TEIRAM 253 ( Jiangsu J.of Agr.Sci.) ,2015,31(6) ;1242 ~1249
1242 http: //www.jsnyxb.com

AT B, EREA, T IESC, A5, 21 AV R 1T PR A SR i 1) S B ik B A W 15 B 2 [0 ] VLR A 2441, 2015, 31(6)
1242-1249.
doi ; 10.3969/j.issn.1000-4440.2015.06.008

T 5 T 41 #0481 Tt 90 K BB M 1 SR A 3k R 2k 0 15 1
4347

miEE, IRk, MEX, ROk, GEE
(ITF R PR 52 4 TR e/ AL W R RERBRIE AT TR 4T 212013)

HE. MHAEDBEN Meiothermus. rubber TR IIFE 2 7w BB BEEE LA, FREAT T B B 55  EA BN
Slifb R 2A R SRR 9T, 45 R R, AR RS Mru JE VR 8 M , 708 R N TREE A 65 °C |, RERS T A% Ml A SR bl
FEAEARBERUR — 0, WS BT R B, AR R Mru 55550008 128 H ok 19 LA SRR 19 AR SO A %) TR R 60% ~
100% . TEARRHERG Mru BZ5HEITI  GH10 ARRBERG R IRSF O RN T BT, o SEHELRFIEARMR . A5 E
TN RBBEEG Mru AR ISR IEE M GH10 REEBERT

KR EWIAE; ARG, EWELSYPT; SR

FESES. S943.2 XEAARIZAED. A XEHS: 1000-4440(2015)06-1242-08

Gene cloning, expression and bioinformatics analysis of a novel xylanase
from Meiothermus ruber
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( Biofuels Institute/School of the Environment and Safety Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: This paper reports a novel GH10 xylanase produced by thermophilic bacterium Meiothermus rubber. The
xylanase gene was cloned from the genomic DNA of a new isolate of M. rubber, and overexpressed in Escherichia coli, and
recombinant Mru xylanase was purified and characterized. Mru xylanase efficiently released xylose from oat spelt xylan at
55-75 °C with the highest activity at 65 “C. The bioinformatics analysis indicated that Mru xylanase shared =61% similari-
ties with the xylanases of Meiothermus spp., but <49% similarities with the other GH10 xylanases in database. The predic-
tion of the Mru xylanase structure revealed that the conserved sequences for GH10 xylanases mainly occurred in the (3-sheets
and few identities were observed in a-helixes. Mru xylanase represents a type of heat-stable G10 xylanase.
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b AR 7 v G R Sy TR g DA K A AR BB (T
aquaticus ) "' 73 B 4 46 W ok 19 F PCR 2 b 11
TagDNA % & Bl 2 o A I TR ( Meiothermus
ruber ) J& A 22 [ JCEFFLAF AT I, T AL (5 1
VE IR N 35~70 C il AR IR 60 €7
WA TR BR M. taiwanensis B BN RIEGEAN,
HABEBITEAR D AR50 28 2 B 6 i PR it R R
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1.1 ##

LIV MG N E Meiothermus ruber TC-1 ( CICIM
B7007) i A 52 88 %= 43 B MR AT, Escherichia coli
DH5a 14 Novagen ( Billerica, MA, USA) , E A
K Ex-Taqg DNA RA /I rTag DNA R4 T4 DNA
%42 RNase . DNA Marker . Protein Marker  Jii . /]y

SRR A DNA BEAL MO S 30 A A
TR (KGE) A R/ 7] (TaKaRa) |, pHsh-T JFkL K H
Shine E Biotech( H1[E g 5% ) . 2 4t 14 19 £ i
LB #5575, 1 000 ml ¥ {& LB 1537 56 v & & A i
(Trypton) 10 g, BEEE#) ( Yeast Extract) 5 g,NaCl 10
g,121 CHEEKE 20 min, WA LB B3R Erhisin
1. 5% B fe il A [EA LB #5975,

1.2 Fi&
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TR 2 T, B T Y0 il 1 12

1.2.2 314893845 &M M.ruber TC-1 ZEH4H
SCHE R AT T4 i Beijing Genomics Institute
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Bank accession no. JRGA01000001.1, GL000978)
S AME 5 K 3 M B SignalP 3.0 (http://www.
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pg/mlE R 3 ml LB 5350+, 30 C IR R 37
F ODyyi5 0.6~0. 8 J& , 3L RIFE A 42 °C FE R4k 2L 15
75 6~10 h,i%%’%g?:f;ﬁfﬁ , P16 000 r/min &5 2 min Y
LR, H 2 ml ToRE K RN, SR 5 78 VKoK i H
FH P e RSB R DA, B IE A TS 9 s, 1230 5
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PESEUR AR R H oA 600 wl PAHBAH [ 0. 5
mol/L NaOH FI¥% T 0. 5 mol/L HCI ) 5% PAHBAH
EFEWRA + L(RBRLL) 120k RN, B IR 6 W ik
K 10 min, PKKRHG, W E 410 nm SER A,
AR BWERREG VAL E N AE IR AT, B
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T B PO A SRR FR TG K £ BEDTHE A K fff K43
TREWHEEET,10 000 g .0 5 min ZERUTHE,
B EIEBOAT S B 100wl JC i 7K 5 B v i K
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1.2.6  KEAEBEE(Mu) 89 2915 & F oM —H%es
P57 - PRSF X RN AR 505 43 B #5000 SR T FE 4R CCD
1 Pfam #2 ¥ ( http://pfam. sanger. ac. uk/) %% &

