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Fig. 1 Working principle flowchart of the sensor

Al), CHI L Ab22 3 W ( LI R FRA ),
FUH L B (H A HITACHI A W], w3
ok S I FHAY (€[ Agilent technologics A /) ).
1.2 &R BaR ) TIEIRIE

¥ CMK AEAfi7E TAE R R T, $2 A5 5 1Y
A, B80T T/ AR A L R TR AR A
CMK 19 TAE B AR b f 57 AR 4 G Kb 1, H5ig
FL 5 5 B4 [ s Sy 355 35 b 1940 3 T 0 82 A3 322 422 67 45
i 3 4 BB AR B DR B A SR Y AFBL A T
PR R TAER R, SRR T MB %
W, MB B B S B AR L ST A TR
£ AFBL J5 ,AFBL Sl ke 45 G, IFS
W MHE S FeiASE 1A MB & ed, SEH
FT AR PORSEELNT AFBL SE R RS
M. SEER AR AE 1 FR.
1.3 BRI TAE

PR E AR AR YRAE 0.3 wm ,0.05 wm 4R A4S
WS R T IEIGG | PR I 4 00 R e 90 4TS
AR KA vk T 5 /AW T #F 1 mmol -L?
I EAL AN W (& 0.2 mmol - L™ A SRR E0 ) th 1
R, BTSN 0.2 ~ 0.6 V, FI#ER A
100 mV -s*, S AU 5 R 2 (8] R 2 22 /T
100 mV EPHIA AR T 5 o , TAb H e ke,
1.4 AuNPs/CMK/GCE Ry# &

TR 1 mg CMK 3 ##7E 2 mL N, N-—H



<424 . @,

= 2020 4E

3 B e (DMF) K 3 W (1:1,0fv) , 8 75 30 min
fifi CMK R &b s B A HLIE R, ARk 0.5
mg-mL* i CMK Bl . B 8 wb 7843 7§ Y
CMK 2 3o 75 17k T 1) T Ak L4 10 35 v B B LA,
F KT, 53] CMK/GCE. CMK/GCE Hi#}k i% %
F 5mL &% 2.5 mmol-L* HAuCI, #1 0.5 mol -L*
H,SO, I b . SR TE L TR AR, 75 02V 1Y
HET, DU 240 s K ULF LS AuNPs 4 FE AR
afizK/ N v T, AT, 1581 AuNPs &1
i HL B AUNPS/CMK/GCE.
1.5 EEEREIE

W 23 L TE G2 iRCRE A Btk 7243 4 3R A%
W A 100 mmol - L (A6 A5 . A e o e AR [ o2
£ AUNPS/ICMK/GCE Hi Hz 2 T il £ 1 Mic f4s % &k
2% PR TR RIS B 10w T N7 R R 2 T R
B, R 3 AR 5 B Y -SH B g
Y5 AUNPs 38 2 4t S 7 102 (T A2 [ 9 [ 2 T LA
FEMT. Ay B DA A 3 e AR 1) 25 A% 4 B A A, kit
5] AuNPs 5 AFBL YRR LS A K R TE
1 mmol-L* 9% B (MCH) FR &4 1 h, J PBS
AN BT

1.6 SIANIEEREERST

WERGFR B 33.7 mg MB JillA 10 mL PBS ¥
HE 30 min BCE AR BEA 1 mol - L (A4 L.
PR T 8 AR AUNPS/ICMK/IGCE F 1) 75 1 7
20 pmol - L 1) MB ¥ FF i fft 10 min, B S A
PBS {14 e T4, AR T AFBL i Fit AL Jlkds
FLARAE A 58 B, IFAEANE M AEAE 4 °C vkAE .
2 RS
2.1 EBREmTENEMBRERA

PR A i Aot e v g — 2538 2o 41 FL 8% (SEM)
WA A AR I TES, 25518 2 R A
AuNPS/GCE , B & CMK/GCE , C } AuNPs/CMK/
GCE. & 2A W] LI Hi , AuNPs 7 B )% 26 T2 A%
ES(r o o)  CO1W N R TRt B 1% i
B, [T FEL Bl 2 T RS A mT SAy 3 AR 1) i e A
HEZPLEA . WK 2B A LB Y, CMK (157
PRI A5 LA RBEIRE5 48 1t BLRURFAE. 4 CMK  AuNPs
JeIE e AR R T ORL, i 1&] 2C HmT DABA 5 X
ERE| FE 2 CMK B I 1 AR 28 TP A — 2 M1,
AN TR () A S, 34 R B Y W] B Sy i
BCAAR ) AR LT 2 45 A a5

& 2 7R [F] H B 8 5 1 (AUNPS/GCE(A) ; CMK/GCE(B) ; AuNPS/ICMK/GCE (C) ) 4714 Hi 5 R4
Fig. 2 SEM images of AuNPs/GCE (A); CMK/GCE (B); AuNPs/CMK/GCE (C)



%34

X pKAs PR RS TIE IR A B I B R R B ML AL s -425.

