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Abstract We describe nanotags suitable for both surface
enhanced Raman scattering (SERS) and fluorescence de-
tection and imaging. A fluorescently-labeled aptamer con-
jugated to gold-silver nanorods used for specific and sen-
sitive detection of cervical cancer. NRs with different Au-
Ag ratios were synthesized. The Raman reporter 4-
aminothiophenol and fluorescently-labeled aptamers were
assembled on the surface of NRs via a layer-by-layer pro-
cess. The fluorescence and SERS signals can be generated
independently using different excitation wavelengths,
which can avoid the disturbance from each other. The
nanotags were proven to be specific to the human protein
tyrosine kinase-7 (PTK-7) expressed on Hela (cervical
cancer) cells through aptamer-protein interaction. The
binding of aptamers towards their targets induced the as-
sembly of nanotags on the cell surface, resulting in strong
fluorescence and SERS signals. However, the controls,
randomized sequence oligonucleotide conjugated NRs,
showed no detectable signal. Fluorescence and SERS
mapping images were also performed to confirm targeting
ability of the nanotags on the target cell membrane. The
success of this method extends the feasibility of the dual

mode nanotags for highly sensitive and specific cancer
diagnostic.
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Introduction

The demand for specific and accurate cancer screening has
driven the development of novel diagnostic probes having
high selectivity and sensitivity. In the design of such a probe,
one single system that combines precise molecular recogni-
tion units, providing selectivity, and the signal transduction
moieties, reflecting sensitivity, is very desirable. Recently, li-
gands termed aptamers, which are single-stranded oligonucle-
otides, have been isolated and identified for such specific can-
cer cell recognition [1]. They are generated from an in vitro
selection process called Systematic Evolution of Ligands by
Exponential enrichment (SELEX) [2, 3]. Aptamers rival anti-
bodies for molecular recognition due to their reproducible
synthesis, easy manipulation, and good stability against bio-
degradation, making them promising candidates as targeting
moieties for biosensor applications.

The sensitivity of the targeting probe is also directly related
to the transduction of the target-probe interaction into the
reporting signal. During the past decades, several optical mea-
surements including fluorescence, surface plasmon resonance
(SPR), and colorimetry have been employed for performing
molecular detection. Among these, fluorescence based tech-
nique has attracted most attention for cancer cells targeting
and imaging due to advantages in fast readout, easy operating,
and real-time tracking. As a consequence, various types of
probes, especially fluorescent nanoparticles and materials,
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have been continuously used as signal transduction tools
for biomedical research and disease diagnostic [4].
Alternatively, Surface enhanced Raman scattering (SERS)
has been recently explored as a new platform for highly sen-
sitive molecular targeting and imaging due to advantages in
richness of spectroscopic information together with high spa-
tial resolution [5]. The unique “finger print” Raman spectra of
particular molecules not only provide the identification and
quantitation of specific targets but also allow the multiplex
detection [6–8]. In has been reported that a remarkable surface
enhance effect can be achieved when Raman molecules are in
close proximity to roughened metallic substrate in nanometer-
scale. To date, new metallic nanoparticles including nanostars
[9], Au/Ag core shell NPs [10], and gold nanorods (GNRs)
[11, 12] have been reported as material used for SERS en-
hancement. GNRs provide a novel type of SERS substrate
due to their strong light absorption and scattering [13, 14] with
two surface plasmon absorption bands: a short wavelength
due to transverse electron oscillation, and a long wavelength
in NIR region derived from longitudinal electron oscillation.
The long wavelength band, tuned by changing the aspect ratio,
can be tailored to overlap with the excitation source wave-
length to obtain maximum SERS enhancement for the detec-
tion of cancer biomarkers [15, 16]. Particularly, core-shell and
alloyed nanomaterial providing superior optical, and electron-
ic properties compare to their monometallic counterpart. It
was reported that Au-Ag bimetallic nanoparticles have pro-
vided stronger Raman signal than that of pure Au and Ag
nanoparticles as SERS substrate [17–19]. Hence, Au-Ag
NRs appear to be a new class of nanomaterial as a SERS
active substrate.

