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With the use of gold nanostructures, photothermal therapy (PTT) of cancer has great advantages compared
to conventional methods, such as noninvasive targeted destruction and easily operation. Generally speaking,
respective diagnosis and therapy of tumor require at least two instruments, leading to incongruence of
tumor borders between diagnosis and therapy. To tackle this problem, tunable SERS-tags-hidden gold
nanorattles (STHGNRs) have been designed and developed here for theranosis of cancer with single laser
beam. The surface plasma resonance peak of STHGNRs can be tuned from visible region to near-infrared
region by controlling the cavity size and shell thickness. The outer shells not only improve the stability of the
SERS reporters but also enhance the brightness by more than two order magnitude compared to gold
nanoparticles. In vitro study, immuno STHGNRs can serve as theranosis agents simultaneously for sensitive
and efficient theranosis of cancer cells.

C
ancer is one of the major causes of mortality all over the world1. Patients with cancer have been treated by
numerous therapeutic methods including surgical extirpation, chemotherapy and radiation therapy2–4.
Chemotherapy and radiation therapies have severe side effects and may cause substantial damage to

healthy tissues and organs2–5. Surgical operation is limited to tumors that can be surgically observable and
accessible, which also requires a comparatively long recovery time6. Photothermal therapy (PTT) as a minimally
invasive treatment methodology has attracted much attention7,8. In PTT, the energy of optical radiation is
absorbed and transformed into heat, causing denaturation of proteins and coagulation of tissue, which conse-
quently cause irreversible damage to cells9.

The absorption of optical radiation for heat conversion can be significantly enhanced by gold nanostructures,
owing to their strong surface plasmon absorption10,11. Surface plasma resonance (SPR) peak of gold nano-
structures depending on morphology and size can be easily tuned from visible region to near-infrared region
(NIR) where blood and soft tissues are relatively transparent12. In recent years, various novel gold nanostructures
with SPR peak in the NIR, such as gold nanorods13–16, nanoshells17–20 and nanocages11,21–23 have been developed.
Moreover, gold nanostructures have wonderful biocompatibility and chemical properties, suggesting their poten-
tial applications as photothermal therapeutic agents24,25. Immuno gold nanostructures can target to cancer cells
selectively and ruin the cells effectively after irradiation.

Cancer therapies are still daunting owing to incongruence of tumor borders between diagnosis and
therapy26,27. Generally, respective diagnosis and therapy of tumor require at least two instruments28–30.
Fortunately, gold nanostructures are widely used as Surface Enhanced Raman scattering (SERS) substrates
to enhance the Raman scattering efficiencies of adsorbed molecules by many orders of magnitude also due to
its SPR properties31–37. Moreover, SERS has great prospect in biomedical diagnosis without suffering from
rapid photobleaching, autofluorescence of biological samples and SERS tags are easily synthesized, cost
effective and high sensitivity31,32,34.

Here, we designed and developed tunable SERS-tags-hidden gold nanorattles (STHGNRs) for theranosis of
cancer cells with single laser beam. In this design, SERS probes were adsorbed on the surface of the inner Au cores
that are encapsulated in highly-crystalline Au outer shells. The outer nanoshells not only improve the stability of
the SERS reporters but also enhanced the brightness of SERS reporters by more than two order magnitude
compared to gold nanoparticles. In vitro studies, we have demonstrated that immuno STHGNRs can serve as
theranosis agents simultaneously for sensitive and efficient theranosis of cancer cells.
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Results
The realization of STHGNRs. The STHGNRs we developed for
theranosis of cancer cells with single laser beam are schematically
shown in Fig. 1a,which is based on the earlier publication38. Firstly,
13 nm diameter gold nanoparticles (GNPs, Fig. 1b) which serve as
inner core were synthesized, followed by the exchange of the capping
agent with a Raman reporter, namely, 6-Mercaptonicotinic acid
(MNA). Then gold-MNA@silver sandwich nanostructures (GMSSNs)
were synthesized by adding silver salt (AgNO3) with a capping agent
(CTAB) and a mild reducing agent (ascorbic acid). The VIS-NIR
absorption spectrum (Fig. 1 d, red) shows the SPR peak of GMSSNs
at around 480 nm, which is obviously different from the sharp plasmon

