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We investigated whether Bacillus spp., newly isolated from Korean traditional food resources,
influence the resistance of hosts to foodborne pathogens, by using Caenorhabditis elegans as a
surrogate host model. Initially, we selected 20 Bacillus spp. that possess antimicrobial activity
against various foodborne pathogens, including Staphylococcus aureus. Among the selected
strains, six strains of Bacillus spp. used in preconditioning significantly prolonged the survival
of nematodes exposed to S. aureus. Based on 165 rRNA gene sequencing, all six strains were
identified as B. licheniformis. Our findings suggest that preconditioning with B. licheniformis

may modulate the host defense response against S. aureus.
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Fermented soybean products with Bacillus spp. are
indigenous to Asian and African countries, which have
long traditional ties to this nutritious food source. The
fermentation products derived from these foods are also
known to act as anticarcinogenic agents and antioxidants
[8]. Out of these health-promoting strains, Bacillus spp.
strains, including B. subtilis and B. licheniformis, are known
to play a major role in the soybean fermentation process
[10]. In other words, the quality and functionality of fermented
soybean products such as doenjang, cheongkookjang, kochujang,
and kanjang are affected by microbes, the fermentation
process, and input materials such as soybeans or grains
[15]. Previous studies showed that after co-inoculation of
B. licheniformis SCK 121057 and B. cereus at a ratio of 10 to 1
on the surface of cooked soybeans, the cell count of
B. cereus had been dramatically reduced after 31 days of

incubation [10]. Furthermore, recent studies showed that
certain strains of B. licheniformis confer significant potential
probiotic agents for food or feed additives [14]. It has been
shown that B. licheniformis strains ameliorate the gut
microbiota and increase the growth and immune response
of Macrobrachium rosenbergii in laying hens [3, 13]. In this
study, we isolated potentially health-promoting strains of
B. licheniformis with antimicrobial activities from Korean
traditional food sources, and evaluated their effect against
various foodborne pathogens and host defense responses,
using the nematode Caenorhabditis elegans as a simple in
vivo animal model.

Bacillus spp. were isolated from Korean traditional foods,
including doenjang, cheongkookjang, kochujang, and kanjang
(Sunchang, Jeollabuk-Do, Korea). Additionally, M. [uteus,
B. cereus, and S. aureus were obtained from the Korea
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Agricultural Culture Collection (KACC, Suwon, Korea)
and employed as indicator strains for antimicrobial activity.
All bacterial strains were subcultured in TSB medium and
incubated at 30°C for 18h in a shaking incubator at
150 rpm. The C. elegans strains used in this study were
CF512 fer-15(b26)11;fem-1(hc17)IV [9]. This C. elegans strain
was routinely maintained on nematode growth medium
(NGM) plates seeded with Escherichia coli OP50, as
previously described [2]. The antimicrobial activity of the
supernatant was evaluated by the agar well diffusion
method [12] with some modifications. The C. elegans killing
assay was performed as previously described [9]. L4/
young adult worms were placed on conditioning plates
with Bacillus spp. at 25°C for 24 h. Next, nematodes with
preconditioning by Bacillus spp. were transferred to
prepared S. aureus pathogen plates. After the worms were
placed on the pathogen plates, they were incubated at 25°C
and examined at 24 h intervals for 15 days for viability
using an Olympus 5740 dissecting microscope. The worms
were sorted as alive or dead by applying a gentle touch
with a platinum wire. C. elegans survival was examined

using the Kaplan-Meier method, and differences were
determined with the log-rank test (STATA6; STATA,
College Station, TX, USA). In addition, the number of
bacterial cells in the worm intestines was measured
according to previously described methods, with slight
modifications [9]. E. coli OP50 was used as a normal-
feeding control under the same experimental conditions.
Among 300 strains isolated from Korean traditional
foods, the cell-free supernatants of 20 potentially health-
promoting Bacillus spp. showed specific antibacterial
activities against gram-positive pathogens, including
Micrococcus luteus, B. cereus, and Staphylococcus aureus
(Table 1). More than half of the 20 isolates showed
inhibitory activity against M. luteus KACC 2177 (16
strains), M. luteus KACC 1056 (13 strains), B. cereus KACC
11341 (16 strains), and S. aureus KACC 1916 (12 strains). As
previously reported, some B. licheniformis strains have been
reported to produce lichenicidin, a two-peptide lantibiotic
with strong activity against a range of pathogenic
microorganisms, including Listeria monocytogenes, methicillin-
resistant S. aureus, vancomycin-resistant enterococci, and

Table 1. Antimicrobial activity caused by Bacillus spp. using the agar well diffusion assay.

