Acta Microbiologica Sinica
51(10) 21364 —1373; 4 October 2011
ISSN 0001 -6209; CN 11 -1995/Q

http://journals. im. ac. en/actamicrocn

(Xyn32)

Xyl33

: 936

43 —~ylanase) \B-

(a—glucuronidase) « a-.—

(a-.-arabinofuranosidase) «

xylan esterase)

“973

Tel:

10-64807337 E-mail:dongzy@ im. ac. cn

(1985 -)
12011-03-26;

:2011-06-07

Research Paper _

1 1 1 1 2 1* 1%
100101
010018
010051
.
(BAC)
B ¢ ] 14 GH10
20.5% -91.3% ; 7 DNA (contig)
GH43 GH3
(Xyl33) N o 1.98 TU/mg
0.07 U/mg o- o
Xyn32 o
(BAC)
tA :0001-6209 (2011) 10436440
3-5
g
4-
. BD- .
. 1955
S¢rensen
1 4- (endo- N
(B=xylosidase) «a- -
(acetyl
(ferulic acid esterase) 8 — 145 kDa 10
”(2011CB100800) ; (KSCX1-YWA1BI1); (30770053 )
+8610-64807418 Fax: +86-40-64807429 E-mail:daixin@ im. ac. cn; Tel: +8640-64807337 Fax: +86—

o E-mail: minwang2009@ 126. com



(2011)51(10) 1365

11 TE Marker DNA Marker Fermentas
o o OMEGA
PCR BAC
Qiagen o His4rap Ni affinity column
e, (1 mL) GE o
N N N (G60 F254 20 cm x 20 cm) Merck o
o 165 rRNA N Megazyme o
. DNA .
" o
BAC 1.2
1.2.1
BAC 223 N
1 /4run454 300 Mb
o http: //nibi. nml. nih. gov
ORF Finder ORF GenBank
1 \KEGG COoG
Pfam CAZy (hup://www.
1.1 cazy. org) o
1.1.1 N Escherichia coli 1.2.2
BL21 E. coli DH5« Clustalx
pET30a( +) Novagen . DNAMAN MEGA
LB 110 g/L 5 g/L o
10 g/L NaCl 60 wg/mL 1.3 /
<50 pg/mL o LB
15 g/L LA LA LB 1.3.1 ( ORF32)
5 g/L o (ORF33) : 89
1.1.2 T4 DNA PCR 1. 50 pL:
ExTaq DNA Pfu DNA ddH,0 37 L 1 pL dNTPs (2.5 mmol/L)
TaKaRa. NEB. Promega Fermentas 4 pL Pfu 1 L MgSO, 10 x Pfu
N - B- 5 nL 1 wL (0.2 pmol/L) . PCR
Sigma N :95C 5 min 95C 30s 60°C 30s 72°C
0XO0ID X-gal . IPTG AMRESCO 3 min 35 72°C 10 min,
1 PCR
Table 1 PCR primers used for DNA amplification
Primers Primers sequence(5°—37) Size/bp Restriction site
32F CGCCATATGCAGCAGGGGCTGAAAGACGCCATC 33 Nde [
32R CCGCTCGAGTTGATATAGTTTAATGATTTCGTTG 34 Xho 1
33F CATATGGCAAAACTTCCACGTTATCTTTTCC 31 Nde |
33R GCGGCCGCTTCATTCACAACAGGCTTGATGGTG 33 Not 1
1.3.2 ORF32 37°C 4 h PCR
ORF33 PCR Ndel  Xhol pET30a T4
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DNA E. coli DH5« 1.4.2 ( betaxylosidase)
DNA Lack Y. 25 mL
pET30a- 0.1 mL 0.5 mL
ORF33  pET30a-ORF34 E. coli BL21(DE3) 0. 05 mol/L 2.5 mmol/L
DNA B- (pNPX Sigma ) o
o 50C 30 min 4 mL
1.3.3 0.25 mol/L Na,CO, 25 mL
5 mL kan LB 37°C 410 nm
o 0.25 mL Ao
25 mLL. kan LB 220 r/min o
OD,, 0.6-0.8 IPTG o 4C ( A, )
6000 x g 15 min o ORF33betaxylosidase o
A (0.02 mmol/L pH 8.0 Tris-HCl 500 mmol/L betaxylosidase
NaCl 10% ) ( 2s 1 wmol
1 s)10 min 4°C 13000 x g 10 mino. o
. 1.4.3 :pH 6.0
A o
2
5 min ° 12% - 20°C -70°C 10°C .
SDS-PAGE 1.4.4 pH
o . 40°C pH 2 -8
\IPIG pH 1.
o 1.4.5 : @
1.3.4 His—rap Ni affinity . LB
column 0 - 50 pg/mL 0.8 mmol/L  IPTG
500 mmol/L 30 SDS- o . 37°C
PAGE o Folin- (0.1 mol/L pH 7.0
(BSA) 0. 04% 0.04% Fast blue RR) 37C
2 1 -2 min 1 mol/L NaCl
1.4 / o E. coli BL.21
1.4.1 (endo-d 4-betaxylanase) . @
a o 200 pL 9:1
0.1 mol/L - (pH 6.0) 1% LB
1.5 mL o 50 wg/mL 0.8 mmol/L.  IPTG
200 pL 50°C 1 he o . 37C
500 L DNS 5 min. 540 nm 12 h o
o 400 pL 500 pL DNS E. coli B1.21
5 min o o ®
ORF32  endod 4-betaxylanase . 3 mmol/L.  pNp-a-.-arabinofuranoside o
endod 4-betaxylanase 0.5 mL 0.5 mL 40C
1 pmol 10 min 0.5 mL 40°C 20 min

