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ANALYTICAL PLATFORM AND DETECTION
METHOD WITH THE ANALYTES TO BE
DETERMINED IN A SAMPLE AS IMMOBILIZED
SPECIFIC BINDING PARTNERS, OPTIONALLY
AFTER FRACTIONATION OF SAID SAMPLE

[0001] The present invention at hand is related to an
analytical platform and a method performed therewith for
the analysis of a multitude of samples for analytes contained
therein, being of biological relevance as binding partners in
specific binding reactions, wherein

[0002] said samples or fractions of said samples, with
the analytes to be determined contained therein, as a
first plurality of specific binding partners, are depos-
ited directly or after additional dilutions of said
samples or fractions in discrete measurement areas in
at least one one- or two-dimensional array of mea-
surement areas on an evanescent field sensor plat-
form as a solid support, different samples or fractions
or different dilutions of samples or fractions being
arranged in different discrete measurement areas,

[0003] one or more tracer compounds as a second
plurality of specific binding partners, for the specific
determination of one or more analytes from the first
plurality of specific binding partners contained in the
samples, are brought into contact with the samples or
their fractions or dilutions deposited in said discrete
measurement areas in a single step or multiple steps
of a specific binding reaction,

[0004] changes in opto-electronic signals, resulting
from the binding of tracer compounds to analytes
contained in the samples in discrete measurement
areas in the evanescent field of the evanescent field
sensor platform are measured laterally resolved, and

[0005] the presence of the analytes to be specifically
detected is determined qualitatively and/or quantita-
tively from the relative amount of the changes of said
opto-electronic signals from the corresponding mea-
surement areas.

[0006] Thereby, the changes in opto-electronic signals,
resulting from the binding of tracer compounds to analytes
contained in the samples in discrete measurement areas in
the evanescent field of the sensor platform, may be deter-
mined, for example, from a comparison of the simulta-
neously measured signals from different measurement areas
containing analytes to be determined (at a known or
unknown concentration and/or amount) with the signals
from measurement areas which do not contain the corre-
sponding analytes to be determined. For the determination
of said signal changes, also the signals from measurement
areas with unknown concentrations of analytes and the
signals from measurement areas containing analytes at a
known concentration may be used. In the case of a continu-
ous signal acquisition during and after application of the
corresponding tracer compounds and their binding to the
corresponding analytes contained in the measurement areas,
a corresponding signal change can also be determined from
the temporal evolution of the signals from the corresponding
measurement areas.

[0007] Inthe following (and particularly with regard to the
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(“nature-identical”) sample is always also related to two or
more, ie. multiple (“nature-identical”) samples, unless
explicitly stated otherwise.

[0008] For many fields of application, multiple biologi-
cally relevant analytes need to be determined in a complex
sample, for example, in diagnostic methods for determining
an individual’s state of the health or in pharmaceutical
rescarch or development for determining the effects of the
administration of biologically active compounds on an
organism and on its complex functional mode.

[0009] Whereas known analytical separation methods
have in general been optimized to separate the largest
possible number of compounds contained in a given sample
within the shortest possible time, according to a given
physical-chemical parameter, such as the molecular weight
or the ratio of the molecular charge and the mass, bioaffin-
ity-related methods of determination are based on recogniz-
ing and binding with high selectivity the corresponding
(single) analyte of interest in a sample of complex content by
a biological or biochemical or synthetic recognition element
the greatest possible specificity. The determination of many
different compounds thus requires the application of a
correspondingly large number of different specific recogni-
tion elements.

[0010] A determination method based on a bioaffinity
reaction can be performed both in a homogeneous solution
and at the surface of a solid support. Depending on the
specific method, washing steps may be required after bind-
ing of the analytes to the recognition elements and of
optional further tracer compounds and optionally between
different steps of the process in order to separate the com-
plexes formed between the recognition elements and the
analytes to be determined and optional further tracer com-
pounds from the residual part of the sample and of the
additional indicator reagents that are optionally applied.

[0011] Methods for the simultaneous determination of
many different nucleic acids in a sample using correspond-
ing complementary nucleic acids as recognition elements
immobilized in discrete, laterally separated measurement
areas on a solid support are in relatively wide use nowadays.
For example, arrays of oligonucleotides based on simple
glass or microscope plates are known as recognition ele-
ments with a very high feature density (density of measure-
ment areas on a common solid support). For example, in
U.S. Pat. No. 5,445,934 (Affymax Technologies) arrays of
oligonucleotides with a density of more than 1000 features
per square centimeter have been described and claimed.

[0012] Recently, there have also been frequent descrip-
tions of similar arrays and methods based thereon for
simultaneous determination of multiple proteins, for
example in U.S. Pat. No. 6,365,418 B1.

[0013] The disclosures for such so-called “microarrays”
for the determination both of nucleic acids and of other
biopolymers, such as proteins, describe how multiple spe-
cific recognition elements are immobilized in discrete mea-
surement areas in order to generate an array for analyte
recognition and are then brought into contact with the
sample to be analyzed, comprising the analytes, perhaps in
a complex mixture. Following the known disclosures, dif-
ferent specific recognition elements are provided in as pure
a form as possible in separate discrete measurement areas, so
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that generally different analytes will bind to measurement
areas with different recognition elements.

[0014] For this kind of known assay, it is required that the
specific recognition elements to be immobilized in as pure a
quality as possible be enriched by means of what in some
cases are very laborious steps. As different recognition
elements also differ more or less in terms of their physical-
chemical properties (for example, their polarity), there are
also corresponding differences in the conditions for their
optimized immobilization in discrete measurement areas on
a common support, optionally mediated by an adhesion-
promoting layer, by adsorption or by covalent binding.
Accordingly, the conditions chosen for immobilizing mul-
tiple different recognition elements (such as the nature of the
adhesion-promoting layer) can hardly be optimal for all
recognition elements to be immobilized, but will generally
be a compromise between the immobilization properties of
the different recognition elements of interest.

[0015] Furthermore, a disadvantage with this kind of assay
is that, for the determination of analytes in a certain number
of samples, it is necessary to provide a corresponding
number of discrete arrays on a common support or on
discrete supports to which the different samples are applied.
For the analysis of multiple different samples, this implies
the need for a large number of discrete arrays, the manu-
facture of which is relatively complex.

[0016] It has been described, for example, that under
suitable conditions for dissociation the hybrids formed
between immobilized oligonucleotides and complementary
oligonucleotides supplied in a sample may be dissociated
with high efficiency and a recognition surface thus be
“regenerated”; however, a 100% regeneration can hardly be
guaranteed. In the case of bioaffinity complexes with pro-
teins, the complexation step is often not even reversible, i.¢.
the recognition surface cannot be regenerated.

[0017] There is therefore a need for a modified assay
architecture enabling multiple samples in a single array on
a common support to be analyzed for the analytes contained
in said samples simultaneously. For this purpose it would be
useful to immobilize not the different specific recognition
elements, but the samples to be analyzed themselves, if
possible directly, without further pre-treatment, or after as
low a number of pre-treatment steps as possible, on a
support. In the following, an assay architecture of this type
shall be called an “inverted assay architecture”.

[0018] In U.S. Pat. No. 6,316,267 a method is described,
wherein polyamino acids (possibly in a complex sample
mixture) are, for example, applied on solid or a “semi-solid”
sample matrix. The detection step, however, is performed
not in a bioaffinity assay, but by staining using a mixture of
reagents comprising certain metal complexes exemplified in
said disclosure. This is obviously not a method of specific
analyte detection.

[0019] In U.S. Pat. No. 6,287,768 a method is described,
wherein different RNA molecules to be determined from a
biological sample are isolated, separated by size, deposited
on a solid support and then determined thereon, for example
in a hybridization assay upon hybridization with known,
complementary polynucleotides. According to the disclo-
sure in that patent, either the RNA molecules to be deter-
mined and isolated from an organism can be subjected

Aug. 26, 2004

directly to the further determination method, if they are
present in high abundance, or they have to be amplified
beforehand by known amplification methods (e.g. by poly-
merase chain reaction, “PCR”). This means that a complete
analysis of the different generated fractions is not possible
with the described method without additional amplification
methods.

[0020] Although the method proposed in this patent opens
the opportunity to determine RNA from different samples
simultaneously, it still requires numerous elaborate sample
preparation steps and in particular isolation from the bio-
logical sample matrix, followed by a separation of the
sample according to molecular size. In view of the fact that
the claimed method, which is only described with reference
to the example of RNA, requires at least isolation from the
original sample matrix and separation of the biopolymers
according to size, it has to be expected that the relative
molecular composition, after this separation step and before
the analysis step, will be different from the relative molecu-
lar composition of the original sample (such as, for example,
blood or serum).

[0021] The sensitivity of the methods described above as
part of the state-of-the-art is obviously not sufficient to
determine a multitude of samples contained in a sample with
a sufficient detection limit using an “inverted assay archi-
tecture”.

[0022] The excitation of “tracer compounds” (such as
radioactive isotopes or chromophores with a characteristic
absorption and/or luminescence or fluorescence) applied for
analyte detection and the read-out of the signals from arrays
as described is based on classical optical arrangements and
detection methods. The classical measurement methods,
such as measurements of absorption or fluorescence, are
based in general on direct illumination of a sample volume
in a sample compartment or of a measurement field on the
inner wall of a sample compartment of a liquid sample. A
disadvantage of such arrangements is that, besides collecting
signals from the excitation volume or the excitation area
wherein a signal for analyte determination is generated, a
significant part of the environment is generally exposed to
excitation light, which can lead to the disadvantageous
generation of disturbing background signals.

[0023] For achieving lower detection limits, numerous
measurement arrangements have been developed wherein
the determination of an analyte is based on its interaction
with the evanescent field which is associated with light
guiding in an optical waveguide.

[0024] When a light wave is coupled into an optical
waveguide surrounded by optically rarer media, i.e., media
of lower refractive index, the light wave is guided by total
reflection at the interfaces of the waveguiding layer. In that
arrangement, a fraction of the electromagnetic energy pen-
etrates the media of lower refractive index. This portion is
termed the evanescent (=decaying) field. The strength of the
evanescent fleld depends to a very great extent on the
thickness of the waveguiding layer itself and on the ratio of
the refractive indices of the waveguiding layer and of the
media surrounding it. In the case of thin waveguides, i.c.
waveguides with layer thicknesses that are the same as or
smaller than the wavelength of the light to be guided,
discrete modes of the guided light can be distinguished.
Such methods have the advantage that the interaction with
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the analyte is limited to the penetration depth of the eva-
nescent field into the adjacent medium, being of the order of
some hundred nanometers, and interfering signals from the
depth of the (bulk) medium can be largely avoided. The first
proposed measurement arrangements of this type were based
on highly multi-modal, self-supporting single layer
waveguides, such as fibers or plates of transparent plastic or
glass, with thicknesses from some hundred micrometers up
to several millimeters.

[0025] To improve sensitivity and at the same time sim-
plify manufacture, planar thin-film waveguides have been
proposed. In the simplest case, a planar thin-film waveguide
consists of a three-layer system: support material (substrate),
waveguiding layer, superstrate (the sample to be analyzed),
wherein the waveguiding layer has the highest refractive
index.

[0026] Several methods for the incoupling of excitation
light into a planar waveguide are known. The earliest
methods used were based on butt coupling or prism cou-
pling, wherein generally a liquid is introduced between the
prism and the waveguide, in order to reduce reflections
resulting from air gaps. These two methods are suitable in
particular with waveguides of relatively large layer thick-
ness, 1.e. especially self-supporting waveguides, and with
waveguides whose refractive index is substantially less than
2. For incoupling of excitation light into very thin waveguid-
ing layers with a high refractive index, however, the use of
coupling gratings is a significantly more elegant method.

[0027] Different methods of analyte determination in the
evanescent field of lightwaves guided in optical film
waveguides can be distinguished. According to the measure-
ment principle used, for example, a distinction can be drawn
between fluorescence, or more general luminescence meth-
ods on the one hand and refractive methods on the other. In
this context, methods for generating surface plasmon reso-
nance in a thin metal layer on a dielectric layer of lower
refractive index can be included in the group of refractive
methods, if the resonance angle of the launched excitation
light for generating the surface plasmon resonance is taken
as the quantity to be measured. Surface plasmon resonance
can also be used for amplifying a luminescence or for
improving the signal-to-background ratio in a luminescence
measurement. The conditions for generating a surface plas-
mon resonance and for combining it with luminescence
measurements, as well as with waveguiding structures, are
described in the literature, for example in U.S. Pat. No.
5,478,755, No. 5,841,143, No. 5,006,716, and No. 4,649,
280.

[0028] In this application, the term “luminescence” means
the spontaneous emission of photons in the range from
ultraviolet to infrared, after optical or nonoptical excitation,
such as electrical or chemical or biochemical or thermal
excitation. For example, chemiluminescence, biolumines-
cence, electroluminescence, and especially fluorescence and
phosphorescence are included under the term “lumines-
cence”.

[0029] In the case of refractive measurement methods, the
change in the so-called effective refractive index resulting
from molecular adsorption to or desorption from the
waveguide is used for analyte detection. This change in the
effective refractive index is determined, in the case of
grating coupler sensors, from changes in the coupling angle
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for the in- or out-coupling of light into or out of the grating
coupler sensor and, in the case of interferometric sensors,
from changes in the phase difference between measurement
light guided in a sensing arm and a reference arm of the
interferometer.

