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Gold nanorods have strong absorption bands in the near-infrared region, in which light penetrates deeply
into tissues. The absorbed light energy is converted into heat by gold nanorods, the so-called ‘photother-
mal effect’. Hence, gold nanorods are expected to act not only as on-demand thermal converters for
photothermal therapy but also as controllers of a drug-release system responding to irradiation by
near-infrared light. To achieve a controlled-release system that can be triggered by light irradiation,
double-stranded DNA (dsDNA) was modified on gold nanorods. When the dsDNA-modified gold

g?{;virad;;ro ds nanorods were irradiated by near-infrared light, the single-stranded DNA (ssDNA) was released from gold
DNA nanorods due to the photothermal effect. The amount of released ssDNA was dependent upon the power

and exposure time of light irradiation. Release of ssDNA was also observed in tumors grown on mice after
light irradiation. Such a controlled-release system of oligonucleotide triggered by the photothermal effect
could expand the applications of gold nanorods that have unique optical characteristics in medicinal

Photothermal effect
Controlled-release
Near infrared light

fields.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Various types of nanoparticles (e.g., liposomes, polymer mi-
celles, inorganic nanoparticles) have attracted attention as drug
carriers for the delivery of drugs into tumors."? Traditional tu-
mor-targeting strategies are classified into ‘passive targeting’ and
‘active targeting’. The former relies on the ‘enhanced permeability
and retention’ (EPR) effect. Tumors contain defective and perme-
able blood vessels that allow particles to accumulate within
them.3# Active targeting involves conjugating molecules that have
affinity for the cell surface. Antibodies, folate, arginine-glycine—
aspartic acid (RGD) peptide, transferrin and aptamers as active tar-
geting molecules have been studied.> '3

Recently, as other strategies to deliver nucleic acids and drugs
to tumors, a controlled-release system responding to the unique
environments of tissues and external stimuli has been
investigated. The extracellular pH of tumors is slightly acidic (pH

Abbreviations: CTAB, hexadecyltrimethylammonium bromide; CW, continuous
wave; PEG, polyethylene glycol; ssDNA, single-stranded deoxyribonucleic acid;
dsDNA, double-stranded deoxyribonucleic acid; TEM, transmission electron
microscopy.
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6.5-7.2),'*15 so a pH-response reaction or polymers have been
used for the controlled-release system.!®~2? The protease activity
is also considered to be a unique environment of tumors.23-3° As
the external stimulations, radiofrequency,>?? ultrasound">*
light,?23> heat?236 have been used to control the drug-release sys-
tem. For example, magnetic nanoparticles have been used as a
heating nanodevice responding to irradiation of the radiofre-
quency. The produced heat not only triggers thermal damage of
the irradiated tissue but also releases drugs from the nanoparti-
cles3? Liposomes, which release encapsulated contents in
response to ultrasound, have also been developed.?3=4

Gold nanoparticles are promising agents for drug delivery be-
cause they can be readily prepared by reduction of the Au ion in
appropriate conditions and do not show significant toxicity in
in vitro and in vivo systems.>>3’ Among them, gold nanorods
(which are rod-shaped gold nanoparticles) have been expected to
be functional nanodevices. Gold nanorods have two distinctive
adsorption bands corresponding to the transverse and longitudinal
surface plasmon oscillations of free electrons in the visible
(~520 nm) and near-infrared (~900 nm) regions, respectively.38°
The near-infrared region locates in the minimum light absorption
band of tissue between the absorptions of intrinsic chromophores,
hemoglobin (<650 nm), and water (>900 nm), resulting in maximal
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penetration of light into tissues.?® Gold nanorods also possess
photothermal effects that can efficiently convert the absorbed light
into heat.*! Therefore, gold nanorods are expected to act as con-
trast agents for in vivo bioimaging and a thermal converter for
thermal therapy.*?~*4

Nucleic acids are expected to behave as drugs. Plasmid DNA
gene is used for gene therapy, and various types of oligonucleo-
tides are also used as antisense, decoy, small interfering RNA (siR-
NA), ribozymes, and aptamers, which control cellular function by
regulating gene expression in cells.*>=%° Chen et al. reported that
plasmid DNA encoding the enhanced green fluorescent protein
(EGFP) gene was released from gold nanorods responding to
near-infrared laser irradiation, which induced reduction of the sur-
face area of the particles by changing the rod shape to a sphere. The
gene expression of EGFP from the plasmid DNA was then observed
in an in vitro system.>® Wijaya et al. reported that two different
oligonucleotides were modified with two types of gold nanorods
with different sizes. They succeeded in selective release of the
oligonucleotide from each gold nanorod by irradiating laser light
corresponding to the absorption band of the gold nanorod.’! We
also previously reported release of plasmid DNA and polyethylene
glycol (PEG) chains from gold nanorods responding to pulsed near-
infrared light irradiation that induced a change in the shape of the
gold nanorods.>®~>4

