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ful 5<GG(A/C)AAGGG(A/T)TGGAACCC-3 ~
fu2 3ZCTCCC(A/GIT)AT(G/A)GT(T/C)TCGTC (G/A)

CC-57 PCR 95 5min 95
30s 54 30s 72  40s 30 72 7min
1.2.2

PCR Clontech
[7-10] 2 VD leftl:
3 “TTCACCAAGACGTACCACTGCCGCGGCG-5 ~
VD left2: 3“TAGACCATCATCACGCGCGGCTCCA-
AGT-5~ VD rightl : 5 ZAGTACTCGATCAGGGGGT-
Verticillium TGCGGGTCCA-3~ VD right2 : 52CGTGGTCTGAA-
dahliae GenBank GGAGGGTGAGTGGGTGGA-3~ PCR

1.3 METFHRIEE

Dpn I
- Al 57AGGGTTGGAACCCCGGCACTG-
1 ﬁ ﬂ;ﬁj A % GCCGCACCATCAACTACGGAGGTTCGTTC-3~
11 #l Bl 5“GAACGAACCTCCGTAGTTGATGGTGCGGC-
1.1.1 Escherichia coli XL10- CAGTGCCGGGGTTCCAACCCT-3~ pHBM126
Gold Verticillium PCR 94 5 min
dahliae HB183 94 30s 57 30s 68 3min40s 16
Pichia pastoris GS115 4 2min PCR Dpn
Invitrogen XL10-Gold
1.1.2 T4DNA 14 FixHHHEE
T4DNA One-step ligation kit Ex-Taq 4 VD; 5%GTCAT-
dNTP DNA MEcotld  AHindII GGTCTCGTTCAAGTCTCTTCTTC-3“ VD, 3“GC-
TaKaRa Oatspelt xylan TCTGCACCAAACGACTACCGG-5~ 57
Birchwood xylan Cpo Not pHBM126-m
Beechwood xylan Sigma PCR PCR 94  5min
[11] [12] 94 30s 58 30s 72 1min 30 72
YNB DNA gel 7 min PCR TADNA dTTP
extraction kit V-gene Cpo Not
PCR TaKaRa pHBM905!H31] XL10-Gold
BIOCHIMI UVP 15 SFEMFRE
Eppendorf 5415D DNA [16]
1.1.3 LB YEPD MD BMGY BMMY [17]
Invitrogen [18]
1.2 3|4 Invitrogen
121 GenBank 16 ARERERRAK
30%~70%
GKGWNP EGYQSSG 4 10750><g 10 min
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0.1 0.05 mol/L (pH 6)
(CMC Biosephar Fast Flow
) 0.05 mol/L (pH 6)
0~1.0 mol/L NaCl
1.7 ARE¥ERTE N BINE
10 g/L 2.4 mL 0.1 mL
10min
0.5mL 0.5mL DNS ™75 mL
5 min
10.75 mL ODs20
min 1 umol
1 U
18 MFEMRSN
““17 7
10 min
pH pH
1.7
DNS 4 0.05 mol/L
: HAc-NaAc (pH 3.0~5.8)
(pH 5.8~7.5) Tris-HCI (pH7.5~8.6) -NaOH
(pH 8.6~9.6) 3 Microsoft

Excel (Office 2000)
1.7
5 mmol/L
0.5% (W/W) 100%

2 BERRpH

21 AREHERRRHRE
HB183 DNA

ful fu2 PCR

450 bp pMD18-T
Genetool
BLAST
11
BLAST
Cochliobolus
carbonum  Xyl2 [20](GenBank U58915)

82%

22 HRIEEERAFNEMETE
HB183 DNA

ITS1 ITS418 PCR 500 bp
pMD18-T
BLAST 3 Verticillium dahliae 18S rDNA
(GenBank AJ865691
AF104926 AJ970308) 100% 2
Verticillium dahliae 18S rDNA
(GenBank EF015891 AF108478)
98% 2 Verticillium albo-atrum (Gen-
Bank AF108476, AB353342) 18S rDNA
98% 93%
30
[21] Verticillium dahliae

