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Astaxanthin Nanospheres Inhibit Hypermethylation of Muc2
Promoter in HT-29 Cells Infected with Vibrio vulnificus

Evaluation of Detection Method Targeting F+ Coliphages in
Shellfish Using Real-Time PCR Assay

Sei-Jung Lee, Ji-Yun Kim
Department of Pharmaceutical Engineering, Daegu Haany University,
Gyeongsan 38610, Republic of Korea

Sanghee Lee, Hakdong Shin*
Department of Food Science and Biotechnology, Sejong University, Seoul
05006, Republic of Korea

Astaxanthin, a natural carotenoid component of shrimp, has been used
as a food additive for the treatment of various diseases, but a functional
role of astaxanthin nanosphere (AN) in the regulation of intestinal mucin
(Muc) 2 production during bacterial infection has not described yet. In
this study, we have investigated the effect of AN prepared from
astaxanthin during Muc2 repression elicited by the Gram-negative
bacterium Vibrio vulnificus in human gastrointestinal epithelial (HT-29)
cells. The recombinant protein (r) VvpE reduced the level of Muc2 by
activating the phosphorylation of PKC through the production of
intracellular ROS. However, AN significantly inhibited the level of ROS
production and PKC activation in rVvpE-stimulated HT-29 cells.
Moreover, AN inhibited the PKC-mediated phosphorylation of
extracellular signal-regulated kinase and nuclear factor-kappa B
responsible for region-specific hypermethylation in the Muc2 promoter
in rVvpE-treated HT-29 cells. In the mouse models of V. vulnificus
infection, treatment with AN maintained the level of Muc2 expression
in the intestine. On the basis of these results, we suggest that AN blocks
the hypermethylation of the Muc2 promoter to restore the level of Muc2
production in HT-29 cells infected with V. vulnificus.

Norovirus-contaminated shellfish are responsible for foodborne and
waterborne infections affecting a large number of people. Male-specific
+
(F ) coliphages are considered as indicators of seawater safety
management by FDA. The double agar layer method, which is a
conventional MSC detection method, has low detection sensitivity and
requires incubation hours to confirm the MSC levels. To improve the
efficiency of detection, this study was conducted to real-time PCR using
a shellfish by artificially infected with members of the families
+
+
Inoviridae (F DNA virus) and Leviviridae (F RNA virus). A real-time
PCR method with optimized conditions showed higher detection
sensitivity and efficiency compared to the traditional detection method.
The detected level of male-specific coliphages in the mid-gut gland of
shellfish indicated that artificial infected male-specific coliphages were
accumulated in the mid-gut gland site than other sites. This result
suggests that the mid-gut gland could be used as an indicator site for
shellfish safety management.
+
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Genomic Classification of Campylobacter coli Strains Isolated
from Korea
*

Campylobacter spp. can cause an infectious disease such as
campylobacteriosis, diarrhoeal diseases. Among them, one of the
leading causes is Campylobacter coli which is a microaerophilic,
gram-negative, and non-endospore forming bacterial species. In this
study, we aimed to classify C. coli isolates from Korea based on genomic
information. Using the illumina NextSeq platform (2x150 bp read
length), a total of 108 C. coli isolates were sequenced with a high-quality
draft genome having coverages of over 400x. The filtered sequence read
(> Q20) was assembled using CLC Genomics Workbench 12.0. Then,
the scaffold was annotated using the RAST pipeline. Average nucleotide
identity (ANI) was calculated to confirm the genomic similarity between
isolates. Clusters were classified based on genomic similarity, and major
clusters were selected to identify variations between strains in the same
cluster isolated from Korea. We identified a unique biomarker candidate
gene specific for the Korean C. coli strains, in relation to foreign C. coli
strains. These genomic analyses of Korean C. coli will help to monitor
foodborne pathogens of Korea.
Keywords : Campylobacter coli, genomic categorization
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Colorimetric Diagnostics for Gram-Negative Pathogens Resistant
to Imipenem

Carbapenems such as imipenem are a class of β-lactam antibiotics with
a broad antimicrobial activity spectrum. Due to their substantial
structures, carbapenems have been used as a last-resort treatment in
bacterial infections. Therefore, carbapenem resistance among Gram-negative
pathogens becomes a serious public health problem. In this study, we
developed a diagnostic method to determine carbapenem resistance
using Propidium iodide (PI) and Alamar Blue (AB) in Gram-negative
pathogens, including Acinetobacter baumannii, Escherichia coli,
Pseudomonas aeruginosa, and Klebsiella pneumonia, all of which
develop carbapenem resistance frequently. Regardless of the bacterial
resistance mechanisms against carbapenems, double staining with PI
and AB alamar identified resistant bacteria with an average accuracy of
96% in a short time less than 7 h. Among the four species tested, A.
baumannii showed the highest diagnostic sensitivity of 98.46%. The PI
and AB-mediated staining method could be a promising diagnostic
method with high-throughput efficacy and low cost in determining
carbapenem resistance in other problematic Gram-negative pathogens
with conserved membraneous structures.
Keywords : Carbapenem, Gram-negative pathogen, colorimetric diagnostics
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Characterization and Genome Study of a Novel Bacteriophage
EOP18-01 Infecting Escherichia coli O157:H7 for Evaluation of
Food Applications
Hojeong Choi, Bo-Eun Yoo, Soo-Hyun Jung, You-Tae Kim, Joon-Gi
Kwon, Jo-Seph Lee, Ju-Hoon Lee*
Department of Food Science and Biotechnology, Kyung Hee University,
Gyeonggi-do 17104, Republic of Korea

Escherichia coli O157:H7 is one of major food-borne pathogens causing
severe food-borne illnesses. To control them, artificial food
preservatives could be used. However, artificial preservatives are not
preferred for food applications. Therefore, a new type of natural food
preservatives needs to be developed. Bacteriophage is a bacterial virus
to lyse specific bacterium and it is safe for human applications. A novel
phage, ECOP18-01 specifically infecting E. coli O157:H7 as well as
general E. coli, was isolated from a sewage sample. Its morphological
observation revealed that it belongs to the family Siphoviridae. Stability
test showed that this phage is stable under various stress conditions (pH
4~10, -20℃~60℃). One-step growth curve analysis showed that eclipse
and latent periods are 5 and 30 min, respectively. And its burst size is
36.7 PFU/cell. Challenge assay showed 2.25 log reduction at MOI is 10.
Its genome consists of 111,345 bp length DNA containing 170 ORFs.
Comparative genome analysis showed that it has three tail proteins
specific for E. coli O157:H7 as well as general E. coli. Furthermore, its
food applications using sterilized milk and cabbage showed > 2 log
reduction of E. coli O157:H7, suggesting a possible natural food
preservative.

G-7
Synergistic Effect of Nisin and Bacteriophage for Controlling
Staphylococcus aureus
Seon-Gyu Kim, Gi-Seong Moon*
Major of Biotechnology, Korea National University of Transportation,
Jeungpyeong 27909, Republic of Korea

Nowadays Staphylococcus aureus is problematic since many strains of
the pathogen show multi-antibiotic resistance. In this study we evaluated
the synergistic effect of a commercial bacteriocin nisin and the SAP84
bacteriophage (from Gachon Univ.), which is specific to S. aureus, for
controlling the pathogen. Each nisin (1.125-18 IU/ml) and the SAP84
bacteriophage (0.001-1 MOI) inhibited the growth of S. aureus KCTC
3881 strain with a dose-dependent manner. When nisin (18 IU/mL) and
the bacteriophage (0.1 MOI) were co-treated, the growth of S. aureus
was synergistically inhibited, which indicates the two components
showed different mechanisms for antimicrobial action. The SEM
(scanning electron microscope) images after the treatment support the
postulation. The combination was also applied to fresh agri-food
(lettuce) and the result was successful. Therefore it can be used in real
food systems for controlling S. aureus.
Keywords : Staphylococcus aureus, nisin, bacteriophage
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Development of a Novel Food Preservative Using a New
Bacteriocin from Bacillus subtilis, Bacillicin

Lactic Acid Bacteria Inhibiting the Growth of Staphylococcus
aureus

Yejin Jung, Hye-Jin Ku, Do-Hee You, Joon-Gi Kwon, Jo-Seph Lee,
Ju-Hoon Lee*
Department of Food Science and Biotechnology, Kyung Hee University,
Gyeonggi-do 17104, Republic of Korea
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To prevent contamination of pathogens in foods, artificial food
preservatives have been used. However, due to non-preference for these
preservatives, natural antimicrobial compounds have been suggested.
Among them, the bacteriocin is one of the good candidates, which are
generally originated from bacteria. A new bacteriocin, bacillicin was
previously detected as a lantibiotic compound from Bacillus subtilis,
originated from Korean traditional soybean paste. Interestingly, its host
range test revealed that bacillicin inhibits Gram-positive bacteria as well
as Gram-negative bacteria, unlike other bacteriocins. In addition,
bacillicin is highly stable under various temperature (-20 to 100℃) and
pH (2 to 10) conditions. And subsequent proteolysis test showed that it
remained full activity at pepsin and trypsin. Autoinduction test with
bacillicin confirmed that this bacillicin is a real bacteriocin. And
SDS-PAGE and MALDI-TOF analyses with purified bacillicin revealed
that its molecular weight is 3.4 kDa. To determine a novel natural food
preservative in foods, 0.6 mg of bacillicin reduced 7 log CFU/ml of B.
cereus ATCC 10876 in the sterilized milk. Therefore, bacillicin is a good
candidate as a new natural food preservative for biocontrol of various
food-borne pathogens in foods.
Keywords : Bacteriocin, natural food preservative, biocontrol
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Staphylococcus aureus is a causative bacterium of food poisoning and
has become such an important public health problem with acquiring
resistance to antibiotics. In this study, we intended to isolate lactic acid
bacteria which show antimicrobial activity against S. aureus from
traditional fermented foods such as kimchi, jeot-gal, and makgeolli.
Direct method for the isolation was used. Briefly the samples were
serially diluted and spread on MRS agar plates and the plates where
approximately 100 colonies were grown were selected and MRS soft
agar (0.7% agar, w/v) mixed with S. aureus strain were poured on the
plates. In the experiments, several colonies showed antimicrobial
activity against S. aureus. The isolate also inhibited the growth of the
pathogen in co-culture in MRS broth. The strains were further tested
whether they produce bacteriocin or other antimicrobial agents. One or
two strain might produce a novel antimicrobial agent since the activity
was not abolish by protease treatment.
Keywords : Staphylococcus aureus, lactic acid bacteria, antibacterial
activity
This was supported by Korea National University of Trasnportation in
2020.
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Antibacterial and Anticavity Activity of Leuconostoc lactis KCCM
202399 Isolated from Korean Fermented Foods against
Streptococcus mutans 261

