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Abstract: In this study, a sensitive and stable method for detecting five-membered heterocyclic sulfonamides in foods was established
based on up-conversion fluorescent nanoparticles technology. Using upconverting nanoparticles as energy donors and gold nanoparticles as
energy acceptors, a fluorescence resonance energy transfer system was constructed, and the free antigen was quantified by the amount of
recovered fluorescence to achieve rapid detection of five-membered heterocyclic sulfonamides. The results showed that the upconverting
luminescent nanomaterials conjugated with the antibody and the gold nanoparticles coated with the antigen can be well combined with good
sensitivity and specificity. The fluorescence quenching of the upconversion fluorescent nanoparticles was linearly correlated with the
concentration of the sulfonamide antigens (in the range of 0.08~100 ng/mL) present in the system, the correlation coefficient was 0.99371,
enabling quantification of the sulfonamides and the lowest detection limit was 0.08 ng/mL. At the same time, this method has been successfully
applied to milk, and can identify drugs containing five-membered heterocyclic sulfonamides, with simple operation and good specificity. The
method of constructing a fluorescence resonance energy transfer system based on upconversion fluorescent nanoparticles technology can
provide new ideas to detect residues of five-membered heterocyclic sulfonamides in food.
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ek 2%) (Sulfonamides, SAs) & —FPEAGXT
FIL R L S N T & P # 25, SAsHT-%t
ORI L RIE RS YA R AR BT, W]
TR TG AR IS AsHI S N TG AR IS As . SAsH
BT, X BHCEZICPHYER . BAPEERE St =
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KO, BRI AL, SRS
ai TP SASHBR A 20 e, AN ZRIE I KRR N IX L)
itk sl g, AR, FEirEILE R
A AR 1A T, TR E A E S £
TR 25 5% B BR AN B IL 100 pg/ke™.
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FAAERSA TR AR N DTSR DL SR it i A 3 78
S N, AR T YOI E AR, Rk, A
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B % 6 g8 K B RL ( Upconverting
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SCFE AP A RSB AT AR, 2R EIAMY
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AKHiAR (Upconversion fluorescence nanotechnology,
UPNT) "HERARIZOGAMER, FEAEYIUR . AWEIR,
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2T TR 28 B4 ARG AT sk ) _E S e kb
RIAGE ST 9Ot R AE B (Fluorescence resonance
energy transfer, FRET), FRET /& —F{udid 737 [a]
PR B S IR SR P A AA 7 s A A 7% 31 52447
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A1 25 mL NaF ¥#9, fEREIHERE N80 e FidR
AT, NERREEREER SRR ET, H
NaOH HT5 ¥ pH A (pH=5), HLJ1PiHE 1 he #i
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R BIEA R ER, WERNITEM RO
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T 30 mL 9 1E PRV, FEM B EIRER
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Oy BOEF B, BRIRYEY R GRS
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PFE I 3G KR T NaYF,:Yb,ErUCNPs.
1.3.2 UCNPs i 340k K 5k 0 4] &
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=R R, BIZANE FFHRS] 100 °C, fREFE 10
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IK R & AT BREA/K AT, B R AT i TR AN A
WM E BRI, R e 3 BB il At )
RN 30 min, EARAEIBEEF I 1 mL %5
F/KF10.0042 ¢ PVP, REfGEE FHiskdn, BT
3311 GNPs o

B 3R 447K GNPs 10 mL, F PBS J &R T
pH [EHZ 8, ARG I 20 uL SAs Ag-BSA,
UK T he BEEIIA 50 mg BSA /£ 93 A5,
BN 1 he RN JEHRHERAE 10000 r/min R &0 10
min, BETE 0.01 mol/L PBS ¥ 3 1K, # LG,
A4 HUE 10 mL 0.01 mol/L PBS 1, 753 GNPs 1
Ik SAs Ag BSA [, Bl SAs Ag BSA-GNPs.

