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Mini protein is used as an alternative bioreceptor to native enzyme, which is costly and 

less stable. Mini protein that mimics enzyme may be utilized as the bioreceptor for the 

determination of metabolite in biological fluids. In this study, a novel uric acid 

biosensor of mini protein immobilized onto screen printed carbon electrodes (SPEs) 

was developed for uric acid detection to replace conventional method. Uricase is a 

large tetrameric protein carrying two active sites in each pair of dimer. This generates 

an interest for a mini protein to function as bioreceptor that may replace the large 

native enzymes. Five mini proteins comprising 20, 40, 60, 80 and 100 amino acids 

were designed based on the conserved active site residues within the same dimer, using 

the 2yzb template. Utilizing Yet Another Scientific Artificial Reality Application 

(YASARA) software, four target structures were predicted for each mini protein model, 

by multistep process of homology modeling. Then the stereochemical quality of the 

structure model was verified by PROCHECK and ERRAT programs. The best 

evaluated structures (model 3 of mp20, model 2 of mp40, model 3 of mp60, model 3 of 

mp80 and model 2 of mp100) were simulated with molecular dynamics (MD) 

simulations using YASARA, to study protein stability and folding. Five mini proteins 

with the highest binding energy (enzyme-substrate complex) from docking were 

chosen in MD simulation analysis (mini protein and the substrate). The results also 

proved that the present of substrate in the protein structure helped to improve protein 

folding. Five recombinants of mini proteins (mp20, mp40, mp60, mp80 and mp100) 

were constructed in pET32a vector and all of them were successfully expressed into E. 

coli Bl21 (DE3). The smallest mini protein with 20 amino acids (mp20) was chosen for 

His-tag affinity purification. The purified mp20 showed no activity in uricase assay. 

Subsequently, the approach was to look for binding affinity of mini protein and 

substrate (uric acid) via Isothermal titration calorimetry (ITC) and circular dichroism 

(CD) spectra. The ITC and CD results had proven that there was binding interaction 

between uric acid and the mini protein structure. A disposable uric acid biosensor on 

modified gold nanowires screen printed carbon electrode (SPEs) was fabricated. The 

working surface of the SPEs electrode was modified by gold nanowires deposited on 

the surface, followed by self-assembly of L-cysteine and glutaraldehyde. The mini 

protein immobilized SPEs was studied and compared to uricase immobilized SPEs as 
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positive control. The electrocatalytic oxidation of uric acid was examined using cyclic 

voltammetry (CV) of a range between -1.0 and 1.0 V, at working potential 0.4 V (50 

mVs-1 scan rate). The sensor demonstrated that by using mini protein as the 

bioreceptor, the nanowire biosensor exhibited similar stability, sensitivity, selectivity, 

good reproducibility and repeatability for uric acid determination, with a linear range 

from 0.01 mM to 1.0 mM and a detection limit of 0.1 mM as compared to control 

(uricase as the bioreceptor). Interestingly, the mini protein immobilized SPEs had 

strong affinity for uric acid compared to uricase immobilized SPEs with small value of 

the apparent Michaelis-Menten Constant (KM
app). Besides, The mini protein 

immobilized SPEs had similar performance as compared to commercial uric acid 

biosensor in the market. In conclusion, the developed mini protein immobilized SPEs 

can be considered as a useful tool to replace conventional method in uric acid 

detection.  
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Protein mini merupakan satu alternatif bioreseptor menggantikan enzim natif yang 

merupakan mahal dan kurang stabil. Protein mini yang meniru enzim telah digunakan 

sebagai bioreseptor bagi penentuan metabolit di dalam cecair biologi.  Di dalam kajian 

ini, biosensor asid urik yang novel dengan menggunakan protein mini di atas skrin 

bercetak elektrod karbon (SPEs) telah dibangunkan untuk mengesan asid urik di mana 

ia menggantikan kaedah konvensional. Urikase adalah protein tetramerik besar yang 

membawa dua poket dalam setiap pasangan dimer. Hal ini telah menyebabkan 

permintaan yang tinggi untuk menggantikan protein mini yang berfungsi sebagai 

bioreseptor untuk pengesanan metabolit yang boleh menggantikan konvensional enzim 

