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ABSTRACT 21 

Measurement of the uric acid level in the body can be improved by biosensing with respect to the 22 

accuracy, sensitivity and time consumption. This study has reported the immobilization of 23 

uricase onto graphene oxide (GO) and its function for electrochemical detection of uric acid. 24 

Through chemical modification of GO using 1-ethyl-3-(dimethylaminopropyl) carbodiimide 25 

(EDC) and N-hydroxysulfosuccinimide (NHS) as cross-linking reagents, the enzyme activity of 26 

the immobilized uricase was much comparable to the free enzyme with 88% of the activity 27 

retained. The modified GO-uricase (GOU) was then subjected to electrocatalytic detection of 28 

uric acid (UA) via cyclic voltammetry (CV). For that reason, a glassy carbon electrode (GCE) 29 

was modified by adhering the GO along with the immobilized uricase to facilitate the redox 30 

reaction between the enzyme and the substrate. The modified GOU/GCE outperformed a bare 31 

electrode through the electrocatalytic activity with an amplified electrical signal for the detection 32 

of UA. The electrocatalytic response showed a linear dependence on the UA concentration 33 

ranging from 0.02-0.49 mM with a detection limit of 3.447 µM at 3σ/m. The resulting biosensor 34 

also exhibited a high selectivity towards UA in the presence of other interference as well as good 35 

reproducibility.  36 

Keywords: uricase; immobilization; GO; electrocatalytic detection; uric acid; redox reaction 37 

 38 

Introduction 39 

 40 

 Determining the uric acid (UA) concentration in human body fluids (e.g., serum and 41 

urine) is required for the diagnosis of several diseases and determination of UA is a clinically 42 
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valuable diagnostic indicator [1]. UA is the primary end product of purine metabolism in the 43 

human body. Physiological level of UA in serum is between 0.13 mM and 0.46 mM (2.18-77 mg 44 

dl-1) [2][3]. High level of UA in the body will lead to several diseases including gout, 45 

hyperucemia and Lesh-Nyhan syndrome [4–6]. A few studies have reported that the production 46 

of excess UA in serum is also a risk factor for cardiovascular and neurological diseases [7][8]. 47 

UA can be determined through the oxidation of its purine ring into allantoin, carbon dioxide and 48 

hydrogen peroxide with the presence of enzyme called uricase [9]. This enzyme is found in most 49 

organisms, however it is absent in human due to gene evolution and it plays different metabolic 50 

roles depending on its host organism [10]. Uricase assay is one of the most useful enzymatic 51 

determination of UA by coupling it with 4-aminoantipyrine-peroxidase system [11].  52 

Most UA detection are electrochemical [12–14], UV and colorimetric [15–17], and 53 

chemiluminescence [18–20]. These methods, however, have exhibited certain drawbacks in 54 

terms of interferences, requirement of expensive instrumentation, selectivity and also sensitivity 55 

which may limit the intended applications. Current methodologies in electrochemical biosensing 56 

based on wide variety of nanostructures such as reduced graphene oxide (rGO), nanotubes and 57 

nonporous materials have attracted great interest due to their outstanding properties like non 58 

toxicity, excellent electrical conductivity, high sensitivity and low cost with ease of fabrication 59 

[21–24]. Graphene oxide (GO) introduced excellent multi-purpose functions and characteristics 60 

in many research fields. This material possesses incredibly large specific surface area, has an 61 

abundant oxygen functional groups such as carboxylic at the edges, hydroxyl and epoxide groups 62 

at the basal plane and is highly dispersible in water which provide numerous promising 63 

applications [25–29]. It is a flexible two-dimensional single layer carbon atom with the 64 

application is not just confined to electronic devices instead GO has been introduced to many 65 

reported works as seen in literature including as a biosensing medium. In biological systems, GO 66 

has received much attention due to its inertia, low toxicity under physiological conditions and 67 

good biocompatibility [30,31]. However, further research is needed to study the immobilization 68 

of enzymes on GO solely and its functions electrochemically. 69 

Today, numerous methods of immobilization of uricase onto various supports have been reported 70 

such as adsorption onto cellulose acetate membrane [32], polyaniline film [18], physisorption 71 

onto polypyrrole and polyaniline [33], crosslinking onto chitosan membrane [1] and ZnO 72 

nanorods [34]. However, these methods required complex stages of preparation and provide less 73 

stability that may limit the fabrication and application of uric acid biosensors. Combination of 74 

immobilized enzyme with electrochemical biosensing provides unique advantages as they can 75 

