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Method for producing novel IgE based reagents
Field of the invention
This invention relates to protein engineering technology. More particularly, the present 

invention relates to a method for preparing human IgE antibodies and derivatives thereof, 

which bind epitope structures that are weakly IgG or IgM immunoreactive.

Background of the Invention
Antibodies are today the most potent and rapidly growing drug class for human therapy. 

FDA has approved 18 antibodies for therapeutic use in the United States for treatment of 

different diseases, such as cancer, inflammation, transplantation and infections (Carter 

2006). New antibody generation techniques based on the use of antibody phage display 

libraries or transgenic mice allowing isolation of fully human antibodies ideal for 

therapeutic applications have speed up the development process substantially. The current 

market size of therapeutic antibodies ~ $15 billion is estimated to exceed to $30 billion by 

2010. Rapid progress in genomics, transcriptomics, proteomics and interactomics is 

revolutionizing the identification of therapeutic targets requiring development of 

antibodies recognizing specifically these targets with desired action mechanism, e.g., 

inhibition or activation of protein/ligand or protein/protein interactions.

An epitope is a localized region on the surface of an antigen to which an antibody binds, 

epitopes can be composed of sugars, lipids or amino acids. Most epitopes recognized by 

antibodies are three-dimensional surface features of an antigen molecule. Exceptions are 

linear epitopes, which are determined by the amino acid sequence (the primary structure) 

rather than by the 3D, tertiary, structure of a protein. The 82 different antigen-antibody 

immuncomplexes available at present in the Protein Data Bank represent almost 

exclusively IgG-antigen complexes. The analysis of the structural elements in the IgG 

epitopes (alpha-helices, beta-strands, and loops) and the shapes of epitopes (convex, 

planar, concave) shows that half of the epitopes are formed by loops alone and another 

half contains both loops and secondary structure elements (see Fig. 1). The majority of the 

IgG epitopes (68 %) are located in the convex or exposed loop regions of antigens. The 

clefts and/or depressions on protein structures and planar surfaces are thus not preferential 

IgG epitope stuctures. Recently identified antibody classes from dromedaries and sharks, 

so called single domain antibodies having only the VH region with protruding HCDR3
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3 loops, are able to recognize and bind cleft regions, such as enzyme substrate sites (De Genst

et al. 2006). However, these antibodies are not human origin and thus are not preferential for

therapeutic applications. Human antibodies with the capability to recognize weakly

immunogenic structures, clefts and planar surfaces, would offer a valuable source to develop

5 novel binders for human therapy and diagnostics.

The recently solved structure of an IgE Fab antibody in complex with an allergen, β- 

lactoglobulin (BLG, Bos d 5) structure suggests that IgE antibodies prefer structurally 

different binding sites than IgG antibodies (in press). This discovery opens possibilities for

10 novel concepts in immunotherapy and diagnostics. The CDR loops of the IgE/Fab light chain 

are responsible for the binding of a flat beta-sheet region of BLG. This IgE-epitope is 

strikingly different when compared to IgG-epitopes that are located normally in the exposed 

loop regions of antigens. Furthermore, the IgE VH region and especially the HCDR3 loop is 

structurally different when compared to IgG antibodies: it is forming a loop structure that is

15 recognising a cavity on the allergen surface. Based on this observation it should be possible 

to develop chimeric human antibodies, consisting of IgE V-regions grafted onto the constant 

part of an antibody of the IgG or IgM type, for those therapeutic targets where the binding 

specificity is required towards a planar surface or a flat beta-sheet and structures that are not 

exposed on the protein surface (e.g., substrate binding sites of enzymes and drug resistance

’0 pumps).

Summary of the Invention

In a first aspect, the present invention provides a method of preparing a recombinant

25 IgE monoclonal antibody or a functional fragment thereof capable of preventing binding of a 

ligand or substrate to a receptor protein or enzyme, wherein the binding site of the ligand or 

substrate contains a depression, cleft, channel or a planar surface, and said site is weakly IgG 

or IgM immunoreactive, and wherein said ligand is not a protein; said method comprising the 

steps of: a) isolating total mRNA from IgE producing cells from a human derived sample; b)

30 synthesizing of the cDNAs encoding the IgE Fd gene region and kappa/lambda light chain 

genes based on the total mRNA obtained in step a) to create an IgE expression library; c) 

screening the expressed library against a desired target protein or cell or particle expressing 

said target protein on its surface, wherein said target protein is said receptor protein or 

enzyme, and wherein the screening is performed against such a target site in said target

(7617583_1 ):MGH
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3 protein which requires specific recognition of a structure that is not immunoreactive against

IgG/IgM; d) isolating clones from the library showing medium or high affinity (i.e. over

107M'') towards said protein; e) selecting those clones obtained from step d) that bind to a

depression, cleft, channel or a planar surface in the binding site of the ligand or substrate and

5 prevent the binding of said ligand to said receptor protein or the binding of said substrate to 

said enzyme.

In a second aspect, the present invention provides a recombinant IgE monoclonal 

antibody or a functional fragment thereof prepared by the method of the first aspect.

0

The present invention relates to a method for preparing human IgE antibodies and derivatives 

thereof, which bind to structures that are not exposed on the protein surface, such as 

depressions, clefts or channels (e.g., drug channels of resistance transporters, substrate 

binding sites of enzymes, and ligand binding sites of receptors) or alternatively to flat

15 surfaces mediating protein-protein interactions.

