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Abstract 

            Xanthine oxidase (XO) plays an important role in the catabolism of purines.  It 

has two forms: xanthine oxidase and xanthine dehydrogenase (XDH), and in mammals 

XDH can be converted to XO form either reversibly or irreversibly.  XDH/XO catalyzes 

the reactions of conversion of hypoxanthine to xanthine, and xanthine to uric acid, 

transfers electrons to electron acceptors – NAD+/molecular oxygen, and generates free 

radicals – hydrogen peroxide/supereoxide. The involvement of this enzyme in 

ischemia/reperfusion injury has been proposed, but it still remains to be established.  This 

paper briefly reviews some of the properties and reaction mechanisms of XDH/XO.  
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Introduction 

 Xanthine oxidase is a highly versatile enzyme that is widely distributed among 

species (from bacteria to man) and within the various tissues of mammals.  It is a member 

of a group of enzymes known as molybdenum iron-sulfur flavin hydroxylases.  It 

catalyses the hydroxylation of purines, and in particular, xanthine to uric acid [1].   

Xanthine oxidase is an important source of oxygen free radicals. The enzyme 

catalyzes the reduction of O2, leading to the formation of superoxide (O2
•-) and hydrogen 

peroxide (H2O2), and it has been proposed as a central mechanism of oxidative injury in 

some situations [2,3].   

 

Chemical properties 

1. Metalloenzyme - Dimer 

 Xanthine oxidase (EC 1.2.3.2) and xanthine dehydrogenase (XDH, EC 1.1.1.204) 

are complex metalloflavoproteins that appear to represent alternate forms of the same 

gene product.  The enzymes from various sources are proteins of MW 300,000 Da and  

are composed of two identical and catalytically independent subunits; each subunit 

contains one molybdenum center, two iron sulfur centers, and flavin adenine dinucleotide 

(FAD).  Figure 1 shows a structural model of XDH and XO with the three domains [4].  

The enzymes consist of around 1,330 amino acids and the amino acid sequence is highly 

homologous among the rat, mouse, and human enzymes with about 90% identity [4].   

2. Conversion of XDH to XO 

.  
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Figure 1. Structural model of xanthine dehydrogenase and oxidase. Although the 
enzymes consist of dimeric  protein, only one subunit is   shown. Adapted from [4]. 
 

The mammalian enzyme exists originally in the cell as the XDH form but is 

converted to the XO form by modification of the protein molecule.  The conversion 

occurs either reversibly by oxidation of sulfhydryl residues or irreversibly by proteolysis.  

The enzyme from rat liver or bovine milk can be isolated without proteolysis as a 

dehydrogenase when the purification is conducted rapidly or in the presence of thiol 

reagents.  Enzyme isolated in this manner can be reversibly converted to an oxidase by 

thiol oxidants such as 4,4-dithiopyridine or by limited proteolysis.  By using the former 

procedure it was determined that at least four new disulfide bridges are formed on 

conversion of the milk dehydrogenase to the oxidase form, although possibly not all are 

directly involved in the conversion [5].  By limited proteolysis of the mammalian enzyme 

with trypsin, the enzyme is converted to an XO type with concomitant cleavage into three 

fragments (20, 40 and 85 kDa).  These fragments are only dissociated under denaturation 

conditions such as in the presence of high concentrations of guanidine-hydrochloride [6].  

The most significant difference between the two forms is the protein conformation 
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around FAD, which changes the redox potential of flavin and the reactitity of FAD with 

the electron acceptors, NAD+ and molecular oxygen [4]. 

3. Electron transfer 

 The enzyme can accept a total six electrons per subunit from three reducing 

substrate molecules, two being accepted by the molybdenum, two by the flavin, and one 

by each of the two iron-sulfur clusters.  

Mo(VI) →←
−±e   Mo(V)  →←

−±e  Mo(IV)  

  FAD →←
−±e  FADH  →←

−±e    FADH2   

  2(2Fe(III)2S)  →←
−±e   2(Fe(II)Fe(III)-2S)  

Electron enter the enzyme at Mo(VI), distribute among the 2Fe-2S centers and the flavin, 

then they leave from the FAD moiety as shown in Figure 2 [4].  

 
Figure 2. The reaction of XDH with O2. This scheme has been worked out with chicken 
XDH because it is not converted to the XO form. FADH2 and FADH• react with oxygen 
with different rate constants of k1 and k2, respectively. Adapted from [4].  
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Reactions catalyzed by XO 

 Xanthine oxidase is involved in a major pathway of purine nucleotide and 

catabolism in animals.  The reaction is formally of this type [7]: 

 RH       +H2O          ROH             (1) 
                     -2H+, -2e- 
                      

It converts hypoxanthine to xanthine, and xanthine to uric acid.  

