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Complex Wetting Phenomena.
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Biofilms are sessile, microbial systems, held together by a self-produced matrix of polymeric substance [1]. Biofilms have many implications and issues in different fields, including bioremediation, industrial biofouling, and
medical implant contamination. Therefore, the necessity to study their formation and morphology, is essential. Moreover, it is not clear the role of the complexity of biofilm surface morphology and composition on the
interaction of the surface with a fluid, that can be simply water or a cleaning solution, especially when they are considering detrimental, like in case of industrial bio-fouling. In this work, Pseudomonas fluorescens NCDO 2085
biofilms were grown using different in vitro-set ups. In particular, the effect of shear rate on biofilm morphology was investigated, and compared with standard growth conditions, based on static or uncontrolled flow. Biofilm
growth kinetics was assessed using turbidimetric and colorimetric techniques. Biofilm morphology was evaluated using CSLM technique. Biofilm structural organization was quantified by image analysis. Preliminary
kinvestigation was also done on the interaction of droplets of different fluids with biofilms (Wetting).

INTRODUC
Biofilms are sessile systems, made of communities of Biofilms were cultivated at 30°C, pH 7, in aerobic conditions. For the purpose, the following components were chosen:
microorganisms, embedded by a self-produced matrix of _ «  Pseudomonas fluorescens NCDO 2085, AR 11 strain, extracted from diary industry production;

+ A minimal salts medium as a culture medium;

polymeric substances, called EPS [2]. They represent a
« Glass coupons as substrates.

very common way of living of microorganisms colonies
that gives to their members several benefits like
mechanical resistance, protection from antibiotics and
adaptation to nutrient deficient conditions [3].

Biofilms are ubiquitous systems. They have many
implications in many research fields, including - .

bioremediation, waste water treatment, industrial _ SEM microphotograph of

. _ ’ N . L Pseudomonas aeruginosa biofilm,
biofouling and medical implant contamination. scale bar: 5 gtm [4].
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Three different in vitro set-ups were selected for biofilm cultivation:
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Typically, biofilms formation follows sequential
steps: initial attachment, cell growth and
microcolony formation, maturation in 3D f
structures, and detachment and recolonization.

= Diffusion mechanism = Culture medium replacements = Highly controlled shear conditions

It is also not clear the interactions between these
biological structures and fluids, such as water or a
cleaning solution. Effective wetting of biofilm
surfaces are essential for struggling them with
antibacterial agents, in case they are considered
detrimental, like in case of industrial biofouling.

In controlled flow conditions, the role of wall shear rate,y, on biofilm formation was assessed and evaluated as the following:
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Biofilm morphology is strictly dependent on the flow conditions. Flow induces the Velocity (left) and shear rate (right) profiles, evaluated at the flow cell center point.
formation of micro-channels at lower shear rates. The tendency to form biofilms
attenuates at increasing shear rates. The controlled hydrodynamic conditions induce Biofilm images were acquired via CSLM. Bacterial cells were stained using the green fluorescent dye, SYTO®9, and o-
more uniform coatings, compared to the standard growth methods, above reported. In mannose residues bonds within polymeric matrix stained by the red fluorescent TRITC conjugate Concanavalin A.
particular, b“’mf“ appear to be less dense, thinner and less rough, due to the sloughing Biofilm structural organization was quantified by image analysis, in terms of the following geometrical parameters:
off phenomena, induced by the flow. pm?
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Biofilms under three different shear rate conditions: 0.2/s, 0.4/s and 0.8/s. Scale bar: 50 pm.
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Where y, is the deviated profile roughness determined from the center lines, n the number of space points [7]

Preliminary wetting properties of biofilms, formed at solid-liquid L
interfaces, were assessed by determining thermodynamic contact angles tay ™

of 20 pL water droplets. CSLM was also used to evaluate qualitatively e
local droplet contours. For the aim, water droplets were stained with the Biofilm Thickness Profile.
green fluorescent FITC Isomer I. Biofilms were stained with TRITC

coniugate Concanavalin A.
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08 2381 11.99 452 035 CSLM images of FITC stained water droplet onto negative control (left) and Comparison between water droplet shape onto uncoated and
W biofilm coated substrate (right). Scale bar: 200 pm. biofilm coated coupons. j

Wettability analysis shows strong biofilm hydrophilicity, due to strong physical-chemical
interactions between water and EPS (water adsorption).

Bibliography:
Typeof ) N [1]: Wilking J.N., Angelini T. E., Seminara A., Brenner M.P. and Weitz D.A., Biofilms as Complex Fluid, Materials Research Society, May 2011.
substrate Coceate: M RCa periphery; [2]: Heydor A, Ersboll B., Hentzer M. et al., Experimental reproducibility in a flow chamber biofilms, Microbiology 2000, 146: 2409:15.
[3]: Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of persistent infections. Science 1999;284:1318-1322.
Uncoated 83010 001914 [4]: Woodth B.A., Tasmashiro E., Bhargare G., Cohen N.A. and Palmer J.N., An in vitro model of Pseudomonas aeruginosa biofilms on viable airway
Biofilm Coated D 06 epithelial cell monolayers, Am J Rhinol. 2008 May-Jun;22(3):235-8.
@4h) [5]: www.fxmedicine com.awblog-post/nac-persistent-infections

[6]: Werb M., Garcia F., Bach N.C., Grumbein S., Sieber S.A., Optiz M. and Lieleg O., Surface topology affects wetting behavior of Bacillus subtilis
: , biofilms, Biofilms and Microbiomes, 11 (2017), doi:10.1038/s41522-017-0018-1.
CSCNMBIDireconstructionloftheaterdropleiontolbiofilmy [7]: Degarmo, E. Paul; Black, J.; Kohser, Ronald A. (2003), Materials and Processes in Manufacturing (9th ed.), Wiley, p. 223, ISBN 0-471-65653-4.




