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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È‡ªìπ°“√À“‚§√ß √â“ß 3 ¡‘µ‘¢Õß xylan-binding xylanase (XBX) ®“° Bacillus firmus K-1 ∑’Ë

∑√“∫≈”¥—∫°√¥Õ–¡‘‚π®“°°“√‚§≈π ·≈–· ¥ßÕÕ°¢Õß¬’π xbx „π Escherichia coli ¥â«¬«‘∏’ homology

modeling ‚¥¬„™â‚§√ß √â“ß 3 ¡‘µ‘¢Õß‰´≈“‡π ®“° Bacillus circulans (1BVV) ‡ªìπ·¡à·∫∫ æ∫«à“‚§√ß √â“ß 3

¡‘µ‘¢Õß XBX ¡’≈—°…≥–§≈â“¬°—∫ çclose right handé ´÷Ëßª√–°Õ∫¥â«¬ 14 β-sheets ·≈– 1 α-helix ‚¥¬¡’ Glu78

·≈– Glu171 ‡ªìπ catalytic site ∑’ËÕ¬Ÿà„π∑‘»∑“ßµ√ß°—π¢â“¡·≈–¬◊Ëπ à«π¢Õß side chain ‡¢â“‰ª¿“¬„π cleft    Glu78

¡’∫∑∫“∑‡ªìπ nucleophile ‚¥¬ √â“ßæ—π∏–‰Œ‚¥√‡®π°—∫ Gln126 Tyr69 ·≈– Tyr80 ¢≥–∑’Ë Glu171 ‡ªìπ acid/

base catalyst ∑’Ë √â“ßæ—π∏–‰Œ‚¥√‡®π°—∫ Asn35 ‡æ’¬ßµ”·Àπàß‡¥’¬«  ‡¡◊ËÕæ‘®“√≥“§à“ Root mean square de-

viation (RMSD) ∑’Ë‰¥â®“°°“√ superposition ‚§√ß √â“ßÀ≈—°·≈–·µà≈–Õ–µÕ¡¿“¬„π‚§√ß √â“ß¢Õß XBX °—∫ 1BVV

æ∫«à“¡’§à“‡∑à“°—π§◊Õ 0.329 Å · ¥ß„Àâ‡ÀÁπ«à“‚§√ß √â“ß 3 ¡‘µ‘∑’ËÀ“‰¥â®“°«‘∏’ homology modeling ¡’§«“¡∂Ÿ°

µâÕß·≈–πà“‡™◊ËÕ∂◊Õ ÷́Ëß‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√À“‚§√ß √â“ß 3 ¡‘µ‘¢Õß‡Õπ‰´¡å∑’Ë„™â√–¬–‡«≈“πâÕ¬

§” ”§—≠ : Bacillus firmus K-1/ Homology Modeling/ ‚§√ß √â“ß 3 ¡‘µ‘/ Xylan-binding Xylanase

°“√À“‚§√ß √â“ß 3 ¡‘µ‘¢Õß xylan-binding xylanase ®“° Bacillus fimus K-1

¥â«¬«‘∏’ homology modeling
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Three-dimensional structure of xylan-binding xylanase (XBX) from Bacillus firmus K-1 which

had been cloned and expressed xbx in Escherichia coli was determined by homology modeling using

the X-ray structure of Bacillus circulans (1BVV) xylanase as a template. The result showed that the

three-dimensional structure of XBX had a shape as a çclosed right handé. It contains 14 β-sheets and

1 α-helix. The catalytic sites of XBX are Glu78 and Glu171, which are located opposite to each other

in an open cleft and reach into this cleft. Glu78, which is nucleophile, holds in place by interaction to

Gln126, Tyr69 and Tyr80, while Glu171, which is acid/base catalyst, forms hydrogen bond with only

Asn35. The same Root mean square deviation (RMSD) which was obtained from superposition

backbone structure and each atom between XBX and 1BVV were 0.329 Å. These results reveal

three-dimensional structure from homology modeling is correctable and believable. This method is an

alternative for determination of the three-dimensional structure of enzyme within a short time.

