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ABSTRACT

This research was designed to enumerate the uricase producing bacterial isolate from bird’s fecal contaminated soil and
optimize the growth parameters suitable for uricase enzymatic activity. Isolation done by dilution plate method using
selective medium. In this study, a potent uricase producing organism was isolated by a thorough screening and identified
as Bacillus subtilis strain by using 16s rDNA sequencing. Optimization of various factors influencing maximum enzyme
coproduction by Bacillus sp is performed. The statistical experimental design method was further applied to obtain
optimal concentration of significant parameters such as pH, temperature, uric acid concentration, urea concentration,
carbon, nitrogen, substrate are tested. Totally ten isolates were recovered and one uricase producing bacterial isolate
selected for optimal studies and characterized by 165rDNA sequencing. The optimal essential growth factors required to
obtain maximum uricase enzyme activity by the tested isolate were found as pH 7.0, 40°C, 1% glucose, 0.2% yeast
extract, and 0.32% of uric acid. The B. subtilis MM13 yielded uricase ranged from 1.25 to 2.54 U/ml in a 48 h submerged
fermentation process under these optimized conditions. None of the tested carbon and inorganic nitrogen sources had
significant stimulatory effect on uricase productivity except Sucrose and yeast extract This predominant uricase
producing bacterial isolate Bacillus subtilis MM13 sequence was submitted to NCBI-GenBank and received accession
number as MK503710. Use of statistical optimization upsurges uricase yield from 1.25 U/ml to 15.87 U/ml enhancing the
overall production by 13.23 fold; which confirms that the model is effective for process optimization. These results
conclude that the B. subtilis MM13 enumerated from pigeon fecal contaminated soil may be considered for further
purification and biomedical applications related in-vitro and in-vivo studies.
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INTRODUCTION

Hyperuricemia is a condition that is characterized by an increased quantity of serum urate that usually
precedes the emergence of monosodium crystals [1-2]. This monosodium crystal accumulates in distal
tendons and peripheral tissues, causing gout, an inflammatory arthritic disease[3-4]. Overconsumption
of fructose-enriched corn syrup, purine-rich foods, red meat, seafood, organ meat, beans, and excessive
alcohol consumption may contribute to hyperuricemia development [5-6]. Uric acid is the major
byproduct of purine metabolism. Hyperuricemia can occur as a result of uric acid excess production or
poor excretion in humans. According to a recent report, hyperuricemia affects approximately 14.4% of
adolescents (aged 35 to 49) worldwide [7-8]. According to human evolutionary theory, elevated uric acid
quantities might well have offered a survival benefit during periods of starvation in the previous era [9-
10]. Even though evidence that hyperuricemia can be both an effective protection and a causative factor
in non-communicable disorders that encompasses cardiovascular, neurological disorder, gout, leukemia,
toxemia of pregnancy, severe renal impairment, and idiopathic calcium urate nephrolithiasis[11-12].
The main levels of serum uric acid (SUA) have been observed in recent years, and hyperuricemia seems
prominent in developed and emerging nations[13-14]. The global prevalence of non-communicable
diseases is rising as a result of industrialization, urbanization, and ageing [15-17]. The uricase is a
hepatocellular and urate oxidase enzyme that reduces uric acid to allantoin, a water-soluble molecule that
is more rapidly eliminated by kidneys [18-19].

