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Comparative Characterization of Xylanases from Two Bacillus Strains
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Two xylanase genes were cloned into Escherichia coli from Bacillus sp. YB-1401 and B. amyloliquefaciens
YB-1402, which had been isolated as mannanase producer from home-made doenjang, respectively, and
their nucleotide sequences were determined. Both xylanase genes consisted of 642 nucleotides, encoding
polypeptides of 213 amino acid residues. The deduced amino acid sequences of the YB-1401 and YB-1402
xylanase, designated Xyn1401 and Xyn1402, differed from each other by single amino acid residue, Asn for
Xyn1401 and Lys for Xyn1402, corresponding to amino acid position of 127. Their amino acid sequences
were highly homologous to those of xylanases belonging to the glycosyl hydrolase family 11. The 28 amino
acid stretch in the N-terminus of both enzymes was predicted as signal peptide by SignalP4.1 server. Both
xylanases were localized at the level of 91-94% in culture filtrate of the recombinant E. coli cells, suggesting
they were secreted efficiently in E. coli cells. The optimal reaction conditions were 50°C and pH 6.0 for
Xyn1401, and 55C and pH 6.5 for Xyn1402, respectively, indicating one amino acid difference from each
other affected pH and temperature profiles of their activities. In addition, their thermostabilities were
somewhat different from each other.
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Fig. 1. Amino acid sequence comparison of the Xyn1401 and Xyn1402 with others. The amino acid sequences of eight xylanases
from B. subtilis strains cho40 (CH4; ADN03187), AMX-4 (AM4; ACT79298), ABGx (AB3; AAFV73208), and Bacillus strains YA-14 (YA1;
CAA41783), BP-7 (BP7; CAD60654), YJ6 (YJ6; ACR47980), and B. subtilis (BS8; ABW87792), and B. licheniformis MS5-14 (MS5; ACF05486)
are aligned with Xyn1401 (YB1) and Xyn1402 (YB2) by introducing gaps (hyphens) to maximize similarities. Residues identical to the
amino acid sequence of the Xyn1401 are indicated by asterisks in other sequences. Signal peptide is italicized and two catalytic resides
are shown with square boxes. Residues reported to be related with thermostability are indicated by bold characters and underlines.
Numbers at the end of each line correspond to the amino acid position in the xylanases.
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719l 83t primers2 o AZIth,

228 fa%e @/Hg2ry 228 Xymloin
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Ao 2 FUsH FAE AR ASEHAY. A2 dF
9] wljkA5ol o 2 HE] AAE Bacillus sp. YJ62] xylanase
+ ohv|= Tt v go] ASTDYWQNE HE i E ¢l em[13], ]
€& Xyn14013} Xyn14029] signal peptide HFZ T}
Hjd" AGTDYWQNO] sid3tact. 2822 SignalP4.1 =
2o &% Xynl4013} Xyn14029] signal peptide=
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5 ¥t xylanaseE A4ttt A2 S
ampicillin®] FH7}e LB #j x| oA 12417t Fet X7 vt
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Fig. 2. Temperature and pH optima of Xyn1401 and Xyn1402.
Temperature profiles (A) were obtained by measuring the
xylanase activities at different temperatures with fixed pH 6.0 for
Xyn1401 (- ®-) or pH 6.5 for Xyn1402 (- O-). The pH profiles (B)
were obtained by measuring the xylanase activities of Xyn1401
(closed) and Xyn1402 (open) at various pH’s with a constant tem-
perature of 50 ‘C. Buffers (50 mM) used were as follows: sodium
citrate (circles, pH 4.5-6), sodium phosphate (reverse triangles,
pH 6-8), and Tris (squares, pH 8-9). Each curve represents the
average of three independent experiments within standard
errors of 2% between them.
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Z7A0] Apo) & HATh(Fig. 2). 7I2EEA Trhof hexahistidine
o] v FH=E AxY dALo=RE A4iE B
amyloliquefaciens CH512] xylanase= Xyn1402¢} =3t
HES Zt= Aol pH 4.03F 25CAA HHEAHS 2
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o] hexahistidyl 4717} §8€ HEY & JeH & &
259 Z§ olet o] & H3E gzl o7t Raud B ¢l
Qitt. Paenibacillus sp. DG-229] xylanase= 7}2EA dtt
o hexahistidineo] §&= %= FAFG ofw=At BB S 2E
£ xylanase$} M| 2ot S o) A vh-g2=¢ pH7L A9
E% Ao 2 B TH7]. Xyn14010]U Xyn14029} of
At Wi o] GARSE B. subtilis CXJZ (pH 5.8, 60T), B.
subtilis cho40 (pH 6, 60TC), Bacillus sp. YJ6 (pH 5.0,
50C), B. subtilis AMX-4 (pH 67, 50-55C), B. licheniformis
MS5-14 (pH 6, 40-45°C)2} Bacillus sp. BP-7 (pH 6, 607)2]
xylanaser= 2|3 §h-g2710] 7t Aol E H YTt
Xyn14013} Xyn14029] /< vlawstr] siA A&
ALY ZolE FA57] o HAZ LE(48T, 50T)olA Al
e gEste] aaE WAsHA HESAS SA AT
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Fig. 3. Thermostability of the Xyn1401 and Xyn1402. Ther-

