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[0001] This invention relates to a fluorescence-based immunoassay method for the detection of an analyte, or for
the measurement of its concentration in a biological sample. The method is based on the ability of a multivalent analyte
to induce aggregation of receptor molecules labeled with a fluorophore, which molecules are anchored to and are freely
mobile on a lipid membrane, and thereby cause changes in the fluorescence.
[0002] Traditional fluorescence-based immunoassay methods exploit the principles of the conventional immunoassay - the analyte to be measured is immobilized on a solid substrate, whereafter it is detected e.g. by using a
fluorescent antibody or fluorescence-generating enzymic reaction (Hemmilä, 1991, Kricka, 1994). Advantages of a
fluorescence-based assay include high sensitivity, and independence of the use of radioisotopes. The fact that like
most of the other conventional immunoassays, these fluorescence-based assays are of a heterogeneous nature, i.e.
the unbound antibody or antigen is separated and the analyte is determined indirectly, can be considered as a disadvantage. These washing and separating steps increase the amount of work and costs.
[0003] Fluorescence resonance energy transfer (FRET) is a physical process, in which energy from a molecular
chromophore (donor, D) excited to a high energy state is transferred to another chromophore (acceptor, A) via intermolecular dipole-dipole coupling (Clegg, 1995, Selvin, 1995). A necessary prerequisite for the energy transfer is that
the distance between the molecules is short (10-100 A), that the fluorescence spectrum of the donor and the absorption
spectrum of the acceptor partially overlap, and that the quantum yield of the donor (φD), and the extinction coefficient
of the acceptor ([A) are high enough. FRET has been exploited to measure hybridization between nucleic acid molecules (Mergny et al., 1994) and to detect interactions between lipids and membrane proteins (Watts et al., 1986). The
phenomenon has also been applied to immunoassay by labeling the antibody and antigen with fluorophores, which
form a FRET donor-acceptor pair. The solution phase assay was based on the ability of the antigen (the substance to
be measured) to displace the labeled antigen and thus prevent FRET phenomenon (Barnard and Walt, 1991).
[0004] Fluorescent labeling of proteins is known technology which is based on commercially available fluorophores
and their derivatives (Waggoner, 1995). The fluorophores are either synthetic, relatively low-molecular organic compounds (e.g. fluorescein and rhodamine and derivatives thereof, and lanthanide chelates) or proteins (e.g. phycoerythrin and GFP, green fluorescent protein). Various parameters of the fluorescence emitted by the fluorophores can be
measured: fluorescence intensity, life-time, polarization. These can also be used to monitor and quantitate the FRET
phenomenon.
[0005] The Finnish patents No. 81680 and 93997 describe homogeneous immunoassay methods which use fluorescent labels. The first one of these describes a solid phase immunoassay, in which the fluorescence of the free label
present in liquid phase is quenched by a light-absorbing substance, enabling the measurement of the bound label
without separation steps. In the latter patent, a conventional quantitative immunofluorescence method is described,
with the idea of achieving a sensitive assay by preventing short-lived background fluorescence. These methods have
not, however, any relation to the FRET phenomenon.
[0006] Lipid bilayers are known to be structures that are spontaneously formed by phospholipids and some other
polar lipids in water solution. In these, the polar heads of the lipid molecules are in contact with water (outwards),
whereas the nonpolar hydrocarbon chains are oriented inwards. Planar lipid membranes can be prepared by using e.
g. Langmuir-Blodgett technique (Arya et al., 1985, Zasadzinski et al., 1994) and transferred onto a solid substrate
(Mrksich and Whitesides, 1995, Sackmann, 1996). Alternatively, vesicular closed lipid bilayer structures or liposomes
can be prepared (New, 1992). A lipid membrane can be regarded as a two-dimensional liquid, in which the lipid molecules and the other molecules like proteins that are associated with it (natural membrane structures such as cell
membranes) or have been attached on it, do move relatively freely on the plane of the membrane (lateral diffusion,
Tamm, 1988, Glaser, 1993). There are applications which are based on the function of molecules which participate in
specific binding and recognition reactions and are attached on lipid membranes (Odashima et al., 1991). This kind of
functional lipid membranes have substantial potential as e.g. recognition surfaces in biosensors (Kiefer et al., 1991,
Mrksich and Whitesides, 1995). Antibodies that can be generated by using known technology against almost any
macromolecule and against numerous smaller molecules (Lerner et al., 1992, Nissim et al., 1994) are particularly
interesting as recognition molecules.
[0007] We have developed a method for the attachment of bacterially-produced antibodies and other proteins on
lipid membranes. The method is based on a so-called biosynthetic lipid-tagging technique (Laukkanen et al., 1993,
Keinänen and Laukkanen, 1994), in which a lipid structure is attached on the N-terminal cysteine residue of a antibodylipoprotein fusion during biosynthesis. This hydrophobic lipid anchors the antibody (protein) on the outer membrane
of the bacterium. Likewise, the purified lipid-tagged antibody can be attached on the surface of a liposome, e.g. by
using detergent dialysis method (Laukkanen et al., 1994).
[0008] Based on what has been described above, we have now developed a novel homogeneous immunoassay
