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Listeria genomic island 2 (LGI2) is a chromosomal island that abounds
with heavy metal detoxification systems (cadmium and arsenic) and is
often found among serotype 4b hypervirulent clones of the foodborne
pathogen Listeria monocytogenes, but not among non-pathogenic
Listeria spp. Here, we provide the first evidence of a novel LGI2 variant
(LGI2-3) chromosomally harbored by two L. welshimeri strains from
an urban watershed. LGI2-3 was overall similar to LGI2 but bore a
cystathionine beta-lyase gene, which was previously identified only in
LGI2-1, as well as a novel cadAC cassette (cadA7C7) that resembled
cadA4C4 in that it was associated with a lower level of cadmium
resistance than other cadAC cassettes. Analysis of CadA sequences
revealed two amino acids that might be indispensable in modulating the
tolerance level to cadmium. Transfer of LGI2-3 to L. monocytogenes was
not observed in the conjugation experiments between the LGI2-3harboring L. welshimeri strain and L. monocytogenes strains. Further
characterization of this island could enhance our knowledge on the
physiologically important accessory genes that contribute to the genetic
diversity of Listeria spp.

Salmonella Enteritidis-specific (SE) phage was previously isolated from
an eel farm for using as a dual binding agent in magnetoelastic (ME)
biosensor method. The head of SE phage needs to bind with ME sensor
while the tail binds with target pathogen with charge interaction. The
purpose of this study was to investigate pH effect on the SE phage
immobilization on ME sensor and finally on the performance of ME
biosensor method. Various pHs of SM buffer were exposed to ME sensor
for 60 min for the confirmation of the sensor stability and the surface
of the ME sensor was observed using an microscope at every 5-min
interval. SE phage (108 PFU/mL) was suspended with various pHs of
SM buffer and immobilized on the ME sensor surface prior to the
8
exposure of S. Enteritidis (10 CFU/mL) for 1h at RT. The resonant
frequency (RF) of phage-immobilized sensor was measured before and
after exposure to S. Enteritidis. The phage and bacterial attachment on
ME sensor was observed using TEM and SEM, respectively. The optical
microscope image revealed the gold coating of ME sensor at the exposure
of pH 1 and pH 3 was peeled. RF shift of pH 7 was the significantly greater
than others (p < 0.05). The best phage immobilization was observed at
pH 7 with a density of 21 ±. The number of S. Enteritidis (5.03 ± 1.33
2
CFU/100 µm ) bound on ME sensor at pH 7 was significantly greater
than others (p < 0.05). It was concluded that SM buffer at pH 7 provided
the best condition of SE2 phage with ME sensor and target pathogen as
a dual binding agent.

Keywords : Listeria genomic island 2 (LGI2), heavy metal resistance,
Listeria welshimeri
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Enterotoxigenic Escherichia coli (ETEC) is a major pathogenic
Escherichia coli that causes diarrhea and swelling in piglets after
weaning. Bacteriophage is a useful biological agent for safe control of
ETEC as an antibiotic substitute. In this study, the characteristics and
genetic analysis of the phage ØCJ19 that infects ETEC was performed.
In addition, molecular cloning experiments were performed to
understand the interaction between phage and host bacteria. Phage
ØCJ19 belongs to the family Myoviridae. One-step growth curve showed
a latent phase of 5 min and burst size of approximately 20 phage
particles/infected cell. Phage infectivity was stable for 2 h between 4℃
and 55℃, and the phage was stable between pH 3 and 11. Genetic analysis
revealed that phage ØCJ19 has a total of 49,567 bases and 79 open reading
frames (ORFs). The full genomic sequence of phage ØCJ19 showed the
most similarity to an Escherichia phage, vB_EcoS_ESCO41. There
were no genes encoding lysogeny, toxins, virulence factors, or antibiotic
resistance in this phage, suggesting that this phage can be used safely
as a biological agent to control ETEC. Cloning experiments were
performed on the putative receptor-binding protein (RBP) gene of phage
ØCJ19, which is responsible for recognition and binding between phage
and host bacteria. The putative RBP gene ligated to the pET30 expression
vector was transformed into BL21 competent cells. As a result of genetic
analysis of the pET30a vector ligated with RBP, the regions
corresponding to the RBP gene were completely matched. These results
showed the potential to improve food safety by applying the phage
ØCJ19 to animal foods contaminated with ETEC. In addition, the
molecular biological results can be used as a basis for the study of the
phage-host binding ability of the RBP gene of phage that recognizes host
bacteria, and will contribute to the study of host range expansion through
mutagenesis of RBP.
Keywords : Bacteriophage, enterotoxigenic Escherichia coli, receptorbinding protein

Severe norovirus outbreaks due to the consumption of contaminated
shellfish have been recently reported. Due to the difficulty of culturing
norovirus, male-specific phage has been suggested as an indicator
species. The double agar layer method, which is a conventional method
for Male-specific coliphages (MSCs) detection, has moderate
sensitivity and requires incubation hours. The purpose of this study is
to detect MSCs-contaminated shellfish samples without incubation
hours. The virome sequence profiles were obtained from the oyster
samples with the MSC detection in the double agar layer method.
Assembled contigs were analyzed to identify biomarker regions within
MSCs-contaminated samples. Specific primers were designed to
amplify detected biomarker sequences and the specificity was identified
with in silico environment. The real-time qPCR method with newly
designed primers showed higher detection sensitivity for MSCs. This
result suggests that the virome information could be useful to identify
a biomarker for indicator virus.
Keywords : Shellfish, male-specific coliphages, real-time qPCR

G-5
Determination of Pathogenic Escherichia coli, Listeria monocytogenes,
Campylobacter spp., and Hygiene Indicator Bacteria from Cheese
Samples in Farmstead Cheese Manufacturing and Retail Market in
Korea
Hyeon-Jin Kim, Hye-Young Youn, and Kun-Ho Seo*
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Cross-contamination through cows, workers, and utensils can affect the
increased microbial load of the cheese. In present study, we monitored
the contamination levels of aerobic bacteria count, coliform,
Escherichia coli, pathogenic E. coli(PE), Listeria monocytogenes(LM),
Campylobacter coli(CC), and Campylobacter jejuni(CJ) of either food
processing step and final products from farmstead cheese manufacturing
(FCM) and retail market located in Gyeong-gi and Seoul, respectively.
PE, LM, CC, and CJ and hygiene indicator bacteria were calculated
according to the standards of ministry of food and drug safety(MFDS).
PE, LM, CC, and CJ were not detected in all cheese products and passed
the standard of MFDS. Interestingly, contamination levels of aerobic
bacteria count in teat skin and grilled cheese were not significantly
different in FCM except spring (p >0.05). Moreover, enteropathogenic
E. coli was isolated from teat skin in spring and summer. Aerobic bacteria
were detected in both cheese vat(0.53±0.92 and 0.77±0.68 log CFU/g)
and worker’s gloves(0.67±0.58 and 0.83±0.75 log CFU/g) at farmstead
cheese manufacturing in summer and fall. Disinfection of facilities and
sanitation of workers will be necessary to reduce cross-contamination
of microorganisms from the cheese processing stage.
Keywords : Cheese, foodborne pathogen, hygiene indicator bacteria
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Bacteria of the genus Kocuria can survive in extreme environments and
can cause infections in humans, including catheter-related bacteremia.
In the present study, we investigated the growth curve, biofilm formation,
and antimicrobial susceptibility of K. salsicia strains (KS1-9) isolated
from cheese brine from a farmstead cheese manufacturing in Korea. All
isolates showed growth at 15% salt concentration and at 15, 25, 30, 37,
and 42℃. Notably, K. salsicia KS6 and KS8 showed slow growth at 5℃.
In the biofilm formation analysis via crystal violet staining, the isolate
KS6 exhibited the highest biofilm formation ability at various
temperatures. Remarkably, at 25 and 30℃, KS3, KS6, and KS8 showed
higher biofilm formation ability than that of Staphylococcus aureus
ATCC 25923. The antimicrobial resistance of the isolates was evaluated
using the VITEK® 2 system, and the highest number of isolates were
found to be resistant to marbofloxacin and nitrofurantoin (both 9/9,
100%), followed by enrofloxacin (7/9, 77.8%). Notably, three of the nine
isolates (33.3%) showed multi-drug resistance. These findings indicate
that it is critical to ensure the hygienic handling of the brine used in
farmstead cheese manufacturing to prevent contamination with
potential human pathogens.

