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4TS A SR 2 3137 G o A BRI v Ay
B A0 0 N A R 7 R A SR Tl 110 1R R
W, efEaEA K pH —E 9.0 KLE, ARy
ZEA[PIE pH 12 ZF P AR, Hil, 2%k
JEF itk Anoxybacillus kamchatkensis NASTPD13
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14 DA
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5 W) B 308735 12 R R E BTk 2% AR R X R SROpE LA
BT AR e . ASCEILUZ R X4, W H
LA PN 6 5 AN B-1,4-A ROl Al S R A 7
TyEREMRIL, JERT A0 B2 BT T M
PERYRAE , S Bt A SR TS B L2 1) A 92 S R
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1.1.1 PR BURL: C. bogoriensis 69B4" Ity [
FE] B3l £F ) T B A 5 R 0 DSMIZ, K I FF T T b
DH50.. Rosetta(DE3)I T+ TaKaRa 2\ #], Jiki

PMAL-C2X J A S B0 2 AR A o
112 k. RERESRIE: BL 1%, BERHR
#3 0.5%, NaCl 4%, NaCOs; 1%, KH,P0O,0.1%,
MgSO,4 0.02%; LB 355%3E: NaCl 1%, M
1%, MEFRHEEEY 0.5%, FH NaOH ik pH
£ 7.0,
113 FEERFLES: BRG] & e
oA &l T I e G EWHRA R A ], T4
DNA ligase. EcoR I, Hind Il J F TaKaRa /A A] ,
2xPower Taq PCR MasterMix 4Tt | &7 4:
Y AR B2 7], Amylose Resin T NEB A A,
oA 2R 24 i 120 R 7 4Bl BT T Y 32 AR
ffE: PCRAV(ERE ABIAF]), 4 HIEER G
RO ( R RAERHLABRA A), BRIk A sR—
ARSI A BB R AIL (T B 2 AR R
Bt A RS w]), AR 25O (72 Eppendorf
AT BV SN e R KA S AR TR A PR
YN
1.2 BEFRERG pH X E R R0

KR SRR pH (582 5.5, 6.5,
7.5, 85, 9.5, 105, 11.5 fil 12,5, ¥Fh %
AZIAE pH AR5 7=, 30 °C. 130 r/min f&
TR R IR 4 d, 4000 r/min 250 B 0 E A
REBHEVE, 2HI IR B 46 pH (EXF AR AR
SRV T 1) 5 ) T 6
1.3 H: DR 7o e e B 4 Bkt

H 4% C. bogoriensis 69B4" 3 [K 41 mh i ) A
REBEIL I A Bt g 19, Ik 1 R, L
C. bogoriensis 69B4" B Fk [ FE K1 41 DNA J 54 ,
FIH PCR MasterMix g 5 Ff H A 3L K #E47 PCR
Py, ¥ 4R : 94 °C 5 min; 94 °C 30's, 60 °C
30s, 72 °C 2 min, 30 ME¥f; 72 °C 10 min, PCR
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x1 YHEEMEEMIY

Table 1.

Primers for amplification of target genes

Primers Sequences (5'—3)

Xyn370 Fsp CCTTGCATCCGCGTGCGGGGGACCGAGCCACC
Xyn370 Rsp CCCAAGCTTGCGCGCGCCTCGCGCTCGGCGTTG
Xyn393 Fsp GGAATTCGATGCAGCACCGTCGGAGC

Xyn393 Rsp CCCAAGCTTCCGGGCCGCCTCGAGTGC

Xyn425 Fsp CCTTGGATCCATGACGACCACCCCTGGTGCCG
Xyn425 Rsp CCCAAGCTTGCGCCCAGACGCACCTCGGCCG
Xyn466 Fsp CCTTGGATCCGCGCCGAGCACCCTGCAGGAAG
Xyn466 Rsp CCCAAGCTTGCCGAGCAGGTGACCCGCGGCCAG
Xyn486 Fsp CCTTGGATCCATGCCGGCCGCGGCGAACGACAC
Xyn486 Rsp CCCAAGCTTGCGCTCGCCGAGCAGCTCACCG

