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Thermoascus crustaceus JCM12803 ¥ 4[4 2| — /N #7 #1649 3 46 R A/ 4F 4 £ B L B TexynlOa, F+4% 572 8%
# Pichia pastoris GS115 F £ H & & F R &k, 213 &G shiuFele 3 WA R 547, TcXynl0A 4% & pH 1A F= &
EBE A A 504 65-70 C, #EA LB E M (pH 3.0-11.0) £ T4 60 C FHRIFLE; sTHEARERE.

N EFEARTNE . R TR R E AR AR A RS, g2 5] (1 480£26) U/mg. (2 055£28) U/mg.
(7.420.2) U/mg #= (10.9£0.4) U/mg; [ R AL L5 M)A Boor T3t 49X 30 & 9, K3 #EBE TcXyn10A R AH % —1E 4L
MR, BARARBRYE A S ZRMERN —FEBE, LT AR ER G RIEEME L X 2T RIFH
FH,
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A novel bifunctional xylanase/cellulase TcXyn10A from
Thermoascus crustaceus JCM 12803
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Abstract: Efficient utilization of cellulose and xylan is of importance in the bioethanol industry. In this study, a novel
bifunctional xylanase/cellulase gene, TexynlOa, was cloned from Thermoascus crustaceus JCM 12803, and the gene product
was successfully overexpressed in Pichia pastoris GS115. The recombinant protein was then purified and characterized. The
pH and temperature optima of TcXyn10A were determined to be 5.0 and 6570 °C, respectively. The enzyme retained stable
under acid to alkaline conditions (pH 3.0-11.0) or after 1-h treatment at 60 °C. The specific activities of TcXyn10A towards
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beechwood xylan, wheat arabinoxylan, sodium carboxymethyl cellulose and lichenan were (1 480+26) U/mg, (2 055+28)
U/mg, (7.4+0.2) U/mg and (10.9+0.4) U/mg, respectively. Homologous modeling and molecular docking analyses indicated
that the bifunctional TcXynl10A has a single catalytic domain, in which the substrate xylan and cellulose shared the same
binding cleft. This study provides a valuable material for the study of structure and function relationship of bifunctional

enzymes.

Keywords: Thermoascus crustaceus JCM 12803, bifunctional enzyme, xylanase, cellulase
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pPIC9 Pichia pastoris GS115
1.1.2
Sigma
DNA
OMEGA
EcoRI Notl TaKaRa RNA
T4 DNA Promega
(Madison, WI) FastPfu DNA Easy Script
First-Strand cDNA Synthesis Super MIX
Marker Genestar

1.1.3

LB 1% (WIV )

0.5% NaCl 1% LB
2%
YPD 1% 2%
2%
BMGY 2% 1%
1% (VIV) 0.000 04%
(YNB) 1.34%
BMMY 2% 1%
0.000 04% YNB 1.34% 0.5%

MD 2% 2% YNB

1.34% 0.000 04%

1.2 WINEEEREE TexynlOa B9 = fE
T. crustaceus JCM 12803

TexynlOa
SignalP 4.1 Server
(http://www.cbs.dtu.dk/services/Signal P/)
(31 softberry Server (http://
inuxZ1.softberry.com/berry.phtml)

http://journals.im.ac.cn/cjbcn

Vector NTI Advance 10.0
TexynlOa

TexynlOa-F

5'-ACAGAATTCAACCCTCTTCTTGCGGGACGC
CAA-3" Texynl0a-R 5'-AAGCGGCCGCTTAGCG

CAGTGCATCGAC-3' (
EcoRI NotI)
T. crustaceus JCM12803

3d SV RNA

Reverse TraAce-a-TM kit

cDNA

FastPfu DNA
PCR

RNA
(TOYOBO)

cDNA
TexynlOa-F TexynlOa-R
Texynl0a PCR

PEASY-T3
Trans-T1

1.3 EEREFHMFEHLE
pPIC9

TcexynlOa EcoR I Not I
T4 DNA
Transl-T1
PCR

pPIC9-Tcxynl10a

14 FEFEHIAELFRED PRFERLN
pPIC9-Texynl10a
Sal |
GS115
MD 30 C 2d
9% MD BMGY
30 ‘C 200 r/min 48 h
5 min BMMY
2d

4500 r/min
0.5%

4 000 r/min 10 min
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BMGY
BMMY
12 000 r/min 10 min
10 kDa
0.02 mol/L
- - (pH 7.5)
HiTrap Q XL
A 0.02 mol/L
- - (pH 75 B A
1mol/L  NaCl

(SDS-PAGE  12%

- (Liquid chromatography-
electrospray ionization-tandem mass spectrometry,
LC-ESI-MS)

