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Disposable Amperometric Immunosensor for Detecting Toxoplasma
Gondii—-Specific IgM Based on Graphene and CeO,~Au
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Abstract Toxoplasma gondii-specific IgM (Tg-IgM) is a sensitive and reliable marker for early diagnosing toxoplasmosis
infection in pregnant women. In this study, a disposable amperometric immunosensor for sensitive detecting Tg-IgM was
constructed based on graphene (GP) and CeO,-Au nanoparticle. The GP was treated with chitosan (CS) to obtain a stable
graphene-chitosan (GPCS) composite membrane. The CeO,-Au nanoparticle which was used for the preparation of the am-
perometric immunosensor was synthesized by the hydrothermal method. GPCS composite membrane was first assembled
onto the screen-printed carbon electrode (SPCE) for adsorbing the CeO,-Au nanoparticle. The toxoplasma gondii antigen
(Tg-Ag) was subsequently adsorbed by CeO,-Au nanoparticle to obtain the proposed immunosensor. Scanning electron mi-
croscope (SEM) and transmission electron microscope (TEM) were employed to characterize the construction process of the
immunosensor. Cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and differential pulse voltammetry
(DPV) were used to study the electrochemical properties of the immunosensor. The results indicated that, CS employed in
this study improved the dispersion and homogeneity of GP, as well as enhance the stability of the proposed immunosensor.
The use of GPCS composite membrane and CeO,-Au nanoparticle had good conductivity and prominent biocompatibility,
which excellently improved the sensitivity of the immunosensor. In the optimal conditions, the proposed immunosensor can
be applied to quantify the concentration of Tg-IgM in a wide linear range from 7.5X 10™* AUsmL "' to 24 AUsmL "' with a
correlation coefficient of —0.998 and a low detection limit of 4.4X10~* AUsmL™" (S/N=3). The novel proposed im-
munosensor for detecting Tg-IgM in human serum specimens with satisfactory results had also been proved. In addition, the
Tg-IgM contents determined by the immunosensor agreed well with the ELISA measurement. Furthermore, the proposed
amperometric immunosensor exhibited some advantages, such as high selectivity, long-term stability, good repeatability, low
sample consumable, and short analysis time, which were suitable for detecting toxoplasma infection in pregnant women.
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Figure 1 SEM image of GPCS (A) and TEM image of CeO,-Au (B)
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Figure 2 Cyclic voltammograms (A) and electrochemical impedance
spectroscopy (B) of bare SPCE (a), GPCS/SPCE (b), CeO,-Au/GPCS/
SPCE (c), Tg-Ag/CeO,-Au/GPCS/SPCE (d), BSA/Tg-Ag/CeO,-Au/
GPCS/SPCE (e) in pH 7.0 PBS containing 5 mmolsL ' [Fe(CN)s]* "~
and 0.1 mol-L™' KCl
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Figure 3 Cyclic voltammograms of the immunosensor at different scan
rates (from inner to outer: 10~300 mVes ') in pH 7.0 PBS containing 5
mmoleL ' [Fe(CN)]* ™ and 0.1 molsL "' KCI (inset: the dependence of
redox peak currents on potential sweep rates)
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Figure 4 Current responses of BSA/Tg-Ag/CeO,-Au/GPCS/SPCE (a),
BSA/Tg-Ag/GPCS/SPCE (b), BSA/Tg-Ag/Ce0,-Au/SPCE (c) toward
various concentrations of Tg-IgM, respectively, in pH 7.0 PBS containing
5 mmolsL ™' [Fe(CN)]> " and 0.1 moleL ™' KClI
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Figure 5 Effect of pH of the solution on the immunosensor response
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Figure 6 Effect of the incubation temperature on the immunosensor
response
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Figure 7 Effect of the incubation time on the immunosensor response
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Table 1 The recoveries assayed by using the immunosensor via spiking Tg-IgM standards into blank human serum

Human serum/(AUsmL ") Addition content/(AUemL ') The detection content/(AUsmL ") RSD/% (n=5) Recovery/%
3.00 3.3,2.97,3.08,2.88,3.21 5.54 102.9
0 8.00 7.93,7.87, 8.04,8.12, 7.86 1.41 99.6
12.00 11.86,12.14,12.08, 11.93, 12.17 1.12 100.3
24.00 24.03,23.81, 23.79, 24.06, 24.17 0.69 99.9
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Figure 9 The schematic representation of the fabrication process of the
immunosensor
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