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(57) Abstract: The invention relales to @ novel antigen binding protein construct or "modubody”, comprising at least three [unc-
tional individual domain modules of an antibody. The modubodies comprise a domain from the variable heavy chain region of an
antibody (VH), a domain from the variable light chain region of an antibody (VL), and bind monospecifically to an antigen. The
modubodies [urther comprise a domain [rom the constant region ol antibodies. The modubodies can be used (or diagnostic or the-
rapeutic purposes.

(57) Zusammenfassung: Die vorliegende Erfindung
[Fortsetzung auf der ndchsten Seite]



WO 2011/064257 A3 NI H0F00A 00100 A

—  vor Ablauf der fiir Anderungen der Anspriiche gelienden (88) Verdffentlichungsdatum des internationalen Recher-
: : chenberichts:

Frzst;. Verdffentlichung wird v&zederholt, falls Anderun- 11 Augnst 2011
gen eingehen (Regel 48 Absatz 2 Buchstabe h)

—  mit dem Sequenzprotokoliteil der Beschreibung (Regel 5
Absatz 2 Buchstabe a)

bezicht sich auf cin ncucs antigen-bindendes Protcinkonstrukt oder "Modubody”, welches mindestens drei funktionale Einzeldo-
méanenmodule eines Antikorpers enthélt. Die Modubodies enthalten eine Doméne aus der variablen Schwerkettenregion eines An-
tikérpers (VH), eine Doméne aus der variablen Leichtkettenregion eines Antikérpers (VL) und binden monospezitisch an ein An-
tigen. Ferner enthalten die Modubodies eine Doméne aus der konstanten Region von Antikérpern. Die Modubodies konnen fiir

diagnostische oder therapeutische Zwecke eingesetzt werden.



Monospecific polypeptide reagents
Description

The present invention relates to a novel antigen-binding protein construct or "modubody”,
which contains at least three functional single domain modules of an antibody. The
modubodies contain a domain from the heavy chain variable region of an antibody (VH), a
domain from the light chain variable region of an antibody (VL) and bind monospecifically to
an antigen. The modubodies further contain a domain from the constant region of antibodies.

The modubodies can be used for diagnostic or therapeutic purposes.
Background of the invention
Antibody structure

Antibodies are plasma glycoproteins, which consist of a plurality of polypeptide chains
connected by disulphide bridges. A standard antibody consists of two identical heavy
immunoglobulin (Ig) chains and two identical light chains. Both antibody chains consist of
different protein domains having a length of about 110 amino acid residues, which aré
composed of B-sheets in the form of a characteristic immunoglobulin fold. The heavy chain
consists of one variable (VH) domain and three or four constant domains (CH1, CH2, CH3,
CH4). The light chain consists of one variable (VL) and one constant (CL) domain. The
variable portions of the heavy and light chain, in particular the hypervariable
complementarity determining regions (CDR), contribute to antigen specificity. The immune
system provides a high diversity of antibodies against very different antigens. Antibodies can

be assigned to different classes, for example IgM, IgA, 1gG, IgE, IgD.
Antibody fragments and substructures

Antibody fragments can be obtained by enzymatic cleavage or by recombinant processes. A
Fab fragment equipped with the antigen recognition function contains the VH-CH1 domains
of the heavy chain and the VL-CL domains of the light chain, connected together via
disulphide bridges, while the Fv fragment comprises only the heavy and light chain variable

regions. However, these fragments consisting of a plurality of protein subunits can be



prepared in biologically active form in an acceptable yield only by complex processes (Read
et al. (2007), Appl. Environ. Microbiol. 73: 5088-5096).

A single-chain Fv fragment (scFv) is a small, approximately 28 kDa heavy antigen-binding
substructure in the form of a covalent coupling of VH and VL domains via a peptide linker
(Hu et al. (1996), Cancer Res 56: 3055-3061). However, the folding efficiency, the
sometimes inadequate stability and the toxicity of these structures frequently limit the yield in
the preparation of biologically active scFv in bacterial expression systems (Nieba et al.
(1997), Protein Eng 10: 435-444).

The term minibodyv (mini-antibody) refers to an approximately 75 kDa heavy chimeric
molecule of an scFv and a hinge region from the heavy chain fused with the CH3 domain
which, assisted by the CH3 domain, is assembled to form a bivalent molecule covalently
bonded via disulphide bridges of the hinge region (Wu, EP0627932B1). The CH3 domain
serves as the dimerisation domain for the production of homodimers (cf. Diibel et al., Biol.
Unserer Zeit, Vol. 34, No. 6, p. 372-379, 2004). However, on expression in E. coli, these
molecules exhibit low expression rates and proteolytic degradation in the hinge region {Hu et
al. (1996), Cancer Research 56: 3055-3061).

Like the minibody, the diabody has two antigen-binding sites. In the diabody, VL and VH
domains are connected in the form of a single polypeptide chain to give a divalent and
bispecific molecule (Hollinger et al. (1993), PNAS 90: 6444-6448).

Monobodies are chimeric antigen-binding polypeptides, which exhibit hypervariable CDR
loops within a fibronectin type lll scaffold (Koide, EP0985039B1). These molecules provide a
valuable class of novel affinity reégents. However, when CDR loops are transplanted into a
heterologous fibronectin scaffold, effector and detection functions of native antibodies are
lost.

Nanobodies consist of single-chain antigen-binding VyH domains (variable domains of a
heavy chain antibody) and are based on the observation that natural and functional
antibodies that consist only of heavy chains are found in camels and llamas (Caserman and
Harmers, EP 19930919098). The solubility of human VH domains (heavy chain variable

domains) is, however, frequently limited on account of hydrophobic regions, which interact in




the intact antibody with regions of the light chain (Barthelemy et al. (2007) J. Biol. Chem.
283: 3639-3654).

Antibodies in immunodiagnosis

There are numerous immunoassay formats for determining the presence or concentration of
a specific antibody, for example against a pathogen, an autoantigen or an allergen, in a
biological sample. In general, such assays are directed to the detection of a specific antibody
class or a combination of particular antibody classes and use specific internal controls or
calibrators. Immunoassays which are suitable, for example, for determining human
autoantibodies generélly contain a positive control, a negative control and an index calibrator
or a gradation of different calibrator concentrations (standard series) for producing a
calibration curve, with which antibody concentrations in a sample can be interpolated. Such
control and calibration reagents are conventionally prepared by diluting seropositive plasmas

or serums in a suitable dilution medium.

For example, the calibrators and controls for the isotype-specific determination of f2-
glycoprotein autoantibodies are prepared from the serum of human donors, which contain
high concentrations of these autoantibodies of classes IgG, IgM and/or IgA. The use of
human seropositive serum or plasma to prepare controls and calibrators is associated with
numerous disadvantages, however, such as, for example, the difficulty of acquiring such
reagents in large amounts and of suitable quality, differences in the binding characteristics in
different batches, heterogeneous polyclonal specificity, heterogeneous isotype composition,

presence of pathogens, costs, etc.

Because antibodies bind to antigens with high specificity and affinity, they are of central
importance in immunodiagnosis. The size of the natural antibody molecules and their
complex structure of a plurality of polypeptide chains with a large number of inter- and intra-
domains, interconnections through disulphide bridges as well as glycosylation positions
represent a considerable obstacle in the construction and the recombinant expression of

specific antibodies.

Hackett et al. (EP1018019 B1) disclose a process for the preparation of reagents for use as
calibrators and controls, wherein the reagent is a chimeric monoclonal antibody which

comprises heavy and light chain variable regions from a first host species fused to heavy



and light chain constant regions from a second host species, which corresponds to that of
the antibody to be determined. However, the preparation of these species-chimeric
monoclonal antibodies requires a high technical outlay, as is typical of the production of
monoclonal antibodies. Although Hackett mentions the theoretical possibility of using as
synthetic calibrators also polypeptides which bind specifically to a given ligand and are fused
to an antibody region of the desired host species, Hackett does not provide a process by

means of which single-chain synthetic polypeptide calibrators can be synthesised.

There is accordingly a continuing need for small, antibody-like molecules which specifically
recognise an antigen, form complexes with antibodies against natural immunoglobulins, and

can be prepared easily and in a large amount in bacterial expression systems.

Summary of the invention

The invention provides a monovalent fusion polypeptide comprising

) a first domain comprising the heavy chain variable region of an antibody (VH) or at
least a section thereof that mediates antigen binding,

(ii) a second domain comprising the light chain variable region of an antibody (VL) or at
least a section thereof that mediates antigen binding, and

(iii) a third domain comprising a section of a heavy chain constant region of an antibody
(CHX),

wherein domains (i), (ii) and (iii) are linked together via peptide linkers (L).

The invention further provides a nucleic acid which codes for a monovalent fusion

polypeptide as described above.

The invention still further provides a host cell which contains a nucleic acid according to the

invention.

The invention still further provides a process for the preparation of a monovalent fusion
polypeptide by cultivating a host cell according to the invention and obtaining the fusion
polypeptide from the cell or from the culture supernatant.



Yet further aspects of the present invention relate to the use of monovalent fusion
polypeptides as reagents in diagnostic or biochemical tests, as well as to medical

applications of the fusion polypeptides, nucleic acids and host cells.

The monovalent fusion polypeptides according to the invention are referred to as

"modubodies”.

Modubodies are constructs which consist of domains of the variable heavy (VH) and variable
light (VL) chains of an antibody and one or more domains of the heavy chain constant region
(CH1, CH2, CH3, CH4) of antibodies, these domains of an antibody being coupled together
in the form of a linear sequence of independently structured function modules via suitable
linker sequences. The individual domains have a length of, for example, from 80 to 130
amino acids. Modubodies consist of a single polypeptide chain and possess a single
antigen-binding site, which is formed of the domains VH and VL. Modubodies are preferably
unable to form intermolecular disulphide bridges, so that they are present in the form of
monomers. Modubodies are free of hinge regions of antibodies. They are accordingly
miniature versions of monovalent antibodies, which can be prepared simply and in large
amounts in the form of a single protein chain in suitable expression systems, for example
bacterial expression systems. Owing to their single-chain structure, their small size, the
monoclonal composition, the fact that they can be prepared easily, and their stability,
modubodies are ideal reagents for biochemical research, for use in diagnostic assays and as

therapeutic agents.

Accordingly, @ modubody is a chimeric molecule having a typical structure as in Figure 1,
consisting of separate function modules which are derived from domains of the variable
heavy (VH) and variable light (VL) chains of an antibody and one or more domains of the
heavy chain constant region (CHX, e.g. CH1, CH2, CH3 or CH4) of antibodies. The
individual independently structured function modules are coupled together in a linear

sequence via suitable linker sequences (L).
Description of the figures
Figure 1:

Schematic structure of an embodiment of a fusion polypeptide (modubody) according to the

invention, wherein VL denotes a domain of the variable light chain, VH denotes a domain of



the variable heavy chain, and CHX denotes a domain of the heavy chain constant region
(CH1, CHZ2, CH3 or CH4) of antibodies. The individual domains are connected together in a

linear sequence by heterologous, preferably flexible peptide linkers L.

Figure 2:

Characterisation of the binding reaction of an scFV-CAD reaction module to the target p2-
glycoprotein.

For the ELISA detection of the specific B2-glycoprotein-binding activity of the scFv-CAD
reaction module, serial dilutions of scFv-CAD in the indicated concentration were applied to
microtitre plates coated with B2-glycoprotein and, for control purposes, with bovine serum
albumin (BSA). The binding was determined using a peroxidase-labelled RGS-6X-His

antibody (Qiagen, Hilden) and a tetramethylbenzidine (TMB) colour reaction by
measurement of the O.D. 450.

Figure 3:

Characterisation of the stability of an scFV-CAD reaction module to temperature stress.

A. In order to investigate the influence of 50°C temperature stress on the B2-glycoprotein-
binding activity of the CAD-scFv, the purified protein module in a concentration of
5 ug/ml was exposed to a temperature of 50°C for a period of 0-180 minutes. The
binding of the scFv-CAD to PB2-glycoprotein was determined in an ELISA using a
peroxidase-labelled RGS-6X-His antibody and a TMB colour reaction by measurement
of the O.D. 450.

