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CHAPTER -1

INTRODUCTION

Uricase as a therapeutic and diagnostic enzyme

Urate oxidase, also known as uricase (urate: oxygen oxidoreductase,
EC 1.7.3.3), is a nitrogen-metabolizing enzyme which catalyses the oxidation process
of uric acid to allantoin (Wakamiya et al., 1994). Greater primates (apes and humans)
expel uric acid as a derivative of purine degradation because they lack functional
uricase (Friedman et al., 1985). Gout symptoms can occur in some people when uric

acid crystallises.

This enzyme was first discovered in the kidney of a cow and is now found in
nearly all vertebrates (Schiavon et al., 2000). Natural sources of uricase were
discovered in bacteria (Mansour et al., 1996), fungi (Farley and Santosa, 2002), as

well as eukaryotic cells (Montalbini et al., 1997).

Uricase was first extracted from mammals, but more recently, microbial
resources like fungai, bacteria and yeast were taken for a variety of reasons, including:
(i). a quicker generating time. (ii). The ability to work with a variety of different
substrates, including those that are less expensive. (iii). Technically, genetic
manipulation is easier. (iv). They are easier to culture in fermentors under controlled
circumstances since they are smaller. (v). Variations in the seasons can be managed
(vi). There are no ethical issues (vii). Technical expertise and procedures developed in-

house.



Uricase is a purine degradation enzyme that catalyses the oxidative
disintegration of uric acid caused to allantoin. Uric acid, exsit in bodily fluids like blood
and urine, is due to the end product of purine metabolisam. Also a sequence of medical
illnesses had raised the amount uric acid in the biological fluids. These circumstances
can lead to chronic renal disease, specific organic acidemias, and Lesch—Nyhan

syndrome.

Several efforts have been made to develop uric acid sensors employing uricase
as a biocatalyst (Yutaka et al., 1992). The uricase molecule catalyses the in vivo
oxidation of uric acid in the presence of oxygen, converting uric acid to allantoin and
CO2, leaving hydrogen peroxide as the reduction product of O2. The vast majority of
these enzymes are either thermally stable or active over a wide pH range. An isolated
uricase from Bacillus sp. TB-90 was found to have high activity and thermal stability
over a wide pH range (pH 6-9). As a result, more innovative sources with desirable

characteristics are required.

The biological origin of impaired urate oxidase activity in humans as well as
certain animals is unclear. Contrary to one perspective, this deficit has resulted in a net
gain, because uric acid is potent antioxidant and free radical scavenger. A high serum
uric acid level due to the lack of urate oxidase activity might have resulted to a lower
cancer rate and a longer hominoid lifespan (Friedman et al., 1985). Uricase, on the

other hand, is necessary when the human body develops a hyperuricemic illness.
Uricase and hyperuricemia

Hyperuricemia seems to be a reason for various renal and cardiovascular

disorders as well as an actual cause of gout and other associated diseases

2



(Hosoya et al., 2011). As a result, reducing uric acid levels in the blood and tissues is
necessary for preventing and treating a variety of uric acid-related disorders. Since the
human body lacks the ability to produce urate oxidase on its own, controlling uric acid
levels necessitates protracted or perhaps perpetual medication. However, numerous uric
acid management medicines now inflict varying degrees of harm towards the human

body, making them unsuitable for long-term usage.

In many people, gout is a painful condition characterised by hyperuricemia,
recurrent acute arthritic episodes, sodium urate buildup throughout the joints, and the
formation of uric acid gallstones (Laemmli et al., 1970). Allopurinol is a strong
inhibitor of xanthine dehydrogenase, an enzyme that converts hypoxanthine to xanthine
and xanthine to uric acid. It is frequently used to treat gout (Massey et al., 1970). In the
case of gout associated with renal complications, direct injection of urate oxidase
allows for much faster absorption of urate nephrolithiases, and this is intended to
mitigate or alleviate hyperuricemia abnormalities that may emerge while undergoing
chemotherapy. Pegloticase is a recombinant uricase that could be used to lower uric

acid levels in humans by catalysing uric acid oxidation.

Gout affects around two million people, with 75-90% of those affected being
middle-aged males. Women usually acquire gout after menopause, presumably as a
result of oestrogen deficiency. Gout is caused by a multitude of factors, including
alcohol intake, a purine-rich nutrition, physical intimacy (men are more affected),
genetic inheritance, some health complications such as hypertension, thyroid problems,
skin problems, hemolytic anaemia, or even cancer, Kelley-Seegmiller Syndrome or

Lesch-Nyhan Syndrome, lead exposure, obese and renal disease, as well as medications



such as cyclosporine, furosemide, hydrochlorothiazide, metolazone, levodopa, and
aspirin. Symptomless hyperuricemia, acute gout, interim or intercritical gout, and
chronically tophaceous gout are the four phases that gout can proceed through. The
medications of choice include Allopurinol, Febuxostat, Pegloticase, and Probenecid.
Apart from these four medications, there is no alternative treatment for hyperuricemia-
related disorders. This circumstance necessitates more investigation into this crucial
enzyme. When compared to allopurinol, uricase offers benefits in the treatment of gout.
Uricase could also be used in diagnostic tool to predict urate enzymatically using the 4-
aminoantipyrine peroxidase method (Klose et al., 1978). Hyperuricemia and tumour
lysis syndrome are significant side effects which can occur following hematologic

cancer treatment.
Uricase enzyme therapy

Rasburicase (Fasturtec/Elitek) is a brand name for a clinically authorised urate
oxidase from Aspergillus flavus produced in Saccharomyces cerevisiae. Rasburicase is
a mono polypeptide chain of 301 amino acids that would be an effective and safe

substitute to allopurinol for decreasing the levels of uric acid.

Allopurinol inhibits xanthine dehydrogenase, an enzyme that catalyses the
change of hypoxanthine to xanthine and xanthine to uric acid. It is frequently used to
treat gout (Massey et al., 1970). Uricase has been used as a diagnostic tool in
therapeutics and clinical biochemistry to assess uric acid quantities in blood and other

biological fluids (Adamek et al., 1989).



1.1 Aim and objectives of the present study
Aim
v To identify uricase-producing bacterium from poultry waste soil and to analyse
therapeutic application of uricase.
Objectives

e To isolate uricase producing bacteria from poultry fecal contaminated soil.

e To screen uricase producing bacteria by primary and secondary screening

methods and determine its activity.

e To identify the bacteria by morphological, biochemical and molecular methods

after selection.

e To optimize and purify uricase producing bacterial culture by physicochemical

parameter and chromatography.

e To determine the molecular weight and characterize the physical and chemical

characters of the enzyme.

e To evaluate the uricase enzyme potential in RAW 264.7 cell line.
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CHAPTER -2

REVIEW OF LITERATURE

2.1 Isolation, optimization, and characterization of uricase-producing

microorganisms

Thillainayagi et al., (2021) obtained uricase-producing Alcaligenes faecalis
from the vicinity of poultry litter farms. They noticed that the enzyme was stable over a
variety of pH and temperature ranges. They also employed poultry waste as a less
expensive alternative substrate, which might greatly reduce the economic burden by

lowering manufacturing costs and is a readily available substrate supply.

Pustake et al., (2019) after extensive screening, used 16s rDNA sequencing to
identify Bacillus subtilis strain SP6 as a powerful uricase producer. To increase the
production of uricase from the recently discovered Bacillus subtilis strain SP6, response
surface methodological optimization was used. In media optimization studies, Plackett
Burman (PB) design was used to determine important media components, which were
then further optimised using central composite design (CCD). Lactose, soya peptone,
uric acid, and Fesos.7H20 have all been identified as important factors in enzyme

synthesis.

Shweta V. Pawar et al., (2017) investigated a unique idea of Bacillus
licheniformis coproducing uricase and alkaline protease in a single step utilising a
single substrate. Uricase synthesis was tested in seven local bacterial strains, with  B.
licheniformis producing the most uricase and alkaline protease. The effects of several

parameters on B. licheniformis' maximal enzyme coproduction are optimised.



Abbas (2016), researched the synthesis, extraction, and optimization of
extracellular fungal uricase. Soil was used to isolate the fungal flora. The following
optimization settings resulted in the highest specific activity value for uricase synthesis:
(i.e.). Uric acid and 2% yeast extract media yielded 14.83 U/mg, lactose as a carbon
source yielded 8.23 U/mg, uric acid as a nitrogen source produced 14.05 U/mg,
NaH2PO4 as a phosphorus source produced 7.1 U/mg, and mangnous sulphate as an
elemental source yielded 12.64 U/mg, ascorbic acid as a vitamin source yield.

Ravichandran et al., (2015) identified Sphingobacterium thalpophilum
(VITPCBb), extracellular uricase-producing bacteria from a duck farm's soil in
Chidambaram, Tamil Nadu, India. Uric acid was utilised as a powerful inducer. Km
and Vmax of the enzyme were found to be 0.28 mM and 0.92 M/min ml, respectively.
The utmost uricase was formed by using lactose a carbon source. Urea produced the
greatest uricase of all the nitrogen sources studied. The enzyme's ideal temperature and
pH were found to be 25 - 45°C and pH 8. Cu®* ions increased enzyme activity whereas
Ca®*, Fe**, Zn?*, and Ni®* ions hindered it slightly.

Akhtar et al., (2014) investigated the synthesis and activity of catalase,
pectinase, lipase, and urease enzymes by various A. niger isolates that were comparable
morphologically but genetically distinct.

Hatijah et al., (2013) optimised the growth conditions for Aspergillus flavus in
order to maximise uricase production. At pH 6, 200 rpm, and 30 g/l sucrose content, the
maximal enzyme activity measured was 0.03974 U/ml.

Nanda et al., (2012) evaluated five distinct fungal strains from the Gliocladium
and Gliomastix species for their ability to produce uricase, with Gliocladium viride

MTCC 3835 producing highly active uricase. Statistical designs were used to improve

7



uricase production. Using the Plackett—Burman design, it was discovered that peptone,
yeast extract, and CuSQO, all have a significant effect on enzyme activity. Using the
Box-Behnken design, the optimal concentrations of the following important ingredients
were determined: peptone (12.71g/L), yeast extract (10.57g/L), and CuSO4-0.0762g/L.
The maximum activity measured in the laboratory was 84.92U/ml, which was 1.344
times greater than the activity measured in the basal medium.

Cheng et al., (2012) engineered the urate oxidase gene into Lactobacillus
bulgaricus and demonstrated that it synthesized urate oxidase to degrade uric acid. The
molecular weight of the urate oxidase subunit produced by the genetically changed
bacteria was around 34 kDa, and the in vitro enzymatic activity of the bacterial
preparation was up to 0.33 U/mL, according to SDS-PAGE.

Anderson and Vijayakumar (2011) isolated and purified uricase from
Pseudomonas aeruginosa using ammonium sulphate precipitation. The molecular
weight of pure uricase, which was computed as KDa, was determined using
SDS-PAGE. The influence of various metal ions with uricase activity, as well as the
ideal temperature and pH, were examined. The results showed that uricase activity was
40.0 U/ml higher at 70% ammonium sulphate concentration than at other
concentrations and in cell free supernatant. On the uricase enzyme, the effects of
physical, chemical, and metal ions were studied.

Geweely and Nawar (2011) studied the synthesis, extraction, and purification
of intracellular and extracellular uricase from fungal organisms. Aspergillus niger,
Rhizopus stolonifer, Penicillium chrysogenum, and Fusarium moniliforme were isolated
and uricase was synthesized under optimal circumstances. After the purification

process three extracellular uricases namely Ul, Ull and UIlIl along with one
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intracellular uricase UIV were recovered with specific activity of 105.9, 81.25, 101.96,
and 9.66, respectively.

Neveen et al., (2011) investigated the synthesis, extraction, and purification of
fungal intracellular and extracellular uricase. Fungal organisms such as Aspergillus
niger, Rhizopus stolonifer, Penicillium chrysogenum, and Fusarium moniliforme were
isolated from soil. Optimization analysis revealed that 0.1 % uric acid and 0.2% sodium
phosphate seem to be the most effective inducers of A. niger uricases.

Khucharoenphaisan and Sinma (2011) isolated an actinomycete strain known
as PNR11 from termite guts and tested it for its ability to degrade uric acid. The strain
was able to synthesise an intracellular uricase when grown in fermentation media
containing uric acid as a nitrogen source. This strain was identified as
Saccharopolyspora sp. based on morphological characteristics and 16S rDNA genome
analysis.

Atalla et al., (2009) investigated the production of uricase in 19 microbial
strains. Gliomastix gueg was found to produce a large amount of the enzyme. The uric
acid medium was found to be the most suitable, with additional advantages such as
30°C, pH-8, 150 rpm, and an incubation time of 8 days. Sucrose was discovered to be
the best carbon source, while uric acid was discovered to be the best nitrogen source.
When given dipotassium hydrogen phosphate and ferrous chloride, as well as certain
vitamins, Gliomastix gueg produced the most uricase.

Yazdi et al., (2006) isolated 165 strains of microorganisms from soil samples
that could grow in a uric acid-containing medium.

Azab et al., (2005) looked at uricase synthesis in Proteus vulgaris 1753 then B-

317-C in addition to found that 37°C was the optimal temperature for uricase induction.
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Streptomyces graminofaciens and Streptomyces albidoflavus were 28°C, while
Saccharopolyspora sp. PNR11 was 30°C. They discovered that Proteus and
Streptomyces uricase could be precipitated from culture broth using 80% ammonium

sulphate.

Abdel-Fattah et al., (2005) used a sequential optimization technique based on
statistical experimental design to boost the production of uricase from Pseudomonas
aeruginosa. The addition of glucose to the basal media suppressed the synthesis of
uricase. pH, CuSQ,, and FeSO,4 were shown to have a very significant influence among
the 15 factors evaluated. To obtain the optimal process conditions, response surface
approach was used. The optimal uricase activity was projected to be 7.1U/ml/min,

which was 16.5 times greater than that of the baseline medium.

Zhou et al., (2005) recovered uricase producing Microbacterium from soil
samples collected in Hangzhou, Zhejiang Province, China. It was shown to be stable,
and after half an hour of heat treatment at 70°C, the enzyme activity was restored to
100% of its original level. It remained stable for 40 days at a pH of 8.5 with a
temperature of 37°C. Uric acid was revealed to be an uricase inducer. The strain

produced a total volume of 1U/ml under ideal circumstances.

Ghasemi et al., (2004) investigated the synthesis of urease in 13
Aspergillus niger strains, seven of which were obtained from soils in the Semnan
area of Iran and six from the Persian Type Culture Collection (PTCC). In two
immersed mediums, the production of enzyme was quantified. In submerged
culture, the maximal enzyme production of the PTCC 5011 and S31 strains was

106 and 106 U.g-1dry mass, respectively. The latter was employed for mass
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screening of urease production by filamentous fungi due to satisfactory correlations

in between two procedures.

Saeed et al., (2004) found that one subunit of the isolated uricase using a
molecular weight of 68.0 kDa through exploiting SDS-PAGE analysis. The
uricolytic activity of the purified enzyme peaked at pH 9.0. They also observed that

the ideal temperature for pure uricase action was 35°C.

Fattah et al., (2002) observed that Aspergillus flavus synthesized the
maximum uricase in a sucrose-containing medium. After four days of incubation,
they were able to produce uricase from Aspergillus flavus, Aspergillus terreus, and

Trichoderma sp.

Zhu et al., (2001) found that purified Candida utilis uricase enzyme was heat

sensitive.

Ertan and Aksz (2000) looked at the production of uricase enzyme from

Aspergillus niger, as well as the impact of different circumstances on its activity.

El-Dein and El-Fallal (1996) examined with the uricase activity of twenty-
nine fungal species. Only twenty-two of them are capable of producing uricases.
Basidiomycotina contains the majority of the fungi that are unable to synthesize
uricases. Aspergillus carbonarius, Botrytis fabae, and Aspergillus sydowii produced
the most uricase (0.16, 0.13, and 0.093 units/ml/min). Uricase activity was found in
all of the farmed mushrooms examined. Among all the cultivated mushrooms
examined, Pleurotus sajor-caju showed the greatest uricase activity. The mycelial
dry weight and uricase production were shown to be unrelated in the examined

fungi.
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Ammar et al., (1988) identified an Egyptian soil actinomycete named

Streptomyces albosriseolus effectively synthesize uricase.

El-Desouky (1981) secluded and discovered uric acid degrading
microorganisms using soil samples and examined their distribution as well as its
uricolytic abilities. He believed that uricase might potentially be employed as a

protein therapy to minimise toxic urate buildup.

Asano et al., (1971) obtained uricase from thermophilic Bacillus sp. and it

was the first experiment on heat stable uricase.

From pH 6-9, the enzyme was found to have great heat stability and
activity. Uricase was synthesized by using bacteria like Micrococcus and
Brevebacterium. (Kida and Kunihisa, 1966), Bacillus pasteurii (Cheristians and
Kaltwasser, 1986), Proteus mirabilis and E. Coli (Nakagawa et al., 1996), as
well as actinomycetes such as Streptomyces (Watanabe and Fukumoto, 1970

and Watanabe et al., 1969).

Uricase has been discovered in human, plants and microbial cells by
(Wu et al., 1989), (Suzuki and Verma, 1991) and (Yazdi et al., 2006 and Lotfy,
2008). Uricase is present in bacteria, yeast, and filamentous fungi, among other

microbes.

Kaltwasser (1968 and 1969) observed an increase in uricase activity after
transplanting Alcaligenes eutrophus (Hydrogenomonas H16), Pseudomonas
aeruginosa, and Micrococcus denitrificans into uric acid-containing medium.
Bacillus fastidious could only grow in media that contained uric acid, allantoin, or

allantoate as the primary or sole carbon, nitrogen, and energy source.
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2.2 Production and stability of uricase

Neda Motamedi et al., (2021) discovered that immobilising Aspergillus flavus
urate oxidase (Uox) on the surface of a Ni-based magnetic metal-organic
framework (NimMOF) nanomaterial improved its enzyme activity. The
physicochemical properties of NImMOF and its application as an enzyme
stabilising support were investigated, and it was discovered that immobilisation on
NimMOF Uox@NimMOF resulted in a significant improvement in its stability.
While the free Uox enzyme lost almost all of its activity at 40-45°C, the
immobilised Uox@NimMOF retained roughly 60% of its initial activity even at
70°C.

Neveen et al., (2011) investigated the synthesis, extraction, and purification of
intracellular and extracellular uricase in fungal organisms. Aspergillus niger, Rhizopus
stolonifer, Penicillium chrysogenum and Fusarium moniliforme were isolated from soil
and they were provided with various nutritional and physical parameters in the basal
medium to maximize the synthesis of extracellular and intracellular uricases. A. niger
uricase was found to be triggered by 0.1 % uric acid and 0.2 % sodium phosphate.

Tan et al., (2010) used reverse phase evaporation to encapsulate uricase in lipid
vesicles. At 4°C in a borate buffer with a pH of 8.5, the storage stability of uricase lipid
vesicles was significantly higher than that of free uricase. At 55°C, thermostability has
also been improved. An in vitro study discovered that uricase entrapped in lipid vesicles
had greater uricolytic activity than native uricase.

Du et al., (2010) reported that uricase is a putative thioredoxin target in the
control of nodule growth. According to them, early communication between host and

rhizobia during symbiotic nodule growth in legume roots was a significant factor for
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the appropriate initiation of nodule morphogenesis, nitrogen fixation, and assimilation.
Affinity chromatography and mass spectrophotometry were used to identify the
thioredoxin target protein. The findings suggested that thioredoxin performs a new
function in the control of enzyme activity in nodule growth and nitrogen fixation.
Thioredoxine was discovered to be a target of noduline-35, a uricase subunit.

