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(57) ABSTRACT

A device includes a planar optical waveguide, as part of a
sensor platform, and, connected to the platform directly or by
means of a sealing medium, a sealing layer. The sealing layer
forms either directly or by means of a sealing medium a
tightly sealing layer. The sealing layer includes a multitude of
recesses at least open towards the sensor platform, which
form a corresponding multitude of sample compartments in a
2-dimensional arrangement. Fach of the sample compart-
ments has different biological or biochemical recognition
elements, for the specific recognition and binding of different
analytes, immobilized in five or more discrete measurement
areas, wherein the measurement areas are in optical interac-
tion with excitation light emanating from the optical
waveguide, as part of the sensor platform which forms a
demarcation of the sample compartments, and wherein the
sample compartments are operable to be cleared from
received sample or reagent solutions and to then receive,
optionally without washing steps, further sample or reagent
solutions, which are supplied to the same sample compart-
ments.
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DEVICE AND METHOD FOR DETERMINING
MULTIPLE ANALYTES

[0001] This application is a Divisional of U.S. application
Ser. No. 10/030,972, filed Jan. 15, 2002, which is a national
stage application of International application No. PCT/EP00/
07529, filed Aug. 3, 2000. These applications are herein
incorporated in their entirety.

[0002] The invention is related to a device comprising a
multitude of sample compartments, wherein in each of the
sample compartments different biological or biochemical
recognition elements, for the specific recognition and binding
of different analytes, are immobilized in five or more discrete
measurement areas in these sample compartments. These
biological or biochemical recognition elements in the mea-
surement areas are immobilized either directly or by means of
an adhesion promoting layer and, optionally, still further lay-
ers on the surface of an optical waveguide, as part of a sensor
platform, which surface forms a demarcation of the sample
compartments. Thereby, the sensor platform can be provided
in different embodiments.

[0003] Theinvention is also related to an analytical system
comprising a device with different embodiments of the sensor
platform, an optical system for the determination of lTumines-
cence with at least one excitation light source and at least one
detector for the detection of the light emanating from the
measurement areas, and supply means for bringing one or
more samples into contact with the measurement areas on the
sensor platform. Further objects of the invention are methods
for the detection of luminescence using sensor platforms,
optical systems and analytical systems, and the use of these
methods for quantitative affinity sensing and other applica-
tions.

[0004] The object of this invention is to provide measure-
ment configurations with a multitude of small-volume sample
compartments allowing for the simultaneous, highly sensitive
determination of a multitude of analytes.

[0005] For the determination of a multitude of analytes,
currently such methods are mainly used, wherein the deter-
mination of different analytes is performed in discrete sample
compartments or “wells” of so-called microtiter plates. The
most common are plates with a pitch (geometrical arrange-
ments in rows and columns) of 8x12 wells on a footprint of
typically about 8 cmx12 cm, wherein a volume of some
hundred microliters is required for filling a single well. It
would be desirable for many applications, however, to deter-
mine multiple analytes in a single sample compartment, upon
using a sample volume that is as small as possible.

[0006] In U.S. Pat. No. 5,747,274, measurement arrange-
ments and methods for the early recognition of a cardiac
infarction, upon determination of at least three infarction
markers, are described. The determination of these markers
can be performed in individual saniple compartments or in a
common sample compartment, a single (common) sample
compartment, according to the disclosure for the latter case,
as a continuous flow channel, one demarcation of which
being formed, for example, by a membrane, whereon anti-
bodies for the three different markers are immobilized. How-
ever, there are no hints for an arrangement of several sample
compartments or flow channels of this type on a common
support. Additionally, there are no geometrical informations
concerning the size of the measurement areas.
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[0007] InWO 84/01031, U.S. Pat. No. 5,807,755, U.S. Pat.
No. 5,837,551, and in U.S. Pat. No. 5,432,099, immobiliza-
tion of the specific recognition elements for an analyte in the
geometry of small “spots”, of partially significantly below 1
mm?, on a solid support is proposed. The purpose of this
immobilization geometry is to be able to determine the con-
centration of an analyte in a way which is only dependent on
the incubation time, but essentially independent from the
absolute sample volume (in the absence of a continuous flow),
upon binding only a small part of the analyte molecules that
are present. The measurement arrangements disclosed in the
related examples are based on determinations by fluorescence
measurements in conventional microtiter plates. Thereby,
arrangements are also described wherein spots of up to three
different, fluorescently labeled antibodies are measured in a
common microtiter plate well. A minimization of the spot size
would be desirable, following the theoretical argumentation
in these patent specifications. The minimum signal height to
be distinguished from the background signal, however, would
set a lower limit for the spot size.

[0008] For achieving lower detection limits, in recent years
numerous measurement arrangements have been developed,
wherein the determination of an analyte is based on its inter-
action with the evanescent field, which is associated with light
guiding in an optical waveguide, and wherein biochemical or
biological recognition elements for the specific recognition
and binding of the analyte molecules are immobilized on the
surface of the waveguide.

[0009] When a light wave is coupled into a planar thin-film
waveguide surrounded by optically rarer media, i.e., media of
lower refractive index, the light wave is guided by total reflec-
tion at the interfaces of the waveguiding layer. In that arrange-
ment, a fraction of the electromagnetic energy penetrates the
media of lower refractive index. This portion is termed the
evanescent (=decaying) field. The strength of the evanescent
field 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 surround-
ing it. In the case of thin waveguides, 1.e., 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 dis-
tinguished. As an advantage of such methods, the interaction
with the analyte is limited to the penetration depth of the
evanescent 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 mainly 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 plastics or
glass, with thicknesses from some hundred micrometers up to
several millimeters.

[0010] InU.S. Pat.No. 4,978,503, a measurement arrange-
ment is disclosed, wherein a liquid sample is drawn into a
cavity by capillary forces, wherein an optically transparent
side wall is provided as a self-supporting multimode
waveguide, and wherein at least on a part of the surface of that
side wall (“patch”) facing the cavity, a biochemical recogni-
tion element for the recognition and binding of an analyte
froma sample is immobilized. Although the manufacturing of
arrays with arrangements of several discrete patches is
described, the further explanations teach that the patches are
laterally separated from each other by connecting links, pro-
vided for the combination of the base plates with the cover
plates of the capillaries, so that, after segregation of the array,
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each capillary contains only one patch of immobilized rec-
ognition elements. Additionally, as a disadvantage of this
arrangement, an exchange of the liquid drawn into the capil-
lary is not provided for, such an exchange, for example,
desirable for a multi-step assay.

[0011] In WO 94/27137, measurement arrangements are
disclosed, wherein “patches” with different recognition ele-
ments for the determination of different analytes are immo-
bilized on a self-supporting optical substrate waveguide
(single-layer waveguide), excitation light being incoupled at
the distal surfaces (“front-face” or “distal end” coupling),
wherein laterally selective immobilization is performed using
photo-activatable cross-linkers. According to the disclosure,
several patches can be arranged row-wise in common, paral-
lel flow channels or sample compartments, and wherein the
parallel flow channels or sample compartments extend over
the whole length of the range on the waveguide used as a
sensor in order to avoid an impairment of light guiding in the
waveguide. However, there are no hints to a two-dimensional
integration of multiple patches in sample compartments of
relatively small size, i.e., significantly below 1 cm” base area.
In a similar arrangement disclosed in WO 97/35203, several
embodiments of an arrangement are described, wherein dif-
ferent recognition elements for the determination of different
analytes are immobilized in separate, parallel flow channels
or sample compartments for the sample and for calibration
solutions of low and, optionally in addition, of high analyte
concentration. Again, no hint is given how a high integration
density of different recognition elements in a common com-
partment for receiving the sample could be achieved. Addi-
tionally, the sensitivity of highly multi-modal, self-support-
ing single-layer waveguides is not sufficient for many
applications requiring the achieving of very low detection
limits.

[0012] For an improvement of the sensitivity and simulta-
neously for an easier manufacturing in mass production, pla-
nar 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 (respectively the sample to be analyzed), wherein
the waveguiding layer has the highest refractive index. Addi-
tional intermediate layers can further improve the action of
the planar waveguide.

[0013] Several methods for the incoupling of excitation
light into a planar waveguide are known. The methods used
earliest were based on front face coupling or prism coupling,
wherein generally a liquid is introduced between the prism
and the waveguide, in order to reduce reflections due to air
gaps. These two methods are mainly suited with respect to
waveguides of relatively large layer thickness, i.e., especially
self-supporting waveguides, and with respect to waveguides
with a refractive index significantly below 2. For incoupling
of excitation light into very thin waveguiding layers of high
refractive index, however, the use of coupling gratings is a
significantly more elegant method.

[0014] Different methods of analyte determination in the
evanescent field of lightwaves guided in optical film
waveguides can be distinguished. Based on the applied mea-
surement principle, for example, it can be distinguished
between fluorescence, or more general luminescence meth-
ods, on one side and refractive methods on the other side. In
this context, methods for generation of surface plasmon
renonance in a thin metal layer on a dielectric layer of lower
refractive index can be included in the group of refractive
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methods, if the resonance angle of the launched excitation
light for generation of the surface plasmon resonance is taken
as the quantity to be measured. Surface plasmon resonance
can also be used for the amplification of a luminescence or the
improvement of the signal-to-background ratios ina lumines-
cence measurement. The conditions for generation of a sur-
face plasmon resonance and the combination with lumines-
cence 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.
[0015] In this application, the term “luminescence” means
the spontaneous emission of photons in the range from ultra-
violetto infrared, after optical or other than optical excitation,
such as electrical, chemical, biochemical or thermal excita-
tion. For example, chemiluminescence, bioluminescence,
electroluminescence, and especially fluorescence and phos-
phorescence are included under the term “luminescence”.
[0016] In case of the refractive measurement methods, the
change of the effective refractive index resulting from
molecular adsorption to or desorption from the waveguide is
used foranalyte detection. This change of the effective refrac-
tive index is determined, in case of grating coupler sensors,
from changes of the coupling angle for the in- or outcoupling
of light into or out of the grating coupler sensor, in a case of
interferometric sensors from changes of the phase difference
between measurement light guided in a sensing branch and a
referencing branch of the interferometer.

[0017] The state of the art for using one or more coupling
gratings for the in- and/or outcoupling of guided waves is
described, for example, in K. Tiefenthaler, W. Lukosz, “Sen-
sitivity of grating couplers as integrated-optical chemical sen-
sors”, J. Opt. Soc. Am. B6, 209 (1989); W. Lukosz, Ph. M.
Nellen, Ch. Stamm, P. Weiss, “Output Grating Couplers on
Planar Waveguides as Integrated, Optical Chemical Sensors”,
Sensors and Actuators B1, 585 (1990); and in T. Tamir, S. T.
Peng, “Analysis and Design of Grating Couplers”, Appl.
Phys. 14, 235-254 (1977).

