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G7) ABSTRACT

Systems and methods for the ex vivo diagnostic analysis of
samples of bodily fluids, including exhaled breath and
blood. The present invention uses nanostructure-based
assemblies in combination with sensor technology to pro-
vide an efficient and accurate means for identifying the
presence of a target analyte/biomarker in a sample of bodily
fluid. In a preferred embodiment, the nanostructure-based
assemblies of the present invention include detecting means
such as RNA oligonucleotide chains or “aptamers” and
releasable surrogate markers such as DMSO.
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NOVEL APPLICATION OF NANOTECHNOLOGY
AND SENSOR TECHNOLOGIES FOR EX-VIVO
DIAGNOSTICS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of co-
pending U.S. application Ser. No. 10/154,201, filed May 22,
2002; which claims the benefit of U.S. Application Ser. No.
60/292,962, filed May 23, 2001. This application is also a
continuation-in-part of co-pending U.S. application Ser. No.
10/274,829, filed Oct. 21, 2002; and a continuation-in-part
of co-pending U.S. application Ser. No. 10/345,532, filed
Jan. 16, 2003, all of which are hereby incorporated by
reference herein in their entirety, including any figures,
tables, or drawings.

GOVERNMENT SUPPORT

[0002] The subject matter of this application has been
supported in part by a research grant from the National
Science Foundation (Grant Number NSF: EEC 02-10580).
Accordingly, the government may have certain rights in this
invention.

BACKGROUND OF THE INVENTION

[0003] There is a great need for the development of
efficient and accurate systems for the diagnosis of a variety
of medical conditions, disorders, and diseases. A means for
rapid and accurate analysis and diagnosis of ex vivo bodily
fluid samples at the point of care is particularly desirable.
This requires an effective means for identifying in a patient
the presence of specific chemical and/or biological agents
including, but not limited to, nucleic acids, proteins, illicit
drugs, toxins, pharmaceuticals, carcinogens, poisons, aller-
gens, and infectious agents.

[0004] Current methods of detecting such chemical or
biological agents entail extraction of a sample into organic
solvents, followed by analysis using stand-alone analytical
systems such as gas-liquid chromatography and/or mass
spectroscopy. These methods are time-consuming and often
expensive. Moreover, certain analytes/biomarkers of interest
(i-e., nucleic acids, carcinogens, or toxins) are not readily
detected by standard chemical tests utilized in a typical
clinical physician’s office or even in hospital departments.
Further, on-site test devices for accurate analyte/biomarker
detection are not presently available. The development of a
biosensor device that could accurately and efficiently detect/
screen for chemical and biological agents in bodily fluid
samples would therefore provide a significant cost and time
benefit.

[0005] Three recent advancements in medicine are par-
ticularly germane to expanding the potential of detecting
chemical and/or biological agents, especially with regard to
the diagnosis of disease: nanotechnology, bibdetectors (bio-
sensors), and the identification of biomarkers for specific
diseases and/or conditions. Nanotechnology, such as nano-
particles, offers many advantages when used for applications
such as sensor technology for detecting chemical agents. For
example, nanoparticle-bound surfaces can form a sensor
effective in detecting a target chemical agent.

[0006] The term “biodetectors™ or “biosensors™ relates to
the use of naturally occurring and/or synthetic compounds as
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highly specific and extraordinarily sensitive detectors of
various types of molecules and markers of disease. Natu-
rally-occurring compounds such as antibodies have been
used to provide molecular recognition for a wide variety of
target molecules in diagnostic assays. Alternatively, syn-
thetic compounds have been manufactured that mimic.
naturally-occurring mechanisms of DNA, RNA, and protein
synthesis in cells to facilitate the detection of target chemical
or biological agents.

[0007] Aptamers have recently been identified as poten-
tially effective biosensors for molecules and compounds of
scientific and commercial interest(see Brody, E. N. and L.
Gold, “Aptariers as therapeutic and diagnostic agents,”/.
Biotechnol., 74(1):5-13 (2000) and Brody et al., “The use of
aptamers in large arrays for molecular diagnostics,”Mol.
Diagn., 4(4):381-8 (1999)). For example, aptamers have
demonstrated greater specificity and robustness than anti-
body-based diagnostic technologies. In contrast to antibod-
ies, whose identification and production completely rest on
animals and/or cultured cells, both the identification and
production of aptamers takes place in vitro without any
requirement for animals or cells.

[0008] Aptamer synthesis is potentially far cheaper and
reproducible than antibody-based diagnostic tests. Aptamers
are produced by solid phase chemical synthesis, an accurate
and reproducible process with consistency among produc-
tion batches. An aptamer can be produced in large quantities
by polymerase chain reaction (PCR) and once the sequence
is known, can be assembled from individual naturally occur-
ring nucleotides and/or synthetic nucleotides. Aptamers are
stable to long-term storage at room temperature, and, if
denatured, aptamers can easily be renatured, a feature not
shared by antibodies. Furthermore, aptamers have the poten-
tial to measure concentrations of ligand in orders of mag-
nitude lower (parts per trillion or even quadrillion) than
those antibody-based diagnostic tests. These inherent char-
acteristics of aptamers make them attractive for diagnostic
applications.

[0009] A number of “molecular beacons” (often fluores-
cence compounds) can be attached to aptamers to provide a
means for signaling the presence of and quantifying a target
chemical or biological agent. For instance, an aptamer
specific for cocaine has recently been synthesized (Stojan-
ovic, M. N. et al., “Aptamer-based folding fluorescent sensor
for cocaine,”J. Am. Chem. Soc., 123(21):4928:31 (2001)). A
fluorescence beacon, which quenches when cocaine is
reversibly bound to the aptamer is used with a photodetector
to quantify the concentration of cocaine present. Aptamer-
based biosensors can be used repeatedly, in contrast to
antibody-based tests that can be used only once.

[0010] Of particular interest as a beacon are amplifying
fluorescent polymers (AFP). AFPs with a high specificity to
TNT and DNT have been developed. It has been noted that
a detector based on AFP technology, with high specificity to
TNT and DNT, can also detect propofol, an intravenous
anesthetic agent, in extremely low concentration. The com-
bination of AFP and aptamer technologies holds the promise
of robust, reusable biosensors that can detect compounds in
minute concentrations with high specificity.

[0011] The term “biomarker” refers to a biochemical in the
body that has a particular molecular trait to make it useful
for diagnosing a condition, disorder, or disease and for
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measuring or indicating the effects or progress of a condi-
tion, disorder, or disease. For example, common biomarkers
found in a person’s bodily fluids (i.e., breath or blood), and
the respective diagnostic conditions of the person providing
such biomarkers include, but are not limited to, acetaldehyde
(source: ethanol; diagnosis: intoxication), acetone (source:
acetoacetate; diagnosis: diet; ketogenic/diabetes), ammonia
(source: deamination of amino acids; diagnosis: uremia and
liver disease), CO (carbon monoxide) (source: CH,CL,,
elevated % COH; diagnosis: indoor air pollution), chloro-
form (source: halogenated compounds), dichldrobenzene
(source: halogenated compounds), diethylamine (source:
choline; diagnosis: intestinal bacterial overgrowth), H
(hydrogen) (source: intestines; diagnosis: lactose intoler-
ance), isoprene (source: fatty acid; diagnosis: metabolic
stress), methanethiol (source: methionine; diagnosis: intes-
tinal bacterial overgrowth), methylethylketone (source: fatty
acid; diagnosis: indoor air pollution/diet), O-toluidine
(source: carcinoma metabolite; diagnosis: bronchogenic car-
cinoma), pentane sulfides and sulfides (source: lipid peroxi-
dation; diagnosis: myocardial infarction), H,S (source:
metabolism; diagnosis: periodontal disease/ovulation), MeS
(source: metabolism; diagnosis: cirrhosis), and Me,S
(source: infection; diagnosis: trench mouth).

[0012] Mechanisms of drug metabolism are extremely
complex and are influenced by a number of factors including
competitive binding on protein and red blood cells with
other molecules, enzymatic activity, particularly in the liver,
protein, and red blood cell concentration and a myriad of
other factors. Currently, very little technology is available
that can measure drug concentration in a patient in real-time,
especially at the point of care, and thereby allow convenient
determination of pharmacokinetics and pharmacodynamics
of multiple compounds in real-time.

[0013] Accordingly, there are a number of medical con-
ditions that can be monitored by detecting and/or measuring
biomarkers present in a person’s breath (including breath
condensates or aerosolized particles) or other bodily fluids.
While there has been technology generated towards the
synthesis and use of aptamers and other multimolecular
devices such as biosensors, very little technology exists to
address the use of aptamers, or other biodetectors, in com-
bination with nanoparticles to form sensors for the ex vivo
diagnosis of disease and/or detection of a naturally occurring
or synthetic compounds. It is therefore desirable to provide
a low-cost means for accurately and timely detecting and/or
measuring the presence of metabolites in a person’s bodily
fluids in low concentrations.

BRIEF SUMMARY

[0014] The present invention provides unique systems and
methods for the ex vivo detection of analytes/biomarkers of
interest in samples of bodily fluids. The invention comprises
a nanostructure-based assembly that is applied to bodily
fluid samples collected from a patient. In accordance with
the present invention, a nanostructure-based assembly con-
tains (a) a nanoparticle, which includes (b) a means for
detecting a target analytelbiomarker (i.e., aptamers, antibod-
ies); and (c) at least one surrogate marker. These compo-
nents can be attached to any surface of the nanoparticle.