16s rRNA Gene-Based Analysis of Indigenous Microbiota and
Bacterial Shifts by Storage Condition on Chinese Chive (Allium
tuberosum Rottler) Distributed in Retail
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Konkuk University, Seoul 05029, Republic of Korea
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The aim of this study determined the antimicrobial and anticavity effect
of Leuconostoc lactis KCCM 202399, which isolated from the Korean
fermented food against Streptococcus mutans 261. Recently, lactic acid
bacteria (LAB) strains have been reported diverse benefits oral health
by preventing the growth of harmful microbiota in the oral cavity.
Leuconostoc lactis KCCM 202399 and Lactobacillus rhamnosus GG
were used as sample and control strains. The antimicrobial and anticavity
effects of Leu. lactis KCCM 202399 against S. matans 261 was confirmed
through minimum inhibitory concentrations (MIC), co-aggregation,
hydrophobicity, anti-biofilm effect, and exopolysaccharide (EPS)
production. The Leu. lactis KCCM 202399 MIC for S. mutans 261 was
25%. Leu. lactis KCCM 202399 reduced the hydrophobicity and
auto-aggregation of S. mutans 261 (8.78% and 14%). The antibacterial
activity of Leu. lactis KCCM 202399 against S. mutans showed the
highest clear zone (20 mm) and inhibition of biofilm formation. In
addition, EPS production was reduced in S. mutans 261 treated with Leu.
lactis KCCM 202399 at 1/2 × MIC. Therefore, this study suggests that
Leu. lactis KCCM202399 could be applied in functional foods as a
potential LAB strains.
Keywords : Leuconostoc lactis, antibacterial activity, anticavity activity

Chinse chive (Allium Tuberosum Rottler) is one of the common vegetable
in Asia. Chinese chive has potential risk of food-borne illness because
it is often consumed raw. The analysis was conducted through the 16s
rRNA gene sequencing analysis (V5-V6, Illumina Miseq) to investigate
the microbiota and potential pathogens of Chinese chive distributed in
retail. In March (9.20 ± 4.30℃) and June (22.36 ± 1.83℃), Chinse chive
samples purchased at traditional market and grocery store located in
Seoul and Busan (n=80). The results of Alpha diversity indices and
Bacterial amounts were significantly different depending on the season.
In the microbiota of traditional market samples in June, it was observed
that the Enterobactericeae such as Enterobacter, Escherichia and
Pantoea accounted for high proportion. Acinetobacter lwoffii, Bacillus
cereus, Klebsiella pneumonia and Serratia marcescens were detected
through quantitative real-time PCR. In addition, the washing treatment
accelerated the growth of Enterohemorrhagic Escherichia coli (EHEC)
and resulted in more dynamic shifts in indigenous microbiota of Chinese
chive during storage at 26℃. These results provide a better
understanding of potential for food-borne illness caused by intake of
vegetables including Chinese chive, which can be used to improve food
safety management.
Keywords : Microbiota, 16s rRNA gene, Chinese chive
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The survival characteristics of the pathogenic Escherichia coli obtained
from domestic foodborne outbreaks were investigated, and the
transcriptome of selected pathogenic E. coli were analyzed. Probabilistic
distribution models were developed by comparing the growth
parameters of pathogenic E. coli under low pH conditions such as acetic
acid and Lactic acid treatments. The extracted RNA was transcribed and
sequenced for the transcriptome analysis. The obtained sequence data
was then mapped to reference and classified by cluster of orthologous
group (COG) for differentially expressed genes (DEGs) analysis. The
result showed that the growth patterns were clearly different between
strains of pathogenic E. coli in both acetic and lactic acid treatment. There
was no common growth characteristics in the same group of serotype
and genotype. Most of DEGs involved in signal transduction
mechanisms and secondary metabolite biosynthesis were significantly
upregulated, while most genes associated with nucleotide transporter/
metabolism, and translation, ribosomal structure and biogenesis were
downregulated. The present data could be used to perform more accurate
microbial risk assessment by using the distribution of growth prediction
models of different strains in the same species. It also provides important
insights into molecular mechanisms of the acid resistance of pathogenic
E. coli.
Keywords : Pathogenic Escherichia coli, groth prediction model, transcriptome
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Characterization of Extended-Spectrum Beta-Lactamase Producing
Enterobacteriaceae from Retail Meats and Fishery Products in
Korea, 2019
Seokhwan Kim, Hai Seong Kang, Han Sol Kim, Min hyuk Cha, Migyeong
Kim, Min Jung Lee, Hyo-Sun Kwak*
Division of Food Microbiology, National Institute of Food and Drug Safety
Evaluation, Cheongju 28159, Republic of Korea

The spread of extended-spectrum-beta-lactamase (ESBL) producing
Enterobacteriaceae has increased rapidly worldwide, and this emerging
issue is currently one of the utmost public health threats. The purpose
of this study is to detect and characterize ESBL-producing
Enterobacteriaceae isolates from retail meats and fishery products in
Korea. A total of 1,925 samples (552 beef, 531 pork, 375 chicken meats,
167 duck meats, 300 fish products) were collected from retail markets
in 2019. Antimicrobial susceptibility testing was performed for all
isolates using antibiotic panel with 16 antimicrobial agents. For ESBL
confirmatory testing, we confirmed that MIC for cefotaxime and
ceftazidime was inhibited not less than 3 twofold by the addition of
clavulanic acid according to the CLSI guidelines. PCR was performed
to detect ESBL genes. PFGE and MLST were performed for
ESBL-producing strains. 531 E. coli strains and 98 Salmonella strains
were isolated from 1,925 samples. E. coli isolates were showed higher
resistance rates to tetracycline, ampicillin, nalidixic acid and
sulfisoxazole, Salmonella isolates were showed higher resistance rates
to nalidixic acid and ampicillin, relatively than other antimicrobials. The
resistance rates of Enterobacteriaceae in chicken meat were higher than
in other types of meat. ESBL-producing E. coli and Salmonella were 10
strains (1.9%) and 6 strains (6%), respectively. Beta-lactamase genes in
E. coli were identified from nine strains for blaCTX-M-1, one strain for
blaTEM and blaCTX-M-1. MLST analysis for ESBL-producing E. coli
showed that the sequence type of two strains was ST162 and other
epidemic types were not noticeable. Two strains of ST162 showed 87.5%
similarity in PFGE analysis. All six ESBL-producing Salmonella
belonged to the blaCTX-M-1 group. Clonal type of 4 strains were ST11 and
2 strains were ST16. PFGE similarity of ST16 type was 100% and ST11
type was 96.6%. ST16 type of strains and ST11 type of strains were
showed 62.3% of PFGE similarity. Dissemination of ESBL-producing
Enterobacteriaceae in retail market would cause public health problem,
suggesting that continuous monitoring of distribution of meats and
fishery products at the national level is required.
Keywords : Enterobacteriaceae, antimicrobial resistance, extendedspectrum-beta-lactamase
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Inhibitory Effects of Dental Caries of Probiotic Lactobacillus
plantarum Strains against Pathogenic Streptococcus mutans 260
Hye Ji Jang, Jong Ha Kim, Seung Hyun Yoo, Hyun-Dong Paik*
Department of Food Science and Biotechnology of Animal Resources,
Konkuk University, Seoul 05029, Republic of Korea

The main aim of the present study was to evaluate the antimicrobial
effects of Lactobacillus plantarum strains isolated from Korean
traditional fermented foods against Streptococcus mutans 260 for
inhibition of dental caries. Lactobacillus sp. have been widely used as
probiotics in diverse fields and as food additives for improvement of oral
health. To identify the dental caries effects of L. plantarum against S.
mutans 260, antimicrobial effect, minimuminhibitory concentration
(MIC), auto-aggregation, co-aggregation, exopolysaccharides (EPS),
hydrophobicity, and crystal violet (CV) assay was investigated. The
antibacterial effect of L. plantarum strains against S. mutans 260 showed
a wide range of clear zone (4.7 to 31.3 mm), and MIC of L. plantarum
strains showed (6.25 to 12.5%). In addition, changes in auto aggregation,
co-aggregation, EPS production rate, and hydrophobicity in S. mutans
260 treated with MIC of L. plantarum strains reduced, when it compared
to control that was not treated MIC of L. plantarum strains. The
anti-biofilm effects of L. plantarum strains against S. mutans260 showed
a wide range of results (3.54 to 96.30%). We will conduct additional
experiments on dental caries for food additives in the future. Therefore,
these results suggest that L. plantarumstrains might be useful in
numerous ways in the health industry including dental care clinic.
Keywords : Lactobacillus plantarum, dental caries, dental additives
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Virulence Genotypes, Serotypes, and Antibiotic Resistance
Profiles of Pathogenic Escherichia coli, Isolated from Leafy
Greens Farms, Processing Plants and Retail Markets in Korea
Juyeon Park, Eun Jeong Heo, Youjin Kim, Soo Hwan Suh, Mi-Gyeong
Kim, Hyo-Sun Kwak*
Food Microbiology Division, Food Safety Evaluation Department,
Cheongju-si, Chungcheongbuk-do 28159, Republic of Korea

