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Effect of individual plasma components on the performance of a glucose enzyme 
electrode based on redox polymer mediation of a flavin adenine dinucleotide-dependent 
glucose dehydrogenase 

Richard Bennett, Estelle Blochouse, Dónal Leech* 

School of Chemistry & Ryan Institute, National University of Ireland Galway, University 
Road, Galway, Ireland 

Abstract 

The performance of glucose enzyme electrodes, consisting of crosslinked flavin adenine 

dinucleotide glucose dehydrogenase (FADGDH), an osmium redox polymer and multi-

walled carbon nanotubes on graphite electrodes, was tested in phosphate buffered saline, 

artificial plasma and the individual components of artificial plasma to assess the effect of 

each component on current response and operational stability of the response to better 

understand the decrease in electrode performance observed in blood. Electrodes tested in 

artificial plasma show a significant decrease in current response in 5 mM glucose, and 

operational stability of the response in 100 mM glucose, compared to electrodes tested in 

buffer. The lowest current response for the enzyme electrodes was observed in the presence 

of physiological level of uric acid although the largest alteration to enzyme affinity, as 

estimated from the apparent Michaelis-Menten constant, occurred upon addition of 

physiological level of sodium bicarbonate. The operational stability observed in the presence 

of uric acid was the lowest of all components tested, with only 46 % of initial current 

response after 12 hours, and was comparable to the 27% of current remaining after 12 hours 

for electrodes operating in artificial plasma. The effect of uric acid on glucose oxidation by 

enzyme electrodes prepared using both glucose oxidase (GOx) and a recombinant cellobiose 

dehydrogenase (CDH) was assessed. The maximum current decreased for both FADGDH 

and GOx enzyme electrodes in the presence of uric acid, with no significant change to the 

enzyme affinity, suggesting non-competitive inhibition. The CDH based electrodes provided 

highest stability of current signal in buffer, with 86 % of the initial signal present after 12 

hours, but display significant change enzyme affinity, maximum current and operational 

stability, dropping to only 33%, in the presence of uric acid. In contrast the operational 

stability of the GOx-based enzyme electrodes was unaffected by the presence of 

physiological level of uric acid. As uric acid and sodium bicarbonate are present in blood, 

these results highlight the importance of enzyme selection for in vivo biosensing and biofuel 

cell applications. Further work is required to understand the mechanism of uric acid 

inhibition on each of the enzymes.  
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1 Introduction 

A fuel cell couples the electrocatalytic oxidation of a fuel at an electrode with the reduction 

of an oxidant at a separate electrode to generate power. These reactions occur readily at 

electrodes using traditional metal based catalysts. However, numerous disadvantages are 

associated with implementation of non-specific transition metals as catalysts: the electrode 

can be easily poisoned, lacks specificity, operates most efficiently under harsh conditions 

(temperature and pH) and requires a membrane to separate the electrode compartments.[1–4] 

The use of enzymes as catalysts immobilised at electrode surfaces offers solutions to these 

drawbacks. Enzyme electrodes are specific, operate under physiological conditions and do 

not require a membrane to operate, allowing for miniaturisation of enzymatic fuel cells 

(EFCs).  EFCs operate by using enzymes to oxidise a fuel at the anode such as glucose while 

reducing an oxidant, such as molecular oxygen, at the cathode.[5–10] As the fuel and oxidant 

are readily available in the human body, powering of implantable or semi-implantable 

devices by miniaturised EFCs using immobilised enzyme biofilms is one potential 

application.[1,11–15] 

Efficient electron transfer from the enzyme active site to the electrode surface is required in 

order for sufficient current generation by the electrode. Direct electron transfer (DET) and 

mediated electron transfer (MET) are the two routes of electron transfer between enzyme and 

electrode. If the active site of the enzyme is greater than 2 nm from the electrode surface DET 

becomes difficult to achieve. [16–18] For this reason, redox centres are immobilised in the 

biofilm as mediators to shuttle electrons from the active site to the surface. Osmium based 

redox polymers co-immobilised at the electrode surface are widely used mediators as they are 

relatively stable in the Os(II)/Os(III) states, have tunable redox potentials and the polymer 

films allow fast charge and mass transport resulting in high current generation.[19–22] 

