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A
DP47 51CGC CAG GCT CCA GGG AAG GGG CTG GAG TGG GTG GCC --DP47 CDR-- CGA TTC ACC ATC TCC AGA GAC AAC CCC
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$1 PRIMER 5'CGC CAG ATG CCC GGG AAA GGC CTG GAG TGG GTT GGC 3'->
IIr TII ITI IIT IITI III IIT IYI IITI IIT IIT III
DP29 } -—CGC CAG ATG CCC GGG ARR GGC CTG GAG TGG GTT GGC --DP29 CDR-- AGA TTC ACC ATC TCA AGA GAT GAT TCA--
CODING } _~GCG GTC TAC GGG CCC TTT CCG GAC CAC ACC CAA CCG --DP29 CDR-- TCT AAG TGG TAG AGT TCT CTA CTA AGT-~-
. II1 IIT IIT III IITI IXI III IIT III
#1 PRIMER <=3 TCT ARG TGG TAG AGT TCT CTA CTA AGT 5'
c
§2 PRIMER 5'CGC CAG GCT CCA GGG BRAG GGG CTG GAG TGG GTG GCC 3'~->
III IIT II III II II III III IIT 11 I I
#1 } CGC CAG ATG CCC GGG AMA GGC CTG GAG TGG GTT GGC --DP2% CDR-- AGA TTC ACC ATC TCA AGA GAT GAT TCA
PRODUCT } GCG GTC TAC GGG CCC TTT CCG GAC CAC ACC CAA CCG --DP29 CDR-- TCT AAG TGG TAG AGT ICT CTA CTA AGT
II IIT IIX TII II III IX I I
#2 PRIMER <=-3' CT ARG TGG TAG AGG TCT CTG TTG GGG S'
D
#2 } 5'CGC CAG GCT CCA GGG ARG GGG CTG GAG TGG GTG GCC --DP29 CDR-- AGA TTC ACC ATC TCC AGA GAC AAC CCC 3'
PRODUCT }

(57) Abstract: The present invention provides a method for producing a polynucleotide sequence encoding an antibody variable

omain, the variable domain comprising complementarity-determining regions (CDRs) located within a selected framework (the
*master framework’), the method comprising the steps of (a) providing at least one nucleic acid molecule encoding one or more
=< CDRs and associated framework regions (the ’original framework’), (b) amplifying at least one CDR-encoding portion of the nucleic
acid molecule(s) of step (a) using one or more pairs of oligonucleotides as amplification primers and (c) assembling a polynucleotide
sequence encoding an antibody variable domain by combining the amplified CDR-encoding nucleotide sequences produced in step
(b) with nucleotide sequences encoding said master framework, wherein the oligonucleotide primers of step (b) comprise nucleotide
sequences which differ from the corresponding nucleotide sequences encoding said master framework. The invention further pro-
vides an antibody library, such as a phage display library, and methods of making the same.
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A METHOD FOR IN VITRO MOLECULAR
EVOLUTION OF ANTIBODY FUNCTION

Field of the invention

The present invention relates to a method for in vitro molecular evolution of

antibody function.
Background of the invention

W098/32845, Séderlind et al. (1999), and Jirholt et al. (1998) describe the in vitro
molecular evolution of antibody-derived proteins, by implanting naturally
occurring complementarity determining regions (CDRs) into a defined and
selected (“master”) framework, comprising the framework regions from the
germline gene DP-47 of the V,;3 family. Oligonucleotide primers, based on the
sequences encoding parts of the framework regions of DP-47 immediately
flanking the CDRs, are used to amplify nucleic acid sequences encoding CDRs
from a cDNA library prepared from peripheral blood B cells. Single stranded
DNA from the amplification reaction is then combined with overlapping
oligonucleotides which encode the remainder of the master framework in an
overlap extension PCR reaction to produce full length sequences encoding VH
antibody domains which each contain the framework regions of the DP-47

germline gene, and CDRs from germline genes of the V3 family.

This technique provides a valuable means of increasing diversity in antibody
libraries (e.g. phage display libraries), particularly as it allows recombination of
CDR1 and CDR2, which are normally linked in vivo and do not undergo

recombination during germline gene rearrangement.

CONFIRMATION COPY
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Moreover, the CDRs have been proof-read in vivo and are unlikely to be
immunogenic, providing an advantage over artificially mutated CDR sequences.
Also, the master frameworks utilised (from germline DP-47 and DPL3) were
selected to be highly compatible with the bacterial expression, and phage system

employed, thus ensuring a high degree of functional protein display.

Another important aspect in the construction of the library was a demand on the
framework to be able to hold specificities, with high affinities, against a large
variety of different types of antigens. As the system allows variability to be
introduced into any number of the CDR positions, the achievable variability is
huge, far beyond what can be obtained by previously established combinatorial
technologies. Finally, the modular design, i.e. the fact that variability is
introduced into a common framework structure, makes subsequent modifications

and studies of selected clones simple and efficient.

Using this technology, tentatively called CDR-implantation, a large phage display
antibody library based on the single chain Fv (scFv) format has been created. The
library has been used to select a panel of high affinity antibodies against a number
of ligand types, including proteins (of human and non-human origin), peptides,
carbohydrates and low-molecular weight haptens. Thus, from a functional point
of view, it is clear that a single, selected, master framework can hold antibody
specificities with high affinities against quite different types of antigens,

suggesting that the topology of the surfaces may differ greatly between antibodies.

However, there remains a general need in the art to increase the diversity of

antibody libraries.
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Summary of the invention

According to the present invention, nucleic acid encoding a CDR that is normally
contained in a framework (the “original framework”), which differs from a
selected master framework, is amplified from an immunoglobulin gene and is

inserted into nucleic acid encoding the selected master framework.

Amplification may be accomplished, as with conventional CDR implantation as
described above, by PCR using primers based on the framework regions flanking
the CDRs. However, in the present invention, the original framework and the
master framework differ. In contrast with the previously described CDR
implantation methods, therefore, nucleic acid encoding the CDRs is not amplified
using primers based exclusively on the master framework. Rather, primers are
used which differ from the sequence encoding the master framework. The primers
may be based specifically on a particular other framework, e.g. that of a different
germline gene or consensus sequence of a germline gene family, or may be

degenerate, e.g. to amplify CDRs from a range of germline families.

Accordingly, in a first aspect, the present invention provides a method for
producing a polynucleotide sequence encoding an antibody variable domain, the
variable domain comprising complementarity-determining regions (CDRs) located
within a selected framework (the ‘master framework’), the method comprising the

steps of:

a) providing at least one nucleic acid molecule encoding one or more CDRs
and associated framework regions (the ‘original framework’);

b) amplifying at least one CDR-encoding portion of the nucleic acid
molecule(s) of step (a) using one or more pairs of oligonucleotides as

amplification primers and,;



10

15

20

25

WO 01/75091 PCT/EP01/04065

4

¢) assembling a polynucleotide sequence encoding an antibody variable
domain by combining the amplified CDR-encoding nucleotide sequences

produced in step (b) with nucleotide sequences encoding said master framework,

wherein the oligonucleotide primers of step (b) comprise nucleotide sequences

which differ from the corresponding nucleotide sequences encoding said master

framework.

