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Abstract

We characterized a DNA/gold interface designed for the detection of the SARS-CoV-2 RNA-dependent RNA polymerase/
Helicase (RdRp/Hel) sequence. Using broadband spectroscopic ellipsometry (SE) and a difference spectra approach, we
monitored molecular modifications at the interface, from probe sequence deposition to the insertion of a molecular spacer
and subsequent hybridization with the target. The UV region revealed the characteristic DNA absorption peak around
260 nm, while changes in 8A in the NIR correlated with increased optical thickness following each deposition step. The
optical response was analyzed as a function of target concentration, and the binding affinity curve, derived from 8A values
at 800 nm, was fitted using a first-order Langmuir model, yielding a dissociation constant K= (70 + 10) nM, consistent with
literature values. Selectivity studies demonstrated that the interface effectively discriminates the SARS-CoV-2 sequence
from the SARS-CoV HKU variant, even in a crowded environment. A complementary platform targeting the SARS-CoV
HKU sequence confirmed selective detection of HKU over SARS-CoV-2. These findings highlight the potential for parallel

detection of different viral sequences.
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Introduction

A central challenge in the development of sensitive bio-inter-
faces lies in the stable and selective immobilization of cap-
ture molecules onto the sensor surface. Exploiting the strong
affinity between thiol groups and gold, self-assembled mon-
olayers (SAMs) have been widely used to anchor functional
moieties to gold substrates while minimizing non-specific
adsorption (Ravan et al. 2014; Tewari et al. 2023). Among
the various functional groups employed, DNA emerges as
a particularly promising and versatile candidate. The DNA/
gold interface has been extensively investigated as a biosens-
ing platform (Jones et al. 2015; Xiao et al. 2019; Espinosa
et al. 2021; Chen et al. 2022) as it satisfies two essential
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criteria for effective sensing: (i) the high specificity of DNA,
arising not only from Watson—Crick base pairing but also
from the selective binding capabilities of DNA aptamers
(Meng et al. 2016; Zhang et al. 2020; Feng et al. 2025); and
(ii) the chemical stability and ease of surface modification of
gold, which make it an ideal substrate for sensor fabrication
(Love et al. 2005). Since the late 1990s (Zhai et al. 1997),
DNA-based biosensors have been thoroughly explored for
the detection of a wide range of analytes—including toxins,
proteins, heavy metals, and environmental pollutants (Zhao
et al. 2022; Hua et al. 2022; Samiseresht et al. 2025). Never-
theless, their most prominent and widely adopted application
remains the detection of nucleic acids.

In previous studies, we focused on a hybrid DNA/gold
platform for the detection of a model 22-mer oligonucleo-
tide sequence (Pinto et al. 2022, 2020, 2019). By integrating
optical spectroscopy, atomic force microscopy (AFM), and
quartz crystal microbalance (QCM) analysis, we achieved a
comprehensive understanding of the hybrid interface. More-
over, broadband spectroscopic ellipsometry enabled us to
detect the characteristic UV absorption of DNA self-assem-
bled monolayers (SAMs), suggesting the occurrence of
hypochromism in surface-immobilized DNA strands (Pinto

@ Springer


http://orcid.org/0000-0002-3473-2424
http://crossmark.crossref.org/dialog/?doi=10.1007/s00249-025-01787-3&domain=pdf

European Biophysics Journal

et al. 2022). The optical properties of the DNA SAMs were
interpreted through a stacked-layer optical model, informed
by independent structural data obtained from AFM measure-
ments. Building on this expertise, the present study investi-
gates a label-free sensing platform designed for the specific
detection of the RNA-dependent RNA polymerase Helicase
(RdRp/Hel) sequence of SARS-CoV-2. This target sequence
is highly conserved across all known SARS-CoV-2 variants
and has demonstrated the highest analytical sensitivity in
RT-PCR assays (Corman et al. 2020), thus qualifying it as
an ideal candidate for nucleic acid-based SARS-CoV?2 detec-
tion. The sensing platform is assembled through a three-step
protocol. First, a thiolated single-stranded DNA probe, fully
complementary to the RdRp/Hel sequence, is chemisorbed
onto the gold surface. In the second step, the DNA-func-
tionalized surface is treated with mercaptohexanol (MCH),
an alkanethiol with the same chain length as the DNA thiol
linker, which serves as a molecular spacer. MCH enhances
the structural organization of the SAM, increases hybridi-
zation efficiency (Wong et al. 2005) and minimizes non-
specific interactions between nitrogenous bases and the gold
surface (Ravan et al. 2014). Finally, the modified surface is
exposed to the target sequence to assess the selectivity and
efficiency of hybridization.

