585 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
11 December 2003 (11.12.2003)

PCT

(10) International Publication Number

WO 03/102585 A2

(51) International Patent Classification”:  GO1N 33/557,

33/558, 33/551, 33/68

(21) International Application Number: PCT/EP03/05748

(22) International Filing Date: 2 June 2003 (02.06.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
02447107.0 3 June 2002 (03.06.2002) EP
(71) Applicant (for all designated States except US): PAM-
GENE B.V. [NL/NL]; Burgemeester Loeffplein 70a,

NL-5211 RX Den Bosch (NL).

(72) Inventors; and

(75) Inventors/Applicants (for US only): VAN BEUNINGEN,
Marinus, Gerardus, Johannus [NL/NL]; Polderkade
27, NL-5345 RR Oss (NL). RUIJTENBEEK, Robby
[NL/NL]; Boven Zevenwouden 59, NL-3524 CK Utrecht
(NL).

(74) Agents: DE CLERCQ, Ann et al.; De Clercq, Brants &
Partners, E. Gevaertdreef 10a, B-9830 Sint-Martens-Latem
(BE).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD,
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
—  of inventorship (Rule 4.17(iv)) for US only

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: NOVEL METHOD FOR MONITORING BIOMOLECULAR INTERACTIONS

N\ (57) Abstract: The present invention relates to methods for monitoring interactions between target-molecules and at least one ana-
lyte comprising: (a) contacting a plurality of target-molecules, said target-molecules being immobilized on a porous substrate, with
~~ a sample, said sample comprising at least one analyte; (b) incubating said target-molecules with said sample under conditions sup-
porting target-molecule/analyte interaction; (c¢) monitoring said interaction as defined in step (b), said monitoring being in function
of time of incubation as defined in step (b); (d) optionally determining at least one interaction parameter; (e) varying said conditions
as defined in step (b) by varying a reaction parameter; and; repeating, at least once, steps (c) to (e). The present invention further
relates to the uses of said methods as well as to the use of a porous substrate for the preparation of a microarray kit for carrying out

=

said methods.



10

15

20

25

30

35

WO 03/102585 PCT/EP03/05748

1

NOVEL METHOD FOR MONITORING BIOMOLECULAR INTERACTIONS

Field of the Invention

The present invention relates to the field of molecule binding interaction studies. The
present invention relates to the multi-dimensional, high-speed analysis of a large number
of mixed molecular species or bio-molecules, commonly called “libraries”. More
particularly, the present invention relates to a novel method for monitoring binding
interactions between arrayed bio-molecules and sample target-molecules. Further, the
present invention relates to a novel method to study interaction events between bio-

molecules under varying reaction conditions.

Background

Model systems which mimic receptor binding and other cell-based assays are of
increasing importance in molecular biology and pharma industry. Phenomena such as
transporter activity, pre- and post-synaptic cell interactions, chemotaxic response,
enzyme-ligand binding and the like are of relevance to pharmacology, clinical chemistry
and basic research. Major development areas at pharmaceutical companies are targeted
to find the most effective molecule interactions which, most often, comprises a high-affinity
of a molecule for its target defining a high binding constant K,, and a low dissociation

constant Kyiss.

Accordingly, the importance of pharmacokinetic models remains undisputed and
generated pharmacokinetic remains indispensable for, among other applications, (1)
predicting plasma, tissue, and urine drug levels with any dosage regimen, (2) calculating
the optimum dosage regimen for an individual patient; (3) estimating the possible
accumulation of drugs and/or metabolites; (4) correlating drug concentrations with
pharmacologic and toxicologic activity (i.e. pharmacodynamics); evaluating differences in
the rate or extent of acailability between formulations (i.e. bioequivalence); (6) describing
how changes in physiology or disease affect the absorption, distribution, and/or
elimination of the drug; (7) explaining drug-drug and food-drug interactions, and (8)
characterization of promising new drug candidates. Pharmacokinetic data is deemed
essential for predicting the behavior and fate of the drug candidate within the human body.

Typically, collections of molecules or “libraries” are prepared and screened for molecules
having a specified bioactivity, as indicated initially by detection of binding between one or
more bio-molecules in the library and a target-molecule with which it reacts to, e.g.,

CONFIRMATION COPY
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influence some biological process. Typically, libraries consist of a complex assortment of
molecules containing one or more bio-molecules which may bind to a target of interest.
The identification of bio-molecules which bind may provide a lead for identifying
compounds with a desired biological activity, e.g. as a potential drug candidate.

As methods have become available to screen these complex mixtures or libraries more

effectively, interest in exploiting this approach even increases.

The recent prior art discloses various methods for implementing the search for novel
agents such as, for example, pharmacological or therapeutic agents (i.e. drug discovery),
agents useful in animal and human care or management, agriculturally useful chemicals,
selective biocides for insects, weeds, or other pests, and catalytic and other entities useful
in industrial chemical, bio-chemical and pharmaceutical processes.

Monocional antibody technology has markedly changed modern chemical and medical
analytical techniques. Antibody-based detection systems such as ELISA (Enzyme Linked
ImmunoSorbent Assays) and radioimmunoassays have been developed to take
advantage of antibody specificity and sensitivity. However, while sensitive, these
techniques are time-consuming and usually require multiple manipulations and/or reagent

additions.

Methods of identifying analyte-molecules to a target have been described earlier, e.g. US
5,861,254, which discloses a flow cell method for the analysis of nucleic acid molecular
interaction kinetics. A disadvantage of these so-called biosensor chips is the low capacity
of the system of different target species and the high sample volumes needed. High
throughput systems allowing for the screening of arrays of target-molecules include e.g.
WO 02/18648 which discloses a method for the analysis of binding interactions, thereby
providing compound interaction site profiles; or US 5,324,633 which discloses a method
and apparatus for measuring the binding affinity of a receptor to a ligand by using an array

of immobilized polymers.

Although said known high throughput systems have yet been recognized for their major
contribution in lowering sample volumes; the experimental time needed, reproducibility
and sensitivity are still subject to improvement and continuous efforts in those fields are

well appreciated in the art.
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Accordingly, it is an object of the present invention to provide a high-throughput method
for high-speed monitoring of target/analyte interactions with a much improved sensitivity

level.

Summary of the Invention

A novel method for qualitatively and quantitatively evaluating the interaction of a
target/analyte complex is provided by virtue of the present invention.

The present invention is directed to a method for assaying target-molecules such as drug
candidates. More specifically, the present invention provides a novel method for
monitoring and measuring the binding interaction between at least one analyte and an
array of immobilized target-molecules to determine binding interaction parameters and

pharmacokinetic parameters of said molecules.

The aforementioned and additional objects of the invention are accomplished by a method
for monitoring interactions between target-molecules and at least one analyte comprising:
(a) contacting a plurality of target-molecules, said target-molecules being immobilized
on a porous substrate with a sample, said sample comprising at least one analyte;
(b) incubating said target-molecules with said sample under conditions supporting
target-molecule/analyte interaction ;
(c) monitoring said interaction as defined in step (b), said monitoring being in function
of time of incubation as defined in step (b);
(d) optionally determining at least one interaction parameter;
(e) varying said conditions as defined in step (b) by varying a reaction parameter; and:;

(f) repeating, at least once, steps (c) to (e).

Said method according to the present specification allows for high-sensitive analysis of
target/analyte interactions. More in particular, a method according to the present invention
allows for kinetic analysis of an analyte in a sample present down to attomoles

concentration.

Additional features and advantages of the invention will be set forth in the detailed
description which follows, and in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and other advantages of the invention
will be realized and attained by the process particularly pointed out in the written

description and appended claims.
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Detailed Description of the Invention
The invention relates to methods and corresponding arrays especially suited to study

binding kinetics of target/analyte interactions.

In the present specification and the appended claims, the singular forms “a”, “an”, and
“the” include plural references unless the context clearly dictates otherwise. Unless
defined otherwise, all technical and scientific terms used herein have the same meaning

as commonly understood to one of ordinary skill in the art.

The present invention relates to methods and corresponding arrays for high-throughput
binding interaction and pharmacokinetic studies of interaction events between target-

molecules and analytes.

The terms “analyte” and "analyte molecule” are used interchangeable throughout the
present invention. The term “analyte in a sample” refers to a molecule in a sample, i.e. a
molecule to be analysed. Typically, analyte concentrations present in a sample for
analysis according to a method as described in the present invention range from 5x10™
nM to 50 nM. Usually, analyte concentrations present in a sample for analysis according
to a method as described in the present invention range from 5x10* nM to 10 nM. More
usually, analyte concentrations in a sample range from 1x10* nM to 5 nM. More usually,
analyte concentrations in a sample range from 5x10° nM to 1 nM. More usually, analyte
concentrations in a sample range from 1x10° nM to 1x10" nM. More usually, analyte
concentrations in a sample range from 5x102 nM to 1x10" nM. More usually, analyte

concentrations in a sample range from 5x102 nM to 5x10™* nM.

