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Abstract of the disclosure

The use of pairs of peptides with extremely high specific
affinity for one another in the area of in wvitro
diagnosis

The invention relates to the use of certain peptides with
extremely high affinity for other peptides (heterodimer
formation) and low affinity for themselves (homodimer
formation) in the area of in vitro diagnosis.
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The use of pairs of peptides with extremely high specific

affinity for one another in the area of in vitro
diagnosis

The invention relates to the use of certain peptides with
extremely high affinity for other peptides (heterodimer
formation) and low affinity for themselves (homodimer
formation) in the area of in vitro diagnosis.

Numerous examples in which two (bio)molecules are able
to display high binding affinities for one another owing
to highly favored interactions are known. An example
which may be referred to here is the specific, directed
interactions between antibodies and antigens on the basis
of which immunological processes take place and whose
practical use has greatly enriched in vitro diagnosis.
The use of such specific binding partners (for example
monoclonal antibodies, lectins, receptors etc.) has made
it possible to recognize highly specific antigens of
diagnostic relevance. Besides the question of
specificity, that of the sensitivity is of equal
importance for the detection of biocomplexes for
diagnosis.

It has proven expedient, for various reasons, in
diagnostic methods ih which a specific binding partner of
an analyte attached, for example covalently or by
adsorption, to a solid phase, that this specific binding
partner be coupled to the solid phase (hereinafter called
“universal solid phase") not directly but via another
specific binding pair which does not react with the
analyte.

It has furthermore proven expedient in methods in which
the use of the specific biomolecules is limited by their
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stability and potency that it may be sensible to use,
even in the case of certain reagents, for example enzyme
conjugates, a corresponding indirect method, i.e. that
the specific binding partner is linked to the signal-
emitting component via another specific binding pair
which does not react with the analyte or the first
specific binding partner.

This makes it possible, for example, to employ a
"universal conjugate" for various analytes.

To achieve a "universal solid phase", for example mouse
immunoglobulin-specific reagents such as anti-mouse anti-
bodies or antibody-specific reagents such as protein A
are used and are applied to the solid phase by
conventional methods (Practice and Theory of Enzyme
Immunoassays, P. Tijssen, Elsevier, 1988). The
attractiveness of this idea is based on, inter alia, the
fact that a solid phase prepared in this way is able to
bind each specific mouse antibody in a directed manner
and reproducibly because of immunological reaction. The
use of a solid phase prepared in this way is possible in
principle as classical stationary solid phase ("ready-to-
use reagent") or else in homogeneous phase during the
immunological reaction.

Immunochemical detection methods and specifically
heterogeneous immunochemical detection methods are known
per se to the person skilled in the art. Disadvantages of
the known "universal solid phases" which may be mentioned
here are the limitation exclusively to antibody coatings,
as well as the limitation to certain assay setups (no
completely monoclonal ELISA versions, no antigen solid
phases).

It 1s furthermore known that samples' with appreciable
HAMA titers (HAMA = human anti-mouse antibodies) may
after in vivo administration of monoclonal antibodies to
humans cause very sensitive interference with such assay
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designs, and especially those carried out in homogeneous

phase, and thus false diagnostic conclusions may be
drawn.

Another system for putting said ideas into practice is
that with biotin/avidin (for example US 4,228,237). There
is no doubt that it occupies a special position with
regard to the high resulting binding strengths which can
be observed. The wide rangé of uses of this system is
described in a review article (Methods in Enzymology,

Vol. 184 (1990), Avidin-Biotin Technoloqgy, Ed. Meir
Wilchek; E.A. Bayer). |

However, the disadvantages of the avidin molecule
originate from the nature of this component of the system
in in vitro diagnosis. Thus, the glycoprotein avidin has
an exceptionally high isoelectric point (pI) and
therefore at a neutral pH, that is to say under
physiological conditions, displays, as a molecule with a
strongly positive charge, strong non-specific inter-
actions with negatively charged molecules such as, for
example, nucleic acids, phospholipids, etc., as well as
with charged surfaces. It is furthermore known that it is
not possible to prepare defined and strictly reproducible
products because of the microheterogeneities of the
glycoproteins. Furthermore, the carbohydrate portion in
the molecule contributes to unwanted side reactions with
other biological molecules (for example "endogenous
lectin") which may 1lead to distinct losses of
sensitivity. The literature citation which has already
been mentioned contains a note about the unwanted binding
of avidin to endogenous lectin.

These disadvantages can be largely avoided by using the
analog streptavidin from the bacterium Streptomyces
avidinii. The latter has almost the same levels of
affinity for biotin. It has a pI around the neutral point
and, furthermore, does not have any carbohydrates in the
molecule either. Nevertheless, fundamental problems arise
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with the streptavidin/biotin system too and may result in
sensitive interference and, when used in in vitro

diagnosis, possibly in unreliable results. It is known

that the vitamin biotin is required by all living cells

5 and 1is thus ubiquitous in all tissues and body fluids.
Thus, for example, the concentration of biotin in human

serum is approximately 10 ng/ml. This results in there

being, in all diagnostic applications, a competition of

the reagent with the sample material whose biotin content

10 may vary to different extents depending on the physio-
logical condition of the individual and his dietary

habits (for example intake of multivitamin products).

Another serious potential interference results from the
in wvivo use o©of the streptavidin/biotin system
15 (G. Paganelli et al., Radiolocalisation of tumour
pretargeted by biotinylated monoclonal antibody; Advances

in the applications of monoclonal antibodies in clinical

oncology; abstracts). The procedure for this 1is to
administer a biotinylated antibody, followed about
20 3-5 days later by indium-labeled streptavidin. It is

known that both avidin and streptavidin are highly
immunogenic substances and therefore result in a response
in humans after administration. Reference is made in this
context to so-called HASAs, that is to say human anti-
25 streptavidin antibodies, which may 1lead to serious

problems 1n assay designs in serum diagnosis.

