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) :3K15 ( Sigma ):RT2100C ( ) ;101074 A (

); ( ) ; BX51 ( Olympus ) o
(Sigma ); ( BSA ) -

(CAP-BSA) CAP  ( ): N- ( NHS-Biotin Alfa—
Aesar ); ( ); - ( SA-beads
Ademtech ); ELISA ( )
K,Fe( CN) , « 3H,0( ) ; ZnSO,( ;

) o
2.2
2.2.1 CAP
( DMF)  NHS-Biotin 10 mmol /L
NHSBiotin ~ CAP 20: 1( )

4C 12 h ( Biotin-Ab) .

4 C 9000 r/min 3
10 min NHSBiotin 1 (A)
20 C 3 (B) (50 mm x 40 mm)
2.2.2 Fig.1  Photographs of tester( A) and test cartridge ( B) of

(pH 9. 6) 0.159 g Na,CO, 0. magnetic tunnel junction ( MTJ) array magnetic biosensor

293 g NaHCO, 100 mL . (PBS pH 7.4)
1.439 g KH,PO,  0.24 g Na,HPO, 1 L. 0.2% 20~

( PBST) 500 ml PBS IlmlL 20 . 0.1%
BSA-PBST 0.1 g BSA 100 mL PBST Biotin-Ab SA-
beads. 1% BSA-PBST 1 ¢ BSA 100 mL. PBST 0

0.04% NaN, 4 C o

2.2.3 2 13 o
4 C 3500 r/min 10 min ; 1 mL 30 ul 17.2%
K,Fe( CN) 4 « 3H,0 5 min 30 pL 53.5% ZnSO, 5 min

4 C 3500 r/min 10 min; PBS 101 4 C o

2.2.4 o CAP-BSA
90% 10 min;
5 min; 2L 0+k A*A*
40 uL Biotin-Ab 40 uL CAP ( —— B Chip .
) CAP QO OO
Biotin-Ab  PBST O

CAP Biotin-Ab : _— 29 — ﬁgﬁ%ﬁosemr
40 pL SA-beads PBST B Chip
SA-beads: @ Chloramphenicol(CAP) 49 CAP-BSA IGHIEN )7 Chip
( Beads) Beads CAP L Biotin-Antibody ( ) Streptavidin (SA)-Beads

o 2, A

2
3 Fig. 2 Working principle of magnetic biosensor with
3.1 competitive immunoassay
3.1.1 o
35 mg/L CAP-BSA 10 min ; Biotin-Ab
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5 10 15 20 min : SA-beads 20 min X
( 3) o 15 min
15 min o
SA-beads  Biotin-Ab o 4 Beads  Biotin
15 min o
Beads  Biotin 15 min.
5 min 10 min 15 min 20 min 30 min

3 Biotin-Ab (Beads  Biotin-Ab 20 min)

Fig.3 Beads densities of groups of different reaction time between antigen and Biotin-Ab ( beads reacted with Bio—
tin-Ab for 20 minutes)

5 min

4 Beads Biotin-Ab
Fig.4 Beads densities of groups of different reaction time hetween SA-beads and biotin-chloramphenicol ( CAP) anti-

body
3.1.2 CAP-BSA CAP-BSA 1 ~100 mg/L
Biotin-Ab o CAP-BSA 5.
CAP-BSA Smg/L 20 mg/L ; 50 mg/L
. " 35 mg/L.
3.1.3 CAP CAP-BSA 35 mg/L Biotin-Ab
o 6 Biotin-Ab 2.5~5.0 mg/L Biotin-CAP
; Biotin-Ab 5.0~40.0 mg/L o Biotin-Ab
10 mg/Lo 20000 -
20000 ) -— "
T , loo00p =
10000 } — ki -
" £
g / E
B =
£ L
g 1000 |
1000 05 10 15 20 25 30 35 40
Concentrationof CAP-BSA(mg/L) Concentrationof Ab-biotin (mg/L)
5 CAP-BSA 6 Biotin-Ab