Inclusion of a multifunctional crosslinker such as poly(ethylene glycol) diglycidyl ether 

(PEGDGE) and nano-supports such as multi-walled carbon nanotubes (MWCNTs) in the 

biofilm improves the stability and magnitude of current signal generated from the glucose 

oxidising electrodes.[21,23] The MWCNTs provide a larger surface area for the electrode, 

leading to higher production of current density.[24,25] Electrodes consisting of co-
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immobilised osmium-based redox centres with nano-supports and enzyme to form enzymatic 

fuel cells have been widely reported.[26–30] 

We recently reported on a design of experiments-based optimisation process for maximising 

current generation from glucose oxidising electrodes prepared using a flavin adenine 

dinucleotide dependent glucose dehydrogenase (FADGDH), osmium based redox polymer, 

MWCNTs and PEGDGE. Current densities of 1.2 ± 0.1 mAcm-2 in 5 mM glucose in the 

absence of oxygen and 0.8 ± 0.2 mAcm-2 in the presence of oxygen were achieved. For fuel 

cell testing, oxygen reducing cathodes consisting of Myrothecium verrucaria bilirubin 

oxidase, MWCNTs and osmium redox polymer were coupled to the glucose oxidising 

electrodes yielding power densities of 285 µWcm-2 in phosphate buffered saline (PBS), and 

146 µWcm-2 in artificial plasma.[31] The poor long term stability, coupled to the low power 

output, from EFC remain major roadblocks towards continuous use implantable and semi-

implantable EFC devices.[32–35] One of the major reasons for low current output and lack of 

stability is the impact that interfering molecules have on performance of the electrodes.[36–

42] 

Here we report on testing of glucose oxidising enzyme electrodes in PBS, artificial plasma 

and stability of the glucose oxidation current over a 12-hour window in the presence of each 

interfering molecule present in artificial plasma is measured to assess the impact on enzyme 

electrode performance. In addition FADGDH was replaced as glucose oxidising enzyme by 

glucose oxidase (GOx) or cellobiose dehydrogenase (CDH) in the presence of an interfering 

molecule to gain greater understanding of the importance of enzyme catalyst on the 

deterioration of current response and stability of the biofilms.  

 

2 Experimental 

2.1 Materials 

The redox polymer [Os(2,2’-bipyridine)2(poly-vinylimidazole)10Cl]+ (Os(bpy)PVI), was 

synthesised by modification of procedures found in the literature. [43,44] All chemicals were 

purchased from Sigma-Aldrich, unless otherwise stated. The flavin dependent glucose 

dehydrogenase is from Aspergillus sp. (FADGDH 1.1.99.10, Sekisui, Cambridge, USA; 

product GLDE-70-1192). The glucose oxidase is from Aspergillus niger (GOx, EC 1.1.3.4., 

Sigma-Aldrich). The flavodehydrogenase domain of Corynascus thermophilus CDH 
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(rCtCDH) was heterologously expressed in the methylotrophic yeast Pichia pastoris and 

purified as previously described. [45] The MWCNTs (Sigma-Aldrich) were pretreated in 

concentrated nitric acid under reflux for 6 hours followed by washing and filtration. The 

PEGDGE was purchased from Sigma-Aldrich (average Mn~526). Milli-Q water (18 MΩcm) 

was used to prepare all aqueous solutions unless otherwise stated. 

2.2 Methods 

Graphite electrodes were prepared to give a geometric working surface area of 0.0707 cm2 by 

insulating graphite rods (Graphite store, USA, 3.0 mm diameter, NC001295) with heat shrink 

tubing and polishing the exposed surface on fine grit paper. Enzyme electrodes were prepared 

through deposition of 16 µL of a 5 mg mL-1 redox polymer aqueous solution, 2 µL of a 15 

mg mL-1 PEGDGE aqueous solution, 8.88 µL of a 46.25 mg mL-1 MWCNT aqueous 

dispersion and sufficient quantity of enzyme (aqueous solution) to achieve a deposition of 0.1 

mg of enzyme per electrode. All electrodes were allowed to stand for 24 hours to ensure the 

biofilm had cured.  

