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Lysozyme is a protein found in egg white, tears, saliva, and other secretions. As a marketable
natural alternative to preservatives, lysozyme can act as a natural antibiotic. In this study, we
have isolated Bacillus licheniformis TIB320 from soil, which contains a lysozyme gene with
various features. We have cloned and expressed the lysozyme in E. coli. The antimicrobial
activity of the lysozyme showed that it had a broad antimicrobial spectrum against several
standard strains. The lysozyme could maintain efficient activities in a pH range between 3 and
9 and from 20°C to 60°C, respectively. The lysozyme was resistant to pepsin and trypsin to
some extent at 40°C. Production of the lysozyme was optimized by using various expression
strategies in B. subtilis WB800. The lysozyme from B. licheniformis TIB320 will be promising as

equally to this work.
a food or feed additive.
pISSN 1017-7825, eISSN 1738-8872

Copyright© 2014 by
The Korean Society for Microbiology

¢ system
and Biotechnology

Keywords: Lysozyme, Bacillus licheniformis, Bacillus subtilis, antimicrobial, protein expression

Introduction

Lysozyme is a ubiquitous enzyme in milk, saliva, tears of
most mammals, and avian egg whites [14]. It is an enzyme
that degrades the bacterial cell wall by catalyzing the
hydrolysis of p-(1,4)-glycosidic linkages between N-
acetylmuramic acid and N-acetyl glucosamine found in the
peptidoglycan layer, which is the major component of the
cell wall of both gram-positive and gram-negative bacteria
[21].

Based on its primary structure, three major classes of
animal lysozymes have been identified as the chicken (C)
type, the goose (G) type, and the invertebrate (I) type [2].
Although the overall sequence similarity of lysozymes in
the different classes is low, they share a similar overall
three-dimensional structure, and they have been proposed
to have a common ancestry [11].

The major function of lysozymes in most organisms is to
provide antibacterial protection, because hydrolysis of
peptidoglycan will compromise the integrity of the cell
wall and cause cell lysis. Owing to the bactericidal activity

and thermal stability, lysozyme has been of interest in
medicine, cosmetics, and the food industry. The most
important application of lysozyme is usage as a food
preservative, such as in cheese, fish, meat, fruit, vegetables,
and wine.

Great progress has been made for lysozyme production
in previous studies. Bacteriophage T4 lysozyme has been
purified using the Ni-chelate affinity chromatography
technique from overexpressing Escherichia coli cells [6]. Hen
egg white lysozyme is produced at the metric ton scale by
purification from eggs, and recent advances in transgenic
plant technologies have led to similarly low production
costs for recombinant human lysozyme [31]. Human
lysozyme has also been expressed in Escherichia coli [16],
Saccharomyces cerevisiae [12], and Pichia pastoris [28].

E. coli is a preferred host in heterologous protein
expression. E. coli has the ability to grow rapidly at high
density on inexpensive substrates, and it has well-
characterized genetics, and a large number of cloning
vectors and mutant host strains [27, 33, 34]. However, the
E.coli expression system still has disadvantages. For
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Table 1. Primers used in this study.

Primer name

Sequence(5’-3")

Used for plasmids

LysoE-F actgcaCATATGatgggaatcaaaggaatcgac pET21b-lyso

LysoE-R actgcaCTCGAGttatctaacacgaattttctgacca pET21b-lyso

P43-F actgcaCTCGAGtgtcgacgtgcatgcaggc pGJ104, pGJ105, pGJ106
P43-R tataatggtaccgctatcacttta pGJ104, pGJ105, pGJ106
PsacB-F taaagtgatagcggtaccattataagttctttaggeccgtagtct pGJ106

sacB-F taaagtgatagcggtaccattataatgaacatcaaaaagtttgcaaaac pGJ105

sacB-R actgcaGAATTCttctttcgcaaacgcttgagtt pGJ105, pGJ106
amylaseSP-F taaagtgatagcggtaccattataatgtttgcaaaacgattcaaaaccte pGJ104

amylaseSP-R actgcaGAATTCcgtttcagcactcgcagec pGJ104

Lyso-F
Lyso-R

actgcaGAATTCatgggaatcaaaggaatcgac
actgcaGGATCCttatctaacacgaattttctgacca

pGJ201, pGJ202, pGJ203
pGJ201, pGJ202, pGJ203

Note: capital letters represent restriction enzyme sites.