A second aspect of the invention provides a method for producing a library of
polynucleotide sequences each encoding an antibody variable domain comprising
complementarity-determining regions (CDRs) located within a common selected

framework (the ‘master framework’), the method comprising the steps of:

a) providing a population of nucleic acid molecules encoding one or more
complementarity-determining regions (CDRs) and associated framework regions
(the ‘original framework’);

b) amplifying at least one CDR-encoding portion of the nucleic acid
molecules of step (a) using one or more pairs of oligonucleotides as amplification
primers and;

¢) assembling a polynucleotide sequence encoding an antibody variable
domain by combining the amplified CDR-encoding nucleotide sequences

produced in step (b) with nucleotide sequences encoding said master framework,

wherein the oligonucleotide primers of step (b) comprise nucleotide sequences
which differ from the corresponding nucleotide sequences encoding said master

framework.

By “associated framework regions”, as used in relation to the nucleic acid

molecules provided in step (a), we mean the amino acid residues of the framework
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region immediately flanking the CDR. For example, the nucleic acid molecule(s)
of step (a) may encode a CDR together with up to 5, 10, 15 or more amino acid
residues of the framework flanking either side of the CDR. Thus, the nucleic acid

molecule(s) of step (a) may encode an antibody variable region or even an entire

antibody.

By “differ from”, in the context of the nucleotide sequences of the oligonucleotide
primers of step (b), we mean that the regions of the oligonucleotide primers of step
(b) which encode framework residues (i.e. those regions of the oligonucleotide
primers which are complementary to regions of the nucleic acid molecules
provided in step (a) which encode framework residues) do not share 100%
sequence identity with the corresponding regions of the nucleic acid molecules

encoding the master framework.

In a preferred embodiment of the first and second aspects of the invention, the

method comprises the steps of:

i) providing at least one pair of oligonucleotides;

ii) using each said pair of oligonucleotides as amplification primers to
amplify nucleotide sequences encoding different CDRs, and,

iii) assembling polynucleotide sequences encoding antibody variable
domains by incorporating nucleotide sequences derived from step ii) above

with nucleotide sequences encoding framework sequences (FRs) of a selected

type,

wherein the oligonucleotides of step (i) have sequences which differ from

corresponding sequences encoding said master framework.

For the avoidance of doubt, the “framework” of a variable region, as used herein,
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is typically made up of four individual framework regions, which flank the three

CDRs of the variable region:
[---FR1---][CDR1][---FR2---][CDR2][---FR3---][CDR3]{---FR4---]

The “framework regions (FRs) of a selected type” together provide a “master

framework”.

It will be appreciated by persons skilled in the art that the methods of the present
invention may be used to produce a polynucleotide sequence encoding a variable
domain of different types of antibody. For example, the variable domain may be

an IgG, IgM, IgA, IgD or IgE variable domain.

Preferably, the polynucleotide sequence assembled in step (c) encodes an IgG
variable domain. Advantageously, the polynucleotide sequence(s) assembled in
step (c) encodes an IgG heavy chain or light chain. Conveniently, the
polynucleotide sequence(s) assembled in step (c) encodes a non-naturally

occurring antibody variable domain.

Advantageously, the polynucleotide sequence(s) assembled in step (c) encodes an
antibody variable domain comprising at least one CDR having a canonical
structure which is atypical of antibody variable domains comprising the master
framework. By ‘atypical’ we mean that the CDR has a canonical structure which
is found in less than 10% of naturally-occurring antibody variable domains
comprising the selected master framework. Preferably, the CDR has a canonical
structure which is found in less than 5%, 2% or 1% of naturally-occurring
antibody variable domains comprising the selected master framework. Most
preferably, the CDR has a canonical structure which is not found in any naturally-

occurring antibody variable domains comprising the selected master framework.
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In a preferred embodiment of the methods of the invention, at least one of the
polynucleotide sequence(s) assembled in step (c) encode an antibody variable
domain comprising at least one CDR derived a different germline gene family to
that of the master framework. For example, the polynucleotide sequence(s)
assembled in step (c) may encode an antibody variable domain comprising one or

more CDRs derived from a light chain in heavy chain framework, or vice versa.

Advantageously, step (a) comprises providing a population of nucleic acid
molecules each encoding an antibody variable domain. Conveniently, the nucleic
acid molecules each encode an antibody variable domain from the same germline
gene family. Thus, selectivity for the CDRs to be incorporated into the master
framework may be achieved, at least in part, by providing a chosen population of

nucleic acid molecules in step (a).

Alternatively, or in addition, selectivity for the CDRs to be incorporated into the
master framework may be achieved by using oligonucleotide primer pairs in step
(b) which selectively hybridise to a target sub-population of nucleic acid
molecules provided in step (a). By ‘selectively hybridise’ we mean that the
oligonucleotide primer pairs hybridise selectively to a target sub-population of
nucleic acid molecules under conditions of high stringency. Oligonucleotide
hybridisation conditions are described in Molecular Cloning: A Laboratory
Manual (third edition), Sambrook and Russell (eds.), Cold Spring Harbor
Laboratory Press.

It will be appreciated by persons skilled in the art that the ability of the primers to
selectively hybridise with target nucleic acid molecules is dependent, to a large

extent, on the degree of sequence complementarity between the primers and the

target sequences.
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Preferably, the oligonucleotide primer pairs in step (b) selectively hybridise to a
target sub-population of nucleic acid molecules provided in step (a) each encoding

an antibody variable domain from the same germline gene family.

Thus, by providing a chosen population of nucleic acid molecules in step (a)
and/or by using oligonucleotide primer pairs in step (b) selectively hybridise to a
target sub-population of nucleic acid molecules provided in step (a), it is possible

to select the CDRs to be incorporated into the master framework.

In a preferred embodiment, the CDRs to be incorporated into the master
framework are derived from nucleic acid molecules encoding an antibody variable
domain from the same germline gene family, such as the V,3 family.
Conveniently, the CDRs to be incorporated into the master framework are derived
from nucleic acid molecules encoding an antibody variable domain from the same

germline gene, such asDP-29 and DP-73.

Advantageously, the master framework is derived from a germline gene selected

from the group consisting of DP-47 and DPL-3.

