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ABSTRACT

Multiple Alexa Fluor 647-conjugated concanavalin A (conA) molecules were covalently bound to a single 20 nm silver particle to synthesize
metal plasmon-coupled probes (PCPs). The fluorescence images were recorded by scanning confocal microscopy in both intensity and lifetime.
The brightness of PCPs was 30-fold brighter than those of free conA and the lifetime of PCPs was shortened dramatically. PCPs were used
to label T-lymphocytic (PM1) cells. The emission spots by PCPs bound on the cell surfaces were separated clearly from the cell images by
autofluorescence due to the brighter signal and shorter lifetime of PCPs. The emission spots by PCPs were also scanned in three dimensions
to count the distribution of bound fluorophores on the cell surfaces. The metal-associated fluorophores thus are suggested using as novel
molecular imaging agents to quantify the components and describe their distributions on the cell surfaces.

Molecular fluorescent imaging techniques show great prom-
ise for elucidating signaling pathways and performing disease
diagnosis at a single molecular level when they are targeted
to bind on the cell surface.1,2 An imaging agent consists of
an fluorophore moiety and a targeting functionality, e.g., an
antibody, peptide, DNA, or a special ligand.3,4 Organic dyes
are usually used in the most agents. However, these organic
fluorophores cannot satisfy the requirements to the agents
due to their disadvantages, e.g., low signal/baground ratio,
poor photostability, and strong photoblinking. Moreover, the
lifetime images sometimes are more important than the
intensity images, but the lifetimes of most organic fluoro-
phores are in the range of 2–4 ns, close to the value of cell
autofluorescence.5 This result will influence the identification
of emission by fluorophores from background autofluores-

cence. Thus, it is of importance to develop novel molecular
imaging agents that have brighter emission signal, different
lifetime, more photostability, and less photoblinking.

Metal-enhanced Raman scattering was first reported 20
years ago.6,7 Ten years ago, the study on metal-enhanced
fluorescence (MEF) appeared.8 Since then, many works have
been done on theory and experiment.9–15 A fluorophore can
be described as an oscillating dipole used to radiate energy
in emitting while a metal particle displays a plasmon
resonance by electron oscillation on its surface.16 When
localizing a fluorophore near a metal particle, the radiating
energy of fluorophore is altered dramatically via a near-field
interaction with the metal particle. As a result, the fluores-
cence is enhanced significantly. Because this fluorescence
enhancement occurs through an apparent increase of the
intrinsic decay rate, the lifetime of fluorophore is shortened
dramatically.

Most MEF results are reported on the metal films, but to
our knowledge, there are still some publications from us and
other laboratories that describe the occurrence of MEF on
single metal particles.8a,17–19 We think that the fluorescence
behavior of an excited fluorophore on the metal particle, e.g.,
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quenching or enhancement is principally dependent on the
near field interaction, and the near field interaction comes
from both factors of metal particle and fluorophore such as
metal species of particle, size and shape of metal particle,
distance from the fluorophore to the surface of metal core,
and excitation and emission wavelengths of the fluorophore,
etc. A small metal particle is shown to display a quenching
effect to fluorescence, but a large metal particle can enhance
fluorescence.16a Moreover, if the distance between the
fluorophore and metal particle is too close, it can result in a
quenching to fluorescence, but an optimistic distance can
cause an enhancement. Besides the experimental results,
some theoretical calculations have been reported recently
confirming this viewpoint.20

We also observed the photostability of the fluorophore is
extended and the photoblinking is reduced when the fluo-
rophore is optimistically localized on the metal particle.16

In addition, the versatile surface reactions on the metal
particle can help us to bind the functionalities on them.21

Thus, we suggest developing the metal-associated fluoro-
phores as novel molecule-imaging agents in the cell labeling.
Because MEF occurs via the interaction of the fluorophore
with the metal plasmon resonance, the metal-associated
fluorophores are also defined as metal plasmon-coupled
probes (PCPs). In this study, the functionalized PCPs were
synthesized using 20 nm silver particles. Because of a weak
quenching by the silver particles, we used the silver salt
instead of the gold salt to synthesize the metal particles. Our
previous results reveal that for the fluorophore attached on
the metal particle, the MEF efficiency increases with the size
of metal core to exhibit a maximum at 50 nm, and then
decreases.20a The 20 nm silver particle thus shows a capability
to induce an efficient MEF. Because of its relatively small
size, the 20 nm silver particle also displays a low steric
hindrance when binding on the cell surface. The silver
particle is fluorescently labeled by a direct binding of the
Alexa Fluor 647 concanavalin A (conA) conjugate molecules.
The fluorophores on the labeled conA are separated from
the surface of metal core by the bound conA molecules as
well as a linker of ca. 1 nm length. Because the conA
molecule has a diameter of 8 nm,22 the fluorophores that are
randomly distributed on the conA molecule are supposed to
range from 1 to 9 nm through the space from the surface of
metal core. The average distance thus is estimated to be ca.
4.5 nm, at which the fluorescence can be enhanced. Our
previous research has turned out that the intensity enhance-

