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Abstract: [Objective] In this study, we identified possibly critical sites for the higher glucose
tolerance and promotion of Bgl2A through three ways, and checked their significance by
mutation and characterized the mutants. Further, we investigated the mechanism of the critical
sites affecting the glucose tolerance and promotion by molecular docking. Further, Bgl3A
(Bgl2A:A22S/V224S), with low glucose tolerance, was rationally engineered to obtain mutants
with better application potential. [Methods] Through sequence and structure comparison,
statistical coupling analysis, and structural analysis, we selected the residues in the substrate
tunnel and near the active center that may indirectly affect the glucose tolerance and promotion
for mutations to different type amino acids, then prepared the mutants and tested their
enzymatic properties. [Results] Some mutants with higher glucose tolerance and promotion,
such as D3221, W325A, W126Y, F172N, C1731 and N226V were obtained. Molecular docking
showed that these mutations may change the energy of glucose binding to the active center by
allosteric effect, thus influence the glucose tolerance and promotion. Based on the above
results, corresponding mutants were then made for Bgl3A. Some mutants, such as N226V and
F172N, with high glucose tolerance and promotion while considerable activity and stability
remained, have higher application potential. [Conclusion] The results demonstrated that in
addition to the sites where glucose directly binds to, there are other sites that do not interact
directly with glucose can indirectly influence the glucose tolerance and promotion of
[-glucosidase through long range effect, which provides a new clue for rational engineering
[S-glucosidases.

Keywords: fS-glucosidase; glucose tolerance and promotion; rational engineering; molecular
docking; allosteric effect
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Figure 1 The sites possibly related to the glucose tolerance and promotion of Bgl2A speculated by sequence
and structure alignments (A), SCA (B), and structural analysis (C). The sites are colored in purple, blue and
brown respectively; Active sites are colored in red. In figure 1A, the sites identified crucial for the glucose
tolerance and promotion of Bgl1B are framed in green.
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Table 1 Mutations designed on BgI2A
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alignments

SCA D69, T106, H184,

P186, V224, T338,
E405, R426, K412,
W325

W126, F172, L177,
C173, N226, L250

Structural analysis

D322A, D322F, D322L, D322Y, D322E, D3221, D322Q, D322S, D322T

D69L, D69R, T106V, H184F, P186D, P186G, P186M, P186F, P186W,
V224T, T338E, T338F, E405S, E405T, E405Y, E405W, R426D, R426Y,
D69L/R426Y, K412A, K4121, K412W, K412V, K412F, K412L, K412Y,
W325A, W325F, W325Y

WI126F, W126Q, W126E, W126Y, F172Q, F172L, F172H, F172R, F172W,
F172N, L177A, L177F, L177Y, C1731, C173D, C173V, C173S, C173T,

N226V, N226F, N226S, N226D, L250M, L250N, L250H, L250A
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Figure 2  Effects of glucose on the enzyme
activities of Bgl2A and the mutants designed by
sequence and structure alignments. The standard
deviations of the data points were obtained from
triplicate measurements and denoted by error bars.
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Figure 3  Effects of glucose on the enzyme activities of Bgl2A and the mutants designed by SCA. A: Effects
of glucose on the enzyme activities of the site 325 mutants. B: Effects of glucose on the enzyme activities of
the sites 106, 184 and 224 mutants. C: Effects of glucose on the enzyme activities of the site 338 mutants. D:
Effects of glucose on the enzyme activities of the site 412 mutants. The standard deviations of the data points
were obtained from triplicate measurements and denoted by error bars.
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Figure 4 Effects of glucose on the enzyme activities of Bgl2A and the mutants designed by structural
analysis. A: Effects of glucose on the enzyme activities of the site 126 mutants. B: Effects of glucose on the
enzyme activities of the site 172 mutants. C: Effects of glucose on the enzyme activities of the site
177 mutants. D: Effects of glucose on the enzyme activities of the site 173 mutants. E: Effects of glucose on
the enzyme activities of the site 226 mutants. F: Effects of glucose on the enzyme activities of the site

250 mutants. The standard deviations of the data points were obtained from triplicate measurements and
denoted by error bars.
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Table 2 Specific activities of BgI2A and mutants
toward pNPG

Enzyme Specific activity to pNPG (U/mg)
Bgl2A 43.33+£2.08

Bgl2A:L177F 15.60+0.52

Bgl2A:C1731 0.46+0.93

BgI2A:N226S 6.50+1.02

Bgl2A:W325A 3.40+0.18

Bgl2A:W325Y 1.70£0.02

£3 HFXEME Bgl2A REREUHRAEEF
DS EEREMN pNPG A SRR

Table 3 Binding energies of glucose to the active
center of Bgl2A and its mutants