In some cases, though, mutations in missense and frame shift after evolution resulted in an inactive
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uricase gene [20-22]. Hence the uricase enzyme has been used to treat hyperuricemia and related
disorders[23]. Many species, encompassing higher plants and microbes, may synthesize uricase,
influenced by culture medium composition. All these organisms' capability to break down uric acid and
utilize this for development is an inducible feature [24]. Although this enzyme is found in abundance in
most animals, it is not found in humans. Humans as well as other higher mammals are unable to generate
uricase and are hence prone to uric acid-related illnesses [25-26]. Among various organisms, the
microbes, especially bacteria are preferably used for uricase fabrication, and bacterial species such as
Bacillus pasteurii, Proteus mirabilis, and Escherichia coli produce intracellular enzyme and while
Streptomyces  albosriseolus, Microbacterium  sp., Bacillus ~ thermocatenulatus, Candida  tropicalis,
and Pseudomonas aeruginosa [27]. However, the existing uricase production is unable to meet the global
requirement, thus finding potential bacterial strains are timely needed [28]. Urate oxidase in most species
converts uric acid to 5-hydroxyisourate. Depending on species, 5-hydroxyisourate is degraded further
and eliminated from the body as allantoin and ammonia[29]. Uricase is just a non - soluble crystalloid that
comprised with peroxisomes in vertebrate animals [30]. In most microbes and aquatic vertebrates,
uricases are dissolvable as well as present in either the cytosol (bacteria) or the peroxisome (yeast). In
general the researchers prefer the enzymes production from bacterial culture due to simple, cost-
effective and reliable production. Bacterial enzyme production is primarily determined by growth factors
such as pH, temperature, nutritional sources such as carbon and nitrogen sources, and so on[31]. As a
result, optimizing the growth parameters is the most important factor in determining a bacterial strain's
uricase producing maximum potential. This is the first report about enumerating uricase producing
predominant bacterial species from rose garden soil and optimized the suitable growth conditions for the
uricase producing bacterial strain. Since, under the optimal growth conditions, the cell growth, metabolic
activity, and reproduction rate will be significantly increased and yielded considerable enzymes. Hence,
this research was designed to isolate the uricase producing predominant bacterial strain from various
birds’ fecal contaminated soil and optimize the suitable growth conditions for uricase producing bacteria
to produce maximum yield.

MATERIAL AND METHODS

Collection and processing of fecal contaminated soil sample

The fecal contaminated soil samples were collected from pigeons, turkey, parrot, and poultry farms/nests
in Rayakota, Berigai, Perandapalli, and Kumudepalli. The samples were collected in sterile zip-lock cover
and immediately transferred to the laboratory, and subjected to a standard serial dilution process for
each sample individually.

Enumeration and confirmation of uricase producing predominant bacterial isolates

From the standard serial dilution, 0.1 mL of 10-¢ dilution of each sample was individually inoculated on
sterilized uric acid agar medium containing plates by spread plate method. The inoculated plates were
incubated at 37°C for 24 h. After incubation, the clearance zone formed around the colonies was
measured, and colonies that showed maximum clearance zone were enumerated. The uricase secreting
potential of enumerated bacterial isolates was confirmed by performing uric acid or uricase assay using
Amplex™ uricase assay kit (Thermo Fisher Scientific: Cat. log. No: A22181) and standard Lowry’s
method.

Preliminary growth parameters optimization[32]

To evaluate the basic optimal growth parameters required for the better growth and synthesis of uricase
were studied as follows . The one-factor-at-a-time method was applied for each factor such as pH 5-9,
temperature 30-70°C under static submerged condition. 5 mL (%) of 24 h old B. subtilis is inoculated on
100 ml of uric acid broth medium and incubated in a shaker incubator with 150 rpm for 48 h. The
standard uricase assay activity was performed after incubation of each growth parameter

Secondary growth parameter optimization[33]

linfluence of various carbon and nitrogen sources on growth and uricase production was assessed with
2% of carbon source: glucose, sucrose, maltose, fructose, and lactose, 1% of nitrogen source: yeast
extract, peptone, ammonium nitrate, ammonium chloride, and casein. 100 ml of uric acid broth medium
enriched with above carbon and nitrogen independently and autoclaved. the various concentration of
uric acid (0.12, 0.22, 0.32, 0.42, and 0.52%), and 5% of natural uric acid enriched with dried and sterilized
powdered form of wheat bran, beans, cauliflower, and pigeon fecal with standard growth conditions in
100 mL of uric acid broth medium containing 250 mL conical flask individually. About 5 mL (%) of 24 h
old B. subtilis MM13 (ODego: 1.5) was inoculated on each flask and incubated in a shaker incubator with
150 rpm for 48 h. The standard uricase assay activity was performed after incubation of each growth
parameter
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Effect of Sucrose and yeast extract

Production of enzyme at different concentrations of sucrose (0.25, 0.5, 0.75, 1.0, and 1.5%) and yeast
extract (0.2, 0.3, 0.4, 0.5, and 0.6%) required for attaining maximum yield from B. subtilis MM13 were
optimized through submerged fermentation process one-factor-at-a-time approach in 100 mL of uric acid
broth in 250 mL of the conical flask. The culture inoculated flask was incubated in a shaker incubator at
150 rpm for 48 h, and a uricase assay was performed to calculate the uricase activity

