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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to submicron-
sized particles or labels that can be covalently or non-
covalently affixed to entities of interest for the purpose
of quantification, location, identification, or tracking. More
particularly, it relates to surface enhanced spectroscopy-
active composite nanoparticles, methods of manufacture
of the particles, and uses of the particles.

BACKGROUND OF THE INVENTION

[0002] Fluorescence is a primary means by which bi-
omolecules are tracked and quantitated. Fluorescent
tags are used in DNA sequencing, gene expression anal-
ysis using microarrays, flow cytometry and its variants,
RT-PCR, and a host of other applications. One applica-
tion of special interest, and increasing importance, is in-
tracellular imaging. Bimolecular binding/debinding
events have been monitored by fluorescence resonance
energy transfer (FRET), whereby event-driven changes
in the distance between a fluorophore and quencher lead
to changes in fluorescence intensity. Covalent attach-
ment of fluorophores to surface antibody markers on
white blood cells is the basis of cytometry; likewise cov-
alent attachment of fluorescent tags has been used to
visualize every organelle within a cell, and virtually every
process that cells undergo. Despite their numerous
strengths, organic fluorophores have several limitations.
(i) They are highly susceptible to photobleaching and
photodecomposition as excited states are both better ox-
idants and better reductants than the ground state. (ii)
The fluorescence emission envelope is broad, limiting
the number of spectrally orthogonal tags. (iii) The fluo-
rescence is typically excited in the visible, a region where
biological samples exhibit intrinsic background fluores-
cence. (iv) different colors of fluorophores often have
vastly different structures and chemical properties, ne-
cessitating different attachment and handling protocols.
[0003] The development of fluorescent nanoparticu-
late semiconductors (quantum dots) has extended the
utility of fluorescence-based optical detection tags.
(Chan, et al., Science 1998, 281, 2016-18; Bruchez, et
al., Science 1998, 281, 2013-16.) Quantum dots exhibit
far less photobleaching than organic fluorophores, and
in the visible, have narrower emission bandwidths. A con-
sequence of the narrower emission envelope, though, is
the narrower excitation envelope in the visible; as a result,
ultraviolet light is required to excite multiple tags, which
is less than optimal for biological systems. Moreover,
bandwidths of quantum dots increase considerably as
the particles emit in the red and especially in the near-
IR, and accordingly, many fewer colors are available .
Nevertheless, quantum dots have been used extensively
for intracellular imaging applications, with promising re-
sults. Recent reports have used quantum dots to track

the binding and endocytosis of epidermal-growth factor
and for long-term imaging of quantum dots that were en-
docytosed or attached to biotinylated surface proteins of
living cells. However, the bulk of the literature describes
non-targeted approaches to cellular delivery. A peptide
translocation domain was used to introduce various ra-
tios of 5 colors of quantum dots into cell subsets to pro-
duce 10 unique codes. Various reports describe tracking
of cells injected into mice after being encoded by quan-
tum dots, including using a lipofection reagent and trans-
duction peptides. Development of Xenopus embryos was
also tracked after injection of micelle-encapsulated quan-
tum dots. Unfortunately, endocytosed quantum dots are
sequestered and not able to participate in further intrac-
ellular labeling and quantum dots delivered by transfec-
tion and electroporation are prone to aggregation. Micro-
injection allows delivery of unaggregated quantum dots,
but is a serial process requiring much skill. Additionally,
the long-term imaging with UV light can cause degrada-
tion of the quantum dots, resulting in spectral shifts and
cytotoxicity. Likewise, the introduction of metal nanopar-
ticles into cells has been described. The synthesis of me-
tallic nanoparticles is described in Sandrock M.L. et al.
("Synthesis and Second-Harmonic Generation Studies
of Noncentrosymmetric Gold Nanostructures", J Phys
Chem. B. vol. 103, 1999, pages 2668-2673), which dis-
closes a method for the synthesis of gold nanoparticle
structures via a modified template synthesis procedure.
Metal nanoparticles were shown to be successfully intro-
duced inside living cells in 1990, when electron micros-
copy was used to examine nuclear uptake of colloidal
gold microinjected into the cytoplasm. (Feldherr, et al, J
Cell Biol 1990, 111, 1-8; Feldherr, et al., J Cell Biol 1991,
115, 933-39.) The art was advanced by using video-en-
hanced color microscopy to track the nuclear targeting
ability of peptide modified colloidal gold. Several reports
have taken advantage of the strong plasmon resonance
from Ag and Au nanoparticles by modifying them with
biological molecules to track the dynamics of membrane-
transporter protein on living cells in real time. The ab-
sence of photobleaching in both techniques allows long-
term imaging without any degradation of the particles. In
theory, particle size, shape and composition may be con-
trolled to allow multiplexed plasmon resonance imaging
experiments, but in practice, the width of features cou-
pled with difficulty in making all particles a given size
reduce the number of colors to 2-3.
[0004] Raman scattering is readily excited using mon-
ochromatic far-red or near-IR light, photon energies too
low to excite the inherent background fluorescence in
biological samples. Since Raman spectra typically cover
vibrational energies from 200-3500 cm-1, and since indi-
vidual vibrations typically have very narrow bandwidths,
i.e. <50 cm-1, one could envisage measuring a dozen (or
more) reporters simultaneously, all with a single light
source; however, normal Raman is very weak, limiting
its utility for use in bioanalytical chemistry. In SERS, mol-
ecules in very close proximity to nanoscale roughness
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features on noble metal surfaces (gold, silver, copper)
give rise to million- to trillion-fold increases [known as
enhancement factor (EF)] in scattering efficiency. SERS
can also be used to detect molecules adsorbed to indi-
vidual metal nanoparticles and has been used to dem-
onstrate the detection of a single molecule. U.S. Patent
Application Publication US 2002/142480 A1 provides for
the preparation and use of particles having sandwich-
type geometry for SERS applications.

SUMMARY OF THE INVENTION

[0005] Described herein is a method, comprising:
causing deposition of a metal into a pore of a template,
the pore diameter of which is less than 300 nm; causing
deposition of a second material into said pore of said
template, wherein the deposition of at least one of said
first material and said second material involves faradaic
electrochemical processes to generate a segmented,
pore-bound nanoparticle; repeating the deposition of a
metal; and releasing said second material and said tem-
plate from said segmented, pore-bound nanoparticle to
generate at least two free metal nanoparticles. The
present invention also provides a method, comprising
causing deposition of a first metal into a pore of a tem-
plate, the pore diameter of which is less than 300 nm;
causing deposition of a second metal into said pore of
said template; causing deposition of a third material into
said pore of said template, wherein the deposition of at
least one of said first material and said second material
involves faradaic electrochemical processes to generate
a segmented, pore-bound nanoparticle; repeating the
steps of depositing a first metal and a second metal; and
releasing said third material and said template from said
segmented, pore-bound nanoparticle to generate a at
least two free metal nanoparticles, each comprising said
first metal and said second metal.
[0006] Described herein is a method, comprising, pre-
paring an optimized SACN, wherein said optimized
SACN is prepared by a method comprising removing ma-
terial irreversibly bound to the particle surface during the
course of preparing the SACN, wherein background sig-
nal of said spectrum is reduced compared to a spectrum
generated by a corresponding SACN which is not opti-
mized.
[0007] Described herein is a method, comprising re-
ducing the background signal in an assay utilizing a
SACN particle, wherein said reducing comprises remov-
ing impurities from a component selected from the group
consisting of the sample to be analyzed, the SACN par-
ticle, and the assay vessel.
[0008] Described herein is a method, comprising pre-
paring a plurality of SACN particles, each comprising a
different Raman tag; measuring the intensity ratio of the
Raman tags; and preparing a second plurality of SACN
particles having the intensities of the tags normalized to
that of the tag that has the weakest intensity, whereby a
plurality of SACNs having substantially equal peak inten-

sities in a Raman spectrum are prepared. In some em-
bodiments, the tags are normalized by preparing SACNs
with a decreased quantity of tag, wherein the decreased
quantity is defined by the inverse of the intensity ratio of
that tag to that of the weakest tag. In other embodiments,
the tags are normalized by preparing SACNs with an in-
creased quantity of silane, wherein the increased quan-
tity is defined by the inverse of the intensity ratio of that
tag to that of the weakest tag.
[0009] The present invention provides a SACN, com-
prising an anisotropic metal nanoparticle, a SERS-active
reporter molecule associated with said anisotropic metal
nanoparticle, SiO2 encapsulating the anisotropic metal
nanoparticle, wherein the SERS-active reporter mole-
cule sits at the interface between the metal nanoparticle
and the encapsulant. Optionally, the SiO2 encapsulant
further comprises a reactive group selected from the
group consisting of an -SH group, a -NH2 group, and a
-COO- group.
The present disclosure also includes a method, compris-
ing: providing a nanoparticle; associating a Raman-ac-
tive reporter molecule with said nanoparticle; encapsu-
lating the nanoparticle with SiO2; and modifying the SiO2
to bear a reactive group selected from the group consist-
ing of an -SH group, a -NH2 group, and a -COO- group,
whereby an activated SACN is prepared.
[0010] Described herein is a bioconjuated SACN, com-
prising: a nanoparticle; a Raman-active reporter mole-
cule associated with said nanoparticle; an SiO2 encap-
sulant; and a biomolecule selected from the group con-
sisting of a protein and a nucleic acid.
[0011] The present invention also provides a method
for detecting an analyte comprising: obtaining a biological
sample; and contacting the sample with a bioconjugated
SACN as claimed herein comprising a biomolecule that
binds to the analyte; and detecting the analyte bound to
said bioconjugated SACN.
[0012] The present invention also provides a method,
comprising; contacting a sample suspected of containing
an analyte with at least one specific binding partner to
the analyte on a lateral-flow assay surface to bind to the
analyte in the sample; previously, simultaneously or sub-
sequently to step (a), binding at least one analyte binding
partner with a SACN as claimed herein; and detecting a
SERS signal whereby the presence of the analyte is de-
termined in the sample by the intensity or presence of
the signal, whereby the presence of at least one analyte
in the sample is determined.
[0013] The present invention also provides a method,
comprising, providing a microscope coupled to a CCD
camera; providing a cell; contacting the cell with at least
one SACN as defined in the appended claims and capa-
ble of specifically binding to the cell or a portion of the
cell; providing a wavenumber filtering device between
the cell and the camera; acquiring a plurality of data sets;
and assembling the data sets; whereby a spatial profile
of the SACN is acquired .
[0014] Described herein is a nanoparticle, a metal na-
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noparticle; more than one Raman-active reporter mole-
cule associated with said nanoparticle; and an SiO2 en-
capsulant. Described herein is a method, comprising:
contacting HAuCl4 with hydroxylamine hydrochloride;
further contacting the solution resulting from step a) with
a mixture of sodium citrate dehydrate and NaBH4, where-
by a gold nanoparticle is produced. Described herein is
a method comprising, providing a gold nanoparticle pre-
pared by the previously described method; associating
a Raman-active reporter molecule with said nanoparticle;
and encapsulating the nanoparticle with SiO2; whereby
a SACN is prepared. Described herein is a nanoparticle
comprising: a anisotropic metal nanoparticle;a SERS-ac-
tive reporter molecule associated with said anisotropic
metal nanoparticle; SiO2 encapsulating the anisotropic
metal nanoparticle.
[0015] Described herein is a method comprising; ad-
ministering a SACN nanoparticle imaging agent to a pa-
tient, scanning the patient using a system that can per-
form spectral imaging; and generating a spectrum or im-
age of an internal region of the patient. Described herein
is a method, comprising: introducing a plurality of SACNs
targeted to a molecule involved in an abnormal pathology
into a patient with the abnormal pathology, wherein the
SACNs become associated to a molecule associated
with the abnormal pathology; and obtaining an imaging
of the associated SACNs, whereby an abnormal pathol-
ogy may be diagnosed.
[0016] Described herein is a method for labeling an
animal with a SACN, comprising introducing a SACN into
an animal, wherein said introducing is selected from the
group consisting of subcutaneous implantation, intrave-
nous introduction. Described herein is a method, com-
prising contacting a tissue sample with at least one bio-
molecule-conjugated SACN particle capable of specifi-
cally binding to the tissue sample; and (b) acquiring a
Raman image of the tissue/biomolecule-conjugated
SACN particles mixture.
[0017] Described herein is a nanoparticle, comprising
a core/shell nanoparticle, at least one Raman-active re-
porter molecule associated with said core/shell nanopar-
ticle, and an SiO2 encapsulant.
[0018] Described herein is a method, comprising caus-
ing deposition of a metal into a pore of a template, the
pore diameter of which is less than 300 nm; causing dep-
osition of a second material into said pore of said tem-
plate, wherein the deposition of at least one of said first
material and said second material involves faradaic elec-
trochemical processes to generate a segmented, pore-
bound nanoparticle; repeating the step of deposition of
the metal; and releasing said second material and said
template from said segmented, pore-bound nanoparticle
with acid treatment to generate at least two porous free
metal nanoparticles.

BRIEF DESCRIPTION OF THE FIGURES

[0019]

Figure 1 shows a typical Raman spectrum.
Figure 2 shows a comparison of SACNs made with
five different label molecules. From top to bottom:
quninolinethiol, malachite green isothiocyanate,
mercaptobenzamidazole, bis(4-pyridyl)ethylene,
Bodipy.
Figure 3 shows scattering intensity vs. Raman shift
for PVDF, nitrocellulose, and a lateral flow mem-
brane.
Figure 4 shows scattering intensity vs. Raman shift
for glass and quartz surfaces.
Figure 5 shows a TEM image of nanorods prepared
in a solution-based method.
Figure 6 shows SERS spectra of 4-MP/BPE-SACNs
obtained using 633 nm excitation (Trace A) and 785
nm excitation (Trace B).
Figure 7 shows Raman spectra of BPE-SACNs
(dashed line) and 4 MP SACNs (solid line).
Figure 8 shows the number of biotin molecules
bound to nanoparticles conjugated with varying ra-
tios of NeutrAvidin™ and bovine serum albumin
(BSA).
Figure 9 shows linearity of SACNs by measuring sig-
nal after exposing a sample to various amounts of
excitation power.
Figure 10 shows signal from a sample vs. function
of time for a SACN exposed to emitted light.
Figure 11 shows evidence of batch to batch repro-
ducibility for SACN preparation.
Figure 12A shows Raman spectra obtained at 633
nm excitation of 65x30nm and 90x30nm Au particles
released in QSH. Figure 12 B shows Raman spectra
obtained at 785 nm excitation of 65x30nm and
90x30nm Au particles released in QSH.
Figure 13 shows Raman spectra obtained at 633 nm
excitation of 65x30nm and 90x30nm Au particles re-
leased in MP.
Figure 14A shows a TEM image of Au nanorods with
35 nm diameter released in ME. Figure 14B shows
a Raman spectrum obtained at excitation 633 nm,
ME replaced with QSH.
Figure 15 A and B show SEM images of 250nm x
250 nm Au SACNs.
Figure 16 A and B show TEM images of a 250nm x
250 nm Au SACN.
Figure 17 A and B show Raman spectra of 250nm
x 250 nm Au SACNs at 785nm and 633 nm excita-
tion.
Figure 18 shows the results of a protein microarray
sandwich immunoassay experiment in which IL-7
was titrated.
Figure 19 shows the results of a lateral flow immu-
noassay for Bot tox.
Figure 20 shows scattering intensity vs. Raman shift
at 758 nm excitation for whole blood without and with
SACNs.
Figure 21 A shows bright field and SERS images of
SACN-labeled, cell, and Figure 21 B shows and Ra-
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man spectra from untreated and treated spots in a
histopathology assay.
Figure 22 shows a spectrum acquired over the liver
45 minutes after SACNs were injected into the
mouse tail.
Figure 23 shows a spectrum acquired after SACNs
were injected subcutaneously.