Fermented milk is widely consumed worldwide because of its beneficial
effects. Although fermented milk has low pH-induced lactic acid, acetic
acid, and alcohol, foodborne pathogens can grow in inadequate
sterilization and processing stages. Pathogenic Escherichia coli(PE),
Listeria monocytogenes(LM), Campylobacter coli(CC), Campylobacter
jejuni(CJ), and hygiene indicator bacteria(HIB; aerobic bacteria, E. coli,
and coliform) were investigated by season in a total of 221 samples
(environmental samples, raw materials, processing stages, and final
products)in farmstead fermented milk manufacturing(FFM), fermented
milk manufacturig plant(FMP), and retail market in 2020. PE, LM, CC,
and CJ and HIB were evaluated according to the standards of ministry
of food and drug safety(MFDS). As a result, PE, LM, CC, CJ, and HIB
were not detected in 125 final products out of 221 samples, which passed
the microorganism standard of MFDS. Interestingly, enteropathogenic
E. coli were isolated from bovine teat skin in spring in FFM. In processing
stages of FMP, there were significant seasonal difference in aerobic plate
count: the average count in fall (2.56 ± 0.03, 2.20 ± 0.13, 2.88 ± 0.06,
3.09 ± 0.01, and 2.55 ± 0.12 log CFU/g, respectively) was higher than
that of summer (0.33 ± 0.58 log CFU/g, p＜0.001). This result means
that hygiene management in the fermented milk processing stages should
occur throughout the four seasons, not just in summer.

Keywords : Kocuria salsicia, cheese brine, farmstead cheese manufacturing

Keywords : Fermented milk, foodborne pathogen, hygiene indicator
bacteria
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Despite of ongoing developments on food industry, food poisonings
caused by bacterial pathogens are steadily occurring. Escherichia coli
O157:H7 is a major food-borne pathogen causing serious illnesses like
hemolytic colitis and hemolytic uremic syndrome. Recent warning on
antibiotic resistance broadly spread among pathogenic bacteria is also
of concern for Escherichia coli O157:H7. In this study, we isolated two
E. coli O157:H7 bacteriophages, ECCF01 and ECCF02, from chicken
fecal samples and characterized them as alternative antimicrobials
controlling E. coli O157:H7. Both phages specifically infect E. coli
strains with O157 serotype but not affect non-pathogenic strains such
as MG1655 and DH5α. They also do not infect other food-borne bacteria
including other enteric pathogens like Shigella flexneri and Salmonella
Enteritidis. Electron microscopic analyses indicated that ECCF01
belongs to the Myoviridae family. Moreover, ECCF01 and ECCF02 were
stable in a broad range of pH(pH 3-10) and temperature(4-60℃)
conditions. Therefore, these phages could be used as sustainable food
preservatives controlling pathogenic E. coli O157:H7 in various foods.
Keywords : Bacteriophage, Escherichia coli O157:H7, foodborne
pathogens

Food was found to be a potential source of inadvertent doping in sports.
Despite regulations, anabolic hormones are illegally used to promote
livestock growth, resulting in the presence of hormone residues in
animals. Athletes who have consumed such meat may be tested positive
for anabolic agents in doping control. Consumption of non-castrated
pigs, which are naturally rich in steroid hormones, and pigs fed feed
contaminated with mycotoxins can also result in a positive doping test.
There have been several cases of athletes claiming to be tested positive
for doping by consuming food contaminated with doping agents.
However, the procedures to prove that the intake was unintentional are
very difficult and it is a reality that players themselves must pay attention
to all food and be responsible for the results. The strategy of our
anti-doping research is focused on protecting athletes from inadvertent
doping. Based on actual cases, we selected food ingredients and
developed a method to pre-treat them in a form suitable for the doping
analysis method being used. In the future, we will use this proposed
method to reveal the possibility of the existence of doping agents in most
food ingredients and to establish a ‘food ingredients doping analysis
model’ that can be practically analyzed in athletes' villages.
Keywords : Inadvertent doping, anabolic hormones, food contamination
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Vibrio food poisoning occurs in summer when sea temperature rises.
Among Vibrio species causing food-borne illness, V. vulnificus and V.
cholerae produce a potent protein toxin, the MARTX (Multifunctional
Autoprocessing Repeats-in-ToXin) toxin. This toxin is very large in size
and consists of several toxic effector domains, cysteine protease domain,
and repeats-containing regions. Here, Vibrio strains isolated from
Korean seawater and seafood samples were examined and draft genome
sequence of some isolates were inspected for the presence of MARTX
toxin gene, rtxA. The obtained rtxA genes were further analyzed
bioinformatically to classify the type of MARTX toxin and to identify
putative effector cleavage sites. Among the analyzed nine rtxA genes,
four different types of MARTX toxins were deduced. Notably, we also
found that one isolate producing the toxin is actually V. mimicus, not V.
cholerae, suggesting the spread of this potent toxin gene among various
marine bacteria. Considering ongoing climate changes and naturally
occurring horizontal gene transfer and homologues recombination
among rtxA genes, the surveillance for the MARTX toxin genes in
seafood-borne pathogens seems to be urgent.
Keywords : Vibrio spp., MARTX toxin, seafood
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GM crops give us advantages such as resistance to pests and improved
productivity, but they cause various side effects such as stability and
environmental pollution. A detection system for monitoring GM crops
is important. We applied it to the detection of GM crops using an aptamer
that recognizes and binds to the structure of various targets such as
proteins, and compounds. We selected the aptamer that specifically binds
the herbicide-resistant protein Phosphinothricin N-acetyltransferase
(PAT), using the SELEX method. PAT protein was crystallized to confirm
interactions through structural analysis. The Bar gene was cloned in
pET-21a and expressed by E.coli BL21 (DE3). The protein was purified
by three-step chromatography: Affinity, Ion-exchange and Gel filtration
chromatography. Sitting drop vapor diffusion was used for crystallization
at 291K temperature. Analyzing the structure of protein-aptamer
complex, can improve the specificity of aptamer to the target.
Keywords : PAT protein, aptamer, protein-aptamer complex
[This research was supported by Basic Science Research Program
through the National Research Foundation of Korea(NRF) funded by
the Ministry of Education(2020R1A6A1A06046235)]
[This work was supported by the National Research Foundation of
Korea(NRF) grant funded by the Korea government(MSIT) (No.
2020R1A2C1009463)]