B. In order to determine the inactivation temperature of the scFv-CAD, the purified protein
module in a concentration of 5 ug/ml in calibrator dilution medium was exposed to a
series of temperatures of from 20°C to 90°C for 10 minutes. The binding of the scFv-
CAD to B2-glycoprotein was determined in an ELISA using a peroxidase-labelled RGS-
6X-His antibody and a TMB colour reaction by measurement of the O.D. 450.

Figure 4:
Characterisation of the calibrator function of a CAD-IgG-CH3 modubody by binding to the
target B2-glycoprotein and detection with an antihuman IgG peroxidase secondary antibody.

CAD-IgG-CH3 was applied in the indicated concentration to microtitre plates coated with B2-

glycoprotein, and the binding was determined using a peroxidase-labelled antihuman 1gG




antibody (Jackson Immunoresearch) and a TMB colour reaction by measurement of the
0.D. 450.

Figure 5:

Characterisation of the stability of a CAD-IgG-CH3 modubody to temperature stress. The
stability to heat stress was investigated as follows: dilutions of the CAD-IgG-CH3 modubody
in the indicated concentrations were incubated for 60 minutes and 90 minutes at 50°C and
investigated in an anti-B2-glycoprotein immunoassay in comparison with a dilution series
stored at room temperature. The binding of the CAD-IgG-CH3 modubody to B2-glycoprotein
was determined using a peroxidase-labelled antihuman IgG antibody and a TMB colour

reaction by measurement of the 0.D. 450.

Figure 6:

Characterisation of the stability of a CAD-IgG-CH3 modubody to storage at 36°C. The
stability to elevated storage temperature was investigated as follows: dilutions of the CAD-
IgG-CH3 modubody in the indicated concentrations were incubated for 1, 2, 4, 7, 10 days at
36°C and investigated in an anti-B2-glycoprotein immunoassay in comparison with a dilution
series stored at 4°C. The binding of the CAD-IgG-CH3 modubody to B2-glycoprotein was
determined using a peroxidase-labelled antihuman IgG antibody and a TMB colour reaction

by measurement of the O.D. 450.

Figure 7:

Characterisation of the stability of a CAD-IgG-CH3 modubody to drying. The stability to
drying was investigated as follows: dilutions of the CAD-IgG-CH3 modubody were dried in
vacuo at 22°C in a Speedvak device and then resolubilised to the indicated concentrations.
The binding of the resolubilised CAD-IgG-CH3 modubody to B2-glycoprotein was then
determined using a peroxidase-labelled antihuman IgG antibody and a TMB colour reaction

by measurement of the O.D. 450.

Figure 8:

Characterisation of the stability of a CAD-IgG-CH3 modubody to repeated freeze-thaw
cycles. The stability to repeated freeze-thaw cycles was investigated as follows: dilutions of
the CAD-1gG-CH3 modubody were frozen at -70°C and thawed again at 37°C in five

repeated freeze-thaw cycles and then investigated in the indicated concentrations in an anti-



B2-glycoprotein immunoassay. The binding of the CAD-IgG-CH3 modubody to B2-
glycoprotein was determined using a peroxidase-labelled antihuman IgG antibody and a

TMB colour reaction by measurement of the O.D. 450.

Figure 9:

Characterisation of the calibrator function of the CAD-1gG-CHZ2 modubody by binding to the
target B2-glycoprotein and detection with an antihuman 1gG peroxidase secondary antibody.
CAD-IgG-CH2 was applied in the indicated concentration to microtitre plates coated with 32-
glycoprotein in complex with cardiolipin, and the binding was determined using a peroxidase-
labelled antihuman IgG antibody (Jackson Immunoresearch) and a TMB colour reaction by

measurement of the O.D. 450 nm.

Figure 10:

Characterisation of the stability of the CAD-IgG-CH2 modubody to drying. The stability to
drying was investigated as follows: dilutions of the CAD-IgG-CH2 modubody were dried in
vacuo at 22°C in a Speedvak device and then resolubilised to the indicated concentrations.
The binding of the resolubilised CAD-IgG-CH2 modubody to (2-glycoprotein was then
determined using a peroxidase-labelled antihuman IgG antibody and a TMB colour reaction

by measurement of the O.D. 450 nm.

Figure 11:

Characterisation of the stability of the CAD-IgG-CH2 modubody to repeated freeze-thaw
cycles. The stability to repeated freeze-thaw cycles was investigated as follows: dilutions of
the CAD-IgG-CH2 modubody were frozen at -70°C and thawed again at 37°C in five
repeated freeze-thaw cycles and then investigated in the indicated concentrations on
microtitre plates coated with 2-glycoprotein in complex with cardiolipin. The binding of the
CAD-IgG-CH2 modubody to B2-glycoprotein was determined using a peroxidase-labelled

antihuman 1gG antibody and a TMB colour reaction by measurement of the O.D. 450 nm.

Figure 12;

Characterisation of the calibrator function of the multifunctional CAD-IgM-IgA-IgG modubody
by binding to the target B2-glycoprotein and separate detection with the isotype-specific
antihuman IgM, antihuman IgA and antihuman IgG peroxidase secondary antibodies. CAD-

IgM-IgA-1gG was applied in the indicated concentration to microtitre plates coated with $2-



glycoprotein in complex with cardiolipin, and the binding was determined in separate
determinations using isotype-specific peroxidase-labelled antihuman IgM, antihuman IgA
and antihuman IgG antibodies (Jackson Immunoresearch) and a TMB colour reaction by

measurement of the O.D. 450 nm.

Figure 13:

Characterisation of the stability of the CAD-IgM-IgA-IgG modubody to drying. The stability to
drying was investigated as follows: dilutions of the CAD-IgM-IgA-IgG modubody were dried
in vacuo at 22°C in a Speedvak device and then resolubilised to the indicated
concentrations. The binding of the resolubilised CAD-IgM-IgA-IgG modubody to f2-
glycoprotein was then determined in separate determinations using isotype-specific
peroxidase-labelled antihuman IgM, antihuman IgA and antihuman IgG antibodies (Jackson

Immunoresearch) and a TMB colour reaction by measurement of the O.D. 450 nm.

Figure 14: .

Characterisation of the stability of the CAD-IgM-IgA-IgG modubody to repeated freeze-thaw
cycles. The stability to repeated freeze-thaw cycles was investigated as follows: dilutions of
the CAD-IgM-IgA-IgG modubody were frozen at -70°C and thawed again at 37°C in five
repeated freeze-thaw cycles and then investigated in the indicated concentrations on
microtitre plates coated with B2-glycoprotein in complex with cardiolipin. The binding of the
CAD-IgM-IgA-IgG  modubody to PB2-glycoprotein was then determined in separate
determinations using isotype-specific peroxidase-labelled antihuman IgM, antihuman IgA
and antihuman IgG antibodies (Jackson Immunoresearch) and a TMB colour reaction by

measurement of the O.D. 450 nm.

Figure 15:

Characterisation of the binding reaction of the CAD-1gG-CH3-Knob02 modubody to the
target B2-glycoprotein. For the ELISA detection of the specific B2-glycoprotein-binding
activity of the CAD-1gG-CH3-Knob02 modubody, serial dilutions of CAD-IgG-CH3-Knob02 in
the indicated concentration were applied to microtitre plates coated with 32-glycoprotein and,
for control purposes, with bovine serum albumin (BSA). The binding was determined using a
peroxidase-labelled RGS-6X-His antibody (Qiagen, Hilden) and a tetramethylbenzidine

(TMB) colour reaction by measurement of the O.D. 450 nm.
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Detailed description of the invention

Processes known hitherto for the preparation of antibodies, antibody fragments and small
antibody-like molecules have numerous limitations as regards the possibility of preparing

them inexpensively in biologically active form.

Processes known hitherto for the production of calibrators and standard materials for
diagnostic assays have numerous disadvantages as regards availability, uniform binding and
stability characteristics, ensuring the absence of pathogens, and production costs. These
limitations and disadvantages are eliminated by the present invention. In addition, there is a
continuing need for small antibody-like molecules which specifically recognise an antigen

and form complexes with antibodies against natural immunoglobulins.

The present invention permits the preparation of monospecific polypeptide reagents —
"modubodies” — for biochemical research, for use in diagnostic assays or as a constitutent of

therapeutic agents.

A modubody is a chimeric single-chain fusion polypeptide which consists of at least three
domains, namely a first domain from the heavy chain variable region of an antibody (VH), a
second domain from the light chain variable region of an antibody (VL) and a third domain
comprising a part-section of a heavy chain constant region of an antibody (CHX). The
individual domains are linked together via suitable peptide linkers. The modubody is

monovalent, that is to say it has a single antigen-binding site.

For example, the modubodies according to the invention have a structure (beginning at the

N-terminus) as follows:

VH-L-VL-L-CHXor
VL-L—-VH-L-CHX,

wherein VH denotes the heavy chain variable region of an antibody or at least a section
thereof that mediates antigen binding, VL denotes the light chain variable region of an
antibody or at least a section thereof that mediates antigen binding, L denotes a peptide
linker, and CHX denotes a domain comprising a part-section of a heavy chain constant

region of an antibody. CHX can be chosen, for example, from sections CH1, CH2, CH3 and
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CH4 from the heavy chain constant region of antibodies, preferably of antibodies of classes
IgG, IgM, IgE and IgA, particularly preferably of human antibodies of the classes IgG, IgM,
IgE and IgA. Preferred examples of the domain CHX are IgG-CH1, IgG-CH2, IgG-CH3, IgA-
CHZ2, IgA-CH3, IgM-CH2, IgM-CH3 and igM-CH4 or combinations thereof, in particular from

the respective human antibodies.

The first domain (VH) and the second domain (VL) together form the antigen-binding site
(binding module). They are preferably so chosen that they both originate from a single
original antibody. The original antibody is any desired monoclonal antibody, for example a
monoclonal antibody from a non-human mammalian species (e.g. rat, mouse or rabbit), a

human antibody or a humanised antibody.

The modubody can be directed against any desired antigen, for example a diagnostically or
therapeutically relevant antigen. Preferred examples of specific antigens are B2-glycoprotein,
phosphatidylserine, vascular endothelial growth factor (VEGF-A), tumour necrosis factor
(TNF-alpha), smoothened homolog (SMO), protein patched homolog (PTC1), B-lymphocyte
antigen (CD20), cytotoxic T-lymphocyte protein 4 (CTLA4), amyloid beta A4 protein (APP),
presenilin-1 (PS1), CC-chemokine receptor (CCR-5), telomere repeat-binding factor 1
(TRF1) and toll-like receptors (TLR1-10).

The first and second domains of the polypeptide according to the invention can contain the
complete heavy or light chain variable regions of an antibody or at least a section thereof
that mediates antigen binding. Preferably, the domains contain at least the regions CDR1,
CDR2 and CDR3 of the heavy or light chain region in question in their entirety and at least
parts of the corresponding framework regions FR1, FR2, FR3 and FR4. The length of the
domains VH and VL is usually at least 80, at least 90 or at least 100 amino acid residues

and up to 110 or up to 120 amino acid residues.

The fusion polypeptide according to the invention contains at least one domain comprising a
section of a heavy chain constant region of an antibody (CHX). Preferably, the third domain
or the third domains is/are arranged C-terminally to the VH and VL domains. A third domain
can contain a complete section from a heavy chain constant region or a part-section thereof
which imparts sufficient structural stability to the fusion polypeptide. The length of a third
domain is usually at least 80, at least 90 or at least 100 amino acid residues and up to 110,

up to 120 or up to 130 amino acid residues. The fusion polypeptide can optionally contain a
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plurality of third domains which can be identical or different, for example 2, 3 or 4. If a
plurality of third domains is present, they are linked together via peptide linkers and are
preferably arranged at the C-terminus of the fusion polypeptide. Examples of the structural
configuration of fusion polypeptides according to the invention with 2 (or 3) third domains are

as follows:

VL — L~ VL — L — CHX1 = L —CHX2 (-L-CHX3) or
VL — L = VH = L - CHX1 — L — CHX2 (-L-CHX3),

wherein VH, L and VL are as defined above and CHX1, CHX2 and CHX3 each denote a
third domain CHX as defined above.

