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1. Introduction 
Surface waters are currently the main source of drinking water for a large population of the world but due to 

increased nutrient pollution resulting from eutrophication, most of these surface waters contain toxic cyanobactaria. These 
cyanobactaria upon ingestion by fish, mammals and birds affects the liver, resulting into death or extensive liver damage [1]. 

Cyanobacteria, sometimes known as blue-green algae, consist of a family of one celled algae that grow in lakes, slow-
moving streams, ponds and other water reservoirs. They thrive in warm and nutritious waters producing a cluster of toxins 
known as microcystin. Microcystins are cyclic peptides having approximately eighty structural variants and commonly found 
in water bodies throughout the world. The most common of these variants is Microcystin-LR, Microcystin-YR, Microcystin-RR, 
and Microcystin-LW. Water-skiing, swimming or boating in Microcystins contaminated water can lead to the exposure to the 
toxins. These toxins may also be found in fish that are taken from such contaminated water. Reports by World Health 
Organisation (WHO) have indicated that livestock and pets have died after consuming Microcystins contaminated water [1, 2]. 

Among the various microcystin, the Microcystin-leucine arginine (MC-LR) is the most common and toxic secondary 
metabolite produced by freshwater cyanobacteria [2]. It is released in considerable amounts through the bacterial cell lysis.  It 
is chemically stable, highly soluble in water and can survive in the surface water bodies for a long time. The Microcystin 
poisons can chemically decompose at high temperatures (40°C) or at either very high pH (>9) or low (<1) [3]. The half-life at 
pH 1 and 40oC is approximately three weeks while at ambient conditions the half-life is ten weeks. The toxins can stay for 
months or years when released into dark, cooler and natural water bodies. The toxins have been shown to persist even after 
boiling, implying that cooking does not destroy the toxins [4]. 

Current technologies used for the detection of Microcystins depends mainly on two methods: analytical methods such 
as liquid chromatography (LC) or   biochemical screening methods like enzyme-linked Immunosorbent assays (ELISA) [5, 6], 
protein phosphatase inhibition assays (PPIA) [7] or competitive enzyme immunoassays [8]. Analysis of microcystin-LR using 
HPLC on C-18 following extraction of cells with 75% methanol has achieved a detection limit of 0.1–1mg/liter [9]. A detection 
limit of 0.1–0.5mg/liter has been achieved using immunoassay kits (ELISA) for Microcystins dissolved in water [10]. Protein 
phosphatase assay have detected 0.5–1.5mg/liter Microcystins dissolved in water [4, 11]. 

However, all these methods mentioned above have their inherent disadvantages. For example, the LC methods usually 
require longer time, consuming sample preparations that involve the pre-concentration of substantial amount of water 
volumes prior to analysis. The PPIA and ELISA on the other hand might not be able to distinguish between the various 
Microcystins as well as unrelated protein phosphatase inhibitors [11].  Recently reported are nuclear magnetic resonance and 
optical measurements [6, 8].  Although offering a high sensitivity, these methods are rather complicated, normally require a lot 
of time during sample pre-treatment procedures, highly skilled operators and expensive instrumentation, making them 
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Abstract: 
In this work, an electrochemical aptasensor was developed for the detection of Microcystin-leucine arginine (MC-LR) by 
immobilizing MC-LR targeting aptamers onto electro-deposited polyaniline (PANI) doped with synthesised iron nanoparticles 
(FeNPs). Aptamer microcystin binding event was monitored and recorded by cyclic voltammetry. The linear range (LR) and 
the limit of detection (LOD) of the aptasensor were from 0.0 – 1.0 µg L-1and 0.06 µgL-1 respectively. The World Health 
Organization (WHO) has set a concentration limit of 1µgL-1for MC-LR in drinking water, indicating that the developed 
aptasensor was enough for practical application. Therefore, this electrochemical aptasensor can be applied for detection of 
microcystin-LR in drinking water samples. 
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inappropriate for routine monitoring of the microcystin.  Also, different biological and chemical sensors have been 
reconnoitered for detection of these toxins. 
 In our previous work, we successfully synthesized Iron nanoparticles using eco-friendly, rapid, simple and low-cost 
approach through reduction of ferric chloride solution in a green method using ripe banana peels extract as the reducing agent 
[12]. This work focuses on developing an electrochemical apt sensor utilizing the ripe banana peels extract (RBPE) 
synthesized iron nanoparticles for determination of microcystin-LR (MC-LR). The aptamer based nanobiosensor was prepared 
with aptamer deposited on glassy carbon electrode (GCE) electrocatalytically activated with metalized polymeric 
nanocomposite system. The polymeric nanocomposites system was synthesized with polyaniline (PANI) imprignated with 
iron nanoparticles (FeNPs). The aptasensor response toward microcystin-LR was monitored using cyclic voltammetry.  
 