Keywords : Bacillus firmus K-1 / Homology Modeling / Three-dimensional Structure /

Xylan-Binding Xylanase
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3. º≈°“√«‘®—¬·≈–«‘®“√≥åº≈

3.1 °“√À“‚§√ß √â“ß 3 ¡‘µ‘¢Õß XBX ¥â«¬«‘∏’ homology modeling

3.1.1 °“√§âπÀ“‚§√ß √â“ß 3 ¡‘µ‘¢Õß‰´≈“‡π ·ø¡‘≈’ 11 ®“°·À≈àßµà“ßÊ

®“°°“√§âπÀ“‰´≈“‡π ·ø¡‘≈’ 11 ∑’Ë∑√“∫‚§√ß √â“ß 3 ¡‘µ‘®“°∞“π¢âÕ¡Ÿ≈ Carbohydrate active

enzyme [11] æ∫«à“¡’∑—ÈßÀ¡¥ 13 ‚§√ß √â“ß ®“°®ÿ≈‘π∑√’¬å 13 ™π‘¥ ‚¥¬∑—ÈßÀ¡¥«‘‡§√“–Àå‚§√ß √â“ß 3 ¡‘µ‘¥â«¬«‘∏’

X-ray diffraction ¥—ßµ“√“ß∑’Ë 1

3.1.2 °“√‡≈◊Õ°·¡à·∫∫‚§√ß √â“ß 3 ¡‘µ‘¢Õß‰´≈“‡π ·ø¡‘≈’ 11

®“°°“√‡ª√’¬∫‡∑’¬∫≈”¥—∫°√¥Õ–¡‘‚π√–À«à“ß XBX °—∫‰´≈“‡π ·ø¡‘≈’ 11 ¥â«¬«‘∏’ Pairwise

sequence alignment æ∫«à“‰´≈“‡π ®“° Bacillus circulans ∑’Ë¡’√À—  PDB ‡ªìπ 1BVV ´÷Ëß‰¥â®“°°“√‚§≈π

·≈–· ¥ßÕÕ°¢Õß¬’π„π Escherichia coli [17] ‡™àπ‡¥’¬«°—∫ XBX ¡’ % identity  Ÿß ÿ¥ (77.84%) (µ“√“ß∑’Ë 1)

¥—ßπ—Èπ®÷ß‡≈◊Õ° 1BVV ‡ªìπ·¡à·∫∫„π°“√À“‚§√ß √â“ß 3 ¡‘µ‘¢Õß XBX

1 Bacillus circulans AF490980 P09850 1BVV 77.84
2 Nonomuraea flexuosa AJ508952 Q8GMV7 1M4W 60.00
3 Streptomyces sp. S38 X98518 Q59962 1HIX 58.00
4 Chaetomium thermophilum AY366479 Q8J1V6 1H1A 56.30
5 Hypocrea jecorina X69573 P36217 1XYP 55.60

6 Trichoderma harzianum - P48793 1XND 51.10

7 Paecilomyces varioti bainier - P81536 1PVX 49.50

8 Bacillus subtilis - Q7SID8 1IGO 47.80

9 Bacillus agaradhaerens A48223 - 1H4G 44.88

10 Hypocrea jecorina X69574 P36218 1XYN 44.40
11 Dictyoglomus thermophilum U76545 P77853 1F5J 44.20
12 Aspergillus kawachii S45138 P33557 1BK1 42.86

13 Aspergillus niger A19535 P55329 1UKR 40.95

µ“√“ß∑’Ë 1 §«“¡‡À¡◊Õπ°—π¢Õß≈”¥—∫°√¥Õ–¡‘‚π (% identity) √–À«à“ß XBX °—∫‰´≈“‡π ·ø¡‘≈’ 11∑’Ë‰¥â®“°