Accordingly, one embodiment of the present invention provides a method as described
herein, wherein said analyte is present in said sample in a concentration from 5x10* nM
to 10 nM.

In a further embodiment, said concentration ranges from 5x10° nM to 1 nM.

In yet a further embodiment, said concentration ranges from 5x10% nM to 10" nM.

An analyte as used in the present specification refers to any molecule which may
associate or bind to a target-molecule immobilized onto a porous substrate for the
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purpose of performing micro-array analysis. The term analyte as used in the present
specification refers both to separate molecules and to portions of molecules such as e.g.
an epitope of a protein. Examples of analytes which may be employed in the present
invention include, but are not limited to, antibodies including monoclonal antibodies
polyclonal antibodies, purified antibodies, synthetic antibodies, antisera reactive with
specific antigenic determinants (such as viruses, cells or other materials), proteins,
peptides, polypeptides, enzyme binding sites, cell membrane receptors, lipids,
proteolipids, drugs, polynucleotides, oligonucleotides, sugars, polysaccharides, cells,
cellular membranes and organelles, nucleic acids including deoxyribonucleic acids (DNA),
ribonucleic acids (RNA), and peptide nucleic acids (PNA) or any combination thereof;

cofactors, lectins, metabolites, enzyme substrates, metal ions and metal chelates.

Accordingly, the present invention relates to a method as described herein, wherein said
analyte is selected from the group comprising antibodies, monoclonal antibodies, antibody
fragments, antisera, polynucleotides, nucleic acids, peptides, enzyme binding sites,

polysaccharides, cells, cellular membranes, and organelles.

The analytes may be naturally-occurring or man-made molecules. Also, they may be
employed in their unaltered state or as aggregates with other species. Analytes may
contain modifications, both naturally occurring or induced in vitro or in vivo. Induced
modifications include adduct formation such as hapten attachment, multimerization,
complex formation by interaction with other chemical moieties, digestion or cleavage (by,
for example, protease), and metal ion attachment or removal. Analytes may be attached,
covalently or non-covalently to, to a binding member, either directly or via a mediating

linker.

Specific examples of analyte/target interactions which may be investigated by the present
invention include but are not limited to the hereunder mentioned ligand/receptor

interactions as well-known in the art:

(a) micro-organism receptors: determination of ligands which bind to receptors, such as
specific transport proteins or enzymes essential to survival of micro-organisms, is
useful, as in the discovery of a new class of antibiotics. Of particular value may be
antibiotics against opportunistic fungi, protozoa, and those bacteria resistant to the
antibiotics in current use;

(b) enzymes: for instance, determination of the binding site of enzymes such as the

enzymes responsible for cleaving neurotransmitters is useful. Also of value may be
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determination of ligands which bind to certain receptors to modulate the action of the
enzymes which cleave the different neurotransmitters is useful in the development of

drugs which may be used in the treatment of disorders of neurotransmission;

antibodies: for instance, the present invention may be useful in investigating the
ligand-binding site on the antibody molecule which combines with the epitope of an
antigen of interest; determining a sequence that mimics an antigenic epitope may lead
to the development of vaccines in which the immunogen is based on one or more
such sequences or may lead to the development of related diagnostic agents or
compounds useful in therapeutic treatments such as for auto-immune diseases (e.g.
by blocking the binding of the “self” antibodies). For purposes of the present invention,
antibody includes a whole antibody or an antibody fragment (Fab or (Fab),);

catalytic polypeptides: polymers, preferably polypeptides, which are capable of
promoting a chemical reaction involving the conversion of one or more reactants to
one or more products. Such polypeptides generally include a binding site specific for
at least one reactant or reaction intermediate and an active functionality proximate to
the binding site, which functionality is capable of chemically modifying the bound

reactant;

hormone receptors: for instance, the receptors for insulin and growth hormone.
Determination of the ligands which bind with high affinity to a receptor is useful in the
development of, for example, an oral replacement of the daily injections which
diabetics must take to relieve the symptoms of diabetes, and in a replacement for the
scarce human growth hormone which may only be obtained from cadavers or by
recombinant DNA technology. Other examples are vaso-constrictive hormone
receptors; determination of those ligands which bind to a receptor may lead to the

development of drugs to control blood pressure;

opiate receptors: determination of ligands which bind to the opiate receptors in the
brain is useful in the development of less-addictive replacements for morphine and

related drugs.

Virtually any sample may be analyzed using the method according to the present

specification. However, usually, the sample is a biological or a biochemical sample. The

term "biological sample,” as used herein, refers to a sample obtained from an organism or

from components (e.g., cells) of an organism. The sample may be of any biological tissue

or fluid. Frequently the sample will be a "clinical sample" which is a sample derived from a
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patient. Such samples include, but are not limited to, sputum, cerebrospinal fluid, blood,
blood fractions such as serum including fetal serum (e.g., SFC) and plasma, blood cells
(e.g., white cells), tissue or fine needle biopsy samples, urine, peritoneal fluid, and pleural
fluid, or cells there from. Biological samples may also include sections of tissues such as

frozen sections taken for histological purposes.

Examples of biochemical samples include, without limitation, cell line cultures, purified
functional protein solutions, polypeptide solutions, nucleic acid solutions including

oligonucleotide solutions, and others.

Samples may be analyzed directly or they may be subject to some preparation prior to use
in the assays of this invention. Non-limiting examples of said preparation include
suspension/dilution of the sample in water or an appropriate buffer or removal of cellular
debris, e.g. by centrifugation, or selection of particular fractions of the sample before
analysis. Nucleic acid samples, for example, are typically isolated prior to assay and, in
some embodiments, subjected to procedures, such as reverse transcription and/or
amplification (e.g., polymerase chain reaction, PCR) to increase the concentration of all
sample nucleic acids (e.g., using random primers) or of specific types of nucleic acids
(e.g., using polynucleotide-thymidylate to amplify messenger RNA or gene-specific
primers to amplify specific gene sequences). The amplification method set out in WO

99/43850 may also be used in the present invention.

The terms “target” and “target-molecule” are used interchangeable throughout the present
invention and refer to molecules immobilized on a substrate. A wide variety of different
molecules can be immobilized on the substrate of the present arrays. Similarly, the
present methods are applicable to a wide variety of different molecules or targets that may
be immobilized on the substrate of the present arrays. A target or target-molecule as used
in the present specification refers to any molecule which may be attached to a substrate
for the purpose of performing microarray analysis. A target further refers to a molecule

that may be recognized by and/or interact with a particular analyte.

The methods and arrays are particularly exemplified herein in terms of antibodies as
targets immobilized on a substrate, but they are equally applicable to other types of
molecules. For example, one of skilled in the art could easily adapt the present methods
and arrays to apply to targets including, but not limited to, agonists and antagonists for cell
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membrane receptors; toxins and venoms; viral epitopes; hormones (e.g. steroids etc.) and
hormone receptors; peptides; enzymes; drugs; lectins; sugars; carbohydrate binding
proteins and other interactants; oligonucleotides; nucleic acids including deoxyribonucleic
acids (DNA), ribonucleic acids (RNA), and peptide nucleic acids (PNA) or any combination
thereof; oligosaccharides; proteins and protein interactants such as e.g. avidin and its
derivatives; antibodies including monoclonal antibodies, polyclonal antibodies, synthetic
antibodies, purified antibodies and crude (serum) antibodies; antibody fragments such as
e.g. Fab fragments; antibody interaction agents such as protein A; aptamers; and small
chemical entities, such as enzyme substrates, cofactors, metal ions, metal chelates, and

haptens.

Accordingly, the present invention relates to a method as described herein, wherein said
target-molecules are selected from the group comprising hormone receptors, peptides,
enzymes, oligonucleotides, nucleic acids, oligosaccharides, proteins, monoclonal

antibodies, antibody fragments, haptens, and aptamers.

The methods according to the present invention are useful in the study of the kinetics
associated with the dynamic processes of absorption, distribution, metabolism, and
excretion (ADME) of a drug and/or its metabolites within a living organism. “Absorption”
refers to the process of uptake of a drug compound from the site of administration into the
systemic circulation. The transfer of drugs across the intestinal lumen is generally referred
to as oral absorption, whereas the transfer of drugs across an external physiological
barrier is referred to general absorption. A pharmacokinetic parameter of absorption may
be estimated from kinetic data associated with a microarray having, for example, a

plurality of appropriate liposomes immobilized thereon.