method, which enables simple and easy detection of a possible presence, or measurement of the concentration of an
analyte in a sample. According to the invention antigens are preferably determined, in which case the receptor molecule
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to be attached on the lipid membrane is an antibody specific to the analyte.
[0009] Our invention originates from the idea that the binding reaction between the antigen in the liquid phase and
the antibodies attached on the lipid membrane can be coupled to FRET phenomenon when the antigen is multivalent
(Fig. 1). The term "multivalent antigen" used herein refers to an antigen which carries more than one antibody-binding
epitopes. The homogeneous immunoassay method according to the invention comprises two lipid-tagged antibody
populations on a lipid membrane, with one population labeled with a FRET donor fluorophore and the other population
with FRET acceptor fluorophore. When the antibody gets into contact with a multivalent antigen, a patching of the
antibodies on the lipid membrane results. There the said antigen brings the acceptor and donor fluorophore-containing
antibodies moving freely on the lipid membrane in close contact, in other words, a microaggregation takes place, in
which case the energy transfer from the excited donor fluorophore to the acceptor fluorophore may occur (FRET phenomenon). The free lateral mobility of the antibody in immunoliposomes enables the FRET phenomenon. The mobility
is achieved by the presence of the lipid anchor which attaches the antibody onto the lipid bilayer. As lipid membranes
(e.g. planar membranes) can be attached on the surface of a solid substrate, e.g. by using the Langmuir-Blodgett
technique (Mrksich and Whitesides, 1995, Sackmann, 1996), and liposomes can be attached e.g. by using biotinstreptavidin layer technique (Orellana et al., 1996), the invention enables a direct ("homogeneous") immunoassay,
which does not contain separate washing and separation steps but only the addition of the sample and the measurement
of the signal.
[0010] In the measurement the fluorescence is excised in the donor (e.g. using a light source with a suitable wavelength), and the higher amount of the antibodies attached on the membrane are in close contact, the greater part of
the excitation energy is transferred to the acceptor and does not discharge directly as the fluorescence characteristic
to the donor. The net result is thus decrease of the fluorescence characteristic to the donor and increase of the fluorescence characteristic to the acceptor. In the measurement the fluorescence of the surface in contact with the sample
can be compared to a reference surface without a sample, and then either the fluorescence of the donor or the fluorescence of the acceptor, or in most cases their proportion (as the function of time) can be measured. All these are
changed when the "aggregation level" of the antibodies on the membrave changes as a consequence of the attachment
of the antigen.
[0011] Correspondingly, in the presence of a monovalent antigen there is no mechanism in such an assay to bring
together the antibody molecules, but these continue to move freely on the lipid membrane, and no FRET phenomenon
is observed. It is possible, however, to measure the monovalent antigen indirectly, if a known amount of the same
antigen is added to the assay solution, the antigen being converted into a polyvalent form, i.e. having two or more
separate antigenic structures, which results in the displacement of the multivalent antigen by the monovalent "free"
antigen and thereby in quenching of the FRET phenomenon, whereby the resulting change of fluorescence can be
measured.
[0012] As the analyte-receptor pair an antibody-antigen pair can also be used instead of an antigen-antibody pair,
in which case the antigen is anchored on the lipid membrane and the antibody is in the solution, and the antibody or
its amount is measured. Because natural antibodies are always polyvalent, they can always be measured with a direct
assay. Our invention is neither restricted to the use of lipid anchored antibodies prepared by the above described
biosynthetic method, as different known techniques are available for the attachment of soluble proteins, in particular,
of antibodies to a lipid membrane; fatty acids (Huang et al., 1980, Ho et al., 1986) or other lipids (Heath et al., 1981,
Martin et al., 1981) can be coupled covalently to an antibody molecule enabling the anchoring of the antibody to the
lipid membrane; alternatively a biotin-containing lipid can be incorporated in the lipid membrane, which then may bind
avidin/streptavidin, and further a biotinylated antibody (Loughrey et al., 1987, 1990).
Description of the Drawings
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[0013] Fig. 1.
The principle of the fluorescence energy transfer-based homogeneous immunoassay method.
[0014] Fig. 2.
The bacterial expression vector encoding the lipid-tagged single-chain 2-phenyloxazolone binding antibody, pML3.7H. The most important restriction sites are indicated. The abbreviations used in the figure: ptac tac promoter region; lpp - lipoprotein; VH - variable region of the antibody heavy chain; Li - linker region; VL - variable
region of the antibody light chain; amp - β-lactamase gene; ori - origin of replication of plasmid DNA; laclq - lactose
repressor gene.
[0015] The following non-limiting examples illustrate the invention further. The examples include the preparation,
labeling and attachment on the liposomal surface of the lipid-tagged antibody, and the immunoassay performed by
using the antibody so obtained.
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Example 1: Cloning of a single-chain lipid-modified anti-2-phenyloxazolone antibody (Ox lpp-scFv-H)
[0016]