DESCRIPTION OF THE INVENTION

[0020] Surface Enhanced Spectroscopy-Active Com-
posite Nanoparticles are described in United States Pat-
ent No. 6,514,767, entitled "Surface Enhanced Spectros-
copy-Active Composite Nanoparticles," United States
Patent Application No. 10/345,821, filed January 16,
2003, entitled, "Surface Enhanced Spectroscopy-Active
Composite Nanoparticles," and United States Patent Ap-
plication No. 60/557,729, filed March 29, 2004, entitled
"Surface Enhanced Spectroscopy-Active Composite Na-
noparticles.".
[0021] The present invention describes new methods
for the preparation of Surface Enhanced Spectroscopy-
Active Composite Nanoparticles (SACNs), and methods
for preparing improved SACNs. Such nanoparticles each
comprise a SES-active metal nanoparticle, a submonol-
ayer, monolayer, or multilayer of spectroscopy-active
species in close proximity to the metal surface, and an
encapsulating shell comprising a polymer, glass (SiO2),
or any other dielectric material. This places the spectros-
copy-active molecule (referred to herein as the "report-
er") at the interface between the metal nanoparticle and
the encapsulant. For example, a SACN comprises (i) a
metal nanoparticle core (e.g., Au or Ag), (ii) a Raman-
active reporter, , that gives a unique vibrational signature,
and (iii) an SiO2 encapsulant that "locks" the reporter
molecules in place while also providing a highly compat-
ible surface for subsequent immobilization of biomole-
cules. The glass coating, which is essentially SERS-in-
active, also stabilizes the particles against aggregation
and prevents competitive adsorption of unwanted spe-
cies. In some embodiments, the reporter and the encap-
sulant are introduced to the nanoparticle core sequen-
tially. In some embodiments, the encapsulant comprises
the reporter molecule. In some embodiments, the SACN
further comprises polymer coatings adjacent to the nan-
oparticle.
[0022] The nanoparticle core may be any nanoparticle
known in the art. As used herein, the term "nanoparticle",
"nanostructure", "nanocrystal", "nanotag," and "nano-
component" are used interchangeably to refer to a par-
ticle, generally a metallic particle, having one dimension
in the range of about 1 nm to about 1000 nm, including
any integer value between 1 nm and 1000 nm. Aniso-
tropic nanoparticles may have a length and a width. In
some embodiments, the length of an anisotropic nano-
particle is the dimension parallel to the aperture in which
the nanoparticle was produced. In the case of anisotropic
nanoparticles, in some embodiments, the nanoparticle

has a diameter (width) of 350 nm or less. In other em-
bodiments, the nanoparticle has a diameter of 250 nm
or less and in some embodiments, a diameter of 100 nm
or less. In some embodiments, the width is between 15
nm to 300 nm. In some embodiments, the nanoparticle
has a length of about 10-350 nm.
[0023] Nanoparticles include colloidal metal hollow or
filled nanobars, magnetic, paramagnetic, conductive or
insulating nanoparticles, synthetic particles, hydrogels
(colloids or bars), and the like. It will be appreciated by
one of ordinary skill in the art that nanoparticles can exist
in a variety of shapes, including but not limited to sphe-
roids, rods, disks, pyramids, cubes, cylinders, nanohe-
lixes, nanosprings, nanorings, rod-shaped nanoparti-
cles, arrow-shaped nanoparticles, teardrop-shaped na-
noparticles, tetrapod-shaped nanoparticles, prism-
shaped nanoparticles, and a plurality of other geometric
and non-geometric shapes. Another class of nanoparti-
cles that has been described include those with internal
surface area. These include hollow particles and porous
or semi-porous particles. Moreover, it is understood that
methods to prepare particles of these shapes, and in cer-
tain cases to prepare SERS-active particles of these
shapes, have been described in the literature. While it is
recognized that particle shape and aspect ratio can affect
the physical, optical, and electronic characteristics of na-
noparticles, the specific shape, aspect ratio, or pres-
ence/absence of internal surface area does not bear on
the qualification of a particle as a nanoparticle.
[0024] Much of the SERS literature (both experimental
and theoretical) suggests that anisotropic particles (rods,
triangles, prisms) may provide increased enhancement
compared to spheres. For example, the so-called "an-
tenna effect" predicts that Raman enhancement is ex-
pected to be larger at areas of higher curvature. Many
reports of anisotropic particles have been recently de-
scribed, including Ag prisms and "branched" Au particles.
Such anisotropic particles, used as building blocks for
the formation of SACNs, are within the scope of the in-
vention.
[0025] Anisotropic Au and Ag nanorods may be pro-
duced by electrodeposition into preformed alumina tem-
plates, in a manner similar to the production of Nanobar-
codes® particles. See, for example, Nicewarner-Peña,
S. R.; Freeman, R. G.; Reiss, B. D.; He, L.; Peña, D. J.;
Walton, I. D.; Cromer, R.; Keating, C. D.; Natan, M. J.
"Submicrometer metallic barcodes," Science 2001, 294,
137-141.; Walton, I. D.; Norton, S. M.; Balasingham, A.;
He, L.; Oviso, D. F. J.; Gupta, D.; Raju, P. A.; Natan, M.
J.; Freeman, R. G. "Particles for multiplexed analysis in
solution: detection and identification of striped metallic
particles using optical microscopy," Anal. Chem. 2002,
74, 2240-2247. These Nanobarcodes particles are pre-
pared by the deposition of alternating layers of materials,
typically Au and Ag, into preformed alumina templates.
In a typical embodiment, Nanobarcodes particles are ap-
proximately 250 nm in diameter and 6 microns long.
[0026] To make metal nanoparticles to be used in SAC-
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Ns, the electrodeposition may be carried out in smaller
diameter pores, as described, for example, in Example
10. In some embodiments, the pore diameter is less than
100 nm and, in some embodiments, between 10 and 50
nm. Uniform alumina templates with these dimensions
have been reported by several research groups. Such
templates are now commercially available. Thus, in one
embodiment, the invention provides a method, compris-
ing causing deposition of a metal into a pore of a template,
the pore diameter of which is less than 300 nm; causing
deposition of a second material into said pore of said
template, wherein the deposition of at least one of said
first material and said second material involves faradaic
electrochemical processes to generate a segmented,
pore-bound nanoparticle; again causing deposition of a
metal into the pore; and releasing the second material
and the template from said segmented, pore-bound na-
noparticle to generate a at least two free metal nanopar-
ticles. In this embodiment, the pore-bound segmented
nanoparticle has the composition ABA, and upon release
of B and the template, two particles of A are produced.
The depositions can be repeated to generate segments
having the composition (AB)n or A(BA)n, wherein n is any
integer between 1 and 1000, and upon release from the
template, n or n+1 particles of A are produced.
[0027] In one embodiment, SACNs prepared by this
method are approximately 250 nm in diameter and 250
nm long. An example of this method is described in Ex-
ample 10B. Figure 15 A and B show a view of SACNs
prepared by this method. While these particles appear
to be rod-shaped, a closer view, shown in Figure 16 A
and B reveals them to have a non-geometric shape. The
non-geometric shape is believed to result from the lack
of a smooth interface between the metal (e.g., Au) and
the material to be released (e.g., Ag) in the preparation
of the particles. The lack of a smooth interface may result
from interdiffusion of the two metals to form alloys, and
subsequent dealloying during the release step. These
non-geometric particles are useful for SERS, as shown
Figure 17 A and B. Deliberate simultaneous deposition
of Au and Ag (e.g. 80:20 Au:Ag) will lead to significant
alloying, and subsequent acid-driven dissolution of Ag
can lead to very highly pitted surfaces that exhibit con-
siderable internal surface area. To the extent that report-
er molecules can access such interior sites, thereby ex-
periencing the heightened electromagnetic fields be-
tween SERS-active nanofeatures, such surfaces may
exhibit improved SERS behavior.
[0028] The invention also describes a method compris-
ing causing deposition of a first metal into a pore of a
template, the pore diameter of which is less than 300 nm;
causing deposition of a second metal into said pore of
said template; causing deposition of a third material into
said pore of said template, wherein the deposition of at
least one of said first material and said second material
involves faradaic electrochemical processes to generate
a segmented, pore-bound nanoparticle; repeating the
steps of causing deposition of the first and second metals;

and releasing said third material and said template from
said segmented, pore-bound nanoparticle to generate at
least two free metal nanoparticles, each comprising said
first metal and said second metal. In this example, the
pore-bound segmented nanoparticle has the composi-
tion ACBAC, and upon release of B and the template,
two particles of AC are produced. The depositions can
be repeated to generate segments having the composi-
tion (ACB)n wherein n is any integer between 1 and 1000,
and upon release from the template, n particles of AC
are produced. In some embodiments, one of the metals
is magnetic.
[0029] The metal includes at least one element select-
ed from the Periodic Table of the Elements that are com-
monly known as metals. The metal may include primarily
a single element. Alternatively, the metal may be a com-
bination of at least two elements, such as an alloy, for
example a binary alloy. Metals include Group 11 metals
(Cu, Ag, and Au), or any other metals known by those
skilled in the art to support SERS.
[0030] In some nanoparticles described herein, the
metal includes an additional component, such as in an
Au2S/Au core-shell particle. Au2S/Au core-shell particles
have been reported to have widely tunable near-IR opti-
cal resonance. (Averitt, et al., October 1999, JOSA B,
Volume 16, Issue 10, 1824-1832.) Alternatively, Ag
core/Au shell particles, like those described in J. Am.
Chem. Soc. 2001, 123, 7961, or Au core/Ag shell parti-
cles, or any core-shell combination involving SERS-ac-
tive metals, can be used. Other combinations suitable
for use in core-shell particles are also described herein,
such as Au- or Ag-nanoparticle functionalized silica/alu-
mina colloids, Au- or Ag- functionalized TiO2 colloids, Au
nanoparticle capped-Au nanoparticles (see, for example,
Mucic, et al., J. Am. Chem. Soc. 1998, 120, 12674), Au
nanoparticle-capped TiO2 colloids, particles having and
Si core with a metal shell ("nanoshells"), such as silver-
capped SiO2 colloids or gold-capped SiO2 colloids. (See,
e.g. Jackson, et al., 2004 Proc Natl Acad Sci U S A.
101(52):17930-5). Hollow nanoparticles such as hollow
nanospheres and hollow nanocrystals may also be uti-
lized in the SACNs. Accordingly, the present invention
also describes a nanoparticle for use in a SACN com-
prising a core-shell particle active for SERS or a hollow
nanoparticle active for SERS. The improved SERS signal
of these particles may be demonstrated by manufactur-
ing batches of these particles following a literature pro-
cedure and comparing the SERS signal to the metal par-
ticles described herein.
[0031] Methods for preparing SACNs are disclosed in
United States Patent No. 6,514,767. Additional methods
are disclosed herein, including in the Examples section.
The SACNs referred to herein are photostable (do not
exhibit signal bleaching), thermally stable, show linearity
of signal, and exhibit batch to batch reproducibility, as
explained in Example 8.
[0032] Examples of Raman-active reporters suitable
for use in the present invention include 4-mercaptopyri-
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dine (4-MP); trans-4, 4’ bis(pyridyl)ethylene (BPE); qui-
nolinethiol; 4,4’-dipyridyl, 1,4-phenyldiisocyanide; mer-
captobenzamidazole; 4-cyanopyridine; 1’,3,3,3’,3’-hex-
amethylindotricarbocyanine iodide; 3,3’-diethyltiatricar-
bocyanine; malachite green isothiocyanate; bis-(pyri-
dyl)acetylenes; and Bodipy. Data for 5 different reporters
are shown Figure 2. It is clear that the spectra are distinct,
and that for each species, there is at least one band that
is unique. Additional features of suitable Raman-active
reporters are described below.
[0033] In one embodiment, the invention provides a
SACN comprising more than one reporter. The prepara-
tion of one such SACN is described in Example 3. In one
embodiment, the SACN comprises a metal nanoparticle
core, a trans-1,2-bis(4-pryridyl)ethylene reporter, and a
4-mercaptopyridine reporter.
[0034] There is a background signal associated with
SERS substrates that is typically absent from normal Ra-
man. The present invention also provides methods for
reduction of background signal from SACNs, as well as
improved SACNs exhibiting reduced background sig-
nals. Figure 1, for example, the background signal at
1600 cm-1 is ∼7000 counts, while the signal S is ∼11,000
counts above background. If measurements are shot-
noise (N) limited [N = background1/2], the S/N = 130:1,
but the remaining peaks in the spectrum are significantly
lower. Reducing the background by a factor of 2.25 would
lead to a 50% improvement in S/N, which in turn would
help to resolve weak signals and generally improve the
distinctness of different spectra. The present invention
therefore describes methods, comprising reducing the
background signal in an assay utilizing a SACN particle,
wherein said reducing comprises removing strongly
SERS-active impurities from a component selected from
the group consisting of the sample to be analyzed, the
SACN particle, and other buffers or related materials in-
volved in an assay. It is known that trace impurities (even
those present in the reagents used to manufacture col-
loidal Au) may become irreversibly adsorbed to the par-
ticle surface. Accordingly, rigorous purification of all ma-
terials, and especially the reporter, using ultrafiltration,
HPLC, distillation, sublimation, and/or recrystallization
may reduce background signal.
[0035] For example, in the case of a lateral flow immu-
noassay, common substrates are PVDF (polyvinylidene
difluoride) and nitrocellulose. It has been found that ni-
trocellulose is desirable in terms of Raman background
for two reasons. First, the PVDF exhibits some autoflu-
orescence, as indicated by the drop in background after
2 minutes of continuous exposure to the excitation source
(785 nm laser, approximately 200 mW power at the sam-
ple) in Figure 4. Though there are few Raman features
in the background, the variability in intensity is more dif-
ficult to deal with than small peaks. Even after this de-
crease, the overall background is larger than that ob-
tained from two separate nitrocellulose sources, neither
of which displayed photoinduced changes in Raman
emission over extended illuminations. A similar phenom-