This invention thus provides a method to produce new reagents to be utilised in different 

kinds of immunoassay protocols, as well as in human immunotherapy and construction of 

focused antibody libraries. The invention also permits guaranteed continuous supply of

(76I7583_1):MGH
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these specific reagents of uniform quality, eliminating inherent batch-to-batch variation of 

polyclonal antisera. These advantageous effects permit the manufacture of new, specific 

and economical immunoreagnets of uniform quality.

Consequently, one specific object of the present method is to provide human IgE mono­

clonal antibodies, fragments thereof, or other derivatives of such antibodies, which bind 

target proteins with affinity and specificity high enough to allow their qualitative and 

quantitative measurement and imaging in biological samples, as well as their use in 

immunotherapy. The antibodies obtained by the present method demonstrate a specific 

binding to therapeutic or diagnostic targets in a desired mode, which is not within reach of 

monoclonal antibodies developed from other sources.

A further object of this invention is to provide methods of using structural data obtained 

for constructing focused IgE antibody libraries towards therapeutic and diagnostic targets 

where the binding specificity is towards areas of protein structures that are weakly IgG / 

IgM immunoreactive.

Other objects, features and advantages of the present invention will become apparent from 

the following drawings and detailed description. It should be understood, however, that the 

detailed description and the specific examples, while indicating preferred embodiments of 

the invention, are given for illustration only, since various changes and modifications 

within the spirit and scope of the invention will become apparent to those skilled in the art 

from this detailed description.

Brief Description of the Drawings
Figure 1. Comparison of the epitope strucutures of the IgE DI Fab-allergen and IgG- 

antigen immunocomplexes. The binding of the DI IgE Fab to β-lactoglobulin (left), the 

IgG antibody-antigen type binding IgG Fab JEL42 to phosphocarrier protein (middle) 

(Prasad et al. 1998) and IgG-allergen type binding of the BV16/Fab to the pollen allergen 

Bet v 1 (right) (Mirza et al, 2000).
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Figure 2 shows a schematic presentation of an intact human IgE subclass antibody, Fab 

fragment and single-chain antibody (scFv). The antigen-binding site is indicated by a 

triangle.

Figure 3 shows schematically the panning procedure.

Figure 4 shows a schematic presentation of the scFv phage display vector used for the 

construction of scFv phage libraries.

Figure 5 shows the surface of Dl/Fab antibody and ribbon model of allergen BLG. In this 

figure identical residues of the Dl/Fab with hevein-binding IgE-antibody (clone IC2) 

(Laukkanen et al. 2003) are shown in light grey, different residues are in dark grey; a) front 

view, b) side view

The figures of the constructions are not in scale.

Abbreviations
cDNA complementary deoxyribonucleic acid

CDR complementarity determining region

DNA deoxyribonucleic acid

E. coli Escherichia coli

EDTA ethylenediamine tetraacetic acid

ELISA enzyme-linked immunosorbent assay

Fab fragment with specific antigen binding

Fd variable and first constant domain of a heavy chain

Fv variable regions of an antibody with specific antigen binding

IgE immunoglobulin E

mRNA messenger ribonucleic acid

MRP2 multidrug resistance associated protein 2

MRP1 multidrug resistance associated protein 1

PCR polymerase chain reaction

RNA ribonucleic acid

scFv single-chain antibody

TEA triethanolamine
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Detailed Description of the Invention
The following definitions are provided for some terms used in this specification. The 

terms, "immunoglobulin", "heavy chain", "light chain" and "Fab" are used in the same way 

as in the European Patent Application No. 0125023.

"Antibody" in its various grammatical forms is used herein as a collective noun that refers 

to a population of immunoglobulin molecules and/or immunologically active portions of 

immunoglobulin molecules, i.e., molecules that contain an antigen binding site or a 

paratope.

An "antigen-binding site", a "paratope", is the structural portion of an antibody molecule 

that specifically binds an antigen.

Exemplary antibodies are those portions of an immunoglobulin molecule that contain the 

paratope, including those portions known as Fab and Fv.

"Fab" (fragment with specific antigen binding), a portion of antibodies can be prepared by 

the proteolytic reaction of papain on substantially intact antibodies by methods that are 

well known. See for example, U.S. Patent No. 4,342,566. Fab fragments can also be 

produced by recombinant methods, which are well known to those skilled in the art. See, 

for example, U.S. Patent 4,949,778.

"Domain" is used to describe an independently folding part of a protein. General structural 

definitions for domain borders in natural proteins are given in Argos, 1988.

A "variable domain" or "Fv" is used to describe those regions of the immunoglobulin 

molecule, which are responsible for antigen or hapten binding. Usually these consist of 

approximately the first 100 amino acids of the N-termini of the light and the heavy chain of 

the immunoglobulin molecule.
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"Single-chain antibody" (scFv) is used to define a molecule in which the variable domains 

of the heavy and light chain of an antibody are joined together via a linker peptide to form 

a continuous amino acid chain synthesised from a single mRNA molecule (transcript).

"Linker" is used to describe an amino acid sequence that extends between adjacent 

domains in a natural or engineered protein.

The term “IgE producing cells” refers, e.g., to white blood cells such as lymphocytes.

The temT’human derived sample” refers preferably to a blood or serum sample taken from 

human patient, preferably patient suffering from an allergy.

The term “receptor protein” refers to a protein which is able to bind a ligand and this 

ligand/receptor relationship is related to biologically relevant activity of a cell. An example 

of such ligand/receptor relationship is acetylcholine (a ligand) and acetylcholine receptors, 

such as nicotinic and muscarinic cholinergic receptors, which respond to the binding of 

acetylcholine by changing their biological activity. Said ligand may also be another 

protein.

