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Transition of collective behavior in motile cyanobacteria
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Abstract

Collective cell movement of motile cyanobacteria, was investigated. A variety of colony patterns

and movements, additionally, transition among the patterns were observed. Combined with

the analysis by a self-propelled particle model, we found that not only cell-cell interaction but

also cell-environment interaction are key factors for the dynamical pattern formation.
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1: A variety of colony patterns. (A) Cells of
Pseudanabaena sp. form a chain. (B) Bundles
of several chains move translationally. (C) A
group of chains rotates as a single disk. (D) A
comet-like group moves translationally.
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2: Cell-cell interaction.
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3: Collective effect.
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4: Effect of slime on velocity. The colony
speed larger on slime than off slime.
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5: A model based on a group of particles.
(A) Interaction between particle ¢ and j. (B)
Schematic diagram of interaction between par-
ticle 4 and j. (C) Anisotropy in interaction. (D)
Slime effect.
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6: Collective movement emerged in the par-
ticle based model without slime effect. (A) Ag-
gregation. (B) Fluctuating rotation. (C) Unidi-
rectional rotation. (D) Marching.
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[X] 7: Effect of slime. 7 = 0.1.(A) Transition
from rotation to marching. Secretion rate of
slime is low (k = 1). (B) Trapped in a slime
reservoir. Secretion rate of slime is high (k = 4).

6 F&&H

JEERES 7 2 N7 7 ) 7 CEE I NSk E )
Haw = —gEO &, TEFT TNV THEZ
N7z, Disk M E DI b 7 v I N HFEc
J& L, Bundle & Comet IR b7 v 72 o BiH L

ToEEB OREIUIN T % LR TE 2. EEHRR
T, Disk il ) DRER % B CWVWED | ORE O 24 AL
DR E VB Z N TIICES &, Disk 38R D
7o o TEEMICISEB) 2 Fil ) 5. —H5 T, 24
Lo/ NSV EBHLNZBRE T @ Disk 257 2% &,
HAE L C Bundle ° Comet ™\ £ BT 2113
ENTw3, hifryrIiar—yavrTid, by 7
SN REEBSEEIEARNICZD N7y T 5K
T2 LI TERWD, EEOR TR, EHL A&
235 MG 2 DT, ZORRICK > T, BROK
EVEDHAN S 2 2D, SRDETILTIZ,
Bundle & Comet IZIXB]TE Zedro 7203, K F-o38
WRIGHFET 2 EDV TV AT 4y 7 BRETVEHEA
L2 FETHS.

DLED X9z, KiF-E 7L THY A7 Yl 4
HAFM (RGBS oM EER) 720
THME R LB O ERTE 5 2 L b o
7o, N7 7RO ELAICER S Z Cn s D
Hiffie L — L 22 CEECE 2 RS R 2 TE

L

Pseudanabaena sp. | FRARFHEBIZREE L | K2
FEEIE SR EEIMEE L 72, I 0EE2RT 3,
AWFZEIS R (23127511, 25127717) DRI X 5.

SE Xk

[1] T. Vicsek et al. (1995) Phys. Rev. Lett.
75 1226; G. Grégorie and H. Chaté (2004)
Phys. Rev. Lett. 92 025702; 76 3870; D. Hel-
bing (2001) Rev. modern phys. 73, 1067-1141;
Bando et al., (1994) Phys.Rev.E, 51, 1035;
Tadaki et al. (1998) J. Phys. Soc. Jp. 67,
2270; Nakayama et al. (2005) Phys. Rev. E
71 036121.

[2] N. Shimoyama et al. (1996) Phys. Rev. Lett.

[3] H.Iwasaki (2010) Kagaku, Iwanami, 7 747-754
(in Japanese); H. Iwasaki (2011) Jikken Igaku
29 (7) 1188-1196 (in Japanese).

[4] A. Takamatsu, Y. Fukazawa, K. Tanaka, H.
Iwasaki (2011) International Symposium on

Complex Systems, The university of Tokyo.



