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Abstract A novel bacteriocin-producing strain, Lacto-
bacillus plantarum JY22 isolated from golden carp intes-
tine, was screened and identified by its physiobiochemical
characteristics and 16S rRNA gene sequence analysis. This
bacteriocin, named plantaricin JY22, was purified using
ethyl acetate extraction and gel filtration. Its molecular
weight was approximately 4.1 kDa by SDS-PAGE analy-
sis. The partial amino acid sequence of plantaricin JY22
was DFGFDIPDEV. It was highly heat-stable and
remained active at pH range from 2.5 to 5.5, but was
sensitive to protease. Plantaricin JY22 had a bactericidal
mode. Scanning electron microscope analysis indicated
that plantaricin JY22 damaged the morphology of cells and
spores for Bacillus cereus. Moreover, the plantaricin JY22
destroyed cell membrane integrity as confirmed by the
leakage of electrolytes, the losses of NatK™-ATP, AKP,
nucleic acids (OD,gonm) and proteins. SDS-PAGE of B.
cereus proteins further demonstrated that plantaricin JY22
had a remarkable effect on bacterial proteins.
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Introduction

Bacillus cereus, an aerobic endospore-forming, is food-
borne pathogen that may cause two types of gastrointesti-
nal disorders: the emetic, caused by ingestion of a pre-
formed toxin, and diarrheal syndrome, caused by several
enterotoxins [1-4]. In 2014, statistical data from the Health
Ministry showed that 19 cases of food-borne disease,
accounting 5.4% of the total bacterial illness, were caused
by B. cereus in China. Due to its widespread distribution in
the environment, it frequently contaminates cereal products
and farinaceous foods and causes food poisoning. Levels of
B. cereus higher than 10° CFU/g have been found in both
cooked or uncooked rice and cereal products all over the
world [5]. Moreover, B. cereus spores are able to survive in
pasteurization processes as well as cooking procedures
because of their thermal stability [6]. Therefore, under
specific conditions, some treatments might activate rather
than inactivate dormant spores, thereby increasing the risk
of food-borne illness.

To solve this problem, various strategies such as phys-
ical treatments, chemical preservatives and bio-preserva-
tives have been applied to foods to inhibit the growth of
B. cereus. Among these strategies, bio-preservative based
on living microorganisms and/or their antimicrobial prod-
ucts has become increasingly popular. Bacteriocins pro-
duced by lactic acid bacteria (LAB) have attracted much
attention because of their potential use as non-toxic and
safe bio-preservative for improving the safety of foods [7].
Although fermented foods have been known as a mainly
source for bacteriocin-producing LAB, isolates from the
intestinal tract of animals and humans have become an
increasingly important source for bio-preservation [8].
LAB are naturally present in fish intestinal, and the bio-
preservation potential of some strains and/or their

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-017-0280-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-017-0280-2&amp;domain=pdf
https://doi.org/10.1007/s10068-017-0280-2

696

X. Lv et al.

bacteriocins have been highlighted in the last years, such as
Lb. casei AP8 and Lb. plantarum HS5 from beluga and
Persian sturgeon, Lactococcus lactis ssp. lactis USC-39,
Enterococcus faecium USC-46 and E. mundtii USC-51
from turbot [9]. However, in comparison with fermented
foods, only few bacteriocin-producing LAB strains have
been obtained from fish products. Therefore, screening of
bacteriocin-producing LAB from fish has great significance
to increase source of bio-preservative.

Before a bacteriocin is considered for application in
foods, its information on antimicrobial spectrum, bio-
chemical and genetic characteristics, especially the action
mechanism should be known [10]. Currently, antibacterial
mechanism of nisin has been widely known, it typically
dissipates proton motive force of the target cells by form-
ing transmembrane channels permeable to various ions
[11]. However, it was generally found that bacteriocins
from different sources can produce different antibacterial
mechanism in a strain-dependent manner [12]. Therefore,
the action mechanism of bacteriocins is prerequisite to
increasing its efficacy on inhibitory action of different
biochemical conditions naturally occurring in foods [13].

