ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;HEm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 3

COMMUNICATION

ChemComm

www.rsc.org/chemcomm | Chemcomm

o

15}

@

S

a

S

&

S

kol

=}

Ultrasensitive Aptamer-based SERS Detection of Cancer Biomarker by
Heterogeneous Core-Satellite Nanoassemblies

Wei Ma”, Honghong Yin*, Liguang Xu”, Xiaoling Wu, Hua Kuang”, Libing Wang, Chuanlai Xu”

Received (in XXX, XXX) Xth XXXXXXXXX 201X, Accepted Xth XXXXXXXXX 201X

First published on the web Xth XXXXXXXXX 201X
DOI: 10.1039/b000000x

An ultrasensitive method for surface enhanced Raman
scattering (SERS) detection of prostate-specific antigen (PSA)
was established based on the aptamer directed core-satellite
nanostructures. A limit of detection (LOD) of 4.8 aM for PSA
was obtained.

Cancer is a major disease with high mortality, therefore it is
very important to achieve an early and sensitive diagnosis to
prevent cancer progression. The detection of tumor markers in
patient samples is an effective diagnostic method and can lead to
treatment of the disease 1. Prostate-specific antigen (PSA), 33-
34 KDa glycoprotein, is an organ-specific biomarker, which is
found in both normal and diseased prostate cells *°. The normal
cut-off value for PSA level is below 4 ng mL™ in serum, and PSA
levels above the cut-off value are generally thought to be
associated with prostate cancer ® 7. Thus, PSA detection is a
critical approach in the diagnosis of prostate cancer.

A large number of methods have been developed for PSA
detection, including enzyme-linked immunosorbent assays,
electrochemical assays, radioimmunoassay, SERS and etc., are
based on the immuno-interaction®*3, However, the preparation of
antibodies are difficult, expensive and time consuming, and the
stability of antibodies is limited for use over a long period.
Aptamers are artificial single-strand DNA or RNA screened by
systematic evolution of ligands via exponential enrichment ** *°,
Due to their high affinity to targets, aptamers are regarded as
nucleic acid analogues of antibodies’®*®. Compared with
antibodies, chemically synthesized aptamers have numerous
advantages, including thermal stability, reusability and easily
modificiation, which make them comparable to antibodies ** %,

SERS is a promising technique for bio-sensing detection
The characteristic spectral signals arise from Raman reporters
adsorbed on the surface of SERS substrates, and the enhanced
intensity is largely attributed to the high electromagnetic
enhancement in narrow gaps between metal nanoparticles (NPs)
233 Importantly, silver NPs showed higher SERS enhancement
than gold NPs, which were mostly used as substrates for SERS .
Furthermore, strongly plasmonic coupled assemblies are perfect
candidates for SERS probes ¥ %,

We designed a novel core-satellite structure comprised of a 17
nm diameter gold core/10 nm thick silver shell NPs (Au@Ag
NPs) as core NP and 10 nm diameter Au NPs as satellite NPs.
Gandra et al reported core-satellite structures assembled by Au
NPs, and demonstrated that these structures had intense
electromagnetic hot-spots and are ideal SERS substrates®. To
further improve the SERS signal, gold nanorods were coated with
Ag shell as SERS substrates ®. In addition, these Ag coated NPs
had excellent monodispersity, a consistent shape, and solved the
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complementary DNA were used to assemble core-satellite
nanostructures. As shown in Scheme 1, the aptamer modified
core NP combined with the complementary DNA coupled to
satellite NPs in the absence of PSA. Following the addition of
PSA, the aptamer bound the PSA, resulting in the release of
satellite NPs from the core NP. The SERS intensity had a direct
relationship with the number of satellite NPs around core NP.
Therefore, the higher the concentration of PSA, the weaker the
Raman intensity. Furthermore, the concentration of PSA could be
quantified by the SERS signal.
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Scheme 1 Scheme of the method for PSA detection based on the
aptamer directed core-satellite assemblies.

10 and 17 nm diameter Au NPs were synthesized by the
reduction of HAuCl, using different amounts of trisodium citrate
according to a previously published method®. 37 nm diameter
Au@Ag NPs were synthesized according to the study by Suh®,
which were selected as the SERS substrates and the transmission
electron microscopy (TEM) images and ultraviolet-visible (UV-
Vis) absorption spectra are shown in Fig. S1 and S2. The
modification of DNA onto the NPs was according to the previous
method developed by our groups. Core and satellite NPs were
functionalized with the apatamers and complementary DNA,
respectively. Compared to the bare NPs, the hydrodynamic size
of the DNA-modified NPs increased, which demonstrated that
DNA was successfully conjugated to the surface of the particles
and could be used for the subsequent assembly (Fig. S3). The
detailed sequences of the DNA were as follows: Aptamer: 5°-SH-
(T)10-ATTAAAGCTCGCCATCAAATAGCTGC-3,
Complementary DNA: 5°-SH-(T);,-GCAGCTATTT-3.