Leafy greens are recognized as potential vehicles of foodborne pathogen
such as Escherichia coli O157:H7, which can cause severe disease, with
hemorrhagic diarrhea, hemolytic uremic syndrome, and neurological
symptoms. This study was designed to determine the serotypes,
virulence genotypes, antibiotic resistance of 18 pathogenic E. coli
isolates recovered from 2,659 samples collected in leafy greens or
environment (soil, compost, related water). Eighteen pathogenic E. coli
isolates were tested for the detection of genetic markers of pathogenic
E. coli by real-time PCR and for the serotyping by LREC. The isolates
were identified 4 EHEC, 10 EPEC and 4 ETEC and the serotypes
belonged to O22 (2; number of isoaltes), O26 (1), O39 (2), O108 (3),
O150 (4) and non-typeable (6). Two strains (EHEC, EPEC) showed
antibiotic resistance to tetracycline, nalidixicacid, streptomycin and one
EHEC strain showed multidrug resistance. Total 8 PFGE patterns were
generated from 18 pathogenic E. coli strains. PFGE patterns were mostly
diverse and revealed high similarity between the isolates from the same
sampling sites. This study will provide helpful information for
developing strategies in the future to control pathogenic E. coli for leafy
greens and environment from farm to table.
Keywords : Leafy greens, characterization, pathogenic E. coli
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Evaluation and Optimization of Molecular Biological Method for
Detection of Listeria monocytogenes

Biocontrol Efficacy of Bacteriophage PhiECO01 against
Escherichia coli O157:H7 on Fresh-Cut Romaine Lettuce

Ahran Jeon, Kyoung Min Gwak, Yong Hoon Kim, Eun Jeong Heo, Suk
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Listeria monocytogenes can cause infection listeriosis and contain
various virulence factors such as iap, hly, inl and prfA gene. However,
In Korean Food Code, only iap gene was registrated for the screening
the L. monocytogenes. For registration of other virulence gene for
accurate detection assay to identify the presence of L. monocytogenes,
we evaluated the primer specificity of several PCR methods and optimize
the conventional PCR conditions, and the equivalence of conventional
PCR method with cultural method of Korean Food Code.The primer
specificity test was evaluated using 23 strains including 8 Listeria
strains(5 L. monocytogenes) and 15 other food-borne pathogens. For
equivalence test of cultural method and conventional PCR, we were
inoculated L. monocytogenes strain with several concentrations in four
different foods and incubated according to Korean Food Code.As a
result, one conventional PCR assay method to detect hly gene showed
positive reaction for 5 L. monocytogenes strains among 23 strains. We
evaluated primer specificity with different concentration of PCR
compositions for optimizing PCR conditions and then we choose one
condition for the equivalence test. The result of equivalence test by food
inoculation, detection limit of conventional PCR showed same or
relatively lower than cultural method at three different foods(p > 0.05).
Therefore, the conventional PCR assay could be applied for accurate
detection of L. monocytogenes.

Inactivation of pathogenic bacteria through bacteriophages are getting
spotlight with their host specific antimicrobial activity. Here, we isolated
phage phiECO01 from sewage, specific for enterohemorrhagic E. coli
causing mild diarrhea to severe gastroenteritis. PhiECO01 infected
seven strains of E. coli O157:H7 tested and two O157:NM tested,
forming clear plaques. ORFs related with a lysogenization were not
predicted from the dsDNA genome of phiECO01, indicating a virulent
nature of this phage. The growth of E. coli O157:H7 was inhibited up
to 7 hours by phiECO01 at MOI of 0.1 in an in vitro challenge assay. To
test in vivo, Galleria mellonella larvae was infected with E. coli O157:H7
ATCC 43890, before and after the phiECO01 treatment. The mortality
rate was reduced by 80% to 0% for the both cases, showing the therapeutic
and preventive potential of the phage phiECO01. To test the efficacy on
contaminated food, phiECO01 (MOI of 104) was spiked on artificially
contaminated romaine lettuce with E. coli O157:H7 stored at 4℃. The
number of E. coli cells was decreased 4-log after 2 hours of phage
treatment, and the effectiveness was maintained for 3 days. Taken
together, these results suggest that the virulent phage phiECO01 could
be developed as a potent biocontrol agent against foodborne E. coli
O157:H7.
Keywords : Bacteriophage, Escherichia coli O157:H7, food application
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Characterization of Bacteriophage SA01 and SA02 Specific for
Staphylococcus aureus
*

Staphylococcus aureus is one of the most prevalent foodborne pathogens
with growing concerns of drug-resistance. Here, we characterized two
S. aureus bacteriophages to investigate a use as alternative antimicrobials.
Phages SA01 and SA02, isolated from Gul-po stream, South Korea,
could infect 12 and 21 strains, respectively, from 21 antibiotic-resistant
S. aureus strains tested by targeting wall-teichoic acids as host receptor.
Both phages belonged to the family Siphoviridae, but SA02 was featured
with a prolate head and longer tale than SA01. About 50% of phages were
attached to their host S. aureus cell in 5 minutes with 10 mM of CaCl2.
The growth inhibition ability of SA01 at MOI 1 against its host bacteria
was significantly prolonged up to 17 hours by a supplementation of
CaCl2, while SA02 showed a modest improvement at the same MOI.
Genes encoding putative repressor and integrase were predicted from
both phage genomes, suggesting the temperate nature of the phages. By
eliminating regulator genes related with lysogenic cycle, these phages
with CaCl2 could be applied as effective antimicrobials to control broad
spectrums of S. aureus. Thus, as a further study, we are trying to mutate
phages to virulent ones with chemical mutagen challenges.
Keywords : Bacteriophage, Staphylococcus aureus, antimicrobial agents
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Detection of the CrAssphage Using Real-Time PCR Assay in Stool
Samples Related to Norovirus Outbreaks during 2019 in Korea

Noroviruses are the leading cause of waterborne epidemic acute
gastroenteritis worldwide and are usually associated with human feces.
Human virus pathogens are rarely quantified in water samples and are
managed using fecal indicator bacteria (fecal coliform, enterococci etc.)
instead of pathogens. Fecal indicator bacteria exhibit poor correlation
with virus fate in the environment, viral-based microbial source tracking
methods have the potential to overcome this limitation. Recently, it was
identified a bacteriophage named crAssphage associated to human gut
and fecal waste in 2014. CrAssphage was reported to be the most
abundant virus in human stools and rarely in animals. In this study, we
aimed to detect of crAssphage from stool samples related to norovirus
outbreaks. We tested stool samples (n=48) from norovirus outbreaks for
crAssphage by Realtime PCR. In addition, we tested stool samples from
bovine fecal specimens (n=100). As a result, the crAssphage was
detected 81.3%(39/48) using CPQ_056 primer sets and 96.7% (44/48)
using crassB primer sets in human feces. Interestingly, the crAssphage
not detected in bovine fecal specimens. In our results, crAssphage
indicate the potential as a novel indicator for human fecal contamination.
Furthermore, the crAssphage should be monitored in a variety of samples
to assess the potential as viral-based assays for water quality
management and research tools.
Keywords : Norovirus, Viral-indicator, crAssphage
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Evaluation of Swab Sampling Methods for Norovirus Recovery on
Environmental Surfaces

Complete Genome Sequence of Listeria monocytogenes Strain
MFDS1011584 Isolated from Korean Food-Borne Outbreak
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Food Microbiology Division, National Institute of Food and Drug Safety
Evaluation, Ministry of Food and Drug Safety, 187 Osongsaengmyeong 2-ro,
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Noroviruses are important causes of infection, especially gastroenteritis
infections in all age groups. Generally, viral acute gastroenteritis is
transmitted through food and water contamination, contaminated
environmental surfaces, direct person-to-person contact, and other
unknown sources. Besides, noroviruses are spread by fecal-oral route,
and it can cause contamination of environmental surfaces including food
preparation environments. Therefore, we evaluated combinations of
four swab materials(macrofoam, cotton, microfiber, polyester), five
environmental materials (stainless steel, wood, ceramic, polypropylene,
silicon) and five elution buffers (Phosphate buffered saline[PBS], PBS
with 0.2% Tween-80[PBST], 0.02% Tween 80, 0.05 M glycine [pH 6.5],
and 100 mM Tris-HCl/ 50 mM glycine/ 3% Beef extract[TGBE]) to
determine the suitable swab sampling methods for recovering norovirus
from various envrionmental surfaces. Coupons were inoculated with
murine norovirus(MNV) as a surrogate closely related human norovirus
and were swabbed using a combination of each swab material and elution
buffer, and the viral recovery was measured by reverse transcription
quantitative PCR. The results showed that virus recovery of macrofoam
swab was higher than other swabs. Also, the most efficient elution buffer
for all tested swabs was 0.02% Tween 80. In conclusion, macrofoam-0.02%
Tween 80 combinations had greater recovery efficiency than other
combinations and could be useful method for sampling norovirus on
various environmental surfaces.
Keywords : Noroviruse, environmental surface, swab sampling methods
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Choi, Woojung Lee,
*
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of Korea

