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Abstract: In this study, we developed a simple, low—cost, and sensitive dynamic light scatter-
ing (DLS) sensor coupled with nicking enzyme—based strand displacement amplification (NES-
DA) to detect AFM1. Initially, the sequence containing the AFM1 aptamer partly hybridized with
the primer DNA, which triggered NESDA and yielded abundant single—stranded DNA  (ssDNA)
in the presence of AFM1. The resulting ssDNA hybridized with AuNPs—DNA probes and thus aggre-
gated, thus causing an increase in the average hydrodynamic diameter, which can be quantitatively
determined via DLS. To enhance detection performance, the core experimental conditions, 1. e. ,
the NESDA reaction temperature and time, concentration of template DNA, and dosage of poly-
merase and nicking enzymes, were systematically optimized. Under optimal conditions, the aver-
age diameter was proportional to the concentration of aflatoxin M1 within 8. 3 - 1000. O pmol/L. and
the detection limit reached 1. 3 pmol/L., thus confirming the high sensitivity and feasibility of the pro-
posed method. Furthermore, this method successfully detected aflatoxin M1 in commercial milk
samples with spiked recoveries of 94. 3% to 107%, thus confirming its reliability. The proposed strat-
egy demonstrates significant potential for application in food—safety assessments.
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P, SXF AN REREE g EEE ., HETE SRS (Aspergillus flavas) T34 1 5
(Aspergillus parasiticus) FEAER—REEFHER " EHMEFEREY, HihEFTFEBL (AFB1)
iR Hig 20— S NZis i melE, AFBIAEH RIS R AR EN, 168
W EERE ML (AFML) © 0 AFMI AR TSI, b AR sl TE b B A S
SETE, BT E SRR S A 7 U ARMI I ZF AT AFBL, BB EAT 3P A SUE
P BREERF SEHLA (TARC) B4 1 2R NZREUEY ' Bk, BHIFA SIS 7 2R AFM1 1) 75
i, AR SRR g S (HPLC) " 2 Ak (TLC) M WA g -Bug s EoR (Le-Ms)
VIR B HR G B W B g 72 (ELISA) ™ VEAMER N %, Ak RA REEE . e iS5k
S, BRI AR B, FESETAC R E BT, HARIE R AR A D1 A A I ) B A R L g
AR BARGE S, AHARH REEEA TR, [ BAT BB 1 XU

AR, AT G AL RS 23] 72 R . Bk, SAMRSEHGE 7 TR AFM1 B2 H:
25 T R A L AR RS Y SOMEREE Y A AL AR Y TERERCIR AR BT, WEE RN
MR FEAL A DNA 37, dlid 5 DNA§IGHEOREBN , Al REE R R85, BE b, REnsk
FRM (PCR) "7 Zeze @0 (HCR) "™ FIEEE R 1Y (SDA) ™ C g M T 2 M A 3 Z 1k
W, FEXLER AR, SDA S —FhEHRAIRY SEBEOR , AIAES G BRI VIR /R T Se B s S TR
BIFEE R Ak . BT IRERE LR R, SDAE#) T2 T DNA ™/ RNA | Snphrfigis ik 2
Y54 = Doil k7B a0 iRl

FNASVGHUT (DLS) & —F H T I 8 URL IR 15 ARG EEOR =, & RO AREARBE T Y
HETH P GAPRERL (AuNPs) BIHBGRIDGHUNRE, AT1E DLSEREFH THLN DNA = EA
BT 2 Phrt R Hg B R H A Y AR, JEREREEERY. (LCR) BYL PCR Y SDA R
WY1 (RCA) ™ B EEITOCRUNHORMS: &, BEIRE T DLSALEER 0 R B

FNSEHUHAR 58S 0 BRI HAAE 0 R, o) 2N TAMEZ . IR
B RHG, METRG T, HERA G, SRS UL R, AR H B AR AR H
FT AFPM A BB 58 A i0E . B AT T R H 3 256U R R Bl s 0 B4 BORE I AFMT
EABRTFAE T 2 PR e REGEA R ), A5 B TEdE— DI R I R, i — R &
DLS 5 SDA i AFMLAGIN 7% . FET ik, & T —FhE T UI0 Bk ey 48 (NESDA) M3 Zo6HUs
IR, AN ARML JG AT il S B M RO, BN AR B SRR IR B ] 5 DNA— 4 R ORI
BAAR, S ESAURNRL L AR A, ORISR K, AN T R v ] 3 SR E T RAE

