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            Abstract
The NAD-dependent deacetylase Sir2 was initially identified as a mediator of replicative lifespan in budding yeast and was subsequently shown to modulate longevity in worms and flies1,2. Its mammalian homologue, SIRT1, seems to have evolved complex systemic roles in cardiac function, DNA repair and genomic stability. Recent studies suggest a functional relevance of SIRT1 in normal brain physiology and neurological disorders. However, it is unknown if SIRT1 has a role in higher-order brain functions. We report that SIRT1 modulates synaptic plasticity and memory formation via a microRNA-mediated mechanism. Activation of SIRT1 enhances, whereas its loss-of-function impairs, synaptic plasticity. Surprisingly, these effects were mediated via post-transcriptional regulation of cAMP response binding protein (CREB) expression by a brain-specific microRNA, miR-134. SIRT1 normally functions to limit expression of miR-134 via a repressor complex containing the transcription factor YY1, and unchecked miR-134 expression following SIRT1 deficiency results in the downregulated expression of CREB and brain-derived neurotrophic factor (BDNF), thereby impairing synaptic plasticity. These findings demonstrate a new role for SIRT1 in cognition and a previously unknown microRNA-based mechanism by which SIRT1 regulates these processes. Furthermore, these results describe a separate branch of SIRT1 signalling, in which SIRT1 has a direct role in regulating normal brain function in a manner that is disparate from its cell survival functions, demonstrating its value as a potential therapeutic target for the treatment of central nervous system disorders.
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                    Figure 1: 
                        SIRT1 loss-of-function impairs memory and synaptic plasticity.
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Figure 2: 
                        BDNF and CREB are downregulated, whereas miRNA-134 is upregulated, in SIRT1Δ mice.
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Figure 3: 
                        SIRT1 regulates CREB through miR-134.
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Figure 4: 
                        miR-134 knockdown rescues the LTP and memory impairments caused by SIRT1 deficiency.
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        Editorial Summary
A role for SIRT1 in memory
SIRT1 is a deacetylase involved in DNA repair and genomic stability that was originally identified in non-mammalian model systems as a modulator of longevity. Although it was thought to function in normal brain physiology, it was not known whether SIRT1 participates in higher-order brain functions. Gao et al. now demonstrate such a role for SIRT1: its activation enhances synaptic strength and memory formation. These SIRT1-dependent effects are regulated through a post-transcriptional mechanism involving CREB activation and miR-134 production. This interplay between SIRT1 activation, miR-134 levels and synaptic proteins constitutes a previously unrecognized mechanism of plasticity regulation, and suggests that SIRT1 activation may have therapeutic potential in neurodegenerative diseases involving cognitive impairment.
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