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Abstract:
Yeast cells must carefully regulate their internal osmolyte concentrations, partic-
ularly in response to osmotic changes in their environment. The protein Hog1, 
embedded in a well-characterized signaling network, is an important mediator of 
this osmo-response. We measure Hog1 dynamics in response to hyper osmotic 
shocks at the single cell level, and find that the steady-state level of Hog1 activity 
in response to a step input is identical to its pre-stimulus level, a behavior termed 
perfect adaptation. We use simple control theory ideas to guide our experiments 
and find the biological process responsible for the perfect adaptation: osmolyte 
production providing integral feedback. Furthermore, we show that while the gene 
expression response mediated by Hog1 is not required for the perfect adaptation, 
Hog1’s ability to interact with other proteins (through its kinase activity) is essen-
tial.
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