asli yang besar dan tidak stabil. Lima protein mini yang terdiri daripada 20, 40, 60, 80 

dan 100 asid amino telah direka berdasarkan tapak sisa aktif dipelihara dalam dimer 

yang sama dengan menggunakan templat 2yzb. Empat struktur sasaran telah 

diramalkan untuk setiap model protein mini dari proses berperingkat homologi 

pemodelan daripada perisian YASARA dan mengesahkan kualiti stereokimia model 

protein struktur dengan menggunakan PROCHECK dan ERRAT. Struktur terbaik 

setiap protein mini iaitu; model 2 dari mp20, model 2 dari mp40, model 3 dari mp60, 

model 3 dari mp80 dan model 2 dari mp100 telah dipilih untuk disimulasikan dengan 

dinamik molekul (MD) simulasi menggunakan YASARA untuk mengkaji lipatan 

protein. Tahap kestabilan tenaga pengikat yang tinggi dalam model mini protein 

dengan substrat (enzim-substrat kompleks) telah dipilih dalam analisis simulasi MD. 

Keputusan telah menunjukkan kehadiran substrat dalam struktur protein telah 

membantu meningkatkan pelipatan protein. Untuk mengesahkan keputusan simulasi 

MD, lima rekombinan protein mini (mp20, mp40, mp60, mp80 dan mp100) telah 

dibina bersama vektor pET32a. Semua rekombinan protein mini telah berjaya 

diekspresskan ke dalam E.coli BL21 (DE3). Protein mini terkecil yang mengandungi 

20 asid amino (mp20) telah dipilih untuk proses penulenan melalui penulenan His-tag. 

Namun begitu, protein mini tulen tidak menunjukkan aktiviti di dalam assai urikase. 

Oleh itu, pendekatan dalam mengkaji pertalian pengikatan di antara mini protein dan 

asid urik melalui Isotermal kalorimeter pentitratan (ITC) dan dichroism bulat (CD) 

spektrum telah dijalankan. Keputusan ITC dan CD menunjukkan terdapat interaksi 

pengikatan di antara asid urik dan struktur protein mini. Biosensor asid urik 

menggunakan nanowayar emas di atas skrin karbon dicetak elektrod (SPE) telah bina. 
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SPE elektrod telah diubahsuai dengan mendepositkan nanowayar emas ke atas 

permukaan SPE diikuti oleh pendepositan secara sendiri oleh L-cysteine dan 

glutaraldehyde. Dalam kajian ini, protein mini atas SPE telah dkaji and dibandingkan 

dengan urikase atas SPE yang merupakan kawalan positif. Pengoksidaan 

electrokatalitik asid urik telah disiasat menggunakan voltammetri berkitar (CV) di 

antara -1.0 hingga 1.0 V yang pada bekerja pada 0.4 V (50 mVs-1 kadar imbasan). 

Sensor menunjukkan dengan menggunakan protein mini sebagai bioreseptor, 

menunjukkan persamaan dalam kestabilan, kepekaan, pemilihan dan kebolehulangan 

untuk menentukan asid urik dari 0.01 mM kepada 1.0 mM di mana had pengesanan 

adalah 0.1 mM setelah dibandingkan dengan kontrol. Menariknya protein mini atas 

SPE menunjukkan pertalian yang kuat ke atas asid urik berbanding urikase atas SPE 

dengan nilai Michaelis-Menten tetap (KM
app) yang kecil. Selain itu, penggunaan protein 

mini atas SPE turut mempunyai prestasi yang sama apabila dibandingkan dengan 

biosensor asid urik komersil. Kesimpulannya, pembangunan protein mini atas SPE 

dianggap alat yang berguna untuk menggantikan kaedah lama dalam pengesanan asid 

urik. 



