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Abstract  

Nanometric size gold nanoparticles capped with thiotic acid are used to coordinate 

with the Zn (II) present in the catalytic center of Alcohol Dehydrogenase (ADH). In 

combination with the NADH oxidation molecular catalyst Azure A, electrografted onto 

carbon screen-printed electrodes, they are used as scaffold electrodes for the 

construction of a very efficient ethanol biosensor. The final biosensing device exhibits 

a highly efficient ethanol oxidation with low overpotential of -0.25 V besides a very 

good analytical performance with a detection limit of 0.14 ± 0.01 µM and a 

stable response for more than one month. 
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Introduction 

 Accurate and sensitive determination of ethanol in different samples is an 

important challenge in many diverse areas. In particular, in clinical and 

forensic chemistry the toxic effects caused by the presence of high levels of alcohol 

in blood result in several disorders that can lead to severe health damages, besides work 

and traffic accidents and generally loss of quality of life. On the other hand, in 

fermentation processes of wine, beer or in distillation of spirits control of ethanol 

concentration is essential to prevent damage in the process. Moreover, recently there has 

been an extraordinary interest, by the chemical industry, in the production of ethanol as 

an alternative fuel to other petroleum products. Thus, several analytical methodologies 

have been developed to determine ethanol either in biological samples, such 

as blood, saliva, urine, etc. or in samples from crude extracts obtained from a 

determined fermentation process. These methodologies among others include 

spectrophotometry (Barzana et al. 1989), high performance liquid chromatography (Li 

et al. 2000), gas chromatography (Ragazzo-Sanchez et al. 2005; Wanekaya et al. 2005) 

or refractometry (Lazarova et al. 1987). Many of these methods provide accurate and 

precise determination of ethanol but present some disadvantages derived from large and 

tedious protocols of sample preparation that results in large analysis times. 

Moreover, most of these methodologies require an extensive an expensive 

instrumentation.  

The importance of ethanol as analyte and the growing interest of determining the 

alcohol levels in situ, outside the laboratory, demand for new methods of 

analysis leading to portable devices capable to determine it in whole samples (Zhen et 

al. 2011) in a fast, simple, and accurate form. Biosensors based on selective ethanol 

conversion enzymes, are a valuable alternative methodology for sensitive, accurate, 

selective, inexpensive and rapid determination of alcohol concentration in all types of 

samples. In this way, two kinds of enzymes, Alcohol Dehydrogenase (ADH) (Tkac et 

al. 2009; Wiseman 1988) and Alcohol Oxidase (AOx) have been used in the fabrication 

of alcohol biosensors (Goswami et al. 2013). In particular, the first one has been most 

widely used due to its high stability, which makes it more suitable to resist the 

immobilization process. 
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 Yeast Alcohol Dehydrogenase I (ADH) belongs to a 

group of redox enzymes that are present in many organisms. This 

group of enzymes catalyzes the oxidation of alcohols to their corresponding 

aldehydes or ketones. The oxidized form of nicotinamide adenine dinucleotide cofactor 

(NAD+) takes the electronic pair involved in the process and is transformed into the 

corresponding reduced form (NADH). In this case the cofactor acts as a second 

substrate, for this reason these enzymes are called dehydrogenases dependent on 

NAD+. Yeast alcohol dehydrogenase (ADH) is a tetramer of four identical subunits (Raj 

et al. 2014) with 347 amino acid residues each and a calculated mass of 147.396 Da 

(36.849 Da/subunit), each subunit contains two zinc (II) ions that are tetracoordinated 

(Rubach and Plapp 2003). The zinc ion located in the catalytic lobe is coordinated with 

two cysteines, one glutamic and one histidine. It is involved in the catalytic oxidation 

of ethanol. The other zinc ion is coordinated with four cysteines (Raj et al. 2014) and is 

located in a structural lobe. In the active center this enzyme has two binding domains: 

the first one binds the substrate (ethanol) and the second one is reserved for the oxidized 

form of the cofactor (Hammes-Schiffer and Benkovic 2006). 

Electrochemical biosensors based on yeast ADH have the advantage of using a stable 

protein (compared to biosensors based on AOx) but also 

have the disadvantage of being dependent on the presence of NAD+ into the bio-

catalytic layer. To avoid this inconvenience, the cofactor should be added to the solution 

or immobilized along with the enzyme on the electrode surface. In addition, the reduced 

form of this cofactor (NADH) needs large overpotential for reoxidation (Bartlett et al. 