[0018] InU.S. Pat. No. 5,738,825, an arrangement consist-
ing of a microtiter plate with bores extending all through the
plate, and of a thin-film waveguide as the base plate is dis-
closed, the latter thin-film waveguide consisting of a thin
waveguiding film on a transparent, self-supporting substrate.
Diffraction gratings for the in- and outcoupling of excitation
light are provided in contact with the open sample compart-
ments formed by the perforated microtiter plate and the thin-
film waveguide as the base plate, in order to determine
changes of the effective refractive index, due to adsorption or
desorption of analyte molecules to be determined, from the
resulting changes of the observed coupling angles. A deter-
mination of multiple analytes in one sample compartment,
upon binding recognition elements in the sample compart-
ment on the grating structure, is not attended and appears
hardly practicable because of the refractive measurement
principle, i.e., the determination of relative changes of the
coupling angle.

[0019] The aforesaid refractive methods have the advan-
tage that they can be applied without using additional marker
molecules, so-called molecular labels. The disadvantage of
these label-free methods, however, is that the achievable
detection limits are limited to pico- to nanomolar concentra-
tion ranges dependent on the molecular weight of the analyte
due to lower selectivity of the measurement principle, which
is not sufficient for many applications of modern trace analy-
sis, for example, for diagnostic applications.
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[0020] Forachieving lower detection limits, luminescence-
based methods appear as more adequate because of higher
selectivity of signal generation. In this arrangement, lumines-
cence excitation is limited to the penetration depth of the
evanescent field into the medium of lower refractive index,
i.e., to immediate proximity of the waveguiding area, with a
penetration depth of the order of some hundred nanometers
into the medium. This principle is called evanescent lumines-
cence excitation.

[0021] By means of highly refractive thin-film waveguides,
based on only some hundred nanometers thin waveguiding
film on a transparent support material, the sensitivity could be
increased considerably during the last years. 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 surface of
the sensor platform is contacted with a sample containing the
analyte, and the isotropically emitted luminescence from sub-
stances capable of luminescence that are located within the
penetration depth of the evanescent field is measured by
adequate measurement arrangements, such as photodiodes,
photomultipliers or CCD cameras. The portion of evanes-
cently excited radiation that has backcoupled into the
waveguide can also be outcoupled by a diffractive optical
element, like a grating, and be measured. This method is
described in, for example, WO 95/33198.

[0022] A disadvantage of all methods for the detection of
evanescently excited luminescence described as state of the
art, especially in WO 95/33197 and WO 95/33198, is that
always only one sample can be analyzed on the waveguiding
layer of the sensor platform, which layer is formed as a
homogeneous film. In order to perform further measurements
on the same sensor platform, tedious washing or cleaning
steps are continuously required. This especially holds if an
analyte different from the one in the first measurement has to
be determined. In the case of an immunoassay, this means, in
general, that the whole immobilized layer on the sensor plat-
form has to be exchanged, or that even a whole new sensor
platform has to be used.

[0023] For example, in WO 96/35940, arrangements (ar-
rays) have been proposed, wherein at least two discrete
waveguiding areas to which excitation light is launched sepa-
rately are provided on one sensor platform, in order to pet-
form exclusively luminescence-based, multiple measure-
ments with essentially monomodal, planar anorganic
waveguides simultaneously or sequentially. A drawback
resulting from the partitioning of the sensor platform into
discrete waveguiding areas, however, is the relatively large
need of space for discrete measurement areas in discrete
waveguiding regions on the common sensor platform,
because of which again only a relatively low density of dif-
ferent measurement areas (or so-called “features™) can be
achieved.

[0024] In the spirit of this invention, spatially separated
measurement areas (d) shall be defined by the area that is
occupied by biological, biochemical or synthetic recognition
elements immobilized thereon for recognition of one or mul-
tiple analytes in a liquid sample. These areas can have any
geometry, for example, in the form of dots, circles, rectangles,
triangles, ellipses or lines.

[0025] Besides numerous other arrangements for the
design of sample compartments for measurement arrange-
ments for the determination of luminescence excited in the
evanscent field of a planar waveguide, in WO 98/22799,
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arrangements with the shape of known microtiter plates are
proposed. The determination of multiple analytes upon their
binding to different recognition elements immobilized within
a single sample compartment, however, is also in this disclo-
sure not been taken care of.

[0026] Therefore, there is a need for providing small-vol-
ume sample compartments combined with adequate sensor
platforms, wherein a multitude of analytes can be determined
simultaneously without great effort in a highly sensitive
analysis method.

BRIEF SUMMARY OF THE INVENTION

[0027] Surprisingly, it now has been found that signifi-
cantly lower detection limits and higher integration density of
measurement areas can be achieved in comparison to the
known classical arrangements and methods (such as ELISA
tests on classical microtiter plates), upon the chosen combi-
nation of highly efficient fluorescence excitation in the eva-
nescent field of an adequate waveguide, especially of thin-
film waveguides, with an arrangement of multiple
measurement areas with different biological or biochemical
recognition elements in a single sample compartment, as part
of a two-dimensional array of sample compartments on a
common sensor platform. Thereby, the analyte determination
by luminescence during the detection step of a given assay
can be performed upon addition of luminescently labeled
binding partners for the actual bioaffinity assay without an
additional washing step, which is a simplification of the assay.
[0028] Surprisingly, statistically relevant information, for
example, concerning the assay reproducibility, can already be
generated in a single measurement upon the arrangement of
multiple measurement areas and different biological or bio-
chemical recognition elements in a single sample compart-
ment, after addition of a single sample. The data generated
thereby are even characterized by a lower variability than the
results of a corresponding number of single measurements in
discrete sample compartments, because numerous potential
additional sources for variabilities and errors of the measure-
ments independent from each other can be excluded in the
simultaneous measurement. Thus, a significant reduction of
analysis time and of required amounts of samples and
reagents can be achieved, in comparison with the known
analysis methods (such as ELISA) described above. Refer-
encing measurements, especially for the determination of
chemical parameters, such as non-specific binding, cross
reactivities, determination of pH or pO, of the sample solu-
tion, etc., can be performed in every single sample compart-
ment upon providing one or more measurement areas in a
sample compartment for such referencing measurements.
Thus, the reliability of these referencing measurements can
be improved significantly in comparison with the conven-
tional methods, where these measurements are performed in
different sample compartments.

[0029] With the device and the analysis method performed
with the device, the number of measurements per plate and
the through-put can be increased many times. Thus, the repro-
ducibility of the measurements and the comparibility of the
results with different samples can be improved significantly,
besides others due to the elimination of the typical large
variations from plate to plate. For example, with 96 sample
compartments, each comprising 400 measurement areas, ona
single sensor platform, comprehensive measurement series,
for example, for pharmaceutical product development typi-
cally requiring 400 microtiter plates can be performed on a
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single sensor platform. In addition to the significant reduction
of sample and reagent amounts and an associated reduced
effort for sample preparation, the reliability and precision of
the results is significantly improved because of the above-
mentioned reasons.

[0030] Thus, the device and the method according to the
invention offer capabilities, which cannot be provided by the
conventional, known analysis systems and method, such as:
Fast assay development on a single sensor platform/device;
Determination of dose-response curves, cross-talk and analy-
sis of an unknown sample on a single sensor platform/device;

[0031] Highly sensitive multi-analyte determination in a
single, small-volume sample; and Execution of comprehen-
sive measurement series on a single sensor platform.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG.1is a device comprising a planar optical wave
guide, as part of a sensor platform, and connected to the
platform directly or by means of a sealing medium, a layer
(g)- The device comprises a multitude of recesses at least open
towards the sensor platform, which form a corresponding
multitude of sample compartments in a 2-dimensional
arrangement wherein each of the sample compartments differ
biological or biochemical recognition elements, for the spe-
cific recognition binding of different analytes, are mobilized
in fiber more discreet measurement areas (d). The optical film
wave guide, a part of the sensor platform, has a first optically
transparent layer (a) on a second optically transparent layer
(b) with a lower refractive index thin layer (a) the device
further comprises an additional optically transparent layer
(b'") with a lower refractive index, than in contact with, layer
(a). The device also comprises an adhesion promoting layer
(f) deposited on the optically transparent layer (a) device
comprises one or more grating structures (c) and (c') formed
in the optically transparent layer (a) for incoupling and/out-
coupling gratings. The device further comprises a sealing
layer (g) in contact with the sensor platform.

DETAILED DESCRIPTION OF THE INVENTION

[0033] An object of the invention is a device comprising a
planar optical waveguide, as part of a sensor platform, and,
connected to the platform directly or by means of a sealing
medium, a layer (g) (according to FIG. 1), the layer forming
either directly a tight seal or by means of the sealing medium,
a tightly sealing layer. The device also comprises a multitude
of recesses at least open towards the sensor platform, which
form a corresponding multitude of sample compartments in a
2-dimensional arrangement, wherein

in each of the sample compartments different biological or
biochemical recognition elements, for the specific recogni-
tion and binding of different analytes, are immobilized in five
or more discrete measurement areas (d) (according to FIG. 1)
in these sample compartments, wherein the measurement
areas are in optical interaction with the excitation light ema-
nating from the optical waveguide, as part of a sensor plat-
form which forms a demarcation surface of the sample com-
partments, and wherein the sample compartments are
operable to be cleared of the received sample or reagent
solutions and to receive, in the following, optionally without
washing steps, a further sample or reagent solutions, which
are supplied to the same sample compartments.
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[0034] One or more measurement areas in each of the
sample compartments, out of the five or more measurement
areas in a single sample compartment, can be used for refer-
encing.

[0035] It is advantageous if measurement areas for refer-
encing the same chemical or optical parameters are used in
several sample compartments distributed over the sensor plat-
form, so that the lateral distribution of the chemical or optical
parameters over the sensor platform can be determined. For
example, the intensity of the available excitation light has to
beunderstood as an optical parameter to be determined. From
the distribution of chemical parameters thus determined,
especially differences of composition, concentration, or vol-
ume of different samples, for example, resulting from the
sample preparation, the samples being added to different
sample compartments can be taken into account.

[0036] An embodiment of the device is preferred, wherein
the measurement areas are in optical interaction with the
evanescent field of excitation light guided in the planar optical
waveguide.