The object of the present invention was to provide a
high-affinity system for use in in vitro diagnosis, which
does not have the abovementioned disadvantages. Moreover,
30 the intention was that the 1individual components be
obtainable easily, reproducibly and contamination-free

with established procedures.
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In one embodiment the invention is directed to a use of
palirs of peptides with extremely high specific affinity
for one another in the area of in vitro diagnosis,

wherein these peptides are “leucine Zipper peptides”.

In another embodiment the invention is directed to a

heterogeneous immunochemical method for the
determination of an analyte, wherein the specific

binding partner bound to the solid phase 1s bound to the
solid phase via a pair of “leucine zlipper” peptides. In
a further embodiment the solid phase is a microtiter
plate or a magnetically attractable particle.

In another embodiment the invention is directed to a
method for 1in vitro immunochemical detection and
determination of an analyte in a biological liquid using

a pair of complementary leucine zipper peptides, wherein
the first leucine zipper peptide of the palr of leucine

zipper peptides specifically binds to the second leucine
zipper peptide of the pair of leucine zlpper peptides,
comprising the steps of:

(a) 1mmobilizing said first 1leucine zlpper
peptide on a solid phase;

(b) coupling said second leucine zipper peptide
to a specific binding partner for the
analyte;

(c) contacting the immobilized first leucine
zlpper peptide with the second leucine Zlpper
peptide coupled to the specific binding
partner for the analyte, thereby immobilizing

the specific binding partner on the solid
phase;

(d) contacting a sample of the biological liguid
containing the analyte with the immobilized
specific binding partner: and

P

(e) determining the amount of the analyte bound

by said specific binding partner.
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In another embodiment the invention directed to a method
for 1n vitro immunochemical detection and determination

of an analyte in a biological liquid using a palr of
5 complementary leucine zipper peptides, wherein the first

leucine zipper peptide of the pair of leucine zlpper
peptides specifically binds to the second leucine zlpper
peptide of the pair leucine zipper peptides, comprising
the steps of:

10 (a) coupling said first leucine zipper peptide to
a signal-emitting component :

(b)  coupling said second leucine zipper peptide
to a filrst specific binding partner for the
analvte;

15 (c) contacting the first leucine zipper peptide
coupled to the signal-emimitting component
with the second leucine zipper peptide
coupled to the specific binding partner for

the analyte to form a complex:
20 (d) coupling a second specific binding partner

for the analyte to a solid phase:
(e) contacting a sample of the biological liguid
containing the analyte with said complex and

with said second specific binding partner
25 coupled to the solid phase; and

(f) determining the amount of analyte being bound
by the second specific binding partner.

In one embodiment, the invention is directed to a
universal solid phase for use in heterogeneous

30 immunochemical methods for the determination of an
analyte, wherein one peptide of the pair of “leucine
zlpper” peptides 1s attached, by adsorption or

covalently, directly or wvia a spacer, to the solid
phase.

35 In another embodiment the invention is directed to a

universal reagent for use in immunochemcial methods .

wherein at lease bne peptide of the pair of "“leucine
zlpper” peptides 1s bound to the specific binding
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partner serving for detection, and the second peptide of

this palir 1s bound to a signal emitting component.

In another embodiment the invention 1s directed to a

solid phase reagent for 1in vitro 1mmunochemical

detection and determination of an analyte 1n a
biological liguid, consisting essentially of:

a solid phase; and

a pailr of complementary leucine zipper peptides
consisting of a first leucine zipper peptide and
a second leucine zipper peptide, wherein the
first leucine zipper peptide of the pair of

leucine zipper peptides specifically binds to the

second leucine zipper peptide of the pair of
leucine zipper peptides;

wherein the first leucine zipper peptide is
immobilized on said solid phase, the second

leucine zipper peptide is coupled to a specific
binding partner for the analyte, and the second

leucine zipper peptide 1s complexed with the
first leucine zipper peptide.

In another embodiment the invention 1s directed to a
universal reagent for in vitro immunochemical detection
and determination of an analyte in a biological liqguid,
consisting essentially of a pair of complementary
leucine zipper peptides consisting of a first leucine
zipper peptide and a second leucine zipper peptide,
wherein the first leucine zipper peptide of the pair of
leucine zipper peptides specifically binds to the second
leucine zipper peptide of the pair of leucine zipper
peptides, wherein the first leucine zipper peptide 1s

coupled to signal-emitting component and the second

leucine zipper peptide is coupled to a specific binding
partner for the analyte.

In another embodiment the invention is directed to a

method of 1in wvitro i1mmunochemical detection or
determination of an analyte 1in a biological liquid
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comprising attaching a specific binding partner of an
analyte to a solid phase via a specific binding pailr

which does not react with the analyte, contacting a
sample of biological liquid containing the analyte with

the i1mmobilized specific Dbinding partner, and
determining the amount of analyte being bound to the
specific binding partner, wherein the 1mprovement
comprilses:

(a) immobilizing a first leucine zipper peptide
of a pair of complementary leucine zlipper
peptides to a solid phase, wherein the first
leucine zipper peptide of the pair of leucine
zipper peptides specifically binds to a
second leucine zipper peptide of the pair of
leucine zipper peptides;

(o) coupling said second leucine zipper peptide
to a specific binding partner for the

analyte; and

(c) contacting the first leucine zipper peptide
with the second leucine zipper peptide to
immobilize said specific binding partner for

the analyte to the solid phase.

In another embodiment the invention 1is directed to a
method of in wvitro immunochemical detection or
determination of an analyte 1in Dbiological 1ligquid
comprising attaching a first specific binding partner of

an analyte to a solid phase via a specific binding pailr
which does not react with the analyte, contacting a

sample of biological liquid with the 1mmobilized
specific binding partner, and determining the amount otf
analyte being bound to the specific binding partner
through the use of a labeled second specific binding
partner for the analyte, wherein the 1i1mprovement
COmMprilses:
(a) coupling a first leucine zipper peptide of a
pair of complementary leucine zipper peptides

to a signal-emitting component, wherein the
first leucine zipper peptide of the pair ot
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leucine zipper peptides specifically binds to
a second leucine zipper peptide of the pair

of leucine zipper peptides;
() coupling sald second leucine zipper peptide

to the second specific binding partner for
the analyte; and
(C) contacting the first leucine zipper peptide

with the second 1leucine =zipper peptide,
thereby attaching the signal-emitting

component to the second specific binding

partner for the analyte.