Leplatois et al., (1992) found that uricase from A. flavus was expressed in both
soluble and active forms in the yeast Saccharomyces cerevisiae. However, they claimed
that in medical applications, recombinant uricase after E. Coli or S. cerevisiae however
faced the difficult of poor efficiency and commercial separation (L.i et al., 2006).

2.3 Uric acid accumulation disorders and therapeutic approaches

Liming Cai et al.,(2020) reported a novel method for treating hyperuricemia
that involves uricase released by intestinal bacteria expressing a recombinant
uricase gene digesting uric acid. The uricase synthesized by uricase-expressing
engineered bacteria, which were created using gene recombination technology,
favoured the conversion of intestinal uric acid into allantoin, which not only
prevented intestinal uric acid from being absorbed into the bloodstream but also
accelerated the diffusion of SUA into the intestine, lowering SUA levels.

Sherman et al., (2008) investigated the use of PEG-functional uricases in the
treatment of treatment-resistant gout and hyperuricemia. The PEG conjugation of
recombinant porcine-like uricase, which was shown to reduce plasma urate
concentrations persistently in a phase Il experiment, was discussed in this review.
In addition to the primary end point of lower plasma urate concentration, this
evaluation includes two additional phase Il studies that included systematic

assessments of gout symptoms, tophus resolution, and quality of life.

14



Johnson et al., (2002) reported that if uric acid actually causes hypertension,
there should be proof that allopurinol therapy may reduce blood pressure. They claim
that they were unable to find any controlled research that looked at this potential. They
believed that future research to determine if allopurinol can reduce blood pressure
should be carried out with caution.

Mazzali et al., (2001) hypothesised that allopurinol (a xanthine oxidase
inhibitor) or benziodarone could reduce the rise in blood pressure caused by uric acid
levels (a uricosuric agent). The increase in blood pressure in hyperuricemic rats was
found to be partially mediated by activation of the rennin angiotensin system.

Distasio et al., (1976) inferred the variations in hepatic urate oxidase activity
were linked to uric acid levels in monkeys. Despite the fact that no studies have been
conducted to determine the location of the mutations responsible for uricase loss in
New World monkeys, they discovered that the mutations were likely self-reliant from
those seen during hominoid evolution, which should be taken as proof that the
Platyrrhini infra order (New World monkeys) diverged from the Catarrhini (Old World
monkeys and hominoids) approximately 40 million years ago.

Alderman et al., 1999 investigated while higher serum uric acid levels may
have been beneficial for regulating blood pressure during low -salt dietary conditions,
chronic salt sensitivity is expected to result in hypertension in modern civilization with
its high-salt diet. It's worth noting that hyperuricemia is a strong predictor of ocular
hypertension and has a strong link to cardiovascular disease.

Hochberg et al., 1995 and Johnson et al., 1999, reported men and
postmenopausal women (since oestrogen is uricosuric), obese insulin-resistant

individual people (because insulin may accelerate uric acid reabsorption), blacks, and
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sick people with renal disease all had higher serum uric acid levels, (secondary to
decreased excretion).

Wu et al., (1992), inferred most mammals produce uric acid, which is then
metabolised into allantoin by the hepatic enzyme uricase (urate oxidase), consequential
in blood uric acid intensities ranging from 0.5 to 1.5 mg/dL. Ominoids (apes and
humans), as well as some New World monkeys, have higher blood uric acid levels.
Nonfunctional mutations in the uricase gene were found to be the cause of the uric acid
increase. In humans, Chimpanzees (Pan), and Gorillas, a nonsense mutation in codon
33, a nonsense mutation in codon 187, and a splice mutation in exon 3 have all been
discovered (Gorilla).

Harper (1977) discovered that uric acid is the most common purine catabolite in
humans, making it a useful marker for purine metabolism disorders like gout,
hyperuricemia, and the Lesch—Nyhan syndrome.

Wacker (1970) hypothesised that the urate oxidase found in Old World
monkeys (Cercopithecoidea) was less stable than that seen in other mammalian
(nonprimate) species. To some extent, the evolutionary processes that inhibited urate
oxidase function may have also been active in this superfamily.

Because uric acid could act as an antioxidant, the majority of researchers
believed that uricase genetic changes supplied an evolutionary advantage. Although the
antioxidant function of uric acid can discuss some of the visible effects of the uricase
mutation, a further possibility was that uric acid could regulate blood pressure. This
assumption stemmed from past research, that also discovered that serum uric acid was
connected to blood pressure and predicted the development of hypertension in

population-based studies.
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2.4 Gene responsible for uricase

Shaaban et al.,, (2015) investigated the production of uricase in 127
clinical isolates of Pseudomonas aeruginosa. The greatest amount of natural uricase
enzyme expression was seen in Pseudomonas Ps43. Ps43 was used to amplify
the uricase enzyme gene, which was then cloned into the expression vector
PRSET-B and expressed in E. Coli BL21 (DE3). The nucleotide sequence of
Pseudomonas aeruginosa PAOL's uricase gene puuD was determined to be comparable
to the coding sequence of Pseudomonas aeruginosa PAOL's uricase gene puuD. In E.
Coli, researchers discovered an induced protein with a molecular mass of 58 kDa.

Sankari et al., (2015) used disc diffusion to establish the capacity of an
A. flavus culture to thrive on uric acid, and molecular biology methods validated the
presence of a urate oxidase gene.

Fazell et al., (2014) expressed the Aspergillus flavus urate oxidase gene in
P. pastoris after cloning it in the pPICZA expression vector. The secretory form of
recombinant urate oxidase was validated by RT-PCR, SDS-PAGE analysis, and
western blotting. A colorimetric test was used to evaluate enzyme activity. The
production yield of culture supernatant was 0.43 U/ml.

Hesham et al., (2004) for the first time isolated and characterized a
Pseudomonas aeruginosa urate oxidase enzyme gene. They recovered and cloned a
1.350 kilobase pair DNA fragment expressing a potential urate oxidase gene from the
genomic library of Pseudomonas aeruginosa Ps-x. The nucleotide sequence of the
cloned DNA insert revealed an open reading frame encoding a 54.0 kDA protein. The
cloned DNA fragment demonstrated uricolytic activity when transcribed in E. Coli

DH5.
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Koyama et al., (1996) transcribed the uricase gene (UOXu) of C. utilis in
E. Coli. The genetic factor had 909 origin pairs and no introns, and it encoded a protein
with 303 amino acid deposits and a mass of 34,1463 Da.

Izuhara et al., (1995) studied the uricase encoding gene in rat liver. The uricase-
producing gene (UOX) was shown to have a higher mRNA level than genes encoding
other peroxisomal enzymes including catalase, acyl-CoA oxidase, and enoyl-CoA
hydratase/3-hydroxyacyl-CoA dehydrogenase. The enhancer activity of the isolated
5'- untranslated region of the gene was measured to see if CAMP was involved in the
glucagon-induced transcription of rat UOX.

Christen et al., (1971), the uricase gene was altered similarly in New World
(Ceboidea) and Old World (Cercopithecoidea) monkeys. Some New World monkey
species have higher serum uric acid levels, such as the tamarin (Saguinus), capuchin
(Cebus), and woolly monkey (Lagothrix), while squirrel monkeys (Saimiri) and owl

monkeys have lower levels (Aotus) uricase induction.

2.5 Induction of uricase
Lotfy et al., (2008) explored that Bacillus thermocatenulatus, 0.3 % uric

acid boosted uricase expression by 0.45U/ml.

Farley and Santosa (2002) inferred uricase mobility boosted 10 to 40 times
beneath derepression and remained enhanced by exogenous uric acid (60 to 78

fold).

Tanaka et al., (1977) found that, in additive to uric acid, xanthine,
guanine, adenine, and hypoxanthine remained efficient in generating uricase in

Candida tropicalis.
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Watanabe and Fukumoto (1970) demonstrated that uricase could be induced
in Streptomyces sp.

Fitzpatrick et al., (1975) stated that uricase is an essential medicinal enzyme.
They conducted cross-reaction investigations using enzyme preparations from three
microbes such as Candida utilis, A. flavus and Bacillus fastidious and discovered that
they were antigenically independent.

Rouf and Lomprey (1968) noted that the capacity of microorganisms to digest
uric acid and utilise it for growth was thought to be an inducible trait in diverse
bacteria. Decomposition of uric acid was discovered to be an induced feature in
organisms such as Klebseilla pneumonia, Pseudomonas aeruginosa, and
Serratia marcescens (MC75). Uricases of Bacillus fastidious (Bongaerts and Vogels,
1976) and Aspergillus nidulans (Scazzocchio and Darlington 1968) have been found
to be triggered by uric acid.
2.6.Biosensor

Pan et al., (2006) produced a uricase biosensor based on an o-aminophenol
aniline co-polymer. The biosensor was analyzed through FTIR, UV-VIS, and SEM.

Zhang et al. (2004) designed a reagent less uric acid biosensor by arresting
uricase on ZnO nanorods. Thermodynamic durability and direct electrochemistry were
investigated. The sensor displayed thermal stability up to 85°C and electrocatalytic
activity for uric acid oxidation in the absence of an electron mediator.

Zhang et al., (1998) established a uric acid biosensor by immobilising uricase in
a silk fibroin membrane. It was useful in identifying 60-70 human samples per hour and

storing them for more than 2 years after being checked for biosamples over 1000 times.
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Jinging et al., (1992) devised a polyaniline uricase electrode to evaluate uric

acid levels in various samples.

2.7 Clinical analysis

Dwivedi et al., (2012) established a new approach for screening microorganisms
for the synthesis of uricase and estimating the amount of uricase produced. This was
accomplished through using the datum that uric acid degrades when it is treated with
uricase. The suggested approach was deemed to be a unique, low-cost, easy and
sensitive strategy for uricase screening and estimation.

Dmytruk et al., (2011) measured uric acid levels in human physiological fluids,
which is important in the diagnosis also treatment of patients misery after a variety of
illnesses associated through abnormal purine metabolism, maximum notably gout plus
hyperuricasemia. The development of low-cost, dependable urate-selective
amperometric biosensors stands a demanding task.

Chohan and Becker (2009) discovered by taking advantage of the fact that uric
acid degrades when it is treated with uricase.

Bordelon et al., 2006 published the 2.3°A resolution framework of the
Deinococcus radiodurans R1 uricase regulator (HucR) in 2006. Because uric acid
is a powerful scavenger of reactive oxygen species and D. radiodurans is known
for its exceptional tolerance to DNA-damaging chemicals, they discovered a novel
oxidative stress response mechanism.

Wilkinson and Grove (2004) examined the special effects of uric acid
going on the transcriptional regulator HucR in Deinococcus radiodurans,
concluding that uric acid regulates HucR to ensure normal cellular levels of this

free radical scavenger in response to oxidative stress including DNA damage.
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Huang et al., (2004) proposed a modified colorimetric test for uricase activity
using the wuric acid/horseradish peroxidase/4- aminoantipyrine/3,5- dichloro-2-
hydroxybenzene sulfonate colorimetric responses of uricase on adjustable 96-well

microtiter plates.

Marinello et al., (2002) investigated uric acid and allontoin were labelled with
14C-formate to study purine nucleotide breakdown in rat liver. The radioactivity

incorporation into uric acid and allontoin did not go as planned.

Zhu et al. (2001) employed urate oxidase obtained via cloning for serum
uric acid analysis, Schiavon et al., (2000) used linear PEG, branched PEG, and poly
N- acryloylmorpholine to covalently link the uricase isolated from Bacillus fastidiosus.
Minor modifications in the inhibitory constant, ideal pH, temperature resistance, and
affinity for substrate were identified in Uc conjugates, as well as greater resistance to
proteolytic digestion. The results suggested that PAcM, a less well-known amphiphilic

polymer, may be used instead of PEGs to modify enzymes for treatment purposes.

Itiaba et al., (1975) stated that uricase is critical for determining uric acid in
biofluids. They discovered that the reaction is not only distinct, but it can also
be detected at 292 nm, 340 nm, or colorimetrically via associated chromogenic
response. They also discovered that turbidity and the presence of aspirin, ascorbic acid,
glutathione, paracetamol, and several antibiotics interfered with non-enzymatic

techniques.

Gochman and Schmitz (1971) uttered that uricase is beneficial for
enzymatic assessment about urate in diagnostic purposes when combined with a
4- aminoantipyrineperoxidase system. As a copper protein, this enzyme remained
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assumed near a tetramer consisting of two distinct subunits with a total molecular mass
in 145-150 kDa range. According to the cDNA sequence, the subunit size was 35 kDa.
Uricase can also be utilised as a protein medicine to minimise excessive urate buildup

(Nishiya et al., 2002).

To determine uric acid in biofluids, uricase from diverse sources was
immobilised on dextran and polyethylene glycol (Yasuda et al., 1990), nylon
tubing polyamide tubing (Werner et al., 1979), elastin (McCarthy and Johnson,

1977), cellulose acetate membrane.
2.8 Application of Uricase

Abdullah et al., (2015) studied the in vivo impact of isolated uricase from
Pseudomonas aeruginosa on hyperuricemia. The purified uricase did not produce
hemolysis or erythrocyte agglutination when tested at 37 °C, according to the findings
of this investigation. Also, after 1 to 2 hours of incubation in the presence of plasma,
the enzyme sustained around 90-95% of its initial activity, respectively. However
after 6 hours of incubation in the presence of plasma, only about 40% of the activity
was sustained. In an in vivo research, uricase was found to have the ability to reduce
plasma uric acid levels from a high concentration (298.70 34.91mol/L) to a low

concentration (132.60 14.39mol/L) in less than an hour.

Lin et al., (2012) investigated the prevalence of hyperuricemia and its
association with antihypertensive medication. In Taiwan, they discovered that diuretic
users had significantly higher blood uric acid and serum ureatine levels than non-users.
Hyperuricemia was found in 44% of the those given thiazides, 56% of those given loop
diuretics, and 57% of those given aldosterone receptor blockers. They were unable to
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determine whether diuretics cause kidney problems by increasing the blood flow uric

acid levels..

Hink et al., (2002) discovered that uric acid has a function in modifying in vivo
activity, leading in the antioxidant property of extracellular superoxide dismutase.

Kean et al., (2000) investigated the anti-inflammatory impact of uric acid in
experimental allergic encephalanyelitis.

Pui et al, (1997) investigated the wuse of wuricase produced from
Aspergillus flavus in the treatment of malignant hyperuricemia during chemotherapy.
However, they believe that the utility of the fungal enzyme for chronic gout treatment
may be restricted due to its quick elimination, and that it may require daily infusion.
The creation of immunogenicity has also been identified as a restriction.

O'Neill and Lowry (1995) used in vivo voltammetry and microdialysis to
quantify the amount of uric acid in extracellular fluid, and data was compared for
probes of various sizes from the day of implantation over several days following
surgery.

Rao et al. (1991) also demonstrated that Uric acid and allontoin were labelled
with 14C-formate to study purine nucleotide breakdown in rat liver. The radioactivity
incorporation into uric acid and allontoin did not go as planned. They also discovered
that uric acid-induced cyclooxygenase-2 (COX-2) expression was linked to smooth

muscle cell proliferation via the production of thromboxane.
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CHAPTER -3

MATERIALS AND METHODS

3.1 Sample collection

Four different soil models were procured with diverse habitats, including bird
faecal contaminated soil (pigeon, turkey, parrot, and chicken farms) in Hosur,
Krishnagiri District, Tamilnadu. A 5cm depth soil samples were scooped aseptically

into sterile zip lock plastic bags using a sterile disposable spatula.

3.2 Isolation of uricase producing bacteria

In 9 ml of sterile double distilled water, one gram of soil sample was suspended.
It was diluted in 9 ml of sterile distilled water and labelled as 10, 10?2, 1073, 10, 10,
and so on. The dilutions of 10?2, 103, 10 and 10 were chosen for spread plating, so

as to isolate uricase producing bacterial isolates.

3.3 Qualitative assay of uricase by plate assay method
3.3.1 Primary screening

The primary screening for uricase activity was done by using plate assay
method, by inoculating 0.1 ml of the dilution from various dilutions onto agar plates
containing uric acid - 0.8%, dipotassium hydrogen orthophosphate - 0.2 %, potassium
dihydrogen orthophosphate - 0.05 %, magnesium sulphate - 0.01 %, sodium chloride -
0.01 %, calcium chloride - 0.01 %, agar - 2.0 %, distilled water - 100 ml, pH - 7.0
Xue-lai Zhou et al., (2005). The media was autoclaved at 121°C for 15 minutes to
sterilise it. The inoculated plates were incubated for 72 hours at 37°C. The presence of

clear zones encircling the colonies indicates that uricase enzyme is being produced.
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3.3.2 Secondary screening

The isolate that showed a clear zone around the colonies were selected and
re- inoculated on to fresh uric acid medium to ensure enrichment of uricase production
by the isolate. The isolates that displayed clear zones were determined to be uricase

positive.

3.4 Quantitative assay of uricase by submerged fermentation process

Individual isolates with the highest zone of clearance were grown in 20 ml Uric
acid medium [composition: uric acid - 0.8%, Dipotassium hydrogen orthophosphate -
0.2%, potassium dihydrogen orthophosphate - 0.05%, magnesium sulphate - 0.01%,
sodium chloride - 0.01%, calcium chloride - 0.01%, distilled water - 100ml and pH
adjusted to 7.0] and incubated at 37°C for 24 hours for the preparation of standard
inoculum. Inoculums for the fermentation medium were made from this. The
fermentation media was identical to the inoculum medium in terms of composition.
Fermentation was done in 250 ml Erlenmeyer flasks with 100 ml sterile uric acid
medium and 5% standard inoculums. The flasks were shaken for 48 hours at 150 RPM

at 37°C in a rotary shaker Mona et al., (2015).

3.5 Preparation of crude enzyme
The cultures were centrifuged for 20 minutes at 1600 RPM at 4°C after
incubation, and the supernatant was used as a source of crude enzyme. The crude

enzyme solution was used to measure the enzyme activity Atty, F. K., et al., (2016).

3.6 Uricase enzyme assay
To begin, a 3ml quartz cuvette was filled with 2.5ml of 0.001% uric acid

solution and 0.1mol/L of boric acid buffer solution (pH 8.5). Then, about 0.5 ml
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solution diluted enzyme was added and stirred. Then, at 293 nm and 25°C, the
absorbance variations were continually monitored, and the activity was calculated using
the method below. Activity (W/ml) = (AOD293 nm x df x 0.5)

The enzyme dilution factor is denoted by df, the absorbance change is denoted
by OD293 nm, and the time in minutes is indicated by t. The quantity of enzyme
required to catalyze 1 mol about uric acid oxidation each minute at 25°C and pH 8.5

was defined as an enzyme activity unit Cheng et al., (2012).

3.7 Estimation of protein

The protein concentration of the uricase enzyme was ascertained utilising UV
absorption coefficient at 660 nm and BSA as a standard, and the protein content was
determined by calculating gravimetrically using the standard curve Lowry et al.,

(1951).

3.8 Identification of bacteria
3.8.1 Morphological and physiological characterization

Based on conventional, morphological, biochemical and physiological
characterization the isolates of bacteria were identified. Under the morphological
characteristics, shape, size, margin, elevation, opacity, texture and pigmentation, gram’s
reaction was analyzed while in physiological characterization, culture growth under
different temperatures and pH was studied as recommended by Bergey’s Manual of

determinative bacteriology and by Bergey et al., 2000.

