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Abstract: Optical detection is one of the most used techniques as transduction method in biosensors
and apart the conventional platform based on surface plasmon resonance (SPR), an emerging class
of devices based on optical fibers, both silica and specially plastic optical fibers (POFs), is finding its
route. On the other hand, aptamers represent the next frontier as biorecognition elements in biosen-
sors, thanks to several advantages with respect to antibodies. The coupling of plasmonic plastic
optical fiber probes with aptamers is here reported focusing on different relevant biological appli-
cations (e.g., Thrombin, Vascular Endothelial Growth Factor (VEGF), and SARS-CoV-2 Spike pro-
tein).
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1. Introduction

Surface plasmon resonance (SPR) or localized SPR (LSPR) represent a gold standard
in the optical characterization of biomolecular interaction due to the high sensitivity of
this optical platform, and it is a widely used transduction method in biosensors. In par-
ticular, SPR/LSPR systems based on fibers are an emerging field also due to the employ-
ment of plastic optical fibers (POF). Recent advances in POF-based devices opens the
way to develop a new class of sensors [1-3], not only for their excellent flexibility, large
diameter and great numerical aperture but also for the possibility to use different geom-
etries, such as U-bent, D-shaped, side-polished, and tapered shapes of POF fibers. Fur-
thermore, these kinds of optical fiber sensors can be used to realize small-size and low-
cost optical biosensors, like those based on aptamers (aptasensors).

Aptamers are short single-stranded DNA or RNA fragments selected for a wide range
of analytes, ranging from very small molecules (pesticides, toxins) up to entire microor-
ganism; they exhibit an affinity constant in the nanomolar range minimizing the proba-
bility of false-positive results [4]. Moreover, they can be easily modified and are charac-
terized by a high batch to batch reproducibility, resistance in acidic environment and
high temperature. Aptamers find applications in different fields [5], from the detection
of small molecules [6-8], in point-of-care diagnostic system [9,10], for the detection of
bacteria [11] or circulating tumor cells [12].

Here we focus on the particular employment of POF-SPR biosensors that use ap-
tamers as molecular recognition elements (MRE) in some biomedical applications.

Proceedings 2021, 68, x. https://doi.org/10.3390/xxxxx

www.mdpi.com/journal/proceedings

O 0 N o U1

11
12
13
14
15
16
17
18

19
20

21

22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39

40
41

42


mailto:l.pasquardini@indiveni.re
mailto:nunzio.cennamo@unicampania.it
mailto:luigi.zeni@unicampania.it
mailto:l.pasquardini@indiveni.re

Proceedings 2021, 68, x FOR PEER REVIEW 2 of 4

2. Aptamer-based POF biosensors

In this last decade, different MRE have been immobilized on POF-based sensors, such
as antibodies, molecularly imprinted polymers (MIP), and aptamers, proving the high
versatility of this kind of platform [2]. With respect to more standard MRE, aptamers
represent a new emerging class increasingly employed to realize biosensors. Up to now
very few examples have been reported in the literature of the coupling between aptamers
and POF-based biosensors [13-18], and most of them came from our group.

In 2015, we developed an aptamer-based POF-SPR sensor for the detection of
Vascular endothelial growth factor (VEGE), selected as a circulating protein potentially
associated with cancer [13]. A thiolated aptamer was directly immobilized on the gold
film deposited on the sensing region of the POF. A scheme of the optical platform with
the aptamer-layer is reported in Figure 1a. Results obtained suggested that passivation
was an important element of the interface building, allowing a limit of detection of 0.8
nM (see Figure 1b) [13]. Even in agreement with other detection systems, the dissociation
constant measured was two orders of magnitude lower with respect to that measured in
solutions, probably caused by a loss in the immobilization procedure.

For this reason, in the subsequent works, we changed the approach and developed an
interface based on short Poly Ethylene Glycol (PEG). So, the detection of thrombin (THR),
a clinical marker of the blood coagulation cascade, was performed modifying the gold-
coated POF with a mixed interface (a short-PEG and a biotinylated-PEG) and
immobilizing though avidin-biotin chemistry a THR binding aptamer [15] (see Figure
1c). The performances of the obtained interface were confirmed by POF-SPR
measurement resulting in a detection limit of 1.6 nM and increasing the dissociation
constant of one order of magnitude.

We recently tested the PEG-based aptasensor to detect the receptor-binding domain
(RBD) of the SARS-CoV-2 spike glycoprotein [18]. The interface has been tested not only
on specific target but also on aspecific targets (BSA, AH1H1 hemagglutinin protein,
MERS spike protein) and in diluted human serum (50%). A limit of detection in the
nanomolar range was achieved, confirming the good performances of this aptamer-
based optical sensor (see Figure 1d).
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Figure 1: a) Image of the sensor system with a zoom of the plasmonic optical sensor [15] and different biological applications: b)

Vascular Endothelial Growth Factor (VEGF)[13], c) Thrombin [15], and d) SARS-CoV-2 spike protein [18].
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4. Conclusions

Aptamers represent an emerging class of biorecognition elements increasingly used
in the development of optical biosensors. Their performances make them ideal elements
to be immobilized on plasmonic optical fibre-based devices. On the other hand, the POF-
based platform exhibits excellent flexibility, making it extremely interesting to coupling
with aptamers in order to develop sensitive biosensors easily integrable in a portable,
small-size, and simple devices for clinical applications.
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