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Cloning and Characterization of Xylanase 11B Gene from Paenibacillus woosongensis

Ki-Hong Yoon*

Food Science & Biotechnology Major, Woosong University, Daejeon 34606, Republic of Korea

A gene coding for the xylanase predicted from the partial genomic sequence of Paenibacillus woosongensis
was cloned by PCR amplification and sequenced completely. This xylanase gene, designated xyn11B, con-
sisted of 1,071 nucleotides encoding a polypeptide of 356 amino acid residues. Based on the deduced amino
acid sequence, Xynl11B was identified to be a modular enzyme, including a single carbohydrate-binding
module besides the catalytic domain, and was highly homologous to xylanases belonging to glycosyl hydro-
lase family 11. The SignalP4.1 server predicted a stretch of 26 residues in the N-terminus to be the signal
peptide. Using DEAE-Sepharose and Phenyl-Sepharose column chromatography, Xyn11B was partially
purified from the cell-free extract of recombinant Escherichia coli carrying a copy of the P. woosongensis
xynlIB gene. The partially purified Xyn11B protein showed maximal activity at 50C and pH 6.5. The
enzyme was more active on arabinoxylan than on oat spelt xylan and birchwood xylan, whereas it did not
exhibit activity towards carboxymethylcellulose, mannan, and para-nitrophenyl-xylopyranoside. The
activity of Xyn11B was slightly increased by Ca>*" and Mg>**, but was significantly inhibited by Cu?*, Ni**,

Fe3*, and Mn?*, and completely inhibited by SDS.
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(xylanase)= D-xylosyl Zt7]7F B-1,4 23S #3492 ddt
str xylan®| &3] 743 Fa3 4&S . 2HER
xylanase= 4| EAYE o] &3t AHYel 8= /& &
aolw AW, % HA, Hxo A X7+, AE 7Hy, Hiol
ol a0l got BHL vEee] ARUTHE HAR A8
T 9h, 3.

o] TR MAEZRE ¢ B2 TFY xylanase7t &
B aio PAH, vheA, 33 &, EA Mg &
€ 2 I FAR ik AF7F EdsiA AP e Qlr4].
Mo A8Y 237k ANE AL ohyAT vE £A
Ao A7 E2 R FEEE xylanaseo] 3t FEE 2
A Z718ta Qltt. Xylanase: Oj & A9 EH|FEAo|H
dRE= Nz 2gE AHB, 6] E= AW 242 &
A QITH7]. E3 xylanase= EA GG o2t o]Z oA
dFY aaolAUS, 9], EAIGTL d3E 2FYY
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(CBM)©]4+ S-layer-homologous (SLH) %<& Z 33t thod
o AR A AH10, 11]. E3] 84 99
g A5Ad WEW xylanasew 12 £79 glycosyl
hydrolase family (GH)o| 33H $J5HA| &£31= A
@eon GH10Z GH119| &3t a7t F/E ol &t
Paenibacillus= 19939 2 £02 HRH o|F 4]
#77F st £22H 0o o5 F xylan #3fjwto] o4
EF = o] 3t Xylanased] B4 S/ oluf FAAbo] 3t
AF7F £ E Paenibacilluss #+F 2= P. barcinonensis,
P. campinasensis BL11, P. campinasensis G1-1, P.
curdlanolyticus, Paentbacillus sp. W-61, Paenibacillus
sp. HC1, Paenibacillus sp. DG-22, Paenibacillus sp.
JDR-2, P. terrae HPL-003, P. favisporus, Paenibacillus
sp. XJ18, Paenibacillus sp. NF1, P. montaniterrae, P.
xylanilyticus KdJ-03, Paenibacillus sp. 12-11, P. polymyxa,
Paenibacillus sp. HPL-001, Paenibacillus sp. E18%}
Paenibacillus sp. KCTC 8848P7} «&A itk P
woosongensis+= xylan £3|# 02 EFEH O H[12], |2
HE B-xylosidase/a-arabinofuranosidase [13]¢} GHI11
xylanase®] f+XA}e} G4 EA4Jo] By HE Uoh(8]. & A
Fo| A= P. woosongensisZ2EE Al4f GH11 xylanase G4
e 22Ysty B4 SENL 2ASHAL,

