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(57) Abstract: The present invention provides a polynucleotide vector system used during polypeptide display that can be used to
facilitate transfer of pools of polynucleotides encoding antigen binding proteins of interest. The present invention also provides
methods that allow seamless conversion of pools of polynucleotides encoding antigen binding proteins using a restriction enzyme
digestion and ligation strategy.
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COMPATIBLE DISPLAY VECTOR SYSTEMS

FIELD OF THE INVENTION
The present invention generally relates to compositions comprising polynucleotide
vectors used for the expression and display of polypeptides, and to methods in which such

compositions are used.

BACKGROUND

Protein therapeutics are an important part of drug discovery. High-throughput screening
of large libraries of polynucleotides encoding protein variants, which may include antigen
binding polypeptides or fragments thereof, allows efficient discovery or optimization of protein
therapeutics for desirable properties such as binding affinity, avidity, stability and specificity.
Typical tools used for high-throughput screen include phage and ribosome display techniques.

Therapeutic antigen binding polypeptides or fragments are particularly attractive
because of their high affinity and specificity to the antigen and because of their relatively high
stability in vitro and in vivo. Antibodies are made of two heavy and two light chains, which
contain the variable regions at their N-terminus and are linked by disulfide bridges. Single-chain
antibodies in particular have been engineered by linking fragments of the variable heavy and
light chain regions (ScFv) into a single polypeptide.

Typical procedures for making ScFv generally involve amplification of gene regions that
encode the variable regions of the antibodies, assembly of an ScFv genetic sequence and
expression of the ScFv polypeptide sequence in host cells. The host cells are screened using a
target polypeptide of interest to identify those cells that express a ScFv polypeptide that binds to
this target polypeptide. The host cells can subsequently be analyzed for the polynucleotide
coding sequence encoding the expressed ScFv.

The most commonly used techniques to identify single-chain antibodies that bind
specific polypeptides is by phage display and variations thereof (see Hoogenboom et al., 1998).
Generally, phage display methods involve the insertion of random heterologous polynucleotides
into a phage genome such that they direct a bacterial host to express peptide libraries fused to
phage coat proteins (e.g., filamentous phage plll, pVI or pVIII). Libraries of up to 10" individual
members can be routinely prepared and screened in this way. Incorporation of the ScFv
sequences into the mature phage coat sequence results in the ScFv antibodies encoded by the
heterologous polynucleotide sequence being displayed on the exterior surface of the phage. By
immobilizing a relevant polypeptide target (or targets) of interest to a surface, a phage that
expresses and displays an ScFv that binds to one of those targets on the surface will remain

bound while others are removed by washing.
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SUMMARY OF THE INVENTION

The present invention provides a polynucleotide vector system that is used for phage
display and can be used to facilitate transfer of pools of polynucleotides that encode antigen
binding proteins of interest between the phage polynucleotides of the invention and ribosome
display polynucleotides. In particular, the present invention provides compatible expression and
display systems that allow seamless conversion of pools of polynucleotides encoding antigen
binding proteins using a restriction enzyme digestion and ligation strategy.

In one aspect of the invention, the polynucleotide of the invention comprises a nucleotide
sequence comprising in order from 5 to 3: a Lac promoter/operator sequence with an
upstream lacl repressor sequence, a nucleotide sequence that encodes a ribosome binding site,
a nucleotide sequence that encodes an Omp A leader peptide, a first Sfi | restriction site
nucleotide sequence, a nucleotide sequence that encodes a polypeptide that confers antibiotic
resistance, a second Sfi | restriction site nucleotide sequence, a nucleotide sequence that
encodes a first tag sequence, a nucleotide sequence that encodes an amino acid sequence
after the first tag sequence, a nucleotide sequence that encodes a second tag sequence, a
nucleotide sequence that encodes a stop codon after the second tag sequence, and a
nucleotide sequence that encodes a bacterial coat protein.

In one or more embodiments, the polynucleotide of the invention further comprise a
bacterial origin of replication. In some embodiments, the polynucleotide of the invention
provides that the bacterial origin of replication is selected from the group consisting of a pUC
origin, a pBR322 origin of replication and a ColE1 origin of replication. In some embodiments,
the polynucleotide of the invention provides that the bacterial origin of replication is a pUC
origin.

In one or more embodiments, the polynucleotide of the invention further comprises a
phage origin of replication. In some embodiments, the polynucleotide of the invention provides
that the phage origin of replication is selected from the group consisting of an F1 M13 origin of
replication, phage f1 origin of replication, phage fd origin of replication, a T7 bacteriophage
origin of replication and a lambdoid phage origin of replication. In some embodiments, the
polynucleotide of the invention provides that the phage origin of replication is an F1 M13 origin
of replication.

In one or more embodiments, the polynucleotide of the invention provides a nucleotide
sequence that encodes a polypeptide that confers antibiotic resistance is selected from the
group consisting of nucleotide sequences that encode: ampicillin, chloramphenicol, tetracycline,
kanamycin and rifampicin. In some embodiments, the polynucleotide of the invention provides
that the polypeptide that confers antibiotic resistance is chloramphenicol.

In one or more embodiments, the polynucleotide of the invention provides that the Omp

A sequence encodes a Sfi | restriction site.
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In one or more embodiments the polynucleotide of the invention comprises a first and
second Sfi | restriction sites that are not compatible with each other. In some embodiments the
first Sfi | restriction site comprises SEQ ID NO. 5, or its compliment. In some embodiments the
second Sfi | restriction site comprises SEQ ID NO. 6, or its compliment.

In one or more embodiments, the polynucleotide of the invention provides that the
polynucleotide sequence that encodes a second polypeptide that confers antibiotic resistance
and is selected from the group consisting of nucleotide sequences that encode ampicillin,
chloramphenicol, tetracycline, kanamycin and rifampicin. In some embodiments, the
polynucleotide of the invention provides that the second polypeptide that confers antibiotic
resistance is ampicillin.

In one or more embodiments, the polynucleotide of the invention provides that the
nucleotide that encodes an amino acid sequence 3” to the first tag sequence comprises a
protease cleavage site. In some embodiments the protease cleavage site is selected from the
group consisting of a trypsin cleavage site, a Factor Xa cleavage site, a Genenase cleavage site
and a Tobacco etch virus protease cleavage (TEV) site. In some embodiments, the
polynucleotide of the invention provides that the protease cleavage site is trypsin cleavage site.

In one or more embodiments, the polynucleotide of the invention provides that the first
tag sequence is selected from the group consisting of a flag tag, a c-myc tag, a histidine tag, a
GST tag, a green fluorescent protein tag, an HA tag, and E-tag, a Strep tag, a Strep tag Il and a
Yol 1/34 tag. In some embodiments, the polynucleotide of the invention provides that the first
tag sequence is a histidine tag.

In one or more embodiments, the polynucleotide of the invention provides that the
nucleotide sequence that encodes the second tag sequence is selected from the group
consisting of nucleic acids that encode for: a flag tag, a c-myc tag, a histidine tag, a GST tag, a
green fluorescent protein tag, an HA tag, and E-tag, a Strep tag, a Strep tag Il and a Yol 1/34
tag. In some embodiments, the polynucleotide of the invention provides that the second tag
sequence is a c-myc tag.

In one or more embodiments, the polynucleotide of the invention provides that the
nucleotides sequence that encodes a bacteriophage coat protein comprises the amino acids
that comprise a g3 protein. In some embodiments, the invention provides that the g3 protein is
truncated. In some embodiments, the polynucleotide provides that the g3 protein comprises at
least amino acids 198- 406 of the g3 protein. In some embodiments, the invention provides that
the sequence of the g3 protein comprises less than amino acids 198-406 of the g3 protein. In
some embodiments, the invention provides that the sequence of the g3 protein comprises
amino acids 250-406 of the g3 protein (SEQ ID NO. 51).

In one or more embodiments, the polynucleotide of the invention provides that the

nucleotide sequence encoding a stop codon comprises a suppressible stop codon.



10

15

20

25

30

35

WO 2010/036860 PCT/US2009/058323

In one or more embodiments, the polynucleotide of the invention comprises SEQ ID.
NO. 1 (pWRIL-1).

In one or more embodiments, the polynucleotide of the invention provides that the
polynucleotide further comprises a tHP terminator inserted between the lacl gene and the Lac
promoter/operator. In one or more embodiments, the polynucleotide of the invention provides
that the ribosome binding site is a low efficiency ribosome binding site.

In one or more embodiments, the polynucleotide of the invention comprises SEQ ID.
NO. 2 (pWRIL-2).

The present invention also provides for cells containing one or more of the polynucleotides
of the invention in particular, as described in the various embodiments above.

In another aspect, the present invention provides a method of generating a phage display
library, the method comprising the steps of: (a) replicating a polynucleotide of any of the
polynucleotides described in the various embodiments above to create a plurality of replication
products of the polynucleotide; (b) digesting the replication products of step (a) with Sfi |
restriction enzyme; (c) ligating the population of Sfi | digested polynucleotides of step (b) with a
plurality of polynucleotides each comprising in 5° to 3’ direction a first Sfi | restriction site, a
polynucleotide encoding an antigen binding polypeptide and a second Sfi | restriction site,
wherein the first Sfi | site is compatible with the first Sfi | in step (b) and the second Sfi | site is
compatible with the second Sfi | site of step (b); and (d) recovering the ligation product of step
(c).

In some embodiments, the method of the invention provides that the first and second Sfi |
restriction sites are not compatible with each other. In some embodiments, the method of the
invention provides that the first Sfi | restriction site comprises SEQ ID NO. 5, or it's compliment.
In some embodiments, the method of the invention provides that the second Sfi | restriction site
comprises SEQ ID NO. 6, or it's compliment.

In one or more embodiments, the method of the invention provides that the polynucleotide of
(a) is a phage display polynucleotide and comprises SEQ ID NO: 1 (pWRIL-1 sequence).

In one or more embodiments, the method of the invention provides that the polynucleotide of
(a) is a phage display polynucleotide and comprises SEQ ID NO: 2 (pWRIL-2 sequence).

In one or more embodiments, the method of the invention provides that the antigen binding
polypeptide is selected from the group consisting of: a peptide, a chimeric antibody, a
humanized antibody, a human antibody, a single chain antibody, a tetrameric antibody, a
tetravalent antibody, a multispecific antibody, a domain-specific antibody, a domain-deleted
antibody, a fusion protein, an ScFc¢ fusion protein, an Fab fragment, an Fab' fragment, an
F(ab')2 fragment, an Fv fragment, a single-chain Fv (ScFv) fragment, an Fd fragment, a single
domain antibody, a dAb fragment, a small modular immunopharmaceutical (SMIP), a shark
variable IgNAR domain, a CDR3 peptide, a constrained FR3-CDR3-FR4 peptide, a nanobody, a
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bivalent nanobody and a minibody. In some embodiments, the method of the invention provides
that the antigen binding polypeptide is a single-chain Fv (ScFv) antibody.

The present invention also provides a phage display library constructed containing one or
more of the polynucleotides of the invention, in particular, as described in the various
embodiments above.

The present invention also provides for cells containing one or more of the polynucleotides
as generated by the method as described in the various embodiments above.

In another aspect, present invention provides for method of transferring a population of
polynucleotides from a phage display library, each polynucleotide encoding an antigen binding
polypeptide, to a population of ribosome display polynucleotide, the method comprising: (a)
generating a population of phage display polynucleotides described in the various embodiments
above, that encode an antigen binding polypeptide that specifically binds to a binding partner,
each polynucleotide comprising in order from 5’ to 3: a first Sfi | restriction site nucleotide
sequence, a polynucleotide that encodes the antigen binding polypeptide and a second Sfi |
restriction site nucleotide sequence that is not compatible to the first Sfi | site of the phage
display polynuclectide; (b) isolating the polynucleotides from step (a); (¢) generating a plurality
of polynucleotides by digesting the polynucleotides from step (b) with an Sfi | restriction enzyme;
(d) replicating a ribosome display polynucleotide comprising a first and second Sfi | restriction
sequence that are not compatible to each other to create a plurality of replication products of the
polynucleotides; (e) digesting the plurality of replication products of step (d) with an Sfi |
restriction enzyme; (f) ligating the population of Sfi | digested polynucleotides of step (b) with the
plurality of polynucleotides of step (e) wherein the first Sfi | site is compatible with the first Sfi |
site of step (e) and the second Sfi | site is compatible with the second Sfi | site of step (e); and
(g) recovering the ligation products of step (c).