In a preferred embodiment of the methods of the invention, step (c) comprises the
use of overlap extension PCR (see Sambrook & Russell, supra). In this case, it is
necessary to isolate single stranded nucleic acid molecules from the amplified
CDR-encoding nucleic acid molecules produced in step (b). This may be achieved
by using oligonucleotide primer pairs in which one of the primers is biotinylated,
thereby enabling the nucleic acid strand produced by extension of the biotinylated
primer to be isolated on the basis of its affinity for streptavidin. The use of

biotinylated primers and overlap extension PCR is described in Jirholt et al, 1998,

supra.
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As a consequence of the differences in the nucleotide sequence between the
regions of the amplification primers which encode framework residues and the
nucleic acid sequences encoding the corresponding regions of the master
framework, the amplified CDRs cannot always be incorporated directly into the
master framework by overlap extension PCR since the nucleotides encoding the
amplified CDRs may fail adequately to anneal with the nucleic acid encoding the
master framework. This is particularly the case when (as in Example 1B) there are
significant mismatches at the ends of the amplification primers (notably at the end
nearer the CDR). As a result, it may be necessary to alter the regions of the
amplified nucleotide sequences which encode the framework regions flanking the
CDRs to make them more similar in sequence to the regions of the nucleic acid

molecules encoding the corresponding regions of the master framework.

Thus, in a preferred embodiment of the methods of the invention, the methods
comprise a further step, performed after step (b) and prior to step (c), of modifying
the nucleotide sequence of the amplified CDR-encoding molecules of step (b) such
that the portions of said amplified molecules which encode framework regions
share greater sequence identity with the corresponding portions of the master
framework. Preferably the nucleotide sequences are modified such that the
portions of said amplified molecules which encode framework regions share 100%

sequence identity with the corresponding portions of the master framework.

For example, one way of accomplishing this is to initially amplify the CDR and
adjacent portions of the flanking framework regions using PCR primers which are
identical or very similar to the original framework of the CDR. Then, in
successive rounds of PCR amplification, one can modify the regions of the
amplified nucleic acid sequences which encode framework regions using primers

containing mismatches relative to the original framework, those mismatches



10

15

20

25

WO 01/75091 PCT/EP01/04065

10

providing the residues present at corresponding positions in the master framework.
Eventually, the framework regions become sufficiently similar, or identical, to the

master framework to be incorporated therein by overlap extension PCR.

Alternatively, a single round of PCR amplification using primers that represent a
chimaera of the original and master frameworks may suffice to amplify CDRs

which can be used in the overlap extension PCR process, in which case the

additional step is not required.

In the first round of PCR (Step ‘b’), therefore, irrespective of whether said
additional steps are to be performed, it may be preferable to include mismatches
in the primers relative to the original framework, in order to include as many bases
as possible that are common to the selected master framework. The number of
mismatches that can be included depends on a set of factors including the number
of bases that differ between the frameworks, the length of the primers and the risk

of annealing to sequences other than those intended.

It may be possible for CDRs amplified by primers which are identical to the
original framework to be incorporated directly into the master framework (i.e. the
products of step ‘b’), by overlap extension PCR. Alternatively, inclusion of
additional PCR steps (as described above) may be necessary to make the
framework sequences associated with the amplified CDR-encoding more similar

to the corresponding sequences in the master framework.

In a preferred embodiment of the first aspect of the invention, the method
comprising a further step of inserting the polynucleotide sequence(s) assembled

in step (c) into an expression vector. Advantageously, the expression vector is a

secretion vector.
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Thus, polynucleotide sequences produced by the methods of the invention may be
used in accordance with known techniques, appropriately modified in view of the
teachings contained herein, to construct an expression vector, which is then used to
transform an appropriate host cell for the expression and production of antibody
variable domains. Such techniques include those disclosed in US Patent Nos.
4,440,859 issued 3 April 1984 to Rutter ez al, 4,530,901 issued 23 July 1985 to
Weissman, 4,582,800 issued 15 April 1986 to Crowl, 4,677,063 1ssued 30 June 1987
to Mark et al, 4,678,751 issued 7 July 1987 to Goeddel, 4,704,362 issued 3
November 1987 to Itakura ef al, 4,710,463 issued 1 December 1987 to Murray,
4,757,006 issued 12 July 1988 to Toole, Jr. et al, 4,766,075 issued 23 August 1988
to Goeddel et al and 4,810,648 issued 7 March 1989 to Stalker, all of which are

incorporated herein by reference.

The polynucleotide sequences produced by the methods of the invention may be
joined to a wide variety of other DNA sequences for introduction into an appropriate
host. The companion DNA will depend upon the nature of the host, the manner of
the introduction of the DNA into the host, and whether episomal maintenance or

integration is desired.

Generally, the polynucleotide sequence is inserted into an expression vector, such
as a plasmid, in proper orientation and correct reading frame for expression. If
necessary, the polynucleotide sequence may be linked to the appropriate
transcriptional and translational regulatory control nucleotide sequences recognised
by the desired host, although such controls are generally available in the expression
vector. Thus, the polynucleotide sequence insert may be operatively linked to an
appropriate promoter. Bacterial promoters include the E. coli lacl and lacZ
promoters, the T3 and T7 promoters, the gpt promoter, the phage A PR and PL
promoters, the phoA promoter and the #rp promoter. Eukaryotic promoters include

the CMV immediate early promoter, the HSV thymidine kinase promoter, the early
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and late SV40 promoters and the promoters of retroviral LTRs. Other suitable
promoters will be known to the skilled artisan. The expression constructs will
desirably also contain sites for transcription initiation and termination, and in the
transcribed region, a ribosome binding site for translation (Hastings et al,

International Patent No. WO 98/16643, published 23 April 1998).

The vector is then introduced into the host through standard techniques. Generally,
not all of the hosts will be transformed by the vector and it will therefore be
necessary to select for transformed host cells. One selection technique involves
incorporating into the expression vector a DNA sequence marker, with any
necessary control elements, that codes for a selectable trait in the transformed cell.
These markers include dihydrofolate reductase, G418 or neomycin resistance for
eukaryotic cell culture, and tetracyclin, kanamycin or ampicillin resistance genes for
culturing in E.coli and other bacteria. Alternatively, the gene for such selectable trait

can be on another vector, which is used to co-transform the desired host cell.

Host cells that have been transformed by the expression vector are then cultured for
a sufficient time and under appropriate conditions known to those skilled in the art
in view of the teachings disclosed herein to permit the expression of the encoded

antibody variable domain, which can then be recovered.

The antibody variable domain can be recovered and purified from recombinant cell
cultures by well-known methods including ammonium sulphate or ethanol
precipitation, acid extraction, anion or cation exchange chromatography,
phosphocellulose chromatography, hydrophobic interaction chromatography,
affinity chromatography, hydroxylapatite ~ chromatography and lectin
chromatography. Most preferably, high performance liquid chromatography
(“HPLC”) is employed for purification.
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Many expression systems are known, including systems employing: bacteria
(e.g. E. coli and Bacillus subtilis) transformed with, for example, recombinant
bacteriophage, plasmid or cosmid DNA expression vectors; yeasts
(e.g. Saccaromyces cerevisiae) transformed with, for example, yeast expression
vectors; insect cell systems transformed with, for example, viral expression vectors
(e.g. baculovirus); plant cell systems transfected with, for example viral or bacterial

expression vectors; animal cell systems transfected with, for example, adenovirus

expression vectors.

