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Abstract: [Objective] f-mannanase and xylanase are hemicellulase, which are already used in
many areas of industrial and agricultural. The aim of this study was to coexpress two hemicel-
lulase genes in E. coli (Escherichia coli). [Methods] The B-mannanase and xylanase genes
were cloned from Bacillus subtilis BE-91, then linked together by a common restriction en-
zyme site and inserted into the pET28a(+), establishing a coexpression strain named
B.pET28a-man-xyl for the extracellular production of f-mannanase and xylanase in E.coli.
[Results] After being induced 21 h, the specific activities of f-mannanase and xylanase were
713.34 U/mL and 1455.83 U/mL, respectively. [Conclusion]| The result of SDS-PAGE analy-
sis, hydrolytic ring detection and enzyme activity determination showed that each enzyme was
expressed extracellularly as individual functional proteins. In addition, comparing with
B-mannanase and xylanase degraded hemicellulose alone, the effection of compound enzymes
are much better. The successful construction of a strain which produces xylanase and
B-mannanase will be helpful for the study and production of hemicellulases preparation.

Keywords: f-mannanase, Xylanase, E. coli, Coexpression

B- b
) B- 408 U/mL
> ( ) [8—9]’
[1]
[2]
> . Bacillus subtilis BE-91 B-
pET28a(+) ,
, [E. coli BL21(DE3)] B-

(3]

Niran roongsawang

Je-Ruei Liu D

1 RS

B-
(Lactobacillus reuteri) 1.1 EHRSRA
1 Bacillus subtilis BE-91
BE-91(Bacillus subtilis BE-91)!%, 7] E. coliDH5a BL21(DE3)

pET28a(+) Novagen
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1.2 T A4 LiXF

PCR  Kod plus TOYOBO
; MasterPure™ DNA Puri-
fication Kit EPICENTRE ; T4 DNA Li-
gase, BamH 1 Hind Il Xho |
TaKaRa ;

Sigma ;

1.3 B-HERHEHRAAKREEBELREAKRZD
RAkE
Bacillus subtilis BE-91

B- (GenBank
1 GQ845010.2) , B-
MBfor MHrey,
BamH 1  Hind III,
XHfor XXrev,
Hind Il Xhol, 1 Bacillus
subtilis BE-91 DNA B-
, BamH [
Hind 1II B-
, Hind Il  Xho |
pET28a(+) pET28a-man
pET28a-xyl pET28a-man-xyl,
E. coli BL21(DE3) E. coli
BL21(DE3)
3 [0} ’
pET28a-man-xyl 1 ,
Hind 111 B-
, B
5-UTR (Un-

translated regions, UTR)
14 B-HEREBAMARERLREIENLT
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v
LB (Luria-Bertani) ( )
50 mg/L) 3

LB (50 mg/L)
(0.03%) (1%) IPTG (Isopropy-B-D-
thiogalactoside, 1x107° mol/L),
LB
(1%) IPTG
1.5 HERMERDRIXEREES
B.pET28a-man-xyl

SmL LB ( ),
37 °C 4 mL
200 mL LB , 37°C ,
ODgo 0.67 IPTG (1x10~* mol/L),
30°C 180 r/min
0h , 2h 8 mL ,
4 000 r/min 4 °C 20 min,
pH 6.0 -
=70°C 15min 55°C 5 min
3, , 10 000 r/min
4 °C 10 min, s
8h 1 mL SDS-PAGE

1.6 BERBEAIAE X RNZE
DNS (3,5-Dinitrosalicylic acid) o
p- p-
: 1 mL
65 °C 0.2% (
- ), 65 °C
2 mL DNS

2 mL
pH 6.0

5 min
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Table 1 Primers of f-mannanase and xylanase gene

Primers name Primer sequence (5'—3")
MBfor CGCGGATCCGCGCATACTGTGTCGCCTGTG
MHrev CGCAAGCTTTCACTCAACGATTGGCGTTAAAG
XHfor CGCAAGCTTATTTACCTCAAAGTCGGA
XXrev CGCCTCGAGTGATTAAGGATGATCTGTT

Note: Sequence under line are restriction sites.

ori

Kan

T7 promoter

pET28a-man-xyl

7.1 kb fl origin

Signal
sequence

-mannanase Xylanase

ignal sequence

Hind 11

5" - CTTTAACGCCAATCGTTGAGTGAAAGCTTATTTACCTCA
primer: MHrev primer: XHfor

AAGTCGGAAAAAATATTATAGGAGGTAACATATG - 3’

Bl 1 ELHFK pET28a-man-xyl AI)TE &%
Fig.1 Physical map of the recombinant plasmid pET28a-man-xyl