Yersinia enterocolitica is an enteropathogen transmitted by consumption
of contaminated food or water, outbreaks of which have been reported
worldwide. This study presents complete genome sequence of Y.
enterocolitica MFDS1008542, which was isolated from fish-tank water
in 2017 from Ulsan, South Korea. Genomic DNA extraction of
MFDS1008542 was done using Genomic DNA prep kit for bacterium
(Solgent) and genome sequencing was performed by PacBio Sequel
platform (Pacific Biosciences). The qualified gDNA has sheared about
10 kbp to 20 kbp fragments and the sheared DNA was used to perform
PacBio library using template preparation kit. The library was sequenced
using single molecule real-time (SMRT) sequencing system and a total
of 553,620sequence reads were assembled into 9 contigs and the genome
was de novo assembled using PacBio SMRT analysis version 2.3.0. Final
assembly showed a coverage of 462X. The complete genome sequence
contains a 4,947,682bp length chromosomal DNA with 47% of GC
contents. The chromosome contains total of 4,733 genes, 81 tRNA and
22 rRNA. Whole-genome sequence based multilocus sequence typing
showed this strain belongs to the sequence type 159 (ST159).
Furthermore. this genome information of this strain will be useful for
understanding the food-borne pathogen.
Keywords : Complete genome sequencing, Yersinia enterocolitica
This research was supported by a grant (20161MFDS030) from Ministry
of Food and Drug Safety in 2020.
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Listeria monocytogenes is one of food-borne pathogens that causes
illnesses when consumption of contaminated foods. L. monocytogenes
MFDS1011584 was isolated from salad samples that caused food-borne
outbreak in 2018 from Seoul and completely sequenced using PacBio
Sequel platform. For PacBio Sequencing, genomic DNA was sheared
from 10 kbp to 20 kbp fragments. The purified DNA library was
sequenced using one single-molecule real-time (SMRT) sequencing
system. The total 413,957 reads were assembled into 1 contigs using the
PacBio Microbial Assembly with default parameters in SMRT Analysis
version 2.3.0. Final assembly showed a coverage of 610X. The complete
genome sequence of L. monocytogenes MFDS1011584 consisted of a
2,971,379 bp chromosome with G + C contents of 38%. As a result of
gene prediction, this strain was found to possess 2,867 CDSs, 67 tRNAs
and 18 rRNAs in the chromosome. All these results provide enhanced
insight into the pathogenesis of L. monocytogenes and may be helpful
for prevention of food-borne illnesses.
Keywords : Complete genome sequencing, Listeria monocytogenes
This research was supported by a grant (20161MFDS030) from Ministry
of Food and Drug Safety in 2020.
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Escherichia coli is one of the infectious food-borne pathogens that causes
a major public health problem. This study presents a complete genome
sequence of Escherichia coli strain MFDS1006657 that was isolated
from barbecue beef sample in 2015 from Gwangju, South Korea.
Genomic DNA extraction was done using a Genomic DNA prep kit for
the bacterium (Solgent) and genome sequencing was performed by the
PacBio Sequel platform. The qualified genomic DNA has sheared about
8 kbp fragments and the sheared DNA was used to perform PacBio library
using template preparation kit. The library was sequenced using a single
molecule real-time (SMRT) sequencing system and a total of 493,594
reads were assembled into 2 contigs. The genome was de novo assembled
using PacBio SMRT analysis version 8, the final assembly showed
coverage of 496X. Complete genome sequence of Pathogenic E. coli
MFDS1006657 consisted of a 5,024,636 bp chromosome and a circular
122,855 bp plasmid (pMFDS1006657), with G + C contents of 50.8%
and 48.7%, respectively. As a result of gene prediction, this strain was
found to possess 5,079 CDSs, 94 tRNAs and 22 rRNAs in the
chromosome and 166 CDSs in pMFDS1006657. The serovar of
Pathogenic E. coli MFDS1006657 was predicted to be O6: H34 using
SerotypeFinder version 2.0. Plus, and In silico Virulence Factor
Database (VFDB) detected a total of 78 virulence genes including VT2.
This analysis suggests that genome information of this strain has
potential possibilities for understanding the food-borne pathogen.
This research was supported by a grant (20161MFDS030) from Ministry
of Food and Drug Safety in 2020.
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of Korea

Salmonella enterica subsp. enterica is a major cause of food-borne
illnesses associated with a wide variety of foods, including meat, eggs,
fruits, vegetables, nuts, and spices. Based on the serologic identification
of O (lipopolysaccharide) and H (flagellar) antigens, S. enterica subsp.
enterica has been classified into a variety of groups and specific serovars.
S. enterica subsp. enterica serovar Thompson strain MFDS1011643 was
isolated from chocolate cake that caused food-borne outbreak in 2018
and completely sequenced using PacBio Sequel platform. The genome
consists of a circular chromosome of 4,882,624 bp with a GC content
of 52.2% and two plasmid. Genome annotation with Pathosystems
Resource Integration Center (PATRIC) predicted a total of 4,786 CDSs,
83 tRNA genes, and 22 rRNA genes organized into seven rRNA operons.
Multilocus sequence typing (MLST) showed that this strain belongs to
the sequence type 26 (ST26). And the serovar of Salmonella Thompson
MFDS1011643 was predicted to be 7:k:1,5 (O antigen:7, H antigen
phase1:k, H antigen phase2: 1,5) Thompson using SeqSero software.
Comparative genome analysis of MFDS1011643, MFDS1006816 and
MFDS1004024 revealed that genome of the MFDS1011643 strain has
additional three phage using PHAge Search Tool (PHAST). Based on
BLASTn analysis, the genome sequence of three phages shared the
greatest similarity (91.3 ~ 97.5%) with Salmonella phages SEN8
(NC_047753.1), 29485 (KY709687.1) and SI7 (MK972712.1),
respectively. All these results provide enhanced insight into the
pathogenesis of S. Thompson and may be useful for prevention of
food-borne illnesses.

Keywords : Complete genome sequencing, Pathogenic Escherichia coli

Poster Session

Keywords : Complete genome sequencing, Salmonella enterica serovar
Thompson
This research was supported by a grant (20161MFDS030) from Ministry
of Food and Drug Safety in 2020.

437

G-24

G-26
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Vibrio is a natural inhabitant of aquatic that causes the severe acute
gastroenteritis infections. Vibrio is one of the major agents responsible
for food poisoning during summer in Korea, which is transmitted via
seawater or seafoods. Recently, distribution of the bacteria in the marine
environment has been increased due to global warming. The aim of this
study was to determine the presence of virulence-associated factors in
2544 V. parahaemolyticus, 123 V. vulnificus, and 75 V. cholerae strains
isolated from foods and environmental samples. The foods and
environmental isolates of Vibrio spp. were confirmed to V. parahaemolyticus,
V. vulnificus, and V. cholerae by PCR. Various pathogenic genes were
screened: V. parahaemolyticus (tdh, toxR, trh, tlh), V. vulnificus (glnA,
vvh, rtxA, toxR) and V. cholerae (ctx, hly, tcpA, toxR). Based on these
virulence genes profiles, it is possible to understand various genetic
characteristics of Vibrio strains.

Escherichia coli O157:H7 is a major food-borne pathogens responsible
for a number of outbreaks in humans. The genetic markers that have been
used for real-time PCR assays to detect verotoxin-producing E. coli
include VT1, VT2 and eaeA in MFDS. The goal of this study was to
evaluate a sensitivity and specificity for the selective detection of E. coli
O157:H7 in VTEC. Real-time PCR methods of E. coli O157 (etpD) and
H7 (fliC) were evaluated for specificity with 5 E. coli O157:H7 strains,
213 non-E. coli O157:H7 strains. To determined the sensitivity and
linearity of real-time PCR, standard curves of etpD and fliC were
generated. As the result, real-time PCR methods of etpD and fliC genes
were evaluated to detect E. coli O157 and H7, and was shown to be highly
specific and sensitive for these strains. etpD and fliC genes were 100%
inclusive for E. coli O157:H7 and 100% exclusive for non-E. coli
O157:H7 for the strains tested. Both methods had estimated detection
limits of 2 log CFU/g. Real-time PCR detected about 3 Ct value of the
target gene per reaction with high linearity. This study provides more
efficient detection methods of E. coli O157:H7.

This research was supported by a grant (19161MFDS040) from Ministry
of Food and Drug Safety in 2020.
Keywords : Vibrio, Virulence genes, Foodborne

This research was supported by a grant (20161MFDS031) from Ministry
of Food and Drug Safety in 2020.
Keywords : Escherichia coli O157:H7, serotype, Real-time PCR
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Real-time PCR primers and probe sets were evaluated to establish a
real-time PCR method to detect Escherichia coli O157:H7. Real-time
PCR methods of E. coli O157 (rfbE) and H7 (fliC) were evaluated for
specificity with 5 E. coli O157:H7 strains, 213 non-E. coli O157:H7
strains. To determined the sensitivity and linearity of real-time PCR,
standard curves of rfbE and fliC were generated. As the result, real-time
PCR methods of rfbE and fliC genes were evaluated to detect E. coli O157
and H7, and was shown to be highly specific and sensitive for these
strains. rfbE and fliC genes were 100% inclusive for E. coli O157:H7
and 100% exclusive for non-E. coli O157:H7 for the strains tested. Both
methods had estimated detection limits of 2 log CFU/g. Real-time PCR
detected about 3 Ct value of the target gene per reaction with high
linearity. This study provide more efficient detection methods of E. coli
O157:H7.
This research was supported by a grant (20161MFDS031) from Ministry
of Food and Drug Safety in 2020.
Keywords : Escherichia coli O157:H7, rfbE, Real-time PCR
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Characterization of the Bacteriophage VPG01 Infecting Foodborne
Pathogen Vibrio parahaemolyticus
Jung Hyen Lee, Sin Young Hong*, Jieun Noh*, Byoung Sik Kim*
Department of Food Science and Engineering, ELTEC College of
Engineering, Ewha Womans University, Seoul 03760, Republic of Korea

