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7) ABSTRACT

The invention relates to various embodiments of a bioana-
Iytical reagent with at least one vesicle, generated from a
living cell, comprising at least one receptor, characterized in
that a mechanism of signal transduction triggered by said
receptor in the cell used for vesicle generation is preserved
in said vesicle, as a component of the bioanalytical reagent.
The invention further relates to methods for production of
the bioanalytical reagent according to the invention, to
bioanalytical detection methods based on the application of
said reagent, and to the use of said detection method and of
the bioanalytical reagent.
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BIOANALYTICAL REAGENT, METHOD FOR
PRODUCTION THEREOF, SENSOR PLATFORMS
AND DETECTION METHODS BASED ON USE OF

SAID BIOANALYTICAL REAGENT

[0001] The invention relates to various embodiments of a
bioanalytical reagent with at least one vesicle, generated
from a living cell, comprising at least one receptor, charac-
terized in that a mechanism of signal transduction triggered
by said receptor in the cell used for vesicle generation is
preserved in said vesicle, as a component of the bioanalyti-
cal reagent. The invention further relates to methods for
production of the bioanalytical reagent according to the
invention, to bioanalytical detection methods based on the
application of said reagent, and to the use of said detection
method and of the bioanalytical reagent.

[0002] Living organisms can perceive an respond to a
variety of external signals (light, hormones, odours, etc.).
These signals are received and processed at cell surfaces
(=plasma membrane receptors) by receptors which transmit
the signals through the membrane and trigger a multitude of
processes in the cell interior resulting in a cellular response.

[0003] Many plasma membrane receptors are important
target molecules of therapeutically active substances. A
medically important receptor family are G protein-coupled
receptors (GPCR). They form the largest group of mem-
brane-associated receptors and control the cellular response
by means of the intermediate function of G proteins. There-
fore, G proteins are an important target for drug application
in the human body (Neer, E. J., Cell, 80 (1995) 249-257;
Bourne, H. R., Curr. Opin. Cell Biol,, 9 (1997) 134-1142;
Wess, J., FASEB J, 11 (1997) 346-354).

[0004] The G, sub-unit of G proteins plays a key role for
the interaction of receptors with G proteins (Milligan, G.,
Mullaney, 1., McKenzie, F. R., “Specificity of interactions of
receptors and effectors with GTP-binding proteins in native
membranes”, Biochem. Soc. Symp. 56, (1990) 21-34).
According to the current accepted model for the activation
of G proteins, this hetero-trimeric, membrane-associated
protein decomposes into a free G, a subunit bound to GTP
(guanine triphospate) and a free Gg,-dimer. After GTP
hydrolysis, G, (GDP) again associates with G, (Willard F.
S., Crouch M. F., Immunol. Cell Biol., 78 (2000) 387-394).

[0005] Another therapeutically important class of recep-
tors comprises channel proteins which detect extracellular
signals and convert them to cellular responses (F. M. Ash-
croft: “lon channels and disecase” Academic Press, San
Diego, 2000). The function of these channel proteins is to
open and close ion channels.

[0006] The existence of the endoplasmic reticulum in the
cell interior is of crucial importance for the functionality of
the signal transduction mechanism mediated by the G-pro-
tein-coupled receptors. The endoplasmic reticulum is the
most important calcium store, from which calcium ions
(secondary messenger compound) are released into the
cytoplasm after activation of G-protein-coupled receptors
(see e.g. Muallem, S., Wilkie, T. M., “G protein-dependent
Ca*" signaling complexes in polarized cells”, Cell Calcium
26 (1999) 173-180).

[0007] Further calcium storage media of lesser importance
are the cell nucleus and the mitochondria. The endoplasmic
reticulum accumulates calcium ions by means of Ca®*
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-ATPase as an ion pump and releases calcium via corre-
sponding receptor ion channels, which are controlled by the
messenger compounds inositol-1,4,5-triphosphate (IP3) and
cyclic adenosine diphospate (¢ADP) (Brini, M. Carafoli, E.;
“Calcium signalling: a historical account, recent develop-
ments and future perspectives”, Cell Mol. Life Sci., 57
(2000) 354-370). The basal Ca** concentration in the endo-
plasmic reticulum is about 500 uM and drops to about 100
4M when calcium ions stream into the cytoplasm (Yu, R.,
Hinkle, P. M., “Rapid turnover of calcium in the endoplas-
mic reticulum during signaling: studies with cameleon cal-
cium indicators”, J. Biol. Chem., 274 (2000) 23648-23654).

[0008] An increase or decrease in the calcium concentra-
tion in a cell or a vesicle can be detected, for example, using
an ion-selective indicator dye.

[0009] In spite of the great importance of these proteins,
there is a lack of efficient screening assays to gain an
understanding of the receptor functions and signal transduc-
tion processes at the molecular level, on the one hand, and
to find and develop new therapeutic compounds (“drugs™)
on the other. Traditional methods of investigation are based
on assays (1) with whole cells, (2) with solubilized and
purified receptors, or (3) with receptors reconstituted in
artificial lipid membranes (Fernandes, P. A., Curr. Opin.
Biotechnol, 9 (1998) 624-631; Zysk, J. R., Baumbach, W.
R., Comb. Chem. Hight Throughput Screen., 1 (1998) 171-
183).

[0010] (1) In-vivo screening methods utilize adequate
living biological cells which produce and release natural or
heterologous receptor proteins at the cell surface. In an
assay, defined concentrations of test compounds are added to
the aqueous phase in the environment of the living cells, in
order to investigate whether these compounds associate with
receptor proteins in the cell membrane (plasma membrane)
in a specific way and, for example, stimulate or inhibit a
cellular response, Typical cellular responses are changes in
the intracellular ion composition (e.g. of the Na* or K*
concentrations or of the pH), the triggering of secondary
signal cascades (e.g. the release of cAMP (cyclic adenosine
monophosphate) or of Ca>*) or changes in the activation of
intracellular enzymes (e.g. of kinases, phosphatases, etc.). In
these responses, some or all of the named processes may
also occur simultaneously and/or coupled with each other.
The nature, strength and time dependence of the intracellular
responses provide important information both on the inter-
action between test compound and plasma membrane recep-
tor and on the subsequent signal transduction process. In
general, the binding of a test compound to the cell surface
is measured using a label associated directly or indirectly
with this compound, or in a competitive assay using a
labeled competitor (Smith R. G., Sestili M. A., Clin. Chem.,
26 (1980) 543-550; Zuck P., Lao Z., Skwish S., Glickman J.
F., Yang K., Burbaum J., Inglese J., Proc. Natl. Acad. Sci.
USA, 96 (1999) 11122-11127). In this case, for example, it
is possible to investigate whether the binding of the test
compound leads to receptor activation.

[0011] In general, an inhibition of activation is investi-
gated in the presence of a known agonist, by studying the
effect of the test compound on the activation of this agonist.
Such standard methods are described, for example, in:
Fernandes P. B., Curr. Opin. Chem. Biol., 2 (1998) 597-603
und in Gonzalez J. E., Negulescu P. A., Curr. Opin. Bio-
technol., 9 (1998) 624-631.
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[0012] Analytical methods based on the use of living cells
have a number of inherent disadvantages: (I.) The laboratory
infrastructure necessary for a continuous cultivation of cells
is relatively complex. (IL) As a result of changes in cell
physiology, living biological cells are constantly changing
their properties. These changes comprise differences in the
status of the cellular growth cycle, in differentiation, and in
the strength of protein expression, making it difficult to
establish reproducible, equivalent experimental conditions
in parallel or repetitive assays. (III.) A further disadvantage
is, for example, that the possibilities for miniaturizing assays
based on whole cells are limited by the required volumes of
nutrients (food) to be supplied.

[0013] Inpharmacological drug screening, relatively time-
consuming ligand binding tests and receptor functionality
tests are still generally performed separately (Hodgson, J.
Bio/Technology 9 (1992) 973). On the other hand, membrane
proteins, such as the G-protein-coupled receptors and chan-
nel-forming receptors, are among the most important target
proteins for active drugs (Knowles J, “Medicines for the new
millenium hunting down diseases”, Odyssey Vol. 3 (1997)).
In this context, classical patch-clamp methods are still
applied as functional receptor test methods. The advantage
of these electrophysiological methods is that the function of
the corresponding receptors associated with channel-form-
ing proteins can be measured directly. The method is highly
specific and extremely sensitive—in principal, it is possible
to measure the channel activity of individual receptors. In
this case, glass micropipets with an opening diameter of
typically 0.1-10 pm are positioned on the surface of a
biological cell. The membrane surface that is covered by the
micropipet is called a “patch”. If the contact between the
glass electrode and the cell membrane surface is sufficiently
electrically isolated, the ion current across the membrane
patch can be measured electrically by means of microelec-
trodes which are positioned both in the glass pipet and in the
medium on the other side of the membrane (Hamill 0. P,
Marty A. et al., “Improved patch-clamp techniques for
high-resolution current recording from cells and cell-free
membrane patches”, Pfliigers Arch., 391 (1981) 85-100).

[0014] In the context of drug screening, however, the
traditional patch-clamp technique also has crucial disadvan-
tages. Patch-clamp measurements are very time-consuming,
require specially trained personnel with long experience in
this field and are practically not applicable for HTS (“High
Throughput Screening”).

[0015] Recently, automatic methods have been developed
which allow arrays of glass microelectrodes to be positioned
on suitably arranged cells or, conversely, cells or membrane
fragments to be automatically (in electrical fields or by
means of suitable flow devices) positioned at (sub-)mi-
crometer-sized apertures in solid carriers, such as glass
plates, silicon wafers, the surface of which may optionally
be chemically modified (Vogel H., Schmidt C., “Position-
ierung und elektrophysiologische Charakterisierung einzel-
ner Zellen und rekonstituierter Membransysteme auf mik-
rostrukturierten ~ Trigern”,  PCT/11398/01150, WO
99/31503; Schmidt C., Mayer M., Vogel H., “A chip-based
biosensor for functional analysis of single ion channels”,
Angew. Chemie Int. Ed., 39 (2000) 3137-3140; Klemic K.
G., Buck E. et al., “Quartz microchip partitions for improved
planar lipid bilayer recording of single channel currents”,
Biophys. J 26-6A; Klemic K. G., et al., “Design of a
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microfabricated quartz electrode for ultra-low noise patch
clamp recording”, Biophys. J A399).

[0016] In summary, however, it has to be concluded that
the use of “native” membrane vesicles, i.e. of vesicles
generated from a living cell, is described for none of these
methods.

[0017] (2) Assays with receptor proteins solubilized in
detergents are elaborate and generally require purification
from a natural source (organism) or application of a recom-
binant expression system. In general, the receptor activity is
only partially retained in the course of this complex proce-
dure. In addition to receptor purification, binding assays
using fluorescent or radioactive marker molecules (“labels”)
have to be developed. By means of such binding assays, the
nature of the interaction between an agonist or antagonist
and a receptor can be investigated, but not the stimulation or
inhibition of the signal transduction cascade, which is a
central part of plasma membrane receptor function.

[0018] (3) Other traditional methods are based on recep-
tors reconstituted in lipid vesicles. This requires first the
isolation and purification of the receptor under consideration
in suitable detergents and then the insertion of the receptor,
solubilized in a detergent, into synthetic or “native” lipid
bilayer vesicles. The time-consuming purification requires
either receptor-rich natural cells or recombinant over-ex-
pression in cells. Reconstitution protocols have to be
adapted individually for the actual receptor under consider-
ation. Changes in the composition of the lipid phase or of the
aqueous phase can have a marked impact on the efficiency
of receptor insertion. The orientation of the receptor cannot
be controlled during reconstitution in the vesicle membrane.

[0019] Both the binding of test compounds to the receptor
and the activation of ion currents can be investigated using
receptors reconstituted in vesicles. However, these vesicles
do not contain the components for the complete signal
transduction cascade, such as G-proteins, protein kinases,
phosphatases, phosphoinosites or phospholipases, which can
only hardly be reconstituted in vesicles together with recep-
tors.

[0020] Therefore, there is a need for a bioanalytical
reagent wherein receptors are provided in such a form and
in such a biocompatible environment that the complete
mechanism of signal transduction associated with the recep-
tor under consideration is available for a bioanalytical
investigation method and that changes in the receptor
response and/or in the other components involved in the
mechanism of signal transduction, can be tested in the
presence of different biological or biochemical or synthetic
components supplied in a sample or resulting from other
changes of other external parameters influencing the trans-
duction mechanism. It is of major importance here to avoid
the mentioned disadvantages of assays based on whole
living cells, i.e. the high variation of the test results due to
the continuous change in living organisms and the frequent
difficulties of assigning cause-and-effect relationships. This
is due to the complex nature of whole cells which contain
many additional biochemical components that might not be
directly involved in the mechanism of signal transduction by
a receptor, but which can also be effected in their function
during a test procedure, which may lead to further changes
in the observed test results.

[0021] According to the invention, the need for such a
reagent is met by providing a bioanalytical reagent with at
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least one vesicle generated from a living cell comprising at
least one receptor, wherein a mechanism of signal transduc-
tion triggered by said receptor in the cell used for vesicle
generation is retained in said vesicle as a component of the
bioanalytical reagent.

[0022] An important characteristic of many preferred
embodiments of the reagent according to the invention is
that a vesicle as a component of said reagent comprises
besides said receptor further cell products and/or cell pro-
teins which are involved in said mechanism of signal
transduction besides said receptor, for example upon an
increase or decrease in the concentration of secondary
messenger compounds. The vesicle preferably comprises in
additional further molecules suitable as indicators, which
generate a signal or a corresponding signal change as a
consequence of the change in concentration of these sec-
ondary messenger compounds, which can be monitored in a
bioanalytical detection method.

[0023] In patent application WO 97/45534, a method is
described for the cultivation of mammalian cells in the
presence of immobilized vesicles which have been gener-
ated from a certain type of mammalian cell. In a manner
similar to that described in this patent application, cytocha-
lasin B, amongst other compounds, is used also according to
the present invention for the generation of vesicles from
living mammalian cells. However, in WO 97/45534 no hints
are given to indicate the use of such vesicles in bioanalytical
detection methods; i.e. especially not for the investigation of
ligand-receptor interactions. The transduction mechanism of
receptors that might optionally be associated with the
vesicles and the influence of the method of cultivation
thereon are not within the scope of applications described in
WO 97/45534, and are consequently not discussed in any
manner therein.

[0024] The generation of vesicles from living cells upon
application of the fungal toxins cytochalasin B or D is
known from the literature (see for example: Henson J. H,
“Relationships between the actin cytoskeleton and cell vol-
ume regulation”, Microsc. Res. Tech., 47 (1999) 155-162;
Brown S. S., Spudich J. A., “Mechanism of action of
cytochalasin: evidence that it binds to actin filament ends”,
J. Cell. Biol, 88 (1981) 487-491; Atlas S. I, Lin S,
“Dihydrocytochalasin B. Biological effects and binding to
3T3 cells”, J. Cell. Biol., 76 (1978) 360-370).

[0025] This method for the preparation of so-called
“native” vesicles can be applied both to adherent cells and
to cells growing in suspensions. These fungal toxins act on
the actin cytoskeleton. The cytoskeleton is a dynamic net-
work responsible for various essential biological functions
in the cell, such as cell division, regulation of cell volume,
change of cell form and cell movement. It has been shown
that cytochalasin B and D bind to the polymerization end of
actin filaments and prevent their extension by inhibiting the
attachment of further globular actin monomers.

[0026] After application of cytochalasin, the cells adapt a
round form. Microfilaments contract and condense to local
aggregates in the cell cortex. The otherwise continuous actin
cytoskeleton becomes fragmentary. Supported by the cyto-
plasmic pressure, this effect leads to an expansion of the
endoplasm in these regions. As a result, budding of the cell
membrane occurs at these locations. These buds are either
bullous or pedunculate in form. In some cases without
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further external influences, the buds are pinched off as
vesicles or can be detached from the cell surface through the
application of shear forces.

[0027] In a recent publication (Kask P, Palo K., Fay N,
Brand L., Mets U., Ullmann D., Jungmann J., Pschorr J.,
Gall K., “Two-dimensional fluorescence intensity distribu-
tion analysis: theory and applications”, Biophys. J, 78
(2000) 1703-1713) the binding of fluorescent ligands to a
high-affinity, human somatostatin receptor (SSTR-2) is dem-
onstrated by fluorescence measurements using vesicles gen-
erated from cells (Schoeffter P, Perez J., Langenegger D.,
Schupbach E., Bobirnac I., Lubbert H., Bruns C., Hoyer D.,
“Characterization and distribution of somatostatin SS-1 and
SRIF-1 binding sites in rat brain: identity with SSTR-2
receptors”, Eur. J. Pharmacol., 289 (1995) 163-173). For
this study, membrane vesicles were generated from living
cells using a glass homogenizer. In this procedure, the cells
are broken open, and the signal transduction cascade, i.e. in
particular further cell proteins essential for signal transduc-
tion, are most likely destroyed. In the process, cytoplasmic
vesicles are also generated, besides plasma membrane-based
vesicles. A later separation of these vesicles of different
origin is not possible.—In the special case of the somatosta-
tin receptor the separation of the vesicle types may not be
essential for the outcome of an experiment, because soma-
tostatin receptors are transported to the vesicle interior when
they bind to agonists, and they can be localized there upon
application of antibodies (Rocheville M., Lange D. C,
Kumar U., Sasi R., Patel R. C., Patel Y. C., “Subtypes of the
somatostatin receptor assemble as functional homo- and
heterodimers”, J. Biol. Chem,. 275 (2000) 7862-7869). On
the other hand, an enrichment of the fraction of vesicles
from the plasma membrane is important for applications
when using receptors of only very low natural abundance.

[0028] Contrary to the above methods, the controlled
method for vesicle generation, according to the present
invention, preserves the components of the signal transduc-
tion cascade, i.e. in particular, besides a receptor, the cell
proteins involved in the signal transduction and their func-
tion also remain intact.

[0029] Said process of cell homogenization can be
effected by addition of protease inhibitors. In general, the
protease inhibitors block the enzymatic digestion of the
membrane receptors by released cell proteases. The method
for the production of the bioanalytical reagent according to
the invention, upon generating vesicles using cytochalasin
B, avoids the external addition of protease inhibitors. This
can be advantageous, because additional components (in this
case most often mixtures of protease inhibitors) in a test
solution may affect the receptor-ligand interaction.

[0030] The present invention enables the adaptation of the
traditional assays and detection methods for investigation of
receptor-ligand interactions and of the subsequent signal
transduction to a miniaturized format. According to the
invention, the generated vesicles are used as compartments
for receptors, wherein these compartments may additionally
comprise further essential cell proteins, which may also be
produced in a recombinant manner from the same cell as the
vesicles to be generated.

[0031] These vesicles, as compartments derived from but
independent of cells, may be frozen for storage, so that a
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constant quality of the sequentially used reagent aliquots of
such a production lot can be assured for a lengthy period of
time.

[0032] For example, the vesicles comprise either cytosolic
products generated by a recombinant method (e.g. GFP,
“green fluorescent protein”) or are, for example, applied as
carriers for over-expressed receptors (e.g. serotonin receptor
type 3, SHT; ). According to the invention, the vesicles can
also serve as compartments for other recombinant products,
if they are soluble in the cytosol or comprise cell surface
proteins.

