCl
buffer §«“¡‡¢â¡¢âπ 50 ¡‘≈≈‘‚¡≈“√å æ’‡Õ™ 7.0 ‚¥¬ª√—∫ª√‘¡“µ√„Àâ‡ªìπ 2.5 ¡‘≈≈‘≈‘µ√ ´÷Ëß´—∫ ‡µ√∑®–∂Ÿ°≈–≈“¬„π
‡¡∏“πÕ≈√âÕ¬≈– 50 (V/V) °àÕππ”‰ª„™â  ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  π“π 10 π“∑’  ·≈â«µ√«®«—¥ª√‘¡“≥¢Õß
p-nitrophenol ∑’Ë∂Ÿ°º≈‘µ¢÷Èπ  ‚¥¬«—¥°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 405 π“‚π‡¡µ√

ª√‘¡“≥ 1 Àπà«¬ (U) ¢Õß‡Õπ‰´¡å β-xylosidase  β-glucosidase  arabinofuranosidase  ·≈–
acetyl esterase À¡“¬∂÷ß ª√‘¡“≥¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬ —́∫ ‡µ√∑ ‚¥¬„Àâº≈‘µ¿—≥±å‡ªìπ p-nitrophenol 1 ‰¡‚§√‚¡≈
µàÕπ“∑’ ¿“¬„µâ ¿“«–∑’Ë∑”°“√∑¥ Õ∫

2.4 °“√«‘‡§√“–Àåª√‘¡“≥‚ª√µ’π

ª√‘¡“≥‚ª√µ’π„π crude enzyme µ√«®«—¥‚¥¬«‘∏’¢Õß Lowry ·≈–§≥– [12] ·≈–„™â “√≈–≈“¬ bovine
serum albumin „π°“√‡µ√’¬¡°√“ø¡“µ√∞“π  à«πª√‘¡“≥‚ª√µ’π∑’Ë‰¥â®“°°“√™–§Õ≈—¡πåµà“ßÊ „™â«‘∏’«—¥°“√¥Ÿ¥°≈◊π
· ß∑’Ë§«“¡¬“«§≈◊Ëπ 280 π“‚π‡¡µ√

2.5 °“√∑”„Àâ‡Õπ‰´¡å∫√‘ ÿ∑∏‘Ï

∑”„Àâ‰´≈“‡π ∫√‘ ÿ∑∏‘Ï ‚¥¬°“√µ°µ–°Õπ¥â«¬‡°≈◊Õ·Õ¡‚¡‡π’¬¡ —́≈‡øµ ·≈–ºà“π ion-exchange chro-
matography µà“ßÊ ∑—Èß packed column ·≈– fast performance liquid chromatography (FPLC)

2.6 Gel electrophoresis ·≈– active-PAGE

°“√µ√«® Õ∫§«“¡∫√‘ ÿ∑∏‘Ï·≈–®”π«π¢Õß‚ª√µ’π„π “√≈–≈“¬µ—«Õ¬à“ß „™â«‘∏’ SDS-PAGE µ“¡«‘∏’
°“√¢Õß Laemmli [13] ‚¥¬µâ¡µ—«Õ¬à“ß‚ª√µ’π„π sample buffer ´÷Ëßª√–°Õ∫¥â«¬ SDS √âÕ¬≈– 2 (W/V), 2-
mercaptoethanol √âÕ¬≈– 5 (V/V), glycerol √âÕ¬≈– 10 (V/V) ·≈– Tris-HCl 15 ¡‘≈≈‘‚¡≈“√å (æ’‡Õ™ 6.8) π“π 3
π“∑’ ‚¥¬„™â stacking ·≈– separating gel ∑’Ëª√–°Õ∫¥â«¬ polyacrylamide √âÕ¬≈– 5 ·≈– 12 µ“¡≈”¥—∫ ·≈–
„™â‚ª√µ’π¡“µ√∞“πµà“ßÊ (prestained low molecular weights calibration kit, control No. 89694) ®“°∫√‘…—∑
Bio-RAD ª√–‡∑» À√—∞Õ‡¡√‘°“ ¿“¬À≈—ß®“°∑’Ë electrophoresis ‡ √Á®·≈â« π”‡®≈‰ª¬âÕ¡¥â«¬ Coomassie bril-
liant blue R-250

