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i AR UL TE R, AR R A YRR RN, B
5, ANFEBEZUE . o 05 S5 R SR AL B, AT ke G B A7 8y
DAk d 1 BB ) (KH570) B o 9 — 4 1k ik b #%, Eu
(MAA);Phen R oW i . ROIGALAE AL (LMG) iR, i
I e CAMD S ) i B A, AU 6 TR 0 R & — I i (EGD-
MA) R 3c B, 2,27 - AR T (AIBND B 51 &/, 2
R, R AVIRE R G EHIA T MIP 98 RRER . X & E K
HNE AR LA R o 6 IR A MIP R R iE. R A
FTIR, 55 75 i S5 X PG IR T #4717 RALE; %% T MIP Fl
NIP A998 6 M . W B EfRE . R4 R & T MIP 5
MG ¥ BE 1 2R 56 & 5 B il 45 19 MIP F 7K 7= i v MG /9 Jin
B LSO 5 S g v 2R R A 1 SO BB B R
RS A A RE ST MG P A

1 SEEGHER 4y

1.1 k7

LN IR IR (MAA) | 4FHE% Mk (Phen) . 5% % (CAP) |
PUBRZ (TC) . Btk f 2 (LCV) . 454 (CV) . ik —
S MELE (SDMD) | Bl B BE Mk (ST) . 4 A X (CTC) . % I g
(NA) . BafLEA (MG, Z " FE _HILNHIRY MW T
(EWRTRLT AR A BR A FD s A ALE . BT (SG) | B
i 5 e (SD) B F (g 232 Supk A (b RHE A BRA 7D 5 FLAE A
S MATS TIEW T (E LR R R A RA D .
P e ) F (o4 Bl Ak T A RS |DD o 330038 Sl o A i
1.2 {ysE

WS/ B YOERIE (3 [H Horiba /A ], FLS-980) ; %8
Ah-1] U4y 5606 JE 1 (36 [H PerkinElmer 2y 7], Lambda265) ¢
S5y e (£ [ PerkinElmer 24w, LS55); 204k 6 ié Y
(2 B ThermoFisherScientific, NicoletiS10); R Jy i £E 4% (K
o X4 B S AL 28 A BR 2 B MS-H-Pro) ; % S B 7 & i85 (H
A T iR £k, TEM-2100) 5 38 B 1R 4 A3 Ot N K BRAY
A RAF, VM-80).

1.3 BIRAEAY Eu(MAA); Phen B %l &

i G A 1 1 i £ 2 2 Sk (10 (9 Ak 9 i Ak
e fE0.35 g Ew, Oy A 20 mL ¥R AR, in#A4 = i 91 &
JEE, A 20 mL JoK £ BEE g, 543 EuCls JookK S BEE W .
TE= MR mA 510 uL MAA, 0.36 g Phen, 20 mL J&/K
I, IFFH 2500 ~ 282 SUKI T pH LN 7. B Tk
EuCl, Jo/K ZEER A, THilk & 60 CHrEefiF: I 4 h,
HeE . ks 2R R DUIEROR . T 50 CEH= T4 8 h,
B3 E A FE A K Eu(MAA); Phen,

1.4 MIP@SiO, @Eu(MAA)3Phen %] &

100 mL B A M A 5 mL Z 5, 0.125 mmol
LMG F10. 75 mmol AM, #7543 B3 5] J5 iUE 76 4 “C kA8
WRAE2h, G LRBEWRTIMA LS mg LA,
KH570 4 3 3% 19 SiO, ¥k 60 mg, AIBN 50 mg Fil 1. 25
mmol ZZEEF| EGDMA, #7 30 s IRE ¥4 )5 A N, 20 min
DABR WP iR <. BEJE A 50 mg AIBN, 7E 60 CKi%

TRESPEEECL 000 v« min~ ') W 30 min, Ji5 ¥ HH E 800
remin 'SR S5 he M A RIFEMIER IR S Y, B HE
T LHE=T+:3 (V: VRGBT R, HEEI
GG R B LMG iy, B3 RA Y MIP, # MIP 144
S5 A AR 10 73 T BV 25 ) (NTP) 1 5 il R B
A LMG 5b . A8 985 MIP Bl 4 — 2.
1.5 Btk

R OB R MAME R 0.02 mg « L' AL S ¥ W
2 000 pL, 51 &H MG 1Y N A48 il e 4832 050
ploo FEHIHREE S 10 nm, TEHCR PNy 270 nm T & & 5 i
1618 nm AbREEIR L . THEEKBAR Fo/F. Fo AR
MG W 122 65 B, FoABIIN T MG J5 i W 2t
PRI
1.6 fndR[E Y L5

W 5 g MW RN 8 50 200 I Eh IR FE e 1.5
mL F10.05 mmol « L' ZBREIE W 3.5 mL, 43¢ 5 min
Ja. 1 g S A MG ZIEPRER W . 2 mL 2 F#
FEHEEL 5 min, 1 000 r « min ' B0 5 min, &R,
HA 2 AIFPRARBOR FRBOEM N, T, KT )5,
6 mL ZHEE %, A MIP, 85 T T #E 20 min /5,
TE 270 nm 3K AT I 5 W TR SR .

