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Abstract- As a laboratory technique, the analysis of amino acid plays an important role in 

biochemical, pharmaceutical and biomedical fields. There is, therefore, a need for the rapid 

and accurate analysis of amino acid. In this report, the Fe3O4 magnetic 

nanoparticles/graphene quantum dots (Fe3O4 MNP-GQDs) was used for the investigation of 

electroactive amino acids effect on the electrochemical signals of each other. This sensor 

used towards probing the interaction study of electroactive amino acids with each other at 

physiological pH (pH=7.4) by differential pulse voltammetry. The herein described approach 

is expected to promote the exploitation of electrochemically-based methods for the study of 
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amino acids-amino acid interaction which is necessary in biochemical and biosensing studies. 

This report may open a new window to direct peptide analysis in the future. 

 

Keywords- Magnetic nanoparticles, Graphene quantum dot, Electrochemistry, Amino acid  

 

1. INTRODUCTION  

As a laboratory technique, the analysis of amino acid plays an important role in 

biochemical, pharmaceutical and biomedical fields. Also, amino acids exist in a free form or 

bound in peptides, proteins, or non-peptide bonded polymers [1]. Naturally occurring L-

amino acids are required for protein synthesis and are precursors for essential molecules, such 

as co-enzymes and nucleic acids. Non-protein amino acids may also occur in animal tissues 

as metabolic intermediates or have other important functions [2-23]. Mostly, the methods 

were based on the technology developed by Moore and Stein, which includes post-column 

derivatization and detection in the visible region on an amino acid analyzer. These analyses 

are reliable, but costly and time-consuming. Also, although these methods have the 

advantages of sensitivity and accuracy, their complicated operation, limit their extensive 

application. There is, therefore, a need for the rapid and accurate determination of amino 

acids. The electrochemical methods, with respect to their sensitivity, accuracy, simplicity and 

ease of on-site determination, have received considerable attention for the analysis of amino 

acids [24-33]. The oxidation and adsorption behaviors of amino acids on electrode surfaces 

are relevant to the interfacial behaviors of biological molecules and also to the medical and 

industrial problems associated with the adsorption of the amino acids on the surfaces [34-36]. 

But, the use of bare, unmodified electrodes as electrochemical sensors for amino acids had a 

number of limitations. Low sensitivity and reproducibility, slow electron transfer reactions, 

low stability over a wide range of solution compositions and high over potential at which the 

electron transfer process occurs were the limitations identified. 

Therefore, in the present study, a novel nanocomposite (magnetic graphene quantum dot 

(Fe3O4 MNPs-GQDs)) was synthesized successfully and characterized by using Fourier 

transform infrared spectroscopy (FTIR), transmission electron microscopy (TEM) and atomic 

force microscopy (AFM). For the first time, as-synthesized GQDs and Fe3O4 MNPs-GQDs 

was electrodeposited on GCE by cyclic voltammetry (CV) in the potential range from -1.0 to 

1.0 V and the prepared films were used for detection of the effect of electroactive amino 

acids on electrochemical signals of each other at physiological pH. As far as we know, no 

attention has been paid to the use of electrochemistry for recognition of amino acids 

interactions with each other. Therefore, the proposed electrochemical strategy suggests the 

feasibility of binding recognition of electroactive amino acids with each other. Herein, we 

first report on an interface based on glassy carbon electrode modified Fe3O4 MNPs-GQDs, 

for recognizing possible interactions between electroactive amino acids at physiological pH. 



Anal. Bioanal. Electrochem., Vol. 8, No. 6, 2016, 790-802                                                   792 

 

2. EXPERIMENTAL DETAILS 

All chemicals were purchased from Merck (Darmstadt, Germany) and used without 

further purification. Alumina slurry was purchased from Beuhler (Illinois, USA) and raw 

material of amino acids was purchased from Merck (Germany). All solutions were prepared 

with deionized water. The stock solution of amino acid (0.003 g/mL) was prepared by 

dissolving an accurate amount of selected amino acids in an appropriate volume of 0.1 M 

phosphate buffer solution (PBS), pH=7.4 (which was also used as supporting electrolyte), and 

then stored in the dark place at 4 °C. Additional dilute solutions were prepared daily by 

accurate dilution just before use. Also the other stock solutions were prepared by dissolving 

an accurate amount equal to molecular weight of each one in an appropriate volume of 1000 

mL deionized water and then all stored in the dark place at 4 °C.  