Mz WY

Xylanase 3% 24

Genome Sequencer FLX Titanium (Roche, Germany)
oz HEAHoZ AHH P woosongensis] FAA| H7|A
ERFH xylanase FHAR f+75= DNA S 553}
7] €3t primers YB45C70-57F (GCATCTGCAGATGAC
GAGATGCAGTTTAAAC; WZ-& Psd $%))9+ YB45C70-
57R (CTTCGAATTCTTAATTGATTTCCAAATAATCGAG;
W=EL EcoRI YA AASHATE. P. woosongensis KCTC
39535 tryptic soy broth HjA| o]l A] vjoFsle] P& HAA=H
B 223t &-A4 DNAS F9, YB45C70-57F2F YB45C70-
57R< primersZ 3}3L pfu-X DNA polymeraseS ARE-3}¢]
xylanase § 425 FZ3t9th PCRE 95Col| A 387+ A
2] & 95T (26%), 56°C (40%), 72C (18)9] H-¢L 253
wEeln HAFH 02 120004 2087 MEORH 43
sttt 55¢ DNA ¢ Ag a4z Adste] puC19
o =3ttt ©|& Escherichia coli DH500) & A 2 3135}
1! oat spelt xylan (0.5%)¥} ampicillin®] 7} LB v} A
of =S & FAH F2Y F FHY oat spelt xylano| &
o] FPES Hol= AL xylanaseS A4tst= FEA
. Adstgo
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Xylanase?] 2EAA|

P. woosongensis®] xylanase A&7 = H A Z3 o
< LB iAo HZ3lo] 37°CoAA 18A17F B¢t A u)
T FAE 348k 50 mM Tris &2 (pH 8.0)0) &
St 2AS 289 ek YARAT T 24 3
NS Y 5}e] ammonium sulfate (25-70%)F A3}
of gwdS Estqnt. A AE dAS 50 mM Tris &
$8oGH 8002 AeBha B RHN0 2 ENSGT) 5
Ast gEgMoz HEPFE DEAE-Sepharose column
(Sigma-Aldrich, USA)| T d LH-S st AZAtE
a9 E WP Xylanase7t Ao F2HEA] ¥ &
Z2F%eErz 225 64 £9 I =2 ammonium
sulfate £NL AH7lsled FE2HoZ 1M ammonium
sulfate?} 20 mM Tris (pH 8.0)0& Z &3t o] HEE
sttt 59 g9 o2 B3 A]7] Phenyl-Sepharose 2 H
(Sigma-Aldrich, USA)l| &4 &5 FUsto] F2A7]L
ammonium sulfate®] ==& 1 MojA 0 M71A] o2 &=
T E o] SAE DS EYsiqith. 84 EES 2
o} 10 mM potassium phosphate &EH (pH 6.5)0.2 F4]
sto] HEAGA aadoz ALgshqiTt

=
oft ot ok &y
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Xylanase ¥H-3-54] £4

Xylanase A2 xylan (0.5%)Z 7|22 3to FA
2 158 ¢ B Fof fEE FUFE 3
dinitrosalicylic acid ®'H o2 ATFslo] SO
FAE 1.0 unitL 18 F¢ xylan® & HE 1 umol
xylosed]| 4-&ot= TGS BAst= G429 g
SEATH14). A4 B0 WA= ¥ =Y G A}
7] $3te] 30-65TL} pH 4.5-9.02] oA xylanase 4
S 47 24314 o]u pH 4.5-6.0= citrate &5,
pH 6.0-8.0& sodium phosphate &3&H 3} pH 8.0-9.0&
Tris &5-&NS 22 AH&-shith A2 20-60C W
9] 2Eof|A xylanase EA2HE 1A7E F HAT & 7
EE4E A5t AAsGT a8l SgEe] a4
2 mlAl= FEFE 2ARP| HElMe FF s=7H 5 mM
o HES wgalo] WL BEBAE 2HTAL
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Xylanase f-3A 2233 G714 4