DNA can be used as a heat-labile linker. That is, double-
stranded DNA (dsDNA) dissociates to single-stranded DNA (ssDNA)
by increasing the temperature. Derfus et al. modified magnetic
nanoparticles with dsDNA. They then succeeded in the
controlled-release of ssDNA from the dsDNA by irradiating the
nanoparticles using a radiofrequency that could heat the nanopar-
ticles.>> Gold nanoshells, which can be heated by near-infrared
light irradiation, were also modified with dsDNA, and ssDNA was
released by the light irradiation.’® Lee et al. succeeded in the re-
lease of ssDNA from dsDNA modified on gold nanorods controlled
by near-infrared light irradiation in an in vitro experimental
system.>’

In the present study, to examine if a controlled-release system
responding to near-infrared light irradiation works in vivo, we con-
structed dsDNA-modified gold nanorods. The controlled-release of
ssDNA induced by the photothermal effect of the gold nanorods
was then examined in tumors inoculated in mice.

2. Results and discussion
2.1. Preparation of DNA-modified gold nanorods

dsDNA was modified on the gold surface through several steps
(Fig. 1). Briefly, the PEG chain was modified with the surface of the
gold nanorods via the Au-S bond.”® PEG-modified gold nanorods
were coated with a silica layer using the Stober method.”®-%2 After
coating the silica layer around the gold nanorods, branched-
polyethyleneimine (PEI) was coated onto the silica layer on gold
nanorods to arrange amino groups on their surface.53-%¢ The
coating with the silica layer on the gold surface produced a red
shift of the absorption of the gold nanorods that corresponded to
the longitudinal oscillation mode because of a changing local
refractive index around the surface of gold by the coated silica
layer (see Supplementary data Fig. S1).4261:6267.68 qspNA, which
has a thiol group and a fluorescent group (Cy3) at the 5-end of
each chain (see Section 4.1), was modified with the PEI-coated gold
nanorods through a crosslinker (Mal-PEO,,-NHS). To confirm
surface modification in each step, the (-potentials of the gold
nanorods were measured. The values of {-potentials of each step of
the gold nanorods corresponded to the surfaces in each modification
step (see Supplementary data Table S1).

Gold nanorod
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’ 2) Silica-coating

Silica-coated nanorod
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*
=

“
“CEEE™

dsDNA-modified nanorod

Figure 1. Preparation of dsDNA-modified gold nanorods (schematic). Actual
thickness of each layer was shown in Figure S1.

Methods of direct oligonucleotide modification on the gold
nanorods have been already reported.>’>” We tried these methods
first. However, aggregates of gold nanorods were formed at a step
of addition of oligonucleotides. Even if the DNA-modified
gold nanorods were able to be prepared, the resultant gold
nanorods were unstable. It would be due to difference of chemical
constitution of surfaces of gold nanorods between their and our
preparations of the gold nanorods. Therefore, we employed such
multi-steps modification using PEG, silica, PEI to prepare the
dsDNA-modified gold nanorods in this study.

2.2. Release of ssDNA by heat treatment

Release of ssDNA induced by heat treatment of the
dsDNA-modified gold nanorods was examined. To avoid released
Cy3-modified ssDNA rehybridizing to the parent ssDNA fixed on
the gold surface, an excess amount of complementary ssSDNA was
mixed in the reaction mixture (Fig. 2A). The mixture was heated
at 80 °C for 10 min, then release of Cy3-modified ssDNA was mea-
sured with a fluorescence spectrometer. The fluorescence of the
dye is quenched by the gold nanorods, which has been well studied
as a quenching property of metallic nanoparticles,®®72 so the
release of ssDNA can be evaluated as the increase in fluorescence
intensity.

