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Description

BACKGROUND OF THE INVENTION

Technical Field

[0001] The present invention is directed to a detection system and method for increasing sensitivity and rapidity of the
detection system, and more particularly, to increasing fluorescence detection in surface assay systems while increasing
kinetics of a bioreaction in the detection system.

Background of Related Art

[0002] Immunoassays are used widely for the detection and determination of a variety of proteins, peptides and small
molecules.1-8 While there exists a large diverse family of immunoassays today, the basic principles are mostly the
same.1-8 These typically use antigen-antibody binding for analyte recognition and mostly fluorescence based readout
for signal transduction. Fluorescent based immunoassays are available in many forms, such as time-resolved immu-
noassays,9-13 energy transfer immunoassays14-16 and fluorescence polarization immunoassays.17, 18 The antigen-an-
tibody recognition step is most often kinetically very slow, requiring long incubation times, very few assays subsequently
being complete less than 10 minutes.1-8 In addition, the sensitivity of fluorescence based immunoassays is mostly
governed by the quantum yield of the tagging fluorophore and the efficiency and sensitivity of the detection system.1-8

These two physical constraints underpin both the rapidity and sensitivity of current immunoassays.1-8

[0003] The present inventor, along with his colleagues, discovered that close-proximity to metallic silver islands or
colloids can alter the radioactive decay rate and/or excitation rate of fluorophores. Further, it has been shown that
quantum yield of low quantum yield fluorophores can be increased by proximity to metallic surfaces. The enhanced
excitation of fluorophores in close proximity to metallic surfaces including nanostructures, islands, colloids, porous and
continuous surfaces can have numerous applications in the biochemical and biological applications of fluorescence
because of the increased intensity of the fluorescence.
[0004] Fluorescence detection is the basis of most assays used in drug discovery and high throughput screening
(HTS) today. In all of these assays, assay rapidity and sensitivity is a primary concern. The sensitivity is determined by
both the quantum yield of the fluorophores and efficiency of the detection system, while rapidity is determined by the
physical and biophysical parameters of temperature, concentration, assay bioaffinity etc.
[0005] However, the assays and system discussed hereinabove, are limited by the reaction time of the chemical
reactions within the assays, such as that which occur in binding or hybridization. Thus, there is a need for assay systems
and methods that increase the biological/ biochemical kinetics of the reaction, increase the sensitivity and that can be
used for in both clinical and emergency room assessments.

SUMMARY OF THE INVENTION

[0006] In one aspect the present invention relates to an assay detection method comprising:

1) providing a conductive metallic material; wherein the metallic material is shaped as a film, particles, nanostructures,
island or colloids;

2) introducing at least one biomolecule for disposing near the conductive metallic material, wherein the biomolecule
is capable of emitting light and enhanced by a predetermined proximity to the metallic material;

3) applying electromagnetic energy in the microwave range to cause an increase in heat in the metallic material
thereby increasing the kinetics of chemical reactions involving the biomolecule; and

4) measuring the emitted light from the system.

[0007] The method described above may be used in multiple fluorescence detecting systems, including but not limited
to, Microwave Accelerated Metal-Enhanced Fluorescence (MAMEF) and Microwave Accelerated Surface Enhanced
Raman Scattering (MASERS). Further, the use of low power microwaves may be used in many different assays, including
but not limited to, immunoassays, hybridization assays, resonance energy transfer assays, polarization/anisotropy based
assays, chemiluminescence based assays, luminescence based assays, enzyme-linked immunosorbent assays.
[0008] In another aspect, the present invention provides for a detection system comprising:
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a) a conductive metallic material positioned within a container, wherein the metallic material is shaped as a film,
particles, nanostructures, island or colloids;

b) at least one biomolecule for disposing near the conductive metallic material, wherein the biomolecule is capable
of emitting light and enhanced by a predetermined proximity to the metallic material;

c) an electromagnetic energy source that emits energy in at least the microwave range to cause an increase in heat
in the metallic material thereby increasing the kinetics of a chemical reactions involving the biomolecule; and

d) a measuring device to measure the emitted light from the system.

[0009] In the present embodiment, the biomolecule comprises a fluorescing component that has the ability to fluoresce
when contacted with radiation in the range from UV or IR. Preferably, the fluorescing component is a molecule that does
not interfere with the chemical reaction of the biomolecule.
[0010] In another aspect the present invention relates to a method of metal-enhanced fluorescence sensing, compris-
ing:

a) applying a conductive metallic material to a surface used in a detection system, wherein the surface includes
glass, quartz, or a polymeric material;

b) introducing a solution containing at least one biomolecule for disposing near the conductive metallic surface,
wherein the biomolecule is capable of fluorescing;

c) applying electromagnetic energy in the microwave range to cause an increase in heat in the solution thereby
increasing the kinetics of any chemical reactions occurring within the detection system;

d) exciting the biomolecule with an electromagnetic source to cause fluorescing; and

e) measuring the fluorescence emission within the system.

[0011] In yet another aspect, the present invention provides a method for detecting a targeted pathogen in a sample,
the method comprising:

a) providing a system comprising:

1) an immobilized metallic material positioned on a surface substrate, wherein the immobilized metallic material
has attached thereto an immobilized capture DNA sequence probe complementary to a known DNA sequence
of the target pathogen; and
2) a free capture DNA sequence probe complementary to a known DNA sequence of the target pathogen,
wherein the free capture DNA sequence probe has attached thereto a fluorophore;

b) contacting the sample with the immobilized capture DNA sequence probe, wherein the DNA sequence of the
target pathogen binds to the immobilized capture DNA sequence probe;

c) contacting the bound DNA sequence of the target pathogen with the free capture DNA sequence probe, wherein
binding of the free capture DNA sequence probe to the DNA sequence of the target pathogen causes the fluorophore
to be positioned a sufficient distance from the immobilized metallic material to enhance fluorescence emission;

d) irradiating the system with microwave energy in an amount sufficient to enhance binding of the free capture DNA
sequence probe to the DNA sequence of the target pathogen causing increased speed of the reactions; and

e) irradiating the system with electromagnetic energy in a range from UV to IR to increase fluorescence emission
by the fluorophore positioned a predetermined distance from the metallic material.

[0012] Preferably, the microwave energy is sufficient to transfer energy to the metallic material thereby causing an
increase of heat therein.
[0013] Preferably, the conductive metallic material takes the form of metallic particles, nanostructures, islands, colloids,
porous matrix or a continuous metallic surface. The metallic element may include any form of noble metals such as
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silver, gold, platinum and copper, and more preferably the metallic material is silver, such as a low-density silver.
[0014] The biomolecule that is capable of fluorescing and/or upon excitation by electromagnetic energy emits light
includes, but is not limited to fluorophores, chromophores, or lumophores. The compound capable of fluorescing may
be an intrinsic fluorophore or a compound attached to an extrinsic fluorophore.
[0015] In a still further aspect, the present invention relates to an assay using High Throughput Screening (HTS), the
method comprising:

a) providing a well plate used in HTS systems comprising a multiplicity of wells;

b) introducing metallic nanostructures into the wells,

c) introducing at least one biomolecule for disposing near the metallic nanostructures, wherein the biomolecule is
capable of emitting light and enhanced by a predetermined proximity to the metallic nanostructures;

d) applying electromagnetic energy in the microwave range to cause an increase in heat in the metallic material
thereby increasing the kinetics of a chemical reactions involving the biomolecule; and

e) measuring the emitted light from the system.

[0016] A further aspect of the present invention, relates to a kit for detecting a target molecule in a sample, the kit
comprising

a) a container comprising a layer of immobilized metal particles deposited on a substrate fabricated of a polymeric
or quartz material, wherein an immobilized probe is connected to the metal particles and wherein the immobilized
probe has an affinity for the target molecule;

b) a fluorophore having an affinity for the target molecule, wherein the binding of the target molecule to both the
immobilized probe and fluorophore causes the fluorophore to be positioned a sufficient distance from the immobilized
metal particles to enhance fluorescence emission; and

c) a source of microwave energy.

[0017] Other aspects and advantages of the invention will be more fully apparent from the ensuing disclosure and
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figure 1 shows the Silver island film (SiFs) plasmon absorption spectrum before and after exposure to low power
microwaves.

Figure 2 shows the AFM images of silver Island films (SiFs) before and after 30 second exposure to low power
microwaves.

Figure 3 shows the components of the model protein-fluorophore system used to demonstrate Microwave-Acceler-
ated Metal-Enhanced Fluorescence (MAMEF). Both glass and silvered surfaces are equally coated with biotinylated-
BSA which creates a spacer layer for metal-enhanced fluorescence. Fluorescein labeled avidin (FITC-Avidin) rapidly
binds to the surface with a room temperature reaction time of about 30 minutes.

Figure 4 shows the enhanced fluorescein emission from the silvered surface as compared to the glass surface
(control sample) after 30 minutes incubation (Top). The samples were washed after incubation. (Bottom) - Normalized
emission spectra showing that the emission spectral properties are preserved on both silvered and glass substrates.

Figure 5 shows the enhanced fluorescein emission on the silvered surface as compared to glass after 20 seconds
low power microwave heating (top). The sample was washed after 20 seconds of microwaving to remove unbound
material. A similar final fluorescein emission fluorescence Intensity can be seen for both a 30 minute incubation
(Figure 4 - top) as compared to 20 seconds microwave heating. (Bottom) -Normalized emission spectra showing
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that the spectral properties are maintained.

Figure 6 shows the emission spectra of fluorescein-avidin on both silvered and glass surfaces after 30 seconds
incubation, no microwave heating. The benefits of microwave accelerated metal-enhanced fluorescence can be
seen by comparing Figures 4, 5 and 6.

Figure 7 shows photographs illustrating the benefits of Microwave-Accelerated Metal-Enhanced Fluorescence
(MAMEF). Significantly, greater fluorescein fluorescence emission intensity can be seen on the silvered surface
that has been microwave heated.

Figure 8 shows intensity decays for FITC-Avidin on both glass and SiFs, both before and after exposure to low
power microwave heating. The intensity decays on the SiFs are almost identical (SiFs - Silver Island Films).

Figure 9 shows fluorescein emission intensity from both silvered and glass substrates as a function of cumulative
low power microwave heating. The fluorophore is unperturbed by the microwaves.

Figure 10 shows the rate of control experiments of non-specific absorption of fluorescein-avidin to the bare surfaces
after 30 minutes incubation (Top) and after 30 seconds low power microwave heating (Bottom). Both glass and
silvered surfaces were not coated with biotinylated -BSA. Both plots show that the extents of non-specific absorption
are indeed very low, and that low power microwave heating does not increase the extent of non-specific absorption.

Figure 11 shows the results of fluorescence resonance energy transfer experiments to confirm that low power
microwaves do not denature the proteins. (Top) - Fluorescein (Donor) labeled avidin before and after low power
microwave heating, (Middle) - Alexa 532 (Acceptor) labeled avidin before and after low power microwave heating,
(Bottom) - Donor-acceptor labeled avidin (ratio D/A = 10) before and after low power microwave heating. The extent
of energy transfer does not change after heating, suggesting that the proteins are not denatured.

Figure 12 shows the results of further fluorescence resonance energy transfer experiments to confirm that the
proteins are not denatured by low power microwaves. (Top) - Fluorescein (Donor) labeled avidin before and after
low power microwave heating, (Middle) - Alexa 532 (Acceptor) labeled avidin before and after low power microwave
heating, (Bottom) - Donor-acceptor labeled avidin (ratio D/A = 1) before and after low power microwave heating.

Figure 13 shows thymol blue absorption spectra as a function of temperature (Top), and the subsequent ratiometric
plot of the 600 and 425 nm absorption bands as a function of temperature (Bottom).

Figure 14 shows absorption spectra as a function of temperature for 30 ml thymol blue in the black body sample
holder (Top) and the respective absorbance, temperature Vs time ratiometric plot (Bottom).

Figure 15 shows TOC glass slides.

Figure 16 shows a model metal-enhanced fluorescence immunoassay. A silvered surface features immobilized
antibodies for a particular analyte. Upon formation of the sandwich Immunoassay, the low quantum yield fluorophore
is brought into close proximity to the surface (within the 10 nm enhancement region), the system becoming highly
luminescent and facilitating analyte detectability.

Figure 17 shows AFM images both before and after microwave heating (Top left and Bottom respectively) and the
corresponding plasmon absorption spectrum (right).

Figure 18 shows a metal-enhanced fluorescence Myoglobin immunoassay of the present invention.

Figures 19A and B show the fluorescence intensities of the myoglobin immunoassay in the presence and absence
of silver with no microwave heating A (top) and after low power microwave heating B (top). The spectra on both
glass and silver were found to be identical after normalization A and B (bottom).

Figure 20 shows the sample geometry in High Throughput Screening (HTS) wells.

Figure 21 shows a Total Internal Reflection Fluorescence TIRF experimental set-up mounted on an XY stage, for
analysis of both the silvered and unsilvered HTS wells.
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Figure 22 shows the absorption spectra of silver-colloid coated plastic-bottomed HTS wells, before and after low
power microwave heating.

Figure 23 shows fluorescence emission intensity of fluorescein from both silvered and non-silvered HTS wells (Top)
after 30 mins room temperature incubation. The spectra are the average of 5 wells. (Bottom) - Normalized spectra
from both silvered and non-silvered wells.

Figure 24 shows fluorescence emission intensity of fluorescein from both silvered and non-silvered HTS wells (Top)
after 30 seconds microwave heating. The spectra are the average of 5 wells. (Bottom) - Normalized spectra from
both silvered and non-silvered wells after microwave heating.

Figure 25 shows photographs of actual HTS wells, with and without silver, before and after microwave heating. The
photographs were taken through a long-pass filter with 473 nm TIR evanescent wave excitation.

