
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

42
8 

01
8

B
1

��&����
�������
(11) EP 1 428 018 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
09.06.2010 Bulletin 2010/23

(21) Application number: 02759571.9

(22) Date of filing: 06.09.2002

(51) Int Cl.:
G01N 33/558 (2006.01) C12Q 1/68 (2006.01)

G01N 33/543 (2006.01)

(86) International application number: 
PCT/US2002/028411

(87) International publication number: 
WO 2003/036290 (01.05.2003 Gazette 2003/18)

(54) RAPID AND SENSITIVE DETECTION OF MOLECULES

SCHNELLER UND EMPFINDLICHER NACHWEIS VON MOLEKÜLEN

METHODE DE DETECTION DE MOLECULES RAPIDE ET PRECISE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
IE IT LI LU MC NL PT SE SK TR

(30) Priority: 06.09.2001 US 317658 P

(43) Date of publication of application: 
16.06.2004 Bulletin 2004/25

(73) Proprietor: Straus Holdings Inc.
Bedford, MA 01730 (US)

(72) Inventor: STRAUS, Don
Cambridge, MA 02138 (US)

(74) Representative: Lahrtz, Fritz
Isenbruck Bösl Hörschler Wichmann LLP 
Patentanwälte 
Prinzregentenstrasse 68
81675 München (DE)

(56) References cited:  
WO-A-01/57522 WO-A-01/61348
DE-A- 19 940 810 JP-A- 3 102 240
US-A- 4 582 810 US-A- 5 073 497
US-A- 5 585 241 US-A- 5 981 180
US-B1- 6 268 222  



EP 1 428 018 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Background of the Invention

[0001] The invention relates to the identification of microscopic and submicroscopic targets in medical, industrial, or
environmental samples.

Overview

[0002] Detecting, enumerating, and identifying low levels of molecular targets is a cornerstone of routine medical,
industrial, and environmental diagnostics. For example, samples are analyzed to detect molecules from infectious agents,
cancer cells, hormones, manufacturing contaminants, and pollutants.
[0003] Although numerous disparate and powerful methods for routine detection of low levels of molecules have been
commercialized there are still gaps in the testing repertoire. Some of these gaps became apparent following the bioterror
attacks in 2001. For example, there is an unmet need for rapid, ultra-sensitive, cost-effective, and user-friendly tests to
screen simultaneously for multiple types of agents at the point of exposure. Both healthcare and industry are hampered
by the lack of rapid, sensitive, and easy-to-use diagnostic tests that can be conducted on-site by non-medical personnel.
[0004] The discussion that follows focuses on routine medical diagnostics; similar methods are used for industrial and
environmental applications.

Immunological methods

[0005] Immunological tests, or immunoassays, are ubiquitous in medical diagnostics. Based on the interaction of
antibodies and the corresponding targets (called antigens), immunoassays are used to detect a broad range of molecules
ranging in size from small (e.g., a drug of abuse) to large (e.g., an HIV protein). Serological tests are immunological
assays that, rather than testing directly for antigens, test for a host immunological response to previous exposure to the
antigen - i.e., they test for the presence of host antibodies to the antigen. Numerous immunoassay systems are available
ranging from large automated central lab systems to over-the-counter pregnancy tests. The tests cover a broad range
of formats including agglutination assays, precipitin assays, enzyme-linked immunoassays, direct fluorescence assays,
immuno-histological tests, complement-fixation assays, serological tests, immuno-electrophoretic assays, and rapid
"strip" tests (e.g., lateral flow and flow through tests). Immunological tests can be extremely simple and rapid. Thus,
many of the most desirable tests, those that can be conducted in a physician’s office or at home by the patient, are
immunological tests. One drawback of commercialized rapid immunological tests is that they are insensitive.
[0006] The need for commercially accessible sensitive immunoassays will increase in coming years. One of the first
major payoffs of the human genome and proteome projects will be numerous new markers for diagnosing disease states,
such as cancer, cardiovascular disease, and neurological disease. These markers may occur in trace amounts in clinical
samples, such as blood, urine, and solid tissues. Commercialized rapid immunoassay tests, which are appropriate for
high abundance protein markers (such as PSA, myoglobin, and antibodies, for example), may be inadequate for detecting
the substantial fraction of proteins present at low concentrations.

Genetic methods

[0007] Genetic methods are general and powerful tools for detecting and identifying nucleic acid molecules from
organisms and viruses. Revolutionary new methods for ultra-sensitively detecting and distinguishing the nucleic acid
content of cells and viruses based on nucleic acid amplification have recently been developed. For example, commercial
tests can detect the nucleic acids from a small number of sub-microscopic HIV virus particles (e.g., 50 particles/ml).
Amplification technologies include the polymerase chain reaction (PCR), ligase chain reaction (LCR), nucleic acid se-
quence-based amplification (NASBA), Transcription Mediated Amplification (TMA), and rolling circle amplification (RCA).
[0008] Nucleic acid amplification-based tests have several drawbacks that have hampered their exploitation in routine
clinical and commercial diagnostics. The tests are generally much more expensive than microbial culture tests; require
high user expertise; involve demanding sample preparation protocols; generally require a time-consuming amplification
step; suffer from vulnerability to contamination and false positives; have enzymatic steps that are sensitive to inhibitors
found in many clinical samples and lead to false negatives; and often have reproducibility problems in multiplexed
applications. Furthermore, like microbial culture methods these methods are not well-suited to detect important classes
of non-nuceic acid targets (e.g., toxins, hormones, drugs-of-abuse, and proteins).
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Biochemical, chemical, and physical methods

[0009] Other technologies for sensitive detection of microscopic and sub-microscopic targets include flow cytometry,
mass spectroscopy, biosensors, absorbance spectroscopy, fluorescence polarization, fluorescence fluctuation spec-
troscopy, electrophoresis, and chromatography, among many others. Because of the expense and expertise typically
required, most of these methods have remained in the province of the research laboratory.
[0010] One method that has proved useful in clinical diagnostic laboratories is flow cytometry. Flow cytometric methods
are used for quantitatively detecting particular cell types on the basis of the ability to bind labeled probes (e.g., stains,
antibodies, or nucleic acids). Individual cells or particles are forced to flow through a narrow channel, one at a time, past
a laser beam. Fluorescence emission and size/shape information is gathered by analyzing the spectrum and light
scattering caused by the organism/particle. Thousands of individual cells or particles can be analyzed per minute. For
example, flow cytometry is used to quantify the population sizes of classes of lymphocytes in patients with AIDS. A highly
multiplexed flow cytometric method that can detect and identify non-cellular molecules such as proteins or nucleic acids
has been commercialized by Luminex (U.S. Patent No. 5,981,180). Drawbacks of the flow cytometric method include
the expense, required operator skill, inability to analyze large sample volumes (which limits sensitivity).
[0011] Biosensor technologies also hold promise for sensitive molecular detection. Biosensors use physical methods
to convert a biological event, for example binding of an antibody to an antigen, to a detectable signal. One popular
biosensor used for molecular detection uses surface plasmon resonance (Mullett, W. M., et al. (2000). Methods 22:
77-91). Thermo BioStar’s optical immunoassay (Schultze, D., et al. (2001). Eur J Clin Microbiol Infect Dis 20: 280-3)
uses the principle of optical interference to detect binding of antigens to antibodies. The BARC biosensor technology
uses magnetoresistive detection (as used for hard disk storage) of analytes tagged with single magnetic microparticles
(Edelstein, R. L., et al., Biosens Bioelectron 14: 805-13, 2000).

Point-of-care and on-site methods

[0012] Point-of-care tests allow professionals and consumers to perform diagnostic tests outside of dedicated central
laboratories. Point-of-care diagnostics is one of the fastest growing segments in in vitro diagnostics. Typical point-of-
care testing locations include the patient’s bedside in hospitals; physician office labs; nursing homes; public and private
health clinics; college health centers; correctional facilities; emergency vehicles; the workplace and home. Numerous
point-of-care tests have been introduced in recent years and some have been extraordinarily successful. Commercialized
point-of-care tests fall into several categories, those which test for: (1) metabolites (e.g., glucose and urea), inorganic
molecules, drugs, and blood gases; (2) tests for macromolecules and hormones; and (3) tests for disease-causing agents
(e.g., bacteria, viruses, parasites).
[0013] While very successful for analytes that occur at relatively high concentrations (e.g., blood glucose), developing
point-of-care tests for low abundance target molecules has been problematic. This difficulty is largely attributable to
combining two mutually antagonistic product requirements: (1) the need for sophisticated technology to meet demanding
test specifications including ultra-sensitivity and (2) the need for low cost, user-friendly, and portable tests that can be
operated by unskilled operators.
[0014] Some commercialized or emerging ultra-sensitive point-of-care tests are adaptations of formats used for less
sensitive commercialized tests. For example, Response Biomedical Corp. has commercialized a 10-minute strip test
(or lateral flow test) based on its RAMP platform, which uses fluorescently dyed microbead labels (Brooks, D. E., et al.
(1999). Clin Chem 45: 1676-1678.). Similarly, Biosite’s rapid strip tests detect drugs-of-abuse, cardiac markers, and
infectious agents (Landry, M. L., et al. (2001). J Clin Microbiol 39: 1855-8.).
[0015] Point-of-care tests based on nucleic acid amplification have been difficult to develop because of their complexity
and expense. One system is Cepheid’s Smart Cycler system. Another nucleic acid amplification test for B. anthracis
has been developed by the Mayo Clinic in collaboration with Roche (Light Cycler; Makino, S. I., et al. (2001). Lett Appl
Microbiol 33: 237-40.). These systems carry both the advantages and disadvantages inherent to PCR methods. Ampli-
fication methods can deliver impressive analytical sensitivity and can be moderately rapid, for example, the Smart Cycler
can deliver results in an hour (Belanger, S. D., et al. (2002). Journal of Clinical Microbiology 40: 1436-40). The analytes
are limited to those containing nucleic acid (ruling out tests for protein toxins and small molecules, for example); false
negatives can result from sample inhibition; highly multiplexed tests are problematic; the tests require trained personnel;
and the tests are expensive.
[0016] Biosensor-based point-of-care technologies also hold promise as they can combine impressive technical spec-
ifications with low-cost and user-friendliness. For example, Thermo Biostar’s OIA technology, which can test for pathogens
such as influenza virus, relies on a biosensor with an optically activated surface that changes color upon binding of viral
antigens because of changes in optical interference (Rodriguez, W. J., et al. (2002). Pediatr Infect Dis J 21: 193-6.).
[0017] Some of the emerging technologies focus on improved multiplexing. For example, Biosite is developing a highly
parallel capillary microfluidic immunoassay system. Somalogic’s technology uses aptamer arrays to analyze samples
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for hundreds or even thousands of analytes (Brody, E. N., et al. (1999). Mol Diagn 4: 381-8). Nanogen’s NanoChip
(Ewalt, K. L., et al. (2001). Anal Biochem 289: 162-72.) electronic arrays are also being applied to detecting agents of
bioterrorism. While tests that screen for hundreds of analytes are of clear value for drug discovery, it is less clear whether
this level of multiplexing will be important for point-of-care tests.
[0018] Various new labeling/detection strategies for improving the sensitivity of point-of-care tests are also being
directed towards tests for biowarfare agents. Orasure’s new quantitative drugs-of-abuse tests use UPT (up-converting
phosphor technology) particles (Niedbala, R. S., et al. (2001). Anal Biochem 293: 22-30.). The Navy’s BARC technology
uses magnetic particles and detectors to sensitively analyze samples for specific analytes (Edelstein, R. L., et al. (2000).
Biosens Bloelectron 14: 805-13.). Other new labeling methods including quantum dot nanocrystals (Quantum Dot; Wang,
C., et al. (2001). Science 291: 2390-2.) and resonance light scattering particles (Genicon; Yguerabide, J., et al. (2001).
J Cell Biochem Suppl Suppl: 71-81.) could also potentially improve the sensitivity of point-of-care tests.

Unmet needs for molecular diagnostics

[0019] There is a critical unmet need for efficient biowarfare agent detection by first-responders at the point-of-exposure
and by routine automated scanning of building air and water supply. Similarly, because of the lack of sensitive on-site
testing, clinic patients can not be sensitively tested on-site for sexually-transmitted disease pathogens, and post-surgicai
patients can not be quickly and sensitively screened for blood infection. The need for new technologies to address this
gap may become even more acute as new diagnostic markers for diseases (including cancer, infectious disease, and
cardiovascular disease) inevitably emerge from the genome and proteome projects.

Summary of the Invention

[0020] The invention provides efficient methods for rapidly and sensitively identifying molecular targets in medical,
industrial, and environmental samples. The invention labels target molecules and then images them using large area
imaging. Diagnostic tests based on the invention can be rapid, ultrasensitive, quantitative, multiplexed, and automated.
The tests minimize sample preparation and do not require nucleic acid amplification or cell culture. A broad range of
infectious agents (e.g., bacteria, viruses, fungi, and parasites) and molecules (e.g., proteins, DNA, RNA, hormones, and
drugs) can be detected by the tests. Tests based on the invention can deliver the high level sensitivity of nucleic acid
amplification tests, the user-friendliness and speed of immunoassays, as well as the cost effectiveness and quantification
offered by microbiological tests. The invention addresses an important unmet needs in point-of-care or on-site diagnostics
by enabling rapid, ultra-sensitive, cost-effective, and portable tests. Thus, the invention embodies the best attributes of
the current diagnostic technologies, while filling gaps in the diagnostic repertoire.
[0021] The invention relates to a method for detecting target molecules in a sample, wherein said method comprises
the steps of:

a. contacting said target molecules with labelling particles that specifically bind to the target molecules, wherein the
ratio of target molecules to labelling particles is less than 100,
b. selecting or capturing target molecule:labelling particle complexes so that the complexes are separated from
unbound labelling particles and the complexes are deposited in a detection zone that projects onto a detection area
having a longest linear dimension of greater than 1 mm, and
c. simultaneously optically detecting individual target molecule: labelling particle complexes in said detection area
so that the number of said complexes is enumerated.

[0022] The ability of the invention to detect low levels of target molecules rapidly and cost-effectively results from the
advantages of combining high intensity labeling, formats that facilitate rapid reaction kinetics, and large area imaging
based using either instrumentation made from off-the-shelf commercial components or no instrumentation at all. Table1
lists some of some of the advantages of the invention.

Table 1

Selected advantages of the invention
• Rapid results (< 15 min)
• Ultra-sensitive
• Easy-to-use
• Cost-effective
• Multiple targets analyzed
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[0023] The invention detects low levels of target molecules by labeling them with target-specific particles or complexes
that generate high-intensity signals. These complexes have two functions, affinity for specific targets and signal gener-
ation. These functions are fulfilled by the two moieties on the complexes: category-binding molecules, which bind spe-
cifically to the target molecules and signaling moieties, which are used to detect the particles. Labels that generate high
intensity signals with a characteristic signature (e.g., specific wavelengths of emitted light) enable rapid and ultra-sensitive
detection and also allow efficient discrimination of true positives from artifacts (e.g., fluorescent dust particles). A variety
of signal generating complexes can be used including fluorescently dyed, light-scattering, quantum dot, phosphor, and
enzyme-coated particles. These particles, in turn, can generate a variety of types of signals including fluorescent, chemi-
luminescent, and colorimetric. Similarly, a variety of category-binding molecules can be used including antibodies, nucleic
acids, ligands, and aptamers.
[0024] Because the invention detects molecules, the range of targets is broad including both soluble molecules and
molecules that are part of larger targets such as viruses, bacteria, or cells from animals or plants. The range of diagnostic
questions that can be addressed by the invention also is broadened by the ability to use various types of target-specific
molecules including antibodies, nucleic acids, aptamers, and ligands.
[0025] Detecting small numbers of target molecules in large volumes is a requirement when testing some clinical,
environmental, and manufacturing samples. The invention’s ability to survey large samples for low levels of target
molecules rests, in part, on its ability detect individual microscopic signal generating particles without magnification.
Non-magnified detection allows a large area to be surveyed for small numbers of the particles in a single image. Imaging
a large area, in turn, is a key to the invention’s ability to analyze large sample volumes efficiently. Detecting labeled
particles in large volumes using high power microscopy or microfluidics can require challenging concentration steps or
analysis of thousands of images. Methods that scan for small numbers of particles using microscopic beams become
very time consuming and expensive when applied to large areas.
[0026] Enumerating individual microscopic labels adds robustness to the results of tests based on the invention. In
contrast to many large area imaging methods for analyzing molecular targets, the invention generally compares individual
signals directly to small neighboring regions. This comparison improves the signal to background ratio for samples
containing few labeled target molecules compared to methods that integrate the total signal and background in a large
area.
[0027] Another advantage of detecting individual labeling particles is that the sensitivity of the tests can be increased
without sacrificing speed by increasing the sample volume with a proportionate increase in the size of the test format
(see results section of Example 8 on page 38 for an explanation).
[0028] Enumerating individual signals in a large area image also decreases the chance of false positive results. (False
positive results are positive test results that occur when the actual target molecule is not present). This enumerating
method is an advantage compared with methods that detect a single integrated signal, such as methods that measure
the total amount of a molecule (e.g., ATP, antigens, or nucleic acids) in the sample. Any artifact that causes a signal
can generate a false positive when using methods that rely on signal integration. Consider a sample that contains 482
positive signals, each of which generates 100 fluorescent units. The result of an integrative method is a single number
(48,200 fluorescent units). Artifacts that generate a similar number of fluorescent units, for example, a large fluorescent
dust particle may be indistinguishable. In contrast, the present invention can easily distinguish between a single large
fluorescent dust particle and 482 positive signals.
[0029] Tests constructed using the invention can detect target molecules over a broad range of concentrations, from
very low levels to high levels. This property of the invention, its large dynamic range, allows users to forgo the sample
preparation steps (e.g., multiple dilutions) that are often required by technologies that have small dynamic ranges.
[0030] Tests based on the invention can exploit a variety of useful formats ranging from single-use strip tests that are
simple, non-instrumented, and cost-effective, to sophisticated automated benchtop systems for continuous unattended
environmental monitoring. Especially important is the compatibility of the invention with formats that maximize the rates
of reaction during the test (e.g., the rate of binding the target molecules to the target-specific label). For example, binding

(continued)

