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Isolation and Characterization of Thermostable Xylanase-producing Paenibacillus sp. DG-22. Lee
Yong-Eok*. Department of Biotechnology, Dongguk University, Sukjang-dong, Kyungju 780-714, Korea — A
new moderate thermophilic bacterial strain DG-22 which produces thermostable xylanase was isolated from a
timber yard soil in Kyungju, Korea. On the basis of morphological, biochemical and phylogenetic studies the
new isolate was identified as a Paenibacillus species. Production of xylanase in this strain was strongly
induced by adding xylan to the growth medium and repressed by glucose or xylose. No cellulase activity was
detected. The temperature and pH for optimum activity were 80°C and 5.0-5.5, respectively. The crude xyla-
nase was stable at 60°C and retained 60% of initial activity after 2 h at 70°C. Zymogram analysis of the culture
supernatant showed two xylanase active bands with molecular masses of 22 and 30 kDa.
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sl Adjrlgael SgAIZl F UA Az wEE O A
Th9] dF-E XEM WA (Na;HPO,* 7TH,0, 6.0 g KH,PO,,
3.0 g; NH4Cl, 1.0 g; NaCl, 0.5 g; MgSO, - 7TH,0, 0.5 g;
yeast extract, 0.5 g; CaCl,, 0.015 g; and birchwood xylan,
2.0 g, pH 7.0, 1 liter)ell E3te] 50°Cel| M 2 7F -3l
k& MBI ST wele HAlelo] FUt )
2] ol 83 (1.5%, w/v)Z+ Remazol Brilliant Blue R(RBB)-
xylan(0.2%, w/v)e] 712 FghiR|o] =2 899w}, RBB-
xylan- Biely 52| W [5]1°-2 $H[3191ch. Xylanase 34
& Hehlls FF52 HA] Aol A" F2Y 399
Frdgke] 7715 wiwsle] 12} A¥sleicl. RBB-xylan 4l
AellM A FEUE-E ik A5l Ealsh= xylanase
s SAEe 22 AEAEE AR F 2 1Y) S5k
& & FAFHoE 7 2 NS vEplE &5 DG-
225 Adsle] B Algel ARE-slgiH.
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T A 218 ) 7 (Model 1450VP, LEO Electron Microscopy
l.td., Cambridge, Englandy& ©]-&3}e} #Aslgct. Aol
Aukak 242 Microbial Identification System(MIDI
Inc., US.A)SZE B39} Genomic DNAE Marmur
E[16]22 Helsted o 16S rRNA 42 27f(5'-
AGAGTTTGATCCTGGCTCAG-3Y¢} 1522r(5-AAGGAG-
GTGATCCARCCGCA-3")2] F primer[9]Z o} &3}od 33}
A4 AR (PCR)CZ 55319t PCR HH~Z 94°Ce]]
o 5E7F DNAE HAAIZL F, 94°CoCell M 187}, 50°Cel]
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IRNA A2} 3-8 21719358 th2 agarose gelollA] 3]
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DH50el| 823 #sld e}t 37149 Sequenase™ version
2.0 kit(United States Biochemical)Z A}-&-3}¢] dideoxy
chain termination MM [26] 2.2 ZAslHct. AAHH 16S
IRNA -342k2] ¢17)xd-& BLAST Z2-13)[1]& o] &3}
¢J GeneBank EMBL DNA sequence databasel] 3)& &
izl @971 dEa} vlwalsit). Al B (phylogenetic tree)S