"Distribution” refers to the transfer of a drug compound from the site of administration to
the total systemic circulation and then to extraceliular and intraceliular water and tissues.
Drug distribution is usually a rapid and reversible process. A pharmacokinetic parameter
of distribution may be estimated from kinetic data associated with a microarray having, for
example, a plurality of appropriate plasma proteins, liposornes, and/or transport proteins

immobilized thereon.

"Metabolism" refers to the sum of all the chemical reactions for bio-transformation of
endogenous and exogenous substances which take place in the living cell. A
pharmacokinetic parameter of metabolism may be estimated from kinetic data associated
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with a microarray having, for example, a plurality of appropriate metabolic enzymes

immobilized thereon.

"Excretion” refers to the final elimination or loss of a drug from the body. Drug excretion
includes both passive diffusion and relative specific carrier mediated excretion. Drugs may
be excreted, unchanged or as metabolites, in urine via the kidneys or in feces via the bile
and/or the intestine. Volatile compounds are often excreted in expired air by the lungs. As
disclosed herein, the pharmacokinetic parameter of excretion may be estimated from
kinetic data associated with a microarray having immobilized thereon, for example, an
antibody that specifically detects the drug, as well as other proteins/receptors having a
high affinity/specificity against the drug candidate. Such antibodies and proteins/receptors
may be used to quantify the concentration/amount of the drug in different body fluids (e.g.,

urineffeces) and tissues, using a direct binding assay.

Accordingly, target-molecules immobilized to the substrate may include liposomes,
plasma proteins, CYP 450 enzymes, other metabolic enzymes, and/or transport efflux

proteins.

interactions that may be monitored by the methods of the present invention include, but
are not limited to, immunoassays; ligand-(membrane)receptor interactions; antigen-
antibody interactions; protein-protein interactions; enzyme-substrate interactions; RNA-
protein interactions; DNA-protein interactions; DNA-DNA interactions; cell-protein
interactions; and drug screening. Further, an estimate of an absorption parameter of a
drug candidate may be determined from the binding interactions between the drug
candidate and one or more appropriate liposomes; an estimate of a distribution parameter
of a drug candidate may be determined from the binding interactions between the drug
candidate and an appropriate set of plasma proteins (e.g., specific and non-specific tissue
binding and tissue permeability); an estimate of a metabolism parameter of a drug
candidate may be determined from the binding interactions between the drug candidate
and an appropriate set of metabolic enzymes; and an estimate of an excretion parameter
of a drug candidate may be determined frém the binding interactions between the drug

candidate and an appropriate set of transport proteins.

Said interaction events may be monitored by the detection of signals generated as a result

of said interaction.
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Accordingly, in one embodiment of the present invention, a method is provided wherein
said monitoring comprises the steps of :
(a) detecting a signal, said signal resulting from a target-molecule/analyte interaction,
and;
(b) recording the level of said signal as defined in step (a), said level being indicative
for the strength of target-molecule/analyte interaction.

Thereto, usually, the samples are processed so that the analyte molecule(s) of interest are
labeled with a detectable label. The system may contain more labels producing different
signals which may be a component of, or released by, an interaction event. Any
combination of labels, e.g. first and second labels, first, second, and third labels, etc. may
be employed for analyte sets, provided the labels are distinguishable from one another.
Examples of distinguishable labels are well-known in the art and include: two or more
different wavelength fluorescent dyes, such as Cy3 and Cy5 or Alexa 542 and Bodipy
630/650; two or more isotopes with different energy of emission, such as *P and *P;
labels which generate signals under different treatment conditions, like temperature, pH
treatment by additional chemical agents, etc.; and labels which generate signals at

different time points after treatment.

Using one or more enzymes for signal generation allows for the use of an even greater
variety of distinguishable labels based on different substrate specificity of enzymes (e.g.

alkaline phosphatase/peroxidase).

The term “label” as used in this specification refers to a molecule propagating a signal to
aid in detection and quantification. Said signal may be detected either visually (e.g.,
because it has color, or generates a colored product, or emits fluorescence) or by use of a
detector that detects properties of the reporter molecule (e.g., radioactivity, magnetic field,
etc.). In the present specification, labels allow for the detection of the interaction or
association of two molecules. Detectable labels suitable for use in the present invention
include but are not limited to any composition detectable by spectroscopic, photochemical,

biochemical, immunochemical, electrical, optical or chemical means.

Useful labels in the present invention include for instance biotin for staining with labeled
streptavidin  conjugate, digoxigenin, anti-digoxigenin, luciferase, P-galactosidase,
antigens, enzymes and enzyme conjugates, (e.g. horseradish peroxidase, alkaline
phosphatase and others commonly used in e.g. ELISA).
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Magnetic beads (e.g. Dynabeads TM), colored glass or plastic (e.g. polystyrene,
polypropylene, latex, etc.) beads, isotopic labels including radiolabels (e.g. °H, %}, ¥g,
4G, 33p or 32p), colorimetric labels such as colloidal gold (e.g. gold particles in the 40 nm
to 80 nm diameter size range scatter green light with high efficiency), sugars, and lectins
may also be useful. Patents teaching the use of such labels include U.S. Patent Nos.
3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437, 4,275,149; and 4,366,241.
Molecules that change their fluorescence or activity upon a change in binding, may also

be useful.

Particular suitable labels that may be employed in the invention may be chromogens
including those that absorb light in a distinctive range of wavelengths so that a color may
be observed or, alternatively, that emit light when irradiated with radiation of a particular
wavelength or wavelength range, e.g., fluorescent molecules. Particular useful fluorescent
labels include, by way of example and not limitation, fluorescein isothiocyanate (FITC),
rhodamine, malachite green, Oregon green, Texas Red, Congo red, SybrGreen,
phycoerythrin, allophycocyanin, 6-carboxyfluorescein (6-FAM), 2',7-dimethoxy-4',5'-
dichloro-6-carboxyfluorescein  (JOE), 6-carboxy X-rhodamine (ROX), 6-carboxy-
2 4’7’ .4,7-hexachlorofluorescein  (HEX), 5-carboxyfluorescein (5-FAM), N,N,N’,N'-
tetramethyl-6-carboxyrhodamine (TAMRA), cyanine dyes (e.g. Cy5, Cy3), BODIPY dyes
(e.g. BODIPY 630/650, Alexa542, etc), green fluorescent protein (GFP), blue fluorescent
protein (BFP), yellow fluorescent protein (YFP), red fluorescent protein (RFP), and the
like, (see, e.g., Molecular Probes, Eugene, Oregon, USA).

Means for detecting such labels are well known to those of skill in the art. Thus, for
example, radiolabels may be detected using photographic film or scintillation counters,
fluorescent markers may be detected using a photodetector to detect emitted illumination.
Enzymatic labels are typically detected by providing the enzyme with an enzyme substrate
and detecting the reaction product produced by the action of the enzyme on the substrate,
and colorimetric labels are detected by simply visualizing the colored label.

Fluorescent labels are particularly suitable because they provide very strong signals with
low background. Fluorescent labels are also optically detectable at high resolution and
sensitivity through a quick scanning procedure. Fluorescent labels offer the additional
advantage that irradiation of a fluorescent label with light can produce a plurality of

emissions. Thus, a single label can provide for a plurality of measurable events.
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Accordingly, in one embodiment of the present invention, a method is provided, wherein

the detectable signal is a light emitted signal.

As will be appreciated by a person skilled in the art, detectable signals may be the

appearance, disappearance or changes of a detectable signal.

In a further embodiment of the present invention, a method is provided wherein the light

emitted signal is a fluorescent signal.

In yet a further embodiment of the present invention, a method is provided wherein a
fluorescent signal is emitted by a labeled analyte, said analyte being associated with a

target-molecule.

Desirably, fluorescent labels should absorb light above about 300 nm, usually above
about 350 nm, and more usually above about 400 nm, usually emitting at wavelengths
greater than about 10 nm higher than the wavelength of the light absorbed.

It should be noted that the absorption and emission characteristics of a bound light
emitting label may differ from the unbound label. It is therefore noted that the various
wavelength ranges and characteristics of said labels indicate the labels as employed and
not the label that is un-conjugated and characterized in an arbitrary solvent. It will be
recognized that fluorescent labels are not to be limited to single species organic
molecules, but may include inorganic molecules, multi-molecular mixtures of organic

and/or inorganic molecules, crystals, hetero-polymers, and the like.

