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but most of xylanases are in active below 30 “C. In order to obtain low temperature active xylanase, a xylanase gene, XYN11A, was
cloned from Penicillium sp. L1 and expressed in Pichia pastoris GS115. After purification and enzyme assay, optimal pH and
temperature were determined to be 3.5 to 4.0 and 55 °C. This enzyme was stable at acid and neutral condition (pH 1.0 to 7.0) or
under the treatment of 40 “C for 1 hour. This xylanase displayed strong resistance to all tested ions and chemicals. Noteworthily,
XYN11A maintained a higher activity of 6 700 U/mg than a lot of GH11 xylanase, and demonstrated higher activity (24% to 58%) at
lower temperature from 20 to 40 ‘C. After beechwood xylan hydrolysis for 16 h, the hydrolysates consisted mainly of xylobiose,
xylotriose and xylotetraose and barely of xylose, thus XYNZ11A could be used for the production of prebiotic xylooligosaccharide.

Possessing the features of acidophilic, highly active at lower temperature and oligosaccharide production, XYN11A demonstrated
great potential in food and feed industrials.

Keywords: xylanase, high specific activity, xylo-oligosaccharide
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[9]
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pH GH11
25 kDa
Bl GH11
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MEY-1  XynllA pH 2.6
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XylanaseB pH 5.0 (1]
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XylanaseB
60 ‘Cl
Dictyoglomus thermophilum ~ XynB 80 C
[14]
Penicillium

sp. L1

1 #BET%
11 EHk. EEE. BELEHR

Penicillium sp. L1

(CGMCC)
(PDB) Transl-T1
( )
pPIC9
(GS115) Sigma-Aldrich
DNA
Omega TaKaRa
(Otsu, Japan) RNA T4 DNA
Promega (Madison, WI) KOD
neo plus (TOYOBO, Osaka,
Japan)

1.2 cDNA By=f&
P. sp. L1

CAZy 10
11
XYN11A
( 1) PCR

3d
RNA cDNA
ReverTra Ace-a-™ kit (TOYOBO,

Osaka, Japan) cDNA
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x1 KARBEASY

Table 1 Primers used in this study

Primer name Primer sequence (5'-3')

1IAF ATGTCCCTTTTCAAGAGCTTA
TTCGTGG

11AR TCATGAAACTGTGATTGTTGAG
GATCCAC
CGGAATTCCTTCCTGGTGATT

1A _ECOF  \ cCACAAGCGE

11A NotR ATTTGCGGCCGCTCATGAAAC

= TGTGATTGTTGAGGATCCAC

The restriction sites are underlined.

XYN11A PCR EcoR |
Not I EcoR |
Not I pPIC9 Sanger
1.3 FIIaHh
BLASTX
GenBank
(ID KY926795) Translate (http://web.expasy.
org/translate/) Proparam
(Mw) (1)
SignalP4.0 Modeller 9.13
XYN11A Pymol 0.99rc
1.4 XYNI11A ByRiEFnddift
pPIC9-XYN11A Bgl II
GS115
Luo
BMGY 10 g/L
20 g/L YNB 134 g/L 0.004 g/L

(1%, VIV) BMMY

10 g/L 20g/L YNB 134 g/L
0.004 g/L (0.5%, V/V)  10mL
300 mL BMGY 1L

30 ‘C 220 r/min 48 h
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4 500 r/min 150mL  BMMY
1L 30 'C 220 r/min
48 h
5 kDa (Vivaflow)
pH 7.2 20 mmol/L 4 C
4 °C 12 000 r/min
FPLC HiTrap Q
A 20 mmol/L
(pH 7.2) B A 1 mol/L NaCl
(0—1.0 mol/L)
SDS-PAGE
EndoH
Lowry

(8] NanoVue Plus (GE Healthcare, Uppsala,

Sweden)