Electrochemical testing was performed using a CH Instrument 1030a multichannel 

potentiostat with a three electrode cell containing 50 mM PBS (150 mM NaCl, pH 7.4, 37oC). 

Graphite rods were used as working electrodes with a platinum mesh as counter electrode 

(Goodfellow) and a custom built Ag/AgCl (3M KCl) as reference electrode. All 

electrochemical responses are an average of the response obtained for 4 separate electrodes. 

The artificial plasma contained uric acid (68.5 mg L-1), ascorbic acid (9.5 mg L-1), fructose 

(36 mg L-1), lactose (5.5 mg L-1), urea (267 mg L-1), cysteine (18 mg L-1), sodium chloride 

(6.75 g L-1), sodium bicarbonate (2.138 g L-1), calcium sulfate (23.8 mg L-1), magnesium 

sulfate (104.5 mg L-1) and bovine serum albumin (7 g L-1). [46] 

 

3 Results and Discussion 

Previous studies wiring FADGDH with osmium redox polymers at electrode surfaces have 

focused on optimising current density for application as anodes in EFCs. [28,31,47–49] 

Substantial changes to current density, or EFC power, responses are observed when anodes or 

EFCs are operated in physiological fluids, compared to operation in buffer solutions. 

[31,38,50–52] We report the effect of selected blood plasma components on the performance 

of wired glucose oxidising electrodes, in an attempt to understand and hence mitigate against 
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any effect. The performance of the electrodes is assessed by measuring current response in 

the presence of increasing concentration of glucose as well as the stability of the signal over a 

12-hour timeframe. Control testing is carried out in PBS with no other plasma component 

present. Enzyme electrodes are produced by coating graphite electrodes with an amount of 

enzyme, redox polymer, MWCNTs and crosslinker, with amounts selected based on results 

from previous work.[31] Slow-scan cyclic voltammetry (CV) in the presence and absence of 

glucose substrate is used to monitor the response of the enzyme electrodes (Figure 1). In the 

absence of glucose, oxidation and reduction peaks for Os(bpy)PVI centre at ~ 0.22 V vs 

Ag/AgCl, in agreement with previously reported values for the Os(II/III) redox transition for 

this redox polymer at an electrode surface.[53,54] Peak currents vary linearly with scan rate 

at slow scan rates (<20 mVs-1) in the absence of substrate which indicates a surface confined 

response. At higher scan rates (>20 mVs-1) peak currents vary linearly with the square root of 

scan rate indicative of semi-infinite diffusion which is expected from multi-layer biofilms at 

an electrode surface. Slow scan CV recorded in the presence of glucose shows a sigmoidal 

response for the enzyme electrodes (Figure 1), characteristic of an electrocatalytic process 

(EC’). The half-wave potential (E1/2) of the catalytic response is negatively shifted by approx. 

100 mV when compared to the response in the absence of substrate. At low substrate 

concentration a separation of the response between the plateau-shaped catalytic wave and a 

reversible mediator wave is also evident. This shift and separation may be due to transport 

limitation of the glucose and occurs for a mixed case between substrate-limited and kinetic-

limited conditions, particularly for high local mediator concentrations relative to the 

Michaelis-Menten kinetics for the enzyme-mediator interaction, as is the case for these redox 

polymer films. [55–57]. 

Insert Figure 1 here 

Plateau currents observed in 100 mM glucose concentrations in Figure 1 are used to select an 

electrode potential of 0.45 V to be applied for steady state amperometry measurements. The 

amperometric response of enzyme electrodes is then measured as a function of increasing 

glucose concentration (Figure 2). Current densities observed in steady state amperometry are 

slightly higher than those for the same potential in slow scan CVs, due to the stirring of the 

solution during amperometric measurements implemented to avoid depletion of the substrate 

at the electrode surface, as reported previously.[49]  

 



6 
 

Parallel amperometric responses of enzyme electrodes are measured in PBS, in artificial 

plasma as well as in PBS containing only one of the components of artificial plasma. 

