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Photoelectrochemical Aptasensing of Kanamycin Based on a Poly
(Neutral Red) /SnO, Type-Il Heterojunction
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Abstract: A poly (neutral red)  (PNR) /SnO, type-II heterojunction was prepared by cyclic
voltammetry electropolymerization of neutral red (NR) on a fluorine-doped tin oxide (FTO)
electrode that had been cast—coated with hydrothermally synthesized SnO,. An Apt/GLD/PNR/SnO./
FTO photoanode was prepared after the Schiff base reaction among aminated kanamycin  (KAN) ap-
tamer (Apt), glutaraldehyde (GLD), and amino group—bearing PNR, and the signal attenua-
tion photoelectrochemistry analysis of KAN was then realized on the basis of the steric hindrance ef-
fect induced by the specific KAN=Apt binding. Under optimal conditions, the decline value of anod-
ic photocurrent was linearly related to the common logarithm of KAN concentration from 0. 01 nM to
750 nM, with a limit of detection (S/N=3) of 3 pM. Satisfactory recoveries were obtained for anal-
ysis of KAN in milk samples.
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Fig. 1 Illustration of preparing a KAN/MEA/Apt/GLD/PNR/SnO,/FTO aptasensing electrode for PEC analysis of KAN.
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BRI ZZ o 43 0 S pH 7.0 19 0. 1 M R 2% v i (PBS, 0.1 M KH,PO,-K,HPO,) #10.01 M PBS
(0.01 M KH,PO,~K,HPO,) . SEZu v B A1) R F Milli-Q #8447k (Millipore, >18.2MQ em) Hlifil.

PEC S50 ¥ 76 B A v WG IE G (430~720 nm) . T & A 100 mW em™ B9 i AT (WLCO2,
ZAHNER-elecktrik GmbH & Co. KG, Germany) J¢J§ Fl PEC 2% ¥ (CIMPS, PP211, ZAHNER-
elektrik GmbH & Co. KG, Germany) B HLfb2~ T.Ew (ZENNIUM, ZAHNER-elektrik GmbH & Co.
KG, Germany) Fitf7. fEHARZEE (CV) . HALEBHPTIE (EIS) FIBHF- H 4RI HA 2K (Mott—
Schottky (M-S) plot) HJMIIAIYTE CHIG60E HiAbZE TAEY, (LiRAEERAR An]) Eifkfr. BLESE
YR AR R, TAEHER (WE) A FTO SRR (FREAEFRIIA0.25 em®), X HAR
(CE) Ml (HfMh3mm), SR (RE) HBFIHKHAMK (SCE). 7EFEI Helios NanoLab 600i
A RO E TR B (SEM) RAE, HA-HRE R AEIX STEOEE (EDS) 4 Hraaill
BHTFILESN . Ultima IV X-5H By R ATHHMY (XRD) H T A £ A0 4047 o Thermo Scientific K-
Alpha {S 28 ] T-I5E X SHERGHLFRERE (XPS), UV-2600i 224M] WA GG RETH T ic s 42 4hn) ULig iz
FHRE (UV-vis DRS, BaSO,Z:tk)., HZAR-BHE-IRTracer 100 8 AR 4 (FT-1R) 40606 H
ToREFT-IREIE (KBrERR) .
1.2 PNR/SnO,/FTO B4R A &I &

H5 FTO S HLBFEYIEIC 0.5 em x 2.0 em ROT, ARIKHHE . ZEEREADKE A EDE 15 min, B
o Bl P A ity B SR BRI S BRI AR 0. 5 em x 0. 5 em 25

SnO, )& R SRR AT IR 2, B A 1B, FRILS mmol SnCl,* 5H,0 125 mmol NaOH 43 7l F 25 mL
4K, FFERIRA G RN 25 mL %, $455) 100 mL S ER M EH T 160 °C TR 12 h, Fl)fE
KBE . TEKCEFHERAOR, BT 60 CHF TSR, BB EBARIR Sn0,, T 27K i 7550820
min, 4532 mg mL" 8 SnO, B, HBBAREL 20 LT FTO SHLIS |, B TL/MT T4,

SnO,/FTO HLAR% | NR 1) CV LR A WSk =, F§A 1B, 75 1.0 mM NRAI10. 1 M KCI0. 1
M PBSZZihigirh, BEFEO0. 1 Vs, HBAJER-0.8 V~1.4 V vs SCE, F SnO/FTO HL#% | CV IS
NR 31, 43 PNR/SnO/FTO Hitk . Z&fUih, ZERRFTO AR b HLZR A NR i3 PNR/FTO HLAR
1.3 BEXBEHRNHERFBEZSH

