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A B S T R A C T

Silent information regulator two proteins (sirtuins or SIRTs) are a group of histone deacetylases whose

activities are dependent on and regulated by nicotinamide adenine dinucleotide (NAD+). They suppress

genome-wide transcription, yet upregulate a select set of proteins related to energy metabolism and pro-

survival mechanisms, and therefore play a key role in the longevity effects elicited by calorie restriction.

Recently, a neuroprotective effect of sirtuins has been reported for both acute and chronic neurological

diseases. The focus of this review is to summarize the latest progress regarding the protective effects of

sirtuins, with a focus on SIRT1. We first introduce the distribution of sirtuins in the brain and how their

expression and activity are regulated. We then highlight their protective effects against common neurological

disorders, such as cerebral ischemia, axonal injury, Alzheimer’s disease, Parkinson’s disease, amyotrophic

lateral sclerosis, and multiple sclerosis. Finally, we analyze the mechanisms underlying sirtuin-mediated

neuroprotection, centering on their non-histone substrates such as DNA repair enzymes, protein kinases,

transcription factors, and coactivators. Collectively, the information compiled here will serve as a

comprehensive reference for the actions of sirtuins in the nervous system to date, and will hopefully help

to design further experimental research and expand sirtuins as therapeutic targets in the future.

Published by Elsevier Ltd.
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1. Introduction

1.1. Histone deacetylases

Proteins undergo many posttranslational modifications to
alter their function. One such modification is that certain proteins
are acetylated on their lysine residues, a reaction mediated by
acetyltransferases (Mellert and McMahon, 2009). Removal of
these acetyl groups is facilitated by another family of enzymes –
deacetylases (Mellert and McMahon, 2009; Yang and Seto, 2007).
The prototypical proteins that exemplify the effects of acetylation
are histones, as acetylated histones are unbound to DNA and allow
transcription, while deacetylated histones bind tightly to DNA
and restrict transcription (for a more detailed description see
Section 5.1).

There are four classes of deacetylases in mammals; among
them, class III is unique because its members require nicotinamide
adenine dinucleotide (NAD+) for catalysis. Therefore, they are also
known as the NAD+-dependent class III histone deacetylases (Imai
et al., 2000; Mellert and McMahon, 2009; Yang and Seto, 2007).
More commonly, they are referred to as silent information

regulator two proteins (sirtuins or SIRTs), named after their yeast
homologue, silent information regulator 2 (sir2) (Afshar and
Murnane, 1999). To date, seven sirtuins have been identified, and
they are known as sirtuin 1 (SIRT1) through SIRT 7 (Fig. 1) (Michan
and Sinclair, 2007). Structurally, they share significant sequence
homology, and they all contain a conserved catalytic domain and a
NAD+-binding domain (Finnin et al., 2001; Sherman et al., 1999;
Yamamoto et al., 2007).

1.2. SIRT1 mediates longevity under calorie restriction

SIRT1 is the best-characterized sirtuin among the seven. It
contains 747 amino acids in human, with a predicted molecular
weight of 81 kDa and a measured one of 120 kDa. In addition to
histones, SIRT1 also deacetylates a number of non-histone
substrates, such as p53 (Luo et al., 2001) and peroxisome
proliferator-activated receptor g (PPARg) coactivator-1a (PGC-
1a) (Nemoto et al., 2005). SIRT1 is drawing even more attention
since it is considered to be one of the determining factors in
lifespan elongation induced by calorie restriction, a phenomenon
observed in phylogenetically diverse organisms including yeast,

F. Zhang et al. / Progress in Neurobiology 95 (2011) 373–395374
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