Following this initial validation, the sensor is evaluated
for key performance metrics: reusability, selectivity, and
sensitivity. Reusability, previously demonstrated for a model
sequence (Pinto et al. 2022), is exploited to regenerate the
sensing interface and progressively expose it to lower target
concentrations. This approach enables the construction of a
calibration curve and the determination of both the dissocia-
tion constant Ky, and the limit of detection (LOD).

To evaluate selectivity, the sensor is challenged with
the RdRp/Hel sequence from the earlier SARS-CoV (HKU
strain) (Chan et al. 2020). Discrimination between target and
non-target sequences is also confirmed under complex con-
ditions in which the non-target was present in excess. More-
over, by designing an analogous sensor using a probe com-
plementary to the HKU sequence, cross-selectivity between
the two viral variants was investigated and validated.

Material and methods
Materials and chemicals

This study focuses on the 28-mer RNA-dependent RNA-
polymerase (RdRp) Helicase sequence of SARS-CoV-2 and
SARS-CoV HKU listed in NCBI database (SARS-CoV-2
GenBank accession no. MN908947.3, genome location
16,276-16,303; SARS-CoV HKU GenBank accession no.
AY278491, genome location 16,206—16233).
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The oligonucleotide sequences, listed from the 5’ to the
3'end, are reported in the following:

— SARS-CoV-2 probe (HS_p-CoV2): HS-(CH,)-GTC
TAC GTA TGC AAG CAC CAC ATC TTAA

— SARS-CoV HKU probe (HS_p-HKU): HS-(CH,)(-GTC
TCC TAA TAC AGG CAC CGC AAC GAAG

— SARS-CoV-2 target (t-CoV2): TTA AGA TGT GGT
GCT TGC ATA CGT AGAC

— SARS-CoV HKU target (t-HKU): CTT CGT TGC GGT
GCC TGT ATT AGG AGAC

The SARS-CoV-2 and SARS-CoV HKU sequences dif-
fer by 10 nitrogen bases, distributed along the entire strand,
highlighted in bold in the above list. Thiolated probe strands
are designed to be fully complementary to the correspond-
ing target sequences. Oligonucleotides were purchased from
biomers.net GmbH (Ulm, Germany) and used as received.

We note that most of the experiments were conducted
using DNA sequences since DNA is more stable and eas-
ier to handle than RNA which is prone to degradation by
RNases. However, control experiments, carried out using
RNA sequences, showed the same behavior.

Tris[hydroxymethyl]amino-methane (Tris base), ethylen-
ediaminetetraacetic acid (EDTA), Sodium chloride (NaCl),
Sodium Hydroxide (NaOH) and 6-Mercapto-1-hexanol
(HS-(CH,)(—OH, MCH) were purchased from SigmaAl-
drich (St. Louis, MO, USA). Sulfuric acid (H,SO,) and 30%
hydrogen peroxide (H,0,) were purchased from Carlo Erba
(Val de Reuil, France). Ultrapure water, MilliQ water from
Millipore (resistivity 18.2 MQ-cm), was used for the prepa-
ration of all the solutions.

The experiments were performed in TE buffer (10 mM
Tris,1 mM EDTA, 1 M NaCl, pH adjusted to 7.2 using HCI
(Fluka, Buchs, Switzerland)).

Flat gold substrates (200 nm of gold on glass, with
2 nm of Chromium as an adhesion layer), purchased from
Arrandee (Werther/Westfalen, Germany), were used for SE
measurements.

Sample preparation

Arrandee substrates were cleaned in piranha solution (4:1
H,S0,:30%H,0,) for 3 min, then rinsed in MilliQ water and
dried under a nitrogen stream (CAUTION, Piranha should be
handled with extreme care: it is extremely oxidizing, reacts
violently with organics and should only be stored in loosely
tightened containers to avoid pressure buildup).

Samples were prepared according to the following deposi-
tion protocol: 3 h immersion in a 1 pM solution of thiolated
DNA, rinsing in TE buffer, 1 h immersion in 5 uM solution
of MCH, rinsing in TE Buffer, 1 h incubation in the target
sequence solution, and rinsing in TE buffer. A representative
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scheme of the system is reported in Fig. 1. For the regen-
eration of the platform, samples were immersed in a 1| M
solution of NaOH for 3 min and then rinsed in TE buffer.

Spectroscopic ellipsometry

Spectroscopic Ellipsometry (SE) measurements were per-
formed using a rotating compensator instrument (M-2000,
J.A. Woollam Co., Lincoln, NE, USA, 245-1700 nm)
equipped with a 75 W Xe lamp. Spectra have been collected
in situ using a commercial liquid cell (J.A. Woollam Co.,
0.5 mL).

