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Events become significant only when looked back on.

Rick Stengel TIME’s Person of the year. 2011
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Kein Buch ohne Vorwort

Erich Kastner, Als ich ein kleiner Junge war

Dresden



HR&lE, —E D> TELHBIMBT=L,

Die vier Kunstreichen Brider,

Es war ein armer Mann, der hatte vier S6hne. Als die herangewachsen waren,
sprach er zu ihnen: ,Liebe Kinder, ihr mif3t jetzt hinaus in die Welt;

ich habe nichts, was ich euch geben konnte. Macht euch auf und geht in

die Fremde. Lernt ein Handwerk und seht zu, wie ihr euch durchschlagt.”...

Dieb, Sterngucker, Jager, Schneider

Kinder-und Hausmarchen der Brider Grimm, 1812
INE TG 2 BhFE 4 (1926-1988), 1980tE
~ 204 fd

Aller Anfang ist schwer, gilt in jeder Wissenschaft.
Sequi il tuo corso, e lascia dir le genti.
(Follow your own road, and let the people talk.)

Karl Marx, Das Kapital, 1867



Es war einmal ein Kind in dem kleinen Dorf. Es spielte in der Natur, und == -
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Claude Bernard : Introduction a L'etude De la Medecine Experimentale 1865
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Perrin, F. (1926) Polarization de la Lumiere de Fluorescence. Vie
Moyenne de Molecules dans L'etat Excite. J. Phys Radium 7:390.
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Nernst-Planck eqguation

Membrane phenomena
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Na-reversible (+ NaCl)| Ag
glass electrode |solution
LiCl
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Table 1. The FKN Mechanism with Rate Constants.

Reaction ky k,
(R1) Br + HOBr + H'« Br, + H,0 kpy =8 x10° M%s™! kg =110s"
(R2) Br +HBO, + H'~ HOBr + HOBr kg, =3 x10° M %57} kp=2x10"M'ls"!
(R3) Br +BrO,” +2H' = HOBr + HBO, ks =2M73s7! kp=32M7's"!
(R4)  HBrO, + HBrO, & HOBr + BrO, + H* kpye =3 x10°M's™! kg =1x10"*M%"!
(R5) HBO, +BrO, +H"« Br,0, + H,0 kps =42 M%7} kps=2.2x10°s™"
(R5a) Br,0,+2BrO, krsa="7.4 x10% 5! K_psa=1.4 x10° M"'s™!
(R6) Ce(lll) + BrO, + H' = Ce(IV) + HBrO, kg = 8x10° M-2s"! Fpg = 8.9%10° M s ™! Zabotinski

The Oregonator Mass-Action dynamics in a well-stirred, homogeneous system.
dX/dt =k AY — kg XY + k3 AX — 2k, X7 BZRIERDETIL

(1)
Field, R. J., Koros E., and Noyes, R. M.,
(2) Oscillations in chemical systems .2. Thorough

d'}“’ll.-"df - — ,1;1 AY — ,I,;Ejf Y + 1,."Il2 ,I;CfBE analysis of temporal oscillation In bromate-cerium-

malonic acid system, J. Amer. Chem. Soc. 94,

OV 4z /dt = 2k AX — k.BZ 864564
Eqgs. 1-3 are typically scaled (Tyson, 1985; Scott, 1994) as B
(4) _Qrgegonator

eldr/dT)=qy—ry+ (1
) (dy/dr) = —qu—zy+ f2

Eugene,
dzjdr =1 — =z 2|5 . /\Lab Oregon
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Prigogine, llya (1961). Thermodynamics of Irreversible Processes (Second ed.).
Glansdorff, Paul; Prigogine, I. (1971). Thermodynamics Theory of Structure, Stability and Fluctuations
Prigogine, llya; Nicolis, G. (1977). Self-Organization in Non-Equilibrium Systems. Wiley. “8G&#E" (EK)

d:S = 0.
o= JiX; =20.

- - - —_ - . F. —

P — i _ [GdV}O % feen

dt (i Rl l) B SOV 72

General evolution criterion

dxP =[dV ¥ J;dX; <0

Glansdorff, P., Prigoine, | (1964) On a general evolution criterion in macroscopic physics
~ Physica 30, 351-374
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1.1 fafREiZE  excitability
*EF%%EH%@ NER=EFiE Tasaki, I. “Nerve Excitation”
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///?;Zf,,»,/”//’/f"’/ /) - A7

C°FIN

HRARNI(ZCaF
FHEMANEGSL

A) . +NaCl two steady states
(Na*)au :60 ma 100 mM 400 mM C) K i .