The fusion polypeptide according to the invention contains first, second and third domains
which are linked together via peptide linkers (L). The peptide linkers consist of sequences
which are heterologous to the amino acid sequences of the first, second and third domains,
or of sequences which are not present in natural immunoglobulins. The peptide linkers which
link the individual domains together can in each case be identical or different. Usually, the
peptide linkers each independently have a length of from 10 to 50, preferably from 25 to 45
and particularly preferably from 30 to 40 amino acid residues. It is further preferred for the
peptide linkers to be flexible linkers without a secondary structure. For example, suitable
peptide linkers consist of at least 80% or at least 90%, preferably at least 95% or completely
of glycine and/or serine residues. Particularly suitable are peptide linkers which contain a
plurality of sequences SGGGG. A particularly preferred example of a peptide linker is shown
in SEQ ID NO: 3. Linker sequences can optionally also be present at the N- and/or C-
terminus of the fusion polypeptide.

In addition to domains (i), (i) and (iii) and the peptide linkers arranged between the domains,
the fusion polypeptide can optionally also contain further sequence sections, for example a
signal peptide section which is arranged at the N- and/or C-terminus and facilitates the
expression and/or secretion of the polypeptide. The fusion polypeptide can further contain
one or more additional non-immunoglobulin domains, for example detection or recognition
domains, that is to say peptide sequences suitable for the detection or recognition of the
fusion polypeptide (tags), for example a FLAG epitope or a poly-His sequence. In addition,
the fusion polypeptide can optionally also contain one or more non-immunoglobulin effector

domains. The additional domains — where present — are preferably connected to the
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remainder of the fusion polypeptide via a peptide linker, for example a peptide linker as

defined above.

Particularly preferred examples of fusion polypeptides according to the invention contain one
or more domains VH, VL and/or CHX as defined above which have at least 90% identity,
preferably at least 95% identity, at amino acid level with the corresponding domains
according to SEQ ID NO: 1 (VL), SEQ ID NO: 2 (VH), SEQ ID NO: 4 (VH, VL), SEQ ID
NO: 8 (IgG-CH1), SEQ ID NO: 10 (IgG-CH2), SEQ ID NO: 12 (IgG-CH3), SEQ ID NO: 14
(IgA-CH2), SEQ ID NO: 16 (IgA-CH3), SEQ ID NO: 18 (IgM-CH2), SEQ ID NO: 20
(IgM-CH3) or SEQ ID NO: 22 (IgM-CH4).

The fusion polypeptide according to the invention can optionally have one or more
modifications with respect to the natural sequence of the VH, VL and CHX domains
contained therein. For example, at least one asparagine residue at a glycosylation position,
for example in a CHX domain, can be replaced by a different amino acid residue, preferably
serine, alanine or glycine. Furthermore, at least one cysteine residue, for example in a CHX
domain, which does not form a disulphide bridge with a second cysteine residue present in
the domain in question and therefore potentially effect the formation of intermolecular
disulphide bridges, can optionally be replaced by a different amino acid residue, preferably

serine, alanine or glycine.

The modubodies according to the invention are artificial monospecific antibody-like
molecules which, in the form of a single protein chain, can easily be prepared in large
amounts in suitable expression systems, for example bacterial expression systems. As
reagents for biochemical or diagnostic assays, modubodies can specifically bind an antigen
via a binding module (VH + VL) and can specifically be detected via a reaction module
(CHX) with species- and isotype-specific secondary antibodies. A sequence of a plurality of
reaction modules (e.g. CHX1 and CHX2 or CHX and a non-immunoglobulin detection or
recognition domain) permits detection with different reagents, for example with different
species- or isotype-specific secondary antibodies. As reagents for therapeutic functions,
modubodies can bind specifically to an antigen on a target structure via a binding module
and exert specific effector functions via a reaction module (CHX) or a series of reaction

modules (e.g. CHX1 and CHX2 or CHX and a non-immunoglobulin effector domain).
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CHX domains which could potentially form dimers are preferably so modified that

dimerisation can be ruled out and the modubodies are present in monovalent form.

For example, amino acid positions whose side chains exhibit interactions according to the
concept of the "knobs-into-holes” arrangement (Crick, F.H.C. (1952), Nature, 170: 882-883)

can be modified.

Accordingly, amino acid positions whose side chains form contacts at the interface of
1gG,-CH3 dimers (Ridgway J.B.B. et al. (1996), Protein Engineering, 9: 617-621) can be so
modified that bulky amino acid side chains are present at opposing contact sites in the IgG-
CH3 dimer and dimerisation is sterically hindered by this "knob-knob" position. The
interactions between the contacting amino acid side chains of two IgG;-CH3 domains can be
blocked, for example, by replacing the amino acid positions threonine 366, threonine 394,
phenylalanine 405 by tyrosine at positions 366, 394 and 405 (numbering scheme according
to the Kabat EU Index (Kabat ef al., (1991) Sequences of Proteins of Immunological Interest
5th Edition, NIH Publication 91-3242)).

The modubodies according to the invention are additionally distinguished by surprising
stability, for example stability to temperature stress or stability to drying/reconstitution or
freeze/thaw cycles. For example, in comparison with an untreated sample, over 90% of the
antigen-binding activity remains, even in dilute solutions (5 pg/ml) of the modubodies, after
10 days' incubation at 36°C or after drying and reconstitution or after freeze/thaw cycles

repeated 5 times.

The de novo construction of a modubody preferably comprises the steps:

a) selection of spatially delimited domains from immunogiobulins of known or modelled
spatial structure having regard to sequence and structure data bank information;

b) disulphide bridge optimisation of the selected domains, in which cysteine positions which,
in the context of the intact immunoglobulin, form disulphide bridges outside the chosen
domains are edited to a structurally neutral amino acid, preferably serine, alanine or
glycine;

c) optional editing of asparagine-coupled glycosylation positions preferably to serine, alanine
or glycine;

d) linking of a selection of the function modules resulting from steps a) to c¢) with flexible

linker sequences which preferably consist predominantly of the amino acids glycine
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and/or serine and particularly preferably correspond to the linker sequence (SEQ ID
NO: 3), wherein, in dependence on the position of the function module within the
modubody and on the cloning strategy, a module sequence resulting from steps a) to c)
can be linked with a flexible linker sequence and the linker sequence can form the N- or
C-terminus of the function module, and wherein an amino acid sequence which comprises
a plurality of function modules or an amino acid sequence forming the complete
modubody can optionally be generated,;

e) translation of the amino acid sequences resulting from steps a) to d) into corresponding
DNA sequences, preferably having regard to a codon frequency table optimised for the
intended expression system, wherein the resulting DNA sequences can optionally be
provided with flanking restriction enzyme cleavage sites and conservative base
substitutions in order to avoid undesirable restriction enzyme cleavage sites;

f) preparation of the sequences defined in step e) as synthetic DNA by gene synthesis and
cloning of the genetic units which code for individual function modules or for a series of a
plurality of identical or different function modules into suitable vectors, cloning of the
complete modubody by assembly of the individual function modules or function module
series in the intended function module sequence and number, wherein a genetic unit

coding for the complete modubody can optionally also be cloned directly.

The aim of this construction method, for example the selection of spatially delimited
domains, the avoidance of disulphide bridges which stabilise a dimer, and the linking of the
individual modules by flexible glycine-serine linkers having a preferred length of from 30 to

40 amino acids, is that the individual modules can behave independently of one another.

The invention relates in addition to a nucleic acid, for example a DNA or RNA, which codes
for a fusion polypeptide as described above. The nucleic acid can optionally be present in
operative linkage with an expression control sequence, for example a promoter. The
invention accordingly relates also to expression vectors which contain a nucleic acid
sequence coding for a fusion polypeptide according to the invention and are suitable for the
expression of that nucleic acid in a host cell. The host cell can be a prokaryotic host cell,
such as a gram-negative bacterium such as E. coli, or a gram-positive bacterium such as B.
subtilis, or a eukaryotic host cell, for example a yeast cell, a fungus cell, an insect cell or a
mammalian cell. In order to improve the expression of the nucleic acid in the chosen host
cell, it can be optimised in respect of the codon usage in the respective host cell.
Corresponding processes are known to the person skilled in the art.
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The invention further provides a host cell as indicated above which contains a nucleic acid
according to the invention. The nucleic acid can be introduced into the corresponding host
cell by known techniques, for example transformation or transfection. For the preparation of
the fusion polypeptide according to the invention, the host cell can be cultivated and the
fusion polypeptide can be obtained from the cell or from the culture supernatant by methods

which are known in principle.

The fusion polypeptides according to the invention can be used, for example, as reagent in a
diagnostic or biochemical test, in particular in a test based on immunological methods, for
example as control or calibrator reagent or as test reagent for determining an analyte.
Detection of the fusion polypeptides according to the invention can take place via the CHX
domain(s), for example using isotype- or species-specific recognition reagents, for example
secondary antibodies, and/or via non-immunoglobulin recognition domains using specific
binding partners for those domains. Corresponding test formats are known to the person
skilled in the art.

Furthermore, the fusion polypeptide, the nucleic acid or the host cell according to the present
invention can also be used for medical purposes, for example in human or veterinary
medicine. Fusion polypeptides can be used, for example, as immunotherapeutic agents,
optionally coupled with non-immunogiobulin effector domains, for example radionuclides or
toxins. The nucleic acids coding for the fusion polypeptide can be used, for example, as

nucleic acid vaccines.

Accordingly, the invention still further provides a pharmaceutical composition which
comprises the fusion polypeptide, the nucleic acid or the host cell together with
pharmaceutically suitable carrier substances. The pharmaceutical composition can be
administered by known methods, as are used, for example, for therapy with antibodies or for
DNA vaccination, to a subject, for example a human patient, requiring corresponding

therapeutic treatment.

The present invention is to be explained further by means of the following examples.
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Examples

Example 1: Construction, cloning and characterisation of a f2-glycoprotein-binding
module (scFv-CAD)

11 Construction of the scFv-CAD

The following example describes the construction of a B2-glycoprotein-specific binding

module (scFv-CAD) in the form of a synthetic construct.

Portions of the light chain variable region VL (SEQ ID NO: 1) and of the heavy chain variablé
region VH (SEQ ID NO: 2) of the monoclonal antibody WBCAL-1, which comes from a
mouse model of antiphospholipid syndrome, the F1 mouse from New Zealand white X BXSB
(Ichikawa et al. (1999), Arthritis and Rheumatism 42:2461), were chosen as structural units
for a B2-glycoprotein recognition module and joined with a flexible linker (SEQ ID NO: 3) and
flanking sequences to form an artificial protein sequence scFv-RP-CAD-P (SEQ ID NO: 4).
This protein sequence was translated, having regard to a codon frequency table, into a
nucleic acid sequence optimised for expression in E. coli, provided with flanking cloning
sequences and prepared as an artificial DNA sequence scFv-RP-CAD-N coding for a B2-
glycoprotein recognition module (SEQ ID NO: 5) by gene synthesis. The VL domain extends
from amino acid 1-118 in SEQ ID NO: 4, the VH domain extends from amino acid 159-272 in
SEQ ID NO: 4.