In another embodiment the 1invention 1s directed to a
method of amplifying the signal i1n an i1mmunoassay for an

analyte, comprising the steps of:
(a) coupling first leucine zipper peptides of a
palir of leucine zipper peptides to a signal-

emitting component, wherein the first leucine
zipper peptides of the pair of leucine zipper

peptides specifically binds to second leucine
zipper peptides;

(b) coupling more than one molecule of the second

leucine zipper peptide to a second specific
binding partner which specifically binds to a

first specific Dbinding partner which
specifically binds to the analvte;
(c) contacting the first leucine zipper peptides

coupled to the signal-emitting components
with the second leucine =zipper peptides

coupled to the specific binding partner to
form a complex;
(d) contacting a sample of biological fluid

containing the analyte with the complex; and
(e) determining the amount of analyte bound by

the first specific binding partner.

The method according to the invention 1s based on the

exceptionally strong interactions of peptide segments of
certain proteins which are able to bind DNA and thus are

capable of modulating transcription. It has been found
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that the binding of, for example, the fosgene product to
the jun gene product takes place with the formation of a
heterodimer of exceptional strength. This binding
furthermore shows resistance to high concentrations of
chaotropic substances (for example urea), detergents and

salt and to low and very high pH values. Comparable
heterodimer binding strengths have been measured with

synthetic peptides which comprise amino-acid positions
285 to 324, the so-called leucine zipper of the c-Jun
protein, and positions 162 to 201, the leucine zipper of
the v-Fos protein. These peptides have the following
amino-acid sequence:

c-Jun "leucine zipper peptide":
RIAR_L_EEKVKT;_KAQNSE;.ASTANML_REQVAQ_I_.._KQKVMNY ‘
v-Fos "leucine zipper peptide":
LTDTLQAETDQLEDKKSALQTEIANLLKEKEKLEFILAAY

The following letter code has been used:
A = alanine, C = cysteine, D = aspartic acid, E =

glutamic acid, G = glycine, I isoleucine, K = lysine,

L = Jleucine, M methionine, N = asparagine, Q =
glutamine, R = arginine, S = serine, T = threonine, V =

valine, Y = tyrosine

According to the present state of knowledge, the leucine
radicals therein, which are arranged at regular intervals
of 7 amino aclids (underlined in the formulae above), are
active. The c¢-Jun "leucine zipper peptide" shows, in
contrast to the c-jun gene product, no homodimerization.
The v-Fos "leucine zipper peptide" shows, similar to the
intact v-fos gene product, no great tendency to homo-
dimerization but - as already mentioned above - forms
very stable heterodimeric complexes with the c¢-Jun
"leucine zipper peptide" (E.K. O’SHEA et al., Science
245, 646 - 648 (1989) and M. NEUBERG et al., Nature 341
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"Leucine zipper peptides" within the meaning of this
invention are peptides which contain leucine residues
arranged in the manner indicated above, and preferred
peptides contain the c-Jun and v-Fos sequences. c-Jun and

v=-FOos are very particularly preferred.

Unexpectedly, the "leucine zipper peptides" proved when
used according to the invention both as solid-phase
reagents, trap reagents and as detection reagents to be
superior to the conventional reagents of this type

(protein A, protein G, polyclonal or monoclonal anti-

bodies) Dbecause of their extremely high complex
stability.

The invention relates to the use of pairs of peptides
with extremely high specific affinity for one another in

the area of in vitro diagnosis, these peptides being
"leucine zipper peptides".

The invention furthermore relates to a heterogeneous
immunochemical method for the determination of an
analyte, where the specific binding partner bound to the
solid phase is bound to the solid phase via a pair of
"leucine zipper" peptides.

The invention also relates to a universal solid phase for
use 1in heterogeneous immunochemical methods for the
determination of an analyte, where one peptide of the
pair of "leucine =zipper" peptides is attached by
adsorption or covalently, directly or via a spacer, to
the solid phase.

The invention also relates to a universal reagent for use
in immunochemical methods, where at least one peptide of
the pair of "leucine zipper" peptides is bound to the
specific binding partner serving for detection, and the
second peptide of this pair is bound to a signal-emitting

component.
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The method according to the invention also makes it
possible to bind more than one molecule of the second
peptide of the pair of "leucine zipper" peptides to the
specific binding partner serving for detection, either
directly or via a carrier molecule or particle, and thus

to obtain a signal increase which can be specifically
adjusted.

The invention therefore also relates to a method for
increasing the signal from the immunoassay, where more
than one molecule of the second peptide of the pair of
"leucine =zipper" peptides is bound to the specific
binding partner, directly or via a carrier molecule.

Since both the Fos and Jun "zipper peptide" and the
corresponding intact gene products are readily soluble in
water because of their hydrophilic nature, both peptides
or gene products can be used for coupling to a solid
phase. Suitable solid phases are known to the person
skilled in the art. Typical examples of solid phases
which can be used are, for example, tubes or shaped
articles made of a plastic such as polystyrene or of a
polyamide such as, for example, nylon, membrane-like
structures or magnetizable particles, for example para-
magnetic particles. Each peptide can moreover be attached
by adsorption or covalently, directly or via a spacer,

for example another peptide or protein or a smaller
molecule, to the solid phase.

The corresponding complementary "zipper peptide" can be
bound, for example, to an antibody or an antigen by
methods known per se to the person skilled in the art.
The antibodies can be mono- or polyclonal. Antigens
within the meaning of the invention can also be haptens.