Although fluorescence and SERS have made impressive
progress in bioanalysis, they still suffer from some intrinsic
advantages. For example, the spectral overlapping of fluores-
cence has limited applications in multiplex analysis. While,
SERS requires long acquisition time and provides relatively
low spatial resolution for large area imaging, such as whole
cell analysis. We envisioned a dual mode detection system for
cellular analysis by integrating the fast imaging capability of
fluorescence with the multiplexing capability of SERS. In the
present work, we demonstrated the dual mode SERS and fluo-
rescence nanotags for specific targeting and imaging of the
target cancer cells. The nanotags consist of three main com-
partments; including 4-aminothiophenol (4-ATP) labeled Au-
Ag NRs designed for SERS signal generation, aptamers
served as the targeting ligands, and fluorophore labeled
aptamer for fluorescence imaging. Human cervical cells
(Hela cells) with overexpressed protein tyrosine kinase-7
(PTK-7) were used as the model of target cells. With the
molecular recognition between the aptamers and the target
proteins on the cell membrane, specific targeting ability of
the nanotags was realized. The experimental results revealed
that these dual mode probes are promising for use in specific

cell targeting and imaging. In addition, this multifunctional
platform may be further explored for perspective multiplex
detection.

Experimental

Reagents

Cetyltrimetylammonuim bromide (CTAB), gold (III) chloride
trihydrate (HAuCl4 ·3H2O, 99 %), sodium borohydride
(NaBH4, 98 %), silver nitrate (AgNO3, 99 %), ascorbic acid,
glycine, sodium hydroxide (NaOH), magnesium chloride
(MgCl2), D-(+)-glucose (99.5 %), and 4-aminothiophenol
(4-ATP) were obtained from Sigma-Aldrich (MO, USA,
http://www.sigmaaldrich.com). Dulbecco’s Phosphate-
Buffered Saline (DPBS) was purchased from Invitrogen
(NY, USA, http://www.invitrogen.com).

The oligonucleotides with high-pressure liquid chromatog-
raphy (HPLC) purification were purchased from Integrate
DNA technologies (Singapore, http://sg.idtdna.com). The
aptamer: sgc8c, 5′- ATC TAA CTG CTG CGC CGC CGG
GAA AAT ACT GTA CGG TTA GA-3′ was selected for
targeting Hela cell, while a library containing randomized
sequence of 41 oligonucleotide was used as a control. Both
of the oligonucleotides were labeled with 3′-thiol modifier
containing 10 thymine bases as a spacer and coupled with
fluorescein at the 5′ end.

Preparation of dual mode nanotags

Synthesis of gold-silver nanorods

Gold-silver nanorods (Au-Ag NRs) were synthesized accord-
ing to a slightly modified seed-mediated growth method de-
scribed previously [13, 20]. In aqueous media, CTAB solution
(0.2 M, 5.0 mL) was mixed with 5.0 mL of 0.5 mM HAuCl4.
The mixture solution was reduced at room temperature by
freshly-prepared 0.01 M NaBH4 (0.6 mL) under sonication
for 3 min, resulting in a brownish-yellow solution. This seed
solution was kept at room temperature for the next step.

The growth solution was prepared by mixing CTAB aque-
ous solution (0.2 M, 50.0 mL) with 1 mM HAuCl4 (50.0 mL)
and AgNO3 (4 mM, 0.25 mL). After gentle mixing, 0.0788M
ascorbic acid (0.7 mL) was added to the solution as a mild
reducing agent. The color of the solution was then changed
from yellow to colorless, indicating the formation of AuCl2

−

ions. The seed solution (0.12 mL) prepared previously was
added to the growth solution. The solution color gradually
changed to dark-pink over 30 min, indicating the formation
of AuNR seeds. For various aspect ratios of AuNR seeds,
different amount of AgNO3 (0.075mL or 0.125 mL) was used
for the preparation of growth solution. The AuNR seeds were
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further used for the next step without purification; noted that
the AuNR seed solutions still contained Ag and Au ions, as
well as ascorbic acid.