In some embodiments, the method of the invention provides that the first and second Sfi |
restriction sites are not compatible with each other. In some embodiments, the method of the
invention provides that the first Sfi | restriction site comprises SEQ ID NO. 5, or it's compliment.
In some embodiments, the method of the invention provides that the second Sfi | restriction site
comprises SEQ ID NO. 6, or it's compliment. In some embodiments, the method of the
invention provides that the polynucleotide of (d) is a ribosome display polynucleotide and
comprises SEQ ID NO. 3 (pWRIL-3).

In one or more embodiments, the method of the invention provides that the polynucleotide of
(d) is a ribosome display polynucleotide and comprises SEQ ID NO. 4 (pWRIL-4).

In one or more embodiments, the method of the invention provides that the antigen binding
polypeptide is selected from the group consisting of: a peptide, a chimeric antibody, a
humanized antibody, a human antibody, a single chain antibody, a tetrameric antibody, a

tetravalent antibody, a multispecific antibody, a domain-specific antibody, a domain-deleted
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antibody, a fusion protein, an ScFc¢ fusion protein, an Fab fragment, an Fab' fragment, an
F(ab')2 fragment, an Fv fragment, a single-chain Fv (ScFv) fragment, an Fd fragment, a single
domain antibody, a dAb fragment, a small modular immunopharmaceutical (SMIP), a shark
variable IgNAR domain, a CDR3 peptide, a constrained FR3-CDR3-FR4 peptide, a nanobody, a
bivalent nanobody and a minibody. In some embodiments, the method of the invention provides
that the antigen binding polypeptide is a single-chain Fv (ScFv) antibody.

The present invention also provides a ribosome display library constructed containing one or
more of the polynucleotides of this aspect of the invention, in particular, as described in the
various embodiments above.

The present invention also provides for cells containing the polynucleotides as generated by

the method as described in the various embodiments above.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the design map of an exemplary plasmid pWRIL-1.

Figure 2 illustrates the design map of an exemplary plasmid pWRIL-2.

Figure 3 illustrates the design maps of exemplary plasmid pWRIL-3.

Figure 4 illustrates the design maps of exemplary plasmid pWRIL-4.

Figure 5 illustrates the key functional elements common to both pWRIL-1 and pWRIL-2.

Figure 6 represents results of initial screening for increased RAGE binding of scFV
ribosome display clones.

Figure 7 represents results of initial screening for increased RAGE binding of scFv
phage display clones.

Figures 8A and 8B represent results of HTRF analysis of recombinant scFv-F¢ fusions
binding to murine and human RAGE.

Figure 9 represents results of HTRF analysis of recombinant scFv-Fc fusions binding to
human soluble RAGE.

Figure 10 represents a flow diagram showing coupled lead discovery and affinity

maturation.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO: DESCRIPTION OF THE SEQUENCES
1 PWRIL-1
2 PWRIL-2
3 PWRIL-3
4 PWRIL-4
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5 First Sfi | site

6 Second Sfi | site

7 AccB71 restriction site

8 Bgl | restriction site

9 BsrBR | restriction site

10 Bst Xl restriction site

11 EcIHK | restriction site

12 [-Ppo | restriction site

13 Sfi | restriction site

14 Xmn | restriction site

15 Kozak Sequence

16 Flexible linker sequence
17-31 LCDR 3 sequences
32-50 HCDR3 sequences

51 Amino Acids 250-406 of the M13 phage coat

protein

DETAILED DESCRIPTION

The present invention provides polynucleotide vector systems containing restriction sites
that allow rapid and seamless transfer of a polynucleotide library that encode a pool of
polypeptides between two vector systems for expression and display purposes. In particular,
the present invention provides phage display polynucleotide vectors and ribosome display
polynucleotide vectors that contain compatible restriction sites between the two vector systems
that allow rapid assembly of high-diversity protein libraries and seamless transfer of
polynucleotide sequences that encode polypeptides between libraries for affinity maturation or
expression. The present invention also provides display libraries (e.g., phage display libraries
and ribosome display libraries) constructed based on the polynucleotide vector systems of the
invention and the methods of making and using the same.

Various aspects of the invention are described in detail in the following sections. The
use of sections is not meant to limit the invention. Each section can apply to any aspect of the

invention.

Definitions
For convenience, certain terms employed in the specification, examples, and appended

claims are collected here. Unless defined otherwise, all technical and scientific terms used
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herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs.

The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to at
least one) of the grammatical object of the article. By way of example, "an element” means one
element or more than one element.

As used herein, the term “about” means within 20%, more preferably within 10% and
most preferably within 5%.

The term "antigen-binding fragment” or “antigen-binding polypeptide” can be used
interchangeably to refer to a polypeptide fragment of an immunoglobulin, antibody or antibody-
like molecule, or fragment thereof, or other polypeptide molecule that binds antigen or competes
with antibody that binds to the same antigenic site for antigen binding (i.e., specific binding).
The term “antigen-binding polypeptide” includes intact molecules as well as fragments thereof,
such as Fab, F(ab"),, and Fv which are capable of binding the epitope. These antibody
fragments retain some ability to selectively bind with its antigen or receptor and are defined as
follows: (1) Fab, the fragment which contains a monovalent antigen-binding fragment of an
antibody molecule can be produced by digestion of whole antibody with the enzyme papain to
yield an intact light chain and a portion of one heavy chain; (2) Fab', the fragment of an antibody
molecule can be obtained by treating whole antibody with pepsin, followed by reduction, to yield
an intact light chain and a portion of the heavy chain; two Fab' fragments are obtained per
antibody molecule; (3) (Fab'),, the fragment of the antibody that can be obtained by treating
whole antibody with the enzyme pepsin without subsequent reduction; F(ab'), is a dimer of two
Fab' fragments held together by two disulfide bonds; (4) Fv, defined as a genetically engineered
fragment containing the variable region of the light chain and the variable region of the heavy
chain expressed as two chains; and (5) single chain antibody ("SCA"), defined as a genetically
engineered molecule containing the variable region of the light chain, the variable region of the
heavy chain, linked by a suitable polypeptide linker as a genetically fused single chain molecule.
Methods of making these fragments are known in the art. (See for example, Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New York (1988)).

As used herein, restriction sites are “compatible” if, once cleaved by appropriate
restriction enzymes, can be ligated by a DNA ligase. In some embodiments, the compatible
restriction sites include those double-stranded sequences that, once cleaved by appropriate
restriction enzymes, generate “sticky ends” with complementary overhang sequences that can
be joined by a DNA ligase.

As used herein, a “heterologous nucleotide sequence” refers to a nucleotide sequence
that is added to a nucleotide sequence of the present invention by recombinant methods to form

a nucleic acid which is not naturally formed in nature. Such nucleic acids can encode chimeric
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and/or fusion proteins/polypeptides. Thus the heterologous nucleotide sequence can encode
peptides/ proteins that contain regulatory and/or structural properties.

A “host cell” is intended to include any individual cell or cell culture that can be or has
been a recipient for vectors or for the incorporation of exogenous nucleic acid molecules,
polynucleotides, and/or proteins. It also is intended to include progeny of a single cell. The
progeny may not necessarily be completely identical (in morphology or in genomic or total DNA
complement) to the original parent cell due to natural, accidental, or deliberate mutation. The
cells may be prokaryotic or eukaryotic, and include but are not limited to bacterial cells, yeast
cells, insect cells, animal cells, and mammalian cells, e.g., murine, rat, simian, or human cells.

An “insert” as used herein, is a heterologous nucleic acid sequence that is ligated into a
compatible site into a vector. An insert may comprise one or more nucleic acid sequences that
encode a polypeptide or polypeptides. An insert may comprise regulatory regions or other
nucleic acid elements.

An "isolated" or "purified" polypeptide or polynucleotide, e.g., an "isolated polypeptide,"
or an “isolated polynucleotide” is purified to a state beyond that in which it exists in nature. For
example, the "isolated" or "purified" polypeptide or polynucleotide, can be substantially free of
cellular material or other contaminating proteins from the cell or tissue source from which the
protein or polynucleotide is derived, or substantially free from chemical precursors or other
chemicals when chemically synthesized. The preparation of antigen binding protein having less
than about 50% of non-antigen binding protein (also referred to herein as a "contaminating
protein"), or of chemical precursors, is considered to be "substantially free." 40%, 30%, 20%,
10% and more preferably 5% (by dry weight), of non-antigen binding protein, or of chemical
precursors is considered to be substantially free.

As used herein, the term “library” refers to a plurality of heterogeneous polypeptides or
polynucleotides that encode polypeptides of interest. Sequence differences between library
members are responsible for the diversity present in the library.

The term "or" is used herein to mean, and is used interchangeably with, the term
"and/or," unless context clearly indicates otherwise.

The term “origin of replication”, as used herein, refers to the specific nucleotide
sequence at which DNA synthesis is initiated.

As used herein, the terms “polynucleotide” include polymeric forms of nucleotides of any
length, either deoxyribonucleotides or ribonucleotides, or analogs thereof. Polynucleotides may
have any three-dimensional structure, and may perform any function, known or unknown. The
following are non-limiting examples of polynucleotides: a gene or gene fragment, exons,
introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA, cRNA,
recombinant polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any

sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A polynucleotide
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may comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs. If
present, modifications to the nucleotide structure may be imparted before or after assembly of
the polymer. The sequence of nucleotides may be interrupted by non-nucleotide components.
A polynucleotide may be further modified after polymerization, such as by conjugation with a
labeling component. The term also includes both double- and single-stranded molecules.
Unless otherwise specified or required, any embodiment of this invention that is a
polynucleotide encompasses both the double-stranded form and each of two complementary
single-stranded forms known or predicted to make up the double-stranded form. A
polynucleotide is composed of a specific sequence of four nucleotide bases: adenine (A),
cytosine (C), guanine (G), thymine (T), and uracil (U) for thymine when the polynucleotide is
RNA. Thus, the term “polynuclectide sequence” is the alphabetical representation of a
polynucleotide molecule.

A "promoter sequence” is a DNA regulatory region capable of binding RNA polymerase
in a cell and initiating transcription of a downstream (3' direction) coding sequence. For
purposes of defining the present invention, the promoter sequence is bounded at its 3' terminus
by the transcription initiation site and extends upstream (5' direction) to include the minimum
number of bases or elements necessary to initiate transcription at levels detectable above
background. Within the promoter sequence will be found a transcription initiation site
(conveniently defined for example, by mapping with nuclease S1), as well as protein binding
domains (consensus sequences) responsible for the binding of RNA polymerase.

The terms "polypeptide”, “peptide” and "protein” are used interchangeably herein.

The term “rare cutting site” refers to a specific nucleotide sequence of DNA at which a
particular restriction enzyme cuts the DNA. Some sites occur frequently in DNA (e.g., every
several hundred base pairs, others much less frequently (rare-cutter; e.g., every 10,000 base
pairs). Sfi |, as described herein, is a rare cutting enzyme that cuts DNA infrequently due to the
recognition site of Sfi .

The term "recombinant nucleic acid" includes any nucleic acid comprising at least two
sequences that are not present together in nature. A recombinant nucleic acid may be
generated in vitro, for example by using the methods of molecular biology, or in vivo, for
example by insertion of a nucleic acid at a novel chromosomal location by homologous or non-
homologous recombination.

The term ‘"single-chain immunoglobulin" or "single-chain antibody" (used
interchangeably herein) refers to a protein, which has the ability to specifically bind antigen,
having a two-polypeptide chain structure consisting of a heavy and a light chain, said chains
being stabilized, for example, by interchain peptide linkers.

"Specific binding" of an antigen binding protein means that the protein exhibits

appreciable affinity for a particular antigen or epitope and, generally, does not exhibit significant
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cross-reactivity. "Appreciable" binding includes binding with an affinity of at least 10°, 107, 108,
10° M7, or 10" M. Antigen binding proteins with affinities greater than 10" M or 10® M
typically bind with correspondingly greater specificity. Values intermediate of those set forth
herein are also intended to be within the scope of the present invention and antibodies of the
invention bind to RAGE (Receptor for Advanced Glycation End products) with a range of
affinities, for example, 10° to 10" M, or 10" to 10" M™, or 10% to 10" M. An antigen binding
protein that "does not exhibit significant cross-reactivity” is one that will not appreciably bind to
an entity other than its target (e.g., a different epitope or a different molecule). An antigen
specific protein specific for a particular epitope will, for example, not significantly cross-react
with remote epitopes on the same protein or peptide. Alternatively, specific binding can be
determined according to any art-recognized means for determining such binding. Preferably,
specific binding is determined according to Scatchard analysis and/or competitive binding
assays.