After incubation at 80 °C for 10 min, the fluorescence intensity
increased significantly (Fig. 2B-e). This indicated that the Cy3-
modified ssDNA was released from the gold surface at 80 °C and
then hybridized to the free complementary ssDNA after cooling
the mixture. In the absence of the free complementary ssDNA,
the fluorescence intensity increased slightly after incubation at
80 °C (Fig. 2B-c). This result indicated that most of the released
Cy3-modified ssDNA re-hybridized back to the ssDNA on the gold
surface. The slight increase in the fluorescence intensity would be
due to the contribution of the remaining ssDNA that could not re-
hybridize back to the gold surface. The fluorescence intensity in the
presence of the free non-complementary ssDNA (Fig. 2B-b) was
identical to that in the presence of the free complementary ssDNA
(Fig. 2B-a). This indicated that simple strand exchange of Cy3-
modified ssDNA with the complementary ssDNA on the gold
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Figure 2. Release of ssDNA from gold nanorods by heat treatment. (A) Schematic
diagram of the released ssDNA after heat treatment with free complementary
ssDNA. (B) Evaluation of the released ssDNA by the increase in the fluorescence
intensity spectrum. (a and e) The dsDNA-modified gold nanorods solution with free
complementary ssDNA before and after heat treatment, respectively. (b and d) The
dsDNA-modified gold nanorods solution with free non-complementary ssDNA
before and after heat treatment, respectively. (c) The dsDNA-modified gold
nanorods solution without free complementary ssDNA after heat treatment.

nanorods at room temperature did not occur. In the presence of
non-complementary ssDNA (Fig. 2B-d), the increase was as slight
as the case in the absence of the free complementary ssDNA
(Fig. 2B-c). This result opposed the notion that the dsDNA was
released with the PEI chains, which were modified electrostatically
with the silica layer on the gold surface by the heat treatment.

2.3. Release of ssDNA by the photothermal effect

To investigate the release of the ssDNA triggered by the photo-
thermal effect of the gold nanorods, dsDNA-modified gold nano-
rods were irradiated by continuous wave (CW) near-infrared
laser light (wavelength 807 nm, 500 mW). After irradiation for
1 min, a significant increase of fluorescence intensity was observed
(Fig. 3b), which then reached to plateau at 5 min (Fig 3c and d).
However, the maximum intensity induced by the light irradiation
was lower than that in the positive control, in which dsDNA-
modified gold nanorods were incubated at 80°C for 10 min
(Fig. 3e). This indicated that 80% of the ssDNA could be released
from the gold surface under this condition.

2.4. Effect of laser power on the release of ssDNA

The dsDNA-modified gold nanorods were irradiated by CW
near-infrared laser light with various powers (100, 300,
500 mW). Fluorescence intensities were then measured (Fig. 4).
An increase in fluorescent intensity was dependent upon laser
power. That is, the increase in the laser power of 300 mW was low-
er than that of 500 mW. In the case of a laser power of 100 mW, a
significant increase in fluorescent intensity was not observed.
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Figure 3. Release of ssDNA from gold nanorods induced by the photothermal effect.
(a) Without CW near-infrared laser light laser irradiation dsDNA-modified gold
nanorods solution. (b) To (d) with the light irradiation dsDNA-modified gold
nanorods solution at 500 mW for 1, 5, and 10 min, respectively. (e) The dsDNA-
modified gold nanorods solution after incubation (80°C for 10 min) (positive
control).
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Figure 4. Relationship between laser irradiation and release of ssDNA. dsDNA-
modified gold nanorods solution was irradiated with CW near-infrared laser light at
various power values (®; 100, a; 300, B; 500 mW) for various exposure times (1, 5,
10 min).

The temperatures of the irradiated solutions were also mea-
sured simultaneously using a radiation thermometer (Fig. 5). The
temperature increase was dependent upon the exposure time
and power of the laser. The temperature of the mixture at
500 mW reached ~60°C, whereas those at 300 and 100 mW
reached 50 and 37 °C, respectively. The melting temperature (Ty,)
of the dsDNA was ~60 °C (see Supplementary data Fig. S2). This
means that, in the case of 300 mW, ssDNA was released at a lower
temperature of the solution (50 °C) than the Ty, of the dsDNA. This
inconsistency could be because strong and rapid temperature in-
creases of a limited area on the gold surface would be induced
by the photothermal effect without increasing the ambient tem-
perature of the solution.>%%7