:0.1 mL 0.9 mL 90 °C 2 h, ,
60 °C ( pH 57 - pH4.5
), 60 °C 5 min 2 mL , 13 000 r/min ,
DNS , 2, 45 °C
2 min, 540 nm : 8 h 0.1 mL,
3 , 1 pmol 0.9 mL 60 °C 0.5%
1 (U/mL) ( pH®6.0 - ) 60°C
1.7 ZRRFAHE RG] R ESRER Y 0.1 mL :
2. 4%  NaOH 09mL 0-30 min,  DNS
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5 min 3 , 540 nm , 37 °C 16 h
D- , pET28a-man-xyl 3
2 GRS | :
21 B-HEBERWEEAMAREBRLRAKRRD
AFES .1 (2
B- (1.05 kb, , 2
BamH I-Hind 1II) (0.71 kb, Hind , B.pET28a- man-xyl
[I-Xho 1) pET28a(+)
pET28a-man pET28a-xyl pET28a-man-xyl, , pET28a-
E. coli BL21(DE3), man-xyl PCR , PCR
LB ( , 50 mg/L), 3) 3
, pET28a-man )
pET28a-xyl pET28a-man-xyl
6 PCR
22 B-HEBRBEBMARBEBEREIE/RS ( 12), ;
ik 5 ¥EE :
pET28a-man pET28a-xyl pET28a- , B.pET28a-man-xyl ,
man-xyl pET28a-man pET28a-xyl
5 mL LB B.pET28a-man B.pET28a-xyl
2 KREIENEEL T
Fig.2 Hydrolytic ring detection of transformants
AC ) B( ) 12
3: pET28a-man-xyl 4

Note: A (left): LB plate containing mannan for detecting f-mannanase activity; B (right): LB plate containing xylan for detecting
xylanase activity. No. 1, 2, 3 are transformants containing pET28a-man-xyl plasmid; No. 4 is control.
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Fig.3 Double digestion and PCR of recombinant plasmids
:1-3 4-6 7-9 10-12 1 2 3.1-3,BamH]1 HindIll ;4-6: Hind Il Xho 1 :M:
; 7-9: Bfor Hrev PCR ; 10—12: Bfor Hrev PCR

Note: Lane 1-3, 46, 7-9, 10—12 are transformants 1, 2 and 3, respectively. 1-3: Double dlgested by BamH | and Hind I1I; 4-6:
Digested by Hind IIl and Xho 1 ; M: Marker; 7-9: PCR fragments of plasmids by primers of Bfor and Hrev; 10—12: PCR fragments

of plasmids by primers of Bfor and Hrev.

2.3 P-HBEREHMAMAREBRLRELEE
S
B.pET28a-man-xyl ( 2)
B-
SDS-PAGE
E. coli BL21(DE3)
35kD 20kD
( 4 p-
40.75 kD

, B.pET28a-man-xyl

23.31 kD,
5 B_

b b

1:1
B.pET28a-man-xyl
» B-
2 ODyo 0.67

0, IPTG B.pET28a-

man-xyl, 2 h ,
5 B_
4h ©6h ,

20h , B-
713.34 U/mL
1 455.83 U/mL, 11.9 2.53
5 70%
1 2 kD 3 4 kD
— -
450 [N 45.0
—35.0 e 35.0
w——27.0 r'"'-"' 27.0

=

~20.0 E 200
—14.4 -
4 ¥k B. pET28a-man-xyl 89 SDS-PAGE 41
Fig. 4 SDS-PAGE analysis of B.pET28a-man-xyl

N E. coli BL21(DE3) B.pET28a-
man-xyl ;3 4 B.subtilis BE-91 B.pET28a-
man-xyl .
Note: 1, 2: Total protein of E. coli BL21(DE3) and
B.pET28a-man-xyl, respectively; 3, 4: Extracellular super-

natants of B. subtilis BE-91 and B.pET28a-man-xyl, respec-
tively.
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F 2 E#k B.pET28a-man-xyl B9 B-H & B iEEEFI K B 1EEGEEE

Table 2 Activity of B-mannanase and xylanase from B.pET28a-man-xyl

Enzyme activity (U/mL)
LGS Gl BB-mannanase Xylanase
Intracellular Extracellular Intracellular Extracellular
0 0 0 0 0
2 40.50 24.48 251.75 0
4 65.70 64.80 673.25 93.50
6 64.26 113.22 629.25 636.73
8 60.30 272.34 583.50 1198.29
21 59.94 713.34 574.25 1455.83

Note: One unit of enzyme activity was defined as the amount of enzyme that released 1 umol reducing sugar from the respective
substrate per minute under the assay conditions.

2.4 ERRFE Y EAEGHR

40 g pET28(+) , B-
3.7 g, ( / ) 9.25% )

B.pET28a-man SDS-PAGE
B.pET28a-xyl , B.pET28a- » B
man-xyl - (Open reading frame, ORF)

; ¢ 3)
, . > B-
; 20 min )

( / ; p-

450 pg) 80% Bacillus
subtilis BE-91'), Je-Ruei Liu P

3 it .

x3 BRERFALEZRENERENS

Table 3 Reducing sugar volume of production from ramie hemicellulose

Reaction time (min) 0 > 10 15 20 25 30
MX 0 262.95 329.13 339.93 347.84 365.52 371.32
Reducing sugar X 0 111.59 174.55 223.66 227.99 237.68 242.13
vehie (j1g) M 0 127.03 144.28 146.85 145.02 144.65 143.18

Note: MX, X, M are mannanase-xylanase, xylanase, mannanase, respectively. D-mannose as standard to calculate the production of
reducing sugar degraded by mannanase, and D-xylose as standard to calculate the production of reducing sugar degraded by man-
nanase-xylanase and xylanase.