Human antibody (scFv, Fab or whole antibody) libraries containing the human IgE VH-regions
The IgE VH-region of the DI IgE Fab and especially the HCDR3 loop are structurally 

different when compared to IgG antibodies (see Fig. 1). Based on this observation it should 

be possible to develop human IgE VH-region containing antibodies for those therapeutic 

targets where the binding specificity is required towards protein structures that are not 

exposed on the surface, e.g., that are weakly IgG/IgM immunoreactive, such as receptors, 

drug resistance pumps and substrate binding sites of enzymes (De Genst et al. 2006). A 

diverse IgE VH-pool from human lymphocytes is used as a building block to construct a 

functional human antibody library in a scFv, Fab or whole antibody format. Resulting 

libraries are selected against therapeutic targets requiring specific recognition of structures 

that are not immunoreactive against IgG/IgM, e.g. cleft structures or planar surfaces.



WO 2008/092993 PCT/FI2008/050027

5

10

15

20

25

30

7

Therefore, the object of the present invention is to provide a method of preparing a 

recombinant IgE monoclonal antibody or a functional fragment thereof capable of 

preventing binding of a ligand or substrate to a receptor protein or enzyme, said method 

comprising the steps of

a) isolating total mRNA from IgE producing cells from a human derived sample;

b) synthesizing of the cDNAs encoding the IgE Fd gene region and kappa/lambda light 

chain genes based on the total mRNA obtained in step a) to create an IgE expression 

library;

c) screening the expressed library against a desired target protein or cell or particle 

expressing said protein on its surface, wherein said protein is a receptor protein or an 

enzyme;

d) isolating clones from the library showing medium or high affinity (i.e. over 10 M’ ) 

towards said protein;

e) selecting those clones obtained from step d) that prevent the binding of a ligand to a 

receptor protein or the binding of a substrate to an enzyme;

f) optionally isolating the DNA encoding the IgE antibody obtained in step e).

Preferably, said method further comprises a step of g) converting a clone obtained from 

step e) into an antibody of the IgG or IgM type. It is well-known in the art that the constant 

parts of an antibody can be changed to alter the type of the antibody.

One preferred embodiment of the present invention is that the target protein of interest in 

the present method is a drug-resistance pump, such as multidrug resistance associated 

protein 2, MRP2. Said drug-resistance pumps are major canalicular organic anion 

transporters moving anions across the cell membrane. Said pumps may have several 

different ligands. The present invention is preferably directed to method for preparing IgE 

based compounds that prevent binding of one or more of these different ligands but not all 

to said pump having several ligands. More preferably, said IgE based compound prevents 

binding of one specific ligand to said pump having several ligands so that the other ligands 

may bind the pump while the binding of said specific ligand is prevented by the binding of 

IgE based compound to said pump. Thus, the method of the invention preferably comprises 

a further step of selecting an IgE monoclonal antibody, which binds to a drug-resistance 

pump having several ligands so that the binding of all of said several ligands is not 

prevented or blocked. More preferably, said step comprises selecting an IgE monoclonal
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antibody, which binds to a drug-resistance pump having several ligands so that the binding 

of one specific ligand is prevented or blocked while the other ligands can bind to the pump 

while said IgE monoclonal antibody is bound to said pump. The same method can be 

performed with an enzyme having several substrates.

Another preferred embodiment of the present invention is selecting an IgE monoclonal 

antibody, which binds to a drug-resistance pump having several ligands so that the binding 

of all ligands is prevented or blocked.

Another preferred embodiment of the present invention is selecting an IgE monoclonal 

antibody, which binds to a first receptor protein having one or several ligands but do not 

bind to a second receptor protein having one or several ligands, which second receptor 

protein is related to the first receptor protein and may also have one or more ligands. For 

instance, if said target protein is multidrug resistance associated protein 2, MRP2, which is 

a drug-resistance pump having several ligands, then it is preferable to select and isolate an 

IgE monoclonal antibody, which prevents the binding of one or more ligands to MRP2, but 

do not prevent binding of a ligand or ligands to a related receptor protein, such as ATP- 

binding cassette transporter (i.e. ABC-transporter). In this context, the term “related 

receptor protein” refers to a group of receptor proteins, which have structural homology, 

overlapping ligand or substrate specificity and/or a similar type of function in a cell or 

tissue. Other related receptor protein to MRP2 is, e.g., multidrug resistance associated 

protein 1, MRP1. The substrate/ligand specificities of MRP1 and MRP2 overlap to a large 

extent but their tissue localisation differ. Known ligands for MRP2 is conjugated or 

unconjugated organic anion, such as glutathione conjugates, glucuronide conjugates (e.g., 

estradiol-17-b-D-glucuronide), leukotrines, methotrexate, ochratoxin A and p- 

aminohippurate, PAH.

As an example of one preferred embodiment of the invention, IgE monoclonal antibody 

capable of preventing the binding of one or more ligands to multidrug resistance associated 

protein 2, MRP2, can be prepared in the following way: The human IgEVH/KVL or XVL 

scFv-phage library is first constructed from mRNAs isolated from lymphocytes of allergic 

patients. The variable region of the light and heavy chain cDNAs are synthesised using 

human IgE-specific primers for Fd cDNAs and human kappa (k) and lambda (λ) light
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chains using human K and λ chain specific primers. The variable regions of the light and 

heavy chains are amplified by PCR using human K and λ chain specific primers for Vk and 

νλ cDNAs and human IgE specific primers for Vh cDNAs, respectively. The human 

IgE/IgG scFv library are then constructed by cloning the variable region cDNAs into a 

scFv phage display vector using restriction sites introduced into the PCR primers.

