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Reusable Detection Surfaces and Methods of Using Same

FIELD OF THE TECHNOLOGY

[0001] The technology provided herein generally relates to reusable detection surfaces

and methods for reusing a detection surface after using the detection surface in an assay for an

analyte.

BACKGROUND

[0002] Significant challenges exist for a system that detects analytes (e.g. , chemical and

biological agents) in liquid media include concentration of the analyte in the media, and transport

of the analyte to a detection surface, as well as sensitivity, specificity, and reusability. For

biological applications, concentration issues generally arise since the concentrations of such

analytes tend to be low. Additionally, biological analytes (e.g., cells, cell fragments and

macromolecules such as proteins and nucleic acids) tend to be relatively large; hence, transport

issues arise because these larger analytes diffuse in fluid solution very slowly.

[0003] In addition to cells, cell fragments, and molecules such as proteins and nucleic

acids, the detection of small molecule analytes can be a useful marker for diagnosing disease,

monitoring drug pharmacokinetics in a patient, and for screening small molecule libraries for

potential drug targets. Many therapeutic drugs, including small molecule drugs, require frequent

monitoring in patients in order to maximize the beneficial effects of the drug and avoid adverse

effects that may result.

[0004] Typically, detection of analytes in patient samples requires obtaining the sample

in the doctor's office or clinic and sending the sample off site for analysis. Depending on the

analyte, the analysis can take one day to several weeks. The results of the analysis are

transmitted to the doctor, who then uses the information to adjust treatment as necessary, and

contacts the patient to convey the new treatment regimen. The delay associated with analyzing a

sample makes it difficult for a doctor to accurately specify a proper treatment.

[0005] There is a need for improved assays that can be used to more readily detect

analytes, and to detect low concentrations of analyte. In addition, there is a need for improved

measurement of analytes including small molecule analytes in order to customize drug regimens

to maintain efficacy of the drug while reducing unwanted side effects in individual patients.

Furthermore, there is a need for methods and apparatus that can be used at the point of care to

measure biologically and/or clinically relevant analytes in order to reduce the delay between

obtaining the sample and obtaining the results of the assay.



[0006] A key metric for competitive detection is the amount of analyte accumulated on a

sensor per unit time. For good performance, the rate of accumulation (and the resulting signal

transient) needs to be fast relative to the sensor drift rate. Another key performance metric for an

analyte detection system is the degree to which the system can preferentially collect the analyte

of interest on the detection surface. Since many biological samples contain extraneous

background components (e.g., other proteins, cells, nucleic acids, dirt), it is necessary to prevent

these background components from interfering with the desired measurement. So, a transport

method that selectively draws the analyte to the sensor and allows interfering background

components to pass by has definite advantages. Such a method used in concert with selective

binding of the analyte (e.g., antibody, complimentary DNA strands, etc.) to the detection surface

can deliver high sensitivity measurements for samples with large amounts of extraneous

background components relative to the amount of analyte.

[0007] Various methods for improving transport of analyte to a detection surface have

been proposed, including filtration, novel flow geometries, acoustic fields, electrical fields (time

varying and static) and magnetic fields.

[0008] Acoustic excitation has been used to draw cells to field nodes, but it is difficult to

use this technique alone to transport material to a surface.

[0009] Electrical fields (electrophoresis and dielectrophoresis) have been used to enhance

transport but are not universally applicable to all analytes and sample types. They are generally

more effective for larger analytes (e.g., cells). Furthermore, the electrical properties of microbes

can vary within a given species and strain, making it hard to predict system performance under

all intended operating conditions. Sometimes it is necessary to tailor the ionic strength of the

sample to improve the performance of the transport. This requirement can conflict with the

optimum binding or wash conditions in an assay. Also, electrical fields can dissipate energy and

heat conductive fluids (e.g., 0.1 M phosphate buffer solution), which is undesirable since heating

can damage the biological analytes.

[0010] Immunomagnetic separation (IMS) methods are known in the art for isolating

analyte from a sample.

SUMMARY

[0011] A sensitive and reusable detection system and methods for reusing a detection

surface and systems containing the detection surface are provided. The detection surfaces

provided herein can be readily tailored to detect one or more analytes of choice.



[0012] Provided herein are cartridges comprising a fluid chamber having at least one

detection surface, an antibody or antigen binding fragment thereof (or other suitable capture

agent), wherein the suitable capture agent is capable of binding a first non-analyte tag molecule,

and wherein the suitable capture agent is linked to the detection surface. The cartridges can be

used to detect one or more analytes of interest.

[0013] Kits for detecting an analyte of interest are also provided herein. In some

embodiments, the kits comprise reagents for detecting the analyte, and a cartridge. In some

embodiments, the cartridge comprises a fluid chamber having at least one detection surface

comprising an antibody or antigen binding fragment thereof (or other suitable capture agent),

wherein the suitable capture agent is capable of binding a first non-analyte tag molecule, and

wherein the suitable capture agent is linked to the detection surface.

[0014] In some embodiments, the detection surfaces or the cartridges can be reused to

detect the same analyte or a different analyte such that the detection surface has similar

specificity and sensitivity in subsequent uses as it did in the first use.

[0015] Methods of reusing a detection surface are provided. In some embodiments, the

detection surface comprises as an antibody or antigen binding fragment thereof (or other suitable

capture agent), wherein the suitable capture agent is capable of binding a non-analyte tag

molecule, and wherein the suitable capture agent is linked to the detection surface. In some

embodiments, the methods of reusing a detection surface comprise, after the detection surface

has been used to detect one or more analytes, optionally using a physical method to prepare the

detection surface for reuse. In some embodiments, the physical method comprises generating a

flow transient over the detection surface.

[0016] Physical methods are useful to remove beads (e.g., magnetic particles) from the

detection surface, flow chamber, or cartridge containing the detection surface, or combination

thereof. Beads on the detection surface due to nonspecific interactions as well as weaker specific

interactions and beads remaining in the fluid chamber and/or cartridge can be removed as

provided herein. In this way assay reagents (such as magnetic particles) that either non

specifically bind to the detection surface and/or those that get caught in regions of poor flow

throughout the cartridge between the shut off valve and the pump can be cleared to prepare the

detection surface for reuse.

[0017] In some embodiments, the detection surface can be prepared for reuse by

exposing the detection surface to a wash solution. In some embodiments, a combination of

physical methods and exposing the detection to a wash solution can be used. After preparing the



detection surface for reuse as provided herein, the detection surface can be used to detect one or

more analytes.

[0018] In some embodiments, methods of reusing a detection surface comprise

instructing or providing instructions to a user to, after the detection surface has been used to

detect one or more analytes, generate a flow transient over the detection surface and then to use

the detection surface to detect one or more analytes. In some embodiments, methods of reusing

a detection surface comprise instructing or providing instructions to a user to, after the detection

surface has been used to detect one or more analytes, expose the detection surface to a wash

solution, and then to use the detection surface to detect one or more analytes. In still other

embodiments, the method of reusing a detection surface comprises instructing or providing

instructions to a user to, after the detection surface has been used to detect one or more analytes,

generate a flow transient over the detection surface, expose the detection surface to a wash

solution, and then to use the detection surface to detect one or more analytes.

[0019] Methods for detecting whether one or more analytes is present in a sample are

also provided. In some embodiments, the methods for detecting whether one or more analytes is

present in a sample comprise introducing a sample and a plurality of magnetic particles coated

with a first capture agent capable of binding an analyte into a fluid chamber, wherein at least one

surface of the fluid chamber comprises a detection surface and a first antibody or antigen binding

fragment thereof (or other suitable capture agent) linked to the detection surface, wherein the

first antibody or antigen binding fragment thereof is capable of binding a first non-analyte tag

molecule, monitoring a first signal output by the detection surface, generating a flow transient

over the detection surface, exposing the detection surface to a wash solution, and repeating the

introducing step and monitoring step at least one time.

[0020] In some embodiments, methods for detecting whether one or more analytes is

present in a sample comprises instructing a user or providing instructions to a user to, after using

a detector to detect one or more analytes, optionally generate a flow transient over the surface of

the fluid chamber, expose the surface of the fluid chamber to a wash solution and to repeat the

step of using the detector to detect one or more analytes at least one time.

[0021] In some embodiments, cartridges and kits for detecting one or more analytes in a

sample comprise a reusable, analyte specific detection surface. In some embodiments, the

cartridges and kits that include the cartridges comprise a detection surface having a capture agent

linked thereto, wherein the capture agent is capable of binding an analyte of interest. In some

embodiments, the analyte specific detection surfaces or the analyte specific cartridges can be

reused to detect the same analyte such that the detection surface has similar specificity and



sensitivity in subsequent uses as it did in the first use. In some embodiments, the kit comprises a

plurality of magnetic particles coated with a capture agent capable of binding an analyte. In

some embodiments, the detection surface bound capture agent has a lower affinity for the analyte

than the magnetic particle bound capture agent.

[0022] Methods of reusing analyte specific detection surfaces are provided. In some

embodiments, the detection surface comprises a capture agent, wherein the capture agent is

capable of binding an analyte, and wherein the capture agent is linked to the detection surface.

In some embodiments, methods of reusing a detection surface comprise, after the detection

surface has been used to detect one or more analytes, using a physical method to prepare the

detection surface for reuse. In some embodiments, the physical method comprises generating a

flow transient over the detection surface and then optionally using the detection surface to detect

one or more analytes. In some embodiments, the methods comprise optionally exposing the

detection surface to a chemical wash prior to reusing the detection surface to detect one or more

analytes.

[0023] In some embodiments, methods of reusing an analyte specific detection surface

comprise instructing or providing instructions to a user to, after the detection surface has been

used to detect one or more analytes, generate a flow transient over the detection surface, and then

to use the detection surface to detect one or more analytes. In some embodiments, the methods

comprise instructing the user to optionally expose the detection surface to a chemical wash prior

to reusing the detection surface to detect one or more analytes.

[0024] Methods for detecting one or more analytes using analyte specific, reusable

detection surfaces are also provided. In some embodiments, methods for detecting one or more

analytes in a sample comprise introducing a sample and a plurality of magnetic particles coated

with a first capture agent capable of binding an analyte into a fluid chamber, wherein at least one

surface of the fluid chamber comprises a detection surface and a second capture agent linked to

the detection surface, wherein the second capture agent is capable of binding the analyte. In

some embodiments, the detection surface monitors the binding of the analyte with a signal

output. In some embodiments, the detection surface is cleaned and reused by physical methods,

such as by generating a flow transient over the detection surface. In some embodiments, the

detection surface is optionally exposed to a wash solution, such as a chemical wash. Further

rounds of detection comprise repeating the introducing and monitoring steps at least one time. In

some embodiments, the detection surface bound capture agent has a lower affinity for the analyte

than the magnetic particle bound capture agent.



[0025] In some embodiments, methods for detecting one or more analytes using analyte

specific, reusable detection surfaces comprise instructing or providing instructions to a user to

after using a detection surface to detect one or more analytes, generate a flow transient over the

detection surface, optionally expose the detection surface to a wash solution, and to repeat the

step of using the detector to detect one or more analytes at least one time.