enon is seen in Figure 4, which shows that glass has a
weak but measurable background Raman when excited
with 785 nm light. Raman spectra were acquired from
glass slides obtained from two separate vendors. An in-
tegration time of 1 second was used for each acquisition,
whereas a 5 second integration time was used to obtain
the Raman background from a quartz slide. The quartz
slide is hardly recognizable above the baseline, whereas
each glass slide has measurable levels of background.
Though background can be subtracted from spectra, the
presence of a measurable background limits integration
times and can possibly hinder detection of trace quanti-
ties of Raman reporters.
[0036] In another illustration of this effect, the back-
ground from particles made with highly purified reagents
may be compared to those of identical composition made
with "as-procured" reagents. Accordingly, the present in-
vention provides a method for reduction of background
signal in a Raman spectrum generated by SACNs, com-
prising preparing an optimized SACN, wherein said op-
timized SACN comprises a reporter molecule, and
wherein said reporter molecule is purified prior to incor-
poration in the optimized SACN, and generating a Raman
spectrum with said optimized SACN, wherein back-
ground signal of said spectrum is reduced compared to
a spectrum generated by a corresponding SACN which
is not optimized.
[0037] In some embodiments, the improved SACNs of
the present invention provide an increased SERS signal
when compared to known SACNs. For certain particle
sizes and shapes, and at certain excitation wavelengths,
Ag particles often provide larger SERS signal than Au
particles. Improving the reproducibility of Au colloid syn-
thesis would be expected to result in better SACN can-
didates. Accordingly, the present invention describes
methods for improved Au colloid synthesis. One example
of such a method is described in Example 2. This method
uses a combination of NaBH4, Na3citrate, and NH2OH
for metal reduction. The improved method is more facile
and results in more monodisperse particles when com-
pared to other methods (such as traditional synthesis of
colloidal Au using just citrate as the reductant.).
[0038] In certain instances, a nanoparticle for use in a
SACN is prepared by a method comprising depositing a
submonolayer coating of Ag on the surface of an Au na-
noparticle, as in Freeman, et al., Journal of Physical
Chemistry (1996), 100(2), 718-24. It is expected that a
SACN including such a coated nanoparticle can be used
to increase the SERS signal from spherical nanoparticles
by about two-fold.
[0039] The invention further discloses methods for op-
timizing reporter loading and SiO2 coating on SACNs.
For each reporter successfully incorporated into a SACN,
it is desirable to determine the conditions under which
the maximum amount of reporter is present on the metal
surface before the SiO2 shell is completed.
[0040] In some embodiments, SACNs are prepared
with SiO2-precursor molecules that can also provide the
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Raman label moiety. This method should aid in increas-
ing the SERS signal from the SACN. For example, 4-
propylpyridinetrimethoxysilane may provide the Raman
reporter (the pyridyl group) and act as a SiO2 precursor
through the trimethoxysilane. Because the SiO2 precur-
sor and the label will not have to compete for space on
the Au particle, a higher surface coverage of label should
be achievable. Commercially available silanes, for ex-
ample, are a ready source for silanes that may be appli-
cable as unimolecular reporters/precursors. Examples
of silanes include 3-(2,4-dinitrophenylamino)propyltri-
ethoxysilane, 2-cyanoethyltrimethoxysilane, and p-ami-
nophenyltrimethoxysilane, n-(3-triethoxysilylpropyl)-4,5-
dihydroimidazole.
[0041] In another embodiment, a nanoparticle is coat-
ed with a Raman-active polymer, such as a suitable pol-
ystyrene copolymer, a polyacetylene, or polythiophene.
Such polymers may conveniently contain reactive
groups, such as amines or thiols, to facilitate bioconju-
gation (see below) or for attachment of SiO2 precursors.
[0042] In order to generate SACNs of a minimum di-
ameter, the thickness of the SiO2 may be reduced. In
typical embodiments, the SiO2 shell thickness ranges
from 1-40 nm. In some embodiments, the SiO2 encap-
sulant is 5-15 nm thick. While in theory it is possible to
make the SiO2 shell any arbitrary thickness, this may be
at the expense of maintaining the integrity of the coating.
In some embodiments, it is important for the SiO2 shell
to (i) protect the metal core and Raman label molecules
from attack; (ii) prevent adsorption of potential spectral
interferents on the metal surface; (iii) provide a SiO2 sur-
face for biofunctionalization; and/or (iv) prevent aggre-
gation induced by Van der Waals forces between the
metal cores.
[0043] SACNs with improved signal intensity as com-
pared to SACNs based on spherical nanoparticles may
be prepared using single crystal Au or Ag nanorods. The
electrodeposition conditions (overpotential, tempera-
ture, additives, etc.) determine the structure of the nano-
rods that, in turn, determines the physical and mechan-
ical properties of the nanorods. The SERS signal of na-
norods can potentially be significantly increased if they
are single-crystalline. It is generally known that the epi-
taxial, two-dimensional (2D) nucleation/growth mecha-
nism requires electrodeposition at very low overpotential.
Recently, electrodeposition of single crystalline Cu, Ag
and Au nanowires was achieved with reduced metal ion
concentration, low overpotential, elevated temperature
and addition of surfactant to the plating solution. Wang,
et al., J. Phys. Chem. B 2004, 108, 841-845; Tian, et al.,
Nano Lett. 2003, 3, 919-923.
[0044] Commercially available templates with pore di-
ameters of 18 nm and 35 nm may be used to synthesize
single-crystalline metal nanorods, including Au nano-
rods, with lengths between 50 and 100 nm. Evaporated
Ag with a (111)-growth orientation and thickness of 200
nm may be used as a substrate. The electrodeposition
may be conducted in potentiostatic mode by using a ref-

erence electrode to control precisely the overpotential
during deposition. Significant conditions, such as solu-
tion composition and temperature, may be evaluated to
achieve slow, epitaxial 2D- nucleation and growth of the
Au nanorods. High-resolution TEM will reveal the nano-
rods’ structure and X-ray diffraction may be used to de-
termine crystal orientation. To make better use of the
templates, multiple particles per pore may be manufac-
tured by sequential plating of Au nanorods separated by
thin (10-20 nm) Ag segments with the same (111)-orien-
tation. In theory, it would be possible to completely fill a
pore using this method. As the templates are typically 50
- 60 mm thick it would be possible to prepare more than
400 100-nm long particles per pore. The same (potenti-
ostatic) electrodeposition technique may be applied for
synthesis of Ag nanorods by using (111) Cu substrate
as the selectively-etchable plating base.
[0045] As an alternative (and possibly less expensive)
method, Au nanorods may be prepared using or adapting
the solution-based method reported by Nikoobakht and
El-Sayed. Nikoobakht, B. and El-Sayed, M. A. "Prepara-
tion and growth mechanism of gold nanorods (NRs) using
seed-mediated growth method," Chem. Mater. 2003, 15,
1957-1962. A TEM image of nanorods prepared in a so-
lution-based method is shown in Figure 5. In this sample,
the average nanorod is approximately 10 nm x 50 nm in
size, but there is considerable variation in particle size
and shape, as seen by the formation of nanocubes. So-
lution-based methods are readily scaled to larger vol-
umes.
[0046] The present invention also describes a method
for reduction of background signal in a Raman spectrum
generated by SACNs, comprising preparing an optimized
SACN, wherein said optimized SACN is prepared by a
method comprising removing material irreversibly bound
to the particle surface during the course of preparing the
SACN, wherein background signal of said spectrum is
reduced compared to a spectrum generated by a corre-
sponding SACN which is not optimized. In one instance,
removal is accomplished by vigorous oxidation of the
SACN intermediate followed by mild reduction. Removal
may comprise treatment of the metal nanoparticle with
an oxidant, such as a combination of UV-generated
ozone/oxygen radicals, followed by treatment with a re-
ductant, such as ethanol, to remove exogenous organics.
An example of cleaning a SERS-active metal surface is
described in: Ron, et al., Langmuir 1998, 14, 1116-1121.
In one instance, the metal is Au. In the course of the
method, the Au surface is converted to the unstable gold
oxide, and subsequently reduced by ethanol. In another
instance, the method comprises treatment of the metal
with a combination of UV-generated ozone/oxygen rad-
icals (the oxidant), followed by treatment with a solution
of reporter in ethanol, so that adsorption of the reporter
may occur immediately upon reduction. In other instanc-
es, the ethanol is removed by centrifugation, and the re-
porter added in a further step.
[0047] In some cases, species that contribute to back-
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ground noise are introduced in an assay. For example,
certain membranes used for filtration and preparation of
samples have been found to introduce background into
the Raman spectrum of assays involving SACN particles.
Accordingly, the present invention also discloses a meth-
od for reducing a background signal in a Raman spectrum
of a SACN particle, comprising preparing a sample for
analysis, said preparation comprising removing species
from the sample or assay system that contribute to a
background signal. The present invention further de-
scribes a method for reducing a background signal in a
Raman spectrum of a SACN particle, comprising remov-
ing species from assay components that contribute to a
background signal.

USES OF SACNS

[0048] The discovery of new drugs using high-through-
put multiplex systems is an active research area. Auto-
mated and combinatorial chemistry can produce millions
of new structures. The analysis of these drugs requires
high-throughput and highly multiplex sensing. The use
of SACN technology provides a highly multiplexed ap-
proach. Raman spectroscopy is ideal for providing the
label-multiplex capability due to the sharpness of Raman
peaks, and SERS offers many unique labeling opportu-
nities. In some embodiments, multiplexed assays may
be performed using a number of SACNs which include
both a Raman-active molecule and one or more moieties.
The moieties may be capable of selectively bonding to
one or more detectable substances within a sample fluid,
while the reporter molecules can be used to identify the
SACN within the fluid (and hence the associated moiety).
As the individual SACNs are relatively small, and as the
number of targets which can be independently identified
can be potentially quite large, large numbers of individual
assays might be performed within a single fluid sample
by including a large number of differing SACNs.
[0049] A typical Raman spectrum spans over 3000
cm-1. See Figure 1. In one embodiment, a relatively nar-
row region of the spectrum is focused on by generating
a plurality of different SACNs that comprise structurally-
related reporter molecules. For example, a set of struc-
turally related reporter molecules might include pyridine,
pyridine-d5 (deuterated pyridine), and pyridine-15N,
4-(methylamino)pyridine, 4-aminopyridine, 4-mercapto-
pyridine, 4-pyridinemethanol, 4-hydroxypyridine, and
2,3,5-trimethylpyridine. Because the Raman spectrum is
based upon vibration modes, small changes in chemical
structure can provide unique Raman bands. Therefore,
a single SERS-active structure, e.g., a nanoparticle, is
modified with a plurality of structurally-related reporters
to produce a plurality of SACNs, each of which has unique
SERS spectra, but similar chemical reactivity. This ap-
proach may require very high spectral resolution, and
therefore potentially large and/or expensive monochro-
mators.
[0050] In another embodiment, the entire spectrum

(rather than a small region thereof) is utilized. In this em-
bodiment, a plurality of SCANs is prepared that collec-
tively have widely-spaced vibrational bands. In some em-
bodiments, a computer program conveniently may be
used to make the selection from a given group of SACNs
or reporters, each having certain spectral characteristics.
In one embodiment, the computer program may be de-
signed to select a plurality of SACNs or reporters based
on user-specified spectral separation criteria. Alterna-
tively the computer program may be designed to gener-
ate a possible SACN or reporter sets according to spec-
tral separation magnitude. No single class of reporter
molecules would be expected to exhibit vibrational bands
over the entire spectral window, and therefore, in this
embodiment, a variety of molecules are used as report-
ers. Selection of the molecules may be made guided by
the following four criteria:

1. The reporter has Raman-active vibrational modes,
i.e., modes causing a change in polarizability during
the vibration.
2. The reporter adsorbs to any SERS-active surface,
i.e., ΔGads << 0.
3. The reporter has as few bands as possible, to
maximize free "spectral space." Non-linear mole-
cules with N atoms exhibit 3N-6 allowed vibrations
(IR + Raman). Clearly, smaller molecules are useful,
though it is necessary to balance N with ΔGads, which
typically is more negative for large molecules.
4. The reporter is compatible with the aqueous en-
vironment of the particle synthesis and capping pro-
tocols, as well as glass forming chemistry itself.

