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Detection of prostate specific antigen-based on dual signal amplified electro-

chemical immunoassay
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Abstract A sandwiched electrochemical immunoassay based on the AuNPs@ GSH-CdTe as a signal label, which
formed by GSH-CdTe QDs and AuNPs, with dual signal amplified by reduced graphene oxide and AuNPs was
proposed for the sensitive detection of prostate specific antigen ( PSA). Through a sandwich immunoreaction, the
target PSA and AuNPs@ GSH-CdTe labeled Ab, were captured to rGO/AulNPs-Ab, surface. After the HNO,-dis-
solution step, square wave stripping voltammetry ( SWSV) analysis of the captured CdTe QDs was used to quantify
the concentration of PSA. In this system, AuNPs possessedlarge specific surface and good biocompatibility, which
could effectively expand the amount of antigen and GSH-CdTe (QDs loading and signals amplifying, while GO
played a synergistic amplification role due to its large specific surface. The proposed method showed good linearity
ranging from 0. 5 to 200 ng/ml with the detection limits of 5. 0 pg/mL. It also showed excellent selectivity, good
reproducibility, satisfactory stability. In addition, the method was successfully applied to the determination of real
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samples. The result was satisfactory and the recovery could fall in 98. 20% —106. 2% , which represented a novel

approach for versatile detection of tumor markers.
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Figure 2 Synthesis process of rGO/AuNPs-Ab,
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Figure 3  Principle of double signal enhancing strategy for PSA detection
PSA : Prostate specific antigen
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Figure 4 Characterization of ODs. A; UV-vis absorption spectra of GSH-CdTe QDs solution, inset ; Corresponding size distribution of GSH-CdTe QDs;

B:TEM image of GSH-CdTe QDs;C:FT-IR spectra of GSH-CdTe QDs
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Figure 6 TEM image of (A) rGO and (B) rGO/AuNPs

3.4 WEAZF K BAE B I

g, FH] AuNPs@ GSH-CdTe & EHRIC
PSA Ab, ,“ =HIR” P I , F rGO/ AuNPs
It b4 2 #) GSH-CdTe QDs Ji HNO, #i# >R
SWSV AR (1 Cd®* WL T, MATHT 5 1) R A
TR PSA [ H . Bk CdTe [ 1 H A1 B 1)
PUEL, WO AR AL A5 5 T LR R PSA [, {4

Absorption

300 400 500 600 700 800

A/nm
Figure 5 UV-vis absorption spectra of (A) :20 nm AuNPs (a) and AuNPs@ GSH-CdTe (b) ;and (B) ;5 nm AuNPs (a) and rGO/AuNPs (b)
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Figure 7 SWSVs of Cd** responding to different assembled mode
a: AuNPs@ GSH-CdTe-Ab, -PSA-Ab, -AuNPs/rGO ; b : without PSA;c:
GSH-CdTe-Ab, -PSA-Ab, -AuNPs/rGO; d: AuNPs @ GSH-CdTe-Ab, -
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Figure 8 Optimization of experimental conditions (x +s,n=3)

A :Volume of AuNPs@ GSH-CdTe-Ab, ;B Concentration of BSA ; C:Incubation time of PSA
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Figure 9 Determination of PSA concentration by constructed immunoassay
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A:SWSVs of Cd>* responding to the different concentration of PSA ( from a-h:0.5,1,5,10,50,100,150,200 ng/mL) ; B : Linear relationship between
the current intensity and logarithm of the PSA concentration in the range of 0. 5-200 ng/mL (x £5,n=3)

Table 1 Comparison of the present study and other reports for PSA
detection

Method Linear range/ LOD/ Ref.
(ng/ml)  (ng/mL)

Chemiluminescence 0.1-30 0.1 [21]
Electrochemiluminescence 0.01-8 0. 008 [22]
Colorimetric Immunoassay 0.05-20 0.03 [23]
Electrochemistry 1-18 0. 001 [24]
Fluorescence 1.56-25 0.001 56 [25]
Electrochemistry 0.5-200 0.005  This work
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Table 2 Reproducibility of this immunoassay were evaluated by inter-
assay relative standard deviation (RSD)

c¢(PSA)/ Current ( X107 A) RSD
(ng/mL) 1 2 3 4 5 /%
1 —-0.402 -0.426 -0.386 -0.388 -0.414 4.2
10 -0.983 -0.998 -1.151 -0.982 -1.155 8.6
100 -1.396 -1.275 -1.249 -1.462 -1.213 8.0
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Figure 10  Selectivity of the PSA detection. The SWSVs of Cd**

responding to the different proteins ( the concentration of AFP, TPA,
CA125,HAS and PSA were 50 ng/ml) and the mixture of AFP,TPA,
CA125 ,HAS and PSA is also 50 ng/mL. Error bars show the standard
deviations of measurements taken from at least three independent experi-

ments
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Table 3 Determination of PSA added in human blood serum (n =5)
with the developed method

Serum Added PSA Found PSA RSD Recovery
sample /(ng/mL) /(ng/mL) /% /%
1 1. 000 0.982 3.2 98.20
2 10. 00 9.970 3.9 99.70
3 50. 00 51.53 2.5 103. 1
4 100. 0 106. 2 4.1 106. 2
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