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SUMMARY 

The pattern of the reactions between xanthine oxidase (xanthine:O2 oxido- 
reductase, EC 1.2.3.2 ) and electron acceptors was quite different in two cases in 
which the enzyme accepted electrons from xanthine and NADH. I. The activity of 
NADH-acceptor (ferricyanide or p-benzoquinone) reductase reactions was increased 
as the pH was decreased. 2. The apparent Michaelis constant for p-benzoquinone was 
about 2o #M when the electron donor was NADH, while the constant was less than 
a few/zM when the electron donor was xanthine. 3. Contrary to the xanthine quinone 
reductase, the percentage of one-electron reduction of quinones in the NADH quinone 
reductase reaction did not vary with the concentration of the quinone. 

Xanthine oxidase which was treated with cyanide or arsenite and completely 
lost the activity for xanthine exhibited a reaction pattern of the NADH acceptor 
reductase very similar to that of the untreated enzyme. The deflavoenzyme insensitive 
to NADH catalyzed the typical one-electron reduction of 2-methyl-I,4-naphtho- 
quinone in the presence of xanthine. 

The existence of two different outlets of electrons for xanthine-acceptor and 
NADH-acceptor reductase reactions in xanthine oxidase is suggested. 

INTRODUCTION 

Xanthine oxidase (xanthine :02 oxidoreductase, EC 1.2.3.2 ) is one of the most 
complex of the flavoproteins. It  contains 2 atoms of molybdenum, 2 molecules of 
FAD and 8 atoms of iron-sulfur per molecule of enzymO -3. In addition, its substrate 
specificity is very low; xanthine, purine, aldehyde and NADH serve as electron donors 
and many molecules such as 02, ferricyanide, quinones and artificial dyes serve as 
electron acceptors. 

It  has been generally accepted that catalytic reductions of xanthine oxidase 

Abbreviation: MK, 2-methyl-i.4-naphthoquinone (menaquinone-O). 
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with xanthine and NADH occur via different sites 4 8. On the other hand, the 
mechanism of electron transfer from flavoproteins to divalent acceptors has recently 
been investigated in terms of one-electron and two-electron transfers 9-1a. We have 
reported ~ that p-benzoquinone is reduced by xanthine oxidase according to a mixed 
mechanism of one- and two-electron transfers, the ratio of the two pathways 
depending on the concentration of the acceptor. Fridovich 1~ has found that the 
percentage of one-electron flux from xanthine oxidase to 02 changes with the con- 
centrations of xanthine, 02 and H +. Change in the percentage of the one-electron flux 
in the diaphorase reactions of lipoamide dehydrogenase has been found to be caused 
by modification of the sulthydryl groups ~2. 

In this paper we shall report the dependence of the percentage of one-electron 
flux upon concentrations of H + and electron acceptors in the reactions of native and 
modified xanthine oxidases. 

MATERIALS AND METHODS 

Two typical electron donors for xanthine oxidase, xanthine and NADH were 
used in this experiment. In order to investigate the effect of the partial modification 
of xanthine oxidase on the mechanisms of electron transfer reactions, the deflavo- 
enzyme and arsenite- and cyanide-treated enzymes were used as catalysts. The 
percentage of one-electron flux between the enzyme and quinones was measured with 
use of sets ofp-benzoquinone-cytochrome c and 2-methyl-I,4-naphthoquinone (MK)- 
cytochrome b 5. The reasons for this have been described is. Molecules used in this 
experiment are listed in Table I. 

Milk xanthine oxidase was prepared by the slightly modified method of Masse), 
cta l .  a. Xanthine-O 2 reductase activity was measured sFectrophotometrically at 295 
nm and the activity/A450 nm value was about IiO. The concentration of the enzyme 
was calculated with an use of E4~ 0 n m =  37.8 mM -1" c m-1 per molecule of enzyme- 
bound FAD. The deflavoenzyme was prepared by the method of Kanda et al. 7. The 

TABLE 1 

V A R I O U S  R E A C T I O N  P A T H S  I N  T H E  R E A C T I O N S  O F  X A N T H I N E  O X I D A S E  

Electrons flow from left to r ight through one molecule in each column. 

