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Abstract A xylanase gene (TrXynl0) from Ther-
moactinospora rubra YIM 77501" was cloned and
expressed in Escherichia coli. The amino acid
sequence displayed 78% homology with Microbispora
mesophila xylanase (WP_062413927.1). The recom-
binant xylanase (TrXyn10), with MW 46.1 kDa, could
hydrolyse beechwood, birchwood and oatspelt xylan.
Based on the sequence, enzymatic properties and
tertiary structure of the protein, TrXyn10 belongs to
glycoside hydrolase family 10 (GH10). The optimal
pH and temperature for the recombinant enzyme were
determined to be 7.0 and 55 °C, respectively. TrXynl0
was stable over a wide pH range, and it retained more
than 45% of the total activity at pH 6.0-12.0 for 12 h.

B : Thermoactinospora rubra YIM 775017

46.1kDa i

In addition, the activity was greatly promoted, by
approximately 200% of the initial activity, after
incubation at pH 6.0 and 7.0 for 12 h. Based on
enzymatic properties and product analysis, we showed
that TrXyn10 is a neutral endoxylanase.

Keywords Acid tolerant - Alkali tolerant -
Thermoactinospora rubra YIM 775017 - Xylanase

ARE2 TS TrXyn10

IKFREBSREE10(GH10)
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Abstract A novel endoglucanase gene was cloned
from Thermobifida halotolerans YIM 904627, desig-
nated as thcel6A for being a member of glycoside
hydrolase family 6. The gene was 1332 bp long and
encoded a 443-amino-acid protein with a molecular
mass of 45.9 kDa. The purified recombinant endoglu-
canase had optimal activity at 55 °C and pH 8.5.
Thecel6 A showed high hydrolytic activities at
25-55 “C and retained 58 % of initial activity after
incubation at 90 “C for 1 h. [tretained more than 80 %

Electronic supplementary material The online version of
this article (doi:10.1007/510529-014-1742-8) contains supple-
mentary material, which is available to authorized users.

B : Thermobifida halotolerans YIM 904627

of activity after incubation for 12 h at pH values from
4 to 12. Theel6A displayed higher hydrolytic activities
in 5-15 % NaCl (w/v) than at 0 % NaCl. Activity
increased 2.5-fold after incubation with 20 % (w/v)
NaCl at 37 °C for 10 min. These properties suggest
that this novel endoglucanase has potential for specific
industrial application.

Kevwords Alkali-stable endoglucanase -
Endoglucanase - Glycoside hydrolase (GH 6) -
Halotolerant endoglucanase - Thermobifida
halotolerans - Thermostable endoglucanase
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YIM 775017

AREMEEG(EC 3.2.1 ) B— M F4ERRE , EEMARRIET1,4--D-ANEEE
HIRNZKER. KREFE(EAARRNEESHERY) , E— WX EEBERE CROZSHZHE
LittEk ERrE e BAE BRI =% Z—(Prade 1996), EFEHRHNFS , Bgx
MRM=%FEY  BEAREHBIUENEBETHEES KEB(GH)RIX
5,7,8,10,11,18.,26,30,43,51 ( Collins et al.2005, http://www.cazy.ore/ ) .

ARERNEEBEIELR | RLAFR , MRS |, aiEsslEf EsiE~ha
BEBTERINFH(Collins et al.2005; Kim et al.2011; Ziaie-Shirkolaee et al.2008), ARE
VEIBHER  AE , &R (BREEAVENEER ) | B, 8%, [RE 18
4 | B7Roi) , BRMFFFENIRTSE ( Polizeli ef al.2005 )




TrXyn10

YIM 775017

VTHAXS B M L R AR RIEEBAV A R — iR S P = B0k impH FAYESE
HRRSEN | HlEXTFREaT hermobifida fuscaFThermobifida halotoleransBJ#¥
TR IR EEHERE ( Wang ef al.2015; Zhang et al.2012; Zhao et al.2015 ) ,

PETERERYIM 77501 "M FE RS E BT ER X ULIBER A EI

SRV EIHERPLBEHNTFSE. ==Y, FEEFINEANZEE ( Zhou et
al2012) .