Other examples of the use according to the invention are
covalent 1linkages of the above peptides with other
ligands and enzymes, receptors, cytokines, lymphokines,
catalytic antibodies, domain antibodies, complexons and
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other fusion proteins. The covalent linkages can take
place both via sulfhydryl and amino groups and via carbo-
hydrate residues by means of suitable linkers.

Since the amino-acid sequences of these "zipper peptides"”
are known, the question of the biocavailability is not a
difficulty, given the current state of the art and the
ease of obtaining amino acids. State of the art are
automated peptide synthesizers which are able to provide
within a short time defined, reproducible and, in
particular, contamination-free peptides. This dispenses
with, for example, the time-consuming isolation methods
whose reproducibility depends not least on the quality of
the material processed. Also essential to the invention
is the inclusion of a required functionalization of the
peptide in the synthesis step. In order, for example, to
make possible subsequent covalent linkage of the Fos
zlpper peptide to any required carrier protein via a
sulfhydryl group outside the leucine zipper sequence, for
example a cysteine is synthesized on via two glycines to
the amino terminus of the Fos leucine zipper peptide. It
would be possible for other extension peptides which are
likewise suitable to contain any desired number of amino
acids and several cysteines. The cysteine SH group
obtained in this way can then be used, for example, for
derivatization and/or coupling to monoclonal antibodies.

This can be carried out, for example, in such a way that
maleimido groups are introduced into an antibody in a
manner known per se, for example by reaction with
N-(gamma-maleimidobutyryloxy)succinimide, and the Fos
leucine zipper peptide is added via the terminal cysteine
SH group onto the maleimido double bond. In this case the
coupling takes place via one of the amino groups of the
MAb to the SH group of the cysteine in the Fos peptide.

It is alternatively possible also to link the Fos or Jun
leucine zipper peptide to antibodies via the hinge region
(disulfide bridges) of the antibody, for example by
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monofunctionalization with a bis-maleimide of the Fos
leucine zipper peptide via the terminal cysteine SH group
in a manner known per se, and then addition via the
second maleimido group which has been introduced and is
still unchanged onto to the hinge thiol groups of the
antibody which has, for example, been reduced with
dithiothreitol. This second method has the advantage that
the linkage of the Fos or Jun leucine zipper peptide to
the antibody takes place in a targeted manner outside the
antigen binding site.

Figures I-IV show diagrammatically the possibilities in
principle of a wide-ranging and worthwhile use of the
Jun-~-Fos 1interaction for in vitro diagnosis by way of
example. An essential difference from the technologies
already méntioned above is that the Jun/Fos interaction
comprises a high-affinity system of two low molecular
welght substances. The lower molecular weights result in
a considerably greater degree of flexibility and thus in
the achievement of tailored solutions. Binding of the
peptides to biomolecules without loss of their bio-
logical activity is possible because of the modest
spatial demands thereof. There is less severe limitation
of methods 1limited by massive steric hindrances.
Furthermore, the low molecular weights permit constructs
which are easy to synthesize and which as "coupler
components" not only are superior to, for example, the
streptavidin stoichiometry of, in theory, four binding
sites per molecule, but also can be freely designed. The
direct consequence of this is a controllable increase in
the sensitivity of diagnostic systems.

Explanations of the figqures:

re I) Solid phase:

In this connection the following procedures are possible
for providing the universal solid phases which can be
achieved, for example, on polystyrene vessels, magnetic
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particles, latex particles etc.:

a) by adsorption using optimized coating methods

b) covalently by chemical linkage to a functionalized

solid phase

C) by adsorption following previous covalent linkage of
a zipper peptide to a carrier molecule which can be
readily adsorbed

d) covalently by 1linkage of a functionalized solid
phase to a carrier molecule to which a =zipper
peptide is chemically bonded.

The speci.fic solid phase is prepared using the peptide
heterodimer formation in a secondary reaction with the
complementary peptide conjugated with the specific
binding partner.

re II) Conjugate:

A zipper peptide is conjugated with the required
incorporation rates with the specific binding partner by
known coupling methods. Signal emission takes place after
secondary reaction with a peptide which is complementary
to the first and to which is linked any desired signal-
emitting component (for example enzyme, fluorogen,
luminogen, radionuclide etc.).

re III) Amplification system:

The amplification of any desired signal can be achieved
using the zipper peptides in the following manner:

a) A second specific binding partner which is directed
against a first specific binding partner which
recognizes the antigen is either substituted several
times with a zipper peptide or, for steric reasons,
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linked to a peptide-carrying carrier molecule.

" b) The specific binding partner is substituted with the

same peptide as the signal-emitting component. The
"coupling" of these two components is achieved using
a carrier molecule to which the peptide which is

complementary to the first is coupled in the
required incorporation rate.

c) Amplification is brought about by using a preformed

complex between the "coupler component" described
under b) and the signal-emitting component provided
with peptide.

re IV) Artificial control serum/standards:

A first specific binding partner which is linked to a
zipper peptide recognizes the antigen. There is formation
in a secondary reaction of the heterodimer with a peptide
which is complementary to the first and which is con-
jugated with any desired antigenic structure (for example
peptide, protein etc.) and is directed against the second
specific binding partner which is linked to a signal-
emitting component.

The examples and the claims form part of the disclosure
of the invention. The examples serves to illustrate the

invention and in no way restricts it.

Example 1

Step 1l:

Coating of microtiter plates with Jun peptides

150 pl of a solution containing 10 ug/ml Jun peptide in

0.1 M sodium carbonate are placed in each of 16 wells of
microtiter plates supplied by Nunc, Roskilde, Denmark.
The assay plates charged with the dilutions are left at
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20°C for 18 hours, then the solutions in the wells are
removed by aspiration and the wells are washed

3 - 4 times with 300 uxl of a solution of 10 g/1 of bovine

serum albumin in phosphate-buffered physiological saline

(PBS, pH 7.4) by filling and removal by aspiration, and

the assay plates are then dried at 20°C over silica gel.