maintain the enzymatic activity in a microenvironment and enhance the direct electron transfer 76 

between the active sites and the electrode [35].  77 

In this study, we have reported the synthesis of GO through simplified Hummer’s method and a 78 

simple immobilization approaches of uricase onto GO (GOU) as a voltammetric uric acid 79 

biosensor. Basic principle of uricase assay was conducted to test the immobilized enzyme 80 

activity. The electrocatalytic analysis of the GOU sensor on the detection of UA was investigated 81 
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through cyclic voltammetry. This study highlights promising features in the development of a 82 

low cost, simple design, highly sensitive and specific, fast response, less interference uric acid 83 

biosensor. 84 

Materials and methods 85 

Materials 86 

Graphite powder was acquired from Ashbury Graphite Mills Inc. (New Jersey, USA). 87 

Sulphuric acid (H2SO4, 95-98%), phosphoric acid (H3PO4, 85%), potassium permanganate 88 

(KMnO4, 99.9%), hydrochloric acid (HCl, 37%) and hydrogen peroxide (H2O2, 30%) were 89 

purchased from Systerm (Malaysia). Uricase (EC 232-655-5, 19.7 units/mg, from Arthrobacter 90 

globiformis and uric acid (99% purity) were purchased from Sigma (USA). Other reagents used 91 

in this work were of at least analytical grade and used as received without further purification. 92 

Phosphate buffer solution (PBS) was prepared by mixing the stock standard solutions of 93 

Na2HPO4 (99% purity) and NaH2PO4 (99% purity). All solutions were prepared using deionized 94 

water obtained from Millipore milli-Q system. 95 

Synthesis of GO 96 

 Graphene oxide synthesis was based on simplified Hummer’s method [36]. Strong 97 

oxidizing agents were used to oxidize the graphite flakes. In this study, H2SO4:H3PO4 (320:80 98 

ml) was added into graphite flakes along with 18 g of KMnO4 and stirred with magnetic bar. The 99 

mixture was continuously stirred for three days to allow complete oxidation of graphite. During 100 

oxidation the colour of the mixture changed from purplish green to dark brown. Then H2O2 101 

solution was added into the mixture to stop the oxidation process. The colour changed again to 102 

bright yellow, indicating high oxidation degree of graphite. The mixture formed known as 103 

graphite oxide was then washed three times with 1 M of HCl aqueous solution and followed by 104 

deionized water repeatedly until pH 4-5 was obtained. The washing steps were carried out using 105 

simple decantation of supernatant using a centrifugation technique. During the washing process, 106 

the graphite oxide underwent exfoliation resulting in thickening the GO solution and lastly 107 

forming a GO gel. To proceed for the enzyme immobilization part, the GO gel was freeze-dried 108 

to obtain the GO solid [37].   109 

Immobilization of uricase onto GO using EDC-NHS esters as crosslinking reagents 110 

 Scheme 1 is the schematic diagram for the preparation of the graphene oxide-uricase 111 

(GOU) complex. Firstly, chemical modification of GO was carried out by introducing the 112 

compound to two cross-linking reagents, N-hydroxysulfosuccinimide (NHS) and 1-Ethyl-3-(3-113 

dimethylaminopropyl) carbodiimide (EDC). 1 mg/ml of GO was incubated with 1 ml of 50 mM 114 

of NHS and 1 ml of 20 mM EDC for 1 h. Next, the modified GO was centrifuged for 10,000 rpm 115 

for 10 min and washed using PBS to remove any crosslinkers residue. 1 ml of uricase (1.315 116 

µg/ml) was then added into the modified GO and incubated at 4oC for 15 h with mild shaking on 117 
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a rotator. The mixture was then centrifuged again at 10,000 rpm for 10 min and the precipitate 118 

which was the immobilized uricase on GO (GOU) was collected for construction of the 119 

biosensor platform. 120 

 121 

Scheme 1. Schematic diagram of uricase immobilization onto graphene oxide using EDC-NHS 122 

as cross-linkers. 123 

Enzyme activity determination of immobilized uricase 124 

 The enzyme activity of the immobilized uricase was determined through uricase assay 125 

[38]. The principle of enzyme activity measurement was that uricase could catalyze the oxidation 126 

of uric acid into allantoin and H2O2 which was then measured by using a chromogen reaction 127 

system containing 4-aminoantipyrine, phenol, and peroxidase. In this study, 0.1 ml of GOU was 128 

incubated with a mixture of 0.6 ml PBS (pH 6.5, 10 mM) containing 4 mM uric acid, 0.15 ml of 129 