Electrochemical measurements were carried out in a three-electrode cell setup. The 

system was run on a Personal Computer using NOVA1.7 software. Saturated Ag/AgCl as a 

reference electrode and the counter electrode (also known as auxiliary electrode), which 

usually made of an inert material was platinum. All potentials were measured with respect to 

the Ag/AgCl which was positioned as close to the working electrode as possible by means of 

a luggin capillary. Glassy carbon electrode (GCE) (from Azar electrode Co., Urmia, Iran) 

was used as the working electrode.  

The Fe3O4 MNPs-GQDs composites were synthesized through a one-step co-precipitation 

procedure which was reported in or previous work [37]. First, GQDs (0.1 g) was dispersed in 

150 mL deionized water by sonication for 10 min. Then, 1.214 g FeCl3.6H2O was added to 

GQDs solution at room temperature under a nitrogen flow with vigorous stirring. Then, 

temperature was increased to 80 °C, and 0.485 g of the FeCl2.4H2O was added slowly to the 

solution containing Fe3
+
/GQDs, which was vigorously stirred for an additional 30 min. 

Finally, the ammonia solution was added dropwise to adjust the pH of the solution to 10 for 

the synthesis of magnetite Fe3O4 MNPs-GQDs. (See Scheme 1). 

The surface chemistry of Fe3O4 MNPs-GQDs was investigated using FTIR. The typical FT-

IR spectra of magnetic nanoparticles are shown in Fig. 1. As can be seen the Fe–O band at 

Fe3O4 MNPs-GQDs (611 cm
-1

) shifted to a higher wavelength in comparison with Fe3O4 (580 

cm
-1

), indicating the bonding of Fe3O4 to C–O–H groups on the GQDs surface. An absorption 

bond appeared at 3411 cm
-1

 corresponding to hydroxyl groups on Fe3O4 and the Fe3O4 

MNPs-GQDs surface and a peak at 1618 cm
-1

 corresponded to the vibration of water 

molecules adsorbed on Fe3O4 and Fe3O4 MNPs-GQDs surfaces. A strong bond at 1605 cm
-1

 

corresponded to the stretching frequencies of C-C on the Fe3O4 MNPs-GQDs surface. Peaks 

at 908 cm
-1

 and 1065 cm
-1

 can be attributed to the stretching frequencies of C–C on Fe3O4 

MNPs-GQDs and the peaks at 1258 cm
-1

 and 1384 cm
-1

 corresponded to the C–O stretching 

and O–H bending vibrations. 
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Fig. 1. FT-IR spectra of Fe3O4 MNPs and Fe3O4 MNPs-GQDs 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. SEM images of Fe3O4 MNP-GQDs modified GC electrode. 
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GCE (2 mm in diameter) was polished to a mirror-like finish with 0.3 and 0.05 μm 

alumina slurry and then thoroughly rinsed with double distilled water. Then it was 

successively sonicated in acetone and double distilled water and was allowed to dry at room 

temperature. Finally, 5 mL homogenous GQD and Mag-GQD films were electrodeposited 

onto GCE by cyclic voltammetry (CV) in the potential range from -1.0 to 1.0 V at a scan rate 

of 200 mV s
-1

 for 30 cycles (See [36] for details). 

