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Abstract Veterinary drug residues in the food and the environment occur from time to time, posing a great
potential threat to human health. With people’ s yearning for a better life and the One Health, the analysis and
detection of trace veterinary drug residues has become increasingly urgent and important. Therefore, it has become a
hot research field to construct a sensitive, accurate, stable, simple and rapid detection method for veterinary drug
residues. As an emerging nano-fluorescent material, rare earth doped upconversion nanoparticles ( REEs-UCNPs)
have unique anti-Stokes luminescence properties, and because of their significant advantages such as long
fluorescence life, small light scattering, large biological tissues penetration depth of excitation light and small damage
to tissues, they have gradually highlighted great advantages in the field of analysis and detection. This paper focuses
on the research progress in the detection of veterinary drug residues by constructing the fluorescence resonance energy
transfer nucleic acid aptamer sensor, magnetic nanoparticles combined with nucleic acid assembly sensor,
fluorescence immunoprobe and on-site rapid detection based on REEs-UCNPs, and discusses and prospects its
application prospects.
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SR A RORILASE AR 7 A A A B — R LU T
PRI 2 B AL RS A, oAb, EATE S TR
HNG B, B T ELP 0 R ST R
14 33X 46 AT P 34 AU i T HE b 22 RE AL T FL R
A R R S A G B SRR T
I FCR F BN B SO0 T RN AT G 1
H 556 A 85 A, DA 48 35 Be R 4K 15 BT &
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R fE R A2 A B T — B 3T FRET He 1 2
RIS B A AL IR A | T 00 26 I T I 3 B rp R
AR R ke U, 5858 B 5 R I8 Rk Y
XPECL AR O RMEVE FI 2 0. 01 ~ 3 nmol /L, 46
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2015 4, Zhang 451 3L F L IR g 55
(Luminescence Resonance Energy Transfer, LRET)
JEHE R NaYF, : Yb,Tm UCNPs 1 SYBR Green-
AR ek B A -3Z (R X 8% UCNPs Fil + %5 %
(OTC) Bl i& Bk 45 & , #Emi M & T X oTC #E A7
RS PRI (Y A P 1L IR AR . TEIRAE LI ST,
FESTE 530 F1 477 nm Ak 19 5 658 JE LA 5 OTC
WRE AR MR 0. 1~10 ng/mL, £
MR A 0. 054ng/mL, % J7 i 0l R T 45 #4 AH )
()t 85 2% | BT 5 2 OR DU 26 2 45 2 B0 S8 B 0 I 5
AN ZBFFRAE B SYBR Green-1 5% 48 9 Yo 1%
KAVFALE, FCMF5 5, 35 555K, IF B IO M
oS P G 0 o AR B Sy R R

2020 4F, X JR K N K B T 26 F NaYF, ¢
Yb, Er UCNPs £l 4 44 >K i ¥ ( AuNPs) Z [i] Y
FRET 4 FH ok 4 S0 55 28 09 00 J7 ik, 41 3
29°0.01~10 ng/mL, & BR Ky Spg/mL, X4 W54
A HEAT 0 AR (8] 0 S 56, 0 A TR Sl 93.5% ~
99. 4% MK FRENR 22 M 1. 18% ~2. 84% , ik — 4
LTI/ 73 I R & o 1 AT I o SO 1 e o
Zhang 25" fifi il NaYF, : Yb, Er, Gd ¥-7c 45 I
¥ g K UKL ( CSUNPs) 1 0 fig R b4, &4k 4
B (GO) 1E N BE it 2 1A, S T — iR R
R (ENR) W47 5 M7 ik, &l ik 5 A Ak A &
W Z Y - i B 230 3 B AR 1B 1 )5 1 CSUNPs
BB % co # i, ¥ M CSUNP-GO & & ¥y, fii
CSUNPs %% 3¢ & A J80K 5 5B i f74E ENR B, 58
Wk &, ENR ¥RJETE 0.976 ~62. 5 ng/mL B, 5
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PO B BRI R M OC & % U7 TR R BR Ry
0.47ng/mL, P % B T4 00 B b 0% 8 vh i1
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P B R 4 5 h ENR WY f o vk B OBR & E
(100pg/kg) o A& A 1 5 AL 402 X6 B i
Ho e A= e B, % ENR S I 26 30 R 0 4
SV, R AR T A0 0T A R A e TR A
GO FIAKE I 3= Ge A AL KE 58 T A7 5 Wi Bg, i ok I
SRy AR T ALY H
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(KAN) , B % K 5| 3 (Black Hole Quencher-3,
BHQ3) 1y fig & 32 14, AFF il 7 —Fh FH T KAN £l
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Fig.1 Schematic diagram of hybridization of UCNPs-aptamer and BHQ3-cDNA for kanamycin detection''”
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F1 ZREREREREEH DNA #HHEZERE]