Detectable signal may equally be provided by chemiluminescent and bioluminescent
labels. Chemiluminescent sources include compounds which becomes electronically
excited by a chemical reaction and can then emit light which serves as the detectable
signal or donates energy to a fluorescent acceptor. Alternatively, luciferins can be used in

conjunction with luciferase or lucigenins to provide bioluminescence.

Analyte molecule(s) may be labeled before, during, or after the sample contacts the
immobilized target-molecules by means of any method known in the art. So-called "direct
labels" are detectable labels that are directly attached to or incorporated into the analyte

molecule prior to interaction or binding with the cognate interaction or binding partner.
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"Indirect labels" are attached to a component capable of binding to the analyte or -to a
member of a binding pair, the other member of which is attached to the analyte molecule.
In indirect labeling, the labeled component may be linked to the analyte before, during or
after the analyte containing sample contacts the immobilized target-molecules. Thus, for
example, the analyte molecule(s) may be biotinylated and then bound to the cognate
target-molecule binding partner. After binding, an avidin-conjugated fluorophore may bind
the biotin-bearing analyte molecule, providing a label that is easily detected. Labels may
be attached to the analyte molecule(s) directly or through a linker moiety. In general, the
site of label or linker-label attachment is not limited to any specific position. For example,
in nucleic acid labeling, a label may be attached to a nucleoside, nucleotide, or analogue

thereof at any position that does not interfere with detection or hybridization as desired.

Alternatively, a detectable signal for monitoring an interaction event according to a method
as described in the present invention may be a refractive index, a cellular activity, an
absorbance, a color shift, a fluorescence resonance energy transfer, a radioactive

emission, a change in pH, a change in temperature, or a change in mass.

Accordingly, a method is provided for monitoring interactions between target-molecules
and at least one analyte according to the present invention, wherein said detectable signal
is selected from the group comprising a refractive index, a cellular activity, a light emission
including fluorescence, a change in absorbance, a change in fluorescence, an
absorbance, a color shift, a fluorescence resonance ‘energy transfer, a radioactive

emission, a change in pH, a change in temperature, and a change in mass.

Signal detection may be a quantitative or a qualitative observation or both. From the
strength of the detected signals, the strength of the interaction events can be deduced and
an interaction parameter may be calculated. Said interaction parameter may be in function

of the amount of interaction between an immobilized target-molecule and an analyte.

Accordingly, the present invention relates to a method as described herein, wherein said
interaction parameter may be a binding, binding affinity, relative affinity, apparent affinity,
association constant, dissociation constant, logarithm of an affinity, free energy for
binding, an absorption parameter, a distribution parameter, a metabolism parameter, or an

excretion parameter of the analyte for an immobilized target-molecule.
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More specifically, and in one embodiment of the present invention, said interaction
parameter is chosen from the group comprising specificity, affinity, association constant,
absorption parameter, distribution parameter, metabolism parameter and excretion

parameter.

The term “binding affinity” as used in the present invention refers to the tendency of a
target-molecule to associate with an analyte. Said association may be permanent or
transient and is typically characterized by a change in one or more physical and/or
chemical properties of one or both of the associating molecules. Target and analyte
molecules that have an affinity for each other may specifically bind to each other. Binding
affinity as used herein refers to the strength of the sum of total of non-covalent interactions

between two molecules.

Measurement of binding affinity or calculation of binding affinity as used in the present

specification refers to a measurement or calculation of the association constant for a

reaction Target-molecule + Analyte — Target-molecule/Analyte complex.

The term “association constant” as used in the present specification refers to the rate
constant for association of a target with an analyte. As will be recognized by a person
known in the art, the association constant for a typical reaction (Target-molecule + Analyte
— Target-molecule/Analyte complex) is usually designated as kass Or kon Or ki and is

expressed as M'sec™.

The term “dissociation constant” as used in the present specification refers to the rate or
“off-rate” for dissociation of a target-molecule from the analyte to which it associates and
is an indication of the strength of binding between two molecules in terms of how easy it is
to separate the complex. As will be recognized by a person skilled in the art, the
dissociation constant for a typical reaction is usually designated as Kgss Or Kot OF k-4 0Or k

and is and is expressed as sec™.

The nature and geometry of the porous substrate to be used in the present invention will
depend upon a variety of factors, including, among others, the type of array (e.g., one-
dimensional, two-dimensional or three-dimensional) and the mode of attachment (e.g.,
covalent or non-covalent). Generally, the substrate according to the present invention may
be composed of any porous material which will permit immobilization of a target-molecule
and which will not melt or otherwise substantially degrade under the reaction conditions
used. In addition, where covalent immobilization is contemplated, the substrate should be
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polyfunctional or be capable of being polyfunctionalized or activated with reactive groups
capable of forming a covalent bond with the target to be immobilized (e.g. carboxylic
acids, aldehydes, amino groups, cyano groups, ethylenic groups, hydroxyl groups,
inercapto groups and the like).

Functional groups which may be present on the surface and used for linking will be at
least bifunctional, i.e. they will have one functional group or moiety capable of forming a
linkage with the activated substrate and any other functional group or moiety capable of
forming a linkage with another linker molecule or the target-molecule. Linkers may be
useful in the application of spacing the target-molecules away from the substrate. Linkers
may be long or short, flexible, semi-rigid or rigid, charged or uncharged, hydrophobic or

hydrophilic, depending on the particular application.

In certain circumstances, linkers may be used to "convert" one functional group into
another. For example, an amino-activated substrate can be converted into a hydroxyl-
activated substrate by reaction with, for example, 3-hydroxy-propionic acid. In this way,
substrate materials which cannot be readily activated with a specified reactive functional
group can be conveniently converted into an appropriately activated substrate.
Chemistries and reagents suitable for "converting” such reactive groups are well-known,

and will be apparent to those having skill in the art.

Linkers may also be used, where necessary, to increase or "amplify" the number of
reactive groups on the activated substrate. For this embodiment, the linker will have three
or more functional groups. Following attachment to the activated substrate by way of one
of the functional groups, the remaining two or more groups are available for attachment of
polynucleotides. Amplifying the number of functional groups on the activated substrate in
this manner is particularly convenient when the substrate cannot be readily activated with

a sufficient number of reactive groups.

Suitable linkers or cross-linker molecules include, by way of example and not limitation,
polypeptides such as polyproline or polyalanine, saturated or unsaturated bifunctional
hydrocarbons such as 1-amino-hexanoic acid, polymers such as polyethylene glycol, etc.,
1,4-Dimethoxytrityl-polyethylene  glycol  phosphoramidites useful for forming
phosphodiester linkages with hydroxyl groups and are described, for example in Zhang et
al., 1991, Nucl. 20 Acids Res. 19:3929-3933 and Durand et al., 1990, Nucl. Acids Res.

18:6353-6359. Other useful linkers are commercially available.
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The method described in WO 01/12846 can also be used in combination with the present

invention.

A number of materials suitable for use as substrates in the present invention have been
described in the art. Particular suitable materials for use as substrates in the present
invention include any type of porous substrates known in the art. More particular suitable
materials for use as substrates in the present invention include any type of solid porous

substrates known in the art.

The substrate may be in the form of beads, particles, sheets, films or membranes and
may be permeable. For example, the substrate may consist of bead or particles (such as
conventional solid phase synthesis supports), fibers (such as glass wool or other glass or
plastic fibers), glass or plastic capillary tubes, or metal oxide membranes. The porous
substrate may be planar or have simple or complex shape. The surface to which the
molecule is adhered may be an external surface or an internal surface of the porous
substrate. Particularly where the surface is porous, the molecule is likely to be attached to
an internal surface. Where the solid surface is porous, various pore sizes may be

employed depending upon the nature of the system.

The material of the porous substrate may be, for example, a metal, a ceramic metal oxide
or an organic polymer. In view of strength and rigidity, a metal or a ceramic metal oxide
may be used. Above all, in view of heat resistance and chemicals resistance, a metal
oxide may be used. In addition, metal oxides provide a substrate having both a high
channel density and a high porosity, allowing high density arrays comprising different first
binding substances per unit of the surface for sample application. In addition, metal oxides
are highly transparent for visible light. Metal oxides are relatively cheap substrates that do
not require the use of any typical microfabrication technology and, that offers an improved
control over the liquid distribution over the surface of the support, such as
electrochemically manufactured metal oxide membrane. Metal oxide membranes having
through-going, oriented channels can be manufactured through electrochemical etching of

a metal sheet.