°“√µ√«® Õ∫‡æ◊ËÕ¬◊π¬—π§«“¡∫√‘ ÿ∑∏‘Ï¢Õß‰´≈“‡π „π SDS-PAGE „™â«‘∏’ active-PAGE µ“¡«‘∏’°“√
¢Õß Nakamura ·≈–§≥– [14] ‚¥¬„™â polyacrylamide √âÕ¬≈– 12 ∑’Ëª√–°Õ∫¥â«¬ oat spelt xylan ∑’Ë≈–≈“¬
πÈ”√âÕ¬≈– 0.1 ¿“¬À≈—ß®“°∑’Ë electrophoresis ‡ √Á® ‚¥¬„™â ¿“«–°“√∑¥≈Õß‡™àπ ‡¥’¬«°—∫ SDS-PAGE π”‡®≈
‰ª≈â“ß¥â«¬ isopropanol √âÕ¬≈– 25 (V/V) ‚¥¬‡¢¬à“‡∫“Ê ‡æ◊ËÕ≈â“ß SDS ÕÕ° ·≈– renature ‚ª√µ’π∑’Ëµ‘¥∫π‡®≈
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À≈—ß®“°π—Èπ≈â“ß‡®≈ 4 §√—Èß¥â«¬øÕ ‡øµ∫—æ‡øÕ√å 0.1 ‚¡≈“√å (æ’‡Õ™ 7) π“π 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬ 
π”‡®≈‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬   π“π 1 ™—Ë«‚¡ß ·≈â«¬âÕ¡¥â«¬ “√≈–≈“¬ Congo red √âÕ¬≈– 0.1 ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
≈â“ß¥â«¬‚´‡¥’¬¡§≈Õ‰√¥å 1 ¡‘≈≈‘‚¡≈“√å ®π°√–∑—Ëß excess dye ∂Ÿ°™–ÕÕ°®“° active band ®πÀ¡¥ ‡¡◊ËÕ‡µ‘¡
°√¥Õ–´‘µ‘°√âÕ¬≈– 0.5 ≈ß‰ª®–‡°‘¥ zymogram ∑’Ë‡ªìπ·∂∫„ ¢Õß active xylanase  à«π background ®–
ª√“°Ø ’¡à«ßπÈ”‡ß‘π

2.7 °“√‡µ√’¬¡‰´·≈π∑’Ë≈–≈“¬·≈–‰¡à≈–≈“¬πÈ”

°“√‡µ√’¬¡‰´·≈π∑’Ë≈–≈“¬·≈–‰¡à≈–≈“¬πÈ” ∑”‰¥â‚¥¬¥—¥·ª≈ß®“°«‘∏’¢Õß Ghangas ·≈–§≥– [15]  ‚¥¬
º ¡ commercial oat spelt xylan 10 °√—¡ „ππÈ”°≈—Ëπ 200 ¡‘≈≈‘≈‘µ√ ‡¢¬à“„Àâ‡¢â“°—π ª√—∫„Àâæ’‡Õ™‡ªìπ 10 ¥â«¬
‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å 1 ‚¡≈“√å ‡¢¬à“„Àâ‡¢â“°—π µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß À≈—ß®“°π—Èπªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«
10,000 x g ‡ªìπ‡«≈“ 10 π“∑’  à«π„ ∑’Ë‰¥âπ”¡“ª√—∫æ’‡Õ™„Àâ‡ªìπ 7.0 ¥â«¬°√¥Õ–´‘µ‘° 1 ‚¡≈“√å ·≈â«π”‰ªÕ∫∑’Ë
Õÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡ ’́¬   “√∑’Ë‰¥â„π à«ππ’È§◊Õ‰´·≈π∑’Ë≈–≈“¬πÈ”   à«π∑’Ë‡ªìπµ–°Õππ”¡“‡µ‘¡πÈ”°≈—Ëπ 200 ¡‘≈≈‘≈‘µ√
ª√—∫æ’‡Õ™„Àâ‡ªìπ 7.0 ¥â«¬°√¥Õ–´‘µ‘° 1 ‚¡≈“√å ·≈â«°√Õß¥â«¬°√–¥“…°√Õß Whatman ‡∫Õ√å 1 ≈â“ß¥â«¬πÈ”°≈—Ëπ
À≈“¬Ê §√—Èß ®“°π—Èππ”µ–°Õπ∑’Ë‰¥â‰ªÕ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡ ’́¬   “√∑’Ë‰¥â„π à«ππ’È§◊Õ ‰´·≈π∑’Ë‰¡à≈–≈“¬πÈ”

2.8 °“√µ√«® Õ∫°“√¬÷¥‡°“–°—∫‡´≈≈Ÿ‚≈ ·≈–‰´·≈π∑’Ë‰¡à≈–≈“¬πÈ”

°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘°“√¬÷¥‡°“–∑”µ“¡«‘∏’¢Õß Ratanakhanokchai ·≈–§≥– [11]  ‚¥¬º ¡ crude
enzyme ∑’Ë¡’ª√‘¡“≥‚ª√µ’π 0.23 ¡‘≈≈‘°√—¡µàÕ avicel (‡´≈≈Ÿ‚≈ ) À√◊Õ‰´·≈π∑’Ë‰¡à≈–≈“¬πÈ” 50 ¡‘≈≈‘°√—¡  „π Tris-HCl
buffer 0.1 ‚¡≈“√å æ’‡Õ™ 9.0 1.0 ¡‘≈≈‘≈‘µ√ „π Eppendorf tubes  ‡°Á∫µ—«Õ¬à“ß„πÕà“ßπÈ”·¢Áß‡ªìπ‡«≈“ 30 π“∑’ ‚¥¬
‡¢¬à“‡ªìπ§√—Èß§√“« ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 80,000 x g ‡ªìπ‡«≈“ 10 π“∑’  à«π„ ∑’Ë‰¥âπ”‰ªµ√«® Õ∫°‘®°√√¡¢Õß
‰´≈“‡π  °‘®°√√¡¢Õß‰´≈“‡π ∑’Ë≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ crude enzyme ‡ªìπª√‘¡“≥‰´≈“‡π ∑’Ë¬÷¥‡°“–°—∫‰´·≈π