1.2 Cloning of the scFv-CAD

For the construction, the artificial DNA sequence scFv-RP-CAD-N (SEQ ID NO: 5) described
under Example 1.1, which codes for a f2-glycoprotein detection domain, was amplified with
the primers RP-CADO1 (SEQ ID NO: 6), RP-CAD02 (SEQ ID NO: 7) by polymerase chain
reaction (PCR). The 856 base pair (bp) amplificate was isolated after agarose gel
electrophoresis with the QiaExIl kit (Qiagen, Hilden). The isolated fragment was first
digested with the restriction enzyme Hindlll and then subjected to a Bglll partial digestion.
The restriction fragments were ligated with the plasmid pQE-80L (Qiagen, Hilden), which
was digested with the compatible enzymes BamHI and Hindlll, and transformed into £. coli

strain NovaBlue (Merck, Nottingham). The transformation batch was plated out on LB agar
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plates supplemented with 50 pg/ml of carbenicillin and incubated overnight (o.n.) (16-20 h)
at 36°C. Single colonies of the resulting E. coli strain CAD-pQE80-NovaBlue were
propagated (36°C, o.n.) on a shaker at 180 revolutions per minute (rpm) in LB medium
supplemented with 50 pg/ml of carbenicillin (LB-Carb). Stock cultures for freezing were
prepared from the single clone cuiltures. In each case 1 ml of the single clone cultures was
used for plasmid preparation. The isolated plasmids were analysed by EcoRI/Hindlll
digestion. Clones with an expected 901 bp fragment were investigated further by induction
analysis. To that end, the chosen single clones were grown in LB-Carb and, at an O.D. 500
of from 0.5 to 1.0, induced to expression of the protein coded for by the cloned DNA
fragment by addition of one culture volume of LB-Carb, 1 mM isopropyl thiogalactoside
(IPTG) and cultivated for 16 hours (h) at 36°C, 180 rpm. The induction cells Were lysed in
sodium dodecyl sulfate (SDS)-containing buffer, proteins were separated by SDS-
polyacrylamide gel electrophoresis (PAGE). In the Western blot, the expression of an
expected 30 kDa scFv-CAD protein was detected by detection with an anti-RGS-6xHis
peroxidase-coupled antibody (Qiagen, Hilden). The correct cloning was confirmed by

sequencing.
1.3 Expression of the scFv-CAD

E. coli strain CAD-pQE80-NovaBlue transformed under 1.2 with the expression construct
was grown in LB-Carb medium at 36°C to an O.D. 500 of from 0.5 to 1.0 and induced to
synthesis of the scFv-CAD by addition of IPTG. The induced culture was cultivated at 36°C
for 4 hours to overnight. The induction cells were harvested and lysed after lysozyme
treatment in an 8 M urea-containing Tris-HCl-sodium chloride buffer (TBS). Expressed scFv-
CAD was purified to homogeneity by a combination of affinity and ion-exchange
chromatography. The scFv-CAD protein is visible in the form of a 30 kDa band in the
Coomassie blue-stained SDS-polyacrylamide gel. The enhancement of the 2-glycoprotein-

binding activity is associated with the purification of the 30 kDa band.
1.4 Characterisation of the scFv-CAD

The binding specificity of the scFv-CAD was tested in an enzyme-linked immunosorbent

assay (ELISA) using microtitre plates coated with B2-glycoprotein or with bovine serum
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albumin (BSA). The stability of the scFv-CAD to heat stress was investigated on suitable
dilutions of the scFv-CAD.

1.4.1 Binding specificity of the scFv-CAD

In order to determine whether scFv-CAD possesses a specific f2-glycoprotein-binding
activity, the purified protein module was tested by immunoassays. To that end, serial
dilutions of scFv-CAD were applied to microtitre plates of the anti-B2-glycoprotein assay
coated with B2-glycoprotein (ORG 521, ORGENTEC Diagnostika GmbH, Mainz) and, for
control of the binding specificity, to BSA-coated plates and incubated for 30 minutes at
20-25°C. The microtitre plates were washed and the binding of scFv-CAD was determined
using a peroxidase-labelled RGS-6X-His antibody (Qiagen, Hilden) and a
tetramethylbenzidine (TMB) colour reaction by measurement of the O.D. 450. As shown in
Figure 2, specific binding to B2-glycoprotein was detected at a concentration of the scFv-
CAD of only 19 ng/ml. The comparison of the level of reaction of the scFv-CAD serial
dilutions in the binding to B2-glycoprotein- and BSA-coated microtitre plates shows that no

non-specific binding occurs in the concentration range 0.019-10 pg/ml scFv-CAD.
1.4.2 Temperature stability of the scFv-CAD

In order to investigate the influence of temperature stress on the specific $2-glycoprotein-
binding activity of the scFv-CAD, the purified protein module in a concentration of 5 pg/ml
was exposed to a temperature of 50°C over a period of 0-180 minutes. Binding of the scFv-
CAD to B2-glycoprotein was determined in an immunoassay as described under 1.4.1. As
shown in Figure 3A, the scFv-CAD module diluted in calibrator dilution medium was found

to be resistant to a temperature of 50°C for 3 hours.

In order to determine the inactivation temperature of the scFv-CAD, the purified protein
module in a concentration of 5 pg/mi in calibrator dilution medium was exposed to a series of
temperatures of from 20°C to 90°C for 10 minutes. The binding of the heat-treated scFv-
CAD dilutions to B2-glycoprotein was determined in an immunoassay as described under
1.4.1. As shown in Figure 3B, the scFv-CAD module was found to be stable up to a

temperature of 50°C; at a temperature of 60°C and above, marked inactivation occurred.
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Example 2: Construction of a series of reaction modules for modubodies

The following example describes the construction of a series of reaction modules which are
derived from domains of the heavy chain constant region of human antibodies. To that end,
structurally and functionally delimited domains were derived from protein sequences of the
heavy chain of human antibodies of classes IgG, IgA, lgM of known spatial structure. The
chosen protein sequences were checked for potential interdomain disulphide bridges.
Cysteine positions which outside the chosen domains form disulphide bridges with regions of
the intact immunoglobulin were edited from cysteine to serine. At individual glycosylation
positions, asparagine was likewise edited to serine. The chosen immunoglobulin domain
sequences were joined as structural units for reaction modules with a flexible linker (SEQ ID
NO: 3) and flanking sequences to form artificial protein sequences. On the basis of a codon
frequency table, these reaction module sequences were translated into a nucleic acid
sequence optimised for expression in E. coli, provided with flanking cloning sequences and

prepared as artificial DNA sequences by gene synthesis.
2.1 Construction of a human IgG-CH1 reaction module

From the Worldwide Protein Data Bank (pdb), (Berman et al. (2003), Nature Structural
Biology 10: 980), sequence positions 125-219 were chosen as the representative 1IgG-CH1
domain from the crystal structure of the Fab fragment of the anti-factor Ix antibody 10c12 on
the basis of protein structure data bank entry pdb 3D69H. The chosen IgG-CH1
immunoglobulin domain sequence was joined as structural unit for an IgG-CH1 reaction
module with a flexible linker (SEQ 1D NO: 3) to form an artificial protein sequence Sc-RP-
CH1-G-P (SEQ ID NO: 8) and, having regard to a codon frequency table, translated into a
nucleic acid sequence optimised for expression in E. coli, additionally provided with flanking
cloning sequences (BamHI, Hindlll) and prepared as an artificial DNA sequence Sc-RP-
CH1-G-N (SEQ ID NO: 9) by gene synthesis. The IgG-CH1 domain extends from amino acid
37-131 in SEQ ID NO: 8.

2.2 Construction of a human IgG-CH2 reaction module
From the crystal structure of the mutated Adcc-strengthened Fc fragment, sequence

positions 15-116 were chosen as the representative [gG-CH2 domain on the basis of protein

structure data bank entry pdb 2QL1A. The chosen IgG-CH2 immunoglobulin domain
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sequence was joined as structural unit for an IgG-CH2 reaction module with a flexible linker
(SEQ ID NO: 3) to form an artificial protein sequence Sc-RP-CH2-G-P (SEQ ID NO: 10) and,
having regard to a codon frequency table, translated into a nucleic acid sequence optimised
for expression in E. coli, additionally provided with flanking cloning sequences
(BamHI/Hindlll) and prepared as an artificial DNA sequence Sc-RP-CH2-G-N (SEQ ID
NO: 11) by gene synthesis. The IgG-CH2 domain extends from amino acid 37-138 in SEQ
D NO: 10.

23 Construction of a human IgG-CH3 reaction module

From the crystal structure of the heavy chain of a human immunoglobulin with a hinge
deletion, sequence positions 330-428 were chosen as the representative IgG-CH3 domain
on the basis of protein structure data bank entry pdb 1MCO_H (GI: 494350). The chosen
IgG-CH3 immunoglobulin domain sequence was joined as structural unit for an 1gG-CH3
reaction module with a flexible linker (SEQ ID NO: 3) to form an artificial protein sequence
Sc-RP-CH3-G-P (SEQ ID NO: 12) and, having regard to a codon frequency table, translated
into a nucleic acid sequence optimised for expression in E. coli, additionally provided with
flanking cloning sequences (BamHI/Hindlll) and prepared as an artificial DNA sequence Sc-
RP-CH3-G-N (SEQ ID NO: 13) by gene synthesis. The IgG-CH3 domain extends from
amino acid 37-135 in SEQ ID NO: 12.

24 Construction of a human IgA-CH2 reaction module

From a structural model of human IgA, which was derived on the basis of neutron scattering
in solution and homology modelling (Boehm et al. (1999) J. Mol. Biol. 286: 1421-1447),
sequence positions 126-222 (corresponding to UNIPROT P01876) were chosen as the
representative IgA-CH2 domain from protein structure data bank entry pdb 1IGA on the
basis of the spatial structure of the heavy chain of human IgA1. At positions 182, 192,
cysteine was edited to serine. The chosen and edited IgA-CH2 immunoglobulin domain
sequence was joined as structural unit for an IgA-CH2 reaction module with a flexible linker
(SEQ ID NO: 3) to form an artificial protein sequence Sc-RP-CH2-A-P (SEQ ID NO: 14) and,
having regard to a codon frequency table, translated into a nucleic acid sequence optimised
for expression in E. coli, additionally provided with flanking cloning sequences
(BamHI/HindIll) and prepared as an artificial DNA sequence Sc-RP-CH2-A-N (SEQ ID
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NO: 15) by gene synthesis. The IgA-CH2 domain extends from amino acid 37-133 in SEQ ID
NO: 14. '

25 Construction of a human IgA-CH3 reaction module

From protein structure data bank entry PDB 1IGA, sequence positions 227-331
(corresponding to UNIPROT P01876) were chosen as the representative IgA-CH3 domain
on the basis of the spatial structure of the heavy chain of human IgA1. The chosen IgA-CH3
immunoglobulin domain sequence was joined as structural unit for an IgA-CH3 reaction
module with a flexible linker (SEQ ID NO: 3) to form an artificial protein sequence sc-RP-
CH3-A-P (SEQ ID NO: 16) and, having regard to a codon frequency table, translated into a
nucleic acid sequence optimised for expression in E. coli, additionally provided with flanking
cloning sequences (BamHI/Hindlll) and prepared as an artificial DNA sequence sc-RP-CH3-
A-N (SEQ ID NO: 17) by gene synthesis. The IgA-CH3 domain extends from amino acid 37-
141 in SEQ ID NO: 16.

2.6 Construction of a human IgM-CH2 reaction module

From a structural model of human IgM which was derived on the basis of X-ray scattering in
solution and modelling (Perkins et al. (1991) J. Mol. Biol. 221:1345-1366), sequence
positions 106-217 (corresponding to UNIPROT P01871) were chosen as the representative
IgM-CH2 domain from protein structure data bank entry pdb 2rcj on the basis of the spatial
structure of the heavy chain of human IgM and were edited. At position 214, cysteine was
edited to serine; at position 109, asparagine was edited to serine. The chosen and edited
IgM-CHZ2 immunoglobulin domain sequence was joined as structural unit for an IgM-CH2
reaction module with a flexible linker (SEQ ID NO: 3) to form an artificial protein sequence
Sc-RP-CH2-M-P (SEQ ID NO: 18) and, having regard to a codon frequency table, translated
into a nucleic acid sequence optimised for expression in E. coli, additionally provided with
flanking cloning sequences (BamHI/Hindlll) and prepared as an artificial DNA sequence Sc-
RP-CH2-M-N (SEQ ID NO: 19) by gene synthesis. The IgM-CH2 domain extends from
amino acid 37-148 in SEQ ID NO: 18.
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2.7 Construction of a human IgM-CH3 reaction module

From protein structure data bank entry pdb 2rcj, sequence positions 218-323 (corresponding
to UNIPROT P01871) were chosen as the representative IgM-CH3 domain on the basis of
the spatial structure of the heavy chain of human IgM and were edited. At position 291,
cysteine was edited to serine; at positions 272 and 279, asparagine was edited to serine.
The chosen and edited IgM-CH3 immunoglobulin domain sequence was joined as structural
unit for an IgM-CH3 reaction module with a flexible linker (SEQ ID NO: 3) to form an artificial
protein sequence Sc-RP-CH3-M-P (SEQ ID NO: 20) and, having regard to a codon
frequency table, translated into a nucleic acid sequence optimised for expression in E. coli,
additionally provided with flanking cloning sequences (BamHI/Hindlll} and prepared as an
artificial DNA sequence Sc-RP-CH3-M-N (SEQ ID NO: 21) by gene synthesis. The IgM-CH3
domain extends from amino acids 37-142 in SEQ ID NO: 20.