2.2 BREmTENBNERIE

RIS IMR e 1k (CVOVE N — Rl B Ak 2= 20 i
Tk, FEERMEICI0 S e A il F e v PR A
R R AR I, 2 1 I f fh R Tk
7 PR RE AR A —Fh 7 28, (R AR A S 5
YEFH CV X HUR A Bt FREA TR AL 23R AR, ANl
3 . 3 Rl 2 AE 1 mmol- L Ko[Fe(CN)g
(27 0.2 mol-L* KNOs) AT Y , S 3% 1
00 mV-s™. a &4 GCE TRk 22 ik, T LIE
FI7E 0.6 ~ -0.2 V 11 HL [R5 [l N HL Ak A 3R 5 [Fe
(CN)eJ* F Ak IR i s I 7™ A — o B I ) S A i
W , FLI R /N 100 mV, UEHI#E GCE Yt it
b EL R FE B CMK 5 CV #hgk, BREH
g L AT TR K, X CMK R A b 26 T LRI
e B R PERE , TR il s HE 28 CMIK B He
WL AR ORI, AR RETS Bl ¢ 2
CMK/GCE Hi 1 7E HAUCI, 1 H,SO, R4 1Ak rh e
AL T RS 7931 AuNPS/CMK/GCE HL i 11 CV il
25, AT LA W L I — 2D B R AR Ak A it g il
R H 380, X A= T AuNPs JLRRE T 453 CMK
O () EEL AR S T 6 E A MR REAS B — 2504kt
FEHABE I, SEUE[Fe(CN))* 1a] BB R I H 8L d
A HLAESE AR S H A SR TR Y AuNPs 38 52 Au-S
HEERE G CV gk, nT LAk BR0G B I (T B A
8, 1F 2 R T e A ) 2 [Fe(CN)e]* BN 5 3
KRR A G R A S 1 TR e i AFBL R 5t

60
45}
30+
15+

ilnA
o

215k
30+
45t

0.6 0.4 0.2 0.0 -0.2
E/V
K 3 et FEAYIREMA L RAEK (GCE(a) ,CMKIGCE
(b), AUNPs/CMK/GCE (c) , Apt/AuNPs/ICMK/GCE
(d),AFBL/Apt/AuNPs/CMK/GCE(e))
Fig. 3 CVs of GCE (a), CMK/GCE (b), AuNPs/CMK/GCE
(), Apt/AuNPs/CMK/GCE (d) and AFB1/Apt/AuNPs/
CMKI/GCE (e)

SEAEEARSE Y CV HhZR, iT U H 6 H It {ELaE—
AT R UE BRI P AT DURR S 25 A AFBL, 328177 26
AL % vl LASEEET AFBL 60

R BT (EIS) /2 A58 H AR AV 2 [ 1Y)
S LT RS A RO AP, il EIS ARSI
PR HALZEAT R i — 20 B B B R A i ot 72 32 0
RH L F2AF 418 4 FF 7. EIS ¥ J&7F 5 mmol - L?
Ks[Fe(CN)s]/K.[Fe(CN)e] (HH 4% 0.2 mol - L?
KNO,) Hr#E47 1Y, #1355l 100 mHz ~ 100 kHz,
AP HEIRIE S 10 mV. K a R H#R GCE fHt
(R«) fH M 100 Q;b K& CMK J5 1Y EIS K,
CMK 1K b 3% 11 R 2 F A 3% 1 L - 1 % B 5 |
H Ry T 5 2R R (RS2 18 H A7 T FL AuNPs
JE ) EIS th4e, 7= A T — MR/ R fE, AT LA
2 A S A R LA 2 R T R A, AR
HORPL d B EE BCAS Y EIS #iZR, & BikE
M) BELAR T TR RE 5 1R R MG R, 297 300
Qe K AFBL 1Y EIS #h<k , AFB1 53 il (A 47
SRS A 3G B Re H— 22380, R fH 2920 400 Q.
CV K5 EIS EIRE5 A — 2, Ui W] st i i i 72 4
— MR T A FE A AL AR R B R
2.3 EWmEHFHMNK

1) AR A B AL

HL M AE ML FR Y, CMK fd it D % 6 H (a7 30 AR
AUNPs [ £ X HE KL E et fb CMK R N
A L 7 TR AuNPs (TR 8], 239 e T

300 cha
250
200}

£
£150¢
Nijool &
s50f
0_

0 100 200 300 400 500 600 700 800
Z'/ohm

[ 4 sl i 2 ) 52 B BT R AR (GCE (a) , CMK/
GCE (b), AUNPS/ICMK/GCE (¢ ) , Apt/AuNPs/CMK/
GCE(d), AFBL/Apt/AUNPS/CMK/GCE (e))