Tab.1 Oligonucleotide sequences and their complementary DNA strands of nucleic acid aptamers

2 i %R 35 I 45 5] M 2% 3k

FMEHE 5'-NH,-(CH,)-TCCGCCCTTGAGGCTAAGCCGA-3’ 5'-TCGGCTTAGCCTCAACCCCCA-BH()3-3’ [13]
5'-NH,-GGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGT

T s 2 5'-NH,-CAACGTGCTAGCGAA-3' [14)]
GGTGCGAGTGTTGTGTGGATCCGAGCTCCACGTG-3

P 5’-Biotin-ACTTCAGTGAGTTGTCCCACGGTCGGCGAGTCGG , .

WER . . 5'-CTACCACCGACTCGCCGACC-SH-3 [15]
TGGTAG-3’

- 5'-CCCATCAGGGG-GCTAGGCTAACACGGTTCGGCTCTCTGAG S CTGTTAGCCTAGCCCCCTCAT biotin.3” 6]

= CCCGGGTTATTTCA-GGGGGA biotin-3’ TRy 7 F ot

FIEZE  5'-NH,-(CH,)(-TGGCGGGTTGAGGCTAAGCCGA-3’ 5'-TCGGCTTAGCCTCAACCCCCA-BH()3-3’ [17]

1 ELAEAR R BE b v JIg 1 RUAGL I 75 32 8 R i A%
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Gy SR AT 23 AT R I, KOR A T DT 1 0E
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B g, i H 2 0l R Gt 0 ) B 2D R
2%, ¥E W} #E J1. REEs-UCNPs 5 % 1t 94 >k 9 k:
(MNPs) 145 5 T8 i — Fp 224825 2¢ 6 -1 M 2 1k 40
KAF R, ) At L4 2 Sl R g P i B R 0, AR 4
fip ke 7 B3R, MNPs AT DLSE 1F 40 8 G 4 v
Wb bR S B AR 2 SRR Ak S ST R EE BT o A
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R 0 b A R 1 A A A AT R
A B L Rl = L A S I
MNPs FEALFEE 5 i F & B A L HE 5
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1 B 2 T B A 22/ 1 BORE | PG S 1 IR 1 K S
BCrE Ao e m BAE WS, 5 T A BRI g
b, B LA # . 3T, 2016 4, Liu 48172 %
FHE BE AR 2 BE AL WA 1 Fe, O, 8B NaYF, : Yb, Er
UCNPs My £ T #5325 6 5 45 & W% R 38 e 14 1L 531
WAL IR &R ge, i W & 0 B R PR B ENR
(E2), S EHE T 5] A Fe, 0, 94 K B0k

J ) e FH A0 50 0 A R 4 g RN Al Ak T 24 58 A KR
BE R RPE S T 40 Hr 20 F1 ENR A 9 R SR
FIER IR 4 0. 06ng/mL, J AR B # N 85. 1%
~98.5%,

¥ _** . :%Eﬁ"
*”%ﬁ%
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Laser
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#‘ Fe,0- ENR Aptamer ."’\ UCNP-Complementary DNA & ENR

2 #tE Fe,0, {BE UCNPs # 71l ENR 5% B R & &
Fig.2 Schematic diagram of magnetic Fe; O, coupled

UCNPs for detection of enrofloxacin residues!>>’

Bt J5 2018 4F X W45 2 LW 5 00k i &
NaYF, : Yb, Ho,Gd UCNPs, #% & i Fic 14 5% ) 4
PE K WKL Fe, 0, 18 , UCNPs A& Bt /& B #b
B WA SRR MK TCs, 4 TCs ff
FEFR G0 P i 23 AR 2 R IR 35 C AR R A= e S 1k 4
4,3 UCNPs ) B (19 B 4h 8 4% 38 XUEE it IF
UCNPs i & , 2¢O 5 B 0l 55 o 00 2¢Ol ol 55 2
JEF TCs V& BE B S BL JR B S B T X TCs (1 A
W, LIS RN 0.01~100 ng/mL, K il FR
9 0.0062ng/mL, SR, W 5% 3 & T & 3 Fe, 0,
WGV 9 KR 1A TE 5y A oy AR W B 32 49
FR AN AR G5 o i, O T M DRI — ), 2021
4F, Zhang %Y 3L F R 4y B A0 A % BRE R A4
# T NaYF,:Gd,Yb,Er b gy K AL A8, 78
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F 25 4 ) DT 52 BRXE TCs Al b sAS I 4R 4f i vl
W B LR BR R B’ A% FE 25 F) UCNPs 5 6 il
MNPs FlA% 1R 3 B A G o 78 TCs A7 75 1Y 1% 10
N ,REEs-UCNPs 5 MNPs-if i 74 i & , I 7 40
BESWIVE TN R 20 85 MNPs, b 35 (0 %€ 6 5 J3E B
& TCs V& B ORI M 0, 3 Z M AEAE R AP 2k
PESZ AT I N T TCs B E A, 72401k
FUT, HA ML APEIEF R 0.5~ 1000 ng/mL, £
B4 0. 17ng/mL, £ LTk, 5% Bl UCNPs %
SeMrEE A L, 51 MNPs 7843 £k T 4% 5 A b
POy L BR OF BBA N B L d e T AR
AR RIURGE DN 1) SR 0 NI A

