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GMP p24 ; MWNTs-GMP/anti p24 SPCE | CuRb
HIVp24 HIV o
2
2.1
CHI-660B ( ); SPCEs( DropSens
Ag/AgCl ) ; Hitachi S3400N (
Hitachi ) ; S2 RANGER X ( Bruker ) ; NdFeB (
0.1~1.0 mT) .
1 mg/L HIV p24 (anti p24) ( Epitomics )
( BSA Sigma ); CuRb 6 ; Fe;0,/Au (5 mg/L (50 £1.2) nm) ;
125 mg TG /mlL( 5x107  /mL);
MWNTs( 90%) ; Nafion ( ); HIVp24
4 6 ( ) o ( Millipore
) o
2.2 SPCE|CuRb/MWNTs-GMP/anti p24
MWNTs-GMP/anti p24: MWNTs 0. 36 mol/L (pH=7.0 PBS
50 mmol /L ) o MWNTs 5 ¢/L GMP (pH6.5 )
2.5h 5 mg/L MWNTs-GMP o GMP SmLpH7.0
0.02 mol/L Tris-HCI 5 pL 5 mg/L MWNTs-GMP 100 pL 1 pg/L anti p24 25 C
20 min o SmLPBS 5L BSA(1000 U/mL) . 25 C lh
anti p24  GMP o 3 1.
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Fig. 1 Preparation procedure of MWNTs-gold magnetic nanoparticles( GMP) /anti p24
SPCE (3.0 cm x2.0 ¢cm X2 mm) 10 wL 0.1 mol/L CuRb +10 uL
4% (w/V)  Nafion SPCE | CuRb o 20 mL 200 mg/L
MWNTs-GMP/anti p24 1 min(B=0.3 mT H ) 5 min
2,
2.3
13 5 mL pH7.0 0.1 mol/L PBS 1 mmol/L H,0,
-300 mV 120 s I, Iy p24

15 min 1 mmol/L H,0, pH 7.0 PBS I,
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Fig.2 Planar and vertical view of immunosensor ( a) and composition of its surface ( b)

CR(%) =(1,-1) /(I -1,) +100%

p24 o 0.1 mol/L PBS(pH 7.0 )
10 o
2.4
14 3 ~5 mL 1~2h N 10 mL
15 min 2 pL 25 uL PBS  SPCE 2.4
o ELISA o
3
3.1 MWNTs-GMP SPCEI|CuRb/MWNTs-GMP/ anti p24
( SEM) o SPCE| CuRb/ MWNTs-GMP
10 ~20 nm; GMP MWNTs 50 nm(
3a) - SPCE | CuRb/MWNTs-GMP/ anti p24 ( 3b) . GMP
200 ~300 nmo MWNTs-GMP/ anti p24 5.2 A m’/kg
0 3¢ o
( 3d2) ( 3dd) 3385 3384 1632 cm ™!
N—H MWNTs-GMP o X
FeK; La (31.09°.35.21°) CuKa(42.51°) SKa (112.34°). anti p24
? CuRb Fe,O, anti p24 o
. 4
K,Fe( CN) 4 (R.,) o 4a
SPCE | CuRb 21.7 kQ. SPCE | CuRb/MWNTs-GMP ( 4b) 11.4 kQ.
MWNTs-GMP FeCN
R, 22.8 kQ(  4c) anti p24 Fe( CN) ;-
o 100 pg/L p24 15 min R, 29.8 k()
( 4d) p24  anti p24 K,Fe( CN) ¢
3.2 SPCEICuRb SPCEI|ICuRb/MWNTs-GMP H,O0,
SPCE | CuRb 100 mV/s  pH 7.0 PBS (CV)

( 5a). 1 mmol/L H,0, SPCE | CuRb
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Fig.3  Scan electron microscope images of SPCE | CuRb/MWNTs-GMP ( a) SPCE | CuRb/
MWNTs-GMP/anti p24 (b) precipitate of MWNTs-GMP/anti p24 by adding magnetic field( c)
FTHR spectrum of B (d) . SPCE: Screen printed carbon electrode; CuRb: N N"-bis( 2-hydroxy—

(d)

methylene) -o-phenylenediamine copper.