The objectives of this study were to screen bacteriocin-
producing LAB from freshwater fish intestine, then to
purify and characterize of the bacteriocin, and to prelimi-
narily elucidate the action mechanism of the bacteriocin
using physiological and morphological indices, in order to
develop a natural and high efficient bio-preservative to
prevent contamination of Bacillus spp. and to extend the
shelf-life of foods.

Materials and methods
Samples, bacterial strains and growth conditions

A total of six freshwater fish samples, including golden
carp, silver carp, grass carp, bighead carp, mirror carp and
Chinese carp, were obtained from Jinzhou aquatic products
market (Jinzhou, Liaoning province, China). The intestinal
mucosa and contents of freshwater fish were homogenized
in sterile saline buffer, serially diluted and plated onto de
Mann Rogosa Sharpe (MRS, Aoboxing, Beijing, China)
agar plates containing calcium carbonate and incubated at
37 °C for 48 h. Then these strains were further purified on
MRS agar plates by scribing method. Cell free supernatant
(CFS) produced by LAB was obtained by centrifugation of
overnight cultures (8000 g at 4 °C for 10 min) and filtered
through 0.45 pm filters.

Target bacteria Bacillus cereus CMCC 63301 was pur-
chased from China Microbiological Culture Collection
Center. B. cereus was cultured in Luria—Bertani (LB,
Aoboxing, Beijing, China) broth at 37 °C for 24 h. Spores
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of B. cereus was performed according to the method as
described by Wang et al. [14].

Screening for LAB strains with bacteriocin activity

Bacteriocin-producing LAB was screened agar well diffu-
sion method with slight modification [15]. The CFS was
adjusted to pH 5.0 with NaOH (4 mol/l) and catalase was
added, thus the effects of low pH and hydrogen peroxide
was eliminated. The diameter of inhibitory zones was
measured by vernier caliper.

Identification of bacteriocin-producing strain

The identification of bacteriocin-producing strain JY22
from was preliminarily identified based on morphologica-
land biochemical characteristics as previous study [16].
The molecular level of strains identification was carried out
by 16S rRNA gene sequence analysis using universal 27F
and 1492R primers. The sequence was submitted to NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) for blast search
and phylogenetic analysis was carried out by MEGA 5.0.

Purification of bacteriocin

One liter of MRS broth was inoculated with 2% (v/v)
overnight seed culture of strain JY22 and statically culti-
vated at 37 °C for 24 h. After removing the cells by cen-
trifugation (8000 g at 4 °C for 10 min), the CFS was
extracted with equal volume of ethyl acetate using a sep-
arating funnel. The extracted liquid was vacuum concen-
trated to eliminate the ethyl acetate and the crude extracts
obtained were further purified.

A Sephadex G50 column (1.6 cm x 60 cm) was equi-
librated with phosphate buffer (pH 6.0). After the equili-
bration, 2 ml of extracted sample filtered through a
0.45 pm filter membrane was eluted at a flow rate of
0.5 ml/min with phosphate buffer (pH 6.0). Each fraction
(4 ml) was collected and the antibacterial activity against
B. cereus was evaluated by the agar diffusion method. The
active fraction with antibacterial activity was collected and
concentrated by vacuum freeze-drying.

Molecular weight and amino acid sequence
of bacteriocin

The molecular weight of bacteriocin was measured by
SDS-PAGE with 5% stacking gel and 15% separating gel.
Half of the gel was stained by Coomassie blue R250 for
molecular mass determination, meanwhile another half for
antimicrobial activity assay was equilibrated in water and
then overlaid by LB agar containing B. cereus and incu-
bated at 37 °C for 12 h.
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The partial N-terminal amino acid sequence of the
bacteriocin was determined based on Edman degradation
using a PPSQ-33A automated protein sequencer (Shi-
madzu, Japan). The amino acid sequence that we obtained
was compared with the NCBI database (https://blast.ncbi.
nlm.nih.gov/Blast) to determine homology with sequences
that were reported previously.