ment is always accompanied by the lifetime shortening.19

This behavior is important for the development of PCPs and
for the lifetime imaging described in this study.

Recently, we reported the fluorescence images of cells
externally labeled by PCPs on the cell surfaces.23 Alexa Fluor
647 conA conjugates were covalently bound on 20 nm silver
particles. However, the conA molecule was only bound on
the 20 nm silver particle in the molar ratio of 1/1. We
suggested binding the single metal particles with multiple
conA molecules and the emission spots by the metal-
associated fluorophores could become brighter on the cell
images. However, one shortcoming of our prior study was
that the lifetime images of cells were not tested. In addition,
the cell surfaces were bound by saturated PCPs. As the
consequences, no individual emission spots could be sepa-
rated from each other. In this study, we used the same silver
particles, which were coated with N-(2-mercaptopropionyl)g-
lycine (abbreviated as tiopronin).24 These water-soluble silver
particles were shown to be chemically stable (Scheme 1).
In the incumbent, the amount of PCPs was tightly controlled
to ensure that only few metal-associated fluorophores were
bound on the cell surfaces. Subsequently, the fluorescence
images of PM1 cells were recorded in the emission intensity
and lifetime using scanning confocal microscopy. The
collected data were analyzed and compared with those by
free conA in the absence of metal. The potential enhancing
effect of metal particles on the detection of conA was
investigated.

Experimental Section. All reagents and spectroscopic
grade solvents were used as received from Sigma-Aldrich.
Alexa Fluor 647 labeled conA is commercially available from
Molecule Probe. PM1 cell line was obtained through the
AIDS Research and Reference Reagent Program, the Na-
tional Institutes of Health. RC dialysis membrane (MWCO
50000) was purchased from Spectrum Laboratories, Inc.
Nanopure water (>18.0 MΩ cm-1), purified using Millipore
Milli-Q gradient system, was used in all experiments. (2-
Mercapto-propionylamino) acetic acid 2,5-dioxo-pyrrolidin-
1-yl ester was synthesized as we reported previously.25

Preparation and Terminal Succinimidylation of a
Tiopronin-Coated Silver Nanoparticle. Tiopronin-coated
silver nanoparticles were prepared using a modified Brust
reaction with a mole ratio of tiopronin/silver nitrate ) 1/6
in methanol using excess amount of sodium borohydride as
reducing agent.21 These silver particles were succinimidylated
via ligand exchange.20 (2-Mercapto-propionylamino) acetic

Scheme 1. Tiopronin-Coated Silver Particles were Succinimidylated by Succinimidyl Ester-Terminated Thiolate Compound via Ligand
Exchange and Covalently Bound by Alexa Fluor 647 conA Conjugates via Condensation
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acid 2,5-dioxo-pyrrolidin-1-yl ester (4 × 10-6 M) and silver
particles (4 × 10-8 M) were codissolved in a mixing solvent
of water/ethanol (v/v ) 1/1) and stirred for 72 h at room
temperature. The ligands displacements were expected to
occur on the metal cores in a mole ratio of 1/1. Unbound
compounds were removed by centrifuging at 6000 rpm for
30 min. The residuals were dispersed in 10 mM PBS buffer
solution and then further purified by dialysis against 10 mM
PBS buffer solution (MWCO 50000).