Presence of a zone of inhibition with indicator strain:

Strains Micrococcus luteus KACC Bacillus cereus KACC Staphylococcus aureus KACC
2177 1056 3624 11341 40935 10004 3881 1621 1916

SRCM 137 ++ + ++ ++ - - + - T+
SRCM 138 ++ + - - - - - - -
SRCM 139 ++ +++ ++ ++ ++ ++ ++ ++ ++
SRCM 140 ++ +++ ++ ++ - ++ ++ ++ 4
SRCM 141 +++ +++ +++ ++ - - ++ 44 44
SRCM 142 ++ + ++ ++ - ++ - ++ ++
SRCM 143 +++ ++ ++ + - - + - -
SRCM 144 ++ + ++ - - ++ - +++ ++
SRCM 146 ++ + ++ ++ - - + 4+ ++
SRCM 147 + + - ++ - - ++ + ++
SRCM 148 + + - ++ - - + + o+
SRCM 150 - - - - - ++ - - -
SRCM 151 - - - - - + - - -
SRCM 152 - + - ++ - - - - -
SRCM 153 - - - - - ++ - - -
SRCM 155 + - ++ +++ ++ - + - ++
SRCM 156 + - - +++ ++ - - - ++
SRCM 158 + - - ++ - - - - -
SRCM 159 - - - ++ ++ ++ - - _
SRCM 160 + + ++ +++ - - + - ++

Diameter of the inhibition zone: (+) weak (6—9 mm), (++) intermediate (10—14 mm), (+++) strong (=15 mm), (-) no inhibition zone.
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Fig. 1. Conditioning with the six B. licheniformis strains prolonged the survival of C. elegans nematodes infected with S. aureus.
Survival statistics: all p < 0.0001 for SRCM 141-, 143-, 144-, 147-, 155-, and 156-conditioned nematodes compared with worms feeding on the E. coli

OP50 control strain.

B. cereus [1]. Moreover, recent research was published
demonstrating that the culture supernatant of the newly
isolated B. licheniformis showed inhibition of both gram-
positive and gram-negative bacteria [5]. Hence, we
concluded that the 20 isolates of Bacillus spp. from Korean
traditional foods have strong antimicrobial activity against
foodborne pathogens, especially gram-positive organisms.

Importantly, specific antimicrobial molecules may facilitate
the introduction of a producer into an established niche,
directly inhibit the invasion of competing strains or
pathogens, or modulate the composition of the microbiota
and influence the host immune system [4]. Some
B. licheniformis strains have been reported to stimulate the
immune response of chickens [11]. Therefore, we explored
whether Bacillus spp. that possess antimicrobial activity
can augment the host defense response to S. aureus. Here,
the nematode C. elegans (fer-15,fem-1) was used as a simple
in vivo defense response model. C. elegans has been
accepted as an alternative model host for the study of
microbial infection and is a simple animal model with
which it is possible to study evolutionarily conserved

aspects of innate immunity [9]. In this study, we used an
agar-based solid killing assay. Worms were conditioned by
transferring young adult/L4 worms to each bacilli lawn for
24 h and then transferring them to S. aureus using solid
killing assays with fer-15,fem-1 worms. The conditions with
each Bacillus spp. for 24h did not affect any of the
physiological characteristics of C. elegans, including body
and brood size, compared with those of worms given the
E.coli OP50 control (data not shown). Remarkably, the
viability of C. elegans was significantly enhanced or similar
to that of control worms that were pre-exposed to the
nonpathogenic E. coli strain OP50 (the standard laboratory
food source for C. elegans) when nematodes were conditioned
on lawns of Bacillus spp., and then exposed to an S. aureus
infection under the solid killing conditions (Fig. 1). In
particular, among the 20 isolates of Bacillus spp., SRCM
141, 143, 144, 147, 155, and 156 dramatically enhanced the
viability of C.elegans infected with S. aureus (p <0.0001;
Fig.1). Conversely, B. licheniformis SRCM 153 and 158
negatively influenced the extension of the lifespan of the
C. elegans host (data not shown). Taken together, we
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concluded that conditioning with Bacillus spp. SRCM 141,
143, 144, 147, 155, or 156 makes C. elegans worms resistant
to infection by S. aureus.

Next, we evaluated the number of Bacillus spp. in the
C. elegans intestinal tract. Unexpectedly, the number of
Bacillus spp. cells attached to the intestinal epithelial cells
was similar with those of E. coli OP50, which did not
enhance the resistance of C. elegans to S. aureus infection
(data not shown). Therefore, we suggest that there are no
critical correlations between the level of bacilli colonization
and the defense responses in the C. elegans intestine. In
other words, these data indicated that the number of
colonized cells do not impact the defense response directly.
One possibility is that when intact bacilli cells are digested
by the worm grinder, specific microbial components (e.g.,
cell wall molecules or bacteriocins) may influence the host
defense responses. Finally, 165 rRNA sequencing showed
that the six host defense-enhancing Bacillus spp. were
identified as B. licheniformis. Consistent with a previous
report [6], our findings demonstrate that B. licheniformis can
be employed for a range of different biotechnological
applications, such as dietary supplements for humans and
animal feed inoculants, owing to their ability to stimulate
the host defense system. Recently, our group reported that
B. licheniformis activates key immune signaling pathways
involved in C. elegans defenses, including pmk-1 [7], which
encodes the p38 mitogen-activated protein kinase pathway
(2014 General Meeting of American Society for Microbiology,
Boston, MA; No. 2271). An ongoing study is evaluating
the specific host defense mechanism of C.elegans via
B. licheniformis using whole-transcriptome analysis.