[0030] The aforesaid refractive methods have the advan-
tage that they can be applied without using additional
marker molecules, so-called molecular labels. The disad-
vantage of these label-free methods, however, is that—
because of the lower selectivity of the measurement prin-
ciple—the detection limits which can be achieved with these
methods are limited to pico- to nanomolar concentration
ranges, depending on the molecular weight of the analyte,
and this is not sufficient for many applications of modern
trace analysis, for example for diagnostic applications.

[0031] To achieve even lower detection limits, lumines-
cence-based methods appear more suitable, because of the
greater selectivity of signal generation. In this arrangement,
luminescence excitation is limited to the penetration depth
of the evanescent field into the medium of lower refractive
index, i.e. to the immediate proximity of the waveguiding
area, with a penetration depth of the order of some hundred
nanometers into the medium. This principle is called eva-
nescent luminescence excitation.

[0032] In combination with luminescence detection, the
sensitivity has been increased considerably in recent years
by means of highly refractive thin-film waveguides, based
on a waveguiding film only a few hundred nanometers thick
on a transparent support material. In WO 95/33197, for
example, a method is described wherein the excitation light
is coupled into the waveguiding film by a relief grating as a
diffractive optical element. The isotropically emitted lumi-
nescence from substances capable of luminescence, which
are located within the penetration depth of the evanescent
field, is measured using suitable measurement arrangements,
such as photodiodes, photomultipliers or CCD cameras. The
portion of evanescently excited radiation that has back-
coupled into the waveguide can also be outcoupled by a
diffractive optical element, such as a grating, and be mea-
sured. This method is described, for example, in WO
95/33198.

[0033] In the last few vears, new developments of planar
thin-film waveguides as sensing platforms for “microar-
rays”, in some case combined with appropriatey adapted
fluidic structures, have become known, for example in the
international patent applications WO 00/75644, WO 00/113,
096, WO 00/143,875, which are fully incorporated in this
application. In WO 01/79821 a thin-film waveguide struc-
ture is described, which enables a two-photon excitation on
the surface of the waveguide. In WO 01/88511, a grating
waveguide structure and a measurement method based
thereon are described, which provide an imaging method for
analyte determination based on a refractive measurement
method. Both disclosures are also incorporated as parts of
this patent application. It is common to the above mentioned
arrangements that biological or biochemical or synthetic
recognition elements for the determination of a multitude of
analytes in each case are immobilized in discrete measure-
ment areas of known location, as parts of one or more arrays
of measurement areas, on a supporting substrate.

[0034] Surprisingly, it has now been found that, with a
suitable selection of the physical-chemical parameters of an
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evanescent field sensor platform (such as layer thicknesses,
refractive indices of the involved layers), the achievable
sensitivity for the detection of molecular interactions on the
surface of the evanescent field sensor platform is sufficiently
high, as a result of the high excitation light intensity at its
surface and the simultaneous confinement of that strong
excitation field to the penetration depth of the evanescent
field into the adjacent media, for analyzing multiple
samples, optionally after fractionation and optionally after
additional dilutions of these samples or their fractions, for
the analytes contained therein, without additional process
steps of their isolation from the residual sample matrix or an
amplification of the analytes to be determined (with regard
to their amount), but after direct deposition of said fractions
or dilutions of said fractions on said evanescent field sensor
platform. Thus a simple method with “inverted assay archi-
tecture” is provided which allows to determine a multitude
of analytes in sample, without causing further changes of the
relative molecular composition of the sample after a step of
fractionation or separation.

[0035] The samples to be investigated may, for example,
be (see also below) one or more cells selected before from
a larger amount of cells, for example by centrifugation,
filtration or laser capture micro dissection.

[0036] In the following, the designation of a (single) cell
for the sample preparation steps to be performed also refers
in each case to a multiplicity of cells, unless explicitly stated
otherwise. Similarly, the nomenclature of a “sample” may
also comprise the fractions generated therefrom by a suitable
separation method.

[0037] In a first preparation step, which is typically nec-
essary for further analysis steps, the cell may be lysed. The
lysate may be dissolved in a suitable solvent, such as a buffer
solution, and may contain known additives, for example
stabilizers such as enzyme inhibitors, in order to prevent a
digestion of the biopolymers contained therein. A sample
may also contain known concentrations of compounds (as
standards) similar to the analytes to be determined as
additives, comparable with “spiking” of samples in chro-
matography. Such additives may, for example, be used for
calibration purposes. Furtheron the “nature-identical”
samples may contain additives of compounds similar to the
sample matrix, such as bovine serum albumin (BSA), but
different from the analytes to be determined, which may, for
example be used for establishing a controlled surface density
of immobilized analyte molecules in a measurement area.
Analytes, i.e. especially biopolymers such as nucleic acids
or proteins contained in the samples or their fractions or their
dilutions may be present in native or in denatured compo-
sition, for example after treatment with urea or surfactant
(e.g. SDS).

[0038] The analytes, i.e. especially biopolymers such as
nucleic acids or proteins contained in the samples or their
fractions or the dilutions of said samples or fractions are
preferably present in denatured form, after treatment with
urea, whereas the epitopes of the contained analytes are
freely accessible for the binding to their corresponding
detection reagents, stich as antibodies. This is made possible
by the destruction of the tertiary and quarternary structure
due to the treatment with urea.

[0039] Surprisingly, the sensitivity of the method accord-
ing to the invention is such that a sample may even be highly
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diluted, before or after optional fractionation, and com-
pounds contained in the mixture, in spite of their very low
concentration in some cases and correspondingly small
amount available in a single measurement area, can still be
determined with high precision, which is not possible with
the known conventional methods.

[0040] In the spirit of this invention, a molecular species
or compound which can be distinguished from different
compounds contained in a sample to be analyzed and can be
bound by a specific detection reagent applied for this pur-
pose shall be called an “analyte”. If, for example, binding of
a suitable tracer compound does only occur to the the
phosphorylated, but not the not phosphorylated form of a
compound or species to be detected, these two forms of a
compound or species correspond to two different analytes
according to this definition. If any phosphorylated com-
pounds or species are recognized and bound by another
detection reagent, then, under these conditions, the corre-
sponding phosphorylated compounds or species together are
one analyte. According to this definition, specific binding
partners as tracer compounds for an analyte may be selected,
for example, in such a way that they exclusively recognize
and bind to the phosphorylated or the glycosylated (or
correspondingly to the nonphosphorylated and/or nonglyco-
sylated) form of a compound to be detected. The activity of
a biological signal pathway in a cell or organism may be
correlated with the fraction of phosphorylated or glycoly-
sated compounds (depending on the nature of the signal
pathway) which control the corresponding signal pathway.
The relative fraction of the phosphorylated and the glyco-
lysated form, respectively, within the whole amount of the
corresponding compound, i.e. the ratio of the amount of a
compound present in its phosphorylated and its glycolysated
form, respectively, and of the whole amount of this com-
pound present in phosphorylated and nonphosphorylated
form or in glycolysated and nonglycolysated form, respec-
tively, shall be called in the following the degree of phos-
porylation and the degree of glycolysation, respectively, of
the corresponding compound in the sample. The degree of
phosphorylation and the degree of glycolisation shall be
summarized under the generic term of the “degree of acti-
vation” of a compound. However, the degree of activation of
a compound may also mean other, chemically modified
forms of a compound.

[0041] Specific binding partners as tracer compounds can
also be selected in such a way that they only bind to a
compound to be detected, if this compound is present in a
certain three-dimensional structure. For example, many anti-
bodies only recognize and binding to specific partial regions
(epitopes) of a compound to be determined, when they are
provided in a special three-dimensional structure. Depend-
ing on the conformational state of the compound to be
determined, these partial regions (epitopes) may be acces-
sible for the binding of the corresponding tracer compounds
or may be hidden. The specific binding partners may also be
selected in such a way that they bind to regions of the
compound to be detected, the accessibility of these regions
being independent of the three-dimensional structure of the
corresponding compound. Through the use of appropriately
selected tracer compounds it is thus possible to determine
the relative amount of the total quantity of a compound
which is to be detected in a sample and which shows a
specific conformational state.
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[0042] Such compounds which are known to be involved
in specific binding reactions with molecules or compounds
of biological origin or with their synthetically produced
analogues shall be called “biologically relevant”. Examples
of “biologically relevant” compounds are thus not only
naturally occurring proteins, such as antibodies or receptors,
or nucleic acids, but also their binding partners, such as
antigens, which may be synthetic compounds even of very
low molecular weight.

[0043] In the spirit of the present invention, spatially
separated or discrete measurement areas shall be defined by
the closed area that is occupied by binding partners immo-
bilized thereon, for determination of one or more analytes in
one or more samples in a bioaffinity assay. These areas may
have any geometry, for example the form of circles, rect-
angles, triangles, ellipses etc.

[0044] Various such measurement areas may, for example,
comprise different samples or different fractions from a
single, separated sample, or they may comprise fractions of
different samples, or they can comprise various different
dilutions of fractions. In the case of samples separated into
fractions, the separation can have been performed by any
known separation method, such as centrifugation, liquid
chromatography (LC), BPLC, thin-layer chromatography,
gel chromatography, capillary electrophoresis, etc., or by a
combination of these separation methods. The material for
the deposition in the discrete measurement areas may also be
provided for example by selective micro preparations, such
as selective capture of individual cells from a cellular
assembly by “laser capture micro dissection”.

[0045] More generally, the original sample with the ana-
Iytes to be determined therein may be selected from the
group comprising extracts of healthy or discased cells (for
example, of human, animal, bacterial or plant cell extracts),
extracts of human or animal tissue, such as organ, skin, hair
or bone tissue, or of plant tissue, and body fluids or their
constituents, such as blood, serum or plasma, synovial fluid,
lacrimal fluid, urine, saliva, tissue fluid, lvmph. An original
sample may in particular also be selected from the group
comprising extracts of simulated (treated) or untreated cells
and extracts of healthy and diseased tissue.

[0046] Accordingly, an “original sample” may also be
taken from an organism or tissue or cellular assembly or cell
by means of a method of the group of tissue slicing or
biopsy, as well as by laser capture micro dissection.

[0047] In general, several different binding partners will
be immobilized simultaneously in one measurement area in
general. Typically, there will be multiple, i.c. several hun-
dred or even several thousand, different analytes immobi-
lized in one measurement area.

[0048] A first subject of the invention is a method for the
analysis of multiple samples for analytes which are con-
tained therein and are of biological relevance as binding
partners in specific binding reactions, wherein

[0049] said samples or fractions of said samples, with
the analytes to be determined contained therein, as a
first plurality of specific binding partners, are depos-
ited directly or after additional dilutions of said
fractions in discrete measurement areas in one or
more one- or two-dimensional arrays of measure-
ment areas on an evanescent field sensor platform as
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a solid support, different samples or fractions or
different dilutions of samples or fractions being
arranged in different discrete measurement arcas,

[0050] one or more tracer compounds as a second
plurality of specific binding partners, for the specific
determination of one or more analytes from the first
plurality of specific binding partners contained in the
samples or their fractions, are brought into contact
with the samples or their fractions or dilutions depos-
ited in said discrete measurement areas in a single
step or multiple steps of a specific binding reaction,

[0051] changes in opto-electronic signals, resulting
from the binding of tracer compounds to analytes
contained in the samples in discrete measurement
areas in the evanescent field of the evanescent field
sensor platform are measured laterally resolved, and

[0052] the presence of the analytes to be specifically
detected is determined qualitatively and/or quantita-
tively from the relative magnitude of the changes in
said opto-electronic signals from the corresponding
measurement areas.

[0053] The method for separating a sample into said
fractions may be selected from the group of methods com-
prising centrifugation, HPLC and micro-HPLC (“high pres-
sure liquid chromatography”) by means of the method of
“normal phase”, “reverse phase”, ion-exchange or “hydro-
phobic interaction” chromatography (HIC), size exclusion
chromatography, gel chromatography, electrophoresis, cap-
illary electrophoresis, electrochromatography, “free flow
electrophoresis” etc.

[0054] The sensitivity of the method according to the
invention is such that it is possible to dilute a sample or a
fraction of a sample by at least a factor of 10, prior to the
deposition on said evanescent field sensor platform as a solid
support. It is even possible to dilute a sample or a fraction
of a sample to be analyzed by a factor of 30 or even 100 and
still to achieve a quantitative determination of multiple
analytes within a single measurement area generated by the
deposition of such a highly diluted sample or its fraction.

[0055] In the following, the samples or their fractions to be
deposited in discrete measurement areas, and the dilutions of
samples or fractions of samples to be deposited shall be

summarized under the nomenclature “immobilization
sample”.
[0056] The samples to be analyzed which contain the

analytes to be determined, optionally after a fractionation,
may be sclected from the group comprising extracts of
healthy or diseased cells (for example of human, animal,
bacterial or plant cell extracts), extracts of human or animal
tissue, such as organ, skin, hair or bone tissue, or of plant
tissue, and comprising body fluids or their constituents, such
as blood, serum or plasm, synovial liquids, lacrimal fluid,
urine, saliva, tissue fluid, lymph.