#+Ad3L7] Yl Al= CLUSTAL W Z 2 738 (version 1.81)
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Xylanase®] A4+ £2]i2l DG-22E 0.2% birchwood
xylan(w/v)e] 71l LBulR] ol £33 F 45°Co) A 1817}
wjeFste] o] Foizlom, A Ealol o FAS A Asl
AL AF5NE xylanase ZEAR AR8l9Iet. Xylanase €43
2 50 mM sodium acetate buffer(pH 5.0)] A7) 1.0%
(w/v) birchwood xylanS- AF8-3}e] Bailey 52| ¥ [2]¢]
el ARl el o] ok 3, 5-dinitrosalicylic
acid(DNS) ¥ [17]12-& D-xylose® RF 02 3o A3}
Ak ¥-E-2 60°Col A 1087 333t 1 unit?
xylanase 42 919 EAZZNA 18 5k 1 umol®]
xyloseoll A4H-&-3H RIS e 49 Fo 2 A
stk 4 A4S 938 A pHE 100 mM2] sodium
citrate ¥ (pH 3.0-6.0), phosphate $+%H(pH 6.0-7.5),
Tris-HCl 2F5-(pH 7.5-9.0)% glycine-NaOH €34 (pH
9.0-10.5y% AMg-8ked 60°CellA AABIITE. E4 4ol 1)
e 250 F3ke FEAE birchwood xyland 7122 3}
o] pH 5.0014 30°CellA] 95°C Alo]e] o] 2ol r] WRS-A)
Zo2A Hrisigdet. &) gAE FAsP] e =
HEAE 714 glel 60°C, 70°Ce} 80°Ce] 2-=ellA] zHzt A=)
A 108 P02 AIRE AF sl w2 de] A3
e A S RFEA) 2427 slM sk
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Sodium dodecyl sulphate(SDS)-polyacrylamide gel
electrophoresis(PAGEY= Laemmli®] HPH[12]°2 =35}t
SDS-PAGEE- 98l =& A4S YM-10 Amicon membrane
(Amicon Corp., Lexington, MA, USA)S o|-8-3} ultrafiltration
22 200 718 552130} 0.2% birchwood xylane] %7}
H 13.5% gelll AlRE 553l A7]9F3 F gelS At
3}ed M2 Coomassie brilliant blue R250°2 sk v
A Wk2 Morag 5] W[18]e] whel ohg3) 7bo] activity
stainingS >3 3131}t 2.5% Triton X-100 &4 o) 3057+
gel& 37} SDSE A1 A3k ¥ 50 mM sodium acetate S5
4 (pH 5.0)9 =7k 60°Coll A 1212 ¥E&AI 71 ek 0.1%
Congo Red 4422 20%7F A3 ¥ 1 M NaCl §2
2 gAY
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2 BFEE 1A AEEY Y TS AN
S AA Bk wjek AFEAS FEA4N O ARREle] 60°Ce]
A xylanase@d-5 ZA3l 7F¢ & xylanase ¥A4&
ehils 52 22 el DG-228 Bt o] &
27 37149 astekde g A|E =717} 0.5-0.7 um
x2-3 ume! zHreldet. o] #5= 5.0014 8.070X12] pH
919} 30°Cell A 60°C7HA] 9] XA Agkom AR
pHS} &5 6.03} 45°Co|glth(data not shown). F-&]7F
o} AlE 2| HFAFZ AL S Microbial Identification System
(MIDI Inc., USA)LZ BAM3 Az F3 x)upike
anteiso-Cs.g (40.76%)2} i50-C16.0(32.34%) 2 ¢ & &
Z|¥pARe] 73.1%5 AR|&}AL ¢)gich(Table 1). ]+ Shida
S[271°] Paenibacillus %2] 0552 HHF-E anteiso-Csy
9} is0-Cyg0] AIHFARS] FAJHolehs Bale}l YX|3ic), B
o Aesl TS sl DG-22 5] 16S rRNA 43}
£ PCRE o] §3le] FF3l 97I1ML S B3 (Fig.
1). 249 1,500 bp Z71¢8] @7IXMLE d8xl BE 55
°] 168 rRNA AR A7IMLEFH wlae A3
Paenibacillus 422] 53} 93-94%2] A5A4 S Yeplgdoh
o]Z Ex|Z 3l neighbor-joining method[24l] £]3}e] A
& (phylogenetic treeys 233 A3 F2jd DG-22+ P