The term “stem-loop” structure, as used herein refers to a 5’ and/or 3’ region on DNA
with palindromic sequences capable of forming a stem loop structure. The stem loop structure
is believed to impede translocation, thus, palindromic sequences slow down the movement of
ribosomes during translation and prevent ribosomes from “falling off’ the mRNA thereby
protecting synthesized mRNA and increasing the number of polysomes in the in vitro translation
step. In some embodiments, the ribosome display vector of the present invention is capable of
forming a 3’ stem loop structure. In some embodiments the ribosome display of the present
invention is capable of forming a 5 and a 3’ stem loop structure. In addition, the 3’ region may
contain a poly-A or other polynucleotide stretch for later purification of the mRNA from the in vitro
translation. Hybridization with a homopolymeric sequence to the in vitro synthesized mRNA is a
standard method that is typically employed by one skilled in the art.

The term "vector" refers to a nucleic acid molecule capable of transporting another
nucleic acid to which it has been linked. One type of vector is an episome, i.e., a nucleic acid
capable of extra-chromosomal replication. Another type of vector is an integrative vector that is
designed to recombine with the genetic material of a host cell. Vectors may be both
autonomously replicating and integrative, and the properties of a vector may differ depending on
the cellular context (i.e., a vector may be autonomously replicating in one host cell type and
purely integrative in another host cell type). Vectors capable of directing the expression of
expressible nucleic acids to which they are operatively linked are referred to herein as

"expression vectors."
Vectors

As used herein, the term “vector” refers to a polynucleotide molecule capable of carrying

and transferring another polynucleotide fragment or sequence to which it has been linked from
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one location (e.g., a host, a system) to another. The term includes vectors for in vivo or in vitro
expression systems. For example, vectors of the invention can be in the form of “plasmids”
which refer to circular double stranded DNA loops which are typically maintained episomally but
may also be integrated into the host genome. Vectors of the invention can also be in linear
forms. In addition, the invention is intended to include other forms of vectors which serve
equivalent functions and which become known in the art subsequently hereto.

Vectors of the present invention can be used for the expression of polypeptides.
Generally, the vectors of the invention include cis-acting regulatory regions operably linked to
the polynucleotide that encodes the polypeptides to be expressed. The regulatory regions may
be constitutive or inducible. Appropriate trans-acting factors are supplied by the host by an in
vitro translation system, by a complementing vector, or by the vector itself upon introduction into
the host.

The vectors of the invention can be derived from, but not limited to, bacterial plasmids,
from bacteriophage, from yeast episomes, from yeast chromosomal elements, from mammalian
viruses, from mammalian chromosomes, and from combinations thereof, such as those derived
from plasmid and bacteriophage genetic elements including, but not limited to, cosmids and
phagemids.

The vectors of the invention can include any elements typically included in an expression
or display vector including, but not limited to, origin of replication sequences, one or more
promoters, antibiotic resistance genes, leader or signal peptide sequences, various tag
sequences, stuffer sequences that may encode a gene whose polypeptide confers antibiotic
resistance, restriction sites, ribosome binding sites and translational enhancers, having
sequences capable of forming stem loop structures for mRNA stability post-transcription,
sequences that encode amino acids lacking a stop codon and sequences that encode a
bacterial coat protein.

Thus, the invention also provides nucleotide sequences having sequence identity to the
sequences contained in the Sequence Listing. Depending on the particular sequence, the
degree of sequence identity is preferably greater than 60% (e.g., 60%, 70%, 80%, 90%, 95%,
97%, 99%, 99.9% or more). These homologous sequences include mutants and variants.

General methods for constructing vectors of the present invention are well known in the

art. For example, see Molecular Cloning: a Laboratory Manual: 2nd edition, Sambrook et al.,

1989, Cold Spring Harbor Laboratory Press. Many known techniques and protocols for
manipulation of nucleic acid, for example in preparation of nucleic acid constructs, mutagenesis,
sequencing, introduction of DNA into cells and gene expression, and analysis of proteins, are

described in detail in Current Protocols in Molecular Biology, Second Edition, Ausubel et al.

eds., John Wiley & Sons, 1992. The disclosures of Sambrook et al. and Ausubel et al. are

incorporated herein by reference.
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The present invention also provides host cells or other organisms that are introduced to
or contain the vectors of the invention. For example, the present invention provides bacteria,
mammalian cells, yeast and other cellular system containing the vectors of the invention.
Suitable mammalian cells include, but are not limited to, Chinese hamster ovary cells (CHO),
Hela cells, HEK cells, COS cells, NSO mouse melanoma cells and those available through

public and commercial sources. An exemplary common bacterial host is E. coli.

Compatible restriction sites

The vectors of the invention include one or more compatible restriction sites between the
polynucleotide vector system that facilitate transfer of the polynucleotide sequence encoding the
polypeptide of interest (e.g., expressed or displayed polypeptide) between polynucleotide vector
system libraries using enzyme digestion and ligation methods well known to those of skill in the
art. As used herein, the term “compatible restriction site” refers to a restriction site on one type
of vector (e.g., phage display vector) that is the same as or compatible with at least one
restriction site on a different type of vector (e.g., ribosome display vector). As used herein,
restriction sites are “compatible” if, once cleaved by appropriate restriction enzymes, can be
ligated by a DNA ligase. In some embodiments, the compatible restriction sites include those
double-stranded sequences that, once cleaved by appropriate restriction enzymes, generate
“sticky ends” with complementary overhang sequences that can be joined by a DNA ligase.
Sticky-end fragments can be ligated not only to the fragment from which it was originally
cleaved by a particular restriction enzyme, but also to any other fragment with a compatible
sticky end. The sticky end is also called a cohesive end or complementary end. As used
herein, compatible restriction sites also include those double-stranded sequences that, once
cleaved by appropriate restriction enzymes, generate “blunt ends” that can be joined by a DNA
ligase. Blunt ends on a double stranded sequence of DNA have no 5 or 3’ overhang and can
be ligated to any other blunt ended DNA fragment regardless of the restriction enzyme, as long
as the enzyme is a “blunt cutting” enzyme. As used in this application, compatible restriction
sites are also referred to as generic restriction sites or universal restriction sites.

In general, any restriction sites cleavable by any type 1, type 2 or type 3 restriction
enzymes can be used for the invention. Type | restriction endonucleases cut at a site that
differs, and is some distance (at least 1000 bp) away, from their recognition site. The
recognition site is asymmetrical and is composed of two portions — one containing 3-4
nucleotides, and another containing 4-5 nucleotides — separated by a spacer of about 6-8
nucleotides. Several enzyme cofactors, including S-Adenosyl methionine (AdoMet), hydrolyzed
adenosine triphosphate (ATP) and magnesium (Mg*) ions, are required for their activity.
Typical type Il restriction enzymes differ from type | restriction enzymes in several ways. They

are composed of only one subunit, their recognition sites are usually undivided and palindromic
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and 4-8 nucleotides in length, they recognize and cleave DNA at the same site, and they do not
use ATP or AdoMet for their activity — they usually require only Mg®* as a cofactor. The
restriction enzymes and their recognition sequences are well known in the art. Exemplary
restriction recognition sites are listed in Table 1. The sequences of suitable restriction sites can
be incorporated into a vector sequence using standard recombinant technology.

A vector of the invention includes one or more compatible restriction sites flanking the
polynucleotide sequence encoding a polypeptide of interest (e.g., a displayed or expressed
polypeptide) so that a nucleic acid fragment containing the entire polypeptide coding sequence
can be generated by restriction enzyme digestion. In some embodiments, a vector of the
invention contains a first compatible restriction site at the 5’ region flanking the encoding
sequence of a displayed or expressed polypeptide and a second restriction site at the 3’ flanking
region of the polypeptide-encoding sequence. In some embodiments, the first and second
compatible restriction sites are cleavable by a same restriction enzyme. In some embodiments,
the first and second compatible restriction sites are non-compatible with each other. In some
embodiments, the 5’ compatible site on a first vector is only compatible with the corresponding
5 compatible site on a second vector and the 3' compatible sites on the first vector is only
compatible with the corresponding 3' compatible site on the second vector, so that the
polypeptide-encoding nucleic acid fragment can be transferred in the correct orientation. In
some embodiments, compatible restriction sites suitable for the invention include restriction sites
able to be cleaved by restriction enzymes that don’t cut or don’t cut frequently in the nucleotide
sequences encoding displayed or expressed polypeptides. For example, suitable compatible
restriction sites can be any sites cleavable by restriction enzymes that cut, on average, less than
30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1%, 0.08%, 0.06%, 0.04%, 0.02%, 0.01%, or
0.005% of the population of genes encoding the displayed or expressed polypeptides. The
cutting frequency of restriction enzymes is dependent upon the nucleotide composition or the
DNA source of the coding region. In some embodiment, the vectors of the present invention
include one or more restriction sites cleavable by restriction enzymes that don’t cut or don’t cut
frequently in antibody V genes including, but not limited to, Apa LI, Asc |, Ava |, Mfe |, Bst Ell,
Hind Ill, Not I, Xba |, Xho I, Xma I, Nco |, Pci I, Pst I, Nhe |, Sac I, Sfi | and Bss H2. In some
embodiments, the vectors of the invention may contain restriction sites cleavable by any one of
the above enzymes. In some embodiments, the vectors of the invention may contain a
combination of restriction sites cleavable by any of the above enzymes, such as but not limited
to Asc | and Mfe I; Asc | and Sfi |; Apa LI and Not I; Apa LI and Nhe I; or Apa L 1 and Bst
Ell. In some embodiments, the vectors of the invention may contain one or more restriction sites
cleavable by Sfi I. In some embodiments, the vectors of the invention may contain a first
restriction site cleavable by Sfil and a second restriction site cleavable by Sfi |, wherein the

first and second restriction sites are non-compatible with each other. In some embodiments
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the sequence of the first Sfi | restriction sequence comprises SEQ ID NO. 5. In some
embodiments the sequence of the second Sfi | restriction sequence comprises SEQ ID NO. 6.
In some embodiments the first and second Sfi | restriction sequences are not compatible with
each other. In some embodiments the first and second Sfi | restriction sequences can be
interchanged.

Thus, the present invention allows the sequence-independent transfer of encoding
polynucleotides between vectors using, for example, a single restriction enzyme digestion that
cuts rarely in the polypeptide-encoding polynucleotide sequences. The invention significantly
reduces or eliminates the need for PCR steps which are often needed in transfer of gene

sequences between vectors and which can lead to mutations of the encoding sequences.

Table 1

Exemplary restriction enzymes and corresponding recognition sites

In most cases, only the sequences of the up strand are shown (from 5’ to 3).

Where the bottom strand is shown, the 3’ is on the left.

ENZYME RECOGNITION SITE
Aat ] GACGI¥C

Accl GT¥ (AT)(T/G)AC

Acclll T¥CCGGA

Acc65 | G¥ GTACC

AccB7 | CCANNNN¥ NTGG _ (SEQ ID NO. 7)
Acyl G(A/G)¥ CG(T/C)C

Age | A¥ CCGGT

Alul AG¥ CT

A/w26 1 G¥ TCTC(1/5)

Alwad1 G¥ TGCAC

Apa | GGGCC¥ C

Aval C¥ (T/C)CG(A/G)G

Avall G¥ G(A/T)CC

Ba/ | TGG¥ CCA

BamH | G¥ GATCC

Ban | G¥ G (T/C)(A/G)CC

Ban Il G(A/G)GC(T/C)¥ C
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ENZYME RECOGNITION SITE

Bbu | GCATG¥ C

Bce/1 T¥ GATCA

Bgl | GCCNNNN¥ NGGC (SEQID NO. 8)
Bg/ 1l A¥ GATCT

BsaM | GATTGCN¥

BsaOl CG(A/G)(T/IC)¥ CG

Bsp1286 1 G(G/AIT)GC(C/IAIT)¥C

BsrBR | GATNN¥ NNATC (SEQ ID NO. 9)
BsrS| ACTGGN¥

BssH Il G¥ CGCGC

Bst711 GCAGC(8/12)

Bst98 1 C¥ TTAAG

BstEIl G¥ GTNACC

BstO|/ CC¥ (AIT)GG

Bst X1 CCANNNNN¥NTGG (SEQ ID NO. 10)
BstZ| C¥ GGCCG

Bsu36 1 CC¥ TNAGG

Cfo | GCG¥ C

Clal ATE¥ CGAT

Cspl CG¥ G(A/T)CCG

Csp 451 TT¥ CGAA

Dde | C¥ TNAG

Dpn| G™A¥ TC

Dral TTTE AAA

EclHK | GACNNN¥ NNGTC (SEQID NO. 11)
Eco47 11l ACG¥ GCT

Ecob521 C¥ GGCCG

Eco721 CAC¥ GTG

Ecol CR1 GAG¥ CJC

EcoR | G¥ AATTC

EcoR V GAT¥ ATC

Fok I GGATG(9/13)