Fig. 4 EIS curves of GCE (a), CMK/GCE (b), AuNPs/CMK/

GCE (c), Apt/AuNPs/CMK/GCE (d) and AFB1/Apt/
AUNPs/CMK/GCE (e)



+ 426 - 2

2 2020 4E

2.4.6.8.10.12 14 pL. CMK ¥ i %F o 0% E 47
B4, AR BT )5 76 1 mmol - Lt Ks[Fe (CN)g] i
7 CV K, 25 AN 5A B, Ih el LIE H 7E
2~8 uL CMK Bl N, B A 5 4 B . 4% n
B 8 pL 5, MG SHKEE. %S HK
R ARFRE ST, B EHE 8 pL A4 N
[l ), o L 57 TR AUNPs FOTTC AR IS TR] SHEA T AL
TR TE] 43 531 3% 4% 60 120,180,240 ,300,360 s, 4%
Jan 5B B, ATLAE H UUERES [ 7E 60 ~ 240 s
i[5 B N, FRAS 5 RR S SR ORI ]
HEA RS, XOEH T AuNPs BRI 2
BA—@ e, e, T 240 s M i
A 1]

2)) 3 BC A B L K. MBIz J ] e 1k

T PO () T O AR B A% TR B A I S R

SCEGERE T 05.1.2.4.6.8.10 wmol - Lt (M S
50FA
L E/.
451 .-

40| S

S3s) /
30}
25|
20[

iln

2 4 6 8 10 12 14
V/uL

JEHEATAL, 25 & 6 A . BIrp el LIE 1
0.5~ 4 umol -L* JEE N, MG S 2 TR ;4 ~
10 wmol - L™ i [l N, HLIRAR 50 /NE T R BE,
I SZH e #E T 4 wmol - Lt g e R e . ded%
MB 5 i B {4 B 0% B s 1] 1.5,10,15,20,25.30
min, WZFft5E S 7E pH = 7.4 1% PBS it 4T DPV
R, 255 nE 6B in. 243 Rl A F] 10 min
J P A R B ] A5 5 el AR F AN K R e T
10 min 25 MB 535 e (4 1% W B s ]

3) Rt ] iy £ Ak

Rt A2 e AFBL 5 R 3 T A A A S
PEEE A, SE 4T BRI B T35 B A% 1Y) MB.
Jtfa R AFBL ¥ MB 2= 58 i, R X AFBL
P LR R TR 25 A B TR R AT O A, BBCTR] v B 1
AFBL HRifE ARG i g 1Y) FE B 28 T IR A5 S 10 ~
60 min J5 ,7£ 0.1 mol-L* ) PBS HiilkA3i g , $R45

48| B /i\
M

42+

30l /

s6f F

1

33r

0 1 I I I I I I
50 100 150 200 250 300 350 400
T/s

5 CMK RN (A)FT HAUCH, AR [A] (B )Xo A8 i Fi A L T 1) 2 1)
Fig. 5 Effects of CMK volume (A) and HAuUCI, deposition time (B) on current responses

34

32 I $\

30t \
28} \
26+
24t
I \i

22+

iluA

20 I I I 1 I L L
0 2 4 6 8 10
Cl(umol-L™")

55
50 /E/E

—

45\
<40}
s

~

=35)

30}
25t
20!

0 5 10 15 20 25 30
T/min

Pl 6 S LRI EE (A) S MB (14152 B s ] ( B ) %46 i Fi AR Pl S (8 1 52 )
Fig. 6 Effects of aptamer concentration (A) and MB adsorption time (B) on current responses



5 31

X pKAs PR RS TIE IR A B I B R R B ML AL s - 427 -

42+
L

39+ \\
» E\.

33+ \
I ———

30t

i/luA

27_ 1 ! ! !

10 20 30 40 50 60
T/min

P 7 AFBL AN T) X e ¢ DPV AGH Y i, T 52 el
Fig. 7 Effect of AFBL1 detection time on the current for the
final DPV detection

50 En
a.75mgL’ i t
b. 50 mgL"
40+ c.25mgL’
d. 10 mgL"
g_ 30+ e 5mgl’ TR R R AT
E -1.0 <05 U\iﬂ‘ﬁ.é,{"‘)“ 15 20
g
& 20
10
O L L L L L L
0.1 0.0 -0.1  -02 -03 -04 -05

Current/V

[ 8 AN[F] BE AFBL XA I e U A4 532 i) (A P& S s AG
FLS AFBL X8Ok MG R )
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Tab. 1 Comparison of sensor method constructed in this work with other sensor methods in literatures

Sensor

Linear range

Detection limit Reference

Aptamer/QDs conjugates sensor
Aptamer/split DNAzyme sensor
Molecularly imprinted polymer sensor