Selected advantages of the invention
simultaneously

• Scans for proteins; nucleic acids,
viruses, bacteria, and parasites

• Analyzes large or small volumes
• Automated quantitative analysis
• Portable (some embodiments)
• Minimal sample preparation
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reactions occur rapidly in porous membranes used by some embodiments of the invention.
[0031] Various detection methods can be used by the invention including visual, film-based, and electronic detection.
The range of detection methods is an advantage for addressing a broad spectrum of diagnostic problems and testing
venues. For example, for portable systems, minimizing size and weight is an advantage. Embodiments of the invention
that minimize or eliminate instrumentation are particularly useful for portability.
[0032] Other features and advantages will be apparent from the following description and the claims.
[0033] By target molecule is meant a molecule that is potentially present in a sample and whose presence is tested
for by the invention. Target molecules may be distinct molecules, or they may be physically associated with other
molecules, cells, or material in the sample. For example, a test for detecting the fungal pathogen Candida albicans might
detect three different DNA sequences that are unique to the genome of the organism. These three sequences are
considered to be distinct target molecules even though they are physically associated in the genome of the fungus.
[0034] By category of target molecule is meant multiple target molecules that have in common one or more features
and that are considered identical for the purposes of a test constructed using the invention. For example, the category
of one test could be envelope protein from the virus that causes AIDS. For example, consider a test designed to detect
the envelope protein of all HIV viruses, without differentiating the HIV-1 and HIV-2 variants. In this case, the category
of the target molecule includes the envelope proteins of both HIV-1 and HIV-2. The goal of another test might be to
distinguish HIV-1 from HIV-2. In this case, the envelope proteins from each type of HIV would be considered a different
category. Alternatively, consider the three DNA probes for C. albicans in the definition for target molecules above. If the
goal of the test is to detect C. albicans, the three probes are considered identical for the purpose of the test because
they share the common feature that they bind specifically to C. albicans. Therefore the three target molecules would be
considered to be in the same category of target molecules.
[0035] By non-overlapping categories of target molecules is meant categories of target molecules whose union is
the null set. That is, no member of any of the categories is a member of any of the other sets. For example, the categories
of IL-2, thrombin, PSA, and myoglobin are non-overlapping categories.
[0036] Tests that detect and identify multiple categories generally (but not always) detect multiple non-overlapping
categories of target molecules. For example, consider a test designed to identify HIV, HCV, and HBV viruses in blood.
Such a test would be designed to differentiate three non-overlapping categories of target molecules, one for each of the
three types of viruses.
[0037] By the categorical complexity of a test is meant the number of non-overlapping categories of target molecules
that are detected in the test.
[0038] By a category-specific binding site is meant a site on a target molecule that specifically binds to a category-
binding molecule under specific-binding conditions and that distinguishes target molecules that are members of a par-
ticular category to be identified in a test from target molecules that are not members of that category but might also be
present in the test sample. That is, the site is typically present on all members of one category, and typically not on any
members of non-over lapping categories. Category-specific binding sites specifically bind to category-specific binding
molecules.
[0039] Consider, for example, an epitope (an antigenic site) on a HIV viral envelope protein that specifically binds to
an antibody category-binding molecule. The target molecule is the viral envelope protein and the category-specific
binding site is the epitope on the envelope protein.
[0040] If a test scans a sample for a category of target molecules that is characteristic of a taxonomic group, a category-
specific binding site is one that is typically present on the target molecules of all members of that taxonomic group, but
is typically not present on all members of other taxonomic groups that might be present in the test sample. An example
is a site on an HIV membrane protein that binds to a particular monoclonal antibody.
[0041] Alternatively, a test might scan a sample for category-specific binding sites that are shared by members of
different taxonomic groups. Examples of this type of category-specific binding sites include various macromolecules
(e.g., DNA) and genes, mRNAs, and proteins that confer antibiotic resistance, confer virulence, or indicate viability. A
category-specific binding site is often a part of a larger molecule or complex. For example, a category-specific genomic
sequence can be used as a category-specific binding site in a test. Such a category-specific binding site is part of a
much larger genome that may contain (1) sections that are not category-specific; (2) sections that are category-specific
binding sites but for which the test does not scan; and (3) other sections that are distinct category-specific sequences
for which the test does scan.
[0042] Binding sites that are present in, e.g., 80%, 90%, 95%, or more than 99% of the target molecules that are
members of a category but that are absent in, e.g., 80%, 90%, 95%, or more than 99% of the target molecules that are
members of all other categories of the same class, are considered category-specific binding sites. Note that a category-
specific binding site can be trivially or exceptionally absent from a target molecule that is a member of the category.
Similarly, a category-specific binding site can be trivially or exceptionally present in a target molecule that is not a member
of a category. For example, consider a protein site that occurs in essentially all E. coli bacteria but in no other bacterial
species. If, as might be the case in less than one cell out of millions of bacteria, a mutation causes the protein to not be
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produced, the marker will not be present in that strain of E. coli. This protein site is still considered a category-specific
binding site. Alternatively, the gene for the same protein is transferred to a strain of a different species of bacteria by
recombinant DNA technology or by natural means (e.g., by viral transduction). In this case, a bacterial strain that is not
a member of the E. coli group would express what would still be considered an E. coli-specific binding site.
[0043] By category-binding molecule is meant a molecule or molecular complex that specifically binds to a category-
specific binding site. Examples of category-binding molecules are nucleic acid probes that hybridize to genomic DNA;
nucleic acid aptamers that have been selected or "evolved" in vitro to bind specifically to sites on proteins; antibodies
that bind to cellular antigens or serum proteins; and ligands such as epidermal growth factor or biotin that bind specifically
to hormone receptors or to binding molecules, such as avidin. Two category-binding molecules are said to be distinct if
they bind to distinct and non-overlapping category-specifc binding sites. Category-binding molecules may be referred
to according to their molecular composition, e.g., a category binding oligonucleotide, probe, antibody, ligand, etc.
[0044] By capture molecule is meant a category-binding molecule that is stably bound to a surface, membrane, or
other matrix that is not a particle.
[0045] By a category-binding molecule that specifically binds to a category of target molecules is meant a category-
binding molecule that binds under defined binding conditions to essentially all target molecules that are members of a
category scanned for by a test, but to essentially no other molecules that are likely to be present in the sample. The
number of category-binding molecules that are bound by target molecules in a category scanned for as compared to
the number bound by target molecules not in such a category, are typically two-fold, five-fold, ten-fold, or greater than
fifty-fold greater.
[0046] By binding conditions is meant the conditions used in a test to achieve specific binding of category-binding
molecules to category-specific binding sites. For example, when the category-binding molecules are category-specific
DNA probes, the binding conditions for a particular test might be stringent DNA hybridization conditions. The appropriate
stringent DNA hybridization conditions depend on the nature of the probes, as is well known by those familiar with the
art. For example, for typical DNA probes of length greater than 500 bases, an appropriate binding condition (usually
referred to as a "washing condition" in the hybridization vernacular) is 65°C at 0.2X SSC. For binding an antibody to an
antigen, typical binding conditions are room temperature in PBS-TB.
[0047] By a family of category-binding molecules is meant a set of category-binding molecules that specifically bind
to a particular category of target molecules. A polyclonal antibody preparation raised to Hepatitis C virus core protein
constitutes a family of category-binding molecules since it comprises multiple distinct antibodies that bind specifically to
the same category of target molecule - HCV core protein. Polyclonal antibodies generally constitute families of category-
binding molecules since they usually include multiple distinct category-binding molecules that bind to the same category
of target molecule. Note that, unless affinity purification is used, polyclonal antibody preparations typically also contain
antibodies that do not bind to the chosen category of target molecule and may contain antibodies that bind to other
categories because the antibody repertoire of an animal is determined by the animal’s infection history. Therefore,
polyclonal antibodies are preferably purified by affinity methods.
[0048] Category-binding molecules in a family might bind to some target molecules in the category but not to others.
For example, consider HIV-1 envelope protein-specific antibodies that do not cross-react with HIV-2 envelope protein,
and HIV-2-specific antibodies that do not cross-react with HIV-1 envelope protein. If HIV is to be a detected as a category
in a test without differentiating between HIV-1 or HIV-2, a mixture of the two types of antibodies could be labeled with
signaling moieties with the same signal signature. The same signal is obtained whether HIV-1 or HIV-2 is present when
this family of category-binding molecules, which is a mixture of the two antibody preparations, is used in a test. (Note
that if antibodies are used to capture the HIV target molecules at a site in the detection zone in this example, a mixture
of anti-HIV-1 and anti-HIV-2 capture antibodies is used at the site).
[0049] Another example of a family of category-binding molecules is a set of 80 category-specific genomic DNA
sequences that occur in all E. coli O157:H7 strains but that do not occur in members of other groups of bacteria. This
family of category-binding molecules can hybridize as a group to suitably prepared E. coli O157:H7 cells but does not
hybridize to other categories of cells.
[0050] By non-overlapping families of category-binding molecules or is meant families of category-binding molecules
in which each family binds specifically to one, and only one, category of target molecules in a set of non-overlapping
categories of target molecules. That is, a set of non-overlapping families of category-binding molecules map to a congruent
set of non-overlapping categories of target molecules. For example, in a test that scans for the target molecules that
characterize the 4 USP objectionable organisms E. coli, Salmonella, Pseudomonas spp., and Staphylococcus aureus,
there are four non-overlapping categories of target molecules. Such a test might incorporate four different non-cross-
reacting polyclonal antibodies, each specific for one of the target molecule categories. Thus, the test comprises four
non-overlapping families of category-binding molecules. The non-overlapping families of category-binding molecules in
a test are called an ensemble of category-binding molecules (see definition below).
[0051] By an ensemble of category-binding molecules is meant a set of one or more non-overlapping families of
category-binding molecules that are combined in a mixture for a particular test. Tests that scan for multiple non-over-
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lapping categories of target molecules comprise one family of category-binding molecules per category. The entire set
of category-binding molecules, that comprise these families, is referred to as an ensemble. For example, consider a test
that scans for the presence of five types of upper respiratory viruses (RSV, influenza A, influenza B, parainfluenza, and
adenovirus) using five virus-specific monoclonal antibodies. The five monoclonal antibodies constitute five non-overlap-
ping families of category-binding molecules. The combined set of antibodies is an ensemble of category-binding mole-
cules.
[0052] By the category-binding molecule complexity of an ensemble is meant the number of distinct category-
binding molecules in an ensemble. For example, if an ensemble of category-binding molecules consisted of 234 oligo-
nucleotide probes, the category-binding molecule complexity of the ensemble would be 234.
[0053] By the family complexity of an ensemble is meant the number of non-overlapping families of category-binding
molecules in an ensemble. The family complexity is the same as the minimum number of target molecules required to
bind a category-binding molecule from each of the families in an ensemble. The family complexity of a test corresponds
to the categorical complexity of a test - i.e., the number of distinct categories for which the sample is scanned. In general,
the family complexity also corresponds to the number of distinct signal signatures used in a test. Consider an ensemble
of target molecule-specific antibodies designed to detect four human cytokine proteins: granulocyte macrophage colony-
stimulating factor (GM-CSF); interieukin-2 (IL-2); interleukin-4 (IL-4); and tumor necrosis factor-α (TNF-α). The family
complexity of the ensemble is four, since no subset of target molecules smaller than four could suffice to bind each of
the antibodies in the ensemble. As another example, consider an ensemble of DNA probes consisting of three families
of probes. One family consists of a set of 12 E. coli-specific category-binding DNA sequences, another family consists
of a set of 10 rotavirus category binding DNA sequences, and another family consists of a set of 15 Giardia category
binding DNA sequences. The family complexity of this probe ensemble is three since three categories of target molecules
(E. coli, rotovirus, and Giardia specific target molecules) are required to bind to all of the probes in the ensemble.
[0054] By signal element is meant a molecule or particle that directly generates a detectable signal. The phrase
"directly generates" refers to the fact that signal elements are the immediate source or critical modulator of the detectable
signal. Thus, if the signal is photons that arise from a fluorophore, the fluorophore is the immediate source of the photons
and, therefore, is a signal element. If the signal is photons scattered by an RLS particle, the RLS particle is a signal
element. Alternatively, if the signal is the light transmitted or scattered from a chromogenic precipitated product of the
enzyme horseradish peroxidase, the chromogenic product is the signal element.
[0055] A characteristic of a signal element is that such an element cannot be divided into parts such that each part
generates a signal that is comparable (in character, not necessarily in intensity) to the whole. Thus, a 2 nM diameter
quantum dot is a signal element, as dividing it changes the character (emission spectrum) of the resulting nanocrystals.
A 5 Pm particle impregnated with a fluorescent dye such as fluorescein, is not a signaling element, since it could be
divided into parts such that each part has signaling characteristics comparable to the intact particle. The molecule
fluorescein, in contrast, is a signaling element. The detectable products of signal generating enzymes (e.g., luciferase,
alkaline phosphatase, horseradish peroxidase) are also considered signal elements. Such signal elements (or their
precursors when there is a chemical conversion of a precursor to a signal element) may be diffusible substances,
insoluble products, and/or unstable intermediates. For example, the enzyme alkaline phosphatase converts the chemi-
luminescent substrate CDP-Star (NEN; catalog number NEL-601) to an activated product, which is a photon-emitting
signal element.
[0056] By signaling moiety is meant a molecule, particle, or substance comprising or producing (in the case of
enzymes) one or more signal elements and that is or can be conjugated to a category-binding molecule. The signaling
moiety can be attached to the category-binding molecule either covalently or non-covalently and either directly or indirectly
(e.g., via one or more adaptor or "chemical linker" moieties or by both moieties being conjugated to the same particle).
Examples of signaling moieties include carboxylated quantum dots; a fluorophore such as Texas Red that is modified
for binding to a nucleic acid probe or an antibody probe; streptavidin-coated fluorescent polystyrene particles (which
can be conjugated to biotinylated category-specific binding proteins); a rolling-circle replication product containing re-
peated nucleic acid sequences each of which can hybridized to several oligonucleotides tailed with fluorescenfly modified
nucleotides and which contains a category-specific binding oligonucleotide at the 5’ end. A signaling moiety can comprise
physically distinct elements. For example, in some cases the signaling moiety is an enzyme (e.g., alkaline phosphatase)
that is conjugated to a category-binding molecule (an antibody, for example). Signal is generated when a substrate of
alkaline phosphatase (e.g., CDP-Star, or BM purple from NEN and Roche, respectively) is converted to products that
are signal elements (e.g., an unstable intermediate that emits a photon, or a precipitable chromogenic product). It is not
unusual for the category-binding molecules, enzymatic signaling moieties, and substrate to be applied to the reaction
at distinct times.
[0057] By signaling moiety complex is meant a physical entity that comprises more than one signaling moiety and
more than one category-binding molecule. The physical association of the signaling moieties and category-binding
molecules in a signaling moiety complex must be stable (e.g., the signaling moieties and category-binding molecules
should have mean half-lives of association with the complex of at least one day in PBS at 4°C). As an example of a
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signaling moiety complex, consider a polystyrene microparticle that is coated with thousands of molecules of two types:
a target molecule-specific antibody and alkaline phosphatase. Such a signaling moiety complex binds to the target
molecule via the conjugated antibody category-binding molecule. When incubated with a chromogenic alkaline phos-
phatase substrate (the signal element; e.g., BM purple, Roche), a colored spot can be generated which can be detected
by eye. Alternatively, the same signaling moiety complex, when incubated with either a chemiluminescent or a fluorescent
alkaline phosphatase substrate, generates either a chemiluminescent or fluorescent signal. Further examples of signaling
moiety complexes include: nanogold particles conjugated to fluorescein-labeled antibodies and latex particles conjugated
to both oligonucleotide category-binding molecules and acridinium esters that chemiluminescence upon addition of
hydrogen peroxide.
[0058] By particle is meant a matrix which is larger than 50 microns in size. The size of a population or batch of
particles is defined as the mean measurement of the longest pair of orthogonal dimensions for a sample of the particles.
The longest pair of orthogonal dimensions is the pair of orthogonal dimensions of a particle, the sum of the lengths of
which is the maximum for all such sums for the particle. If a sample of two particles has a longest pair of orthogonal
dimensions of 1 micron � 2 micron and 2 micron � 3 micron, respectively, the mean measurement of the longest pair
of orthogonal dimensions is 2 microns [(1+2+2+3)/4 = 2 microns]. The mean measurement of the longest pair of orthogonal
dimensions for a sample of particles is, e.g., less than 50 microns, less than 20 microns, or less than 5 microns.
[0059] Many particles have some characteristics of a solid. However, molecular scaffolds or complexes, which may
not be rigid, are also defined as particles. For example, dendrimers or other branching molecular structures are considered
to be particles. Similarly, liposomes are another type of particle. Particles can be dyed with or conjugated to signal
elements. Particles are often referred to with terms that reflect their dimensions or geometries. For example, the terms
nanosphere, nanoparticle, or nanobead are used to refer to particles that measures less than 1 micron along any
given axis. Similarly, the terms microsphere, microparticle, or microbead are used to refer to particles that measure
less than one millimeter along any given axis. Examples of particles include latex particles, polyacrylamide particles,
magnetite microparticles, ferrofluids (magnetic nanoparticles), quantum dots, etc.
[0060] By labeling particle is meant a particle that can specifically bind to target molecules and generate a signal.
Labeling particles are conjugated to both signaling moieties and to category-binding molecules.
[0061] By target molecule:labeling particle complex is meant a labeling particle to which one or more target
molecules are specifically bound.
[0062] By labeling ratio is meant the ratio of target molecules to labeling particles during a contacting step. For example,
if 1 � 107 labeling particles are contacted with a sample containing 1 � 106 target molecules, the labeling ratio is 10.
For the purposes of calculating labeling ratios, only the target molecules that can specifically bind to labeling particles
are considered. For example, target molecules that are physically inaccessible (e.g., sequestered in a cellular compart-
ment) are not included in the calculation.
[0063] By signal character of a signal element or signal moiety is meant the aspect or aspects of a signal generated
by the signal element signaling moiety that is useful for distinguishing it from other signal elements or signaling moieties.
For example, the signal character of a signaling moiety labeled with fluorescein and rhodamine is fluorescence. The
character of a radio transponder is radio frequency. Examples of photonic signaling character are fluorescence, light
scattering, phosphorescence, reflectance, absorbance, chemiluminescence, and bioluminescence. All but the latter two
examples of photonic signaling character depend on external illumination (e.g., a white light source, a laser light source,
or daylight). In contrast, chemiluminescence and bioluminescence are signaling characters that are independent of
external light sources.
[0064] By the class of a signal element or signaling moiety is meant the distinct quality of the signal that is useful for
distinguishing it from other signal elements or signaling moieties. For example, a liposome that is labeled with red dye
is distinguished from differently colored liposomes. The color red is its class. For a micro-transmitter that broadcasts a
particular radio-frequency signal, the quality of the radio-frequency signal that differentiates the micro-transmitter from
other micro-transmitters constitutes the signal element class.
[0065] By signal signature is meant the distinctive signaling quality of the combination of signaling moieties that bind
to a category of target molecules in a test. A target molecule that is bound to four types of antibodies, one of which is
conjugated to a fluorescein molecule, and three of which are conjugated with rhodamine molecules has a signal signature
that is described by the combined weighted absorbance and emission spectra of fluorescein and rhodamine.
[0066] By signal complexity of a test or an ensemble of labeled category-binding molecules is meant the number of
categories of target molecules that can be distinctly labeled in the test or by binding to the ensemble. Alternatively, the
signal complexity is defined as the number of distinct signal signatures that would be expected to occur if a member of
each category of target molecule were present. For some tests, the signal complexity of an ensemble of category-binding
molecules is the same as the number of categories for which the test scans. Other tests, which scan for many categories,
may only have a signal complexity of one.
[0067] By selection force is meant a force that is used to capture, isolate, move, or sequester target molecules.
Examples of selection forces include gravity, magnetism, electrical potential, centrifugal force, centripetal force, buoyant
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density, and pressure. Target molecules can be mobilized by a selection force acting on the target molecule alone.
Alternatively, selection forces can act specifically on target molecules that are associated with selection moieties (see
definition below).
[0068] Examples of the application of selection forces to mobilize target molecules include centrifugation of target
molecules; magnetic selection of target molecules bound to magnetic particles; gravitational sedimentation of target
molecules labeled with metallic particles; and deposition of target molecules on a porous membrane by vacuum filtration.
Further instances of the use of selection forces are included in the examples below.
[0069] By selection moiety is meant an atom, molecule, particle, or other entity that can be conjugated to a category-
binding molecule and that confers on the category-binding molecule the ability to be selectively captured, isolated,
moved, or sequestered by a selection force. When a category-binding molecule:selective moiety complex is specifically
bound to a target molecule, the target molecule can also generally be selectively captured, isolated, moved, or seques-
tered by the selection force. Selective refers to the preferential conferring of susceptibility to mobilization by the selection
force on selection moieties and associated entities over entities not associated with selection moieties.
[0070] Paramagnetic particles and ferritin are examples of selection moieties. A dense silica particle that sinks in
solution is another type of selection moiety. Such particles, when coated with category-binding molecules and bound to
a microbial target molecule will cause the target molecule to sink in aqueous solution, thus enabling separation of the
bound target molecule from other sample unbound constituents.
[0071] By selective character is meant the aspect or aspects of a selection moiety that is useful for capturing,
selecting, or moving the selection moiety. For example, the selective character of a paramagnetic particle is magnetism.
The selective character of a silica particle that rapidly sinks in aqueous solution is mass.
[0072] By a roughly planar surface or substrate is meant a surface that can be aligned in parallel to an imaginary
plane such that when the distance is measured from points in any 1 mm � 1 mm square on the surface to the closest
points on the imaginary plane, the absolute value of the mean distance is less than 50 micrometers.
[0073] By detection surface is meant the surface of a roughly planar substrate onto which target molecules are
deposited in some embodiments of the invention. In embodiments using photonic signaling character, if the detection
surface is optically transparent, detection can be effected via either face of the detection surface. If the detection surface
is opaque, detection is effected via the face of the detection surface on which the target molecules are deposited.
[0074] By detection area is meant the area of the detection surface or detection zone that is simultaneously analyzed
by the invention. The detection area is typically greater than 1 mm, e.g., greater than 5 mm, 10 mm, or 15 mm, in its
longest linear dimension. For example, the section of a glass slide that is simultaneously imaged by an optical device
that includes a collection lens and a CCD chip might measure 0.8 cm � 0.5 cm. The detection area is then 0.4 cm2.
[0075] By detection zone is meant the volume in which target molecules can be detected. The detection zone has
the same dimensions as the detection area but has a depth corresponding to the depth in which a labeling particle can
be detected and identified. The depth of the detection zone is therefore dependent on the threshold criteria used to score
for positive signal. When optical detection is used, the depth of the detection zone is dependent on the optical depth of field.
[0076] By the longest dimension of the detection area is meant the line of maximum length that can be drawn between
two points on the perimeter of the detection area. For example, if the detection area is a rectangle measuring 0.3 cm �
0.4 cm, the longest dimension of the detection area is the diagonal, 0.5 cm. If the detection area is an ellipse with semi-
major axis of length 7 mm and semi-minor axis of length 2.5 mm, the longest dimension of the detection area is 14 mm.
[0077] By large area detection or large area imaging is meant a method for detecting microscopic target molecules
in which the detection area (the area that is simultaneously analyzed by the detection device) is much larger than the
target molecule. The detection area for large area detection has at least one linear dimension that is ≥ 1 mm. In contrast,
the microscopic target molecules are substantially smaller, typically measuring less than 50 Pm in at least two orthogonal
dimensions. Examples of large area detection include imaging a 9 mm diameter detection area with a CCD camera;
imaging a 2 cm � 1 cm rectangle by scanning with a CCD line scanner that has a long dimension of 1 cm; imaging a 4
cm � 4 cm filter containing microbial target molecules using direct exposure on photographic film; and visual detection
of colored spots corresponding to microscopic target molecules on a 1 cm � 3c m test area in a rapid lateral flow strip test.
[0078] Several technologies scan samples for microscopic target molecules but do not exploit large area detection.
Examples include: flow cytometry; solid phase laser microbeam scanning cytometry; liquid phase scanning (as in Tibbe,
et al., Nat Biotechnol 17: 1210-3, 1999); and examining/imaging multiple high power microscopic fields on a slide.
[0079] By conjugated or stably associated is meant a physical association between two entities in which the mean
half-life of association is least one day in PBS at 4°C. Consider, for example, the complex case of passive protein
adsorption to polystyrene particles. There are several different classes of adsorbed proteins. Some proteins are stably
associated to the surface with half-lives of many months. Other proteins, such as those that are loosely bound on the
outer layer of adsorbed protein, may not be stably associated with the particles and can leach out within hours.
[0080] By image intensifier or image tube is meant a device that amplifies a photonic signal, as defined in the
glossary of Inoué, Shinya, et al., Video microscopy: the fundamentals (Plenum Press, New York, 1997; p. 665): "A device
coupled (by fiber optics or lenses) to a video camera tube to increase sensitivity. The intensifier is a vacuum tube with
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a photocathode on the front end that emits electrons according to the image focused upon it, an electron lens and/or
microchannel plate(s) that focuses the electrons onto a phosphor at the back end, and a high voltage accelerator that
increases the energy of the electrons. Can be single or multiple stage." A variety of such image intensifiers is described
in detail in Chapter 8 of the same reference.
[0081] By simultaneously detecting target molecules in a section of the detection area is meant detection of the
signal from a section of a roughly planar detection surface in one step. Large area imaging of target molecules in a
detection area using a CCD chip, visual detection, or photodiode-based signal integration are examples of simultaneous
detection.
[0082] By target molecules in the stationary phase is meant target molecules that are non-mobile. For example,
target molecules fixed on glass slides are in the stationary phase. Target molecules that are captured by category-
binding molecules in fixed positions on the bottom of the well of a microtiter dish are in the stationary phase. Even if
such target molecules are not affixed to a surface, and might be moved by hydrodynamic or other forces, target molecules
are considered to be in the stationary phase if, during detection/imaging, successive images taken with intervals of more
than 10 seconds detect essentially the same target molecules in essentially the same relative positions. Target molecules
in flow cytometry applications are not in the stationary phase. However, target molecules captured by antibodies bound
to the solid-phase test zone of a lateral flow test are in the stationary phase.
[0083] By homogenous assay or homogenous immunoassay is meant an assay or immunoassay in which the
reactants are not physically removed from the products of the completed assay.
[0084] By identification is meant determining the category of which a target molecule is a member. For example,
consider a lateral flow test that scans for several categories of target molecules, each of which is potentially present in
a sample. A target molecule belonging to a particular category is captured at the region of the membrane to which the
corresponding category-specific antibodies are bound. Since it is known which membrane zones contain which capture
antibodies, target molecules are identified by the zone in which capture occurs.
[0085] By sample is meant material that is scanned by the invention for the presence of target molecules.
[0086] By a ligation-dependent polymorphism probe pair is meant a set of oligonucleotide category-binding mol-
ecules (wherein the set contains more than one oligonucleotide) that, when hybridized to a genome, abut at a polymorphic
site. One oligonucleotide in the pair comprises sequences that are complementary to the genomic sequences on one
side of the genomic polymorphic site, while the other oligonucleotide comprises sequences that are complementary to
the other side of the polymorphic site. A set of such oligonucleotides, when hybridized adjacently to a genome, can be
efficiently ligated to each other only when the allele, or genotype, at the targeted site matches the abutting sequences
of the oligonucleotides of the polymorphism probe. The structure and use of ligation-dependent polymorphism probe
pairs is illustrated in Figure 18 and Figure 19. Generally, a group of polymorphism probes is synthesized that correspond
to each allele at a particular site. Polymorphism probes can comprise various functional moieties including, signaling
moieties, selection moieties, chemical spacers or tethers, tags, amplification sites, and haptens. For examples of the
use of SNP probes, see Example 14 and Example 15.
[0087] By an extension-dependent polymorphism probe is meant a nucleic acid category-binding molecule that
is designed to hybridize to a sequence such that the 3’ end of probe is within several nucleotides of but base-paired with
the polymorphic site to be detected by a test. Template-dependent extension of the extension-dependent polymorphism
probe is used to differentially label the probe depending on the allele at the polymorphic site. For example, consider an
oligonucleotide designed to hybridize immediately adjacent to a polymorphic site that has either an "A" or a "C" on the
template strand, such that the 3’ end of the oligonucleotide is immediately adjacent to the polymorphic site. Incubating
the hybrid with TTP that is labeled with a green emitting fluorophore and dGTP that is labeled with a red fluorophore in
the presence of DNA polymerase under appropriate conditions can lead to differential labeling of the probe depending
on the allele of the template strand.
[0088] By allele-specific hybridization probe is meant an oligonucleotide category-binding molecule that under
specified conditions hybridizes differentially to different nucleic acid alleles. For example, those familiar with the art can
determine conditions under which a 12 base oligonucleotide can efficiently hybridize to a DNA fragment that contains
an exact match, but under which the same oligonucleotide can not efficiently hybridize to a DNA fragment with a match
at 11 of the 12 bases in the oligonucleotide.
[0089] By direct visual detection is meant visual detection without the aid of instrumentation other than wearable
corrective lenses. For example, direct visual detection can be used to detect the reddish reflective signal of nanogold
particles in some rapid lateral flow tests.
[0090] By photoelectric detector is meant a man-made device or instrument that transduces photonic signals into
electric signals. Examples of photoelectric detectors include CCD detectors, photomultiplier tube detectors, and photo-
diode detectors, e.g., avalanche photodiodes.
[0091] By illuminating is meant irradiating with electromagnetic radiation. Electromagnetic radiation of various wave-
lengths can be used to illuminate. It includes, for example, radiation with wavelengths in the X-ray, UV, visible, or infrared
regions of the spectrum. Note that illuminating radiation is not necessarily in the visible range.
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[0092] By signal elements or signaling moieties with photonic signaling character is meant signal elements or
signaling moieties that are detectable through the emission, reflection, scattering, refraction, absorption, capture, or
redirection of photons, or any other modulation or combination of photon behavior. Some examples of signal elements
or signaling moieties that have photonic signaling character include: the fluorophore Texas Red (fluorescent signaling
character); CDP-Star (chemiluminescent signaling character); luciferase (bioluminescent signaling character); reso-
nance light scattering particles (light scattering signaling character); BM purple (light absorption or chromogenic signaling
character); and up-converting phosphors (absorption of two long wavelength photons and emission of one shorter
wavelength photon).
[0093] By ’number’X ’solution name’ is meant an aqueous solution comprising the constituents of the solution at
number times the concentration of the solution (except for water). For example, 10X EE contains 10 mM EDTA/100
mM EPPS (EE, or 1X EE, contains 1 mM EDTA/10 mM EPPS).
[0094] EE is a solution that is 1 mM EDTA/10 mM EPPS. Before mixing them together, the conjugate acids of both
components are brought to pH 8.0 with NaOH.
[0095] HYB is a solution used for hybridization containing: 1 M NaCl, 50 mM EPPS pH 8.0, 2% blocking reagent
(Boehringer Mannheim); 0.5% v/v Tween, 20 Pg/ml yeast tRNA (Sigma).
[0096] UBB (universal binding buffer) is a solution useful for binding mixtures of various types of category-binding
molecules (such as antibodies and nucleic acids) containing: 250 mM NaCl, 50 mM EPPS pH 8.0, 2% blocking reagent
(Boehringer Mannheim); 0.5% v/v Tween, 20 Pg/ml yeast tRNA (Sigma).
[0097] BB (blocking buffer) contains 100 mM EPPS pH 8.0/150 mM NaCl/2% blocking reagent (Boehringer Mannheim).
[0098] PB is 0.1 M sodium phosphate buffer pH 7.4.
[0099] PBS is a phosphate-buffered saline solution containing: 120 mM NaCl, 2.7 mM KCl and 10 mM phosphate
buffer (sodium salt) pH 7.4.
[0100] PBS-B is 0.1% BSA (IgG Free; Sigma Cat. No. A-7638) in PBS.
[0101] PBS-T is 0.05% Triton X-100 (Sigma Cat. No. X-100) in PBS.
[0102] PBS-TB is PBS/0.1%BSA/0.05% Triton X-100.
[0103] PBT is PBS/0.1% BSA (IgG Free; Sigma Cat. No. A-7638)/.05% Tween-20 (Sigma Cat. No X-100).
[0104] LB is Luria Broth for growing bacteria and is made as described previously (Ausubel 1987, supra).
[0105] SSC is 150 mM NaCl/15 mM Na3 citrate adjusted to pH 7.0 with HCl.
[0106] MES is (2-[N-Morpholino]ethanesulfonic acid).
[0107] MESB is 0.05M MES (2-[N-Morpholino]ethanesulfonic acid), pH 6.1.
[0108] EDAC is (1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide.
[0109] Ligation buffer is10 mM MgCl2/50 mM Tris-HCl/10 mM dithiothreitol/1 mM ATP/25 Pg/Pl bovine serum albumin.
[0110] AP is alkaline phosphatase.
[0111] BAL is bronchoalveolar lavage.
[0112] BSA is bovine Serum Albumin.
[0113] CCD is charged coupled device.
[0114] CFTR is cystic fibrosis transmembrane conductance regulator.
[0115] Cfu is colony forming unit (a measure of bacterial concentration that corresponds to the number of viable
bacterial cells).
[0116] CMV is cytomegalovirus.
[0117] FITC is fluorescein isothiocyanate.
[0118] HBV is Hepatitis B virus.
[0119] HCV is Hepatitis C virus.
[0120] HIV is Human Immunodeficiency virus.
[0121] Pfu is plaque forming unit (a measure of virus concentration that corresponds to the number of infectious virus
particles).
[0122] PNA is peptide nucleic acid.
[0123] RSV is respiratory syncytial virus.
[0124] TCID50 is tissue culture infectious dose at which 50% of flasks demonstrate infection.
[0125] XhoL is an oligonucleotide primer having the sequence: 5’-GGGCCCCCCCTCGATC-3’.
[0126] XhoR is an oligonucleotide primer having the sequence: 5’-ATCGATACCGTCGACCTC-3’.
[0127] Oligonucleotide sequences are presented in the 5’ to 3’ orientation when written as text, unless otherwise noted.
[0128] Unless otherwise noted, microbiological strains described in the specifications are obtained from the American
Type Culture Collection (ATCC), Manassas, VA.