The human IgEVH/KVL or λνΕγοΡν library is then selected by phage display using a 

biopanning procedure against MRP2 containing vesicles (for a review of MRP2, see Borst 

et al. 2006). MRP2 vesicles are preferably passively immobilised on to microtitre well. The 

elution of phages is preferably done with TEA. The phage eluate is amplified in E. coli 

cells. After sufficient rounds of biopanning, the binding specificity of the selected scFv 

fragments is analysed by ELISA. Several MRP2 -specific scFv fragment clones are likely 

obtained.

As described herein, the phage display technique is an efficient and feasible approach to 

develop human IgEVH/KVL or λνί recombinant anti-MRP2 antibodies for the selection 

steps of the present invention. Isolated anti-MRP2 antibodies have high affinity and 

specificity towards MRP2 providing their use to characterize MRP2 function by ligand- 

activity measurements and distribution by immunochemical staining methods from cell and 

tissue samples. Furthermore, isolated anti-MRP2 antibodies may provide tools for fine- 

tuning of MRP2 function, such as inactivation or activation of efflux of different ligands of 

the transporter. Isolated IgE antibodies can be further applied to selective inactivation / 

activation assays with target receptors, transporters or enzymes and specific ligands thereof 

in order to find a clone having no effect to closely related counterparts on cells, tissues or 

organs.

Focused IgE-antibody library towards flat structures
One of the most challenging problem in drug discovery is the “undruggable” targets, i.e. 

biological macromolecules formed by protein-protein interactions. Many types of protein- 

protein complexes including homo- and heterodimers, enzyme substrate or inhibitor 

complexes, antibody-antigen complexes or multicomponents, e.g., ribosome or 

proteosome, mediate important functions in cells, organelles, tissues and organs. These
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protein-protein interactions generally involving large and relatively flat surface areas with 

numerous contact sites are difficult targets for small molecule drugs.

The recently solved structure of an IgE Fab antibody (DI Fab) in complex with an 

allergen, β-lactoglobulin (BLG, Bos d 5) structure suggests that IgE antibodies prefer 

structurally different binding sites than IgG antibodies (in press). The epitope of BLG 

consists of six different short fragments of the polypeptide chain, which are located almost 

exclusively in the secondary structure elements, especially in the β-strands, covering a flat 

area on the allergen surface. All six CDR (complementary determining region) loops of the 

IgE/Fab fragment participates in the binding of BLG. The CDR loops of the IgE/Fab light 

chain are responsible for the binding of the flat β-sheet region of BLG. The amino acid 

sequence comparison of published IgE sequences reveals that the light chains of the known 

IgE antibodies binding to diverse groups of allergens are strikingly conserved (see Table 

V), suggesting that these similar light chain sequences could also bind a flat surface of a 

β-sheet or a similar flat patch. This gives tools to construct focused libraries that can be 

utilised for the isolation of antibodies specific to flat surfaces applicable in the diagnostics 

or therapy. The conserved light chain sequence information is used to construct a limited 

pool of light chains or a single light chain with the characteristic amino acid sequences 

identified in the IgE antibodies. This light chain sequence information is combined with a 

diverse pool of IgE heavy chain genes isolated from lymphocytes of several allergic 

patients. The resulting antibody phage display library, in either scFv or Fab display format, 

is used to select target specific IgE antibodies essentially as described in Example I or as 

described in Hoogenboom et al. (1998) and Hoogenboom (2005).

While one successful selection strategy for obtaining antibody fragments of the invention 

has been described, numerous variations, by which antibody fragments of the invention 

may be obtained, will be apparent to those skilled in the art. It may prove possible to select 

scFv fragments of the invention directly from a phage or microbial display library of scFv 

fragment or its derivatives. A phage or microbial cell, which presents a scFv fragment or 

other antibody fragment of the invention as a fusion protein with a surface protein, repre­

sents a still further aspect of the invention. It is also possible to isolate the MRP-specific 

antibodies using flow cytometry.
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While microbial expression of antibodies and antibody derivatives of the invention offers 

means for efficient and economical production of highly specific reagents of uniform 

quality suitable for use in immunodiagnostic assays and immunotherapy, alternatively it 

may prove possible to produce such a reagent, or at least a portion thereof, synthetically. 

By applying conventional genetic engineering techniques, initially obtained antibody 

fragments of the invention may be altered, e.g. new sequences linked, without substantially 

altering the binding characteristics. Such techniques may be employed to produce novel 

binding hybrid proteins, which retain both affinity and specificity for the target antigen as 

defined hereinbefore.

In another aspect, the present invention also provides DNA molecules encoding an anti­

body or antibody derivative of the invention, and fragments of such DNAs, which encode 

the CDRs of the Vl and/or Vh region. Such a DNA may be cloned in a vector, more parti­

cularly, for example, an expression vector which is capable of directing expression of anti­

body derivatives of the invention, or at least one antibody chain or a part of one antibody 

chain.

In a further aspect of the invention, host cells are provided, selected from bacterial cells, 

yeast cells, fungal cells, insect cells, plant cells and mammalian cells, containing a DNA 

molecule of the invention, including host cells capable of expressing an antibody or anti­

body derivative of the invention. Thus, antibody derivatives of the invention may be 

prepared by culturing host cells of the invention expressing the required antibody chain(s), 

and either directly recovering the desired protein or, if necessary, initially recovering and 

combining individual chains.