Uricase activity assay [34]

Uric acid at a concentration of10ug/ml was dissolved in 2 ml of 200mM borate buffer (pH 8.5), mixed
with 0.8 ml water and 0.1 ml of crude enzyme (CFCS). The mixture was incubated at 35°C for 10 min and
then the reaction was stopped by adding 0.2 ml of 100 mM potassium cyanide solution (PCS). The PCS
added to the mixture before the CFCS addition was served as the reference. The absorbance was
measured at 293 nm. The difference in the absorbance between the test and the reference is equivalent to
the decrease in uric acid during the enzyme reaction. One unit of uricase enzyme was equivalent to the
amount of enzyme that converts 1umol of uric acid to allantoin per min.

Molecular characterization of test isolates [35-36]

The preliminary screening (based on clear zone formation) and uricase assay results declared that 1
isolate out of 10 has an outstanding uricase enzyme activity, and that isolate was termed as MM13. The
molecular characterization (16S rRNA sequencing) study was performed to identify the genus and species
of test isolate MM13. The bacterial total genomic DNA extraction kit (gDNA extraction kit, from
ThermoFisher Scientific). The thermo cycler (ProFlex - Thermo Fisher Scientific) was used to perform the
16S rRNA sequencing amplification process using forward: 5-CCAGTAGCCAAGAATGGCCAGC-3' (EN1F)
and reverse:5'-GGAATAATCGCCGCTTTGTGC-3' (EN1R). The standard operating conditions (denaturation,
annealing, and extension) were followed, with 25 cycles of amplification were performed. The amplified
PCR product was purified using a readymade PCR product purification kit (GenElute™ PCR clean up kit
(NA1020)-Sigma -Aldrich), and 518F/800R sequencing system was performed and submitted at NCBI-
GenBank and obtained accession number (MK503710). To confirm the genus and species of test isolate.
The MEGA X was applied to construct the phylogenetic tree and circular sequence analyses to understand
the evolutionary relationship and possible restriction sites and GC percentile analyses.

RESULT AND DISCUSSION

The demand for uricase enzymes has been increasing recently, especially in the medical sector, to treat
hyperuricemia and related diseases. Hence, finding a suitable and potential uricase producing bacterial
isolate promptly is required to meet global demand. A total of 10 bacterial isolates enumerated from a
pigeon (5 nos.), turkey (2 nos.), parrot (2 nos.), and poultry fecal (1 no.) contaminated soil was found as
possessing uricase activity. One isolate out of 10 isolates named MM13 enumerated from pigeon fecal
contaminated soil showed outstanding uricase enzyme activity (30 mm). It was determined by the zone of
clearance around the colony in millimeters. The zone of clearance formed around the colony is due to the
conversion of uric acid into 5-hydroxyisourate by uricase with the aid of 0, and H;0 and yielded H,0, and
subsequently reduced as allantoin. The size of zone of clearance formed around the colony from uric acid
was considered a key factor in determining the uricase secreting potential of bacterial isolate [38].
Similarly, the Bacillus cereus DL3 enumerated from poultry farms had been reported to possess excellent
uricase secreting activity. It was determined by measuring the zone of clearance around the colonies on
uric acid media. The pigeon fecal matter may contain a significant quantity of uric acid than other bird's
fecal matter. Thus the bacteria isolated (MM13) could possess the maximum potential to secrete uricase
enzyme and utilize the uric acid in the pigeon fecal matter[37]. Thong et al. [38] enumerated uricase
producing Clostridia sp. isolated from the gut region of various termites and identified by a zone of
clearance around the colonies.

The optimal essential growth parameters are required to obtain the maximum uricase enzyme activity of
B. subtilis MM13. The metabolic activity and growth rate of bacteria can be influenced by essential growth
factors such as pH, temperature, carbon and nitrogen sources, etc. Thus table 1 represents the concept of
the research to optimize the growth parameters like pH, temperature, carbon , nitrogen and uric acid for
uricase production by Bacillus sp.