absorption of solid silver nanoparticles. Finally, Ag shell of GMSSNs is
replaced with gold by adding chloroauric acid (HAuCl4). Au atoms
epitaxially nucleate, grow into small island, and eventually evolve into
a thin shell around each templates39. The products are hollow structures
with inner core, called STHGNRs (Fig. 1 d). The SPR peak of
STHGNRs (Fig. 1 d, blue) can be tuned to NIR. Fig. S1 shows the
selected-area electron diffraction (SAED) pattern obtained from out
shell of STHGNRs. These diffraction spots could be indexed to face
center-cubic gold with a lattice constant of 4.08 Å, indicating the
formation of a highly crystalline structure for the metallic wall. High
resolution TEM (HRTEM) of outer shell in Fig. 1d shows resolved
fringes separated by 2.45 and 1.96 Å, corresponding to the {111} and

Figure 1 | The synthesis of STHGNRs. (a) Schematic illustration of design and synthesis of STHGNRs. (b) TEM image of GNPs employed as inner cores

for the synthesis of STHGNRs. (c) TEM images of GMSSNs. (d) TEM images of STHGNRs and HRTEM of outer shell. (e) Vis-NIR absorption spectrum

of GNPs, GMSSNs, STHGNRs and photograph of GNPs (claret), GMSSNs(yellow), STHGNRs(blue).
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{200} lattice spacing of face-center cubic gold respectively. The inset in
Fig. 1e is a photograph of these three nanostructures dispersion.

Tunable optical properties of STHGNRs. Optical properties of
STHGNRs can be tuned by control the shell edge length and
thickness. Fig. 2a indicates the SPR peak of STHGNRs con-
veniently tuned over a broad spectral range spanning from the
visible region to the NIR by adding different volume 1 mM HAuCl4
aqueous solution to 10 ml GMSSNs suspension. The progress of
reaction can be easily monitored through its color changes. Fig. 2b
shows Vis-NIR spectra of four samples of STHGNRs with different
void size and shell thickness by control the Ag shell thickness of
GMSSN. Note that sample 1, 2, 3, 4 are corresponding to the
STHGNRs shown in Fig. S2a, b, c, d respectively. STHGNRs with
absorption peak around 765 nm wavelength, targeted edge length
around 133 nm and shell thickness around 13 nm were synthesized
by a galvanic replacement reaction between GMSSNs (around 120 nm
edge length, serving as sacrificial templates) and HAuCl4.

The effects of shell edge length and thickness on optical properties
of STHGNRs were further theoretically investigated in detail. Fig. S3
shows extinction spectra calculated of three STHGNRs models
by applying the finite element method (FEM)40,41. The geometric
parameters of three models respectively are: (a) 13 nm inner core,
133 nm edge length, 12 nm shell thickness; (b) 13 nm inner core,
140 nm edge length, 12 nm shell thickness; (c) 13 nm inner
core, 133 nm edge length, 13 nm shell thickness. The dielectric func-
tions of gold were modeled by the Lorentz-Drude dispersion model
which was a smooth fit to the experimental optical constants42. And
the STHGNRs were supposed to be full of water with the refractive
index to be 4/3. Comparing model(a)with(b), the extinction peak
would red-shift from 795 nm to 815 nm with increasing the edge
length. Comparing model(b)with(c), the extinction peak is blue-
shifted from 795 nm to 780 nm as the shell thickness is increased
from 12 nm to 13 nm. Little discrepancy in the SPR peak and peak
width was observed by comparing the calculated curve with Vis-NIR
absorption spectra, owing to the distribution of edge length and shell
thickness in real sample. Theoretical results also indicated that the
SPR peak of STHGNRs can be tuned to NIR by controlling the size
and shell thickness to enhance their potential in biomedical
application.

The SERS enhancement of STHGNRs. Raman spectra were
measured from colloidal samples of GNPs-MNA, GMSSNs and

STHGNRs (Fig. 3a). Weak MNA Raman signal was observed from
Au-MNA nanoparticles. As shown in methods, 0.5 ml Au-MNA
nanoparticles were transformed into 65 ml GMSSNs and 70 ml
STHGNRs. GMSSNs and STHGNRs exhibited clear, strong Raman
signal of MNA. The SERS enhancement factor (EF) from GNPs in
GMSSNs and STHGNRs was 4.88 3 102 times and 3.67 3 102 times
higher than that from GNPs without out shell respectively. This
result also indicates that Raman reporter molecules are hidden in
GMSSNs because it has been known that large silver nanoparticles
(.70 nm) were not optimal for SERS enhancement43,44. The
remarkable EF factor of STHGNRs illuminates that STHGNRs can
be utilized as an effective SERS tags.

