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HIGHLIGHTS GRAPHICAL ABSTRACT

» 10 devices made with silicon based
technologies are at the core of
biosensors development.

» Surface biofunctionalization is cru-
cial to reach competitive perfor-
mance.

» Main achievements reached in real
sample biosensing are critically dis-
cussed.
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ARTICLE INFO ABSTRACT

Arfic{e history: Increasing interest has been paid to label-free biosensors in recent years. Among them, refractive index
Received 13 August 2012 (RI) optical biosensors enable high density and the chip-scale integration of optical components. This
Received in revised form 3 January 2013 makes them more appealing to help develop lab-on-a-chip devices. Today, many RI integrated optical
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(I0) devices are made using silicon-based materials. A key issue in their development is the biofunc-
tionalization of sensing surfaces because they provide a specific, sensitive response to the analyte of
interest. This review critically discusses the biofunctionalization procedures, assay formats and character-
ization techniques employed in setting up IO biosensors. In addition, it provides the most relevant results
obtained from using these devices for real sample biosensing. Finally, an overview of the most promising
future developments in the fields of chemical surface modification and capture agent attachment for I0

Available online 23 January 2013

Keywords:
Optical biosensors
Surface biofunctionalization

Label free
Integrated biosensors biosensors follows.

© 2013 Elsevier B.V. All rights reserved.

Contents
1. Introduction: approach to refractive indeX OptiCal DIOSENSOTS. . ... ...ttt ettt ettt ettt ittt e et ettt ae e et ia e e e eaneeeanneeaaes 2
2. Surface chemistry approaches for bioreceptor attachment on silicon-based materials...........cooviiiiiiiiiiiiiiiiii i iiiiiiiiiiiiaaeeens 3
2.1. Chemical surface modifications and bioreCeptors AttaCHMENIE . ... ..uvttte ettt ettt ettt ettt eee e e et e e e e e e eetaaniaaaaaaeeaaans 3
2.1.1.  Chemical surface modification by self-assembled silane-based layers 3
2.1.2.  Other silicon surface chemical modifications. 9
2.1.3. Capture agents employed as model SyStemsS..........cuuieeerriererrnineennnnnns 9
2.2.  Techniques employed for the biofunctionalization of 10 devices................... 10
2.3. Characterization techniques for modified SUITACeS . .........oouiiiiii ittt aees 10

* Corresponding author. Tel.: +34 96 3877342; fax: +34 96 3873415.
E-mail address: mbpolo@upvnet.upv.es (M.-]. Baiiuls).

0003-2670/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.aca.2013.01.025


dx.doi.org/10.1016/j.aca.2013.01.025
http://www.sciencedirect.com/science/journal/00032670
http://www.elsevier.com/locate/aca
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.aca.2013.01.025&domain=pdf
mailto:mbpolo@upvnet.upv.es
dx.doi.org/10.1016/j.aca.2013.01.025

2 M.-J. Bafiuls et al. / Analytica Chimica Acta 777 (2013) 1-16

3. Performances and applications: Main aChIEVEIMENLS ... ......ooitiiiiti ettt ettt e ettt ettt ettt e e e e e e e e e e eeeannanaaaaeas 10
4, FuturetrendS..........coiiiieeieieiniiiiinninnnn. 13
Acknowledgements 13
AppPendiX A, SUPPIEMIENEATY alA. ...ttt ettt et e ettt ettt ee e ettt e e e et e e e e e e e e e e e e e e e e e e e e e et e e aaaas 14
] (] ) el 14
Maria-José Baiiuls received the European Ph.D. - Angel Maquieira is Full Profesor of Analytical Chem-
degree in Organic Chemistry from the University of - ' istry at Universidad Politécnica de Valencia. He

Valencia, Spain (2004). She is Associate Profesor in the
Department of Chemistry at the Universidad Politéc-
nica de Valencia. Her research interest is focussed
in chemical modification of polymeric and inorganic
materials for biosensing, especially for the develop-
ment of microarrays methodologies to be applied
in Genomics and Proteomics. He has co-authored
| about 30 papers in international journals and holds
3 patents.

- &£ received hisPh.D. degree from the University of Valen-
cia, Spain (1980). His research interest topics include
development of immunochemical methods, screen-
ing methodologies for organic pollutants, study of
biosensors and automation. The newest study topic
is related with developing microarraying protocols
operating on compact disc supports and nanobiosens-
ing systems applied in the life sciences area. He has
coauthored more than 150 papers published in SCI
journals.

Rosa Puchades is Full Professor of Analytical Chem-
istry in Universidad Politécnica de Valencia. She
received her Ph.D. degree from the University
of Valencia (1982). Her research interests include
automation of analytical methods, sample treatment,
development of immunochemical reagents, immuno-
analytical methods, screening methodologies for
organic pollutants and biosensors and microarray-
ing. She is currently participating in several research
projects in the analytical and bioanalytical field. Dra.
Puchades has co-authored more than 170 papers in
international journals and conferences. She is also
member of the Spanish Society of Analytical Chem-
istry and the American Chemical Society.

1. Introduction: approach to refractive index optical
biosensors

Nowadays, biosensing is a scientific and technological hot topic
given its potential in fields such as medical diagnosis, healthcare,
environment, defense and food security. In these realms, the spe-
cific and sensitive detection of targets in short-time analyses plays
a primordial role.

Traditionally, labeled formats have been used, where targets or
reporter molecules carry fluorescent, enzymatic or radioactive tags.
These techniques present high sensitivity, and even achieve single
molecule detection [1], and are currently the standard techniques
for many determinations. However, the development of label-free
techniques has attracted the interest of many researchers over the
last decade [2-6]. They offer advantages such as direct detection,
real-time monitoring, kinetic information, fewer reagent costs,
and the native molecular conformation of the protein is not altered
by a tag. Thus, label-free biosensors based on optical [7], electrical
[8-13] and mechanical principles [14-18] can be found. Optical
sensors are more versatile than others because they can be made
from different materials, such as silicon, glass, metals or polymers,
and they offer different detection modes and architectures that
can be combined [19]. They also offer other advantages; mass-
scale fabrication, excellent physical properties, good selectivity
and sensitivity; and can accomplish multiplexed detection in a
single device [20,21]. Label-free optical biosensors have received
increasing attention and many reviews can be found that provide
a general overview of the state of the art [22-25]. In label-free

optical detection, the transduction mode may be based on the
refractive index (RI), optical absorption or Raman spectroscopy
[26-30]. In past two decades, optical sensors based on refractive
index (RI) changes feature among the most studied (Fig. 1).

In ordinary dielectric material, the refractive index (RI) directly
relates to the polarizability of molecules at optical wavelengths.
Biological molecules have a higher RI than air or water, and they
lower the propagation speed of the electromagnetic fields passing
through them. Optical biosensors are designed to translate changes
in the propagation velocity of light through a medium that contains
biological material into a quantifiable signal proportional to the
amount of material present on the sensor surface. For this reason,
the electromagnetic field bound to an optical device that couples
some energy to an external medium (called an evanescent field)
penetrates a few hundred nanometers into the optically rarer envi-
ronment from the optically denser guiding medium.

Different optical phenomena have been employed to design RI
optical biosensors. Representative methods include: Surface Plas-
mon Resonance [31,32], Reflectometric Interference Spectroscopy
[33,34], Dual polarization Interferometry [35,36], Photonic Crys-
tal Technology [37,38], and Whispering Gallery Mode Resonators
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Fig. 1. Number of publications per year on the Refractive Index Optical BioSensing
topic during the last decade.
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