Oxidation current responses increase with increasing glucose concentrations for all enzyme 

electrodes, with some variation in magnitude of current response in the presence of plasma 

components. Representative current vs concentration plots are shown in Figure 2 and the 

response in the presence of 5 mM and 100 mM glucose, representing response under typical 

human physiological and under typical substrate saturated conditions, shown in Table 1. 

Insert Figure 2 here 

 

Electrodes tested in artificial plasma show a significant decrease in performance compared to 

electrodes tested in PBS, as reported previously. [31,50,51] Testing of electrodes in PBS 

containing magnesium sulfate, cysteine and calcium sulfate produced marginally higher 

glucose oxidation current densities at 5 mM and 100 mM glucose when compared with 

testing in PBS. The observed increase in current density is in agreement with work published 

previously on the effect of cations in solution on glucose oxidising enzymes. [58–60] The 

effect of individual plasma components on biosensor or bioanode performance has been 

reported previously, although not extensively studied. [61–64] Current densities recorded for 

enzyme electrodes in the individual presence of either urea, fructose, lactose, ascorbic acid, 

BSA, sodium bicarbonate or uric acid are lower than responses in PBS, Table 1. Nonlinear 

least-squares fitting of the data points obtained to the Michaelis-Menten equation is used to 

estimate Km
app and jmax values for the enzyme electrode, to permit comparison of 

performance, Table 1. The estimated Km
app values obtained in the presence of individual 

plasma components are similar to that obtained in PBS, with the exception of that obtained in 

the presence of sodium bicarbonate which is significantly higher than the value obtained in 

PBS. This suggests that the significant increase in Km
app observed for FADGDH enzyme 

electrodes in artificial plasma, compared to buffer, is due to the presence of sodium 

bicarbonate. It is unclear as yet if the observed change in Km
app is due to a specific effect of 

sodium bicarbonate on the enzyme or on the redox polymer. The estimated jmax value in the 

presence of uric acid is significantly lower than values for enzyme electrodes tested in PBS, 

and in all other plasma components. Uric acid and ascorbic acid are capable of undergoing 

direct oxidation at electrodes. [65,66] There is evidence of direct oxidation of uric acid at 

these physiological concentrations at the enzyme electrode, but not of ascorbic acid. 

Although oxidation of uric acid should provide for increased enzyme electrode response in its 
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presence it is possible that the allantoin product of uric acid oxidation is accumulated within 

the enzyme electrode, and therefore decreases enzyme electrode response.  

Further testing of the enzyme electrodes is performed to assess the operational stability in 

buffer, artificial plasma, and the individual components of artificial plasma, given the 

importance of stability of signal for application to continuous enzyme electrode operation as 

a biosensor or EFC. Amperometry was performed at 0.45 V vs. Ag/AgCl in solutions 

containing 100 mM glucose with stirring at 150 rpm (pH 7.4 @ 37 oC), immediately 

following recording of the slow-scan CV (see Figure 1). Comparison of the current obtained 

10 min after testing was commenced with that after a 12-hour timeframe is used to assess 

stability of signal. The percentage of current remaining after 12 hours is used to report on the 

performance of enzyme electrodes in the presence of plasma components (Table 2).   
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Table 1: The current densities observed at 5 mM and 100 mM for electrodes consisting of FADGDH (100 µg), 
Os(bpy)PVI (80 µg), MWCNTs (410 µg) and PEGDGE (30 µg) tested in the presence of an individual plasma 
component (n=4). Apparent Michaelis-Menten constants (Km

app) and jmax values for each experimental run is 
included below. Amperometry performed at 0.45V vs. Ag/AgCl in PBS with stirring at 150 rpm (pH 7.4 @ 37 
oC). 

