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1. Introduction

WHO defines foodborne diseases as the infection or 
poisoning of human bodies, usually due to pathogens 
that enter the body through ingestion (1). These diseases 
have become a worldwide problem that threatens public 
health and well-being, and are therefore attracting 
an increasing level of attention. Along with these 
health issues, they also seriously impact the economic 

interests of society. Children are especially vulnerable 
to foodborne diseases; according to a WHO report, 
approximately 1.5 billion children aged less than 5 
years contract diarrhea globally each year, resulting 
in more than 2.5 million deaths (1). Of these, 70% are 
caused by the biological contamination of foods. The 
morbidity of foodborne diseases in the under-5 years is 
higher than that of the other age groups (1). Escherichia 
coli represents a particular problem as a common 
contaminant of food, even in developed countries (2).
 Enteropathogenic E. coli (EPEC) is a leading cause 
of moderate to severe diarrhea in young children, 
especially in developing countries (3). EPEC has only 
a human reservoir of infection (4). The increased 
prevalence of EPEC strains that produce extended 
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spectrum β-lactamase has led to a growing interest in 
the development of non-antibiotic treatment options 
(5,6).
 Lonicera caerulea var. emphyllocalyx (LCE) 
belongs to the honeysuckle family, and its fruits are 
known as edible berries. LCE grows in northern 
temperate zones such as Hokkaido (northern Japan), 
northern China, Korea, and Russia. It is currently 
commercially produced in Japan and Russia, although 
the fruits have been as a traditional food preservative 
and medicinal agent (7). Fresh fruit juice is often 
used as a general strengthening agent, and therefore 
has potential in the treatment of stomach diseases 
and tonsillitis due to its antiseptic properties (8). 
However, the mode of action and efficacy of the juice 
remains unclear. In recent years, numerous studies 
have investigated the therapeutic effects of berries in 
the prevention of a range of diseases (7). In addition, 
herbal medicine products have invoked an increasing 
interest. Berries contain several important health-
supporting phytochemicals that are an important part 
of the human diet (9). They also contain carbohydrates, 
lipids, proteins, organic acids, ascorbic acid, vitamin 
B, magnesium, phosphorus, calcium and potassium, as 
well as other minor compounds (10). Moreover, berries 
have antitumorigenic, antimicrobial, anti-inflammatory 
and antimutagenic properties (11). Although the 
antibacterial effect of LCE fruit toward E. coli has been 
demonstrated, the mode of action of LCE has yet to be 
elucidated completely (12). We therefore hypothesized 
that LCE exhibits antibacterial activity toward E. 
coli. The aim of this study was to evaluate a methanol 
extract of LCE fruits (LCEE) as a novel candidate for 
anti-EPEC therapy.

2. Materials and Methods

2.1. Preparation of LCEE

LCE fruits were cultivated in marshy grassland of 
Atsuma-Town, Hokkaido, Northern Japan in 2017. 
Voucher specimens were preserved in the Department 
of Pharmacognosy, Graduate School of Pharmaceutical 
Sciences, Nagoya City University. The LCEE was used 
in our previous study which included a fingerprint 
pattern and content of marker compounds (13). LCEEs 
were dissolved in water to a concentration of 200 mg/
mL, and stored at -20°C.

2.2. Preparation of bacteria

EPEC strain E2348/69, which was kindly provided 
by Dr. James Kaper, was used in this study. A fresh 
colony was inoculated onto LB agar (Sigma-Aldrich, 
St. Louis, MO, USA) and cultured for 16 h at 37°C. The 
bacteria were harvested, centrifuged and resuspended 
in sterile phosphate-buffered saline (0.15 M, pH 7.2, 

PBS). Bacterial density was determined by measuring 
absorbance at 600  nm (A600). The bacterial suspension 
was then diluted to 109 cells/mL in PBS using a 
standard growth curve to relate absorbance to bacterial 
concentration.