EXAMPLE 1
I. Construction of the human IgE/IgM scFv phage libraries
Previously constructed human narve scFv libraries (IgM/kappa and IgM/lambda) and milk 

and latex allergic IgE scFv libraries (IgE/kappa and IgE/lambda) were used as a starting 

material for the construction of IgE/IgM libraries. Briefly, the human narve libraries (IgM) 

were constructed from the lymphocyte isolated from 50 healthy blood donors. For the
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construction of the IgE libraries altogether 150 ml of heparinised blood was obtained from 

three allergic patient with different allergenic profiles. Lymphocytes were isolated 

according to an Ig-Prime kit protocol (Novagen). Per 10 ml of blood 30 ml of lysis buffer 

(155 mM NH4C1, 10 mM NH4HCO3, 0.1 mM EDTA, pH 7.4) was added and incubated on 

ice for 15 min with shaking occasionally. After centrifugation at 450 g for 10 min the 

lymphocytes, i.e. the white blood cell pellet, were collected. The pellet was washed twice 

with lysis buffer and after the final centrifugation the lymphocyte pellet was resuspended 

in D-solution. Lymphocyte RNAs were isolated using Promega's RNAgents Total RNA 

Isolation kit according to the manufacturer's protocol. The first strand cDNA synthesis was 

carried out using Promega's Reverse Transcription system kit. For the synthesis of Fd- 

fragment cDNA and light chain cDNAs the primers of the constant region of the epsilon 

(ε) chain (Cel) and the primer of the kappa (CkI) and lambda (CXI) chain were used, 

respectively. Primers used for the cDNA synthesis and PCR amplifications of human IgE 

Fd region and light chains are showed in Table I and Table II.

PCR amplifications were carried out in two steps: a primary PCR for amplifying Fd and 

light chains from cDNA templates and a secondary PCR for adding restriction sites to the 

5'-end of the DNA fragments obtained after a primary PCR. First the Fd region was 

amplified by PCR using the primers specific for the variable region of the heavy chains 

(VHla-VH7a) and Cel primer. Accordingly, the kappa and lambda light chains were 

amplified using specific primers for variable region of the light chains (VKla-VK6b and 

VXla-VXlO) and CK/λί primer, respectively. Primers for the secondary PCR were CkI 

and VK/λΙ and Ck for the kappa light region, VK/λΙ and C-λΙ for the kappa light chain and 

νλΙΑ and CK/λί for the lambda light chain. The primary PCR amplification was done at 

the following conditions: 1 cycle of 3 min at 93°C for denaturation, 7 cycles of 1 min at 

93°C, 30 s at 63°C and 50 s at 58°C for annealing and 1 min at 72°C for elongation, 23 

cycles of 1 min at 93°C, 30 s at 63°C and 1 min at 72°C followed by 1 cycle of 10 min at 

72°C. For the secondary PCR the amplification conditions were as follows: 1 cycle of 3 

min at 95°C for denaturation, 25 cycles of 1.5 min at 94°C, 1 min at 65°C for annealing and 

1.5 min at 72°C for elongation followed by 1 cycle of 10 min at 72°C. Between the primary 

and the secondary PCR and after the secondary PCR the amplified DNA fragments were 

purified.



WO 2008/092993 PCT/FI2008/050027

5

10

15

20

25

30

13

The final PCR products of the different antibody fragments were pooled and digested with 

appropriate restriction enzymes. Digested DNA fragments, encoding IgE Fd region and K 

and λ light chains, were ligated into a phagemid vector and transformed into E. coli XL-1 

Blue cells to yield an Fab-κ and Fab-λ libraries of 106 independent clones. To avoid 

possible problems on the expression of Fab fragments on a phage particle an antibody 

library in scFv format was constructed. Phagemid DNAs from different libraries were 

isolated and used as template DNAs for amplifying the variable regions of the human IgE 

heavy and human light chains in order to construct human IgE scFv-κ and scFv-λ libraries.

PCR amplification of the variable region of the heavy chain was carried out using human 

Vh specific primers (VH1-VH4 and VH1A). Amplification of the variable region of the 

light chains was done using the following primer pairs: Vk1-Vk7, Vk2-Vk8, Vk3-Vk9, 

Vk4-Vk10, Vk5-Vk11 and Vk6-Vk11 for human kappa chain and νλ1-νλ8, νλ2-νλ9, 

νλ3-νλ9, νλ4-νλ9, νλ5-νλ10, νλ6-νλ10 and νλ7-νλ10 for human lambda chain (see 

Tables III and IV). The amplified DNA fragments were purified and digested in order to 

ligate into a scFv phage display vector (Fig.3). Ligation mixtures were transformed into E. 

coli XL-1 Blue cells resulting in the human IgE scFv-κ and scFv-λ libraries with approx­

imately 105 independent clones.

Finally the cDNAs encoding the variable regions of kappa and lambda chain of the naive 

libraries were digested with Sacl and Notl restriction enzymes. Then the DNA fragments 

were ligated into the Sacl-Notl digested vectors containing the cDNAs encoding the IgE 

variable regions from milk and latex allergic patient separately (IgE/IgM milk and IgE/IgM 

latex). Then the resulting plasmids were transformed into E.coli XL-1 Blue cells. For the 

isolation of library plasmid DNAs the cells containing the IgE/IgM milk and IgE/IgM latex 

plasmid DNAs were pooled together in order to result in the human IgE/IgM kappa and 

IgE/IgM lambda libraries.