Vibrio parahaemolyticus causes gastroenteritis and abdominal pain in
peoples who consumed the contaminated seafood. It also causes severe
vibriosis in aquaculture animals resulting in huge economic loss.
Although antibiotics are used to tackle this pathogen, the emergence of
multidrug resistant strains throughout the world emphasizes urgent
needs for alternative agents. In this study, V. parahaemolyticus-infecting
bacteriophage VPG01 was isolated from oyster and characterized.
Morphological analysis revealed that VPG01 belongs to the family of
Siphoviridae having an icosahedral head with a flexible tail. It was highly
infective for various strains of V. parahaemolyticus including FORC023,
the strain relates with a foodborne illness case in S. Korea. VPG01
quickly absorbed to the host bacterial cells as 72% of added phages were
attached within 9 min. It showed an eclipse period of 15 min, a latent
period of 20 min, and a burst size of > 102 PFU per infected cell. When
V. parahaemolyticus ATCC33844 was treated with VPG01, an
MOI-dependent growth retardation was observed, suggesting a potential
of this phage as an alternative control agent for V. parahaemolyticus. A
phage cocktail composed of VPG01 and VPT02, a different phage
previously characterized, also showed the host growth inhibition.
However, no additive/synergistic effect was evident, and the inhibition
pattern of host growth was almost same with that observed in VPG01
single treatment. This result suggests that two different phages VPG01
and VPT02 may share similar host systems such as receptor for their
infection and that VPG01 outcompetes VPT02. This phage-phage
interaction needs further investigations for successful application of
phage cocktails in various fields.
Keywords : Bacteriophage, Antibiotics, Food safety

Development of a Predictive Growth and Death Model of
Enteropathogenic Escherichia coli in Meat and Processed Meat
Products
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Evaluation, Ministry of Food and Drug Safety, Osong-eup, Heungdeok-gu,
Cheongju-si, Chungcheongbuk-do 28159, Republic of Korea

The aim of this study was to develop the predictive mathematical models
of growth and death kinetics of Enteropathogenic Escherichia coli
(EPEC) in meat and processed meat products(raw beef, raw ham and
hamburger patties). Raw beef, raw ham and hamburger patties were
inoculated with EPEC strain and stored at 4, 10, 25, 30 and 37℃ to
observe the behavior kinetics of EPEC. The μmax[maximum specific
growth rate]and LPD[lag phase duration] calculated using Baranyi
model as the primary model were used to develop the secondary models
to evaluate time-temperature dependent effects on the growth using
polynomial equations and square root model. For the death patterns, the
Delata[1 log CFU reduction time] was calculated using Weibull model
as the primary model and, then used to develop the secondary models
using polynomial equations. Developed models were confirmed by
analyzing of RMSEs(Root Mean Square Error) as statistic parameters.
RMSEs were 0.51, 0.31 and 0.16 for raw beef, raw ham and hamburger
patties, respectively, suggesting the developed predictive growth and
death models are suitable to assess microbial risk of EPEC in meat and
processed meat products as input model.
Keywords : Predictive model, enteropathogenic Escherichia coli,
processed meat products
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Foodborne illnesses caused by Enterohaemorrhagic Escherichia coli
have been outbreaked in worldwide, associated with leafy green
vegetables. Fresh-cut salad including romaine lettuce is considered as
one of the high risk produce in terms of foodborne illness, as it is usually
manufactured and consumed without thermal processing. The object of
this study is to estimate the level of risk from pathogenic E. coli in fresh
produce through quantitative microbial risk assessment and contribute
to the prevention of food poisoning. The initial contamination level of
the fresh produce was estimated to be -4.14 Log CFU/g by beta
distribution. Growth of the pathogenic E. coli on the fresh produce was
observed at temperatures higher than 12℃. The consumption amount
and frequency were 136.61 g and 9.8%, respectively. Simulation results
using @Risk showed that the probability of EHEC foodborne illness was
1.59×10-7 per person per day for market purchases and 1.50×10-7 for
temperature controled delivery service systems. As a result, the risk of
pathogenic E. coli by consumption of fresh produce was not high. The
results of this study are expected to contribute to establishing hygiene
management for pathogenic E. coli in fresh produce and vegetables from
farm to table.
Keywords : Fresh produce , risk assessment, pathogenic E. coli
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Staphylococcus aureus is one of the most common foodborne pathogens
that causes both human and animal infections, which ranges from mild
superficial infections to toxin-associated diseases, and severe life-threatening
invasive infections. Moreover, it is known to form biofilm on various
food surfaces and at food processing. As an alternative, endolysin which
is a peptidoglycan hydrolase of bacteriophage has been focused as one
of the effective biocontrol agents. Previous study, S. aureus infecting
Siphoviridae phage SAP33 and its endolysin LysSAP33 was characterized
briefly. Interestingly, LysSAP33 had a completely different domain
composition compared to conventional endolysin and these domain
function has not been identified. For this reason, we truncated the putative
cell wall binding domain (CBD) region and evaluated the enzyme
activity. Truncation of putative CBD from LysSAP33 resulted in a
significant decrease of the lytic activity by 104 times and broader host
spectrum of infection specificity compared with the full-length endolysin,
and fusion of putative CBD with EGFP showed that it binds to the
peptidoglycan of S. aureus, only. Furthermore, LysSAP33 could
decrease the mature biofilm of S. aureus by 73% and showed strong
activity against biofilm formed on the cabbage surface. Therefore,
LysSAP33 possesses an ability to act against biofilm-forming cells for
the food surface and suggests LysSAP33 can be applied as a practical
antimicrobial agent.

Enterotoxigenic Escherichia coli (ETEC) is the major pathogenic E. coli
that causes diarrhea and edema in post-weaning piglets. In this study,
we describe the morphology and characteristics of ØCJ19, a bacteriophage
that infects ETEC, and performed genetic analysis. 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. Comparative genomic analysis
in terms of the tail fiber proteins could provide genetic insight into host
recognition and the relationship with other coliphages. These results
showed the possibility to improve food safety by applying phage ØCJ19
to foods of animal origin contaminated with ETEC and suggests that it
could be the basis for establishing a safety management system in the
animal husbandry.

Keywords : Biofilm, endolysin, food safety
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For successful infection of their hosts, pathogenic bacteria recognize
host-derived signals that induce the expression of virulence factors in
a spatiotemporal manner. The fulminating food-borne pathogen Vibrio
vulnificus produces a cytolysin/hemolysin protein encoded by the vvhBA
operon, which is a virulence factor preferentially expressed upon
exposure to murine blood and macrophages. The Fe-S cluster containing
transcriptional regulator IscR activates the vvhBA operon in response to
nitrosative stress and iron starvation, during which the cellular IscR
protein level increases. Here, electrophoretic mobility shift and DNase
I protection assays revealed that IscR directly binds downstream of the
vvhBA promoter PvvhBA, which is unusual for a positive regulator. We
found that in addition to IscR, the transcriptional regulator HlyU
activates vvhBA transcription by directly binding upstream of PvvhBA,
whereas the histone-like nucleoid-structuring protein (H-NS) represses
vvhBA by extensively binding to both downstream and upstream regions
of its promoter. Of note, the binding sites of IscR and HlyU overlapped
with those of H-NS. We further substantiated that IscR and HlyU
outcompete H-NS for binding to the PvvhBA regulatory region, resulting
in the release of H-NS repression and vvhBA induction. We conclude that
concurrent antirepression by IscR and HlyU at regions both downstream
and upstream of PvvhBA provides V. vulnificus with the means of
integrating host-derived signal(s) such as nitrosative stress and iron
starvation for precise regulation of vvhBA transcription, thereby
enabling successful host infection.
Keywords : Vibrio vulnificus, hemolysin, IscR
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Development and Evaluation of Real-Time PCR Method for
CrAssphage to Determine Human Fecal Contamination
*

JoSeph Lee, Ho-Jeong Choi, Jeong-Eun Kwak, Eun-Ji Shin, Ju-Hoon Lee
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Water-borne disease such as diarrhea, cholera and typhoid fever were
caused by contaminated fecal pathogens and reported to be transmitted
generally through fecal-oral route. Currently, coliforms and enterococci
are used as indicator bacteria of fecal contamination, but it is difficult
to differentiate the original source between human and animal feces.
CrAssphage was discovered only in human fecal samples and further
studies showed that this phage is generally abundant only in human gut
environment. In this study, human, animal and were collected. For rapid
identification of fecal sources, TaqMan Real-Time PCR methods have
been developed to detect CrAssphage in the fecal samples. Five different
primer-probe sets were selected. Of the human samples CrassPFL2
primer set showed the highest detection efficiency. However, no
CrAssphage was detected in all animal fecal samples, suggesting that
this method works for detection of fecal sources from humans. To verify
if this Real-Time PCR method can detect human fecal contamination in
foods. Interestingly, Real-Time PCR using PFL2 detected only human
feces-contaminated romaine lettuce. Therefore, newly developed
Real-Time PCR targeting CrAssphage would be a useful method for
differentiation of human fecal contamination in foods.
Keywords : CrAssPhage, human fecal contamination, Real-Time PCR
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Salmonella belongs to one of the most common pathogens causing a
notable number of foodborne outbreaks and product recalls. To improve
food safety related to Salmonella, it is important to carry out rapid
detection method. Several fluorescent-labeled detection methods have
been developed targeting to Salmonella but there have been few studies
performed about fluorescent-labeled phage (FLP) method. FLP method
is fast and sensitive by allowing direct detection of host bacteria bound
to phages. The purpose of this study was to investigate an optimum phage
and fluorescent dye for the fabrication of FLP for Salmonella detection.
Four phages including S. Typhimurium phages (ST1 and ST2) and S.
Enteritidis phages (SE1 and SE2) were used in this study. Adsorption
and one-step growth curve analysis were performed to determine their
adsorption, latent times, and burst size. Three fluorescent dyes including
SYBR gold, 4',6-diamidino-2-phenylindole (DAPI) and acridine orange
(AO) were labeled with four phages and their fluorescence intensities
and evanescent times were compared for the selection of optimum dye.
Adsorption time and latent time of ST1, ST2, SE1, and SE2 phage were
determined to be 30, 25, 15, and 20 min, and 30, 25, 15, and 10 min,
respectively. The burst sizes of ST1, ST2, SE1, and SE2 phage were 150,
120, 100, and 160 PFU/cell, respectively. SE2 phage had a large burst
size, short latent time, and the greatest fluorescence intensity with a value
of 220 when labeled with SYBR gold. Thus, SE2 phage and SYBR gold
were selected as an optimum phage and fluorescent dye for Salmonella detection.

