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Isolation and characterization of an alkaline xylanasefrom a newly
isolated Bacillus sp. QH14
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Abstract: Twenty-fivealkaline xylanase producing strains were isolated from Qinghai Lake side soil samples. Among
these strains, QH14 produced 648.79 U/mLxylanase, and the enzymatic specific activity was 1148.56 U/mg after purifica-
tion. This alkaline xylanase producing strain belongs to genus Bacillus based on16S rDNA sequencing analysis and then
was designated as Bacillus sp. QH14. The alkalinexylanaseencoding gene, XynQH14, was cloned from Bacillus sp. QH14
and expressed in Escherichiacoli BL21 (DE3). The specific activity of the recombinant xylanase XynQH14 was 700.47
Umg™ after purification by Ni-NTA affinity chromatography. The optimal temperature and pH of XynQH14 were 60  and
pH9.2, respectively. Its activity was 50% of initial activity after incubation at 55  for 1h, 80% at pH7-11 at 37  for 24 h,
and 31.02% at pH11 at 50  after 24 h, indicating that XynQH14 isthermostable and alkali-stable. These properties
ofXynQH14 suggest its favorable potential applications in pulp and paper industries.
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1.1.1 E3EMFeRERLE
2010 9
10 g, 50 mL )
bl 3 b b
112 B#b a4
E.coli BL21(DE3) pET21a(+)
; pMDI18-T TaKaRa
1.1.3  Z&KA
T4 DNA DNA
ExTagDNA TaKaRa ;
marker MBI Fermentas ;
(birchwood xylan) (CMO)
(Pullulan)  Guar gum Sigma ,
(Lichenan) ( B -glucan)

Megazyme DNA

BCA

(Ni-NTA agarose) Novagen; 10KD

Amicon-Ultra Millipore; Superdex G75

(10 x 300 mm) GE healthcare
1.1.4 EHRKE
LB 1.0% Polypeptone(Oxoid), 0.5%

Yeast Extract(Fermtech), 0.5% NaCl, pH 7.0

1.0% Glucose, 0.5% Polypeptone
(Oxo0id), 0.5% Yeast Extract(Fermtech), 0.1% KH,POy,
0.02% MgCl,, 5.0% NacCl, 1.0%Na,CO;, pH 9.0
0.5% NaCl, 0.5% NH4NO;, 0.2%
KH,PO4, 0.1% (NH4)2SOs, 0.03% MgSO4, 1.0%
birchwood xylan, pH 9.0
0.5% Yeast Extract(Fermtech),

0.5% NaCl, 0.5% NH4NO;, 0.2% KH,PO4, 0.1%
(NH4),SOy, 0.03% MgSO,, 1.0% birchwood xylan, pH
9.0

1.2

121 XE@mALH

R 0.2 mL
, 37 2.d,
0.2 mL 96 ,37
2d, 50 pL 80% -80
1.2.2 = REEEHF L
96
200 pL/ 96 ,37
2d DNS

10.11

>

1.2.3 #mE % 16S tDNA 5 3| 47

16 StIDNA L=l
16SrDNA 27F(AGAGTTTGATCMTGGC
TCAG) 1492R(TACGGYTACCTTGTTACGACTT),

DNA PCR 16S rDNA

, PCR 95 5min; 95 30s,50 30
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s, 72 1 min, 30 ;72 10 min PCR
PCR(1.5 kb) , PCR

, BLAST
GenBank , Mega3.1

Kimura 2-parameter s
(neighbor-joining, NIJ) ,
1000 (Bootstrap)

1.2.4 B4k QH14 & KREAEBE 09 5] & B 4640

QH14
3 mL LB , 37 230
r/min 24 h, 1 100
, 37 230 r/min 48 h 5000
r/min 15 min
QH14 50 mL ,
10KD Amicon-Ultra (Millipore) ImL,
15 mL 20 mmol/LTris-HCI1 (pHS8.0)
, 1 mL 500 uL

Superdex G75(10 x 300 mm)
(GE healthcare) , 20 mmol/LTris-HCI

(pH3.0) ,
(U/mL), BCA
(mg/mL) (U/mg), SDS-PAGE
, 5 uL
95uL 1% 20 mmol/L glycin-
NaOH (pH9.0) , 60 10 min, 100
pL DNS s 10 min S
570 nm (T0)
1 pmol
10 mmol/L
, 0 20 40 80 100uL
, 100 pL, 100 uL DNS,
10 min, s 570 nm
1.2.5  RIRABBGEG S 1L JR 5 AT
1251 pH 20 mmol/L
-NaOH , pH7.0
pHI12.0 1% ,
, 60 10 min DNS

1.2.5.2

1% 20 mmol/L
-NaOH(pH 9.2) , 40 50 60
70 75 10min
1.253 pH pH5.5~7.0
- pH7.0~11.0
-NaOH , 37
50 , pH9.2 60
1.2.5.4 20 mmol/L
-NaOH (pH 9.2) ,
50 60 s 10 min S pHO9.2
60
1.2.5.5
s 5 uL 95 uL 20 mmol/L
-NaOH (pH9.2) 1% ,
0.5% Triton X-100, 0.5%
SDS 20, 60 10 min