P12 EcoR | Fl Hind 11 XY 18 ] T4 DNA
ligase S5 1) pMAL-c2x M %, 37
WAL B K AT B DHSa H, PRECA e e EF T
7 PCR %8, FFXTE A 134 1 P 58 0E
1.4 BEHABAWBEIRRBEL4ML

K EA TR HEA 200 mL &4 Amp (4
LB i, 37 °C. 150 r/min #EATHi SR, 15
ODgoo fEL I #] 0.6-0.8 B, JiII AZH& & 1 mmol/L
1) 57 N B AR FLREE (IPTG), 18°C S 22 h,
50 WOAR 1 TR RS U T L% 2% WP (20 mmol/L
Tris-HCI pH 8.0, 200 mmol/L NaCl, 1 mmol/L EDTA)
t, B TUK BRI 260 W, TE4s, [H
B 6s, 360 W), FuiET 4 °C. 12000 r/min
20 20 min, WHE B . FIH Amylose Resin
KRBT EHE AL, K EHRYS
h, ZJE5EH&a
200 mmol/L 11 mol/L NaCl i) 2L 2% v e A
T, fe i R 22 wiik (20 mmol/L Tris-HCl
pH 8.0, 200 mmol/L NaCl, 1 mmol/L EDTA,
10 mmol/L ZZ ZEHH) e B & A -

Amylose Resin %54 2
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1.5 FRPVMBIEZBEE K (SDS-PAGE)

FI FH SDS-PAGE it 1 41 fifg 1) 4 fb 45 SR M4 TG
W, B U E N 10%, %5 Sy E ik R-250 Yefa,
Wit SR i Marker (db it 244 YR
AR RNIEAT LR, #E SERE A 4 i
1.6 BETEMEREBWKENE

i pH 7.0 MBEIREL S sl Ll 1% (W/V)
PIREAR AR RBEICY , 3E YWk B ) F AL 5 IR IR
&5 BT 50 °C J2 i 30 min, BRI JFURE i
3,5- Al HE KA TR (DNS) & WL #EA TR I, DAAKE
ARE o BRI K R BB 7= 4 1 umol
ABEPTT R, SO — AN BEE 1AL U

A BCA & P sl o i) & (db
2 AV HARA PR W) AT E , bR
A= ML FIEE T BSA
1.7 {REEFN pH XJ 5 4 B P 0

£ 30-70 °C 454 T K DA & 7 , 1 2 1l S i
() s U o P AL 430 B T 4-70 °C FREE
TR 2 h 5, T oRcad S 45 14 T i = 4 g )
BRARIETE
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16 pH 3.0-13.0 WY Z&AF Al Bis /1, e
A0 Ol W N pH il B 28 bl A R
Fr AR 2% vh I (pH 3.0-6.0) . 1R £h 22 v ik (pH
6.0-8.0) . Tris-HCI & nf i (pH 8.0-9.0) F1 H &
1% -NaOH 22 mffi (pH 9.0-13.0), 5 5 2H il 3 1) &
T pH {8 3.0-13.0 M npiH 4 °C LRIk 24 h 5,
T AR A S A AT T A 1 R A T
1.8 &8 B ¥ R bS50 % B 40 B 1 i e

I g S AR 2R AN 6] &8 3 1, ik
WEES L mmol/L, s B A= R R . &
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1.9 R X0 E2H B TE M Y 5

P T AS (] h v B2 9 R SR BRI, {45 NaCl
57 KCI &% N 0.5-5.0 mol/L, /il A& & 4li fif
TR, DAARINES B8 F i EE /E R 100%, it
TR A% S 2H (A G G ) o TR Sl 2 b 4 S
AR R BEE ) NaCl, 29 4510k 1, 3.5 mol/L,
4 °C it # 3-24h, B[] BE— i B ) A4 7l 3% v 1Y)
Lioaill8
1.10 EHEHIRYR FE S

G AREAR AR BN . R B4R 4E % (CMC) .
X i 25 4% - B- D - ML g A (DNPX) L ol i 47 4
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S T T O ) LT T R A T Y IR
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111 EARERERARIR Y 5