In the DNA cloning and modifications standard recombinant methodology was used (Sambrook et al., 1989,
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Griffin and Griffin, 1994). Escherichia coli DH5α strain (F-, endA1, hsdR17(rk-, mk+), supE44, thi-1, λ-, recA1, gyrA96,
relAl, ∆(argF-lacZYA)U169, φ80dlacZ∆M15) was used as a host for the preparation of the recombinant DNA plasmids,
and RV308 strain (su-, ∆lacX74, galISII::OP308, strA) was used as a host for protein production.
[0017] The amino terminal lipoprotein sequences necessary for the lipid modification were amplified by PCR
(polymerase chain reaction, Saiki et al., 1988) using pKEN125 plasmid as a template (Laukkanen et al., 1993), and
the oligonucleotides 1 and 2 as DNA primers (Table I). Correspondingly the DNA region encoding the single-chain anti2-phenyloxazolone antibody was amplified by using plasmid pML5 (Takkinen et al., 1991) as a template and the oligonucleotides 3 and 4 as DNA primers (Table I). The DNA primers were synthesized by using Applied Biosystems 391
DNA synthesizer and they were used without further purification.

10

15

20

25

30

35

40

45

50

55

[0018] The amplified DNA encoding the lipoprotein sequences (114 base pairs, bp) was digested with the restriction
enzymes EcoRI and BamHI, and the said DNA fragment was first cloned into a pUC18 vector treated with the same
enzymes. Thereafter, the DNA encoding the single-chain antibody (776 bp) was digested with the restriction enzymes
BamHI and HindIII and cloned into the lpp-pUC18 vector prepared as described above, and finally, the DNA fragment
encoding the Ox lpp-scFv-protein obtained by digestion with EcoRI and HindIII was cloned into pKKtac vector and
designated as pML3.7 (Laukkanen et al., 1993).
[0019] To facilitate purification, the DNA encoding the Ox lpp-scFv protein was further modified by adding a DNA
sequence encoding for six histidines in the C-terminus, by using plasmid pML3.7 as a template and oligonucleotide 5
(Table I) as the DNA-primer of the 3' end. The final recombinant DNA plasmid was designated as pML3.7H (Fig. 2).
[0020] The correctness of the amplified DNA sequences was verified by dideoxynucleotide sequencing (Sanger et
al., 1977).
Example 2: Production of the antibody Ox lpp-scFv-H in E. coli
[0021] The production of the antibody in bacterial cells was performed as described in Laukkanen et al. (1993). First,
the recombinant DNA plasmid pML3.7H was transferred to the production strain Escherichia coli RV308. An E. coli
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pML3.7-H/RV308 culture which had been grown shaking for 16-18 hours at +30 °C was then passaged by diluting 1:
50 in LB medium (Sambrook et al., 1989), containing 100 µg of ampicillin /ml. The cultivation was continued at +30 °C
until the absorbance of the bacterial suspension measured at 600 nm in spectrophotometer reached a value of 1.5,
whereafter the production of the recombinant protein was induced by addition of isopropylthio-β-D-galactoside (IPTG)
to a final concentration of 1 mM. Thereafter the cultivation was continued for further 16-18 hours at +30 °C. Finally the
bacterial cells were collected by centrifugation (5000 g, 10 min, +4 °C).
[0022] The cell samples were analyzed by SDS-polyacrylamide gel electrophoresis (Laemmli, 1979) and immunoblotting and -staining (Towbin et al., 1979), in which a rabbit antiserum specific to single-chain anti-2-phenyloxazolone
antibody (Ox scFv) was used (Takkinen et al., 1991). After the primary antibody, the blots were incubated with alkaline
phosphatase-anti-IgG-conjugate and finally, commercial substrates (NBT and BCIP, Promega) were added for the
detection of the alkaline phosphatase activity.
[0023] An immunoreactive protein of the size (31 kDa) corresponding to what was calculated for the lipid-tagged
single-chain antibody was observed after immunoblotting and -staining in samples prepared from induced bacterial
cells harboring the plasmid pML3.7H. No immunoreactive protein was observed after immunostaining of samples prepared from bacterial cells harboring the plasmid pKKtac, used as a control. Based on the immunoreactivity, the production level of Ox Ipp-scFv-H in said bacteria was about 5 mg/1.
Example 3: Purification of the Ox lpp-scFv-H antibody
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[0024] The antibody derivative was produced as described above and purified by using both metal chelation affinity
chromatography (Porath and Olin, 1983; Hochuli et al., 1988; Smith et al., 1988) and hapten affinity chromatography
according to Laukkanen et al. (1994). The bacterial cells harvested from a one-liter culture were suspended in 50 ml
of lysis buffer (10 mM HEPES, pH 7.4, 1 mM EDTA, 1 M NaCl, 0.1 mM PMSF). Lysozyme (1-2 mg/ml) was added in
the suspension, which was then incubated for 15 minutes at room temperature. Thereafter Triton X-100 was added to
a final concentration of 1 % (w/v) to solubilize the membrane proteins, and the suspension was stirred for 16-18 hours
at +4 °C. Thereafter the soluble proteins (including Ox lpp-scFv-H antibody) were separated from the cell lysate by
centrifugation (35 000 g, 40 min, +4 °C).