i SAs Ag BSA-GNPs BEWSIRIFHI S SAs
Ab-NaYF4:Yb, ErtUCNPs 454 8| —#2, 18It i 2 GNPs
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Hahn®] 60 uL, LAMSEIEHRAIEN SAs Ag BSA-GNPs 7%
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Ho
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W& 100 pL 25 pg/mL SAs Ab-NaYF, YD,
ErUCNPs ¥ 50 A N2 — 2515 H SAs Ag-BSA ¥
W/ INRE R, IS 0.5 h i B 4% 471 20 pg /mL SAs
Ag-BSA-GNPs & &I _FIR/MRE SR E I
PBS AREZ A 1 mL, & FHREEE 40 min, A6
BTG E o
1.3.5 A4+ 2R L4 3R SAs

AR ER L) SAs Ag-BSA. BSA. PiER SMZ
HTMP AN B, TR G . 854
LR YIRA B MM BEHA 100 pL 25
pg/mL [¥] SAs Ab-NaYF4:Yb, ErtUCNPs {3 I T/
WESH, KM 05 h, HEWKEE 20 pg/mL SAs
Ag-BSA-GNPs &MU ERREERH, FHH PBS
B ARUERSE 1| mL, [FRHMER SV N
20 ng/mL, B THER LN 40 min Ji&, #4798 6052
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microscope, SEM) Fl X HFZEAiTH (X-ray diffraction,
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XDR) 43 HiI%} NaYF,:Yb,Er UCNPs [{IFE5A1 FA 4544
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TE ST AR 2T Ah 614X (Fourier transform infrared
spectroscopy , FT-IR ) F| A} 3% i B ¥ & 5l 8%

(Transmission electron microscope, TEM) FIEL4MNK
KOG (Ultraviolet visible spectroscopy, UV-vis) Failll
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2 ZR51Me

2.1 UCNPs-GNPs fk % #y i 32

UCNPs-GNPs 4 2 [ [ B S fR_E 2 SR AE &
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TR, i =& RO EET, MIMSEIRERA K. @it
I —E =SSR, 1EFEA GNPs BPLE &4
G dr, MIMiAESR UCNPs il GNPs [¥) FRET /A&,
RTINS, BRI ATHRGE 56 i L AL Xl
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Fig.1 The FRET Process Between NaYF4:Yb,Er UCNPs and
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Fig.2 (@) The SEM image of NaYF,:Yb,Er UCNPs; (b) the
TEM image of GNPs; (c) The XRD patterns of NaYF,:Yb,Er
UCNPs; (d) The image of FT-IR spectrum of the NaYF,:Yb,Er
UCNPs before and after surface modification
(amino-NaYF,:Yb,Er UCNPs)
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AR AR A RSN, B AR GRR KL O )
W EAREELE . TMTE 3251 A1 1612 em™ ALIIHIBL T
2 2k 5 R (IR B 0, Xt uE B T B &
NaYF,:Yb,Er UCNPs ZZEWAEMREL ) -

FES S (TEM) X GNPs 16 TR,
SEENE 2b B o S AR RN & G 45 1) GNPs
KA A, TERIERCNERE, RSFHX44,
N 10 nm, EA RAFRIEERY

2.3 NaYF;Yb,Er UCNPs 3% # SAs Ab f2 GNPs

% 3 SAs Ag-BSA 1 £/
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Fig.3 Fluorescence spectra of NaYF4:Yb, Er UCNPs in the 976
nm excitation and the UV absorption spectra of GNPs
AR RO CHURMEHE 976 nm BURIE R K
206, WK 3 Fros. WEHATE H NaYF,:Yb,ErUCNPs
HA ZAUOGRHER S, 73362 T 525 nm, 541 nm
A 660 nm 4b, XiEHTET5E TR A REHRIR
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BRSO, MR HAE BB, JEE-r G R
TR AR TOREAR . A, @i UCNPs
H SAs-Ab BILHT R ZOCEIEATRIEL, RIUREK S

I EATR SARBERTA— 2, RS B A T
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Fig.4 The visible absorption spectrum of different SAs Ag-BSA
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Fig.5 The fluorescence recovery UV-vis absorption spectrum of

SAs Ab-NaYF,:Yb,Er UCNPs |

SAs Ag-BSA-GNPs

PEIGHRE

SAs Ag-BSA GNPs and the UC fluorescence emission spectrum
of SAs Ab-NaYF4:Yb,Er UCNPs