[0057] 1In order to provide an optimum accessibility of the
first plurality of immobilized specific binding partners as
analytes for the tracer reagents to be brought into contact
with them, it is advantageous if the material amount of an
“immobilization sample” to be deposited in a measurement
area is equal to or less than the amount of material necessary
for the formation of a monolayer on the evanescent field
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sensor platform as a solid support. The accessibility may be
even further improved if an adhesion-promoting layer which
is deposited beforehand (and will be described below) leads
to an oriented immobilization, for example if antibodies
contained in the deposited sample are immobilized bound to
their Fe-part, resulting in accessibility of their specific
binding epitopes.

[0058] Because of the high sensitivity of the method
according to the invention, it is possible to analyze even very
small volumes and quantities of sample used with high
precision. The quantity of sample here shall be taken to
mean the total quantity of material which is deposited in a
discrete measurement area. An “immobilization sample”
may, for example, comprise the material of less than 20000
cells and still be analyzed with high precision. An “immo-
bilization sample” to be deposited may even comprise the
material of less than 1000 cells. The required sample amount
may even comprise the material of less than 100 cells, or
even the material of only 1-10 cells, and still be analyzed
reliably. The material corresponding to the content of a
single cell shall also be called a cell-equivalent. The need for
such a small amount of cell-equivalents for an analysis is
given when the analytes to be detected are ingredients
occurring in relatively high concentrations. It is also pos-
sible that an “immobilization sample” has a volume of less
than 1 ul. An “immobilization sample” to be deposited may
even have a volume of less than 10 nl or even less than 1 nl.

[0059] The method according to the invention allows the
relative total amounts of one or more compounds contained
as analytes in an “immobilization sample” to be determined
as the sum of their occurrence in phosphorylated or non-
phosphorylated form and/or glycolysated and/or nonglyco-
lysated form. It is preferable if the relative amounts of one
or more compounds contained as analytes in an “immobi-
lization sample”, in each case of their occurrence in phos-
phorylated and/or nonphosphorylated form and/or glycoly-
sated and/or nonglycolysated form, are preferably
determined for one or more said forms.

[0060] The method according to the invention allows the
degree of activation, as defined above, of one or more
analytes contained in an “immobilization sample” to be
determined. In particular, the method according to the inven-
tion allows the degree of phosphorylation and/or the degree
of glycolysation of one or more analytes contained in an
“immobilization sample” to be determined. As a result of the
high sensitivity and high precision and reproducibility, in
particular as a result of the numerous independent referenc-
ing and calibration methods that can be applied simulta-
neously or alternatively, it is also characteristic of the
method according to the invention that differences of less
than 20%, preferably less than 10%, between the relative
amounts of one or more compounds contained in phospho-
rylated and/or nonphosphorylated and/or glycolysated and/
or nonglycolysated form as analytes in an “immobilization
sample” and in one or more comparison samples can be
determined for one or more of said forms.

[0061] As a result of the inherent, method-specific high
sensitivity and the diversity of possibilities for referencing
and/or calibration using one and the same analytical plat-
form (evanescent field sensor platform), it is an important
advantage of the method according to the invention that the
variation of the measurement results obtained with this
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method is very low. The method according to the invention
is thus also suitable for investigating the temporal evolution
(i.c. the changes) of the relative amounts or concentrations
of biologically relevant compounds influenced by a disease
of a biological organism or of a cell culture and/or upon
external manipulation of an organism or a cell culture.

[0062] Ttis therefore characteristic of another embodiment
of the method according to the invention that said “nature-
identical” sample and one or more comparison samples are
taken from the same source of origin at different times, and
that temporal changes of the relative amounts of one or more
compounds in phosphorylated and/or nonphosphorylated
form and/or glycolysated and/or nonglycolysated form con-
tained as analytes in these samples are determined. “The
same source of origin” shall here mean the same organism
or an organism of similar type or the same cell culture of a
cell culture of similar type (in each case after similar disease
or manipulation of different duration). It is preferred if the
method according to the invention allows temporal changes
of less than 20%, preferably less than 10%, in the relative
concentration and/or amount of said analytes to be deter-
mined.

[0063] Different samples may be taken from the same
organism or the same cell culture. Then, for example,
statistical information about the reproducibility of the rela-
tive molecular composition of the samples deposited in
different measurement areas may be obtained through analy-
sis of the materials contained on these measurement arcas
and derived from the same organism (or from a similar
organism) or from the same cell culture (or from similar cell
cultures).

[0064] Different samples may in particular be taken from
different positions of the same organism. Then, for example,
information can be obtained about inhomogeneities of the
relative molecular composition of the analytes to be deter-
mined in the organisms, from where said samples have been
taken, from the analyses on the corresponding discrete
measurement areas. Such a procedure is, for example, of
great importance for the examination of cancerous organ-
isms.

[0065] However, different samples may also be taken from
different organisms or different cell cultures. For example,
the samples may be taken from organisms that have been
treated with a pharmaceutical drug and from those that have
not been treated. The effect of the drug in question on the
relative molecular composition of the samples can then be
investigated in a manner similar to that of expression
analysis in nucleic acid analytics.

[0066] The simplest method for immobilizing the specific
binding partners for an analyte determination in a specific
binding reaction is physical adsorption, for example based
on hydrophobic interactions between the specific binding
partners to be immobilized and the evanescent field sensor
platform as the solid support. The strength of these interac-
tions, however, may be markedly changed by the composi-
tion of the medium and its physical/chemical properties,
such as polarity and ionic strength. Especially in case of
sequential supply of different reagents in a multi-step assay
the adhesion of the recognition elements is often insufficient
after purely adsorptive immobilization on the surface. It is
therefore preferred if the evanescent field sensor platform
comprises an adhesion-promoting layer, on which the
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samples or their fractions or dilutions are deposited, in order
to improve the adhesion of the “immobilization samples” or
of their dilutions deposited in discrete measurement areas.

[0067] The adhesion-promoting layer has a thickness of
preferably less than 200 nm, especially preferably less than
20 nm.

[0068] Various materials are suitable for generating the
adhesion-promoting layer. For example, the adhesion-pro-
moting layer may comprise compounds of the group of
silanes, functionalized silanes, epoxides, functionalized,
charged or polar polymers and “self-organized passive or
functionalized mono- or multi-layers”, thiols, alkyl phos-
phates and alkyl phosphonates, multi-functional block
copolymers, such as poly(L)lysin/polyethylene glycols.

[0069] Said adhesion-promoting layer may also comprise
compounds of the group of organophosphoric acids of the
general formula I (A)

Y—B—OPO,H, (14)

[0070] or of organophosphonic acids of the general for-
mula I (B)

Y—B—FO,H, (IB)

[0071] and of their salts, wherein B is an alkyl, alkenyl,
alkinyl, aryl, aralkyl, hetaryl, or hetarylalkyl residue, Y is
hydrogen or a functional group of the following series, e.g.
hydroxy, carboxy, amino, mono- or dialkyl amino optionally
substituted by lower alkyl, thiol, or negative acidic group of
the following series, e.g. ester, phosphate, phosphonate,
sulfate, sulfonates, maleimide, succinimydyl, epoxy or acry-
late. These compounds have been described in more detail in
the international patent application PCT/EP 01/10077,
which is hereby incorporated in this disclosure in its whole
entirety.

[0072] A special embodiment of the method according to
the invention comprises one or more “immobilization
samples” being mixed with a solution of polymers or
polymerizable monomers, optionally in the presence of
initiators, or of chemical cross-linkers (e.g. glutaraldehyde),
prior to their deposition on the evanescent field sensor
platform as a solid support (in order to improve their
adhesion on said solid support and to improve the homoge-
neity of the deposition). This embodiment of the method
may, for example, help to avoid the formation of inhomo-
geneities of the distribution of the sample material within a
measurement area during the evaporation process of the
sample liquid, resulting in a better “spot morphology” and
thus facilitating analysis of the results. It is preferred if said
solution of polymers, polymerizable monomers or chemical
cross-linkers is selected from the group comprising solutions
of polysaccharides, such as agarose, or of acrylamides, or of
glutaraldehyde etc.

[0073] Ttis also characteristic of this special variant of the
method according to the invention that the mixture of the
one or more samples with a solution of polymers or poly-
merizable monomers, optionally in the presence of initiators,
or of chemical cross-linkers (e.g. glutaraldehyde), leads to
immobilization of a three-dimensional network structure on
the evanescent field sensor platform as a solid substrate, with
sample components embedded therein, which are accessible
for tracer reagents in the consecutive step of a specific
binding reaction. Thus a higher degree of surface coverage
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of the evanescent field sensor platform than a monolayer can
be achieved, which may lead to a further increase in the
measurable signals in the analyte detection step. It is impor-
tant here that the polymeric network structure which is
generated does not extend beyond the penetration depth of
the evanescent field into the medium, as an analyte detection
is not possible beyond this distance from the surface of the
evanescent field sensor platform.

[0074] The “immobilization samples” may be deposited
with lateral selectivity in discrete measurement areas, either
directly on the evanescent field sensor platform or on an
adhesion-promoting layer deposited thereon, by means of a
method selected from the group of methods comprising ink
jet spotting, mechanical spotting by pen, pin or capillary,
“micro contact printing”, fluidic contacting of the measure-
ment areas with the samples through their supply in parallel
or crossed micro channels, with the application of pressure
differences or electrical or electromagnetic potentials, and
photochemical or photolithographic immobilization meth-
ods.

[0075] Tt is of advantage if regions between the discrete
measurement areas are “passivated” in order to minimize
nonspecific binding of tracer compounds, i.e. that com-
pounds which are “chemically neutral” (i.e. nonbinding)
towards the analytes and the other contents of the deposited
samples and the tracer compounds for said analytes are
deposited between the laterally separated measurement
areas.

[0076] Said compounds which are “chemically neutral”
(i.c. nonbinding) towards the analytes and the other contents
of the deposited “immobilization samples” and the tracer
compounds for said analytes may be selected from the group
comprising albumins, especially bovine serum albumin or
human serum albumin, casein, nonspecific, polyclonal or
monoclonal, heterologous or empirically nonspecific anti-
bodies (for the analytes to be determined, especially for
immunoassays), detergents—such as Tween 20-, fragmented
natural or synthetic DNA not hybridizing with polynucle-
otides to be analyzed, such as extracts of herring or salmon
sperm, or also uncharged but hydrophilic polymers, such as
polyethyleneglycols or dextraes.

[0077] Without loss of generality, the analytes which are
to be determined and are contained in the “immobilization
samples” deposited in discrete measurement areas may be
compounds of the group comprising, for example, proteins,
such as monoclonal or polyclonal antibodies and antibody
fragments, peptides, enzymes, glycopeptides, oligosaccha-
rides, lectins, antigens for antibodies, proteins functional-
ized with additional binding sites (“tag proteins”, such as
“histidine tag proteins™) and nucleic acids (e.g. DNA, RNA).
The analytes which are to be determined and are contained
in the samples deposited in discrete neasurement areas may
also be compounds of the group comprising cytosolic or
membrane-bound cell proteins, especially proteins, such as
kinases, which are involved in processes of signal transduc-
tion in cells. The analytes may also be biotechnologically
modified polymers, e.g. biologically expressed bioloymers
comprising luminescent or fluorescent groups, respectively,
such as “blue fluorescent proteins” (BFP), “green fluores-
cent proteins” (GFP), or “red fluorescent proteins” (RFP).

[0078] Depending on the physical design of the evanes-
cent field sensor platform, there are several possibilities for
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the metrological type of signal generation in analyte deter-
mination. A characteristic of one possible variant is that, as
a consequence of the binding of tracer compounds to ana-
lytes contained in the “immobilization samples” in discrete
measurement areas, the changes in opto-clectronic signals
which are to be determined in a laterally resolved manner are
caused by local changes in the resonance conditions for the
generation of surface plasmons in a thin metal layer as part
of said evanescent field sensor platform.

[0079] As techniques of measurement, the resonance
angle (upon variation of the incidence angle of the irradiated
light at constant wavelength) and the resonance wavelength
(upon variation of the irradiated excitation wavelength at
constant incidence angle) can be measured for the determi-
nation of changes in the resonance conditions. Conse-
quently, said change in the resonance conditions may be
manifested by a change in the resonance angle for the
irradiation of an excitation light for generation of a surface
plasmon in a thin metal layer as part of said evanescent field
sensor platform. Accordingly, said change in the resonance
conditions may also be manifested by a change in the
resonance wavelength of an irradiated excitation light for
generation of a surface plasmon in a thin metal layer as part
of said evanescent field sensor platform.

[0080] As a consequence of the binding of tracer com-
pounds to analytes contained in the samples in discrete
measurement areas, the changes in opto-electronic signals to
be determined in a laterally resolved manner may be caused
by local changes in the effective refractive index in these
regions on said evanescent field sensor platform.

[0081] Another important embodiment of method accord-
ing to the invention comprises the changes in opto-electronic
signals which are to be determined laterally resolved, as a
consequence of the binding of tracer compounds to analytes
contained in the “immobilization samples” in discrete mea-
surement areas, being caused by local changes in one or
more luminescences from molecules capable of lumines-
cence, which are located within the evanescent field of said
evanescent field sensor platform.

[0082] Tt is preferred if said changes in one or more
luminescences originate from molecules or nanoparticles
capable of luminescence, which are bound as luminescence
labels to one or more tracer compounds for the analytes
contained in discrete measurement areas.