3.8.2 Molecular identification of Bacillus sp.
The DNA from Bacillus sp. isolate was isolated as recommended by Wright

et al., (2017) was subjected to PCR so as to amplify the fragment region of the DNA.
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3.8.3 PCR amplification

During PCR, in a 0.5 ml PCR tube, 10 ul of each downstream primer
(5*- AGAGTTTGATCCTGGCTCAG3"), upstream primer (5“-GGGCTACCTTGTT
ACGACTT 3"), 10 pul 10X PCR buffer, 25mM MgCl; 8 pl, ANTP mix 6 pl, template
DNA (50 ng), 5 pl and Taq DNA polymerase (3U/ul), sterile distilled deionized water
49 nl was taken. The total 100 pl mixture in a tube was gently spun for 10 seconds and
allowed to settle the contents. The total mixture was kept in PCR thermal cycler. The
amplification was done in 35 cycles, (denaturation for 60 seconds at 92°C, primer
annealing for 60 seconds at 54°C and polymerization for 90 seconds at 72°C), after
polymerization 10 pl of PCR products with 2 ul of loading dye was mixed and loaded
on a 1.5% agarose gel and analysed electrophoretically at 60 volts for 45 minutes. The
gel was visualized on UV - transilluminator and analysed with 1kb DNA ladder. In a
1% agarose gel the PCR products along with 5 pul of DNA molecular weight marker

was electrophoresed at 40 mA and were eluted.

3.8.4 NCBI-BLAST for sequences

The PCR product was then sequenced using an automated sanger sequence
technique with the study's PCR primers. The same primers as previously reported were
used for sequencing. The isolated Bacillus strain's sequence similarity to the study's
reference strain was also compared using NCBI-BLAST www.ncbi.nlm.nih.gov/blast.
The test Bacillus 16S rRNA sequence was assigned a sequence accession number by
NCBI. In this study, the NCBI BLAST was used to generate the phylogenetic tree from

the bootstrapped data set.
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3.9 Preliminary growth parameters optimization

To evaluate the basic optimal growth parameters required for the better growth
and synthesis of uricase were studied as follows Tork, S.E., et al., (2018). The one-
factor- at-a-time method was applied for each factor such as pH 5-9, temperature
30-70°C, 2% of carbon source: glucose, sucrose, maltose, fructose, and lactose, 1%
about nitrogen source: yeast extract, peptone, ammonium nitrate, ammonium chloride,
and casein, the various concentration of uric acid (0.12, 0.22, 0.32, 0.42, and 0.52%),
and 5% of natural uric acid enriched organic sources (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 hours old Bacillus subtilis MM13 (ODggo: 1.5) was
inoculated on each flask and incubated along a shaker incubator with 150 rpm with a
duration about 48 hours. The standard uricase assay activity was performed after

incubation of each growth parameter Aly et al., (2013).
3.10 Secondary growth parameters optimization

The preliminary growth parameters optimization studies results revealed that the
Bacillus subtilis MM13 showed excellent uricase enzyme activity at pH 7.0, 40°C,
sucrose, yeast extract, and 0.32% of uric acid. Hence, in this secondary optimization
study, the concentrations of sucrose (0.25, 0.5, 0.75, 1.0, and 1.5%) and yeast extract
(0.2, 0.3, 04, 05, and 0.6%) required for attaining maximum vyield from
Bacillus 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 through a shaker incubator by 150 rpm for
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48 hours, and a uricase assay was performed to calculate the uricase activity

(Kotb E., 2016).

3.11 Extraction and purification of uricase enzyme

Bacillus subtilis was cultivated in 1 litter of uric acid medium at 37°C for
18 hours with a rotator at 200 rpm until late exponential phase. After that, the culture
was collected by spinning it at 8000 rpm for 20 minutes at 4°C and thoroughly rinsing
it with 50 mM phosphate buffer (pH 7.5). At 4°C, the bacteria were well mixed in
0.1 M (pH 7.0) phosphate buffer and disturbed only with an ultrasonic wave set to 4°C
(5 % amplitude). Ghosh, T., et al., (2014). The uricase enzyme was then isolated and
purified using ammonium sulphate precipitation followed by dialysis. Solid (80%)
ammonium sulphate was used to completely saturate the extract. The reaction mixer
was gently stirred on an ice bath after adding solid ammonium sulphate, and the blend
remained at 4°C around 24 hours before being centrifuged at 12000 rpm for 30 minutes
by 4°C. The pellets were dispersed available 5ml as to 0.02M Tris-HCI pH 8.5.The
precipitate obtained from the saturation of 80% fraction was spun as well as the
sediment was collected for supplementary evaluation. The collected enzyme mix was
dispersed in 2:1 ratio of a buffer and enzyme, transmitted to a column dialysis, and
dialyzed against sodium phosphate buffer (1X PBS), as well as vortexed with a
magnetic stirrer overnight at 4°C. Moreover, to achieve proper purification, the
phosphate buffer was exchanged 3 times at the dialysis. The purified enzyme was then
saved for further examination.
3.11.1 Purification of uricase using ion exchange chromatography on DEAE-cellulose

A 2.5x7cm column of DEAE-cellulose was packed Ghosh, T., et al., (2014). The

dialyzed cell supernatant was added to a column that had been pre-stabilized with
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20mM Tris-HCI before use (pH 8.5). The column was cleansed three times with three
beds of 20mM Tris-HCI pH 8.5 at a flow rate of 60 ml/h, and the bound enzymes
(proteins) were eluted in the same buffer via a linear NaCl gradient (0.75M). The
accumulated fraction contained 5 ml, and their optical density was measured at 280 nm,
as well as uricase activity for an active fraction. To concentrate the fraction containing

uricase enzyme activity, polyethylene glycol was utilised.

3.11.2 Purification of uricase by sephadex G-50 column

DEAE-concentrated cellulose's and active fraction was loaded onto a 1.5x45cm
sephadex A-50 column that had been stabilised with 0.02M Tris-HCI pH 8.5. An, et al.,
(2017). Slow flow rates (0.6mlI/min) were used to permit the ideal separation of enzyme
from other proteins. Polyethylene glycol was used to concentrate uricase activity-

containing fraction.

3.11.3 Molecular mass determination

SDS-PAGE with 10% polyacrylamide gels had been used to determine the
uricase's relative molecular weight (MW) Kai, L., et al., (2008). Protein size was
calculated by comparing them to known MW marker proteins. Samples of pure enzyme
fractions of 0.8 mg/ml and 0.6 mg/ml of DEAE sephadex A-50 column purified uricase
enzyme solution were placed in the well and run for 45 minutes at a fixed voltage of
150 V. After 1 hour of staining with Pierce Imperial™ Protein Stain, the protein was

de-stained in distilled water overnight.

3.11.4 Measurement of enzyme activity
Purified 0.1ml of uricase was mixed with 0.6ml of 0.1M sodium borate

buffer (pH 8.5) containing 2mM uric acid, 0.15 ml of 30 mM 4-aminoantipyrine,
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0.1ml of 1.5% phenol, and 0.05 ml of peroxidase (15U/ml) for 20 minutes at 37°C.
Kai, L., et al., (2008). By adding 1.0 ml of ethanol to the reaction, it was slowed down,
the absorbance at 540 nm was then measured against a blank using a
spectrophotometer. One unit of enzyme occurs expressed as the quantity of enzyme

capable of generating 1.0 mmol of H,O, per minute under the conditions evaluated.

3.12 Enzyme characterization
3.12.1 Temperature effects on uricase activity and stability

The purified enzymatic reaction blend was incubated for 30 minutes at different
temperatures (25, 35, 45, 55, and 65°C) to investigate the effect of temperature (°C) on

uricase activity D. da Silva Freitas., et al., (2010).

3.12.2 pH effects on uricase activity and stability

The enzyme was tested at various pH levels to see how pH affects uricase
enzymatic activity: 5.0, 6.0, 7.0, 8.0, 9.0, and 10. For pH values 6.0-8.0, phosphate
buffer was utilised, and for pH values 8.0-10.0, borate buffer was employed.
Furthermore, to investigate the impact of pH on uricase consistency (stability), 0.1ml of
uricase was incubated for 30 minutes with the same amount of various buffer solutions
at different pH values: 6.0, 7.0, 8.0, 9.0, and 10.0, after which enzyme activity was

measured at the ideal temperature and optimum pH value as previously described.

3.12.3 Metal ion effects on uricase activity and stability

Following established techniques, the effects of metal ions (Co®*, Ca**, Mn?*,
Mg®*, Fe®*, Cu?*, and Zn**) on uricase activity were investigated. Metal ions remained
mixed to the solution at a concentration of 1 mM. The uricase was properly mixed with

metal ion solutions before incubation at 37°C for 20 minutes. An enzyme mix devoid of
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metal ions was employed as a control. After the incubation time, the activity of uricase

was compared to a control (without metal ions).

3.13 Cell culture

ATCC's cell repository was used to obtain RAW 264.7 cells. These cell lines are
developed in 1X Dulbecco's Modified Eagle's Medium (DMEM) augmented with 10%
FBS plus 1% penicillin/streptomycin (PenStrep) and kept by 37°C now a humidified
environment per 5% CO,. Cells were passaged and used for future experiments in an

exponential development stage until they were confluent (80% confluency).

3.13.1 Cytotoxicity evaluation

The effects of uricase were assessed using a modified MTT test Sylvester,
P.W., (2011), which involves the reduction of 3-(4,5-dimethylthizaol-2yl)-2,5-diphenyl
tetrazolium bromide (MTT) to formazan in the presence of mitochondria. RAW 264.7
After being stimulated with LPS (500 ng/ml), cells (5104 cells/well) were grown in 96-
well plates and treated with uricase at 10 different concentrations (10 to 100 pg/ml).
After 24 hours, the cells were treated with 15 pl of MTT solution (0.5 mg/ml) and
incubated at 37°C for 4 hours. The cells were given 100 pl of DMSO to dissolve the
for mazan after discarding the supernatant. After stirring up the plates for 10 minutes at
room temperature, the absorbances was measured but use a microplate reader at
wavelengths of 490 nm and 630 nm. The control group, which involved of unprocessed
cells, was assumed to be 100% viable. The inhibition rate was calculated using the

formula below.:

% Inhibition Rate = {1- [A4go - Agzo (Treated) / Aggo — Aszo (control)] x 100}
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3.13.2. Trypan blue exclusion assay

The dye exclusion test is exploited to establish the amount of viable cells in a
cell suspension. It is formed on the assumption that living cells must intact cell
membranes. The trypan blue exclusion test was used to observe into the outcome of
uricase on LPS-induced RAW264.7 cells (Crowley et al., 2016). Cells were seeded in
6-well plates, stimulated with LPS, then treated for 24 hours (5% CO,, 37°C) with 10
different doses of uricase (10 to 100 pg/ml). The cells were trypsinized and
resuspended in a mixture of culture media and trypan blue dye (5 mg/ml). The numbers
of viable (unstained) and nonviable (blue-stained) cells were counted using a
hemocytometer, and the results are shown below.

The average number of cells per field =  Sum of cells per field

Number of fields
Total number of cells per ml (x+ 10%/ml) = Average number of cells per field x df
(The cells were previously diluted with equal quantities of trypan blue, therefore
the dilution factor is 2).
%Viability = Number of colourless cells/Total number of cells x 100
3.13.3. Morphological analysis - phase contrast microscopy
RAW 264.7 was induced by LPS. In tissue culture dishes, 7 cells (5 x 105 cells
/well) were cultured for 24 hours with four different doses of uricase (0, 30, 50, and
100 pg/ml) (60 mm diameter). The removed media after incubation, and then the cells
were washed once using Phosphate Buffer Saline (1X PBS). At a magnification of

200X, the morphological changes were observed Moongkarndi et al., (2004).
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3.13.4. Xanthine oxidase (XO) activity assay

The Xanthine oxidase activity was carried out by Zahide Esra Durak, et al.,
(2014). Xanthine oxidase levels were measured, an increase in the absorbance indicates
the formation of uric acid from xanthine. Briefly, RAW 264.7 cells were plated at
5 x 10° cells/well. After induction, the cells were preserved with 30, 50, and 60 g/ml
uricase for 24 hours. The samples were centrifuged were isolated and pre-incubated at
37 °C for 40 minutes after the treated cell pellets were combined with assay buffer.
Working solutions comprising xanthine, buffer, and an appropriate amount of enzyme
(supernatant) were added, and the initial absorbance (A1) was measured at 293 nm after
30 minutes of incubation at 37°C. The identical reaction mixture was used in the
blanks, but without the xanthine. A volume of 0.1 ml of 100% (w/v) trichloroacetic acid
(TCA) was added to the working solution, centrifuged at 5000 x g for 10 minutes, and
the absorbance (A2) at 293 nm was measured once more. The absorbance change (A) is
calculated using the following formula:

A =[(A2) assay - (A2) blank] - [(Al) assay - (A1) blank]

Note: A/min =A/30

3.13.5 Uric acid Estimation

According to the manufacturer's instructions, uric acid was measured with a
commercial Uric Acid Kit (Uricase - PAP technique, Tulip Diagnostics). RAW?264.7
cells were plated at a density of 5 x 10° cells per well for this experiment. The cells
were given 30, 50, and 60 pg/ml of uricase for 24 hours after being inducted for 4
hours. Mix the materials of the kit (4 parts buffer reagent, 1 part enzyme reagent) to
make a working reagent. Blank (B), Standard (S), and Test (T) were the labels on dry

test tubes, which were preceded as follows:
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o Blank (B) | Standard (S) | Test (T)
Addition Sequence
(ml) (ml) (ml)
Working reagent 1.0 1.0 1.0
Distilled water 0.2 - -
Uric acid Standard - 0.2 -
Sample - - 0.2

The components were carefully mixed previously being incubated intended for

5 minutes at 37°C, after which the absorbance was measured at 520 nm and computed

as follows:

Uric acid in mg/dL =

3.13.6 Gene expression analysis
RAW 264. 7 cells were planted in culture flasks and treated with 30, 50, and 60
pg/ml of uricase for 24 hours after being stimulated with 500 ng/ml LPS for 4 hours.

DNA was quarantined exploiting a Nucleospin DNA isolation kit as directed by the

Absorbance at T

X8

Absorbance at S

manufacturer, and PCR was performed using the primers listed below:

B-Actin

5’ TCAAGGTGGGTGTCTTTCCTG 3’ (F)

5" ATTTGCGGTGGACGATGGAG 3’ (R)
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TNF- alpha

5S’ACACAGAAGACACTCAGGGA 3’ (F)

5" CCGGTACTTAACCCTACCCCC 3’(R)

IL10

5S’AATCACGGCTCAGTTCTCCC 3°(F)

5 GGTCACACCATTTGCTGGGT 3’(R)

Initial denaturation - 1 cycle at 95°C for 2 minutes, DNA denaturation - 95 °C

for 1 minutes, Annealing Temperatures - 54°C (-Actin), 54.6°C (IL-10) and 55.4°C
(TNF-alpha) for 30 s and Extension - 72°C for 1 minutes, Final extension - 72 °C for

5 minutes were used in the amplification sequence protocol.
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RESULTS

4.1 Collection of samples and the total heterotrophic bacterial density

In the current study, there were a total of four different birds fecal contaminated
soil samples were collected from pigeons, turkey, parrot, and poultry farms in
Rayakota, Berigai, Perandapalli, and Kumudepalli of Hosur, Krishnagiri District. The
soil samples which were serially diluted were spread on uric acid agar medium for
assessing their microbial density and diversity (Plate 1). The microbial density and

diversity of the fecal contaminated soil samples were listed in (Table 1).
4.2 Screening and isolation of uricase producing bacteria

Four separate soil samples yielded a total of 13 isolates. Ten of the thirteen
isolates that showed a broad zone encircling the colonies were identified on uric acid
agar medium and named as MMO01, PM16, SC21, EC04, MM20, KS17, EC07, MMO8,
MM13, and SC14 respectively. The zone measurements of the selected isolates were
provided in (Table 2). The MM13 isolate was selected among the 10 isolates because of

its wide zone formation of about 37 mm (Plate 2).
4.3 ldentification of potential uricase producer
4.3.1 Cultural, morphological and biochemical characteristics of MM13

The cultural characteristics of the isolate MM13 on nutrient agar plates, staining
and biochemical reactions showed that the bacterium belongs to the genus Bacillus. The

results were tabulated in (Table 3 and Plate 3 - 7).
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Table 1: Microbial density of uricase producing bacteria in faecal contaminated

soil samples
Diversity of
. Place of soil | Microbial density th? No.of | % of
S. |Type of soil sample ., | organisms . e
sample | of the collected soil . positive |positive
No. collected . obtained | )
collection | samples (CFU/g) . isolates |isolates
from soil
samples
Pigeon faecal ) 3 .
1. ] ] Rayakottai | 2.1x10°- 2.4x10 4 3 75
contaminated soil
Turkey faecal o ) 6
2. ) ) Berigal 2.4x10° - 2.6x10 3 2 66
contaminated soil
Parrot faecal ) . 6
3. _ _|Perandapalli | 2.6x10"- 2.8x10 3 3 100
contaminated soil
Poultry faecal _ ) 5
4. ] _ |Kumudapalli| 2.2x10°- 2.5x10 3 2 66
contaminated soil
Total no. of bacterial isolates 13 10 -

Table 2: Uricase activity among the test bacterial isolates and diameter of zone of

clearance
S. _ Diameter and zone of clearance
Type of soil sample Isolate ) o )
No. in uric acid media (mm)
_ Isolate MM13 37
Pigeon faecal
1. ] ) Isolate PM16 20
contaminated soil
Isolate SC21 16
) Turkey faecal Isolate EC04 14
' contaminated soil Isolate MM20 18
Isolate KS17 19
Parrot faecal
3. ] ) Isolate ECO7 10
contaminated soil
Isolate MMO08 14
4.
contaminated soil Isolate SC14 16
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Plate 1. Microbial density of uricase producing bacteria in faecal
contaminated soil samples
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Plate 2: Isolate MM13 showing 37 mm clear zone

Plate 3: Zone of clearance formed by various isolates




Plate 4: Cultural characteristics of MM13 on Nutrient Agar plate
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Plate 7: Biochemical characteristics of MM13

Catalase Test Oxidase Test

Starch hydrolysis Test Gelatin hydrolysis Test



Table 3: Cultural, morphological and biochemical characteristics of MM13

S. No. | Name of the test Result of MM13
1 Colony appearance Rough, opaque and fuzzy white colonies
2 Motility Positive
3 Grams staining Positive rods
4 Spore staining Positive
5 Indole test Negative
6 Methyl Red test Negative
7 Voges-Prouskaur test Positive
8 Citrate utilization test Positive
9 TSI Positive
10 Urease Negative
11 Catalase Positive
12 Oxidase Positive
13 Nitrate Reduction Positive
14 Casein hydrolysis Positive
15 Lipid hydrolysis Positive
16 Starch hydrolysis Positive
17 Gelatin hydrolysis Positive

Carbohydrate fermentation test
18 Glucose Positive
19 Lactose Positive
20 Maltose Positive
21 Mannitol Positive
22 Sucrose Positive
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4.3.2 Molecular characterization of MM13
Using 16S rRNA studies, the MM13 isolate was genotypically defined. The

sequence-based MM13 16S rRNA genes have been deposited to Genbank http://www.
nchi.nlm.nih.gov/genbank on under NCBI accession number MM13 Bacillus subtilis
(MK503710) (Figure 1 and 2). The Bacillus subtilis MK503710 isolate's sequence was
compared to test sequences of Bacillus sp. from the BLAST database to evaluate
phylogenetic relatedness using the neighbour joining tree technique (Figure 3).

