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MEASURING MULTIPLE ANALYTES OVER A BROAD RANGE OF

CONCENTRATIONS USING OPTICAL DIFFRACTION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of U.S. Provisional Application No. 60/852,458,

filed October 18, 2006, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The invention relates to the fields of optical diffraction and analyte detection.

In many clinical settings the proper assessment of a patient's symptoms requires

the determination and quantification of multiple analytes over a broad dynamic range.

Detection technologies relying on light emission from labels often suffer from

crosstalk where a strong signal originating from the binding of one analyte may drown

out weaker signals. Some assay developers dilute the sample to lower the signal of the

high concentration analyte, but this solution is limited in its ability to extend dynamic

range as the dilution may ultimately hinder the ability to measure the analytes having

lower concentrations.

In order to counter these issues, some have developed fluorophores with very

distinct spectral properties, e.g., quantum dots, which must be analyzed using different

excitation and emission filters. Others, such as described in U.S. Patent No.

6,551,788, have relied on particle size differences to distinguish and quantify several

analytes in one sample, adding the difficult step of controlling particle size so that

analytes can be distinguished.

Other technologies such as capillary electrophoresis use a single label to resolve

individual antibody-antigen complexes. All of these approaches rely heavily on

cumbersome methods that may limit their application in cost-sensitive or rugged

environments.

There is a need for new methods of detecting multiple analytes over a broad

concentration range.



SUMMARY OF THE INVENTION

The invention relates to method, devices, and kits for measuring multiple

analytes in a sample having a broad range of concentrations using optical diffraction.

Devices, methods, and kits useful for monitoring and diagnosing diabetes,

cardiovascular disease, thyroid disease, hormone-related conditions, and sepsis are

also described.

The invention features a method of detecting, in parallel, analytes in a sample,

wherein the concentration of a first analyte is at least 100 times greater than the

concentration of a second analyte, including contacting the sample with a device

having a first immobilized binding agent to which the first analyte specifically binds

and a second immobilized binding agent to which the second analyte specifically

binds, wherein each of the binding agents is disposed in a pattern capable of optical

diffraction when the first or second analyte binds thereto, and measuring the optical

diffraction from each of the patterns to detect the presence or absence of the first and

second analytes. The method may additionally include determining the concentration

of analyte in the sample or calculating the rate of binding or a binding constant of the

first or second analyte to the first or second binding agent. The analytes assayed by

the method include, e.g., DNA, RNA, protein, or lipid or may be a virion or a cell.

The method may measure direct binding of an analyte to a binding agent or indirectly

measure binding of an analyte using an additional moiety to amplify the optical

diffraction. Examples of additional moieties include enzymes such as horseradish

peroxidase and alkaline phosphatase or a bead. Enzymes may amplify optical

diffraction by acting on a substrate to cause precipitation of the substrate or binding of

the substrate to the enzyme, binding agent, or target. The concentrations of analytes in

a sample employed by the method may differ by a factor of at least 1,000, 10,000,

100,000, 1,000,000, 10,000,000, 100,000,000, or 1,000,000,000. The concentrations

of analytes in a sample employed by the method may be less than 100



milligrams/milliliter, 10 milligrams/milliliter, 1 milligram/milliliter, 100

micrograms/milliliter, 10 micrograms/milliliter, 1 microgram/milliliter, 100

nanograms/milliliter, 10 nanograms/milliliter, 1 nanogram/milliliter, 100

picograms/milliliter, 10 picograms/milliliter, or 1 picogram/milliliter. The binding

agents may contain, e.g., a protein, e.g., an antibody, or a polynucleotide. The binding

agents may also be immobilized, e.g., via a biotin-avidin or biotin-streptavidin

interaction, Protein G, Goat Anti-Mouse-Fc (GAM-Fc), or an amide bond. The

method may employ a device having a third or a fourth binding agent that selectively

binds a third or fourth analyte and measures the binding of the third or fourth analyte.

Exemplary analytes include C-peptide, glycated hemoglobin, a lipoprotein, a low-

density lipoprotein (LDL), a high-density lipoprotein (HDL), a cytokine, IL-6, thyroid

stimulating hormone (TSH), anti-thyroid peroxidase (TPO) antibody, a hormone, CRP,

NT-proBNP, gelsolin, or copeptin.

The invention also features a device having a first immobilized binding agent

that specifically binds C-peptide and a second immobilized binding agent that

specifically binds glycated hemoglobin, wherein each of the binding agents is disposed

in a pattern capable of optical diffraction when C-peptide or glycated hemoglobin

binds thereto. In a further embodiment, the invention also includes a kit for

diagnosing diabetes using this device and an additional moiety capable of amplifying

the optical diffraction caused by binding of C-peptide or glycated hemoglobin.