Table 1. Major cellular fatty acids of the strain DG-22.

Fatty acid Composition (%)
14:0 iso 4.19
15:0 iso 4.07
15:0 anteiso 40.76
16:0 iso 32.34
16:0 4.80
17:0 anteiso 7.87

curdlanolyticus®} P kobensisll 77+ 7102 Jeldch(Fig.
2). o|& AHNES & o 222 Paenibacillus 4ol 43}
= Aoz Ha=HEglon HEAHOZ o ReFs
Paenibacillus sp. DG-222 W43t}

SAMMO D|X[= Et2lo| AEF

ek} Paenibacillus sp. DG-222] xylanase AJAtel] v]
2 kg ALY 98 LBul Aol o8 ehp3E&
0.2%(wivy7t F\ =5 Zhzh Arlsle] 45°Col A 184 2F wioF
sle] wiFds Aol S8 xylanase 43& KA.
Xylanase 84d-2 F-7F shadel] Abgglo] wiek AgedellA
wh A E Qo) Xylanase A2 cellulose, carboxymethyl
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71
141
211
281
351
421
491
560
630
701
771
841
911
981
1051
1121
1191
1261
1331
1401
1471

AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACCTTCGA
GGGAGCTTGCTTCCGAGAAGG TTAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCCTTTAGACCE
GGATAACATTCGGAAACGGATGCTAAGACCGGATAAGCAGCCTCATCGCATGAGGGGGCTGGGAAAGACG
GAGCAATCTGTCACTAAAGGATGGGCCTGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGC
GACGATGCGTAGCCGACCTGAGAGGGTGAACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGS
GAGGCAGCAGTAGGGAATCTTCCACAATGGGCGAAAGCCTGATGGAGCAACGCCGCGTGAGTGAGGAAGG
CCTTCGGGTCGTAAAGCTCTGTTGCCAGGGAAGAATAAGGTCCAGTTCACTGCTGGACCGATGACGGTAC
CTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCCAGCGTTGTCCGG
AATTATTGGGCGTAAAGCGCECECAGGCEGTCCTITAAGTCTGGTGT TTAAGTGCGGGGCTCAACCCCGT
GACGCACTGGARACTGGGGGACTTGAGTGCAGGAGAGGAAAGCGGAATTCCACGTGTAGCGGTGAAATGC
GTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTTTCTGGACTGTAACTGACGCTGAGGCGCGAAAG
CGTGGGGAGCARACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTGGGG6
GGTCCACCCCTCGGTGCCEAAGTTAACACATTAAGCACTCCGCCTGGGGAGTACGETCGCAAGACTGAAA
CTCAAAGGARTTGACGGGGACCCGCACAAGCAGTGGAGTATGTGGTT TAATTCGAAGCAACGCGAAGAAC
CTTACCAGGTCTTGACATCCCTCTGACCGGTTCAGAGATGGACCTTTCCTTCGGGACAGAGGAGACAGGT
GGTGCATGGTIGTCGTCAGCTCGTGTCETGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTAGT
TCTAGTTGCCAGCACGGAAGGTGGGCACTCTAGASCGACTGCCGGTGACAAACCGGAGGAAGGCGGGGAT
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTACTACAATGGCCGGTACAGCGGGCAGC
GAAGGAGCGATCCGGGECCAATCCTAGAAAGCCGTTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCA
TGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACAC
CGCCCGTCACACCACGAGAGTTTACAACACCCGAAGCCGGTGGGGTAACCGCAAGGAGCCAGCCGTCGAA
GGTGGGGTAGATGATTGGGGTGAAGTCGTA

Fig. 1. The nucleotide sequence of the 16S rRNA gene of Paenibacillus sp. DG-22.
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Fig. 2. Unrooted phylogenetic tree constructed by the
neighbor-joining method, showing the positions of strain DG-
22 and other Paenibacillus species. A total of 1,500 aligned
nucleotide sites were subjected to the analysis. Numbers at nodes
indicate bootstrap values obtained with 1,000 resamplings. Bar =
C.01 nucleotide substitution per site.

(CM)-cellulose} xylanel]l &3] fr==d=d ) I
xylane] H7FE wix)ol| A 7= gl cH(Table 2). Xylano] &
71l wj ]| A €] xylanase QAR H-7) BARl o] 371E|7|
2 LB vix|elM B} ofF 4oul7} F7slsdv). w2 Al7E
A xylanase®] W3- xylanoll 2|3 F-=EvH13, 15, 19].

Table 2. Extracellular xylanase activities in Paenibacillus sp.
D'G-22 culture supernatants on LB medium containing different
substrates.

