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Introduction

Ascorbate oxidase is an enzyme in the family of oxidoreductases, which catalyzes four electron reductions and concurrent one electron oxidation of the reducing substrate (Messerschmidt 1992).   Also known as L-ascorbate oxidase, ascorbase, and ascorbic acid oxidase, ascorbate oxidase is a blue multi-copper oxidase, in which the Cu atoms form a multinuclear active site.  Ascorbate oxidase is found in plant tissue, with high particularly concentrations in cucurbit fruits, which is why analysis of ascorbate oxidase is most commonly preformed using zucchini tissue, pumpkin and cucumbers. 

Structure

With the proper structure of the enzyme difficult to produce, using the least squares refinement procedure, the refined oxidized crystal structure was found to include 9 copper atoms and 8764 protein atoms and 970 solvent molecules (Messerschmidt et al. 1992).  Each globular subunit has three domains, close in space on the peptide chain (Messerschmidt 1997).  The subunits of ascorbate oxidase consist of four copper atoms, with both a mononuclear copper and the tri nuclear cluster (Messerschmidt et al. 1992).  The mononuclear copper is in domain three, while between domain one and three the trinuclear site is bound (Messerschmidt 1997).  The four coppers are classified into three types, based on spectroscopic elements (Messerschmidt 1997).  Type 1 is blue copper, type 2 is colorless, and type 3 is coupled binuclear.3 1239  Each Cu can then be classified by type, based off absorbance bands observed in the spectra.  
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 Figure 1: An approximate model of the reduced trinuclear copper site

The trinuclear site, a reduced version of which is shown in Figure 1, has eight histidine ligands (Messerschmidt 1997).  Two of the coppers have six of the histidine ligands connected and are trigonal prismatic arranged, and are connected to one another by an oxygen form (Messerschmidt 1997).  The third copper has an H2O ligand (or an OH-) and the remaining two histidine ligands.  The difficult detection of the exact structure for the enzyme has been decreased by creation of similar molecules to the trinuclear copper site, specifically similar to Figure 1 (Hubberstey et al. 1990) 

The mononuclear site of the single copper has four ligands, as shown is Figure 2, which is argued to be both a distorted tetrahedral shape as well as a distorted planar shape (Messerschmidt 1997).  The bonds between the type 1 copper and the other coppers in the trinuclear group are between three to four times as long (Messerschmidt 1997).  

Symmetry

The overall structure of the enzyme contains C1 symmetry, or no symmetry.  The large protein enzyme has no axis or plane of symmetry.  The subunits, as homo-tetramers, have D2 symmetry (Messerschmidt 1997).  The three copper multinuclear active site is demonstrated in Figure 1.   According to the model of the trinuclear site displayed in the figure, the active site has C2v symmetry, with the C2 axis running along the Cu-OH2 bond.  The two mirror planes lie parallel to the C2 axis, with one bisecting the Cu – Cu – Cu angle, and the other along the plane of the site and triangle.   Each Cu within the trinuclear copper site also has C2v symmetry, compatible with Figure 1, and if the other coppers are treated as ligands. 

The mononuclear site, however, with the remaining Cu, has four ligands in a either a distorted tetrahedral or trigonal planar shape.   Therefore, the point group best describing the site would likely be a T group, because of the tetrahedral influence. 

Function

Plant cells retain a high concentration of ascorbate, which generates interest to ascorbate oxidase as it catalyses the reactions of ascorbate with oxygen.2 pg 252 Ascorbate works as an antioxidant, which is able to react with harmful reactive oxygen species, using ascorbate oxidase as the catalyst as demonstrated in Equation 1(Messerschmidt 1997).  Ascorbate oxidase remains heavily present on the cell walls of the plant cells, and partially in the cytoplasm (Messerschmidt 1997).





           Ascorbate Oxidase

2 L-Ascorbate +  O2      ((     2 dehydroascorbate +    2 H2O 

Equation 1: Elimination of O2  by L-ascorbate (catalyzed by ascorbate oxidase) 

Spectroscopy 

Many spectroscopic studies have been preformed on ascorbate oxidase as well as other similar metalloenzymes.  The enzyme laccase retains many similar spectroscopic features to ascorbate oxidase, and the three domain structure of ascorbate oxidase is thought to be the structure of laccase as well (Messerschmidt and Huber 1990).

Using the three distinct types of copper sites, structure of ascorbate oxidase could be further constructed and clarified.  For type 1 copper sites a visible absorbance band is in the visible light range, at approximately 600 nm, type 2, the colorless or normal, has no bands, and type 3 has a near UV band, at 330 nm approximately (Dooley et al. 1981). 

Ascorbate exhibits five bands, in the visible region and surrounding regions, at 330 nm, 460 nm, 610 nm, 770 nm, and 880 nm  (Lee and Dawson 1973).  The maximum emission is at 325 nm, when purified, is in the near UV region.  Therefore, trying to observe the IR spectra, it yields a relatively low absorbance in the IR region, where as maximum absorbance is on the opposite side of the visible region  (Lee and Dawson 1973).  Observing both the CD and the EPR spectra demonstrates the relative irregularities of the copper in ascorbate oxidase, with the ligand field intact and distorted configurations (Lee and Dawson 1973).  

Conclusion

Ascorbate oxidase is abundantly presence in the in the fruit tissue, whether zucchini, cucumber or pumpkin, as compared to the stems and leaves of the same plants (Ohwaka et al. 1989). This anomaly has lead to support that ascorbate oxidase plays a role in the ripening of fruits and vegetables.  With its physiological purpose still largely unknown, ascorbate oxidase is assumed to take part in growth processes and antioxidative defense, because the function and purpose of ascorbate is well known.  The growth rate of fruit was directly correlated with enzyme and protein level (Messerschmidt 1997).  

The relative uncertainty surrounding ascorbate oxidase remains even with years of research and analysis.  The use of analyzing synthetic versions of ascorbate oxidase, similar to Figure 1, in order to further understand the structure and function of  ascorbate oxidase (Hubberstey et al. 1990).
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