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Capsules encapsulating solid particles of signal-
generating organic substances and their use in in-
vitro biocassays for detection of target molecules in

a sample

The present invention refers to capsules encapsulating
solid particles of signal-generating organic substances
and carrying on the outer surface affinity molecules
for specific recognition of and binding to target
molecules in a sample. The invention is directed to the
use of these capsules for signal production in the
optical, electrochemical or chemical detection of
target molecules. To obtain a signal the signal-
generating organic substances are released and

dissolved. A detection method and a kit are provided.

Bioassays 1like enzyme-linked immunoassays (ELISA),
radioimmunoassays (RIA), fluorescence  immunoassays
(FIA) or immuno agglutination assays are well known in
the art and play an important role in the detection of
analytes in medical diagnosis, environmental analysis
and food analysis. Bioassays are Dbased on the
interaction of a labelled biomolecule with an analyte
to be detected. The label acts as an instrument to
visualize the interaction. Different kinds of labels

are known: enzymes in ELISAs, radio isotopes in RIAs,
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fluorophores in FIAs, liposomes, latex particles in
immuno agglutination assays as well as dyes, mediators,

gold particles and DNA.

The most important requirements for bioassays are
specificity and sensitivity. The specificity is
determined by the biorecognition molecule, e.g. the
matching of the binding site of an antibody to its
antigen (analyte) or the  hybridisation of two
complementary nucleic acid strands. The sensitivity of
an bioassay is also influenced by the biorecognition
molecule due to its affinity constant of its biointer-
éction. The label acts as a marker for the biomolecule
and can be measured with different techniques: i)
optically by the measurement of the absorption of a dye
or the fluorescent 1light emitted by fluorophores or
turbidimetric by the light scattering of agglutinated
latex particles, 1ii) radiocactively by the measurement
of radio isotopes, 1iii) electrochemically by the

measurement of mediators or electroactive substances.

The sensitivity of the bioassay is strongly determined
by the nature of the label and the detection technique
employed to measure the label concentration. The RIA
technology, which is using radio isotopes as labels, is
still the most sensitive method. This very powerful
technique was introduced in 1959 by Yalow and Berson
and represented a new era in analytical chemistry,
diagnostics and medicine. Nevertheless this technique

has the drawback that the risk of dangerous contami-
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nations of people and environment can not be reduced to

zero due to the radioactive isotopes used.

Therefore, non-radiocactive methods were develqped and
improved with the aim to reach a comparable
sensitivity. The importance of the optical methods
based on fluorescence, luminescence and absorption
spectroscopy was strengthened over the time and is

still growing.

The ELISA téchnology uses enzymes as markers to amplify
the signal. After the biocassay is performed, the
biointeraction of the analyte and the probe is
amplified by the production of a high number of dye
molecules by one enzyme marker molecule. Enzymes like
glucose oxidase (GOD, EC 1.1.3.4.), alkaline phospha-
tase (AP, EC 3.1.3.1) or peroxidase (POD, EC 1.11.1.7)
with turnover numbers of 2000 substrate molecules per
second (s™), 5.000 s and 10.000 s respectively, are
used. Drawbacks of the ELISA technique are the high
number of steps involved in the procedure and the

additional time needed for substrate incubation.

Fluorescence methods are also employed in bioanalytics
over years. They are of high interest. All fluorescence
based techniques ensure a good sensitivity and a low
detection limit of 10® to 10™ M. Special technigues,
e.g. "time resolved fluorescence", chemi- and biolumi-
nescence or techniques based on the energy transfer

between a dye and a fluorophore molecule can reach
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detection limits of 10™ to 107'® M.

The fluorescence-immunoassays known in the prior art
use low molecular fluorescent labels with reactive
functional 1linker groups (SOUTHWICK, P.L., et al.,
Cytometry, 11, pp.418-430,. 1990, MUJUMDAR, R.B., et
al., Bioconjugate Chemistry, 4, pp.105-111, 1993,
MUJUMDER, R.B., et al., Cytometry, 10, pp.1l1-19, 1989),
fluorescent and dye coloured particles (US 4.837.168;
US 6.013.531; WO 95/08772) or fluorophore spiked
dendrimeres (DE 197 03 718).

It is also known from the prior art to employ marker-
loaded liposomes for signal amplification in immunoas-
says (US 5.756.362, 4.874.710, 4.703.017). The sensivi-
ty of these methods is limited by the limitation of the
amount of marker substances which may be incorporated
into the liposomes only in solubilized form. A further
drawback of using labelled liposomes is the limited

stability of liposomes.

It was the object of the present invention to provide a
detection method for target molecules in a sample which
ensures a very good sensitivity, a low detection limit
and an enhancement of the detection signal related to
the amount of the target molecule in cbmparison with
the methods known in the prior art. Preferably, the
method of the invention should be suited for optical

detection, especially in fluorescence immunoassays.
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It was a further object of the invention to provide a
kit for optical, electrochemical or chemical detection

of target molecules.

It was also an object of the invention to provide
labelled biomolecules which are easy to prepare and
applicable in the bioassays of the invention, prefer-

ably in fluorescence immunoassays.

The problem underlying the invention is solved by a
method for optical, electrochemical or chemical
detection of one or more target molecules in a sample
using affinity-based interactions between the target
molecule and an . affinity' molecule for specific

recognition of the target molecule comprising the steps

i) incubating the target molecules with capsules
encapsulating solid particles of organic signal-
generating substances and carrying on their outer
surface the corresponding affinity molecules,

ii) separating the resulting target-affinity molecule
complex from the capsules with unreacted affinity
molecules on their surface,

iii) releasing and dissolving the encapsulated solid
particles of the signal-generating substances by

treating the obtained target-affinity complex with
physical or chemical means,

iv) detecting or quantifying the signal which 1is
generated by the released and dissolved signal-

generating substances and which is directly or

PCT/EP01/09114
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indirectly related to the amount of the target

molecules.

Due to the capsules of the invention which encapsulate
solid organic signal-generating substances in high
quantities and which are released and dissolved during
the detection process a high signal amplification is

achieved.

The capsules according to claims 1 to 19 are also an

object of the invention.

According to the invention the capsules carry affinity
molecules on the outer surface which specifically
recognize and bind to the target molecules. By “target
molecule” is meant the analyte to be detected or the
analyte linked to a molecule which is capable to bind

to the affinity molecules on the capsule surface.

