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Abstract: Uricase is an oxidoreductase enzyme that catalyzes 

the degradation of uric acid into allantoin, hydrogen peroxide, 

and carbon dioxide. Allantoin, the primary product of uric acid 

degradation, exhibits 5-10 times greater solubility in water 

compared to uric acid. This property underscores the 

importance of uricase in managing hyperuricemia, a condition 

characterized by elevated uric acid levels in the blood. 

Hyperuricemia is associated with diseases such as gout, kidney 

dysfunction, and hypertension. While humans and primates 

lack the uricase enzyme, it is naturally present in the liver of 

non-primate mammals, including goats. This study investigated 

the activity of uricase extracted from goat liver, focusing on the 

optimum concentration of uric acid as the substrate and 

incubation time necessary for achieving maximum enzymatic 

activity. Goat liver samples were processed using borate buffer 

(pH 8.5) ammonium sulfate fractionation and dialysis to isolate 

uricase. The enzymatic activity was evaluated at uric acid 

concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 mM and incubation 

times of 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0 hours. The results 

revealed that the optimum substrate concentration for uricase 

was 2 mM, yielding total enzyme activity of 0.6704 U/mL and 

specific activity of 0.0443 U/mg. Additionally, the optimum 

incubation time was determined to be 5 hours, resulting in total 

enzyme activity of 0.8421 U/mL and specific activity of 0.0556 

U/mg. These findings provide valuable insights into enhancing 

uricase activity and optimizing its application in therapeutic 

strategies for hyperuricemia management. Further research is 

recommended to explore the potential of uricase in clinical and 

pharmaceutical contexts. 
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INTRODUCTION 

Hyperuricemia, a metabolic disorder characterized by 

excessive uric acid levels in the blood, is a significant precursor 

to chronic conditions such as gout, hypertension, kidney diseases, 

and diabetes [1, 2]. Uric acid, a nitrogenous wasteIC ACID 

product, is derived from the catabolism of purines, which are 

crucial components of nucleotides [3]. Unlike most mammals, 

humans and primates lack the enzyme uricase, which catalyzes 

the oxidation of uric acid into more soluble products, leading to 

the accumulation of uric acid in tissues and fluids [4, 5]. This 

evolutionary adaptation, likely influenced by selective pressures, 

has increased susceptibility to hyperuricemia-related 

complications in humans [6, 7]. 

In mammals other than primates, uricase is predominantly 

found in the peroxisomes of liver cells. This oxidoreductase 

enzyme catalyzes the conversion of uric acid into allantoin, 

hydrogen peroxide, and carbon dioxide, a process crucial for 

maintaining homeostasis [8, 9]. Allantoin, being 5–10 times more 

soluble than uric acid, is readily excreted by the kidneys, thereby 

mitigating the risk of uric acid crystallization and associated 

pathological conditions [10]. The absence of this metabolic 

pathway in humans underscores the potential therapeutic 

relevance of uricase in managing hyperuricemia and related 

disorders [5, 11]. 

Recent advancements in enzymology have focused on 

exploiting uricase for therapeutic purposes, including the 

treatment of gout and tumor lysis syndrome [12]. Optimizing the 

catalytic activity of uricase, such as determining the ideal 

substrate concentration and incubation conditions, has become a 

critical area of research. The substrate concentration significantly 

affects the rate of this enzymatic reaction, following the 

Michaelis-Menten kinetics model [13, 14]. At low substrate 

concentrations, the reaction rate is directly proportional to the 

substrate availability. However, as the substrate concentration 

increases, the enzyme approaches its maximum catalytic capacity 

(Vmax), beyond which additional substrate does not further 

enhance activity [14]. For uricase, determining the optimal 

substrate concentration is crucial for efficient degradation of uric 

acid. Also, investigating this parameter ensures that uricase 

functions efficiently in therapeutic or industrial settings. 

