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Abstract: Biosensors have been widely studied and devel-
oped as a tool in various fields, including pharmaceutical, food
safety, environmental and medical applications. Antibody-
based immunosensors are considered as gold standard method,
however, more advanced biosensor without need of antibody
as receptor is needed. Molecularly imprinted polymers (MIPs)
are synthetic receptors obtained by polymerization of func-
tional monomers in the presence of the target molecule and
can form high specific binding sites to the target molecules
depending on shape, size, and functionality. One of the most
synthesis of MIPs is electropolymerization that use electro-
chemical method. This method can easily manipulate the
desired morphology and thickness of the polymer films. Vari-
ous EMIPs (electropolymerized molecular imprinted poly-
mers) based biosensors have been developed for detection of
small molecule such as chemicals, drugs, and toxins. In this
review, we summarize the synthetic methods and characteris-
tics of EMIPs-based biosensor for various targets.

Keywords: electropolymerization, molecular imprinted poly-
mers, electrochemical biosensor, protein detection

1. INTRODUCTION
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2. Electropolymerized Molecularly Imprinted Polymers
(EMIPs)

2.1. Synthesis of EMIPs
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2.2. Functional Monomers for EMIPs

7153 ]85 EMIPs 3w o] A7l o]
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9] & (pyrrole)°|th. &2] 3] & (polypyrrole)2 -7k 4=
L %Vé AT S A S 7HA AL §lo] FH f18HA /\}%
= , 0120 &= 0-0}1] = H| &= (0-aminophenol) [22], o-H|
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Fig. 1. Representative various monomers for the use in EMIPs. (A) pyrrole, (B) o-aminophenol, (C) o-phenylenediamine, (D) aniline,
(E) p-aminobenzoic acid, (F) aminophenylboronic acid, (G) nicotinamide, (H) scopoletin, (I) dopamine.

2.3. Imprinting Staratefies for EMIPs 22 gy (diclofenac)o] ZHolE 2} zhol n B A28 3t
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Strategies for

s : -
imprinting e
Monomer Solution
with template ‘ i y
[ Electrode
@ o0 9
B) T T o 0O 9
Physical interaction Monomer Solution ! '

B 4
C) ‘ / ; / Electropolymerized
[ Eiectrode ___ Eloctrode Eloctrode molecular

imprinted polymers
(EMIPs)

G i

Chemical modification  Specific interaction Monomer Solution

Fig. 2. Strategies of template imprinting in EMIPs. A) Solution phase, B) Physical absorption, C) Chemical interaction.
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& ~dsle] S| 2 =24 (hemoglobin)&
W Eg2E 3 (surface plasmon resonance, SPR) /ﬂ/ﬂ%
kst o [32], Tlili 52 7F2 154 7155 (carboxyl group)
ol Exy FAITS FA O]-_Tl 2 @ A (bovine serum
abumin) - 44911 3929) 249 £l AL F
A Q) AZAE FAdete] 4 4 9l dES A A
7| 8lekAl A 2 Apatsl et [33). W3 71 Fof H]5o]4 (Fig.
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7ol SRA S ool o] Bl %] HalA B
o FUE Fel2 WA EAE Zelste] £59) A3 5
& A 4 ek

Giuliog& & A=Yl 2olaxY (lysozyme)o] 3t
7154 TRl 4o & o] &5 EMIPse} 2ol &xhglo] 1
H AL 0|83t EMIPsE gHAlslal 27|35}t B4
K& ulmeheict (4], ehol Axhlo] B T 4
EMIPsi= o) 4o ol 4 4 EMIPs sch 418 4], TI7LE,
AEEA D AAA I 2L cheFa Al A o Fold
o= HERH AT
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3. Strategies of Protein Recognition: Focusing on
EMIPs Based Electrochemical Biosensor

A7)3}s} vho] @ Al A= A= A A
7o s AR (V) Be AT

goto] EHEAS A5 9 JFT = = 71&0|th EMIPs

714k HPO]QWH Az d 24 g2 dabgo s (1) d
7] TS &3 B 41 122 A, 2) 3 Y AlA,
() 73 A2 22 Aafol| &l o] Fol Xt} (Fig. 3(A)).
A= o] F4dH EMIPs= A e A l—f— A sh= 4ksh/gt
HEZ2E7t AT aHo R ot A Wallshy] w&of
SR == AR ol woll HA AAaA7|H, At A3
ogt FF Y A|A= 5 FAst] A= ol FLsk=
ekt e B E S7MA S ARdE 7
thoo|g A FAH F5ol FFo| A
sh/et 2R HE Q13 ZMO} Z%E 253}1 EW%%%Q
H&T 4= St} (Fig. 3(B)) [34,35].
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Fig. 3. EMIPs based electrochemical biosensor. A) Mechanism of protein recognition, B) Electrochemical behavior of EMIPs coated

electrode.
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3.1. Whole Protein as a Template for EMIPs
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TREAL WS AN BT o] Q13 B2 AEE,
shoba] 9 A7) QR4S 7ML glof el gola A

o] 7AL0] o] o] Rt Fuksly] who] A7) sheHl
Aol e} FAbE s elolh g Aol Al o-nY
alcolobyla SARS-CoV-2-RBD thil o] &3k So4e A}

