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Determination of Ochratoxin A Using a Cathodic Photoelectrochemical
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Abstract: Photocathode-based sensors possess the advantages of high selectivity and anti-interference
in real sample detection, though photocathode produces low photocurrent signal and gives rise to poor
sensitivity. Herein, a novel silver bromide-silver-carbon nanotubes (AgBr — Ag — CNTs) composite
was synthesized by solvothermal method, and was characterized by scanning electronic microscopy, X-
ray diffraction and X-ray photoelectron spectroscopy. Because reduced Ag has revealed localized sur-
face plasmon resonance effect(LSPR), it can amplify light absorption efficiency. Furthermore, CNTs
could optimize the electric field near metallic Ag, strengthen light absorption and improve the separa-
tion efficiency of photo-generated carriers. Thus AgBr — Ag — CNTs displayed an better cathodic photo-
electrochemical activity, compared with AgBr or AgBr — Ag.  With K,[Fe(CN),] as photoelectron ac-
ceptor, the photocurrent response could be further increased. To develop the practicality of AgBr —
Ag— CNTs, an ochratoxin A (OTA) aptasensor was constructed by using AgBr — Ag — CNTs as photo-
cathodic sensing interface, an aptamer as target recognition site, and K,[Fe(CN),] as photoelectron
acceptor. Since the aptamer/OTA complex has a rigid structure with weak conductivity, it could effec-
tively block the absorption of light with the sensing interface, inhibit the transfer of photoelectrons to-
ward electron receptors, and reduce the photocurrent signal. Based on the changed photocurrent as
signal, the sensor showed a wide linear response from 4. 0 pg/mL to 2. 5 ng/mL(7* = 0. 994) and a low
detection limit of 1.5 pg/mL. It was used for detection of OTA in real samples, with recoveries of
92.0% — 108%. This work provided a novel photoelectrochemical method for OTA detection, with

high sensitivity, specificity and good anti-interference .
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Fig. 1 Schematic diagram for detection of OTA
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R X-BHEOE L FRERS (XPS, PHIS300) . F4#H 2% (SEM, Sigma 500, {E[E ZeissAH]) ., BER
FBHOERE(EDS, XFlash 6130, i wFHEARAR) . X-SHEATFM(XRD - 6000, H 782w #AE
PrEE SEHLIASE H O HAL S R S8 (PEAC 200A, RiFSGRERBH L JEATHR 23 1)) F CHI 760C HLfb~: TAE
vl EHE RIS AR o SERH LED FHY6EIR (20 mW/iem?) , ZHARIK R A ITO TAEHEM . Ptz
Xof AR IR H SR A B AR (SCE) o

TRAKE (CNTs, BAR20 ~30 nm, KFEF0.5~2.0 um). AgNO,. K,[Fe(CN),]. K,[Fe(CN),].
KBr, ZFEHE ., 5eZBE(CS) . Tris— HCl, JRFE(GLD)WAF FigbThi T4 ). ERIREME (ZEA) |
HEEEF A(OTA) . SEHREEZ B(OTB) . ##h 5 K B1(AFB1) B J4% 2% New England Biolabs, Inc. $2{},
OTA BYAZ% IR & B 57 -NH,-(CH,) -GATCGGGTGTGGGTGGCGTAAAGGGAGCATCGGACA-3 " Hy bk T
OB B RRARIA o, SE8s /K YS heB aliK .
1.2 AgBr- Ag- CNTsHI#I&