2.8 Construction of a human IgM-CH4 reaction module

From protein structure data bank entry pdb 2rcj, sequence positions 324-452 (corresponding
to UNIPROT P01871) were chosen as the representative IgM-CH3 domain on the basis of
the spatial structure of the heavy chain of human IgM and were edited. At position 451,
cysteine was edited to serine; at position 439, asparagine was edited to serine. The chosen
and edited IgM-CH3 immunoglobulin domain sequence was joined as structural unit for an
IgM-CH3 reaction module with a flexible linker (SEQ ID NO: 3) to form an artificial protein
sequence Sc-RP-CH4-M-P (SEQ ID NO: 22) and, having regard to a codon frequency table,
franslated into a nucleic acid sequence optimised for expression in E. coli, additionally
provided with flanking cloning sequences (BamHI/Hindlll) and prepared as an artificial DNA
sequence Sc-RP-CH4-M-N (SEQ ID NO: 23) by gene synthesis. The IgM-CH4 domain
extends from amino acid 37-165 in SEQ ID NO: 22.

29 Construction of a monovalent human 1gG-CH3-Knob02 reaction module

From the crystal structure of the heavy chain of a human immunoglobulin with a hinge
deletion, sequence positions 330-428 were chosen as the representative 1IgG-CH3 domain
on the basis of protein structure data bank entry pdb 1MCO_H (G1:494350) and were edited.
Positions of amino acid residues whose side chains form contacts at the interface of IgG;-
CH3 dimers (Ridgway J.B.B. ef al. (1996), Protein Engineering, 9: 617-621) were so
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modified that no dimerisation of the IgG-CH3 domain can take place. At positions 351 and
379, threonine was edited to tyrosine; at position 390, phenylalanine was edited to tyrosine.
The chosen and edited IgG-CH3 immunoglobulin domain sequence was joined as structural
unit for an 1IgG-CH3-Knob02 reaction module with a flexible linker (SEQ ID NO: 3) to form an
artificial protein sequence Sc-RP-CH3-G-Knob02-P (SEQ ID NO: 32) and, having regard to
a codon frequency table, translated into a nucleic acid sequence optimised for expression in
E. coli, additionally provided with flanking cloning sequences (BamHI/Hindlll) and prepared
as an artificial DNA sequence Sc-RP-CH3-G-Knob02-N (SEQ ID NO: 33) by gene synthesis.
The 1gG-CH3-Knob02 domain extends from amino acid 37-135 in SEQ ID NO: 32.

Example 3: The single-chain CAD-IgG-CH3 modubody
3.1 Construction and cloning of the single-chain CAD-IgG-CH3 modubody

The following example describes the construction and cloning of the B2-glycoprotein-specific
modubody CAD-IgG-CH3 provided with a human IgG-CH3 detection domain.

For the construction of the CAD-IgG-CH3 modubody, the modules scFv-CAD (Example 1)
and 1gG-CH3 (Example 2.3) were assembled by restriction digestion and ligation in the
domain sequence VL-linker-VH-linker-IgG-CH3 to form a CAD-IgG-CH3 coding sequence
(SEQ ID NO: 26). To that end, the synthetic IgG-CH3 reaction module Sc-RP-CH3-G-N
corresponding to sequence SEQ ID NO: 13 and described under Example 2.3 was amplified
with the primers CHO0S (SEQ ID NO: 24) and CHO4 (SEQ ID NO: 25) by PCR. The 443 bp
amplificate was isolated after agarose gel electrophoresis with the QiaEx!l kit (Qiagen,
Hilden). The isolated fragment was first digested with the restriction enzymes Bcll and
Hindlll. The restriction fragments were ligated with the CAD-scFv-pQE80 vector construct
described under Example 1, which was digested with the compatible enzymes BamH! and
Hindlll, and transformed into E. coli strain NovaBlue (Merck, Nottingham). The
transformation batch was plated out on LB agar plates supplemented with carbenicillin
(50 pug/ml) and incubated o.n. at 36°C. Single colonies of the resulting E. coli strain CAD-
IgG-CH3-pQEB80-NovaBlue were propagated (36°C, o.n., 180 rpm) in LB-Carb medium.
Stock cultures for freezing were prepared from the single clone cultures, in each case 1 ml of
the single clone cultures was used for plasmid preparation. The isolated plasmids were
analysed by EcoRI/Hindlll digestion. Clones with an expected 1312 bp fragment were

investigated further by induction analysis. To that end, the chosen single clones were grown
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in LB-Carb and, at an O.D. 500 of from 0.5 to 1.0, induced to expression of the recombinant
protein by addition of one culture volume of LB-Carb supplemented with 1 mM IPTG, and
cultivated for 16 hours at 36°C, 180 rpm. The induction cells were lysed in SDS sample
buffer, proteins were separated by SDS-PAGE. In the Western blot, the expression of the
expected 44 kDa CAD-IgG-CH3 modubody was detected by detection with an anti-RGS-
6xHis peroxidase-coupled antibody (Qiagen, Hilden). The correct cloning was confirmed by

sequencing.

3.2 Expression and purification of the single-chain CAD-IgG-CH3 modubody

The following example describes the expression and purification of the B2-glycoprotein-

specific modubody CAD-IgG-CH3 provided with a human IgG-CH3 detection domain.

E. coli strain CAD-IgG-CH3-pQE80-NovaBlue transformed under 3.1 with the expression
construct was grown in LB-Carb medium at 36°C to an O.D. 500 of from 0.5 to 1.0 and
induced to synthesis of the CAD-IgG-CH3 modubody by addition of IPTG. The induced
culture was cultivated at 36°C for 4 hours {o overnight. The induction cells were harvested
and lysed after lysozyme treatment in an 8 M urea-containing TBS buffer. Expressed CAD-
IgG-CH3 modubodies were purified to homogeneity by a combination of affinity and ion-
exchange chromatography. A 44 kDa band is visible in the Coomassie blue-stained SDS-
polyacrylamide gel. The enhancement of the B2-glycoprotein-binding activity and a reactivity
with a peroxidase-coupled antihuman 1gG secondary antibody (Jackson Immunoresearch) is

associated with the purification of the 44 kDa band.

3.3 Characteristics of the single-chain CAD-IgG-CH3 modubody

The following example describes the characterisation of the P2-glycoprotein-specific
modubody CAD-IgG-CH3 provided with a human IgG-CH3 detection domain in relation to
specific antigen recognition, specific detectability via an antihuman IgG secondary antibody,

and stability to elevated temperatures, drying and freeze-thaw cycles.
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3.31 Calibrator function of the CAD-IgG-CH3 modubody

In order to determine whether the CAD-IgG-CH3 modubody has retained the p2-
glycoprotein-binding activity of the scFv-CAD and binding to the antigen can be detected
specifically via an antihuman IgG secondary antibody, purified CAD-lgG-CH3 preparations
were investigated in an anti-B2-glycoprotein immunoassay. The purified CAD-IgG-CH3
modubody was applied in serial dilutions with concentrations of 0 ug/ml, 0.31 pg/mi, 0.62
pg/mil, 1.25 ug/ml, 2.5 pg/ml, 5 pg/mi, 10 pg/ml, 20 pg/ml in calibrator dilution medium to
microtitre plates coated with p2-glycoprotein. The antigen-binding activity was determined
under the incubation conditions provided for the anti-B2-glycoprotein assay (ORG 521,
ORGENTEC GmbH, Mainz) uSing an antihuman 'IgG peroxidase-labelled secondary
antibody in a concentration of 80 ng/ml. Figure 4 shows the variation in the OD 450 nm
determined under the chosen reaction conditions in dependence on the concentration.
Under the chosen reaction conditions, the CAD-IgG-CH3 modubody was detected at a

concentration of 5 ug/ml with an O.D. 450 of 2.2.
3.3.2 Stability of the CAD-1gG-CH3 modubody

In order to characterise the robustness of the CAD-lgG-CH3 modubody, dilutions in
calibrator dilution medium were exposed to the stress factors of 50°C heat stress, elevated
storage temperature at 36°C, dryness and repeated freeze-thaw cycles. The [p2-
glycoprotein-binding activity and the detectability with an anti-hu IgG peroxidase-labelled
secondary antibody (Jackson Immunoresearch) were determined in comparison with

untreated samples.
3.3.21 Stability of the CAD-1gG-CH3 modubody to heat stress

The stability to heat stress was investigated as follows: dilutions of the CAD-IgG-CH3
modubody in calibrator dilution medium in concentrations of O pg/ml, 0.31 pg/ml, 0.62 pg/ml,
1.25 pg/mi, 2.5 pg/ml, 5 pg/ml, 10 pg/ml, 20 ug/ml were incubated for 60 minutes and
90 minutes at 50°C and investigated in an anti-32-glycoprotein immunoassay in comparison
with a dilution series stored at room temperature. The BZ-glycoperein-binding activity was
determined under the incubation conditions provided for the anti-B2-glycoprotein assay
(ORG 521, ORGENTEC GmbH, Mainz) using an antihuman 1gG peroxidase-labelled
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secondary antibody in a concentration of 80 ng/ml. Figure 5 shows the variation in the
OD 450 nm determined under the chosen reaction conditions for the dilution series
incubated for 60 and 90 minutes at 50°C in comparison with the dilution series stored at
room temperature. Under the chosen reaction conditions, the function of the CAD-IgG-CH3
modubody in dilutions in the concentration range from 0.31 pg/ml to 20 pg/m! was not

impaired by 50°C temperature stress for 60 minutes or 90 minutes.

3.3.22 Stability of the CAD-IgG-CH3 modubody to storage at 36°C

The stability to elevated storage temperature was investigated as follows: dilutions of the
CAD-IgG-CH3 modubody in concentrations of 0 ug/mi, 0.31 ug/ml, 0.62 pg/ml, 1.25 ug/mi,
2.5 pg/ml, 5 pg/ml, 10 pg/ml, 20 pg/ml in calibrator dilution medium were incubated for 1, 2,
4, 7, 10 days at 36°C and investigated in an anti-B2-glycoprotein immunoassay in
comparison with a dilution series stored at 4°C. The P2-glycoprotein-binding activity was
determined under the incubation conditions provided for the anti-p2-glycoprotein assay
(ORG 521, ORGENTEC GmbH, Mainz) using an antihuman IgG peroxidase-labelled
secondary antibody in a concentration of 80 ng/ml. Figure 6 shows the variation in the
OD 450 nm determined under the chosen reaction conditions for the dilution series stored for
1, 2, 4, 7, 10 days at 36°C in comparison with the dilution series stored at 4°C. Under the
chosen reaction conditions, the function of the CAD-IgG-CH3 modubody in dilutions in the
concentration range from 0.31 ug/ml to 20 ug/ml was not impaired by storage at 36°C over a

period of ten days.

3323 Stability of the CAD-IgG-CH3 modubody to drying

The stability to drying was investigated as follows: dilutions of the CAD-IgG-CH3 modubody
in calibrator dilution medium in 50 pl portions in concentrations of 0 pug/ml, 3.1 pg/mi,
6.21 pg/ml, 12.5 pg/ml, 25 pg/ml, 50 pg/ml, 100 pg/ml, 200 pug/ml were dried in vacuo at
22°C in a Speedvak. The dried samples were resolubilised with 450 pl of calibrator dilution
medium and 50 pl of water to give a dilution series with concentrations of 0 pg/ml,
0.31 pg/ml, 0.62 pg/ml, 1.25 pg/mi, 2.5 ug/ml, 5 pg/ml, 10 pg/ml, 20 pg/ml and were
investigated in an anti-B2-glycoprotein-cardiolipin immunoassay in comparison with an
untreated dilution series. The P2-glycoprotein-binding activity was determined under the

incubation conditions provided for the anti-cardiolipin-B2-glycoprotein assay (ORG 515,
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ORGENTEC GmbH, Mainz) using an antihuman IgG peroxidase-labelled secondary
antibody in a concentration of 80 ng/ml. Figure 7 shows the variation in the OD 450 nm
determined under the chosen reaction conditions for the dried samples in comparison with
the untreated dilution series. Under the chosen reaction conditions, the function of the CAD-
IgG-CH3 modubody in dilutions in the concentration range from 3.1 pg/ml to 200 pg/mi was
not impaired by drying.