The invention further features a device having a first immobilized binding

agent that specifically binds a first analyte selected from the group consisting of

lipoproteins, low-density lipids (LDL), high-density lipids (HDL), cytokines, and IL-6

and a second different immobilized binding agent that specifically binds a second

analyte from the group consisting of lipoproteins, low-density lipids (LDL), high-

density lipids (HDL), cytokines, and IL-6, wherein each of the binding agents is

disposed in a pattern capable of optical diffraction when the first or second analyte

binds thereto. In a further embodiment, this invention features a kit for diagnosing a



cardiovascular disease using this device and an additional moiety capable of

amplifying the optical diffraction caused by binding of first or second analyte.

In another aspect, the invention features a device having a first immobilized

binding agent that specifically binds TSH and a second immobilized binding agent that

specifically binds anti-TPO antibody, wherein each of the binding agents is disposed

in a pattern capable of optical diffraction when TSH or anti-TPO antibody binds

thereto. In a further embodiment, the invention features a kit for diagnosing a thyroid

disease using this device and an additional moiety capable of amplifying the optical

diffraction caused by binding of TSH or anti-TPO antibody.

The invention features a device having a first immobilized binding agent that

specifically binds a hormone and a second immobilized binding agent that specifically

binds a different hormone, wherein each of the binding agents is disposed in a pattern

capable of optical diffraction when the first or second hormone binds thereto. In a

further embodiment, the invention features a kit using this device and an additional

moiety capable of amplifying the optical diffraction caused by binding of the first or

second hormone.

The invention also features a device having a first immobilized binding agent

that specifically binds a first analyte selected from the group consisting of cytokines,

CRP, gelsolin, and copeptin and a second different immobilized binding agent that

specifically binds a second analyte from the group consisting of cytokines, CRP,

gelsolin, and copeptin, wherein each of the binding agents is disposed in a pattern

capable of optical diffraction when the first or second analyte binds thereto. In a

further embodiment, the invention features a kit for diagnosing sepsis using this device

and an additional moiety capable of amplifying the optical diffraction caused by

binding of the first or second analyte.

The invention also features a device having a first immobilized binding agent

that specifically binds CRP and a second different immobilized binding agent that

specifically binds NT-proBNP, wherein each of the binding agents is disposed in a



pattern capable of optical diffraction when the CRP or NT-proBNP binds thereto. In a

further embodiment, the invention features a kit for diagnosing a condition, e.g.,

cardiovascular disease, using this device and an additional moiety capable of

amplifying the optical diffraction caused by binding of NT-proBNP. Devices and kits

of the invention may also detect NT-proBNP and one or more markers of

cardiovascular disease.

By "additional moiety" is meant any substance, compound, or molecule that

participates in a complex containing other substances, compounds, or molecules, e.g.,

a complex containing the additional moiety, a binding agent, and an analyte. The

additional moiety may enhance the optical diffraction induced by the binding of the

analyte to the binding agent by inducing precipitation of enzyme substrates onto or

binding to the analyte and thereby providing a greater amount of material deposited on

the diffraction pattern that can amplify the optical diffraction.

By "analyte" is meant a molecule, other chemical species, e.g., an ion, or

particle. Exemplary analytes include cells, viruses, nucleic acids, proteins,

carbohydrates, and small organic molecules.

By "binding agent" is meant any substance, compound, or molecule to which an

analyte binds. A binding agent may be coupled to a surface to which an analyte binds

or be part of the material making up the surface to which an analyte binds. Exemplary

binding agents include antibodies, oligo- or polypeptides, nucleic acids, other proteins,

synthetic polymers, and carbohydrates.

By "measuring direct binding" is meant measuring binding of an analyte to a

binding agent without use of an additional moiety.

By "measuring binding indirectly" is meant measuring binding of an analyte to

a binding agent with the use of an additional moiety.

Other features and advantages of the invention will be apparent from the

following Detailed Description, the drawings, and the claims.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a disposable reaction vessel with an integrated

optical element having an analyte-specific pattern in a single reaction chamber with a

prism integrally formed with the bottom of the reaction chamber.

Figure 2 is a perspective view of another embodiment of a disposable reaction

vessel having an elongated reaction chamber with a linear array of analyte-specific

patterns along the bottom of the reaction chamber with an elongated prism integrally

formed along the bottom of the housing containing the reaction chamber.

Figure 3 is a schematic of a two spot sensor and dynamic range assay. SPOT 1

contains a donkey anti-rabbit antibody as a binding agent and SPOT 2 contains a

donkey anti-goat antibody as a binding agent. Both of the binding agents are

biotinylated and adhere to a streptavidin-coated surface. The signal on SPOT 2 will be

enhanced by TMB (3,3',5,5'-tetramethylbenzidine) precipitation using a horseradish

peroxidase-conjugated antibody.