2.9 °“√¬àÕ¬‰´·≈π

∑”°“√∫à¡‰´≈“‡π ∫√‘ ÿ∑∏‘Ï ∑’Ë¡’§«“¡‡¢â¡¢âπ 0.042 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ °—∫‰´·≈π∑’Ë≈–≈“¬πÈ”√âÕ¬≈–
0.5 (W/V) „π‚´‡¥’¬¡øÕ ‡øµ∫—æ‡øÕ√å 0.1 ‚¡≈“√å æ’‡Õ™ 7.0 ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  ®“°π—Èπ‡°Á∫µ—«Õ¬à“ß∑’Ë
‡«≈“µà“ßÊ ·≈â«π”¡“µ√«®«—¥ª√‘¡“≥πÈ”µ“≈√’¥‘«´å∑’Ë∂Ÿ°º≈‘µ¢÷Èπ‚¥¬«‘∏’¢Õß Miller [10]

2.10 µ—«·ª√®≈π»“ µ√å¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬‰´·≈π

°“√µ√«®«—¥µ—«·ª√®≈π»“ µ√å¢Õß‰´≈“‡π µàÕ°“√¬àÕ¬‰´·≈πµà“ßÊ ∑”‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß‰´
·≈π∑’Ë≈–≈“¬πÈ”√–À«à“ß 0.125 ∂÷ß 0.450 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈–§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å 0.042 ¡‘≈≈‘°√—¡µàÕ
¡‘≈≈‘≈‘µ√ „π‚´‡¥’¬¡øÕ ‡øµ∫—æ‡øÕ√å 0.1 ‚¡≈“√å  æ’‡Õ™ 7.0  Õÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡´’¬   π“π 5 π“∑’  §à“ Km

·≈– Vmax §”π«≥®“° Lineweaver-Burk plot
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3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å

3.1 °“√º≈‘µ‰´≈“‡π 

B. halodurans C-1 ´÷Ëß‡®√‘≠„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’ oat spelt xylan ‡ªìπ·À≈àß§“√å∫Õπ„π ¿“«–
‡ªìπ¥à“ß º≈‘µ‰´≈“‡π  arabinofuranosidase ·≈– β-xylosidase ÕÕ°¡“¿“¬πÕ°‡´≈≈å‰¥â 4.3, 0.09 ·≈– 0.03
Àπà«¬µàÕ¡‘≈≈‘°√—¡‚ª√µ’π µ“¡≈”¥—∫ ¿“¬„π‡«≈“ 2 «—π [8]  à«π§“√å∫Õ°´’‡¡∑∏‘≈‡´≈≈Ÿ‡≈   β-glucosidase  ·≈–
acetyl esterase ‰¡à “¡“√∂µ√«®æ∫ ·¡â«à“µ—«Õ¬à“ß∑’Ëπ”¡“µ√«® Õ∫∂Ÿ°∑”„Àâ‡¢â¡¢âπ 100 ‡∑à“ ‚¥¬‡°≈◊Õ
·Õ¡‚¡‡π’¬¡´—≈‡øµ·≈â«