Effects of temperature, pH and enzymes
on antibacterial activity of bacteriocin

Purified bacteriocin was incubated in water bath at 40, 60,
80, and 100 °C for 30 min and in an autoclave at 121 °C
for 20 min. Meanwhile two other samples were stored at
4 °C and — 20 °C for 30 days. The effect of pH was tested
by adjusting the pH in a range from 2.5 to 7.5. The bac-
teriocin was co-incubated with the following enzymes at
37 °C for 4 h, pepsin, nutrase, papain and o-amylase. For
all the experiments here, controls were maintained without
any treatment.

Minimum inhibitory concentration (MIC)
of bacteriocin

Firstly, purified bacteriocin was dissolved into LB broth to
achieve a concentration of 24 mg/ml. Then a serial two
fold diluted to obtain final concentrations ranging from 12
to 0.375 mg/ml. Equal volumes (100 pl) of diluted sample
and B. cereus suspensions (106 CFU/ml) were mixed in 96
well plates and incubated at 37 °C for 24 h. Then ODgqq
was determined on a microplate reader (Imark, BIO-RAD,
US). MIC was defined as the lowest concentration without
any indicators had grown.

Mode of action of bacteriocin

The bacteriocin was added to logarithmic phase of B.
cereus suspensions (6 h) to obtain final concentrations of 1
and 3 MIC, and then incubated at 37 °C. The control group
was conducted without bacteriocin. Viable cells counts
(CFU/ml) were counted by plating on LB agar plates and
changes in cell growth were recorded at 600 nm using a
UV-visible spectrophotometer (UV2550, Shimadzu,
Japan).

Effect of bacteriocin on permeability and integrity
of cell membrane

Electrical conductivity
The purified bacteriocin was added to B. cereus suspen-

sions (10° CFU/ml) to obtain final concentrations of 1 and
3 MIC, and then incubated at 37 °C. Bacterial suspension

without bacteriocin was used as control. Samples were
removed from flask at 2 h intervals for 12 h, and then
centrifuged at 8000 g for 10 min. Supernatant conductivity
was determined using a conductivity meter (DDS-307,
Precision & Scientific Instrument Co. Ltd., Shanghai,
China).

NatK"-ATP and AKP

The purified bacteriocin was added to B. cereus suspen-
sions (10° CFU/ml) to obtain final concentrations of 0, 1
and 3 MIC. Bacterial cells were collected at 8000 g for
10 min at 4 °C after 12 h incubation. Intracellular Na*K™*-
ATP and AKP activity was determined using ATP kit and
AKP kit (Nanjing Jiancheng Technology Co. Ltd., Nanjing,
China) according to the manufacturer’s instructions.

UV-absorbing materials and leakage of proteins

The purified bacteriocin was added to B. cereus suspen-
sions (10° CFU/ml) to obtain final concentrations of 0, 1
and 3 MIC. The cultures were incubated at 37 °C for 12 h,
and then centrifuged at 8000 g for 10 min. The supernatant
was immediately determined by using micro protein assay
[17]. In addition, absorbance of the supernatants was
recorded at 260 nm using a UV-visible spectrophotometer
(UV2550, Shimadzu, Japan).

Effects of bacteriocin on the cell and spore
morphology of B. cereus

The purified bacteriocin was added to the B. cereus sus-
pensions and spores suspension to obtain final concentra-
tions 0, 1 and 3 MIC. Bacterial cells were collected at
8000 g for 10 min at 4 °C after 12 h incubation. And then
cells were rinsed with sterile water, and fixed with 2.5%
glutaraldehyde for 24 h at 4 °C. Subsequently, cells were
gradually dehydrated by a graded series of ethanol (50, 70,
80, 90 and 100%) for 20 min. The dehydrated cells were
placed on a silicon wafer, covered with gold—palladium,
and imaged using S-4800 SEM (Hitachi, Hitachi City,
Japan).