Enzyme Glucose (kcal/mol)  pNPG (kcal/mol)
Bgl2A —4.60 -3.57
Bgl2A:W126Y -3.34 -5.08
Bgl2A:F172N  -3.05 -5.18
Bgl2A:C1731 -3.06 —5.42
Bgl2A:C173T -3.11 —4.99
Bgl2A:N226V ~ -3.09 -5.00
Bgl2A:D3221 -3.08 -5.35
Bgl2A:D322Y  -3.00 -5.09
Bgl2A:W325A  -3.05 -5.08
Bgl2A:W325Y -3.22 -5.18

The lower the score, the higher the affinity.
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Figure 5  Effects of glucose on the enzyme
activities of BgI3A and its mutants. A: Effects of
glucose on the enzyme activities of the sites 126,
172, 173 and 226 mutants. B: Effects of glucose on
the enzyme activities of the site 322 mutants. C:
Effects of glucose on the enzyme activities of the
site 325 mutants. The standard deviations of the
data points were obtained from triplicate
measurements and denoted by error bars.

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



2016

LI Xuan et al. | Acta Microbiologica Sinica, 2023, 63(5)

Bgl3A:W126Y, HABZRASAERFRILH L Bel3A
B A AT A2 PR . 7E 80 mmol/L 4 HE A7
1E 4 F, Bgl3A:F172N . Bgl3A:D3221 #I
Bgl3A:D322Y MR TE J1 0 2 T &2 118% .
109%#1 105% (Kl 5A. 5B), Bgl3A:C1731 #
Bgl3A:W325Y WREIGE J1#E T 2 156% 1 148%
(I 5A, 5C). £ 200 mmol/L & MIfFESHEF T,
Bgl3A:W325A HIEHE J13EF 2 188% (&1 5C).

5 Bgl2A RASAIAL, Bgl3A FEAR K
T AE 6T T B 2R RUIS A BT R AR (R 4).
242 BgBA RERTHMFRERERFRE pH

Bgl3A 1Y & & i B 45 °C, T
Bgl3A:W126Y . BgI3A:C1731, Bgl3A:D3221,
Bgl3A:D322Y %5 5 ¢ g ) e i Yk £ 40 °C ([l
6A .B),BgI3A:F172N fzidi it 4 50 °C (K1 6A).
Bgl3A:F172N. Bgl3A:C173T. BgI3A:N226V
Bgl3A:D322Y [#i&E pH M 6.5, 5 Bgl3A MH],
T e Ath 28 A8 i Y Fal pH WA 7.0 (B 7).
2.4.3 BglBBA RHRTHRIREM

o FICRR] 26 M 52 R 3 1 ST T L
IR > 975 i BI3A:F172N . Bgl3A:C1731,
Bgl3A:N226V, XFH R ik i, 458 5
/N, FE35°C, pH 7.5 %/, Bgl3A #1 Bgl2A
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Table 4 Specific activities of BgI3A and mutants
toward pNPG

Enzyme Specific activity (U/mg)
Bgl3A 103.17+33.07
Bgl3A:W126Y 24.04+0.38
Bgl3A:F172N 63.06+22.52
Bgl3A:C1731 41.64+21.69
Bgl3A:C173T 35.02+1.92
Bgl3A:N226V 81.82+29.76
Bgl3A:D3221 52.45+1.37
Bgl3A:D322Y 75.214£2.20
Bgl3A:W325A 5.03+0.23
Bgl3A:W325Y 15.60+4.38
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Figure 6 Optimum temperature of BgI3A and its
mutants. A: Optimum temperature of the sites 126,
172, 173 and 226 mutants. B: Optimum temperature
of the site 322 mutants. C: Optimum temperature of
the site 325 mutants. The standard deviations of the
data points were obtained from

measurements and denoted by error bars.
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Figure 7 Optimum pH of Bgl3A and its mutants.
A: Optimum pH of the sites 126, 172, 173 and
226 mutants. B: Optimum pH of the site 322 mutants.
C: Optimum pH of the site 325 mutants. The
standard deviations of the data points were
obtained from triplicate measurements and denoted
by error bars.
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Figure 8 Stability of Bgl2A, Bgl3A and part of its
mutants. The standard deviations of the data points
were obtained from triplicate measurements and
denoted by error bars.
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