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Surface Plasmon Resonance (SPR) biosensors are optical sensors detecting surrounding
refractive index changes to measure molecular interactions. In this study, the SPR config-
uration that we exploit is a gold coated tilted fiber Bragg grating (SPR-TFBG). To allow
(bio)chemical sensing with SPR-TFBGs, self-assembled monolayers (SAMs) of receptors
are formed on the gold surface. The SAM’s formation is monitored in real time. If this
sensor is brought into contact with a solution of corresponding ligands, the interactions
generate a shift of the SPR wavelength. The detection of interactions and measurement
of concentrations are based on the SPR signature in the TFBG amplitude spectrum.

Introduction
The SPR-TFBG is a surface plasmon resonance biosensor composed by a tilted fiber
Bragg grating (TFBG) and a gold coating. A TFBG is a section of an optical fiber whose
core refractive index is periodically and permanently modulated along the propagation
axis. The grating planes that are tilted by few degrees cause coupling of the optical power
from the core mode into a multitude of cladding modes. These cladding modes generate
nonzero evanescent fields extending outside the cladding. Thanks to the gold coating, the
evanescent waves can excite the surface plasmon at the metal-external medium interface.
The SPR generation can be achieved when the effective refractive index and the state
of polarization of an evanescent wave matches those of the Plasmon wave [1, 2]. The
signature of an SPR generation is a point of attenuation in the transmitted amplitude
spectrum of the TFBG as shown in Fig.1(a). To observe the SPR signature, we use the
set-up presented in Fig.1(b). The amplitude spectrum of the TFBG is collected by an
optical vector analyzer (OVA) from Luna Technologies offering a measurement resolution
of 1.25 pm. A linear polarizer is placed between the OVA optical source (OUT) and the
TFBG-SPR sensor to modify the polarization state of the incident light launched into the
refractometer. Different methods of demodulation of the amplitude spectrum allow to
detect refractive index variations or molecular interactions [3, 4].
In this paper, we demonstrate that the SPR-TFBG is able to detect in real-time antibody-
antigen interactions. An antibody is a large Y-shaped protein that recognizes a unique part
of the foreign target, called an antigen. Each antibody binds to a specific antigen by the
way of an interaction similar to the fit between a lock and a key. For the demonstration,
we detect the interactions between transferrin and anti-transferrin following the protocol
described in [5]. Transferrin is a 80 kDa glycoprotein that, in blood plasma, provides iron
ion delivery. Transferrin determination is the key element for hemochromatosis screening.
The first step of the experiments is the realization of a transferrin antibody SPR-TFBG
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Figure 1: (a) Transmitted amplitude spectra (mode P) with SPR signature in thiols solution. (b)
Sketch of the set-up used to interrogate SPR sensors.

sensor. Then, the biosensor is brought into contact with a solution of human transferrin
for binding with transferrin antibody. To prove the good repetability of our sensor, we
operated several regeneration cycles to permit the detection of several samples.

Transferrin antibody SPR-TFBG sensor
Anchoring of transferrin antibody on the gold coating was processed in several steps. The
first step is the immersion of the SPR-TFBG in a thiols solution to obtain the formation of
a self-assembled monolayer (SAM) of 11-mercapto-undecanoic acide (Sigma-Aldrich).
In Fig.2(a), we observe the SPR signature before and after the SAM’s formation. The
SAM is detected through a red shift of the SPR of about 1.25 nm. The amplitude vari-
ation of cladding mode resonances reflects the global SPR shift. Therefore, to monitor
in real-time the SPR shift, we track the amplitude variation of one of these cladding
mode resonances. This tracking allowed to determine that the SAM’s formation lasts six
hours. Then, the SAM anchored on the gold surface of the SPR-TFBG is activated with
equal volumes of N-hydroxysuccinimide (NHS) and 1-ethyl-3-(3- dimethylaminopropyl)
carbodiimide hydrochloride (EDC) for 20 minutes. Finally, the modified SPR-TFBG is
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Figure 2: (a) Amplitude spectrum of the SPR-TFBG immersed in thiols solution before and
after SAM formation. (b) Amplitude spectrum of the SPR-TFBG immersed in Anti-transferin
solution before and after its binding. In the inset, evolution of the amplitude of the cladding mode
resonance indicated by an arrow.
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immersed in a solution of antibodies, suspended in 10 mM acetate buffer at pH 5.0 at
a concentration of 30 µg/ml. The anchoring of the transferrin antibody on the SAM is
monitored during the process by tracking the amplitude of the cladding mode resonance
indicated by an arrow in Fig.2(b). This figure shows the transmitted amplitude spectrum
of the SPR-TFBG with and without antibody. To obtain the reference measurement, the
SPR-TFBG with SAM is immersed in acetate buffer that has the same refractive index
than the antibodies solution. The amplitude variation of the resonance shown in the inset
of Fig.2(b) indicates a red shift of the SPR and allows to conclude that we must immerse
the sensor during 23 minutes to have a complete anchoring of antibodies.

Real-time detection of human transferrin
For the demonstration of detection of antibody-antigen interactions, we operated regener-
ation cycles. In other words, the transferrin antibody SPR-TFBG is brought into contact
with a human transferrin solution. The antigen-antibody interactions were performed in
HBS-EP 1X running buffer (10 mM HEPES, 150 mM NaCl, 3 mM EDTA, and 0.005%
surfactant P20 at pH 7.4) (GE Healthcare). Then, the antigen is eliminated with a pulse
of 10 mM glycine pH 2.0 and 0.5M NaCl for 1 min. Fig.3(a) shows one regeneration
cycle. This figure compares the amplitude spectrum of the sensor in buffer (reference),
in antigen solution (10−3g/ml) and in buffer after elimination of antigens. We observe
that the antibody-antigen interactions are detected by a red shift of the SPR of about 2
nm. We conclude also that the elimination of antigens is efficient because the ampli-
tude spectrum after the step of elimination is perfectly superimposed on the reference
amplitude spectrum. We repeated the same operations to proove the good repeatability
of the sensor. Fig.3(b) shows the superposition of three amplitude spectra obtained with
the same human transferrin solution (10−3g/ml) after three regeneration cycles. From
this measurement, we conclude that the SPR-TFBG presents a good repeatability. As a
consequence, the sensor can be calibrated to quantify antigen.
Fig.4 depicts the SPR signature for different values of antigen concentration. We ob-
serve that the red shift of the SPR increases with the antigen concentration. The useful
information about the concentration in antigen was found in the amplitude variation of
SPR-coupled cladding mode resonances [6]. Therefore, to monitor the antigen concen-
tration, we track the amplitude of the most sensitive SPR coupled cladding resonances.
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Figure 3: (a) Comparison of amplitude spectra for a regeneration cycle (n=1.335). (b) Superpo-
sition of amplitude spectra for the same transferrin concentration.
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Figure 4: Amplitude spectrum with SPR signature for different values of antigen concentration.

In Fig.4, the amplitude peak-to-peak of resonances with wavelengths lower than SPR in-
creases with the concentration while antagonist behaviour appears for resonances with
wavelengths higher than SPR. This observation describes a red shift of the SPR.

Conclusion
In this paper, we demonstrated that the SPR-TFBG is a biosensor able to detect antibody-
antigen interactions. For that, we based the measurement on transferrin and anti-transferrin
affinity. Regeneration of the biosensor was achieved and allowed the detection of several
samples. Moreover, this sensor presents a good repeatability. Therefore, the SPR-TFBG
can be calibrated for quantification of antigen concentrations.
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