BlastP , 2 £ /%2 FE 3 ) % http ; //www. bio-soft.
net/sms/ , {5 =5 K43 B {fi F http://www. cbs. dtu. dk/
services/SignalP-3.0/ i 55 % , &5 F B #E AL PE B o A
TN R FH ProParam filz 55 #% http://www. expasy. ch/
tools/ , BF & L2 ¥ 5 s A NCBI #EAT7EZL “ thlastP”
IRMER R R MEGAS.05 @ RIS, 1157
71 R AN K 7% 1 ( Neighbor joining ) , 3142 FH H &
N HR43 8 15 ( Bootstrapping ) & 3 % o 4k B i) & 15
BE R WHCN 1000, A5 53 bT B BT 4%
25K 1 T >R AE 2 T H SOPMA ( https://npsa-
prabi.ibep. fr/cgi-bin/ npsa_automat.pl? page =npsa_
sopma.html) , B KPR T IELL MR 554% hitp . //web.ex-
pasy. org/protscale/, [FJUREHEAL . & 1T = L5 F9 5k
P& http ://www.resb.org/pdb/home/ home.do; &
JBE =R EEAE 53 A P00 4 1T Modeller R4 5 [] 95 AL A5
PEHY http ://services.mbi.ucla.edu/SAVES/
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Fig.1 Agarose gel electrophoresis
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Fig.2 SDS-PAGE analysis of recombinant xylanase

120
100 —

—~ ]

i\c/ 20 V/i/ \

o 0¥

s

& 40r \
20 "
0 1 1 1 1 |
55 60 65 70 75 80

WwE (C)

B3 REXNAKREE M EER2MN
Fig.3 Effect of temperature on Mru xylanase activity at pH6.0
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PATHEAE AT N W), e A SR B Tl Miru 1) 7K it
AL RE R 1 10 KIER A
Thermotoga maritima AR FFEEE B A2 414 11 K

Rk B Bacillus pumilus ARAM A Thermomyces
lanuginosus""" I A TR (14 7K A 7= 568 43 #r ([
4) , ARERVENG Mru FURRBERE B X 3642 AR RBERY
JKAF 7= W 3 EE R R ME R OK B Bacillus pumilus
ARA AT B X a2 AR TENE R 2 2K - 2 R
R ZBEFIR =B ; Thermomyces lanuginosus AR 5
R it X JHE A A SRR Y K 7 ) AR

xt & 8 R

1 AR (X1) FIAR W (X2) bk 52~ 5. 400013 A M. ruber | Ther-

momyces lanuginosus Bacillus pumilus F1 Thermotoga maritime A

R K A ARIE R

B4 FEREAREEKBREZAEENY

Fig.4 Thin-layer chromatography of the products from the hy-
drolysis of oat spelt xylan
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CCD TR ALz Plam X Fe 810 FF 45 S 2EA T OR <7 XA
BRI, ARRBER Mru BA S 10 ZG0E 5
KSR PR ST X, 7 T Leul8 ~ Leu317

2.4.1.2  ARENEM Mru FIJEYESAT 3853 GenBank
B ZER Blastp F27 , XA M BE Mru 7500 25
TRIEAT R PR AE 3 B, 45 2R Won H 5 ORI M. ruber
DSM1279 (WP_015586289.1) i) A Rl il — B Sy
100%, Y K I Meiothermus cerbereus ( WP _
027878488 ) . Meiothermus rufus ( WP _027881275)
Meiothermus chliarophilus ( WP _ 027891604 ) | Meio-
thermus timidus ( WP_018467010) B A S ffF— 250t
5350 89% 78% 65% .61% , MR 1 H 14 Fhd
FHHRIE R 10 LA MR AT e 50 AH L7 be )
AT SRR R RIERE Mru A 10 KHEAKR
R E M AL 2 A =R A AL Bk 2 E150
FE255 3% 2 AN FR LN 78 A SO B 1k S
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WEWE A 5 A RS I, B S GE N s Y
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TELD ., 34 i i I B8 S 32 1, R RBEBG /T %) 20 R(EIS) R, RBWERS Mru 5 7 %= 5 R N
R (40~60 °C) FEiREE (50~80 °C) FIM  —38, 50 2 Pl R ( Ttha  Tspx) 5 4 PR IR i 2R
AR (>80 °C) MY T AZ R T 40 CHIEERR N b —2K,
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Table 1 Temperature characters of 14 GH10 xylanases