To confirm that ssDNA was released from dsDNA modified on
the gold nanorods, gel electrophoresis of the treated solutions
was undertaken (Fig. 6). When the sample was incubated at

o

®

S

&

[

[=%

E20

R
0 L 1 L 1 I
0 2 4 6 8 10

Time /min

Figure 5. Temperature increase in dsDNA-modified gold nanorods solution during
CW near-infrared laser light irradiation at various power values (H; 500 mW, a;
300 mW, @; 100 mW) for various exposure times (1, 5, 10 min).
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Figure 6. Gel electrophoresis of dsDNA consisting of released ssDNA from the gold
nanorods and free complementary ssDNA. (a) Original dsDNA used in the
preparation of dsDNA-modified gold nanorods. (b) Heat-treated sample of
dsDNA-modified gold nanorods. (c-f) CW near-infrared laser light-irradiated
samples of dsDNA-modified gold nanorods at 500 mW for 10 (c), 5 (d), 1 (e), and
0 min (f).

80 °C for 10 min, released ssDNA forming dsDNA with the free
complementary ssDNA in the solution was clearly detected
(Fig. 6, lane b). The free complementary ssDNA was shorter than
the parent ssDNA (thiol-modified ssDNA) on the gold nanorods
(Section 4.2), so the molecular weight of the band in lane b was
lower that that in lane a (where the original dsDNA was used for
the modification of the gold nanorods). By irradiating the solution
with the CW near-infrared laser light at 500 mW for 10 min, re-
lease of the ssDNA was observed, and it was dependent upon the
irradiation time (Fig. 6, lanes c-e). In a control condition without
laser irradiation, no band was detected (Fig. 6, lane f).

2.5. Release of ssDNA in tumors by laser irradiation
A dsDNA-modified gold nanorods solution (20 pL of 1 mM (Au

atoms) in 5% glucose with an excess amount of free complemen-
tary ssDNA) was directly injected into tumors grown in mice.

601 X

Figure 7. Release of ssDNA from dsDNA modified on gold nanorods followed by CW
near-infrared laser light irradiation in vivo. Circles indicate the positions of tumors.
The fluorescence of released Cy3-modified ssDNA was imaged in tumors with (a) or
without (b) near-infrared laser light irradiation.

Immediately after the injection, the tumor was irradiated with
CW near-infrared laser light for 3 min at 500 mW with a beam
diameter of 7.0 mm. The fluorescence of the Cy3-modified ssSDNA
released from the gold nanorods was detected by an in vivo fluo-
rescence imager (Fig. 7). Significant fluorescence was observed
from the irradiated tumor by the laser light, whereas no fluores-
cence was detected from the tumor without the light irradiation.
These results indicated that the photothermal release of ssDNA
was triggered by the laser irradiation in the mouse tumor.

3. Conclusion

The release of ssDNA from dsDNA-modified gold nanorods was
triggered by the photothermal effect induced by near-infrared la-
ser light irradiation. The amount of released ssDNA was dependent
upon the laser power and period of laser irradiation. The release of
ssDNA was associated with rapid temperature increases of a lim-
ited area of the gold surface without increasing the ambient tem-
perature of the solution. The controlled-release of ssDNA by the
laser irradiation was also achieved in tumors in mice. Using this
system, functional oligonucleotides, for example, siRNA, antisense
oligonucleotide, decoy oligonucleotide, and aptamers could be
modified, and a controlled-release system responding to light irra-
diation will be constructed. If a drug is modified on the released
ssDNA, a controlled drug-release system can be also proposed.
Also, simultaneous monitoring of the drug-release is possible by
combining fluorescence drugs and/or dyes with a fluorescence
bioimaging technique.

4. Experimental
4.1. Materials

Gold nanorods were provided by a joint research project be-
tween Mitsubishi Materials Corporation and Dai Nippon Toryo
Company Limited. The mean size of the gold nanorods was 46 + 6
and 10+ 1 nm in longitudinal and transverse directions, respec-
tively. m-PEGy0000-SH (MW ca. 20,000 Da) was purchased from
NOF Company Limited (Tokyo, Japan). Tetraethylorthosilicate
(TEOS), branched-polyethyleneimine (PEI) and ethanol were pur-
chased from Wako Pure Chemical Industries, Limited (Osaka,
Japan). Sodium dihydrogenphosphate and disodium hydro-
genphosphate were purchased from Nacalai Tesque, Incorporated
(Kyoto, Japan). Crosslinkers were purchased from Thermo Fisher
Scientific, Incorporated (Waltham, MA, USA). Free ssDNA, fluores-
cence (Cy3)-modified ssDNA and thiol group-modified ssDNA were
purchased from Nippon EGT Company Limited (Toyama, Japan).

