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E. coli — a model pusher swimmer

P

pusher flow field

Turner et al., J. Bacteriol., 2000 (Scale bar = 10 pm)




Pushers reduce viscosity of bulk suspensions
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* In contrast to passive particle suspensions, bacteria can
reduce the viscosity of their suspending fluids
« Zero apparent viscosity “bacterial superfluid” can be achieved

Gachelin et al., PRL, 2013; Lopez et al., PRL, 2015



Bacterial suspensions under confinement
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Bacterial dynamics under confinement

e Competing length scales

Lauga et al., Biophys. J., 2006; Hill et al., PRL, 2007
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Bacterial dynamics under confinement

e Competing length scales
o run length
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Bacterial dynamics under confinement

e Competing length scales
o run length
o vortex size

e Swimmer-boundary Interaction

o hydrodynamic trapping  — ©

Lauga et al., Biophys. J., 2006; Hill et al., PRL, 2007



Bacterial dynamics under confinement

e Competing length scales
o run length /' '\
o vortex size R

e Swimmer-boundary Interaction
o hydrodynamic trapping =
o upstream swimming
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Lauga et al., Biophys. J., 2006; Hill et al., PRL, 2007




Bacterial dynamics under confinement

e Competing length scales
o run length /' '\
o vortex size R

e Swimmer-boundary Interaction
o hydrodynamic trapping =
o upstream swimming
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Different rheology under ﬁ
confinement?
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Lauga et al., Biophys. J., 2006; Hill et al., PRL, 2007




Microfluidic channel viscometer

Guillot et al., Langmuir, 2006; Gachelin et al., PRL, 2013



Microfluidic channel viscometer
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w = 600 um

h = 25~128 um

D =500~1000 um
n=16x101""ml?

Guillot et al., Langmuir, 2006; Gachelin et al., PRL, 2013
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Microfluidic channel viscometer
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Guillot et al., Langmuir, 2006; Gachelin et al., PRL, 2013



Microfluidic channel viscometer
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Guillot et al., Langmuir, 2006; Gachelin et al., PRL, 2013
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* Viscosity reduction
at low shear rate



Viscosity under confinement )
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Viscosity under confinement 3
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Viscosity under confinement
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Existing mechanisms for bulk suspensions
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Hatwalne et al., PRL, 2004: Takatori et al., PRL, 2017




Relative motion near boundary

Flow

Hill et al., PRL, 2007; Nash et al., PRL, 2010; Costanzo et al., J. Phys. Condens. Matter, 2012



Relative motion near boundary
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Relative motion near boundary

Flow

Hill et al., PRL, 2007; Nash et al., PRL, 2010; Costanzo et al., J. Phys. Condens. Matter, 2012



Velocity profile

Get velocity profile by imaging layer by
layer using confocal microscopy




Velocity profile

tracer velo\czlty Shear rate = 30 s
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Boundary bacteria push fluid forward
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Hill et al., PRL, 2007; Nash et al., PRL, 2010; Costanzo et al., J. Phys. Condens. Matter, 2012



Boundary bacteria push fluid forward
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Hill et al., PRL, 2007; Nash et al., PRL, 2010; Costanzo et al., J. Phys. Condens. Matter, 2012



Boundary bacteria push fluid forward
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Boundary bacteria push fluid forward
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Boundary bacteria push fluid forward
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Hill et al., PRL, 2007; Nash et al., PRL, 2010; Costanzo et al., J. Phys. Condens. Matter, 2012



Boundary bacteria push fluid forward
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Disturbance velocity leads to reduced viscosity
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Disturbance velocity leads to reduced viscosity
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Disturbance velocity leads to reduced viscosity
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Disturbance velocity leads to reduced viscosity




Disturbance velocity leads to reduced viscosity
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Liu et al, Rheol Acta, 2019 14




Disturbance velocity leads to reduced viscosity
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Conclusions

» Confinement reduces the viscosity of
E. coli suspensions

« A new mechanism of viscosity I
reduction due to upstream swimming — Superpositon
boundary layer of E. coli
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Conclusions

» Confinement reduces the viscosity of
E. coli suspensions

« A new mechanism of viscosity I
reduction due to upstream swimming — Superpositon
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