2 #ZRHHE

2.1 TEM
FIF TEM 4E T MIP, NIP 1 SiO, (45 FIEA . |
K 1 a5 MIP, NIP fil SiO, # 2 BRIREEH) . MK 1(c) ]
PLB H SiO, R8N, B SIO: N#, RFTURE R A BA )
MG 4> FENE R A Y. mE 1) M b) A LLFE H . MIP Al
NIP fi) %2 #2 W] 2 b SO, WRifR K. ol LW - i &9
Eu(MAA); Phen f # #£ SiO, B .

1 MIP(a), NIP(b)#n SiO, (c)#7iE 5T B 5= &

Fig. 1 TEM images of MIP(a). NIP(b) and SiO, (¢)

2.2 SMRIESH

HiPE 2 0] U H MIP R NIP B A H LAY 9 3h 0 . 136 1]
MIP AR O BEA YR . £ 2 987 em "9 C— H i 47 i
3y, 1384 f1 2 954 cm ' C—H Z PR30, 1 455 cm ' 1
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C—H M h#Rsl, 1 727 fl 3 436 em™ ' i) C=0 {4k
3, #IUESE T EGDMA WAF7E, UL ZZTE 7 LD i i e R &
PrE g B, 1 547 em ™' Sy N H i N S i dR 3h . 962 AN
799 em ' N—H H4MS iR, 1631 em ' C=C #E 3
I, XBESE T AM fE7EM . 1 110 em ™ Y Si—O—Si 2
S R A 5 IR B . 799 em i Si—O—Si SRR 4EIR B, 473
#1800 e ™' 1y Si—O—Si &l Prah . 1 630 em™ " &b ) £k A 5
B KH-570 23 F /9 O—H A9 725 Ml 47 sl . 13807 238 4 90 i 2h
EIl e SO, F Y . DL 45 SRR W R A R AL Hl & T
MIP FI NIP, 24N Wil — B 3 TR AV AR S
45t

— MIP
— NIP

Transmittance/%

T T T T T | T
4000 3500 3000 2500 2000 1500 1000 500
Wave number/cm’

B 2 MIP #1 NIP B9 4T 5h itk (&
Fig. 2 FTIR spectra of MIP and NIP

2.3 WhFEW

PG FF i 9 I 7R FLOS0-STM 72 2%/ B 25 2% 5t 0t i A
FHEAT o AN 10 pmol « L' MG HIJ§ MIP B9 % 75 iy
Pl . e BC QO AT BRI

R(t) = A+ > Biexp(—t/z) (D
i=1

KD, ARE 5, R X R EH MIP (25 685 ; o
oo 43501 MIP 48 5 ARS8 5 F v . By 1 By J& 40 I 14 4t
TALE . P98 i () R (D8,
N EB;TL‘)
v EB,T,
KO, o BMEWHA, B i ENEIE.
POt HE i g B 3 Fros. MIP B 2¢ 6 5 fr i
1094. 11 ps, WA MG JG 325 6 B 587. 49 ps, #HH
g/ U B MG %f MIP [ 2 K @ F 26 % 3k 3k g = 5% 7%
FRET™, 3 K8 MIP (55665 MG R ik E& . H
P LU AT SAFTE . 9020 A 32 i i BE s AR VAL, (Rt T
DL A 8 25 19 FRET 200
2.4 EEME
T 1.5 BB ik, HEAE 2.5 pmol « L' Y SG,
SD, SDM, CAP, TC, LCV, CV, CTC fl NA Z i ¥ W
MG Z i 7 W%t MIP il NIP () 5 S0 KRR B, 25 R Rl 4 B
N o

(2)

Ta

55 42 &
5000+
mip
4000+ TMIP+MG
@ 3000+
=]
—'-03 wvp=1 094.11 ps
© 2000
TmipMG=587.49 ps
1 000+
0_
0 2000 4000 6000 8000 10000
Times/us
3 AN MG B g MIP 838 3¢ 7 n B i
Fig. 3 Fluorescence lifetime mapping of MIPs
before and after the addition of MG
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FL intensity/a.u.
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Blank CTC SG SDM CAP NA TC SD LMGLCV CV MG
B4 FEZHX MIP F1 NIP § % K 3 %R
(FKREA 2.5 pmol - L")
Fig. 4 Quenching efficiency of MIP and NIP by different

drugs (at a concentration of 2.5 pmol - L™")