[0037] The optical waveguide, as part of the sensor plat-
form, can be a multi-mode or single-mode waveguide com-
prising an inorganic material, preferably glass, or an organic
material, preferably a plastic, which is preferably selected
from the group comprising polymethylmethacrylate, poly-
carbonate or polystyrene, which materials are optically trans-
parent at least at the excitation and a luminescence wave-
length. In this case, the optical waveguide, as a part of the
sensor platform, can be self-supporting.

[0038] Preferred is a device, wherein the optical film
waveguide, as part of the sensor platform, is an optical film
waveguide with a first optically transparent layer (a) (accord-
ing to FIG. 1) on a second optically transparent layer (b)
(according to FIG. 1) with lower refractive index than layer
().

[0039] The material of the second optically transparent
layer (b) can comprise glass, quartz, or transparent thermo-
plastic plastics, preferably of the group comprising polycar-
bonate, polyimide, polymethylmethacrylate, or polystyrene.
[0040] For generation of an evanescent field as strong as
possible on the surface of the optically transparent layer (a), it
is desirable that the refractive index of the waveguiding,
optically transparent layer (a) is significantly higher than the
refractive index of the adjacent layers. It is especially of
advantage if the refractive index of the first optically trans-
parent layer (a) is higher than 1.8.

[0041] For example, the first optically transparent layer (a)
can comprise TiO,, ZnO, Nb,O;, Ta,O5, HfO,, or ZrO,. It is
especially preferred, if the first optically transparent layer (a)
comprises Ta,O5 or Nb,Os.

[0042] Besides the refractive index of the waveguiding,
optically transparent layer (a), its thickness is the second
controlling parameter for the generation of an evanescent
field as strong as possible at the interfaces between layer (a)
and the adjacent layers with lower refractive index. With
decreasing thickness of the waveguiding layer (a), the
strength of the evanescent field increases, as long as the layer
thickness is sufficient for guiding at least one mode of the
excitation wavelength. Thereby, the minimum “cut-off” layer
thickness for guiding a mode is dependent on the wavelength
of this mode. The “cut-off” layer thickness is larger for light
of longer wavelength than for light of shorter wavelength. In
approaching the “cut-off” layer thickness, however,
unwanted propagation losses also increase strongly, thus set-
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ting additionally a lower limit for the choice of the preferred
layer thickness. Preferred are layer thicknesses of the opti-
cally transparent layer (a) allowing for guiding only one to
three modes at a given excitation wavelength. Especially
preferred are layer thicknesses resulting in monomodal
waveguides for this given excitation wavelength. It is under-
stood that the character of discrete modes of the guided light
only refers to the transversal modes.

[0043] Resulting from these requirements, the thickness of
the first optically transparent layer (a) is preferably between
40 and 300 nm. It is especially advantageous, if the thickness
of the first optically transparent layer (a) is between 100 and
200 nm.

[0044] The amount of the propagation losses of a mode
guided in an optically waveguiding layer (a) is determined to
a large extent by the surface roughness of a supporting layer
below and by the absorption of chromophores which might be
contained in this supporting layer, which is additionally asso-
ciated with the risk of excitation of unwanted luminescence in
this supporting layer upon penetration of the evanescent field
of the mode guided in layer (a) (into this supporting layer).
Furtheron, thermal stress can occur due to different thermal
expansion coefficients of the optically transparent layers (a)
and (b). In case of a chemically sensitive optically transparent
layer (b), consisting, for example, of transparent thermoplas-
tic plastics, it is desirable to prevent a penetration, for
example, through micro pores in the optically transparent
layer (a), of solvents that might attack layer (b).

[0045] Therefore, it is advantageous, if an additional opti-
cally transparent layer (b') (according to FIG. 1) with lower
refractive index than and in contact with layer (a), and with a
thickness of 5 nm-10 000 nm, preferably of 10 nm-1000 nm,
is located between the optically transparent layers (a) and (b).
The purpose of the intermediate layer is a reduction of the
surface roughness below layer (a), a reduction of the penetra-
tion of the evanescent field, of light guided in layer (a), into
the one or more layers located below, an improvement of the
adhesion of layer (a) to the one or more layers located below
or a reduction of thermally induced stress within the optical
sensor platform or a chemical isolation of the optically trans-
parent layer (a) from layers located below, by sealing of
micropores in layer (a) against the layers located below.
[0046] There are many methods for the deposition of the
biological, biochemical or synthetic recognition elements on
the optically transparent layer (a). For example, the deposi-
tion can be performed by physical adsorption or electrostatic
interaction. In general, the orientation of the recognition ele-
ments is then of statistic nature. Additionally, there is the risk
of washing away a part of the immobilized recognition ele-
ments, if the sample containing the analyte and reagents
applied in the analysis process have a different composition.
Therefore, it can be advantageous, if an adhesion-promoting
layer (f) (according to FIG. 1) is deposited on the optically
transparent layer (a), for immobilization of biological, bio-
chemical or synthetic recognition elements. This adheshion-
promoting layer should be transparent as well. It is noted that
the thickness of the adhesion-promoting layer should not
exceed the penetration depth of the evanescent field out of the
waveguiding layer (a) into the medium located above. There-
fore, the adhesion-promoting layer (a) should have a thick-
ness of less than 200 nm, preferably of less than 20 nm. The
adhesion-promoting layer can comprise, for example, chemi-
cal compounds of the group comprising silanes, epoxides,
and “self-organized functionalized monolayers”.
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[0047] As stated in the definition of the measurement areas,
laterally separated measurement areas (d) can be generated
by laterally selective deposition of biological, biochemical or
synthetic recognition elements on the sensor platform. When
brought into contact with an analyte capable of luminescence,
with a luminescently marked analogue of the analyte com-
peting with the analyte for the binding to the immobilized
recognition elements or with a luminescently marked binding
partner in a multi-step assay, these molecules capable of
luminescence will bind to the surface of the sensor platform
selectively only in the measurement areas, which are defined
by the areas occupied by the immobilized recognition ele-
ments.

[0048] For the deposition of the biological, biochemical or
synthetic recognition elements, one or more methods of the
group of methods comprising ink jet spotting, mechanical
spotting by pin or pen, micro contact printing, fluidic contact-
ing of the measurement areas with the biological, biochemi-
cal or synthetic recognition elements upon their supply in
parallel or crossed micro channels, upon application of pres-
sure differences or of electric or electromagnetic potentials,
can be applied.

[0049] Components of the group comprising nucleic acids
(DNA, RNA), nucleic acid analogues (peptide nucleic acids,
PNA), antibodies, aptamers, membrane-bound and isolated
receptors, their ligands, antigens for antibodies, “histidin-tag
components”, cavities generated by chemical synthesis, for
hosting molecular imprints, etc., can be deposited as biologi-
cal, biochemical or synthetic recognition elements.

[0050] With the last-named type of recognition elements
are meant cavities that are produced by a method described in
the literature as “molecular imprinting”. In this procedure, the
analyte or an analyte-analogue, mostly in organic solution, is
encapsulated in a polymeric structure. Then it is called an
“imprint”. Then the analyte or its analogue is dissolved from
the polymeric structure upon addition of adequate reagents,
leaving an empty cavity in the polymeric structure. This
empty cavity can then be used as a binding site with high
steric selectivity in a later process of analyte determination.
[0051] Also whole, cells or cell fragments can be deposited
as biological or biochemical recognition elements.

[0052] In many cases, the detection limit of an analytical
method by signals is caused by so-called nonspecific binding,
i.e., by signals caused by the binding of the analyte or of other
components applied for analyte determination, which are not
only bound in the area of the provided immobilized biologi-
cal, biochemical or synthetic recognition elements, but also in
areas of a sensor platform that are not occupied by these
recognition elements, for example, upon hydrophobic
adsorption or electrostatic interactions. Therefore, it is advan-
tageous if compounds that are “chemically neutral” towards
the analyte are deposited between the laterally separated mea-
surement areas (d), in order to reduce nonspecific binding or
adsorption. As “chemically neutral” compounds such com-
ponents are called, which themselves do not have specific
binding sites for the recognition and binding of the analyte, of
an analogue of the analyte or of a further binding partner in a
multistep assay and which prevent, due to their presence, the
access of the analyte, of'its analogue or of the further binding
partners to the surface of the sensor platform.

[0053] Compounds of the groups comprising, for example,
albumines, especially bovine serum albumine, herring sperm
or also polyethylenglycols, can be applied as “chemically
neutral” compounds.
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[0054] Ttis preferred. that the incoupling of excitation light
to the measurement areas (d) is performed by means of one or
more grating structures (c) (according to FIG. 1), which are
formed in the optically transparent layer (a).

[0055] An optical cross-talk from one measurement area to
other measurement areas can occur upon the spreading of
light incoupled into the waveguide, especially of back-
coupled luminescence light. For the prevention of such a
cross-talk, it is advantageous if outcoupling of light guided in
the optically transparent layer (a) is performed by means of
grating structures (c') (according to FIG. 1), which are formed
in the optically transparent layer (a). Thereby, grating struc-
tures (c) and (c') formed in the optically transparent layer (a)
can have the same or different periodicity and can be arranged
in parallel or not in parallel to each other.

[0056] Itis especially noted that, grating structures (c) and
(¢") can be used interchangeably as incoupling and/or outcou-
pling gratings.

[0057] 1t is of advantage if the grating structures (¢) and
optional additional grating structures (c') have a period of 200
nm-1000 nm and a grating modulation depth of 3 nm-100 nm,
preferably of 10 nm-30 mm.

[0058] Itis preferred that the ratio of the modulation depth
to the thickness of the first optically transparent layer (a) is
equal or smaller than 0.2.

[0059] A grating structure (c) can be a relief grating with
right angular, triangular or semi-circular profile or a phase or
volume grating with a periodic modulation of the refractive
index in the essentially planar optically transparent layer (a).

[0060] For the enhancement of a luminescence or for the
improvement of the signal-to-noise ratio, it can additionally
be advantageous if a thin metal layer, preferably of gold or
silver, optionally on an additional dielectric layer of lower
refractive index than layer (a), for example, of silica or mag-
nesium fluoride, is deposited between the optically transpar-
ent layer (a) and the immobilized biological or biochemical
recognition elements, wherein the thickness of the metal layer
and the optional, additional intermediate layer is selected in
such a way that a surface plasmon at the excitation wave-
length and/or at the luminescence wavelength can be excited.