Hypoxanthine + O2 +H2O       XO           Xanthine + H2O2 + O2
•-         (2) 

Xanthine + O2 + H2O       XO         Uric acid + H2O2 + O2
•-          (3)   

A proposed reaction mechanism of xanthine oxidase in the oxidation of xanthine is 

shown in Figure 3 [8].  The reaction mechanism includes the following steps: (1) the 

reaction is initiated by attack of enzyme nucleophile, X, on the C3 position of xanthine 

oxidase; (2) the C8-H atom is eliminated as a hydride ion that combines with the Mo (VI) 

complex thereby reducing it to the Mo(IV) state; (3) water displaces the enzyme 

nucleophile producing uric acid.  

 
Figure 3. The reaction mechanism of xanthine oxidase in the oxidation of xanthine. 
Adapted from [8].  
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Free radicals generated by XDH/XO 

 Both XDH and XO can form both H2O2 and O2
•- when xanthine and molecular 

oxygen are used as substrates (shown in Figure 2) [4].  The XDH produces more 

superoxide anion per mole oxygen utilized during turnover than XO does.  According to 

Figure 2, H2O2 is produced only from enzyme containing predominantly FADH2, and O2
•- 

is generated by reaction of O2 with enzyme where the flavin is in the FADH• oxidation 

state.  The greater amount of formation of O2
•- in XDH is well explained by the greater 

formation of the flavin semiquinone that reacts with molecular oxygen to form O2
•- [9]. 

           Due to this property, XO can be used as a source of in vitro generation of 

superoxide radicals.  It is capable of the univalent reduction of oxygen and of the release 

of the resultant O2
•- into free solution. It was proposed that the consumption of O2 by the 

XO system proceeds by two distinct pathways [10]. These are: 

                   Enzyme-H2 + 2O2                   enzyme + 2H+ + 2O2
•-                                   (4a) 

                   2O2
•- + 2H+                 O2 + H2O2                                                                  (4b) 

                   Enzyme-H2 + O2                  enzyme + H2O2                                        (5) 

Figure 4 shows the ESR spectra of O2
•- generated both enzymically and non-enzymically 

as the evidence for enzymatic reduction of O2
 to O2

•- by XO [11].   
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The description of the figure is as follows: (a) Reaction between xanthine (2.0 mM) and 

O2 (0.76 mM) catalysed by XO (0.20 mM) at pH 10.0 and 23 °C, after a reaction time of 

150 ms.  Molybdenum signals (overmodulated ) are also present, and an iron signal is 

responsible for the sloping base line. (b) Reaction between H2O2 (140 mM) and NaIO4 

(70 mM) at pH 9.9 (carbonate buffer) after a reaction time of 600 ms. (c) As for (b) but at 

pH 13.2 (KOH).  For both (b) and (c) a three-syringe system was employed, to enable the 

peroxide to be made alkaline only shortly before the addition of periodate [10].  

XO and ischemia/reperfusion injury 

           It is thought that XO has an important role in reperfusion injury.  One of the 

mechanisms proposed is that under hypoxic conditions the depletion of the cell’s ATP 

results in an elevated concentration of AMP which is catabolized to adenosine, inosine 

and then hypoxanthines as shown in Figure 5 [12].  Concomitantly, the conversion of 

XDH into XO occurs by a protease probably activated by an elevated cytosolic calcium 

concentration during ischemia.  When reperfusion takes place, the return of oxygen leads 

to a production of superoxide [12].   

                                               ATP 
                    

                                              AMP 
                                                                              Xanthine Dehydrogenase 

                                          Adenosine 

                                                                                        Ca2+     proteolysis                 

                                             Inosine 
                                                                             

                                                                                    Xanthine Oxidase                               
                                                             

O2                                                                                                             
                                                         
                                                                           Reperfusion                             

  

 Figure 5. Proposed mechanism of xanthine oxidase mediated free radical injury. 
Adapted from [12].  

Ischemia 

Hypoxanthine O2
•- 
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The problems remained unclear are that whether the enzymes exist actually in the human 

organs that may suffer reperfusion injury, and whether XDH converts to XO during 

ischemia.  

Summary 

            The reaction catalyzed by xanthine oxidase that converts hypoxanthine to 

xanthine, and xanthine to uric acid is one of the sources of H2O2 and O2
•- in biological 

systems.  It is also an important tool in research to generate superoxide.   It is proposed 

that xanthine oxidase may play a role in ischemia/reperfusion injury.  
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