30 mM 4-aminoantipyrine, 0.15 ml 0f 1.5% phenol and 0.05 ml of 15 U/ml peroxidase at 37oC 130 

for 20 min. The reaction was then stopped by addition of 1.0 ml of absolute ethanol and finally 131 

the absorbance at 540 nm was read through a spectrophotometer. One unit of enzyme was 132 

defined as the rate of product produced for 1 mM of H2O2 under standard assay conditions. 133 

Fabrication and electrochemical analysis of GO-uricase modified GC electrode 134 

 The GOU (5 uL) was drop-casted onto the surface of GCE and allowed to evaporate for 135 

15 min under the air stream at room temperature. Once the GOU was completely dried, the 136 

electrode was then labelled as GOU/GCE and served as working electrode (WE) for the 137 

electrochemical analysis. Cyclic voltammetry (CV) were performed using Autolab 138 

(PGSTAT101) electrochemical workstation with a three electrode system. A silver/silver 139 

chloride (Ag/AgCl) electrode was used as reference electrode while a platinum electrode was 140 

used as an auxiliary electrode. All experiments were done in a three-electrode electrochemical 141 

cell and carried out using 0.1 mol/L PBS (pH = 6.5). Several experiment parameters were 142 

optimized to obtain a suitable working potential range from -1.0 to 1.0 V and optimal CV 143 

response. A reproducible CV was obtained under steady-state conditions after about 5 cycles. All 144 

CV measurements unless otherwise stated were recorded at a constant scan rate of 50 mV per 145 
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second and potential window ranging from -1.0 to 1.0. Electrolyte used for these electrochemical 146 

measurements was uric acid. 100 µl of 4 mM UA solution was spiked into 20 ml of 10 mM PBS 147 

a few times until a final concentration of UA up to 0.154 mM. The CV was recorded for each 148 

UA solution spiked in. For the selectivity study, ascorbic acid (4 mM) was used in similar 149 

method with UA measurement. 150 

Results and discussion 151 

Immobilization of uricase on GO using crosslinking reagents 152 

 Uricase was immobilized on GO sheets through diimide-activated amidation reaction of 153 

the amine groups on uricase with the carboxyl groups of GO under ambient condition using 154 

EDC-NHS as crosslinking reagents. Through a standard protein assay using Bradford’s reagent 155 

kit, 100% uricase was successfully immobilized onto GO. EDC alone reacts with carboxylic acid 156 

groups on the GO to form GO-O-acylurea intermediate that is easily relocated by nucleophilic 157 

attack from primary amino groups in the reaction mixture of the uricase. The primary amine of 158 

uricase forms an amide bond with the original carboxyl group and EDC by-product is released as 159 

a soluble urea derivative. The O-acylurea intermediate is unstable in aqueous solutions. Thus, 160 

failure to react with an amine results in hydrolysis of the intermediate, regeneration of the 161 

carboxyls and the release of an N-unsubstituted urea. Therefore, NHS is regularly included in 162 

EDC coupling protocols to improve efficiency and create dry stable intermediates. EDC couples 163 

NHS to carboxyl groups of GO forming a NHS ester that is considerably more stable than the O-164 

acylurea intermediate while allowing for efficient conjugation to primary amines of uricase at 165 

physiological pH [39–41]. 166 

Enzymatic activity of immobilized uricase on GO 167 

 Without using any cross-linkers, no protein was found to be immobilized on the GO and 168 

no activity of the uricase can be detected. However, through chemical modification of GO using 169 

EDC-NHS, the immobilized uricase was able to perform a much comparable activity with the 170 

free enzyme, where 88% of the activity was retained. This proved that the uricase was covalently 171 

bonded on the GO and still able to retain its enzymatic activity.  172 

A comparison of the colour intensity of the reaction of the chromogen and the enzyme in the 173 

presence of its substrate, uric acid was shown in Figure 1. The figure showed various colour 174 

intensities after the addition of ethanol as to stop the reaction which can be seen in the following 175 

mediums; blank, free uricase, GO without immobilized uricase and GOU. Basically, the reaction 176 

of uricase and uric acid will give out H2O2. With the presence of 4-aminoantipyrine, phenol and 177 

peroxidase, concentration of H2O2 can be determined through colour changes of the chromogen 178 

and followed by measurements done spectrophotometrically. Higher colour intensity indicated 179 

higher enzymatic activity of uricase. Through immobilization, the uricase showed a similar 180 

colour intensity when compared to the free uricase. This once again proved that the immobilized 181 

uricase was able to retain its enzymatic activity  182 
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 183 