4.2. DNA hybridization

DNA hybridization was undertaken by mixing two complemen-
tary ssDNA (thiol-modified ssDNA: 5'-thiol-GTGTGTGTGT-CCTTGA
AGGGATTTCCCTCC-3', Cy3-modified ssDNA: 5'-Cy3-GTGTGTGTGT-
GGAGGGAAATCCCTTCAAGG-3') in a 1:1 molar ratio in 0.2 mM
sodium phosphate buffer at pH 7.4 containing 50 mM NaCl, heat-
ing the solution to 80 °C, then allowing it to cool slowly to room
temperature in a block heater. The T, of the dsDNA was deter-
mined from the melting curves of the dsDNA using a UV spectrom-
eter (JASCO V-570, Tokyo, Japan).

4.3. Preparation of DNA-modified gold nanorods
PEG-modified gold nanorods were prepared as follows. A solu-

tion of gold nanorods containing hexadecyltrimethylammonium
bromide (CTAB) was centrifuged at 14,000g for 10 min at 25 °C,
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decanted, and re-suspended in water to remove excess CTAB.
Thiol-terminated PEG (m-PEG,000-SH) solution and water were
added to the suspension of gold nanorods at a PEG:Au molar ratio
of 0.05. The suspension was mixed for 24 h at room temperature
and dialyzed. The solution of PEG-coated gold nanorods was cen-
trifuged at 14,000 g for 10 min at 25 °C, decanted, and re-sus-
pended in water to concentrate and remove excess free PEG
chains. Ethanol (final concentration, 90%), 5% ammonia solution
(final concentration, 0.05%), and 1% tetraethyl orthosilicate (TEOS;
final concentration, 0.1%) were added to the concentrated solution
of PEG-modified gold nanorods. The reaction was allowed to pro-
ceed for 24 h at 35 °C. The reaction mixture was centrifuged at
5000g for 5 min at 35 °C, decanted, and re-suspended in 90% etha-
nol in water to remove excess TEOS. Branched-polyethyleneimine
(PEI) (MW ca. 1600 Da) solution was added to the silica-coated
gold nanorods solution to graft amino groups on the gold surface
at a PEI:Au molar ratio of 1.4. The suspension was mixed for 24 h
at 35 °C. The PEI-modified gold nanorods solution was centrifuged
twice at 10,000 g for 5 min at 35 °C. It was then decanted, and
re-suspended in 0.2 M sodium phosphate buffer (pH 8.0) to
exchange the solution and remove excess free PEIL The crosslinker
(Mal-PEO;,-NHS) solution was added to the PEI-coated gold nano-
rods solution at a crosslinker:Au molar ratio of 2.3. The reaction
was allowed to proceed for 1.5 h at room temperature. The reac-
tion mixture solution was centrifuged twice at 10,000 g for 5 min
at 35 °C. It was then decanted, and re-suspended in 0.2 M sodium
phosphate buffer (pH 7.4) to exchange the solution and remove ex-
cess free crosslinker. dsDNA was added to the linker-modified gold
nanorods solution at a dsDNA:Au molar ratio of 0.005. The reaction
was allowed to proceed for 24 h at room temperature. The reaction
mixture solution was then centrifuged twice at 10,000 g for 5 min
at 25 °C. It was then decanted, and re-suspended in 0.2 M sodium
phosphate buffer (pH 7.4) to remove excess free dsDNA.

4.4. Characterization of DNA-modified gold nanorods

The surface modification in each step was confirmed by (-
potential measurement (Malvern Zetasizer Nano ZS, Worcestershire,
UK) in 0.2 M sodium phosphate buffer (pH 7.4). Dispersal of gold
nanorods in solution was confirmed by the absorbance spectrum.

4.5. Release of ssDNA from gold nanorods by heat treatment

The prepared dsDNA-modified gold nanorods solutions (100 pL
of 0.5mM (Au atoms) in 50 mM NaCl in sodium phosphate
buffer (pH 7.4)) were divided into three samples (with complemen-
tary ssDNA and non-complementary ssDNA, without
complementary ssDNA). The sequence of ssDNA was as follows:
complementary ssDNA: 5-CCTTGAAGGGATTTCCCTCC-3’, non-
complementary ssDNA: 5-TTGGACCAAACGGGTTTGTT-3'. Each
mixture of the gold nanorods solution was heated at 80 °C for
10 min. Then, the release of Cy3-modified ssSDNA was measured
using a fluorescence spectrometer (Shimadzu RF-5300PC, Tokyo,
Japan). Fluorescence spectra were measured at an excitation wave-
length of 545 nm.