[0033] To meet the demand for ever more information on
intracellular and extracellular biological interactions at the
molecular level, there is a need for fast, parallel and highly
sensitive analytical methods with minimum sample con-
sumption.

[0034] For the determination of multiple analytes, the
methods currently used in particular are those wherein the
detection of different analytes is performed in discrete
sample compartments or wells of so-called microtiter plates.
The plates most widely used in these methods are those with
an arrangement of 8x12 wells on a footprint of typically 8
cmx12 cm (see, for example, Corning Costar catalogue no.
3370, 1999), wherein a volume of several hundred micro-
liters is required for filling a single well. For many appli-
cations, however, it would be desirable to achieve a marked
reduction in the sample volume, not only to reduce the
required amount of reagents and samples, which in some
cases may be available in only small quantities, but also to
reduce the length of diffusion paths and thus of the assay
performance times in the case of assays in which biological
or biochemical or synthetic recognition elements for the
recognition of one or more analytes in a sample are immo-
bilized on the wall of a sample compartment.

[0035] To reduce sample volumes and increase sample
throughput, especially for screening methods, plates with an
increased density (16x24 wells=384 wells and 32x48 wells
1536 wells) have been developed and commercialized,
while retaining the footprint of the standard microtiter
plates. This approach allows laboratory robots which are
adapted to the established industrial standard to be largely
retained (apart from the higher density of address points for
reagent supply to the plates). Another approach was to
abandon the classical plate footprint and to design the size
of the wells exclusively for the sample volumes necessary
for a certain application. Such arrangements have become
known as “nanotiter plates”, the capacity of the individual
sample compartment in some cases being no more than a
few nanoliters. This technical solution, however, means
dispensing with the currently widespread laboratory robots
which are adapted to the classical microtiter plate standard
and developing a new laboratory infrastructure optimized
for the miniaturized formats. The associated additional
expense is probably one of the main reasons for the fact that
these miniaturized format have so far not become estab-
lished on the market.

[0036] As part of such methods for the detection of
analytes in one or more samples, optical methods, for
example based on the determination of changes in absorp-
tion or luminescence, were increasingly developed in the
past, because these methods can be performed as contactless
procedures without any major repercussions on the sample.
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The term “luminescence” is used in this application to
denote the spontaneous emission of photons in the ultravio-
let to infrared spectrum after optical or nonoptical excitation,
such as electrical, chemical, biochemical, or thermal exci-
tation. For example, chemiluminescence, bioluminescence,
electroluminescence and especially fluorescence and phos-
phorescence are included in the term “luminescence”.

[0037] The classical measurement methods, such as
absorption or fluorescence measurements, are generally
based on the direct illumination of a sample volume in a
sample compartment or a measurement field on the inner
wall of a sample compartment of a liquid sample. The
disadvantage of these arrangements is that, besides the
excitation volume or the excitation area wherein a signal for
the detection of an analyte is to be generated, a substantial
part of the environment is generally exposed to excitation
light, which can lead to the disadvantageous generation of
interfering background signals.

[0038] With increasing miniaturization of sample com-
partments, the proportion of interfering environmental light,
especially as a result of reflections or luminescence from the
wall surfaces of these compartments, is increased further,
because the relative amount of the surface contributions to
the total signal increases as the observation volume is
reduced. At the same time, the achievable sample signal
decreases in proportion to the sample volume.

[0039] In the past, essentially two approaches have been
followed to improve the ratio between the measurement
signal from optionally no more than a few analyte molecules
to be detected in a sample and the interfering background
signal. One of the two approaches was to restrict the
observation volume to these few molecules and the other to
restrict the detection to that surface on which a biological or
biochemical interaction occurs.

[0040] The first of the two approaches mentioned is based
on the application of confocal microscopy. One example that
should be mentioned is fluorescence correlation spectros-
copy (FCS), developed by Eigen and Riegler, which allowed
the detection of individual molecules. Using this technique,
for example, signaling proteins in individual cells have been
investigated (Cluzel P, Surette M., Leibler S., “An ultra-
sensitive bacterial motor revealed by monitoring signaling
proteins in single cell”, Science, 287 (2000) 1652-1655).
Since such studies entail the determination of individual
processes in discrete cells or molecules, however, numerous
individual measurements are necessary for a quantitative
analytical conclusion to be drawn with statistical relevance,
which overall results in a long time exposure despite the
high sensitivity of these methods for detecting individual
molecules.

[0041] This disadvantage can be avoided using the second
approach, through a spatially selective analyte detection on
a macroscopic interaction surface.

[0042] Following this approach, numerous measurement
arrangements have been developed, wherein the detection of
an analyte is based on its interaction with the evanescent
field that is associated with light guidance in an optical
waveguide, wherein biochemical or biological or synthetic
recognition elements for specific recognition and binding of
analyte molecules are immobilized on the surface of the
waveguide. When a light wave is coupled into an optical
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waveguide surrounded by optically rarer media, i.c. media
of lower refractive index, the light wave is guided by total
reflection at the interfaces of the waveguiding layer. In this
arrangement, a fraction of the electromagnetic energy pen-
etrates the media of lower refractive index. This portion is
termed the evanescent (=decaying) field. The strength of the
evanescent 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 surrounding it. In the case of thin waveguides, i.c.
layer thicknesses that are the same as or smaller than the
wavelength of the light to be guided, discrete modes of the
guided light can be distinguished. 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 largely avoided. The first proposed measurement
arrangements of this type were based on highly multimodal,
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.

[0043] For improved sensitivity and at the same time
easier manufacturing in mass production, planar thin-film
waveguides were used in the years that followed. In the
simplest case, a planar thin-film waveguide consists of a
three-layer system: support material (substrate), waveguid-
ing layer, superstrate (i.e. the sample to be analyzed),
wherein the waveguiding layer has the highest refractive
index. Additional intermediate layers can further improve
the action of the planar waveguide.

[0044] Several methods for the incoupling of excitation
light into a planar waveguide are known. The earliest
methods used were based on butt coupling or prism cou-
pling, wherein generally a liquid is introduced between the
prism and the waveguide in order to reduce reflections
resulting from air gaps. These two methods are particularly
suitable with respect to waveguides of relatively large layer
thickness, i.e. especially self-supporting waveguides, and
with respect to waveguides with a refractive index signifi-
cantly 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.

[0045] Various methods of analyte determination in the
evanescent field of lightwaves guided in optical film
waveguides can be distinguished. Based on the measure-
ment principle applied, for example, a distinction can be
drawn between fluorescence, or more general luminescence
methods on the one hand and refractive methods on the
other. In this context, methods for the 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 methods, provided the resonance angle of the
launched excitation light for generation of the surface plas-
mon resonance is taken as the quantity to be measured.
Surface plasmon resonance can also be used for the ampli-
fication of a luminescence or the improvement of the signal-
to-background ratios in a luminescence measurement. The
conditions for generation of a surface plasmon resonance
and the combination with luminescence measurements, as
well as with waveguiding structures, are described in the
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literature, for example in U.S. Pat. No. 5,478,755, No.
5,841,143, No. 5,006,716, and No. 4,649,280.

[0046] In the case of the refractive measurement methods,
the change in the effective refractive index resulting from
molecular adsorption to or desorption from the waveguide is
used for analyte detection. This change in the effective
refractive index is determined, in the case of grating coupler
sensors, from changes in the coupling angle for the in- or
out-coupling of light into or out of the grating coupler sensor
and, in the case of interferometric sensors, from changes in
the phase difference between measurement light guided in a
sensing branch and a referencing branch of the interferom-
cter.

[0047] The aforesaid refractive methods have the advan-
tage that they can be applied without using additional
marker molecules, so-called molecular labels. The disad-
vantage of these label-free methods, however, is that, in
view of the low selectivity of the measurement principle, the
detection limits achievable with these methods are confined
to pico- to nanomolar concentration ranges, depending on
the molecular weight of the analyte, which is not sufficient
for many applications of modern trace analysis, for example
for diagnostic applications.

[0048] For achieving lower detection limits, lumines-
cence-based methods appear more suitable in view of the
higher selectivity of signal generation. In this arrangement,
luminescence excitation is confined to the penetration depth
of the evanescent field into the medium of lower refractive
index, 1. to the immediate proximity of the waveguiding
area, with a penetration depth of the order of some hundred
nanometers into the medium. This principle is called eva-
nescent luminescence excitation.

[0049] By means of highly refractive thin-film
waveguides, based on a waveguiding film measuring only a
few hundred nanometers in thickness on a transparent sup-
port material, it has been possible to increase sensitivity
considerably in recent years. In WO 95/33197, for example,
a method is described, wherein the excitation light is
coupled into the waveguiding film via a relief grating as
diffractive optical element. The isotropically emitted lumi-
nescence from substances capable of luminescence, which
are located within the penetration depth of the evanescent
field, is measured by suitable measurement devices, such as
photodiodes, photomultipliers or CCD cameras. The portion
of evanescently excited radiation that has back-coupled into
the waveguide can also be out-coupled via a diffractive
optical element, such as a grating, and be measured. This
method is described, for example, in WO 95/33198. The
in-coupling and out-coupling grating in this method may
also be identical, because each in-coupling grating can be
used as an out-coupling grating under the same conditions as
for in-coupling, in view of the reversibility of the light path.

[0050] For the simultaneous or sequential performance of
exclusively luminescence-based, multiple measurements
with essentially monomodal, planar inorganic waveguides,
for example in the specification WO 96/35940, arrange-
ments (arrays) have been proposed wherein at least two
discrete waveguiding areas are provided on one sensor
platform, such that the excitation light guided in one
waveguiding area is separated from other waveguiding
areas. By means of such an arrangement it is possible, in
particular, to determine different analytes simultaneously in
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an applied sample, using different recognition elements
immobilized in discrete measurement areas (d).

[0051] According to the present invention, spatially sepa-
rated measurement areas (d) should be defined by the area
that is occupied by biological or biochemical or synthetic
recognition elements immobilized thereon for recognition of
an analyte in a liquid sample. These areas may have any
geometry, for example the form of dots, circles, rectangles,
triangles, ellipses or lines.

[0052] For the investigation of receptor-ligand interac-
tions, especially the functionality of a transduction mecha-
nism controlled by a receptor, there is a need for a solid
carrier, in particular for a sensor platform with high detec-
tion sensitivity, designed in such a way that the mechanism
of signal transduction, is not impaired, in particular by the
immobilization of the receptor on a solid surface. Various
embodiments of solid carriers and/or sensor platforms are
provided within the scope of this invention.

[0053] A first subject of the invention is a bioanalytical
reagent with at least one vesicle, generated from a living
cell, comprising at least one receptor, characterized in that a
mechanism of signal transduction triggered by said receptor
in the cell used for vesicle generation is preserved in said
vesicle as a component of the bioanalytical reagent.

[0054] The receptor associated with said vesicle may be
located both inside the vesicle and on the vesicle membrane.
It is preferred if the receptor is integrated into the vesicle
membrane.

[0055] Said mechanism of signal transduction may be
triggered in this case by the effect both of external signals or
of signals inside the vesicle or of signal-generating biologi-
cal or biochemical or synthetic components possibly added
externally. “External or vesicle-internal signals” are here
understood, for example, to be changes in macroscopic
properties, such as changes in ion concentrations in the
medium or in the vesicle. By contrast, “signal-generating
biological or biochemical or synthetic components” are
understood, for example, to be ligands binding specifically
to a receptor.

[0056] An important characteristics of numerous preferred
embodiments of the reagent according to the invention is
that a vesicle as a component of said reagent comprises
further cell products and/or cell proteins, besides said one or
more receptors, which are involved in said mechanism of
signal transduction, besides said one or more receptors, for
example upon an increase or a decrease of secondary mes-
senger compounds within the vesicle.

[0057] Said one or more vesicles as a component of the
bioanalytical reagent according to the invention may be
generated from a eukaryotic cell or from a cell of native
tissue.

[0058] Tt is preferred that the interior of said one or more
vesicles is free from cell nucleus material, (chromosomal
DNA), so that replication processes do not occur within said
one or more vesicles. This is an important aspect for
applications with “native” vesicles, which are free of het-
erologous DNA (for example upon the insertion of vesicles
as a carrier into another target organism).

[0059] For many applications of the bioanalytical reagent
according to the invention, it is preferred that said one or
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more vesicles have a diameter of 50 nm-5000 nm. A
diameter of 100 m-2000 nm is especially preferred.

[0060] A characteristic of many embodiments of the bio-
analytical reagent according to the invention is that said one
or more receptors are present in natural form in said one or
more vesicles as a component of the bioanalytical reagent.

[0061] For other applications it is preferred that said one
or more receptors are present in a modified form in said one
or more vesicles as a component of the bioanalytical reagent.
For example, a receptor may be present as a fusion protein,
for example by fusion with a fluorescent protein such as GFP
(green fluorescent protein, Tsien R. Y., “The green fluores-
cent protein”, Annu. Rev. Biochem. 67 (1998) 509-544) or
BFP (blue fluorescent protein) or RFP (red fluorescent
protein).

[0062] It is characteristic of many embodiments that said
one or more receptors are present in recombinant form in
said one or more vesicles as a component of the bioanalyti-
cal reagent.

[0063] An important characteristic of the bioanalytical
reagent according to the invention is that a binding capa-
bility of said one or more receptors to a specific ligand is
preserved, this binding capacity being present in said
vesicle-generating cell and the receptor being associated
with the vesicle as a component of the bioanalytical reagent.

[0064] The one or more receptors may be selected from
the group of signal-transducing receptors that is formed by
plasma membrane receptors, such as ion channel receptors,
G-protein-coupled receptors (GPCR), orphan receptors,
enzyme-coupled receptors, such as receptors with an intrin-
sic tyrosine Kinase activity, receptors with an intrinsic serine/
threonine kinase activity, furtheron by receptors for growth
factors (peptide hormone receptors), receptors for chemot-
actic substances, such as the class of chemokine receptors,
and by intracellular hormone receptors, such as steroid
hormone receptors.

[0065] Characteristic of some embodiments of the bioana-
Iytical reagent according to the invention is that said one or
more receptors are in contact with the outer vesicle mem-
brane. It is then preferred that, with respect to the surface of
the outer vesicle membrane, the areal density of receptors
that are in contact with the outer vesicle membrane is of
similar order of magnitude or greater than the corresponding
density of these receptors in the vesicle-generating living
cell.

[0066] Characteristic of other embodiments of the bioana-
Iytical reagent according to the invention, by contrast, is that
said one or more receptors are located in the interior of the
vesicle. In this case, it is preferred that, with respect to the
vesicle volume, the volume density of receptors located in
the interior of a vesicle is of similar order of magnitude or
greater than the density of the receptors in the vesicle-
generating living cell.

[0067] Tt is of course particularly advantageous if, in the
sense of an enrichment of receptors and/or of their ligand
binding sites, the process of production of the vesicle from
a living cell allows said areal density of the receptors in the
vesicle membrane in the case of receptors being in contact
with the outer vesicle membrane, or their volume density
inside the vesicle in the case of ligand binding sites located
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in the vesicle interior, to be increased with respect to the
corresponding densities in the original cell.

[0068] 1t is preferred that said one or more vesicles
comprise, besides said one or more receptors, further bio-
logical compounds (components) from the group that is
formed e.g. by G proteins and G-protein regulators (e.g.
rasGAP), enzymes such as adenylate cyclases, phospholi-
pases which form intracellular secondary messenger com-
pounds (c.g. cAMP (cyclic adenosine monophosphate),
c¢GMP (cyclic guanosine monophosphate), diacyl glycerol
(DAG) or inositol triphosphate (IP3)), enzymes such as
serine, threonine and tyrosine kinases, and tyrosine phos-
phatases that activate or inhibit proteins by phosphorylation
or de-phosphorylation.

[0069] The bioanalytical reagent according to the inven-
tion is also suitable for application in a living organism, for
example, to perform bioanalytical studies in the organism at
a specific, pre-determined site, for example by means of
indicator compounds incorporated in the vesicle. For
example it is advantageous for such applications if biologi-
cal, biochemical or synthetic compounds, such as cell sur-
face proteins or cell surface sugars, are associated with the
outer membrane of the one or more vesicles, these com-
pounds being used for the transport of said vesicle to
pre-determined destinations, such as cells and/or organs
and/or pre-determined tissue in a living organism, and/or for
the binding to a biological or biochemical or synthetic
recognition element which specifically recognizes and binds
said biological or biochemical or synthetic recognition ele-
ment.

[0070] In order to reduce nonspecific binding of a vesicle,
as a component of a bioanalytical reagent according to the
invention, to a surface brought into contact with the vesicle,
it may be advantageous if lipids comprising, for example,
hydrophilic polymers (such as polyethylene glycols) are
additionally integrated into the vesicle membrane after gen-
eration of said vesicle from a living cell. Vesicles with
surface-associated polymers are described, for example, in
the international application PCT/EP 00/04491.

[0071] Said mechanism of signal transduction, which is
preserved in the bioanalytical reagent according to the
invention, may comprise a mechanism from among the
group of mechanisms that is formed e.g. from ion conduct-
ing, G-protein coupling, activation or inhibition of intra-
vesicular ion channels, intra-vesicular release of calcium,
protein activation or inhibition by enzymatic phosphoryla-
tion or de-phosphorylation (kinase cascades; phosphatases),
and release or enzymatic formation of secondary messenger
compounds, such as cAMP, ¢cGMP or diacyl glycerol
(DAG), inositol triphosphate (IP3).

[0072] Said mechanism of signal transduction may com-
prise a (secondary) functional response of the one or more
vesicle-associated receptors after a primary specific interac-
tion of said receptor with one or more natural and/or
synthetic ligands contained in a sample that is brought into
contact with said vesicle.

[0073] The mechanism of signal transduction may also
comprise the activation of an ion channel of a receptor
associated with a vesicle, as a component of said bioana-
Iytical reagent.
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[0074] Tt is also possible that said mechanism of signal
transduction comprises the binding of a G-protein to a
receptor associated with a vesicle, as a component of said
bioanalytical reagent.

[0075] Said mechanism of signal transduction may also
comprise the internal release of ions, such as Ca**, or of
other messenger compounds, such as cAMP or cGMP.

[0076] The mechanism of signal transduction may also
comprise the enzymatic decomposition of a substrate by a
vesicle-associated enzyme to form a product. In this case,
said vesicle may be located in the vesicle interior or may be
associated with the vesicle membrane.

[0077] Characteristic of a specific embodiment of the
bioanalytical reagent according to the invention is that a
(secondary) functional response as part of said mechanism
of signal transduction occurs after interaction between one
or more natural and/or synthetic ligands or co-factors con-
tained in a sample brought into contact with said vesicle on
the one hand and naturally or recombinantly generated
proteins associated with said vesicle on the other.

[0078] 1t is preferred that said one or more vesicles
additionally comprise components for generation of an
experimentally detectable signal.

[0079] These additional components for generation of an
experimentally detectable signal may be associated with
further biological compounds (components) which are asso-
ciated in turn with the one or more vesicles as a component
of said bioanalytical reagent.