Electron donor State of enzyme Electron acceptor Scavenger of  
semiquinones 

N A D H  p-Benzoquinone Ferr icytochrome c 
xanth ine  (X) (BQ) (c 3+) 

2-Methyl- i ,4-naphthoquinone Ferr icytochrome b 5 
(MK) (b5 s+) 
Ferricyanide 

1 ntact  xanthine  oxidase 
(xo) 
Deflavo xanthine  oxidasc* 
(Deft XO) 
Cyanide-treated xanthine 
oxidase** (CN XO) 
Arsenite-treated xanthine  
oxidase (As XO) 

" The deflavo enzyme cannot  react with N A D H  and 0 2. 
** The inactivation by  cyanide is accompained by  the extract ion of sulfur from the enzyme 

which is eliminated as thiocyanate,  Massey and Edmondson  ~5. 
*** The reaction site for arsenite and cyanide seems to be identical in xanthinc  oxidase, 

Coughlan el al. 4. 
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treatments  of the native enzyme with cyanide and arsenite were carried out according 
to Coughlan et al. 4. Cytochrome b 5 was solubilized from pig liver microsome by the 
method of Omura et al. 14 and purified by the procedure of Kajihara and Hagihara 15 
with some modifications. Cytochrome c was obtained from Boehringer. 

All enzyme reactions were carried out at 25 °C. Buffers used were sodium acetate 
below pH 5.5, potassium phosphate between pH values 6.o and 7.5, and tris acetate 
above pH 8.o. 

RESULTS 

Fig. I shows the pH-ac t iv i ty  curves for the reduction of ferricyanide by the 
systems of xanthine-xanthine oxidase, xanthine-deflavoxanthine oxidase and 
NADH-xanth ine  oxidase. The result of the deflavoenzyme is in accordance with 
that  of Kanda et al. 7 who reported that  the ferricyanide activity of deflavoxanthine 
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Fig. i. Effect  of  p H  upon  x a n t h i n e - f e r r i c y a n i d e  and  N A D H - f e r r i c y a n i d e  reduc tase  act iv i t ies  of  
na t i ve  and  de f l avoxan th ine  oxidases.  Act ivi t ies  were measu red  by  the  decrease in absorbance  a t  
4 2 o n m  unde r  aerobic condit ions.  Concen t ra t ions :  o . i5 /~M na t ive  enzyme  (XO) or o. i 2 # M  
def l avoenzyme  (DeflXO), IOo/~M x a n t h i n e  or I 5o / ,M N A D H ,  7oo/~M ferr icyanide and  o.I M 
buffers.  

oxidase is 1.6 times greater than that  of the native enzyme. Above neutral pH, how- 
ever, the enzymic reduction of ferricyanide might be complicated with the non- 
enzymic reduction by uric acid, an oxidation product of xanthine. In any case it is 
evident from the result that  the pH dependence of the rate of ferricyanide reduction 
markedly varied with donor molecules for the enzymes. Similar results were also 
observed when the electron acceptor was p-benzoquinone (Fig. 2). In this case, how- 
ever, the xanthine@-benzoquinone activity was higher under the anaerobic condi- 
tions than the aerobic and became lower when the flavin was removed. 

The left of Fig. 3 shows the pH dependence of the rates of p-benzoquinone 
reduction and of p-benzoquinone-induced reduction of cytochrome c in the 
presence of arsenite-treated xanthine oxidase and NADH. Since cytochrome c was 
added in sufficient amount to enable all the semiquinone intermediate to react, the 
ratio of one-electron flux to the total electron flux between the enzyme and quinone 
could be calculated at various pH values as a ratio of the rate of cytochrome c reduc- 
tion to twice the rate of NADH oxidation. The ratio is, therefore, a half of the K 
value used in the previous papersg,10,12,13, is. The percentage of one-electron flux is 
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Fig. 2. Effect  of  p H  upon  x a n t h i n e @ - b e n z o q u i n o n e  and  N A D H - p - b e n z o q u i n o n e  r educ tase  
act iv i t ies  of  na t i ve  and  de f l avoxan th ine  oxidases.  X a n t h i n e - p - b e n z o q u i n o n e  reduc tase  act iv i t ies  
were measu red  by  the  decrease in abso rbance  a t  249 n m  (isosbestic be tween  x a n t h i n e  and  uric 
acid) and  N A D H  p-benzoqu inone  act iv i t ies  a t  34o nm.  Concen t ra t ions :  o .o9 / ,M na t ive  e n z y m e  
(XO) or o. I2HM def lavoenzyme (DeflXO), ioo/2M x a n t h i n e  or i5o1~,¥[ N A D H ,  60 or 3o/~M 
p -benzoqu inone  and  o. i  M buffers.  The  low concen t ra t ion  of p -benzoqu inone  was used only  in 
the  react ion of  def lavoenzyme.  E x p e r i m e n t s  were carried ou t  unde r  aerobic condi t ions  except  
for one case (O) as ind ica ted  in the  figure. 