B B 2 — B W Al 4L o o B S R B
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2 min BUEYE o SRR BT (TLC)XS Py kA7
GYAT B TR ROR SERE AR U R AR AR b
(Silica gel 60 Fis, Merck), Ji&JZ 5 K505 B
VK% 1K (50:50:15:5, VIVIVIV), J& 25 2T
W BT 5% IR - Jo /K B W h 2 36 1-2 min,
BT 110 °C HEA £
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2.1 BRI AR T ST
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Figure 1. Effect of initial pH on production of
xylanase.
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2.2 AREBEEHFS T

STk C. bogoriensis 69B4" (3L K 40 ¥E4T T
SR, SRR BRI L A 5 AT A A SR
TSR o ARSI R i () LR B B, F HX
B B 41 i 43 Wl i 44 M Xyn370., Xyn393, Xyn425,
Xyn466 1 Xyn486. #& 2 &1 H T T i) = 241 fify 22
ek BT, MR AEFR e RECHEN 5 FhoAR JRMH 2 53
A e 52 Mol Xyn425>Xyn466>Xyn486>Xyn370>
Xyn393; fgNiE AL s i Xynd25 114 g i 1 il
BEFT 5 PR, Xyn370 1 Xyn393 ¥k, HLfif
Fo 77 i, Xyn370. Xyn393., Xyn425 Fil Xyn486
(57 LA AR AR R TR A R, X S RIE PR
P 22 Bk R 1Y) A7 70 fofF T B O (R R O 1 2 A AT
T, fH Xyn466 B 6 HLfif i 5505 1 HL AT A AR 2

G 5% 5 FR RO T TP S AR B LX)
AT ZE R IR T, 25 R Xyn370, Xyn393,
Xyn425 ., Xyn466 1 Xyn486 5 NCBI #1751
) —EE R 2 I 68%. T1%. 74%. 72%F
59% (/& 2), M5/~ 5 PR RMERGLEF 5 HA —
BB TE . 25T /R 5 Rl R 8 T
GH10 Z %, Hirh Xyn466 Fl Xyn486 [ fit: {h45 14
AL, i HA AR RROK AL 145 S B CBM2,
2.3 ARBHEEE 7 IR R 3E K sl

L C. bogoriensis 69B4" [ A4k B K 40 M B4R
R Ik ek 51 PpiE4T PCR 4734 | B He e g
HLUKEE R 78 PCR W78 H Y Fr BOARAT
W b1 P2 43 5% 2 2 pMAL-c2x 2R M i 4
Fok, AR BRI 3,

F 2. HMARRYERGIE LSRN LS
Table 2. The physicochemical properties of the five xylanases
Characteristic Xyn370 Xyn393 Xyn425 Xyn466 Xyn486
Number of amino acids 370 393 425 466 486
Molecular weight 41645.37 43959.16 47297.07 50571.18 51728.33
Theoretical pl 4.82 4.24 4.83 8.66 5.19
Instability index 43.63 53.24 33.20 37.38 41.00
Aliphatic index 72.05 73.05 76.68 62.70 68.42
Hydropathicity —-0.470 —0.496 —-0.353 -0.521 -0.311
Negatively charged residues (Asp+Glu) 60 75 64 42 47
Positively charged residues (Arg+Lys) 36 24 40 46 32
Xyn370 I:l:_:I25 4 - ———=1Signal peptide
37 63 387

Xyn393 T ——

369

99
Xynd25 ]

749 339

363

m— (;]ycol-hydro-10

EESRRSRRY CBM2

Xyn466

4 44 348 385 486
Xyn486

B2 HMAREBMEHEST

Figure 2. Analysis of domain of the five xylanases.
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HHEFTE E. coli Rosetta(DE3)Hh HEf 71k,
K FH S HEVE Ry SR R Z AT AR T A B lifh . LTSS
KB HoR, EAMEE) T AR R,
AT, 5 BIORIMERGAL 73 1) 73 -1t 435I 2
Sk 83, 86, 89, 92 f1 93 kDa, STl A+ 4E MBP
il B 11(2) 42 kDa) Y AR SRME R 43 43— 3

