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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 previously
selected SEN-specific DNA aptamer. The core design principle relied on the strong fluorescence sig-
nal generated by the specific binding between thioflavin T (ThT) and the aptamer. In the presence of
the target, SEN competitively displaced ThT from the ThT-aptamer complex, resulting in a signifi-
cant fluorescence decrease ( “signal-off” mode). The demonstrated sensor exhibited excellent
screening capability for SEN, with a detection limit as low as 40 nmol/L., and samples could be di-
rectly observed under blue light irradiation. The snesor demonstrateed high specificity. In actual hon-
ey samples, the method still maintained a good linear response (0-10 wmol/L, *=0.98), with a de-
tection limit of 414 nmol/L.. Spiked recovertes ranged from 99. 2% t0103%, and the relative standard
deviation was below 3. 0%, confirming its accuracy and reliability in complex matrices. This study
presents a new method for SEN detection with high sensitivity, strong specificity, and simple opera-
tion, offering a promising technological platform for the on-site rapid screening of pyrrolizidine alka-
loid biotoxins in food and herbal medicines.
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) G-WU RO, H 5 G-DU R S5 B HAT & E G S o A i P 45 45 Je 2 ml 2%
BRI X R RO A AR IS 5 O RUE R M B AR B o T BRAh, AR A A
T HEEUE SR RSB EOR (SELEX) FE/R ZM &3 i i 2] () SEN G FC R — B8 & G FA, X
HAYEEET ThT B P | bRic ARG PR AR R B T sl ™ . Rk, A58 FIH ThT 5
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1.1 Uz 5iEF

Nano Drop 2000 R =A% TR 5 AR Y (Thermo Fisher Scientific 2y 5] ) ; FL 7100 B 655 Y66 &
T CHSLEFEOAR (L) E PR S AR A W) s A5 eib o Il R e G AR A 1)), XK-
400 B9 H & DML FER) QLA REI T e AR A w) .

T HOGH (SEN) Il 5 ji#h5 BAE B A AR A v S AL (NaCl) . SEAbEE(MgCL,) . 1R -20
(Tween—20) . —HELH (DMSO) . HIiF, B E T(ThT) . ZxJEMR (CGA) . 2T (QUD) |, &
(MAT) . WiHER (CAF) . BHIPEH(ROL) . #RAHH(TUS) Al 7A- XIS e - 218 (AA) WA A L3532 7apk
HEACRHE B A PR A R WA S E YT SRR S (Apt) HAE TAEY TR (L) By AR 2
g, BARFES A5 -CTTACGACGGCATGCTGGTCGGGTAGGGAATTTTGGGCAGTCGTAAG-3',

1.2 XEWHZE

i1 pmol/L 1] Apt TINZE Pz (42755 20 mmol/L NaCl, 0. 01% Tween—20, 20 mmol/L Tris—HCI, pH=
7.4, 0.5 mmol/L MgCL) ", 7£95 CZMH F IS5 min, ZHh FEA4130 min, FFIIANZLEKE 50 wmol/L
ThT F 30 C4&AE FHFE 30 min, )5 I SENFE 30 CAHF FWFE 30 min, 8 HZEE 5 N0 BETHI E 2
oo B (% K 425 nm, &S 450~600 nm) , WCEE 492 nm A BEEAE, T F-FE, HYFh
Kot BRLH T INE EomE ,  F Ay SEBR 2 BT ¢ G