example, it is a pathogenic bacterium and has endotoxins
(lipopolysaccharide) [20]; it secretes protein into the
periplasm and often into inclusion bodies [3, 35]. As an
alternative, Bacillus species are among the champions in
secreted enzyme production. In biotechnological processes
for protein production, Bacillus subtilis is the most popular
host owing to its excellent fermentation properties, and
huge capacity for secreting proteins directly into the growth
medium, which offers major advantages in their downstream
processing, and is non-pathogenic and free of endotoxins
and offers non-biased codon usage [5, 25, 26, 29, 32].

The uses of chemical preservatives and antibiotics for
feed and food additives are a critical problem to the health
and environment. Consumer demand for natural origin,
safe, and environmentally friendly food preservatives has
been increasing recently. In this study, we have cloned the
lysozyme gene of Bacillus licheniformis, a generally
regarded as safe strain. The lysozyme was purified and
characterized. The enzyme activity and antimicrobial

Table 2. Plasmids used in this study.

spectrum were examined. The production of lysozyme in
Bacillus subtilis WB800 was optimized.

Materials and Methods

Bacterial Strains and Culture Conditions

E. coli DH50 was used as a host for the construction of
expression vector. E. coli BL21 (DE3) and Bacillus subtilis WB800
were used as a host for lysozyme expression. Bacillus subtilis
WB800 was kindly provided by Prof. Hui Song (Tianjin Institute
of Industrial Biotechnology, CAS). E. coli and Bacillus subtilis
WB800 were cultured at 37°C in Luria-Bertani medium (yeast
extract, 5g/1; peptone, 10 g/1; NaCl, 10 g/I; and agar, 15 g/l)
containing suitable antibiotics. The cultures were incubated in
250 ml conical flasks containing 50 ml of culture broth on a rotary
shaker at 200 rpm and 37 °C.

Plasmids Construction
The primers and plasmids used in this study are summarized in
Tables 1 and 2, respectively. Amplification of the lysozyme gene

Plasmid name

Genotype/relevant characteristics

Source or reference

pET21b Ap® Lab stock
pET21b-lyso Ap® This study

pGJ103 Cm* Dr. JG Yang (BUCT)
pGJ104 P43, amy signal peptide, Cm® This study

pGJ105 P43, sacB signal peptide, lyso, Cm® This study

pGJ106 P43, PsacB, sacB signal peptide, Cm® This study

pGJ201 P43, amy signal peptide, lyso, Cm"® This study

pGJ202 P43, sacB signal peptide, lyso, Cm"® This study

pGJ203 P43, PsacB, sacB signal peptide, lyso, Cm"® This study

J. Microbiol. Biotechnol.



P43 amy Lyso
pcJ201 I |
P43 sacB Lyso
pGJ202 |
P43 PsacB  sacB Lyso
pGJ203 ]

Fig. 1. Schematic diagram elucidating the construction of
plasmids applied in this study for expression of lysozyme in
B. subtilis.

Abbreviations: P43, the P43 promoter; amy, the amylase signal
peptide; sacB, the sacB signal peptide; PsacB, the sacB gene promoter;
Lyso, the lysozyme gene of Bacillus licheniformis TIB320.

from chromosomal DNA of B. licheniformis was carried out by
polymerase chain reaction (PCR) using gene-specific primers. For
expression of lysozyme in E. coli, the lysozyme gene was
amplified and inserted into the pET21b vector, and the cloning
sites of Ndel and Xhol were introduced into the primers lysoE-F
and lysoE-R for ligating into the pET21b-lyso vector.