mostability was determined by measuring the residual activities

of Xyn1401 (closed) and Xyn1402 (open) after pre-incubations for

various times at 48 ‘C (circle) and 50 ‘C (reverse triangle), respec-

tively. Each curve represents the average of three independent
experiments within standard errors of 2% between them.
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202, 50TCoA = 1420 11E = Z17F g2l o] Xyn1402
Hr} Xyn14010] geo M3t Ao = Yelidth(Fig. 3). 2H
HHg-2% = Xyn14027} =208 %= E3FaL Xyn1401%2ch &
Aol R AL Xyn14029] ¢ 7123 E4E] Qe
7t 71do] gl o Bth 22 2EAE St Aol 57
Ho] A vk 2wy} ol AL 4= th Cellulosimicrobium
sp. YB-43°0 2 B E] A AFE mannanase C= 7] 23+ 5313}
A A2 AHE 30TAA A7 Bt HA S o) ZE &
Jo] 50% o]at= FrAsEH AL 40TAlA 1AZE T HA T
o= 4As] A= YA 7122 locust bean gumIt
TE Aol A vhg2 =7t 65T E YE=d o=
718 o] EAsHH A2NME B o] FAE Yoz
Tt E Qlh15]. Xynl14028F S U3 B. amyloliquefaciens
CH519] xylanase= EFFo|A ABAME A9+= Xynl402E
o dagAgel =0T AR AR AArE HL
Xyn1402Eth EeHg4go] B2 Aoz UeyitH1]. ¢HH B.
amyloliquefaciens®] xylanase:= 3t & 7 ¥ 0](S138T)o] 2
3 A dk3-xA9o] pH 6.03} 55T A pH 5.01} 50C 2 W
SHE QS ® ooyt g0l S2E AR KUt
[12). olsf o] @ 7A9] ofuliett 7]of Aolo] o]a] Hlol
Ao) S0l Wake AL Xynld013} Xyn1doze] 7 ¢l
g2 A9 Aole FAITEL S,
Xynl4013} Xyn14029] 713 Eo|AE& ZALs7] Y3
xylan, carboxymethyl cellulose (CMC)%} locust bean gum
(LBG)= 0.5% T=& sto] A Wk pHoA] 247} ¥k
+5t9t. 1 21 Xyn14013} Xynl402+= beechwood
xylan (BeX), birchwood xylan (BiX), arabinoxylan (AX)Z}
0SXE $ A Hsfsto] 1M B4 Aolzk 37 o
ton LBGLF CMC= £3l5H4] 514 th(Table 1). Bacillus
sp. YJ6, B. subtilis AMX-4¢} Bacillus sp. BP-79] xylanases
+ xylan®] FFRo] WE FAY Zo|7} Xyni4o1o]ut
Xyn1402 2t} 20 OSXof| gt &4 7P @ekth(2, 18,
14]. o]¢} €2 Xyn1401% Xyn1402& th& 7] & o] B3|

Table 1. Substrate specificity of the crude xylanase (Xyn1401
and Xyn1402).