The Bacillus subtilis (MK503710) isolate contained a 680bp sequence that was
identical in every way. Bacillus subtilis (MK503710) was grouped together as one
clade segment in the phylogenetic tree, which was represented by bars corresponding to
an evolutionary distance of 0.0006 (Figure 4). The numbers above the branches indicate
that the bootstrap value is more than 99% (Figure 5).

4.4 Qualitative estimation of uricase

Furthermore, the strain MM13 was exposed to quantitative estimation of uricase
using a liquid medium, then the uricase activity was evaluated by plotting on a uric acid
standard graph and was determined to be 1.75 U/ml.

4.5 Protein estimation

The protein estimation of MM13 was performed by Lowry method and
estimated as 5.18 mg/ml. Similarly, the specific activity was estimated as 0.33 U/mg.
4.6 Optimization of growth parameters

The optimal essential growth parameters are required to obtain the maximum
uricase enzyme activity of Bacillus 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.
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Figure 1: 16s rRNA partial sequence submission on NCBI Bacillus subtilis

(MK503710)

p————————————————————————————————————————

GenBank~

- Bacillus subtilis strain MM13 16S ribosomal RNA gene, partial sequence

GenBank: MKS03710.1
FASTA Grashicz

Ga to: [Vl
Locus MK593718 538 bp  DNA linear  BCT 16-FEB-2019
DEFINITION Bacillus subtilis strain MM13 165 ribosomal RNA gene, partial

sequence.
ACCESSION  MK393718-
VERSLCN MK583718.1
KEYWOROS .
SOURCE Bacillus subtilis
CRGANLEM  Bacillus subtilis
Bacteria; Firmicutes; Bacilli; Bacillales; Bacillaceae; Bacillus.
REFERENCE 1 ({bases 1 to 63d)}
AUTHORS  Anandharaj, 6. and Manimekalai,V.
TITLE Direct Submission
JOURNAL  Submitted (11-FEB-2019) Microbiology, M.R.Government Arts College,
Mannargudi- 614e€1; Government Arts College Road; Mannargudi; TAMIL
NapU 614981, India
COMMENT it#thssenbly -Data-START
Sequencing Technology :: Sanger dideoxy sequencing
it#hssenbly-Data-ENDire !
| FEATURES Location/Qualifiers
source 1..638
forganism="Bacillus subtilis”
[mol_type="genomic DNA"
fstrain="NM13"
{isolation_source="pig fecal soil"
fdb_xref="taxon:1423"
[country="1India"
fcollection_date="28-Feb-2017"
TRNA ¢1..>630
fproduct="16% ribosomal RNA"

1 agcggacaga tgggagcttg ctcocotgatg ttagcEEcE acoogtgast aacacgtgsg
61 taacctgect gtaagactpp gataactccg pgaaaccgpp gotaataccg patggtigtt
121 tgaaccgcag pttcasacat aasaggtgpc ttcggctace acttacagat ggacccgegg
181 cgcatagcta gttggt@Eapg tascggctca ccaaggcgac Batpcgtage Cgacctgaga
241 pgeotgatcpg ccacactgpg actgagacac pgcccagact cctacgpgag geapeagtap
381 pgsatcttcc geaatgpacg aazgtctgac pgapcsacge cgoptgagtg atgaagpttt
361 tcpgatcgta aagctctgtt gtiagppgaag aacaagtace pticgastag ggcgptacct
421 tgacgptgcc tasccagaaa gocacggeta actacgtgcc agcagccgeg gtaatacgta
481 pgtpocaapc pttgtccgpa attattggpe ptasaggact cgeagecget ttottaagte
541 tgatgtpasa geccecgget casceppgea peotcattpp aasctgpppa acttgagtpc
&1 agaagaggag agtggsattc cacgtgtape
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Figure 2: FASTA sequence on NCBI Bacillus subtilis (MK503710)

Advanced

) The Nucleotide database will include EST and GSS sequences in early 2019. Read more.

FASTA~

Bacillus subtilis strain MM13 163 ribosomal RNA gene, partial sequence

GenBank: MK503710.1
GenBank  Graphics

#MK583719.1 Bacillus subtilis strain MM13 165 ribosomal RNA gene, partial sequence
AGCOOACAGATGGEAGCTTGCTCCCTGATATTAGCGACAGACHEOTGAGTAACACOTORGTAACCTRCCT
QTAAGACTRGAT AACTCCOO0AAACCAOARCTAATACCORATRRTTATTTCAACCACAGGTTCARACAT
AAAAGETGGCTTCAGCTACCACTTACAGATGOACCCRCRGCGCATAGCTAGTTGATGAGGTAACGRCTCA
CCAAGGCOACGATACGTAGCCOACCTGAGARDGTGAT CGCCACACTOOGACTGAGACACGOCCCAGACT
CCTACGGGAGGCAGCAGTAGOOAATCTTCCOCAAT GRACGAAAGT CTGACGRAGCAACGCCGLGTRAGTE
ATGAAGATTTTCGGATCOTAAAGCTCTATTAT TAGRGAAGAACAAGTACCATTCRAATAGRGCGRTACCT
TEACOATOCCTAACCAGAAAGCCACGGCTAACTACGTECCAGCAGCCACGOTAATACOTAGOTGOCAAGC
QTTeTCCGQaAATTATTOOGCGT AAAGGGCTCOCAGRCGRTTTCTTAAGTCTGATGTGAAAGCCCCCaACT
CAACCOOGGAGAATCATTORAAACT GRGEAACTTGAGTECAGAAGAGGAGAGTGEAATTCCACGTGTAGC
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Figure 3: BLAST database of the Bacillus subtilis (MK503710)
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Figure 4: Phylogenetic tree showing phylogenetic position of the Bacillus

subtilis(MK503710) neighbour joining method
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Figure 5: Circular sequence of Bacillus subtilis MM13 represents the GC content

and restriction sites
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4.6.1 pH and temperature influence on uricase activity

The optimal physical factors such as pH and temperature are required for
producing maximum uricase enzyme venture. The results obtained indicates uricase
enzyme activity happened at 1.85 and 1.25 U/ml at pH 7.01.25 U/ml and 40°C
respectively at 48 hours of the submerged fermentation process, and these were
statistically significant at P<0.05 (Figure 6 and 7). Furthermore, the uricase enzyme
activity was significantly reduced at pH 5, 6, 8, and 9 and at 30, 50, 60, and 70°C,

respectively.
4.6.2 Suitable carbon and nitrogen sources

Bacterial enzymatic and metabolic activities, as well as growth rate, are based
on availability of appropriate carbon and nitrogen sources. In this study, various carbon
sources such as glucose, maltose, lactose, sucrose, and fructose were subjected to
identify the suitable carbon source for Bacillus subtilis MM13 to secrete uricase
enzyme activity. The obtained results state that the test isolate preferably used sucrose
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 (Figure 8).

Similarly, the Bacillus 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 (Figure 9). The
uricase activity was considerably reduced in other nitrogen resouces such as peptone,

ammonium nitrate, ammonium chloride, as well as casein.
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Figure 6: Optimization of growth parameters for uricase enzyme activity in B

Bacillus subtilis MM13 using various pH

Uricase activity (U mL™")

0

Various pH

ES
I I
5 6 7 8 9

™

Figure 7: Optimization of growth parameters for uricase enzyme activity in

Bacillus subtilis MM 13 using various Temperature
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Figure 8: Optimization of growth parameters for uricase enzyme activity in

B.subtilis MM 13 using various carbon sources
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Figure 9: Optimization of growth parameters for uricase enzyme activity in

Bacillus subtilis MM13 using various nitrogen sources
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4.6.3 Optimal uric acid concentration for uricase production

The uric acid served as a primary inducer for uricase activity in bacteria. The

ideal uric acid concentration for the uricase enzyme activity of Bacillus subtilis MM13

was 0.32%. It yielded about 1.17 U/ml of uricase enzyme in a 48 hours of incubation

period and this value was statistical significance at P<0.05 (Figure 10).

The dried and sterilized powdered form of uric acid enriched wheat bran, beans,
cauliflower, and pigeon fecal were studied and interestingly, the Bacillus 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 Bacillus subtilis MM13.
This might be due to the insufficient quantity of uric acid content in these natural

sources.
4.6.4 Optimization of suitable concentration of sucrose and yeast extract

The initial optimization study results revealed that the sucrose as well as yeast
extract were discovered to be good carbon and nitrogen traces for excellent uricase
enzyme activity in Bacillus subtilis MM13. Hence, the suitable concentration for these
two energy sources for Bacillus 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, correspondingly. At P<0.05, these results were significant statistically

(Figure 11 and 12).
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Figure 10: Optimization of growth parameters for uricase enzyme activity in

Bacillus subtilis MM13 using various uric acid concentrations
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Figure 11: Optimization of growth parameters for uricase enzyme activity in

Bacillus subtilis MM13 using various sucrose concentrations
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Figure 12: Optimization of growth parameters for uricase enzyme activity in
Bacillus subtilis MM 13 using various concentrations of yeast extract
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4.7 Extraction and purification of uricase enzyme derived from Bacillus subtilis

The crude enzyme was extracted (Figure 13) from Bacillus subtilis at the end of

the logarithmic cycle through 80% Ammonium sulphate precipitation. The extracted

cell free crude uricase enzyme precipitate was partially and initially purified with a

dialysis membrane (Figure 14). Uricase enzyme activity was found as 245.8 U/mg and

it was 2.74 fold purified as compared to crude enzyme and yield was calculated as

42.00% and this Ammonium sulphate precipitated (80%) and dialyzed uricase enzyme

was considerably higher than specific activity (89.6 U/mg) of crude uricase extract

(Table 4).

Table 4: Purification of uricase and relative enzymatic activity

Total Total Specific e .
Sample V(()rlrl]JIr)ne Activity | protein activity Purl;‘(l)(lzgtlon ?;I)d
(u/ml) | (mg/mg) = (U/mg) 0
Crude 245 2956 28.41 89.6 1 100
Ammonium sulphate
o 31 1241.7 7.3 245.8 2.74 42.00
precipitation (80%o)
DEAE cellulose
15 1024 2.8 1125 12.55 34.64
Column
DEAE Sephadex A-
7 684.5 1.6 1352 15.08 23.15
50 column
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Figure 13: Extraction of uricase from Bacillus subtilis
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Furthermore, the DEAE cellulose column base purification (Figure 15) results
showed that the uricase enzyme was purified as 12.55 fold and yielded 34.64% with
increased specific uricase activity as 1125 U/mg while compared with 80% Ammonium

sulphate precipitated and dialyzed uricase enzyme.

The purity of the uricase enzyme extracted from Bacillus subtilis was
effectively further purified by DEAE sephadex A-50 column (Figure 16). It yielded
around 23.15% with increased specific uricase activity as 1352 U/mg and it was 15.08

fold significantly greater than the crude uricase enzyme.

Finally the molecular weight of DEAE sephadex A-50 column purified uricase
enzyme was examined through SDS-PAGE by loaded with 0.8 mg/ml (lane 1), and 0.6
mg/ml (lane 2) of enzyme. The obtained result indicated that the MW of uricase

(purified) was found as 48 KDa (Figure 17).
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Figure 15: DEAE cellulose based purification of uricase
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Figure 16: DEAE cellulose Sephadex A- 50 column based purification of uricase
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Figure 17: SDS-PAGE analysis of purified uricase enzyme

Legend: Lane 1: 0.8 mg/ml, Lane 2: 0.6 mg/ml, Lane 3: marker protein
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4.8 Physical and chemical characterization of purified uricase enzyme

At the suitable physical and chemical factors the hydrogen peroxide is
established when uricase interacts with urate and interacts with peroxidase occurs in the
presence of 4-aminoantipyrine and phenol. As a result of the enzymatic reaction,
quinoneimine dye was produced. The quantity of uric acid deteriorated by uricase has

been relative to the amount of dye quinoneimine formed.
4.8.1 Temperature effects in the activity and stability of the uricase enzyme.

The fine purified uricase enzyme activity (100%) and stability (100%) were
significantly higher at 35 °C and it followed by 25°C (97%) and 45°C (89%) while, the
temperature increasing the enzyme activity was significantly reduced (Figure 18.a). For
example, at 55 °C, the enzyme relative activity was reduced as 42% and further reduced
to 17 at 65 °C. Thus, this Bacillus subtilis synthesized uricase showed excellent activity

at 35 °C and stability at 25°C to 45 °C.
4.8.2 pH effects in the activity and stability of the uricase enzyme.

The results obtained from pH influence on uricase enzyme activity showed the
maximum activity (100%) at pH 8.0 (Figure 18b). It is followed by pH 7.0 (96%) and
pH 6.0 (84%). The uricase enzyme activity was highly affected at the lowest (5.0) and
highest pH (9.0 & 10). The stability of purified uricase was found in a extensive span

of pH is from 6.0 to 9.0.

This property increases the commercial application possibilities and value.
From slight acid to slight alkaline pH facilitate the uricase activity to metabolize the

uric acid.
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4.8.3 Metal ions effect in the activity and stability of the uricase enzyme

Metal ions that are appropriate can effectively chelate or enhance the enzyme
activity. In this regard, discovering appropriate metal ions for increased uricase activity
is essential to boost the enzyme's commercial use potential. As a result, the effects of
several metal ions on uricase enzyme activity and stability remained found to be most
effective with Cuy: (98 %), followed by Mg.: (91 %), and Fey. (76 %) (Figure 18c).
Thus, this purified uricase enzyme can be used to metabolize or breakdown the uric

acid with co- factor or chelator or support of Cuy..
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Figure 18. Physical and chemical characterization of uricase enzyme.
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4.9 MTT assay

The MTT assay was employed to verify the inhibitory effect of uricase on RAW
264.7 murine macrophage cells (Figure 19). The cells were handled through uricase at
doses ranging from 10 to 100 pg/ml for 24 hours. Uricase decreased cell proliferation in
a dose- dependent manner, indicating that it suppresses RAW 264.7 cell growth. With

54.26% inhibition, the LC50 was determined to be 50 pug/ml concentrations.
4.9.1 Trypan Blue Exclusion Assay

The most frequent and first method for determining cell viability was the
Trypan blue exclusion experiment. Cells that have been weakened by uricase treatment
become permeable, and it attaches to intracellular proteins, turning them bluish in
colour, resulting in cell death. The proportion of surviving cells in RAW 264.7 cells
treated with uricase at varied concentrations (10 to 100 pg/ml) were measured after a
24 hours incubation period. Cell mortality was dose-dependent, and cell viability

reduced as concentrations increased (Figure 20).
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Figure 19: Cytotoxic effect of uricase on RAW 264.7 cells. Different concentrations

of uricase (10-100 pg/ml) were used for cell treatment.
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Figure 20: Effect of uricase on cell viability of RAW 264.7 cell line - The cell death
rate was determined using trypan blue assay. RAW 264.7 cells were treated with
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4.9.2 Morphological changes by phase contrast inverted microscope

Under uricase therapy, changes in cellular shape were detected at various doses
(Figure 21). When compared to the control, the cells shrank and then detached in a
dose- dependent manner, similar to the cell proliferation and cell inhibition studies.

RAW 264.7 cells that had not been treated looked to be normal (circular shaped).

4.9.3 Xanthine oxidase assay

The suppression of xanthine oxidase enzyme by three different concentrations
of uricase (30 pg/ml, 50 pg/ml and 60 pg /ml), as compared to LPS generated RAW
26.47 cells and control (untreated cells) as shown in (Figure 22). XO inhibitory action
was identical at all three uricase doses. One-way ANOVA was used to analyse the data

(Tukey multiple comparison tests).

4.9.4 Uric acid estimation

The in vitro effects of uricase on uric acid concentration in cells (Figure 23).
After pretreatment with LPS, uricase significantly reduced uric acid concentration in all
three concentrations (30 g/ml, 50 g/ml, and 60 g/ml) compared to the non-treated LPS

induced group (p< 0.0001).

4.9.5 Gene expression analysis

The roles of pro-inflammatory cytokine (TNF-a) and anti-inflammatory
cytokines (IL-10) were investigated. Down-regulated gene expression levels were
observed for TNF- o in uricase treated cells and an upregulated expression was
observed for IL- 10 gene, in a dose-dependent manner (Figure 24). IL-10 is a potent
inhibitor of TNF-a and uricase enzyme at a defined concentration can help to reduce

the pro- inflammatory cytokine TNF-a, thereby reducing cell damage.
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Figure 21: Effect of uricase on RAW 264.7 - Photomicrograph (20 X) images were

captured by phase contrast microscope.
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Figure 23: Uric acid production
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Figure 24: Gene expression analysis of TNF-a and IL-10
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CHAPTER -5

DISCUSSION

Significance of uricase and the prevalence of uricase producers

Enzymes are biological catalysts that are actually needed for the different
biochemical reactions required for life to exist. They speed up all energy metabolism
reactions in the body and perform a specific function. Enzymes are extremely efficient,
increasing reaction levels by 100 million to 10 billion fold faster than any other type of
chemical reaction. This catalysts have emerged as an essential molecule which has
been commonly used in various industrial and pharmaceutical purposes as a result of
advancements in biopharmaceuticals and bioengineering. Because of the rapid
evolution of enzyme technology, enzymes derived from microbial sources are receiving

increased attention due to their multi-potential properties.

Microbial enzymes have always been favored owing to economic suitability,
better productivity, uniformity, comfort of improving existing products and
optimization, sustained demand due to lack of seasonal variations, fast growth of
microbes on low-cost media, reliability, and higher catalytic performance. Microbial
enzymes are important for the diagnosis, therapies, biochemical examination, and
supervising of a variety of serious infectious diseases.

Several microbial enzymes such as proteases, keratinases, amylases, xylanase,
uricase, laccase or ligninase, cellulose, and so on have been investigated by several
researchers. Among, various enzymes, the uricase is very significant enzyme that have
been explored very extensively in the recent years and are extremely important in a
variety of industries, including the pharmaceutical and food industries
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Gurung et al., (2013). Microbial enzymes are renowned due to their ability and
significant activity under adverse environments, mostly notable temperature and pH.
Microbial enzymes can thus be categorized as thermophilic, alkalophilic, or
acidophilic.

Microbes with heat stable metabolic enzymes which can perform at greater than
average reaction temperatures might decrease the potential of microbiological
contamination in huge industrial reactions that last for a long time. The value of
thermo-stability in enzymatic reactions encourages the break - down and metabolism of
materials; additionally, a higher activation temperature improves enzyme penetration.
Comprehensive saccharification as well as hydroxylation of carbohydrates comprising
crop wastes demands a prolonged reaction time, which is closely correlated with
extended duration contamination risks. Thus, hydrolytic enzymes are in great demand
because they are ideal at elevated temperatures and uphold steadiness over a significant
duration of handling a several of temperature range.

