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Citrobacter koseri strain CDC-8132-86 (NR104890)
Raoultella planticola strain JCM 7251 (NR112011)
Citrobacter koseri strain LMG 5519 (NR117751
|_—Escherichia,albertii strain Albert 19982 (NR025569)
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L] Citrobacter sedlakii strain 1-75 (NR028686%
GXW-1 80 Salmonella bongori strain NCTC 12419 (NR074888)
69 Salmonella enterica subsp. enterica serovar Typhimurium strain LT2 SNRO7491 0)
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89 'Salmonella enterica subsp. enterica strain LT2 (NR104709)

—

0.002

1. EHk GXW-1 BIHiE & H 16S rDNA BRI 47
Figure 1. Strain GXW-1 and the phylogenetic analysis of 16S rDNA of GXW-1. A: strain GXW-1; B: the
phylogenetic analysis of 16S rDNA of GXW-1. Phylogenetic tree was inferred using the Neighbor-Joining method
in MEGA 5.2. The GenBank accession numbers are given in parentheses; numbers at branching points are bootstrap
values. Bar, 0.002 substitutions per nucleotide position.
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(A) kDa M 1 2 3 (B) 1 2 3 4 5 6
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2. F={HEH CBGL # SDS-PAGE #1 Native-PAGE 4} #f
Figure 2. SDS-PAGE and native-PAGE analysis of recombinant protein CBGL. A: SDS-PAGE of recombinant
protein CBGL. M: protein marker; lane 1: E. coli M15 with pQE30; lane 2: recombinant E. coli M15 with pQE-cbgl/;
lane 3: purified protein CBGL. B: Native-PAGE of purified CBGL. lane 1-3: CBGL stained with coomassie
brilliant blue; lane 4—6: CBGL stained with 0.2% esculin -0.5% ferric ammonium citrate.
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Figure 3. Effect of temperature and pH on recombinant enzyme activity. A: effect of temperature on CBGL

enzyme activity; B: thermal stability of CBGL; C: effect of pH on CBGL enzyme activity; D: pH stability of
CBGL.
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Figure 5.
of three independent experiments.
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Glucose tolerance and glucose inhibition constant K; of CBGL. Each data point represents the mean+SD
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7. ETEHMERAREKBEEYIAN HPLC 547
Figure 7. HPLC analysis of the products from
hydrolysis of daidzin and genistin. A: 1: standard
daidzin, 2: standard genistin, 3: standard daidzein, 4:
standard genistein; B: hydrolysis product of daidzin
(1 h); C: hydrolysis product of daidzin (12 h); D:

hydrolysis product of genistin (12 h).

[22] Novosphingobium

sp. GX9P!  Bifidobacterium animalis ssp. lactis
Bb122*! Lactobacillus casei 2607 Lactobacillus

acidophilus ATCC4461!  p-

Novosphingobium sp. GX9  B-



,2017, 57(3)

B- Dalbergia
nigrescens Pyrococcus furiosus Novosphingobium
sp. GX9 Koot/ Kin 10000 L/(mmol-s)

(5]
CBGL
2.5 CBGL
PCR CBGL
10000

SWISS-MODEL 3U48 (PDB-ID
CBGL
( 98 McAndrew
GH3 B-

(W147L DSS7E)

(E209R D218E)

sequence identity 49.1%)

Zhao !

147

= 8.
Figure 8.

CBGL ME B REE S T E
The 3D model analysis of CBGL.

209 218
209 218
557
CBGL

147 557 2 2

2
4 W147A WI147F
D557H  DS557TW

pH CBGL
6.0 W147F
Ko Vix (9
WI147F Kn (18.810+1.247) mmol/L
Vinax (0.43220+0.01844) pmol/(mg'min) Ky

45 °C  pH
185%

(0.6036+0.0258)/s Vimax CBGL
2.54 147 Trp Phe
Trp  Phe Trp
147
Trp Phe

1/V [(min'mg)/pumol]

02 04 06 08 10 12 14
1/[S](L/mmol)

-10

B 9. EIF WI4TF B K, 0 Vioy BEHINE

Figure 9. K, values and Vy,,x of W147F.
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Characterization and molecular modification of B-glucosidase
from Citrobacter koser GXW-1
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3 Guangdong VTR BIO-TECH Co., Ltd., Zhuhai 519060, Guangdong Province, China

Abstract: [Objective] The aim of this study was to characterize B-glucosidase from Citrobacter koser GXW-1
isolated from soil and to improve the enzyme by molecular modification. [Methods] A bacterial strain with
B-glucosidase activity was screened from the soil around Wuming sugar mill in Guangxi by esculin-ferric
ammonium citrate selecting plate. The 16S rDNA of the strain was obtained and analyzed. By searching GenBank
database, the genes encoding B-glucosidase from the same genus Citrobacter were found. These sequences were
aligned. Then, a gene encoding B-glucosidase was amplified by PCR. The recombinant plasmid pQE-cbg/ was
constructed. The recombinant protein was purified with Ni-NTA. The enzyme properties of the recombinant protein
CBGL were studied in detail. At last, the wild enzyme CBGL was reformed by error-prone PCR and site-directed
random mutagenesis. [Results] C. koser GXW-1 with B-glucosidase activity was isolated from the soil. A gene
encoding B-glucosidase was cloned from the wild strain GXW-1. The properties of CBGL were identified. Its
optimal pH and temperature were 6.0 and 45 °C. Its Ky, and Vy.x value were (11.280+1.073) mmol/L and
(0.1704+0.0073) pumol/(mg-min), respectively. Its K; values was (66.84+£3.40) mmol/L. CBGL can hydrolyze
a-pNPG, stevioside, daidzin and genistin. CBGL was modified by error-prone PCR and site directed random
mutagenesis. A positive mutant W147F was obtained successfully. Its Vi,x was 2.54 times that of the wild enzyme
CBGL. [Conclusion] CBGL not only can hydrolyze B-glycosidic bond, but also can hydrolyze the a-glycosidic
bond in a-pNPG. Furthermore, CBGL can hydrolyze stevioside, daidzin and genistin. These characteristics indicate
that the B-glucosidase CBGL has important applications in theoretical research and in industry.
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