∞“π¢âÕ¡Ÿ≈ Carbohydrate active enzyme [11]  ·≈–¥â«¬«‘∏’ Pairwise sequence alignment
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3.1.3 °“√‡ª√’¬∫‡∑’¬∫≈”¥—∫°√¥Õ–¡‘‚π·∫∫ Multiple sequence alignment ¥â«¬«‘∏’ T-Coffee

º≈°“√‡ª√’¬∫‡∑’¬∫≈”¥—∫°√¥Õ–¡‘‚π¢Õß XBX °—∫‰´≈“‡π ·ø¡‘≈’ 11 ®“°‡™◊ÈÕ 5 ™π‘¥∑’Ë¡’ %

identity  Ÿß ÿ¥ ®“°µ“√“ß∑’Ë 1 ‰¥â·°à 1BVV 1M4W 1HIX 1H1A ·≈– 1XYP · ¥ß¥—ß√Ÿª∑’Ë 1 ®“°√Ÿª —ß‡°µ‡ÀÁπ

«à“°√¥Õ–¡‘‚πµ”·Àπàß∑’Ë 1 ∂÷ß 26 (µ—«Àπ“) ¢Õß XBX ‡ªìπ∫√‘‡«≥∑’Ë¡’≈”¥—∫°√¥Õ–¡‘‚π∑’Ë‰¡àª√“°Ø„π 1BVV ·≈–

‰´≈“‡π ®“°‡™◊ÈÕÕ◊Ëπ §“¥«à“∫√‘‡«≥¥—ß°≈à“«πà“®–‡ªìπ signal sequence ∑’Ë‡°‘¥®“°°“√· ¥ßÕÕ°¢Õß¬’π„π

Escherichia coli ‡π◊ËÕß®“°¡’§«“¡§≈â“¬§≈÷ß°—∫°√¥Õ–¡‘‚π≈”¥—∫∑’Ë 1-28 ∑’Ë‡ªìπ∫√‘‡«≥ signal sequence ¢Õß

1BVV [18] ́ ÷Ëß∂Ÿ°µ—¥ÕÕ°  ¥â«¬‡Àµÿπ’È„π°“√»÷°…“‚§√ß √â“ß 3 ¡‘µ‘¢Õß XBX ®÷ßµ—¥≈”¥—∫°√¥Õ–¡‘‚πµ”·Àπàß∑’Ë 1 ∂÷ß

26 ÕÕ° ∑”„Àâ XBX ¡’≈”¥—∫°√¥Õ–¡‘‚π‡À≈◊Õ∑—ÈßÀ¡¥ 184 residues (®“°‡¥‘¡ 210 residues) ‚¥¬‡√‘Ë¡π—∫®“°

√Ÿª∑’Ë 1 Multiple sequence alignment ¥â«¬«‘∏’ T-Coffee [13] ¢Õß XBX °—∫‰´≈“‡π ·ø¡‘≈’ 11
∑’Ë‰¥â®“°∞“π¢âÕ¡Ÿ≈ Protein data bank ‰¥â·°à ‰´≈“‡π ®“° Bacillus circulans (1BVV)
Nonomuraea flexuosa (1M4W) Streptomyces sp. S38 (1HIX) Chaetomium
thermophilum (1H1A) ·≈– Hypocrea jecorina (1XYP)  ”À√—∫ —≠≈—°…≥å ç-é §◊Õ
gap ·≈– —≠≈—°…≥å ç*é §◊Õ∫√‘‡«≥Õπÿ√—°…å¢Õß‡Õπ‰´¡å
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√Ÿª∑’Ë 4 °“√ superposition (°) ‚§√ß √â“ßÀ≈—° ·≈– (¢) ·µà≈–Õ–µÕ¡¿“¬„π‚§√ß √â“ß 3 ¡‘µ‘¢Õß
XBX ( ’·¥ß) °—∫ 1BVV ( ’πÈ”‡ß‘π) ∑’Ë„™â‡ªìπ·¡à·∫∫ ‚¥¬°√Õ∫ ’Ë‡À≈’Ë¬¡ ’‡¢’¬«· ¥ßµ”·Àπàß
¢Õß side chain ∑’Ë‰¡à´âÕπ∑—∫°—π