[0015] In operation, a sample of bodily fluid is collected
from a patient and the nanostructure-based assembly of the
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invention is applied to the sample. When the detecting
means detects a target analyte/biomarker, the surrogate
marker is released from the nanoparticle. Because surrogate
markers are released from nanoparticles only in the presence
of a target analyte/biomarker, detection of surrogate markers
provides notice of the presence of the target analyte/biom-
arker in the patient and consequently, allows diagnosis of the
specific condition, disorder, or disease associated with the
target analyte/biomarker. Not only do surrogate markers
signal the presence of the target analyteibiomarker, but they
also provide a means for quantifying the concentration of the
analyte/biomarker of interest present in the sample of bodily
fluid.

[0016] In accordance with the present invention, the
detecting means includes well-known biodetectors or bio-
sensors. Such biodetectors or biosensors include naturally
occurring and/or synthetic compounds having high speci-
ficity and sensitivity to chemical and/or biological com-
pounds of interest. Suitable biodetectors or biosensors of the
invention include, but are not limited to, antibodies, pro-
teins, and aptamers.

[0017] The surrogate marker of the invention is a com-
pound that is readily detectable in bodily fluid samples. In
preferred embodiments, the surrogate marker is a volatile
compound (i.e., dimethyl sulfoxide—DMSO).

[0018] According to the invention, a sample of bodily
fluid includes, but is not limited to, exhaled breath (includ-
ing cough, sneeze), blood, urine, sweat, mucous, semen,
bile, feces, saliva, lymph fluid, blood plasma, amniotic fluid,
glandular fluid, sputum, and cerebral spinal fluid. The.
bodily fluid sample is analyzed for the presence of the
surrogate marker, which indicates the presence of the target
analyte/biomarker in the patient and consequently, allows
for the diagnosis of the condition, disease, or disorder
associated with the target analyte/biomarker.

[0019] For analysis of bodily fluid samples to detect the
presence of the surrogate marker, sensor technology is
applied in accordance with the present invention. Contem-
plated sensor technology includes, but is not limited to,
previously disclosed sensor technology such as semiconduc-
tor gas sensor technology, conductive polymer gas sensor
technology, surface acoustic wave gas sensor technology,
and immunoassays.

[0020] The results from the sensor technology analysis of
the bodily fluid samples are optionally provided to the user
(or patient) via a reporting means. In one embodiment, the
sensor technology includes the reporting means. Contem-
plated reporting means include a computer processor linked
to the sensor technology in which electronic or printed
results are provided. Alternatively, the reporting means can
include a digital display panel, transportable read/write
magnetic media such as computer disks and tapes which can
be transported to and read on another machine, and printers
such as thermal, laser or ink-jet printers for the production
of a printed report. The reporting means can provide the
results to the user (or patient) via facsimile, electronic mail,
mail or courier service, or any other means of safely and
securely sending the report to the patient. Interactive report-
ing means are also contemplated by the present invention,
such as, an interactive voice response system, interactive
computer-based reporting system, interactive telephone
touch-tone system, or other similar system. The report
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provided to the user (or patient) may take many forms,
including a summary of analyses performed over a particular
period of time or detailed information regarding a particular
bodily fluid sample analysis. Results may also be used to
populate a financial database for billing the patient, or for
populating a laboratory database or a statistical database.

[0021] In one embodiment, the nanoparticle of the nano-
structure-based assembly has a hollow body defining an
inner void, which contains the surrogate marker. Release of
the surrogate marker is controlled by the means for detecting
the target analyte/biomarker. In certain embodiments, the
detecting means is attached to an end-cap, which covers an
opening to the inner void. In other embodiments, the detect-
ing means is attached to the surface of the nanoparticle. The
detecting means is designed to undergo a conformational
change upon detecting the target analyte/biomarker to affect
the release of the surrogate marker from the nanoparticle.
With reference to those embodiments in which the detecting
means is attached to an end-cap, the conformational change
of the detecting means in the presence of a target analyte/
biomarker causes the end-cap to detach from the nanopar-
ticle and release the surrogate marker.

[0022] In a related embodiment, the detecting means is
attached to a surface of the nanoparticle. The detecting
means can localize the nanostructure-based assembly to the
target analyte/biomarker. When in the presence of the target
analyte/biomarker, the controlled release of the surrogate
marker is accomplished by the release of an end-cap, which
is attached to the nanoparticle via chemically labile bonds.
Preferably, the bonds attaching the end-cap to the nanopar-
ticle are sensitive to the target analyte/biomarker.

[0023] Alternatively, the surrogate markers may be
directly attached to a surface of the nanoparticle via chemi-
cally labile bonds that are sensitive to the target. analtye/
biomarker. Thus, when the nanostructure-based assembly is
localized to the target analyte/biomarker by the detecting
means, the surrogate markers are released without the need
for an end-cap.

[0024] Yet another embodiment provides a solid nanopar-
ticle that has the detecting means is attached to the outside
surface of the nanoparticle and the surrogate marker is
attached to the detecting means. In the presence of a target
analyte/biomarker, the detecting means undergoes a confor-
mational change to cause the surrogate marker to be detect-
able to the user. For example, the detecting means/surrogate
marker of the invention can include aptamer-based molecu-
lar beacons.

[0025] In apreferred embodiment, nanoparticles are in the
form of nanotubes, which are. defined by a hollow tubular
body with an inner void,. which contains a surrogate marker.
The hollow tubular body has a first end and a second end.
The first end of the tubular body is open and a first end-cap
bound to a detecting means is positioned over the first open
end to close the first end. The second end of the tube is
closed or similarly capped as the first end. Preferably, the
detecting means is an aptamer.

[0026] The advantages of the invention are numerous.
First and foremost, for healthcare personnel, the invention
provides a method that can readily diagnose a patient’s
condition (or disorder/disease) based on a small sample of
the patient’s bodily fluid. Second, the invention is inexpen-
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sive and has broad medical applications for detecting a wide
range of compounds (including licit and illicit drugs) in
samples of bodily fluids.

[0027] For example, using the systems and methods of the
present invention, emergency room personnel can quickly
and effectively determine if someone is suffering from
traumatic brain injury (TBI). By mixing nanostructure-based
assemblies of the present invention to an ex vivo sample of
the injured patient’s blood or cerebral spinal fluid and
applying sensor technology to the mixture, the present
invention can accurately assess the presence and concentra-
tion of all-spectrin breakdown products (biomarkers of
TBI) for which the nanostructure-based assemblies are pro-
grammed to detect. A resulting advantage of the ability to
rapidly detect TBI through a simple and efficient system is
the ability to timely treat TBI.

[0028] In another embodiment, the nanostructure-based
assemblies are designed to detect a protein, prostate specific
antigen (PSA), which is produced by prostate cancers. In
accordance with the present invention, a detecting means is
designed that is specific for PSA (i.e., PSA-aptamer). The
detecting means is attached to a surface of the nanoparticle.
Also included on or within the nanoparticle is at least one
surrogate marker (i.e., DMSO).

[0029] To test for the presence of prostate cancer, or a
recurrence of prostate cancer, a nanostructure-based assem-
bly designed to detect PSA is mixed with an ex vivo sample
of a patient’s bodily fluid (i.e., blood). Where PSA is present
in the bodily fluid sample, the PSA interacts with the
detecting means, which affects the release of the surrogate
marker for detection. Any one of a number of previously
disclosed sensor technologies is then used to detect the
surrogate marker, which indicates the presence and concen-
tration of PSA in the bodily fluid sample.

[0030] Ex vivo analysis of bodily fluids utilizing methods
disclosed herein can be applied to a wide range of point of
care (POC) diagnostic tests. For example, potential appli-
cations include detection of licit and illicit drugs, detection
of a wide range of biomarkers related-to specific diseases,
and detection of any other compounds that appear in bodily
fluids. These tests can be highly quantitative because the
quantity of surrogate markers released/detectable is propor-
tional to the quantity of a target analyte/biomarker present in
a sample of bodily fluid.

[0031] Moreover, analysis of bodily fluid samples using
the method of the present invention can enable timely
interventions for time-sensitive conditions or diseases. For
example, it is known that isoprostane levels increase in
cerebral spinal fluid and blood after TBI. If isoprostane is
readily detectable in bodily fluids (i.e., blood, cerebral
spinal. fluid) using an isoprostane specific nanostructure-
based assembly of the present invention, it can be possible
to not only diagnose TBI in a patient but also to evaluate the
efficacy of interventions in-real-time for TBI. In addition,
the method of the present invention can also evaluate
pharmacodynamics and pharmacokinetics for drug interven-
tions in individuals.

DETAILED DISCLOSURE

[0032] The present invention is directed to the efficient,
timely, and accurate analysis of a sample of a patient’s
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bodily fluids to detect and/or quantify analytes/biomarkers
indicative of conditions, disorders, or diseases such as
intoxication, cancer, cardiac disease, drug abuse, renal fail-
ure, liver disease, or diabetes. The systems and methods of
the invention use nanostructure-based assemblies that con-
tain a nanoparticle, a means for detecting a target analtye/
biomarker, and a surrogate, marker. Commonly available
sensor technology is used by the present invention to detect
the presence of a surrogate marker released from a nano-
structure-based assembly in a sample of bodily fluid.

[0033] Inoperation, nanostructure-based assemblies of the
invention are mixed with an ex vivo bodily fluid sample
collected from a patient. Surrogate markers are generally
released into the patient when nanostructure-based assem-
blies are in the presence of target analytes/biomarkers.
Specifically, bioactive interaction between the biodetector/
biosensor and the target analyte/biomarker affect the release
of the surrogate marker from the nanoparticle. Advanta-
geously, the concentration of the released surrogate marker
is proportional to the amount of analyte/biomarker present in
the bodily fluid sample, which can be measured using
quantitative sensor technology known in the art.

