
Fluorescence Quenching/Enhancement Surface Assays: Signal
Manipulation Using Silver-coated Gold Nanoparticles

Evgenia G. Matveeva1, Tanya Shtoyko2, Ignacy Gryczynski1, Irina Akopova1, and Zygmunt
Gryczynski.1
1 Center for Commercialization of Fluorescence Technologies, Department of Molecular Biology and
Immunology; Department of Cell Biology and Genetics, University of North Texas Health Science Center,
3500 Camp Bowie Blvd., Fort Worth, TX 76106, USA

2 Department of Chemistry, University of Texas at Tyler, 3900 University Blvd., Tyler, TX 75799, USA

Abstract
Gold nanoparticles covalently attached to the indium tin oxide coated glass slide drastically quench
fluorescence of a surface immunoassay (approximately 5-fold). Silver electrochemically deposited
over the gold particles leads to fluorescence amplification: signal increases approximately 7–8 times
if compared to the signal on gold particles not covered with silver. This phenomenon allows
enhancing of the surface immunoassays utilizing both types of nanoparticles.

1. Introduction
Nanoparticles, in particular gold and silver, are widely used in various kinds of assays, mostly
as labels [1–3]. In many cases, strong quenching of a fluorophore is observed near gold
nanoparticles of 1–100 nm size [4–7]. However, in some cases no quenching [8] (at specific
fluorophore orientation on the gold nanoparticle surface), or fluorescence enhancement [9–
11] is observed. Fluorophore emission near gold particles depends on the location of the dye
near the particle, the fluorophore-particle surface distance, and molecular dipole orientation
versus particle surface [12–14].There are various effects observed on gold particles attached
to a glass substrate: for example, less quenching [15] or enhancement [16].

In this Letter we report manipulation of the fluorescence signal from the surface immunoassay
achieved by using coating the surface with gold nanoparticles, which may be further covered
by silver shells.

2. Experimental
2.1. Materials

Hydrogen tetrachloroaurate(III) triahydrate and sodium citrate were both obtained from
Aldrich and used to prepare the 12 nm colloidal gold sol. Corning 1737 aluminosilicate glass,
7 x 50 x 0.7mm, coated with indium tin oxide (ITO) (Rs = 5–15 Ω) was purchased from Delta
Technologies, Ltd (Stillwater, MN). Sodium hydroxide, glacial acetic acid, and
aminopropyltriethoxysilane, all obtained from Aldrich, were used to prepare gold nanoparticle
– ITO hybrid electrodes. Silver nitrate, obtained from Sigma-Aldrich, and ammonium
hydroxide, obtained from Fisher, were used for silver deposition on the hybrid electrode. Rabbit
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and goat immunoglobilins (IgGs) (95% pure) were from Sigma. Labeled-anti-rabbit IgG was
from Invitrogen (stock solution 2 mg/mL, label Rhodamine Red-X, label:protein ratio 3.7 mol/
mol). Buffer components and salts used in the assay (such as bovine serum albimun, poly-L-
lysine, glucose, sucrose, sodium phosphate) were from Sigma-Aldrich.

2.2. Preparation of gold nanoparticle – ITO slides
A colloidal gold sol in water (ca. 17 nM) was prepared by reduction of hydrogen
tetrachloroaurate(III) trihydrate with sodium citrate as reported previously [17]. It was verified
that colloidal gold nanoparticles were monodisperse (ca. 12–13 nm) using UV-visible specta
[17]. The gold nanoparticles were covalently attached to ITO slides as previously described
[18]. Briefly, the ITO slides were scrupulously washed with soap (Alconox) and rinsed with
distilled water, then slides were soaked overnight in 0.1 M NaOH to activate the surface, rinsed
copiously with distilled water, and soaked overnight at 80–90°C in a solution of 5% (v/v)
aminopropyltriethoxysilane in 0.1 M acetic acid (pH 5.5). Next, slides were rinsed plentifully
with deionized water, air dried, and placed into a petri dish with ITO side-up for drop coating
with colloidal gold sol. About 400 μL of the colloidal gold sol was drop coated on the desired
area of the ITO slide. The excess of colloidal gold sol was rinsed with deionized water after
the incubation for two hours at room temperature. The gold nanoparticle – ITO modified slides
were air dried in vials and stable for several months.

2.3. Electrochemical silver deposition on gold nanoparticle – ITO slides
The electrochemical deposition of silver on ITO or gold nanoparticle-modified ITO electrodes
was performed in the solution of 1 x10−3 M AgNO3 in 1.0 M NH4OH [19]. The electrochemical
cell was assembled as shown in Figure 1A. The ITO or gold nanoparticle –ITO modified
electrode (a) was used as a working electrode, Ag/AgCl (b), and platinum wire (c) were used
as reference and auxiliary electrodes, respectively. The potential was held at −0.20V for 700s
using Gamry PCI4 potentiostat. The gold nanoparticle – ITO modified slides with deposited
silver, shown in Figure 1B, were air dried and stored in vials. The silver deposited slides were
very uniform and stable.