A novel and on-site applicable phage-based biosensor combined with
square planar coil has been developed to overcome the limitations of
solenoid coil system by removing redundant placement of sensors. The
purpose of this study was to validate the novel square planar coil by
comparison with the solenoid coil for the direct detection of Salmonella
Enteritidis (SE) on cabbage. The sensor immobilized with SE-specific
phage was placed on the surface of cabbage inoculated with various
concentrations of SE suspension. The resonant frequency (RF) shift and
signal amplitude of the sensors were then measured using both square
planar and solenoid coils. The repeatability of two coil systems was
determined by repeatedly measuring RF shift over short interval of time.
Both detection systems exhibited the increases of RF shift with
dose-response manner. The detection limit was determined to be 2.28
log CFU/cm2 and 2.76 log CFU/cm2 for square planar coil, and solenoid
coil, respectively. Although there were no significant differences in
repeatability between the two coil systems, the sensitivity and linearity
of square planar coil were significantly greater than the solenoid coil.
Futhermore, the signal amplitude of square planar coil was almost two
times greater than solenoid coil. This study demonstrated that the square
planar coil enhanced the sensitivity, linearity and signal amplitude for
the practical detection of S. Enteritidis on fresh produce.

Keywords : Fluorescent-labeled phage (FLP), Salmonella-specific
phages, SYBR gold
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Water Environment

Identification of the Isolated Bdellovibrio bacteriovorus and Its
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Gyeonggi-do 17104, Republic of Korea

Vibrio vulnificus is divided into three biotypes and biotype 1 has been
known to be responsible for the majority of human infections. The
biotype 1 consists of a clinical genotype (CG) and an environmental
genotype (EG). Comparative genome analysis with 22 complete genomes
showed that only CG has mannitol operon (mtlA for mannitol-specific
PTS, mtlD for mannitol-1-phosphate dehydrogenase, mtlR for transcriptional
regulator) for mannitol metabolism. Interestingly, only CG grew up on
M9 minimal medium containing 0.5% mannitol as a carbon source,
suggesting that CG can uptake and utilize mannitol. In addition, 0.5%
mannitol supplementation to LB medium increased 2.5-fold biofilm
formation. However, ΔmtlA mutant did not produce biofilm in the
mannitol-supplemented medium, suggesting that mannitol uptake and
utilization may be strongly associated with the biofilm formation. Since
mannitol is generally produced by the photosynthesis of brown algae,
the biofilm formation of V. vulnificus CG could increase around brown
algae for protection of V. vulnificus. It was previously reported that V.
vulnificus with mannitol operon has osmotic protection effect under high
salt environment. Subsequent growth test under high salt environment
showed that only CG grew well under 4% NaCl environment, supporting
this. Consequently, CG of V. vulnificus has two major characteristics such
as biofilm formation and osmotic protection effect by mannitol,
suggesting enhanced viability under sea water environment.
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Bdellovibrio bacteriovorus are small Gram-negative bacteria and
invade other Gram-negative bacteria, except themselves. This lysis
ability of B. bacteriovorus attract attention as potential alternative to
control Gram-negative bacteria including foodborne pathogen and
multidrug-resistant bacteria. This study focused in investigating a
potential of B. bacteriovorus as alternative biocontrol agent to control
major foodborne pathogen, Salmonella enterica serovar Typhimurium
and Shiga toxin-producing E. coli (STEC). BD 24 was isolated from soil,
and identified that belongs to B. bacteriovorus by morphology and
molecular assay. Moreover, BD 24 showed own predatory activity at the
wide prey range for Gram-negative bacteria. BD 24 could inhibit growth
of target bacteria during for incubation time, and it could lyse high
concentration of S. Typhimurium and STEC by approximately 2 log units
and 5 log units, respectively. Furthermore, BD 24 showed effective
ability to reduce pre-formed biofilms (60 - 70%). Additionally, BD 24
showed that it possible to attack pre-formed biofilms on fresh products
like cabbage. Therefore, we suggest B. bacteriovorus might be an
alternative to control Gram-negative foodborne pathogen like S.
Typhimurium and STEC.
Keywords : Predatory bacteria, Bdellovibrio bacteriovorus, Gram-negative
foodborne pathogen
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Safety Assessment of Streptococcus thermophilus IDCC 2201
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Proteomic Analysis of Campylobacter jejuni under Cold Stress
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Safety evaluation of probiotics has become increasingly important for
human consumption in food industry. The aims of this study were to
assess safety of Streptococcus thermophilus IDCC 2201 through in vitro
and in vivo tests. In results, this strain was found to be negative for
hemolytic and β-glucuronidase activity. In addition, S. thermophilus
IDCC 2201 was susceptible to nine antibiotics suggested by EFSA. In
accordance with MIC tests, whole-genome analysis indicated that S.
thermophilus IDCC 2201 neither harbors antibiotic resistance nor
toxigenic genes. Furthermore, none of the biogenic amines including
tyramine and histamine was produced and negligible amounts of
D-lactate were produced by S. thermophilus IDCC 2201. Finally, it was
confirmed that there was no mortality and toxicity throughout single dose
oral toxicity tests in rats. Therefore, these results can provide the basis
for the safety of S. thermophilus IDCC 2201 strain.
Keywords : Probiotics, safety assessment, Streptococcus thermophilus
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Listeria monocytogenes is known as biofilm-forming pathogenic
bacteria on abiotic or biotic surface. Some Bacillus species have been
reported for their antimicrobial substances, such as bacteriocins.
However, there are a few studies that showing the anti-biofilm effect of
Bacillus spp. In this study, the anti-biofilm effect of the culture
supernatant (CS) of B. subtilis KU43, B. subtilis KU201, and B.
polyfermenticus KU3 isolated from kimchi was investigated against L.
monocytogenes. The minimum inhibitory concentration (MIC) values
of each CS were 12.5, 25, and 50% (v/v) for three strains of L.
monocytogenes, respectively. The all CS had both of inhibition and
degradation effect on Listeria biofilms at 1/2 MIC. Biofilm inhibition
rate of all CS was 44.80-77.46% at 1/2 MIC and biofilm degradation rate
was 40.62-77.52% at 1/2 MIC. In addition, cell surface characteristics
of L. monocytogenes including hydrophobicity, auto-aggregation, and
exopolysaccharide production were conducted. In all experiments, cell
surface characteristics were significantly changed when using CS of
Bacillus species. Therefore, these results could suggest that the CS of
Bacillus spp. has anti-biofilm effect against L. monocytogenes.
Keywords : Bacillus spp., anti-biofilm Effect, Listeria monocytogenes
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Campylobacter jejuni is a thermotolerant Gram-negative bacterium
optimally growing at 42℃. As a foodborne pathogen, C. jejuni is most
frequently transmitted to humans through contaminated poultry meat.
Given the supply chain of poultry products at low temperatures, it is
important to understand mechanisms underlying the survival of C. jejuni
under cold stress. However, unlike other pathogenic bacteria, no cold
stress regulation factors have been reported in Campylobacter species.
Therefore, in this study, we focused on finding the genes affecting the
cold tolerance of C. jejuni. Cold tolerance test was conducted at 4℃ for
7 days using 40 C. jejuni strains isolated from retail raw chicken. Based
on the level of survival at 4℃, cold stress-sensitive and -tolerant strains
of C. jejuni were selected and subjected to two-dimensional gel
electrophoresis (2DGE) to compare the proteomic profiles of before and
after exposure to cold. The analysis identified 24 proteins whose
expression levels were altered by exposure to cold stress, including
S-adenosylmethionine synthetase (metK), formate dehydrogenase
(fdhA), and periplasmic nitrate reductase (napA). For functional
characterization, knockout mutants of the genes encoding the identified
proteins were constructed in C. jejuni NCTC 11168. Notably, the napA
mutant was more sensitive to cold stress than the wild type, but cold
tolerance was recovered to the wild type level in a complementation
strain. Results from this study exhibit the existence of genetic
determinants affecting cold tolerance in C. jejuni.
Keywords : Campylobacter jejuni, cold tolerance, two-dimensional gel
electrophoresis

Culture Supernatant of Bacillus subtilis and Bacillus
polyfermenticus against Biofilm of Listeria monocytogenes
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A Novel Chimeric Endolysin with Improved Lytic Activity and
Binding Affinity against Clostridium perfringens