The AuNR seed solution (50.0 mL) was mixed with 0.2 M
glycine solution (50.0 mL, pH 8.0). The mixture was then
incubated at room temperature overnight without stirring to
form Au-Ag NRs. The Au-Ag NRs were recovered by centri-
fugation at 11,000 g for 10 min. The Au-Ag NRs were
washed three times using 0.5 mM CTAB to remove
unreacted reagents, and then resuspended in 0.5 mM
CTAB. The transverse and longitudinal absorption bands
of NRs were verified by a microplate reader (Power
wave XS2, Bio-Tek, USA) in a range of 400 to
900 nm with a step size of 2 nm. The sizes and energy
dispersive X-ray (EDX) spectra of the prepared Au-Ag
NRs were determined through transmission electron mi-
croscopy (TEM) analysis (TEM, JEM-2010, JEOL,
Japan).

Conjugation of raman reporters and fluorescently-labeled
aptamers

The nanotags were prepared by embedding Raman reporters,
4-ATP, onAu-Ag NRs surface. Briefly, the ten-fold dilution of
Au-Ag NR solution (100.0 mL) was gently mixed with 1 mM
4-ATP (8.0 mL) for 3 h at room temperature. The coated NRs
were then separated from the solution by centrifugation at 9,
000 g for 10 min and resuspended in 0.5 mM CTAB
(100.0 mL) and stored at room temperature. The solutions of
4-ATP coated NRs (1.0 mL) were washed by centrifu-
gation at 9,000 g for 10 min to remove excess CTAB
before aptamer conjugation, and resuspended in the final
CTAB concentration of 50.0 μM (1.0 mL). In order to
stabilize and functionalize the coated NRs, freshly-
prepared mPEG-SH solution (2.0 mM, 0.1 mL) was
added to the coated NRs suspension (1.0 mL). Subsequently,
10.0μL of 2.5 μM fluorescently-labeled aptamers were added
and the mixture was then incubated for 12 h at room temper-
ature. The prepared nanotags were purified by centrifugation
at 9,000 g for 5 min.

Cell culture and validation of specific targeting
by the nanotags

Hela cells were maintained in RPMI supplemented with 10 %
fetal bovine serum (FBS) and 100 IU/mL penicillin-
streptomycin under a humidified atmosphere (5 % CO2 and
37 °C). The cells were harvested using trypsin-EDTA and
washed with DPBS prior to usage. The cell density was then
determined using hemacytometer before performing any
experiments.

For the fluorescence imaging experiments, 5.0×104 Hela
cells were placed on each well of a 12-well plate. After 24 h of

incubation, the cells were washed with DPBS (pH 7.4) twice.
After washing, the nanotags (0.5 mL), which was dilut-
ed 1:5 in DPBS containing 0.1 % BSA was added, and
the cells were incubated on ice for 1 h. After incuba-
tion, the cells were rinsed in triplicated with DPBS pri-
or to fluorescence imaging.

For SERS spectral measurement and SERS mapping im-
ages, initially 5.0×105 Hela cells were seeded on a 22×
22 mm glass slip placed in a 6-well plate. After 24 h,
the cells were then rinsed with DPBS and immersed in
nanotags solution, which was diluted 1:5 in DPBS with
0.1 % BSA for 1 h. After washing with DPBS to re-
move the unbound nanotags, the cells were left for air-
dry before the SERS measurement.