2.3. Growth of EPEC

Prior to broth culture analysis, the bacteria were pre-
incubated in LB agar for 24 h. To assess growth-
inhibitory activity, the bacteria (106 cells/mL) were 
incubated in 5 mL polypropylene tubes (As-One, Osaka, 
Japan) containing 2 mL LB medium with the LCEE 
(0.5, 1, and 2 mg/mL). After 24 h, bacterial growth was 
determined by CFU counts. Aliquot of bacterial culture 
were plated onto LB agar for 24 h and CFU counts were 
evaluated. We also performed 3H-thymidine uptake assay 
as measurement of bacterial growth. After 24 h of pre-
incubation, 3H-thymidine (2.0 Ci/mmol; PerkinElmer, 
MA, US) was added to LB medium in the polypropylene 
tubes. After culturing for 24 h, the cells were adsorbed 
onto 0.45 μm membrane filters (Advantech Japan, 
Tokyo, Japan), washed with distilled water, and then 
dried. The filters were transferred to vials containing 
liquid scintillator cocktail, and the radioactivity was 
measured with a liquid scintillation counter (LSC-6100, 
Hitachi Aloka Medical, Tokyo, Japan). All procedures 
were performed in triplicate.

2.4. Time-kill analysis

A time-kill analysis was performed as described 
previously (14). LB medium containing LCEE (0.5, 
1, 2 mg/mL) or ampicillin sodium (ABPC) (50 μg/
mL) (Fujifilm-Wako Pure Chemical, Osaka, Japan), 
was inoculated with bacterial suspension at a final 
concentration of 1 × 108 CFU/mL in triplicate. Aliquots 
of undiluted and 10-fold serially diluted samples were 
then plated onto LB agar at both 0 and 60 min after 
inoculation and the plates were incubated at 37°C for 24 
h. The resulting colonies (number of CFUs) were then 
counted. 

2.5. Motility analysis of EPEC

Motility was evaluated by inoculating stationary-phase E. 
coli (106 cells) onto the center of a 24-well polystyrene 
motility plate. LB containing 0.2% (w/v) agar and 
LCEE (0.5, 1, or 2 mg/mL) was then added. Plates were 
incubated at 37°C for 24 h, after which the diameters of 
the colonies were measured (an indication of bacterial 
migration). Motility assays were performed at least three 
times on separate days (15).

2.6. Electron microscopic analysis

Bacterial morphology was investigated using a 
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cells were washed three times with PBS and RNA 
samples were prepared with RNeasy Protect Bacteria 
Mini Kit (Qiagen, Hilden, Germany) according to the 
enclosed protocol. RNA samples were quantitated with 
the NanoDrop ND-1000 (Thermo Fisher Scientific, Inc., 
Waltham, MA). cDNA was synthesized with ReverTra 
Ace qPCR RT Master Mix (Toyobo Co., Ltd., Osaka, 
Japan) according instruction. qPCR for the quantification 
of cDNA was executed with the Thunderbird qPCR Mix 
(Toyobo) and Applied Biosystems 7900HT Fast Real 
Time PCR System (Thermo Fisher Scientific) according 
to the procedure recommended by the manufacturer. 
The primers designed for qPCR are described elsewhere 
(16). The following PCR conditions were used: 50°C 
for 2 min, 95°C for 10 min; 40 cycles of 95°C for 30 s 
and 60°C for 1 min; followed by 95°C for 15 s, 55°C 
for 15 s, and 95°C for 15 s. The glyceraldehyde-3-
phosphate dehydrogenase (gapA) gene was used as an 
internal control for normalization. The fold changes in 
the flagellin (fliC), major curli subunit (csgA), and major 
type 1 subunit fimbrin (fimA) expression levels were 
calculated by the comparative cycle threshold (CT) 
method.

2.9. Statistical analysis

Experimental data was expressed as mean ± standard 
deviation (S.D.). Statistical analysis was conducted 
using Student's t-test between two groups and Tukey's 
multiple comparison tests for the differences among 
multiple groups. A probability value less than 0.05 was 
considered to represent a statistical significance.

