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Isolation of a Bacillus amyloliquefaciens strain producing
high-activity alkaline phosphatase and cloning and expression
of the phoD gene
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Abstract: [Background] Alkaline phosphatase (ALP), a tool enzyme, is widely used in various fields.
Among the ALPs, PhoA has been extensively applied in immunological detection, while the functions of
PhoD in immunological detection have been rarely reported. [Objective] This paper aims to screen a
bacterial strain producing high-activity PhoD, clone and express the enzyme gene phoD, and study the
enzymatic properties of PhoD, which is expected to lay a foundation for the application of PhoD in
immunological detection. [Methods] Soil samples rich in organic matter were used to isolate bacteria in
organophosphorus plate, and 4-nitrophenyl phosphate disodium salt hexahydrate (p-NPP) was employed
to detect the enzyme activity of single colonies. The strain with high enzyme activity was selected and
the phoD gene was cloned. [Results] S2-4, the strain producing high-activity ALP, was screened out,
which was identified as Bacillus amyloliquefaciens by 16S rRNA gene alignment. Its phoD gene was
cloned and induced, and the enzymatic properties of purified PhoD are as follows: optimal reaction
temperature, pH, and Ca®" concentration of 70 °C, 9.8, and 3 mmol/L, respectively, inhibition of Mg**
on PhoD activity, no significant influence of K, Zn*", Mn**, and Fe** on PhoD activity, Michaelis constant
(Km), maximum reaction rate (V.x), and catalytic constant (k) of 5.94 mmol/L, 31.46 pmol/(L-min), and
103.59 s at 25 °C in the presence of p-NPP, separately. The k... was 1.60 folds that of Escherichia coli
alkaline phosphatase (EAP). [Conclusion] S2-4 can synthesize alkaline phosphatase with high activity
and its monomer enzyme PhoD has higher catalytic efficiency than EAP, which is more advantageous
than EAP as a marker enzyme.

Keywords: alkaline phosphatase; screening; Bacillus amyloliquefaciens; phoD; enzymatic properties
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(5'-TACGGYTACCTTGTTACGACTT-3")4" 3 {3
SFF A PCR P22 1 %3 N B I H K ARG N i

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



508 A 2 E AR

Microbiol. China

T o 745 24 BLAST HEA7 79 Ee s, #1
MEGA 7.0 "' f4B4% ¥ (neighbor-joining method)
HERG R EW
1.5 WMEHERES phoD EE R T E

F4 16S rRNA [ Y BLAST HX45
27 GenBank BHEEY Bacillus amyloliquefaciens
strain ALB69 (%3¢ : CP029070.1)f# phoD
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Bl 1 E# S2-4 BEMRTSAMEZREERER
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Figure 1 Colony morphology (A) and Gram staining
of strain S2-4 (100x) (B).
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7 P R IR i A B R o T N B 1SR A2
A X PhoD MM 17461k , SDS-PAGE Hi ik
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Xt RE . PhoD KB F1 PhoD 4lifk Ji5 ik 4]
WA 4. 4lifk )5 19 PhoD 4lifif# 4 Bradford )l %€
HEHEWE R 195.85 ug/mL,

Bacillus amyloliquefaciens (KU359247.1)

21524 (MZ348926.1)
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100
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L Bacillus subtilis (HMO55602.1)
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497|——Bacillus ginsengihumi (AB245378.1)
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2 K S2-4 £F 16S rRNA ERFIIMEMNRFE LB W
Figure 2 Phylogenetic tree of strain S2-4 based on 16S rRNA gene sequence.
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Figure 3 Results of PCR amplification of phoD
gene. 1: PCR amplification product of phoD gene;
M: DL2000 DNA Marker.
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Figure 4 SDS-PAGE electrophoresis after recombinant
expression and purification of PhoD. M: Protein
Marker; 1: pET-28a(+) empty vector; 2: PhoD crude
enzyme solution; 3: Purified PhoD.
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Figure 5 The optimum reaction pH of PhoD.
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Figure 7 Effect of different concentrations of
metal ions on the activity of PhoD enzyme.
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(=0.999 1), THHEKKHE Kn N 5.94 mmol/L,
Vinax N 31.46 pmol/(L-min), ke N 103.59 s’
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B phoD FLIR Z2 FEVE7E + HE RN 7 v i
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