] PNR B AR L T 00 10 wL 5% GLD W, il FIFE 30 min J5 HBAKIEDEER. FEE, 1
HLAR T N 10 wL 2 pM Y Apt, 4°C FI¥E 12h, F0.01 M PBSIEYE/G, 110 wL 1 mM i) MEA 3F
4°CFICE 1 h AE P AERE R0 . 0. 01 M PBS/F4NIEE =i 5, 3 MEA/Apt/GLD/PNR/SnO,/FTO
Wik, 4 CHEFFET . 76 LR AR R MR M 20 nL ANk BE ) KAN W, 40 °C R E 70 min, {7407
B, 183 KAN/MEA/Apt/GLD/PNR/SnO,/FTO @& AL AR . 76 100 mW em ™ B WG T, #E550. 1M
AATO. 1 M PBSH, G0V vs SCEfRIE, %10 s FFRATRIEAT KAN ) PEC E B30T, XH, AAHIfE
PR R (2o ERRD o JEHL T NS S B BOL R TR E 6 X P RiE, P17
MR = R BCE

2 SRS
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NR 9 HL 2R Al PH 25 7 B B SRR A A B 2Ll 20 filEl 2A, —0. 48/-0. 57 V vs SCE Ab i) —Xf il
“h NR o] @ 54K J5 04, 0. 8 V vs SCE /247 IR 8 A UGN I NR AN ] 86 48040 A BH 25 1 B el 5 RS f i) 3R
A GEECH NR R R TRES R ) >, W& 2B, —0.8 V ~ 1.4V vs SCE [X [0 CV R4 3 i 15
PNR/FTO YEHUAR A G HLIR 2T A 1. 46 WA, 1 FTO FFEWZE 120 s BEAE-0. 8 V ~ 0. 4 V vs SCE [8] CV $4ii 3
B 0 o} B AR A S B G LR (£90. 17 pAEK 0. 22 pA), BRFTO BLAR EYGCHLR LR AE

XTI S AR ST 7 SEM. EDS. XRD. XPS. EISFIPEC 1E, W Rk, RH SEMFEE T
B RATEHIESE, 45 RINE 3R . FTO Gk BRI AERRE FTO 1 ¥ 2) 7046, Sn0, APk 2% ks & H
HIREEH), PNRWPHEEY ) AR . EDSZEIRI/R T Sn. O, CHI/EL N JC RS Witk LAY & BE7F
16, HFSE T PNRAY CV LR,
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Fig. 2 CV curve for NR electropolymerization on FTO in 0. 1 M PBS containing 1. 0 mM NR and 0. 1 M KCl (A) . Photocur-
rent responses  (B) of bare FTO (a), FTO after open circuit adsorption of NR for 120 s (b), FTO after treatment of NR by
3—cycle potential cycling between —=0. 8 Vand 0.4 V vs SCE  (c¢), and PNR/FTO obtained after NR polymerization by 3—cycle
potential cycling between 0. 8 Vand 1.4 V vs SCE (d) .

Counts

\ X Energy (KeV)
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Fig. 3 SEM and EDS results of bare FTO (A, D), SnO/FTO (B, E), PNR/FTO (C, F) and PNR/SnO/FTO (G,
H) .

M 4A FrR, SnO,7E26.6°, 33.9°, 37.9°, 51. 8" XRD AFAEATHI W&/ A% (110) . (101) .
(200) . (211) &, EHPUJ54HSn0, (JCPDS NO. 41-1445) —%, PNR/SnO,%, LL L SnO, B94F1E
XRD T fefe, HICHARHEL I, R PNR VIEFRZR, 496.0 eV F1487. 5 eV AR P4~ XPS $iL7
43 6 Sn (IV) £ Sn 3d,, F1Sn 3d,, "' 531. 8 eV F1530. 4 eV ALY XPS LA W43 S VH A T Sn0O, #
T _E A AL A it 4EURD SnO, B SR AS 480 (Sn—0) ™5 398.5 eV, 399. 1 eV Fl1400. 1 eV ZbAY XPS U557 1]
XN F=N-, -NH-FI-NH,.
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Fig. 4 XRD patterns (A) of SnO, (a) and
PNR/Sn0O, (b) . High resolution XPS spectra of
Sn3d (B), Ols (C), andN1s (D) .
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5 FTO (a), SnO,/FTO (b). PNR/FTO (c) FIPNR/SnO/FTO (d) HJEIS (A) FDGHLEIR, (B), PNR/SnO,/
FTOYGHLRAIEZETE (C), PNR/SnO/FTO (a), GLD/PNR/SnO,/FTO (b). Apt/GLD/PNR/SnO,/FTO (c¢). MEA/Apt/
GLD/PNR/SnO,/FTO (d). KAN/Apt/GLD/PNR/SnO,/FTO (e) HIARAYEIS (D) FDGHFRIN (E), KANSE A 500
nM, EISSELS: {52.0mMK, [Fe (CN) ] f10. 1 M Na,SO,#50. I MPBS (pH 7.00), 100 kHz~0.01 Hz, 0.20V,