2002; Lee and Tsai 2009; Rubianes and Rivas 2005), which increases the risk of 

interferences from substances present in the matrix. The large overvoltage intrinsic with 

the NADH oxidation onto solid electrodes is due to the formation of no electroactive 

oxidation products that rapidly adsorb on the electrode surface fouling it (Bartlett et al. 

2002; Lee and Tsai 2009). To overcome this problem, the electrode surface can be 

modified with substances capable to act as redox mediators reducing the overpotential 

(García Mullor et al. 1996; Pariente et al. 1995) Other approaches to prevent the 

electrode fouling are based on the modification of electrode surface with carbon 

nanotubes or graphene sheets (Banks and Compton 2005; Banks et al. 2005). These 

studies have demonstrated that carbon nanotubes show electrocatalytic activity towards 

NADH oxidation by themselves or by their antifouling capabilities (Banks et al. 2005; 

Lee and Tsai 2009). The problem with these nanostructured electrodes is the poor 
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solubility of the starting nanocarbon sources, which involve large protocols of 

suspension-solubilization and the lack of precise analytical tests to quantify the real 

electroactive area of the modified electrode. 

 Recently, we have modified screen-printed carbon electrodes (SPCE) with 

Azure A (AA) by electro-grafting of the corresponding diazonium salt generated in situ. 

Such modified electrodes show a potent and persistent electrocatalytic effect to the 

oxidation of NADH (Revenga-Parra et al. 2012). Moreover, it has been reported that 

electrodes modified with phenothiazine dyes show a strong affinity for proteins and 

DNA (Huang and Wang 2010). The binding strength have been estimated to be around 

200 nN, equivalent to 102 C-C single bonds (Wu et al. 2008), suggesting that 

phenothiazine modified electrodes can be used in the construction of biosensor. In 

particular, we thought that AA modified SPEs can be a good choice for the development 

of dehydrogenases based biosensors for two reasons: i) the phenothiazine modified 

surface can act as an effective molecular adhesive for the enzyme and ii) it can be an 

efficient redox mediator for electroxidation of the NADH enzymatically generated. 

However, it is well known that the electronic coupling between the enzyme and the 

electrode is relatively weak. To overcome this problem, nanoparticle-enzyme hybrid 

systems has been employed (Katz and Willner 2004; Niemeyer 2001; Scott et al. 2008; 

Willner et al. 2007a; Gutierrez-Sanchez 2012). Most of these approaches are based on a 

simple deposition of nanoparticles and enzymes on an electrode support (Jia et al. 2002; 

Zhao et al. 1996). In general, large nanoparticles have been used, and the enzyme has 

been immobilized on the nanoparticles used as an extension of the electrode surface 

(Jensen et al. 2007; Jia et al. 2002). However, the incorporation of a nanoparticle into 

the protein offers an interesting route to improve electron transfer. In this case, a 

suitable nanoparticle must be employed. For instance, previous works have 

demonstrated that the presence of a small (1.4 nm) gold nanoparticle can enhance 

exceptionally the turnover rate of metaloenzymes based bioelectrocatalysis by 

optimizing electrical connectivity (Abad et al. 2009; Xiao et al. 2003).  

Chemical derivatization of gold nanoparticles or direct coupling to biomolecules is 

further facilitated by the use of capping ligands containing, in addition to the thiol 

group, a functional group such as an amine or a carboxylic moiety that can be used for 

linking to proteins through either covalent or noncovalent interactions. In this sense, 

thioctic acid-capped nanoparticles show high stability in aqueous solutions and serve 
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well as a scaffold for direct coupling of proteins retaining their biological function 

(Abad et al. 2005). 

In the present work we have applied the concept to achieve both specific recognition of 

a metallic center and enhancement of the electrical connectivity to an electrode by using 

the coordination properties of the metal center of the enzyme for its specific recognition 

by ligands attached to a gold nanoparticle. The interconnection strategy followed is 

based on the introduction of a carboxylate-functionalized gold nanoparticle of suitable 

size inside the pocket of the enzyme to achieve direct coordination with its metal. 