Hae Il (A/IG)GCGC¥ (T/C)

Haelll GG¥ CC

Hha | GCG¥ C
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ENZYME RECOGNITION SITE
Hinc Il GT(T/C)y¢ (A/G)AC
Hind 11l A¥ AGCTT

Hinf | G¥ ANTC

Hpal GTT¥ AAC

Hpa Il C¥ CGG

Hsp92 1 G(A/G)¥ CG(T/C)C
Hsp92 i CATG¥

I-Ppo | CTCTCTTAA¥GGTAGC (SEQ ID NO. 12)
Kopn | GGTAC¥ C

Mbo I FGATC

Mbo Il GAAGA(8/7)

Miul A¥ CGCGT

Msp I Ce CGG

MspA | C(A/IC)G¥ C(GIT)G
Nae | GCC¥ GGC

Nar GG¥ CGCC

Nci | CC¥ (G/IC)GG

Nco | C¥ CATGG

Nde | CA¥ TATG

NgoM | G¥ CCGGC

Nhe | G¥ CTAGC

Not | GCe GGCCGC
Nru | TCG¥ CGA

Nsil ATGCA® T

Pst | CTGCA® G

Pvul CGAT¥ CG

Rvu CAG¥ CTG

Rsal GTg AC

Sac | GAGGCT¥ C

Sac Il CCGC¥ GG

Sal | G¥ TCGAC

Sau3A | ¥GATC

Sau96 | G¥ GNCC

Scal AGT® ACT

Sfil GGCCNNNN#NGGCC (SEQID NO. 13)
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ENZYME RECOGNITION SITE
Sgf | GCGAT¥ CGC

Sin | G¥ G(A/T)CC

Smal CCC¥ GGG

SnaB | TAC¥ GTA

Spe | A¥ CTAGT

Sphl GCATGx C

Ssp ! AAT® ATT

Stu | AGGw CCT

Sty | C¥ C(AIT)(T/A)GG
Taq T¥ CGA

Tru9g | T TAA

Tthill I GACN¥ NNGTC

Vsp | A¥ TAAT

Xba | Te CTAGA

Xho I Ce TCGAG

Xho Il (A/G)¥ GATC(T/C)
Xmal C¥ CCGGG

Xmn'| GAANNz NNTTC (SEQ ID NO. 14)

Phage display vectors

A phage display vector of the present invention is a vector containing phage derived
polynucleotide sequences capable of expressing, or conditionally expressing, a heterologous
polypeptide, for example, as a fusion protein with a phage protein (e.g., a phage surface
protein). In some embodiments, a phage display vector of the present invention is a vector
derived from a filamentous phage (e.g., phage f1, fd, and M13) or a bacteriophage (e.g.. T7
bacteriophage and lambdoid phages. The filamentous phage and bacteriophage are described
in e.g., Santini (1998) J. Mol. Biol. 282:125-135; Rosenberg et al. (1996) Innovations 6:1-6;
Houshmand ef al. (1999) Anal Biochem 268:363-370).

In general, a phage display vector of the invention can include the following elements:
(1) a promoter suited for constitutive or inducible expression (e.g., lac promoter); (2) a ribosome
binding site and signal sequence preceding the sequence encoding a displayed peptide; and (3)
one or more compatible restriction sites, in particular, restriction sites compatible to a ribosome
display vector of the present invention as described below; (4) optionally, a tag sequence such

as a stretch of 5-6 histidines or an epitope recognized by an antibody; (5) a second tag
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sequence (6)a suppressible codon (e.g., a termination codon); and (7) a sequence encoding a
phage surface protein positioned in-frame to form a fusion to the peptide to be displayed.

In general, a phage display vector of the invention contains a promoter and/or regulatory
region operably linked to a polynucleotide sequence encoding the heterologous polypeptide of
interest and a sequence encoding a phage surface protein. The term “operably linked” refers to
a functional linkage between nucleic acid sequences such that the linked promoter and/or
regulatory region functionally controls expression of the coding sequence. It also refers to the
linkage between coding sequences such that they may be controlled by the same promoter
and/or regulatory region. Such linkage between coding sequences may also be referred to as
being linked in frame or in the same coding frame such that a fusion protein comprising the
amino acids encoded by the coding sequences may be expressed.

In other embodiments of the invention, the ability of the phage display vector to express
a fusion protein is regulated in part by use of a regulated promoter or other regulatory region
(e.g., an inducible promoter such that in the absence of induction, expression controlled by them
is low or undetectable). Non-limiting examples of inducible promoters include the lac promoter,
the lac UV5 promoter, the arabinose promoter, and the tet promoter. In some embodiments, an
inducible promoter can be further restricted by incorporating repressors (e.g., lacl) or
terminators (e.g., a tHP terminator). For example, repressor lacl and be used together with the
Lac promoter. In some embodiments, a strong tHP terminator can be additionally inserted
between the lacl gene and the Lac promoter.

As used herein, the term “phage surface protein” refers to any protein normally found at
the surface of a filamentous phage (e.g., phage 1, fd, and M13) or a bacteriophage (e.g., A, T4
and T7) that can be adapted to be expressed as a fusion protein with a heterologous
polypeptide and still be assembled into a phage particle such that the polypeptide is displayed
on the surface of the phage. Suitable surface proteins derived from filamentous phages include,
but are not limited to, minor coat proteins from filamentous phages, such as gene lll proteins,
and gene VIII proteins, major coat proteins from filamentous phages, such as, gene VI proteins,
gene VIl proteins, gene IX proteins, gene 10 proteins from T7, and capsid D protein (gpD) of
bacteriophage A. In some embodiments, a suitable phage surface protein is a domain, a
truncated version, a fragment, or a functional variant of a naturally occurring surface protein.
For example, a suitable phage surface protein can be a domain of the gene Ill protein, e.g., the
anchor domain or “stump.” Additional exemplary phage surface proteins are described WO
00/71694, the disclosures of which are hereby incorporated by reference. As appreciated by
the skilled artisan, the choice of a phage surface protein is to be made in combination with a
consideration of the phage display vector and the cell to be used for propagation thereof.

The displayed polypeptide is typically covalently linked to the phage surface protein.

The linkage results form translation of a nucleic acid encoding the polypeptide component fused
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to the surface protein. The linkage can include a flexible peptide linker, a protease site, or an
amino acid incorporated as a result of suppression of a stop codon.

Suppressible codons are known in the art. For example, suppressible codons can be
termination codons including UAG (referred to as the amber codon), UAA (referred to as the
ochre codon), and UGA. UAG, UAA and UGA indicate the mRNA codon. The choice of
termination codon can also be augmented by introduction of particular sequences around the
codon.

A specific initiation signal may be incorporated to further regulate translation of coding
sequences. These signals include the ATG initiation codon or adjacent sequences. Exogenous
translational control signals, including the ATG initiation codon, may need to be provided. One
of ordinary skill in the art would readily be capable of determining this and providing the
necessary signals. It is well known that the initiation codon must be “in-frame” with the reading
frame of the desired coding sequence to ensure translation of the entire insert. The exogenous
translational control signals and initiation codons can be either natural or synthetic. A low
efficiency ribosome-binding sequence or translation initiation signal may be used to further
decrease protein production without induction.

Any peptide sequences capable of driving or directing secretion of expressed protein or
polypeptide can be used as leader sequences for the phage display vectors. Exemplary leader
sequences include, but not limited to, a PelB leader sequence and an Omp A leader sequence.

In addition, optionally, a fusion polypeptide can include a tag that may be useful in
purification, detection and/or screening. Suitable tags include, but not limited to, a FLAG tag,
poly-histidine tag, a gD tag, a ¢-myc tag, green fluorescence protein tag, a GST tag or B-
galactosidase tag.

Restriction sites can be incorporated in the 5 and 3’ untranslated regions to flank a
coding sequence for a displayed peptide of interest. For example, a first compatible restriction
site can be incorporated in the C-terminus of the leader sequence and the second compatible
site can be incorporated upstream or within the tag sequences. A stuffer sequence can be
included between the first and second compatible restriction sites. The stuffer sequence can be
cleaved and replaced with the coding sequence for displayed polypeptide using the compatible
restriction sites. Typically, a stuffer sequence is designed to make the double-cut plasmid easily
distinguishable from single-cut plasmid during agarose gel purification. In some embodiments,
the stuffer sequence can include an antibiotic resistance gene to allow double antibiotic
selection of bacteria after transformation with plasmid that does not yet contain a cloned
polypeptide encoding sequence. In some embodiments, the stuffer sequence between the two
non-compatible restriction sites comprises a nucleotide sequence that codes for an antibiotic
resistance gene under a separate promoter than that which drives expression of a coding

sequence of an antigen binding polypeptide of interest.
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General methods for constructing phage display vectors, phage display libraries and the
method of use are described, for example, in Ladner et al., U.S. Pat. No. 5,223,409; Smith
(1985) Science 228:1315-1317; WO 92/18619; WO 91/17271; WO 92/20791; WO 92/15679;
WO 93/01288; WO 92/01047; WO 92/09690; WO 90/02809; de Haard et al. (1999) J. Biol.
Chem. 274:18218-30; Hoogenboom et al. (1998) Immunotechnology 4:1-20; Hoogenboom et al.
(2000) Immunol. Today 2:371-8; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al.
(1992) Hum Antibody Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-1281; Griffiths
et al. (1993) EMBO J 12:725-734; Hawkins et al. (1992) J Mol Biol 226:889-896; Clackson et al.
(1991) Nature 352:624-628; Gram et al. (1992) PNAS 89:3576-3580; Garrard et al. (1991)
Bio/Technology 9:1373-1377; Rebar et al. (1996) Methods Enzymol. 267:129-49; Hoogenboom
et al. (1991) Nuc Acid Res 19:4133-4137; and Barbas et al. (1991) PNAS 88:7978-7982.

Exemplary phage display vectors of the invention are described in the example section.

Ribosome display vectors

The ribosome display vectors of the present invention include vectors suitable for
prokaryotic or eukaryotic display system. A prokaryotic ribosome display system is also referred
to as polysome display system.

A ribosome display vector of the invention typically includes a promoter or RNA
polymerase binding sequence, a ribosome binding site, a translation initiation sequence, a
nucleic acid encoding an amino acid spacer sequence separating the expressed displayed
peptide of interest from the ribosome after translation to assist correct folding of the peptide.
Optionally, the ribosome display vector may also include one or more sequences encoding
detection tags, 3’ stem loop structure and/or 5’ stem loop structure to protect synthesized
mRNA, a translation enhancer or “activator” sequence(s). Typically, the ribosome
display vector of the invention lacks a stop codon in-frame of the displayed
polypeptide.

The promoter or RNA polymerase binding sequence suitable for the invention may
include any promoters suitable for in vitro translation. Exemplary promoters include, but are not
limited to, T7, T3, or SP6 promoters, or any sequences recognized by RNA polymerases T7, T3
or SP6. In some embodiments, a ribosome display vector of the invention may include two
promoters, such as both the T7 and SP6 promoters. A ribosomal binding site may be positioned
upstream, downstream or within the promoter region. This ribosome binding site may be
specific for prokaryotic ribosomal complexes, for example a Shine-Dalgarno sequence, if a
prokaryotic translation procedure is used. Suitable prokaryotic translation systems include, but
are not limited to E. coli S30 system. The ribosome binding site may also be specific for a
eukaryotic translation system, for example a Kozak consensus sequence, if a eukaryotic

translation procedure is used. A suitable eukaryotic translation system includes, but is not limited
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to, the rabbit reticulocyte system (Krawetz et al., Can. J. Biochem. Cell. Biol. 61:274-286, 1983;
Merrick, Meth. Enzymol. 101:38, 1983). One exemplary Kozak consensus sequence is
GCCGCCACCATGG (SEQ ID NO. 15).

Additional translation enhancer sequences may also be included. For example, the

translation enhancer of X. leavis B globin gene may be inserted between the promoter and
translation initiation site. Other exemplary translation enhancers or activator sequences include,
but are limited to, untranslated “leader sequences” from tobacco mosaic virus (Jobling et al.
Nucleic Acids Res. 16:4483-4498, 1988), 5’ untranslated region from alfalfa mosaic virus RNA
4 (Jobling and Gehrke, Nature 325:622-625, 1987), black beetle virus (Nodavirus) RNA 2
(Friesen and Rueckert, J. Virol. 37:876-886, 1981), and turnip mosaic virus, and brome mosaic
virus coat protein mRNAs (Zagorski et al., Biochimie 65:127-133, 1983).