Definitions

[0034] Unless otherwise stated, the following terms used
in the specification and claims have the meanings given
below:

[0035] The term “aptamer,” as used herein, refers to a
non-naturally occurring oligonucleotide chain that has a
specific action on a target analyte/biomarker of interest. A
specific action includes, but is not limited to, binding of the
target analyte/biomarker, catalytically changing the target
analyte/biomarker, and reacting with the target analyte/
biomarker in a way which modifies/alters the analyte/biom-
arker or the functional activity of the analyte/biomarker. The
aptamers of the invention preferably specifically bind to a
target analyte/biomarker and/or react with the target. ana-
lyte/biomarker in a way which modifies/alters the analyte/
biomarker or the functional activity of the analyte/biomar-
ker.

[0036] Aptamers include nucleic acids that are identified
from a candidate mixture of nucleic acids. In a preferred
embodiment, aptamers include nucleic acid sequences that
are substantially homologous to the nucleic acid ligands
isolated by the SELEX method. Substantially homologous is
meant a degree of primary sequence homology in excess of
70%, most preferably in excess of 80%.

[0037] The “SELEX” methodology, as used herein,
involves the combination of selected nucleic acid ligands,
which interact with a target analyte/biomarker in a desired
action, for example binding to a protein, with. amplification
of those selected nucleic acids. Optional iterative cycling of
the selection/amplification steps allows selection of one or a
small number of nucleic acids, which interact most strongly
with the target analyte/biomarker from a pool, which con-
tains a very large number of nucleic acids. Cycling of the
selection/amplification procedure is continued until a
selected goal is achieved. The SELEX methodology is
described in the following U.S. patents and patent applica-
tions: U.S. patent application Ser. No. 07/536,428 and U.S.
Pat. Nos. 5,475,096 and 5,270,163.
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[0038] The term “indicator aptamers,” as used herein,
refers to aptamers to which molecular beacons are attached,
such as those described in U.S. Pat. Nos. 6,399,302 and
5,089,823,

[0039] The term “molecular beacons,” as used herein,
refers to a molecule or group of molecules (i.e., a nucleic
acid molecule hybridized to an energy transfer complex or
chromophore(s)) that can become detectable and can be
attached to a biodetector/biosensor under preselected con-
ditions. For example, an embodiment of the present inven-
tion includes an aptamer-bound fluorescence beacon that (a)
quenches when a target analyte/biomarker is reversibly
bound to the aptamer and (b) is detectable with a photode-
tector to quantify the concentration of target analyte/biom-
arker present.

[0040] As used herein, “analytes” and “biomarkers” are
used interchangeably (i.e., “analyte/biomarker”) to refer to
naturally occurring and/or synthetic compounds, which are
a marker of a condition (i.e., drug abuse), disease state (i.e.,
infectious diseases), disorder (i.e., neurological disorders),
or a normal or pathologic process that occurs in a patient
(i.e., drug metabolism). The term “analyte” or “biomarker;”
as used herein, can refer to any substance, including chemi-
cal and/or biological agents that can be measured in an
analytical procedure.

[0041] Analytes/biomarkers that can be detected using the
present invention include, but are not limited to, the follow-
ing metabolites or compounds commonly found in bodily
fluids: acetaldehyde (source: ethanol; diagnosis: intoxica-
tion), acetone (source: acetoacetate; diagnosis: diet or keto-
genic/diabetes), ammonia (source: deamination of amino
acids; diagnosis: uremia and liver disease), CO (carbon
monoxide) (source: CH,Cl,, elevated % COHb; diagnosis:
indoor air pollution), chloroform (source: halogenated com-
pounds), dichlorobenzene (source: halogenated com-
pounds), diethylamine (source: cholinre; diagnosis: intesti-
nal bacterial overgrowth), H (hydrogen) source: intestines;
diagnosis: lactose intolerance), isoprene (source: fatty acid;
diagnosis: metabolic stress), methanethiol (source: methion-
ine; diagnosis: intestinal bacterial overgrowth), methyleth-
ylketone (source: fatty acid; diagnosis: indoor air pollution/
diet), O-toluidine (source: carcinoma metabolite; diagnosis:.
bronchogenic carcinoma), pentane sulfides and sulfides
(source: lipid peroxidation; diagnosis: myocardial infarc-
tion), H,S (source: metabolism; diagnosis: periodontal dis-
ease/ovulation), MeS (source: metabolism; diagnosis: cir-
rhosis), Me,S (source: infection; diagnosis: trench mouth),
all-spectrin - breakdown products and/or isoprostanes
(source: cerebral spinal fluid, blood; diagnosis: traumatic or
other brain injuries); prostate specific antigen (source: pros-
tate cells; diagnosis: prostate cancer); and GLXA (source:
gylcolipid in Chlamydia; diagnosis: Chlamydia).

[0042] Additional analytes/biomarkers that can be
detected using the present invention include, but are not
limited to, illicit, illegal, and/or controlled substances
including drugs of abuse (i.c., amphetamines, analgesics,
barbiturates, club drugs, cocaine, crack cocaine, depressants,
designer drugs, ecstasy, Gamma Hydroxy Butyrate—GHB,
hallucinogens, heroin/morphine, inhalants, ketamine, lyser-
gic acid diethylamide—LSD, marijuana, methamphet-
amines, opiates/narcotics, phencyclidine—PCP, prescription
drugs, psychedelics, Rohypnol, steroids, and stimulants);
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allergens (i.e., pollen, spores; dander, peanuts, eggs, and
shellfish); toxins (i.e., mercury, lead, other heavy metals, and
Clostridium Difficile toxin); carcinogens (i.e., acetaldehyde,
beryllium compounds, chromium, dichlorodiphenyltrichlo-
roethane (DDT), estrogens, N-methyl-N'-nitro-N-ni-
trosoguanidine (MNNG), and radon); and infectious agents
(i.e., Bordettella bronchiseptica, citrobacter, Escherichia
coli, hepatitis viruses, herpes, immunodeficiency viruses,
influenza virus, Listeria, micrococcus, mycobacterium,
rabies virus, rhinovirus, rubella virus, Salmonella, and yel-
low fever virus).

[0043] The term “bodily fluid,” as used herein,. refers to a
mixture of molecules obtained from a patient. Bodily fluids
include, but are not limited to, exhaled breath, whole blood,
blood plasma, urine, semen, saliva, lymph fluid, meningal
fluid, amniotic fluid, glandular fluid, sputum, feces, sweat,
mucous, and cerebrospinal fluid. Bodily fluid also includes
experimentally separated fractions of all of the preceding
solutions or mixtures containing homogenized solid mate-
rial, such as feces, tissues, and biopsy samples.

[0044] The term “biodetector/biosensor,” as used herein,
refers to the use of naturally-occurring and/or synthetic
compounds as highly specific and sensitive detectors of
various types of analytes/biomarkers. Naturally-occurring
compounds such as antibodies, proteins, receptor ligands,
and receptor proteins have been used to provide molecular
recognition for a wide variety of target molecules in diag-
nostic assays. Alternatively, synthetic compounds such as
aptamers have been manufactured that mimic naturally
occurring mechanisms of DNA, RNA, and protein synthesis
in cells to facilitate detection of target analytes/biomarkers.

[0045] The term “ex vivo,” as used herein, refers to an
environment outside of a patient. Accordingly, a sample of
exhaled breath collected from a patient is an ex vivo sample
of bodily fluid as contemplated by the subject invention.

[0046] The term “surrogate marker,” as used herein, refers
to a molecule or compound that is detectable by means of its
physical or chemical properties. As such, surrogate markers
are detectable by a number of sensor technologies known in
the art including, but not limited to, flow cytometers, semi-
conductive gas sensors; mass spectrometers; infrared (IR),
ultraviolet (UV), visible, or fluorescence spectrophotom-
eters; gas chromatography, conductive polymer gas sensor
technology; surface acoustic wave gas sensor technology;
immunoassay technology, and amplifying fluorescent poly-
mer (AFP) sensor technology.

[0047] A “patient,” as used herein, describes an organism,
including mammals, from which bodily fluid samples are
collected in accordance with the present invention. Mam-
malian species that benefit from the disclosed systems and
methods of diagnosis include, and are not limited to, apes,
chimpanzees, orangutans, humans, monkeys; and domesti-
cated animals (e.g., pets) such as dogs, cats, mice, rats,
guinea pigs, and hamsters.

Nanoparticles

[0048] Nanostructure-based assemblies offer timely, and
effective detection and notification of a condition, disorder,
or disease in a patient via ex vivo analysis. Such assemblies
are based on nanoparticles, which provide a mechanism for
the detection of a target analyte/biomarker in a bodily fluid
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sample as well as a mechanism for the release of detectable
surrogate markers to signal the presence of a target analyte/
biomarker.

[0049] According to the present invention, nanoparticles
can be produced in a wide range of sizes and shapes, and
composed of a wide range of materials, or combination of
materials, optimized for ex-vivo analysis. Contemplated
shapes include, but are not limited to, spherical, elliptical,
cubic, cylindrical, tetrahedron, polyhedral, irregular-pris-
matic, icosahedral, and cubo-octahedral forms. Nanopar-
ticles intended for ex-vivo use are of any dimension, pref-
erably with a maximum dimension less than 500 nm, so as
to ensure proper distribution at the cellular level. The
“maximum dimension” of a nanoparticle is the maximum
distance between any two points in the nanoparticle. In a
preferred embodiment, the nanoparticles are in the form of
tubular bodies (also known as “nanotubes”), which are
either hollow or solid and include either open ends or one or
both closed ends.

