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ABSTRACT
Objective: This research aimed to extract and purify urate oxidase (uox) for use in the pharmaceutical industry.

Methods: For the purification of Bacillus subtilis derived uox, different techniques were used i.e ammonium sulfate precipitation (ASP), gel filtration chromatography (GFC), and ion exchange chromatography (IEC). The purity of this enzyme as well as molecular weight was assessed by using SDS-PAGE. At every step of the purification process, the specific activity and purification fold was increased which showed that the enzyme was purified after the use of every purification technique.

Results: There was initial purification step involving ASP, eliminating impurities. This stage yielded 22.95 units of total activity, with a specific activity of 0.166 units/mg and 138.43 mg of protein. The enzyme was purified 1.34 folds as compared to crude cell lysate. When the enzyme was purified in the next step by using IEC, the specific activity was significantly increased to 2.40U/mg with 19.34 fold increase in purification as compared to crud. In the last step of purification (GFC) the enzyme was 42.96 fold increase purification with 5.33 U/mg specific activity.

Conclusion: This research successfully extracted highly pure uox from B. subtilis using various purification techniques. The final enzyme sample has higher specific activity and purity, which bodes well for future industrial applications and research uses.

Keywords: Ammonium sulfate ppt (ASP), Bacillus subtilis, gel filtration chromatography (GFC), ion exchange chromatography (IEC), SDS-PAGE, urate oxidase
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1. INTRODUCTION
            Urate oxidase, commonly known as s, plays a pivotal role in biological systems by catalyzing the conversion of uric acid to the more water-soluble compound, allantoin. However, it is essential to note that humans lack the inherent ability to produce this crucial enzyme due to a mutated gene. The absence of uox in humans results in challenges related to the efficient hydrolysis of uric acid, leading to clinical conditions such as gout and hyperuricemia if the uric acid is not properly excreted out of the body in abnormal conditions1,2.

                   Gout, characterized by the deposition of urate crystals in joints, and hyperuricemia, marked by elevated uric acid levels in the blood, pose significant health complications. In developing nations like Bangladesh, India, and Pakistan, the prevalence of gout is essentially less than 0.5%1. 8.4%2 of people had hyperuricemia. According to a different meta-analysis, the prevalence rates of gout and hyperuricemia in Chinese people between 2000 and 2014 were 1.1% and 13.3%, respectively3. There have been reports of a higher prevalence of HU in Asia, particularly in East Asia; however, data from South Asia were lacking4. According to a 2018 study conducted in Bangladesh, 9.3% of people have hyperuricemia5. According to 2018 estimates, the prevalence of HU in India was 25.8%, with higher prevalence rates among hypertensives, diabetics, and diabetic hypertensives6. Hyperuricemic individuals comprised 31.3% (n=32) males and 39.3% (n=13) females. Hyperuricemia predominated at 39% (n= 1061). The frequency of hyperuricemia was 49.3% in females and 27.9% in males (n=367)7. Urate oxidase's role in converting uric acid into properly more soluble allantoin is vital for facilitating the elimination of uric acid from the body through urine. Given the absence of uox in human metabolism, the enzyme's purification and utilization as a therapeutic agent have gained prominence for addressing hyperuricemia in affected individuals8.
               This study focuses on the urgent need for purification methods and comprehensive characterization techniques for uox. The enzyme's clinical significance, particularly in managing gout and hyperuricemia, underscores the necessity for advancements in its production and purification. Previous literature has extensively documented the purification of uox from various sources, each presenting unique methodologies9. Diverse microbial sources have been explored for the biotechnological synthesis of uox, with Bacillus subtilis. Renowned for its cost-effective production, scalability, and genetic manipulation capabilities, Bacillus subtilis, stands out as an attractive platform for the production of proteins, including uox 10. The utilization of advanced purification techniques, such as ASP, IEC, GFC, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) has proven integral in achieving highly purified uox from various sources11.
                 This research builds on the existing knowledge by investigating the recent biotechnological synthesis of uox using Bacillus subtilis as an expression host. The significance of this study lies in its exploration of reliable purification methods and comprehensive characterization techniques, contributing to an enhanced understanding of Bacillus subtilis uox for diverse applications. In addition to its therapeutic potential, this study recognizes the broader implications of Bacillus subtilis-derived uox in various pharmaceutical industries. 
2. METHODOLOGY
                To purify uox from a bacterial culture (Bacillus subtilis), the study used an experimental design. The procedure comprised a series of purification methods. 
     This study was supported by PUMHSW Nawabshah and carried out over a year at Govt College University Faisalabad. Under carefully controlled laboratory conditions, the experiments were carried out. 
             No traditional sample size was involved as the study focused on purifying uox from the bacterial culture, and the specific number of bacterial cells used was not explicitly specified.
                No explicit inclusion or exclusion criteria were established as the study aimed at purifying uox rather than analyzing specific samples or populations.
               The procedures involved the cultivation of Bacillus subtilis expressing uox in a nutrient agar slant, followed by cell harvesting, lysis, ASP, IEC, GFC, SDS-PAGE, protein concentration determination, enzyme activity assay, and protein characterization for storage. The study received approval from the PUMHSW ethical review board.
3. RESULTS
                         The study aimed to purify Bacillus subtilis uox through various techniques, resulting in highly purified uox with an enhanced specific activity. The purification stages and their respective outcomes are as follows:
                   The initial step involved ASP, concentrating proteins, and eliminating impurities. This stage yielded 22.95 units of total activity, with a specific activity of 0.166 units/mg and 138.43 mg of protein. The enzyme was purified 1.34 folds as compared to crude cell lysate. When the enzyme was purified in the next step by using IEC, the specific activity was significantly increased to 2.40U/mg with 19.34 fold increase in purification as compared to crud. In the last step of purification (GFC) the enzyme was 42.96 fold increase purification with 5.33 U/mg specific activity. The detail of the purification of uox is explained in table1.
Table 1: Summary of Urate Oxidase Purification
	Purification steps 
	Total protein (mg)
	Total activity (units) 
	Specific activity (U/mg)
	Purification fold

