
1 TARGET BINDING POLYPEPTIDE This invention relates to the construction,
application and production of novel polypeptides with enhanced or modified
binding activity or specificity to haptens and antigens. 



The invention also relates to the construction, modification and selection
of recombinant antibody-like molecules derived -from expression of
libraries of surface presenting antigen- or hapten-binding moieties, and to
uses of these molecules. The polypeptides of the invention have utility in 



the diagnostic, therapeutic, predictive or preventative fields of the
pharmaceutical and health care industries, as well as more general
application in the detection and assay of chemical entities. Background of
the Invention Antibodies are protein molecules which possess a 



binding affinity for a target antigen or hapten. Due to the specificity of
the binding interaction, antibodies are commonly used as diagnostic and
therapeutic reagents. Monoclonal antibodies are derived from a pure cell
line such as hybridoma cells; however, the hybridoma technology is
expensive, time-consuming to maintain and limited in 



scope. It is not possible to produce monoclonal antibodies, much less
antibodies of the appropriate affinity, to a complete range of antigens.
Antibody genes or fragments thereof can be cloned and expressed in B. coli
in a biologically functional form. tibodies and antibody fragments can also
be produced by 



recombinant DNA technology using either bacterial or mammalian cells. In
the Fab region of an antibody, the combination of the two heavy and light
chains provides six variable. surface loops at the extremity of the
molecule.   



These loops in the outer domain (Fv) are termed
complementarity-determining-regions (CDRs), and provide the specificity of
binding of the antibody to its antigenic target. This binding function is
localized to the variable domains of the antibody molecule, which are
located at the 



amino-terminal end of both the heavy and light chains. This is illustrated
in Figure 1. The variable regions of some antibodies remain non-covalently
associated (as [err] dimers, termed [err] regions) even after proteolytic
cleavage from the native antibody molecule, and retain much of their
antigen recognition and binding capabilities.  Methods of 



anufacture of two-chain [err] substantially free of constant region are
disclosed in US-4,642,334 Recombinant Fv fragments are prone to
dissociation, and therefore some workers have chosen to covalently link the
two domains to form a construct designated scFv, in which two peptides with
binding domains 



(usually antibody heavy and light variable regions) are joined by a linker
peptide connecting the C-terminus of one domain to the N-terminus of the
other, so that the relative positions of the antigen binding domains are
consistent with those found in the original antibody (see Figure 1).
Methods of manufacture of covalently linked [err] 



fragments are disclosed in US-4,946,778 and US-5,132,405. Further
heterogeneity can be achieved. by the production of bifunctional and
multifunctional agents (Huston et al U.S. Patent No. 5,091,513, and Ladner
et al U.S. Patent No. 4,816,397). The construction of scFv libraries is
disclosed 



for example in European Patent Application No. 239400 and U.S. Patent
No.4,946,778. However, single-chain Fv libraries are limited in size
because of problems- inherent in the cloning of a single DNA molecule
encoding the scFv. Non-scFv libraries, such as [err] or Fab libraries, are
also  



3 known, (Ladner and Guterman WO 90/02809), and may be used with a phage
system for surface expression (Ladner et al WO 88/06630 and Bonnert et al
at WO 92/01047). 



For use in antibody therapy, monoclonal antibodies, which are usually of
mouse origin, have limited use unless they are first "humanised", because
they elicit an antigenic response on administration to humans. The variable
domains of an antibody consist of a [err]-sheet framework with six
hypervariable regions (CDRs) which 



fashion the antigen-binding site. Humanisation consists of substituting
mouse sequences that provide the binding affinity, particularly the CDR
loop sequences, into a human variable domain structure. The murine CDR loop
regions can therefore provide the binding affinities for the required
antigen. Recombinant antibody "humanisation" by grafting of 



CDRs is disclosed by Winter et al (EP-239400). The expression of diverse
recombinant human antibodies by the use of expression/combinatorial systems
has been described.  (Marks et al, J. Mol. Biol. 1991 222 581-597). Recent
developments in methods for the expression of peptides and proteins on the
surface of 



filamentous phage (McCafferty et al, Nature 1991 348 552; Clackson et al,
J. Mol. Biol., 1991 352 624-28) offer the potential for the selection,
improvement and development of these reagents as diagnostics and
therapeutics. The use of modified bacteriophage genomes for the expression,
presentation and pairing of cloned heavy and light chain 



genes of both mouse and human origins has been described (Hoogenboom et al,
Nucl. Acids. Res., 19 4133-4137; Marks et al 1991 op.cit. and  Bonnert et
al, WPI Acc. No. 92-056862/07) Receptor molecules, whose expression is the
result of the receptor-coding gene library in the 



expressing organism, may also be displayed in the same way    4 (Lerner and
Sorge, WO 90/14430). The cell surface 