All static spectra were measured in TE buffer after com-
pletion of each molecular deposition step, as detailed above.
To emphasize the contribution of the ultrathin organic layer,
we analysed difference spectra, obtained as the difference
between the spectra acquired after the film deposition and
the spectra measured on the clean gold substrate prior to
molecular deposition, both acquired in TE buffer.

6-Mercapto-1-hexanol

D

Thiolated probe DNA SAM

—

Results and discussion
SE static spectra

Broadband SE static measurements were performed to
monitor the assembly of the DNA sensing interface, i.e.
the deposition of the thiolated probe DNA, the insertion of
the molecular spacer, and the hybridization with the target
sequence, the RdRp/Helicase of Sars-CoV2. Static measure-
ments were performed in TE buffer after reaching steady
state conditions as evidenced by dynamic measurements
(see SI, Fig.S1). To highlight the SAM contribution, for
each deposition step, we calculated difference spectra ref-
erenced to the cleaned gold substrate. A and Sy difference
spectra obtained after the deposition of the thiolated strand
(red curve), the MCH spacer (blue curve) and the hybridiza-
tion with the target sequence (green curves) are reported in
Fig. 2a and b, respectively.

Each molecular adsorption step produces a quasi-rigid
downward shift of SA as well as an increase of Sy below
500 nm. We discussed these spectral changes in detail in a
previous paper on 22-mer SAMs, which behave similarly to
the 28-mer SAMs from a SARS-CoV-2 sequence examined
here, showing that these spectral changes are associated to
an increase of the film optical thickness (Pinto et al. 2022).

target DNA

02 D, DAL

Mixed SAM

Hybridized platform

Fig. 1 Representative scheme of the sensing platform. After chemisorption of the thiolated probe DNA, the molecular spacer MCH is inserted.
The platform results in a mixed pPDNA/MCH SAM and is ready for hybridization following the exposure to target DNA

0.4t
-0.8+
-1.2
-1.6
2.0H
-2.4r
-2.8

OA (deg)

400 600 800 1000
Wavelength (nm)

Fig.2 a A and b Sy static difference spectra referred to cleaned
gold obtained after deposition of the thiolated probe DNA HS_p-
CoV2 (red spectra), MCH (blue spectra), and after hybridization
with a 1 pM solution of t-CoV2 (green spectra). We note that above
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500 nm blue and green Sy curves are superimposed, as expected
since target DNA does not interact directly with gold and, therefore,
does not produce changes at the molecule/gold interface
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It is worth noticing that MCH is shorter than the DNA
thiolated probe, comparable in length to the thiolated
linker of the probe DNA. The increase of optical thickness
following the insertion of the molecular spacer can then
be ascribed to a reorganization of the probe DNA film: the
MCH thiol group displaces the weak adsorptive contacts
between DNA strands and gold, leaving the probes teth-
ered primarily through the thiol end groups. Probe DNA
therefore swells and extends further into solution (Steel
et al. 2000; Lao et al. 2005). After the exposure to the
target DNA, the increase in optical thickness can be rea-
sonably attributed to the reorganization/stretching of DNA
strands upon hybridization.

The negative values of dy above 500 nm point to a
strong interaction between molecules and substrate, as
previously reported for thiolated (Prato et al. 2008; Pinto
et al. 2022) and selenolated (Canepa et al. 2013) SAMs on
gold. Chemisorption of HS-p-CoV2 and MCH on gold,
through the thiol group, results in increasingly negative Sy
values, while no further decrease is observed after hybridi-
zation, since t-CoV2 does not interact directly with gold.

In passing, we note that the dip around 260 nm of both
SA and Sy, not observed in difference spectra of ultrathin
transparent SAMs (Prato et al. 2008; Solano et al. 2015), is
the spectral signature of the DNA UV absorption, detected
for immobilized DNA at the single monolayer level (Pinto
et al. 2022). This confirms the high sensitivity of the dif-
ference spectra analysis in highlighting UV—-Vis molecular
absorption down to the monolayer, as previously reported

Fig.3 a dA and b dvy differ- a)

for monolayers of Cytochrome ¢ on gold (Toccafondi et al.
2011).

Platform response at different target concentrations

Once assessed the main features of the SE difference spectra
of the hybrid DNA/gold interface, we characterized the sens-
ing platform by studying the optical response of the interface
to hybridization as a function of the target concentration.
Representative A and Sy spectra obtained after exposure
of the mixed HS-p-CoV2/MCH SAM to 25 nM, 100 nM and
1 uM solutions of t-CoV?2 for 1 h are reported in Fig. 3a, b.
As expected, increasing the target concentration produces
increasingly larger downward shifts of A and increases
of dy around 400 nm, while no Sy changes occur in the
NIR region. Since the A decrease in the NIR is larger than
the y increase around 400 nm (Fig. 3a, b), we focussed on
the analysis of 6A at 800 nm to quantitatively measure the
interface optical response to the target sequence. Exploiting
the regeneration of the sensing platform via alkaline rinsing
(see SI, Fig.S2), for each sample we performed cycles of
hybridization/dehybridization experiments at different target
concentrations. To standardize the procedure, a fixed incu-
bation time of 1 h was chosen for all target concentrations.
The resulting hybridization binding curve is shown in
Fig. 3c. dA values calculated as the difference between
A @880 nm measured after hybridization and A@880 nm
measured on the HS-p-CoV2/MCH SAM were plotted ver-
sus t-CoV2 concentration (ranging from 1 nM to 5 uM). The
binding affinity curve characterizes the sensing response of