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



=

=

(1]

’ (2]

(3]

(4]

(5]

Amany L. Kansoh [

Streptomyces galbus NR

(6]

[14] [7]

’ (8]

’ [9]

[10]

: - 351
BI Niran roongsawang ! , B.pET28a-man-xyl
B 10 4 OC

% XX #k

Dhawan S, Kaur J. Microbial mannanases: an over-
view of production and applications[J]. Critical
Reviews in Biotechnology, 2008, 27(4): 197-216.
Beg QK, Kapoor M, Mahajan L, et al. Microbial
xylanases and their industrial applications: a re-
view[J]. Applied Microbiology Biotechnology,
2001, 56(3/4): 326-338.

P, VEEW, KRR, SE. KPR M A H R 2R
B T UL i S ol I BR TR BT 0 ) S N g 43 A
[J]. B EY AR, 2007, 47(2): 280-284.
Roongsawang N, Promdonkoy P, Wongwanich-
pokhin M, et al. Coexpression of fungal phytase
and xylanase utilizing the cis-acting hydrolase ele-
ment in Pichia pastoris[J]. FEMS Yeast Research,
2010, 10(7): 909-916.

Je-Ruei Liu, Bi Yu, Xin Zhao, et al. Coexpression
of rumen microbial B-glucanase and xylanase genes
in Lactobacillus reuteri[J]. Applied Microbiology
Biotechnology, 2007, 77(1): 117-124.

Liu ZC, Dai XY, Zhang JZ, et al. Screening of a
xylanase high-producing strain and its rapid sepa-
ration and purification[J]. Annals of Microbiology,
2011, published online 03 May.

WAHTK, MIEY], KEAE, 55 AR &
Bk BE-91 Kl T 2 AR []. fedba 4, 2009,
2488 F)): 247-251.

Minic Z, Jouanin L. Plant glycoside hydrolases in-
volved in cell wall polysaccharide degradation[J].
Plant Physiology and Biochemistry, 2006, 44(7/9):
435-449

Ding SY, Xu Q, Crowley M, et al. A biophysical
perspective on the cellulosome: new opportunities
for biomass conversion[J]. Current Opinion in Bio-
technology, 2008, 19(3): 218-227.

Sambrook J, Fritsch EF, Maniatis T. Molecular
Cloning: A Laboratory Manual[M]. 2nd ed. New

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



352

WLt g AR

2012, Vol.39, No.3

(1]

[12]

[13]

York: Cold Spring Harbor Laboratory Press, 1989:
20-25.

Miller GL. Use of dinitrosalicylic acid reagent for
determination of reducing sugar[J]. Analytical
Chemistry, 1959, 31(3): 426-428.

Preece IA. Some hemicellulose extraction meth-
ods[J]. Biochemical Journal, 1944, 38(5): 402—408.
Amany L Kansoh, Zeinat A Nagieb. Xylanase and
mannanase enzymes from Streptomyces galbus NR

and their use in biobleaching of softwood kraft

[14]

[15]

pulp[J]. Antonie van Leeuwenhoek, 2004, 85(2):
103-114.

Clarke JH, Davidson K, Rixon JE, et al. A com-
parison of enzyme-aided bleaching of softwood
paper pulp using combinations of xylanase, man-
nanase and a-galactosidase[J]. Applied Microbiol-
ogy Biotechnology, 2000, 53(6): 661-667.
Cowieson AJ. Factors that affect the nutritional
value of maize for broilers[J]. Animal Feed Science
and Technology, 2005, 119(3/4): 293-230.

AR Y R Y R AR Ry HRY Y Y HRY RY HRY Y HRY Y R oY Y HRY Y HRY HRY RY oY) RY HRY Y AR oY) Y oY Y HRY Ry ARY oY Y oY Y ARY Y AR oY) Y AR Y HRY oY) Y oY Y oY Ry RY oY) RY )

(

33
3.3.1

332

4.1

)
4.2

4.2.1
422

423
4.2.4
43

4.3.1

432

p.343)

o 1) >

5) )

DNA RNA ,
(Accession No.)

Tel: 010-64807511
E-mail: tongbao@im.ac.cn
: http://journals.im.ac.cn/wswxtbcn

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

s

5 2) ,
3 3) , , ;4)
DNA, ATP ;6) ,
EMBL ( ) GenBank ( ) DDBIJ (
)
2 E-mail

(100101)