Or’
pMAL-c2x
MBP tag

Amp EcoR 1

EcoR I/Hind 111
dlgesno/

MAL-c2x-xyn
B ’ MBP tag
EcoR 1

Xylanase gene
Hind 111

Xylanase gene

Hind 111

3. EHFRNMETEE

Figure 3. The construction of the five recombinants.
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4. RMARMEEGLE S B9 SDS-PAGE EiE

Figure 4. SDS-PAGE of the five recombinant
xylanases. Lane M molecular mass markers; lane 1-5
purifed recombinases with MBP fusion protein:
Xyn393 (86kDa), Xyn466 (92 kDa), Xyn370 (83kDa),
Xyn486 (93kDa) and Xyn425 (89 kDa).

2.4 Y BEX E A ER YRR

Bl 5 o T EEXT 5 FhE 4R R4 5316
JIsEm, M 30 °C FRhG, MEEIREM TR, 6
S5 0 R Bifi 2 A, Xyn370 ., Xyn393, Xyn425
Xyn466 Fil Xyn486 435I 7E 60, 50, 40, 40, 60 °C
A TS s i, ZJabEE R TR,
WG ST W AR, BRI, EREFE 60 °C K,
Xyn370. Xyn393. Xyn425 FI Xyn486 [KHifiE /1
T BE DR 576 5 R BTG 11 80% LA | 4k EiTH &
70 °C i}, 5 B RMERGLL 50 1 T 15 1475k d5e v
5 10 50%LL b o b e AR 4P 9 Xyn393
o3 AT T HE— 20 H, RISIRE T2 80 °C
B, S I AT by S5 v S 71 60% 20 A (SRR
e 5 H B IR). g S ULEH 5 Fh 4K RBERG
4153 HA — € Wt i R

[FI, 5 FhE 4 ARG B T8 iR
JERREME . 78 50 °C LU {RIEALHE 2 h, G
F1 ¥R TE W R WG 1 90% 22 47 5 Xyn370
Xyn393 ., Xyn425 F Xyn466 7t 60 °C 254~ i
2 h, TS TSR IR TR ) 80% . 60% . 60%
1 40%; Xyn393 41 437E 70 °C £ 2 h J5 5k A7
6 AT W) b i % B 40%LA
2.5 pH XTEHBAER

Rl 1 ANTw] pH X B 2H T 4 R
E 6 s, EAMG Xyn370, Xyn393., Xyn425,
Xyn466 Fl Xyn486 43| 7£ pH 7.0, 8.0, 8.0, 8.0,
9.0 AhEE 13k E fe i ; Xynd86 7 pH 11.0 2k 1
WS AT RE DR 4 B BB TS I 1 80% A5 AT
Xyn370 Fl Xyn466 7& pH 10.0 51F T i 1% 1t v]
K B 5 5 WS 1 H 40%-50%, SR 5 RhE LA
SRV it 2 53 350 Sy it B AR SR Il o 3 S R SR il
RIS pH 4235 5 T [R)RF ke 5T 0 B Pk 24 T
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Figure 5. Effect of temperature on the activity (A) and stability (B) of recombinant xylanases.
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Figure 6.

Effect of pH on the activity (A) and stability (B) of recombinant xylanases. Xyn370 (A-1, B-1),

Xyn393 (A-2, B-2), Xyn425 (A-3, B-3), Xyn466 (A-4, B-4), Xyn486 (A-5, B-5). Buffers used in the assays were
citric acid buffer for pH 3.0-6.0 (®); potassium phosphate buffer for pH 6.0-8.0 (#); Tris-HCI buffer for pH

8.0-9.0 (#) and Gly-NaOH buffer for pH 9.0-13.0 (F).