[0061] For many applications it is advantageous, if the grat-
ing structure (c¢) is a diffractive grating with a uniform period.
Then, the resonance angle for incoupling of the excitation
light by the grating structure (c) towards the measurement
areas is uniform in the whole area of the grating structure. If
it is intended, however, to incouple excitation light from
different light sources of significantly different wavelength,
the corresponding resonance angles for the incoupling can
differ considerably, which can lead to the need for additional
components for adjustment in an optical system housing the
sensor platform or to spatially very unfavorable coupling
angles. For example, for reducing large differences of cou-
pling angles, it can be advantageous if the grating structure (c)
is a multidiffractive grating.

[0062] For applications where changes of in- and outcou-
pling angles due to contacts with the sample shall be avoided,
it can be advantageous if grating structures (c) and optional
additional grating structures (c') are located outside the region
of the sample compartments.

[0063] For other applications, especially for large-area
excitation, on the other side, it is preferred that grating struc-
tures (c) and optional additional grating structures (c') extend
over the range of multiple or all sample compartments.
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[0064] If excitation light incoupled by a grating structure
(c) shall propagate in the optically transparent layer (a) over
ranges extending over multiple sample compartments, it is
required that the material of the tightly sealing layer (g) in
contact with the sensor platform, in the incumbent surface
area, is optically transparent both for the excitation radiation
and the excited luminescence radiation at least within the
penetration depth of the evanescent field.

[0065] Then, it is advantageous for a reduction of reflec-
tions or of scattered light that the layer (g) is provided in form
of a two-layer system, the first layer of which, to be brought
into contact with the surface of the sensor platform, being
transparent for the excitation radiation and the excited lumi-
nescence radiation, whereas the adjacent layer, being located
more remote from the sensor platform, is absorbent in the
spectral range of the excitation radiation and of the excited
luminescence radiation.

[0066] On the other side, for applications, where the propa-
gation of excitation light and optionally generated lumines-
cence light backcoupled into the optically transparent,
waveguiding layer (a) shall be limited in the layer (a) to the
range of a single sample compartment, it is advantageous if
the material of the tightly sealing layer (g) in contact with the
sensor platform is absorbent in the spectral range of the exci-
tation radiation and of the excited luminescence radiation.
[0067] Itisadvantageous if the material of the tightly seal-
ing layer (g) in contact with the sensor platform is self-
adhesive.

[0068] Therefore, it is especially preferred that the material
of the tightly sealing layer (g) in contact with the sensor
platform comprises a poly siloxane.

[0069] Itis preferred that 5-1000, preferably 10-400, mea-
surement areas are located in one sample compartment.
[0070] Further on, it is preferred that an individual mea-
surement area in a sample compartment occupies an area of
0.001-6 mm?, wherein the measurement areas can have simi-
lar or different size.

[0071] Preferably, the sample compartments have a volume
of 100 nl-1 ml each.

[0072] The device according to the invention can be oper-
ated both as aclosed flow system and as an open system. Inthe
first case, the device is designed in such a way that, at the side
facing away from the optically transparent layer (a), the
sample compartments are closed except for inlet and outlet
openings for the supply or removal of samples and optional
additional reagents, wherein the supply or removal of
samples and optional additional reagents is performed in a
closed flow-through system, and wherein in the case of liquid
supply to measurement areas or segments with common inlet
and outlet openings, the inlet and outlet openings are prefer-
ably addressed row by row or column by column.

[0073] Thereby, the supply of samples and optional addi-
tional reagents is performed in parallel or crossed micro chan-
nels affected by pressure differences or by electric or electro-
magnetic potentials.

[0074] In case of an open system, the device according to
the invention is designed in such a way that the sample com-
partments have openings for the locally addressed supply or
removal of samples or other reagents at the side facing away
from the optically transparent layer (a). Additionally, com-
partments may be provided for reagents, which are wetted
and brought into contact with the measurement areas during
the assay.
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[0075] Tt is advantageous if optically or mechanically rec-
ognizable marks are provided on the sensor platform in order
to facilitate the adjustment in an optical system and/or to
facilitate the combination of the sensor platform with the
layer (g) comprising the recesses for the sample compart-
ments.

[0076] A further subject of the invention is an analytical
system for the determination of one or more luminescences,
comprising: at least one excitation light source; a device
according to one of the embodiments disclosed above; and at
least one detector for recording the light emanating from the
at least one or more measurement areas (d) on the sensor
platform.

[0077] Thereby, it is advantageous if the excitation light
emitted by the at least one light source is coherent and
directed onto the one or more measurement areas at the reso-
nance angle for incoupling into the optically transparent layer
().

[0078] In order to excite a multitude of measurement areas
or all measurement areas simultaneously, it is preferred that
the excitation light of at least one light source is expanded to
an essentially parallel ray bundle by expansion optics and
directed onto the one or more measurement areas at the reso-
nance angle for incoupling into the optically transparent layer
().

[0079] For a reduction of luminescence signals outside of
the measurement areas, however, it can also be advantageous
if the excitation light from at least one light source is divided,
by means of one or, in case of several light sources, by means
of multiple diffractive optical elements, preferably Dammann
gratings, or refractive optical elements, preferably micro-lens
arrays, into a multitude of individual beams, with as similar
an intensity as possible of the individual beams originating
from a common light source, which individual beams are
directed essentially in parallel to each other onto laterally
separated measurement areas.

[0080] In case of insufficient intensity of a single light
source or of the need for light sources of different emission
wavelengths, for example, for biological applications, it is
advantageous iftwo or more coherent light sources with equal
or different emission wavelength are used as excitation light
sources.

[0081] In order to record signals from a multitude of mea-
surement areas separately, it is preferred that at least one
laterally resolving detector is used for detection. Thereby, at
least one detector from the group formed by CCD cameras,
CCD chips, photodiode arrays, Avalanche diode arrays,
multi-channel plates, and multi-channel photomultipliers
may be used as at least one laterally resolving detector.

[0082] In the analytical system according to the invention,
according to any of the embodiments disclosed above, optical
components of the group comprising lenses or lens systems
for the shaping of the transmitted light bundles, planar or
curved mirrors for the deviation and optionally additional
shaping of the light bundles, prisms for the deviation and
optionally spectral separation of the light bundles, dichroic
minors for the spectrally selective deviation of parts of the
light bundles, neutral density filters for the regulation of the
transmitted light intensity, optical filters or monochromators
for the spectrally selective transmission of parts of the light
bundles, or polarization selective elements for the selection of
discrete polarization directions of the excitation or lumines-
cence light are located between the one or more excitation
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light sources and the sensor platform and/or between the
sensor platform and the one or more detectors.

[0083] Formany applications, itis advantageous if the exci-
tation light is launched in pulses with duration of 1 fsec to 10
min.

[0084] For kinetic measurements, or for the discrimination
of fast decaying fluorescence from fluorescent contamina-
tions in the sample or in materials of components of the
analytical system or of the sensor platform itself, it can be
advantageous if the emission light from the measurement
areas is measured time-resolved.

[0085] It is further preferred that the analytical system
according to the invention comprises components dedicated
for measuring, for referencing purposes, light signals of the
group comprising excitation light at the location of the light
sources, after expansion of the excitation light or after its
multiplexing into individual beams, scattered light at the exci-
tation wavelength from the location of the one or more later-
ally separated measurement areas, and light of the excitation
wavelength outcoupled by the grating structures (c) or (c').
Thereby, it is of special advantage if the measurement areas
for determination of the emission light and of the reference
signal are identical.

[0086] Launching of the excitation light and detection of
the emission light from the one or more measurement areas
can also be performed sequentially for one or more sample
compartments. Thereby, sequential excitation and detection
can be performed using movable optical components of the
group comprising mirrors, deviating prisms, and dichroic
mirrors. Typically, commercially available so-called scanners
are used for sequential excitation and detection for bioana-
lytical array systems, wherein an excitation light beam is
scanned sequentially over the area to be investigated, usually
by means of movable mirrors. Thereby, in case of most scan-
ner systems, the angle between the illuminated surface and
the excitation light beam is changed. For satisfying the reso-
nance condition for the incoupling of the excitation light into
the waveguiding layer of the sensor platform according to the
invention, however, this angle should essentially remain con-
stant, i.e., a scanner to be implemented in the optical system
according to the invention has to function in an angle-pre-
serving manner. This requirement is satisfied by some com-
mercially available scanners. At the same time, however, the
size of the excited area on the sensor platform should also not
be changed. Therefore, another subject of the invention is an
optical system, wherein sequential excitation and detection is
performed using an essentially focus and angle preserving
scanner.

[0087] In another embodiment, the sensor platform is
moved between steps of sequential excitation and detection.
In this case, the one or more excitation light sources and the
components used for detection can be located at spatially
fixed positions.

[0088] A further object of the invention is a method for
determination of one or more analytes by luminescence in
one or more samples on at least five, laterally separated mea-
surement areas, with a device comprising a planar optical
waveguide as part of a sensor platform, and, connected to the
platform directly or by means of a sealing medium, a layer
(2), the layer forming either a tight seal directly or by means
of the sealing medium a tightly sealing layer. The device also
comprises a multitude of recesses at least open towards the
sensor platform, which form a corresponding multitude of
sample compartments in a 2-dimensional arrangement,
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wherein in each of the sample compartments different bio-
logical or biochemical recognition elements, for the specific
recognition and binding of different analytes, are immobi-
lized in five or more discrete measurement areas (d) in these
sample compartments, wherein the measurement areas are in
optical interaction with the excitation light emanating from
the optical waveguide, as part of a sensor platform which
forms a demarcation of the sample compartments, wherein
the sample compartments are operable to be cleared from
received sample or reagent solutions and to receive, in the
following, optionally without washing steps, a further sample
or reagent solutions, which are supplied to the same sample
compartments, wherein excitation light is directed to the mea-
surement areas, leading to excite substances capable of lumi-
nescence in the samples or on the measurement areas to emit
luminescence, and wherein the emanated luminescence is
measured.

[0089] Thereby, it is preferred that the measurement areas
are in optical interaction with the evanescent field of excita-
tion light guided in the planar optical waveguide.

[0090] In the method disclosed above, (1) the isotropically
emitted luminescence or (2) luminescence that is incoupled
into the optically transparent layer (a) and outcoupled by a
grating structure (c) or luminescence comprising both parts
(1) and (2) can be measured simultaneously.

[0091] For the generation of the luminescence or fluores-
cence in the method according to the invention, a lumines-
cence or fluorescence label can be used that can be excited
and emits at a wavelength between 300 nm and 1100 nm.

