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Inhibition of adhesion and biofilm formation in
Escherichia coli O157:H7 by diosmin
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Abstract Escherichia coli O157:H7 is one of the most common foodborne pathogens responsible for outbreaks of
hemorrhagic colitis, which can lead to the life-threatening hemolytic-uremic syndrome. In this study, we identified
phytochemicals that specifically inhibit the expression of LEE operon in E. coli O157:H7. Among phytochemicals, diosmin
decreased the adherence of E. coli O157:H7 towards Caco-2 cells in vitro (p<0.01) and its biofilm formation activity
(»<0.05). Quantitative RT-PCR analysis revealed that the transcripts of Ler-regulated genes and genes related to curli
production were significantly reduced in the presence of diosmin. However, diosmin does not affect bacterial viability,
indicating that the resistance rate to diosmin was remarkably low. Overall, these results provide significant insights into
the development of a novel anti-infective agent that is different from conventional antibiotics.
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Table 1. Strains and plasmids used in this study
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Strain or plasmid

Relevant characteristics”

Reference or source

Strains
E. coli

EDL933 Wild-type O157:H7 Riley et al. (1983)
DHS5a A D80dlacZAMI15 A(lacZYA-argF)U169 recAl endAl hsdR17(x,” my) supE44 thi-1 gyrd relA1 Laboratory collection
KS02 DH5a containing pKS1303 and pKS1304; Ap’, Cm' Kim and Kim (2017)

Plasmids
pKS1303 pKS1101 with 390-bp ler; Ap Kim and Kim (2017)
pKS1304 pBBR-/ux with 420-bp fragment of LEE3 upstream region; Cm' Kim and Kim (2017)

“Ap’, ampicillin resistant; Cm", chloramphenicol resistant
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Table 2. Oligonucleotides used for quantitative real-time PCR

Oligonucleotide sequence, 5'-3"

Oligonucleotide
Forward Reverse

tuf4 Housekeeping gene TCCGGAATGTAGGAATCCAG TGGTTGATGACGAAGAGCTG
escJ GCCATCACAAGAAAATGCAA TTAACCTCTGGCGAGCTGAT
sepZ AGCCGGATTAGCACTTACCA GGCATATTTCATCGCTAATGC
escV CGGTGAAAGCGAAAAAGAAG GCAAACCGCCAGAAATAAGA
escN TCGTGTTGGAGACGCACTAC GCCCTGACGCCAAGTATAAA
tir Translocated intimin receptor ACTTCCAGCCTTCGTITCAGA TTCTGGAACGCTTCTTTCGT
eae Intimin CAACATGACCGATGACAAGG GATTAACCTCTGCCGITCCA
espA EspA protein CGGCACAAAAGATGGCTAAT ACCAGCGCTTAAATCACCAC
espD EspD protein ACGAACGGTATTCGITCTGC TAACTCGCTTGCCGCTTTAT
¢sgA Curli subunit, major curli subunit AGATGTTGGTCAGGGCTCAG CGITGITACCAAAGCCAACC
¢sgB Curli nucleator protein curlin CsgB ATCAGGCAGCCATAATTGGT CCATAAGCACCTTGCGAAAT
esgD Transcriptional activator for csgBA CCGCTTGIGICCGGITTT GAGATCGCTCGITCGITGITC
csgF Protein required for curli nucleation by CsgB TTGAAACACCCTCAGCGITA CTGGATGGTCGAGGITTGTC
¢sgG Pore-forming lipoprotein for curli subunit secretion CCGGGTAGGGTTTAAATTTG GCAGCGCTTATTTCTTTTGG