Depending on the target molecules to be detected the
affinity molecules are selected £from the group of
peptides or proteins, nucleic acids, carbohydrates,
ligands with low molecular weight and molecular
imprinted polymers (MIPs) or mixtures thereof. As
peptides or proteins antibodies, receptors, aﬁtigens,
lectins, avidins, oligopeptides, lipopoteins, glycopro-
teins, peptide hormones and allergenes or parts thereof
may be wused. The nucleic acids which may also be
affinity molecules on the capsule surface are selected

from the group of single or double stranded DNA, RNAs,
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oligonucleotides, ribozymes, aptamers and  parts
thereof. Also carbohydrates which are selected from the
group of mono, oligo and polysaccharides, glycolipids,
proteo-polysaccharides and parts of thereof may be the
affinity molecules. In accordance with the invention
low molecular weight ligands are biotin or biotin
derivatives, a steroid or hormone, a cofactor or
coenzyme, activator, inhibitor, pseudosubstrate or
prosthetic group of an enzyme, a drug, a pesticide, an

allergen or digoxine or a haptene.

The affinity molecules are conjugated to the outer
surface of the capsules, e.g. by van der Waals forces,
hydrogen bonds or electrostatic interactions, or they
are directly or via linker molecules covalently bound
to the outer surface of the capsules, where the linker
molecule is usually a biomolecule, preferably avidin,
streptavidin, neutravidin, protein A, protein G, lectin

or a low molecular crosslinker.

The capsules encapsulating solid signal-generating
organic substances which are wused in the detection
method of the invention are prepared by treating low
water soluble or water insoluble uncharged solid
signal-generating organic substances with an aqueous
solution of an ionic detergent whereby the amphiphilic
substance 1is arranged on the surface of the solid
signal—generating substances rendering them susceptible
to the subsequent coating with a layer of a charged

polyelectrolyte or with a multilayer comprising
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alternating layers of oppositely charged
polyelectrolytes or rendering them susceptible to the
subsequent coating with a single layer of a substance
bearing functional groups for covalent coupling of a
second layer or multiple layers.

The solid particles in the suitable size are generated
by different well known methods, e.g. milling or spray

drying.

In the first step of the process the uncharged solid
signal-producing organic particles are treated with an
amphiphilic substance, which imparts an electrical
charge on the surface of the particle material. The
treatment of the solid signal generating particles with
the surfactant is also possible during a wet milling

process.

In the second step the particles coated with amphi-
philic substance are coated with a polyelectrolyte
which is oppositely charged with respect to the surface
of the particle materials. For the formation of
multilayers the signal-producing particles are subse-
quently treated with oppositely‘ charged polyelectro-
lytes, i.e. alternatingly with cationic and anionic
polyelectrolytes. Polymer layers self-assemble onto the
pre-charged solid témplates by means of electrostatic
layer-by-layer deposition, thus forming a multilayered
polymeric shell around the solid cores.

The second step can also be performed by a single layer

of substances bearing functional groups for covalent
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coupling of a second or more layers not using

electrostatic deposition.

In a last step the surface of the obtained capsules is
modified with affinity molecules in accordance with the
target molecule which should be detected (compare
Fig. 1) . According to the invention the capsules are
incubated with the affinity molecules, e. g.
immunoglobulines. In an other embodiment of the
invention the affinity molecules are covalently bound
to the capsules by chemical reactions, e. g. after
EDC/NHS activation of the particles with an outermost
layer of the poly-electrolyte polyacrylic acid or

alginic acid.

It is also possible to react the affinity molecules
with linker molecules which have at 1least two
functional groups and are able to bind to the capsule
and to the affinity molecule, e. g. by using a homo- or
hetero bifunctional crosslinker 1like DSS, DTSSP or

SMCC, MBS, respectively.

The described encapsulation process allows to include a
wide range and high amounts of signal-generating
organic substances (10’ to 10° molecules per particle,
de?ending on the size and density of the particle and
the molecular weight of the substance). Depending on
the desired detection method low molecular substances
selected from fluorophores, luminophores, chromophores,

enzyme substrates, prosthetic groups, or redox active
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substances selected from redox mediators, electrode-
active substances, metal salts may be encapsulated.
Also high molecular substances selected from the group
of enzymes and their precursors, bioluminogenic and
fluorogenic proteins, nucleic acids, ribozymes and
aptamers may be the signal-generating substances which

are encapsulated.

According to the invention the encapsulated solid
particles of signal-generating substances are crystals,
amorphous or lyophilised particles, spray dried
particlés, milled particles or mixtures thereof. In a
preferred embodiment of the invention the encapsulated
solid particles have a particle size from 10 nm to 10

um, preferably smaller than 1 pum.

To prepare the capsules of the invention as amphiphilic
substance any substance can be used which has ionic
hydrophilic and hydrophobic groups. Preferably, ionic
surfactants, phospholipids and/or amphiphilic polyelec-
trolytes are used. Amphiphilic polyelectrolytes, for
example, are polyelectrolytes comprising a charged
group as hydrophilic group and a hydrophobic group,
e.g. aromatic groups. It is preferred to use a cationic
or/and anionic surfactant. Examples of suitable
cationic surfactants are quaternary ammonium salts

(R,N'X"), especially didodecyldimethylammonium bromide

(DDDAB) , alkyltrimethylammonium bromides, especially

dodecyltrimethylammonium bromide or palmityl trimethyl-
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ammonium bromide or N-alkylpyridinium salts or tertiary
amines (R,NH'X"), especially cholesteryl-3p-N- (dimethyl-
aminoethyl) -carbamate or mixtures thereof, wherein X~
means a counteranion, e.g. a halide. Examples of
suitable anionic surfactants are alkyl sulfonate (R-
SO;M) , especially dodecyl sulfate, e.g. sodium dodecyl
sulfate (SDS), lauryl sulfate or olefin sulfonate (R-

SO;M) , especially sodium-n-dodecyl-benzene sulfonate or

alkyl sulfates (R-0OSO;M) or fatty acids (R-COOM),

especially dodecanoic acid sodium salt or phosphoric
acid or cholic acids or fluoroorganics, especially
lithium-3-[2- (perfluoroalkyl)ethylthiol propionate or
mixtures thereof. Particularly preferred are
surfactants having 6 to 30 carbons in their alkyl or

olefin groups.

Further, it is preferred to use a polymeric substance
which provides charged groups and hydrophobic sites as
amphiphilic substance. In a preferred embodiment

poly (styrene sulfonate) (PSS) is used.