The experimental results were theoretically analyzed. FEM calcu-
lations were performed to evaluate the local EM fields. For the FEM
calculation, the diameter of GNPs model is 13 nm, the STHGNRs
model with geometric parameters: 13 nm inner core, 133 nm edge
length, 13 nm shell thickness were calculated. Fig. 3b shows the
logarithmic distribution of local electric field jEloc/E0j4 (i.e. the elec-
tromagnetic enhancement factor) of GNPs and STHGNRs at the
excitation wavelength of 785 nm. For comparison, the relative
intensity is plotted on the same color scale. Maximum value of
GNPs logarithmic jEloc/E0j4 is 2.26 while STHGNRs is 4.13. A much
higher electric field is induced on the surface of inner core in
STHGNRs compared with GNPs, giving so-called SERS ‘‘hot spots’’
in-built. Our theoretical result clearly suggests that GNPs served as
inner core of STHGNRs can provide the most electromagnetic
enhancement for SERS, which consistent with the experimental
results well. Fig. S4b shows the slice jEloc/E0j4 distribution of
STHGNRs excited by 532 nm incident beam. We could notice the
relative intensity of inner core was much lower than that excited by
785 nm beam.

Biofunctionalization and internalization of STHGNRs. The
preparation of immuno STHGNRs was schematically illustrated as
Fig. 4a shown. Firstly the surface of STHGNRs was modified with a
mixture of thiol-PEG (,85%) and a heterofunctional PEG (SH-
PEG-COOH) (,15%). Then, heterofunctional PEG was covalently
conjugated to estrogen receptor-alpha antibody (ERa) that targets
estrogen receptor (ER) which was over-expressed on a breast cancer
cell (MCF-7) surface45. VIS-NIR absorption spectrum revealed a red-
shift (,20 nm) in the SPR position after immunization (Fig. S5a).
Hydrodynamic light scattering (DLS) data indicated the STHGNRs’

Figure 2 | Vis-NIR absorption spectra of STHGNRs. (a) Normalized Vis-NIR absorption spectra recorded from aqueous suspensions of nanostructures

after titrating GMSSNs with different volume of a HAuCl4 aqueous solution and photograph of these nanostructures aqueous suspensions(from left

to right are corresponding to 1, 2, 3, 4, 5 ml respectively). (b) Normalized Vis-NIR spectra recorded from the STHGNRs suspensions of different edge

length and shell thickness. Note that sample 1, 2, 3, 4 are corresponding to the STHGNRs shown in Fig. S2a, b, c, d respectively and their SPR peak is

tunable throughout the visible and near infrared regions by varying shell thickness and edge length.
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‘wet’ hydrodynamic diameter increased by nearly 60 nm owing to
ERa conjugated to STHGNRs successfully (Fig. S5b,c). The
stability of immuno STHGNRs in complex physiological fluid is
critical and can be easily detected by SPR spectroscopy32. Only a
small variation (,7 nm) in the SPR peak position was found
over the four-day of incubation of immuno STHGNRs in 10%
fetal bovine serum (FBS) by comparing VIS-NIR absorption

spectra(Figure S6a), which indicates immuno STHGNRs is long
term stable in physiological fluid. Figure S6b shows the SERS
signals when the particles are stored in the same physiological
fluids for several days, indicating that the SERS signals of
Raman reporter molecules is high stable. The actively targeted
STHGNRs were observed in cytosol from TEM imaging of
ultrathin MCF-7 cell sections, revealing that some of the

Figure 3 | The enhancement of GNPs and STHGNRs. (a) SERS spectra of Au-MNA nanoparticles and STHGNRs aqueous dispersion and note that

0.5 ml Au-MNA nanoparticles were transformed into 70 ml STHGNRs. (b) Slice logarithmic distribution of the local electric field | Eloc/E0 | 4 (EF) of

different nanostructures at the excitation laser line of 785 nm: 13 nm GNPs; STHGNRs with geometric parameters: 13 nm inner core, 133 nm edge

length, 13 nm shell thickness.

Figure 4 | Biofunctionalization and internalization of STHGNRs. (a) Schematic illustration of the biofunctionalization STHGNRs. (b) TEM image of

sectioned actively-targeted MCF-7 cells showing the cancer cell uptake of biofunctionalized STHGNRs, their clustering and localization in intracellular

organelles such as endosomes and cytoplasm.
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nanostructures have been internalized possibly through endo-
cytosis within three hours incubation period (Figure 4b).