EARHARE , BIRFK1E T Thermoactinospora rubra YIM 77501THYTrXyn10E
El., TrXynlOETHEE/KEREESIEI0(GH10), FefETrXynl 0RERFEAGITE
BL21 (DE3 ) FRENERIA, SUUE , BI0T Trkyn] ONOBSMER, CHORIEATAL
R 9 —o A0 Tl R FBRYTRARSESR,




THEREEMERENTEND  BEEFERIBESEE | EEINRI
BEERBHEEE(ER. WIIERE ( EC3.2.1.4 ) REFHERD VIR ERAIX
e, XERBARAEZEWTHEDLEREY ZERNEZELE(Sun and
Cheng 2002), PTRTBRIBESTEL AR -PEGIENRINE | ERTEMNA |
REREE R ZER M AR R GREYHIES(Sun and Cheng 2002),

WiREYIRT D BB AT LEN (HlaNAEEY | BRIREl | WiSE
MEFOMIEEE ) AYFREE ( Khandeparker ef al.2011 ) , SHRBERImFATHIFPHIFELT
HEIRS | THRHZRIKE, BTRAREREEMAVEERIZTEIFERS , 768
F AEER T E#R ( Dhawan and Kaur 2007; Yang et al.2007 ) ,



Thcel6A

MY ERXNUS; B Thermobifida halotolerans YIM 90462T 2 MR E ARSI =FEEIE
o BR—MER. B, MZRRAYNEE ( Yang er al.2008 ) , BB
TREGHIRTEE2HERS ( Zhang er al. 2011 ) FOMIFAAREZNERS ( Zhang et al. 2012 ) .

ANIRE T BT HEE KRz K6 ( GH6 ) BIT. halotolerans YIM 90462 THI
IR ERT)ERYERS | FHidpER I TheeloA, AFAFHHA T Theel b ARYTRE |
SIERIX, 1ZRYJEREEAINIEL. EAInHVERRIBE e gexy Tk FHEE5ED,
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Etk. R EHEE E=fi
B AR MR RIARAL
Py RN T 28 Theel6ARIRIX
FIAEHTXyn10 B Sl
st mE. pH, HENF
TrXyn10R9ZRAE Theelo ARYEMMS RIEFIZN D FSEL

ZERTFIERS

IKREF IR TCL DT




YIM 775017

Efh : T. rubra YIM 775017( = DSM 456147 = CCTCC AA20110147)

1ZFHE . ISP2
IEFFIRE : 50°C
KiBHTE : BFDNARERIDHSa, FHFEREFEARIBL21(DE3)

[ERI ( RfEE(FFIFRIEE (S ) : pEASY-Blunt E1J&#$i(TransGen Biotech , China)




YIM 775017 '
FBHERIAIEE -

{=HYDNA : Ezup Bacteria DNAJI{FUE(Sangon Biotech , China)

12115147 : IEMS1¥5°-ATG GCG TCA CCA GCC TTC G-3’
RMAISI#5°-TCA CAG GGC CAC CCG GAC CT-3’

PCR¥ 18 TrXyn10 : TransStar FastPfu Fly DNARR&#(TransGen Biotech , China)} 1E5E&ORF

%45 . pEASY-Blunt E18k{#8(TransGen Biotech , China)

¥4 : KIB#TEDHSa , PRIEEHERRIAR R IpEASY-Blunt E1-trxyn10

FEAKERFFIELY : (EAClustal Xi#{T5TrXyn10 ( MNCBIEUEEES R ) BMEXERRFFIZSELLXY
RREE T : EEAMEGA SERHIENIR, ML

r~_w




YIM 775017

FRAIFNEEE o

[F548%% : Seqman Vector NTI Advance 10.0 (Invitrogen) ;

DNAFIFERGFEFILLYT : BLASTx, BLASTp (http://blast.ncbi.nlm.nih.gov/Blast.cgi) ;

FRM{S=AK : SignalP (http:/www.cbs.dtu.dk/services/SignalP/) ;

WSHIS TS EEEETINE : EXPASYTE ( http:/expasy.ore/ ) :
LT ESIIEERI=4514 : Cellvibrio japonicus ( PDB : 1US3 ) Rt))-p-1,4-AKREZHEES

YEFEMR (http:// www.robetta.org/register.isp) ;

SHrZRMEEBE : Deep View-Swiss-PdbViewer 4.1.0




YIM 775017

FEEHTrXyn10 :

S IEEPATETEbE : JSpEASY-Blunt E1-trxyn1 0ZR {55 EI KBZHFEBL21(DE3)HR , HEH
PR TeE AT TrXyn105RiX ;

SEHER : BEAFESE00 ngmFFEBRMILBIEFEPRTF37°C |, 220 rpmiSFHFIR ;

i A1ESE © IRE2ml ER S RISFERIEAMFIEMMEL00m] LB IERISIEHFE ( F50pg/mlR
ABZ|REEF100ug/ml M FFEJE= ) 37°C , 220rpmifR7IEFF , EOD~0.607 , iKig
Smin[FIIANIPTGELERE 1mM , F25°C , 220rpmifEiHIEFESh ;