[0050] Methods of preparation of nanoparticles are well
known in the art. For example, the preparation of monodis-
perse sol-gel silica nanospheres using the well-known Sto-
ber process is described in Vacassy, R. et al., “Synthesis of
Microporous Silica Spheres,”J. Colloids and Interface Sci-
ence, 227, 302 (2000).

[0051] Nanoparticles, in accordance with the present
invention, can be prepared- from a single material or a
combination of materials. For example, nanotubes can be
prepared from either one or a combination. of materials
including, but not limited -to, polymers, semiconductors,
carbons, or Li* intercalation materials. Metal nanoparticles
include those made from gold or silver. Semi-conductor
nanoparticles include those made from silicon or germa-
nium. Polymer nanoparticles include those made from bio-
compatible or biodegradable polymers. The ability to make
nanoparticles from a wide variety of materials or combina-
tion of materials allows the creation of nanoparticles with
desired biochemical properties such as biocompatibility,
including immunogenic compatibility, and/or, biodegrad-
ability.

[0052] Nanoparticles of the present invention can be syn-
thesized using a template synthesis method. For example,
nanoparticles can be synthesized using templates prepared
from glass (Tonucci, R. J. et al., Science 258, 783 (1992)),
xeolite (Beck, J. S. et al., J. Am. Chem. Soc., 114, 10834
(1992)), and a variety of other materials (Ozin, G. A., Adv,
Mater, 4, 612 1992)). Alternatively, nanoparticles can be
prepared using a self-assembly process, as described in
Wang, Z. L., “Structural Analysis of Self-Assembling
Nanocrystal Superlattices,”Adv. Mater., 10(1):13-30 (1998).

[0053] In one embodiment, a nanostructure-based assem-
bly of the invention contains a nanoparticle, which has one
or more surfaces functionalized to allow attachment of
biodetectors/biosensors to the surface. Such “functional-
ized” nanoparticles have at least one surface modified to
allow for the directional delivery and/or controlled release of
the payload and surrogate marker. In certain embodiments,
the nanoparticle is formed with an interior void. Thus,
different chemical and/or biochemical functional groups can
be applied to the inside and/or outside surfaces of the
nanoparticle; Alternatively, one chemical/biochemical spe-
cies can be applied to the inside surface of the nanoparticle
and a second species to the outside surface.
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[0054] In another embodiment, the nanostructure-based
assembly contains’ a nanoparticle formed with an interior
void to contain a surrogate marker and a detachable end-cap
with a detecting means attached thereto. In the presence of
a target analyte/biomarker, the detecting means mechani-
cally detaches the end-cap from the nanoparticle to release
the surrogate marker for analysis by sensor technology.

[0055] 1In a preferred embodiment, the nanoparticle is in
the form of a nanotube that is hollow and has a first open end
and a second closed end. A surrogate marker is enclosed
within the hollow interior of the nanotube. The first open end
is blocked with an aptamer-end-cap that prevents the release
of the surrogate marker located within the hollow interior of
the nanotube.

[0056] Upon detecting a target analyte/biomarker by the
aptamer attached to an end-cap, the surrogate marker is
released with the uncapping of the nanoparticle. The uncap-
ping mechanism may require the use of energy-bearing
biomolecular motors such as, but not limited to, the actin-
based system (Dickinson, R. B. and D. L. Purich, “Clamped
filament elongation model for actin-based motors,”Biophys
J., 82:605-617 (2002)). Once the nanoparticle is uncapped,
the released surrogate marker can then be detected using
sensor technology known in the art including, but not limited
to, gas chromatography, electronic noses, spectrophotom-
eters to detect the surrogate marker’s infrared (IF), ultravio-
let (UV), or visible absorbance or fluorescence, or mass
spectrometers.

Nanotubes

[0057] A number of patents and publications. describe
nanotube technology. For example, U.S. Pat. No. 5,482,601
to Ohshima et al. describes a method for producing carbon
nanotubes. Other methods for making and using nanotubes
include the non-carbon nanotubes of Zettl et al., U.S. Pat.
No. 6,063,243, and the functionalized nanotubes of Fisher et
al., U.S. Pat. No. 6,203,814.

[0058] For nanotubes, synthesis occurs within the mem-
brane pores of a microporous membrane or other solid, as
described in Charles R. Martin, “Nanomaterials: A Mem-
brane-Based Synthetic Approach,”Science, 266:1961-1966
(1994), using electrochemical or chemical methods.
Depending on the membrane and synthetic method used, the
nanotubes may be solid or hollow. Template membrane pore
diameters can be varied to produce nanotubes having diam-
eters as small as 5 nm to as large as 100 um. Likewise, the
template membrane thickness can be varied to give nano-
tubes having a length from as small as 5 nm to as large as
100 gm. Preferably, when the nandtube is intended for in
vivo use, the nanotube is of length less than 500 um and
diameter less than 200 nm. Especially preferred nanotubes
for ex vivo use have a maximum dimension less than 100
nm.

[0059] “Track-etch” polymeric or porous alumina mem-
branes can be used in the preparation of nanotubes. Track-
etch membranes prepared from polycarbonate and polyester
are available from suppliers such as Osmonics (Minnetonka,
Minn.) and Whatman (Maidstone, Kent UK). Track-etch
membranes contain randomly distributed cylindrical pores
of uniform diameter that run through the entire thickness of
the membrane. Pore diameters as small as 10 nm are
commercially available at pore densities of up to 10° pores
per square centimeter.
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[0060] Porous alumina membranes, which are commer-
cially available from Whatman (Maidstone, Kent UK), are
prepared electronically from aluminum metal. Pore diam-
eters as small as 5 nm can be achieved at pore densities as
high as 10™ pores per square centimeter. Membranes can be
prepared having the membrane thickness from as small as
100 nm to as large as 100 ym.

[0061] Nanotubes can be synthesized such that both ends
of the nanotube are open. Alternatively, nanotubes having
one open end can be synthesized. Solid nanotubes can also
be synthesized. Nanotubes with one closed end can be
produced by template synthesis., Before the alumina tem-
plate membrane is removed from the substrate aluminum
surface, the pores in the alumina terminate into a non-porous
alumina barrier layer (Hornyak, G. L., et al., “Fabrication,
Characterization and Optical. Properties of Gold-Nanopar-
ticle/Porous-Alumina Composites: The Non-Scattering
Maxwell-Garnett Limit,”J. Phys. Chem. B., 101:1548-1555
(1997)). This non-porous barrier layer is removed when the
alumina membrane is stripped off the aluminum surface.
However, if the template synthesis is completed before
removal of the alumina from the aluminum, the bottoms of
the nanotubes are closed. Dissolution of the alumina then
liberates. the nanotubes that are closed at one end and open
at the other end.

[0062] Suitable end-caps used to block a nanotube open-
ing include, for example, nanoparticles having a diameter
slightly larger than the inside diameter of the nanotubes so
as to occlude the open end of the nanotube. End-caps are any
piece of matter and can be composed of materials that are
chemically or physically similar (or dissimilar) to the nano-
tube. The end-cap can be a particle that has a maximum
dimension of less than 100 um. In a preferred embodiment,
the end-cap is of a spherical or spheroidal form. However,
end-caps of other shapes, including ellipsoidal, cylindrical,
and irregular, can also be used.

[0063] A suitable end-cap can be attached to a nanotube by
covalent bonds. For example, silica nanotubes and particles
can be linked by disulphide bonds. Initially, the surface at
the ends of silica nanotubes is functionalized with a —SH
linker. This can be performed while the nanotubes are still
embedded in the pores of the template membrane. This
allows activation of the end surface without changing the
chemical properties of the outer surface of the nanotubes.

[0064] If necessary, the inner surfaces of the nanotubes are
protected with, for example, a silane group such as (Me—
0);—(CH,);—OH. After the protection step, the silica
surface layers at the nanotube mouths are removed to expose
fresh silica. The freshly-exposed silica will be reacted with
the silane, such as (Me—O),—Si—(CH,),—SH to attach
the requisite —SH linker to the mouths of the nanotubes.
The length of the alkyl chain in this silane can be varied to
allow-placement of the —SH linker any desired distance
from the nanotube mouth. These —SH functionalities are
then reacted with pyridine disulfide in order to obtain
nanotubes with an activated disulfide bond at the nanotube
ends.

[0065] The surface of the end-cap is then functionalized
with the same —SH containing silane used on the mouths of
the nanotubes. Hence, nanotubes with an activated disulfide
at their mouths and end-caps with an —SH group on their
surface are available for linkage through disulfide bond
formation.
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[0066] Other types of covalent bonds, for example amide
and ester bonds, can be used to attach an end-cap to the
nanotube. Siloxane based linking can also be used. This
would be particularly useful when the cap is composed of
silica as the silanol sites on the silica surface reacts spon-
taneously with siloxanes to form a covalent oxygen-silicon
bond. For metal based nanotubes or end-caps, thiol linkers
can be used for attachment. For example, molecule (Me—
0);—Si—(CH,),—SH could be attached to a silica nano-
tube and a gold nanoparticle attached as the end-cap using
the —SH end of this molecule. It is well known that such
thiols form spontaneous As—S bonds with gold surfaces.