Figure 4 shows the detection of two analytes binding over a 10,000-fold

concentration range. The signals (in volts) induced by the dynamic range assay

portrayed in Figure 3 of Rabbit anti-Akt (RbαAkt) ( l µg/mL) and Goat anti-mouse

(GtαMs) (0. 1 ng/mL) binding to their substrates are shown as a function of time (in

seconds).

Figure 5 shows a close-up view of the direct binding and TMB precipitation

(indirect detection) shown in Figure 4. The 35mV signal shows no background

interference on SPOT 2 and no signal increase on SPOT 1 when the TMB reaction is

carried out.

Figure 6 shows the detection of two analytes binding over a 1,000,000-fold-

concentration range. The signals (in volts) induced by the dynamic range assay shown

in Figure 3 of Rabbit anti-Akt (RbαAkt) (lOµg/mL) and Goat anti-mouse (GtαMs) (10

pg/mL) binding to their substrates are shown as a function of time (in seconds).



Figure 7 shows a close-up view of the direct binding and TMB precipitation

(indirect binding) portrayed in Figure 6. The 10OmV increase shows no background

interference on SPOT 2 and no signal increase on SPOT 1 when the TMB reaction is

carried out.

Figure 8 shows a table describing the use of the invention to measure multiple

analytes having concentrations ranging from millimolar to picomolar to assess and

diagnose various diseases.

Figure 9 is a schematic depiction of the binding of CRP and NT-proBNP to a

device of the invention. Binding of CRP is measured directly (upper graph), while

binding of NT-proBNP is measure indirectly (lower graph). The detection of one

analyte does not interfere with the detection of the other.

Figure 10 is a graph of the detection of CRP and NT-proBNP, where the

sample was pre-incubated with anti-NT-proBNP conjugate to HRP. The binding of

CRP was detected directly, while the binding of NT-proBNP was detected after TMB

was added.

Figure 11 is a series of graphs showing the direct detection of CRP and the

indirect detection of NT-proBNP from the same sample. Detection of CRP does not

interfere with detection of NT-proBNP and vice versa.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides devices, methods, and kits for measuring, in parallel,

multiple analytes in a sample that have disparate concentrations, e.g., ranging from

millimolar to picomolar. We have demonstrated the parallel measurement of two

analytes in a single sample present at concentrations differing by a factor of more than

one million. The invention also provides kits and devices that can be used to assess

the presence of various biomarkers in a sample from a subject to facilitate diagnoses

of disease and clinical assessments.



Methods of Measuring Multiple Analytes

The methods of the invention employ two technologies: grating-based light

diffraction and immobilized capture surfaces. This combination produces a sensitive

and very simple technique for the detection of molecular binding events without the

use of fluorescent labels.

The method of the invention detects, in parallel, analytes in a sample, wherein

the concentration of a first analyte is at least 100 times greater than the concentration

of a second analyte, by contacting the sample with a device having a first immobilized

binding agent to which the first analyte specifically binds and a second immobilized

binding agent to which the second analyte specifically binds. Each of the binding

agents is disposed in a pattern capable of optical diffraction when the first or second

analyte binds thereto. Measurement of the optical diffraction from each of the patterns

is used to detect the presence or absence of the first and second analytes. The

concentration of analyte in the sample may be determined using this measurement of

optical diffraction. Furthermore, rate of binding or a binding constant of one of the

analytes to one of the binding agents may be calculated.

Using an exemplary device, the method may employ protein-specific binding

agents, which are immobilized on the device surface in eight distinct locations or assay

spots. The binding agents within each spot are not randomly distributed, but are

immobilized in a series of parallel lines that produces a specific diffraction pattern

when illuminated with a laser. The sensor surface forms the base of a low-volume

flow cell. When a sample is introduced into the flow cell, e.g., as a flowing stream or

a static volume, target molecules bind to the assay spots, resulting in an increased

diffraction signal. The intensity of the diffraction signal is used to generate real-time

binding curves. The illumination and detection beams never pass through the sample,

which makes the invention ideal for the detection of multiple proteins in complex

biological samples such as serum, plasma, and crude cell lysates.



Various analytes in a sample can be analyzed by the method of the invention,

e.g., DNA, RNA, protein, or lipid or an entire virion or cell. Preferred analytes

include C-peptide, glycated hemoglobin, a lipoprotein, a low-density lipoprotein

(LDL), a high-density lipoprotein (HDL), a cytokine, IL-6, TSH, anti-TPO antibody, a

hormone, CRP, NT-proBNP, gelsolin, or copeptin. Various concentrations of multiple

analytes can be measured in parallel, e.g., measuring analytes with concentrations less

than 100 milligrams/milliliter, l Omilligrams/milliliter, 1 milligram/milliliter, 100

micrograms/milliliter, 10 micrograms/milliliter, 1 microgram/milliliter, 100

nanograms/milliliter, 10 nanograms/milliliter, 1 nanogram/milliliter, 100

picograms/milliliter, l Opicograms/milliliter, or 1 picogram/milliliter. The

concentration of the analytes detected may differ by a factor of 100, 1,000, 10,000,

100,000, 1,000,000, 10,000,000, 100,000,000, or 1,000,000,000.

