
Illustration of the cells maintained 
in the microfluidic chip. 

Time after switch from glucose to lactose (min)

Cells without Leakage of the LacY before glucose to lactose switch
Cells with Leakage of the LacY before glucose to lactose switchLe
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We combine...

to observe the fitness differences
among individual cells  and their offspring 
for many generations

Automated Cell Tracking

to detect individual expression events 
(leakage) of fluorescently labelled 
single lactose permease molecules

Single Molecule 
Fluorescence Microscopyto maintain and image 

thousands of cells for many generations 
in variable growth medium

Microfluidics
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A Single Molecule Assay 
to Study the Fitness Effects of Leaky Gene Expression
 in Individual Cells

 

The question is...
What is the benefit of this imperfect (leaky) gene regulation?

Our hypothesis is...
The leaked gene products provide a fitness advantage 
when the selective pressure changes.

So we ask...
Does phenotypic variation due to leaky gene expression 
cause fitness differences among genetically identical cells?

Cell-to-cell variation is observed 
due to leaky expression of  lactose transporter protein (LacY)
in isogenic E. coli cells growing on glucose.

 

We need to...
Detect individual gene expression events of fluorescently labelled LacY in individual E. coli cells growing on glucose.
Switch the medium from glucose to lactose.
Compare the fitness of the cells after the switch with and without leakage events before the switch.

BACKGROUND
Escherichia coli can grown on lactose when expressing the
lac operon which is repressed in the prescence of glucose.

Fluorescently labelled and detected LacY molecules (white)
on tracked isogenic individual E. coli cells (yellow outlined)

Fluorescently labelled LacY molecules are imaged 
(lower left) and automatically localized  (right).

Cells (red outlined) are recognized 
by cell tracking algorithm .

Results
Carbon Source

We detect single gene expression events 
of lactose permease (LacY) in 
individual isogenic E. coli cells, and track 
those individuals through a switch of the 
carbon source from glucose to lactose. 

Cells with and without a leaked 
expression of LacY before switching from 
glucose to lactose recovered in the same 
rate following the medium switch. 
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