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A Carinembryonic Antigen Electrochemical Immunosensor Based on

Gold Nanoparticles and Horseradish Peroxidase Signal Amplification
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Abstract: A novel cancerembryo antigen (CEA) electrochemical immunosensor has been constructed using
chitosan (CS) as bioactive membranes, gold nanoparticles (AuNPs) and biotinylated horseradish peroxidase (HRP)
for signal amplification, and CEA, streptavidin-labeled carcinoembryonic anti-bodies (anti—-CEA) immunoreactive
complexes as immobilized enzyme-labeled immunoconjugates, accompanied by the optimization of the detection
conditions. The effect of different electrochemical responses at different concentrations of CEA can be detected by
adopting the competitive enzyme linked immunoabsorbent assay ( ELISA). This novel sensor exhibits such fine
properties as with a good linear range (4~16 ng/mL, R°=0.992 7) and a low detection limits of 1 ng/mL.
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A CEA [ Bt Sz i kR &, LA T4
T Al I3 % 11 (bovine serum albumin,
BSA) , LigAETAY THAF; 52EbE (Chitosan,
CS) , BR; FILBH, AR; ANIKGHMEK, AR;
W2, AR; fHFER, AR; BAMR —&FP, AR; EEfb
B, AR; A &R, AR; HALHN, AR; MBI =
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B 3w A U ( glassy carbon electrode, GCE )
FIRIAZER 0.05 pm AR HET T4, TS s
SRIGH A FoK byl i, AE P T Vs ol 7 T ok
3~4 min, P4, SER LR 4T /K P T Uk
3~4 min",

JH0.05 mol/L K;[Fe(CN)] (%4 0.1 mol/L KCI )
hSCFEWG Rk E AR S (L GCE 2 TAEH
W, FALZ X EAR , HORHEAR B A ) A
AR 2 " (cyclic voltammetry, CV) , 47 [l
H=02~0.6 V, FHHEFN 50 mV/s, FAGEE MTE
AN YNI DA ES
2.5 CEA EBtEIRFIEraE

R F BN 4~8 CHIMEAEE BB T NP 1
h; BB IUE SARE ST 1.5 mL 9K TE B0
oh, I HIBRUE AL R RERCHS FLBC I L 80, 16, 14, 11, 10, 6,
4 ng/mL FEW; 43 ) BGE & 14 BE I 5 A1 ZARIC ) anti-
CEA. AW RFricH) HRP, W45 Ve, FLHE K
FikE 20 fi5, %M.
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Fig. 1 Schematic diagram of electrochemical immunosensor

based on CEA detection of two-step signal amplification of
AuNPs and HRP

TEALFRAF 9 GCE EI% I 10 pL 5t &2 73 50k 2%
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AT W T HARRETHEM 10 uL /9 80 ng/mL
CEA, T 4CiHAHL, MEEITECN 1% 1Y BSA
B 1 h, BRI R A BURE R AR AR
AIBLIA (streptavidin-labeled anti-CEA ) 2.5 uL. 44
Z F51iC 19 HRP ( biotinylated HRP ) 5 puL DL J% 2.5 uL
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0.01 mol/L PBS (pH fti} 7.2) W1 4 CH{ifr. &
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B M 58 UG 7E 0.05 mol/L K,[Fe(CN),] F1 0.1 mol/L
KCHRARW P AT CV K 5 FYEI So s (L IR AR 7E
0.1 mol/L PBS (pH {f & 7.2) +15 mmol/L OPD+0.5
mmol/L H,0, & & H XA [l ik B (1) CEA i 47 ik 2
L FHHTEE N -0.2~0.6 V, HEH#HE K 100 mV/s.
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Fig. 2 CV diagram of glassy carbon electrode modified
step-by-step in the 0.05 mol/L K;[Fe (CN),]+0.1 mol/L KCl

aqueous solution
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pulse voltammetry, DPV ) #il|, HZERANE 3 Pk,
P b e A R AR . ( Rk b)) B UK
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& 3 £ 0.1 mol/L PBS (pH {&4 7.2)+15 mmol/L OPD+
0.5 mmol/ L H,0, fx % #1 AuNPS/CS/GCE #A
HRP/anti—-CEA/CEA/AuNPs /CS/GCE #J DPV &
Fig. 3 DPV diagram of AuNPS/CS/GCE and HRP/anti—
CEA/CEA/AuNPs/CS/GCE in 0.1 mol/L PBS (pH value is
7.2)+15 mmol/L OPD+0.5 mmol/L H,0, aqueous solution
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Fig.4 Relation schema of the DPV peak current and the
concentration of H,O, in the 0.1 mol/L PBS(pH value is 7.2)+
15 mmol/L OPD+0.5~3.5 mmol/L H,0, aqueous solution
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Fig. 5 DPV peak current diagram of system immunosensor in
0.1 mol/L PBS(pH value is 4.5~7.5)+15 mmol/L
OPD+0.5 mmol/L H,0, aqueous solution
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HEERE 6 fiR.
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a—16 ng/mL; b—I14ng/mL; ¢—11 ng/mL;
d—10 ng/mL; e—6 ng/mL; f—4 ng/mL,

6 £ 0.1 mol/L PBS (pH {&4 7.2)+15 mmol/L OPD+
3.5 mmol/L H,0, A&, R CEA REFZHMERE
ER T & RL25H) DPV E
Fig. 6 DPYV diagram of the immunosensor under competitive
immuni zation with different concentrations of CEA in
0.1 mol/L PBS (pH value is 7.2) + 15 mmol/L OPD +
3.5 mmol/L H,0, aqueous solution

B 4, 6, 10, 11, 14, 16 ng/mL CEA 2.5 uL, & &
W SE A E AR ICAY anti—-CEA 2.5 uL, ¥ Ehric iy
HRP 5 uL. HUES W 10 uL % hin /e [5 &€ 47 CEA /Y
GCE I, i e 4Pk e i gl S ie i il
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oS5 AR 1Y DPV K IIAE S/ . 283 X i A% Jek
PLEANE CEA W R DPV 2307, FEX it dss
FEANA] CEA ¥ 2R i DPV HL A 001 TR LA &
7) , 1SR AR ARGy 4~16 ng/mL,
R A 1 ng/mL, ZRMEAEME N R=0.992 7, X —
SR, R IERER LA R AT . ARG
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B 7 £ 0.1 mol/L PBS (pH {E4 7.2) +15 mmol/L
OPD+3.5 mmol/L H,0, k&, A[E CEA iRE
EHEMREEATREERFNIERRHXRE
Fig. 7 Relation schema of the peak current of immunosensor
under competitive immunization with different concentrations
of CEA in 0.1 mol/L PBS (pH value is 7.2)+15 mmol/L
OPD+3.5 mmol/L H,0, aqueous solution
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5 AuNPs RAFI 4551, 4 AuNPs $2 {1 R 47 1)
W25 007 5 T T AuNPs (0 1 125 B8 DL A o
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AuNPs/CS 1& 1 3% fix F # | 19 CEA %5 & £ 5 HRP
PRICH R G AL AR A A Y L A
4~16 ng/mL, KiMPFRA 1 ng/mL.
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