The purpose of this study was to isolate, characterize, and employ a
Salmonella-specific phage as a green approach. Salmonella-specific
phage was isolated and purified from a slaughter wastewater. Its
morphology was observed by TEM for viral classification. The pH and
temperature stabilities of the phage were investigated by exposure to
various pHs (1 to 12) and temperatures (–70 to 70℃). The specificity
of the phage was determined against 43 pathogens by a dot assay. Phage
efficiency was investigated by in vitro challenge assay at a MOI of 0.01,
0.1, 1.0, 10, and 100. Employment of phage to control Salmonella
contamination in fresh produce was investigated using onion as a model
system. The phage was highly specific to only Salmonella spp. and
belonged to the Myoviridae family with icosahedral head (105.79 ± 11.21
nm) and contractile tail (115.38 ± 30.96 nm) lengths. The phage was
stable in wide pHs (3-11) and temperatures (–20-60℃). The phage’s
efficiency in vitro was maintained up to 8 h even at MOI of 0.1. The
number of Salmonella was significantly reduced by 3.8 ± 0.5 log CFU/g
in onion when treated with Salmonella-specific phage. This study
demonstrated that the Salmonella-specific phage is promising as a
biocontrol agent against Salmonella in fresh produce applications.
Keywords : Phage, Salmonella, green approach
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Acinetobacter baumannii is a coccobacillus Gram-negative bacterium,
causes persistent nosocomial infections such as pneumonia and
bacteremia. Along with a broad spectrum of antibiotic resistance,
problem of A. baumannii has been more complicated due to isolation of
the pathogen from foods and environment recently. In this study, an A.
baumannii-infecting bacteriophage PhiAB03 from sewage was
characterized for the purpose of development of novel antimicrobials.
Based on morphological and genomic analysis, PhiAB03 classified into
the family Tectiviridae featuring with small dsDNA genome enveloped
by inner proteinaceous lipid membrane and outer icosahedral capsid, and
flexible spike protein on the capsid. Seven out of 17 predicted ORFs from
~14 kb genome encoded structural and assembly/packaging-related
proteins, while holin and DNA polymerase were also found. PhiAB03
could specifically infect 13 foodborne Acinetobacter spp. isolates
showing intermediate resistance against cefotaxime among 75 strains
tested as well as A. baumannii ATCC 17978. The infectivity of PhiAB03
was maintained in varied conditions, ranged from 4 to 50℃, and pH 2
to 11. After further analysis on the host lytic properties, PhiAB03 could
be developed as one of antimicrobial candidates to control A. baumannii.
Keywords : Bacteriophage, Acinetobacter baumannii, Tectiviridae
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Bacillus cereus, one of major foodborne pathogens producing enteric
and emetic toxin, are found anywhere including foods. Due to commons’
reluctance to chemicals and wide spread of drug-resistance, bacteriophage
has recently got a spotlight again as alternative antimicrobials. Here, we
isolated B. cereus-infecting phage PBCC01 from retail carrots and
characterized it to examine potential as novel antimicrobials. Phage
PBCC01 belonging to the family Myoviridae could infect 5 B. cereus
strains including 2 food isolates among 13 strains tested. Phage
infectivity was stably maintained from 4 to 60℃ and from pH 5 to 10
for an hour. About 55% of phages were attached to the host B. cereus
ATCC 27348 in 5 min with divalent cations. Eclipse and latent periods
of PBCC01 were determined as 20 and 40 min, respectively, and the burst
size was calculated as ~600 PFU/infected cell. Host bacterial growth was
effectively inhibited for 7 (MOI of 0.1-1) to 12 hr (MOI of 10) by PBCC01
treatment. Two putative enzymes, which probably hydrolyze the host
peptidoglycan layers, were predicted from 94.6-kb genome, indicating
the potential as useful enzybiotics. Altogether, phage PBCC01 and its
lytic enzymes could be developed as promising candidates of alternative
biocontrol agents against B. cereus.

As bacteriophage therapy has regained attention for recent decades as
alternative control measures for pathogens, there have been numerous
approaches of engineering phages to promote therapeutic efficiency.
Here, we analyzed a Staphylococcus aureus-specific phage with
enhanced bactericidal activity generated by repeated challenges of
sodium pyrophosphate. After 30 times of sequential treatment of phage
SA3821 with the chemical and subsequent screening, the surviving
phage SA3821M was isolated. SA3821M showed increased thermal
tolerance and improved lytic activity against its host compared to the
parental SA3821. As sodium pyrophosphate, a chelating agent, has been
reported to cause genetic changes in virions, the SA3821M genome had
various mutations and deletions compared to the SA3821 genome.
Especially, the majority of genetic changes (60.6%) were placed at the
region encoding tail tape measure protein (TMP), suggesting that this
protein dictating a tail length and facilitating the injection of viral DNA
into the host might be the hot key for the enhanced lytic activity of
SA3821M. Based on the results, we propose the applicability of simple
practical challenges of sodium pyrophosphate to obtain more effective
phage with mutations in host-interacting apparatus to fight pathogens.

Keywords : Bacteriophage, Bacillus cereus, antimicrobials

Keywords : Bacteriophage, tail tape measure protein, Staphylococcus
aureus
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Phages with lytic activity against pathogens are considered as alternative
antimicrobials. Wild-type (WT) phages isolated from nature, however,
are often inappropriate to apply in certain practical settings such as
thermal processing, due to inadequate characteristics. Here, we
adaptively evolved (AE) the newly isolated Salmonella phage JE01 by
repeated challenges against sub-lethal heat treatment to exhibit
improved thermal stability. The infectivity reduction of WT JE01 was
more than 4-log PFU/ml at 73 or 74℃ for an hour, but that of AE phages
through sequential repeated exposure to the same temperature was only
about 1-log. Genomic analysis revealed several missense mutations in
AE phages compared to WT. Interestingly, all the mutations were placed
at four genes including orf61 for putative tape measure protein, orf65
for tail fiber protein, and adjacent orf63 for hypothetical protein,
implying the association of phage tail module with the enhanced thermal
stability. The infectivity and adsorption rate of AE phages was similar
to the WT, though reduction of burst size (~60%) and shorten of latent
period (~33%) might be interchanged as fitness costs. Taken together,
this adaptive evolution strategy could be applied to other WT phages to
improve their usability as antimicrobials.

Acinetobacter spp. has become a global threat due to its high antibiotic
resistance rate. They are a major cause of nosocomial infections and were
also have been detected in foods recently, requiring urgent alternative
control means. Here, we identified 41 Acinetobacter isolates in 7
different species from distributed raw foods in Korea and applied a phage
cocktail as an alternative biocontrol agent. Most isolates (95.1%) showed
full or intermediate resistance to cefotaxime, and 12.2% of isolates were
nonsusceptible to even “the last-line antibiotics,” carbapenems, in disk
diffusion susceptibility test. Myoviral phage PhiAB01 and podoviral
phage PhiAB02 isolated from sewage could simultaneously infect the
food isolates A. calcoaceticus YMFM 405 and A. baumannii YMFM
601. Phage cocktail consisting of PhiAB01 and PhiAB02 effectively
inhibited the bacterial growth in vitro for 12 h (MOI=10), and increased
the survival rate of Galleria mellonella larvae from YMFM 601 infection
in vivo for 6 d (MOI=1, 10). In addition, the pathogen loads from
R
artificially spiked ground pork with RIF YMFM 601 were significantly
reduced through 6 h by the phage cocktail at both 4℃ and 25℃. Taken
together, the developed phage cocktail could be a candidate agent to
biocontrol foodborne drug-insensitive Acinetobacter spp.

Keywords : Bacteriophage, adaptation, antimicrobials

Keywords : Bacteriophage, Acinetobacter spp., biocontrol
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Survival and Growth Characteristics of Foodborne Pathogen in
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Although genetically modified bacteriophages have been received
increased attentions to enhance its applicability, engineering of lytic
phage is challenging due to its short residence time in host bacteria as
well as limited encapsulation capacity of the head. Here, we applied a
CRISPR-Cas9 system to construct an infectious gene deletion mutant
of virulent phage HJC01 inhibiting Cronobacter sakazakii. Phage
HJC01 has 49 kb dsDNA genome and functions of most predicted genes
(56%) are unknown. Through orf22-targeting spacer-mediated dsDNA
break and subsequent homologous recombination, orf21, 23 (hypothetical
proteins) and orf22 (Dam methylase) were erased from the HJC01
genome. The resultant mutant HJC01Δ21_23 was not altered significantly
from the HJC01 in particle morphology and host infection manner.
However, the burst size was decreased by 40% along with 5 min-delayed
burst time, and consequently resulting in smaller plaques. Since the
deleted genes were non-essential for phage viability, other foreign genes
such as reporter cassettes can be introduced into the room given by the
deletion to develop useful engineered HJC01 derivatives. The strategy
used in this study also could be applied to other virulent phages to
engineer their applicability to fight with the pathogens.
Keywords : Bacteriophage, Cronobacter sakazakii, CRISPR