[0083] Tt is especially advantageous if two or more lumi-
nescence labels with different emission wavelengths and/or
different excitation spectra, preferably with different emis-
sion wavelengths and identical excitation wavelength, are
applied for analyte detection. If several luminescence labels
with different spectral properties, especially with different
emission wavelengths, are bound to different detection
reagents of the second plurality of specific binding partners
which are brought into contact with the measurement areas,
for example, different analytes can be determined in a single
detection step, i.e. when the measurement areas are brought
into contact with said detection reagents and the generated
luminescences are detected simultaneously or consecutively.

[0084] Such a variant of the method according to the
invention 1is, for example, especially suitable for simulta-
neously detecting, for example, the phosphorylated and the
nonphosphorylated form of a compound, especially also
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within one (common) measurement area, by using two
correspondingly different specific binding partners as tracer
compounds, which are in this case directly labeled (e.g. with
green and red emitting luminescence labels, respectively).

[0085] In a similar way, two or more analytes can be
detected simultaneously if two or more luminescence labels
with different emission decay times are applied for analyte
detection.

[0086] For the method according to the invention, it is
therefore preferred if two or more luminescence labels are
applied for detecting different analytes in an “immobiliza-
tion sample”. It is also preferred if two or more lumines-
cence labels are applied for detecting different analytes in a
measurement area.

[0087] Tt is also advantageous if the excitation light is
irradiated in pulses with a duration between 1 fs and 10
minutes, and the emission light from the measurement areas
is measured in time-resolved manner.

[0088] The evanescent field sensor platform, as a solid
substrate, preferably comprises an optical waveguide, com-
prising one or more layers. This may, for example, be a
fiberoptic waveguide comprising several layers. Preferably
however, it is a planar optical waveguide, which is provided
as a continuous surface of the evanescent field sensor
platform or may also be partitioned in discrete waveguiding
regions, as is described, for example, in patent application
WO 96/35940, which is incorporated in its full entirety in
the present application.

[0089] An especially preferred embodiment of the method
according to the invention comprises the evanescent field
sensor platform as a solid substrate comprising a planar
optical thin-film waveguide with an essentially optically
transparent waveguiding layer (a) on a second, likewise
essentially optically transparent layer (b) with lower refrac-
tive index than layer (a), and optionally with a likewise
essentially optically transparent intermediate layer (b')
between layers (a) and (b), with likewise lower refractive
index than layer (a).

[0090] The excitation light from one or more light sources
may be in-coupled into a waveguiding layer of the evanes-
cent field sensor platform using one or more optical in-
coupling elements from the group comprising prism cou-
plers, evanescent couplers comprising joined optical
waveguides with overlapping evanescent fields, front face
(butt) couplers with focusing lenses, preferably cylindrical
lenses, arranged in front of a front face (distal end) of the
waveguiding layer, and grating couplers.

[0091] Tt is preferred if the in-coupling of excitation light
into a waveguiding layer of the evanescent field sensor
platform is performed using one or more grating structures
(c) that are formed in said waveguiding layer.

[0092] Tt is also preferred if the out-coupling of light
guided in a waveguiding layer of an evanescent field sensor
platform is performed using one or more grating structures
(c") which are formed in said waveguiding layer and have
similar or different grating period and grating depth as
grating structures (c).

[0093] An especially preferred embodiment of the method
according to the invention comprises excitation light from
one or more light sources being in-coupled into a waveguid-



US 2004/0166508 Al

ing layer of said evanescent field sensor platform using one
or more grating structures (c), directed as a guided wave
towards measurement areas located on the evanescent field
sensor platform, wherein furtheron luminescence from mol-
ecules capable of luminescence, which is generated in the
evanescent field of said guided wave, is measured in a
locally resolved manner using one or more detectors, and
wherein the relative concentration of one or more analytes is
determined from the relative intensity of these luminescence
signals.

[0094] A special variant consists in changes in the effec-
tive refractive index on the measurement areas being deter-
mined in addition to the determination of one or more
luminescences.

[0095] For a further improvement in sensitivity it can be
advantageous here if the determinations of one or more
luminescences and/or determinations of light signals at the
excitation wavelength are performed as polarization-selec-
tive measurements. It is preferred here if the one or more
luminescences are measured at a polarization that is different
from the polarization of the excitation light.

[0096] Another subject of the present invention is an
analytical platform for the analysis of multiple samples for
analytes which are contained therein and are of biological
relevance as binding partners in bioaffinity reactions, com-
prising

[0097] an evanescent field sensor platform as a solid
substrate
[0098] at least one one- or two-dimensional array of

discrete measurement areas with binding partners for
the determination of said analytes in a bioaffinity
reaction, immobilized in said measurement areas on
the evanescent field sensor platform,

[0099] wherein

[0100] said discrete measurement areas are generated
by deposition of said samples or fractions of said
samples directly or after additional dilutions of said
samples or their fractions, containing the analytes to
be determined as a first plurality of specific binding
partners,

[0101] different samples or fractions or different dilu-
tions of the samples or of their dilutions are arranged
in different discrete measurement areas and

[0102] the one or more immobilized binding partners
forming the first plurality of specific binding partners are the
one or more analytes themselves contained in the samples to
be analyzed.

[0103] In this case, a sample to be analyzed and separated
into said fractions may have been fractionated by a method
selected from the group of methods comprising centrifuga-
tion, HPLC and micro-HPLC (“high pressure liquid chro-
matography”) by means of the method “normal phase”,
“reverse phase”, ionexchange or “hydrophobic interaction”
chromatography (HIC), size exclusion chromatography, gel
chromatography, electrophoresis, capillary electrophoresis,
electrochromatography, “free flow electrophoresis” etc.

[0104] One or more of said samples can be taken from
biological organisms or tissue or cell assemblies or cells and
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be deposited directly (i.c. after lysis of the cells), without
further dilution, on said solid support.

[0105] The analytical platform according to the invention
is characterized by such a high sensitivity that it is possible
to dilute a sample or a fraction of a sample by at least a factor
of 10, prior to the deposition on said evanescent field sensor
platform as a solid support. It is even possible to dilute a
sample or a fraction of a sample to be analyzed by a factor
of 30 or even 100 and to determine still a multitude of
analytes in a measurement area generated by the deposition
of such a highly diluted sample or its fraction quantitatively.

[0106] In the following, the samples or their fractions to be
deposited in discrete measurement areas, and the dilutions of
samples or fractions of samples to be deposited shall be
summarized again under the nomenclature “immobilization
sample”.

[0107] The samples to be analyzed, with the analytes to be
determined therein, optionally after a fractionation, may be
selected from the group comprising extracts of healthy or
diseased cells (for example, of human, animal, bacterial or
plant cell extracts), extracts of human or animal tissue, such
as organ, skin, hair or bone tissue, or of plant tissue, and
comprising body fluids or their constituents, such as blood,
serum or plasm, synovial liquids, lacrimal fluid, urine,
saliva, tissue fluid, lymph.

[0108] In particular, a sample to be investigated (“immo-
bilization sample”) may also be selected from the group
comprising extracts of stimulated (treated) or untreated cells
and extracts from healthy or diseased tissue.

[0109] Analytes, ie. especially biopolymers such as
nucleic acids and proteins contained in the samples or
fractions or dilutions thereof can be present in native or in
denatured composition, for example after treatment of the
“original sample” with urea or surfactants (e.g. SDS).

[0110] The analytes, i.c. especially biopolymers such as
nucleic acids and proteins, contained in the “immobilization
samples”-are preferably present in denatured form, after
treatment with urea, whereas the epitopes of the analytes
contained therein are freely accessible for binding to their
corresponding detection reagents, such as antibodies. This is
made possible by the destruction of the tertiary and quar-
ternary structure due to the treatment with urea.

[0111] Accordingly, a sample can also be taken from an
organism or taken from an organism or tissue or cellular
assembly or cell by means of a method of the group of tissue
slicing, or biopsy, besides by laser capture micro dissection.

[0112] A deposited sample may comprise the material of
less than 20000 cells or even of less than 1000 cells. The
sample may have a volume of less than 1 ul or even less than
10 nl.

[0113] The required sample amount may even comprise
the material of less than 100 cells and still be analyzed
reliably. This is the case when the analytes to be detected are
ingredients occurring in a relatively high concentration.

[0114] Different deposited samples may have been taken
from the same organism. In this case, the samples may have
been taken from different positions on the same organism.
Different deposited samples may also have been taken from
the same or a similar cell culture.
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[0115] Different deposited samples may also have been
taken from different organisms or different cell cultures.

[0116] It is preferred if the evanescent field sensor plat-
form comprises an adhesion-promoting layer, on which the
samples or their fractions or dilutions are deposited, for an
improvement of the adhesion of the “immobilization
samples” deposited in discrete measurement areas.

[0117] The thickness of the adhesion-promoting layer here
is preferably less than 200 nm, especially preferably less
than 20 nm.

[0118] The adhesion-promoting layer may comprise com-
pounds of the group of silanes, functionalized silanes,
epoxides, functionalized, charged or polar polymers and
“self-organized passive or functionalized mono- or multi-
layers”, thiols, alkyl phosphates and alkyl phosphonates,
multi-functional block copolymers, such as poly(L)lysin/
polyethylene glycols.

[0119] It has been found to be especially advantageous if
said adhesion-promoting layer comprises compounds of the
group of organophosphoric acids of the general formula I
(A)

Y—B—OPO,H, (14)

[0120] or of organophosphonic acids of the general for-
mula I (B)

Y—B—PO,H, (IB)

[0121] and of their salts, wherein B is an alkyl, alkenyl,
alkinyl, aryl, aralkyl, hetaryl, or hetarylalkyl residue, Y
means hydrogen or a functional group of the following
series, ¢.g. hydroxy, carboxy, amino, mono- or dialkyl amino
optionally substituted by low alkyl, thiol, or negative acidic
group of the series ester, phosphate, phosphonate, sulfate,
sulfonate, maleimide, succinimydyl, epoxy or acrylate.

[0122] A special embodiment of an analytical platform
according to the invention comprises one or more “immo-
bilization samples” being mixed with a solution of polymers
or polymerizable monomers, optionally in the presence of
initiators or of chemical cross-linkers (e.g. glutaraldehyde),
prior to their deposition on the evanescent field sensor
platform as a solid support (in order to improve their
adhesion on said solid support and to improve the homoge-
neity of the deposition). This embodiment of the method
may, for example, help to avoid the formation of inhomo-
geneities of the distribution of the sample material within a
measurement area during the evaporation process of the
sample liquid, resulting in a better “spot morphology” and
thus facilitating analysis of the results. It is preferred if said
solution of polymers, polymerizable monomers or chemical
cross-linkers is selected from the group comprising solutions
of polysaccharides, such as agarose, or of acrylamides, or of
glutaralehyde etc.

[0123] Tt is also characteristic of such a special embodi-
ment of an analytical platform according to the invention
that the mixture of the one or more “immobilization
samples” with a solution of polymers or polymerizable
monomers, optionally in the presence of initiators, or of
chemical cross-linkers (e.g. glutaraldehyde), leads to an
immobilization of a three-dimensional network structure on
the evanescent field sensor platform as a solid substrate, with
sample components embedded therein, which are accessible
for tracer reagents in the consecutive step of a specific
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binding reaction. Thus a higher degree of surface coverage
of the evanescent field sensor platform than a monolayer can
be achieved, which may lead to a further increase in the
measurable signals in the analyte detection step. The poly-
meric network structure generated here should not extend
beyond the penetration depth of the evanescent field into the
medium, because an analyte detection is not possible beyond
this distance from the surface of the evanescent field sensor
platform.

[0124] Advantageous embodiments of an analytical plat-
form according to the invention are those wherein an array
comprises more than 50, preferably more than 500, most
preferably more than 5000 measurement areas.

[0125] Each measurement area here may comprise an
immobilized sample which is similar to or different from the
samples immobilized in other measurement areas.

[0126] The measurement areas of an array may be
arranged in a density of more than 10, preferably more than
100, most preferably more than 1000 measurement areas per
square centimeter.

[0127] A further advantageous embodiment of an analyti-
cal platform according to the invention comprises multiple
arrays of measurement areas being provided on an evanes-
cent field sensor platform as a solid support. In particular at
least 5, preferably at least 50 arrays of measurement areas
are provided on an evanescent field sensor platform as a
solid support. It is especially advantageous if different arrays
of measurement areas of such an embodiment of an ana-
Iytical platform according to the invention are provided in
different sample compartments. For example, the interna-
tional patent applications WO 00/75644, WO 00/113,096
and WO 00/143,875 it describe how an evanescent field
sensor platform which is suitable for an analytical platform
according to the invention is combined as a base plate with
a suitable mounting body for the formation of a suitable
array of sample compartments, each dedicated to housing an
array of measurement arrays.

[0128] Such an embodiment of an analytical platform
according to the invention allows an experimental arrange-
ment that may be called “multi-dimensional”: For example,
in the rows and columns of an array, different samples, for
example from different organisms (e.g. corresponding to the
columns), may be deposited at different dilutions (e.g.
corresponding to rows). Different arrays of measurement
areas, in different sample compartments, may then be
brought into contact with different second pluralities of
specific binding partners in different arrays for the determi-
nation of different analytes. Obviously, such a variant of an
analytical platform according to the invention allows an
almost unlimited number of different experiments to be
performed.

[0129] Tt is also advantageous if regions between the
discrete measurement areas are “passivated” in order to
minimize nonspecific binding of tracer compounds, i.e. that
compounds which are “chemically neutral” (i.e. nonbinding)
towards the analytes and other contents of the deposited
“immobilization samples” and towards the tracer com-
pounds for said analytes are deposited between the laterally
separated measurement areas.