Following this strategy we describe the construction and characterization of an 

improved ethanol biosensor based on the 

direct immobilization of alcohol deshydrogenase coordinated through the catalytic zinc 

(II) to thioctic acid capped gold nanoparticles, on the surface of an electro-grafted 

phenothiazine (AA) layer which have a dual function: bioadhesive and NADH oxidative 

catalyst. The prevention of enzyme leakage from the biosensing layer is also studied. 
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2. Experimental section 

2.1. Chemicals and stock solutions 

Azure A (AA), β-Nicotinamide adenine dinucleotide disodium salt hydrate, Alcohol 

dehydrogenase (ADH) from Saccharomyces Cerevisiae (≥300 U/mg; EC 1.1.1.1), 

Thioctic acid (TO), Sodium tetrachloroaurate (III) hydrate (HAuCl4), 

Tetraoctylammonium bromide (TOABr), Sodium borohydride (NaBH4), 

polyethilenglycol (PEG), nafion, polyethylenimine (PEI) and Chitosan medium 

molecular weight (CHIT) were purchased from Sigma Chemical Co and used as 

received. Acetic acid solution was obtained from Fluka. Sodium nitrite was purchased 

from Riedel-de-Haën and Absolute ethanol (EtOH) was obtained from Fischer 

Scientific. Other reagents used in this work were of analytical grade.  

Stock solutions of ADH were prepared in 0.1M pH 8.0 phosphate buffer solution (PBS) 

at a final concentration of 10.0 mg/mL (8.3 U/µL) and stored frozen at -20°C. In these 

conditions the enzyme activity remains stable at least four weeks.  

Ultrapure grade water (18.2MΩ cm) from a Millipore Milli-Q system was used in the 

experiments. 

 

2.2. Apparatus 

Electrochemical experiments were carried out at room temperature using an Autolab 

PGSTAT 30 potentiostat from Eco-Chemie (KM Utrecht, The Netherlands) using the 

software package GPES 4.9 (General Purpose Elec. Experiments) and were performed 

in a homemade single compartment electrochemical cell. Integrated screen-printed 

carbon electrodes (4 mm diameter, SPCEs) from DropSens S.L (Oviedo, Spain) 

including a silver pseudoreference electrode and a carbon counter electrode were used. 

The electrodes were connected using a SPE connector (DropSens S. L.) as interface. 

O2-free nitrogen was used to remove the oxygen from the solutions and a continuous 

flow of nitrogen was maintained during the voltammetric experiments.  

Total reflection x-ray fluorescence (TXRF) analysis was performed by using a TXRF 

Bruker PicoFox S2 spectrometer (Bruker AXS Microanalysis GmbH, Berlin, Germany) 

equipped with a X-ray tube which included a Mo anode, a multilayer monochromator 

and a Si (SDD) detector with an active area of 30 mm2 were used.  

Transmission electron microscopy (TEM) measurements were carried out with a 200 

KV JEOL 2100 TEM/STEM microscope. Coupled Energy-dispersive X-ray analyzer 

(EDX) from Oxford Instruments was used for the elemental surface analysis. High 
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angular annular dark field scanning transmission electron microscopy (HAADF-STEM) 

was also used to collect z-contrast images.  

UV–Vis spectra were recorded in a double beam PharmaSpec UV-1700 series 

(Shimadzu Co., Kyoto, Japan) by using a 1 cm optical path length quartz cells.  

 

2.3.Procedures 

Synthesis and characterization of functionalized gold nanoparticles. 

 Thioctic acid capped gold nanoparticles (TO-AuNPs) were prepared by the two-

phase method described by Brust (Brust et al. 1994) (more detail in supporting 

information). TEM was employed to estimate the size of the as-prepared TO-AuNPs 

(Figure 1S). The average core diameter was found to be around 3.4 ± 0.8 nm (Figure 1 

of SI). This value is too small so they do not present the typical surface plasmon band in 

the UV-Vis spectra, which is commonly used for the size characterization of metallic 

nanoparticles. Total X-ray Reflection Fluorescence (TXRF) was used to determine the 

amount of elemental gold of the stock solution. This value was found to be 1.03 mg 

Au/mL. The concentration of AuNPs was estimated considering that a gold nanoparticle 

with an average radius of 1.7 nm may contain 1.79x103 gold atoms. Thus, a stock 

solution of 2.8 µM AuNPs was employed. 

 

AA films Electrode modification 

AA films SPCEs modification were carried out as previously described (Revenga-Parra 

et al. 2012) (a detailed procedure can be found in the supporting information). The 

modified AA/SPCEs were allow to dry at room temperature and stored protected from 

light at 4°C until use. 