1.5 XYNI11A BIEs =14 R E

1% (W/V)
55 C pHA4.0 10 min
100% 3’5-
DNs 1] -HCI
(pH 1.0-2.5) (pH 2.5-8.0)
-NaOH (pH 8.0-11.0) pH
55 C pH 1.0 6.0 pH 1.0 120
37 C 1h 55 C pH4.0 10 min
pH
30 80 C pH4.0
40 C 50 C 60 C 1h
10 min
5 mmol/L 10 mmol/L ZnS0O, KCI
Fe,(SO4); NaCl NiSO, CaCl, SDS EDTA
MnSO, MgCl, CuSO, B-

& 010-64807509

pH 4.0

55 C 5 min 1-10 mg/mL

GraphPad Prism 5.01 (La Jolla, CA)
1.6 KBRS

200 mmol/L pH 4.0
2U XYNI11A 45 C 16 h
45 C
16 h 100 uL  ddH,O 50

(High Performance Anion

Exchange Chromatography-pulsed Amperometric

Detector, HPAEC-PAD)
(Guard Column; 4 mmx50 mm) (Analytical

Column; 4 mmx250 mm)

1CS-5000 100 mmol/L NaOH
1 mL/min 22 C
2 BERGAH
2.1 XYNI11A BYFFIFEEa 24
XYN11A 657 bp 218
19
( 1
21.7 kDa 4.14
( 2 Penicillium sp. 40
xylanase A (86%)
Talaromyces cellulolyticus  GH11
3WP3
(71%) 3WP3
XYN11A B-jelly roll
XYNI11A 11
HotSpot Wizard 2.0 Glug4
Glu186 ( 3)
Thermopolyspora flexuosa ~ XYN11A
Glug7  Glul76 ( 2)b
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2.2 FixFagiik ( 2 17%
XYNI1A GS115  EndoH SDS-PAGE
1L XYN11A 22 kDa
21.7 kDa ( 4

GCTT
iM S L F K S L F V VS AATLGANANL

CCTGGTGATTACCACAAGCGGCAAACTATCACCTCTAGCGAAACCGGGACGAGCAATGGC
P G DY HIKURQT T TS S ETGT S NG
TACTATTATTCGTTCTGGACCAACGGGGGTGGCACAGTGGATTATACAAACGGCGATGGA
YYYSsSFWTNGSGSGTVDYTNGTDG
GGTGAATACAGCGTCAGCTGGGAAGACTGTGGTGATTTCACATCCGGAAAAGGCTGGGCA
G EYSVSWEDT CGDTFTSGKGWA
ACTGGAAGTGACCGGGATATCACCTTTTCCGGGTCTTTCAATCCTTCTGGAAACGCCTAT
T ¢ s DbRDTITITVFSGSFNPSOGNAY
CTTTCCGTCTACGGCTGGACTACGAGCCCACTCGTTGAGTACTATATCCTCGAGAATTAT
L s vy  WwTTSU®PLVEYYTIIULENTY
GGCGATTATAACCCTGGCAGCTCGATGACGTACAAGGGAACGGTGACCAGCGACGGATCT
G DYNPGSSMTYKGTV TS DG S
GTCTATGAGATCTACGAGCACCAGCAGGTTGATCAGCCCTCTGTGTCTGGCACTGCTACT
VY EITYEHQQV DQPSV S GTAT
TTCAACCAATACTGGTCCATTCGACAGGATACCCGCTCAAGCGGTACCGTGACCACTGCT
FNQY WS TITRQDTIRSSGTVTTA
AATCATTTCGATGCTTGGGCTTCCCTTGGAATGGATCTAGGAACCACCTTCAACTATCAG
NHFDAWASILGMDULGTTF NY Q
ATAGTATCTACTGAGGGATATGAGAGCAGTGGATCCTCAACAATCACAGTTTCATGA
I vs T™EGYESSGSSTTITV S *

B 1 XYNLIA BB FIMEERFY (ESKES HRIERIS)
Fig. 1 Nucleotide sequence and amino acid sequence of XYN11A, and the signal peptide was marked with black box.