SeA5 2 RERRANKA (CNTs) FEHK HNO,FIH,S0, (3:1, {RFREL ) R ERALALFR™ | AR5 5% IS R
% AgBr— Ag— CNTs, B ARTFEW T 43 4l H 25 mL £ —FE ¥ fi# 240 mg KBr I 340 mg AgNO,, 1%
20 mg CNTs MIN AgNO W, Z@uEhisE 1 h )5, K KBrim 18 i3 Rk Bk, Hidk
30 min, ETERISETHRE LG, BIRAWBINSERNZE Y, 160 CFM#A6h, &, WikIFET
P, W AgBr— Ag— CNTs, K T HECHERE, SRR, FEANIN CNTs 1 5548 T ifil & AgBr — Ag.
AgBrHLAETE CNTs FIE ZMEHE T il #5
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T ITO K, THYS, I TEE(2. 59%)7FAL CSHE 30 min, AR)EK 8 nLAZMRIERLIAR(1. 0 wmol/L){E T 1TO
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OTA BRI SR F Tris — HC1ZZ 0P (50 mmol/L Tris, 100 mmol/L NaClF120 mmol/L MgCl,, pH 8. 0), H
10 WL AR B OTA FE S WM I 2AR SR, SRV 30 min, P, 7E0. 1 VELET, LL0. 1 mol/
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HH A MITEAE(KI2E) o Br3d7E68. 0 eVHI69. 1 eVAMERIAWE, 3@ T Br 3d,, F1Br 3d,, 4 G RE (K] 2F),
FHHTCE Br EZLL Br {716,
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FRIEER, ARSI EE T K[ Fe(CN) WEAJEHT-Z IR G545k, I 4ATT UL, JEK,[Fe(CN) B, SEHE
TR (4 a ) ISR B (4 ) WG IINK, [Fe(CN), ] J&, FREATIRS g 2 s
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AMMBALR NGRS S E N E . WE4B PR, BIRER TR ERE A (0. 6 ~ 0.05 V)i
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Fig.2 SEM image(A), EDS spectrum(B), XRD pattern(C) and XPS spectrum(D — F)of AgBr — Ag — CNTs
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Fig. 3 Photocurrent of ITO glass modified by different

materials at potential of 0. 1 V
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Fig. 5 EIS curves of different electrodes in 5 mmol/L K3[Fe( CN)J/I@[FE( CN)é] solution(A ), and photocurrent response of
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a:
-4
0ty A T T B
Bl I T
,1 o4
,3 of
,2 - I
<
=1 <
= = -2 4
34
T T T -1 4 L A
=4 1.0 20 3.0
logC/(pg/mL)
-5 . : :
0 20 40 60 80 Blank  AFBI  ZEA  OTB  OTA All
Time/s

&6 JEHLFNEN. 5 OTAWREER KRR (A), FJ7 ikt OTA KRR 5tk (B)
Relationship between photocurrent response and concentration of OTA(A), and specificity of the method for OTA assay(B)
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50. 0 ng/mL; inset: the log-linear correlation between Al and content of OTA
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FIH AgBr — Ag — CNTS/ITO X} 1. 0 ng/mL OTA FHA 4 HPEMIA. WE 6B PR, 528 AL, %
SRS O T R B4 50. 0 ng/mL A B M TG 3 B1(AFBL) . FORIREMNI(ZEA) . & B(OTB) G
TR FEAR/NT 7. 5%; M =F 5 OTAIRG G, (&R0 N1 I 50 E OTA RS A e AL
45 R FIIZ TR OTA EAT B I e

MIIEAAR RG] S0, ARSI Y 1B T E T 2000 . SRR AT 3 POl AE i, SR
FANARIG 7 2 R, ARSI INRR Bt R A 100 pe/mL, ~PATIE 3K, ARINCR A
92. 0% ~ 108%, HIXThREMRZE(RSD )T 9. 3%, FBHiZAL%ES ol F T S2bRkE S o OTA HORSI

3 &

ARSCR K PGERDA AR 5 35 7 BA T R IR AL TR PR AgBr — Ag — CNTs B &40k
Bho RAZMEME BB HABIRILE, LK, [Fe(CN), J/EAGHL 7320k, Hl% 1 OTA Ak iL s
T 4.0 pg/mL ~ 2. 5 ng/mLyEESZHL T4 HFRS T OTA W BEREPEARSI hm@ﬁlﬁwml$%ukﬂ
B, AT, REUEE . PrTdR, BATALENN HNE.
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