Binding Alexa Fluor 647 conA Conjugates on Silver
Particles. Alexa Fluor 647 conA conjugates were covalently
bound on the succinimidylated metal particles by condensa-
tion between succinimidyl ester moieties on metal particles
and amino moieties on conA molecules.26 The metal particle
(2 × 10-8 M) and Alexa Fluor 647 conA conjugate (2 ×
10-5 M) were codissolved in 10 mM PBS buffer solution at
pH ) 7.2 for 2 h. The impurities and aggregates of metal
particles were removed from the reaction solution by centrifug-
ing at 2000 rpm for 5 min. The solution was further centrifuged
at 6000 rpm from 30 min to precipitate the metal particles. After
removing the suspension, the residue was dispersed in 10 mM
PBS solution. A drop of ammonium was added to terminate
the residual succinimidyl ester moieties on the metal particles.
The labeled metal particles were precipitated again by centrifug-
ing at 6000 rpm, washed at least three times with buffer solution,
and dispersed in 10 mM PBS solution.

Cell Culture. The T-lymphocytic PM1 cell line, which is
a colonial derivative of HUT78, was separated by Ficoll-
Hypaque density gradient centrifugation. They were grown
in the RPMI-1640 culture medium (Sigma) supplemented
with 10% (v/v) heat-inactivated fetal bovine serum (Atlanta
Biologicals Inc., GA) and contained 200 units/mL penicillin,
200 units/mL streptomycin (Invitrogene), and recombinant
human interleukin (100U/mL) (Roche, Indianapolis, Indiana)
for 6 days prior to fluorescent labeling. The number of cells
was counted to be ca. 5 × 105 cells/mL.

Conjugating Free conA and conA-Bound Metal Par-
ticles on Cell Surfaces. PM1 cells were suspended in 500
µL aliquots of 1 pM free conA in 10 mM PBS buffer
solutions (pH ) 7.2) for 1 h.20 The conA-bound metal
particles were incubated with the PM1 cells in 500 µL
aliquots of 0.03 pM conA-bound metal particles for the same
incubation time as free conA. All cell samples were washed
at least three times with PBS buffer solution before casting
on the glass coverslips for fluorescence image measurements.

Spectra Measurements. Absorption spectra were moni-
tored with a Hewlett-Packard 8453 spectrophotometer.
Ensemble fluorescence spectra were recorded with a Cary
Eclipse fluorescence spectrophotometer. Transmission elec-
tron micrographs (TEM) were taken with a side-entry Philips
electron microscopy at 120 keV. Samples were cast from
water solutions onto standard carbon-coated (200–300 Å)
Formvar films on copper grids (200 meshes) by placing a
droplet of a 10 times diluted aqueous sample solution on
grids. The size distribution of metal core was analyzed with
a Scion Image Beta Release 2 counting at least 200 particles.

All cell image measurements were performed using a time-
resolved confocal microscope (MicroTime 200, PicoQuant).27

The samples were immobilized on glass coverslips by adding
20 µL of suspension onto an amino-silanized coverslip
following by drying at room temperature. A single-mode
pulsed laser diode (635 nm, 100 ps, 40 MHz) (PDL800,
PicoQuant) was used as the excitation light. The collimated
laser beam was spectrally filtered by an excitation filter
(D637/10, Chroma) before directing into an inverted micro-
scope (Olympus, IX 71). An oil immersion objective
(Olympus, 100× , 1.3 NA) was used to focus laser light
and collect fluorescence signal. The fluorescence that passed
a dichroic mirror (Q655LP, Chroma) was focused onto a 75
µm pinhole for spatial filtering to reject out-of-focus signals
and then reached the single-photon avalanche diode (SPAD)
(SPCM-AQR-14, Perkin-Elmer Inc.). Images were recorded
by raster scanning (in a bidirectional fashion) the sample of
the incident laser with a pixel integration of 0.6 ms. The
excitation power into the microscope was maintained at
less than 1 µW. Time-dependent fluorescence data were
collected with a dwell time of 50 ms. The data was stored
in a time-tagged-time-resolved (TTTR) mode, which
allows recording of every detected photon with its
individual timing information. Instrument response func-
tion (IRF) widths of about 300 ps fwhm were obtained in
combination with a pulsed diode laser, which permits the
recording of subnanosecond fluorescence lifetimes extend-
able to less than 100 ps with reconvolution. Lifetimes were
estimated by fitting to a �2 value of less than 1.2 and with
a residuals trace that was fully symmetrical about the zero
axis. All measurements were performed in a dark com-
partment at room temperature.

