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Microhydrodynamics

a) SELF PROPELLING BACTERIA
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Statistical Mechanics

d) BACTERIA POWERED MICRODEVICES
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SELF-PROPULSION

swimming at the micron-scale



Swimming bacteria: why?

CHEMOTAXIS J. ADLER, SCIENCE (1969)
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Problem 1: hydrodynamic reversibility

A PHYSICAL DEFINITION OF SWIMMING:
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SOLVE FOR U, D AND IMPOSE FORCE-FREE CONDITION

F(t) = 0= U(t)
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Problem 1: hydrodynamic reversibility

Shear-thinning fluid

fast-open-slow-close actuation

Shear-thinning fluid

symmetric actuation

QIU et al. NAT, comm. (2014)




Problem 2: Brownian rotation

ROTATIONAL DIFFUSION




The procaryotic flagellum

¢ ~6—10 ym R

PROBLEM 1 PROBLEM 2

CYCLIC NON RECIPROCAL MOTION TOTAL LENGTH INCREASE BY ~5

USING ONE DEGREE OF FREEDOM ROTATIONAL DIFFUSION DECREASE BY 53=125
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Flagellar propulsion
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PROTONIC NANOMACHINE PROJECT
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Propulsion matrix
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Measuring propulsion matrix

BIANCHI, SAGLIMBENI, LEPORE, DI LEONARDO BIANCHI, SAGLIMBENI, LEPORE, DI LEONARDO
Opt. Express (2014) under review
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CONFINED SWIMMING
wall entrapment



BIOFILM

Attachment Growth

50 microns
FRYMIER et al. PNAS (1995)
HYPOTHESIS 1: DLVO

Detachment
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50 microns

Wall entrapment

VIGEANT, FORD APPL. ENVIRON. MICROB. (1997).
NO DLVO, HYPOTHESIS 2: HYDRODYNAMICS

BERKE et al. PRL (2008)
HYPOTHESIS 2A: HYDRODYNAMICS (FAR FIELD)
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LI, TANG PRL (2009)
HYPOTHESIS 3: STERIC REPULSION (NO HYDRODYN.)




Entrapment by convex walls

0. SIPOS , K. NAGY, RDL, P. GALAJDA, under review




Entrapment by convex walls

0. SIPOS , K. NAGY, RDL, P. GALAJDA, under review
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Hydrodynamic origin

0. SIPOS , K. NAGY, RDL, P. GALAJDA, under review FU
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Swimming angle depends on pillar radius

0. SIPOS , K. NAGY, RDL, P. GALAJDA, under review
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Reduced colonization of small pillars

0. SIPOS , K. NAGY, RDL, P. GALAJDA, under review
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CONFINED SWIMMING
swimming with an image



Swimming at a wall

Escherichia coli swim on the right-hand side

Willow R. DiLuzio®? Linda Turner’, Michael Mayer', Piotr Garstecki', Douglas B. Weibel', Howard C. Berg™*
& George M. Whitesides'

“The flagellar bundle rolls to the left near the surface, E. Lauga et al, Biophysical Journal 90(2) 400412
and the cell body rolls to the right near the surface.
These two motions cause the cell to swimin a
clockwise, circular trajectory”

LETTERS NATURE|Vol 435|30 June 2005
TOP VIEW
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Hydrodynamic images

WHAT HAPPENS ON A LIQUID-GAS INTERFACE?
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Swimming with an image

SIDE VIEW

REAR VIEW

TOP VIEW




Swimming with an image
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Swimming with an image

SIDE VIEW R. DI LEONARDO et al. PRL 106, 038101 (2011)
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Video tracking bacteria

SPATIAL MOMENTS 0.4
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SELF-PROPULSION

oflagellar propulsion provides a simple strategy for swimming
in low Re and fluctuating environments

CONFINED SWIMMING

ewall entrapment is hydrodynamic in origin and can be
reduced using convex walls with small curvature radius

e wall-trapped bacteria swim to either right or left hand
depending on the surface boundary condition (stick/slip)