[0080] In this case, said further biological compounds
(components) may originate from the group that is formed
e.g. by G proteins and G-protein regulators (e.g. rasGAP),
enzymes such as adenylate cyclases, phospholipases which
form intracellular secondary messenger compounds (e.g.
cAMP (cyclic adenosine monophosphate), cGMP (cyclic
guanosine monophosphate), diacyl glycerol (DAG) or inosi-
tol triphosphate (IP3)), enzymes such as serine, threonine
and tyrosine kinases, and tyrosine phosphatases that activate
or inhibit proteins by phosphorylation or de-phosphoryla-
tion.

[0081] The said additional components for generation of
an experimentally detectable signal may also be associated
with a receptor or may be parts of fusion proteins associated
with the vesicle.

[0082] Said additional components for generation of an
experimentally detectable signal may be selected from the
group of components formed by absorptive indicators and
luminescent indicators, luminescence labels, luminescent
nanoparticles, absorptive indicator proteins and luminescent
indicator proteins, such as BFP (“blue fluorescent protein”),
GFP (“green fluorescent protein”) or RFP (“red fluorescent
protein”), artificial luminescent (i.e. in particular fluores-
cent) amino acids, radioactive labels, spin labels, such as
NMR labels or ESR labels, ion indicators, especially pH and
calcium indicators, or potential-dependent indicators, such
as potential-dependent luminescence labels, or redox com-
plexes.

[0083] Characteristic of a preferred embodiment of the
bioanalytical reagent according to the invention is that said
additional components for generation of an experimentally
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detectable signal are generated from the same cell from
which the vesicle was generated.

[0084] Characteristic of another possible embodiment is
that said additional components for generation of an experi-
mentally detectable signal are inserted into the cell from
which the vesicle is generated before production of the
vesicle.

[0085] However, said additional components for genera-
tion of an experimentally detectable signal may also be
inserted into the vesicle after its formation.

[0086] A very important and advantageous characteristic
for the application of the bioanalytical reagent according to
the invention in practice is that the functionality of a receptor
associated with a vesicle as a component of said bioanalyti-
cal reagent is preserved upon storage under deep-frozen
conditions for at least one week, preferably for at least one
month, especially preferably for at least one year. Precise
conditions for the deep-freezing of vesicles as part of a
bioanalytical reagent according to the invention are
described in Example 3. In this case, the “preservation of the
functionality” of said receptor is intended to mean that a
mechanism of signal transduction to be triggered by said
receptor in the vesicle is also when the vesicle is thawed out
again intact after storage of the vesicle under the conditions
described.

[0087] Exposed to different conditions, for example under
sterile conditions in cooled buffer solution, i.e. at a tempera-
ture below ambient temperature, e.g. at 4° C., a bioanalytical
reagent according to the invention is characterized by a shelf
life of at least one week.

[0088] A further subject of the present invention is a
method for production of a bioanalytical reagent with a
vesicle generated from a living cell according to any of the
embodiments mentioned above, wherein said vesicle was
produced from a living cell comprising at least one receptor,
and wherein a mechanism of signal transduction triggered
by said receptor in said living cell is preserved in said vesicle
as a component of the bioanalytical reagent.

[0089] Ttis preferred if the constriction and pinching off of
said vesicle from said living cell is effected after application
of cytochalasin B and/or cytochalasin D.

[0090] It is also preferred if the method according to the
invention is performed without application of protease
inhibitors. In the case of other methods wherein cell pro-
teases are released, there is the risk that a certain decom-
position of receptor proteins may occur despite the addition
of a protease inhibitor or mixtures of protease inhibitors.
Protease inhibitors also have to be removed in additional
purification steps.

[0091] The method according to the invention may com-
prise the application of shear forces and/or of centrifugation
steps, for example upon exposure to a gradient of sucrose,
and/or the application of chromatographic steps, for
example by separation into fractions of different size distri-
butions, and/or the application of filtration steps and/or the
application of electrophoretic methods.

[0092] By means of the method according to the inven-
tion, said one or more vesicles may be generated from a
eukaryotic cell. Said one or more vesicles may also be
generated from a cell of native tissue.
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[0093] Characteristic of an important embodiment of the
method according to the invention is that the interior of a
vesicle produced by said method is free of cell nucleus
material, so that replicative processes do not occur.

[0094] For a preferred embodiment of the method accord-
ing to the invention, it is characteristic that a vesicle pro-
duced by said method has a diameter of 50 nm-5 000 nm,
especially preferably of 100-2 000 nm.

[0095] For many applications, it is preferred if a receptor
in a vesicle produced by this method, as a part of the
bioanalytical reagent, is provided in natural form.

[0096] For other applications it is preferred that a receptor
in a vesicle produced by this method, as a part of the
bioanalytical reagent, is provided in a modified form. Said
receptor, may be, for example, provided as a fusion protein,
e.g. by fusion of a fluorescent protein such as GFP (green
fluorescent protein) or BFP (blue fluorescent protein) or RFP
(red fluorescent protein). Another example is the fusion of a
GPCR and a G-protein.

[0097] Often it is also advantageous if a receptor in a
vesicle produced by this method is provided in recombinant
form.

[0098] An important characteristic of the method accord-
ing to the invention comprises the preservation of a binding
capability of said one or more receptors to a specific ligand,
this binding capability being present in said vesicle-gener-
ating cell and the receptor being associated with the vesicle
as a component of the bioanalytical reagent.

[0099] The one or more receptors may be selected from
the group of signal-transducing receptors that is formed by
plasma membrane receptors, such as ion channel receptors,
G protein-coupled receptors (GPCR), orphan receptors,
enzyme-coupled receptors, such as receptors with an intrin-
sic tyrosine Kinase activity, receptors with an intrinsic serine/
threonine kinase activity, furtheron by receptors for growth
factors (peptide hormone receptors), receptors for chemot-
actic substances, such as the class of chemokine receptors,
and by intracellular hormone receptors, such as steroid
hormone receptors.

[0100] Preferred are embodiments of the method accord-
ing to the invention wherein, with respect to the surface of
the outer vesicle membrane, the areal density of receptors
that are in contact with the outer vesicle membrane is of a
similar order of magnitude or greater than the corresponding
density of these receptors in the vesicle-generating living
cell.

[0101] Also preferred are embodiments of the method
wherein, with respect to the vesicle volume, the volume
density of receptors located in the interior of a vesicle is of
similar order of magnitude or greater than the density of
these receptors in the vesicle-generating living cell.

[0102] Characteristic of further embodiments of the
method according to the invention is that said one or more
vesicles produced by this method comprise, besides said one
or more receptors, further biological compounds (compo-
nents) from the group that is formed e.g. by G proteins and
G-protein regulators (e.g. rasGAP), enzymes such as ade-
nylate cyclases, phospholipases which form intracellular
secondary messenger compounds (e.g. cAMP (cyclic
adenosine monophosphate), cGMP (cyclic guanosine mono-
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phosphate), diacyl glycerol (DAG) or inositol triphosphate
(IP3)), enzymes such as serine, threonine and tyrosine
kinases, and tyrosine phosphatases that activate or inhibit
proteins by phosphorylation or de-phosphorylation.

[0103] Characteristic of further embodiments of the
method is that biological, biochemical or synthetic com-
pounds, such as cell surface proteins or cell surface sugars,
are associated with the outer membrane of the one or more
vesicles produced by this method, these compounds being
used for the transport of said vesicle to pre-determined
destinations, such as cells and/or organs and/or pre-deter-
mined tissue in a living organism, and/or for the binding to
abiological or biochemical or synthetic recognition element,
which specifically recognizes and binds said biological or
biochemical or synthetic recognition element.

[0104] To reduce nonspecific binding of a vesicle, as part
of a bioanalytical reagent according to the invention, to a
surface that is to be brought into contact with the vesicle, it
may be advantageous if, after production of said vesicle
from a living cell, lipids comprising for example hydrophilic
polymers (such as polyethylene glycols) are additionally
integrated into the vesicle membrane. Vesicles with surface-
associated polymers are described, for example, in PCT/EP/
00/04491.

[0105] Of high importance are also embodiments of the
method according to the invention wherein said one or more
vesicles produced by this method additionally comprise
components for generation of an experimentally detectable
signal.

[0106] These additional components for generation of an
experimentally detectable signal may be comprised in the
further biological compounds (components) associated with
the one or more vesicles as part of said bioanalytical reagent.
In this case, said further biological compounds (compo-
nents) may be comprised in the group that is formed e.g. by
G proteins and G-protein regulators (e.g. rasGAP), enzymes
such as adenylate cyclases, phospholipases which form
intracellular secondary messenger compounds (e.g. cAMP
(cyclic adenosine monophosphate), cGMP (cyclic guanosine
monophosphate), diacyl glycerol (DAG) or inositol triphos-
phate (IP3)), enzymes such as serine, threonine and tyrosine
kinases, and tyrosine phosphatases that activate or inhibit
proteins by phosphorylation or de-phosphorylation.

[0107] Said additional components for generation of an
experimentally detectable signal my also be associated with
a receptor or may be parts of fusion proteins associated with
the vesicle.

[0108] Said additional components for generation of an
experimentally detectable signal may be selected from the
group of components formed by absorptive indicators and
luminescent indicators, luminescence labels, luminescent
nanoparticles, absorptive indicator proteins and luminescent
indicator proteins, such as BFP (“blue fluorescent protein™),
GFP (“green fluorescent protein”) or RFP (“red fluorescent
protein”), artificial luminescent (i.e. in particular fluores-
cent) amino acids, radioactive labels, spin labels, such as
NMR labels or ESR labels, ion indicators, especially pH and
calcium indicators, or potential-dependent indicators, such
as potential-dependent luminescence labels, or redox com-
plexes.

[0109] According to the method according to the inven-
tion, said additional components for generation of an experi-

Jan. 27, 2005

mentally detectable signal may be generated from the same
cell from which the vesicle was produced.

[0110] The cell may also be loaded with said additional
components for generation of an experimentally detectable
signal before production of the vesicle.

[0111] However, said additional components for genera-
tion of an experimentally detectable signal may also be
inserted into the vesicle after its formation.

[0112] A further subject of the invention is a bioanalytical
detection method with a bioanalytical reagent according to
any of the aforementioned embodiments, wherein said
detection method is selected from the group that is formed,
for example, by optical detection methods, such as refrac-
trometric methods, surface plasmon resonance, optical
absorption measurements (e.g. internal reflection methods
using a highly refractive material, in combination with
infrared spectroscopic measurements) or luminescence
detection (e.g. fluorescence correlation spectroscopy),
detection of energy or charge transfer, mass spectroscopy,
electrical or electrochemical detection methods, such as
electrophysiology, patch clamp techniques, impedance mea-
surements, electronic resonance measurements, such as
electron spin resonance or nuclear spin resonance, gravi-
metric methods (e.g. electrical crystal balance measure-
ments), radioactive methods, or by electrophoretic measure-
ments.

[0113] Characteristic of some of the possible embodi-
ments of the bioanalytical detection method according to the
invention is that said method is performed in homogeneous
solution.

[0114] A special group of embodiments of the bioanalyti-
cal detection method according to the invention with a
bioanalytical reagent according to the invention is related to
special patch-clamp methods which can be performed in a
single-device arrangement or in a multiple-device arrange-
ment. Characteristic of a bioanalytical detection method
according to this embodiment is that said method is per-
formed using a measurement arrangement with at least 2
electrodes and separate compartments suitable for receiving
liquids, wherein a solid carrier (preferably as an electrically
isolating separation wall), comprising at least one aperture
and separating at least 2 compartments, is located between
two electrodes facing each other, the electrodes being of any
geometrical form and each extending into at least one
compartment or being in contact with at least one compart-
ment.

[0115] Said carrier is provided as a separation wall com-
prising an electrically isolating material located between the
electrodes. As mentioned above, the carrier is provided with
an aperture and with a surface on which vesicles from a
bioanalytical reagent according to the invention can be
fixed. The carrier must not necessarily consist of a single
piece, but it may e.g. comprise a holder to which the material
which is actually relevant for membrane binding and mem-
brane positioning may be attached or in which this material
may be inserted, said material comprising at least one
aperture for the binding and positioning of the membranes.
Additionally, the aperture may be surrounded by a circular,
tapering elevation (typically with a height in the sub-
micrometer range and the aperture located in the center).
Thus, a micropipet-like aperture may be generated on an
otherwise essentially planar carrier.



US 2005/0019836 A1l

[0116] In the presence of a potential difference over the
measurement arrangement and mediated by the two or more
electrodes, such a specific arrangement allows an inhomo-
geneous electrical field to be generated around the aperture,
said field having an increasing value with decreasing dis-
tance from the aperture and said field being capable of
moving vesicles electrophoretically towards the aperture,
said vesicles being located close to said aperture and gen-
erated from a living cell, from a bioanalytical reagent
according to the invention.

[0117] Such an arrangement also allows such vesicles to
be positioned over or within the aperture by means of a
hydrodynamic or electrokinetic flow or by other mechanical
manipulation (e.g. by means of optical tweezers, force
microscope or by a micro manipulator).

[0118] The fixation of the membranes may for example be
based on electrostatic interactions between e.g. a negatively
charged membrane surface and a positively charged carrier
surface. If the carrier surface by itself is not provided with
the desired charge, it may be modified accordingly.

[0119] It is preferred if said measurement arrangement is
provided with means on one side or on both sides of the
carrier which enable a supply of liquid and/or a storage of
liquid and/or an exchange of liquid and/or the addition of
vesicles generated from a living cell, from a bioanalytical
reagent according to the invention, between carrier and
electrode.

[0120] Tt is also preferred if the one or more apertures of
said measurement arrangement have such a diameter that, in
the presence of a potential difference and mediated by the
two or more electrodes, an inhomogeneous electrical field is
generated around the aperture, said field having an increas-
ing value with decreasing distance from the aperture and
said field being capable of moving vesicles electrophoreti-
cally towards the aperture, said vesicles being located close
to said aperture and generated from a living cell, from a
bioanalytical reagent according to the invention.

[0121] TItisalso advantageous if the one or more apertures
of said measurement arrangement have such a diameter that
vesicles generated from a living cell, from a bioanalytical
reagent according to the invention, can be positioned over or
within the aperture by means of a hydrodynamic or electro-
kinetic flow or by other mechanical manipulation (e.g. by
means of optical tweezers, force microscope or by a micro
manipulator).

[0122] Characteristic of many embodiments of this special
group of bioanalytical detection methods according to the
invention is that the carrier of said measurement arrange-
ment is provided with an electrically charged surface which
exerts attractive force on vesicles generated from a living
cell, from a bioanalytical reagent according to the invention,
or is provided with an adhesion-promoting layer for binding
said vesicles on its surface.

[0123] The bioanalytical detection method according to
the invention may be performed by inserting vesicles gen-
erated from a living cell, from a bioanalytical reagent
according to the invention, between separation wall or
carrier and electrode into a compartment filled or not filled
with buffer beforehand, and by moving said vesicles towards
the aperture by means of an electrical potential difference
applied to the electrodes, and/or by positioning said vesicles
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on the aperture by hydrodynamic or electrokinetic flow
and/or by positioning the vesicles on the aperture mechani-
cally (e.g. by means of optical tweezers, force microscope or
by a micro manipulator).

[0124] In particular it is possible that vesicles generated
from a living cell, from a bioanalytical reagent according to
the invention, are positioned on said aperture, the vesicle
membranes form an electrically close contact with the
carrier over the aperture, and a measurement of the (elec-
trical) membrane resistance is enabled. During this proce-
dure, the vesicles may preserve their form or may merge
with the surface of the carrier and thus form an aperture-
spanning planar membrane. In this case, a good signal-to-
noise discrimination can be achieved by means of the
method according to the invention.

[0125] The method also allows artificial lipid vesicles with
a diameter larger than the diameter of said aperture to be
added to at least one compartment, in order to generate a
planar lipid bilayer on the surface of the carrier and extend-
ing over the aperture, and vesicles generated from a living
cell, from a bioanalytical reagent according to the invention,
then to be added to said compartment, in order to fuse said
vesicles with the generated lipid membrane and to render
receptors that are associated with said vesicles generated
from living cells accessible for electrical or optical mea-
surements.

[0126] Moreover, the method enables membrane proteins
to be inserted into a vesicle generated from a living cell, after
positioning said vesicle on an aperture.

[0127] Tt is preferred if a vesicle generated from a living
cell located over an aperture or a planar membrane gener-
ated from said vesicle and spanning an aperture is accessible
for optical measurements, especially for fluorescence mea-
surements, or for simultaneous optical and electrical mea-
surements, to which it is subjected.

[0128] Characteristic of a special variant of this method
according to the invention based on patch-clamp techniques
is that a measurement arrangement or a measurement system
with several apertures on one carrier is used and that
measurements on at least two apertures are performed
sequentially and/or in parallel.

[0129] In particular, numerous vesicles generated from
living cells, from a bioanalytical reagent according to the
invention, may be arranged in an array on a solid, electri-
cally isolating carrier, wherein said array of vesicles is
brought into electrically isolating contact with an array of
patch-clamp pipets in a geometrical arrangement similar to
that of the vesicle array, in order to enable a simultaneous
performance of electrical measurements independently of
each other or simultaneous electrical and optical measure-
ments on a large number of individual vesicles.

[0130] Further embodiments of such measurement
arrangements, especially with a “patch-clamp array” and
analytical detection methods based on the use thereof, which
are suitable for a bioanalytical detection method according
to the invention using a bioanalytical reagent according to
the invention, are described in WO 99/31503. The use of
these measurement arrangements and detection methods, in
combination with a bioanalytical detection method accord-
ing to the invention using a bioanalytical reagent according
to the invention, is also a subject of the present invention.
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[0131] Characteristic of numerous possible embodiments
of a bioanalytical detection method according to the inven-
tion is that the one or more vesicles generated from a living
cell, comprising at least one receptor, from a bioanalytical
reagent according to the invention, is immobilized on the
surface of a solid support.

[0132] Tt is advantageous if a vesicle generated from a
living cell, from a bioanalytical reagent according to the
invention, is also accessible in particular for mass-spectro-
metric investigations after immobilization on a solid sup-
port.

[0133] Characteristic of said embodiments of a bioana-
Iytical detection method according to the invention is that a
mechanism of signal transduction triggered by said receptor
in said living cell is preserved in a vesicle generated from the
cell after immobilization of the vesicle.

[0134] A particular subject of the invention is therefore a
bioanalytical detection method with at least one vesicle
immobilized on the surface of a solid support, the vesicle
being generated from a living cell, comprising at least one
receptor, from a bioanalytical reagent according to the
invention, wherein a mechanism of signal transduction
triggered by said receptor in said living cell is preserved in
a vesicle generated from the cell after immobilization of the
vesicle.

[0135] It is preferred if vesicles, each comprising at least
one receptor, are immobilized in discrete measurement areas
(d) with one or more vesicles cach on the surface of said
solid support.

[0136] It is further preferred if vesicles with at least two
different kinds of receptor are immobilized in numerous
measurement areas (d), wherein each vesicle is preferably
immobilized with the same kind of receptor within an
individual measurement area.

[0137] The one or more vesicles generated from a living
cell may be immobilized on the surface of said solid support
for example by means of covalent binding or physical
adsorption (electrostatic or van der Waals interaction or
hydrophilic or hydrophobic interaction or a combination of
these interactions).