Step 2:
Preparation of a maleimido-antibody

The antibody to be conjugated ( concentration 4 mg/ml in
PBS; 2.5 ml) is mixed with lithium borate buffer (2.5 ml)
(see below for preparation). To the resulting solution
with a pH of 7.5 are added, while stirring, 0.45 ml of a
13 mg/ml solution of GMBS (N-gamma-maleimidobutyryloxy-
succinimide) in dioxane (corresponding to a 30-fold molar
excess of GMBS over IgG). After incubation at room
temperature for one hour, the excess reagent is removed
by gel filtration on a Sephadex G-25 column equilibrated

with phosphate-buffered saline (PBS), pH 7.2.
Preparation of the lithium borate buffer, pH 8.5:

1.24 g of boric acid are stirred into a mixture of water
(80 ml) and dioxane (20 ml). Solid lithium hydroxide is
added while dissolving the boric acid to adjust to a pH

of 8.5.
Step 3:

Coupling of the Fos leucine =zipper peptide to a
maleimido~-antibody

The maleimido-antibody (2 mg in 2 ml of PBS) prepared as
in Step 2 is incubated with 1 equiv. of Fos leucine

zipper peptide (64 ug 1in 100 gl of PBS) at room
temperature for 1 h. This is followed by gel filtration

through an AcA 34 column (diameter 2.5 cm; height 45 cm)
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with a sodium chloride/sodium citrate buffer, pH 7.3
(0.4 M sodium chloride and 0.04 M sodium citrate).

Step 4:

Preparation of a peroxidase-~labeled antibody and of a TMB
substrate for detection

Antibodies are generai:ed by the method of KOEHLER and
MILSTEIN for preparing monoclonal antibodies (Nature 256,
495, 1975), and different monoclonal antibodies with the
same antigen specificity have been identified by the |
method described by STAHLI et al. (J. of Immunological
Methods 32, 297 - 304, 1980). After purification by gel
chromatography, and dialysis against phosphate-buffered
saline (PBS, pH 7.4), the pool containing the monoclonal
antibody fraction (4 mg of protein/ml) is subsequently
reacted with N-gamma-maleimidobutyryloxysuccinimide
(GMBS) obtained from Calbiochem, as described by TANAMORI
et al. (J. Immunol. Meth. 62, 123 - 131, 1983).

Final dilutions of the solutions of the antibody-POD
conjugates obtained in this way are made for each assay
use. Used as conjugate dilution medium is a buffer con-
taining 0.1 M 2-amino-2-(hydroxymethyl)-1,3-propanediol
(TRIS), 0.5% “Tween 20, 0.5 - 1% stabilizing protein
pPH 7.4. Polyclonal antibodies prepared according to the
state of the art are adjusted in the same way.

A substrate system or a substrate preparation containing

hydrogen peroxide and tetramethylbenzidine (TMB), which
is prepared from two stock solutions, is used to detect

' Ab-IgG/POD conjugate.

Stock solution 1l: TMB dihydrochloride is dissolved at a
concentration of 5 g/1, i.e. of 16 mmol/l, by stirring in
double-~-distilled water and adjusted to pH 1.5 with
5 normal hydrochloric acid. Penicillin G is added at a
final concentration of 200 mg/l, i.e. of 0.56 mmol/l, to
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this solution while stirring.

Stock solution 2: 1.4 ml of glacial acetic acid, 1.5 ml
of 1 normal NaOH and 250 mg, i.e. 3 mmol, of H,0, in the
form of urea-hydrogen peroxide adduct are added to 900 ml
of double-distilled water. After dissolution is complete,
the volume is made up to 1 1 with double-distilled water.

TMB substrate preparation: one part by volume of stock

solution 1 and 10 parts by volume of stock solution 2 are
mixed together.

Step 5

Determination of antigen’in an ELISA using the peptides
according to the invention

10 41 of a solution containing 0.01 mg/ml of the Fos
peptide-antibody conjugate prepared as in Step 3, in
sodium chloride/sodium citrate buffer, are placed in the
wells of microtiter plates which are coated with peptides
as described. It is possible where appropriate to remove
the solution by aspiration after 10 - 30 min and to wash
the wells. 20 ul of serum or plasma, 10 xl of incubation
medium (BW, OSND) are placed in the wells. After
incubation at 37°C for 30 min, the contents of the wells
are removed by aspiration and the wells are washed three
times with washing buffer containing 1 g/l1 "Tween 20 in
PBS. This is followed by addition of 100 xl of conjugate
in the final dilution to the wells. After incubation at
37°C for 30 min, the contents of the wells are removed by
aspiration, and again three washes are carried out.
Subsequently 100 gzl of TMB substrate preparation are
added to each well, incubated at 20 - 22°C for 30 min,
and incubation is stopped by adding 100 pul of 1 normal
sulfuric acid. The extinction of the colored solution is

measured at a wavelength of 450 nm (E,;,) with PBS as
reference.
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Example 2
Step 1
Coating of microtiter plates

150 sl of a solution containing 5 pwg/ml Jun or Fos
peptide in 50 mM carbonate buffer are placed in each of
the wells of microtiter plates supplied by Nunc, Roskilde
(Denmark)'. The charged assay plates are left at room
temperatures overnight, then the solutions in the well
are removed by aspiration, and the wells are washed three
times with 250 xl of a phosphate-buffered physiological
saline by filling and aspirating out. The assay plates

are then left to dry over silica gel at 20°C.

Step 2
Preparation of a maleimido-antibody

The antibody to be conjugated (concentration 4 mg/ml in
PBS; 1 ml) is mixed with lithium borate buffer (1 ml). To
the resulting solution with a pH of 8.0 are added, while
stirring, 0.017 ml of a 13 mg/ml solution of GMBS
(N-gamma-maleimidobutyryloxy~-succinimide) in dioxane
(corresponding to a 30-fold molar excess of GMBS over
IgG). After incubation at room temperature for one hour,
the excess reagent is removed by gel filtration on a
Sephadex G-25 column equilibrated with phosphate-buffer
pPH 6.0 containing 5 uM Titriplex I.