Paenibacillus 49 4F £\ A P. campinasensis w5
BL11%} G1-12 3 £7 9 xylanases AJAst= 202 B
D E QR WH[15, 16], P. curdlanolyticus B-6[17, 18], P.
barcinonensis [5, 9], Paenibacillus sp. DG-22 [10], Paenibacillus
sp. W-61 [6], Paenibacillus sp. HC1 [19]2} Paenibacillus



sp. KCTC 8848P [20]= 2% o] A}9] xylanases”} &<Q1%
v} 31tk P. woosongensis®] FAA 4 A1} oju] HuE
GH11 xylanase [8]2}+= T2 ¥ 7] 9] xylanaseZ A} &=
TR BAE o™ o]F PCR 2293}7] 913 primers
£ Alzstgdth. $2H 42 pUC199 lac promotere}
AR H=E 4U3t7] ¢35 upper primer YB45C70-57F <}
lower primer YB45C70-57R|| PstIZt EcoRI ATAESE 7t
7 =95ttt PCRE 33 23 ditE= 2719 1.1-kb
DNA ©tHo] ZZ 59l on o] & PstlT} EcoRIC. 2 Atha}
o FYe 842 Fod pUC199 =3t =g St
W pXY702 A5t S2dE DNA BHel §44 o
71MEE 28T A fAA BAA 2H3E A8 5Y
A 356 ofm|iAl AV 2 FAEH g S FSEE
1,071 bp 2719 xylanase FXHA7F ERlEglem o]F
xynllB FAX 2 H Y54t PePPER webserver (http:/
pepper.molgenrug.nl.}E ©]-83} xynllB GFHAQ] AR
e AT 43 ATG 7fA] =9 4 167-196H A 4
71 A € (TTGACGATAGAA GCTTTATTTTATTACAAG)?|
promoter?]] | Fdl= AL 2 o =5 th(GenBank accession
no. KY964450).
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A% A7 DRRE §3F ofn|ieAl o] 2w P
woosongensis XynllB (PwXynllB)= GH11 xylanase2]
314 o1 (38-218 7))T CBM36 (240-355 Z7])o] Hj A
ogdd a42 FAHArt 181 SignalP4.1 T2 1P O
2 BEA% A1} otu| e Tt o] 267l A7) 7} signal peptide
2 &5 o PwXynllB+ signal peptidase 19 2J3] Aot
He A A 7] Wl (A-X-Ays EFEHA] ghgten dd
o= AV-S-AZ7| 2 s EE UL o] Fig. 10 EQl v}
9f Zro] thE xylanase®t 2Ho]7} 91%Ith. PwXyn11B9] o}yl
At 8 €S u|=he] NCBI databaseo| 555 T2 &4 H
gk A3t Pothumii®] 34 G714 GollA odl&H xylanase
(WP_055108594)2} AA5Alo] 93%= 714 =9ttt o]¢]o] P.
campinasensis BL11 (ABB77852), P. campinasensis G1-1
(AEI54132), P. curdlanolyticus B-6 (ADB54799), Bacillus sp.
YA-335 (CAA41784)9} Bacillus sp. 41M-1 (BAA82316)<]
xylanases@t= 74-79% ASAS 2o PwXynll1BE A9
xylanaseZ 1= lth(Fig. 1). 24 FH CBM= 44 H|
W3PS P 80-84%9F 75-84%2) AHFAS H YT BA
2712 dAFEE 119Glut 209Glurt &4 ol 243+
ot E3 S99 CBME AA58t: linker /92 1 Z

PV MK-QRKMKL T AALLLCFTLTLPGAVS-AQT-VTSNSMGTHGGYDYEYWKDSG-NGTMVLGNGGTFSAEWSN INNILFRKGKRFNETQTH 85
Ppr ——mm— sok— AKR s ok [k ettt Aottt — st — Tttt Vst D s s st eoteseseske— et s ok Sttt sk s o s s ook ks sk 85
BL  MKIYGKRRNVV#*TREK+TRWE [# Vs #x As Vi AGGAQ* A% T [ s+ E [ sk Dot sk Footse sk GSok Sk TN Stttk Qo st skt ok oo 102
Gl MKIYGKRRKEF:#*TREK+TRWY IV Vi #x AGGAH* A% T [ %E [ sk Dtttk F sk sk GSok SHTHN Sk s s sk Qoo oo ook ook o 102
B6 ———MTTKEEDV % —Ps sk WML Mot 6 St s sk A s sk AGk AN V=T [ Nk ESste sk sk Dsese Y s sk [ sk sesksk—sk T Sak Tk N S sk sk Tk A stk ook 94

PV QQIGNISITYGATYQPNGNSYLTVYGWTVDPL

PI stttk skokok otk sk skt skl sk sk ookt sk sk sk ook ok sk
BL st s st sk | s s s s sk N s s sk s s sese s s sk sk ke
Gl stttk [k okotor ok Ntttk A stk stk s s otk oo
B6 stk VNsk SNk Sorosestesteskose C | stk ske S s