3.2 °“√∑”„Àâ‰´≈“‡π ∫√‘ ÿ∑∏‘Ï

crude xylanase ®“° B. halodurans C-1 ª√‘¡“≥ 5 ≈‘µ√∂Ÿ°∑”„Àâ‡¢â¡¢âπ ‚¥¬°“√µ°µ–°Õπ¥â«¬
‡°≈◊Õ ·Õ¡‚¡‡π’¬¡´—≈‡øµÕ‘Ë¡µ—«√âÕ¬≈– 90  ¿“¬À≈—ß°“√ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 10,000 √Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4
Õß»“‡´≈´’¬  ≈–≈“¬µ–°Õπ∑’Ë‰¥â¥â«¬ Tris-HCl buffer 0.05 ‚¡≈“√å æ’‡Õ™ 8.0 ·≈â« dialysis ¥â«¬∫—ø‡øÕ√å™π‘¥
‡¥’¬«°—πÀ≈“¬Ê §√—Èß ‡Õπ‰´¡å‡¢â¡¢âπ∑’Ë‰¥âπ”‰ªºà“π DEAE-Toyopearl 650M column (2.0 x 20 cm) ∑’Ë∂Ÿ° equili-
brate ¥â«¬∫—ø‡øÕ√å™π‘¥‡¥’¬«°—π ¿“¬À≈—ß°“√‡µ‘¡‡Õπ‰´¡å·≈–≈â“ß§Õ≈—¡πå (washing)  “¡“√∂µ√«®æ∫°‘®°√√¡
¢Õß‰´≈“‡π  „ππÈ”≈â“ß ·µà‰¡à‰¥âπ” à«ππ’È¡“»÷°…“µàÕ„π√“¬ß“ππ’È ‡π◊ËÕß®“°¡’ª√‘¡“≥‰´≈“‡π ‰¡à¡“°π—° ·≈–¡’
ª√‘¡“≥‚ª√µ’πªπ‡ªóôÕπ Ÿß À≈—ß®“°π—Èπ™–‡Õπ‰´¡åÕÕ°®“°§Õ≈—¡πå¥â«¬ Tris-HCl buffer 0.05 ‚¡≈“√å æ’‡Õ™ 8.0 ∑’Ë
ª√–°Õ∫¥â«¬‚´‡¥’¬¡§≈Õ‰√¥å 1 ‚¡≈“√å ∑’ËÕ—µ√“°“√‰À≈ 0.5 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ´÷Ëßª√“°Ø peak ¢Õß‚ª√µ’π·≈–‰´
≈“‡π ‡æ’¬ß peak ‡¥’¬« ∑’Ë¡’≈—°…≥–§àÕπ¢â“ß°«â“ß fraction µà“ßÊ ∑’Ëµ√«®æ∫°‘®°√√¡‰´≈“‡π ®“° peak ∑’Ë‰¥â ∂Ÿ°
√«∫√«¡·≈–π”‰ª∑”„Àâ‡¢â¡¢âπ ‚¥¬µ°µ–°Õπ¥â«¬‡°≈◊Õ·Õ¡‚¡‡π’¬¡ —́≈‡øµÕ‘Ë¡µ—«√âÕ¬≈– 90  ·≈â« dialysis „π Tris-
HCl buffer 0.05 ‚¡≈“√å æ’‡Õ™ 8.0

‡Õπ‰´¡å∑’Ëºà“π°“√ dialysis ·≈â«∂Ÿ°π”‰ªºà“π DEAE-HiPrep FF 16/10 column (10.0 x 1.6 cm,
FPLC system, Pharmacia LKB Biotechnology, Uppsala, Sweden) ∑’Ë equilibrate ¥â«¬ Tris-HCl buffer
0.05 ‚¡≈“√å æ’‡Õ™ 8.0 ¿“¬À≈—ß°“√≈â“ß§Õ≈—¡πå ™–‡Õπ‰´¡å¥â«¬ linear gradient ¢Õß Tris-HCl buffer 0.05 ‚¡≈“√å
æ’‡Õ™ 8.0 ∑’Ëª√–°Õ∫¥â«¬‚´‡¥’¬¡§≈Õ‰√¥å 0 ∂÷ß 0.5 ‚¡≈“√å ∑’ËÕ—µ√“°“√‰À≈ 1 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ́ ÷Ëßª√“°Ø peak ¢Õß
‚ª√µ’π·≈–‰´≈“‡π  3 peaks ¥—ß√Ÿª∑’Ë 1 ‚¥¬ peak I ·≈– II ¡’ª√‘¡“≥‰´≈“‡π  ·≈– specific activity πâÕ¬°«à“
peak III  ¥—ßπ—Èπ fractions ∑’Ë 39-49  ́ ÷Ëßª√“°Ø°‘®°√√¡‰´≈“‡π „π peak III ∂Ÿ°√«∫√«¡  ·≈â« dialysis ¥â«¬ Tris-
HCl buffer 0.05 ‚¡≈“√å æ’‡Õ™ 8.0 ∑’Ëª√–°Õ∫¥â«¬‚´‡¥’¬¡§≈Õ‰√¥å 0.30 ‚¡≈“√å
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√Ÿª∑’Ë 1 √Ÿª·∫∫°“√·¬°‰´≈“‡π ¥â«¬‡§√◊ËÕß FPLC  ‚¥¬„™â DEAE-HiPrep FF 16/10 column
    ‚¥¬  (      ) · ¥ßª√‘¡“≥‚ª√µ’π  ·≈– (       ) · ¥ß°‘®°√√¡‰´≈“‡π 