 

ADH electrode modification 

25U of Alcohol dehydrogenase were carefully deposited on the AA/SPCE and stored 

for 1 h at 4° C to assemble the protein on the electrode surface (ADH/AA/SPCE). 

Finally, the enzyme modified electrode surface was fully covered by 1mg/mL chitosan 

solution in acetic acid solution (3%) and stored at 4° C overnight (CHIT/ 

ADH/AA/SPCE). 

 

ADH/AuNPs electrode modification. 
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 0.5 μL of 0.47 µM TO-AuNPs were deposited on the AA/SPCE and evaporated to 

dryness at room temperature (TO-AuNPs/ AA/SPCE). Alcohol dehydrogenase (25U) 

was carefully deposited on the TO-AuNPs/ AA/SPCE and stored for 1 h at 4° C to 

assemble the protein on the gold nanoparticles (ADH/TO-AuNPs/ AA/SPCE). Finally, 

the electrode surface was fully covered by chitosan (CHIT/ ADH/ TO-AuNPs/ 

AA/SPCE) following the same procedure described above. 

For TEM measurements 0.5 μL of 1.04 µM TO-AuNPs were incubated with alcohol 

dehydrogenase (25U) for 1 h at 4° C. The resulting light brown solution was transferred 

to a filter unit (Amicon Ultracentrifugal 100K) and filled with water. Samples were 

centrifuged in a Hettich 320R centrifuge at 4000 rpm for 5 min, this centrifugation 

process was repeated for 3 times to discard the nanoparticles which were not 

coordinated into the enzyme structure. Finally, the supernatant was placed on a 400 

mesh copper transmission grid (from Lacey Co.) covered with a carbon film and allow 

to dry at room temperature. 

 

Biosensor response 

Electrocatalytic properties of ADH biosensor were measuresd by both, cyclic 

voltammetry (CV) and differential pulse voltammetry (DPV). The CHIT ADH/TO-

AuNPs/ AA/SPCE was immersed in 1.5 mL of 0.1M pH 8.0 PBS containing 1.0 mM 

NAD+. In CV experiments the potential was seeped from -0.45V to +0.20V at 10.0 

mV/s. DPV was performed fixing the modulation amplitude to 0.05V and the 

modulation time to 0.05s. The corresponding calibration curves were performed in 

quiescent solution mode. 
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3. Results and discussion 

ADH biosensor development 

Electrode surfaces modified with phenazines and phenothiazines by electrografting can 

act as adhesives of proteins (Wu et al. 2008, Huang and Wang 2010). Following a 

similar electrografting strategy, we have modified SPCEs with electroactive films 

derived from Azure A (AA/SPCE). These films besides to serve as adhesive to 

immobilize ADH show a potent and persistent electrocatalytic activity toward the 

oxidation of NADH. Thus, they can be used as scaffold to build a portable ethanol 

biosensor in which the enzymaticaliy generated NADH is electrocatalytic 

oxidized, giving rise to the analytical signal.  

Figure 1A shows CV of Azure A films electrografted on SPCEs. The reversible 

electrochemical process at -0.25 V is ascribed to the oxidation and further reduction of 

the phenothiazine on the electrode surface (curve a). In the presence of 1.0 mM NADH 

a potent electrocatalytic effect toward NADH oxidation can be observed (curve b). It is 

noticeable the significant overpotential decrease compared to a bare SPCE (inset Fig. 

1A). When these AA/SPCEs are modified with ADH (ADH/AA/SPCEs) a small 

bioelectrocatalytic current is observed in the presence of 1.0 mM NAD+ and 3.0 mM 

ethanol (Figure 1B). This result suggests that direct immobilization of native ADH on 

the AA/SPCEs originates changes in the geometry of the active center leading to a poor 

catalytic response.  

Figure1. 