PV EHFKAWERLGMTMGKMYEVALT @ YQSSGSANVYSHTLTIGG

Y IVDSWGSWRPPGASPKGTVTVDGGTYDIYETTRVNQPSIKGTATFKQYWSVRTSKRTSGTISVS 185

e st s sk s s oo sk stk stk s st ok N ks stttk s skt skt skt stk skt ookokoskskokok 185
H|*******TY**T*—TH***IN******************************************** 199
Hl*******TY**T*—TH***IN******************************************** 199

H****************S***I**************************Q*****************T 194

ok sk sk >k sk sk sk sk sk stk skook sk skokoskok

GGTTPQP-GTG——SKIEAESMTKSGQYTGNINSPENGVA 264

PI skt sk J ok otk s kot stk sk sk ok ok
BL  seokxRoeokok SRatsk Pttt
Gl sekxReeksk SRk Pkt s[4

B6 DNk ASRsk#QL # s S

ske—ske stk Pote—Tte sk — =T sk s s s ks e sk s ks ok Sk ek 263

—————————— * %k NPGEGTNP s TVTRV s s s Nt s s s s st s s sk St sese e 285
—————————— 5k NPGGGTNP* TV TRV st sk s sk sk sk sk Rk sk s s s sk Sk s s 285
et stk sk ok T [ TNk [ oo sk NGGGGNTGGGNNGGGNNGe# s NNGGG—Nw s GT TR st s s N s Asestsisesiosk Yook 293

PW  LYANGDSVKFNHNFTTGTNNEFSLRGASNNSNMARVDLK IGGQTKGTFYYGGSSPAVYTLNNVSHGTGNQEVELVVTADNGTWDAFLDYLEIN 356
PI stk Ntk Tkt sk kot skttt skokokokokokokokokokotok [tk skl okt koo kol koo skl skl ok skl ok 355
BL sk Nk kok YTQY # Sk S HSots st stttk Aot ssbotobokobootoktokob ok ook okl okl solotokoiok ok [k Dotk Y [kt kR 377
Gl s Naokorex YTQY x Atk S sttt s Ak skt skttt stk otk Yotk stttk ook Dok Dottt [k R 377
B6 sk ook tok Ttk K St st stk Qo ook ok ok Vool stk Yookt N ootk Qoo sk Qoo oo 385

Fig. 1. Comparison of the P. woosongensis xylanase with others. The amino acid sequences of five xylanases from P. woosongensis
(PW), P. campinasensis BL11 (BL: ABB77852), P. campinasensis G1-1 (G1: AEI54132), P. curdlanolyticus B-6 (B6: ADB54799), and P. ihumii
(Pl: WP_055108594) are aligned to maximize similarities with gaps (hyphens) by Clustal W method. Residues identical to the amino acid
sequence of the P. woosongensis xylanase are indicated by asterisks in other sequences. Amino acids corresponding to the signal pep-
tide predicted by SignalP4.1 server are underlined. A putative catalytic residues are marked by box in the amino acid. Numbers at the
end of each line correspond to the amino acid position in the protein.
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ol¢t ujgo] thE mAC} Apol7t F AL E YEAL Glydt
Thr Z+7]7F @Skt