Brief Description of the Drawings

[0129]
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Figure 1. The principle of non-magnified large-area imaging of individual signal generating particles with
a CCD array. Using the invention, fluorescent labeling particles coated with anti-IL-2 antibodies (category-
binding molecules) are bound to IL-2 protein molecules (target molecules) in blood. The resulting com-
plexes are bound to capture antibodies on the bottom of the well of a microtiter dish. Unbound labeling
particles are removed. Upon illumination, the captured labeling particles fluoresce, emitting photons that
impinge on the pixels of a CCD chip. The number and position of the labeling particles is interpreted by
automated image analysis. The figure is simplified by not including the optical components and other
hardware.

Figure 2. Testing a blood sample for a protein in a microtiter well format. The figure shows how imaging
individual labeling particles is used to detect a target molecule, in this case a protein.

Figure 3. A CCD imaging device for large area imaging. The CCD-based imager depicted in the figure was used
to collect much of the data described in the examples (see also Step 6 of Detailed Description section).
Excitation light is provided by introducing light from a high intensity white light source (1000 Watt Xenon
arc lamp, Model A-6000, Photon Technology Incorporated, Monmouth Junction, NJ) into a liquid light-
guide (5 mm core diameter, Model 380, Photon Technology Incorporated, Monmouth Junction, NJ). The
liquid light-guide carries the light to an excitation filter-wheel (BioPoint FW, Ludl Electronics, Hawthorne,
NY) and directs the filtered beam (typically 9 mm in diameter) onto the detection surface containing the
labeled target molecules. The apparatus can detect labeled target molecules on various detection surfaces
(e.g., porous membranes, microscope slides, microtiter dishes, coverslips, and tubes with flat, optically
clear, bottoms). The incident light strikes the detection surface inducing fluorescence in the signaling
moieties that are bound to target molecules via category-binding molecules and that are deposited on the
optically clear surface. A portion of the emitted fluorescent light is collected by a high-collection efficiency
lens system and transmitted through an emission filter-wheel (BioPoint FW, Ludl Electronics) to a CCD
camera (Orca II, Hamamatsu, Bridgewater, NJ).

Figure 4. A CCD imaging system for non-magnified large area imaging The figure shows a CCD imager with
an angular illumination configuration in which light is introduced onto the detection surface (shown here
as the bottom of a well of a microtiter plate) at an angle from the side of the collection optics. The angle
is chosen to optimize collection efficiency and to avoid obstruction of the incident beam by the collection
lens. The advantage of this configuration is that reflections from the bottom surface of the sample holder
are not collected by the collection lens and therefore do not contribute to the fluorescence background
noise.

Figure 5. Detecting individual microscopic labeling particles without magnification using electronic, in-
stant film, and unaided visual detection (Example 1)
This figure demonstrates the invention’s ability to detect individual microscopic labeling particles in a large
detection area without magnification using a variety of detection methods. Individual labeling particles
coated with alkaline phosphatase were detected using instant film, a CCD camera, and unaided visual
detection. The same colored spots that were visible by eye are shown in the central panels in an image
that was acquired using a digital camera.

Figure 6. An ultra-sensitive lateral flow test for detecting low numbers of bacteria using non-magnified
large area imaging (Example 2)
The figure shows the results of an ultra-sensitive lateral flow test using non-magnified large area imaging.
Images of the capture and control lines are shown from various test strips with different numbers of E.
coli added to the assay. The bar graph illustrates that as the number of E. coli increase, the signal from
the capture line also increased. This figure demonstrates the ability to detect low numbers of bacteria in
a sample.

Figure 7. An ultra-sensitive lateral flow test for detecting low levels of protein using non-magnified large
area imaging (Example 3)
The figure shows the results of an ultra-sensitive test for the cytokine protein IL-2 using lateral flow format
and non-magnified large area imaging. In the figure, capture and control lines images are seen from
various test strips with different concentrations of IL-2 added to the assay. The bar graph illustrates that
as the number of IL-2 increase, the signal from the capture line also increased. This figure demonstrates
the ability to detect low levels of protein in a sample.
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Figure 8. Ultra-sensitive lateral flow test for detecting low levels of protein in serum using non-magnified
large area imaging (Example 4)
The figure shows the results of the lateral flow test for IL-2 in serum. In the figure, capture and control
lines images are seen from representative test strips. The leftmost strip shows the negative control. When
the negative control is compared to the middle (20 pg/ml) and right (200 pg/ml) strips, it is apparent that
as the amount of IL-2 increases, the signal from the capture line also increased. The bottom bar graph
shows the signal from the average of five replicates in relation to the amount of IL-2 added. The error bars
represent a three standard deviation error between the replicate signals. The data shows that the invention
can detect IL-2 at 20 pg/ml of serum demonstrating that the assay detects very low levels of a target
protein even in a complex sample.

Figure 9. Ultra-sensitive lateral flow test for multiplex detection of a protein and a bacterium using non-
magnified large area imaging (Example 5)
The figure shows the results of a multiplexed lateral flow test using non-magnified large area imaging.
The figure shows images of the capture and control lines from test strips onto which were applied samples
containing (from left to right) both E. coli and IL-2, E. coli alone, IL-2 alone, and neither E. coli nor IL-2.
This figure demonstrates the sensitive lateral flow test and can detect multiple target molecules in the
same assay.

Figure 10. Ultra-sensitive chemiluminescent lateral flow test for detecting low levels of protein using instant
film (Example 7) The figure shows the results of a lateral flow test using chemiluminescent labeling
particles and instant film detection. Capture and control lines from representative test strips are shown.
A comparison of the strips onto which were applied samples containing IL-2 (from left to right: 0, 20, 200,
and 2000 pg/ml) indicates that as the amount of IL-2 increased, the signal from the capture line also
increased. The data show that the invention can detect IL-2 at concentrations as low as 20 pg/ ml using
instant film. Thus, this test is ultra-sensitive, rapid, easy to perform, and very inexpensive.

Figure 11. Schematic of a test device that uses capture threads to select target molecule:labeling particle
complexes (Example 8) The figure shows the construction of the device used in this example. The
sample is loaded into the sample zone where it flows laterally into the conjugate pad. The sample, drawn
by the absorbent pad at the distal end of the apparatus, solubilizes and mobilizes the detection beads,
which flow through the assay threads.

Figure 12. An ultra-sensitive test for a protein using the capture thread format (Example 8)
The figure shows the results of a capture thread test. The figure shows images of the capture and control
threads from tests applied to samples containing IL-2 (0, 20, and 200 pg/ml). The results indicate that the
test can detect IL-2 at 20 pg/ml. Furthermore, the concentration dependent speckled appearance of the
capture threads suggests that individual labeling particles are being imaged.

Figure 13. Sensitive detection of protein molecules using non-magnified large area imaging and solid-phase
capture immunoassay (Example 9)
The figure shows the results of a test that scans a sample for the human protein cytokine IL-2 using
antibodies bound to the solid-phase to capture the protein. The wells of a micro titer plate were coated
with anti-IL-2 antibodies. Dilutions of an IL-2 standard were added to the wells. After an hour of incubation
all unbound particles were washed away and anti-IL-2 coated fluorescent particles were added to the
wells. After washing, the bound particles were visualized without magnification in the CCD Imager. The
negative control (anti-adenovirus particle panel) shows very few particles remain in the well. In the IL-2
panels, an increase in signal is seen as the concentrations of IL-2 standard increases. Signal is due to
the interactions of the anti-IL-2 coated wells, the IL-2, and the anti-IL-2 coated particles. The graph shows
the sensitivity (defined as two standard deviations above and below the average negative control) of the
assay and where the IL-2 concentrations fall in relationships to the sensitivity.

Figure 14. Sensitive detection of protein molecules using non-magnified large area imaging and liquid-phase
capture (Example 10)
The figure shows the results of a test that scans a sample for the human protein cytokine IL-2 using a
"dual bead" liquid-phase sandwich method. Dilutions of an IL-2 standard were mixed with anti-IL-2 coated
magnetic and fluorescent particles. After incubating 2 hours, the magnetic particles and any bound particles
were separated from the other materials, transferred to a micro titer plate, and visualized without magni-
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fication in the CCD Imager. The negative control (no IL-2 particle panel) shows few particles remain in
the well. In the IL-2 panels, an increase in signal is seen as the concentrations of IL-2 standard increases.
The IL-2 panel shows thousands of anti-IL-2 coated fluorescent particles captured by the magnetic particles
because of their interaction with IL-2. The graph shows the sensitivity (defined as two standard deviations
above the average negative control) of the assay and where the IL-2 concentrations fall in relationship to
the sensitivity.

Figure 15. Immunoassay for detecting multiple human cytokines using non-magnified large area imaging
(Example 11)
The figure shows an immunoassay strategy for ultra-sensitive detection of multiple proteins in a microtiter
dish.

Figure 16. Competitive immunoassay for total (bound plus free) cytokine IL-2 using non-magnified large
area imaging (Example 12)
This figure diagrams a scheme for a competitive immunoassay. A microtiter dish well is coated with an
anti-IL-2 capture antibody that binds to an epitope that is exposed in both the free and bound forms of
the cytokine. The sample is mixed with an IL-2:biotin conjugate that competes with the cytokine in the
sample for binding to the capture antibodies. A streptavidin-coated fluorescent particle, which binds to
the IL-2:biotin conjugate, is also included in the mixture. The fluorescent particles bind to the well to the
extent that the conjugate competes for the capture antibody sites with cytokine in the sample. Thus, the
number of fluorescent particles that are bound reflects the concentration of total cytokine in the sample.
Non-magnified large area imaging of the bottom of the well quantifies the extent to which the fluorescent
particles bind to the capture antibodies.

Figure 17. Sensitive detection of nucleic acid molecules using a dipstick format and non-magnified large
area imaging (Example 13)
The figure shows the results of an assay that detects viral DNA using a dipstick format and non-magnified
large area imaging. Dilutions of biotinylated viral DNA were spotted onto a nylon membrane. As a negative
control, non-biotinylated viral DNA was also spotted. After blocking to prevent non-specific binding, the
membrane strip was dipped into a solution containing avidin-coated red fluorescent beads. The bead
solution migrated up the membrane by capillary action and contacted, in the process, the filter-bound
DNA. The membrane was washed and then analyzed by CCD-based non-magnified large area imaging.
The bright spots in the images in the figure indicate fluorescent signal obtained from the various DNA
spots on a single membrane strip. The number of copies of DNA in each spot is indicated to the right of
each image. The cartoon on the left shows how the DNA spots were positioned on the dipstick.

Figure 18. Non-amplified multiplex SNP analysis using a lateral flow format and non-magnified large area
imaging: Oligonucleotide ligation and sample application
This figure diagrams the first steps of the test described in Example 15, the final steps of the test are
shown in Figure 19. Pairs of allele-specific oligonucleotides are hybridized to genomic DNA. One pair
member is biotinylated (oligonucleotides with yellow triangles in the figure). The other pair member has
a terminal nucleotide that corresponds to a single-nucleotide polymorphism and has a unique polymor-
phism-specific oligonucleotide tag (oligonucleotides with an explicit base - A, T, G, or
C - in the figure). After ligation, the oligonucleotides are applied to a lateral flow chromatography strip.
The oligonucleotide tag sequences hybridize to the tag complements that are arrayed in stripes on the
lateral flow membrane. Only the tag sequences that correspond to polymorphisms present in the genomic
DNA are ligated to biotinylated oligonucleotides. Therefore, only the stripes of tag complements corre-
sponding to polymorphisms in the genomic DNA sample will hybridize to biotinylated oligonucleotides.

Figure 19. Non-amplified multiplex SNP analysis using a lateral flow format and non-magnified large area
imaging: Detection
This figure diagrams the final steps of the test described in Example 15, the first steps of the test are
shown in Figure 18. As shown in Figure 18, after lateral flow chromatography, biotin molecules will be
associated with stripes on the membrane containing tags that correspond to the genotype of the genomic
DNA sample. This pattern of stripes is detected by binding to particles that are co-coated with streptavidin
(which binds to the biotin moieties) and alkaline phosphatase. After adding a substrate of alkaline phos-
phatase that yields a chemiluminescent product, the stripes containing biotinylated oligonucleotides are
detected with a CCD imager.
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Detailed Description of the Invention

[0130] Overview of the invention. The invention rapidly and cost-effectively scans a minimally processed sample for
low levels of target molecules. The powerful features offered by the invention arise from a novel diagnostic approach
that combines modern high-intensity labeling, cost-effective imaging technology, and non-magnified large-area detection.
[0131] The use of non-magnified imaging to detect a small number of microscopic labels spread out over a large area
is shown schematically in Figure 1. The embodiment depicted in Figure 1 uses a digital camera (CCD chip) to capture
an image of an area that is much larger than the individual labeling particle. The CCD chip comprises an array of
photosensitive pixel elements. Light from a "glowing" particle at one position in the detection area impinges on pixel
elements at the corresponding position of the CCD chip. The end-user receives information about the number of particles
in the sample from a computer that processes the image data (i.e., the number and intensities of the illuminated pixels)
acquired from the CCD chip.
[0132] In order to understand the principles used by the invention better, it is helpful to consider a specific embodiment.
Figure 1 diagrams a method that quantifies the amount of the human protein cytokine IL-2 in a blood sample. The well
of a microtiter dish with an optically clear base is coated with an antibody that binds to a site on the IL-2 molecule. A
drop of blood containing IL-2 molecules is added to the well. Fluorescent particles (dyed with the molecule fluorescein)
are also added to the well. These particles are also coated with an antibody that specifically binds to IL-2 (although this
antibody binds to a site that is distinct from the site to which the capture antibody binds). The IL-2 molecules in the blood
bind to both the fluorescent beads and the capture antibody forming a "sandwich" on the bottom of the well. The result
of sandwich formation is that fluorescent beads become anchored to the bottom of the well. When no IL-2 is present,
no sandwiches are formed, and no fluorescent beads become anchored to the bottom of the well. The more IL-2 there
is in the blood, the more beads become coated with IL-2, and the more beads become anchored to the bottom of the
well. The next steps image and enumerate these beads.
[0133] Illuminating the bottom of the well (the detection area) with light in the excitation range of fluorescein elicits
fluorescence emission by the fluorescent beads that are anchored to the bottom of the well. The fluorescent image of
the particles is collected, focusing the emitted light on the surface of a CCD chip without magnification. Fluorescent light
from each particle impinges on one pixel or a small cluster of pixels causing a localized electronic signal that is relayed
from the CCD chip to a computer where it can be stored in the form of an image file. Image analysis software enumerates
the number of beads anchored to the bottom of the well by counting the number of pixel clusters responding to light from
the particles.
[0134] The invention can be used to construct tests using a number of types of formats, labeling methods, category-
binding molecules, and detection methods. However, the tests have several key features in common. The steps and
processes that are common to many embodiments of the invention are described below.
[0135] The general methods of the invention include the following steps:

Step 1: Formulating a test question, choosing a sample, test format, and category-binding molecule(s)

[0136] Formulating the question to be answered by the test is the first step in creating a new detection method based
on the invention. Some examples of important questions that industrial and clinical microbiologists must address are
listed in Table 2. Articulating the test question generally defines the sample type that must be tested (e.g., environmental
water, urine, or a pharmaceutical finished product). The sample type and volume are important parameters in choosing
the test format.

Step 1: Formulating a test question, choosing a sample, test format, and category-binding molecule(s)
Step 2: Preparing labeling particles
Step 3: Binding target molecules in the sample to the labeling particles
Step 4: Selecting or capturing target molecule:labeling particle complexes
Step 5: Identifying and quantifying target molecules present in the sample by detecting the selected or 

captured target molecule:labeling particle complexes

Table 2.

Examples of questions answered by tests based on the invention
• Does the environmental sample contain any of 6 particular biowarfare agents?
• What is the total viral content of an environmental sample?
• Does the blood of this patient contain levels of 4 specified proteins that are markers of sepsis?
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[0137] The test format is chosen based on several factors including the sample volume, sample content (i.e., are there
particulates or cells?), number of categories of targets, operator skill level, cost constraints. Examples include familiar
lateral flow and microtiter dish formats in addition to novel formats. A range of formats are outlined in the examples below.
[0138] Having formulated the test question, the categories of target molecules become clear. These are the molecules
detected by the test. For tests that survey a sample for a panel of small molecules (e.g., drugs-of-abuse) or for protein
markers of cardiovascular disease the target molecule molecules are simply the drugs-of-abuse or the protein markers,
respectively. For tests that survey a sample for more complex targets (such as a bacterial pathogen or white blood cells
containing proteins correlated with leukemia), the target molecules are molecules that are characteristic or specific to
the target.
[0139] Once the categories of target molecules become clear, category-binding molecules are chosen. Category-
binding molecules bind specifically to the target molecules. The invention supports a wide variety of category-binding
molecules which are appropriate for different target molecules. For example, antibodies can be used as the category-
binding molecules for a variety of target molecules (e.g., hormones, carbohydrates, and proteins). For determining the
genetic makeup of an individual, DNA oligonucleotides may be used, for example.

Step 2: Preparing labeling particles

[0140] The invention’s ability to detect individual microscopic target molecules without optical magnification or expen-
sive instrumentation depends on specifically labeling the target molecules at high signal intensity. Labeling is achieved
by specifically binding labeling particles to the target molecules via an association with category-binding molecules. The
labeling particles have two functionalities: signal generation and specific binding. Various particle compositions, signal
generating moieties, and category-binding molecules can be used to make labeling particles with these functions.
[0141] To make labeling particles that bind to the target molecules chosen in Step 1, category-binding molecules are
conjugated to particles using various methods which are known by those familiar with the art (see, for example, Her-
manson, G., Bioconjugate Techniques (Academic Press, 1996) and specific examples below). Sometimes signaling
moieties are conjugated to the particles using the same set of conjugation techniques (e.g., for enzymatic signaling
moieties).
[0142] Numerous types of signaling moieties are used to allow the particles to emit strong signals of the appropriate
type for a given test. For example, microparticles, such as polystyrene beads (e.g., 1 micron diameter) can be dyed with
fluorescent dyes to create intensely fluorescent particles. Fluorescently dyed polystyrene microparticles (e.g., 1 Pm in
diameter) can incorporate millions of fluorophore signaling elements. Alternatively, particles can be conjugated to en-
zymatic signaling moieties such as alkaline phosphatase, which can catalyze the formation of fluorescent, chemilumi-
nescent, or visibly colored products. Other types of labeling particles include quantum dots and resonance light scattering
particles. These small particles can also be complexed with larger particles to increase the signal strength and signal
complexity.
[0143] The invention’s ability to scan simultaneously for numerous disparate categories of target molecules stems
from the ability to differentiate the signals derived from the different categories of target molecules. The invention dis-
criminates between categories of target molecules in two general ways. One method, called signal differentiation, labels
each category-specific family of category-binding molecules with signaling moieties such that it has a unique signal
signature. The ability to generate and detect large numbers of distinct signal signatures (i.e., high signal complexities)
enables the construction of tests that scan for numerous categories of target molecules (i.e., highly multiplexed tests).
Another method for distinguishing between multiple categories of target molecules, geometric differentiation, relies on
depositing different categories of target molecules in different regions of the detection area. Geometric differentiation,
which can be independent of the signal signature of signaling moieties, is used, for example, in multiplexed lateral flow
tests. Geometric differentiation is discussed in Step 4 below.
[0144] The invention can exploit various types of signal character including fluorescence, scattered light, light polar-

(continued)

Examples of questions answered by tests based on the invention
• Does the saliva of this patient contain any of 12 specified drugs-of-abuse?
• What level of pharmaceutical drug X is in the blood of this patient in a clinical trial?
• Are any of four specified foodborne pathogens or 2 toxins present in this food product?
• Does a cervical sample contain any of 5 specified sexually transmitted disease pathogens?
• Does the blood of a patient contain any of a panel of 12 proteins correlated with heart disease?
• Does the blood of a patient contain any of a panel of 12 proteins correlated with breast cancer?
• Does the DNA of a patient have any of 12 alleles that are correlated with cardiovascular disease?
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ization, thermal radiation, chemiluminescence, and radioactivity. Examples of signaling moieties and detection schemes
using various signal characters appear below. There can be multiple signal classes within a signal character. For example,
if the signal character is fluorescence, various characteristic emission spectra comprise the signal classes (e.g., red
fluorescence, green fluorescence, and blue fluorescence). Alternatively, red fluorescent microparticles that are dyed
with different concentrations of the same fluorophore also employ fluorescence as the signal character, but in this case,
the different intensities of the particles constitute the classes of signal character, i.e., fluorescence intensity is the quality
of the signal character that differentiates one group of particles from another.
[0145] Attaining a high signal complexity is key to developing certain tests that scan for numerous types of target
molecules (i.e., tests with high categorical complexity).
[0146] Achieving high signal complexity. The number of distinguishable labels (or signaling moieties) in a mixture is
called the signal complexity. For highly multiplexed tests, it is sometimes advantageous to use signaling moieties with
high signal complexity. Three general approaches that can be used with this invention to generate high signal complexity
are: (1) distinct labeling, (2) combinatorial labeling, and (3) ratio labeling.

1. For distinct labeling, probes in different probe families are tagged with a single signaling moiety that can be readily
detected in the presence of all other signaling moieties in the experiment. Thus far, it has been difficult to achieve
distinct labeling at high signal complexities. This difficulty occurs because most labeling methods use optical signals
(e.g., chromogenic, fluorescent, or chemiluminescent) or radioactive labeling. Because of the spectral bandwidth
of optical signals and the limited range of signals detectable by current instruments, the resolvable signal complexity
using optical signals is rather small. For example, the resolution of dozens of fluorophores with distinct emission
spectra is currently impossible because of spectral overlap,. One method that can be used for distinct labeling is
the use of micro-transponders (e.g., U.S. Patent No. 6,001,571). Each micro-transponder emits a distinct radio wave
signature. Thus, labeling with micro transponders and other as yet developed methods for distinct labeling have the
potential to be used in conjunction with the invention.

2. Another way to achieve the high signal complexity used in the invention is to apply a combinatorial labeling
approach. Combinatorial labeling is a technique for achieving high signal complexity using a relatively small number
of distinct signaling moieties. With this approach, distinct combinations of signaling moieties are bound to different
targets. Currently, fluorophores are a favored class of signal moiety for molecular diagnostics. However, given the
complications involved in analyzing multiple distinct fluorophores (arising in large part from overlap of the excitation
and emission spectra), it is only currently practical to incorporate about seven or fewer conventional fluorophores.
Used in combination, seven fluorophores can be used to generate 127 distinct signals (N fluorophores generate 2N

- 1 combinations). High signal complexity can also be achieved via combinatorial labeling using other types of
signaling moieties. For example, particles impregnated with different dyes, particles that fall into different discrete
size classes, or transponders emitting distinct radio signals could be used with this approach. Combinatorial labeling
using fluorophores has recently been applied with success for human karyotyping (Speicher et al 1996, supra;
Schröck et al 1996, supra). Instrumentation and software for analysis of combinatorial labeling experiments is
commercially available.

3. High signal complexity can also be obtained using the ratio labeling approach (Fulton, et al 1997, supra). In ratio
labeling, as in combinatorial labeling, many distinct types of signaling moieties are generated using a relatively small
number of distinct signaling elements. In contrast to combinatorial labeling, the signaling moieties in ratio labeling
are distinguished by the ratio of the signaling elements. For example, two fluorophores, X and Y, with different
excitation/emission characteristics can be used to dye polystyrene particles. Different relative concentrations of the
fluorophores ([X], [Y]) are applied to different sets of particles. For example, eight different concentrations of X and
eight different concentrations of Y can be used to dye particles in all combinations (X1Y1, X1Y2, X8Y7, X8Y8) resulting
in 64 classes of distinguishable particles. Ratio labeling simplifies instrumentation, as only a small number of signal
types need be used. Signal elements, other than fluorophores and including non-optical signal elements, can also
be used to generate high signal complexities using a ratio labeling approach.

