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            Abstract
Negative feedback is common in biological processes and can increase a systemâ€™s stability to internal and external perturbations. But at the molecular level, control loops always involve signalling steps with finite rates for random births and deaths of individual molecules. Here we show, by developing mathematical tools that merge control and information theory with physical chemistry, that seemingly mild constraints on these rates place severe limits on the ability to suppress molecular fluctuations. Specifically, the minimum standard deviation in abundances decreases with the quartic root of the number of signalling events, making it extremely expensive to increase accuracy. Our results are formulated in terms of experimental observables, and existing data show that cells use brute force when noise suppression is essential; for example, regulatory genes are transcribed tens of thousands of times per cell cycle. The theory challenges conventional beliefs about biochemical accuracy and presents an approach to the rigorous analysis of poorly characterized biological systems.
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                    Figure 1: 
                        Schematic of optimal control networks and information loss.
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Figure 2: 
                        Hard limits on standard deviations.
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Figure 3: 
                        Plasmid replication control.
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        Editorial Summary
Limits on suppression of biological noise
Life in the cell is a continuing battle between randomizing and correcting statistical forces: births and deaths of individual molecules create spontaneous fluctuations in abundances â€” noise â€” and many control circuits have evolved to eliminate, tolerate or exploit the noise. The net outcome is difficult to predict because each individual control circuit in turn consists of probabilistic chemical reactions. Johan Paulsson and colleagues have now recruited control and information theory to determine the fundamental limits on the noise-reducing performance of biological systems. They show that a twofold increase in the accuracy of a genetic network would require a 16-fold increase in the number of signalling steps. This may explain why there is so much biochemical noise â€” correcting it is often too costly.
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