2.4. Immunoassay procedure
Slides were covered with black electric tape (on the paper support) containing rectangular holes
(3 x 30 mm) to form wells on the surface of the slides. Model immunoassays were performed
on the slide surface in the wells as described earlier [20]. Briefly, rabbit IgG was non-covalently
immobilized on the “sample” slide, or goat IgG on the “control” slide. Then, Rhodamine Red-
X-labeled anti-rabbit IgG conjugate was added to the sample slide (with rabbit IgG) or control
slide (with goat IgG) and after incubation (1 hr at room temperature) and washing, the
fluorescence signal was measured.

2.5. Spectroscopic measurements
Emission spectra in solution were measured using a Varian Cary Eclipse fluorometer (“Varian
Analytical Instruments”, USA). Absorption spectra in solution and on the surface of the slides
were measured using a Cary 50 spectrofotometer (Varian, Inc.). Fluorescence measurements
of the samples on slide surfaces were performed in total internal reflection (TIRF) mode by
placing the slides horizontally on a coupling prism [20]. For excitation we used a small solid
state laser with emission at 532 nm laser diode. Emission spectra were collected via a fiber
optic from the top of the sample. For observation we used appropriate long wave pass cut-off
filters to attenuate excitation lines.

The enhancement or quenching ratio was calculated as a ratio of (average particle-coated slide
signal) to (average non-coated slide signal). The signal for a single spot was taken as the average
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of the fluorescence signal at the emission maximum (5 data points). For all reported intensities
we averaged the signal from 5 different spot locations on the slide.

Atomic Force Microscopy (AFM) images were collected by scanning dry sample slides with
an Atomic Force Microscope (TMX 2100 Explorer SPM, Veeco), equipped with AFM dry
scanner, over 100 μm. The AFM scanner was calibrated using a standard calibration grid as
well as 100 nm diameter gold nanoparticles, from Ted Pella. Images were analyzed using
SPMLab software.

Results and Discussion
We present here the results of the model immunoassay performed on the surface coated with
various types of nanoparticles: gold only, gold coated with silver shell and silver only. We
expect quenching effect for gold only nanoparticles and enhancement for silver only
nanoparticles; our goal was to compare different types of particles and demonstrate their
utilization for surface immunoassays when the change of the fluorescence intensity is being
recorded.

There are three major effects influencing the fluorescence emission near the metallic surface.

First, in a close proximity to the metallic surface, the fluorophores are strongly quenched. The
excitation energy is dumped to the metal without further emission. In the case of gold
nanoparticles, the quenching is more pronounced than for silver, due to absorptive properties
of metals. Gold nanoparticles, when being used in immunoassays, often just serve as strongly
absorbing labels [21]. Many immunoassays using gold nanoparticles are based on strong
fluorescence quenching near the particle surface [5,22]. Larger gold nanoparticles and clusters
may enhance the surface fluorescence [11,16]. Second, as a result of illumination of metallic
nanoparticles by the excitation light, there is an enhanced local field. This effect can be very
strong as observed in a surface enhanced Raman scattering (SERS) [23–25]. Third, the near-
field interaction of excited molecule with metallic nanoparicle may results in a rapid emission
radiation. This effect is equivalent with an increase of radiative rate. As a consequence, the
quantum yield of the fluorophore increases and the lifetime decreases.

The total brightness of fluorophores deposited on the metallic surface depends on the
combination of these three effects. In some cases, very low analyte concentrations can be
detected on the surface only in presence of silver colloid nanoparticles [26]. It should be noted,
that shorter lifetime reduces potential photodegradation of fluorophore [27–29].

Enhancement ratio caused by silver nanoparticles strongly depends on the size and shape of
the particles; ratios from few times up to 10–20 times, depending on the particle size and the
fluorophore used, have been observed [20,30].

It is known that gold nanoparticles catalyze reaction of silver deposition (silver shell formation
over the gold nanoparticles); such combination of gold nanoparticles and silver coating has
been used for assay enhancement [31–34]. Enhancement was observed at various types of
detection, such as chemiluminescent detection of the Ag+ ions after oxidation of the silver
shells [31], electrochemical detection of the Ag+ ions after oxidation of the silver shells [32],
or optical detection of the Au/Ag particles after silver deposition on the gold [33–34] while
nanoparticles have been used as labels for reporter antibodies.

We deposited small gold nanoparticles on ITO-coated slides. Then, silver was deposited over
gold on some of the gold-ITO-coated slides (see Figure 1). As controls we also deposited silver
on ITO-coated slides without gold particles. Additional controls for our immunoassay were
slides without particles and with or without ITO coating.

Matveeva et al. Page 3

Chem Phys Lett. Author manuscript; available in PMC 2009 March 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The size of the gold particles in solution was determined by absorbance spectra (Figure 2) and
found to be approximately 13 nm, according to spectra-size relation stated in [17]. These gold
particles were used for deposition on the surface, as gold only particles, and gold particles with
silver shells over them.