Step 3: Binding target molecules in the sample to the labeling particles

[0147] The method and format for binding the target molecules in the sample to the labeling particles depends on the
type of sample, the nature of the target molecules, and the chosen format of the test.
[0148] An important attribute of the invention is its compatibility with rapid and simple sample preparation protocols.
For many applications, in fact, there is no required sample preparation. This represents a major advantage over other
sensitive diagnostic methods, such as nucleic acid amplification-based techniques, which require much more demanding
sample preparation procedures to eliminate enzyme inhibitors. Tests that survey samples for soluble molecular markers,
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for example, often do not require any sample preparation before binding to the labeling particles. For some tests, in
which the target molecule is part of a larger complex or sequestered in a larger complex, the larger complex can be
dissociated as part of the sample preparation step. For example, for a test that surveys for the presence of viral core
protein on the interior the HIV virus, the virus particle could be dissociated using a detergent. Similarly, for genetic
analysis, cells containing the nucleic acid target molecules are generally broken open (e.g., by various chemical or
physical treatments) and the double stranded DNA denatured to allow for nucleic acid hybridization.
[0149] Various formats used by the invention have the advantage of allowing rapid binding of the labeling particles to
the target molecules in the sample. For example, contacting large numbers of labeling particles and target molecules
in liquid samples forces collisions to occur much more rapidly than in typical ELISA formats, in which the target molecules
typically diffuse to one end of the reaction chamber before collision can occur. Rapid binding kinetics are also a feature
of test formats (e.g., lateral flow tests) in which contacting occurs inside a porous membrane

Step 4: Selecting or capturing target molecule:labeling particle complexes

[0150] The selection step has several important functions including separating the target molecule:labeling particle
complexes from unbound labeling particles, depositing the target molecule:labeling particle complexes in the detection
zone (e.g., the focal plane of the optical system for some embodiments) removing the sample material from the target
molecule:labeling particle complexes, and (for some test formats) localizing specific categories of labeled target molecules
to distinct regions of the detection area.
[0151] For assays in which the sample is fixed to a solid substrate before the binding step, the unbound category-
binding molecules and signaling moieties are generally removed by washing. Examples include applications that use in
situ hybridization and immunocytochemical methods.
[0152] Other test formats are carried out in the liquid phase, for example in microtiter wells. For some tests the selection
step occurs via binding of the target molecule:labeling particle complexes to capture molecules on the detection surface
of a microtiter well. In these tests, diffusion is the means by which the contact is made with the capture molecules. For
other applications, the target molecule/category-binding molecule/signaling moiety complexes are deposited on the
surface. Methods for depositing the target molecule complexes on a surface include centrifugation, filtration, gravitational
settling, magnetic selection, or binding to surface bound category-binding molecules, e.g., capture antibodies. In some
cases (e.g., magnetic separation), a distinct moiety, the selection moiety, is used. Magnetic microparticles coated with
category-specific antibodies are an example of a selection moiety. The unbound category-binding molecules and signaling
moieties generally remain in the liquid phase and can be removed. However, if the detection procedure (e.g., optical
imaging) selectively analyzes the solid surface with a narrow depth of field, the unbound material (lying outside of the
plane of focus) sometimes need not be removed.
[0153] For some applications, combinations of selection procedures are useful. For example, the sample can be
filtered through membranes with defined pore sizes before contacting the labeling particles. For example, a filter system
that only lets particles between about 0.5 and 5 microns in size could be used to detect the presence of anonymous
bacteria. Such a test could be based on a labeling particle that binds to any protein that contains a tyrosine, for example.
Selecting for other size ranges could enable tests for anonymous viruses, free proteins, or eukaryotic cells.
[0154] Lateral-flow and flow-through formats are arguably the most successful test formats in point-of-care testing.
These formats exploit the advantages of capillary flow in bibulous membranes. They generally select the target molecule:
labeling particle complexes using capture molecules (i.e., surface-bound category-binding molecules). Unbound labeling
particles flow out of the capture zone by capillary action. Another important advantage of membrane-based assays is
the ease of multiplexing by using geometric differentiation.
[0155] Geometric differentiation is an important method when surveying samples for multiple categories of target
molecules (i.e., in multiplexed tests). Geometric differentiation has the advantage, when compared to high signal com-
plexity multiplexed tests (see Step 2), of requiring only a single signal signature for multiplexed tests. In a typical immu-
noassay that uses geometric differentiation, different category-specific capture antibodies are deposited in distinct areas
in the detection zone (e.g., different stripes in a lateral flow test or different spots in a flow through or microtiter well-
based test). Thus, different categories of target molecules are captured in different pre-determined areas of the capture
zone. Other types of capturing moieties that are analogous to capture antibodies include antigens, ligands, and nucleic
acids. Other formats, including those using microfluidic channels and those using "capture threads" (thin strips of material
coated with capture molecules) can also be used with geometrical differentiation.

Step 5: Identifying and quantifying target molecules present in the sample by detecting the selected or captured 
target molecule:labeling particle complexes

[0156] This step detects, identifies, and quantifies target molecules in the sample using large area imaging analysis
of the target molecule:labeling particle complexes that are anchored in the detection zone. The step itself generally
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comprises the steps of imaging, image analysis, and report generation.
[0157] The invention can detect microscopic labeling particles with no magnification. This powerful feature is supported
by high intensity labeling methods and high efficiency optics to direct photons emitted by the microcolony into a small
number of pixels of photodetector arrays. Low magnification imaging facilitates the imaging of a large area which, in
turn, facilitates scanning large samples.
[0158] The imaging method used depends on the type of signal generation chosen in step 2. For example, the imaging
process is different depending on the optical property or signaling character that is used for signal generation. For some
signal characters (e.g., reflectance, fluorescence, light scattering, or absorbance), the complexes in the detection zone
must be illuminated by a light source. For others (e.g., chemiluminescence or thermal radiation), illumination is not
required.
[0159] Detection of individual labeling particles is naturally quantitative and ultra-sensitive. Quantification can be ac-
complished by manually counting individual labeling particles in a photographic or digital image or by using automated
image analysis of digitized images. Integrating signal intensity over the sample can also be used to quantify the target
cells. Signal integration is particularly useful with samples containing high concentrations of target cells. In these cases,
resolving coincident signals may not always be possible.
[0160] Decoding the signatures of the labeling particles allows identification of numerous categories of target cells.
An important goal of this step is to identify the category of target cells in the sample by determining the signature of
target molecule:labeling particle complexes.
[0161] The CCD camera-based imager, shown in Figure 1 is a useful device for large area imaging when fluorescence
is used as the signal character. This device was used to collect the data for many of the examples below. Excitation
light is provided by introducing light from a high intensity white light source (1000 W Xenon arc lamp, Model A-6000,
Photon Technology Incorporated, Monmouth Junction, NJ) into a liquid light-guide (5 mm core diameter, Model 380,
Photon Technology Incorporated, Monmouth Junction, NJ). The liquid light-guide carries the light to an excitation filter-
wheel (BioPoint FW, Ludl Electronics, Hawthorne, NY) and directs the filtered beam (e.g., 9 mm or more in diameter)
onto the detection surface containing the labeling particles. The apparatus can detect labeling particles in various con-
figurations (e.g., on (or in) porous membranes, microscope slides, coverslips, or tubes or wells with flat, optically clear,
bottoms). The incident light strikes the detection surface inducing fluorescence in the target cells. A portion of the emitted
fluorescent light is collected by a high-collection efficiency lens system and transmitted through an emission filter-wheel
(BioPoint FW, Ludl Electronics) to a CCD camera (Orca II, Hamamatsu, Bridgewater, NJ). The design and construction
of the optical train is based on principles and practices known to workers familiar with the art.
[0162] The invention can also incorporate other types of photodetectors and other configurations. The sensitivity of
the imaging system can be increased by choosing a more sensitive camera (e.g., a camera cooled to a lower temperature,
or a camera that uses a back-thinned chip). Alternatively, the detection sensitivity and resolution can be increased by
implementing a line scanning system (e.g., BT Image Array; Hamamatsu). For line scanning, a linear CCD or photodiode
array (e.g. 1 � 500 or 1 � 1000 pixels) is used to capture the image. The resolution in one dimension corresponds to
the number of array elements, while the second dimension is generally captured by moving the sample slide perpen-
dicularly under the linear array. Since there are fewer elements, similar sensitive linear arrays are typically less expensive
than area format CCD cameras.
[0163] The instrument diagrammed in Figure 3 can be configured to measure multiple samples by using an X-Y
positioning Stage (BioPoint XY, Ludl Electronics) to move the experimental samples over the excitation and collection
optics. Image-Pro and Image-Pro add-ins control all instrument components and image acquisition. Filter wheels are
managed with the ScopePro add-in (Media Cybernetics, Baltimore MD), and the StagePro add-in (Media Cybernetics,
Baltimore MD) handles stage positioning, while the camera control is via the Hamamatsu Orca II driver (Hamamatsu,
Bridgewater, NJ). Image-Pro Plus is also used for Image-Processing and analysis as described below.
[0164] Embodiments of the invention using white light illumination utilize spectral filters to provide an optimal excitation
peak for each of the fluorophores. The white light spectrum is large, allowing a wide variety of fluorophores to be selected
to eliminate emission spectra overlaps. Typically spot sizes achievable with white light illuminators, e.g., 2 mm to 5 mm,
are appropriate for large area imaging. Since filter changes are relatively simple and can be automated, white light
systems are very adaptable, allowing the same apparatus to be used for tests that use distinct sets of fluorophores.
[0165] The collection efficiency of the system shown in Figure 3 is maximized by incorporating a custom designed
collection optic consisting of two components: a collection objective and a focusing element. The collection objective
has high collection efficiency (≥ f#/1.2) and outputs a relatively collimated beam. The focusing lens captures the light
output from the collection objective and focuses it onto the detection surface of the CCD. The optics are designed in
two parts to allow a filter wheel to be inserted in the path of the collection lens. For certain embodiments of the invention,
e.g., those that do not require filter changes, it may be desirable to include a tapered optical fiber bundle for achieving
high collection efficiency. The fiber optic bundle contains fibers that collect light proximally to the sample and channel
the light directly to a CCD chip. Alternatively, the invention can detect signals very sensitively using direct proximal
detection in which the sample is applied directly or in close proximity to the CCD chip (for highest sensitivity to the back
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of a back-thinned CCD chip).
[0166] In addition to the white-light, multi-spectral system described above, we have also developed a simper single-
color fluorescence imaging system for non-magnified large area imaging. In the system shown in Figure 4, excitation
light is provided by a 532 nm Frequency-Doubled Diode Laser (50 mW, Model # BWT-50E, B&W Tek, Newark, DE).
Since this detection uses a single color, filter wheels are not necessary. A single excitation filter removes harmonic
spectra from the laser output (Model HQ532/10x, Chroma Technology, Brattleboro, VT), and a single emission filter
(Model HQ620/60m, Chroma Technology, Brattleboro, VT) allows only specific wavelengths to pass to the CCD camera.
This system may also use a less-expensive CCD camera (Model KX-2E, Apogee CCD, Auburn, CA) than the one
described previously, to capture images. The instrument can easily be adapted to multicolor analysis by incorporating
multiple lasers and filter sets.
[0167] The CCD cameras incorporated in the invention are generally cooled to a temperature between -5°C and -50°C,
sufficient for integration times from ten seconds to about two minutes (depending on the camera sensitivity) with minimal
camera noise build-up. Longer integration times generally give higher sensitivity by allowing the collection of the photons
emitted from the fluorophores for an extended period. Long integration times are inappropriate for line scanning; however,
there are back-thinned linear arrays available that have very high quantum efficiencies, increasing sensitivity.
[0168] The invention can also use interferometer-based spectral imaging for the detection and decoding of signals
(Schrock, E., 1997, supra). Using this technique, light emitted or scattered by signaling moieties is split into two paths,
passed thorough prisms (so that different wavelengths travel different distances), and allowed to recombine to create
an interference pattern. Fourier analysis of the interference pattern generates a spectrograph for each point in the image.
[0169] For point-of-care applications including applications requiring portable systems, the invention can be configured
to minimize weight and size. For some embodiments, instrumentation can be eliminated completely (e.g., when the
labeling particles are visualized by color detection) or greatly simplified (e.g., by using instant film in place of electronic
detectors). If desired, images collected on film can be digitized in commercial scanners for data storage and for digital
image analysis. Alternatively, photodetectors can be used without an optical system by using proximal imaging (the
photodetector is placed essentially against the detection zone). For maximum portability, the light source can be eliminated
by using labeling particles with non-illumination dependent signaling character (e.g., chemiluminescence).
[0170] For embodiments of the invention that generate digital images, computer software identifies and quantifies the
target labeling particles. For a typical assay in which different classes of fluorescent signaling moieties are used, the
software superimposes the appropriate fluorophore-specific images, identifies the target cells by determining which
signature or combination of signals is emitted by each target labeling particle, and enumerates each category of target
labeling particle that is present in the sample. The software may also: (1) correct for illumination non-uniformity; (2)
correct for fluorescence cross-talk through a deconvolution matrix; (3) align images using registration marks, e.g., im-
printed on the substrate; (4) assign an ID code to each imaged labeling particle in the sample based on comparison to
a look up table; (5) record the imaged sample bar code for sample identification; and (6) automatically save output data,
images, and bar code to a database that can be queried, e.g., via a web browser interface. Commercially available
image analysis packages can be used to provide these functions. Software packages for multicolor image analysis can
be used (e.g., Image-Pro, Media Cybernetics; MetaMorph, Universal Imaging; MatLab; The MathWorks).
[0171] It is useful to outline here the software packages and methods that were used to analyze the fluorescence data
collected in many of the examples that follow. The detection surface is imaged to determine the number of fluorescent
objects and/or the total fluorescent signal. The fluorescence was captured from the detection zones by a CCD camera
and stored as a TIFF (Tagged Image File Format) image file that contains records of pixel locations and intensities.
Three approaches were used to quantify the assay results. The total integrated signal of the imaged detection zone was
determined by summing the fluorescent signal from all of the pixels. The integrated signal from the sample was compared
to that of negative controls. Measuring the total integrated signal is especially useful for samples containing numerous
target molecules. A second approach was to count the fluorescent objects in the detection zone. A third approach was
to integrate the intensity of all of the pixels contained within the fluorescent objects (as opposed to summing the intensity
of all of the pixels in the image). All image analysis was performed using Image-Pro v 4.0 (Media Cybernetics, Silver
Springs, MD).
[0172] Using the IPP Image-Pro macro language, the above utilities can be automated to allow batch processing of
several images at one time. In addition, the data can be manipulated with other user-defined IPP scripts. For example,
objects below or above a certain size (area) or intensity can be included or excluded, which can be a useful tool for dust
exclusion. Other important parameters for image analysis that determine object definition (e.g., acceptance and rejection
criteria) vary by application and should be optimized accordingly.
[0173] Various aspects of the invention can be automated including linking the steps outlined above. Consider an
application for analyzing liquid samples such as pharmaceutical water for injection or a clinical urine sample. Such an
automated system could automatically collect samples, contact them with labeling particles, apply a selection step,
obtain an image, analyze the image, and report the results. Alternatively, individual functions of the invention can be
automated. For example, modules for automatically loading and unloading vessels into the imaging instrument and for
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automatic focusing can be incorporated into the system.
[0174] Examples. The examples below provide technical details for implementing various embodiments of the invention
for use in conjunction with a range of applications and are not intended to be limiting.

Example 1. Detecting individual microscopic labeling particles without magnification using electronic, instant film, and 
unaided visual detection

[0175] Background and objectives: The invention’s ability to quantify low levels of target molecules rests, in part,
in its ability to detect and enumerate individual microscopic target molecules in large detection areas without the use of
high magnification. The goal of this example is to demonstrate that the invention can accomplish this using various
means for detection: a CCD photodetector array, instant film, and simple visual detection.
[0176] The labeling particles for these experiments were latex particles that were coated with antibodies and the
enzyme alkaline phosphatase. Beads placed on membranes were treated with either chemiluminogenic or chromogenic
substrates of substrates of alkaline phosphatase that produce chemiluminescent or colored (purple) products, respec-
tively. The membrane with the chemiluminescent labeling particles was imaged electronically or with instant film, and
the membrane with the chromogenic labeling particles was imaged by eye.
[0177] Experimental Methods: Particles coated with antibodies and enzyme molecules were made by adding both
biotinylated alkaline phosphatase (5 Pl of a 2.9 mg/ml stock; Pierce; cat. num. 29339) and biotinylated goat anti-E. coli
O157 antibody (5 Pl of a 1.0 mg/ml stock; Kirkeguard and Perry Laboratories; cat. num. 01-95-90) to streptavidin-coated
particles (108 particles; Bangs;0.95 um, non-fluorescent; cat. num. CP01 N). The volume was brought up to 100 Pl with
PBS. After a 30-minute incubation, the particles were washed twice. A wash consisted of spinning the particles down
in a microcentrifuge at 3000 g for 5 minutes, then discarding the supernatant and resuspended the particles in PBS (100
Pl). After making the dually coated particles, the beads were diluted to about 50 and 500 beads. Three replicates of
each dilution as well as a no bead control were each added to PBS (50 ml) and filtered through a 0.2 Pm pore nitrocellulose
membrane using a vacuum pump and a plastic funnel cup (Millipore Microfil V User Guide, PF07114, Rev A 3/00). BM
Purple alkaline phosphatase substrate (500 Pl; Roche; cat. num. 1442074) was added to one set of filters. The other
filter set had CDP-star (500 Pl; NEN; cat. num. NEL-601) added to them. After a 1-hour incubation the BM purple
membranes were washed in water to remove left over BM Purple, and the membranes were allowed to air dry. The
CDP-star membranes were mounted in a SpotLight camera (Boston Probes; cat. num. DT10000) according to the
manufacturer’s instructions and exposed to ASA 2000 film (Boston Probes; cat. num. DT20000) for 2 minutes. The same
filters were then observed using non-magnified large area imaging. Image-Pro Plus software, version 4.1 (Media cyber-
netics) was used to capture and process images from the CCD Imager.
[0178] Results. Figure 5 shows that the bi-functional particle, that was conjugated to a category-specific binding
molecule and an enzymatic signaling moiety, can be detected using either chromogenic or chemiluminescent signal
elements. The ability to see single labeling particles even with the naked eye is due to the large numbers of enzyme
molecules on each labeling particle. The example demonstrates the potential for the invention to provide ultra-sensitive
point-of-care tests that are simple, user-friendly, cost-effective, and non-instrumented.

Example 2. Detecting low numbers of bacteria using non-magnified large area imaging

[0179] Background and objectives: This example demonstrates the use of the invention to detect low numbers of
bacteria rapidly using a user-friendly lateral flow assay format and non-magnified large area imaging. Lateral flow assays
have been used in the diagnostic industry for over 20 years. These simple assays rely on antigen:antibody interactions
to detect the presence of a specific target (or analyte). The lateral flow strips, although simple, lack the sensitivity to
compete, in most diagnostic areas, with ELISA immunoassays and nucleic acid amplification methods.
[0180] In the example, various dilutions of bacterial lysates (E. coli O157:H7) were applied to porous membrane strips
that contained a conjugate pad containing labeling particles (fluorescently dyed latex particles coated with E. coli O157:
H7-specific antibodies), a line of capture antibodies, and a positive control line with capture antibodies that bind to
labeling particles lacking target molecules. After performing the test, the capture and control lines were imaged using
large area non-magnified imaging.
[0181] Experimental Methods: The lateral flow test strips were assembled by following the directions supplied in the
lateral flow kit (Millipore; High Flow Mid Range Assembly Kit, cat. no. HFMIDAK015). In short, wicking, conjugate, and
sample pads were placed onto a lateral flow membrane, which was attached to an adhesive support card. Antibody lines
were made by applying two lines of capture antibodies across the membrane strips: one for E. coli O157:H7 (the capture
line; 10Pl of a 1 mg/ ml solution per 8 cm line, BioTrace affinity purified; Kirkegaard & Perry Laboratories, cat. no.
01-95-90) and one for a positive control (the control line; 10 Pl of a 1 mg/ ml solution per 8 cm long line, Jackson Immuno
Research Laboratories, Inc.; biotin anti-goat IgG, cat. no. 115-165-146) onto the membrane (5-10 mm from wicking pad).
The lines were allowed to dry (at least 15 min) before use. Streptavidin labeled fluorescent beads (Bangs Laboratories
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Inc., cat. no. CP01 F-5121) were labeled with biotin anti-E. coli O157:H7 antibody (BioTrace affinity purified; Kirkegaard
& Perry Laboratories, cat. no. 01-95-90) by combining the beads (10 Pl of 1.23 � 1011/ml, antibody (10 Pl of 1.0 Pg/ml
stock) and PBS (80 Pl)) and mixing (1.5 hours/ room temp). The beads were then centrifuged (5000 g, 10 min) and
resuspended in PBS-B (100 Pl). The anti- E. coli coated fluorescent beads (2 Pl) were added to the conjugate pad of
each strip. A stock of formaldehyde fixed E. coli O157:H7 cells (Strain DEC 3B, Dr. Tom Whittam, Pennsylvania State
University, 109 cells/ ml) were serially diluted using PBS. The serial dilutions (100 Pl) were then added to a lysing solution
(100 Pl of 200 mM NaOH/ 1% SDS) and allowed to sit for 3 min. PBS-B (800 Pl) was added to neutralize the lysis
solution. Test samples (100 Pl of the lysed E. coli dilution) were combined with PBS-TB (50 Pl) and added to the sample
pad of the test strip. The sample moved through the sample pad to the conjugate pad, where the fluorescent beads were
integrated into the sample flow. The sample then proceeded into the test membrane, through the capture and control
line and finally into the wicking pad. After performing the assay, (∼15 minutes). The membranes were then imaged by
placing the strips on a CCD-based imager (described in Step 5 of Detailed description section and shown in Figure 3)
so that the bacteria were facing the illumination source and CCD chip. The strips were imaging using non-magnified
large area imaging. The images were analyzed using Image-Pro software.
[0182] Results: Figure 6 shows the results of the lateral flow test for detecting bacteria. The figure shows images of
the capture and control lines from representative strips. The leftmost strip shows the results when a negative control
sample containing no bacteria was analyzed. When the negative control is compared to the middle and right strip,
containing 1000 and 10,000 E. coli respectively, it is apparent that as the number of bacteria increases, the signal from
the capture line also increased. The bottom bar graph shows the signal from the average of five replicates in relation to
the number of E. coli added. The error bars represent a three standard deviation error between the replicate signals.
The data shows a detection limit of 1000 bacteria, which is 10-100 times more sensitive than commercial tests on the
market.

Example 3. Ultra-sensitive lateral flow test for detecting low levels of protein using non-magnified large area imaging

[0183] Background and objectives: There is an unmet need for more sensitive rapid tests for protein markers. This
example demonstrates the use of the invention to detect low levels of protein (IL-2) rapidly with the user-friendly lateral
flow assay format, fluorescent labeling particles, and non-magnified large area imaging. Detecting and quantifying low
levels of target proteins in a sample is becoming more important as new markers for human disease (e.g., cancer and
cardiovascular disease) are discovered.
[0184] Experimental Methods: The lateral flow test strips were assembled as in Example 2. Antibodies were applied
to membranes to make an IL-2 specific capture line (Pharmingen, cat. no. 554424) and a negative control line (Jackson
Immuno Research Laboratories, Inc.; biotin anti-mouse IgG, cat. no. 115-165-146) onto the membrane at a distance of
5 to10 mm from the wicking pad. The lines were allowed to dry (at least 15 min) before use. Streptavidin labeled
fluorescent beads (Bangs Laboratories Inc., cat. no. CP01F-5121) were labeled with a biotin anti-IL-2 antibody (Pharmin-
gen; cat. no. 554426) by combining the beads (10 Pl of 1.23 � 1011/ml, antibody (10 Pl of 1.0 Pg/ ml stock)) and PBS
(80 Pl) and mixing (1.5 hours/ room temp). The beads were then centrifuged (5000 g, 10 min) and resuspended in PBS-
B (100 Pl). The anti-IL-2 antibody-coated fluorescent beads (2 Pl) were added to the conjugate pad of each strip. A stock
solution IL-2 (Pharmingen; Recombinant Mouce IL-2,cat. no. 550069) was serially diluted using PBS-B. Test samples
(100 Pl of an IL-2 dilution) were combined with PBS-TB (50 Pl) and added to the sample pad of the test strip. After
performing the test (∼15 minutes) the strips were imaged as in Example 2. The images were analyzed using Image-Pro
software.
[0185] Results: Figure 7 shows the results of the lateral flow test for IL-2. In the figure, capture and control line images
are seen from representative test strips. The leftmost strip shows the negative control (no IL-2 added). When the negative
control is compared to the middle and right strip, samples containing IL-2 at 2 pg/ml and 20 pg/ml, respectively, it is
apparent that as the amount of IL-2 increased, the signal from the capture line also increased. The bottom bar graph
shows the signal from the average of five replicates in relation to the amount of IL-2 added. The error bars represent a
three standard deviation error between the replicate signals. The data shown indicates that the test detects IL-2 at a
level of 2 pg/ ml, which is 10-100 times more sensitive than commercial tests on the market.