The duration of enzyme-substrate interaction significantly 

influences catalytic efficiency. Prolonged incubation can lead to 

enzyme denaturation or reduced activity due to byproduct 

accumulation, while shorter times may result in incomplete 

substrate conversion [15]. Determining the ideal time frame helps 

prevent overexposure to potentially destabilizing conditions, 

ensuring maximum activity. Studies have also investigated 

microbial sources of uricase, such as Bacillus subtilis and 

Pseudomonas aeruginosa, which exhibit robust activity and are 

amenable to biotechnological applications [16, 17]. 

This study investigates the enzymatic properties of uricase 

extracted from goat liver, a mammalian source with known 

enzymatic activity. The novelty of this study lies in the source of 

the uricase enzyme, as goat liver is a rarely utilized mammalian 

source within the Bovidae family, offering potential as an 

alternative to the extensively studied beef liver. The enzyme was 

purified through ammonium sulfate fractionation and dialysis, 

and its catalytic efficiency was characterized by determining the 

optimum uric acid concentration and incubation time. These 

findings not only enhance the understanding of uricase 

biochemistry but also contribute to its potential application as a 

therapeutic agent for hyperuricemia management. 

[a]  W. Handayani, N. A. Febriani, A. A. I. Ratnadewi, Sudarko, A. K.        

Pertiwi 

Department of Chemistry, Faculty of Mathematics and Natural 

Sciences, University of Jember 

  [b]    N. A. Febriani 

Center for Development of Advance Science and Technology 

(CDAST) Universitas Jember 

*e-mail: ak.pertiwi@unej.ac.id   



Research Article INDONESIAN CHIMICA LETTERS 
 

 

https://journal.unej.ac.id/ICL                          Indonesia Chimica Letters, 2024, 2, 54-57 55 

METHODS 

Material and Equipment 

The Materials used were Fresh Goat Liver (sourced from a 

local slaughterhouse), Uric Acid (Sigma-Aldrich, USA), 

Distilled Water, Deionized Water, Boric Acid (H3BO3) (Merck, 

Germany), Hydrogen Peroxide (H2O2) (Merck, Germany), 

Bovine Serum Albumin (Vivantis, Malaysia), Sodium Carbonate 

(Na2CO3) (Merck, Germany), Ammonium Sulfate (Merck, 

Germany), 95% Ethanol (Merck, Germany), Coomassie Brilliant 

Blue G-250 (Fluka, Germany), Phenol (Merck, Germany), 

Whatman No. 1 Filter Paper (Cytiva, UK), Horseradish 

Peroxidase (Merck, Germany), and 4-Aminoantipyrine (Merck, 

Germany). The instruments used were UV/Vis 

Spectrophotometer (Genesys 10s, Thermo Scientific, Singapore), 

pH Meter (Eutech Instruments, Singapore), Analytical Balance 

(Shimadzu, Japan), Magnetic Stirrer and Stirring Bars (IKA, 

Germany). 

Extraction of Uricase from Goat Liver 

The goat liver was weighed and finely ground using a mortar 

and pestle. The homogenate was prepared by mixing the liver 

tissue with borate buffer at pH 8.5. The mixture was then 

centrifuged at 13,000 rpm for 30 minutes at 4°C to separate the 

supernatant. The resulting supernatant, serving as the crude 

extract, was subjected to protein concentration analysis and 

enzymatic activity assays. 

Purification of Uricase Extract 

The supernatant was fractionated using ammonium sulfate in 

the 0–20% saturation range. This process was carried out on an 

ice bath at 4°C with slow stirring. The homogenate was left 

undisturbed for 16 hours, followed by centrifugation at 13,000 

rpm for 30 minutes at 4°C. The resulting pellet was analyzed for 

enzymatic activity and protein concentration and then subjected 

to dialysis. The pellet was dissolved in a buffer solution and 

placed into a cellulose membrane dialysis bag during the dialysis 

process. The bag was immersed in 100 mL of 0.1 M borate buffer 

at pH 8.5. Dialysis was conducted for 16 hours at 4°C using a 

magnetic stirrer at 125 rpm, with the buffer solution replaced 

every 4 hours to ensure optimal purification. 