An amino acid spacer sequence can be engineered into the nucleic acid that will be fused

or linked at the C-terminus of the displayed peptide to separate it from the ribosome upon
translated. It is contemplated that the spacer sequence allows the displayed polypeptide to exit
completely from the ribosome “tunnel” and to fold correctly, yet leave the translated polypeptide
on the ribosome due to the lack of a stop codon which essentially freezes the peptide onto the
ribosme, yet still attached to the RNA from which the polypeptide is translated from. Typically, a
suitable spacer sequence encodes at least 20 amino acids in length. In particular, a suitable
spacer length may include at least 30 amino acids, 40 amino acids, 50 amino acids, 60 amino
acids, 70 amino acids, 80 amino acids, 90 amino acids, 100 amino acids. In certain
embodiments, the spacer includes 23 amino acids. In certain embodiments, the spacer
includes 69 amino acids. In certain embodiments, the spacer includes 116 amino acids.
Suitable spacer sequences can be derived from any known proteins, such as but not limited to
the constant region of immunoglobulin kappa chain (C1c¢), gene Il of filamentous phage M13, and
the CH3 domain of human IgM. A tag sequence may be incorporated into the ribosome display
vector of the invention. Typically, the tag sequence is incorporated at the N terminus or C
terminus of the displayed polypeptide. In some embodiments, the tag sequence is at the
N-terminal of the translated polypeptide. Suitable tags include, but are not limited to, a
stretch of histidines (e.g., 5-6 histidines), an epitope recognized by an antibody for example:
substance P, a flag tag or c-myc tag.

The ribosome display vector may also include a 5 and/or 3’ region with palindromic
sequences capable of forming a stem loop structure. The stem loop structure is believed to
impede translocation, thus, palindromic sequences slow down the movement of ribosomes
during translation and prevent ribosomes from “falling off” the mRNA thereby protecting
synthesized mRNA and increasing the number of polysomes in the in vitro translation step. In
some embodiments, the ribosome display vector of the present invention is capable of forming a

3’ stem loop structure. In some embodiments the ribosome display of the present invention is
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capable of forming a 5 and a 3’ stem loop structure. In addition, the 3’ region may contain a
poly-A or other polynucleotide stretch for later purification of the mRNA from the in vitro
translation. Hybridization with a homopolymeric sequence to the in vitro synthesized mRNA is a
standard method that is typically employed by one skilled in the art.

To facilitate transfer of the entire nucleic acid fragment encoding the polypeptide of
interest, the ribosome display vector of the present invention as described above, typically
includes restriction sites compatible with the phage display of the present invention, as
described above, flanking the polypeptide-encoding sequence. In some embodiments, the
ribosome display vector includes a first restriction site 5’ of the coding region of the polypeptide
of interest in the untranslated region and a second restriction site 3° downstream to the
polypeptide-encoding sequence. In some embodiments, the first and second restriction sites of
the ribosome display vector are not compatible with each other. In some embodiments, the
phage display vector of the invention includes a first restriction site located 5’ to the coding
region of the polypeptide of interest in the untranslated region and a second restriction site
located 3’ downstream to the polypeptide encoding sequence, but the first and second
restriction sites of the phage display vector are not compatible with each other. In some
embodiments, the first restriction site of the ribosome display vector and the first restriction site
of the phage display vector are compatible and can be ligated together, while the second
restriction site of the ribosome display vector and the second restriction site of the phage display
vector are compatible and can be ligated together. The compatibility of the compatible
restriction sites within each vector of the present invention facilitates transfer of the entire
population of polynucleotides that encode for the polypeptide(s) of interest from one vector to
the other.

The ribosome display vector may be chemically synthesized by protocols well known to
those skilled in the art. Alternatively, each of the above elements may be incorporated into one
or more plasmids, amplified in microorganisms, purified by standard procedures, and cut into
appropriate fragments with restriction enzymes before assembly into the vector. General
methods for constructing ribosome display vectors, ribosome display libraries and method of
use are described in U.S. Patent Nos. 5,643,768, 5,658,754, and 7,074,557, and in Mattheakis
et al., (1994) PNAS USA 91, 9022 9026; Mattheakis et al., (1996) Methods Enzymol. 267, 195
207; Gersuk et al., (1997) Biotech and Biophys. Res. Com. 232, 578 582; Hanes and Pluckthun
(1997) PNAS USA 94, 4937 4942; Hanes et al.,, (1998) PNAS USA 95, 14130 50; He and
Taussig (1997) NAR 5132 5234, the teachings of all of which are hereby incorporated by

reference.

Exemplary ribosome display vectors of the present invention are described in the

Examples section.
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Displayed peptides

As used herein, the term “displayed polypeptide,” “displayed peptide,” “displayed
protein,” or grammatical equivalents thereof refer to a heterologous polypeptide encoded by a
nucleic acid sequence not part of the vector sequence (ie, a heterologous nucleic acid sequence
encoding a polypeptide that has been ligated into the vector sequence). As used herein, the
term “antigen binding polypeptide” can be used interchangeably with the terms “displayed
polypeptides” etc., as described above. Typically, displayed polypeptides are those encoded by
nucleic acid sequences derived from eukaryotic or prokaryotic cells, especially, but not limited to,
those from human beings, plants, plant cells, bacteria, fruit flies, yeast, zebrafish, and non-
human mammals including, but not limited to, mice, rats, rabbits, non-human primates, cattle,
sheep, horses, dogs and cats. In some embodiments, the displayed antigen binding
polypeptides include clinically relevant gene products including potential targets for the
identification of drugs for particular disease indications. In particular, the displayed polypeptides
include polypeptides from an antigen binding family. The antigen binding family refers to a
population of polypeptides which retain characteristics of molecules that specifically bind to
antigens of interest. The members of this family of polypeptides can be involved in many aspects
of cellular and non-cellular interactions in vivo, including widespread roles in the immune system
(for example, antigen binding polypeptides which may include antibodies and fragments thereof
as well as non-antibody antigen binding polypeptide, T-cell receptor molecules and the like,
molecules involvement in cell adhesion and molecules involved in intracellular signaling. The
present invention is applicable to all antigen binding polypeptide molecules which may include:
a peptide, a chimeric antibody, a humanized antibody, a human antibody, a single chain
antibody, a tetrameric antibody, a tetravalent antibody, a multispecific antibody, a domain-
specific antibody, a domain-deleted antibody, a fusion protein, an ScFc¢ fusion protein, an Fab
fragment, an Fab' fragment, an F(ab')2 fragment, an Fv fragment, a single-chain Fv (ScFv)
fragment, an Fd fragment, a single domain antibody, a dAb fragment, a small modular
immunopharmaceutical (SMIP), a shark variable IgNAR domain, as described in WO
03/014161, a CDR3 peptide, a constrained FR3-CDR3-FR4 peptide, a nanobody as described

in US 20080107601, a bivalent nanobody and a minibody.

Collection
As used herein, the term “collection” is a population of diverse variants, for example,
nucleic acid variants which differ in nucleotide sequence or polypeptide variants which differ in

amino acid sequence.
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Library

As used herein, the term “library” refers to a plurality of heterogeneous polypeptides or
polynucleotides that encode polypeptides of interest. Sequence differences between library
members are responsible for the diversity present in the library. The library may take the form
of a mixture of polypeptides or polynucleotides, or may be in the form of organisms or cells, for
example bacteria, viruses, animal or plant cells and the like, transformed with a library of nucleic
acids. As used herein, the term “organism” refers to all cellular life-forms, such as prokaryotes
and eukaryotes, as well as non-cellular, nucleic acid-containing entities, such as bacteriophage
and viruses.

In particular, antibody libraries can incorporate diversity from a variety of sources,
including but not limited to synthetic nucleic acid, naive nucleic acids, nucleic acid from subjects
(e.g., immunized or diseased human subjects), and animals (e.g., immunized animals).

In some embodiments, immune cells encompassing antigen binding polypeptides from
the group consisting of: a peptide, a chimeric antibody, a humanized antibody, a human
antibody, a single chain antibody, a tetrameric antibody, a tetravalent antibody, a multispecific
antibody, a domain-specific antibody, a domain-deleted antibody, a fusion protein, an ScFc
fusion protein, an Fab fragment, an Fab' fragment, an F(ab")2 fragment, an Fv fragment, a
single-chain Fv (ScFv) fragment, an Fd fragment, a single domain antibody, a dAb fragment, a
small modular immunopharmaceutical (SMIP), a shark variable IgNAR domain, a CDR3
peptide, a constrained FR3-CDR3-FR4 peptide, a nanobody, a bivalent nanobody and a
minibody., as well as polypeptides from MHC-complexes and T cell receptors. The antigen
binding polypeptides may be derived from immune cells and can be obtained from but not
limited to a human, a primate, mouse, rabbit, camel, or rodent. The cells can be selected for a
particular property. For example, T cells that are CD4+ and CD8- can be selected. B cells at
various stages of maturity can be selected. Immune cells can be used as a natural source of
diversity regarding the expression of different varieties of genes that can then be converted to
¢DNA and cloned into the polynucleotides of the present invention.

Naturally diverse sequences can be obtained as c¢cDNA produced from total RNAs
isolated from cells and samples obtained from a subject, as described herein. RNA isolated from
said sources listed are reverse transcribed in any manner with any suitable primer by
procedures well known by those of ordinary skill in the art. The primer binding region can be
constant among different antigen binding proteins e.g., in order to reverse transcribe different
isotypes of polypeptides of interest. The primer binding region can also be specific to a
particular isotype of polypeptide as well. ¢DNA can be amplified, modified, fragmented, or
ligated into a polypeptide to form an antigen binding polypeptide encoding library. See, e.g., de
Haard et al. (1999) supra.
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In some embodiments, the library of the invention comprises an ScFv library and can be
constructed according to the method known in the art. See, e.g., Griffiths et al., 1994; Vaughan
et al.,, 1996; Sheets et al., 1998; Pini et al., 1998; de Haard et al., 1999; Knappik et al., 2000;
Sblattero and Bradbury, 2000). One or more restriction sites can be incorporated into the
cDNA, as synthesized as described above, by proper primer design using methods well known
in the art.

For example, a method of constructing a phage display library may include the steps of:
(1) digesting a plurality of phage display vectors of the invention with one or more restriction
enzymes that cleave one or more restriction sites; and (2) ligating a population of fragments,
each of which contains a nucleic acid sequence encoding a peptide to be displayed, into the
plurality of phage display vectors from step (1) using the one or more restriction sites. In some
embodiments, the restriction enzyme is Sfi | and the compatible restriction sites include one or
more Sfi | sites, in particular, non-compatible Sfi | sites.

As another example, a method for constructing a ribosome display library may include
the steps of: (1) digesting a plurality of ribosome display vectors of the invention with one or
more restriction enzymes that cleave one or more compatible restriction sites; and (2) cloning a
population of fragments, each of which contains a nucleic acid sequence encoding a peptide to
be displayed, into the plurality of ribosome display vectors from step (1) using the one or more
compatible restriction sites. In some embodiments, the restriction enzyme is Sfi | and the
compatible restriction sites include one or more Sfi | sites, in particular, non-compatible Sfi |

sites.

Conversion between libraries

The library design strategy of the present invention allows the sequence-independent
transfer of polypeptide-encoding sequences between vectors using restriction enzyme-based
strategy. In particular, using compatible restriction sites present at fixed positions in all selected
protein libraries facilitates the movement of large pools of protein variants using a one-step
cloning procedure. In some embodiments, the one-step cloning procedure involves a single
restriction enzyme (e.g., Sfi |) digestion.

In some embodiments, a method of generating a ribosome display library from a phage
display library that encodes an antigen binding polypeptide comprises the following steps: a)
identifying the polynucleotide(s) that encode(s) a polypeptide that has been shown to bind to an
antigen of interest in a phage display assay, b) the polynucleotide is isolated, ¢) whereby a
plurality of the polynucleotides that encode said polypeptide is generated by digesting the
polynucleotides with a restriction enzyme. In some embodiments the restriction enzyme is Sfi |,

d) a ribosome display vector of the present invention is prepared by digesting with a restriction
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enzyme. In some embodiments, the restriction enzyme is Sfi I. The polynucleotides of b) are
ligated to the polynucleoctide in d).

