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Screening of Xanthine Oxidase Producing Microorganisms Using
Nitroblue Tetrazolium Based Colorimetric Assay Method
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Abstract: Xanthine oxidase is a highly versatile and ubiquitous complex molybdoflavoprotein, which controls the rate
limiting step of purine catabolism pathway. Microbial xanthine oxidase can be used to address a number of questions
presently not feasible with the eukaryotic enzymes. In the present study, a high-throughput microtitre plate-based col-
orimetric assay for xanthine oxidase producing microorganism was developed. Superoxides produced by microbial cul-
tures, grown on xanthine rich medium interacts with nitroblue tetrazolium (NBT) solution and produces dark blue color,
which facilitates the rapid screening of xanthine oxidase producing microorganisms and could be adapted for quick quan-
titative assessment and distribution of xanthine oxidase in many heterogeneous microbial communities. The method de-
veloped may be utilized for the rapid screening of a variety of xanthine oxidase producing microorganisms from the na-

ture.
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INTRODUCTION

Xanthine oxidase is a highly versatile and ubiquitous
complex molybdopterin, first identified a century ago in milk
[1]. Most of the xanthine metabolizing organisms possess a
molybdopterin cofactor-containing enzyme that oxidizes
xanthine to uric acid and transfers electrons to NAD" (xan-
thine dehydrogenase) or oxygen (xanthine oxidase) [2]. Al-
though mammalian xanthine oxidase exists originally as a
dehydrogenase form, but it can be easily converted to oxi-
dase form either irreversibly [3], or reversibly [3-5]. These
different forms of xanthine oxidoreductases are generally
conserved in living organisms, including archaea, bacteria,
fungi, plants, and metazoans [6] and it has been revealed
from different sources that these isoforms are all fundamen-
tally similar with regard to molecular properties, prosthetic
group content and substrate specificity [7]. Xanthine oxidase
is capable of oxidizing varieties of purines and related com-
pounds and physiologically participates in a variety of bio-
chemical reactions including hydroxylation of various
purines, pterines and aromatic heterocycles, as well as ali-
phatic and aromatic aldehydes and hence plays a significant
role in the detoxification or activation of endogenous com-
pounds and xenobiotics [8].

The standard spectrophotometric assay of xanthine oxi-
dase is based on the oxidation of xanthine/hypoxanthine to
uric acid [9]; in case of microbial xanthine oxidase assay, it
suffers from the drawback of being slow and less sensitive.
There is a pressing need to develop high throughput assays,
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which would greatly facilitate work on xanthine oxidase/
xanthine dehydrogenase (and other enzymes), and specifi-
cally would potentiate the use of combinatorial chemical
libraries to screen for novel lead compounds (antigout, an-
timicrobial, antitumor). We made an attempt to develop mi-
crobial xanthine oxidase assay based on the reactivity of
superoxides produced during the course of the reaction. The
aerobic oxidation of xanthine/hypoxanthine by xanthine oxi-
dase is associated with the formation of hydrogen peroxide
and superoxides [10]. This has prompted us to use the xan-
thine oxidase system with xanthine/hypoxanthine as sub-
strate as a model of the high throughput screening of micro-
bial xanthine oxidase. The underlying principle [11] was
used to develop the colorimetric assay for screening of xan-
thine oxidase producing microorganisms from the soil sam-

ple.

NBT (yellow)  pormazan

(dark blue)
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Xanthine + O, —» Superoxides

MATERIALS AND METHODS

Xanthine, allopurinol, xanthine oxidase (from bovine
milk; grade Il), were purchased from Sigma- Aldrich Inc.,
USA. Nitroblue tetrazolium and all other chemicals were
obtained from Hi-media Inc. Mumbai, India.