© C
OPYRIG

HT U
PM

v 

ACKNOWLEDGEMENTS 

All praises do to Allah, Lord of the universe for His strength, wisdom and grace in 

times when human abilities fail. Only with His grace and mercy that this thesis can be 

completed. First and foremost, I would like to express my special appreciation and 

thanks to my advisor Professor Dato’ Dr. Abu Bakar Salleh, as you have been a 

tremendous mentor for me. I would like to thank you for both encouraging my research 

and allowing me to grow as a research scientist. Your advice on my research together 

with my career has been priceless.  

I would also like to thank my committee members, Dr. Normi Mohd Yahaya, and 

Professor Dr Mohd Adzir Mahadi for aiding me even during the hardest times. I also 

want to thank you for  your brilliant comments and suggestions. I would especially like 

to thank to Professor Dr. Azah Mohd Yusof (Faculty of Science, Universiti Putra 

Malaysia, (UPM)) for allowing me to work at her laboratory and also to my lab mates 

in EMTech research group centre and staffs of the Faculty of Biotechnology and 

Biomolecular Sciences, UPM for their endless contributions, knowledge and 

friendship. All of you have been there to support me as I recruited patients and 

collected data for my Ph.D. thesis. 

A special thanks is due for my family. Words cannot express how grateful I am to my 

mother (Wasilah Tulus), my father (Abd Rahim Mohd Yusof), my mother-in law and 

father-in-law, for all of the sacrifices that they have made on my behalf. Their prayers 

for me have sustained me this far. I would also like to thank all of my friends who 

supported me with my writing, and inspired me to always strive towards my goal. 

Lastly, I would like to express my appreciation for my beloved husband, Bani Afnan 

Azizi bin Baniyamin, who had spent sleepless nights with me, took care of my children 

(Damia Ainnur Jannah and Daniyal Afnan Zuhair) and is always the source of support 

during the moments there is no one to answer my queries. To those who indirectly 

contributed in this research, your kindness means a lot to me. 

Sincerest thanks. 

ARILLA SRI MASAYU ABD RAHIM 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

vii 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

 

 

Abu Bakar Salleh, PhD 

Professor 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia  

(Chairman) 

 

 

Mohd Adzir Mahdi, PhD  
Professor 

Faculty of Engineering  

Universiti Putra Malaysia  

(Member) 

 

 

Normi Mohd Yahaya, PhD 

Senior Lecturer 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia  

(Member) 

 

  

 

 

_________________________ 

ROBIAH BINTI YUNUS, PhD 
Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia  

 

Date:   



© C
OPYRIG

HT U
PM

viii 
 

Declaration by graduate student 

 

 

I hereby confirm that:  

 this thesis is my original work;  

 quotations, illustrations and citations have been duly referenced;  

 this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions;  

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012;  

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the 

form of written, printed or in electronic form) including books, journals, 

modules, proceedings, popular writings, seminar papers, manuscripts, posters, 

reports, lecture notes, learning modules or any other materials as stated in the 

Universiti Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and 

scholarly integrity is upheld as according to the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra 

Malaysia (Research) Rules 2012. The thesis has undergone plagiarism 

detection software.   

 

 

 

 

Signature: _______________________           Date: __________________   

 

 

 

Name and Matric No.: Arilla Sri Masayu binti Abd Rahim, GS34152 

 

 



© C
OPYRIG

HT U
PM

ix 
 

Declaration by Members of Supervisory Committee 
 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our 

supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

 

 

Signature:  ___________________________ 

Name of 

Chairman of 

Supervisory 

Committee:  Prof. Dato’ Dr. Abu Bakar Salleh 

 

 

 

 

Signature:  ___________________________ 

Name of  

Member of  

Supervisory  

Committee:  Prof. Dr. Mohd Adzir Mahdi 

 

 

 

 

Signature:  ___________________________ 

Name of 

Member of 

Supervisory 

Committee:  Dr. Normi Mohd Yahaya   

 

 



© C
OPYRIG

HT U
PM

x 
 

TABLE OF CONTENTS 

 

         Page 

ABSTRACT             i 

ABSTRAK           iii 

ACKNOWLEDGEMENTS          v 

APPROVAL           vi 

DECLARATION         viii 

LIST OF TABLES         xiii 

LIST OF FIGURES         xiv 

LIST OF ABBREVIATIONS       xvii 

 