3.3.24 Stability of the CAD-IgG-CH3 modubody to freeze-thaw cycles

The stability to repeated freeze-thaw cycles was investigated as follows: dilutions of the
CAD-IgG-CH3 modubody in calibrator dilution medium in 50 pl portions in concentrations of
0 ug/m!, 3.1 pg/mi, 6.21 pug/ml, 12.5 pg/ml, 25 pg/ml, 50 ug/ml, 100 pg/mi, 200 pg/ml were
frozen at -70°C and thawed again at 37°C in five repeated freeze-thaw cycles. The samples
were then diluted with 450 pl of calibrator dilution medium to give a dilution series with
concentrations of 0 ug/ml, 0.31 ug/ml, 0.62 pg/mi, 1.25 pg/mi, 2.5 pg/ml, 5 ug/ml, 10 pg/mi,
20 pg/ml and were investigated in an anti-B2-cardiolipin-glycoprotein immunoassay in
comparison with an untreated CAD-IgG-CH3 dilution series. The B2-glycoprotein-binding
activity was determined under the incubation conditions provided for the anti-cardiolipin-B2-
glycoprotein assay (ORG 515, ORGENTEC GmbH, Mainz) using an antihuman IgG
peroxidase-labelled secondary antibody in a concentration of 80 ng/ml. Figure 8 shows the
variation in the OD 450 nm determined under the chosen reaction conditions for the
repeatedly frozen and thawed samples in comparison with the untreated dilution series.
Under the chosen reaction conditions, the function of thé CAD-1gG-CH3 modubody in the
concentration range from 3.1 pg/ml! to 200 pg/ml was not impaired by repeated freeze-thaw

cycles.
Example 4: The single-chain CAD-IgG-CH2 modubody
41 Construction and cloning of the single-chain CAD-IgG-CH2 modubody

The following example describes the construction and cloning of the B2-glycoprotein-specific

modubody CAD-IgG-CH2 provided with a monomeric human IgG-CH2 detection domain.
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For the construction of the CAD-IgG-CH2 modubody, the modules scFv-CAD (Example 1)
and IgG-CH2 (Example 2.2) were assembled by restriction digestion and ligation in the
domain sequence VL-linker-VH-linker-lgG-CH2 to form a CAD-IgG-CH2 coding sequence
(SEQ ID NO: 27). To that end, the synthetic IgG-CH2 reaction module Sc-RP-CH2-G-N
corresponding to sequence SEQ ID NO: 11 and described under Example 2.2 was amplified
with the primers CHO3 (SEQ ID NO: 28) and CH04 (SEQ ID NO: 25) by PCR. The 443 bp
amplificate was gel-isolated after agarose gel electrophoresis with the QiaExll kit (Qiagen,
Hilden). The gel-isolated fragment was first digested with the restriction enzymes Bcll and
Hindlll. The restriction fragments were ligated with the scFv-CAD-pQES80 vector construct
described under Example 1, which was digested with the compatible enzymes BamHI and
Hindlll, and transformed into E. coli strain NovaBlue A(Merck, Nottingham). The
transformation batch was plated out on LB agar plates supplemented with carbenicillin
(50 ng/ml) and incubated overnight at 36°C. Single colonies of the resulting E. coli strain
CAD-IgG-CH2-pQEB80-NovaBlue were propagated (36°C, overnight, 180 rpm) in LB medium
supplemented with carbenicillin (50 pug/ml) (LB-Carb.). Stock cultures for freezing were
prepared from the single clone cultures, in each case 1 ml of the single clone cultures was
used for plasmid preparation. The isolated plasmids were analysed by EcoRI/Hindlll
digestion. Clones with an expected 1321 bp fragment were investigated further by induction
analysis. To that end, the chosen single clones were grown in LB-Carb. and, at an O.D. 500
of from 0.5 to 1.0, induced to expression of the recombinant protein by addition of one
culture volume of LB-Carb. supplemented with 1 mM IPTG, and cultivated for 16 hours at
36°C, 180 rpm. The induction cells were lysed in SDS sample buffer, proteins were
separated by SDS-PAGE. In the Western blot, the expression of the expected 44 kDa CAD-
1gG-CHZ modubody was detected by detection with an anti-RGS-6xHis peroxidase-coupled

antibody (Qiagen, Hilden). The correct cloning was confirmed by sequencing.

42 Expression and purification of the single-chain CAD-IgG-CH2 modubody

The following example describes the expression and purification of the B2-glycoprotein-
specific modubody CAD-IgG-CH2 provided with a monomeric human 1gG-CH2 detection

domain.

E. coli strain CAD-IgG-CH2-pQE80-NovaBlue transformed under 4.1 with the expression

construct was grown in LB-Carb. medium at 36°C to an O.D. 500 of from 0.5 to 1.0 and
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induced to synthesis of the CAD-IgG-CH2 modubody by addition of IPTG. The induced
culture was cultivated at 36°C for 4 hours to overnight. The induction cells were harvested
and lysed after lysozyme treatment in an 8M urea-containing TBS buffer. Expressed CAD-
IgG-CH2 modubodies were purified by Ni-NTA affinity chromatography. A 44 kDa band is
visible in the Coomassie blue-stained SDS-polyacrylamide gel. The enhancement of the (32-
glycoprotein-binding activity and a reactivity with a peroxidase-coupled antihuman IgG
secondary antibody (Jackson Immunoresearch) is associated with the purification of the
44 kDa band.

4.3 Characteristics of the single-chain CAD-IgG-CH2 modubody

The following example describes the characterisation of the B2-glycoprotein-specific
modubody CAD-IgG-CH2 provided with a monomeric human 1gG-CH2 detection domain in
relation to specific antigen recognition, specific detectability via an antihuman I1gG secondary

antibody, and stability to elevated temperatures, drying and freeze-thaw cycles.

431 Calibrator function of the CAD-IgG-CH2 modubody

In order to determine whether the CAD-IgG-CH2 modubody has retained the B2-
glycoprotein-binding activity of the scFv-CAD and binding to the antigen can be detected
specifically via an antihuman IgG secondary antibody, purified CAD-IgG-CHZ2 preparations
were investigated in an anti-cardiolipin/B2-glycoprotein immunoassay. The purified CAD-IgG-
CH2 modubody was applied in a dilution series with concentrations of 0 pg/ml, 0.62 pg/ml,
1.25 pg/ml, 2.5 pg/ml, 5 pg/ml, 10 ug/mi, 20 ug/ml, 40 pg/ml in calibrator dilution medium to
microtitre plates coated with B2-glycoprotein in complex with cardiolipin. The antigen-binding
activity was determined under the incubation conditions provided for the anti-cardiolipin
assay (ORG 515, ORGENTEC GmbH, Mainz) using an antihuman 1gG peroxidase-labelled
secondary antibody (Jackson Immunoresearch) in a concentration of 200 ng/mi. Figure 9
shows the variation in the OD 450 nm determined under the chosen reaction conditions in
dependence on the concentration. Under the chosen reaction conditions, the CAD-IgG-CH2

modubody was detected at a concentration of 20 pg/ml with an O.D. 450 nm of 1.7.
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4.3.2 Stability of the CAD-IgG-CH2 modubody to drying

The stability to drying was investigated as follows: dilutions of the CAD-IgG-CH2 modubody
in calibrator dilution medium in 50 pl portions in concentrations of 0 pg/ml, 3.1 ug/mi,
6.21 ug/ml, 12.5 pg/ml, 25 pg/ml, 50 pg/mi, 100 pg/ml, 200 ug/ml were dried in vacuo at
22°C in a Speedvak device. The dried samples were resolubilised with 450 pl of calibrator
dilution medium and 50 pl of water to give a dilution series with concentrations of 0 pug/ml,
0.31 pg/ml, 0.62 pg/ml, 1.25 pg/ml, 2.5 pg/ml, 5 pg/ml, 10 pg/ml, 20 pg/ml and in comparison
with an untreated dilution series were applied to microtitre plates coated with p2-glycoprotein
in complex with cardiolipin. The antigen-binding activity was determined under the incubation
conditions provided for the anti-cardiolipin assay (ORG 515, ORGENTEC GmbH, Maihz)
using an antihuman IgG peroxidase-labelled secondary antibody (Jackson Immunoresearch)
in a concentration of 200 ng/ml. Figure 10 shows the variation in the OD 450 nm determined
under the chosen reaction conditions for the dried samples in comparison with the untreated
dilution series. Under the chosen reaction conditions, the function of the CAD-IgG-CH2
modubody in dilutions in the concentration range from 3.1 pg/ml to 200 pg/ml was not
impaired by drying.

433 Stability of the CAD-1gG-CH2 modubody to freeze-thaw cycles

The stability to repeated freeze-thaw cycles was investigated as follows: dilutions of the
CAD-IgG-CH2 modubody in calibrator dilution medium in 50 ul portions in concentrations of
0 pg/ml, 3.1 ug/mi, 6.21 pg/mi, 12.5 pg/mi, 25 pg/ml, 50 pg/ml, 100 pg/ml, 200 pug/ml were
frozen at -70°C and thawed again at 37°C in five repeated freeze-thaw cycles. The samples
were then diluted with 450 ul of calibrator dilution medium to give a dilution series with
concentrations of 0 pg/ml, 0.31 pg/ml, 0.62 pg/mi, 1.25 pg/mi, 2.5 pg/ml, 5 pg/ml, 10 pug/mi,
20 pg/ml and in comparison with an untreated CAD-IgG-CH2 dilution series were applied to
microtitre plates coated with B2-glycoprotein in complex with cardiolipin. The antigen-binding
activity was determined under the incubation conditions provided for the anti-cardiolipin
assay (ORG 515, ORGENTEC GmbH, Mainz) using an antihuman IgG peroxidase-labelled
secondary antibody (Jackson Immunoresearch) in a concentration of 200 ng/ml. Figure 11
shows the variation in the OD 450 nm determined under the chosen reaction conditions for
the repeatedly frozen and thawed samples in comparison with the untreated dilution series.

Under the chosen reaction conditions, the function of the CAD-IgG-CH2 modubody in the
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concentration range from 3.1 pg/ml to 200 pg/ml was not impaired by repeated freeze-thaw

cycles.
Example 5: The single-chain multifunctional CAD-IgM-IgA-IgG modubody

The single-chain multifunctional modubody CAD-IgM-IgA-IgG contains four function modules
in a linear sequence. A B2-glycoprotein recognition domain and a plurality of reaction
modules derived from CH3 domains of the heavy chain of human immunoglobulins IgM, IgA
and IgG are linked via peptide linkers. Detection of the CAD-IgM-IgA-IgG modubody can

thus take place via different isotype-specific secondary antibodies.
5.1 Construction and cloning of the single-chain CAD-IgM-IgA-IgG modubody

The following example describes the construction and cloning of the f2-glycoprotein-specific
modubody CAD-IgM-IgA-IgG provided with human IgM-, IgG- and IgA-CH3 detection

domains.

