Inhibition mechanism of known sirtuin inhibitors:
Currently, inhibition mechanism is studied mainly through crystallographic approach and/or kinetic method. The following summarize inhibitors based on their inhibition mechanisms.
1) Inhibition by competing with (displacing) NAD+:
[image: ]Carbamido-NAD works this way. [1] And Carbo-NAD is found to co-crystalize with peptide substrate and SIRT3 (4FVT).









[image: ]Kinase inhibitors generally act through blockage of the adenosine binding region of ATP binding sites by chemically mimicking adenosine or adenine. For example, this molecule (below) is found to be competitive with NAD+. [2] 









Inhibitors in this mode can place acetylate peptide in its binding site to harvest the stabilization due to its binding, and/or its interaction with inhibitor.
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2) Inhibition by competing with (displacing) acetylated peptide substrate:
Cambinol is competitive with acetylated peptide but not NAD+. [3]
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Thioacetyllysine peptides also belong to the same category. [4]
ELT inhibitors [5] (left below) bound to C pocket and peptide binding pocket as found in the crystal structures (4JSR, 4JT8, 4JT9). It is not known if it competes with NAD+ or not.
And anilinobezamide (middle below) is found to be competitive with peptide substrate as well [6].
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SRT1720 (right above) is reported SIRT1 activator, but found to inhibit SIRT3 in a competitive mode with acetylated peptide.[7] Crystal structure reveals that it partially occupies the acetyl-Lys binding site while binds together with NAD+. (4BN5)
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3) Noncompetitive or mixed inhibition with both NAD+ and acetylated peptide substrate:
Noncompetitive or mixed inhibition suggested that substrates can still bind to the enzyme but with modified binding affinity upon inhibitor binding (probably as a different binding mode.)
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Molecule (25)-(27) is noncompetitive inhibitors to NAD+ and (28) is in mixed inhibition mode to NAD+. [8]
Molecule (26) and (28) noncompetitively inhibit acetylated peptide, (25) is a partially noncompetitive inhibitor, (27) is mixed inhibitor vs. acetylated peptide.
There is no structural information on how they bind with ternary structural. It is possible we can dock in sequential order of inhibitor, NAD+ and acetylated peptide to understand the inhibition mechanism.
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4) Enhanced inhibition with co-factor: Ex-527
Ex-527 is a special case, but can also lead to a whole new class of inhibitors.
Ex-527 doesn’t bind strongly to enzyme by itself (as suggested by microscale thermophoresis), but binds much stronger together with NAD+. It also show noncompetitive behavior for acetylated peptide, but is uncompetitive to NAD+, indicating NAD+ assisted inhibition. (This mode can be explored to find new inhibitors, and may be the inhibition mechanism for some inhibitors.) 
Ex-527 doesn’t block the reaction from the beginning. It was found that reaction stops once the co-product 2’-O-acetyl-ADP ribose is formed. It is suggested that 2’-OAADPR and Ex-527 work together as a strong inhibitor. [9]
Ex-527 bound together with NAD+ in SIRT1 (4I5I) and it occupied the C-pocket while nicotinamide moiety of NAD+ occupied a different pocket (not B). [10]
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5) Inhibitor for base-exchange reaction.
Nicotinamide inhibits deacetylation reaction mainly through reverse the first step in the reaction through base-exchange reaction. Iso-nicotinamide is found to relief such inhibition at high concentration.  More inhibitors/activators can be discovered by targeting this binding mode. 


6) In the crystal structures of SIRT3/peptide/piceatannol (4HD8) and SIRT5/peptide/resveratrol (4HDA), these molecules are found to cover the pepide binding pocket and may act by affecting the details of peptide binding. The ligand binding outside the regular binding pockets are certainly something not explored. [11]

7) There are also some inhibitors studied by computational approach only, (docking and simulation), i.e.splitomicin derivatives. [12] These studies investigated mainly the binding mode of the inhibitors and relate the binding affinity to the inhibition potency. 
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