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Abstract: To detect clenbuterol (CL), a f-Agonist,a visual and rapid method based on aptamer and gold nanoparticles (AuNPs) was
established in this study. The aptamer (DNA1) conjugating with clenbuterol, and its complementary DNA (DNA2) were designed and
synthetized, respectively. The aptamer-AuNPs probe (probel) and aptamer complementary DNA-AuNPs probe (probe2) were also synthetized
in present study. In the presence of CL, aptamer bound to the target, AuNPs maintained a free state, however, these AuNPs began to aggregate
and change color from red to purple in a high concentration of salt. In the absence of CL, aptamer and its complementary DNA formed a stable
network, keeping red color. Some parameters, such as the concentration of aptamer, aptamer complementary DNA and salt were optimized,
respectively. The results showed that in the optimum conditions, clenbuterol had a good linear relationship ranging from 1 to 1000 ng/mL, with
correlation coefficients (R?) 0.991. The visual detection limit was 1 ng/g, and the recoveries at three spike levels ranged from 83.5% to
101.8%.This newly developed method was simple, sensitive, and reliable. It was suitable to detect clenbuterol in actual samples.

Key words: clenbuterol; aptamer; gold nanoparticles; colorimetric

IR VACHEE, IRPREIRG, Rl f2- 3R e, mI e A, RECCER SN A R 20 B
g, HTRTT SIS iR 254, 9 A G el IR EACR D ARSI BB, AR A
AR, AEpiEE. T HEa8E) o HIXFHEGOIESN IR TR B R, S RS0

WiksEEA: 2019-03-08

EEWH: "FERABMBGTRIIME (20152X07) ; flmRERIHImE
(2015B2353)

YEEEY: KB (1984-) , %, WIF, HRAE: REHRRERT
BREE: EEm (1979-) , &, @t, #%, #RAE: ARREERT
S5afke; AEENMES: BRR (1977-) , B, #tf, ZREsT,
MRTaE: REEMIHEAR

FIFFIE. B, WURAEHZ PSR EM . NERRE
AR & & e 2SR YR, P RRE
ARG OBt DB IAEED . SRz 545
R, B LS 80 EAALICKR, ENAMEZ kA
TR st T it dh b R . HT, SR
SARRED S p2-S2 SN S AR PO n
R ™ E AR . A RIER 22 4s, 2002 4

301



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.7

2 HAlbEs, TAESS. ERZ RSB EAA (3
IETEARRLANE A o 7K H A () 2 A S CAll
HAEH 176 5, KR FO R P 55 7 FiE BIREZ
B BN 28, &8 E AR RS PR FH K
. BEETE 2002 4 12 F R N RILAE R
55235 SAEHHE, EATASIIRIITE AT B
SUR AR iR D S L h . B, Rk, (g 3R
FACHED I TR TAE, SHE AR A B

HAl, C&AHZMHEARTT LR e ier: D 17
R, LGS - B (GC-MS)™M, A
o i (HPLO)®! « W AH o 3 - E BK R i R
(LC-MSMS) L BB ik 101 s iyt 12,
B HIKGECE) P i AEI A, RS IR e
IR B A R, (HRH A — e ik R B 5 Bt
MRS g CnaatyE. k. BANE ). &
I A A v B e B TR R L A B, HLOE
T R B AP I A R . R N — IR
BRAS BRI, REL PO R PRI A B

&R A — B DNA 41, 1990 4E, Ellington
H1 Szostak!"'L & Tuerk #1 Gold!"H SELEX (835
SEMIRCAAR RGHHE) AR HITHIE H B S5 H PR
T4 DNA REHFE TS SN SEZER, i
Ellington 1 Szostak iy %4 AAZIRIGE HC A (aptamer) . MAZ
P& 57 S RS B S AZ T R 1 B, e — 2 AL
o, BAFMIE. Rk, 1A, Wi
Gl RREVEL . RS . AR T IRE
BeAR ) e e it R, S5 A gk &gt
SRR, BT RO PSR I, N
AR P SRR peACAHRR H P A IR EROR 3

o

1 MR5EE
1.1 FENE

AR224CN HFKF. Starter 3C SZI0= pH it
BN ES A TR A F]; JEM-2100HR 32 51 HL 7 45t
JEOL A7), HA; Centrifuge 5424R & Rl A R E
UL, Eppendorf H1E A R ] ; ND-1000 fE 4571 n]
WA, S4E Nanodrop /A F]; Synergy HI 4%
DIRETFLAAS I B, SR E A F-7000 42K
FOLEAL, HAHIZAH],