	Crude Cell Lysate
	248.27
	30.85
	0.124
	1 

	Ammonium Sulfate ppt. (40%)
	138.43
	22.95
	0.166
	1.34

	Ion Exchange Chromatography
	3.94
	9.44
	2.40
	19.34

	Gel Filtration Chromatography
	1.68
	8.96
	5.33
	42.96


After purification of Bacillus subtilis derived uox, the enzyme was run on SDS-PAGE, which showed a single band of 34kDa weight (Fig. 1). 
[image: ]                  
Figure 1: Band of purified urate oxidase with marker
4. DISCUSSION
            In this study, the enzyme (uox) was successfully purified by using different purification techniques. These observations are in line with previous research observations 9, 11. The results showed the extraction of pure form of uox with a markedly preeminent specific activity. The initial step, ASP, effectively concentrated uox while removing impurities, resulting in a 1.34-fold purification compared to the crude cell lysate, contributing cost-effective purification techniques to the overall process20, 21, 22. Following this, IEC achieved a remarkable 19.34-fold purification and effectively eliminated contaminants, in line with previous studies, enhancing the quality of the uox sample and enabling subsequent purification processes 6, 9, 11, 18. Subsequent GFC notably increased the specific activity and resulted in a purification fold of 42.96 concerning the unpurified lysate, contributing to a more homogeneous enzyme formulation 9, 20.
                     The SDS-PAGE analysis confirmed the homogeneity of the uox sample, obtaining single bands, which is consistent with previous research7, 9, 13, 18. The resulting highly pure uox, with increased specific activity and purity, holds significant promise for treating uric acid metabolism-related conditions such as gout and hyperuricemia, with potential applications in biotechnology for diagnostic and biocatalytic processes17, 19, 20. This study's findings suggest a substantial improvement in the purity and specific activity of the purified uox compared to previous studies11, 18, 20, positioning it as an ideal enzyme for a wide range of applications in various fields.
5. CONCLUSION
              The study effectively purified urate oxidase using Bacillus subtilis, employing diverse methods including ASP, IEC, GFC, and SDS-PAGE analysis. The resulting highly pure enzyme with increased specific activity presents promising prospects for therapeutic and diagnostic applications in managing uric acid-related conditions, offering a robust foundation for medicinal and biotechnological advancements.
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