To produce the lysozyme in Bacillus subtilis WB800, promoter
P43 and an amy signal peptide, promoter P43 and the sacB signal
peptide, and promoter P43 and the PsacB-sacB signal peptide
were fused by PCR using primers listed in Table 1, respectively.
The plasmid list is shown in Table 2 and the diagram of plasmid
construction is shown in Fig. 1. Plasmid pGJ104 was constructed
by inserting promoter P43 and amy signal peptide into plasmid
pGJ103. Plasmid pGJ105 was constructed by inserting promoter
P43 and sacB signal peptide into plasmid pGJ103. Plasmid pG]J106
was constructed by inserting promoter P43, promoter sacB, and
the amylase signal peptide into plasmid pGJ103. The lysozyme
gene was amplified by using genomic DNA of B. licheniformis
TIB320 as the template. The cloning sites of EcoRI and BamHI were
introduced into the primers lyso-F and lyso-R for construction of
pGJ201, pGJ202, and pGJ203, respectively.

Expression of Lysozyme in E. coli and Bacillus subtilis WB800

The recombinant plasmid pET21b-lyso was electrotransformed
into E. coli BL21 (DE3) and cultured at 37°C in LB medium (10 g/1
tryptone, 5 g/l yeast extract, and 10 g/1 NaCl) containing ampicillin
(100 mg/1). The strain culture was incubated with rotary shaking
for 12 h, and then 1% of the strain culture was transferred into
fresh LB medium. When the culture OD was 0.6, 1 mmol/I (final
concentration) isopropyl-/3-D-thiogalactosids (IPTG) was added
to the expression culture for inducing the expression of lysozyme,
with rotary shaking for 12h at 30°C. After centrifugation at
12,000 xg for 10 min at 4°C, the cells were collected and crushed
for enzyme assays. The lysozyme activity in the supernatant was
used to indicate the expression level.
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The recombinant plasmids pGJ201, pGJ202, and pGJ203 were
electrotransformed into B. subtilis WB800 and cultured at 37°C in
super-rich medium (25 g/1 tryptone, 20 g/I yeast extract, 30 g/1
glucose, and 3 g/1 K,HPO,, pH 7.0) containing chloromycetin
(10 pg/ml), respectively. The culture was cultivated for 72 h and
samples were collected every 6 h. After centrifugation at 12,000 xg
for 5 min at 4°C, the supernatant was used for enzyme assays.

Expression and Purification of Lysozyme

The E. coli BL21 (DE3) harboring pET21b-lyso strain was grown
in LB medium supplemented with 100 mg/1 ampicillin. The cells
were grown aerobically in 1L Erlenmeyer flasks containing
200 ml of medium at 37°C and 200 rpm in an orbital incubator
shaker. The cells were induced at ~0.6 OD, with 1 mM IPTG and
incubated at 25°C for 16 h. The cells were then harvested by
centrifuging at 12,000 xg for 10 min. The pellet was washed twice
with 50 mM potassium phosphate buffer (pH 8.0) and resuspended
in binding buffer (20 mM sodium phosphate buffer containing 0.5
M NaCl and 20 mM imidazole). The cells were cracked using an
Ultrasonic instrument, and the cell lysate was centrifuged at
12,000 xg at 4°C for 30 min to remove the particulate fraction. The
soluble fraction was subjected to purification under non-denaturing
conditions by Ni-affinity chromatography using a Ni-NTA-HP
resin column (GE Healthcare, Sweden). The elution from the
column was pooled and dialyzed using a 10 kDa cutoff membrane
to remove the salts. The extract was stored at -80°C.