\ >E 0.5 sec
10 sec —_ J |

; e

--/ - Y
kY 2 ;|k k£
Kobatake, Y., Inoue, I. and Ueda, T.(1975) Physical chemistry of excitable membranes. 3F 1;]. %&_
Advan. in Biophys. 7, 43-89. Kotani, M., ed., University of Tokyo Press, Tokyo.
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Nitella protoplasmic droplet 2
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Cell wall
Plasmalemm
= — Endoplasm
™~ Chloroplasts

i

= —Tonoplast
-—Cell sap

Intact cell
5cm

Kamiya, N

~0. 5mm
Kamiya, N. and Kuroda,K.(1957) Proc.Jap.Acad.33, 149-152
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Ueda, T., Muratsugu, M., Inoue, I. and Kobatake, Y. (1974) Structural change of excitable membrane

formed on the surface of protoplasmic drops isolated from Nitella. J. Membrane Biol. 18, 177-186. TOKO K. et al (1985)Biophysical Chemistry 21 (1985) 295-313

Inoue, 1., Ueda, T., and Kobatake, Y. (1973) Structure of excitable membranes formed on the surface ﬂé’ﬁﬂ’]%&@*ﬁﬁ
of protoplasmic drops isolated from Nitella. I: Conformation of surface membrane determined from

the refractive index and from enzyme actions.
Rinrchim Rinnhywe Arta 209 AR2A_ARA



fEES DA1E

- FEISANIHA B F (24 )

mEzZzRETEoZ25.
BAEMLTOLAS Dr. Ichiji Tasaki (FIG—=)
= _ * (1910 - 2009)
-H-Z‘ =554, OOXARANE2 NTODELHLDL
M % M |+ R (1971) A IR L BRI IR (XL TN,
EEREOBEEIFEIZDINT
Socrates beard(Z7E>TLES
95 — HBb RRTEDEEITHRIZARE=MG, /XIS

IF2o TS TLED,
BEZELLAXDBELLGVERLD, FAYETEW=OLHS,
EFIIELGAET,. Ay ORO—THHAILT-DTY,

IRAIZDWT
=), MEDKRHBIYUDD o=, 10FIFE/BATEZ . 7TA)AITEBWERZEEREST-,



4

1.2 GLEESE (F§E)

IRififm = iFdE HEE - a90nHE

AVTINTTF—} B |

= o = —3 10"2 14_ l.; .)'
10-¢ 3x10~¢ 107~ OXI0T } i W,
sl M | J20my 1=Fazsr—y 3
1- —) = T 1-7%/7—n \ /
S A S 5x10 107 X107t 3 s 3 v Wik
10-5 ‘2xi0‘ l l l ]2omv ﬁ 2 1l AFNTeT— | 4
=3
(a) S 8 AVT INTET—}
. wE | 241
2f o1-FA7%/)—n Smif =
oAV TINTETF—} IR & 1-+2 % 7—n
- -_ﬁ S 10f T
2+
3 1 | AB-4 %> '
-5 —4 -3 -2 -1
0 log Cth(M)

5 —4 -3 -2

log C (M) D EEBLMIGEDRIE

B DEUNEE

Ueda, T., Muratsugu, M., Kurihara, K. and Kobatake, Y. (1975) Olfactory response in excitable protoplasmic
droplet and internodal cell of Nitella. Nature 253, 629-631.

Ueda, Kurihara, Kobatake (1975) Response of Nitella internodal cell to chemical stimuli: a model for olfactory receptor
system. J.Memb. Biol.25,271-284



Ueda, T. and Kobatake, Y. (1977) Hydrophobicity of biosurfaces as shown by chemoreceptive
thresholds in Tetrahymena, Physarum and Nitella. J. Membrane Biol. 34, 351-368.
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Shuttle streaming of protoplasm
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Ueda, T., Terayama, K., Kurihara, K. and Kobatake, Y. (1975) Threshold phenomena in chemoreception
and taxis in the slime mold Physarum polycephalum. J. Gen. Physiol. 65, 223-234.
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Historical survey on Physarum study