[0130] Said compounds which are “chemically neutral”
(i.e. nonbinding) towards the analytes and other contents of
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the deposited “immobilization samples” and towards the
tracer compounds for said analytes may be selected from the
groups comprising albumins, especially bovine serum albu-
min or human serum albumin, casein, nonspecific, poly-
clonal or monoclonal, heterologous or empirically nonspe-
cific antibodies (for the analytes to be determined, especially
for immunoassays), detergents—such as Tween 20-, frag-
mented natural or synthetic DNA not hybridizing with
polynucleotides to be analyzed, such as extracts of herring
or salmon sperm, or uncharged but hydrophilic polymers,
such as polyethylene glycols or dextrans.

[0131] Without loss of generality, the analytes which are
to be determined and are contained in the “immobilization
samples” deposited in discrete measurement areas, can be
compounds of the group comprising proteins, such as mono-
clonal or polyclonal antibodies and antibody fragments,
peptides, enzymes, glycopeptides, oligosaccharides, lectins,
antigens for antibodies, proteins functionalized with addi-
tional binding sites (“tag proteins”, such as “histidine tag
proteins”) and nucleic acids (e.g. DNA, RNA).

[0132] In particular, the analytes which are to be deter-
mined and are contained in the samples deposited in discrete
neasurement areas may also be compounds of the group
comprising cytosolic or membrane-bound cell proteins,
especially proteins, such as kinases, which are involved in
processes of signal transduction in cells. The analytes may
also be biotechnologically modified polymers, e.g. biologi-
cally expressed bioloymers comprising luminescent or fluo-
rescent groups, respectively, such as “blue fluorescent pro-
teins” (BFP), “green fluorescent proteins” (GFP), or “red
fluorescent proteins” (RFP).

[0133] A special variant of an analytical platform accord-
ing to the invention comprises the evanescent field sensor
platform, as part of the analytical platform, comprising a
thin metal layer, optionally on an intermediate layer with
refractive index preferably <1.5, such as silicon dioxide or
magnesium fluoride, located beneath, and wherein the thick-
ness of the metal layer and of the optional intermediate layer
are selected in such a way that a surface plasmon can be
excited at the wavelength of an irradiated excitation light
and/or of a generated luminescence.

[0134] Tt is preferred here if the metal is selected from the
group comprising gold and silver. It is also preferred if the
metal layer has a thickness between 10 nm and 1000 nm,
preferably between 30 nm and 200 nm.

[0135] The evanescent field sensor platform, as a solid
substrate, preferably comprises an optical waveguide, com-
prising one or more layers. This may, for example, be a
fiberoptic waveguide comprising several layers. Preferably,
however, it is a planar optical waveguide which is provided
as a continuous surface of the evanescent field sensor
platform or may also be partitioned in discrete waveguiding
regions, as is described, for example in patent application
WO 96/35940.

[0136] Especially preferred is such an embodiment of the
analytical platform according to the invention, wherein the
evanescent field sensor platform as a solid substrate com-
prises a planar optical thin-film waveguide with an essen-
tially optically transparent waveguiding layer (a) on a sec-
ond, likewise essentially optically transparent layer (b) with
lower refractive index than layer (a) and optionally with a
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likewise essentially optically transparent intermediate layer
(b") between layers (a) and (b), with likewise lower refrac-
tive index than layer (a).

[0137] An analytical platform according to the invention is
preferably designed in such a way that a waveguiding layer
of the evanescent field sensor platform is in optical contact
with one or more optical coupling elements enabling the
in-coupling of excitation light from one or more light
sources into said waveguiding layer, said optical coupling
elements being selected from the group comprising prism
couplers, evanescent couplers comprising joined optical
waveguides with overlapping evanescent fields, front face
(butt) couplers with focusing lenses, preferably cylindrical
lenses, arranged in front of a front face (distal end) of the
waveguiding layer, and grating couplers.

[0138] It is especially preferred if one or more grating
structures (c') with similar or different grating period and
grating depth as grating structures (c) are provided in a
waveguiding layer of the evanescent field sensor platform,
allowing the out-coupling of light guided in said waveguid-
ing layer.

[0139] Further embodiments of evanescent field sensor
platforms which are suitable as an analytical platform
according to the invention are described, for example, in
patent applications WO 95/33197, WO 95/33198 and WO
96/35940, which are also incorporated in their full entirety
in the present invention.

[0140] A further subject of the invention is the use of a
method according to the invention and/or of an analytical
platform according to the invention for quantitative and/or
qualitative analyses for the determination of chemical, bio-
chemical or biological analytes in screening methods in
pharmaceutical research, combinatorial chemistry, clinical
and pre-clinical development, for real-time binding studies
and the determination of kinetic parameters in affinity
screening and in research, for qualitative and quantitative
analyte determinations, especially for DNA and RNA ana-
Iytics and for the determination of genomic or proteomic
differences in the genome, such as single nucleotide poly-
morphisms, for the measurement of protein-DNA interac-
tions, for the determination of control mechanisms for
mRNA expression and for the protein (bio)synthesis, for the
generation of toxicity studies and the determination of
expression profiles, especially for the determination of bio-
logical and chemical marker compounds, such as mRNA,
proteins, peptides or small-molecular organic (messenger)
compounds, and for the determination of antibodies, anti-
gens, pathogens or bacteria in pharmaceutical research and
development, human and veterinary diagnostics, agrochemi-
cal product research and development, for symptomatic and
pre-symptomatic plant diagnostics, for patient stratification
in pharmaceutical product development and for the thera-
peutic drug selection, for the determination of pathogens,
nocuous agents and germs, especially of salmonella, prions
and bacteria, especially in food and environmental analytics.

[0141] In the following, the invention is further explained
by examples of applications. The embodiments herein do not
imply any loss of generality.
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EXAMPLES
[0142] 1. Analytical Platform
[0143] 1.1. Evanescent Field Sensor Platform
[0144] As an analytical platform, an evanescent field sen-

sor platform serves as a solid support with the dimensions of
14 mm widthx57 mm lengthx0.7 mm thickness.

[0145] The evanescent field sensor platform is provided as
a thin-film waveguide, comprising a glass substrate (AF 45)
and a 150 nm thin, highly refractive layer of tantalum
pentoxide deposited thereon. Two surface relief gratings, in
parallel to the length of the evanescent field sensor platform,
are modulated in the glass substrate at a distance of 9 mm
between each other (grating period: 318 nm, grating depth:
12 nm +/-2 nm). These structures, which shall serve as
diffractive gratings for the in-coupling of light into the
highly refractive layer, are carried over into the surface of
the tantalum pentoxide layer in the subsequent deposition of
the highly refractive layer.

[0146] After careful cleaning of the evanescent field sen-
sor platform, a monolayer of mono dodecyl phosphate
(DDP), as an adhesion-promoting layer, is generated on the
surface of the metal oxide layer by spontaneous self-assem-
bly, upon precipitation from an aqueous solution (0.5 mM
DDP). This surface modification of the initially hydrophilic
metal oxide surface leads to a hydrophobic surface (with a
contact angle of about 100° against water), on which mul-
tiple “pature-identical” samples shall be deposited, the
“nature-identical” samples containing analytes, as specific
binding partners for the analyte detection in a specific
binding reaction, shall be deposited.

[0147] Six identical microarrays, cach with 90 measure-
ment areas (spots) arranged in 10 rows and 9 columns, are
deposited on the evanescent field sensor platform provided
with a hydrophobic adhesion-promoting layer, using an
inkjet spotter (model BCAL, Perkin Elmer, Boston, Mass.,
USA). Each spot is generated by deposition of a single
droplet of 280 pl volume on the chip surface.

[0148] 1.2. Reagents and Generation of Arrays of Mea-
surement Areas
[0149] Human T-cell cultures (Jurkat, DMZ # ACC282)

are utilized for the detection of biologically relevant protein
analytes in “immobilization samples”. These cells are cul-
tivated at 37° C. in a solution containing RPMI 1640, 10%
FCS (fetal calf serum), 2 mM glutamine, 50 U/ml penicillin,
50 ug/ml streptamycine (cell density at about 0.5x10 -1.0x
10° cells/ml). Then the cells are incubated with antibodies,
namely “mouse-anti-human-CD3” (mouse-ci-human-CD3)
and “mouse-anti-human-CD28” (mouse-a-human-CD28)
(cach in a solution of 1 ug/ml; incubation for 10 min),
against the surface receptors CD3 and CD28, respectively. A
cell culture, which is similar to the one described above but
not treated with antibodies, is used as a comparison sample
and shall serve as a negative control in the analytical
detection method. A further cell culture similar to the one
first described, except for the treatment with antibodies, is
treated for 180 min with staurosporine (concentration: 10
M), which is a strong protease inhibitor.

[0150] Then the cell cultures treated as described above
and the untreated cell cultures, respectively, are cooled to 4°
C. and formed to pellets by centrifugation at a centrifugal
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force of 350xg (number of cells at about 107). The cells here
are simply separated from the medium, without damage to
the cells. The supernatant is then decanted, and lysis buffer
(7 M urea, 2 M thiourea, 4% CHAPS, 1% DTT, 4 mM
spermidine and Complete (protease inhibitor, Roche AG, 1
tablet/50 ml) is added, the total protein concentration being
adjusted to about 10 mg/ml. Thereby, all protein-containing
cell components are denatured spontaneously and com-
pletely and solubilized.

[0151] The material containing DNA is then separated by
centrifugation at 13,000xg. After another dilution by a factor
of 10 (see below), the supernatant is used as an “immobi-
lization sample”™

The exact translation of the German text would be “nature-identical”, which
term, however, was an error.

[0152] The treatment with the aforesaid antibodies serves
as a model system for-co-stimulant activation of human
T-cells (M. Diehn et al., “Genomic expression programs and
the integration of the CD28 costimulatory signal in T cell
activation”, Proceedings of the National Academy of Sci-
ences 99 (2002) 11796-11801). The binding of said anti-
bodies to cell membrane-bound receptors leads to a phos-
phorylation cascade with different associated signal
pathways within the affected cells. The activity of a certain
signal pathway can be detected here by determining the
degree of phosphorylation of a corresponding key protein
(as a so-called “marker protein”) or of its substrate, which
shall be performed using an analytical platform according to
the invention.

[0153] The samples obtained by the preparation steps
described above are again diluted by a factor of 10 to a total
protein concentration of about 1 mg/ml, and are then depos-
ited in discrete measurement areas for generating an array of
measurement areas on the evanescent field sensor platform
provided with the adhesion-promoting layer.

[0154] In addition to the measurement areas comprising
deposited samples, each microarray comprises additional
measurement containing immobilized bovine serum albu-
min fluorescently labeled with Cy5 (Cy5-BSA), which are
used for referencing local differences and/or temporal varia-
tions of the excitation light intensity (“reference spots™).
Cy5-BSA (labeling rate: 3 Cy5 molecules per BSA mol-
ecule) is deposited at a concentration of 1.0 nM in phos-
phate-buffered sodium chloride solution (phosphate-buff-
ered saline PBS, pH 7.4).

[0155] After deposition of the “immobilization samples”
and Cy5-BSA, the analytical platform is stored at ambient
temperature and 100% relative humidity for two hours and
then dried in ambient air. Then the free hydrophobic regions
on the evanescent sensor platform not coated with protein
are saturated with bovine serum albumin (BSA) by incuba-
tion of the surface with a solution of BSA (30 mg/ml) in 50
mM imidazole/100 mM NaCl (pH 7.4). The evanescent field
sensor platform carrying the generated measurement areas is
then washed with water, dried in a stream of nitrogen and
stored at 4° C. until exccution of the detection method
according to the invention.

[0156] The geometry of a typical arrangement of measure-
ment areas in a two-dimensional array and a linear arrange-
ment of sic (identical) arrays on an evanescent field sensor
platform is shown in FIG. 1 (for the examples which will be
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described in more detail with respect to FIG. 3A/B and FIG.
4A/B, respectively). The diameter of the spots, arranged at
distance (center-to-center) of 600 gm, is about 90 ym. In the
case of these examples, an array of measurement areas in
each case comprises an arrangement of 8 different deposited
samples with 5 replicates, the 5 similar measurement areas
in each case being provided in a common column oriented
perpendicular to the direction of propagation of the light
guided in the waveguiding layer of the analytical platform
during the detection step. The reproducibility of the mea-
surement signals within the array of measurement areas shall
be determined by means of the 5 similar measurement areas
in each case. Columns of measurement areas containing
deposited Cy5-BSA are arranged in each case between and
beside the columns of measurement areas containing depos-
ited samples to be analyzed (for purposes of referencing). In
this example, the analytical platform according to the inven-
tion comprises 6 similar arrays of measurement areas of this
kind, as shown in FIG. 1.

