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Inducible heterogenous expression of bacterial maltogenic amylase

in Bacillus subtilis
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Abstract: [Objective] To achieve the efficient heterogenous expression of a bacterial maltogenic
amylase in Bacillus subtilis and investigate the characterization of the recombinant enzyme. [Methods]
We cloned the genes of xylose isomerase promoter region and its regulatory protein from Bacillus
megatherium into an Escherichia coli / Bacillus sp. shuttle expression vector, and constructed
an recombinant expression plasmid which harbored an encoding gene of maltogenic amylase from
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Bacillus licheniformis. Then we transformed the expression plasmid into Bacillus subtilis and
optimized the induction conditions of the transformant to increase the production of the recombinant
enzyme. [Results] The recombinant Bacillus subtilis which inductively expressed the maltogenic
amylase was obtained. The optimal induction condition was as follow, that 1% inducer was added into
fermentation medium after 9 h incubation at 45 °C. The recombinant maltogenic amylase had
a molecular size of 67 kD. From the study of the enzymatic properties of the enzyme, it was found that,
with soluble starch as substrate, the reaction products were 60.42% maltose and few glucose.
Furthermore, the recombinant enzyme showed an optimal activity at 45 °C with pH 6.5. Ca*>* Co”" and

EDTA could improve the efficiency of enzyme reaction. [Conclusion] With induction of xylose, the
bacterial maltogenic amylase was efficiently expressed in the recombinant Bacillus subtilis, and the
maximal yield reached 296.64 U/mL, which showed good application prospect in industry.

Keywords: Bacillus subtilis, Maltogenic amylase, Xylose promoter, Induction conditions, Enzymatic
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Figure 2 SDS-PAGE of the intracellular maltogenic amylase
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Note: M: Molecular marker; 1: B. subtilis; 2: B. subtilis’/pHYBM,; 3:
B. subtilis’pHYBMYF without induction; 4: B. subtilisspHYBMYF
with induction.
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Table 1 Effects of inducing temperature on the
production of the recombinant enzyme

3 BSFHME E X R 220

Table 3 Effects of inducer addition time on the

Inducing Enzyme activity Total protein

production of the recombinant enzyme

Inducer addition ~ Enzyme activity

temperature (°C) (U/mL) ODeoo (g/L) time (h) (U/mL) ODeoo (/L)
20 17.11£0.27 3.43+0.33  0.81+0.02 0 0.00+0.00 12.76+1.21 0.59+0.01
25 38.65+1.03 6.07£1.07  0.98+0.03 3 14.08+£0.59  13.42+0.98 1.10+0.03
30 113.81£3.77 8.50+0.67  1.20+0.04 6 204.21+1.34 13.61+£0.79 1.11+0.02
37 211.04+3.62 10.40+1.79  0.89+0.08 9 287.00+2.85 14.43+1.33  1.12+0.05
45 264.67+4.38 12.36+1.32  1.00+0.01 12 276.61+0.16 15.47+1.20 1.10+0.02
50 24.28+0.14 3.42+0.11  0.73+0.02 15 278.43+0.78 14.3242.90 1.09+0.07
18 269.80+0.16 13.41+1.39 1.07+0.03
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Figure 3 SDS-PAGE of purified recombinant maltogenic
XylA XylB amylase
xyl 1 152 bp M Marker 1 2
XylR Note: M: Molecular mark.er; 1: Crude recombinant maltogenic
XyIR xyl amylase; 2: Purified recombinant maltogenic amylase.
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Figure 4 Product analysis of recombinant enzyme reaction
with starch
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Figure S5 Effects of temperature on the activity and
stability of the recombinant enzyme
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Figure 6 Effects of pH on the activity and stability of the recombinant enzyme
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Table 4 Effects of chemical reagents on the activity of
the recombinant enzyme

/ pHYBM
Chemical Concentration Relative activity
reagents (mmol/L) (%)
L 5 105.35+1.56 296.64 U/mL
i
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