Fluorescence and SERS measurement

Fluorescence experiments were performed using a fluo-
rescence microscope (Olympus IX71, Olympus, USA)
with a mercury lamp and a charge couple device
(CCD) detector. The cellular images were taken with a
20× objective and the fluorescence were excited at
488 nm (λex for fluorescein), and the emission was de-
tected at 525 nm (λem for fluorescein).

SERS spectral measurements were performed using a
Raman spectrometer (NT-MDT, Russia) equipped with an
inverted confocal microscope (Olympus IX71, Olympus,
USA). The systemwas connected with a CCD detector cooled
at −60 °C. A He-Ne laser operating at λ=633 nm was
used as an excitation source with a power of 3.3 mW.
The laser light was coupled through 100× objective lens
with a laser spot size at 333 nm. The system was cal-
ibrated with Raman signal from a standard silicon wafer
at 520 cm−1. The SERS spectra were obtained in a
range of 500–2000 cm−1 with the exposure time of
10 s and 12 accumulations. The Raman images of the
cells were obtained using Raman point-mapping method.
SERS mapping images were collected with a 0.15 μm
step size over the specific area of 25×25 μm with an
integration time of 1 s.

Results and discussion

Herein, we demonstrated the use of dual mode nanotags for
the target cells detection, which the outcome signals, fluores-
cence and SERS, can be generated by different excited wave-
lengths. The schematic illustration of the nanotags preparation
and detection of the target cell was depicted in Fig. 1. Initially,
the nanotags were prepared by embedding the Raman re-
porters, 4-ATP, on NRs surface followed by the conjugation
of fluorescently-labeled aptamers specific to the target cancer
cells. By using a NR as a scaffold, multiple fluorescein-
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labeled aptamers can be attached on the nanotags.
Consequently, the strong fluorescence signal can be generat-
ed, which is much higher than that of individual fluo-
rescence probe [21]. Moreover, when multiple nanotags
bind to their target cells through the specific interaction
between the aptamers and receptors on the cell mem-
brane, they act cooperatively to form clusters, thereby
inducing the coupling of electromagnetic fields. Such
strong collective electromagnetic fields lead to the enhance-
ment of SERS signals of the Raman reporter embedded on the
NRs indicating the binding event between the nanotags and
target molecules.

Choices of materials

To achieve strong detection signal for SERS biosensor, it is
necessary to design metallic substrate that can lead to maxi-
mum optical field, resulting in maximum Raman signal en-
hancement. Anisotropic geometries like triangles, cubes, stars,
and rods, provide advantages in producing concentrated field
at the tips; therefore, strong SERS signal can be generated
[22]. Nanorods (NRs) are one of materials that have been
extensively used as SERS active substrate. Due to their
anisotropic geometries, NRs exhibit two plasmon bands:
transverse band at the lower wavelength, and tunable
longitudinal band at near-infrared region. It is known
that gold nanoparticles are chemically stable, and their
size including shape are easily to be controlled during
the synthesis. However, gold exhibits low SERS activity
owing to their plasmon damping induced by gold
interband transition. Silver based-materials can provide
high SERS enhancement, conversely, the SERS performances
suffer from fast oxidation in ambient conditions. In order to

combine distinct properties of both materials, gold-silver
nanorods (Au-Ag NRs) have been synthesized and applied
in SERS based-sensing systems. It was previously demon-
strated that Au-Ag NRs structures can provided significant
higher SERS signal enhancement compared to that of pure
AuNRs when both attached with similar Raman reporter mol-
ecules [23]. Therefore, Au-Ag NRs have been selected as a
choice of material to fabricate nanotags for this study in order
to achieve intense SERS signal which can be translated into
high sensitivity.