AR X LA R R T TR R 1 5 e R K, (H
KA EHRF MG, X2 iy Tk 26 9 B M iic i 1< 5 98 B 45
AR RGO B (618 nm) A AR RE MRS, WRELER
MR MTOE IR RS, 2 CVHESBRER K,
i F NIP AFEALE B 467 25, CV I MG Y 7 K 78 5 A 22 A
Ko MG KI5 & TR i MIP i, CV iy
HE R FEEEWNF MG, X2 d F 74 MIP 2 £ AR 5 MG 4§
SEME S A B BN
2.5 S Nm A B A

7E MIP Al NIP H23 JmA 2.5 pmol « L™ MG-Z i ¥
W, P 5 HAE R TR) s g B B) R B 58 65 B[R] I LU MG
fERXTER, I 5 TTLAE . FEARIA MG i, MIP #1 NIP
PPt o B R e A X AR, I 2.5 pmol « L' MG J5, MIP
FNIP B 5¢ ' ik B A8 48 15 18] P 3R BRI . 9F BLAE 20 min J5
BTRE. B, SRR BEBEMAFE S 20 min J5 70 & 2%
A .

2.6 MG tRifE &k

SR E A MG ¥R 0, 0.1, 0.3, 0.5, 0.7, 0.9,

1.3,5,7,9, 10, 15 F1 20 pmol » L~ i MIP 3% 658 &
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Z5RANIE 6 R . ATRLE . MIP 125 MG RAETOEHE K Z
JG o BEIGIRE I R G IR A A B R AR AR AL, BRI SO IR
5 MG Z 2Rt a0 . MG 5506IREF Z M1
PP K54 Stern-Volmer JFFEN, Fo/F=1+Kg[c]., H
H. Fo R8T MG B RGP IOEHE ;s F 2R mA MG J&
REWMIOEIE ;s Ko AREKBE; ¢ MG IR E .

800 ~
700 +
=2
& ——NIP
B e —— MIP
g —— NIP(addition of MG)
£ 5004 —+— MIP(addition of MG)
—
=9
400 -
300 T T T T T T

0 5 10 15 20 25 30
Time/min

B 5 MIP 1 NIP 3 ¥ 4%
Fig. 5 Kinetic curves of MIPs and Nips

800

700 A

0 pmol-L™
600 hEs

500 A

400 4 20 pmol-L™!

FL intensity/a.u

300
200
100

0 -

T T T T 1
560 580 600 620 640 660
Wavelength/nm

B 6 MIPXf MG SR EREBE (FEE A MIP ln A MG #i /5
7E 365 nm ZE5MKT T HY B S B

Fig. 6 The degree of Mg fluorescence quenching by MIPS (in-

set is the fluorescence plot of MIPs before and after the

addition of Mg under 365 nm UV lamp)

FERACSAF T . 1RG0 7R AR [ e Y
MG Z§H# W - 20 min J5 435100 & A MG B 5 4R £ 2
WREE, POLIEIE 6 BT . KU KR (F /P MG W&
F AR, Fo/F 5 MG E SR IFNLH xR (F
T, AR LT Fo/F=1.008¢+0.344 (0. 1~1
pmol « L', R*=0.991); fE ik E TN LM BRA F/F=
0.587¢+0.570 (1~20 pmol « L', R®=0.999). #& R K
0.037 pmol » L™'(36/S, n=19), HEILILE P i il & R &
Y1 MIP 8] J] F 52 BRAE S i MG i P s il
2.7  fnARE RIS

H MIP I 0 A & b 047 AR Il 92 58, 9230 vh MG
JNARYREE S 1, 5 #0110 pmol » L1, WICREERINZE 1 %,
A RAFE Y AT A MG AR o Y R AE 95. 61% ~

102. 51% Z [a] , tHXHME 22 (& T 5. 21%.