 

Crystallographic studies of native ADH (Hammes-Schiffer and Benkovic 2006) 

indicates that ethanol is coordinated to the catalytic zinc ion, which is also coordinated 

with two cysteines and one histidine residue. The NAD+ needs to be close to the active 

center, but without becoming irreversibly entrapped or liked to the enzyme. These 

structural constraints suggest that any modification in the geometry of the enzyme 

active site can alter the efficiency of the catalytic process. Although there are 

many studies describing ethanol biosensors based on ADH, only a few of them clearly 

demonstrate, by cyclic voltammetry, that the response of the biosensor is based on an 

EC catalytic process. These biosensors usually involve electrode modification with 

nanomaterials (Santos et al. 2006, Choi et al. 2007, Liu and Cai 2007, Willner et al. 
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2007b, Du et al. 2007). Thus, we have synthesized small size TO-AuNPs. The 

carboxylic acid functional groups are able to coordinate with the Zn(II) present in the 

catalytic center of ADH. Therefore, these functionalized AuNPs represent an attractive 

ready-to-use tool to promote charge transfer between the immobilized ADH 

and the electrode surface. HAADF-STEM was used to assess the binding of TO-AuNPs 

to ADH. In the micrograph shown in Figure 2A it can be observed that the V-shaped 

molecule matches well with the tridimensional representation (PyMol) of the ADH 

Type I tetramer (Figure 2C) and along the diffuse domain corresponding to the protein, 

dense spherical-shaped spots of 3-5 nm are evident. These spots correspond to the gold 

nanoparticles attached to the tetramer. Figure 2B shows the EDX analysis of one of 

these spots (white circle in Figure 2A), as can be seen the analysis confirms the 

presence of gold atoms. In addition, EDX-STEM element mapping of a wider area 

(white square in Figure 2A) confirms the spacial distribution of the zinc atoms (Figure 

2D) and also the gold clusters (Figure 2E) in the ADH. 

Figure 2. 

Scheme 1.  

 

The as prepared nanoparticles and the ADH were bonded to the AA/SPCE to develop 

the biosensor (ADH /TO-AuNPs /AA/SPCE), as is depicted in Scheme 1. 

The use of bioconjugates enzyme-funtionalized nanoparticle significantly enhances the 

bioelectrocatalytic response of the biosensor to ethanol (Figure 3A; curve b) compared 

to that obtained in the absence of AuNPs (Figure 1B; curve b).  

 

Figure 3. 

 

In order to establish if the bioelectrocatalytic current observed is only due to the 

immobilized enzyme and not also to enzyme molecules that can leak from the 

biosensing layer, a ADH/TO-AuNPs/ AA/SPCE biosensor was immersed in 1.5 mL of a 

solution containing 1.0 mM NAD+ and 3.0 mM ethanol in 0.1M pH 8.0 PBS. The CV 

response from -0.45V to 0.2V at 10.0 mV/s was obtained. Then, 100 µL of the solution 

was removed from the electrochemical cell and mixed with 900 µL of 0.1M pH 8.0 PBS 

containing 1.0 mM NAD+. The presence of NADH enzymatically generated was 

checked recording the UV-Vis absorbance spectrum from 200-800 nm. The first 
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absorption peak (Figure 3B) observed is due to the NADH generated during the 

biosensing electrochemical assay that has diffused to the solution. Successive additions 

of ethanol result in an increase of the absorption peak, suggesting the presence in 

solution of active ADH that has leaked from the biosensing layer. To prevent leakage of 

ADH from the biosensor, its surface was covered with a solution of chitosan (see 

Experimental section). This polymer forms a stable and hydrophobic barrier avoiding 

enzyme leakage. Figure 3C depicts the NADH UV-Vis absorption spectra obtained for 

the chitosan-covered biosensor (CHIT/ADH/TO-AuNPs/AA/SPCE). As in the previous 

case, it can be observed the absorbance peak due to the NADH generated in the 

biosensing electrochemical assay. The height of this peak is very similar to that 

obtained for the biosensor without chitosan, since both experiments are carried out 

under the same conditions, suggesting that chitosan allows the diffusion of ethanol and 

NADH from the solution to the biosensing layer and vice versa. However, in this case 

the NADH absorbance peak remains constant when increasing amounts of ethanol are 

added to the solution. This indicates that after covering with chitosan, the ADH is 

retained on the biosensor surface. Therefore in the subsequent experiments chitosan is 

included in the biosensor assembly in order to protect and preserve the bio-sensing 

layer. 

On performing analytical determinations much higher sensitivity can be obtained using 

DPV. Thus, we have employed this technique in the following studies. Figure 4A shows 

the DPV biosensor response to increasing amounts of ethanol. The typical Michaelis-

Menten response can be observed by plotting Icat/I0 (where Icat and   I0 are the DPV 

peak current in the presence and absence of ethanol, respectively) versus ethanol 

concentration (Figure 4B), suggesting that the analytical signal is controlled by the 

enzymatic catalysis.  