~200B.C. first awareness of this organism
1800 Myxomycetes (slime + mushrooms)
1900 Mycetozoa (mushroom+animals)

behavior of lower organisms (Loeb)
1930°s rhythm (Seifriz)
1950°s shuttle streaming of protoplasm (Kamiya)
1960’s biochemistry & morphology of cell motility

(Hatano, Wohlfarth-Bottermann) actin
molecular biology of cell development (Rusch, Dove) differntiation
genetics (Dee, Carlile) cancer

BZ reaction(Zhabotinski), glycolysis (Hess)

1970’s theoretical biology of cell cycle (Tyson, Kauffman)
chaos: dynamic behavior of complex system

Dissipative structure (Prigogine)
Synegetics (Haken)

1975 Behavior: information processing (Ueda)

b5 cellular intelligence
2012 37 years
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ChemotaX|S 0);&{5\&) durch Eisen und Blut, Bismarpk

7. My 1884

BOTANISCHE ZEITUNG

:
Redaction: A. de Bary. L. Just. {

Inhalt. Orig.: E. Stahl, Zur Biologie der Myxomyceten. — Litt: F. G. Kohl Bei = |
! : . o H o e , Deitrag zur Kenntiizs 2
Windens der Pflanzen. — M. M Jont orirag NNLLis8 aes
oo B Aynixzigen. I. Micheli, Contributions & la flore du Paraguay. — Personalnachrichen, —

Zur Biologie der Myxomyceten. andere Factoren die Bewegungsrichtung be-
Vor | einflussen miissen.

E. Stahl. o S asmodia of

Die Wahrnehmung, dass die Plasmodien Per(.:efpl)tlon, tdatt) 'S, the p??mo o th ir di ' f
der Myxomyceten in ihrer Bewegungsrichtung are n uence. y eXter.na SABIES [T Ire(.:tlon 0
von ausseren Factoren beeinflusst “'elea","i‘st movement, is almost just as old as the knowing of
fast ebenso alt als die Kenntniss der Orts— BRUERI=1ilo]aBaglo)V/=Toql=To I WIS 1M o [=Tor-TUE BN Yo o] g I-Tj (<]

e -e g D LR ARG TS D B A OBV ER i D e kitee @ movement -phenomena themselves were conquered

die Arbeiten von{de Bary)Cienkowski JRgy right analysis through the works by de Bary,
Cienkowski etc. , facts also became known

u.2z.die Bewegungserscheinungen selbst einer
genzueren Analyse unterworfen worden waren : :

wurden auch Thatsachen bekannt, die D vyhlch concluded on the influence of the movement
“ine Beeinflussung der Bewegungsrichtung [eEMIIRUICVVIEDIC (IE RIS
dureh Zussere Factoren schliessen liessen.

Den Einfiuss des Lichtes auf die Bewegungs-
ruobttmnng dovy Plasmodien hat nach fiiitheroan

......

Effects of light on the direction of the movement
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Receptors transduction
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Ueda, T. and Kobatake, Y. (1980) Contraction rhythm in the plasmodium of Physarum polycephalum:
Dependence of the period on the amplitude, temperature and chemical environment.
Europ. J. Cell Biol. 23, 37-42.

Ueda, T., Muratsugu, M., Kurihara, K., and Kobatake,Y.(1976) Chemotaxis in Physarum polycephalum:
Effects of chemicals on isometric tension of the plasmodial strand in relation to chemotactic
movement. Exp. Cell Res. 100, 337-344.
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Hato, M., Ueda, T., Kurihara, K., and Kobatake, Y. (1976) Change:
potential of slime mold Physarum polycephalum in response to
Biochim. Biophys. Acta 426, 73-80.
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Ueda, T. and Goetz von Olenhusen, K.(1978) Replacement of endoplasm with artificial media in plasmodial strands of
Physarum polycephalum: Effects on contractility and morphology. Exp. Cell Res. 116, 55-62.

Ueda, T., Goetz von Olenhusen,K. and Wohlfarth-Bottermann,K.E.(1978) Reaction of the contractile apparatus in Physarun
to injected Ca, ATP, ADP and 5’AMP. Cytobiologie 18, 76-94.