ence spectra referred to the gold
substrate after the deposition
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ent concentrations of t-CoV2,
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the platform. At a concentration larger than 500 nM, the
system reaches saturation, while the Limit of Detection
(LOD) concentration is around 16 nM (see SI3, Fig.S3).
Langmuir-Hill equation was fitted to the sigmoidal data dis-
tribution (Finlay et al. 2020) obtaining a dissociation con-
stant K= (70 + 10) nM, corresponding to an association
constant K, =(1.43 +0.16)-10’ M~!. These values are in
good agreement with results reported in literature for simi-
lar systems (Kambhampati et al. 2001; Nelson et al. 2001;
Peterson et al. 2002; Li et al. 2007; White et al. 2015; Botti
et al. 2023). In a SPR imaging study, an association constant
of 1.8 10’ M~! was obtained for 18-mer DNA strands (Nel-
son et al. 2001), while a K, of 6 107 M~! was obtained for
25-mer DNA strands (Peterson et al. 2002). Nielsen and co-
workers (Kambhampati et al. 2001) report K, =4 10’ M~
for 15-mers attached to a dextran matrix.

SE selectivity

Once verified the recognition capability for the target
sequence, we assessed the selectivity of the system for the
RdRp-Helicase sequence of SARS-CoV-2 by exposing the
platform to the same sequence of another virus of the coro-
navirus family, namely the HKU SARS-CoV, which displays
10 mismatches compared to the corresponding SARS-CoV-2
sequence. The mixed HS-p-CoV2/MCH SAM was exposed
to the t-HKU sequence following the same incubation pro-
tocol used for the experiments reported in Fig. 2a, b (1 h
incubation in 1 pM t-HKU solution). The resulting A and
O static spectra (Fig.S4) show no changes upon exposure to
t-HKU pointing to a good selectivity of the sensing platform.

To further test the system’s capability to discriminate
between target and non-target sequences in crowded envi-
ronments, the sensing platform was exposed to a mixture of
t-CoV2 and t-HKU sequences. The resulting static difference
spectra (not shown) indicate that the competitive presence of
the non-target sequence does not affect the platform optical
response. This is further evidenced by dynamic measure-
ments as reported in Fig. 4. 8A values measured at 800 nm
during incubation in a “pure” solution of t-CoV2 at differ-
ent concentrations (1 pM and 100 nM, dark and light green
curves) and in a mixture of t-CoV2 and t-HKU sequences
are reported in Fig. 4. In the mixture, t-CoV2 concentration
was changed from 1 pM to 100 nM (dark and light brown
curves), while t-HKU concentration was kept constant at
1 pM. This leads to the exposure of the platform to a solution
that contains the non-target sequence at a concentration up
to 10 times the concentration of the target sequence. None-
theless, both in this case and for the equal concentration
of target and non-target, the system response was similar
to the response of a pure target solution. This points out
that the presence of non-target sequences does not affect
the detection of the target sequence, even when the former
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Fig.4 Dynamics of AS@800 nm starting from the MCH level
(blue curve), exposing the system to a 1 pM solution of the non-
target sequence t-HKU (yellow curve), a 1 pM solution of the target
sequence t-CoV2 (dark green curve), a mixture of t-CoV2 and t-HKU
both at 1 pM (brown curve), a 100 nM solution of t-CoV2 (light
green curve), and a mixture of t-CoV2 100 nM and t-HKU at 1 pM
(orange curve). Incubation in NaOH 1 M for platform regeneration
is reported in black. A horizontal curve highlights the zero level to
which the system goes back after every dehybridization

is in excess. Dynamic measurements provide further infor-
mation on the kinetics of hybridization; as exemplified by
the comparison of hybridization measurements in 100 nM
and 1 uM target concentration (Fig. 4), slower hybridization
rates are observed at lower target concentrations, as reason-
ably expected. This aspect will be further investigated in
future studies.

