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Abstract: The rapid detection of hepatotoxic senecionine (SEN) is crucial for food safety and public
health. In this study, a novel, label-free fluorescent aptasensor was developed based on a previous-
ly selected SEN-specific DNA aptamer. The core design principle relies on the strong fluorescence
signal generated by the specific binding between thioflavin T(ThT) and the aptamer. In the presence
of the target, SEN competitively displaces ThT from the ThT—aptamer complex, resulting in a signifi-
cant fluorescence decrease( “signal—off” mode). The demonstrated sensor exhibits excellent screen-
ing capability for SEN, with a detection limit as low as 40 nmol/L,, and samples can be directly ob-
served under blue light irradiation. The snesor demonstrates high specificity. In actual honey sam-
ples, the method still maintains a good linear response (0—10 pwmol/L, r*=0.98), with a detection
limit of 414 nmol/L. Spiked recovery rates ranged from 99. 2% t0103%, and the relative standard de-
viation was below 3. 0%, confirming its accuracy and reliability in complex matrices. This study pres-
ents a new method for SEN detection with high sensitivity, strong specificity, and simple operation,
offering a promising technological platform for the on—site rapid screening of pyrrolizidine alkaloid bio-
toxins in food and herbal medicines.
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Fig. 1 The binding affinities between Apt and ThT(A); schematic of SEN fluorescence detection sensor(B); the fluorescence
spectra of different samples including ThT alone, ThT+Apt and ThT+Apt+SEN(C)
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Fig. 3 Effect of Mg** concentration(A) and incubation temperature(B) on the fluorescence signal response

error bars show the standard error of the mean from three repetitive experiments

2.4 SENHIEESRH

TERCAH) Apt=ThTIREE T, JIANEISEN 5 Apt BU45HE JI 858, BERS SEAT AR ThT ML Apt—=ThT 5
SYhEAE BRI R, S EIERIO6EEEEE (K4A) . MK 4BFR, P15 TR (F-F) B8
SEN < BEHE M2 S et A 3, AE SEN RN 50 wmol/LARIKEN (A . BEAh, £E0~1 pmol/LTEHE A,
SEN K 5765 T B R IF&ME R R (170.99), Hbrh £ 574 (F,-F)=506 [SEN]+13. 6
(E4B) . T 307k it 5 (o a BAESLIOPRIEZE , koA BEHE RN L RFR) 15 B AR 5 00 Fl A% S 1 A
R (LOD) 2 40 nmol/L,  JH; 52 50 B8 45 TR T2 Wi J01 44) A 1 FAM bR i 28 ¢ DI A6 ) 4% J 2% (LOD 4 1. 01
wmol/L)$ T4 25 4% . AEHDOEIRSET T, FESIEICHESE SEN YR EEH)IE NIZ #TFEAR, HAE 50 pmol/L # SEN
WHETILTERER, XEENELE R —F(E4C), [FBEI T TR R LA SEN Bl bt
B R RS

A 492 nm 0 puM B
24 4 : 1000 4
5 750
2 1.8
E 2 500
<
£ 12 <
E 250 1
y=72.2x+40.5
04 % 2
R*=0.98
0.6 0+ — T T T T 1
0 2 4 6 8 10
=N SEN/(umol* L")
T T T T T T
450 480 510 540 570 0 25 50 75 100
Wavelength/nm SEN/(umol L)
G SEN roncentrati(m(um)
0.5 75

100

UG

El4 425 nm A IEKT, 2600 EHE SEN # IR 10 (A) K R HERMESE R (B) 5 WGHRST T RS D¢ ERE SEN e AR Ak,
) I LE HE ()

Fig. 4  Variation of fluorescence intensity with SEN concentration(A) and their linear relationship(B) at 425 nm excitation wave-

length; the visualization result of sample fluorescence variation with SEN concentration under blue light irradiation (C)

error bars show the standard error of the mean from three repetitive experiments
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Fig. 6 Variation of fluorescence intensity with SEN concentration at an excitation wavelength of 425 nm(A) and the linear cali-
bration curve(B) in honey samples

error bars show the standard error of the mean from three repetitive experiments
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F1 o PRSP EIIAREICER (n=3)

Table 1 ~ Sample recovery in actual samples(n=3)

Added/(wmol - L™") (pmol - 1.7") Mean/(pmol-1.™") Recovery/% Average recovery/% RSD/%
1.0319 105
1 1.0457 1.0134 103 101 2.8
0.962 6 96.3
4.9515 99.0
5 4.9792 4.960 8 99.6 99.2 0.29
4.9515 99.0
10.3819 104
10 10. 1177 10.3163 101 103 1.6
10. 450 1 105

BN T RE P2 SRR H o ST IR B R ) SEN24. 1@ T S A E Bl
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Table 2 The detection results of SEN in Farfarae Flos

This work LC-MS t—test p value
Sample Measured total HPAs+ Name Measured concentration+ Measured total HPAs+
RSD /(pg-g") RSD /(pg-g™") RSD /(pg-g™")
Farfarae Flos 4.71+0. 33 SV 1. 07+0. 02 4.53+0. 02 0.41
SEN 0. 11+0. 001
RET 3.35+0. 01

2.7 AEEMTFTELLER
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B ARBELAGIE P IRAGLTT 5, AR IS 1a),  LUSE b i 2 SEBR B 37 o0 i 2. TR
R R o

3 HAKEN 7 00 AL

Table 3 comparison of other assay methods

Method LOD Naked-eye Label-free On-site usability Ref.
UHPLC-MS/MS 0.015~0. 75 pg/kg YES YES NO [31]
Antibody-based electrochemiluminescence 20~70 nmol/L NO NO YES [32]
Antibody-based fluorescent lateral flow immunoassay 0. 083 pgkg NO NO NO [33]
LC-MS/MS 0.013 4~0.030 5 pg/mL NO NO NO [12]
FAM-labeled fluorescence 1. 01 pmol/L NO NO NO [28]
Fluorescent aptazymes 43 nmol/L YES YES YES [15]
ThT label—free fluorescence 40 nmol/L YES YES YES This work

3 & i

AW IR T —FhEET ThT 355 B H RS 0 G bRic D8 GE AR AR RS, TAG I S0 T 5L
G (SEN) %A% 8k 2l it RGEAL ThT 5 Apt 0945 & b4 (i @ SR DR BE R k130 1 1) . Mg Rk B
(0.5 pmol/L) KL EWMFE IR (30 °C), SEFL T X SEN (15 72 8% (22 nh i v LOD 24 40 nmol/L., W25 41 5t
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