£ 71t 4= e} (Table 1). T3, 73 Sl d A7 S %’461%
AFE-E whil 2§ 4K (proteinase K)+= £A} 2Fo] 122} I

o e HAsserua 28 LS AE Ko e
ato] A AT 4= Ik Sl WAl A A e A& el a
FYS 8840 A|A5to] Tau ThH o] ZHRIFEMIPSE
Fdatelch g WAl 0.024 pMO| & A S LrEF A
2@1 *Exﬂ AFgre] 8L o] 43t Aol A% Tau T AS
= Austdlt. o g v1Es) gA A Eae
0]%@ ISl vle) 23 RER NtES Yef AT
EMIPs/]359] uho] 2 A4 7} 74 Agieh v 83} Z71E o4

L3t thaAd o EMIPsE 45112 ™, 0.7 ng/mL 2]

AZsHAS YetdQoh. =3, AA Bl IS o] L3t
ELISA 7| E&}9] 5| 2 7}of 4] SARS-CoV-2-RBD Tl
g eHor A&t o 2s 48 Ak 7120
A MIPs 7| 5ke] A 7| Stk A SRt 4 45
Huglon, o A/BES £ S e HeEd Y
shsla Ae)7} © o] MA 9 Wzt kel ALgE 5
Qthe 2 Al gk

e, MIPse] E3E 7] ds) 14 ol e
A} 214) 2} % 3hhel HEbH] (aptamer)2) §3HE A28

rO

:“ér{n:

X0 A8 wo g ZHoIA o] 510] 6 AT pointof S| MIPs Ajito] A]% =51 (Fig. 4®). Qebvl & =4 54
care)o]| o} -85t AHEE = S Aoz o e AR el > MM Sol S 7HA AL glew, wEE
Table 1. Examples of whole protein as template for the development of EMIPs
EP
Monomer Template Electrode Technique DT Linear range. LOD Stability STI SES Ref.
3-AP Protein A S\ZEET' cv EIS - 0.60 nM - PM WP [46]
3-AP Tau 441 protein SPCE ()% EIS 218pM-2.18nM  0.024 pM - PM WP [37]
Scopoletin Human serum albumin GE (0% CV  30268nM-151uyM 56nM  Morethan 7days PM WP  [47]
SARS-CoV-2-receptor MP-Au-
o0-PD binding domain SPE CvV EIS  2pg/mL-40pg/mL 0.7 pgmL More than 4 weeks CI ~ WP  [48]
0-PD Tyrosinase GCE Ccv DPV 0nM-50 nM 3.97 nM - PM WP [49]
SARS-CoV-2
0-PD . 0 . GE (0% DpPV 022-333fM 27fM  More than 9 weeks PM WP  [38]
nucleocapsid protein
Dopamin PSA-aptamer complex GE (0% EIS 100 pg/ml-100ng/ml 1 pg/mL - CI WA [40]
. Thrombin-aptamer AuNP-
Thionine complex {GO-GCE (0% DPV 68 M - 35 pM 44fM More than 1 weeks CI WA  [39]

EP: electropolymerization; 3-AP: 3-aminophenol; o-PD: o-phenylenediamine; SWCNT-SPE: single walled carbon nanotubes screen-printed
electrode; SPCE: screen-printed carbon electrode; GE: gold electrode; GCE: glassy carbon electrode; AuNP-rGO-GCE: gold nanoparticle and
graphene oxide incorporated glassy carbon electrode; PSA: prostate specific antigen; DT: detection technique; STI: strategies of template
imprinting; PM: pre-mix; PI: physical interaction; CI: chemical interaction; WP: whole protein; WA: whole protein with aptamer
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A) Whole protein

Electrode

Electrode Electrode

B) Whole protein-Aptamer complex

Electrode

C) Epitope

Electrode

Electrode

Electrode Electrode

Electrode

‘:Protein u:Epitope \.,M : Aptamer

Fig. 4. Strategies of EMIPs synthesis for protein recognition.

