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Abstract: To compare of performance of B-1,3-1,4-glucanase gene (bgl) in different expression systems, the B-1,3-1,4-glucanase
gene (GenBank Accession No. EU623974) was amplified from Bacillus amyloliquefaciens BS5582 by PCR and was cloned into
three vectors pEGX-4T-1, pET20b(+) and pET28a(+) to construct pEGX-4T-1-bgl, pET20b(+)-bgl and pET28a(+)-bgl recombinant
plasmids. The pEGX-4T-1-bgl was transformed into three different Escherichia coli host strains. The pET20b (+)-bgl and pET28a
(+)-bgl were transformed into E. coli BL21 (DE3) respectively. Recombinant B-glucanase was expressed by IPTG inducement in
these recombinants. E. coli BL21 (DE3)-pET28a (+)-bgl had the highest enzyme activity. In Luria-Bertani medium, the total enzyme
activity was (322.0£8.8) U/mL, which was 40.1% of original strain in optimal shaking flask condition. This recombinant’s
performance was studied in Terrific Broth medium under inducement of IPTG and lactose at the same time., and the highest total
enzyme activity could reach (1883.3+45.8) U/mL (818.8% of the original), which indicate that the recombinant strain has a good
value in industry application.
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B-
, B-D- B-1,3
B-1,4 t ,
p- ,
21 B-1,3-1,4- (EC3.2.1.73,
B- ) ,
B' s B'
3]
B-
B- ,
[2]) b
B-
[4]
", -
GST )
3 pEGX-4T-1
pET20b(+)  pET28a(+)
B- Bacillus amyloliquefaciens
BS5582  B- , GST
PelB
lac pET28a(+) T7

, Escherichia coli
BL21(DE3)-pET28a(+)-bgl ,
, IPTG ,
(1883.3+45.8) U/mL ,

1 RS A

1.1 w8
111
B. amyloliquefaciens BS5582
( 7Z1.200510038488.8); E. coli
JM109 E. coli DH5a E. coli BL21(DE3),
pEGX-4T-1 pET20b(+) pET28a(+)
(CICIM-CU)
1.1.2
Tag DNA dNTP
; T4 DNA
ADNA Marker
-B-D- (IPTG) PCR
; B- Sigma
IPTG
20 g/ 180 g/L
113
Luria-Bertani(LB) (g/L): 10, NaCl 10,
5
(Terrific Broth ) (g/L): 12, 24,
6, NaCl 10, KH,PO, 2.4, K,HPO,-3H,0 12.5
1.2 7%
121 DNA
[6] CTAB
122 p- PCR
[7] (GenBank Accession
No. M15674) , 5
BamH 1 Xho1 ( ),
pET20b(+) BamH I

>

PAGI1-F1: 5-ACATCGGATCCATGAAACGAG
TGTTGCTAAT TCTTG-3' [pEGX-4T-1, pET28a(+)];

PAG1-F2: 5-ACATCGGATCCGATGAAACGA
GTGTTGCTAATTCTTG-3' [pET20b(+)];
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PAGI1-R: 5'-GTAGTCATCTCGAGTTATTTTTT
TGTATAGCGCACCCAG-3'

PCR 1 94°C 3 min; 94°C
50 s, 56°C 45 s, 72°C 1 min, 30 ;
4°C 3 uL PCR 1%

1.2.3
BamH I  Xhol PCR B-
pEGX-4T-1 pET20b(+)
pET28a(+), T4 DNA B-
, pEGX-4T-1-bgl
bgl  pET28a(+)-bgl,  pEGX-4T-1-bgl
E. coli IM109 E. coli DH5a

pET20b(+)-
CaC12
E. coli

BL21(DE3),  pET20b(+)-bgl pET28a(+)-bgl
E. coli BL21(DE3), PCR
PCR

T7-F: 5-TAATACGACTCACTATAGG-3'
[pPET20b(+), pET28a(+)];

PAG-F: 5'-CGAGTGTTGCTAATTCTTG-3'
(PEGX-4T-1);