√Ÿª∑’Ë 3 ‚§√ß √â“ß 3 ¡‘µ‘¢Õß XBX ®“° Bacillus firmus K-1 ∑’Ë‰¥â®“°«‘∏’ homology modeling
·≈–· ¥ß∫√‘‡«≥¢Õß β-sheet ·≈– α-helix ¿“¬„π‚§√ß √â“ß
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‡¡◊ËÕæ‘®“√≥“§à“ RMSD ∑’Ë‰¥â®“°°“√ superposition √–À«à“ß‚§√ß √â“ßÀ≈—° (backbone) ·≈–

·µà≈–Õ–µÕ¡¿“¬„π‚§√ß √â“ß 3 ¡‘µ‘¢Õß XBX ( ’·¥ß) °—∫ 1BVV ( ’πÈ”‡ß‘π) æ∫«à“‰¥â§à“ RMSD ‡∑à“°—π§◊Õ 0.329

Å · ¥ß«à“‚§√ß √â“ß 3 ¡‘µ‘∑’Ë‰¥â®“°∑—Èß 2 ·À≈àß‡À¡◊Õπ°—π¡“° (§à“ RMSD ‡ªìπ§à“∑“ß ∂‘µ‘∑’Ë„™â∫àß∫Õ°§«“¡·µ°

µà“ß√–À«à“ß 2 ‚§√ß √â“ßÀ√◊Õ¡“°°«à“ °√≥’∑’Ë§à“ RMSD Õ¬Ÿà„π™à«ß 0.0-0.5 Å · ¥ß«à“‚§√ß √â“ß∑—Èß Õß‡À¡◊Õπ

°—π¡“° ·≈–°√≥’∑’Ë§à“ RMSD <1.5 Å · ¥ß«à“‚§√ß √â“ß∑—Èß Õß·µ°µà“ß°—π‡≈Á°πâÕ¬ [20]) ®“°√Ÿª∑’Ë 4 °  —ß‡°µ

‡ÀÁπ«à“‚§√ß √â“ß·∫∫ Ribbon ¢Õß‰´≈“‡π ∑—Èß Õß™π‘¥¡’≈—°…≥–°“√¡â«π·≈–∫‘¥µ—«¿“¬„π‚§√ß √â“ßÀ≈—°„°≈â‡§’¬ß°—π

· ¥ß«à“‚§√ß √â“ß 3 ¡‘µ‘¢Õß XBX ∑’Ë‰¥â®“°«‘∏’ homology modeling ‡À¡◊Õπ°—∫‚§√ß √â“ß 3 ¡‘µ‘¢Õß 1BVV ∑’Ë‰¥â

®“°«‘∏’ X-ray diffraction ·µà®“°°“√ superposition ·µà≈–Õ–µÕ¡¿“¬„π‚§√ß √â“ß¢Õß‰´≈“‡π ∑—Èß Õß ¥—ß√Ÿª∑’Ë

4 (¢)  æ∫«à“¡’∫“ßµ”·Àπàß∑’Ë side chain ‰¡à´âÕπ∑—∫°—π ‰¥â·°à ∫√‘‡«≥ hairpin loop thumb (°√Õ∫ ’Ë‡À≈’Ë¬¡ ’

‡¢’¬«¥â“π∫π) ·≈–∫√‘‡«≥¥â“π≈à“ß¢Õß β-sheet ∑’Ë‡ªìπ sandwich (°√Õ∫ ’Ë‡À≈’Ë¬¡ ’‡¢’¬«¥â“π≈à“ß) ∑—Èßπ’ÈÕ“®‡π◊ËÕß