\3
4

EREZERDHFF British Council ¥

i
il

MEY=E
Microbiology at
Imperial College

(Dr.M.Carlile)

BEBOBELIL

HICIRICHRIE]
(Perrin)

local viscosity ]
albino mutants 4 i e N

ny NH . , V.
W oy wnd M;,{L;‘.’;_

B'Clz.’c 100 ZICEFEN e
h;hajé_u_.su i nn 5,:;" - '

K
L2y 2 B Z{/ J_'J/_J Faedl

R&T-" ’
: Lsu L : i
R T W s I
w %%%Eﬁ LOG CONCENTRATION (M) ] E i LOG SCNIV' TRATION ;)u'
L — l“"l S
BInFE =~
Ueda, T. and Carlile, M.,J. (1983) The genetic basis of differences in cation chemoreception

sensitivity in plasmodia of the myxomycete Physarum polycephalum.
J. Gen. Microbiol. 129, 2475-2480.

Ueda, T. and Kobatake, Y. (1979) Spectral analysis of fluorescence of 8-anilino-naphthalene
sulfonate in chemoreception with a white plasmodium of Physarum polycephalum: Evidence for
conformational change in chemoreceptive membrane. Biochim. Biophys. Acta 557, 199-207.



Life cycle &£
y R e EK

? 4 \§IJ r
5 {— i_._
214 e ”T )‘ ? H‘L f spores
~ - 3 {oal .L..{
’k-lﬁ fh ~D 3, point of no return TR
sEDENYA A BLR 7 BT K sparangia % 4
starved plasmodium
J 14 sclerotia b %3 germination
AN - B \
plasmodium 7 1% = .,_ éjs;uﬂﬁb
jl]— y R 7 A — 2N swarm cell
AR L) ER
ﬂﬁ/ T7 R 7 ME /@
B fragmentation 6@ ¥R 7 A — /N
i ( — ) myxoamoeba

growth / T,6 hy Ba
/ conjugation *% A

N @), (E
S Zyeole
% @Eg’g%ﬁ . . ¥ Nuclear fusion

84% 4% 7 1%
LRSI, ATILOBES - LEDEHITEHS

Life cycle of the true slime mold



Light haplophase
-
m UtantS A u]%%' f? He, j spores

Life cycle

point of no return 1~ #E 1K
diplophase A BLR 7 ﬂ:/% sporangia

starved plasmodlum mination
JZ & sclerotia b 3 BOT

v
! e
U * » ‘.
¢ " P - -
S - - ==
N y — S i
o
& -
(] -
3,

apogamic N
cy st ﬂ

> b 5 AR
. ihas 7 A — N Js;warm cell
plasmodium | AN i J<,+> 1
75 7 X2 Mt
b 7T A — /N

b 3 S I e D% %th frajme;ltati}?: i ( — ) myxoamoeba
gro )
1 O“mN m \ Vi apogamlz / conjugation

®® 4K zygote

*genetics 81% 244 1%
homothalic strains nuclei

Life cycle of the true slime mold



'
-
>

Y

e
-
-

o
| -
(¢B)

<
O

<+
-
D
©
<+
(7p]
=
c
qe)
S
-
©

m
N

=
(D)

e

—
(qv]

A’
r./
O
92]

o v

v
—
O
+~
O

o v

-

=
—
<

88
s
o
en
=

o p—

<=
~

z
O

-

o -

—

(X4




““Like Nothing on Earth” Dieter Kaiser, Karlhelnz Bauman, Westdeutcher Rundfunk
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Role of cAMP and cGMP in Physarum chemoraxis
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Distribution patterns of intracellular ATP conc.

for various cell shape

Different chemical patterns correspond to
different cell behavior.

Ueda, T., Matsumoto, K., Akitaya, T. and Kobatake, Y. (1986) Spatial and temporal organization of
intracellular adenine nucleotides and cyclic nucleotides in relation to rhythmic motility in
Physarum plasmodium. Exp. Cell Res. 162, 486-494.
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In Oscillations and morphogenesis, ed. L.Rensing, Marcel Dekker , Inc. (1993)



Cell behavior accompanies a transition of
chemical pattern

(b) (¢) after 15 min  (d) spontaneous
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Global chemical patterns govern the cell behavior.

Mori, Y., Matsumoto, K., Ueda, T. and Kobatake, Y. (1986) Spatio-temporal organization of
intracellular ATP content and oscillation patterns in response to blue light by Physarum
polycephalum. Protoplasma 135, 31-37.