For the assembly of core-satellites nanostructures, 50 uL of
core NPs was mixed with 50 pL of satellite NPs in 0.01 M Tris-
HCI buffer (50 mM NaCl, 5 mM KCI, 5 mM MgCl,, pH 7.4).
After gentle shaking for several minutes, 1 pL of PSA with
various concentrations were respectively added to the solutions,
resulting in final concentrations of 0, 0.01, 0.05, 0.1, 0.5, 1, 2 and
5 fM. The solutions were then incubated for approximately 8 h at

s room temperature to form the core-satellite assemblies. Then, 1
uL of Raman reporters (4-nitrothiophenol, 4-NTP) with final
concentration of 2 pM was added. Finally, these samples were

ss difficult synthesis of larger Ag NPs with homogeneous size.
In this study, the aptamer specific to PSA and its partial
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analyzed by TEM, DLS, UV-Vis and Raman Spectra.
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Fig. 1 (A) Statistical analysis of number of satellite NPs around
core NP with PSA various concentrations; calculated maps of E-

s field on the surface of assemblies with eleven (B), eight (C) and
two (D) satellite NPs.

At different concentrations of PSA, the representative TEM
images are shown in Fig. S4. The sample without PSA had the
highest assembly efficiency, and the satellite NPs were

10 completely surrounding core NP. The size of the assembly
improved significantly compared with the individual NPs (Fig.
S5). With increase the concentration of PSA, the satellite NPs
around the core NP decreased gradually. These results were also
demonstrated by the statistically average number of Au NPs

s around the Au@Ag NPs using the TEM images at PSA
concentrations of 0, 0.01, 0.05, 0.1, 0.5, 1, 2 and 5 fM (Fig. 1A).
The average number of satellite NPs decreased with increased
PSA concentration (Fig. 1A and S6).
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2 Fig. 2 (A) SERS spectra of 4-NTP in the range of 0-5 fM of PSA.
(B) The linear relationship between the concentrations of PSA
and the Raman intensity.
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To estimate the change in diameter of the core-satellite
assemblies, the hydrodynamic sizes of these assemblies at
25 different PSA concentrations were measured using DLS. The
typical size distribution of the core-satellite structures is shown in
Fig. S7. Following the addition of PSA concentrations ranging
from 0 to 5 fM, the size of the assemblies gradually decreased.
The change in core-satellite size distribution strongly indicated
s that the bound of PSA with the aptamer led to the release of
satellite NPs from the surface of the core NP. However, the UV-
Vis signals at 519 nm and 420 nm showed no obvious change
(Fig. S8).
Under optimized conditions, the sensitivity of this sensor was
35 estimated by SERS signals at different PSA concentrations. The
SERS intensity of 4-NTP was significantly improved with
decreased PSA, which corresponded to the increased assembly of
core-satellites. The SERS intensity arose from the total E-field
enhancement, which was demonstrated by the surface E-field
a0 simulations (Fig.1C-D). When Au NPs numbers increased, the
total E-field increased correspondingly. And then, the
characteristic SERS peak of 4-NTP at 1334 cm™ was used to
quantify the concentration of PSA. As shown in Fig. 2A, the
SERS intensity decreased with increased PSA concentrations.
ss The standard curve of PSA detection with an excellent correlation
R? of 0.9938 was obtained by the SERS signals at 1334 cm™ in
the range of 0.01 to 5 fM, and the LOD was calculated to be 4.8
aM (Fig. 2B). Note that the LOD was calculated without PSA
giving SERS signal at least three times higher than background.
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Fig.3 (A) SERS intensity of different substrate interferences
based on core-satellite sensors; (B) Correlation ship of original
plus spiked PSA concentration (blue symbols) and PSA
concentration profiles detected by this developed method (red

s5 symbols) the in serum.

To confirm the specificity of this method, the SERS intensity,
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in the presence of substrate interference (e.g. human serum
albumin (HSA) with different concentrations, ionic strength and
electrolyte), was evaluated. As shown in Fig.3A and Fig. S10, the
Raman intensity at 1334 cm™ showed no obvious variation with
these substrate interference, which confirmed that the PSA
specific aptamer did not interact with HSA and plasmonic core-
satellite assemblies could not be affected by these substrate
interference. Therefore, this method had excellent specificity for
the detection of PSA.

The reliability of this sensor was examined by the analysis of
PSA in a complex biological matrix, such as serum, which was
obtained from the Second Hospital in Wuxi, P.R.C. The samples
were diluted to various concentrations including 2.5, 1.8, 1.2, 0.9,
0.5 and 0.2 fM, and were detected by the sensor. As shown in
Table S1 and Figure 3B, the recovery was in the range of 95.6%-
98.7% to indicate that the sensor was feasible to withstand
interferences from multiple substrates present in serum, which is
promising for clinical applications

In summary, an ultrasensitive method for PSA detection,
utilized the aptamer directed core-satellite assemblies with the
strong SERS effect, was developed using SERS signals. As
increasing the concentration of PSA, the number of satellite NPs
around core NP showed a corresponding decrease, which reduced
the SERS signal. This developed method for PSA detection can
achieve the LOD of 4.8 aM. This method has significant
specificity and practicability, and could be used as a promising
technology for the analysis of real samples.
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