[0138] It is preferred if an adhesion-promoting layer is
deposited between the surface of said solid support and the
one or more vesicles immobilized thereon. In this case,
according to the invention, the adhesion-promoting layer is
designed in such a way that a mechanism of signal trans-
duction triggered by the one or more receptors in said living
cell is preserved also after immobilization of the vesicles
generated from a living cell as part of a bioanalytical reagent
comprising at least one receptor, according to the invention,
on said adhesion-promoting layer.

[0139] Tt is preferred if the adhesion-promoting layer has
a thickness of preferably less than 200 nm, most preferably
of less than 20 nm.

[0140] The adhesion-promoting layer may comprise a
chemical compound of the group of silanes, epoxides,
functionalized, charged or polar polymers and “self-orga-
nized functionalized mono or multiple layers”.

[0141] Characteristic of a preferred embodiment is that the
adhesion-promoting layer comprises a monomolecular layer
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of mainly one kind of protein, such as serum albumins or
streptavidin, or of modified proteins, such as biotinylated
serum albumin.

[0142] Characteristic of another preferred embodiment is
that the adhesion-promoting layer comprises self-organized
alkane-terminated monolayers of mainly one kind of chemi-
cal or biochemical molecules.

[0143] Especially preferred is an embodiment wherein the
adhesion-promoting layer is provided as a double layer
(bilayer), comprising an initial self-organized alkane-termi-
nated anchoring layer and a second layer formed by self-
organization (self-assembly) of synthetic or natural lipids.

[0144] The immobilization of the one or more vesicles
generated from a living cell on the adhesion-promoting layer
may be performed, for example, upon covalent binding or
upon physical adsorption (electrostatic or van der Waals
interaction or hydrophilic or hydrophobic interaction or a
combination of these interactions).

[0145] A special embodiment of the bioanalytical detec-
tion method according to the invention, using a particularly
specific variant of vesicle immobilization, comprises asso-
ciation with the adhesion-promoting layer of biological or
biochemical or synthetic recognition elements which recog-
nize and bind a vesicle generated from a living cell with
surface-associated biological or biochemical or synthetic
components for specific recognition and binding, as part of
the corresponding above-described specific embodiment of
a bioanalytical reagent according to the invention. These
specific interactions for the recognition and binding of the
vesicles to their recognition elements on the adhesion-
promoting layer may for example be based on interactions
with biotin/streptavidin, so-called “histidine tags” (refer-
ences: Schmid E. L., Keller T. A., Dienes Z., Vogel H.,
“Reversible oriented surface immobilization of functional
proteins on oxide surfaces”, Anal Chem 69 (1997) 1979-
1985; Sigal G. B, Bamdad C., Barberis A., Strominger J.,
Whitesides G. M., “A self-assembled monolayer for the
binding and study of histidine-tagged proteins by surface
plasmon resonance”, Anal Chem 68 (1996) 490-497), sugars
or peptide affinity interactions, wherein any one of the two
binding partners in each case may be associated with the
vesicle surface and the other anchored on the surface of said
adhesion-promoting layer.

[0146] Characteristic of another embodiment of the bio-
analytical detection method according to the invention is
that at least one ligand for a receptor, which is bound to a
vesicle generated from a living cell, from a bioanalytical
reagent according to the invention, is immobilized, option-
ally by means of a spacer molecule, on the surface of the
solid support.

[0147] In this case it is preferred if at least two different
ligands for receptors, which are bound to a vesicle generated
from a living cell, from a bioanalytical reagent according to
the invention, are immobilized in numerous measurement
areas (d), wherein preferably the same kind of ligand is
immobilized within an individual measurement area.

[0148] Said ligands may be immobilized on the surface of
the solid support by means of covalent binding or physical
adsorption (e.g. electrostatic or van der Waals interaction or
hydrophilic or hydrophobic interaction or a combination of
these interactions).
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[0149] It is preferred if an adhesion-promoting layer is
applied between the surface of the solid support and said
ligands immobilized thereon.

[0150] For the selection of the adhesion-promoting layer
for immobilization of said ligands, the same preferences
apply as mentioned above for an adhesion-promoting layer
for immobilization of vesicles generated from a living cell,
from a bioanalytical reagent according to the invention.

[0151] Characteristic of a particularly preferred embodi-
ment of a bioanalytical detection method according to the
invention is that regions between the laterally separated
measurement areas, with vesicles generated from living cells
(from a bioanalytical reagent according to any of the
described embodiments) immobilized therein, or with
ligands for receptors that are bound to vesicles generated
from living cells (from a bioanalytical reagent according to
any of the described embodiments) immobilized therein,
and/or that regions within these measurement areas, between
the compounds immobilized therein, are “passivated” in
order to minimize nonspecific binding of analytes or of their
detection reagents, i.e., that compounds which are “chemi-
cally neutral” towards the analyte are deposited between the
laterally separated measurement areas (d) and/or within
these measurement areas (d) between said immobilized
compounds, the “chemically neutral” compounds preferably
being composed of the groups that are formed by albumins,
casein, detergents, such as Tween 20, detergent/lipid mix-
tures (of synthetic and/or natural lipids), synthetic and
natural lipids or also hydrophilic polymers, such as poly-
ethylene glycols or dextrans.

[0152] It is also possible to passivate an activated surface
(activated for immobilization of the biological, biochemical
recognition elements, the activated surface comprising e.g.
poly-L-lysin or functionalized silanes comprising e.g. alde-
hyde or epoxy groups), for example by the addition of
reducing reagents such as sodium borate (in the case of
aldehyde or epoxy groups).

[0153] The material of the surface of the solid support
(carrier) with immobilized vesicles generated from living
cells (from a bioanalytical reagent according to the invention
and any of the described embodiments) or with immobilized
ligands for receptors that are bound to vesicles generated
from living cells (from a bioanalytical reagent according to
the invention and any of the described embodiments) may
comprise a material of the group which is formed e.g. by
moldable, sprayable or millable plastics, carbon compounds,
metals, such as gold, silver, copper, metal oxides or silicates,
such as glass, quartz or ceramics, or silicon or germanium or
ZnSe or a mixture of these materials.

[0154] In this case, said solid carrier (support) may be
provided in various embodiments. It may be provided e.g. as
a glass or microscope plate. It may also be a microtiter plate
of the type for example that is in widespread use for
screening assays (for testing numerous compounds, e.g.
using classical fluorescence methods or fluorescence corre-
lation spectroscopy).

[0155] Tt is preferred if the surface of said solid support
(carrier) is essentially planar.

[0156] Characteristic of a preferred group of embodiments
of the bioanalytical detection method is said solid support
(carrier) is an optical or electronic sensor platform.
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[0157] In this case, it is preferred that said solid support
(carrier) is transparent at least in a region of wavelengths in
the ultraviolet to infrared spectrum and comprises preferably
a material from the group that is formed e.g. by moldable,
sprayable or millable plastics, carbon compounds, metals,
metal oxides or silicates, such as glass, quartz or ceramics,
or silicon or germanium or ZnSe or a mixture of these
materials.

[0158] Ttispreferred here if said solid support is an optical
waveguide used as a sensor platform. Specially preferred is
an embodiment of the detection method wherein said solid
support is an optical thin-film waveguide used as a sensor
platform, with an initial optically transparent layer (a) with
refractive index n; on a second optically transparent layer
(b) with refractive index n,, wherein n,>n,.

[0159] For example for the simultaneous analysis of mul-
tiple samples and/or for the determination of multiple ana-
lytes in one or more samples it is advantageous, if the sensor
platform as a solid support is divided into two or more
discrete waveguiding regions.

[0160] The material of the second optically transparent
layer (b) of the sensor platform as a solid support may be
selected from the group that is formed by silicates, such as
glass or quartz, or transparent moldable, sprayable or mill-
able, especially thermoplastic plastics, such as polycarbon-
ates, polyimides, polymethyl methacrylates, or polystyrenes.

[0161] Tt is preferred if the refractive index of the first
optically transparent layer (a) of the sensor platform as a
solid support is greater than 1.8.

[0162] Tt is further preferred if the first optically transpar-
ent layer (a) of the sensor platform as a solid support
comprises Ti0,, ZnO, Nb,Os, Ta,0s, HfO,, or ZrO,, pref-
erably TiO, or Ta,O5 or Nb,Os.

[0163] The first optically transparent layer (a) preferably
has a thickness of 40 to 300 nm, most preferably of 100 to
200 nm.

[0164] Characteristic of a further embodiment of the bio-
analytical detection method according to the invention is
that an additional optically transparent layer (b') with lower
refractive index than layer (a) and with a thickness of 5
nm-10 000 nm, preferably of 10 run-1000 nm, is located
between the optically transparent layers (a) and (b) and in
contact with layer (a). This intermediate layer (b") can for
example serve to improve the adhesion of layer (a) on layer
(b) or to reduce the effect of surface roughnesses of layer (b).
However, layer (b) can also serve to reduce the penetration
of the evanescent field of light guided in layer (a) into layer
(b), for example in order to reduce an unwanted lumines-
cence excitation in layer (b).

[0165] Characteristic of a preferred embodiment of the
bioanalytical detection method according to the invention is
that the in-coupling of excitation light into the optically
transparent layer (a) to the measurement areas (d) on the
sensor platform as a solid support is performed using one or
more optical in-coupling elements from the group formed by
prism couplers, evanescent couplers comprising joined opti-
cal waveguides with overlapping evanescent fields, butt-
couplers with focusing lenses, preferably cylindrical lenses,
arranged in front of a front face (distal end) of the waveguid-
ing layer, and grating couplers.
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[0166] It is especially preferred in this case that the
in-coupling of excitation light into the optically transparent
layer (a) to the measurement areas (d) is performed using
one or more grating structures (c) that are formed in the
optically transparent layer (a).

[0167] Subject of the invention in a more general form is
a bioanalytical detection method according to any of the
embodiments described above, wherein one or more liquid
samples comprising vesicles generated from living cells
(from a bioanalytical reagent according to the invention)
with associated receptors are brought into contact with the
ligands for these receptors immobilized in one or more
measurement areas, and a signal change caused by a binding
of the receptors associated with said vesicles to their immo-
bilized ligands is measured.

[0168] It is preferred in this case if the signal transduction
of receptors associated with vesicles generated from living
cells (from a bioanalytical reagent according to the inven-
tion), is measured after binding of these receptors to their
immobilized ligands, wherein this signal transduction may
be triggered, for example, by binding of further ligands to
the receptors associated with said vesicles or by other
inducing influences.

[0169] For example, in multiple measurement areas a
uniform kind of ligand may be immobilized. If these mea-
surement areas individually or several of these measurement
together can be fluidically addressed, for example, within
sample compartments comprising the solid carrier (support)
as a base plate (see also below), screening methods based on
the use of a bioanalytical reagent according to the invention
are facilitated that are interesting for industrial research and
development. For example, different vesicles generated
from different living cells, with optionally different associ-
ated receptors and optionally different additional biological
compound (components) may be supplied to different mea-
surement arcas with similar ligands immobilized therein,
and the different binding behavior to the immobilized
ligands in the discrete measurement areas may be investi-
gated.

[0170] Characteristic of a further preferred embodiment of
this bioanalytical detection method according to the inven-
tion is that the binding of receptors that are associated with
vesicles generated from living cells (from a bioanalytical
reagent according to the invention) to said immobilized
ligands occurs in competition with the binding of these
receptors associated with said vesicles to ligands in free
solution.

[0171] If these measurement areas individually or several
of these measurement areas together can be fluidically
addressed, for example, within sample compartments com-
prising the solid carrier (support) as a base plate (see also
below), it is also possible to supply to individual sample
compartments different concentrations of vesicles generated
from living cells in a bioanalytical reagent according to the
invention, and to investigate the competition between the
binding of the associated receptors to the immobilized
ligands and to ligands located in free solution. Another
variant comprises generating different surface concentra-
tions of ligands immobilized in measurement areas, to which
a uniform concentration of vesicles in a bioanalytical
reagent according to the invention is added, and then to
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investigate again the competition between the binding of the
associated receptors to the immobilized ligands and to the
ligands in free solution.

[0172] Tt is obvious for those skilled in the art that a
variety of further possible embodiments results from the
combination of the aforementioned variants of bioanalytical
detection methods according to the invention.

[0173] The aforementioned variants using ligands immo-
bilized on a solid carrier (support) to which vesicles gener-
ated from living cell, from a bioanalytical reagent according
to the invention, are supplied in a sample, are especially
well-suited for determinations based on a change in the mass
coverage of the solid carrier (support) (such as refractive
methods based on a change in the effective refractive index
on the surface of an optical waveguide, see below). For other
applications it is advantageous to immobilize vesicles gen-
erated from living cells, from a bioanalytical reagent accord-
ing to the invention, on a solid carrier (support) and then to
address them (optionally in an individually addressable way
for different measurement arcas) with one or more samples
comprising ligands to be detected. It is obvious to a person
skilled in the art that embodiments analogous to those
variants of embodiments described above result from this
inversion of the assay architecture.

[0174] Ttis characteristic of a large group of embodiments
of the bioanalytical detection method according to the
invention that one or more liquid samples are brought into
contact with the vesicles which are generated from living
cells (from a bioanalytical reagent according to the inven-
tion) and immobilized in one or more measurement areas,
along with their associated receptors, and that a signal
change resulting from the binding of ligands to said recep-
tors or from other inducing influences on said receptors is
measured.

[0175] Characteristic of a preferred embodiment is that
one or more liquid samples are brought into contact with the
vesicles which are generated from living cells (from a
bioanalytical reagent according to the invention) and immo-
bilized in one or more measurement areas, along with their
associated receptors, and that the signal transduction of
those receptors resulting from the binding of ligands to said
receptors or from other inducing influences on said receptors
is measured.

[0176] For a special embodiment it is characteristic that
the binding of ligands from a supplied sample to receptors
that are associated with the immobilized vesicles generated
from living cells (from a bioanalytical reagent according to
any of claims 1-33) occurs in competition with the binding
of these ligands to receptors in free solution which are
optionally associated with vesicles.

[0177] Characteristic of a specially preferred embodiment
is that one or more liquid samples, comprising vesicles
generated from living cells (from a bioanalytical reagent
according to the invention) with associated receptors, are
brought into contact with the ligands for these receptors, the
ligands being immobilized in one or more measurement
areas, excitation light from one or more light sources of
similar or different wavelengths is in-coupled to the mea-
surement areas (d) by one or more grating structures (c), and
the change of optical signals emanating from one or more
measurement areas (d), caused by a binding of the receptors
associated with said vesicles to their immobilized ligands, is
measured.
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[0178] Characteristic of another specially preferred
embodiment is that one or more liquid samples are brought
into contact with the vesicles immobilized in one or more
measurement areas (d), along with their associated recep-
tors, excitation light from one or more light sources of
similar or different wavelengths is in-coupled to the mea-
surement areas (d) by one or more grating structures (c), and
the change in optical signals emanating from one or more
measurement areas (d), caused by the binding of the ligands
to said receptors or by other inducing influences on said
receptors, is measured.

[0179] These variants lead to various further possible
embodiments of the bioanalytical detection method accord-
ing to the invention. Characteristic of one group of embodi-
ments is that said changes in optical signals from the
measurement areas (d) are caused by changes in the effective
refractive index in the near-field of the optically transparent
layer () in these measurement areas and are measured at the
actual excitation wavelength.

[0180] Characteristic of another preferred group of pos-
sible embodiments of the bioanalytical detection method
according to the invention is that said changes in optical
signals from the measurement areas (d) are changes in one
or more luminescences of similar or different wavelength
which have been excited in said measurement areas in the
near-field of the optically transparent layer (a), and which
are measured each at a wavelength different from the cor-
responding excitation wavelength.

[0181] It is preferred if the one or more luminescences
and/or measurements of light signals at the excitation wave-
length are determined polarization-selectively, wherein pref-
erably the one or more luminescences are measured at a
polarization that is different from the polarization of the
excitation light.

[0182] Subject of the invention in an again more general
form is a bioanalytical detection method according to any of
the aforementioned embodiments for the simultaneous or
sequential, quantitative and/or qualitative determination of
one or more analytes from the group of receptors or ligands,
chelators or “histidine tag components”, enzymes, enzyme
co-factors or inhibitors.

[0183] Tt is characteristic of the bioanalytical detection
method according to any of the aforementioned embodi-
ments that the samples to be examined are, for example,
aqueous solutions or surface water or soil or plant extracts
or bio- or process broths, or are taken from biological tissue
fractions or from food, or odorous or flavoring substances or
cosmetic compounds.

[0184] A further subject of the invention is a solid carrier
(support) comprising, immobilized on a surface, at least one
vesicle generated from a living cell, from a bioanalytical
reagent according to the invention and any of the aforemen-
tioned embodiments, said vesicle comprising at least one
receptor characterized by the fact that a mechanism of signal
transduction triggered by said receptor in the said living cell
used for vesicle generation is preserved in said vesicle after
immobilization of the vesicle.

[0185] Itischaracteristic of a preferred embodiment of the
solid carrier (support) according to the invention that
vesicles, each comprising at least one receptor, are immo-
bilized in discrete measurement areas (d) with one or more
vesicles each.
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[0186] In this case, it is preferred if vesicles with at least
two different kinds of receptor are immobilized in multiple
measurement areas (d), wherein vesicles with a uniform kind
of receptor are preferably immobilized in each case within
an individual measurement area.

[0187] The one or more vesicles generated from a living
cell may be immobilized on the surface of said solid support
for example by means of covalent binding or physical
adsorption (electrostatic or van der Waals interaction or
hydrophilic or hydrophobic interaction or a combination of
these interactions).

[0188] It is preferred if an adhesion-promoting layer is
deposited between the surface of said solid support and the
one or more vesicles immobilized thereon. According to the
invention, the adhesion-promoting layer is designed in such
a way that a mechanism of signal transduction triggered by
the one or more receptors in said living cell is preserved also
after immobilization of the vesicles generated from a living
cell, from a bioanalytical reagent comprising at least one
receptor, on said adhesion-promoting layer.

[0189] The adhesion-promoting layer preferably has a
thickness of less than 200 nm, most preferably of less than
20 nm.

[0190] The adhesion-promoting layer may comprise a
chemical compound of the group of silanes, epoxides,
functionalized, charged or polar polymers and “self-orga-
nized functionalized mono or multiple layers™.

[0191] Characteristic of a preferred embodiment is that the
adhesion-promoting layer comprises a monomolecular layer
of mainly one kind of protein, such as serum albumins or
streptavidin, or of modified proteins, such as biotinylated
serum albumin.

[0192] Characteristic of another preferred embodiment is
that the adhesion-promoting layer comprises self-organized
alkane-terminated monolayers of mainly one kind of chemi-
cal or biochemical molecule.

[0193] Especially preferred is an embodiment of which it
is characteristic that the adhesion-promoting layer is pro-
vided as a double layer (bilayer) comprising an initial
self-organized alkane-terminated anchoring layer and a sec-
ond layer formed by self-organization (self-assembly) of
synthetic or natural lipids.

[0194] The one or more vesicles generated from a living
cell may be immobilized on the surface of said solid carrier
(support), for example, by means of covalent binding or
physical adsorption (electrostatic or van der Waals interac-
tion or hydrophilic or hydrophobic interaction or a combi-
nation of these interactions).