Polyelectrolytes, generally, are understood as polymers
having ionically dissociable groups, which can be a
component or substituent of the polymer chain. Usually,
the number of these ionically dissociable groups in
polyelectrolytes 1is so large that the polymers in
dissociated form (also called polyions) are water-
soluble. The term polyelectrolytes is understood in

this context to cover alsoc ionomers, wherein the
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concentration of ionic groups is not sufficient for
water-solubility, however, which have sufficient
charges for undergoing self-assembly. However, the
shell preferably comprises. “true” polyelectrolytes,
i.e. water-soluble polyelectrolytes. Depending on the
kind of <dissociable groups ©polyelectrolytes are

classified as polyacids and polybases.

Dissociated polyacids form polyanions, with protons
being split off, which can be inorganic, organic and
biopolymers. Examples of polyacids are polyphosphoric
acid, polyvinylsulfuric acid, polyvinylsulfonic acid,
polyvinylphosphonic acid and polyacrylic acid. Examples
of the correspoding salts which are also called
polysalts, are polyphosphate, polysulfate,
polysulfonate, polyphosphonate and polyacrylate.

Polybases contain groups which are capable of accepting
protons, e.g. by reaction with acids, with a salt being
formed. Examples of polybases having dissociable groups
within their backbone and/or side groups are
polyallylamine, polyethylimine, polyvinylamine and
polyvinylpyridine. By accepting protons polybases form

polycations.

Suitable according vto the invention are also
biopolymers such as alginic acid, gummi arabicum,
nucleic acids, pectins, peptides, proteins and others
as well as chemically modified biopolymers such as

carboxymethyl cellulose and lignin sulfonates as well
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as synthetic polymers such as polymethacrylic acid,
polyvinylsulfonic acid, polyvinylphosphonic acid and
polyethylenimine.

Linear or branched polyelectrolytes can be used. Using
branched polyelectrolytes leads to less compact
polyelectrolyte multilayers having a higher degree of
wall porosity. To increase capsule stability
polyelectrolyte molecules can be crosslinked within
or/and between the individual layers, e.g. by cross-

linking amino groups with aldehydes.

Basically, there are no limitations with regard to the
polyelectrolytes and ionomers, respectively, to be
used, as long as the molecules bear sufficiently high
charge or/and are capable of binding with the layer
beneath via other kinds of interactions, e.g. hydrogen

bonds and/or hydrophobic interactions.

Suitable polyelectrolytes, thus, are both low-molecular
polyelectrolytes and ©polyions, respectively, e.g.
having molecular weights of a few hundred Daltons, up
to macromolecular polyelectrolytes, e.g. polyelectro-
lytes of biological origin, having a molecular ‘weight

of several thousand to million Daltons.

Further examples of an organic polymer as bioelec-
trolyte are biodegradable polymers such as polyglycolic
acid (PGA), polylactic acid (PLA), polyamides, poly-2-
hydroxy-butyrate (PHB) , ﬁolycaprolactone (PCL) ,

PCT/EP01/09114
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poly(lactic-co-glycolic)acid (PLGA) , fluorescent-
labelled polymers, conducting polymers, liquid crystal
polymers, photoconducting polymers, photochromic
polymers and their copolymers and/or mixtures thereof.
Examples of biopolymers preferred as polyelectrolyte
are polyamino acids, in particular peptides, S-layer
proteins, polycarbohydrates such as dextrin, pectin,
alginate, glycogen, amylose, chitin, chondrotin, hyalu-
ronic acid, polynucleotides, such as DNA, RNA,
oligonucleotides or/and modified biopolymers such
carboxymethyl cellulose, carboxymethyl dextran or
lignin sulfonates. Preferred examples of inorganic
polymers as polyelectrolyte are polysilanes, polysil-
anoles, polyphosphazenes, polysulfazenes, polysulfides

and/or polyphosphates.

It is also possible to deposit charged nanoparticles or

biomolecules as capsule material.

The preparation of the capsules of the invention is
preferably carried out so that excess material of the
starting substances used in the individual steps is
separated after each treatment step.

For example, an aqueous dispersion of the template
particles is formed first, to which an aqueous solution
of the amphiphilic substancé is added. After separating
any excess amphiphilic molecules a first
polyelectrolyte species is then added to build up the
first polyelectrolyte shell. After separating any

excess polyelectrolyte molecules the oppositely charged

PCT/EP01/09114



10

15

20

25

30

WO 02/12888

15

polyelectrolyte species used for building up the next
layer is then added. Subsequently, oppositely charged
layers of polyelectrolyte molecules are applied in
turn, where for each layer having the same charge
identical or different polyelectrolyte species or
mixtures of polyelectrolyte species can be selected and
between each incubation step a purification step is
carried out. Strategies for coating the capsules with
affinity molecules are described in example 4. In
accordance with the invention the binding of
biotinylated molecules to avidin precoated capsules is

preferably employed.

In a further embodiment of the invention a single layer
of substances (e.g. proteins, peptides, nucleotides,
DNA, RNA) bearing functional groups ( e.g. -COOH, -NH,,
-SH) 1s coated onto the solid organic particles having
the amphiphilic substance on their surface for covalent

coupling of a second or multiple substances being

polyelectrolytes or other substances (proteins,
peptides, nucleotides etc.) bearing functional groups
like for instance -COOH, -NH,, -SH and so forming a

second layer or more layers being covalently linked.
According to this embodiment of the invention the
substances Dbearing functional groups are organic
polymers, biopolymeré or mixtures thereof, preferably
substances bearing -COOR, -NRR), -SR, -OR, -SSR,
-C(O)R, -OC(OH)RR' or -SC(0O)R groups, wherein R and R'
are independently from one another hydrogen or a linear

or branched alkyl group. These substances may also be
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polyelectrolytes bearing said functional groups and
thus allowing adsorption and/or covalent linking of

suited substances to form a or more further layers.

According to the invention the capsules prepared as
described above are excellently applicable in in-vitro
biocassays for optical, electrochemical or chemical
detection of target molecules. In a first step of the
detection method of the invention the target molecules
are incubated with the capsules of the invention
carrying on the outer surface affinity molecules which
specifically recognize the target molecules for a time
sufficient to result in a target-affinity molecule
complex. In a preferred embodiment of the invention the
target molecules are bound directly or wvia another
affinity molecule to a solid phase, e.g. a microtiter

plate or a nitrocellulose pad.

In the second step of the detection procedure the
resulting target-affinity molecule-capsule complex is
separated from the unreacted affinity molecules, that
means from the capsules with wunreacted affinity

molecules on their surface.

