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Bacterial memory – scaling up from the behavior of 
individual cells 

 

Many organisms are able to learn – they store information about the past and use this 
information to better inform their behavior. Whether bacteria also form ‘memories’ and use 
these memories for their cellular decision making is less clear. We combine quantitative single-
cell experiments with computational modeling to analyze how the behavior of individual cells 
depends on past events, and how the single-cell behaviors scale up to determine the fate of 
populations. In our main line of research, we follow single cells of the bacterium Caulobacter 
crescentus through repeated exposure to stressors and ask whether past exposure allows cells 
to cope better with future stress. Our first finding is that the link between individual behavior 
and effects measured at the level of populations is sometimes highly non-trivial; we can only 
understand population effects by measuring what single-cell do, and using computational 
modeling to scale to the population level. Our second finding is that bacterial ‘memory’ can 
be asymmetric, in the sense that only one of the two cells emerging from division reacts to 
future events in a history-dependent way. Using computer simulations, we find that such an 
asymmetry in cellular memory could be an evolutionary response to situations where the two 
cells emerging from division will experience different future conditions. I will also briefly 
discuss new projects that probe the generality of these findings, and that investigate history-
dependent behavior in other bacteria and other biological traits. How organisms operate 
dynamic environments is a fundamental question, and combining single-cell experiments with 
modeling can provide new insights into the strategies that microbes use. 
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