[0026] The various embodiments described herein can be complimentary and can be

combined or used together in a manner understood by the skilled person in view of the teachings

contained herein. For example, the detection surface can prepared for reuse by exposing the

detection surface to a transient flow and/or to a wash solution in any order after the surface has

been used to detect one or more analytes of choice. In addition, the to prepare the detection

surface for reuse, the detection surface can be exposed to one or more transient flows or one or

more wash solutions in succession, or combinations of one or more transient flows or one or

more wash solutions in succession.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic diagram of an embodiment of the technology.

[0028] FIG. 2 is a schematic diagram of an embodiment of the technology.

[0029] FIG. 3 is a schematic diagram of an embodiment of the technology.

[0030] FIG. 4(A-D) are bar graphs showing the detection of IL-6.

[0031] FIG. 5A is a chart of nine repeats of a standard IL-6 concentration curve in PBS

diluent and B is a graph of the concentration of IL-6 detected in PBS mixed with diluent.

[0032] FIG. 6 is bar graph of IL-6 concentration detected in serum mixed with diluent.

[0033] FIG. 7A is a chart of nine repeats of a standard IL-6 concentration curve in serum

diluent and B is a graph of the concentration of IL-6 detected in serum mixed with diluent.

[0034] FIG. 8 is a bar graph of IL-6 concentration.

[0035] FIG. 9 is a schematic showing another embodiment of the technology.

DETAILED DESCRIPTION

[0036] Provided herein are reusable detection surfaces, cartridges comprising the

reusable detection surfaces, and methods for using and reusing the detection surfaces to detect

one or more analytes. In some embodiments, the detection surface can be readily tailored by the

user to detect one or more analytes of choice.

[0037] Provided herein are cartridges comprising a fluid chamber having at least one

detection surface, a first antibody or antigen binding fragment thereof wherein the first antibody



or antigen binding fragment thereof is capable of binding a first non-analyte tag molecule, and

wherein the first antibody or antigen binding fragment thereof is linked to the detection surface.

The cartridges can be used to detect one or more analytes of interest.

[0038] Kits for detecting an analyte are also provided herein. In some embodiments, the

kits comprise reagents for detecting the analyte, and a cartridge. In some embodiments, the

cartridge comprises a fluid chamber having at least one detection surface comprising a first

antibody or antigen binding fragment thereof, wherein the first antibody or antigen binding

fragment thereof is capable of binding a first non-analyte tag molecule, and wherein the first

antibody or antigen binding fragment thereof is linked to the detection surface.

[0039] In some embodiments, the cartridges can be reused to detect the same analyte or a

different analyte such that the detection surface has similar specificity and sensitivity in

subsequence uses as it did in the first use.

[0040] Methods of reusing a detection surface are provided. In some embodiments, the

detection surface comprises an antibody or antigen binding fragment thereof, wherein the

antibody or antigen binding fragment thereof is capable of binding a non-analyte tag molecule,

and wherein the antibody or antigen binding fragment thereof is linked to the detection surface.

In some embodiments, the methods of reusing a detection surface comprise, after the detection

surface has been used to detect one or more analytes, optionally generating a flow transient over

the detection surface; exposing the detection surface to a wash solution, such as a chemical wash,

suitable to disrupt the interaction between the capture agent on the detection surface and the non-

analyte tag molecule; and using the detection surface to detect one or more analytes.

[0041] In some embodiments, methods of reusing a detection surface comprise

instructing or providing instructions to a user to, after the detection surface has been used to

detect one or more analytes, optionally generate a flow transient over the detection surface,

expose the detection surface to a wash solution, and then to use the detection surface to detect

one or more analytes.

[0042] Methods for detecting whether one or more analytes is present in a sample are

also provided. In some embodiments, the methods for detecting whether one or more analytes is

present in a sample comprise introducing a sample and a plurality of magnetic particles coated

with a first capture agent capable of binding an analyte into a fluid chamber, wherein at least one

surface of the fluid chamber comprises a detection surface and a first antibody or antigen binding

fragment thereof linked to the detection surface, wherein the first antibody or antigen binding

fragment thereof is capable of binding a first non-analyte tag molecule, monitoring a first signal

output by the detection surface, generating a flow transient over the detection surface, exposing



the detection surface to a wash solution, and repeating the introducing step and monitoring step

at least one time.

[0043] In some embodiments, methods for detecting whether one or more analytes is

present in a sample comprises instructing a user or providing instructions to a user to, use a

detector to detect one or more analytes, optionally generate a flow transient over the surface of

the fluid chamber, expose the surface of the fluid chamber to a wash solution and to repeat the

step of using the detector to detect one or more analytes at least one time.

[0044] Provided herein also are cartridges comprising a fluid chamber having at least one

detection surface comprising a first capture agent, wherein the first capture agent is capable of

binding an analyte, and wherein the first capture agent is linked to the detection surface. The

cartridges are analyte specific and can be used to detect one or more analytes of interest.

[0045] Kits for detecting an analyte are also provided herein. In some embodiments, the

kits comprise reagents for detecting the analyte, and an analyte specific cartridge. In some

embodiments, the analyte specific cartridge comprises a fluid chamber having at least one

detection surface comprising a first capture agent, wherein the first capture agent is capable of

binding an analyte, and wherein the first capture agent is linked to the detection surface.

[0046] In some embodiments, cartridges and kits for detecting one or more analytes in a

sample comprise an analyte specific detection surface with a capture agent linked to the

detection surface, wherein the capture agent is capable of binding an analyte of interest.

[0047] In some embodiments, the analyte specific detection surfaces or the analyte

specific cartridges can be reused to detect the same analyte such that the detection surface has

similar specificity and sensitivity in subsequent uses as it did in the first use.

[0048] Methods of reusing an analyte specific detection surface are provided. In some

embodiments, the detection surface comprises a capture agent, wherein the capture agent is

capable of binding an analyte, and wherein the capture agent is linked to the detection surface.

In some embodiments, the methods of reusing a detection surface comprise, after the detection

surface has been used to detect one or more analytes, generating a flow transient over the

detection surface; optionally exposing the detection surface to a chemical wash suitable to

disrupt the interaction between the capture agent on the detection surface and the analyte; and

using the detection surface to detect one or more analytes. Suitable chemical washes are

described herein.

[0049] In some embodiments, methods of reusing an analyte specific detection surface

comprise instructing or providing instructions to a user to, after the detection surface has been

used to detect one or more analytes, generate a flow transient over the detection surface,



optionally expose the detection surface to a wash solution, and then to use the detection surface

to detect one or more analytes.

[0050] Methods for detecting one or more analytes using analyte specific, reusable

detection surfaces are also provided. In some embodiments, methods for detecting one or more

analytes in a sample comprise, introducing a sample and a plurality of magnetic particles coated

with a first capture agent capable of binding an analyte into a fluid chamber, wherein at least one

surface of the fluid chamber comprises a detection surface and a second capture agent linked to

the detection surface, wherein the second capture agent is capable of binding the analyte. In

some embodiments, the detection surface monitors the binding of the analyte with a signal

output. In some embodiments, the detection surface is cleaned and reused, by generating a flow

transient over the detection surface, and optionally exposing the detection surface to a wash

solution. Further rounds of detection comprise repeating the introducing and monitoring steps at

least one time.

[0051] In some embodiments, methods for detecting one or more analytes using analyte

specific, reusable detection surfaces comprise instructing or providing instructions to a user to,

use a detector to detect one or more analytes, generate a flow transient over the detection surface,

optionally expose the detection surface to a wash solution, and to repeat the step of using the

detector to detect one or more analytes at least one time.

[0052] FIG. 1 is a schematic showing an embodiment of the method provided herein

wherein 410, the capture agent that is capable of binding the analyte and is coupled to a non-

analyte tag molecule (little squares) and the particle 402 has been functionalized with a capture

agent 404 that is capable of binding the analyte 408, the particles having capture agent bound

thereto 406 and antigen in sample, and analyte 408 are in solution 400. The mixture forms

complexes in solution upon incubation for a predetermined period of time according to assay

protocol.

[0053] FIG. 2 is a schematic showing the complexes binding detection surface

comprising a chip 510 (in some embodiments comprising a gold coated sensor chip) that has

been functionalized with a capture agent 502 that is capable of binding the non-analyte tag

molecule. In one embodiment, the capture agent is covalently linked to a carboxymethyl dextran

(CMD) layer 504 which is in turn linked to a N-(6-aminohexyl)-aminopropyl-trimethoxysilane

Layer 506, which is in turn linked to a 11-mercapto-l-undecanol Layer 508. The binding

complexes interact with the detection surface which generates a detectable signal that is

proportional (directly or indirectly) to the concentration of analyte in the sample.



[0054] FIG. 3 is a schematic showing another embodiment of the detection surface and

methods of using. In this embodiment, the particles 402 are coated with a first member of a

binding pair 600 (such as streptavidin), and the capture agent 300 capable of binding the analyte

is linked to the other member of the binding pair 304 (such as biotin). This format allows for use

of one particle type to target a variety of analytes.

[0055] FIG. 9 is a schematic showing another embodiment where the detection surface

comprises a sensor chip 510 is coated with a Biotin-PEG-disulfide Layer 702 which is coupled to

one member of a binding pair 600 (such as NEUTRAVIDIN®) to which a capture agent 700

capable of binding a non-analyte tag molecule is coupled.

[0056] Cartridges and kits are provided that comprise a detection surface (or sensor) that

can be reused one or more times. In addition, methods of reusing the cartridges and methods of

detecting one or more analytes using the reusable detector surfaces described herein are

provided.

[0057] DETECTIONSURFACE

[0058] Generic Format

[0059] Provided herein is a reusable detector surface that can be used to specifically

detect a user specified analyte. The reusable detection surface provided herein is pre-coated with

a capture agent that is capable of binding a non-analyte tag molecule. The detector surface is

regenerable in that after being used in a detection assay, analyte and analyte complexes can be

removed from the detection surface while the detection surface retains at least some of the

capture agent capable of binding the non-analyte tag molecule such that the specificity and

sensitivity of the detection surface is maintained. In some embodiments, the detection surface is

pre-coated with a capture agent comprising an antibody or antigen binding fragment thereof.

The detection surface can be used to detect any analyte of interest for which there is a capture

agent capable of binding the analyte and to which a non-analyte tag molecule can be linked

while preserving the capture agents' ability to bind the analyte.

[0060] In some embodiments, to specifically detect a user specified analyte, the user can

supply or be provided with a capture agent that is capable of binding the analyte of interest. The

capture agent capable of binding the analyte of interest is linked to the non-analyte tag molecule

such that the analyte-specific capture agent is capable of binding the analyte.

[0061] The non-analyte tag molecule can be any compound for which there is a binding

partner that can bind to the tag and that can be coupled to the detection surface. Preferably, the

tag molecule binds to its binding partner in a substantially specific manner. Tag

molecule/binding partner pairs with dissociation constants (KD) of less than about 10 6 M are



preferred. A suitable tag molecule/binding partner pair can be chosen such that there is little, if

any, cross-reactivity between the binding partner and the analyte of choice. The tag molecule

can be, for example, a small molecule, a hapten, a polypeptide, nucleic acid, aptamer,

carbohydrate, nucleoprotein, glycoprotein, glycolipid or lipoprotein. Antibodies or antigen

binding fragments thereof are highly suitable as binding partners with the cognate antigen being

the non-analyte tag molecule. For example a suitable tag molecule is a hapten, and the binding

partner an antibody or antigen binding fragment thereof that is capable of binding the hapten.