In the next process step the encapsulated solid
particles of the signal-generating organic substances
are released from the capsules into medium using
physical or chemical means. In an embodiment of the
invention the release is achieved by adding reagents

which are suitable for dissolving the uncharged solid
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core substances, e.g. an organic solvent in which the
material is soluble or an acid or alkaline solvent

According to the invention, dissolution of the template
particles can be effected in a gentle manner during a
short incubation period, e.g. 1 min to 1 h at room
temperature. The templates disintegrate almost comple-
tely, as no residue of the particles can be detected
any longer even when inspecting the remaining shells by
an electron microscope. In a preferred embodiment the
capsules are treated with an organic solvent or with an
enzyme or ribozyme or by changing the pH value or ionic
strength value. Preferred organic solvents which may be
employed are selected from the group of alcohols,
especially ethanol and methanol, ketones, especially
acetone, esters, especially ethylester, aromates,
especially toluene, sulfoxides, especially DMSO and
ethers, especially dimethylether, chloroform or £from
mixtures of organic solvents with one another or with

water.

The disintegration of the encapsulated solid signal-
generating substances may also be achieved by physical
means, preferably by ultrasonic disintegration, elec-

tric impulse or osmotic shock.

The last step of the detection method of the invention
encompasses the detection or the measurement of the
signal which is generated by the released and dissolved

signal-generating organic substances and which is
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directly or indirectly related to the amount of the

target molecules.

In one embodiment of the invention the detection of omne
or more target molecules in a sample may be carried out
in a fluorescence immunocassay. In this case, the
encapsulated signal-generating substances are fluoro-
phores, e.g. cyanine, carbocyanine, rhodamine, xanthene
and diazo-dye based fluorescent substances as well as
small fluorescent aromatic and heteroaromatic molecules
such as perylene, pyrene, phenanthrene and oxazol. A
condensed description of more than 500 dyes, including
fluorophores, is given in: The Sigma-Aldrich Handbook
of Stains, Dyes and Indicators; Floyd J.Green; Aldrich

Chemical Company Inc., 1991.

The fluorescence immunoassay is a preferred embodiment
of the present invention. Due to the possible encapsu-
lation of high amounts of solid fluorophore particles a
high fluorophore/affinity molecule ratio is achieved.
Due to the dissolution in a volume of solvent a high
quantum yield is obtained. No quenching effects occur.
As it is seen for instance from Example 3 and Fig. 5 of
the present description a remarkable fluorescence sig-

nal amplification is detectable after releasing and

>dissolving the fluorophore particles from the capsules

of the invention.

In a further embodiment of the invention the detection

of one or more target molecules in a sample may also be
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carried out with a visible dye encapsulated in the
capsules of the invention, preferably cyanine,
pyrazolone, anthraquinone, anthroloine, carbocyanine,
rhodamine, xanthene, . carotenoid and diazo- and
monoazo, oxazine, indigoid, riboflavine based dye
substances as well as small fluorescent aromatic and
heteroaromatic molecules such as perylene, pyrene,

phenanthrene and oxazol.

In a further embodiment of the invention the detection
may be carried out similar td an ELISA and an enzyme,
e.g. horse-radish peroxidase or glucose oxidase, is the
encapsulated signal generating substance. The
corresponding substrate may be contained in the
rupturing buffer, used for the destruction of the

capsules and release of the enzyme.

According to the invention immunoagglutination of
capsules 1is a suitabie way to precipitate capsules
bound to an analyte and separate them from unreacted
capsules, that means capsules not bound to a target

molecule or analyte.

The present invention further provides a method for
detecting or quantifying an analyte (or analytes) using
an electrochemical detection of an electroactive
substance, an electro-inactive enzyme substrate or an

enzyme as signal-generating substances.

The electrochemical measurement 1is performed with a
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sensor system comprising a working, vreference and
counter electrode and an electrolyte golution. This can
be micro or macro thick-film, thin-film electrodes or
conventional rod electrodes. In the amperometric
approach, a potential is established allowing the
reduction or oxidation of the electroactive substance.
In the potentiometric apbroach, the electrochemical
device described above is used wunless it has an
indicator and reference electrode combined and measures
the =~ potential shift caused by an electfoactive

substance (e.g. iomns).

In amperometry, well-known mediators might be used as
electroactive substances being oxidized or reduced at
low potential. Depending on the nature of the analyte,
the working electrode carries antibodies or antigens
immobilized by different methods to the electrode
surface or to a membrane covering the surface of the

working electrode.

In the case of detecting a high-molecular antigen (for
example, the early infarction marker Fatty Acid-Binding
Protein, FABP), catcher antibodies against the antigen
(FABP) are immobilized at the working electrode. A
blood, plasma or serum sample (containing the antigen
FABP) is added to the electrode together withrcapsules
containing solid electroactive substances encapsulated
and detector antibodies against antigen (FABP) at the
capsule surface. The substances form a “sandwich” at

the working electrode: catcher antibody - antigen (FABP)
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- detector antibody - encapsulated electroactive
gsubstance. After this, the electrode system is washed
with neutral buffer to wash away unbound substances and
sample constituents and organic solvents (e. g.'DMSO or
ethanol) are added to facilitate the release and
dissolution of the electroactive substance near the
electrode surface. A huge oxidation current 1is
generated being proportional to the amount of
electroactive substance released. The sensor system can
be calibrated before use by different amounts of
antigen and equal amounts of encapsulated electroactive

substances.

The sensitivity of the assay can be even more increased
if an enzyme in solid state is being encapsulated (for
example, alkaline phosphatase, AP) for signal gene-
ration. An electrode-inactive substrate (like p-amino
phenylphosphate, pAPP) 1is added in high concentration
together with the rupturing reagent to release the
enzyme. The product (p-aminophenol) is formed
enzymatically, Dbeing oxidized subsequently at the

working electrode.

For low-molecular antigens (haptens) which do not allow
formation of sandwich configurations, the described
gystems can be used, 1f a competition principle is
applied. In this case, the capsules have to be
labelled by the antigen (or antigen analogue) and have
to compete for the antibody bound to the surface of

the working electrode. It can also be performed by
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binding the antigen (or antigen analogue) to the
electrode and using antibody-labelled capsules which
will then compete for the free analyte (antigen) (to be
detected) and the antigen bound to the surface. In both
cases, the electrode signal will be indirectly
proportional to the analyte concentration (similar to

ELISA and RIA).