Various binding agents may be employed by the methods of the invention

including proteins, e.g., an antibody, or polynucleotides. These binding agents may be

immobilized by a biotin avidin or biotin streptavidin interaction, Protein G, Goat Anti-

Mouse-Fc (GAM-Fc), or an amide bond.

The optical diffraction signals of analytes being measured may be measured

directly (measuring direct binding without amplification by additional moieties) or

indirectly by using additional moieties to amplify the signal. The optical diffraction

signal may be amplified using additional moieties such as enzymes like horseradish

peroxidase or alkaline phosphatase or beads, e.g., conjugated to antibodies or other

binding agents that bind to an analyte, possible via an epitope that differs from that

that binds the analyte to the surface.

The method can also be scaled to measure two, three, four, or more analytes in

a sample simultaneously using devices having two, three, four, or more binding

agents.

Methods for using the optical diffraction-based devices in diffraction-based

assay will be known to those skilled in the art based on pertinent patents and literature



references such as in Goh et al., "Diffraction-Based Assay for Detecting Multiple

Analytes" Anal. Bioanal. Chem (2002) 374, 54-56, which is incorporated by reference.

Analytes

Any number of different analytes may be detected by the invention. Exemplary

analytes include biomarkers and biomolecules, e.g., DNA, RNA, microRNA,

polynucleotides and their homologues, proteins, or lipids, as well as larger assemblies,

such as virions or whole cells. Of particular interest are biomarkers including, e.g., C-

peptide, glycated hemoglobin, lipoproteins, low-density lipoprotein (LDL), high-

density lipoprotein (HDL), cytokines, IL-6, TSH, anti-TPO antibody, hormone, C-

Reactive Protein (CRP), gelsolin, and copeptin.

Uses of the Invention

Both direct and amplified (indirect) detection methods can be used with the

invention's devices, kits, and methods, enabling quantitative measurement of multiple

analytes in parallel across a broad dynamic range - from picomolar to millimolar

concentrations. Typically, detection of one analyte will be direct, while detection of

another analyte will be indirect. Because method development is accelerated, assay

implementation and assay transfer to and from the platform is more straightforward.

Spanning assay development to biomarker detection, the invention contributes

to each stage of the assay development process. Extrapolation from end-point results

is eliminated, as the invention generates real-time binding data. The invention speeds

assay development in numerous ways including, e.g., quantifying reagent

concentration and purity, ranking antibody affinity, characterizing antibody binding

kinetics, determining antibody specificity and cross-reactivity, optimizing reagent

concentrations, step times, buffers, and additive composition, monitoring assay

performance and matrix effects, and multiplexing analytes with minimized

interference.



The invention also permits a wide range of additional applications including,

e.g., aggregation studies, substrate/activity measurements, enzyme inhibition studies,

monitoring levels of biomarkers (with and without disease relevance), and the

detection of large species such as viral particles, microorganisms and cells.

Diffraction is inherently self-referencing - since the detection of binding events

is dependent on the initial pattern of binding agents, an increase in signal occurs only

when analytes bind exclusively to those binding agents. Non-specific binding to the

surface of the devices employed by the invention generally produces little or no

change in the diffraction signal. This label-free characteristic of the invention enables

the direct study of multiple biomolecular interactions in parallel including, e.g.,

protein-protein interactions, nucleic acid interactions, and nucleic acid-protein

interactions.

The methods of the invention may be used to monitor patients and diagnose

disease. In diabetes management, physicians and researchers may use the invention to

monitor, in parallel, C-peptide levels in the pMol range and glycated hemoglobin

levels that can reach up to 8% of the 7.4-1 1.2mmol/L of the total hemoglobin found in

blood (NEJM 355;5:467-477) (Figure 8). Such information may be employed for

diagnosis, prognosis, and response to therapy.

Similarly, physicians and researchers may use the invention to monitor plasma

biomarkers such as lipoproteins, e.g., LDL and HDL, which can reach mmol levels

while other markers such as cytokines, e.g., IL-6, are found in ng/L concentrations,

essentially pMol (CMAJ 174;4:461-466) in order to assess cardiovascular disease in a

subject (Figure 8).

Alternatively, physicians and researchers may use the invention to monitor in

parallel thyroid function by determining the amount of TSH, which typically requires a

highly sensitive immunoassay, and the detection of anti-TPO antibodies that are

typically several orders of magnitude larger than TSH levels in order to assess thyroid

disease in a subject (Figure 8).