Example 4. Ultra-sensitive lateral flow test for detecting low levels of protein in serum using non-magnified large area 
imaging

[0186] Background and objectives: Detecting target molecules in the context of complex samples is important for
many applications. This example demonstrates the use of the invention to detect low levels of IL-2 in serum rapidly with
a user-friendly lateral flow format and non-magnified large area imaging. In the experiment described below, IL-2 in
serum was detected using fluorescent labeling particles.
[0187] Experimental Methods: The lateral flow test strips were assembled as in Example 3. Antibodies were applied
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to membranes to make an IL-2 specific capture line (Pharmingen, monoclonal anti-IL-2, cat. no. 554424) and control
line (Jackson Immuno Research Laboratories, Inc.; biotin anti-mouse IgG, cat. no. 115-165-146) at a distance of 5 to10
mm from the wicking pad. The lines were allowed to dry (at least 15 min) before use. Streptavidin labeled fluorescent
beads (Bangs Laboratories Inc., cat. no. CP01F-5121) were labeled with biotin anti-IL-2 antibody (Pharmingen; cat. no.
554426) by combining the beads (10 Pl of 1.23 � 1011/mlstock), antibody (10 Pl of 1.0 Pg/ml stock) and PBS (80 Pl)
and mixing (1.5 hours at room temp). The beads were then centrifuged (5000 g, 10 min) and resuspended in PBS-B
(100 Pl). The anti-IL-2 coated fluorescent beads (2 Pl) were added to the conjugate pad of each strip. A stock solution
of IL-2 (Pharmingen; recombinant mouse IL-2, cat. no. 550069) was serially diluted using serum (Fitzgerald Laboratories;
Normal goat serum, cat. no. 88-NG22). Test samples (100 Pl of an IL-2 dilution) were combined with PBS-TB (50 Pl)
and added to the sample pad of the test strip. After performing the test (∼15 minutes) the strips were imaged as in
Example 2. The images were analyzed using Image-Pro software.
[0188] Results: Figure 8 shows the results of the lateral flow test for IL-2 in serum. In the figure, capture and control
line images are seen from representative test strips. The leftmost strip shows the negative control. When the negative
control is compared to the middle (20 pg/ml) and right (200 pg/ ml) strips, it is apparent that as the amount of IL-2
increased, the signal from the capture line also increased. The bottom bar graph shows the signal from the average of
five replicates in relation to the amount of IL-2 added. The error bars represent a three standard deviation error between
the replicate signals. The data shows that the invention can detect IL-2 at 20 pg/ ml of serum demonstrating that the
assay detects very low levels of a target protein even in a complex sample.

Example 5. Ultra-sensitive lateral flow test for multiplex detection of a protein and a bacterium using non-magnified large 
area imaging

[0189] Background and objectives: The need to test for the presence of a panel of target molecules is common.
Examples are tests that survey samples for the various microbes that can cause sexually transmitted disease, panels
of drugs-of-abuse, and sets of biowarfare agents. This example demonstrates the use of the invention to detect low
levels of E. coli and IL-2 rapidly and simultaneously, using a user-friendly lateral flow assay format, fluorescent labeling
particles, and non-magnified large area imaging.
[0190] Experimental Methods: The lateral flow test strips were assembled as in Example 2. Antibodies were applied
to membranes to make E. coli O157:H7 (BioTrace affinity purified; Kirkegaard & Perry Laboratories, cat. no. 01-95-90)
and IL-2 (Pharmingen, cat. no. 554424) capture lines as well as a control line (Jackson Immuno Research Laboratories,
Inc.; biotin anti-goat IgG, cat. no. 115-165-146) at a distance of 5 to10 mm from the wicking pad. The lines were allowed
to dry (at least 15 min) before use. Fluorescent beads for both IL-2 (refer to Example 3 for making IL-2 beads) and E.
coli (refer to Example 2 for making E. coli beads) (2 Pl of each) were added to the conjugate pad of each strip. Test
samples (100 Pl of an E. coli or IL-2 dilutions) were combined with PBS-TB (50 Pl) and added to the sample pad of the
test strip. After performing the test (∼15 minutes), the strips were imaged as in Example 2. The images were analyzed
using Image-Pro software.
[0191] Results: Figure 9 shows the results of a multiplexed lateral flow test using non-magnified large area imaging.
The figure shows images of the capture and control lines from test strips onto which were applied samples containing
(from left to right) both E. coli and IL-2, E. coli alone, IL-2 alone, and neither E. coli nor IL-2. This figure demonstrates
that the lateral flow test can detect multiple target molecules in the same assay.

Example, 6. Ultra sensitive lateral flow test for detecting low levels of virus using non-magnified large area imaging

[0192] Objective: This example demonstrates how the invention can be used to detect low numbers of viral particles
rapidly with a user-friendly lateral flow format and non-magnified large area imaging. In the experiment described below
samples containing dilutions of lysed Influenza virus are detected using fluorescent labeling particles and large area
imaging.
[0193] Experimental Methods: The lateral flow test strips are assembled as in Example 2. Antibody lines are made
by applying both an Influenza A specific capture line (QED, cat. no. 1302) and control line (Jackson Immuno Research
Laboratories, Inc.; biotin anti-mouse IgG, cat. no. 115-165-146) onto the membrane at 5 to10 mm from the wicking pad.
The lines are allowed to dry (at least 15 min) before use. Streptavidin labeled fluorescent beads (Bangs Laboratories
Inc.; cat. no. CP01 F-5121) are labeled with biotin anti-influenza A antibody (Virostat; cat. no. 1307) by combining the
beads (10 Pl of 1.23 � 1011/ml stock), antibody (10 Pl of 1.0 Pg/ml stock) and PBS (80 Pl) and mixing (1.5 hours/ room
temp). The beads are then centrifuged (5000 g, 10 min) and resuspended in PBS-B (100 Pl). The anti-Influenza A coated
fluorescent beads (2 Pl) are added to the conjugate pad of each strip. A stock solution of purified Influenza A (Advanced
Biotechnologies Inc: Influenza A/ PR/8/34 (H1N1), cat. no. 10-210-000) is lysed (Aoyagi, K., C. Ohue, et al. (1999). J
Clin Microbiol 37(6): 1802-8) and then serially diluted using PBS-B. Test samples (100 Pl of an IL-2 dilution) are combined
with PBS-TB (50 Pl) and added to the sample pad of the test strip. After performing the test (∼15 minutes), the strips
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are imaged as in Example 2. The images are analyzed using Image-Pro software.

Example 7. Ultra-sensitive chemiluminescent lateral flow test for detecting low levels of protein using instant film

[0194] Objective: There is an unmet need for ultra-sensitive point-of-care tests. Ideally, these tests are portable and
do not require expensive instrumentation. This example demonstrates detection of low levels of the cytokine protein IL-
2 using cost-effective instant film detection, high intensity chemiluminescent labeling particles, and a user-friendly lateral
flow format.
[0195] Experimental Methods: The lateral flow test strips were assembled as in Example 2. Antibody lines were
made by applying both an IL-2 specific capture line (Pharmingen; cat. no. 554424) and control line (Jackson Immuno
Research Laboratories, Inc.; biotin anti-mouse IgG, cat. no. 115-165-146) onto pieces of membrane (5-10 mm from the
wicking pad). The lines were allowed to dry (at least 15 min) before use. Streptavidin labeled beads (Bangs Laboratories
Inc.; cat. no. CP01F-5121) were labeled with biotin anti-IL-2 antibody (Pharmingen; cat. no. 554426) and biotin alkaline
phosphatase (Pierce; cat. no. 29339) by combining the beads (10 Pl of 1.23 � 1011/ml), antibody (10 Pl of 1.0 Pg/ ml
stock), biotin labeled AP (10 Pl of an mg/ ml stock) and PBS (70 Pl) and mixing (1.5 hours/ room temp). The beads were
then centrifuged (5000 g, 10 min) and resuspended in PBS-B (100 Pl). The anti-IL-2 coated AP beads (2 Pl) were added
to the conjugate pad of each strip. A stock solution of IL-2 (Pharmingen; recombinant mouse IL-2, cat. no. 550069) was
serially diluted using serum PBS. Test samples (100 Pl of an IL-2 dilution) were combined with PBS-TB (50 Pl) and
added to the sample pad of the test strip. After performing the test (∼15 minutes), the strips were soaked with a chemi-
luminescent detection reagent (Pierce; Lumiphos, cat. no. 34150). After a short incubation (∼5 min), the strips were
imaged using instant film (VWR; Polaroid Polapan Type 667, cat. no. GRP0617538). The instant film was then scanned
(Hewlett Packard; HP scanjet 7400c, cat. no. C7713A).
[0196] Results: Figure 10 shows the results the lateral flow test using chemiluminescent labeling particles and instant
film detection. Capture and control lines from representative test strips are shown. Comparing the strips onto which were
applied samples containing IL-2 (from left to right: 0, 20, 200, and 2000 pg/ml) indicates that as the amount of IL-2
increased, the signal from the capture line also increased. The data show that the invention can detect IL-2 at concen-
trations as low as 20 pg/ ml using instant film. Thus this test is ultra-sensitive, rapid, easy to perform, and very inexpensive.
[0197] Variations: Other films (including normal photographic film and x-ray film) could be used. Exposed film could
be digitized using inexpensive commercial scanners yielding images that could be analyzed using image analysis soft-
ware. Other chemiluminescent reagents, such as horseradish peroxidase, could be used rather than alkaline phos-
phatase. Numerous other chemiluminescent substrates could be used including CDP-star (Applied Biosystems; cat. no.
T2307) or SignalSignal West Pico (Pierce; cat. no. 34080). Colorimetric assays could also be developed using a chro-
mogenic substrate such as BM purple (Roche; cat. no. 1442074).

Example 8. Ultra-sensitive, non-membrane based lateral flow assay for detecting low levels of protein using non-magnified 
large area imaging

[0198] Objective: This example describes rapid and ultra-sensitive detection of a protein with an embodiment of the
invention that uses porous "capture threads" rather than traditional lateral flow strips. The format minimizes the expanse
of membrane that a particle must negotiate on its route through the detection area. There are two major advantages of
the capture thread format, both of which increase the sensitivity of tests: (1) larger sample volumes are efficiently
processed and (2) larger labeling particles, which have even more intense signals, can be used.
[0199] Figure 11 shows the construction of the device used in this example. The sample is loaded into the sample
zone where it flows laterally into the conjugate pad. The sample, drawn by the absorbent pad at the distal end of the
apparatus, solubilizes and mobilizes the detection beads, which flow through the assay threads. In the experiment
described below, dilutions of IL-2 were applied to slides containing a conjugate pad containing fluorescent labeling
particles specific for IL-2, a capture threads for binding IL-2, and a positive control thread.
[0200] Experimental Methods: The tests were assembled on glass slides as follows (see Figure 11). Antibody stripes
were applied to two pieces (3 mm � 25 mm) of a lateral flow membrane (Millipore; Hi-Flow Plus, cat. no. HF13502).
The capture thread stripe contained a capture antibody (Pharmingen; monoclonal anti-IL-2, cat. no. 554424, 10 Pl of a
1mg/ ml solution per 8 cm) and control antibody (Jackson Immuno Research Laboratories, Inc.; biotin anti-mouse IgG,
cat. no. 115-165-146, 10 Pl of a 1mg/ ml solution per 8 cm). After drying (15 min), the threads were placed 10 mm
(control thread) and 13 mm (capture thread) from the end of a glass slide (VWR; cat. no. 48300-025). A piece of glass
fiber mesh (Millipore; glass fiber conjugate pad, part of cat. no. HFMIDAK015) was cut (3 mm � 25 mm) and placed 20
mm from the end of the glass slide. A piece of absorbent paper (50 mm x 25 mm) was placed at the end of the slide. A
second glass slide was placed on top of the capture threads, glass fiber and absorbent paper so that one end of the
glass slide was directly on the piece of glass fiber, with the other end overlapping onto the absorbent paper. Streptavidin
labeled fluorescent beads (Bangs Laboratories Inc.; cat. no. CP01F-5121) were coated with a biotin anti-IL-2 antibody
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(Pharmingen; cat. no. 554426) by combining the beads (10 Pl of 1.23 � 1011/ml), antibody (10 Pl of 1.0 Pg/ ml stock)
and PBS (80 Pl) and mixing (1.5 hours/ room temp) with rotation. The beads were then centrifuged (5000 g, 10 min)
and resuspended in PBS-B (100 Pl). The anti-IL-2 coated fluorescent beads (2 Pl) were added to the conjugate pad of
each assay slide. A stock solution of IL-2 (Pharmingen; Recombinant Mouse IL-2, cat. no. 550069) was serially diluted
(for final concentrations of 0, 20, 200 pg/ml) using PBS-B. Test samples (1 ml of 0, 20 and 200 pg/ml dilutions) were
added to the sample loading zone of the test slide. After performing the test (∼15 minutes), the strips were imaged as
in Example 2. The images were analyzed using Image-Pro software.
[0201] Results: Figure 12 shows the results of the test. The figure shows images of the capture and control threads
from tests applied to samples containing IL-2 (0, 20, and 200 pg/ml). The results indicate that the test can detect IL-2
at 20 pg/ml. Furthermore, the concentration dependent speckled appearance of the capture threads suggests that
individual labeling particles are being imaged.
[0202] The test used a volume that is 5 to 10 times the volume that is typically loaded on traditional lateral flow devices,
yet the assays were completed in about the same time as when traditional "low volume" lateral flow tests were performed
in the previous examples. By increasing the length of the capture threads even larger volumes could be analyzed. The
ability to increase sensitivity by elongated the threads is a byproduct of the invention’s ability to detect individual labeling
particles. When detecting individual labeling particles, increasing the length of the capture line or thread and increasing
the sample volume produces more signal without an increase in background (recall that the relevant background intensity
can be measured in a region of comparable size to that containing a positive signal). In contrast, tests that measure
integrated signal intensity do not improve by increasing the size of the capture line because the background increases
in proportion to the signal.

Example 9. Sensitive detection of protein molecules using non-magnified large area imaging and solid-phase capture 
immunoassay

[0203] Overview. In this example, non-magnified large area imaging was used to detect IL-2 protein target-entities.
IL-2 molecules were captured by antibodies that had been adsorbed to the surfaces of antibody-coated microtiter dish
wells. Fluorescent particles, coated with a different anti-IL-2 antibody, were then bound to the surface-immobilized IL-2
molecules. Non-magnified large area imaging was used to detect the individual particle:IL-2 complexes.
[0204] Experimental design. A 96 well plate (optically clear plastic bottom; Greiner America, Inc.; cat. num. 55896)
was coated with biotinlyated BSA (Sigma; cat. num. A-8549; 50 Pl of 200 Pg/ml biotinylated BSA in.2M sodium bicar-
bonate, pH 10) The plate was incubated overnight at room temperature. The next day the wells were "washed" by adding
PBS (200 Pl) to each well and then aspirated. The biotinylated BSA-coated wells were then further coated with strepta-
vidin/PBS solution (Jackson Labs; cat. num. 016-000-084; 50 Pl of a 100 Pg/ml solution) and incubated overnight at
room temperature. The next day, the wells were washed as stated above. The biotin: streptavidin coated wells were
then coated with biotinylated Rat anti-mouse IL-2 antibody (50 Pl of a 0.5 mg/ml solution; Pharmingen; cat. num. 554426).
The wells were covered and allowed to shake at room temperature for 3.5 hours. After incubation the wells were washed
three times with PBS-B (Sigma; cat. num. A-7638) /0.05% triton X 100 (Sigma/X-100). The wells were then blocked with
Block Aid (150 Pl; Molecular Probes; cat. num. B-10710) followed by a 40-minute incubation at room temperature. The
Block Aid was decanted and ELISA diluent (50 Pl; Pharmingen; cat. num. 2728KD) was added to each well. An IL-2
standard (150 pg/ml; Pharmingen; cat. num. 27316E) was serially diluted in ten fold increments with standard diluent
(Pharmingen; cat. num. 2708KD), and 50 Pl of each dilution was added to separate wells. The plate was allowed to
Incubate at room temperature for two hours. After incubation antibody coated red fluorescent particles (106; Molecular
probes; 1Pm; sulfate; 580/605 nm; cat. num. F-8851) which were coated by passive adsorption with a rat anti-mouse
IL-2 antibody (Pharmingen; cat. num. 18161 D) were added to each well. To passively adsorb antibodies to the surface
sulfate groups of the beads, particles (62.5 Pl; 2% solids; Molecular Probes Cat. No. F8851, 1Pm, red fluorescent
(580/605)) were washed by repeatedly (3 repetitions) by centrifugation (5 min; 10,200 x g; Eppendorf Centrifuge Model
5417C, Eppendorf Swinging Bucket Rotor Model A-12-11) and resuspension of the particle pellet (1ml PBS/.15 M NaCl).
The particle pellet was resuspended in PBS (125 Pl, for a concentration of 1% solids) followed by drop wise addition of
purified antibody (1.25 nmol for a ratio of 1 nmol antibody /mg particles) with vortexing. The suspension was incubated
with rotation, for 2 hours at 25°C followed by overnight incubation at 4°C. Particles were washed (3 repetitions as above,
but with resuspension after the centrifugations in PBS-TB), resuspended in PBS-TB (200 Pl), and incubated (30 minutes,
25°C) with rotation. Particles were washed twice as above and resuspended in PBS-TB (125, Pl for a concentration of
1% solids). After the addition of the passively coated beads (107), the wells were allowed to incubate at room temperature
for one hour. The plates were washed six times with 1X ELISA wash solution (200 Pl; from a dilution of a 20X stock;
Pharmingen; cat. num. 2605KC) and then once with water. Fluorescence was detected by imaging on the GPS Imager
with Texas Red optical filter set (Chroma excitation 560/55 nm, emission 645/75 nm) for the red fluorescent particles.
Image-Pro Plus software, version 4.1 (Media cybernetics) was used to capture and process images from a CCD Imager
as in Example 2. Positive signals detected on the Imager were confirmed to be particles by using an Axioplan II fluorescent
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microscope (Carl, Zeiss Inc., Thomwood, NY) equipped with the same filter sets.
[0205] Results. Figure 13 shows IL-2 detection in a solid phase capture assay. As the concentration of IL-2 decreases,
the number of anti-IL-2 antibody coated fluorescent particles (seen as white spots) also decreases. When compared to
the no IL-2 negative control, the sensitivity of the assay (defined as two standard deviations above the average negative
control) is about 1.5 pg/ml. This result is comparable to ELISA tests for IL-2.

Example 10. Sensitive detection of protein molecules using non-magnified large area imaging and liquid-phase capture

[0206] Overview. In this example, as in the previous one, non-magnified large area imaging was used to detect IL-2
protein target-entities. Here, however, IL-2 molecules were bound to pairs of antibody-coated particles in the liquid
phase. As in earlier examples, one particle is fluorescent and one particle is magnetic. Particle:analyte complexes are
deposited in a planar detection zone using magnetic force. These complexes are imaged using non-magnified large
area imaging as before.
[0207] Experimental procedure. Anti-IL-2 magnetic particles were made by coupling magnetic particles with active
tosyl- groups to monoclonal antibodies raised against IL-2 (Rat anti-IL-2, Pharmingen; cat. num. 18161 D). Magnetic
particles (30 mg/ml; 100 Pl; Dynal, Oslo, Norway, Dynaparticles M-280 Tosylactivated Cat. No. 140.03) were washed
in PB (three wash repetitions, 1 ml each) in a microcentrifuge tube (1.5 ml) using a magnetic separation of the particles
followed by removal of the supernatant (all magnetic separations in this example, except where noted, were carried out
using a device from Polysciences Inc.; cat. no. 8MB4111S). Particles were resuspended in PB (70 Pl). Monoclonal
antibodies against IL-2 (60 Pg; Pharmingen; cat. num. 18161 D) were combined with magnetic particles (70 Pl) in a
microcentrifuge tube (1.5 ml) and vortexed briefly. The reaction was incubated at 37°C for 20 minutes using rotation
(about 30 rpm unless otherwise noted). After 20 minutes BSA (IgG free) was added to a final concentration of 0.1% and
incubated overnight at 37°C with rotation. The magnetic particles were washed twice (1 ml each; using magnetic sep-
aration) with PBS-B. The magnetic particles were resuspended in buffer (0.2M Tris pH 8.5 supplemented with 0.1 %
(w/v) BSA (IgG free)) and incubated for 4 hours at 37°C with rotation. Finally, the magnetic particles were washed twice
(in PBS-B using magnetic separation) and resuspended (the final concentration was 1% solids in PBS-B). After making
the magnetic beads, an IL-2 standard (150 pg/ml; Pharmingen; cat. num. 27316E) was serially diluted in ten fold incre-
ments. In separate 1.5 ml tubes, 20 Pl of each dilution was combined with magnetic particles coated with rat anti-IL-2
antibody and red fluorescent particles (108 particles; Molecular Probes; 1 Pm; sulfate; 580/605 nm; cat. num. F-8851)
which were coated (see Example 9 for passive adsorption coating) with biotin labeled rat anti-mouse IL-2 (Pharmingen;
cat. num. 554426). The particle:IL-2 suspension (120 Pl) was mixed with Block Aid (60 Pl; Molecular Probes; cat. num.
B-10710) and sonicated for 30 seconds (setting 8;550 Sonic Dismembrator; Misonix). After sonication, additional Block
Aid (60 Pl) was added and the tubes were mixed. The tubes were then incubated with mixing for one hour at room temp.
After incubation the tubes were washed three times in PBS-TB. A wash consisted of a magnetic separation to draw the
magnetic particle:IL-2:fluorescent particle sandwich to one side of the tube followed by an aspiration to remove the
supernatant. After each wash, PBS-TB (50 Pl) was added. Aliquots were added to an optically clear plastic bottomed
plate (Greiner America, Inc.; cat. num. 655896). Fluorescence was detected by imaging on a CCD Imager with Texas
Red optical filter set (Chroma/excitation 560/55 nm, emission 645/75 nm) for the red fluorescent particles. Image-Pro
Plus software, version 4.1 (Media cybernetics) was used to capture and process images from the CCD Imager. Positive
signals detected by CCD imaging were confirmed to be particles by using an Axioplan II fluorescent microscope (Carl,
Zeiss Inc., Thomwood, NY) equipped with the same filter sets.
[0208] Results. Figure 14 shows IL-2 detection on a solid phase assay. As the concentration of IL-2 decreases, the
number of anti-IL-2 antibody coated fluorescent particles (seen as white spots) also decreases. When compared to the
no IL-2 negative control, the sensitivity of the assay (defined as two standard deviations above the average negative
control) is about 1.5 pg/ml.

Example 11. Immunoassay for detecting multiple human cytokines using non-magnified large area imaging

[0209] Cytokines are essential mediators of cell-cell communication and are central to orchestrating the cellular dy-
namics underlying the immune response. Complex combinations and low concentrations of these proteins are charac-
teristic of pathogenic microenvironments. Thus, methods for sensitive multiplexed detection of cytokines are needed for
research and clinical analysis. In this example, the invention is used to construct such a test. In the example, individual
protein molecules are detected without using magnification. Antibodies attached to a microtiter well are used to capture
the protein molecules which are then labeled by binding to high intensity fluorescent particles as in Example 9.
[0210] Figure 15 depicts the scheme of the assay which tests for four cytokines: granulocyte macrophage colony-
stimulating factor (GM-CSF), interleukin-2 (IL-2), interleukin-4 (IL-4), and tumor necrosis factor-α (TNF-α). The test
developed in this example is formally similar to the previous test (multiplexed viruses) except for the following significant
distinction. Because protein molecules (as opposed to viruses) are the targets in this assay, the capture antibodies
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(linked to the well surface) and detection antibodies (linked to fluorescent particles) must recognize non-overlapping
epitopes on the targets.
[0211] Coating fluorescent particles and wells with anti-cytokine antibodies. Standard anti-cytokine antibody
pairs (with non-overlapping epitopes) are obtained from commercial sources as detailed previously (Carson, R. T., et
al., J Immunol Methods 227:41-52,1999).
[0212] Antibodies are bound to microtiter dish wells in four adjacent distinct spots per well (1 spot per antibody) by
passive absorption. Each anti-viral antibody is spotted (1 Pl; 1 Pg/Pl) in a well of a 96-well microtiter plate (Greiner
America; cat. num. 55896) and incubated for 2 hrs at room temperature in a humidified chamber (Boekel Slide Moat;
model 240000). Wells are then washed and blocked as in Example 9 (Note that alternatively, an equimolar mixture of
the antibodies can be bound as a homogenous mixture to the wells in this example.).
[0213] Color-coded cytokine-specific fluorescent particles are made by coating fluorescently dyed polystyrene particles
with distinct emission spectra with the anti-cytokine detection antibodies (detailed in Carson et al, 1999, supra) as
described in the previous example. Fluorescent particles are coded as follows: GM-CSF-specific particles: Yellow-Green;
IL-2-specific particles: Orange; IL-4-specific particles: Crimson; and TNF-α-specific particles: Infrared. The 4 types of
antibody-coated particles are mixed and prepared as described in the previous example. As in the previous example, it
is also possible to use the same type of fluorescent particle for each virus.
[0214] Standard curves. Standard curves are constructed that relate the concentration of the cytokines to the inte-
grated assay signal. Samples (200 Pl; in PBS-TB; run in triplicate) containing 10 fold dilutions of individual cytokines at
concentrations ranging from 10 pg/ml to 10 Pg/ml are added to individual microtiter dish wells containing spotted capture
antibodies. After 30 minutes, the wells are washed with PBS-TB (200 Pl; 4X). The combined cytokine-specific particles
(200 Pl) are added to the wells and spun briefly in a centrifuge (Beckman Allegra 6; GH-3.8 rotor; 1200 g) so as to coat
the bottom surface of the well with the particles. After incubating the particles for 10 minutes at room temperature,
unbound particles are removed by washing (3 washes of 200 Pl PBS-TB; each wash solution is agitated by re-pipetting
5 times). Next, the number, color, and cumulative intensity of the particles bound to each spot is determined. The wells
are then imaged and analyzed using a CCD imager as in Example 2 except that multiple images are acquired using the
appropriate filter sets (yellow green: excitation Chroma HQ480/40x and emission Chroma HQ535/50m; orange: excitation
Chroma HQ535/50X and emission Chroma HG610/75m; crimson: excitation Chroma HQ560/55x and emission Chroma
HQ645/75m; and infared: excitation Chroma HQ710/75x and emission Chroma HQ810/90m). Viruses are identified by
the spots to which bound particles adhere. Additional diagnostic robustness is provided by the fact that only particles of
the expected color adhere to a particular spot if the assay is successful.
[0215] Detecting cytokines in an uncharacterized sample. A sample (200 Pl) containing, or potentially containing,
cytokines GM-CSF, IL-2, IL-4, and/or TNF-α is added to a microtiter dish well containing spotted capture antibodies.
The sample is processed and analyzed as described above. The concentration of the cytokines is estimated by using
interpolation to compare the quantified signal corresponding to the four cytokine-specific capture antibody spots to the
established standard curves.

