
How would you like to use the time for active learning?

- “probably talk about problem sets”, “presenting the most significant problem sets 
and connect them to modern qbio research if possible”, “I would prefer to present 
the problem sets”, “Both presenting the problem sets and QnAs are good”

Let’s do it!

- “Discussing the issues that the students are interested in or the interesting aspects 
of your research is also a good idea. In particular, considering that perhaps 
discussing the topic in a relaxed manner and presenting and discussing your 
research in a more open way might be more effective than simply waiting for 
questions from the audience.”

Definitely, please jump in with thoughts or questions whenever!

- “ As standard problems can now be explained pretty well by tools like GPT, I would 
love it if we could use the class time to dive deeper into the underlying principles—
especially the history of how these quantitative equations were first proposed.”

Yes, let’s strike a balance.

Quantitative principles in biological systems
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Molecular components of chemotaxis

Girgis et al. PLoS Genet (2007)
Bitbol and Wingreen. Biophys J (2015)

z-scores

Molecular components of chemotaxis

Lazebnik. “Can a biologist fix a radio?” (2002)
Bitbol and Wingreen. Biophys J (2015)



Crash course on chemical reactions

Enzymes lower activation energies to increase rates.



The most probable paths across an energy barrier goes over the saddle point.

Dill

Modeling enzyme kinetics
faster



CheY phosphorylation determines tumbling rate.

Cluzel et al. Science (2000)
Bitbol and Wingreen. Biophys J (2015)
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Adaptation requires feedback.

Barkai and Leibler. Nature (1997)
Bitbol and Wingreen. Biophys J (2015)

Adaptation requires feedback.



Tumbling rate is ultrasensitive to CheY-P.

Cluzel et al. Science (2000)
Bitbol and Wingreen. Biophys J (2015)
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Tumbling rate is ultrasensitive to CheY-P, compared to …
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Tumbling rate is ultrasensitive to CheY-P, with a Hill coefficient 𝑛 ≈ 10.

Cluzel et al. Science (2000)



Tumbling rate is ultrasensitive to CheY-P, with a Hill coefficient 𝑛 ≈ 10.

Allostery for cooperativity

Monod et al. J Mol Biol (1965)



Counting molecules in chemotaxis

~100 ligands → CheA→ ~103 CheY within 1 sec

Bitbol and Wingreen. Biophys J (2015)

Molecular components solve life’s problems.

Lazebnik. “Can a biologist fix a radio?” (2002)
Bitbol and Wingreen. Biophys J (2015)



Summary

- Biology implements molecular mechanisms to 
solve life’s problems, many of which are physical.

- Adaptation can be perfect and robust.

- Cooperativity can be realized through allostery.

Phillips et al