PAG-R: 5'-TGTATAGCGCACCCAGTC-3'
124

10 mL
LB . 37°C 200 r/min
. 4% 25 mL LB
, 37°C 200 r/min ODgo=1
30°C 0.2 mmol/L  IPTG 5h
1.2.5 SDS-PGAE
( ) SDS-PAGE ,
(8]
1.2.6
[9] , IPTG
: LB
IPTG
(TB)
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1.2.7
( )
DNS B -
40°C pH6.5
B- 1 pmol 1
2 BERGAT
21 B-HRIEEGE E (bgl)RYH IEFIN F
B-
DNA , PCR 700 bp DNA ,

>

720 bp (GenBank Accession No. EU623974),

[7] ORF 98.6%

2.2 FRIEFHIK pEGX-4T-1-bgl MIHERE=TTE
FEHPHIFRIE

pEGX-4T-1-bgl E. coli
JM109 E. coli DH5a E. coli BL21 (DE3),
Amp , PAG-F/PAG-R PCR
, 3
700 bp , ,
( ),
, 30°C
, 3 IPTG
SDS-PAGE B-
SDS-PAGE , 3
( E. coli IM109
1), 50 kD,
GST 53 kD
1 b b
pGEX-4T-1
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B 1 E. coli JM109-pEGX-4T-1-bgl 3R & 7= 4 &9
SDS-PAGE 4 #f
Fig. 1 SDS-PAGE analysis of the recombinant protein produced
by E. coli IM109-pEGX-4T-1-bgl. M: protein marker; 1: E. coli
BL21(DE3)-pEGX-4T-1-bgl (no induced); 2: the time of
inducement is 5 h.

, 3
B- , 1 E. coli
JM109-pEGX-4T-1-bgl
(P<0.01), E. coli BL21 (DE3)-pEGX-4T-1-bgl
E. coli JM109-pEGX-4T-1-bgl
(P<0.01)

% 1 pEGX-4T-1-bgl =FEHH B RIXEGIE
Tablel 1 Highest enzyme activity of three pEGX-4T-1-bgl
transformants (mean + SD, n=3)

Host strain _ Lotal activity  Intracellular Extracellular
(U/mL) activity (U/mL)  activity (U/mL)
'JEMClc:)Iig 182.7+5.3 155.542.5 46.8+0.9
chch: 55.1£1.7 40.2+1.0 9.5+0.8
E.LCZOIIEDE:?,) 141.1+4.9 108.1£3.1 54.7+1.0

2.3 FiLH K pET20b(+)-bgl BYMERTE E. coli
BL21 (DE3)H By K ik

pET20b(+)-bgl E. coli BL21
(DE3), Amp , T7-F/PAG-R
PCR , 850 bp

E. coli BL21(DE3)-pET20b(+)-bgl  IPTG

SDS-PAGE B-

545
SDS-PAGE ,
2 ( 2),
27 kD, 269kD ()
30.1kD  IPTG  30°C 5h,

(96.3+£1.3) U/mL, ,
PelB

(16.5+1.1) U/mL,

kD

117

49

35
30kD

26 27kD

2 E.coli BL21(DE3)-pET20b(+)-bgl & 7= #) &Y
SDS-PAGE 4 #f

Fig. 2 SDS-PAGE analysis of the recombinant protein
produced by E. coli BL21(DE3)-pET20b(+)-bgl. M: protein
marker; 1: E. coli BL21(DE3)-pET20b(+)-bgl (no induced);
2: the time of inducement is 5 h.

2.4 FIEH K pET28a(+)-bgl BIMERTE E. coli
BL21 (DE3)H Ry KA

pET28a(+)-bgl E. coli
BL21(DE3), Kan , T7-F/PAG-R
PCR ,
850 bp , ,
3
E. coli BL21(DE3)-pET28a(+)-bgl  IPTG
SDS-PAGE B-
SDS-PAGE ,
( 4,
30 kD, 30.4 kD

(322.0+8.8) U/mL,
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(266.4+6.7) U/mL, (127.5£3.9) U/mL, 2.5 EZHH E. coli BL21(DE3)-pET28a(+)-bgl 7=
4 (P<0.01) Bg7K FH 2 4
Xho 1 LB