Substrate Growth Xylanase production
(0.2%, w/v) (Asoo) (U/ml)

None 0.78 0.52 (£0.008)
L-Arabinose 1.43 0.18 (+0.007)
D-Glucose 0.99 0.12 (£0.007)
D-Mannose 1.35 0.80 (£0.012)
D-Xylose 1.06 0.10 (x0.006)
Cellobiose 1.12 0.13 (=0.008)
Maltose 1.01 0.12 (£0.004)
Sucrose 1.18 0.18 (+0.007)
CM-Cellulose 0.82 6.06 (x0.016)
Cellulose 0.75 2.16 (=0.052)
Galactomannan 0.84 0.78 (£0.013)
Starch 1.02 0.24 (+0.008)
Xylan (birchwood) 0.99 21.02 (£0.038)
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a2} A A LR APAE]E= xylanaseol] T X =EA
B ar=je]lel(6, 8], - ATellM el Ho= w2 Bacillus
Wl A8l BaEl A5 7ked olEelA xyland 7
g FERIE vepd ¥bE xylosel: FEEIE vepiA|
F3eH?22, 23], Xylanase A FAe] 27|22 ofx| &3]
oA A ot FEA Q) xyland AEZE A HAF3)R]
X382 =2 xylobiose, xylotriose2} xylooligosaccharides2} 2+
2 & EAjgke] xylan H-3]AHE-E©] xylanase A AHS- ¢
g A E A8 Zlog AZEI Qv o] 52 FAIH
2 Ak YAETIQYE xylanased] ZHE-CE xylanS 2 H-
e f-2l =11, 28]. Paenibacillus sp. DG-222] xylanase
G xylanel] 23] ZA] FrESURAT F71 gtade] A
7}E A 42 LB iR M xylanase o] o] HEi=
ZA) sk oH(Table 2). Paenibacillus sp. DG-220| A= o]
gl Awko] 3A]A Q] xylanased] AAbe] Z7]e xylang
xylanase AR Fr=g 4= e A ExEe 42 2
Ao AT} Cellulose ®53F 2 @ ¥ VoA xylanased]
FEAR 28l AeZ VERGAITH10,20] ©] =&AL
&3] cellulosedl] 23 A Al obdE cellulosedl] L9 %
o 9l A xylanell 2|8 QA= HEF3HA] ot
Glucoseol] 213t QA 3= xylanase A A A 3
Azl sHAkolr 11, 28]. DG-22 5% arabinose, glucose,
xylose, cellobiose, maltose, 3= sucrose® ¥ %F3& o=
-~ w2 2] xylanase EAJ o] ©AIE ST Table 2). o]
A= Paenibacillus sp. DG-220|4¢] xylanase 312 4
A HAL HE SRt ol el 9Js JAEeks RS v
Ell|= o]} Glucose 3= xylose 24 3}ol| A xylanase
AAke] A== AR odF Bacillus SSoNME 8 zln}
QITHS, 15, 22]. Cellulase2] A2~ cellobiose, CM-cellulose
9} cellulosed BANE-39] 7|1A 2 A3 & o) W =A]
ket 3t o] FFE FIpufckel] AHEE XEM ulj Aol
xylan T4l CM-cellulose} celluloseE H7}381918 W= =}
A k=t o] o] TF7L cellulase XS ZA|
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Paenibacillus sp. DG-227} A3 A}8}3= xylanase®] £A1-%
ZAkel7) s woFde A e ZEANOR AMESle] BAg
Aol M2l pHeF X9 oJ3kS XAFEIGIT. HAGA
o) 2= pHE| °F3E AR Hsle] 2R A4S pH 3.0
Al 10.57FA19] 2+ ebEel-& AF4-aled 60°Cell A birchwood
xylan®} ¥HgA1Z1 F 248 EAslgic}. Rl DG-2224-
B MAIE]E xylanase™ Fig. 3A%} 7ol 4.00A4] 7.04}0] 9]
w2 WS pH oM 52 S Vehillor 2 pH
£ 5.0-55019. o] A AR Al R A
T e xylanasege] AMdellA FAdAtele] A pHE 7t
232 glebe A fARsleH 11, 28], 2efvh B Eae pH
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8.00141 H &2l 70%Z, pH 9.0914= 40% o|Ake] A
£ H3lo 2] A pHAIME Blwd B2 FAE e}
Widoh 46 v|Xe HA vheexE FA] $18)
30°CoNA 95°C7HA] 7+ L=l HRSAIR] F #AE S
9o} DG-22 #FE5E] AAkEE= xylanases 55°CeF 90°C
Alol2) & emm ool A gHAdS elligich A AL
3= 80°CeIATE 90°CAlM = FjEAd ] 80%E e
oHFig. 3B). °] 2 & F2AF 394 M-Sl 93
AAEE xylanaseS R T2 Hlo[o). £ gFl|A] o] &
Eo)3t Fakeld] shlshd #50 A AL EmE 45°C
9 vla) &4o] A FALeT= 80°CE w9 E7] wfFol
o}, T2 xylanaseS-> 2T GAITo|A AAREE xylanase
£ Al A vkg-%r} 70°Celslo|v 11, 28].
Xylanase®] W GAS o7 $J3le] 2EANE 7|4
el 60°C, 70°C}F 80°Ce] 7+ el 10% 7HH o= 2
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Fig. 3. Effect of pH (A) and temperature (B) on the activity of
crude xylanases produced by the strain DG-22. Buffers
(100mM) used include sodium citrate (@), phosphate (O), Tris-
HCI1 (M ) and glycine-NaOH ([J).