StH P. campinasensis BL11 [15], P. campinasensis
G1-1[16]7} P. curdlanolyticus B-6 [17]9] xylanases+
PwXynl11BXEt} otu| = Zrdo] 117] &) = 87 A7 &
o 71 Ao g HuFof ofn|l: Teko] YAskA] gYhth 1
B B2 pwxynllB A% A =5 &5 )
Z2HAAY] AR A9 A7IAEAA HEE AFHA
®BS)°ll 3lgst= B714 8 2ABFAT. 1 23 puxynllB
S AR Al 2= ATGEZEE 7 nucleotides”} BojA
< A 9= RBSE &5 A7I4 E(GGCAGG)°] A5}
Fo U, P campinasensis @3 BL113} G1-19] xylanases
XylX$} XynG1-1)2t ofv|ie Tko] 27]7F YA SHES 117
ofu|le ek IV FES FUHH o R ZZ A9 ATG 2
=9 A5 A Folli= RBS A|€0] gigleng o &% PwXynllB
Y JJA] FEL W= Ao R AHAESIT. P. curdlanolyticus
B-6 xylanase (PcXyn11A)9] §-A2e} I ¥ 9] H7| A&
(FJ956758)2 BA3%t A1} 7jA] Z=o 2 H1EH ATGY A
A do= RBS Al go] §lon, oA FEQ ATGE A+
A9 S 2 7 nucleotides”} o] A A RBSE o &SH= A ¥
(GGGAGG)0] ZAI3+9ATh XylIX (DQ41676)9F XynGl-1
(JF830005)9] 739+ 24 12 FHAY @74 grt B
Hol geng Al ZEY AR A HoA RBS A E9 &
A FFE £4T 5 ok 22y ol AR 1284
FLE9] ATGEEH 7 nucleotides”} oA AHEZ| ol RBS
2 BhElE AGGAGGAAS AGGAAGGAS] |71-go| Zt
2 ZAHct. kA RBSO] ek AeE 291 7]
Al 2= 2331 XylX, XynG1-13} PcXynl11A+= PsXynllB
o} ofu| At W g2 T2 Xt ofn| e WEke] Zo|7t FYst
thx &7k E3F XylXeF XynG1-19] F2-4HAE 7o)
@8 vectord] pET25b9} pET22bo]l Z2F =¢8tx & A
s3te] AL A2 E. coli BL21 DE)A & aAl 1
T o] f=FHA & Aoz gel v 3lrH15, 16].
o|¢} o] F a7t BE 2T thAtolA LY EH H
A Z¥ A2 signal peptideE Z33 4o FHAE =
A3t fzol A, dSE Al ZEET 1284 thx9] ATG
7HAAZ AN ZECR AE5H ol ek HAl 2=
pET vector®] 5% RBS A E%t9] A7t We| oA
ol #=Igo] A& o R AP ¢ &Y ¢ ok

1% A

Xylanase?] B-EA 4]

PwXyn11B9 &4 EAL A7 <) A& 2 o
71€3%t HZ pwxynllB SFAXE 53t E. coli DH50 vl %F
#AE25EH PwXynl1BE F& AA Gt} 44 a5

http://dx.doi.org/10.4014/mbl.1704.04001
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Fig. 2. SDS-PAGE of the partial purified PwXyn11B. Lane 1,
partial purified enzyme; lane 2, the molecular weight markers
Molecular size is shown in kilodaltons to the right side of the gel.

&-& ammonium sulfate2 A g st 4 T goS
DEAE-Sepharose Z o] 43t 23} PwXynl1B= ZAH
A=A g3 a2 §EEHUT A7 gA F5E
PwXyn11B9] pI gt signal peptide7} A|AEA &2 A
A Tz 9] 2 842 mature protein®] A-$ 6.612 oAt
5= pH 8.0 & HE3}3t DEAE-Sepharoseo] 235
A e A0R Hol A2 oA BAE &L A
TA il P2 EASFAY = AT peptidased]
o7 EafFo] EAL o} pl o] w2 THiA=E =4
o 7FsAdol itk

A3 E A &2 8498 Phenyl-Sepharose A3 I Zuf
Ea# & 433 23 PwXynllBE Phenyl-Sepharose
AP Z2E o 0.5-0.25 M ammonium sulfate %=
oA &&F At Xylanase A& Hol= ZF B8 SDS-
PAGEE 243 A3} 30 kDa Tl do] AZEglom o]&
50t £A% 23t 37] 2h2 of g gl o] 2 ko
2 3 FEEH U chFig. 2). Xylanase S-S 2= £ 0
A pwxynllB FAAZRE ¢&E+= mature protein (35.8
kDa)¢] 7] Et} 2h-2 chil gt P2E Ao R Hop A2t
iAol A AJARE Tl 2|7} dojd AR o AR

Xylanase?] HI-3-E 4]

Phenyl-Sepharose 2 I ZutE 180 #A4 & 3 A
2 28 F asgAol ¥2 299 REAA aLAZ A}
§3to] PwXynl11BY E/4& £AFsIIH BH-2 =9 pH7}
xylanase /4o v A= G AR 23} Fig. 3A9] &2
9] "o} Zo] 50C % pH 6.590 4] 46.3 U/mle] HhEAH L
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Fig. 3. Temperature and pH optima (A), and thermostability
(B) of the PwXyn11B. Temperature profile (closed symbols) was
obtained by measuring the xylanase activity at different tem-
peratures with fixed pH 6.5 for oat spelt xylan hydrolysis. The pH
profile (open symbols) was obtained by measuring the enzyme
activities at various pHs with constant temperatures of 50 C.
Thermostability was determined by measuring the residual
activities after pre-incubation for 1 h at different temperatures.
Each curve represents the average of three independent exper-
iments.