Suitable haptens are well known in the art and include any small molecule to which a specific

antibody can be generated. Suitable haptens include, for example, fluorescein, rhodamine,

digoxigenin (DIG), and 2,4-dinitrophenol (DNP) systems and their various derivatives such as

tetramethylrhodamine, sulforhodamine, and digoxin. A receptor and its cognate ligand are

another example of a possible binding partner/tag molecule pair.

[0062] By using the detection surface having a capture agent capable of binding a non-

analyte tag molecule bound thereto in combination with a second capture agent that is linked to

the non-analyte tag molecule, the same detection surface and/or assay format can be used to

detect any analyte for which there is a compatible capture agent. The system is referred to herein

as a "generic" format in that a user can use the system with a capture agent that is capable of

recognizing an analyte of choice. In some embodiments, the user is provided with components

and/or coupling protocols by which the system can be used to detect one or more analytes of

choice. The covalent attachment surface chemistry provided herein can be reused multiple times

while maintaining specificity and/or sensitivity.

[0063] In some embodiments, the detection surface is coated with a material and the

capture agent is linked to the material. Suitable materials for attaching the capture agent to the

detection surface include, for example, a self-assembling matrix, a CMD layer and the like.

[0064] Analyte Specific Format

[0065] In some embodiments, the detection surface comprises a capture agent linked

thereto, wherein the capture agent is capable of binding to an analyte of interest.

[0066] GENERIC FORMATPARTICLES

[0067] In another embodiment of a generic format, the particles having capture agent

bound thereto can be also generic format. In some embodiments, for example as shown in FIG.

3, a capture agent capable of binding the analyte is indirectly linked to the particle. The capture

agent can be indirectly linked to the particle using a binding pair as described herein. For

example, the particles can be coated with one member of the binding pair, such as streptavidin,

and then the user can supply or be provided with a capture agent that is linked to the other



member of the binding pair (such as biotin) and that is capable of binding the analyte. In this

manner, the particles coated with a member of a binding pair can be used to detect any antigen

for which there is a suitable capture agent that can be linked to the other member of the binding

pair while retaining the capture agent's ability to bind the analyte.

[0068] FLOW TRANSIENT

[0069] In some embodiments, the methods of reusing the detection surface involve

flowing the sample over a detection surface. The method also involves, after the detection

surface has been exposed to a sample suspected of containing an analyte of interest or a control

sample, exposing the detection surface to a flow transient. As described herein, the detection

surface can be coated with a material such as a self-assembling matrix or a CMD layer, for

example. In some embodiments, the detection surface comprises a capture agent linked thereto,

wherein the capture agent is capable of binding to an analyte of interest. In some embodiments,

the detection surface comprises a capture agent linked thereto, wherein the capture agent is

capable of binding a non-analyte tag molecule.

[0070] In some embodiments, a flow transient is generated by restricting the flow of the

solution upstream of the detection surface for a first period of time. As used herein, the term

solution includes any suitable fluid that can be used to flow over the detection surfaces provided

herein. Examples of suitable fluids are described supra, including aqueous fluids, non-aqueous

fluids, buffered fluids, and non-buffered fluids. The solutions can include salts, detergents,

chelators and the like, as provided supra. The flow of solution can be restricted upstream of the

detection surface, for example, by closing or partially closing a valve in the line upstream of the

detection surface. In some embodiments, generating the flow transient involves continuing to

pump the solution downstream of the detection surface with a fluid pumping source. The

pumping source can be, for example, a peristaltic pump or a syringe pump. In some

embodiments, generating the flow transient also involves generating a flow transient in

combination with a fluctuation in pressure. In some embodiments, generating the flow transient

also involves increasing the flow rate of the solution for a second period of time. Any suitable

solution can be flowed over the detection surface during the process of generating the flow

transient. A suitable solution is one that allows the removal of at least some particles while

leaving at least some of the detection surface capture agent bound to the detection surface. In

some embodiments, the solution used to run the assay is used during the flow transient process.

[0071] In addition, a flow transient can be used to access remote areas of the detection

surface that are exposed to sample yet not completely washed and/or cleared by traditional

washing. Flow transients can be used in combination with one or more wash solutions to access



the remote areas of the detection surface or the flow channel before or after the detection surface

that may be present as a consequence of resonant/acoustic device embodiments.

[0072] In certain embodiments, the flow transient in combination with a fluctuation in

pressure is achieved by gradually releasing the restriction (e.g., opening a valve) while

continuing to pump the solution downstream of the detection surface. In some embodiments, a

flow transient is used to remove particles from the surface of the sensor because less fluid is

required in certain embodiments than could be required if an increase in flow rate alone is used.

In one embodiment, the flow transient occurs over a time period between about 0.05 seconds and

about 1.0 seconds. In some embodiments, the flow transient in combination with a fluctuation in

pressure is achieved by completely and abruptly removing the restriction while pumping. In one

embodiment, the flow transient is used in combination with a fluctuation in pressure in preparing

a sensor for reuse in which a high concentration of analyte is present in the sample.

[0073] In some embodiments, generation of a flow transient results in a pressure drop

detected in the pumping mechanism of about -0.5 to -3.0 psi. In some embodiments, the

pressure drop is about -1.5 psi.

[0074] While not wishing to be bound by theory, the continued pumping with the

upstream valve closed lowers the pressure in the line and chamber, including at the detection

surface. In some embodiments, a pressure drop of several psi can be achieved. When the valve

is released, while the pump is still operating, a flow transient is created. The flow transient in

combination with the release of the pressure fluctuation can facilitate clearing the detection

surface of at least some of the particles that may have remained post assay procedure. In one

embodiment, the flow transient occurs over a time period between about 0.05 seconds and about

1.0 seconds. In certain embodiments, a flow of between about 500 µL/min and about 1000

µL/min for about 10 seconds, washes substantially all the particles away from the detection

surface. In some embodiments, a flow of between about 250 µL/min and about 1000 µL/min is

used to wash the particles away from the detection surface.

[0075] The methods for reusing the detection surface can comprise one or more of the

above-described steps for generating a flow transient. This process can be optionally repeated

until sensor signals return substantially to signals measured under baseline conditions (e.g.,

within 50 - 100 parts per million of the operating frequency measured under a baseline testing

condition). In some embodiments, flow alone (for example, a period of 10 seconds of

lOOOµL/min flow) strips the detection surface of particles.

[0076] In addition, one or more of the above-described steps for generating a flow

transient can be repeated. One of ordinary skill in the art, based on the teachings provided



herein, will be able to adjust the steps for generating the flow transient to prepare the detection

surface for reuse with no more than routine optimization. After subjecting the detection surface

to the flow transient, followed by optional washing with a suitable solution, the detection surface

is ready for use to analyze a another sample. In this way, detection surfaces (or sensors) can then

be reused.

[0077] In other embodiments, the interaction between non-analyte tag molecule and the

capture agent that is capable of binding the tag molecule can be disrupted. Disruption of the

interaction can include a weakening or breaking of one or more non-covalent bonds between the

non-analyte tag molecule and the capture agent. Disruption of the interaction can also include

breaking a covalent bond between the non-analyte tag molecule and the capture agent. By

disrupting the interaction between the non-analyte tag molecule and the capture agent that is

capable of binding the tag molecule, the detection surface can be prepared for reuse. Any

suitable means for disrupting the interaction between the non-analyte tag molecule and the

capture agent that is capable of binding the tag molecule can be used. For example, chemical

means can be used. Chemical means can be used to further remove any remaining capture agent

that is linked to the non-analyte tag molecule and/or any remaining non-analyte tag molecules.

Without wishing to be bound by theory, a suitable wash solution can be chosen to disrupt the

interaction between the capture agent capable of binding the non-analyte tag molecule and the

non-analyte tag molecule, while allowing the capture agent capable of binding to the non-analyte

tag molecule to remain operably inked to the detection surface.

[0078] Suitable wash solutions include chemical washes (either buffered or not).

Chemical washes can be selected from the general categories of acid, base, detergent, organic

solvent, salt solutions, chaotropic agents, and chelating agents. For example, fluids that include

formic acid, hydrochloric acid, phosphoric acid, sodium hydroxide, ethylene glycol, sodium

chloride, magnesium chloride, guanidine chloride or glycine solutions can be used. Mixtures of

different categories of chemical agents as well as mixtures of agents from the same category can

also be used.

[0079] In some embodiments, the capture agent or antibody or antigen-binding fragment

thereof that is linked to the detection surface can have lower affinity for its cognate binding pair

than the affinity that the capture agent on the magnetic particle has for its cognate binding pair.

The difference in between the capture agent on the detection surface and the capture agent on the

particle can be used to facilitate removal of magnetic particles from the detection surface. In this

way, significant biologic carry over from one assay to the next using the reusable detection

surfaces can be reduced. In some embodiments, higher affinity capture agents are present on the



particles, and a lower affinity capture agent is present on the detection surfaces. In some

embodiments a suitable ratio of the affinity of the capture agents on the particles relative to the

affinity of the capture agents on the detection surfaces is greater than about 2. In some

embodiments, the ratio is about 10. Without wishing to be bound by theory, by using a higher

affinity capture agent on the particles, the analyte can form a stronger interaction with the

particles relative to the interaction between the analyte and the detection surface which

comprises a capture agent having a lower affinity. During the process of physically removing

the particles, by flowing wash solution, generating a flow transient and combinations thereof, the

analyte-capture agent interaction can be disrupted at the weaker detection surface-analyte

interaction, thus allowing the removal of the analyte and/or analyte/particle complexes. Thus, in

some embodiments of the technology provided herein, the affinity (K A) of the capture agent on

the particles is greater than 2 x 109 M 1 . In some embodiments, the affinity of the capture agent

on the particles is greater than about 2 times the affinity, or equivalent average quantity, of the

capture agent on the detection surface.

[0080] The flow transient, wash solution, capture agents with different affinities for their

targets, generic format detection surface, and generic format particles can be used separately, or

can be used in any and all possible combinations.

[0081] Detection surfaces can be reused as described herein at least 12-24 times.

[0082] SAMPLES

[0083] Samples suitable for use in the cartridges, kits, or methods provided herein

include any material suspected of containing the analyte. The sample can be used directly as

obtained from the source or following one or more steps to modify the sample. In one

embodiment, the sample is a biological sample. The biological sample can be derived from any

biological source, such as physiological fluids {e.g., blood, saliva, sputum, plasma, serum, ocular

lens fluid, cerebrospinal fluid, sweat, urine, milk, ascites fluid, synovial fluid, peritoneal fluid,

amniotic fluid, and the like) and fecal matter. The sample can be obtained from biological swabs

such as nasal or rectal swabs. In addition, the sample can be biopsy material. The sample can be

tissue or tissue lysates, secretions. The sample can be obtained from a human, primate, animal,

avian or other suitable source. The sample may also be derived from in vitro systems such

from tissue culture or micro organism cultures, for example.