Dot
o

17F <t GA=jet F, FYAAIA FF A dellM A
S EA3dt. DG-22 TFolX AALER= xylanase
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70°Cll A= 60% oiFe] BAdol 241784t fAE e,
80°Coll M 2589 BRI E viehgle. FeldZE Az
3= AL vy 2 5T 873P] "] Ai9
W2 A 52X 02 AMFE xylanased] 75
+ F838 54el5H3).
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ol -85 whgolol. Relit DG-222E Aakd 234
-8 SDS-PAGE®} zymogram©.E 248t A3} ¢F 22 kDa
#} 30 kDa =712] $1A]|9lA xylanase 4 band’} VFeRst
©}Fig. 5). DG-22 FFl|A xylanase EAdo] xylanoll 2]3)
frexich= AM2 SDS-PAGE®] A#E %= el 4= 9l
Xylano] H7}=7] ok& LBulA|el|A Ak ZE A0l o) o
W2 band A7 W] @3te] xylane] H7HE wiz|el| A YAk
B 2& N A= zymogramol| A el B4 bande} %
= $12]¢] 22 kDa?t 30kDa®] F band’} ZsiHEE & 5
et g FFeAM oJ2] 72l xylanaseZt A= A2
B v B £3) WAEE FAbelTH28, 31]. B uA)
5o elA xylan FH T = vl B3R o3 =
719] xylanaseS-o] EAsH= ATt ohje}l Heofat E4E
A4 71 Beldg 7kl BAER AT qlH olF o
el 2] xylanaseS-2 differential mRNA processing, 3%
F W 9 o] /N9 A B FY AR oE )
Hzke] A7z Pakd o ole31]. gz Al il
9] xylanase5-> AHFH o2 & FAlake] A iAol

A} ke BAe] 94714 wele).
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Fig. 4. Thermostability of the xylanase activity produced by
Paenibacillus sp. DG-22. The enzyme was incubated in buffer at
pH 5.0 at different temperatures (ll , 60°C; @, 70°C; A , 80°C)
and the residual activity was assayed with birchwood xylan at
60°C for 10 min.



Fig. 5. SDS-PAGE (A) and zymogram (B) analysis of xylanase
activity in the culture supernatant of Paenibacillus sp. DG-22
grown on LB and LB+xylan. Lane 1, size marker; lane 2, crude
enzyme preparation from LB; lane 3, crude enzyme preparation
from LB+xylan (0.2%, w/v).

AA ARG Bze| FuisAde) g S| 2 xylanaseE At
5l A2 el He3) skl dE Y s
“FeAd Wil B 271 S E3 UT30). HZ2
AZZA witel] el 249 52 &xoA XS o
vl xylanaseZ} vFHA]8}c}, B3 cellulose?] €4S &
0]7] M cellulase B4 o] $lE xylanaseZ} L")
[3,28]. Paenibacillus sp. DG-22¢1 4] JA=] 3= xylanase:
€0°Coll A ebAIsE S viehlw| oe]A] pHelA = vl
Hq F2 BAE HER A cellulase AL gl Ao v
vhdtl, 32|¥ 2 DG-22 dFol M AAREE xylanase= 3
2Z2] ol AM-E Qe JeAE A Baw) A7
] OF o] Fe] Wt AF-E A&z}

o OF
pei =

AFEA el e FA ALY EFoFFE HEA
xylanaseE A= 94 Mdel DG-22 757} HelH
<ich. gejA, A3, AlFe Aol 278k o]
S Paenibacillus 490 48 F22 A= o] #
koA xylanase®] AR AzhilA|e)] xylang H7}go=
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