BamH 1 > 2 >
q SO50 ' 3 h (ODgpo=1.2~1.5) ,
0.0336 mmol/L  IPTG 10 mmol/L
< : 24°C 6 h ,
pET28a (+) = (459.3£8.9) U/mL,
5369 bp S,
(332.5+2.6) U/mL TB
3 , 9h
% P (1883.3£45.8) U/mL
. . . )
\\._‘,__p"
(1024.3+149.1) U/mL, 54.4%,
BamH 1 Xhol
‘ | 12 h , 87.7%,
745 bp
3 W
Xhol B. amyloliquefaciens BS5582
origin B-
s BamHl PEGX-4T-1 ,
4
GST , ,
pET28a (+)-bgl pEGX-4T-1-bgl, E. coli
6068 bp JM109 E. coli DH50.  E. coli BL21(DE3)
N , E. coli JIM109
o
, GST
3 EHFRHRL pET28a(+)-bgl HY#EE Bl i Tac 7 .
Fig. 3 Physical map of recombinant plasmid pET28a(+)-bgl. ’
GST )
kD
s pET20b(+)-bgl T7
90 N PelB ,
, SDS-PAGE ,
49 2, ,
33 pET28a(+)-bgl
;2 Lacl T7 s
19 , E. coli BL21(DE3)
,  (322.0+8.8) U/mL,

E. coli BL21(DE3)-pET28a(+)-bgl % i% 7= 4 B4 (802.7+10.4) U/mL
SDS-PAGE S ’
Fig. 4 SDS-PAGE lysis of i i 40.1%

g. analysis of the recombinant protein
produced by E. coli BL21(DE3)-pET28a(+)-bgl. M: protein , B-

marker; 1: E. coli BL21(DE3)-pET28a(+)-bgl (no induced); [10-15] [10-13]
2-5: the time of inducement is 1, 3, 4, 5 h, respectively. >
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x2 EXTHLER

Table 2 Results of orthogonal experiment

Times IPTG (uL) Lactose (mL) Temperture (°C) Time (h) Extracellular activity (U/mL)
1 Al 5 Bl 125 Cl 24 D1 4 145.33+£12.63
2 Al 5 B2 250 C2 27 D2 5 144.86+0.94
3 Al 5 B3 375 C3 30 D3 6 127.09+2.81
4 Al 5 B4 500 C4 33 D4 7 102.08+1.17
5 A2 10 Bl 125 C2 27 D4 7 205.18+0.94
6 A2 10 B2 250 C3 30 D1 4 112.60+0.47
7 A2 10 B3 375 C4 33 D2 5 104.88+2,57
8 A2 10 B4 500 Cl 24 D3 6 266.90+6.08
9 A3 15 Bl 125 C3 30 D3 6 111.66+4.21
10 A3 15 B2 250 C4 33 D4 7 115.40+2.34
11 A3 15 B3 375 Cl 24 D1 4 236.04+0.47
12 A3 15 B4 500 C2 27 D2 5 221.78+4.91
13 A4 20 Bl 125 C4 33 D2 5 112.8342.10
14 A4 20 B2 250 Cl 24 D3 6 250.54+9.35
15 A4 20 B3 375 C2 27 D4 7 255.45+£3.97
16 A4 20 B4 500 C3 30 D1 4 160.29+1.40
Blank 0 0 27 5 0.00
K1 519.36 575.00 898.81 654.26 2672.90
K2 689.56 623.39 827.26 584.35
K3 684.88 723.46 511.64 756.19
K4 779.10 751.05 435.19 678.10
R 259.75 176.05 463.62 171.84
% 3 E.coli BL21(DE3)-pET28a(+)-bgl 7£ TB &5 & th 89 F=E 14 &t
Table 3 Performance of E. coli BL21(DE3)-pET28a(+)-bgl in TB culture medium (mean + SD, n=3)
Time of inducement (h) Extracellular activity (U/mL) Total activity (U/mL) Extracellular activity/Total activity (%)
3 306.0£10.9 937.0+£57.9 32.7
6 511.9+£55.2 1306.2+£54.0 39.2
9 1024.3+149.1 1883.3+45.8 54.4
12 1391.7+£58.4 1587.0+6.5 87.7
pET30a B- (1883.3+45.8) U/mL,
, , 87.7%, bgl E. coli BL21(DE3)
Teng (4] pET28a(+) pET28a(+) ,
p- ; , ,
B- 1286 U/mL( MMBL R
) pET28a(+) , ,
B. amyloliquefaciens BS5582  f-
, (GenBank Accession No.
EU623974) GenBank ORF REFERENCES
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