Aptamer-based electrochmical sensor

10 ~ 400 nmol - L*

0.1 ~1x10*ng-mL*
14 ~500 ng-mL*

75 ng-L*t~100ng-L*

3.4 nmol-L* [30]
0.1 ng-mL* [31]
14 ng-mL* [32]

36 ng-L? This work
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Tab. 2 AFBL1 results detected with the proposed sensor and analyzed by HPLC in actual samples

Initial concentration/ Proposed sensor HPLC
Sample (ng-kg) Amount/ Recovery/% Amount/ Recovery/%
(rg-kg?h (means+SD, n=3) (rg-kgh (means+SD, n=3)
10.0 10.36 103.6+£2.4 10.15 101.7+0.8
Rice 25.0 23.76 95.1+3.0 23.38 93.3+1.6
50.0 46.31 92.7+5.6 48.91 97.8+0.2
10.0 9.75 97.9+1.3 9.42 93.6+0.8
Glutinous rice 25.0 24.23 97.2+3.8 23.64 94.3+7.8
50.0 48.04 96.2+4.3 45.08 90.0+0.6
10.0 9.52 95.2+2.8 10.56 106.3+1.3
Corn 25.0 23.73 95.0+3.8 21.35 84.8+0.4
50.0 46.49 92.3+1.8 44.95 89.9+3.3

AFG1 AFG2 iyl R Jriie/NF AFBL, HIRA
Y T AFBL AT AR S R RE T 1
AR RGN AFBL HA RIS ST
Hr L g AT 5 RS I 4 R A, TR
IASE5 S AR BRI IR 25 2.75% , 45 AW T
% e B D0 R AP TP RE 1 A R A () S 3.
2.6 SKBRAZFHEES1MZE

WMGEERASF TG IR EEY, Lk =
TR (TR KoK oK) AT T SEBRAE i A
B i B I A 38 K A 1k 2 ) GB5009.22-2016,
GO RAESR 2 h. iR TATLUA A A% Jek
AN AFBL A9 [RTICRFE 92.3% ~ 103.6% [ 2
(], v SOV oL v P G I 255 SR 1) [ SR 7 84.8%
~ 106.3%70 [l 22 [, P 2 45 SR — 2ok )& JIE I %
IR AT BT SR g FH g
3 & i

I Bk B W% 4 ) 3d f CMK I AuNPs £ 1 1fii
Je, BRSO T R R T T [ ) R R R AR A
55, &R AFBL & B Jq i3 Se BT
AFBL k. 77k Kt FRAIC 2 36 ng - L™ A< SC
BT 5L T30 B A F Ak 22 A5 SRS i F JRURL A5 A
U ERAE TR A AT, RS &, A h
AFBL Fl 4R AL T — Rl AR I A, w] LAAfE T 3
1t P A T A D A I
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A Simple and Sensitive Aptamer-Based Electrochmical Sensor for
Determination of Aflatoxin B1

LIU Bing“#, ZHAO Yao-shuai*? QIN Yue'? WANG Yi'?
ZHU Yan-jie'2, WANG Shuo*#
(1. State Key Laboratory of Food Nuirition and Safety, Key Laboratory of Food Nutrition and Safety,
Ministry of Education, Tianjin 300457, China; 2. College of Food Science and Technology,
Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: Aflatoxin B1 has attracted much attention because of its high toxicity and carcinogenicity, which has become a great
concern in food safety. Based on the principle of specific binding between Aflatoxin B1 and its aptamer, an aptamer-based
electrochemical sensor had been designed and developed for the determination of minor Aflatoxin B1 contained in grain. The
mesoporous carbons were first modified on the surface of the working electrode, and then the gold nanoparticles were on-site
electrodeposited at a constant potential. Each modified electrode was characteritised by scanning electron microscopy (SEM) and
electrochemical impedance spectroscopy (EIS). As a result, the surface area and the electrochemical signal of the modified electrode
were all greatly increased, providing more attachment sites for the following conjugation of the aptamer. During the detecting
process, Aflatoxin B1 could compete with methylene blue on the aptamer chain to cause methylene blue shedding and the
electrochemical signals were changed which could be used to quantify the concentration of Aflatoxin B1. The surface modifications
could evidently improve the conductivity and sensitivity of the sensor. A linear response in current to Aflatoxin B1 was found
ranging from 0.1 to 75 wg-L? with the detection limit as low as 36 ng-L* (S/N = 3). The spiked recovery tests of different grains
(rice, corn, glutinous rice) revealed that the recovery rates were between 92.3 and 103.6%, showing excellent accuracy, sensitive
quantitative detection of the target substance and good reproducibility. This work has demonstrated a new method to develop a
novel, simple, fast and sensitive sensor for the detection of trace amount of Aflatoxin B1 in grains.

Key words: Aflatoxin B1; aptamer; sensor; detection method
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