[0051] A wealth of tabulated information is available
on Raman spectra of various molecules. See, e.g., Na-
kamoto, K. Infrared and Raman Spectra of Inorganic and
Coordination Compounds; 4th Ed., John Wiley & Sons,
Inc: New York; 1986; Lin-View, D.; Colthup, N. B.; Feld,
M. S.; Grasselli, J. G. The Handbook of Infrared and Ra-
man Characteristic Frequencies of Organic Molecules;
Academic Press: San Diego, CA; 1991; Socrates, G. In-
frared and Raman Characteristic Group Frequencies;
Table and Charts; 3rd Ed., John Wiley & Sons, Ltd: Chich-
ester; 2001; Workman, J., Jr. Handbook of Organic Com-
pounds; NIR, IR, Raman, and UV-Vis Spectra Featuring
Polymers and Surfactants; Academic Press: San Diego,
CA; 2001; Vol. 3; Schrader, B. Raman/Infrared Atlas of
Organic Compounds; 2nd Ed., VCH Publishers: New
York, NY; 1989; Hendra, P. J. and Agbenyega, J. K. The
Raman Spectra of Polymers; John Wiley & Sons Ltd.:
Chichester; 1993. Using the criteria set forth above, the
following classes of candidate reporters have been iden-
tified as useful for reporter molecules for SACNs.
[0052] Organic molecules: small size, unsaturation,
heteroatoms, and electronegative substituents all lead
to unique features. Examples with known Raman fea-
tures: pyridines, triazines, pyrimidines, pyrroles, oxa-
zoles, imidazoles, furans, cyanides, cyanamides, and
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their derivatives (i.e., 2-, 3-, 4- functionalized). Acety-
lenes, nitro/nitroso, -CCl2, and -CCl3 all give unique fin-
gerprint bands. Isothiocyanates (R-N=C=S) and isocya-
nides (R-N≡C) are particularly attractive, since they are
strong Raman scatterers, adsorb to Au, have vibrations
at energies not shared by any common functional groups,
and the vibrational spectra depend strongly on R- group
electronegativity.
[0053] Organic/inorganic anions: extremely simple
spectra (often a single peak) are a big plus. Examples of
reporters that give simple spectra include cyanide, SCN-

, ClO3
-, HCO2

-, and others. Some of these may be in-
cluded at the time of metal particle synthesis. For exam-
ple, colloidal Au has residual tightly-bound Cl- arising
from HAuCl4. It is possible to start with other metal salts,
especially if strong reducing agents like NaBH4 are used.
[0054] Coordination complexes and other compounds
containing transition metals: the metal-ligand bond is an
excellent opportunity to generate vibrational features at
lower Raman shifts, i.e., 200-800 cm-1. Likewise, the lig-
and-based vibrations themselves are shifted relative to
the uncomplexed state, and where possible, changing
the metal redox state moves the energies of both bands.
Ambidentate ligands like SCN- are particularly attractive
as they can bridge a metal ion and the metal surface. In
another embodiment, complexes which contain one or
more strongly SERS-active ligands (e.g. cyanide in
[Fe(CN)63-]or [Fe(CN)6

4-]), or 2,2’-bipyridine (bipy) in
[Ru(bipy)3

2+]) can be used. Alternatively, organometallic
species, i.e. those with one or more metal-carbon bonds
(e.g. ferrocene) can exhibit intense Raman spectra.
[0055] Mixed valent species: Prussian blue and WO3
are examples of materials whose vibrational spectra
change as a function of metal ion redox state. The latter
is particularly interesting since intercalation of H+ (i.e., to
make HxWO3), D+, or Li+ allows continuous tuning.
[0056] Isotopes: Changing the reduced mass of a vi-
brational mode is an excellent approach to shifting its
energy, and this is readily available through isotopic sub-
stitution. For example, deuterated BPE, deuterated 4,4’-
dipyridyl, and deuterated bis-(pyridyl)acetylenes; as well
as pyridine, pyridine-d5 (deuterated pyridine), and pyri-
dine-15N.
[0057] Spectral independence conveniently may be
assessed using spectral deconvolution software, that
combines background subtraction and peak detection,
along with methods such as direct classical Least
Squares.. The use of such software allows the evaluation
of candidate reporter molecules against other candidate
reporters. Such software allows input of the pure reporter
spectra and produces an output that quantitates each
component in mixtures.
[0058] Once a reporter set has been selected, the sig-
nal intensity of the SACNs can be normalized, thus re-
sulting in SACNs with equal signals per number of par-
ticles. This capability, which is not possible with molec-
ular fluorophores, ensures the maximum possible dy-
namic range for a given measurement. In one embodi-

ment, the normalization process comprises two steps. In
the first step, the intensity ratios of the identifying feature
for reporters are measured. In the second step, SACNs
comprising a decreased quantity of reporter, defined by
the inverse of its intensity ratio to that of the weakest
reporter, are prepared, with the exception of the SACN
comprising the lowest intensity signal. This method as-
sumes linear adsorption at low reporter concentrations,
which is routinely observed for a range of reporters (also
see Example 8). In another embodiment, normalization
of reporter adsorption may be achieved by increasing the
amount of SiO2 precursor (silane) on the nanoparticle
surface during SACN synthesis, thereby reducing the re-
porter adsorption. These methods result in a plurality of
SACNs having substantially equal peak intensities. As
used herein, in some embodiments, substantially equal
refers to peak intensities that are within 10% of each oth-
er. In other embodiments, substantially equal refers to
peak intensities that are within 5% of each other, and in
still other embodiments, substantially equal refers to
peak intensities that are within 1% of each other.
[0059] The present invention comprises SACNs com-
prising a reactive group on the solvent-accessible part
of the particle, such as an -SH group, a -NH2 group, or
a -COO- group. In some embodiments the reactive group
is associated with the encapsulant. The present invention
describes methods for preparing bioconjugated SACNs,
including preparation SACNs comprising a reactive
group, such as thiol-active SACNs for bioconjugation. In
embodiments where SACNs are encapsulated with SiO2,
the surface silanol groups can be derivatized. The silica
shell of the SACNs can be functionalized to bear free
sulfhydryl groups either during the course of making the
SiO2 shell ("direct modification"), or after the shell has
been completely formed ("post-modification"). Many re-
actions for the modification of silanol groups are known
to those skilled in the art. For example, the SiO2 surface
can be modified to present amines, (by reaction with ami-
nopropyl trimethoxysilane (APTMS)) or ethoxides (3-gly-
cidyloxypropyl-trimethoxysilane (GPTMS)). Reagents
also exist to incorporate sulfhydryls, carboxyl and other
potential sites for conjugation. Preparation of thiol-active
SACNs is described in Example 4.
[0060] Thiol-active SACNs are useful for the prepara-
tion of SACNs conjugated to biomolecules, for example,
peptides, proteins, and nucleic acids. For the attachment
of antibodies, APTMS may be used to obtain amine
groups, and subsequent carbodiimide chemistry to at-
tach antibodies. Alternatively, GPTMS may be used to
produce an ethoxide surface to which amines on the an-
tibodies will directly react. In other embodiments, silanes
terminated in alkylhalide, haloacetyl, and benzylhalide
groups may be used for reaction with cysteine groups in
proteins. Preparation of a bioconjugated SACN is de-
scribed in Example 5. The cleanliness and presence of
ions on a glass surface may have an influence on the
success of derivatization.
[0061] In some embodiments, the SACNs as directly
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produced may be used as described herein. However,
in other embodiments, better results may be obtained
after the SiO2 surface is "cleaned" or modified, including
reactions with acids or bases.
[0062] For each method developed, the derivatizing
agents (e.g. silanes) and biomolecule may be titrated in
order to control levels of derivatization. Fluorescently la-
beled antibodies, including those many available com-
mercially, may be used to quantitate the amount of ma-
terial present on the surface. This may be monitored as
variables are optimized. To determine if the biomolecule
remains reactive, fluorescent dye-labeled binding part-
ners to the biomolecule may be mixed with particles, us-
ing uncoated particles as a control. For example, strepta-
vidin-coated SACNs can be mixed with fluorescent dye
labeled-biotin. The resulting particles may be centri-
fuged, supernatant removed, and the fluorescence of the
particles measured.
[0063] In some embodiments, biomolecules are at-
tached to thiol-activated reporters using the heterobi-
functional cross-linker sulfosuccinimidyl 4-[N-maleimid-
omethyl]cyclohexane-1-carboxylate (sulfo-SMCC). This
molecule contains both a maleimide group that is reactive
toward sulfhydryls and a sulfo-NHS ester that preferen-
tially reacts with primary amines. In this case, a simple
one-pot reaction can be used to attach streptavidin, and
is readily adaptable to attachment of most proteins,
amine-terminated oligonucleotides, or other molecules
that bear primary amines.
[0064] SACNs with amine functionality on the surface
can be treated with succinic anhydride, which reacts with
primary amines to leave a free carboxylate. A carbodi-
imide may be used to link to amines on biomolecules,
such as streptavidin. Amine-coated particles may also
be linked to amines on the biomolecule using a homob-
ifunctional linker such as glutaraldehyde. An alternative
option is to first convert a portion of the protein’s amines
to sulfhydryls using 2-iminothiolane (Traut’s reagent) and
subsequently link to the particles using sulfo-SMCC.
[0065] Bioconjugated SACNs may be purified, in part
for purposes of reducing non-specific binding. In the case
of an antibody-conjugated SACN, free antibody will com-
pete with the SACNs for antigens, reducing sensitivity.
In one embodiment, SACNs are purified by centrifuga-
tion, including more than one centrifugation. Purification
efficiency may be spectroscopically determined by dop-
ing in fluorescently labeled proteins. Because it is known
than fluorescent dyes can interact with glass surfaces, it
may be necessary to confirm results with radioactively
labeled proteins. A tangential flow filtration device may
be used for the purification of silica-coated particles as
well as the purification of conjugated SACNs.
[0066] It is desirable to eliminate or reduce non-specific
binding (NSB) of SACNs. The SACNs may be tested on
glass slides, microwell plates and fixed cell surfaces. The
level to which each of the different conjugation protocols,
and surface coverage, affect NSB may be identified. For
example, the effect of standard blocking agents and wash

buffers, such as Tween®, and casein, in addition to dif-
ferent pH and buffers may be determined. In one embod-
iment, NSB can be reduced by blocking the particles with
a blocking agent, including agents described herein. In
one embodiment, the blocking agent is BSA, as de-
scribed in Example 6. Alternatively NSB may be reduced
or eliminated by polymer-based derivatization of the SiO2
shell, such as with polyacrylamide, polyethylene glycol
and dextrans, polyethylenimine and dendrimers, all
known to have low NSB. In addition, commercially avail-
able microarray glass coating reagents may also be
used.
[0067] In one embodiment, a conjugated SACN com-
prises a spacer molecule between the SACN and the
conjugated biomolecule. Without being bound by theory,
it is believed that certain spacer molecules, such as pol-
yethylene glycol or dextran, will minimize NSB. Spacer
molecules may be introduced into the bioconjugated
SACN by methods described herein, and other methods
known in the art. For example, commercially available
cross-linkers that incorporate a discrete PEG subunit into
a sulfo-SMCC may be used. A biomolecule may be at-
tached to this PEG-based linker. Similarly, functional
PEG molecules can be co-conjugated to SACNs along
with the antibody. In this regard, the PEG acts as a spacer
to minimize exposure of the bare silica surface to unde-
sired species in the assay. Alternatively, it is possible to
first conjugate bifunctional PEG molecules to the SACNs.
The available functional group of the PEG may then be
used for further conjugation to an antibody or other bio-
molecule.
[0068] In one embodiment, assays and kits are provid-
ed in the present invention for the detection of a target
analyte. An analyte can be any specific substance or
component that one is desirous of detecting and/or meas-
uring. Analytes of interest include, for example, antigens
(such as antigens specific to bacterial, viral or protozoan
organisms); antibodies, including those induced in re-
sponse to an infection, allergic reaction, or vaccine; hor-
mones, proteins and other physiological substances (for
example, human chorionic gonadotropin, estrogens, pro-
gestins, testosterones, corticosteroids, human growth
factors, hemoglobin, and cholesterol); nucleic acids; a
variety of enzymes; therapeutic compounds and illicit
drugs; contaminants and environmental pollutants; or
any number of natural or synthetic substances.
[0069] The invention further describes a sandwich im-
munoassay using SACNs that can be used to replace an
ELISA-type assay. The analytical technique of enzyme-
linked immunoadsorbant assay (ELISA) and related
techniques are now the most widely known immu-
noassays. The stages of a conventional ELISA proce-
dure generally include initially adsorbing a capture anti-
body onto a solid support. Upon incubation with a sample,
an antibody-target protein complex is formed. The final
sandwich immunoassay complex typically includes an
indicator enzyme that permits optical measurements of
the antigen concentration. In a sandwich assay immu-
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noassay using SACNs, however, instead of an indicator
enzyme, a SACN is used to permit optical detection. In
this case, the bioconjugated SACNs may be prepared
with precisely known concentrations of specific active an-
tibody species attached to their surfaces, and can be
quantified using a binding assay with a protein quantifi-
cation assay, such as the BCA assay. Such an assay
can be multiplexed, as described in Example 11.
[0070] The methods described herein are useful for
detection of analytes in samples of biological origins.
Such samples include, but are not limited to blood or
serum; saliva, sputum, tears, sweat, or other secreted
fluids; urine or fecal matter; as well as biologically derived
fluids such as cerebrospinal fluid, interstitial fluid, cellular
extracts and the like. Whole blood is a suitable medium
for SERS measurements from SACNs. See Figure 20.
[0071] A minimal volume of sample is used for the as-
say, including sample volumes that range from about 1
mL to about 500 mL in some embodiments, from about 1
mL to about 100 mL in other embodiments, from about 5
mL to about 50 mL in other embodiments, and between
about 10 mL and about 30 mL in still other embodiments.
Larger sample volumes may be used if the situation war-
rants it, such as in the case of bulk blood monitoring in
a blood bank, where sample volumes may be on the order
of milliliters. Smaller volumes may also be used if the
situation warrants; for example, in the case of an assay
for a cell, the volume of the cell may be used. In the case
of an assay that targets an intracellular component, the
volume of the intracellular component may be used. In
such cellular or subcellular assays, the volume may be
as low as 1 pL.
[0072] The assays of the present invention are based
on binding assays such as, but not limited to, immu-
noassays. The binding partners involved in such binding
assays include, but are not limited to, the following bind-
ing pairs: antibody and antigen or hapten; hormone and
receptor; biotin and avidin; carbohydrate and lectin; ef-
fector and receptor molecules; enzymes and cofactors,
substrates, or inhibitors; aptamers and their targets, and
complementary nucleotide sequences. Thus, the de-
scriptions and examples included below are for demon-
stration purposes and should not be considered limiting
to the particular applications addressed.
[0073] In one embodiment, the present invention com-
prises a method for detecting the presence of at least
one analyte which comprises the following steps: (a) con-
tacting the sample suspected of containing the analyte
with at least one specific binding partner to the analyte
on a lateral-flow assay surface to bind to the analyte in
the sample; (b) previously, simultaneously or subse-
quently to step (a), binding the at least one analyte bind-
ing partner with a SACN as claimed herein to form a
conjugated SACN; and (c) detecting a SERS signal
whereby the presence of the analyte is determined in the
sample by the intensity or presence of the signal.
[0074] In one embodiment, the sample is placed on a
sample zone. The sample filters down through the sam-