In a further embodiment of the invention the capsules
carry a chemical substance which can act as a catalyst
(e.g. dibenzoylperoxide for the initiation of a
polymerizatioﬁ reaction of a monomer, e.g. acrylic
acid) or an educt for a chemical reaction (e.g. a
coupling reagent for a diazonium salt formation being
suitable to react in a diazonium reaction to form a dye

or fluorescent product) .

Further, the invention provides an immunochromato-
graphic method (lateral flow test) for detecting or
quantifying an analyte. As an example a higher-
molecular antigen like FABP is selected which has to be

detected in a plasma sample.

The sample is added to one end of an absorbent material
of the testing device. The fluid is migrating to the
other end by capillary forces enhanced by a sucking pad’
positioned at the other end. Detector antibodies
labelled with capsules (containing the solid signal-
generating substance) are loosely bound in excess at

the starting point of the testing device.
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The signal-generating substance can be a fluorescent
dye, a visible dye, a bioluminescent or

chemiluminescent material, or an enzyme.

The antigen (FABP) from the sample is interacting with
the detector antibodies and migrating to the other end
of the device carrying along the capsules. A sandwich
is formed with catcher antibodies in the indicator
region (dot or stripe) mnear the sucking pad. Here,
catcher antibodies are more or less tightly bound to
the absorbent material and therefore cannot migrate.
The more analyte is present in the sample, the more
sandwich structures are formed and the more capsules
are bound in the indicator region. The signal-
generating substance can be released by dipping the
whole device into solvent (e.g. ethanol) or by dropping
on solvent to the indicator region or by incorporating
a capsule-lysing solvent into the device. The signal
generated almost immediately can be detected with naked
eye or, for quantification, using an optical reading
device. In case of signal-gerneration by enzymes the

according substrates have to be added.

A control region is placed behind the indicator regiomn.
It shows whether the dipstick is properly working and
containg antibodies (a dot or stripe) tightly bound to
the absorbent material and directed against detector

antibodies. In any  case, a part of the detector
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antibodies (being labelled with capsules) is not bound
to the indicator region and proceeds with migrating.
The control signal will be released at the same time as
in the indicator regiom. Instead of the anti-detector
antibodies, also the tightly-bound antigen (or antigen

analogues) may be used for creating the control signal.

The dipstick can be modified for low-molecular
substances using the competition principle. Instead of
lateral flow, also a vertical flow device can be
constructed. If several antigens are to be measured,
the appropriate antibodies have to be wused and
different signal-generating substances have to be used

for the different analytes accordingly.

The invention also relates to a kit for optical,
electrochemical or chemical detection of target mole-
cules in a sample comprising capsules encapsulating
solid particles of signal-generating organic substances
and carrying on the outer surface affinity molecules
for specific recognition and binding to a target
molecule. These capsules also may be supplied in
lyophilized form, from the user easy to reconstitute
with water. Optionally, the kit may also contain a

dipstick as described above.

In a further embodiment the kit of the invention

comprises
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a) capsules encapsulating solid particles of signal-
generating organic substances being designated to
bind affinity molecules

b) agents for the modification of affinity molecules to
make them suitable to bind to the surface of the
capsules

c) agents for performing the binding reaction between

the capsules and the affinity molecules.

In a specially preferred variant of this embodiment the
capsules a) may contain a dye and are chemically
preactivated, e.g. by carrying N-succinimide activated
esters on their surface for the covalent coupling to an
affinity molecule, e.g. immunoglobulines. As agents Db)
the kit .may contain e.g. biotinylation reagents (3-
sulfo-N-hydroxy succinimide biotin) for the biotinyla-
tion of an affinity molecule, making it suitable to
bind to avidin precoated capsules. As agents c¢) the kit
may contain for instance homo- or bifunctional cross
linkers. It is also possible, that the kit may contain

a dipstick as described above.

The invention is further illustrated by the following

examples and figures.

Figure 1 schematically shows the encapsulation of the
signal-generating solid particles in polyelectrolyte
layers. In step 1 the uncharged particles are coated by
the self-assembly of charged surfactant molecules,

rendering them water dispersible and hence amenable to
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subsequent coating with polyelectrolyte layers (step
2). Each polyelectrolyte layer deposited has an
opposite charge to that already adsorbed. In step 3 an
affinity molecule which specifically recognizes a
target molecule 1s conjugated or bound to the outer

surface of the polyelectrolyte capsule.

Figure 2 schematically shows one embodiment of the use
of the capsules prepared according to the invention in
a biocassay for detection of a target molecule
(analyte). In a first step the analyte is immobilized
via a capture antibody on a solid phase. In the second
step the analyte is incubated with the capsules
prepared according to the invention. The resulting
complex is treated by physical or chemical means (step
3), so that the signal-generating particles are
released into and dissolved in solution to be detected

in the last step.

Figure 3 shows the electrophoretic mobility measurement
of FDA/DPPC/ (PSS/PAH), capsules with (-Potentials as a
function of polyelectrolyte layer number of
FDA/DPPC/ (PSS/PAH) , cépsules. The FDA particles were
precoated with a DPPC layer prior to the first PSS
deposition. The even layer numbers correspond to PSS
adsorption and the odd layer numbers (except for the

first one) to PAH adsorption.

Figure 4 shows the SEM image of FDA/DPPC/(PSS/PAH),
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capsules.

The sizes of FDA particles milled and suspended in DPPC

solution were in the range of 1~3 um. After assembled
with 4 bilayers of PSS/PAH, the particles show little

aggregation.

Figure 5 shows the fluorescence immunocassay for
detection of goat IgG wusing rabbit anti goat IgG
conjugated to capsules built up by layers of FDA/SDS,
/ (PAH/alginate), as label. Before the addition of
DMSO/NaOH, the fluorescence signals were negligible.
After the addition of DMSO/NaOH, the fluorescence
signals compared to control were enhanced to more than

5,000 times.