[0092] Theluminescence or fluorescence labels can be con-
ventional luminescence or fluorescence dyes or also so-called
luminescent or fluorescente nano-particles based on semicon-
ductors (W. C. W. Chan and S. Nie, “Quantum dot biocom-
jugates for ultrasensitive nonisotopic detection”, Science 281
(1998) 2016-2018).

[0093] The luminescence label can be bound to the analyte
or, in a competitive assay, to an analyte analogue or, in a
multi-step assay, to one of the binding partners of the immo-
bilized biological, biochemical or synthetic recognition ele-
ments or to the biological, biochemical or synthetic recogni-
tion elements.

[0094] Additionally, a second or more luminescence labels
of similar or different excitation wavelength as the first lumi-
nescence label and similar or different emission wavelength
can be used. Thereby, it can be advantageous if the second or
more luminescence labels can be excited at the same wave-
length as the first luminescence label, but emit at other wave-
lengths.

[0095] For other applications, it is advantageous if the exci-
tation and emission spectra of the applied luminescent dyes
do not overlap or overlap only partially.

[0096] Inthe method according to the invention, it can also
be advantageous if charge or optical energy transfer from a
first luminescent dye acting as a donor to a second lumines-
cent dye acting as an acceptor is used for the detection of the
analyte.

[0097] In addition, it can be of advantage if besides deter-
mination of one or more luminescences, changes of the effec-
tive refractive index on the measurement areas are deter-
mined. It can be of further advantage if the one or more
luminescences and/or determinations of light signals at the
excitation wavelengths are performed polarization-selective.
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The method also allows for measuring the one or more lumi-
nescences at a polarization that is different from the one of the
excitation light.

[0098] Themethod according to the invention, according to
any of the embodiments disclosed above, allows for the
simultaneous or sequential, quantitative or qualitative deter-
mination of one or more analytes of the group comprising
antibodies or antigens, receptors or ligands, chelators or “his-
tidin-tag components”, oligonucleotides, DNA or RNA
strands, DNA or RNA analogues, enzymes, enzyme cofactors
or inhibitors, lectins and carbohydrates.

[0099] The method disclosed above allows for determining
biological material directly, without biological or biochemi-
cal multiplication mechanisms (such as polymerase chain
reaction, PCR). Besides a simplification of the approach, here
alinear correlation between mRNA and the observed signal is
achieved; i.e., aksi so-called “rare messages” (biologically
relevant mRNA’s occurring at very low concentrations) can
be determined quantitatively and with high sensitivity. The
parallel execution of the measurements on a 96-well plate
platform allows for obtaining results of unpreceded quality
and through-put (see Example 1(¢)). As a consequence, the
large numbers of samples generated by pre-clinical and clini-
cal studies can be analyzed much faster and more precisely
than with current manual methods.

[0100] Inaddition, the detection of two fluorescence mark-
ers on one substance spot allows for the direct determination
of the relative induction in a single Experiment (see Example
2(e)). Therefore, a referencing from chip-to-chip is not
required. Therefore, the quality requirements on batch-to-
batch reproducibility of the sensor platforms can be lowered
significantly.

[0101] The samples to be examined can be naturally occur-
ring body fluids, such as blood, serum, plasma, lymphe or
urine, or egg yolk.

[0102] A sample to be examined can also be an optically
turbid liquid or surface water or soil or plant extract or bio- or
process broths.

[0103] The samples to be examined can also be taken from
biological tissue.

[0104] A further object of the invention is the use of a
method according to any of the above embodiments for the
quantitative or qualitative determination of chemical, bio-
chemical or biological analytes in screening methods in phar-
maceutical research, combinatorial chemistry, clinical and
preclinical development, for real-time binding studies and the
determination of kinetic parameters in affinity screening and
in research, for qualitative and quantitative analyte determi-
nations, 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 determi-
nation of control mechanisms for mRNA expression and for
the protein (bio)synthesis, for the generation of toxicity stud-
ies 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,
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for the determination of pathogens, nocuous agents and
germs, especially of salmonella, prions and bacteria, in food
and environmental analytics.

[0105] The invention will be explained and demonstrated
by the following examples.

EXAMPLE 1

[0106] Device and Method for the Simultaneous Determi-
nation of Differences in the Expression Pattern of Selected
mRNA’s from Different Locations in Tumor Tissue

[0107] Tissue is taken from different sites on an isolated
tumor—in this case of a prostate gland—and examined for
differences in the expression pattern of selected mRNAs as a
function of the site in the tumor tissue. The results will allow
for conclusions based on exclusively genetic informations,
independent from histologic examinations. The biological
relevance of such a method and aspects of the sample prepa-
ration are described in the literature (Kristina A. Cole, David
B. Krizmann, and Michael R Emmert-Buck, “The genetics of
cancer—a 3D model”, Nature Genetics Supplement 21
(1999) 38-41).

Preparation and Deposition of the Biological Recognition
Flements on a Sensor Platform of a Device with 400 Discrete
Measurement Areas in Each of its 96 Sample Compartments
[0108] (a) Clones of 100 genes relevant in carcinogenesis
or in inflammatory reactions—according to results described
in the literature (see Kristina A. Cole, David B. Krizmann,
and Michael R. Emmert-Buck, “The genetics of cancer—a
3D model”, Nature Genetics Supplement 21 (1999) 38-41,
and the references cited therein)—and of such genes, which
are typically not involved in these reactions, but show a con-
stant expression level, in the ideal case, and can, therefore, be
utilized for standardization (so-called “house-keeping
genes”, such as f-actin, GAPDH, tubulin-a, ubiquitin, phos-
pholipase A2, etc.) are selected as biological recognition ele-
ments to be immobilized in discrete measurement areas on
the sensor platform.

[0109] Besides others, the first group of genes potentially
relevant for diseases comprises serin/threonin kinase (STK2),
the beta-subunit of proteasom (PSMB4), CD36-antigen (Col-
lagen type I receptor, thrombospondin receptor), phospholi-
pase A2 (PLA2G1B), ribosomal protein L17 (RPL17), des-
moglein 2 (DSG2), tyro 3 protein-tyrosin kinase (TYRO3),
type IV collagen (COL4A4), “activating transcription factor
3” (ATF3), annexin 1 (ANX), further repair enzymes,
kinases, etc.

[0110] The required genetic material can be obtained in
plasmid form from UniGene SET NIH Cancer Genome
Anatomy Projects or, alternatively, from commercial provid-
ers distributing the material of the LM.A.G.E. association.
The transfer and amplification of the gene sequences in the
plasmid to generate the corresponding ¢cDNAs is performed
by means of the corresponding primer pairs and leads to
double-stranded molecules (probe cDNAs) with a length
between about 300 and 1000 base pairs.

[0111] (b) A sensor platform with the exterior dimensions
of 76 mm widthx112 mm lengthx0.7 mm thickness is used.
On the surface of the sensor platform, 96 wells with inside
dimensions of 7 mmx7 mm of a classical microtiter plate can
be arranged. The substrate material (optically transparent
layer (b)) consists of AF 45 glass (refractive index n=1.52 at
633 nm) A continuous structure of a surface relief grating
with aperiod of 360 nm and a grating depth of 25+/-5 nm and
with an orientation of the grating lines in parallel to the width
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of the sensor platform as defined above, is generated in the
substrate. The waveguiding, optically transparent layer (a) of
Ta,O5 on the optically transparent layer (b) has a refractive
index of 2.15 at 633 nm (layer thickness 150 nm). Due to the
deposition process, the grating structure is transferred into the
surface of the waveguiding layer almost 1:1 according to
scale.

[0112] As a preparation for the immobilization of the bio-
chemical or biological or synthetic recognition elements, the
sensor platforms are cleaned with chloroform in an ultrasonic
apparatus, chemically activated by a silanization reaction
with glycidyloxypropyltrimethoxy silane, and thus prepared
for the immobilization of the probe cDNAs as biological
recognition elements. The individual cDNAs, at a concentra-
tion of 50 ng/ul, are deposited as spots of 10 drops (0.1 nl)
each, using a commercial, piezo-controlled micropipette (Ge-
SIM, Groperkmannsdorf, DE), resulting in spots as discrete
measurement areas of about 150 pm. In a 20x20 spot arrange-
ment (array of 400 features), always 4 measurement areas
with the same cDNA are provided in a way that, at the end of
the immobilization step, the position of the 100 different
cDNAs as recognition elements, defined by a statistic algo-
rithm, is known, but pre-determined in a purely statistical
way. The distance between the spot centers is 300 pm, and the
spots cover an area of 6 mmx6 mm on the sensor platform,
forming, together with a tightly sealing layer (g) of polydim-
ethylsiloxane (PDMS) with square recesses of 7 mmx7 mm
surrounding thearrays, a 96-well plate. At the bottom of every
96 sample compartments, an identical pattern of discrete
measurement areas is generated on the sensor platform. The
immobilization can be optimized by thermal treatment, i.e.
heating up to 60° C. for 30 min.

[0113] (c) Sample Material

[0114] Tissue material (about 50,000 to 100,00 cells) is
taken, for example, as fine tissue slices, from different sites of
a prostate gland (both in the phenomenologically normal and
malignant tissue. The tissue is dissected in the frozen state,
and “total RNA” is extracted by a standard phenol/chloro-
form extraction. mRNA is isolated from the total RNA frac-
tion using an Oligotex spin column (Qiagen, Hilden, DE). All
mRNA molecules are transferred into fluorescently labeled
c¢DNA molecules in a reversed transcriptase process (e.g.,
Life Technologies) in the presence of a Cy5-labeled nucleo-
base (Cy5-dUTP; Pharmacia Amersham). The obtained
material is dissolved in a hybridization buffer, thus obtaining
a liquid sample with a total concentration of 10 ng/ul at
maximum.