[0067] Contemplated end-caps for the invention include
nanoparticles that can be electrophoretically placed within
the mouths of nanotubes so that the entire mouth of the
nanotube is blocked when disulfide bonds are formed
between the nanotube and the nanoparticle as described in
Miller, S. A. and C. R. Martin, “Electroosmotic Flow in
Carbon Nanotube Membranes,”J. Am. Chem. Soc.,
123(49):12335-12342 (2001).

[0068] For example, a nanotube containing membrane is
mounted in a U-tube cell with Platinum electrodes immersed
into the buffer solution on either side of the membrane. The
—SH-functionalized end-caps are added to the cathode,
half-cell. The buffer solution is maintained at pH=7 so that
a small fraction of the —SH groups on the end-caps are
deprotonated. These negatively charged particles are driven
into the mouths of the nanotubes electrophoretically by
using the Platinum electrodes to pass a constant current
through the membrane. Hence, the electrophoretic force
causes the end-caps to nestle into the nanotube mouths,
where disulfide bond formation will occur.

[0069] As an alternative to the electrophoretic assembly
method, —SH labeled end-caps can be suspended in solu-
tion together with the activated disulfide labeled nanotubes.
Here, the nanoparticle caps can spontaneously self-assemble
to the nanotubes. The self-assembly of gold nanospheres and
latex particles to template prepared polymeric and metal
nanowires is described by Sapp, S. A. et al., “Using Tem-
plate-Synthesized Micro- and Nanowires as Building Blocks
for Self-Assembly of Supramolecular Architectures,”Chem.
Mater., 11:1183-1185 (1999).

[0070] In addition to —SH linking, other covalent linking
methods can be used to link nanotubes and end-caps. Non-
covalent linking methods can be used. These include, for
example, DNA hybridization (Mirkin, C. A., “Programming
the Self-Assembly of Two and Three-Dimensional Archi-
tectures with DNA and Nanoscale Inorganic Building
Blocks,”Inorg., Chem., 39:2258-2272 (2000)), the biotin/
avidin interaction (Connolly, S. and D. Fitzmaurice, “Pro-
grammed Assembly of Gold Nanocrystals in Aqueous Solu-
tion,”Adv. Mater, 11:1202-1205 (1999)), and antigen/
antibody interactions (Shenton, W. et al., “Directed Self-
Assembly of Nanoparticles into Macroscopic Materials
Using Antibody-Antigen Recognition,”Adv. Mater., 11:449
(1999)).

[0071] Preferred nanotubes are those comprising silica or
polymers. Silica nanotubes can be prepared using sol-gel
template synthesis, as described in Lakshmi, B. B. et al.,
“Sol-Gel Template Synthesis of Semiconductor Oxide
Micro- and Nanostructures,”Chem. Mater., 9:2544-2550
(1997); Lakshmi, B. B. et al., “Sol-Gel Template Synthesis
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of Semiconductor. Nanostructures,”Chem Mater., 9:857-862
(1997). The template membrane is immersed into a standard
tetracthylorthosilicate sol so that the sol fills the pores. After
the desired emersion time, the membrane is removed, dried
in air, and then cured at 150° C. This yields silica nanotubes
lining the pore walls of the membrane plus silica surface
films on both faces of the membrane. The surface films are
removed by briefly polishing with slurry of alumina par-
ticles. The nanotubes are then liberated by dissolving the
template membrane and collected by filtration.

[0072] The outside diameter of the nanotube can be con-
trolled by varying the pore diameter of the template mem-
brane, the length of the nanotube can be controlled by
varying the thickness of the template membranes, and the
inside diameter of the nanotube can be controlled by varying
the immersion time in the sol.

[0073] Polymer nanotubes can be prepared from many
substances that are composed of monomer units. “Monomer
units,” as used herein, refers to the individual moieties that
are repeated to form “polymers.” Multiple monomer units
are covalently attached when tin the form of a backbone of
a polymer. Polymers that are made from at least two
different types of monomer units are referred to as “copoly-
mers.”. Polymerizing or copolymerizing describes the pro-
cess by which multiple monomers are reacted to form
covalently linked monomer units that form polymers or
copolymers, respectively. A discussion of polymers, mono-
mer units, and the monomers from which they are made rd
may be found in Stevens, Polymer Chemistry: An Invitation.
3 ed., Oxford University Press (1999).

[0074] Polymeric nanotubes can be prepared using a solu-
tion deposition method as described in Depak, V. M. and C.
R. Martin, “Preparation of Polymeric Micro- and Nanostruc-
tures Using a Template-Based Deposition Method,”Chem.
Mater., 11:1363-1367 (1999). This method entails deposit-
ing a solution of the desired polymer within the pores of the
template membrane and allowing the solvent to evaporate.
In addition, polymer nanotubes can be prepared by poly-
merizing a monomer of a monomer within the, pore as
described by Martin, C. R., “Template Synthesis of Elec-
tronically Conductive Polymer Nanostructures,”Acc. Chem.
Res., 28:61-68 (1995).

[0075] Preferred polymers include polystyrene, polyorga-
nosiloxane, poly(methyl methacrylate), polystyrene, poly-
lactic acids, and other biodegradable polymers, acrylic
latexes, polyorganosiloxane, cellulose, polyethylene, poly-
(vinyl chloride), poly(ethyl methacrylate), poly(tetrafluoro-
ethylene), poly(4-ibdostyrene/divinylbenzene), poly(4-vi-
nylpyridine/divinylbenzene), poly(styrene/divinyl benzene),
crosslinked melamine particles, phenolic polymer colloids,
polyamide 6/6, natural rubber, naturally occurring biopoly-
mers such as algenates, and collagen, or mixtures thereof.

Functionalization of Nanoparticle Surface

[0076] Methods used to functionalize a nanoparticle sur-
face, in accordance with the present invention, depend on
the composition of the nanoparticle and are well known in
the art. For example, functionalization of silica nanoparticles
is accomplished using silane chemistry. The detecting means
and/or the surrogate marker can be attached to the surfaces
of the nanoparticle by attaching them to the surface of the
nanoparticle while the nanoparticle is still embedded within
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a template. Alternatively, while the nanoparticle is embed-
ded in the template, a hydrolytically unstable silane is
reacted with surface silanol sites on the nanoparticle to
obtain covalent oxygen/silicon bonds between the surface
and the silane. Either the detecting means and/or the surro-
gate marker can then be attached to the surface of the
nanoparticle after dissolution of the template.

[0077] The surface of polymer-based nanoparticles can
also be functionalized using well-known chemical methods.
For example, the methods employed for polylactide synthe-
sis allow for differential end-functionalization. Polymeriza-
tion occurs by an insertion mechanism mediated by Lewis
acids such as Sn** whose bonds with oxygen have signifi-
cant covalent character. An alcohol complexed with the
metal ion initiates polymerization, which continues by step-
wise ring-opening of the lactide monomers to generate a
new alkoxide-metal complex capable of chain growth. The
polymer molecular weight can be controlled by the molar
ratio of initiating alcohol to the lactide monomer. The
resulting polyester-possesses directionality with a hydroxyl
terminus (from the first monomer) and either a detecting
means and/or surrogate marker at the ester terminus deter-
mined by the structure of the initiating alcohol. The latter
can contain a variety of detecting means and/or surrogate
markers.

[0078] Additionally, the detecting means and/or surrogate
marker can be introduced by copolymerization. Natural
amino acids re sterically similar to lactic acid but offer a
variety of functional groups on their side-chains (—OH,
—CO,H, —NH,, —SH, etc.). Monomer derived from an
amino acid and lactic acid can be synthesized by standard
methods and used for random copolymerization with lactide.

[0079] By functionalizing the nanoparticle with either a
detecting means and/or surrogate marker, the present inven-
tion provides nanostructure-based assemblies that can
immobilize a specific protein or cell. See Langer, R., “Tissue
Engineering,”Mol. Ther, 1:12-15 (2000). Detecting means,
for example proteins, including antibodies or peptides,
RNA, or DNA, aptamers, cellular receptor ligands, are
attached to the nanoparticle surface. Such detecting means
may be attached covalently, including attachment via func-
tional groups introduced by the functionalization of the
surface. Alternatively, the detecting means may be
covalently attached via linker molecules. Non-covalent link-
ages can also be used to attach detecting means and/or
surrogate markers to the nanoparticle. Examples of non-
covalent linkages include, and are not limited to, absorption
via hydrophobic binding or Van der Waals forces, hydrogen
bonding, acid/base interactions, and electrostatic forces.

[0080] For nanoparticles comprising a hollow void in
which the surrogate marker can be contained, a surrogate
marker can be loaded into the void using an electrophoretic
force. (See Miller, S. A. and C. R. Martin, “Electroosmotic
Flow in Carbon Nanotube Membranes,”J. Am. Chem. Soc.,
123(49):12335-12342 (2001)). Alternatively, nanoparticles
embedded within the synthesis membrane can be filled with
a surrogate marker by vacuum filtering a solution containing
the surrogate marker through the synthesis membrane. (See
Parthasarathy, R. and C. R. Martin, Nature, 369:298 (1994)).
For nanoparticles prepared by formation within an alumina
template film prior to removal of the alumina from the
underlying aluminum surface, they can be filled by simply
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applying a solution containing the surrogate marker to the
surface of the film (where the opening to the hollow void is
located) and allowing the solvent to evaporate. Multiple
applications can be used, if needed.