Characterization of gold-silver NRs and the dual mode
nanotags

The Au-Ag NRs were synthesized by a modified seed-
mediated growthmethod using a surfactant, CTAB, as a build-
ing block. It was previously reported that by changing the
amount of AgNO3 solution used in the preparation of the
growth solution, the aspect ratio of NRs can be tuned [13].
Figure 2 demonstrated characteristic extinction spectra and
TEM images of NRs with three different aspect ratios. The
NRs were fabricated with the average width of 15±3 nm, and
the length ranging from 20 to 55±6 nm by considering at least
50 NRs for the individual aspect ratio. The increasing of
AgNO3 amount used in the preparation of AuNR seeds in-
duced the rising of NRs length resulting in the adjustment of
the aspect ratios from 1.5 to 3.5 and shifting of longitudinal
bands to the redshift. As seen in Fig. 2, the NRs with the
aspect ratio of 2.5 and 3.5 have a weak plasmon band at
510 nm and a strong longitudinal band at 690, and 780 nm,
respectively. It is interesting to note that when the aspect ratio
was reduced to 1.5, the NRs possess only one plasmon band
similar to spherical gold nanoparticles. In order to confirm the

Fig. 1 Schematic illustration of
the dual mode nanotag
preparation and target cell
detection
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presence of Au and Ag in the NRs, the EDX analysis was
performed. The results showed that all of the synthesized
NRs comprised of both Au and Ag (Fig. S1) with the ampli-
fied Ag content when the aspect ratio of NRs increased
corresponded to the previous study [20, 24].

After Au-Ag NRs synthesis, the Raman reporters, 4-ATP,
were absorbed on NRs surface through thiol-gold interaction
defined as 4-ATP-NRs, and the SERS spectra were then in-
vestigated. In the experiments, the laser at 633 nmwas used as
an excitation light with a power of 3.3 mWat the samples, and
the integration time of each measurement was 10 s. Figure 3
showed the SERS spectra of 4-ATP which were coated on the
surface of NRs. The observed spectra were dominated with
the a1 vibrational modes (in-plane, in-phase modes) at 1077
(ν(CS)), 1161 (δ(CH)), and 1587 (ν(CC)) cm−1 and the b2
modes (in-plane, out-of-phase modes) at 1381 and 1420 cm−1

(ν(CC+δ(CH)) [10, 25, 26]. The strong Raman signals are
ascribed to the enhancement from the localized electromag-
netic fields on metallic surface and charge transfer between
the metal to absorbed molecules. Here, the SERS signal of 4-
ATP-NRs with an aspect ratio of 2.5 was much stronger than
those of 4-ATP-NRs with aspect ratios of 1.5 and 3.5, respec-
tively (Fig. S2). The larger surface enhancement was attribut-
ed to a stronger electromagnetic enhancement due to the over-
lapping between plasmon resonance of the NRs and the exci-
tation source. As a result, the NRs with an aspect ratio of 2.5,
which has a longitudinal band overlapping with the laser ex-
citation wavelength at 633 nm, produces the highest SERS
signal. Similar phenomena were also observed previously

for 4-mercaptopyridine and methylene blue on NRs with dif-
ferent aspect ratios [16, 27]. Therefore, NRs with the aspect
ratio of 2.5 were further employed for the aptamer conjugation
and target cell detection.

In this study, fluorescein-labeled sgc8c aptamers specific to
the human protein tyrosine kinase-7 (PTK-7) expressed on
Hela cells [28] were conjugated to the NRs with the aspect
ratios of 2.5 after embedded with the Raman reporters, 4-ATP,
and defined as the nanotags, while random sequences which
had an equal number of bases and similar fluorescein labeling
were used as a control. The assembly of aptamers on NRs
surface was performed simply through thiol-gold interaction.
The thiol-tethered aptamer consists of four important compart-
ments: (1) the thiolalkane hydrocarbon, (2) the poly-Thymine
(T) bases as a spacer, (3) the recognition unit of aptamer, and
(4) the fluorescent entity. The first part is the hydrocarbon
containing a thiol unit that promotes the self-assembly of
aptamers onto NRs. The second part is a spacer that extends
the aptamers from the surface of NRs in order to avoid steric
hindrance of the target proteins interacting with the aptamers.
The third one is the ligand; in this case, the aptamer sgc8c,
which is used for the specific targeting the membrane proteins
of Hela cells. The last part is the fluorophore, fluorescein,
which uses to generate fluorescence signal. Furthermore, a
monolayer of additional PEG onto the NRs surface minimizes
aggregation of the nanotags and resists nonspecific binding in
physiological environments.