WERMBE - 8B 4000xg B OBBRMRFFRZFE20ml PBSEHR(pHS.0)FR , EREKENREES
1M 4000% ) , BR[GEEEF20ml Buffer A20mM NaH,PO, , 0.3 M NaCl, 10mM Tris ,
pH 8.0 )ZZ /Wi,




YIM 775017

FIAEHATrXynl0 :

FEAFIA : TKATHESRHITERERE , AKR4°CTF 12000xgE:(+30 min , BY_EiF&RIENi2
FHHEHTES. BFHRES LHERXE | (ER20EEETRRIBuffer AjRiFIETF , ZRABR10 {5
HEFRE20 mMBRERIBuffer ARLERFIEF , REFEAFZ250 mMBRIELAY Buffer AjRIRITEE
H. Z8LRIER @Eid10% SDS-PAGERGHITIEN , ERAEA D RRIE R-250H#HTR6.ER K
EBsd/FIiSIEiRE | (EBERESEN (Sangon Biotech , China)i{TIE;

AEREIEFEEN  EUEERANE, ERAEH0.2%(W/v)IUBEAKRERETERI10%SDS-PAGESE
BiFatm. HBikfE , RERAER2.5 (w/v) Triton X-10009200m MEFELENER MR (pH7.0)i%iR R
X, FFEE30DHR , PARTE200mMEEERNERRTPRE15380, 7AfE | BEBRIE200mMEEERIRE
HRPF45°CimBFUMRT , FE0.2 (wV)RIRLIPRTF25°CTRE103%. RIRLIAIM NaCIlfie ,
BEgR S RiEIEFSIRAL.




YIM 775017

ESHEM

AWLEBSigma)(FARMNEARREIEIEE. 8281% (wvWBEAREEERR(pHT.0)RIRM

A PESS CTLES | RARIMALLES. BStSNTESS CH

71053

Bid3,5-"FHEKBER(ONS)NEERFENE. BEEENRATUEXAENETEEIBMNEH

MARERTERER n 1 moliR [RFERVEBRIE R

B, HEERARFEIEAIRE




YIM 775017

TrXyn10BIZRAE :

f£pH 7.0 FUEARRBEHNREERE BEIMNEE4S. 55H65°CTFiEF10,. 20, 30, 40, 50F06053
hERIEBRYYE BB ERIERSE.

B EALI T pH5.029.0M&E iR : tTIREEEN(pHS.0-6.0) , BEEEEA(pH6.5F7.5) , Tris-HCI(pHS.0
F18.5)FIHZEENaOH(pH 9.0-12.0)ffI53 ¥ pHXI TrXyn108952M0, @I {E4°CFGRF 12/ , E0]
TpHETNEpHIREY | ARERENERMG TS EOESEE.




YIM 775017

TrXyn10B9Z=4E :

B M AELIEEE M FHERIRF 1 % wy)illiR S E BB FHE YR ARSI
IR, ESHEERCIEEXRERIERIENRDILRT (AST|IMIZSBEFIMEZFRN ) .

BT LSRR RTERIEE SRS | BMEARRRE | REXZRP-(1,3; 1,4)EERHEE , Avicel

R , CMC (FEREFHER ) HIHERKRRBEARRENEERBEEHAHTXyn 1009/

PSRRI,
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TrXyn10B93R4IE :

A TREDNFSE , ERIESFH TLL2-16mg/miERERILLBEARZIEIE D FRiD:

HI 8RR , (ElWeaverville-Burk GiERiTHIINZESHKmFIVm,

TLC (BEGIE ) BFENLBEARERERIKE. REMESHIE % (w/v)LUBEARETE 1024
{CRYBBTE200m MR ESSNEERiR(pH7.0)FREERK. TRERARTEXD) , KTHEX2) , K=FEX3) , K

MH#EXHFIARTEXS). BREIESICCTES 1Y , ZAIRTEMerck Silica Gel 60F{R_E 1.