 

CHAPTER 
1 INTRODUCTION          1 

 1.1 Background of study         1 

 1.2 Problem statements         2 

 1.3 Significance of study         3 

 1.4 Objectives          3 

 

2 LITERATURE REVIEW  

2.1 Uric acid biosensors 

  2.1.1 Uric acid detection        4 

  2.1.2 Biosensors         4 

2.2 Bioreceptors (Mini protein mimicking uricase)       

 2.2.1 Uricase 

   2.2.1.1 Introduction of uricase       5 

   2.2.1.2 Structural study of uricase       7 

   2.2.1.3 Active site of uricase       9 

   2.2.1.4 Catalytic mechanism of uricase    11 

2.2.2 Protein structure and function 

   2.2.2.1 From sequence to structure    13 

   2.2.2.2 Protein stability and flexibility    14 

   2.2.2.3 Active-site geometry and chemistry    15 

   2.2.2.4 From structure to function     16 

  2.2.3 Mini protein design 

   2.2.3.1 Protein design      17 

2.2.3.2 Enzyme mimics      17 

2.2.3.3 New challenges and limitations    18 

  2.2.4 Computational modeling 

   2.2.4.1 Methods and application     19 

   2.2.4.2 Modelling protein structures    19 

   2.2.4.3 Molecular Dynamics simulations    20 

   2.2.4.4 Molecular docking     21 

 2.3 Transducers (Gold nanowires modified SPEs) 

  2.3.1 Enzyme modified electrodes     22 

   2.3.1.1 Immobilization techniques     22 

   2.3.1.2 Fabrication technique on gold nanostructures  24 

   2.3.1.3 Nanosensors in biosensor analysis    25 

   2.3.1.4 Nanowires      26 

   2.3.1.5 Screen-printed electrodes (SPEs)    27 



© C
OPYRIG

HT U
PM

xi 
 

  2.3.2 Enzyme-based electrochemical biosensors 

   2.3.2.1 Introduction      28 

   2.3.2.2 Cyclic voltammetry (CV)     29 

   2.3.2.3 Studies in amperometric UA biosensor    30 

 2.4 Application of electrochemical uric acid biosensors in future   31 

 

3 MATERIALS AND METHODS 
 A. Preparation of bioreceptors (mini proteins)  

 3.1 Computational studies 

  3.1.1 Software and hardware      34 

3.1.2 Structure analysis       34 

  3.1.3 Homology modeling      34 

  3.1.4 Model refinement       35 

  3.1.5 Structure validation      35 

  3.1.6 Docking study       35 

  3.1.7 Molecular dynamics simulations     35 

 3.2 Experimental studies 

  3.2.1 Materials and instrumentation     36 

  3.2.2 Gene synthesis       36 

  3.2.3 Cloning of mini protein genes by PCR    37 

  3.2.4 Transformation of genes into competent cells    38 

  3.2.5 Extraction of recombinant plasmid (pET32a)    38 

  3.2.6 DNA sequencing       38 

  3.2.7 Expression of the recombinant mini proteins    38 

  3.2.8 Uricase assay       39 

  3.2.9 Determination of protein content     39 

  3.2.10 SDS-PAGE       39 

  3.2.11 Western blot       40 

  3.2.12 Purification of mini protein     40 

  3.2.13 Circular dichroism (CD) analysis of mini protein    40 

  3.2.14 Isothermal titration calorimetry (ITC) analysis   41 

B. Preparation of transducer (modified gold nanowire on SPEs) 

 3.3 Biosensor studies 

  3.3.1 Materials and instrumentation     41 

  3.3.2 Fabrication of modified SPE electrodes    42 

  3.3.3 Mini protein/uricase immobilization on modified SPEs 42 

  3.3.4 Optimization of immobilized modified SPEs    42 

  3.3.5 Characterization of immobilized modified SPEs 

   3.3.5.1 Sensitivity and selectivity     43 

   3.3.5.2 Repeatability and reproducibility    43 

   3.3.5.3 Shelf life study and storage stability   43 

  3.3.6 Validation modified SPEs with synthetic serum   43 

 