[0025] For purification with metal chelation chromatography, the supernatant or the soluble protein fraction was diluted 1:5 in buffer A [10 mM HEPES, pH 7.4, 1 M NaCl, 10 % (v/v) glycerol, 0.1 mM PMSF, 1 mM imidazole], the final
concentration of Triton X-100 then being 0.2 %. To the protein solution (50 ml), 0.5-1 ml of Ni-charged chelating agarose
gel (Chelating Sepharose Fast Flow, Pharmacia) was added, and the proteins were allowed to bind to the column
material for 16-18 hours under continuous stirring at +4 °C. The column material packed into a column was washed
with 5-10 ml of buffer A, containing 0.2 % (w/v) Triton X-100. The proteins bound to the column material were eluted
in 5-10 ml of buffer A, containing 0.2 % (w/v) Triton X-100 and 50, 75, 100 and 200 mM imidazole.
[0026] Based on immunoreactions (immunoblotting and -staining, see above), the partially purified antibody (31 kDa
protein) was eluted in the 75 and 100 mM imidazole fractions which were then combined for the next purification step,
affinity chromatography based on immobilized hapten. The final imidazole fraction was diluted 1:5 in buffer B [10 mM
HEPES, pH 7.4, 1 M NaCl, 10 % glycerol, 0.2 % (w/v) Triton X-100], and a 2-phenyloxazolone-BSA conjugate
(Ox21BSA) (Mäkelä et al., 1978) was coupled to agarose gel (CNBr-activated Sepharose 4B, Pharmacia) according
to the manufacturer's instructions. The diluted protein solution and the Ox21BSA-Sepharose gel were combined and
the proteins were allowed to bind to the gel for 16-18 hours at +4 °C. Thereafter the gel was packed into a column and
it was washed, and the bound proteins were eluted according to a previously described method (Takkinen et al., 1991)
with the exception that the buffers contained 0.2 % (w/v) Triton X-100, and upon elution of the antibody by low pH the
detergent was replaced by 1 % (w/v) OG (n-octyl-β-D-glucopyranoside).
[0027] Following the metal chelation affinity chromatography and hapten affinity chromatography purifications, the
protein samples were analyzed by using SDS-polyacrylamide gel electrophoresis (see above). In the Coomassiestained 15 % SDS-polyacrylamide gel, an enrichment of a 31-kDa protein was observed after the various steps of the
purification. The samples were also analyzed by immunoblotting (see above), and immunoreactivity was found to be
due to the 31-kDa protein. From these results, it was concluded that the use of the above-mentioned purification protocol
results in the purification of the lipid-tagged antibody.
[0028] The hapten-binding activity of the lipid-tagged antibody was determined by using ELISA (enzyme-linked immunosorbent assay) method with microtiter plates coated with 2-phenyloxazolone-BSA-conjugate as described previously (Takkinen et al., 1991; Laukkanen et al., 1993). Demonstration by using ELISA of the specific binding of the
antibody to immobilized hapten was performed by adding different amounts of soluble hapten, caproic acid derivative
of 2-phenyloxazolone (Ox-CA) or Ox21BSA conjugate (in which every BSA molecule carries on average 21 phenyloxazolone molecules) to the protein samples, resulting in competition of the added hapten of the binding site of the antibody,
and therefore displacement of the binding of the Ox lpp-scFv-H antibody to the immobilized hapten-BSA-conjugate.
[0029] Generation of the yellow colour reaction (A405 was measured) after addition of the substrate for the alkaline
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phosphatase could be observed in samples containing the purified Ox lpp-scFv-H antibody. In the ELISA analysis in
which soluble hapten was used to displace the binding of the antibody, the result obtained was the prevention of the
binding of the protein to the immobilized Ox21BSA, demonstrating that the protein did specifically bind to the hapten.
[0030] Protein concentrations of the purified samples were measured spectrophotometrically (A280). The purification
of the antibody from cells of a one-liter culture, resulted in 1-2 mg of purified antibody.
Example 4: Labeling of the antibody Ox lpp-scFv-H
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[0031] Coupling of the fluorescent indicators with the amino groups of the antibody (free aminotermini and the [amino groups of lysine residues) was performed according to the manufacturer's (Molecular Probes, U.S.A.) instructions with sulfonyl chloride derivative of the Texas Red® fluorophore (T-353) and succinimidyl ester derivative of the
fluorescein fluorophore (C-1311).
[0032] In the labeling with Texas Red fluorophore, the protein solution purified by metal chelation chromatography
was adjusted to 0.1M sodium bicarbonate (pH 9.2), containing 1% (w/v) OG. In the labeling reaction, a ten-fold mass
excess of protein (1 mg) over fluorophore (0.1 mg) was used. Texas Red fluorophore was dissolved in a small amount
of dimethyl formamide (DMF) and mixed with the protein solution. The labeling reaction was allowed to continue for
16-18 hours at +4 °C protected from light and under shaking. Thereafter the free label was removed by purifying the
protein using hapten affinity chromatography as described above (see Example 3). The degree of labeling of the protein
was determined according to the formula given by the manufacturer:

20

A
Label (mol)
Molecular weight of the protein (Da)
-----x- x ------------------------------------------------------------------------------------------------ = ---------------------------------Protein (mol)
Protein concentration (mg/ml)
[
25

in which
Ax = the absorbance value of the fluorophore measured at the wavelength of absorption maximum,
[ = the molar extinction coefficient ([Texas Red = 85 000)
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[0033] The labeled antibody was purified by hapten affinity chromatography (see above). The absorbance at both
280 nm (protein concentration) and 592 nm (detection of Texas Red fluorophore) of the protein fractions were measured.
From the measured values, it could be concluded that the free label did not bind to the column material and was rapidly
removed from the sample when the column material was packed into a column and washed as described above. The
labeled protein was eluted from the column only in the low pH washes. The said eluted protein was analyzed by
SDS-PAGE, in which case the purified protein appeared as a 31-kDa Coomassie-stained band. The protein samples
were also analyzed by ELISA, in which the said protein was found to bind to immobilized Ox21BSA. From the results,
it could be stated that the Texas Red fluorophore was coupled to the hapten-binding lipid-tagged antibody.
[0034] The labeling of the protein with fluorescein was performed as described above with the exception that the
protein was in 0.1 M sodium bicarbonate (pH 8.9), 1 % (w/v) OG buffer and the said fluorophore was dissolved in
dimethylsulfoxide (DMSO). The labeled protein was analyzed and the degree of labeling was determined as described
above ([fluorescein = 68000). The lipid-tagged antibody was found to have been labeled also with fluorescein fluorophore.
Example 5: Preparation of immunoliposomes
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[0035] The purified and labeled Ox lpp-scFv-H antibody was attached to the surface of liposomes by using previously
described and generally known methods (New, 1992, Laukkanen et al., 1994). Five milligrams of a mixture of egg yolk
phospholipids (phosphatidylcholine, PC; phosphatidylethanolamine, PE) and cholesterol (Cho) (in molar ratio PC:PE:
Cho 10:1:5) was dissolved in 5 ml of solution containing 40 µg of purified Ox lpp-scFv-H and 1 % (w/v) OG in 10 mM
HEPES (pH 7.4) buffer. As controls, liposomes with no added protein were prepared in an otherwise identical manner.
The detergent was removed from the clear solution by dialysis against 10 mM HEPES (pH 7.4) buffer solution, by using
a LIPOSOMAT dialyzer (Dianorm, Germany) with cellulose membranes (cut-off 10 kDa). After removal of the detergent,
the sample was found to be slightly opalescent, suggesting that immunoliposomes had been formed upon removal of
the detergent. The opalescent solution was subjected to ultracentrifugation (150 000 g, 1h, +4 °C) which was found to
result in the formation of a pellet in the bottom of the centrifugation tube, which was then suspended in 1-2 ml of 10
mM HEPES (pH 7.4) buffer. The liposomes and immunoliposomes were stored at +4 °C as suspensions.
[0036] The pellet was analyzed by electron microscopy as described in Laukkanen et al., 1994. A sample drop was
dried on carbon-coated copper grid (150-200 mesh) and stained with 1% potassium phosphotungstate (pH 7.4). The
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sample was analyzed by using a transmission electron microscope (Jeol JEM-100CX) at 60V. In the sample, lipsomes
with a diameter of 100-200 nm were observed. In addition, the supernatant and pellet from the ultracentrifugation were
analyzed by immunoblotting (see above). In the pellet sample, a 31-kDa immunoreactive band was observed, whereas
no immunoreactivity was present in the supernatant sample. The samples were also analyzed by using ELISA (see
above), in which the pellet was found to contain hapten-binding activity. The results indicate that the pellet contains
the hapten-binding lipid-tagged antibody as anchored to liposomes.
[0037] Alternatively, immunoliposomes were prepared by rapid dilution of the sample which contained a detergent