Amoeboid cell migration as a phenomenon of pattern

formation, self-organization far away from equilibrium

S . Brusselator
Reaction-diffusion coupling .
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Gierer — Meinhardt: models of biological
pattern formation (1972)
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Satoh, H., Ueda, T. and Kobatake, Y. (1982) Primary oscillator of contractional rhythm in the
plasmodium of Physarum polycephalum: role of mitochondria. Cell Structure and Function 7, 275-283.
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Skalpell: ein kleines, sehr scharfes Messer, mit dem Chirurgen, Zoologen
und Botaniker arbeiten.
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Allometry is the study of the relationship of body size to
shape, anatomy, physiology and finally behaviour.
(Wikipedia)
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Ueda, T.(2005) An intelligent slime mold: a self-organizing system of cell shape and information.
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World Scientific Publishing Co., pp.221-256.
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Takagi, S., Nishiura, Y., Nakagaki, T., Ueda, T., K.-l.Ueda (2007) Indecisive behavior of amoeba crossing an
environmental barrier, In “Topological Aspects of Critical Systems and Networks”
(ed. K.Yabuko, H.Amitsuka, G.Ishikawa) World Scientific Pub. pp. 86-93.
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Dependence of locomotion velocity
on the thickness of the plasmodium
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Q: For a given mass of a plasmodium,
determine the height and width of the
organism when migrating freely.

Empirical relationships

v=Ki* ho
V=Kz2 (M D)°
£ = width along the transversal axis

One more condition

M ! = | h(x)dx

where f(x) is the distribution of mass in longitudinal axis

Determine the function h(x) where v is maximum.
h(x) ZRODDICIHEGREE TN ?
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Figure 1. ESR signal of a spin-trap (tBN) reacted with

O7. Experimental conditions for ESR measurement are:

modulation width 0.165 and microwave frequency 9.25
Hz.
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Ueda, T., Mori, Y., Nakagaki, T. and Kobatake, Y.(1988) Action spectra for superoxide generation
and UV and visible light photoavoidance in plasmodia of Physarum polycephalum.

Photochem. Photobiol. 48, 705-710.
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Nakagaki, T., Umemura, S., Kakiuchi, Y., and Ueda, T.(1996) Action spectra for sporulation and
photobehavior and differential dependence on temperature and starvation in the plasmodium of

Physarum polycephalum. Photochem. Photobiol. 64, 859-862.
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Kakiuchi, Y. and Ueda, T.(1999) Fragmentation of the plasmodium into equally sized pieces by low
temperatures in the true slime mold Physarum plycephalum: a new morphogenesis.

Kakiuchi, Y., Takahashi, T., Murakami, A. and Ueda, T.(2001) Light irradiation induces fragmentation of
the plasmodium, a novel photo-morphogenesis in the true slime mold Physarum polycephalum: action
spectra and evidence for involvement of the phytochrome. Photochem. Photobiol. 73 (3), 324-329.
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Ueda, T.(2005) An intelligent slime mold: a self-organizing system of cell shape and information.
In “Networks of Interacting Machines: production organization in complex industrial systems and biological cells”, eds. D.Armbruster, K.Kaneko, A.Mikhailov.

World Scientific Publishing Co., pp.221-256.
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Takagi, S, and Ueda, T. (2008) Emergence and transitions of spatiotemporal patterns in
thickness oscillation by the plasmodium of the true slime mold Physarum polycephalum
Physica D 237, 420-427.

Space-time
BRI : \ rt(“‘””! ”lrr 1y "””,""'

A “/ i | ‘\\\\\‘
\. .\\\\\\\\. \“/‘.\a.l...d“lnnn\nnnn ALUEAS \'I'I,H\‘\“‘\'\\'\'“ \“)h.. N.‘“,.'.’..”lj.’l‘,“

Phase I1I : Phase IV :

Phase [ : Phase 11 :

Standing wave-like Chaotic phase Rotating Global

; In-phase
spiral wave L
pattern oscillation




FENIWRICKYEEES  VREDBRE

(B)

§ EFENR:E

i | DB B EhiREF (M) Ao SR
(FEEmEFR)

85 | HIRS VRN FRE DS :

o

0.25 c(:i.)ssﬁm 0.75 1 ’Dﬁﬁﬁg
BRAHE
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Quantitative analysis of changes in cell shape of Amoeba proteus
during locomotion and upon response to salt stimuli. Exp. Cell Res. 147, 466-471.
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Y. Kakiuchi & T. Ueda