[0084] As described herein, the sample can be pretreated prior to use, such as preparing

plasma from blood, diluting viscous fluids, and the like. The sample can also be filtered,

distilled, extracted, digested with enzyme or concentrated. In one embodiment, a blood sample

is obtained from an individual and centrifuged and the plasma is analyzed. The sample can also



be treated to inactivate or modify certain activities in the sample capable of interfering with the

analyte or the detection process. For example, a decomplexing antagonist can be added to the

sample to disassociate the analyte from other molecules that may be bound to and/or may

interfere with the ability of the capture agent to bind to the analyte. Such antagonists can be, for

example, steroid antagonists. In the case of estradiol detection, the sample can be treated by

adding danazol to disassociate estradiol from sex hormone binding protein.

[0085] Other samples besides physiological fluids and solids can be used, such as water,

food products, and the like, for the performance of environmental or food production assays. For

example, the sample can be meat, or poultry wash (the solution used to wash poultry). In

addition, a solid material suspected of containing the analyte can be used as the test sample. A

solid test sample can be modified (e.g., homogenized, extracted, stomached, or solubilized) to

form a liquid medium or to release the analyte.

[0086] The sample volume can be as little as 10 µl or as much as 250 ml. In another

embodiment, the sample volume is about 1 to about 5 ml.

[0087] CAPTUREAGENTS

[0088] Suitable capture agents for use in the present invention include any molecule

capable of binding to an analyte of interest. The term "capture agent" includes molecules or

multi-molecular complexes that can bind to an analyte of interest. Capture agents preferably

bind to their binding partners in a substantially specific manner. Capture agents with equilibrium

constants (K D) of less than about 1O6 M are preferred. The capture agent can also be, for

example, polypeptides, proteins, nucleic acids, aptamers, carbohydrates, nucleoproteins,

glycoproteins, glycolipids and lipoproteins. Antibodies or antigen binding fragments thereof are

highly suitable as capture agents. Antigens may also serve as capture agents, since they are

capable of binding antibodies or antigen binding fragments thereof. A receptor which binds a

ligand is another example of a possible capture agent. Protein-capture agents are understood not

to be limited to agents which only interact with their binding partners through noncovalent

interactions. Capture agents may also optionally become covalently attached to the proteins

which they bind. For example, the capture agent may be photocrosslinked to its binding partner

following binding.

[0089] The term "antibody or antigen binding fragment thereof includes any

immunoglobulin, whether naturally produced or synthetically produced in whole, or in part.

Derivatives of antibodies that maintain the ability of the antibody to bind to the analyte of

interest are also included in the term. The term also includes any protein having a binding

domain which is homologous or largely homologous to an immunoglobulin binding domain.



These proteins may be derived from natural sources, produced synthetically in whole or in part.

An antibody may be monoclonal or polyclonal. The antibody may be a member of any

immunoglobulin class, including IgG, IgM, IgA, IgD, and IgE. Where the analyte is known to

bind a carrier protein, the antibody can be specific for the free form of the analyte or the carrier-

bound form of the analyte. Antibodies that are capable of binding an analyte of choice can be

obtained commercially or produced using known methods for generating antibodies.

[0090] Antibody or antigen binding fragment thereof refers to any derivative of an

antibody which is less than a full-length antibody. Preferably, the antibody fragment retains at

least the ability to bind the analyte of interest. Examples of antibody fragments include, but are

not limited to, Fab, Fab1, F(ab')2, scFv, Fv, dsFv diabody, and Fd fragments. The antibody

fragment may be produced by any suitable means. For instance, the antibody fragment may be

enzymatically or chemically produced by fragmentation of an intact antibody or it may be

recombinantly produced from a gene encoding the partial antibody sequence. Alternatively, the

antibody fragment may be synthetically produced in whole or in part. The antibody fragment

may optionally be a single chain antibody fragment. Alternatively, the fragment may comprise

multiple chains which are linked together, for instance, by disulfide linkages. The fragment may

also optionally be a multimolecular complex. A functional antibody fragment will typically

comprise at least about 50 amino acids and more typically will comprise at least about 200

amino acids.

[0091] Single-chain Fvs (scFvs) are recombinant antibody fragments consisting of only

the variable light chain (V L) and variable heavy chain (V H) covalently connected to one another

by a polypeptide linker. Either V L or V H may be the NH2 -terminal domain. The polypeptide

linker may be of variable length and composition so long as the two variable domains are

bridged without serious steric interference. Typically, the linkers are comprised primarily of

stretches of glycine and serine residues with some glutamic acid or lysine residues interspersed

for solubility. "Diabodies" are dimeric scFvs. The components of diabodies typically have

shorter peptide linkers than most scFvs and they show a preference for associating as dimers. An

"Fv" fragment is an antibody fragment which consists of one V H and one V L domain held

together by noncovalent interactions. The term "dsFv" is used herein to refer to an Fv with an

engineered intermolecular disulfide bond to stabilize the V H -V L pair. A "F(ab')2 " fragment is an

antibody fragment essentially equivalent to that obtained from immunoglobulins (typically IgG)

by digestion with an enzyme pepsin at pH 4.0-4.5. The fragment may be recombinantly

produced. A "Fab"1fragment is an antibody fragment essentially equivalent to that obtained by

reduction of the disulfide bridge or bridges joining the two heavy chain pieces in the F(ab')2



fragment. The Fab' fragment may be recombinantly produced. A "Fab" fragment is an antibody

fragment essentially equivalent to that obtained by digestion of immunoglobulins (typically IgG)

with the enzyme papain. The Fab fragment may be recombinantly produced. The heavy chain

segment of the Fab fragment is the Fd piece.

[0092] Suitable polypeptide capture agents also include virtually any peptide,

polypeptide, or protein that is capable of binding an analyte of interest, or a small molecule such

as a small organic molecule. Suitable polypeptide capture agents may be obtained, for example,

commercially, using recombinant methods, using synthetic production methods, or by

purification from a natural source. Polypeptides include, for example, cell surface proteins, cell

surface and soluble receptor proteins (such as lymphocyte cell surface receptors, steroid

receptors), nuclear proteins, signal transduction molecules, transcription factors, allosteric

enzyme inhibitors, clotting factors, enzymes (e.g., proteases and thymidylate synthetase,

serine/threonine kinases, threonine kinases, phosphatases, bacterial enzymes, fungal enzymes

and viral enzymes), proteins associated with DNA and/or RNA synthesis or degradation and the

like. As described in more detail below, where more than one capture agent is used, the capture

agents can be, for example, isoforms of each other.

[0093] In a particular embodiment, where the analyte is a virus, the capture agent can be

a cell surface receptor for the virus. For example, where the virus is HIV, the capture agent can

be Dendritic cell-specific ICAM-3 grabbing nonintegrin (DC-SIGN) or CD4. In another

embodiment the capture agent can be antibodies that are capable of binding viral antigens. For

example, the antigen can be gp41 or gpl20. The capture agent can be antibodies capable of

binding host-derived antigens. For example, the antigen can be CD44, CD54, human leukocyte

antigen (HLA) such as HLA-DR, or HLA-DRDPDQ.

[0094] The capture agent can also be a nucleic acid such as RNA or DNA, or peptide

nucleic acid. In one embodiment, the nucleic acid or peptide nucleic acid is capable of

hybridizing to nucleic acid or peptide nucleic acid analyte. In addition, the capture agent can be

an aptamer, a nucleic acid capable of binding to non-nucleotide analyte (e.g., proteins, small

organic molecules, or inorganic molecules). As used herein, an aptamer can be either an RNA or

a DNA chain composed of naturally occurring or modified nucleotides.

[0095] Suitable capture agents also include members of binding pairs. Suitable binding

pairs include, for example, biotin and avidin or biotin and derivatives of avidin or avidin-like

variants (e.g., streptavidin, captavidin, and NEUTRAVIDIN®).

[0096] Capture agents such as an antibody or antigen binding fragments thereof that is

capable of binding the analyte can be bound to the particle as described below or by using



standard techniques for attaching polypeptides, nucleic acids, and the like to surfaces.

[0097] ANALYTES

[0098] As used herein, the term "analyte" refers to, an entity whose presence is to be

tested in a sample and contains a portion that can be specifically recognized by a capture agent.

For example, the term analyte can refer to the epitope recognized by an antibody, or can include

that part of a ligand that is bound by a receptor. The term analyte also includes larger molecules

that contain a molecular structure that is recognized by a capture agent. The analyte can be part

of a cell, for example a cell surface protein. The analyte can be an analyte of interest, chosen by

the user (e.g., preselected). The analyte can be selected based on the ability to bind a capture

agent of interest, for example in small molecule library screening.

[0099] As described herein, the present invention can be used to measure one or more

analytes of a panel of analytes. The panel of analytes can include one or more analytes that are

detected using a competition format as described herein. The panel of analytes can include one

or more analytes detected using the sandwich assay format as described herein. In one

embodiment, each analyte is detected using a separate cartridge as described below In order to

test a panel of one or more analytes, a single sample can be divided into two or more aliquots.

Each aliquot can be tested for a different analyte, for example, using a different cartridge for

each analyte to be tested. In this manner, panels of different analytes may be tested without

requiring that multiple samples be acquired and/or that different types of apparatus be employed

to test the different analytes.

[00100] In one embodiment, the analyte of interest is a small molecule. Small molecules

include organic or inorganic molecules having a molecular weight of about 1000 g/mol or less.

Typically, small molecule analyte will contain a single or only a few binding sites. Competitive

binding can be used to detect and/or quantify a small molecule analyte.

[00101] The small molecule can include, for example, steroids, lipids, carbohydrates,

peptides, and heterocyclic compounds (e.g. bases, including co-factors such as FAD and

NADH). The analyte (e.g., small molecule) can be part of a library of small organic molecules

which comprise aldehydes, ketones, oximes, hydrazones, semicarbazones, carbazides, primary

amines, secondary amines, tertiary amines, N-substituted hydrazines, hydrazides, alcohols,

ethers, thiols, thioethers, thioesters, disulfides, carboxylic acids, esters, amides, ureas,

carbamates, carbonates, ketals, thioketals, acetals, thioacetals, aryl halides, aryl sulfonates, alkyl

halides, alkyl sulfonates, aromatic compounds, heterocyclic compounds, anilines, alkenes,

alkynes, diols, amino alcohols, oxazolidines, oxazolines, thiazolidines, thiazolines, enamines,

sulfonamides, epoxides, aziridines, isocyanates, sulfonyl chlorides, diazo compounds and/or acid



chlorides, preferably aldehydes, ketones, primary amines, secondary amines, alcohols, thioesters,

disulfides, carboxylic acids, acetals, anilines, diols, amino alcohols and/or epoxides, most

preferably aldehydes, ketones, primary amines, secondary amines and/or disulfides and

combinations thereof.

[00102] The analyte of interest can also be a polypeptide, a nucleic acid, a carbohydrate, a

nucleoprotein, a glycopeptide or a glycolipid. Useful analytes include, for example, enzymes,

steroids, hormones, transcription factors, growth factors, immunoglobulins, steroid receptors,

nuclear proteins, signal transduction components, allosteric enzyme regulators, and the like.

Analytes of interest can be obtained, for example, commercially, recombinantly, synthetically, or

by purification from a natural source. In preferred embodiments, the analyte of interest is

associated with a specific human disease or condition.