1 KRERSy

1.1 ##

SEAZATIRIT Y] . DNA AT Klenow Bt . BUEMH ZMRIEAY (ANTPs) 30T g4 T
AW TRy A PR 7] (Sangon Biotech Co. ,  Ltd. ); I N YIEE Nb. BbvCl T 38 [ F JeA% 22 AWy 5
I WHINEE R ML (AFM1) FRfE SIS TS B A 7]

1.2 KEWHZE

AuNPs BUESHE T- R8s (TEM) FAERH JEM-3010 B0E 5L 7 B s . TEMAES & . BL—ii%
W 4 Ve W TR AR T AT RS R A D b, SRS T S BT . B AORELST (DLS) MR M Elitesizer 44
KIRL/ Zeta BEALTE (BRI ARMI/RAEBRAF) FEIRSFME 58l pHECR A PHS-3E B pH it 317
M E
1.3 F3i&it

ARWFFE T EAZ T ER A0 F : a-DNA: 5° —ACT GCT AGA GAT TTT CCA CAT-3’, b-DNA: 5’
—~AAA TTT ATC TCT AGC-3", t=DNA: 5’ —TTC TTT CTT TTT TCT CTT CCC CTC AGC TAG AGA TAA
ATT T-3’, AuNPs-DNA 1: 5’ —TTT CTC TTC CTT TTT-3", AuNPs-DNA 2: 5’ —-TTC TTT CTT TTT
TTT-3’,
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1.4 DNATIhgEL & 20K Bk By &l &

DNA-EHKIBRL (DNA-AuNPs) FEFSIOCEIT A& Y, IR &0k, H5%6, @il 38.8
mmol/LFFEEMRAN (2.0 mL) J&JF 1. 0 mmol/L AR (20. 0 mL) il #5153 2] G AK B0k .

DNA-AuNPs #4525 i FE I T . 3R 54k DNA % T 10 mmol/L BEERZZ vh i (60. 0 L, pH
5.0) 1, AN 20.0 mmol/L = (-8R Z3) B (TCEP, 12.0 nL), EiEMFE 1.5 ho FEEMIAN 10.6
nmol/L AR FRIEWE (10.0mL), F°25.0 CFJHE 16 ho FHEW M NaCl 2 HIKEEH 0. 1 mol/L, JFF
Me Ak 44 h, E, BIRSWLL 13 800 v/min #0030 min, BEE 3K, BRELZRIAFGARLEH DNA,
5K S DNA-AuNPs 5 204 R DTiE A 10. 0 mmol/L PBSZZ 0P (pH 7.4, £ 0. 1 mol/L NaCl)
Ve, HEETHEZME Y, 4 CREEH.

1.5 #HmHl&E

A S A I RE ) I b S R T, R AN T AT B AR T 4.0 °CL 10
000 r/min Z544 0 15 min, AN EBR LIZIENZ, ZEBCRRIEHEFE & H . EIRISEPRHPEREA
] AR P 5 ) A= R AR IS [R]3R BE A AFMIL bRifdy, i AFM1 B9S24 EEAE 0. 05~0. 7 nmol/L B A
1.6 ETFVIOEERNEESRY 8RN

5G] IXNEBZZ 0 i BC K L4 1 pmol/L i) a-DNA 5 b-DNA, SRJGKME LA 1 189k
BITEZETR T 5 30 min, FHEIIAANFEKRENHFSEFE . % LRER S -DNA (1 pmol/L) . DNA R H
it Klenow Jy Bt . Nb. BbvCl J ANTPs 7E IXNEB ZZ 0l PR G 3%5] . BIRAEWE T37.0 CHFE 3 h, &
JETE 80 ‘C R MFR 20 min 2 11 .