The vectors may include a prokaryotic replicon, such as the Col El ori, for
propagation in a prokaryote, even if the vector is to be used for expression in other,
non-prokaryotic cell types. The vectors may also include an appropriate promoter
such as a prokaryotic promoter capable of directing the expression (transcription and

translation) of the genes in a bacterial host cell, such as E.coli, transformed

therewith.

A promoter is an expression control element formed by a DNA sequence that
permits binding of RNA polymerase and transcription to occur. Promoter sequences
compatible with exemplary bacterial hosts are typically provided in plasmid vectors

containing convenient restriction sites for insertion of a DNA segment of the present

invention.

Typical prokaryotic vector plasmids are: pUC18, pUC19, pBR322 and pBR329
available from Biorad Laboratories (Richmond, CA, USA); pTrc99A, pKK223-3,
pKK233-3, pDR540 and pRITS available from Pharmacia (Piscataway, NJ, USA);
pBS vectors, Phagescript vectors, Bluescript vectors, pNHEA, pNH16A, pNH18A,
pNH46A available from Stratagene Cloning Systems (La Jolla, CA 92037, USA).

A typical mammalian cell vector plasmid is pSVL available from Pharmacia
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(Piscataway, NJ, USA). This vector uses the SV40 late promoter to drive expression
of cloned genes, the highest level of expression being found in T antigen-producing
cells, such as COS-1 cells. An example of an inducible mammalian expression
vector is pMSG, also available from Pharmacia (Piscataway, NJ, USA). This vector
uses the glucocorticoid-inducible promoter of the mouse mammary tumour virus

long terminal repeat to drive expression of the cloned gene.

Useful yeast plasmid vectors are pRS403-406 and pRS413-416 and are generally
available from Stratagene Cloning Systems (La Jolla, CA 92037, USA). Plasmids
pRS403, pRS404, pRS405 and pRS406 are Yeast Integrating plasmids (YIps) and
incorporate the yeast selectable markers HIS3, TRP1, LE U2 and URA3. Plasmids
pRS413-416 are Yeast Centromere plasmids (YCps).

Methods well known to those skilled in the art can be used to construct expression
vectors containing the coding sequence and, for example appropriate transcriptional
or translational controls. One such method involves ligation via homopolymer tails.
Homopolymer polydA (or polydC) tails are added to exposed 3” OH groups on the
DNA fragment to be cloned by terminal deoxynucleotidyl transferases. The
fragment is then capable of annealing to the polydT (or polydG) tails added to the
ends of a linearised plasmid vector. Gaps left following annealing can be filled by

DNA polymerase and the free ends joined by DNA ligase.

Another method involves ligation via cohesive ends. Compatible cohesive ends can
be generated on the DNA fragment and vector by the action of suitable restriction
enzymes. These ends will rapidly anneal through complementary base pairing and

remaining nicks can be closed by the action of DNA ligase.

A further method uses synthetic molecules called linkers and adaptors. DNA
fragments with blunt ends are generated by bacteriophage T4 DNA polymerase or
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E.coli DNA polymerase I which remove protruding 3’ termini and fill in recessed
3’ ends. Synthetic linkers, pieces of blunt-ended double-stranded DNA which
contain recognition sequences for defined restriction enzymes, can be ligated to
blunt-ended DNA fragments by T4 DNA ligase. They are subsequently digested
with appropriate restriction enzymes to create cohesive ends and ligated to an
expression vector with compatible termini. Adaptors are also chemically synthesised
DNA fragments which contain one blunt end used for ligation but which also

possess one preformed cohesive end.

Synthetic linkers containing a variety of restriction endonuclease sites are
commercially available from a number of sources including International

Biotechnologies Inc, New Haven, CN, USA.

A desirable way to modify the DNA encoding the polypeptide of the invention is to
use the polymerase chain reaction as disclosed by Saiki ez al (1988) Science 239,
487-491. In this method the DNA to be enzymatically amplified is flanked by two
specific oligonucleotide primers which themselves become incorporated into the
amplified DNA. The said specific primers may contain restriction endonuclease
recognition sites which can be used for cloning into expression vectors using

methods known in the art.

Thus, a third aspect of the present invention provides a polynucleotide sequence

producible and/or produced by a method of the first or second aspects of the

invention.

A fourth aspect of the invention provides a polypeptide encoded by a
polynucleotide sequence according to the third aspect of the present invention, for

example an antibody or fragment thereof (e.g. single chain ScFv antibodies).
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The invention further provides a vector incorporating a polynucleotide sequence
according to the second aspect of the present invention, and host cells transformed

by such vectors. Exemplary host cells include mammalian cells such as Chinese

hamster ovary cells.

In a preferred embodiment, the expression vector is a phage display vector.

The display of proteins and polypeptides on the surface of bacteriophage (phage),
fused to one of the phage coat proteins, provides a powerful tool for the selection
of specific ligands. This ‘phage display’ technique was originally used by Smith
in 1985 (Science 228, 1315-7) to create large libraries of antibodies for the purpose
of selecting those with high affinity for a particular antigen. More recently, the
method has been employed to present peptides, domains of proteins and intact
proteins at the surface of phages in order to identify ligands having desired

properties.

The principles behind phage display technology are as follows:

(i) Nucleic acid encoding the protein or polypeptide for display is cloned into a
phage;

(ii) The cloned nucleic acid is expressed fused to the coat-anchoring part of one
of the phage coat proteins (typically the p3 or p8 coat proteins in the case of
filamentous phage), such that the foreign protein or polypeptide is displayed on
the surface of the phage;

(iii) The phage displaying the protein or polypeptide with the desired properties
is then selected (e.g. by affinity chromategraphy) thereby providing a genotype
(linked to a phenotype) that can be sequenced, multiplied and transferred to

other expression systems.
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Alternatively, the foreign protein or polypeptide may be expressed using a
phagemid vector (i.e. a vector comprising origins of replication derived from a
phage and a plasmid) that can be packaged as a single stranded nucleic acid in a
bacteriophage coat. When phagemid vectors are employed, a “helper phage” is
used to supply the functions of replication and packaging of the phagemid nucleic
acid. The resulting phage will express both the wild type coat protein (encoded
by the helper phage) and the modified coat protein (encoded by the phagemid),

whereas only the modified coat protein is expressed when a phage vector is used.

Methods of selecting phage expressing a protein or peptide with a desired
specificity are known in the art. For example, a widely used method is “panning”,
in which phage stocks displaying ligands are exposed to solid phase coupled target

molecules, e.g. using affinity chromatography.

Alternative methods of selecting phage of interest include SAP (Selection and
Amplification of Phages; as described in WO 95/16027) and SIP (Selectively-
Infective Phage; EP 614989A, WO 99/07842), which employ selection based on
the amplification of phages in which the displayed ligand specifically binds to a
ligand binder. In one embodiment of the SAP method, this is achieved by using
non-infectious phage and connecting the ligand binder of interest to the N-terminal
part of p3. Thus, if the ligand binder specifically binds to the displayed ligand, the
otherwise non-infective ligand-expressing phage is provided with the parts of p3
needed for infection. Since this interaction is reversible, selection can then be

based on kinetic parameters (see Duenas et al., 1996, Mol. Immunol. 33, 279-

285).

