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A novel B-glucosidase from soil microbes

WANG Fei WANG Shao-Chen CAO Ming-Ming FENG Zhi-Yang*
(College of Food Science and Technology, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China)

Abstract: [Background] Only a small proportion of microbes can be cultured in laboratories, thereby
hampering the discovery of novel B-glucosidases from microbes. Novel microbial B-glucosidases can
be discovered using culture-independent metagenomic approach. [Objective] Discovery of new
B-glucosidase from soil microbes by metagenomic technology. [Methods] Screening a metagenomic
library on esculin-containing Luria-Bertani agar plates and the putative B-glucosidase gene derived
from the active clone was heterologously expressed for characterization. [Results] We found
a B-glucosidase active clone by screening 620 000 clones in the library and an ORF (YNBG3) whose
product is homologous with the third family of B-glucosidase was identified from the active clone.
YNBG3 was heterologously expressed and characterized. Its optimum pH is 5.2, and optimal
temperature is 53 °C. YNBG3 showed good tolerance to organic solvents including dimethyl
sulphoxide, acetone and ethanol, and the activity of YNBG3 was enhanced in presence of EDTA and
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urea. [Conclusion] A new B-glucosidase, with thermostability and stability in the presence of organic
solvents and urea, was discovery in this study.

Keywords: Metagenomics, Functional screening, B-glucosidase, Enzymatic properties
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Figure 1 Neighbour-joining analysis of YNBG3

Note: The numbers in parentheses indicate the accession numbers for different enzymes sequences; the scale bar represents the number of
substitutions per site.

22 EHEFIEKRRNEES YNBG3 HIFRIALA L 84.7kD ( 3
YNBG3-F 2.3 YNBG3 B N &i&E pH X pH XEETAE
YNBG3-R PCR 23 kb ARG
DNA ( 2 pET-30a(+) pH 2.0-11.0 pH
pET-30a(+)-YNBG3 BL21(DE3) 5.0 YNBG3
pH pHS5.2
pET-30a(+)-YNBG3  BL21(DE3) ( 4A B) pH4.0 50 6.0 7.0
His-tag YNBG3 pH5.0-6.0 YNBG3
SDS-PAGE 4h 50% YNBG3
His-tag (95
bp kD
116.0
13000 66.2
5000
3 000
2 000
1 000 43.0
35.0
25.0

2 KN YNBG3 B
Figure 2 Electrophoresis analysis of the PCR products of [E 3 SDS-PAGE #&MZ{LH p-BEREEEERA

YNBG3 Figure 3 SDS-PAGE detection of purified protein
M 1kb-Ill DNAMarker 1 2 YNBG3PCR . 1 M Marker.
Note: M: 1 kb-IIIl DNA Marker; 1, 2: PCR product of YNBGS3. Note: 1: Purified protein; M: Protein Marker.

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



76 TEY I8

Microbiol. China

1

A" 100.00 —&— Sodium citrate buffer

—— Phosphate buffer

—6— Tris-HCI buffer

80.00

60.00

T

40.00

T

Relative activity (%)

20.00

T

.00 = . . .
0 20 3.0 40 50 6.0 7.0 8.0 9.0 10.011.012.0

pH value
B 120.00 -
100.00 |
80.00
60.00

40.00

Relative activity (%)

20.00 -

0’091.4 464850525456586.06.2646.668

pH value (phosphate buffer)

4 pH-SEIHLLE
Figure 4 Effects of pH on activity of YNBG3
Note: A: pH 2.0—11.0; B: pH 4.6-6.6.

—_

N

o

o

S
1

—&— pH 4.0
L —m— pH5.0

60.00

40.00

Relative activity (%)

20.00

0005 10 20 30 60 120

¢ (min)

El5 pH XEHFRE MR
Figure 5 Effects of pH on stability of YNBG3

240

2.4 YNBG3 B8R N &{ERE &EM M
pH 5.2 20
30 40 50 60 70 80°C

45-55 °C 45-55 °C

45 °C 2°C
53 °C YNBG3
53°C  20-58°C
60 °C
70 °C ( 6
50 °C 12h
30% (7
2.5 AEIEESEFX YNBG3 EgSERIENE
53°C pH5.2

KCl ZnCl, MgCl, CaCl, NiCl, FeCl, FeCls
LiCl NaCl CoCl, CuCl, MnCl,

1 10 mmol/L 1 mmol/L
10 mmol/L
Ca®" Mg™* Zn*" Fe*”