T RIS,
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YIM 775017

ZHBEFRIIERS

SEET.rubra YIM 77501 THYAREZHEEEE B TrXyn 10A94%

JIKT273992,

EERRY 2 (REI{EGenBankl, RS



B : Thermobifida halotolerans YIM 904627 (=KCTC16123" = DSM 446317)
{35 E - ISP 4(10 % (w/v) NaCl)

IZFFRE : 45°C



1RRIKRRL

HEEYDNA

PCRY 1852 /I Theelo AR :

IE[E5|455°-AGC GGA TCC ATG TCC CCC AAA CCC AT-3’

=85 455°-GTC AAG CTT GCC GGC GGT GCA GGT GAG-3’
WESHD - BPCRAEYABamHIFIHind INESEIFHENpET28a8% (4 ;

% - 133 pET28a-Theel AZRIERHL,




EHThcelc ARIFRIX :

¥{t - 1BEAHRRAIPET28a-TheelAR{LEIXIZHFEBL21(DE3) ;

HEisEBR EFEE  FSml LBiRIFIEFE(30ng/ mIRHSER)F37°CIEFRIEFIR |

AEESE - 81miEFRIERE 1 00u LT BISFEEATE3 7°CHI220rpm FHER.
IPTGTEFRIAAELR (0D600F10.6)LAImMANA , PARRTE28°CHI220rpm Fi#—EiRF /BT ;
WERARE : @B LA4000xg B OHEFRRIFTFS0mM Tris / HCIEEHR (pHS ) H,




ESiETE - S Triss HCIEZ AR (pHS.5)AY 0.5% (w/VRBAELFHEHZF(CMC) FRERSITESSCTia
B . ZARIMAS{LES, TESSCCTESNEIDH , Eid3,5-ZiHEKIGENE LN ERFMAEFENZ,

B, pHFIERORAN : ZESOmM Tris HCUEH(pHS.5) IS B s B8 CIRE I AT A T L AORIN.
HTIRNAISEN | SFERIRER0.2m)SIBET, S0FI0CTEER2MT , M EFAHAMEREE,
(R RE (PH3-6) , BERIN(pH6.5F07.5) , Tris/ HCI(pHS-9) , FFFEpHA Theel6ABIEA ; HHEER

/NaOH(pH 9-12), pHISSE IS BB SESTE4"C R IR E PRI RAPTRIZ S 1 20\Bd:

HT , ARTER

ENMESFM(S5°C , pHS.5) FEREREE., BINEREERZSERIE30%(W/V)BINaCIgY(0.5% ,
w/v)CMCIRIRR ¥ S EXNEEE RN, XFHRIEFME , S Theel6ATE37°CTFEL0% , 20% , 30

%NaCIHiiEE , FHEEIRREREEIE.



FHEFEEETheel ANEMSRIEMENNFSE | BERCMC LRRIESEERRARERL , RBX

98- FEZHEFN0.5% (w/v) B RS =N

HTLLBSRIBERIDIS R IE. {EEA:

R FNENDZEEE(KmF

Vmax) , CMCE{E2-18mg/mIBINEY), WIAIERE(V,) B ERRRYNE SO HEIEmNERE, &
FESRR , {EMLineweaver-Burk SRt BRI S KmFIVm,

IKEFPIRITLCS 1R « (ERERCOFER(Merck) , FB1-TEF/SEG/K(2:1:1 , EMSIRIDHESR , @I TLC
PITRBECMCRIKRE=H). FEEEEFREFFIFAIS % (v/v)H,SO,ME SEFRIESS AR FTE120°C IR 10

pa gk SR
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A Microbispora mesophila WP 062413027.1 ) j:r_ i%ﬂ % TI’Xyl’l 1 O ( 1 2 3 9 bp ) ;:F E—IE Bgtg._ §|J
Micrebispora rosea WP 051761171.1
Microbispora sp. ATCC PTA-5024 gbETK32287.1 pEASY-B lunt E1 EF' L\/L}_“"‘_SEpEASYB lunt E1-
——— & TrXyml0
Micromonospora sp. HEI10 gbKET06388.1 Y, trxyn 1 Oo ig%gﬁﬁgél' 1 2/|\/§=L§E§E/\Jgﬂx , éj\

ki

Cellulomonas bogoriensis DSM 16987 gbKGMI13028.1

Actinotalea fermentans DSM 3133 gbKGM14042 1 ?%?346 1kDa ' f@i@%ﬂ'ﬁ (pI) yg 505 ' %ﬁj

34

Cellulomonas fimi ATCC 484 gh|AEE45861.1

o4

| Cellulomonas cellasea DSM 20118gbKGM00772.1 ;‘)ﬂ\” g%ﬂj&o Ternl OE/‘J%EE’&}_‘%EU l_ﬁu%yy IJSIZFF

100 ! Cellulomonas cellasea WP 0521044501

Herbidospora crefacen WP 051760488.1 (MiC”’ObiSpOl"a mesophila)ﬂg 1 ,4—:63';@&%@
(NCBIZ#EFF : WP 062413927.)EBRHE

Glycomyces sp. NERL B-16210 WP 05170435621

_:G@'comyces feruis WP 0357051531

100 Glvcomyces arizonensis WP 035737832.1

0.05

Butyrivibrio sp. AE2032 WP 0344528801 I—%—E/\J/ﬁgﬁéj—%ﬁu ﬁ_,r$(7 8 % ) .