[0195] A specific embodiment of the solid carrier (sup-
port) according to the invention, using a very specific variant
of vesicle immobilization, comprises association with the
adhesion-promoting layer of biological or biochemical or
synthetic recognition elements which recognize and bind a
vesicle generated from a living cell with surface-associated
biological or biochemical or synthetic components for spe-
cific recognition and binding, as part of the corresponding
specific embodiment of a bioanalytical reagent according to
the invention described above. These specific interactions
for the recognition and binding of the vesicles to their
recognition elements on the adhesion-promoting layer may
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for example be based on interactions with biotin/streptavi-
din, so-called “histidine tags”, sugars or peptide affinity
interactions, wherein any one of the two binding partners in
each case may be associated with the vesicle surface and the
other anchored on the surface of said adhesion-promoting
layer.

[0196] Characteristic of another embodiment of the solid
carrier (support) according to the invention is that at least
one ligand for a receptor, which is bound to a vesicle
generated from a living cell, from a bioanalytical reagent
according to the invention, is immobilized, optionally by
means of a spacer molecule, on the surface of the solid
carrier (support).

[0197] Tt is preferred in this case if at least two different
ligands for receptors which are bound to a vesicle generated
from a living cell, from a bioanalytical reagent according to
the invention, are immobilized in multiple measurement
areas (d), wherein preferably a uniform kind of ligand is
immobilized within an individual measurement area.

[0198] Said ligands may be immobilized on the surface of
the solid carrier (support) by means of covalent binding or
physical adsorption (e.g. electrostatic or van der Waals
interaction or hydrophilic or hydrophobic interaction or a
combination of these interactions).

[0199] Tt is preferred if an adhesion-promoting layer is
applied between the surface of the solid carrier (support) and
said ligands immobilized thereon.

[0200] For selection of the adhesion-promoting layer for
immobilization of said ligands, the same preferences are
applicable as those mentioned above for an adhesion-pro-
moting layer for immobilization of vesicles generated from
a living cell, from a bioanalytical reagent according to the
invention.

[0201] Characteristic of a particularly preferred embodi-
ment of a solid carrier (support) according to the invention
is that regions between the laterally separated measurement
areas, with vesicles generated from living cells (from a
bioanalytical reagent according to any of the described
embodiments) immobilized in these measurement areas, or
with ligands for receptors that are bound to vesicles gener-
ated from living cells (from a bioanalytical reagent accord-
ing to any of the described embodiments), and/or regions
within these measurement areas, between the compounds
immobilized therein, are “passivated” in order to minimize
nonspecific binding of analytes or of their detection
reagents, i.e. that compounds which are “chemically neu-
tral” towards the analyte are deposited between the laterally
separated measurement areas (d) and/or within these mea-
surement areas (d) between said immobilized compounds,
the “chemically neutral” compounds preferably being com-
posed of the groups that are formed by albumins, casein,
detergents, such as Tween 20, detergent/lipid mixtures (of
synthetic and/or natural lipids), synthetic and natural lipids
or also hydrophilic polymers, such as polyethylene glycols
or dextrans.

[0202] Tt is also possible to passivate an activated surface
(activated for immobilization of the biological, biochemical
or synthetic recognition elements), this surface comprising
e.g. poly-L-lysin or functionalized silanes (e.g. comprising
aldehyde or epoxy groups), for example by the addition of
reducing reagents such as sodium borate (in the case of
aldehyde or epoxy groups).
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[0203] The material of the surface of the solid support
(carrier) with immobilized vesicles generated from living
cells (from a bioanalytical reagent according to the invention
and any of the described embodiments), or with immobi-
lized ligands for receptors that are bound to vesicles gener-
ated from living cells (from a bioanalytical reagent accord-
ing to the invention and any of the described embodiments),
may comprise a material of the group which is formed e.g.
by moldable, sprayable or millable plastics, carbon com-
pounds, metals, such as gold, silver, copper, metal oxides or
silicates, such as glass, quartz or ceramics, or silicon or
germanium or ZnSe or a mixture of these materials.

[0204] In this case, said solid carrier (support) may be
provided in a variety of different embodiments. It may be
provided e.g. as a glass or microscope plate. It may also be
a microtiter plate of the type that is, for example in wide-
spread use for screening assays (for testing numerous com-
pounds, e.g. using classical fluorescence methods or fluo-
rescence correlation spectroscopy).

[0205] Tt is preferred if the surface of said solid support
(carrier) is essentially planar.

[0206] Characteristic of a preferred group of embodiments
of the solid carrier (support) according to the invention is
being provided as an optical or electronic sensor platform.

[0207] Another subject of the invention is therefore a
sensor platform as a solid support (carrier) according to any
of the aforementioned embodiments, wherein said solid
support is transparent at least in a region of wavelengths in
the ultraviolet to infrared spectrum and preferably comprises
a material from the group that is formed e.g. by moldable,
sprayable or millable plastics, carbon compounds, metals,
metal oxides or silicates, such as glass, quartz or ceramics,
or silicon or germanium or ZnSe or a mixture of these
materials.

[0208] Tt is preferred in this case if said sensor platform is
asolid carrier (support) wherein an optical waveguide serves
as sensor platform.

[0209] Characteristic of a preferred embodiment of the
sensor platform used as a solid carrier (support) is an optical
thin-film waveguide serving as a sensor platform, with an
initial optically transparent layer (a) with refractive index n,
on a second optically transparent layer (b) with refractive
index n,, wherein n,>n,.

[0210] For many applications such an embodiment of a
sensor platform according to the invention used as solid
carrier (support) is advantageous when it is divided into two
or more discrete waveguiding regions.

[0211] The material of the second optically transparent
layer (b) of the sensor platform as a solid support may be
selected from the group that is formed by silicates, such as
glass or quartz, or transparent moldable, sprayable or mill-
able, especially thermoplastic plastics, such as polycarbon-
ates, polyimides, polymethyl methacrylates, or polystyrenes.

[0212] Tt is preferred if the refractive index of the first
optically transparent layer (a) of the sensor platform as a
solid support is greater than 1.8.

[0213] For numerous applications such an embodiment of
a sensor platform according to the invention, used as a solid
carrier (support), is preferred when the first optically trans-
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parent layer (a) comprises a material of the group of TiO,,
Zn0, Nb,0s, Ta,0s, HfO,, or ZrO,, preferably of TiO, or
Ta 05 or Nb,Os.

[0214] The first optically transparent layer (a) preferably
has a thickness of 40 to 300 nm, most preferably of 100 to
200 nm.

[0215] Characteristic of a further embodiment of the sen-
sor platform according to the invention, used as solid carrier
(support) is that an additional optically transparent layer (b')
with lower refractive index than layer (a) and with a thick-
ness of 5 nm-10 000 nm, preferably of 10 nm-1000 nm, is
located between the optically transparent layers (a) and (b)
and in contact with layer (a).

[0216] Tt is preferred if the in-coupling of excitation light
into the optically transparent layer (a) to the measurement
areas (d) is performed using one or more optical in-coupling
elements from the group formed by prism couplers, evanes-
cent couplers comprising joined optical waveguides with
overlapping evanescent fields, butt-couplers with focusing
lenses, preferably cylindrical lenses, arranged in front of a
front face (distal end) of the waveguiding layer, and grating
couplers.

[0217] In this case, it is especially preferred if the in-
coupling of excitation light into the optically transparent
layer (a) to the measurement areas (d) is performed using
one or more grating structures (c) that are formed in the
optically transparent layer (a).

[0218] Characteristic of an improvement of a sensor plat-
form according to the invention and any of the aforemen-
tioned embodiments is that they additionally comprise one
or more sample compartments with said sensor platform as
the base plate, said sample compartments being open
towards the sensor platform at least in the region of the one
or more measurement areas, wherein said sample compart-
ments may be open or closed except for inlet and/or outlet
openings at the side facing away from the sensor platform.

[0219] A variety of further embodiments of sensor plat-
forms, which are suitable in combination with a bioanalyti-
cal reagent according to the invention and may be applied in
a bioanalytical detection method according to the invention,
are described in detail, for example, in patents U.S. Pat. No.
5,822,472, U.S. Pat. No. 5,959,292, and U.S. Pat. No.
6,078,705, and in patent applications WO 96/35940, WO
97/37211, WO 98/08077, WO 99/58963, PCT/EP 00/04869,
and PCT/EP 00/07529. The embodiments of sensor plat-
forms and methods for the detection of one or more analytes,
as well as the optical and analytical systems described
therein, are also a subject of the present invention, as part of
sensor platforms according to the invention, as solid carriers.
(supports) comprising a bioanalytical reagent according to
the invention, and as parts of bioanalytical detection meth-
ods according to the invention which are performed there-
with.

[0220] A further subject of the present invention is the use
of a vesicle as a component of a bioanalytical reagent
according to the invention and any of the aforementioned
embodiments and/or of a solid carrier (support) according to
the invention, comprising one or more vesicles immobilized
thereon, as described in any of the aforementioned embodi-
ments for the enrichment of membrane receptors or for the
enrichment of proteins (such as antigens) triggering an
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immunological response in a two- or three-dimensional
phase, which may then e.g. be administered to living organ-
isms (e.g. to stimulate immune defense processes).

[0221] A further subject of the invention is the use of a
vesicle as a component of a bioanalytical reagent according
to the invention, as described in any of the aforementioned
embodiments, as a compartment for therapeutic, diagnostic,
photosensitive or other biologically active compounds for
administration to a living organism.

[0222] The present invention also comprises the use of a
bioanalytical reagent according to the invention as described
in any of the aforementioned embodiments and/or of a solid
carrier (support) according to the invention as described in
any of the aforementioned embodiments, comprising one or
more immobilized vesicles, and/or of a bioanalytical detec-
tion method according to the invention as described in any
of the aforementioned embodiments for investigating recep-
tor-ligand interactions, especially for determining the bind-
ing strength and kinetic parameters of these interactions
between a receptor and its ligand, or for determining the
channel activity of an ion channel receptor after ligand
binding or other inducing influences on said receptor, or for
determining the enzymatic activity of enzymes associated
with a vesicle, as a component of a bioanalytical reagent
according to the invention, or for determining secondary
messenger compounds after ligand binding to a receptor
resulting in a signal transduction, or for determining protein-
protein interactions, or for determining protein kinases.

[0223] The present invention additionally comprises the
use of a bioanalytical reagent according to the invention as
described in any of the aforementioned embodiments and/or
of a solid carrier (support) according to the invention as
described in any of the aforementioned embodiments, com-
prising one or more immobilized vesicles, andjor of a
bioanalytical detection method according to the invention as
described in any of the aforementioned embodiments for
quantitative and/or qualitative analyses for determining
chemical, biochemical or biological analytes in screening
methods in pharmaceutical research, combinatorial chemis-
try, clinical and pre-clinical development, for real-time
binding studies and for determining kinetic parameters in
affinity screening and in research, for qualitative and quan-
titative analyte determinations, especially for DNA and
RNA analytics, for generation of toxicity studies and for the
determination of expression profiles, and for determining
antibodies, antigens, pathogens or bacteria in pharmaceuti-
cal product development and research, human and veteri-
nary diagnostics, agrochemical product development and
rescarch, for symptomatic and pre-symptomatic plant diag-
nostics, for patient stratification in pharmaceutical product
development and for therapeutic drug selection, for deter-
mining pathogens, nocuous agents and germs, especially of
salmonella, prions and bacteria, in food and environmental
analytics, and for analysis and quality control of odorous and
flavoring substances.

EXAMPLES

[0224] The present examples describe the preparation of a
bioanalytical reagent according to the invention with at least
one vesicle which has been generated from a living cell,
comprising at least one receptor, wherein a mechanism of
signal transduction triggered by this receptor in the living
cell used remains preserved in said vesicle as part of the
bioanalytical reagent.
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[0225] In these examples, it is shown

[0226] that membrane receptors of membranes of
living cells can be transferred to membranes of
“native” vesicles without loss of function

[0227] that components from the lumen of the
vesicle-forming cell can be transferred to the
“native” vesicles formed without an exchange with
the surrounding medium

[0228] that luminescence indicators required for sec-
ondary responses can be incorporated into “native”
vesicles

[0229] and that the transferred components including
the indicators remain stable within the interior of
“native” vesicles.

Example 1

Preparation of “Native” Vesicles as Component of
a Bioanalytical Reagent According to the Invention
and Visualization of the Prepared Vesicles

[0230]

[0231] For the preparation of vesicles (“vesiculation pro-
cess”) adherent growing HEK293 (human embryonic kid-
ney) cells were cultured in each case in 15 ml DMEM/F12
(Dulbecco’s modified Eagle medium, Gibco BRL Life Tech-
nologies) in 75 ml T flasks (TPP, Switzerland). To the
medium, 2.2% fetal calf serum (Gibco BRL Life Technolo-
gies) was added. The cell cultures were stored in an incu-
bator (37° C., 5% CO,).

[0232] To visualize the cytoplasmic contents of the cell
during the vesiculation process, HEK293 cells were trans-
fected with plasmid DNAs (Clontech; Palo Alto, Calif,
USA) coding for Aequorea victoria GFP (Green Fluorescent
Protein) using the customary method of calcium phosphate-
DNA coprecipitation (Jordan M., Schallhorn A., Wurm F.
M-: “Transfecting mammalian cells: optimization of critical
parameters affecting calcium-phosphate precipitate forma-
tion”, Nucleic Acids Res. 24 (1996) 596-601). Twenty hours
after transfection, the green fluorescence of GFP was visible
in the entire cell contents, after excitation at 488 nm, using
a confocal fluorescence microscope. This control procedure
was used in particular to demonstrate that, during the
vesiculation process, the cell and vesicle content remains
intact, i.e. that there is no contact and no intermixing with
the surrounding outer cell medium (see FIG. 1).

[0233] For vesiculation, the serum contained in the culture
medium was removed by decantation or, in the case of the
suspension cells, by centrifugation (rotor SS34 Sorvall, at
120 g; centrifugation time 5 minutes) and exchanged for
serum-free DEMEM medium. The cell concentration lay
between 1x107 and 5x107 cells per milliliter.

[0234] Cytochalasin B or D (Sigma-Aldrich) (stock solu-
tion with a concentration of 2 mg/ml in DMSO) was added
to the preheated DMEM medium in a final concentration of
20 ug/ml. The vesiculation process was dependent on the
cell age and cell line and lasted between 5 and 60 minutes.
Shear forces were then applied (1 minute vortex) to separate
off any vesicles remaining on the cell surface as completely
as possible. This suspension was then passed through a
sterile syringe filter (5 #m pore size; Acrodisc) to separate

1.1. Preparation of Vesicles of Defined Size
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off any remaining cell bodies from the vesicles. The vesicle
suspension was then concentrated by centrifugation (rotor
SS 34, Sorvall, at 5400 r.p.m. (revolutions per minute; 20
minutes).

[0235] The resulting vesicle pellet was then resuspended
in 500 pul phosphate buffer (pH 7.5) and loaded onto a
preformed sucrose gradient. This gradient comprised three
sucrose layers with decreasing density (in ascending order 2
M, 1.5 M, 1.3 M sucrose in deionized, sterile water). After
90 minutes of centrifugation at 25000 r.p.m. in a centrifuge
rotor (TST 60.4 at 84,840 g; Sorvall; Kontron ultracentri-
fuge) three clearly separated bands were visible. The bands
contained vesicles of various sizes. The vesicle membranes
were visualized by staining with octadecyl rhodamine B
chloride (R18) (Molecular Probes Inc., USA) in order to
measure the size of the vesicles in a confocal fluorescence
microscope (excitation: 560 nm/emission: 590 nm) using
this fluorescence labeling. The uppermost band contained
vesicles with a diameter of 100-300 nm, the middle band
contained vesicles with a diameter of 500-800 nm and the
lowest band contained vesicles with a size distribution
between 1 ym and 3 um.

[0236] The “native” vesicles produced in this way were
thus smaller than, for example, red blood cells (3-5 gm). The
vesicles from the two upper bands were even smaller than
mitochondria.

[0237] As shown in the following, the “native vesicles”
contain parts of the endoplasmic reticulum. In view of their
size, however, the cell nucleus and mitochondria (in vesicles
with a diameter of less than 800 nm) are excluded from
incorporation into the vesicles. In the case of G-protein-
coupled receptors (GPCR) it follows from this size distri-
bution, for example, that the vesicles can only contain
endoplasmic reticulum, albeit as the most important reser-
voir of intracellular calcium ions and as essential component
of the GPCR-signal transduction cascade.

[0238] Vesicles from the uppermost band were used for
experiments aimed at investigating the residual capacity of
receptors for ligand binding following preparation, whereas
vesicles from the two lower fractions were used for detect-
ing the release of secondary messenger compounds, such as
Ca® and cAMP, because these vesicles can be charged to a
greater extent with suitable fluorescence indicators.

[0239] The process of budding and pinching of cells in
vesicle formation is schematically illustrated in the diagram
below the fluorescence microscopy images (FIG. 1): (a)
Normal actin filament network in cell cortex. (b) The actin
filaments retract at certain points for some minutes after
administration of cytochalasin B/D (concentration 20
ug/ml), and the endoplasm of the cell can expand locally,
resulting in (c) cell budding and pinching.

[0240] 1.2. Determination of Endoplasmic Reticulum in
“Native” Vesicles

[0241] For determination of the endoplasmic reticulum in
native vesicles, as a leading precondition for the release of
secondary Ca®* after activation of the signal transduction
cascade of G-protein-coupled receptors, the green fluores-
cent protein (GFP) of Aequorea Victoria at the level of the
coding DNA was furnished with a peptide signal sequence
(MRLCIPQVLLALFLSMLTAPGEG) which, during the
synthesis of GFP in the cell, guides it into the endoplasmic
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reticulum. This molecular biological intervention did not
have any negative influence on the vitality of the cultivated
HEK293 cells. The overlapping of GFP fluorescence with
the geometric dimensions of the endoplasmic reticulum
(ER) was studied using commercial lipophilic tracer for ER
(1,1'-dihexadecyl-3,3,3',3'-tetramethylindocarbocyanine
perchlorate (DIIC16(3); Molecular Probes) in whole cells.
Based on the fluorescence of the GFP molecules, parts of the
endoplasmic reticulum were demonstrated in native vesicles
using confocal microscopy images (FIG. 2).

[0242] 1.3. Preparation and Determination of “Native”
Vesicles with (A) Incorporated, Fluorescence-Labeled
G-Protein and (B) Incorporated Indicators

[0243] (A) “Native” vesicles were prepared with the
recombinant G-alpha subunit of a G-protein (G,). To dem-
onstrate the presence of this protein in living HEK293 cells
using a confocal fluorescence microscope, the G-alpha-15
protein (G, 5) at the level of the coding DNA was fused with
Aequorea Victoria GFP. For this purpose the DNA coding
for EGFP (Enhanced Green Fluorescent Protein; Clontech)
was inserted in the G, subunit. The resulting fusion protein
was transfected into HEK293 cells using the above-men-
tioned calcium phosphate precipitation method. 24 hours
after transfection, the green-labeled G-protein was detect-
able in the cytoplasm (as in FIG. 1a of Example 1.1). The
recombinantly expressed proteins were localized close to the
cell membrane using confocal microscopy.

