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comparison between the intermediate I from HMS and intermediate II from N245Q, 

suggested a common intermediate that occurs in the catalytic cycle of both enzymes. 

However, intermediates I and III for N245Q did not show any similarities to the first and 

third intermediate in HMS. Interestingly, N245Q HPPD does not form HMA 

(hydroxymandelate-product of HMS reaction), and intermediate II for N245Q is similar 

to the intermediate I in HMS. This qualitatively suggests that intermediate II arises prior 

to or is the ferryl-oxo species that is common to both enzymes. For N245Q, the decay of 

intermediate III is concomitant with the re-formation of the fraction of the charge-transfer 

complex.  

 

 

 

Figure 4.5 N245 position in HPPD wild-type and variants. N245 position in the wild-
type has been taken from (13). N245 variants, N245Q and N245S have been generated 
with PyMOL using wild-type structure with substrate modeled into the active site (13).  
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Scheme 4.5 Alternative products in the variants of N245 position in HPPD. (A) The 
available trajectory for the electron movement in the substrate aromatic ring for N245 
variants in the absence of native hydrogen bond. (B) Native reaction in the presence of 
the hydrogen bond between the substrate hydroxyl group and N245 position in HPPD.  

 

           As predicted from the structure of wild-type HPPD, N245 is thought to make a 

hydrogen-bond with the substrate hydroxyl group. We have observed alternate products 

in N245 variants, N245S (14) and N245Q (Chapter 2) (17) (Figure 4.5). N245S forms 

∼80% QAA, whereas N245Q forms ∼3% QAA in a mixture of total products. One 

hypothesis for the formation of these alternative products is that, the native hydrogen 

bond with N245 residue abolishes the movement of the electrons back into the substrate 

aromatic ring from the phenol hydroxyl group (Scheme 4.5B) and thus prevents the 

formation of QAA. In N245 variants, the absence of or an improperly formed hydrogen-

bond would permit electrons from the Ph-O-H bond to delocalize into the aromatic ring 

for a fraction of total turnover forming QAA. This fraction would be higher in the 

complete absence of a hydrogen-bond as seen in N245S, whereas it would be lower in the 

presence of an improperly formed hydrogen-bond which could be the case with N245Q. 
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Collectively these data suggests that N245 plays unique important roles at multiple stages 

of catalysis; initially promoting dioxygen reactivity in the HPPD•Fe(II)•HPP complex 

and then limiting the chemical outcomes by localizing the phenol hydroxyl electrons 

prior to the NIH shift step.  
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