! 10 20 30
5°0 4\ 1 -\ TPGDYHK. . . .RQO TS S EET SRIE] Y FEE0EN G GlE TR0 Y
P.sp. 40 MKSFIAYLLASVAVTGVMANP GEYHKRHDKRQ TSNS S QpHE T N)SeRq v F4da b G G[E T\ vy
3WP3  ee e MFPS...GLTQHATGDLSKRQSERNT S QRMET NN ey v FASARIN G GlEENY T vy
T floxuosa -+ e SBAN T T[OPNES| T GR4BIN G Y Y S F W TRFNECR{VIUT

40

XYN1IA  NGpGEEravVSHE
P.sp. 40 NGRAA[SE)E]V TYE
3WP3 NGDNEENE]V TV

T flexuosa  LHSGIEISHET SR

70 80 90

I TIIEIES|F NI SGNAY LB YGWTINSJP LVEYY I
I T)HEeMNF NIYSGNAY LEWYGWTeSIP LVEY YT
UThEIAF N]NSGNAY LEWYGWTHNNP LVEYY I
WThNENSIF N SGNAY LMY GW TP LVEYY I

T

100 110 120 130 140 150
XYNI1A LIYN YD 4N )AG[S|S MEY Y K[e] T AN S |alel S V4 E isiOe]ifiIEIP SFEG TR T F oW SHR[EpEREEG T
P.sp. 40 IAE DR4G 3] Y P [EN U TGNV TEID GERY Y 3] T Y paiisi{elleliN(e]P SEIEIG T)AT FINON W S R{€INMSREF] G T
3WP3 LS Y[ TP4NIS|S|GILEY L L[ O VAN S BIeG Tp4D il S T|Q|R V(D (O] I|E[ehiy SEdaN[e] v\ VA T|E KV Gley
T flexuosa VIS WETPRIATIG|. [ b Y KT\ T |se]G T 4D b4 F| T R |Y|N|AIES T|F[ehf RS O[o) P IIEI VIT 0|0 KJ! T S[ehy
160 180 190
XYNI1A VT ARESIDEYT 2] I YO IFEITEG YRS SGS S THERY S P,
P.sp. 40 VST ARRANENIA] SENMOMY SheANEEIIeRIBN T TV . . . . .. ..
3WP3 WY T AN H F 1A W) IRA Y)IUINAITEGY)S SGS S THRAYS I,
T. flexuosa 14T GISB:DENTIA S HDF4O hM A g e OB el vV s IRJEGGNP GNP

2 XYNI11A. P.sp.40. 3WP3 #A T. flexuosa BIFF 5 tb3F (B MNMRTRIELAL S A OE KR R)
Fig. 2 Sequence alignment of XYN11A, P. sp.40, 3WP3 and T. flexuosa. Two conserved catalytic sites were indicated
with red arrows.
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F* 2 FEH XYNLLIA By4fbidig
Table 2 Summary of the recombinant XYN11A purification

Purification Protein concentration Total activity Specific activity Recovery rate Volume
step (ng/mL) ) (U/mg) (%) (mL)
Crude enzyme 83 256 800 5501 - 600
Vivaflow 952 248 200 5 966 97 50
Anion exchange 136 43 300 6 561 17 50

70 C
pH
pH10 7.0 82%
pH 8.0 -
82% -
50%
pH 8.0 pH
200 mmol/L -
) - 50%
B 3 XYNUA MEREHEKRE (BTN A 200 UL
Glug4 1 Glu186) mmo )
Fig. 3 Homologous model of XYN11A. The catalytic sites 44% 50 mmol/L  Tris-HCI
were predicted to be Glu94 and Glu186. 38% -
pH pH 9.0
kDa M 1 2 3 40% pH 10.0 22%
40 C 50 C 60 C
40 — | 40 C 1h
25 — - < EndoH
—
15 — | 60 C 10 min 40%
10— 20 min ( 5
4.6 — XYN11A Vimax  Km kcat kcat/Km