Foodborne pathogens exist in plant tissue for survival and growth.
Preliminary experiments on the localization and growth in lettuce leaf
surface revealed an increased (1.0 log CFU/mL) recovery of pathogen.
It was no difference in pathogen population when compared to leaves
with and without wound. Most of the inoculated pathogen existed inside
the wounded leaf but rarely on rough surface of the unwounded leaf.
Since foodborne pathogens utilize nutrients for survival and growth from
fresh vegetables, the romaine lettuce extracts was prepared to determine
the minimal concentration for survival and growth of foodborne
pathogens. Escherichia coli O157:H7, Listeria monocytogenes and
Pectobacterium carotovorum grew vigorously in romaine lettuce
extracts at 100%, 10%, 1% and the density of the pathogens reached to
4-5 log CFU/mL. At 0.1% concentration, the density of E. coli O157:H7,
L. monocytogenes and P. carotovorum were 2.74, 1.29 and 2.91 log
CFU/mL respectively. The result suggested that foodborne pathogens
can survive and growth when contacted with romaine leaf extract under
0.1% concentration. Therefore it is very important to increase the safety
by minimize the wound during harvesting, storage and distribution of
lettuce.
Keywords : Foodborne pathogen, romaine wound, survival
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Isolated from Potato, Chinese Cabbage and Lettuce
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Pathogenic Escherichia coli is well-known for causing a variety of
serious diseases in humans and global emergence of antibiotics-resistant
pathogenic E. coli necessitates development of alternatives to antibiotics.
Bacteriophages (phages) are one of the promising alternatives to
antibiotics but they typically have a narrow host range that phage
cocktails are generally used for phage therapy to broaden host ranges
of phages. In this study, two phages (ELT1 and ELT3) were isolated from
retail raw chicken meats. Both phages were classified as the Myoviridae
family based on the transmission electron microscopy. ELT1 has 109 ±
5 nm tail and 90 ± 5 nm head and ELT3 has 105 ± 5 nm tails and 91 ±
5 nm head. The whole-genome sequencing results demonstrated that the
genome size of phages ELT1 and ELT3 is 170,727 bp and 163,510 bp,
respectively. Each phage can infect 11 strains out of 18 pathogenic E.
coli strains including enterohemorrhagic E. coli and enterotoxigenic E.
coli and combining these two phages can control 15 out of 18 strains
tested, suggesting that these phages can be useful components for phage
cocktail against pathogenic E. coli.

Pectobacterium carotovorum deteriorates the quality of most vegetables
causing typical soft rot symptom. The pathogenicity of 36 P. carotovorum
isolates from different hosts was investigated by inoculating the
pathogen (7 log/ml) into potatoes, carrots, Chinese cabbage and lettuce
and the development of soft rot symptom were evaluated after 24h
incubation at 28℃ and 10℃. The degree of pathogenicity was classified
into strong, intermediate and weak based on the development soft rot
symptom. Strong symptom occurred in order of potatoes (95.5%) >
carrots (18.2%) > lettuce (4.5%) > Chinese cabbage (4.5%) while the
aggressiveness of pathogen was diverse. Most isolates showed strong
symptom at 30℃ and the incidence of typical symptom was different
from 100% in potato to 55.6% in lettuce. However, the aggressiveness
of pathogen was lowered from 58.3% in potato to 16.7% in carrot and
Chinese cabbage at 10℃. Also, Chinese cabbage isolates collected from
Haenam area revealed strong pathogenicity to all the vegetables and the
incidence was 100% in potato and 82% in lettuce. But the lettuce isolates
collected from Gimje area showed less aggressiveness in lettuce (1.3%)
and Chinese cabbage (8.8%). These results are expected to be used as
basic data for characterization of Pectobacterium strains and evaluation
of antibiotics susceptibility in Korea.

Keywords : Pathogenic Escherichia. coli, bacteriophage, phage cocktail

Keywords : Pectobacterium, pathogenicity, safety
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Construction of Synthetic Reporter Strain for Screening of EHEC
Virulence Inhibitors

Construction of Reporter Strain for Screening Inhibitors that
Control Curli Fimbriae Expression in EHEC

Sin Young Hong, and Byoung Sik Kim*
Department of Food Science and Engineering, ELTEC College of
Engineering, Ewha Womans University, Seoul 03760, Korea

Jihye Park, and Byoung Sik Kim*
Department of Food Science and Engineering, ELTEC College of
Engineering, Ewha Womans University, Seoul 03760, Korea

Enterohemorrhagic Escherichia coli (EHEC) is a foodborne pathogen
that causes attaching and effacing lesions on intestinal epithelial cells.
Since production of Shiga toxin is enhanced upon antibiotic treatments,
alternative agents controlling EHEC strains are of necessary. The aim
of this study is to find alternatives that target virulence factors and reduce
the toxicity of EHEC. The locus of enterocyte effacement (LEE) is
essential for the virulence of EHEC, and most of the LEE genes are
positively regulated by a Ler protein. GrlA, a transcriptional activator
of ler, is thus a potential target for virulence inhibitors of EHEC. Indeed,
relative gene expression of lee genes was decreased in grlA mutant
compared with the wild-type. To construct a synthetic reporter strain for
screening of GrlA inhibitors, E. coli DH5α was co-transformed with
pSY2101, carrying the arabinose-inducible grlA gene, and with
pSY2104, a reporter plasmid carrying the ler promoter fused with lux
operon. When the reporter strain was treated with varying amounts of
L-arabinose, a concentration-dependent bioluminescence was observed.
This result suggests that the constructed synthetic reporter strain can be
used for future high throughput screening to find out GrlA inhibitors
diminishing virulence of EHEC.

An adhesive factor that is responsible for surface attachment is one of
the Enterohemorrhagic Escherichia coli (EHEC) virulence factors.
Curli, adhesive fimbriae of EHEC, is essential for biofilm formation and
cell adhesion. CsgD is a major transcriptional regulator and positively
regulates the expression of curli fimbriae by directly binding to the
regulatory region of curli genes. In this study, we confirmed the role of
CsgD in curli gene expressions in EHEC and constructed a reporter strain
to identify inhibitors that prevent EHEC infections. An E. coli O157:H7
csgD mutant was constructed by using the CRISPR/Cas9 system and was
confirmed to reduce adherence on food surface. To construct a reporter
strain, E. coli DH5α was co-transformed with an arabinose-inducible
CsgD expression plasmid and a CsgD-activated lux reporter plasmid. We
demonstrated that relative luminescence was increased dependently on
the concentration of adding arabinose. These results suggest that CsgD
is indeed a transcriptional regulator crucial to curli production and the
constructed reporter strain can be used to screen CsgD specific inhibitors
reducing the adherence of EHEC on foods
Keywords : EHEC, adhesion, inhibitor
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2
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This study aimed to investigate the enterotoxigenic characteristics and
antibiotic resistance of 162 B. cereus isolated from garlic chives, soils,
compost, and irrigation water. Isolation rate of B. cereus was from 0.63
to 4.39 log CFU/g in garlic chives, soil, composts, and irrigation water.
In 103 isolates from garlic chives, soil, compost and irrigation water
having β-hemolytic activity, 45.6 and 74.8% of B. cereus possessed
hemolytic enterotoxin genes (hblACD) and non-hemolytic enterotoxin
genes (nheABC), respectively. However, 100% of B. cereus isolates
from irrigation water had six enterotoxin genes. All of B. cereus isolates
showed sensitive response against 7 non β-lactam antibiotics. However,
32% of B. cereus isolated from garlic chives and soil showed intermediate
resistance to rifampin, clindamycin, erythromycin, and tetracycline.
12.6% of B. cereus isolated from compost and irrigation water had
intermediate resistance to rifampin, clindamycin, and tetracycline.
Irrigation water was considered to be major source of B. cereus
containing multiple toxin genes and exhibiting intermediate resistance
to non β-lactam antibiotics. Therefore, it suggests that continuous
monitoring against contamination pathway of B. cereus in agricultural
environment for the safety.