π”‡Õπ‰´¡å∑’Ë dialysis ·≈â«‰ªºà“π Mono-Q HR 5/5 column (5.0 x 0.5 cm, FPLC system, Pharmacia
LKB Biotechnology, Uppsala, Sweden) ∑’Ë equilibrate ¥â«¬ Tris-HCl buffer 0.05 ‚¡≈“√å æ’‡Õ™ 8.0 ∑’Ëª√–°Õ∫
¥â«¬‚´‡¥’¬¡§≈Õ‰√¥å 0.30 ‚¡≈“√å  ¿“¬À≈—ß°“√≈â“ß§Õ≈—¡πå¥â«¬∫—æ‡øÕ√å™π‘¥‡¥’¬«°—π  ™–‡Õπ‰´¡å¥â«¬ linear gradient
¢Õß Tris-HCl buffer 0.05 ‚¡≈“√å æ’‡Õ™ 8.0 ∑’Ëª√–°Õ∫¥â«¬‚´‡¥’¬¡§≈Õ‰√¥å 0.30 ∂÷ß 0.50 ‚¡≈“√å ∑’ËÕ—µ√“°“√‰À≈
1 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ √Ÿª·∫∫¢Õß°“√·¬°‡Õπ‰´¡å · ¥ß¥—ß√Ÿª∑’Ë 2 ´÷Ëßª√“°Ø peak ¢Õß‚ª√µ’π 4 peaks ·≈–‰´≈“‡π 
2 peaks ‚¥¬‰´≈“‡π  peak I ¡’ª√‘¡“≥‰´≈“‡π  ·≈– specific activity ¡“°°«à“ peak II ‡¡◊ËÕπ”‰´≈“‡π ∑’Ë‰¥â
®“° peak I (fraction ∑’Ë 15) ‰ªµ√«® Õ∫¥â«¬ SDS-PAGE ·≈– active-PAGE æ∫«à“‡ªìπ ‰´≈“‡π ∫√‘ ÿ∑∏‘Ï∑’Ë¡’
¢π“¥ 47 kDa ¥—ß· ¥ß„π√Ÿª∑’Ë 3A ‡≈π∑’Ë 3 ·≈–√Ÿª∑’Ë 3B µ“¡≈”¥—∫ ¢—ÈπµÕπµà“ßÊ „π°“√∑”„Àâ‡Õπ‰´¡å∫√‘ ÿ∑∏‘Ï
· ¥ß¥—ßµ“√“ß∑’Ë 1 ´÷Ëß‰´≈“‡π ∂Ÿ°∑”„Àâ¡’§«“¡∫√‘ ÿ∑∏‘Ï‡æ‘Ë¡¢÷Èπ 8 ‡∑à“ ·≈– specific activity ¢Õß‡Õπ‰´¡å∫√‘ ÿ∑∏‘Ï
¡’§à“‡∑à“°—∫ 34.4 Àπà«¬µàÕ¡‘≈≈‘°√—¡‚ª√µ’π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ crude enzyme ‰´≈“‡π ∫√‘ ÿ∑∏‘Ï∑’Ë‰¥â¡’§«“¡
∫√‘ ÿ∑∏‘Ï‡æ‘Ë¡¢÷Èπ‡æ’¬ß 8 ‡∑à“ ‡∑à“π—Èπ √«¡∑—Èß°‘®°√√¡¢Õß‡Õπ‰´¡å à«π„À≠àÀ“¬‰ª√âÕ¬≈– 90.8 ´÷Ëßπà“®–¡’ “‡Àµÿ®“°
‡¡◊ËÕπ” crude enzyme ¡“µ√«® Õ∫¥â«¬ active-PAGE æ∫«à“ª√–°Õ∫¥â«¬‰´≈“‡π ∑’Ëº≈‘µÕÕ°¡“πÕ°‡´≈≈åÕ¬à“ß
πâÕ¬ 6 ™π‘¥∑’Ë¡’¢π“¥√–À«à“ß 20 kDa ∂÷ß 66 kDa (‰¡à‰¥â· ¥ßº≈°“√∑¥≈Õß) ´÷Ëß‰´≈“‡π ·µà≈–™π‘¥πà“®–
∑”ß“π√à«¡°—∫ arabinofuranosidase ·≈– β-xylosidase „π°“√¬àÕ¬‰´·≈π [6]  ¥—ßπ—Èπ‡¡◊ËÕ∑”„Àâ∫√‘ ÿ∑∏‘Ï ®÷ß¡’º≈
„Àâ°‘®°√√¡¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘Ï‡æ‘Ë¡¢÷Èπ‰¡à¡“°π—° ́ ÷Ëß®“°ß“π«‘®—¬¢Õß Kang ·≈–§≥– [16] æ∫«à“‰´≈“‡π  ∫√‘ ÿ∑∏‘Ï
CX-I ·≈– CX-II ®“° alkalophilic Cephalosporium sp.  “¬æ—π∏ÿå RYM-202 ¡’§«“¡∫√‘ ÿ∑∏‘Ï‡æ‘Ë¡¢÷Èπ 17.3 ·≈–
22.9 ‡∑à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ crude enzyme „π¢≥–∑’Ë°‘®°√√¡¢Õß‡Õπ‰´¡å à«π„À≠àÀ“¬‰ª√âÕ¬≈– 91.1 ·≈–
85.0 µ“¡≈”¥—∫
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√Ÿª∑’Ë 2 √Ÿª·∫∫°“√·¬°‰´≈“‡π ¥â«¬‡§√◊ËÕß FPLC  ‚¥¬„™â Mono-Q HR 5/5 column
           ‚¥¬  (       ) · ¥ßª√‘¡“≥‚ª√µ’π ·≈– (       ) · ¥ß°‘®°√√¡‰´≈“‡π 

√Ÿª∑’Ë 3 SDS-PAGE (A) ·≈– active-PAGE (B) ¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘Ï®“° B. halodurans C-1
(A) Lane M : prestained molecular weight markers : phosphorylase B

