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ABSTRACT: 

Dissertation: Binding of Organic Monophosphates to the Dihydroxyacetone 

Phosphate Binding Sites of Rabbit Muscle Aldolase 

The structural requirements of binding of organic monophosphate 

ester ligands to the dihydroxyacetone phosphate sites of rabbit muscle 

aldolase were studied by fluorescence quenching. Previous studies 

showed that phosphate esters which do not possess a carbonyl group are 

known only to bind noncovalently to aldolase. We found that this type 

of canpound had the same affinity as inorganic phosphate for the enzyme 

(dissociation constant of about 1 mM), indicating that electrostatic 

interaction of the phosphate group was primarily responsible for 

formation of the noncovalent complex. 

It is known that phosphate esters which contain a carbonyl group can 

form covalent complexes with aldolase by interaction with a lysine 

residue at the active site. We observed a linear correlation of the 

free energy of binding of carbonyl monophosphates with the free energy 

of hydration of these compounds. Based on this correlation, the free 

energy of carbinolanine formation for each compound was estimated. It 

appeared that the amount of carbinolamine formed was affected by 

electronic factors, electron-withdrawing substituents favoring formation 

of carbinolamine. Imine intermediates were formed by some canpounds, 

but both 1-fiuoro-3-hydroxyacetone phosphate and 

1-chloro-3-hydroxyacetone phosphate, which contain the strongly 

electron-withdrawing chloro and fluoro groups, respectively, did not 

appear to readily form protonated imine complexes. The 



electron-withdrawing substituents may have destabilized iminium ion 

fonnation so that the covalent canplex primarily fonned by both of these 

canpt.mds was carbinolamine. 

Based upon the above results, a free energy diagram was constructed 

describing the binding reaction of dihydroxyacetone phosphate. A value 

of 1 rnM was assumed for the dissociation constant governing noncovalent 

canplex formation and an equilibrium constant for the formation of 

carbinolamine was estimated fran the linear plot described above. The 

free energy diagram revealed that dihydroxyacetone phosphate may be 

bound almost exclusively as imine and enamine to aldolase. 

D-Erythrulose 1-phosphate was a slow, reversible inhibitor of 

aldolase. A kinetic analysis of the inactivation reaction of aldolase 

indicated the formation of two kinetically distinct canplexes. 

Initially, a canplex canposed primarily of carbinolamine intermediate 

was formed rapidly, followed by a slow conversion of the initial complex 

to a canplex canposed of imine and enamine intermediates. A free energy 

diagram describing this binding reaction was constructed. 
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