SDS-PAGE analysis of bacterial proteins

The purified bacteriocin was added to the B. cereus sus-
pension (106 CFU/ml) to obtain final concentrations 0, 1
and 3 MIC. Bacterial cells were collected at 8000 g for
10 min at 4 °C after 12 h incubation. The total soluble
proteins were obtained by protein extraction kit (GenMed
Scientifics, USA), and then protein concentration was
determined by Coomassie blue staining. The loading buffer
was added into samples with a protein concentration of
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0.6 mg/ml. The protein was boiled for 5 min and cooled on
ice. Subsequently, ten microlitres of protein was loaded on
a 4% stacking gel and 15% resolving gel. After elec-
trophoresis, the gel was stained with Coomassie brilliant
blue R-250 and then decolorized to obtain the separated
protein bands.

Statistical analysis

All experiments were performed as three independent
replicates and expressed as mean = standard deviation.
Statistical analyses were performed using the Origin Pro
8.0 (Origin Lab Corporation, USA) and SPSS 19.0 soft-
ware (SPSS, Inc., Chicago, IL, USA).

Results and discussion

Screening and identification of bacteriocin-
producing LAB

A total of 137 strains LAB were isolated from freshwater
fish intestine samples. Among them, the CFS of 21 strains
showed antibacterial activity against B. cereus. After
eliminating the effects of low pH and hydrogen peroxide,
the CFES of strain JY22 isolated from golden carp intestine,
still exhibited strong antimicrobial activity towards B.cer-
eus (data not shown). Hence, strain JY22 was selected for
further research.

Strain JY22 was a Gram-positive, catalase negative and
rod-shaped bacillus. To further characterize this strain,
sugar fermentation assay tests indicated that it could
metabolize glucose, cellobiose, aesculin, p-fructose, lac-
tose, D-mannose, mannitol, melezitose, melibiose, raffi-
nose, sucrose, xylose and maltose, but not L-arabinose,
sorbitol, rhamnose. Regarding 16S rRNA gene sequence
analysis, the nucleotide sequence of a 1225 bp fragment
was amplified from strain JY22 genomic DNA. A neigh-
bor-joining phylogenetic tree was draw from sequence
alignment and comparison [Fig. 1(A)], which showed
100% similarity to Lb. plantarum. Therefore, on the basis
of biochemical and morphological characteristics, strain
JY22 was identified as Lb. plantarum and its GenBank
access number was KX538909.

LAB is found on seafood products, fresh fish, or in the
intestinal contents of fish [18-21]. Some strains of
Carnobacterium, Lactobacillus spp., Enterococcus spp.
and Pediococcus spp. have received attention as bacteri-
ocin-producing cultures. In comparison with fermented
foods such as dairy and meat, few bacteriocin-producing
strains and their bacteriocins recovered from aquatic
environments, fish products and even less from non-fer-
mented seafood, have been identified and characterized
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[20]. Strain Lb. plantarum JY22 isolated from golden carp
intestine was capable of secreting high concentrations of
bacteriocin. Therefore, it has potential for application in the
aquatic products preservation field.

Purification and identification of plantaricin JY22

The bacteriocin produced by Lb. plantarum JY22 was
purified from CFS by ethyl acetate and gel filtration
chromatography. As shown in Fig. 1(B), the sample was
separated into one fraction by Sephadex G50 gel filtration
chromatography. The eluent of the peak was collected and
then concentrated by vacuum freeze-drying. After testing,
the fraction of the peak showed distinct antibacterial
activity. So the eluent of the peak was collected and used
for SDS-PAGE. As can be seen in Fig. 1(C), the molecular
weight of the bacteriocin was approximately 4.1 kDa. The
bacteriocin was named as plantaricin JY22.