Measurement of Enzymatic Activity of Lysozyme

Lysozyme activity was measured according to Hultmark et al.
[13]. The enzymatic activity of lysozyme was determined by
measuring the clearing of turbidity of Micrococcus lysodeikticus
suspension (substrate solution) at 570 nm. A decrease in absorbance
of 0.001 per minute was defined as 1 U enzymatic activity compared
with the control. Standard strains of Micrococcus lysodeikticus as
the substrate, and the optimum pH and temperature of lysozyme
were measured. Firstly, dried M. lysodeikticus cells were suspended
in 50 mM phosphate buffer (ODs,, reached about 0.3). Then 1 ml
of the lysozyme was added to 2 ml of bacterial suspension in an
ice-bath. These were rapidly mixed and transferred to the cuvette,
and the absorbance value was read at 570 nm, denoted by A,.
Then the mixture was incubated for 30 min at 37°C, and placed on
ice for 10 min to terminate the reaction. The absorbance value was
read and denoted by A. The relative enzymatic activity of the
lysozyme was obtained: Uy = (A, - A)/A.

Characterization of Lysozyme

The optimal pH was determined by examining the activity of
the enzyme in Tris-HCI buffer. The pH value was regulated by
KH,PO, and K,HPO, and was a range of 3—9 in 1 pH increments.
Thermostability of the purified enzyme was determined by pre-
incubating for 60 min at the temperatures ranging from 20°C to
80°C. Then the residual activity was analyzed.
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SDS-PAGE

SDS-polyacrylamide gel electrophoresis was performed in 12%
gel according to the method of Laemmli [15]. The resulting gel
was stained with 0.1% Coomassie Brilliant Blue R-250 in 45%
methanol and 10% glacial acetic acid for 3 h and destained with
45% methanol and 10% glacial acetic acid.

Antimicrobial Spectrum of Bacillus licheniformis Lysozyme

For the agar diffusion test [17, 24], 200 ul of bacterial suspension
(approximately 5 x 107 cells) was spread on LB agar plates.
Freshly mixed specimens (in triplicate) of each test material were
placed in holes 5 mm in diameter that were punched into the agar
plate. After incubating at 37°C for 24 h, the agar plates were
examined for bacterial growth inhibition. The diameter of the halo
formed in the bacterial lawn was measured (mm) in two
perpendicular locations for each specimen.

Results

Isolated Bacterial Strain and Sequence Analysis of Lysozyme

The strain of B. licheniformis TIB320 was isolated from soil
in Tianjin, China. The 165 rDNA sequence of B. licheniformis
TIB320 (1,510 bp) showed high similarity (99.9%) with
B. licheniformis DSM13/ATCC 14580. The gene encoding
lysozyme was amplified by PCR and cloned into the
pMD19-T vector. Sequence analysis of the B. licheniformis
TIB320 lysozyme gene showed that the amino acid sequence
of protein shared 90% identity with that from the lysozyme
gene of B. licheniformis DSM13/ATCC 14580 (KEGG).

1 2 M 3 M

35 kDa

Fig. 2. SDS-PAGE analysis of lysozyme expression in E. coli.
SDS-PAGE was performed on a 12% gel and stained with Coomassie
Brilliant Blue. Lanes 1, E. coli pET21b-lyso whole cell lysate; lanes 2,
Soluble fraction of E. coli pET21b-lyso cell lysate; lane 3, Purified
lysozyme; lane M, maker.

J. Microbiol. Biotechnol.

Expression and Purification of Bacillus licheniformis
Lysozyme in E. coli

The lysozyme gene was amplified by PCR without the stop
codon and cloned into plasmid pET21b with an C-terminal
His-tag fusion. The resulting plasmid was introduced into
E. coli, and lysozyme expression was induced by the
addition of IPTG. The induced E.coli BL21(DE3) cells
harboring pET21b-lyso were lysed and resuspended in
Tris-HClI buffer.

