Fundamental limits to the precision of
multicellular sensing
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Life is complex

Can we understand complex,
multi-scale processes from simple principles?



Minimal modeling approach

-

-
* Physical limits set by environment diffusion, fluctuations, ...
* Basic mechanisms of computation simple network models

» Falsifiable predications for response quantitative experiments
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Can cells sense better together
than they can alone?

How?



A multicellular sensory system




Multicellular ‘organoids’
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Multicellular ‘organoids’
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Multicellular ‘organoids’
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Microfluidic device
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Ligand gradient (EGF)



Evidence of collective sensing
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Constructing a model
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Difference in molecule numbers:
An ~ a*Ac = a’g(Na)

There will be fluctuations.
What is the error?
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Poisson statistics:
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Constructing a model
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Difference in molecule numbers:
An ~ a’Ac = a’g(Na)

There will be fluctuations.
What is the error?
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Constructing a model

o Compartments need
: to communicate to

@), | integrate information.
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Model of sensing with communication
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Model of sensing with communication

/
: ? } An

"
Y n
] Use fluctuation-
N ; dissipation theorem
. 72 2 Y — 8 and linear response
C = DV e-— ()(_1‘—.1,,)1‘,, sk theor tofindo
= ! Equilibrium Yy
-~ binding 0AN/AN
n =— cC, — /.l‘l'n + I)n ! I

'.ifn = 37‘,1 — VT T f,, Production,
- degradation,
Yn = “3"'71 — Wy -+ ".'(yn—l etk — 2U11) - Xn

exchange



The need to communicate places a new limit

sensory precision, Ay /0Ay
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Fundamental limit

Berg-Purcell:
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Model with communication:
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Comparing theory with experiment

Experiment: Theory:
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Comparing theory with experiment
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Current work: collective migration

Potts model:
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Conclusions

* Simple estimates provide powerful \
bounds on biological performance g R &

« Communication allows collective
systems to outperform single cells

 Communication also /imits
performance, since it is imperfect

More info: arXiv:1505.04346