Neighbour-joining tree



YIM 775017

15

2IN——— A TeXgmio

Microbispora mesophila WP 062413027 1
Microbispora sp. ATCC PTA-3024 gb|ETE32287.1
g - Microbispora rosea WP 0317611711

~

V.

32 Micromonospora sp. HE10 gb|KET96388 .1

17

a8

Herbidospora crefacea WP 051760488.1

Glyveongices sp. NERL B-16210 WP 051704562.1
Glvconpices tfemuis WP 03537051331

o8 —— Ghlvcomyces arizonensis WP 0357378521

I Cellulomonas bogoriensis DSM 16987 gh|KGMI13028.1
Actinotalea fermentans DEM 3133 gbKGM14942 .1

235

01

Maximum likelihood tree

Cellulomonas fimi ATCC 484 gh| AEE45861 .1

Cellulomonas cellasea DSM 20118gbKGMO0TT2.1
|
100 | Cellulomonas cellasea WP 052104430.1

Butyrivibrio sp. AE2032 WP 034452880.1

REKB DR | Trxynl 0%k

5kEREHMASIRENMEY

( Microbispora sp. ) . ATCC PTA-
5024, BOEEETUSHTEI 1 4-p-KER
FEEEER /I (Els1, s2) ., Hay
ZAF{AIBXM. mesophila, M. sp.
ATCC PTA-5024 , M. rosea 1,4-E2%E
FEEESHYES 4 FRRYRIE.




KDa

1 2 3 4 5
116.0
662
450
350
250
18.4

Fig. 1 Analysis of the recombimant protein TrXyn10 on SDS-
PAGE and zymogram analysis of xylanase activity. Lane I,
protein molecular weight marker (18.4 kDato 116.0 KDa); lane
2, ttal protein in non-induced E. coli BL21/pEASY-Blunt E1-
texyn 10, lane 3, total protein in IPTG-induced E. coli BL21/
PEASY-Blunt El-texynl;, lane 4, purified TrXynl(; lane 5,
zymogram of the punfied emzyme. Xylanase activity was
detected as a clear band agaist a red back ground

YIM 775017

D BRTrXyn 102 B EE/KFEEZR 10(GH 10)RYIRFHE(R
R, HZEEEXZTEBL21(DEI)FRIA , AHBEINI-NTAZFEFEN T
HEBN-RinHisirERNEHER.

SDS-PAGEZLHTERRE , BEAAREREEEHNS FRE0ThEd.

St EAEEARBELEEIEAISDS-PAGEFNESE 51,

VKB
VKIB2 :
VKBS :
IS L
VKIE5

EHESFENC ( 18.4kDa-116.0KDa ) ;
EESAIFFEBL21 / pEASY-Blunt E1-trxyn10PEEN ;
IPTGIESHIAZTFEBL21 / pEASY-Blunt E1-trxyn10pfEEH ;

: #i{TrXyn10 ;
: ALEBRYERIE. ARERMEESEME AN AN BE =SB,



YIM 775017

AL U _280x | feas |
100 I
=
oa
& 80
= S ~46 KDa
o
5 o0
5
e 30
S wf
oo 1 LY
= |
g i o - ® @
L) P b e B (S . O Y N | -
0 i1 LE]
Volume (ml)

Fig. 83 TrXwnl0 appears to form a monomer, as determined by size exclusion chromatographyv

{Superdex-73).

FHACRIERRESEYRTHRE®IEZ (ES3 ) MEAITXyn108950FEEERY
73 FE (46kDa) MXZ—E , FREFTrXyn 1072,




YIM 775017

Fig. 54 The tertiary structures of TrXynl0with the endo-p-1.4-xvlanzse from Cellvibric japonicus (PDE:
11753) as the template. A The tertizry structure of TeXynl0. B The tertizry structure of
endo-p-1.4-xylanase from Cellvibrio japoricus (PDB: 1U33). C The charge distribution on the surface of
TrXxnl0. D The charge distribution on the surface of the endo-p-1 4-xvlanase from Celivibrio japonicus

(PDE: 1US3). Positive charges are depicted m blue, and negative charges are depicted m red.