Figure 26 shows the rates of control experiments of non-specific absorption of fluorescein-avidin to bare and silvered
surfaces after 30 minutes incubation (Top), 30 seconds incubation (Middle), and after 30 seconds low power mi-
crowave heating (Bottom). The well bottoms were not coated with Biotinylated-BSA.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention relates to systems and methods for increasing and detecting the fluorescence of fluo-
rescent and non-fluorescent compounds, including biomolecules, while increasing the kinetics of bioreactions used in
detection methods.
[0020] "Fluorophore," as used herein, means any substance that emits electromagnetic energy such as light at a
certain wavelength (emission wavelength) when the substance is illuminated by radiation of a different wavelength
(excitation wavelength) and is intended to encompass a chemical or biochemical molecule or fragments thereof that is
capable of interacting or reacting specifically with an analyte of interest in a sample to provide one or more optical signals.
Additionally fluorophore includes both extrinsic and intrinsic fluorophores. Extrinsic fluorophore refer to fluorophores
bound to another substance. Intrinsic fluorophores refer to substances that are fluorophores themselves. Exemplary
fluorophores include but are not limited to those listed in the Molecular Probes Catalogue
[0021] Representative fluorophores include but are not limited to Alexa Fluor® 350, Dansyl Chloride (DNS-Cl), 5-(io-
doacetamida)fluoroscein (5-IAF); fluoroscein 5-isothiocyanate (FITC), tetramethylrhodamine 5-(and 6-)isothiocyanate
(TRITC), 6-acryloyl-2-dimethylaminonaphthalene (acrylodan), 7-nitrobenzo-2-oxa-1,3,-diazol-4-yl chloride (NBD-Cl),
ethidium bromide, Lucifer Yellow, 5-carboxyrhodamine 6G hydrochloride, Lissamine rhodamine B sulfonyl chloride,
Texas Red™. sulfonyl chloride, BODIPY™., naphthalamine sulfonic acids including but not limited to 1-anilinonaphtha-
lene-8-sulfonic acid (ANS) and 6-(p-toluidinyl)naphthalen- e-2-sulfonic acid (TNS), Anthroyl fatty acid, DPH, Parinaric
acid, TMA-DPH, Fluorenyl fatty acid, Fluorescein-phosphatidylethanolamine, Texas red-phosphatidylethanolamine,
Pyrenyl-phophatidylcholine, Fluorenyl-phosphotidylcholine, Merocyanine 540, 1-(3-sulfonatopropyl)-4-[- .beta.-[2 [(di-n-
butylamino)-6 naphthyl]vinyl]pyridinium betaine (Naphtyl Styryl), 3,3’dipropylthiadicarbocyanine (diS-C3-(5)), 4-(p-
dipentyl aminostyryl)-1-methylpyridinium (di-5-ASP), Cy-3 lodo Acetamide, Cy-5-N-Hydroxysuccinimide, Cy-7-Isothio-
cyanate, rhodamine 800, IR-125, Thiazole Orange, Azure B, Nile Blue, Al Phthalocyanine, Oxaxine 1, 4’, 6-diamidino-
2-phenylindole (DAPI), Hoechst 33342, TOTO, Acridine Orange, Ethidium Homodimer, N(ethoxycarbonylmethyl)-6-
methoxyquinolinium (MQAE), Fura-2, Calcium Green, Carboxy SNARF-6, BAPTA, coumarin, phytofluors, Coronene,
and metal-ligand complexes.
[0022] Representative intrinsic fluorophores include but are not limited to organic compounds having aromatic ring
structures including but not limited to NADH, FAD, tyrosine, tryptophan, purines, pyrirmidines, lipids, fatty acids, nucleic
acids, nucleotides, nucleosides, amino acids, proteins, peptides, DNA, RNA, sugars, and vitamins. Additional suitable
fluorophores include enzyme-cofactors; lanthanide, green fluorescent protein, yellow fluorescent protein, red fluorescent
protein, or mutants and derivates thereof.
[0023] Also included are novel quaternary nitrogen heterocyclic boronic acid-containing compounds including:
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and
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wherein X is chloride, bromide or iodide and R is selected from the group consisting of H, straight chain or branched
C1-C4 alkyl group, C1-C4 alkoxy group, aryl group, hydroxyl, cyano, sulfonyl, and NR1R2, wherein R1 and R2 may be
the same as or different from one another and is independently selected from the group consisting of H and C1 - C4 alkyl
groups.
[0024] The term "biomolecule" means any molecule occurring in nature or a derivative of such a molecule. The bio-
molecule can be in active or inactive form. "Active form" means the biomolecule is in a form that can perform a biological
function. "Inactive form" means the biomolecule must be processed either naturally or synthetically before the biomolecule
can perform a biological function. Exemplary biomolecules include nucleic acids, aromatic carbon ring structures, NADH,
FAD, amino acids, carbohydrates, steroids, flavins, proteins, DNA, RNA, oligonucleotides, peptide, nucleic acids, fatty
acids, myoglobin, sugar groups such as glucose etc., vitamins, cofactors, purines, pyrimidines, formycin, lipids, phyto-
chrome, phytofluor, peptides, lipids, antibodies and phycobiliproptein.
[0025] The invention combines the use of metal-enhanced fluorescence with the ability to greatly speed up biologi-
cal/biochemical kinetics by using low level microwave heating of the samples. Low level microwaves do not destroy or
denature proteins, DNA, or RNA, but instead heat the sample sufficiently to provide for accelerated kinetics such as
binding or hybridization. In addition, the microwaves are not scattered by the low density silver metal, which is contrary
to most metal objects such as that recognized by placing a spoon in a microwave oven. Hence, the present invention
combines the enhanced and localized signal intensities that have been reported for metals in close proximity to fluoro-
phores with the ability to rapidly heat the samples using low level microwaves.
[0026] Microwaves (about 0.3 to about 300 GHz) lie between the infrared and radiofrequency electromagnetic radia-
tions. It is widely thought that microwaves accelerate chemical and biochemical reactions by the heating effect, 55 where
the heating essentially follows the principle of microwave dielectric loss.42 Polar molecules absorb microwave radiation
through dipole rotations arid hence are heated, where as non-polar molecules do not absorb due to lower dielectric
constants are thus not heated.42 The polar molecules align themselves with the external applied field. In the conventional
microwave oven cavity employed in this work, the radiation frequency (2450 MHz) changes sign 2.45 x 109 times per
second. Heating occurs due to the tortional effect as the polar molecules rotate back and forth, continually realigning
with the changing field, the molecular rotations being slower than the changing electric field. The dielectric constant, the
ability of a molecule to be polarized by an electric field, indicates the capacity of the medium to be microwave heated.
Thus, solvents such as water, methanol and dimethyl formamide are easily heated, where as microwaves are effectively
transparent to hexane, toluene and diethylether.42 For metals, the attenuation of microwave radiation arises from the
creation of currents resulting from charge carriers being displaced by the electric field.58 These conductance electrons
are extremely mobile and unlike water molecules can be completely polarized in 10-18 s. In microwave cavity used in
the present invention, the time required for the applied electric field to be reversed is far longer than this, in fact many
orders of magnitude. If the metal particles are large, or form continuous strips, then large potential differences can result,
which can produce dramatic discharges if they are large enough to break down the electric resistance of the medium
separating the large metal particles. Interestingly, and most appropriate for the new assay platform described herein,
small metal particles do not generate sufficiently large potential differences for this "arcing" phenomenon to occur.58

However, as discuss hereinbelow, the charge carriers which are displaced by the electric field are subject to resistance
in the medium in which they travel due to collisions with the lattice phonons.58 This leads to Ohmic heating of the metal
nanoparticles in addition to the heating of any surface polar molecules. Intuitively, this leads to localized heating around
the silver nanostructures in addition to the solvent, rapidly accelerating assay kinetics. Further, the close proximity of
assay fluorophores, additionally leads to fluorophore radiative decay rate modifications22, 37 and the subsequent increase
in fluorescence emission.22, 37 Hence metallic nanoparticles, fluorophores and microwaves can be combined to yield
kinetically accelerated and optically amplified immunoassays.
[0027] There are many important assays that can directly benefit from enhanced signal intensities and quicker kinetics.
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For example, myoglobin concentrations for heart attack patients, patients of toxic shock and pancreatitus. All of these
assays are widely used in hospitals emergency rooms with assay times of greater than 30 minutes. Thus, the present
invention can be used for points -of -care clinical assessment in emergency rooms.
[0028] In the present invention, microwave radiation is provided by an electromagnetic source having a frequency in
a range between 0.3 and 10 GHz and a power level in a range between about 10 mwatts and 400 watts, more preferably
from 30 mwatts to about 200 watts. Any source, known to one skilled in the art may be used, such as a laser that emits
light, wherein light is used in its broad sense, meaning electromagnetic radiation which propagates through space and
includes not only visible light, but also infrared, ultraviolet and microwave radiation. Thus, a single instrument placed
above the surface of the assay can be used to generate the microwave energy and energy to excite fluorescing molecules.
The light can be emitted from a fiber continuously or intermittently, as desired, to maintain the metallic particles at a
predetermined temperature such that it is capable of increasing the speed of chemical reactions within the assay system.
In the alternative, microwave energy can be supplied through a hollow wave guide for conveying microwave energy
from a suitable magnetron. The microwave energy is preferably adjusted to cause an increase of heat within the metallic
material without causing damage to any biological materials in the assay system.
[0029] The present invention provides enhanced emissions using metallized islands of elliptical, spherical, triangular
or rod-like forms. In exemplary cases, the elliptical islands have aspect ratios of 3/2, and the spherical colloids have
diameters of 20-60 nm. However, the invention is not limited to any particular geometry. Using known coating techniques,
the placement of metallic islands could be controlled precisely, as close as 50 nm apart. In the continuous metallic film
case, the fluorophore emissions could be detected in the analyte solution up to 500 nm away from the surface of the
metal. In the case where the metallic coating is formed by islands, the enhanced fluorophore emissions could be detected
in the solution up to 200 nm away from the surface of the metal.
[0030] In one embodiment the present invention provides for metallic material and a biomolecule capable of fluorescing,
wherein the metallic material and the biomolecule are separated by at least one film spacer layer. The thickness of said
film may be chosen so as to enhance the fluorescence of the biomolecule due to the distance of the biomolecule from
the metallic material. The film spacer layer may be one or multiple layers of a polymer film, a layer formed from a fatty
acid or a layer formed from an oxide. In a preferable embodiment, the film spacer layers and the metallic material are
chemically inert and do not bind to the biomolecules to be detected or to intermediates that are bound to the compounds
to be detected, for example covalently bound. The layer formed from a fatty acid may be formed by a Langmuir-Blodgett
technique. The film spacer layer may be a spin coated polymer film. The oxide layer may be formed from a deposition
technique, such as vapor deposition.
[0031] Further, the metallic material may be in the form of a porous three dimensional matrix. The three dimensional
matrix may be a nano-porous three dimensional matrix. The metallic material may include metal colloid particles and/or
metal-silica composite particles. The metallic material may comprise agglomerated metal particles and/or binary linked
particles or metal particles in a polymer matrix. The three dimensional matrix may be formed from controlled pore glasses
or using matrices assembled from the aggregation of silver-silica composites themselves. The matrices may be metallic
nanoporous matrix, through which species will flow and be both detected and counted more efficiently.
[0032] Increase in Radiative Decay Rate
[0033] It is known that a nearby metal can increase the intrinsic decay rate of a fluorophore, that is, to modify the rate
at which the fluorophore emits photons. In fluorescence, the spectral observables are governed by the magnitude of λ,
the radiative rate, relative to the sum of the non-radiative decay rates, knr such as internal conversion and quenching.
[0034] Fluorophores with high radiative rates have high quantum yields and short lifetimes. Increasing the quantum
yield requires decreasing the non-radiative rates knr, which is often only accomplished when using a low solution tem-
perature or a fluorophore bound in a more rigid environment. The natural lifetime of a fluorophore, τn, is the inverse of
the radiative decay rate or the lifetime which would be observed if their quantum yields were unity. This value is determined
by the oscillator strength (extinction coefficient) of the electronic transition. Hence, for almost all examples currently
employed in fluorescence spectroscopy, the radiative decay rate is essentially constant. The modification and control
of the radiative rate have also been referred as Radiative Decay Engineering (RDE), or "lightening rod" fluorescence
enhancement effect. For example, enhanced intrinsic DNA fluorescence above metallic particles has recently been
observed, which is typically not readily observable because of DNA’s very low quantum yield of less than 10-4. The
second favorable "lightening rod" effect also increases the fluorescence intensity by locally enhanced excitation. In this
case, emission of fluorophores can be substantially enhanced irrespective of their quantum yields.
[0035] The reduction in lifetime of a fluorophore near a metal is due to an interaction between the fluorophore and
metal particle, which enhances the radiative decay rate (quantum yield increase) or depending on distance, d-3, causes
quenching. It should be noted that lifetimes of fluorophores with high quantum yields (0.5) would decrease substantially
more than the lifetimes of those with low quantum yields (0.1 and 0.01). A shorter excited-state lifetime also allows less
photochemical reactions, which subsequently results in an increased fluorophore photostability. Notably, the use of low
quantum yield fluorophores would lead to much larger fluorescence enhancements (i.e. 1 / Q0) and could significantly
reduce unwanted background emission from fluorophores distal from the silvered assay.
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[0036] Fluorophore photostability is a primary concern in many applications of fluorescence. This is particularly true
in single molecule spectroscopy. A shorter lifetime also allows for a larger photon flux. The maximum number of photons
that are emitted each second by a fluorophore is roughly limited by the lifetime of its excited state. For example, a 10
ns lifetime can yield about 108 photons per second per molecule, but in practice, only 103 photons can be readily
observed. The small number of observed photons is typically due to both photo-destruction and isotropic emission. If a
metal surface decreases the lifetime, one can obtain more photons per second per molecule by appropriately increasing
the incident intensity.
[0037] On the other hand, the metal-enhanced fluorescence provides enhanced intensity, while simultaneously short-
ening the lifetime. That is, it may be possible to decrease the excitation intensity, yet still see a significant increase in
the emission intensity and photostability.
[0038] The ability to increase the radiative decay rate suggests that any chromophore, even non-fluorescent species
such as bilirubin, fullerenes, metal-ligand complexes or porphyrins could display usefully high quantum yields when
appropriately placed near a metal surface. The effects of metal surface-fluorophore interactions are highly dependent
upon the distance between the metal surface and the species, and the nature of the metal surface.
[0039] The emission enhancement may be observed at distances according to the type of fluorophore to be detected
and the type of metal. For example, emission enhancement may be observed when a fluorophore distances about 4 nm
to about 200 nm to metal surfaces. Preferable distances are about 4 nm to about 30 nm, and more preferably, 4 nm to
about 20 nm to metal surfaces. At this scale, there are few phenomena that provide opportunities for new levels of
sensing, manipulation, and control. In addition, devices at this scale may lead to dramatically enhanced performance,
sensitivity, and reliability with dramatically decreased size, weight, and therefore cost.
[0040] Different surface enhanced fluorescence effects are expected for mirrors, sub-wavelength or semi-transparent
metal surfaces, silver island films or metal colloids. More dramatic effects are typically observed for islands and colloids
as compared to continuous metallic surfaces. The silver islands had the remarkable effect of increasing the intensity 5-
fold while decreasing the lifetime 100-fold. Such an effect can only be explained by an increase in the radiative decay rate,
[0041] Fluorescence can be detected using devices including, but not limited to, a spectrofluorometer having a light
source and detector. Light sources can include arc lamps and lasers. Detectors can include photomultiplier tubes.
Additionally, it is advantageous for the device to have a monochromator so that specific wavelengths of light may be
used to excite a molecule or to detect emissions at a specific wavelength. When a sample containing a fluorophore is
placed in the spectrofluorometer and exposed to an amount of exciting radiation, the fluorophore emits radiation that is
detected by a photomultiplier tube. The fluorescence intensity of a biomolecule can be increased in response to an
amount of exciting radiation when the distance between the metal particle and the biomolecule is from about 40 Å to
about 2000 Å, preferably from about 40 Å to about 200 Å. Alternatively, the fluorescence intensity of the biomolecule
can be reduced when the distance between the biomolecule and the metal particle is less than about 40 Å.
[0042] The present invention provides a method for increasing the fluorescence intensity of a fluorescently labeled
biomolecule including the steps of labeling a biomolecule with a fluorophore, positioning the labeled biomolecule at a
distance apart from a metallic particle such that in response to an amount of exciting radiation in the microwave range,
the fluorophore emits radiation.
[0043] In applications of MEF, it was found that the enhanced fluorescence signals (Quantum yields - Qm) of fluoro-
phores in close proximity (< 10 nm) to metallic nanostructures could be well described by the following equations: 