Example 12. Competitive immunoassay for total (bound plus free) cytokine IL-2 using non-magnified large area imaging

[0216] Competitive immunoassays are used when a target-entity does not have non-overlapping category-specific
binding sites (e.g., epitopes). This is generally the case for small molecule analytes such as drugs of abuse (e.g.,
cocaine), chemical pollutants (e.g., PCBs), or hormones (e.g., Triiodothyronine). Competitive immunoassays are also
useful when only one epitope on a target molecule is accessible to antibodies, for example, when a small protein hormone
or cytokine is bound to, and largely engulfed by, a larger binding protein or receptor.
[0217] Competitive immunoassays measure the capture of an analogue of the target-entity, which, in contrast to the
target-entities, does have two distinct binding sites and therefore is measurable using basic immunoassay procedures.
Target-entities in the sample can compete with the analogue for capture sites. Therefore, the degree of capture of the
analogue is a function of the concentration of the target-entity in the sample.
[0218] This example describes an assay constructed using the invention that tests for total cytokine IL-2 (i.e., bound
IL-2 plus free IL-2) using a competitive immunoassay format. A schematic of the competitive immunoassay is displayed
in Figure 16.
[0219] Competitive immunoassay for IL-2. The competitive immunoassay for IL-2 is carried out using a commercial
kit (Chemicon; cat. #CYT111) and following the manufacturer’s recommended protocols with the modifications noted
below. The kit is representative of a common variety of immunoassay that causes a solution in a microtiter dish to become
colored. The color intensity indicates the amount of analyte in the sample and is a result of the cumulative action of
bound enzyme:antibody conjugates. The test constructed using the invention differs from the classical competitive
immunoassay. First, Individual targets - in this case the IL-2:biotin conjugate - are imaged by binding to a fluorescent
streptavidin-coated particle. Second, bound fluorescent particles are imaged through optically clear well bottoms rather
than spectrophotometric determination of a color change from above the well. Although the fluorescent particles are
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microscopic (∼1 Pm), imaging is carried out without magnification.
[0220] Because a flat, optically clear well-bottom is required imaging individual binding events, an appropriate microtiter
plate is substituted for the secondary antibody-coated plate supplied in the commercial kit. A 96-well microtiter plate
with an optically clear bottom (Greiner Labs; catalogue number 665097) is coated with mouse anti-interleukin 2antibody
(Chemicon; # MAB1018) as described previously (Coligan et al., 1994, section 6.22.1, supra).
[0221] In the commercial kit, a streptavidin:alkaline phosphatase conjugate is used to detect the bound IL-2:biotin
conjugate via the reaction of chromogenic alkaline phosphate substrates. In this example, streptavidin-coated fluorescent
particles (Molecular Probes; cat #8775; 1 Pm diameter; fluorescent red) are substituted for the streptavidin:alkaline
phosphatase conjugate.
[0222] Competitive immunoassays for both standards (included in the commercial kit) and unknowns are processed
as recommended by the commercial kit manufacturer with the following exceptions. Samples are processed in plates
with optically clear well-bottoms (see above). At the point when the streptavidin:alkaline phosphatase conjugate would
be added according to manufacturer’s protocol, streptavidin-coated fluorescent particles are added (100 Pl;107 parti-
cles/ml in PBS-T). The assays are then processed and imaged as described in Example 11. Optical filters for excitation
(Chroma HQ560/55x) and emission (Chroma HQ645/75m) used to image the wells are chosen in concordance with the
optical properties of the fluorescent particles (excitation/emission: 580/605).

Example 13. Sensitive detection of nucleic acid molecules using a dipstick format and non-magnified large area imaging

[0223] Overview. In this example, non-magnified large area imaging was used to detect biotinylated DNA that was
specifically bound to avidin-labeled fluorescent beads. A simple but sensitive dipstick assay was used to achieve rapid
binding of the fluorescent beads to biotinylated lambda DNA that was bound to a nylon membrane. The assay format
may have potential in point-of-care genetic testing.
[0224] Experimental design. Biotinylated lambda DNA was spotted on a nylon membrane (0.2 Pm pore; Pall Biodyne
A; cat. num. 28152-409) in ten fold dilutions (ranging from 1 Pg to 10 pg). On the same filter, a negative control sample
(1 Pg of non-biotinylated lambda DNA) was deposited. The DNA was cross-linked to the membranes using a U.V.
crosslinker (Stratagene). The membranes were blocked by saturating the membranes with BB buffer (50 Pl) for 30 min
at room temperature. The membranes were then allowed to dry. After blocking, one end of the membrane was dipped
into a solution containing 1012 avidin-coated Texas red fluorescent beads (0.45 Pm; Spherotech; cat. num. VFP-0562-5)
in a 1.5 ml tube. The solution traveled up the membrane by capillary action until it reached its peak height, about three
quarters of the length of the strip. The spots of DNA were placed on the strip so that they would be well below the peak
height of the solution. The membrane was then washed in PBS-TB (35 ml) for 10 minutes at room temperature. Fluo-
rescence was detected by imaging using a CCD imager in conjunction with a Texas Red optical filter set (Chroma;
excitation 560/55 nm, emission 645/ 75 nm) that was appropriate for detection the red fluorescent beads. Image Pro
Plus software, version 4.1 (Media cybernetics) was used to capture and process images from the CCD Imager. Positive
signals detected on the Imager were confirmed to be beads by using an Axioplan II fluorescent microscope (Carl, Zeiss
Inc., Thomwood, NY) equipped with the same filter sets.
[0225] Results. Figure 17 shows the detection of DNA molecules down to a level of about 106 molecules in a spot
using non-magnified large area imaging. The spot containing 100 pg of biotinylated lambda DNA has a significantly
stronger signal than does the negative control containing 1 Pg of non-blotinylated lambda DNA. The expected dose
response can be seen in the figure. As The DNA in a spot increases, so does the number of fluorescent beads (seen
as white spots in the figure).
[0226] Variations. An important variation of the test is to use specific hybridization probes as the category binding
molecule. Such probes could be directly or indirectly labeled as described in various other examples. Similarly, tests for
measuring expression of particular categories of RNA molecules could be developed in this assay format.

Example 14. A test for genotyping single nucleotide polymorphisms

[0227] Detecting single nucleotide polymorphisms (SNPs) is a critical modem genetics application - in both applied
(e.g., medical and agricultural) and basic biological fields. This example describes the application of the invention for
creating a novel test that determines a patient’s genotype at the site of a common mutation causing sickle cell anemia
using a homogenous, non-amplified format. The test uses an oligonucleotide ligation assay in which one of the probes
is labeled with a magnetic particle and one with fluorescent particles Labeled probes for oligonucleotide ligation
assay. The oligonucleotide ligation assay for genotyping SNPs uses two oligonucleotide moieties are used in the assay:
a "constant" oligonucleotide and an "allele specific" oligonucleotide. The constant oligonucleotide is labeled with a
magnetic particle at the 3’ end. The allele specific oligonucleotide is labeled with fluorescent particle at its 5’ end (different
color particles are used for different alleles). The constant oligonucleotide is designed to hybridize to one strand at the
locus so that the 5’ end of the oligonucleotide is adjacent to the polymorphic nucleotide. The "allele specific" oligonucleotide
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hybridizes to the locus so that its 3’ terminal nucleotide, which corresponds to the single nucleotide polymorphism, abuts
the 5’ terminal nucleotide of the constant oligonucleotide when both are hybridized to the complementary nucleic acid
strand.
[0228] The constant oligonucleotide
(pGGAGAAGTCTGCCGTTACTGCGCTCTAGAACTAGTGGATC(T)50-NH2) is synthesized with a 3’ amino group mod-
ification (Midland Certified Scientific Reagent Co.) and is phosphorylated enzymatically on the 5’ end using polynucleotide
kinase (New England Biolabs) according to the manufacturer’s specifications. The sickle cell and wild-type allele specific
oligonucleotides NH2-(T)50CGCTCTAGAACTAGTGGATCATGGTGCACCTGACTCCTGT and NH2-(T)50CGCTCTA-
GAACTAGTGGATCATGGTGCACCTGACTCCTGA are synthesized with 5’ amino group modifications. Note that the
oligonucleotides are bipartite: one part (distal to the amino modification, underlined) hybridizes to the globin gene and
the other part (proximal to the amino modification) functions as a spacer or tether. Incorporating a spacer between the
end of oligonucleotide that binds to the particle (via the amino group) and the part of the oligonucleotide that is destined
to hybridize to genomic DNA may improve hybridization efficiency.
[0229] Binding oligonucleotides to particles. Oligonucleotides, modified by terminal amino groups, are covalently
linked to particles using tosyl chemistry as described previously (Example 10). The constant oligonucleotide is linked
via its 3’ amino group to tosyl activated magnetic particles (2.8 Pm; Dynal; cat. num 140.03). The sickle cell allele specific
oligonucleotide is linked to red fluorescent particles (200 nm; Molecular Probes; catalogue # F-8811) and the wild-type
allele specific oligonucleotide is linked to green fluorescent particles (200 nm; Molecular Probes; catalogue num. F-
8810) via their 5’ amino groups. After linkage, washing, and blocking, the oligonucleotide coated particles are mixed
together at a final concentration of 2%.
[0230] Homogenous oligonucleotide ligation assay. Human DNA is purified from the buffy coat blood fraction
(Sambrook, J, et al., Molecular Cloning A Laboratory Manual (Cold Spring Harbor Press, Cold Spring Harbor, NY, 2001)).
Purified human genomic DNA (1 Pg in 12 Pl EE) is denatured by heating at 100°C for 3 min, quick-chilled on an ice
bath, and then mixed with 5 Pl of the oligonucleotide-coated particle mixture, and 2 Pl of 10X ligation buffer (New England
Biolabs) and allowed to anneal at 50°C for 1 hr. T4 DNA ligase (1 Pl 400 u/Pl; New England Biolabs) is added and the
ligation reaction is allowed to proceed at 37°C for 1 hr. A negative control sample is placed in another well of the dish.
The negative control is identical in composition to the experimental sample except that EE is substituted for the human
DNA. The negative control is processed in the same way as the experimental sample. The samples are diluted to 200
Pl by adding EE (120 Pl). Black ink (50 Pl; Black No. 17, Pelikan, Hanover, Germany) is added to the well of a 96-well
microtiter dish with an optically clear bottom (Greiner Labs; catalogue number 665097). The microtiter dish is placed on
a flat magnet (Dexter Magnetics, LifeSep, 96F) for 15 minutes. The dish is then gently moved into position over a CCD
imager (Figure 3), and the bottom of the wells containing the assay and control are imaged successively. The images
are then analyzed using an image analysis software package (Image-Pro Plus software, version 4.1; Media Cybernetics)
as in Example 2.
[0231] The number of green and red particles imaged on the bottom of the negative control sample represents the
background particle count. These numbers are subtracted from the number of similarly colored particles imaged on the
bottom of the experimental sample. The ratio of red particles to green particles determines the genotype at the sickle
cell locus. If the ratio of green particles (wild-type allele) to red particles (mutant allele) is high (<90%), the genotype is
homozygous wild-type. If the ratio is small (<10%) the genotype is homozygous for the sickle cell allele. Finally, if the
ratio is approximately 1:1, the genotype is heterozygous for the sickle cell allele.
[0232] Variations. Numerous variations of this scheme can be incorporated. Amplification products of genomic DNA
or cellular RNA can also be used as the template to which the oligonucleotide probes anneal prior to ligation. Alternative
labeling strategies can also be used. For example, the selection moiety (magnetic particles in the example) can be
replaced by a hapten (e.g., biotin or digoxygenin) which can function as a selection moiety by using streptavidin or anti-
digoxygenin antibodies as a capture reagent (Immobilized, for example, on a surface or a magnetic particle). Similarly,
the signaling moiety can have one or more of various signaling characters (e.g., fluorescence, chemiluminescence,
bioluminescence, radio frequency, size, etc.). As is true for the selection moiety, the signaling moiety can be directly
(e.g., covalently) or indirectly linked to the allele specific oligonucleotide. For example, the allele specific oligonucleotide
could be modified by biotin and fluorescently labeled streptavidin could be indirectly bound and used as the signaling
moiety. Alternatively, a signaling moiety, such as a fluorescent particle or a selection moiety, such as a magnetic particle,
could be coated with a tag sequence that allows the particle to bind by nucleic acid hybridization to a tag complement
moiety on the oligonucleotide that hybridizes to genomic DNA. When, as in this latter case, the labeling is indirect, assays
can be constructed in which the ligation to genomic DNA is carried out first, and then the labeling and/or signaling
moieties are associated with the oligonucleotides (ligated and unligated) afterwards. This method may be advantageous
when using large labeling moieties that could sterically or kinetically lower the efficiency of the ligation reaction. Finally,
genomic or cellular RNA can be used as the template on which ligation takes place.
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Example 15. Non-amplified multiplex SNP analysis using a lateral flow format and non-magnified large area imaging

[0233] An important goal of modem medical genetics and pharmacogenomics is to obtain genomic profiles of patients
rapidly. Genetic markers can be an early warning of disease (e.g., breast cancer or Huntington’s disease) or can indicate
to which medications a patient is likely to respond favorably. Single-nucleotide polymorphisms (SNPs) are medically
important genetic markers because of their abundance in the genome and because many human genetic diseases are
caused by point mutations.
[0234] Development of technology that is rapid, highly multiplexed, and inexpensive is a current aim of applied medical
genetics. In this example, the invention is used to create a test with these attributes. The assay - which does not require
DNA amplification - scans a human DNA sample for nucleotide polymorphism genotypes in 3 different genes (β-globin,
a -antitrypsin, and cystic fibrosis transmembrane conductance regulator (CFTR)).
[0235] Technical overview. As in the previous example, this assay uses the oligonucleotide ligation assay to test for
SNP alleles. However, in this example, a lateral flow test is used to detect the ligated products. This format facilitates
testing for numerous target molecules (in this case SNPs) using only a single signaling moiety. The ability to detect
many target SNP alleles in this format arises from the potential to distinguish targets by their hybridization to distinct
capture oligonucleotides immobilized at known sites on the membrane.
[0236] The test can be divided into two stages, which are diagrammed in Figure 18 and Figure 19. The first stage is
an oligonucleotide ligation assay (top of Figure 18). As in the previous example, oligonucleotide pairs, designed for
allele-specific ligation, are hybridized to denatured genomic DNA and ligated. In the second stage of the assay, ligated
single-stranded products are applied to a lateral flow device where they encounter and hybridize to complementary
capture oligonucleotide tags (bottom of Figure 18). The individual captured oligonucleotides are imaged using a CCD
imager by virtue of bound particles that emit a high-intensity chemiluminescent signal (Figure 19).
[0237] Oligonucleotides. In this example, nucleotide polymorphisms are genotyped in 3 genes: β-globin, α -antit-
rypsin, and CFTR. A set of oligonucleotides is synthesized for each locus to be genotyped. As in the previous example,
each set comprises one constant oligonucleotide and one or more allele-specific oligonucleotides. When hybridized to
the corresponding strand of genomic DNA, the constant oligonucleotide and the one allele-specific oligonucleotide that
complements the nucleotide polymorphism are ligated.
[0238] The oligonucleotide sets are designed analogously to the set in the previous example except for the following
differences. Each allele-specific oligonucleotide is bipartite with one part corresponding to a genomic sequence, as
before. However, in this example the allele-specific oligonucleotide is synthesized with an adjacent unique tag sequence.
[0239] To facilitate equivalent hybridization of multiple probes in a single reaction, oligonucleotides are designed so
that the melting temperatures (Tm; see definitions) of the functional segments with their complements are approximately
equal. The multipartite oligonucleotides are preferably about 20 nucleotides long with Tm’s equal to 60° �2°. The target
mutations and oligonucleotide ligation assay with oligonucleotides similar to those in Table 3 have been described
previously (Nickerson, D. A., et al., Proc Natl Acad Sci U S A 87: 8923-7, 1990).



EP 1 428 018 B1

32

5

10

15

20

25

30

35

40

45

50

55

T
ab

le
 3

. O
lig

on
uc

le
ot

id
es

 f o
r 

ge
no

ty
pi

ng
 n

uc
le

ot
id

e 
po

ly
m

or
ph

is
m

s 
in

 E
xa

m
pl

e 
15

.

g
en

e
ta

rg
et

 
p

o
ly

m
o

rp
h

is
m

a
al

le
le

-�s
p

ec
if

ic
 o

l ig
o

n
u

cl
eo

ti
d

es
b

,c
co

ns
ta

nt
 o

lig
o

n
u

cl
eo

tl
d

eb
ca

p
tu

re
 o

li g
o

n
u

cl
eo

ti
d

eb
,d

3-

�gl
ob

in
βA

C
G

C
T

C
T

A
G

A
A

C
T

A
G

T
G

G
A

T
C

T
G

G
T

G
C

A
C

C
T

G
A

C
T

C
C

T
G

A
pG

O
A

G
A

A
G

T
C

T
G

C
C

G
T

T
A

C
T

G
-b

G
A

T
C

C
A

C
T

A
G

T
T

C
T

A
G

A
G

C
G

βS
T

C
T

C
G

A
G

G
T

C
G

A
C

G
G

T
A

T
C

T
G

G
T

G
C

A
C

C
T

G
A

C
T

C
C

T
G

T
G

A
T

A
C

C
G

T
C

G
A

C
C

T
C

G
A

G
A

α 1
- 

an
tit

ry
ps

in

M
C

A
T

C
G

A
T

A
C

C
G

T
C

G
A

C
C

T
C

G
C

IG
T

A
C

T
G

A
C

C
A

T
C

G
A

C
G

pA
G

A
A

A
G

G
G

A
C

T
G

A
A

G
C

T
G

C
T

-b
G

A
G

G
T

C
G

A
C

G
G

T
A

T
C

G
A

T
G

z
G

C
A

A
G

T
T

C
A

G
C

C
T

G
G

T
T

A
A

G
G

C
T

G
T

G
C

T
G

A
C

C
A

T
C

G
A

C
A

C
T

T
A

A
C

C
A

G
G

C
T

G
A

A
C

T
T

G
C

C
F

IR
no

n-

�F
50

8
G

C
C

T
T

T
T

G
C

T
C

A
C

A
T

G
T

T
C

T
T

C
A

C
C

A
T

T
A

A
A

G
A

A
A

A
T

A
T

C
A

T
C

T
T

pT
G

G
T

G
T

T
T

C
C

T
A

T
G

A
T

G
A

A
T

A
T

A
-

A
A

G
A

A
C

A
T

G
T

G
A

G
C

A
A

A
A

G
G

C

F
50

8
A

A
G

G
C

G
A

T
T

A
A

G
T

T
G

G
G

T
A

A
C

G
G

C
A

C
C

A
T

T
A

A
A

G
A

A
A

A
T

A
T

C
A

T
G

T
T

A
C

C
C

A
A

C
T

T
A

A
T

C
G

C
C

T
I

a  
N

om
en

cl
at

ur
e 

fo
llo

w
s 

th
at

 in
 (

N
ic

ke
rs

on
, e

t a
l.,

 1
99

0 
su

pr
a)

.�

b  
ol

ig
on

uc
le

ot
id

e 
se

qu
en

ce
s 

ar
e 

w
rit

te
n 

in
 th

e 
5’

 to
 3

’ o
rie

nt
at

io
n;

 b
 =

 b
io

tin
; p

 =
 5

’ p
ho

sp
ha

te
c  

G
en

om
ic

 s
eq

ue
nc

es
 a

re
 u

nd
er

lin
ed

; s
eq

ue
nc

es
 th

at
 a

re
 n

ot
 u

nd
er

lin
ed

 a
re

 ta
g 

se
qu

en
ce

s.

�

d  
C

ap
tu

re
 o

lig
on

uc
le

ot
id

es
 a

re
 c

om
pl

em
en

ta
ry

 to
 th

e 
co

rr
es

po
nd

in
g 

ta
g 

se
qu

en
ce

 m
ol

et
ie

s 
In

 th
e 

al
le

te
-�s

pe
ci

fic
 o

lig
on

uc
le

ot
id

es
 (

i.e
., 

th
e

se
gm

en
ts

 th
at

 a
re

 n
ot

 u
nd

er
lin

ed
 in

 th
e 

al
le

le
-�s

pe
ci

fic
 o

lig
on

uc
le

ot
id

es
)



EP 1 428 018 B1

33

5

10

15

20

25

30

35

40

45

50

55

[0240] Binding capture oligonucleotides to a membrane. Capture oligonucleotides (Table 3) are applied and
bound to plastic-backed nitrocellulose filters (3 Pm pore size; Schleicher & Schuell) as described previously (Rule, G.S.,
et al., Clinical Chemistry 42: 1206-9, 1996), except that, in the present example, multiple capture oligonucleotides are
used. As described by Rule et al., the first line is applied 1 cm from the bottom edge of the filter. Subsequent lines of
capture oligonucleotides are applied in parallel lines separated by a space of 3 mm (moving away from the bottom edge
of the filter and the previous line). Filters are cut into 0.5 mm x 8 cm strips (oligonucleotide lines run perpendicular to
the long dimension).
[0241] Oligonucleotide ligation assay. The oligonucleotide mixture (1 nM, each oligonucleotide) and human genomic
DNA (1 Pg) are combined in 14 Pl ligation buffer (see definitions). The mixture is denatured by heating to 95°C (3 min)
in a thermal cycler (Perkin Elmer, GeneAmp PCR System 9700) and then cooled (at 5% of the maximum down-ramp
rate) to 37°C. T4 DNA ligase (1 Pl of 400 u/Pl enzyme; New England Biolabs; enzyme concentration expressed as
cohesive end units) is added to the reaction which is then incubated at 37° for 1 hr.
[0242] The reaction is stopped and the DNA is denatured by heating to 100°C in a heat block for 1 minute. The sample
is quick chilled at 0°C by immersion in an ice bath and then diluted to 150 Pl with HYB (see definitions).
[0243] Binding alkaline phosphatase to avidin-coated particles. Streptavidin-coated particles (0.95 Pm diameter;
Bangs Labs; #CP01 N) are coated with biotinylated alkaline-phosphatase (Pierce; #29339) so that only about half of the
maximum number of alkaline phosphatase molecules are bound. Such particles retain the ability to bind to biotinylated
target molecules via the free streptavidin moieties. Partial coating is accomplished by incubating the streptavidin-coated
particles with biotinylated alkaline phosphatase at a ratio of about 1 � 104 biotinylated alkaline phosphatase molecules
per particle. The ratio is empirically established for each lot of particles by determining a minimum ratio of biotinylated
alkaline phosphatase to particles required to saturate the biotinylated alkaline phosphatase binding sites on the particles.
A fraction of this ratio (e.g., 1/2) is then used to coat the particles. The minimum ratio of biotinylated alkaline phosphatase
to particles required to saturate the particles is determined by binding serial dilutions of biotinylated alkaline phosphatase
with a fixed number of particles, eliminating free biotinylated alkaline phosphatase by spin filtration (spinX; Costar,
#8161), recovering the particles, and measuring the chemiluminescent signal of single particles on nylon filters (Gene-
Screen; NEN) using CDP-star (CDP-Star; NEN) and X-ray film luminography.
[0244] Streptavidin-coated particles (2 � 109 particles) are partially coated with biotinylated alkaline phosphatase
using the biotinylated alkaline phosphatase:particle ratio established as described above (e.g., 104). The coating reaction
(100 Pl) is carried out for 1 hr at room temperature in EEN/0.1%BSA. Particles are washed (3 � 500 Pl EEN) using spin
filtration (spinX; costar; #8161) and collected in EEN (200 Pl).
[0245] Chromatography and detection. Chromatography is carried out at 37°C according to the method of Rule et
al. (1996, supra). The oligonucleotide ligation assay (150 Pl) is placed in a 10 � 75 mm polystyrene test tube. A
nitrocellulose strip is then placed in the tube so that the bottom of the strip (the first oligonucleotide stripe applied to the
strip is 1 cm above the bottom edge) is resting in the oligonucleotide ligation assay solution. After 20 minutes, the strip
is removed from the tube and washed 3 times (5 minutes each wash) in HYB solution (50°C). The filters are covered
with particles (108 biotinylated alkaline phosphatase-coated particles in 1 ml EEN) and allowed to incubate for 1 hr at
room temperature. Free particles are washed from the filters (5 � 10 ml EEN washes with vigorous agitation). Filters
are covered with CDP-Star (NEN) and luminographed using x-ray film. Before exposing, the corners of the filter are
distinctly marked using fluorescent tape (Glogos™ II Autorad Markers, Stratagene Cat# 420201) so that the exposed
x-ray film can be aligned in register with a template that indicates the position of the various SNP lines on the filter.
Chemiluminescent signal arising from binding of the particles to single captured SNP molecules indicates the presence
of particular SNP genotypes in the target DNA.
[0246] Alternative embodiments. Other types of labels could be used including fluorescent and light-scattering
labels. Similarly, a wide range of instrumentation can be used to detect the signal (e.g., CCD cameras, chromogenic
detection, instant film, etc.). Other types of substrates could be used such as non-bibulous substrates (e.g., glass slides).
Flow through test formats are also possible. The assay could also use a microfluidic format (using, for example, the
Flow-Thru Chip™ system; Gene-logic) rather than using bibulous filter in the lateral flow assay. In this case, the capture
probes are immobilized in an addressable geometry (i.e., in a known order) on the walls of a micro-machined channel
through which the (ligated and unligated) oligonucleotide probes flow.
[0247] Other embodiments are in the claims.