High thermal enzymes also aid in increasing mass transport and decreasing
substrate surface tension during hydrolysis of substances in various industrial
processes. Uricase is a hepatic enzyme, which directly convert uric acid/urate into
allantoin, a water-soluble compound which is more conveniently eliminated from the
body by the renal. Throughout evolutionary history in human, a missense as well as
frame shift mutation tends to result in an inactivated gene producing uricase. Thus,
blood serum urate concentrations are near towards the solubilization. Whenever this
threshold is exceeded, urate precipitates in soft tissue structures can establish as sodium
urate crystals. Unless no urate-lowering therapy is used, these uric acid deposits can

ultimately cause medical symptoms similar to gout.
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The organisms of choice for uricase production are microbes, especially
bacteria. Because of its simplicity, cost-effectiveness, and reliability, enzyme
production via bacterial isolate is frequently preferred by investigators. However,
current uricase production capacity is insufficient to meet future demand, necessitating
the identification of new bacterial strains as soon as possible Daisley et al., (2020).
Bacillus subtilis, B. fastidious, Microbacterium sp., Pseudomonas aeruginosa,
Arthrobacter globiformis, and Nocardia farcinica were isolated from soil, agriculture
wastes, bird faeces, and other sources Dabbagh et al., (2012). Aside from this, the
uricase enzyme has been found in fungi, animals, and plants. In this study, the soil
samples were taken from a variety of locations, including pigeon, turkey, parrot, and
chicken farms, which were contaminated with bird faeces. Around 13 uricase
producing bacterial isolates were enumerated from 4 faeces contaminated soil samples

after three days of incubation at 37°C in uric acid enriched medium.

This was confirmed by occurrence of zone of clearance around the bacterial
colonies, since uricase metabolize the urate/uric acid in the media resulting
disappearance of color/clear zone around the colonies. Interestingly, ten bacterial
isolates such as MMO01, PM16, SC21, EC04, MM20, KS17, EC07, MM08, MM13, and
SC14 were identified as considerable uricase producer (based on huge size of zone of
clearance around the colonies) out of thirteen bacterial isolates. Subsequently, the
isolate MM13 chosen (pigeon droppings contaminated soil) from among the ten
because of its wide zone formation. The morphological, cultural, and biochemical
characteristics study disclosed that the bacterial isolate MM13 was identified as a

Bacillus species. The zone of clearance formed around the colony is the result of

66



uricase converting uric acid into 5-hydroxyisourate with the help of O, and H,O, which

produced H,O, and was then reduced as allantoin.

The size of the uric acid clearance zone surrounding the colony was thought to
be an important predictor of a bacterial isolate's uricase producing capacity. Bacillus
cereus DL3 isolated from chicken farms was also discovered to be highly capable of
synthesizing uricase. To determine this, the zone of clearance around the colonies on
uric acid medium was measured. Pigeon faeces may contain more uric acid than
faeces from other birds. As a result, the bacteria isolated (MM13) may be the most
capable of releasing uricase enzyme and consuming uric acid in pigeon faeces.
Clostridia sp., which produces uricase, was isolated from the guts of several termites

using a zone of clearance has been established around the colonies..

The MM13 isolate was genotypically characterized using 16S rRNA
sequencing. The sequence-based MM13 16S rRNA gene sequence have been deposited
to GenBank under the NCBI and received accession number (MM13) Bacillus subtilis
as MK503710. To determine phylogenetic similarity, the Bacillus subtilis MM13
isolate's sequence was evaluated by comparing to test sequences of Bacillus sp. from
the BLAST database using the neighbour joining tree technique. The Bacillus subtilis
MM13 isolate had an identical 680bp sequence in every way analysis and contained 56
and 44% of GC and AT bases respectively. Bacillus subtilis MM13 was represented in
the phylogenetic tree as a single clade segment, with bars corresponding to an
evolutionary distance of 0.0006. Furthermore, this 680bp partial sequence of

Bacillus subtilis MM13.
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The majority of research on uricase synthesis used avian faecal contaminated
soil samples as a source for microorganism isolation. Similar findings were found in
this study, and several bacteria were isolated from bird faeces contaminated soil
samples. According to one report, Alcaligenes faecalis Sambandam et al., (2021),
Pseudomonas aerogionosa Selvaraj and Thirumalaivasan (2017), and Bacillus
subtilis Jagathy et al., (2016) were most familiar bacterial species capable of
producing uricase and recovered from poultry faecal contaminated soil samples.
Ravichandran et al. isolated an uricase-producing bacterial isolate from duck farm
waste-contaminated soil and identified it as Sphingobacterium thalpophilum VITPCB5
via molecular characterization Ravichandran et al., (2015).

Other uricase producers were identified from deep muck and fowl dropping
from a poultry farm, including Comamonas testosteroni ATCC 11996, Bacillus flexus
IFO 15715, Staphylococcus capitis SD, Bacillus aryabhattai B8W22, Comamonas
testosteroni ATCC 11996, Ochrobactrum anthropic Atty, et al., (2016), Bacillus
subtilis RNZ Kotb, (2016), Pseudomonas putida Poovizh, et al., (2014), Bacillus
cereus strain DL3 Nanda, P. et al., (2013) were identified as possible uricase producer
and they characterized and identified through molecular techniques Lekshmy, et al.,
(2016). Interestingly, Shi, et al, (2019) Lotfy, (2008) Zhou, et al., (2005) have
isolated substantial hyperthermostable and thermostable uricase producers from
contaminated Egyptian soil samples and those strains were identified as Arthrobacter
globiformis, Bacillus thermocatenulatus, and Microbacterium ZZJ4-1 through
molecular characterization techniques Shi, et al., (2019); Lotfy, (2008); Zhou, et al.,

(2005).
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Similarly, Pustake et al., (2019) enumerated the uricase- producing Bacillus
subtilis SP6 from poultry waste through 16S rRNA sequencing. Another report stated
that the chicken farm possessed a significant number of Bacillus cereus DL3 strain and
that the strain possessed exceptional uricase synthesizing potential, and that this strain
was identified and characterized using molecular characterization techniques Khade &
Srivastava, (2017). Some other report stated that the uricase producing bacteria were
isolated from some other sources. For example Streptomyces exfoliatus UR10 is
halophilic bacteria isolated from Iranian salt lakes possess considerable level of uricase
producing activity and used the molecular characterization techniques to identified this

strain Honarbakhsh et al., (2021).

Similarly, the uricase producing Bacillus sp. was enumerated from agriculture
waste and noted that effective uricase producer and characterized by 16S rRNA
sequencing Tork et al., (2020). Apart from birds droppings contaminated soil samples,
the uricase producing bacterial isolates have been also reported from some other sites.
According to this, isolated uricase producing Pseudomonas otitidis strain SN4 from hot
spring sites of Malaysia Lee, et al., (2015) and similarly, Amirthanathan, et al.,
(2012) enumerated the Bacillus cereus from marine sediments of mangrove

environments and identified as it possess significant uricase producing potential.

The uricase producing Pseudomonas aeroginosa Ps43 were isolated from
various clinical samples and characterized by 16S rRNA sequencing Abdullah and
Flayyih, (2015). EIAdawy et al., (2012) isolated the uricase producing Ochrobactrum
anthropi from poultry droppings contaminated soil and they were characterized

through 16S rRNA gene sequencing. Based on 16s rRNA sequencing, Comamonas sp.
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was identified as the most common uricase- producing bacterium isolated from poultry
soil Tork et al., (2020). Interestingly, the uricase-producing Actinobacteria species
Streptomyces graminofaciens enumerated from poultry faeces contaminated soil

Magda, et al., (2013).

In addition to bacterial species, numerous fungal species Aspergillus carenus,
A. flavus A. welwitschiae, and Emericella quadrilineata were reported to be the most
active uricase producing fungal strains, while A. peyronelii and A. terrus produced only
a small amount of uricase. EI-Weshy, et al., (2018). Gliomastix gueg Atalla, et al.,
(2009) and Mucor hiemalis was another fungal species identified as uricase producer
Yazdi, et al., (2006). However limited number of uricase producing yeast isolates was
reported yet as Kluveromyces lactis, Candida utilis, and Hansenula polymorpha
Dmytruk, et al., (2011).

With all of these available sources, bacterial sources seem to be the most
beneficial and resilient due to their low growth requirements, rapid development rates,
and regular purification methods. With all these practical advantages allow for the
uricase production with lesser time Jagathy et al., (2016). Other sources, on the other
hand, have slow rate of growth and a complicated system that necessitates expensive
purifying operations, making them unsuitable for large-scale production Jhample et
al., (2015). Despite the fact that the uricase enzyme has been extracted from a variety
of species, there is always room to discover new sources of uricases which are both

cost effective and have higher selectivity Eichmann et al., (2019).

70



Optimization of growth and enzyme production

Recently, there has been an increase in the usage for uricase enzymes,
particularly in the medical sector, to cure hyperuricemia and associated illnesses
Jin et al., (2012). The bacterial based uricase production can be determined by
supplementation of suitable physical (pH and temperature), chemical (carbon and
nitrogen sources), and other suitable growth supplements facilitate the outstanding
metabolic activity of bacterial cell and yielded considerable volume of uricase in a
short duration of time. Furthermore, the cost of nutritional materials used for uricase
production must be considered before using this Bacillus subtilis MM13 for
commercial uricase enzyme production. As a result, optimizing the growth parameters

for uricase production is critical.

pH and temperature influence on uricase activity

Enzymes work best at specific temperatures and pH levels, and terrible living
conditions can end up causing an enzymatic activity to lose its ability to adhere to a
substrate. In general, raising the temperature of a reaction speeds it up, whereas the
lowering the temperature slows it down. High temperatures, on the other side, could
indeed induce an enzymatic activity to end up losing its shape and stop working.
Correspondingly, each enzyme does have a preferred pH range, and trying to adjust the
pH outside of this range slows enzyme activity. When enzymes are exposed to high pH
levels, they can denature. As long as there is a component to bind to, gradually

increasing enzyme concentration may increase the rate of reaction.

Throughout this investigation, the most uricase enzyme activity was found to

be 1.85and 1.25 U/ml at pH 7.0 and 40°C, respectively, after 48 hours of submerged
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fermentation. Furthermore, the uricase enzyme activity was significantly reduced at pH
5, 6, 8, and 9 and at temperatures of 30, 50, 60, and 70°C, respectively. Interestingly,
these results were partially correlated with the findings of Kotb (2016) reported the
optimal pH and temperature for Bacillus subtilis RNZ-79 isolated from birds droppings
contaminated soil as pH 8.0 and at 40°C. At this optimal concentrations, the uricase
producing efficiency of Bacillus subtilis RNZ-79 was significantly increased Kotb,
(2016). Increased temperature (increasing Kkinetic energy) and optimal pH can
accelerate the reaction; nevertheless, elevated temperature and pH (breaking bonds)
immediately reduce enzyme and metabolic activity Rollin et al.,, (2015). The
optimal pH and temperature thresholds for enzyme activity have been revealed as 4.0-
9.0 and 30-50°C, respectively, so these ranges might well be associated to the different
strains and substrates used for enzyme production Fu et al., (2016). Accordingly, the
optimal pH and temperature for Saccharopolyspora sp. PNR11 uricase enzyme activity
were reported as 7.0 and 30°C, respectively Khucharoenphaisan & Sinma (2011).
Azab, et al., (2005) found and reported that the Streptomyces graminofaciens and
S. albidoflavus, isolated from crops cultivated soil of Egypt were possess the optimized

pH and temperature as 7.0 and 28°C.

Suitable carbon and nitrogen sources

Bacterial enzymatic and metabolic activities, as well as growth rate, are
influenced by the supply of suitable carbon and nitrogen sources. Carbon and nitrogen
sources, as well as their concentrations, have always caught the interest of industry
research teams on low-cost media composition. This is also recognized that perhaps the
expense of microbes growing medium is approximated to be 30-40% of the expense of

commercial enzyme production. As a result, optimizing the circumstances for cost-
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effective enzyme production is critical. However, research into the effects of carbon
and nitrogen components revealed that not every carbon and nitrogen would act as just
an enhancer for the concurrently producers of such microbial enzymes in a single
fermentation process. Apart from in single-enzyme fabrication, nutrients play a
significant role in  multi-enzyme  manufacturing  because few  essential
nutritional additives improve simultaneous fabrication of all microbial enzymes in a

single fermenter Juwon and Emmanuel, (2012).

Various carbon sources, including glucose, maltose, lactose, sucrose, and
fructose, were investigated in the present study to determine the best carbon source for
Bacillus subtilis MM13 to secrete uricase enzymatic activity. According to the results,
the test isolate preferred sucrose as a major carbon source over other sugars and
demonstrated the highest uricase enzyme activity of 2.54 U/ml. Similarly, the Bacillus
subtilis MM13 strain used yeast extract as the preferred nitrogen source and produced
2.37 U/ml of uricase enzyme activity after 48 hours of incubation. Other N sources,
such as peptone, ammonium nitrate, ammonium chloride, and casein, significantly
reduced uricase activity. Like the present study, Alcaligenes faecalis isolated from
poultry waste showed maximum uricase activity of 36 U/ml/min, with sucrose as a
carbon source. But coming to the nitrogen source the organism produced
maximum uricase production of 31 U/ml/min with uric acid as a nitrogen source

Thillainayagi et al., (2021).

Similarly in one more study, the isolate Gliomastix gueg used sucrose and uric
acid as the best carbon and nitrogen sources for uricase production Atalla et al.,
(2009). Comamonas testosteroni strain from poultry waste observed maximum uricase

activity with 0.15U/ml with cellulose and 0.058U/ml with yeast extract as the ideal best
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carbon and nitrogen sources Lekshmy et al., (2016). Bacillus cereus DL3 isolated from
poultry was found to preferentially use Carboxymethyl cellulose and asparagine as best
carbon and nitrogen sources, yielding approximately 15.43 U/ml of uricase activity and
it was significantly around 1.61 times higher than the other best carbon and nitrogen
sources Nanda & Babu, (2014). Another study found that Bacillus subtilis SP6
isolated from poultry waste had the highest uricase enzyme activity (1.2 to 15.87 U/ml)
when lactose and soya peptone were used as the preferred carbon and nitrogen sources,

respectively Pustake et al., (2019).

Optimal uric acid concentration for uricase production

Uric acid is the end product of purine metabolism in humans, as well as an
alternate biological substrate for the uricase enzyme. Such an enzyme based uric acid
oxidation produces urate free radicals as well as uric acid crystals hydroperoxide, a
strong oxidant as well as feasibly antibacterial agent. Uric acid is a kind of weak acid
with a maximum solubility of 7 mg dL-1 in the blood plasma. The normal range for
plasma urate levels is 3.3 to 6.9 mg/dl. As previously stated, uricase degrades uric acid
to allantoin. Uric acid is reduced by urate by uricase to allantoin as characterized
formerly. At 25°C, allantoin seems to have a much better bioavailability of 400 mg/dl
in extracellular fluid as well as water. The phrase "Zone of clearance” might have been
coined to describe the clear zone that formed as a result of urate decomposition owing

to the existence of uricase as in agar well Carvalho et al., (2018).

Uric acid was the main inducer of uricase activity in the bacteria. In this study,
the ideal uric acid concentration for Bacillus subtilis MM13 uricase enzyme activity

seemed to be 0.32%. In such a 48 hours incubation time, it produced approximately
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1.17 U/ml of uricase enzyme activity. Numerous different Bacillus subtilis strains,
which including RNZ- 79, efficiently reported highest uricase enzymatic activity in
such a short amount of time using only 0.4% uric acid Kotb, (2016). Correspondingly,
another one Bacillus subtilis SP6 strain demonstrated highest uricase activity at such a
uric acid concentration of 2.55 g L-1 Pustake et al., (2019). According to another
study, Streptomyces exfoliatus UR10 isolated from poultry exhibited highest uricase
enzymatic activity at 0.2% of uric acid Aly et al., (2013). Such an uricase enzyme
derived from bacteria converts uric acid into H,O-dissoluble allantoin through a 5-
hydroxyisourate as an intermediate as well as released H,O, as a byproduct

RoyChoudhury et al., (2018).

Surprisingly, Dwivedi et al., (2012) revealed that the presence of uric acid
across the medium may be thought to influence uricase yield in the appearance of 0.1
% wi/v uric acid happening the medium. Uric acid has indeed been characterized by
lactoperoxidase interrupting the establishment of hypothiocyanite as well as the H,O,,

thiocyanate mechanism killing activity against Pseudomonas aeruginosa.

The dehydrated and sterilized finely ground form of uric acid fortified wheat
straw, chick peas, broccoli, and pigeon fecal were investigated, and surprisingly, the
Bacillus subtilis MM13 managed effectively the bird fecal matter and demonstrated
significant uricase enzymatic activity as 0.7 U/ml, which was substantially lower than
that of the pre made pattern of urate (1.17 U/ml). This result indicates that perhaps the
normal urate supplemented contributors tested had no measurable influence on enzyme
production in Bacillus subtilis MM13. This could be due to inadequate uric acid

substrate in these sustainable materials.
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Uricase synthesize under optimized conditions

The preliminary results of the optimization research indicate that glucose along
with yeast extract at pH 7.0 and 40°C seemed to be appropriate carbon and nitrogen
factors for outstanding uricase enzymatic activity in Bacillus subtilis MM13. As a
result, the optimal concentrations of these two power sources for Bacillus subtilis
MM13 to reach high uricase enzyme activity were determined to be 1% sucrose and
0.2% yeast extract, yielding 2.54 and 2.37 U/ml, respectively. According to another
report, Bacillus subtilis SP6 extracted and purified from chicken manure was
discovered to be a uricase manufacturer and addressed and resolved uricase activity
employing lactose as both a carbon source as well as soya peptone as a source of

nitrogen at concentrations of 12.2 and 12.79 g L™, respectively Pustake et al., (2019)..

The optimized carbon and nitogen source concentration can sustain cell growth
and metabolic activity, which increases enzyme synthesize activity and chelates the
various metabolic process Jacob et al., (2018). Proteus vulgaris isolated from soil
samples prefers 15% glucose and 0.5 % ammonium phosphate as carbon and nirogen
sources respectively and generates huge uricase enzymatic activity in a short period of

time.

Similarly, Jagathy et al., (2016) isolated the Bacillus subtilis strains from
poultry wastes from Tamil Nadu and identified that possess remarkable uricase
producing activities. Furthermore, they also optimized the suitable growth conditions
for this Bacillus subtilis strains to yield maximum uricase activity as pH 7.0, 30°C, 1%
sucrose, 0.2% of peptone and 24 hours of incubation time. Under this optimized

conditions the Bacillus subtilis strains yielded about 32 U/ml™ of uricase. Interestingly
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after a partial purification of attained uricase enzyme its activity is significantly

increased up to 60.0 U/ ml™,

Extraction, purification, and characterization of uricase

Uricase plays an important role in nitrogen metabolism and can be used as a
diagnostic representative in medical science. The uricase enzyme has been discovered
in vertebrate creatures Nelapati et al., (2021). Moreover, this information has recently
been obtained from a variety of microorganisms, which include bacteria. The enzyme
was discovered to be available in every case Murea and Tucker, (2019). The presence
of uriate or even another stimulant with in reaction volume is needed for such
enzymatic activity Nanda and Babu, (2014). Multiple microbes can use urate as a
predominant nitrogen basis or meet their carbon and nitrogen requirements by
generating uricase, and then this reaction was identified through as a clear zone that

aided the microbial growth on agar media.

Similarly, fungal or bacterial growth has no effect on uricase production in uric
acid-containing media Murea and Tucker, (2019). In certain cases, the uricase
enzyme can really be retrieved from certain bacterial species without causing any harm
to the cell. B. fastidiosus and P. aeruginosa, for example, can produce extracellular

uricase. As a result, no need for cell disruption Nanda and Babu, (2014).