“The oligonucleotides were designed using the E. coli O157:H7 genome sequence (GenBank accession numbers AE005174.2).
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Fig. 1. High-throughput screening assay using a reporter strain
KSO02 for identifying E. coli O157:H7 inhibitors. The reporter
plasmid pKS1304 contains the LEE3 promoter fused to promoterless
luxCDABE operon. pKS1304 was co-transformed with pKS1303
which includes an arabinose-inducible wild-type /ler gene into E. coli
DHS cells. Cellular luminescence was measured in an arabinose
concentration-dependent manner. *p<0.05; **p<0.01.
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Fig. 2. Effects of selected phytochemicals on cell adhesion activity and biofilm formation. (A) Caco-2 cells were cultured on glass
coverslips and infected at an MOI of 10. After incubation with or without phytochemicals, adherent bacteria were quantified and expressed as
the number of bacteria per well in tissue culture. (B) Biofilms with or without phytochemicals were grown on microtiter plate walls and
quantitated using crystal violet staining. *p<0.05; **p<0.01. Error bars represent the SEM. Means and SEM values were calculated from three

independent experiments.
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Fig. 3. Effects of myricetin and diosmin on the relative expression levels of LEE operon and genes related to biofilm formation. qRT-PCR
analyses were used to determine the effects of myricetin (A) and diosmin (B). Each column represents the mRNA expression level in the
presence of phytochemicals relative to that in the absence of phytochemicals. Gene names are based on the database of the E. coli O157:H7
genome, which was retrieved from GenBank (accession numbers AE005174.2). The data are the means plus standard errors of the means (SEM)

of results from three independent experiments.
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Fig. 4. Effects of myricetin and diosmin on the growth of E. coli
0157:H7. Growth curves in LB at 37°C for E. coli O157:H7 in the
absence or presence of phytochemicals. Ay, optical density
measured at 600 nm.

AlESISrEE X2[o e WM tiER 0157:H79 439}
M Xl

Al A% A E tigk 3 QAlSS BAY A ESEHE
AEo] AET A4 AT A HoleA Qgé}‘}iﬁ} RS
olFAIEL, tho] 2Rl ofoliglRl A A, WA GW&
O157:H79] A= ¥4 A=7F DMSO A& ol Blate] 2zt
18.1, 17.0, 25.6, 17.3% 743t 92 Afol7t E1% I th(Fig.
2B). ©] F Tho|o ARl oju] HiE mEHEIRT Hojd &4
S B AZe AR J4 A EAM 9 eSS BT W
ZHA B A1LE B3] a3y AEH flavone £ =4 thole AWl
2 AYPATFENA BRarg vRe} ho] A7 A b E Wk o}
Yt AET P4 Al a4 AlZo] THEISEE AFE o
W g Aojel] o] = glezE ddHh

==

e

o
ox.
=
Y
=
o
u
>~
F
©
o
_k_,
E
.

)

Aol g7t #
gkel Tho] @ 2wl uH—a—H @%@@—g— Eﬁgsmr:} P4 o7
OI57H79| LEE 232 2 A= 4 oA §xx I H=
7} @M Els} thol o 2ul el o] oj¥A nlFEA Uolw
A} RT-PCRE ©|&35it}. LEE Q3|80 &ale fHxze
esc), sepZ, escl, escN, ftir eae, espA, espD®] HAFES AT}

WA i 0157:H72] A== g/l lolM= curli fimbriae
Aol Fodk e v IHA YO E = (Arita-Morioka 5,
2018), A== Aol FATAME curli AR esgdBDFGE]
ks wshe Wbtk DMSO Hel ol uls] vlgl et oo
Al Al LEE Q3|20 &ohs A9} curli 33749 2
HA 5 Zo]EUTHFIg. 3). T3 tho]exwl AT Al curli
A7ke] whdo] melAel X2] wRo} 1.57-2.608] 2w skA
trsle 2oz Yehd Fig 2BY 33 ZAdsl dxge &
o} 39 mEAE g thol ol BE ai AR W
& A8 4L P34 el

Yo
2o

o it |
é&»wmr

rl

o o

sEsistEdl dad IR O157:H7 dZgd| thet 53t
Fezlo] Wed ot O157:H79] Al J3F¢S

I
1>
i
i‘l
_I°1’

VAR otiE7] flsf vlEAE to] e 2Rl fpel whE
78 g O157H79] Adse SHAUTh Fig 40lxeh 3lo
AdzZel W9 W 0157:H79] Aol ob7-dd ﬂf‘%
PIAA REe SRR ¢ SdSITh w2 Al 28 4
seted & 591 a3t 29 telesvle Ui B Ee] 21
s

st A2 FPA=ARNEA AR 7hsotelet AT

O o

T

Uﬂl

o oF
Ll |

HAd g O157:H7L 255 AlALE dod|l= 4 4
4o 2A A UG EAE F ’8}71 e H9d g
OI57HTE A|ol3h7] $13t 28 wWiloe] fets ook s}, ulet
A B AFoMe A EIEEES AFedste] WA i
0157:H7¢] #2o| F8 &S sl= LEE L¥E9] Wde Ua
AN7= B2E A 319 E} 23A2Ye T3 Adt'ak 2 53}
A