200 s ILIfE), FF5: SRR HHZK: Randles SF50HLE (I HIEEER. GRS 0. 1 M AAKO. 1 M PBS

(pH7.00), O V{fiJE vs SCE,

Fig. 5 EIS (A) and photocurrent response (B) of FTO (a), SnO/FTO (b), PNR/FTO (c¢) and PNR/SnO,/FTO
(d), and stability of PNR/SnO,/FTO photocurrent (C) . EIS (D) and photocurrent (E) results of PNR/SnO,/FTO (a),
GLD/PNR/SnO,/FTO (b), Apt/GLD/PNR/SnO,/FTO (c¢), MEA/Apt/GLD/PNR/SnO,/FTO (d), and KAN/Apt/GLD/PNR/
SnO,/FTO (e) electrodes. 500 nM KAN. EIS experiments: 0.1 M PBS (pH 7.00) containing2. 0 mM K, [Fe (CN) ]

and 0. 1 M Na,SO,, 100 kHz~0.01 Hz, 0.20V (formal potential), 200 s quiet time (1o achieve a 1: 1 ratio of Fe (CN)

™ concentrations near the electrode surface); circles: experimental; curves: fitted to Randles equivalent circuit (in-

set) . Photocurrent experiments: 0.1 M PBS (pH 7.00) containing 0. 1 M AA, 0V vs SCE.



6 SR AR (http://www.fxesxb.com) XX &
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K6 SnO,, PNRFIPNR/SnO,H]UV-vis DRS (A), SnO, (B, D) FIPNR (C. E) HTauc plots Fll M=S plots, Mott—
Schottky 8256 : 0.2 M Na,SO, ¥, 1000 Hz,
Fig. 6 UV-Vis DRS (A) . Tauc plots of SnO, (A) and PNR (B) . M-S plots of SnO, (C) and PNR (D) . Mot
Schottky experiment: 0.2 M Na,SO, solution at 1000 Hz.
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Fig. 7 Possible charge transfer pathway (A) and PEC-analysis principle (B) .
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JNTTFEAR, 70 min B E GG RETRGE . BRI, RAERSEERERMTA: my,=2.0mgmL",
ey = 0. 1M, fHEHAOV vs SCE, ¢, =2 uM, #, =70 min, F34b, FATRZIL T HIM TR I
Rl E Apt, ZBLPNR R C 2% T E Apt, H UM 7¢ SR8E 2 D HLA8 2 1 1 FEEAIOIG R 378 i )57
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Fig. 8 Optimization of Sn0, dosage (A), number of CV cycles for NR electropolymerization (B), AA concentration
(C), bias (D), Aptconcentration (E), and KAN incubation time (F) .
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Fig. 9 Photocurrent response (A) of KAN at different concentrations (a~i: OnM, 0.01nM, 0.1nM, 1nM, 5
nM, 50nM, 100nM, 500nM, 750 nM) and corresponding calibration curve (B, n=3) . AI=1,—-1,,, wherel is
the photocurrent of the KAN/MEA/Apt/GLD/PNR/SnO,/FTO electrode, 1, is the dark current of the KAN/MEA/Apt/GLD/PNR/
Sn0,/FTO photoelectrode. The reproducibility (C), selectivity (D) and stability (E) of 50 nM KAN detected by the PEC

aptasensing electrode. The concentrations of all potential interferences are 100 nM, and AI=[=I, where [ is the photocurrent of

MEA/Apt/GLD/PNR/SnO,/FTO electrode, [ is the photocurrent of the final photoelectrode after incubation with KAN.
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Table 1  Performance comparison of KAN sensors

Technique Linear range (nM) LOD (nM) Reference
FL 40 ~ 350 0.3 [31]
CL 1~ 100 1.49 [32]
EC 50 ~ 1000 6.04 [33]
PEC 1 ~ 1000 0. 127 [34]
PEC 0.5 ~ 650 0.1 [1]
PEC 0. 01 ~ 750 0. 003 This work

*FL: Fluorescence; CL: Chemiluminescence; EC: Electrochemistry.

2 AU KAN BOBRENINTERN  (n=3)

Table 2 Determination of KAN in milk samples by standard addition method (n =3)

Sample No. Added (nM) Found (nM) RSD (%) Recovery (%)
1 0. 00 Not detected - -
2 10.0 10.2 2.4 102
3 50.0 49.8 6.2 99.6
4 500 473 2.6 94.6
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