[0044] where Γ is the unmodified radiative decay rate, Γm is the metal-modified radiative decay rate and knr are the
non-radiative rates. Similarly, the metal-modified lifetime, τm, of a fluorophore is decreased by an increased radiative
decay rate: 

[0045] These equations have resulted in most unusual predictions for fluorophore-metal combinations, and it is these
predictions and observations that are currently finding profound implications and applications in fluorescence based
nanotechnology.19-22, 37 Given that fluorescence has become the dominant tool in biotechnology today, then metal-
enhanced19-22, 37 and plasmon coupled fluorescence38, 39 promises to change the way fluorescence is viewed.40 From
equations 1 and 2, it can be seen that as the value of Γm increases, the quantum yield Qm increases, while the lifetime,
τm, decreases. This is contrary to most observations in fluorescence40 where the free-space quantum yield, Q0, and
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lifetime, τ0, usually change in unison as described by the well known equations: 40 

[0046] In addition, one major criterion for choosing fluorophores in current immunoassays has been a high quantum
yield. This can lead to a high background from either unlabelled fluorophores or a high fluorescence background from
non-specific assay absorption. However, metal-enhanced fluorescence is ideally suited in this regard, in that low quantum
yield fluorophores are more favorable, 2,23,37 the fluorescence enhancement factor in the presence of silver nanostruc-
tures given by 1 / Q0 where Q0 is the free-space22 quantum yield in the absence of metal. Subsequently MEF when
applied to immunoassays, yields ultra bright assays, with a much higher Signal:Noise as compared to identical assays
not employing the MEF phenomenon.

Preparation of Metal Islands

[0047] The island particles are prepared in clean beakers by reduction of metal ions using various reducing agents.83

For example, sodium hydroxide is added to a rapidly stirred silver nitrate solution forming a brown precipitate. Ammonium
hydroxide is added to re-dissolve the precipitate. The solution is cooled and dried quartz slides are added to the beaker,
followed by glucose. After stirring for 2 minutes, the mixture is warmed to 30°C. After 10-15 minutes, the mixture turns
yellow-green and becomes cloudy. A thin film of silver particles has formed on the slides as can be seen from their brown
green color. The slides are rinsed with pure water prior to use.
[0048] Alternative procedures for preparing metal particles are also available. 84, 85, 86, 87, 88 Silver is primarily used
because of the familiar color from the longer surface plasmon absorption of silver.

Preparation of Silver Colloids

[0049] Colloids can be prepared as suspensions by citrate reduction metals. Preferred metals are silver and gold.
Again, gold may be because of the absorption of gold at shorter wavelengths. However, gold colloids may be used with
longer wavelength red and NIR fluorophores.
[0050] The size of the colloids and their homogeneity can be determined by the extensive publications on the optical
properties of metal particles available and the effects of interface chemistry on the optical property of colloids.89

[0051] Silver island films can be formed by a chemical reduction of a silver salt on the quartz surface, which are
relatively simple to fabricate. However, this approach does not provide a control of particle size, or distance of the
fluorophores from the surface. Enhancements of 1000 fold have been with the realization that sample geometries have
been heterogeneous and the enhancement factors spatially averaged.
[0052] Metal particles can be bound to a surface by placing functional chemical groups such as cyanide (CN), amine
(NH2) or thiol (SH), on a glass or polymer substrate. Metal colloids are known to spontaneously bind to such surfaces
with high affinity.90, 91, 92

[0053] Positioning of the biomolecule or metal particle at a desired distance can be achieved by using a film. The film
may be a polymer film, a Langmuir-Blodgett film or an oxide film.

Langmuir-Blodgett Films

[0054] Metal-fluorophore distances may be achieved by using Langmuir-Blodgett films with fatty acid spacers. The
fatty acids may be from natural sources, including concentrated cuts or fractionations, or synthetic alkyl carboxylic acids.
Examples of the fatty acids include, but not limited to, caprylic (C8), capric (C10), lauric (C12), myristic (C14), palmitic
(C16), stearic (C18), oleic (C18), linoleic (C18), linolenic (C18), ricinoleic (C18) arachidic (C20), gadolic (C20), behenic (C22)
and erucic (C22). The fatty acids with even numbered carbon chain lengths are given as illustrative though the odd
numbered fatty acids can also be used.
[0055] Metal-fluorophore distances may be achieved by using polymer films. Examples of the polymer include, but
not limited to, polyvinyl alcohol (PVA). Absorbance measurements and ellipsometry may be used to determine polymer
film thickness. One type of polymer films is spin coated polymer film. The technology of spin coated polymer spacer
films readily allows films to be coated onto a variety of surfaces, with varied thickness from >0.1 um. The coating can
be performed on a spin coater, which allows uniform surface thickness by varying polymer concentration (viscosity) and
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spin speed. For example, Model P6700 spin coater (Specialty Coating Systems Inc.), allows uniform surface thickness
by varying polymer concentration (viscosity) and spin speed.
[0056] In one embodiment, detection occurs without binding the molecules to the sensor or support. The molecule to
be detected is not chemically bound. The molecule to be detected may remain in solution and not directly or indirectly
interact with the metal particles, coatings or film spacer layers.
[0057] Metallic colloids (or various other non-spherical shapes/particles) may also be incorporated into organic poly-
mers, covalently or non-covalently, to form polymeric matrices, wherein the distance from diffusing species affords an
increase in radiative decay rate and thus, an increase in quantum yield. Such polymeric matrices are ideal for sens-
ing/flowing sensing applications of low concentration species.
[0058] Polymers containing metal particles may have other applications, including but not limited to, size inclusion/ex-
clusion sensing of non-fluorescent species, increased photostability of embedded fluorophores, single pore single mol-
ecule detection, and porous polymers which allow diffusing analytes or antibodies, resulting in a detectable and quan-
tifiable signal change in the analyte or antibody or respective transduction element.
[0059] This embodiment of the present invention may also have vast applications in clinical medicine, environmental
monitoring applications, homeland security such as rapid detection of low concentration species, industrial processes,
pharmaceutical industries such as monitoring species, and sensors for use in reduced atmospheres such as biohazard
clean rooms and space light.
[0060] The benefits of the present invention include an increase in fluorescence intensity due to increases in the
excitation and radiative decay rates, and the present invention has many profound implications and applications in
biochemical, biophysical, clinical testing and sensing. For example, that emission of low quantum yield chromophores
can be increased has important implications for studies of nucleic acids and protein fluorescence. Likelihood that surface
enhanced fluorescence can result in a million-fold more photons per fluorophore may provide an equivalent, if not
surpassing PCR and ELISA in terms of sensitivity, for detection of infectious organisms without the need for the currently
used amplification steps.

EXAMPLES

[0061] Figure 1 shows the plasmon absorption spectra of Silver Island Films (SiFs), both before and after low power
microwave heating for 30 seconds. The cavity power was approximately 140 watts, which is the same as utilized in the
assays discussed later, and is of a similar power used for immunostaining.61,62 As can be seen from Figure 1, the
microwaves and heating had no effect on the surface plasmon absorption of the SiFs, indicating no structural or surface
silver shape changes, where the surface plasmon absorption is well-known to be characteristic of the shape of the
nanoparticles,63,64 which is due to the mean free path oscillation of surface charges.63, 64 Further, no "sparking" was
evident from the silvered surfaces, a known consequence of surface charge build-up and dissipation for large non-
wavelength sized particles or continuous surfaces. 58

[0062] The structural morphology of the silvered surfaces was additionally measured using Atomic Force Microscopy
as shown in Figure 2. While it is was somewhat difficult to probe that exact same area after microwave heating, very
little, if no change in surface morphology was observed between the locations. While not shown in Figure 2, the silvered
surfaces, both wet and dry, was additionally exposed to several hundreds watts of microwave cavity power over many
minutes. In all of these investigations no evidence for surface structural changes was found by microwave heating,
clearly demonstrating the compatibility of the nanostructured surfaces to microwave exposure and therefore heating. In
this regard, several solution based studies have recently reported the microwave induced growth of nanostructures,
although these reports involved only the initial growth of the particles in the presence of stabilizing surfactants, 65-69 and
not the exposure of finalized structures as described here.
[0063] To demonstrate the utility of the herein described new platform assay approach, a model protein fluorophore
system was chosen, Figure 3, which equally coats one half of a silvered glass microscope slide, the other side non-
silvered, acting as a control sample by which to compare the benefits of using the Metal-Enhanced Fluorescence (MEF)
phenomenon. The enhancement ratio ISiFs / IGlass (the benefit of using the MEF phenomenon) is the fluorescence
intensity observed on the SiFs divided by the Intensity on the non-silvered glass substrate. The biotinylated BSA readily
forms a monolayer on both silver and glass substrates.71-73 In addition, this protein system positions fluorophores > 4
nm from the surfaces, which is ideal for MEF, which the present inventor has shown to be a through-space phenomenon,
22,23,37 as compared to Surface-Enhanced Raman Scattering SERS, a similar effect known to be due to surface contact
interactions.22 This model protein system also affords for simple kinetics, i.e. no back reactions are expected due to the
well-known strong association of biotin and avidin.71-73

