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The lac operon will be our model system for gene regulation.

Monod (1942)
Wikipedia



Crash course on stat mech

Phillips et al

Fundamental principle

At equilibrium, all microstates 
occur with equal probability.
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The probability of a microstate is given by the Boltzmann distribution.
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Boltzmann distribution
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Boltzmann distribution

The probability of a state with 
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The Boltzmann distribution allows us to write down binding probabilities.
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Parameter-free predictions of Lac repression.

𝑝bound =
1

1 +
𝑁ேௌ

𝑃
𝑒

ି୼ఢ೛೏

௞் 1 +
𝑅

𝑁ேௌ
𝑒

ି୼ఢೝ೏
௞்

Phillips et al

Parameter-free predictions of Lac repression.

𝑝bound =
1

1 +
𝑁ேௌ

𝑃
𝑒

ି୼ఢ೛೏

௞் 1 +
𝑅

𝑁ேௌ
𝑒

ି୼ఢೝ೏
௞்

Oehler et al. EMBO J (1994)
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repression =
𝑝bound 𝑅 = 0

𝑝bound 𝑅 ≠ 0



Parameter-free predictions of Lac repression.

Brewster et al. Cell (2014)
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Parameter-free predictions of Lac repression.

Oehler et al. EMBO J (1994)
Phillips et al



The lac operon forms a positive feedback circuit.

Bingkan Xue
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Ozbudak et al. Nature (2004)



Activate or repress?

Gene-Wei Li et al. Cell (2014) Phillips et al

The lac operon is regulated by both a repressor and an activator.

Gerland et al. PNAS (2007)
Phillips et al



New growth laws emerge from CAP regulation.

You et al. Nature (2013)

Synthetic transcriptional networks

Potvin-Trottier et al. Nature (2016)
Elowitz and Leibler. Nature (2000)

Noisy!



Measuring noise

Ji Yu et al. Science (2006)

Measuring noise

Ji Yu et al. Science (2006)
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Can simulate via the 
Gillespie algorithm.



Measuring noise

Elowitz et al. Science (2002)
Taniguchi et al. Science (2010)

per average cell volume
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Intrinsic

Measuring noise

Taniguchi et al. Science (2010)



Summary

- Transcriptional regulation is a stochastic process that can be 
quantitatively understood and controlled.

- Toolbox for modeling biological systems: stochastic processes, chemical 
reaction networks, coarse-grained models, … and more to come!