plotted against pH in the right of Fig. 3 with similar data obtained in the presence of 
untreated and cyanide-treated xanthine oxidases. These results might indicate that 
the electron transfer mechanism is related to the proton dissociation of a functional 
group. Particularly in the reaction of arsenite-treated xanthine oxidase the 
mechanism ofp-benzoquinone reduction varied from the typical two-electron transfer 
to the typical one-electron transfer when the pH was changed from 4.o-7.5. 
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Fig. 3- Dependence  of  the  percen tage  of  the  one-electron flux upon  p H  in the  reac t ions  of  N A D H -  
p - b e n z o q u i n o n e  r educ tase  by  na t ive  and  t rea ted  x a n t h i n e  oxidases.  The  left figure shows the  p H  
dependence  of  the  ra tes  of  the  N A D H - p - b e n z o q u i n o n e  reduc tase  reac t ion  (©) and  the  p-benzo-  
q u i n o n e - m e d i a t e d  reduc t ion  of cy toch rome  c (O) by  t he  arseni te  t r ea ted  enzyme.  The  r ight  figure 
shows  the  pe rcen tage  of  the  one-electron f lux in the  to ta l  e lectron flux. I t  can  be ca lcula ted  as a 
pe rcen t  rat io  of  the  ra te  of  cy toch rome  c reduc t ion  to twice the  ra te  of  N A D H  oxidat ion.  Con- 
cen t ra t ions :  o.12/~M na t ive  enzyme  (XO) o . i o H M  cyan ide - t r ea t ed  enzyme  (CNXO) or o . o 6 # M  
arsen i t e - t r ea ted  enzyme  (AsXO),  15 ° /~M N A D H .  2o / ,M p-benzoquinone ,  4 ° MM c y t o c h r o m e  c 
and  o. i  M buffers. U n d e r  aerobic condit ions.  

It was reported '° that when the electron donor was xanthine the percentage of 
one-electron reduction of p-benzoquinone varied with the concentration of p-benzo- 
quinone. When the electron donor was NADH, however, the percentage of one- 
electron flux varied with pH but not with the concentration ofp-benzoquinone. Fig. 4 
shows the dependence of the rate of total electron flux and the percentage of one- 
electron flux upon the concentration of p-benzoquinone in the reactions of xanthine 
oxidases with p-benzoquinone when NADH was used as an electron donor. 
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Fig. 4. Dependence of the percentage of the one-electron flux upon the concentration of p-benzo- 
quinone in the reactions of NADH-p-benzoquinone reductase by native and treated xanthine 
oxidases (right figure). The left figure shows the pH dependence of the rates of the NADH-p- 
benzoquinone reductase reactions. Concentrations: o.12 pM native (©), o.o 7/*M cyanide-treated 
(O) or 0.o6/,M arsenite-treated (/k) enzymes, 15o/tM NADH and o.i M potassium phosphate 
(pH 6.5). Under aerobic conditions. 

When the electron aeceptor  was MK the dependence of the rate of reaction and 

the percentage of one-electron flux upon pH and the concentra t ion of MK was similar 

to the case of p-benzoquinone.  F rom the results shown in Figs 5 and 6 it is evident  

t ha t  the react ion pa t te rn  of MK reduct ion caused by the system of N A D H  and 

xanth ine  oxidase was very different from tha t  caused by the system of xanth ine  and 

xanth ine  oxidase. When the donor was N A D H  the concentrat ion of MK affected the 

ra te  of react ion but  the percentage of one-electron flux was unchanged by it (Fig. 5). 
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Fig. 5. Dependence of the percentage of the one-electron flux upon the concentration of MK in 
the NADH MK reductase reaction by native xanthine oxidase (right figure). The left figure 
shows the dependence of the rates of the NADH-MK reductase reaction ((2)) and of the MK- 
mediated reduction of cytochrome b 5 (O) upon the concentration of MK. The rates were measured 
at 34 ° nm (NADH oxidation) and at 556 nm (cytochrome b 5 reduction) under anaerobic condi- 
tions. Concentrations : o.o 4/~M xanthine oxidase, 15o/f~M NADH, 2o ~M MK, 5 °/~M cytochrome b 5 
and o.i M potassium phosphate (pH 6.0). 