H,0, ( 5b) o SPCE | CuRb/MWNTs— 20
GMP SPCE | CURb ( 16+
5¢); H,0, - P
SPCE | CuRb(  5d) » Z i A
3 p gmenw P d
MWNTs  GMP NS ol AT M
o ap ﬁ-"-—-,’.. it
b
(50 ~300 mV/s) < 3 T
Laviron 0 5 10 15 20 25 30 35 40
o (2.71 fu
. +
0.31) /s ; CuRb (1.03 =0.22) x 4 ( EIS)
1071 mol /em’ Fig.4 AC impedance spectrum of SPCE|CuRb( a)
SPCE | CuRb/MWNTs-GMP ( b) SPCE | CuRb/
" n=1.72=2
MWNTs-GMP/anti p24 ( c¢) and the electrode of ( c)
Cu(l)/ Cu( 0) ° incubated in 100 pg/L p24 (d) in 5 mmol/L
3.3 SPCE | CuRb/MWNTs-GMP/anti p24 Fe(CN) 3~ 0.5 mol/L KCI solution. The
p24 frequency range was from 0.1 to 1 x 10°Hz
PBS CV ( 6b)
anti p24 SPCE | CuRb/MWNTs-GMP(  6a) (AE, =84 mV)
o anti p24 CuRb o
1 mmol/L H,0, ( 6¢) H,0,
o 0.2% BSA H,0 I ( 6d)
Y, 0
o 100 pg/L p24 15 min ( 6e)
Al, p24 o pH4.0~8.0 PBS
pH CuRb H” o
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Fig.5 Cyclic voltammogram of SPCE | CuRb not add ( a)
and added 1 mmol/L H,0,( b) ; SPCEICuRb/MWNTs not
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Fig. 6 SPCE | CuRb/

MWNTs-GMP ( b) immunosensor; ( ¢) immunosensor in

1 mmol/L H,0,

Cyclic voltammograms of ( a)

and (d) immunosensor incubated with
0.2% BSA; (e) immunosensor incubated with 100 pg/L
p24 at 100 mV/s in pH 7. 0 PBS containing 1 mmol/L