3. Results

3.1. Growth of EPEC

Initially, we examined the effect of LCEE on the 
growth of E. coli. Figure 1 showed the absorbance 
readings of 24 h culture solutions treated with different 
concentrations of LCEE. The data clearly showed 
that the decrease in absorbance is proportional to an 
increase in LCEE concentration. The effect of LCEE 
on the proliferative ability of EPEC was examined by 
a thymidine uptake test. Figure 2 showed the tritium 
value of thymidine concentration for a 24 h culture 
containing LCEE and thymidine. The tritium value 
clearly decreases in parallel with an increase in LCEE 
concentration. These results also confirmed that the 
growth of E. coli was suppressed in the presence of 
LCEE in a dose-dependent manner.

3.2. Time-kill analysis

We also examined the time-kill effects of LCEE on 
EPEC. A significant bacterial reduction was observed 
after 60 min of treatment with LCEE in dose-dependent 

transmission electron microscope (TEM) and scanning 
electron microscope (SEM). Bacteria (106 cells) pre-
treated with LCEE (0.5, 1, 2 mg/mL) were cultured in 
LB broth for 24 h. Then, approximately one drop of the 
culture was applied to a Formvar/carbon-coated 300-
mesh copper grid (Nisshin EM, Tokyo, Japan). Excess 
solution was removed and 2% phosphotungstic acid 
(PTA) (Fujifilm-Wako Pure Chemical) was added for 
negative staining. The samples were then observed 
under a TEM (JEM1011J; JEOL, Tokyo, Japan) and 
digital images were taken with a MegaView Slow-
scan camera (JEOL). The square of bacterial shape was 
measured using NIH Image J, and areas were measured 
at five arbitrary points in bacterial cells treated with 
LCEE. Preparation of samples for SEM analysis was 
performed at first. Briefly, bacterial cells (106 cells) pre-
treated with LCEE (0.5, 1, or 2 mg/mL) were cultured in 
LB broth for 24 h. The samples were then immediately 
fixed in 0.1 M phosphate buffer (pH 7.4) containing 
2.5% glutaraldehyde (Nisshin EM, Tokyo, Japan) for 
24 h at 4°C. The samples were rinsed twice with 0.1 M 
phosphate buffer, further fixed using 2% osmium 
tetroxide (Nisshin EM) for 2 h at room temperature, and 
finally rinsed with distilled water. Next, the specimens 
were dehydrated using serial concentrations of ethyl 
alcohol (30, 50, 70, 90, 95 and 100%) for 30 min 
each, followed by immersion in absolute alcohol for 
a further 30 min. The specimens were dried using a 
critical point dryer CPD300 (Leica, Wetzlar, Germany). 
Carbon conductive paint was used for mounting for the 
specimens which were coated with osmium (NL-OPC-
AJ, Filgen, Nagoya, Japan). Finally, several areas of each 
sample were systematically scanned using a SEM (S-
4800; Hitachi High-Technologies. Co, Tokyo, Japan).

2.7. Biofilm analysis

Overnight cultures of E. coli were inoculated into 
each of a 96-well polystyrene plate (Thermo Fisher 
Scientific, MA, US) to achieve a bacterial concentration 
of 106 cells. The wells contained LB broth with or 
without LCEE (0.5, 1, or 2 mg/mL). Incubation was 
allowed at 37°C for 48 h. After removal of the media, 
the plates were washed three times with PBS, and 
adherent bacteria stained with 0.2% crystal violet at 
room temperature for 10 min, before being gently 
washed a further three times with PBS. The biofilms 
were quantitated by measuring absorbance at 570 nm 
(A570). Wells incubated without bacteria were used as 
controls. The absorbance values from the control wells 
were subtracted from the test values.

2.8. Total RNA extraction, cDNA synthesis, and 
quantitative real-time PCR (qPCR) analysis 

The bacteria (106 cells/mL) were incubated in LB 
medium with the LCEE (2 mg/mL) for 8 h. Bacterial 
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manner. However, this antibacterial effect of LCEE 
could not reduce the number of bacteria to less than 
one-tenth, such as ABPC, even if the concentration of 
LCEE was increased (Figure 3).