The use of phage display to isolate ligands that bind biologically relevant
molecules has been reviewed in Felici et al. (1995) Biotechnol. Annual Rev. 1,

149-183, Katz (1997) Annual Rev. Biophys. Biomol. Struct. 26, 27-45 and
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Hoogenboom et al. (1998) Immunotechnology 4(1), 1-20. Several randomised
combinatorial peptide libraries have been constructed to select for polypeptides
that bind different targets, e.g. cell surface receptors or DNA (reviewed by Kay,
1995, Perspect. Drug Discovery Des. 2, 251-268; Kay and Paul, 1996, Mol.
Divers. 1, 139-140). Proteins and multimeric proteins have been successfully
phage-displayed as functional molecules (see EP 0349578A, EP 0527839A,
EP 0589877A; Chiswell and McCafferty, 1992, Trends Biotechnol. 10, 80-84).
In addition, functional antibody fragments (e.g. Fab, single chain Fv [scFv]) have
been expressed (McCafferty et al., 1990, Nature 348, 552-554; Barbas et al., 1991,
Proc. Natl. Acad. Sci. USA 88, 7978-7982; Clackson et al., 1991, Nature 352, 624-
628), and some of the shortcomings of human monoclonal antibody technology
have been superseded since human high affinity antibody fragments have been
isolated (Marks et al., 1991, J. Mol. Biol. 222, 581-597, Hoogenboom and Winter,
1992, J. Mol. Biol. 227, 381-388). Further information on the principles and
practice of phage display is provided in Phage display of peptides and proteins:
a laboratory manual Ed Kay, Winter and McCafferty (1996) Academic Press, Inc
ISBN 0-12-402380-0, the disclosure of which is incorporated herein by reference.

Thus, in a preferred embodiment of the first and second aspects of the invention,
the method further comprises the step of expressing the polynucleotide
sequence(s) assembled in step (c) and screening the resultant polypeptide(s),
comprising an antibody variable domain, for desired properties. Preferably, the
desired properties are readily selectable by known techniques. For example,
antibodies may be screened for desired affinity using affinity chromatographic

methods.

A further aspect of the invention provides a polynucleotide library producible by
a method according to the second aspect of the invention, i.e. comprising

polynucleotides producible by a method according to the first aspect of the



10

15

20

25

WO 01/75091 PCT/EP01/04065

19

invention. Such a library will comprise polynucleotides encoding a population of

antibody variable domains, each of which shares a common framework (the

‘master framework’).

Preferably, the polynucleotide library is an expression vector library.

Conveniently, the polynucleotide library is a phage display library.
Detailed description of the invention

The present invention represents a development of the technology presented in
W098/32845, Soderlind et al. (1999) Immunotechnology 4,279-285, and Jirholt
et al. (1998) Gene 215, 471-476, all of which are incorporated herein in their
entirety, particularly for the purpose of describing generally the methods and
conditions used for amplifying CDRs from a cDNA library containing antibody-
encoding sequences, and methods, materials and conditions for reassembling the

CDRs thus amplified into the master framework by overlap extension PCR.

The method may further comprise the step of expressing the resulting antibody
encoded by the assembled nucleotide sequence and screening for desired

properties. Again, this is described in detail in the above-mentioned references.

The resulting expressed antibody can be screened for desired characteristics. For
example it may be desirable to alter its ability to specifically bind to an antigen or
to improve its binding properties in comparison to the parent antibody. Once

more, this is described in detail in the above-mentioned references.

Preferably the oligonucleotides used for amplification primers have at least two
nucleic acid residues different from a corresponding portion of the nucleic acid

sequence encoding the master framework. More preferably there are at least 3, 4,
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5,6, 7,8, 10 or 12 different nucleic acid residues. In an alternative definition, the
amplification primers preferably have no more than about 95% sequence identity
with a corresponding portion of the nucleic acid sequence encoding the master

framework, more preferably no more than about 90%, 85%, 80%, 70% or 60%

sequence identity.

In conventional CDR implantation, the amplification primers may include a small
number of nucleotides encoding one or more amino acid residues of the adjoining
end of the CDR (e.g. three nucleotides, encoding one CDR residue). This applies
also to the present invention, and in such cases, the nucleotides of the CDR may
be discounted when determining the number of nucleotide differences between the

primer and the master framework.

Bearing in mind the teaching herein, and given in the cited references on the basic
CDR-implantation technique, the skilled person will be able to design primers for
amplifying the CDRs and, if necessary or desired, for modifying the amplification
products to make their framework regions more similar to the selected master

framework.

Where a particular germline gene is to be targeted, highly specific primers may be
desired, for example based closely on the sequence encoding the parts of the
framework regions of that gene which flank the CDR or CDRs to be amplified.
The sequences of different germline genes are available from the VBASE
sequence directory (URL: http://www.mrc-cpe.cam.ac.uk/imt-doc/

public/INTRO.html) or from the DNAplot directory (URL:

http://www.genetik.uni-koeln.de:80/dnaplot/vsearch human. html).

Similarly, the primers can be designed to amplify CDRs from a particular germline

gene family, by designing primers based on the consensus sequence of genes of
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that family. For example, a consensus sequence can be defined as the sequence
of bases found at >90% of loci of a particular germline family. Such sequences
may include degenerate sites, indicating that different individual sequences have
different nucleotides at that site. There may nevertheless be some common feature
of the nucleotide residues which appear at such a degenerate site; such sites are
designated R (purine; bases G and A), Y (pyrimidine; C, T), M (amino; A, C), K
(keto; T, G), S (strong; C, G), W (weak, A, T), B (not A), D (not C), H (not G) or

V (not T). A site where no common feature is evident is designated N (any).

Primers based on consensus sequences including such designations may be
degenerate, ie. a population of primers is made to include all possible
combinations consistent with the consensus sequence, or where appropriate
artificial bases which mimic particular sets of bases may be included within a

homogeneous population of primers.

Information ascribing germline genes to germline gene families (such as the
variable heavy germline gene families V,1, V.2, Vi3, V4, V.5, V16 and V,,7) is
available from the VBASE directory referred to above.

Similarly, it is possible also to design the primers to amplify CDRs from a
plurality of germline gene families, using a consensus sequence of germline genes
from said plurality of families. However, it will generally be preferred to target

a particular germline gene or family.

With this in mind, the skilled person will be able to design appropriate primers
depending on the specificity required. Preferably at least one primer of the or each
pair used to initially amplify the CDRs is at least 15 nucleotides in length, more
preferably at least 18, still more preferably at least 21 or 24, optionally at least 30,

36 or 42. Preferably, however, the primer is no more than 42 nucleotides in
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length, more preferably no more than 36 or 30, more preferably no more than 27.