[00103] Suitable growth factors include, for cytokines such as erythropoietin/EPO,

granulocyte colony stimulating receptor, granulocyte macrophage colony stimulating receptor,

thrombopoietin (TPO), IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, IL-1 1, IL-12, TNFα, growth

hormone, prolactin, human placental lactogen (LPL), CNTF, and octostatin. Suitable steroids

include, but are not limited to, estradiol, progesterone, testosterone, and derivatives thereof.

Other suitable analytes include, for example, insulin, insulin- like growth factor 1 (IGF-I),

epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), placental growth

factor (PLGF),TGF- α and TGF-β), other hormones and receptors such as bone morphogenic

factors, follicle stimulating hormone (FSH), and leutinizing hormone (LH), tissue necrosis factor

(TNF), apoptosis factor- 1 and -2 (AP-I and AP-2), and mdm2.

[00104] In one embodiment, the analyte is a cardiac marker. Cardiac markers are well

known in the art and include, for example, c-troponins I and T, myoglobin, creatin kinase MB

(CK-MB), and ischemia modified albumin. In one embodiment, the present invention can be

used to detect a panel of analytes in order to assess a patient's condition. In one embodiment, a

panel of cardiac markers is tested. The panel can include, for example, c-troponin-I, CK-MB,

and myoglobin analytes.

[00105] In another embodiment, the analyte is a marker for vial infection. Markers for

viraljnfection include, for example, inflammatory markers, circulating viral proteins, CD4+

cells, liver=enzymes, and anti-virus antibodies.

[00106] The analyte of interest can also be a therapeutic drug where it would be useful to

measure the levels of the drug in a patient sample, for example for drug management purposes or

patient compliance. Suitable therapeutic drugs include, but are not limited to protease inhibitors

and immunosupressants. Suitable protease inhibitors include ageneraser, reyataz, lexiva, telzir,



crixivan, kaletra, viracep, norvi, invirase, aortovase, aptivus and the like. Suitable

immunosuppressants include cyclosporin, tacrolimus (FK-506), rapamycin, mycophenolic

mofetil and the like.

[00107] The analyte of interest can be a pathogen or microbe, such as bacteria or bacterial

spores, viruses, parasites, prions or other pathogens or their cell wall or surface components such

as gram-positive peptidoglycans, lipoteichoic and teichoicacids, and gram-negative endotoxin

(e.g., lipopolysaccharide). Bacterial analytes include, for example, Shigella sp. such as Shigella

dysenteriae, Campylobacter sp. such as Campylobacter jejuni, Enterococcus sp. such as

Enterococcus faecalis, Bacillus sp. such as Bacillus anthracis, Yersinia sp. such as Yersinia

pestis, Bordetella sp. such as Bordetella pertussis, Streptococcal species, Staphylococcus sp.

such as Staphylococcus aureus, Mycobacterium sp. such as Mycobacterium tuberculosis,

Clostridium sp. such as Clostridium difficile, Clostridium tetani, or Clostridium botulinum,

Escherichia sp. such as Escherichia coli, Salmonella sp. such as Salmonella thyphimurim or

Salmonella enter ica, Chlamydia species, Treponema sp. such as Treponema pallidum, Neisseria

sp. such as Neisseria gonorrhoeae, Borrelia sp. such as Borrelia burgdorferi, Vibrio sp. such as

Vibrio cholerae, Corynebacterium sp. such as Corynebacterium diphtheriae, and Helicobacter

sp. such as Helicobacer pylori. Parasites include, for example, Giardia, malaria and

crytosporidia. Viral analytes include, for example, Rhinovirus, Yellow Fever, Group B

Coxsachieviruses, (CBl, CB2, CB3, CB4, CB5, and CB6), Canine Parvovirus (CPV), Herpes

Simplex virus type 1 (HSVl), Vaccina Virus, T4-like virus, Adenovirus, Influenza B virus,

Influenza A, Avian flu, rhinovirus, coronavirus (e.g., SARS), Human Immunodeficiency virus

(HIV), Hepatitis viruses, Herpes virus, West Nile Virus, and Ebola virus.

[00108] ASSAYFORMATS

[00109] In some embodiments of the cartridges, kits, and methods provided herein, a

plurality of magnetic particles is introduced into a fluid chamber. The magnetic particles are

coated with a capture agent capable of binding the analyte and at least one surface of the fluid

chamber comprises a sensing surface that has been coated with an antibody or antigen binding

fragment thereof that is capable of binding a non-analyte tag molecule. The detection surface

can be coated with the antibody or antigen-binding fragment thereof that is capable of binding a

non-analyte tag molecule using any suitable method. For example, the surface can be coated

with biotin as described herein and then the biotinylated surface can be exposed to the antibody

or antigen-binding fragment thereof that is linked to a molecule that binds biotin such as avidin

or a derivative of avidin. In another embodiment, the antibody or antigen binding fragment

thereof that is capable of binding a non-analyte tag molecule is covalently linked to the detection



surface or to a coating on the detection surface. The antibody or antigen-binding fragment

thereof is linked to the detection surface such that at least some of the antigen binding portion(s)

of the antibody or antigen-binding fragment thereof are capable of binding the cognate antigen.

[00110] In the methods provided herein, the particles can be exposed to the sample using a

variety of different orders of exposure. For example, in one embodiment, the particles are

exposed to the sample and then introduced into the fluid chamber. The sample may be

concentrated prior to introducing the sample-exposed particles into the fluid chamber. The

sample may be concentrated by, for example, removing the particles from the solution and

resuspending the particles in a smaller volume of liquid.

[00111] In another embodiment, the sample is introduced into the fluid chamber prior to

introducing the particles. In still another embodiment, the particles are introduced into the fluid

chamber prior to adding the sample to the fluid chamber.

[001 12] CONTROL SIGNAL/NORMALIZA TION

[00113] In another embodiment, the signal output of the acoustic device in response to

sample exposure is compared to or normalized with a control signal. The control signal can be

provided to or obtained by the user. For example, the control signal can be a value provided to

the user based on the specific analyte, capture agent, or particular model, version or type of

device being used. In one embodiment, the control signal is obtained on a lot basis. For

example, the control signal can be a signal that is representative of a particular lot of analyte

acquired by the user. The representative signal can be, for example, experimentally derived

before, during or after testing of a sample. In some embodiments, the control signal is a standard

curve that is obtained by, for example, analyzing known quantities of analyte with a specific

capture agent and specific version of the detection surface.

[00114] In another embodiment, the control signal is obtained on a use basis. For

example, a unique control signal can be obtained each time a particular analyte and/or capture

agent is tested on a particular detection surface. In one embodiment, the control signal is

obtained using the same analyte and/or capture agent, however, in the absence of sample. The

control signal can be obtained before or after running the sample over the detection surface. The

detection surface can be prepared for reuse as described herein, and then the sample or control

can be run over the same detection surface.

[00115] In some embodiments, detection surfaces are cleaned and reused using one or

more wash solutions and optionally one or more flow transients. In one experiment, a detection

surface comprising eight sensors were cleaned of magnetic beads by adapting and modifying the

flows and flow transient procedures described in U.S. Application No. 11/502,168, and was



reused up to 20 times over a span of two days. Given an 8 sensor chip, a 96 well plate may

optionally be addressed, 8 samples at a time, where controls and calibration standards are mixed

into the layout of the plate. There are many possibilities. Calibration standards and/or controls

may be provided to specific individual sensors and run at the same time. For example, if 0

sensors are used to generate results for known inputs, 8 sensors are available for unknown

samples. If 1 sensor is used to generate results for a known input, 7 sensors are available for

unknown samples. Alternately serial assay runs of known calibration standards and controls

may be run prior to, interlaced in time with, or after unknown samples.

[00116] Reuse enables serial and/or sequential controls and/or calibrations to be run on

sensors. One use of the invention involves determining a background measurement prior to the

introduction of unknown samples. In this embodiment, magnetic beads are mixed in a

calibration sample matrix (known not to contain analyte) and run over the sensor before the

unknown samples mixed with beads are introduced and run over the sensor surface. The

background measurement, and associated sensor statistics across the chip, serve as a threshold

for detection, or alternatively, establish the baseline adjustment used for quantification curves.

This background measurement also serves as a control for the operation and integrity of the

beads' reagent used in the assay process. In some embodiments, beads that exhibit abnormally

high background (beads that are prone to stick) in calibrant or control solutions, are not used in

the assay. In some embodiments, because either the beads' reagent or the sensor surface's

reagent could be causing the high background, a user would be inclined to replace either the

beads' reagent or the sensor surface's reagent.

[00117] Optionally, positive calibrations (using calibrant fluids that include a known

quantity of analyte) can be serially run to provide assay process controls. In some embodiments,

the calibrations can be run interlaced in sequence with a plurality of unknown samples or used to

set a calibration curve for quantification of subsequent, or prior, unknown samples. Estimates of

unknown quantities can be determined from calibration curves fit to the "known" data.

[00118] Optionally, known samples (both negatives and positives) can be run as

calibration samples prior to a single run of unknown samples. These known sample runs can be

made while the unknown sample is incubating. The positives can be used to set the slope of the

calibration curve and the negatives can be used to set the detection limit background. A

preferential order for the known samples and unknown samples can be conducted (e.g., positive

samples followed by a negative sample run, with the negative sample run setting the sensing

background levels just prior to introduction of unknown samples).

[00119] Reuse of sensors was demonstrated on two types of sensors. The first type of



sensor design used is described in U.S. Patent No. 6,688,158 and U.S. Patent Application No.

11/1 83,484. The second type of sensor design used is described in U.S. Patent Application No.

11/604,645.

[00120] DETECTIONSURFACE

[00121] In some embodiments, the detection surface comprises an acoustic device.

Acoustic devices couple to fluids predominantly through acoustic interaction between the device

and the fluid. Typical acoustic devices include surface acoustic wave devices, flexural plate

wave devices, lamb wave devices and cantilever devices. Acoustic devices also couple to fluids

through some viscous interaction between the device and the fluid; however, the coupling is

predominantly acoustic coupling. Viscous interaction devices couple to fluids predominantly

through viscous interaction between the devices and the fluid. Typical viscous interaction

devices include quartz microbalance (QCM) devices, shear harmonic surface acoustic wave

devices, and acoustic plate mode devices. The term "surface acoustic wave" refers to the manner

in which energy is carried in the device structure rather than how the device couples to the fluid.

Acoustic devices are devices where fluid interacts over a substantial area of a plane of the

device. Acoustic devices respond with substantial out of plane motion that couples acoustically

to fluid in proximity to the plane of the device (i.e., kinetic energy, potential energy and losses

are carried predominantly in the fluid). Viscous interaction devices respond primarily with in-

plane motion that does not couple acoustically to fluid in proximity to a plane of the device.

[00122] For applications involving, for example, the detection and quantification of

biological or chemical substances in a fluid, the coupling between an acoustic device and a fluid

is typically between about 100 nm and about 10 microns in thickness relative to the plane of the

device where the coupling between a viscous interaction device and a fluid is between about 10

nm and about 100 nm in thickness relative to the plane of the device.

[00123] Surface acoustic wave devices and shear harmonic surface acoustic wave devices

both carry energy in their respective structures in similar manners. Surface acoustic wave

devices acoustically couple significantly to fluids while shear harmonic surface acoustic wave

devices couple to fluids predominantly through viscous interaction.