[0064] Figure 4 - top shows the fluorescein emission intensity from both the silvered and glass (control sample) slide.
The emission spectra, which is collected through a 500 nm long-pass filter, shows an approximate 6-fold greater intensity
from the silver as compared to the glass control. This increase is due to a radiative rate modification of the fluorescein
as it is brought into close proximity to the silver nanostructures by the bioaffinity reaction, and is consistent with numerous
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previous publications. 19-37 In Figure 4 - top the sample was incubated for 30 minutes at room temperature, which was
predetermined to be sufficient enough time to allow the assay to go to > 95 % completion. Figure 4 - bottom shows the
normalized spectra, demonstrating that the spectral properties are preserved on both the silver and glass substrates.
[0065] Figure 5 - top shows the combined effect of both low power microwave heating and the optical amplification
due to the silver19-37 for an identical assay as measured in Figure 4, i.e. MAMEF. Interestingly, the assay yields a similar
final fluorescence intensity after 20 seconds microwave heating (about 200 au) as compared to a 30 minute room
temperature incubation, c.f Figures 4 and 5 top. In : Biotinylated BSA : FITC-labeled Avidin Silver Glass Silver addition,
the silver still maintains its properties for optically enhancing the fluorescein emission, due to an intrinsic radiative rate
modification.22,23,37 Figure 5 - bottom shows that the properties of fluorescein are maintained when the spectra are
normalized for comparison.
[0066] The assays were additionally incubated on both glass and silver for 30 seconds at room temperature, but with
no microwave heating, as shown in Figure 6. As can be seen, very little fluorescein labeled avidin was bound to the
biotinylated-BSA surface, and when compared to the emission intensities shown in Figure 5, then this clearly demon-
strates the use of low power microwaves to increase the rapidity of the assay. This comparison is also evident visually
in Figure 7 wherein the photographs on the left taken through an emission filter after 30 seconds incubation and with
no microwave heating, as compared to the right hand side photographs which show the much stronger fluorescence
emission after 30 seconds microwave heating. The top photographs show the microscope slides, the silvered regions
appearing brown in color and on the right-hand portion of each slide.
[0067] The benefits of microwave accelerated metal-enhanced fluorescence can be seen by comparing Figures 4, 5
and 6. Hence, Figures 5, 6 and 7 demonstrate the use of low power microwaves to rapidly heat samples and when
combined with the use of silver nanostructures, readily affords for ultra bright and ultra fast assays. Interestingly, the
microwaves do not perturb silver nanostructure morphology or even cause arcing, a familiar characteristic of metallic
objects in microwave cavities.58 Subsequently, this approach fundamentally addresses two underlying physical con-
straints of modern assays and immunoassays, namely assay sensitivity and rapidity. In this regard, the use of the SiFs
provides for about a 10-fold increase in signal, which can be translated to increased 10-fold assay sensitivity, while the
use of microwaves to facilitate mass protein transport to the surface provides for about a 90-fold decrease in assay run
time.
[0068] A closer inspection and comparison of Figures 4 and 5 top, reveals that the rapidity of the assay is not equal
on both the glass and silver substrates. After 30 minutes incubation (Figure 4 - top) the assay has a maximum emission
intensity of about 60 au at 530 nm. In comparison, after 20 seconds microwave heating (Figure 5 - top), the emission
intensity on the glass control has a value around 25 au. While this decrease lends itself to a larger enhancement ratio
observed after microwave heating, i.e. 6 vs. 9, it is believed that this effect is due to the preferential local heating around
the silver nanostructures,58 rapidly accelerating mass transport to the surface. The temperature studies of the assays
described herein, have shown that under the conditions employed, only an about 8 °C temperature jump occurred, which
does not account for the 90-fold increase in assay rapidity, further supporting the notion of localized heating. Although
it is likely that there may be contributions from additional plasma effects, 74 it is believed that the heating of metallic
particles and powders by microwaves results primarily from conductive mechanisms.58 Attenuation of the microwave
radiation in a conductive medium arises from the creation of currents resulting from the charge carriers being displaced
in the electric field. The charge carriers are subject to resistance, collisions with lattice phonons, 58 which lead to Ohmic
heating. 58 In the present assay, this is thought to lead to the localized heating around the silver particles and is thought
to explain the differences in assay rapidity on both the silver and glass substrates.
[0069] As briefly described hereinabove, a fluorophore radiative decay rate modification can be characterized by an
increased quantum yield (increased fluorescence intensity) coupled with a decreased lifetime, c.f. equations 1 and 2.
The fluorescein lifetime from the assay on both the glass and silvered portions after 30 minutes incubation was measured,
as well as after 30 seconds microwave heating, Figure 8. Remarkably, the intensity decay curves for fluorescein after
30 minutes incubation as compared to 30 seconds low power microwave heating were almost identical, both revealing
significantly reduced lifetimes as compared to the glass control. Interestingly, the glass control shows about 80 counts
of background, which is due to the longer data acquisition times, a function of the lower S:N of fluorescein on glass as
compared to silver. Given the now widespread use of fluorescence spectroscopy for protein structural and environmental
information due to the sensitivity of fluorophores to their environment, 40 then it can be concluded from Figure 8 that the
assays are identical (both conformationally and environmentally), after both a 30 minute room temperature incubation
and also after 30 seconds microwave heating. These intensity decay curves not only serve to confirm a modification in
the fluorophore radiative decay rate, τm, but indeed the feasibility of the MAMEF assay platform. It is also demonstrated
that the assay does not undergo any protein conformational changes due to low power microwave heating, as evidenced
by resonance energy transfer studies.
[0070] Fluorophore or analyte photostability is a primary concern in many applications of fluorescence, particularly
platform type assays and in single molecule studies. 40, 75 The maximum number of photons that are emitted by a
fluorophore per second is roughly limited by its excited state lifetime.40 Hence for shorter lifetimes, many more photons
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per fluorophore per second can typically be observed. This increased photon flux, which lends itself to much improved
S/N ratios for assays and therefore improved detectability of analytes, manifests itself as the integrated area under the
emission intensity curves of Figure 4 and 5. Clearly many more photons are emitted per fluorescein molecule in close
proximity to silver. In addition to an increased detectability, a reduced lifetime in the presence of silver, affords for a
greater fluorophore photostability, as fluorophores inherently spend less time in an excited state (reduced lifetime) and
are therefore less prone to photo oxidation, the major photo destruction pathway for fluorescent probes.40

[0071] Subsequently, the photostability of the fluorescein based assay was studied after microwave heating to assess
any degree of photo destruction, where the assay was firstly incubated for 30 minutes at room temperature. Figure 9
shows the cumulative microwave heating of the assay, where the assay was heated and then the fluorescence intensity
at 530 nm measured after 470 nm, about 30 mW excitation for 1 minute, the procedure then repeated. After 20 seconds
microwave heating no change in fluorescein emission was evident on both the glass and silvered slides. In addition, no
change in emission signal intensity was evident during the 1 minute exposure to laser light. Interestingly, while not shown
in Figure 9, under the conditions employed with this assay it took greater than 3 minutes microwave heating to dry the
assay, up until which point, both the fluorescein emission spectra and peak intensity remained constant.
[0072] As with most assays it is the bioactivity of the species and nature of the surfaces that govern the extent of non-
specific reactions or non-specific surface assay absorption.1-8 Subsequently, it was questioned whether the use of low
power microwave heating would indeed increase the rate of nonspecific absorption in the presently described model
assay. Figure 10 shows the results of control experiments were both glass and silvered surfaces were incubated with
fluorescein-labeled avidin. In these experiments the surfaces were not pre-coated with biotinylated-BSA. From Figure
10 - top it can be seen that after 30 minute incubation with no microwave heating, essentially no fluorescein was evident
from the bare surfaces. This indicates that there is no non-specific absorption of fluorescein labeled avidin with the
surface. However, after 30 seconds low power exposure to microwaves, a very small amount of fluorescein emission
was evident on the SiFs. This amount was substantially lower than the > 200 au fluorescence intensity shown in Figure
5 top, and is therefore not thought to be of any significance. Subsequently, in the presently described model system,
the extent of nonspecific absorption due to microwave heating was deemed negligible.
[0073] It was next investigated whether exposure to microwaves indeed caused protein denaturation in the present
assay system. Protein conformational changes on the surface of a metal-enhanced fluorescence assay could potentially
complicate assay kinetics and sensitivity, given that MEF is a through space and distance dependent
phenomenon.22,23, 37 Subsequently, Fluorescence Resonance Energy Transfer (FRET) was employed to investigate
any protein conformational changes, a technique which is widely used and therefore needs no introduction in this regard.40

To investigate this, Fluorescein (Donor) and Alexa 532 (Acceptor) labeled avidin were incubated on surfaces both
separately, together and both before and after microwave heating, Figures 11 and 12. In Figure 11 - top it can be seen
that the emission spectral properties of fluorescein labeled avidin incubated onto a biotinylated-BSA surface both before
and after microwave heating remain unchanged. Similarly the acceptor (Alexa 532) incubated alone on the biotinylated
surface shows no change in its emission spectral properties, Figure 11 - middle. When both the donor and acceptor
were incubated together (30 mins) on the surface with a D/A ratio of 10:1, then it can be clearly seen that both the
Fluorescein emission and the Alexa emission, after sole excitation of the donor, Figure 11 - bottom. Interestingly, the
emission spectra are identical both before and after microwave heating, suggesting that the surface protein assay has
not undergone any conformational changes, where such changes would alter the FRET pair emission spectra.
[0074] In Figure 11 - bottom the emission spectra is dominated by the fluorescein emission, primarily because this is
in excess, a 10:1 donor:acceptor surface ratio. Subsequently, surfaces where the D/A ratio was 1:1 were prepared as
shown in Figure 12. Similarly to Figure 11, the spectra for donor and acceptor alone are unperturbed by microwave
heating. However, when the donor and acceptor are incubated together (30 mins), the spectra is no longer dominated
by the donor emission, but instead significant energy transfer can be observed to the acceptor, Figure 12 - bottom.
Again, after microwave heating, the spectra are almost identical to those not heated, suggesting that no protein confor-
mational changes occur, by the fact that the extent of energy transfer remains constant, i.e. no D/A spectral changes.
This strongly suggests that the present approach using low power microwave heating does not modify surface assay
morphology.
[0075] The present inventor has demonstrated a low cost and simplistic approach to overcoming some of the classical
physical constraints imposed by current assay platforms, namely assay rapidity and sensitivity.1-8 The present MAMEF
approach therefore has several notable advantages including:

1) The fluorescence amplification provided by the silver nanostructures has been shown to be applicable to many
fluorophores and therefore wavelengths, from the UV to near IR.22,23,37 Hence, fluorophores currently employed in
assays would still be suitable. However, the use of low quantum yield fluorophores would lead to much larger
fluorescence enhancements (i.e. 1/Q0) and could significantly reduce unwanted background emission from fluoro-
phores distal from the silvered assay, recalling that MEF is a close-range (< 10 nm) through-space interaction.22,23,37
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2) The metal-enhanced fluorescence phenomenon has been shown to provide for increased emission intensities,
19-21 up to several thousand-fold.32 This substantially increases detection limits (i.e. lower concentrations detectable),
which is a major criterion in assay development today.1-8

3) A whole variety of silvered surfaces can be routinely prepared, which do not require the benefits of a nanofabrication
lab and sophisticated instrumentation such as electron beam lithography.19-21

4) The reduced lifetime of fluorophores in close proximity to silver nanostructures provides for a substantially in-
creased fluorophore photostability.19-21 In addition, shorter lifetimes allow for higher fluorophore cycling rates, 19-21

also providing for increased fluorophore and therefore assay detectability.19-21, 41

5) The Low power microwaves employed here do not perturb the silvered surfaces, do not produce "arcing" which
is commonly observed for metallic objects in microwave cavities, 58 or even denature or change protein conformation.
Low power microwaves provide for effective rapid heating of the assays, producing identical final fluorescence
intensities, fluorophore lifetimes, as well as extents of energy transfer (protein conformation) as compared to room
temperature incubation.

Materials

[0076] Bovine-biotinamidocaproyl-labeled Albumin (biotinlyated BSA), FITC-labeled avidin, silver nitrate (99.9%), so-
dium hydroxide (99.996%), ammonium hydroxide (30%), trisodium citrate, Dglucose and premium quality APS-coated
glass slides (75x25 mm) were obtained from Sigma-Aldrich. Alexa 532-labeled avidin was obtained from Molecular
Probes (Eugene, OR). All chemicals were used as received.

Formation of Silver Island Films (SiFs) on APS-coated Glass Substrates

[0077] In a typical SiF preparation a solution of silver nitrate (0.5 g in 60 ml of deionized water) in a clean 100-ml glass
beaker, equipped with a Teflon-coated stir bar, is prepared and placed on a Corning stirring/hot plate. While stirring at
the quickest speed, 8 drops (≈ 200 mL) of freshly prepared 5% (w/v) sodium hydroxide solution are added. This results
in the formation of dark brown precipitates of silver particles. Approximately 2 ml of ammonium hydroxide is then added,
drop by drop, to re-dissolve the precipitates. The clear solution is cooled to 5°C by placing the beaker in an ice bath,
followed by soaking the APS-coated glass slides in the solution. While keeping the slides at 5°C, a fresh solution of D-
glucose (0.72 g in 15 ml of water) is added. Subsequently, the temperature of the mixture is then warmed to 30°C. As
the color of the mixture turns from yellow-green to yellow-brown, and the color of the slides become green, the slides
are removed from the mixture, washed with water, and sonicated for 1 minute at room temperature. SiFs-deposited
slides were then rinsed with deionized water several times and dried under a stream of nitrogen gas.
[0078] SiFs-deposited glass slides were then coated with black electrical tape, which is attached to a self-sticking
paper, containing three 5 mm wide circular holes
[0079] (referred to as a "black body") on both the silvered and unsilvered slide, prior to the assay fabrication and
subsequent fluorescence experiments.
[0080] Preparation of the Model Protein Assay (Biotin-Avidin) on Silver Island Films and on Glass (Control assay)
[0081] Methods for preparing metal-enhanced fluorescence (MEF) have been previously described.19-21 This exper-
imental format has been adopted for two main reasons, the first, being that Human Serum Albumin (HSA) is known to
bind to silvered surfaces and indeed forms a monolayer, 71-73 and secondly, the dimensions of the protein being such
that the protein allows for a mean ≈ 4 nm separation of the silver and the fluorophore, MEF being a through space
phenomenon, as demonstrated by the late T. Cotton.19-21,76 In contrast, Surface Enhanced Raman Scattering (SERS)
is known to be a consequence of mostly contact between the species of interest and the silvered surface.76

[0082] The model assay described herein is based on the well-known interactions of biotin and avidin. Biotin groups
are introduced to the surface through biotinylated-BSA, which, similar to HSA, readily forms a monolayer on the surfaces
of glass and SiFs.71-73 Binding the biotinylated-BSA to the SiFs and the glass was accomplished by incubating 10 mM
biotinylated-BSA solution in the "black-body" micro cuvettes for 1 hour, followed by rinsing with water to remove the
unbound material. For the model assay, then 30 ml of 1 mM FITC-labeled avidin was subsequently added into the
biotinylated-BSA coated glass and SiFs coated micro cuvettes, 30 minutes for the control experiments at room temper-
ature (20 °C), and 20 seconds in the microwave cavity (0.7 cu ft, GE Compact Microwave Model: JES735BF, max power
700W). The power setting was set to 2 which corresponded to 140 W over the entire cavity. In all the experiments
performed with low power microwaves, using both glass slides and quartz cuvettes modified with the "black body," there
was no evidence of surface drying.
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Photostability Experiments

[0083] The effect of microwaves on the photostability of FITC was studied by exposing the model assay, which was
previously allowed to run to completion at room temperature for 30 minutes, to microwaves for a cumulative total of 20
seconds. Approximately, 30 mW, 470 nm laser line excitation for 1 minute was used before the emission intensity was
noted.

