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            Abstract
Cancer cells exhibit several unique metabolic phenotypes that are critical for cell growth and proliferation1. Specifically, they overexpress the M2 isoform of the tightly regulated enzyme pyruvate kinase (PKM2), which controls glycolytic flux, and are highly dependent on de novo biosynthesis of serine and glycine2. Here we describe a new rheostat-like mechanistic relationship between PKM2 activity and serine biosynthesis. We show that serine can bind to and activate human PKM2, and that PKM2 activity in cells is reduced in response to serine deprivation. This reduction in PKM2 activity shifts cells to a fuel-efficient mode in which more pyruvate is diverted to the mitochondria and more glucose-derived carbon is channelled into serine biosynthesis to support cell proliferation.
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                    Figure 1: Characterization of PKM-silenced HCT116 cells.
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Figure 2: The effect of PKM silencing on glycolytic flux.
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Figure 3: Serine and glycine deprivation changes glucose metabolism.
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Figure 4: Serine is an allosteric activator of PKM2.
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                Atomic coordinates and structure factors for the PKM2 crystal structures have been deposited in the Protein Data Bank (PDB) under accession code 4B2D.

              
            

Change history
	14 November 2012
A url at the end of the Methods section was corrected.


	17 April 2013
Nature 491, 458–462 (2012); doi:10.1038/nature11540 In Fig. 1a of this Letter, the western blot originally published in the PKM2 panel was a re-probe of the blot used in the PKM1 panel and the signal picked up was from the first antibody (PKM1) and not from PKM2. We have repeated the experiment on three different membranes with the antibodies used in the original paper for PKM1, PKM2 and total PKM, using actin as the loading control (Fig.
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        Editorial Summary
Serine biosynthesis linked to glycolysis
The M2 isoform of pyruvate kinase (PKM2) is a key enzyme in glycolysis, and is expressed in many proliferating cells including cancer cells. Using biochemical, structural and cell-based experiments, these authors show that, as has been previously suggested, serine directly binds to and activates PKM2. Under conditions of serine depletion, the resulting reduction in PKM2 activity is shown to divert pyruvate into mitochondrial metabolism, thereby promoting serine biosynthesis, which is required for cell proliferation. This work clarifies the relationship between glucose and amino acid metabolism, demonstrating a mechanism whereby glucose-derived carbon is utilized for serine biosynthesis or energy production.
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