After electrochemical deposition of Fe3O4 MNPs-GQDs on the GCE, the Fe3O4 MNPs-

GQDs-GCE was employed for taking SEM images for monitoring the distribution of Fe3O4 

MNPs and morphology of the engineered electrode surface. The SEM images of the 

engineered electrode surface have been shown in Fig. 2 at different magnitudes. This Figure 

shows that magnetic nanoparticles were distributed into GQDs and confirmed attachment of 

Fe3O4 MNPs to the GQDs. Meanwhile the figure shows that some of Fe3O4 MNPs have been 

aggregated. The overall size of Fe3O4 MNPs was found to be less than 100 nm. The Fe3O4 

MNPs were well dispersed on the electrode surface. The effective surface area was 0.098, 

0.12 and 0.289 cm
2
 for GCE, GQDs-GCE, and Fe3O4 MNPs-GQDs-GCE, respectively 

 

3. RESULTS AND DISCUSSION 

The oxidation of electroactive amino acids at Fe3O4 MNPs-GQDs-GCE was investigated 

at physiological pH of phosphate buffer solution (PBS 0.1 M, pH=7.4). The differential pulse 

voltammograms (DPV) of Fe3O4 MNPs-GQDs-GCE were recorded between -1.0 and 1.0 V 

using the scan rate of 10 mVs
-1

 in the presence of 0.1 M PBS (pH=7.4) and selected amino 

acids (L-Cysteine, L-Tyrosine, L-Glycine, L-Aspartic Acid, L-methionine, L-Argentine, L-

Valine and L-Phenylalanine). Fig. 3 shows the response of the Fe3O4 MNPs-GQDs-GCE for 

above mentioned amino acids. As can be seen in Fig. 3, on the Fe3O4 MNPs-GQDs-GCE no 

redox behavior was observed for L-Gly, L-Arg, L-Met. On the other hand, Fe3O4 MNPs-

GQDs-GCE display well fined oxidation peaks for L-Cysteine, L-Tyrosine, L-Aspartic Acid, 

L-Valine and L-Phenylalanine. More importantly, Fe3O4 MNPs-GQDs-GCE shows anodic 

peaks at 0.52 0.60, 0.07, 0.55 V vs. Ag/AgCl which attribute to the anodic oxidation of L-

Cysteine, L-Tyrosine, L-Aspartic Acid, L-Valine. Also, Fig. 4 shows the DPVs of L-

Cysteine, L-Tyrosine, L-Aspartic Acid, L-Valine and L-Phenylalanine at Fe3O4 MNPs-

GQDs-GC, containing an increasing concentration of L-Cysteine, L-Tyrosine, L-Aspartic 

Acid, L-Valine and L-Phenylalanine. It is found that that the peak currents increase with the 

increasing concentration of selected amino acids, indicating that these amino acids can be 

detected at the proposed modified electrode. 

According to obtained results, it’s found that L-Cysteine, L-Tyrosine, have greater peak 

currents. Also, peak potential of L-Cysteine, L-Tyrosine, are similar at physiological pH of 

PBS (0.1 M) on the surface of Fe3O4 MNPs-GQDs-GCE.  
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Fig. 3. DPVs of Fe3O4 MNPs-GQDs-GCE in the presence of 5 ml PBS (0.1 M, 

pH=7.4)+(0.005 g) of amino acids (L-Val, L-Phe, L-Arg, L-Cys, L-Asp, L-Tyr, L- Met, and 

L-Gly). Scan rate is 10 mVs
-1 
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Fig. 4. DPVs obtained for of [A) L-Cys; B) L-Tyr; C) L-Asp; D) L-phe and E) L-Val] in 0.1 

M PBS, respectively. A) L-Cys concentrations are as: 0.06, 0.07, 0.08, 0.1, 0.12, 0.14, 0.16, 

0.18, and 0.2. B) L-Tyr concentrations are as: 0.01, 0.02, 0.03, 0.04, 0.05, 0.07, 0.08, 0.09, 

and 0.1 µM. C) L-Asp concentrations are as: 0.2, 0.4, 0.7, 1, 5, 10, 20, 50, and 70 µM. D) L-

Phe concentrations are as: 0.2, 0.4, 0.5, 0.8, 1, 2, 5, and 10 µM. E) L-Val concentrations are 

as: 0.2, 0.4, 0.7, 1, 5, 10, 20, 50, and 70 µM 
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Therefore, at the second step, DPVs of L-Cysteine, L-Tyrosine were recorded in the 

presence of other electroactive amino acids (L-Aspartic Acid, L-Valine and L-Phenylalanine) 

to exportation the effect of themes on electrochemical signals of L-Cysteine, L-Tyrosine. 