2. Experimental 

2.1. Chemicals and Reagents 
Iron (III) chloride was purchased from Merck and was used without further purification. The distilled de-ionized 

water (DDW) was obtained from the Biochemistry laboratory at the University of Nairobi. Microcystin target aptamer were 
isolated by SELEX process from a random ss-DNA library by Kim et al. (2007) [32]. Microcystin-LR was bought from Enzo Life 
Sciences, USA and was dissolved into 50 mM Tris, pH 7.5, (150mM NaCl, 2mM MgCl2) binding buffer.  This stock was further 
diluted to the required concentrations during the experiments. 
 
2.2. Electro-Immobilization of the Nanocomposite Film 

Electro-polymerization of polyaniline (PANI) onto the bare glassy carbon electrode (GCE) was achieved by the use of 
aniline and ammonium hydrate salt in 97% hydrochloric acid. Platinum wire and Ag/AgCl in saturated potassium chloride 
(KCl) were employed as the counter and reference electrodes respectively. The potential was swept between -200mV and 
900mV. The resulting electrode was labeled PANI/GCE. Electrodeposition of the iron nanoparticles onto the PANI/GCE was 
carried out for one hour using 10μL of the iron nanoparticles dispersed in water. Ag/AgCl in saturated KCl and Platinum wire 
were used as the references and counter electrodes respectively. The potential window was set between -200mV and 900mV. 
The electrode was then rinsed with ultra-purified water and dried in open air. The resulting electrode was referred to as the 
FeNPs/PANI/GCE. 
 
2.3  Immobilization of the Aptamer onto GCE Modified Surface (FeNPs/PANI/GCE) 

The self-assembly of microcystin targeting aptamer onto the PANI/FeNPs modified GCE was prepared as follows: the 
aptamer was denatured through heating at 90oC for 15 minutes, quickly cooled to 5oC for 10 minutes then incubated at 4oC for 
4 min so as to allow re-naturation and attainment of the most stable conformation. For the aptamer immobilization, 
PANI/FeNPs modified GCE was kept in a solution containing the microcystin targeting aptamer for 16 hours at 5 oC. Finally, 
the PANI/FeNPs/aptamer was rinsed with ultra-purified water to remove unbound aptamers, followed by air drying. The 
resulting electrode was then employed as the aptasensor for the detection of microcystin-LR. 
 
2.4. Voltammetry 

Basi Epsilon Ec-ver. 2.00.71_XP work station equipped with three-electrode cell system from BioAnalytical systems, 
BAS, US, was used to carry out the voltammetric experiments. A glassy carbon electrode of 3mm diameter and area of 0.071 
cm2 was used as the working electrode. A platinum (Pt) wire from Sigma Aldrich was used as the auxiliary electrode while the 
reference electrodes were silver/silver chloride (Ag/AgCl) electrodes. Alumina slurries of 1.0, 0.3 and 0.05 µm and micro 
polishing pads were obtained from Buehler, IL, USA and employed in the cleaning and polishing of the GCE. All the cell 
solutions used were bubbled prior to each experiment with analytical grade argon to degas them. All the experiments were 
performed at room temperature and pressure and the resulting voltammograms recorded in a computer interfaced to the Basi 
Epsilon workstation. All the solutions used for the cyclic voltammetry were kept in a refrigerator at -20 ºC when not in use. 
 
3. Results and Discussions 

Atypical cyclic voltammogram of PANI being grown on a glassy carbon electrode through oxidative polymerization of 
0.01 M aniline in 0.5 M HCl is shown in figure 1.  
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Figure 1: Electrodeposition of PANI onto the GCE at a scan rate of 50mV/s. A/A’, B/B’ and C/C’ are redox couples for polyaniline 

& 
Figure 2: Electrodeposition of Fe nanoparticles onto PANI/GCE at a scan rate of 50mV/s. 0.4602V, 0.2851V and 0.0511V are 

reduction potentials for FeNPs/PANI/GCE 
 

The three peaks of reductive reaction and three peaks of oxidative reaction that were observed were consistent with 
the results obtained by Mathebe et al. [13] and [14] (figure 1).  In the electrodeposition of the iron nanoparticles onto the 
PANI/GCE, the voltammograms still had three sets of redox couples (A/A’, B/B’ and C/C’) though the peaks were not well 
defined (figure 2). The three sets of redox couples were as a result of characteristic redox processes of PANI as observed there 
earlier [13, 14]. The electron diffusion took place along the chain of an adsorbed electroactive polymer [15, 16]. The role of the 
PANI film in the aptasensor construction was thus to serve as a point of attachment for the nanoparticles and to enhance the 
catalytic activity of the aptamers for the detection of microcystin-LR while iron nanoparticles provides a large specific surface 
area for increased immobilization of the aptamer [33]. As shown in figure 2, the peaks were well defined and remain unaltered 
during the cycles, reflecting the stability of the iron nanoparticles coating onto the PANI/GCE and the strong interaction 
between PANI and iron nanoparticles [17].  

