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Biofilm shapes

Biofilms in flows

Biofilms on agar/air interfaces

Rusconi, Lecuyer, Guglielmini, Stone, J. R. Soc. Interface 2010

Wilking, Angelini, Seminara, Brenner, Weitz, MRS Bulletin 2011

Espeso, Carpio, Martinez-Garcia, de Lorenzo, Sci Rep 2016
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What is a biofilm?

Flemming, Wingender, Nat Rev Microb 2010

Cells stick to each other and to a surface, embedded within a self
produced matrix of extracellular polymeric substance (EPS).
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Biofilms in flows: filamentary structures

streamer

Final shape: Equilibrium of
elastic rod in a corner flow

Drescher, Shen, Bassler, Stone, Proc Natl Acad Sci 2013

Laminar flow, Re << 1.
Time: seconds. Space: microns.
Bacteria: Pseudomonas Aeruginosa.
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pnas.mp4
Media File (video/mp4)


Biofilms in tubular circuits

Elongation: Flow
streamlines

Espeso, Carpio, Martinez-Garcia, de Lorenzo, Sci Rep 2016 Final Shape: Helical
equilibrium of an elastic rod

Laminar flow Re ~ 1.
Time: hours. Space: cm.
Bacteria: Pseudomonas Putida.
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Helical biofilms

helix

Increasing Tube

length constrictions Twist Helix

Espeso, Carpio, Martinez-Garcia, de Lorenzo, Sci Rep 2016, Chouaieb, Goriely, Maddocks, PNAS 2006
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helix.mp4
Media File (video/mp4)


Discrete elastic rods

Filaments are represented by:

@ a nodes x in a curve I (the
centerline),

@ a reference system
{t,m;, my} (the material
frame).

The material frame at each node
is constructed rotating the
untwisted Bishop frame {t,u,v}
an angle 6.

Bergou, Wardetzky, Robinson, Audoly, Grinspun, ACM Trans. Graphics 2008
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Discrete elastic rods

Energy:

" —g1y? LR .
E:Zﬁf +Zﬁ Z llwi —w|°.

i=1 4 o1 20 57
@, B bending and torsion moduli, w(f,x) material curvatures, ¢, W reference

lengths and curvatures.

Equation for the angles: OF
— =0,
06" ‘
Equation for the positions: x dE
B gt

f asymptotic value of fluid force on the filament

Bergou et al, ACM Trans Graphics 2008, Cox JFM 1970, Goldenthal et al, ACM Trans Graphics 2007, Espeso et al, Sci Rep 2016
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Biofilms in corner flows

bending growing
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grown.mp4
Media File (video/mp4)


growing.mp4
Media File (video/mp4)


Biofilms on agar: wrinkled shapes

5 mm

Chai et al, MRS Bulletin 2011 Wilking eta al, MRS Bulletin 2011

Bacterial genus: Bacillus Subtilis
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Cell death and wrinkle onset

Asally et al, Proc Natl Acad Sci 2013

EPS production Film cohesion
Cell division Compression WRINKLES }
Biochemical stress Cell death
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Elastic film coupled to a viscoelastic substratum
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Ni, Yang, He, PRE 2012, Dervaux, Ciarletta, Ben Amar, J Mech Phys Solids 2009, Espeso, Carpio, Einarsson, PRE 2015
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Residual stresses and averaged elastic constants

Residual stresses (a).
from a grov':.th -, o Smoothed using
tenson.' ’_cr.ac ing . [, image processing
cell division and o, (© <2, (d) 0, techniques
B .-.

(e) €%, () %

o 4N W

Filtered average

Ensemble average

(AR

Espeso, Carpio, Einarsson, Phys Rev E 2015, Carpio, Cebridn, Vidal, 2016
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Wrinkle branching

wrinkle
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wrinkle.mp4
Media File (video/mp4)


Successive branching

Espeso, Carpio, Einarsson, Phys Rev E 2015
Wilking, Angelini, Seminara, Brenner, Weitz, MRS Bulletin 2011

Residual stresses: compression front expanding outwards fast enough.
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Wrinkled coronas

Espeso, Carpio, Einarsson, Phys Rev E 2015

Chai, Vlamakis, Kolter, MRS Bulletin 2011

'Corona instability’: Swollen outer corona with diminished Young modulus.
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Water absorption

Seminara et al, Proc Natl Acad Sci 2012

Increase in
EPS osmotic Water Accelerated

production pressure absorption spread
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Conclusions and future work

Information Interaction
with the
environment
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