with a high so called critical micelle concentration (CMC) to a concentration which is below the CMC, resulting in the
binding of the hydrophobic protein on the membrane of the liposomes, the protein being retained soluble by the detergent (New, 1992, Laukkanen et al., 1995). Ox lpp-scFv-H antibody [40 µg of protein in 10 mM HEPES, pH 7.4, 0.7 %
(w/v) OG solution] was mixed with a liposome preparation containing 5 mg phospholipid-cholesterol mixture (Vtot = 5
ml). The mixture, containing OG at a final concentration of 0.02 %, was stirred for 16-18 hours at +4 °C. Thereafter
the immunoliposomes were harvested by ultracentrifugation as described above.
Example 6: Fluorescence-based immunoassay of multivalent antigen
[0038] Immunoliposomes were prepared as in Example 3, with the exception that the antibody consisted of two
preparations labeled with different fluorophores and mixed in mass ratio 1:1 before the preparation of liposomes. Half
of the antibody molecules were labeled with fluorescein and the other half with Texas Red fluorophore. This results in
immunoliposomes which have statistically 50 % fluorescein-labeled and 50 % Texas Red-labeled antibody. For control
experiments, liposomes containing only fluorescein or only Texas Red-labeled antibody were prepared. The fluorescence of the prepared fluorescent immunoliposomes was measured in Shimadzu FR-5000 spectrofluorometer in a
quartz cuvette in 10 mM HEPES, pH 7.4 buffer. The fluorescence of fluorescein was excited at a wavelength of 492
nm and the emission was measured at a wavelength of 516 nm, whereas for Texas Red the excitation wavelength was
596 nm, and the emission energy was measured at a wavelength of 620 nm. Alternatively, the fluorescence emission
spectrum was recorded in the wavelength range of 500-700 nm. With an excitation wavelength of 492 nm, a strong
fluorescence was observed in the fluorescein/Texas Red liposome preparation at the fluorescein emission maximum,
and only a very weak fluorescence at 620 nm, whereas with an excitation wavelength of 596 nm, a strong fluorescence
was recorded at the emission maximum of Texas Red (620 nm). Control liposomes, containing only fluorescein or only
Texas Red-labeled antibody, produced only fluorescence spectra typical for each of the used fluorophores.
[0039] The fluorescein/Texas Red-labeled immunoliposome preparation described above was excited at 492 nm,
and the emission was recorded at two wavelegths, 516 nm (fluorescein) and 620 nm (Texas Red) in a continuous
fashion in a cuvette equipped with a magnetic stirrer. When the multivalent antigen, OX16BSA, was added an increase
of fluorescence at 620 nm, and a decrease of fluorescence at 516 nm was observed. In control experiments where
soluble hapten, a caproic acid-derivative of phenyloxazolone, or BSA alone, were added in the liposome preparation
instead of OX16BSA, no such a change in the fluorescence was observed. When in a similar experiment liposomes
were used which contained only the fluorescein-labeled antibody, a slight decrease in the fluorescence at 516 nm was
correspondingly observed after addition of OX16BSA (but no fluorescence at 620 nm). When liposomes labeled only
with Texas Red were used, no observable fluorescence was measured at 516 nm or at 620 nm with an excitation
wavelength of 492 nm. Therefore, the addition of a multivalent antigen in the liposome preparation caused a specific
fluorescence signal (Table II).
[0040] The observation can be explained in terms of fluorescence resonance energy transfer so that the binding of
the multivalent hapten (OX16BSA) causes the aggregation of labeled antibody molecules on the surface of the liposomes, whereupon the excitation energy of fluorescein fluorophore (donor) can directly be transferred to excite a fluorescence in Texas Red (acceptor). Consequently, the fluorescence emission of Texas Red (620 nm) is increased,
whereas the emission of fluorescein (516 nm) is decreased, because part of its excitation energy is dissipated in
mechanisms other than its own fluorescence (quenching).
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Table II
THE FLUORESCENCE CHANGES IN THE LIPOSOME PREPARATIONS AT EXCITATION WAVELENGTH OF 492
nm.
5