{F3C. japonicus (PDB: 1US3){E/9tR=R Ful
TrXyn1089P9T]B-1,4-REZFERBHI = REEH4.

TrXynl1 0B =3I FC. japonicus ( PDB :
1US3 ) GH10ZRIRZEM1E Y endop-1,4-RESHERS, &
KBEEMEIEMMARER—F | IXRFPgEEia )\
(SHYBa-barrel 54,

RERADOITRIE , KRB EREBME.
X51US3 (4.80)F1TrXyn10(5.05){KF7.089 RIS (&

k

.

TrXynl 0B =RE¥ S5 EH Cellvibrio japonicus ( PDB :
1US3 ) RYNT-B-1,4-RERHEEIEATEIR, A TrXynl0RI=
251, B Cellvibrio japonicusHIAY]-B-1,4-REENEREHI=
MeEKY (PDB : 1US3) . C TrXynlOEEEBES %M. D
Cellvibrio japonicusBIAY]-B-1,4- KRB HEERRMEAYE T 1D
(PDB: 1US3) , IEEBfELAIEESRT , BB ERT.
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a Temperature effect on the activity of TrXyn10. b pH effect on the activity of TrXyn10.
A 120 - B 120-
100 = 100 -
< g80= =, 80-
Z 60+ Z 60+
;_E 40 = ..:_: AD =
& 20 20 -
0 || ] ] 0
30 40 50 60 70 80 50 55 60 65 70 75 80 85 90
Temperature (°C) pH

E55° C T MR ALY TrXyn108Y
BErGEM , HH50-60°CEREEIT50
%HITEME , 30-40°CHY/NF20% B9 E .

TrXyn10898%{£EpHA7.0 , E7<HMpH
6.5-8.0840%LA_EHYEM:.




YIM 775017 —TrXyn10 F&4iE

120 =
—— 45°C
-= 55°C
- G5 °C

100

80 =

60 =

40 =

Raletive activity (%)
Raletive activity (%)

20 =

0

0 10 20 30 40 50 60 5 6 7 8 9 10 11 12
Time (min) pH

cARLEE(45,55F065°C)4LHE 10,20,30,40,50F060 77 FHXIFEIERIFIMN.  d pHAIRERE
MR, pHARE BB AR TRINRPIE4ACIURS | 2/\T#HT , A5
EREWEFIF(S5°C , pH 7.0) FUEFREEIE.

TrXynl10fE45°C{REE20%
HREEERIS0% LA L | BTE
558,65°CIEE 105 #hAtE e
5iEME, TrXynl0fE45°CHIE
=HA (T1/2) 7921080, M35-
65°C , pH5.5-9.0%& U &
TrXynl OFARERMEESE Y ; X
BEKRETrXynl 0] BEFE Btk
YIM 7750 1TEAGRE ( 28-60°C )
FpH ( 6.0-8.0) ( Zhou et al.
2012 ) HiEfER.



YIM 775017 —TrXyn10 F&4iE

D 240 =
_ 200 =
E pHIZEMELEERZRAR : TrXyn107EpH 6.0-10.0F25E ,
[R5 T HIAEIERI110% |, TI7EpH 5.0%112.087 , 4>
5 80 = ARFF32%F045% (BE2d) . Y:T:DH 6.0F07.0;E812
= 4 INGES |, SEMEATIRE (ARUIEEMRIZ1200% ) |

s & 2 E 2 & & 4 ETASSEd | BTN IR S T AR

pH
Fg , B TrXyn108VER R iR E 2L ERNER

4 ISR HEROEA, pHESEMA I B il =
ERRE RN R AR E4CHUR S 1 2/ i3 S
17, AEESIENERF(G5C , pH7.0)F

WET BRI 1.



Table 51 Effects of metz] ions and r=azents on the activity of TiHyn1d

YIM 775017 —TrXyn10 F&4iE

Matzl ions of Relative
chemicz] az=nt; Concentration activity (%)
Mo zddition 0 100=19
Mn* 1 mh GEx19
Ag 1 mM 14724
Ni2™ 1mM 10323
Cn2” 1mM Gf+32
Ba2® 1 mM 1002 5
Ha* 1 mM 100=2.1
4 1 mM T8+32
Ef 1 mM 92=2 4
In™ 1 mM 0622
Li® 1 mM 11423 4
Ca™ 1 mhl 103433
ooy 1 mM 13
Pb™ 1 mM 24} 5
Mg 1M 2=0 8
Fe** 1 mM 90=22
ca* 1oM 1235
5Ds 1% 20 8
f-marczptosthanal 1% 59227
Tritan X-104 1% 125+3 4
DMEO 1% 105£22
EDTA 1% 109+3 3
Taws=nR{ 1% 782
HaN3 1% 5114
Tlr=z 1% 72435
PAISF 1 mM TE5£28
NES 1 mM 103