Microbial Culture

A 2 x 2 ft. area in the institute’s garden was selected for
the primary enrichment of xanthine utilizing microorganisms
in the soil. A solution of xanthine (2 mmol 1) was sprayed
on the designated soil at a regular time interval and samples
were collected from it. This process of spraying of xanthine
and collecting soil samples continued for 4-6 months. A soil
suspension was prepared by adding 10 ml tap water to 1 g
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soil sample. It was vortexed and 1 ml supernatant was used
as an inoculum in 100 ml minimal salt medium (MSM) con-
taining xanthine (2 mmol 1) and incubated at 30 °C in an
orbital shaker (200 rpm) for 4 -6 days. Enriched samples
were streaked on selective plates (containing xanthine) in
MSM agar. Positive isolates were selected on the basis of
growth on the selective plates and organisms obtained in this
waywere purified and maintained on nutrient agar plates
(0.5 % peptone, 0.15 % yeast extract, 0.5 % beef extract.
0.5 % sodium chloride, agar 1.5 %, pH 7.6).

Detection of Microbial Xanthine Oxidase Using the Ni-
troblue Tetrazolium Based Assay

This method was developed by modifying the polyacry-
lamide gel activity staining method used by Ozer et al. [11]
for xanthine oxidase. Microbial culture, grown on xanthine
as a sole source of carbon and nitrogen; was centrifuged and
the pellet was suspended in Tris-HCI buffer (50 mmol I"', pH
7.6). Each reaction contained 150 ul microbial cell (concen-
tration varied from 25 to 150 mg/ml), lysed with NaOH
(1 mol I'); 150 pul NBT solution containing 50 mmol I"" Tris-
HCI, pH 7.6, 2 mmol I"' xanthine and 0.50 mmol 1" nitroblue
tetrazolium. The reaction mixture was incubated for 5 min-
utes at ambient temperature, centrifuged and absorbance of
supernatant was measured by microplate readers (Emax,
Molecular Devices, California) at 575 nm. This was used a
test sample. Three control experiments were set with this
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assay. First control consists of 150 pl NBT solution and 150
ul NaOH (1 mol I'") which is termed as negative control.
This was carried out to see the interaction between NBT and
xanthine in alkaline conditions. Second control experiment
was set in which 150 pl microbial culture was incubated with
allopurinol (50 mmol I'") for 5 minutes at ambient tempera-
ture and to this mixture, 150 pl NBT solution was added and
again incubated for 5 minutes at ambient temperature, centri-
fuged and absorbance of the supernatant was measured by
microplate readers (Emax, Molecular Devices, California) at
575 nm. This control experiment determined the superoxides
formed by the action of enzymes other than xanthine oxidase
present in the microbial cultures. The third control experi-
ment is the positive control which was set up with commer-
cially available xanthine oxidase (0.02 units) from bovine
milk (grade II), keeping all the reaction parameters same.

RESULTS

A large number of microorganisms exhibits xanthine
dehydrogenase/xanthine oxidase activity [7, 12], and, in
some cases, enzyme activity can be induced by growing the
microorganism in a medium with xanthine/hypoxanthine as
sole carbon and nitrogen source. Microbial cultures which
showed positive growth on the nutrient agar plates, contain-
ing xanthine as a sole source of carbon and nitrogen; reacts
with NBT solution and give dark blue color. As assumed, no
color was developed in the negative control (Fig. 1), while
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Fig. (1). Microtitre plate-based colorimetric assay of xanthine oxidase producing microorganisms.

Lane 1, Showing the blue colour of formazan formed due to the interaction of the super oxides with NBT. well 1: negative control, well 2: 25
mg/ml, well 3: 50 mg/ml, well 4: 75 mg/ml, well 5: 100 mg/ml, well 6: 150 mg/ml cell mass well 7: xanthine oxidase from bovine milk,
grade II (0.02 units), as positive control; Lane 2, Showing the same reactions in the presence of allopurinol (50 mmol I'"), standard inhibitor
of xanthine oxidase. Lane 3-4, Showing the microorganisms not having xanthine oxidase as no effect of allopurinol is appearing on enzyme