Accordingly, in one embodiment of the present invention, a method is provided as
described herein, wherein said porous substrate is a metal oxide substrate.
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The kind of metal oxide is not especially limited, but can be preferably used. As a metal,
for example, a porous substrate of stainless steel (sintered metal) can be used. For
applications not requiring heat resistance, a porous substrate of an organic polymer can

also be used if it is rigid.

Metal oxides considered are, among others, oxides of zirconium, silicium, mullite,
cordierite, titanium, zeolite or zeolite analog, tantalum, and aluminum, as well as alloys of

two or more metal oxides and doped metal oxides and alloys containing metal oxides.

In one embodiment, a method as described herein is provided, wherein said porous

substrate is an aluminum oxide support.

The metal oxide membranes are transparent, especially if wet, which allows for assays
using various optical techniques. Such membranes have oriented through-going channels
with well-controlled diameter and useful chemical surface properties. Patent application
WO 99/02266 is exemplary in this respect, and is specifically incorporated in the present
invention. This application demonstrates the use of Anopore™ which is a preferred

substrate according to the present invention.

In a further embodiment, a method as described herein is provided, wherein said porous

substrate is a flow-through substrate.

A particular useful substrate has long branched or partially branched capillaries, which are
interconnected inside the substrate. These so-called interconnections allow for more
precisely determining kinetic binding parameters which allow for an improved view on
interaction behavior in natural environments. Typically, the responses obtained by known
methods reflect rather “isolated” interaction events, i.e. “one-on-one” interactions are
being studied, and might not allow for extrapolation towards expected responses under

natural reaction conditions.

Useful substrate thickness according to the invention may for instance range from 50 pm
to 150 pym. A particular suitable example of substrate thickness is 60 um. Particularly
suitable substrate pore sizes are about 200 nm. These dimensions are not to be

construed as limiting the present invention.
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The porous nature of the substrate facilitates the pressurized movement of fluid, e.g. the
sample solution, through its structure. In contrast to two-dimensional substrates, the flow-
through nature of a 3-dimensional substrate or microarray, as employed in the methods
as described herein, gives significantly reduced hybridization times and increased signal
and signal-to-noise ratios. Further, a positive or negative pressure may be applied to the
arrays in order to pump the sample solution dynamically up and down through the
substrate pores. This may enhance the diffusion of analyte to the target-molecules, may
increase the rate of accumulation of analyte specifically bound to a binding target partner
and accordingly may result in increased opportunity for rare high-affinity analyte
molecules to bind to a target. Further, bound analyte molecules may be replaced by
higher affinity analyte molecules over an extended period of exposure to the target, thus
allowing for selection of those analyte molecules with the highest affinity for a given

target.

Accordingly, in one embodiment of the present invention, a method as described herein is

provided, wherein said incubating of target-molecules and sample is dynamic.

In a further embodiment, said dynamic incubation comprises subjecting said porous
substrate to at least one cycle of forward and backward flow of sample across said porous

substrate.

In yet a further embodiment, said forward and backward flow is established by application

of alternating positive and negative pressure.

The duration of one cycle of forward and backward flow of sample across said porous
substrate may be comprised between 10 min and 1 sec. Usually, duration of one cycle is
comprised between 5 min and 10 sec. More usually, duration of one cycle is comprised
between 5 min and 10 sec. Yet more usually, duration of one cycle is comprised between
1 min and 45 sec. A particular suitable example of duration of a single cycle of forward

and backward flow is 30 sec.

An optimum flow rate is such that the residence time of the analyte molecules near the
immobilized target-molecules is sufficient to generate interaction events of measurable

quantities of labeled analyte molecules in the shortest possible time.
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It might be desirable, however, to manipulate the flow rate to provide for the monitoring of
interaction events between target-molecules and analytes with pre-defined kinetic
properties; e.g. high Kass values. For example, with high flow rates, only those analyte
molecules with very fast on-rates and slow off-rates or which rebind quickly form target-
molecule/analyte complexes on the substrate. Flow rate may be increased or decreased
with a time factor two; i.e. e.g. from 1 cycle/15 sec to 1 cycle/30 sec to 1 cycle/60 sec and

so on. Equally suitable are time factor increments of 4, 6, 8, or 10.

In one embodiment of the present invention, a method as described herein is provided,

wherein said measuring and monitoring is in function of flow speed.

It is common to perform analysis at a single constant temperature; the preferred
temperature will depend on the application. Typically, thermophilic cell-based applications
are performed at a temperature chosen from 0°C to 100°C, typical physiological assays
are performed at 37°C, room-temperature assays require temperatures from 20°C to
30°C.

Adjustment of reaction temperature may be accomplished by coupling of the substrate via
a substrate holder to a heating device such as e.g. a waterbath or a conductive heating

plate.

However, it might be desirable, to vary temperature as incubation of analyte molecules
with target-molecules proceed in time. Such temperature variation experiment allows
specificity analysis of the interacting molecules. The temperature of the substrate may be
stepwise raised by any convenient increment. A suitable temperature increment is ranged
between 20°C and 1°C. More suitable temperature increments are ranged between 15°C
and 2°C; 10°C and 5°C; including the outer limits. Additionally, temperature variation may

be continues.

Accordingly, in one embodiment of the present invention, a method as described herein is

provided, wherein measuring and monitoring is in function of temperature.

Accordingly, in another embodiment of the present invention, a method as described
herein is provided, wherein a reaction parameter is chosen from the group comprising

temperature, flow speed, pH, and ionic strength.
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in a further embodiment of the present invention, a method as described herein is

provided, wherein varying of a reaction parameter is gradual.

in addition, the method of the present invention allows for continues as well discontinues

monitoring of interactions between target-molecules and analyte.

Accordingly, in one embodiment of the present invention, a method as described herein is

provided, wherein measuring and monitoring is in real time.

In another embodiment of the present invention, a method as described herein is

provided, wherein measuring and monitoring is in semi-real time.

In the present invention, a first binding substance or a target-molecule is immobilized on
the substrate at a spatially predefined region, i.e. at a particular spot. The term “first
binding substance” as used in this specification refers to any molecule directly bound to

the substrate such as activating groups including linkers, and target-molecules.

In one embodiment a method as described herein is provided, wherein said porous
substrate comprises a plurality of target-molecules within predefined regions on said

t

porous substrate.

In a further embodiment a method as described herein is provided, wherein said

predefined regions are spatially arranged to form microarrays.

The microarrays of the present invention may be of any desired size, from two spots to
10° spots or even more. The upper and lower limits of the size of the substrate are
determined solely by the practical considerations of working with extremely small or large

substrates.

The terms “predefined region” or “spot” are used interchangeably throughout the present
invention. The latter terms relate to individually, spatially addressable positions on an

array.

A predefined region is a localized area on a substrate which is, was, or is intended to be
used for the attachment, directly or by synthesis, a target-molecule. The predefined region
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may have any convenient shape, e.g., circular, rectangular, elliptical, wedge-shaped, etc.
A predefined region and, therefore, the area upon which each distinct target-molecule is
attached, is smaller than about 1 cm’ or less than 1 mm?. Usually, the regions have an
area of less than 10.000 pm?, or more usually less than 100 um? and may be less than
10um? Within these predefined regions, the target-molecule therein attached is in a

substantially pure form.

With “substantially pure” is meant exhibiting characteristics that distinguishes it from other
predefined regions. Typically, purity may be measured in terms of biological activity or
function as a result of uniform sequence. Such characteristics will typically be measured
by way of binding with a selected receptor. Usually, the region is sufficiently pure such that
the predominant species in the predefined region is the desired species.

The expression “spatially arranged” to form distinct arrays means that the predefined
regions on the substrate, onto which the target-molecules attach, are laid out in precise

patterns, such as rows of dots, or rows of squares, or lines.

The term “microarray” as used in the present specification refers to a porous substrate,

with a matrix of target-molecules arrayed at specific positions.

The expressions “attached to” or “adhered to” or “bound to” a porous substrate denote that
said target-molecules are directly or indirectly fixed or immobilized to the substrate and
that more than 95% of the target-molecules remain associated with the substrate at least

until all the manipulations are completed and the level of binding is assessed.

The expression “immobilized on a porous substrate” as used in the present specification
refers to the attachment or adherence of one or more target-molecules to the surface of a
porous substrate including attachment or adherence to the inner surface of said substrate.