For the construction of the CAD-IgM-IgA-IgG modubody, the modules scFv-CAD
(Example 1), IgM-CH3 (Example 2.7), IgA-CH3 (Example 2.5) and IgG-CH3 (Example 2.3)
were assembled by restriction digestion and ligation in the domain sequence VL-linker-VH-
linker-IgM-CH3-linker-IgA-CH3-linker-lgG-CH3 to form a CAD-IgM-IgA-1gG coding sequence
(SEQ ID NO: 29). To that end, the reaction modules IgM-CH3, IgA-CH3 and IgG-CH3 were
inserted into the CAD-scFv-pQE80 vector construct described under Example 1 in an
iterative process comprising restrictions of vector constructs and insert ligations. In the first
construction step, the synthetic IgM-CH3 reaction module Sc-RP-CH3-M-N corresponding to
sequence SEQ ID NO: 21 and described under Example 2.7 was amplified with the primers
CHO09 (SEQ ID NO: 30) and CHO04 (SEQ ID NO: 25) by PCR. The 455 bp amplificate was
gel-isolated after agarose gel electrophoresis with the QiaExIl kit (Qiagen, Hilden). The gel-
isolated fragment was digested with the restriction enzymes Bcll and Hindlll. The restriction
fragments were ligated with the scFv-CAD-pQE80 vector construct described under
Example 1, which was digested with the compatible enzymes BamHI| and Hindlll, and
transformed into E. coli strain NovaBlue (Merck, Nottingham) and plated out on LB agar
plates supplemented with carbenicillin (50 pg/ml) and incubated overnight at 36°C. Plasmid

DNA was isolated from a single clone with correct insert ligation. In a second construction
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step, the synthetic IgA-CH3 reaction module Sc-RP-CH3-A-N corresponding to sequence
SEQ ID NO: 17 and described under Example 2.5 was amplified with the primers CH07
(SEQ ID NO: 31) and CHO4 (SEQ ID NO: 25) by PCR. The 452 bp amplificate was gel-
isolated after agarose gel electrophoresis with the QiaExIl kit (Qiagen, Hilden). The gel-
isolated fragment was digested with the restriction enzymes Bcll and Hindlll. The restriction
fragments were ligated with the vector construct isolated in the first construction step, which
was digested with the compatible enzymes BamHI and Hindlll, and transformed into E. coli
strain NovaBlue (Merck, Nottingham) and plated out on LB agar plates supplemented with
carbenicillin (50 pg/ml) and incubated overnight at 36°C. Plasmid DNA was isolated from a
single clone with correct insert ligation. In a third construction step, the synthetic IgG-CH3
reaction module Sc-RP-CH3-G-N corresponding to sequence SEQ ID NO: 13 and described
under Example 2.3 was amplified with the primers CHO5 (SEQ ID NO: 24) and CHO04 (SEQ
ID NO: 25) by PCR. The 434 bp amplificate was gel-isolated after agarose gel
electrophoresis with the QiaExIl kit (Qiagen, Hilden). The gel-isolated fragment was digested
with the restriction enzymes Bcll and Hindlll. The restriction fragments were ligated with the
vector construct isolated in the second construction step, which was digested with the
compatible enzymes BamH| and Hindlll, and transformed into E. coli strain NovaBlue
(Merck, Nottingham). The transformation batch was plated out on LB agar plates
supplemented with carbenicillin (50 pg/ml) and incubated overnight at 36°C. Single colonies
of the resulting E. coli strain CAD-IgM-1gA-lgG-pQE80-NovaBlue were propagated (36°C,
overnight, 180 rpm) in LB medium supplemented with carbenicillin (50 pg/ml) (LB-Carb.).
Stock cuitures for freezing were prepared from the single clone cultures, in each case 1 mt of
the single clone cultures was used for plasmid preparation. The isolated plasmids were
analysed by EcoRI/Hindlll digestion. Clones with an expected 2173 bp fragment were
investigated further by induction analysis. To that end, the chosen single clones were grown
in LB-Carb. and, at an O.D. 500 of from 0.5 to 1.0, induced to expression of the protein
coded for by the cloned DNA construct by addition of one culture volume of LB-Carb.
supplemented with 1 mM IPTG, and cultivated for 16 hours at 36°C, 180 rpm. The induction
cells were lysed in SDS sample buffer, proteins were separated by SDS-PAGE. In the
Western blot, the expression of the expected 72 kDa CAD-IgM-IgA-IgG modubody was
detected by detection with an anti-RGS-6xHis peroxidase-coupled antibody (Qiagen,

Hilden). The correct cloning was confirmed by sequencing.
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52 Expression and purification of the single-chain CAD-IgM-IgA-1gG modubody

The following example describes the expression and purification of the B2-glycoprotein-
specific modubody CAD-IgM-1gA-IgG provided with human IgM-CH3, IgA-CH3 and IgG-CH3

detection domains.

E. coli strain CAD-IgM-IgA-lgG-pQE80-NovaBlue transformed under 5.1 with the expression
construct was grown in LB-Carb medium at 36°C to an O.D. 500 of from 0.5 to 1.0 and
induced to synthesis of the CAD-IgM-IgA-lgG modubody by addition of IPTG. The induced
culture was cultivated at 36°C for 4 hours to overnight. The induction cells were harvested
and lysed after lysozyme treatment in an 8M urea-containing TBS buffer. Expressed CAD-
IgM-IgA-IgG modubodies were purified by affinity chromatography. A 72 kDa band is visible
in the Coomassie blue-stained SDS-polyacrylamide gel. The enhancement of the [2-
glycoprotein-binding activity and a reactivity with peroxidase-coupled antihuman IgM, IgA
and IgG secondary antibodies (Jackson Immunoresearch) is associated with the purification
of the 72 kDa band.

53 Characteristics of the single-chain CAD-IgM-IgA-IgG modubody

The following example describes the characterisation of the PB2-glycoprotein-specific
modubody CAD-IgM-IgA-IgG provided with human IgM-CH3, IgA-CH3 and IgG-CH3
detection domains in relation to specific antigen recognition, specific detectability via
antihuman IgM, IgA and IgG secondary antibodies, and stability to drying and freeze-thaw

cycles.
5.31 Calibrator function of the CAD-IgM-IgA-lgG modubody

In order to determine whether the CAD-IgM-IgA-IgG modubody has retained the B2-
glycoprotein-binding activity of the scFv-CAD and binding to the antigen can be detected via
different isotype-specific antihuman secondary antibodies, purified CAD-IgM-IgA-IgG
preparations were investigated in an anti-B2-glycoprotein/cardiolipin immunoassay. The
purified CAD-IgM-IgA-IgG modubody was applied in a dilution series with concentrations of
0 pg/ml, 0.31 pg/ml, 0.62 pg/mi, 1.25 pg/ml, 2.5 pg/ml, 5pg/ml, 10 pg/ml, 20 pg/mi in

calibrator dilution medium to microtitre plates coated with B2-glycoprotein in complex with
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cardiolipin. The antigen-binding activity was determined under the incubation conditions
provided for the anti-cardiolipin assay (ORG 515, ORGENTEC GmbH, Mainz) in separate
determinations using antihuman IgM, antihuman IgA and antihuman IgG peroxidase-labelled
secondary antibodies in concentrations of 80 ng/ml. Figure 12 shows the variation in the
OD 450 nm determinations with the chosen detection antibodies in dependence on the
concentration of the CAD-IgM-IgA-IgG modubody. Under the chosen reaction conditions, the
CAD-IgM-IgA-IgG modubody was detected at a concentration of 5 pg/ml on detection with
antihuman IgM, antihuman IgA and antihuman IgG secondary antibodies with O.D. 450 nm
values of 2.8, 1.8 and 2.7.

532 Stability of the CAD-IgM-IgA-1gG modubody to drying

The stability to drying was investigated as follows: dilutions of the CAD-IgM-IgA-IgG
modubody in calibrator dilution medium in 50 pl portions in concentrations of 0 pg/ml,
3.1 pg/ml, 6.21 pg/ml, 12.5 pg/ml, 25 pg/ml, 50 ug/ml, 100 pg/ml, 200 pg/ml were dried in
vacuo at 22°C in a Speedvak device. The dried samples were resolubilised with 450 pl of
calibrator dilution medium and 50 pl of water to give a dilution series with concentrations of 0
pug/mi, 0.31 pg/ml, 0.62 pg/ml, 1.25 pg/ml, 2.5 pg/ml, 5 pg/mi, 10 pg/ml, 20 pg/ml and in
comparison with an untreated dilution series were applied to microtitre plates coated with $2-
glycoprotein in complex with cardiolipin. The antigen-binding activity was determined under
the incubation conditions provided for the anti-cardiolipin assay (ORG 515, ORGENTEC
GmbH, Mainz) in separate determinations using antihuman IgM, antihuman IgA and
antihuman 1gG peroxidase-labelled secondary antibodies (Jackson Immunoresearch) in
concentrations of 80 ng/ml. Figure 13 shows the variation in the OD 450 nm determinations
with the chosen detection antibodies in untreated sample dilution steps in comparison with
dried sample dilution steps. Under the chosen reaction conditions, the function of the CAD-
IgM-1gA-IgG modubody in dilutions in the concentration range from 3.1 pg/ml to 200 ug/mi
was not impaired by drying.

5323 Stability of the CAD-IgM-IgA-IgG modubody to freeze-thaw cycles

The stability to repeated freeze-thaw cycles was investigated as follows: dilutions of the

CAD-IgM-IgA-IgG modubody in calibrator dilution medium in 50 pl portions in concentrations

of 0 ug/ml, 3.1 pg/ml, 6.21 pg/ml, 12.5 pg/ml, 25 pg/ml, 50 ug/ml, 100 pg/ml, 200 pg/mi were
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frozen at -70°C and thawed again at 37°C in five repeated freeze-thaw cycles. The samples
were then diluted with 450 pl of calibrator dilution medium to give a dilution series with
concentrations of 0 pg/ml, 0.31 ug/ml, 0.62 pg/ml, 1.25 pug/ml, 2.5 pg/mi, 5 pg/ml, 10 pg/ml,
20 pg/ml and in comparison with an untreated CAD-IgM-IgA-IgG dilution series were applied
to microtitre plates coated with B2-glycoprotein in complex with cardiolipin. The antigen-
binding activity was determined under the incubation conditions provided for the anti-
cardiolipin assay (ORG 515, ORGENTEC GmbH, Mainz) in separate determinations using
antihuman IgM, antihuman IgA and antihuman IgG peroxidase-labelled secondary
antibodies (Jackson Immunoresearch) in concentrations of 80 ng/mi. Figure 14 shows the
variation in the OD 450 nm determinations with the chosen detection antibodies in the case
of untreated sample dilution steps in comparison with the repeatedly frozen and thawed
samples. Under the chosen reaction conditions, the function of the CAD-IgM-IgA-IgG
modubody in dilutions in the concentration range from 3.1 pg/ml to 200 pg/ml was not

impaired by repeated freeze-thaw cycles.
Example 6: The single-chain CAD-IgG-CH3-Knob02 modubody
6.1 Construction and cloning of the single-chain CAD-IgG-CH3-Knob02 modubody

The following example describes the construction and cloning of the B2-glycoprotein-specific
modubody CAD-IgG-CH3-Knob02 provided with a monomeric modified human IgG-CH3-
Knob02 detection domain

For the construction of the CAD-IgG-CH3-Knob02 modubody, the modules scFv-CAD
(Example 1) and 1gG-CH3-Knob02 (Example 2.9) were assembled by restriction digestion
and ligation in the domain sequence VL-linker-VH-linker-IgG-CH3-Knob02 to form a CAD-
IgG-CH3-Knob02 coding sequence (SEQ ID NO: 34). To that end, the synthetic IgG-CH3-
Knob02 reaction module Sc-RP-CH3-Knob02-G-N corresponding to sequence SEQ ID
NO: 33 and described under Example 2.9 was freed from the vector construct IgG-CH3-
Knob02-pMA by digestion with the restriction enzymes BamHI and Hindll.

The 417 bp restriction fragment was gel-isolated after agarose gel electrophoresis with the
QiaExll kit (Qiagen, Hilden) and ligated with the CAD-scFv-pQE80 vector construct

described under Example 1, which was digested with the compatible enzymes BamHI and
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Hindlll. The ligation products were transformed into E. coli strain NovaBlue (Merck,
Nottingham). The transformation batch was plated out on LB agar plates supplemented with
carbenicillin (50 pg/ml) and incubated overnight at 36°C. Single colonies of the resuiting E.
coli strain CAD-IgG-CH3-Knob02-pQE80-NovaBlue were propagated (36°C, overnight,
180 rpm) in LB medium supplemented with carbenicillin (50 pg/mi) (LB-Carb.). Stock
cultures for freezing were prepared from the single clone cultures, in each case 1 ml of the
single clone cultures was used for plasmid preparation. The isolated plasmids were analysed
by EcoRI/Hindlll digestion. Clones with an expected 1308 bp fragment were investigated
further by induction analysis. To that end, the chosen single clones were grown in LB-Carb.
and, at an O.D. 500 of from 0.5.to 1.0, induced to expression of the protein coded for by the
cloned DNA ffégment by addition of oné culture volume of LB-Carb. supplemented with
1 mM IPTG, and cultivated for 16 hours at 36°C, 180 rpm. The induction cells were lysed in
SDS sample buffer, proteins were separated by SDS-PAGE. In the Western blot, the
expression of the expected 44 kDa CAD-IgG-CH3-Knob02 modubody was detected by
detection with an anti-RGS-6xHis peroxidase-coupled antibody (Qiagen, Hilden). The correct

cloning was confirmed by sequencing.