Verticillium albo-atrum
Verticillium albo-atrum
HB183 Verticillium dahliae

23 BEFEETITPCREATEABREEERMNEKFT

VD leftl VD rightl VD left2 VD right2
Verticillium dahliae

adaptor AP1( Clontech
PCR ) VD leftl VD
rightl PCR PCR 94
2 min 94 5s 72 3min 7 94
5s 67 3min 32 72 7 min,
PCR 50 adaptor
AP2( Clontech PCR )
VD left2 VD right2
PCR PCR 94 2min 94 5s 72
3min 5 94 5s 67 3min 20
72 7 min pMD18-T
3
Genetool ORF VD,
VD, DNA PCR
800 bp pMD18-T
pHBM126
BLAST
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24 ARBEHBERNFIISH
1n

815 bp
63 bp
36-256 bp
2 -300
CACT -95 TATA -3
GenBank

2.5 KREHEEGEE cDNA BIFEE
1.3 PCR Dpnl

“GT...AG”

A+ G
DQ157736

VD, VD, PCR
cDNA pHBM126-m cDNA
xynG
26 HNEEBHFTIHH
GeneTool 758 bp
Signal P 3.0 server (http: //
www.cbs.dtu.dk/services/SignalP) 19
PEPTOOL
25.5 kDa,
12.6% a- 11
123~135
NPLIEYYVVESYG 214~227 IVATEGYQSSGSSD
N- NIT BLAST
Cochliobolus carbonum (GenBank

8.4 29.9% B-

U58915)  C. sativus **)(GenBank AJ004802)
2%
Setosphaeria turcical®’ (GenBank AJ548879)
Helminthosporium grisea (GenBank
AF155594, ) -1 4- 70%
68% H. insolens ! (GenBank
X76047) Gibberella zeae (GenBank
AY289919 ) Fusarium oxysporum ®! (Gen-
Bank AF246831) -1 4- 67%

27 BB RAH KM MEIIE AL RE B
1.6 xynG
pHBM905
pHBM183  Sal
GS115
BMMY 12 h
24 h

pHBM183

2.8 EAEE XYNG WiESRIEEHFLERMAR

25
62U/mL 30%~75%
SDS-PAGE (1
23 kDa 25.5 kDa
SignalP

kDa M 1 2
116— o o
66.2 — —

45 — -

35— -

5 s s 23 kD2
18.4— wa
14.4—"-

1 FHEARMERR SDS-PAGE 4l

Fig. 1 Test of recombinant xylanase by SDS-PAGE. M. Protein
marker; 1. Crude xylanase of fermentation supernatant; 2.
Purified xylanase.

1%
45 35 ~50

120
100
80
60

40

Relative activity/%

20

10 15 20 25 30 35 40 45 50 55 60 65
T/°C

120

100 |

80

60

40

Relative activity/%

20 r

pH

2 BE(A)F pH(B)M EH XynG & AIF M

Fig. 2 Effect of temperature (A) and pH(B) on the xy-
lanase activity of recombinant XynG. Maximum activity is
set to 100 %. The experiment was performed in triplicates.
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50% 2-A 45
pH 6 5~8.5 50%
5.5~7.5 80% 2-B
pH7.5

45  pH 6

k1 ARRHEH XYNG R %457 H
Table 1  Substrate specificity of xylanase XYNG

Relative

Substrates Concentration/% activity /%
Beechwood xylan 1 100.0
Birchwood xylan 1 67.7
Oatspelt xylan 1 67.2
Begasse xylan 1 50.2
Corn fibre xylan 1 0.6
B-cyclodextrin 1 5.17
Starch 1 0
Konjac 1 0
Carboxymethyl- cellulose 1 0

5 mmol/L 0.5%
45  pH 6
2 Hg** cu* XYNG
Fe** zn* Co* Mn* EDTA

81.1% 34.9% 76.8% 64% 82.8%

Mg* ca** 33.7%

*2 ERBTFMUFHTI XYNG FHEHF M
Table 2 The effects of metal ions and chemical agent on
XYNG activity