2 T Uel|oARe Al A% A E FESE 3624 A
N2 2H (p<0.01) PIRZZO R AHSE vlelAEls FAk A
o] a5 vePth AET 40 oA theleavl XE
Al FEFPo] 25.6% HAsk feld 2|7t BRIE AT (p<0.05),
curli FxAke] W& A wAEl X wjr} 1.57-2.600) Eﬂ
FOEA AT AR Ueht Sytisrin o Fo

FE BHPt} A tho)oawe HAA - 0157:H79) /\gﬂ
ol obrd e vl m ‘S Aoz et U wase)
AzstE 2L FAAEANZA AR 7Fsstelet e

aAlel =

o] AT FRAFATY AQATH XYL wol F
SERECISE w}zww.

References

Allen KJ, Lepp D, McKellar RC, Griffiths MW. Examination of
stress and virulence gene expression in Escherichia coli O157:H7
using targeted microarray analysis. Foodborne Pathog. Dis. 5:
437e447 (2008)

Arita-Morioka KI, Yamanaka K, Mizunoe Y, Tanaka Y, Ogura T,
Sugimoto S. Inhibitory effects of Myricetin derivatives on curli-
dependent biofilm formation in Escherichia coli. Sci. Rep. 8:
8452 (2018)

Bhattacharya D, Ghosh D, Bhattacharya S, Sarkar S, Karmakar P,
Koley H, Gachhui R. Antibacterial activity of polyphenolic frac-
tion of Kombucha against Vibrio cholerae: targeting cell mem-
brane. Lett. Appl. Microbiol. 66: 145-152 (2018)

Brackman G, Coenye T. Quorum sensing inhibitors as anti-biofilm
agents. Curr. Pharm. Des. 21: 5-11 (2015)

Clatworthy AE, Pierson E, Hung DT. Targeting virulence: a new par-
adigm for antimicrobial therapy. Nat. Chem. Biol. 3: 541-548
(2007)

Cowan MM. Plant products as antimicrobial agents. Clin. Microbiol.
Rev. 12: 564-582 (1999)

Eichinger L. Model organisms to study host-pathogen interaction:
prerequisites for the identification of novel drug targets. Curr.
Drug Targets. 12: 934-5 (2011)

Jantet G. Chronic venous insufficiency: Worldwide results of the
RELIEF study. Reflux assessment and quality of life improve-
ment with micronized flavonoids. Angiology. 53: 245-56 (2002)

Jeong HS, Kim SM, Lim MS, Kim KS, Choi SH. Direct interaction
between quorum-sensing regulator SmcR and RNA polymerase is
mediated by integration host factor to activate vvpE encoding
elastase in Vibrio vulnificus. J. Biol. Chem. 285: €9357-¢9366
(2010)



Tho] @ ~wlo) ©]

Jeong HG, Oh MH, Kim BS, Lee MY, Han HJ, Choi SH. The capa-
bility of catabolic utilization of N-acetylneuraminic acid, a sialic
acid, is essential for Vibrio vulnificus pathogenesis. Infect.
Immun. 77: €3209-¢3217 (2009)

Kim SM. Characterization and regulation of Escherichia coli
O157:H7. Safe Food. 9: 35-40 (2014)

Kim 1J, Ha JH, Kim YS, Kim HI, Choi HC, Jeon DH, Lee YJ, Kim
AJ, Bae DH, Kim KS, Lee C, Ha SD. Evaluation for efficacies
of commercial sanitizers and disinfectants against Bacillus cereus
strains. Food Sci. Biotechnol. 18: 537-540 (2009)

Kim SM, Kim HJ. Development of an HTS system to identify natu-
ral chemicals that specifically inhibit Escherichia coli O157:H7
adhesion to host cells. Food Control. 73: 185-192 (2017)