obAl (nuclease) 5] olaf g4 0] Boj A T} )
chal o] el 0] of3k Ale o] Wol itk ol
5 E) T 9k whebA, eboi ol MIPse] §EHE A2
A AR 4 9lo] 2K 9k [40]. Yang 5& =
&R (thrombin)of| £o] 2 .2 ZA}sl= HetH 7 5% 3
g o] EMIPsE /d3tal DPV 7|8te] A 7| sletal A= 7
Shelck [391. 5 o] A = Hl-Qleky] HehH S o &
oto] & U dAke} 4ts) o g A H dafYd=
(glassy carbon electrode) 3EHof| EMIPsE g5t o, 3
B THAS WA= Aol e FHlof (urea)] ¢
3 AAE At HAE EEW-E Qefr o} ] E| o] EMIPs
oA AAE7] o, 224 o7 e & ZFstaL e
EMIPs7} | 2 € ot 7 4 efm-EMIPs 7|4 Al Al = F of
A S U gl o, 44 MO] HETAIE 7HA AL Q)
of FAHE AHEEE T W E o) 348 =2 WA EE YE
Wttt E3], 2k v aLof| Al Q4Etm 7} o] A 2 E EMIPso]|
H 3 A] B Fojdt W= 5 Uebd -2 =3 AlA @A of Al
HEpH7F EMIPsol| A Al A= 2] ¢Far ZHQI & o] Rizte 9 A
HAE FEA )= S oFqlet mhebAl, QUEHH-EMIPs+=
e 9 Ae o] @k = ZehEoke] 8514 A

(o]

& AoR AR,

O:

olo Hir
e rlo

3.2 Epitope as a Template for EMIPs

TP B A 2115 e Thoke

kA A,

il

=B 3te] A%, Aeteotel §8 52 Fo W
g g o] ATiet 2], B8 g, ey Belakos
=49 Tad B4 5oz old Be a0l
wkehAl, o] i3t A 1 & = 5t7) 918 ey
32 Hebol S A9l o9 EZ (epitope)E ZHeI3H: W
o] Phoro 2 A A k. o 5| £ o) AA A o] = g7}
AYsHe G 53 GAL A F3H wh, MIPso] Al 2]
ofw] i A9l Gl o] ofu ek 4 F A<l of
o] e &k A] o] A} chopat hgo] ols) 222l geh 5]
L% ofu| AR Uehie], 2 22402 ohis
T e 9 2o wEEo] Qi H-e BHY oo
2 TR [4142], o= A 1§, BeF THOE 2
ok p27 oA 9 elakeby oAl B S A a
101, 20004 of Rachkovel] |5} A|2Fel o] % chuj g el 4%
W S 915 EMIPSS 43H7] 91) 5] gl ik
[43]. QUHA 02 o 5] E XL Gl e] C W (C-terminal)
o]} NFeF (N-terminal) 3-& 19k Agoh G4 2T ¥
o2 2 g,

Khumsap 5-& Aol <)o) 9191 24 % shfel oxat
39] (ovalbumin) Gl 4 %S 915 DPV A4S A sl
[44]. SBETIe Azl A T F shte
IgE @A ok 2asto] Geix) WL Aotk A Fol
At @Berrn 729 ofuliAl %7)o] EAI5H: IgE 3
A AgE-9191-200 (EDTQAMPFRV)E of o] E 3 & A}-2-35}
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Table 2. Examples of epitope as template for the development of EMIPs

EP Detection
M Templ El Li X LOD ili Ref.
onomer emplate ectrode Technique Technique Inear range (0) Stability €
Ovalbumin epit
Dopamin ég%”:&;‘?;\fj SPCE  CV DPV  2325-23250 nM 10.76 nM  More than 15 days [44]
C-terminal polypeptide of insulin
0-PD (EGEDGQVGQGELGGGPGAG GE CV DPV 1-50 ™M 0.724 ftM  More than 2 weeks [50]
GLQGLALEGGGQ)
0-PD BSA epitopes (VVSTQTALA) GE (6\% DPV 1-150 ng/mL 0.02 ng/mL [51]
Heat-denatured NS1 protein
3-AP SPCE Ccv EIS 25-200 13.9 ng/L - 52
epitope (WTEQYKFQA) ne/L ne/ [52]
Aniline and Alpha-synuclein
MSAN (AEAAGKTKEGVYLY) SPGE CV CV 1-1000 fg/mL 10 fg/mL - [53]
. Cys-modified NSE epitope
S let E MA SWV 0.125-10 0.25 uM - 54
COPOIEHN  CK GVLKAVDHINSTIAPC) M ’ [54]
. Cys-modified NSE epitopes
1 E MA 5-1 L . L - 4
Scopoletin (CLKAVDHINST) G SWvV 0.5-100 ng/mL 0.5 ng/m [45]
Cys-modified NSE epitopes
Scopoletin (CLKAVDHINST, GE MA SWvV 0.2-40 ng/mL 0.2 ng/mL [26]
CAMRLGAEVYHTL)

EP: electropolymerization; MA: multi-step amperometry; 3AP: 3-aminophenol; oPD: o-phenylenediamine; MSAN: m-aminobenzenesulfonic acid;
SPGE: screen-printed gold electrode; SPCE: screen-printed carbon electrode; GE: gold electrode; NSE: neuron specific enolase; BSA: bovine serum
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