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Focus on Bacillus subtilis as model organism

o soil microbe

o easy to manipulate genetically

o not a pathogen

o primary matrix components identified

’ bacteria
>

anchoring protein
= amyloid fibers
~"~ polysaccharide












Bacillus subtilis biofilms exhibit
multiple phenotypes

Viamakis Aguilar Losick Kolter, Gen Dev (2008)



OUTLINE: Understand the structure,
dynamics, and mechanics of model
biofilms

1. Spreading

2. Wrinkling  Understand
3. Mechanics

4. 3D Printing ENgineer
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Observation: Matrix production
appears to help spreading
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Observation: Matrix production
appears to help spreading
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no flagella




Observation: Matrix production
appears to help spreading

6h 12h 24h 30h

no flagella

No maltrix




Hypothesis: Osmotic spreading is
driven by matrix production




Observe a swelling to spreading
transition driven by osmotic pressure
predicted by thin film equation
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A. Seminara, T. E. Angelini, J. N. Wilking, H. Vlamakis, S. Ebrahim, R. Kolter,
D. A. Weitz, M. P. Brenner, PNAS (2012).



OUTLINE: Understand the structure,
dynamics, and mechanics of model
biofilms

2. Wrinkling










View through

microscope




Hypothesis: Differential evaporation drives
liquid in the xy-plane

r111]




Hypothesis: Differential evaporation drives
liquid in the xy-plane




Can flow be turned on and off by
controlling evaporation?

pu' o pw_ sdl !jw = pu.,', sat



Evaporation drives flow in channels
(xy-plane)
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Interconnected network of channels
mapped with fluorescent colloids
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Channels allow for much faster
transport.
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Interconnected network of channels
mapped with fluorescent colloids




Channels allow for much faster
transport.
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Channels allow for much faster
transport.

Poiseuille flow:
AP, =8nLV |a’
V=10 um/s,

L=1cm, AP, ~ 0.3 Pa
a =50 um

Darcy flow:

AP, =nLV [k

V=10 um/s,  Ap, =~ 107 Pa
L=1cm,

k ~ 8 nm?




Chann6| Structure Construct channel

t - = air
Inject cross-linkable resin cross-section
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microscopy



Mechanical properties are important
for biofilm physiology...

Wrinkling Spreading

Also, for biofilm removal and
developing new materials.



Measure interactions between
matrix components

micropipette

laser trap | |



Measuring matrix molecule interaction forces
with a microscope-in-a-centrifuge

D. Yang, A. Ward, K. Halvorsen, W. P.
Wong, Nature Communications, 2016.



Measuring matrix molecule interaction forces
with a fluorescence microscope-in-a-centrifuge




OUTLINE: Understand the structure,
dynamics, and mechanics of model
biofilms

4. 3D Printing




Demonstration of liquid flow through
submillifluidic hydrogel channels




Can repeat this optimization process
with any photoblocker.

A. D. Benjamin, R. Abbasi, M. Owens, R. J. Olsen, T. B. LeFevre, D. J. Walsh, J. N. Wilking,
Light-Based 3D Printing of Hydrogels with High Resolution Channels,
Biomedical Physics & Engineering Express (2018).



Demonstration of liquid flow through
submillifluidic hydrogel channels




Can repeat this optimization process
with any photoblocker.

A. D. Benjamin, R. Abbasi, M. Owens, R. J. Olsen, T. B. LeFevre, D. J. Walsh, J. N. Wilking,
Light-Based 3D Printing of Hydrogels with High Resolution Channels,
Biomedical Physics & Engineering Express (2018).



Summary

O

Goal: to understand the structure, mechanics, and
dynamics of a model biofilm.

Osmotic spreading in B. subtilis biofilms is driven by
matrix production.

Liquid-filled channels exist in B. subtilis biofilms with flow
driven by differential evaporation.

B. subtilis biofilms are viscoelastic and the interaction
between amyloid fibers and polysaccharides requires
further study — single molecule measurements.

We have developed an approach for creating well-
defined channels with any directional orientation in
hydrogels using light-based 3D printing — printing
biofilms.




	slide02-0.15
	slide03-0.84
	slide04-0.90
	slide05-0.61
	slide06-0.73
	slide07-0.86
	slide08-0.14
	slide09--0.19
	slide10-0.42
	slide11-0.85
	slide12-0.86
	slide13-0.89
	slide14-0.75
	slide15-0.88
	slide16-0.67
	slide17-0.83
	slide18-0.08
	slide19-0.14
	slide20-0.15
	slide21-0.78
	slide22-0.47
	slide23-0.79
	slide24-0.32
	slide25-0.42
	slide26-0.89
	slide27-0.89
	slide28-0.88
	slide29-0.88
	slide30-0.57
	slide31-0.42
	slide32-0.73
	slide33-0.70
	slide34-0.86
	slide35-0.29
	slide36-0.59
	slide37-0.44
	slide38-0.44
	slide39-0.78
	slide40-0.57
	slide41-0.57