3.3. Motility analysis of EPEC

We then examined the effect of LCEE on motility, a 
fundamental factor that enhances the pathogenicity of 
bacteria. The spread of E. coli after 24 h of incubation 
was found to be inhibited when grown in media 
that contained LCEE (Figure 4A). A decrease in the 
diameter of the spread zone was found to parallel an 
increase in LCEE concentration to a significant degree 
(Figure 4B).

3.4. Bacterial morphology analysis of EPEC 

To elucidate the mechanism of motility inhibition, we 
examined the effect of LCEE on E. coli morphology 
using electron microscopy. Negative staining revealed 
that the number of flagella decreased with an increase 
in LCEE concentration; no flagella were observed at 
a LCEE concentration of 1 mg/mL (Figure 5A). In 
addition, the morphology of E. coli also increased 
at a LCEE concentration of 1 mg/mL and over. The 
cell area of E. coli also increased significantly under 
LCEE treatment (Figure 5B). This observation was 
also corroborated by SEM, which confirmed that an 
LCEE concentration of 1 mg/mL led to an increase 
in morphology. Similarly, SEM analysis revealed 

Figure 1. Growth-inhibitory effects of LCEE against E. 
coli. E. coli was treated with LCEE (0, 0.5, 1, or 2 mg/mL) for 
24 h. Bacterial growth was determined by CFU counts. The 
data represents the mean ± S.D. (n = 6). **p < 0.01 vs. the 
untreated group, according to Tukey's multiple comparison 
test. 

Figure 2. Bacterial growth by 3H-thymidine-uptake assay. 
E. coli was treated with LCEE (0, 0.5, 1, or 2 mg/mL) for 
24 h. 3H-thymidine uptake was measuring using a liquid 
scintillation counter. The data represents the mean ± S.D. (n 
= 6). **p < 0.01 vs. the untreated group, according to Tukey's 
multiple comparison tests.

Figure 3. Time-kill analysis of LCEE against E. coli. E. coli (1 × 108 colony-forming units) was treated with ampicillin sodium 
(ABPC; 50 µg/mL), LCEE (0.5, 1, 2 mg / mL) for 60 min, and the number of colony-forming units was then counted. Data 
represent the numbers of viable cells in a culture medium. Data represent means ± SD (n = 6). *p < 0.05, **p < 0.01 vs. each 0 
min group (Student's t-test).
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an increase in the cell area of E. coli due to LCEE 
treatment (Figures 5C and 5D). 

3.5. Biofilm analysys of EPEC

As flagellum was one of important factors of biofilm, 
the effect of LCEE on biofilm formation as another 
bacterial virulence was also examined. Crystal violet 
staining assay showed that biofilm formation decreased 
in parallel with an increase in LCEE levels (Figure 6A), 
with a corresponding reduction in the absorbance of the 
biofilm staining solution (Figure 6B). 

3.6. qPCR analysis

Finally, we performed qPCR assay whether the flagella 
associated genes of EPEC were affected by LCEE. 

Our results demonstrated that all of the target genes 
(fliC, csgA, and fimA genes) were downregulated in 
expression when bacteria were treated with LCEE 
significantly. Decreased these genes expression with 
less than 2-fold lower was observed in the presence of 
LCEE (p < 0.01) (Figure 7).

4. Discussion

This study was designed to investigate the effect of 
fruit of the LCE on EPEC. Our result revealed that 
LCEE prepared from the fruits showed significant 
anti-motility and anti-biofilm actions even if the 
antibacterial effect of LCEE was limited compared to 
antibiotics. Furthermore, in morphological analysis, 
LCEE treated bacteria were swelling and lack of 
flagella, these morphological changes may contribute 

Figure 4. (A) Representative image of E. coli motility. (B) Bacterial spread through motility. E. coli was treated with LCEE 
(0, 0.5, 1, or 2 mg/mL) for 24 h. The data represents the mean ± S.D. (n = 6). **p < 0.01 vs. the untreated group, according to 
Tukey's multiple comparison test.