Table 1. Rhythmic phenomina observed in Physarum plasmodium,

Other oscillatory

Periods in cell shape phenomena Period Reference

T,=10+3h cell cycle 100+1h Tyson 1982

To=4+1h sporulation 45h Akitayva et al, 1985
birefringence 441h -

Ts=30+ 7 min contraction in 250mM EtOH 29 min Ueda et al. 1987
birefringence 30 + 3 mun

Te=10 + 5 min

Ty=1.5+ 1 min shuttie streaming, tension 1.5 min Kamiya 1959;

Kessler 1982

birefringence 1.5 + 0.2 mun

T:=23 1 8 sec

Ti=33+1sec

Kakiuchi, Y. and Ueda, T.(2006) Multiple Oscillations in Changing Cell Shape by the Plasmodium of Physarum
polycephalum: general formula governing oscillatory phenomena by the Physarum plasmodium.

Biological Rhythm, 37, 137 —146.
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Matsumoto, K., Ueda, T. and Kobatake, Y. (1988) Reversal of thermotaxis with oscillatory stimulation in the plasmodium of Physarum
polycephalum. J. Theor. Biol. 131, 175-182.

Matsumoto, K., Ueda, T. and Kobatake, Y. (1986) Propagation of phase wave in relation to tactic responses by the plasmodium of
Physarum polycephalum. J. Theor. Biol. 122, 339-345.

Mori, Y., Matsumoto, K., Ueda, T. and Kobatake, Y. (1986) Spatio-temporal organization of intracellular ATP content and oscillation patterns
in response to blue light by Physarum polycephalum. Protoplasma 135, 31-37.

umil

Ueda, T., Matsumoto, K., Akitaya, T. and Kobatake, Y. (1986) Spatial and temporal organization of intracellular adenine nucleotides and
cyclic nucleotides in relation to rhythmic motility in Physarum plasmodium. Exp. Cell Res. 162, 486-494.
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Kado, D., Kuroda, S., Takagi, S, Tesmer, J., Marwan, W., Hauser, M.J.B, Ueda, T.(2012)
Spatio-temporal dynamics during plasmodial migration of mutant strains of Physarum polycephalum.
Submitted.
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Kobatake, Y., Ueda, T. and Matsumoto, K.(1990) Phase wave and perception of amoeboid cells.

In "Biosensors and Biocomputers”, ed. F. Hong, Plenum Press. p.223-230.
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MOLECULAR
ELECTRONICS
Biosensors and
Biocomputers

M.Conrad

(Wayne State Univ, 1941-2000,
editor of Systems Biology)
Invited me to an international
conference held at Silicon Valley.

Edited by
Felix T. Hong

“Why do you do experiments so
diligently and intelligently ?”
“Experiment is the only language
to dialogue with nature.”

Michael and Debora
Conrad
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Steiner problem: A Steiner tree
Is a tree in a distance graph
which spans a given subset of
vertices (Steiner Points)
with the minimal total distance
on its edges.

Nakagaki, T., Kobayashi, R., Nishiura, Y., and Ueda, T.(2004) Obtaining multiple separate food sources: behavioral intelligence in the Physarum.
Proc.R.Soc.Lond.B 271, 2305-2310



Finding the path of the minimum risk

control dl)z‘7

Estimation for risk
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time
W)

2 Vi
9‘) Msssssssm
dashed line: the risk-minimum path
according to migration rate, v/vo o = VL / VD

Nakagaki, T., Tero, A., Saigura, T., lima, M, Kobayashi, R., Ueda, T., Nishiura, Y., Showalter, K. (2007)
Minimume-risk path finding by an adaptive amoebal network. Phys. Rev. Lett. 99, 068104.
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How | Discovered Phase Contrast
F. Zernike  Science 121 (1965)

Phase contrast was not discovered while | was working with a microscope, but while | was
working in a different part of optics.

On looking back to this event, | am impressed by the greatest limitations of the human mind.
How quick we are to learn --- that is, to imitate what others have done or thought before — and
how slow to understand --- that is, to see the deeper connections. Slowest of all, however, are

we in inventing new connections or even in applying old ideas in a new field.
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Mind In the Physarum plasmodium ?

i g romanee & l
Biophysics of Brain and Mind

DD/ ATLIYIA

1097) sk PaPPv

“Mind 1n a cell? An attempt for
psychophysiology in cell behavior”

The editor asked me to write “whether there is mind in the true slime mold”.
This happened at 1996 when | was at Nagoya University and one of my
graduate student, Nakagaki, was interested in this aspect . We co-authored
a chapter.