1.2.6 &4 7 A RIRAB KM = 4 5 A7

20 mmol/L -NaOH (pH9.2)
1% 1% (CMCQ)
1% (Pullulan) 1% Lichenan
1% B-glucan 1% Guar gum, S5ulL 95 uL
, 60 10 min 100 pL DNS ,
10 min ODs5
5uL 95
pL1% , 60 3h 2
pL 60 F254 , 5
3 2,v/v/v) ,
2~3 mm , 3
(5% H,S04+95% ethanol), 110 5 min
1.2.7 RFAEEIKE 6 UER KL
Bacillus
pumilus , PCR

Xyl-F(ATGAATTTGARAARATTRAGRCTG)

(CCAATMAWCAGCTGRTTGGTCATC)

Xyl-F  Xyl-R QH14
, PCR

Xyl-R

pMD18-T
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25, QHI14
QH14 BamH 648.79 U/mL 16S rDNA
Xho Xylanase2-F(CGCGGATCCG QH14  Bacillus pumilus( )16S rDNA
AAACGATTTATGATAATAGAATAG) Xylanase2- 999, QH14 LB
R(CCGCTCGAGACGTCCAATCATCAGCTGGTTG , , ,
GT) BamH Xho QH14
+
PCR , pET21a(+) BamH QH14
Xho ’ | s QH14 Bacillus
ET21a-Xyl E.coli . . -
P a-Aylanase pumilus SB3002 Bacillus subtilis GZUB14
BL21(DE3), ,
) , 1 , QHI14
E.coli BL21 . .
Bacillus , Bacillus sp.QH14
3 mL LB , 37
220 r/min , , 1mL 2.2 Bacillus sp. QH14
50mL LB , 37 220r/min QH14 3 mL LB ,37
OD6001'11T1 04 0.6 5 24 h, 1 100 1%
0.1mmol/L IPTG, 32 220r/min 6h, , 370C 48h 5000 r/min
50mmol/LTris-HCl(pH7.4) 15 min
’ ’ > 648.79 U/mL, 260.31U/mg
50mmol/LTris-HCl(pH7.4)
Ni-NTA ,4 30 min, 2 ’ QH14
(20 300mmol/L) SDS-PAGE 20kDa
(50mmol/L pH7.4  Tris-HCI ) , (2
» SDS-PAGE 8.5 kDa, 145 kDa,
20 30 kDa ,
2 Bacillus sp. QH14
QH14
2.1
( 2), 430.31U/mg
Superdex G75 ,
67 Geobacillus stearothermophilus KIBGE-IB18(HQ610926.1)
100 | Bacillus cereus T ZQ24{H(Q202561.1)
75 L Bacillus coagulans NBM1O(HQ703891.1)
100 ———— Bacillus megaterium RHQIT(HQ202555.1)

100 |

Bacillus subtilis GZUB14(F1434655.1)
100 | Bacillus pumilus SB 3002(GU191914.1)
79 1 QHI14

Brevibacillus brevisYQH20(HQ202569.1)
Brevibacillus laterosporus |AM 12465(NR_037005.1)
————— Paenibacillus macerans SKU 10(EUT42144.1)

100 “———— Ppaenibacillus polvmyxa NRS-1105(NR_037006.1)

0.01

1 AREBFEBENR QHA MARLEH

Mega3.1 GenBank

(1000 )
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SDS-PAGE 22 kDa 73.76% R pH11.0 34.84%
90% ( 2), 1148.56 Bacillus sp.QH14 40~70
U/mg , 2.67 s 60 , 70
44 Bacillus sp.QH14 20 59% , 75 35%(
kDa 3B)
kDa M 1 2 3 4 232 AREBEE pH A& e Fo A AG M
116.0 — & Bacillus sp.QH14 pH
66.2 — p pH7.0~11 ( 4A),
150 — pH7.0~11 37 24 h 80%
150 N , (50 , pHII)
o 24 h 31.02% (  4B)
250 — Bacillus sp.QH14
- g .55 60 1h
184 —i
50% R 5
144 — 0 )
233 R\EEEN S REAEEG T A
B2 SDS-PAGE 4 #f Bacillus sp. QH14 A B #EREE Ay K ik
gt ’
M 01 ;2 03 4 s
Bacillus
sp.QH14 R 6
2.3 20  Triton X-100 Bacillus sp.QH14
s EE g o o o , 1% 20
231 REAEBERIER L pH A2if B
43.5%, SDS
pH Bacillus sp.QH14
2.4
s pH 9.2 R
3A Bacillus sp.QH14 pH7.0~10.0 ) Bacillus
, pHI10 sp-QH14 ,
100 100
90 /\I 90
.,——"
s 801 {/ = 801
= 70 70 4
£ 601 £ 60 1 1
= =
= 50 = 50
40 1 40
, ; 40
30 . . . . 304 . . . .
7 8 9 10 1 40 50 60 70 80
pH JLIE I (°C)
A B

