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1. Introduction 

It is well known that an inactive form of xanthine 
oxidase, the desulfo-form, is present in milk xanthine 
oxidase preparations, in addition to an inactive form 
lacking molybdenum [1-4] .  The existence of the 
desulfo-form in the enzyme preparations is considered 
to be caused by spontaneous release of sulfur during 
storage or purification. This inactive form is also 
known to be caused by treatment of the enzyme with 
cyanide [5]. 

To understand the proper mechanism of action of 
this enzyme, it is important to obtain an enzyme 
preparation essentially free of inactive forms. 

An affinity chromatography method for resolution 
of the active and inactive forms of xanthine oxidase 
was reported in [6]. An allopurinol analogue was 
used as an affinity ligand [6]. In [6], only the active 
enzyme, in a reduced form, was bound to the column 
and could be eluted after reoxidation. Despite the 
extreme value of affinity chromatography, prepara- 
tion of the enzyme by their method is not easy, 
because it involves difficult chemical syntheses and 
chromatography under anaerobic conditions. 

Here, we describe a much easier method for puri- 
fication of highly active enzyme by affinity chroma- 
tography, in which resolution of the sulfo- and 
desulfo-enzymes is achieved. We adopted folate [7], 
a commercially available competitive inhibitor, as a 
ligand instead of the allopurinol analogue. 

2. Materials and methods 

Xanthine oxidase was prepared from cow's milk 

Abbreviations: DMF, dimethylformamide; EDC, N-ethyl-N'- 
3 dimethylaminopropyl carbodiimide; AFR, activity flavin 
ratio 

by the method in [8] with minor modifications. 
Cysteine (5 mM), salicylate (1 mM) and EDTA (0.2 
mM) were added to the extraction buffer of Na2HPO4 
(0.2 M). Final ammonium sulfate fractionation was 
performed between 30-45% saturation instead of 
33-42% saturation as in the original method. 

2.1. Preparation of  Sepharose 4B/folate gel 
AH-Sepharose (10 g) obtained from Pharmacia, 

was swollen in 0.5 M NaC1 and washed with 1 titer 
of 0.5 M NaC1. Washed AH-Sepharose was mixed 
with 60 ml 2 mM folate in 50% DMF, the pH of 
which had been pre-adjusted to 5.8 with dilute NaOH. 
Then 400 mg EDC, obtained from Fluka, was added 
and the mixture was gently stirred overnight at room 
temperature in the dark. The gel was washed sequen- 
tially with 200 ml of 50% DMF at pH 7.0,500 ml 
0.01 M NaOH, 500 ml 0.1 M Tris-HC1 at pH 7.0, 
and finally with 1 liter of distilled water. The Sepha- 
rose 4B/folate gel was stored at 4°C in the dark. 

Oxipurinol was synthesized as in [9]. Allopurinol 
was obtained from Sigma. 

Enzyme activity was measured spectrophoto- 
metrically at 295 nm and at 25°C [4] using a Shimazu 
140 spectrophotometer. Catalytic activity was 
expressed as AFR 25°c [10]. 

The following buffer mixtures were used for affinity 
chromatography: 

(A) Mixture of 20% 0.1 M pyrophosphate buffer (pH 
8.5) containing 0.2 mM EDTA and 80% 0.05 M 
Tris-HC1 buffer (pH 7.8) containing 0.2 mM 
EDTA. 

(B) Mixture of 30% of 0.1 M pyrophosphate buffer 
(pH 8.5) containing 0.2 mM EDTA and 70% 0.05 M 
Tris-HC1 buffer (pH 7.8) containing 0.2 mM 
EDTA. 
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3. Results 

3.1. Purification of xanthine oxidase 
All procedures were performed at 4°C unless 

otherwise indicated. Milk xanthine oxidase (13 ml) 
with an absorbance at 450 nm of 2.1 (obtained by 
the modified method of  Ball) was dialysed against 
buffer mixture (A) then applied to the Sepharose 
4B/folate column (2 X 6 cm) pre-equilibrated with 
buffer mixture (A). Almost all the material having 
absorbance at 450 nm was adsorbed on this column. 
After washing off  the impurities with buffer mixture 
(B) the enzyme was eluted with buffer mixture (B) 
containing 0.5 mM hypoxanthine as shown in rigA. 
The fractions containing enzyme activity were pooled 
soon after elution and solid ammonium sulfate was 
added to 60% saturation. Precipitated enzyme was 
collected by centrifugation and dissolved in a minimal 
volume of  0.1 M pyrophosphate (pH 8.5) containing 
0.2 mM EDTA. The enzyme was dialysed against 250 ml 
0.1 M pyrophosphate buffer (pH 8.5) containing 
0.2 mM EDTA. The dialysis buffer was changed once. 
As shown in table 1, the absorbance ratio (A:8o/A4so) 
of  the dialysed sample was 5.2, suggesting that the 
enzyme was almost pure [4], but the AFR was still 
126, suggesting that the inactive form was not removed 
by this affinity chromatography step. 