1.7  hiEE SN

HL5.0 wL NESDA #8472, MIAZ 45.0 pL & 4. 0 nmol/L. DNA-AuNPs #4114 PBS Zohitih, T
37.0 ‘CHFE 20 min. 7E25.0 CAME FHEAT DLSAEI, ~Fsitia) 10 s, A A1 90.0°
2 HRETE
2.1 AFM1 R840 N R I8

AAWETER ) AFM LRSI BRI 1 R o FEANAAAE H AR I 3 I, AFMLERE (a-DNA) 5
b-DNA KA 2428, WHETE7: )88 NESDA ¥ ¥E KU . A58k DNA (--DNA) A8 4NIhae sk Xk 1
BT 45 b-DNA B AR DX 2 i HANF A &G DT H IS Nb. BbvCLA IR 8. X33 Fl XI5 4 45
)5 PR DNA-AuNPs 355+ B oAb, 4R RPN AFML G, a-DNARSE S AFM1 454, flib-DNA ¢
B, 5 t-DNA K AEAAS . 7E ANTPs Fl DNA R AEEEH T, b-DNA LLt-DNA AR TRE M, TE A%,
B ALEE DNA 7E XI5k 2 % Nb. BbvCIPIE], BESUE — 58 EE DNA (p-DNA), 7ENb. BbvCl 55 &Y 3L 7]
YEJ T, NESDA RVIEIRIET, HeZr=E K p-DNA, p-DNA 0] 6]l 5 fh DNA-AuNPs 4854438, 5%
SENRTRRE &K A RE, HHGEAIIFEARREFNE K., &G DLS H A2, SCaxt
AFM1 & Sl
2.2 TF[{THIIE

FIBUEAS T iR ARMAAS I ol £50%, SR TEM 55 DLS #E17 JFHGIESL S, /0 HIAE T AFM1 I
AFMI AT FIFR RN TX IR . Qi 2A . BE/R, FEASE AFMILES, TEM E{§H AuNPs /38U I, 56
HH NESDA 434 & B AWM ALE 3 WIMNAFML)E, &40k ER L A B RE. DLSZE (K2c. D) #£
W, FEATELEAFMLIY, DNA-AuNPs#REF A )RR e 43 AT X 0] 2 38. 2 ~38. 8 nm, ~“F-HRifE N
38.5nm, 5 TEM PRI R FrBeRAS—3 WA AFML G, kR0 S0k B0k & Az MR RE
ERIREE, PR ALk RIE A5, “PYPRIARHE K % 782 nm, UYL A J1 54 B2 43 Aii [X.11) oA 700~874
nm, [FEBHO]EIH RV E RSO E AR, X450 5 TEM g8 REN L SEW G, L
LR R . fEAFMI FAESMET . DNA R AEEZS 500 NESDA ¥ 18 i b7 ¢ A &k %, P2k K&
p-DNA, BEIT 75 S Ak ik & A R 42
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a-DNA No AFMI d No SDA DLA Sienal Off
b-DNA = e — = A Signal

LDNA SN

o
A DN m— bDNA et
‘g FDNA s e T S E—
b-DNA  t-DNA [ 23 4 dNTPs
=-DNA: STTC TTT CTT T C 2'3 4 )
CTC AGC TAG AGA TAA ATT T-3' | —
R SR
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§o
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\‘— o b-DNA
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o
=
3
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1 T NESDA 9 AFM 1 Bl 206U (R R R 2
Fig. 1 Schematic illustration of NESDA-based DLS sensor for AFM 1
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2 AEAFML (A) FESHAFML (B) Z&AF FEAORBRAE ST B ; A& AFML (C) FIEA AFML (D) AT
BARIURL Y BN OGR4
Fig. 2 TEM images of AuNPs without (A) and with (B) AFMI1. DLS results for AuNPs without (C) and with (D)
AFMI1
D represents the average hydrodynamic diameter of DNA—AuNPs probes (D 37k DNA-AuNPs $&5HK)F X0 )
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2.3 KiNEEHMRL