Theranosis of cancer cell with single laser beam. STHGNRs with
such intense Raman enhancement and tunable SPR features are ideal
for SERS-guided PTT. Cancer cell SERS detection and PTT ability of
STHGNRs with single laser were demonstrated in vitro study. A cell
assay using MCF-7 cells was conducted to explore the SERS detection
ability of STHGNRs, and all spectra were taken in cell suspensions.
Fig. 5a, SERS signals that acquired from cancer cells incubated with
immuno STHGNRs were reproducible and strong. For control, cells
incubated with PEGylated STHGNRs shown a weak but reproducible
signal of MNA. This low signals was probably caused by nonspecific
binding and internalization of PEGylated STHGNRs or little PEGylated
STHGNRs were not completely removed during cell isolation. No SERS
signals of MNA were detected from cells incubated PBS suspension.
These results illuminated that immuno STHGNRs can effective targeted
to cancer cell and lead high concentration in cancer cells, which is
significant for SERS detection and PTT.

To explore the PTT ability of immuno STHGNRs, MCF-7 cells in
96-well plates were incubated with immuno STHGNRs and PEGylated
STHGNRs respectively for three hours. After removing the unbounded
STHGNRs suspension and three rounds of washing, these cells were
irradiated at a 785 nm laser power density of 5.24 W/cm2 for 5 min.
After irradiation, the cells were returned to a 37uC incubator for 1 h
before the percentage of cellular viability was quantified by using 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. It is clear that cells incubated with immuno STHGNRs exhibited
more cellular damage than those incubated with PEGylated STHGNRs
after irradiation. However, laser irradiation or immuno STHGNRs
alone did not have significant effect on cellular viability under the same
condition. It has been demonstrated that cellular membrane is broken
after PTT46. Though a small experimental error was unavoidable dur-
ing performing these treatments, the results clearly indicated that the
immuno STHGNRs are effective to target cancer cells and absorb near-
infrared light and convert it into heat for PTT.

Discussion
In this study, STHGNRs for theranosis of cancer cells were produced
by a galvanic replacement reaction between GMSSNs and HAuCl4.

Their observed red-shift of SPR peak with increase of HAuCl4 is
mainly due to reduction of the shell thickness (Figure 2a), which is
consistent with our theoretical analysis (Figure S3). On one hand,
increasing void size while fixing the inner core size and shell thick-
ness constant, will contribute to the absorption band red-shift as the
plasmon oscillation decreases in energy. This result is consist with
the optical properties of hollow gold nanospheres47. On the other
hand, increasing shell thickness while fixing the inner core size and
void size constant, will contribute to the SPR peak blue-shift. This
result implies that STHGNRs takes on more solid-particle-like prop-
erties as inner cavity decreases and shell thickness increases. The SPR
peak of 13 nm GNPs is approximately 520 nm. When it was trapped
in hollow gold shell, the SPR peak would shift to lower energy, which
can be explained with Halas’ Plasmon Hybridization Theory48. The
SPR peak of STHGNRs was readily tuned to NIR required for PTT
and SERS detection by controlling the inner void sizes and shell
thicknesses.

At present, SERS based biodetection remains in infancy owing to
Raman reporters adhered to the surface of nanostructures produce
relatively weak Raman signals and endure poor stability owing to
enzymatic degradation or desorption of the Raman reporters in
physiological environment32,49. Here, Raman reporter molecules
are absorbed on the surface of the inner Au cores that are encapsu-
lated in highly-crystalline Au outer shells. The outer nanoshells not
only protect Raman reporter molecules from enzymatic degradation
during cancer detection and treatment, but also offer in-built EM
hot-spots. The SERS enhancement factor (EF)calculated from GNPs
served as inner core of STHGNRs was over two orders of magnitude
higher than that from GNPs (Figure 3). Theoretical calculation
results confirm that GNPs in STHGNRs have much higher elec-
tric-field intensity enhancement than that without shell at 785 nm
excitation, which aligned well with our experimental results.
Conventional SERS tags with Raman reporters absorbed on the sur-
face of nanostructures depend on random clustering of nano-
structures to produce EM hot-spots, which is totally in contrast to
our design suggested here. The high stability and enhancement of
SERS probe molecules is essential for SERS detection in complex
physiological environment. Moreover, STHGNRs with SPR peak
in the NIR has much higher electric-field intensity under 785 nm
excitation than 532 nm excitation as shown in Fig. S3. This result