Xylanase 11B of Paenibacillus woosongensis 159

Hgow pH 6.0-7.0 H oA &g 90% o] &
A& Uetith 98 2AE flE 2R AHS oY %
NA IAIZE A & 2B S =T 30TAAE
Ago] dojubr] Al&sEH o™ 50T A A 76% H =2 &4
< AP 60Tl A= &H 3] A= Ath(Fig. 3B).

P. campinasensis®] XylX [15]¢} XynG1-1 [16]2 60C%}+
pH 7.0914 FLsHA ) a4844E Holn, 9P
=oF XynG1-12 70°C e 80Col A 24+ 1A]7F A g 39
= 77.1%3 50.2%2] FEFA L BHHoH, XylXE 60Tl
A 8AIZE B AR W A ALER] ¥t £
2Fo] 37 kDaQl Paenibacillus sp. NF12] XynNF= 60C<}
pH 6.00A o &/4& Holm, 70Te 80TA 1A7H ¥
2] & 70.6%9} 42.6%9 HEFAS HFcH21]. ®I P
curdlanolyticus B-62] PcXynl1lAx Z & HF-g&ZZA 0] 60T
9} pH 6,002 BT E|gon[22], 0| 5L 2= PwXynliB
o A 9h3-2%7} 10T A= =8tk e 1 27171 20.6
kDa?l P. barcinonensis BP-232] Xynl11E= & g2
2} pH7} PwXynl1Bo} U3} 2™[9], Paenibacillus sp.
HC19] xylanase-IZ} xylanase-II&= 2% X & U2z 70|
4509 pH 5.02 ¥2lA PwXynllB Ht} F2 oA
o AL BgcH19. PwXynllBS G1-1, XyIX
Xyn11A7te] 8493t CBMY ofn|i4t v E 9 4540l
5% 2ol 2 =R WEAol 2A ¥ AL A
Z23 g AFo) A AYAtE PwXynl1BY 71284 xdo] &
sh=lo] CBMe] 71%50] St E|9l7] B0z 24gch 44

£
by
2
=
olo
N
™
B
N
X,
2
e
ot
3
olo
ox,
H1
rE
toh
N
X 1o,
2
)
Torr oo

pH Aol 71o&cha B 1= ¢ioh23].

71do| 2 ¥-g/dE 2ARE 23 PwXynl1BE oat spelt
xylan®} birchwood xylano] thgt £ 79 FABHE
o1} o] 5o H|3) arabinoxyland] a4 oF 1.44)
£07F = th(Table 1). ¥t || carboxymethyl cellulose,
locust bean gum¥} ZHo] xylano] ofd HFdA 24& &

Table 1. Comparison of Hydrolyzing Activity for Xylans between PwXyn11B and others.

Relative activity (%) of

Substrates
PwXyn11B? XylXP XynNF¢ PcXyn11Ad Xyl-I1¢ Xyl-II®
Oat spelt xylan 100.0 100.0 100.0 100.0 100.0 100.0
Birchwood xylan 101.7 100.5 1483 97.1 165.6
Arabinoxylan 139.5 ND 55.5 ND ND

ND, not determined.

Xylanase of P. woosongensis in this study; Pxylanase of P. campinasensis BL11 [15]; “xylanase of Paenibacillus sp. NF1 [21];
dxylanase of P. curdlanolyticus B-6 [22]; ®xylanases of Paenibacillus sp. HC1 [19].
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Table 2. Effects of metal ions and other reagents on the
xylanase activity.

Effectors Relative activity (%) of

(5mM)  PsXyn11B® XynG1-1° XylX¢ XynNF¢
None 100.0 100.0 100.0 100.0

KCl 99.3 94.3 96.4 97.2%*
CaCl, 118.0 123.1 88.2 132.4%*
MgCl, 108.9 94.6 98.1 96.6%*
CudCl, 55.4 88.0 203 80.6%*
FeCl, 101.0 536 453 52.4%%
FeCls 495 229 232 20.3%*
MnCl, 65.8 97.7 65.4 97.5%*
Nicl, 77.1 68.0 70.5 NT

EDTA 936 480 50.1 41.2%
SDS ND 235 36.5* 20.6**

ND; not detected, NT; not tested.

