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A Model of Bacterial Motor Control and Computer Simulation of the Chemotaxis

Tomohiro MOROHOSHI*, Toshio TsuJi* and Hisao OHTAKE*

This paper proposes a new model of bacteria including not only intracellular information processing but also
motor control on the basis of the molecular evidence. E.coli is chosen as a target bacterium, which has a simple
molecular structure and is amenable to biochemical and genetic analysis. We focus on the bacterial intelligent
behavior called chemotazis in order to develop its computer model. Parameters included in the model are deter-
mined using an optimization technique in order to maximize a fitness representing a chemotactic ability. Results
of the computer simulations are compared with the behavior of E.coli to show the effectiveness and validity of

the proposed model.
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Fig.1 Schematic illustration of chemotactic signal transduc-
tion in E.coli
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Fig.3 Chemotactic behavior of the computer model
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Fig.4 Change of the movement direction
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Fig.5 Initial position and movement direction of the bacteria
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Table 1 Initial and evolved parameters of the cells

Intracellular network parameters

1735

¥ vy Ju S fa fa ke
P, 0.36 7437 0.04 0.643 18 24 12
P, | 0.777387 6.789753 0.393119 1.021133 20.713578 1717138 8.585688
P,y 0.333121 7.451863 0.175395 0.59298 16.451796 3.247194 16.235696
?ransducer parameters Fitness
Vi Vi Vi Va3 Va3 fa Finm]
P, 4 2 25 - 4 0.2 4 1931.2
P, | 12.121949 6.011131 8.516919 1.787914 0.530037 8.516919 3830.8
P, | 4637471 0.767357 2.241447 2.594989 0.242688 4.055422 1536.3
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Fig.6 Change of fitness of the cell
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Fig.8 Chemotactic responses of E.coli, EJ500, and the pro-
posed model
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Fig.9 Concentration-response curve of E.coli, EJ500, and
the proposed model
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Fig. 10 Change of the chemotactic sensitivity of the cells
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Fig. 11 Change of the chemotactic ability depending on the
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