[0115] (d) Analytical System

Optical System (i) Excitation Unit

[0116] The sensor platform is mounted on a computer-
controlled adjustment module, allowing for translation in
parallel and perpendicular to the grating lines and for rotation
around an axis in parallel to the grating lines and with center
of motion in the main axis of the area illuminated by the
excitation light beam launched onto the grating structure (1)
for incoupling into the sensor platform named in example 1b.
Immediately after the laser acting as an excitation light
source, there is a shutter in the light path in order to block the
light path when measurement data is not to be collected.
Additionally, neutral density filters or polarizers can be
mounted at this or also other positions in the path of the
excitation light towards the sensor platform in order to vary
the excitation light intensity step-wise or continuously.
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[0117] The excitation light beam from a helium neon laser,
at 632.8 nm, is expanded to a parallel ray bundle of circular
cross-section with 25 mm diameter by means of 25-fold
expansion optics. From the central part of this excitation light
bundle, a square area of 10 mm lengthx10 mm width (in
accordance with the nomenclature for the grating structure) is
selected and, after passing a dichroic mirror (650 DRLP,
Omega Optical, Brattleborough, Vit., USA), directed through
the optically transparent layer (a) onto one of the 96 arrays
centered in the excitation light spot. The sensor platform is
adjusted for maximum incoupling, which is confirmed by a
minimum of the transmission of excitation light through the
sensor platform and by a maximum of the sum of reflected
excitation light and of excitation light outcoupled by the
continuous grating structure (c), after incoupling under the
same angle as the reflected light within the measurement
precision. The optimum incoupling angle can be determined
both by visual inspection and, under computer control, from
the signals of photodiodes connected to amplifiers, which
photodiodes are positioned in the related light paths. In this
way, an angle 0f3.5° is determined as the resonance angle for
incoupling.

[0118] (ii) Detection

[0119] A CCD camera (TE3/A Astrocam, Cambridge, UK)
with peltier cooling (operation temperature: —=30° C.) is used
as a laterally resolving detector. Signal collection and focus-
ing onto the CCD chip is performed by means of a Heligon
Tandem objective (Rodenstock, 2x Cine-Heligon 2.1/100
mm) The interference filters (Omega Optical, Brattlebor-
ough, Vt.), with central wavelength of 680 nm and 40 nm
bandwidth, and either a neutral density filter (for transmission
of attenuated, scattered excitation light and of much weaker
luminescence light from the measurement areas) or a neutral
density filter in combination with an interference filter (for
transmission of the attenuated excitation light from the mea-
surement areas) are mounted on a filter wheel between the
two parts of the Heligon Tandem objective. The signals at the
excitation and the emission wavelength are measured alter-
nately. Data analysis is performed using commercially avail-
able image analysis software (ImagePro Plus).

[0120] (e) Method of Luminescence Detection of the the
Hybridization Reaction:

[0121] 30 pl of the liquid samples prepared as described in
section (c) “Sample Material” are filled, manually or using a
laboratory robot (e.g., Beckman 2000), into each of the 96
sample compartments of the device disclosed above. Then,
the sample compartments are hermetically sealed with a lid,
leaving a steam space of 100 pl above each well.

[0122] Inafirstthermal step (temperature increaseto 85° C.
for 30 min), the double-stranded cDNAs immobilized on the
surface are dehybridized (separated) and prepared for hybrid-
ization with the CyS5-labeled single-stranded cDNAs in the
sample. Hybridization of immobilized single-stranded cDNA
with complementary Cy5-labeled molecules is enabled under
so-called stringent conditions (hybridization of only com-
pletely complementary single strands), upon slow cooling
down to 43° C. (about 2° C. per minute) and then thermal
equilibration at 43° C. for 8 hours. This situation can be
stabilized by exchange of the residual sample liquid and upon
lowering the temperature to ambient temperature.

[0123] For the (optical) read-out of the arrays in the indi-
vidual sample compartments, the device described above is
inserted into the disclosed analytical system and adjusted to
maximum incoupling of excitation light in the array of the
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first of the 96 sample compartments, as described above,
which is controlled at the position of the filter-wheel for
transmission of the excitation wavelength. Then, the intensity
of the fluorescence light from the measurement areas (spots)
is measured with position of the filter-wheel for transmission
at the luminescence wavelength. Read-it of the arrays in the
other sample compartments is performed sequentially (al-
ways for one sample compartment after the other, with 400
measurement areas each), upon transfer of the device to the
next position for read-out of the luminescence signals from
the next sample compartment.

EXAMPLE 2

Determination of the Type and Amount of Enzyme Induction
in Toxicology and Drug Metabolism by a Fast and Highly
Parallel, Differential Method of Measurement, Based on
Micro Arrays

[0124] In pharmaceutical product development, examina-
tions of drug metabolism and toxicology studies are per-
formed after application of xenobiotics (biologically and/or
pharmaceutically active chemical substances) in experimen-
tal animals and humans. Besides others, the first metabolic
degradation reactions in the liver, as the “First Path Metabo-
lism” are investigated. After application of such substances,
often an “enzyme induction”, i.e., an affect on the concentra-
tion of the enzymes involved in the metabolism in the liver,
typically from the group of the P450 iso-enzymes (mixed
functional mono-oxygenases), is observed. This change then
affects the quality and the rate of the further metabolizing of
such substances. In the course of testing new pharmacologi-
cally active substances, it is necessary to measure these
affects on the level of mRNA quantitatively and with high
sensitivity, in comparison to the metabolism of untreated (not
induced) organisms, at a very early phase of the test program.
Preparation and Deposition of the Biological Recognition
Elements on a Sensor Platform of a Device with 400 Discrete
Measurement Areas in Each of Its 96 Sample Compartments
[0125] (a) Clones of the 20 most important cytochrome
P450 iso-enzymes described in the literature, which are
involved in the “First Path Metabolism” in the liver, and 5
clones of genes typically not involved in these processes, the
expression level of which remains constant, in the ideal case,
and which can be utilized, therefore, for standardization (so-
called “house-keeping genes”, such as p-actin, GAPDH,
tubulin-a, ubiquitin, phospholipase A2, etc.) are selected as
biological recognition elements to be immobilized in discrete
measurement areas on the sensor platform.

[0126] Besides others, the first group of selected biological
marker substances comprises CYP1A1, CYP1A2, CYP2BI,
CYP2B2, CYP3A1, CYP3A2, CYP4AL.

[0127] The required genetic material can be obtained com-
mercially in plasmid form. The transfer and amplification of
the gene sequences in the plasmid, to generate the corre-
sponding cDNAs, is performed by means of the correspond-
ing primer pairs and leads to double-stranded molecules
(probe cDNAs) with a length between about 300 and 1000
base pairs.

[0128] (b) A sensor platform with the exterior dimensions
of 76 mm widthx112 mm lengthx0.7 mm thickness is used,
on the surface of which 96 micro flow cells, with inside
dimensions of 7 mm widthx7 mm lengthx0.15 mm height, in
the pitch (arrangement in rows and columns) of a classical
microtiter plate can be arranged, by combining the sensor
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platform with a polycarbonate plate having open recesses
facing the sensor platform. The recesses are tightly sealed
against each other by means of sealing rings enclosing the
recesses.

[0129] The substrate material (optically transparent layer
(b)) consists of AF 45 glass (refractive index n=1.52 at 633
nm) A periodic sequence (“Raster”) of pairs of in- and out-
coupling gratings with grating lines (360 nm period) in par-
allel to the width of the sensor platform and with a grating
depth of 12+/-3 nm is generated in the substrate, wherein the
grating lines extend over the whole width of the sensor plat-
form. The distance between subsequent grating pairs is 9 mm;
and the length of the individual grating structures (in parallel
to the length of the sensor platform) is 0.5 mm. The distance
between the in- and outcoupling grating of a grating pair is 5.5
mm, allowing for in- and outcoupling of the excitation light
always within the (inside) region of the sample compart-
ments, after the combination of the sensor platform with the
polycarbonate plate described above.

[0130] The waveguiding, optically transparent layer (a) of
Ta,O, on the optically transparent layer (b) has a refractive
index 0f 2.15 at 633 nm (layer thickness 150 nm). Due to the
deposition process, the grating structure is transferred into the
surface of the waveguiding layer almost 1:1 according to
scale.

[0131] The sample compartments formed by the combina-
tion of the sensor platform with the polycarbonate plate are
provided with conically bored openings at the demarcation
surface opposite to the sensor platform, thus allowing for a
filling or clearing of the sample compartments by inserting
standard-type, commercially available pipette tips of
polypropylene.

[0132] As a preparation for the immobilization of the bio-
chemical, biological or synthetic recognition elements, the
senor platforms are cleaned with chloroform in an ultrasonic
apparatus, chemically activated by a silanization reaction
with glycidyloxypropyltrimethoxy silane, and thus prepared
for the immobilization of the probe cDNAs as biological
recognition elements. The individual cDNAs, at a concentra-
tion of 50 ng/pl, are deposited as spots of 10 drops (0.1 nl)
each, using a commercial, piezo-controlled micropipette (Ge-
SIM, Groferkmannsdorf, DE), resulting in spots as discrete
measurement areas of about 150 um. In a 10x10 spot arrange-
ment (array of 100 features), always 4 measurement areas
with the same cDNA are provided in a way that, at the end of
the immobilization step, the position of the 25 different
c¢DNAs as recognition elements, defined by a statistic algo-
rithm, is known, but pre-determined in a purely statistical
way. The distance between the spot centers is 400 um, and the
spots cover an area of 4 mmx4 mm on the sensor platform.
The immobilization can be optimized by thermal treatment,
i.e., heating up to 60° C. for 30 min.

[0133] Thedescribed polycarbonate plate is combined with
the prepared sensor platform in such a way, that the sample
compartments are fluidically tightly sealed against each other
by means of the enclosing seals and that the arrays of 100
measurement areas each, formed by the spots, are centered at
the bottom of the sample compartments.

[0134] (c) Sample Material: (ii) mRNA from Non-Induced
Experimental Animals (Not Treated with Xenobiotics)
[0135] About 250 mg of liver from slayed mice are shock-
frozen using liquid nitrogen, grinded in a mortar and
degreased with chloroform. Then “total RNA” is isolated by
a standard phenol/chloroform extraction. mRNA is isolated
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from the total RNA fraction, using an Oligotex spin column
(Qiagen, Hilden, DE). All mRNA molecules are transferred
into fluorescently labeled cDNA molecules ina reversed tran-
scriptase process (e.g., Life Technologies), in the presence of
a CyS5-labeled nucleobase (Cy5-dUTP; Pharmacia Amet-
sham). The obtained material is dissolved in hybridization
buffer, thus obtaining a liquid sample with a total concentra-
tion of 10 ng/ul at maximum.

[0136] (ii)) mRNA from Induced Experimental Animals
(Treated With Xenobiotics, E.G., with Phenobarbital)
[0137] The preparation is performed in a way analoguous
to Example 2(c)(i), with the only difference, that fluorescence
labeling is performed using Cy3 (Amersham Pharmacia),
instead of Cy5.