Physicians and researchers may also use the invention to monitor in parallel

multiple hormones to assess various physical conditions, such as pregnancy, ovulation,

menopause, and diseases such as cancer.

Physicians and researchers may also use the invention to monitor in parallel

various cytokines, which are initially detected at picomolar levels, and other

biomarkers such as CRP are in the mg/L range (Curr Op Crit Care 11:473-480) in

order to assess sepsis in a subject. Other markers that may be monitored in parallel by

the invention include, e.g., gelsolin (Crit Car Med 31:152-156) and copeptin (Clin

Chem;5 1:1:1 12-1 19), which span the concentration continuum from mg/L to pMol in

order to assess sepsis in a subject (Figure 8). NT-proBNP in serum is generally in the

pMol range.

Optical Diffraction-Based Devices and their Fabrication

A number of exemplary devices may be employed by the invention. For

example, a device having a single reaction chamber with integral prism is useful for

compact devices requiring assay of one or two analytes. Figure 1 shows such a device

having a disposable reaction vessel 10 with integrated optical element. Reaction vessel

10 includes a housing 12 enclosing a well or chamber 14. Housing 12 has an inner

bottom surface 16 on which a pre- selected pattern 18 of analyte binding agents is

formed for detecting any number of analytes. On an outer bottom surface 20 of

housing 12 is a prism 22, which is integrally formed with the rest of housing 12. The

housing 12 with integrated prism 22 may be produced of any suitable plastic, generally

a clear transparent plastic at the wavelengths to be used to illuminate the pattern

through the prism 22.

For multiple assay formats using multiple analyte specific binding agents but

one reaction chamber, the present invention may employ, e.g., a disposable reaction

vessel 40 shown in Figure 2, which includes a housing portion 42 enclosing a well or

chamber 44, with the housing having an inner bottom surface 46 along which a linear



array of analyte specific binding agents 48 are formed with an elongated single prism

50 integrally formed along the bottom outer surface of housing 42 thus giving a single

consumable with an elongated prism. Disposable reaction vessel 40 includes a

housing cover 54 having a fluid inlet 56 and a fluid outlet 58.

When housing 42 is assembled with cover 54, fluid containing the analyte to be

analyzed may be flowed through inlet 56 and out through outlet 58.

In one exemplary device, when cover 54 is assembled with housing 42, the

volume of interior chamber 44 is such that a capillary flow path is formed through the

chamber between the inlet 56 and outlet 58. This device contains a disposable reaction

vessel 40 with integrated optical elements is appropriate for situations where a

compact consumable is desired and up to approximately thirty (30) discrete assays of

binding agents are required.

Other devices that may be employed by the current invention have been

described in International Applications WO 2005/061237 and WO 2005/062021 and

U.S. Patent Application 2002/0025534 and 2003/0049693, each of which is hereby

incorporated by reference.

Surfaces and Binding Agents

The invention uses sensors, e.g., flow-through sensors, for the detection of

biomolecular binding events between binding agents and analytes. Several optimized

binding surfaces are available to address a broad range of applications. The disposable

design of the invention' s devices make them ideal for the analysis of multiple

components of complex biological samples.



Avidin-coated surface and immobilized binding agents

Immobilized avidin groups on the sensor surface are used for high-affinity

immobilization of biotinylated binding agents, e.g., biotinylated antibodies or

polynucleotides, on the surfaces of the devices employed by the invention.

Protein G-coated surface and immobilized binding agents

Protein G selectively binds to the Fc region of human and rabbit

immunoglobulin molecules, allowing oriented immobilization of human and rabbit

antibodies, as binding agents, on the surfaces of the devices employed by the

invention.

Goat Anti-Mouse-Fc (GAM-Fc)-coated surface and immobilized binding agents

GAM-Fc efficiently binds to the Fc region of mouse antibodies, allowing

oriented immobilization of binding agents, e.g., mouse antibodies on the surfaces of

the devices employed by the invention. The GAM-Fc surface is suitable for antibody

characterization studies and immunoassay applications.

Amine-Reactive surface and immobilized binding agents.

Immobilized carboxylate groups on the amine-reactive surface can be used to

covalently link binding agents, with amide bonds for example, to the surface of the

devices employed by the invention via an amine coupling reaction. Proteins, peptides,

nucleic acids, and other biomolecules can be immobilized.

Miscellaneous

Other exemplary reactive linking groups such as hydrazines, hydroxylamines,

thiols, carboxylic acids, epoxides, trialkoxysilanes, dialkoxysilanes, and chlorosilanes

may be attached to the surface of the devices employed by the invention such that

binding agents may form chemical bonds with those linking groups to immobilize

them on the surface of the device.

Various exemplary surfaces used in the devices employed by the invention

include polystyrene, glass, metal, silicon, and other semiconductors. Surfaces used in



devices employed by the invention may include any substance capable of immobilizing

binding agents.