Surface AFM images of gold, silver, and gold with silver shells particles are shown on Figure
3. Gold only particles are small and mostly are not detectable on the surface; however, on some
parts of the surface they form aggregates shown on Figure 3A. Silver only particles mostly
form aggregates (larger in size than gold ones) on the slide surface (Figure 3B). When silver
is immediately coated over the gold on the slide surface, small gold seeds catalyze the formation
of the silver shells, and the resulting particles are smaller in size (if compared to silver only
deposition) and more uniform (Figure 3C). Approximate dimensions of the aggregates on slide
3B are 1 micron in diameter and about 300 nanometer height, while an averaged size of the
particles on slide 3C is 200 nm in diameter and 70 nm height, suggesting that silver shell
formation over the gold particles provides more stability and uniformity for particles with dual
silver-gold metallic layer.

Immunoassay detection was performed on the slide surface in TIRF mode as described in
Materials and Methods section [20]. Fluorescence spectra of the bound reporter labeled
antibodies measured on various surfaces are presented on Figure 4. They are characteristic for
the fluorescence emission of used Rhodamine Red-X label. We see the quenching effect by
gold only particles and enhancement for silver only particles, which confirms our suggestion
and published data. We see also enhancement – nearly same as for silver only – in case of gold
nanoparticles with the deposited silver coating over them (Figure 3). We verified these
phenomena by repeated experiments, and summary immunoassay data are presented on Figure
5. For clearer presentation we normalized here all data to the signal from glass surface without
any particles and even without ITO coating: average signal from this surface was taken as 1.
These data are also corrected for the non-specific binding signal measured from the slides with
“wrong” antigen (goat IgG, see Experimental) which was measurable but low (2% or less
compared to specific signal).

We believe that such signal manipulation can be utilized in surface immunoassays where
different antibodies are bound to different types of nanoparticles, which will result into drastic
change of the fluorescence signal after addition of the analyte of interest. For example, antibody
against analyte of interest can be immobilized on “gold only” particles. After saturation of this
antibody with analytefluorophore conjugate and washing, fluorophore fluorescence will be
quenched. Then after adding of the sample with analyte of interest, this analyte will replace
the conjugate, and conjugate will detach from the gold particles and fluorescence will be
restored (proportionally to the sample analyte concentration). Now if we combine “gold only”
coated surface with the surface coated with silver-shelled gold, containing immobilized
antifluorophore antibodies, after adding sample analyte conjugate from the solution will bind
to this area of the surface, and fluorophore fluorescence will be increased (Figure 6). Here we
expect higher enhancement values, since in this case fluorophore will be closer to the silver
surface than in our model immunoassay experiment.

The advantage of such type of immunoassays is positive dose-response curve for a competitive
immunoassay. This is especially important for small analytes such as drugs or pesticides which
can not be detected in sandwich type immunoassays (with positive dose-response corves)
because they have only one binding site.
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Conclusion
We demonstrated that the quenching of fluorescence by gold can be reversed to a significant
enhancement by the electrochemical coating of the surface with silver nanoparticles.

Silvering of the gold-nanoparticle-coated surface results into approximately 8-fold signal
enhancement. We believe that such signal manipulation can be utilized in surface
immunoassays where different antibodies are bound to different types of nanoparticles, which
will result into drastic enhancement of the fluorescence signal and positive dose-response curve
for competitive immunoassays.
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Figure 1.
(A) The electrochemical cell for silver deposition with (a) ITO or gold nanoparticle –ITO
modified working electrode, (b) Ag/AgNO3 reference electrode and (c) platinum auxiliary
electrode. (B) The schematic representation of gold nanoparticle –ITO modified electrode with
and without deposited silver.
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Figure 2.
Solution spectrum of the gold nanoparticles.
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Figure 3.
AFM images of samples: A –ITO/glass + Au particles; B – ITO/glass + Ag particles; C -ITO/
glass + Au/Ag particles. X-Y dimensions for all scans are 5 x 5 μm.
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Figure 4.
Fluorescence spectra of the model immunoassay signal (reporter Rhodamine Red-X
antibodies) measured from different particle coatings of the ITO/glass slides (excitation by 532
nm laser).
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Figure 5.
Fluorescence signals of the model immunoassay (reporter Rhodamine Red-X antibodies)
measured from different particle coatings of the ITO/glass slides (excitation by 532 nm laser)
and glass without ITO (takes as comparison signal of 1 a.u.). Error bars represent plus/minus
one standard deviation (n=5).
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Figure 6.
Surface assay utilizing fluorescence signal manipulation on different nanoparticles. Antibody
against analyte of interest is immobilized on “gold only” particles, and analyte-fluorophore
conjugate is bound on this surface (fluorophore fluorescence is quenched). Then after adding
of the sample with analyte of interest (black rhombs), this analyte will replace the conjugate,
and conjugate will detach from the gold particles and fluorescence will be restored
(proportionally to the sample analyte concentration). By transferring the supernatant solution
onto a surface coated with silver-shelled gold, containing immobilized anti-fluorophore
antibodies, we further enhance the conjugate fluorescence due to it’s binding to the silver-
coated “enhancing” particles.
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