10142 U/mg 5 mg/mL 4226 1/s
878 mL/(s-mg) 6 700 U/mg

4 XYNI11A BJ SDS-PAGE #i &
5 mmol/L 10 mmol/L

Fig. 4 SDS-PAGE result of XYN11A. M: marker, 1: crude

enzyme, 2: purified sample, 3: EndoH treated purified sample. XYN11A
Fe* SDS
23 EEZMERENE Fe** 5 mmol/L
XYN11A pH 60% 10 mmol/L
3.5-4.0 55 C pH2.0 5.0 90% SDS 5 mmol/L
40% 20 C 90% 10 mmol/L

& 010-64807509 B cjb@im.ac.cn
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w
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Relative activity (%)

Time (min)

Fig. 5 Enzymatic properties of XYN11A. (A) pH optima. (B) Temperature optima. (C) pH stability. (D) Temperature stability.

2% cu® zn*

K* 10% 20% B-
10 mmol/L
20% ( 3)

2.4 IKIEFEH R

XYN11A
725 pg/mL (33.1%) 943 pg/mL
(43.0%) 441 pg/mL (20.1%)
31 pg/mL (1.4%) 32 pg/mL (1.5%)
20 pg/mL (0.8%) ( 6)
3 ik
P. sp. L1
XYN11A GS115

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

#z3 MAWEREFHULZFRF
Table 3 Tested ions and chemicals

Relative activity (%)
lons and chemicals

5 mmol/L 10 mmol/L
Zn** 76.7+3.1 87.0+4.4
K* 76.621.2 93.5+3.4
Fe** 39.4+2.3 9.5+3.3
Na* 92.442.4 82.5+2.7
NiZ* 102.0+1.1 92.6+3.5
Ca** 97.1+4.4 92.2+1.4
SDS 11.0£2.3 1.9+1.1
EDTA 90.7+4.5 86.6+3.3
Mn?* 97.0£2.5 88.8x1.1
Mg?* 102.3£2.2 96.9+2.4
B-mercaptoethanol 100.6+1.7 120.9+1.5
cu® 88.3+2.3 89.5+3.1
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800

700 |
600 - II
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400 -

300 - \
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—

Control

Xylose Xylobiose

1 1 I 1 1 I
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N
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6 XYNI11A BIKEEF=H) 5t
Fig. 6 Products analysis of XYN11A.

GH11
Humicola insolens
1275 U/mg)t*!

Xynl1lA (

Streptomyces sp.

SWU10  rXynSW1( 77.4 U/mg)®!
Talaromyces versatilis 4
GH11 )
SrxynFM (310.0 U/mg)?
55 C 20 C 40 C

20% (1 300 U/mg)
60% (4 000 U/mg)

20C 40 C
Achaetomium sp.
Xz-8 11 20 C
=l XYN11A (
30 C ) 30 C
( 4 20 C 1300 U/mg
[24] pH
Streptomyces sp. TN119
XynB119 [25]

& 010-64807509

XYN11A
XynM (118.3 U/mg)E”  reBaxA50
(9.4 U/mg)BY  MtXyn11A (2 232 U/mg)™

XYNI11A

[33]

[34]

4.8

F 4 XYNIIA 5HM KR ARED LT 7 LR
Table 4 The specific activities of XYN11A and other
cold-adapted xylanase

Specific activity at

Xylanase 30 C (U/mg) References
XYN11A 2 400.00 This study
r-XynA 4.11 [26]
XynGR40 537.00 [27]
Xyn10A 12.00 [28]
XynA 77.00 [29]
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[35]
20 40 C
pH
[32,36]
XYNI11A
20 40 C
XYNI11A
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