¡“®“°≈”¥—∫°√¥Õ–¡‘‚π¢Õß XBX °—∫ 1BVV ‡À¡◊Õπ°—π‡æ’¬ß 78% ·≈–‡À≈◊ÕÕ’° 22% ‡ªìπµ”·Àπàß¢Õß°√¥

Õ–¡‘‚π∑’Ë·µ°µà“ß°—π ®÷ß‡ªìπº≈„Àâ side chain ¢Õß°√¥Õ–¡‘‚π¿“¬„π‚§√ß √â“ß¢Õß∫√‘‡«≥¥—ß°≈à“«¡’°“√À¡ÿπ

æ—π∏–„π∑‘»∑“ß∑’Ë·µ°µà“ß°—π

3.2 °“√»÷°…“≈—°…≥–‚§√ß √â“ß 2 ¡‘µ‘¢Õß XBX

3.2.1 °“√»÷°…“≈—°…≥–‚§√ß √â“ß 2 ¡‘µ‘

≈—°…≥–‚§√ß √â“ß 2 ¡‘µ‘¢Õß XBX ª√–°Õ∫¥â«¬ 14 β-sheets ·≈– 1 α-helix ¥—ßµ“√“ß∑’Ë 2

·≈–√Ÿª∑’Ë 5 ≈—°…≥–‚§√ß √â“ß 3 ¡‘µ‘‚¥¬√«¡¢Õß XBX §≈â“¬°—∫ çclose right handé (√Ÿª∑’Ë 3) ∑’Ëª√–°Õ∫¥â«¬ 3

∫√‘‡«≥∑’Ë ”§—≠ ∫√‘‡«≥·√°§◊Õ thumb hairpin loop ∑’Ë‡ª√’¬∫‡ ¡◊Õππ‘È«À—«·¡à¡◊Õ ´÷ËßÕ¬Ÿà√–À«à“ß sheet 9 ·≈–

sheet 10 ∫√‘‡«≥∑’Ë Õß§◊Õ loop ∑’Ë‡√’¬°«à“ palm ∑’Ë‡ª√’¬∫‡ ¡◊ÕπΩÉ“¡◊Õ ́ ÷ËßÕ¬Ÿà√–À«à“ß α-helix  °—∫ sheet 12 ·≈–

∫√‘‡«≥∑’Ë “¡§◊Õ β-sheet ∑’Ë‡ª√’¬∫‡ ¡◊Õππ‘È«¡◊Õ ´÷ËßÕ¬Ÿà¥â“π≈à“ß ‰¥â·°à sheet 1, 2, 3, 4, 5, 13 ·≈– 14 ®—¥‡√’¬ß

µ—« ≈—∫°—π‰ª¡“§≈â“¬°—∫ sandwich πÕ°®“°π’È¬—ß¡’ loop ∑’Ë‡√’¬°«à“ coil ÷́ËßÕ¬Ÿà√–À«à“ß sheet 7 ·≈– sheet 8

æ“¥Õ¬Ÿà∫√‘‡«≥ª“°¢Õß cleft
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3.2.2 °“√»÷°…“ ¡∫—µ‘¢Õß°√¥Õ–¡‘‚π¿“¬„π‚§√ß √â“ß¢Õß XBX

‚§√ß √â“ß¢Õß XBX ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π∑—ÈßÀ¡¥ 19 ™π‘¥ ‰¡àæ∫™π‘¥‡¥’¬«§◊Õ cysteine

‚¥¬·µà≈–™π‘¥°√–®“¬Õ¬Ÿà∑—Ë«‰ª„π‚§√ß √â“ß„πª√‘¡“≥∑’Ë·µ°µà“ß°—π ·≈–‡¡◊ËÕæ‘®“√≥“ ¡∫—µ‘¥â“π°“√≈–≈“¬πÈ”