In the past few years, several new bacteriocins from fish
products have been successfully purified and characterized.
The molecular weight of plantaricin JY22 was close to that
reported for small bacteriocins (< 10 kDa) produced by
Enterococcus, Lactobacillus and Pediococcus. Some bac-
teriocins produced by LAB form fish products are as fol-
lows: plantaricin HS (3.0 kDa) from Lb. plantarum HS [9],
bacteriocin AP8 (5.0 kDa) from Lb. casei AP8 [9], bacte-
riocin TW34 (4.5 kDa) from Lac. lactis TW34 [22], bac-
teriocin bacALP57 (< 6.5 kDa) from P. pentosaceus
ALP57 [20] and bacteriocin GM1 (4.5 kDa) from E. fea-
cium GM1 [23].

The partial amino acids sequence of plantaricin JY22
was DFGFDIPDEV. The sequence of plantaricin JY22
showed no homology with other known bacteriocins using
protein BLAST against the NCBI database. Thus, plan-
taricin JY22 may be identified as a novel bacteriocin. To
obtain more information about amino acid sequences of
plantaricin JY22, more mass spectrometry techniques need
to be performed in the future.

Effect of temperature, pH and enzymes
on bacteriocin

As shown in Table 1, plantarincin JY22 was heat-
stable even after autoclaved at 121 °C for 20 min. Due to
the high heat resistance of B. cereus spores and the
increasing of heating processing procedures in foods. The
heat-stable characteristics of plantaricin JY22 further
showed its potential use as a food preservative for the
control of B. cereus.

Bacteriocins produced by LAB are generally highly
stable under acidic conditions, but many of them are easily
inactivated under neutral and alkaline conditions [24]. Its
bacteriocin activity remained stable at pH values between
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Fig. 1 (A) The phylogenetic (A)
tree of Lb. plantarum JY22
based on 16S rRNA;
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2.5 and 5.5. However, the antibacterial activity disappeared
entirely at pH values between 6.5 and 7.5, which indicated
that the bacteriocin had no antibacterial effect under
alkaline conditions. This result was similar to bacteriocin-
like ACU-1 [25] bacteriocin Si3 [26] and plantaricin LC74
[27].

The inhibitory activity of bacteriocin was completely
disappeared after treatment with nutrase, papain and pep-
sin, whereas it was not affected by a-amylase. Protease
sensitivity demonstrated that the bacteriocin was a peptide.
Moreover, resistance of the antibacterial substances to
treatment with a-amylase suggested that the bacteriocin
were not glycosylated.

Mode of action of bacteriocin

The MIC of plantaricin JY22 against B. cereus cells was
6 mg/ml. Addition of 1 and 3 MIC of bacteriocin to 6 h-
old culture B. cereus resulted in nearly entire inhibition of
cell growth for at least 18 h [Fig. 2(A)]. Meanwhile, the
number of viable cells decreased 1.74 log CFU/ml and 2.04
log CFU/ml after 18 h of treatment with 1 and 3 MIC
bacteriocin, respectively [Fig. 2(A)]. This result indicated

] T r T T T L4 T g T T T T 1
80 100 120 140 160 180 200
Retention time (min)

4.1

that the mode of action of plantaricin JY22 against B.
cereus was considered as bactericidal. Similar results were
reported for bacteriocin GM3 [28], plantaricin ZJ008 [29]
and sakacin C2 [30].

Effect of bacteriocin on cell membrane permeability

As shown in Fig. 2(B), the electric conductivity of B.
cereus treated and untreated was basically stable at 50 and
100 ps/cm within 5 h, respectively. This reason might be
that plantaricin JY22 did not affect B. cereus in the initial
period. After 12 h incubation, the electric conductivity of
B. cereus was essentially constant in control. However,
when B. cereus treated with plantaricin JY22 at 1 and
3 MIC, the conductivity values of cells significantly
increased throughout 12 h. The increase in electric con-
ductivity of cells with increasing concentrations of plan-
taricin  JY22 suggested that the cell membranes
permeability was disrupted, which caused intracellular
components leakage.