To test the lysozyme expression, whole cell lysate and
the soluble fraction of cell lysate were analyzed by SDS-
PAGE. From this result, we knew the expressed lysozyme
was approximately 70% of the total cellular protein, and
the ratio of the soluble to insoluble fractions of lysozyme
was about 1:2 (Fig. 2). The his-tagged lysozyme, as
determined from the SDS-polyacrylamide gel image, was
purified by a Ni-NTA-HP resin column, and the purified
protein was observed as a single band on the SDS-
polyacrylamide gel (Fig. 2).

Characterization and Activity of B. licheniformis TIB320
Lysozyme

The optimal pH value of the lysozyme activity was
examined in the range of 3.0 to 9.0 at 40°C. Lysozyme was
exposed to various pHs to find out the optimal pH of
B. licheniformis TIB320 lysozyme. Enzymatic activity assay
showed that lysozyme retained maximum activity at pH 6
(Fig. 3A) and 65% of the activity was retained at pH 9.
However, the activity was decreased to 63% at pH 3.0
(Fig. 3A). To test the optimal temperature of the lysozyme
activity, the temperature was ranged from 20°C to 80°C at
the pH of 6. Results showed the optimal temperature was
at 40°C (Fig. 3B). To examine if the lysozyme can be used as
a feed additive, the lysozyme was incubated with trypsin
or pepsin at various concentrations up to 400 mg/l,
respectively (Fig. 4). The lysozyme was resistant to the
trysin and pepsin to some extent and maintained about
50% of activity at 300 mg/1 of trypsin and pepsin (Fig. 4).

Antimicrobial Spectrum of B. licheniformis TIB320 Lysozyme

We used the agar diffusion test to analyze the
B. licheniformis TIB320 lysozyme antimicrobial activity. In
the frame of this research survey, various bacteria were
examined regarding their susceptibility against the lysozyme.
From Table 3, we know that the lysozyme not only can
inhibit gram-positive bacteria such as Micrococcus lysodeikticus,
but also showed inhibition zones against pathogenic gram-
negative bacteria, such as Salmonella Typhimurium and
Pseudomonas aeruginosa (Table 3). Saccharomyces cerevisiae
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Fig. 3. Effect of pH (A) and temperature (B) on the activity of
lysozyme.

was only slightly sensitive to the lysozyme, as was
Aspergillus oryzae (Table 3). Bacillus subtilis seemed to
tolerate higher concentrations of the lysozyme probably
because of its peptidoglycan modification. It has many
advantages of protein expression by using Bacillus subtilis
as a host, so we expressed the B. licheniformis TIB320 lysozyme
in Bacillus subtilis.

Expression of Bacillus licheniformis Lysozyme in Bacillus
subtilis WB800

Expression of lysozyme in E. coli showed a high amount
of production, but a certain amount of protein was
inclusion body. To solve this problem, Bacillus subtilis was
implemented as a secretory expression host. As described
above, plasmid pGJ201 was constructed by fusing the P43
promoter, amylase signal peptide, and lysozyme gene in
order with overlap PCR and then inserted into plasmid
pGJ103 (Fig. 1). The selected Bacillus subtilis transformants
were cultured in a shake flask and the lysozyme activity in
the medium was measured (Table 4). After culture for 12 h
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Fig. 4. Effect of trypsin/pepsin concentration on the activity of
lysozyme at 40°C for 1 h.

Table 3. Antimicrobial activity of the lysozyme against various

strains.

Microorginism Inhibition zone (mm)*
Aspergillus oryzae 5+1
Bacillus subtilis 168 5+1
Bacillus sereus 9+1
Clostridium sporogenes 12+1
Micrococcus Iuteus 14+2
Micrococcus lysodeikticus 202
Pseudomonas aeruginosa 10£1
Salmonella Typhimurium 10£1
Saccharomyces cerevisiae 6+1
Staphyloccocus aureus 8+1
Streptococcus pneumoniae 12+1

“Inhibition zone including the 5 mm hole punched into the agar plate.