[00124] The following U.S. Patents and Patent Applications, all of which are hereby

incorporated by reference, describe examples of the various types of FPW devices suitable for

use in the present technology: U.S. Patent No. 5,129,262, U.S. Patent No. 5,189,914, U.S. Patent

No. 6,688,158 B2, U.S. Patent Application No. 10/324,685, U.S. Patent No. 5,668,303, U.S.

Patent No. 5,836,203, and U.S. Patent Application 20040038195.

[00125] For example, U.S. Patent No. 5,129,262 describes an ultrasonic sensor that has a



thin planar sheet of material forming a Lamb wave propagation medium. Lamb waves, also

known as plate-mode waves, can propagate only through a material of finite thickness. In

contrast to surface acoustic waves (SAWs), which require a propagation medium having a

thickness on the order of hundreds of times the wavelength of the propagating SAW, Lamb

waves require a propagation medium which is at most only several wavelengths thick, and

typically only a fraction of the wavelength of the propagating Lamb wave. The thickness of the

sheet is no greater than about twenty microns. A Lamb wave generator generates Lamb waves in

the planar sheet, and an output device produces an electrical signal that represents the

propagation characteristics of the Lamb waves propagating along the sheet. A measuring device

measures selected characteristics of the output electrical signal. The planar sheet has some

physical characteristics that depend upon the value of an analyte acting on the sheet, and those

physical characteristics consequently determine the propagation characteristics of the Lamb

waves that propagate along the sheet. Since the electrical signal from the output device

represents the propagation characteristics, the electrical signal also represents the value of the

analyte acting on the sheet.

[00126] The Lamb wave device described in U.S. Patent No. 5,129,262 can be employed,

for example, in biological sensing. The planar sheet described above can be pre-coated with

antibody molecules, so that the frequency of the device changes upon immersion in or contact

with a liquid that contains the corresponding antigen. Antigen-antibody attachment at the surface

of the propagation medium acts to alter the wave velocity of the Lamb waves in the sheet. The

change in wave velocity causes the oscillation frequency to change in a delay line oscillator form

of the device. Also, the sheet may be made of a porous and permeable material, allowing the

coating of antibody molecules over a greater surface area of the sheet and also allowing the

antigen-containing liquid to be flowed through the membrane, in order to speed up the antigen-

antibody attachment. Other biological interactions may also be sensed, and additional

applications include immunoassay, clinical laboratory testing, in vivo biomedical monitoring,

and biomedical research.

[00127] In some embodiments, capture agents targeting the analyte of interest can be

immobilized on the thin layer of gold covering the inner surface of the membrane. The surface

can be coated with a suitable linking compound. Suitable linking compounds are commercially

available. In one embodiment, the linking compound comprises biotin PEG disulfide, as

described below. In another embodiment, thiol-terminated alkyl chains are linked to the gold

surface forming self-assembled monolayers (SAMs). A fraction of the SAMs is terminated with

reactive groups (e.g., carboxyl or alcohol) to allow covalent linking of capture agents to the



SAMs using biochemical process steps known in the art. The remainder of the SAMs can be

terminated with non-reactive groups (e.g., alkyl chain). Other surface chemistries are described

in the literature and can be used to produce a capture surface.

[00128] In some embodiments, assays are generally run as described in U.S. Application

No. 11/183,484, "Method and Apparatus for Detection of Analyte Using a Flexural Plate Wave

Device and Magnetic Particles," (the teachings of which are incorporated herein in their

entirety). Sample volumes (e.g., volume between about 10 µL and about 10 mL) are mixed with

suspended particles that are specific for the analyte of interest. Particles are typically suspended

in a diluent and are added to raw sample in proportion according to a specified method (e.g.,

10% through 90% sample dilutions are typically run). The mixture is incubated for a period of

time, as per a determined protocol for a given analyte. Incubation allows for the analyte to be

captured by the particles in accordance with kinetic binding principles.

[00129] The incubated mixture is flowed over the detection surface and particles are

attracted to the detection surface by applying magnetic field gradient in close proximity to the

detection surface. In certain embodiments, the sensor is a flexural plate wave (FPW) sensor and

the output signals of the sensor are monitored. The signals change in proportion to the amount

of magnetic particles located at and/or near the detection surface. Using these signals,

measurements are made of the net exposure level of particles relative to a baseline measured

when no particles are loaded on to the detection surface. The net exposure signal level relative

to the baseline signal sets a range, which can be multiplied by any scalar to represent any normal

units. An example choice of a scalar is the average number of exposed particles across sensors,

using the approximate relation of between about 0.5 and 1.0 parts per million in frequency

change per particle. The units would roughly correspond to number of particles on the detection

surface.

[00130] After exposing the detection surfaces to sample, and washing the particle loaded

detection surfaces in a solution with the magnetic field applied, the magnetic field is removed

and a wash protocol specific to the assay is conducted. While the wash protocol is conducted,

flow speeds can be either incremented discretely, linear stepped, nonlinear stepped or

logarithmically stepped.

[00131] The FPW signals, normalized by exposure levels, are integrated over the period of

time the wash protocol is conducted and are recorded. Calibration curves are generated when the

processed signals are correlated with samples having known standard fluids mixed into

calibration liquids. Quantities present in unknown samples are determined by comparing the

processed sensor signals to the calibration curves. In addition to integration, proportional,



integral and rate measurements can be made over a variety of time points during the dissociation

period to, for example, provide additional information to a user.

[00132] Example 1: Preparation of the detection surface.

[00133] Materials: absolute ethanol (200 proof), ethanolamine (99%, Sigma-Aldrich), IX

phosphate buffered saline (PBS), deionized (DI) water, 11-mercapto-l-undecanol ( 11-MUO, 97

%, Sigma-Aldrich, Product#: 447528), N-(6-aminohexyly)aminopropyl trimethoxysilane

(AHPTS, 95%, Gelest, Inc., Products SIA0954.0), l-ethyl-3-[3-

dimethylaminopropyl]carbodiimide hydrochloride (EDC, Pierce, Product#: 22981), N-

hydroxysuccinimde (NHS, Sigma-Aldrich, Product#: 130672), carboxymethyl dextran (CMD,

Sigma-Aldrich, Products : 86524), anti-FITC antibody (Ab, Jackson ImmunoResearch

Laboratories, Inc.) ( 1 mg/mL or 0.5 mg/mL in IX PBS), and flexural plate wave (FPW) chips.

[00134] Functionalization of FPW chips with 11-MUO.

[00135] A 5 mM stock solution of 11-MUO in ethanol was prepared making sure that the

11-MUO was completely dissolved in the ethanol. A 1 mM 11-MUO solution was made by

diluting the appropriate amount of 5 mM 11-MUO stock solution in ethanol.

[00136] Cleaned FPW chips were placed in 800 µL of 1 mM 11-MUO and incubated

overnight at room temperature. FPW chips were cleaned, for example, using solvent and O2

plasma.

[00137] Functionalization of 11-MUO Chips with N-(6 aminohexyl)

aminopropyltrimethoxy silane (AHPTS) .

[00138] A 1 wt% AHPTS solution in ethanol was prepared and thoroughly mixed.

[00139] 11-MUO was wicked away from the chips and the 11-MUO chips were

transferred to absolute ethanol and incubated for 5 min to remove residual 11-MUO from the

detection surfaces.

[00140] Ethanol was wicked away from the chips and the chips were incubated in 1%

AHPTS overnight at room temperature.

[00141] Functionalization of 11-MUO/AHPTS chips with carboxymethyl dextran (CMD)

[00142] A CMD solution was prepared by adding 150 mg of CMD to 50 mL of ultrapure

water and mixed thoroughly. Nine-hundred sixty mg of EDC was added to the CMD solution

prepared and mixed thoroughly. Five-hundred seventy-five mg of NHS was added to the

CMD+EDC solution and mixed thoroughly.

[00143] The chips were transferred to ethanol and incubated for 5 min to remove residual

AHPTS from the detection surface. The chips were transferred to DI water, and incubated for 10

min to remove residual ethanol from the detection surface. The chips were then blotted to



remove excess DI water, transferred to CMD+EDC/NHS solution, and incubated for 8 hr

allowing the CMD to be immobilized on 11-MUO/AHPTS surface.

[00144] Activation of 11-MUO/AHPTS/CMD chip with EDC/NHS .

[00145] Nine-hundred sixty mg of EDC was added to ultrapure water and mixed

thoroughly. Five-hundred seventy-five mg of NHS was added to the EDC solution and mixed

thoroughly (5 min of mixing).

[00146] The chips were transferred to DI water, and incubated for 5 min to remove

residual CMD+EDC/NHS solution from the detection surface. The chips were blotted to remove

DI water, transferred to the EDC/NHS solution, and incubated for 30 min allowing the CMD

surfaces to be activated with NHS ester.

[00147] Functionalization of 11-MUO/AHPTS/CMD chips with Antibody.

[00148] A 50 µg/mL solution of antibody was prepared in IX PBS and the solution was

thoroughly mixed. The chips prepared as described above were incubated in DI water for 5 min

to remove residual EDC/NHS from the detection surface.

[00149] The chips were then blotted to remove excess water and transferred to the 50

µg/mL solution of antibody and incubated overnight at room temperature. Two chips were

incubated together in one eppendorf tube with electrode-side facing each other.

[00150] Quenching of CMD/Ab chips

[00151] A 100 mM solution of ethanolamine was prepared in IX PBS and thoroughly

mixed. The Ab chips were then transferred to DI water and incubated for 10 min. The chips

were then blotted to remove excess water and incubated in the ethanolamine solution for 30 min

to quench the unreacted portion of activated CMD on detection surface.

[00152] Stabilization of CMD/Ab chips

[00153] The Ab chips were then transferred to DI water and incubated for 10 min to

remove residual ethanolamine from the detection surface. The chips were then blotted to remove

excess water and incubated in a stabilizer that maintains the activity of antibodies and other

biomolecules adsorbed or immobilized to solid substrates (e.g., IX STABILGU ARD®

IMMUNOASSAY STABILIZER (BSA-FREE) SurModics) for 2 hrs at room temperature.

[00154] Drying Stabilized Ab chips

[00155] The Ab chips were blotted to remove excess stabilizer and transferred onto chip

holders. The Ab chips-loaded chip holders were incubated in dry box overnight.

[00156] Cleaning electrodes of Stabilized Ab chips for mounting

[00157] The Ab chips were removed from the dry box, placed on water-wet kimwipes

with electrode-side facing down, and incubated for 30 ~ 60 sec.



[00158] The chips were carefully removed from the wet kimwipes and placed on dry

kimwipes so no water entered into the wells. The electrode sides of the chips were dried using

N2. The chips were then stored in eppendorf tubes in a drybox or mounted onto cartridges and

packaged.

[00159] Example 2: IL-6 Assay on Carboxym ethyl Dextran (CMD)-mediated

antibody Chips

[00160] The antibody coupled to the surface in this example was the BioLegend

(Products 501204, Purified anti-human IL-6 antibody, Clone#: MQ2-39C3). Particles used

were substantially the same as in previous examples (coupled according to Invitrogen (Dynal)

recommended methods for tosyl activated particles, using BD Biosciences capture antibody from

Kit Cat. No 555220).