Staphylococcus aureus is one of the most common food and skin
pathogens which causes gastroenteritis and skin infections. Methicillinresistant S. aureus (MRSA) is resistant to some antibiotics like penicillin
and associated with more health problems. Therefore, natural
preservatives for effectively inhibiting MRSA and for human safety are
necessary. In this study, hydrothermal extracts and 70 % ethanol extracts
of cinnamon, onion peel, and chestnut inner shell and ε - polylysine (PL)
were used to screening the antibacterial activity against a cocktail of three
strains of S. aureus (ATCC 25923, ATCC 33594, and ATCC 33591). The
MIC of each preservative against the cocktail of three strains of S. aureus
were 4, 8, 16, 4, 8, 8, and 1 mg/mL. Following Plackett-Burman Design,
two natural preservatives and PL were selected for the next statistical
experimental design. The combination of these natural preservatives
increased the antibacterial effect on S. aureus more than a single kind
of natural preservatives. Based on these results, the synergistic effect of
multiple natural preservatives including PL is confirmed and using of
these complex preservatives can be applied in food and cosmetics
industry.

Keywords : Bacillus cereus, enterotoxin, antibiotic resistance
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Application of the Broad Spectrum lytic Phage HJP1 to Control
Multidrug-Resistant Salmonella Isolates from Retail Raw Chicken
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Bacillus cereus is a spore forming bacterium that produces numerous
toxins. Recently, imprudent use of antibiotics has led to prevalence of
drug-resistant bacteria, which is a huge threat to human health.
Bacteriophage (phage) is a natural antimicrobial agent that can control
multidrug resistant bacteria. Our goal is to isolate and characterize novel
phages specific for B. cereus. Phages BS1 and BS3 were isolated from
sludge and vegetables, respectively. Both phages were classified as the
Myoviridae family based on transmission electron microscopy.
Whole-genome sequencing revealed that phages BS1 and BS3 have
160,629 bp and 158,241 bp long circular DNA, respectively. When
exponentially growing B. cereus ATCC 14579 was infected with phage
BS1 [multiplicity of infection (MOI) of 0.1] or phage BS3 (MOI of 1),
reduction in optical density at 600 nm was observed within 3 hours and
the inhibition activity was maintained up to 12 hours. This study
concludes that phages BS1 and BS3 are promising biocontrol agents
against B. cereus. This work was carried out with the support of
"Cooperative Research Program for Agriculture Science and Technology
Development (Project No. PJ01574702)" Rural Development Administration,
Republic of Korea.
Keywords : Bacillus cereus, bacteriophage, biocontrol

Multidrug-resistant (MDR) Salmonella has been recognized as a leading
cause of foodborne diseases that threaten public health. Biofilms formed
by MDR Salmonella in food processing facilities are a source of
cross-contamination of foods. In this context, the use of lytic
bacteriophages (phages) has been re-highlighted as a biocontrol agent
that can simultaneously control MDR Salmonella and its biofilms. In this
study, we isolated a lytic siphophage HJP1 from retail raw chicken and
used it to control MDR Salmonella strains that have a strong capability
of forming biofilms. HJP1 phage exhibited extensive lytic activity
against MDR Salmonella and robustness to withstand a wide range of
pH (4-12) and temperature (30-60℃). On stainless steel and glass, the
HJP1 phage was able to inhibit the biofilm formation by 53.9-56.8% and
reduce preformed biofilms by around 47.4-48.5%. Furthermore, a food
application test on chicken meat and milk showed that HJP1 phage
effectively reduced cross-contamination by MDR Salmonella Thompson
from stainless steel to an undetectable level. Our findings suggest that
the HJP1 phage is a promising antimicrobial agent for the control of
biofilm formation and cross-contamination by MDR Salmonella in the
food industry.
Keywords : Foodborne pathogen, multi-drug resistant, bacteriophage
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The emergence of antibiotics-resistant bacteria has caused serious global
public health problems. Endolysin, a bacteriophage-derived cell
wall-degrading enzyme, is drawing attention as a promising solution for
controlling them. While endolysin has been successfully used to control
Gram-positive bacteria, it is difficult to use native endolysin against
Gram-negative bacteria because the peptidoglycan layer of Gram-negative
bacteria is protected by the outer membrane. In this study, we tried to
make recombinant endolysins by fusing endolysin with various
bacteriophage-derived transmembrane domains that have possibility of
translocating Gram-negative bacterial outer membrane. We selected 8
candidate genes from SPN1S phage genome and constructed 24
recombinant endolysins by fusing them with SPN1S endolysin or B4
endolysin. The antibacterial activities of fusion proteins against
Escherichia coli MG1655, Salmonella Typhimurium LT2 were
compared and several of them were found to have noticeable
antibacterial effect against the Gram-negative bacteria. These results
suggest that many unknown genes from phages may expand the scope
of endolysin engineering for developing endolysin active against the
Gram-negative bacteria.
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Vibrio vulnificus is the pathogen isolated from the estuarine waters and
variety of seafood. It has been subdivided into three biotypes. Biotype
1 is responsible for the majority of human infections. In addition, biotype
1 are composed of two genotypes: a clinical genotype (biotype 1C), and
an environmental genotype (biotype 1E). To identify their virulence
factors and clinical characteristics, complete genome sequences of
clinical genotype and environmental type were obtained from the NCBI
database and compared genome sequences using pan-genome approach.
Subsequent pan-genome analysis revealed that biotype 1C have putative
fimZ gene, but biotype 1E doesn’t have. The putative fimZ gene deficient
mutant loss their ampicillin and vancomycin resistance and showed a
colonial morphology change from opaque form to translucent form.
Also, the mutant type displayed significantly reduced expression of CPS
associated genes. A virulent opaque form produces capsular polysaccharide
(CPS) and a translucent phenotype produces little or no CPS. Moreover,
the mutant type formed significantly more biofilm than wild type. These
results suggest that putative fimZ gene affect the CPS production of
clinical strains and indicate that this gene may be associated with
virulence factor of clinical strains.
Keywords : Vibrio vulnificus, clinical genotype, food-borne pathogen
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Characterization of a Vibrio vulnificus Mutant Deficient in Putative
fimZ Gene which Only Present in Clinical Genotype (biotype 1C)
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The Role of yeiE Gene in Resistance to Sulfite and Oxidative
Stresses in Cronobacter sakazakii ATCC 29544
Eunshin Cho1, Jinshil Kim1,2, Seokho Hong1, Nam-Chul Ha1, and
Sangryeol Ryu1,2*
1
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Cronobacter sakazakii is a gram-negative pathogen that causes meningitis
and sepsis in neonates. Previously, yeiE, a LysR-type transcriptional
regulator, has been demonstrated to play an essential role in invasion into
epithelial cells, biofilm formation, and resistance to oxidative stress in
C. sakazakii. Analysis of the crystal structure of YeiE revealed that sulfite
was supposed to act as a ligand. Here, we investigated the effects of yeiE
on the defense against sulfite and oxidative stresses in C. sakazakii. We
compared the growth of the yeiE mutant in M9 media containing MgCl2
instead of MgSO4 in the presence of varying amounts of sulfite. The
checkerboard assay results using sulfite and H2O2 showed that the
resistance of C. sakazakii to H2O2 increased depending on the amount
of sulfite. The yeiE mutant exhibited growth defect compared to the wild
type in the presence of 0.5 mM or more sulfite. Furthermore, the yeiE
mutant had 32-folds higher sensitivity to sulfite and 2-folds higher
sensitivity to H2O2. The gas generation by the yeiE mutant increased
compared to the wild-type in the presence of 100 mM H2O2, indicating
that yeiE mutation caused a higher catalase activity in C. sakazakii. These
results suggest that yeiE plays a crucial role in the bacterial resistance
to sulfite and oxidative stresses.
Keywords : yeiE, sulfite, oxidative stress
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Due to the fastidious nature, the isolation of Campylobacter is often
hampered by fast-growing competing bacteria. Especially, extendedspectrum beta-lactamase (ESBL)-producing Escherichia coli has been
reported to affect the isolation of Campylobacter. To address the issue,
we developed a new isolation method for Campylobacter using a
bacteriophage (phage) cocktail capable of inhibiting ESBL-producing
E. coli. Five phages (JEP1, 4, 6, 7, and 8) were screened and used to
construct a phage cocktail. Interestingly, the phages exhibited different
levels of infection efficiency depending on the phylogenetic group of
E. coli. The combination of phages targeting the different phylogenetic
groups of ESBL-producing E. coli increased the infection frequency as
high as 91%. Moreover, the phage cocktail showed antimicrobial
synergy against ESBL-producing E. coli in combination with the
antibiotics of Campylobacter-selective supplements. Also, the isolation
procedures were further optimized by adjusting culture conditions, such
as temperatures and selective media combined with the phage cocktail.
This is the first demonstration showing that phages can be utilized as
antimicrobial supplements to improve selective isolation of target
bacteria by eliminating their bacterial competitors.
Keywords : Bacteriophage, Campylobacter, antimicrobial-resistant
Escherichia coli
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Staphylococcus aureus is a Gram-positive pathogen that causes food
poisoning. With the emergence of antibiotic-resistance bacteria, such as
methicillin-resistant S. aureus (MRSA), the bacteriophages and its
derived protein, endolysins, are emerging as alternatives to antibiotics.
In this study, staphylococcal bacteriophages DSP11 and DSP12 were
isolated from the animal feces and pig internal organ, respectively.
Transmission electron microscopy (TEM) analysis revealed that both
bacteriophages belong to the Siphoviridae family with an isometric head
and a non-contractile tail. To determine the ability of the phages to
suppress growth of bacteria, the optical densities of the S. aureus RN4220
cultures infected with DSP11 or DSP12 were monitored. DSP11 showed
the best growth inhibition ability when MOI of 0.1 was used; the growth
inhibition started 3 h post-infection and maintained up to 24 h. DSP12
showed the best growth inhibition ability when MOI of 10 was used; the
growth inhibition started 1 h post-infection and persisted up to 10 h. Both
bacteriophages showed strong inhibition zones against various strains
of S. aureus even though their host ranges are comparatively narrow,
suggesting that their endolysins may have a greater potential as a
biocontrol agent.
Keywords : Staphylococcus aureus, bacteriophage