Fluorescence Resonance Energy Transfer (FRET) Experiments

[0084] FRET experiments40 were undertaken to evaluate the effect of microwaves on protein conformation and thus
denaturation. FITC and Alexa 532 were chosen as the donor-acceptor pair. Two different FITC to Alexa 532 ratios were
studied on biotinylated-BSA coated glass slides that were covered with the same "black body" that was described
hereinabove. 10:1 and 1:1 dilutions of FITCavidin and Alexa 532-avidin were incubated on biotinylated-BSA coated
glass slides, which were then exposed to microwaves (power setting 2) for 20 seconds. Fluorescence spectra from the
samples, both before and after microwave exposure, were taken.

Absorption, Steady-State and Time-Resolved Fluorescence Spectroscopy

[0085] All absorption measurements were performed using a Varian Cary 50 UV-Vis spectrophotometer. Temperature-
dependent absorption measurements were performed using a Cary Single Cell Peltier accessory. Fluorescence meas-
urements on SiFs were performed by placing the films on a stationary stage equipped with a fiber-optic mount on a 15-
cm-long arm (normal to sample). The output of the fiber was connected to an Ocean Optics HD2000 spectrofluorometer
to measure the florescence emission spectra. The excitation was from the second harmonic (470 nm) of the diodepumped
Nd:YVO4 laser (compact laser pointer design, output power ≈ 30 mW) at an angle of 45 degrees. The emission was
observed through a 500 nm long-pass filter (Edmund Scientific). Time-resolved intensity decays were measured using
reverse start-stop time-correlated singlephoton counting (TCSPC) 40 with a Becker and Hickl gmbh 630 SPC PC card
and an un-amplified MCP-PMT. Vertically polarized excitation at ≈ 440 nm was obtained using a pulsed laser diode, 1
MHz repetition rate.

Atomic Force Microscopy (AFM) and Real-color Photographs

[0086] Atomic Force Microscopy (AFM) images of SiFs were collected using an Atomic Force Microscope (TMX 2100
Explorer SPM, Veeco) equipped with an AFM dry scanner (the scanning area was 100x100 mm). Surfaces were imaged
in air, in a tapping mode of operation, using SFM non contact mode cantilevers (Veeco). The AFM scanner was calibrated
using a standard calibration grid as well as by using gold nanoparticles, 100 nm in diameter from Ted Pella. Images
were analyzed using SPMLab software. The real-color photographs of fluorophore labeled-BSA on SiFs were taken with
an Olympus Digital camera (C-740, 3.2 Mega Pixel, 10x Optical Zoom) through the same long-pass filter that was used
for the emission spectra.

Temperature Calibration in the Microwave Cavity

[0087] In order to calibrate the temperature change during low power microwave heating, a simple pH thermo-indicator
system was used (0.5 mM Thymol Blue, in 50 mM Tris Acetate, pH 9.0). In this regard, 30 ml of a solution of Thymol
Blue was placed in a quartz cuvette that was covered with the "black body," except for two parallel sides to allow the
passage of light for absorption measurements. This arrangement was very similar to that employed on the glass and
silvered assay slides. The absorption spectra of the sample were recorded as the temperature was gradually increased
from 20 to 85 °C, as shown in Figure 13. The color of the solution changed with temperature from deep magenta to pale
yellow, due to the temperature dependence of the ionization constant of the Tris buffer. As the temperature was increased,
the pH of the solution is decreased and the distribution of the ionization states of the thymol blue dye changes resulting
in a color change as a function of temperature. The reversible color change is readily observed in the UV-Vis spectrum
via changes in the 425 and 600 nm spectral bands, Figure 13 -top.
[0088] The calibration curve (A600/A425 vs. Temperature), Figure 13-bottom, obtained from the abovementioned
calibration measurements, was used to determine the temperature of the sample during the microwave process: the
absorption spectra of 30 ml Thymol blue in a quartz cuvette covered with the same "black body" was recorded both
before and after microwave heating for up to 60 seconds, Figure 14 - top, where the both the volume used and the black
body were the same as actually used in the assays. The ratiometric response (A600/A425) obtained from these samples,
Figure 14 - bottom, was used to determine the temperature of the sample during microwave heating from the calibration
curve. From calibration plots, a 20 second 140 W, 2450 MHz microwave exposure, resulted in a temperature jump of
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approxiamtely 80°C (to about 28 °C) for 30 ml of sample. Hence, with this calibration curve, the assay surface temperature
could be easily changed.
[0089] 20 Seconds of microwave heating roughly corresponded to a 8-10 °C temperature jump.32 It should be noted
that a commercially available instrument (The Biowave), which is also based on low power microwaves but uses a
thermocouple temperature probe, is available from Ted Pella, CA. This instrument, while inevitably less time consuming
with respect to the needed calibration steps undertake here, is substantially more costly than the simple approach
undertaken in this paper.

Using a Black Body for Assay Temperature Control

[0090] To achieve microwave power tunability and therefore assay temperature and completion time flexibility, we
employed black electrical tape to construct small micro cuvettes, which held ≈ 30 mL of fluid on the surface of both the
bare and silvered glass, a volume typically used in high throughput assays.1-8 It was found that the presence of the
"black body" had the desirable effect of substantially reducing the local cavity power, where without the black body micro
cuvettes, 30 mL of surface fluid quickly boiled and dried at 140 W. In essence, the use of the black bodied micro cuvettes,
afforded cavity power tunability between the number 1 and 2 settings on the microwave device, alleviating the need for
spending large monies on a tunable commercial instrument.

Myoglobin Immunoassay

[0091] To address assay rapidity the use of low power microwaves (2450 MHz) was employed to heat the samples.
Interestingly, metallic particles in the microwave cavity appear to be preferentially heated as compared to solvents, which
advantageously localizes both the MEF effect and heating around the silver nanostructures. For metals, the attenuation
of microwave radiation, arises from the creation of currents resulting from charge carriers being displaced by the electric
field.93 These conductance electrons are extremely mobile and unlike water molecules can be completely polarized in
10-18 s. In the microwave cavity, the time required for the applied electric field to be reversed is far longer than this, in
fact many orders of magnitude. I f the metal particles are large, or form continuous strips, then large potential differences
can result, which can produce dramatic discharges if they are large enough to break down the electric resistance of the
medium separating the large metal particles. Interestingly, and most appropriate for our new assay platform described
here, small metal particles do not generate sufficiently large potential differences for this "arcing" phenomenon to occur.
However, the charge carriers, which are displaced by the electric field, are subject to resistance in the medium in which
they travel due to collisions with the lattice phonons.93 This leads to Ohmic heating of the metal nanoparticles in addition
to the heating of any surface solution-phase polar molecules.
[0092] Immunoassays using the principals of the present invention and the MEF phenomenon are well-suited for use
with low quantum yield fluorophores as shown in Figure 16. This occurs due to:

1) The maximum metal-fluorophore system fluorescence emission enhancement and therefore analyte detectability,
is roughly given by 1/Q0, where Q0 is the quantum yield of the fluorophore alone in the absence of metal and hence
low quantum yield fluorophores are more suited; and
2) Low quantum yield fluorophores will invariably produce greater S/N ratios. This is because the MEF phenomenon
is a through space phenomenon, occurring up to about 10 nm from the surface. Hence, low quantum yield material
distal from the metal surface and outside the enhancement region, contributes little to background unwanted fluo-
rescence.

[0093] Silver nitrate (99.9%), sodium hydroxide (99.996%), ammonium hydroxide (30%), trisodium citrate, D-glucose
and premium quality APS-coated glass slides (75x25 mm) and bovine serum albumin (BSA) were obtained from Sigma-
Aldrich. Myoglobin (recombinant) and monoclonal anti-myoglobin antibodies (capture anti-Myo antibodies clone 2mb-
295, reporter anti-Myo antibodies clone 9mb-183r) were obtained from Spectral Diagnostics, Canada. All chemicals
were used as received.
[0094] Reporter anti-Myo antibodies were labeled with Alexa Fluor-647 using a labeling kit from Molecular Probes;
the kit provided dyes with reactive succinimidyl ester moieties, which react effectively with the primary amines of proteins.
[0095] Silver Island Films were formed as described previously, hereinabove. In a typical SiFs preparation, a solution
of sodium hydroxide and ammonium, hydroxide are added to a continuously stirred solution of silver nitrate at room
temperature. Subsequently, the mixture is cooled down in an ice bath, Silane-prep™ glass slides (Sigma) are inserted
and a solution of D-glucose is added. As the temperature is increased, the color of the mixture turns yellow-brown and
the SiFs-deposited slides are removed from the mixture, washed with water, and sonicated for 1 minute at room tem-
perature. The effects of microwaves on SiFs were investigated by optical absorption spectroscopy and atomic force
microscopy.
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[0096] Myoglobin (Myo) immunoassays were performed in a sandwich format but with a few modifications, and as
shown in Figure 18. In this regard, slides were non-covalently coated with capture anti-Myo antibody at room temperature.
The glass/SiFs surfaces were blocked with BSA in order to minimize the non-specific interaction of the antibodies and
myoglobin with the surfaces. These surfaces were then incubated with Myoglobin antigen (100 ng/mL) at room temper-
ature, and then used for end-point measurements. The end-point measurements were performed by incubating the
antigen-coated surfaces in a solution of Alexa 647-labeled anti-Myoglobin Antibody for 30 minutes at room temperature,
or by microwaving the antigen-coated surfaces with Alexa 647-labeled anti-Myoglobin Antibody for 20 seconds. Fluo-
rescence measurements were performed by collecting the emission intensity at 45 degrees to the excitation through a
long pass filter, using a Fiber Optic Spectrometer (HD2000) from Ocean Optics, Inc.
[0097] Figure 17 shows the plasmon absorption spectra and AFM images of Silver Island Films (SiFs), both before
and after low power microwave heating for 30 seconds. The cavity power was approximately 140 watts. As can be seen
from Figure 17, right, the microwaves and heating had no effect on the surface plasmon absorption of the SiFs, indicating
no structural or surface silver shape changes, where the surface plasmon absorption is well-known to be characteristic
of the shape of the nanoparticles, which is due to the mean free path oscillation of surface charges. 63,64 Further, no
"sparking" was evident from the silvered surfaces, a known consequence of surface charge build-up and dissipation for
larger sized particles or continuous surfaces.
[0098] The structural morphology of the silvered surfaces was measured both before and after low power microwave
heating using Atomic Force Microscopy, as shown in Figure 17 Left. While it is was somewhat difficult to probe the exact
same area after microwave heating, very little, if no change in surface morphology was observed between the locations.
No evidence for surface structural changes was found by microwave heating, clearly demonstrating the compatibility of
the nanostructured surfaces to microwave exposure and therefore heating. In addition, control experiments were per-
formed to investigate both the absorption and emission intensity of Alexa-647 (fluorophore stability) upon exposure to
microwaves. Similarly to the silvered surfaces, the Alexa-647 was unperturbed.
[0099] In a clinical setting there are several assays that could significantly benefit from both rapidity and sensitivity.
One particular assay is for the determination of myoglobin and its role in the clinical assessment of a myocardial infarction.
A myoglobin assay is shown in Figure 18. In addition, a control assay was prepared that was identical to the silvered
myoglobin assay except that the control assay had no silver and was constructed on bare glass. This was constructed
to rationale the benefits of using the MAMEF technique.
[0100] Figure 19A (top) shows the Alexa-647 emission intensity, both on silver and glass after 30 minute incubation
and with no microwave heating. 100 ng/ml of myoglobin was used to sandwich the immunoassay, which is the clinical
cut-off concentration for the assessment of a myocardial infarction. The emission spectrum, which was collected through
a long-pass filter, shows an approximate 7.5-fold greater intensity from the silver as compared to the glass control. This
effect is due to an apparent radiative decay rate modification of the fluorophore as it is brought into close proximity to
the silver nanostructures upon formation of the sandwich immunoassay.
[0101] Figures 19A and B show the fluorescence intensities of the myoglobin immunoassay in the presence and
absence of silver with no microwave heating A (top) and after low power microwave heating B (top). The spectra on
both glass and silver were found to be identical after normalization A and B (bottom). The sample was incubated for 30
minutes at room temperature, which was predetermined to be sufficient enough time to allow the assay to go to > 95 %
completion.
[0102] Figure 19B shows the combined effect of both low power microwave heating and the optical amplification due
to the silver for an identical immunoassay. Remarkably, the myoglobin immunoassay yields a similar final fluorescence
intensity after 20 seconds microwave heating (Mw), ≈ 3000 arbitrary units, as compared to a 30 minute incubation, but
with no microwave heating, Figure 19A. In addition, the silver still maintains its ability to optically amplify the Alexa-647
fluorescence emission after microwave heating.
[0103] A close inspection of both Figures 19A and B reveals that the final fluorescence intensities on glass are different,
which manifests itself in different fluorescence enhancement factors for both the assays. i.e. the enhancement is 7.5-
fold with no microwave heating and 12-fold after low power microwave heating. The detailed temperature studies of the
assays have revealed that the bulk temperature jump in the system was only 8 °C after microwave exposure (50 mL of
sample), which does not account for the ≈ 90-fold increase in assay rapidity. It is theorized that this effect is due to the
preferential localized heating around the silver nanostructures, rapidly accelerating mass transport to the surface and
therefore the kinetics of the assay.
[0104] For the myoglobin assay described here, the use of MAMEF unexpectedly provided for a 12-fold increase in
fluorescence detectability (emission intensity) which can easily be translated into assay sensitivity, and a 90-fold increase
in rapidity, the assay being kinetically complete (100 %) within 30 seconds of microwave heating.
[0105] In clinical settings, a myoglobin immunoassay can take over 1 hr to get an answer. This is due to the need to
separate blood and the time required to run the serum assay to completion. The method described herein provides a
platform technology which amplifies and kinetically increases assays to completion within a few seconds, potentially
safeguarding life.
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High Throughput Screening