II Vesicle preparation
The insect cells infected with the baculovirus containing the cDNA encoding the MRP2 

transporter were harvested (1000 g, +4°C, lOmin). The cell pellet was washed with cold 

PBS and re-centrifugated. The cell pellet was washed twice with harvest buffer (50 mM
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Tris-HCl, pH 6.8, 300 mM mannitol, protease inhibitor cocktail) followed by the 

centrifucation (800 g, +4°C, 5min). Then the cell pellet was resuspended in membrane 

buffer (50 mM Tris-HCl, pH 6.8, 50 mM mannitol, 2 mM EDTA, pH 8.0, protease 

inhibitor cocktail) and homogenised followed by the 1-hour incubation on ice and 

centrifucation (800 g, +4°C, lOmin). The supernatant was subjected to the 

ultracentrifucation (100 000 g, +4°C, 60min). The vesicle pellet was resuspended in to the 

membrane buffer and homogenised using a syringe and a G27 needle.

III. Selection of human IgE/IgM libraries on MRP2 displaying vesicles
The vesicles with and without the MRP2 in Buffer A (50 mM MOPS-TrisHCl, pH 7.0, 70 

mM KC1, 7.5 mM MgCl2) were immobilised onto micro titre plate wells. After blocking of 

the wells with Buffer A -1%BSA the depletion of the phage pool was carried out. The 

phages of the IgE/IgM kappa and lambda libraries were combined and diluted 1:4 into 

Buffer B (50 mM MOPS-TrisHCl, pH 7.0, 70 mM KC1, 7.5 mM MgCl2, 1% BSA) and β- 

estradiol and MgATP were added to a final concentration of 50 μΜ and 4 mM, 

respectively. Then the phages binding to the vesicles without MRP2 were depleted by the 

incubation of the phage pool with the vesicles without the MRP2 for 3 h at +37°C. The 

unbound phages were recovered (depleted phage pool).

In the selection the depleted phage pool was incubated with both vesicles. The enrichment 

of the specific binders was followed by the incubation of the depleted phage pool with 

vesicles without MRP2. First, the depleted phage pool was diluted 1:2 in Buffer B and β- 

estradiol and MgATP were added as above and then subjected for the incubation with 

vesicles. The bound phages were eluted with TEA. Finally the E.coli XL-1 Blue cells were 

infected with the eluted phages for the amplification of the enriched phages.

IV. Characterisation of the isolated antibodies
The characterisation of the antibody binding properties to MRP2 were carried out by 

ELISA. The enriched antibody phage pools and/or antibody phages prepared from the 

individual clones. In ELISA, the vesicles with and without the MRP2 in Buffer A (50 mM 

MOPS-TrisHCl, pH 7.0, 70 mM KC1, 7.5 mM MgCl2) were immobilised onto microtitre 

plate wells. After blocking of the wells with Buffer A -1%BSA the phages were added and 

incubated for 1 h at RT with shaking. After the washing step the anti-M13 antibody was 

used for the detection of the bound phages. As a secondary antibody AFOS-conjugated
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anti-mouse IgG (H+L) were used. After addition of the substrate, p- 

nitrophenylphosphatase, the absorbance values were read at 405 nm.

The transportation of the substrates such as β-estradiol across the cell membrane was

5 carried out using vesicular transport assay that determinates the interaction of test drugs 

(activators/inhibitors) with the MRP2 transporter and/or related ATP-binding cassette 

transporters. The selected scFv antibody clones (different concentrations) were incubated 

with the MRP2 vesicles and control vesicles prepared as described above. Both vesicles 

were diluted into the assay buffer (40 mM MOPS-TrisHCl, pH 7.0, 55 mM KC1, 6 mM

10 MgCli)· Then the labelled substrate e.g. 3H β-estradiol 17-^-D-glucuronide) for the final 

concentration of 50 mM was added and pre-incubated for 5 min at +37°C. The reaction 

was started by the addition of Mg-ATP for the final concentration of 4 mM. The reaction 

was let to proceed for 16 min at +37°C. The vesicles were collected on glass fiber filters 

(pore size 0.7 pm) and washed before measurement on liquid scintillation system.

15
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TABLE I: Primers used for cDNA synthesis and PCR amplification of the human IgE Fd 

region.

5

10

15

20

Cel: 5'- GCTGAAGGTTTTGTTGTCGACCCAGTC -3'

CeNotl: 5'- GAATGGTGCGGCCGCGCTGAAGGTTTTGTTGTCG -3'

VHla: 5'- ATGGCCGCAGCTCAGGTKCAGCTGGTGCAG -3'

VHlb: 5'- ATGGCCGCAGCTCAGGTCCAGCTTGTGCAG -3'

VHlc: 5'- ATGGCCGCAGCTSAGGTCCAGCTGGTACAG -3'

VHld: 5'- ATGGCCGCAGCTCARATGCAGCTGGTGCAG -3'

VH2a: 5'- ATGGCCGCAGCTCAGATCACCTTGAAGGAG -3'

VH2b: 5'- ATGGCCGCAGCTCAGGTCACCTTGARGGAG -3'

VH3a: 5'- ATGGCCGCAGCTGARGTGCAGCTGGTGGAG -3'

VH3b: 5'- ATGGCCGCAGCTCAGGTGCAGCTGGTGGAG -3'

VH3c: 5'- ATGGCCGCAGCTGAGGTGCAGCTGTTGGAG -3'

VH4a: 5'- ATGGCCGCAGCTCAGSTGCAGCTGCAGGAG -3'

VH4b: 5'- ATGGCCGCAGCTCAGGTGCAGCTACAGCAG -3'

VH5a: 5'- ATGGCCGCAGCTGARGTGCAGCTGGTGCAG -3'

VH6a: 5'- ATGGCCGCAGCTCAGGTACAGCTGCAGCAG -3'

VH7a: 5'- ATGGCCGCAGCTCAGGTSCAGCTGGTGCAA -3'

VH1A: 5 - TTACTCGCGGCCCAGCCGGCCATGGCCGCAGCT -3'
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TABLE II: Primers used for cDNA synthesis and PCR amplification of human kappa and 

lambda chains.