Molecular weight analysis

In the present study, the molecular weight of the cell was found as 48 kDa
through SDS-PAGE analysis. This result was exactly correlated with the findings of
they conveyed that the uricase enzyme molecular weight of extracted from Bacillus

subtilis strains isolated from poultry wastes was reported as 48kDa through SDS-PAGE
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analysis Jagathy et al., (2016). In an another study, the purified uricase enzyme
showed an individual protein group with a molecular weight (MW) of 44.0
kDa through SDS-PAGE analysis EI-Naggar et al., (2016). Uricase derived from
various causes might have varying MW as well as amino acid sequence data Fan et al.,
(2021). In an investigation, uricase's molecular weights were estimated to be 34.0 to
54.0 kDa Ghosh and Sarkar, (2014). The purified thermotolerant enzyme (uricase)
that can be applied in many clinical applications in which thermostability is significant
Hafez et al., (2017). The ideal temperature and pH for ultimate uricase activity seem to

have been 45 °C and pH 8.5, respectively Hu et al., (2018).

Optimal cofactors required for better uricase activity

To operate effectively some enzymes may require the addition of some other
non-protein moiety Peters et al., (2013). Those are all widely recognized as cofactors,
and without these cofactors the enzymes are inactive "apoenzyme" forms persist. When
the cofactor is introduced, the enzyme transforms into an active "holoenzyme” Vignais
and Colbeau, (2004). Co - factors can sometimes be ions like zinc as well as metal
salts or organic molecules like vitamins or vitamin-derived substances. Much of these
co - factors might well bind adjacent the substrate binding location toensure the
substrate attach towards the enzyme Rumpf and Jentsch, (2006). Co-factors have
been classified as "prosthetic groups” or "co-enzymes" depending about how firmly
they are bonded towards the enzyme; co-enzymes attach quite weakly to the enzyme
and are therefore altered during in the enzymatic activity, whereas prosthetic groups

attach more firmly and are therefore not altered Bhatia and Bhatia,( 2018).
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It can also be ions like Zn*" ions or Fe?* ions in enzymes. Substances like
tryptophan tryptophylquinone (TTQ) play a role as a catalytic subunit in methylamine
dehydrogenase-catalyzed reactions Anbu et al., (2014). Some other compound, flavin
adenine dinucleotide (FAD), can always be recreated in during catalyzed activity and
can therefore be assumed a prosthetic band because its overall concentration remains

constant Johnson et al., (2021).

In the existing investigation, the purified uricase enzyme showed outstanding
activity at 35°C and pH 8 in the presence of Cu®*. These enhance the uricase enzyme
activity on uric acid metabolism. Because some uricases necessitate covalently bonded
metallic ions or co-factors, which are components of uricase Nanda and Jagadeesh
Babu, (2014), such elements are critical for sustaining the highest catalytic
performance. Chelating reactant (20 mM EDTA) and the ions such as Li*, Ag®, and
Hg" strongly suppressed the activity of enzymes Sherman et al., (2008). In some
instances, uricase might emerge as tetramer of repeating units, each with two Cu
binding spots; this trait differed between bacterial species Sunny et al., (2007). The
Cu?*, Fe**, Ag" and Zn®* were also acting as moderate uricase inhibitors; though, they
never affect the activity of uricase derived from some bacterial species, such as uricase
derived from Bacillus subtilis. Finally, the uricase derived from Bacillus subtilis might
be considerable to produce clean uricase, which can reduce uric acid quantity and test

uric acid in urine and blood samples.

Hyperuricemia and its associated diseases can be treated by agents that upholds
urate concentrations from precipitating and eliminate prevailing urate crystals. Uric

acid-lowering agents (ULTs) classified into three main classes: xanthine oxidase
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inhibitors that reduce uric acid synthesis, uricosurics that inhibit URATL1 thereby
increasing uric acid excretion, urolytics/ uricase that enhance metabolic hydrolysis of
uric acid Benn et al., (2018) have been used conventionally in the treatment of
hyperuricemia et al., (2016). Among these three classes, Uricase are said to be
effective in treating diverse forms of hyperuricemia and removing pre-existing urate
crystals in joints and believed to have negligible drug-drug interaction, however,
available approved uricase formulations have been reported unsuitable for continuous

treatment Yang et al., (2012).

Myeloperoxidase and other peroxidases oxidise uric acid, producing the
unstable urate free radical, which responds with superoxide at a diffusion-controlled
rate to form urate hydroperoxide Carvalho et al., (2018). This process is especially
important in the phagosome, where superoxide, hydrogen peroxide, and
myeloperoxidase are abundant Winterbourn et al., (2016). Urate hydroperoxide is a
powerful oxidant that has the potential to be a bactericide. As a result, the oxidation of
uric acid and the generation of urate hydroperoxide in neutrophils may contribute to
their bactericidal impact. Owing to this, uricase from microbial sources can be
represented as an alternative approach that can be more effective than the modified
uricase formulations Tripathi et al., (2020). In arthritic gout and renal disease,
microbial uricase has emerged as a potential source of therapy for hyperuricemia Chiu
et al., (2021). Fermented extracts from microbes with substantial XOD inhibition

activity and high uricase activity have also been reported Chen et al., (2017).

Though various bacteria such as Bacillus species Tan et al., (2010),

Microbacterium sp Zhou et al., (2005) and Streptomyces sp Nanda et al., (2014), have
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been reported as uricase producers, not all bacterial uricase are thermostable and their
biocompatibility and anti-inflammatory and the anti-hyperuricemic activityare
unknown. Uricase enzymes with these properties will have the advantage for mass
production, transportation, storage and clinical application. Among the other bacteria’s,
urate oxidase from thermophilic Bacillus sp. TB-90 has been reported to be used for
diagnostic purposes since it reveals high activity and thermostability in an extensive
range of pH Asano et al., (1971). Based on this theory, Bacillus subtilis was isolated
from soil samples in and around Hosur area, Krishnagiri District, Tamil Nadu and an
isolate that produced the highest uricase activity was identified, designated as MM13
Manimekalai, (2019) and its efficacy was evaluated. The primary aim of this study is
to review the anti-inflammatory and the anti-hyperuricemic activity of the potent local

uricase produced by MM13 was evaluated in LPS-induced RAW 264.7 cells.

Application of uricase

The most frequent inflammatory arthritis, characterized by prevalence higher
than 1% in both occidental and oriental countries is gout Dehlin et al., (2020). A
disease that should be considered seriously, due to its association with various other
complications including hypertension, cardiovascular risk, chronic kidney disorder,

obesity, and metabolic syndrome Choi et al., (2005), Daoudi et al., (2020).

Though a variety of treatment strategies including are followed, their adverse
effects limit the effective clinical applications. Despite advances in therapy, the
management of gout is still a challenge and a search for new and safe alternative agents
were necessitated Fields, (2019). Uricase, a therapeutic enzyme has examined to play a

crucial role in gout treatment. Majority bacteria comprising animals, plants, and
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microbes can produce uricase, amongst them microbial sources have an advantage
because of their faster growth rates, simple medium adjustment, and low-cost
bioprocessing Nanda and Jagadeesh Babu, (2014). The current study evaluates the
anti-inflammatory and anti-hyperuricemic potential of one such uricase produced by

locally available Bacillus species (designated as MM13).

MTT and trypan blue assay revealed that MM13 uricase had strong inhibitory
activity against LPS induced RAW 264.7 cells in a dose-dependent manner. At 100
pg/ml concentration more than 80% of cell growth was inhibited. The ICs, was
determined to be 50 pg/ml by the MTT assay which was further confirmed by trypan
blue assay. Hence, a concentration one below and one above the 1Cs, was selected for

further studies along with the concentration which exhibited the 1Csy range.

Morphological evaluation on the concentrations 30 pg/ml, 50 pg/ml and 60
pg/ml were in line with the MTT and trypan blue assay results. Changes indicative of
cell inhibition, where LPS induced RAW 264.7 cells deteriorated, in a dose-dependent
manner and parallel morphological changes including shrinkage, blabbing and distorted
cell membrane followed by cellular detachment were observed in response to MM13

uricase treatment.

Xanthine oxidase plays the role of housekeeping and the rate-limiting enzyme
during purine catabolism. In this study, the inhibition of XO activity was found in all
uricase treated concentrations (30 pg/ml, 50 pg/ml and 60 pg/ml). LPS induced RAW
cells showed higher activity compared to treated and control groups (p < 0.01). Despite
the fact that there were substantial differences between the control (untreated) and

treated groups. No significant difference was observed between the three
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concentrations. All uricase concentrations showed inhibition of more than 50%.
Xanthine oxidase inhibitors(XOl) are considered the first-line drugs in ULT for the
gout treatement Bove et al., (2017). Furthermore, studies on hyperuricemic subjects
revealed that XOls are more effective in secondary inhibition, considerably lowering
the happening of major adverse cardiovascular events in people who had earlier
experienced transient ischemic attacks, stroke, unstable angina, or myocardial
infarction Bredemeier et al., (2018). In the current investigation, all uricase-treated
RAW cells were inhibited by more than 50%, demonstrating uricase's anti-

hyperuricemic action.

Prevention and maintaining uric acid at normal levels may reduce gout,
hyperuricemia and its related chronic diseases. Therefore, we also evaluated the urate-
lowering effects of MM13 uricase at different concentrations on LPS induced RAW
264.7 cells. Uricase at all three concentrations (30, 50 and 60 pg/ml) was found to be
effective in reducing uric acid, which was consistent with the XO inhibition results that
suggested that the results of the hypouricemic action paralleled the reduction in XOlI
activities. As a preliminary evaluation, this study first confirmed that MM13 uricase
reduced the uric acid levels suggesting that this study should be furthered in vivo to be

confirmed as a therapeutic model.

We further elucidated the molecular mechanism of MM13 uricase by Gene
expression analysis. The release of cytokines with pro-inflammatory properties
contribute a major role in the commencement of the gout disease. In fact, the crystals of
monosodium urate provide a dose-dependent stimulus that leads to the activation of

monocyte and then releases of TNF. Studies have proposed that stimulation of IL- |
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and TNF production by monosodium crystals maybe a crucial link and the inhibition
of these could be a promising strategy Di Giovine et al., (1991), Pierce, (1990);
Erwig and Rees, (1999) Wadleigh et al., (2000).

In the present investigation, gene expression studies with uricase from MM13
indicated a dose-dependent suppression of TNF-a. TNF-o was strongly down-regulated
by a higher dose of uricase whereas a milder suppression was observable in a low dose
of uricase. To further evaluate if uricase triggers cytokine suppression in LPS induced
RAW 264.7 cells, we estimated the expression of the IL-10 gene, a major anti-
inflammatory cytokine. From our results, it is evident that IL-10 reduces the effect of
TNF-a indicating that the uricase from MMI13 has significant anti-inflammatory
activity. A report on 1L-10 suggests that reducing the effect of TNF-a significantly
decrease the secretion of PGE2, COX-2, and PLA2 Wojdasiewicz et al., (2014).The
reduction in the levels of TNF- a in the treated cells indicates that the uricase from

MM 13 has significant anti-inflammatory activity.

Anti-hyperuricemia effects

An enzyme medication, including such uricase usage, denotes the much more
especially effective approach than conventional chemotherapeutics. Globally, the
prevalence of hyperuricaemia and associated illnesses is rapidly increasing Chen et al.,
(2016). Allopurinol and febuxostat, which are frequently used, seem to be inefficient at
disintegrating established uric particles, as well as their lengthy use may disrupt purine
metabolism Wu et al., (2021). Uricase means converting uric acid into much more
dissolved allantoin to dissolve current uric acid. Since over four decades, uricase is
being used in the early diagnosis of urate as well as the therapies of hyperuricemia

Rees et al., (2014). It is often used to diagnose and reduce tumour lysis symptoms
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Zhou et al., (2016). A Phase | research of uricase for the treatment of acute and
chronic graft-versus-host illness following myeloablative allogeneic bone marrow
transplantation was recently completed. Moreover, wider use of uricase has really been
impacted by major drawbacks attributed to innate enzyme characteristics, including
such fairly low enzymatic performance and therapeutic efficacy under physical
illnesses Yan et al.,, (2019). As a result, outstanding uricase dosage forms with
improved stability and high catalytic activities while prescribed in vivo are urgently
needed. Several attempts have been devoted to enhance uricase, such as: establishing
novel uricase and chimeric uricase to greater activity via mutation; immobilizing in
polyethylene polypyrrole-polyvinyl sulphonate film to acquire new biomarkers;
conjugated verbs to polyethylene glycol to attain sustainable benefits include improved
enzymes durability; and enveloping in alkaline enzymosomes (Nano sized liposomes)

Zhou et al., (2016).

Three approaches are being continued to pursue to provide such a favourable
micro - environment for uricase in order to finally enhance its own catalytic efficiency:
through using right kinds of barrier to comprise the distillation process Schmidt et al.,
(2020). Where the uricase tries to play the pivotal role; enclosing the uricase within a
fatty acid vesicular membrane, which again is primarily a partially permeable
membrane; as well as encapsulated CAT as well as uricase inside the same cell wall to
provide further substances for uricase (i.e., oxygen) Rees et al., (2014). The uricase
system functions as a systemic circulation bioreactor, consisting primarily of a high -
molecular - weight uricase, a lipoprotein enzymosome cell wall, as well as an inner

liquid micro - environment whereby the catalyzed reactions occur Pierige et al., (2017).
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The lipoprotein enzymosomal membrane is typically thought about as a
different rates membrane pores, comparable to a biomembrane, capable of locating and
isolating uricase of large molecular mass (140 kD) within the fermenter and isolating
the uricase from the various external blood system Carvalho et al., (2018a). In
contrast, uricase's low - molecular weight substrates can pass through the membrane,
and also the eventually results catalysates (allantoin and H,0;) can exit the fermenter

Johnson et al., 2021.

It is worth noting that such uricase catalysate (H,O,) seems to be the the only
starting material of CAT (always a pharmacotherapy enzyme), while the eventually
results CAT catalysate (oxygen) is among uricase's substrates Ming et al., (2021).
When both uricase as well as CAT were being encapsulated inside the same
enzymosome at the same time, this should have been a more advantageous delivery
mechanism than uricase on its own Carvalho et al., (2018). Furthermore, the alkaline
buffer seems to be important and essential as it is the only component of such an
uricase distribution system's functional micro - environment, as well as the impacts of
natural pH on enzymatic activity seems to be hugely important Liu et al., (2021). Since
the configurations of enzymes in various buffer solutions are alterable, the functions of
such an enzyme can be impacted by the buffer typeA most commonly utilized uricase
buffer seems to be borate buffer; nevertheless, this should not imply that this was the
best alternative. Obviously, more research is needed so that we can determine whether

the buffer is best for an ESU or ESUC Hacker et al., (2014).

The development of efficient nanostructure pharmacotherapy enzymosomes is

just a beneficial strategy in such an efficient enzymatic treatment that really is distinct
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from conventional chemotherapeutics as well as the emerging new genetic
manipulation Bomalaski et al.,(2002). The study of enzymosome micro-environmental
as well as rearrangements has led to a better understanding of such an efficient
enzymatic therapy strategy for illness remedy Chen et al., (2016). The improved
properties of ESUC-D were caused by favorable micro-environmental as well as
rearrangements in uricase, which were achieved through three techniques: selecting a
bicine buffer for uricase, entrapping uricase into such a phospholipid bilayer, as well as

abducting CAT alongside uricase Nie et al., (2020).

Photoluminescence spectroscopy, spherical dichroism, born and bred gel
electrophoresis, as well as conductivity were used to examine the favourable micro-
environment as well as conformational changes of ESUC-D Johnson et al., (2021).
Enhance the final electrophoresis was used to examine the molecular as well as
chemical changes of uricase. ESUC-D could be a beneficial uricase range of potential
applications, as well as complicated alkaline enzymosomes could be a great option for
such a pharmacotherapy enzyme Ming et al., (2021). There is still much progress to be
made until we can successfully use ESUC in health centers. More research is needed to
assess ESUC's prolonged storage consistency and rearrangements, as well as its
immunogenicity as well as enzymatic resistance after concurrent administration

Nie et al., (2020).

Uricase mimic enzyme applications
Since of their chemical stability, cost of nanozymes were such an innovative
research area that could substitute normal enzymes. Moreover, most nanozyme study

has concentrated on peroxidase, with such little attention paid to nanozymes to oxidase-
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like action, particularly those that simulated oxidase of molecules associated with
human biology Liu et al., (2021). Hyperuricemia and gout can be associated with high
uric hormones in the blood. Since it could oxidize urea, organic uricase healed this
iliness Ming et al., (2021). The oxidase-like operation of variable oxidation state metal
organic structures with cerium (MVSM) would have previously been investigated and

reported.

A wide range of analytical techniques were used to investigate the catalytic
procedure of urate with MVSM, which would have been close to the normal uricase
with the exception of additional oxidation of H,O, Saeid et al., (2018). Since of their
chemical stability, cost of nanozymes were such an innovative research area that could
substitute normal enzymes Johnson et al., (2021). Moreover, most nanozyme study has
concentrated on peroxidase, with such little attention paid to nanozymes to oxidase-like
action, particularly those that simulated oxidase of molecules associated with human
biology Huang et al., (2021). Hyperuricemia and gout can be associated with high uric
hormones in the blood. Since it could oxidise urea, organic uricase healed this illness

Chen et al., (2016).

The oxidase-like operation of variable oxidation state metal organic structures
with cerium (MVSM) would have previously been investigated and reported. A wide
range of analytical techniques were used to investigate the catalytic procedure of urate
with MV SM, which would have been close to the normal uricase with the exception of
additional oxidation of H,O, Dmytruk et al., (2011). The Michaelis-Menten equation
to determine the electro catalytic constant values of MVVSM. In both in vitro and in

vivo models experimentations, MVSM catalyzed urate better. It really was possible to
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develop an enzyme-free assessment resemble uricase for urate. All of the experiments
showed that MVVSM used to have a great chance of replacing organic uricase Liu et al.,
(2021).

Uricase formulated polyethylene glycol

People have such a nonsense base pairs incorporated into the 5 prime end of a
transcription start site of uric acid oxidase, resulting as in expression of such a
proteolytic enzymes inactivated fragment of such a protease; as a result, they seem
unable to convert urate into allantoin and thus are susceptible to hyperuricemia as well
as gout Hancks and Kazazian, (2016). Numerous urate oxidases from mammalian
species and microbes have been given to hyperuricemia and gout patients. Despite their
achievement in reducing plasma urate, such therapeutic approaches have seen
constrained use due to the unwanted chemical characteristics of the enzymes utilized,
the summary circulatory half-life, as well as the innate immunogenicity of such
preparations Liu et al., (2021). Bomalaski et al., (2002) used urate oxidase obtained
from Candida utilis seemed to have greater enzymatic characteristics, as well as PEG
of 20,000 MW (nicknamed uricase-PEG 20) used to have significantly lower
immunogenicity and a longer circulatory half-life than any of those described earlier.
Uricase-PEG 20 is expected to be useful as a therapies for hyperuricemia as well as

gout Bomalaski et al., (2002).

Microbial urate biosensor
Numerous biosensors used for urate persistence in serum and urine demand
previously been exposed. Countless amperometric urate based sensors predicated on

uricase as well as uricase combined with peroxidase have already been explained, with
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differences in electrode type, immobilization methodology, capacity as well as kind of

of reductant mediator(s), superconductors, and so on Kanaparthi et al., (2019).