Relative activity (%)

Substrates
Xyn1401 Xyn1402
Oat spelt xylan 100.0 100.0
Beechwood xylan 105.4 109.8
Birchwood xylan 99.5 97.6
Arabinoxylan 105.7 1034
Locust bean gum ND ND
Carboxymethylcellulose ND ND

ND, not detected.
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X1 OSX OSX BiX BiX XOS BeX BeX
+E +E +E +E

AX AX X2 X3 X4 X5 XOS MX MX PX PX X1

+E +E +E +E +E +E

Fig. 4. Thin-layer chromatogram of hydrolysis products of -1,4-linked xylooligosaccharides and xylans with Xyn1401. The reac-
tion mixtures containing the crude xylanase and xylooligosaccharides or xylans in 50 mM sodium phosphate buffer (pH 6.0) were incu-
bated for 5 h at 40 ‘C. XOS stands for standard xylooligosaccharides indicated by X2 (xylobiose), X3 (xylotriose), X4 (xylotetraose) and
X5 (xylopentaose) at left or right sides of both panels. X1, xylose; MX, methyl xylose; PX, phenyl xylose; OSX, oat spelt xylan; BiX, birch-
wood xylan; BeX, beechwood xylan; AX, arabinoxylan; E, xylanase.

BiXef gt &4do] W2 ol
A2 22T (XOS)H xylans®] 7hp3f Abes A

715 oIt WA A GES WA A, X
A g2 wot 2 W pH @ Gy Ao] Mabt Yoy

5t7] 9fsfl 24 pHE 2EH WY XOS, methyl xylose,
phenyl xylose F+= xylan& 7| A2 F7}stx HFo a4
£ Agsto] 45T AA 4AZF B BHEE AAE & whgA
2 TLCE #A3t3th 1 A7} Xyn1401 Fig. 40 Uet
W oHpeh 22 whg AEE AASeH, Xynl402%=
Xyn14013} F L3k ¥h3 AHES A St ATHZE I v A A)).
Methyl xylose, phenyl xylose2} xylobiose (X2)= &3l A|
FOH I xylotriose (X3)= ™% w| oA &&= ATt
Xylotetraose (X4)2} xylopentaose (X5)+= X2¢} X322 &
)= 2 om xylose= T E R §Fokth Xylang 1 F 5ol
e} 7k Azl thEA UEhgen BiX, BeX9F 0SX
o] 3 ZHfAER X290} X30] HF L o] F =7} X49}
X5 Atelo] Sle BAE EAEET ol S4E 2= X0S
Z U BiXel BeX27F Zad AHS OSX Bt @
%om AXO] HafibE- HEsl] of#g Eo|qirt. Table
1o] EQl o o5t Xyn14013 Xyn14029] AX £3&4
o] T2 xylano| ]3| A7F & FEO| YA Haj4HE0]
TLCO A A FAEHA ¥ o]fF+= tE xyland] 7t
& vs} AX Raj4hE 9 FHETE woF A Y o] F8HA|
o gEo g FAHETH AMX-4 xylanaser= Xynl14010|L;
Xyn14029} FAFSHA] X0S, BiX, OSXE &£3)5l¢] X29} X3
£ FH ZMdEE AL H[14], ol 2 B
amyloliquefaciens xylanase2} B. licheniformis xylanase
L xylans2 F=Z X3, X4¢} X52 B33} X290 YAHFL
> A2 Aoz Y e, 12]. °o]2X4 Xynl4013}
Xyn1402+ 127917 opn| kAt Z+7] 3t 7§ 9] Aol 2 Ql5}o
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7F4A] =& ol Al mannanase AAMF S 2 B H Bacillus
sp. YB-14019} B. amyloliquefaciens YB-14022F¢ 27]9]
xylanase FAA7L A2 S22 Yo I G714
do] AR E Ut} F xylanase 8 A= 2137 ofm| A %t
719 Sl 28 F Ed}E 642 nucleotidesZ F LA +4
) 9lth Xyn14017} Xynl14022 ¥HE YB-1401% YB-
1402 xylanase®] otu] =4t vl E-2 127 A ZH7] <A Asnit}
Lys2 AYslie BF Y3591, glycosyl hydrolase
family 11¢f &3}= xylanase2] ofu] Ak v G 1} ALEA] o]
=3t T 849 signal peptide= SignalP4.1 T Z 130
o ofm]le Tt 28 Z7] MEE FYUSHA oS H A
T aae 91-94%7F A2 gt w5 Aol At
ooz ol atdos EHEEs Aos AHE
t}. Xyn14013} Xyn14029] 24 €324 50C¢ pH 6.0,
55C% pH 6.5% 22 g3ten o|& Kol @2 g 7§19 of
o) 7] 8] 2ol 7k =9t pHo| WE & B 9FS
A s AL SIS B3t F a4 AR AR
o7k 2ol 7k At
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