expression of single chain antibody domains fused to a cell surface protein
is disclosed by Ladner et al WO 88/06630. Affinity maturation is a process
whereby the binding specificity, affinity or avidity of an antibody can be
modified. A number of laboratory techniques have been devised whereby amino
acid sequence diversity is created by 



the application of various mutation strategies, either on the entire
antibody fragment or on selected regions such as the CDRs. Mutation to
change enzyme specific activity has also been reported. The person skilled
in the art will be aware of a variety of methods for achieving random or
site- directed mutagenesis, and for selecting molecules with a 



desired modification. Mechanisms to increase diversity and to select
specific antibodies by the so called "chain shuffling technique, ie. the
reassortment of a library of one chain type e. g. heavy chain, with a fixed
complementary chain, such as light chain, have also been described (Rang at
al, Proc. Natl. Acad. Sci. USA, 1991 88 4363-466; 



Hoogenboom et al, Rucl. Acid Res., 199. 19 4133-4137; Marks et al,
Bio/Technology, 1992 10 779-783). In order to overcome the problems of
human reactions to murine sequences in any part of the V-domains, framework
or constant regions of the antibodies, recombinant human antibody-gene
libraries may be 



constructed from a variety of human tissues, including peripheral blood
lymphocytes (Winter and Milstein Nature. 1991 349 293). Adult humans will
already have been subjected to antigenic stimulation, and therefore the
capacity of the pre-immunised adult B-cell population to recognise as wide
a range of antigens is diminished 



compared to the naive B-cell population, and is reflected in the restricted
populations of antibody mRNA molecules.    Thus in order to access as wide
a range of 



antigen-binding potential as possible, one of the tissues of choice is
foetal peripheral blood, which being naive has a higher proportion of 1gM
antibody molecules than adult 5   blood, (approximately 70% compared to the
30% for IgG), and provides the ideal source of genetic material for the
construction of an antibody library destined for maturation 



(evolution) to a breadth where a wide range of antigens can be bound. 10
Summary of the Invention The present invention therefore includes within
its scope: 1)   The identification and construction of 



novel recombinant target binding 15                  polypeptides; 2)
Modification of such reagents to alter their performance, for example by
mechanisms involving the mutation of their DNA coding regions; and 



20             3)   Further changing these reagents either at the genetic
or the protein level, by reassortment of their subcomponents. According to
a first aspect, the invention provides a recombinant target-binding
polypeptide.having: 25             a)   a stable core polypeptide region
(SCR); and 



b)   at least one target-binding region (TBR). in which the target-binding
region(s) has optionally been subjected to a maturation step in order to
modify the specificity, the affinity or the avidity of binding to the 30
target. We have been able to design and construct 



polypeptides according to the invention in which the specificity, affinity
or avidity of binding is modified,    REPLACEMENT SHEET 



- 23 - (contrasted) either with potassium phospho-tungstate at pH 7.0 or
with uranyl acetate at pH 4.0.. Based on our previous extensive experience
of imaging molecular complexes of the same N9NA with 5   monoclonal Fabs
(32/3, NC35 and NC41) and with whole 



monoclonal IgGs (32/3, NC41 and NC10), we were able to interpret the
N9Na-scFv complex images as closed structures of pairs of neuraminidase
heads coupled together face-to- face by four bridging scFv dimers in such a
manner as to 10   maintain four-fold point-group symmetry of this densely
packed molecular complex (Figure 15). This image 



interpretation of the N9Na-scFv molecular complex is directly compatible
with the observed molecular weight of the complex in solution of 15   [err]
- 610,000. X-ray diffraction analysis of crystals in which the scFv is
complexed with neuraminidase (Figure 14) 



demonstrates a close association between two scFv molecules related by a
two-fold axis of rotation. Two possible 20   dimeric conformations are
possible. In the first instance the [err] and [err] domains encoded by a
single polypeptide chain with additional peptide tails form a bifunctional
scFv which associates non-covalently with the separate scFv 



molecule (Figure 17). In the second instance, the [err] and 25   [err]
domains forming the antigen binding surface (the TBR) in each Fv are
non-covalently associated and the two Fvs are covalently joined by the
linker polypeptide (Figure 17). Molecular modelling studies (Figure 14)
indicate the distance between the [err] and [err] domains of a non- 



30   covalently associated diner would be at leapt 35A, whereas the
distance between the [err] and [err] domains of a covalent dimer would be
less than 25A. Given the 3.8A (0.38nm) distance between adjacent peptide
bonds and the distance   



REPLACEMENTSHEET transfected into HB2151 by the standard methods and the
selected individual colonies of each phage sample grown in YT+AMP(100ug/ml)
prior to induction with 1mM IPTG (isopropylthiogalactoside) for 4 to..16h
at 37[err]C, with or 



5   without subsequent incubation at 40C for 16h. The culture. supernatant
and the extracts of periplasm,. cell membranes and cell cytoplasm were
collected and analysed for the recombinant gene expression as described
(Power et: al, Gene 1992 113 95-99). 10   Example 5 