Kim YG, Lee JH, Kim SI, Back KH, Lee J. Cinnamon bark oil and
its components inhibit biofilm formation and toxin production.
Int. J. Food Microbiol. 195: 30-39 (2015)

Kim SM, Park JH, Lee HS, Kim WB, Ryu JM, Han HJ, Choi SH.
LuxR homologue SmcR is essential for Vibrio vulnificus patho-
genesis and biofilm detachment, and its expression is induced by
host cells. Infect. Immun. 81: 3721-3730 (2013)

Kline T, Felise HB, Sanowar S, Miller SI. The type III secretion sys-
tem as a source of novel antibacterial drug targets. Curr. Drug
Targets. 13: 338-351 (2012)

Komape NP, Aderogba M, Bagla VP, Masoko P, Eloff JN. Anti-bac-
terial and anti-oxidant activities of leaf extracts of Combretum
vendae (Combretecacea) and the isolation of an anti-bacterial
compound. Afr. J. Tradit. Complement. Altern. Med. 11: 73-77
(2014)

Lee KM, Lim J, Nam S, Yoon MY, Kwon YK, Jung BY, Park Y,
Park S, Yoon SS. Inhibitory effects of broccoli extract on Escher-
ichia coli O157:H7 quorum sensing and in vivo virulence. FEMS
Microbiol. Lett. 321: 67-74 (2011)

Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T))
method. Methods. 25: e402-¢408 (2001)

Ministry of Food and Drug Safety (MFDS). Food Poisoning Statis-

DA e Ao 419

tics. Available from: http://www.foodsafetykorea.go.kr/. Accessed
July 6,2018.

Moreira CG, Palmer K, Whiteley M, Sircili MP, Trabulsi LR, Castro
AF, Sperandio V. Bundle-forming pili and EspA are involved in
biofilm formation by enteropathogenic Escherichia coli. J. Bacte-
riol. 188:3952-3961 (2006)

Patel J, Sharma M, Ravishakar S. Effect of curli expression and
hydrophobicity of Escherichia coli O157:H7 on attachment to
fresh produce surfaces. J. Appl. Microbiol. 110: 737-745 (2011)

Riley LW, Remis RS, Helgerson SD, McGee HB, Wells JG, Davis
BR., Hebert RJ, Olcott ES, Johnson LM, Hargrett NT, Blake PA,
Cohen ML. Hemorrhagic colitis associated with a rare Escheri-
chia coli serotype. N. Engl. J. Med. 308: 681-685 (1983)

Ryu JH, Beuchat LR. Biofilm formation by Escherichia coli
O157:H7 on stainless steel: effect of exopolysaccharide and curli
production on its resistance to chlorine. Appl. Environ. Microbiol.
71: 247-254 (2005)

Sharma VK, Kudva IT, Bearson BL, Stasko JA. Contributions of
EspA filaments and curli fimbriae in cellular adherence and bio-
film formation of enterohemorrhagic Escherichia coli O157:H7.
PLoS One. 11: e0149745 (2016)

Srey S, Jahid IK, Ha SD. Biofilm formation in food industries: A
food safety concern. Food Control. 31: 572-585 (2013)

Tarr PI, Gordon CA, Chandler WL. Shiga-toxin-producing Escheri-
chia coli and haemolytic uraemic syndrome. Lancet. 365: 1073-
1086 (2005)

Vikram A, Jayaprakasha GK, Uckoo RM, Patil BS. Inhibition of
Escherichia coli O157:H7 motility and biofilm by p-sitosterol
glucoside. BBA-Gen Subjects. 1830: 5219-5228 (2013)

Vikram A, Jesudhasan PR, Jayaprakasha GK, Pillai BS, Patil BS.
Grapefruit bioactive limonoids modulate E. coli O157:H7 TTSS
and biofilm. Int. J. Food Microbiol. 140: 109-116 (2010)

Vinayagam R, Xu B. Antidiabetic properties of dietary flavonoids: a
cellular mechanism review. Nutr. Metab (Lond). 12: 60 (2015)

Watnick P, Kolter R. Biofilm, city of microbes. J. Bacteriol. 182:
2675-2679 (2000)