ple zone and then through a label zone containing a label,
e.g., a conjugated SACN. The SACN binds to sample
analyte to form complexes, and the complexes then mi-
grate along the membrane or detection strip. The com-
plexes of SACN-analyte, if present, bind to the at least
one specific binding partner that is immobilized in a de-
tection zone on the membrane. Formation of this SACN-
labeled complex with its specific binding partner results
in a detectable SERS signal, indicating a positive result
that the analyte is present in the sample. In the case
where the analyte is IL-5, for instance, the SACN may
be conjugated to an IL-5 antibody and a corresponding
capture antibody for IL-5 may be present in the detection
zone. A lateral flow assay is described in Example 12.
[0075] In one embodiment, the biological sample is a
cell. The cell may either be living or dead. Images of cells
containing Raman spectral information can be obtained
by a number of methods. A microscope can be coupled
to a CCD camera such that complete images of the object
may be obtained. Then, between the sample and the
camera, a wavenumber filtering device such as a mon-
ochromator or liquid crystal tunable filter is inserted. The
filtering device only allows a narrow bandwidth of the
scattered radiation to reach the camera at any one time.
Multiple images are collected, each covering a small
spectral range of the scattered radiation. The spectra
from each point in the image are assembled in software.
At the other extreme, light from a single point of an image
may be dispersed through a monochromator and the
complete spectrum of that point can be acquired on an
array detector. The object is then scanned such that each
point in the image is acquired separately. The Raman
image is then assembled in software. In another ap-
proach, a line scan instrument can be constructed that
excites the sample with a line of radiation. The line is
imaged spatially along one axis of a CCD camera while
simultaneously being spectrally dispersed along the or-
thogonal axis. Each readout of the camera acquires the
complete spectrum of each spatial pixel in the line. To
complete the image the line is scanned across the sam-
ple.
[0076] Thus, according to this invention, cells or cell
populations may be identified by using an antibody-con-
jugated SACN prepared with an antibody which binds a
cell surface antigenic receptor which is expressed on a
cell subpopulation. Identification of cells and cell popu-
lations may also be achieved via a sandwich approach.
For example, Example 13 describes an assay in which
NeutrAvidin conjugated SACNs were applied to SK-BR-
3 cells stained for the Her2 receptor and biotinylated anti-
mouse antibody. Novel high-throughput cell-based
screening technologies are needed to keep pace with
growing compound libraries and the almost daily discov-
ery of new therapeutic targets. For example, Vitra Bio-
sciences CellPlex™ card allows for multiplexing of cel-
lular assays. Another approach, which would allow for
versatility in the assay formats, is to encode cells with
unique identifiers. This would allow populations of cells
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to be studied simultaneously, thereby increasing
throughput. For example, cell type A can be encoded
with SACN type 1, cell type B encoded with SACN type
2, and so forth. These cells can be mixed together prior
to the cellular assay being performed. The cellular assay
would be performed using traditional fluorescence meth-
ods, such as GFP. Final analysis would be completed by
reading the fluorescence to determine the outcome of
the experiment, and SERS to decode the cell type, using
a Raman microscope or cell sorted with Raman detec-
tion. This strategy would allow the study of phenotypes
in mixed cell populations.
[0077] SACNs may also be used to detect intracellular
targets. SACNs may be introduced into cells via micro-
injection, electroporation, endocytosis-mediated ap-
proaches including the use of amphipathic peptides such
as PEP-1, the use of cationic lipid-based reagents, such
as Lipofectamine (Invitrogen), and the use of micelles
and transfection reagents such as transferrin, mannose,
galactose, and Arg-Gly-Asp (RGD), and other reagents
such as the dendrimer-based reagent SuperFect (Qia-
gen). Intracellularly, indirect methods can be used to
prove that the particles are bound to the desired targets.
The simplest method to demonstrate the specificity of
the probes is to use immunofluorescence to verify the
location of the SACNs. There are a number of commer-
cially available fluorescent probes that are useful for la-
beling cellular structures (such as the mitochondria, Golgi
apparatus and endoplasmic reticulum) in living cells. By
conjugating an antibody that targets the same structure,
what fraction of particles is actively labeling their target
can be determined; and what percentage are non-spe-
cifically bound. Another approach to verifying the location
of the SACNs is to use fluorescent protein fusions, such
as GFP and its analogs.
[0078] The present invention is directed to imaging
agents displaying important properties in medical diag-
nosis. More particularly, the present invention is directed
to imaging agents comprising SACNs. The imaging
agents of the present invention are useful in imaging a
patient generally, and/or in specifically diagnosing the
presence of diseased tissue in a patient. By choice of
composition, the excitation and emission of SACNs can
be tuned to occur between 633 nm and 1000 nm, in the
minimum region for absorption and scattering by tissues.
The imaging process may be carried out by administering
an imaging agent of the invention to a patient, and then
scanning the patient using any system that can perform
spectral imaging, such as spot scanning confocal micro-
scopes, line scanning systems, and Optical Coherence
tomographic systems. SACNs of the present invention
can also be seen by any imaging system that detects
only over a single wavelength band, the list above as well
as any fluorescence imaging system that has an excita-
tion light source and filtered image detection. Other suit-
able imaging systems and methods are described in
HANDBOOK OF OPTICAL AND BIOMEDICAL DIAG-
NOSTICS, Valery Tuchin editor (2004) Springer. Also

included are time domain methods, such as dynamic light
scattering spectroscopy and tomography, time-of-flight
imaging, quasi-elastic light scattering spectroscopy, pho-
ton-correlation spectroscopy, Doppler spectroscopy,
and diffusion wave spectroscopy. All these techniques
allow differentiation between photons and where they
have been based on their time signatures. Since SACNs
will have different time signatures than fluorescent sub-
stances, etc., they can be discriminated against tissues
and other labels with these methods. Useful instrument
parameters are a modulated light source and time sen-
sitive detector. Modulation can be pulsed or continuous.
[0079] The scanning results in spectra or images of an
internal region of a patient and/or of any diseased tissue
in that region. By region of a patient, it is meant the whole
patient, or a particular area or portion of the patient. The
imaging agent may be employed to provide images of
the vasculature, heart, liver, and spleen, and in imaging
the gastrointestinal region or other body cavities, or in
other ways as will be readily apparent to those skilled in
the art, such as in tissue characterization, blood pool im-
aging, etc.
[0080] Also described herein is a method of diagnosing
abnormal pathology in vivo comprising, introducing a plu-
rality of SACNs targeted to a molecule involved in the
abnormal pathology into a bodily fluid contacting the ab-
normal pathology, wherein the SACNs become associ-
ated to a molecule involved in the abnormal pathology,
and imaging the associated SACNs in vivo. The method
is generally applicable to any organ accessible by the
probes: gastro-intestinal tract, heart, lung, liver cervix,
breast, etc. In some instances, the SACNs can be intro-
duced via an endoscope, as in the case of a colonoscopy,
or a needle, or used with a disposable tip or sleeve. In
other instances, the SACNs may be introduced directly
by the imaging probe itself. For example, individual op-
tical fibers, or bundles of optical fibers, can be introduced
into live organisms for imaging, and has been demon-
strated for imaging of nerves, brain, microvessels, cells,
as well as for characterizing biodistribution. Gel-coated
optical fibers are very well known in the sensor literature.
SACNs can be non-covalently bound to the gel, diffusing
into the relevant tissue upon introduction. A variety of
other methods to immobilize SACNs onto the outer sur-
face of fibers such that they diffuse into liquid phases to
which they are contacted can be envisioned.

EXAMPLES

Example 1

[0081] A typical synthesis of ∼ 45 nm diameter Au col-
loid using a combination of sodium borohydride, sodium
citrate, and hydroxylamine hydrochloride is described.
All glassware are washed with aqua regia and rigorously
rinsed with 18 M’Ω water. The reactions are carried out
in a cold room. Solutions of 0.01% (w/w) HAuCl4·3H2O
in water, 8% (w/w) sodium citrate dihydrate in 0.01 N
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NaOH, 10-4% sodium borohydride in 0.01 N NaOH, and
400 mM hydroxylamine hydrochloride in water, are pre-
pared. A mixture of citrate and borohydride solutions is
then prepared by combining 1 mL of the sodium citrate
solution with 100 mL of the sodium borohydride solution
and 500 mL of 0.01 N NaOH. After preparing this mixture
200 mL of the hydroxylamine solution is injected into 100
mL of the HAuCl4 solution in a 250 mL Erlenmeyer flask,
and briefly stirred. After 20 minutes the borohydride/cit-
rate mixture is injected into the rapidly stirring solution of
HAuCl4 and hydroxylamine. Best results are obtained
when the mixture is injected midway between the center
of the stirring vortex and the wall of the flask.

Example 2

[0082] Preparation of Gold Nanoparticles. Stock solu-
tions of HauCl4•3H2O are prepared at either 1% or 2%
concentration (w/v) in H2O. These solutions are filtered
through 0.2 mm membranes before being placed in the
cold room. The bottles containing the stock solutions are
also typically covered in aluminum foil to reduce expo-
sure to light. The following solutions are typically pre-
pared:

1. 1.0L of 0.02% HauCl4 in H2O.
2. 5 mL 32% (w/v) sodium citrate dehydrate in 0.01
N NaOH.
3. 10 mL 1.6 M hydroxylamine hydrochloride in H2O.
4. 10 mL of 4% (w/v) NaBH4 in 1.0 N NaOH which
is prepared by dilution of the stock solution.

[0083] All reactions are carried out in a cold room after
allowing solutions to reach the temperature of the room.
The HauCl4 solution is placed in a 2 L round bottom flask
and a glass stirring rod with Teflon paddle is inserted into
the flask to provide stirring. 1.0 mL of the hyrdroxylamine
solution is added to the flask and stirred. Immediately
after the addition of the hydroxylamine a solution of 4 x
10-4 % NaBH4 is prepared by serial dilution of the 4%
stock. These dilutions are made in 0.01N NaOH. Then,
1 mL of 32% sodium citrate is mixed with 525 mL of 0.01
N NaOH and 75 mL of 4 x 10-4 % NaBH4. At 20 minutes
after the addition of hydroxylamine 1.0 mL of the cit-
rate/borohydride mixture is added to the reaction flask
while it is being stirred rapidly.

Example 3

[0084] SERS Spectra of SACNs tagged with both 4-
mercaptopyridine (4-MP) and trans-4, 4’-bis(pyridyl)eth-
ylene (BPE).
[0085] Materials: Water used for all preparations was
18.2 MΩ, distilled through a Barnstead nanopure system.
3-aminopropyltrimethoxysilane (APTMS),
HAuCl4•3H2O, trisodium citrate dihydrate, sodium hy-
droxide, sodium borohydride, hydroxylamine hydrochlo-
ride, trans-1,2-bis(4-pyridyl)ethylene (BPE), 4-mercapt-

opyridine, sodium silicate, tetraethyl orthosilicate (TE-
OS), ethyl alcohol, and 2.0 M ammonia in ethanol were
obtained from Sigma-Aldrich. BPE was recrystallized be-
fore use.
[0086] Colloid preparation: 35-nm colloidal Au was
prepared from HAuCl4•3H2O. Aqueous solutions of 4%
sodium citrate and 400 mM hydroxylamine hydrochloride
were prepared immediately prior to synthesis, as was a
solution of 10-2% sodium borohydride in 0.001 N NaOH.
A 300 mL aliquot of this borohydride solution was mixed
with 500 mL of the citrate and 350 mL of the hydroxylamine
and immediately injected into 200 mL of 0.01% HAuCl4
under vigorous stirring. The size of the resulting particles
was determined by transmission electron microscopy us-
ing ImageJ software.
[0087] SACNs preparation: All reactions were per-
formed in plastic flasks. A typical experiment used 30 ml
of 35-nm colloid. The colloid was rendered vitreophilic
with the addition 40mL of 1.0 mM APTMS and allowed
to stir for 15 minutes. The Raman label mixture (600 mL
of 10-5 M 4-mercaptopyridine and 50 mL of 10-5 M BPE)
was added to the solution, which was then stirred for 15
additional minutes. Finally, 1.2 mL of 0.54% sodium sil-
icate was added and allowed to react for 42 hours. After
this time 120 mL of EtOH was added to the solution,
followed by 1 mL of 2 M ammonia (in ethanol) and 20 mL
of tetraethylorthosilicate (TEOS). This reaction was al-
lowed to proceed for 1 day before purifying via centrifu-
gation. This amount of TEOS varied, if a thinner or thicker
shell is desired.
[0088] The resulting SACNs had a mixture of two dif-
ferent species of Raman-active molecules, 4-MP and
BPE, in a 12:1 ratio. SERS spectra of these 4-MP/BPE-
SACNs obtained using 633 nm excitation (Trace A) and
785 nm excitation (Trace B) are plotted in Figure 6 For
comparison, the characteristic Raman spectra of BPE-
SACNs (dashed line) and 4-MP-SACNs (solid line) are
plotted in Figure 7. It can be seen that features of the 4-
MP Raman signal dominate the spectrum of the 4-
MP/BPE-SACNs obtained using 785 nm excitation while
features of both BPE and 4-MP Raman signals are evi-
dent in the spectrum obtained using 633 nm excitation.
Thus, by careful choice of two or more different species
of Raman-active molecules, and their relative ratios, it is
possible to prepare SACNs that provide different Raman
scattering spectra depending on the excitation wave-
length. This allows an additional level of multiplexing ca-
pability.

Example 4

Preparation of thiol-active SACNs

[0089]

A. Silica Modification: The silica shell of the SACNs
can be functionalized to bear free sulfhydryl groups
either during the course of making the SiO2 shell
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("direct modification"), or after the shell has been
completely formed ("post-modification").
B. Post-Modification: Prepare a 50 mL batch of
SACNs according to standard protocols. Proceed
through all stages of silica growth, except that the
SACNs should be resuspended to only 10 mL in wa-
ter after the final centrifugation. Assuming negligible
losses, this leaves the SACNs at a 5x concentration
from the original colloid. Add 40 mL of ethanol to the
SACNs. Under moderate magnetic stirring, add 1
mL concentrated NH4OH (30%, J.T. Baker
#9733-01). While this is stirring, make a solution that
is 900 mL ethanol, 95 mL tetraethylorthosilicate (TE-
OS, Sigma #333859) and 5 mL (3-mercaptopro-
pyl)trimethoxysilane (MPTMS, Fluka #63800). Add
100 mL of this mixture (effectively 9.5 mL TEOS and
0.5 mL MPTMS) to the stirring SACNs, and allow the
reaction to proceed overnight. Purify by repeated
centrifugation. Spin down and resuspend the pellet
in water a minimum of 3 times to ensure complete
removal of ethanol and excess reagents. Resuspend
to 5 mL (10x) after the final spin.
C. Direct Modification: Again, begin to prepare a
50 mL batch of SACNs using typical conditions. The
only change is during the Stöber growth step. As
before, add 1 mL of concentrated NH4OH and stir
for 5 minutes. Then, mix 47.5 mL of TEOS with 2.5
mL of MPTMS, and add them to the tags. Stir over-
night and purify by centrifugation, resuspending the
purified tags to 5 mL (10x).

