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Dual Promoters Enhance Heterologous Enzyme Production
from Bacterial Phage Based Recombinant Bacillus subtilis
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Abstract  The effect of dual promoters on recombinant protein production from bacterial phage based Bacillus subtilis expression
system was investigated. Alpha amylase from Bacillus amyloliquefaciens and penicillin acylase from Bacillus megaterium

were selected as the indicating enzymes. Both the promoterless genes and the promoter-bearing genes were isolated through PCR
amplification with properly designed primers and were inserted into plasmid pSG703 that contains the lacZ-cat expression
cartridge. The lysogenic B. subtilis $105 MU331 was transformed with the resultant recombinant plasmids and the
heterologous genes were thereby integrated into the chromosommal DNA of B. subtilis via homologous recombination. The
transformants were designated as B. subtilis AMY1 B. subtilis AMY2 B. subtilis PA1 and B. subtilis PA2 respectively.
In the recombinant B . subtilis strains the inserted sequences were located down stream of a strong phage promoter that could be
activated by thermal induction. In B. subtilis AMY1 and B. subtilis PA1 transcription of the heterologous genes was only
initiated by the phage promoter after heat shock whereas in B. subtilis AMY2 and B. subtilis PA2 transcription of the
heterologous genes was initiated by dual promoters the phage promoter and the native promoter. The application of dual
promoters increased the productivity of both enzymes with 133% enhancement for a-amylase production and 113% enhancement

for penicillin acylase production.
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Fig. 1  Agarose gel analysis of the recombinant plasmids
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Fig. 3 PCR amplification of the inserted fragments from
the genomic DNA of the recombinant strains. The primers
were designed according to the flanking lacZ
Fig. 2 The schematic representation of the double crossover
o o ) and cat sequences
recombination event between derivatives of plasmid pSG703 and M DNA marker 1 B. subilis $10SMU33L 2 B. subilis
prophage $10SMU331  through which the objective gené' geneX AMYL 3 B. subtilis AMY2 4 B. sublilis PAL 5 B. sublilis
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The double crossover recombination event results in the substitution of the
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Fig. 4 The time profile of recombinant a-amylase production from B. subtilis AMY1 and B. subtilis AMY2.
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Table 1 Comparison of a-amylase and penicillin acylase
production from different recombinant strains under
different induction conditions

Strain Induction Activated promoters  Productivity
B. subtilis AMY1 Non Non 3.98ku/mL
B. subtilis AMY1 Heat shock Phage promoter 112.6ku/mL
B. subtilis AMY2 Non Native promoter 104 .6ku/mL
B. subtilis AMY2 Heat shock Dual promoters 262 .4ku/mL
B. subtilis PA1 Non Non 0

B. subtilis PA1 ~ Heat shock Phage promoter 0.78u/mL
B. subtilis PA2  Non Native promoter 0.019u/mL
B. subtilis PA2  Heat shock Dual promoters 1.66u/mL

subtilis

PGA

PGA 1

B . mageterium  ATCC14945 PGA
0.138u/mL * B.  mageterium

ATCC14945 PGA 0.093 u/mL
pac B. subtilis PGA
0.019 u/mL pac B.
RNA
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