(112 kDa), bovine serum albumin (81 kDa), ovalbumin
(50 kDa), carbonic anhydrase (36 kDa), soybean trypsin
inhibitor (30 kDa) ·≈– lysozyme (21 kDa)

Lane 1 : crude enzyme ∑’Ë∑”„Àâ‡¢â¡¢âπ¥â«¬·Õ¡‚¡‡π’¬¡ —́≈‡øµ (§«“¡‡¢â¡¢âπª√–¡“≥ 250 ‰¡‚§√°√—¡)

Lane 2 : µ—«Õ¬à“ß∑’Ëºà“π§Õ≈—¡πå DEAE-HiPrep FF 16/10 (§«“¡‡¢â¡¢âπª√–¡“≥ 75 ‰¡‚§√°√—¡)
Lane 3 : µ—«Õ¬à“ß∑’Ëºà“π§Õ≈—¡πå Mono-Q HR 5/5 (§«“¡‡¢â¡¢âπª√–¡“≥ 50 ‰¡‚§√°√—¡)

(B)  µ—«Õ¬à“ß∑’Ëºà“π§Õ≈—¡πå Mono-Q HR 5/5 (§«“¡‡¢â¡¢âπª√–¡“≥ 15 ‰¡‚§√°√—¡)
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µ“√“ß∑’Ë 1  °“√∑”„Àâ‰´≈“‡π ®“° B. halodurans C-1 ∫√‘ ÿ∑∏‘Ï

Purification step

Crude enzyme

DEAE-Toyopearl

DEAE-HiPrep FF 16/10

Mono-Q HR 5/5

Total
Protein
(mg)

1617.6

381.0

71.6

18.7

Total
Activity
(Unit)

6950.0

4114.4

1568.0

643.3

Specific
Activity

(Unit/mg)

4.3

10.8

21.9

34.4

Purification
Factor

1.0

2.5

5.1

8.0

Yield
(%)

100.0

59.2

22.6

9.2

3.3 §«“¡®”‡æ“–¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬‰´·≈π

¡’√“¬ß“π«à“‡Õπ‰´¡å∫√‘ ÿ∑∏‘Ï∑’Ë¬àÕ¬ºπ—ß‡´≈≈åæ◊™®“°®ÿ≈‘π∑√’¬å∫“ß™π‘¥· ¥ß§ÿ≥ ¡∫—µ‘‡ªìπ multiple  func-
tions ‡™àπ β-xylosidase/β-glucosidase ®“° Chaetomium trilaterale [17] ·≈– β-xylosidase/α-
arabinofuranosidase ®“° Clostridium stercorarium [18] ·≈–‰´≈“‡π ®“°®ÿ≈‘π∑√’¬å∫“ß™π‘¥ª√–°Õ∫¥â«¬ xylan-
binding domain ·≈–/À√◊Õ cellulose-binding domain ´÷Ëß∑”„Àâ “¡“√∂¬÷¥‡°“–°—∫‰´·≈π·≈–‡´≈≈Ÿ‚≈ ∑’Ë‰¡à
≈–≈“¬πÈ” ‡™àπ ‰´≈“‡π ®“° Bacillus firmus K-1 [11]  “¡“√∂¬÷¥‡°“–°—∫‰´·≈π  ‰´≈“‡π ®“° Clostridium
thermocellum [19] Cellulomonas fimi [20] ·≈– Thermomonospora fusca [21]  “¡“√∂¬÷¥‡°“–°—∫∑—Èß‰´·≈π
·≈–‡´≈≈Ÿ‚≈ ∑’Ë‰¡à≈–≈“¬πÈ” ‡ªìπµâπ Õ¬à“ß‰√°Áµ“¡ ‰´≈“‡π  ®“° B. halodulans C-1 · ¥ß§ÿ≥ ¡∫—µ‘‡©æ“–‰´≈“‡π 
‚¥¬¬àÕ¬‰¥â‡©æ“–‰´·≈π ·≈–‰¡à “¡“√∂¬÷¥‡°“–°—∫‰´·≈πÀ√◊Õ‡´≈≈Ÿ‚≈ ∑’Ë‰¡à≈–≈“¬πÈ” ·¡â«à“®–‰¥â‡æ‘Ë¡§«“¡‡¢â¡¢âπ
¢Õßµ—«Õ¬à“ß‡Õπ‰´¡å∂÷ß 100 ‡∑à“ ®“°µ—«Õ¬à“ßª°µ‘„π°“√µ√«® Õ∫§ÿ≥ ¡∫—µ‘µà“ßÊ ·≈â«°Áµ“¡