Figure 5. Morphological changes in E. coli following treatment with LCEE. Representative TEM (A) and SEM (C) images 
of E. coli following treatment with LCEE. (A) The bars represent 1 µm. The diameter of E. coli cells treated with LCEE for 24 h 
was determined from images obtained using TEM (B) and SEM (D). E. coli was treated with LCEE (0, 0.5, 1, or 2 mg/mL) for 24 
h. Data represent means ± S.D. (n = 6). **p < 0.01 vs. the control group, according to Tukey's multiple comparison tests. NS: not 
significant.
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to the inhibition of bacterial motility. The LCEE fruit 
will be very useful agent that can be expected for future 
medical applications against EPEC infectious disease.
 Several researchers have described the anti-biofilm 
effect of extracts from Lonicera species. The freeze-
dried fruit of Lonicera caerulea and its phenolic 
fraction reduced the biofilm formation and adhesion 
to the artificial surface of Candida parapsilosis, 
Staphylococcus epidermidis, Enterococcus faecalis, 
Streptococcus mutans and E. coli (12). The fruit of 
Lonicera caerulea also had anti-bacterial and anti-
biofilm effects on Streptococcus pyogenes in vitro 
(13). As extracts from Lonicera alpigena exhibited the 
biofilm inhibition, limited bacteriostatic activity was 
also evident (17). However, this study did not reveal 
the mechanism of anti-biofilm action by molecular 
biological analysis and morphological evaluation (12). 
Our analysis results focus on these points.
 A biofi lm is  a  highly s tructured immobile 
complex entrenched with bacterial communities in an 
extracellular matrix of exopolysaccharide, along with 

proteins and DNA. It is also used to describe matrix-
enclosed bacterial population's adherent to each other 
and to surface (18). Bacterial strains that adhere onto 
medical devices or damaged tissue can cause persistent 
infections through biofilm formation. Antibiotics may 
not be effective when the bacteria form a biofilm even 
if showing a high level of activity against the planktonic 
bacterial cells. The formation of a bacterial biofilm 
often inhibits the activity of an antimicrobial agent (19). 
Thus, novel drugs which have the ability to target these 
bacteria are urgently desired.
 Flagella as a bacterial virulence factor have three 
mechanisms of involvement in biofilm formation. 
Firstly, flagella are required for physical attachment 
to abiotic surfaces, thus promoting the initiation of 
biofilm formation. Secondly, motility may enable a 
bacterium to reach the surface or developing biofilm. 
Thirdly, motility is thought to allow the bacteria to 
move within a developing biofilm, thereby enhancing 
growth and spread of the biofilm (20). Moreover, 
the process of chemotaxis allows bacteria to swim 
toward nutrients that are present on a surface. Motility 
promotes initial cell-to-surface contact and may also 
contribute to the spread of a growing biofilm along 
an abiotic surface (18). Flagellated bacteria can adapt 
their locomotion machinery to achieve a specialized 
form of flagellum-driven motility when grown on 
solid surfaces. This motility is characterized by a 
multicellular movement of bacteria that migrate over 
solid substrates in groups of tightly bound cells (14). 
This kind of movement is dependent on the ability of 
surface-adhering bacteria to undergo a differentiation 
process characterized by the production of more 
flagellated than planktonic cells. Thus, this behavioral 
response to the surface provides flagellated bacteria 
with the ability to act as a multicellular community 
that can rapidly colonize nutrient-rich solid substrates 
(15). Most of the motility-negative mutants tested 

Figure 6. LCEE inhibition of E. coli biofilm formation. (A) Representative image of the microplate. (B) E. coli was treated 
with LCEE (0, 0.5, 1, or 2 mg/mL), and the anti-biofilm activity was quantified by crystal violet adsorption at an optical density 
(O.D) of 570 nm. The data represents the mean ± S.D. (n = 6). **p < 0.01 vs. the control group, according to Tukey's multiple 
comparison tests.