Molecules or compounds may be immobilized either covalently (e.g., utilizing single
reactive thiol groups of cysteine residues,) or non-covalently but specifically (e.g., via
immobilized antibodies, the biotin/streptavidin system, and the like), by any method known
in the art. Further examples of the various methods that are available to attach target-
molecules to porous substrates include but are not limited to biotin-ligand non-covalently
complexed with streptavidin, S-H-ligand covalently linked via an alkylating reagent such as
an iodoacetamide or maleimide which reacts with SH and forms a thioether bond, amine-
ligand covalently linked via an activated carboxylate group (e.g., EDAC coupled, etc.),
phenylboronic acid (PBA)-ligand complexed with salicylhydroxamic acid (SHA), and
acrylic linkages allowing polymerization with free acrylic acid monomers to form
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polyacrylamide or reaction with SH or silane surfaces. More specifically, immobilization of
proteins may be accomplished through attachment agents selected from the group
comprising cyanogen bromide, succinimides, aldehydes, tosyl chloride, avidin-biotin,
photo-crosslinkable agents including hetero bi-functional cross-linking agents such as N-
[y-maleimidobutyryloxylsuccinimide ester (GMBS), epoxides, and maleimides. Antibodies
may be attached to a porous substrate by chemically cross-linking a free amino group on
the antibody to reactive side groups present within the support. For example, antibodies
may be chemically cross-linked to a substrate that contains free amino, carboxyl, or sulfur
groups using glutaraldehyde, carbo-di-imides, or hetero bi-functional agents such as

GIVMS as cross-linkers.

The methods as described herein for monitoring interactions between target-molecules
and analytes allow the determination of interaction parameters including binding constants

as well as dissociation constants.

Accordingly, in one embodiment of the present invention, an excess of unlabeled analyte

molecules is added.

In a further embodiment, said excess of unlabeled analyte molecules is added after

completion of immobilized target-molecule/analyte complex formation.

The addition of unlabeled analyte molecules after target-molecule/labeled analyte complex
formation result in dissociation of the labeled analyte, which will be replaced by the
unlabeled analyte-molecule, which prevents so-called rebinding. Rebinding often leads to

an underestimation of the dissociation constant.

A further aspect of the present invention relates to use of a method as described herein to

study analyte-molecule binding kinetics.

Another aspect of the present invention relates to se of a method as described herein for

measuring dissociation constants of ligand-receptor pairs.

Yet another aspect of the present invention relates to use of a method as described herein

for screening therapeutic compound libraries.
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Yet another aspect of the present invention relates to use of a method as described herein

for screening diagnostic protein libraries.

Another aspect of the present invention relates to the use of a porous substrate for the
preparation of a microarray kit for carrying out a method according to the present

invention.

Short Description of the Figures

Figure 1 illustrates a lay-out of a Llama VHH antibody array as used in Example 1. The
array comprises 7 VHH proteins designated C1, C4, E7, C12, B5, H2 and G11 in double;
a number of PBS negative controls and a Fluorescein-labeled reference oligonucleotide.

Figure 2 illustrates the detection results of Cy3-labeled total IgG contacted with an

antibody array as shown in Figure 1 of Llama VHH antibody fragments as described in

Example 1. Total IgG and IgG1 are used at concentrations of 1 pg/ml (6.7 nM). Exposure

times range from 55 ms (Figure 2A) to 110 ms (Figures 2C and 2D) to 220 ms (Figure

2B).

- Figure 2A illustrates the results obtained with total IgG after one cycle of flow-
through pumping;

- Figure 2B illustrates the results obtained with IgG1 after 2 cycles of flow-through

pumping;

- Figure 2C illustrates the results obtained with total 1gG after 120 cycles of flow-
through pumping (1 hour duration); and

- Figure 2D illustrates the results obtained with 1gG1 after 120 cycles of flow-
through pumping (1 hour duration).

Figure 3 illustrates the concentration dependent binding of total IgG to VHH E7 (see

Example 1). au, arbitrary unit.

Figure 4 illustrates the kinetics of binding of total IgG (1 nM) to immobilised VHH'’s C4 and
E7 (see Example 1).
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Figure 5 illustrates the influence on background fluorescence of the addition of serum to a
Mab57.9 antibody-complex prior to contacting with a peptide array as described in

Example 2:

- Figure 5A illustrates the fluorescence result in absence of serum;

- Figure 5B illustrates the fluorescence result after addition of 10% serum;

- Figure 5C illustrates the fluorescence result after addition of 20% serum; and
- Figure 5D illustrates the fluorescence result after addition of 40% serum.

Camera set-up: gain 255, gamma 100, exposure time 770 ms.

Figure 6 illustrates the influence on the background fluorescence of the addition of serum
to a Mab3418 antibody-complex prior to contacting to a peptide array as described in

Example 2:

- Figure 6A illustrates the fluorescence result in absence of serum;

- Figure 6B illustrates the fluorescence result after addition of 10% serum;

- Figure 6C illustrates the fluorescence result after addition of 20% serum; and
- Figure 6D illustrates the fluorescence result after addition of 40% serum.

Camera set-up: gain 255, gamma 100, exposure time 77.8 ms.

Figure 7 illustrates the influence of addition of serum on complex formation of Mab57.9

and goat-anti-mouse Fluorescein. Exposure time is 440 ms.

Figure 8 illustrates the detection of interaction between Mab3418/gam-Flu antibody and 6

different peptides in the absence of serum.

Figure 9 illustrates the detection of interaction between Mab3418/gam-Flu antibody and 6

different peptides in the presence of 10% serum.

Figure 10 illustrates an array lay-out as used in Examples 3 and 4 (in double: rows A to D
and E to H are the same). The array comprises PBS negative controls and a reference

oligo.

Figure 11 illustrates the fluorescence results after incubation of various Fluorescein-
labeled antibodies with an IgG array as shown in Figure 10 and as described in Example
3. The exposure time is 220 ms.

- Figure 11A illustrates the binding of anti-mouse lgG to mouse 1gG and rat-IgG,

- Figure 11B illustrates the binding of anti-goat IgG to goat IgG and bovine 1gG, and
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- Figure 11C illustrates the binding of anti-rat IgG to all spotted 1gG’s.

Figure 12 illustrates the fluorescence results after incubation of various Cy3-labeled
antibodies with an IgG array as shown in Figure 10 and as described in Example 3. The
exposure time is 55 ms.

- Figure 12A illustrates the binding of anti-mouse IgG to mouse 1gG and rat-IgG,

- Figure 11B illustrates the binding of anti-goat IgG to goat IgG and bovine IgG, and
- Figure 11C illustrates the binding of anti-rat IgG to mouse IgG and rat igG.

Figure 13 illustrates the results obtained after incubation of an IgG array as shown in
Figure 10 with Fluoréscein-labeled anti-goat 1gG. The concentration of Fluorescein-
labeled anti-goat IgG is 0.02 pg/ml. Exposure time is 220 ms.

- Figure 13A illustrates detection immediately after washing of the array;

- Figure 13B illustrates detection at 5 min after washing; and

- Figure 13C illustrates detection at 50 min after washing.

Figure 14 illustrates the binding of Fluorescein-labeled anti-goat 1gG in different

concentrations to goat IgG as described in Example 4.

Figure 15 illustrates the binding of Cy3-labeled anti-goat IgG at low concentration to an
array of various IgG's (see Figure 10) as decribed in Example 4. The concentration of
Cy3-labeled anti-goat is 0.002 ug/ml. Exposure time is 990 ms.

- Figure 15A illustrates detection after immediately after washing of the array;

- Figure 15B illustrates detection at 60 min after washing; and

- Figure 15C illustrates detection at 150 min after washing.

Figure 16 illustrates the binding of Cy3-labeled anti-goat IgG at different concentrations to

goat IgG as described in Example 4.

EXAMPLES
The following examples of the invention are exemplary and should not be taken as in any

way limiting.
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Example 1: Rapid and specific detection of protein-protein interactions using an
antibody array of Llama VHH antibody fragments immobilised on a solid substrate

Llama single domain antibody fragments (VHH's) were used in the detection of proteins.
immunoglobulins of the G-type are the proteins of interest and were used in the selection
of the VHH's. VHH'’s are very applicable in the generation of microarrays for a number of
reasons; among others high stability, easy molecular cloning (small, approximately 125

amino acids) and high solubility.

1.1. Isolation of VHH profeins

Phage display technology was used to isolate the VHH proteins. The VHH proteins were
selected from libraries that were generated from RNA of two Llama’s immunised with
either IgG1 and IgG2a or a mixture of Fc fragments from human and mouse
immunoglobulins. Successive rounds of selection yielded 7 VHH proteins with specificity

or cross-reactivity towards mouse IgG subclasses.