Example 5

Bioconjugation of SACNs

[0090] With thiol-activated SACNs, biomolecules are
attached using the heterobifunctional cross-linker sulfo-
succinimidyl 4-[N-maleimidomethyl]cyclohexane-1-car-
boxylate (sulfo-SMCC, Pierce Biotechnology, Inc). This
molecule contains both a maleimide group that is reactive
toward sulfhydryls and a sulfo-NHS ester that preferen-
tially reacts with primary amines. In this case, a simple
one-pot reaction can used to attach streptavidin, and
should be readily adaptable to attachment of most pro-
teins or other molecules that bear primary amines.
[0091] Tags may be concentrated prior to conjugation.
To conjugate to thiol-activated tags as described above,
first add 0.25 mg of streptavidin to 5 mL of 2 mM PBS
buffer (0.54 mM KCl, 27.6 mM NaCl, pH = 7.4). Add the
thiol-activated tags (5 mL at 10x concentration) and mix
well. Next, weigh out 1 mg of sulfo-SMCC and add it to
the tags and SAv. Immediately mix by vortexing, and re-
act for 1 hour while rotating at room temperature. After
1 hour tags are purified by centrifugation, and resuspen-
sion in 2 mM PBS buffer. A small amount (0.1% final
concentration) of BSA may be added to minimize the
sticking of particles to the centrifuge walls. While this re-
action utilizes streptavidin, other proteins (including an-

tibodies) have been conjugated using similar methods.
If more control over the reaction is necessary, the protein
can be "pre-activated" to adding it to the tags. Because
the maleimide group of sulfo-SMCC is quite stable in
aqueous solutions (∼60 hours), biomolecules can be ac-
tivated by reaction with sulfo-SMCC for 30-120 minutes
followed by purification on a desalting column. This es-
sentially creates a maleimide-activated biomolecule that
can be directly added to sulfhydryl-bearing SACBs.
[0092] For avidin, analogues (including streptavidin
and NeutrAvidin™), and the fluorescent biocytin Alexa
Fluor® 594 (Molecular Probes # A12922; "biocytin-594")
can be used to quantitate the number of biomolecules
bound to the SACNs. The strong visible absorption of the
SACNs suggests use of this highly sensitive fluorescent
detection rather than using common colorimetric meth-
ods (including biotinylated horseradish peroxidase) for
streptavidin quantitation. This red-excited dye is useful
in a region where the colloidal particles have little absorp-
tion which might interfere with measurements. All fluo-
rescence measurements were made using a Fluorolog-
3 from Jobin Yvon - Spex.
[0093] To alleviate concerns that the highly absorbing
SACNs may influence fluorescence measurements, the
experiment has been carried out in two different forms.
The first is the most straightforward; biofunctionalized
particles were incubated in with the biocytin-594 for a
given amount of time (nominally 2 hours, protected from
light to avoid photobleaching). Tags are then purified by
repeated centrifugation (2 times is sufficient if the amount
of dye is carefully controlled), and their fluorescence is
measured.
[0094] The converse to taking direct fluorescence
measurements from the tags is to measure the amount
of fluorescent molecules that do not bind to the tags.
Again, tags are incubated in a carefully chosen amount
of dye, and centrifuged just one time. The supernatant
is carefully collected and measured for fluorescence. The
amount of dye that has bound to the particles can then
be determined by subtraction of this value from the known
original concentration of dye. One important item to note
is that non-stick microcentrifuge tubes (Corning Costar)
were used, as the biocytin Alexa Fluor® 594 adsorbs
rapidly to the walls of regular tubes. Similar protocols can
be used with fluorescently-labeled secondary antibodies
if the particles are conjugated to antibodies instead of
avidin analogues.
[0095] These quantitation methods have been used to
show that the amount of a given biomolecule conjugated
to the tags can be controlled by adding in another reactive
molecule. In figure 8, the number of biotin molecules that
were bound to nanoparticles conjugated with varying ra-
tios of NeutrAvidin™ and bovine serum albumin (BSA)
is shown. Conjugation conditions were equivalent for all
reactions, with the ratio of biomolecules being the only
variable.
[0096] As expected, higher amounts of BSA lead to
lower levels of bound biotin. Assuming that each Neu-
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trAvidin™ (NAv) is capable of binding 2 biotins (conju-
gation to the particle is likely to block some amount of
the 4 binding sites), there are up to 300-400 NeutrAvi-
din™ molecules bound to each tag. But, measurement
of the pure BSA-conjugated particles, the calculations
show less than 10 biocytin-594 molecules bound on each
nanoparticle. This is consistent with very low levels of
non-specific binding that would be expected by conjuga-
tion of BSA (a common blocking reagent) to the particles.

Example 6

Non-specific binding characteristics

[0097] As a first characterization step a simple exper-
iment was devised to determine if the streptavidin-coated
SACNs could specifically bind biotinylated-BSA. Eight
wells of a polystyrene microwell plate were coated with
either biotinylated-BSA or BSA by incubating with a 0.5%
solution in PBS for thirty minutes. All wells were then
washed 4 times with PBS for 1 minute, and then blocked
for 30 minutes with a PBS buffer containing 1 mM EDTA,
0.1% BSA and 0.01% Zwittergent 3-08. After aspirating
the blocking solution from each well, 20 mL of sample
and 20 mL of PBS were added and incubated for 2 hours.
The samples comprised neutravidin (NAv)-coated SAC-
Ns, streptavidin (SAv)-coated SACNs, SACNs that had
been thiol modified (but not conjugated) and control tags
with no functionalization of the silica coating. Wells were
washed with blocking buffer for 15 minutes, followed by
PBS (3 x 5 min) and water (3 x 1 min). They were allowed
to dry, and the amount of bound tag was quantified by
measuring the absorbance at 490 nm using a microwell
plate reader (data not shown). Values were background
subtracted based on the average absorbance of wells
that had not been treated. The NAv and SAv tags bound
with high specificity to the biotin coated wells and exhib-
ited little non-specific binding to BSA-coated wells. How-
ever, the thiol-coated tags and standard silica-coated
tags showed low levels of binding to all wells. Subsequent
experiments have shown that this phenomenon can be
avoided by blocking the particles by adding a small
amount of BSA to the particles, centrifuging and resus-
pending in PBS. After determining that the SAv- and NAv-
conjugated tags were specific for biotin, the number of
biotin binding sites that were present on each tag was
measured by two methods. A fluorescent biotin ana-
logue, biocytin Alexa Fluor® 594, was reacted with the
SACNs. After appropriate wash steps, the number of
bound fluorophores was determined by direct measure-
ment and by fluorescence depletion. The values obtained
by the two methods were consistent (Figure 12), although
direct fluorescence measurements always produced a
lower number. The average number of bound biotins was
approximately 700 per nanoparticle under optimal reac-
tion conditions.

Example 7

Oligonucleotide Conjugation

[0098] The same sulfo-SMCC chemistry described
above was used to bind amine-terminated oligonucle-
otides to thiol-modified SACNs. After attachment and pu-
rification, a dye-labeled complementary strand was incu-
bated with the modified particles. Quantitation of the flu-
orescent probe (after centrifugation to remove unbound
probe) indicated that about 15 oligonucleotides were
bound to each nanoparticle. Oligonucleotides were di-
rectly attached to NAv-tags, in which the oligonucleotides
had a biotin group at one end for attachment to the tag
and a fluorophore at the other, to allow a direct meas-
urement of conjugation efficiency. This also yielded ap-
proximately 15 oligonucleotides conjugated per nanopar-
ticle. Amine-modified SACNs were coupled to thiol-ter-
minated fluorescent oligonucleotides using the same sul-
fo-SMCC chemistry described above, again with similar
results.

Example 8

[0099] Two characteristics that are desired of quanti-
tative optical tags are that they respond linearly to the
excitation source and that they are relatively unaffected
by long-term exposure to excitation. The first quality has
been demonstrated with SACNs by exposing a sample
to various amounts of excitation power and measuring
the resulting signal. These results are shown Figure 9.
[0100] To demonstrate photostability a sample of
SACN was deposited on a quartz slide and placed in the
sample holder of a Raman spectrometer. For this exper-
iment the spectrometer delivered 60 mW of power at
647.1 nm. The emitted light was collected through a 50
x 0.8 NA microscope objective, passed through a holo-
graphic notch filter to reject Rayleigh scattering, focused
into a 0.5 m monochromator and detected with a liquid
nitrogen cooled CCD. Spectra were collected approxi-
mately every hour for 6 hours during which time the sam-
ple was continuously illuminated. The signal from the
sample is plotted as a function of time in figure 10. This
data shows that these particles are quite stable, with only
a 20% loss in signal over 6 hours.
[0101] Thermal stability of the SACNs is also desirable.
To demonstrate this, two batches of 1.5 X BPE SACNs
(in 35 mL) were boiled for one hour. (The tags were con-
centrated from 50 mL down to 35 mL, to approx 1.5X
concentration. UV-Vis and SERS spectra were recorded
before and after boiling. The small differences in absorb-
ance and SERS before and after boiling are mostly at-
tributable to slight difference in concentration. The SAC-
Ns are essentially not affected by boiling.
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Example 9

Evidence of batch to batch reproducibility

[0102] To determine the reproducibility of making tags
from start to finish of the process, a total of 6 colloids
were made and were labeled B-G. These colloids were
used to prepare a total of 13 different batches of tags,
using identical protocols for each batch. The (normalized)
absorption spectra of these colloids are shown in Figure
11 found., and it is apparent that they are quite similar
after all steps are complete.
[0103] After normalizing the concentration by equili-
brating the optical density of each solution to 1.0, the
SERS response was measured using 785 nm excitation.
SERS signals were monitored at the major peak (∼1200
cm-1) (not shown). Using all samples, the RSD of the
group is 12.5%. If one significant outlier is removed, the
remaining twelve samples exhibit an RSD of 7.5%.,

Example 10

A. Preparation of anisotropic nanorods with diameter 
18-90 nm

[0104] Commercially available templates. with differ-
ent pore size (18 nm to 90 nm) were used for electrodepo-
sition of anisotropic Au nanorods. Evaporated Ag, about
1 mm thick, served as a plating substrate. Immediately
before electrodeposition the template was assembled in-
to the electrochemical cell and soaked in Ag-plating so-
lution under house vacuum for 1 hr for ensuring proper
wetting of the pores, followed by electrodeposition into
the pores of 1 mm thick fresh Ag. Subsequently the elec-
trodeposition of nanowires consisting of alternating Au
and Ag stripes occurred. Commercial plating solutions
were used: Cyless Silver (Technic, Inc.) and Microfab Au
100 (Sulfite-based Au-solution from Enthone-OMI, Inc.).
The length of the Au segments was determined by the
desired aspect ratio of the Au nanorods; the length of the
Ag segments could be in the range of 10-200 nm; the
total number of stripes per pore was determined by the
desired final (after release from template) concentration
of Au nanorods/ml solution.
[0105] Different plating techniques were used depend-
ing on template pore diameter. For pore diameter of 65
nm and 90 nm , a semi-automated synthesizer for Na-
nobarcodes particles was used in constant current mode.
Plating of AuAg-nanowires with 59 stripes (each stripe
30 nm long) sequentially plated into one template leading
after Ag-removal to 3 x 1011 Au nanorods/template has
been demonstrated.
[0106] A release protocol was developed starting with
the dissolution of the Ag (substrate and Ag-stripes) in
Nitric acid, followed by template dissolution in NaOH. To
prevent clumpiness of the released Au nanorods a short
SAM-molecule (self-assembled monolayer) was added
to the NaOH during template dissolution. Examples for

short thiol-containing molecules are mercaptoethanol
(ME), mercaptopropionic acid (MPA) and mercap-
toethanesulfonic acid (MESA). These short molecules
were later replaced with the Raman reporter molecule.
An alternative method which produced better results was
to introduce the Raman reporter molecule directly to the
NaOH during template dissolution. 4-Mercaptophenol
(MP) and 2-quinolinethiol (QSH) were successfully used
and demonstrated Raman signal with Au nanorods. Fig-
ure 12 shows the Raman spectra of 65 x 30 nm and 90
x 30 nm Au particles released in QSH. Figure 13 illus-
trates the Raman spectra of 65x 30 nm and 90 x 30 nm
Au particles released in MP.
[0107] The constant current mode of electrodeposition
was not efficacious for templates with pore diameter of
35nm and less. Different pulse plating techniques (pulse
current, reverse pulse current and double pulse) may be
used. Using polycarbonate templates with hole diameter
in the submicron range, reverse current electrodeposi-
tion with ultrasonic agitation has been applied success-
fully to grow Au single-crystals from cyanide solutions.
However, polycrystalline Au was deposited from Au-
sulfite solutions using a variety of reverse pulse condi-
tions: Dobrev, D; Vetter, J.; Angert, N.; Neumann, R.;
Electrochimica Acta 2000, 45, 3117-3125. It has been
shown earlier that pulsed potentiostatic deposition from
Au -sulfite solution improved the metal distribution onto
photoresist patterned structures but didn’t strongly influ-
ence the properties (stress, purity, resistance) of the Au-
films, which was explained by the irreversibility of
Au/Au(I) couple in sulfite solutions: Horkans, J.; Romank-
iw, L.T.; J. Electrochem. Soc. 1977, 124, 1499-1505..
[0108] The pulse parameters (pulse current, frequency
and duty cycle) have been varied in such manner that
the average plating current was somewhat low (0.25-1
mA/sqcm) to ensure a slow growth of the Au and Ag
stripes. Successful plating was achieved at the following
pulse plating conditions: pulse current of 2 mA/sqcm; fre-
quency range 0.025 - 2.5 Hz and duty cycle 0.1-0.3. The
same pulse conditions were used for both Au and Ag-
stripes within one experiment. A Multichannel Potentio-
stat/Galvanostat (Princeton Applied Research) was
used; after plating of each stripe the solution was
changed followed by rinse and refill with the next solution
manually. Plating of 19 alternating Au/Ag stripes yielding,
after Ag-removal, 3xE11 Au nanorods/template (35nm
pore diameter) and lxE12 Au nanorods/template (18 nm
pore diameter) has been demonstrated. Automation of
the pulse plating may further increase the number of par-
ticles by another order of magnitude because the tem-
plate thickness is 50 mm. Figure 14 shows a TEM image
of Au nanorods with 35 nm diameter, released in ME and
the Raman spectrum of the nanorods after replacement
of ME with QSH.
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B. Preparation of anisotropic Au particles of 250 nm x 
250 nm.

[0109] 250 nm x 250 nm Au particles were prepared
similar to the particles in part A. Alumina templates with
pore size 250 nm were used for electrodeposition of Au
nanoparticles. Evaporated Ag, about 1 mm thick, served
as a plating substrate. Fresh Ag, 5 mm thick, was elec-
trodeposited into the holes for additional sealing of the
template, followed by sequential electrodeposition of na-
nowires consisting of alternating Au and Ag stripes, each
250 nm long. Commercial plating solutions were used:
Cyless Silver (Technic, Inc.) and Microfab Au 100 (En-
thone-OMI, Inc.). A semi-automated synthesizer for Na-
nobarcodes particles was used for plating of 9 Au and
Ag-stripes, each at a const current of 1 mA. A release
protocol was developed starting with the dissolution of
the Ag (substrate and Ag-stripes) in Nitric acid, followed
by template dissolution in Sodium Hydroxide. To prevent
clumpiness of the released Au nanoparticles a thiol- Ra-
man reporter molecule, 4-Mercaptophenol (MP), pre-dis-
solved in Ethanol (EtOH) was introduced to the Sodium
Hydroxide during release. The release steps were as fol-
lows:

1. 12 ml 40% HNO3, 60min
2. 2ml 28mM MP/EtOH + 8ml 3M
NaOH/20%EtOH/80%H2O, 30min
3. 200 ml 28mM MP/EtOH + 800 ml 3M
NaOH/20%EtOH/80%H2O, 30min
4. Centrifuge: 4200 rpm, 2min
5. 3x rinse 200 ml MP/EtOH + 800 ml EtOH/H2O (1:4)
6. Centrifuge: 4200 rpm, 1min after each
SEM/TEM sample, 10 ml each
7.0.1 ml sample: dilute to 1ml with H2O for UV-vis
8. 2x rinse H2O, centrifuge at 6200 rpm, 10 min each
9. Acquire Raman

The concentration of Au-particles after the release was
5x109/ml. The gold particles were resuspended in Etha-
nol and a 300 mL aliquot was taken for glass coating. 490
mL Ethanol, 160 mL 18 MΩ water, 10 mL 30% Ammonium
Hydroxide, and 40 mL neat Tetraethylorthosilicate (TE-
OS) were added to the aliquot of gold particles. The sam-
ple was sonicated and placed on a vortexer at the lowest
setting to mix for 45 minutes. The sample was then rinsed
three times in 18 MΩ water. Figure 15 A and B show
SEM images for the resulting anisotropic particles. Figure
16 A and B show a closer view of a single particle. Raman
spectra of the particles are shown in Figure 17 A and B.