[0157] 2. Analytical Detection Method
[0158] 2.1. Assay Architecture

[0159] The detection of certain proteins in general form
(i.e. for example with or without phsophorylation) and/or of
certain proteins especially in activated (e.g. phosphorylated)
form in the immobilized cell lysates as “immobilization
samples” deposited in discrete measurement areas is per-
formed by sequential application of the corresponding detec-
tion reagents as assay steps before measurement of the
resulting fluorescence signals: As a preparation for a first
assay step, polyclonal analyte-specific rabbit antibodies
(antibody A1 (#2261): phospho-(Ser) PKC substrate; anti-
body A2 (#9611): phospho-(Ser/Thr) Akt substrate; antibody
A3 (#9101): Phospho-p44/42 MAP kinase (Thr202/Tyr204);
antibody A4 (#9102): p44/42 MAP kinase (Thr202/Tyr204);
all antibodies obtained from Cell Signaling Technology,
INC,, Beverly, Mass., USA) are typically diluted in a ratio
of 1:500 in assay buffer (50 mM imidazole, 100 mM NaCl,
0.1% BSA, 0.05% Tween 20 pH 7.4). In each case, 30 ul of
these four different antibody solutions are each applied to
one of the six identical arrays of measurement areas, fol-
lowed by an incubation at ambient temperature overnight
(first assay step). Excess antibodies which are not specifi-
cally bound are removed by washing each array with assay
buffer (5x100 wul).

[0160] The 4 different antibodies used in this assay are
basically different in nature: Antibodies Al and A2 recog-
nize and bind to different proteins phosphorylated at serine
or serine/threonine, respectively, these protein kinases serv-
ing as substrates. This is discernible from the numerous
bands in the Western blot (FIG. 2A and section 2.4,
“Results”. Antibodies A3 and A4 recognize and bind to the
same kind of compound, namely p44/42 MAP-kinase (also
called Erk2); however, only antibody A3 recognizes its
phosphorylated “activated” form (pErk2), whereas antibody
A4 recognizes and binds to both forms (the not phosphory-
lated form Erk2 and the phosphorylated form pErk2).

[0161] A second assay step is performed for the detection
of bound analyte-specific antibodies contained in discrete
measurement areas comprising the immobilized samples
using a Cy5-labeled anti-rabbit antibody (Amersham Bio-
sciences, Diibendorf, Switzerland), which binds to all afore-
said antibodies A1-A4. This Cy5-labeled antibody is applied
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to the arrays at a concentration of typically 10 nM in assay
buffer (30 pl in each case), followed by an incubation for 2
hours in the dark at ambient temperature. Then the arrays are
washed with assay buffer (five times each with 100 ul) in
order to remove Cy5-anti-rabbit antibodies that are not
specifically bound). The analytical platforms prepared in
this way are then stored until execution of the detection step
by means of excitation and detection of the resulting fluo-
rescence signals using the ZeptoREADER™ (see below).

[0162] 2.2.Detection of the Fluorescence Signals from the
Arrays of Measurement Areas

[0163] The fluorescence signals from the various arrays of
measurement areas undergo automatic sequential measure-
ment using a ZeptoREADER™ (Zeptosens AG, Benken-
strasse 254, CH-4108 Witterswil). For each array of mea-
surement areas, the analytical platform according to the
invention is adjusted for matching the resonance condition
for in-coupling of light into the waveguiding tantalum
pentoxide layer and for maximizing the excitation light
available in the measurement areas. Then, for each array,
images of the fluorescence signals from the corresponding
array are generated, wherein the user can select different
exposure times and the number of images to be generated.
In the case of measurements for the present example, the
excitation wavelength is 633 nm, and the detection of the
fluorescence light at the fluorescence wavelength of CyS is
performed using a cooled camera, an interference filter
(transmission 670 nm+/-20 nm) for suppression of scattered
light being positioned in front of the lens of the camera. The
fluorescence images generated are automatically stored on
the disk of the control computer. Further details of the
optical system (ZeptoREADER™) are described in the
international patent application PCT/EP 01/10012, which is
incorporated in its entirety in the present application.

[0164]

[0165] The average intensity of the signals from the mea-
surement areas (spots) is determined using an image analysis
software (ZeptoVIEW, Zeptosens AG, CH-4108 Witterswil)
enabiling a semi-automatical analysis of the fluorescence
images from a multitude of arrays of measurement areas.

[0166] The raw data of the individual pixels of the camera
correspond to a two-dimensional matrix of digitized mea-
surement data, corresponding to the imaged area on the
sensor platform. For data analysis, first a two-dimensional
coordinate grid is manually superimposed on the image
points (pixels) in such a way that the image fraction of each
spot is contained in an individual two-dimensional grid
element. Within this grid element, an adjustable, circular
“area of interest” (AOI) with a user-definable radius (typi-
cally 90 um) is assigned to each spot. The location of the
different AOIs is determined individually as a function of the
signal intensity of the pixels by the image analysis software.
The radius of the AOIs initially defined by the user is
preserved. The arithmetic mean of the pixel values (signal
intensities) within a chosen analysis area is determined as
the mean gross signal intensity for each spot.

[0167] The background signals are determined from the
signal intensities measured between the spots. For this
purpose, four additional circular areas (typically with the
same radius as the analysis areas of the spots) are defined as
analysis areas for background signal determination for each

2.3. Evaluation and Referencing
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spot, which are preferably located in the center between
adjacent spots. The mean background signal intensity is, for
example, determined as the arithmetic mean of the pixel
values (signal intensities) within a defined AOI for each of
the four circular areas. The mean net signal intensity from
the measurement areas (spots) is then calculated as the
difference between the mean local gross and background
signal intensities of the corresponding spots.

[0168] Referencing of the net signal intensities of all the
spots is performed by means of reference spots (Cy5-BSA)
of each array of measurement areas. For this purpose, the net
signal intensity of each spot is divided by the mean value of
the net signal intensities of the adjacent reference spots
within the same row of measurement areas (arranged in
parallel with the direction of propagation of the light guided
in the evanescent field sensor platform). This referencing
method compensates for local differences in the available
excitation light intensity along the direction perpendicular to
the direction of light propagation, both within each microar-
ray and between different microarrays.

[0169] 2.4. Results

[0170] The results obtained with the method according to
the invention using the analytical platform according to the
invention are shown in FIG. 2. The bar plot shows, for
purposes of comparison, the results obtained with the cell
culture treated with the antibodies against the surface recep-
tors CD 23 (“aCD3”) and CD28 (“aCD28”) (filled? bars)
and with the untreated culture (“negative control”), each of
the “nature-identical” samples generated therefrom having
been deposited in 6 similar arrays of measurement areas on
an evanescent field sensor platform as described above and
then brought into contact with the solutions of the different
antibodies A1-A4. Different solutions, each containing one
of the 4 aforementioned antibodies Al-A4, were each
applied to 4 similar arrays arranged in different sample
compartments on a common evanescent field sensor plat-
form, and then Cy5-labeled anti-rabbit antibody was added,
as described in section 2.1. For each case, the average values
of the signal intensities, referenced according to the method
described above and derived in each case from five similar
measurement areas within an array, are shown in FIG. 2
together with their standard deviations.

2 In the original German text is written “leere Balken” (empty bars), which
is an obvious error regarding FIG. 2A.

[0171] The signal intensities obtained correlate with the
concentration of a certain analyte under consideration (high
signal intensity corresponding to high concentration). It can
be clearly seen that the relative intracellular concentration of
phospo-(Ser) PKC substrates and phospho-(Ser/Thre) Akt
substrates 1s increased to roughly twice the original value in
both cases, in comparison with the negative control, result-
ing from the treatment (“stimulation”) of Jurkat cell cultures
with antibodies against the surface receptors CD3 (“aCD3”)
and CD28 (“aCD28”). The concentration of pErk2 was
increased still more, namely by a factor of 5, whereas the
sum of the contents of Erk2 and pErk2 (detected using
antibody A4) remained constant, within the accuracy of
measurement. This observation indicates that the total con-
tent of Erk2 was not elevated by an increase in expression
within the stimulation period of 10 minutes, but only the
content of pErk2 was increased by phosphorylation.

[0172] In order to evaluate the sensitivity of the method
according to the invention for the detection of an individual
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“marker protein” of interest in a sample deposited in a
measurement area, i.e. within the proteome immobilized in
an individual measurement area, an untreated cell lysate
(negative control), which demonstrably contains only a very
small amount of pErk2 (third pair of bars in FIG. 2)
according to the results of the assay performed beforehand
(results shown in FIG. 2), was partitioned into individual
aliquot solutions, to which this “marker protein” was added
at different concentrations (0-3645 ng/ml). These solutions
were then immobilized on the planar waveguide chip as
described before, and an assay as described in section 2.1
was performed (using the antibody A3).

[0173] A typical distribution of the signals from an array
of measurement arcas is shown in FIG. 3A, the marked
rectangles always indicating 5 replica spots with the
untreated cell lysate to which a certain pErk2 concentration
was added (1.8: increase In concentration, with the geo-
metrical arrangement as shown in FIG. 1).

[0174] The result of this measurement for the detection of
pErk2 as a function of its added concentration can be
described by a typical binding curve, by fitting a Hill
function to the concentration-dependent signal values (FIG.
3B). Each data point in FIG. 3B represents the mean value
of the referenced net signal intensities from 5 replicate
analyte spots, together with the standard deviation repre-
sented by error bars. The enlarged insert in FIG. 3B shows
the concentration dependence of the signals at low concen-
trations, the increase of the values not being resolvable in the
graphic representation for the whole concentration range.
Based on the sum of the signal of the “0-value” (“blank”, i.¢.
sample without added pErk2) and its two-fold standard
deviation, a value of 2.0 ng/ml, corresponding to a fraction
according to weight of 2.3x107° g pErk2 in 1 g total protein,
was determined as the sensitivity (limit of detection) of the
assay.

[0175] FIGS. 4A and 4B show the results of a third assay
essentially analogous to the second one. In contrast to the
second assay described above, with the results shown in
FIGS. 3A and 3B, this third assay is performed as described
in section 2.1, using antibody A4 (i.e. with application of this
to similar arrays as used for the second assay). Thus, the total
amount of the phosphorylated and the nonphosphorylated
form of the compound (pErk2 and Erk2), corresponding to
the differing amount of pErk2 added, is determined in this
assay. A typical distribution of the signals from an array of
measurement areas is shown in FIG. 4A, the marked rect-
angles in turn each representing 5 replica spots with the
untreated cell lysate to which a certain pErk2 concentration
was added (1.8: increase in concentration, with the geo-
metrical arrangement as shown in FIG. 1). In this case, an
assay sensitivity (limit of detection) of 120 ng/ml, corre-
sponding to a fraction according to weight of 1.1x107* g
pEk2 in 1 g total protein, is determined.

[0176] A further, fourth experiment is carried out to deter-
mine whether different changes can also be determined in
the concentration of pErk2 resulting from co-stimulation of
Jurkat cells by aCD3/a.CD28 during stimulation periods of
differing duration and whether the differences in these
changes can be resolved by the method according to the
invention. For this purpose, Jurkat cell cultures are incu-
bated in each case with 1 ug/ml aCD3/a.CD28 for different
lengths of time (of the order of minutes) before lysis.



US 2004/0166508 Al

Additionally, one Jurkat cell culture is treated with stauro-
sporin (protein kinase inhibitor). The last-mentioned cell
culture serves as a negative control, because no pErk2
should be present in this sample due to inhibition of all
protein kinases. The signal measured for this sample should
therefore correspond to the signal from a sample free from
pErk2. The cell lysates treated as described above are then
spotted onto the evanescent field sensor platform, and an
assay as described in section 2.1 is performed using antibody
A3 to determine changes in the concentration of pErk2.

[0177] The results of this measurement are shown in FIG.
5A. Each of the bars shown in this graph represents the
referenced average value of the net signal intensities from 5
replicate analyte spots, together with the corresponding
standard deviation. It can be clearly secen that changes in
pErk2 concentration, detected using antibody A>3, can be
readily resolved. The temporal dependence, i.e. the depen-
dence on the length of the stimulation period, is character-
ized by a rapid increase in pErk2 concentration, followed by
decrease to the level of the initial concentration after a
stimulation period of 60 minutes, the concentration maxi-
mum being reached after about 10 minutes. The signal from
the nonstimulated control sample is only slightly higher than
the signal from the sample treated with staurosporin, the
difference representing the natural content of pErk2 without
stimulation.

[0178] As a control measurement, an assay and detection
method are performed similar to the one just described, but
using antibody A4 instead of antibody A3 to determine the
total amount of the corresponding phosphorylated and non-
phosphorylated protein form, i.e. the relative total content of
Erk2/pErk2. This experiment does not show any significant
signal differences, i.e. no changes in concentration, for the
different stimulation periods of up to 60 minutes, and also no
difference in comparison with the untreated control sample
and the sample treated with staurosporin, within the experi-
mental accuracy (FIG. 5B).

1. A method for the analysis of multiple samples for
analytes which are contained therein and are of biological
relevance as binding partners in specific binding reactions,
wherein

said samples or fractions of said samples, with the ana-
lytes which are to be determined and are contained
therein, as a first plurality of specific binding partners,
are deposited directly or after additional dilutions of
said fractions in discrete measurement areas in at least
one one- or two-dimensional array of measurement
areas on an evanescent field sensor platform as a solid
support, different samples or fractions or different dilu-
tions of samples or fractions being arranged in different
discrete measurement areas,

one or more tracer compounds as a second plurality of
specific binding partners, for the specific determination
of one or more analytes out of the first plurality of
specific binding partners contained in the samples or
their fractions, are brought into contact with the
samples or their fractions or dilutions deposited in said
discrete measurement areas in a single step or multiple
steps of a specific binding reaction,

changes of opto-clectronic signals, resulting from the
binding of tracer compounds to analytes contained in
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the samples in discrete measurement areas in the eva-
nescent field of the evanescent field sensor platform are
measured in a laterally resolved manner, and

the presence of the analytes to be specifically detected is
determined qualitatively and/or quantitatively from the
relative amount of the changes in said opto-electronic
signals from the corresponding measurement areas.