In some embodiments, a method for transferring a nucleic acid fragment encoding a
displayed peptide from a ribosome display vector to a phage display vector includes the steps
of: (1) providing a ribosome display vector containing a fragment encoding a displayed peptide;
(2) retrieving the fragment encoding the displayed peptide by digesting the ribosome display
vector using one or more restriction enzymes; (3) providing a phage display vector containing
one or more restriction sites compatible with the recognition sites of the one or more restriction
enzymes used in step (2); and (4) cloning the fragment from step (2) into the phage display
vector using the one or more compatible restriction sites.

In other embodiments, a method for transferring a population of nucleic acid fragments
encoding displayed peptides from a ribosome display library to a phage display library includes
the steps of: (1) providing a ribosome display library including a plurality of vectors including a
population of nucleic acid fragments, each of the population of nucleic acid fragments encodes
a displayed peptide; (2) retrieving the population of nucleic acid fragments by digesting the
ribosome display library with one or more restriction enzymes; (3) providing a plurality of phage
display vectors, each containing one or more restriction sites compatible with the recognition
sites of the one or more restriction enzymes used in step (2); and (4) cloning the population of
nucleic acid fragments into the plurality of phage display vectors using the one or more

compatible restriction sites.

Methods of Identification of Antigen Binding Protein
Some exemplary selection processes for the determination and identification of antigen

binding proteins are as follows.

Panning. A target molecule is immobilized to a solid support such as a surface of a microtitre
well, matrix, particle, or bead. The display library is contacted to the support. Library members
that have affinity for the target are allowed to bind. Non-specifically or weakly bound members
are washed from the support. Then the bound library members are recovered (e.g., by elution)
from the support. Recovered library members are collected for further analysis (e.g., screening)
or pooled for an additional round of selection.

Magnetic Particle Processor. One example of an automated selection uses magnetic particles

and a magnetic particle processor. In this case, the target is immobilized on the
magnetic particles. The KingFisher™ system, a magnetic particle processor from Thermo
LabSystems (Helsinki, Finland), is used to select display library members against the target.
The display library is contacted to the magnetic particles in a tube. The beads and library are

mixed. Then a magnetic pin, covered by a disposable sheath, retrieves the magnetic particles
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and transfers them to another tube that includes a wash solution. The particles are mixed with
the wash solution. In this manner, the magnetic particle processor can be used to serially
transfer the magnetic particles to multiple tubes to wash non-specifically or weakly bound library
members from the particles. After washing, the particles are transferred to a tube that includes
an elution buffer to remove specifically and/or strongly bound library members from the
particles. These eluted library members are then individually isolated for analysis or pooled for
an additional round of selection. Detailed magnetic particle processor selection processes
are described in U.S. Application Publication No. 20030224408.

Cell-Based Selections. The selection can be performed by binding the display library to target

cells, and then selecting for library members that are bound by the cells. Cell-based selections
enable the identification of ligands that recognize target molecules as presented in their
natural milieu, e.g., including post-translational modifications, associated proteins and factors,
and competing factors. Further, since cell-based selections are not directed against a specific
singular target molecule, no a priori information is required about the target. Rather, the cell
itself is a determinant. Later steps, particular functional assays, can be used to verify that
identified ligands are active in targeting effector functions to the cell. Detailed cell-based
selection processes are described in U.S. Application Publication No. 20030224408.

In vivo Selections. The selection can be done in vivo to identify library members that bind to a

target tissue or organ, e.g., as described in Kolonin et al. (2001) Current Opinion in Chemical
Biology 5:308-313, Pasqualini and Ruoslahti (1996) Nature 380:364-366, and Paqualini et al.
(2000) "In vivo Selection of Phage-Display Libraries" In Phage Display: A Laboratory Manual Ed.

Barbas et al. Cold Spring Harbor Press 22.1-22.24. For example, a phage display library is
injected into a subject (e.g., a human or other mammal). After an appropriate interval, a target
tissue or organ is removed from the subject and the display library members that bind to the

target site are recovered and characterized.

Affinity Maturation/Optimization of Antigen Binding Protein
In some embodiments, after initial selection using a first library, a selected population of
library members can be mutagenized to improve the binding affinity or any other properties of
the selected members. For example, a first display library is used to identify one or more ligands
for a target (also known as lead identification). These identified ligands are then mutated to
form a second display library. Additional diversity is introduced by mutagenesis. Higher affinity
ligands are then selected from the second library, e.g., by using higher stringency or more
competitive binding and washing conditions. This process is known as affinity maturation or
optimization.

In some embodiments, a phage display library of the present invention is used for initial

identification of target-binding polypeptides. The selected pool of nucleic acid fragments
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encoding the target-binding polypeptides can be retrieved by digestion using restriction enzymes
that cleave one or more compatible restriction sites. The retrieved fragments can then be
cloned “en masse” into ribosome display vectors of the present invention using one or more
compatible restriction sites. The ribosome display vectors containing the selected nucleic acid
fragments transferred from the phage display library can be further mutagenized to form a
second library, e.g., a ribosome display library. The diversity of a ribosome display library can
be up to more than 10",

Numerous techniques can be used to mutate the identified initial ligands to introduce
further diversity. These techniques include, but are not limited to, error-prone PCR (Leung et al.
(1989) Technigue 1:11-15), recombination, DNA shuffling using random cleavage (Stemmer
(1994) Nature 389-391), RACHITT™ (Coco et al. (2001) Nature Biotech. 19:354), site-directed
mutagenesis (Zoller et aL (1987) Methods Enzymol. 1987;154:329-50.; Zoller et al. (1982) Nucl.
Acids Res. 10:6487-6504), cassette mutagenesis (Reidhaar-Olson (1991) Methods Enzymol.
208:564-586) and incorporation of degenerate oligonucleotides (Griffiths et aL (1994) EMBO J
13:3245).

For antigen binding proteins, mutagenesis can be directed to the CDR regions of the

heavy or light chains. In some embodiments, mutagenesis can be directed to framework
regions near or adjacent to the CDRs.

Methods for identification of the members of the ribosome display library with desirable
binding affinity or other properties and retrieving the nucleic acid sequences encoding the
selected polypeptides are well known in the art. For example, exemplary methods are
described in U.S. Patent Nos. 5,643,768, 5,658,754, and 7,074,557.

Reformatting

Following selection and identification of a library member containing a nucleic acid
sequence encoding a displayed polypeptide with desirable properties, the nucleic acid can be
retrieved from the display vector and transferred to an expression vector for production or
further analysis. This process is typically known as reformatting. Thus, the reformatting
process is used, for example, to transfer nucleic acid from a display vector to a vector suitable
for bacteria or mammalian cell production. In one embodiment, each selected library member is
reformatted individually. In another embodiment, the library members are combined and
reformatted en masse.

The reformatting process can be tailored to the expression system used initially for
display and for the secondary expression system. For example, the reformatting process is
particularly important for the analysis of ribosome display products because typical ribosome

vectors are not compatible with bacterial or mammalian expression system, while the same
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phage display vector can be used to express the selected displayed polypeptide in a bacteria
expression system.

Thus, in some embodiments, the nucleic acid sequence encoding a selected displayed
polypeptide may be transferred from a ribosome display construct to a phage display vector of
the present invention using the compatible restriction sites. In some embodiments, the nucleic
acids encoding the selected displayed polypeptides may be transferred en masse from
ribosome display constructs to the phage display vectors of the present invention using
compatible restriction sites.

In some embodiments, the nucleic acid sequence encoding a selected displayed
polypeptide may be transferred from a ribosome display or a phage display construct to a
mammalian expression vector, for example, using compatible restriction sites between the
vectors of the invention.

In some embodiments, the selected ScFv polypeptide can be reformatted into other
immunoglobulin formats including, but not limited to, IgG, ScFv-Fc¢ fusions, F(ab)2, Fab’, Fab,
diabodies, triabodies, tetrabodies, a chimeric antibody, a humanized antibody, a human
antibody, a single chain antibody, a tetrameric antibody, a tetravalent antibody, a multispecific
antibody, a domain-specific antibody, a domain-deleted antibody, a fusion protein, an ScFc
fusion protein, an F(ab")2 fragment, an Fv fragment, an Fd fragment, a single domain antibody,
a dAb fragment, a nanobody, a shark variable IgNAR domain, a CDR3 peptide, and a
constrained FR3-CDR3-FR4 peptide. In one example of en masse reformatting, the
reformatting of ScFv involves a two-step process. The first cycle includes digesting display
vectors to release nucleic acid fragments that include minimally a light chain variable coding
region and a heavy chain variable coding region using for example, compatible restriction sites.
The fragments are cloned into a vector for mammalian expression. During this step, the transfer
of the nucleic acid fragments encoding both VH and VL genes insures that combinations of
heavy and light chain present in the display vector are maintained in the expression vector.
Further, the transfer process can be used to switch from a prokaryotic promoter to a mammalian
promoter on the 5’ end of the coding strand and from a sequence encoding a bacteriophage
coat protein (or fragment thereof) to a sequence encoding an F¢c domain on the 3’ end of the
coding strand. General methods for cloning are described in standard laboratory manuals, e.g.,
Sambrook et al. (2001) Molecular Cloning: A Laboratory Manual (Third Edition), Cold Spring
Harbor Laboratory Press.

In the second step, the region intervening between the light chain coding region and the
heavy chain-coding region is substituted. For example, the linker region between VH and VL
genes can be replaced with a sequence that includes a prokaryotic ribosome binding site (RBS),
or a sequence with an internal ribosomal entry site (IRES) or a sequence including a eukaryotic

promoter. Also in this process, signals for secretion (e.g., the prokaryotic or eukaryotic signals
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for secretion) and sequences from the constant regions of the immunoglobulin molecules (e.g.,
Ck, CH1) can be inserted. In some implementations, the intervening region is substituted by
recombination in a cell. In still others, the intervening region is not substituted, but rather
sequences are inserted e.g., using site-specific recombination, and optionally without excising
the sequences designed for prokaryotic expression.

Hybrid signal sequences that are functional in both prokaryotic and eukaryotic cells can
be used to obviate reformatting of some (e.g., at least the 3’ region of the signal sequence, e.g.,
the -3, -2, and -1 positions) or all of the signal sequence. In some cases, a signal sequence is
functional in multiple expression systems (e.g., both pro- and eukaryotic systems). For
example, the signal sequence of some bacterial beta-lactamases is functional in eukaryotic cells
and prokaryotic cells. See, e.g., Kronenberg et al., 1983, J. Cell Biol. 96, 1117-9; Al-Qahtani et
al., 1998, Biochem. J. 331, 521-529. Signal sequences that function in multiple hosts can also
be designed on the basis of the requirement of such signal sequence (consensus rules) in the
respective expression hosts, or may be selected empirically.

In some embodiments, the selected ScFv polypeptide of the invention can be
reformatted to small modular immunopharmaceutical (SMIP™) drug format (Trubion
Pharmaceuticals, Seattle, Wash.) using a similar cloning strategy. SMIPs are single-chain
polypeptides composed of a binding domain for a cognate structure such as an antigen, a
counter receptor or the like, a hinge-region polypeptide having either one or no cysteine
residues, and immunoglobulin CH2 and CH3 domains (see also www.trubion.com). The SMIP
drug designs are disclosed in, e.g., U.S. Published Patent Appin. Nos. 2003/0118592,
2003/0133939, 2004/0058445, 2005/0136049, 2005/0175614, 2005/0180970, 2005/01862186,
2005/0202012, 2005/0202023, 2005/0202028, 2005/0202534, and 2005/0238646, and related
patent family members thereof, all of which are hereby incorporated by reference herein in their
entireties.

Encoding nucleic acid, whether reformatted or not, may be used in production of the
encoded polypeptide or peptide using any technique available in the art for recombinant
expression.

Systems for cloning and expression of a polypeptide in a variety of different host cells
are well known. Suitable host cells include bacteria, mammalian cells, yeast and baculovirus
systems. Mammalian cell lines available in the art for expression of a heterologous polypeptide
include Chinese hamster ovary cells, HelLa cells, baby hamster kidney cells, NSO mouse
melanoma cells and many others. A common, preferred bacterial host is E. coli.

The expression of antigen binding proteins, antibodies and antibody fragments thereof in
prokaryotic cells such as E. coli is well established in the art. For a review, see for example

Pluckthun, A. Bio/Technology 9: 545 551 (1991). Expression in eukaryotic cells in culture is

also available to those skilled in the art as an option for production of a specific binding member,
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see for recent reviews, for example Ref, M. E. (1993) Curr. Opinion Biotech. 4: 573 576; Trill J.
J. etal. (1995) Curr. Opinion Biotech. 6: 553 560.