Example 11

IL7 Sandwich Immunoassay

[0110] A protein microarray experiment was simulated
by printing capture IL-7 antibodies onto a microarray
slide. Each spot was approximately 500 mm on a side,

and repeated six times on each glass substrate (printed
by Telechem, Inc., Sunnyvale, CA). A hydrophobic pen
was used to provide a liquid barrier on the glass slide so
each of the six spots may be treated independently. After
the pen dried, the slide was blocked for at least 60 min-
utes with 5% bovine serum albumin (BSA) in 10 mM
phosphate buffered saline (PBS). All incubation and
wash steps were carried out on an orbital rocker or shak-
er, and solutions were aspirated by pipette prior to addi-
tion of new solutions. After blocking, slides were washed
3 times for 5 minutes each (3x5) with 0.5% BSA/PBS.
Antigens were prepared in a 0.5% BSA/PBS solution and
incubated on the arrays for 45 minutes to 2 hours, after
which arrays were once again washed (3x5) in 0.5% BSA/
PBS. IL7-modified SACNs (using biotinylated antibodies
onto neutravidin coated SACNs) were then incubated on
the arrays for 90 minutes. This was followed by a wash
(3x5) in 0.5% BSA/PBS and quick rinses in PBS and
water. Slides were blown dry by a jet of nitrogen gas
immediately after the water rinse. Raman spectra from
these arrays were acquired using a diode laser (785 nm,
200 mW) and an Ocean Optics USB-2000 spectrometer
and software. The typical integration time for spectra ac-
quired on glass arrays was two seconds. Background
subtraction was used to remove the broad glass back-
ground from all spectra. Without optimization, a limit of
detection between 10-100 pg/ml figure 18 was achieved,
which is comparable to many commercial enzyme immu-
noassays. The potential for multiplex assays was then
demonstrated, by probing three different analytes (oval-
bumin, bacillus globigii, and C-reactive protein) on adja-
cent spots of a protein chip. Antibodies to each antigen
were conjugated to SACNs with different reporter mole-
cules giving BPE-anti Bg, QSH-anti Ova, and Bodipy-anti
CRP particles. An array of spots containing capture an-
tibodies to the antigens was exposed to a mixture of all
three antigens. After appropriate rinsing the spots were
exposed to all three detection SACNs. Raman spectra
were then collected from each of the spots. The data
show a clean signal at each spot, with the spot that was
designed to capture CRP giving a strong Bodipy tag sig-
nal, for example.

Example 12

[0111] A lateral flow immunoassay for Bot tox was un-
dertaken, using Tetracore, Inc.’s (Gaithersburg, MD) lat-
eral flow cartridge. In this experiment, the device was
opened, removed the pad containing their colorimetric
detection reagent (which comprises colloidal Au conju-
gated to a detection Ab), and replaced it with a conjugate
comprising SACNs conjugated to the same Ab (provided
by Tetracore). Raman spectra were collected using the
instrument previously described. The data show minimal
non-specific binding, and successful capture of the con-
jugate in the presence of antigen, with a non-optimized
limit of detection similar to their commercial product. Re-
sults are shown figure 19.
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Example 13

Staining of SK-BR3 cells with SACNs

[0112] Cells were cultured on a chamber slide. Cells
were washed with PBS three times, 1 min each. Cells
were fixed with 3.7% formaldehyde/PBS for 10 min at
room temperature, and washed as before. Cells were
blocked with 1% BSA/PBS for 20 min at room tempera-
ture. Cells were incubated with 1mg/ml mouse anti-her2
antibodies (diluted with block buffer) for 30 min at room
temperature, then washed as above. Cells were then in-
cubated with 1mg/ml biotinylated anti-mouse IgG for 30
min, and washed as before. The cells were incubated
with 50 ml of 2X streptavidin conjugated SACN at room
temperature for 1 hr, and washed as before. Hoechest
dye (diluted 1:500) was added and the cells incubated
for 5 minutes. The cells were washed as before. The cells
were mounted with a coverslip using 90% glycerol in
PBS, and the edges were sealed with nail polish. Figure
21 A shows bright field and SERS images of the resulting
sample, and demonstrate binding of SACNs to specific
locations on the cell surface and the cell interior.

Example 14

Detection of SACNs in tissue samples.

[0113] SACNs particles can also be detected in the
presence of tissue samples stained with strongly colored
organic dyes. For example, hematoxylin and eosin (H&E)
are the standard dyes used to visualize cell size and
shape. Both molecules exhibit fluorescence in the visible,
making use of conventional immunohistochemical meth-
ods on the same sample difficult or impossible. However,
with 785 nm excitation, a minimal background is ob-
tained, rendering the SACNs easily visualizable. Thus,
a mouse tissue array from Zymed was treated with H&E
according to standard histopathology protocols, resulting
in highly colored spots. Several spots were treated with
polylysine and then BPE SACNs. Figure 21B shows Ra-
man spectra from untreated and treated spots, indicating
the ease with which SACNs can be seen over a back-
ground of H&E stains. Accordingly, the present invention
provides 1. A method, comprising contacting a tissue
sample with at least one biomolecule-conjugated SACN
particle capable of specifically binding to the tissue sam-
ple; and acquiring a Raman image of the tissue/biomol-
ecule-conjugated SACN particles mixture. The tissue is
contacted with one or more additional non-SACN rea-
gents, usch as eosin, hemotoxylin, and a combination of
hemotoxylin and eosin. Background Raman image of a
tissue sample may be obtained and subtracted from the
Raman image of the tissue/biomolecule-conjugated
SACN particles mixture. Additionally, the Raman image
may further be compared with the Raman image with an
image of a tissue sample which has been stained with
strongly colored organic dyes to visualize cell size and

shape, such as an H&E stain.

Example 15

In vivo labeling of animals with SACNs.

[0114] SACNs were injected into nude mice in 2 ways:
a) by tail injection for circulation in the blood stream; and
b) by subcutaneous injection for localization under the
skin. In both cases the optical probe was held over the
skin and the Raman signal detected emitted from below
the skin. The peaks of the SACNs could be seen above
the background. The portable detection system had a
785 nm laser for excitation manufactured by Ahura Corp.
106mW of light was delivered to the specimen via an
optical fiber and optical head manufacture by InPhotonics
Inc. Raman scattered light was detected by the same
optical head. A dichroic filter sends the collected light to
a second optical fiber, attached to a spectrometer, Ocean
Optics USB2000,with a 50-micron slit and 1200
grooves/mm grating blazed at 750nm. The spectrometer
data was collected by a laptop computer.
[0115] In the case of a) signal was detected at approx-
imately 45 minutes. At this time a signal was detected
when the probe was held over the mouse liver, Figure
22. The SERS tag spectrumappears on a background
that is a mixutre of tissue fluorescence and Rayleigh back
scatter. The actual backround measured depends on the
probe position over the skin. If the probe is in contact with
the skin, then the spectra may contain more tissue fluo-
rescence. If the probe is offset from the skin, the spectra
may contain more Rayleigh backscatter. For example, in
the case of a spectrum acquired at the liver, and a spec-
trum acquired at the flank of the mouse, the backgrounds
are different. Since the backgournd can vary, SACNs
have an advantage since the tags can be quantified by
the peak height over background.
[0116] In the case of b) the signal was detected imme-
diately after injection, as shown in Figure 23. Figure 23
also contains a spectrum taken from a mouse with no
SACN, acquired at the flank. The signal would diminish
over time as the tag diffused into the body of the mouse.
The subcutaneous spectrum also contains some back-
ground fluorescence and Rayleigh scatter, however the
SACN signal is much stronger over the background.

Example 16

Multiplexed cellular imaging experiments.

[0117] The cell line LNCaP, an androgen-sensitive, ad-
herent cell line derived from a human prostate carcinoma,
will be used. LNCaP cells are available from ATCC
(Rockville, MD). LNCaP cells are excellent models for
prostate cancer. There are a number of commercially
available antibodies to biomarkers that are known to be
important in prostate cancer, such as alpha-methylacyl-
CoA racemase (AMACR) and Prostate Specific Antigen
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(PSA). Other antibodies useful as markers or controls
include antibodies to CDH1, CTNNB1, CCND1, HPN,
TP53, CDKN1B, and BCL2.
[0118] Antibodies to these markers will be conjugated
to SACNs. Cellular labeling and imaging experiments in
which LNCaP cells are treated with various compounds
and conditions will be performed. The effect on the cell
viability, and the spatial localization of the antibody con-
jugated SACNs will be monitored.
[0119] SACNs conjugated to both AMACR antibodies
and PSA antibodies will be used to compare protein ex-
pression of AMACR and PSA in the cell lines LNCaP,
DU-145 and PC-3 as detailed by Kuefer, et al., Am J
Pathol 2002, 161, 841-48. Cells will be treated with bi-
calutamide, an oral medication from the anti-androgen
class of prescription drug treatments for prostate cancer.
LNCaP, a hormone-sensitive tumor cell line, demon-
strates stronger AMACR expression by Western blot
analysis than do cell lines DU-145 and PC-3. Upon treat-
ing the LNCaP cells with bicalutamide, the AMACR pro-
tein expression in cells remains unchanged, whereas
prostate-specific antigen, known to be androgen-regu-
lated, demonstrates decreased protein expression. Spa-
tial localization of the SACNs will be performed. In intra-
cellular imaging, unlike surface labeling experiments, it
is not possible to wash away unbound tags. These ex-
periments will therefore allow us to understand what hap-
pens to excess SACNs that are not bound to a specific
target within the cell (for example, if that target is down-
regulated, such as PSA in this assay).
[0120] Arnold, et al., Am.J.Physiol.Endocrinol Metab.
2004, 288, E573-E584 recently published a study of the
effect of dehydroepiandrosterone (DHEA), an over-the-
counter dietary supplement, on the gene and protein ex-
pression of LNCaP cells. They found that DHEA affected
cell proliferation and increased the protein expression of
PSA as well as a number of IGF receptors. Using SACNs
conjugated to PSA antibodies, and antibodies indicative
of cell growth in cancer cells, such as CCND1 (cyclin D1),
this biological system will be investigated. The cells will
be treated with DHEA, testosterone, retinoic acid, and
17beta-estradiol (E2), and compare the cellular imaging
results with those reported by Arnold et al.

Claims

1. A Surface Enhanced Spectroscopy-Active Compos-
ite Nanoparticle (SACN) comprising:

a) an anisotropic metal nanoparticle;
b) a SERS-active reporter molecule associated
with said anisotropic metal nanoparticle;
c) SiO2 encapsulating the anisotropic metal na-
noparticle;

wherein the SERS-active reporter molecule sits at
the interface between the metal nanoparticle and the

encapsulant;
optionally wherein the SiO2 encapsulant further
comprises a reactive group selected from the group
consisting of an -SH group, a -NH2 group, and a
-COO- group.

2. The nanoparticle of claim 1, wherein the anisotropic
metal nanoparticle has a shape selected from a
spheroid, rod, disk, pyramid, cube, cylinder, nano-
helix, nanospring, nanoring, rod-shaped nanoparti-
cle, arrow-shaped nanoparticle, teardrop-shaped
nanoparticle, tetrapod-shaped nanoparticle, prism-
shaped, porous, and non-geometric shaped nano-
particle.

3. The nanoparticle of claim 2, wherein the nanoparticle
is non-geometric shaped, and approximates a na-
norod.

4. The nanoparticle of claim 3, wherein the nanoparticle
has a diameter of 250 nm and a length of 250 nm.

5. A method, comprising:

a) providing a microscope coupled to a CCD
camera;
b) providing a cell;
c) contacting the cell with at least one SACN as
defined in any one of claims 1 to 4, and capable
of specifically binding to the cell or a portion of
the cell;
d) providing a wavenumber filtering device be-
tween the cell and the camera;
e) acquiring a plurality of data sets; and
f) assembling the data sets;

whereby a spatial profile of the SACN is acquired.

6. The method of claim 5, wherein said wavenumber
filtering device is selected from a monochromator, a
notch filter, a filter wheel, acousto-optic tunable filter,
Fourier transform interference filter, a liquid crystal
tunable filter, and combinations of the foregoing;
optionally wherein said wavenumber filtering device
comprises a liquid crystal tunable filter, and said ac-
quiring comprises:

a) acquiring data at a first frequency; and
b) optionally acquiring data at a second and sub-
sequent frequencies.

7. The method of claim 5, wherein said acquiring com-
prises:

a) dispersing light from a single point of a loca-
tion through a monochromator;
b) acquiring the complete Raman spectrum of
that point on an array detector; and
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c) repeating a) and b) in multiple locations.

8. The method of claim 5, wherein said acquiring com-
prises:

a) exciting the sample with a line of radiation;
b) acquiring the complete spectrum of each spa-
tial pixel in the line; and
c) scanning the line across the sample.

9. A method, comprising:

a) contacting a tissue sample with at least one
biomolecule-conjugated SACN particle as de-
fined in any one of claims 1 to 4 and capable of
specifically binding to the tissue sample; and
b) acquiring a Raman image of the tissue/bio-
molecule-conjugated SACN particles mixture.

10. The method of claim 9, further comprising:

c) acquiring a background Raman image of a
tissue sample prior to step a) of claim 9; and
d) subtracting the background spectrum from
the Raman image of the tissue/biomolecule-
conjugated SACN particles mixture acquired in
step b).

11. The method of claim 9 or claim 10, where the tissue
is contacted with one or more additional non-SACN
reagents.

12. The method of claim 11, where said additional rea-
gent is selected from eosin, hemotoxylion, and a
combination of hemotoxylin and eosin.