4 RESULTS AND DISCUSSION 
 A. Preparation of bioreceptors (mini protein) 

 4.1 Computational studies  

4.1.1 Uricase structures in PDB      44 

  4.1.2 Structure analysis of uricase from A. globiformis   54 

  4.1.3 Design of mini proteins (mp100, 80, 60, 40 and 20)   57 

  4.1.4 Homology modeling and refinement    59 

  4.1.5 Structure validation      61 



© C
OPYRIG

HT U
PM

xii 

4.1.6 Molecular dynamics simulations (without substrate)  63 

4.1.7 Docking and active site characterizations  68 

4.1.8 Comparison of MD simulations  72 

4.2 Experimental studies 

4.2.1 Design of the mini proteins  79 

4.2.2 Molecular cloning  82 

4.2.3 Growth and expression of mini proteins  91 

4.2.4 Purification of mp20  94 

4.2.5 Characterization of purified mp20 (Binding study) 

4.2.5.1 ITC analysis  96 

4.2.5.2 CD spectra  103 

4.2.6 Characterization of purified mp20 (Thermostability) 

4.2.6.1 CD spectra  105 

B. Preparation of transducer 

4.3 Modified SPEs development 

4.3.1 Characterization of gold nanowires modified SPEs 

4.3.1.1 The fabrication of SPEs   107 

4.3.1.2 Electrochemical characterization of SPEs  109 

4.3.2 The enhancement of immobilization on SPEs  110 

4.3.3 The optimization modified SPEs for electrochemical 

4.3.3.1 Sensitivity  114 

4.3.3.2 Selectivity  117 

4.3.3.3 Repeatability and reproducibility study  119 

4.3.3.4 Shelf-life and storage stability  121 

4.3.4 Evaluation of modified SPEs with synthetic serum  124 

5 SUMMARY, GENERAL CONCLUSIONS  

AND RECOMMENDATIONS FOR FUTURE RESEARCH 

5.1 Research summary  126 

5.2 Conclusions  127 

5.3 Recommendations for future research  128 

 129 

 140 

 147 

REFERENCES  

APPENDICES  

BIODATA OF STUDENT 

LIST OF PUBLICATIONS  148 



© C
OPYRIG

HT U
PM

xiii 
 

LIST OF TABLES 

 

 

Table  Page 

1 Characteristics of various uric acid biosensors  32 

2 Crystal structures of urate oxidase/uricase from NCBI 

website 

 

45 

3 Ramachandran plot analysis of mini protein models by 

PROCHECK 

62 

4 Docking results and contacting residues involved in active 

site  

69 

5 ITC results of titration uric acid, ascorbic acid and xanthine 

into mp20  

98 

6 Secondary structure results of CD spectra for uricase and 

mini protein  

104 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xiv 
 

LIST OF FIGURES 

Figure 

 

1 

 

 

Reaction of uricase. 

Page 

 

6 

   

2 Homo-tetramer of uricase with its interface between A-B, A-C and 

A-D. 

 

8 

 

3 Description of active site at interface of two subunit of uricase.  

 

10 

4 Mechanism of uricase from active site topology based on structural 

results. 

 

12 

5 Design of a disposable and portable screen printed electrode. 

 

27 

6 Cyclic voltammogram excitation signal. 

 

30 

7 Sequence alignment methods of Arthrobacter globiformis uricase 

chain A using CLUSTALW.  

 

47 

8 Sequence alignment methods of selected Aspergillus flavus uricase 

chain A using CLUSTALW.  

 

48 

9 Sequence alignment of Aspergillus flavus uricase and Arthrobacter 

globiformis uricase  using CLUSTALW.  

 

49 

10 Crystal structures of uricase. 

 

52 

11 Secondary structure of uricases. 

 

53 

12 Overview of crystal structure 2yzb at different orientations; front 

view, side view and back view.  

 

54 

13 Overview of crystal structure of Arthrobacter globiformis, PDB ID 

2YZB.  

 

55 

14 Description of the active site built at the interface of two subunits 

of uricase.  