Anti-Biofilm Effect of Grapefruit Seed Extract and Cell-Free Supernatant
of Saccharomyces cerevisiae against Staphylococcus aureus
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Clostridium perfringens is an anaerobic, gram-positive, and
spore-forming bacterium that produces toxins causing various diseases
in humans and other animals. Bacteriophage endolysin has been
regarded as one of the alternatives to antibiotics. To enhance the
antibacterial activity of endolysin, we performed domain shuffling of
endolysins from C. perfringens phages. A novel chimeric endolysin
ClyYW was constructed by combining enzymatically active domain
(EAD) of LysC9 and cell wall binding domains (CBDs) of LysCPS2
through domain shuffling. ClyYW showed higher bacterial cell lysis
activtiy compared with its parental endolysins against C. perfringens.
The efficacy of ClyYW as a biocontrol agent for control of C. perfringens
contaminated in foods was assessed for milk and beef. The CFU of C.
perfringens artificially contaminated in milk and beef were significantly
2
reduced by 5-log/ml and 3-log/cm in 2 hours, respectively. Further, CBD
of ClyYW showed at least 3-folds higher binding affinity on C.
perfringens compared to LysC9. These results indicate that the chimeric
endolysin ClyYW is useful not only for developing antimicrobial
compound but also to provide sensitive diagnostic tool for rapid detection
of C. perfringens.
Keywords : C. perfringens, bacteriophage, chimeric endolysin

Staphylococcus aureus is one of the most common foodborne pathogens.
Moreover, the biofilm-forming S. aureus strains are difficult to remove
and more infectious. Grapefruit seed extract (GSE) is known as an
effective preservative which has antimicrobial and anti-biofilm activity
against gram-positive and gram-negative bacteria. GSE and Saccharomyces
cerevisiae are recognized as generally regarded as safe. Therefore, the
aim of this study was to investigate anti-biofilm effect of GSE and
cell-free supernatant of Saccharomyces cerevisiae (CFS) against S.
aureus. Three strains of biofilm-forming S. aureus and 5 strains of
isolated S. cerevisiae were used. The minimum inhibitory concentration
(MIC) of GSE was examined. The anti-biofilm effect of 1/2 MIC of GSE
and CFS against S. aureus was investigated by crystal violet assay. GSE
and CFS were inhibited the biofilm formation of S. aureus. Moreover,
CFS was shown more efficient biofilm degradation effect than GSE. To
determine the anti-biofilm mechanisms, adhesion ability, cell surface
properties, and exopolysaccharides (EPS) production was conducted.
GSE and CFS were affected to adhesion ability and hydrophobicity
depending on S. aureus strains. However, auto-aggregation and EPS
production of CFS treated S. aureus was more significantly decreased
than GSE treatment. These results demonstrated that GSE and CFS have
anti-biofilm potential against S. aureus.
Keywords : Saccharomyces cerevisiae, Grapefruit seed extract, Staphylococcus
aureus
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Improved Method with Modified Enrichment Broth and DNA
Extraction Buffer for Detection of Listeria monocytogenes
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The presence of Listeria monocytogenes in meat products can be a
problem in a meat industry, and thus, it is important to detect L.
monocytogenes before the products are distributed. However, the
enrichment method and commercial detection kits currently used to
detect L. monocytogenes have disadvantages because of long detection
time and expenses. The objective of this study was to improve the
efficiencies of enrichment broth and DNA extraction buffer for the
detection of L. monocytogenes. The enrichment efficiencies of
Listeria-Enrichment broth (LEB), UVM-modified LEB and Palcam
broth were compared by the enriched L. monocytogenes cell counts. The
efficiency was further examined by adding various chemicals (pyruvate,
cysteine, ferric citrate, etc.) into LEB. To improve the efficiency of DNA
extraction buffer, various chemical reagents [NaOH, sodium dodecyl
sulfate (SDS), N-lauroylsarcosine sodium salt (NLS sodium salt) and
EDTA] were examined. The concentrations and purities of DNA
extracted by these chemicals were examined via microplate reader, and
compared with a commercial kit. Among 3 enrichment broths, LEB was
the most efficient for L. monocytogenes enrichment, and LEB supplemented
with 0.1% pyruvate and 0.1% ferric citrate showed improved enrichment
efficiency. In DNA extraction, a combination of NLS sodium salt, NaOH
and EDTA had high concentration and purity of DNA. These results
indicate that the enrichment and DNA extraction methods developed in
this study can be used to improve L. monocytogenes detection efficiency
as well as reducing detection time and cost.
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Effects of the mcr-1-Harboring Plasmids on Virulence of
Pathogenic Escherichia coli

The dissemination of plasmids harboring the mobilized colistin
resistance (mcr) gene in Enterobacteriaceae is a concern to global public
health. The whole genome sequencing analysis revealed that mcr-1
plasmids encode a number of virulence-related genes, such as those
encoding pili and type IV secretion systems. Previously, we
demonstrated that mcr-1 plasmids are easily transferred by conjugation
among the bacteria in Enterobacteriaceae. In this study, we determined
if the horizontal transfer of mcr-1 plasmids can affect virulence in
pathogenic Escherichia coli. The mcr-1 plasmids were transferred by
conjugation to pathogenic strains of E. coli, including enterotoxigenic
E. coli (ETEC) and enterohemorrhagic E. coli (EHEC). The transfer of
the mcr-1 plasmid to ETEC noticeably reduced the level of biofilm
formation and increased swimming motility compared to the recipient
strain without the plasmid. However, the introduction of the plasmid to
EHEC increased bacterial adherence to HEp-2 cells without affecting
biofilm formation and swimming motility. These results suggest that
mcr-1 plasmids not only spread colistin resistance but also can affect
virulence in the recipient bacteria.
Keywords : mcr-1
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Biologically Rapid Synthesis of Silver Nanoparticles by
Sphingobium sp. MAH-11T and Their Antibacterial Activity and
Mechanisms Investigation against Drug Resistant Pathogenic
Microbes
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The present study highlights the biological synthesis of AgNPs using
Sphingobium sp. MAH-11 and also their antibacterial mechanisms
against drug resistant pathogenic microorganisms. The nanoparticle
synthesis method used in this study was reliable, facile, rapid, cost
effective and ecofriendly. The AgNPs exhibited highest absorbance at
423 nm. The TEM image expressed spherical shape of AgNPs and the
size of synthesized silver nanoparticles was 7 to 22 nm. The SAED
pattern and XRD spectrum revealed the crystalline structure of AgNPs.
The results of FTIR analysis disclosed the functional groups responsible
for the reduction of silver ion to metal nanoparticles. The biosynthesized
AgNPs showed strong anti-microbial activity against drug resistant
pathogenic microorganisms. Moreover, E. coli and S. aureus were used
to explore the antibacterial mechanisms of biosynthesized AgNPs.
Minimal inhibitory concentrations (MICs) of E. coli and S. aureus were
6.25 μg/mL and 50 μg/mL, respectively and the minimum bactericidal
concentrations (MBCs) of E. coli and S. aureus were 25 μg/mL and 100
μg/mL, respectively. Results indicated that the AgNPs caused
morphological alterations and damaged the membrane integrity of
strains E. coli and S. aureus. The AgNPs synthesized by Sphingobium
sp. MAH-11 may serve as a potent antimicrobial agent for many
therapeutic applications.
Keywords : Biological synthesis, AgNPs, antimicrobial agent

A Single Nucleotide Polymorphism Responsible for Determination
of Virulence-Related Phenotypes in Salmonella enterica serovar
Enteritidis
Duhyun Ko, Sang Ho Choi*
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Salmonella enterica serovar Enteritidis is a major food-borne pathogen
causing gastroenteritis and systemic infection to immunocompromised
patients. Phylogenetic analysis revealed that S. Enteritidis strains
isolated in South Korea have greatly similar genetic background,
possessing almost identical genome sequences. However, one of the S.
Enteritidis strains, FORC_075, showed impaired biofilm formation
compared to other strains. Comparative genomic analysis identified 15
single nucleotide polymorphisms (SNPs) unique to FORC_075. When
compared to the genome of FORC_078, a strain phylogenetically closest
to FORC_075, a SNP in envZ resulted in amino acid change from Pro245
(CCG) in FORC_078 to Leu245 (CTG) in FORC_075. Since EnvZ, a
sensor kinase in the EnvZ/OmpR two-component system, is involved
in the regulation of virulence-related phenotypes including biofilm
formation, the phenotypic roles of the SNP in envZ were determined by
amino acid substitution. The substitution of Pro245 with Leu
significantly decreased the biofilm-forming ability. Thus, the SNP in
envZ was further analyzed as a key contributor responsible for the distinct
phenotype in FORC_075. The P245L substitution altered the expression
of OmpR regulon, which suggests that the SNP in envZ affects the
function of EnvZ. The SNP in envZ decreased motility but increased the
infectivity to host cells and survival under acid stress. Taken together,
these results indicate that the SNP in envZ plays a critical role in
differentiating the virulence-related phenotypes in S. Enteritidis, which
contributes to pathogenic adaptation for optimal fitness and successful
pathogenesis.
Keywords : Salmonella Enteritidis, food-borne pathogen, single
nucleotide polymorphism
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Bacteriophages have been studied as novel antimicrobials, and host
receptor identification is essential to understand phage resistance. Here,
we investigated host receptor of a virulent Siphoviridae phage MK1
infecting both Escherichia coli and Cronobacter sakazakii. Screening
of the Tn5 random mutant library of C. sakazakii and E. coli revealed that
lipopolysaccharide (LPS) mutation on C. sakazakii and maltoporin
mutation on E. coli caused MK1 resistance to these bacteria. Deletion
of waaG gene associated with LPS biosynthesis made C. sakazakii
resistant to MK1 but not E. coli while deletion of lamB gene encoding
maltoporin resulted MK1 resistance to both C. sakazakii and E. coli.
Complementation tests with lamB genes from E. coli and C. sakazakii
indicated that both LPS and LamB are required for MK1 infection in C.
sakazakii while LamB is enough for MK1 infection in E. coli.
Bioinformatic analysis of lamB genes from E. coli and C. sakazakii
revealed that homology of amino acids at the external surface of the
proteins was about 40%, indicating that interaction between LamB and
receptor binding protein of MK1 is affected by LPS in C. sakazakii but
not in E. coli.
Keywords : Bacteriophage, receptor, maltoporin