Therefore, the rest of this work was focused on the electrochemical behavior of L-Cysteine, 

L-Tyrosine in the presence of other electroactive amino acids and its effect/interferences on 

the e electrochemical signals of them. 

 

 

 

 

   

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. DPVs obtained for of L-Cys (0.005 g/mL in the presence different concentrations 

(0.001, 0.002, 0.003, 0.004 g/ml) of L-Phe (A) of  B) L-Val C) L-Asp, and D) L-Tyr] in 0.1 

M PBS (pH=7.4), respectively 
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In the case of L-Cys, as can be seen in Fig. 5, L-Val has no effect on the peak currents of 

L-Cys. Also, L-Phe has little effect on direct electron transfer of L-Cys at the surface of 

Fe3O4 MNPs-GQDs-GCE. As shown in the inset of Fig. 3, When L-Cys coexisted with these 

sample interfering agents (L-Val and L-Phe), no apparent signal change took place in 

comparison with that of only L-Cys. More importantly, L-Tyr and L-Asp has greater effect 

on the obtained peak currents of L-Cys. As shown in Fig. 5, it can be realized that the peak 

currents of L-Cys are increased slightly when there is an increase in the concentration of 

interferences (L-Tyr and L-Asp). These results indicated that, kinetic of electron transfer 

obtained by interaction of L-Cys with L-Tyr and L-Asp has linear correlation with the 

interferences. Also, the peak potential was closely dependent on the ratio of L-Cys: L-Tyr 

and L-Cys: L-Asp concentration. It was found that the values of peak potential shifted to 

negative values with the increase of this ratio (as shown in Fig. 5). The peak potential (Ep) 

moved in to positive direction with L-Tyr and L-Asp concentrations rising. The increasing of 

the overvoltage observed in the low concentrations ratio of L-Cys: L-Tyr and L-Cys: L-Asp 

clearly indicates its essential role in the observed electroactivity behavior. That might be 

related to the durable binding of L-Cys with L-Tyr and L-Asp and good electrical 

conductivity. In addition, Fig. 5 shows that in physiological pH and using Fe3O4 MNPs-

GQDs-GCE the peak current of L-Cys interaction with -Tyr and L-Asp was dependent to 

structure of interferences and vary with the type of amino acids. 

In addition, oxidation potential of L-Cys in the presence of L-Asp shift to positive values 

slightly which show L-Cys with SH group has greatest interaction with mesoporous L-Asp 

than L-Tyr. This observation indicates that electroactivity of L-Cys is higher than L-L-Asp 

than L-Tyr. Also, L-Cys with sulfur group was oxidized in higher potentials. Based on 

difference Ep, L-Cys has inclinable ionization capability when compared with L-Asp than L-

Tyr. Hence, L-Cys has higher peak current than L-Asp than L-Tyr. 

In the case of L-Tyr and its interaction with L-Aspartic Acid, L-Valine, L-Tyrosine and 

L-Phenylalanine, similar DPVs (Fig. 6) were recorded using Fe3O4 MNPs-GQDs-GCE in 10 

mV/s. L-Phe has no effect on the peak currents of L-Cys. Also, L-Asp has little effect on 

direct electron transfer of L-Tyr at the surface of Fe3O4 MNPs-GQDs-GCE. As shown in the 

inset of Fig. 6, when L-Tyr coexisted with these sample interfering agents (L-Val and L-

Asp), no apparent signal change took place in comparison with that of only L-Cys. On the 

other hand, L-Cys and L-Val has greater effect on the peak currents of L-Tyr. According to 

DPV curves, change on peak currents of L-Tyr was observed after addition of L-Cys and L-

Val electrochemical cell. Such behavior is because of the binding formation of the –COOH 

and –NH2 between L-Tyr and (L-Cys and L-Val). This behavior can be attributed to the fact 

that the forces which are present in formation a binding between L-Tyr and L-Cys and L-Val 

consist of hydrophobic interaction and hydrogen bond, although the hydrophobic interaction 

is dominated. Literature review showed that, L-Cys often coexists with L-Tyr in human fluid, 
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pharmaceuticals and clinical analysis but there is no report about simultaneous analysis of L-