Results and Discussion. The synthesized tiopronin-coated
silver particles displayed a typical plasmon absorbance at
402 nm in water (Figure 1).19a,28,29 TEM images showed these
metal particles appeared an approximately homogeneous
distribution of metal core sizes and at least 80% were ranged
in 20 ( 8 nm (inset of Figure 2). An average chemical
composition thus was estimated to be (Ag)2 × 105 (Tio)5

Figure 1. Absorbance spectra of tiopronin-coated silver particles,
conA-bound metal particles, and released conA after the metal cores
were dissolved by NaCN in 10 mM PBS buffer solution.
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× 103. The metal particles were functionalized by reactions
on the surfaces of metal cores.

They were first succinimidylated with (2-mercapto-pro-
pionylamino) acetic acid 2,5-dioxo-pyrrolidin-1-ylester via
ligand exchange.21 The ligand exchange on the metal particle
is known to occur in a molar ratio of 1:1. In the experiment,
the metal particles and succinimidyl-terminated thiolate
compound were codissolved in water at a molar ratio of
1:100. We did not expect that the reaction could be
completely efficient. In other words, only some of the
succinimidyl-terminated ligands were expected to displace
on the metal particle and the loading number of succinimidyl-
terminated ligand should be less than 100 on each metal
particle. It is difficult to measure the exact number using
the regular evaluation methods, but the following experiments
reveal that about 30 labeled conA molecules are conjugated
on each metal particle, indicating that the metal particles are
indeed displaced by multiple succinimidyl-terminated ligands
with the loading number of 30–100.

Alexa Fluor 647 conA conjugates were covalently bound
on the succinimidylated metal particles. In the reaction, conA
was dissolved in solution by 1000 excess relative to the metal
particle to avoid their aggregation. Because each metal
particle is displaced by multiple succinimidyl-terminated
ligands as described above, an excess amount of conA
molecules were dissolved in solution ensuring at least 10
times more than the quantity of succinimidyl-terminated
ligands on the silver particles. Binding of conA on the metal
particle was verified by absorbance spectrum showing 6 nm
red-shift of maximum wavelength to 408 nm (Figure 1). We
did not measure the maximum concentration of conA in
solution that can avoid the aggregation of metal particles in
the current experiment, but the TEM images show that the
metal particles are not aggregated significantly at this molar
ratio. Comparing with free conA in the absence of metal,
the bound conA exhibited an insignificant change of emission
wavelength but an obvious intensity enhancement when the
concentration remained the same (Figure 2). Several drops

of 0.1 N sodium cyanide solution were added in solution to
remove the metal cores and release the conA from the metal
particles at the same concentration in solution.30 This 3-fold
enhancement of MEF is consistent with our previous
observation on the metal particle with the same size.19 The
metal particles displayed only insignificant change on TEM
images after the surface reactions, implying that they were
not obviously altered.

The loading number of conA on the metal particles could
be estimated by either ensemble absorbance or emission
spectrum. On the absorbance spectrum (Figure 1), we
inferred that the molar ratio of conA (absorbance coefficient
) 1.6 × 106 M-1 cm-1) over the metal particle (absorbance
coefficient ) 1.5 × 107 M-1 cm-1) was about 30. This value
seems plausible because the metal particles were first
succinimidylated with a 100-fold amount of succinimidyl
compound and then covalently bound with an excess amount
of conA molecules. This number can be also measured by
ensemble fluorescence spectrum. After dissolving the metal
cores by NaCN treatment, the concentration of released conA
molecules in solution was detected by the emission intensity,
so the number was estimated to be 28, close to that inferred
from absorbance spectrum.

Both the free conA and PCPs in buffer solution were cast
on the glass coverslips and dried in air for the fluorescence
image measurements. Because the samples were diluted
sufficiently in solutions, most of the bright spots on the image
were assumed to be single conA molecules or single PCPs
(Figure 3). It was shown that the emission spots by PCPs
were 30-fold brighter than those by free conA in the absence
of metal, meanwhile the lifetime was shortened from 2.2 ns
by free conA to 1.0 ns by PCPs, which is due to a dramatic
change of radiating energy of fluorophore near a metal

Figure 2. Ensemble fluorescence spectra of PCPs and released conA
by NaCN treatment in 10 mM PBS buffer solution. The conA
concentration remained unchanged. Inset represents typical trans-
mission electron micrograph (TEM) images of 20 nm tiopronin-
coated silver particles. Figure 3. Representative emission intensity and lifetime images

of (a) free conA in the absence of metal and (b) conA-bound metal
particles. The images were acquired by a scanning confocal
microscopy. The scales of diagrams are 5 µm × 5 µm. The
resolution is 200 pixels × 200 pixels with an integration of 0.6
ms/pixel.
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particle.17 The lifetime of free conA is found to be close to
that of cell autofluorescence, but the lifetime of a metal-
associated fluorophore is much shorter. With the brighter
signal and shorter lifetime, the emission spots by PCPs are
expected to be distinguished from the cell images by their
autofluorescence when they are bound on the cell surfaces
as the cell imaging agents.