3.4 °“√¬àÕ¬‰´·≈π∑’Ë≈–≈“¬πÈ”‚¥¬‰´≈“‡π ∫√‘ ÿ∑∏‘Ï

Õ—µ√“°“√¬àÕ¬ soluble birchwood  larchwood  ·≈– oat spelt xylans ‚¥¬‰´≈“‡π ∫√‘ ÿ∑∏‘Ï®“° B.
halodulans C-1 · ¥ß„π√Ÿª∑’Ë 4  ‰´≈“‡π  “¡“√∂¬àÕ¬‰´·≈π∑’Ë≈–≈“¬πÈ”∑—Èß 3 ™π‘¥  ‚¥¬¬àÕ¬ soluble birchwood
xylan ‰¥â¥’°«à“ soluble oat spelt ·≈– larchwood xylans µ“¡≈”¥—∫  ‰´·≈π¡’‚§√ß √â“ßÀ≈—°‡ªìπ‚æ≈‘‡¡Õ√å¢Õß
πÈ”µ“≈‰´‚≈  [1] ·≈–®“°°“√»÷°…“Õß§åª√–°Õ∫¢Õß‰´·≈π∑’Ë≈–≈“¬πÈ”‚¥¬ Li ·≈–§≥– [22] æ∫«à“ soluble
birchwood xylan ª√–°Õ∫¥â«¬πÈ”µ“≈‰´‚≈ √âÕ¬≈– 94.1 °≈Ÿ‚§ √âÕ¬≈– 1.4 ·≈–°“·≈§‚µ √âÕ¬≈– 4.5 ¢≥–∑’Ë
soluble oat spelt xylan ª√–°Õ∫¥â«¬πÈ”µ“≈‰´‚≈ √âÕ¬≈– 52.5 °≈Ÿ‚§ √âÕ¬≈– 15.7 °“·≈§‚µ √âÕ¬≈– 9.5  ·≈–
Õ–√“∫‘‚π √âÕ¬≈– 22.3  à«π soluble larchwood xylan ª√–°Õ∫¥â«¬πÈ”µ“≈‰´‚≈ √âÕ¬≈– 47.5 °≈Ÿ‚§ √âÕ¬≈–
26.5 ·≈–·¡π‚π √âÕ¬≈– 26.0 ¥—ßπ—ÈπÕ“®‡ªìπ‰ª‰¥â«à“‰´≈“‡π ∫√‘ ÿ∑∏‘Ï®“° B. halodulans C-1 ™Õ∫∑’Ë®–¬àÕ¬‰´·≈π
∑’Ë¡’Õß§åª√–°Õ∫ à«π„À≠à‡ªìππÈ”µ“≈‰´‚≈  ·≈–¡’°‘Ëß°â“ππâÕ¬ ‚¥¬¬àÕ¬ soluble birchwood xylan (‰´‚≈  √âÕ¬≈–
94.1) ‰¥â¥’°«à“ soluble oat spelt xylan (‰´‚≈ √âÕ¬≈– 52.5) ·≈– soluble larchwood xylan (‰´‚≈  √âÕ¬≈–
47.5) µ“¡≈”¥—∫ ·≈–®“°º≈°“√∑¥≈Õß„π√Ÿª∑’Ë 4 æ∫«à“Õ—µ√“°“√ª≈¥ª≈àÕ¬πÈ”µ“≈√’¥‘«´å®“°‰´·≈π∑’Ë≈–≈“¬πÈ”∑—Èß
3 ™π‘¥ ‡æ‘Ë¡¢÷Èπ‡√Á«¡“°„π 5 π“∑’·√° À≈—ß®“°π—ÈπÕ—µ√“°“√ª≈¥ª≈àÕ¬πÈ”µ“≈√’¥‘«´å≈¥≈ß ·≈–¿“¬À≈—ßπ“∑’∑’Ë 10
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πÈ”µ“≈√’¥‘«´å∂Ÿ°ª≈¥ª≈àÕ¬‡æ‘Ë¡¢÷Èπ®“° soluble larchwood xylan πâÕ¬¡“° ¢≥–∑’Ë soluble oat spelt xylan
πÈ”µ“≈√’¥‘«´å∂Ÿ°ª≈¥ª≈àÕ¬‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬À≈—ßπ“∑’∑’Ë 30  à«π soluble birchwood xylan πÈ”µ“≈√’¥‘«´å¬—ß§ß∂Ÿ°
ª≈¥ª≈àÕ¬‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê µ≈Õ¥√–¬–‡«≈“°“√∑¥ Õ∫ (120 π“∑’)  · ¥ß«à“πÈ”µ“≈™π‘¥Õ◊Ëπ„π à«π°‘Ëß°â“π πà“®–¡’
º≈¢—¥¢«“ß°“√∑”ß“π¢Õß‰´≈“‡π  ®“° B. halodulans C-1 ´÷Ëß Vries ·≈–§≥– [23] √“¬ß“π«à“‰´≈“‡π  ®“°
Aspergillus ¬àÕ¬‰´·≈π‰¥â‡æ‘Ë¡¢÷Èπ 2.5 ‡∑à“ À“°‡µ‘¡ arabinofuranosidase ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë¬àÕ¬ à«π°‘Ëß°â“π∑’Ë
‡ªìππÈ”µ“≈Õ–√“∫‘‚π ÕÕ°®“°‰´·≈π≈ß‰ª√à«¡¥â«¬