The bacterial cell membrane provides a permeability
barrier to the passage of small ions such as K, Na® which
are necessary electrolytes, facilitate cell membrane
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Table 1 Effect of temperature, pH and enzymes on bacteriocin

activity

Treatment Residual bacteriocin activity (%)*

pH
25 100 £ 0.26 a
3.5 100 £ 0.17 a
4.5 964 £ 043 d
5.5 742 £ 031 f
6.5 00£00¢g
7.5 00£00¢g

Enzymes
Nutrase 00£00¢g
Pepsin 00£00¢g
Papain 00£00¢g
a-amylase 100 £ 0.14 a

Temperature (°C)
40 (30 min) 100 £ 0.31 a
60 (30 min) 99.5 £ 0.42 ab
80 (30 min) 98.1 £036¢
100 (30 min) 98.1 £0.28 ¢
121 (20 min) 950+ 033 e
4 (30 days) 99.1 £031b
— 20 (30 days) 99.5 £ 0.27 ab

*Values were mean of three independent experiments carried out in

duplicate

functions and maintain proper enzyme activity [31].
Increase in the release of electrolytes will indicate a dis-
ruption of this permeability barrier. Our results showed that
the level of electric conductivity increased rapidly with the
increasing concentration of plantaricin JY22, which meant
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Fig. 2 Effect of plantaricin JY22 on cell growth of B. cereus (A).
ODyggp was observed with 1 MIC (filled circle), 3 MIC (filled triangle)
and without (filled square) plantaricin JY22, viable cell counts (log
CFU/ml) were observed with 1 MIC (circle), 3 MIC (triangle) and
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Log CFU/mI

that the cell membrane permeability was disrupted, This
result was similar to Zhang et al. [32] who reported that
bacteriocin PInEF caused the increased in electric con-
ductivity of Lb. plantarum pl2.

Effect of bacteriocin on cell membrane integrity

The integrity of cell membrane was determined by the
measurement of the leakage of intracellular ingredient
including Na*K"-ATP, AKP, nucleic acids (OD,gopnm) and
proteins in B. cereus. Table 2 showed the effect of different
concentrations of plantaricin JY22 on cell membrane
integrity during 12 h. Compared to the control, the level of
intracellular Na™K"-ATP and AKP in B. cereus treated
with 1 MIC plantaricin JY22 decreased 78.46 and 35.93%,
respectively, while they decreased 98.69 and 79.70%
respectively when treatment at 3 MIC. The absorbance of
nucleic acids (OD,gonm) and concentration of proteins in B.
cereus suspension treated with 1 MIC bacteriocin
increased 81.39% and 96.12%, respectively, when treat-
ment at 3 MIC, they increased by 93.39 and 97.73%
respectively. This result indicated that the leakage of
intracellular ingredient increased significantly with the
increased concentration of plantaricin JY22. It was con-
firmed that plantaricin JY22 had detrimental effect on
damaging cell membrane integrity, resulting in the leakage
of intracellular ingredient from the treated cells.

The Na"K"-ATP, AKP, nucleic acids (ODsggnm) and
proteins which reside throughout the interior of the cell, in
the cytoplasm, are the key intracellular components.
Measurement of specific intracellular components leakage
markers is an indicator of membrane integrity to specific
antimicrobial agent in relationship to untreated cells [33].
Our experimental results showed that the plantaricin JY22

(B)
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= 350
300
250
200

150

Electrical conductivity (us/cm

100+

50

Incubation time (h)

without (square) plantaricin JY22. Effect of plantaricin JY22 on
permeability of cell membrane of B. cereus (B). Electrical conduc-
tivity was observed with 1 MIC (filled circle), 3 MIC (filled triangle)
and without (filled square) plantaricin JY22
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Table 2 Effects of plantaricin JY22 produced by Lb. plantarum JY22 on the change of intracellular ingredients in Bacillus cereus
Concentrations Intracellular ingredients