In the current work, we want to count the number of
fluorophores at the single-molecule level on the intensity or
lifetime image of cell.31,32 In the experiment, the PM1 cells
were fluorescently labeled with free conA and metal-
associated fluorophores, respectively. In the two incumbents,
the concentration of conA molecule was controlled to be the
same in solution to make the collected cell images compa-
rable. Both the intensity and lifetime images were recorded
(Figure 4). However, although the emission spots could be
observed on the intensity images labeled by either free conA
or PCPs, it is not possible to tell whether they belong to
heterogeneous medium of cell autofluorescence or fluoro-
phores bound on the cell surfaces. This issue is solved on
the lifetime images of cells when labeled by PCPs on which
the emission spots by PCPs display significantly shorter
lifetimes from the overall lifetime images of cells by
autofluorescence (average about 2.5 ns). Moreover, these
emission spots were also very bright as compared with the
image background, 10-fold over the average intensity by the

cell autofluorescence. This situation did not happen when
free conA was used to label the cells.

The lifetime components on these emission spots were
analyzed using the intensity decays and were achieved in
two components as an average 2.5 and 1.2 ns, respectively.
The longer component was considered to contribute from
the autofluorescence of cell and the shorter component from
PCPs bound on the cell surfaces. The mean average lifetime
on these emission spots was estimated to be 1.7 ns, obviously
shorter than the lifetime of cell autofluorescence. However,
this value is also significantly longer than the unbound PCPs
(Figure 3), probably due to the emission overlapping of
bound fluorophores with the autofluorescence of cells.
Contrary to PCPs, the emission spots by free conA could
not be observed on either intensity or lifetime images. A
histogram of lifetime distribution over the cell images by
PCPs is presented in Figure 5. Although only a few PCPs
were controlled to bind on the surface of each cell, their
existence were still able to be observed by a slight rise near
1.3 ns. Meanwhile, the maximum of lifetime distribution was
shown to shift slightly from 2.5 ns by the free conA in the
absence of metal to 2.3 ns by PCPs. This result indicates
that PCPs are very sensitive when used as the imaging agents
to bind and count the target molecules on the cell surfaces.

In general, the cell images were recorded while tightly
focusing the laser beam on the glass coverslip surface. To
achieve the distribution of PCPs on the cell surfaces, the
cell images were also monitored in the z direction. It was
done by adjusting the laser focus away from the coverslip
surface up to different layers of cells at every 1 µm (Figure
6a). It was shown that the cell images became blurred beyond
7 µm, indicating that the cell thickness was approximately
7 µm on the top of the coverslip. The emission spots were
also altered with various focuses, reflecting their actual
localizations on the cell surface. All cell lifetime images were
finally combined into one image using OriginPro 70 software
(Figure 6b). Only lifetime data ranging from 1.1 to 2.3 ns
were shown in the combined image to block the background
and cell autofluorescence to the most extent. About 12
emission dots were achieved with their lifetimes shorter than
2.3 ns. Apparently, these spots were not homogeneous on

Figure 4. Representative emission intensity and lifetime images
of PM1 cells labeled by (a) conA in the absence of metal and (b)
conA-bound metal particles. The scales of diagrams are 15 µm ×
15 µm. The resolution is 400 pixels × 400 pixels with an integration
of 0.6 ms/pixel.

Figure 5. Histograms of lifetime distributions on the cells labeled
by free conA and PCPs.

Nano Lett., Vol. 8, No. 4, 2008 1183



the sizes. We assume that small spots may represent single
PCPs or small PCP clusters, while large spots may represent
large PCPs clusters that are aggregated on the cell surface.