Bacillus sp. SN5. Bacillus firmus. Bacillus sp.f
Xyn10A (pH 7.0)°! BfXyn10A (pH 7.5)"%F1 Xyn10
(pH 7.0)M, Hrh Xyn486 (W& pH FKIET
Bacillus halodurans i XyITSEV1 (pH 9.0)#
XylS7 (pH 9.0-9.5)5F-

¥ T AU RE G 1) 2B 4> FE AR TR pH (E 2%
PR 4 °C CE 240 5, TGl IR E fildE pH
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ST HEATREAR OB, W0 R 2 R A il S
J1. 455 BN Xyn486 7E pH 5.0-13.0 i, HAkAF
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U5 T B bk Pichia pastoris X-33 AT A8 XynA
7 pH 11.0 £ FHCE 11 h 5 3R A7 R G fE i 3]
85%L) 1, S5 T #k Alkalibacterium sp. SL3
F it Bt rXynSL3 7E pH 6.0-12.0, 37 °C 44 F
WCE 1 h BRAEEEIS T 70060 L R4S RAT IR
e, EERANIE pH I FE A 22 o BT P LA —
SEMRZNR , (HARE ST H ) 5 P 41K R 4
PRI BRI pH R e .
2.6 Wor&)E B T KA X 4 B )
& 35N T4 Jm B B fb ik xT E Al
ARIRBEBEEER R, 25 R 8RS [F 48 &
A ML XA R g 2H 40 9 52 i 2 R [R] . Xyn370
Fl Xynd25 X B sl i 4 & 85 1 iif 32 R4 AT, ok
AMEE F17E 70% LA E, Mn®* | Zn®* K& Mg* fEf
AR PEPIRI R AG T % . Cu®* Xt Xyn370 HREHE H
BALHEVERT , (HXT Xynd25 (1435 1k A B 5 ny 3
VEF . Fe @2 3mi Xyn393 Hyihde, 3R4%i% S1{Y

k1 46.7%, {HX} Xyn4d66 F1 Xyn486 HA Lt fE,
1% 1Al 353 124.4%7F1 134.4%, Cu®". Mg* #il Co*'
SREUNTE Xynd66 HURETE /), {HXT Xynd86 HA fiE
HEVEA . X SR 1 22 53R 5 ALY T3
G PR R A BB TEPE T b AT BEA i 22 5%

v s A6 0 1 358 3 A 25 X 50 ot IS T SR
45 5 10 A [ 500 % AS [] g 1) 52 e 4 R A r S
Ao A HLE R H A XS Xyn370, Xyn393,
Xyn466 Fl Xyn486 # HA — & /e, A1
FARHE Xynd25 WG J75 B JER B-Hi Ak L BEXT
5 FhEGL - #A BR IEIE A, UE R R
T YR ix Lol i TE PEAY SR AT s BB 3R
TR SDS & & 5 FhEFIYIE 11, 1B SDS 11
TR eSS M B A TS YRS M 5 Tl S 7 2R s
P Triton X-100 REGS AL HF B HYTE 7 , B BARR) &
AR 8 - S PR W AELE T 5 R B o F A 2 1Y
AL R BB I ) SR TN S 45 G

*3. ERBEFMUF RN EAHRE TN

Table 3.

Effect of metals and chemical reagents on purified recombinant xylanases

Metal ions/Chemical regents

Residual activity/%

Xyn370 Xyn393 Xyn425 Xyn466 Xyn486
Fe?* 101.5+1.8 88.8+2.0 85.7+0.6 124.2£1.0 86.7£1.0
Fe* 99.5+4.0 46.7+8.0 88.9+0.5 124.410.1 134.4£0.7
Cu® 136.2+2.5 87.4+0.8 72.2+0.6 32.8t£2.9 129.9+0.8
ca®* 85.7£1.3 87.3+4.0 80.3£1.0 99.5+2.2 111.6+0.4
Na* 110.4+0.7 108.3£1.0 102.3£1.6 141.1+£2.0 99.5+2.7
K* 80.8+0.9 115.9£3.0 71.0£1.0 76.7£3.8 112.9+0.3
Mn?* 116.5+0.6 105.6+3.0 131.741.5 45.610.6 149.615.4
zZn** 121.0+2.8 137.4+4.6 141.2+0.7 76.6+£3.8 38.445.1
Mg** 116.0£2.2 110.246.0 122.1+1.4 48.9£3.0 105.5+1.2
Co?* 113.0£1.8 85.9+4.4 78.6+0.7 11.0+0.3 133.0£5.3
Methanol 64.2+3.1 78.0+3.2 126.0+2.1 21.9+0.6 77.5£0.6
Ethanol 94.7+1.8 70.0+4.3 189.1+0.4 87.4£1.3 75.1+£0.7
B-mercaptoethanol 64.4+1.9 46.612.0 49.7+0.4 24.6+0.6 80.6+0.6
SDS 46.5+1.7 83.315.4 21.0+1.0 46.5£1.8 36.2+3.1
Tween-80 112.6£1.3 100.3+2.9 177.6+0.6 122.0£0.5 69.6+0.36
Triton X-100 99.1+0.5 118.9+2.2 140.9+0.4 127.4+1.1 127.441.1
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Figure 7.
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B EAE AR
Effect of salts on the activity of recombinant xylanases. A: salt dependence of recombinant xylanase;