3 Bacillus sp. QH14 KA B HEESEE 451 D47
A Bacillus sp. QH14

pH; B Bacillus sp. QH14
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3
120 125 -
100 . ] T
- [ a—an 100
) A ./' _\. ‘
g 801 [ g
prrt = 751
‘::: 60 1 ii |
= £ 50+
= 40 1 =
20 237
0 T Ll T T T T L}
5 6 7 8 9 10 1112 :
pH i) (h)
A B
4 Bacillus sp. QH14 KR E2#EREHY pH I2 E 1%
A Bacillus sp.QH14 37 pH 20mmol/Lglycin-NaOH buffer 24h,
100%; B Bacillus sp.QH14 50 pH11 glycin-NaOH buffer
0 100%
125 1 ) 500+
——551TC
—a—60C
100 400 1
;; 300 4
22 200
25 A 100
0 i T T T 3 T 5 T : T i T 0-
0 10 20 30 40 50 60 & A b ® 2
il (min) U)“, I RN A RO
5 Bacillus sp. QH14 KB ¥EHE Y HAA E 1% 2
Bacillus sp. QH14 55C 60C 10 min 6 FREEMEFIABEEEIENZMN
,0 100% Control , Bacillus sp. QH14
; , Bacillus sp. QH14
( 7A),
Bacillus sp.QH14 700 bp C 8A),
,  TLC Bacillus sp.QH 14 687 bp, 229 > 27
3h ,  Bacillus pumilus
’ ( 7B), (GenBank EU421717.1)
, 99%, Bacillus pumilus
) SAFR-032 (GenBank
2.5 Bacillus sp.QH14 CP000813.1) 96%, XynQH14
XynQH14 pET21a(+) ,

Bacillus sp.QH14 XynQH14 E.coli BL21(DE3)


http://www.ncbi.nlm.nih.gov/nucleotide/157679556?report=genbank&log$=nucltop&blast_rank=2&RID=4H0YR05Z015
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1250 - 1 2 3 4
7] QUI4ARAG
B FAIA RN '
)
£
2
o
_“é
3
& 0
xylan cmc  pullulan lichenan f-glucan guar gum
7]
A B
E 7 Bacillus sp.QH14 AEHEEEMEHFFERKEZEXE TLC 240
A Bacillus sp.QH14 ; B Bacillus sp. QH14 TLC 1 ,2
1% .3 3h ,4 QHI14 3h
bp M 1 1 2 3 M kDa C His
— — [15.16]
— 116.0
= . 662 Bacillus sp.QH14
== - 45.0 , ( 7A)
{ 000 350 Bacillus sp.QH14
. S
; B 154 ( 88%) XynBYG (Gen-
! ! — Bank ACH67614.1)1
A B 9, QH14
. XynBYG,
8 ABHEHMEEQHUMYTEREXHHEFWER
FiEFngk Lol
A M 1 kb DNA ,1 PCR He=2ll
. B QH14
1 IPTG ,2 IPTG 3
, 3
QH14, M
( 8B),
25 kDa Bacillus sp. QH14 ,
22 kDa, PET21a s ,
N 14 ( T7 , ,
tag) C 6 His R ,

700.47 U/mg(

1766.97 U/mL,
7A), , N
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ACH67614.1 :
QHI14.xylan :

ACH67614.1 @ REsSiches
QHI14.xylan ; REESCHgN:

ACH67614.1 @ M
QHI4 xylan : }

160 *
ACH6T614.1 © & B
QHl14.xylan : [

ACH67614.1 :
QHI14.xylan :

1 50
: 50

: 100
1 100

o 150
2150
180 * 200

85 200
§ ;200

1228

9 Bacillussp. QH14 ABIEHIERFI S KBRS EERFS] ACH67614.1 b

Vector NTI Suite , ACH67614.1
3.95% 5.26%
50 s pH [22=2]
, 60 ,
pH 9.0 ,
50~60
25 >
QH14
648.79 U/mL,
, 40~75 s ,
pH7.0~11 BLAST

, Bacillus sp. QH14
ACA00160.1 (99%)
AAXS54695.1(99%) YP_001487058.1(98%) AAF
32359.1(98%) ZP_03055362.1(90%) P00694.2(90%)

ACH67614.1(89%), ACH67614.1
(89%) H7 Bacillus
sp.QH14
XynBYG(GenBank ACH67614.1),
QHI14
XynBYG ,
( )
, 2 B
- (barrel domains) , C-
N- Bt

3.07% 4.39%, Bacillus sp.QH14
( , salt bridge)
s 1
[30]
Bacillus sp.QH14
Bacillus
sp.QH14 ,
B-1,4 , B-1,4
B-1’4 >
B-1,3/1,4 ,
B-1,3  p-1,4
[31]

Bacillus sp. QH14
S 1% 20
, Bacillus sp.QH14
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