√Ÿª∑’Ë 4 °“√¬àÕ¬‰´·≈π∑’Ë≈–≈“¬πÈ”µà“ßÊ ¥â«¬‰´≈“‡π ∫√‘ ÿ∑∏‘Ï®“° B. halodurans C-1

3.5 µ—«·ª√®≈π»“ µ√å¢Õß‰´≈“‡π µàÕ°“√¬àÕ¬‰´·≈π

µ“√“ß∑’Ë 2 · ¥ß§à“®≈π»“ µ√å¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬ soluble birchwood oat spelt ·≈–
larchwood xylans æ∫«à“ §à“ Km ¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬ soluble birchwood oat spelt  ·≈– larchwood
xylans ‡∑à“°—∫ 1.63 1.83 ·≈– 2.76 ¡‘≈≈‘°√—¡/¡‘≈≈≈‘µ√ µ“¡≈”¥—∫ ¢≥–∑’Ë§à“ Vmax ¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬
soluble birchwood larchwood ·≈– oat spelt xylans ‡∑à“°—∫ 0.175 0.150 ·≈– 0.125 mMmin-1/mg µ“¡≈”¥—∫
Õ—µ√“ à«π¢Õß Vmax/Km ¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘ÏµàÕ°“√¬àÕ¬ soluble birchwood xylan ‡∑à“°—∫ 1.3 ·≈– 2.4 ‡∑à“¢Õß
soluble oat spelt ·≈– larchwood xylans µ“¡≈”¥—∫ · ¥ß«à“‰´≈“‡π ∫√‘ ÿ∑∏‘Ï®“° B. halodurans C-1 ¡’
§«“¡®”‡æ“–µàÕ°“√®—∫·≈–‡√àßªØ‘°‘√‘¬“µàÕ‰´·≈π∑’Ë¡’°‘Ëß°â“ππâÕ¬ ¡“°°«à“‰´·≈π∑’Ë¡’°‘Ëß°â“π¡“° ́ ÷Ëß§à“ Km ·≈– Vmax

¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘Ï®“° B. halodurans C-1 µàÕ‰´·≈πµà“ßÊ ¡’§à“Õ¬Ÿà„π™à«ß‡¥’¬«°—∫§à“ Km ·≈– Vmax ®“°
Bacillus spp. Õ◊ËπÊ ́ ÷Ëß¡’§à“ Km √–À«à“ß 1.58-17.1 ¡‘≈≈‘°√—¡/¡‘≈≈‘≈‘µ√ ·≈– Vmax √–À«à“ß 0.017-288 µMmin-1/mg
µ“¡≈”¥—∫ [24]
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µ“√“ß∑’Ë 2   µ—«·ª√®≈π»“ µ√å¢Õß‰´≈“‡π ∫√‘ ÿ∑∏‘Ï®“° B. halodurans C-1 µàÕ°“√¬àÕ¬‰´·≈πµà“ßÊ

Vmax /Km

(mMmin-1/mg)/(mg/ml)

0.107

0.82

0.45

Vmax

(mMmin-1/mg)

0.175

0.150

0.125

Km

(mg/ml)

1.63

1.83

2.76

Soluble
xylan

 Birchwood

 Oat spelt

 Larchwood

4.  √ÿªº≈°“√«‘®—¬

‰´≈“‡π ¢π“¥ 47 kDa ®“° B. halodurans  “¬æ—π∏ÿå C-1 ∂Ÿ°∑”„Àâ∫√‘ ÿ∑∏‘Ï ‚¥¬°“√µ°µ–°Õπ¥â«¬‡°≈◊Õ
·Õ¡‚¡‡π’¬¡´—≈‡øµ DEAE-Toyopearl §Õ≈—¡πå ·≈– DEAE-HiPrep FF 16/10 ·≈– Mono-Q HR 5/5 fast
performance liquid chromatographys ·≈–µ√«® Õ∫§«“¡∫√‘ ÿ∑∏‘Ï¥â«¬ SDS-PAGE ·≈– active-PAGE ‰´≈“‡π 
∫√‘ ÿ∑∏‘Ï∑’Ë‰¥â “¡“√∂¬àÕ¬‰´·≈π∑’Ë≈–≈“¬πÈ”µà“ßÊ ‰¥â¥’ ‚¥¬¡’§«“¡®”‡æ“–µàÕ°“√®—∫·≈–‡√àßªØ‘°‘√‘¬“µàÕ soluble
birchwood xylan ´÷Ëß¡’°‘Ëß°â“ππâÕ¬ ¡“°°«à“ soluble oat spelt ·≈– larchwood xylans ∑’Ë¡’°‘Ëß°â“π¡“°°«à“

5. °‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥ ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬ ¿“¬„µâ‚§√ß°“√ª√‘≠≠“‡Õ°°“≠®π“¿‘‡…°
·≈– ”π—°ß“π§≥–°√√¡°“√«‘®—¬·Ààß™“µ‘ ¿“¬„µâ‚§√ß°“√·≈°‡ª≈’Ë¬π√–À«à“ß‰∑¬·≈–≠’ËªÿÉπ (NRCT-JSPS) ∑’Ë„Àâ
∑ÿπ«‘®—¬ π—∫ πÿπß“π«‘®—¬π’È
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