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            Abstract
In budding yeast, Saccharomyces cerevisiae, the Start checkpoint integrates multiple internal and external signals into an all-or-none decision to enter the cell cycle. Here we show that Start behaves like a switch due to systems-level feedback in the regulatory network. In contrast to current models proposing a linear cascade of Start activation, transcriptional positive feedback of the G1 cyclins Cln1 and Cln2 induces the near-simultaneous expression of the âˆ¼200-gene G1/S regulon. Nuclear Cln2 drives coherent regulon expression, whereas cytoplasmic Cln2 drives efficient budding. Cells with the CLN1 and CLN2 genes deleted frequently arrest as unbudded cells, incurring a large fluctuation-induced fitness penalty due to both the lack of cytoplasmic Cln2 and insufficient G1/S regulon expression. Thus, positive-feedback-amplified expression of Cln1 and Cln2 simultaneously drives robust budding and rapid, coherent regulon expression. A similar G1/S regulatory network in mammalian cells, comprised of non-orthologous genes, suggests either conservation of regulatory architecture or convergent evolution.
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                    Figure 1: 
Positive feedback drives the Start of the budding yeast cell cycle.
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Figure 2: 
Cln1 and Cln2 drive coherent expression of the SBF/MBF regulon.
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Figure 3: 
Stochastic unbudded arrest in 
cln1
Î” 
cln2
Î” cells and its modulation by Cln2, Cln3, Whi5, and the mitotic cyclins.
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Figure 4: 
Cln1 and Cln2 are required for rapid phosphorylation and inactivation of the rate-limiting inhibitor Whi5.
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Figure 5: 
Function of nuclear Cln2 and a model for Start regulation by positive feedback.
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        Editorial Summary
The cell cycle: think positive
The cell cycle couples growth and cell division to ensure the consistent size and shape of individual cells. This involves a vast array of genes and proteins, and requires sophisticated mechanisms to keep them acting in step. Two reports in this issue focus on different points in the cell cycle of the budding yeast Saccharomyces cerevisiae, and find that in each case, positive feedback keeps the process on the rails. Skotheim et al. studied the Start checkpoint in the G1 cell cycle phase, where cells irreversibly commit to cell division. Single-cell analysis reveals that Start is a positive feedback-dependent switch that coordinates the simultaneous transcription of a large group of cell cycle genes and the budding of a daughter cell. Holt et al. studied the onset of anaphase in mitosis, at which chromosome pairs separate abruptly and simultaneously. Cohesion between sister chromatids is dissolved by the enzyme separase, which is held in check by securin. A positive feedback loop regulating the ubiquitination and destruction of securin appears to make anaphase a switch-like event.
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