Thus, nucleic acid encoding a specific polypeptide selected using a method of the

invention, or a component of such a specific polypeptide (e.g. VH and/or VL domain) may be
provided in an expression system for production. This may comprise introducing such nucleic
acid into a host cell. The introduction may employ any available technique. For eukaryotic
cells, suitable techniques may include calcium phosphate transfection, DEAE-Dextran,
electroporation, liposome-mediated transfection and transduction using retrovirus or other virus,
e.g. vaccinia or, for insect cells, baculovirus. For bacterial cells, suitable techniques may
include calcium chloride transformation, electroporation and transfection using bacteriophage.

The introduction may be followed by causing or allowing expression from the nucleic
acid, e.g. by culturing host cells under conditions for production of the encoded product. The
present invention also provides a method that comprises using a construct as stated above in
an expression system in order to express a specific binding member or polypeptide as above.

Following production by expression, a product may be isolated and/or purified and may
be formulated into a composition comprising at least one additional component. Such a
composition may comprise a pharmaceutically acceptable excipient, vehicle or carrier.

Further aspects and embodiments of the present invention will be apparent to those skilled in
the art in the light of the present disclosure. It should further be noted that all documents
mentioned anywhere herein are incorporated by reference.

Claims or descriptions that include “or” between one or more members of a group are
considered satisfied if one, more than one, or all of the group members are present in,
employed in, or otherwise relevant to a given product or process unless indicated to the contrary
or otherwise evident from the context. The invention includes embodiments in which exactly
one member of the group is present in, employed in, or otherwise relevant to a given product or
process. The invention also includes embodiments in which more than one, or all of the group
members are present in, employed in, or otherwise relevant to a given product or process.
Furthermore, it is to be understood that the invention encompasses all variations, combinations,
and permutations in which one or more limitations, elements, clauses, descriptive terms, efc.,
from one or more of the claims or from relevant portions of the description is introduced into
another claim. For example, any claim that is dependent on another claim can be modified to
include one or more limitations found in any other claim that is dependent on the same base
claim. Furthermore, where the claims recite a composition, it is to be understood that methods
of using the composition for any of the purposes disclosed herein are included, and methods of
making the composition according to any of the methods of making disclosed herein or other
methods known in the art are included, unless otherwise indicated or unless it would be evident

to one of ordinary skill in the art that a contradiction or inconsistency would arise. In addition,
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the invention encompasses compositions made according to any of the methods for preparing
compositions disclosed herein.

Where elements are presented as lists, e.g., in Markush group format, it is to be
understood that each subgroup of the elements is also disclosed, and any element(s) can be
removed from the group. It is also noted that the term “comprising” is intended to be open and
permits the inclusion of additional elements or steps. It should be understood that, in general,
where the invention, or aspects of the invention, is/are referred to as comprising particular
elements, features, steps, efc., certain embodiments of the invention or aspects of the invention
consist, or consist essentially of, such elements, features, steps, efc. For purposes of simplicity
those embodiments have not been specifically set forth in haec verba herein. Thus for each
embodiment of the invention that comprises one or more elements, features, steps, efc., the
invention also provides embodiments that consist or consist essentially of those elements,
features, steps, etc.

Where ranges are given, endpoints are included. Furthermore, it is to be understood
that unless otherwise indicated or otherwise evident from the context and/or the understanding
of one of ordinary skill in the art, values that are expressed as ranges can assume any specific
value within the stated ranges in different embodiments of the invention, to the tenth of the unit
of the lower limit of the range, unless the context clearly dictates otherwise. It is also to be
understood that unless otherwise indicated or otherwise evident from the context and/or the
understanding of one of ordinary skill in the art, values expressed as ranges can assume any
subrange within the given range, wherein the endpoints of the subrange are expressed to the
same degree of accuracy as the tenth of the unit of the lower limit of the range.

In addition, it is to be understood that any particular embodiment of the present invention
may be explicitly excluded from any one or more of the claims. Any embodiment, element,
feature, application, or aspect of the compositions and/or methods of the invention can be
excluded from any one or more claims. For purposes of brevity, all of the embodiments in which
one or more elements, features, purposes, or aspects are excluded are not set forth explicitly

herein.

EXAMPLES

EXAMPLE 1. Design of Phage Display Vectors Compatible with Ribosome Display Systems

New plasmid vectors (pWRIL-1 and pWRIL-2) were designed to combine optimal
functional features for phage display with compatible restriction sites that facilitate the “batch”
transfer of selected protein-encoding sequences into compatible vectors designed for ribosomal

protein display (e.g., pWRIL-3 and pWRIL-4, as described in Examples 2).
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The new phage display vectors, pWRIL-1 and pWRIL-2, SEQ ID NO. 1 and 2,
respectively, are designed to contain dual Sfil restriction sites for cloning sequences encoding
the polypeptide to be displayed or expressed. The two Sfil restriction sites were designed to be
non-compatible with each other during ligation reactions and were incorporated in functional
regions of the expression cassette.

pWRIL-1 contains a restricted Lac promoter/operator system with upstream /acl
repressor sequence. pWRIL-2 differs from pWRIL-1 in the promoter region. pWRIL-2 further
contains a strong tHP terminator inserted between the /acl gene and the Lac promoter/operator
region, resulting in a very tightly regulated promoter/operator system. Additionally, a low
efficiency ribosome-binding sequence is used in pWRIL-2 to further decrease g3-fusion protein
production before induction. The different design of the promoter region for pWRIL-1 and
pWRIL-2 is important. For example, pWRIL-2 will be particularly useful for the display of
proteins that are toxic to E. coli because of its highly restricted promoter system, while pWRIL-1
is a more effective expression vector. Additionally, both pWRIL-1 and pWRIL-2 contain an Omp
A leader peptide which drives the secretion of expressed protein into the periplasm.

A large (1.2 kb) “stuffer’ sequence occupies the space between the two Sfi 1 restriction
sites in both pWRIL-1 and pWRIL-2. In some embodiments this stuffer sequence includes a
chloramphenicol resistance gene, which allows double antibiotic selection of bacteria after
transformation with plasmid not yet containing a cloned sequence encoding a displayed protein.
The stuffer sequence is also used for practical benefit, making double-cut plasmid easily
distinguishable from single-cut plasmid during agarose gel purifications. In some embodiments,
the stuffer sequence between the two non-compatible restriction sites comprises a nucleotide
sequence that codes for an antibiotic resistance gene under a separate promoter than that
which drives expression of a coding sequence of an antigen binding polypeptide of interest.

A hexa-histidine “tag” is designed to be contiguous to the C-terminal end of the cloned
polypeptide, facilitating both affinity purification and detection of expressed proteins. A C-Myc
epitope peptide tag is designed to be contiguous to the C-terminal end of the cloned protein
after the poly-histidine tag, facilitating sensitive detection of expressed proteins.

A short amino acid sequence containing a trypsin cleavage site is inserted between the
hexa-histidine and C-Myc tags. The trypsin cleavage site allows enzymatic elution of phage
after selection, which is beneficial because the elution will not be affected by the affinity or
stability of protein interactions.

Both pWRIL-1 and pWRIL-2 contain a truncated g3 sequence “stump” that encodes a C-
terminal portion of the M13 bacteriophage coat protein 3 including g3 amino acids 250-406.
This g3 sequence “stump” is shorter than the more commonly used amino acids 198-406
construct. The shorter sequence removes a potentially unstable GS-rich linker region and the

unpaired cysteine residue C201 that may cause aberrant Cys-Cys linkage during expression.
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An “amber” DNA codon (nucleotide sequence TAG) is inserted between the c-Myc tag
and the g3 stump. This codon is generally read as a stop codon by E. coli, but in male mutant
“suppressor” strains (e.g., the supE or supf genotypes), this codon is frequently read as an
amino acid, leading to read-through and expression of a protein-tag-g3 stump fusion-product,
thereby allowing display of the fusion product on phage. Suppression of the amber codon is
only partially effective, which is advantageous in phage display because it minimizes production
of the g3 product, which is often toxic in E. coli. In “non-suppressor” strains, the stop codon is
fully functional, resulting in free, tagged, proteins without fusion to the g3 stump.

Both pWRIL-1 and pWRIL-2 contain an F1 origin, the M13 bacteriophage origin of
replication, which leads to packaging of the plasmid into phage particles, creating the critical
phenotype to genotype linkage required for phage-display.

The vectors also contain an ampicillin resistance gene for antibiotic selection of E. coli
transformed with the plasmid and a pUC origin or replication for propagation of the plasmid in E.
coli.

The pWRIL-1 and pWRIL-2 vector systems are designed to permit the cloning of protein
libraries or single clones using a single restriction enzyme such as Sfil and to allow efficient
display of proteins on the surface of bacteriophage M13 and efficient expression of selected
protein-encoding sequences from the same vector used for selection.

Moreover, pWRIL-1 and pWRIL-2 vector systems allow rapid reformatting into
compatible vectors without altering gene sequence. In particular, the pWRIL-1/2 cloning regions
have been designed to allow rapid and transfer of encoding sequences to and from ribosome
display vectors of the present invention, such as, pWRIL-3 and pWRIL-4 (see Example 2). This
is important for the analysis of ribosome display products as the vectors for ribosomal display

are typically not compatible with bacterial expression of protein for further analysis.

EXAMPLE 2. Design of Ribosome Display Vectors Compatible with Phage Display Systems

Two vectors pWRIL-3 and pWRIL-4 are designed to be compatible with phage display
vectors, thereby facilitating transfer “en masse” between phage display and ribosome display
systems.

As discussed above, an important feature of ribosome display vectors is the absence of
a stop codon in the protein encoding sequence which causes ribosomes to stall whilst
synthesizing the folded protein, thus forming a stable linkage between the ribosome, mRNA and
encoded protein. Both pWRIL-3 and pWRIL-4 lacks a stop codon in-frame of the displayed
polypeptide.

pWRIL-3 and pWRIL-4 contain restriction sites that are compatible with the phage
display vectors of the present invention, for example, pWRIL-1 and pWRIL-2 (see Example 1).

Spedcifically, both pWRIL-3 and pWRIL-4 contain two non-compatible Sfil sites that are present
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in phage display vectors such as pWRIL-1 and pWRIL-2. This feature allows libraries of
antibodies and other proteins to be transferred “en masse” between phage display and
ribosome display systems.

In addition, both pWRIL-3 and pWRIL-4 contain a 69 amino acid spacer polypeptide
sequence (i.e., residues 249-318 of gene Ill) that separates displayed polypeptide from
ribosome facilitating the correct folding of the polypeptide.

pWRIL-3 contains 5 and 3’ stem loop structures to protect synthesized mRNA, a T7
promoter and ribosome binding site for in vitro transcription and translation in prokaryotic
(Eschericia coli) lysates. Therefore, pWRIL-3 is most suitable for prokaryotic display.
pWRIL-4 contains a 3’ stem loop structure to protect synthesized mRNA and a T7 promoter and
translational enhancer of X. leavis 3 globin gene for in vitro transcription and translation in
Eukaryotic (Rabbit Reticulocyte) Lysates. Therefore, pWRIL-4 is most suitable for eukaryotic
display.

EXAMPLE 3: Reformatting and Mutagenesis of Parental Humanized XT-M4 as an ScFv
Antibody

An anti-RAGE antibody, XT-M4, has previously been described in U.S. Patent
Publication No. 2007/0286858A1, including chimeric and humanized version. A particular scFv
humanized variant of XT-M4 (i.e., Vy 2.0, V| 2.11) was also described in U.S. 2007/0286858A1

Reformatting and Mutagenesis of Parental Humanized XT-M4 as an ScFv Antibody

Prior to mutagenesis and testing for improved potency the parental antibody XT-M4 was
reformatted as an scFv in both the V-V, format and the Vy -V, format, incorporating a flexible
linker sequence [DGGGSGGGGSGGGGSS; SEQ ID NO:16]. Both formats were functional, but
the V -V} format was chosen for optimization. Restriction sites were also incorporated at either
end of XT-M4 scFv to facilitate convenient reformatting to scFv-Fc fusion proteins utilizing
general recombinant DNA techniques well known to those skilled in the art. Assembled scFv
antibody fragments were synthesized from overlapping oligonucleotides, digested with Sfi1
restriction enzyme and cloned into the phage display vector pWRIL-1.

Parental antibody in the scFv format was mutagenized and screened for improved
potency. Mutagenesis was performed using standard technigues, including oligonucelotide site-
specific and error-prone PCR mutagenesis. Libraries of mutant clones were selected for
increased antigen binding utilizing either Phage Display or Ribosome Display technology.