Preferably the method will be used to implant CDRs at all three positions in the
variable domain, since this leads to maximum variability, and ultimately more
useful libraries. However, the method is not limited to this, and if desired (for
example to optimise a previously obtained antibody), the method may be used to
implant only one or two CDRs. In such cases, nucleic acid encoding the invariant
CDR(s) will be included in the overlap extension PCR step, in addition to the

newly amplified CDRs and the nucleic acid encoding the selected master

framework.

The present invention is not to be construed as limited to implanting CDRs from
immunoglobulin genes of the same general type as the master framework
(e.g. implanting V,; CDRs into V,, master framework), although this is a preferred
embodiment of the invention. Rather, the invention in its broader aspects includes
the implantation of CDR-encoding nucleic acid from any type of immunoglobulin
gene which has a variable region as defined above into a master framework which
is independently of any such type of immunoglobulin superfamily gene. For
example, VA CDRs may be inserted into a V,; master framework and vice versa.
Moreover, any members of the immunoglobulin superfamily having analogous
structures to CDRs and FRs may provide the CDRs and/or master FRs of the

invention, the above description being applicable mutatis mutandis.

The term “antibody” is used herein in its broadest sense, to include also antibody
fragments having a variable domain which includes CDRs flanked by framework
regions. Examples of antibody fragments having such variable domains are the
Fab fragment consisting of the V,, Vy, C, and C,l domains; the Fd fragment
consisting of the V,,, and Cyy1 domains; the Fv fragment consisting of the V, and

V,, domains of a single arm of an antibody; the dAb fragment which consists of a
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V,, domain; and the F(ab’)2 fragment, a bivalent fragment including two Fab
fragments linked by a disulphide bridge at the hinge region. Single chain Fv

fragments are also included.

Any desired master framework regions (or “framework regions (FRs) of a selected
type’”’) may be utilised in the present invention. In particular, they may be selected
to be highly compatible with the bacterial expression system, and phage system,
to be employed, thus ensuring a high degree of functional protein display.

Favoured examples are framework regions from the DP-47 and DPL-3 germline

genes (of the V,;3 and VA germline gene families, respectively).

It is now generally agreed that the CDR-loops, which build up the surfaces of
antibody combining sites, can be grouped into a limited number of so-called
canonical structures, depending on their conformation after folding. The
pioneering work in this area was performed by Cothia and Lesk (1987) who
classified CDR 1 and 2 in the heavy chain and CDR 1-3 in the light chain into a

few basic structures.

The concept of canonical structures is the result of extensive analyses of
empirically determined and analysed antibody structures. The determinants for the
canonical conformations are the lengths of the loops, key residues in the loops and
key residues in the adjacent framework sequences (Chothia et al. 1992; Tomlinson
et al. 1995; Al-Lazikani et al. 1997). For example, the human Vx sequences can
be grouped in 6 canonical structures for the CDRL1 loop, 1 canonical structure for
the CDRL2 loop and 5 canonical structures for the CDRL3 loop. Similarly, the
human Vy, sequences can be grouped in 3 canonical structures for the CDRH1 loop

and 4 canonical structures for the CDRH2 loop.

The CDRH3 loop has not yet been classified in distinct canonical classes, most
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probably due to its inherited length variation which leads to unique properties
regarding flexibility. However, recently it was demonstrated that this CDR also
is built from structure elements forming a basic torso near, and to some extent
including, the framework region, and an apical head region that sometimes

includes an additional shoulder (Morea et al. 1998).

It is conceivable that nature has developed different types of canonical structures
to deal with the multitude of antigenic structures the immune systems may
encounter. Nature also presents these structures in the context of different
framework structures. Thus, a particular CDR-loop is found in combination with
a certain framework (VBASE). There also seems to be a bias to which canonical
structures are used in order to create suitable surfaces, complementary to different
types of antigens. In particular, loops with canonical structures building up a flat
surface seem to yield surfaces that bind well to large protein antigens. These loops
have a propensity to be rather short whereas longer loops are preferentially found
in antibodies specific for smaller molecules e.g. haptens (Lara-Ochoa et al. 1996).
Not all loops seem to be equally important in creating variability in the surfaces.
Of course H3 is of major importance in this respect but also H2 and L1 determine

the surfaces to a great extent (Vargas-Madrazo et al. 1995).

Using the CDR-implantation technology it has unexpectedly been found that some
of the selected antibodies comprised CDRs with canonical structures that are not
normally found in the used framework. These antibodies are functional since they
bind their antigen with high affinity (Example 1). Thus, using a single framework
it is possible to create functional variability in antibody combining sites that is
based on canonical loops that are atypical in a certain framework context. A
Jibrary based on such a concept would have advantages over more conventional
libraries since it can harbour antibodies with a wide variety of topologies and at

the same time be highly efficient in the selected host system (e.g. E. coli).
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Furthermore, the binding characteristics of antibodies could be improved using
shuffling of selected CDRs in order to recombine the most optimal CDRs into a
single antibody molecule. As will be appreciated, CDR-implantation technology
permits shuffling of 1 to 6 CDRs at the same time and has been used on the basis
of the library presented herein in the Examples to improve affinities of selected

antibodies more than 30 times in a single step.

The present invention may therefore lead to novel combinations of classes of
canonical structure, for example by combining canonical structures of classes that
are not normally found in genes of the same germline family. For example, by
incorporating CDRH2 CDRs into the CDRL2 position of a Vk chain, variability
from 4 classes of canonical structure can be accessed in this position, whereas in

the natural Vi antibody, there is only one class of canonical structure used in the

CDRL2 position.

Preferably, the amplification primers are designed to amplify CDRs of a greater
number of classes of canonical structure than the number of classes of canonical
structure found in the germline gene family to which the master framework
belongs, or CDRs of different classes of canonical structure from those found in
the germline gene family to which the framework belongs. Predictions of the
canonical structure adopted by a particular CDR may be determined using an
online tool available at URL:

http://www biochem.ucl.ac.uk/~martin/abs/chothia.html.

The master framework need not be a naturally occurring one, but may for example
have been optimised, e.g. for the expression or phage system to be used, or to

reduce antigenicity in vivo.

The CDRs, having been amplified, may be subject to mutagenesis, e.g. using
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error-prone PCR, before being incorporated into the master framework (e.g. as
described in W098/32845), though this is not generally preferred since naturally

occurring CDRs are less likely than artificial ones to be antigenic.

“Percent (%) nucleic acid sequence identity” is defined as the percentage of
nucleic acid residues in a candidate sequence that are identical with the nucleic
acid residues in the sequence with which it is being compared, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent
sequence identity, and not considering any conservative substitutions as part of the
sequence identity. The percent identity values used herein were generated by the
BLASTN module of WU-BLAST-2 (which was obtained from Altschul ez al.
(1996); URL: http://blast.wustl/eduw/ blasyREADME html). WU-BLAST-2 uses

several search parameters, most of which are set to the default values. The
adjustable parameters are set with the following values: overlap span =1, overlap
fraction = 0.125. A percent nucleic acid sequence identity value is determined by
the number of matching identical residues divided by the total number of residues
of the "longer" sequence in the aligned region, multiplied by 100. The "longer"
sequence is the one having the most actual residues in the aligned region (gaps

introduced by WU-BLAST-2 to maximize the alignment score are ignored).