3.2. Resolution of active and inactive enzyme by 
affinity chromatography 

Since only the active sulfo-enzyme (reduced form) 
can bind pyrazolo [3,4-d]pyrimidine derivatives [3], 
we chose to complex the sulfo-enzyme with allopurinol 
or oxipurinol in order to block the active site and 
prevent binding to the folate ligand of  the affinity 
column. Enzyme (2 ml) (A4s0 = 6.0, obtained from 
the first affinity column) in 0.1 M pyrophosphate 
buffer (pH 8.5) containing 0.2 mM EDTA was placed 
in the body of  a Thunberg tube. The side-arm con- 
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Fig.1.  Pur i f ica t ion  o f  mi lk  x a n t h i n e  ox idase  by aff in i ty  chro- 
m a t o g r a p h y  on Sepharose 4B/folate. After washing off the 
impurities with buffer mixture (B) the enzyme was eluted 
with buffer mixture (B) containing 0.5 mM hypoxanthine. 
Fractions of 5 mlwere collected. ( - - )  absorbance at 280 nm; 
(e) absorbance at 450 nm; (o) enzyme activity expressed as 
change in absorbance at 295 nm. rain-', ml-'. 

tained 20/zl of  10 mM oxipurinol and 50/A 10 mM 
xanthine, both dissolved in 0.01 M NaOH. The sys- 
tem was made anaerobic, the reagents were mixed 
with the enzyme anaerobically and incubated at room 
temperature for 1 h. Under aerobic conditions, the 
oxipurinol-treated enzyme was quickly passed through 
Sephadex G-25 which was equilibrated with buffer 
mixture (A) to remove xanthine and excess oxipurinol. 
The oxipurinol-treated enzyme was then applied to 
the Sepharose 4B/folate affinity column (2 X 6 cm) 
equilibrated with buffer mixture (A). As shown in 
fig.2, only the oxipurinol-inhibited sulfo enzyme was 
eluted by buffer mixture (B). On the other hand 
desulfo-enzyme (low activity) remained on the col- 
umn and was eluted with buffer mixture (B) contain- 
ing hypoxanthine. Highly active enzyme fractions 
(AFR 205-190)  were pooled, and 1 mM salicylate 
and 50/JM ferricyanide (final concentrations) were 

Table 1 
Purification and resolution of active and inactive xanthine oxidase 

A2~o/A 4s o A F R  25°C 

Before l st affinity chromatography 
After 1st affinity chromatography 
After 2nd affinity chromatography 

Active fractions pooled 
Inactive fractions pooled 

ll.0 130 
5.2 126 

5.0 195 
5.1 38.1 
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Fig.2. Resolut ion of  active and inactive xanth ine  oxidase by 
second affinity chromatography on Sepharose 4B/folate.  The 
oxipurinol-treated enzyme was rechromatographed on the 
same affinity co lumn as described. The  activity (o) was mea- 
sured after t rea tment  with ferricyanide; (o) absorbance at 
450 nm;  (A) A F R  value at 25°C. Fractions of 5 ml were col- 
lected. 

added to the solution [4]. The mixture was stirred 
gently at room temperature in the dark in order to 
reactivate the oxipurinol-inhibited enzyme. After 
complete reactivation, when catalytic activity no 
longer increased, ammonium sulfate was added to 
60% saturation and the resultant precipitate was col- 
lected by centrifugation. The precipitated enzyme 
was dissolved in a minimal volume of 0.1 M pyro- 
phosphate (pH 8.5) containing 0.2 mM EDTA and 
was passed through a Sephadex G-25 column equili- 
brated with the same buffer. The AFR 25°C value of 
the pooled enzyme was 195, as shown in table 1, a 
value which is very close to the maximum values 
reported in [2,4,6]. On the other hand, the AFR 25°C 
value of the pooled inactive fractions was 38.1. This 
residual activity could be due to some amount of 
active monomer in the dimeric molecule. 

4. Discussion 

As folate is known to be a competitive inhibitor of 
xanthine oxidase [7], an AH-Sepharose 4B gel to 
which folate was bound, was used for affinity chro- 
matography. Both the sulfo- and desulfo-forms of the 
enzyme bound to the column and eluted with hypo- 
xanthine. However, after treatment of the enzyme 
with oxipurinol and xanthine (these compounds 
could be replaced by allopurinol alone), the sulfo- 

enzyme passed through the column, while desulfo- 
enzyme remained on the column. The desulfo-enzyme 
could then be eluted with hypoxanthine. It should be 
noted that desulfo-enzyme could bind hypoxanthine 
and folate, suggesting that the sulfur atom may not 
be involved in the formation of enzyme-substrate 
complex. This confirms reports with [ 14C] hypo- 
xanthine [11 ] and with mercaptopyrazolo-pyrimidine 
derivatives [6]. 

Existence of non-functional enzyme in the enzyme 
preparation was first suggested by Morell [1 ]. Two 
forms of non-functional enzyme were subsequently 
indicated: one form containing a full complement of 
the oxidation-reduction groups;and another form 
lacking molybdenum [2,4,5]. However, final proof of 
the correctness of Morell's hypothesis came with the 
resolution of the active and inactive forms of the 
enzyme by affinity chromatography [6]. An analogue 
of allopurinol was used as an affinity ligand [6]. We 
confirm the conclusion in [6] that xanthine oxidase 
preparations contain non-functional enzyme which 
can be resolved into high and low activity fractions. 
The enzyme which we obtained had an AFR 25°C 
value between 190 and 205. These values are very 
close to the extrapolated 100% active value (AFR = 
210) in [3], as well as being nearly identical to the 
maximum value (AFR = 205) obtained [6]. The 
extremely high specific activity of our preparation 
suggests that both the desulfo- and demolybdo-forms 
of inactive enzyme have been essentially eliminated. 

Our affinity column chromatography on Sepharose 
4B/folate has great advantages over that in [6]; that 
is, affinity gel can be prepared easily by using com- 
mercially available compounds, anaerobic conditions 
are not necessary for performing chromatography and 
the column is applicable to an early stage in the 
enzyme purification. 
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