Kl 4 NAFEEEf) SAs Ag-BSA 5 GNPs 4545
A LIRS RERE, WA H GNPs B AAT WU IR
FHARIBEHT Y 520 nm ZLAZ RHERS 1) 525 nm &b, XFp
ARIER T YOU MR FEAAL, i8] GNPs &
RIS |7 SAsAg-BSA, TELT RS IR FE %A 1 2
PUEESETE, Uil GNPs AMUEA RERRMHERFR
U, [FRE, fREL SAs Ag-BSA 5T GNPs fit
FEAE LM IO £ 5 A R T-#2 5 FRET K %
M REEY . B AT EH, 5 SAs Ag-BSA )
S, WA B R AR T AR, HALE AR 528 nm
Abo BPUFIREERIINE] 40 pL A1 60 L i, WIS
BT S, nISHURE IR 20 pL il
HIRFE . 24 UCNPs fll GNPs 254 5 51 iR B LR
i, GNPs WSO RE AT UCNPs (7856 K 5 it B
BEEIERE (K 5 ), BEERAERIEEK, i
UCNPs 5 GNPs Z [AfE7ERFHI G|, BRIRLFIISS &2
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Hy 25 R
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UCNPs = ||'I

1 1
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PRRE (an.)

[E 6 (a) TREIREERY SAs Ag-BSA 7£ FRET (A RIVRILIRAE; (b)
AEIKE SAs Ag-BSA Hf FRET (A REVRSIRE X & ; (c) 20 ng/mL
PRET BSA. SAs Ag—BSA. SMZ F TMP BUSEHLSRE
Fig.6 (a) The fluorescence spectra in the FRET system with
different concentrations of SAs Ag-BSA; (b) The relationship
between the different concentration of SAs Ag-BSA and the

fluorescent intensity in FRET system; (c) The differential
fluorescence response of the aptasensor to BSA. SAs Ag-BSA.
antibiotic of SMZ and TMP at the same concentration (20
ng/mL)
N E RS2, ORI HUR A
&, KIFE 976 nm MIZLAMGHUR T ROGIRE AL
o W& 6a FIuR, FOGERBEAE I EHUEIK EE RIS
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BHET . B o6b NARIKE SAs Ag-BSA T
UCNPs-GNPs 1A R MR R R, HH 1 RER%
HHR-IE R A IMAARFEIREE SAs Ag-BSA J5[1)
UCNPs-GNPs R &5t E, T: AN SAs Ag-BSA
(1) UCNPs-GNPs 1A 2765, Fi% SAs Ag-BSA ¥
FERIIGIN, ARFRPZOGRE SZEEm, B3 100
ng/mL FOEHREFIRE T P42, £ 0.08~100 ng/mL 7
FINPUEIRIES UCNPs 1765 BoR T R4
LIRSS, MR AR (RD) 4099371, H4KEmT
100 ng/mL I, UCNPs [75¢ 6 BB T-i2, Rl
49 0.08 ng/mL, HCSCRAHRGEZE T NaYFs: Yb/Tm
MMPMs FI R RN 7 2 G I BRAK ™, S it B A
SCATHIEER FRET 44 R A6 T TSR 25 S e Dl
5E o

25 PP HEBERGMBRNER

Kl 6¢c 24 20 ng/mL ¥R~ BSA. SAs Ag-BSA.
TMP F1 SMZ [z 6om A . il piw, fE
UCNPs-GNPs 1A R, W0 T AW 1 e e
ELESINT PBS 198 Gnm BERS A SS, (R EsmAs
K, VAR HA UL 3R SRR G
MM T BSA Al TMP VR AR5 RIS IR 4R
WHREHARLE, RICREEIEA LR —8, WAHE
M, B E A SRR SAs Ab-UCNPs KA
GoE B, HWANSFT SAs Ag-BSA-GNPs K jis 3%
G, AN T SAs Ag-BSA Fll SMZ FIH, D ComaE
s, WA A REE S AR R IR R A S
[, AR AT EE ) FRET 1A R B RAF AR
BSA #l TMP #iA&H Toedh, AR5k R
IR N, T SAs Ag-BSA FIl SMZ #5845 HIt 243k,
AE6 5 UCNPs-GNPs 1& R HTIR K AR 454
{43 UCNPs 1 GNPs 1] FRET 1K R B3R, ¢ 673 KM
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