1.2. Preparation of the microarray

The VHH proteins, comprising a C-terminal cysteine residue (enabling covalent coupling
to maleimide groups), were spotted in an array format (Figure 1) at a 10 yM concentration
on a maleimide-modified solid support (ANOPORE™ aluminum-oxide membrane; Cat.
No. 68090084, Whatman Scientific Ltd.).

1.3. Contacting the VHH array with Cy3-labeled mouse total IgG or IgG1 and
detection of signal

After extensive washing, the membrane was incubated with Cy3-labeled mouse total IgG
(total immunoglobulin G) or 1gG1 (subclass) at a 1 ug/ml concentration (6.7 nM) in
phosphate buffered saline (PBS) supplemented with Tween-20 (0.05%).

In both cases signal was readily detected at particular VHH-spots (e.g. C4 and E7) after 1
or 2 times of flow-through pumping of the sample (Figures 2a and 2b). After 1 hour of
incubation, while flow-through pumping according to a fast-incubation procedure (1 cycle/
0.5 min; sample passes immobilised VHH 4 times per minute), strong signals were
recorded (see Figure 2c and 2d). Signals from distinct VHH-spots varied to a large extent,
indicating specific recognition of the immunoglobulin by the immobilised VHH proteins.
Binding is concentration dependent and is shown for the binding of total IgG to VHH in
Figure 3 (see E7). The lowest level of total IgG detected was 0.1 nMin a 20 uL sample (2

femtomole).
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1.4. Binding kinetics

The detection of the signals from binding Cy3-labeled total lgG as obtained in Example 1
was recorded in time to study the binding kinetics. Figure 4 shows the association curves
of the binding of Cy3-labeled total IgG (1 nM) to VHH C4 and VHH E7, respectively. By
fitting the data and using Formula 1, the rate constants (kass) were determined (see Table

1).

B = Buax - [1-€xp(-k.1)]

Formula 1

Even for low concentrations of VHH proteins, e.g. for a VHH protein (B5) spotted from a
solution of 3 UM whereby less than 0.9 femtomole VHH was immobilised, a signal was
obtained after incubation with total IgG.

The above-mentioned results demonstrate that the present invention allows for rapid and
specific detection of interactions between immunoglobulins and Llama VHH proteins
immobilised on a solid support. The methods according to the present invention enables

kinetic studies of molecule interactions as well.

Example 2: Detection of antibody-peptide interactions in the presence of serum
The influence of addition of serum before or after complex formation between antibody

and Fluorescein-labeled second antibody was analysed.

2.1. Strategy

Fresh peptide-arrays were prepared using standard methods; the different peptides that
were used are presented in Table 2. Two antibodies (Mab3418, 31 mg/ml and Mab57.9,
1.87 mg/mi; Pepscan Systems) were pre-incubated with a Fluorescein-labeled goat anti-
mouse antibody. Serum (ABV-HIV-MCV-; obtained from P. Schneeberger, BMC) was
added before (Mab3418: 0% and 10% serum, Mab57.9: 0%, 10%, 20% and 40% serum)
or after (0%, 10%, 20% and 40% serum) antibody-complex formation. After pre-incubation
the antibody-complex was diluted in PBS/Tween (25x; Organon) to a final concentration of
5 pg/ml and 0.3 pg/ml respectively. The diluted antibody-complex was added to the
peptide array and incubated dynamically at 37°C. The Mab3418-complex was incubated
during 15 minutes and the Mab57.9-complex was incubated during 25 minutes. Images
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were made at different time points (camera set up with MAS device; Hamilton pump and
water bath; Olympus microscope Bx41, Tokyo Japan; CCD camera Kappa type PS2,
serial no. DXP1206, Fabr. no. 0280).

2.2 Influence of serum on binding of the antibodies to the peptide array

Images were made at 15 minutes after incubation and are shown in Figures 5 and 6. The
background fluorescence is increasing by the addition of serum to the antibody-complex.
More serum resulted in more background. Also the fluorescence of the spots decreased

with increase of serum.

2.3. Influence of serum on complex formation

Mab57.9 antibody-Fluorescein complex

The addition of serum did not have a big influence on the formation of the Mab57.9
antibody-Fluorescein complex and the subsequent binding of the complex to the peptide
array. Figure 7 displays comparative results. Table 3 represents a fluorescence analysis
on a 180 yM MDG21 peptide spot.

Mab3418 antibody-Fluorescein complex

The addition of 10% serum did not have an influence on the formation of the Mab3418
antibody-Fluorescein labeled secondary antibody complex and the subsequent binding of
the complex to the peptide array. The results are shown in Figures 8 and 9.

The above-mentioned results demonstrate that the addition of serum after complex
formation between antibody and labeled second antibody resulted in decreased signals
upon incubation of the complex with the peptide array. Addition of serum during complex
formation between antibody and labeled second antibody did not influence the strength of
the signals when the complex was incubated with the peptide array. Background
fluorescence was higher when serum was added to the labeled antibody complex.

Example 3: Analysis of absorptive coupled antibodies on an Anopore aluminum

oxide membrane.

The detection of different kind of absorptive-coupled 1gG’s on an Anopore membrane (0.2
um, Cat. No. 68090084, Whatman) upon incubation with anti-lgG antibodies labeled with

Fluorescein or Cy3 was tested.
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3.1. Preparation of IgG arrays and antibody labeling

lgG-arrays were prepared by spotting (Biochip Arrayer; Packard Biochip Technologies)
200 pM, 50 uM and 25 uM solutions of IgG’s (Sigma; see Table 4) on a solid support. The
array layout is shown in Figure 10. Anti-lgG antibodies (rat, goat and mouse anti-lgG,
Sigma; see Table 4) were labeled with Fluorescein-succinimmidyl-ester (5-FAM SE; Cat.
No. C2210, Molecular Probes) or with Cy3 using the Fluorolink-Ab-Cy3 labeling kit
(Amersham, Arlington Heights, IL) according to the manufacturer’s guidelines. After
labeling the antibodies were purified using Sephadex G25 columns. The concentration of
the labeled antibodies was determined by using the Micro BCA™ Assay (Pierce). To
determine the degree of labeling the labeled antibodies were measured with a
spectrophotometer at wavelengths: 280 nm (protein), 494 nm (Fluorescein) and 552 nm
(Cy3). Table 5 shows the result of the degree of labeling.

3.2. Incubation with Fluorescein-labeled antibodies

The labeled antibodies were diluted in PBS/Tween to a final concentration of 1.8 pg/ml.
The diluted antibody-complex was added to the IgG-array and incubated dynamically at
37°C during 40 minutes. Images were taken at several time points during the incubation.

Figure 11 shows the binding of Fluorescein-labeled antibodies to the IgG’s on the array
after 40 minutes of incubation. The anti-goat and anti-mouse antibodies gave a result that
could be expected: anti-mouse IgG-Fluo binds with mouse-IgG and rat-lgG, anti-goat IgG-
Fluo binds with goat-IgG and bovine-IgG. A test for cross-reactivity of anti-mouse 1gG with
human IgG showed a negative result. Cross-reactivity with rat-IgG was not unlikely. In this
experiment the anti-rat antibody unexpectedly bonded with all the spotted IgG’s and might
have been due to the high degree of labeling with Fluorescein.

3.3. Incubation with Cy3-labeled antibodies

Figure 12 shows the binding of Cy3-labeled antibodies to the IgG’s on the array after 40
minutes of incubation. The anti-mouse and anti-goat antibodies labeled with Cy3 gave
about the same results as the same antibodies labeled with Fluorescein. The anti-rat
antibody labeled with Cy3 gave much more specific results, although the antibody still
bonded stronger to mouse IgG than to rat IgG. The degree of labeling with Cy3 was half
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the amount of the degree of labeling with Fluorescein. Therefore the degree of labeling

may determine the specificity of the antibody.

Comparison of the signals of the above-described experiments with Fluorescein- and Cy3-
labeled antibodies show that the signals of Cy3 are a factor 10 stronger than the signals of

Fluorescein.

It has been shown that it is possible to detect absorptive-coupled IgG’s on a solid support
with Cy3- or Fluorescein-labeled anti-lgG’s. The binding of the labeled antibodies was

most specific when the degree of labeling was below 6.

Example 4: Determination of the detection limit of a multiple-antibody array
The detection limit of antibody-antibody interactions was determined on an Anopore
aluminum-oxide support (Cat. No. 68090084, Whatman Scientific Ltd.) and the

sensitivities of Cy3-and Fluorescein-labeled antibodies were compared.