2.5 mL 0.5 mol/L Na,CO,
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P-nitrophtenol 410 nm 4000 r/min 15 min
. @ : LB o
0.5% CMC-Na 50 pg/mL : o ( 2:1:1)
0.8 mmol/L IPTG 0 0.93 ¢ 1.66 g
. 37°C 24 h 100 mL.
10 min 1 mol/L NaCl 105C 10 min o
30 min ° E. coli BL21
) 2
LB 0.2%
Soluble starch 50 pg/mL 0. 8 mmol/L 2.1
IPTG o 300 Mb BAC
. 37C (0.67 g KI http -/ /nibi. nml. nih. gov
0.33 g1 100 mL ) 10 min ORF Finder ORF GenBank
° E. coli B1.21 KEGG COG
o Pfam CAZy (http://www. cazy.
1.5 org) o
14
0 2
° TLC
B, ( ) 20.5% -91.3%
100°C 0.5 ho 60 % °
2
Table 2 Homology matrix of the amino acid sequences of xylanases from Yak rumen
N ORFs Identities / %
1 21206003032 100
2 2120119923 91.3 100
3 2120122121 78.2 74.4 100
4 2120122123 79.1 76.1 86.5 100
5 404-00010-25 64.9 63.6 66.8 66.0 100
6 2126002532 50.9 50.9 49.4 49.9 54.3 100
7 201-00206-06 28.0 24.1 24.5 23.8 23.6 36.3 100
8 3010003627 27.6 24.8 24.7 24.5 23.1 34.3 67.9 100
9 201-0020148 34.2 30.1 29.5 29.4 29.9 46.3 23.5 22.8 100
10 301-00178-03 47.7 46.8 47.5 47.5 46.2 47.3 42.9 41.1 47.8 100
11 404-00027-06 22.8 22.4 22.6 22.6 21.8 31.7 20.8 20.5 24.2 38.1 100
12 20100204438 32.9 31.9 31.6 31.7 32.8 35.7 31.3 32.6 32.1 41.1 24.8 100
13 301-00210-02 33.3 33.3 33.3 33.7 32.3 33.7 32.0 31.4 30.7 53.8 31.3 29.8 100
14 201-00018-09 31.0 30.7 31.5 31.3 30.4 31.8 28.5 26.9 29.9 43.9 27.2 28.9 31.1 100
Numbers in boldface: amino acid sequence identities <60%
Pfam 14 “ 7
10 17
GH10  GHI1 GH10 P GH11
GH10
N GH10

