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How to remove legionella biofilms from a
surface?

Disinfection methods:
Y | * Thermal

e Chemical

* Physical

“However, these treatments generally do not result in total elimination of the bacterium,

and after a lag period, recolonization occur as quickly as the treatments are discontinued”.
Front. Cell. Infect. Microbiol. 8:38.

Figure from H.-C. Flemming / Water Research 173 (2020) 115576



Adhesion of biofilms to surfaces

Steps:

Advances in Colloid and Interface Science 288 (2021) 102336
Water

* Formation of conditioning layer Hydrophobic groups

Bacterium

Specific interaction

Electrostatic interaction
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Surface

e Reversible adhesion
* DLVO: electrostatic, van-der Waals forces
* Nion DLVO forces (steric, hydration etc.)

> 50nm

* Irreversible adhesion i lf”"d
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Partly based on TR. Garrett et al. / Progress in Natural Science 18 (2008) 1049—-1056



Surface chemistry approach: adhesion and
interfacial tension

Vsm, Ysiand ymi are:

Adhesion free energy

SRy Solid — bacteria,
(563{;?;?} = Ysm — Vsl — Vml

Solid — liquid,

Bacteria — liquid interfacial
tensions

Values of interfacial tensions are usually unknown...

Many different types of interactions, including van der
Waals, electrostatic, steric, hydrogen bonding,
hydrophobic interactions
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Y. Liu et al. / Journal of Biotechnology 110 (2004) 251-256



Legionella bacteria are negatively charged

Table 1 Cell surface hydrophobicity and zeta potential of Legionella
pneumophila serogroup 1 strain Philadelphia

Relative Zeta potential
Lifecycle hydrophobicity (%) (mV)
Lag phase 28-83 (£3-77) —-26-02 (£1-07)
Exponential phase 33-37 (+£4-21) —26-52 (£3-12)
Stationary phase 45.14 (£2-91) —25-17 (£2-02)

The duration of lag, exponential and stationary phases was 5, 13 and 6 h, respectively.

Letters in Applied Microbiology 73, 257--267

https://www.rki.de/

Size: around 1 micron

* Note: most surfaces are
negatively charged too

* Repulsion



Colloid chem
DLVO and dis
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DLVO: Derjaguin-Landau-Verwey-Overbeek
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25 mV: no barrier

A. Tsompou and V. Kocherbitov, Journal of Colloid and Interface Science
608 (2022) 1929-1941



DLVO: electrostatics: effect of water purity
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Remove bacteria by using purified water?
Not tested yet

A. Tsompou and V. Kocherbitov, Journal of Colloid and Interface
Science 608 (2022) 1929-1941



The pure water project

Industrial partners: SWATAB, Sandberg Development
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Maimo Uriversity - News - Hopeful results for washing without detergent

m Published: 4 January 2023

Hopeful results for washing wnhout detergent
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O oT6x0G Tou epeuvnTIKOU €PYou eival N avATITUZn evog MOTNUOVIKOU HOVTEAOU TTou e€nyei Tl oupBaivel 60O XnuIkG 600 Kal
QUOIKG 6TaV a@aipeital n BpwUIG o€ KaBapd vepod.

To TTAUCIHO TWV POUXWV HAG XWPIG aTToppuTTavTiKG Ba utTopoUce va yivel TTapeABov; MapoAo TTou n épeuva BPioKeTal OTa ApyIKa
NG OTadIa, Pia Epeuva yia TO av To TTAUCIPO i 0 KABapIoUOG UTTOpEi va yivel pe kaBapd vepd avTi yia SIGAUHA aTTOPPUTTAVTIKOU
QaiveTal TTOAG UTTOoXOEVT.

«ZTOX0G pag eival va avaTTUEoupe €va ETTIOTNUOVIKO HOVTEAO TTOU e€nyei Tl oupBaivel TO00 XNUIKG 600 Kal QUOIKG 6Tav n BpwuId
agaipeital e Kabapd vepd. yia va Ppeite pia pabnuamikn e€aptnon TTou va Treplypd@el autég TG dladikacieg. Doov agopd To
TAUOIJO PE QTTOPPUTTAVTIKA, yvwpidoupe AdN T oupBaivel, aAA@ aut eival pia avetepelvntn Trepioxfi», Aéel n Avspiavi
ToouTtrou, 815dKTOopag oTo TURHA BIoiaTpIKWV ETTIOTNHWY Tou NaveTTioTnHiou Tou MAAME.

O Vitaly Kocherbitov emBAéTel To €pyo oTo Biofilms Research Center for Biointerfaces, TTpooBérel:

«MakpoTip6Beopa, n épeuva pag pmmopei va AUoel TTepIBAANOVTIKG TTpoBARaTa pe TN pUTTavon Tou vepoU TToU TTPOKAAEITal aTTd
aTmoppuTTavTIKG. Mo va emMTUXoUPE O auTd, TTPETTEI Va KATaVOoouPE KaAUTEPQ TIG DIapOpIaKEG BUVAMEIG TTOU Bpouv OTo KabBapd
VEPO».



Tap water vs purified water: adhesion of oil

* Tap water promotes adhesion
of oil to hydrophilic surfaces

‘ ; h (case c in the figure)
A B
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Contact angle of olive oil droplet on glass surface in MQ (A),
DIRO (B), TAP (C) and NacCl (D).

A. Tsompou and V. Kocherbitov, Journal of Colloid and Interface
Science 608 (2022) 1929-1941



Changing the interface type

A. Tsompou and V. Kocherbitov Journal of Colloid and Interface Science 608 (2022) 1929-1941
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Change of

interface type
Al may promote

detachment

Air

oil oil

Silica Silica

Fig. 8. Two possible ways of interactions of water with a thin oil film on a solid surface. Case 2 favors removal of oil from the surface.



Pure water project: analysis of cotton fabric

Surface plot
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Effects on polysaccharide matrix

Detachment area

Core of Biofilm

* lonic sttradive foroes

* Eledrostatic attractive forces
Van der Waals interactions

* Hydrogen bonding

* Repukive forces

* |onic sttractive forces
* Elect ostafic stiractive forces
‘Van der Waasks interactions

# Hydrogen bonding

* Repulsive forces

https://www.intechopen.com/chapters/40591

Polysaccharide matrix is formed by charged polymer
chains

Removal of salts would result in increased repulsion and
potentially can “open up” structure

Mature biofilm
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Current Biology

Current Biology, Vol. 12, R132—-R134, 2002,



Osmotic pressure

Can purified water promote extreme absorption of water and cause a burst of bacteria?

H20 H20

- @GP

More ideas to test....



Thank you!