[0106] Materials used include Silver nitrate (99.9%), trisodium citrate, Bovine-biotinamidocaproyl-labeled Albumin
(biotinlyated BSA), FITC-labeled avidin and SigmaScreen™ Poly-D-Lysine coated High Throughput Screening (HTS)
plates (96 wells) were obtained from Sigma-Aldrich.
[0107] The synthesis of silver colloids was performed using the following procedure: 2 ml of 1.16 mM trisodium citrate
solution was added drop wise to a heated (90°C) 98 ml aqueous solution of 0.65 mM of silver nitrate while stirring. The
mixture was kept heated for 10 minutes, and then. it was cooled to room temperature.
[0108] The coating of the HTS plates was achieved by incubating 0.5 ml of silver colloid solution inside the HTS wells
(48 wells) overnight. The HTS wells were coated with silver colloids due to the binding of silver to the amine groups of
the surface molecule, 93, 25 as shown in Figure 20. The other half of the wells (48 wells) in the same HTS plates were
left intentionally blank for the control experiments. The silver colloid deposited HTS wells were rinsed with deionized
water several times prior to the fluorescence experiments. The number density of the silver colloid can be determined
by the incubation conditions, the colloid size determined by the experimental conditions of preparation, all monitored by
measuring the surface plasmon absorption, Figure 22.
[0109] Biotin groups are introduced to the surface through biotinylated-BSA, which readily forms a monolayer on the
surface of glass and silver colloid films. 71-73 Binding the biotinylated-BSA to the silver colloid-modified and unmodified
part of the HTS wells was accomplished by incubating 10 mM biotinylated-BSA solution in the wells for 1 hour, followed
by rinsing with water to remove the unbound material. For the model assay, then 100 ml of 1 mM FITC-labeled avidin
was subsequently added to the biotinylated-BSA coated wells, 30 minutes for the control experiments at room temperature
(20 °C), and 30 seconds in the microwave cavity (0.7 cu ft, GE Compact Microwave Model: JES735BF, max power 700
W), followed by rinsing with water to remove the unbound material. The power setting was set to 2 which corresponded
to 140 W over the entire cavity. In all the experiments performed with low power microwaves using HTS plates, there
was no evidence of drying of the aqueous media.
[0110] Several control experiments were also performed on the silver colloid-modified and unmodified HTS wells to
investigate the extent of non-specific binding of proteins to the HTS wells including:

1) Incubation of FITC-avidin without Biotinylated-BSA and without microwave heating for 30 minutes,
2) Incubation of FITC-avidin without Biotinylated-BSA and without microwave heating for 30 seconds,
3) Incubation of FITC-avidin with microwave heating and without Biotinylated-BSA for 30 seconds.

[0111] All absorption measurements were performed using a HP 8453 UV-Vis spectrophotometer. Fluorescence meas-
urements on HTS plates were performed by placing the HTS plates on a Total Internal Reflection (TIR) stage equipped
with a fiber-optic mount on a 15-cm-long arm (normal to sample), as shown in Figure 21. The output of the fiber was
connected to an Ocean Optics HD2000 spectrofluorometer to measure the fluorescence emission spectra. The excitation
was from the second harmonic (473 nm) of the diodepumped Nd:YVO4 laser (output power ≈ 30 mW) at an angle of 45
degrees. This configuration allowed easy changes of the incident angle and the evanescent excitation spot position.
The emission was observed through a 500 nm razor-edge filter (Semrock).
[0112] The enhancement ratio ISiFs/IHTS (the benefit of using MEF) is the fluorescence intensity observed on the silver
colloids divided by the intensity on the non-silvered substrate. In addition, this model protein system as shown in Figure
20, positions the fluorophore (which is fluorescein labeled avidin), from about 4 nm to about 10 nm from the surfaces.
[0113] For excitation of the assay shown in Figure 20, Total Internal Reflection Fluorescence (TIRF)41 was used. TIRF
is an approach that readily allows the selective excitation of fluorophores within ≈ 200 nm proximity to surfaces, an
approach ill used for surface assays. However, in the presence of silver islands as shown in Figure 22, the evanescent
field generated using the TIRF format, has been shown to much stronger than as compared to uncoated glass,66

penetrating further into solution. Subsequently, evanescent wave excitation confines the excitation volume at the assay
surface, eliminating the need for washing the solution from above the assay. Interestingly, because the MEF phenomenon
only occurs out to about 10 nm from the silver nanoparticles, then unwanted background fluorescence from assay
material distal from the surface is not observed, increasing the S/N in the HTS wells for sensing.
[0114] Figure 22 shows the plasmon absorption spectrum of silver colloids deposited at the bottom of HTS wells, both
before and after low power microwave heating for 30 seconds, wherein the cavity power was ≈ 140 watts. It is evident
from Figure 22, that the microwaves had no effect on the surface plasmon absorption of the silver colloids, strongly
indicating no surface silver shape or size changes, where the surface plasmon absorption is well-known to be charac-
teristic of the shape and size of noble metal nanoparticles.20 Notably, large particles or even continuous metallic surfaces
produce "sparking" when heated in microwave cavities. This effect is due to the charge build up, and subsequent "arching"
as charge builds between the particles.58 However, for the nanostructures deposited in the HTS wells described here,
no sparking was evident at all, suggesting that the charge build up on the nanometer sized colloids is too small to induce
dielectric breakdown of the medium separating them.
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[0115] Figure 23 shows the fluorescein emission intensity from both silvered and non-silvered HTS wells after room
temperature incubation of the assay. The assay was incubated for 30 mins. The emission, which was collected through
a 500 nm razor edge filter (Semrock), shows an approximate 5 fold greater intensity from the silver as compared to the
non-silvered wells. These values were the mean of 4 wells each, the data quickly collected from each well by moving
the plate well on the XY stage as shown Figure 21. This increase is not due to reflected photons from the silvered surface,
i.e. scattering, but is in fact a consequence of a new near-field fluorescence phenomenon, whereby fluorophores in close
proximity (< 10 nm) to a silver nanostructures can be made highly fluorescent. Figure 23 (bottom) shows almost identical
spectra after normalization from both the silvered and non-silvered wells, indicating the only differences in emission
being the relative intensities.
[0116] Figure 24 shows the fluorescence intensity of fluorescein from both the silvered and non-silvered HTS wells
after 30 seconds microwave heating. Similar to Figure 23, a ≈ 4-5 fold fluorescence enhancement can be seen on silver
as compared to the non-silver wells. Interestingly, similar emission intensities were observed for 30 minutes incubation
as compared to 30 seconds microwave heating, an ≈ 90-fold kinetic increase. The slight differences in the final fluores-
cence intensities (1700 vs. 2250 arbitrary units) are due to the fact that 45 seconds of heating was actually required to
take the assay to > 95 % kinetically complete and not 30 seconds as shown in Figure 24 top (data not shown). Interestingly,
the emission intensity on the unsilvered plates was similar for both 30 minutes incubation and 30 seconds low power
microwave heating. Clearly, by considering both Figures 23 and 24 top, the benefits of using low power microwave
heating to accelerate assays in HTS wells can be seen as well as the combined benefit of amplified fluorescence to
facilitate detection by the presence of the silver colloids. Surprisingly, the ≈ 90-fold kinetic increase can not be explained
by just the ≈ 8 °C temperature jump, but instead it is thought that localized and indeed preferential heating on an around
the silver nanoparticles occurs.
[0117] The MAMEF comparison in the 96-well plates is also evident visually, as shown in the photographs of Figure
25. The top left and right photographs visually compare the emission with and without silver, while bottom left and right
show the effects of low power microwave heating, with and without silver colloids. Remarkably, by comparing both
bottom-left with the photograph top right, the benefits of using the MAMEF technique can be clearly seen. All photographs
were taken through a 500 nm razor edge filter with 473 nm evanescent wave excitation.
[0118] It was questioned if the use of low power microwaves in HTS well formats indeed increased the rate of non-
specific absorption in the present model assay. In these experiments, the well bottoms were not pre-coated with bioti-
nylated-BSA as is the case in the model assays shown in Figures 22, 23 and 24. From Figure 26, (top) it can be seen
that after 30 minute incubation in the wells with FITC-Avidin, followed by a washing step, fluorescein emission was
evident, more so on the silvered as compared to the unsilvered well bottom, although the extent of absorption was much
smaller than the actual assay shown in Figure 23. Interestingly, a significantly large portion of the non-specific absorption
occurred in the first 30 seconds of room temperature incubation, Figure 26 middle. After low power microwave heating
for 30 seconds, Figure 26 bottom, similar fluorescence intensity was observed as compared to just 30 seconds room
temperature incubation, c.f. Figure 26 middle and bottom. This suggests that low power microwaves do not further
accelerate non-specific absorption, beyond that normally present in this assay system.
[0119] In addition to traditional fluorescence photostability, the effects of low power microwave heating on the emission
intensity of the fluorescein assay was investigated, where the assay was initially incubated for 30 minutes at room
temperature. After this time, the assay was microwave heated in 5 second cumulative increments up to 1 minute, the
fluorescence intensity measured at 530 nm after 473 nm excitation. After 1 minute of total heating and re-excitation, no
change in the emission signal intensity was evident, indicating that low power microwaves do not perturb fluorescein
fluorescence. Interestingly, under the conditions employed with this assay, it took greater than 5 minutes microwave
heating to completely dry multiple plate well assays, up until which point, both the fluorescein emission spectra and peak
intensity remained mostly constant.
[0120] Importantly, the low power microwaves employed here do not perturb the silvered surfaces and do not produce
"arcing" which is commonly observed for larger metallic objects in microwave cavities.58 The microwaves do not perturb
the silver nanostructures, but simply increase.the mass transport of protein to the plate well-bottoms. Further, low power
microwaves provide for effective rapid heating of the assays, producing identical final fluorescence intensities as com-
pared to longer room temperature incubation.
[0121] Further, the silver-enhanced evanescent field mode of excitation localizes the excitation volume in close prox-
imity to the silver nanostructures. This eliminates the need for assay washing steps. In this regard the assay shown in
Figure 23, was shown to have almost identical spectral characteristics and intensities, with or without a washing step.
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Claims

1. A system for shortening the time required to detect or measure the presence of a biomolecule in a sample, the
system comprising:

a) a metallic material;
b) a biomolecule in the sample that is capable of fluorescing, wherein the biomolecule is positioned from the
metallic material at a distance to enhance fluorescence intensity of the biomolecule;
c) a microwave cavity;
d) a source of microwave energy having a frequency in a range between 0.3 and 10 GHz and a low power level
in a range between about 30 mwatts and 200 watts; and
e) a source of excitation energy that emits in the UV to IR range.

2. The system according to claim 1, wherein the metallic material comprises silver or gold.

3. The system according to claim 1, wherein the metallic material comprises multiple metal particles in the form of
islands on a substrate.

4. The system according to claim 3, wherein the substrate is glass, quartz or a polymeric material.

5. The system according to claim 1, wherein the biomolecule is an intrinsic fluorophore.
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6. The system according to claim 1, wherein the biomolecule is attached to an extrinsic fluorophore.

7. The system according to claim 1, wherein the metallic material is in the form of a three dimensional matrix, wherein
metal particles are on the surface of the porous substrate or the metal particles are embedded in the porous substrate.

8. The system according to claim 1, wherein the biomolecule is positioned from the metallic material at a distance from
about 4 nm to 20 nm.

9. The system according to claim 1, wherein the biomolecule is a protein or nucleotide sequence.

10. The system according to claim 1, further comprising a spacer attached to the metallic material that binds to the
biomolecule to position the fluorescent component of the biomolecule at a predetermined distance from the metallic
material to enhance fluorescence intensity of the biomolecule.

11. An assay detection method comprising:

providing a conductive metallic material, wherein the metallic material is shaped as a film, particles, nanostruc-
tures, island or colloids;
introducing at least one biomolecule for disposing near the conductive metallic material, wherein the biomolecule
is capable of emitting light and enhanced by a predetermined proximity to the metallic material;
introducing the conductive metallic material into a microwave cavity;
applying microwave energy having a frequency in a range between 0.3 and 10 GHz and a low power level in
a range between about 30 mwatts and 200 watts to cause an increase in heat in the metallic material thereby
increasing the kinetics of any chemical reactions involving the biomolecule;
applying excitation energy in the IR to UV range; and
measuring the emitted light from the system.

12. The assay according to claim 11, wherein the assay is selected from the group comprising immunoassays, hybrid-
ization assay, resonance energy transfer assays, polarization/anisotropy based assays, chemiluminescence based
assays, luminescence based assays, or enzyme-linked immunosorbent assays.