¢Õß°√¥Õ–¡‘‚π¿“¬„π‚§√ß √â“ß ‚¥¬∫àß™’È§«“¡ “¡“√∂„π°“√≈–≈“¬πÈ”„π√Ÿª¢Õß§à“ hydrophobicity [16] ÷́Ëß

°√¥Õ–¡‘‚π∑’Ë¡’§à“ hydrophobicity πâÕ¬°«à“ 0.5 ‡ªìπæ«° hydrophilic ÷́Ëß≈–≈“¬πÈ”‰¥â§àÕπ¢â“ß¥’ ¢≥–∑’Ë°√¥

Õ–¡‘‚π∑’Ë¡’§à“ hydrophobicity ¡“°°«à“ 0.5 ‡ªìπæ«° hydrophobic ≈–≈“¬πÈ”‰¥â§àÕπ¢â“ß¬“° ®“°°“√»÷°…“

≈”¥—∫°√¥Õ–¡‘‚π®”π«π 184 residues ¢Õß XBX æ∫°≈ÿà¡¢Õß hydrophobic  (F, L, I, Y, W, V, M, P, C, A ·≈–

G) ∑—ÈßÀ¡¥ 96 residues ·≈–°≈ÿà¡¢Õß hydrophilic (T, S, K, Q, N, H, E, D ·≈– R) ∑—ÈßÀ¡¥ 88 residues

¥—ß√Ÿª∑’Ë 6

√Ÿª∑’Ë 6 ®”π«π¢Õß°√¥Õ–¡‘‚π∑’Ëæ∫¿“¬„π‚§√ß √â“ß¢Õß XBX ‚¥¬‡√’¬ß≈”¥—∫°√¥Õ–¡‘‚π∑’Ë¡’§à“
hydrophobicity ®“°πâÕ¬‰ª¡“°

3.2.3 °“√»÷°…“°√¥Õ–¡‘‚π„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß XBX

°√¥Õ–¡‘‚π¿“¬„π cleft (√Ÿª∑’Ë 7) ‡ªìπ∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß XBX ∑’Ëª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π

∑’Ë∑”Àπâ“∑’Ë‡ªìπ catalytic site ‰¥â·°à Glu78 ·≈– Glu171 ÷́Ëß‡ªìπµ”·ÀπàßÕπÿ√—°…å¢Õß‰´≈“‡π ·ø¡‘≈’ 11 [19, 21,

22, 23] ·≈–∫√‘‡«≥∑’Ë∑”Àπâ“∑’Ë‡ªìπ substrate-binding site ¡’∑—ÈßÀ¡¥ 15 residues ‰¥â·°à Tyr5 Gln7 Tyr8 Trp9

Asn35 Tyr65 Tyr69 Tyr80 Tyr88 Arg112 Pro116 Ser117 Ile118 Gln126 ·≈– Tyr165 ¥—ß√Ÿª∑’Ë 7 ·≈– µ“√“ß

∑’Ë 3
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√Ÿª∑’Ë 7 °√¥Õ–¡‘‚π„π∫√‘‡«≥‡√àßªØ‘°‘√‘¬“¢Õß XBX ·≈–æ—π∏–‰Œ‚¥√‡®π (‡ âπª√– ’ â¡)
∑’Ë‡°‘¥¢÷Èπ√–À«à“ß Glu78 ·≈– Glu171 °—∫°√¥Õ–¡‘‚π¢â“ß‡§’¬ß

√Ÿª∑’Ë 8 µ”·Àπàß¢Õß β-sheet ( —≠≈—°…≥å çSé) ·≈– loop ∑’Ë‡√’¬ßµ—«°—π∑”„Àâ‰¥â
‚§√ß √â“ß∑’Ë¡’≈—°…≥–‡ªìπ√àÕß¿“¬„π‚§√ß √â“ß¢Õß XBX
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