Figure 4 demonstrated the Raman spectrum of the 4-ATP
molecules and SERS spectra of layer-by-layer process of the
assembled-system. According to previous reports [15, 29],
CTAB and DNA have weak Raman signal intensity, however;
the Raman reporter, 4-ATP has a relatively strong signal. The

Fig. 2 a Surface plasmon absorption spectra of Au-Ag NRs, prepared by
a modified seed-mediated method, with different aspect ratio of 1.5, 2.5,
and 3.5. b TEM images of Au-Ag NRs with different aspect ratio of 3.5
(scale bar: 20 nm), 2.5 (scale bar: 20 nm), and 1.5 (scale bar: 10 nm)

Fig. 3 Raman spectra of different ratio of the nanotags. 1 mM 4-
aminothiophenol (4-ATP) was used as a Raman reporter
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Raman spectrum of 10 mM 4-ATP in ethanol (i) is dominated
at 1077, and 1587 cm−1 from the a1 vibrational modes (in-
plane, in-phase modes), however; the other vibrational modes
were not observed. The weak SERS signal of CTAB on NRs
(ii) around 1265 cm−1 was detected [15]. After embedding of
4-ATP onNRs surface (iii), the strong and rich SERS signal of
4-ATP-NRs was exhibited. The small peak shift compared to
the Raman spectrum of 4-ATP was noticed, which derived
from the interactions of 4-ATP with NRs or neighboring mol-
ecules. After subsequent attachment of aptamers to NRs coat-
ed with 4-ATP (iv), a similar pattern with relatively slight
shifts were observed with additional Raman shifts detected
at 668, 722, and 1330 cm−1 corresponding to DNA SERS
signal [29]. Nevertheless, the final nanotags still showed a
strong Raman intensity which is suitable for the further cellu-
lar studies.

Target cell detection by the dual mode nanotags

In order to demonstrate the application of such the dual mode
nanotags for specific targeting, Hela (cervical cancer) cell
which has high expression of PTK-7 on their surface was
chosen as a model. Fluorescein amidite (FAM)-labeled
sgc8c-nanotags were used as a target and random sequences-
nanotags with similar labeling were used as a control. It is well
known that gold nanoparticles (AuNPs) are often considered
as efficient quenchers when the fluorophore is directly
in contact with a metal surface due to nonradiative en-
ergy transfer from the excited state of the fluorophore to
the metal. However, in our case, the aptamers with 41

bases and poly T-bases placed a distance of more than
10 nm between the fluorophore and NRs. In addition,
a full coverage of NRs with well-packed PEG was also
helpful for stretching out the fluorophores away from
the metallic surface. Therefore, the distance extended
beyond the distance for efficient energy transfer, and
the undesired fluorescence quenching in these NR-
aptamer hybrids was minimized. Since our aptamers
were labeled with fluorescein, the wavelength of
488 nm was used as an excitation source with a 20×
objective lens. The binding between sgc8c-nanotags
and Hela cells was observed by a bright fluorescence
signal especially at the cell membrane indicating the
binding capability of the nanotags (Fig. 5a). However,
the control showed only minimal fluorescence signal as
a background (Fig. 5c). This result suggested that affin-
ity of the aptamer probe is maintained well after the
conjugation with NRs and such the nanotags can pro-
vide fluorescence mode of detection.