SR AFM LRSI J7 700 RS, X520 NESDA SV 45 SR i) s R Z AT T itk LR s b &t
(AD = D-Dyo, H: DoE/RANE AFM1 B DNA-AuNPs $5HHFEPRi4R, D R & AFM1 B DNA-AuNPs
VEHI PRI ) VE AL SR PR TERR . T 3A F7R, 7E 20~40 “CIEREIN %L 1 SDA KW I EE ()
oM, ADAELRBIR TSN K, 7237 CHPIREER AR ; B SDA ROVIREM#E— P H 5, ADEIZ
TR, M, 37 CHEHSDA M AMFEIREE . SRAMIFEJT%, X SDA KM, BAMHE. U
il FH 0 SN RS2 BEAT T A4 . 05 A —DAN B EEBEAT Ak, BEE —DANHRERREII, AD{H
BETHE, {HY -DNAIREEE T 1 pmol/LI, 59 KHERZELLE, Y t-DNARESETFE 2 pmol/L
I, RG-S Bk EEE, (HAHET | pmol/LIRTHIR RN, B EIARLLHE K -~ DNA R EE BT R 520
R fE AL R ZE DL SO R AR e A a8 S g, M NISE iR 2%, RIS SR B % t—-DNA VR BER 1 pmol/L,
A E JG 8RS R M e A5 . SDA OV E) 3 h, SRAEEH S 2.5 U, YIHNVIEEH&E3.0 U,
t=-DNA ¥R JE 1 wmol/L,

A 800 B 800
~ _—
=600 £ 600
= =
e g
15 3
D 400 5
= 400
=
A 5 /
200
20 23 30 £ 40 03 1 2 3 4
Temperature{ C) Time(h)
800 §
P
“E a0 B oo g 0
= = s
o - e
g T 2
5 a0 B Q3 400
= g g
< = =
= = b
B [ [a g
y 0+
1 2 23 3 4 1 2 5 a5 3 05 0.8 1.0 By 2.0
KF~ (U) Nb.Bhv{ ] (U) Concentration of 1-DNA (uM)

€13 SDAJMREE (A) KJWifE] (B), R&HE (C) KYIHNUIEEND. BbvCl (D) A&, -DNAJREE (E) itk
Fig. 3 Optimization of reaction temperature (A), reactiontime (B) of SDA, polymerase (C), Nb.BbvCI (D),, and
t—-DNA concentration (E)
error bars show the standard deviations of the experiments (IRZELL LRI bR W 22 )

2.4 FiRBIR N HEEE

RV AKGIN 7 iR RS, ELLF B T, BEEARRIERE AFM1 X AuNPs -3k 12 1)
I, N 4A 7R, 1E8.3~1 000 pmol/L A AFM1 YR EEFLEI N, AuNPs B ER) 5k J15% HARKE AFM1 K
BER) T R AR PERG K Sk FE Sk D=75. 0+450. 0c (=0.9932, H1ck AFM1 ¥ EE, nmol/L) .,
R (LOD) i A3 DL = 36/RBR RS (542028 VRS S B bRIE R 22, RER bRt il
LHRER), 42 LODIA L. 3 pmol/L,
2.5 FiEHREER

Ry PG EEARTT R Sk, SR P R B ) At B A 5 3R AR AFML BRI 75550, 5 R 4B P .
4 AFMI 410, 5 nmol/L I, AuNPs B X042 25 4 300 nm; 124 AFB1, #ph&EEH FE B2 (AFB2) .,
Xt (DON) ., fRE#FEBI (FB1), #EHhEEREZR A (OTA) . T2 #H L FKRFREME (ZEN) ik
FEY R0, 5 nmol/L I, AuNPs () FEIPRIARITE S0 nm £ 45053, 525 AAEERER, BiBHIEAFM1 %2
Teik 51K NESDA R o FaRZE RN, ARG 5 {206 AFM 1T BAT 5 B ek o
2.6 A AFM1 B9&

AFM1 A2 25 B A L b )55 D5 Gl o SR iE AR 5T 2 0 ARSI 7 v I S, 6 2 A



6 TR AR (http://www.fxesxb.com) XX %

S EATIIRRIEDSCSE S . e 1R, 1) 2R W FE S AR 0. 05~0. 7 nmol/L B AFM1, [ Wig 2 47 94. 3%~
107%, FHATFRIERZE (RSD, n=3) M 1.7%~4. 1%, bFiRZ5HEF, %70 HT 405k o AFMI )
R, [, CBATTE S A RIS, W2 PR, ATFIEEMTEETE, Hm REE T IH4,
SDA R4 B4RV 5 v R DLS H AR MU RIVE H o AR 7572 1) S S50 AR Db [ S 28 2w i 1 S Bk
SRR, HR R T I, FEOUERR T AR 7 ik o] S A S SE R AN B