 184 

Fig.1. Reaction mixture of chromogen and uricase in the presence of uric acid after adding 185 

ethanol; (a) blank, (b) free enzyme, (c) control-GO without immobilization of uricase (d) GO 186 

with immobilized uricase using sulfo-NHS and EDC as crosslinking reagents. 187 

Electrocatalytic activity of GOU/GCE 188 

The electrocatalytic activity of GOU/GCE was carried out using UA as the electrolyte. 189 

Cyclic voltammetry (CV) for the detection of UA is shown in Figure 2A. A clear and significant 190 

potential peak of the sensor was observed on the voltammogram (0.47 V). The current and also 191 

the anodic peak increase with increasing concentration of UA spiked into PBS, pH 6.5 (0.02 mM 192 

to 0.154 mM). Highest current obtained on the anodic peak is on 18 µA. The electrochemical 193 

detection of uric acid through this biosensor is based on enzymatic reaction catalyzed by uricase 194 

according to the following; 195 

 196 

 When uric acid is oxidized in the presence of uricase, allantoin along with hydrogen 197 

peroxide and carbon dioxide will be produced. GO has a large specific surface area, this resulting 198 

in uricase immobilized on the GO has more spatial freedom in its orientation, which aid in 199 

assisting direct electron transfer between the active site of the enzyme and the electrode surface 200 

[34].  201 

Chronoamperometric response also was recorded to extend the detection range of UA in 202 

lower and higher concentrations. Figure 2B shows the calibration curve plotted using the 203 

chronoamperometric values in the presence of excess uric acid concentration in the reaction 204 
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medium. Concentration of uric acid spiked in the medium is in within the range of 0.020 mM to 205 

0.491 mM. The detection limit calculated from the analysis is 3.45 µM at 3σ/m.  206 

 207 

 208 

Fig.2A (left). Cyclic voltammograms of GOU on detection of UA in PBS, pH 6.5, scan rate 50 209 

mV s-1 (a � k). (a) bare gc, (b) GO, (c) GOU, (d) GOU in 0.020 mM of UA, (e) GOU in 0.037 210 

mM of UA, (f) GOU in 0.060 mM of UA, (g) GOU in 0.079 mM of UA, (h) GOU in 0.098 mM 211 

of UA, (i) GOU in 0.117 mM of UA, (j) GOU in 0.135 mM of UA and (k) GOU in 0.154 mM of 212 

UA. Inset is the oxidation peak of UA based on 2D cyclic voltammetry. Fig.2B (right). 213 

Calibration plot of uric acid with increasing concentrations in the range of 0.020 mM to 0.491 214 

mM. 215 

 216 

Selectivity, stability and reproducibility analyses  217 

Selectivity study for the UA biosensor was conducted against ascorbic acid (AA). 218 

Basically the selectivity of a uric acid sensor depends on two factors; the enzyme-analyte 219 

reaction and the selective mechanism. The enzyme analyte reaction is very specific with respect 220 

to the nature of the uricase functionality that it only reacts with UA. The possible interferences 221 

present in blood that normally disrupt the amperometric uric acid detection is AA [35]. A cyclic 222 

voltammogram (Figure 3) was recorded using a fixed concentration of UA (0.154 mM) but with 223 

varying concentration of AA spiked in the range of 0.020 mM to 0.098 mM of AA. A peak of 224 

0.47 V was obtained for UA whilst a 0.15 V peak was observed for AA.  225 

.  226 
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 227 

Fig.3. Cyclic voltammogram for interference study between UA and AA. Inset is the oxidation 228 

peak of UA and AA in cyclic voltammetry. 229 

 230 

Cyclic voltammogram of AA also was recorded to confirm the oxidation peak of the 231 

compound (Figure 4). Immobilized uricase was not used in the detection, to ensure that the 232 

enzyme itself does not react with the AA to give out oxidation peak. However, the oxidation of 233 

AA was recorded by the electrode. This may be due to the surface of GO being not fully 234 

saturated with uricase and that there was still available site of reaction on the electrode. A peak 235 

was produced at 0.15 V for the oxidation of AA alone.  236 
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 237 

Fig.4. Cyclic voltammogram of GO on detection of AA in PBS, pH 6.5, scan rate 50 mV s-1 (a) 238 

bare gc, (b) GO, (c) GO in 0.020 mM of AA, (d) GO in 0.037 mM of AA, (e) GO in 0.060 mM 239 

of AA, (f) GO in 0.079 mM of AA, (g) GO in 0.098 mM of AA, (h) GO in 0.117 mM of AA, (i) 240 

