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Abstract: Plasmonic tilted fiber Bragg grating (TFBG)-based biosensor is part of the
most powerful and accurate tool developed for biomolecules detection. This sensing
solution combines the numerous advantages of using optical fiber grating to the
excitation of surface plasmon resonance (SPR) and a biofunctionalization process to
build very flexible, micro-scaled and highly sensitive biochemical probes. In that context,
we developed an efficient aptasensor for the detection of HER2 (Human Epidermal
Growth Factor Receptor-2) proteins, a relevant cancer biomarker. Indeed, the HER?2
status is usually assessed in the frame of breast cancer medical diagnosis and the
overexpression of this biomarker is related to higher severity and resurgence of the
disease. Plasmonic excitation was generated through a nanoscale gold layer deposited
on the grating area, which allows to drastically improve the sensor efficiency. The use of
aptamers brings the advantages of working with very stable and easily modifiable
bioreceptors for a rapid biofunctionalization process, in comparison with the common
use of antibodies. By using an original and optimized demodulation technique as well as
a specific biofunctionalization, we demonstrated the possibility to detect the HER2
protein with high sensitivity and specificity. The use of such a biosensor based on optical
fiber paves the way to the development of more convenient tools for point-of-care
biosensing.

Introduction

Biosensing through optical fiber-based sensor had already proved its relevance for
building highly sensitive and accurate detection tools [1,2]. Amongst the numerous
existing configurations such as unclad fibers, etched fibers, U-bent fibers or fiber
gratings, tilted fiber Bragg gratings (TFBG) provides a well-adapted solution to develop
very flexible, small scale, minimally-invasive, and powerful biochemical sensors for real-
time detection [3—5]. This structure outcouples the fiber core light into the cladding,
enabling interactions with the immediate outer medium while keeping the mechanical
fiber integrity. TFBG is also usually covered with a nanoscale metal layer (commonly
gold) to benefit from the surface plasmon resonance (SPR) excitation at metal-dielectric
interface which significatively increases the sensitivity of the sensor to the
surroundings [6,7]. Bioreceptors such as antibodies or aptamers can be -easily
immobilized onto the gold-coated TFBG area making it a very versatile and tunable



platform to target the analyte of interest (proteins, DNA, lipids, enzymes, etc.) with a
limit of detection approaching pM range and even lower [8—10]. In this paper, we present
the development of a plasmonic TFBG sensor against the HER2 (Human Epidermal
Growth Factor Receptor-2) protein using a specific aptamer-based biofunctionalization
process. HER?2 is a relevant biomarker to detect, especially in the frame of breast cancer
medical diagnosis and therapy [11]. This cancer represents the second deadliest-cancer
just after lung and bronchus cancers and is the most common in women [12]. In that
context, the assessment of the HER2 status is particularly important since a breast cancer
related to the overexpression of this receptor can be associated to higher severity and
resurgence [13]. Since the response of a TFBG-based sensor presents a comb-like
spectrum of a large amount of cladding modes resonances, we also developed a new
demodulation method for a more user-friendly and optimized data analysis, leading to a
more efficient sensing than the other approach often based on selected peaks tracking [7].

Materials and methods

Tilted fiber Bragg gratings (7°) were photo-inscribed in the core of hydrogen-loaded
single mode fiber (Corning SMF-28) using the phase-mask technique. The Noria system
(from NorthLab Photonics) exhibiting a UV excimer laser (193 nm) was used. Plasmonic
excitation was ensured thanks to a thin sputtered metal layer (~35 nm). Finally, the gold
coated grating was biofunctionalized using specific ssDNA anti-HER2 thiolated aptamers
(5°-TCT AAA AGG ATT CTT CCC AAG GGG ATC CAA TTC AAA CAG C-S-S-3°),
synthetized using a MerMade 6 automated DNA synthesizer (BioAutomation USA).
Prior to the aptamer immobilization (10.24 uM, PBS, RT), a blocking step in 6-mercapto-
1-hexanol (5§ mM, PBS, RT) was performed to avoid any non-specific recognition during
detection. HER2 and CK 17 (negative control) proteins were purchased from Abcam.

Results and discussion

The use of thiolated aptamers as bioreceptors leads to a rapid biofunctionalization

process with an immobilization whthin one step onto the sensing aera (Fig. 1a).
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Fig. 1. (a) Sketches of biofunctionalized gold-coated TFBG and (b) SPR excitation during biodetection.
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Aptamers also present a high stability at RT when compared to other bioreceptors such
as antibodies for instance [14]. Once the blocking is achieved, the aptasensor is ready for
detection by specific HER2 protein-aptamer interactions (Fig. 1b).

The response of an SPR-TFBG sensor is made up of tens of cladding modes, leading to
a quite hazardous analysis based on a peak search to assess the maximum sensitivity. In
this work, we therefore propose a new demodulation technique for a more user-friendly
and automated data analysis based on the accurate tracking of the crossing point made
from the different parts of the SPR signature envelopes (Fig. 2).
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Fig. 2. (a) Tracking of the crossing point of the SPR signal envelopes during the anti-HER2 aptamer
immobilization. (b) Sensorgram showing the wavelength shift of the crossing point over time during the
anti-HER2 aptamer immobilization.

As it can be seen in Figure 2a, this method also allows to better take into account the
spectral SPR shape while providing a unique feature to track close to the SPR wavelength.
The first part of the sensorgram curve of the aptamer immobilization (Fig. 2b) shows a
fast increase of the recorded signal reflecting the reaction between the gold layer and the
thiol groups belonging to the bioreceptors resulting in their binding at fiber surface. After
blocking, the biofunctionalized probe was used to specifically detect the HER2 protein
and the recorded response was analyzed by applying the developed demodulation
technique as well. The selectivity of the biosensor was assessed using the CK17 protein
as a negative control, a potential lung cancer biomarker (Fig 3a).
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Fig. 3. (a) Bar charts representing selectivity tests with CK17 as a negative control and (b) the detection of
different concentrations in HER2. All shifts were computed using the crossing point tracking technique.

Results show the high specificity of the aptamers to the HER2 protein. Indeed, the
recorded shift of the response is much higher than in presence of CK17 at the same
concentration (10 g/mL). The response drift in PBS was also measured as a reference.
A set of solutions containing HER2 was also tested ranging from 102 to 10 g/mL to
assess the response of the sensor to a growing analyte concentration. The bar chart
displayed in Figure 3b allows to visualize the increasing of the sensor response (up to



more than 600 pm) over HER2 concentration. The recorded wavelength shifts can be
explained by the progressive binding of the proteins onto the biofunctionalized surface.
This denotes the effectiveness of the developed crossing point tracking technique
compared to single mode-based method which usually does not exceed 80 pm (i.e., for
10 g/mL) [4].

Conclusions

Biosensing based on plasmonic tilted fiber Bragg grating offers a wide range of
opportunities to develop accurate and effective biosensors. In this work, this technology
was coupled to an optimized demodulation technique to build a highly sensitive and
specific HER2 aptasensor, a target of high interest in the oncology field. The tracking of
the SPR envelopes crossing point gives access to a significant increase of the recorded
sensitivity compared to single cladding modes tracking (more than tenfold sensitive). In
addition to better consider the spectral SPR feature shape in response analysis, this
technique strengthens the path towards more convenient point-of-care diagnoses.
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