3
14
124
&
=
1.2
101
SRR 02 04 06 08 10
Lff Concentrations of MG/(umol-L™")
6 -

0.1-1 pmol-L™": Fy/F=1.008C+0.344
1-20 pmol-L™": Fy/F=0.587C+0.570

2 4
0 T T T T
0 5 10 15 20
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B7 F/F5MGRELZEXER
Fig. 7 Linear relationship between F,/F

and MG concentration

F1 FEFERNERERD MG 5 EIKE
Table 1 Recovery of malachite green from fish meat

samples detected by different methods

Fish Spiked Recovery Recovery
MG/ from this from
sample (pmol « L™ experiment/ % GB/%
1 95.61 113.51
Bass 5 98. 96 89.73
10 95.97 108. 56
1 95.61 99.53
Grass carp 5 102. 51 89. 35
10 96. 92 90. 13

Sy T B E T i R R P B Oy i R PR
HEATANARAS I . GRS R INZR 1 B . AT LA g i AG )
TRBRLIN 45 A AE 2 . bR 7 s B AR [T I AE 89. 3504 ~
113. 510 Z 0], MR R ZE 8T 6. 1700, ATy 3% i i a1 g %
e B T AR J7 4 W 0 B v MG 5% R EL A P L R . D7 (Y
.

3 45 &

K AUURE R Gk LA L 5O6T & Yo %t &
TRl % T BN R ZR AW R ST ETE
618 nm, 5 MG B s KW DL T, P 5 =2 (8] W] Bk A2
FRET &0 . R BC 4 9 19 9¢ 6 BE 9 MG JE K. R 9t
MG M EPE 9 0~20 pmol « L, M52 Fo/F=
1.008¢+0. 344 (0.1~1 pmol « L™', R*=0.991); F,/F=
0.587¢+0.570(1~20 pmol « L™, R*=0.999), ¥ H RN
0.037 pmol « L1, F HAF N PO N T A H MG 1
R, R i 2 A 95. 6196 ~102. 51 % W [ N . AR SCA1H
PR L LMG Sy B AR T MG gl . 1 BLA L&
Y1 R 9 # MG-MIP. 9 HRET 0 MG Ayl 5 5% i
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Preparation of Molecularly Imprinted Fluorescent Probe for Rare Earth
Complex and Determination of Malachite Green Residue

SHAO Ke-man, FU Gui-yu, CHEN Su-yan, HONG Cheng-yi, LIN Zheng-zhong* , HUANG Zhi-yong”
College of Food and Biological Engineering, Jimei University, Xiamen 361021, China

Abstract Malachite green is an artificially synthesized triphenylmethane compound. The disadvantages of conventional detection
methods for malachite green, such as complicated pre-treatment, long time-consuming and requiring the use of large
instruments, result in the inability to detect promptly. So it is of great importance to invent a method that can detect malachite
green residue effectively, rapidly and conveniently. Molecularly Imprinted Polymers (MIPs) are multiporous materials with
specific recognition sites that allow the recognition and adsorption of specific target molecules. The rare-earth complexes emit
fluorescence at 618 nm, and the maximum absorption wavelength of malachite green is also 618 nm, and the combination of the
two produces fluorescence quenching effect. Thereby a rare-earth complex based molecularly imprinted fluorescent probe was
developed to detect malachite green in aquatic products. The specific content of malachite green in aquatic products was
calculated by detecting the degree of its fluorescence quenching at 618 nm. A malachite green molecularly imprinted polymer was
prepared by precipitation polymerization method using cryptic malachite green as a template, methacrylic acid as a functional
monomer, ethylene dimethacrylate as a crosslinking agent, modified silica as a core, and the rare-earth fluorescent complex
Eu(MAA);phen as a fluorochrome, in the following conditions : template * monomer : crosslinker=1 : 4 : 10, Rare earth
complexes = 15 mg, acetonitrile 60 mL., Molecular imprinting of rare-earth complexes, which have been successfully
synthesized, was verified by carrying out TEM and FT-IR scanning analysis, and the fluorescence lifetime when examined was
found to be 1 094. 11 ps. However, the fluorescence lifetime after the addition of malachite green was 587. 49 ps. The decrease
of fluorescence lifetime illustrated that the quenching of MIPs by malachite green belonged to the fluorescence resonance energy
transfer fret. After verifying the selectivity and adsorption properties of MIPs. malachite green was examined. The linear range
of the optimized polymer for malachite green was 0~20 pmol « L™, the fluorescence quenching coefficient F,/F shows a good
linear relationship with the malachite green concentration, and the linear equation is F, /F=1. 008¢+0. 344(0. 1~1 ymol « L',
R*=0.991), F,/F=0.587¢+0.570(1~20 ymol » L™", R*=0.999) with a detection limit of 0. 037umol « L™'(36/S, N=9),
which was successfully applied as a fluorescent probe for the detection of malachite green in fish meat, with spiking recoveries in

the range of 95. 61 % ~102. 51%. These results indicate that the developed MIP based probes can detect malachite green residues
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easily, rapidly and accurately.
Keywords Malachite green; Rare earth complex; Molecular imprinting; Fluorescence quenching

* Corresponding authors (Received Mar. 13, 2021; accepted May 26, 2021)
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