Claims

1. A method for detecting target molecules in a sample, wherein said method comprises the steps of:

a. contacting said target molecules with labelling particles that specifically bind to the target molecules, wherein
the ratio of target molecules to labelling particles is less than 100,
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b. selecting or capturing target molecule:labelling particle complexes so that the complexes are separated from
unbound labelling particles and the complexes are deposited in a detection zone that projects onto a detection
area having a longest linear dimension of greater than 1 mm, and
c. simultaneously optically detecting individual target molecule:labelling particle complexes in said detection
area so that the number of said complexes is enumerated.

2. The method of claim 1, wherein said complexes are randomly dispersed in a detection zone at a density of less
than 10 complexes per mm2 of the detection area.

3. The method of claim 2, wherein said target molecules are randomly dispersed in a detection zone at a density of
less than 1 complex per mm2 of the detection area.

4. The method of claim 1 wherein said detection does not entail magnification of more than 5X.

5. The method of claim 4, wherein said detection does not entail magnification of more than 2X.

6. The method of claim 5, wherein said detection does not entail magnification of more than 1X.

7. The method of claim 6, wherein said detection does not entail magnification of more than 0.2X.

8. The method of claim 1, wherein said target molecules are proteins.

9. The method of claim 1, wherein said target molecules are nucleic acids.

10. The method of claim 1, wherein said target molecules have a molecular weight of less than 100 kD.

11. The method of claim 10, wherein said target molecules have a molecular weight of less than 10 kD.

12. The method of claim 11, wherein said target molecules have a molecular weight of less than 1 kD.

13. The method of claim 1, wherein said target molecules bind specifically to natural or recombinant antibodies or
aptamers.

14. The method of claim 1, wherein said target molecules bind specifically to DNA, RNA, or PNA probes.

15. The method of claim 1, wherein said target molecules comprise category-specific binding sites that are or are
immediately adjacent to a nucleic acid polymorphism including single nucleotide polymorphisms, said category-
specific binding sites being the portion of the target molecule to which the labeling particle specifically binds.

16. The method of claim 1, wherein said sample comprises a fluid or tissue obtained from a multicellular organism.

17. The method of claim 16, wherein said sample comprises the bodily fluids or tissues of an animal.

18. The method of claim 17, wherein said sample is derived from a human.

19. The method of claim 17, wherein said sample is derived from a non-human vertebrate.

20. The method of claim 17, wherein said sample is a member of, or derived from a member of the group consisting of:
respiratory, urogenital, reproductive tract, central nervous system, urine, blood, dermal, plasma, serum, saliva,
wound tissue, wound exudate, biopsy, feces, and solid tissue samples.

21. The method of claim 1, wherein said sample is derived from a plant.

22. The method of claim 1, wherein said sample is obtained by sampling environmental air or water, or surfaces, objects,
or organisms exposed to the environment.

23. The method of claim 1, wherein a selection method is used to deposit said complexes in said detection zone, and
wherein said selection method is from the group consisting of magnetic selection, centrifugation, settling, and filtration.
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24. The method of claim 23, wherein said method comprises contacting said sample with magnetic particles that are
conjugated to category-binding molecules, said category-binding molecule being a molecule or molecule complex
that specifically binds to a category-specific binding site.

25. The method of claim 23, wherein target molecules are deposited in said detection zone using one of said selection
methods without using a selection moiety.

26. The method of claim 23, wherein said target molecules are contacted in a liquid with target-molecule specific selection
moieties that have an average density greater than the average density of said liquid and are subsequently deposited
in said detection zone using gravitational, centrifugal, or centripetal force.

27. The method of claim 1, wherein said sample is treated to liquefy and/or homogenize said sample.

28. The method of claim 1, wherein said contacting occurs in the liquid phase.

29. The method of claim 1, wherein said contacting occurs at the interface between a liquid and solid phase.

30. The method of claim 1, wherein said sample is treated to remove substances or objects other than said target
molecules.

31. The method of claim 1, wherein said target molecules are immobilized in said detection zone prior to said contacting.

32. The method of claim 1, wherein said target molecules are specifically bound in the detection zone by category-
binding molecules that are bound to the matrix or substrate of the detection zone.

33. The method of claim 1, wherein said target molecules are specifically bound in the detection zone by forming chemical
bonds to matrix or substrate of the detection zone.

34. The method of claim 1, wherein said target molecules are immobilized in said detection zone by a process selected
from the group consisting of air drying, heat fixation, and chemical fixation.

35. The method of claim 1, wherein said sample is treated so that the category-specific binding sites on said target
molecules become accessible to contact by said labeling particles.

36. The method of claim 1, wherein said labeling particles have photonic signaling character, and wherein a colloidal
or soluble substance is added to absorb the signal emitted by labeling particles that are not in said detection zone.

37. The method of claim 1, wherein said sample is subdivided into individual aliquots that are tested, in parallel, for the
presence of different target molecules.

38. The method of claim 37, wherein each of said aliquots is contacted with a population of labeling particles that is
conjugated to a different non-overlapping family of category-binding molecules.

39. The method of claim 1, wherein said sample is contacted successively with distinct families of category-binding
molecules that specifically bind to different target molecules.

40. The method of claim 1, wherein said detection zone comprises a detection surface that is selected from the group
consisting of solid glass, solid plastic, the surface of the wells of microtiter plates, bibulous membranes, plastic
strips, the surfaces of capillary tubes, the surfaces of microfluidic chambers, and the surfaces of microfluidic channels.

41. The method of claim 1, wherein step b) includes lateral flow chromatography.

42. The method of claim 1, wherein said method is automatically repeated on a series of samples.

43. The method of claim 42, wherein said samples are automatically loaded into an instrument that contains the means
for said detecting.

44. The method of claim 42, wherein said samples are automatically deposited in a series of detection zones that are
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physically associated and that are automatically and successively loaded into an instrument that contains the means
for said detecting.

45. The method of claim 1, wherein said complexes are illuminated to generate a detectable signal.

46. The method of claim 1, wherein said method detects light emitted, scattered, reflected, or absorbed as a result of
said illumination of said complexes.

47. The method of claim 1, wherein said detecting detects fluorescence.

48. The method of claim 1, wherein said detecting detects chemiluminescence.

49. The method of claim 46, wherein the means for illuminating said complexes comprises one or more lasers.

50. The method of claim 46, wherein the means for illuminating said complexes comprises one or more light-emitting
diodes.

51. The method of claim 46, wherein the means for illuminating said complexes comprises a source of white-light.

52. The method of claim 46, wherein the means for illuminating said complexes comprises one or more optical filters
adapted for illuminating said sample with light of a wavelength appropriate for detecting said complexes.

53. The method of claim 46, wherein the means for illuminating said complexes comprises one or more optical filters
adapted for illuminating said sample with light of a wavelength appropriate for detecting said labeling particles.

54. The method of claim 46, wherein the means for detecting said emitted, scattered, transmitted, or absorbed light
comprises optical filters adapted to detect the signals derived from the illumination of said labeling particles.

55. The method of claim 1, wherein said detecting does not employ illumination.

56. The method of claim 1, wherein said detecting detects thermal radiation.

57. The method of claim 1, wherein said detecting detects optical absorbance.

58. The method of claim 57, wherein said optical absorbance is in the infrared region.

59. The method of claim 1, wherein said detecting detects fluorescence polarization.

60. The method of claim 1, wherein said detecting detects optical reflectance.

61. The method of claim 1, wherein said detecting detects light scattering.

62. The method of claim 1, wherein said detecting detects Raman scattering.

63. The method of claim 1, wherein said labeling particles are less than 20 microns in size.

64. The method of claim 63, wherein said labeling particles are less than 10 microns in size.

65. The method of claim 64, wherein said labeling particles are less than 5 microns in size.

66. The method of claim 65, wherein said labeling particles are less than 1 micron in size.

67. The method of claim 66, wherein said labeling particles are less than 100 im in size.

68. The method of claim 67, wherein said labeling particles are less than 10 nm n size.

69. The method of claim 1, wherein said labeling particles are latex particles, silica particles, quantum dots, resonance
light scattering particles, up-converting phosphors, or particles composed chiefly of gold or silver.
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70. The method of claim 1, wherein said labeling particles are coated with enzymatic signaling moieties.

71. The method of claim 70, therein said labeling particles comprise enzymatic signaling moieties at an average density
of greater than or equal to 2 enzymatic signaling moieties per cubic micron of particle volume.

72. The method of claim 1, wherein said labeling particles comprise signaling moieties are alkaline phosphatase or
horseradish peroxidase enzymes.

73. The method of claim 1, wherein said labeling particles bind to category-binding molecules that have been previously
contacted with the sample.

74. The method of claim 1, wherein said labeling particles comprise signaling moieties are selected from the group
consisting of organic fluorophores, up-regulated phosphors, lanthanides, quantum dots, and enzymes that generate
fluorescent product from non-fluorescent substrates.

75. The method of claim 1, wherein said labeling particles comprise signaling moieties are particles dyed with or con-
jugated to signaling moieties that have fluorescent signal character and that are selected from the group consisting
of: organic fluorophores, up-regulated phosphors, lanthanides, quantum dots, and enzymes that generate fluorescent
product form non-fluorescent substrates.

76. The method of claim 1, wherein said labeling particles comprise signaling moieties with fluorescent signaling char-
acter.

77. The method of claim 1, wherein said labeling particles comprise signaling moieties with chemiluminescent signaling
character.

78. The method of claim 77, wherein said molecules are acridinium esters.

79. The method of claim 1, wherein said labeling particles comprise signaling moieties with chromogenic signaling
character.

80. The method of claim 1, wherein said labeling particles comprise signaling moieties with light scattering character.

81. The method of claim 1, wherein said sample is contacted with labeling particles comprising category-binding mol-
ecules under conditions that allow the formation of complexes between said category-binding molecules and cate-
gory-specific binding sites on said target molecules.

82. The method of claim 81, wherein said category-binding molecules comprise antibodies.

83. The method of claim 81, wherein said category-binding molecules comprise aptamers.

84. The method of claim 81, wherein said category-binding molecules comprise nucleic acids or peptide nucleic acids.

85. The method of claim 81, wherein said category-binding molecules comprise ligands.

86. The method of claim 81, wherein said category-binding molecules comprise molecules with molecular weights less
than 100 kD.

87. The method of claim 86, wherein said category-binding molecules comprise molecules with molecular weights less
than 10 kD.

88. The method of claim 87 wherein said category-binding molecules comprise molecules with molecular weights less
than 1 kD.

89. The method of claim 1, wherein said labeling particles comprise different populations, wherein each population is
conjugated to a different non-overlapping family of category-binding molecules.

90. The method of claim 89, wherein each of said families binds specifically to target molecules that also binds specifically
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to a family of category-binding molecules that is stably bound to a section of the detection zone, wherein each of
said families that are bound to the detection zone are bound distinct sites, wherein said sites can be distinguished
by said detecting.

91. The method of claim 90, wherein each of said populations of labeling particles has the same signaling class and
signature.

92. The method of claim 89, wherein each of said populations has a distinct signaling signature or signaling class.

93. The method of claim 92, wherein said detecting employs optical filters adapted to discriminate between the signal
signatures of said populations of labeling particles.

94. The method of claim 89, wherein said families of category-binding molecules have a family complexity that is greater
than 1.

95. The method of claim 89, wherein said families of category-binding molecules have a family complexity ≥ 5.

96. The method of claim 89, wherein said families of category-binding molecules have a family complexity ≥ 10.

97. The method of claim 89 wherein said families of category-binding molecules have a family complexity ≥ 20.

98. The method of claim 1, wherein said detecting occurs in a vessel that has a bar code or equivalent label for tracking
the sample automatically.

99. The method of claim 1, wherein said detecting occurs on a surface with registration marks to facilitate alignment of
multiple images of the same surface.

100.The method of claim 1, wherein said method detects control marks or control cells in a specified region of the
detection zone.

101.The method of claim 1, wherein the means for detecting said emitted, scattered, transmitted, or absorbed light
comprises optical filters adapted to detect the signals derived from the illumination of said complexes.

102.The method of claim 1, wherein said detecting comprises use of a photoelectric detector.

103.The method of claim 1, wherein said detecting comprises use of a photoelectric array detector.

104.The method of claim 103, wherein said photoelectric detector comprises a CCD or CMOS detector.

105.The method of claim 1, wherein said detecting detects emitted, scattered, or absorbed light but does not include an
image intensifier.

106.The method of claim 1, wherein said detecting comprises use of a photomultiplier tube detector.

107.The method of claim 1, wherein said detecting comprises use of a photodiode detector.

108.The method of claim 1, wherein the means for detecting and identifying said target molecules comprises photosen-
sitive film

109.The method of claim 1, wherein the said detecting comprises direct visual detection.

110.The method of claim 1, wherein the number of target molecules is inferred from said detecting by analyzing images
acquired by said detecting.

Patentansprüche

1. Verfahren zum Nachweisen von Zielmolekülen in einer Probe, wobei das Verfahren die Schritte umfasst:
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a. Inkontaktbringen der Zielmoleküle mit Markierungspartikeln, die an die Zielmoleküle spezifisch binden, wobei
das Verhältnis von Zielmolekülen zu Markierungspartikeln weniger als 100 ist,
b. Selektieren oder Einfangen von Zielmolekül:Markierungspartikel-Komplexen, so dass die Komplexe von
ungebundenen Markierungspartikeln getrennt werden und die Komplexe in einer Nachweiszone hinterlegt wer-
den, die auf ein Nachweisareal mit einer maximalen linearen Dimension von größer als 1 mm abbildet, und
c. simultanes optischen Nachweisen individueller Ziehnolekül:Markierungspartikel-Komplexe in dem Nachwei-
sareal, so dass die Anzahl der Komplexe ausgezählt wird.

2. Verfahren nach Anspruch 1, wobei die Komplexe in einer Nachweiszone bei einer Dichte von weniger als 10 Kom-
plexen pro mm2 des Nachweisareals zufällig verteilt sind.

3. Verfahren nach Anspruch 2, wobei die Zielmoleküle in einer Nachweiszone bei einer Dichte von weniger als 1
Komplex pro mm2 des Nachweisareals zufällig verteilt sind.

4. Verfahren nach Anspruch 1, wobei der Nachweis keine Vergrößerung von mehr als 5X mit sich bringt.

5. Verfahren nach Anspruch 4, wobei der Nachweis keine Vergrößerung von mehr als 2X mit sich bringt.

6. Verfahren nach Anspruch 5, wobei der Nachweis keine Vergrößerung von mehr als 1X mit sich bringt.

7. Verfahren nach Anspruch 6, wobei der Nachweis keine Vergrößerung von mehr als 0,2X mit sich bringt.

8. Verfahren nach Anspruch 1, wobei die Zielmoleküle Proteine sind.

9. Verfahren nach Anspruch 1, wobei die Zielmoleküle Nukleinsäuren sind.

10. Verfahren nach Anspruch 1, wobei die Zielmoleküle ein Molekulargewicht von weniger als 100 kD haben.

11. Verfahren nach Anspruch 10, wobei die Zielmoleküle ein Molekulargewicht von weniger als 10 kD haben.

12. Verfahren nach Anspruch 11, wobei die Zielmoleküle ein Molekulargewicht von weniger als 1 kD haben.

13. Verfahren nach Anspruch 1, wobei die Zielmoleküle spezifisch an natürliche oder rekombinante Antikörper oder
Aptamere binden.

14. Verfahren nach Anspruch 1, wobei die Zielmoleküle spezifisch an DNA-, RNA- oder PNA-Sonden binden.

15. Verfahren nach Anspruch 1, wobei die Zielmoleküle Kategorie-spezifische Bindungsstellen umfassen, die ein Nu-
kleinsäurepolymorphismus sind oder sich direkt daneben befinden, einschließlich Einzelnukleotidpolymorphismen,
wobei die Kategorie-spezifischen Bindungsstellen den Teil des Zielmoleküls darstellen, an denen der Markierungs-
partikel spezifisch bindet.

16. Verfahren nach Anspruch 1, wobei die Probe eine Flüssigkeit oder ein Gewebe erhalten aus einem multizellulären
Organismus umfasst.

17. Verfahren nach Anspruch 16, wobei die Probe die körperlichen Flüssigkeiten oder Gewebe eines Tieres umfasst.

18. Verfahren nach Anspruch 17, wobei die Probe von einem Menschen stammt.

19. Verfahren nach Anspruch 17, wobei die Probe von einem nicht-humanen Vertebraten stammt.

20. Verfahren nach Anspruch 17, wobei die Probe ein Mitglied ist oder von einem Mitglied aus der Gruppe bestehend
aus stammt: Atemwegs-, Urogenital-, Fortpflanzungstrakt, zentrales Nervensystem, Urin, Blut, Haut, Plasma, Serum,
Speichel, Wundgewebe, Wundexudat, Biopsie-, Stuhlgang- und Festgewebeproben.

21. Verfahren nach Anspruch 1, wobei die Probe von einer Pflanze stammt.

22. Verfahren nach Anspruch 1, wobei die Probe durch Auswahl von Umweltluft oder Wasser oder Oberflächen, Objekten
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oder Organismen erhalten wird, die der Umwelt ausgesetzt sind.

23. Verfahren nach Anspruch 1, wobei ein Auswahlverfahren verwendet wird, um die Komplexe in der Nachweiszone
zu hinterlegen, und wobei das Selektionsverfahren aus der Gruppe bestehend aus magnetischer Selektion, Zen-
trifugation, Sedimentation und Filtration ist.

24. Verfahren nach Anspruch 23, wobei das Verfahren das Inkontaktbringen der Probe mit magnetischen Partikeln
umfasst, die an Kategorie-Bindungsmoleküle konjugiert sind, wobei diese Kategorie-Bindungsmoleküle ein Molekül
oder ein Molekülkomplex sind, die spezifisch an eine Kategorie-spezifische Bindungsstelle binden.

25. Verfahren nach Anspruch 23, wobei Zielmoleküle in der Nachweiszone hinterlegt werden unter Verwendung eines
der Selektionsverfahren ohne Verwendung einer Selektionseinheit.

26. Verfahren nach Anspruch 23, wobei die Zielmoleküle in einer Flüssigkeit mit Zielmolekül-spezifischen Selektions-
einheiten in Kontakt gebracht werden, die eine größere durchschnittliche Dichte als die durchschnittliche Dichte der
Flüssigkeit haben und die anschließend in der Nachweiszone unter Verwendung von Gravitations-, Zentrifugal-
oder Zentripetalkraft hinterlegt werden.

27. Verfahren nach Anspruch 1, wobei die Probe behandelt wird, um die Probe zu verflüssigen und/oder zu homoge-
nisieren.

28. Verfahren nach Anspruch 1, wobei das Inkontaktbringen in der Flüssigphase stattfindet.

29. Verfahren nach Anspruch 1, wobei das Inkontaktbringen an der Schnittstelle zwischen einer flüssigen und einer
festen Phase stattfindet.

30. Verfahren nach Anspruch 1, wobei die Probe behandelt wird, um Substanzen oder andere Objekte als die Zielmo-
leküle zu entfernen.

31. Verfahren nach Anspruch 1, wobei die Zielmoleküle in der Nachweiszone vor dem Inkontaktbringen immobilisiert
werden.

32. Verfahren nach Anspruch 1, wobei die Zielmoleküle in der Nachweiszone durch Kategorie-Bindungsmoleküle spe-
zifisch gebunden werden, welche an die Matrix oder das Substrat der Nachweiszone gebunden sind.

33. Verfahren nach Anspruch 1, wobei die Zielmoleküle in der Nachweiszone durch Ausbilden chemischer Bindungen
an die Matrix oder das Substrat der Nachweiszone spezifisch gebunden werden.

34. Verfahren nach Anspruch 1, wobei die Zielmoleküle in der Nachweiszone durch einen Prozess ausgewählt aus der
Gruppe bestehend aus Lufttrocknung, Hitzefixierung und chemische Fixierung immobilisiert werden.

35. Verfahren nach Anspruch 1, wobei die Probe so behandelt wird, dass die Kategorie-spezifischen Bindungsstellen
auf den Zielmolekülen zugänglich werden, um die Markierungspartikel zu kontaktieren.

36. Verfahren nach Anspruch 1, wobei die Markierungspartikel photonischen Signalcharakter haben und wobei eine
kolloidale oder lösliche Substanz hinzugefügt wird, um das Signal, welches durch die Markierungspartikel emittiert
wird, die nicht in der Nachweiszone sind, zu absorbieren.

37. Verfahren nach Anspruch 1, wobei die Probe in individuelle Aliquote unterteilt wird, die parallel auf die Anwesenheit
verschiedener Zielmoleküle hin getestet werden.

38. Verfahren nach Anspruch 37, wobei jedes der Aliquote mit einer Population an Markierungspartikel in Kontakt
gebracht wird, die an eine unterschiedliche, nicht überlappende Familie von Kategorie-Bindungsmolekülen konjugiert
ist.

39. Verfahren nach Anspruch 1, wobei die Probe nacheinander mit verschiedenen Familien an Kategorie-Bindungs-
molekülen in Kontakt gebracht wird, die an unterschiedliche Zielmoleküle spezifisch binden.
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40. Verfahren nach Anspruch 1, wobei die Nachweiszone eine Nachweisoberfläche umfasst, welche ausgewählt ist
aus der Gruppe bestehend aus festem Glas, festem Plastik, der Oberfläche der Vertiefungen von Mikrotiterplatten,
saugfähigen Membranen, Plastikstreifen, den Oberflächen von Kapillarröhrchen, den Oberflächen von mikrofluidi-
schen Kammern, und den Oberflächen von mikrofluidischen Kanälen.

41. Verfahren nach Anspruch 1, wobei Schritt b) laterale Durchflusschromatografie einschließt.

42. Verfahren nach Anspruch 1, wobei das Verfahren automatisch bei einer Reihe von Proben wiederholt wird.

43. Verfahren nach Anspruch 42, wobei die Proben automatisch in ein Instrument geladen werden, welches die Mittel
für das Nachweisen enthält.

44. Verfahren nach Anspruch 42, wobei die Proben automatisch in einer Reihe von Nachweiszonen hinterlegt werden,
die physisch miteinander assoziiert sind, und die automatisch und nacheinander in ein Instrument geladen werden,
welches die Mittel für das Nachweisen enthält.

45. Verfahren nach Anspruch 1, wobei die Komplexe beleuchtet werden, um ein nachweisbares Signal zu generieren.

46. Verfahren nach Anspruch 1, wobei das Verfahren Licht nachweist, welches als ein Ergebnis der Beleuchtung der
Komplexe emittiert, gestreut, reflektiert oder absorbiert wird.

47. Verfahren nach Anspruch 1, wobei das Nachweisen Fluoreszenz nachweist.

48. Verfahren nach Anspruch 1, wobei das Nachweisen Chemilumineszenz nachweist.

49. Verfahren nach Anspruch 46, wobei die Mittel zum Beleuchten der Komplexe ein oder mehrere Laser umfassen.

50. Verfahren nach Anspruch 46, wobei die Mittel zum Beleuchten der Komplexe ein oder mehrere Licht-emittierende
Dioden umfassen.

51. Verfahren nach Anspruch 46, wobei die Mittel zum Beleuchten der Komplexe eine Quelle weißen Lichts umfassen.

52. Verfahren nach Anspruch 46, wobei die Mittel zum Beleuchten der Komplexe ein oder mehrere optische Filter
umfassen, geeignet zum Beleuchten der Probe mit Licht einer entsprechenden Wellenlänge zum Nachweisen der
Komplexe.

53. Verfahren nach Anspruch 46, wobei die Mittel zum Beleuchten der Komplexe einen oder mehrere optische Filter
umfassen, geeignet zum Beleuchten der Probe mit Licht einer entsprechenden Wellenlänge zum Nachweisen der
Markierungspartikel.

54. Verfahren nach Anspruch 46, wobei die Mittel zum Nachweisen des emittierten, gestreuten, übermittelten oder
absorbierten Lichts optische Filter umfassen, die geeignet sind, die Signale, die von der Beleuchtung der Markie-
rungspartikel stammen, nachzuweisen.

55. Verfahren nach Anspruch 1, wobei das Nachweisen keine Beleuchtung anwendet.

56. Verfahren nach Anspruch 1, wobei das Nachweisen Wärmeabstrahlung nachweist.

57. Verfahren nach Anspruch 1, wobei das Nachweisen optische Absorption nachweist.

58. Verfahren nach Anspruch 57, wobei die optische Absorption im Infrarotbereich ist.

59. Verfahren nach Anspruch 1, wobei das Nachweisen Fluoreszenzpolarisation nachweist.

60. Verfahren nach Anspruch 1, wobei das Nachweisen optischen Reflexionsgrad nachweist.

61. Verfahren nach Anspruch 1, wobei das Nachweisen Lichtstreuung nachweist.
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62. Verfahren nach Anspruch 1, wobei das Nachweisen Raman-Streuung nachweist.

63. Verfahren nach Anspruch 1, wobei die Markierungspartikel weniger als 20 Mikronen groß sind.

64. Verfahren nach Anspruch 63, wobei die Markierungspartikel weniger als 10 Mikronen groß sind.

65. Verfahren nach Anspruch 64, wobei die Markierungspartikel weniger als 5 Mikronen groß sind.

66. Verfahren nach Anspruch 65, wobei die Markierungspartikel weniger als 1 Mikron groß sind.

67. Verfahren nach Anspruch 66, wobei die Markierungspartikel weniger als 100 nm groß sind.

68. Verfahren nach Anspruch 67, wobei die Markierungspartikel weniger als 10 nm groß sind.

69. Verfahren nach Anspruch 1, wobei die Markierungspartikel Latexpartikel, Kieselsäurepartikel, Quantum-Dots, Re-
sonanz-Lichtstreuungspartikel, hochkonvertierte Leuchtstoffen oder Partikel bestehend aus hauptsächlich Gold oder
Silber sind.