Table 4. Yield of lysozyme expression in B. subtilis (U/ml).

Strains 6h 12h 18h  24h  30h
B. subtilis 0 0 0 51 5zl
B.subtilis (pGJ201)  5+1  14x1 25+2  33%2 35%2
B.subtilis (pGJ202)  8=1 21%3  35+2 473 492
B.subtilis (pGJ203) 102 293  50+1 75%£3  78+3

at 37°C, lysozyme activity was obviously observed, whereas
no activities were measured in the controls. We analyzed
the expression of lysozyme by the Hultmark method. As
depicted in Table 4, the activity of lysozyme increased with
culture growth.

October 2014 | Vol. 24 | No. 10
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Fig. 5. Growth curve of B. subtilis expressing various plasmids.

Signal peptide is an important factor to target the
purpose protein to the membrane, and it also affects the
protein secretion efficiency. To secrete more lysozyme to
the medium in B. subtilis WB800, amylase signal peptide
was replaced by sacB signal peptide. From Table 4, we can
see that sacB signal peptide was better than amylase signal
peptide in secretion of lysozyme. Therefore, sacB signal
peptide was used for the following experiments. Besides
the signal peptide, the transcriptional level is also a major
factor to determine the protein amount. To enhance the
lysozyme production by increasing its gene transcript, we
constructed pGJ203 by fusing the P43 promoter and sacB
promoter upstream of the lysozyme gene to enhance the
transcription. After fermentation for 24 h, the lysozyme
production amount in B. subtilis (pGJ203) was significantly
higher than that from B. subtilis (pGJ202) (Table 4). It was
obvious that the expression of lysozyme was improved by
the P43-sacB tandem promoter strategy, increasing the
transcript of the lysozyme gene [4].

Regards comparison of the growth of Bacillus subtilis
WB800 with various expression vectors, respectively, all
strains could grow well in the medium (Fig. 5). The growth
rates of Bacillus subtilis WB800 harboring different expression
vectors were slightly slower than that of the strain with
empty vector, but the production of the lysozyme did
not affect the strain growth clearly (Fig. 5). Therefore,
Bacillus subtilis WB800 was a suitable strain to produce this
lysozyme.

Discussion
Lysozyme is not only the most powerful antibacterial

agent found in various tissues and secretions of organisms,
but is also present in a number of bacteria. Most antibacterial

J. Microbiol. Biotechnol.

agents had limited antimicrobial spectra. For getting a better
antimicrobial enzyme, we have conducted an extensive
screening and isolated a strain that contains a lysozyme
gene. Identification of the strain by 165 rDNA indicates it
belongs to Bacillus licheniformis, which is generally regarded
as safe.

Food market globalization, new manufacturing processes,
and the growing demand for minimally processed, fresh-
cut, and ready-to-eat products may require a longer and
more complex food chain, increasing the risk of
microbiological contamination. Among alternative food
preservation technologies, special attention has been paid
to biopreservation to extent the shelf-life and to improve
the hygienic quality. Biopreservation rationally exploits the
antimicrobial potential of naturally occurring micro-
organisms in food and/or their metabolites with a long
history of safe use. Lysozyme falls in this concept.

From the results of this article, the lysozyme of Bacillus
licheniformis TIB320 had good effects against both gram-
positive and gram-negative bacteria, such as Micrococcus
lysodeikticus, Clostridium sporogenes, Pseudomonas aeruginosa,
etc. Compared with egg white lysozyme [7], which can
mainly inhibit gram-positive organisms, Bacillus licheniformis
TIB320 lysozyme had a broader antimicrobial spectrum. In
particular, Salmonella Typhimurium is a pathogenic gram-
negative bacterium predominately found in the intestinal
lumen. Its toxicity is due to an outer membrane consisting
largely of lipopolysaccharides that protect the bacteria
from the environment. Pseudomonas aeruginosa is a gram-
negative, rod-shaped bacterium and is an opportunistic
human pathogen. It is always listed as one of the top three
most frequent gram-negative pathogens [30]. Inhibition
activity of lysozyme to these pathogenic bacteria indicated
a potential application of the enzyme as a food and feed
preservative. This new Bacillus licheniformis lysozyme can
maintain sufficient activity in a wide range of pH and
temperature values, from pH 3 to 9 and 20°C to 60°C,
respectively. The features of maintaining high activity at
low pH and resistance to pepsin and trypsin would be a
promising application for food and feed additives.