4.1. Preparation of IgG arrays and antibody labeling

The IgG-arrays of Example 3 were used for the following experiments. The array layout is
shown in Figure 10. Also the Cy3- and Fluorescein-labeled anti-goat lgG’s of Example 3
were used for these experiments

The labeled antibodies were diluted in PBS/Tween to final concentrations of 0.02 pg/ml,
0.2 pyg/ml, 1 pg/ml, 2 pg/ml, and 5 pg/ml for Fluorescein-labeled anti-goat IgG and 0.002
pg/ml, 0.02 pg/ml, 0.5 pg/ml, 1 pg/ml, 2 pg/ml, and 5 pg/ml for Cy3-labeled anti-goat IgG.
The diluted antibody-complex was added to the IgG-array and incubated dynamically at
37°C during maximal 150 minutes. Images were made at several time points during

incubation.

4.2. Incubation with Fluorescein-labeled anti-goat IgG:

Figure 13 shows the results of the lowest concentration of Fluorescein-labeled anti-goat
IgG tested on the IgG array. 0.02 pg/ml of Fluorescein-labeled anti-goat IgG was
observed to be the lowest concentration that gives a binding-signal on the array within a
reasonable time (i.e. after 5 minutes the signal can be seen), with a reasonable exposure
time.

The results of binding of the different concentrations of Fluorescein-labeled anti-goat IgG
to goat IgG (50 uM) are shown in Figure 14.
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4.3. Incubation with Cy3 labeled anti-goat IgG:

Figures 15 and 16 show the results of the lowest concentration of Cy3-labeled anti-goat
IgG tested on the array. Longer exposure times (e.g. 2.4 s) showed already signals at 30
minutes incubation but gave a very high background fluorescence. 0.002 pg/ml Cy3-
labeled anti-goat IgG was observed to be the lowest concentration that gave a binding-

signal on the array within a reasonable time.

The results of binding of different concentrations of Cy3-labeled anti-goat lgG to goat IgG
(50 M) are shown in Figure 16.

The above-described experiments show that the detection limit for Fluorescein-labeled
anti-goat 1gG is about 0.02 pg/ml (0.13 nM) and the detection limit for Cy3-labeled anti-
goat IgG is about 0.002 pg/ml (13 pM).
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Table 1.
VHH C4 VHH E7
Variables Bimax 67.57 17.52
k 0.1079 0.3956
Standard Error Bmax 0.1675 0.03615
K 0.001192 0.007711
Goodness of fit R? 0.9822 0.9113
Table 2.
Peptide AA sequence Purity (%) kD Mw (g/mol)
MCL17 GCASLQGMDTCGK 60 10° 1331
MCY18 APDPFKQGVDTCGK 90 4° 1503
MCO31 CAFKQGVDTCGK 30 37 1298
MDE27 GCAPDPFKQGVDTCGK 80 2 1663
R381 Pepscan Systems 60 1910
MDG21 Pepscan Systems 90 1868
Table 3.
Fluorescence
Incubation time 57.9 wio 57.9 + 57.9 + 57.9 +
(min) serum 10% serum 20% serum | 40% serum
0 1 2 0 0
0.5 3
2.5 20
5 26 39 31 29
10 47 63 54 51
15 61 76 67 56
20 69 81 65 63
25 83 89 71 70
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Table 4
IgG Company Catalogue No
Bovine Sigma 15506
Goat 15526
Human 14506
Mouse 15381
Rabbit 15006
Rat - 14161
Anti-lgG
Anti-Bovine Sigma B6901
Anti-Goat G9019
Anti-Human 16135
Anti-Mouse M6898
Anti-Rabbit R2004
Anti-Rat R5310
Table 5.
Labeled antibody Degree of labeling
Anti-Rat IgG-Fluo 11
Anti-Goat IgG-Fluo 2

Anti-Mouse IgG-Fluo
Anti-Rat 1gG-Cy3
Anti-Goat IgG-Cy3
Anti-Mouse IgG-Cy3

~Np N o -
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Claims

1.

A method for monitoring interactions between target-molecules and at least one

analyte comprising:

(a) contacting a plurality of target-molecules, said target-molecules being immobilized
on a porous substrate with a sample, said sample comprising at least one analyte;

(b) incubating said target-molecules with said sample under conditions supporting
target-molecule/analyte interaction ;

(c) monitoring said interaction as defined in step (b), said monitoring being in function
of time of incubation as defined in step (b);

(d) optionally determining at least one interaction parameter;

(e) varying said conditions as defined in step (b) by varying a reaction parameter; and;

(f) repeating, at least once, steps (c) to (e).

A method according to claim 1, wherein said porous substrate is a flow-through

substrate.

A method according to any of claims 1 — 2, wherein said porous substrate is a metal

oxide substrate.

A method according to any of claims 1 — 3, wherein said porous substrate is an

aluminum oxide substrate.
A method according to any of claims 1 — 4, wherein said incubating is dynamic.

A method according to claim 5, wherein said dynamic incubation comprises subjecting
said porous substrate to at least one cycle of forward and backward flow of sample

across said porous substrate.

A method according to claim 6, wherein said forward and backward flow is established

by application of alternating positive and negative pressure.

A method according to any of claims 1 — 7, wherein said reaction parameter is chosen
from the group comprising temperature, flow speed, pH, and ionic strength.
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9. A method according to any of claims 1 — 8, wherein said interaction parameter is
chosen from the group comprising specificity, affinity, association constant, absorption

parameter, distribution parameter, metabolism parameter and excretion parameter.

10. A method according to any of claims 1 — 9, wherein said monitoring comprises the

steps of:

(a) detecting a signal, said signal resulting from an interaction as defined in step (b) of
claim 1, and;

(b) recording the level of said signal as defined in step (a), said level being indicative

for the strength of target-molecule/analyte interaction.

11. A method according to any of claims 1 — 10, wherein said measuring and monitoring is

in real time.

12. A method according to any of claims 1 — 10, wherein said measuring and monitoring is

in semi-real time.

13. A method according to any of claims 1 — 12, wherein said measuring and monitoring is

in function of temperature.

14. A method according to any of claims 1 — 12, wherein said measuring and monitoring is

in function of flow speed.

15. A method according to any of claims 1 — 14, wherein said varying of said reaction

parameter is gradual.

16. A method according to any of claims 1 — 15, wherein said target-molecules are
selected from the group comprising hormone receptors, peptides, enzymes,
oligonucleotides, nucleic acids, oligosaccharides, proteins, monoclonal antibodies,

antibody fragments, haptens, and aptamers.

17. A method according to any of claims 1 — 16, wherein said analyte is selected from the
group comprising antibodies, monoclonal antibodies, antibody fragments, antisera,
polynucleotides, nucleic acids, peptides, enzyme binding sites, polysaccharides, cells,

cellular membranes, and organelles.
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18. A method according to any of previous claims 1 — 17, wherein said porous substrate

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

comprises a plurality of target-molecules within predefined regions on said porous

substrate.

A method according to claim 18, wherein said predefined regions are spatially

arranged to form microarrays.

A method according to any of claims 1 — 19, wherein said detectable signal is selected
from the group comprising a refractive index, a cellular activity, a light emission
including fluorescence, a change in absorbance, a change in fluorescence, an
absorbance, a color shift, a fluorescence resonance energy transfer, a radioactive

emission, a change in pH, a change in temperature, and a change in mass.

A method according to any of claims 1 — 20, wherein said detectable signal is a light

emitted signal.

A method according to claim 21, wherein said detectable signal is a fluorescent signal.

A method according to claim 22, wherein said fluorescent signal is emitted by a
labeled analyte, said analyte being associated with a target-molecule.

A method according to any of claims 1 — 23, wherein said analyte is present in said

sample in a concentration from 5x1 0* nM to 10 nM.
A method according to claim 24, wherein said concentration is from 5x10° nM to 1 nM.

A method according to claim 25, wherein said concentration is from 5x102 nM to 10™
nM.

A method according to any of claims 1 — 26, wherein an excess of unlabeled analyte is
added.

A method according to claim 27, wherein said excess of unlabeled analyte is added

after completion of immobilized target-molecule/analyte complex formation.
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32.

33.

WO 03/102585 PCT/EP03/05748

37
Use of a method according to any of claims 1 — 28, to study analyte-molecule binding
kinetics.
Use of a method according to any of claims 1 — 28, for measuring dissociation

constants of ligand-receptor pairs.

Use of a method according to any of claims 1 — 28, for screening therapeutic

compound libraries.

Use of a method according to any of claims 1 — 28, for screening diagnostic protein

libraries.

Use of a porous substrate for the preparation of a microarray kit for carrying out a

method according to any of claims 1-28.
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