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imprinted polymer (MIP) synthetic receptors. Macromolecules play an important role in biology and are termed
that way to contrast them from micromolecules. The former are large and complex molecules with relatively high
molecular weights. The article mainly considers chemical sensing of deoxyribonucleic acids (DNAs), proteins and
protein fragments as well as sugars and oligosaccharides. Moreover, it briefly discusses fabrication of

Ilfig:g?;ds' chemosensors for determination of bacteria and viruses that can ultimately be considered as extremely large
Oligonucleotide macromolecules.
Virus © 2015 Elsevier Inc. All rights reserved.
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1. Introduction However, these reports do not pay sufficient attention to the discussion

Chemical and biochemical sensor devising and fabricating involves
an interdisciplinary research. As the number of applications of these
sensors is growing, their market demand increases (Turner, 2013).
Now-a-days, this demand is not only limited to sensing systems for
small-molecule analytes but that of the macromolecular compound
sensing is enormously growing as well. Detection and quantification
of the latter analytes in clinical analysis, e.g., in routine blood testing
(Turner, 2013) involves huge money spendings. Moreover, the impor-
tance of these sensors is also appreciated in several other fields includ-
ing biological and chemical security (Smith et al., 2008), environmental
protection (Dorst et al., 2010; Wanekaya et al., 2008), and food safety
(Alocilja and Radke, 2003). For the last few decades, chemical and bio-
logical sensors have attracted considerable attention because of their
perceived ability to constitute sensing systems selective for determina-
tion of target analytes.

Generally, chemo- (Hulanicki et al., 1991) and biosensors (Thevenot
et al., 1999) are composed of the recognition and transduction units.
The former affords the so much desired selectivity via chemical interac-
tions with analytes whereas the latter transduces these chemical recog-
nition events into corresponding analytical signals also contributing to
the sensor detectability. Therefore, both the recognition and transduc-
tion units are equally important elements of these sensors.

Synthetic receptors based on the concept of molecular imprinting
are still more and more frequently being used as selective recognition
units of chemosensors (Malitesta et al., 2012; Sharma et al., 2012a, b;
Wackerlig and Lieberzeit, 2015; Whitcombe et al., 2014). Importantly,
proper choice of the transduction platform is crucial for devising a high-
ly reliable chemosensor (Huynh et al., 2013). Molecularly imprinted
polymers (MIPs), most often prepared in the form of thin films, can be
successfully integrated with different transducers for fabrication of se-
lective sensing systems determining different analytes (Malitesta
et al,, 2012; Sharma et al., 2012b; Suriyanarayanan et al., 2012). Many
reviews and an avalanche of original research articles describe prepara-
tion and application of selective MIP based chemosensors (Alexander
et al., 2006; Malitesta et al., 2012; Sharma et al., 2012b; Wackerlig and
Lieberzeit, 2015; Whitcombe et al., 2014). Most commonly, these
chemosensors use voltammetry and amperometry, as well as electro-
chemical impedance spectroscopy (EIS), piezoelectric microgravimetry
(PM), and surface plasmon resonance (SPR) spectroscopy for signal
transduction. Several recent reports describe the possibility of integrat-
ing the same MIP film recognition units with different transducers to
fabricate chemosensors of superior performance (Huynh et al.,, 2013).
Other than the above mentioned transductions, field-effect transistor
(FET) chemosensors are being prepared because of their ease of minia-
turization and high detectability (Casalini et al., 2013; Ito et al.,, 2009). So
far, however, reports describing application of FET transduction for the
development of MIP chemosensing are scarce (Iskierko et al., 2015;
Kugimiya and Babe, 2011; Kugimiya and Kohara, 2009).

Sensing is more complicated if macromolecule templates instead of
small-molecule templates are used for imprinting. Recently, several re-
views described imprinting of proteins and other macromolecular com-
pounds (Blanco-Lépez et al., 2004; Holthoff and Bright, 2007; Hvastkovs
and Buttry, 2010; Li et al,, 2014b). These reports conclude that progress
in macromolecular imprinting is slow compared to that of small-
molecule template imprinting. This difficulty arises from voluminous
size and conformational instability of macromolecular compounds.

on the effective ways of transduction of the recognition of macromolec-
ular compounds by the MIP-based chemosensors. Therefore, we herein
address more carefully the transduction techniques used, including SPR
spectroscopy, surface-enhanced Raman spectroscopy (SERS), and FET
aided transduction. Other techniques, such as PM at a quartz crystal mi-
crobalance (QCM) or electroanalytical techniques, such as voltammetry
or EIS, are concisely discussed below as well.

But before discussing these techniques, we will briefly describe the
idea of preparation of MIPs. Then, we will focus on chemosensor devis-
ing and fabricating along with imprinting of macromolecular com-
pounds. Our review is divided into three main sections including
determination of (i) oligonucleotides and DNAs, (ii) proteins as well
as (iii) oligosaccharides and sugars. Moreover, determination of bacteria
and viruses is briefly addressed separately.

2. Molecularly imprinted polymers as recognition units of
chemosensors

The most important criteria that should be considered when devis-
ing a chemo- or biosensor include selectivity and sensitivity. Biosensors
contain antibodies, enzymes or histones, nucleic acids or aptamers, and
even whole animal tissues as recognition units. These bioelements pro-
vide the desired specific recognition (Turner, 2013). However, biosen-
sors suffer from several drawbacks. First, their bioreceptors sometimes
degrade during biosensor operation, particularly if they are immobilized
under conditions different from those of their natural environment. An-
other deficiency consists in their limited stability because of low toler-
ance to extreme solution acidity or basicity, elevated or lowered
temperature, the presence of organic solvents, and exposure to external
electromagnetic, ultrasonic, or ionizing radiation fields. Moreover, avail-
ability of bioreceptors is in most cases low; therefore, their cost is high.

To overcome the above mentioned disadvantages, artificial recogni-
tion units capable of binding the target analytes with the affinity similar
to that of the bioreceptors are being devised and fabricated (Sharma
et al., 2015; Suriyanarayanan et al., 2012). MIPs are still more and
more frequently used for that purpose. For preparation of these MIPs,
functional and cross-linking monomers are co-polymerized in solution
in the presence of a template (Sharma et al., 2012a). Before this poly-
merization, however, a template is allowed to self-organize with func-
tional monomers in solution to form a pre-polymerization complex.
Then, polymerization immobilizes this complex in the polymer matrix.
Subsequent template removal, e.g., by extraction, from the resulted
MIP vacates the imprinted molecular cavities. Importantly, the cavity
shape, size, and orientation of its generated recognition sites correspond
to the shape, size, and orientation of binding sites of the template mol-
ecule (Scheme 1). Noteworthy, the pre-polymerization complex is
formed either by non-covalent self assembly or by covalent bonds.

Successful preparation of an MIP film directly contacting the trans-
ducer surface is the most important criterion for devising a successfully
operating chemosensor. Different procedures have already been
developed for this deposition. Toward that, conducting polymers
(CPs) (Malitesta et al., 2012; Sharma et al., 2012b) using thiols
(Balamurugan and Spivak, 2011) as functional monomers have fre-
quently been used. Alternately, MIP films are drop-cast or spin-coated
on a transducer surface (Holthoff and Bright, 2007). On average, all
the above mentioned procedures are successful in the preparation of
recognition units of chemosensors for the determination of compounds
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