13. The method of any one of claims 9 to 12, further
comprising comparing the Raman image with an im-
age of a tissue sample which has been stained with
strongly coloured organic dyes to visualise cell size
and shape.

14. A method, comprising:

a) contacting a sample suspected of containing
an analyte with at least one specific binding part-
ner to the analyte on a lateral-flow assay surface
to bind to the analyte in the sample;
b) previously, simultaneously or subsequently
to step a), binding at least one analyte binding
partner with a SACN as defined in any one of
claims 1 to 4; and
c) detecting a SERS signal whereby the pres-
ence of the analyte is determined in the sample
by the intensity or presence of the signal, where-
by the presence of at least one analyte in the
sample is determined.

15. A method for detecting an analyte comprising:

a) obtaining a biological sample; and
b) contacting the sample with a bioconjugated
SACN as defined in any one of claims 1 to 4 and
comprising a biomolecule that binds to the an-
alyte (bioconjugated SACN); and
c) detecting the analyte bound to said bioconju-
gated SACN.

16. The method of claim 15, wherein the biomolecule
and the analyte are complementary nucleotide se-
quences.

17. The method of claim 15 or claim 16, wherein the
sample is selected from blood, serum, saliva, spu-
tum, tears, sweat, another secreted fluid, urine, fae-
cal matter, cerebrospinal fluid, interstitial fluid, a cel-
lular extract, and a cell.

Patentansprüche

1. Oberflächenverstärktes Spektroskopie-Aktives Ver-
bund-Nanopartikel (SAVN), umfassend:

a) ein anisotropes Metall-Nanopartikel;
b) ein SERS-aktives Reportermolekül, das mit
dem anisotropen Metall-Nanopartikel verbun-
den ist;
c) SiO2, das das anisotrope Metall-Nnanoparti-
kel einkapselt;

wobei das SERS-aktive Reportermolekül an der
Schnittstelle zwischen dem Metall-Nanopartikel und
der Einkapselung sitzt;
gegebenenfalls wobei die SiO2-Einkapselung ferner
eine reaktive Gruppe umfasst, ausgewählt aus der
Gruppe bestehend aus einer -SH-Gruppe, einer
-NH2-Gruppe und einer - COO-Gruppe.

2. Nanopartikel gemäß Anspruch 1, worin der aniso-
trope Metall-Nanopartikel eine Form aufweist, die
ausgewählt ist aus Sphäroid, Stab, Scheibe, Pyra-
mide, Würfel, Zylinder, Nanoschnecke, Nanofeder,
Nanoring, stabförmigem Nanopartikel, pfeilförmi-
gem Nanopartikel, tropfenförmigem Nanopartikel,
tetrapodenförmigem Nanopartikel, prismenförmi-
gem, porösem und nicht-geometrischem Nanopar-
tikel.

3. Nanopartikel gemäß Anspruch 2, worin der Nanop-
artikel nicht-geometrisch geformt ist und sich einem
Nanostab annähert.

4. Nanopartikel gemäß Anspruch 3, worin der Nanop-
artikel einen Durchmesser von 250 nm und eine Län-
ge von 250 nm aufweist.

39 40 



EP 1 749 122 B1

22

5

10

15

20

25

30

35

40

45

50

55

5. Verfahren, umfassend:

a) Bereitstellen eines Mikroskops, das mit einer
CCD-Kamera gekoppelt ist;
b) Bereitstellen einer Zelle;
c) Kontaktieren der Zelle mit mindestens einem
SAVN, wie in einem der Ansprüche 1 bis 4 de-
finiert, und das in der Lage ist, spezifisch an die
Zelle oder einen Teil der Zelle zu binden;
d) Bereitstellen einer Wellenzahlfiltervorrich-
tung zwischen der Zelle und der Kamera;
e) Erfassen einer Vielzahl von Datensätzen; und
f) Zusammenstellung der Datensätze;

wobei ein räumliches Profil des SAVN erfasst wird.

6. Verfahren gemäß Anspruch 5, worin die Wellenzahl-
filtervorrichtung ausgewählt ist aus einem Mono-
chromator, einem Kerbfilter, einem Filterrad, einem
akustooptisch abstimmbaren Filter, einem Fourier-
Transformations-Interferenzfilter, einem Flüssig-
kristall-abstimmbaren Filter und Kombinationen aus
den Vorstehenden;
gegebenenfalls wobei die Wellenzahlfiltervorrich-
tung einen durchstimmbaren Flüssigkristallfilter um-
fasst, und die Erfassung umfasst:

a) Erfassen von Daten mit einer ersten Fre-
quenz; und
b) gegebenenfalls das Erfassen von Daten bei
einer zweiten und nachfolgenden Frequenzen.

7. Verfahren gemäß Anspruch 5, wobei das Erfassen
umfasst:

a) Streuen von Licht von einem einzelnen Punkt
einer Position durch einen Monochromator;
b) Erfassen des gesamten Ramanspektrums
dieses Punktes auf einem Array-Detektor; und
c) Wiederholen von a) und b) an mehreren Stel-
len.

8. Verfahren gemäß Anspruch 5, wobei das Erfassen
umfasst:

a) Anregen der Probe mit einer Strahlungslinie;
b) Erfassen des gesamten Spektrums jedes
räumlichen Pixels in der Linie; und
c) Abtasten der Linie über die Probe.

9. Verfahren, umfassend:

a) Kontaktieren einer Gewebeprobe mit mindes-
tens einem biomolekülkonjugierten SAVN-Par-
tikel, wie in einem der Ansprüche 1 bis 4 definiert
und in der Lage, spezifisch an die Gewebeprobe
zu binden; und
b) Aufnahme eines Raman-Bildes der Gewe-

be/Biomolekül-konjugierten SAVN-Partikelmi-
schung.

10. Verfahren gemäß Anspruch 9, ferner umfassend:

c) Erfassen eines Raman-Hintergrundbildes ei-
ner Gewebeprobe vor Schritt a) nach Anspruch
9; und
d) Subtrahieren des Hintergrundspektrums vom
Raman-Bild der in Schritt b) aufgenommenen
Gewebe/Biomolekül-konjugierten SAVN-Parti-
kelmischung.

11. Verfahren nach Anspruch 9 oder Anspruch 10, wobei
das Gewebe mit einem oder mehreren zusätzlichen
Nicht-SAVN-Reagenzien kontaktiert wird.

12. Verfahren gemäß Anspruch 11, wobei das zusätzli-
che Reagenz ausgewählt ist aus Eosin, Hämotoxy-
lion und einer Kombination aus Hämotoxylin und Eo-
sin.

13. Verfahren gemäß einem der Ansprüche 9 bis 12,
ferner umfassend das Vergleichen des Raman-Bil-
des mit einem Bild einer Gewebeprobe, die mit stark
farbigen organischen Farbstoffen gefärbt wurde, um
Zellgröße und -form zu visualisieren.

14. Verfahren, umfassend:

a) Kontaktieren einer Probe, von der vermutet
wird, dass sie einen Analyten enthält, mit min-
destens einem spezifischen Bindungspartner
an den Analyten auf einer Seitenstrom-Assay-
Oberfläche, um an den Analyten in der Probe
zu binden;
b) vorher, gleichzeitig oder anschließend zu
Schritt a), Binden mindestens eines Analyten-
bindungspartners mit einem SAVN gemäß ei-
nem der Ansprüche 1 bis 4; und
c) Erfassen eines SERS-Signals, wobei die An-
wesenheit des Analyten in der Probe durch die
Intensität oder Anwesenheit des Signals be-
stimmt wird, wobei die Anwesenheit mindestens
eines Analyten in der Probe bestimmt wird.

15. Verfahren zum Nachweis eines Analyten, umfas-
send:

a) Entnahme einer biologischen Probe; und
b) Kontaktieren der Probe mit einem biokonju-
gierten SAVN nach einem der Ansprüche 1 bis
4, das ein Biomolekül umfasst, das an den Ana-
lyten bindet (biokonjugiertes SAVN); und
c) Nachweis des an das biokonjugierte SAVN
gebundenen Analyten.

16. Verfahren gemäß Anspruch 15, worin das Biomole-
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kül und der Analyt komplementäre Nukleotidsequen-
zen sind.

17. Verfahren gemäß Anspruch 15 oder Anspruch 16,
worin die Probe ausgewählt ist aus Blut, Serum,
Speichel, Sputum, Tränen, Schweiß, einer anderen
abgesonderten Flüssigkeit, Urin, Fäkalien, Liquor,
Interstitialflüssigkeit, einem zellulären Extrakt und ei-
ner Zelle.

Revendications

1. Nanoparticule composite active à spectroscopie
exalté de surface (SACN) comprenant :

a) une nanoparticule métallique anisotrope ;
b) une molécule reporter active SERS associée
à ladite nanoparticule métallique anisotrope ;
c) SiO2 encapsulant la nanoparticule métallique
anisotrope ;

dans laquelle la molécule reporter active SERS se
trouve à l’interface entre la nanoparticule métallique
et l’encapsulant ;
dans laquelle l’encapsulant SiO2 comprend en outre
un groupe réactif choisi dans le groupe constitué par
un groupe -SH, un groupe -NH2 et un groupe -COO-.

2. Nanoparticule selon la revendication 1, dans laquel-
le la nanoparticule métallique anisotrope a une forme
choisie parmi un sphéroïde, une tige, un disque, une
pyramide, un cube, un cylindre, une nanohélix, un
nanosource, un nanoruban, une nanoparticule en
forme de tige, une nanoparticule en forme de flèche,
une nanoparticule en forme de goutte, une nanopar-
ticule en larme, une nanoparticule en forme de té-
trapode, une nanoparticule en prisme, poreuse et
non géométrique.

3. Nanoparticule selon la revendication 2, dans laquel-
le la nanoparticule est de forme non géométrique et
se rapproche d’un nanorod.

4. Nanoparticule selon la revendication 3, caractéri-
sée en ce que la nanoparticule a un diamètre de
250 nm et une longueur de 250 nm.

5. Procédé, comprenant :

a) fournir un microscope couplé à une caméra
CCD ;
b) fournir une cellule ;
c) la mise en contact de la cellule avec au moins
un SACN tel que défini dans l’une quelconque
des revendications 1 à 4, et capable de se lier
spécifiquement à la cellule ou à une partie de la
cellule ;

d) prévoir un dispositif de filtrage du nombre
d’ondes entre la cellule et la caméra ;
e) l’acquisition d’une pluralité d’ensembles de
données ; et
f) l’assemblage des ensembles de données ;

par lequel un profil spatial du SACN est acquis.

6. Procédé selon la revendication 5, dans lequel ledit
dispositif de filtrage à nombre d’ondes est choisi par-
mi un monochromateur, un filtre coupe-bande, une
roue de filtration, un filtre accordable acousto-opti-
que, un filtre d’interférence à transformée de Fourier,
un filtre accordable à cristaux liquides et des com-
binaisons des éléments précédents ;
facultativement dans lequel ledit dispositif de filtrage
par nombre d’ondes comprend un filtre accordable
à cristaux liquides, et ladite acquisition comprend :

a) l’acquisition de données à une première
fréquence ; et
b) l’acquisition facultative de données à une se-
conde fréquence et aux fréquences suivantes.

7. Procédé selon la revendication 5, dans lequel ladite
acquisition comprend :

a) la dispersion de la lumière à partir d’un point
unique d’un emplacement à travers un
monochromateur ;
b) l’acquisition du spectre Raman complet de ce
point sur un détecteur en réseau ; et
c) répéter a) et b) à plusieurs endroits.

8. Procédé selon la revendication 5, dans lequel ladite
acquisition comprend :

a) exciter l’échantillon avec une ligne de
rayonnement ;
b) l’acquisition du spectre complet de chaque
pixel spatial de la ligne ; et
c) balayer la ligne à travers l’échantillon.

9. Procédé, comprenant :

a) la mise en contact d’un échantillon de tissu
avec au moins une particule SACN conjuguée
à une biomolécule telle que définie dans l’une
quelconque des revendications 1 à 4 et capable
de se fixer spécifiquement à l’échantillon de
tissu ; et
b) l’acquisition d’une image Raman du mélange
tissu/biomolécule de particules SACN conju-
guées.

10. Procédé selon la revendication 9, comprenant en
outre :
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c) obtenir une image de fond Raman d’un échan-
tillon de tissu avant l’étape a) de la revendication
9 ; et
d) soustraire le spectre de fond de l’image Ra-
man du mélange tissu/biomolécule de particules
SACN conjuguées acquises à l’étape b).

11. La méthode de la revendication 9 ou de la revendi-
cation 10, lorsque le tissu est mis en contact avec
un ou plusieurs réactifs non-SACN supplémentaires.

12. Procédé selon la revendication 11, dans lequel ledit
réactif supplémentaire est choisi parmi l’éosine, l’hé-
motoxylion et une combinaison d’hémotoxyline et
d’éosine.

13. Procédé selon l’une quelconque des revendications
9 à 12, comprenant en outre la comparaison de l’ima-
ge Raman avec une image d’un échantillon de tissu
qui a été coloré avec des colorants organiques for-
tement colorés pour visualiser la taille et la forme
des cellules.

14. Procédé, comprenant :

a) la mise en contact d’un échantillon soupçonné
de contenir un analyte avec au moins un parte-
naire de liaison spécifique à l’analyte sur une
surface d’essai à écoulement latéral pour se lier
à l’analyte dans l’échantillon ;
b) précédemment, simultanément ou ultérieure-
ment à l’étape a), lier au moins un partenaire
liant l’analyte à un SACN tel que défini dans l’une
quelconque des revendications 1 à 4 ; et
c) détecter un signal SERS, la présence de
l’analyte étant déterminée dans l’échantillon par
l’intensité ou la présence du signal, la présence
d’au moins un analyte dans l’échantillon étant
déterminée.

15. Procédé de détection d’un analyte comprenant :

a) l’obtention d’un échantillon biologique ; et
b) la mise en contact de l’échantillon avec un
SACN bioconjugué tel que défini dans l’une
quelconque des revendications 1 à 4 et compre-
nant une biomolécule qui se lie à l’analyte
(SACN bioconjugué) ; et
c) détecter l’analyte lié audit SACN bioconjugué.

16. Procédé selon la revendication 15, dans lequel la
biomolécule et l’analyte sont des séquences nucléo-
tidiques complémentaires.

17. Procédé selon la revendication 15 ou la revendica-
tion 16, dans lequel l’échantillon est choisi parmi le
sang, le sérum, la salive, les crachats, les larmes, la
sueur, un autre fluide sécrété, l’urine, les matières

fécales, le liquide céphalorachidien, le fluide inters-
titiel, un extrait cellulaire et une cellule.
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