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AIM OF THE STUDY

The formation of biofilms by Salmonella enterica is likely to be affected by the simultaneous presence of indigenous microflora of the food-processing equipment. This
microflora may also produce cell-to-cell communication signal molecules, like N-acyl-homoserine lactones (AHLs) and autoinducer-2 (Al-2), which may influence both
the formation and the dispersal of biofilms of pathogenic bacteria.

This study aimed to evaluate the effect of microbial AHL molecules on the biofilm-forming ability of S. enterica serovar Typhimurium on an abiotic substratum.

METHODOLOGY

S. Typhimurium CDC 6516-60 was left to form biofilms on 96-well polystyrene microplates at 20 °C for a total period of 120 h under two growth conditions (TSB and
diluted */,, TSB, dTSB). Both growth media were supplemented with evaporated ethyl acetate AHL extracts of Hafnia alvei culture re-diluted in the aforementioned
media (50% v/v AHLs) (Shaw et al. 1997, modified). The biofilm-forming ability was measured at different time intervals using a crystal violet binding assay (Lianou &
Koutsoumanis 2012). The presence of AHLs and Al-2 activity in the wells was monitored by biosensor-based bioassays (Ravn et al. 2001; Surette & Bassler 1998).

RESuLTS

S. Typhimurium was found to form more biofilm under limited nutritional conditions (dTSB) during the whole period of storage, as shown in Figures 1a and 2a. The
addition of AHLs under nutrient rich conditions (TSB) did not significantly influence the biofilm-forming ability of the strain under the whole tested period, while the
addition of AHLs in the dTSB significantly reduced the biofilm-forming ability of S. Typhimurium compared to the control treatment (0% v/v AHLs). AHL content in the
wells (planktonic phase) remained stable (Figures 1a and 2a), whereas there was less Al-2 activity detected in dTSB compared to TSB (planktonic phase), regardless of
the AHL content, throughout storage (Figures 1b and 2b).
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Figure 1. (a) Biofilm-forming ability of Salmonella Typhimurium expressed as absorbance measurements at
575 nm and AHL induction in planktonic phase (calculated as the ratio of the AHL induction of the test
sample to that of the positive control — 100% v/v AHL), and (b) Al-2 activity of S. Typhimurium in planktonic
phase (expressed as relative Al-2 activity) during incubation of the strain in TSB supplemented with 50% v/v
evaporated ethyl acetate AHL extracts stored at 20 °C for 120 h.
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Figure 2. (a) Biofilm-forming ability of Salmonella Typhimurium expressed as absorbance measurements at
575 nm and AHL induction in planktonic phase (calculated as the ratio of the AHL induction of the test
sample to that of the positive control — 100% v/v AHL), and (b) Al-2 activity of S. Typhimurium in planktonic
phase (expressed as relative Al-2 activity) during incubation of the strain in diluted TSB supplemented with
50% v/v evaporated ethyl acetate AHL extracts stored at 20 °C for 120 h.

Planktonic phase: The presence of AHL molecules could not be related to the absence or presence of Al-2 activity, while the nutrient content of the used media seems
to influence the produced and detected Al-2 activity under the tested experimental conditions

Detached phase: Yoon and Sofos (2008) detected little or none Al-2 activity in attached S. Typhimurium biofilm cells (polypropylene coupons stored at 25 °C for 72h)

.
SIGNIFICANCE

Cell-to-cell communication signal molecules seem to affect biofilm-forming ability of S. Typhimurium, while their effective control may improve food safety.
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Meiétn g wKavotnTog Tov Paxtnpiov Salmonella Typhimurium va oynporier pro-
VREVIO OE  EMPAVEWD, TOAVOTULPEVIOL TAPOLGID. HOPIOV-CNUATOV  OLOKVTTUPIKNG
EMKOIVOVIOG

Mmniave B., I'kapuroyki E., Noyag I'-1.

Tewmoviké [ovemotiuio AOnvav, Tuquo Emotiung Tpopiuwy kot Aiazpopns tov AvOpwmov,
Epyaotipio Mixpofioloyiog kar Bioteyvoloyios Tpopiuwy, AOnva, EAGdo.