 

56 

15 Mini protein designs that mimic uricase by homology modeling 

from YASARA program. 

  

58 

16 Sequencing alignment analysis of five mini proteins and target 

sequence (2yzb).  

 

60 

17 Quantitative analysis of conformational changes of five mini 

proteins during MD simulations.  

64 



© C
OPYRIG

HT U
PM

xv 
 

 

18 Flexibility of mini proteins in terms of root mean square fluctuation 

(RMSF).  

 

66 

19 Superimposition of the initial (before MD simulation) and final 

(after 20 ns MD simulation).  

 

67 

20 Docking study and active site characterization of five mini proteins.  

 

71 

21 Root Mean Square Deviation (RMSD) as a function of time with 

and without substrate.  

 

73 

22 Solvent Accessible Surface Area (SASA) as a function of time with 

and without substrate. 

  

75 

23 Radius of gyration as a function of time with and without substrate. 

  

76 

24 Root Mean Square Fluctuation (RMSF) as a function of time with 

and without substrate.  

 

78 

25 The map of pET32 series designed for cloning and high level 

expression of peptide sequences. 

  

80 

26 The nucleotide and amino acid sequences of five mini protein 

constructs.  

 

81 

27 Restriction enzyme digestion analysis of five mini protein 

constructs using MscI and BlpI. 

 

83 

28 Transformation plate shows recombinant construct (pET32a/mp20) 

in competent cell.  

 

84 

29 Detection of plasmid extractions on agarose gel. 

 

84 

30 Detection of PCR products on agarose gel.  

 

85 

31 Sequences alignment of five mini protein constructs through 

CLUSTALW multiple sequence alignment.  

 

86 

32 SDS-PAGE gel (A and C) and western blot (B and D) results.  

 

92 

33 SDS-PAGE gel of expressed mini proteins cultivated at different 

temperatures (20, 28 and 30 °C). 

  

93 

34 Purification profile results from AKTA PRIME in affinity 

chromatography of mp20.  

 

95 

35 Incremental titration of uric acid, ascorbic acid and xanthine into 

mp20. 

  

97 

36 Overview of compounds with similar structure to uric acid.  97 



© C
OPYRIG

HT U
PM

xvi 
 

 

37 Heat rate data from a single injection of 50 µl of titrants into 300 µl 

of samples in 10 mM phosphate buffer pH 7.0. 

  

100 

38 Effect of different substrate concentrations towards heat produced.  

 

102 

39 CD spectra (Far UV) of commercial uricase (control) and mp20 by 

addition of 1 mM uric acid. 

  

103 

40 Far uv CD spectra of unfolding mp20 at various temperatures. 

  

106 

41 Schematic illustration of chemical modification of gold nanowires 

modified SPEs with the use of GA as a crosslinker. 

 

108 

42 Cyclic voltammograms of fabrication gold nanowires modified 

SPEs. 

 

109 

43 Schematic illustration of immobilization of mini protein/uricase on 

modified SPEs.  

 

110 

44 Cyclic voltammograms of modified SPEs with and without 

bioreceptors. 

 

110 

45 Cyclic voltammograms of gold nanowires modified SPEs and 

bioreceptors at different concentrations of uric acid. 

 

111 

46 Cyclic voltammograms of modified SPEs at different scan rates of 

uricase and mp20.  

 

113 

47 Cyclic voltammograms of bioreceptors immobilized SPEs at 

different concentrations of uric acid.  

 

114 

48 Calibration curves of  bioreceptors immobilized  SPEs at different 

concentrations of uric acid..  

 

115 

49 Lineweaver-Burk plots of the bioreceptors immobilized SPEs. 

 

116 

50 Effect of the ascorbic acid in the interference towards uric acid.  

 

118 

51 The reproducibility and repeatability of bioreceptors immobilized 

SPE. 

 

120 

52 The result on the shelf life study of bioreceptors immobilized SPEs 

over a period of 120 days. 

 

121 

53 Storage stability of  bioreceptors immobilized SPEs at two different 

temperatures of 90 days. 

 

123 

54 Comparison of the uric acid contents in synthetic serum determined 

with modified SPEs and commercial UA biosensor. 