Na™K*-ATP (U/mgprot) AKP(U/L) Nucleic acids (ODagonm) Protein(ug/ml)
Control 7.66 £ 021 a 56.83 £ 0.53 a 0.08 +£0.02 ¢ 8.16 £ 2.16 ¢
1 x MIC 1.65+0.17b 36.41 £ 031 b 0.43 £ 0.04 b 210.15 £ 53 b
3 x MIC 0.10 £ 0.01 ¢ 11.57 £ 0.17 a 121 £0.10 a 35922 £ 39 a

Values represent means of three independent replicates = SD. Different letters within a column indicate statistically significant differences

between the means (p < 0.05)

significantly caused massive losses of Na"KT-ATP, AKP,
nucleic acids (ODygp,m) and proteins from the treated B.
cereus cells. Similar results have been observed with the
other baceriocins such as bifidocin A against E. coli [7] and
pentocin 31-1 against Listeria monocytogenes [13].

Effect of bacteriocin on the cell and spore
morphology of B. cereus

As observed in Fig. 3(A), untreated B. cereus cell exhibited
distinctive features characterized by typical rod-shaped,
pump and smooth surface. B. cereus cell treated with
1 MIC bacteriocin became deformed, shriveled, wrinkled
and cracked with intracellular component leakage
[Fig. 3(B)]. And the damages were more evident with the
increase of concentration of plantaricin JY22. When treated
with plantaricin JY22 at 3 MIC, the integrity of cell was

$4800 3.0kV 2.9mm x30.0ksSE(M,LA0)

$4800 3.0kV 3.2mm x50.0k SE(M

damaged and cell gradually dissolved [Fig. 3(C)]. This
supported the results of the permeability and integrity of
cell membrane assays, and indicated that the plantaricin
JY22 had severe effects on the cell membrane. The present
findings were in agreement with the finding of Liu et al. [7]
who reported that untreated E. coli displayed striated cell
wall and smooth cell membrane, whereas, those treated
with bifidocin A exhibited wrinkled surfaces by SEM
analysis.

Moreover, the morphology change of B. cereus spores
was also evaluated by SEM analysis. For control, B. cereus
spores displayed intact circular structure. However, B.
cereus spores treated with plantaricin JY22 at 1 MIC were
obviously disrupted, with exosporium peeled out and out
layer depressed [Fig. 3(E)]. With the increased of con-
centration of plantaricin JY22, the damaging effect to spore
was stronger. When treated with plantaricin JY22 at

54800 3.0kV 3.0mm x50.0k SE(M) . 1.00um

Fig. 3 Scanning electron micrograph of B. cereus cells without plantaricin JY22 (A) and treated with 1 MIC (B) and 3 MIC (C), spores of B.
cereus without plantaricin JY22 (D) and treated with 1 MIC (E) and 3 MIC (F)
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97.2 kDa

66.4 kDa
443 kDa

29.0 kDa

20.1 kDa

14.4 kDa

Fig. 4 SDS-PAGE profiles of B. cereus total soluble proteins treated
with plantaricin JY22. Lane 1: Marker bands; lane 2: untreated B.
cereus; 3: B. cereus treated with 1 MIC plantaricin JY22; 4: B. cereus
treated with 3 MIC plantaricin JY22

3 MIC, B. cereus spores were hollow with leaking spore
contents [Fig. 3(F)]. This indicated that bacteriocin had
also severe effects on the integrity of spore.

SDS-PAGE profiles

Soluble protein electrophoresis bands of B. cereus treated
with plantaricin JY22 were significantly different from its
control group in Fig. 4. The bands of cells all-molecular-
weight proteins appeared strong and clear in control group
but obviously shallow in the treated groups. The bands of
proteins reduced more obviously with the increasing con-
centration of plantaricin JY22 and even disappeared. These
results suggested that plantaricin JY22 decreased the con-
tent of cellular soluble proteins by damaging bacterial cell
membrane integrity, with releasing intracellular proteins
subsequently. This result confirmed that plantaricin JY22
disrupt the integrity of cell membrane, resulting in the
leakage of proteins. Similar results have been reported with
glycinin, some protein bands of L. monocytogenes cells
disappeaed after treatment with glycinin [34].
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