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Many bacteria are exposed to uctuations in their environment and can respond to such changes by regulating transcription. This |
one of the most important plastic phenotypical responses in bacteria. Here we propose to use a micro uidic device to stud 2. The Mother Machine: A Micro uidic Device for Microscopically
transcriptional responses to external stimuli in Escherichia coli on single cell level. We design and implement a device in which we Tracking Individual Cell Lineages
can track single cells for many generations and measure their expression levels while exposing them to various changing conditions.
In a rst step we plan to use this device to study the regulation of the lac operon. The device allows us to use the natural inducer pf
the system while many other studies use synthetic inducers, which are not metabolized in contrast to the natural inducer. We |sho
Initial results that suggest that the regulation of the lac operon changes across evolution and we plan to use our device to develop

an understanding of how these changes occur. The long term goal is to gure out the genetic changes that can lead to profoun .
changes in the regulation of a system like the lac operon.
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1. Activity of the lac Promoter of E. coli K12 Exhibits Heterogeneity at the Single Cell Level and the
Extent of Heterogeneity Di ers Between E. coli Isolates
. lac operon
. lacl ©] lacz ’ lacY ’IaL’_g
\/ ‘ The mother machine is a micro uidic device
e e designed to measure growth rates of single
promoter region LacA (thiogalactoside acetyltransferase) baCterlaI Ce”S OVGI’ a |Ong pe”Od Of tlme (Wang
ofthe lac operon et al., 2010). In this device bacteria are grown in
dead-end growth channels that are connected
to a main channel. The most bottom cell (red) in
the growth channel is trapped and when
dividing, it iIs pushing its progenies out of the
growth channel where they are removed by the
The E. coli strains of the SC library were isolated from soil in a Lake Superior Scheme of the construct used to ow of medium in the. main channel.
watershed between October 2003 and October 2004 (Ishii et al., 2006). monitor activity of the lac promoter To measure transcriptional responses we are
_ _ looking for a system that allows us to quickly
We compared K12 Plac-expression (Zaslaver et al, 2006) at the single-cell level change the conditions bacteria are exposed to.
using FACS. In glucose minimal media supplemented with di erent levels of IPTG, Therefore we started to optimize the original
the natural isolates show di erential expression from this promoter. mother machine design (3). Further we
However, the FACS experiments only give us a snapshot of the population. To demonstrated that the system can be used to
follow the dynamics of expression on the single cell level we need a dierent 2> SC1 B3 monitor gene expression (4) and we were
experimental system. The solution we present here is a published micro uidic % looking for ways to analyze the amount of data
device called mother machine (2). - produced by high throuhput microscopy (5).
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f i ’ o E. ferg. 3. A New Improved Mother Machine Design Allows Fast Switching
H E log10 GFP (AU) Between Two Di erent Inputs
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Here we show a phylogenetic tree of E. coli strains, which was build using genome wide SNB
data. Colored bars correspond to the traditional E. coli phylogengtitips. The graphs show X
the response of the lac promoter to di erent IPTG concentrations measured in the FACS.
log10 GFP (AU)
4. The Mother Machine Can Be Used to Measure Gene 5. Automated |mage Ana|ysis Prospectives
Expression and Growth Phenotype Simultaneously We plan to start using this experimental system to study how the
regulation of the lac operon changed across evolution. By monitoring
Using inf fion from: growth rates and activity of the lac promoter simultaneously on single
=Ihg Information trom. cell level we will try to understand how selection acts on noise|in
| 1) the miarati d of cells expression via understanding its e ect on growth under di erent
Exit of a cell (1) the migration speed of cells conditions.
2\ th finuity of si q In the future, also other systems shall be tested. The possibility to
(2) the Ct(;\n |rt1U| y ot size an follow a single cell over a long period of time will also allow us|to
. growth rate address interesting questions about cellular memory or other
. physiological determinants of transcriptional responses.
(3) volume conservation and
Symmetry Of Ce” diViSion image analysis: Florian Jug genomic sequencing: Diana Blank and Chris Field
phylogenetic analysis: Frederic Bertels micro uidics development:  Siddharth Deshpande
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