Figure 5 | SERS detection and PTT of cancer cell. (a) SERS signals from cell suspensions incubated with immuno STHGNRs (red), PEGylated

STHGNRs(black) and PBS (blue). (b) MTT assay revealing the cell viability after MCF-7 cells incubating with PBS, PEGylated STHGNRs, immuno

STHGNRs and PTT.
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implies that STHGNRs can be used in biomedical detection with high
sensitivity under NIR beam, which is consistent with the requirement
of PTT.

The ability of STHGNRs for theranosis of cancer cells with single
laser beam was also demonstrated in vitro study. ERa was used to
specifically recognize the ER on the MCF-7 cells surface. The first
type of control experiment was conducted by incubating cells with
PBS and irradiation. No SERS signals of MNA and cellular damage
were observed (Fig. 5a,b). In the second control experiment, cells
were incubated with PEGylated STHGNRs and irradiated with laser
beam. Only weak fingerprint spectral signature of MNA and little
cellar damage were observed, indicating nonspecific binding of
PEGylated STHGNRs. In the third type of control experiment, cells
incubated with immuno STHGNRs and then suffered from irra-
diation. More intense and reproducible SERS signals of MNA and
much greater cellular damage were observed compared to the second
control group. Thus, it can be concluded that immuno STHGNRs is
able to target to cancer cells effectively and improve the effect of
detection and destruction of cancer cells simultaneously.

In summary, we demonstrate a simple, yet powerful SERS-guided
PTT agent design of STHGNRs in which Raman reporters are
absorbed on the surface of the inner Au cores that are encapsulated
in highly-crystalline Au outer shells. The outer nanoshells not only
protect Raman reporter molecules from enzymatic degradation dur-
ing cancer detection and treatment, but also enhance the Raman
intensity of Raman reporter molecules by more than two order mag-
nitude due to the coupling of near field electromagnetic fields of the
inner Au cores and the outer Au shells. Moreover, SPR peak of
STHGNRs can be tuned from visible region to NIR by controlling
the shell thickness and edge length. In vitro study, we demonstrated
that immuno STHGNRs are very effective for photothermal ruin of
cancer cells and are very sensitive for SERS detection with single laser
beam. It is expected to enable high resolution, non-invasive Raman-
based detection, and targeted, effective cellular damage, which may
open up new possibilities in image-guided therapy with single laser
beam.

Methods
Reagent. Gold (III) chloride trihydrate (HAuCl4?3H2O), Trisodium citrate dihydrate
(Na3Ct?2H2O), Hexadecyltrimethylammonium bromide (CTAB), Ascorbic acid
(AA), silver nitrate(AgNO3), Disodium hydrogen phosphate(Na2HPO4), Potassium
dihydrogen phosphate (KH2PO4), Potassium chloride (KCl),
Hexadecyltrimethylammonium bromide (CTAB) and sodium hydroxide (NaOH)
were all purchased from Sinopharm Chemical Reagent CO., Ltd. (Shanghai, China).
N-(3-dimethylaminopropyl)-N-ethylcarbodiimidehydrochloride (EDC) and N-
hydroxy succinimide (NHS) were purchased from Aladdin Chemistry CO., Ltd. 6-
Mercaptonicatinic acid (MNA) was purchased from Sigma-aldrich. (Shanghai,
China).SH-mPEG(Mw 5 5000 Da) and SH-PEG-COOH(Mw 5 5000 Da) were
obtained from Xibao Medpep Co., Ltd. (Shanghai, China).Estrogen Receptor-alpha
Antibody was purchased from EnoGene Biotech Co.,Ltd. 1640 Culture medium and
fetal bovine serum(FBS) was purchased from Gibco Co., Ltd. Pancreatic enzymes was
purchased from abcam Co.,Ltd. MCF-7 cell line was purchased from Shanghai Bioleaf
Biotech Co.,Ltd. Ultra-pure water (18.25 MV?cm) was used throughout the
experiment. Phosphate buffered solution (PBS) (pH 7.4, 0.1 M) was prepared with
0.1 M Na2HPO4, 0.1 M KH2PO4 and 0.1 M KCl and used as working buffer solution.