70. Verfahren nach Anspruch 1, wobei die Markierungspartikel mit enzymatischen Signaleinheiten beschichtet sind.

71. Verfahren nach Anspruch 70, wobei die Markierungspartikel enzymatische Signaleinheiten bei einer durchschnitt-
lichen Dichte von größer als oder gleich 2 enzymatischen Signaleinheiten pro kubischem Mikron Partikelvolumen
umfassen.

72. Verfahren nach Anspruch 1, wobei die Markierungspartikel Signaleinheiten umfassen, die alkalische Phosphatase-
oder Meerrettichperoxidase-Enzyme sind.

73. Verfahren nach Anspruch 1, wobei die Markierungspartikel an Kategorie-Bindungsmoleküle binden, welche zuvor
mit der Probe in Kontakt gebracht wurden.

74. Verfahren nach Anspruch 1, wobei die Markierungspartikel Signaleinheiten, ausgewählt aus der Gruppe bestehend
aus organischen Fluorophoren, hoch-regulierten Leuchtstoffen, Lanthaniden, Quantum-Dots, und Enzyme, welche
ein Fluoreszenzprodukt aus nicht fluoreszierenden Substraten generieren, umfassen.

75. Verfahren nach Anspruch 1, wobei die Markierungspartikel Signaleinheiten umfassen, welche Partikel gefärbt mit
oder konjugiert an Signaleinheiten darstellen, die Fluoreszenzsignalcharakter besitzen und die ausgewählt sind aus
der Gruppe bestehend aus: organischen Fluorophoren, hoch-regulierten Leuchtstoffen, Lanthaniden, Quantum-
Dots und Enzyme, die ein Fluoreszenzprodukt aus nicht fluoreszierenden Substraten generieren.

76. Verfahren nach Anspruch 1, wobei die Markierungspartikel Signaleinheiten mit Fluoreszenz-Signalcharakter um-
fassen.

77. Verfahren nach Anspruch 1, wobei die Markierungspartikel Signaleinheiten mit Chemilumineszenz-Signalcharakter
umfassen.

78. Verfahren nach Anspruch 77, wobei die Moleküle Acridiniumester sind.

79. Verfahren nach Anspruch 1, wobei die Markierungspartikel Signaleinheiten mit chromogenem Signalcharakter um-
fassen.

80. Verfahren nach Anspruch 1, wobei die Markierungspartikel Signaleinheiten mit Lichtstreuungscharakter umfassen.

81. Verfahren nach Anspruch 1, wobei die Probe mit Markierungspartikeln, die Kategorie-Bindungsmoleküle umfassen,
unter Bedingungen in Kontakt gebracht wird, welche die Bildung von Komplexen zwischen den Kategorie-Bindungs-
molekülen und Kategorie-spezifischen Bindungsstellen der Zielmoleküle erlaubt.

82. Verfahren nach Anspruch 81, wobei die Kategorie-Bindungsmoleküle Antikörper umfassen.
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83. Verfahren nach Anspruch 81, wobei die Kategorie-Bindungsmoleküle Aptamere umfassen.

84. Verfahren nach Anspruch 81, wobei die Kategorie-Bindungsmoleküle Nukleinsäuren oder Peptidnukleinsäuren um-
fassen.

85. Verfahren nach Anspruch 81, wobei die Kategorie-Bindungsmoleküle Liganden umfassen.

86. Verfahren nach Anspruch 81, wobei die Kategorie-Bindungsmoleküle Moleküle mit Molekulargewichten geringer
als 100 kD umfassen.

87. Verfahren nach Anspruch 86, wobei die Kategorie-Bindungsmoleküle Moleküle mit Molekulargewichten geringer
als 10 kD umfassen.

88. Verfahren nach Anspruch 87, wobei die Kategorie-Bindungsmoleküle Moleküle mit Molekulargewichten geringer
als 1 kD umfassen.

89. Verfahren nach Anspruch 1, wobei die Markierungspartikel unterschiedliche Populationen umfassen, wobei jede
Population an eine unterschiedlich nicht überlappende Familie von Kategorie-Bindungsmolekülen konjugiert ist.

90. Verfahren nach Anspruch 89, wobei jede der Familien spezifisch an Zielmoleküle bindet, die ebenfalls spezifisch
an eine Familie von Kategorie-Bindungsmolekülen bindet, welche stabil an einen Abschnitt der Nachweiszone
gebunden ist, wobei jede der Familien, die an die Nachweiszone gebunden ist, unterschiedlichen Stellen bindet,
wobei die Stellen durch das Nachweisen unterschieden werden können.

91. Verfahren nach Anspruch 90, wobei jede der Populationen an Markierungspartikeln die gleiche Signalklasse und
Signatur hat.

92. Verfahren nach Anspruch 89, wobei jede der Populationen eine unterschiedliche Signalsignatur oder Signalklasse
hat.

93. Verfahren nach Anspruch 92, wobei das Nachweisen optische Filter anwendet, die geeignet sind, um zwischen den
Signalsignaturen der Populationen an Markierungspartikeln zu unterscheiden.

94. Verfahren nach Anspruch 89, wobei die Familien von Kategorie-Bindungsmolekülen eine Familienkomplexität ha-
ben, die größer als 1 ist.

95. Verfahren nach Anspruch 89, wobei die Familien von Kategorie-Bindungsmolekülen eine Familienkomplexität ≥ 5
haben.

96. Verfahren nach Anspruch 89, wobei die Familien von Kategorie-Bindungsmolekülen eine Familienkomplexität ≥ 10
haben.

97. Verfahren nach Anspruch 89, wobei die Familien von Kategorie-Bindungsmolekülen eine Familienkomplexität von
≥ 20 haben.

98. Verfahren nach Anspruch 1, wobei das Nachweisen in einem Gefäß stattfindet, welches einen Strichcode oder eine
äquivalente Markierung zum automatischen Verfolgen der Probe hat.

99. Verfahren nach Anspruch 1, wobei das Nachweisen auf einer Oberfläche mit Registrierungskennzeichen stattfindet,
um das Abgleichen vieler Bilder auf derselben Oberfläche zu erleichtern.

100.Verfahren nach Anspruch 1, wobei das Verfahren Kontrollkennzeichen oder Kontrollzellen in einer spezifizierten
Region der Nachweiszone nachweist.

101.Verfahren nach Anspruch 1, wobei die Mittel zum Nachweisen des emittierten, gestreuten, übermittelten oder ab-
sorbierten Lichtes optische Filter umfassen, die geeignet sind, die Signale, die vom Beleuchten der Komplexe
stammen, nachzuweisen.
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102.Verfahren nach Anspruch 1, wobei das Nachweisen die Verwendung eines photoelektrischen Detektors umfasst.

103.Verfahren nach Anspruch 1, wobei das Nachweisen die Verwendung eines photoelektrischen Feld-Detektors um-
fasst.

104.Verfahren nach Anspruch 103, wobei der photoelektrische Detektor einen CCD- oder CMOS-Detektor umfasst.

105.Verfahren nach Anspruch 1, wobei das Nachweisen emittiertes, gestreutes oder absorbiertes Licht nachweist,
jedoch keinen Bildverstärker einschließt.

106.Verfahren nach Anspruch 1, wobei das Nachweisen die Verwendung eines Photomultiplier-Röhrendetektors um-
fasst.

107.Verfahren nach Anspruch 1, wobei das Nachweisen die Verwendung eines Photodiodendetektors umfasst.

108.Verfahren nach Anspruch 1, wobei die Mittel zum Nachweisen und Identifizieren der Zielmoleküle fotosensitiven
Film umfassen.

109.Verfahren nach Anspruch 1, wobei das Nachweisen direkte visuelle Detektion umfasst.

110.Verfahren nach Anspruch 1, wobei die Anzahl an Zielmolekülen aus dem Nachweisen durch Analysieren der durch
das Nachweisen erworbenen Bilder geschlussfolgert wird.

Revendications

1. Une méthode pour détecter des molécules cibles dans un échantillon, dans lequel ladite méthode comprend les
étapes de :

a. mettre en contact lesdites molécules cibles avec des particules de marquage qui se lient spécifiquement aux
molécules cibles, dans lequel le ratio des molécules cibles sur les particules de marquage est inférieur à 100,
b. sélectionner et capturer les complexes molécule cible : particule de marquage de manière à ce que les
complexes soient séparés des particules de marquage non liées, et à ce que les complexes soient déposés
dans une zone de détection qui projette sur une aire de détection qui a une plus grande dimension linéaire de
plus de 1 mm, et
c. simultanément, détecter optiquement les complexes individuels molécule cible:particule de marquage dans
ladite aire de détection, de manière à énumérer le nombre de complexes.

2. La méthode selon la revendication 1, dans laquelle lesdits complexes sont dispersés aléatoirement dans une zone
de détection à une densité de moins de 10 complexes par mm2 de l’aire de détection.

3. La méthode selon la revendication 2, dans laquelle lesdites molécules cibles sont dispersées aléatoirement dans
une zone de détection à une densité de moins de 1 complexe par mm2 de l’aire de détection.

4. La méthode selon la revendication 1, dans laquelle ladite détection n’entraîne pas d’agrandissement supérieur à 5X.

5. La méthode selon la revendication 4, dans laquelle ladite détection n’entraîne pas d’agrandissement supérieur à 2X.

6. La méthode selon la revendication 5, dans laquelle ladite détection n’entraîne pas d’agrandissement supérieur à 1X.

7. La méthode selon la revendication 6, dans laquelle ladite détection n’entraîne pas d’agrandissement supérieur à 0.2X.

8. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles sont des protéines.

9. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles sont des acides nucléiques.

10. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles ont une masse moléculaire de moins
de 100 kD.
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11. La méthode selon la revendication 10, dans laquelle lesdites molécules cibles ont une masse moléculaire de moins
de 10 kD.

12. La méthode selon la revendication 11, dans laquelle lesdites molécules cibles ont une masse moléculaire de moins
de 1 kD.

13. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles se lient spécifiquement à des anticorps
naturels ou recombinants ou à des aptamers.

14. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles se lient spécifiquement à des sondes
ADN, ARN, ou ANP.

15. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles comprennent des sites liants spécifiques
par catégorie qui sont, ou sont immédiatement adjacents à, un polymorphisme d’acide nucléique, incluant des
polymorphismes de nucléotide unique SNP, lesdits sites liant spécifiques par catégorie étant la portion de la molécule
cible à laquelle la particule de marquage se lie spécifiquement.

16. La méthode selon la revendication 1, dans laquelle ledit échantillon comprend un fluide ou un tissu obtenu d’un
organisme multicellulaire.

17. La méthode selon la revendication 16, dans laquelle ledit échantillon comprend des fluides ou des tissus corporels
d’un animal.

18. La méthode selon la revendication 17, dans laquelle ledit échantillon est issu d’un être humain.

19. La méthode selon la revendication 17, dans laquelle ledit échantillon est issu d’un vertébré non-humain.

20. La méthode selon la revendication 17, dans laquelle ledit échantillon est un élément ou est issu d’un élément du
groupe consistant en échantillons respiratoire, urogénital, des voies de reproductions, du système nerveux central,
d’urine, de sang, de derme, de plasma, de sérum, de salive, de tissu de plaie, d’exsudat de plaie, de biopsie, de
selles, et de tissu solide.

21. La méthode selon la revendication 1, dans laquelle ledit échantillon est issu d’une plante.

22. La méthode selon la revendication 1, dans laquelle ledit échantillon est obtenu en échantillonnant de l’air ou de
l’eau environnementaux ou des surfaces, des objets ou des organismes exposés à l’environnement.

23. La méthode selon la revendication 1, dans laquelle une méthode de sélection est utilisée pour déposer lesdits
complexes dans ladite zone de détection, et dans laquelle ladite méthode de sélection est choisie parmi le groupe
constitué par la sélection magnétique, la centrifugation, la décantation, et la filtration.

24. La méthode selon la revendication 23, dans laquelle ladite méthode comprend de mettre en contact ledit échantillon
avec des particules magnétiques qui sont conjuguées avec les molécules se liant par catégorie, lesdites molécules
se liant par catégorie étant une molécule ou un complexe moléculaire qui se lie spécifiquement à un site liant
spécifique par catégorie.

25. La méthode selon la revendication 23, dans laquelle les molécules cibles sont déposées dans ladite zone de
détection en mettant en oeuvre une desdites méthodes de sélection sans utiliser de groupe de sélection.

26. La méthode selon la revendication 23, dans laquelle lesdites molécules cibles sont mises en contact dans un liquide
avec les groupes de sélection spécifiques de la molécule cible, qui ont une densité moyenne supérieure à la densité
moyenne dudit liquide et sont ensuite déposées dans ladite zone de détection par la mise en oeuvre d’une force
gravitationnelle, centrifuge, ou centripète.

27. La méthode selon la revendication 1, dans laquelle ledit échantillon est traité pour liquéfier ou homogénéiser ledit
échantillon.

28. La méthode selon la revendication 1, dans laquelle ladite mise en contact intervient dans la phase liquide.
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29. La méthode selon la revendication 1, dans laquelle ladite mise en contact intervient à l’interface entre une phase
liquide et une phase solide.

30. La méthode selon la revendication 1, dans laquelle ledit échantillon est traité pour éliminer les substances ou les
objets autres que lesdites molécules cibles.

31. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles sont immobilisées dans ladite zone
de détection préalablement à ladite mise en contact.

32. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles sont spécifiquement liées dans la zone
de détection par des molécules liantes par catégorie qui sont liées à la matrice ou au substrat de la zone de détection.

33. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles sont spécifiquement liées dans la zone
de détection en formant des liaisons chimiques à la matrice ou au substrat de la zone de détection.

34. La méthode selon la revendication 1, dans laquelle lesdites molécules cibles sont immobilisées dans ladite zone
de détection par un procédé choisi parmi le groupe consistant en le séchage à l’air, la fixation par la chaleur et la
fixation chimique.

35. La méthode selon la revendication 1, dans laquelle ledit échantillon est traité de manière à ce que les sites liants
spécifiques par catégories sur les molécules cibles deviennent accessibles au contact par lesdites molécules de
marquage.

36. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage ont un caractère de signalisation
photonique, et dans laquelle une substance colloïdale ou soluble est ajoutée pour absorber le signal émis par les
particules de marquage qui ne sont pas dans ladite zone de détection.

37. La méthode selon la revendication 1, dans laquelle ledit échantillon est subdivivisé en aliquots individuels qui sont
testés, en parallèle, pour la présence de différentes molécules cibles.

38. La méthode selon la revendication 37, dans laquelle chacun desdits aliquots est mis en contact avec une population
de molécules de marquage qui est conjugué à une famille différente non redondante de molécules liantes par
catégories.

39. La méthode selon la revendication 1, dans laquelle ledit échantillon est mis en contact successivement avec des
familles distinctes de molécules se liant par catégorie, qui se lient spécifiquement à différentes molécules cibles.

40. La méthode selon la revendication 1, dans laquelle ladite zone de détection comprend une surface de détection qui
est choisie parmi le groupe constitué par du verre solide, du plastique solide, la surface de puits de plaques microtitres,
des membranes absorbantes, des bandes de plastique, des surfaces de tubes capillaires, des surfaces de chambres
microfluidiques et des surfaces de canaux microfluidiques.

41. La méthode selon la revendication 1, dans laquelle l’étape b) inclus de la chromatographie en flux latéral.

42. La méthode selon la revendication 1, dans laquelle ladite méthode est automatiquement répétée sur une série
d’échantillons.

43. La méthode selon la revendication 42, dans laquelle lesdits échantillons sont automatiquement chargés sur un
instrument qui contient les moyens pour ladite détection.

44. La méthode selon la revendication 42, dans laquelle lesdits échantillons sont automatiquement déposés dans une
série de zones de détection qui sont physiquement associées et qui sont automatiquement et successivement
chargées dans un instrument qui contient des moyens pour ladite détection.

45. La méthode selon la revendication 1, dans laquelle lesdits complexes sont illuminés pour générer un signal détec-
table.

46. La méthode selon la revendication 1, dans laquelle ladite méthode détecte la lumière émise, diffusée, réfléchie ou
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absorbée résultant de ladite illumination desdits complexes.

47. La méthode selon la revendication 1, dans laquelle ladite détection détecte la fluorescence.

48. La méthode selon la revendication 1, dans laquelle ladite détection détecte la chemoluminescence.

49. La méthode selon la revendication 46, dans laquelle les moyens pour illuminer lesdits complexes comprennent un
ou plusieurs lasers.

50. La méthode selon la revendication 46, dans laquelle les moyens pour illuminer lesdits complexes comprennent une
ou plusieurs diodes émettrices de lumière.

51. La méthode selon la revendication 46, dans laquelle les moyens pour illuminer lesdits complexes comprennent une
source de lumière blanche.

52. La méthode selon la revendication 46, dans laquelle les moyens pour illuminer lesdits complexes comprennent un
ou plusieurs filtres optiques adaptés pour l’illumination dudit échantillon avec une lumière de longueur d’onde ap-
propriée pour la détection desdits complexes.

53. La méthode selon la revendication 46, dans laquelle les moyens pour illuminer lesdits complexes comprennent un
ou plusieurs filtres optiques adaptés pour l’illumination dudit échantillon avec une lumière de longueur d’onde ap-
propriée pour la détection desdites particules de marquage.

54. La méthode selon la revendication 46, dans laquelle les moyens pour détecter ladite lumière émise, diffusée,
transmise ou absorbée comprend des filtres optiques adaptés pour détectés les signaux issus de l’illumination
desdites particules de marquage.

55. La méthode selon la revendication 1, dans laquelle ladite détection n’emploie pas l’illumination.

56. La méthode selon la revendication 1, dans laquelle ladite détection détecte les radiations thermiques.

57. La méthode selon la revendication 1, dans laquelle ladite détection détecte l’absorbance optique.

58. La méthode selon la revendication 57, dans laquelle ladite absorbance optique est dans l’infrarouge.

59. La méthode selon la revendication 1, dans laquelle ladite détection détecte la polarisation fluorescente.

60. La méthode selon la revendication 1, dans laquelle ladite détection détecte le facteur de réflexion optique.

61. La méthode selon la revendication 1, dans laquelle ladite détection détecte la diffusion de la lumière.

62. La méthode selon la revendication 1, dans laquelle ladite détection détecte la diffusion Raman.

63. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage ont une taille inférieure à 20
microns.

64. La méthode selon la revendication 63, dans laquelle lesdites particules de marquage ont une taille inférieure à 10
microns.

65. La méthode selon la revendication 64, dans laquelle lesdites particules de marquage ont une taille inférieure à 5
microns.

66. La méthode selon la revendication 65, dans laquelle lesdites particules de marquage ont une taille inférieure à 1
micron.

67. La méthode selon la revendication 66, dans laquelle lesdites particules de marquage ont une taille inférieure à 100
nanomètres.
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68. La méthode selon la revendication 67, dans laquelle lesdites particules de marquage ont une taille inférieure à 10
nanomètres.

69. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage sont des particules de latex,
des particules de silice, des nanoparticules, des particules de diffusion de lumière résonnante, des phosphores de
conversion ascendante ou des particules composées essentiellement d’or ou d’argent.

70. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage sont enrobées avec des groupes
de signalisation enzymatique.

71. La méthode selon la revendication 70, dans laquelle lesdites particules de marquage comprennent des groupes de
signalisation enzymatique à une densité moyenne supérieure à ou égal à deux groupes de signalisation enzymatique
par micron cube de volume de particule.

72. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage comprennent des groupes de
signalisation qui sont des phosphatases alcalines ou des enzymes peroxydases de raifort.

73. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage se lient à des molécules liantes
par catégorie qui ont été préalablement mises en contact avec l’échantillon.

74. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage comprennent des groupes de
signalisation choisis parmi le groupe consistant en les fluorophores organiques, les phosphores à régulation as-
cendante, les lanthanides, les nanoparticules, et les enzymes qui génèrent un produit fluorescent à partir de substrats
non fluorescents.

75. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage sont des particules colorées
avec ou conjuguées avec des groupes de signalisation qui ont une caractéristique de signal fluorescent, et qui sont
choisies dans le groupe consistant en les fluorophores organiques, les phosphores à régulation ascendante, les
lanthanides, les nanoparticules, et les enzymes qui génèrent un produit fluorescent à partir de substrats non fluo-
rescents.

76. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage comprennent des groupes de
signalisation qui ont une caractéristique de signal fluorescent.

77. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage comprennent des groupes de
signalisation qui ont une caractéristique de signal chemoluminescent.

78. La méthode selon la revendication 77, dans laquelle lesdites molécules sont des esters d’acridinium.

79. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage comprennent des groupes de
signalisation qui ont une caractéristique de signal chromogénique.

80. La méthode selon la revendication 1, dans laquelle lesdites particules de marquage comprennent des groupes de
signalisation qui ont une caractéristique de diffusion de la lumière.

81. La méthode selon la revendication 1, dans laquelle ledit échantillon est mis en contact avec des molécules se liant
par catégorie dans des conditions permettant la formation de complexes entre lesdites molécules se liant par
catégorie et les sites liants spécifiques à ladite catégorie situés sur lesdites molécules cibles.

82. La méthode selon la revendication 81, dans laquelle lesdites molécules se liant par catégorie comprennent des
anticorps.

83. La méthode selon la revendication 81, dans laquelle lesdites molécules se liant par catégorie comprennent des
aptamers.

84. La méthode selon la revendication 81, dans laquelle lesdites molécules se liant par catégorie comprennent des
acides nucléiques ou des acides nucléiques peptidiques.
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85. La méthode selon la revendication 81, dans laquelle lesdites molécules se liant par catégorie comprennent des
ligands.

86. La méthode selon la revendication 81, dans laquelle lesdites molécules se liant par catégorie comprennent des
molécules de masse moléculaire inférieure à 100 kD.

87. La méthode selon la revendication 86, dans laquelle lesdites molécules se liant par catégorie comprennent des
molécules de masse moléculaire inférieure à 10 kD.

88. La méthode selon la revendication 87, dans laquelle lesdites molécules se liant par catégorie comprennent des
molécules de masse moléculaire inférieure à 1 kD.

89. La méthode selon la revendication 1, dans laquelle lesdites molécules de marquage comprennent différentes po-
pulations, dans laquelle chaque population est conjuguée avec une famille différente non redondante de molécules
liantes par catégorie.

90. La méthode selon la revendication 89, dans laquelle chacune desdites familles se lie spécifiquement avec des
molécules cibles qui se lient aussi spécifiquement à une famille de molécules se liant par catégorie qui est liée de
manière stable à une section de la zone de détection, dans laquelle chacune desdites familles qui sont liées à la
zone de détection sont liées à des sites distincts, lesdits sites pouvant être distingués par ladite détection.

91. La méthode selon la revendication 90, dans laquelle chacune desdites populations de particules de marquage a la
même classe de signalisation et la même signature de signalisation.

92. La méthode selon la revendication 89, dans laquelle chacune desdites populations a une signature de signalisation
distincte ou une classe de signalisation distincte.

93. La méthode selon la revendication 92, dans laquelle ladite détection met en oeuvre des filtres optiques adaptés
pour discriminer entre les signatures de signalisation desdites populations de particules de marquage.

94. La méthode selon la revendication 89, dans laquelle lesdites familles de molécules se liant par catégorie ont une
complexité de famille qui est supérieure à 1.

95. La méthode selon la revendication 89, dans laquelle lesdites familles de molécules se liant par catégorie ont une
complexité de famille qui est supérieure ou égale à 5.

96. La méthode selon la revendication 89, dans laquelle lesdites familles de molécules se liant par catégorie ont une
complexité de famille qui est supérieure ou égale à 10.

97. La méthode selon la revendication 89, dans laquelle lesdites familles de molécules se liant par catégorie ont une
complexité de famille qui est supérieure ou égale à 20.

98. La méthode selon la revendication 1, dans laquelle ladite détection intervient dans un récipient qui a un code barre
ou un étiquetage équivalent pour tracer l’échantillon automatiquement.

99. La méthode selon la revendication 1, dans laquelle ladite détection intervient sur une surface ayant des marquages
d’enregistrement qui facilitent l’alignement d’images multiples sur la même surface.

100.La méthode selon la revendication 1, dans laquelle ladite méthode détecte des marquages de contrôle ou des
cellules de contrôle sur une région spécifique de la zone de détection.

101.La méthode selon la revendication 1, dans laquelle le moyen pour détecter ladite lumière émise, diffusée, transmise
ou absorbée comprend des filtres optiques adaptés pour détecter les signaux dus à l’illumination desdits complexes.

102.La méthode selon la revendication 1, dans laquelle ladite détection comprend l’utilisation d’un détecteur photoélec-
trique.

103.La méthode selon la revendication 1, dans laquelle ladite détection comprend l’utilisation d’un réseau de détection



EP 1 428 018 B1

50

5

10

15

20

25

30

35

40

45

50

55

photoélectrique.

104.La méthode selon la revendication 103, dans laquelle ledit détecteur photoélectrique comprend un détecteur CCD
ou CMOS.

105.La méthode selon la revendication 1, dans laquelle ladite détection détecte de la lumière émise, diffusée, ou ab-
sorbée, mais ne comprend pas d’amplificateur d’image.

106.La méthode selon la revendication 1, dans laquelle ladite détection comprend l’utilisation d’un détecteur tubulaire
photomultiplicateur.

107.La méthode selon la revendication 1, dans laquelle ladite détection comprend l’utilisation d’un détecteur photodiode.

108.La méthode selon la revendication 1, dans laquelle le moyen pour détecter et identifier lesdites molécules cibles
comprend un film photosensible.

109.La méthode selon la revendication 1, dans laquelle ladite détection comprend la détection visuelle directe.

110.La méthode selon la revendication 1, dans laquelle le nombre de molécules cibles est déduit à partir de ladite
détection par l’analyse des images acquises par ladite détection.
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