Exemplary binding agents used in the devices employed by the invention may

be molecules, e.g., antibodies, polynucleotides, enzymes, receptors, ligands, or

molecules with molecular weights below 500, which can be immobilized on the

surface of a device employed by the invention. Binding agents used in the invention

include any substance capable of binding an analyte.

Other exemplary binding agents used in the devices employed by the invention

may be, e.g., magnetic, positively charged, negatively charged, polarized, or capable of

forming temporary dipoles, so that the binding agents may bind analytes in a sample

by non-covalent means.

EXAMPLE

Example 1. Two spot dynamic range assay.

We utilized a streptavidin coated diffractive optical sensor (DOT™, Axela

Biosciences) which was spotted in two separate locations with 1) a biotinylated

Donkey anti-rabbit antibody (SPOTl) and 2) a biotinylated Donkey anti goat antibody

(SPOT2) (Figure 3). We premixed three components: A) a rabbit anti-akt antibody that

will serve as the target analyte for the donkey anti-rabbit on SPOTl B) a goat anti-

mouse antibody which will serve as the target analyte for SPOT2 as well as C) a

donkey anti-goat antibody coupled to Horseradish Peroxidase which will serve to

enhance the signal obtained from analyte binding to SPOT2.

The A,B,C mixture was introduced into the system: one can observe the

binding event on SPOTl (red trace) in Figure 4, a close-up view of this graph is shown

in Figure 5.

The left panel of Figure 5 shows a closer look at the TMB precipitation

mediated by the HRP conjugated antibody immobilized on SPOT2. In both cases, the

signal is specific to the immobilized species, hence no direct binding is detectable on



SPOT2 and only upon addition of TMB is there a large signal. Finally, no increase in

signal is seen on SPOTl as expected upon addition of TMB. This experiment was

repeated with a 10 fold lower concentration of the SPOT2 analyte and a 10 fold higher

concentration of the SPOTl analyte. Both analytes are easily detected in the same

sample as evidenced by Figures 6 and 7.

Example 2.

In this example, antibodies for CRP and NT-proBNP are coupled to two

separate spots in a single sensor. When a serum sample is introduced, CRP is detected

directly at micromolar concentrations. After a brief wash, the NT-proBNP is detected

at picomolar levels through the addition of a signal enhancing reagent. The unique

properties of this detection method means there is no observed cross-talk between

analytes, a common limitation of multiplexed end-point assay approaches (Figure 9).

To improve assay throughput, reagents can be premixed with the sample and

incubated offline. Here a 60 µl serum sample was incubated for 40 minutes with the

HRP coupled anti-NT proBNP secondary antibody (5% by volume) and then

introduced into the sensor. The sensor has anti-CRP coupled to one detection spot and

anti-NT proBNP on an adjacent spot (Figure 10).

An immediate binding curve was observed for the CRP due to its concentration

of 5 µg/ml. No direct signal was observed on the NT proBNP spot due to its 5 log

lower concentration of 50 pg/ml. However an immediate rate curve was detected upon

addition of the precipitating TMB reagent that was used for quantification. No

crosstalk was observed between the two analytes in spite of the wide concentration

differences and the entire detection stage of the assay was complete in 60 sec (Figure

11).

Other embodiments are in the claims.

What is claimed is:



CLAIMS

1. A method of detecting analytes in a sample in parallel, wherein the

concentration of a first analyte is at least 100 times greater than the

concentration of a second analyte, said method comprising:

a) contacting said sample with a device having a first immobilized binding

agent to which said first analyte specifically binds and a second

immobilized binding agent to which said second analyte specifically

binds, wherein each of said binding agents is disposed in a pattern

capable of optical diffraction when said first or second analyte binds

thereto; and

b). measuring the optical diffraction from each of said patterns to detect the

presence or absence of the first and second analytes.

2. The method of claim 1, further comprising determining the concentration of

analyte in said sample.

3. The method of claim 1, further comprising calculating the rate of binding of

said first or second analyte to said first or second binding agent.

4. The method of claim 1, further comprising calculating a binding constant of

said first or second analyte to said first or second binding agent.

5. The method of claim 1, wherein said first or second analyte comprises DNA.

6. The method of claim 1, wherein said first or second analyte comprises RNA.

7. The method of claim 1, wherein said first or second analyte comprises protein.



8. The method of claim 1, wherein said first or second analyte comprises lipid.

9. The method of claim 1, wherein said first or second analyte is a virion.

10. The method of claim 1, wherein said first or second analyte is a cell.

11.The method of claim 1, wherein step b) comprises measuring direct binding of

said first analyte.

12. The method of claim 1, wherein step b) comprises indirectly measuring binding

of said second analyte using an additional moiety to amplify said optical

diffraction.