P16 - GHI11 .
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GenBank BLAST ( 3
¢ 3) 14 7 ) GH43 (4 )
CFB (Bacteroides) - ( Prevotella) GH3 3 ) o
( Fibrobacter succinogenes) 21
35% -83% 3
Firmicutes o GH10 - GH43 -
54% -80% o CFB
o, 2, contig212 — 00025
14 ORF32(  contig212 — 00025 — 32)
13 contigs ( 3) 10 ORF33( GH43 )
contigs 10 kb, contigs
7 contigs o
3
Table 3 Analysis of xylanases retrieved from Yak rumen
ORF (contig length) Length P Best hit with BLAST Homologv’
/xylosidase (aa) am (organisms and GenBank accession number) omotogy
. Bd 4-D-—xylanase ( Butyrivibrio fibrisolvens E=0.0; I=512/635 =
3
Contig201-0020118(51377 bp) /GH43 688 GH10 CAA43712) 30%
ydrolas Lt 0sacc yticum " E=1ed34; 1 =226/404 =
Contig201 — 00204 — 18 (54021 bp) 208 GHI0 Glycoside hydrolase 10(T. thermosaccharolyticum e
EET53393) 55%
. Glycoside hydrolase 10 ( Fibrobacter succinogenes E=0.0; 1T =2587/764 =
Contig201 — 00206 - 6(59089 bp) 752 GH10 ACX75889) 76%
Contigd04 — 00010 - 25 (64105 bp)/ 732 GH10 xylanase/ferulic acid esterase ( Prevotella E =0.0; I =609/730 =
GH43 ruminicola ACN78954) 83 %
Contigd04 — 00027 - 36 (56353 bp)/ 611 GHI0 Glycoside hydrolase 10 ( Prevotella ruminicola E =1ed15; 1=208/335 =
GH3 ADES83221) 62 %
ig210 — 00018 — 9 (44 E = led24; 220/405 =
Contig210 - 00018 - 9 (44899 bp)/  co0  GHI0  Xylanase(Eubacterium ruminntium BAA09971) e124; 220/405
GH43 54 %
. Glycoside hydrolase 10 ( Fibrobacter succinogenes E=0.0; 1 =475/783 =
310 - 36 — 395 .
Contig310 - 00036 - 27 (39588 bp) 67 GHIO oy 0
R Hypothetical protein ( Bacteroides cellulosilyticus E =5e21; 1 =56/129 =
C 310 -00178 - 1(400 L 134 GHI10 :
ontig (400 bp) EEF88944) 43%
. Glycoside hydrolase 10 ( Bacteroides  ovatus
310 -=00210 -2(1 211 H1 . : E =4e40; 33/93 =35%
Contig310 — 00210 -2 (1857 bp) GHI10 EFF52889) e10 /9 5%
Contig212 - 00025 - 32 (77333 bp)/ 163 GH10 endod 4-betaxylanase ( Prevotella buccae E =1e420; 1=199/345 =
GH43 EFU31532) 57 %
. . Hypothetical protein ( Bacteroides eggerthii E=0.0; I =404/575 =
212 2 H3 H1
Contig212-00030-32 (63007 bp) /G 588 GH10 EEC53451) 70%
. Hypothetical protein ( Bacteroides eggerthii E=0.0; I=481/755 =
Contig212-0119923 (61593 bp) /GH3 754 GH10 EEC53451) 63%
- . Hypothetical protein ( Bacteroides cellulosilyticus E=0.0; 1 =492/726 =
2120122121 b 1 GHI1 -
Contig212-0 (53900 bp) 717 0 EEF91240) 67%
. Hypothetical ~ protein  ( Bacteroides  eggerthii E =0.0; T =490/720 =
y 3
Conti212-g01221-23 (53900 bp) 716 GH10 EEC53451) 68%

"1 E: Expected value; 12 Identities; * = T. thermosaccharolyticum: Thermoanaerobacterium thermosaccharolyticum. contigs in black: both xylanase gene

and xylosidase gene are located on the contig.

2.2 ORF33F.ORF33R PCR
89 BAC DNA
2.2.1 : ORF32F.ORF32R 1047 bp ORF32 ( ) 1020 bp ORF33
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DNA 1% % R S — kDa
’ 43— «36.9 kDa
2.2.2 :  ORF32
31—
ORF33 PCR Ndel  Xhol 43— «39.5 kDa
pET30a
pET28a-ORF32  pET28a-ORF33., L
E. coli BI21(DE3)
1 Xyn32 Xyl33
Xyn32 Xyl33 ° Fig. 1  Purification of recombinant protein Xyn32 and Xyl33. M:
50 ug/mL kan LB 1% 37°C Protein Marker; 1: Supernatant of the extract of induced Xyn32; 2:
220 r/min 0D 0.6 Column fractions of the Xyl 32 sample; 3: Supernatant of the extract
o0 of induced Xyl33; 4: Column fractions of the Xyl33 sample.
0. 08 mmol/L IPTG 3.5h o
SDS-PAGE o 2.3
39.5 kDa  36.9 kDa « 4
Xyn32 Xyl33 40C pH
o His—rap Ni affinity column 6 1.98 IU/mg
Xyn32 0.07 IU/mg(  2).
Xyl33 1A 1B, pH o
2.57 2.57
A B
2201 2 20
=) =)
S 154 ERE
= =
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v w
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Fig.2  The optimum temperature and pH value for Xyn32 and Xyl33. A B: The optimum temperature and pH for Xyn32