A B
1200
P = * 17
= 10001 /_\300'
k=4 =
5 8004 . B o =
-~ £ S—
S Z o 200
E 6004 u ] 8
= ; E 300 L
T~ L] oI a
O 4004
w | .S 1004
L]
200 4 ; 04 01 [ 0e [iX] kil Q 2 =
= Concentration of AFM1 (nM)
n
Q== T T T T T T T T 04
0 5 10 15 20 25 30 35 40 45

‘ F @ @ & o g O
Concentration of AFM1 (nM) B W T Y 00 30 k
El4  AuNPs TIRIfR S AFMIWRER KRR (A) (R AFMIBbRIENZR) 5 AFMLAGEIN 7 AR RPE (B) (R RhE
FERMIREERI A 0.5 nmol/L, IRZELRFIR 3 ST bRIE (R 22)
Fig. 4 Relationship between average AuNP diameter and AFM1 concentration (A)  (insert: standard curve for AFM1);
selectivity of assay for AFM1 (B) (concentration of each mycotoxin is 0. 5 nmol/L, error bars show standard deviations of three

experiments )

RGeS AFMT Y IREDI
Table 1 ~ Spiked recoveries of AFM1 in milk samples

Milk sample Addition of AFM1  (nmol-1.") Recovery/% RSD/%
1 0. 05 99. 1 3.4
2 0.1 96.2 4.1
3 0.2 94.3 3.6
4 0.3 107 2.3
5 0.7 101 1.7

F2 BT PR BRI T iR E AT

Table 2 Comparative analysis of methods based on actual samples

Analytical method Sample type Linear range LOD Recovery/% Reference
B E s 1y 8.3~1000 pmol/L. 1.3 pmol/L. (0.43 pg/mL) 94.3~107 AJsk
0 1] 352 G i S AT 4107 0~500 ng/ml. 0.21 ng/mlL 92~104.35  [42]
PENCIERK A4 1~100 ng/mL 0.5 ng/mL 93.4~101.3 [43]
Fb A H A2 T AL R 415 0. 03 pg/L~2. 00 wg/mL 0.015 pg/L 94.4~97.2  [44]
HL Ak 2P S AR R A1 1~100 pg/mL 0. 6 pg/mL 106~109 [45]
R uRCR N IR A1 0. 005~0. 100 ng/mL 0. 002 ng/mL 80.5~89.7  [46]
Vo 38 A I -1 0. 2~300 ng/L 0. 05 ng/L 95~108.23  [47]
[[REARNIR A1 10~2000 pg/mL 5.0 pg/mL 87.5~108  [48]
. . R AT, By 0. 005 pg/kg
et A iy SSPRECRIECH W 0.05-5 ne/ml. :
ERERRPS 0. 02 pe/kg
AL [49]
RASFL 0.01 pglkg
TRt HK A 92 I o i 9 LA AN FURRANE & FH 0. 1~0. 5 pgrkg 0. 1 pg/kg 50~120
Wik 0. 02 pg/kg
CER 43 0.076~11.08 ng/ml 0. 008 ng/mlL 88.3~93.0  [50]
2 GIE FL ARG I A1 1~100 ng/mL 0. 20 ng/mL 99~101 [51]
v AR 53— BRI T -1 0. 05~5. 0 ng/mL 0. 05 ng/mL 95.6~98.4  [52]
3 & it

R R I T —FhsE & SDA FI DLS F AR 24 554 S P AFM 1Y) i3 REUZE i . 1545 T SDA J W
B 8% N T2 DLS T AR & REUE, iZA800 5 AR B FRARE 1. 3 pmol/L, AL TR 22 b4 Mg /Y
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AFMIEe R FU VI RE . 0.05 pgkg ' eAb, FrSrEscos 20, 1ZRuEx AFM1 2GS0 B, 78
DObREES R R R I, BRUE T HAESChR RS s O N 7. R, A s HoAa v, (LT ik
AR AR, BRI AT SEB A B P 25 25 0@ AN, 76 & S22 PR & & e A I I SR sk B
AR B VR e B FANEL
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