Means for Detecting Target Analytes/Biomarkers

[0081] The present invention contemplates using known
bifunctional or hybrid molecules for detecting target ana-
lytes/biomarkers. Some of these molecules include, but are
not limited to; chimeric antibodies; bispecific antibodies
(i.e., antibodies produced through enzymatic digestion of
parent antibodies and controlled reconstitution using Fab
fragments obtained from two different parents); conven-
tional immunoconjugates, which can include an imaging
agent covalently attached or chelated to an antibody or
antibody fragment through established immunochemical
methods; and fusion proteins, generated from hybrid genes
developed and expressed through recombinant methods.

[0082] According to the present invention, other contem-
plated means for detecting a target analyte/biomarker
include antibodies, antigens, haptens and nucleic acid probes
with site-directed effectors (i.e., fluorophores). DNA,
including branched DNA, can also be used in accordance
with the present invention as a means for detecting target
analytes/biomarkers. For example, it has been shown that
particular proteins recognize and bind to specific sites on the
DNA. See Seeman, Clin. Chem., 39:722 (1993).

[0083] The present invention preferably utilizes aptamers
to non-invasively detect drugs, biomarkers, and other ana-
lytes in exhaled breath and other bodily fluids, such as blood.
In a preferred embodiment, the invention includes aptamers
in combination with nanbtechnology (i.e., nanotubes) to
provide an effective method for signaling the presence of a
target analyte/biomarker in bodily fluids, particularly in
blood.

[0084] The discovery of the SELEX™ (Systematic Evo-
lution of Ligands by EXponential enrichment) methodology
enabled the identification of aptamers that recognize mol-
ecules other than nucleic acids with high affinity and speci-
ficity (Ellington and Szostak, “In vitro selection of RNA
molecules that bind specific ligands,”Nature, 346:818-822
(1990); Gold et al., “Diversity of oligonucleotide functions,
”Ann. Rev. Biochem., 64:763-797 (1995); Tuerk and Gold,
“Systematic evolution of ligands by exponential enrich-
ment—RNA ligands to bacteriophage-T4 DNA-polymerase,
”Science, 249:505-510 (1990)). Aptamers have been
selected to recognize a broad range of targets, including
small organic molecules as well as large proteins (Gold et
al., supra.; Osborne and Ellington, “Nucleic acid selection
and the challenge of combinatorial chemistry,”Chem. Rev,
97:349-370 (1997)).

[0085] The aptamers derived from the SELEX methodol-
ogy may be utilized in the present invention. The SELEX
methodology enables the production of aptamers, each of
which have a unique sequence and the property of binding
specifically to a desired target compound or molecule. The
SELEX methodology is based on the insight that nucleic
acids have sufficient capacity for forming a variety of two-
and three-dimensional structures and sufficient chemical
versatility available within their monomers to act as ligands
(form specific binding pairs) with virtually any chemical
compound, whether monomeric or polymeric. Molecules of



US 2006/0040318 Al

any size or composition can serve as targets. See also
Jayasena, S., “Aptamers: An Emerging Class of Molecules
That Rival Antibodies for Diagnostics,”Clinical Chemistry,
45:9, 1628-1650 (1999).

[0086] Aptamers that can be used in the present invention
include those described in U.S. Pat. No. 5,656,739 (herein-
after the ’739 patent), which discloses the advantages of
synthetic oligonucleotides as assembly templates. The *739
patent describes nucleic acids as particularly useful assem-
bly templates’ because they can be selected to specifically
bind nonoligonucleotide target molecules with high affinity
(e.g., Tuerk and Gold (1990), supra), and because they can
hybridize by complementary base pairing. Both forms of
recognition can be programmably synthesized in a single
molecule or hybridized into a single discrete structure.

[0087] As described herein, nanoparticles can be prepared
with hollow interiors and include functionalized end-caps
with detecting means. A variety of methods are available to
functionalize an end-cap, depending on the composition of
the end-cap. For example, an end-cap can be functionalized
using well-known chemical methods such as those
employed for polylactide synthesis. Detecting means (i.e.,
aptamers, proteins, antibodies) can be introduced to “func-
tionalized” end-caps by copolymerization. For example,
monomers derived from an amino acid or lactic acid can be
synthesized using standard methods and then used for ran-
dom copolymerization with lactide. Such functionalized
end-caps can allow for the application of the detecting
means to the end-cap.

[0088] In one embodiment, the detecting means are
aptamers that can be attached to proteins utilizing methods
well known in the art (see Brody, E. N. and L. Gold,.
“Aptamers as therapeutic and diagnostic agents,”J. Biotech-
nol, 74(1):5-13 (2000) and Brody, E. N. et al., “The use of
aptamers in large arrays for molecular diagnostics,”Mol
Diagn, 4(4):381-8 (1999)). For example, photo-cross-link-
able aptamers allow for the covalent attachment of aptamers
to proteins. Such aptamer-linked proteins can then be immo-
bilized on a functionalized end-cap of a nanoparticle. For
example, aptamer-linked proteins can be attached covalently
to a nanoparticle end-cap, including attachment of the
aptamer-linked protein by functionalization of the end-cap
surface. Alternatively, aptamer-linked proteins can be
covalently attached to an end-cap via linker molecules.
Non-covalent linkage provides another method for introduc-
ing aptamer-linked proteins to an end-cap. For example, an
aptamer-linked protein may be attached to an end-cap by
absorption via hydrophilic binding or Van der Waals forces,
hydrogen bonding, acid/base interactions, and electrostatic
forces.

[0089] Aptamer-end-caps, according to the present inven-
tion, are bound to the nanoparticle until the detection of a
target analyte/biomarker by the aptamer. End-caps are
attached to nanoparticles using a variety of methods. Meth-
ods for attaching an end-cap, to a nanoparticle include, but
are not limited to, using: electrostatic attraction, hydrogen
bonding, acid and/or basic sites located on the end-cap/
nanoparticle, covalent bonds, and other chemical linkages.

Sensor Technology

[0090] Sensor technology is used by the present invention
to detect the presence of a surrogate marker released from a

Feb. 23, 2006

nanoparticle-based sensor in a bodily fluid sample. The
surrogate marker signifies the presence and quantity of a
target analyte/biomarker. The present invention contem-
plates using sensor technology based on surface acoustic
wave (SAW) sensors. These sensors oscillate at high fre-
quencies and respond to perturbations proportional to the
mass load of certain molecules. This occurs in the vapor
phase on the sensor surface. The resulting frequency shift is
detected and measured by a computer. Usually, an array of
sensors (4-6) is used, each coated with a different chemose-
lective polymer that selectively binds and/or absorbs vapors
of specific classes of molecules. The resulting array, or
“signature” identifies specific compounds. Sensitivity of the
arrays is dependent upon the homogeneity and thickness of
the polymer coating.

[0091] Surface-acoustic-wave (SAW) gas-sensors gener-
ally include a substrate with piezoelectric characteristics
covered by a polymer coating, which is able to selectively
absorb the target surrogate markers. The variation of the
resulting mass leads to a variation of its resonant frequency.
This type of sensor provides very good mass-volume mea-
sures of the surrogate markers. In the SAW device, the
surrogate marker is used to propagate a surface acoustic
wave between sets of interdigitated electrodes. The
chemoselective material is coated on the surface of the
transducer. When a surrogate marker interacts with the
chemoselective material coated on the substrate, the inter-
action results in a change in the SAW properties, such as the
amplitude or velocity of the propagated wave. The detect-
able change in the characteristics of the wave indicates the
presence and concentration of the surrogate marker (and
corresponding target analyte/biomarker).

[0092] Certain embodiments use known SAW devices
described in numerous patents and publications, including
U.S. Pat. Nos. 4,312,228 and 4,895,017, and Groves W. A.
et al., “Analyzing organic vapors in exhaled breath using
surface acoustic wave sensor array with preconcentration:
Selection and characterization of the preconcentrator adsor-
bent,”Analytica Chimica Acta, 371:131-143 (1988).

[0093] Other types of chemical sensors known in the art
that use chemoselective coating applicable to the operation
of the present invention include bulk acoustic wave (BAW)
devices, plate acoustic wave devices, interdigitated micro-
electrode (IME) devices, optical waveguide (OW) devices,
electrochemical sensors, and electrically conducting sen-
SOrS.

[0094] In another embodiment, the invention uses fluid
sensor technology, such as commercial devices known as
“artificial noses,”“electronic noses,” or “electronic
tongues.” These devices are capable of qualitative and/or
quantitative analysis of simple or complex gases, vapors,
odors, liquids, or solutions. A number of patents and patent
applications which describe fluid sensor technology include
the following: U.S. Pat. Nos. 5,945,069; 5,918,257, 5,891,
398; 5,830,412; 5,783,154; 5,756,879; 5,605,612; 5,252,
292; 5,145,645; 5,071,770, 5,034,192; 4,938,928; and
4,992,244; and U.S. patent application Ser. No. 2001/
0050228. Certain sensitive, commercial off-the-shelf elec-
tronic noses, such as those provided by Cyrano Sciences,
Inc. (“CSI”) (i.e., CSI’s portable Electronic Nose and CSI’s
Nose-Chip™ integrated circuit for odor-sensing—U.S. Pat.
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No. 5,945,069), can be used in the present invention to
detect the presence of surrogate markers in bodily fluid
samples.

[0095] Other embodiments of the present invention use
sensor technology selected from semiconductive gas sen-
sors; mass spectrometers; and IR, UV, visible, or fluores-
cence spectrophotometers. With these sensors, a surrogate
marker changes the electrical properties of the semiconduc-
tors by making their electrical resistance vary, and the
measurement of these alternatives allows the determination
of the concentration of surrogate markers present in the
sample. The methods and apparatus used for detecting
surrogate markers generally have a brief detection time of a
few seconds.