13. A detection system comprising:

a conductive metallic material positioned within a container, wherein the metallic material is shaped as a film,
particles, nanostructures, island or colloids;
at least one biomolecule for disposing near the conductive metallic material, wherein the biomolecule is capable
of emitting light and enhanced by a predetermined proximity to the metallic material;
a microwave cavity;
a source of microwave energy having a frequency in a range between 0.3 and 10 GHz and a low power level
in a range between about 30 mwatts and 200 watts to cause an increase in heat in the metallic material thereby
increasing the kinetics of chemical reactions involving the biomolecule;
a radiation source for emitting energy in the range from UV to IR; and
a measuring device to measure the emitted light from the system.

14. The detection system according to claim 13, wherein the biomolecule comprises a fluorescing component that has
the ability to fluoresce when contacted with radiation in the range from UV or IR.

15. The detection system according to claim 13, wherein the metallic material comprises silver or gold.

16. The detection system according to claim 13, wherein the metallic material comprises multiple metal particles in the
form of islands on a substrate.

17. The detection system according to claim 16, wherein the substrate is glass, quartz or a polymeric material.

18. The detection system according to claim 13, wherein the biomolecule is an intrinsic fluorophore.

19. The detection system according to claim 13, wherein the biomolecule is attached to an extrinsic fluorophore.
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20. The detection system according to claim 13, further comprising a spacer attached to the metallic material that binds
to the biomolecule to position a fluorescent component of the biomolecule at a predetermined distance from the
metallic material to enhance fluorescence intensity of the biomolecule.

21. A method of metal-enhanced fluorescence sensing, comprising:

applying a conductive metallic material to a surface used in a detection system, wherein the surface comprises
glass, quartz, or a polymeric material;
introducing the conductive metallic material applied to a surface into a microwave cavity;
introducing a solution containing at least one biomolecule for disposing near the conductive metallic surface,
wherein the biomolecule is capable of fluorescing;
applying microwave energy having a frequency in a range between 0.3 and 10 GHz and a low power level in
a range between about 100 watts and 200 watts to cause an increase in heat in the solution thereby increasing
the kinetics of chemical reactions occurring within the detection system;
exciting the biomolecule with an electromagnetic source to cause fluorescing; and
measuring the fluorescence emission within the system.

22. The method according to claim 21, wherein the conductive metallic material comprises silver or gold.

23. The method according to claim 21, wherein the conductive metallic material comprises multiple metal particles in
the form of islands on a substrate.

24. The method according to claim 21, wherein the biomolecule is positioned from the metallic material at a distance
from about 4 nm to 20 nm.

25. The method according to claim 21, wherein the biomolecule is a protein or nucleotide sequence.

26. The method according to claim 21, further comprising a spacer attached to the metallic material that binds to the
biomolecule to position a fluorescent component of the biomolecule at a predetermined distance from the metallic
material to enhance fluorescence intensity of the biomolecule.

27. A method for detecting a targeted pathogen in a sample, the method comprising:

a) providing a system comprising:

an immobilized metallic material positioned on a surface substrate, wherein the immobilized metallic material
has attached thereto an immobilized capture DNA sequence probe complementary to a known DNA se-
quence of the target pathogen;
a free capture DNA sequence probe complementary to a known DNA sequence of the target pathogen,
wherein the free capture DNA sequence probe has attached thereto a fluorophore; and
a microwave cavity and a microwave energy source;

b) contacting the sample with the immobilized capture DNA sequence probe, wherein the DNA sequence of
the target pathogen binds to the immobilized capture DNA sequence probe;
c) contacting the bound DNA sequence of the target pathogen with the free capture DNA sequence probe,
wherein binding of the free capture DNA sequence probe to the DNA sequence of the target pathogen causes
the fluorophore to be positioned a sufficient distance from the immobilized metallic material to enhance fluo-
rescence emission;
d) irradiating the system with microwave energy having a frequency in a range between 0.3 and 10 GHz and
a low power level in a range between about 30 mwatts and 200 watts in an amount sufficient to enhance binding
of the free capture DNA sequence probe to the DNA sequence of the target pathogen causing increased speed
of the reactions; and
e) irradiating the system with electromagnetic energy in a range from UV to IR radiation to increase fluorescence
emission by the fluorophore positioned a predetermined distance from the metallic material.

28. The method according to claim 27, wherein the conductive metallic material comprises metallic particles, nanos-
tructures, islands, colloids, porous matrix or a continuous metallic surface.
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29. The method according to claim 28, wherein the metallic material is a noble metal.

30. An assay method using High Throughput Screening (HTS), the method comprising:

providing a well plate used in HTS systems comprising a multiplicity of wells;
introducing metallic nanostructures into the wells;
introducing the well plate into microwave cavity;
introducing at least one biomolecule for disposing near the metallic nanostructures, wherein the biomolecule is
capable of emitting light and enhanced by a predetermined proximity to the metallic nanostructures;
applying microwave energy having a frequency in a range between 0.3 and 10 GHz and a low power level in
a range between about 30 mwatts and 200 watts into the microwave cavity to cause an increase in heat in the
metallic material thereby increasing the kinetics of chemical reactions involving the biomolecule;
irradiating with electromagnetic energy in the UV to IR range; and
measuring the emitted light from the system.

Patentansprüche

1. System zum Verkürzen der benötigten Zeit zum Nachweisen oder Messen des Vorhandenseins eines Biomoleküls
in einer Probe, wobei das System folgendes umfasst:

a) eine metallische Substanz;
b) ein Biomolekül in der Probe, das fluoreszieren kann, wobei das Biomolekül in einem Abstand zu der metal-
lischen Substanz positioniert ist, um die Fluoreszenzintensität des Biomoleküls zu erhöhen;
c) eine Mikrowellenkammer;
d) eine Quelle für Mikrowellenenergie mit einer Frequenz im Bereich von 0,3 bis 10 GHz und einem niedrigen
Leistungspegel in einem Bereich zwischen etwa 30 mWatt und 200 Watt; und
e) eine Quelle für Anregungsenergie, die im UV- bis IR-Bereich emittiert.

2. System nach Anspruch 1, wobei die metallische Substanz Silber oder Gold umfasst.

3. System nach Anspruch 1, wobei die metallische Substanz mehrere Metallpartikel in Form von Inseln auf einem
Substrat umfasst.

4. System nach Anspruch 3, wobei das Substrat Glas, Quarz oder eine polymere Substanz ist.

5. System nach Anspruch 1, wobei das Biomolekül ein intrinsischer Fluorophor ist.

6. System nach Anspruch 1, wobei das Biomolekül an einem extrinsischen Fluorophor angebracht ist.

7. System nach Anspruch 1, wobei die metallische Substanz in Form einer dreidimensionalen Matrix gegeben ist,
wobei sich Metallpartikel auf der Oberfläche des porösen Substrats befinden, oder wobei die Metallpartikel in dem
porösen Substrat eingebettet sind.

8. System nach Anspruch 1, wobei das Biomolekül in einem Abstand von etwa 4 nm bis 20 nm von der metallischen
Substanz positioniert ist.

9. System nach Anspruch 1, wobei das Biomolekül ein Protein oder eine Nukleotidsequenz ist.

10. System nach Anspruch 1, ferner umfassend ein an der metallischen Substanz angebrachtes Abstandselement, das
eine Bindung an dem Biomolekül vorsieht, um die fluoreszierende Komponente des Biomoleküls in einem vorbe-
stimmten Abstand von der metallischen Substanz zu positionieren, um die Fluoreszenzintensität des Biomoleküls
zu erhöhen.

11. Test-Nachweisverfahren, umfassend:

Bereitstellen einer leitfähigen metallischen Substanz, wobei die metallische Substanz als ein Film, Partikel,
Nanostrukturen, Inseln oder Kolloide geformt ist;
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Einführen wenigstens eines Biomoleküls zur Anordnung nahe der leitfähigen metallischen Substanz, wobei das
Biomolekül Licht emittieren kann und verstärkt durch die vorbestimmte Proximität zu der metallischen Substanz;
Einführen der leitfähigen metallischen Substanz in eine Mikrowellenkammer;
Zuführen von Mikrowellenenergie mit einer Frequenz im Bereich zwischen 0,3 und 10 GHz und einem niedrigen
Leistungspegel in einem Bereich zwischen etwa 30 mWatt und 200 Watt, um einen Anstieg der Wärme in der
metallischen Substanz zu bewirken, wodurch die Kinetik etwaiger, das Biomolekül betreffender chemischer
Reaktionen erhöht wird;
Zuführen von Anregungsenergie im UV- bis IR-Bereich; und
Messen des von dem System emittierten Lichts.

12. Test nach Anspruch 11, wobei der Test ausgewählt ist aus der Gruppe bestehend aus Immuntests, Hybridisierungs-
tests, Austauschenergieübertragungstests, Tests auf der Basis von Polarisation/Anisotropie, Tests auf der Basis
von Chemilumineszenz, Tests auf der Basis von Lumineszenz oder enzymgekoppelten Immunabsorptionstests.

13. Nachweissystem, umfassend:

eine leitfähige metallische Substanz, die in einem Behälter positioniert ist, wobei die metallische Substanz als
ein Film, Partikel, Nanostrukturen, Inseln oder Kolloide geformt ist;
wenigstens eine Biomolekül zur Anordnung nahe der leitfähigen metallischen Substanz, wobei das Biomolekül
Licht emittieren kann und verstärkt durch die vorbestimmte Proximität zu der metallischen Substanz;
eine Mikrowellenkammer;
eine Mikrowellenenergiequelle mit einer Frequenz im Bereich zwischen 0,3 und 10 GHz und einem niedrigen
Leistungspegel in einem Bereich zwischen etwa 30 mWatt und 200 Watt, um einen Anstieg der Wärme in der
metallischen Substanz zu bewirken, wodurch die Kinetik etwaiger, das Biomolekül betreffender chemischer
Reaktionen erhöht wird;
eine Strahlungsquelle zum Emittieren von Energie von Anregungsenergie im UVbis IR-Bereich; und
eine Messvorrichtung zum Messen des von dem System emittierten Lichts.

14. Nachweissystem nach Anspruch 13, wobei das Biomolekül eine fluoreszierende Komponente umfasst, die fluores-
zieren kann, wenn sie in Kontakt mit Strahlung im UV-oder IR-Bereich gelangt.

15. Nachweissystem nach Anspruch 13, wobei die metallische Substanz Silber oder Gold umfasst.

16. Nachweissystem nach Anspruch 13, wobei die metallische Substanz mehrere Metallpartikel in Form von Inseln auf
einem Substrat umfasst.

17. Nachweissystem nach Anspruch 16, wobei das Substrat Glas, Quarz oder eine polymere Substanz ist.

18. Nachweissystem nach Anspruch 13, wobei das Biomolekül ein intrinsischer Fluorophor ist.

19. Nachweissystem nach Anspruch 13, wobei das Biomolekül an einem extrinsischen Fluorophor angebracht ist.

20. Nachweissystem nach Anspruch 13, ferner umfassend ein an der metallischen Substanz angebrachtes Abstand-
selement, das eine Bindung an dem Biomolekül vorsieht, um eine fluoreszierende Komponente des Biomoleküls
in einem vorbestimmten Abstand von der metallischen Substanz zu positionieren, um die Fluoreszenzintensität des
Biomoleküls zu erhöhen.

21. Verfahren zur metallgestützten Fluoreszenzmessung, umfassend:

Auftragen einer leitfähigen metallischen Substanz auf eine Oberfläche, die in einem Nachweissystem verwendet
wird, wobei die Oberfläche Glas, Quarz oder eine polymere Substanz umfasst;
Einführen der auf eine Oberfläche aufgetragenen leitfähigen metallischen Substanz in eine Mikrowellenkammer;
Einführen einer Lösung, die wenigstens ein Biomolekül enthält, zum Anordnen nahe der leitfähigen metallischen
Oberfläche, wobei das Biomolekül fluoreszieren kann;
Zuführen von Mikrowellenenergie mit einer Frequenz im Bereich zwischen 0,3 und 10 GHz und einem niedrigen
Leistungspegel in einem Bereich zwischen etwa 100 Watt und 200 Watt, um einen Anstieg der Wärme in der
Lösung zu bewirken, wodurch die Kinetik der chemischen Reaktionen erhöht wird, die in dem Nachweissystem
auftreten;
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Erregen des Biomoleküls mit einer elektromagnetischen Quelle, um Fluoreszenz zu bewirken; und
Messen der Fluoreszenzemission in dem System.

22. Verfahren nach Anspruch 21, wobei die metallische Substanz Silber oder Gold umfasst.

23. Verfahren nach Anspruch 21, wobei die metallische Substanz mehrere Metallpartikel in Form von Inseln auf einem
Substrat umfasst.

24. Verfahren nach Anspruch 21, wobei das Biomolekül von der metallischen Substanz in einem Abstand von etwa 4
nm bis 20 nm positioniert ist.

25. Verfahren nach Anspruch 21, wobei das Biomolekül ein Protein oder eine Nukleotidsequenz ist.

26. Verfahren nach Anspruch 21, ferner umfassend ein an der metallischen Substanz angebrachtes Abstandselement,
das eine Bindung an dem Biomolekül vorsieht, um eine fluoreszierende Komponente des Biomoleküls in einem
vorbestimmten Abstand von der metallischen Substanz zu positionieren, um die Fluoreszenzintensität des Biomo-
leküls zu erhöhen.