125 



© C
OPYRIG

HT U
PM

xvii 
 

LIST OF ABBREVIATIONS 

 

 

aa 

AA 

Å 

Å2 

bp 

cm 

CV 

Amino acid 

Ascorbic acid 

Armstrong 

Armstrong square 

Base pair 

Centimeter 

Cyclic voltammetry 

Da Dalton 

DNA 

eV 

g 

h 

H2O2 

IPTG 

K 

kDa 

KM 

KM
app 

L 

LOD 

MD 

M 

mg 

ml 

min 

mp 

mV 

mVs-1 

NWs 

nm 

nmol 

Deoxynucleic acid  

Electronvolt 

Gram 

Hour 

Hydrogen peroxide 

Isopropyl-β-D-tiogalactopyranoside 

Kelvin 

Kilo Dalton 

Michaelis-Menten constant 

Apparent Michaelis constant 

Liter 

Limit of detection 

Molecular dynamics 

Molar 

Milligram 

Milliliter 

Min 

Mini protein 

Milivolt 

Milivolt per second 

Nanowires 

Nanometer 

Nanomole 

PCR 

pH 

Polymerase chain reaction  

Exponential of the concentration of hydrogen ion 

pmol Picomole 

Rpm 

RMSD 

RMSF 

RSD% 

s 

SASA 

SDS-PAGE 

Sp. 

SPEs 

Rotation per minute 

Root Mean Square Deviation 

Root Mean Square Fluctuation 

Relative standard deviation percentage 

Seconds 

Solvent Accessible Surface Area 

Sodium dodecyl sulphate  

Species 

Screen printed carbon electrode 

U Unit of enzyme activity 

U/ml Unit per milliliter 

U/mg Unit per milligram 

UV 

UA 

Ultra violet 

Uric acid 



© C
OPYRIG

HT U
PM

xviii 
 

v/v 

V 

V/s 

Vmax 

w/v 

Volume per volume 

Voltage 

Voltage per seconds 

Maximum velocity 

Weight per volume 

μg 

µl 

Microgram 

Microliter 

μmol 

µA 

3D 

% 

Micromole 

MicroAmpere 

Three dimensional 

Percentage 

º Degree 

 

 



© C
OPYRIG

HT U
PM

1 

 

CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background of study 

 

 

Nowadays, modern people’s lives are intense and busy. The combinations of irregular 

schedules, unconventional diet, and insufficient rest and exercise lead to gout. It occurs 

when excess uric acid accumulate in the body and gets deposited in the joints. As the 

primary end product of purine metabolism, uric acid is present in biological fluids such 

as blood and urine. Increased amount of uric acid (>7 mg/dl) in these fluids also lead to 

pathological conditions, such as chronic renal disease, urolithiasis, and nephrolithiasis. 

Alternative methods such as calorimetry and HPLC are laborious, expensive, time 

consuming and impractical for long term continuous monitoring analysis (Rawal et al., 

2012). Thus, the approach of electrochemical uric acid biosensor poses as a simple, 

rapid and cost effective technique. Enzyme-based electrochemical biosensors have 

been used widely, such as in health care, food safety, and environmental monitoring, 

based on the principles of redox reaction. During the immobilization of the 

bioreceptors, the active site of the enzyme must be preserved and satisfactory 

electrochemical communicability between the redox site and the electrode (Putzbach 

and Ronkainen, 2013). In the electrochemical biosensor, screen printed carbon 

electrode (SPEs) is widely used as the electrode due to its potentialities in aspects of 

portability, simple instrumental design, and moderate cost. It also allows various 

chemical modifications on the working surface electrode (Bergamini et al., 2007).  

 

 

With the growing of nanotechnology fields, it has been proven that the utilization of 

nanomaterials in uric acid biosensor can enhance the electrochemical responses. 

