
 
 
Figure 12. Co-purified oxaloacetate binding in Complex II. 
The FAD flavin group lies flat at the bottom, viewed edge-on from the end attached to 
His63. Attachment of the ribitol chain is also visible.  OAA lies flat on the flavin moiety, 
presumably much as the substrate would, strapped in by 8 hydrogen bonds (7 visible 
here) to the four carboxylate oxygens. Arg297 also makes an unusual H-bond to the C2 
carbon (i.e. the atoms are closer than van-der-waals contact). The blue dotted line 
indicates the path of the postulated hydride transfer from C3 to N5 of the flavin 
(mechanism described in next slide).  Note OAA is not planar, perhaps indicating the 
keto carbon no longer has SP2 geometry. 
 



 
 
Figure 13.



 
Figure 14. Arg297 is extremely well ordered, being covered in density by the 2Fo-Fc 
map contoured at 2 sigma. Presumably this is due to H-bonds to OAA, Gln251, and 
Glu266.  The H-bonds to the negatively charged substrate carboxylate and Glu266 
presumably enhance the basicity making it an effective catalytic base to abstract the 
proton. 

Although this is similar to the picture in the flavocytochrome c substrate binding 
site, it has never been clearly shown in any of the membrane-bound fumarate reductases 
or SDH. This is may be because the residues of the site come from two different domains, 
and the available structures show some relative movement of the domains which disrupts 
the binding site in the high-resolution Wolinella structures or the E. coli FRD. The E. coli 
SDH structure (1nek) has nearly the same position of the "CAP" and "FAD" domains, but 
the equivalent of Arg297 is in a different rotamer. The same area of 1nek is superimposed 
with our structure in Figure x. 

 
Figure 15. superposition of residues around the substrate binding site in structures 1NEK 
and the current. Arg297 makes no H-bonds with substrate of Gln251 in the 1nek 
conformation. 



 

 

 
However the effectiveness in vitro makes 3-NPA very useful for researchers who want to 
diminish complex II activity in a tissue or organism: 



 

 
 



 
 



 
But how does NPA inhibit? Alston and co-workers, based on some previous observations 
and on their own experience with another flavoprotein, proposed that the normal reaction 
pathway involves a temporary adduct with the N5 nitrogen of Flavin, which in the case of 
3-NPA collapses to a stable adduct and permanent inactivation. 
 
 

 
 
 



Singer and coworkers showed that the flavin was not irreversibly modified, and proposed 
that nitropropionate is oxidized to nitroacrylate, a reactive compound that modifies an 
essential residue in the active site. The suggested this was the essential sulfhydryl residue 
then believed to reside in the active sight and to be involved in the tight binding of OAA. 
 

 



 
Figure 24. Density in the substrate binding site- 
 

 
Figure 25. 
 
modeled as a cyclic adduct of catalytic-base Arg297. We're not sure where the N of NPA 
goes- it could be the carboxylate is really nitrate or, if the inhibitor binds other way 
around, the ring could be 1,2,4 triazin instead of imidazole.  



 
Figure 28: Ubiquinone and Q-site inhibitors of Complex II. Ubiquinone is substrate at 
the Q site. HQNO is a general Q analog, inhibiting at Q sites in a number of enzymes. It 
clearly resembles quinone, with O atoms para to each other across a 6-membered 
aromatic ring, a hydrophobic tail in the same place, and a second ring in place of the 
methoxy groups.  Carboxin and TTFA are specific for the complex II Q site.   
1NEK.pdb has a model for quinone binding at the Q site of Complex II which is unusual 
in that only one carbonyl O is involved in binding. If this is the case it seems likely that 
the carbonyl oxygens of carboxin and  TTFA mimic that one keto group and the S-
containing ring mimics the methoxy groups, with H-bond acceptors at the position of one 
or both methoxy oxygens. 



 
Figure 27. The electron density  of the carboxin-inhibited enzyme in the region of 
1NEK's Q-binding site supports the hypothesis that the carbonyl group mimics one 
carbonyl of quinone, H-bonding to Trp173 of chain B and Tyr58 of chain D. 
Also visible are highly conserved C:Arg42, D:Ser39 (unlabeled), D:Asp57, B:His218 