15 ERESIRINE

(DNS) [16-17] 1%
(WIV) pH 5.0 0.1 mol/L
900 uL
pH5.0 65 C
DNS 5 min
540 nm oD

100 pL

10 min 1.5mL

pH 50 65 C
1 pmolL
Bradford [

1.6 EFMERDHN

TcXyn1l0A 65 C pH (pH

& 010-64807509

3.0-8.0 0.1 mol/L - )
(10 min)
pH TcXyn10A pH
(pH 2.2-12.0 pH2.2-80 0.1 mol/L -
pH 9.0-12.0 0.1 mol/L NaOH-
) 37 C 1lh
pH 5.0 pH 5.0
65 C
100% TcXyn10A  pH
pH 5.0
TeXyn10A (3080 )
(10 min) 50 pg/mL
TcXyn10A 60 C 70 C
pH5.0 65 C
100%
TcXyn10A

(0.5-10 mg/mL)
pH 5.0 0.1 mol/L -

TcXyn10A
65 C 5 min
GraphPad Prism 5.01 TcXynl10A
Vimax ~ Km

17 ERBRBEFMUEAT T ARBEEZEN
= 2A
A
0.005 mol/L
(Na" K' ca* cu*
Mn? zn* Fe** cu®* Mg® Ni# cr** Cco*
SDS EDTA p- )  pH50 65 C

100% 3

1.8 KRS
1% (WIV)
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(CMQ) Discovery Studio 2017 (Flexible
pH 5.0 docking) TcXynl0A
0.1 mol/L - TcXynl0A

TcXynl10A 65 C -

2 HER5AM

CMC 40 C 2.1 KREFEESEE TcxynlOa B fESFH o4
T. crustaceus JCM 12803

(High Performance Anion DNA cDNA

Exchange Chromatography, HPAEC) [19] TcxynlOa-F - TexynlOa-R PCR
1 mol/L Texynl0a cDNA
NaOH 0.45 mL/min
1762 bp 10
cDNA 984 bp 327
TexynlOa
19 EIREERS TaiE GenBank MG879231
TcXyn10A N 18
(1 TexynlOa
Thermoascus aurantiacus 33.6 kDa
(PDB: 1K6A; 1.14 A, 5.36 N-
82.5%) [20] Discovery Studio 2017 ( )
9.71% ( )
1.77% (
) 28.8%
PDB 50FK  5OFL!#! (

1 MVRPTTLETI LLAPFASANP LLAGRQAAAS INDLIKTHGK LYEFEGVATDEN

51 RLTANTNAAT TIRADEGQVTP ENSMKWDATE PERGSENEFAN ADYLVNWAQQ

101 NGKLIRGHTL VWHSOLPSWV SAITDRNTMI DVMKNHITTL MTRYKGKIYA

151 WDVVNEIFNE DGSLRQSVFEY NVIGEEYISI AFQTARAADP NAKLYINDYN
201 LDTASYAKTO AMVSRVKAWR AAGIPIDGIG SQTHLSAGGG AGVPTALQYL

251 ATAGTPEVAV TELDVATGDP TDYVDVVNAC LSVPSCVGIT VWGVADPDSW

301 RASTTPLLFD ASYOPKPAYN ATVDALR*

1 KRE¥ERS TcXynl0A BIEEEF T
Fig. 1 The amino acid sequence of xylanase TcXyn10A. The signal peptide was marked with black line, the sequences
of internal peptides identified by LC-ESI-MS are marked as colors.
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) 39.16% Texynl0a
NCBI
T. aurantiacus
82%
TcXyn10A

22 EHEFAMFIAEMLGEL
pPIC9-Texynl10a

(9.2+0.2) U/mL

SDS-PAGE ( 2
LC-ESI-MS
2 4
TcXyn10A
TcXyn10A

100
80
60
40
20

Relative activity (%)

100

80}

60}

40}

204

%40 50 60 70 80
Temperature (C)

3 EH TcXynl0A HIEES: 14 &R

Relative activity (%)

23 EFMRAINE
TcXyn10A pH 5.0
6.5 60% ( 3A)
TcXynl0A  pH
pH 3.0-11.0 1h

pH 4.0—

kDa M 1

180
135
100

75

65
45

35

25

20
15

& 2 AKREPEE TcXynl0A HIE BB IKTHT
Fig. 2 SDS-PAGE analysis of purified recombinant
TcXyn10A.
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23 4 3

Relative activity (%)
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Time (min)

Fig. 3 Enzymatic properties of recombinant TcXyn10A. (A) pH optima. (B) pH stability. (C) Temperature optima. (D)