HKU platform

To further characterize the selectivity of the sensing plat-
form, we performed complementary measurements by
immobilizing the probe sequence for HKU (HS_p-HKU)
on the surface and exposing it to its target sequence t-HKU
and to the SARS-CoV-2 target. The resulting static differ-
ence spectra are reported in Fig. 5. The target sequence
hybridizes with the immobilized probe resulting in a verti-
cal quasi-rigid shift in A and an increase around 400 nm
in Oy (green curve, obtained upon exposure to 1 pM t-HKU
solution), while the exposure to t-CoV2 1 uM solution does
not produce significant changes in the difference spectra
(pink curve).

The possibility to implement the sensor platform for
different target sequences, while maintaining selectivity
even for sequences with a limited number of mismatches,
supports its potential for multiplex targeting of different
sequences.

It is interesting to note some differences between the
static spectra obtained on the CoV-2 and HKU platforms.
Focusing on the NIR region, where the decrease in A is
related to the increase of the film optical thickness, the

@ Springer



European Biophysics Journal

Fig.5 Difference spectra in a) 0.0
a dA and in b dy referred to 0.4l — ’\HA%_I_‘p—HKU
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representative spectra of the CoV-2 platform (Fig. 2a) show
a larger decrease in A after the deposition of probe DNA
compared to the HKU platform. On the other hand, the
decrease in A following the deposition of MCH is greater in
the HKU case than in the CoV-2 case.

This observation can be tentatively ascribed to the differ-
ent propensity of the probe sequences of CoV-2 and HKU
to form loops. In fact, DNA secondary structure predictions
(see SIS5) suggest that the HKU probe a greater tendency
to form loops. As a consequence, a larger molecular foot-
print is expected for the HKU probe, potentially leading to
a lower surface density compared to the CoV-2 probe. If
fewer p-HKU molecules occupy binding sites on the gold
surface, more sites would remain available for MCH chem-
isorption, leading to a more extensive reorganization of the
self-assembled monolayer (SAM) upon MCH insertion. This
could have two main effects. Regarding A, it may result in a
slightly lower optical thickness for HS-p-HKU and a more
pronounced decrease in A for the mixed film in the HKU
platform. Regarding 8'¥, above 500 nm, the p-HKU alone
appears to exhibit slightly negative values, less negative than
for the p-CoV2, while MCH chemisorption seems to lead to
a noticeable decrease in &¥. Further investigations, combin-
ing SE with AFM and QCM-D, will be necessary to validate
this analysis.

Conclusions

We characterized a DNA/gold interface specifically designed
for the targeting of a SARS-CoV-2 sequence, the RdARp/Heli-
case sequence. To this end, we leveraged previous analysis
of a hybrid DNA/gold interface assembled using a model
22-mer nucleotide sequence.

The target detection is operated through the acquisition
of broadband SE spectra, which are analysed through a dif-
ference spectra approach to enhance the contribution of the
ultrathin organic layer. Broadband difference spectra from
UV to NIR allowed to monitor the step-by-step changes
occurring at the interface from the deposition of the probe
sequence to the insertion of the molecular spacer, the two
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steps that define the sensing platform, and finally to the
exposure to the target sequence, resulting in hybridization.
The UV region shows the fingerprint of the DNA absorption
around 260 nm, while the decrease of SA in the NIR region
and the increase of &y around 400 nm are related to the
increase of the film optical thickness following each depo-
sition step. For each wavelength, A and y dynamic scans
were acquired to monitor molecular deposition in real time.

The interface optical response was measured as a func-
tion of the target concentration. The binding affinity curve
derived from the 8A values at 800 nm measured after
hybridization as a function of the target concentration was
analysed with a first-order Langmuir model, retrieving a dis-
sociation constant K= (704 10) nM, in agreement with the
results reported in literature for similar systems.

Static and dynamic measurements proved that the inter-
face selectively targets the SARS-CoV-2 sequence vs the
same sequence of SARS-CoV HKU, a previous coronavirus.
The detection efficiency is preserved in a crowded environ-
ment containing an excess of HKU sequence.

Similar experiments, conducted on a SARS-CoV HKU
platform, demonstrated the selective targeting of t-CoV
HKU vs t-CoV2. The possibility to target different sequences
paves the way for the parallel detection of different oligo-
nucleotides. Indeed, future studies are planned to integrate
AFM nanolithography with SE imaging to enable parallel
optical detection of multiple sequences by interrogating
arrays of AFM-grafted platforms functionalized with dif-
ferent p-DNAs. The parallel detection of viral sequences that
are highly conserved across different SARS-CoV?2 variants,
such as the RdRp-helicase region, and sequences that are
mutated in the different variants, such as sequences related
to the receptor binding domain of the spike protein, could
enable the differential identification of the distinct SARS-
CoV2 variants.

The ability to target different sequences by simply modi-
fying the probe design makes the platform very versatile
and highly adaptable for multiplex detection. This feature is
particularly useful for applications such as screening viral
sequences in infectious disease diagnostics or identifying
miRNA sequences dysregulated in pathological conditions.
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tary material available at https://doi.org/10.1007/s00249-025-01787-3.

