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Simulation for Chemotactic Response of Paramecium Using Virtual Paramecium

Akira HIrRANO*, Toshio TsuJr~,
Noboru TAKIGUCHI** and Hisao OHTAKE™*

Paramecium exhibits an avoiding reaction when it senses repellent chemicals. Also, on sensing attractants, it
accelerates its swimming velocity and remains in the area. Such a chemotactic response is called cherotaxis, that
is the necessary mechanism to survive in complex natural environment. This paper proposes the computer model
of Paramecium, Virtual Paramecium, based on biological knowledge, in order to understand the complex relation-
ship between the chemotactic behavior and the internal processing in cell. Simulation experiments demonstrate
that the Virtual Paramecium can approximately realize the chemotactic behavior of actual Pramecium based on

the information processing in cell.
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(a) Avoiding reaction (b) Escape reaction

Fig.1 Avoiding and escape reactions of Paramecium
(revised from the figure in the literature 7))
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SN, UFIZRRE A DX LTRIS D,
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FDBEL, K BEAECR>TWE, MM O R
FBEEICET (HBAENIE, BEM LIRS, FL
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Fig.2 An electric circuit model for Paramecium
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Fig.3 Membrane potential change based on chemical
environmental change
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Fig.4 Ciliary beat direction of Paramecium
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in the literature 1))
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SIT A~ Aps BEHR, fo BEEROBEFEE, Afre,
SHEITEED fo LA LEOEBMNTHE. 1277L, &
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potential (revised from the figure in the literature 14))
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Fig.8 Characterictics of the ciliary beat frequency in Virtual
Paramecium
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ZD Fg \2& o> TRAET HHEITRMICEE2HEE vy LA
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TRODLIENTESL, TIT, ag 13 Fy % vg CEHRT S
B8, bR ENEABOERTHS. DRICX D BEES
ESCBBROEE#FET 5.

Dk, VOULYPRED S & VBEE{LERA L CGES)
PRETHITOTO LA %, By b, FRLBEL=
b, EEIRELZ Y D 3D TEF ML

4. FE#I I L—-Y3>

4.1 NNFA—LZDORE

N=F X V') ATV TREER Y Ia L —Ya vy
TR 720, FTTEFVIEINDIRITA-SORE
BT 272, (2) ~ Q) RICEETND /87 A—F DfEIZ, X
YLy K =20mM, [Ca?t], = 1078 M & L7z, i
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EREL, AV I 2l =23V T b BEU by 13 bew =
0.25, by =50 & L7 (6) ~ (18) RIZEINBIT A— ¥
i3, W X 2IES 2 v/,

BESTHM ¢([Cateia) EMEBITHEE f(V,[Ca®cinia)
T AT A—5i3, V) AVOBBREG LY
PUE IO R BEI, Ay = 4.0, Agr =20, Cp = 1.0
uM, fo = 15.0 Hz, fmaz = 45.0 Hz, Ay = 0.08, A
= 2.0, Ags = 4.0, Afq = 0.001, Afreqg =-30 mV L
7z, E7z, (23) ~ 2T RIZETNB T X —FDOfEIE, V
T LAYDOIEIH S0 pum THAEZ DD r=25pum & L
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4.2 TFMERICHTEN—F LI IU LSO

I, BEO K & Ca®t BEICT 5 BEMEILOWKIE
#i7% o7z, Fig. 10(a) i¥, [Ca®*], ZBEL, [KT], 2%
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Fig. 12 Chemotactic responses of actual Paramecium to the
K™ concentration change in environment
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