2. A method according to claim 1, wherein a method for
the separation of a sample into said fractions is selected from
the group of methods comprising centrifugation, HPLC and
micro-HPLC (“high pressure liquid chromatography™) by
means of the method “normal phase”, “reverse phase”,
ion-exchange or “hydrophobic interaction” chromatography
(HIC), size exclusion chromatography, gel chromatography,
electrophoresis, capillary electrophoresis, electrochro-
matography, “free flow electrophoresis” etc.

3. A method according to any of claims 1-2, wherein a
fraction of a sample is diluted by at least a factor of 10, prior
to the deposition on said evanescent field sensor platform as
a solid support.

4. A method according to any of claims 1-3, wherein a
fraction of a sample is diluted by at least a factor of 30, prior
to the deposition on said evanescent field sensor platform as
a solid support.

5. A method according to any of claims 1-4, wherein the
samples are selected from the group comprising extracts of
healthy or diseased cells (for example, of human, animal,
bacterial or plant cell extracts), extracts of human or animal
tissue, such as organ, skin, hair or bone tissue, or of plant
tissue, and comprising body fluids or their constituents, such
as blood, serum or plasm, synovial liquids, lacrimal fluid,
urine, saliva, tissue fluid, lymph.

6. A method according to any of claims 1-4, wherein said
“nature-identical” samples are selected from the group com-
prising extracts of simulated (treated) or untreated cells and
extracts of healthy or diseased tissue.

7. A method according to any of claims 1-6, wherein a
sample to be analyzed has been taken from an organism or
tissue or cellular assembly or cell by means of a method of
the group comprising tissue slicing, biopsy and laser capture
micro dissection.

8. A method according to any of claims 1-7, wherein an
“immobilization sample” comprises the material of less than
20000 cells.

9. A method according to any of claims 1-8, wherein an
“immobilization sample” comprises the material of less than
1000 cells.

10. A method according to any of claims 1-9, wherein
analytes, i.e. especially biopolymers such as nucleic acids or
proteins contained in “an immobilization sample” are
present in a native or denatured conformation.

11. A method according to any of claims 1-9, wherein the
analytes, i.c. especially biopolymers such as nucleic acids or
proteins contained in an “immobilization samples” are
present in denatured form, after treatment with urea,
whereas the epitopes of the contained analytes are freely
accessible for the binding to their corresponding detection
reagents, such as antibodies.

12. Amethod according to any of claims 1-11, wherein the
relative total amounts of one or more compounds contained
as analytes in an “immobilization sample”, as the sum of
their occurrence in phosphorylated or nonphosphorylated
form and/or glycolysated and/or nonglycolisated form, are
determined.
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13. A method according to any of claims 1-11, wherein the
relative amounts of one or more compounds contained as
analytes in an “immobilization sample”, in each case of their
occurrence in phosphorylated and/or nonphosphorylated
form and/or glycolysated and/or nonglycolysated form, are
determined for one or more of said forms.

14. A method according to any of claims 1-11, wherein the
degree of activation of one or more analytes contained in an
“immobilization sample” is determined.

15. A method according to any of claims 1-11, wherein the
degree of phosphorylation and/or the degree of glycolysa-
tion of one or more analytes contained in an “immobilization
sample” is determined.

16. A method according to any of claims 1-15, wherein
differences of less than 20%, preferably less than 10%,
between the relative amounts of one or more compounds
contained as analytes in an “immobilization sample” and in
one or more comparison samples, are resolved for one or
more of the phosphorylated and/or nonphosphorylated and/
or glycolysated and/or nonglycolysated forms as analytes.

17. A method according to any of claims 1-16, wherein
said “immobilization sample” and one or more comparison
samples are taken from the same source of origin at different
times, and that temporal changes in the relative amounts of
one or more compounds in phosphorylated and/or nonphos-
phorylated form and/or glycolysated and/or nonglycolisated
form contained as analytes in these samples are determined.

18. A method according to any of claims 1-17, wherein
different samples are taken from the same organism or from
the same cell culture.

19. A method according to claim 18, wherein different
samples are taken from different positions on the same
organism.

20. A method according to any of claims 1-17, wherein
different samples are taken from different organisms or from
different cell cultures.

21. Amethod according to any of claims 1-20, wherein the
evanescent field sensor platform comprises an adhesion-
promoting layer, on which the samples or their fractions or
dilutions are deposited in order to improve the adhesion of
the “immobilization samples” deposited in discrete mea-
surement areas.

22. A method according to claim 21, wherein the adhe-
sion-promoting layer has a thickness of less than 200 nm,
preferably of less than 20 nm.

23. A method according to any of claims 21-22, wherein
said adhesion-promoting layer comprises compounds of the
group of silanes, functionalized silanes, epoxides, function-
alized, charged or polar polymers and “self-organized pas-
sive or functionalized mono- or multi-layers”, thiols, alkyl
phosphates and alkyl phosphonates, multi-functional block
copolymers, such poly(L)lysin/polyethylene glycols.

24. A method according to any of claims 21-22, wherein
said adhesion-promoting layer comprises compounds of the
group of organophosphoric acids of the general formula I
(A)

Y—B—OPO,H, (14)
or of organophosphonic acids of the general formula I (B)
Y—B—PO,H, (B)

and of their salts, wherein B is an alkyl, alkenyl, alkinyl,
aryl, aralkyl, hetaryl, or hetarylalkyl residue, Y is
hydrogen or a functional group of the following series,
e.g. hydroxy, carboxy, amino, mono- or dialkyl amino
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optionally substituted by lower alkyl, thiol, or negative
acidic group of the series, e.g. ester, phosphate, phos-
phonate, sulfate, sulfonate, maleimide, succinimydyl,
epoxy or acrylate.

25. A method according to any of claims 1-24, wherein
one or more “immobilization samples” are mixed with a
solution of polymers or polymerizable monomers, option-
ally in the presence of initiators, or of chemical cross-linkers
(c.g. glutaraldehyde), prior to their deposition on the eva-
nescent field sensor platform as a solid support (in order to
improve their adhesion on said solid support and to improve
the homogeneity of the deposition).

26. A method according to claim 25, wherein said solution
of polymers, polymerizable monomers or chemical cross-
linkers is selected from the group comprising solutions of
polysaccharides, such as agarose, acrylamides, glutarale-
hyde etc.

27. A method according to any of claims 25-26, wherein
the mixture of the one or more “immobilization samples”
with a solution of polymers or polymerizable monomers,
optionally in the presence of initiators, or of chemical
cross-linkers (e.g. glutaraldehyde), leads to an immobiliza-
tion of a three-dimensional network structure on the eva-
nescent field sensor platform as a solid substrate, with
sample components embedded therein, which are accessible
for tracer reagents in the consecutive step of a bioaffinity
reaction.

28. Amethod according to any of claims 1-27, wherein the
“immobilization samples” are deposited with lateral selec-
tivity in discrete measurement areas, directly on the evanes-
cent field sensor platform or on an adhesion-promoting layer
deposited thereon, by means of a method selected from the
group of methods comprising ink jet spotting, mechanical
spotting by pen, pin or capillary, “micro contact printing”,
fluidic contacting of the measurement areas with said
samples through their supply in parallel or crossed micro
channels, with application of pressure differences or electric
or electromagnetic potentials, and photochemical or photo-
lithographic immobilization methods.

29. A method according to any of claims 1-28, wherein
regions between the discrete measurement areas are “passi-
vated” in order to minimize nonspecific binding of tracer
compounds, i.¢. that compounds which are “chemically
neutral” (i.e. nonbinding) towards the analytes and other
contents of the deposited “immobilization samples” and the
tracer compounds for said analytes, are deposited between
the laterally separated measurement areas.

30. A method according to claim 29, wherein said com-
pound which are “chemically neutral” (ie. nonbinding)
towards the analytes and other contents of the deposited
“immobilization samples” and towards the tracer com-
pounds for said analytes, are selected from the group com-
prising albumins, especially bovine serum albumin or
human serum albumin, casein, nonspecific, polyclonal or
monoclonal, heterologous or empirically nonspecific anti-
bodies (for the analytes to be determined, especially for
immunoassays), detergents—such as Tween 20-, fragmented
natural or synthetic DNA not hybridizing with polynucle-
otides to be analyzed, such as extracts of herring or salmon
sperm, or also uncharged but hydrophilic polymers, such as
polyethyleneglycols or dextrans.

31. Amethod according to any of claims 1-30, wherein the
analytes are to be determined and are contained in the
“immobilization samples” deposited in discrete measure-
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ment areas are compounds of the group comprising proteins,
such as monoclonal or polyclonal antibodies and antibody
fragments, peptides, enzymes, glycopeptides, oligosaccha-
rides, lectins, antigens for antibodies, proteins functional-
ized with additional binding sites (“tag proteins”, such as
“histidine tag proteins”) and nucleic acids (e.g. DNA, RNA).

32. A method according to claim 31, wherein the analytes
which are to be determined and are contained in the “immo-
bilization samples” deposited in discrete measurement areas
are compounds of the group comprising cytosolic or mem-
brane-bound cell proteins, especially proteins involved in
the processes of signal transduction in cells, such as kinases.

33. Amethod according to any of claims 1-32, wherein the
changes in opto-electronic signals, as a consequence of the
binding of tracer compounds to analytes contained in the
“immobilization samples” in discrete measurement areas, to
be determined laterally resolved, are caused by local
changes of the resonance conditions for the generation of a
surface plasmon in a thin metal layer being part of said
evanescent field sensor platform.

34. A method according to claim 33, wherein said changes
in the resonance conditions are manifested by a change in
the resonance angle for the irradiation of an excitation light
for generation of a surface plasmon in a thin metal layer
being part of said evanescent field sensor platform.

35. Amethod according to claim 33, wherein said changes
in the resonance conditions are manifested by a change in
the resonance wavelength of an irradiated excitation light for
generation of a surface plasmon in a thin metal layer being
part of said evanescent field sensor platform.

36. A method according to any of claims 1-35, wherein,
as a consequence of the binding of tracer compounds to
analytes which are contained in the “immobilization
samples” in discrete measurement areas, the changes in
opto-electronic signals which to be determined in a laterally
resolved manner are caused by local changes in the effective
refractive index in these regions on said evanescent field
sensor platform.

37. A method according to any of claims 1-32, wherein,
as a consequence of the binding of tracer compounds to
analytes which are contained in the “immobilization
samples” in discrete measurement areas, the changes in
opto-electronic signals which to be determined in a laterally
resolved manner are caused by local changes in one or more
luminescences from molecules capable of luminescence,
which are located within the evanescent field of said eva-
nescent field sensor platform.

38. A method according to claim 37, wherein said changes
in one or more luminescences originate from molecules or
nanoparticles capable of luminescence, which are bound as
luminescence labels to one or more tracer compounds for the
analytes contained in discrete measurement areas.

39. A method according to claim 38, wherein two or more
luminescence labels with different emission wavelengths
and/or different excitation spectra, preferably with different
emission wavelengths and identical excitation wavelength,
are applied for analyte detection.

40. A method according to any of claims 38-39, wherein
two or more luminescence labels with different emission
decay times are applied for analyte detection.

41. A method according to any of claims 39-40, wherein
two or more luminescence labels are applied for the detec-
tion of different analytes in an “immobilization sample”.
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42. A method according to any of claims 39-41, wherein
two or more luminescence labels are applied for the detec-
tion of different analytes in a measurement arca.

43. A method according to any of claims 37-42, wherein
the excitation light is irradiated in pulses with a duration
between 1 fs and 10 minutes and the emission light from the
measurement areas is measured in a time-resolved manner.

44. A method according to any of claims 36-43, wherein
the evanescent field sensor platform, as a solid substrate,
comprises an optical waveguide, comprising one or more
layers.

45. A method according to claim 44, wherein the evanes-
cent field sensor platform as solid substrate comprises a
planar optical waveguide, comprising one or more layers,
this waveguide being continuous or partitioned in discrete
waveguiding regions.

46. A method according to claim 45, wherein the evanes-
cent field sensor platform as a solid substrate comprises a
planar optical thin-film waveguide with an essentially opti-
cally transparent waveguiding layer (a) on a second, like-
wise essentially optically transparent layer (b) with lower
refractive index than layer (a) and optionally with a likewise
essentially optically transparent intermediate layer (b')
between layers (a) and (b), with likewise lower refractive
index than layer (a).

47. A method according to any of claims 1-46, wherein
excitation light from one or more light sources is in-coupled
into a waveguiding layer of an evanescent field sensor
platform using one or more optical in-coupling elements
from the group comprising prism couplers, evanescent cou-
plers comprising joined optical waveguides with overlap-
ping evanescent fields, front face (butt) couplers with focus-
ing lenses, preferably cylindrical lenses, arranged in front of
a front face (distal end) of the waveguiding layer, and
grating couplers.

48. A method according to claim 47, wherein the in-
coupling of excitation light into a waveguiding layer of the
evanescent field sensor platform is performed using one or
more grating structures (¢) that are formed in said waveguid-
ing layer.