EMBEFNESHINTIXyn 0B ARERIEME, Pb2,
Mg>FfCa> BFNHIERSHIESEME | MCu2 FIMn2 {FEEE
MEFE{K34%F032%, Fe3t , K, CA>*FIAL BRXIEeEMHERY
ZHRGMEIER. fNat , Ba2 2 MRBUREEZNES |
Niz* f1Co?* , Li'fIAg 2EE{EEF. AT , XF LRtk
fRlg , EFELI A AIESEMERE(E ( (Yin eral. 2015)
fARZRER . Mg2* FlCa2t 2 AREBRIEEERIGE&N T ( Zhang er
al.2008 ) ; SAT , FEAFARAH | #8196 %AIEEE R Mg F
Ca2 I,

100% =4 4 U'mz protein.



Table 51 Effects of metz] ions and s=azents on the activiny of TiXy

YIM 775017 —TrXyn10 F&4iE

Metzl joms ar Falativ
chemicz] az=nt; Concentration aotivity
Nao addition i 100=19
Mn* 1 mh GE+149
AR 1 mhl 14722
Ni2™ 1mM 1032
Cn2” 1mM Gf+32
Bal® 1 mM 1002 5
Ha* 1 mM 100=2.1
AP 1 Al 78432
E 1 mM 92=2 4
In™ 1mM 0622
Lit 1 mM 1143 4
Ca™ 1 mhl 1032335
- 1 mM 4£13
Pb™ 1 mM 2] 5
Mg 1M 2=0 8
B 1 mA 9022
ca= 1M 7123
D 1% 20 8
f-marczptosthanal 1% 59227
Tritan X-104 1% 1253
DMEO 1% 105£2
EDTA 1% 109+3 3
Taowenfl 1% TRxD
NaN3 1% 5114
U=z 1% T2£1 5
PAISF 1 mM TE5£28
NES 1 mM 103

100% =4 4 U'mz protein.

ENKASET RIS , SDSHIH T RZSHIEEEME |
MR-FESEZAINaN, 3 BIBEE 740 %F150 % AIEEHIE,
Towen80 , FRERFIDMSO BRI/ BEINFHIESE
t4, Triton X-100F0EDTAREERF. AR ,
Triton X-100F1EDTA R — L KRB E8AI0 551
( Zhang et al.2007, 2010 ) , TOAHAZIRH , Triton X-
100FIEDTAZ B S 125 %F010%IEE &%, 1XFREP
AREREEEIEEEBARBMEATH , TrXynl0REE
JEig. PMSF ( AEREER ) B B EMHEREHD
#l. ERMESYHFEFEINM NBS ( N-RICIRIHEL
Iz ) JIF=2ilHEeryEt. XRIB—LLESerf I Trp
R RERENEENSER.




YIM 775017 —TrXyn10 F&4iE

Table 1 Substrate specificities of TrXynl10

Substrates Relative activity (%)

Beechwood xylan 100 + 2 N

Birchwood K}’l&n 43 423 EZETerMOEﬁU)Eﬁ u_l%EE ! 3&‘?%*']1:&7'(3(%7'(5‘%

Oatspelt xylan 158 + 3.5 vE , {BABERERER- (1,3; 1,4 ) BEI5RHE |, Avicel 4R |
1,3: 1,4)-gl 0 Sl e O .

et ) locay CMCROFHIBEERSCERAR, BRI , TrXyn10245ERIAER

Avicel cellulose 0

CMC 0 L]

Citrus fruits pectin 0

All substrates were tested at 1% (w/v). 100% = 4.4 U/mg
protein



YIM 775017 —TrXyn10 F&4iE

Table 2 Kinetic parameters of TrXynl(

Parameters Values Egﬁjjj?%éﬁieﬁﬁ . TTX}’IHIOEI‘J
Substrate B RO LT Km{EEiA47.7 mg/ml , ZREAXIERYIHIZE
Optimal temperature 55 % Mk, —LerARZE , CBMBYIHEER
Optimal pH 7.0 . s .
Km 47.7 mg/mi al.2013) . FEBIHIS RN BT
Vma> 29.6 Vmin/ - s