Acknowledgements Financial support from Universita degli Studi
di Genova and the Italian Ministry of Education (grant RBAP-
11ETKA-005) is acknowledged. This work was performed under the
project “Dipartimenti di Eccellenza 2018-2022” of the Italian Ministry
of Education. P.C. and M.C. are not relatives.

Author contributions Conceptualization, O.C. and M.C.; methodology,
0.C. and M.C.; formal analysis, S.M.C.R.; P.C, S.D.; funding acquisi-
tion, O.C. and M.C.; investigation, S.M.C.R.; data curation, SM.C.R.,
P.C., S.D.; writing—original draft preparation, O.C., S.M.C.R.; writ-
ing—review and editing, SM.C.R., P.C., M.C., and O.C.; visualization,
S.M.C.R. and P.C.; supervision, O.C. All authors have read and agreed
to the published version of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Genova within the CRUI-CARE Agreement.

Data availability The data presented in this study are available from
the corresponding authors upon request.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Botti V, Lavecchia di Tocco F, Cannistraro S, Bizzarri AR (2023)
Hybridization Kinetics of miR-155 on gold surfaces as investi-
gated by surface plasmon resonance and atomic force spectros-
copy. ACS Omega 8:38941-38949. https://doi.org/10.1021/acsom
ega.3c03318

Canepa M, Maidecchi G, Toccafondi C, Cavalleri O, Prato M, Chaud-
hari V, Esaulov VA (2013) Spectroscopic ellipsometry of self
assembled monolayers: interface effects. The case of phenyl sele-
nide SAMs on gold. Phys Chem Chem Phys 15:11559-11565.
https://doi.org/10.1039/c3cp51304a

Chan JF-W, Yip CC-Y, To KK-W, Tang TH-C, Wong SC-Y, Leung
K-H, Fung AY-F, Ng AC-K, Zou Z, Tsoi H-W, Choi GK-Y, Tam
AR, Cheng VC-C, Chan K-H, Tsang OT-Y, Yuen K-Y (2020)
Improved molecular diagnosis of COVID-19 by the novel, highly
sensitive and specific COVID-19-RdRp/Hel real-time reverse
transcription-PCR assay validated in vitro and with clinical speci-
mens. J Clin Microbiol. https://doi.org/10.1128/JCM.00310-20

Chen G, Chen W, Xu L, Jin H, Sun W, Lan J, Wu F, Zhang X, Zhang J,
Chen J (2022) Sensitive, highly stable, and anti-fouling electrode
with hexanethiol and poly-A modification for exosomal micro-
RNA detection. Anal Chem 94:5382-5391. https://doi.org/10.
1021/acs.analchem.2c00069

Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK,
Bleicker T, Briinink S, Schneider J, Schmidt ML, Mulders DG,
Haagmans BL, van der Veer B, van den Brink S, Wijsman L,
Goderski G, Romette J-L, Ellis J, Zambon M, Peiris M, Goossens

H, Reusken C, Koopmans MP, Drosten C (2020) Detection of
2019 novel coronavirus (2019-nCoV) by real-time RT-PCR. Euro
Surveill 25:2000045. https://doi.org/10.2807/1560-7917.ES.2020.
25.3.2000045

Espinosa JR, Galvan M, Quifiones AS, Ayala JL, Avila V, Durén SM
(2021) Electrochemical resistive DNA biosensor for the detec-
tion of HPV type 16. Molecules 26:3436. https://doi.org/10.3390/
molecules26113436

Feng X-Q, Su Y-N, Li Q, Jin Z-G, Wang M, Hu X-L, Zou L, Ju Y, He
X-P, Ye B-C (2025) Construction of a self-assembled duplexed
aptasensor for the simultaneous detection of haemoglobin and
glycated haemoglobin. Sens Diagn 4:166-170. https://doi.org/10.
1039/D4SD00303A

Finlay DB, Duffull SB, Glass M (2020) 100 years of modelling ligand—
receptor binding and response: a focus on GPCRs. Br J Pharmacol
177:1472—-1484. https://doi.org/10.1111/bph.14988

Hua Y, Ma J, Li D, Wang R (2022) DNA-based biosensors for the
biochemical analysis: a review. Biosensors 12:183. https://doi.
org/10.3390/bios 12030183

Jones MR, Seeman NC, Mirkin CA (2015) Programmable materials
and the nature of the DNA bond. Science 347:1260901. https://
doi.org/10.1126/science.1260901