Rendered immobile uricase on to some of gold nanoparticles as well as carbon
nano-tubes resulted in the creation among many innovative amperometric urate
biosensors. Such uric acid crystals biosensors employ costly commonlyavailable
uricases extract obtained from B. fastidiosus, A. globiformis, or C. utilis Zhang, (2013).
As a result, producing low-cost urate-selective amperometric biosensors remains a
difficult task. As a bioreceptor, microbes of such chimeric heat tolerant methylotrophic
yeast Hansenula polymorpha were used to create a uric acid crystals microbiological
biosensor Andreu and Li del Olmo, (2018). The development of uricase yielding
yeast was being characterized by over-expression of such uricase gene of
H. polymorpha. Having followed an initial evaluation of transgene with enhanced
uricase activity in coating system yeast cells, the ideal cultivation circumstances for
maximum uricase yield, thus a 40-fold rise in uricase activity, were identified
Koleva et al., (2020). The uricase producing microbes were physically entrapped
behind such a dialysis bag and immobilized on graphite by coupling to peroxidase .
A elevated urate specificity was discovered, with such a limit of detection of around 8

uM Dmytruk et al., (2011).

Engineered uricase for oral treatment

Hyperuricemia, characterized as a serum uric acid concentrations higher than
7.0 mg/dl, affecting nearly 20% of American adults as well as facilitates the
development of hyperuricemia (gout), that has a 4% occurrence in the United States

Borghi et al.,, (2015). Tissue filled with monosodium uric acid crystals in gout
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encourage both associated with inflammatory arthritis. Furthermore, urolithiasis is
widespread in gout and therefore is caused by reduced urate solubilization with in
acidic condition of such urine as well as elevated urinary uric acid density
Borghi et al., (2018). Gout is linked to lower wellbeing standard of living and higher
health-care utilization. Furthermore, hyperuricemia has already been suggested as a
promising contributing to the pathophysiology of multiple health conditions connected
with gout as well as symptomless hyperuricemia Chalés, (2019). High blood
pressure, kidney disease, fatness, metabolic disease, type 2 diabetes, as well as
coronary heart disease are examples. Even though some hyperuricemia patients have
hereditary diseases that make urate increased production, a most frequent condition of
gout is inadequate kidney excretion of urate Ragab et al., (2017). Approximately two-
thirds of urate efflux through normal persons is renal. Uric acid is also naturally
produced into the intestinal tract, in which it is deteriorated by gut microbes (small
intestine uricolysis) or excreted Stiburkova et al., (2019). Through people with normal
urate metabolic activities, bowel secretion responsible for roughly one-third (200
mg/day) of everyday uric acid in the blood eradication, with both the power to enhance

urate eradication to 300 mg/day Skolarikos et al.,( 2015).

For those with Renal dysfunction, the portion of urate completely eradicated
via the intestine may significantly raise to 50 to 70%, overtaking renal eradication
Liu et al., (2021). The assessment that sevelamer, a non-absorbed phosphate binding
agent which is also a semi urate adhesive molecule, greatly reduces serum
uric acid concentration in hyperuricemic patients supports the significance of bowel
urate removal in CKD patients Grinfeld et al., (2010). The significance of the

sevelamer uric acid-lowering consequences, nevertheless, was really only reasonable,
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with such a mean serum urate reduction of 0.6-0.7 mg/dl achieved in a randomized
clinical trial, with the greatest serum urate decrease witnessed in subject areas with its
most serious hyperuricemia Viggiano et al., (2018). Urate transit and urate homeostatic
mechanisms are maintained by a complicated web of carriers situated in the renal
tubules and the small bowel. SLC22A12, SLC2A9, as well as the urate secretory
transporter ABCG2 seem to be significant carriers associated in renal urate disposal

which are encrypted by gout-risk genes (ATP-binding cassette) Lai et al., (2017).

ABCG2 can be demonstrated in the small bowel, in which it plays a significant
role in reducing serum urate, unlike the most of kidney urate carriers. Furthermore, as
kidney function starts to decline, the direct effect of intestinal ABCG2 on urate
homeostasis tends to increase. It is also demonstrated in animal modeling techniques,
where normal serum urate levels were retained despite continued bowel ABCG2
interpretation in normal rats undergoing subtotal surgical excision. Similarly, knocking
out the ABCG2 carrier led to reduced bowel urate removal as well as hyperuricemia
advancement in null mice Hoque et al., (2020). Specific corrupt and inefficient
ABCG?2 variations in living beings are linked to hyperuricemia as well as an elevated
chance of hyperuricemia, such as early symptoms of hyperuricemia illness as well as
appearance of the serious tophaceous hyperuricemia trait MacKenzie, (2015). Of that
kind variations include the widespread pervasiveness ABCG2 Q141K, that has an
especially high genotype frequencies (up to 30%) in numerous Asian communities and,
not surprisingly, an even greater allele frequency (up to 50%) throughout patients with
gout from such populations leiri, (2011). Hyperuricemia as well as gout are caused by
extreme disorder of ABCG2 activity, which is affiliated to extreme renal urate filtration

Toyoda et al., (2021).
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Gout as well as hyperuricemia are more common in CKD patients than for those
to maintained kidney function, with such an approximate population of gout in patients
with primary 3 CKD with in United States ranging from 20 or 30 % Vargas-
Santosand Neogi, (2017). This poses a great challenge to healthcare professionals
desiring efficient treatment to the patients to Renal dysfunction, because both renal
impairment as well as nephrolithiasis restrict the use of established urate-lowering
treatments, such as uricosurics, which significantly raise uric acid efflux, as well as
xanthine oxidase inhibition, due to the increased risk of toxic potential just at optimized
therapeutic dose. Considering the current limitations treatments as well as the rigorous
efflux of urate into small bowel, a fresh uricase, ALLN-346, must have been developed
as just a possibly safer alternative treatment which is not soaked up into bloodstream
and has the ability to degrade the urate naturally produced and/or founded in the small

bowel, thus further lowering the systemic urate hardship Hyndman et al., (2016).

The protein engineering based modification in Candida utilis and produced
uricase to confer proteolytic consistency while maintaining particular activity as
compared towards the majestic enzyme employing specialized Protein based GPS
equipment Hyndman et al., (2016). The proteolytic consistency of an uricase in the
gastrointestinal system was improved through with a computer vision molecular

transformation process, allowing it to deteriorate urate. Pierzynowska et al., (2020).
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The focus of present study was to obtain uricase-producing bacteria from fecal
contaminated soil from bird farms (pigeon, turkey, parrot, and chicken farms). Based
on the size of the zone of measurement (37mm) around the colonies on uric acid agar
medium, one among ten isolates was identified as a probable uricase synthesizing
bacterial isolate (from pigeon faecal contaminated soil). The chosen bacterial isolate
was labeled as MM13 strain and identified as Bacillus based on morphological and
biochemical characterization studies. Furthermore, using 16S rRNA sequencing, the
isolate MM13 was recognised as Bacillus subtilis, and the resulting sequence was
submitted to NCBI-GenBank, accession number MK503710. BLAST analysis of the
MM13 Bacillus subtilis MK503710 sequence revealed that the isolated bacterium

seemed to have the closest homology (99%) with Bacillus subtilis.

The optimal essential growth factors required to obtain maximum uricase
enzyme activity from Bacillus subtilis MM13 were found as pH 7.0, 40°C, 1% sucrose,
0.2% yeast extract, and 0.32% of uric acid. Under above condition , yield of uricase
ranged from 1.25 to 2.54 U/ml submerged fermentation process under optimized

conditions for 48 hours.

In this study, the uricase enzyme was extracted from Bacillus subtilis, and it
was initially precipitated and purified with 80% ammonium sulphate and membrane
dialysis. It was followed by DEAE cellulose with uricase 12.55 fold, and DEAE

sephadex A-50 column with 15.08 fold with overall yield of yield of 23.15%.
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The molecular weight of this purified uricase enzyme was 48 kDa determined
by SDS PAGE. This purified uricase activity was seen as 1352 U/mg and the final
specific pure protein quantity as 1.6 mg/g. The optimal temperature, pH, and metal ions
required to express the ultimate activity of the uricase enzyme was 35°C, pH 8.0, and
Cu,..The temperature and pH stability of this Bacillus subtilis produced uricase enzyme

ranged from 25°C to 45°C and 6.0 to 9.0.

Gout, the most common inflammatory arthritis is associated with a persistently
raised plasma uric acid concentration. When these levels exceed the solubility limit,
crystal deposition in joints occurs, as does acute inflammation with intense pain.
Injections of non-human uricase, as well as anti-hyperuricemic and anti-inflammatory
medicines, are used to lower uric acid levels and inflammation in severe gout. Although
various microbiological sources of uricase have been hypothesised, few have been
identified and tested as prospective anti-hyperuricemic and anti-inflammatory
medicines. Uricase isolated from Bacillus subtilis MM13 can be used as therapeutic
agent to reduce the uric acid and also used as diagnostic agent for urine and blood
sample analysis. In the contemporary study, the anti-inflammatory and the anti-
hyperuricemic activity of the uricase produced by Bacillus (designated as MM13),
isolated from soil was evaluated in LPS-induced RAW 264.7 cells. The anti-
inflammatory and anti-hyperuricemic activities of MM13 was assessed in
lipopolysaccharide (LPS)-induced RAW 264.7 cells. To measure the effects of MM13,
MTT assay, trypan blue assay, xanthine oxidase activity assay, uric acid production and
gene expression analysis were performed. MTT and trypan blue assay demonstrated

that uricase suppressed cell proliferation in a dose-dependent manner. The in vitro anti-
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hyperuricemic effect of uricase was identified by inhibition of xanthine oxidase in LPS-
induced RAW 264.7 cells. Further, gene expression studies confirmed uricase efficacy
to conquer the expression of inflammatory cytokine, tumour necrosis factor a (TNF- a),
and activate production of IL-10, a potent inhibitor of TNF- a. Considering the
appreciable in vitro anti-hyperuricemic and anti-inflammatory activities, the current
study proposed that this preparation can be further studied for safety and efficacy for

therapeutic application of gout.

96



Chapter— 7

CONCLUSION AND SCOPE OF
FUTURE




CHAPTER -7

CONCLUSION AND SCOPE OF FUTURE

The current study indicated that both the isolation of a powerful uricase-
producing bacteria and the optimization of uricase production were effective. On the
basis of 16s rDNA sequencing, this newly isolated pigeon faecal contaminated soil
bacteria was identified as MM13 Bacillus subtilis MK503710. The flask approach
identified 1%sucrose, 0.2%yeast extract, and 0.32 % uric acid as key parameters,
which were further improved using submerged fermentation process. When
compared to the initial production medium, the yield of uricase was increased by
15.08 fold, with a yield of 23.15% in the refined medium. Bacillus subtilis MM13
MK503710 is the most prolific uricase-producing bacterium known to date,
producing 2.54 U/ml of uricase enzyme, which is more than any previously recorded
bacterium and equivalent to many bacterial uricase synthesizers. The enzyme may be
industrially important for in vitro clinical applications in uric acid detection due to its
pH stability, thermostability, extended half-life, and storage stability. Furthermore,
no uric acid analogues were shown to be competitive enzyme inhibitors, showing that
uricase specificity is strong. Finally, gene expression analysis revealed that uricase
reduced the expression of the inflammatory cytokine tumour necrosis factor (TNF-)
while increasing the production of IL-10, a strong inhibitor of TNF-. Given the
significant anti- hyperuricemic and anti-inflammatory actions observed in vitro, we
suggest that this formulation be tested in vivo for safety and effectiveness before it is

recommended for use in the treatment of gout.
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ABSTRACT

Gout, the most common inflammatory arthritis is associated with a persistently raised plasma uric
acid concentration. When these levels rise above the solubility limit it results in crystal deposition in
joints, acute inflammation in response to those crystals causes severe pain. Treatment for severe gout
includes injection of non-human uricase and anti-hyperuricemic and anti-inflammatory agents to
reduce uric acid levels and inflammation. In the present study, the anti-inflammatory and the anti-
hyperuricemic activity of the uricase produced by Bacillus subtilis MM13, isolated from poultry soil
was evaluated in LPS-induced RAW 264.7 cells. To measure the effects of the uricase produced by
Bacillus subtilis MM 13, MTT assay, Trypan blue assay, xanthine oxidase activity assay, uric acid
production and Gene expression analysis were performed. MTT and trypan blue assay demonstrated
that uricase suppressed cell proliferation in a dose-dependent manner. The in vitro anti-hyperuricemic
effect of uricase was identified due to the inhibition of Xanthine oxidase in LPS-induced RAW cells.

Gene expression studies showed that Uricase suppressed the expression of inflammatory cytokine,
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tumour necrosis factor a (TNF- a), and increased production of IL-10, a potent inhibitor of TNF- a.

Considering the appreciable in vitro anti-hyperuricemic and anti-inflammatory activities, it is

proposed that this preparation can be further studied for safety and efficacy under in vivo conditions

which can be subsequently used for the prophylactic treatment of gout.

Keywords: Uricase, hyperuricemic, MTT assay, Trypan blue assay, prophylaxis

INTRODUCTION

Gout, the most common inflammatory
arthritis with a prevalence ranging from 1-4%
worldwide 1s associated with a persistently
raised wuric acid concentration. In India,
approximately  0.12-0.19%  population is
affected by gout and is been reported as a
disproportionate burden of disease in men, the
elderly and racial/ethnic minorities [1]. When
the serum uric acid levels rise above 7.0 mg/L,
hyperuricemia occurs where the tissues are
supersaturated with uric acid; subsequently,
monosodium urate crystals accumulate in and
around the joints where they are phagocytosed
by neutrophils, macrophages, mast cells and
dendritic cells within the synovium, which
release inflammatory cytokines such as tumour
necrosis factor (TNF-a) and can cause severe
pain [2] affecting the individual’s normal life
routine.

Developed countries have seen a surge
in the prevalence of gout and hyperuricemia
over the past two decades, necessitating more
intensive research [3]. It has been reported that
about 80-90% of people with gout are

hyperuricemic, and 10% of the patients with

hyperuricemias develop gout [4]. Chronic
hyperuricemia may lead to symptoms of gout,
chronic kidney disease, hypertension, and
cardiovascular diseases [5, 4]. Hyperuricemia
and its associated diseases can be treated by an
agent that upholds urate concentrations from
precipitating and eliminate prevailing urate
crystals. Uric acid-lowering agents (ULTs)
classified into three main classes: xanthine
oxidase inhibitors that reduce wuric acid
synthesis, uricosurics that inhibit URATI
thereby increasing wuric acid excretion,
urolytics/ uricase that enhance metabolic
hydrolysis of uric acid [3] have been used
conventionally in  the  treatment  of
hyperuricemia [6].

Owing to this, uricase from microbial
sources can be represented as an alternative
approach that can be more effective than the
modified uricase formulations. In arthritic gout
and renal disease, microbial uricase has
emerged as a potential source of therapy for
hyperuricemia [7]. Fermented extracts from

microbes with substantial XOD inhibition

activity and high uricase activity have also been
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reported [6].

Though various bacteria such as
Bacillus species [8], Microbacterium sp. [9]
and Streptomyces [10], have been reported as
uricase producers, not all bacterial uricase are
thermos table and their biocompatibility and
anti-inflammatory and the anti-hyperuricemic
activity are unknown. Uricase enzymes with
these properties will have the advantage for
mass production, transportation, storage and
clinical application. ~Among the other
bacteria’s, urate oxidase from thermophilic
Bacillus sp. TB-90 has been reported to be used
for diagnostic purposes since it reveals high
activity and thermo stability in an extensive
range of pH [11]. Based on this theory, Bacillus
subtilis was isolated from soil samples in and
around Hosur area, Krishnagiri District, Tamil
Nadu and an isolate that produced the highest
uricase activity was identified, designated as
Bacillus subtilis MM13 [12] and its efficacy
was evaluated. The main objective of this study
is to evaluate the anti-inflammatory and the
anti-hyperuricemic activity of the potent local
uricase produced by Bacillus subtilis MM13
and it was evaluated in LPS-induced RAW
264.7 cells.

MATERIALS AND METHODS
Chemicals and Reagents
Chemicals and reagents used in the

present study were procured from standard

chemical manufacturers and distributors
(Sigma Aldrich Chemicals Pvt. Ltd).
Cell culture

RAW 264.7 cells were procured from
the Cell repository of ATCC. These cell lines
are cultured in 1X Dulbecco’s Modified Eagle’s
Medium (DMEM) supplemented with 10%
(FBS) and 1%

(PenStrep), and

fetal bovine serum
penicillin/streptomycin
maintained in a humidified atmosphere of 5%
CO, at 37 °C. When confluent (80%
confluence), cells were passaged and used for
further experiments in an exponential growth
stage.
Cytotoxicity Evaluation

Effects of uricase was evaluated using a
modified MTT assay [13], a mitochondrial-
dependent reduction of 3-(4,5-dimethylthizaol-
2yl)2,5-diphenyl tetrazolium bromide (MTT) to
formazan. The plates were kept on a shaker for
10 min at room temperature and then the
absorbance was measured using a microplate
reader at a wavelength of 490 nm and 630 nm.
The control group consisting of untreated cells
was considered as 100% of viable cells after
carrying out the assay, the inhibition rate was
calculated using the following formula:.
% Inhibition Rate = {1- [A 499 - Ag30 (Treated)

/ Ag90 — Ag3o (control)] x 100

Trypan Blue Exclusion Assay

Based on the principle that living cells possess
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intact cell membranes, the dye exclusion test is
used to determine the number of viable cells
present in a cell suspension [14]. Viable
(unstained) and nonviable (blue-stained) cells
were counted using a hemocytometer and
calculated as given below.

The average number of cells per field = Sum of
cells per field /Number of fields

Total number of cells per mL (x* 10*/mL) =
Average number of cells per field % dilution
factor.

(The dilution factor is 2 because the cells were
with equal volumes of trypan blue)

%Viability = Number of colourless cells/Total
number of cells x 100

Morphological Analysis - Phase Contrast
Microscopy

LPS induced RAW264.7 Cells (5 x 10°
cells/well) were incubated for 24 h with
selected four concentrations of uricase (0, 30,
50, and 100 pg/ml) in tissue culture dishes (60
mm diameter). After incubation, the medium
was discarded and cells were washed once with
Phosphate Buffer Saline (1X PBS). The
morphological changes observed were viewed
at 200x magnification [15].

Xanthine oxidase (XO) activity assay

The Xanthine oxidase activity was carried out
by [16]. Xanthine oxidase levels were

measured, an increase in the absorbance

indicates the formation of uric acid from

xanthine. The treated cell pellets were mixed
with assay buffer and the supernatants were
isolated and pre-incubated at 37 °C for 40 min.
Blanks contained the same reaction mixture
without xanthine. A volume of 0.1 mL of 100%
(w/v) trichloroacetic acid (TCA) was added to
the working solution and the mixture was
centrifuged at 5000 x g for 10 min and a second
absorbance (A2) was measured again at 293
nm. The absorbance change (A) is calculated as
follows:
A = [(A2) assay - (A2) blank] — [(A1) assay -
(A1) blank]
Note: A/min =A/30
Uric acid Estimation

Uric acid was estimated using a
commercial Uric Acid Kit (Uricase - PAP
method, Tulip Diagnostics) according to the
manufacturer’s instruction. Briefly, RAW264.7
cells were plated at 5 x 10° cells/well. The
contents were mixed well and incubated for 5
min at 37 °C and the absorbance was measured
at 520 nm within 30 min after incubation and
calculated as follows:
Uric acid in mg/dL = (Absorbance at T /
Absorbance at S) X 8

Gene Expression Analysis

RAW264.7 cells were seeded in culture flasks
induced with 500 ng/mL LPS for 4 h and
treated with 30, 50, and 60 pg/mL of uricase for
24 h. DNA was isolated using a Nucleospin
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DNA isolation kit according to the
manufacturer’s instruction and PCR was
performed with the below-given primers:
B-Actin

5" TCAAGGTGGGTGTCTTTCCTG 3’ (F)

5" ATTTGCGGTGGACGATGGAG 3’ (R)
TNF- alpha
5’ACACAGAAGACACTCAGGGA 3’ (F)

5" CCGGTACTTAACCCTACCCCC 3’(R)
IL10

5’AATCACGGCTCAGTTCTCCC 3°(F)

5" GGTCACACCATTTGCTGGGT 3’(R)

The amplification sequence protocol was
conducted for 35 cycles: Initial denaturation - 1
cycle at 95 °C for 2 min, DNA denaturation -
95 °C for 1 min, Annealing Temperatures - 54
°C (B-Actin), 54.6 °C (IL-10) and 55.4 °C
(TNEF- alpha) for 30 s and Extension - 72 °C for
1 min, Final extension - 72 °C for 5 min.
RESULTS:

MTT ASSAY

The inhibitory effect of uricase was assessed on
RAW264.7 mouse macrophage cells using the
MTT assay in Figure 1. The cells were treated
with uricase at concentrations of 10 - 100 pg/ml
for

24 h. Uricase mediated cell proliferation in a
dose-dependent manner suggests that uricase
inhibits the growth of RAW264.7 cells. The
LC50 was determined to be 50 pg/ml

concentrations with 54.26% inhibition.