Figure 7. Expression of genes responsible for biofilm 
formation in EPEC after 8 h under LCEE treatment. 
Relative mRNA quantities were normalized to that of a 
housekeeping gene, gapA. The data represents the mean ± 
S.D. (n = 6). **p < 0.01 vs. the control group, according to 
Student's t-test.
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were found to be severely defective in their ability 
to form a biofilm. This mechanism is mainly related 
to fli gene cluster including fliC. Thus, we tried to 
check the mRNA expression of biofilm-associated 
genes under LCEE treatment. Our study showed that 
genes involved in adhesion (csgA and fimA), and 
motility (fliC) were expressed significantly lower in 
EPEC in the presence of LCEE. Expression of csgA in 
bacterial cells that adhered to cell cultures was similar 
to that observed for bacteria on abiotic surfaces. This 
structure might play an important role in increasing 
bacterial attachment. Other reports have shown that 
curli fimbriae are also required for biofilm formation 
and bacterial autoaggregation (21,22). Furthermore, 
this curli fimbriae associated gene, the fimA gene, 
was possible involved in initial attachment. Previous 
studies have also demonstrated that fimA induction in 
planktonic cells during the process of E. coli biofilm 
formation (23,24). Our results demonstrated that the 
mRNA expression of these three biofilm associated 
genes in EPEC were decreasing under LCEE treatment. 
The decrease in those gene expression may induce 
the disappearance of flagella and the like, thereby 
reducing bacterial motility and biofilm formation. Our 
results highlight the crucial role of motility in biofilm 
formation; the non-motile strains were unable to form 
biofilms. LCEE-treated EPEC cells that lack flagella 
have a reduced ability to form a biofilm. 
 Several previous reports have also described the 
antibacterial effect of extracts of Lonicera species on 
E. coli. The monoterpenoids isolated from the dried 
flower buds of L. japonica exhibited antibacterial 
activities against E. coli (25).  Xiong demonstrated 
that these compounds were identified as 3, 5-bis-O-
caffeoyl quinic acid, 4, 5-bis-O-caffeoylquinic acid, 
luteoloside, 3-O-caffeoylquinic acid and secoxyloganin 
(26). Yang demonstrated an enhanced antimicrobial 
activity of silver nanoparticles- L. japonica combo 
against E. coli  (27).  Myricetin and quercitrin, 
derived from cranberries, can significantly decrease 
uropathogenic E. coli biofilm formation, while 
dihydroferulic acid glucuronide, procyanidin A dimer, 
quercetin glucoside, myricetin, and prodelphinidin B 
are known to decrease surface hydrophobicity (28). 
Although the growth or the production of bacterial 
effector proteins of the type III secretion system of 
EPEC was unaffected by proanthocyanidins, inhibition 
of EPEC pedestal formation was observed (29). 
Previous study demonstrated the antibacterial effect 
of cranberry against uropathogenic E. coli. It showed 
that the expression of the fliC gene in this bacterial 
species is inhibited by proanthocyanidins. It explained 
that bacterial motilities were hindered in the presence 
of proanthocyanidins (30). LCEE also suppresses the 
motility and biofilm formation of E. coli, however, a 
full mechanism of activity toward the bacteria cannot 
be confirmed at present. Proanthocyanidins from LCE 

may be as deeply involved in this mechanism of action 
as cranberry. Further clarification of the mechanism 
of action of these compounds would facilitate their 
development as novel antimicrobial agents.
 In conclusion, the extracts of the fruit of LCE 
inhibit the motility and biofilm formation of EPEC as 
a result of the inhibition of flagella development and 
function. We propose LCEE as a therapeutic candidate 
for the effective therapy of EPEC-associated infectious 
diseases.  

Acknowledgements

This study was partly supported by JSPS KAKENHI 
Grant Number JP16K09251. The authors thank Mr. 
Masashi Ishihara and Ms. Miwako Fujimura for their 
excellent support through this investigation.

