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Table S1. Pair-wise superposition of the αγ heterodimer in different structures. 

Overall RMSD (Å)*  αMgγ αMgγMg+CIT αMgγMg+CIT+ADP αMgγMg+ICT+ADP 

αMgγMg+CIT 1.2 (652) ----   

αMgγMg+CIT+ADP 1.0 (654) 0.6 (659) ----  

αMgγMg+ICT+ADP 1.2 (653) 0.4 (659) 0.6 (659) ---- 

αγK151AMg+CIT+ADP 0.8 (657) 0.8 (654) 0.8 (658) 0.8 (653) 

* Numbers in parentheses are the numbers of Cα atoms used in the superposition. 
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Figure S1. Representative simulated annealing composite omit 2Fo-Fc maps at the active and 
allosteric sites of the αγ heterodimer in different structures.  
(a) The active site in the αMgγ structure (contoured at 1.0σ level). (b) The active site in the 
αMgγMg+CIT structure (contoured at 2.0σ level). (c) The allosteric site in the αMgγMg+CIT structure 
(contoured at 2.0σ level). (d) The allosteric site in the αMgγMg+CIT+ADP structure (contoured at 
1.0σ level). (e) The allosteric site in the αMgγMg+ICT+ADP structure (contoured at 1.0σ level). (f) The 
allosteric site in the αγK151A

Mg+CIT+ADP structure (contoured at 1.0σ level). The residues and ligands 
are shown with ball-and-stick models, and the Mg2+ and water molecules are shown with green 
and red spheres, respectively. The coordination bonds of the metal ion are indicated with dashed 
lines.  
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Figure S2. Structure-based sequence alignment of the α and γ subunits of human NAD-IDH 
with several representative IDHs. The sequences of other IDHs included in the alignment are: 
the IDH1 and IDH2 subunits of S. cerevesiae NAD-IDH (ScIDH1 and ScIDH2, PDB code 3BLX), 
human cytosolic NADP-IDH (HcIDH, PDB code 1T0L), porcine mitochondrial NADP-IDH 
(PmIDH, PDB code 1LWD), and E. coli NADP-IDH (EcIDH, PDB code 1IKB). Invariant residues 
are highlighted by shaded red boxes and conserved residues by open blue boxes. The secondary 
structures of these enzymes are placed on the top of the alignment. 
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Figure S3. Comparison of the active sites of the αMgγMg+CIT structure (orange), the 
PmIDHMn+ICT structure (porcine mitochondrial NADP-IDH, PDB code 1LWD, magenta), and 
the HcIDHCa+ICT+NADP structure (human cytosolic NADP-IDH, PDB code 1T0L, blue). For 
clarity, only the hydrogen-bonding interactions of ICT with the surrounding residues in the 
PmIDHMn+ICT structure are shown.  
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Figure S4. Comparison of the αγ heterodimer in different structures.  
(a) Comparison of the allosteric site, the active site, and the structure elements at the heterodimer 
interface in the αMgγMg+CIT (orange), αMgγMg+CIT+ADP (slate), αMgγMg+ICT+ADP (yellow), and 
αγK151A

Mg+CIT+ADP (green) structures. The orientations of the α6 and α7 helices in the α and γ 
subunits are indicated with dashed arrows. Some key residues involved in the conformational 
changes are shown with side chains. (b) Comparison of the CIT-binding subsite in the αMgγMg+CIT 

(orange), αMgγMg+CIT+ADP (slate), αMgγMg+ICT+ADP (yellow), and αγK151A
Mg+CIT+ADP (green) structures. 

The bound CIT (or ICT) is shown with a ball-and-stick model, the Mg2+ with a green sphere, and 
the surrounding residues with side chains. (c) Comparison of the active site in the αMgγ (cyan), 
αMgγMg+CIT (orange), αMgγMg+CIT+ADP (slate), αMgγMg+ICT+ADP (yellow), and αγK151A

