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ABSTRACT 

 

Purines are natural substances found in body’s cells and in virtually all foods. When 

purine derivatives undergo metabolic breakdown, uric acid is produced. Abnormally 

high concentration of uric acid in the body can lead to diseases such as gout and uric 

acid stone formation. Thus, uric acid determination serves as a marker and plays a very 

important role in diagnosis. For clinical diagnosis and monitoring purposes, biosensor 

has been introduced as it is a fast and reliable analytical device. Demands for the current 

trend of biosensor development keep on increasing due to the advancement in 

technology especially the applications of biosensors using optical detection. In the 

present study, uricase from Arthrobacter globiformis was used as a bio-receptor and 

integrated to optical fibre for uric acid determination. Preliminary experiments of uricase 

immobilization techniques on glass slide were conducted before proceeding on optic 

fibre. Glass activation produces more reactive hydroxyl groups on the glass surface and 

utilization of both chitosan and glutaraldehyde as cross-linker demonstrated a better 

response towards uric acid. The immobilization techniques and optimum enzyme 

concentration obtained were then employed and proceeded on a tapered optical fibre. 

Uricase-immobilized tapered optic fibre with waist diameter of 80 µm and waist length 

of 20 mm was shown to have a positive relationship between absorbance value and 

concentration of uric acid range from 1.0 mM to 2.0 mM.   From the results obtained, 

optical sensing of uric acid was possible and successful by using uricase as bio-receptor.  
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ABSTRAK 

 

Asid urik terbentuk daripada pemecahan purin yang terdapat dalam kebanyakan tisu 

manusia dan makanan. Paras asid urik yang luar biasa tingginya dalam badan boleh 

menyebabkan penyakit seperti gout dan penjadian/pembentukan batu karang. Oleh sebab 

itu, pengesanan paras asid urik adalah sangat penting sebagai penanda terutamanya 

dalam sektor perubatan. Untuk tujuan ini, biosensor telah diperkenalkan sebagai alat 

pengesanan kerana penggunanya adalah sangat cepat dan tepat. Permintaan terhadap 

penciptaan biosensor kian tinggi di pasaran disebabkan oleh kemajuan teknologi yang 

cangih terutamanya pengesanan optik. Dalam kajian ini, uricase dari Arthrobacter 

globiformis dipilih sebagai bio-reseptor dan diintegrasikan dengan gentian optik untuk 

mengesan paras asid urik. Eksperimen awal melibatkan teknik immobilasi enzim di atas 

kaca slaid telah dijalankan. Pengaktifan kaca untuk menghasilkan kumpulan hidroksil 

yang aktik atas permukaan dan penggunana chitosan dan glutaraldehyde sebagai pemaut 

silang menunjukkan respond yang lebih baik terhadap asid urik. Teknik immobilasi dan 

kepekatan enzim optimum yang diperolehi telah diggunakan dan dialihkan ke atas 

gentian optik. Urikase terimmobilasi pada gentian optik dengan diameter 80µm dan 

panjangan 20mm telah terbukti mempunyai hubungan positif antara nilai keserapan dan 

kepekatan asid urik dari kadar 1mM ke 2mM. Berdasarkan keputusan yang diperolehi, 

pengesanan optik asid urik adalah tidak mustahil dan berjaya dicapai dengan 

menggunakan urikase sebagai bio-reseptor.  
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CHAPTER 1 

INTRODUCTION 

Purines which consist of a pyrimidine ring fused to an imidazole ring are 

natural substances found in body’s cells and in virtually all foods. When purine 

derivatives undergo metabolic breakdown, uric acid (2,6,8-trihydroxypurine) is 

produced (Schrenkhammer & Wolfbeis, 2008). Detection and quantification of uric 

acid plays a very important role as abnormally high concentrations of uric acid 

(hyperuricemia) are linked to diseases such as gout, cardiovascular disease, 

hypertension and arthritis (Devi & Pundir, 2014). Hence, uric acid determination 

serves as a marker and is important in diagnosis and for monitoring a large number 

of diseases (Misra et al., 2013). 

Several different methods of uric acid detection are available. The most 

common one is based on the use of the enzyme uricase. Uricase, also known as urate 

oxidase, is absent in humans and catalyses the oxidation of uric acid to produce 

hydrogen peroxide, allantoin and carbon dioxide (Zhao et al., 2008).  

Biosensor is an analytical device that consists of a bio-receptor and a 

transducer. Uricase is selected as a bio-receptor because enzymes are well-known as 

a biological sensing materials due to their specificity and bio-recognition capability 

(Malhotra & Chaubey, 2003) while optical transducer is selected to convert the 

recognition event into a measureable signal based on optical techniques (Choi, 2004). 

Different types of uricase-based biosensor such as polyaniline biosensor, 

amperometirc biosensor and optical biosensor are available for the determination of 

uric acid (Arslan, 2008; Erden & Kılıç, 2013; Kan et al., 2004; Kuswandi et al., 2008; 

Schrenkhammer & Wolfbeis, 2008). However, the operation and application of 

certain biosensors require long sample preparation time causing certain amounts of 

uric acid may also be oxidized, require laboratory environment for working, lack of 

stability, sensitivity and low reproducibility. Thus, demands for the current trend of 

biosensor development keep on increasing due to the advancement in technology. 

The application of biosensors using optical detection has developed greatly as 

it performs remote, rapid and in-line determination of various analytes in a range of 
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application fields (Choi, 2004). It has indeed captured the attention of many 

scientists due to its greater sensitivity, higher efficiency and simpler to use. 

In this study, uricase from Arthrobacter globiformis was integrated as a bio-

receptor with an optical transducer for determination of uric acid. This is a 

preliminary study for future creation of a more sophisticated, versatile and sensitive 

enzyme-based optic fibre biosensor. 

The objectives of this study include: 

1. To access the effectiveness of uricase as the bio-receptor for uric acid. 

2. To explore methods for optical sensing of uric acid using uricase as bio-

receptor.   
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