Examples

Example 1

Preparation of polvelectrolyte capsules encapsulating

solid FDA particles as siqgnal-generating substance

Particles of fluorescein diacetate (FDA) (from Sigma)
were encapsulated as follows: 50 mg finely milled FDA
was thoroughly mixed with 12 mL of 0.4 % DL-o-
phosphatidylcholine dipalmitoyl (DPPC, from Sigma) or
sodium dodecyl sulfate (SDS) solution. The suspension
was allowed to stand for 15 min to settle down the big
particles. The turbid white supernatant was extracted

and concentrated to 2 mL by centrifugation and washed
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with water once. The resulting FDA particles then
undérwent the layer-by-layer assembly procedure with
polyelectrolytes PSS and PAH, alternatively. The
polycation, poly(allylamine hydrochloride) (PAH), M,
15,000, and the polyanion, poly (sodium 4-
styrenesulfonate) (PSS), M, 70,000 were all purchased
from Aldrich. PSS was dialyzed against Milli-Q water

(M

, cut-off 14,000) and lyophilized before use. The
water used in all experiments was prepared in a
Millipore Milli-Q Plus 185 purification system and had
a resistivity higher than 18.2 MQ cm. All reagents
used (except PSS) have been used as received from the

producer.

Typically, 1 mL of PSS solution (containing 5 mg mLt
PSS and 0.5 M NaCl) was added to 0.5 mL DPPC pretreated
FDA particle suspension. The suspension was shaken at
constant intervals. After 15 min allowed for maximum
adsorption, the suspension was centrifuged at 5,000 rpm
for 3 min. Then the supernatant was removed and the
precipitate washed with water to remove unadsorbed
polyelectrolyte. Then 1 mL of PAH solution (containing
5 mg mL'" PAH and 0.5 M NaCl) was added to form a
consecutive layer on the capsule surface. The
centrifugation/washing steps and the consequent
adsorption of oppositely charged polyelectrolytes were
repeated. The capsules obtained were then referred to

as FDA/DPPC/ (PSS/PAH)_, especially with n=4.
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The electrophoretic mobility of coated FDA crystals was
measured with a Malvern Zetasizer 4 by taking the
average of 5 measurements at the stationary level. (-
Potential was obtained from the relation {=u7/& where
7 and & are the viscosity and permittivity of the

testing solution, respectively (compare Fig. 3).

Scanning Electron Microscopy (SEM) measurements were
performed with an instrument operated at an
acceleration voltage of 5 kV. SEM samples (on glass
cover slide) were sputter-coated with about 20 nm of Au

(compare Fig. 4).

Example 2

FDA containing capsules used for immunoassay

Particles of fluorescein diacetate (FDA) from Sigma
were encapsulated as follows:

1 ml sodium dodecyl sulfate (SDS) solution was added to
100 mg FDA. The suspension was mixed thoroughly and
allowed to stand for 10 sec for sedimentation of large
particles. After this, the supernatant was extracted
and thoroughly mixed again. After 20 sec (sedimentation
of the medium-sized particles) the supernatant was
extracted a second time. This supernatant was
centrifuged for 10 min at 9000 rpm (8000x g). Then, the
resulting FDA particles were used for a layer-by-layer
assembly procedure with the positivly charged
polyelectrolyte PAH and the negativley charged
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biopolymer alginic acid, alternatively.

The polycation, poly(allylamine hydrochloride) (PAH),
M, 15.000, and the polyanion, alginate, approx. 250
cps, were all purchased from Aldrich. PAH and alginate
were sterilized by filtration (0.22um). The water used
in all experiments had a resistivity higher than 18.2
MQ x cm. All reagents have been used as received from

the producer.

Typically, 1 mL of PAH (containing 5 mg mL™" PAH and
0.5 M NaCl) was added to 1ml SDS pretreated FDA
particle suspension. The suspension was shaken for 15
min. After 15 min the suspension was centrifuged at
8000 g for 10 min. Afterwards the supernatant was
removed and the precipitate washed with water for three
times removing excessive unadsorbed polyelectrolyte.
Then, 1 mL of alginate solution (containing 5 mg mL™
and 0.5 M NaCl) was added to form a consecutive layer
on the capsule surface. The centrifugation/washing
steps of oppositely charged polyelectrolytes were
repeated. The capsules obtained were then referred as

FDA/SDS/ (PAH/Alginat),, especially with n =2 2.

Antibody coupling to the outer surface of

FDA/SDS/(PAH/Alqinat)2 capsules

The covalent coupling of rabbit anti goat

immunoglobulin G (RbaGtIgG) onto the capsules was
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carried out as follows:

250 uL FDA/SDS/(PAH/Alg), capsules were diluted in 250
pL 10 mM 2-[N-morpholino] ethansulfonic acid (MES)
buffer pH 5.8 and activated with 40 mg 1-Ethyl-3-(3-
dimethylaminopropyl) carbodiimide-HC1 (EDC) (from
Pierce). This solution was mixed for 15 min. In the
meantime 200 pl RbaGtIgG, 2 mg mL* (from Sigma-
Aldrich) were diluted in 300 uL PBS pH 7.2 containing
0.05% BSA. This solution was mixed with the above
described activated capsules and incubated for 2 h by

constant shaking.

After this, the solution was centrifuged (700 x g for 5
min) and uncoupled antibodies were washed away with MES

buffer for three times.

To detect the RbaGtIgG on the outer surface of the
capsules made above a fluorescence immunoassay using
goat immunoglobulin G (GtIgG from Sigma-Aldrich) as

analyte was made.

A polystyrene 96-well microtiterplate (Nunc Maxi sorp)
was coated overnight at 4°C with GtIgG (200ng/well) in
natriumhydrogencarbonate/ binatriumcarbonate buffer pH
9.6. After washing (washing buffer containing PBS,
0.1%BSA) twice, the plate was blocked with 0.5% bovine
serum albumin (BSA) (fraction V, obtained from Sigma-
Aldrich) at 37°C for 2 h. In the next step the above

washing procedure was repeated and followed by filling
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the plate with the capsules which were previously
diluted 1:4. After incubating for 2 h at 37°C the plate

was washed four times.

The first measurement of the whole plate was
accomplished using a fluorescence microplate reader
(Dynex) with washing Dbuffer in each plate.This
measurement was done having a controll signal. No

significant signal was measured.

Afterwards the plate was washed twice again and than
100uL of DMSO/0.5 M NaOH solution (1:1) were added to
each well. The plate was examined again by fluorescence
microplate reader (Dynex). In comparison to the control
signal a enhancement of more than 5000fold was obtained

as shown in Figure 5.

Example 3

Covalent linking of the separate consecutive lavers of

the capsuls

Particles of fluorescein diacetate (FDA) from Sigma
were encapsulated as follows (cf. Example 2):

1 mL sodium dodecyle sulfate (SDS) solution was added
to 100 mg FDA. The suspension was mixed thoroughly and
allowed to stand for 10 sec for sedimentation of large
particles. After this, the supernatant was extracted

and thoroughly mixed again. After 20 sec (sedimentation
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of the medium-sized particles) the supernatant was
extracted a second time. This  supernatant was
centrifuged for 10 min at 9000 rpm (8000x g). Then, the
resulting FDA particles were used for a layer-by-layer
assembly procedure where two neighbouring layers were

crosslinked.

