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Chemotaxis and Aerotaxis
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Adaptation in conventional chemotaxis

Turning frequency

a
T/T/T\

T T remove
add attractant attractant

(Figure based on Bray, 1992)
Fast excitation (phosphorylation)
Slow adaptation (methylation)

observable
serves as memory

allows sensing in a wide range
of concentrations

methylation based

slow (1-3 seconds)
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Keller-Segel chemotaxis model
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Keller-Segel chemotaxis model
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Leading to the Keller-Segel (1970) equation:
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Membrane potential and turning frequency
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Spatial assay

Capillary size:
50 X 2 X 0.1mm

Oxygen concentration in band:
0.3 — 0.5uM

Band width: 0.2 mm

Time of band formation:
50 sec - 3 min



o
0 02 04 06 08 1 12 14 16 18

Distance from the meniscus (mm)




Monte-Carlo simulation

Dashed line:path of bacteria
Solid line: turning frequency
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Monte-Carlo simulation

Dashed line:path of bacteria
Solid line: turning frequency
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constant velocity, v

turning frequency
in band: 0 =0

cell leaves band
at random time, 7

outside the band
o jumps to c

characteristic time
of adaptation: ¢,
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Modeling goals and assumptions

Goal: create a mathematical model which reproduces sharp
aerotactic band formation in spatial assays with Azospirillum

brazilense

Assumptions:

e bacterial swimming is one-dimensional
and it has constant velocity

e no bacterial reproduction
e oxygen concentration is fixed at the open end of the capillary

e no slow adaptation
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Parameters and nondimensionalization

Measurement Dim. quantity Non-dim. value
Length 2 mm 1
Time 10 sec 1
Oxygen conc. 1 ‘:nj\f 1
Bacterial conc. 2. 107<els 1
Speed 4057 0.2
Diffusion coeff. 2. 10_98m—; 0.01
Turning frequency lsec™! 10
Rate of Oy consump. | 3- 10~ 11 —£4 4.1073

(cell)(sec)
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Numerical results

Invasion of oxygen: x ~ v/ Dt, Escape of bacteria: x ~ vt
t~L ~5sec, x~uvtg~100um — Az =50um, At =0.01

v —


















Numerical experiments with L,,,, and L,,;,
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Quasi steady state solution

1.5

~ /Lo
°* d~ kb

d~ 0.8 mm for Ly = 0.2 and
d=~ 1.7 mm for Ly =1

~ 2Lmax kbO
* h~ kb Lo

h ~ 0.4mm for Ly = 0.2 and
h ~ 0.2mm for Lo =1
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Summary of results

e model supports the notion of a novel gradient sensing mechanism

e distance between the band and the meniscus, d is predicted to
depend on external oxygen concentration, L

e width of bacterial band, h, is independent of L in steady state and
dependent on Lg in the quasi steady state

e numerical values of d, h, bacterial density and time of pattern
formation agrees with experimental values

e model allows estimates for L., and L,,;,, which are experimentally
difficult to obtain



Keller-Segel equation No tractable model

Advection equation Our model




Receptor model
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PMF
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Taylor and Johnson (1998)
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Equilibrium position for fast moving part: 2 = z? + c1p
For slow moving part: 2, = 20 +c1p = 25 — Az + c1p
Proton motive force: p = £kt + ¢

System of equations describing position of parts:

~

zp ~ Zf(p(1))

s _ L p(t) - 2)

dt T

Solution:
Zf = z?e + cpcy £ 1kt

2g = z?c + cico — Az £ eik(t —7) + zoe VT

27 ground state (fast) zg: ground state (slow) 7: adaptation time