It is known that metal-enhanced fluorescence occurs via
a near-field interaction of a fluorophore with a metal particle,
which can be described as localizing the fluorophore in the
electric field distributed near the metal particle.33 The electric
field distribution near the silver particle is an important
element to understand the MEF behaviors of PCPs. Our
experiments revealed that the efficiency increases with the
size of metal core initially to exhibit a maximum at 50 nm
and then decreases.19a The result fits well with the theoretical
calculations by us19a and by others20 using different models.
Compared with the 20 nm silver particle, a larger silver
particle of 50 nm is suggested to induce a more efficient
MEF and a shorter lifetime due to a more efficient coupling
effect with the fluorophore when conjugating the labeled
conA molecules on the metal particle in the same loading
number. However, we used solely the 20 nm silver particles
to develop the functionalized PCPs in this case because larger
PCPs may encounter stronger steric hindrance on the cell
surfaces than the smaller ones. MEF is also influenced by
the core shape of the metal particle. By theoretical calcula-
tion, a metal particle with rod, triangle, and core/shell
structure is expected to have a totally different electric field

distribution from a sphere near the metal core.34,35 For
instance, the electric field is specially concentrated at the
ends for the metal rod and at the shape corners for the metal
triangle. The efficiency of PCPs can be improved when the
fluorophores are localized on these special sites of the shaped
metal particles. The distance of fluorophore to the metal core
also plays a crucial role.16 An optimistic distance is important
to influence the MEF efficiency. For instance, a distance that
is too close can result in quenching and a distance that is
too far cannot induce an efficient MEF. In this case, the
distance is adjusted by conA molecule with an average
distance of 4.5 nm. This distance can be further extended
by increasing the linker length. The wavelength of an incident
light can further influence the distribution of the electric field
near the metal particle,33 so the excitation and emission
wavelengths is supposed to influence the occurrence of MEF
for a fluorophore near a metal particle. On the basis of our
experimental results, the fluorophore with a long wavelength
can be enhanced efficiently on the metal substrate.9b This is
one of the reasons why the Alexa Fluor 647 was used in
this study.

The emission spots by the aggregated PCPs on the cell
images were observed to be much brighter than those by
the single PCPs. According to Schatz, et al., the electric field
in the space between the coupled metal particles is more

Figure 6. (a) Representative emission lifetime images of the same cell labeled by PCPs but scanned with a focus lifting from the top of
coverslip to different layers of cell in a scale of 1 µm. The scales of diagrams are 15 µm × 15 µm. The resolution is 400 pixels × 400
pixels with an integration of 0.6 ms/pixel. (b) Combination of eight images in (a).
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intense than that of a monomer.34,36 Our recent results have
supported this viewpoint.37 Therefore, besides the fluores-
cence overlapping by the aggregated metal particles associ-
ated on the cell surfaces, the strong near-field interactions
to the fluorophores also affect the brightness of the emission
spots on the cell images.

We also investigated the influence of metal particles on
the photostability of bound fluorophores. A time trace of a
free conA molecule showed direct decay of emission
intensity with irradiation time until completely eliminated
within 10 s (Figure 7). However, the emission intensity by
a metal-associated fluorophore was reduced to 1/3 within
30 s, indicating that the photostability was lengthened 10-
fold when conA was bound on the metal particle.16

Because the silver particles have been used as broad-
spectrum antimicrobial agents,38 we are concerned about the
potential cytotoxicity of PCPs to PM1 cells in culture. In
fact, the cytotoxicity of silver particles is attributed to their
surface chemistry.39 If the silver particles possess nearly free
surfaces, they could interact strongly with cells, resulting in
cytotoxicity. However, in our study, the silver particle
surfaces were coated with dense monolayers of thiolate
amino acid ligands, which are known to be chemically stable
in water. Moreover, the silver particles were bound on the
surfaces of PM1 cells through the conA molecules. Although
we did not quantify cytotoxicity, no obvious cell death was
detected when binding PCPs on the cell surfaces in our
study.40

Conclusion. Alexa Fluor 647 conA conjugates were
covalently bound onto 20 nm silver particles that were used
as novel fluorescence imaging agents. The emission intensity
and lifetime images of the fluorescently labeled PM1 cells
by PCPs were recorded by scanning confocal microscopy.
As the results, the metal-associated fluorophores displayed
a brighter signal, shorter lifetime, and better photostability
than the free conA. The emission spots due to the PCP labels
on the cell surfaces were clearly distinguishable from
autofluorescence images of the cells by their brightness and
lifetimes. Thus we can count the content and describe the
distribution of target molecules on the cell surface when the
metal-associated fluorophores are bound on the cell surfaces.
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