Fig.6 Relation curve between concentrations of Biotin-Ab

Fig.5 Relation curve between concentrations of CAP-BSA
and number of beads

and number of beads
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3.2 CAP

0.05 CAP
50 ng/L " 7A
;7B

50 ng/L
CAP
(10 ~100 pg/L)
0.99

8000 -
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6500
6000 -
5500F
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4500 F
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0 2 4 6 8 10
Concentration of CAP(pg/L)

7 CAP

(B)

7o SPSS17.0 t

(0.05 ~10 pg/L) CAP

CAP ;

5000
4500
4000 |
3500
3000
2500+
2000
1500}
1000 -
500
0

Number of beads

20 40 60 80 100
Concentration of CAP (ug/L)

(A) CAP

Fig.7 Standard curve for low-concentration chloramphenicol testing by magnetic biosensor ( A) and standard

curve for high-concentration chloramphenicol testing by magnetic biosensor ( B)

3.3
o 1 2
95.97% ~99.36% 0.80% ~3.87% (n =06)
1.11% ~1.73% (n=4) .
1 N
Table 1 Recovery and precision in CAPfortified milk by magnetic biosensor
Added Average recovery Intra-assay RSD Inter-assay RSD
(pg/L) (% n=6) (% n=4)
0.05 99.36 0.80 1.11
5 95.97 3.87 1.73
2 ( )

Table 2 Testing results of interferents ( streptomycin and erythromycin) by magnetic biosensor

Interferents Cn?ﬁg/tf;tion Number of beads ( x +s) Interferents COI(”I(::;I/IISﬁOn Number of beads ( x %)
0 7700 =130 0 7726 = 92
Streptomycin > 7670 = 97 Erythromycin 5 7693 = 84
10 7647 £94 10 7668 + 97
3.4 ELISA
ELISA 10 o
B 8 ELISA .
ELISA 0.98
3.5
510 pg/L
. SPSS17. 0 t .p <005
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4, (p>0.05)
CAP 0
40 8 ELISA CAP
3.5F
. 30F Fig.8 Correlation between CAP concentrations in milk measured
?j_‘b 25k M by magnetic biosensor and ELISA kit
Z 20} u v
é sk ELISA
m Lok B was in the detection range of both methods and ¥ was beyond maxi—
05k mum detection limit of ELISA kit.
oo™
00 05 10 15 20 25 30 35 40
Magnetic biosensor (pg/L)
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Magnetoresistive Biosensor for Detection of
Chloramphenicol Residue in Milk

SHI JingJing' ° LIAN Jie' ZHOU Wen-Wen' SHI Xi-Zeng® GAO Yun-Hua"'
'( Technical Institute of Physics and Chemistry ~Chinese Academy of Sciences Beijing 100190  China)
*( Beijing Magnetic Chip Biotech Co. Ltd. Beijing 100086 China)
*( Graduate University of Chinese Academy of Sciences Beijing 10004 China)

Abstract Based on direct competitive immunoassay principle and giant magnetoresistance ( GMR) effect a
novel method for detecting chloramphenicol ( CAP) by magnetic biosensor has been developed. The sample
biotinylated anti<CAP monoclonal antibody and streptavidin-beads conjugate were added onto the prepared
CAP hapten chips one by one. Subsequently competitive immune reaction happened and the number of beads
bonded on chips was detected by magnetic biosensor. The standard curve was established by optimizing the
detection condition. This method can be used to detect CAP in a range of 0.05 —100.0 pg/L detection limit
of 50 ng/L. The analyte recoveries in milk samples ranged from 95.97% to 99.36% . The relative standard
deviations ranged from 0. 8% to 3.9% for intra-assay and 1. 1% to 1. 7% for inter-assay. The correlation
coefficient between this method and ELISA was 0. 98. Rapid quantitative detection could be accomplished
within 30 minutes using this method. It provides feasibility for the establishment of rapid multi+arget magnetic
competitive immunoassay system.

Keywords Magnetic competitive immunoassay; Magnetic biosensor; Chloramphenicol; Number of beads
( Received 13 January 2012; accepted 18 April 2012)
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