I TrXyn1 O{R ST KRB IR 1 0RIHEL,
Molecular mass 46.1 kDa

Kcat 0 =M, |, B {EH[CBM,




YIM 775017 -TCL3 4

X1 —

IRERATEXD) , RZHEX2) , R=HEX3) , KEFEXHFIAKRRNE

(X3),

X —

4 —p
o ——p

ETrXyn107=ERILLIEHARRERIKEE =Y. WEBFZ , £50°C
WS /NNTR  IUIBEARRENEEMRERAE., XEERERE
TrXynl ;5 EARRIENERENIIE] | EEREERUEREL




i': Nocardiopsis dassonvillei subsp. DSM 43111
al Nocardiopsis sp. CNS639

Nocardiopsis halotolerans

100

Nocardiopsis valliformis
Thermobifida halotolerans YIM 90462T

100 Thermobifida fusca

Streptosporangium roseum DSM 43021

il Nocardiopsis sp. CNT312

51 | Nonomuraea coxensis

o0 Thermobispora bispora TISM 43833

ol

Supplementary Fig. 1 Neighbor-joining tree of ThCel6A to other GH6 cellulases constructed using the

amino acid sequences of them. Bootstrap values(n=1_000 replicates) are percentages in calculation.

E!

SefEAIDNA R ER B/~ R E Thermobifida fusca TMS5 1 AR R EEE IR SR EERFYIE—4 (8 1%).
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18.4

14.4

Fig. 1 Analysis of the recombinant protein Theele6A on SDS-

PAGE. Lane I, protein weight marker (116.0, 66.2, 45.0, 35.0,

250, 18.4. 144 kDa); lane 2. total protein in non-induced
E. coli BL21/pET28a-TheelfA; lane 3, total protein in IPTG-
iduced E. coli BL21/pET28a-TheeloA; lame 4, purified
ThCelbA

TR R RE443 MRERRER , 5 FER
45.9kDa , TTEHBIPIH4.31,

SDS-PAGESZHERIIE D FREBRHNYIREERE
ESERSHISESE L
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3) &5{LA9Th —

1380 % HISLERE! HIjJA%-1(55c>c) HNEER{EE. fEpH 4.0 , TEFH0.5% CMCIEAER

s \ . HIJResF= ) 0-12.08F ‘

F(E&FE{PA(Yang et al.2008) A 5T. halotolerans YIM 90462T(20 0¥ 12 hfStaNZNE
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Supplementary Fig. 2 Substrate specificitv of ThCel6A.

IZIB R EER- 1 4- R ERNEYINRSEE |
BlIgncMcC (GEMER100% ) FORE KEZHIB-EERME (402
% ). IIHABAHR (<11% ) FIiEL (36% ) BRIK
HUEME. 1ZEEABER A0 T R K R ANERE.

Theele ARCZRGHORIES BA N ) B ERHEDE, Theel 6ANY

- CMCHYKmA80mg/ml , VmA312uM/mg, SEMMAYIE

EEVENELL | Theele ANKmAIVmBS T REBHHESFEHE
BV B N E B KEliR(Zafar ef al. 2014), 1XZFRBAThcel6A
BEERRIEMS , (BCMCRYEN SRR S,



Fig. 3 Thin-layer chromatography showing the hydrolysis
products obtained by the action of ThCel6A on CMC. Lane 1.
Glucose; lane 2, cellobiose; lane 3, contains the reaction mix
with ThCel6A; lane 4. contams the reaction mix without
ThCel6A. All reactions were performed under standard
conditions for 24 h

EISTLC 7 7 Theel6ARICMCIK R4,
155 CHiF524/\ig /5 , CMCRIEZEES~¥ 9
FHETREIIENE., XELSRRIF , Theel6ARE
anaXpTEEEEmYIE , 227 R
FEEERA R,
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YIM 775017

EARARSF |, ETEBT.rubra YIM 77501 TRIREREEE TrXyn1 0B R , HEXIZITE
BL21 ( DE3 ) hREFRIA, IEFRAIEAA] , XX TMT. rubra S ERNARREEBIIE— DRSS,
ET RIS RAI Mo IR | TrXynl 02— ERIAREENEDS.



HAIREFRAE TRET. halotolerans YIM 90462 THendo-1,4-B1SRNEES, 1ZEEEMIF
MEFNfRFRER]., EERESE FHONaCIiEE FRIME BHFANEMHE. EEKRENaCIFLbE
[EESEMHIEIN , XFRIXMFFEARTEREREESE LN BRIEND , HFEEAARK

TERARIENSEENERRE.,
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