[0244] After cytochalasin B (2 mM) was added to the
HEK293 cells expressing G protein, plasma membrane
vesicles which had incorporated green fluorescent G, fusion
protein were pinched off.

[0245] (B) “Native” vesicles were prepared with incorpo-
rated, chemical fluorescence indicators. For this purpose,
HEK cells were loaded with calcium-sensitive indicators
(Fura Red, C,;Hs,N,0,,S, 149732-62-7 glycine, N-[2-
[(acetyloxy)methoxy]-2-oxoethyl]-N{5{2{2{bis[2-
[(acetyloxy)methoxy]-2-oxoethyl]amino]-5-methylphe-
noxy Jethoxy]-2{(5-0x0-2-thioxo-4-
imidazolidinylidene)methyl]-6-benzofuranyl]-,
(acetyloxy)methyl ester and Fluo-3/AM (C;4H,5CLN-0,;
121714-22-5 glyeine, N-[4-[6-[(acetyloxy)methoxy]-2,7-
dichloro-3-ox0-3H-xanthen-9-y1]-2-[ 2-[2-[bis[2-[ (acety-
loxy)methoxy]-2-oxyethyl]amino]-5-methylphenoxy]
ethoxyJphenyl]-N-[2-[ (acetyloxy)methoxy]-2-oxyethyl]-,
(acetyloxy)methyl ester; Molecular Probes). Per milliliter of
cell nutrient culture medium (DMEM/F12: Dulbecco’s
modified Eagle Medium F12) 12.5 ug Fluo-3/AM and 24.5
ug Fura Red were added. The ion-sensitive indicators were
dissolved beforehand in DMSO. Loading with acetoxym-
ethyl ester lasted 60 minutes at 37° C. Addition of cytocha-
lasin led to pinching-off of vesicles with a marked indicator
load. Both indicators were clearly visible under fluorescence
microscopy. The concentration of free Ca 2+ions in the
interior of the vesicles and also the concentration of free
Ca** ions in the cytosol of the cell from which they
originated were determined by analyzing the measured
fluorescence intensities. The two were comparable and
amounted to 130 nM.

[0246] 1.4. Preparation of Vesicles with Incorporated,
Recombinant Fusion Proteins from G Proteins and Fluores-
cence-Labeled Proteins as well as Incorporated Indicators
[0247] The DNA coding for EGFP (Enhanced Green Fluo-
rescent Protein; Clontech) was inserted in the G,,, subunit.
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The resulting fusion protein was transfected into HEK293
cells using the above-mentioned calcium phosphate precipi-
tation method. 24 hours after transfection, the green labeled
G,, protein was detectable in the cytoplasm and showed, in
addition to the occurrence of diffuse areas, a frequent
tendency towards the formation of aggregates (0.5-1 um in
diameter) close to the plasma membrane. After cytochalasin
B (2 mM) was added to the HEK293 cells expressing G
protein, plasma membrane vesicles which had incorporated
the green fluorescent G, fusion protein were pinched off
(FIG. 3). The cells were loaded with calcium-sensitive
indicators (Fura Red and Fluo-3/AM). For every milliliter of
cell nutrient culture medium (DMEM/F12: Dulbecco’s
modified Eagle Medium F12) 12.5 ug Fluo-3/AM and 24.5
ug Fura Red were added. The ion-sensitive indicators were
dissolved beforehand in DMSO. Loading with acetoxym-
ethyl ester lasted 60 minutes at 37° C. Addition of cytocha-
lasin led to pinching-off of indicator-loaded vesicles. Both
indicators were clearly visible in the vesicle lumen on
fluorescence microscopy (FIG. 3). Analysis of the measured
fluorescence intensities showed a concentration of free Ca®*
ions amounting to 130 nM, as is also measured in the
determination of free Ca®* ions in the cytosol of a cell.

Example 2

Preparation of “Native” Vesicles Capable of Signal
Transduction with Incorporated Receptors and the
Detection Thereof

[0248] 2.1. Incorporation of Ton Channel Receptors in
“Native” Vesicles with the Preservation of Their Function-
ality, as Illustrated in the SHT,, Receptor

[0249] TInn the following examples, the SHT; serotonin
receptor is used as a representative ligand-controlled ion
channel. In the literature, two different types of SHT;
receptor are described, the SHT,, and the SHT ., receptor
(Davies P. A, Pistis M., Hanna M. C,, Peters J. A., Lambert
J. 1., Hales T. G., Kirkness E. F.,, “The 5-HT ;5 subunit is a
major determinant of serotonin-receptor function”, Nature
397 (1999) 359-363). In the following examples, only the
SHT_ receptor is used.

[0250] Various recombinant constructs of the serotonin
(5HT,,,) receptor were expressed in HEK293 cells under
human cytomegalovirus gene promoter control. Transient
expression of the full wild-type receptor was achieved by
co-transfection of the eukaryotic expression vector CMV[
(Clontech, Palo Alto, Calif.) with the receptor of coding
c¢DNA and/or with corresponding cDNA for cytosolic GFP,
in order to identify cells which expressed the serotonin
receptor (5-HT,, R) at the same time.

[0251] 16 to 20 hours before transfection, HEK293 cells
(10 cells/ml) were seeded in 6-well plates or, in the case of
samples for later investigation under confocal fluorescence
microscopy, on sterile cover glasses (diameter 22 mm) in
6-well plates. The cells were transfected using Effectene
(Qiagen, Hilden, Germany) in accordance with the manu-
facturer’s instructions. After four hours’ transfection in a
humid atmosphere (5% CO,, 37° C.) the transfection
medium was exchanged with fresh cell culture medium.

[0252] Vesicles were prepared from the cells 48 hours
after transfection in a manner similar to that described in
Example 1.1. For this purpose, the cells were exposed o a
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trypsin-EDTA solution (Sigma) in two 6-well plates (0.5-1
ml per well) for one to two minutes with gentle stirring. The
well contents were then centrifuged for 5 minutes (1200
rp.m., Rotor SLA-600, Sorvall, Newtown, USA). The
supernatant was discarded and the resulting pellet resus-
pended in 10 ml in PBS buffer (10 mM phosphate buffer
solution with Na,HPO,, K,HPO,, 138 mM NaCL, 2.7 mM
KCl, pH 7.4) in a vortex mixer. The generation of vesicles
from the cell preparation was triggered by the addition of
cytochalasin from a stock solution in DMSO (4 mg/ml) up
to a final concentration of 20 pug/ml. The resulting pinched-
off vesicles were separated from the cells by shear forces
applied again by means of a vortex (2 minutes), before the
suspension was finally resuspended and the supernatant then
passed through a syringe filter (1.2 um pore size, Acrodisc)
with the vesicles contained therein.

[0253] According to the above description, “native”
vesicles were prepared with expressed receptor contained
therein. The presence of the SHT,, receptor in the outer
vesicle membrane was detected by labeling of this receptor
with the receptor-specific ligand GR-Cy5 (=1,2,3,9-tetrahy-
dro-3-[(5-methyl-1  h-imidazol-4-yl)methyl]-9-(3-amino-
(N-Cy5-amide)-propyl)-4H-carbazol-4-one). Intensity pro-
files of the fluorescence from fluorescence-labeled receptors
and of GFP, taken up by the vesicles from the GFP-labeled
cytosolic cell contents, unequivocally demonstrate the exist-
ence of the receptor in the “native” vesicle membrane and
thus its origin from the plasma membrane of the vesicle-
forming mammalian cell. The presence of GFP in the
“native” vesicle unequivocally demonstrates the cytosolic
origin from the cell (FIG. 4).

[0254] 2.1.1 Determination of Ligand-Binding Capacity
of the 5SHT,, Receptor in “Native” Vesicles in Solution

[0255] The capacity of SHT, , receptors for specific ligand
binding, as their “primary” functionality, after incorporation
of the receptors in “native” vesicles was investigated by
means of a competitive radiological binding assay (Tairi A.
P, Hovius R., Pick H., Blasey H., Bernard A., Surprenant A.,
Lundstrom K., Vogel H., “Ligand binding to the serotonin
5HT, receptor studied with a novel fluorescent ligand”,
Biochemistry 37 (1998) 15850-15864; Wohland T., Friedrich
K., Hovius R., Vogel H., “Study of ligand-receptor interac-
tions by fluorescence correlation spectroscopy with different
fluorophores: evidence that the homopentameric 5-hydrox-
ytryptamine type 3As receptor binds only one ligand”,
Biochemistry 38 (1999) 8671-8681).

[0256] To this end, samples of said reagent were incubated
with the vesicles in solution for 60 minutes at room tem-
perature with 1.5 nM of the tritium-labeled ligand [*H]-
GR65630 in 240 ul HEPES buffer (10 mM HEPES, pH 7.4)
(HEPES:  4-(2-hydroxyethyl)piperazine-1-ethanesulfonic
acid) in  96-well MultiScreen plates (Millipore,
F-Molsheim). The incubation was completed by rapid fil-
tration followed by washing 3 times with 300 ul of ice-cold
HEPES buffer each time. The filters were transferred to
scintillation vessels and each taken up in 1 ml of Ultima
Gold TM (Packard, meridan, USA). The radioactivity was
measured using a TriCarb 2200CA liquid scintillation
counter. The extent of nonspecific binding to the receptor
and to the vesicles was estimated in the presence of a high
surplus of quipazine (1 #M). The dissociation constant K,
was determined from Scatchard plots in 6 different concen-
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trations of the ligand [*H]-GR65630. The binding behavior
(“pharmacology”) of the receptor was determined in the
form of ICs, values (concentration at 50% inhibition)
through the competition of various pharmacologically active
substances with the binding of the radioactively labeled
reference ligand [PH]-GR65630. All experiments were car-
ried out in duplicate. For comparison purposes, experiments
were also conducted under comparable conditions in the
whole mother cells. The following table summarizes the
experimentally determined dissociation constants.

Receptor in Receptor
mother cell in “native” vesicles
PK; PK;
Antagonist
GR-H 10.2 0.1 9.7=01
Granisetron 9.2=0.1 9501
Ondansetron 8501 8.6 =01
Agonist
Quipazine 9.3+0.1 9.4 =02
mCPBG 82=0.1 83=01
SHT 7501 77041
PBG 6.5 0.1 6.6 = 0.1
[*H]-GR65630 9.0=0.1 9.4 01

[0257] Explanation of abbreviated names:

Antagonist

GR-H 1,2,3 9-tetrahydro-3-[ (5-methyl- 1H-imidazol-
4-yl)methyl) ]-9-(3-aminopropyl)-4H-carbazol-4-one

Granisetron:  endo-N-(9-methyl-9-azabicyelo[3.3.1]non-3-yl)-
1-methyl-1H-indazole-3-carboxamide hydrochloride

Ondansetron:  1,2,3 9-tetrahydro-9-methyl-3-[ (2-methyl-1H-imidazol-1-
yl)methyl]-4H-carbazol-4-one

Agonist:

Quipazine: 2-(1-Piperazinyl)quinoline

m-CPBG: m-Chlorophenylbiguanide

5-HT: 5-Hydroxytryptamine

PBG: Phenylbiguanide

[*H]-GR65630  see: Kilpatrick G. J., Jones G. J., Tyers M. B., (1988)
“The distribution of specific binding of the 5-HT3
receptor ligand [*H]-GR65630 in rat brain using
quantitative autoradiography”, Neuroscience Letters
94 (1988) 156-160.

[0258] 2.1.1 Determination of Ligand-Binding Capacity
of the SHT;, Receptor in Surface-Immobilized “Native”
Vesicles

[0259] The ligand-binding experiments in surface-immo-
bilized vesicles were carried out using the fluorescence-
labeled ligand GR-Cy5. For these experiments, a homolo-
gous serotonin receptor construct SHT;, was used that was
expressed with an EGFP (Enhanced Green Fluorescent
Protein, Clontech) fused at the end of a subunit. The
prepared “native” vesicles were immobilized on cover
glasses by means of physical adsorption of the vesicles to the
glasses, by two-hour or overnight incubation of typically
400 ul of a vesicle preparation solution prepared according
to the above method in 6-well plates with cover glasses on
the bottom at 4° C. The cover glasses were then removed
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from the plates with the vesicles immobilized thereon and
inserted into an open cell, which was then filled with
200-300 ul PBS buffer.

[0260] The affinity of a fluorescent ligand for the vesicle-
bound 5HT,, receptors, in an experiment with a large
number of vesicles, was studied by incubating a series of
cover glasses for 2 hours each with vesicles in solution and
increasing concentrations of fluorescent ligands at room
temperature. A second series of cover glasses was incubated
under the same conditions, for estimating the extent of
nonspecific binding of the fluorescent ligands to the vesicles,
likewise with vesicles in solution and the same increasing
concentrations of fluorescent ligands, as well as 5 uM
quipazine, as competitor in a high (>150-fold) surplus
concentration.

[0261] The affinity of the fluorescent ligand for receptors
bound to individual, discrete vesicles was determined by
sequential addition of ascending concentrations of the fluo-
rescent ligand to one and the same cover glass with vesicles
immobilized thereon by overnight incubation. The studies
were carried out in a manner analogous to that described
above for a large number of vesicles.

[0262] The fluorescence intensities of the ligand were
measured with a confocal fluorescence microscope (Zeiss,
Laser Scanning Microscope LSM510), using a suitable filter
set. The fluorescence signal of the GFP additionally incor-
porated into the vesicles was used in each case to adjust the
microscope to the working distance of the plane in which the
vesicles lay before the ligand was added. The fluorescence
signals of the ligands (red) were referenced via the fluores-
cence signals of the EGFP (green) according to the number
of active receptors per vesicle. The images presented were
obtained from the signals of the fluorescence microscope
recorded with a photomultiplier. For the image analysis,
so-called “Regions of Interest” (ROIs) of the images were
defined, the dimensions of which were adjusted to the areas
to be measured.

[0263] The results of this experiment show that vesicles
show differing numbers of associated 5SHT,, receptors, with
the consequence of markedly differing fluorescence inten-
sities of different vesicles, but the binding constants showed
identical values in agreement with the values which have
been reported in the literature and which were determined
with isolated receptors or in complete cells (Tairi A. P,
Hovius R., Pick H., Blasey H., Bernard A., Surprenant A.,
Lundstrom K., Vogel H., “Ligand binding to the serotonin
SHT, receptor studied with a novel fluorescent ligand”,
Biochemistry 37 (1998) 15850-15864; Wohland T., Friedrich
K., Hovius R., Vogel H., “Study of ligand-receptor interac-
tions by fluorescence correlation spectroscopy with different
fluorophores: evidence that the homopentameric 5-hydrox-
ytryptamine type 3As receptor binds only one ligand”,
Biochemistry 38 (1999) 8671-8681).

[0264] As an example, FIG. 5 shows the measured fluo-
rescence intensities as a function of increasing concentra-
tions of GR-Rho (1,2,3,9-tetrahydro-3-[(5-methyl-1H-imi-
dazol-4-yl)methyl]-9-(3-amino-(N-rhodamineB-

thiocarbamoyl)-propyl)-4H-carbazol-4-one) as fluorescent
ligand (after subtraction of the fluorescence intensity F,
observed in the absence of GR-Rho). The fit of measurement
data with the Langmuir isotherm equation gave a value of
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Ky=(4.24/-1.7) oM for the dissociation constant of the
system comprising the HT receptor and the GR-Rho ligand
(FIG. 5).

[0265] 2.1.3. Functional Capacity of the Full Signal Trans-
duction Cascade of a Receptor Incorporated in “Native”
Vesicles: Induction of Ion-Channel Activity (Secondary
Function) of the 5SHT,, Receptor after Specific Ligand
Binding (Primary Function).

[0266] It was surprisingly found that, with a bioanalytical
reagent according to the invention, the full signal transduc-
tion transmitted via a receptor is preserved.

[0267] FIG. 6 demonstrates the ability of vesicles with
incorporated SHT; , serotonin receptor to regulate the con-
centration of intracellular calcium. In this case, the original
HEK cells from which the vesicles were obtained following
the addition of cytochalasin according to the method
described hereinabove were loaded with the acetoxymethyl
ester of Fluo-3 as calcium indicator (generally 20 ug Fluo-3
in 500 ul DMEM/F12 medium). The prepared vesicles
contained said fluorescent calcium indicator and parts of the
endoplasmic reticulum in addition to the SHT; , receptor.

[0268] Fluorescence excitation of the Fluo-3 was per-
formed at 488 nm. The emission was measured at 500-530
nm. The vesicles loaded with Fluo-3 were then stimulated
with 350 uM m-chlorophenylbiguanide hydrochloride
(mCPG), a receptor-specific agonist. Stimulation was per-
formed by addition of the agonist to the vesicle medium (t=0
sec). The maximum fluorescence signal that occurred
through binding of the calcium to the calcium indicator
Fluo-3 was already measured less than one minute after
addition of the agonist. The value amounted to 35 uM free
calcium ions in the vesicle interior, ie. in the cytosol
surrounded by the vesicle. With the aid of calcium indicator
Fluo-3, free calcium ions are detected only in the cytosol
(vesicle lumen) transferred from the cell of origin. Calcium
ions in the endoplasmic reticulum or in other cell organelles
or parts of cell organelles possibly included in the vesicle are
not determined by this detection method.

[0269] The increase in the fluorescence signal up to its
maximum value after less than one minute and the subse-
quent decrease in the fluorescence signal to its baseline
value after a further 2 minutes, i.e. after a total of 3 minutes
following addition of the agonist, is a sign of the intact
functional capacity of the complete mechanism of the signal
transduction cascade within the vesicle, i.e. of the ability of
the vesicle to “buffer” the concentration of free calcium ions.
This includes the action of sodium-calcium exchangers, in
addition to the timespan until closure of the receptor’s ion
channel and desensitization mechanisms characteristic of
serotonin.

[0270] 2.2.Incorporation of G-Protein-Coupled Receptors
in “Native” Vesicles with the Preservation of Their Func-
tionality, as Illustrated in the NK1 Receptor

[0271] An important member of the membrane-bound
G-protein-coupled receptors (GPCRs) is the NK1 receptor.
It plays an important immunological role in the activation of
astrocytes in the central nervous system by substance P, a
tachykinin. Tachykinins are neuropeptides which are active
both in the peripheral and in the central nervous system and
play a role in inflammatory processes, nociception and a
number of autonomic reflexes.
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[0272] There is evidence to suggest that GPCRs induce
membrane ruffling (Okamoto H., Takuwa N., Yokomizo T,
Sugimoto N., Sakurada S., Shigematsu H., Takuwa Y,
“Inhibitory Regulation of Rac Activation, Membrane Ruf-
fling, and Cell Migration by the G Protein-Coupled Sphin-
gosine-1-Phosphate Receptor EDG5 but Not EDG1 or
EDG3”, Mol Cell Biol 20 (2000) 9247-9261). This different
behavior compared with that of the SHT3 receptor described
could influence incorporation in the native vesicles as a
deleterious reagent. The following shows that this is not the
case.