Plasma 
component 

Current density 
at 5 mM 
glucose  

(mA cm-2) 

Current density 
at 100 mM 

glucose  

(mA cm-2) 

 

Km
app (mM) 

 

jmax (mA cm-2) 

Magnesium 

sulfate 

1.6 ± 0.2  8.9 ± 1.0  28.9 ± 2.8 12.1 ± 0.4 

Cysteine 1.5 ± 0.1  8.8 ± 0.6  28.4 ± 1.9 11.8 ± 0.3 

Calcium sulfate 1.5 ± 0.2  9.2 ± 2.0  25.3 ± 4.3 12.3 ± 0.7 

None (PBS) 1.5 ± 0.1  7.8 ± 0.5  23.4 ± 1.8 10.3 ± 0.3 

Urea 1.3 ± 0.1  7.8 ± 0.6  25.7 ± 2.5 10.5 ± 0.3 

Fructose 1.3 ± 0.1  8.0 ± 0.7 26.9 ± 3.3 10.7 ± 0.5 

Lactose 1.3 ± 0.1  7.9 ± 0.6  28.5 ± 1.8 10.8 ± 0.3 

Ascorbic acid 1.2 ± 0.1  7.4 ± 0.4  29.7± 1.8 9.9 ± 0.2 

Artificial 

plasma  

1.2 ± 0.1  7.5 ± 0.5  45.5 ± 2.8 11.1 ± 0.3 

BSA 1.2 ± 0.2  7.0 ± 0.8  24.4 ± 2.7 9.3 ± 0.3 

Sodium 

bicarbonate 

1.2 ± 0.2  9.5 ± 1.3  48.9 ± 6.1 14.4 ± 0.8 

Uric acid 0.9 ± 0.1  5.1 ± 0.3  22.4 ± 1.7 6.5 ± 0.2 
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Table 2: Current densities recorded for electrodes consisting of FADGDH (100 µg), Os(bpy)PVI (80 µg), 
MWCNTs (410 µg) and PEGDGE (30 µg) in PBS (pH 7.4 @ 37 oC) containing 100 mM glucose and in the 
presence of an individual plasma component after 10 minutes and after 12 hours of continuous operation. 
Amperometry performed at 0.45V vs. Ag/AgCl with stirring at 150 rpm.  

Plasma 
component 

Initial current 
after 10 minutes 

(mA cm-2) 

Current after 12 
hours           

(mA cm-2) 

% current after 
12 hours  

Fructose 7.7 ± 0.6 7.1 ± 0.5 92 

Urea 8.3 ± 0.8 6. 8 ± 0.6 82 

Lactose 7.5 ± 0.6 5.9 ± 0.5 80 

BSA 7.3 ± 0.7 5.8 ± 0.4 79 

Calcium sulfate 9.2 ± 2.1 7.1 ± 0.7 77 

Magnesium 

sulfate 

8.7 ± 0.9 6.5 ± 0.4 75 

Sodium 

bicarbonate 

8.5 ± 1.3 6.3 ± 1.0 74 

None (PBS) 8.2 ± 0.3 5.9 ± 0.2 72 

Cysteine 8.5 ± 0.5 5.3 ± 0.3 63 

Ascorbic acid 7.3 ± 0.5 4.6 ± 0.4 62 

Uric acid 4.7 ± 0.2 2.2 ± 0.4 46 

Artificial 

plasma 

7.0 ± 0.2 1.9 ± 0.1 27 

 

Enzyme electrodes tested in PBS, with no additional plasma component, retain 72 % of initial 

current after 12 hours. This performance is in agreement with that reported previously for 

similar enzyme electrodes.[49] However, enzyme electrodes tested in artificial plasma retain 

only 27% of initial current after 12 hours of continuous operation. Previous work carried out 

on EFC response in complex solutions, such as artificial tears, report a similar decrease in 

operational stability over time. [63] Interestingly, highest operational stability for glucose 

oxidation, 92 % of initial current remaining after 12 hours, is achieved for enzyme electrodes 

operating in PBS and fructose at physiological levels (36 mg L-1). It is unclear why the 

presence of fructose in solution stabilises the current response over this time period. For 

example, the FADGDH enzyme shows no activity towards fructose. [67,68] Of all the 

individual components present in artificial plasma, the presence of uric acid at physiological 
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levels (68.5 mg L-1) results in the greatest % decrease in current over 12 hours operation, as 

well as the lowest initial current response in the presence of 5 mM or 100 mM glucose, and 

lowest jmax. It is known that uric acid is responsible for interfering signals to in-vivo 

electrochemical sensing as a result of direct oxidation of uric acid at electrodes (0.59 V vs. 