2 H#R5itE

2.1 IEEMARTE R BER R AN

PR i i SELEX SR I 8 3145 1) SEN ¢ e VEIE FC R (Apt) A —BUE & GIEEN 551, T 5
ThT 454, FEFF14(0. 5540. 34) pmol/LUE 1A), {ETF Apt 5 SEN B4 4 26 H1 17%4(0. 24+0. 13) pmol/
Lo PEG, D0 0s B o] 58 i A ThT 25 G0 OG5 ( “9O0E 98" ) YR SEN FR7ERT,
BT H 5 Apt 45 G 5 R SR, TS24 P ThT MOE LRSS S b Bk ok, S8k R %66
FSARIERC “POeES XM ) (EB), it —iEsiX —fik, &8 TREERA, 4521 mE i
JiR, ThT AR SAERR T 2O m s (EA%) . HYH5ApniG )G, 2B RE LI (aa
2%), WM ThT WJLLY SEN ERLARZE &, JEdE— PR Ok UAE ThT+AptiF P N SEN J& , &R
MZEaR A R TR (CRAAZR) , X 55 ISR E R A AL 2, Fo/riE 73T ThT 5545+
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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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224 7 ThT 55 Apt i Job—plot & (81 2A) . 457K, = oo
PENAE S AL (F,—F)BEThT 5 Apt JBE/R i B3 DI 25 -
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SEhrERE, BE— A EBOHLARE B (20 - 1, 30 5 1, 32: 01— : ; : :
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Sl SRR G RS S AL T R . B, AR I .
U E ThT @ Apt B PR BEHL A 30+ 1, FEZEILEE R — .
il PR e T
2.3 LWEHMMRL 300-
h TR SO PR RE , RSB SR SR AT
BEATHRAL . H R Apt SRR 4 SEE T E Mg 2
52 DU RN PG E S ER N, AR E M 00 321 50:1
THT/Apt

SR Mg e BE RN B il B A T Ak . 25 SR N IE 3 PR,
Mg S FEI E M 0. 5 wmol/L, 552 wij ] SEN & it 46
TR AR 5, FF—2PBHIAIR E F bR Apei)
O RE S mcuR . MEAh, FEETREERIEE N, f& R X SEN
BN R BE 7 (P EABAAR ) BT I, 24388 4 30 “CHY,
Tk R 2G5 5 W i sm (B 3B), MG, &R e
— BN 37 °C, RRVOCEE R TR B,
TEH30 “CHE ML I

2 ThT 5 Apt i) Job—plot BiZE(A) Z A ThT 55
AptiR EELL T 85215 50 Xk HE (B)
Fig. 2 Job—plot curve of ThT-Apt(A) and comparison

of fluorescence signal responses at different concentra-
tion ratios of ThT—to—Apt(B)

error bars show the standard error of the mean from three repeti-

tive experiments
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Fig. 3 Effects of Mg™* concentrations(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

TERCALH) Apy/ThT R EE T, IIAH) SEN 5 Apt HYZ5-5HE J1 85t ,  AERS S5 20HFs ThT M Apt—=ThT %
GBS B, SEUFRTOGRELEES (B 4A), FOGESZME(F-F, y)FESENHKEE (x) 3
e e RS (B 4B) , AE SENHKREEN 50 pmol/LALIKEN A . #Ah, FE0~1 pmol/LTEH P, SEN
W (¢, pmol/L) H5HOUE SR B R IFI MR R (£=0.99), HAbrifEHh &5 84 (F,-F)=506 c+13. 6
(E4B), BT 307k it 5 (o a OAESLIIPRIEZE , |k oABEHE RN L2 R 15 B AR 5 00 A% R (1 A
AR (LOD) 2 40 nmol/L,  H; 52 50 B8 55 U T2 Wi 01 44) A i FAM b i 28 ¢ DI A ) 4% J 2% (LOD 4 1. 01
wmol/L)$ T4 25 4% . AEHDOEIRET T, FESIEICHEE SEN Y EEH)IE NIZ #TFEAR, HAE S0 pmol/L # SEN
WETILFERER, XEERNELR (B 4C), [HIHERIL 7 AP0 ARG AE SEN Bl P
BRI A S RS
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Fig. 4 Variation of fluorescence intensity with SEN concentrations (A) and their linear relationship(B) at 425 nm excitation
wavelength; the visualization results of sample fluorescence variation with SEN concentrations under blue light irradiation (C)

error bars show the standard error of the mean from three repetitive experiments
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Fig. 5 The selectivity experiment of the label free fluorescent sensor for SEN(A ), structural schematic of SEN
and its interferents(B)
error bars show the standard error of the mean from three repetitive experiments; * indicates a statistically significant difference

between the two groups (¥¥%%p < 0.000 1, ns: p>0.5)