*SDS of 0.25% was added, **all effectors of 10 mM were added.
aXylanase of P. woosongensis in this study; °xylanase of Paeniba-
cillus campinasensis G1-1 [16]; “xylanase of P. campinasensis
BL11 [15]; Yxylanase of Paenibacillus sp. NF1 [21]; ®xylanases of
Paenibacillus sp. HC1 [19].

35tA] E3}R I para-nitrophenyl-B-xylosidel} para-
nitrophenyl-B-glucomdeE B)s1A] EolRT). XylX [15]9F
Paenibacillus sp. NF12] XynNF [21]= PwXynl11B¢} Z+
] oat spelt xylan¥} birchwood xylan®] o3t £ 3[&A] o]
A9 SAEFE T 18 PcXynllAE birchwood xylan,
oat spelt xylani} arabinoxylan®| A 2 E3|&A o] =9
5™ arabinoxylan®] H]3} birchwood xylanel o3t &2
Ao oF gu| Ax =9tth22]. 3t PwXynl1Be}t & uh&
Z7A0] 5Lt Paenibacillus sp. HC19] Xyl-1-& oat spelt
xylan©]] 8]} birchwood xylano] tjgt &4do] 2z} 97.1%=
PwXyn11B9} SAEA oY Xyl-II= 165.6%% ZFo]7F 2%
oH19].
F40]2& v &3 3§E0] PwXynllB &4 9 0| zx]+=
e BAsta] XynGl-1, XylX®H XynNFe} H| w343 ch
(Table 2). PwXyn11BE Ca3} Mgl olsAL E4do| oF
7t Z7HE 1o KT} Fe?*of| Sjaihe A2 Jakg wA] ¢
Skeh. whHol| Cu®, Fe’*, Mn™, Ni** o]0 23] &4Jo] 2
A Z4astdch PwXynllBE o2 329 849 o
SDSo| 93 mAagA o] eA3s| A= oLt, EDTA, Fe2?*
o} Fe3™ o QA& AallE WA kAU A3 H=rt @k
tt. Cu®*et Mn2+% Faott A3 A7t S5roH, Nittel
gt Al FE& FAF 2010 3 XynGl-13 XynNF
& PwXyn11Be} 7"°] Ca"o| o3l &4o] Z71=%le o
oF g XylXe] &4o] Ca*ef o) Asjd Aoz Al

[o 4

(

©:

http://dx.doi.org/10.4014/mbl.1704.04001

oh. XyIX XynG1-13 @499 9] ofuli 7] wjgo] 2
EEERTESN E% “htﬂE 7L Ca?o] B4
ol DA Aozt s St ol A ohole 27
CBMS) stoliedt sje] Aol ¥

FRAA & A7IMEER
H {34 xylanase 448 PCR S&3to] 2293t &
718e AAsIATH F2YE xylanase S AA= xynllB
2 gyrgon 356 oAl 2 LA A S FE
St 1,071 72 LE =R o] R0t Xyn11BY| ofn| =
A v gS 243t 23} glycosyl hydrolase family 119 <3}
£ xylanase$}t 4540l 2 G491 g3t 29D
g9 Z35t Qe Y 842 FQ1E 1. SignalP4.1
server2 1 E ofu] i o] 267 Z7]7} signal peptideZ
a2 =] ¢jt}. DEAE-Sepharose?} Phenyl-Separose 23 =
ZotEdde #FE §3 ynllB FA4E TR A2
Ao oA YT H o2 RE Xynl1BE F& FA| 6t
foh £& FAE Xyn11BY| ‘*25"3% Z AR A3 pH
6.59F 50ColA o ¥-584S B birchwood xylano]
L oat spelt xylan® c} arabmoxylanoﬂ 3k EA4Jo] =9te
o AEZ A W3} para-nitrophenyl-B-xylopyranoside ]|
e EFEAo] ¢dtt. Xyn11BY AL Ca?3}
Mg* ol o3& 2zt F7het el Cu®, Ni**, Fe™,
Mn*'¢]| 9JsfjAl= A A= SDSe 2s)A &3] A
3 = 3ot

Paenibacillus woosongensis2]
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