activity.
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the microbial cultures which were treated with allopurinol,;
standard inhibitor of xanthine oxidase, showed the formation
of light blue colour (Fig. 1) and the corresponding decrease
in absorbance (Fig. 2A). In case of microorganisms, lacking
xanthine oxidase activity there is almost no or negligible
difference in the absorbance of the sample without allopuri-
nol and the sample containing allopurinol (Fig. 2B). Ten
strains were screened for xanthine oxidase activity and it has
been observed that it varied from good to moderate to negli-
gible amount (Table 1).
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Fig. (2a). Oxidation of NBT by xanthine oxidase producing micro-
organisms in the absence and presence of allopurinol (All the reac-
tions were replicated thrice with SEM + 0.10 and + 0.05, respec-
tively).
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Fig. (2b). Oxidation of NBT by microorganisms deficient in xan-
thine oxidase activity in the absence and presence of allopurinol
(All the reactions were replicated thrice with SEM + 0.13 and +
0.06, respectively).

DISCUSSION

Dark blue color appears due to the formation of forma-
zan, formed as a result of interaction of the NBT and super-
oxides produced during the course of the oxidation of xan-
thine to uric acid by xanthine oxidase. It is evident from Fig.
(2A) that with the increase in the cell mass concentration, the
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increased absorbance indicats the increased amount of for-
mazan formed due to the excess of superoxides produced
during the reduction of the oxygen by microbial xanthine
oxidase. However, when allopurinol was added to the reac-
tion mixture, color intensity decreased due to the decrease in
the production of superoxide radicals; as allopurinol inhib-
ited the xanthine oxidase activity and hence free radical for-
mation. Appearance of slight blue color can be attributed to
the production of superoxides by other internal factors like
mitochondrial electron chain and many autoxidation reac-
tions. In case of microorganism lacking xanthine oxidase
activity no change in color intensity has been observed in the
absence and presence of allopurinol (Fig. 1), indicating that
these microorganisms do not have the xanthine oxidase ac-
tivity. In comparison to previous assays [13]; this assay sys-
tem is simple and rapid for determining the xanthine oxidase
activity in a large number of microorganisms. This high
throughput colorimetric assay method can increase the effi-
ciency of screening libraries of microorganisms for xanthine
oxidase activity and also can be exploited for the screening
of xanthine oxidase inhibitors.

Table1. Xanthine Oxidase Activity Shown by Different Mi-

croorganism Grown on Xanthine Riched Medium

Strain Number Xanthine Oxidase Activity
1 ++
2 ++
3 +
4 -
5 ++
6 -
7 ++
8 ++
9 +
10 ++

++ Good xanthine oxidase activity; + moderate xanthine oxidase activity; - no or
negligible xanthine oxidase activity.

CONCLUSION

The xanthine oxidase/dehydrogenase system has been
extensively studied with the bovine milk oxidase and
chicken and rat dehydrogenase and has become the standards
of comparison for xanthine oxidizing enzymes isolated from
other sources [13, 14]. A more detailed understanding of the
relative functional role of the redox cofactor (molybdopterin,
two iron-sulfur centers, and FAD) found in these enzymes
[4] will require the use of site-directed mutants and their
characterization. Microbial xanthine oxidase can be ex-
ploited to address a number of questions presently not possi-
ble with the eukaryotic enzymes, such as (i) defects in the
corresponding gene leading to hyperuricemia/gout, xanthinu-
ria and various other related disorders; (ii) to know the func-
tional roles of amino acid residues implicated in the catalytic
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mechanism of the enzyme (iii) to fully explore the compli-
cated process of biosynthesis of functional form of the en-
zyme; (iv) to throw the light on the cofactor functional roles
and electron transfer pathways in this oxidoreductase class of
enzymes. These preliminary studies although precludes the
detection of allozyme or isozyme multiplicity, but this assay
method can pave a way in achieving the above mentioned
tasks.
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