Fig. 6 shows tha t  the reverse was the case when the donor was xanthine.  I t  might  be 

thus concluded tha t  there was no essential  change in the mechanism between the reac- 

t ions o fp -benzoqu inone  and MK with  xanth ine  oxidase. However ,  the percentage of 
one-electron flux to MK was not greater  than  50% of the to ta l  electron flux in ei ther  

case when N A D H  or xanth ine  was used as the donor. 
The typical  one-electron t ransfer  was found to occur in the reduct ion of MK by 

xan th ine -de f l avoenzyme  system (Fig. 7)- N A D H  could no more serve as the donor for 
the def lavoenzyme 5& Cytochrome c was reduced direct ly  by the def lavoenzyme in 

the presence of xanthineS, 7 and the percentage of one-electron reduct ion of p-benzo-  
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Fig. 6. Dependence of the percentage of the one-electron flux upon the concentrat ion of MK in 
the xan th ine -MK reductase reaction by  native xanthine  oxidase (right figure). The left figure 
shows the dependence of the rates of the xan th ine -MK reductase reaction ((2)) and the MK- 
mediated reduction of cytochrome b 5 (O) upon the concentrat ion of MK. The rates were measured 
at 249 nm (MK reduction) and at 556 nm (cytochrome b 5 reduction) under anaerobic conditions. 
Concentrat ions:  o.~5HM xanthine  oxidase. IOo/~M xanthine,  4o/~M cytochrome b~ and o.t M 
potass ium phospha te  (pH 6.o). 

quinone could not be measured by tile present method. Although the deflavoenzyme 
could not react directly with 02 the addition of MK to a solution of the enzyme and 
xanthine caused the consumption of O~ as shown in Fig. 8. The same role of MK was 
observed in the reactions o fNADPH cytochrome c reductase ~647, NADH-cytochrome 
b~ reductase 17 and NADH dehydrogenase ~3. Contrary to the previous results catalase 
did not cause an evolution of 02. It  appeared that H202 had been used for the oxida- 
tion of uric acid in the presence of the deflavoenzyme. 
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Fig. 7. Dependence of the percentage of  the one-electron flux upon the concentrat ion of MK in 
the xan th ine -MK reductase reaction by  deflavoxanthine oxidase (right figure}. The left figure 
shows the dependence of the rates of the xan th ine -MK reductase reaction (G) and of the MK- 
mediated reduction of cytochrome b 5 (0) upon the concentrat ion of MK. The rates were 
measured as described in Fig. 6. Concentrat ions:  o. 12/,M deflavoxanthine oxidase (as 2 Mo per  
enzyme), lOO/,M xanthine,  5 ° / , M  cytoehrome b 5 and o.i M potass ium phosphate  (pH 6.o). 

The reduction ofp-benzoquinone by the system of xanthine and xanthine oxidase 
was found to be inhibited by 02. The result in Fig. 9 might indicate that there is a 
competitive site for 02 and p-benzoquinone in the xanthine oxidase molecule. It  is of 
interest to ask if xanthine and NADH are oxidized by acceptor molecules through 
independent routes of the enzyme. As shown in Table II  the rates of xanthine- 
ferricyanide and NADH-ferricyanide reductase reactions were found to be roughly 
additive in the presence of both donors. Since each donor concentration was sufficient 
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Fig. 8. MK-mediated consumpt ion  of  O~ by deflavoxanthine oxidase. The reaction was s tar ted 
by the addition of MK. No change was caused by  the addition of catalase at the arrow. Concen- 
t ra t ions:  o.84 #M deflavoxanthine oxidase, 12o pM xanthine, 2o #M MI< and o.i M potass ium 
phospha te  (pH 6.o). 

for the activity it would be concluded that xanthine oxidase might have two routes 
of xanthine ferricyanide and NADH ferricyanide reductase reactions. Because of the 
complication of absorbance changes it was difficult to obtain such results when 
quinones were the acceptor. 
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Fig. 9. L ineweaver -Burk  plot between the concentrat ion of p -benzoquinone  and the rate of 
p-benzoquinone reduction. The rates of p-benzoquinone reduction were measured  at  249 nm 
(isosbestic between xanthine and uric acid) under aerobic (©) and anaerobic  (O) conditions. 
Concentrat ions : o.9o/~M xanthine  oxidase, ioo / ,M xanthine  and o. i M pyrophospha te  buffer (pH 
8.3). 