[0096] Additional recent sensor technologies included in
the present invention include apparatus having conductive-
polymer gas-sensors (“polymeric™), aptamer biosensors, and
amplifying fluorescent polymer (AFP) sensors.

[0097] Conductive-polymer gas-sensors (also referred to
as “chemoresistors™) are coated with a film sensitive to the
molecules of certain surrogate markers. On contact with the
molecules, the electric resistance of the sensors change and
the measurement of the variation of this resistance enable
the concentration of the sensors surrogate substance (and
corresponding target analyte/biomarker) to be determined.
An advantage of this type of sensor is that it functions at
temperatures close to ambient. Different sensitivities for
detecting different surrogate markers can be obtained by
modifying or choosing an alternate conductive polymer.

[0098] Polymeric gas sensors can be built into an array of
sensors, where each sensor responds to different gases and
augment the selectivity of the surrogate marker.

[0099] Aptamer biosensors can be utilized in the present
invention for detecting the presence of surrogate markers in
bodily fluid samples. Aptamer biosensors are resonant oscil-
lating quartz sensors that can detect minute changes in
resonance frequencies due to modulations of mass of the
oscillating system, which results from a binding or disso-
ciation event.

[0100] Similarly, amplifying fluorescent polymer (AFP)
sensors may be utilized in the present invention for detecting
the presence of surrogate markers in bodily fluid samples.
AFP sensors are extremely sensitive and highly selective
chemosensors that use amplifying fluorescent polymers.
When vapors bind to thin films of the polymers, the fluo-
rescence of the film decreases. A single molecule binding
event quenches the fluorescence of many polymer repeat
units, resulting in an amplification of the quenching. The
binding of surrogate markers to the film is reversible,
therefore the films can be reused.

[0101] The results from the sensor technology analysis of
the bodily fluid samples are optionally provided to the user
(or patient) via a reporting means. In one embodiment, the
sensor technology includes the reporting means. Contem-
plated reporting means include a computer processor linked
to the sensor technology in which electronic or printed
results are provided. Alternatively, the reporting means can
include a digital display panel, transportable read/write
magnetic media such as computer disks and tapes which can
be transported to and read on another machine, and printers
such as thermal, laser or ink-Jet printers for the production
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of a printed report. The reporting means can provide the
results to the user (or patient) via facsimile, electronic mail,
mail or courier service, or any other means of safely and
securely sending the report to the patient. Interactive report-
ing means are also contemplated by the present invention,
such as an interactive voice response system, interactive
computer-based reporting system, interactive telephone
touch-tone system, or other similar system. The report
provided to the user (or patient) may take many forms,
including a summary of analyses performed over a particular
period of time or detailed information regarding a particular
bodily fluid sample analysis. Results may also be used to
populate a financial database for billing the patient, or for
populating a laboratory database or a statistical database.

[0102] Specific conditions/diseases that can be detected
using the present invention are listed in Merck Manual
Diagnosis and Therapy, 17" ed., Merck & Company, Inc.,
1999, which include, but are not limited to, blood disorders
(i.e., blood coagulation disorders, lymphedema, hemochro-
matosis, leukemia, lymphedema, mnyelodysplastic syn-
dromes, neutropenia), cancers (i.e., brain tumors, breast
cancer, colorectal cancer, lymphomas, lung cancer, prostate
cancer), cardiovascular disorders (i.e., coronary artery dis-
ease, congenital heart disease, atherosclerosis, aneurysm,
peripheral arterial disease), disorders of the esophagus (i.e.,
achalasia), Barrett’s esophagus), intestinal disorders (i.e.,
Celiac disease, Crohn’s. disease, inflammatory bowel dis-
ease), liver diseases and disorders (i.e:, cirrhosis of the liver,
hepatitis, Wilson’s disease), pancreatic diseases and disor-
ders (i.e., pancreatitis, cystic fibrosis), disorders of the ear,
nose or throat (i.e., Meniere’s disease, strep throat), endo-
crine disorders (i.e., congenital adrenal hyperplasia, diabe-
tes, hypoglycemia, hyperparathyroidism, hypoparathyroid-
ism, and Cushing’s syndrome), eye disorders (i.e.,
retinoblastoma, uveitis, Lebers optic neuropathy, keratoco-
nus), genetic disorders (i.e., Marfan’s syndrome, porphyries,
Huntington’s disease, normal pressure hydrocephalus
(NPH), Wilson’s disease), gynecologic disorders (i.e., poly-
cystic ovarian syndrome, endometriosis), immune disorders
(i.e., AIDS, Addison’s disease, Lupus, Sjogren’s syndrome),
infectious diseases (i.c., bacterial (rickettsial diseases,
anthrax, endocarditis, salmonellosis), viral (chickenpox,
herpes, influenza, pneumonia, shingles, West Nile virus),
fungal (aspergillosis), parasitic (malaria, scabies, pin-
worms), prion (Creutzfeldt Jakob Disease)), metabolism
disorders (fatty oxidation disorders, glycogen storage disor-
ders I and II, glutaric acidemia), musculoskeletal disorders
(osteoporosis), neurological disorders (Alzheimer’s disease,
meningitis, demyelinating diseases), respiratory conditions,
and urological disorders (hemolytic uremic syndrome, uri-
nary tract infections).

EXAMPLE 1

Diagnosis of Traumatic Brain Injury (TBI)

[0103] The present invention provides methods for diag-
nosing acute and/or chronic neurological diseases and dis-
orders (i.e., Alzheimer’s disease, Parkinson’s disease) and
other clinical conditions by detecting in vitro analytes/
biomarkers of oxidative stress. For example, it is known that
certain all-spectrin breakdown products, including isopros-
tane, levels increase in cerebral spinal fluid and blood after
traumatic brain injury.
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[0104] In accordance with the present invention, nano-
structure-based assemblies are created in which the detect-
ing means is designed to specifically detect and localize the
assembly to isoprostanes and/or oll-spectrin breakdown
products. In a preferred embodiment, the detecting means is
an aptamer designed to bind to isoprostanes and/or all-
spectrin breakdown products. A sample of a patient’s bodily
fluid (i.e., blood or cerebral spinal fluid) is placed into a
sealed vial containing the nanostructure-based assemblies
designed as described above.

[0105] In one embodiment, the sample is incubated at an
elevated temperature to allow any surrogate markers that
were released from the nanostructure-based assemblies to
diffuse out of the liquid phase into the “headspace” (gas
phase) within the sealed vial. Under constant conditions of
temperature, pressure, and equilibration time, the vapor
phase in the sample vial is sampled and separated on a
suitable gas chromatographic column. The surrogate mark-
ers are detected using flame ionization detector or nitrogen
phosphorous detector.

[0106] In another embodiment, an “electronic nose” is
used to detect and measure the amount of surrogate marker
released in the sample vial to assess whether the patient
suffers from traumatic brain, injury. As contemplated by the
subject invention, the electronic nose can include the fol-
lowing components: (a) a sensor having an array of poly-
mers capable of detecting the presence of the surrogate
marker in the headspace of the vial, wherein the sensor
responds to the surrogate marker by changing the resistance
in each polymer resulting in a pattern change in the sensor
array; (b) a processor for receiving the change in resistance,
comparing the change in resistance with a previously mea-
sured change in resistance, and identifying the presence of
the surrogate marker from the pattern change, and (if
requested) the concentration of the surrogate marker from
the amplitude. In a related embodiment, the sensor can
include measuring circuitry and an output device can be
included (i.e., screen display, audible output, printer). The
processor can include a neural network for comparing the
change in resistance with a previously measured change in
resistance to find a best match.

[0107] By measuring isoprostane levels and/or all-spec-
trin breakdown products using the nanostructure-based
assemblies of the invention, a clinician can not only identify
if a patient is suffering from TBI, but once diagnosed, a
clinician can follow the course of the brain injury. Moreover,
by continuously testing samples of bodily fluid in accor-
dance with the present invention, it is possible to evaluate
the efficacy of interventions in real-time for treating TBI
Accordingly, the method of the present invention can also
evaluate pharmacodynamics and pharmacokinetics for drug
interventions in individuals.

EXAMPLE 2

Diagnosis of Bronchogenic Carcinoma

[0108] In an embodiment, a nanostructure-based assembly
of the present invention can be designed. to detect bron-
chogenic carcinoma. Bronchogenic carcinomas produce car-
cinoma metabolites that cause the occurrence of O-toluidine
in exhaled breath. The detecting means of the nanostructure-
based assembly can be in the form of an aptaner.
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[0109] Using routine techniques, the aptamer can be
designed so that it is specific for O-toluidine (O-toluidine-
aptamer). The O-toluidine-aptamer can be linked to a nano-
particle using functionalization methods as described above.
The nanoparticle contains a surrogate marker that would be
released in the presence of O-toluidine. Upon exposing the
nanostructure-based assembly to a sample of bodily fluid
(i.e., exhaled breath) suspected of containing O-toluidine,
the O-toluidine-aptamer specifically binds to any O-tolui-
dine present in the sample and causes the release of the
surrogate marker to generate a signal that O-toluidine is
present in the bodily fluid sample.

[0110] In one embodiment, sensor technology used -to
detect the surrogate marker in the sample has the following
components: (a) a surface-acoustic wave sensor capable of
detecting the presence of the surrogate marker in the mixture
of bodily fluid (i.e., expired breath) and the nanostructure-
based assembly, wherein the sensor responds to the surro-
gate marker by a shift in the resonant frequency; (b) an
oscillator circuit having the sensor as an active feedback
element; (c) a frequency counter in communication with the
oscillator circuit to measure oscillation frequency which
corresponds to resonant frequency of the sensor; and (d) a
processor for comparing the oscillation frequency with a
previously measured oscillation frequency with a previously
measured oscillation frequency of the surrogate marker and
determining presence and concentration of the surrogate
marker therefrom. The sensor technology of the present
invention can include measuring circuitry and an output
device (i.e., screen display, audible output, and, printer).