Step 3

Coupling of the Jun or Fos leucine zipper peptide to a
maleimido-antibody

The maleimido-antibody prepared as in Step 2 (2 mg in
2 ml of phosphate buffer pH 6.0 containing 5 gM
Titriplex I) 1s incubated with one equivalent of Jun or
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Fos leucine zipper peptide (15 mg in 1 ml of PBS) at room
temperature for 1 hour. This is followed by gel
filtration through a Sephadex G-25 column (diameter 1 cm:
height 15 cm) with 50 mM tris pH 7.4.

Step 3 a)

Coupling of a functionalized Jun or Fos leucine zipper
peptide to a maleimido-antibody

2.1 mg of Jun or Fos peptide are taken up in 0.21 ml of
PBS and mixéd with 9.5 gl of a SAMSA stock solution
(S-acetylmercaptosuccinic anhydride; FLUKA; 22.2 mg/ml in
dioxane). After reaction at room temperatures for
30 minutes, the solution is treated with 60 ul of a 1M
NH,OH solution in water and incubated at room temperature
for a further 15 minutes. The reaction mixture is then

desalted on a Biogel P2 column with phosphate buffer pH 6
containing 5 uyM Titriplex I.

The subsequent coupling procedure to a maleimido-anti-
body is carried out in analogy to Step 3.

Step 4

Determination of CEA in an ELISA using the peptides
according to the invention

100 ul of a 0.01 mg/ml Fos peptide-anti-CEA antibody
conjugate prepared as 1in Step 2 in Dbuffer (OSND,
Behringwerke) are placed in the wells of microtiter
plates which have been coated with Jun peptide as
described. It is possible where appropriate for the
solution to be removed by aspiration after 2 hours at
37°C and for the wells to be washed with Enzygnost
washing buffer (OSEW). 20 ul of serum or CEA standard and
100 ul1 of the anti-CEA antibody in final dilution (for
example polyclonal, rabbit), which is in peroxidase-
labeled form, are placed in the wells. After a reaction
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time of 2 hours at 37°C, the contents of the wells are
removed by aspiration and washing with washing buffer is
again carried out. PFinally, 100 1 of TMB substrate
preparation are placed in each well, incubated at room
temperature for 30 minutes, and the incubation is stopped
by adding 100 gl of 1 normal sulfuric acid. The
extinction of the colored solution is measured at a
wavelength of 450 nm with PBS as reference.

Exemplary embodiment A: standard plot of the CEA-ELISA
with the peptides according to the invention

Table 1

CEA concentration

(ng/ml) 0 1 3 10 30 100
Extinction
450 nmm 14 40 93 321 980 2471
(ME)

17 37 103 346 1067 2408
Mean
extinction 16 40 98 334 1024 2440
(mE)

Exemplary embodiment B:

Correlation of the CEA ELISA with the peptides according
to the invention compared with other commercial CEA

assays

The CEA deteminations were carried ocut with an ELISA with the
embodiment A, but this time in an inverse system with a Fos peptide-
coated microtiter plate and a Jun-anti-CEA conjugate.
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Table 2: Agreement of the CEA concentrations on comparison
with a commercial assay

CEA concentrations (ng/ml) in normal sera

Enzygnost CEA micro 1.49 1.32 1.05 1.05 1.26 <1.0
(Behringwerke AG)

"Jun/Fos"-CEA 1.22 1.94 1.5 1.88 1.74 1.3
ELISA

CEA concentrations (ng/ml) in tumor sera

Enzygnost CEA micro 3.6 6.9 7.2 17.6 9.8 28.6
(Behringwerke AG)

"Jun/Fos"~CEA 3.53 9.3 9.8 20.7 10.1 27.8
ELISA

Enzygnost CEA micro 39.9 29.3 87.2 105.5 1538 5180
(Behringwerke AG)

"Jun/Fos"-CEA 36.2 36.2 121.6 106.9 1276 5201
ELISA

Result:

Direct comparison with a commercial CEA assay kit

revealed very good correlation of the CEA concentrations
(correlation coefficient r = 0.999).
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Step 5

Determination of AFP in an ELISA using the peptides
according to the invention

100 ul portions of a Jun peptide-anti~AFP antibody
conjugate (anti-AFP antibodies from sheep) prepared as in
Example 2, Step ‘3 or 3a are pipetted into the wells of
microtiter plates which were coated with Fos peptide as
in Example 2, Step 1, and incubated at 37°C for 2 h.
After the wells had been washed three times with washing
buffer (OSEW, Behringwerke), 20 ul portions of standard
or sample and 100 ul of a buffer (OSND, Behringwerke)
with the addition of peroxidase-conjugated anti-AFP
antibodies from sheep were introduced. The two-hour
incubation at 37°C is again stopped with a washing step
(see above), and the substrate/chromogen reaction is
carried out as in Example 2, Step 4.

The Jun peptide-anti-AFP antibodies are employed in a
concentration range from 25 to 0.5 ug/ml appropriate for
the chosen concentration of the peroxidase-conjugated
anti-AFP antibodies so that the measured signal at 450 nm
for the standard S5 (300 IU/ml) amounts to a minimum
extinction of 0.8 E.

Exemplary embodiments of the Jun/Fos AFP assay:
A) Specificity of the Jun-Fos interaction I

In order to check the specificity of the Jun-Fos inter-
action, various peptide-coated and uncoated microtiter
plates were employed in analogy to the assay procedure
described above in combination with anti-AFP antibodies

to which Jun or Fos peptide or no peptide have been
coupled.