DISCUSSION 

There was kinetic evidence for the involvement of the molybdenum moiety at 
the site of xanthine oxidation in xanthine oxidaselg, 20. On the other hand it was 
thought that NADH interaction with the enzyme does not occur via the 
molybdenum. Recent studies on the deflavoenzymeS, 7 and the arsenite- or cyanide- 
treated enzyme4, 8 have clearly indicated that xanthine and NADH react at different 
sites of the enzyme. The electron inlet is now determined to be the molybdenum for 
xanthine and the flavin for NADH. 

An outlet of electrons has been assumed to be the iron-sulfur ligand system of 
the enzyme 19-21. Komai et al. 5, observing the complete loss of xanthine-O 2 reductase 
activity on removal of the flavin, have suggested that 0 2 accepts electrons from the 
flavin. However, no explanation has been given to the reason why the flavin does not 
react with 0 2 when it accepts electrons from NADH. From the studies of the electron 
transfer mechanism Misra and Fridovich 22 have recently suggested that the reduction 
of 02 by xanthine oxidase is a function of its non-heme iron center. 
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TABLE I[ 

RATES OF X A N T H I N E - F E R R I C Y A N I D E  AND N A D H - F E R R I C Y A N I D E  REDUCTASE REACTIONS OF 

XANTHINE OXIDASE 

The rate was measured from the decrease in absorbance at 42o rim, at pH 5.5 (o.i M sodium 
acetate) and under anaerobiosis. Concentrations: ioo/,M xanthine or 12o/zM NADH, 83o/*M 
ferricyanide and o.o91/,M xanthine oxidase. 

Electron donor Rate 
Reduced ferricyanide, 
moles/FAD, rain 

Xanthine* 25 o*~ 
NADH" 204 
Xanthine + NADH 406 

" Concentrations of these donors were sufficient to give the maximum rate. 
*~ Nonenzymic reduction of ferricyanide by uric acid reported by Fridovich and Handler 21 

was negligibly small at pH 5-5. 

Now, the quest ion will arise as to whether the enzyme has the common flavin 
and i ron-sul fur  as funct ional  groups in the reactions with xanth ine  and NADH. The  
marked difference in p H - a c t i v i t y  curves for the reactions of xanth ine  acceptors 
reductase and NADH-accep tors  reductase (Figs i and 2) might  suggest tha t  the two 
react ions occur via different paths in the enzyme. 

In  order to est imate the ratio of the one-electron transfer to the overall reaction 
we have used a parameter,  K which is defined as vf = K' v, where vf and v are rates of 
the free radical formation and of the overall reaction, respectively is. When the free 
radicals formed decay only by dismutat ion,  the K value is 2 for the typical  one- 
electron transfer and o for the typical  two-electron transfer. For  general purposes, 
however, it seems convenient  to use the ratio of one-electron flux to the total  electron 
flux according to Fridovich n.  This ratio, therefore, equals K/2. The definition of 

one-electron and two-electron transfers has been discussed elsewhere 1°. 
The present  data  would indicate tha t  the outlet  of electrons can be well 

characterized by  analysis of the percentage of one-electron flux from the enzyme to 
an acceptor. I t  is likely tha t  the percentage of one-electron flux depends not  only on 
the na ture  of the acceptor site of the enzyme bu t  also on the acceptor molecule. The 
percentage of one-electron flux has been measured for various reactions between 
flavoproteins and acceptors, such as 02, p-benzoquinone  and MKg,l°,12,1a,lL In  
particular,  p -benzoquinone  hasbeen  most  f requent ly  used since it reacts with various 
flavoproteins and the na ture  of p-benzosemiquinone is well documented 23. When the 
same molecule is used as an acceptor the na ture  of the acceptor site should then be 

reflected in the percentage of one-electron flux. 
The percentage of one-electron flux was found to be not  cons tant  for the 

reaction between xanth ine  oxidase and oxygen n,24 or p-benzoquinone% When the 
acceptor was p-benzoquinone  the value was increased from about  o to lOO% with 
the increase in the concentrat ion of acceptor from a few #M to 7 ° #M 9. Fridovich n 
observed tha t  the percentage of one-electron reduct ion of 0 2 was increased by  raising 
the pH and the 0 2 tension and by  decreasing the concentra t ion of xanthine.  A similar 
dependence of the value on the acceptor concentrat ions was also observed in the case 
of MK reduct ion (Fig. 6) except tha t  the max i mum value was about  5o%. 