Cys and L-Tyr. This inclusion may result in a sort of pre-concentration of the chemical 

bonding of L-Tyr with L-Cys and L-Val at the electrode surface, which will govern the 

kinetics of its charge transfer process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      

 

 

 

 

 

 

 

                       

                                                                 

 

Fig. 6. DPVs obtained for of  L-Tyr (0.005 g/mL) in the presence different concentrations 

(0.001, 0.002, 0.003, 0.004 g/ml) of L-Asp (A) of  B) L-Cys C) L-Val, and D) L-Phe] in 0.1 

M PBS (pH=7.4), respectively 

 

It is important to point out that, the electrocatalytic effect of Fe3O4 MNPs-GQDs can be 

ascribed to the combination of the electron-acceptor ability of GQD confinement effects due 

to the attachment to the Fe3O4 MNPs. On the basis of the previous considerations, the 
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electrocatalytic effect of Fe3O4 MNPs-GQDs must result from the superposition of the effect 

associated with more external OH units and that due to boundary-associated ones. On the 

other hand, since the catalytic effect associated with Fe3O4 MNPs-GQDs consists essentially 

of an enhancement of the anodic peak for L-Tyr oxidation, the catalytic effect can tentatively 

be associated with a redox reaction in solution phase between OH units and any intermediate 

species resulting from the initial electron transfer of L-Tyr. 

It is recognized that functional groups (side chains) of amino acids can change the 

oxidation peak current of L-Tyr and L-Cys. L-Tyr and L-Cys have different side chains. Fig. 

8 shows that L-Tyr has greater interaction with L-Cys than L-Val. Based on two dimensional 

pores of MCM-41, Tyr easily transfer toward the Fe3O4 MNPs-GQDs, and they are 

accompanied by the inherent Lewis acidity of the Fe
3+ 

and hydroxyl groups, both of which 

are capable of interaction with the carbonyl oxygen and amine groups of the amino acids 

moiety. Therefore, change on the oxidation peak currents of L-Cys and L-Tyr in the presence 

of L-Glycine, L-Aspartic Acid, L-methionine, L-Argentine, L-Valine and L-Phenylalanine, 

and each other resulting from the electrochemical interaction of L-Cys and L-Tyr with 

surface of Fe3O4 MNPs-GQDs-GCE, can be extremely useful for providing reliable chemical 

information about electroactivity of analyte. 

Finally, DPVs of L-Tyr in the absence and presence of L-Cys was recorded. Fig. 7 show 

DPVs of L-Cys in 0.1 M PBS (pH=7.4) using Fe3O4 MNPs-GQDs-GCE in the absence and 

presence of L-Tyr. According to recorded DPVs, it’s found that L-Cys has greater effect on 

the electrochemical signals of L-Tyr which is notable for peptide analysis.  

 

 

 

 

Fig. 7. A) DPVs of L-Tyr (0.005 g/ml) in the presence of [Arg+Ser+Val] with concentration 

of 0.005g/ml. B) DPVs of L-Tyr (0.005 g/ml) in the presence of 

[Arg+Ser+Val+Tyr+Asp+Phe+Cys+Gly] with concentration of 0.005 g/ml 
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4. CONCLUSION 

In this report, the effect of electroactive amino acids on electrochemical signals of each 

other at physiological pH was evaluated at the surface of Fe3O4 MNPs-GQDs-GCE using 

DPV technique. The applications of DPV for qualitative investigation of some electroactive 

amino acids interaction with each other were discussed. From these results, it was hypothesis 

that interactions of L-Cys an L-Tyr with others is notable. In the case of L-Cys, this 

interaction was high when L-Tyr and L-Asp is in the solution and these amino acids have 

greater effect on the obtained peak currents of L-Cys. In contrast, L-Cys and L-Val have 

effective role on the electrochemical signals of L-Tyr. The herein described approach is 

expected to promote the exploitation of electrochemically-based methods for the study of 

amino acid-amino acid interaction which is necessary in biochemical and biosensing studies. 
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