Mg+CIT+ADP (green) 
structures. The Mg2+ is shown with a green sphere and the surrounding residues with side chains.  
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Figure S5. Sequence alignment of NAD-IDHs from different eukaryotic species. The 
sequences included in the alignment are: the α, β, γ subunits of human NAD-IDH (HsIDH3A, 
HsIDH3B, and HsIDH3G); the IDH1 and IDH2 subunits of Saccharomyces cerevisiae NAD-IDH 
(ScIDH1 and ScIDH2); the α, β, γ1 and γ2 subunits of Caenorhabditis elegans NAD-IDH 
(CeIDH3A, HsIDH3B, HsIDH3G1, and HsIDH3G2); the IDH1, IDH2, IDH3, IDH5 and IDH6 
subunits of Arabidopsis thaliana NAD-IDH (AtIDH1, AtIDH2, AtIDH3, AtIDH5, and AtIDH6); 
the α, β and γ subunits of Danio rerio NAD-IDH (DrIDH3A, DrIDH3B, and DrIDH3G); and the 
α, β and γ subunits of Xenopus laevis NAD-IDH (XlIDH3A, XlIDH3B, and XlIDH3G). Invariant 
residues are highlighted by shaded red boxes and conserved residues by open blue boxes. The 
residues corresponding to those composing the allosteric site and the active site in the αγ 
heterodimer of human NAD-IDH are indicated with red triangles, and those involved in the 
conformational changes at the heterodimer interface with blue stars. 
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Figure S6. Structural comparison of the αγ heterodimer of human NAD-IDH and the 
IDH1/IDH2 heterodimer of yeast NAD-IDH. Structural comparison of human αγ heterodimer 
and yeast IDH1/IDH2 heterodimer at the allosteric site, the active site, and the heterodimer 
interface in the apo form (top panel) and the CIT-bound form (bottom panel). The α and γ subunits 
in the αMgγ structure are colored in lemon and cyan, and these in the αMgγMg+CIT structure in magenta 
and orange, respectively. The IDH1 and IDH2 subunits in the apo structure (PDB code: 3BLX) are 
colored in pink and slate, and these in the CIT-bound structure (PDB code: 3BLV) in green and 
yellow, respectively. For easy comparison, we use the same secondary structure nomenclature for 
both human αγ heterodimer and yeast IDH1/IDH2 heterodimer. The structure elements and 
residues of the IDH1 and IDH2 subunits are superscripted by “1” and “2”, respectively. The key 
residues are shown with side chains. The orientations of the α6 and α7 helices in both subunits are 
indicated with dashed arrows. 
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Figure S7. Structural comparison of the apo and CIT-bound IDH1/IDH2 heterodimer of 
yeast NAD-IDH.  
(a) Comparison of the apo and CIT-bound IDH1/IDH2 structures at the allosteric site, the active 
site, and the heterodimer interface. The IDH1 and IDH2 subunits in the apo structure are colored 
in pink and slate, respectively; and these in the CIT-bound structure are colored in green and yellow, 
respectively. For easy comparison, we use the same secondary structure nomenclature for both 
human αγ heterodimer and yeast IDH1/IDH2 heterodimer. The structure elements and residues of 
the IDH1 and IDH2 subunits are superscripted by “1” and “2”, respectively. The key residues are 
shown with side chains. Upon the binding of CIT, significant conformational changes are observed 
at the residues 781-921 of IDH1, the C-terminal region of the β5-β6 loop and the β7 strand of both 
the IDH1 and IDH2 subunits at the heterodimer interface. The orientations of the α6 and α7 helices 
in both subunits are indicated with dashed arrows. The zoom-in panel on the right top shows the 
conformational changes of the β71 and β72 strands. For clarity, only the hydrogen-bonding 
interactions between the main chains of the residues are shown and the side chains are omitted. 
The β7A and β7G strands bend towards the α61-α71 and α61-α71 four-helix bundle, with the Cα 
atoms of Ser1501, Leu1511 and Lys1521 of the β71 strand and Ser1562, Ile1572 and Lys1582 of the 
β72 strand (indicated with black arrows) shifting about 2Å.  
(b) Structure of the allosteric site in the apo (left panel) and CIT-bound (right panel) IDH1/IDH2 
structures. In the apo structure, residues 78-92 adopt a helical conformation which block the CIT-
binding site; in the CIT-bound structure, residues 78-92 adopt a loop conformation. The hydrophilic 
interactions between CIT and the surrounding residues are indicated with dashed lines and several 
key residues are shown with side chains. 
(c) Structure of the heterodimer interface in the apo (left panel) and CIT-bound (right panel) 
IDH1/IDH2 structures. The structure elements at the heterodimer interface that undergo major 
conformational changes upon the CIT binding include the β5-β6 loop and the β7 strand of both 
IDH1 and IDH2 subunits. Several key residues are shown with side chains. For clarity, only the 
hydrogen-bonding interactions that are altered upon the CIT binding are indicated with dashed lines.  
(d) A schematic diagram showing the hydrogen-bonding interactions among the β5-β6 loop, the α7 

helix, the β7 strand, and the α5 helix of both IDH1 and IDH2 subunits in the apo and CIT-bound 
IDH1/IDH2 structures. The interactions in the apo structure are indicated with green lines; these 
disrupted upon the CIT binding are indicated with dashed green lines, and the newly formed 
interactions are indicated with red lines.  
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