Preparation of gold nanoparticles. 13 nm gold nanoparticles were prepared as
reported50. Typically, 2 ml 1% HAuCl4 aqueous solution was mixed with 100 ml
ultrapure water in a 250 ml flask, and then heated to boiling under violent stir. After
10 mins, 4 ml 2.3% Na3Ct aqueous solution was injected quickly and remain boiling
for 30 mins, claret colloid which surface plasmon peak at 520 nm was obtained.

Preparation of the GMSSNs. 20 ul MNA alcohol solution (1 mM) as a Raman-active
probes were added to 1 ml of the gold colloid, and reacted for one night. MNA
molecules were conjugated to GNPs via -SH terminal groups. Then the MNA
modified gold nanoparticles were centrifuged at 10000 rpm, for 8 mins, and rinsed
with ultrapure water twice in order to remove the unreacted MNA. For coating gold
nanoparticles with a layer of silver, typically, 0.9112 g CTAB were dissolved in 50 ml
ultrapure water and heated to 60uC in oil bath under stirring. Then 5 mL 0.1 M AA,
10 mL 10 mM AgNO3 solutions and 0.5 mL MNA modified Au colloid were injected
to the reaction system. Shortly after injecting gold colloid, 0.6 mL of 1.0 M NaOH was
added dropwise. Then the color of reaction system change from claret into yellow-
brown.

Transfer GMSSNs into STHGNRs. In a typical synthesis, transfer 10.0 mL of this
sandwich solution to a 50 mL flask under magnetic stirring and then heated at 60uC
for 10 min. A specific amount (as indicated in the text) of 1 mM HAuCl4 aqueous
solution was added into the flask through a syringe dropwise under magnetic stirring,
and heated for another 5 min. Once cooled to room temperature, the sample was
centrifuged and purified before use.

Preparation of immuno STHGNRs. The STHGNRs (4 nM, 1 mL) were incubated
with 1 ml 4 mM an aqueous solution of the mixture of thiol-PEG (,85%) and a
heterofunctional PEG (SH-PEG-COOH) (,15%) at room temperature in the dark
for 12 h. The reaction mixture was centrifuged to remove the byproducts and
unreacted PEG. After washed with water twice, the sample redispersed in PBS. Then
EDC solution (5 ul, 40 mg/ml) and sulfo-NHS (5 ul, 110 mg/ml) were added to
PEGylated STHGNRs suspension at 25uC for 15 min to active –COOH groups. To
target MCF-7 cells, the actived PEGylated STHGNRs mixed with monoclonal ERa in
PBS overnight at 4uC. The sample was centrifuged for 5 min at 10 000 rpm to remove
unreacted antibodies and redispersed in 1 mL of PBS and stored at 4uC .

Cell Culture. The breast cancer cell line MCF-7 was cultured in 1640 medium
modified containing 10% FBS and 5% streptomycin/penicillin at 37uC in 5% CO2.
The medium was changed 2–3 times a week. When they reached a confluency of 60–
90%, the adherent cells were removed from the growth vessel with trypsin. The
trypsin was deactivated by adding the growth medium. The suspension of cells was
centrifuged for 5 min at 1000 rpm, and the pellet of cells was resuspended in growth
medium and then transferred to a desired growth plate for SERS detection and
photothermal studies.

Cellular SERS studies. MCF-7 cell in 12-well plates were incubated with 200 uL
2 nM of the immuno GYSNs or PEGylated STHGNRs for 3 h. The STHGNRs
suspensions were removed and rinsed with PBS for three times. The adherent cells
were removed from the well with trypsin and centrifuged for 5 min at 1000 rpm,
washed with PBS for twice. The cells were resuspended in 500 ul PBS with a cell
density of 1.5 3 106 cells per ml and transferred into a quartz cuvette to get the SERS
spectrum. An additional portion of the cells received only PBS, and were used as
controls to assess background cell scattering.

PTT of cancer cells. MCF-7 cells in 96-well plates were incubated with 20 uL of the
immuno STHGNRs, PEGylated or PBS for 3 h. After removing the unbounded
STHGNRs suspension, the cells rinsed with PBS for three times. The cells in the center
of the wells were irradiated with a 785 nm laser, power density of 5.24 W/cm2 for
5 mins. The spot size was 2.4 mm in diameter and only 12.6% of cell in each well were
irradiated. Then, the cells were returned to a 37uC incubator for 1 h before the
percentage of cellular viability was quantified by using MTT assay.
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