49. Amethod according to any of claims 1-48, wherein the
out-coupling of light guided in a waveguiding layer of an
evanescent field sensor platform is performed using one or
more grating structures (c') which are formed in said
waveguiding layer and have similar or different grating
period and grating depth as grating structures (c).

50. A method according to any of claims 48-49, wherein
excitation light from one or more light sources is in-coupled
into a waveguiding layer of said evanescent field sensor
platform using one or more grating structures (c), directed as
a guided wave towards measurement areas located on the
evanescent field sensor platform, wherein furtheron lumi-
nescence from molecules capable of luminescence, which is
generated in the evanescent field of said guided wave, is
measured in a time-resolved manner using one or more
detectors, and wherein the relative concentration of one or
more analytes 1s determined from the relative intensity of
these luminescence signals.

51. A method according to any of claims 37-50, wherein
changes of the effective refractive index on the measurement
areas are determined in addition to the determination of one
or more luminescences.

52. A method according to any of claims 33-51, wherein
determinations of the one or more luminescences and/or
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determinations of light signals at an excitation wavelength
are performed as polarization-selective measurements.

53. A method according to any of claims 47-52, wherein
the one or more luminescences are measured at a polariza-
tion that is different from the polarization of the excitation
light.

54. An analytical platform for the analysis of multiple
samples for analytes which are contained therein and are of
biological relevance as binding partners in bioaffinity reac-
tions, comprising

an evanescent field sensor platform as a solid substrate

at least one one- or two-dimensional array of discrete
measurement areas with binding partners for the deter-
mination of said analytes in a bioaffinity reaction,
immobilized in said measurement areas on the evanes-
cent field sensor platform,

wherein

said discrete measurement areas are generated by depo-
sition of said samples or fractions of said samples either
directly or after additional dilutions of said samples or
their fractions, containing the analytes to be determined
as a first plurality of specific binding partners,

different samples or fractions or different dilutions of the
samples or of their dilutions are arranged in different
discrete measurement areas and

the one or more immobilized binding partners forming the
first plurality of specific binding partners are the one or
more analytes themselves contained in the samples to
be analyzed.

55. An analytical platform according to claims 54,
wherein one or more samples or fractions of a sample are
diluted by at least a factor of 10, prior to the deposition on
said evanescent field sensor platform as a solid support, and
different dilutions of a fraction are deposited in different
discrete measurements on said evanescent field sensor plat-
form.

56. An analytical platform according to claims 54,
wherein one or more samples or fractions of a sample are
diluted by at least a factor of 30, prior to the deposition on
said evanescent field sensor platform as a solid support, and
different dilutions of a fraction are deposited in different
discrete measurements on said evanescent field sensor plat-
form.

57. An analytical platform according to any of claims
54-56, wherein the samples are selected from the group
comprising extracts of healthy or diseased cells (for
example, of human, animal, bacterial or plant cell extracts),
extracts of human or animal tissue, such as organ, skin, hair
or bone tissue, or of plant tissue, and comprising body fluids
or their constituents, such as blood, serum or plasm, synovial
liquids, lacrimal fluid, urine, saliva, tissue fluid, lymph.

58. An analytical platform according to any of claims
54-56, wherein said samples are selected from the group
comprising extracts of stimulated (treated) or untreated cells
and extracts of healthy or diseased tissue.

59. An analytical platform according to any of claims
54-58, wherein the samples to be analyzed have been taken
from an organism or tissue or cellular assembly or cell by
means of a method of the group of tissue slicing, biopsy and
laser capture micro dissection.
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60. An analytical platform according to any of claims
54-59, wherein an “immobilization sample” comprises the
material of less than 20000 cells.

61. An analytical platform according to any of claims
54-60, wherein an “immobilization sample” comprises the
material of less than 1000 cells.

62. An analytical platform according to any of claims
54-61, wherein analytes, i.e. especially biopolymers such as
nucleic acids and proteins contained in an “immobilization
sample” are present in a native or denatured conformation.

63. An analytical platform according to any of claims
54-61, wherein the analytes, i.e. especially biopolymers such
as nucleic acids and proteins contained in the “immobiliza-
tion samples” are present in denatured form, after treatment
with urea, whereas the epitopes of said analytes are freely
accessible for the binding to their corresponding detection
reagents, such as antibodies.

64. An analytical platform according to any of claims
54-63, wherein different deposited samples have been taken
from the same organism or from the same cell culture.

65. An analytical platform according to claim 64, wherein
different deposited samples have been taken from different
positions on the same organism.

66. An analytical platform according to any of claims
54-63, wherein different deposited samples have been taken
from different organisms or from different cell cultures.

67. An analytical platform according to any of claims
54-66, wherein the evanescent field sensor platform com-
prises an adhesion-promoting layer, on which the samples or
their fractions or dilutions are deposited in order to improve
the adhesion of the “immobilization sample” deposited in
discrete measurement areas.

68. An analytical platform according to claim 67, wherein
the adhesion-promoting layer has a thickness of less than
200 nm, preferably less than 20 nm.

69. An analytical platform according to any of claims
67-68, wherein said adhesion-promoting layer comprises
compounds of the group of silanes, functionalized silanes,
epoxides, functionalized, charged or polar polymers and
“self-organized passive or functionalized mono- or multi-
layers”, thiols, alkyl phosphates and alkyl phosphonates,
multi-functional block copolymers, such poly(L)lysin/poly-
ethylene glycols.

70. An analytical platform according to any of claims
67-68, wherein said adhesion-promoting layer comprises
compounds of the group of organo phosphoric acids of the
general formula I (A)

Y—B—OPO,H, (1A)
or of organophosphonic acids of the general formula I (B)
Y—B—FO,H, (IB)

and of their salts, wherein B is an alkyl, alkenyl, alkinyl,
aryl, aralkyl, hetaryl, or hetarylalkyl residue, Y is
hydrogen or a functional group of the following series,
e.g. hydroxy, carboxy, amino, mono- or dialkyl amino
optionally substituted by low alkyl, thiol, or negative
acidic group of the series, e.g. ester, phosphate, phos-
phonate, sulfate, sulfonate, maleimide, succinimydyl,
epoxy or acrylate.

71. An analytical platform according to any of claims
54-70, wherein one or more “immobilization samples” are
mixed with a solution of polymers or polymerizable mono-
mers, optionally in the presence of initiators, or of chemical
cross-linkers (e.g. glutaraldehyde), prior to their deposition
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on the evanescent field sensor platform as a solid support (in
order to improve their adhesion on said solid support and to
improve the homogeneity of the deposition).

72. An analytical platform according to claim 71, wherein
said solution of polymers, polymerizable monomers or
chemical cross-linkers is selected from the group comprising
solutions of polysaccharides, such as agarose, or of acryla-
mides, or of glutaralehyde etc.

73. An analytical platform according to any of claims
71-72, wherein the mixture of the one or more “immobili-
zation samples” with a solution of polymers or polymeriz-
able monomers, optionally in the presence of initiators, or of
chemical cross-linkers (e.g. glutaraldehyde), leads to immo-
bilization of a three-dimensional network structure on the
evanescent field sensor platform as a solid substrate, with
sample components embedded therein, which are accessible
for tracer reagents in the consecutive step of a bioaffinity
reaction.

74. An analytical platform according to any of claims
54-73, wherein an array comprises more than 50, preferably
more than 500, most preferably more than 5000 measure-
ment arcas.

75. An analytical platform according to any of claims
54-74, wherein the measurement areas of an array are
arranged in a density of more than 10, preferably of more
than 100, most preferably of more than 1000 measurement
areas per square centimeter.

76. An analytical platform according to any of claims
54-75, wherein multiple arrays of measurement areas are
provided on an evanescent field sensor platform as a solid
support.

77. An analytical platform according to claim 76, wherein
at least 5, preferably at least 50 arrays of measurement areas
are provided on an evanescent field sensor platform as a
solid support.

78. An analytical platform according to any of claims
54-77, wherein regions between the discrete measurement
areas are “passivated” in order to minimize nonspecific
binding of tracer compounds, i.e., that compounds, which
are “chemically neutral” (i.e., nonbinding) towards the ana-
Iytes and the other contents of the deposited “immobilization
samples” and the tracer compounds for said analytes, are
deposited between the laterally separated measurement
areas.

79. An analytical platform according to claim 78, wherein
said compounds, which are “chemically neutral” (i.e. non-
binding) towards the analytes and other contents of the
deposited “immobilization samples” and towards the tracer
compounds for said analytes are selected from the group
comprising albumins, especially bovine serum albumin or
human serum albumin, casein, nonspecific, polyclonal or
monoclonal, heterologous or empirically nonspecific anti-
bodies (for the analytes to be determined, especially for
immunoassays), detergents—such as Tween 20-, fragmented
natural or synthetic DNA not hybridizing with polynucle-
otides to be analyzed, such as extracts of herring or salmon
sperm, or uncharged but hydrophilic polymers, such as
polyethylene glycols or dextrans.

80. An analytical platform according to any of claims
54-79, wherein the analytes which are to be determined and
are contained in the “immobilization samples” deposited in
discrete measurement areas are compounds of the group
comprising proteins, such as monoclonal or polyclonal
antibodies and antibody fragments, peptides, enzymes, gly-
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copeptides, oligosaccharides, lectins, antigens for antibod-
ies, proteins functionalized with additional binding sites
(“tag proteins”, such as “histidine tag proteins”) and nucleic
acids (e.g. DNA, RNA).

81. An analytical platform according to any of claims
54-79, wherein the analytes to which are to be determined
and are contained in the “immobilization samples” deposited
in discrete measurement areas are compounds of the group
comprising cytosolic or membrane-bound cell proteins,
especially proteins involved in the processes of signal trans-
duction in cells, such as kinases.

82. An analytical platform according to any of claims
54-81, wherein the evanescent field sensor platform com-
prises a thin metal layer, optionally on an intermediate layer
with refractive index preferably <1.5, such as silicon dioxide
or magnesium fluoride, located beneath, and wherein the
thickness of the metal layer and of the optional intermediate
layer is selected in such a way that a surface plasmon can be
excited at the wavelength of an irradiated excitation light
and/or of a generated luminescence.

83. An analytical platform according to claim 82, wherein
the metal is selected from the group comprising gold and
silver.

84. An analytical platform according to claim 82, wherein
the metal layer has a thickness between 10 nm and 1000 nm,
preferably between 30 nm and 200 nm.

85. An analytical platform according to any of claims
54-84, wherein the evanescent field sensor platform, as a
solid substrate, comprises an optical waveguide, comprising
one or more layers.

86. An analytical platform according to claim 85, wherein
the evanescent field sensor platform as solid substrate com-
prises a planar optical waveguide, comprising one or more
layers, this waveguide being continuous or partitioned in
discrete waveguiding regions.

87. An analytical platform according to claim 86, wherein
the evanescent field sensor platform as a solid substrate
comprises a planar optical thin-film waveguide with an
essentially optically transparent waveguiding layer (a) on a
second, likewise essentially optically transparent layer (b)
with lower refractive index than layer (a) and optionally
with a likewise essentially optically transparent intermediate
layer (b") between layers (a) and (b), with likewise lower
refractive index than layer (a).

88. An analytical platform according to any of claims
54-87, wherein a waveguiding layer of the evanescent field
sensor platform is in optical contact with one or more optical
coupling elements enabling the in-coupling of excitation
light from one or more light sources into said waveguiding
layer, said optical coupling elements being selected from the
group comprising prism couplers, evanescent couplers com-
prising joined optical waveguides with overlapping evanes-
cent fields, front face (butt) couplers with focusing lenses,
preferably cylindrical lenses, arranged in front of a front face
(distal end) of the waveguiding layer, and grating couplers.

89. An analytical platform according to claim 88, wherein
one or more grating structures (c) are provided in a
waveguiding layer of the evanescent field sensor platform,
allowing the in-coupling of excitation light from one or
more light sources.

90. An analytical platform according to any of claims
54-88, wherein grating structures (c'), with similar or dif-
ferent grating period and grating depth as grating structures
(c) are provided in a waveguiding layer of the evanescent



US 2004/0166508 Al

field sensor platform, allowing the out-coupling of light
guided in said waveguiding layer.

91. The use of a method according to any of claims 1-53
and/or of an analytical platform according to any of claims
54-90 for quantitative and/or qualitative analyses for the
determination of chemical, biochemical or biological ana-
lytes in screening methods in pharmaceutical research, com-
binatorial chemistry, clinical and pre-clinical development,
for real-time binding studies and the determination of kinetic
parameters in affinity screening and in research, for quali-
tative and quantitative analyte determinations, especially for
DNA- and RNA analytics and for the determination of
genomic or proteomic differences in the genome, such as
single nucleotide polymorphisms, for the measurement of
protein-DNA interactions, for the determination of control
mechanisms for mRNA expression and for the protein
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(bio)synthesis, for the generation of toxicity studies and the
determination of expression profiles, especially for the
determination of biological and chemical marker com-
pounds, such as mRNA, proteins, peptides or small-molecu-
lar organic (messenger) compounds, and for the determina-
tion of antibodies, antigens, pathogens or bacteria in
pharmaceutical product development and research, human
and veterinary diagnostics, agrochemical product develop-
ment and research, for symptomatic and pre-symptomatic
plant diagnostics, for patient stratification in pharmaceutical
product development and for the therapeutic drug selection,
for the determination of pathogens, nocuous agents and
germs, especially of salmonella, prions and bacteria, espe-
cially in food and environmental analytics.
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