Kambhampati D, Nielsen PE, Knoll W (2001) Investigating the kinetics
of DNA-DNA and PNA-DNA interactions using surface plasmon
resonance-enhanced fluorescence spectroscopy. Biosens Bioel-
ectron 16:1109-1118. https://doi.org/10.1016/S0956-5663(01)
00239-1

Lao R, Song S, Wu H, Wang L, Zhang Z, He L, Fan C (2005) Electro-
chemical interrogation of DNA monolayers on gold surfaces. Anal
Chem 77:6475-6480. https://doi.org/10.1021/ac050911x

Li D, Zou X, Shen Q, Dong S (2007) Kinetic study of DNA/DNA
hybridization with electrochemical impedance spectroscopy. Elec-
trochem Commun 9:191-196. https://doi.org/10.1016/j.elecom.
2006.08.053

Love JC, Estroff LA, Kriebel JK, Nuzzo RG, Whitesides GM (2005)
Self-assembled monolayers of thiolates on metals as a form of
nanotechnology. Chem Rev 105:1103-1170. https://doi.org/10.
1021/cr0300789

Meng H-M, Liu H, Kuai H, Peng R, Mo L, Zhang X-B (2016) Aptamer-
integrated DNA nanostructures for biosensing, bioimaging and
cancer therapy. Chem Soc Rev 45:2583-2602. https://doi.org/10.
1039/C5CS00645G

Nelson BP, Grimsrud TE, Liles MR, Goodman RM, Corn RM (2001)
Surface plasmon resonance imaging measurements of DNA and
RNA hybridization adsorption onto DNA microarrays. Anal Chem
73:1-7. https://doi.org/10.1021/ac0010431

Peterson AW, Wolf LK, Georgiadis RM (2002) Hybridization of mis-
matched or partially matched DNA at surfaces. ] Am Chem Soc
124:14601-14607. https://doi.org/10.1021/ja0279996

Pinto G, Parisse P, Solano I, Canepa P, Canepa M, Casalis L, Cav-
alleri O (2019) Functionalizing gold with single strand DNA:
novel insight into optical properties via combined spectroscopic
ellipsometry and nanolithography measurements. Soft Matter
15:2463-2468. https://doi.org/10.1039/C8SM02589D

Pinto G, Canepa P, Canale C, Canepa M, Cavalleri O (2020) Morpho-
logical and mechanical characterization of DNA SAMs combin-
ing nanolithography with AFM and optical methods. Materials
13:2888. https://doi.org/10.3390/mal13132888

Pinto G, Dante S, Rotondi SMC, Canepa P, Cavalleri O, Canepa M
(2022) Spectroscopic ellipsometry investigation of a sensing
functional interface: DNA SAMs hybridization. Adv Mater Inter
9:2200364. https://doi.org/10.1002/admi.202200364

Prato M, Moroni R, Bisio F, Rolandi R, Mattera L, Cavalleri O, Canepa
M (2008) Optical characterization of thiolate self-assembled
monolayers on Au(111). J Phys Chem C Nanomater Interfaces
112:3899-3906. https://doi.org/10.1021/jp711194s

@ Springer


https://doi.org/10.1007/s00249-025-01787-3
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1021/acsomega.3c03318
https://doi.org/10.1021/acsomega.3c03318
https://doi.org/10.1039/c3cp51304a
https://doi.org/10.1128/JCM.00310-20
https://doi.org/10.1021/acs.analchem.2c00069
https://doi.org/10.1021/acs.analchem.2c00069
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.3390/molecules26113436
https://doi.org/10.3390/molecules26113436
https://doi.org/10.1039/D4SD00303A
https://doi.org/10.1039/D4SD00303A
https://doi.org/10.1111/bph.14988
https://doi.org/10.3390/bios12030183
https://doi.org/10.3390/bios12030183
https://doi.org/10.1126/science.1260901
https://doi.org/10.1126/science.1260901
https://doi.org/10.1016/S0956-5663(01)00239-1
https://doi.org/10.1016/S0956-5663(01)00239-1
https://doi.org/10.1021/ac050911x
https://doi.org/10.1016/j.elecom.2006.08.053
https://doi.org/10.1016/j.elecom.2006.08.053
https://doi.org/10.1021/cr0300789
https://doi.org/10.1021/cr0300789
https://doi.org/10.1039/C5CS00645G
https://doi.org/10.1039/C5CS00645G
https://doi.org/10.1021/ac0010431
https://doi.org/10.1021/ja0279996
https://doi.org/10.1039/C8SM02589D
https://doi.org/10.3390/ma13132888
https://doi.org/10.1002/admi.202200364
https://doi.org/10.1021/jp711194s

European Biophysics Journal

Ravan H, Kashanian S, Sanadgol N, Badoei-Dalfard A, Karami Z
(2014) Strategies for optimizing DNA hybridization on surfaces.
Anal Biochem 444:41-46. https://doi.org/10.1016/j.ab.2013.09.
032