The emergence of multidrug-resistant (MDR) bacteria is rising to
dangerously high levels in the food chain, threatening our ability to
respond to food poisoning outbreaks. Biofilm formation in foods and
processing facilities makes pathogen eradication difficult because most
antimicrobial agents cannot penetrate biofilm. In this context,
bacteriophage has drawn substantial attention as an alternative that can
simultaneously inhibit MDR bacteria and their biofilm formation. Here,
7 bacteriophages infecting Salmonella spp. were isolated from various
environmental samples and a virulent phage HP1 showing the most
extensive lytic activity was selected to control the MDR S. Thompson
isolated in Korea. S. Thompson #10 is resistant to 7 classes of antibiotics
and capable of forming a huge amount of biofilm. HP1 showed 2.8- to
2
3.2-log reduction when a chicken breast inoculated with 5 CFU/cm of
S. Thompson was treated with HP1 with a MOI of 1,000 at 20℃ and at
4℃. HP1 could reduce the biofilm formation by S. Thompson more than
60% and could also remove the pre-formed biofilm on stainless steel or
on glass effectively. These results suggest that the phage HP1 can be used
to control Salmonella contaminated in chicken and to reduce biofilm
formation in food processing facilities.
Keywords : Foodborne pathogen, multi-drug resistant, bacteriophage
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Contribution of Carbon Metabolismto Aerotolerance in Campylobacter jejuni
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Campylobacter jejuni is a fastidious Gram-negative bacterium. As an
asaccharolytic bacterium, C. jejuni cannot utilize glucose as a nutrient
but uses amino acids as primary carbon sources. In addition, C. jejuni
is microaerophilic and sensitive to oxygen in the atmosphere. To achieve
a better understanding of aerotolerance in C. jejuni, we analyzed
proteomics changes in C. jejuni after exposure to aerobic conditions. The
results of two-dimensional gel electrophoresis revealed that exposure
to aerobic conditions generally up-regulated proteins associated with
energy production and amino acid metabolisms, such as pyruvateflavodoxin oxidoreductase, a serine protease, and 2-oxoglutarate-acceptor
oxidoreductase oorA. A knockout mutation of 2-oxoglutarate-acceptor
oxidoreductase (oorDABC) significantly reduced aerotolerance and the
optical density (OD) of bacterial culture but did not affect CFU when
compared to wild type. Interestingly, the OD was restored in the mutant
by supplementing culture media with pyruvate, amino acids (serine,
asparagine, and aspartate), and some metabolites in the tricarboxylic acid
(TCA) cycle (succinate, and fumarate). Moreover, the supplementation
of the carbon sources restored the aerotolerance of oorDABC mutant to
the level of wild type, indicating that the carbon sources can chemically
complement the defective aerotolerance in the oorDABC mutant. The
findings in this study demonstrate that the carbon metabolism associated
with the utilization of amino acids plays an important role in the survival
of C. jejuni under aerobic conditions.
Keywords : Campylobacter jejuni, aerotolerance, carbon metabolism
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Characterization of a Novel Jumbo Phage EJP2 for Biocontrol of
Extended Spectrum β-Lactamase-Producing Escherichia coli

Extended spectrum beta-lactamase-producing Escherichia coli (ESBL-EC)
has increased noticeably in recent years worldwide and causes a serious
public health concern. In this study, we isolated and characterized a novel
jumbo phage EJP2 specific to ESBL-EC as well as pathogenic E.coli.
EJP2 contains 349 kbp double-stranded DNA genome with 540 putative
ORFs belonging to Myoviridae family. Phylogenetic analysis of the
essential phage elements such as major capsid protein and terminase
large subunit suggests that EJP2 belongs to the group of Rak2-related
phage reported as jumbo phage. The amino acid dot plots of EJP2
displayed very low similarity to the reported E.coli jumbo phages. To
determine the phage receptor for EJP2, Tn5 transposon mutant library
of ESBL-EC was constructed and screened for resistance against EJP2
infection. Two resistant clones had a Tn5 insertion in genes associated
with lipopolysaccharide (LPS) biosynthesis. The phage adsorption rate
was significantly decreased in the resistant clone. Complementary strain
harboring gene associated with LPS biosynthesis restored the sensitivity
as well as adsorption ability against EJP2, suggesting that LPS functions
as receptor for EJP2. EJP2 could reduce biofilm formation and control
the ESBL-EC synergistically when it was used with cefotaxime. These
results suggest that phage EJP2 might be used as a potential antimicrobial
agent for biocontrol of pathogenic E.coli resistant to antibiotics
Keywords : Extended-Spectrum Beta-Lactamase-producing Escherichia
coli, jumbo phage
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Genome and Transcriptome Study of Methicillin-Resistant
Staphylococcus aureus FORC_062 Reveals Its Adaptation
Capability in the Food Environment

Prediction of the Pathogenic Potential of Shiga Toxin-Producing
Escherichia coli Using Machine Learning Model
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To study pathogenesis and toxicity of Staphylococcus aureus in foods,
FORC_062 was isolated from a human blood sample and complete
genome sequence has a type II SCCmec gene cluster and a type II
toxin-antitoxin system, indicating an MRSA strain. Its mobile gene
elements has many pathogenic genes involved in host infection, biofilm
formation, and various enterotoxin and hemolysin genes. Clinical
MRSA is often found in animal foods and ingestion of MRSA-contaminated
foods causes human infection. Therefore, it is very important to
understand the role of contaminated foods. To elucidate the interaction
between clinical MRSA FORC_062 and raw chicken breast,
transcriptome analysis was conducted, showing that gene expressions
of amino acid biosynthesis and metabolism were specifically
down-regulated, suggesting that the strain may import and utilize amino
acids from the chicken breast, but not able to synthesize them. However,
toxin gene expressions were up-regulated, suggesting that human
infection of S. aureus via contaminated food may be more fatal. In
addition, the contaminated foods enhance multiple-antibiotic resistance
activities and virulence factors in this clinical MRSA. Consequently,
MRSA-contaminated food may play a role as a nutritional reservoir as
well as in enhancing factor for pathogenesis and toxicity of clinical
MRSA for severe food-borne outbreaks.
Keywords : Staphylococcus aureus, genomics, transcriptomics

Hanhyeok Im, Sang Ho Choi*
Department of Agricultural Biotechnology, Seoul National University, Seoul
08826, Republic of Korea

Shiga toxin-producing Escherichia coli (STEC) is one of the most
important food-borne pathogen causing severe disease worldwide.
Mainly derived from cattle, STEC O157:H7 is the most identified type
related with STEC outbreak, but recently STEC with new serotype and
genotype have emerged causing a serious food-borne outbreak. To
characterize the risk of infection and prevent the future outbreaks of
STEC, there were many studies to predict the pathogenic potential of
STEC using serotype or combination of virulence factor genes.
However, because STEC are a genetically and phenotypically extremely
diverse due to horizontal gene transfer, the conventional methods which
target partial genome information have limitation to precisely predict
the pathogenic potential of STEC. Here, to overcome the limitation, we
constructed the machine learning (ML) models exploiting large scale
pangenome data using whole genome sequence data of STEC to predict
the pathogenic potential of it. Among various ML models, the model
based on the Supported Vector Machine (SVM) algorithm shows the best
performance by discriminating clinical isolate and environmental
isolate with about 93% accuracy for new STEC that were not used for
model training. The prediction results of the model well accorded with
that of conventional methods. In addition, the model was also able to
predict the pathogenic potential for the STEC which are difficult to
classify by conventional methods. Furthermore, we analyzed the black
box of the ML model which features are contributing to predict the
pathogenic potential of STEC. As a result, it is identified that phage genes
encoding the virulence factor (VF) and toxin-antitoxin system genes
were informative genes for the model to predict the pathogenic potential.
This ML-based new approach could be used to predict the pathogenic
potential of new STEC without a priori knowledge of the strain, therefore,
it has profound implications for public health management by preventing
and controlling the newly emerging STEC.
Keywords : Machine Learning, STEC, pathogenesis
This research was supported by a grant (19162MFDS037) from Ministry
of Food and Drug Safety in 2020.
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In the food industry, the sub-lethal concentrations of antibacterial
reagents can stimulate foodborne bacteria to adapt to the antibacterial
effect. In order to understand bacterial response to sub-lethal H2O2 stress,
transcriptomic analysis was performed to Salmonella enterica serovar
Typhimurium 14028S and 14 genes were selected to define their roles
in Salmonella resistance under H2O2 stress. Among the 14 genes, the lack
of katN significantly attenuated bacterial survival after H2O2 treatments.
Furthermore, ΔmntHΔsitABCD and ΔmntHΔsitABCDΔkatN mutant
strains also showed significant decreases in their viability after H2O2
treatments, implicating an important role of Mn in H2O2 resistance.
Salmonella supplemented with Mn was less susceptible to H2O2
treatments when compared with the case without Mn. However,
Mn-associated H2O2 detoxification was abolished when EDTA was
added as a Mn chelator. As an alternative Mn chelator, compatible with
food processing, phytic acid was tested and revealed that it could abolish
Mn-associated H2O2 detoxification in Salmonella. Considering the roles
of coordinated action among KatN, MntH, and SitABCD in H2O2
resistance, these factors can be promising control targets for preventing
Salmonella contamination and resistance in food industry.
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