12 RA G

302

IR AR FRUE AL H Sigma-Aldrich A5 &
SR (ZEREE 99%). FrERR=54. AN, FALH.
IR 4N, BRI B B2 R SR A
H] (BN T4l Eh1R 5 O P &L /4 DNAL: 5°SH-
AGC AGC ACA GAG GTC AGA TGT CAT CTG AAG
TGA ATG AAG GTA AAC ATT ATT TCA TTA ACA
CCT ATG CGT GCT ACC GTG AA-3’. IR CH:E
TEECAAR A B AME DNA2: 5-TTC ACG GTA GCA CGC
ATA GGT GTT AAT GAA ATA ATG TTT A-SH-3" 4
TAMTRE (B ARAR (FED &

13 4k ewHl &

T ek i 2 A8 EoKIRAZ) 8 h, AR R AlK
TETERIIF RS T . RS = D R R B
ARG 20:1 HIEBAIKAN 0.2% S &R,
TEH AR FR IO R IS, 10 min JE 0N 1%
FEEIREN (7 0.03%FTIEIRD, FriEidh 5 MM
FREE N 4:5, QRSB 10~15 min ZE VAR BT 2% B
PIBAL e, s ibmd, JkEEiFE 15~20 min, FRAE
ZEWE, HIRERAR A 152 nm HIG0K 4Bk . F it
WA TAREIR, T 4 CEDBIRAT, @ Abh-n]
DU SO G AT S L B (TEMD) BETRAE.

1.4 FEEAR-JK & AT Fn EAME- 4R 24t

B ) &

WSRFALERLA DNAL1 FIEAME DNA2 43515
TCEP J&&751k, DNAL. DNA2 5 TCEP f{EE/REL N
1:100; BKEIETRAE 4 C, 12000 r/min f2&445G
B0 30 min, 372 3/4 LIEW, FHRGEE, 890K
SIRAR; Bl A K E LS ) DNAT F1 DNA2 435
FIRMPLREIRAE A, TEE DNA 549K 408
T AR L A 2:23, 7E 37 °C 150 r/min 5 R IR
BFE 12~16 h, ¥+ GRS (SDS) MA Lk
DNA -9k &R %A DNA2-40 Kk 4484t h, SDS )4
WREEL1R 0.4%; 1E 12 h P93 2 IRIIA NaCl AT
BrAk, SO NaCl BT /a8 A 10~15s, TIANEIRY
A UL EAFRS ) DNAL-9K 4184 A1 DNA2-
YK EARETTE 37 C 150 r/min FER SRR 12 hs
MRALJE 1 DNAL-GOKEHREN R DNA2-9KSIREHE
25 "C 10000 r/min 5 F 850> 30 min, W ih FIFW,
FMANSERELE K, WLEE B 2 K, Xk
Bk 5k 4 4541 DNAL Al DNA2, BI#S3 Ak i)
TERCAR-GOR S TRET I EAMNE-GIOK E&ARE, BT 4 C
UKFEF B LR



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.7

L5 #Eouibae % s

V1) 8 T 1 T T AR -9 K S R R L AMEE -1 oK 4
PREFE T /KA 95 CHAULEER 5 min, 285 HL 100 uL
TERCAR-GIK S HRES L 200 pL HAME-4K £454%E. 100
uL A FEREE R R SRR P A, BT 1.5 mL EO
RS, 7R 37 CRERTPIFE 1h, BEEIA 21 pL2
mol/L NaCl ¥, f# NaCl Z4KR A% 100 mmol/L;
RS min J&, MEEREEAZLL, FFLE 200~800 nm
BEAT UV-vis 1330 iR Asqo IO AR Se 18R 2
(R P 1) 5 R e A R D AR T HE 2

1.6 HKAEHHT

A R LL P Bbr (i 22720 . KA Origin
8 BRI AT B

2 ZR51Me

2.1 LA o R 2
R NaCl
W el - 39

ks ;ﬁiﬁzﬁﬂm ;ﬁsﬁ{{mﬁﬁm émj;ﬁ*w
B ER R T A
B 1 EFERA- RSt BN RS FRE
Fig.1 Principle of the visual detection of Clenbuterol using
aptamer and AuNPs
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Fig.2 Absorption spectrum (a) and TEM image (b) of AuNPs
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Fig.3 Absorption spectrum of AuNPs conjugated with DNA1 (a)

and DNA2 (b) at different concentration of NaCl
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