
16 July 2022

POLITECNICO DI TORINO
Repository ISTITUZIONALE

A SERS affinity bioassay based on ion-exchanged glass microrods / Berneschi, Simone; D'Andrea, Cristiano; Giannetti,
Ambra; De Angelis, Marella; Banchelli, Martina; Barucci, Andrea; Boetti, Nadia Giovanna; Pelli, Stefano; Baldini,
Francesco; Pini, Roberto; Janner, Davide; Pugliese, Diego; Milanese, Daniel; Matteini, Paolo. - ELETTRONICO. -
11361:(2020), p. 32. ((Intervento presentato al convegno SPIE Photonics Europe 2020 tenutosi a Strasburgo nel 29
Marzo - 2 Aprile 2020 [10.1117/12.2555817].

Original

A SERS affinity bioassay based on ion-exchanged glass microrods

SPIE  postprint/Author's Accepted Manuscript e/o postprint versione editoriale/Version of Record con

Publisher:

Published
DOI:10.1117/12.2555817

Terms of use:
openAccess

Publisher copyright

Copyright 2020 Society of PhotoOptical Instrumentation Engineers (SPIE). One print or electronic copy may be made for
personal use only. Systematic reproduction and distribution, duplication of any material in this publication for a fee or for
commercial purposes, and modification of the contents of the publication are prohibited.

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2845026 since: 2020-09-11T10:58:13Z

SPIE



A SERS affinity bioassay based on ion-exchanged glass 
microrods  

 
S. Berneschi1*, C. D’Andrea1, A. Giannetti1, M. de Angelis1*, M. Banchelli1, A. Barucci1, 

N. G. Boetti2, S. Pelli1,3, F. Baldini1, R. Pini1, D. Janner4, D. Pugliese4, 
D. Milanese4,5, P. Matteini1 

 
1CNR-IFAC, Istituto di Fisica Applicata “N. Carrara”, Via Madonna del Piano 10, 50019 Sesto Fiorentino (FI), Italy 

2 Istituto Superiore Mario Boella, Via P. C. Boggio 61, 10138 Torino, Italy 
3Centro “Enrico Fermi”, Piazza del Viminale 1, 00184 Roma, Italy 

4 DISAT & RU INSTM, Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Torino, Italy 
5 CNR-IFN, Istituto di Fotonica e Nanotecnologie, Via alla Cascata 56/C, 38123 Povo (TN), Italy 

 

*s.berneschi@ifac.cnr.it; *m.deangelis@ifac.cnr.it; 

 
Surface-enhanced Raman spectroscopy (SERS) is a well-established optical technique able to 

detect unique vibrational information from a wide variety of chemical and biochemical species in 
different environments including aqueous media and biological fluids. The well-known 
enhancement effect of SERS is associated with the presence of metallic nanostructures at the 
substrate surface. Different bottom-up and top-down processes have been proposed to impart the 
substrate with such a nanostructured layer. The former approaches are low cost but may suffer 
from reusability and stability. The latter strategies are expensive, time consuming and require 
special equipment that complicate the fabrication process.  

Here, we present the possibility to obtain stable and reusable SERS substrates by a low-cost 
silver-sodium ion-exchange process in soda-lime glass microrods. The microrods were obtained by 
cutting the tip of the ion-exchanged soda-lime fiber, resulting in disks of about few millimeters in 
length and one hundred microns in diameter. A thermal annealing post-process was applied to 
trigger the reduction of Ag+ ions into Ag nanoparticles (NPs) within the ion-exchanged glass 
microrods. Afterwards, ion-exchange and thermal treatments were carefully tuned to assure the 
presence of embedded silver NPs exposed on the surface of the microrods, without using any 
chemical etching. An Atomic Force Microscopy (AFM) analysis confirmed the presence of silver 
NPs with size of tens of nm on the surface of the fiber probe.            

Initial SERS measurements on the glass fiber tip after incubation with 4-methylbenzene thiol 
(MBT) were carried out to test the efficacy of the ion-exchanged and annealed fiber in generating 
effective SERS responses. Then, a SERS affinity bioassay was developed on the probe with the 
final aim of detecting microRNA fragments acting as biomarkers of different diseases. Specifically 
a DNA hybridization assay was built up by anchoring a molecular beacon containing a Raman tag 
on the Ag surface via thiol chemistry. Initial SERS experiments confirmed the presence of the 
beacon on the NPs embedded on the microrods surface, as monitored by detecting main spectral 
bands ascribed to the oligonucleotide chain. Finally, the ability of the platform to interact with the 
target microRNA sequence was assessed. The analysis was repeated on a number of miRNA 
sequences differing from the target to evaluate the specificity of the proposed assay.   
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The well-known enhancement effect of surface-enhanced Raman spectroscopy (SERS) is 

associated with the presence of metallic nanostructures at the substrate surface. Different bottom-
up and top-down processes have been proposed to impart the substrate with such a 
nanostructured layer. The former approaches are low cost but may suffer from reusability and 
stability. The latter strategies are expensive, time consuming and require special equipment that 
complicate the fabrication process.  

Here, we present the possibility to obtain stable and reusable SERS substrates by a low-cost 
silver-sodium ion-exchange process in soda-lime glass microrods. The microrods were obtained by 
cutting the tip of the ion-exchanged soda-lime fiber, resulting in disks of about few millimeters in 
length and one hundred microns in diameter. A thermal annealing post-process was applied to 
trigger the reduction of Ag+ ions into nanoparticles (AgNPs) within the ion-exchanged glass 
microrods. Afterwards, ion-exchange and thermal treatments were carefully tuned to assure the 
presence of silver NPs exposed on the surface of the microrods, without using any chemical 
etching. An AFM analysis confirmed the presence of AgNPs with size of tens of nm on the surface 
of the fiber probe.            

A SERS affinity bioassay was developed on the probe with the final aim of detecting microRNA 
fragments acting as biomarkers of different diseases. Specifically a DNA hybridization assay was 
built up by anchoring a molecular beacon containing a Raman tag on the Ag surface via thiol 
chemistry. Initial SERS experiments confirmed the presence of the beacon on the NPs embedded 
on the microrods surface, as monitored by detecting main spectral bands ascribed to the 
oligonucleotide chain. Finally, the ability of the platform to interact with the target microRNA 
sequence was assessed. The analysis was repeated on a number of miRNA sequences differing 
from the target to evaluate the specificity of the proposed assay.   
 