B: halo-stability of recombinant xylanases in NaCl. Xyn370 (A-1, B-1), Xyn393 (A-2, B-2), Xyn425 (A-3, B-3),

Xyn466 (A-4, B-4), Xyn486 (A-5, B-5).
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Table 4. Substrate specificity of five recombinant
xylanases

Activity/(U/mg)
Substrate

Xyn370 Xyn393 Xyn425 Xyn466 Xyn486
86.4+1.8 88.2+2.0 79.3+1.0 80.3£1.1 89.3+1.8

Beech
xylan
CMC 10.6+1.1 19.9+1.3 18.6+1.5 11.2+1.5 15.8+1.0

pNPX 1.9+0.1 2.6+0.3 3.2£0.2 0.1+£0.01 2.1+0.2
Avice 2.4+0.2 1.2+0.1 0.9+0.08 4.6£0.2 2.2+0.2
Filter 2.6£0.3 1.2+0.2 25+0.2 2.6£0.3 1.6:0.1
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Figure 8. Thin-layer chromatography of the
enzymatic hydrolysis products by five xylanases. M:
standard sugars, the spots from top to bottom are
followed by xylose, xylobiose, xylotriose, xylotetraose
and xylopentaose. Lane 1-10: xylotetraose and
xylopentaose sugars treated with the recombinant
Xyn370 (1, 2), Xyn393 (3, 4), Xyn425 (5, 6), Xyn466
(7, 8), Xyn486 (9, 10).
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Expression, purification and characterization of xylanase from
alklinphilic bacterium Cellulomonas bogoriensis 69B4"

Mingyi Yuan, Jiaying Dong, Ailing Chen, Sicheng Ju, Fan Li~

School of Life Sciences, Northeast Normal University, Changchun 130024, Jilin Province, China

Abstract: [Objective] This study aims to investigate the production of alkaline xylanase from alkaliphilic
bacterium Cellulomonas bogoriensis 69B4"; clone the xylanase genes derived from this strain; and perform
heterologous expression, purification, and characterization of the enzymatic properties. [Methods] We used the
single-factor culture method to study the alkaline xylanase production of the strain and cloned five endo-xylanase
genes through the homologous amplification. We expressed recombinant xylanases in Escherichia coli and purified
them using the affinity chromatography. The enzymatic properties of purified enzymes were characterized using
xylan as substrate. [Results] Five xylanases, i.e., Xyn370, Xyn393, Xyn425, Xyn466, and Xyn486, derived from
C. bogoriensis69B4" achieved heterologous expression in E. coli and obtained pure enzyme components. Their
optimal temperature was 60 °C, 50 °C, 40 °C, 40 °C, and 60 °C, and the remaining enzyme activity was more than
90% when kept at 50 °C for 2 h. The optimum pH for Xyn370, Xyn393, Xyn425, Xyn466, and Xyn486 were 7.0,
8.0, 8.0, 8.0, and 9.0, respectively. The five recombinant xylanases had good stability at a pH range of 5.0-9.0 and
showed good tolerance to some metal ions and high salt concentrations, and the enzyme activity on beech xylan
was the highest. All xylanases were endo-xylanases. [Conclusion] The five recombinant xylanases expressed and
purified in this paper have excellent salt and alkali resistance and are resistant to temperature, certain metal ions,
and chemical reagents, providing novel enzymes for studying the alkali resistance mechanism and the industrial
applications of the xylanase source.
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