Dissemination of the mobilized colistin resistance (mcr) gene by
plasmids in pathogenic Escherichia coli is a concern to global public
health. In this study, we investigated the impact of mcr-1 gene on the
virulence of enterohemorrhagic E. coli (EHEC) by comparing EHEC
harboring plasmid containing mcr-1 gene and its isogenic mcr-1 mutant.
The mcr-1-harboring plasmids were easily transferred to EHEC ATCC
43894 by conjugation and remained stable in ATCC 43894 even after
10 consecutive subcultures. Although the acquisition of mcr-1 did not
affect the growth of ATCC 43894, it decreased the ability of biofilm
formation and swimming motility. We also found that the mcr-1
increased bacterial adherence to HEp-2 cells while it decreased
invasiveness of ATCC 43894. The acquisition of the mcr-1 in ATCC
43894 made the cell surface more hydrophilic. Interestingly, band
patterns of core-lipid A region and O-units analyzed by deoxycholatepolyacrylamide gel electrophoresis (DOC-PAGE) were altered by the
mcr-1, suggesting that the mcr-1 modified the polysaccharide as well as
lipid A. Collectively, our results propose that the acquisition of mcr-1
not only conferred colistin resistance but also can affect virulence in
ATCC 43894.
Keywords : mcr-1, enterohemorrhagic Escherichia coli, antibiotic
resistance
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Virulent (lytic) phages are promising antimicrobials to control various
antibiotics-resistant pathogenic bacteria including plant pathogens.
Lytic phages are normally used for biocontrol because gene transfer is
lower compared with the temperate phages. However, no efficient
gene-editing tool is available for engineering of virulent phages in
Pectobacterium carotovorum (Pc). In this study, we tested whether the
lysis cassette genes from phage POP72 that has superior lytic activity
could enhance the lytic activity of the virulent phage PK10. PK10
genome is edited by homologous recombination with a donor plasmid
harboring the desired gene and homologous flanking arms. Efficiency
of recombinant phage screening was enhanced by overexpression of
endogenous type I-E CRISPR-Cas system of Pc. The POP72_53 gene
from POP72 phage was inserted downstream of the gene encoding major
capsid protein of PK10 genome and the PK10 harboring the POP72_53
gene showed higher lytic activity against Pc. The simple gene-editing
method using type I-E CRISPR-Cas system of Pc would be a useful tool
to enhance the antibacterial properties of virulent phages for efficient
control of Pc.

Bacillus cereus cause diarrheal and vomiting type food poisoning.
Symptoms are generally mild and short-lived. It is widespread in nature
and considered prevalence in products of raw grains. To develop a
sensitive and reliable real-time PCR methods for detection of hblD
(enterotoxin) and ces (emetic toxin), specific primers and probe sets were
designed. The inclusivity and exclusivity of real-time PCR methods was
evaluated using 31 strains (14 enterotoxic and 17 emetic strains) and 82
non-target strains. To determined the sensitivity and linearity of real-time
PCR, standard curves of hblD and ces were generated using gene
synthesis products. As the result, real-time PCR method of hblD and ces
were shown to be highly specific and sensitive for target strains. These
were 100% inclusive for target B. cereus and 100% exclusive for
non-target B. cereus. Both methods had estimated detection limits of 100
2
copies. The accuracy of methods was high (R > 0.99) for all three diluents
based on linear regression analysis. This study provide more efficient
detection methods of diarrheal and emetic B. cereus.
Keywords : Bacillus cereus, enterotoxin, emetic toxin, real-time PCR
method
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stearothermophilus Bacteriophage GR1
*

Dahee Choi, and Minsuk Kong
Department of Food Science and Technology, Seoultech, Seoul 01811, Korea

Shigella is an important causative agent of Shigellosis causing diarrhea.
To control this pathogen, a new novel lytic bacteriophage SFP20 was
isolated from a sewage sample. Host range assay showed that SFP20
specifically infect S. flexneri 2a strain 2457T. TEM morphology
observation revealed that SFP20 belongs to the family Podoviridae.
One-step growth analysis revealed 5 min eclipse time, 10 min latent time,
and 20.3 PFU/cell burst size. In addition, Challenge assay showed 3.95
log reduction of S. flexneri 2a in 2 h. The stability test showed it is stable
at the range of temperature (-20 to 60℃) and pH (5 to 11). The complete
genome sequence of SFP20 consists of 39.5-kb containing 47 (ORFs)
without gene associated to toxin, and virulence factors. There was no
infection of rfaL gene knock-outed mutant of host, suggesting that
O-antigen of LPS is the host receptor for its infection. To apply this phage
for food safety, moreover, SFP20 was treated to fresh cabbage and milk
6
samples contaminated with S. flexneri 2a. This phage treatment with 10
CFU/ml of S. flexneri 2a showed that no detection of S. flexneri 2a up
to 6 h in the cabbage (MOI = 105) and significant reductions in milk,
suggesting that SFP20 can be used as a natural food preservative in
various food applications.

Geobacillus stearothermophilus is a thermophilic, spore-forming
bacterium, which is mainly responsible for flat sour spoilage of dairy
products and low-acid canned foods. Due to its thermal resistance
characteristics of spores, the rapid detection of this bacterium is essential
to the food industry. To identify a novel bioprobe for G. stearothermophilus,
we isolated a bacteriophage GR1 from roadside soil. Transmission
electron microscopy (TEM) studies showed that GR1 belongs to the
Siphoviridae family, which has an 88 nm icosahedral head and 187 nm
non-contractile tail. Among 10 strains of G. stearothermophilus, GR1
can only infect 3 strains (3/10, 30%), and it cannot infect Bacillus cereus,
B. amyloliquefaciens, B. subtilis, Alicyclobacillus acidoterrestris, and
Clostridium perfringens, indicating its high host specificity. Genomic
analysis showed GR1 has 79,837bp long circular double-stranded DNA
with an average CG content of 32.34%. Among 108 open reading frames
(ORFs) predicted, we identified an amidase-containing endolysin
(LysGR1). The C-terminus of LysGR1 contains tandem repeats of LysM
motifs (PF01476), suggesting that they function as a cell wall binding
domain of the endolysin. In addition, the LysM motifs showed a very
low degree of homology to previously reported endolysins, implying that
LysGR1 is novel. Considering there is few bacteriophages infecting G.
stearothermophilus were isolated, we suspect that GR1 and LysGR1
provide potential bioprobes specifically targeting G. stearothermophilus.