Determination of Total Activity of Uricase 

The uricase enzyme’s total activity is determined using a 

Trinder-based method by measuring the absorbance of H₂O₂ and 

establishing a standard curve for its concentration. A total of 0.1 

mL of the enzyme solution was mixed with 0.6 mL of 2 mM uric 

acid prepared in sodium borate buffer (pH 8.5), 0.15 mL of 30 

mM 4-aminoantipyrine, 0.05 mL of 15 U/mL peroxidase, and 0.1 

mL of 1.5% (v/v) phenol. The mixture was incubated for 4 hours 

at 37°C. To terminate the enzymatic reaction, 1 mL of ethanol 

was added. The absorbance of the resulting solution was 

measured at 540 nm using a UV-Vis spectrophotometer. An 

inactive enzyme served as a control to ensure the specificity of 

the enzymatic reaction. The activity of uricase can be determined 

using Equation 1. 

𝑇𝑜𝑡𝑎𝑙 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (
𝑈

𝑚𝑙
) =  

([𝑠]−[𝑘]×𝑓𝑝×(
𝑉𝑡𝑜𝑡𝑎𝑙

𝑉𝑒𝑛𝑧𝑦𝑚𝑒
)

𝑡×𝑀𝑊 𝐻2𝑂2
  ……….. (1) 

Where: 

[S] = Concentration of H₂O₂ from the substrate (mg/mL) 

[K] = Concentration of H₂O₂ from the control (mg/mL) 

MW = Molecular weight of H₂O₂ (mol/g) 

fp = Dilution factor 
t = Incubation time (minutes) 

Determination of Protein Content and Specific Activity of 

Uricase 

The protein content of the crude enzyme extract was 

evaluated using the Bradford method, with bovine serum albumin 

serving as the standard. Each experiment was performed in 

triplicate under identical conditions, and the mean values and 

standard deviations were calculated. The crude uricase extract 

was mixed with Bradford reagent and then incubated at room 

temperature for 5 minutes. A blank sample containing only the 

Bradford reagent was also prepared. Absorbance measurements 

were conducted using a Genesys 10S UV-Vis spectrophotometer 

(Thermo Scientific, Singapore) at a wavelength of 595 nm. 

Equations 2 and 3 were used to determine the sample's protein 

content and specific uricase activity, respectively. 

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (
𝑚𝑔

𝑚𝑙
) =  

𝐴𝑏𝑠 ±𝐶 ×𝑓𝑝

𝑚
…………………. (2) 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦  (
𝑈

𝑚𝑔
) =  

𝑇𝑜𝑡𝑎𝑙 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑒𝑛𝑧𝑦𝑚𝑒  

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 
…. (3) 

 

Where: 

Abs = Absorbance  

C = Intercept of the curve 

fp = Dilution factor 

m = Gradient of the curve 

RESULT AND DISCUSSION 

Uricase Activity and Protein Levels in Goat Liver 

Purification 

The properties of uricase derived from goat liver, spanning 

the purification stages from crude enzyme extract, the 0-20% 

ammonium sulfate fractionation, and the final dialyzed form, are 

comprehensively summarized in Table 1.

Table 1. Uricase Activity and Protein Concentration across Purification Stages of Goat Liver 

Uricase State Samples 
Total Activity 

(U/mL) 
Protein Content (mg/mL) Specific Activity (U/mg) 

Crude Extract S-1 0.0199 ± 0.07 27.0552 ± 0.31 0.0007 ± 0.001 

Fractionation with 

Ammonium Sulfate 

 0-20% 

F20t16 0.0351 ± 0.06 15.1911 ± 0.48 0.0023 ± 0.006 

After Dialysis D8,5t16 0.6673 ± 0.02 15.1416 ± 0.28 0.0441 ± 0.004 
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The crude extract of uricase showed a high protein 

concentration but low enzymatic activity, which can likely be 

attributed to non-uricase proteins and impurities interfering with 

the enzyme's function. This is a common issue observed in 

enzyme preparations, where contaminants diminish the specific 

activity of the target enzyme. It is well-documented that 

impurities in crude extracts reduce the overall enzymatic 

efficacy, underscoring the importance of further purification 

steps to isolate the active enzyme. As noted in previous studies, 

techniques such as ammonium sulfate fractionation can help 

selectively enrich the target enzyme by removing some of these 

impurities [18, 19]. 