13. The method of claim 12, wherein said additional moiety is horseradish

peroxidase.

14. The method of claim 12, wherein said additional moiety is a bead.

15. The method of claim 12, wherein said additional moiety is alkaline

phosphatase.

16. The method of claim 1, wherein said concentration of said first analyte is at

least 1,000 times greater than said concentration of said second analyte.

17. The method of claim 1, wherein said concentration of said first analyte is at

least 10,000 times greater than said concentration of said second analyte.



18. The method of claim 1, wherein said concentration of said first analyte is at

least 100,000 times greater than said concentration of said second analyte.

19. The method of claim 1, wherein said concentration of said first analyte is at

least 1,000,000 times greater than said concentration of said second analyte.

20. The method of claim 1, wherein said concentration of said first analyte is at

least 10,000,000 times greater than said concentration of said second analyte.

21. The method of claim 1, wherein said concentration of said first analyte is at

least 100,000,000 times greater than said concentration of said second analyte.

22. The method of claim 1, wherein said concentration of said first analyte is at

least 1,000,000,000 times greater than said concentration of said second

analyte.

23. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 100 milligrams/milliliter.

24. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 10 milligrams/milliliter.

25. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 1 milligram/milliliter.

26. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 100 micrograms/milliliter.



27. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 10 micrograms/milliliter.

28. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 1 microgram/milliliter.

29. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 100 nanograms/milliliter.

30. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 10 nanograms/milliliter.

31.The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 1 nanogram/milliliter.

32. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 100 picograms/milliliter.

33. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 10 picograms/milliliter.

34. The method of claim 1, wherein said concentration of said first or second

analyte in said sample is less than 1 picogram/milliliter.

35. The method of claim 1, wherein said first or second binding agent comprises

protein.

36. The method of claim 35, wherein said protein is an antibody.



37. The method of claim 1, wherein said first or second binding agent is a

polynucleotide.

38. The method of claim 1, wherein said first or second binding agent is

immobilized via a biotin avidin or biotin streptavidin interaction.

39. The method of claim 1, wherein said first or second binding agent is

immobilized on said device via Protein G.

40. The method of claim 1, wherein at least one said binding agent is an antibody

which is immobilized on said device via Goat Anti-Mouse-Fc (GAM-Fc).

4 1.The method of claim 1, wherein at least one said binding agent is immobilized

on said device via an amide bond.

42. The method of claim 1, wherein said device comprises a third binding agent

that selectively binds a third analyte and measures the binding of said third

analyte.

43. The method of claim 1, wherein said device comprises a fourth binding agent

that selectively binds a fourth analyte and measures the binding of said fourth

analyte.

44. The method of claim 1, wherein said first or second analyte is C-peptide.

45. The method of claim 1, wherein said first or second analyte is glycated

hemoglobin.



46. The method of claim 1, wherein said first or second analyte is a lipoprotein.

47. The method of claim 46, wherein said first or second analyte is a low-density

lipoprotein (LDL).

48. The method of claim 46, wherein said first or second analyte is a high-density

lipoprotein (HDL).

49. The method of claim 1, wherein said first or second analyte is a cytokine.

50. The method of claim 49, wherein said first or second analyte is IL-6.

51. The method of claim 1, wherein said first or second analyte is TSH.

52. The method of claim 1, wherein said first or second analyte is anti-TPO

antibody.

53. The method of claim 1, wherein said first or second analyte is a hormone.

54. The method of claim 1, wherein said first or second analyte is CRP.

55. The method of claim 1, wherein said first or second analyte is gelsolin.

56. The method of claim 1, wherein said first or second analyte is copeptin.

57. The method of claim 1, wherein said first or second analyte is NT-proBNP.



58. A device having a first immobilized binding agent that specifically binds C-

peptide and a second immobilized binding agent that specifically binds glycated

hemoglobin, wherein each of said binding agents is disposed in a pattern

capable of optical diffraction when said C-peptide or said glycated hemoglobin

binds thereto.

59. A kit for diagnosing diabetes comprising a device of claim 58 and an additional

moiety capable of amplifying the optical diffraction caused by binding of said

C-peptide or said glycated hemoglobin.

60. A device having a first immobilized binding agent that specifically binds a first

analyte selected from the group consisting of lipoproteins, low-density lipids

(LDL), high-density lipids (HDL), cytokines, and IL-6 and a second different

immobilized binding agent that specifically binds a second analyte from the

group consisting of lipoproteins, low-density lipids (LDL), high-density lipids

(HDL), cytokines, and IL-6, wherein each of said binding agents is disposed in

a pattern capable of optical diffraction when said first or second analyte binds

thereto.

61.A kit for diagnosing a cardiovascular disease comprising a device of claim 60

and an additional moiety capable of amplifying the optical diffraction caused by

binding of said first or second analyte.