[00161] Preparation of sample mixtures. IL- 6 was added to 5 ml of buffer (IX PBS with

0.05% Tween™ 20 (Polyoxyethylene-20-sorbitan Monolaurate)) to generate IL-6 analyte

samples with various concentrations. A 1:100 dilution of the anti-IL-6 particle stock (anti-IL-6

IgG coated particles) was prepared in IX PBS with 0.1% bovine serum albumin (BSA). Diluted

particles were added to 5 ml of assay diluent (Becton, Dickinson and Company) such that the

final particle concentration was 1 x 105 particles/ml. The diluent tubes and the sample tubes

were incubated end-over-end for at least 5 minutes. Each diluent tube was added to its

corresponding sample tube and incubated end-over-end for 200 min at room temperature.

[00162] The samples were analyzed using an FPW device where the detection surfaces

were functionalized with anti-IL-6 antibody on carboxymethyl dextran layers.

[00163] After the detection was completed, the detection surfaces (e.g., anti-IL-6 antibody

on carboxymethyl dextran) were cleaned by flowing 25 mM phosphoric acid at 1000 ml/min for

20 seconds followed by flowing assay running buffer (IX PBS with 0.05% Tween™ 20

(Polyoxyethylene-20-sorbitan Monolaurate)) at 1000 ml/min for 2 minutes. A pressure pulse

(flow transient) is applied immediately following flowing the assay running buffer, resulting in

removing residual samples (e.g., IL-6) from the detection surfaces.

[00164] Additional rounds of detection of analyte samples were conducted using the

cleaned detection surfaces. The detection surfaces are now primed for an additional round of

detection of analyte samples. The resulting data are shown in FIG. 4. FIG. 4 shows graphs of

standard curve samples interlaced with negative controls demonstrating that the surface is

reusable after analyte at the indicated concentrations were spiked into pooled heat treated

charcoal stripped serum samples (B and D) or PBST diluent (A and C).

[00165] Example 3 : IL-6 Detection using a Reusable, Generic Format, System



[00166] Preparation of sample mixtures. IL-6 was added to 5 ml of buffer (IX PBS with

0.05% Tween™ 20 (Polyoxyethylene-20-sorbitan Monolaurate)) or human serum to generate IL-

6 protein analyte samples with various concentrations. A 1:100 dilution of the anti-IL-6 particle

stock (anti-IL-6 IgG coated onto tosylactivated 2.8 µm particles at a concentration of ~10

particles/ml prepared according to manufacturer's instructions) was prepared in IX PBS with

0.1% BSA. An appropriate amount of the diluted particles was added to 5 ml of assay diluent

(Becton, Dickinson and Company) such that the final particle concentration was 1 x 105

particles/ml. An appropriate amount of fluorescein-labeled anti-IL-6 IgG (BioLegend, labeling

reaction performed according to manufacturer's instructions) was added to each of the assay

diluent tubes such that the final fluorescein-labeled anti-IL-6 IgG concentration was 0.2 ug/ml or

0.05 ug/ml. The concentration of fluorescein-labeled anti-IL-6 IgG and the degree of labeling

can be varied to modulate the sensitivity and dynamic range of the assay of interest. The diluent

tubes and the sample tubes were incubated end-over-end for at least 5 minutes. Each diluent tube

was added to its corresponding sample tube and incubated end-over-end for 3 hours at room

temperature.

[00167] The samples were analyzed using an FPW device where the detection surface was

covalently functionalized with anti-fluorescein antibody (Jackson ImmunoResearch

Laboratories, clone 1F8-1E4) on carboxymethyl dextran layers. As illustrated in FIG. 4, higher

concentration of IL-6 present in the sample resulted in a higher level of fluorescein-labeled

capture agent binding on the particle surface, which translated into higher signal output from the

sensor due to increased binding between fluorescein and surface-immobilized anti-fluorescein

antibodies.

[00168] After the detection was completed, the detection surface was cleaned with 25 mM

phosphoric acid by flowing the acid through the sensor surface at 1000 µl/min for 20 seconds.

Assay running buffer (IX PBS with 0.05% Tween™ 20 (Polyoxyethylene-20-sorbitan

Monolaurate)) was immediately introduced over the sensor at 1000 µl/min for 2 minutes

followed by mechanical pressure pulses in the flow.

[00169] Detection followed by 25 mM phosphoric acid wash was repeated 12 times

without deterioration of sensor sensitivity or specificity.

[00170] FIG. 4 (A and C) shows a typical dose-dependent sensor response in an IL-6

assay in PBS Tween™ 20 (Polyoxyethylene-20-sorbitan Monolaurate)) buffer/diluent. Each

sample contained fluorescein-labeled secondary capture antibody at a concentration of O.l µg/ml.

The labeling reaction was done using 10:1 ratio of fluorescein-NHS ester molecules to secondary

capture antibody molecules. The FPW sensors were exposed to samples containing the indicated



concentration of IL-6 analyte (displayed from left to right on the horizontal axes of Fig. 4).

Throughout the experiment, three standard sample runs were performed followed by one run of

negative control where all sensors were exposed to samples containing 0 pg/ml of IL-6. Twenty-

five niM of phosphoric acid wash (described in the assay procedure) was carried out in between

each of the 12 runs to clean the functional surface. FIG. 5 demonstrates the consistency of

signals arising from individual analyte concentration (1.25 pg/ml IL-6 to 40 pg/ml IL-6 (FIG.

5B) across the 9 standard curve runs (FIG. 5A). Signal for each IL-6 concentration was

calculated by subtracting the negative control signal from the signal of the sample containing IL-

6 of specified concentration. FIG. 5B shows the sensor response with respect to the analyte

concentration in semi-log format.

[00171] FIGs. 6 and 7 show the same types of plots as FIGs. 4 and 5 respectively, except

the results shown were an IL-6 assay in serum mixed with diluent. Each sample contains

fluorescein-labeled secondary capture antibody at a concentration of 0.025 µg/ml. The labeling

reaction was done using 24:1 ratio of fluorescein-NHS ester molecules to secondary capture

antibody molecules. The FPW sensors 1, 2, 3, 4, 5, 6, 7, and 8 were exposed to samples

containing 80, 40, 20, 10, 5, 2.5, 0, and 0 pg/ml of IL-6 analyte, respectively (displayed from left

to right on the horizontal axis of FIG. 6).

[00172] EXAMPLE 4 DETECTION OF IL-6 USING AN ANTI-DIG DETECTION

SURFACE

[00173] FIG. 8 shows a dose-dependent sensor response for a 9-run IL-6 assay in PBS

Tween™ 20 (Polyoxyethylene-20-sorbitan Monolaurate) with diluent matrix using digoxigenin

(DIG)-labeled anti-IL-6 antibody and a detection surface coated with anti-DIG IgG coupled to

CMD. Each sample contained DIG-labeled anti-IL-6 antibody at concentration of 0.1 µg/ml.

The labeling reaction was performed using 10:1 ratio of DIG-NHS (Roche Applied Science)

molecules to anti-DIG antibody (Roche Applied Science). The consistency of the signals was

evaluated by 5 standard curve runs interlaced with 4 runs of negative controls.

[00174] While the technology has been particularly shown and described with reference to

specific illustrative embodiments, it should be understood that various changes in form and detail

may be made without departing from the spirit and scope of the technology.



CLAIMS:

We claim:

1. A method of reusing a detection surface wherein the detection surface comprises an

acoustic device having a vibrating membrane and a first capture agent, wherein the first

capture agent is capable of binding an analyte, and wherein the first capture agent is

linked to the detection surface such that an analyte bound to the first capture agent can be

removed such that the first capture agent remains linked to the detection surface, the

method comprising

a) using the detection surface to detect one or more analytes,

a) exposing the detection surface to at least one solution;

b) generating one or more flow transients over the detection surface in succession;

c) optionally exposing the detection surface to a chemical wash, and

d) reusing the detection surface to detect one or more analytes.

2 . The method of claim 1, wherein the at least one solution comprises a salt solution.

3. The method of claim 2, wherein the salt solution comprises phosphate buffered saline.

4 . The method of claim 1, wherein the chemical wash is acidic.

5. The method of claim 4, wherein the chemical wash comprises phosphoric acid.

6. The method of claim 1, wherein the detection surface is exposed to the chemical wash.

7. The method of claim 1, wherein a flow transient is generated comprising restricting flow

of a solution upstream of the detection surface while pumping flow of solution

downstream of the detection surface and then removing the restriction after a first period

of time.

8. The method of claim 1, wherein the first capture agent has a lower binding affinity for the

analyte than an affinity of the capture agent for the analyte.

9. The method of claim 1, wherein the first capture agent is an antibody or antigen binding

portion thereof.

10. A method of reusing a detection surface wherein the detection surface comprises an

acoustic device having a vibrating membrane and a first capture agent, wherein the first

capture agent is capable of binding an analyte, and wherein the first capture agent is

linked to the detection surface such that an analyte bound to the first capture agent can be

removed such that the first capture agent remains linked to the detection surface, the

method comprising instructing a user to after using the detection surface to detect one or

more analytes,



a) expose the detection surface to at least one solution;

b) generate one or more flow transients over the detection surface in succession;

c) optionally expose the detection surface to a chemical wash, and

d) reuse the detection surface to detect one or more analytes.

11. A method for detecting one or more analytes in a sample comprising,

a) introducing a sample and a plurality of magnetic particles into a fluid chamber,

the fluid chamber comprising a detection surface, wherein the detection surface

comprises an acoustic device having a vibrating membrane and a first capture

agent, wherein the first capture agent is capable of binding an analyte, and

wherein the first capture agent is linked to the detection surface such that an

analyte bound to the first capture agent can be removed such that the first capture

agent remains linked to the detection surface, and wherein the magnetic particles

are coated with a second capture agent capable of binding an analyte;

b) monitoring a first signal output by the detection surface;

c) generating one or more flow transients over the detection surface in succession;

d) optionally exposing the detection surface to a chemical wash; and

e) conducting a further round of detection comprising repeating steps a) and b) at

least one time.

12. The method of claim 11, wherein the signal output of a first step b) is suitable to detect a

first concentration of a first analyte and the signal output of a second step b) is suitable to

detect a second concentration of a second analyte concentration and wherein the second

concentration of the second analyte is at least 50% of the first concentration of the first

analyte.

13. The method of claim 11, wherein the detection surface is exposed to the chemical wash.

14. The method of claim 13, wherein the chemical wash is acidic.

15. The method of claim 14, wherein the chemical wash comprises phosphoric acid.

16. The method of claim 11, wherein steps a)-b) are repeated at least one time.

17. The method of claim 11, wherein the first capture agent has a lower binding affinity for

the analyte than the second capture agent.

18. The method of claim 11, wherein steps a)-d) are repeated at least twelve times.

19. The method of claim 11, wherein the flow transient is generated comprising restricting

flow of a solution upstream of the detection surface while pumping flow of solution

downstream of the detection surface and then removing the restriction after a first period

of time.



20. The method of claim 11, wherein the affinity of the second capture agent for the analyte

is greater than 2 x 109 M 1.

21. The method of claim 11, wherein the affinity of the second capture agent for the analyte

is greater than about 2 times the affinity of the first capture agent for the analyte.