add (¢) and added 1 mmol/L H,0,(¢) in 0.02 mol/L. 0,
PBS ( pH =7.0) ‘“‘{‘T 2
3.4 4)4‘- 4 anti p24
SPCE | CuRb Nafion CuRb J A
o CuRb 1 mmol /L o e HO
Cu(IDRb(OX) )
1 mmol /L CuRb o H,0, 26 -
. > H,0, Cu(0)Rb(Red) H,0,
0.5 ~5.0 mmol/L PESR Bk i ece
H,0, 5.0 mmol /L. i
pH SPCE 7 p24
+MCNTs-GMP / antip24 o Fig. 7 Procedure of immunosensor for p24
pH3.5~7.0 pH 7.0 qsHction 7.0,
15 min
ELISA 50 ~60 min o ELISA
; SPCE 40 pL p24 /
o H,0, o
-300 mV -300 mV o
Al, o MWNTs-GMP/anti p24
p24 Al, ; 0.3 mT
o 20 p. 50 100 200 300 400 mg/L
MCNTs-GMP/anti p24 100 pg/L p24 o Al,
; 200 pg/L Al o o
20 L 200 pg/L anti MCNTs—
GMP/anti p24 0.3T 1 min p24
15 min 5 mmol /L. H,0, -300 mV,
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3.5 p24
100 pg/L p24
(RSD <3%) . s anti p24 > SPCE T
anti p24-GMP SPCE o
3.6 p24
( DPV) (cv) DPV
o p24 DPV 0.6 ~
160 pg/L r=0.9986. 3 (30) 0.32 pg/Ls
3.7 .
N 30 40 pg/L p24 4
2.8% 3.4 % o 4°C pH6.5 PBS 45 d
<5% o MWNTs—
GMP/anti p24 3 100 25 pg/L p24 99.3  24.2ug/L; RSD(n=3)
2.2%  2.4% o
3.8
p24 © p24 10 pg/L 10
Co’* Ni** Zn’" Mg** Cd** Mn®*;50 L- ; 100 Fe’ " . . ;
200 BSA. ; 800 Na* Ca** o o
3.9 p24
p24 ( 0.1 mol/L pH 6.5 PBS 1~20 )., 4
p24 (1 ELISA 95% ~110% . p24
( ) p24 p24 20 35 pg/L
p24 (3 ) 22 33.2 pg/Le p24 o
1 p24 (n=7)
Table 1  Detection results of p24 in serums of AIDs patients (n =7)
This method ELISA This method
Sample (mg/L) (ne/L) RSD (%) Added (pg/I)  Found (ug/L)  Recovery (%)
1 5.2 5.4 3.1 5.0 10. 1 98
2 2.2 2.1 4.2 2.0 4.4 110
3 3.2 3.0 2.6 3.0 6.1 96.7
4 2.4 2.1 2.5 2.0 4.3 95
4
HIV p24 (1 MWNTs-GMP
p24 1 (2) CuRb HRP H,O0,
1 (3)
SPCE (L )
( 15min) o N p24 ELISA
HIV p24 o
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A Non-enzyme Amperometric Imnmunosensor for Rapid Determination of
Human Immunocleficiency Virus p24 Based on Magnetism
Controlled Carbon Nanotubes Modified Printed Electrode

GAN Ning'' LUO NaiXin' LI Tian-Hua' ZHENG Lei® NI Min-Jun’

'( The State Key Laboratory Base of Novel Functional Materials and Preparation Science
Faculty of Material Science and Chemical Engineering of Ningbo University Ningbo 315211)
*( Nanfang Medical Hospital Guangzhou 410003)

*( The Technical Center of Ningbo Entry=Exit Inspection and Quarantine Bureau Ningbo 315200)

Abstract A magnetism controlled and non-enzyme amperometric immunosensor was fabricated for the deter—
mination of human immunocleficiency virus p24 ( HIV p24). First Fe,;0,/Au composite nanoparticles
( GMP) were modified on multiwalled carbon nanotubes ( MWNTs-GMP) . Then antibody of p24( anti p24)
was coated on it to prepare MWNTs-GMP/anti p24 biomarker. Finally the marker was absorbed on the
surface of N N"Bis ( 2-hydroxy-methylene) -ophenylenediamine copper ( CuRb) modified screen—printed car—
bon electrodes ( SPCEs) through external magnetic field in which CuRb can be employed as an electron trans—
fer mediator and catalyst for detection of H,0,. After the immunosensor is incubated with p24 sample at room
temperature for 15 min the electron transfer access of CuRb to H,0, is partly inhibited which leads to a line—
ar decrease of the catalytic efficiency to H,0, at 300 mV in pH 7.0 PBS. Under optimal conditions the linear
range of p24 is from 0.6 to 160 pg/L and the detection limit is 0. 32 pg/L at 3 times noise. The immunosen—
sor was employed to determine p24 in acquired immure deficiency syndrome ( AIDs) patients” serum samples
and the results were consistent to the tradition ELISA method which was suitable for screen determination of
trace p24 in serums of AIDs’ patients.
Keywords N N’-Bis ( 2-hydroxy-methylene) -o-phenylenediamine copper; Screen printed carbon electrode;
Gold magnetic particles/carbon nanotube composite particles; Human immunocleficency virus capsid protein
24; Magnetic non-enzyme immunosensor
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