Keywords : Shigella flexneri, bacteriophage, food-borne pathogen
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Safety Assessment of Tetragenococcus halophilus Isolates from
Jeotgals

Evaluation of Foodborne Pathogen Contamination Levels in
Livestock Feces Using 16S rRNA Genes Analysis

Yunji Kang, and Jeonghwan Kim*
Division of Applied Life Science Life Sci. (BK21 Four), Graduate School,
Gyeongsang National University, Jinju 52828, Korea

Gi Beom Keum1, Hyeri Kim1, Sheena Kim1, Jae Hyoung Cho1, Eun Sol
Kim1, Ju-Hoon Lee2, and Hyeun Bum Kim1*
1
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We assessed the safety of 10 Tetragenococcus halophilus strains isolated
from various Jeotgals, a traditional Korean high-salt-fermented seafood.
For determining resistance against common antibiotics, minimum
inhibitory concentrations were examined by disks impregnated with
different concentrations of each antibiotic. All strains were sensitive to
ampicillin, erythromycin,penicillin G, and Rifampicin, but resistant to
gentamicin, streptomycin, neomycin, nalidixic acid based on the
Enterococcus breakpoint values provided by the European Committee
on Antimicrobial Susceptibility testing in 2015. A total of 8 isolates were
resistant to cephalothin, chloramphenicol and ciproflaxacin (80%), 7
isolates were resistant to tetracycline (70%), and 2isolates were resistant
to vancomycin (20%). None of the strains exhibited a- and b-hemolytic
activities. Through this work, we could select T. halophilus isolates for
possible use as starters for fermented foods such as soy sauce and jeotgal.
Keywords : Tetragenococcus halophilus, minimum inhibitory
concentration(MIC), hemolytic activity
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Contribution of Putative Peptidases to Helical Cell Shape in
Campylobacter jejuni
1

1,2

3

The importance of foodborne pathogens increases as the consumption
of Livestock products expands worldwide. The foodborne pathogens
originated from the farm environments, including feces, contaminated
feeds and water are important sources of the foodborne illness. In this
study, microbial communities and foodborne pathogens from livestock
feces were inspected using high throughput 16S rRNA gene sequencing
and polymerase chain reaction targeting various virulence genes. A total
of 100 fecal samples were collected from cattle (n=33), pig (n=34) and
chicken (n=33) for monitoring of pathogens, these 100 fecal samples
(cattle(n=33), pig (n=34) and chicken (n=33)) were used for
metagenome sequencing. Identification of foodborne pathogens using
metagenomic analysis showed that Listeria, Salmonella, Staphylococcus,
Bacillus and Clostridium were identified in chicken fecal samples. While
Campylobacter, Salmonella, Staphylococcus, Bacillus and Clostridium
were detected in pig feces, Campylobacter, Bacillus and Clostridium
were detected in cattle fecal samples. The cattle fecal microbiota
presented higher relative abundance of Oscillospira, Treponema and
Ruminococcus. Pig fecal microbiota was mostly composed of
Prevotella, Treponema and Oscillospira. Furthermore, the chicken fecal
microbiota was significantly enriched in Lactobacillus, Clostridium and
Acetobacter. The present study may help to control the spread of
foodborne pathogens in the farm environments, which is a natural source
of these microorganisms.
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Yewon Jung , Jinshil Kim , Hyungho Lee , and Sangryeol Ryu
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Campylobacter jejuni is a leading cause of foodborne illness worldwide.
As an epsilon-proteobacterium, C. jejuni has helical cell shape, which
is also important for its pathogenesis. Previously, it has been reported
that peptidoglycan peptidases (Pgp) 1-3 in C. jejuni contribute to
maintaining helical cell shape by cleaving peptidoglycan crosslinking.
To characterize Pgp-associated genes in this study, we selected four genes
that encode homologs of Helicobacter pylori cell shape-determining (Csd)
proteins, such as peptidases and transferases. Single gene knockout
mutants of each gene were constructed to examine morphological
changes. The transmission electron microscopy (TEM) analysis
revealed that two knockout mutants of cj1087c or cj0131 lost helical cell
shape. Complementation of cj1087c knockout mutant fully restored
helical cell shape but not in cj0131 knockout mutant. Furthermore, both
knockout mutants caused defection in motility, one of important
virulence factors of C. jejuni. The cj1087c knockout mutant was
defective for invasion into human intestinal epithelial Caco-2 cells
compared to wild type. Collectively, both cj1087c and cj0131 can
influence cell morphology and ultimately affect pathogenic properties
of C. jejuni.

375

Poster Session

Keywords : Campylobacter jejuni, helical cell shape, peptidoglycan
peptidase

G-41

G-43

Speculating the Roles of RclA in Copper Resistance in Salmonella
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cup-ro, Yeongtong-gu, Suwon 16499, Korea Department of Applied
Chemistry and Biological Engineering, Ajou University, 206 World cup-ro,
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RclA, an NADH-dependent Cu2+ reductase, is known to be induced
under stressful conditions inside macrophages. We observed that rclA
could be induced by NaClO and H2O2, which are plausible stressors
inside macrophages. Salmonella lacking rclA was significantly
attenuated in survival upon NaClO treatments, indicating an important
role of RclA in bacterial resistance to NaClO. Interestingly, NaClO also
increased the expression of cueR, copA, cueO, cueP, and golTSB, whose
+
products comprise the cytoplasmic Cu export systems and the absence
of RclR, a transcriptional regulator for rclABC operon, dampened the
transcriptional response of these Cu+ resistance-associated genes upon
NaClO treatments. This result stimulated us to investigate the possibility
+
of correlation between NaClO and Cu resistance via RclA:
NaClO-induced RclA might accelerate cytoplasmic accumulation of
+
+
Cu and in turn stimulate the production of Cu export systems to detoxify
+
the accumulated Cu . To test the possibility, we compared bacterial
resistance to Cu2+ between rclA-induced and -not induced conditions.
2+
Salmonella resistance to Cu was not influenced by RclA. These results
+
show that, despite RclR-dependent induction of the Cu transport
systems, RclA did not influence Cu2+ resistance.
Keywords : RclA, NaClO, copper
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Identification of Resistance Factors Required for Escherichia coli
Survival against Acid and Copper Stresses
1

1

1

1,2*

Yeeun Kim , Kyung-Ah Park , Seohyeon Lee , and Hyunjin Yoon
1
Department of Molecular Science Technology, Ajou University, Suwon
16499, Korea 2Department of Applied Chemistry and Biological Engineering,
Ajou University, Suwon 16499, Korea

Pathogenic Escherichia coli resistant to acidic conditions poses a risk
to food safety, especially in acidic foods such as Kimchi. In order to
identify the bacterial factors required for acid resistance, transcriptomic
analysis was conducted on acid-resistant enterotoxigenic E. coli (ETEC)
strains and the genes with significant changes in their expression under
acidic pH were selected as putative resistance factors against acid stress.
These genes included genes associated with the glutamate-dependent
acid resistance (GDAR) system and copper resistance. Not only the lack
of gadA, gadB, gadAB, or ybaST encoding components of GDAR system
but also the lack of cueR encoding a regulator for copper resistance genes
significantly attenuated bacterial viability after acid treatments.
Interestingly, E. coli strains lacking cueR or ybaST were also attenuated
in survival after copper treatments, suggesting the cooperative killing
activities between acid and copper. Meanwhile, treatments with
3-mercaptopropionic acid or aminooxyacetic acid, probable inhibitors of
GDAR system, abolished the growth and adaptation of E. coli under
acidic stress conditions. These results suggest that GDAR system can
be a promising target to prevent acid resistance from pathogenic E. coli.
Keywords : E. coli, glutamate-dependent acid resistance (GDAR)
system, copper resistance
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Characterization of a Bacillus cereus-Specific Bacteriophage B13S
and Its Endolysin
Booyoung Yu, Minsuk Kong*, and Jena Kim
Department of Food Science and Technology, Seoultech, Seoul 01811, Korea