The following examples are provided for the better understanding of the invention,

and make reference to the accompanying figures, in which:

Figure 1 (parts A to D) shows the incorporation of a CDRH2 loop from germline
gene DP-29 into a framework of DP-47.

Figure 2 (parts A to E) shows the incorporation of a CDRH2 loop from germline
gene DP-73 into a framework of DP-47.
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EXAMPLES
Design of primers and assembly of antibody genes

Primers that are different from corresponding sequences in the DP-47 framework
are used to amplify CDRs from different germline genes. In example 1A, the
master framework and the framework of the gene from which the CDR is
amplified (DP-29) are sufficiently similar that the thus-amplified sequence can be
incorporated into a DP-47 framework without further modification. In example
1B, the frameworks are more dissimilar, and the thus-amplified sequence is further
modified to make it more similar to the DP-47 framework before it is incorporated
therein. This is achieved by use of primers that successively bring the framework
regions that flank the CDRs into conformity with the selected framework in a
designed and planned iterative process. In this way, it is possible to pick up CDR-
loops that have canonical structures that are atypical of the selected DP-47

framework.

When, as here, it is desired to incorporate a specific CDR into the master
framework, it can be advantageous to determine the homology (i.e. percentage
identity) between the selected framework and the framework surrounding the
atypical CDR to be incorporated into the selected framework. Of course, if one
is using primers of a known sequence to “fish” for CDRs in a library, it is more

important to determine the homology between the primers and the framework

sequence.

The degree of homology determines the number of PCR amplification steps
necessary to obtain the atypical CDR in the selected framework. This means that
a lower degree of homology will result in several sequential PCR steps to convert

the original FR flanking the atypical CDR into the sequence of the selected FR.
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Example 14

Figure 1 shows the sequences and steps involved in the amplification of DP-29

CDRH2, and its incorporation into nucleic acid encoding framework of DP-47.

Part A shows nucleic acid sequences encoding portions of the framework regions
flanking the DP-47 and DP-29 CDRH2 loops and the deduced amino acid
sequences. Nucleotide matches are denoted by the symbol I. As will be seen,
there are some mismatches: 8 of 36 nucleotides and 7 of 27 nucleotides in the two

flanking portions shown, respectively.

Part B shows amplification primers (“#1 primers”) identical to the nucleic acid
encoding portions of the framework regions flanking the DP-29 CDRH2 loops,
aligned with the double-stranded DP-29 coding sequence.

Part C shows the amplification product (“#1 product”) of the first PCR step (which
was shown in Part B). Conditions for amplification are as for CDR amplification
in W098/32845. The #1 product is identical to the coding sequence of DP-29.

Aligned with this are primers (“#2 primers”) for a second PCR step. These are
identical to the nucleic acid encoding corresponding portions of the framework
regions flanking the DP-47 CDRH2 loops. Consequently the same mismatches

are apparent as in part A.

Part D shows the product (“#2 product”) of the second PCR step. This has the
framework regions of DP-47 (the master framework) and the CDRH2 loop of DP-
29.

Thus, there is sufficient sequence identity between the framework regions of DP-
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47 and DP-29 flanking the CDRH2 loop for the loop to be switched from one

framework to the other in a single PCR step.

The DP-29 germline gene encodes a CDRH2 of canonical class 4 (VBASE),
whereas the CDRH2 of DP-47 is of canonical class 3 (VBASE).

The second PCR step could be performed as an overlap extension PCR step, since
the primer used is identical to the master framework sequence into which the CDR
is intended to be incorporated, for example using the conditions (and other

primers) set out in WO98/32845.

Example 1B

An iterative process of sequential PCR amplifications is used to insert a CDR into
a DP-47 master framework from a germline gene (DP-73) which has significantly
different sequences encoding the portions of the framework regions flanking the
CDR. In this example the homology between the DP-47 V,, framework, adjacent
to CDRH2, and the DP-73 framework is too low to allow for direct amplification
(e.g. in an overlap extension PCR step) using primers wholly identical to DP-47.
Thus, several individual PCR steps are used, each step using a unique primer pair.

The primers are successively modified to become more homologous to the DP-47

primer.

In this process it is important to carefully choose the proper distribution of the base
modifications. Figure 2 shows this process. The underlined sequence is where the
greatest differences occur between DP-47 and DP-73. Bold letters denote residues

in the primers which are identical to those in DP-47, the master framework.

Parts A and B are analogous to the same parts of figure 1. Again, there are
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mismatches between the sequences encoding the portions of framework which
flank the DP-47 and DP-73 CDRH2 loops, 13 mismatches out of 42 nucleotides

and 9 mismatches out of 27 in the two flanking sequences, respectively.

In part C, instead of using primers identical to DP-47, primers which are
chimaeras of DP-47 and DP-73 are used, to introduce changes into the framework
regions of the amplified DP-73 fragment, to bring them partly into conformity
with those of DP-47. So, rather than there being no mismatches between the
primers and the DP-47 sequences (as in Example 1A), there are still some

mismatches, though fewer than before, i.e. 2 in each flanking sequence.

Part D shows the amplification product (“#2 product”) of the second PCR step,
aligned with primers (“#3 primers”) identical to corresponding portions of the DP-
47 framework. As with example 1A, such primers could be used in overlap
extension PCR. The third amplification step (analogously to the second in

example 1A) leads to a fragment incorporating CDRH2 of DP-73 in a framework
of DP-47.

In particular, in the second PCR step (which uses the #2 primers, shown in part C),
the following base substitutions are made in the upper PCR primer relative to the
#1 primer, used in the first PCR step (shown in part B): At position 35 (counted
from the 5' end of the primer) G is changed to C; at position 37 A is changed to G
and at position 38 T is changed to C. This results in a higher degree of homology

than if a primer homologous to DP-47 was to be used directly in the second PCR

step.

The intermediate PCR product from the second PCR step therefore still contains
bases that are homologous to the DP73 sequence (G36 and C39). These bases will

then not prime in the third PCR step, since the upper primer used in this step is
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100% homologous to the DP47 sequence. However, bases 34, 37 and 38 of the
amplification product (“#2 product”) of the second amplification step are now
homologous to the DP-47 sequence and this homology will give an annealing of
6 of 8 bases at the 3' end (underlined) of the upper primer in the third PCR step
(shown in part D). This is to be compared to 3 out of 8 bases at the 3' end between
DP47 and DP73. Such an increase in homology greatly facilitates the successful
production of a DNA sequence comprising the DP-73 CDRH2 in the DP-47

framework.