Explanation of the symbols and abbreviations: F/TXR: liposomes containing both fluorescein and Texas Redlabeled -antibody; F: liposomes containg only fluorescein-labeled antibody; TXR: liposomes containing only Texas
Red-labeled antibody; ↑, an increase in fluorescence; ↓, a decrease in fluorescence; -: no change in fluorescence;
OX16BSA, phenyloxazolone-BSA conjugate; OX, caproic acid derivative of phenyloxazolone.
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Example 7: Fluorescence-based immunoassay of a monovalent hapten
[0041] The experimental setup described in Example 6 can be used in an indirect way as an assay for a monovalent
hapten, caproic acid-derivative of 2-phenyloxazolone. Ox16BSA was added in the presence of free soluble hapten in
an fluorescein/Texas Red-labeled immunoliposome preparation. A decrease in the fluorescence changes (λem 516 nm
↓, λem 620 nm ↑) proportional to the amount of added free hapten was then observed. A displacement of the multivalent
antigen caused by the free hapten was also observed in experiments in which the multivalent antibody was added in
the liposomes prior to the hapten.
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Claims
1.

A fluorescence-based immunoassay method for the detection of an analyte or for the determination of its concentration in a sample, comprising attaching receptor molecules specific for said analyte, one part of the molecules
being labeled with a first fluorophore (donor) and another part with a second fluorophore (acceptor), to a lipid
membrane on the plane of which they are able to move freely; bringing the sample possibly containing said analyte
into contact with said receptor molecules; and measuring the fluorescence change caused by the change of the
aggregation level of the receptor molecules on the membrane as a consequence of the attachment of the analyte.

2.

The method according to claim 1, wherein the analyte is an antigen and the receptor is an antibody.

3.

The method according to claim 2, wherein the analyte is a monovalent antigen, comprising adding to the antigencontaining sample a known amount of molecules having two or more separate antibody-binding antigen structures.

4.

The method according to claim 1, wherein the analyte is an antibody and the receptor is an antigen.

5.

The method according to claim 1, wherein the lipid membrane is in the form of a liposome.

6.

The method according to claim 1, wherein the lipid membrane is in the form of a planar membrane.

7.

The method according to claim 1, wherein the receptor molecules are attached to the lipid membrane via lipid
molecules attached to them chemically or by genetic engineering.

8.

The method according to claim 1, wherein fluorescein or its derivative is used as a fluorescence donor and rhodamine or its derivative as an acceptor.

9.

The method according to claim 2, wherein the antigen to be assayed contains two or more different epitopes.
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10. The method according to claim 2, wherein the antigen to be assayed contains two or more identical epitopes.
30

Patentansprüche
1.

