A reaction-diffusion model to describe Listeria monocytoges biofilms life cycle
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PLANKTONIC  ADMEREnCE  ATTAGHMENT STRiCuRE R Listeria mono.cytogen.es s a pgthogemc bacterla? rgsponmble for
CELLS 70 DeJELOPMENT ( CRL DeATH) outbreaks of listeriosis. The main mode of transmission to humans
SNREACE is the consumption of contaminated food. This contamination fre-

. o S, qguently occurs by cross contamination in unhygienic work surfa-
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g . | ces and facilities where L. monocytogenes can form biofilms.

Bmm:i S e S ° U¥e CNCLE | Biofilm life cycle characterization is critical to design cost effective
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: s “ﬂ,{ and environmentally friendly disinfection techniques.
This work combines quantitative confocal laser scanner microsco-
- _ > py image analysis and mathematical modeling to understand and
MW= explain the life cycle of the biofilms formed by the L1A1 strain.
MATERIALS AND METHODS
Biofilms were formed in polystyrene microtiter plates under static conditions. 5 CLSUA IMAGES

Images were acquired using a high throughput method based on CLSM at seve- (HEiGHT / TiME) -

ral sampling times. Eight stacks per sampling time were randomly chosen for the BIOFIMDIVER
image analysis. Consumption of glucose was also meassured in every sampling

time. ,
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The biofilms maximum thickness (MxT) was obtained using IMARIS for all stacks. —D
2D parameters, maximum diffusion distance and areal porosity were obtained t @%?‘FAMlGO
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with BIOFILMDIVER, for all images in each stack. JABLT T NoTRiETS | 2 VT '
Model was simulated using the numerical method of lines (a finite differences T =V(RE V&)~
scheme in space together with an implicit time integrator).

Parameters of the model were computed using AMIGO2 toolbox to fit MxT and e
nutrientes data using a log-likelihood based approach.

RESULTS
oC C,C
—=dV°C, -K M~
Ot K,+C,
— 7 oC C,C
NON VIABLE CEUS IN DEEP LAYERS a;w — V : (dz (CM )VCM) + K3 K M+ (]j\f FD (CM 9 CN)
55 - - : : 2 N
50 = M ASSNE 2.5 X - a
45 |- 11 - X107 BIDFILM / )

_ 40 D&TACHM'Q\N’ = 5 {0 5\;“& d,(Cy) = mﬁ;ﬁ 1 EC CJZ\}

& &) —

3 35 > \ M )

S 2 Rl STORS ' i Cn and Cu: nutrient and microbial biomass concentrations.
s T \/ GLwose ' [ ‘\"\\V]\\\VA\\\'A\\\'A\\\\'A\\\\\'l\\\\\"“““"\“\ Tested decay hypotheses (Fp): i) linear decay; ii) non-linear
. s | _ 20 decay due to starvation; iii) non-linear decay due to biofilm

0 5 N 100 O i%?me(h') 00 aging and iv) non-linear decay due to impaired glucose

uptake.

CONCLUSIONS

This work combined quantitative microscopy image analysis and mathematical modeling to unders- [REELERCIICAZ L UC FEARRACEIIIASCUEEER SRR PAGIDRICIO PRl CIEe I EINE el Cly e Aeoliy

tand and explain the life cycle of L1A1 L. monoc togenes biofilms mization and control in systems biology. Bioinformatics, 10.1093/bioinformatics/btw411.
' y ' Bridier, A., et al. (2010). The biofilm architecture of sixty opportunistic pathogens deciphered using a high

CLSM and quantitative image analysis were used to characterize the structure of biofilms. The 2D analysis [RCEEWERC R CRRERIE I CRSL BERRP AL A

revealed that L1A1 biofilms are rather flat; while the 3D analysis was used to compute the biofilm thick- Eberl, H.J., Earker, D.F., and van Loosdrecht M. C. M. (2001). A new deterministic spatio-temporal continuum
] model for biofilm development. J Theor Med, 3, 161-175.
ness through time.
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A reaction-diffusion model was then proposed to describe L1A1 biofilm life cycle in batch culture. The
model describes biomass and nutrients evolution incorporating several mechanisms such as biomass
grOWth clyle s.pread, nutrients diffusion ar?d cor?sumptlon, and microbial decay° Unknown model Parame- Wanner, O,, et al. (2006). Mathematical modelling of biofilms. Technical report, IWA Task Group on Biofilms Mo-
ters were estimated by means of data fitting with AMIGO2 toolbox. delling.

The modelis able to explain the data. Remarkably the mechanisms of microbial decay are critical to get sa-
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