[0138] (iii) Labeled mRNA from the Preparations (i) and
(i1) is Mixed in a Ratio of 1.1

[0139] (d) Analytical System

Optical System (i) Excitation Unit

[0140] The sensor platform is mounted on a computer-
controlled adjustment module, allowing for translation in
parallel and perpendicular to the grating lines and for rotation
around an axis in parallel to the grating lines and with center
of motion in the main axis of the area illuminated by the
excitation light beam launched onto the grating structure (I)
for incoupling into the sensor platform named in example
2(b). Immediately after the laser acting as an excitation light
source, there is a shutter positioned in the light path in order
to block the light path when measurement data is not being
collected. Additionally, neutral density filters or polarizers
can be mounted at this or also other positions in the path of the
excitation light towards the sensor platform in order to vary
the excitation light intensity step-wise or continuously.
[0141] The excitation light beam from a helium neon laser
(2 mW) is expanded to a light beam of slit-type cross section
(in parallel to the grating lines of the sensor platform) using a
cylindrical lens. The peripheral upper and lower regions of
the excitation light beam are masked by a slit diaphragm, the
excitation light beam being slightly divergent in parallel to the
grating lines, but parallel in the projection normal to the
grating lines. The resulting light bundle with slit-type cross
section on the grating structure is directed onto the right edge
of the incoupling grating in one of the sample compartments.
The excitation light spot has a size of about 0.8 mm lengthx4
mm width. The sensor platform is adjusted for maximum
incoupling, which is confirmed by a maximum intensity of
the scattered light emitted (by scattering) along the guided
mode of incoupled excitation light. This maximum can be
determined both by visual inspection and by imaging of the
light scattered along the guided mode, collected by an imag-
ing system, onto an optoelectronic detector, for example, onto
the pixels of a CCD-camera, as an example of a laterally
resolving detector, or onto a photodiode, as an example of a
laterally not resolving detector. Under the same conditions, a
maximum signal is also determined for the excitation light
transmitted in the waveguide and outcoupled at the outcou-
pling grating. A value of 3.8° is determined for the resonance
angle for incoupling.

[0142] As a second excitation light source, a green helium
neon laser with emission at 543 nm is used. The excitation
light beam can be directed into the same optical light path as
the red beam (633 nm) of the helium neon laser described
above, the optical path of which is then blocked, using a
mirror which can be flapped both manually and actuated by a
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motor between fixed positions. The adjustment of the reso-
nance angle for incoupling is performed in the same way as
described above, wherein a value of 15° is determined.
[0143] (i) Detection

[0144] A CCD camera (TE3/A Astrocam, Cambridge, UK)
with peltier cooling (operation temperature: =30° C.) is used
as a laterally resolving detector. Signal collection and focus-
ing onto the CCD chip is performed by means of a Heligon
Tandem objective (Rodenstock, 2x Cine-Heligon 2.1/100
mm) Two interference filters (Omega Optical, Brattlebor-
ough, Vt.), with central wavelength of 680 nm and 40 nm
bandwidth, and either a neutral density filter (for transmission
of attenuated, scattered excitation light and of much weaker
luminescence light from the measurement areas) or a neutral
density filter in combination with an interference filter (for
transmission of the attenuated excitation light from the mea-
surement areas) are mounted on a filter wheel between the
two parts of the Heligon Tandem objective. The signals at the
excitation and the emission wavelength are measured alter-
nately. Data analysis is performed using commercially avail-
able image analysis software (ImagePro Plus).

[0145] (e) Method of Luminescence Detection of the the
Hybridization Reaction:

[0146] Each of the 96 micro flow cells is filled individually
with the biological material prepared according to the method
described above using the laboratory robot. In a first thermal
step (temperature increase to 85° C. for 30 min), the double-
stranded cDNAs immobilized on the surface are dehybridized
(separated) and thus prepared for hybridization with the Cy5-
labeled or Cy3-labeled, single-stranded cDNAs in the
sample, respectively. Hybridization of immobilized single-
stranded ¢cDNA with complementary Cy5-labeled, respec-
tively Cy3-labeled molecules is enabled under so-called strin-
gent conditions (hybridization of only completely
complementary single strands), however without preferring
kinetically or thermodynamically either of the differently
labeled molecules, upon slow cooling down to 43° C. (about
2° C. per minute) and then thermal equilibration at 43° C. for
8 hours. In another step, the surmounting liquid is exchanged
by pure hybridization buffer using the laboratory robot in
order to remove non-bound material that can be excited to
fluorescence, as well as material nonspecifically bound to the
surface.

[0147] After the luminescence measurement, 2-molar urea,
as a chaotropic reagent for regeneration, may be supplied by
the laboratory robot. This (regeneration) process is accom-
plished by an increase of the temperature to 80° C. After
another flushing with 10 mM phosphate buffer and re-equili-
bration in pure hybridization buffer, the fluidic/array system
can be re-used.

[0148] For the (optical) read-out of the arrays in the indi-
vidual sample compartments, the device described above is
inserted into the disclosed analytical system and adjusted to
maximum incoupling of excitation light (first of 633 nm) in
the array of the first of the 96 sample compartments, as
described above, which is controlled at the position of the
filter-wheel for transmission of the excitation wavelength.
Then, the intensity of the fluorescence light from the mea-
surement areas (spots) is measured with the position of the
filter-wheel for transmission at the luminescence wavelength
(first with filter 680 DF 40, Omega Optical, Brattleborough,
Vt., for Cy5). Read-it of the arrays in the other sample com-
partments is performed sequentially (always for one sample
compartment after the other, with 100 measurement areas
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each), upon transfer of the device to the next position for
read-out of the luminescence signals from the next sample
compartment.

[0149] Then, the device is returned to the incoupling posi-
tion for the array in the first sample compartment and, after
flapping the mirror, adjusted to maximum incoupling of the
green excitation light (543 nm). Then the intensity of the
fluorescence light from the measurement areas (spots) of the
array is measured with position of the filter-wheel for trans-
mission at the shorter-wavelength luminescence (with filter
580 DF 40, Omega Optical, Brattleborough, Vt., for Cy3).
Read-it of the arrays in the other sample compartments is
performed sequentially (always for one sample compartment
after the other, with 100 measurement areas each), upon
transfer of the device to the next position for read-out of the
luminescence signals from the next sample compartment.

EXAMPLE 3

Device and Method for the Simultaneous Quantitative Deter-
mination of Multiple Cytokine Marker Proteins in One and in
Multiple Samples (Multi-Cytokine Plate)

[0150] (a) As a device, a square sensor platform with the
exterior dimensions of 101.6 mmx101.6 mm (4 inchx4
inch) x0.7 mm thickness is used, joined with a PDMS
layer (polydimethylsiloxane, Sylgard 184 Silicon Elas-
tomer Kit, Dow Corning) of 5 mm thickness, in which
circular openings of 7 mm diameter each, in a (center-
to-center) distance of 9 mm had been formed, for pro-
viding the sample compartments to receive the analysis
volumes (10 ul-100 pl). The openings in the layer are
arranged in a geometry of 11 rows and 11 columns (a
total of 121 wells). For suppression of scattered light, the
polymer material was inked with black pigment.

[0151] The substrate material (optically transparent layer
(b)) consists of AF 45 glass (refractive index n=1.52 at 633
nm). A continuous structure of a surface relief grating, with a
period of 360 nm and a grating depth of 25+/-5 nm, is gen-
erated in the substrate, with the orientation of the grating lines
in parallel to the edge of the sensor platform. The waveguid-
ing, optically transparent layer (a) of Ta,Os on the optically
transparent layer (b) has a refractive index of 2.15 at 633 nm
(layer thickness 150 nm). Due to the deposition process, the
grating structure is transferred into the surface of the
waveguiding layer almost 1:1 according to scale.

[0152] The surface of the sensor platform is cleaned upon
exposure to oxygen plasma in order to remove organic con-
taminations. Then an adhesion-promoting layer, comprising a
monolayer of mono-octadecylphosphate, is deposited on the
hydrophilic waveguide surface by a self-assembly process.
This surface modification leads to a very hydrophobic surface
(contact angle 100°-110° against water). The process of the
surface modification is described in more detail in the litera-
ture (D. Brovelli et al., Langmuir 15 (1999) 4324-4327).
[0153] 121 arrays (arranged in 11 rowsx11 columns) of 25
spots each, with different antibodies as biological recognition
elements for the recognition and binding of cytokine marker
proteins, are deposited on the hydrophobic surface of the
sensor platform coated with the adhesion-promoting layer
using an inkjet plotter, model NPIC (GeSim GmbH, Grof-
erkmannsdorf, DE), the arrays being arranged in a geometry
of 5 rowsx5 columns each.

[0154] (b) The antibodies are deposited at a concentra-
tion of 100 pg/ml in sugar-containing (0.1% trehalose,
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phosphate-buffered silane (pH 7.4)), incubated in liquid
state in an atmosphere of saturated water vapor for 2-3
hours, then washed and blown dry with nitrogen. The
average diameter of the spots, in a (center-to-center)
distance of 1 mm, is 0.5 mm. Five different antibodies
for the recognition of cytokines, especially of different
interleukins, are used in the always 5 rows of an indi-
vidual array. In each array, S measurement areas with the
same interleukin-antibodies as biological recognition
elements are provided in order to generate data about the
statistical assay reproducibility already from every indi-
vidual measurement with a sample to supplied. Thereby,
the position of the measurement area with the respective
interleukin-antibody as the biological recognition ele-
ment (in the array) is determined by a statistic algorithm,
so that, at the end of the immobilization step, the posi-
tions of the 5 different interleukin-antibodies in the
25-spot array are known, but pre-determined in a purely
statistical way. Thus, a significant reduction of analysis
time and required amount of sample, in comparison to
the described known analysis methods (e.g., ELISA),
can be achieved in the following analysis step, these
known analysis methods generally requiring a multitude
of individual measurements in discrete sample compart-
ments and, due to the large number of necessary indi-
vidual measurements, also the use of multiple microtiter
plates, for a determination of the assay reproducibility.
[0155] The remaining hydrophobic surface (of the sensor
platform) not covered with proteins is blocked with 10 mg/ml
serum albumin (incubation time 10 min) in order to suppress
nonspecific binding of secondary antibodies during the later
analysis step. After termination of the antibody immobiliza-
tion, the prepared sensor platform is joined with PDMS layer
in such a way that always one array is located within each of
the 121 openings of the PDMS layer.
[0156] (c) Analytical System

Optical System (i) Excitation Unit

[0157] The sensor platform is mounted on a computer-
controlled adjustment module allowing for translocation in
parallel and perpendicular to the grating lines and for rotation
around an axis in parallel to the grating lines and with center
of motion in the main axis of the area illuminated by the
excitation light beam launched onto the grating structure (1)
for incoupling into the sensor platform named in example
3(a). Immediately after the laser acting as an excitation light
source, there is a shutter positioned in the light path in order
to block the light path when measurement data is not to be
collected. Additionally, neutral density filters or polarizers
can be mounted at this or also other positions in the path of the
excitation light towards the sensor platform in order to vary
the excitation light intensity step-wise or continuously.

