Stable and oscillatory signals from unstirred

bacterial cultures
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A complex kinetic behavior of the bioluminescence was observed after transition
of the lux gene fused Alcaligenes eutrophus from stirred to unstirred conditions. It

is suggested that the bioluminescence signal carries information about the cell
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density dependent (“quorum sensing”) expression of the lux genes and also suffers
modulation by the structural changes, which predetermines the subsequent film
formation. Dissipative structurization of the dense culture was assumed to explain

the oscillatory responses observable bellow a certain critical temperature which is

between 22 and 24 °C.
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INTRODUCTION

Intercellular communications and concerted multi-
cellular activities are now generally accepted to be
common among bacteria [1]. Currently it is well do-
cumented that small “quorum sensing” signal mole-
cules are used to “switch” the expression of a wide
variety of genes [1-3]. To date, quorum-sensing cir-
cuits have been identified in a wide range of bacte-
ria where they regulate various functions including
bioluminescence and biofilm formation [3]. The past
decade has also witnessed discovery of bacterial self-
organization, another phenomenon in the cooperati-
ve behavior of bacteria [4]. A self-organized culture
exhibits the macroscopic nonuniformity of the con-
centration of bacterial populations. Moreover, spa-
tial patterns produced by autoaggregated bacteria
can be strikingly ordered [1, 4, 5].

A recent example of the concerted behavior of
cells is oscillatory bioluminescence in unstirred cultu-
res of the lux genes harboring bacteria [6-9]. It is
notable that oscillatory bioluminescence as well as bac-
terial self-organization are clearly population-density-
dependent processes. The aim of the present work
was to exemplify the complexity of the biolumines-
cence kinetics observable at high cell densities and to
derive arguments on the possible relationship among
self-organization, oscillatory responses and quorum
sensing in cultures of the lux-gene fused A eutrophus.

EXPERIMENTAL

A. eutrophus (AE1239) containing the uxCDABE ge-
nes of Vibrio fisheri placed under the control of cop-
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per inducible promoter were grown in LB medium
until the critical concentration of about 0.15 mg/ml
[6]. This concentration of biomass predetermines the
nonlinear dependence of bioluminescence on cell
density [6]. Induction of the culture was provided
by addition of 10 mM CuSOy4 stock solution in LB
medium to a final concentration of 2 mM. The in-
cubation of the culture (10 ml) for several hours
under stirring was followed by sampling and moni-
toring the bioluminescence kinetics. Glass test tubes
were used as reaction vials. The volume of samples
was 0.6 ml. A fiber optic luminometer [8, 9] was
used for the monitoring of bioluminescence intensi-
ty. The procedures of incubation and signal moni-
toring were carried out at stable ambient tempera-
tures.

RESULTS AND DISCUSSION

A complex transitional kinetic behavior of light emis-
sion is exemplified in Fig. 1. There are several no-
table features of the observed kinetics. First, the
maximal bioluminescence signals exhibit a fast ex-
ponential growth (straight lines in the semi-log pla-
ne). Second, the signals adapted to unstirred condi-
tions exhibit relative stability. Third, an impercep-
tible increase of the ambient temperature causes
transition from oscillatory to non-oscillatory kinetics.

The exponential growth of the bioluminescence
signal may indicate a quorum-sensing regulation of
the lux gene expression [2, 3]. Thus, it is most pro-
bable that “quorum sensing” circuits are switched
on at chosen experimental conditions. As noted abo-
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Fig. 1. Kinetic behavior of light emission from A. eutrop-
hus adapting to unstirred conditions at different ambient
temperatures

ve, these circuits may regulate film formation. We
have observed a corresponding phase separation (de-
posits) at the late stages of prolonged experiments,
typically when the concentration of the biomass re-
ached 0.5 mg/ml. Thus, it is believable that the quo-
rum sensing regulates the structure of the unstirred
culture as well as the bioluminescence reaction.
To date, oscillatory responses from the cultures
of A. eutrophus were observed at temperatures close
to 20 °C [6, 7]. Our attempts to initiate oscilla-
tions at higher temperatures were unsuccessful (an
example is shown in Fig. 1). Consequently, the tem-
perature along with cell density is a crucial pa-
rameter predetermining the spatial-temporal order
in an unstirred culture. Considering available in-
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Fig. 2. Morphological phases of A. eutrophus achievable
under unstirred conditions. H-shaped lines represent cru-
de estimates of the particular complex curves in the ima-
ginary phase diagram

formation on the bioluminescence kinetics, we can
estimate the site of the oscillatory luminescence
phenomenon in the schematic H-shaped phase diag-
ram (Fig. 2). The oscillatory phase may be attribu-
ted to the prolonged autoagregation of the cultu-
re, also known as bacterial self-organization [1, 4,
5]. This phase also represents the particular dissi-
pative structures which, according to I. Prigogine’s
theory, may spontaneously occur in the dissipative
non-linear open systems [10].

In conclusion, /ux-gene engineered cells seem to
be suitable for investigation of cell density depen-
dent processes in unstirred cultures. Indeed, the bio-
luminescence signal carries information on the ap-
pearance of the “quorum sensing” and also suffers
modulation by the soft structural changes such as
formation of the dissipative structures.
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STABILUS IR OSCILIUOJANTYS SIGNALAI IS
NEMAISOMU BAKTERIJU KULTURU

Santrauka

Pakitusios Lux genais zyméty Alcaligenes eutrophus inku-
bavimo salygos nutraukus kultiiros maiSyma atskleidé su-
detingus adaptacinius bioliuminescencijos signalus. Stebi-
ma kinetika aiSkinama nuo Iasteliy tankio priklausoma
lux geny ekspresija ir struktiiriniais pokyciais tankiose kul-
tirose. Nustatyta, kad savitvarkéms disipatyvioms strukti-
roms priskirti osciliuojantys signalai gali bati stebimi esant
Zemesnei uz krizing temperatirai, t. y. tarp 22 ir 24°C.
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