[0273] The NK1 receptor was fused with the DNA coding
for EGFP (Clontech Palo Alto, Calif., USA) at the level of
the coding DNA on the carboxy-terminal end and trans-
fected into HEK293 cells by means of the calcium-phos-
phate/DNA co-precipitation method (Jordan M., Schallhorn
A., Wurm F. M., “Transfecting mammalian cells: optimiza-
tion of critical parameters affecting calcium-phosphate pre-
cipitate formation”; Nucleic Acids Res 24 (1996) 596-601).
24 hours after transfection, green labeled NK1 receptors
were detectable in the plasma membrane of the HEK293
cells. Cytochalasin B (10 ug/ml) was then added to the
expressing cells and vesicle formation observed under con-
focal microscopy. FIG. 7 demonstrates the incorporation of
NK1-GFP fusion proteins in “native” vesicles. Using the
NK1 receptor as a example, evidence is thus shown that
G-protein-coupled receptors are incorporated in native
vesicles.

[0274]

[0275] Freshly prepared “native” vesicles could be stored
for up to one week in phosphate buffer (PBS: 150 mM
sodium phosphate, 150 mM NaCl, pH 7.2+0.1 (25° C.) or
DMEM/F12 medium) under sterile conditions at 4° C.
without any change in quality.

[0276] For freezing, “native” vesicles were resuspended in
DMEM medium with 2.2% serum (fetal bovine serum) and
10% dimethylsulfoxide (DMSO). This vesicle suspension
was shock-frozen in liquid nitrogen. Frozen vesicles could
be stored up to 6 months at —-80° C. without loss of quality.
Compared with a freshly prepared vesicle fraction, frozen
“native” vesicles did not show any significant changes in
size or morphology after they were thawed out. They also
did not show any increased tendency towards aggregation
formation.

[0277]

[0278] Vesicles were prepared from HEK293 cells which
expressed the GFP of Aquorea victoria in their cytoplasm. A
fluorescent protein freely dissolved in cytoplasm should
serve as evidence to show that the vesicles survive the
freezing and thawing cycle intact and do not burst or drain.
FIG. 8 shows an example of microscopy images of vesicles
after 30 days’ storage at -80° C. No damage or change to the
morphology of the vesicles was observed.

3. Storage Life of Native Vesicles

Determinations on the Stability of Frozen Vesicles:

DESCRIPTION OF FIGURES

[0279] FIG. 1: Process of vesicles being pinched off with
the transfer of cytoplasm from the cell into the vesicles:
Images produced with a confocal fluorescence microscope
showing HEK293 cells which, after transfection with
Aequorea GFP, display a green fluorescence in the cyto-
plasm (excitation 488 nm/emission 510 nm); below, graphic
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illustrations of the process. (a) Normal actin-filament net-
work in the cell cortex before the addition of cytochalasin.
(b) After application of cytochalasin B, the cells begin to
round off and form (c) bullous or pedunculate buds.

[0280] FIG. 2: Confocal image (excitation: 488 nm; emis-
sion: 510 nm) illustrating the incorporation of parts of the
endoplasmic reticulum into “native” vesicles ((a) image at
the fluorescence wavelength; (b) image at the fluorescence
wavelength superimposed on transmission image). The
endoplasmic reticulum was visualized by the expression of
recombinant EGFP (Enhanced GFP; Clontech, Palo Alto,
Calif., USA) in HEK293 cells.

[0281] The EGFP here was furnished with a signal
sequence which guides the fluorescent protein during its
expression into the lumen of the endoplasmic reticulum
(ER), thus “staining” the ER. The arrow marks a vesicle that
was pinched off from a living HEK293 cell after the addition
of cytochalasin B [10 ug/ml]. The bar bottom right corre-
sponds to a length of 5 um.

[0282] FIG. 3: Confocal image of a dividing HEK cell
treated for vesicle formation, which expresses heterolo-
gously GFP-labeled G, protein. The cell had been treated
beforehand with the calcium indicator Fura Red. Shown
here in clockwise order, starting top left, are: (a) Fura Red
signal, (b) GFP-G, signal, (¢) transmission image, (d)
superimposition of images (a) and (c). The Fura Red signal
(image (a)) was recorded using a high-pass filter (cut-off
filter with transmission for A>650 nm). Image (b) shows the
fluorescence emission of the GFP between 500 and 530 nm.
The transmission image corresponds to a NORMARSKI
image. For all the images shown, fluorescence excitation
took place at 488 nm.—“Native” vesicles, budding vesicles
and those which have already pinched off are shown with
circles. Note that the vesicles are carrying both the recom-
binant product (Ga protein) and the caleium indicator.

[0283] FIG. 4: (a) Fluorescence of a vesicle produced
from a living HEK293 cell with GFP-labeled cytosolic cell
contents carried over from the cell of origin (green fluores-
cence in vesicle interior) and SHT3 receptor incorporated in
the vesicle membrane, labeled with GR-Cy5 (red fluores-
cence from the outer region of the vesicle). (b) Line profiles
of green and red fluorescence.

[0284] FIG. 5. Binding curve of a fluorescent ligand
bound to individual discrete vesicles (n=3) was determined
by sequential addition of ascending concentrations of the
fluorescent ligand to one and the same cover glass with
vesicles immobilized thereon by overnight incubation.

[0285] Fluorescence intensities F as a function of ascend-
ing concentrations of GR-Rho, presented as fluorescent
ligand of the SHT; receptor incorporated in “native™ vesicles
from HEK293 cells (after subtraction of the fluorescence
intensity F, in the absence of GR-Rho). The fit of measure-
ment data with the Langmuir binding isotherm equation
gives a value of K,=(4.24/-1.7) nM for the dissociation
constant of the system comprising the HT; receptor and the
GR-Rho ligand.

[0286] FIG. 6: Demonstration of the ability of the sero-
tonin 5-HT; receptor incorporated in vesicles to regulate the
concentration of intravesicular calcium ions, visualized on
the basis of the fluorescence of the calcium indicator Fluo-3
(excitation: 488 nm; emission: 500-530 nm). Stimulation of
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vesicles loaded with Fluo-3 by addition of 350 uM m-chlo-
rophenylbiguanide hydrochloride (mCPG), as a receptor-
specific agonist.

[0287] Confocal false-color images before and t=0 (a, b),
45 sec (c) and 3 min (d) after addition of the serotonin
agonist. Shot (b) presents the analyzed image sections
(circles) against the background of the transmission image,
superimposed with the fluorescence of the calcium indicator
not coded with false colors. Note that the fluorescence
signals encompass a larger area than the vesicles in view of
the high degree of enhancement.

[0288] (e) Time curve of the fluorescence signal of a
vesicle which showed the strongest Ca response. The stimu-
lation was performed by addition of the agonist (mCPG) to
the vesicle medium (t=0 sec). The maximum fluorescence
signal that occurred through binding of the calcium to the
calcium indicator Fluo-3 was already measured after less
than one minute.

[0289] FIG. 7. A “native” vesicle becoming detached
from an HEK293 cell, which expresses the GFP-labeled
NK1 receptor. The NK1 receptor protein here was fused
with the Aequorea victoria GFP at the level of the coding
DNA.

[0290] FIG. 8: Confocal images illustrating the quality of
“native” vesicles which have been stored for 30 days at -80°
C. and then thawed out. “Native” vesicles were produced by
cytochalasin B treatment of HEK293 cells which express the
transiently transfected, recombinant EGFP (Clontech; Palo
Alto, Calif., USA) in the cytosol. (a) Fluorescence image
(excitation 488 nm; emission 510 nm); (b) combination of
transmission image and fluorescence image. The section at
bottom right shows a greater magnification of intact “native”
vesicles.

1-112. (canceled).

113. A bioanalytical reagent with at least one vesicle,
generated from a living cell, comprising at least one recep-
tor, characterized in that a mechanism of signal transduction
triggered by said receptor in the cell used for vesicle
generation is preserved in said vesicle as a component of the
bioanalytical reagent.

114. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
the vesicle as a component of said reagent comprises further
cell products and/or cell proteins, besides said one or more
receptors, which are involved in said mechanism of signal
transduction, besides said one or more receptors.

115. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said one or more vesicles are generated from a eukaryotic
cell.

116. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said one or more vesicles are generated from a cell of a
native tissue.

117. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
the interior of said one or more vesicles is free from cell
nucleus material, so that replication processes do not occur
within said one or more vesicles.

118. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
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said one or more vesicles have a diameter of 50 nm-5000
nm, preferably of 100 nm-2000 nm.

119. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
the one or more receptors are present in natural form in said
one or more vesicles as a component of the bioanalytical
reagent.

120. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
the one or more receptors are present in a modified form in
said one or more vesicles as a component of the bioanalyti-
cal reagent.

121. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
the one or more receptors are present in a form resulting
from a recombinant fabrication process in said one or more
vesicles as a component of the bioanalytical reagent.

122. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, com-
prising the preservation of a binding capability of said one
or more receptors to a specific ligand, this binding capacity
being present in said vesicle-generating cell and the receptor
being associated with the vesicle as a component of the
bioanalytical reagent.

123. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
the one or more receptors are selected from the group of
signal-transducing receptors that is formed by plasma mem-
brane receptors, such as ion channel receptors, G protein-
coupled receptors (GPCR), orphan receptors, enzyme-
coupled receptors, such as receptors with an intrinsic
tyrosine kinase activity, receptors with an intrinsic serine/
threonine kinase activity, furtheron by receptors for growth
factors (peptide hormone receptors), receptors for chemot-
actic substances, such as the class of chemokine receptors,
and by intracellular hormone receptors, such as steroid
hormone receptors.

124. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said one or more vesicles comprise, besides said one or more
receptors, further biological compounds (components) from
the group that is formed, e.g., by G-proteins and G-protein
regulators (c.g. rasGAP), enzymes, such as adenylate cycla-
ses, phospholipases forming intracellular secondary messen-
ger compounds (e.g. cAMP (cyclic adenosine monophos-
phate), cGMP (cyclic guanosine monophosphate), diacyl
glycerol (DAG) or inositol triphosphate (IP3)), enzymes,
such as serine, threonine and tyrosine kinases, and tyrosine
phosphatases that activate or inhibit proteins by phospho-
rylation or de-phosphorylation.

125. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
biological, biochemical or synthetic compounds like cell
surface proteins or cell surface sugars are associated with the
outer membrane of the one or more vesicles, which associ-
ated compounds are used for the transport of said vesicle to
pre-determined destinations, such as cells and/or organs
and/or pre-determined tissue in a living organism, and/or for
the binding to a biological or biochemical or synthetic
recognition element, which specifically recognizes and
binds said biological or biochemical or synthetic recognition
element.

126. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
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the mechanism of signal transduction comprises a mecha-
nism from among the group of mechanisms that is formed
e.g. from ion conducting, G-protein coupling, activation or
inhibition of intra-vesicular ion channels, intra-vesicular
release of calcium, protein activation or inhibition by enzy-
matic phosphorylation or de-phosphorylation (kinase cas-
cades; phosphatases), and release or enzymatic formation of
secondary messenger compounds, such as cAMP, cGMP or
diacyl glycerol (DAG), inositol triphosphate (IP3).

127. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said mechanism of signal transduction comprises a (second-
ary) functional response of the one or more vesicle-associ-
ated receptors after a primary specific interaction of said one
or more receptors with one or more natural and/or synthetic
ligands contained in a sample that is brought into contact
with said vesicle.

128. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said mechanism of signal transduction comprises the acti-
vation of an ion channel of a receptor associated with a
vesicle, as a component of said bioanalytical reagent.

129. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said mechanism of signal transduction comprises the bind-
ing of a G-protein to a receptor associated with a vesicle, as
a component of said bioanalytical reagent.

130. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said mechanism of signal transduction comprises the inter-
nal release of ions, such as Ca**, or of other messenger
compounds, such as cAMP or cGMP.

131. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said mechanism of signal transduction comprises the enzy-
matic decomposition of a substrate to a product by a
vesicle-associated enzyme.

132. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 127,
wherein a (secondary) functional response as part of said
mechanism of signal transduction occurs after interaction
between one or more natural and/or synthetic ligands or
co-factors contained in a sample brought into contact with
said vesicle on the one hand and naturally or recombinantly
generated proteins associated with said vesicle on the other.

133. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
said one or more vesicles additionally comprise components
for generation of an experimentally detectable signal.

134. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 133,
wherein said additional components for generation of an
experimentally detectable signal are associated with the
further biological compounds (components) according to
claim 128, these further biological compounds (compo-
nents) being associated with the one or more vesicles as a
component of said bioanalytical reagent.

135. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 133,
wherein said additional components for generation of an
experimentally detectable signal are associated with a recep-
tor.

136. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 133,
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wherein said additional components for generation of an
experimentally detectable signal are parts of fusion proteins
that are associated with said one or more vesicles.

137. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 133,
wherein said additional components for generation of an
experimentally detectable signal are selected from the group
of components formed by absorptive indicators and lumi-
nescent indicators, luminescence labels, luminescent nano-
particles, absorptive indicator proteins and luminescent indi-
cator proteins, such as BFP (“blue fluorescent protein”),
GFP (“green fluorescent protein”) or RFP (“red fluorescent
protein”), artificial luminescent amino acids, radioactive
labels, spin labels, such as NMR labels or ESR labels, ion
indicators, especially pH and calcium indicators, or poten-
tial-dependent indicators, such as potential-dependent lumi-
nescence labels, or redox complexes.

138. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 133,
wherein said additional components for generation of an
experimentally detectable signal are generated from the
same cell from which the vesicle was generated.

139. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 133,
wherein said additional components for generation of an
experimentally detectable signal are inserted into the vesicle
after its formation.

140. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
the functionality of a receptor associated with a vesicle
being a component of said bioanalytical reagent is preserved
upon storage under deep-frozen conditions for a period of at
least one week, preferably of at least one month, especially
preferred for at least one year.

141. A bioanalytical reagent with at least one vesicle,
generated from a living cell, according to claim 113, wherein
it is characterized by a shelf life of at least one week under
sterile conditions in cooled buffer solution, i.e. at a tempera-
ture below ambient temperature, e.g. at 4° C.

142. A method for production of a bioanalytical reagent
with a vesicle generated from a living cell, according to
claim 113, wherein said vesicle was produced from a living
cell comprising at least one receptor, and wherein a mecha-
nism of signal transduction triggered by said receptor in said
living cell is preserved in said vesicle as a component of the
bioanalytical reagent.

143. A method for production of a bioanalytical reagent
with a vesicle generated from a living cell, according to
claim 142, wherein the constriction of said vesicle from said
living cell is effected after application of cytochalasin B
and/or cytochalasin D.

144. A method according to claim 142, wherein said
method comprises the application of shear forces and/or of
centrifugation steps, for example upon exposure to a gradi-
ent of sucrose, and/or the application of chromatographic
steps, for example by separation into fractions of different
size distributions, and/or the application of filtration steps
and/or the application of electrophoretic methods.

145. A method according to claim 142, wherein the
interior of a vesicle produced by said method is free from
cell nucleus material, so that replicative processes do not
occur.

146. A method according to claim 142, comprising the
preservation of a binding capability of said one or more
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receptors to a specific ligand, this binding capability being
present in said vesicle-generating cell and the receptor being
associated with the vesicle as a component of the bioana-
Iytical reagent.

147. A method according to claim 142, wherein the one or
more receptors are selected from the group of signal-trans-
ducing receptors that is formed by plasma membrane recep-
tors, such as ion channel receptors, G protein-coupled recep-
tors (GPCR), orphan receptors, enzyme-coupled receptors,
such as receptors with an intrinsic tyrosine kinase activity,
receptors with an intrinsic serine/threonine kinase activity,
furtheron by receptors for growth factors (peptide hormone
receptors), receptors for chemotactic substances, such as the
class of chemokine receptors, and by intracellular hormone
receptors, such as steroid hormone receptors.

148. A method according to claim 142, wherein said one
or more vesicles produced by this method comprise, besides
said one or more receptors, further biological compounds
(components) from the group that is formed e.g. by G-pro-
teins and G-protein regulators (e.g. rasGAP), enzymes, such
as adenylate cyclases, phospholipases forming intracellular
secondary messenger compounds (e.g. cAMP (cyclic
adenosine monophosphate), cGMP (cyclic guanosine mono-
phosphate), diacyl glycerol (DAG) or inositol triphosphate
(IP3)), enzymes, such as serine, threonine, and tyrosine
kinases, and tyrosine phosphatases that activate or inhibit
proteins by phosphorylation or de-phosphorylation.

149. A method according to claim 142, wherein biologi-
cal, biochemical or synthetic compounds, such as cell sur-
face proteins or cell surface sugars, are associated with the
outer membrane of the one or more vesicles produced by this
method, these compounds being used for the transport of
said vesicle to pre-determined destinations, such as cells
and/or organs and/or pre-determined tissue in a living organ-
ism, and/or for the binding to a biological or biochemical or
synthetic recognition element, which specifically recognizes
and binds said biological or biochemical or synthetic rec-
ognition element.

150. A method according to claim 142, wherein said one
or more vesicles produced by this method additionally
comprise components for generation of an experimentally
detectable signal.

151. A method for production of a bioanalytical reagent
with a vesicle generated from a living cell, according to
claim 142, wherein said vesicle is merged with an artificial
lipid vesicle to form a mixed vesicle.

152. A method according to claim 151, wherein said
mixed vesicle is substantially enlarged in comparison to the
vesicle generated from a living cell, for example to a
diameter of 5 ym-50 um.

153. A method according to claim 151, wherein said
mixed vesicle comprises additional natural and/or artificial
lipids and/or also additional proteins with additional func-
tionalities, in comparison to the vesicle generated from a
living cell.

154. Abioanalytical detection method with a bioanalytical
reagent according to claim 113, wherein said detection
method is selected from the group that is formed, for
example, by optical detection methods, such as refractro-
metric methods, surface plasmon resonance, optical absorp-
tion measurements (e.g. internal reflection methods using a
highly refractive material, in combination with infrared
spectroscopic measurements) or luminescence detection
(e.g. fluorescence correlation spectroscopy), detection of
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energy or charge transfer, mass spectroscopy, electrical or
electrochemical detection methods, such as electrophysiol-
ogy, patch clamp techniques, impedance measurements,
electronic resonance measurements, such as electron spin
resonance or nuclear spin resonance, gravimetric methods
(e.g. electrical crystal balance measurements), radioactive
methods, or by electrophoretic measurements.

155. A bioanalytical detection method according to claim
154, wherein said method is performed in homogencous
solution.

156. A bioanalytical detection method according to claim
154, wherein said method is performed using a measurement
arrangement with at least 2 electrodes and separate com-
partments adequate for receiving liquids, wherein a solid
carrier (preferably as an electrically isolating separation
wall), comprising at least one aperture and separating at least
2 compartments, is located between two electrodes facing
each other, the electrodes being of any geometrical form and
each extending into at least one compartment or being in
contact with at least one compartment.

157. A bioanalytical detection method according to claim
156, wherein said measurement arrangement is provided
with means on one side or on both sides of the carrier which
enable a supply of liquid and/or a storage of liquid and/or an
exchange of liquid and/or the addition of vesicles generated
from a living cell, from a bioanalytical reagent according to
the invention, between carrier and electrode.

158. A bioanalytical detection method according to claim
156, wherein the one or more apertures of said measurement
arrangement have such a diameter that, in the presence of a
potential difference over the measurement arrangement and
mediated by the two or more electrodes, an inhomogeneous
electrical field is generated around the aperture, said field
having an increasing value with decreasing distance from
the aperture and said field being capable of moving vesicles
electrophoretically towards the aperture, said vesicles being
located close to said aperture and generated from a living
cell, from a bioanalytical reagent according to the invention.