The first layer applied on the above-mentioned
particles was the protein hemoglobin (having an IP of
6.8; in MES buffer, pH 5.8, therefore being positively
charged at this pH). After washing three times, the
following layer was covalently linked to the first one,
using l-ethyl-3- (3-dimethylamino-propyl) carbodiimide
(EDC) .

In this example, alginate (5 mg/mL, 0.5 M NaCl)
activated in 80 mg EDC was used as second layer. Now,
the activated alginate solution was added to the above
gsolution of capsules and thoroughly mixed and incubated
for two hours. After this, the solution was washed

three times with MES buffer (pH 5.8) and centrifuged

for 10 min at 9000 rpm (8000x g).

The 1last step comprised the covalent coupling of
antibodies (RbaGtIgG) to the above capsules via EDC

(cf. Example 2).

Example 4

Alternative Conjugation strategies to bind biointexr-
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active molecules, e.g. Immunglobulin G to the capsule

surface:

Direct adsorption of IgG

1 ml of the fluorophore particle suspension (5 % w/v)
was incubated with 100 pl of a monoclonal anti-FABP
Antibody (2 mg/ml), for 2 hours at room temperature and
12 hours at 4 °C. The excess of antibody was removed by
repeated centrifugation and wash cycles, the label was

finally resuspended in PBS.

Coating of IgG wvia neutravidine; A method which is

applicable to use the capsules in a kit

a) Biotinylation of antibody: 0.2 mg Biotin-X-NHS
(Pierce, USA) in 100 pl coating buffer is added to a
solution of 1 mg monoclonal anti-hCG-beta antibody
(Clone ME 106, Dunn Labortechnik, Asbach, Germany)
in 1 ml coating buffer. The mixture is incubated for
3 hours at room temperature. The not reacted biotin
is separated from the antibody by repeated
centrifugation steps in a centricon seperation unit
(30 kDa, Centricon, USA). The buffer was exchanged
to 1 ml PBS, 1 % BSA was added for storage.

b) Coating of fluorophore particles with neutravidine:
1 mL of the fluorophore particle suspension (5 %
w/v, with an outer layer of poly acrylic acid, PAA)
was resuspensed in PBS buffer containing 10 mM N-
hydroxy sucinimide (NHS) and 20 mM 1-Ethyl-3-[3-

dimethylaminopropyl] carbodiimide hydrochloride
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(EDC), the mixture was incubated for 2 hours at room
temperature. The not reacted EDC/NHS was removed by
a centrifugation and wash cycle. 1 ml of a solution
of 2 mg neutravidine (Pierce, USA) in carbonate
buffer (pH 8.5) were used to resuspend the
particles. The suspension was incubated for 3 hours
at room temperature. The uncoated neutravidine was
removed by a centrifugation and wash cycle and the
particles were finally resuspended in 1 ml PBS with
1 % BSA.

Coating of fluorophore particles with biotinylated
antibody: 1 mL of the fluorophore particle
suspension (5 % w/v) were incubated with 100 puL of
the biotinylated antibody anti-hCG-b antibody (1
mg/mL), for 2 hours at room temperature. The excess
of antibody was removed by repeated centrifugation
and wash cycles, the coated capsules were finally
resuspended in PBS. The capsules are ready to use or

storage after the addition of 1 % BSA.

Example 5

Use of capsules coated with affinity molecules in

biocassays

1)

Solid Phase Immunoassay for human chorionic

a)

gonadotropin (hCG)

Coating: 100 ul of a solution of 25 ug/mL anti-hCG
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antibody (Clone ME 107, Dunn Labortechnik, Asbach,
Germany) in carbonate buffer (100 mM, pH 9.6) per
well were incubated in a 96 well multi titer plate
(Costar Maxi Sorb polystyrene plate) for 3 hours.
The plate was washed with water and blocked with 300
pL of a 1 % BSA solution in PBS per well for 1 hour.
Sample incubation: 200 pl of hCG samples (Sigma)
with dilutions from 0.1 uU to 100 uU per ml were
incubated for 2 hours at room temperature. The plate
was washed twice with water.

Label incubation: The fluorophore particle
suspension (5 % w/v) with the biotinylated anti-hCG-
b antibody conjugated wvia neutravidin was diluted
1/1000 with a PBS buffer containing 1 % BSA. 200 uL
per well of the dilution were incubated for 2 hours
at room temperature. The plate was washed twice with
water and 300 uL of ethanol (96 %) were added and
incubated for 2 minutes under shaking.

Fluorescent measurement: The content of released
fluorophore from the 1label capsules was measured
with a Fluorescent ELISA plate reader. The values of
the samples (B) were set in relation to the values

measured without sample (B,) .

Test Tube Assay for Fatty Acid- Binding Protein

a)

FABP
Coating: 400 ul of a solution of 1 mg/mL anti-FABP
antibody in carbonate buffer (100 mM, pH 9.6) were
incubated in a 5 mL Costar Maxi Sorb polystyrene

tube for 3 hours (only the first cm of the bottom
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was in contact with the solution). The test tube was

X

washed with water and blocked with 2 ml of a 1 % BSA
solution in PBS for 1 hour (the complete inner wall
of the tube was blocked).

Sample incubation: 200 pL of FABP samples with
dilutions of 0.1 ug to 50 ug per ml were incubated
in the test tube for 2 hours at room temperature.
The tubes were washed twice with water.

Label incubation: The fluorophore particle
suspension (5 % w/v) with the direct adsorbed
monoclonal anti-FABP antibody was diluted 1/1000
with a PBS buffer containing 1 % BSA. 300 ul of the
dilution were incubated in the test tube for 2 hours
at room temperature. The test tube was washed twice
with water and 500 uL of ethanol (96 %) was added
and incubated for 2 minutes under shaking.
Fluorescent measurement: The content of released
fluorophore from the 1label capsules was measured
with a spectrofluorimeter. The values of the samples
(B) were set in relation to the wvalues measured

without sample (B,) .
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Claims

Capsules encapsulating solid particles of signal-
generating organic substances and carrying on the
outer surface affinity molecules for specific

recognition of and binding to target molecules.

