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Abstract: Cellulose hydrolysisto glucose requires a series of cellulase enzymes, of which B-glucosidases play acrucial role.
B-glucosidase (MbmgBG1) derived from the midgut of Macrotermes barneyi has higher glucose tolerance (maintaining more
than 60% enzyme activity at 1.5 mol/L glucose). However, low enzyme activity and poor thermal stability limit the
applications of B-glucosidase in food industries. Point mutants (F167L, T176C, E3471, R354K, N393G and V425M) were obtained
by site-directed mutagenesis of non-conserved amino acids near conserved amino acids. Among them, the specific activities against
to substrate pNPG of two mutants (F167L and R354K) were about 2-fold and 4-fold higher than that of MbmgBG1. K.4/K, values
were also higher than that of the wild-type, reflecting stronger affinity to the substrate and higher catalytic ability of mutants than
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MbmgBG1. When the glucose concentration was 1.5 mol/L, the enzyme activity of MbmgBG1 was about 60% of the original
activity. F167L and R354K kept 60% enzymatic activity when the glucose concentrations of was 2.0 mol/L and 3.0 mol/L,
respectively. These results lay afoundation for further studies on the catalytic efficiency of B-glucosidase.

Keywords: p-glucosidase, site-directed mutagenesis, kinetic constant, glucose tolerance
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PCR (TaKaRa) (TECAN SUNRISE
M200CHB-202) (UV ltec )
2802H UV/VIS (UNICO) PHS-3C

pH  ( )
1.1.2

LB 10.0g 509 10.0g
NaCl 20.0 g 1 000 mL
121 C 20 min 55 C

( 100 pg/mL) LA

10.0g 5049
10.0gNaCl 2.0g 200g 1000 mL
121 C 20 min 55 C
( 100 pg/mL)
(0.5%) PTG (1 mmol/L)?
1.1.3
JM109 pQE-30
B- MbmgBG1
PQE-30

#* 1 PCR3|¥1F%|
Tablel Sequencesof theprimersfor PCR

12 WMERTHRFRIEEHE
MbmgBG1 MbmgBG1-forward/
MbmgBG1-reverse  D53K-forward/D53K-reverse

1) PCR

D53K Sal I Sph I

JM109

pQE30-MbmgBG1D53K D53K

F167L T176C

R354K N393G V425M

BFRIE

5 mL LA 37 C 180 r/min
1% 20 mL LA
ODgy 0.6-0.8

1 mmol/L IPTG 16 C 180 r/min

16 h*% 4 C 10000 r/min 5min

Primer name Primer sequence (5'-3') Size (bp)
MbmgBG1-forward CAATAGGCATGCGCTGATGTAGACAACGA 29
MbmgBG1-reverse CTTGGGTCGACATCTAGGAAGCGGT 25
D53K-forward TCCACAATTGGTGGTTAAGCATTCAAGCG 29
D53K-reverse CTTAACCACCAATTGTGGACGCTCATGTG 29
F167L-forward GGAGACAGAGTTAAACTTTGGATCACTTTCAAC 33
F167L-reverse GTTGAAAGTGATCCAAAGTTTAACTCTGTCTCC 33
T176C-forward CAACGAGCCTCTGTGTTTCATGGATGCAT 29
T176C-reverse ATGCATCCATGAAACACAGAGGCTCGTTG 29
E347I-forward GATCCGTCTTGGCCCATTTCTGCTTCTTCATGG 33
E347I-reverse CCATGAAGAAGCAGAAATGGGCCAAGACGGATC 33
R354K-forward GCTTCTTCATGGCTCAAAGTTGTACCATGGGG 32
R354K-reverse CCCCATGGTACAACTTTGAGCCATGAAGAAGC 32
N393G-forward CTCAATGACACAGGCAGGGTTCTTTACTAC 30
N393G-reverse GTAGTAAAGAACCCTGCCTGTGTCATTGAGTCC 33
V425M-forward ACAGCTTGGAGCCTCATGGATAACTTCGAATGG 33
V425M-reverse CCATTCGAAGTTATCCATGAGGCTCCAAGCTGT 33

Underlines indicate restriction enzyme sites.
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Fig. 1 Structure of the MbmgBG1 by homology modeling (SWISS-MODEL). (A) Surface of the structure of the
Macrotermes barneyi B-glucosidase and showing the catalytic residues E173 and E308 (red). Different colors and the
color transitions in a-helices and B-strands trace the polypeptide backbone in the barrel-shaped three-dimensional
structure from the N terminus (dark blue) to the C terminus (dark red) direction. (B) Stick of the structure of the
M. barneyi B-glucosidase and showing the catalytic residues E173 and E308 (hot pink), four residues (W350 and L431)
forming the aglycone-binding pocket (blue), and A421 are probably important for aglycone recognition (red). Three
residues (W422, W430 and E429) are probably glucose binding (pink). In this view, only the aglycone moiety is visible
inits binding site as glucose is hidden below aglycone.

PyMOL MbmgBG1 22 REUHEGESH
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Fig. 2 Enzyme activity of MbmgBG1 and mutants.
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R354K 4 D53K pH 55
N393G V425M F167L R354K pH
T176C E347I 4.5 5.0 R354K
pH pH 4.0-6.0
7 F167L  R354K 80% (  30C)
pH pH 4565
F167L R354K pH 5.0
Km ( 2 ( 3D)
F167L R354K MbmgBG1 2 =
Mg 24 HEEN S
Keat/Km F167L 4
R354K 5.79 3.48 F167L R354K
- 2.0 mol/L
1
MbmgBG1 40% F167L
23 TN AXEEIRE MR 60% R354K
100%
50 C R354K
F167L [2,9]
45 C B-
3550 ‘C 80% ( 3A) 3 B-
[22]
(<35 C)
90% 35T 3 Wt
55°¢C MbmgBG1
20% (  3B)
7
#x2 BH4EE MbmgBGl 5Kk F167L . R354K Ay
- MbmgBG1 Blast
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Table 2 Kinetic constants of wild-type MbmgBGL1 Phel67
and mutants F167L, R354K B- (Leu) [19-20.23]
Vmax Km Kcat Kca[/Km
(U/mg) (mmol/L) (s%)  (mmol/L-s) p-
Wild-type ~ 29.24 1.07 6.21 5.80 167
F167L 25.32 0.98 32.91 33.58
R354K 38.91 0.82 16.53 20.16

The K.y and K, values were determined on the basis of the
Michaelis-Menten equation.
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Fig. 3 Effects of temperature and pH on the activity and stability of MbmgBG1 and mutants. (A) Optimum
temperature of MbmgBG1 and mutants. (B) Effects of temperature on enzyme stability. (C) Optimum pH of MbmgBG1

and mutants. (D) Effects of pH on enzyme stability. Data points are the average of triplicate measurements, and error
bars represent standard deviation.
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Fig. 4 Effect of glucose on the activity of MbmgBG1 (7]
and mutants. pNPG were used as substrate. The 1Cs
values are 1.5 mol/L (MbmgBGL1), 2.0 mol/L (F167L)
and 3.0 mol/L (R354K). Data points are the average of
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standard deviation. Arg354
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Fig. 5 Structure of the ligands and the active site of MbmgBG1 and mutants by PyMOL. (A, B) The difference
between the MbmgBGL1 (blue) and the F167L (green) or R354K (red). Overall molecular architecture highlighting the
two acidic catalytic residues and the active-site pocket. (C, D) MbmgBG1 structure. Overall molecular architecture
highlighting the two acidic catalytic residues (yellow) and the mutated amino acid residues.
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