2.6 XZBREFmINE

PR A 7T BT ) 258 T BE U A TR A L S AE AR A h B S AT T, UG8 R BB R i Y
I DRI W S R T IR RE AT RS 5. IR 6A R, TE 5% A M BEAEAR NN A [V 2 1Y SEN b
WERW (0, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 20, 50, 75. 100 pmol/L), il HZ¢ (5 5L (G I
TN YR B - A5 S AR R 2 1% Hh ZRAE 0~10 pumol/L B ARG BE IX ) N 2 B I B e K R (P=
0.98), LOD 7414 nmol/L([El6B), TR EIEHME 1) SEN 7E R 24 i R S hRiE (£ 500 pe/ke) ™

Sy I A% SR A L SR S B HERA T, 7E 59 MBI T 4y AN T, 5. 10 pmol/
LK F ) SEN FEAT Il R %€ o 138 1 7R, SEN FE 1 3 AN AR /K F F B89 F 25 [ 2R 53 53 45 101%
99. 2% F11103%, AHXTARIEMZE(RSD) A1 0. 29%~2. 8%, FiRZE LR, AMLEES S Qe sLhrkeA i A
BRI ZPEN R | 5 REE SO AR, R AR S P S N T T .
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Fig. 6 Variation of fluorescence intensity with SEN concentrations 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™") Found/( wmol - L") Mean/(pmol-1.™") Recovery/% Average recovery/% RSD/%

1 1.0319 1.013 4 105 101 2.8
1.0457 103
0.962 6 96.3

5 4.9515 4.960 8 99.0 99.2 0.29
4.9792 99.6
4.9515 99.0

10 10.3819 10.316 3 104 103 1.6
10. 1177 101
10. 450 1 105

BN T RE P2 SRR H o ST IR B R ) SEN24. 1@ T S A E Bl
TEPEFK AL (Farfarae Flos) VEAMFFERTSR ,  F [a] i R I AH €43 - 5 i 158 F i (LC-MS) % B FF 2 kg
HPGBER A S BT E . L 2FTR, LC-MSESALLET HXGH(SV) . T BB (SEN) K43
THNH(RET) A% HS T AT, HS S S0 45 58 5 ThT 75 40 5 400 18 Ml 4 14 Rl 7 25 5 T8
MEMEER(p=0.41), X—L5RFH], FTHEEAY ThT 3540 5 00 10 B A A4 R 7EAS: D) FFF 25 2 i g B g g
KA, 548bmifELC-MSTERA S E 2k, MAh, MHE TSN LC-MS 175 20 kil 45 br
TR A B8, AF BT B R B A RS A T — 20 R a] 345 S I s P kg B P e 28 A
Yk (HPAs) & &, JRBL P & H 5 T 0035 . Rl R0 & sl v 250 v () e 25 i gk 4 b
MR, ZNERAEENNY S, RS T E R TR BOR SR

F2 RAAL SEN (RGN,
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+
SD /(pgeg") SD /(pg-g™) SD /(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

HEAh, ASWESURE T ThT 3240 B AR RMEAL ) bR i PO G PO AR IS, TESE R 5520 B PR ) B
7RI (F3) o AHECT ARG (I FAM OGRS ) AT IR 5 (Wb~ OT%) . D7k
TeTARICH RIS FE S, AR KRR, IR, T oSz R 5 (W 2B T L), u]
BB . IR PR EE 5 R A BT bR iC OO Pl AR A A 2 (AT 17 2
BN RRFE A (Y 1.5 h) o XAE— R LR 7 HAEBUZ PRI A o ARSI
AfEd A, FE A R) ,  LLSE e SEPR B o i R PRI R o

3 HAKEN Ty 20 b A

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 pg’kg 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 & it

ARG IR T —FPEETF ThT 7548 H RS 10 S bRic 28 GE R RAL ES , TSI F S0 T B
et . AL R R RGEMAL ThT 5 Apt B 454 He ) (i & e DB R HL R 30 0 1) . Mg ik JEE (0. 5
pmol/L) DL B8 B (30 °C), SEBL 7% SEN B/ R (ZZ b+ LOD 24740 nmol/L, ¥EE A i+ LOD
1414 nmol/L) | RS ERTIN . HAE HALKIZE T, SEN BJ 52 48-PE Ml ThT W TJGTE i) Apt—-ThT & &
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