27. Verfahren zum Nachweisen eines Zielpathogens in einer Probe, wobei das Verfahren folgendes umfasst:

a) Bereitstellen eines Systems, umfassend:

eine immobilisierte metallische Substanz, die auf einer Oberfläche eines Substrats positioniert ist, wobei
an der immobilisierten metallischen Substanz eine immobilisierte DNA-Sequenz-Fängersonde angebracht
ist, die komplementär ist zu einer bekannten DNA-Sequenz des Zielpathogens;
eine freie DNA-Sequenz-Fängersonde, die komplementär ist zu einer bekannten DNA-Sequenz des Ziel-
pathogens, wobei an der freien DNA-Sequenz-Fängersonde ein Fluorophor angebracht ist; und
eine Mikrowellenkammer und eine Mikrowellenenergiequelle;

b) Inkontaktbringen der Probe mit der immobilisierten DNA-Sequenz-Fängersonde, wobei die DNA-Sequenz
des Zielpathogens eine Bindung an der immobilisierten DNA-Fängersonde vorsieht;
c) Inkontaktbringen der gebundenen DNA-Sequenz des Zielpathogens mit der freien DNA-Sequenz-Fänger-
sonde, wobei die Bindung der freien DNA-Sequenz-Fängersonde an der DNA-Sequenz des Zielpathogens
bewirkt, dass der Fluorophor in einem ausreichenden Abstand zu der immobilisierten metallischen Substanz
positioniert ist, um die Fluoreszenzemission zu fördern;
d) Bestrahlen des Systems mit Mikrowellenenergie mit einer Frequenz in einem Bereich zwischen 0,3 und 10
GHz und einem niedrigen Leistungspegel in einem Bereich zwischen etwa 30 mWatt und 200 Watt in ausrei-
chender Menge, um die Bindung der freien DNA-Sequenz-Fängersonde an der DNA-Sequenz des Zielpatho-
gens zu fördern, wodurch eine erhöhte Reaktionsgeschwindigkeit bewirkt wird; und
e) Bestrahlen des Systems mit elektromagnetischer Energie in einem UV- bis IR-Strahlungsbereich, um die
Fluoreszenzemission durch den in einem vorbestimmten Abstand zu der metallischen Substanz positionierten
Fluorophor zu erhöhen.

28. Verfahren nach Anspruch 27, wobei die leitfähige metallische Substanz Metallpartikel, Nanostrukturen, Inseln, Kol-
loide, eine poröse Matrix oder eine ununterbrochene metallische Oberfläche umfasst.

29. Verfahren nach Anspruch 28, wobei die metallische Substanz ein Edelmetall ist.

30. Testverfahren unter Verwendung von Hochdurchsatz-Screening (HTS), wobei das Verfahren folgendes umfasst:

Bereitstellen einer in HTS-Systemen verwendeten Mikrotiterplatte, die eine Mehrzahl von Wells umfasst;
Einführen metallischer Nanostrukturen in die Wells;
Einführen der Mikrotiterplatte in eine Mikrowellenkammer;
Einführen wenigstens eines Biomoleküls für eine Anordnung nahe den metallischen Nanostrukturen, wobei das
Biomolekül Licht emittieren kann und verstärkt durch die vorbestimmte Proximität zu den metallischen Nanos-
trukturen;
Zuführen von Mikrowellenenergie mit einer Frequenz im Bereich zwischen 0,3 und 10 GHz und einem niedrigen
Leistungspegel in einem Bereich zwischen etwa 30 mWatt und 200 Watt in die Mikrowellenkammer, um einen
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Anstieg der Wärme in der metallischen Substanz zu bewirken, wodurch die Kinetik das Biomolekül betreffender
chemischer Reaktionen erhöht wird;
Bestrahlen mit elektromagnetischer Energie im UV- bis IR-Bereich; und
Messen des von dem System emittierten Lichts.

Revendications

1. Système pour raccourcir le temps requis pour détecter ou mesurer la présence d’une biomolécule dans un échantillon,
le système comprenant :

a) un matériau métallique ;
b) une biomolécule dans l’échantillon qui est capable de fluorescence, la biomolécule étant positionnée à
distance du matériau métallique pour renforcer l’intensité de la fluorescence de la biomolécule ;
c) une cavité à hyperfréquences ;
d) une source d’énergie hyperfréquence ayant une fréquence dans une plage comprise entre 0,3 et 10 GHz et
un niveau de faible puissance dans une plage comprise entre environ 30 mwatts et 200 watts ; et
e) une source d’énergie d’excitation qui émet dans la plage UV à IR.

2. Système selon la revendication 1, le matériau métallique comprenant de l’argent ou de l’or.

3. Système selon la revendication 1, le matériau métallique comprenant plusieurs particules métalliques sous la forme
d’îlots sur un substrat.

4. Système selon la revendication 3, le substrat étant du verre, du quartz ou un matériau polymère.

5. Système selon la revendication 1, la biomolécule étant un fluorophore intrinsèque.

6. Système selon la revendication 1, la biomolécule étant fixée à un fluorophore extrinsèque.

7. Système selon la revendication 1, le matériau métallique étant sous la forme d’une matrice tridimensionnelle, des
particules métalliques étant sur la surface du substrat poreux ou les particules métalliques étant incorporées dans
le substrat poreux.

8. Système selon la revendication 1, la biomolécule étant positionnée par rapport au matériau métallique à une distance
d’environ 4 à 20 nm.

9. Système selon la revendication 1, la biomolécule étant une protéine ou une séquence nucléotidique.

10. Système selon la revendication 1, comprenant en outre une entretoise fixée au matériau métallique qui se lie à la
biomolécule pour placer le composant fluorescent de la biomolécule à une distance prédéterminée du matériau
métallique pour renforcer l’intensité de la fluorescence de la biomolécule.

11. Procédé de détection d’essai comprenant les étapes consistant à :

fournir un matériau métallique conducteur, le matériau métallique ayant la forme d’un film, de particules, de
nanostructures, d’îlots ou de colloïdes ;
introduire au moins une biomolécule à disposer près du matériau métallique conducteur, la biomolécule pouvant
émettre de la lumière et étant renforcée par une proximité prédéterminée du matériau métallique ;
introduire le matériau métallique conducteur dans une cavité à hyperfréquences ;
appliquer une énergie hyperfréquence ayant une fréquence dans une plage comprise entre 0,3 et 10 GHz et
un niveau de faible puissance dans une plage comprise entre environ 30 mwatts et 200 watts pour entraîner
une augmentation de chaleur dans le matériau métallique, ce qui permet d’augmenter la cinétique de toute
réaction chimique impliquant la biomolécule ;
appliquer une énergie d’excitation dans la plage IR à UV ; et
mesurer la lumière émise par le système de mesure.

12. Essai selon la revendication 11, l’essai étant choisi dans le groupe comprenant les immunoessais, essai d’hybrida-
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tion, essais de transfert d’énergie de résonance, essais basés sur polarisation/anisotropie, essais basés sur chimi-
luminescence, essais basés sur luminescence ou essais d’immuno-absorption enzymatique.

13. Système de détection, comprenant :

un matériau métallique conducteur positionné dans un récipient, le matériau métallique ayant la forme d’un film,
de particules, de nanostructures, d’îlots ou de colloïdes ;
au moins une biomolécule à disposer près du matériau métallique conducteur, la biomolécule pouvant émettre
de la lumière et étant renforcée par une proximité prédéterminée du matériau métallique ;
une cavité à hyperfréquences ;
une source d’énergie hyperfréquence ayant une fréquence dans une plage comprise entre 0,3 et 10 GHz et un
niveau de faible puissance dans une plage comprise entre environ 30 mwatts et 200 watts pour entraîner une
augmentation de chaleur dans le matériau métallique, ce qui permet d’augmenter la cinétique des réactions
chimiques impliquant la biomolécule ;
une source de rayonnement pour émettre de l’énergie dans la plage UV à IR ; et
un appareil de mesure pour mesurer la lumière émise par le système.

14. Système de détection selon la revendication 13, la biomolécule comprenant un composant fluorescent qui a la
capacité d’émettre une fluorescence lorsqu’il est mis en contact avec le rayonnement dans la plage UV à IR.

15. Système de détection selon la revendication 13, le matériau métallique comprenant de l’argent ou de l’or.

16. Système de détection selon la revendication 13, le matériau métallique comprenant plusieurs particules métalliques
sous la forme d’îlots sur un substrat.

17. Système de détection selon la revendication 16, le substrat étant du verre, du quartz ou un matériau polymère.

18. Système de détection selon la revendication 13, la biomolécule étant un fluorophore intrinsèque.

19. Système de détection selon la revendication 13, la biomolécule étant fixée à un fluorophore extrinsèque.

20. Système de détection selon la revendication 13, comprenant en outre une entretoise fixée au matériau métallique
qui se lie à la biomolécule pour placer un composant fluorescent de la biomolécule à une distance prédéterminée
du matériau métallique pour renforcer l’intensité de la fluorescence de la biomolécule.

21. Procédé de détection de fluorescence améliorée par métal, comprenant les étapes consistant à :

appliquer un matériau métallique conducteur sur une surface utilisée dans un système de détection, la surface
comprenant du verre, du quartz ou un matériau polymère ;
introduire le matériau métallique conducteur appliqué sur une surface dans une cavité à hyperfréquences ;
introduire une solution contenant au moins une biomolécule à disposer près de la surface métallique conductrice,
la biomolécule étant capable de fluorescence ;
appliquer une source d’énergie hyperfréquence ayant une fréquence dans une plage comprise entre 0,3 et 10
GHz et un niveau de faible puissance dans une plage comprise entre environ 100 watts et 200 watts pour
entraîner une augmentation de chaleur dans la solution ce qui permet d’augmenter la cinétique des réactions
chimiques survenant dans le système de détection ;
exciter la biomolécule à l’aide d’une source électromagnétique pour provoquer la fluorescence ; et
mesurer l’émission de fluorescence dans le système.

22. Procédé selon la revendication 21, le matériau métallique conducteur comprenant de l’argent ou de l’or.

23. Procédé selon la revendication 21, le matériau métallique conducteur comprenant plusieurs particules métalliques
sous la forme d’îlots sur un substrat.

24. Procédé selon la revendication 21, la biomolécule étant positionnée par rapport au matériau métallique à une
distance d’environ 4 à 20 nm.

25. Procédé selon la revendication 21, la biomolécule étant une protéine ou une séquence nucléotidique.
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26. Procédé de détection selon la revendication 21, comprenant en outre une entretoise fixée au matériau métallique
qui se lie à la biomolécule pour placer un composant fluorescent de la biomolécule à une distance prédéterminée
du matériau métallique pour renforcer l’intensité de la fluorescence de la biomolécule.

27. Procédé pour détecter un pathogène ciblé dans un échantillon, le procédé comprenant les étapes consistant à :

a) fournir un système comprenant :

un matériau métallique immobilisé positionné sur un substrat de surface, une sonde de séquence d’ADN
de capture immobilisé complémentaire d’une séquence d’ADN connue de l’agent pathogène cible étant
fixée sur le matériau métallique immobilisé ;
une sonde de séquence d’ADN de capture libre complémentaire d’une séquence d’ADN connue de l’agent
pathogène cible, un fluorophore étant fixé sur la sonde de séquence d’ADN de capture libre ; et
une cavité à hyperfréquences et une source d’énergie hyperfréquence ;

b) mettre en contact l’échantillon avec la sonde de séquence d’ADN de capture immobilisée, la séquence d’ADN
du pathogène cible se liant à la sonde de séquence d’ADN de capture immobilisée ;
c) mettre en contact la séquence d’ADN liée du pathogène cible avec la sonde de séquence d’ADN de capture
libre, la liaison de la sonde de séquence d’ADN de capture libre avec la séquence d’ADN du pathogène cible
amenant le fluorophore à être positionné à une distance suffisante du matériel métallique immobilisé pour
améliorer l’émission de fluorescence ;
d) irradier le système avec de l’énergie hyperfréquence ayant une fréquence dans une plage comprise entre
0,3 et 10 GHz et un niveau de faible puissance dans une plage comprise entre environ 30 mwatts et 200 watts
en quantité suffisante pour améliorer la liaison de la sonde de séquence d’ADN de capture libre à la séquence
d’ADN du pathogène cible entraînant une augmentation de la vitesse des réactions ; et
e) irradier le système avec une énergie électromagnétique dans une plage de rayonnements UV à IR pour
augmenter l’émission de fluorescence par le fluorophore positionné à une distance prédéterminée du matériau
métallique.

28. Procédé selon la revendication 27, le matériau métallique conducteur comprenant des particules métalliques, des
nanostructures, des îlots, des colloïdes, une matrice poreuse ou une surface métallique continue.

29. Procédé selon la revendication 28, le matériau métallique conducteur étant un métal noble.

30. Procédé d’essai utilisant un criblage à rendement élevé (High Throughput Screening - HTS), le procédé comprenant
les étapes consistant à :

fournir une plaque à puits utilisée dans les systèmes HTS comprenant une multiplicité de puits ;
introduire des nanostructures métalliques dans les puits ;
introduire la plaque à puits dans la cavité à hyperfréquences ;
introduire au moins une biomolécule à disposer près des nanostructures métalliques, la biomolécule pouvant
émettre de la lumière et étant renforcée par une proximité prédéterminée des nanostructures métalliques ;
appliquer une source d’énergie hyperfréquence ayant une fréquence dans une plage comprise entre 0,3 et 10
GHz et un niveau de faible puissance dans une plage comprise entre environ 30 mwatts et 200 watts dans la
cavité à hyperfréquences pour entraîner une augmentation de chaleur dans le matériau métallique, ce qui
permet d’augmenter la cinétique des réactions chimiques impliquant la biomolécule ;
irradier avec de l’énergie électromagnétique dans la plage UV à IR ; et
mesurer la lumière émise par le système.
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