Temperature stability.
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80% ( 3B) 05% 0.7% TcXynl10A
TcXyn10A 65-70 C ( 30C) CMC
50-75 C 10 h HPAEC
60 C 1lh 80% TcXyn10A
70 C 5min 50% ( 4)
( 3D)
PH50 65 C F= 1 5 mmol/L £ EFFMUFRFIX TcXynl10A B
A
TeXyn10A Table 1 Effect of metal ions and chemical reagents
(1 480+26) U/mg Km  Vimax at 5mmol/L on the activities of purified TcXyn10A
(2.6 0.19) mg/mL (1 943+63) umol/(min-mg) lons or chemicals Relative activity (%)
TeXVN10A Control 100.0£1.0
cayn Mg 87.9+2.6
1 Mn2* 81.4+3.0
Ni?* K* EDTA Co?* 81.5+2.1
cu” sSDS Ni?* 122.8+3.4
zZn? 80.3+0.8
24 RIS ca 67.3+1.7
TcXyn10A cr* 69.8+0.7
Na* 80.8+0.5
. K* 115.3+1.7
10 min TcXyn10A Fe* 873413
CMC cu? 51.8+1.7
(2055+28) U/mg (7.4+0.2) U/mg  (10.9£0.4) U/mg EDTA 110.8£1.7
TcXyn10A SDS 32.4+£1.4
B-mercaptoethanol 99.6+1.5
CmMC 138.8%
500
450
400
X2
2 500fs | S N X6
go 250
= 200
O iso3 o
100 2 A A
5011
-20

5 6 7 8 9 10 11

12 13 14 15 16 17 18 19

Time (min)

4 TcXynl10A ¥t/ ZZ PR AR REEFE AR K REER KBE =2

Fig. 4 Products analysis of TcXynl10A toward wheat arabinoxylan and beechwood xylan. 1: the control of substrate
incubated without enzyme; 2: beechwood xylan; 3: wheat arabinoxylan; 4: the xylooligosaccharide standards. X1,
xylose; X2, xylobiose; X3, xylotriose; X4, xylotetraose; X5, xylopentaose; X6, xylohexaose.
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TcXyn10A 3 it
695 umol  1.98 mmol

558 umol  1.34 mmol

2.4
[22-24]

TcXynl0A CMC

[25]
( 95
021 34 173 0.76 pmol T. crustaceus JCM12803
GH10 TcXyn10A
TcXyn10A
25 M Y
1K6A TcXynl10A
CMC
TcXyn10A 6 TcXyn10A
TcXyn10A 10 ( 2) TcXynlOA
(Blo) 8 TcXyn10A Demequina sp.
GH10 C. bescii
8 B TeXyn10A
8 o-
B TcXyn10A
(loop ) B a Gluls6  Glu262
loop loop GH10
(Gluls6  Glu262) [26] TcXyn10A
55A /
600
550
500
450 Gl G2
5 400 1 jt G3 G4
350 G5
e L (O T
2 250
£ 200
1502, N B
1007
50
o0
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Time (min)

5 TcXynl0A %t CMC HI7K R =443 #hr

Fig. 5 Products analysis of TcXynl10A toward CMC. 1: the control of substrate incubated without enzyme; 2: CMC; 3:

the cellooligosaccharide standards. G1, glucose; G2, cellobiose; G3, cellotriose; G4, cellotetraose; G5, cellopentaose;
G6, cellohexaose.
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OE2 (3.04) Glu262
-1 C1l ( ) 3.5A
Glu156 Glu262 (301
-1
Bso (39 Trp112 Trp292  Trp300
-2 -1 1
02 Asn155 ND2 03
Lys75 NZ His108 NE2
05 His234 NE2
TcXynl0A -1
-2 02 Trp292
NE1 Glu71 OE1 03 Asn72
6 TcXynlOA HYEIREAEMEE ND2 05 Lys75 NZ
Fig. 6 Homologous model of TcXyn10A.
#F* 2 TcXynlOA 5[EIE NI aEEGEEELL R -2 -1

Table 2 Comparison of the enzymatic activities of
TcXyn10A with other bifunctional xylanase/cellulose

Geobacillus stearothermophilus

Xylanase Celluase
Enzyme activity activity References (PDB 1D: 1R87)
(U/mg) (U/mg)
RuCelA 264.1 54.3 [27] -2 -1
Mxyn10 8.9 1.0 [28] 6 9 [
ChXyn10C 1007.0 1.0 [8]
TeXyn10A 1480.0 7.4 This study TeXyn10A
TcXyn10A 7B
-2 +4 -1
[29) Gluls6  OE2 (3.1 A)
C. bescii 10 Glu262 31 A
ChbXyn10C TcXynl0A
[21] TcXyn10A (Glu156
TcXynl10A Glu262)
c6 06
TcXyn10A (Trpl12 Trp292 Trp300) -2 -1
TA TcXynl10A
-3 + -1
+1 Glul56 ( 70

http://journals.im.ac.cn/cjbcn
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SIS : )
is108. =G

7 TcXynlOA SRAISAKEHE (A) MAFHRHE (B)
HESRABERAMEINESE (C)

Fig. 7 Illustration of the substrate xyloheptaose (A) and
cellohexaose (B) docked to the TcXynlOA catalytic
pocket, and the superimposition of them (C).

TcXyn10A

TcXyn10A
(1 480+26) U/mg
CMC
(7.4+£0.2) U/mg
Ichinose

(2 055£28) U/mg

(10.9+0.4) U/mg [33]

Sreptomyces olivaceoviridis E-86

& 010-64807509

-2
-1 GIn88  Arg275 Ala
C6 06
TcXynl10A
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