KAL) AR I NG wRs BAG R (C) ik
Glaciecola mesophila KMM 241 Gmex ACN76857.1 30 [15]
Aeromonas caviae ME-1 Acax BAA31551.2 30~37 [16]
Flavobacterium sp MSY2 Fspx AAY98787.1 30 [17]
Sphingobacterium sp. TN19 Sspx ACX30652.1 45 [18]
Cellulosimicrobium sp. HY-12 Cspx ABX88978.1 60 [19]
Streptomyces sp. S9 Ssp..S9x ABX71815.1 60 [20]
Meiothermus ruberTC-1 Mru GL000978 65
Acidobacterium capsulatum Acax BAB40957.1 65 [21]
Achaetomium sp. Xz-8 Aspx AHE13927.1 75 [22]
Malbranchea cinnamomea Meix AGV01049.1 80 [23]
Thermotoga maritime MSB8 TmaxB NP_227886.1 90 [24]
Thermotoga petrophila Tpex ABQ46873.1 95 [25]
Thermotoga thermarum Tth AEH51686.1 95 [26]
Thermotoga sp. strain FjSS3-B.1 Tspx AAD32593.2 105 [27]

50 Meix (AGV01049.1) 80 °C(35.1)
o5 o e B Ssp.S9x (ABX71815.1) 60 °C(i& )
o Aspx (AHE13927.1) 75 °C(%5 #.)
Cspx (ABX88978.1) 60 °C(&5 i)
100 ————  TmaxB (NP_227886.1) 90 °C(i i)
{ L Tpex (ABQ46873.1) 95 °C(i& 1)
i — Mru 65 °C(i= i )
L Acax (BAB40957.1) 65 °C(& i)
100 Tthx (AEH51686.1) 95 °C( 1 i)
89 { Tspx (AAD32593.2)105-110 °C(5 L)
3 99 Acax (BAA31551.2) 30-37 °C(fIk I )
% Gmex (ACN76857.1) 30 °C({IGHIEHE)
61 Fspx (AAY98787.1) 30°C({I%H kL A&)
{ Sspx (ACX30652.1) 45°C({GH )

5 314 FE 10 RERARBEEREXESN
Fig.5 The phylogenetic tree of 14 GH10 xylanases
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Fig.6 Hydrophobicity analysis of recombinant Mru xylanase
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F, Mru ARBEBEEH S51.68% -2 HE, 15. 90% (-

W& ,7.34% B-5% 141, 25.08% JC B 35 il 20 1 ( 1
7)o
243 BB Mru FVRZER A THREFJEE
B AT A5 B, 2R FH 2 77 90 b [R) 8 A i (8
Blast T EL.7£ PDB (48 JE# KAL) ¥ I 2 J5 , 1k
a4 N REME S N E ARG, X 4 NEA R
LERVE SR, 3 Modeller #478: BARFEI 4, 4
I’Jﬁnl’ﬂ 8. FIH PROCHECK % H 5% I F?I;%ﬁ”
1A B SMT B AY — 25540 96% R IER Y o ff
1 @ 157 F Ramachandran &[5 3 X 1, 2 A #4) 2
AR RS Mru 8 ALY = 4250 25 3,
25 FIF verfy3D A4 o AR A 45 SR 1) = A 45 44
(3D) 54589 (1D) AT & B, F B 93. 38% 5% 3
3D 51D FFEERT 0.2, 40 Frl#E2 K F, K
R Mru S AU BIEE = AES5H 5 (B/a)
R ZERY , [RIJE LEXS AR 20 A 5 AR SFIX ENVMKW |
GHTLVWH ,WDVVNE , YNDY A1 TELD 43543 i 7
AR IRWERG Mru £ 1100 25 [0 4548 Hh i B2 K3 B3 K
Uit B4 FRI> BS TP BT FRIT LT (B o) (AR EE
PR P RE R AL TG PE S IR 150 13 T g4 s
T I, 5 b — DR AR R (E255) fi T B7

10 20 30 40 50 60 70

| I I | | I I
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Sequence length : 327

SOPMA :
Alpha helix (Hh) : 169 is ©51.68%
310 helix Gg) : 0Ois O
Pi helix (Ii) : 0is

Beta bridge (Bb) : 0 is

Extended strand (Ee) : 52 is 15.90%
Beta turn (Tt) : 24 is 34%
Bend region (52) : 0 is

Random coil (Cc) 82 is 25.08%

Ambiguous states (?) : 0 is
Other states : 0 1is

QD_;"O_—-\_U'IQO

B 7 AKREBVEEE Mru — K5

Fig.7 Secondary structure prediction of Mru xylase
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Fig.8 Overall structure of the CD domain of Mru xylanase pre-
dicted by Modeller
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