Result: Only when the "Fos solid phase" was used 1in
combination with Jun-anti-AFP antibodies was it possible
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to obtain with the standard S5 (300 IU AFP/ml) a measured

signal which was significantly higher than with the
standard SO (0 IU AFP/ml) (Tab. 3).

Table 3: Specificity of the Jun-Fos interaction

Measured signal (extinction)

Standard SO Standard S5
(0 IU AFP/ml) (300 IU AFP/ml)

a) Microtiter plate uncoated:

Jun-anti-AFP antibody: 0.007 0.026
Fos-anti~AFP antibody: 0.011 0.017
anti-AFP antibody: 0.008 0.017

b) Jun-coated microtiter plate:
Jun-anti-AFP antibody: 0.008 0.061

C) Fos-coated microtiter plate:

Jun-anti-AFP antibody: 0.006 3.250
Fos-anti-AFP antibody: 0.0089 0.012

anti-AFP antibody: 0.008 0.017
no anti-AFP antibody: 0.010 0.011

B) Specificity of the Jun-Fos interaction II

The Jun/Fos AFP assay described hereinbefore was preceded
by an incubation step with 100 gzl in each case of a Jun
or Fos peptide-containing buffer solution (buffer = OSND)
per well at 37°C for one hour. After 3 washes, the
subsequent assay procedure was as specified above.

Result: Only by addition of free Jun peptide was it

possible to inhibit the binding of Jun-anti-AFP antibody
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to the Fos-coated solid phase (Tab. 4)

Tab. 4. Inhibition of the Jun-anti-AFP antibody binding
to the Fos-coated microtiter plate by addition of free
peptide |

Measured signal (extinction 450 nm)

Standard SO Standard S5
(0 IU AFP/ml) (300 TU AFP/ml)
Free peptide
(sg/ml)
Jun 0 0.010 3.590
S 0.015 3.486
50 0.011 2.857
- 500 0.013 1.371
Fos 0 0.007 3.599
5 0.010 3.416
50 0.011 3.572
500 0.015 3.694

C) Standard plot for Jun/Fos AFP assay:

Tab. 5: Standard plot for the Jun/Fos AFP assay

AFP concentration

25

(IU/ml) 0 3 10 30 100 300

Extinction 450 nm 0.009 0.021 0.101 0.396 0.631 0.883
0.009 0.024 0.071 0.296 0.699 0.916

Mean
extinction 0.009 0.023 0.086 0.346 0.665 0.900
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A use of pairs of peptides with extremely high

specific affinity for one another in the area of in vitro
diagnosis, wherein these peptides are "“leucine zipper"

peptides.

2. The use as claimed in claim 1, wherein 1in a solid
phase immunoassay a first peptide of the pair of “leucine
zipper" peptides 1s attached by adsorption or covalently,
directly or wvia a spacer, to the solid phase, and a
second peptide of the pair of "“leucine zipper” peptides
is bound to a specific binding partner, which serves for

immobilization of an analyte to be detected.

3. The use as claimed 1n c¢laim 1, wherein 1n an

immunoassay a specific binding partner serving for

detection 1is bound to a first peptide of the pair of
"leucline zipper" peptides, and a second peptide of this

palr 1s bound to a signal-emitting component.

4 . The use as claimed in claim 3, wherein more than one
molecule of the first peptide of the pair of "leucine
zipper" peptides 1s bound to the specific binding

partner, directly or via a carrier molecule.

5. The use as claimed in claim 1, wherein a specific
binding partner for an antigen i1s linked via the pair of

“leucine zipper” peptides to an antigenic structure which

is recognized as a specific binding partner by a second

specific binding partner of an analyte.
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6. A heterogeneous i1mmunochemical method for the

determination of an analyte, wherein a specific binding

partner is bound to a solid phase via a pair of "“leucine

zipper” peptides.

7. The method as claimed in claim 6, whereilin the solid

phase is a microtiter plate or a magnetically attractable

particle.

8. A heterogeneous immunochemical method for the
determination of an analyte, wherein a specific binding
partner serving for detection is bound to a first peptide

of a pair of "leucine zipper" peptides, and a second

peptide of this pair carries a signal-emitting component.

9. The method as claimed i1in claim 8, wherein more than

one molecule of the first peptide of the pair of "leucine

o 1

zipper" peptides 1s bound to the specific binding

partner, directly or via a carrier molecule.

10. The use as claimed in c¢laim 1, wherein 1n an
immunoassay more than one molecule of a first peptide of

the pailir of "“leucine =zipper” peptides 1s bound to a

specific binding partner serving for detection, directly
or via a carrier molecule, and a second peptide of this

palr carries a signal-emitting component.

11. A universal solid phase for use 1n heterogeneous
immunochemical methods for the determination of an
analyte, wherein one peptide of a pair of “leucine
zipper” peptides 1s attached, Dby adsorption or

covalently, directly or via a spacer, to the solid phase.
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12. A universal reagent for wuse 1n i1mmunochemical
methods, wherelin at least a first peptide of a pair of
“leucine zipper” peptides is bound to a specific binding
partner serving for detection, and a second peptide of

this pair 1s bound to a signal-emitting component.

13. A method for in vitro immunochemical detection and
determination of an analyvte in a biological ligquid using
a palr of complementary leucine zipper peptides, wherein
a first leucine zipper peptide of the pair of leucine
zipper peptides specifically binds to a second leucine
zipper peptide of the pair of leucine zipper peptides,
comprising the steps of:

(a) i1mmobilizing the first leucine zipper peptide
on a solid phase;

(b) coupling the second leucine zipper peptide to a
specific binding partner for the analyte;

(¢) contacting the immobilized first leucine zipper
peptide with the second leucine zipper peptide
coupled to the specific binding partner for the
analyte, thereby immobilizing the specific
binding partner on the solid phase;

(d) contacting a sample of the biological liquid
containing the analyte with the i1mmobilized
specific binding partner; and

(e) determining the amount of the analyte bound by

sald specific binding partner.

14. The method of claim 13, wherein the specific binding

partner 1s an antibody.

