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Highly Sensitive Reagentless Amperometric Immunosensor based on
Layer-by-layer Assembly of Redox-active Organic-inorganic
Composite Film for Determining Prostate Specific Antigen
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(Education Ministry Key Laboratory on Luminescence and Real-time Analysis, College of Chemistry and Chemical
Engineering, Southwest University, Chongqing 400715)

Abstract A new highly sensitive amperometric immunosensor for the detection of prostate specific anti-
gen (PSA) has been constructed by means of covalent bonding to immobilize prostate specific antibody
(anti-PSA) on multilayer organic-inorganic redox-active composite film/gold nanoparticle (nano-Au) modi-
fied glassy carbon electrode surface. The morphologies of the composite films were studied by means of
scanning electron microscopy (SEM), and X-ray photoelectron spectroscopy (XPS) analysis was used to
characterize the chemical composition in the PTC-NH; compound. The preparation procedure of the im-
munosensor was further investigated by cyclic voltammetry (CV). In addition, the performance and influ-
encing factors of the resulting immunosensor were studied in detail. Under optimal conditions, the resulting
immunosensor displayed a high sensitivity for the detection of PSA, and responsed to the PSA concentration
in the range from 0.5 to 16 ng/mL (R=0.985) with a detection limit of 0.02 ng/mL. Moreover, the im-
munosensor exhibited high sensitivity, long-term stability and good selectivity.
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organic-inorganic redox-active composite film
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Figure 1 The schematic diagram of the procedure of the syn-
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Figure 2 Preparation process of the immunosensor
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Figure 3 The XPS whole scanning spectrum of PTCDA (a) and
PTC-NH, (b)
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Figure 4 SEM images of PB (a), PTC-NH,/PB (b), PB/
PTC-NH,/PB (c), and nano-Au/PTC-NH,/PB/(PTC-NH,/PB), (d)
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Figure 5 CVs of the different electrodes in PBS bufter (pH 5.5)
bare GCE (a); PB/(PTC-NHy/PB), (b); nano-Au/PTC-NH,/PB/(PTC-
NH,/PB), (c); anti-CEA/nano-Au/PTC-NH,/PB/(PTC-NH,/PB), (d); BSA/
anti-CEA/nano-Au/PTC-NH,/PB/(PTC-NH,/PB), (e); modified electrode and
(f) the electrode (e) after incubated in the solution containing 2 ng/mL PSA.
All potentials are given vs. SCE. The inset shows the CV of the bare GCE in
PBS buffer (pH 5.5).
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Figure 6 CVs of the modified electrodes at different scan rates
from a to i: 50, 75, 100, 125, 150, 175, 200, 250, 300 mV/s in PBS buffer (pH

5.5) under room temperature. The inset shows the dependence of the redox

peak currents on the square root of scan rates. All potentials are given vs. SCE
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(a) n=1, (b) n =2, (c) n =3, (d) n =4. The inset shows the dependence of peak
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Figure 10 Effect of incubation time on the response signals. All
potentials are given vs. SCE
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Figure 11 Calibration plots of the changes of cathodic peak
current response vs. concentration of PSA with the immunosen-

sor under optimal conditions
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Table 1 Recovery of prepared immunosensor

Standard value/Determined value/

Sample number (ng-mLfl) (ngemL" 1) Recovery/%
1 2.0 2.1 105.0
2 5.0 4.8 96.0
3 8.0 7.8 97.5
4 10.0 10.3 103.0
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+6.25%, KW H BABUFIAICNE, % %Rk s
A TR _EXF PSA FI49120 K.
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Table 2 Experimental results of different methods obtained in serum samples

Number of the serum samples

Detection methods

1 2 5 8 12 15 18 20
Immunosensor Current response, AI/pPA 53.72 3533 28.54 17.41 21.16  40.53 4725  27.65

i;?sztff‘)mn detection/ 45 570 206 1.00 136 320 383 1.97
ELISAs/(ngemL ") 460 255 213 1.04 128 3.12 393 2.10
Relative error/% —326 +588  —329 —385  +625 4256  —254 —6.60
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