CkI: 5'- AGGTAGGGCGCGCCTTAACACTCTCCCCTGTTGAAGC -3'

5

10

15

20

25

30

VKla: 5'- ATGGCAGCGGCTRACATCCAGATGACCCAG -3'

VKlb: 5'·- ATGGCAGCGGCTGMCATCCAGTTGACCCAG -3'

VkIc: 5'- ATGGCAGCGGCTGCCATCCRGATGACCCAG -3'

VKld: 5'·- ATGGCAGCGGCTGTCATCTGGATGACCCAG -3'

VK2a: 5'- ATGGCAGCGGCTGATATTGTGATGACCCAG -3'

VK2b: 5'·- ATGGCAGCGGCTGATRTTGTGATGACTCAG -3'

VK3a: 5'- ATGGCAGCGGCTGAAATTGTGTTGACRCAG -3'

VK3b: 5'·- ATGGCAGCGGCTGAAATAGTGATGACGCAG -3'

Vk3c: 5'- ATGGCAGCGGCTGAAATTGTAATGACACAG -3'

VK4a: 5'- ATGGCAGCGGCTGACATCGTGATGACCCAG -3'

VK5a: 5'- ATGGCAGCGGCTGAAACGACACTCACGCAG -3'

VK6a: 5'- ATGGCAGCGGCTGAAATTGTGCTGACTCAG -3'

VK6b: 5'·- ATGGCAGCGGCTGATGTTGTGATGACACAG -3'

Vk/λΐ: 5'- TTGTTATTGCTAGCTGCACAACCAGCAATGGCAGCGGCT -3 

CXI: 5'- AGGTAGGGCGCGCCTTATGAACATTCYGYAGGGGC -3'

VXl a: 5'- ATGGCAGCGGCTCAGTCTGTGCTGACTCAG -3'

VXl b: 5'- ATGGCAGCGGCTCAGTCTGTGYTGACGCAG -3'

VXlc: 5'- ATGGCAGCGGCTCAGTCTGTCGTGACGCAG -3'

VX2 : 5'- ATGGCAGCGGCTCAGTCTGCCCTGACTCAG -3'

VX3a: 5'- ATGGCAGCGGCTTCCTATGWGCTGACTCAG -3'

VX3b: 5'- ATGGCAGCGGCTTCCTATGAGCTGACACAG -3'

VX3c: 5'- ATGGCAGCGGCTTCTTCTGAGCTGACTCAG -3'

VX3d: 5'- ATGGCAGCGGCTTCCTATGAGCTGATGCAG -3'

VX4 : 5'- ATGGCAGCGGCTCAGCYTGTGCTGACTCAA -3'

VX5 : 5'- ATGGCAGCGGCTCAGSCTGTGCTGACTCAG -3'

VX6 : 5'- ATGGCAGCGGCTAATTTTATGCTGACTCAG -3'

VX7 : 5'- ATGGCAGCGGCTCAGRCTGTGGTGACTCAG -3'

VX8 : 5'- ATGGCAGCGGCTCAGACTGTGGTGACCCAG -3'
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νλ4/9: 5'- ATGGCAGCGGCTCWGCCTGTGCTGACTCAG -3' 

ΥλΙΟ: 5'- ATGGCAGCGGCTCAGGCAGGGCTGACTCAG -3'

5

10

15

20

25

30

TABLE III: Primers used for PCR amplification of the human variable regions of the 

heavy chain.

VH1: 5'- ATTTACTCGAGTGAGGAGACGGTGACCAGGGTGCC -3' 

VH2: 5'- ATTTACTCGAGTGAAGAGACGGTGACCATTGTCCC -3' 

VH3: 5'- ATTTACTCGAGTGAGGAGACGGTGACCAGGGTTCC -3' 

VH4: 5'- ATTTACTCGAGTGAGGAGACGGTGACCGTGGTCCC -3' 

VH1A: 5 - TTACTCGCGGCCCAGCCGGCCATGGCCGCAGCT -3'

TABLE IV: Primers used for PCR amplification of the human variable regions of the light 

chains.

VkI: 5'- TTATAGAGCTCGACATCCAGATGACCCAGTCTCC -3'

Vk2: 5'- TTATAGAGCTCGATGTTGTGATGACTCAGTCTCC -3'

Vk3: 5'- TTATAGAGCTCGAAATTGTGTTGACGCAGTCTCC -3'

Vk4: 5'- TTATAGAGCTCGACATCGTGATGACCCAGTCTCC -3'

Vk5: 5'- TTATAGAGCTCGAAACGACACTCACGCAGTCTCC -3'

Vk6: 5'- TTATAGAGCTCGAAATTGTGCTGACTCAGTCTCC -3'

Vk7: 5'- TATAAGCGGCCGCACGTTTGATTTCCACCTTGGTCCC -3'

Vk8: 5'- TATAAGCGGCCGCACGTTTGATCTCCAGCTTGGTCCC -3'

Vk9: 5'- TATAAGCGGCCGCACGTTTGATATCCACTTTGGTCCC -3'

Vk10: 5'- TATAAGCGGCCGCACGTTTGATCTCCACCTTGGTCCC -3'