4.6. Release of ssDNA from gold nanorods by the photothermal
effect

The prepared dsDNA-modified gold nanorods solution (100 puL
of 0.5 mM (Au atoms)), which contained excess free complemen-
tary ssDNA in 50 mM Nacl in sodium phosphate buffer (pH 7.4),
was irradiated by a CW near-infrared diode laser (wavelength,
807 nm; beam diameter, 5.5 mm,; Alfright Corporation, Madison,
WI, USA) at 500 mW for 10 min. The release of Cy3-modified ssDNA
was measured with a fluorescence spectrometer. Fluorescence

spectra were measured at an excitation wavelength of 545 nm.
The temperature of the solution was monitored by a thermocouple
(Horiba IT500S, Kyoto, Japan). The dsDNA-modified gold nanorods
solution without light irradiation was examined as light irradiation
for 0 min. The dsDNA-modified gold nanorods solution after
incubation at 80 °C for 10 min was examined as a positive control.
The percentage of ssDNA release was calculated with the following
equation: % release =100 x (F — Fo/F1g0 — Fo), where F is the
fluorescence intensity observed in the laser irradiated sample, Fy
is the intensity observed without laser irradiation, and Fyqq is the
intensity observed in the positive control.

4.7. Gel electrophoresis

Each dsDNA-modified gold nanorods solution after laser irra-
diation or incubation (80°C for 10 min) was centrifuged at
20,000 g for 30 min at 25 °C to remove gold nanorods. Obtained
supernatants were dialyzed and freeze-dried (Eyela FD-5N,
Tokyo, Japan) to desalt and concentrate the contents. The dried
contents were added to water. This was followed by polyacryl-
amide gel electrophoresis (Bio-Rad Laboratories, Hercules, CA,
USA). The dsDNA used in the preparation of dsDNA-modified
gold nanorods was used as a control sample to compare with
dsDNA comprising the released ssDNA from the gold nanorods
and the free complementary ssDNA. The dsDNA-modified gold
nanorods solution after incubation (80 °C for 10 min) was used
as a positive control.

4.8. Animals

Male BALB/c mice (Kyudo Company Limited, Saga, Japan) were
used in all experiments. Five-week old mice were maintained in
a temperature-controlled environment at 24 °C with a 12-h light/
dark cycle and provided with drinking water and feed ad libitum.
Animal experiments were performed according to the Guidelines
of the Animal Care and Use Committee of Kyushu University
(Kyushu, Japan).

4.9. Implantation of tumor cells into mice

Mouse rectum carcinoma Colon-26 cells were cultured in RPMI-
1640 containing 10% fetal bovine serum and 60 pg/mL kanamycin
sulfate. The dishes containing cells were maintained at 37 °C in an
incubator under an atmosphere of 5% CO,. Tumor-bearing mice
were prepared as follows: Colon-26 cells were injected subcutane-
ously into the abdomen at 2 x 10° cells in 100 uL Hank’s balanced
salt solution per mouse (ddY, male, 3 weeks, 11-13 g) and allowed
to grow for 5day, after which tumors reached 5-10 mm in
diameter.

4.10. Evaluation of released ssDNA by laser irradiation in
tumors

The tumor-bearing mice were subjected to in vivo imaging
studies. Mice were anesthetized with pentobarbital sodium salt.
The prepared dsDNA-modified gold nanorods solution (20 pL of
1 mM (Au atoms) in 5% glucose with excess free complementary
ssDNA) was directly injected into tumors grown in mice. The
tumor was irradiated with CW near-infrared laser light for 3 min
at 500 mW (wavelength, 807 nm; diameter, 7.0 mm). The fluores-
cence images were taken by the IVIS Imaging System (Xenogen,
Alameda, CA, USA) and analyzed with Living Image software.
The excitation and emission wavelengths were 535 nm and
575-650 nm, respectively. The fluorescence images consisting of
Cy3-modified ssDNA-released fluorescence and autofluorescence
spectra were then unmixed.
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