The recombinant 1C3 scFv (a glycophorin-binding antibody coding region) in
the phagemid pHFA prepared as described in International Patent Application
No. PCT/AU93/00228 was subjected to random mutation in the mutD 15   B.
coll as discussed in Example 4, and the selection protocol similarly
applied, with the exceptions that the 



selection involved coating the solid phase matrix (ELISA plate, Immnotube,
or latex bead) with glycophorin A from a l0ug/ml solution in PBS.  The
results of the BLISA 20   screening for selection of individual colonies is
illustrated in Figure 12. Competitive ELISA assays, using detection with
anti-FLAG antibody, were performed on 



selected colonies  after mutation, and Table I shows the increases in
relative affinity of the expressed proteins 25   for the antigen
asialoglycophorin. Table 1 recombinant cloned scFv    Mutation
Affinity nM (off rate) 



1C3                         wt                  62 30   1C3.A13
40 1C3.B7                                          29    



- 43- CLAIMS 1.       A recombinant target-binding polypeptide having: a)
a stable core polypeptide region (SCR); and b)   at least one
target-binding region (TBR), in which the target-binding region(s) are
covalently 



attached to the SCR and which have optionally been subjected to a
maturation step in order to modify the specificity, the affinity or the
avidity of binding to the target. 2.       A polypeptide according to
Claims 1 which can self associate to form stable dimers, aggregates or
arrays. 



3.       A polypeptide according to Claim 1 or Claim 2 in which the SCR and
the TBR are joined by a linker moiety. 4.       A polypeptide according to
any one of Claims 1 to 3 which is bifunctional or polyfunctional. 5.
A polypeptide according to any one of Claims 1 to 4 in which the SCR is of
human origin, and is a protein of 



a type present in serum or displayed on cell surfaces. 6.       A
polypeptide according to any one of Claims 1 to 5 in which the TBR is
capable of binding to a target selected from the group consisting of
glycophorin, or other red blood cell surface proteins, influenza virus
neuraminidase, viral antigens, antibodies or other members 



of the Ig superfamily, transforming growth factor-a (TGF- a), tumour
markers, cell surface proteins, and leukaemia inhibitory factor (LIF). 7.
A target binding polypeptide according to any one of Claims 1 to 6 with
homology to the immuoglobulin superfamily, including modified antibodies or
antibody 



fragments, scFv fragments, modified CD8 molecules, and combinations of
antibody molecules or fragments thereof with CD8. 8.       A DNA construct
encoding a target binding polypeptide according to any one of Claims 1 to
7.  



44 9.       A method for producing a DNA construct encoding a target
binding polypeptide according to any one of Claims 1 to 7, comprising the
step of subjecting DNA encoding a 



target binding polypeptide to one or more cycles of mutagenesis and
selection to obtain a sub-population of DNA molecules encoding target
binding polypeptides having modified characteristics of affinity,
specificity or avidity. 10.      A method according to Claim 9, wherein the
DNA 



encoding the target binding polypeptide is present in a
replication-competent element or display vector. 11.      A method
according to Claim 10 wherein the display vector is selected from the group
consisting of bacteriophages, filamentous bacteriophages, viruses,
bacteria, yeast, slime moulds, or mammalian cells. 



12.      A method according to Claim 10 in which the display vector is
pHFA. 13.      A method according to Claim 12 in which mutagenesis is
carried out using a mutator strain of Escherichia coli. 14.      A method
of producing a target binding 



polypeptide according to any one of Claims 1 to 7 comprising the steps of:
a)    isolating DNA encoding the framework structure of one or more desired
target- binding polypeptides by means of the polymerase chain reaction; 



b)    inserting the DNA into one or more display vectors; c)    selecting a
sub-population of display vectors displaying target binding polypeptides of
desired specificity, avidity or affinity; 



45 d)   subjecting the selected sub-population to one or more cycles of
mutagenesis and 



selection in order to obtain a sub- population of display vectors
displaying target binding polypeptides having modified characteristics of
affinity, specificity or avidity; and e)   inserting DNA encoding the
modified target 



binding polypeptides into a high level expression vector. f)   transferring
the high level expression vector described above into an appropriate
expression host, g)   expressing the target binding protein, and 



h)   isolating the protein thus produced. 14.      A pharmaceutical
composition comprising a target binding polypeptide according to any one of
Claims 1 to 7, together with a pharmaceutically-acceptable carrier. 15.
A diagnostic reagent comprising a target-binding polypeptide according to
any one of Claims 1 to 7, together 



with a diluent. 16.      Use of a target-binding polypeptide according to
any one of Claims 1 to 7 in diagnosis. 17.      Use of a target-binding
polypeptide according o any one of Claims 1 to 7 as a medicament.  


