VKll: 5'- TATAAGCGGCCGCACGTTTAATCTCCAGTCGTGTCCC -3'

νλΐ: 5'- ATTTAGAGCTCCAGTCTGTGTTGACGCAGCCGCC -3' 

νλ2: 5'- ATTTAGAGCTCCAGTCTGCCCTGACTCAGCCTGC -3' 

νλ3: 5'- ATTTAGAGCTCTCCTATGTGCTGACTCAGCCACC -3' 

νλ4: 5'- ATTTAGAGCTCTCTTCTGAGCTGACTCAGGACCC -3'

Υλ5: 5'- ATTTAGAGCTCCACGTTATACTGACTCAACCGCC -3'
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νλ6: 5'- ATTTAGAGCTCCAGGCTGTGCTCACTCAGCCGTC -3' 

νλ7: 5'- ATTTAGAGCTCAATTTTATGCTGACTCAGCCCCA -3' 

νλ8: 5'- ATATTGCGGCCGCACCTAGGACGGTGACCTTGGTCCC -3' 

νλ9: 5'- ATATTGCGGCCGCACCTAGGACGGTCAGCTTGGTCCC -3'

5 VXlO:5'-ATATTGCGGCCGCACCTAAAACGGTGAGCTGGGTCCC-3'
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CLAIMS:

1. Method of preparing a recombinant IgE monoclonal antibody or a functional 

fragment thereof capable of preventing binding of a ligand or substrate to a receptor

5 protein or enzyme, wherein the binding site of the ligand or substrate contains a 

depression, cleft, channel or a planar surface, and said site is weakly IgG or IgM 

immunoreactive, and wherein said ligand is not a protein; said method comprising the steps 

of:

a) isolating total mRNA from IgE producing cells from a human derived sample;

10 b) synthesizing of the cDNAs encoding the IgE Fd gene region and kappa/lambda light 

chain genes based on the total mRNA obtained in step a) to create an IgE expression 

library;

c) screening the expressed library against a desired target protein or cell or particle 

expressing said target protein on its surface, wherein said target protein is said receptor

15 protein or enzyme, and wherein the screening is performed against such a target site in said 

target protein which requires specific recognition of a structure that is not immunoreactive 

against IgG/IgM;
d) isolating clones from the library showing medium or high affinity (i.e. over 107M'') 

towards said protein;

20 e) selecting those clones obtained from step d) that bind to a depression, cleft, channel or 

a planar surface in the binding site of the ligand or substrate and prevent the binding of 

said ligand to said receptor protein or the binding of said substrate to said enzyme^

2. The method according to claim 1, wherein in step e) an IgE monoclonal antibody

25 clone is selected, which clone prevents binding of all ligands to said receptor protein or

binding of all substrates to said enzyme.

3. The method according to claim 1, wherein said a receptor protein or an enzyme has 

more than one ligand or substrate.

30

4. The method according to claim 3, wherein in step e) an IgE monoclonal antibody 

clone is selected, which clone prevents binding of one specific ligand to said receptor 

protein or binding of one specific substrate to said enzyme.

(7615925_I):MGH
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5. The method according to claim 1, wherein said receptor protein is a drug-resistance 

pump.

6. The method according to claim 5, wherein said drug-resistance pump is multidrug 

5 resistance associated protein 2, MRP2.

7. The method according to claim 6, wherein said ligand is conjugated or unconjugated 

organic anion, such as glutathione conjugates, glucuronide conjugates or leukotrines, or 

methotrexate, ochratoxin A or PAH.

10

8. The method according to claim 7, wherein said ligand is estradiol-17-b-D- 

glucuronide.

9. The method according to claim 6, wherein in step e) an IgE monoclonal antibody 

15 clone is selected, which clone prevents the binding of one or more ligands to MRP2 but do

not prevent binding of ligands to ATP-binding cassette transporters, i.e. ABC-tranporters.

10. The method according to claim 6, wherein in step e) an IgE monoclonal antibody 

clone is selected, which clone prevents the binding of one specific ligand to MRP2.

20

11. The method according to claim 1 further comprising the step of isolating the DNA 

encoding the IgE antibody obtained in step e).

12. A recombinant IgE monoclonal antibody or a functional fragment thereof prepared 

25 by the method of any one of claims 1 to 11.

Valtion Teknillinen Tutkimuskeskus

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON

(7615925 1) MGH
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3 SEQUENCE LISTING

<110> Valtion teknillinen tutkimuskeskus

<120> Method for producing novel IgE based reagents

<130>

<160> 3

<170> Patentln version 3.1

<210> 1
<211> 8
<212> PRT
<213> Artificial

<220>
<221> MISC_FEATURE
<222> (5)..(5)
<223> X is any amino acid

<220>
<221> MISC_FEATURE
<222> (8)..(8)
<223> X is Ser or Thr

<400> 1
Leu Leu ile Tyr xaa Ala Ser Xaa 
1 5

<210> 2
<211> 11
<212> PRT
<213> Artificial

<220>
<221> MISC_FEATURE
<222> (3)..(5)
<223> X is any amino acid

<220>
<221> MISC_FEATURE
<222> (8)..(8)
<223> X is Ser or Thr

<220>
<221> MISC_FEATURE
<222> (9)..(11)
<223> X is any amino acid

<400> 2
Leu Leu Xaa Xaa Xaa Ala Ser Xaa Xaa Xaa Xaa 
1 5 10

<210> 3
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3 <211> 11
<212> PRT
<213> Artificial

<400> 3
Leu Leu lie Tyr Ala Ala Ser Ser Leu Gin Ser 
1 5 10
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