3+ 2+ 2+
Fe Co Mn

A 100.00

80.00

60.00 -

40.00

Relative activity (%)

20.00

20 30 40 50 60 70 80
Temperature (°C)

Relative activity (%)

0.00 1 1 1 1 1 ]
45 47 49 51 53 55 58

Temperature (°C)

6 mE-EIHZE
Figure 6 Effects of temperature on activity of YNBG3
Note: A: 20—80 °C; B: 45—57 °C.

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



77

120.00

100.00

80.00

60.00

40.00

Relative activity (%)

20.00

00 50 100 150 30.0 60.0

¢t (min)

E7 REXESTRE M RIRE

120.0 720.0

Figure 7 Effects of temperature on stability of YNBG3

YNBG3 60% ( 8
YNBG3
2.6 YNBG3 XA EMLEYIRIM 214

53 °C pH 5.2
DMSO
SDS EDTA
1% 15% 30%
9 SDS
1% YNBG3
60% 15% YNBG3
EDTA
15%
140.00 -
B | mmol/L B 10 mmol/L

120.00 - - =
£ 100,00
f)
2 80.00
2 60.00
= 40.00
o

20.00

0.00

SO OO O O OO O O O O

5
Metal ions

8 AELEBETX YNBG3 EgERIZ G

‘k"%\ Gb \)\Go %‘b(\}@{‘@ <¢© 00@%@0

Figure 8 Effect of metal ions on activity of YNBG3

120.00

u 1%

100.00

80.00

60.00

40.00

Relative activity (%)

El9 YNBG3 MAREMLEWIRIM =1
Figure 9 Effect of different solvents on activity of YNBG3
YNBG3

(1%)
YNBG3

2.7 EEFEXT YNBG3 SEMERIHNE]
B_
B_
B_ [27]

10 10
YNBG3

2.5 mol/L

YNBG3

80.00

60.00

40.00

Relative activity (%)

20.00

0.00 1 1 1 1 1 1
00 02 05 08 10 15 20 25 30

Glucose (mol/L)

10 EEHEX YNBG3 EgiEsm
Figure 10 Effect of glucose on activity of YNBG3

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



78

TEY I8

Microbiol. China

2.8 YNBG3 By Eh it 547

YNBG3 NaCl 4°C
lh 11 NaCl
0.5 mol/L
0. mol/L  YNBG3
(141%) NaCl 0.5 mol/L
NaCl 1 mol/L
32%
3 WE4R®
B-
[28]
B-
B-
[29-30]
B- B31]
B- unbgl3A  unbgl3B
unbgl3A  unbglI3B
B- [32]
B-
CfBG-Ib 1 692 bp
563
B- YNBG3
(33]
YNBG3 PCR
YNBG3
YNBG3
YNBG3 33.65 U/mg
50 °C 30%
12h [34]
EDTA

Relative activity (%)

0.00 : ;

00 01 03 05 10 15 20 30

NaCl (mol/L)
11 #HEFx YNBG3 BERR M0
Figure 11 Effect of NaCl on activity of YNBG3
[35-36]
B-
YNBG3
140%
[37]
YNBG3
EDTA
B- YNBG3
REFERENCES

[1] Yang J, Hong K. Comparing study on different methods for
DNA from mangrove soil[J]. Biotechnology Bulletin, 2006(S1):
366-371 (in Chinese)

s . DNA 1.
,2006(S1): 366-371

[2] Handelsman J, Rondon MR, Brady SF, et al. Molecular
bio-logical access to the chemistry of unknown soil microbes: A
new frontier for natural products[J]. Chemistry & Biology, 1998,
5(10): R245-R249

[3] Hugenholtz P, Tyson GW. Microbiology: metagenomics[J].
Nature, 2008, 455(7212): 481-483

[4] Martin MF, Liras P. Organization and expression of genes
involved in the biosynthesis of antibiotics and other secondary
metabolites[J]. Annual Review of Medicine, 1989, 43(1):
173-206