Mental ion or chemical agent Concentration Relative activity/%

No addition 0 mmol/L 100.0
K* (KCI) 5 mmol/L 97.9
Zn* (ZnS0,) 5 mmol/L 34.9
Fe* (FeCly) 5 mmol/L 81.1
Mg?* (MgCl2) 5 mmol/L 133.7
Mn?* (MnCl,) 5 mmol/L 64

Co? (CoCly) 5 mmol/L 76.8
Hg®* (HgCly) 5 mmol/L 10.2
Cu?* (CuS0,) 5 mmol/L 2.42
Ca* (CaCly) 5 mmol/L 116.6
DMSO 0.5% 112.8
EDTA 5 mmol/L 82.8
NaN3 0.5% 100.6
SDS 0.5% 30.5
B-mercaptoethanol 0.5% 94.5
Tween-80 0.5% 128.4

16.6% B- NaN;
Tween-80 DMSO 284% 12.8%
3 it
RT-PCR cDNAL 1]
mRNA RT-PCR
cDNA
PCR
RNA RT-PCR
cDNA Dpn
cDNA
PCR
Dpn
cDNA
1
Dpn
Dpn
DNA
Stratagene QuickChange Site-Directed Mutagenesis
Verticillium
dahliae
GenBank
PCR (271
cDNA
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Molecular cloning and heterologous expression of a new xylanase
gene from Verticillium dahliae

Guimin Zhang', Ben Rao, Jian Ye, Lixin Ma', Xian’en Zhang?®’

(*College of Life Science, Hubei University, Wuhan 430062,China)
(*Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan 430071,China)

Abstract: [Objective] Fungus Verticillium dahliae caused greensickness of cotton and xylanase is necessary in this
pathogenesis. Cloning xylanase gene from V. dahliae and heterologous expression might obtain new xylanase. [Methods]
By comparing the amino acid sequences of over 10 xylanases in 11 families from fungi through BLAST, we found 2
highly conserved regions, with a fragment of about 150 amino acids coding sequence in between. Degenerate primers
complementary to the ends of these two conserved regions were designed to amplify the in-between sequence from V.
dahliae. The whole xylanse gene containing intron was achieved by Genome-walking PCR method. A 63 bp intron was
found through BLAST, the whole cDNA xynG was cloned by Dpn -mediated PCR to delete intron. The cDNA was in-
serted into pHBM905 and expressed in Pichia pastoris GS115, xylanase-secreting transformants were selected on plate
containing RBB-xylan. The transformant with the largest halos was selected for study the character of xylanase. [Results]
The deduced amino acid sequence showed 72% identity with endo-B-1, 4-xylanase from Cochliobolus carbonum and C.
sativus in the GenBank, which means xynG is a new xylanase gene. The optimal pH of the purified recombinant enzyme
was pH6. It remains over 50% relative activity at pH5-9. The optimal temperature was 45°C. The most favorable substrate
for the xylanase (XYNG) is Beechwood xylan. Mg®* and Ca”" improve the enzyme activity by 33.7% and 16.6%, respec-
tively. EDTA, B-Mercaptoethanol and NaN; don’t affect the enzyme activity. Tween-80 and DMSO activated enzyme
activity by 28.4% and 12.8%. Hg", in concentration of 5 mmol/L, also inhibited the enzyme activity. [Conclusion] The
xylanase gene xynG was firstly cloned from the fungi that caused greensickness of cotton. The xylanase genes containing
one intron can be efficiently cloned from plant pathogens and white-rot fungi using strategy in this research. It is unnec-
essary to explore enzyme expression condition and measure enzyme activity of the original strain. Enzyme character
analysis showed that the XynG have potential application in the production of xylo-oligosaccharide and the improvement
of bread quality.

Keywords: xylanase; Verticillium dahliae; Pichia pastois; genome-walking PCR; degenerate primer
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