159. A bioanalytical detection method according to claim
156, wherein the one or more apertures of said measurement
arrangement have such a diameter that vesicles generated
from a living cell, from a bioanalytical reagent according to
the invention, can be positioned over or within the aperture
by means of a hydrodynamic or electrokinetic flow or by
other mechanical manipulation (e.g. by means of optical
tweezers, force microscope or by a micro manipulator).

160. A bioanalytical detection method according to claim
156, wherein the carrier of said measurement arrangement is
provided with an electrically charged surface which exerts
attractive force on vesicles generated from a living cell, from
a bioanalytical reagent according to the invention, or is
provided with an adhesion promoting layer for binding said
vesicles on its surface.

161. A bioanalytical detection method according to claim
156, wherein vesicles generated from a living cell, from a
bioanalytical reagent according to the invention, are inserted
between separation wall or carrier and electrode into a
compartment filled or not filled with buffer beforehand, and
wherein said vesicles are moved towards the aperture by
means of an electrical potential difference applied to the
electrodes, or are positioned on the aperture by hydrody-
namic or electrokinetic flow and/or are positioned on the
aperture mechanically (e.g. by means of optical tweezers,
force microscope or by a micro manipulator).
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162. A bioanalytical detection method according to claim
156, wherein vesicles generated from a living cell, from a
bioanalytical reagent according to the invention, are posi-
tioned on said aperture, the vesicle membranes form an
electrically close contact with the carrier over the aperture,
and a measurement of the (electrical) membrane resistance
is enabled.

163. A bioanalytical detection method according to claim
156, wherein artificial lipid vesicles with a diameter larger
than the diameter of said aperture are added to at least one
compartment, in order to generate a planar lipid bilayer on
the surface of the carrier and extending over the aperture,
and wherein then vesicles generated from a living cell, from
a bioanalytical reagent according to the invention are added
to said compartment, in order to merge said vesicles with the
generated lipid membrane and to make receptors that are
associated with said vesicles generated from living cells
accessible for electrical or optical measurements.

164. A bioanalytical detection method according to claim
156, wherein membrane proteins are inserted into a vesicle
generated from a living cell, after positioning said vesicle on
an aperture.

165. A bioanalytical detection method according to claim
156, wherein a vesicle generated from a living cell located
over an aperture or a planar membrane generated from said
vesicle and spanning an aperture is accessible for optical
measurements, especially for fluorescence measurements, or
for simultancous optical and electrical measurements, to
which it is subjected.

166. A bioanalytical detection method according to claim
156, wherein a measurement arrangement or a measurement
system with several apertures on one carrier is used, and
wherein measurements on at least two apertures are per-
formed sequentially and/or in parallel.

167. A bioanalytical detection method according to claim
156, wherein a multitude of vesicles generated from living
cells, from a bioanalytical reagent according to the inven-
tion, is arranged in an array on a solid, electrically isolating
carrier, wherein said array of vesicles is brought into elec-
trically isolating contact with an array of patch-clamp pipets
in a geometrical arrangement similar to that of the vesicle
array, in order to enable a simultaneous performance of
electrical measurements independently of each other or
simultaneous electrical and optical measurements on a mul-
titude of individual vesicles.

168. A bioanalytical detection method according to claim
154, wherein the at least one vesicle generated from a living
cell, comprising at least one receptor, from a bioanalytical
reagent according to the invention, is immobilized on the
surface of a solid support.

169. A bioanalytical detection method according to claim
168, wherein a mechanism of a signal transduction triggered
by said receptor in said living cell is retained in a vesicle
generated from the cell after immobilization of the vesicle.

170. A bioanalytical detection method with at least one
vesicle immobilized on the surface of a solid support, the
vesicle being generated from a living cell, from a bioana-
Iytical reagent according to claim 113, comprising at least
one receptor, wherein a mechanism of a signal transduction
triggered by said receptor in said living cell is preserved in
a vesicle generated from the cell after immobilization of the
vesicle.

171. A bioanalytical detection method according to claim
170, wherein vesicles, each comprising at least one receptor,
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are immobilized in discrete measurement areas (d) with one
or more vesicles each on the surface of said solid support.

172. A bioanalytical detection method according to claim
170, wherein vesicles with at least two different kinds of
receptor are immobilized in a multitude of measurement
areas (d), wherein preferably within an individual measure-
ment area always vesicles with a uniform kind of receptor
are immobilized.

173. A bioanalytical detection method according to claim
168, wherein the immobilization of the one or more vesicles
generated from a living cell, on the surface of said solid
support, is performed upon covalent binding or upon physi-
cal adsorption (electrostatic or van-der-Waals interaction or
hydrophilic or hydrophobic interaction or a combination of
these interactions).

174. A bioanalytical detection method according to claim
167, wherein an adhesion-promoting layer is deposited
between the surface of said solid support and the one or
more vesicles immobilized thereon.

175. A bioanalytical detection method according to claim
174, wherein the adhesion-promoting layer comprises a
chemical compound of the group of silanes, epoxides,
functionalized, charged or polar polymers and “self-orga-
nized functionalized mono or multiple layers™.

176. A bioanalytical detection method according to claim
174, wherein the adhesion-promoting layer comprises a
monomolecular layer of mainly one kind of protein, such as
serum albumins or streptavidin, or of modified proteins,
such as biotinylated serum albumin.

177. A bioanalytical detection method according to claim
174, wherein the adhesion-promoting layer comprises self-
organized alkane-terminated monolayers of mainly one kind
of chemical or biochemical molecules.

178. A bioanalytical detection method according to claim
174, comprising association with the adhesion-promoting
layer of biological or biochemical or synthetic recognition
elements which recognize and bind a vesicle generated from
a living cell with surface-associated biological or biochemi-
cal or synthetic components for specific recognition and
binding from the bioanalytical reagent, wherein biological,
biochemical or synthetic compounds like cell surface pro-
teins or cell surface sugars are associated with the outer
membrane of the one or more vesicles, which associated
compounds are used for the transport of said vesicle to
pre-determined destinations, such as cells and/or organs
and/or pre-determined tissue in a living organism, and/or for
the binding to a biological or biochemical or synthetic
recognition element, which specifically recognizes and
binds said biological or biochemical or synthetic recognition
element.

179. A bioanalytical detection method according to claim
154, wherein at least one ligand for a receptor, which is
bound to a vesicle generated from a living cell, from a
bioanalytical reagent according to the invention, is immo-
bilized, optionally by means of a spacer molecule, on the
surface of the solid support.

180. A bioanalytical detection method according to claim
179, wherein at least two different ligands for receptors,
which are bound to a vesicle generated from a living cell,
from a bioanalytical reagent according to the invention, are
immobilized in a multitude of measurement areas (d),
wherein preferably a uniform kind of ligand is immobilized
within an individual measurement area.
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181. A bioanalytical detection method according to claim
179, wherein said ligands are immobilized on the surface of
the solid support upon covalent binding or upon physical
adsorption (e.g. electrostatic or van-der-Waals interaction or
hydrophilic or hydrophobic interaction or a combination of
these interactions).

182. A bioanalytical detection method according to claim
179, wherein an adhesion-promoting layer is applied
between the surface of the solid support and said ligands
immobilized thereon.

183. A bioanalytical detection method according to claim
171, wherein regions between the laterally separated mea-
surement areas, with vesicles, generated from living cells
(from a bioanalytical reagent according to the invention)
immobilized in these measurement areas, or with ligands for
receptors that are bound to vesicles generated from living
cells (from a bioanalytical reagent according to the inven-
tion), and/or regions within these measurement areas,
between the compounds immobilized therein, are “passi-
vated” in order to minimize non-specific binding of analytes
or of their detection reagents, i.e., that compounds which are
“chemically neutral” towards the analyte are deposited
between the laterally separated measurement areas (d) and/
or within these measurement areas (d) between said immo-
bilized compounds, the “chemically neutral” compounds
preferably being composed of the groups that are formed by
albumins, casein, detergents, such as Tween 20, detergent/
lipid mixtures (of synthetic and/or natural lipids), synthetic
and natural lipids or also hydrophilic polymers, such as
polyethylene glycols or dextrans.

184. A bioanalytical detection method according to claim
156, wherein the material of the solid support (carrier) with
immobilized vesicles, generated from living cells (from a
bioanalytical reagent according to the invention), or with
immobilized ligands for receptors that are bound to vesicles
generated from living cells (from a bioanalytical reagent
according to the invention), comprises a material of the
group which is formed e.g. by moldable, sprayable or
millable plastics, carbon compounds, metals, such as gold,
silver, copper, metal oxides or silicates, such as glass, quartz
or ceramics, or silicon or germanium or ZnSe or a mixture
of these materials.

185. A bioanalytical detection method according to claim
156, wherein the surface of said solid support (carrier) is
essentially planar.

186. A bioanalytical detection method according to claim
156, wherein said solid support (carrier) is an optical or
electronic sensor platform.

187. A bioanalytical detection method according to claim
156, wherein said solid support (carrier) is transparent at
least in a region of wavelengths in the ultraviolet to infrared
spectrum and comprises preferably a material from the
group that is formed e.g. by moldable, sprayable or millable
plastics, carbon compounds, metals, metal oxides or sili-
cates, such as glass, quartz or ceramics, or silicon or
germanium or ZnSe or a mixture of these materials.

188. A bioanalytical detection method according to claim
186, wherein said solid support is an optical waveguide used
as a sensor platform.

189. A bioanalytical detection method according to claim
186, wherein said solid support is an optical thin-film
waveguide used as a sensor platform, with an initial opti-
cally transparent layer (a) with refractive index nl on a
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second optically transparent layer (b) with refractive index
n,, wherein n,, wherein n, >n,.

190. A bioanalytical detection method according to claim
188, wherein the sensor platform as a solid support is
divided into two or more discrete waveguiding regions.

191. A bioanalytical detection method according to claim
189, wherein the material of the second optically transparent
layer (b) of the sensor platform as a solid support is selected
from the group that is formed by silicates, such as glass or
quartz, or transparent moldable, sprayable or millable, espe-
cially thermoplastic plastics, such as polycarbonates, poly-
imides, polymethyl methacrylates, or polystyrenes.

192. A bioanalytical detection method according to claim
189, wherein the refractive index of the first optically
transparent layer (a) of the sensor platform as a solid support
is greater than 1.8.

193. A bioanalytical detection method according to claim
189, wherein the first optically transparent layer (a) com-
prises a material of the group of TiO,, ZnO, Nb,O,, Ta,Os,
H{O,, or Zr0,, preferably of TiO, or Ta,O5 or Nb,Os.

194. A bioanalytical detection method according to claim
189, wherein an additional optically transparent layer (b’)
with lower refractive index than layer (a) and with a thick-
ness of 5 nm-10 000 nm, preferably of 10 nm-1000 nm, is
located between the optically transparent layers (a) and (b)
and in contact with layer (a).

195. A bioanalytical detection method according to claim
189, wherein the in-coupling of excitation light into the
optically transparent layer (2) to the measurement areas (d)
on the sensor platform as a solid support is performed using
one or more optical in-coupling elements from the group
formed by prism couplers, evanescent couplers comprising
joined optical waveguides with overlapping evanescent
fields, butt-couplers with focusing lenses, preferably cylin-
drical lenses, arranged in front of a front face (distal end) of
the waveguiding layer, and grating couplers.

196. A bioanalytical detection method according to claim
189, wherein the in-coupling of excitation light into the
optically transparent layer (a) to the measurement areas (d)
is performed using one or more grating structures (c) that are
formed in the optically transparent layer (a).

197. A bioanalytical detection method according to claim
156, wherein one or more liquid samples, comprising
vesicles generated from living cells (from a bioanalytical
reagent according the invention), with associated receptors,
are brought into contact with the ligands for these receptors,
immobilized In one or more measurement areas, and
wherein a signal change caused by a binding of the receptors
associated with said vesicles to their immobilized ligands is
measured.

198. A bioanalytical detection method according to claim
197, wherein the signal transduction of receptors associated
with vesicles generated from living cells (from a bioana-
Iytical reagent according to the invention) after binding of
these receptors to their immobilized ligands, is measured,
wherein this signal transduction can be triggered, for
example, by binding of further ligands to the receptors
associated with said vesicles, or by other inducing influ-
ences.

199. A bioanalytical detection method according to claim
197, wherein the binding of receptors that are associated
with vesicles generated from living cells (from a bioana-
Iytical reagent according to the invention) to said immobi-
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lized ligands occurs in competition with the binding of these
receptors associated with said vesicles to ligands in free
solution.

200. A bioanalytical detection method according to claim
156, wherein one or more liquid samples are brought into
contact with the vesicles, which are generated from living
cells (from a bioanalytical reagent according to the inven-
tion) and immobilized in one or more measurement areas,
along with their associated receptors, and wherein a signal
change resulting from the binding of ligands to said recep-
tors or from other inducing influences on said receptors is
measured.

201. A bioanalytical detection method according to claim
156, wherein one or more liquid samples are brought into
contact with the vesicles, which are generated from living
cells (from a bioanalytical reagent according to the inven-
tion) and immobilized in one or more measurement areas,
along with their associated receptors, and wherein the signal
transduction of those receptors resulting from the binding of
ligands to said receptors or from other inducing influences
on said receptors is measured.

202. A bioanalytical detection method according to claim
200, wherein the binding of ligands from a supplied sample
to receptors that are associated with the immobilized
vesicles generated from living cells (from a bioanalytical
reagent according to the invention) occurs in competition
with the binding of these ligands to receptors in free solution
which are optionally associated with vesicles.

203. A bioanalytical detection method according to claim
197, wherein one or more liquid samples, comprising
vesicles generated from living cells (from a bioanalytical
reagent according to the invention) with associated recep-
tors, are brought into contact with the ligands for these
receptors, the ligands being immobilized in one or more
measurement areas, excitation light from one or more light
sources of similar or different wavelengths is in-coupled to
the measurement areas (d) by one or more grating structures
(¢), and the change of optical signals emanating from one or
more measurement areas (d), caused by a binding of the
receptors associated with said vesicles to their immobilized
ligands, is measured.

204. A bioanalytical detection method according to claim
200, wherein one or more liquid samples are brought into
contact with the vesicles immobilized in one or more
measurement arcas (d), along with their associated recep-
tors, excitation light from one or more light sources of
similar or different wavelengths is in-coupled to the mea-
surement areas (d) by one or more grating structures (c), and
the change of optical signals emanating from one or more
measurement areas (d), caused by the binding of the ligands
to said receptors or by other inducing influences on said
receptors, is measured.

205. A bioanalytical detection method according to claim
204, wherein said changes of optical signals from the
measurement areas (d) are caused by changes of the effective
refractive index in the near-field of the optically transparent
layer (a) in these measurement areas and are measured at the
actual excitation wavelength.

206. A bioanalytical detection method according to claim
204, wherein said changes of optical signals from the
measurement areas (d) are changes of one or more lumines-
cences of similar or different wavelength, which have been
excited in said measurement areas in the near-field of the
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optically transparent layer (a), and which are measured each
at a wavelength different from the corresponding excitation
wavelength.

207. A bioanalytical detection method according to claim
204, wherein the one or more luminescences and/or mea-
surements of light signals at the excitation wavelength are
determined polarization-selectively, wherein preferably the
one or more luminescences are measured at a polarization
that is different from the polarization of the excitation light.

208. A bioanalytical detection method according to claim
154, for the simultaneous or sequential, quantitative and/or
qualitative determination of one or more analytes from the
group of receptors or ligands, chelators or “histidine tag
components”, enzymes, enzyme co-factors or inhibitors.

209. A bioanalytical detection method according to claim
154, wherein the samples to be examined are, for example,
aqueous solutions or surface water or soil or plant extracts
or bio- or process broths, or are taken from biological tissue
fractions or from food, or odorous or flavoring substances or
cosmetic compounds.

210. The use of a vesicle as a component of a bioana-
Iytical reagent according to claim 113 for the enrichment of
membrane receptors or for the enrichment of proteins (such
as antigens) triggering an immunological response in a two-
or three-dimensional phase, which can then e.g. be admin-
istered to living organisms (e.g. to stimulate immune
defense processes).

211. The use of a vesicle, as a component of a bioana-
Iytical reagent according to claim 113 as a compartment for
therapeutic, diagnostic, photosensitive or other biologically
active compounds for administration to a living organism.

212. The use of a bioanalytical reagent according to claim
113 for investigating receptor-ligand interactions, especially
for determining the binding strength and kinetic parameters
of these interactions between a receptor and its ligand, or for
determining the channel activity of an ion channel receptor
after ligand binding or other inducing influences on said
receptor, or for determining the enzymatic activity of
enzymes associated with a vesicle, as a component of a
bioanalytical reagent according to the invention, or for
determining secondary messenger compounds after ligand
binding to a receptor resulting in a signal transduction, or for
determining protein-protein interactions, or for determining
protein kinases.

213. The use of a bioanalytical reagent according to claim
113 for quantitative and/or qualitative analyses for deter-
mining chemical, biochemical or biological analytes in
screening methods in pharmaceutical research, combinato-
rial chemistry, clinical and pre-clinical development, for
real-time binding studies and for determining kinetic param-
eters in affinity screening and in research, for qualitative and
quantitative analyte determinations, especially for DNA-
and RNA analytics, for generation of toxicity studies and for
the determination of expression profiles, and for determining
antibodies, antigens, pathogens or bacteria in pharmaceuti-
cal product development and research, human and veteri-
nary diagnostics, agrochemical product development and
research, for symptomatic and pre-symptomatic plant diag-
nostics, for patient stratification in pharmaceutical product
development and for therapeutic drug selection, for deter-
mining pathogens, nocuous agents and germs, especially of
salmonella, prions and bacteria, in food and environmental
analytics, and for analysis and quality control of odorous and
flavoring substances.
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214. The use of a bioanalytical detection method accord-
ing to claim 154 for investigating receptor-ligand interac-
tions, especially for determining the binding strength and
kinetic parameters of these interactions between a receptor
and its ligand, or for determining the channel activity of an
ion channel receptor after ligand binding or other inducing
influences on said receptor, or for determining the enzymatic
activity of enzymes associated with a vesicle, as a compo-
nent of a bioanalytical reagent according to the invention, or
for determining secondary messenger compounds after
ligand binding to a receptor resulting in a signal transduc-
tion, or for determining protein-protein interactions, or for
determining protein kinases.

215. The use of a bioanalytical detection method accord-
ing to claim 154 for quantitative and/or qualitative analyses
for determining chemical, biochemical or biological ana-
lytes in screening methods in pharmaceutical research, com-
binatorial chemistry, clinical and pre-clinical development,
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for real-time binding studies and for determining kinetic
parameters in affinity screening and in research, for quali-
tative and quantitative analyte determinations, especially for
DNA- and RNA analytics, for generation of toxicity studies
and for the determination of expression profiles, and for
determining 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 therapeutic drug selection, for
determining pathogens, nocuous agents and germs, espe-
cially of salmonella, prions and bacteria, in food and envi-
ronmental analytics, and for analysis and quality control of
odorous and flavoring substances.
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