[0158] The excitation light beam from a helium neon laser,
at 632.8 nm, is expanded to a parallel ray bundle of circular
cross-section with 25 mm diameter by means of 25-fold
expansion optics. From the central part of this excitation light
bundle, a square area of 16 mm lengthx16 mm width (in
accordance with the nomenclature for the grating structure) is
selected and, after passing a dichroic mirror (650 DRLP,
Omega Optical, Brattleborough, Vit., USA), directed through
the optically transparent layer (a) onto a group of 4 of the 121
arrays located in the central part of the excitation light spot.
The sensor platform is adjusted for maximum incoupling,
which is confirmed by a minimum of the transmission of
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excitation light through the sensor platform and by a maxi-
mum of the sum of reflected excitation light and of excitation
light outcoupled by the continuous grating structure (c), after
incoupling, under the same angle as the reflected light, within
the measurement precision. The optimum incoupling angle
can be determined both by visual inspection and, under com-
puter control, from the signals of photodiodes connected to
amplifiers, which photodiodes are positioned in the related
light paths. In this way, an angle of 3.5° is determined as the
resonance angle for incoupling.

[0159] (ii) Detection

[0160] A CCD camera (TE3/A Astrocam, Cambridge, UK)
with peltier cooling (operation temperature: —=30° C.) is used
as a laterally resolving detector. Signal collection and focus-
ing onto the CCD chip is performed by means of a Heligon
Tandem objective (Rodenstock, 2x Cine-Heligon 2.1/100
mm) Two interference filters (Omega Optical, Brattlebor-
ough, Vt.), with central wavelength of 680 nm and 40 nm
bandwidth, and either a neutral density filter (for transmission
of attenuated, scattered excitation light and of much weaker
luminescence light from the measurement areas) or a neutral
density filter in combination with an interference filter (for
transmission of the attenuated excitation light from the mea-
surement areas) are mounted on a filter wheel between the
two parts of the Heligon Tandem objective. The signals at the
excitation and the emission wavelength are measured alter-
nately. Data analysis is performed using commercially avail-
able image analysis software (ImagePro Plus).

[0161] (d) Analysis Method

[0162] For the specific recognition of the cytokines to be
determined, the format of sandwich assay is chosen. For each
of the selected interleukins (interleukins IL#1 to IL#5), 11
calibration solutions in phosphate-buffered saline, with addi-
tions of 0.1% serum albumin and 0.05% Tween 20 are pre-
pared (interleukin concentrations: 0, 0.5, 1, 2, 5, 10, 20, 50,
100, 200, 300 pg/ml). Additionally, 11 mixed calibration
solutions of all 5 interleukins are prepared, comprising each
ofthe 5 interleukins at the same concentration, and, generated
in a statistical (mixing) method, 55 sample solutions contain-
ing unknown concentrations of the interleukins. Then, the
individual calibration solutions were pre-incubated with the
corresponding specific, biotinylated secondary interleukin-
antibody (always 200 picomolar) for one hour. Similarly, the
mixed calibration solutions and the sample solutions were
pre-incubated with a mixture of the 5 different biotinylated
secondary interleukin-antibody (each 200 picomolar) for also
one hour.

[0163] Then, 50 wl of the individual calibration solutions
were filled into the first 5 rows of sample compartments on the
sensor platform, allowing for generation of one individual
calibration curve (dose-response curve) per interleukin in
each row in the following analysis step of fluorescence deter-
mination. 50 pul of the mixed calibration solutions are filled
into every one of the 11 sample compartments in the 6” row
in order to generate later on the corresponding calibration
curves in the presence of the analyte mixture. In a correspond-
ing way, the 55 sample solutions are distributed over the
remaining rows of sample compartments. The incubation
time for all 121 measurement solutions is 30 min. In the
following, the sample compartments are washed with a buffer
(phosphate-buffered saline with an addition of 0.1% serum
albumin and 0.05% Tween 20). In the final analysis step by
fluorescence determination, 50 pl of 1-nanomolar Cy5-
streptavidin (Amersham Pharmacia) in buffer solution (phos-
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phate-buffered saline with an addition o 0.1% serum albumin
and 0.05% Tween 20) are filled into each sample compart-
ment, and the fluorescence signals from all the measurement
areas in the 121 arrays are measured after another 15 min
incubation time.

[0164] For the (optical) read-out of the arrays in the indi-
vidual sample compartments, the device described above is
inserted into the disclosed analytical system and adjusted to
maximum incoupling of excitation light in the arrays of the
first 4 of the 96 sample compartments, as described above,
which is controlled at the position of the filter-wheel for
transmission of the excitation wavelength. Then, the intensity
of the fluorescence light from the measurement areas (spots)
is measured with position of the filter-wheel for transmission
at the luminescence wavelength. Read-it of the arrays in the
other sample compartments is performed sequentially (al-
ways for a group of 4 sample compartments with 25 discrete
measurement areas each), upon transfer of the device to the
next position for read-out of the luminescence signals from
the next sample compartment.

1-80. (canceled)

81. A method for determination of one or more analytes by
luminescence in one or more samples on at least five, laterally
separated measurement areas, with a device, comprising a
planar optical waveguide, as part of a sensor platform, and,
connected to said platform directly or by means of a sealing
medium, a layer (g), said layer forming either directly a tight
seal or by means of the sealing medium a tightly sealing layer,
said device comprising a multitude of recesses at least open
towards the sensor platform, which form a corresponding
multitude of sample compartments in a 2-dimensional
arrangement, wherein
in each of said sample compartments different biological or
biochemical recognition elements, for the specific recogni-
tion and binding of different analytes, are immobilized in five
or more discrete measurement areas (d) in a two-dimensional
array on said planar optical waveguide in these sample com-
partments, wherein said measurement areas are in optical
interaction with the excitation light emanating from said opti-
cal waveguide, as part of a sensor platform which forms a
demarcation of said sample compartments, wherein said
sample compartments are operable to be cleared from
received sample or reagent solutions and to receive, in the
following, optionally without washing steps. further sample
or reagent solutions, which are supplied to the same said
sample compartments, and wherein excitation light is
directed to the measurement areas, leading to excite sub-
stances capable of luminescence in the samples or on the
measurement areas to emit luminescence, and wherein the
emanated luminescence is measured.

82. A method according to claim 81, wherein the said
measurement areas are in optical interaction with the evanes-
cent field of excitation light guided in the planar optical
waveguide.

83. A method according to claim 82, wherein the optical
film waveguide, as part of the sensor platform, is an optical
film waveguide with a first optically transparent layer (a)
(according to FIG. 1) on a second optically transparent layer
(b) (according to FIG. 1) with a lower refractive index, and
wherein (1) the isotropically emitted luminescence or (2)
luminescence that is incoupled into the optically transparent
layer (a) and outcoupled by a grating structure (c) or lumi-
nescence comprising both parts (1) and (2) is measured
simultaneously.
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84. A method according to claim 81, wherein, for the
generation of said luminescence, a luminescent dye or a lumi-
nescent nano-particle is used as a luminescence label, which
canbe excited and emits at a wavelength between 300 nm and
1100 nm.

85. A method according to claim 84, wherein the lumines-
cence label is bound to the analyte or, in a competitive assay,
to an analyte analogue or, in a multi-step assay, to one of the
binding partners of the immobilized biological or biochemi-
cal or synthetic recognition elements or to the biological or
biochemical or synthetic recognition elements.

86. A method according to claims 84, wherein a second or
more luminescence labels of similar or different excitation
wavelength as the first luminescence label and similar or
different emission wavelength are used.

87. A method according to claim 86, wherein the second or
more luminescence labels can be excited at the same wave-
length as the first luminescence label, but emit at other wave-
lengths.

88. A method according to claim 86, wherein the excitation
and emission spectra of the applied luminescent dyes do not
overlap or overlap only partially.

89. A method according to claim 86, wherein charge or
optical energy transfer from a first luminescent dye acting as
a donor to a second luminescent dye acting as an acceptor is
used for the detection of the analyte.

90. A method according to claim 81, wherein, besides
determination of one or more luminescences, changes of the
effective refractive index on the measurement areas are detet-
mined.

91. A method according to claim 81, wherein the one or
more luminescences and/or determinations of light signals at
the excitation wavelengths are performed polarization-selec-
tive.

92. A method according to claim 81, wherein the one or
more luminescences are measured at a polarization that is
different from the one of the excitation light.

93. A method according to claim 81, for the simultaneous
or sequential, quantitative or qualitative determination of one
or more analytes of the group comprising antibodies or anti-
gens, receptors or ligands, chelators or “histidin-tag compo-
nents”, oligonucleotides, DNA or RNA strands, DNA or
RNA analogues, enzymes, enzyme cofactors or inhibitors,
lectins and carbohydrates.

94. A method according to claim 81, wherein the samples
to be examined are naturally occurring body fluids, such as
blood, serum, plasma, lymphe or urine, or egg yolk.

95. A method according to claim 81, wherein the samples
to be examined are optically turbid liquids or surface water or
soil or plant extracts or bio- or process broths.

96. A method according to claim 81, wherein the samples
to be examined are taken from biological tissue.

97. A method comprising determining either quantitatively
or qualitatively, with the method according to claim 81,
chemical, biochemical or biological analytes in screening
methods in pharmaceutical research, combinatorial chemis-
try, clinical and preclinical development, for real-time bind-
ing studies and the determination of kinetic parameters in
affinity screening and in research, for qualitative and quanti-
tative analyte determinations, especially for DNA- and RNA
analytics and for the determination of genomic or proteomic
differences in the genome, such as single nucleotide polymor-
phisms, for the measurement of protein-DNA interactions,
for the determination of control mechanisms for mRNA
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expression and for the protein (bio)synthesis, for the genera-
tion of toxicity studies and the determination of expression
profiles, especially for the determination of biological and
chemical marker compounds, such as mRNA, proteins, pep-
tides or small-molecular organic (messenger) compounds,
and for the determination of antibodies, antigens, pathogens
or bacteria in pharmaceutical product development and
research, human and veterinary diagnostics, agrochemical
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product development 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 bac-
teria, in food and environmental analytics.
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