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The formation of concentric ring-like colonies by bacterial species Bacillus subtilis has been
investigated, focusing our attention on the effect of local cell density upon the bacterial motility: (i)
Neither any chemicals nor a pacemaker at the center of the ring takes part in the concentric ring
formation. (ii) Phase entrainment between two colonies having different phase of concentric ring does
not occur. (iii) From the measurement of lag-phase time when varying the initial cell density, the start of
the first migration phase is found to depend on the cell density. (iv) When cutting the part of a colony
which is behind a migration phase just after the start of migration, the migration phase becomes shorter.
On the other hand, the following consolidation phase becomes longer. (v) By the replica-printing method,
active bacteria move collectively from inside to outside of the outermost consolidation terrace. Our
present experimental results are qualitatively consistent with the results of the other bacterial species
P. mirabilis, although the individual cell motility is quite different from each other. The present results
suggest that the essential factor of the change of the bacterial motility of B. subtilis during concetric ring
formation is the local cell density.
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1. Introduction

When bacteria are cultivated on an agar plate with
nutrient, they grow and multiply by cell division repeatedly,
collect and move in groups, and eventually form a colony.
Recently, research with respect to bacterial motility is
ranging over not only biological science such as bacteriol-
ogy and genetics, but also physics and mathematical science
in relation to the study of pattern formation.1–3) One of the
important points in studying the bacterial motility from
physical and mathematical viewpoint is that spatiotemporal
behavior of bacterial growth and motion can be readily
observed in a wide range of scale with optical and stereo
microscopes: In microscopic scale, which is the order of a
micron, multiplication of bacteria and their individual
motion is visible. In mesoscopic scale, which is the order
of a tenth of a millimeter, the collective motion of bacteria is
observed. And in macroscopic scale, which is the order of a
centimeter, the whole morphology formation of bacterial
colonies is characterized. Especially, the process of bacterial
colony formation has been studied experimentally with a
variety of bacterial species such as Bacillus subtilis,3)

Proteus mirabilis,4) and Serratia marcescens and so forth.2)

The remarkable feature in bacterial colony formation is that
environmental conditions, that is the softness of agar and the
nutrient concentration, have a great influence on the
morphology of bacterial colonies and produce a rich variety
of morphologies, although the motion of individual bacterial
cells seems to be simple. Many researchers have tried to
reproduce this morphological diversity by constructing
models for population dynamics of bacterial growth.5–10)

We focus our attention on bacterial colony formation of

Bacillus subtilis (B. subtilis). This strain is rod-shaped (0.5–
1.0 mm in diameter, 2–5 mm in length) with flagella and is
motile in water by collectively rotating the flagella. When
the environmental condition is unfavorable to the bacterium,
such as on a nutrient-poor or dry agar plate, the bacterial
cells become spores. In this paper, we present experimental
results of the influence of the above two environmental
conditions upon the bacterial colony formation in the case of
the strain OG-01 (wild-type strain).

Figure 1 shows the typical morphology diagram of
B. subtilis obtained so far as a function of both nutrient
concentration Cn and the inverse of agar concentration
Ca.11,12) The experimental setup and procedure for producing
the typical colony patterns shown in Fig. 1 are summarized
as follows. A solution containing 5 g of sodium chloride
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Fig. 1. Morphology diagram of B. subtilis as a function of nutrient
concentration Cn and the inverse of agar concentration Ca.
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