Nanomaterials such as nanoparticles, nanowires and nanotubes play an important role 

in the development of biosensors. In this study, gold nanowires have been consistently 

used as an electrochemical transducer, to increase the surface area of the electrode in 

order to improve sensitivity and lower Limit of Detection (LODs). Nanowire is defined 

as semiconducting particles having a high ratio, with diameters of <1 μm and lengths as 

tens of microns (García et al., 2014). Currently, most uric acid biosensor in the market 

work based on the interaction between uricase and uric acid, to produce redox reaction. 

However, a recurring disadvantage of the system is due to the susceptibility of uricase 

to interferences in the blood, and its lesser stability. This generates an increase of 

demand for mini proteins to function as bioreceptors for metabolite detection. This is 

apparent especially when it is compared to native enzyme (uricase), to overcome the 

selectivity and instability issues. Uricase is a tetrameric structure, a large protein with 

its active site located on the interface within the same dimer with five catalytic residues 

for binding interactions (Colloc’h et al., 2008). 

 

 

Knowledge of the three-dimensional (3D) structure of uricase is essential to understand 

the relationship between its structure and function. These 3D structures can be 

ascertained at high resolution by either computational analysis or experimental 

methods (X-ray crystallography and Nuclear Magnetic Resonance Spectroscopy 

(NMR)). Screening uricase from different sources is important to study the structure-
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function relationship of a catabolic enzyme. This will provide an insight into the 

molecular basis of the biological process. 3D structure of uricase has been generated 

from different sources such as Aspergillus flavus (PDB ID 1WS2), Arthrobacter 

globiformis (PDB ID 2YZC) and Agrobacterium tumefaciens (PDB ID 2O8I) (Beedkar 

et al., 2012). The computational protein design is currently viewed as a promising tool 

to address the complexities in generating made-to-order biocatalysts and to solve 

problems in protein engineering. Additionally, it can also facilitate and enhance the 

functions of natural proteins, in order to develop novel protein-based systems (Lippow 

and Tidor, 2007; Kang and Saven, 2007). Various computer programmes such as 

YASARA software are widely used in the protein design. Besides, by designing novel 

mini protein binding sites present additional challenges to the protein conformational 

and folding theory. 

 

 

1.2 Problem statements 

 

 

Abnormal uric acid level in biological fluids (blood and urine) is diagnostic for several 

diseases. Therefore, the demand for routine monitoring uric acid sensor that is simple 

to use, produces rapid measurements, and is low in cost is increasing. Incorporating 

enzymes like uricase in electrochemical uric acid biosensors is costly, less stable and 

generally faces varying degrees of interference such as ascorbic acid, which can be 

oxidized at a potential close to the uric acid. To overcome this issue, use of mini 

protein that mimics uricase as an alternative bioreceptor to replace the native enzyme 

(uricase) is highly suggested as a promising way to solve this problem. The tetrameric 

structure of uricase is derived from the orientations of five catalytic residues in the 

active site. By using the computer program, mini protein was designed to mimic the 

uricase active site. This is apparent especially when it is compared to native enzyme, to 

overcome the selectivity issue. 
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1.3 Significance of study 

 

 

The fabrication of gold nanowires on screen printed electrode (SPEs) is the first being 

employed in the uric acid electrochemical biosensor with mini protein with 20 amino 

acids as bioreceptor. The mini protein that mimics uricase was designed with the 

characteristics of reproducing the enzyme’s functionality as the alternative to uricase, 

which were costly and less stable. Moreover, designing mini proteins could improve 

the insight regarding the relationship between protein structure and function. In 

addition, no extensive study has been done to design a novel mini protein from a native 

structure possessing an active site in the interface of its two monomers. This will prove 

to be challenging and yet fruitful. This innovative uric acid nanowire biosensor with 

immobilized mini protein will improve the sensor’s performance, especially in the 

aspects of its stability against interferences such as ascorbic acid as the interference 

compound in blood serum. 

 

 

1.4         Objectives 

 

 

The goal of this study is to develop novel and simple uric acid electrochemical 

biosensor based on gold nanowires modified SPEs using mini protein as bioreceptor. 

The following specific objectives were designed to achieve this goal; 

I.  To design a mini protein that mimics uricase 

II.  To integrate the designed mini protein with nanowire transducer 

III.  To optimize and characterize biosensor 
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