GO in 0.135 mM of AA and (j) GO in 0.154 mM of AA. Inset is the oxidation peak of AA at 241 

0.15 V in cyclic voltammetry. 242 

 243 

Lastly, to prove the specificity of the reaction is between immobilized GOU with UA 244 

only, a cyclic voltammogram was recorded using a fixed concentration of AA but increasing 245 

concentration of UA was spiked in (Figure 5). Based on the figure, when UA was spiked into the 246 

0.098 mM of AA solution, a significant peak was recorded on the voltammogram at 0.47 V. This 247 

shows that it was indeed the GOU that react and record the oxidation of UA in the medium.  248 

The GOU/GCE also underwent stability and reproducibility test. A few scan rates 249 

ranging from 10, 30, 50, 70, 100, 130 and 150 mV/s were used to determine the stability. The 250 

test was recorded through CV in the presence of 0.098 mM uric acid solution in 10 mM PBS (pH 251 

6.5).  From the voltammogram the GOU/GCE was able to retain its CV pattern with an oxidation 252 

peak of UA at 0.47 V. It showed that the GOU/GCE can operate under a few different scan rates 253 

either high or low but still able to retain its oxidation peak and pattern. 254 
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For reproducibility study, the GOU was kept at 4oC and the CV was recorded for 0.098 255 

mM UA for a total of 30 days. At day 10, a decrease of 15 % of the oxidation peak of UA was 256 

found when compared to an oxidation peak of UA using freshly prepared GOU. These 257 

observations proved that the GOU/GCE was stable and reproducible for the detection of UA. A 258 

comparison of various properties of GOU based sensor with those uricase immobilized onto 259 

different supports is summarized in Table 1. 260 

 261 

Fig.5. Cyclic voltammogram of AA in fixed concentration (0.098 mM) but spiked in with 262 

increasing concentration of UA. Inset is the the oxidation peak for both AA (0.15 V) and UA 263 

(0.43) in 2D cyclic voltammetry. 264 
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Table 1: A comparison of present uric acid biosensor with earlier reported sensors. 265 

Source of 
uricase 

Immobilization 
support 

Method of 
immobilization 

Working 
range 

Detection 
limit 

Mode of 
measurement References 

Arthrobacter 
globiformis 

Egg shell Covalent bonding 4.0-6.40 µM 2 µM 
Dissolved O2 

estimation 
Zhang et al., 2007 

Black-eyed 
cowpea leaf 

Araldite membrane 
Hydrogen 
bonding 

0.005-1 mM 25.22 µM 
Dissolved O2 

estimation 
Arora et al., 2009 

Bacillus 
fastidious 

PANI/MWCNT Covalent bonding 
0.005-0.06 

mM 
5 µM Amperometric Bhambi et al., 2010 

Uric acid kit AuNPs/MWCNT Covalent bonding 0.01-0.8 mM 0.01 mM Amperometric 
Chauhan and 
Pundir, 2011 

Did not use 
uricase 

Reduced GO - 0.8–2500 µM 0.20 µM Amperometric Ping et al., 2012 

Lactobacillus 
plantarum 

Natural zeolite 
Cells 

immobilization 
0.001-0.05 

mM 
- Amperometric 

Iswantini et al., 
2014 

Did not use 
uricase 

Partially electro-
reduced GO 

- 100 nM-10 µM 0.05 µM Amperometric 
Zhang and Yin, 

2014 

Arthrobacter 
globiformis 

GO Covalent bonding 0.02–0.49 mM 3.45 µM Amperometric This work 
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Conclusion 266 

In conclusion, the immobilization of uricase onto GO was successfully carried out and 267 

the immobilized enzyme was able to retain the activity to 88% as compared to the free enzyme. 268 

The constructed biosensor also has achieved a direct electron transport from the reaction of 269 

uricase and UA based on cyclic voltammetry study. The linear range of the obtained 270 

electrochemical sensor for UA detection was found to be 0.02–0.49 mM, with a detection limit 271 

of 3.45 µM at 3σ/m. Besides, the resulting biosensor also showed a good selectivity toward UA 272 

even in the presence of another interfering compound i.e. ascorbic acid. In terms of stability and 273 

reproducibility the biosensor exhibited a remarkable result. The attractive features of GO also 274 

play an important role in providing a favourable microenvironment for enzyme immobilization 275 

which may lead to the production of a simple, fast-response and accurate uric acid biosensor. 276 
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