NHE) [41,42,69] If the effect of uric acid on these enzyme electrodes was due to direct 

oxidation, an increase in current in its presence is anticipated, not a decrease. The results 

obtained in this study suggest that uric acid inhibits enzyme electrode performance resulting 

in decreased current production and operational stability (Table 1 and Table 2). 

In order to determine whether uric acid affects the FADGDH enzyme, or any of the other 

components in the enzyme electrode, enzyme electrodes prepared using alternate glucose 

oxidising enzymes (glucose oxidase or recombinant cellobiose dehydrogenase at a loading of 

0.1 mg per electrode) within otherwise identical biofilms of osmium polymer, MWCNTs and 

PEGDGE are tested. Steady state amperometry is used to record current responses as a 

function of increasing glucose concentration, with testing in the presence and absence of uric 

acid at physiological level (Figure 3), with Km
app and jmax values estimated as before, Table 3.  

Insert Figure 3 here 

 

 

Table 3: Apparent Michaelis-Menten constants (Km
app),jmax values, initial current, remaining current and 

percentage remaining current for enzyme electrodes (n=4)  prepared using a glucose oxidising enzyme (100 µg), 
Os(bpy)PVI (80 µg), MWCNTs (410 µg) and PEGDGE (30 µg) from currents in the presence of glucose 
recorded under steady state amperometry at 0.45V vs. Ag/AgCl in PBS with stirring at 150 rpm (pH 7.4 @ 37 
oC). Uric acid concentration was 68.5 mg L-1. 

Enzyme Km
app (mM) jmax (mA cm-2) Initial current 

after 10 

minutes 

 (mA cm-2) 

Remaining 

current after 12 

hours  

(mA cm-2) 

Remaining 
current 

 (%) 

FADGDH  23.4 ± 1.8  10.3 ± 0.3 8.2 ± 0.3 5.9 ± 0.2 72 

in uric acid 22.4 ± 1.7 6.5 ± 0.2 4.7 ± 0.2 2.2 ± 0.4 46 

GOx  18.0 ± 4.2 8.8 ± 0.6 6.0 ± 1.1 4.3 ± 1.1 70 

in uric acid 17.7 ± 4.9 7.1 ± 0.6 4.5 ± 1.3 3.1 ± 1.0 70 

CDH  80.0 ± 5.8 8.8 ± 0.4 4.3 ± 0.2 3.7 ± 0.1 86 

in uric acid 40.1 ± 5.2 5.5 ± 0.3 3.5 ± 0.4 1.2 ± 0.1 33 
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Km
app values are similar for enzyme electrodes produced using FADGDH or GOx when 

operated in the presence or absence of uric acid. The jmax value for enzyme electrodes using 

GOx is 20% lower in the presence of uric acid than that in PBS buffer alone. This difference 

is not as significant as the 37% decrease observed for enzyme electrodes based on FADGDH 

in the presence of uric acid. A decrease in jmax while maintaining a similar Km
app is indicative 

of non-competitive enzyme inhibition [70–72] thus uric acid inhibits non-competitively both 

FADGDH and GOx activity although GOx is not as badly affected as the FADGDH enzyme.  

For comparison, both Km
app and jmax values decrease significantly for enzyme electrodes 

produced using a CDH enzyme when operated in the presence of uric acid instead of PBS 

buffer alone. The decrease in both Km
app and jmax suggests uncompetitive inhibition [70] 

occurs for the CDH based enzyme electrode in the presence of uric acid. The effect of 

interfering compounds on the CDH enzyme has been reported on previously, although uric 

acid was not investigated. [73]  

The proportion of initial current remaining after 12 hr operation dropped from 72 % to 46 % 

in the presence of uric acid, compared to operation in PBS buffer alone, for the FADGDH 

based electrodes. The stability of the current response is unaltered in the presence of uric acid 

for the GOx based enzyme electrodes, although the initial current density, in the absence of 

uric acid, is lower than that observed for FADGDH based enzyme electrodes. As reported on 

previously CDH electrodes, in the absence of uric acid, produce the most stable current, 

retaining 86% of initial current after 12 hr operation in PBS. [49,74] However, in the 

presence of uric acid, CDH based enzyme electrodes retain only 33 % of initial current after 