The optimal physical factors such as pH and temperature are required for producing maximum uricase
enzyme activity. The obtained results showed that the maximum uricase enzyme activity was 1.85 and
1.25U/ml at pH 7.0 and 40°C respectively at 48 h of the submerged fermentation process, and these were
statistically significant at P<0.05 (Fig. 1a and Fig. 1b). Furthermore, the uricase enzyme activity was
significantly reduced at pH 5, 6, 8, and 9 and at 30, 50, 60, and 70°C, respectively. The increased
temperature (increasing kinetic energy) and optimal pH can speed up the reaction, however, increased
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temperature and pH (breaking bonds) instantly reducing the enzyme and metabolic activities[39]. The
optimum pH and temperature ranges for enzyme activity were reported as 4.0-9.0 and 30-50°C,
respectively, and these ranges may be related to various strains and substrates using for enzyme
production. Similarly, the optimal pH and temperature for uricase enzyme activity of Saccharopolyspora
sp. PNR11 was reported as 7.0 and 30°C, respectively[40].

The availability of suitable carbon and nitrogen sources determines the enzymatic and metabolic
activities and the growth rate of bacteria. In this study, various carbon sources such as glucose, maltose,
lactose, sucrose, and fructose were subjected to identify the suitable carbon source for B. subtilis MM13 to
secrete uricase enzyme activity. The obtained results state that the test isolate preferably used glucose as
a major carbon source than other sugars and showed maximum uricase enzyme activity 2.54 U/ml. This
value was statistically significant at P<0.05 (Fig. 1c). Similarly, the B. subtilis MM13 strain effectively
utilized the yeast extract as the preferred nitrogen source and yielded the uricase enzyme activity as 2.37
U/ml in a 48 h period of incubation. This was statistically significant at P<0.05 (Fig. 1d). The uricase
activity was considerably reduced in other nitrogen sources such as peptone, ammonium nitrate,
ammonium chloride, and casein. The bacteria Bacillus cereus DL3 isolated from the poultry source was
preferably utilizing the Carboxymethylcellulose and asparagine as a suitable carbon and nitrogen source
and yielded around 15.43 U/mL of uricase activity. Another report stated that the Bacillus subtilis SP6
isolated from poultry wastes was showed maximum uricase enzyme activity (1.2 to 15.87 U/ml) using
lactose and soya peptone as preferred carbon and nitrogen sources, respectively . The Bacillus subtilis
RNZ-79 effectively utilize raw carbon source such as rice bran and uric acid as preferable carbon and
nitrogen sources and yielded a significant volume of uricase activity .

The uric acid served as a primary inducer for uricase activity in bacteria. The optimal concentration of
uric acid for the uricase enzyme activity of B. subtilis MM13 was 0.32%. It yielded about 1.17 U/ml of
uricase enzyme in a 48 h of incubation period and this value was statistical significance at P<0.05 (Fig.
1e). Other strains of B. subtilis, such as RNZ-79, effectively produced maximum uricase enzyme activity
using 0.4% of uric acid in a short period . Similarly, the other strain Bacillus subtilis SP6 showed
maximum uricase activity using 2.55 g/L concentration of uric acid . Another report stated the
Streptomyces exfoliatus UR10 enumerated from poultry form effectively showed maximum uricase
enzyme activity at 0.2% uric acid. This uricase enzyme converts the uric acid into water soluble allantoin
(Fig. 2) with the intermediate of 5-hydroxyisourate and byproduct of H;0, . The dried and sterilized
powdered form of uric acid enriched wheat bran, beans, cauliflower, and pigeon fecal were studied and
interestingly, the B. subtilis MM13 effectively utilized the pigeon fecal matter and showed considerable
uricase enzyme activity as 0.7 U/ml, however this was significantly lower than the readymade form uric
acid (1.17 U/ml). This result suggests that the tested natural uric acid enriched sources have not
significant influence on enzymatic activity in B. subtilis MM13. This might be due to the insufficient
quantity of uric acid content in these natural sources[41].