The dialysis process yielded a sample with a total activity of 

0.6673 U/mL, a protein concentration of 15.1416 mg/mL, and a 

specific uricase activity of 0.0441 U/mg. The total activity and 

specific activity obtained after dialysis were significantly higher 

than those achieved during the fractionation stage. This increase 

in total enzymatic activity indicates that the enzyme was more 

concentrated following dialysis, likely facilitating a more optimal 

enzymatic reaction. These findings highlight the efficacy of 

dialysis in purifying and concentrating the enzyme by removing 

more minor impurities and excess salts, ultimately enhancing its 

functional performance [20]. 

Effect of Substrate Concentration on The Activity of Uricase 

The uric acid concentration as the substrate is pivotal in 

determining uricase activity, as it directly influences the 

enzyme's catalytic efficiency and reaction kinetics. Optimal 

substrate levels are essential to ensure maximum enzymatic 

turnover without causing substrate inhibition, which could 

compromise the overall reaction rate [21]. The results in this 

research indicate that both the total enzymatic activity and 

specific activity increased with uric acid concentrations of 1.0 

mM, 1.5 mM, and 2.0 mM and then stabilized from 2.0 mM to 

3.0 mM, as shown in Figure 1. The increase in enzymatic activity 

is influenced by substrate concentration, where higher substrate 

levels allow more enzyme molecules to bind to the substrate, 

producing more product. The total and specific enzymatic 

activities remained constant at substrate concentrations of 2.0, 

2.5, and 3.0 mM, likely because the enzyme had fully interacted 

with the available substrate, achieving maximum product 

formation.

 

Figure 1. (a) Curve of total activity across varying substrate concentrations, (b) Curve of specific activity across varying substrate 

concentrations 

 

Figure 2. (a) Curve of total activity across varying incubation time, (b) Curve of specific activity across varying incubation time. 

Enzymes typically reach a saturation point with their 

substrate, leading to an enzymatic activity curve that initially 

increases and then plateaus. This study's findings differ from 

previous research conducted on Gliomastix gueg [14, 22], which 

identified an optimal substrate concentration of 10 µg, and on 

Lactobacillus plantarum, which showed optimal total activity at 

a substrate concentration of 0.005 mM [23]. The variations in 

optimal substrate concentration are likely influenced by 

differences in the samples used and the purification methods 

employed. The specific activity of the enzyme in this study 

demonstrated an optimal substrate concentration of 2.0 mM, with 

a specific activity of 0.0443 U/mg. 

Effect of Incubation Time on The Activity of Uricase 

The incubation time is crucial in determining the efficiency 

of enzymatic reactions, as it directly influences the interaction 

duration between the enzyme and substrate. Prolonged 

incubation can enhance product formation up to an optimal point, 

beyond which enzyme denaturation or substrate depletion may 

occur, reducing activity. Understanding this parameter is 

a) b) 

a) b) 
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essential for optimizing reaction conditions and achieving 

maximum enzymatic efficiency [15]. According to this research, 

the results showed that both total enzymatic activity and specific 

activity increased with incubation times from 3.0 to 5.0 hours, 

followed by a decline at incubation times between 5.5 and 6.0 

hours, as depicted in Figure 2. 

CONCLUSION 

The study identified the optimal conditions for uricase 

activity in goat liver dialysate extract. The optimal substrate 

concentration was 2.0 mM, yielding a total enzymatic activity of 

0.6704 U/mL and a specific activity of 0.0443 U/mg. Similarly, 

the optimal incubation time was determined to be 5.0 hours, 

resulting in a total activity of 0.8421 U/mL and a specific activity 

of 0.0556 U/mg, reflecting maximal enzyme-substrate 

interactions. These results highlight the significant influence of 

substrate concentration and incubation time on uricase activity, 

providing valuable insights for optimizing enzymatic 

performance in purification and catalytic applications. 
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