12 hr operation. Again, the results, in combination with the observed changes to Km
app and 

jmax, suggest that the uric acid acts as an uncompetitive inhibitor of the CDH enzyme for the 

oxidation of glucose. From the three glucose oxidising enzymes tested,  the operational 

stability of GOx based electrodes in the presence of uric acid was  least affected by the 

presence of uric acid, with however significant changes to estimated maximum current 

density of all three enzyme electrodes in the presence of uric acid. 

4 Conclusion 

Enzyme electrodes consisting of co-immobilised FADGDH, Os(bpy)PVI, MWCNTs and 

PEGDGE were tested in PBS, artificial plasma and the individual components of the artificial 

plasma to gain a better understanding of the reason for a decrease in electrode performance 
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observed in artificial serum and human serum.[31,38,50–52] The lowest current response for 

these electrodes was observed in the presence of physiological level of uric acid although the 

largest change to Km
app occurred upon addition of physiological level of sodium bicarbonate. 

The lowest operational stability observed in the presence of a single plasma component was 

recorded in the presence of uric acid, with only 46 % of initial current response after 12 

hours: this compares to only 27% of current remaining after 12 hours for electrodes operating 

in artificial plasma. Electrodes were prepared using alternate glucose oxidising enzymes, 

GOx and CDH, and tested in the presence of uric acid. For both FADGDH and GOx enzyme 

electrodes, jmax decreased significantly with no significant change to the Km
app suggesting 

non-competitive inhibition. The CDH based electrodes provide highest stability of current 

signal in PBS, with 86 % of the initial signal present after 12 hours, but demonstrate 

significant change to the Km
app and jmax values as well as operational stability dropping to only 

33% in the presence of uric acid. In contrast the operational stability of the GOx based 

enzyme electrodes was unaffected by the presence of physiological level of uric acid. As uric 

acid and sodium bicarbonate are present in blood, careful consideration is required in 

choosing a glucose oxidising enzyme for both glucose sensing and EFC device assembly. 

Further work is required to understand the mechanism of uric acid inhibition on each of the 

FADGDH, GOx and CDH enzymes.  
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Figure legends 

Figure 1: Slow scan (1 mVs-1) cyclic voltammograms of electrodes in quiescent 50 mM PBS 
solution (150 mM NaCl, pH 7.4, 37oC). Electrode biofilms consisted of FADGDH (100 µg), 
Os(bpy)PVI (80 µg), MWCNTs (410 µg) and PEGDGE (30 µg). CV scans were recorded in 
the absence of glucose (blue), 5 mM glucose (red) and 100 mM glucose (green).  

Figure 2: Current response at 0.45 V (37 oC) with stirring at 150 rpm for enzyme electrodes 
(n=4) consisting of FADGDH (100 µg), Os(bpy)PVI (80 µg), MWCNTs (410 µg) and 
PEGDGE (30 µg) in PBS, pH 7.4 (blue circle), artificial plasma (red diamond) and in the 
presence of magnesium sulfate (purple star), or uric acid (green triangle)) at the level 
expected for plasma (see experimental section).  

Figure 3: Average current response (n=4) generated for each electrode consisting of glucose 
oxidising enzyme (100 µg), Os(bpy)PVI (80 µg), MWCNTs (410 µg) and PEGDGE (30 µg). 
Amperometry performed at 0.45V vs. Ag/AgCl in PBS with stirring at 150 rpm (pH 7.4 @ 37 
oC). Uric acid concentration was 68.5 mg L-1. FADGDH electrodes tested in the presence 
(red) and absence (blue) of uric acid. GOx electrodes tested in the presence (green) and 
absence (pink) of uric acid. CDH electrodes tested in the presence (dark green) and absence 
(light blue) of uric acid.  
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FIGURE 3 

 

 