The reverse was the case with the N A D H - q u i n o n e  reductase reactions. The  
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percentage  of one-electron reduct ion  of qiunones g rea t ly  var ied  with  p H  (Fig. 3) bu t  
was a lmost  i ndependen t  of the  concent ra t ion  of the  quinones (Figs 4 and 5). I t  should 
be not iced  t h a t  most  of the  react ions  be tween f lavoprote ins  and acceptors  can be 
grouped  into e i ther  typ ica l  one-electron or two-elect ron t ransfer  type1°, 13. A few cases 
were found to be an in t e rmed ia te  or a mixed  type  of one-electron and two-electron 
t ransfers  1°. Though there is no general  theory  ye t  which explains  the  re la t ion between 
the percentage  of the one-electron flux and the s t ruc ture  of the  act ive site, the 
measurement  of the  value might  be used for character iz ing the react ion site and also 
for e luc ida t ing  the mechanism of enzymat ic  electron transfers.  

The present  s tudies  on the analysis  of e lectron t ransfer  mechanism are sum- 
mar ized  in Table  I I I .  The results  would suggest  a poss ib i l i ty  tha t  quinones react  wi th  
the  different  out le ts  of e lectrons in two cases in which the enzyme accepts  electrons 
from xan th ine  and N A D H .  I f  the xan th ine  quinones reductase  and N A D H  quinones 

TABLE I[I  

V A R I A T I O N  I N  T H E  P E R C E N T A G E  O F  T H E  O N E - E L E C T R O N  F L U X  I N  T H E  E L E C T R O N  FLO~,V F R O M  T H E  

E N Z Y M E S  T O  A C C E P T O R S  

Donor Xanthine oxidase Acceptor Percent one-electron flux Independent on the 
concentration of 

Xanthine Untreated O, IOO (02, pH)* 
p-Benzoquinone o ~ ioo (3 ~ 7 °/~M BQ)'" 
MK o ~ 5 ° (3 "~ 2o/*M MK) 

Deflavo M K I oo Acceptor 
NADH Untreated p-Benzoquinone 15 ~ 80 (pH 4.0 ~ 7-5)  Acceptor 

MK 5 ° Acceptor 
Arsenite treated p-Benzoquinone o ~ ioo (pH 4.0 ~ 7 .5 )  Acceptor 
Cyanide treated p-Benzoquinone 15 ~ 7 ° (pH 4.0 ~ 7 .5 )  Acceptor 

* 2o% at pH 7.o, in air and lOO% at pH io.o, in 0 2 , after Fridovich n. 
** After Nakamura and YamazakiL 

reductase  react ions  occur via different  inlets  and  out le ts  of electrons in the same 
enzyme a quest ion might  then arise as to whether  there  is in te rac t ion  between the 
two e lec t ron- t rave l l ing  pa ths ,  for ins tance at  the  flavin. Nonequivalence  of the  flavin 
moiet ies  r epor ted  b y  K a n d a  and Ra jagopa lan  26 in chicken l iver xan th ine  dehydro-  
genase seems very  in te res t ing  in this  respect.  The idea of the independent  r e a c t i o n  
pa ths  migh t  be suppor t ed  b y  the fact  t ha t  ac t iv i t ies  of xan th ine  ferr icyanide  reductase  
and N A D H  fer r icyanide  reductase  were a lmost  add i t ive  when bo th  react ions  occurred 
s imul t aneous ly  (Table II). But ,  because of low specific ac t i v i t y  of our enzyme  
p repa ra t ion ,  there  is a poss ib i l i ty  tha t  the  add i t ive  na ture  can be expla ined  as a 
con tamina t ion  of nonfunct ional  xan th ine  oxidase which has N A D H - f e r r i c y a n i d e  
reduc tase  ac t i v i t y  s. 

Rao  et al. 27 have recent ly  repor ted  t ha t  D-amino acid oxidase forms a purple  
or a ful ly reduced  in t e rmed ia te  dur ing  the react ion with  a va r i e ty  of electron donors 
and these in t e rmed ia t e s  have  a different  specif ici ty for the electron acceptor .  F rom 
the presen t  resul ts  i t  can be concluded t ha t  the  r eac t iv i ty  of the  aceeptor  site is 
different  in two cases of x a n t h i n e - a c c e p t o r  and  N A D H - a c c e p t o r  react ions  but  i t  m a y  
not  necessar i ly  mean  the exis tence of two inherent  out le ts  of electrons in the  enzyme.  
F u r t h e r  s tudies  are needed to e lucidate  this point .  
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