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



B_

79

[5] Torsvik VL, Goksoyr J. Determination of bacterial DNA in
soil[J]. Soil Biology and Biochemistry, 1978, 10(1): 7-12

[6] Qian CL, Liu N, Yan X, et al. Engineering a high-performance,
metagenomic-derived novel xylanase with improved soluble
protein yield and thermostability[J]. Enzyme and Microbial
Technology, 2015, 70: 35-41

[7] Sathya TA, Khan M. Diversity of glycosyl hydrolase enzymes
from metagenome and their application in food industry[J].
Journal of Food Science, 2014, 79(11): R2149-R2156

[8] Mai ZM, Su HF, Li LZ, et al. Construction of a mangrove soil
metagenome library and identification of two novel
B-glucosidase genes[J]. Biotechnology Bulletin, 2014(6):
168-172 (in Chinese)

p- 1.
,2014(6): 168-172

[9] Willis JD, Oppert B, Oppert C, et al. Identification, cloning, and
expression of a GHF9 cellulase from Tribolium castaneum
(Coleoptera: Tenebrionidae)[J]. Journal of Insect Physiology,
2011, 57(2): 300-306

[10] Li XM, Ma HL. Comparison of two B-Glucosidase-producing
strains from the intestinal tract of vegetarians and optimizaiton
of fermentation conditions for B-Glucosidase production[J].
Food Science, 2016, 37(7): 123-127 (in Chinese)

, - p-
[J]. ,2016,37(7): 123-127

[11] Li YH. Research progress on B-glucosidase[J]. Journal of Anhui
Agricultural University, 2002, 29(4): 421-425 (in Chinese)
- B- ¢ UL
,2002,29(4): 421-425
[12] Wood TM, McCrae SI. Purification and some properties of the
extracellular B-glucosidase of the cellulolytic fungus
Trichoderma koningii[J]. Journal of General and Applied
Microbiology, 1980, 128: 2973-2982
[13] Harada KM, Tanaka K, Fukuda Y, et al. Degradation of rice
bran hemieellulose by Paenibacillus sp. strain HC1: gene
cloning, characterization and function of - D-glueosidase as an
enzyme involved indegradation[J]. Archives of Microbiology,
2005, 184: 215
[14] Li YB, Wu GL. Current studies on the p-glucosidase and the
enzyme immobilization[J]. Journal of Tea Business, 2004, 26(1):
21-22 (in Chinese)
, - B- [J1.
, 2004, 26(1): 21-22
[15] Pan LH, Luo JP. Advance in research and application of
B-D-glucosidase[J]. Food Science, 2006, 27(12): 803-807 (in
Chinese)
, - B- [J].
, 2006, 27(12): 803-807
[16] Shao JH. The application of B-glucosidase[J]. Chemistry of Life,
2005, 25(1): 22-24 (in Chinese)

- p- (1. ,

2005, 25(1): 22-24

[17] Wang X, Shen C, Zhou YB. Relationship between B-glucosidase
and tea flavor, and tea pest and disease resistence[J]. Tea
Communication, 2014, 41(4): 8-12 (in Chinese)

, , -B-
[ ,2014,41(4): 8-12

[18] Mielenz J. Ethanol production from biomass: technology and
commercialization status[J]. Current Opinion in Biotechnology,
2001, 4(3): 324-329

[19] Lynd LR, Weimer PJ, van Zyl WH, et al. Microbial cellulose
utilization: fundamentals and biotechnology[J]. Microbiology
and Molecular Biology Reviews, 2002, 66(3): 506-577

[20] Bhat MK. Cellulases and related enzymes in biotechnology[J].
Biotechnology Advances, 2000, 18(5): 355-383

[21] Suzuki K, Sumitani J, Nam YW, et al. Crystal structures of
glycoside hydrolase family 3B-glucosidase 1 from Aspergillus
aculeatus[J]. Biochemical Journal, 2013, 452(2): 211-221

[22] Fang W, Fang ZM, Liu JJ, et al. Cloning and characterization of
a B-glucosidase from marine metagenome[J]. Chinese Journal of
Biotechnology, 2009, 25(12): 1914-1920 (in Chinese)

