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The lactose operon
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Interaction of the repressor with the lac operators
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Green fluorescence
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Bistability was not observed when the inducer was lactose

During induction with lactose,| initially uninduced cell
populations show a transient bimodal distribution of green
fluorescence levels at certain glucose concentrations, and a
transient unimodal distribution at others.[However, the steady state
distribution after 4 hours of growth is a/lways unimodal, and we
never observe hysteresis. By performing extensive measurements,
we confirmed this unimodal behaviour to occur for over fifty
combinations of glucose and lactose concentrations, upto
saturating quantities of each sugar.| The difference between the
observed responses to TMG and lactose could be due to several
causes. First, because lactose 1s metabolized and therefore affects
cell growth rate, it could happen that the induced subpopulation of
a bimodal population always grows to dominance.| Second, since
the metabolism of lactose leads to a drop in CRP-cAMP levels®®,
the inducer activity of allolactose might be counteracted to some
extent. [Third, although an increase in operon expression leads to
an increase 1n lactose uptake and allolactose production, it also
leads to an increase in allolactose degradation by B-galactosidase.
Intracellular allolactose levels therefore depend very weakly on
operon expression levels, reducing the strength of positive
feedback and possibly eliminating bistability altogether.
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A mathematical model for the lac operon
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Supplementary equations
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Parameter Values
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Bifurcation Diagrams
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Normalized Frequency
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Lactose Molecules per Bacterium
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Normalized Frequency

Variable Growth Rate
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