Capsules according to claim 1, characterized in
that the affinity molecules are selected from the
group of peptides or proteins, nucleic acids,
carbohydrates, ligands with low molecular weight
and molecular imprinted polymers (MIPs) or

mixtures thereof.

Capsules according to claim 2, characterized in
that the peptides or proteins are selected from
the group of antibodies, receptors, antigens,
lectins, avidins, oligopeptides, lipopoteins,
glycoproteins, peptide hormones and allergenes or

parts thereof.

Capsules according to claim 2, characterized in
that the nucleic acids are selected from the group
of single or double stranded DNA, RNAs,
oligonucleotides, ribozymes, aptamers and parts

thereof.

Capsules according to claim 2, characterized in

that the carbohydrates are selected from the group
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of mono, oligo and polysaccharides, glycolipids,

proteo-polysaccharides and parts thereof.

Capsules according to claim 2, characterized in
that the low molecular weight ligands are biotin
or biotin derivatives, steroids or hormones, a
cofactor or coenzyme, activator, inhibitor,
pseudosubstrate or prosthetic group of an enzyme,
a drug, a pesticide, an allergen or digoxine or a
hapten.

Capsules according to claim 2, charaéterized. in
that the affinity molecules are conjugated or
bound directly or via linker molecules to the

outer surface of the capsules.

Capsules according to claim 6, characterized in
that the 1inkér molecule is a Dbiomolecule,
preferably avidine, streptavidine, neutravidine,
protein A, protein G, lectine or a low molecular

crosslinker.

Capsules according to claim 1, characterized in
that the encapsulated solid particles of signal-
generating organic substances are crystals,
amorphoué or iyophilised. particles, spray dried

particles, milled particles or mixtures thereof.

Capsules according to claim 1, characterized in

that the encapsulated solid particles have a
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particle size from 10 nm to 10 pum, preferably

smaller than 1um.

Capsules according to claim 1 characterized in
that the encapsulated solid particles of signal-
generating organic substances are low molecular
substances selected from the group of
fluorophores, luminophores, chromophores, enzyme
substrates, prosthetic groups, or redox active
substances selected from redox mediators,

electrodeactive substances..

Capsules according to claim 1, characterized in
that the encapsulated solid particles of signal-
generating organic substances are high-molecular
substances selected from the group of enzymes and
their precursors, bioluminogenic and fluorogenic

proteins, nucleic acids, ribozymes and aptamers.

Capsules according to claim 1, characterized in
that the capsule walls consist of one or multiple

polyelectrolyte layers.

Capsules according to claim 1 characterized in
that the capsul walls consist of one or multiple
layers of substances bearing functional groups and

being adsorbed or covalently linked.

Capsules according to claim 14 characterized in

that the substances with functional groups are
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substances bearing -COOR, -NRR®*, -SR, -OR, -SSR, -
C(O)R, -OC(OH)RR' or -8C(O)R goups, wherein R and
R' are independently from one another hydrogen or

a linear or branched alkyl group.

Capsules according to claim 13, characterized in
that the polyelectrolytes in one layer and/or

between the layers are cross-linked.

Capsules according to claim 13 or 14,
characterized in that the polyelectrolytes or
gubstances bearing functional groups are selected
from organic polymers, biopolymers and mixtures

thereof.

Capsules according to claim 17, characterized in
that the organic polymer 1is a polymer selected
from polyamin (PAH), polysulfonic acid (PSS),
polyglycolic acid (PGA), polylactic acid (PLA),
polyamides, poly-2-hydroxy butyrate (PHB), poly-
caprolactone (PCL), fluorescent labelled polymers

and their copolymers and/or mixtures thereof.

Capsules according to claim 17, characterized in
that the biopolymer is selected from polyamino-
écids, especially peptides, ©polylysine, from
polycarbohydrates, especially dextrin, pectin,
alginate, glycogen, amylose, chitin, chondroitin,
hyaluronic acid, from polynucleotides, especially

DNA, RNA, oligonucleotides, and from modified
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biopolymers, especially carboxymethyl cellulose,

carboxymethyl dextran, lignin sulfonates.

A method for optical, electrochemical or chemical
detection of one or more target molecules in a
sample using affinity-based interactions between
the target molecule and an affinity molecule for

specific recognition of the target molecule com-

prising the steps

i) incubating the target molecules with capsules
encapsulating solid particles of signal-
generating organic substances and carrying on
their outer surface the corresponding
affinity molecules,

ii) separating the resulting target-affinity
molecule complex from the capsules with
unreacted affinity molecules on their
surface,

iii) releasing and dissolving the encapsulated
solid particles of the signal-generating
organic substances by treating the obtained
target-affinity complex with physical or
chemical means,

iv) detecting or quantifying the signal which is
generated by the released - and dissolved
signal-generating substances and which 1is
directly or indirectly related to the amount

of the target molecules.
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Method according to claim 20 characterized in that
the release of the signal-generating substances
from the capsules is achieved by chemical means,

preferably by treating with an organic solvent or

" with an enzyme, ribozyme or aptamer or by changing

the pH or ionic strength wvalue.

Method according to c¢laim 21, characterized in
that the organic solvent is selected from the
group of alcohols, especially ethanol and metha-
nol, ketones, especially acetone, esters, espe-
cially ethylester, aromates, especially toluene,
sulfoxides, especially DMSO and ethers, especially
dimethylether, chloroform or from mixtures of

organic solvents with one another or with water.

Method according to claim 20 characterized in that
the release of the signal-generating substances
from the capsules is achieved by physical means,
preferably by ultrasonic disintegration, electric

impulse or osmotic shock.

Kit for optical, electrochemical or chemical
detection of target molecules in a sample compri-
sing capsules encapsulating solid particles of
signél—generating organic substances and carrying
on the outer surface affinity molecules for
specific recognition and binding to a target

molecule.
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27.

28.

29.
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Kit according to claim 24 comprising a dipstick.

Kit for optical, electrochemical or chemical

detection of target molecules in a sample compri-

sing
a) capsules encapsulating solid particles of
signal-generating organic substances being

designated to bind affinity molecules

b) agents for the modification of affinity mole-
cules to make them suitable to bind to the surface
of the capsules

c) agents for performing the binding reaction

between the capsules and the affinity molecules.
Kit according to claim 26 comprising a dipstick.
Use of capsules of claims 1 to 19 in in-vitro
biocassays for optical, electrochemical or chemical

detection of target molecules.

Use according to claim 28 together with a dip-

stick.
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