Afterward, the SERS detectionmodality of the nanotags was
investigated. In the present nanotags, Au-Ag NRs were applied
as the SERS substrates, and 4-ATP molecules were absorbed
onto the NRs to provide SERS signal. The sgc8c aptamers on
the nanotags can specifically bind to the PTK-7, which is
overexpressed on Hela cell surface with the density of
550±90 receptor μm−2 based on the previous fluores-
cence correlation spectroscopy (FCS) study [30]. The
high density of PTK-7 induced the accumulation of
the nanotags into close proximity on the cell surface.
It is known that the aggregate of metal nanoparticles
induces SERS enhancement due to the coupling of elec-
tromagnetic field generated at the junctions of nanopar-
ticles, defined as “hot spots”, thereby gaining strong
Raman signals. To evaluate the SERS functionality, the
nanotags were incubated with the target Hela cells, and
the excitation wavelength was switched to 633 nm.
Then, the spectra of the labeled Hela cells after incuba-
tion with either the nanotags (Fig. 5b) or controls
(Fig. 5d) were demonstrated. More than 10 Hela cells
with several spots for each cell labeled with both the
nanotags and control were measured. For the nanotags
labeling, over 85 % of the measurements showed strong
Raman signals (Fig. S3), especially on the cell surface
(Fig. S5). In contrast, most of the controls showed no
Raman spectra and a few cells gave relatively weak signal at
some positions of the cells (Fig. S4).

SERS mapping image

To confirm the binding of nanotags toward the target cell
surface, the SERS mapping images of Hela cells were mea-
sured and analyzed. Figure 6 demonstrated the SERS images
of Hela cells labeled with the nanotags (Fig. 6a) and

Fig. 4 The Raman spectrum of 4-ATP and SERS spectra of individual
step of the nanotags assembly. i The Raman spectrum of 10mM4-ATP in
EtOH; ii the Raman spectrum of NRs; iii the SERS spectrum of 4-ATP
coated NRs; iv the SERS spectrum of the nanotag
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controls (Fig. 6b) using the excitation wavelength at
633 nm. The laser beam was focusing on the surface
of the single cell by adjusting the z-axis. The Raman peak of
4-ATP at 1587 cm−1 which is the most distinctive peak was
selected and displayed by a color-coding. The brighter color
of the bar demonstrated the higher SERS signal ascribed
from the attachment of the nanotags on the cell surface. Here,
the mapping image of the target cell using the nanotags
(Fig. 6a) was much brighter than that of the controls
(Fig. 6b). These results agreed with our fluorescence assays
and SERS spectra measurement, as described above, and con-
firmed the specific recognition of the nanotags, making this a
viable and practical technique for the sensitive detection of the
target cancer cells.

Conclusion

In summary, we demonstrated the system of functionalized
Au-Ag NRs for targeting and imaging of specific cancer
markers expressed on the membrane of cervical cancer cells.
A procedure of the dual mode nanotags assembled-system
using layer-by-layer process was developed. The nanotags
were found to maintain their specific recognition and provide
a multivalent effect, resulting in strong interaction with their
target cells. Significantly, strong detection signal derived from
both high affinities of the aptamers conjugated NRs towards
their target cells and the collective electromagnetic fields as-
cribed to the strong longitudinal surface plasmon oscillation of
Au-Ag NRs coupled with the overlapping with the excitation

Fig. 6 SERS mapping images of
(a) Hela cell labeled with targeted
nanotags and (b) control
nanotags. The left pictures are
bright field images, while the
right pictures are Raman mapping
images at 1587 cm−1 which is a
characteristic Raman shift of 4-
ATP

Fig. 5 Fluorescence images of
Hela cells and corresponding
Raman spectra using (a, b) the
targeted nanotags, and (c, d)
control nanotags
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wavelength. Consequently, these nanotags with fluorescence
labeled aptamers enabled the fluorescence-SERS dual-mode
sensor system. Notably, the implementations of SERS tech-
nique in bio-analysis extends their important uses in cancer
diagnostic and bioimaging.
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