[0111] The processor can include a neural network (not
shown) for pattern recognition. Artificial Neural Networks
(ANNs) are well understood by the skilled. artisan. ANNs
are self-learning; the more data presented, the more dis-
criminating the instrument becomes. By running many stan-
dard samples of bodily fluids and storing the results in
computer memory, the application of ANN enables the
sensor technology to “understand” the significance of the
sensor array outputs better and to use this information for
future analysis. “Learning” is achieved by varying the
emphasis, or weight, that is placed on the output of one
sensor versus another. The learning process is based on the
mathematical, or “Euclidean,” distance between data sets.
Large Euclidean distances represent significant differences
in sample-to-sample surrogate marker characteristics.

[0112] Thus, a time- and cost-efficient test for the presence
of bronchogenic carcinoma is provided.

EXAMPLE 3

Diagnosis of Prostate Cancer

[0113] In another embodiment, a detecting-means is
designed for a biomarker of a specific cancer, i.e., prostate
cancer. Prostate cancers produce a protein, prostate specific
antigen (PSA). In a preferred embodiment, the detecting
means is an aptamer designed to specifically bind to PSA
(PSA-aptamer). The PSA-aptamer can be attached to a
nanoparticle using functionalization methods as described
above. The nanoparticle also includes a surrogate marker
that is released in the presence of PSA. In one embodiment,
the PSA-aptamer and the surrogate marker are attached to
the surface of the nanoparticles using functionalization



US 2006/0040318 Al

methods as described above. The nanostructure-based
assembly is introduced to a sample of bodily fluid (ie.,
blood) to identify the presence of PSA. Where PSA is
present in the bodily fluid sample, the PSA-aptamer will
bind to PSA and affect the release of the surrogate marker
form the nanoparticle to signal the presence and concentra-
tion of PSA in the bodily fluid sample.

[0114] In a preferred embodiment, the nanostructure-
based assembly is composed of a hollow nanoparticle. The
detecting means, i.e., PSA-apatamer, is attached to an end-
cap that fits onto an opening of a nanoparticle. The nano-
particle. preferably encapsulates a surrogate marker. In a
rapid test for the presence of prostate cancer, or a recurrence
of prostate cancer, the PSA-nanostructure-based assembly is
mixed with a sample of bodily fluid (i.e., exhaled breath,
exhaled condensates with proteins). The surrogate marker is
released from the nanoparticle after PSA (the biomarker of
interest) interacts with the PSA-aptamer and “uncaps” the
nanoparticle. Using any of a number of previously disclosed
sensor technologies, the surrogate marker is detected in the
sample of exhaled breath to indicate the presence and/or
concentration of PSA in the sample.

[0115] In a related embodiment, the sensor technology
used to detect any surrogate markers in the sample of bodily
fluids (i.e., exhaled breath or exhaled condensates with
proteins) comprises at least one polymer (or an array of
polymers) exposed to the sample-nanoparticle mixture.
Thus, a variety of nanostructure-based assemblies can be
applied to a sample of bodily fluid to detect more than one
target analyte/biomarker. Each of the individual polymers of
the sensor technology swells differently in the presence of a
specific surrogate marker, creating a change in the resistance
of the membrane and generating an analog voltage in
response to the specific surrogate marker (“signature™).
Based on the pattern change in the sensor array, the nor-
malized change in resistance is then transmitted to a pro-
cessor to identify the type and quantity of the surrogate
marker. The unique response results in a distinct electrical
fingerprint characterizing the substance. The pattern of resis-
tance changes of the array indicates the presence of a
specific surrogate marker and the amplitude of the pattern
indicates its concentration.

[0116] In another embodiment, the sensor technology can
be designed so that patients provide a sample of bodily fluid
(i-e., exhaled breath or exhaled condensates with proteins)
directly into the device. For example, a mouthpiece or
nosepiece is provided for interfacing a patient with the
sensor technology to readily transmit a sample of exhaled
breath to the sensor technology to be mixed with nanostruc-
ture-based assemblies. This, however, is not a limitation on
the invention as samples of bodily fluids can be sampled
immediately or stored.

[0117] All patents, patent applications, provisional appli-
cations, and publications referred to or cited herein are
incorporated by reference in their entirety, including all
figures and tables, to the extent they are not inconsistent with
the explicit teachings of this specification.

[0118] It should be understood that the examples and
embodiments, described herein are for illustrative purposes
only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are
to be included within the spirit and purview of this appli-
cation
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1. A method for detecting ex vivo a target analyte/
biomarker comprising:

(a) collecting a sample of bodily fluid in a container,
wherein the container comprises the sample of bodily
fluid and a headspace;

(b) mixing ex vivo to the bodily fluid in the container a
nanostucture-based assembly that comprises a surro-
gate marker where the surrogate marker is released
from the nanostructure-based assembly in the presence
of a target analyte/biomarker;

(c) applying sensor technology to the head space or bodily
fluid sample in the container, which contains the mix-
ture of nanostructure-based assembly and bodily fluid
sample in the container, wherein (he sensor technology
can detect a surrogate marker released from tile nano-
structure-based assembly in the container; and

(d) determining whether the sample contains the target
analyte/biomarker by using the sensor technology to
detect the presence of the surrogate marker, wherein
detection of the surrogate marker indicates the presence
of the target analyte/biomarker in the sample of bodily
fluid in the container.

2. The method according to claim 1, wherein the nano-
structure-based assembly comprises at least one nanotube
comprising a hollow interior, a first end, a second end,
surrogate marker located within the hollow interior, and all
end-cap, wherein the first end is open and the second end is
closed, the first end being blocked with the end-cap to
prevent the release of the surrogate marker, wherein a means
for detecting the target analyte/biomarker is attached to the
end-cap; wherein the means for detecting the target analyte/
biomarker can bind to the target analyte/biomarker; and
wherein when the means for detecting the target analyte/
biomarker binds to the target analyte/biomarker, the end-cap
is displaced from the first end to release the surrogate
marker.

3. The method according to claim 2, wherein the means
for detecting to the target analyte/biomaker is selected from
the group consisting of aptamers, antibodies, proteins, and
receptor ligands.

4. The method according to claim 3, wherein the aptamer
is capable of binding to the target analyte/biomarker selected
from the group consisting of all-spectrin breakdown prod-
ucts and protease-specific spectrin breakdown products.

5. The method according to claim 1, wherein the target
analyte/biomarker is a nucleic acid, a protein, an illicit drug,
an explosive, a toxin, a pharmaceutical, a carcinogen, a
poison, an allergen, or an infectious agent.

6. The method according to claim 1, wherein the target
analyte/biomarker is selected from the group consisting of
acetaldehyde, acetone, ammonia, CO, chloroform, dichlo-
robenzene, diethylamine, hydrogen, isoprene, methanethiol,
inethylethylketone, O-toluidine, pentane sulfides and sul-
fides, H,S, MES, and Me,S.

7. The method according to claim 1, wherein the bodily
fluid sample is selected from the group consisting of:
exhaled breath, blood, urine, bile, sweat, feces, semen,
saliva, muciis, and cerebral spinal fluid.

8. The method according to claim 1, wherein the sensor
technology is selected from the group consisting of surface-
acoustic-wave sensors; fluid sensor technology; semicon-



US 2006/0040318 Al

ductive gas sensors, mass spectrometers; IR, UV, visible and
fluorescence spectrophotometers; conductive-polymer gas-
sensors; aptamer biosensors; and amplifying fluorescent
polymer sensors.

9. The method according to claim 1, wherein the sensor
technology comprises:

(a) a surface-acoustic wave (SAW) sensor capable of
detecting the presence of a surrogate marker in a
sample of bodily fluid, wherein the SAW sensor
responds to the surrogate marker by a shift in the
resonant frequency;

(b) an oscillator circuit having the SAW sensor as an
active feedback clement;

(c) a frequency counter in communication with said
oscillator circuit to measure oscillation frequency
which corresponds to resonant frequency of the SAW
sensor; and

(d) a processor for comparing the oscillation frequency
with a previously measured oscillation frequency of the
surrogate marker and determining presence and con-
centration of the surrogate marker therefrom.

10. The method according to claim 1, wherein the sensor

technology comprises:

(a) a sensor having an array of polymers capable of
detecting the presence of the surrogate marker in the
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sample of bodily fluid, wherein said sensor responds to
the surrogate marker by changing the resistance in each
polymer resulting in a pattern change in the sensor
array;

(b) a processor for receiving the change in resistance,
comparing the change in resistance with a previously
measured change in resistance, and identifying the
presence of the surrogate marker from the pattern
change and the concentration of the surrogate marker
from the amplitude.

11. The method according to claim 1, wherein the nano-
structure-based assembly comprises at least one nanopar-
ticle comprising a surrogate marker and a means for detect-
ing a target analyte/biomarker, wherein the means for
detecting the target analyte/biomarker is bound to the nano-
particle in such a way as to affect the release. of the surrogate
marker when in the presence of a target analyte/biomarker;
wherein when the means for detecting the target analyte/
biomarker is in the presence of the target analyte/biomarker,
the surrogate marker is released for detection by the sensor
technology.

12-24. (canceled)
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