Trypan Blue Exclusion Assay

Trypan blue exclusion assay, the most common
and earliest method was used for cell viability
measurement. Cells that are compromised by
uricase treatment become permeable and it
binds to the intracellular proteins and render
them bluish colour and the cell death rate was
determined. Dose-dependent cell death was
observed, cell viability decreased with the
increasing concentration shown in Figure 2.
Morphological changes by Phase Contrast
Inverted Microscope

Changes in the cellular morphology under
uricase treatment were observed in different
concentrations in Figure 3. Similar to the cell
proliferation and cell inhibition assays the cells
shrank and subsequently detached in a dose-
dependent manner when compared with the
control. Untreated RAW264.7 cells appeared
normal (circular shaped).

Xanthine Oxidase assay.

Figure 4 illustrates the effect of three different
concentrations of uricase (30 pg/mL, 50 pg/mL
and 60 pg/mL) as compared to LPS induced
RAW cells and control (untreated cells), in
inhibition of xanthine oxidase enzyme. All
three concentrations of uricase showed similar
XO inhibitory activity. Results were subjected
to one-way ANOVA (Tukey multiple

comparison tests).
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Uric acid Estimation

In wvitro effects of uricase, uric acid
concentration in the cells are illustrated in
Figure 5. The uricacid concentration was
significantly reduced by uricase in all three
concentrations (30 pg/mL, 50 pg/mL and 60
pg/mL) after pretreatment with LPS compared
with the non-treated LPS induced group
(p<0.0001).

Gene Expression Analysis

The roles of pro-inflammatory cytokine (TNF-
a) and anti-inflammatory cytokines (IL-10)
were investigated. Down-regulated gene
expression levels were observed for TNF- o in
uricase treated cells and an upregulated
expression was observed for IL- 10 gene, in a
dose-dependent manner in Figure 6. IL-10 is a
potent inhibitor of TNF-a and administration of
uricase enzyme at a defined concentration can
help to reduce the pro-inflammatory cytokine
TNF-a, thereby reducing cell damage.
DISCUSSION

The most frequent inflammatory arthritis,
characterized by prevalence was higher than
1% in both occidental and oriental countries
and was found to be gout [17]. It should be
viewed seriously, due to its manifestation with
various  other

complications  including

hypertension, cardiovascular risk, chronic

kidney disorder, obesity, and metabolic

syndrome [18, 19].

MTT and trypan blue assay revealed that
Bacillus subtilis MM13 uricase had strong
inhibitory activity against LPS induced RAW
cells in a dose-dependent manner (Fig. 1). At
100 pg/mL concentration more than 80% of
cell growth was inhibited. The IC50 was
determined to be 50 pg/ml by the MTT assay
which was further confirmed by trypan blue
assay. Hence, a concentration one below and
one above the IC50 was selected for further
studies along with the concentration which
exhibited the IC50 range. Morphological
evaluation on the concentrations 30 pg/mL, 50
pg/mL and 60 pg/mL were in line with the
MTT and trypan blue assay results. Changes
indicative of cell inhibition, where LPS induced
RAW cells deteriorated, in a dose-dependent
manner and parallel morphological changes
including shrinkage, blebbing and distorted cell
membrane followed by cellular detachment
were observed in response to Bacillus subtilis
MM13 uricase treatment (Fig. 3).

Xanthine oxidase plays the role of
housekeeping and the rate-limiting enzyme
during purine catabolism. In the present study,
the inhibition of XO activity was found in all
uricase treated concentrations (30 pg/mL, 50
pg/mL and 60 pg/mL). LPS induced RAW
cells showed higher activity compared to
treated and control groups (p < 0.01). All

uricase concentrations showed inhibition of
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more  than  50%.  Xanthine  oxidase
inhibitors(XOI) are considered the first-line
drugs in ULT for gout [20]. Further [21]
reported that hyperuricemic subjects showed
that XOIs are more effective in secondary
prevention,  significantly  reducing  the
occurrence of major adverse cardiovascular
events in individuals with previous transient
ischemic attacks, stroke, unstable angina, or
myocardial infarction. In the present study, all
uricase treated RAW cells showed inhibition of
more than 50% revealing the anti-
hyperuricemic effect of uricase. In the present
investigation urate-lowering effects of Bacillus
subtilis MMI13 uricase was evaluated at
different concentrations on LPS induced RAW
cells in Figure 5. Uricase at all three
concentrations (30, 50 and 60 pg/mL) was
found to be effective in reducing uric acid,
which was consistent with the XO inhibition
results that suggested that the results of the
hypouricemic action paralleled the reduction in
XOI activities. As a preliminary evaluation, this
study first confirmed that Bacillus subtilis
MMI13 uricase reduced the uric acid levels
suggesting that this study shall be further

performed under in vivo conditions to be

confirmed as a therapeutic model.

Further elucidated the molecular mechanism of

Bacillus  subtilis  MM13  uricase  Gene
expression analysis was carried out. Studies
have proposed that stimulation of IL- I and
TNF production by monosodium crystals
maybe a crucial link and the inhibition of these
could be a promising strategy [22-25]. In the
present investigation, gene expression studies
with uricase from Bacillus subtilis MMI13
indicated a dose-dependent suppression of
TNF-a. TNF-a was strongly down-regulated by
a higher dose of uricase whereas a milder
suppression was observable in a low dose of
uricase. To further evaluate if uricase triggers
cytokine suppression in LPS induced RAW
cells, we estimated the expression of the IL-10
gene, a major anti-inflammatory cytokine.
From our results, it is evident that IL-10
reduces the effect of TNF-a indicating that the
uricase from Bacillus subtilis MMI13 has
significant anti-inflammatory activity. A report
on IL-10 suggests that reducing the effect of
TNF-a significantly decrease the secretion of
PGE2, COX-2, and PLA2 [26]. The reduction
in the levels of TNF- a in the treated cells
indicates that the uricase from Bacillus subtilis
MMI13 has

significant  anti-inflammatory

activity.
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Figure 1: Cytotoxic effect of uricase on Raw 264.7 cells. Different concentrations of uricase (10-100 pg/mL) were used for cell
treatment
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Figure 2: Effect of uricase on cell viability of RAW264.7 cell line - The cell death rate was determined using trypan blue assay.
RAW264.7 cells were treated with Uricase (10 — 100 pg/mL) for 24 h. Uricase caused cell death in a dose-dependent manner
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50ug/ml 100ug/ml

Figure 3. Effect of uricase on RAW 264.7 - Photomicrograph (20 x) represents morphological changes with Shrinkage,
detachment, membrane blebbing and distorted shape induced by uricase treatment (30, 50 and 100 pg/ml for 24 h) as compared
with control. Control showed normal intact cell morphology and their images were captured by phase contrast microscope.
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Figure 4: Xanthine oxidase assay - Xanthine Oxidase production of treated groups was significantly decreased when
compared to induced group. Results are expressed as mean + SD. Treated groups showed high significance compared to

control (P<0.001)
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Figure 5: Estimation of Uric acid production - Uric acid production of treated groups was significantly decreased when
compared to induced group. Results are expressed as mean = SD. Treated groups showed high significance compared to
control (P<0.0001)
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Figure 6: Gene expression analysis of TNF-a and IL-10. Decreased gene expression levels were observed for TNF- alpha in
uricase treated cells and increased expression level was observed for IL- 10 gene, with increase in uricase concentration.
Housekeeping gene (p — Actin)

CONCLUSION
This study provided conclusive
evidence that uricase isolated from Bacillus
subtilis MM13 has shown anti-inflammatory
and anti-hyperuricemic effects under in vitro.
One of the important properties of uricase is
its very high specificity. Considering the
appreciable specific anti-hyperuricemic and
anti-inflammatory activities, this preparation
can be taken further for safety and efficacy
testing in vivo and subsequently can be
recommended for the prophylactic treatment
of gout.
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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.

Keywords: Fecal matter; endospore; Uricase; Optimization; Submerged fermentation
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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
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under optimal conditions. The purification and application related studies are needed to understand their
maximum biomedical potential and commercialization possibilities.
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Abstract

The uricase producing Bacillus sp from soil was characterized as the species which
belongs to the genus Bacillus sp by means of morphological and several biochemical
characterizations. Further, the identity of the strain was confirmed by PCR reaction of 16s
rRNA primers, sequenced by automated sager method (accession number was obtained as
MM13 Bacillus subtilis MK503710). The sequence of MM13 Bacillus subtilis MK503710
BLAST analysed and was found that the isolate bacteria had the highest homology (99%)
with Bacillus subtilis.
Keywords

Uricase, PCR, 16s rRNA, Primers, BLAST, Phylogeny
Introduction

The activities of uricase have been reported from various bacterial, fungal and

algal species such as Bacillus fastidiosus (Saeed et al, 2004), Streptomyces cynogenus (Ohe
and Wantable, 1981), Enterobacter cloacae (Machida and Nakanishi, 1980), Arthrobacter
pascens (Nose and Arima, 1968), Arthrobacter globiformis (Suzuki et al, 2004). Candida
utilis (Liu and Li, 1989), Neurospora crassa (Nahm et al., 1987), Candida tropicalis (Tanaka
et al., 1977), Puccinia recondite (Aguilar et al, 2002), Aspergillus flavus (Retailleau et al.,

2005), Chlamydomonas reinhardtii (Alamillo et al., 1991). Urate oxidase and its association
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with peroxisomes have been detected in a protozoa Acanthamoeba (Muller and Moller,
1969).

Similarly animal sources of uricase was detected in invertebrates like crustacean,
vertebrates like amphibians, reptiles and mammals (Noguchi et al., 1979) and in Amphibians
like frog liver and kidney (Usuda et al,1994)

Further the enzyme has been shown in variety of plants such as Pirns monophylla
(Theimer and Beevers, 1971), Phaseolus vulgaris (Sanchez et al, 1987) nodules of cowpea
(Rainbird and Atkins, 1981), Phaseolus coccineus (Theimer et al, 1974), Triticum aestivum,
Cicer arietinum, Vicia faba majo (Montalbini et al., 1999). Urate oxidase from thermophilic
Bacillus sp. TB-90 has been significantly studied for diagnostic purposes since it reveals high
activity and thermostability in a extensive range of pH (Yamamoto et al.,1996).

In the contemporary study, uricase producing bacteria were isolated from soil samples
and the bacterial species was identified by various physical, biochemical and molecular
characterizations.

Material and Methods
Isolation and screening of potential uricase bacterial strain

Soil samples gathered from various places were used as a source to screen for isolates
with uricase activity. The test soil samples were serially diluted and plated on uric acid
medium as to detect any zone of clearance indicating uricase activity. The isolates with
higher diameter of zone of clearance due to uricase activity were short listed for advanced
studies. One such isolate was designated as MM13 and was identified as Bacillus species

based on morphological and various biochemical characterizations.
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Molecular identification of Bacillus sp

The DNA from Bacillus sp isolate was isolated as recommended by (Wright et al.,
2017) was subjected to PCR so as to amplify the fragment region of the DNA.
PCR amplification

During PCR, in a 0.5 ml PCR tube, 10 ul of each downstream primer
(5“-AGAGTTTGATCCTGGCTCAG 3%), upstream primer
(5°-AGGGCTACCTTGTTACGACTT 3"), 10 ul 10X PCR buffer, 25mM MgCl; 8 ul, ANTP
mix 6 ul, template DNA (50 ng), 5 ul and Tag DNA polymerase (3U/ul), sterile distilled
deionized water 49 ul was taken. The total 100 pl mixture in a tube was gently spun for 10
seconds and allowed to settle the contents. The total mixture was kept in PCR thermal cycler.

The amplification was done in 35 cycles, (denaturation for 60 seconds at 92°C, primer
annealing for 60 seconds at 54°C and polymerization for 90 seconds at 72°C), after
polymerization 10 pl of PCR products with 2 pl of loading dye was mixed and loaded on a
1.5% agarose gel and analysed electrophoretically at 60 volts for 45 minutes. The gel was
visualized on UV - transilluminator and analysed with 1kb DNA ladder. In a 1% agarose gel
the PCR products along with 5 ul of DNA molecular weight marker was electrophoresed at
40 mA and were eluted.
NCBI-BLAST for sequences

Then the PCR product was sent to sequencing by automated sanger sequence method
using the PCR primers of the study. The same primers as reported above were used for
sequencing. Further, NCBI-BLAST www.ncbi.nIm.nih.gov/ blast was used to compare the
sequence similarity of the isolated Bacillus strain with the reference strain of the study. The

16S rRNA sequence of the test Bacillus was deposited in NCBI with sequences accession
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number. In this study, the bootstrapped data set was utilized to build the phylogenetic tree by
using the NCBI BLAST.
Result and discussion
Genotypic characterization of isolate MM13

The MM13 isolate was genotypically characterized using 16S rRNA analyses the
genomic DNA of the isolate was subjected to PCR amplification. The sequence based MM13
16S rRNA genes was added in genbank http://www.ncbi.nlm.nih.gov/genbank with an
NCBI accession number MM13 Bacillus subtilis (MK503710) (Figure 1 & 2). The sequence
of the Bacillus subtilis MK503710 isolate was compared with test sequences of Bacillus sp.
from BLAST database to determine the phylogenetic relatedness using neighbour joining tree
method (Figure 3).

The 680bp sequence of the isolate Bacillus subtilis (MK503710) had 100% similarity.
In the phylogenetic tree, Bacillus subtilis (MK503710) was clustered together as one clade
segments corresponding to an evolutionary distance of 0.0006 were shown with bars.

Numbers above branches are bootstrap values showing greater than 99 % (Figure 4).
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Bacillus subtilis strain MM13 1685 ribosomal RNA gene, partial sequence

GenBank: MKES03710.1
FASTA  Graphics

Go to: [+

Lacus MESd3 18 &30 bp (BT linear BCT 1&6-FEB-281%9

DEFINITION Bacillus subtilis strain MML13 165 ribosomal FMA gene, partial
SequUence.

ACCESSION MESd3 18

VERSLOM MESE3 18,1

KEYWORDS

SOURCE Bacillus subtilis

ORGANISM  EBacillus subtilis
Bacteria; Firmicutes; Bacilli; Bacillales; Bacillaceae; Bacillus.
REFEREMNCE 1 ({bases 1 to &34}
AUTHOR:  Anandharaj,B. and Manimekalai,v.
TITLE Direct Submission
JOURMAL  Submitied (11-FEB-2819) Microbiology, M.R.Government Arts College,
Mannargudi- eld4eel, Government Arts College Road, Mannargudi, TaMIL
MADU 814981, India
COMMENT fiffissembly -Data-START i
Lequencing Technology :: Sanger dideowy sequencing
frfissembly -Data-EMDdR
FEATURES Location/Qualifiers
SOUrCE 1..634
Jorganism="Bacillus swbtilis”
fmol_type="genomic Dh&"
fstrain="HM13"
fisolation_sowrce="pig fecal s0il”
Sdb_zxref="taxon:1l4213"
Joountry="India"
Joollection_dste="28-Feb-2817"
CENA <1l..>838
fproduct="16% ribosomal RMNA"

ORIGIN

1 agcggacaga tg@gEagcttg ctocctgatg ttagcEgcEg acgEgtEsgt sacacgtgcg
61 taacctgcct gteagsctgg gateactccg E@asaccgEE ECta3taccg EatEgEttEtt
121 tgaaccgcag gttcasacat aasaggtgge ttoggctacc acttacagat gEaccogogg
181 cgcatagcta grtggtgagg tascggctca coaagEfcgac EatgcEtagc cgacctgaga
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391 ggaatcttcc graatggacg aasgtctgac gEagcaacgc cEcgtgagtg atgaagpttt
36l tcggatcgta aagotctgtt gttagggaag sacasgtacc gttcgsatag gEcEgtacct
421 tgacggtgcc taaccagasa Eocacggcta actacgtgcc agcagccgcg gtastacgta
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B8l agsagaggag agtggsattc cacgtgtage

Figure 1. 16s rRNA partial sequence submission on NCBI Bacillus subtilis
(MK503710)
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FASTA ~

Bacillus subtilis strain MM13 16S ribosomal RNA gene, partial sequence

GenBank: MKS03710.1
GenBank  Graphics

*MK5@3718.1 Bacillus subtilis strain MM13 165 ribosomal RNA gene, partial sequence
AGCGGACAGATEEEAGCTTGCTCCCTGATETTAGC GGCGGACGEGTGAGTAACACGTGGGTAACCTGCCT
GTAAGACTGGGATAACTCCGEGAAACCGGEGCTAATACCGGATGETTGTTTGAACCGCAGETTCARACAT
AAAMGGTEECTTCEECTACCACT TACAGATGEACCCGCEECGCATAGCTAGT TGGTGAGGTAACGECTCA
CCAAGGCGACGATGCGTAGCCGACCTGAGAGGETGATCGGCCACACTGEGACTGAGACACGGCCCAGALT
COTACGGEAGGCAGCAGTAGGGAATCTTCCGCAATGOACGAAAGT CTGACGRAGCAACGCCGCGTCAGTG
ATGAAGGTTTTCGEATCOTAAAGCTCTGTTOT TAGGOAAGAACAAGTACCGT TCOAATAGGGCGOTALCCT
TEACGOTGCCTAACCAGAAAGC CACGOCTAACTACGTGCCAGLAGLCGLGATAATACGTAGGTGECAAGC
GTTETCCGGAAT TATTGOGCGTAAAGGGLTCOCAGGCGGTTTCTTAAGTCTGATATGARAGCCCCCGGIT
CAACCOGEGAGOGTCAT TGGAAACTGLGEAACTTGAGTGCAGAAGAGGAGAGTGEAATTCCACGTGTAGC

Figure 2. FASTA sequence on NCBI Bacillus subtilis (MK503710)
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Figure 3. BLAST database of the Bacillus subtilis (MK503710)
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Bacillus subtilis subsp. stercoris strain 1.2PT3 16S ribosomal RNA gene, partial sequence
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Bacillus tequilensis strain St11 16S ribosomal RNA gene, partial sequence
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Figure 4.Phylogenetic tree showing phylogenetic position of the Bacillus subtilis
(MK503710) neighbour joining method
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