Bacillus cereus is a ubiquitous soil bacterium responsible for food
poisoning and nongastrointestinal infections. Due to the emergence of
antibiotic-resistant B. cereus strains, there is an urgent need for
alternatives to antibiotics. To address these problems, we isolated B.
cereus-specific bacteriophage B13S from the sewage and analyzed its
genome. B13S, belonging to the Myoviridae family, has 155.77-kb
double-stranded circular DNA containing 222 open reading frames.
B13S forms clear plaques and there are no genes encoding integrases
or repressors in its genome, suggesting that B13S is a virulent phage.
Although B13S infects only 2 strains of 24 B. cereus strains, its host
strains (ATCC 21768 and NCCP 11313) are not killed by other phages
isolated in our lab, suggesting that B13S might be a valuable component
of a phage cocktail to control B. cereus. In addition, its endolysin
(PlyB13S), which contains a glycoside hydrolase 25 domain (PF01183)
as an N-terminal catalytic domain, caused rapid cell lysis and showed
much broader lytic spectrum than its parental phage, suggesting that
PlyB13S is an alternative biocontrol agent against B. cereus.
Keywords : Bacillus cereus, bacteriophage, endolysin
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Proteomics Profiles in Cold Stress Tolerant Campylobacter jejuni
under Refrigeration Conditions

The Duality of Two Dairy Related Strains of Streptococcus
infantarius subsp. infantarius
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Campylobacter jejuni is a thermotolerant foodborne pathogen that
optimally grows at 42℃. Since C. jejuni is most frequently transmitted
to humans by contaminated poultry, it is important to understand the
mechanisms underlying its survival at refrigeration temperatures. Using
85 C. jejuni strains isolated from retail raw chicken, we measured their
viability at 4 ℃ for 21 days under aerobic and microaerobic conditions
and observed different levels of survival. A multilocus sequence typing
(MLST) analysis showed that clonal complex (CC)-45 and CC-21 were
dominant in cold-sensitive (CS) and cold-tolerant (CT) strains, respectively.
Aerotolerance seemed to play a role in the survival of C. jejuni under
aerobic conditions. Also, CT strains survived better on chicken skin
stored at 4℃ than CS strains. Then, proteomics profiles were compared
between CS and CT strains using two-dimensional gel electrophoresis
(2DGE), identifying 24 proteins whose expression levels were altered
by cold stress. Among those, mutation of periplasmic nitrate reductase
(napA) rendered C. jejuni more sensitive to cold stress than the wild type.
The results in this study demonstrated some strains of C. jejuni are highly
tolerant to cold stress, and possibly napA may contribute to their cold
stress tolerance.
Keywords : Campylobacter jejuni, cold tolerance, two-dimensional gel
electrophoresis

The genus Streptococcus includes various species, remarkably different
in their behavior, applications, virulence and safety. Taxonomically
Streptococcus infantarius subsp. infantarius belonging to the
Streptococcus bovis group, which includes several pathogen species;
however, has been found as predominant species in some African dairy
products that are widely consumed and considered to be safe.
Streptococcus infantarius subsp. infantarius safety may be questioned
due to the association of this species with clinical cases. In this study,
isolates from dairy origin were selected based on their bacteriocinogenic
potential and differentiated by their RAPD-PCR profiles. Two strains
were identified by 16S rRNA sequencing as St. infantarius subsp.
infantarius and investigated regarding their potential beneficial
properties and factors related to virulence and safety. A series of in vitro
tests included properties related to survival in the gastrointestinal tract
and beneficial intestinal activities. Production of bacteriocin/s, detection
of related genes and partial characterization of expressed antimicrobial
protein were evaluated. Genes related to folate biosynthesis were
detected in both studied strains. Evaluation of physiological tests related
to strains virulence, adhesion, resistance to antibiotics and detections of
virulence and biogenic amines production related genes were also
investigated. Taking in consideration all the aspects of the specific nature
of St. infantarius subsp. infantarius K1-4 and K5-1 (beneficial properties
and virulence characteristics), both strains cannot be considered safe for
human or other animals application, even though they have been isolated
from dairy products. This study is highlighting the importance of
evalution for presence of potential virulence factors in newly
characterized strains in order to be confident in their safety. Moreover,
just because a strain was isolated from food and no one reported sick after
consuming the product, does not automatically confirm strains safety.
Analyzing and setting the entire picture, it may be concluded that a
potentially pathogenic bacteria has developed strong mechanisms for
survival. Based on the effective adaptation of St. infantarius subsp.
infantarius and its association with fermented dairy products, better
hygienic practices need to be applied by artisanal producers of dairy
products to control its presence in the dairy products.
Keywords : Streptococcus infantarius subsp. infantarius, bacteriocins,
safety
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Characteristics of Ciprofloxacin-Resistant Salmonella from Retail
Chicken Meat in Korea

Characteristics of E. coli O157:H7-Specific Phage and Biofilm
Inhibition of Novel Phage Lipopolysaccharide Depolymerase
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Fluoroquinolone is widely used in both humans and animals, especially
in the poultry industry. Recently, fluoroquinolone resistance has
increased in Salmonella, a major food-borne pathogen, from poultry
farms. We investigated 183 strains of Salmonella spp. isolated from
chicken meat sold in retail and 13 strains from poultry farm and
slaughterhouse environments in Korea from 2010 to 2017. Eighteen
serotypes were identified including 58 (29.6%) S. Virchow and 44
(22.5%) S. typhimurium strains. Antimicrobial susceptibility was
determined via broth microdilution method. Ciprofloxacin resistance
was observed in 59 of the 196 Salmonella isolates, including 32 (54.2%)
S. Virchow, 14 (23.7%) S. Hadar, and 8 (13.6%) S. typhimurium.
Ser83Phe mutations were detected in GyrA (45/59), with the majority
occurring in S. Virchow ST16 and S. Hadar ST33 (31 and 13 strains,
respectively). Overall, 56 amino acid substitutions were found in Ser83
and Asp87 of GyrA or Thr57 of ParC, all of which reduced ciprofloxacin
susceptibility. One or both qnrA and qnrS plasmid-mediated quinolone
resistance genes were identified in 17 Salmonella isolates. Twelve
isolates exhibited efflux pump gene overexpression affecting sensitivity.
The findings suggest that the antimicrobial selection pressure of
fluoroquinolone in chicken farms may have affected Salmonella
characteristics in chicken meat, especially the risk of antimicrobial
resistance via dissemination of resistant strains. Therefore, continuous
fluoroquinolone resistance monitoring is necessary to develop
appropriate strategies for antimicrobial resistance management in
poultry production.
Keywords : Fluoroquinolone, Salmonella, antimicrobial resistance
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Escherichia coli O157:H7 is a food-borne pathogen that causes serious
diseases such as hemolytic uremic syndrome and bloody diarrhea.
Biofilm formed by the pathogen increases the resistance to
environmental stresses and makes the pathogen more dangerous. To
prevent the outbreak in the food industry, a novel T1-like phage BECP10
targeting specifically E. coli O157:H7 were isolated, characterized, and
sequenced. From phage genome annotations, only the tailspike protein
(TSP) sequence of BECP10 had very low homology with the reported
T1-like phages, implying that TSP was related to the phage uniqueness
on host infection. To identify this unique host spectrum, TSP gene
designated as Dpo10 was cloned and purified. Dpo10 showed
O-polysaccharide degrading activity interestingly only in the E. coli
O157 strains and exhibited the opaque haloes as evidence. Dpo10
exhibited strong enzymatic activities across the wide ranges of
temperature (25℃ to 65℃) and pH (5.6 to 9). Dpo10 did not inhibit the
growth of E. coli O157:H7, however, could inhibit biofilm formation by
99% on polypropylene, glass, and stainless steel. Additionally, Dpo10
increased significantly the complement-mediated serum lytic activities
against E. coli O157:H7. This is the first report on O157:H7-specific
depolymerase derived from siphophage and Dpo10 could be a promising
anti-biofilm agent against E. coli O157:H7.
Keywords : E. coli O157:H7 biofilm, bacteriophage, phage depolymerase