Samiseresht N, Figueroa Miranda G, Das A, Graef K, Mayer D, Rabe
M (2025) Nano-phase separation and analyte binding in aptasen-
sors investigated by Nano-IR spectroscopy. Small 21:2409369.
https://doi.org/10.1002/sml11.202409369

Solano I, Parisse P, Gramazio F, Cavalleri O, Bracco G, Castronovo
M, Casalis L, Canepa M (2015) Spectroscopic ellipsometry meets
AFM nanolithography: about hydration of bio-inert oligo(ethylene
glycol)-terminated self assembled monolayers on gold. Phys
Chem Chem Phys 17:28774-28781. https://doi.org/10.1039/
C5CP04028K

Steel AB, Levicky RL, Herne TM, Tarlov MJ (2000) Immobilization
of nucleic acids at solid surfaces: effect of oligonucleotide length
on layer assembly. Biophys J 79:975-981. https://doi.org/10.1016/
S0006-3495(00)76351-X

Tewari A, Bjorkstrom K, Ghafari AM, Macchia E, Torsi L, Osterbacka
R (2023) Stability of thiol-based self-assembled monolayer func-
tionalized electrodes in EG-OFET-based applications. FlatChem
42:100553. https://doi.org/10.1016/j.flatc.2023.100553

Toccafondi C, Prato M, Maidecchi G, Penco A, Bisio F, Cavalleri O,
Canepa M (2011) Optical properties of yeast cytochrome ¢ mon-
olayer on gold: an in situ spectroscopic ellipsometry investigation.
J Colloid Interface Sci 364:125-132. https://doi.org/10.1016/j jcis.
2011.07.097

@ Springer

White SP, Dorfman KD, Frisbie CD (2015) Label-free DNA sens-
ing platform with low-voltage electrolyte-gated transistors. Anal
Chem 87:1861-1866. https://doi.org/10.1021/ac503914x

Wong ELS, Chow E, Gooding JJ (2005) DNA recognition interfaces:
the influence of interfacial design on the efficiency and kinetics of
hybridization. Langmuir 21:6957-6965. https://doi.org/10.1021/
1a050725m

Xiao M, Lai W, Man T, Chang B, Li L, Chandrasekaran AR, Pei H
(2019) Rationally engineered nucleic acid architectures for bio-
sensing applications. Chem Rev 119:11631-11717. https://doi.
org/10.1021/acs.chemrev.9b00121

Zhai J, Cui H, Yang R (1997) DNA based biosensors. Biotechnol Adv
15:43-58. https://doi.org/10.1016/s0734-9750(97)00003-7

Zhang L, Zhang X, Feng P, Han Q, Liu W, Lu Y, Song C, Li F (2020)
Photodriven regeneration of G-quadruplex aptasensor for sensi-
tively detecting thrombin. Anal Chem 92:7419-7424. https://doi.
org/10.1021/acs.analchem.0c00380

Zhao Y, Yavari K, Wang Y, Pi K, Van Cappellen P, Liu J (2022)
Deployment of functional DNA-based biosensors for environmen-
tal water analysis. TrAC Trends Anal Chem 153:116639. https://
doi.org/10.1016/j.trac.2022.116639

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.ab.2013.09.032
https://doi.org/10.1016/j.ab.2013.09.032
https://doi.org/10.1002/smll.202409369
https://doi.org/10.1039/C5CP04028K
https://doi.org/10.1039/C5CP04028K
https://doi.org/10.1016/S0006-3495(00)76351-X
https://doi.org/10.1016/S0006-3495(00)76351-X
https://doi.org/10.1016/j.flatc.2023.100553
https://doi.org/10.1016/j.jcis.2011.07.097
https://doi.org/10.1016/j.jcis.2011.07.097
https://doi.org/10.1021/ac503914x
https://doi.org/10.1021/la050725m
https://doi.org/10.1021/la050725m
https://doi.org/10.1021/acs.chemrev.9b00121
https://doi.org/10.1021/acs.chemrev.9b00121
https://doi.org/10.1016/s0734-9750(97)00003-7
https://doi.org/10.1021/acs.analchem.0c00380
https://doi.org/10.1021/acs.analchem.0c00380
https://doi.org/10.1016/j.trac.2022.116639
https://doi.org/10.1016/j.trac.2022.116639

	Optical label-free detection of SARS-CoV-2: investigating platform spectroscopic properties for oligonucleotide targeting
	Abstract
	Introduction
	Material and methods
	Materials and chemicals
	Sample preparation
	Spectroscopic ellipsometry

	Results and discussion
	SE static spectra
	Platform response at different target concentrations
	SE selectivity
	HKU platform

	Conclusions
	Acknowledgements 
	References