3 REEs-UCNPs i RIED TR

B 53 M B AR 2 58 0 F BT 1A 5 R 0 47 i B
BT Z (8] 8 A B G o S S PR 24 KBTS
ey PRE A | AT 8RR S A TR RS T
1 GG I Hg AR AR AE AL PR B A A Ry R Ak B
MERE RS BB L UL A B o A AR AT AR
2 AT # R (Immune colloidal gold technique,
GICT) ™' | 9% % % € 4% B $¢ R ( Fluorescence
immunoassay, FIA ) L B R E Ay BT 4 OAR
( Radioimmunoassay , RIA ) "7 g B¢ 4 28 W% B 4 A
(Enzyme linked immunosorbent assay, ELISA )"
S e FIA DIZOEH Bbr i ok (st ) |
T UK SR, A D 49y 5 A 2 AR AR bR
SEE A AL RO R 55 | 38 B E R EUE A
Brog B, EAER, BT FIA HAG M & i R B
IESEC R ot /R Tt 7/ BN S NN i [ BT ANE L
G A5 QA 2 7z N TR 24 kR G I 4T
R R

2014 4F H FLAF K R0 D) REAL Y NaYF, :
Lu,Yb,Er,Gd UCNPs -5 J5 W ¥ i $10 14 18 1K 1 Oy
et R bR i A R T T BT 5L Y AuNPs 1 g
AR T FRET S B S, 1 — i) 50 B AH Y
JK FR 5 v R T I S 24 ) Y FIA RGN O i 2k
WREEJE 3 ~100 pg/L, 2R PEAH 5 R A 0.9967
XF R KR 2K S BRRE R AT AR [ AR S
[T Ry 83% ~ 115% . #& 1 UCNPs 5 8 H 19 {H
WE TR AEAE — & Ry IR, 8 T 2 S AR e 80,
2016 4F Hu %" #] Jf] NaYF, : Yb, Tm UCNPs 5
PUARSS G 9O R & PREE, 1l 28 3% P g ik
W AL W b I A8 A TR B o) 8RGO 20 ROk
(MMPMs ) K11 A G S A REARET | TR 28 A1 40

BE SR E T — iR 5 O g A 3
PR £ i o i i v M AR ( SQX) Y 7 0, A I PR A
b oA~ 0. 1pg/L, £ & & EE M P
0.5ung/kg, SQX B Jl A5 [\ g 2 69.80% ~
133.0% ,F 5 2 BN 0. 24% ~25. 06% , M AG I 43
B 7 3 AR v BRI 2 B ekt | [ b R HL AT
Ao BEAT WLV R X PR B AU AR A S A RS
KI5 R G 1 A0 oK BURAE L, MMPMs 76 1
TR A O T 4, £ ] MMPMs BT DLTE G TR B
OIERTINRES RE T &SR E 6%, Wi
KRR T A AT R

Hu 251" 58 1o i R FE T BEAL NaYF, : Yb, Er
UCNPs Z5 5905 H U0 B (NOR) 5 o B Bt A
fF5 e bric, DAL # e 5 1E i i) MMPMs o 4
PERER ST T NOR AR W5 1A & ) A ) it 242 4
Bl 3 i, #iE NOR M 8 e 5 5% fE 5 5%
B BYHT NOR T4 7 38 Fr 2ok 72 v [|] i Sz 07, B &
NOR ¥ BE (38 I, 50 9% 52 6 W 09 85t s 20, AT
SEEOCAE T B W . RSSO E S NOR
W B2 22 (8] (4 AH G P T DA )42 345 #E AR NOR 1 ¥k
JEo 5 KD BR 2 10pg/mL. 7E 4 W FE A rh
NOR (K B 7 0. 01ng/mL, H A5 8%k [a] i 85 il
B¢ ELISA 500 & 25 T vb B 4 U FR (0. Sng/mL) AH
P, 328 T 50 f%, 3% FIA J7 ¥ AL 8 i NOR #2
TBUEE Sy bl s 7, D0 X T AR W RE S JE AT A
TAk BT DL 4% 43 BT, O A8 B R DU Bl IR v B
g s A TR 2K B Y AT R