Auf Fluoreszenz basierendes Immuntestverfahrenen zum Nachweis eines Analyten oder zur Bestimmung von
dessen Konzentration in einer Probe, umfassend das Binden von Rezeptormolekülen, die für den Analyten spezifisch sind, an eine Lipidmembran, auf deren Ebene sie sich frei bewegen können, wobei ein Teil der Moleküle
mit einem ersten Fluorophor (Donor) und ein anderer Teil mit einem zweiten Fluorophor (Akzeptor) markiert ist;
Inkontaktbringen der Probe, die möglicherweise den Analyten enthält, mit den Rezeptormolekülen; und Messen
der Fluoreszenzänderung, die durch die Änderung des Aggregationsgrades der Rezeptormoleküle auf der Membran infolge der Bindung des Analyten verursacht wird.

2.

Verfahren nach Anspruch 1, wobei der Analyt ein Antigen und der Rezeptor ein Antikörper ist.

3.

Verfahren nach Anspruch 2, wobei der Analyt ein monovalentes Antigen ist, umfassend die Zugabe einer bekannten Menge an Molekülen zu der Antigen enthaltenden Probe, wobei die zwei oder mehr getrennte Antikörper
bindende Strukturen aufweisen.

4.

Verfahren nach Anspruch1, wobei der Analyt ein Antikörper und der Rezeptor ein Antigen ist.

5.

Verfahren nach Anspruch 1, wobei die Lipidmembran in Form eines Liposoms vorliegt.

6.

Verfahren nach Anspruch 1, wobei die Lipidmembran in Form einer planaren Membran vorliegt.

7.

Verfahren nach Anspruch 1, wobei die Rezeptormoleküle an die Lipidmembran durch Lipidmoleküle gebunden
sind, die an diese chemisch oder mittels gentechnologischer Verfahren gebunden sind.

8.

Verfahren nach Anspruch 1, wobei Fluoreszein oder Derivate davon als Fluoreszendonor und Rhodamin oder
Derivate davon als Akzeptor verwendet werden.
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9.

Verfahren nach Anspruch 2, wobei das zu testende Antigen zwei oder mehr verschiedene Epitope enthält.

10. Verfahren nach Anspruch 2, wobei das zu testende Antigen zwei oder mehr identische Epitope enthält.
5

Revendications
1.

Procédé d'essai immunologique reposant sur la fluorescence pour la détection d'un analyte ou la détermination
de sa concentration dans un échantillon, ledit procédé comprenant la fixation de molécules de récepteur spécifique
dudit analyte, une partie des molécules étant marquées avec un premier fluorophore (donneur) et une autre partie
avec un second fluorophore (accepteur), sur une membrane lipidique sur le plan duquel elles sont capables de
se déplacer librement ; la mise en contact d'un échantillon susceptible de contenir ledit analyte avec lesdites molécules de récepteur ; et la mesure du changement de fluorescence induit par la modification du niveau d'agrégation
des molécules de récepteur sur la membrane en tant que conséquence de la fixation de l'analyte.

2.

Procédé suivant la revendication 1, dans lequel l'analyte est un antigène et le récepteur est un anticorps.

3.

Procédé suivant la revendication 2, dans lequel l'analyte est un antigène monovalent, et qui comprend l'addition
à l'échantillon contenant l'antigène d'une quantité connue de molécules ayant deux ou plus de deux structures
antigéniques séparées fixant un anticorps.

4.

Procédé suivant la revendication 1, dans lequel l'analyte est un anticorps et le récepteur est un antigène.

5.

Procédé suivant la revendication 1, dans lequel la membrane lipidique est sous la forme d'un liposome.

6.

Procédé suivant la revendication 1, dans lequel la membrane lipidique est sous la forme d'une membrane plane.

7.

Procédé suivant la revendication 1, dans lequel les molécules de récepteur sont liées à la membrane lipidique par
l'intermédiaire de molécules lipidiques aux quelles est sont attachées chimiquement ou par génie génétique.

8.

Procédé suivant la revendication 1, dans lequel on utilise la fluorescéine ou ses dérivés en tant que donneur de
fluorescence, et la rhodamine ou ses dérivés en tant qu'accepteur.

9.

Procédé suivant la revendication 2, dans lequel l'antigène à tester contient deux ou plus de deux épitopes différents.
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10. Procédé suivant la revendication 2, dans lequel l'antigène à tester contient deux ou plus de deux épitopes identiques.
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