22. The method of claim 11, wherein the sample comprises an unknown quantity of one or

more analytes.

23. The method of claim 11, wherein the sample comprises a known quantity of one or more

analytes.

24. The method of claim 11, wherein the second capture agent is an antibody or antigen

binding fragment thereof.

25. A kit for detecting an analyte, comprising:

a cartridge comprising a fluid chamber, the fluid chamber comprising a detection

surface, wherein the detection surface comprises an acoustic device having a

vibrating membrane and a first capture agent, wherein the first capture agent is

capable of binding a analyte, and wherein the first capture agent is linked to the

detection surface such that a analyte bound to the first capture agent can be

removed such that the first capture agent remains linked to the detection surface;

and

reagents for detecting the analyte, comprising a plurality of magnetic particles

coated with a second capture agent, wherein the second capture agent is capable

of binding the analyte, and wherein the second capture agent has a higher binding

affinity for the analyte than the first capture agent.

26. The kit of claim 25, wherein the affinity of the second capture agent for the analyte is

greater than 2 x 109 M 1.

27. The kit of claim 25, wherein the affinity of the second capture agent for the analyte is

greater than about 2 times the affinity of the first capture agent.

28. The kit of claim 25, wherein the second capture agent is a first member of a binding pair.

29. The kit of claim 25 wherein the first member of the binding pair is capable of binding

biotin, and wherein the reagents for detecting the analyte comprise an antibody or antigen

binding fragment, wherein the antibody or antigen binding fragment is capable of binding

the analyte and wherein the antibody or antigen binding fragment is coupled to biotin.

30. A method of reusing a detection surface wherein the detection surface comprises an

acoustic device having a vibrating membrane and a first capture agent, wherein the first

capture agent is capable of binding a non-analyte tag molecule, and wherein the first



capture agent is linked to the detection surface such that a tag molecule bound to the first

capture agent can be removed such that the first capture agent remains linked to the

detection surface, the method comprising

a) using the detection surface to detect one or more analytes,

b) exposing the detection surface to at least one solution;

c) optionally generating one or more flow transients over the detection surface in

succession, and

d) reusing the detection surface to detect one or more analytes.

31. The method of claim 30, wherein the at least one solution comprises a salt solution.

32. The method of claim 31, wherein the salt solution comprises phosphate buffered saline.

33 . The method of claim 30, wherein the at least one solution is a chemical wash.

34. The method of claim 33, wherein the chemical wash is acidic.

35. The method of claim 35, wherein the chemical wash comprises phosphoric acid.

36. The method of claim 30, wherein one or more flow transients are generated.

37. The method of claim 37, wherein a flow transient is generated comprising restricting

flow of a solution upstream of the detection surface while pumping flow of solution

downstream of the detection surface and then removing the restriction after a first period

of time.

38. The method of claim 30, wherein the tag molecule is a hapten.

39. The method of claim 40, wherein the hapten is fluorescein.

40. The method of claim 30, wherein the first capture agent has a lower binding affinity for

the non-analyte tag molecule than the second capture agent has for the analyte.

41. A method of reusing a detection surface wherein the detection surface comprises an

acoustic device having a vibrating membrane and a first capture agent, wherein the first

capture agent is capable of binding a first non-analyte tag molecule, and wherein the first

capture agent is linked to the detection surface such that a tag molecule bound to the first

capture agent can be removed such that the first capture agent remains linked to the

detection surface, the method comprising instructing a user to after using the detection

surface to detect one or more analytes,

a) expose the detection surface to at least one solution;

b) optionally generate one or more flow transients over the detection surface in

succession, and

c) reuse the detection surface to detect one or more analytes.



42. A method for detecting one or more analytes in a sample comprising,

a) introducing a sample and a plurality of magnetic particles into a fluid chamber,

wherein the detection surface comprises an acoustic device having a vibrating

membrane and a first capture agent, wherein the first capture agent is capable of

binding a first non-analyte tag molecule, and wherein the first capture agent is

linked to the detection surface such that a tag molecule bound to the first capture

agent can be removed such that the first capture agent remains linked to the

detection surface, and wherein the magnetic particles are coated with a second

capture agent capable of binding an analyte, the method comprising;

b) monitoring a first signal output by the detection surface;

c) exposing the detection surface to at least one solution;

d) optionally generating one or more flow transients over the detection surface in

succession; and

e) repeating steps a) and b) at least one time.

43. The method of claim 44, wherein the signal output of the first step b) is suitable to detect

a first concentration of a first analyte and the signal output of the second step b) is

suitable to detect a second concentration of a second analyte concentration and wherein

the second concentration of the second analyte is at least 50% of the first concentration of

the first analyte.

44. The method of claim 44, wherein steps a)-b) are repeated at least one time.

45. The method of claim 44, wherein the signal output of the first step b) is suitable to detect

a first concentration of a first analyte and the signal output of a last repeat of step b) is

suitable to detect a last concentration of a last analyte and wherein the last concentration

of the last analyte is at least 50% of the first concentration of the first analyte.

46. The method of claim 44, wherein steps a)-c) are repeated at least twelve times.

47. The method of claim 44, wherein the flow transient is generated.

48. The method of claim 49, wherein the flow transient is generated comprising restricting

flow of a solution upstream of the detection surface while pumping flow of the solution

downstream of the detection surface and then removing the restriction after a first period

of time.

49. The method of claim 44, wherein the solution comprises a salt solution.

50. The method of claim 51, wherein the solution comprises phosphate buffered saline.

51. The method of claim 44, wherein the at least one solution is a chemical wash.



52. The method of claim 53, wherein the chemical wash is acidic.

53. The method of claim 54, wherein the chemical wash comprises phosphoric acid.

54. The method of claim 44, wherein the first capture agent has a lower binding affinity for

the non-analyte tag molecule than the second capture agent has for the analyte.

55. A reusable cartridge, comprising

a fluid chamber having at least one detection surface wherein the detection

surface comprises an acoustic device having a vibrating membrane and a first

capture agent, wherein the first capture agent is capable of binding a first non-

analyte tag molecule, and wherein the first capture agent is linked to the detection

surface such that a tag molecule bound to the first capture agent can be removed

such that the first capture agent remains linked to the detection surface.

56. The cartridge of claim 57, wherein the detection surface is coated with a self-assembling

matrix (SAM) and wherein the first capture agent is linked to the SAM.

57. The cartridge of claim 57, wherein the detection surface is coated with a carboxymethyl

dextran (CMD) layer and wherein the first capture agent is linked to the CMD layer.

58. The cartridge of claim 57, wherein the tag molecule is a hapten.

59. The cartridge of claim 60, wherein the hapten is fluorescein.

60. The cartridge of claim 57, wherein the first capture agent is linked to the detection

surface such that a tag molecule bound to the first capture agent can be removed such that

at least 98% of the first capture agent remains linked to the detection surface.

6 1. A kit for detecting an analyte, comprising:

a fluid chamber having at least one detection surface wherein the detection

surface comprises an acoustic device having a vibrating membrane and a first capture

agent, wherein the first capture agent is capable of binding a non-analyte tag molecule,

and wherein the first capture agent is linked to the detection surface such that a tag

molecule bound to the first capture agent can be removed such that the first capture agent

remains linked to the detection surface, and

reagents for detecting the analyte comprising either a detection antibody or

antigen binding portion thereof, wherein the detection antibody or antigen binding

portion is capable of binding the analyte and wherein the detection antibody or antigen

binding portion is coupled to the first tag molecule, or a plurality of magnetic particles

coated with a second capture agent.

62. The kit of claim 63, wherein the reagents for detecting the analyte comprise both the

detection antibody or antigen binding portion thereof, wherein the detection antibody or



antigen binding portion thereof is capable of binding the analyte and wherein the

detection antibody or antigen binding portion thereof is coupled to the first tag molecule,

and a plurality of magnetic particles coated with a second capture agent.

63. The kit of claim 63, wherein the kit comprises a plurality of beads coated with a second

capture agent and wherein the second capture agent is a first member of a binding pair.

64. The kit of claim 65, wherein the first member of the binding pair is capable of binding

biotin, and wherein the reagents for detecting the analyte comprise a second antibody or

antigen binding portion thereof, wherein the second antibody or antigen binding portion

thereof is capable of binding the analyte and wherein the second antibody or antigen

binding portion thereof is coupled to biotin.

65. The kit of claim 63, wherein the kit comprises a plurality of magnetic particles coated

with a second capture agent and wherein the second capture agent is capable of binding

the analyte.

66. The kit of claim 67, wherein the second capture agent is an antibody or antigen binding

portion thereof.























A. CLASSIFICATION OF SUBJECT MATTER
INV . G01N33/543 G01N29/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOlN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 2007/075619 A (BIOSCALE INC [US]; 1-56,

MASTERS BRETT P [US]) 58-66
5 July 2007 (2007-07-05)
paragraphs [0010]-[0025], [0061], 57

[0070H0082], [0099M00103], [00107],
[00119], [00128], [00243]-[00245]
and figures 1 , 7-10

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
1T' later document published after the international filing date

or pπority date and not in conflict with the application but
'A' document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
'E' earlier document but published on or after the international 'X' document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
1L" document which may throw doubts on pnoπty claιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y - document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

'P' document published prior to the international filing date but in the art

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

5 December 2008 22/12/2008

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Rl|SWI]k

TeI (+31-70) 340-2040,
Fax (+31-70) 340-3016

Li ndberg, Pi a

Form PCT/ISA/210 (second sheet) (April 2005)



C(Contlnuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 2006/119308 A (BIOSCALE INC [US]; 1-3,
SAUER-BUDGE ALEXIS F [US]; FITCH ERIC 8-12,
[US]; MASTERS) 16-32,

9 November 2006 (2006-11-09) 36-38,
40-50,
54-56,
58,60-66

paragraphs [0010], [0017]-[0021], [0056],
[0060H0064], [0081]-[0086],
[0090]-[0098], [00102], [00138] and

[00142H00145]

BARIE, N . AND RAPP, M.: "Covalent bound 57

sensing layers on surface acoustic wave
(SAW) biosensors"
BIOSENSORS & BIOELECTRONICS,
vol. 16, 2001, pages 979-987, XP002504297
the whole document

P ,Y ANDRA, J., ET AL: "Surface Acoustic Wave 57

Biosensor as a Tool to Study the
Interaction of Antimicrobial Peptides with
Phospholipid and Lipopolysaccharide Model
Membranes"
LANGMUIR,
vol. 24, 7 August 2008 (2008-08-07), pages
9148-9153, XP002504298
the whole document

Form PCT7ISA/210 (continuation of second sheet) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2007075619 05-07-2007 NONE

WO 2006119308 09-11-2006 EP 1886142 A2 13-02- 2008
EP 1891441 A2 27-02- 2008
KR 20080016595 A 21-02- 2008
KR 20080027239 A 26-03- 2008
US 2006286685 Al 21-12- 2006
US 2007037142 Al 15-02- 2007
US 2007037231 Al 15-02- 2007
US 2007042441 Al 22-02- 2007
US 2006257945 Al 16-11- 2006
US 2007281371 Al 06-12- 2007
WO 2007030155 A2 15-03- 2007

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