Using the principles of this method any CDR can be transferred to any given and
selected framework resulting in composite antibody molecules that possess
combinations of natural CDR-loops and hence possibly also canonical structures,
that can not be found in nature. Thus, combination of atypical but natural CDR-
loops gives a basis for generation of an enormous variability in the antibody
combining site and the created variants may be captured in large libraries using
e.g. phage (Marks et al. 1991), ribosome (Hanes and Pluckthun, 1997) or covalent
(W098/37186) display technologies.
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CLAIMS

1. A method for producing a polynucleotide sequence encoding an antibody
variable domain, the variable domain comprising complementarity-determining

regions (CDRs) located within a selected framework (the ‘master framework’), the

method comprising the steps of:

a) providing at least one nucleic acid molecule encoding one or more CDRs
and associated framework regions (the ‘original framework’);

b) amplifying at least one CDR-encoding portion of the nucleic acid
molecule(s) of step (a) using one or more pairs of oligonucleotides as
amplification primers and;

c) assembling a polynucleotide sequence encoding an antibody variable
domain by combining the amplified CDR-encoding nucleotide sequences

produced in step (b) with nucleotide sequences encoding said master framework,

wherein the oligonucleotide primers of step (b) comprise nucleotide sequences

which differ from the corresponding nucleotide sequences encoding said master

framework.

2. A method for producing a library of polynucleotide sequences each
encoding an antibody variable domain comprising complementarity-determining
regions (CDRs) located within a common selected framework (the ‘master

framework”), the method comprising the steps of:

a) providing a population of nucleic acid molecules encoding one or more
complementarity-determining regions (CDRs) and associated framework regions

(the ‘original framework’);

b) ainplifying at least one CDR-encoding portion of the nucleic acid
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molecules of step (a) using one or more pairs of oligonucleotides as amplification

primers and;
¢) assembling a polynucleotide sequence encoding an antibody variable
domain by combining the amplified CDR-encoding nucleotide sequences

produced in step (b) with nucleotide sequences encoding said master framework,

wherein the oligonucleotide primers of step (b) comprise nucleotide sequences

which differ from the corresponding nucleotide sequences encoding said master

framework.

3. A method according to Claim 1 or 2 comprising the steps of:

i) providing at least one pair of oligonucleotides;

ii) using each said pair of oligonucleotides as amplification primers to
amplify nucleotide sequences encoding different CDRs, and;

iii) assembling polynucleotide sequences encoding antibody variable
domains by incorporating nucleotide sequences derived from step (i1) above with

nucleotide sequences encoding said master framework,

wherein the oligonucleotides of step (i) have sequences which differ from

corresponding sequences encoding said master framework.

4. A method according to Claim 1 or 2 wherein the polynucleotide

sequence(s) assembled in step (c) encodes an immunoglobulin G (IgG) variable

domain.

5. A method according to Claim 1 or 2 wherein the polynucleotide

sequence(s) assembled in step (c) encodes an IgG heavy chain or light chain.
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6. A method according to Claim 1 or 2 wherein the polynucleotide
sequence(s) assembled in step (c) encodes a non-naturally occurring antibody

variable domain.

7. A method according to Claim 1 or 2 wherein at least one of the
polynucleotide sequences assembled in step (c) encodes an antibody variable
domain comprising at least one CDR having a canonical structure which is
atypical of CDRs in naturally-occurring antibody variable domains comprising the

master framework.

8. A method according to Claim 1 or 2 wherein at least one of the
polynucleotide sequences assembled in step (c) encodes an antibody variable

domain comprising at least one CDR derived a different germline gene family to

that of the master framework.

9. A method according to 1 or 2 wherein step (a) comprises providing a

population of nucleic acid molecules each encoding an antibody variable domain.

10. A method according to 9 wherein the nucleic acid molecules each encode

an antibody variable domain from the same germline gene family.

11. A method according to Claim 9 wherein the oligonucleotide primer pairs
of step (b) selectively hybridise to a target sub-population of nucleic acid

molecules provided in step (a).

12. A method according to Claim 11 wherein the target sub-population of
nucleic acid molecules each encode a antibody variable domain from the same

germline gene family.
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13. A method according to Claim 10 or 12 wherein the wherein the nucleic acid
molecules each encode an antibody variable domain derived from the same

germline gene.

14. A method according to Claim 13 wherein the germline gene is selected

from the group consisting of DP-29 and DP-73.

15. A method according to Claim 1 or 2 wherein the master framework is

derived from a germline gene selected from the group consisting of DP-47 and

DPL-3.

16 A method according to any one of Claims 1 to 15 comprising a further step,
performed after step (b) and prior to step (c), of modifying the nucleotide sequence
of the amplified CDR-encoding molecules of step (b) such that the portions of said
amplified molecules which encode framework regions share greater sequence

identity with the corresponding portions of the master framework.

17. A method according to Claim 16 the nucleotide sequence of the amplified
CDR-encoding molecules of step (b) are modified such that the portions of said
amplified molecules which encode framework regions share 100% sequence

identity with the corresponding portions of the master framework.

18. A method according to Claim 16 or 17 wherein the further step comprises
a single round of PCR amplification using oligonucleotide primers which comprise
a nucleotide sequence which is a chimaera of the nucleotide sequences encoding

the original and master frameworks.

19. A method according to Claim 16 or 17 wherein the further step comprises

performing one or more additional rounds of PCR amplification of the CDR-
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encoding nucleic acid molecules produced in step b), each additional round of
amplification being performed using oligonucleotide primers comprising a
nucleotide sequence having an increasing number of nucleotide mismatches
relative to the original framework sequence, those mismatches sharing sequence

identity with the corresponding nucleotides of the master framework.

20. A method according to Claim 1 or 2 wherein step (c) comprises the use of

overlap extension PCR.

21. A method according to Claim 1 or 2 comprising a further step of inserting

the polynucleotide sequence(s) assembled in step (c) into an expression vector.

22. A method according to Claim 21 wherein the expression vector is a phage

display vector.

23. A method according to any one of Claims 1 to 22 further comprising the
step of expressing the polynucleotide sequence(s) assembled in step (c) and

screening the resultant polypeptide(s), comprising an antibody variable domain,

for desired properties.

24. A polynucleotide producible by the method according to any one of Claims
1 to 23.

25. A polynucleotide according to Claim 24 wherein the polynucleotide

encodes an antibody or fragment thereof.

26. A polynucleotide according to Claim 25 wherein the polynucleotide

encodes a single chain (scFv) antibody.
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27. A vector comprising a polynucleotide according to any one of Claims 24

to 26.

28. A host cell transformed with a vector according to Claim 27.

29. A polypeptide encoded by a polynucleotide according to any one of Claims
24 to 26.

30. A polynucleotide library producible by a method according to Claim 2.

31. A polynucleotide library according to Claim 30 wherein the library is an

expression vector library.

32. A polynucleotide library according to Claim 30 wherein the library isa
phage display library.
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