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Extended Abstract

The population of a bacterial monoculture inoculated from a single colony is clonal, having
very little or no genetic variation. Despite this genetic homogeneity, experimental observa-
tion of single-cells has shown a high level of variability in a number of fundamental cellular
processes [1, 2, 3]. For example, the inter-division times of single Escherichia coli cells are
broadly distributed, with no correlation in division time from one generation to the next [2].
This "noisy” behavior is masked in averaged, population-based measurements of cell division.
Such results suggest that quantitative analyses of single cells will be required to produce a
comprehensive understanding of cellular regulatory processes. Using the naturally-adherent
freshwater bacterium Caulobacter crescentus as a model organism, we have developed a
method to immobilize and monitor the growth and division of single bacterial cells over mul-
tiple generations on a chemically-inert glass surface (Fig. 1). Novel microfluidic devices have
recently emerged as powerful tools for single-cell experiments [4, 5, 6]. The fluid mechanical
properties of growth medium in our linear microfludic culture channel combined with the
unique attachment properties of C. crescentus allow us to capture and image cell offspring
without manipulation, permitting facile comparison of growth and division between mother
and daughter cells. Under microfluidic culture conditions, the rate of C. crescentus cell di-
vision is more rapid than has been attained under any previously reported conditions, with
select cell divisions approaching the theoretical maximal rate of chromosome replication (=
1000 nt/s [7]). We monitored growth and division at the single-cell level in C. crescentus
across 12 generations and show that cell division time (56.7 £ 9.8 minutes; a coefficient of
variation of 17.3%) is more tightly controlled than that of E. coli, B. cereus, or E. aerogenes
8, 9]. Furthermore, we demonstrate that both cell generation time and cell death are highly
correlated between mother and daughter cells compared to other cells within the monitoring
field (Fig. 2). Our results suggest that non-genetic elements of the, C. crescentus cell division
control network are inherited from mother to daughter, leading to persistence of cell division
behavior over multiple generations.
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Figure 1: Schematic of the microfluidic single-cell imaging device. (A) Cells with a fully
developed stalk readily adhere to the glass surface via the adhesive holdfast at the terminus
of the stalk. (B) Fluid flowing in the channel at a constant rate and under laminar conditions
causes the cells to lie flat against the glass. Upon cell division, daughter swarmer cells are
most often carried away from their attached mother cells by medium flow in the channel.
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Figure 2: Plot of cell area versus time. The strength of holdfast attachment to the glass
coverslip allows stalked cells to remain permanently attached within the channel over the
course of an experiment, permitting imaging of single-cell growth and division across multiple
generations. Though the majority of swarmer cells are flushed out of the microfluidic channel
upon separation from their mother cell, the fluid mechanical properties of the channel lead
to a finite probability of daughter cell attachment downstream of the mother cell following a
division event. Growth of the mother (black trajectory) and daughter (blue trajectory) cells
can then be simultaneously measured. A schematic of the average cell shape prior to and
following division is shown in red.