6.2 Expression and purification of the single-chain CAD-IgG-CH3-Knob02
modubody

The following example describes the expression and purification of the B2-glycoprotein-
specific modubody CAD-lgG-CH3-Knob02 provided with a modified human IgG-CH3-

Knob02 detection domain.

E. coli strain CAD-IgG-CH3-Knob02-pQE80-NovaBlue transformed under 6.1 with the
expression construct was grown in LB-Carb. medium at 36°C to an O.D. 500 of from 0.5 to
1.0 and induced to synthesis of the CAD-IgG-CH3-Knob02 modubody by addition of IPTG.
The induced culture was cultivated at 36°C for 4 hours to overnight. The induction cells were
harvested and lysed after lysozyme treatment in an 8M urea-containing TBS buffer.
Expressed CAD-IgG-CH3-Knob02 modubodies were purified by Ni-NTA affinity
chromatography. A 44 kDa band is visible in the Coomassie blue-stained SDS-
polyacrylamide gel. The enhancement of the B2-glycoprotein-binding activity and a reactivity

with a peroxidase-coupled antihuman 1gG secondary antibody (Jackson Immunoresearch) is
associated with the purification of the 44 kDa band.
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6.3 Binding of the CAD-IgG-CH3-Knob02 modubody to B2-glycoprotein

In order to determine whether the CAD-IgG-CH3-Knob02 modubody has retained the B2-
glycoprotein-binding activity of the scFv-CAD, purified CAD-1gG-CH3-Knob02 preparations
were tested by immunoassays. To that end, dilution series of the CAD-IgG-CH3-Knob02
modubody were applied to microtitre plates of the anti-B2-glycoprotein assay coated with 2-
glycoprotein (ORG 521, ORGENTEC Diagnostika GmbH, Mainz) and, for control of the
binding specificity, to BSA-coated plates, and incubated for 30 minutes at 20-25°C. The
microtitre plates were washed and the binding of the CAD-lgG-CH3-Knob02 modubody was
determined using a peroxidase-labelled RGS-6X-His antibody (Qiagen, Hilden) and a
tetramethylbenzidine (TMB) colour reaction by measurement of the O.D. 450 nm. Figure 15
shows the variation in the OD 450 nm determined under the chosen reaction conditions in
dependence on the concentration. Specific binding to B2-glycoprotein was detected even at
a concentration of the CAD-IgG-CH3-Knob02 modubody of 19 ng/ml. Comparison of the
level of reaction of the CAD-IgG-CH3-Knob32 dilution steps in the case of binding to p2-
glycoprotein- or BSA-coated microtitre plates shows that no non-specific binding occurs in
the concentration range of 0.019-10 ug/mi CAD-IgG-CH3-Knob02.



39

New claims 1-18

1. Monovalent fusion polypeptide which is present in the form of a monomer,
comprising

(i) a first domain comprising the heavy chain variable region of an antibody (VH) or at
least a section thereof that mediates antigen binding,

(i) a second domain comprising the light chain variable region of an antibody (VL) or
at least a section thereof that mediates antig-en binding, and

(iii) a third domain comprising a section of a heavy chain constant region of an
antibody (CHX),

wherein domain (i} has a length of from 80 to 130 amino acid residues,

wherein domains (i), (i) and (iii) are linked together via peptide linkers (L),

wherein the peptide linkers (L) each independently have a length of from 25 to 45
amino acid residues and consist of sequences which are heterologous to the amino acid
sequences of the first, second and third domains, and wherein the fusion polypeptide does

not form intermolecular disulphide bridges and is free of hinge regions of antibodies.
2. Fusion polypeptide according to claim 1, comprising the structure

VH-L-VL-L-CHX or
VL-L-VH-L-CHX.

3. Fusion polypeptide according to either claim 1 or claim 2, wherein domains (i), (ii)

and (iii) each have a length of from 80 to 130 amino acid residues.

4, Fusion polypeptide according to any one of claims 1 to 3, wherein domain (iii) is

selected from sections CH1, CH2, CH3 and CH4 of antibodies, preferably of human

antibodies of classes IgG, IgM, IgE and IgA, or combinations of these sections.

5. Fusion polypeptide according to any one of claims 1 to 4, wherein the peptide linkers

each independently have a length of from 30 to 40 amino acid residues.

6. Fusion polypeptide according to any one of claims 1 to 4, wherein the peptide linkers

consist of at least 90% glycine and/or serine residues.
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7. Fusion polypeptide according to any one of claims 1 to 6, which has at least one

additional domain, for example a signal peptide and/or a peptide tag.

8. Fusion polypeptide according to any one of claims 1 to 7, which has one or more
domains VH, VL and/ior CHX which have at least 90% identity, preferably at least 95%
identity, at amino acid level with the corresponding domains according to SEQ ID NO: 1
(VL), SEQ ID NO: 2 (VH), SEQ ID NO: 4 (VH, VL), SEQ ID NO: 8 (IlgG-CH1), SEQ ID NO:
10 (lgG-CH2), SEQ ID NO: 12 (IgG-CH3), SEQ ID NO: 14 (IgA-CH2), SEQ ID NO: 16 (IgA-
CH3), SEQ ID NO: 18 (IgM-CH2), SEQ ID NO: 20 (IgM-CH3) or SEQ ID NO: 22 (IgM-CH4).

9. Fusion polypeptide according to any one of claims 1 to 8, wherein at least one
asparagine residue from a glycosylation position is replaced by a different amino acid

residue, preferably serine, alanine or glycine.

10. Fusion polypeptide according to any one of claims 1 to 9, wherein at least one
cysteine residue is replaced by a different amino acid residue, preferably serine, alanine or

glycine.

11. Nucleic acid coding for a fusion polypeptide according to any one of claims 1 to 10,

optionally in operative linkage with an expression control sequence.

12. Nucleic acid according to claim 11, which is codon-optimised in respect of expression

in a chosen host cell, for example a bacterium such as E. coli.

13. Host cell containing a nucleic acid according to either claim 11 or claim 12.

14. Process for the preparation of a fusion polypeptide according to any one of claims 1
to 10, comprising cultivating a host cell according to claim 13 and obtaining the fusion

polypeptide from the cell or from the culture supernatant.

15. Use of a fusion polypeptide according to any one of claims 1 to 10 as reagent in a

diagnostic or biochemical test.

16. Use according to claim 15

(i} as control or calibrator reagent or
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(ii) as test reagent for determination of an analyte.

17. Fusion polypeptide according to any one of claims 1 to 10, nucleic acid according to
claim 11 or 12 or host cell according to claim 13 for use in medicine, for example in human

or veterinary medicine.

18. Pharmaceutical composition comprising a fusion polypeptide according to any one of
claims 1 to 10, a nucleic acid according to claim 11 or 12 or a host cell according to claim 13,

together with pharmaceutically suitable carrier substances.



......................................
.....................................
......................................
.....................................
--------------------------------------
.....................................
......................................
.....................................
......................................

.....................................

......................................
.....................................
......................................
.....................................
......................................
.....................................
.......................................
.....................................
-------------------------------------

<




44

0¢

ST

ot

VS —m— U19101000A|9-79 —0—

[lw /3] "auod QyI-AddS

5'¢ YA

§79'0 §¢1€'0 9ST'0 800 6£0°0

o

6T0°0 V6d

0’0

S0

ST

0¢

St

oY

[esv]ao

ZBid4



45

[urwi] swiy uogeqnouy]

08T 0st 0Zt 06 09 ot 0
I 3 1 1 L 0.0

o't

L]

St

[ost]ao

ve ‘614



46

J.06

J.08

J.0L

2,09

.08

J.0%

J.2¢C
00

Ot

o'v

[099]00

ge ‘b4




47

0t

q1

[jw/8r] -ouco €HI-D3j-aV)

0T

[osvqO]

R

'Y

v 'Bid



48

S¢

Q.06 UIWps —F—

3,06 'UWog —m—

0,27 #duslgel ‘| Y —e—

[fw /8] ouoo gHI-931-avd

0y

[0st@O]

G ‘614




49

D.9€ $A8P 0T —1—

D.9€ 8A8p [ —@—  D,9F SBP p —P—  D,9F 8P 7 —¢— D 9E AP T-—o—  D.v 06Ny —pm—

S¢

[jw/3r] -ouod £HI-D8I-AVYD

0¢ ST o1 S
1 H 1 1 O-o

[9sv@o]

o'y

9 bi-4




ojdwes poug —— IUSIIRY —F—

[jw /3] rouod ¢HD-D3-AVYI

50

0¢ 81 91

L i H 1

1

12" (4 ot 8 9 14 [4 0

00

0y

[051700]

L 'bi4




51

0¢

$0[0A0 MBY}-62931) G JoYB ajdWeg —t— SUIIOY —p—

[Jw /8] rouoo £HI-D3I-AVD
8T 91 A ¢T 01 8 9

1 1 " 1 1 1 1

a1

00

S0

0’1

1

0'¢

¢

0t

G'¢E

o'v

[osr@o]




52

0s

1%

oYy

SE

[1w /3] -ouoco ZHD-D21-AvD
ot 5¢ 0t

1 Il 1

T

01

00

S0

o1

(g
Ll

0t

4

lwuesvlgo

6 ‘b4



53

§¢

0)4

9jdwes pau(Q —7— 93UIIOY X

[jw/81] -ouod THD-981-avd

Gt

|

ot

00

- S0

F O'T

ST

(wuosylqo

o} ‘Bi4



54

S¢

S9[0A0 MBY)-0Z00l) G JoYB sjdwes —<z—  3IUIOY ——

o¢

(1w /31]

ST

'0U0S ZHD-931-av)

0T

1

00

- S0

- 0'1

S'T

(wuostlgo

1L "Bid




55

5¢

uopsalep Al 81-RUY —2— uoR99ep O3|-RUY —B— uopddep w8|-1UY

[ /8] -ouoo o81-v31-IM81-QvD
0z ST o1 G

i H § !

00

ov

lwuosbloo

ZL b4




56

st

afdures paup - uojdaep NS|-1IUY —F—
90U3J3Y8J - UOIIBIBP |A|F|-1JUY —F—
s|dures papp - Uoa9PP O3 |-1IUY —pm—
95UaI9)es - Uopoejep OF|-1IUY —g—
s(dures papp - UoRIRPRP YB|-13UY —o—

99UDJ9)ad - UORRARP Y| 1JUY —g—

[jw /8] -au0d 98}-y81-N81-av)

0t St )8 S

1 ! 1 1

5’1
0t
§'¢
0t
S’

oY

fwuostl go




57

5¢

s0[9K0 MEY}-6Z90. G JoYE Fjdules - UoIBEp WBI-NUY —Xpe
95U8J9Je. - UO|}9aI8p [NS|-1IUY ——
$3J0A0 MEY}-9209]) G Joye o(dwes - uojPePp O3|-1IUY —7—
9oUuaJajel - Uoj1oeyap O3|-1UY ——pg—
80|9A0 MBY}-0292J) G Joye ajdwes ~ Uopalep va-11uyY —o—

99U49ja) = UO|J093ep YE|-13UY —g—

{jw /8r}-ouoo 93|-y3i-N8I-aYD

0t ST ot S

1 1 A 1

g 00

oY

[wuosy] (10

p1 B4




vSg —g—  U304d024| 5T Y

[jw/3n] zogouy-D3|-QyD uonenusdIue)d
0T g $'T ST $79°0 SZTIE0  9ST0 800 GE00  6TO0  0T04LS

58

b

Gl Bi4

lwuosvlq 0

o




EDITORIAL
NOTE

Number: 2010323144

The specification totals more than 1000
pages. Please contact IP Australia if you
wish to obtain a copy.
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