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Degrading enzyme modified molecularly imprinted xerogel for
selective adsorption and degradation of dopamine
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Abstract: In recent years, the overexpression dopamine (DA) due to the use of addictive drugs has caused
concern and urgently needs to be addressed. The method used in our study is known as biomimetic sol-gel synthesis.
We undertook the experiment to develop molecularly imprinted xerogel polymers (MIXPs) through template
molecules dopamine polymerized with polyethyleneimine (PEI), then self-assembled and crosslinked with tetrame-
thoxysilane (TMOS) in the form of non-covalent hydrogen bonds by using biomimetic sol-gel process, and then
eluted template DA will leave a blotting site. Monoamine oxidase immobilized MIXPs (MAO-MIXPs) was
obtained by coating monoamine oxidase onto MIXPs. The synthesis optimization of MAO-MIXPs was finally set
as the ratio of DA template, PEl and MAO coating (DA 40 mg, PEI 0.6 mL, MAO 2.5 mg-g™) to achieve highly
selective adsorption toward DA in artificial cerebrospinal fluid based on the adsorption performance and degrada-
tion performance. The micromorphologies and physical-chemical properties of MAO-MIXPs were characterized
by scanning electron microscopy, differential scanning calorimeter and Fourier transform infrared spectroscopy,
and then amount of adsorption was calculated with adsorption equation. Simultaneously, the Brunner-Emmet-Teller
(BET) and Langmuir model were simulated. It was found that the adsorption behavior tended to be monolayer
adsorption. This new molecularly imprinted polymer demonstrated potential dopamine expression regulation for
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highly selective recognition, adsorption and degradation of dopamine.
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Figure 1 Schematic diagram for the synthesis process of monoamine oxidase immobilized MIXPs (MAO-MIXPs). MAO: Monoamine

oxidase; MIXPs: Molecularly imprinted xerogel polymers; DA: Dopamine; TMOS: Tetramethoxysilane; PEI: Polyethyleneimine

Figure 2 Scanning electron microscopy (SEM) top images of the
molecularly imprinted xerogel polymers (MIXPs) (a), nonimprinted
xerogel polymers (NIXPs) (b), monoamine oxidase immobilized
MIXPs (MAO-MIXPs) (c) and monoamine immobilized NIXPs
(MAO-NIXPs) (d). Magnification: x7 000

Fe ik B 1 RCR W] T MIXPs, 53X RN BN ZE“A8 12
7 R BT 386 It DA B B & . 5 B RIE, 1B
iR Bl B AEAE, MAO-MIXPs 23 %F DA [, M1 18 55 1
Pl DA R IE T R . Bl MIXPs FLAZ 13K AL
BAEE 2, Xf DAL #4522 2 (H3).
3 DSCAE

DA. MIXPs. DA-MIXPs fil MAO-MIXPs ff] DSC
P UL 4. DAFE 248.41 °C & H 5 A, MIXPs
HTMAO-MIXPs Jy 5 T 4 (1) W Fvlige, 1% 72 T 5 T8 2 1%

Figure 3 SEM top images of the MIXPs. a: d <
adsorption effects of different diameters (B)

250 pm; b: 250 pm < d <

Table 1 Comparison of adsorption amounts (Q,) of MAO-MIXPs,
MAO-NIXPs, MIXPs and NIXPs

Sample Q./mg-g*
MAO-MIXPs 23.29
MAO-NIXPs 19.79
MIXPs 16.67
NIXPs 6.67

[ PEI B 45 & 78 S Ak ik b, & BUE 1 MIXPs 1 /&
T ). DA-MIXPs ¥ A H 8 B i B’»Jﬂ&*ml% ]
DA-MIXPs ({47 73 1 DA FICAZ Jis 38 i ok 45 45 42
#Eo
4 FTIRZFEIE

DA .MIXPs.DA-MIXPs fll MAO-MIXPs [ £L. 4}t
& WL & 5. MAO-MIXPs. MIXPs I DA-MIXPs 3 %
AT AL AL B, 7E 1 087.5 Il 954.8 cm ™ H) £ £
) MIXPs [ 4 4IE U6 73 73] 2 B Si-O-Si #1 Si-OH iz fifi 4
3. #£1630.5 cm™ 4k H LI OH FHEIE 2 B T TMOS
K AR = A2 . 799.1 F1465.5 cm™ /& Si-O HHiE I . N-H
BRI MR 2) L AE 3 411.6 A1 630.5 cm‘li ifii C-N
B S Hh PR A LE 1 400 A1 1 440 et b, X BERR I I

18.0 9
B { Wd=250

17.54 W 250 <d <380

1 W 380 <d <1000
17.0 4

Adsorption capacity / mg-g!'

d<250 250<d<380 380<d<1000
Particle diameter / pm

380 um; c¢: 380 um < d < 1 000 um (A), and comparison of
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Figure 4 Differential scanning calorimeter (DSC) spectra of DA,
MIXPs, MAO-MIXPs and MIXPs adsorption DA (DA-MIXPs)
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Figure 5 Fourier transform infrared spectroscopy (FTIR) spectra
of DA, MIXPs and DA-MIXPs
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MAO-MIXPs.
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Figure 6 The influence of the different amount of DA template molecule on the adsorption efficiency (A). The influence of the different
amount of PEI on the adsorption efficiency (B). The influence of the different amount of MAO on the adsorption efficiency (C). Comparison
of adsorption amounts of MAO-MIXPs, MAO-NIXPs, MIXPs and NIXPs at different time (D)

A 2 B 30
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Figure 7 Optimized ratio of DA and PEI for synthesizing MIXPs (A). The influence of the analog on the adsorption efficiency (B). NA:
Norepinephrine
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Figure 8 Langmuir model and Brunner-Emmet-Teller (BET) model were fitted by origin software
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Table 2 Langmuir and BET data for the adsorption of DA onto
MAO-MIXPs. K: Langmuir constant; Q: Adsorption capacity; B:
BET constant

Fitting Related ANOVA R
formulatype  parameter F value P value
Langmuir K/L-mg* 0.1877  2.35517E-8 0.996 8
Q/mg-g* 51.10
BET B 7.002 8 1.671 95E-7 0.9930
Q/mg-g* 13.66
g

AR ST VR F AT AR 1 - Bt e v A o At g Ak
HAHI % 7 MAO-MIXPs. MAO-MIXPs ] = i £
WU W B 5 B A% DA, BT DARIE T . itk
V- BBk 2 05 1 S5 DA N PEN 384, Tl JE L iy 4
SN S, 5 TMOS B 415 Bk, S PR 7 B
TRz, AR5 K DA B R MAO [ 5E 7E MIXPs.
MAO-MIXPs [A 3 It #5473 ¥ f5 8~ DA EIiZE A7 g5 A
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