To assess the important role of the AuNPs in the bioelectrocatalytic process, the 

biosensor was also prepared using ADH without TO-AuNPs and its response was 

compared to that obtained with the bioconjugated. As can be observed in Figure 4B, the 

coordination of ADH to TO-AuNPs causes a dramatic increase in the biosensor 

response. As one would expect, in the absence of enzyme the addition of ethanol did not 

cause any bioelectrocatalytic current. 

The apparent Michaelis-Menten constant (KM) calculated from the Lineweaver-Burk 

equation (1/Icat = 1/Imax + KM /I max 1/C) was found to be 0.63 mM. This value is lower 

or similar to that reported for other ADH-dyes modified electrodes (Nasri et al. 2013). 
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This result indicates that ADH retains its great affinity to ethanol after being 

coordinated to the TO-AuNPs immobilized on AA films.  

 

Figure 4. 

 

Optimization of the biosensor components 

 The amount of both ADH and gold nanoparticles in the biosensor development 

was optimized. For these porpoise biosensors were prepared using increasing amounts 

of both components and their responses to ethanol were obtained. The response 

increases considerably as the units of enzyme deposited on the electrode surface 

increase from 5 to 25U and then decreases (Figure 2A SI). This decay suggests that an 

excess of protein immobilized on the biosensing layer prevents the charge transfer 

towards the electrode surface (Tsai et al 2007). According with these results 25U of 

ADH were chosen as optimal.  

As one would expect, the biosensor response shows a significant dependence with the 

amount of AuNPs present in the biosensing layer. Biosensors were prepared using 0.5 

µL of 0.35, 0.47, 0.70 and 1.4 µM TO-AuNPS solutions, being the response highest for 

0.5 µL of 0.47 µM. Higher loadings causes a decrease in the biosensor response, 

probably due to the steric impediments to enzyme orientation caused by AuNPs 

electrode saturation. 

As mentioned above, ADH requires the presence of two substrates in the active site: 

ethanol and NAD+. The effect of NAD+ concentration (from 0.2 to 3.0 mM) on the 

ethanol biosensor response was evaluated in 0.1 M pH 8.0 PBS with 1 mM ethanol. The 

biosensor response increases on increasing NAD+ concentration up to 1.0 mM (Figure 

2B SI) and then decreases, probably due to inhibition effects by excess of substrate 

(Utecht 1994). 

The mechanism of alcohol oxidation catalyzed by ADH is based on the direct transfer of 

hydride from the substrate to the cofactor coupled to the transfer of a proton. In 

addition, the electrocatalytic oxidation of the enzymatically generated NADH (essential 

for the analytical response of the biosensor) involves two electrons and two protons. 

Therefore, one would expect a pH dependent biosensor response. To assess this, the 

biosensor response was assayed at different pH from 5.0 to 9.0. The maximum response 

was obtained at pH 7.0 - 8.0 (Figure 2C SI). Hence, 0.1 M pH 8.0 PBS was selected for 

ethanol determination. 
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Analytical parameters of the biosensor 

The analytical parameters of the ethanol biosensor prepared under optimal conditions 

were evaluated. The data presented are the average value of three measurements. The 

calibration curve obtained at -0.25 V, by plotting Icat/I0 versus ethanol concentration 

depicts a linear behavior up to 2.0 mM (y = 1.01 ± 0.02  + 0.076 ± 0.001  x; r = 0.989). 

The sensitivity (calculated from the slope of the plot) was found to be 0.076 ± 0.001 

mM-1. The detection and determination limits were calculated as the concentration that 

gave a signal equal to three and ten times the standard deviation of background current, 

respectively. Values of 0.14 ± 0.01 and 0.36 ± 0.01 µM for the detection and the 

determination limit were obtained, respectively. These values compare extremely 

favorably with that obtained for other similar ADH based biosensor reported in the 

literature (see Table 1). It is worth to note that beside the improved sensitivity the 

developed device exhibits a highly efficient ethanol oxidation at much lower potential 

(Gao et al, 2013). Moreover, the reproducibility of the biosensor was evaluated 

comparing the analytical signals obtained using four different biosensors prepared in the 

same manner and from the same enzyme batch. A value of 8%, which compares well to 

the others biosensor, was obtained. Concerning the long-term stability it was found that, 

if between measurements biosensor is stored at 4 ◦C, the response remains constant for 

at least one month. In the light of the results summarized in Table 1 and compared with 

others ADH based biosensor previously reported in the literature, we concluded that the 

biosensor developed has a low detection limit and can be used to ethanol determination 

with good reproducibility in a range appropriate to the quantification of ethanol in blood 

for a reasonable period of time.  