2020 4F, Zhang %' JF & 7 — Fh AT LA ) B
G 0 6 Jie R AL i B FIA vk B R PR RN Bt
4 e B Ak 43 % B kOB B K 483nm 1Y
NaYF, : Yb, Tm &t #% 4y 550nm i NaYF, :
Yb, Er JK R AE B £ 615 5 B B I e
BT T RN 2 e B T T 43 ) 3 A R M OBk b
VE N 4 3R 8 5F. 76 980nm B4 & 6 T, 483 Al
550 nm &b (14 %5 52 G W) DGR 5 50T LUE I
Ta ek, DL T ok 3 WY R e R0 2 I B R BE L
e 6 W 48 M 95 LR 0.5 ~ 100 wg/L, il B K
0. 1pug/L; 41 e ks I £& M58 Bl o 0.1~ 100 pg/L,
K Bl 0.01pg/L. 5 ELISA M I, Z & &
FIA 5 DU /% 220 A 20 e 0 R B0 oy ol it v T
260 fi5 f1 280 5, 7 ) FIA & ik 7] 7 S X
PR N, AT [ B G 0 P Rl E AR, A KR T
TAERCER , 2021 4F 3k 5% T 5T A % 58 4 R
N7 Ji AR T TR e A ) 9 O e
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Fig.3 Schematic diagram of the synthesis of Carboxyl-PPS and PAA-UCNPs fluorescent probes and their

fluorescence immunoassay for norfloxacin

WREF . ¥ 1% e 2 58 BE PR FR iC NaYF, : Yb, Tm
UCNPs fE N 155 %4, 9P S 5 MMPMs 1E
A REREE B 30min J5 |, F FH AN B RE IR 43 85 I
N PR B 55 4 R R BT 25 5 W, DA A A B A
UCNPs (28 b B, K I A4 Z 14 2¢ o i B i
I e Vi 1% 3G T 32 T TG, AT £k 1k S LR
0.1~100.0 pg/L, K FR A 0. 05we/L, %Pt Ji-
ORI R Ge 0] i e LA R S vk B T A AT A
TR HERE . REEs-UCNPs %¢ )6 0 28 #8511 il B
it i A B BT 5 A B AR AT AR AP BR ) S A%
B8 04RGB4 ) A L, R
MR T ORI R

oAl G0 43 M H R A T FIA HER  fF7EAR
[ 2 B P AN IS G A 4 B 5 23 A B R e —
A R S TP BB 1) 00 A R PR ARG T R R
AN TR 5 T TR G 5 I o B AR A A BEL RS B 44 -4 S AH B
FER THR R X T 40 K 3R 76 34 i 41 21
A R UL O 2 RN B D S e
REEs-UCNPs %% 't 52 55 3 Bt B0 AR 2 A7 08 5 14 1 e
Lo A R AR [ B e D - AR 1) 25 LA AR B i
SebE HEWRRE B . %3 4, REEs-UCNPs 22 GAR1C Y
5 HABGKRGOEHRIC Y (AT 5 AuNPs B P}

[41]

B RO A 4 ) A L B Bt TR RE 15 R 5
b el I TR VAT S A N = W S
REEs-UCNPs 2068 3 Hr 80 R & il 5 245 5% &
Sy AT AR E EE AR 2 —

4 FE F REEs-UCNPs B I} 17 |5 i3
R4 AR

Wi 5 A5 T2 AR g B e S D B K R i AT S
ARG T 20 A7 7 SR A H 25 38, oF SRk A B P
P HLELA R A 5 A S R vk X
2 5% B kil B4 B 25 X . REEs-UCNPs £ 824
5% B8 B by e R 0 i B & HE A AR, 2017
4E  Hu % %3 T2 T NaYF, : Yb, Er UCNPs [
B RLIE IR K A J2 A 451 (FQICS) T4 T 5l
YRR Y SQX, B Gk 1A UCNPs 7¢Ot
ZAK AuNPs 2 8] % 4= FRET, 47 14 60 %% () AuNPs
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Fig.4 (a) Schematic diagram of the synthesis of avidinbiotin upconversion complexes composed of UCNPs; (b) Avidin biotin

complex immunosorbent assay based on upconversion nanoparticles controllable assembly ( ABC-ULISA) scheme

illustration for detecting three antibiotics of SMZ/SAR/TC'*!
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