Mechanism of Sirtuin activations: a comparison of resveratrol and isonicotinamide 
Mechanism 1
In Sinclair’s 2003 nature paper, resveratrol was termed an allosteric effector of SIRT1 (as well as yeast Sir2). Previous results indicated that a conformational change in SIRT1 was induced by resveratrol binding, which stabilized fluorophore peptide binding (Borra, Smith et al. 2005). 
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The enhanced binding of peptide to the activator-substrate complex is determined by the relative affinity of resveratrol for the peptide complex versus free SIRT1.

Mechanism 2
However, Miline et al. pointed out that resveratrol only bind to SIRT1 in the presence of fluorophore peptide (Milne, Lambert et al. 2007). 
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The net affinity for peptide binding to the resveratrol-bound complex is the multiplied association constants of peptide and resveratrol. Resveratrol that bind with similar affinity, but does not provide the same extent of activation (peptide-binding stabilization).

Conclusion: Since it is required to involve protein conformational change connecting two binding, the mechanism for the biochemical effect of resveratrol is heterotropic substrate-driven allostery. Accordingly, substrate binding opens a distinct site for activator-ligand binding, which stabilizes substrate binding by a thermodynamic component associated with substrate driven activator binding (Gunasekaran, Ma et al. 2004).
Sauve et al has identified the 3rd mechanism for activating Sir2 catalytic function: nicotinamide derepression, which is to interfere with nicotinamide inhibition of sirtuins. Isonicotinamide, a weak binding antagonist of nicotinamide could derepress Sir2 activity subject to nicotinamide inhibition (Sauve, Moir et al. 2005)
[image: ]
Studies indicate that in general the nicotinamide bond cleavage step is usually faster than the downstream chemistry of the imidate intermediate (Jackson, Schmidt et al, 2003; Sauve, Schramm, 2003; Borra, Langer et al, 2004). The nicotinamide bond cleavage step is not rate limiting and the nicotinamide base-exchange rate proceeds faster than the deacetylation reaction rate (Jackson, Schmidt et al, 2003; Sauve, Schramm, 2003). When nicotinamide base-exchange rate greatly exceeds the deacetylation rate (k-1 >k2), NAM inhibition is efficient. If the base-exchange rate is slower than the deacetylation rate (k−1<k2), inhibition of deacetylation by nicotinamide will not complete, such as the inhibition of Af2Sir2 deacetylase reaction by NAM does not exceed 50% (Sauve, Schramm, 2003). This type of inhibition is called hyperbolic or non-linear inhibition. This causes nicotinamide to be slower in reacting with the intermediate, relative to forward chemistry and results in hyperbolic inhibition.

Sauve and coworkers have suggested that Sir2/SIRT1 generally have very fast rate constants k1 and k−1 barriers relative to k2, pseudo-equilibration of the imidate and complex I would be predicted to occur when base exchange is at maximum rate. One possibility is that the imidate remains protonated during catalysis, and since an amide leaving group has negligible basicity even when compared to nicotinamide, the amide remains the superior leaving group and correspondingly the imidate is thermodynamically less stable. 

· Wolberger laboratory has identified a residue which is likely important for interacting with the imidate proton, a Val 160 in the TmSir2 structure in which a backbone carbonyl is within hydrogen-bonding distance to the N of the imidate in the structurally determined thioimidate (Hawse, Hoff et al, 2008). 
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	Hydrogen bond network between side chains in Sir2Tm (grey) and the S-alkylamidate intermediate (pink).


· Sauve group reported that nicotinamide is a poor inhibitor of Sir2Af2 and fails to inhibit deacetylation fully. The authors hypothesized that the intermediate is stabilized relative to the Michaelis complex in this case. There was no evidence that this stabilization is due to deprotonation of the imidate, since deacetylation remains active. They suppose instead that the intermediate is likely stabilized with respect to the complex I by some other means, which causes nicotinamide attack to be poorly competitive with 2 -OH attack on the imidate. 
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The imidate is proposed to have two fundamental reaction pathways: 1) collapse of the 2’-OH group onto the imidate by nucleophilic attack (step II); 2) reversal to NAD+ via -face attack of NAM on the anometic carbon (step I reversed).
Note:
Sir2 enzymes must overcome several challenges to successfully deacetylate a substrate. 
(1) Transferring ADP-ribose to amide oxygen; 
(2) Protecting the peptidyl imidate intermediate  from hydrolysis; 
(3) Deprotonating the N-ribose 2’- OH to form the bicyclic species; 
(4) Protecting the peptidyl-imidate intermediate from Base Exchange with nicotinamide. 



· One possibility has been suggested by structural work done by the Wolberger laboratory, who showed that a Phe residue interacts with the β-face of the ribose. This residue is highly conserved in sirtuins and can regulate the imidate reaction with nicotinamide. Mutation of this residue was found to profoundly accelerate the base exchange rate of the Sir2Tm enzyme, suggesting that this residue can shield the intermediate kinetically, and consequently produce stabilization. 
· It is also possible that the Phe forms a π-cation interaction with the imidate which also contributes to stabilization, given that the sugar is calculated to retain an approximately 0.5 positive charge in the imidate complex (Hu, Wang 2008). Evidence that this Phe residue is mobile and adopts different geometries in different types of sirtuin complexes solved crystallographically fully supports the idea that this residue can modulate stability of imidate complexes. It has also been suggested that this Phe residue can prevent indiscriminate reactivity of the imidate with solvent, although increased hydrolysis relative to deacetylation in a Phe mutant has not been demonstrated. 
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