 

Table1.  

 

3. Conclusions 

Nanometric size AuNPs capped with thiotic acid have been synthesized to coordinate 

with the Zn (II) present in the catalytic center of ADH dehydrogenase (ADH). TEM 

images confirm that the functionalized gold nanoparticles are included in the ADH. 

Combined to electrogenerated Azure A films they have been used for ethanol 

biosensors. The presence of the functionalized AuNPS enhances up to 10 times the 
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bioelectrocatalytic response of the as prepared ethanol biosensor, which show low 

potential response of -0.25 V besides a very good analytical performance.  
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Figure captions 

 

Fig.1. A) Cyclic voltammograms of an AA/SPCE or SPCE (Inset) in 0.1M pH 8.0 PBS 

before (curve a) and after (curve b) addition of 1.0 mM NADH. B) Cyclic 

voltammograms of an AA/SPCE modified with ADH, in 0.1M pH 8.0 PBS solution 

containing 1.0 mM of NAD+ before (curve a) and after (curve b) addition of  3.0 mM 

ethanol. 

 

Figure 2. A) HAADF-STEM image of ADH after incubation with TO-AuNPs. B) EDX 

spectra of the white circle area of figure A. C) Structure of Alcohol Dehydrogenase 

Type I from Saccaromyces Cerevisiae. D) and E) EDX-TEM element mapping of the 

white squared area of figure A for zinc (figure D) and gold (figure E). 

 

Scheme 1. Scheme depicting the processes for the biosensor development. 

 

Fig.3. A) Cyclic voltammogram of an ADH/TO-AuNPs/AA/SPCE in 0.1M pH 8.0 PBS 

containing 1.0 mM of NAD+ before (curve a) and after (curve b) the addition of 3.0 mM 

ethanol. UV-Vis absorption spectra of an aliquot of the solution used in figure A after 

addition of increasing amounts of ethanol when ADH/TO-AuNPs/AA/SPCE (B) 

or CHIT/ADH/TO-AuNPs/AA/SPCE (C) biosensors were employed. 

 

Fig.4. A) Differential pulse Voltammograms of a CHIT/ADH/TO-AuNPs/AA/SPCE 

in 0.1M pH 8.0 PBS containing 1.0 mM of NAD+ for successive additions of ethanol. B) 

Biosensor current response (Icat/I0) to ethanol in the presence (squares) or absence 

(triangles) of AuNPs at the same conditions as in figure A.  
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Table1. Comparison between the analytical parameters of the proposed method and 

other reported ADH biosensors.   

 

 

Biosensor LOD (µM) Linear  range  (mM) RSD (%) Ref 

     
AuNPs/ADH-MPTS/Au 20 0.5 - 2.5 n.d. (Jena and Raj 2006) 

ADH/AuNPs/PDRGO/GE 88 0.1 - 3.0 7.8 (Tian et al.2013) 

ADH/PDDA-CNTs/GCE 24 0.05 - 0.3 3.1 (Kowalewska and 
Kulesza 2012) 

ADH/IL-graphene/Chit/GCE 5.0 0.025 - 0.2 4.2 
 

(Shan et al.2010) 
 

ADH/PEDOT/AuNPS/SPCE 2.0 0.005 - 0.1 4.4 (Serafin et al 2011) 

ADH/GO/Ru(bpy)3/GCE 0.1 0.001 - 2.0 9.7 (Gao et al.2013 

ADH-/ MDB/GMCs/SPCE 80 0.5 - 15 3.8 
 

(Hua et al.2013) 
 

ADH/ERGO-PTH/GCE 0.3 0.05 - 1.0 5.2 
 

(Li et al 2013b) 
 

ADH/TB/GCE 140 0.5 - 4.0 <6 (Nasri et al.2013) 

ADH/GN-AuNrs/GCE 1.5 0.005 - 0.4 4.6 
 

(Li et al.2013a) 
 

Chit/ADH-AuNPs/AA/SPCE 0.14 0.001- 2.0 8 (This work) 
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