L

Matsumoto, K., Ueda, T. and Kobatake, Y. (1986) Propagation of phase wave in relation to tactic
responses by the plasmodium of Physarum polycephalum. J. Theor. Biol. 122, 339-345.
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Phase response to a local temperature stimulation

Matsumoto, K., Ueda, T. and Kobatake, Y. (1988) Reversal of thermotaxis with oscillatory
stimulation in the plasmodium of Physarum polycephalum. J. Theor. Biol.

Matsumoto, K., Ueda, T. and Kobatake, Y. (1986) Propagation of phase wave in relation to tactic
responses by the plasmodium of Physarum polycephalum. J. Theor. Biol. 122, 339-345.




Orientation of phase gradient vector
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Multiple reception at a time

RO |

D7 ./ 'E

A)

HCI, picric acid, blue light
Glucose, galactose

Behavioral response = (a)Signal transduction to
(amount of PS on S) — (amount of P5 on C) intracellular chemicals:

Total amount of the plasmodium
(b) Signal integration:

’ = Both< X >and <Y > bind
(Gic] = 1 mM i competitively
{ } * with the same substance P.
R 0+W (c) Link to the control of behavior:
+ + \ { { ' R=<PX>-<PY>
| = m"+ ; | (minus sign is due to negative taxis).
- s B
10.01 0.1 1 " = 10 100 R s KXA(CA> KYB(CB)
ennread 1 +Kxa(Ca)+Kyp(Cg)

Ueda, T.(2005) An intelligent slime mold: a self-organizing system of cell shape and in
In “Networks of Interacting Machines: production organization in complex industrial sys

World Scientific Publishing Co., pp.221-256.
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Takagi, S, Kuroda,S. and Ueda T.(2012) Slow phase dynamics in relation to perception of multiple stimuli in
the Physarum plasmodium. in preparation.



A model for switching behavior

Biochemical
oscillation Frequency
reay Iat.i.o.r:““
( : ) » > @ -uml;l,-.-:l::::::

Reception Transduction -H-FT ﬁg:gl';?g:' -
@ > > '--'ﬂl‘l;::l.:l:::llun"“. .. .
We
{fast)

(slow)
0, = wo + &0, — 0,) + €21'(0. — 0,) + F(Ca.Cr)
C; = —uC(C; —1.5) — R, + I; — g0y 0. = wo + e1T(0, — 0.) + €2T'(0, — 0.) + F(Cr. Ca)
- W - Y uC? 0o = wo + e T'(0. — 0,) + eT'(0. — 6,)

. ] . . iAHZ = GL — 00 (Z - S,C)
Parameters an functions for numerical simulation

(Ia,Ir) = (0.004,0.004). The default value of I was chosen as — 0.001.
1=1.65, g =0.03, do = 0.0001
['(z) = sin(z’/2), where 2’ = ((x + ) mod 27) — 7 € [-7,7)

(ryots sp.A) = (1.955,0.2,1.0, 10) order differential equations. Proc.R.Soc. R.221, 87-102.1984.

Al, = <, (A0,) ~ 26, (A8, - e2I'(A0, - AD,) + f(C1.CR)
A, = -, [(A0,) = 26, T(A0.) — 2l (A0, — A0.) + f(Cr.Ca)

Tadokoro, S., Yamaguti,Y., Fujii, H. and Tsuda, 1.(2011) Transitory behaviors in
wo =2, € =10, e2=0.1 diffusively coupled nonlinear oscillators. Cognitive Nuerodynamics 5, 1-12.
f(z,y) =rp(a’ + tsy') — sy where 2’ = 1/(1 + exp(—Az) Hindmarsh, J.L. and Rose, R.M. A model of neuronal bursting using three coupled first



Switching of perception in a bistable situation

400 |

200 |.

-200 |

-400 |

Phase difference (arb. unit)
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Perception
“I like it”

)
“| hate it”

Perception depends not only on the external stimuli, but also on the internal
state of the cell. The internal state is called psychological state or mind in

higher organisms.

“The brain switches between seeing
a rabbit and a duck. Perception is not
just a product of the stimulus, but also

of mental activity.”

Jastrow, J. (1899)
The mind’s eye

Haken, H. (1996) “Principles of Brain Functioning” Chap.16, Springer-Verlag, Berlin
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