In conclusion, we showed that preconditioning with
B. licheniformis SRCM 141, 143, 144, 147, 155, and 156
isolated from Korean traditional foods significantly
stimulates C. elegans host defenses, independently of their
level of colonization in the worm intestine. Our results
suggest the potential application of the six newly isolated
B. licheniformis strains in functional foods/feeds and
therapeutic dietary supplements.

Acknowledgments

This research was supported by the Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science, ICT &
Future Planning (2014R1A1A1006872) to Y.K., and the
Ministry for Food, Agriculture, Forestry, and Fisheries of
Republic of Korea (313036-03-1-HD020) and the Ministry of
Trade, Industry, and Energy (10045726).

J. Microbiol. Biotechnol.

References

10.

11.

12.

13.

14.

15.

. Begley M, Cotter PD, Hill C, Ross RP. 2009. Identification of

a novel two-peptide lantibiotic, lichenicidin, following rational
genome mining for LanM proteins. Appl. Environ. Microbiol.
75: 5451-5460.

. Brenner S. 1974. The genetics of Caenorhabditis elegans.

Genetics 77: 71-94.

. Deng W, Dong XF, Tong JM, Zhang Q. 2012. The probiotic

Bacillus licheniformis ameliorates heat stress-induced impairment
of egg production, gut morphology, and intestinal mucosal
immunity in laying hens. Poult. Sci. 91: 575-582.

. Dobson A, Cotter PD, Ross RP, Hill C. 2012. Bacteriocin

production: a probiotic trait? Appl. Environ. Microbiol. 78: 1-6.

. Guo Y, Yu Z, Xie J, Zhang R. 2012. Identification of a new

Bacillus licheniformis strain producing a bacteriocin-like
substance. J. Microbiol. 50: 452-458.

. Huang JM, La Ragione RM, Nunez A, Cutting SM. 2008.

Immunostimulatory activity of Bacillus spores. FEMS Immunol.
Med. Microbiol. 53: 195-203.

. Irazoqui JE, Urbach JM, Ausubel FM. 2010. Evolution of

host innate defence: insights from Caenorhabditis elegans and
primitive invertebrates. Nat. Rev. Immunol. 10: 47-58.

. Kim NY, Song EJ, Kwon DY, Kim HP, Heo MY. 2008.

Antioxidant and antigenotoxic activities of Korean fermented
soybean. Food Chem. Toxicol. 46: 1184-1189.

. Kim Y, Mylonakis E. 2012. Caenorhabditis elegans immune

conditioning with the probiotic bacterium Lactobacillus
acidophilus strain NCFM enhances gram-positive immune
responses. Infect. Immun. 80: 2500-2508.

Kim Y, Yun S, Jeong D, Hahn K, Uhm T. 2010. Isolation of
Bacillus licheniformis producing antimicrobial agents against
Bacillus cereus and its properties. Kor. ]. Microbiol. 46: 270-
277.

Knap I, Lund B, Kehlet AB, Hofacre C, Mathis G. 2010.
Bacillus licheniformis prevents necrotic enteritis in broiler
chickens. Avian Dis. 54: 931-935.

Millette M, Dupont C, Archambault D, Lacroix M. 2007.
Partial characterization of bacteriocins produced by human
Lactococcus lactis and Pediococccus acidilactici isolates. . Appl.
Microbiol. 102: 274-282.

Ranjit Kumar N, Raman R, Jadhao S, Brahmchari R, Kumar
K, Dash G. 2013. Effect of dietary supplementation of
Bacillus licheniformis on gut microbiota, growth and immune
response in giant freshwater prawn, Macrobrachium rosenbergii
(de Man, 1879). Aquacult. Int. 21: 387-403.

Sorokulova IB, Pinchuk IV, Denayrolles M, Osipova IG,
Huang JM, Cutting SM, Urdaci MC. 2008. The safety of two
Bacillus probiotic strains for human use. Dig. Dis. Sci. 53:
954-963.

Yoo S, Kang S, Noh Y. 2000. Quality properties on soy bean
pastes made with microorganisms isolated from traditional
soy bean pastes. Kor. J. Food Sci. Technol. 32: 1266-1270.