respectively; C D: The optimum temperature and pH for Xyl33 respectively.
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N N N Xyn32 Xyl33
o « 4 o
4 Xyn32 Xjyl33
Table 4  Characteristics of Xyn32 and Xyl33
Hydrolytic activity
Gene Mr/kDa pl Opt. pH Opt. T -
xyn xyl amy est lip cel ara
Xyn32 39.5 6.09 6.0 40 + - - - - - -
Xyl33 36.9 4.76 6.0 40 - + - - - - +
xyn :xylanase; xyl:xylosidase ;amy-amylase;est: esterase; lip: lipase; cel: cellulase;ara: a-arabfuranglycosidase
Contig212 - 00025 - 32 1110 bp Xyn32 3
363 o ExPASy Proteomics o TLC
Server 39.5 kDa
6.09, Signal P (Chttpz//www. cbs.
dtu. dk /services /SignalP/) o 2
; BLAST
38% —58% ( 38B).
Prevotella buccae ATCC o
33574 endod 4-B=xylanase ( GenBank D g A
=
EFU31532) . Bacteroides xylanisolvens - 7
< 6
51% GH10 £ s
§ 4
o 3
23 E 2
(cMe) * %
Glaciecola mesophila KMM 241 0 Xyn32 Xyl133  Xyn324+Xyl33
Enzymes
endoB8-1 4—xylanase ( 43%)
30°C 3 Xyl33 Xyn32
4 24 Fig.3 Xyn32 and Xyl33 function synergistically to release xylose
° from xylan. A: Xylanase activity of different enzymes. B: TLC
ORF33 1020 bp 326 analysis of birchwood hydrolysis by Xyn32 and Xyn33. M sugar
36.9 kDa standard  X1-X4 xylo-oligosaccharide; 1 hydrolysis products by
4.76, BLAST Xyn32; 2 hydrolysis products with Xyl33 and Xyn32.
46% —79% (79%) Prevotella
ruminicola 23 ( GenBanK . Kambourova
ADE1401) aN-

(xylan 1 4-8- xylosidase/a-N-

arabinofuranosidase) .

25226
2.4 Xyn32 Xyl33
Xyn32
Xyl33
o « 3-
A) Xyl33

Anoxybacillus flavithermus

Sulfolobus solfataricus /

" Dodd !
Prevotella ruminicola 23

(GH10)

(GH3)
Prevotella ruminicola B 4

GHI10 - GH43 o
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Analysis of xylanases derived from the metagenomic BAC
clone library of yak rumen

Min Wang' > Furong Chen'®> Shan Zhang' Yaxin Zhu' Xiuzhu Dong'

Li Huang' Ruihua Tian® Zhiyang Dong'~ Xin Dai'’

' State Key Laboratory of Microbial Resource the Institute of Microbiology ~Chinese Academy of Sciences Beijing
100101 China

> College of Life Sciences Inner Mongolia Agricultural University Huhhot 010018 China

* College of Chemical Engineering Inner Mongolia University of Technology Huhhot 010051 China

Abstract: Objective The diversity of rumen microbial xylanases and their degradation characteristics were studied and
the resources of new xylanases genes and enzymes were provided. Methods According to the result of the high—
throughput sequencing of the rumen microbial metagenome bacterial artificial chromosome (BAC) clones library the
diversity of xylanase genes was analyzed and screened. Then one xylanase and its downstream xylosidase gene screened
was cloned and expressed in Escherichia coli. The enzyme characterization of the recombinant xylanase and xylosidase and
their synergistic effect were studied. Results All 14 xylanases screened from the library belong to GH10 family
proteins. These xylanases shared the amino acid sequence similarity between 20. 5% and 91. 3% . Intriguingly 7 xylanase
genes in different contigs were found to be followed by xylosidase gene. The specific enzyme activity of the xylanase
(Xyn32) was 1.98 U/mg and no ferulic acid esterase activity was detected. The specific enzyme activity of the coupled
xylosidase (Xyl33) was 0. 07 IU/mg and xylosidase (Xyl33) also displayed the activity of arabinofuranosidase. In
addition the in vitro experiment confirmed the synergistic effect between the coupled xylanase and xylosidase.

Keywords: yak rumen bacterial artificial chromosome (BAC) clone library xylanase xylosidase synergistic effect
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