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Abstract 

AprBp is a 1146 bp gene of Bacillus pumilus strain 7Р that encodes an extracellular serine proteinase, characterized by 

significant similarity with subtilisins. The start sites of transcription (T) and translation (GTG) of the gene have been 

identified. A regulatory network for controlling proteinase gene expression has been established. Proteinase AprBp was 

isolated from the culture fluid at different growth phases, and the primary structure of the protein was identified at the 

variuos phases of growth. In the stationary phase, the enzyme forms dimers and is very stable. A feed additive based on B. 

pumilus proteinase is being developed for poultry farming. 
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Introduction 

Serine proteases perform a diverse array of 
physiological and cellular function, spanning from 
digestive and degradative processes to regulatory protein 
processing, cellular immunity, remodeling cell population 
and fibrinolysis. Currently, more than 200 proteases of 
both bacterial and higher eukaryotic origin have been 
ascribed to the superfamily of subtilases (subtilisin-like 
serine proteases) [1]. With recent advancements in 
sequencing technology, the number of new members of 
the subtilases family is surging. This review presents 
information about a new proteinase from B. pumilus 7P 
with high similarity to subtilisins from other Bacillus 
species. 

 
The B. pumilus 7P whole-genome sequence and 

annotation data have been deposited at 

DDBJ/EMBL/GenBank under the accession no. 
JHUD00000000 [2]. This strain is widely used in studying 
enzymes of interest for industrial utilization. A 
dendrogram analysis based on alignment of the catalytic 
domains using the MEROPS database (version 10.0) 
revealed 153 ORF for proteases, 60 of which belong to 
serine proteases [3]. Nucleotide sequence analysis of the 
region, part of the EMBL accession number AY754946, 
revealed an 1146 bp ORF (aprBp) that encodes an 
extracellular serine proteinase. Transcription analysis, 
performed by RT-PCR and primer extension, allowed the 
localization of transcription start site (T). To identify the 
translation start, the modified of aprBp with mutation in 
putative start codons were developed and it was 
concluded that the translation in aprBp gene starts from 
GTG codon [4]. It was uncovered that complete 
expression of the proteinase gene requires an optimal 
promoter with a length of 445 bp. Fusion constructions 
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with reporter protein gfp and gel retardation assay 
indicated that, regulatory proteins DegU-P and Spo0A 
were involved in the binding complex with promotor of 
aprBp. Using regulatory protein mutants showed 
differences in the regulatory network of proteinase 
expression at different stages of bacterial growth [5].  

 
At the stage of vegetative growth, proteinase 

expression was regulated by catabolite repression and the 
regulatory system DegU/DegS, while during sporulation 
its expression is controlled by spo-genes [5]. Inactivation 
of the aprBp gene in the genome leads to a pleotropic 
effect, the strain's resistance to stresses decreases, the 
spectrum of extracellular proteins and some biochemical 
and morphological characteristics change. The expression 
of the aprBp gene was developed according to the two-
stage mechanism during vegetative growth and at the 
stage of spore formation. We isolated proteinase from the 
culture fluid of B. pumilus at different growth stages: 24 h 
(early proteinase) and 48 h (late proteinase). MALDI-TOF 
mass spectrometry of both purified enzymes 
demonstrated that they were identical amino acid 
sequence with equal N- and C- ends [6]. The molecular 
weights of both proteinases were 27 kDa and their 
isoelectric points were 6.64. This value is lower than that 
of other subtilases (pI 7.8 for BPN’and pI 9.4 for 
Carlsberg). The substrate specificity of proteins was 
studied on synthetic peptides [7]. Enzymes do not cleave 
substrates specific for chymotrypsin (Glp-Phe-Gly-pNa), 
Glu-Asp-specific proteases (Z-Glu-pNa), but both are 
active against substrates for subtilisins (Glp-Ala-Ala-Leu-
pNa, Z-Ala-Ala-Leu-pNa). Both enzymes just like most 
subtilisin-like serine enzymes (EC 3.4.21.62) effectively 
hydrolyze n-nitroanilides containing hydrophobic amino 
acids (Leu and Phe) [7]. Biochemical analysis revealed 
differences in Km values for proteinase isolated at 
different growth stages (1.85 mM and 0.86 mM for the 
early and late one respectively) [6]. Thus, the enzyme in 
stationary stage has a high affinity for substrates and 
catalyzes the cleavage reaction more efficiently. Our data 
also confirm the results of hydrolysis of the insulin B-
chain, the late enzyme hydrolyzes insulin B chain more 
effectively, in comparison to the early protein [7]. Both 
enzymes are not inhibited by natural inhibitors, such as 
ovomucoid, anemone inhibitor, and trypsin inhibitor [7]. 
Both proteins are inhibited by a specific inhibitor of 
serine proteinases PMSF and are not inhibited by 
inhibitors of metalloproteinases, o-phenantroline and 
EDTA. The activity of early enzyme was maximal at 37°C 
and pH 10.0, while that of the late enzyme was at 45°C 
and pH 10.0. The enzyme was stable within a pH range of 
6.5 to 11.5 and remains active in the temperature range of 

0 - 55°C. The addition of calcium ions increased the 
activity of the enzyme of both stages of growth by an 
average of 20-70%. It was found that the proteinase 
forms dimers with the participation of calcium ions in the 
stationary phase and is characterized by increased 
stability [6]. Proteinase of both stages of growth is a 
product of one gene, the mechanism of regulation of 
expression of which differs depending on the phase of 
growth of bacteria [5].  

 
We studied the effect of gastrointestinal secretions on 

protease activity. The enzyme retained up to 60% of 
activity in the presence of gastric juice of chickens (pH of 
3). In the presence of pancreatic and intestinal juice, 
proteinase activity was fully preserved. At bile 
concentrations from 0.01% to 0.05% for 1 h, proteinase 
activity remained at the control level. With an increase in 
concentration to 1%, a 10% decrease in enzyme activity 
was observed. Based on the study of the properties of the 
enzyme, we concluded that they can serve as potential 
feed additives for birds. Using the B. pumilus 7P 
proteinase, we are in the process of developing a food 
supplement for poultry farming. In preliminary tests, the 
addition of proteinases to the diet of birds led to an 
increase in bird productivity and had a positive effect on 
the uptake of nitrogen-containing compounds. 
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