O oynuoatiopnds Pro-vpeviov omd to maboyovo Paktiplo Salmonella enterica givar mbavd va
emnpeactel amd TV mopovsios vOoyeEvoLg pKpoylwpidag otov eComAicpd emelepyaciog
tpopinwv. H ocuykekpipuévn pikpoyrmpido dvvotor vo Topdyel LOpLo-GLOTO SIUKVTTAUPTKNG
emkowvmviog, Onwg axvMwpéves Aaktoveg g opooepivng (AHLs) kot avtenaywyeic-2 (Al-
2), T0. Omoie. PUTOPOVV VO EMNPEAGOVV TOCO TO GYNUOTIGUO 000 KOl TN SlooTopd TV Pro-
vpeviov tafoydvev Poxtnpiov. Avtiy 1 peAétn gixe okomd v a&loAdynon g enidpaong
tov AHLs puikpofioxng mpoéhevong oy KovoTnta GYNUOTIcHOV Blo-vpeviov omd 1o
Baktipro S. enterica opoétunog Typhimurium (SeT) oe afrotikn empdveia. To SeT apébnke
va oynpatiost Pro-vpévio o€ piKpomAakidlo moivatvpeviov 96-fobpiov otovg 20°C yuo
oLUVOMKO ypovikd Sdotnue 120 opodv, pue ™ ypnon dvo péowv avamtuéng (TSB kot
apowpévo TSB, aTSB). Augotepa ta péoa avantuéng epmlovtiotnkov pe AHLS, ta omoia
AMoednoay petd v ekydion pe o&ikd abvieotépa kaAMépyelag Hafnia alvei, tv e&dtuon
TOV OPYOAVIKOD SLOADTY| KOt TNV EMAVOLDOPNOT| 6T0 Tpoavapepbivta péca avantuéng (50% v/v
AHLs). H woavomto oynuotiopod Pro-vuéviov petprinke o€ Slopopetikd  ypovikd
Swotnuato €Qappoloviag xpmon He KpLoTOAMKO 1hdec, evd 1 mapovoio AHLs ko Al-2
dpaoctnprottog oto Pobpio eAéyyOnke ue m ypnon Pro-actnmipov. O oynuatiouds SeT
Bro-vpeviov o mo €vrovog Topovcia TepLopoUEveV Bpentikdv cvotatik®v (aTSB) kab’
oA T odpken. ¢ amodnkevonc. H mpocsbnikn twv AHLs oe mhovoieg pe Opemtikd
ovotatikd cvvinkeg (TSB) dev emmpéace onuovtikd TV wovoTTo OYNUOTIGHLoD Pro-
VUEVIOL TOL GTEAEYOVG GTO GUVOAO NG pHeAetnBnoag meptodov, evad N tpocOnkn twv AHLs
omv aTSB cuvOnkn peiwoe onuovtikd v Kovotnto oynraticpob Pro-vpeviov tov SeT og
ovykplon pe to péptopa (0% v/iv AHL). H mapovoio tov AHLs mapépeve otabepr|, evod
aviyveutnke pikpotepn Al-2 dpactnpromta 610 aTSB og oyéon pe 10 TSB péoco avdntvéng,
aveapmro and v mopovsio 7 un tov AHLSs, katd v amobnkevon. To pdplo-crpoto
SKLTTAPIKNG EMKOWVOVIOG UTOpEl VoL ETNPedcovV To oynuaticpd Pro-vpeviov tov SeT, evd
0 OTOTEAEGUATIKOG EAEYYOG TOVG Umopel v, BEATIOGEL TNV GQAAELD TV TPOPIUMV.
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Buo-vpévia, Salmonella Typhimurium, S10KVTTOPIKT ETKOWVOVIEL, OKVAIOUEVEG AUKTOVESG TNG
opocepivng, avTeEmAywWyEiG-2

Evyapiotieg

H mpdaén Oolng: «Broloywn ohotlkn npQoéyyion g dYvoukng Mopoeng EmPioong
nafoyovoN Baxmmploxodv oynpAtiopov-BIOYMENIA», €xel cvyypnuatodomdel ond tnv
Evponaixn ‘Evoon (Evporaikd Kowvoviko Tapeio-EKT) ko omd €Bvikodg mopovs péc® tov
Emyeipnowkod Ilpoypdupoatog «Exmaidevon kot Aw Biov MdéOnon» tov EBvikov
Zrpartnywov [TAasiov Avagopdg (EZITA)-Epgvvntico Xpnpatodotodpevo ‘Epyo: @AAHXE.
Enévévon oty kowavia g yvoong péow tov EKT.



Study on the ability of Salmonella Typhimurium to form biofilm on polystyrene surface
in the presence of cell-to-cell communication signal molecules

Blana A., Gkaripogkli X., Nychas G-J.

Laboratory of Microbiology and Biotechnology of Foods, Department of Food Science and
Human Nutrition, Agricultural University of Athens, Athens, Greece

The formation of biofilms by Salmonella enterica is likely to be affected by the simultaneous
presence of indigenous microflora on the food-processing equipment. This microflora may
also produce cell-to-cell communication signal molecules, like N-acyl-homoserine lactones
(AHLs) and autoinducer-2 (AI-2), which may influence both the formation and dispersal of
biofilms of pathogenic bacteria. Thus, this study aimed to evaluate the effect of microbial
AHL molecules on the biofilm-formation ability of S. enterica serovar Typhimurium (SeT) on
an abiotic substratum. SeT was left to form biofilms on 96-well polystyrene microplates at 20
°C for a total period of 120h under two growth conditions (TSB and diluted TSB, dTSB).
Both growth media were supplemented by evaporated ethyl acetate AHL extracts of Hafnia
alvei culture re-diluted in the aforementioned media (50% v/v AHLs). The biofilm-forming
ability was measured at different time intervals using a crystal violet binding assay. The
presence of AHLs and AI-2 activity in the wells was monitored by biosensor-based bioassays.
SeT was found to form more biofilm under limited nutritional conditions (dTSB) during the
whole period of storage. The addition of AHLs under nutrient rich conditions (TSB) did not
significantly influence the biofilm-forming ability of the strain under the whole tested period,
while the addition of AHLs in the dTSB significantly reduced the biofilm-forming ability of
SeT compared to the control treatment (0% v/v AHLs). AHL content in the wells remained
stable, whereas there was less Al-2 activity detected in dTSB compared to TSB, regardless of
the AHL content, throughout storage. Cell-to-cell communication signal molecules can affect
biofilm-forming ability of SeT, while their effective control may improve food safety.
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