References

1. Guo S, Lin D, Wang LL, Hu Hl. Monitoring the results of 
foodborne diseases in Sentinel hospitals in Wenzhou city, 
China from 2014 to 2015. Iran J Public Health. 2018; 
47:674-681. 

2. Yang SC, Lin CH, Aljuffali IA, Fang JY. Current 
pathogenic Escherichia coli foodborne outbreak cases and 
therapy development. Arch Microbiol. 2017; 199:811-
825. 

3. Ochoa TJ, Contreras CA. Enteropathogenic Escherichia 
coli infection in children. Curr Opin Infect Dis. 2011; 
24:478-483. 

4. Hart land EL, Leong JM. Enteropathogenic and 
enterohemorrhagic E. coli: ecology, pathogenesis, and 
evolution. Front Cell Infect Microbiol. 2013; 3:15. 

5. Islam MA, Amin MB, Roy S, et al. Fecal colonization 
with multidrug-resistant E. coli among healthy infants in 
rural bangladesh. Front Microbiol. 2019; 10:640. 

6. Cointe A, Birgy A, Mariani-Kurkdjian P, Liguori S, 
Courroux C, Blanco J, Delannoy S, Fach P, Loukiadis 
E, Bidet P, Bonacorsi S. Emerging multi drug-resistant 
hybrid pathotype shiga toxin-producing Escherichia coli 
O80 and related strains of clonal complex 165, Europe. 
Emerg Infect Dis. 2018; 24:2262-2269. 

7. Svarcova I, Heinrich J, Valentova K. Berry fruits as a 
source of biologically active compounds: the case of 
Lonicera caerulea. Biomed Pap Med Fac Univ Palacky 
Olomouc Czech Repub. 2017; 151:163-174.

8. Jurikova T, Rop O, Mlcek J, Sochor J, Balla S, Szekeres L, 
Hegedusova A, Hubalek J, Adam V, Kizek R. Phenolic 
profile of edible honeysuckle berries (genus Lonicera) 
and their biological effects. Molecules. 2011; 17:61-79. 

9. Fukumoto LR, Mazza G. Assessing antioxidant and 
prooxidant activities of phenolic compounds. J Agric 
Food Chem. 2000; 48:3597-3604. 

10. Chaovanalikit A, Thompson MM, Wrolstad RE. 
Characterization and quantification of anthocyanins and 
polyphenolics in blue honeysuckle (Lonicera caerulea L.). 
J Agric Food Chem. 2004; 52:848-852. 

11. Puupponen-Pimiä R, Nohynek L, Meier C, Kähkönen 
M, Heinonen M, Hopia A, Oksman-Caldentey KM. 
Antimicrobial properties of phenolic compounds from 
berries. J Appl Microbiol. 2001; 90:494-507. 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(6):335-342.342

12. Palíková I, Heinrich J, Bednár P, Marhol P, Kren V, Cvak 
L, Valentová K, Růzicka F, Holá V, Kolár M, Simánek 
V, Ulrichová J. Constituents and antimicrobial properties 
of blue honeysuckle: a novel source for phenolic 
antioxidants. J Agric Food Chem. 2008; 56:11883-11889. 

13. Minami M, Nakamura M, Makino T. Effect of Lonicera 
caerulea var. emphyllocalyx extracts on murine 
Streptococcus pyogenes infection by modulating immune 
system. Biomed Res Int 2019; 2019:1797930. 

14. Harshey RM. Bacterial motility on a surface: many ways 
to a common goal. Annu Rev Microbiol. 2003; 57:249-
273. 

15. Calvio C, Celandroni F, Ghelardi E, Amati G, Salvetti S, 
Ceciliani F, Galizzi A, Senesi S. Swarming differentiation 
and swimming motility in Bacillus subtilis are controlled 
by swrA, a newly identified dicistronic operon. J 
Bacteriol. 2005; 187:5356-5366.