Industrial production of hen egg white lysozyme benefits
large-scale purification of thousands of kilogram of chicken
eggs [31]. However, the production of natural lysozymes in
bacteria is limited by the inefficient protein expression
system. Previous works in E. coli have produced inactive
small quantities of enzyme or have been hampered by the
isolation of inclusion bodies and refolding, which is inefficient
[3,9, 16, 23]. Several studies have been performed in yeast-
based systems and moderate yields have been described in



some of these hosts [8, 18].

Because eukaryotic proteins as well as hen egg white
lysozyme formed inactive material in insoluble inclusion
bodies when expressed in E. coli [10, 22], it has been
suggested that a lack of mammalian post-translational
modifying enzymes and foldases causes the formation of
inclusion bodies in E. coli. Recent work described a novel
and efficient expression system capable of producing
folded, soluble, and functional human lysozyme in
Escherichia coli cells by simultaneously co-expressing multiple
protein folding chaperones as well as the lysozyme
inhibitory protein [16].

We expressed B. licheniformis TIB320 lysozyme in E. coli
and the lysozyme activity was detected in the soluble
cytosolic fraction. However, a certain amount of inclusion
bodies were also observed in the insoluble form by SDS-
PAGE. One reason for the formation of inclusion bodies
could be the high expression rate of the protein, which does
not have enough chaperones or foldases to form the native
structure and correct folding of the polypeptide chain.

Motivated by the excellent fermentation properties, high
product yields, and the complete lack of toxic byproducts
of Bacillus subtilis, we sought to develop an efficient
expression system for lysozymes in this bacterial host.
Moreover, Bacillus subtilis vegetative cells have evolved
mechanisms to evade or subvert the lysozyme threat by
peptidoglycan modification [36]. In contrast to the secreted
production of homologous proteins, the secretion of
heterologous proteins is usually inefficient. The most
immediate bottleneck of lysozyme expression in B. subtilis
is the transcriptional level and protein secretion pathway.
To overcome these barriers, the P43 promoter and amylase
signal peptide were fused to the lysozyme gene and then
expressed in B.subtilis. The activity of lysozyme was
successfully detected, which indicated that heterogeneous
expression of the enzyme was promising in B. subtilis. The
signal peptide is a critical factor to target the enzyme to the
membrane, and the protein secretion efficiency varies
greatly owing to different signal peptide components. To
improve the protein secretion level, amylase signal peptide
was replaced by sacB signal peptide and the secretion level
of enzyme was increased to some extent. In an effort to
improve the production and secretion of lysozyme yields
further, we constructed a tandem promoter by fusing
promoter P43 and promoter sacB. The lysozyme activity
was significantly increased in the B. subtilis (pGJ203) with
the tandem promoter compared with that in the strain with
a single promoter. From these results, we know that the
lysozyme was expressed well in the strain with plasmid
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pGJ203. It is suitable for expression of the microbial
lysozyme gene by a food-grade host such as B. subtilis.

The secretion of lysozyme showed slight effect on the
growth of B. subtilis in this study. A lysozyme inhibitor can
sequester the lysozyme’s inherent bactericidal activity and
protect the expression host [1, 19]. To further increase the
yield of lysozyme and protect our B. subtilis host from the
toxic effect of lysozyme expression, co-expression of a
lysozyme inhibitor could be a solution to this problem in
future work.
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