62. A device having a first immobilized binding agent that specifically binds TSH

and a second immobilized binding agent that specifically binds anti-TPO

antibody, wherein each of said binding agents is disposed in a pattern capable

of optical diffraction when said TSH or said anti-TPO antibody binds thereto.



63. A kit for diagnosing a thyroid disease comprising a device of claim 62 and an

additional moiety capable of amplifying the optical diffraction caused by

binding of said TSH or said anti-TPO antibody.

64. A device having a first immobilized binding agent that specifically binds a

hormone and a second immobilized binding agent that specifically binds a

different hormone, wherein each of said binding agents is disposed in a pattern

capable of optical diffraction when said first or said second hormone binds

thereto.

65. A kit comprising a device of claim 64 and an additional moiety capable of

amplifying the optical diffraction caused by binding of said first or said second

hormone.

66. A device having a first immobilized binding agent that specifically binds a first

analyte selected from the group consisting of cytokines, CRP, gelsolin, and

copeptin and a second different immobilized binding agent that specifically

binds a second analyte from the group consisting of cytokines, CRP, gelsolin,

and copeptin, wherein each of said binding agents is disposed in a pattern

capable of optical diffraction when said first or said second analyte binds

thereto.

67. A kit for diagnosing sepsis comprising a device of claim 66 and an additional

moiety capable of amplifying the optical diffraction caused by binding of said

first or second analyte.

68. A device having a first immobilized binding agent that specifically binds CRP

and a second different immobilized binding agent that specifically binds NT-



proBNP, wherein each of said binding agents is disposed in a pattern capable of

optical diffraction when said CRP or NT-proBNP binds thereto.

69. A kit for diagnosing cardiovascular disease comprising a device of claim 68

and an additional moiety capable of amplifying the optical diffraction caused by

binding of said CRP or NT-proBNP.
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Group Claim(s) is(are) directed to:
A 1-41 ; and a method of detecting analytes in a sample in parallel, wherein

44-57 the concentration of a first analyte is at least 100 times greater than the
concentration of a second analyte, comprising: (a) contacting said sample
with a device having a first immobilised binding agent directed to said first
analyte and a second immobilised binding agent directed to said second
analyte, wherein each of said binding agents is disposed in a pattern
capable of optical diffraction upon binding of said analytes; and (b)
measuring said optical diffraction from each of said patterns to detect the
presence or absence of said analytes;

B 42 the method of group A , wherein the device comprises a third binding agent
directed to a third analyte;

C 43 the method of group B, wherein the device comprises a fourth binding
agent directed to a fourth analyte;

D 58-59 a device (and the corresponding kit) for diagnosing diabetes, comprising a
first immobilised binding agent directed to C-peptide and a second
immobilised binding agent directed to glycated haemoglobin, wherein each
of said binding agents is disposed in a pattern capable of optical diffraction
upon binding of said analytes;

E 60-61 a device (and the corresponding kit) for diagnosing a cardiovascular
disease, comprising a first immobilised binding agent directed to a first
analyte selected from the group consisting of lipoprotein, LDL, HDL,
cytokines and IL-6, and a second immobilised binding agent directed to a
second analyte selected from the group consisting of lipoprotein, LDL,
HDL, cytokines and IL-6, wherein each of said binding agents is disposed
in a pattern capable of optical diffraction upon binding of said analytes;

F 62-63 a device (and the corresponding kit) for diagnosing a thyroid disease,
comprising a first immobilised binding agent directed to TSH and a second
immobilised binding agent directed to anti-TPO, wherein each of said
binding agents is disposed in a pattern capable of optical diffraction upon
binding of said analytes;

G 64-65 a device (and the corresponding kit), comprising a first immobilised binding
agent directed to a hormone and a second immobilised binding agent
directed to a different hormone, wherein each of said binding agents is
disposed in a pattern capable of optical diffraction upon binding of said
analytes;

H 66-67 a device (and the corresponding kit) for diagnosing sepsis, comprising a
first immobilised binding agent directed to a first analyte selected from the
group consisting of cytokines, CRP, gelsolin and copeptin, and a second
immobilised binding agent directed to a second analyte selected from the
group consisting of cytokines, CRP, gelsolin and copeptin, wherein each of
said binding agents is disposed in a pattern capable of optical diffraction
upon binding of said analytes;

I 68-69 a device (and the corresponding kit) for diagnosing a cardiovascular
disease, comprising a first immobilised binding agent directed to CRP and
a second immobilised binding agent directed to NT-proBNP, wherein each
of said binding agents is disposed in a pattern capable of optical diffraction
upon binding of said analytes.

Group A would be acceptable in one application. The other groups (B-I) are directed to other alleged
inventions. The claims must be limited to one invention only as set out under PCT Rule 13.
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