An aptasensor (Aptamer/FeNPs/PANI/GCE) was developed by keeping FeNPs/PANI/GCE fabricated electrode surface 
in a solution containing microcystin targeting aptamer. Sensing of microcystin-LR was anchored on the relative change in 
current response. Figure 3 shows cyclic voltammetric responses of the aptasensor before and after the addition of 
microcystin-LR. 
 

 
Figure 3: Cyclic voltammetric responses of the aptasensor before (A) and after (B) aggregation following addition of 0.1µM of 

microcystin-LR at 37ᵒC. 
& 

Figure 4: Cyclic voltammetry of aptasensor with different MC-LR concentration (0 – 1µM) at a scan rate of 100 mV s-1 at 37 oC. 
 

 
Figure 5: A calibration plot showing the relationship between peak current and concentration of microcystin-LR 
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The aggregation following the introduction of microcystin-LR caused a sharp decrease in the peak current (Figure 3B). 
This was as result of the binding of the microcystin-LR to the aptamer thereby reducing conductance of the aptamer 
immobilized on the FeNPs/PANI/GCE. Figure 4 shows cyclic voltammograms taken from a series of varied microcystin-LR 
concentrations.  
 

No. Method LR (µg/L) LOD (µg/L) Ref. 

1. HPLC - 0.017µg/g 19 

2. ELISA 0.022 – 0.8 0.022 20 

3. Mass spectrometry - 0.5 21 

4. Protein phosphatise inhibition 0.93 – 40.32 0.93 22 

5. Colorimetric inhibition assay 0.098 – 1.56 0.05 23 

6. Colorimetric sensor 0.5 – 7.5x103 0.37 24 

7. Fluorescent aptasensor 0.4 – 1.2x103 0.137 25 

8. Chemiluminescence enzyme immunosensor 0.062 – 0.65 0.032 26 

9. Electrochemical impedence aptasensor 0.0498 – 100 0.0179 27 

10. Electrochemical immunosensor 0.01 - 50 0.007 28 

11. Label-free voltammetryc aptasensor - 0.0019 29 

12. Amperommetric immunosensor 0.01 - 100 0.01 30 

13. Label-free electrochemical immunosensor 0.05ng/mL– 
25µg/mL 

0.017 31 

14. Electrochemical aptasensor 0.00 – 1.00 0.06 Current 

Table 1: Comparison of different reported methods of Microcystin-LR detection 
Note: LR = Linear range; LOD = Limit of detection; Ref = reference 

 
The interaction of the aptamer with the microcystin-LR was confirmed by the drop in the peak current as the 

concentration of microcystin-LR increases with a correlation coefficient (R2) equals to 0.97 (figure 5). After optimization of the 
dose response curve (figure 5) and based on the average standard deviation of the measurements (σ) and the slope (S) of the 
fitting curve as 3σ/S [18], the limit of detection (LOD) for the aptasensor was found to be 0.06 µg/L. This sensitivity was 
obtained using cyclic voltammetry. Further improvement in sensitivity can be obtained if a more sensitive technique like 
square wave or differential pulse voltammetry is used.  

The performance of the current electrochemical aptasensor was compared with the reported techniques of 
microcystin-LR detection. As shown in Table 1, its detection limit and linear range compares favorably well with earlier work. 
It also met with the need of WHO guideline limit of 1 µg/L in drinking water, indicating that it was enough for practical 
application. Therefore, this electrochemical aptasensor can be applied for detection of microcystin-LR in drinking water 
samples. 
 
4. Conclusion 
 A simple and highly sensitive GCE/PANI/FeNPs/aptamer based electrochemical biosensor has been developed for 
the detection of Microcystin-LR. This GCE/PANI/FeNPs/aptamer biosensor was able to detect Microcystin-LR up to 0.06 µg/L. 
The high sensitivity of this aptasensor for the target was attributed to high surface area exhibited by the PANI/FeNPs 
nanocomposite which significantly enhanced the aptamer loading. 
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