, ; . B-
[J1. , 2009,

25(12): 1914-1920

[23] Xia W. Diversity and molecular engineering of glycoside
hvdrolvase family 3 B-glucosidase from thermophilic fungi[D].
Hangzhou: Doctoral Dissertation of Zhejiang University, 2016
(in Chinese)

3 B-

[D]. : ,2016

[24] Gu XQ, Wang SL, Wang SC, et al. Identification and
characterization of two novel esterases from a metagenomic
library[J]. Food Science and Technology Research, 2015, 21(5):
649-657

[25] Li YK, Chir J, Tanaka S, et al. Identification of the general
acid/base catalyst of a family 3B-glucosidase from Flavobacterium
meningosepticum[J]. Biochemistry, 2002, 41(8): 2751-2759

[26] Pellerin P, Brillouet JM. Purification and properties of an
exo-(1—3)-beta-D-galactanase  from  Aspergillus
Carbohydrate Research, 1994, 264(2): 281-291

[27] Rodriguez ME, Lopes C, Valles S, et al. Selection and
preliminary characterization of [-glycosidases producer

niger[J].

Patagonian wild yeasts[J]. Enzyme and Microbial Technology,
2007, 41(6/7): 812-820
[28] Yi XN, Cheng W, Ding SH, et al. Construction of an engineered
strain producing high B-glucosidase activity and its application
in the production of 2,6-Dimethoxybenzoquinone[J]. Food
Science, 2016, 38(8): 69-73 (in Chinese)
, , . p-
2,6- (1. ,
2016, 38(8): 69-73
[29] Peng LS, Zhang YX, Yan Q, et al. Separation, purification, and
enzymatic properties of thermo-tolerant B-glucosidase from
Tridchoderma viride[J]. Biotechnology Bulletin, 2016, 32(9):

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



80

TEY I8

Microbiol. China

[30]

[31]

[32]

[33]

189-196 (in Chinese)
, , s - p-
[J]. , 2016, 32(9):
189-196
Zhou HC, Lei PD, Ding Y. Research advance on B-glucosidase
of tea plant[J]. Journal of Tea Science, 2016, 36(2): 111-118 (in
Chinese)
> > . B- [J1.
,2016,36(2): 111-118
Lu J, Du LQ, Pang H, et al. Construction of metagen omic
library of microbes from sugar enriching soil and identification
of B-glucosidase genes[J]. Genomics and Applied Biology, 2013,
32(1): 30-35 (in Chinese)
p- (1. ,
2013, 32(1): 30-35
Hou YH, Yan SC, Wu WIJ,
characterization of a B-glucosidase gene from Coptotermes

et al. Gene cloning and

formosanus Shiraki[J]. Journal of Northeast Forestry University,
2017, 45(3): 96-101 (in Chinese)
, , s p-
[J]1. ,2017,45(3): 96-101
Jiang CJ, Hao ZY, Zeng R, et al. Characterization of a novel
serine protease inhibitor gene from a marine metagenomel[J].

(34]

[35]

[36]

[37]

Marine Drugs, 2011, 9(9): 1487-1501
Chen J, Hao WW, Wang CM, et al. Screening and identification
of B-glucosidase-producing fungi, and purification
enzymatic analysis[J]. Food Science, 2013, 34(5): 191-196 (in
Chinese)

, , s - B

[J]1. , 2013, 34(5): 191-196

Su D, Yuan S,
characteristics of three new B-glucosidases in soil metagenomic
library[J]. Guizhou Agricultural Sciences, 2013, 41(4): 14-18
(in Chinese)

and

Tang J, et al. Cloning and enzymatic

3 p-
0], , 2013,

s s s

41(4): 14-18
Liu DH, Hao YM, Yue DD, et al. Isolation of a strain with
B-glucosidase and its enzymatic properties[J]. China Brewing,
2013, 32(6): 47-51,60 (in Chinese)

, , ;o p-

[J. , 2013, 32(6): 47-51,60

Su ZF. Bioinformation and expression patterns analysis of GH1
B-glucosidase in Arabidopsis and rice[D]. Tai’an: Master’s
Thesis of Shandong Agricultural University, 2014 (in Chinese)

. GH1 B-

[D]. ,2014

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

UREE AR

BIARIGE (RAEYSEBIR) DARKES

1 113 2

“wswxtb”’;

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