The initial optimization study results revealed that the sucrose and yeast extract were found as suitable
carbon and nitrogen sources for excellent uricase enzyme activity in B. subtilis MM13. Hence, the suitable
concentration for these two energy sources for B. subtilis MM13 to produce maximum uricase enzyme
activity were found as 1% for sucrose and 0.2% for yeast extract and yielded 2.54 and 2.37 U/ml,
respectively. These values were statistically significant at P<0.05 (Fig. 2a and 2b). A report stated that the
Bacillus subtilis SP6 isolated from poultry waste was found as a uricase producer and effectively showed
outstanding uricase activity using lactose as carbon source and soya peptone as nitrogen source at the
concentration of 12.2 and 12.79 g/L, respectively . The optimal concentration of carbon and nitrogen
source can support the cell proliferation and cell metabolism process that enhances the enzyme secretion
activity and chelate the metabolism process[ 42]. Proteus vulgaris enumerated from soil sample use 15 of
glucose and 0.5% of ammonium phosphate as the preferable concentration of carbon and nitrogen source
and produce significant uricase enzyme in short duration of time[43].

Molecular characterization of bacterial test isolates

The 16S rRNA sequencing and phylogenetic tree analysis results revealed that the uricase producing
predominant test bacterial isolate MM13 was identified as Bacillus subtilis MM13 and obtained sequence
was submitted to GenBank and received accession number for the sequence as MK503710. The sequence
of Bacillus subtilis MM13was 96% similarity matched with Bacillus subtilis 3691 strain (Fig. 3). The
circular sequence analysis by BioLab software revealed the GC and AT content of genomic DNA and
possible restriction sites. The results state that the Bacillus subtilis MM13 contains about 56% of GC and
44% AT (Fig. 3). Pustake et al. enumerated the uricase producing Bacillus subtilis SP6 from poultry
wastes, and it was characterized and confirmed using 16S rRNA sequencing[44]. Another bacterial strain
isolated from poultry form, which possesses uricase producing potential, was identified as Bacillus cereus
DL3 using molecular characterization (16S rRNA sequencing). Apart from Bacillus sp., the Streptomyces
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exfoliatus UR10 enumerated from farm wastes was recognized as uricase producer and characterized by
16S rRNA molecular sequencing.

Table 1 Enzyme activity on different substrate

Carbon U/mL Nitrogen U/mL % Uric acid U/mL
Glucose 0.45 Yeast extract 0.72 0.12 0.14
Sucrose 0.69 Peptone 0.49 0.22 0.26
Maltose 0.27 Ammonium 0.34 0.32 0.63
Nitrate
Fructose 0.19 Ammonium 0.27 0.42 0.36
Chloride
Lactose 0.49 Casein 0.16 0.52 0.33
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Figure 1. Optimization of growth parameters for uricase enzyme activity in B. subtilis MM13. (a) various
pH (b) various temperature (c) various carbon sources (d) various nitrogen sources (e) various
concentration of uric acid * indicates statistical significance at P<0.05
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Figure.2 Phylogenetic tree analysis of Bacillus subtilis MM13
MT300404.1 Bacillus subtilis BS12

MT300403. 1 Bacillus subtilis BS11
MT300405.1 Bacillus subtilis BS13
MT300406.1 Bacillus subtilis BSl4
MT6E43824.1 Bacillus subtilis XP01
MT478148.1 Bacillus subtilis CRBS3

@ ME503710.1 Bacillus subtilis MMI3
HF951564.1 Bacillus subtilis JCEN]T
MT415729.1 Bacillus subtilis MB72
MT538485.1 Bacillus subtilis 3613

MTO40749.1 Bacillus subtilis YNAI3

MT5384991.1 Bacillus subtilis 3619

CONCLUSION

Among various bird's fecal contaminated soil, the pigeon fecal contaminated soil possesses excellent
uricase producing bacterial isolate than other birds fecal contaminated soil. This bacterial isolate was
identified as Bacillus subtilis MM13 through molecular characterization. The growth parameters required
for this strain to produce uricase enzyme were optimized as pH 7.0, 40°C, 1% glucose, 0.2% yeast extract,
and 0.32% of uric acid. Under these optimized conditions, the uricase enzyme activity was ranged from
1.25to 2.54 U/ml in 48 h of the submerged fermentation process. These results suggest that the B. subtilis
MM13 isolated from pigeon fecal contaminated soil can produce a significant quantity of uricase enzyme

BEPLS Vol 10 [9] August 2021 82|Page ©2021 AELS, INDIA



Manimekalai and Anandharaj

under optimal conditions. The purification and application related studies are needed to understand their
maximum biomedical potential and commercialization possibilities.
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