15. The method of claim 13, wherein the first leucine

zipper peptide is v-Fos and the second leucine zipper
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peptide 1s c¢-Jun or the first leucine zipper peptide 1is

c-Jun and the second leucine zipper peptide 1s v-Fos.

16. A method for 1n wvitro i1mmunochemical detection and
determination of an analyte 1n a biological ligquid using
a palr of complementary leucine zipper peptides, whereiln

amad
—

a first leucine zipper peptide of the pair of leucine

zipper peptides specifically binds to a second leucine
zipper peptide of the pair of leucine zipper peptides,
comprising the steps of:
(a) coupling the first leucine zipper peptide to a
signal-emitting component;
(b) coupling the second leucine zipper peptide to a
first specific binding partner for the analyte;

(c) contacting the first 1leucine zipper peptide

coupled to the signal-emimitting component with
the second leucine zipper peptide coupled to
the specific binding partner for the analyte to
form a complex;

(d) coupling a second specific binding partner for
the analyte to a solid phase;

(e) contacting a sample of the biological liquid
contalning the analyte with the complex and
with the second specific binding partner
coupled to the solid phase; and

(f) determining the amount of analyte being bound

by the second specific binding partner.

17. The method of claim 16, wherein the first and second

specific binding partners are each an antibody.

18. The method of claim 16, wherein the first leucine

zipper peptide 1is v-Fos and the second leucine zipper
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peptide i1is c-Jun or the first leucine zipper peptide 1is

c-Jun and the second leucine zipper peptide 1s v-Fos.

19. A solid phase reagent for 1n wvitro i1mmunochemical
detection and determination of an analyte 1n a biological
ligquid, consisting essentially of:
a solid phase; and
a palr of complementary leucine zipper peptides
consisting of a first leucine zipper peptide
and a second leucine zipper peptide, wherein
the first leucine zipper peptide of the pair of
leucine zipper peptides specifically binds to
the second leucine zipper peptide of the pair
of leucine zipper peptides;
wherein the first leucine zipper peptide 1s
immobilized on the so0lid phase, the second
leucine zipper peptide 1s coupled to a specific
binding partner for the analyte, and the second
leucine zipper peptide 1s complexed with the

first leucine zipper peptide.

20. A universal reagent for 1n wvitro immunochemical
detection and determination of an analyte 1n a biological
liquid, consisting essentially of a pair of complementary
leucine zipper peptides consisting of a first leucine
zipper peptide and a second leucine zipper peptide,
wherein the first leucine zipper peptide of the pair of
leucine zipper peptides specifically binds to the second
leucine zipper peptide of the pair of leucine zlipper
peptides, wherein the first leucine zipper peptide 1s
coupled to a signal-emitting component and the second
leucine zipper peptide 1s coupled to a specific binding

partner for the analyte.
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21. In a method of in wvitro immunochemical detection or
determination of an analyte 1n a biological 1liqgquaid
comprising attaching a specific binding partner of the
analyte to a solid phase via a specific binding pair
which does not react with the analyte, contacting a
sample of biological liguid containing the analyte with
the immobilized specific binding partner, and determining
the amount of analyte being bound to the specific binding
partner, wherein the improvement comprises:
(a) 1mmobilizing a first leucine zipper peptide of
a pair of complementary leucine zipper peptides
to a solid phase, wherein the first 1leucine
zipper peptide of the pair of leucine zipper
peptides specifically binds to a second leucine
zipper peptide of the pair of leucine zipper
preptides;
(b) coupling the second leucine zipper peptide to a
specific binding partner for the analyte; and
(c) contacting the first leucine =zipper peptide
with the second leucine zipper peptide to
immobilize the specific binding partner for the

analvte to the solid phase.

22. In a method of in wvitro immunochemical detection or
determination of an analyte 1n biological 1liqguaid
comprising attaching a first specific binding partner of
an analyte to a solid phase via a specific binding pair
which does not react with the analyte, contacting a
sample of biological liquid with the immobilized specific
binding partner, and determining the amount of analyte
being bound to the specific binding partner by using a
labeled second specific binding partner for the analyte,

wherein the improvement comprises:
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(a) coupling a first leucine zipper peptide of a
pair of complementary leucine zipper peptildes
to a signal-emitting component, wherein the
first leucine zipper peptide of the pair of
leucine zipper peptides specifically binds to a
second leucine zipper peptide of the pair of
leucine zipper peptides;

(b) coupling the second leucine zipper peptide to
the second specific binding partner for the

analyte; and

(c) contacting the first leucine zipper peptide

with the second leucine zipper peptide, thereby
attaching the signal-emitting component to the

second specific Dbinding partner for the

analvyte.

23. A method of amplifyving the signal i1n an 1mmunoassay
for an analyte, comprising the steps otf:

(a) coupling first 1leucine =zipper peptides of a
pair of leucine zipper peptides to a signal-
emitting component, wherein the first leucine
zipper peptides of the pair of leucine zipper
peptides specifically bind to second leucine
zipper peptides;

(b) coupling more than one molecule of a second
leucine zipper peptide to a second specific
binding partner which specifically binds to a
first specific binding partner which
specifically binds to the analyte;

(c) contacting the first leucine zipper peptides
coupled to the signal-emitting component with
the second leucine zipper peptides coupled to

the specific binding partner to form a complex;
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(d) contacting a sample of biological fluid
containing the analyte with the complex; and
(e) determining the amount of analyte bound by the

first specific binding partner.

24. The method claim 23, wherein the first specific

binding partner 1s an antibody.

25. The method of claim 23, wherein the first leucine
10 zipper peptides are v-Fos and the second leucine zipper
peptides are c-Jun or the first leucine zipper peptides

are c-Jun and the second leucine zilpper peptides are v-

Fos.

15 26. The method of claim 23, wherein the second specific

n

binding partner is coupled to more than one molecule ot

the second leucine zipper peptide via a carrier molecule.
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