16. Silva VO, Soares LO, Silva Júnior A, Mantovani HC, 
Chang YF, Moreira MA. Biofilm formation on biotic 
and abiotic surfaces in the presence of antimicrobials by 
Escherichia coli isolates from cases of bovine mastitis. 
Appl Environ Microbiol. 2014; 80:6136-6145.

17. Quave CL, Plano LR, Pantuso T, Bennett BC. Effects 
of extracts from Italian medicinal plants on planktonic 
growth, biofilm formation and adherence of methicillin-
resistant Staphylococcus aureus. J Ethnopharmacol. 
2008; 118:418-428. 

18. Pratt LA, Kolter R. Genetic analysis of Escherichia coli 
biofilm formation: roles of flagella, motility, chemotaxis 
and type I pili. Mol Microbiol. 1998; 30:285-293. 

19. Martinez-Medina M, Naves P, Blanco J, Aldeguer X, 
Blanco JE, Blanco M, Ponte C, Soriano F, Darfeuille-
Michaud A, Garcia-Gil LJ. Biofilm formation as a novel 
phenotypic feature of adherent-invasive Escherichia coli 
(AIEC). BMC Microbiol. 2009; 9:202. 

20. Hentzer M, Givskov M. Pharmacological inhibition of 
quorum sensing for the treatment of chronic bacterial 
infections. J Clin Invest. 2003; 112:1300-1307. 

21. Prigent-Combaret C, Prensier G, Le Thi TT, Vidal O, 
Lejeune P, Dorel C. Developmental pathway for biofilm 
formation in curli-producing Escherichia coli strains: role 

of flagella, curli and colanic acid. Environ Microbiol. 
2000; 2:450-464. 

22. Vidal O, Longin R, Prigent-Combaret C, Dorel C, 
Hooreman M, Lejeune P. Isolation of an Escherichia 
coli K-12 mutant strain able to form biofilms on inert 
surfaces: involvement of a new ompR allele that increases 
curli expression. J Bacteriol. 1998; 180:2442-2449

23. Domka J, Lee J, Bansal T, Wood TK. Temporal gene-
expression in Escherichia coli K-12 biofilms. Environ 
Microbiol. 2007; 9:332-346. 

24. Schembri MA, Kjaergaard K, Klemm P. Global gene 
expression in Escherichia coli biofilms. Mol Microbiol. 
2003; 48:253-267. 

25. Yang J, Li YC, Zhou XR, Xu XJ, Fu QY, Liu CZ. Two 
thymol derivatives from the flower buds of Lonicera 
japonica and their antibacterial activity. Nat Prod Res. 
2018; 32:2238-2243. 

26. Xiong J, Li S, Wang W, Hong Y, Tang K, Luo Q. 
Screening and identification of the antibacterial bioactive 
compounds from Lonicera japonica Thunb. leaves. Food 
Chem. 2013; 138:327-333. 

27. Yang L, Aguilar ZP, Qu F, Xu H, Xu H, Wei H. 
Enhanced antimicrobial activity of silver nanoparticles-
Lonicera Japonica Thunb combo. IET Nanobiotechnol. 
2016; 10:28-32. 

28. Rodríguez-Pérez C, Quirantes-Piné R, Uberos J, Jiménez-
Sánchez C, Peña A, Segura-Carretero A. Antibacterial 
activity of isolated phenolic compounds from cranberry 
(Vaccinium macrocarpon) against Escherichia coli. Food 
Funct. 2016; 7:1564-1573. 

29. Harmidy K, Tufenkji N, Gruenheid S. Perturbation of 
host cell cytoskeleton by cranberry proanthocyanidins 
and their effect on enteric infections. PLoS One. 2011; 
6:e27267. 

30. Hidalgo G, Chan M, Tufenkj i N. Inhibi t ion of 
Escherichia coli CFT073 fliC expression and motility 
by cranberry materials. Appl Environ Microbiol. 2011; 
77:6852-6857. 

 (Received November 13, 2019; Revised December 19, 
2019; Accepted December 23, 2019)