A Ribosome Display library of variants was created by error prone PCR. This allowed the
introduction of diversity over the whole length of the molecule and allowed the isolation of
potentially beneficial mutations in CDRs other than VH-CDRS, framework residues and vernier
regions. This approach is analogous to the natural process of somatic hypermutation. An

added feature of this approach is the potential mapping of the functional antibody paratope, the
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definition of mutational ‘Hotspots’ and potential isolation of mutations that enhance VH/VL
domain interactions. Due to the huge molecular diversity that can be generated by error prone
PCR, this approach was only used in conjunction with ribosome display.

The XT-M4-error prone PCR product was cloned into the ribosome display vector,
pWRIL-3 and had an estimated size of 5 x 10" Two phage display libraries were constructed
targeting diversity into either the VH-CDRS3 loop or the VL-CDRS3 loop. The VH-CDRS3 was
aggressively mutated using total randomization using sequential NNS mutagenic codons
spanning the length of the VH-CDR3 in blocks of two stretches of 6 codons overlapping by two
codons to cover the VH-CDR3 of length 10 codons. The VL-CDRS3 was subjected to a lower
mutaional load and a codon based strategy was taken. This approach aimed to mimic the
natural amino acid diversity at each position within this loop using collated sequence alignment
of natural V genes in the public database. The Vy-CDR3 randomized library had a size of 1.2 x
10° and the V. -CDR3 based library was 5 x 10%. The frequency and distribution of mutations in
both CDR3 libraries (determined by sequencing), was consistent with the theoretical diversity

introduced by the oligonucleotide design.

EXAMPLE 4: Selection of scFv clones with improved affinity for human and mouse RAGE

Increases in binding to RAGE antigen were detected with the aid of a competition assay
using parental XT-M4 antibody. Both phage display and ribosome display libraries were
selected for affinity improved variants by incubating with biotin labeled hRAGE-Fg¢, recovering
binding clones using streptavidin magnetic beads and washing away non binding variants.
Sequential rounds of selection were carried on decreasing antigen concentrations to drive the
preferential recovery of higher affinity variants. Clones recovered after selection were
subsequently screening for improved binding to hRAGE-F¢ using HTRF. This is an assay that
measures the decrease in fluorescence upon binding of parental europium cryptate-labeled XT-
M4 to RAGE in the presence of competing test scFv antibodies. In these assays, periplasmic
preparations of scFv were prepared from bacterial cultures and added in increasing
concentrations to a combination of parental antibody and antigen. The ability of the scFV to
compete with parental XT-M4 antibody to bind to Biotin-labeled RAGE-F¢ was determined. In
the presence of avidin-XL665 complex labeled XT-M4 bound to biotinylated RAGE-FC was
detected by Fluorescence. Increasing amounts of scFv that competed with the XT-M4 for
binding to biotinylated-RAGE-Fc was detected as a decrease in fluorescence. A sequential
process of screening was used to focus in on a smaller number of clones with the greatest
competition in HTRF assay

High-throughput HTRF analysis of individual rounds of selections on human RAGE for
Phage Display clones is shown in Figure 8A and 8B. Empty triangles represent parental XT-M4

scFv. Filled triangles represent negative control anti CD20 scFv. Circles represent clones

37



10

15

20

25

30

35

WO 2010/036860 PCT/US2009/058323

derived from the VL-CDR3 library and squares represent clones derived from the VH-CDR3
libraries. All analyses were carried out as single point assays using unpurified periplasmic
preparations of scFv proteins. Clones towards the top of the figure are negative non binding
clones and as selections proceed from left to right the number of non binding clones decreases.

High-throughput HTRF analysis of individual rounds of selections on human RAGE are
shown for ribosomal display clones in Figure 7. Range of negative control (CD20 ScFv,
parental wild-type (XTM4 scFv) and positive control (H8 ScFv) are indicated on the y axis which
measures the change in fluorescence in competition HTRF. The clones with improved binding
are boxed.

An increase in the number of highly competing clones retrieved was observed after each
round of selection, when compared to parental XT-M4 scFv.

Selected V -CDR3 variants were found to be less potent than the Vy-CDR3 variants,
suggesting a greater importance of the Vi-CDR3 in determining antigen binding. It was also
observed that the GGDI motif at the 5 end of the V4-CDR3 sequence was not tolerant of
mutation (an observation further confirmed using ribosome display strategy). A particular
mutation in the heavy chain CDR3, F106L, was identified in the V,-CDR3 that was present in
the vast majority of selected variants. F106l was also observed in several clones, but this
mutation was not associated with the same affinity gains observed for F106L. Sequence
analysis of improved variants showed that there were several distinct families of clones.

A large family of closely related improved clones was found to have a "charge-hydrophobe-
small” motif in the center of the loop (positions 103,104,105), predominantly comprised of K/R-
V-G/S sequences. A second family of improved clones had a different motif at positions 103-
105; comprised of ‘hydrophobe-charge-small’ (L/V-D-S/G), or ‘hydrophobe-hydrophobe-small’
(L-V-G/S) sequences. In almost all clones sequenced there was a preference for a small amino
acid (S, G, occasionally M) at position 105. This represents maintenance of the wild-type amino
acid chemistry at this position. The T103K/R/L and T104V/D mutations represent significant
changes in chemistry at these positions. The vast majority of improved clones exhibited a
preference for a charged residue (D, R, H) to the c¢-terminal side of F106L (position 107), with
the natural amino acid at this position (D) being predominantly preferred. However, the highest
overall affinity clone identified (clone 3G5) carries a proline in this position. The last position in
the CDR3 (Y108) was generally variable amongst the total population, but was mostly
maintained as one of the large aromatic residues most often found at this position in natural
antibodies (Y, F). Gains in affinity were somewhat less successful in the VL than the VH.
Tables 3 and 4 below represent Phage Display (Table 3) and Ribosome Display (Table 4)
clones that were selected for increased affinity for RAGE binding. Clones highlighted with an “ *

”in Table 3 and all clones except S2R4A4_6G2 in Table 4 were reformatted as scFv-F¢ fusions.
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Clone ID LCDR3 HCDR3 [Cso
(nM)
M4AWT LEFDEHPLT (SEQID NO.17) | GGDITTGFD (SEQ ID NO.32) 33.2
3A10 LEFSLSRS (SEQID NO.18) Nd
3B7 LQFDSHPLT (SEQID NO.19) 7.35
3B9 LQFDNHPLT (SEQ ID NO.20) 10.59
3C7 LQYDAHPXT (SEQID NO.21) 9.23
3E8 LQFDVHPLT (SEQID NO.22) 7.21
3G8 LQYDAHPLT (SEQ ID NO.23) 8.08
6A8 XXFXXHPLT (SEQ ID NO.24) 3.14
6A10 LQFDAHPLT (SEQID NO.25) 6.94
6A11 LQFDSHPLT (SEQID NO.26) 32.75
6A12 LQYDAHPLT (SEQ ID NO.27) 8.27
6B8 XXFDXHPLT (SEQID NO.28) 3.34
6C1 LELDEHPLT (SEQ ID NO.29) 4.44
6C10 LQFDEHPLT (SEQ ID NO.30) 7.38
6C11 LQYDAHPLT (SEQID NO.31) 9.03
3A6” GGDILVSLDV (SEQ ID NO.33) | 0.474
3B2* GGDILVGLDY (SEQID NO.34) | 0.917
3B4* GGDIREGLRY (SEQ ID NO.35) | 1.306
3C6 GGDIVVGLDH (SEQID NO.36) | 1.259
3D2* GGDIRVSLDH (SEQID NO.37) | 1.274
3D5 GGDIKVGLDL (SEQ ID NO.38) | 2.998
3D6 GGDIRVMLDL (SEQID NO.39) | 2.924
3G3 GGDIKVSLDH (SEQ ID NO.40) 1.44
3G5* GGDIKVSLDH (SEQID NO.41) | 0.87
6B2* GGDIRVGLDV (SEQID NO.42) | 1.774
6B6” GGDIISLDW  (SEQ ID NO.43) | 0.645
6C1 GGDIKVGLDN (SEQID NO.44) | 4.44
6C2* GGDIKVSLDR (SEQID NO.45) | 0.731
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Clone ID LCDR3 ICso
(nM)

6C3* GGDITLGLDV (SEQID NO.46) | 1.527

6D5 DDDIKVSLDQ (SEQID NO.47) | 1.458

6E3 GGDIRVSLDF (SEQID NO.48) | 1.747

6E5 GGDIRVMLDV (SEQID NO.49) | 2.25

6G4* GGDILDSLHF (SEQID NO.50) | 2.03

TABLE 4
ICs0 VALUES FOR RIBOSOME DISPLAY CLONES

Clone [Cs0 (NM)

XT-M4 33.0

S2R4A4_6G2 1.3

S2R4A3_10H6 0.3

S2R3A1_8G9 ~24

S2R4A3_10D8 2.6

S1R5A1_3B3 2.2

S2R4A4_1G6 1.2

S2R3A1_2E6 1.9

S2R4A3_5A3 ~3.0

S1R5A1_10G10 16.3

S2R3A1_5H3 8.2

Sequence analysis of 261 Ribosome Display clones from sequential rounds of selection
with functional binding to coated hRAGE-Fc¢ in ELISA showed a diverse spread of mutations in
both the Vy and V. domain distributed across both CDR’s and the framework regions.
Furthermore, residues were defined that do not tolerate mutations. Some evidence of dominant

mutations that were carried through consecutive rounds of selection was also identified,

indicating selective pressure for certain clones.

EXAMPLE 5: REFORMATTING OF SCFV CLONES TO SCFV-FC FUSION PROTEINS

Clones identified from phage display and ribosome display selections were chosen for
scFv-F¢ reformatting.

above, other secondary criteria were also considered in order to make the top 10 selection (i.e.

In the case of the ribosome display clones in pWRIL-3 as described
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clones had to have a mutation with an amino acid frequency of >4 in the population of 123
sequences, clones carrying frequently occurring mutations and clones considered to be carrying
mutations potentially positioned at the V|/ Vy interface).

The initial design of the parental XT-M4 scFv construct incorporated BssHIl and Bc/1
restriction sites at the 5" and 3’ end of the scFv sequence in pWRIL-3 to facilitate direct
reformatting into F¢ fusions using the chosen acceptor vector.

The acceptor vector contained a wildtype (wt) IgG constant region (Fc), with a eukaryotic
promoter and eukaryotic and bacterial origins of replication for transfer and expression in
bacteria and eukaryotic organisms. It also contained a multiple cloning site for integration of
one or more variable region binding domains and allows for expression of the variable region(s)
as part of an FV- Fc¢ fusion protein. Nucleic acids encoding selected scFv were cloned into pre-
the pSMED vector operably linked and fused at the protein level with an Fc constant region.
The recombinant plasmid contained an open reading frame comprising the scFv coding region
amino to the F¢ region containing protein coding sequences for the hinge region followed by the
CH1 and CH2 regions of a human IgG.

The recombinant plasmid described above was transfected into COS cells and the scFv-
Fc fusions constructs were expressed. Following expression in COS cells, the scFv utilizes the
dual hinge regions to form a bivalent scFv-Fc¢ fusion construct. The panel of selected clones
derived by phage display (n=70) and ribosome display (n=70) were converted to Fc¢ fusions as
described above for the parent XT-M4 [Note: one of the ribosome display clones was lost due to
the generation of a internal Bc/1 site by random mutagenesis].

These were expressed transiently in COS cells and purified by Protein A affinity
chromatography, followed by buffer exchange into PBS. SDS-PAGE analysis of the purified
proteins indicated that the level of purity was high and did not detect any obvious aggregation or
degradation products. SEC (size exclusion chromatography) analysis of each of the clones was
also carried out to detect formation of high molecular weight aggregates (HMW). Overall, the
level of HMW formation was low for both phage display and ribosome display clones. The
ribosome display clones discovered herein in particular have a very favorable SEC profile with
low levels of aggregation. Without being bound by theory, low level aggregation may be due to
the fact that these scFv molecules have been subjected to random error-prone PCR across the
whole length of the sequence and in this sense have evolved as a single unit. Clones 10H6,
10D8 and 2E6 carried a mutation in the flexible linker to Asn residue which could also be
correlated with improved biochemical characteristics. For SEC analysis of scFv-F¢ fusion
proteins. All samples were run at a concentration of 60 pg/ml in 50 mM sodium phosphate
buffer, pH 7.5.

Purified scFv-Fc proteins were also subjected to HTRF titration as above and this

confirmed affinity improvements in a bivalent format. In most cases further improvements were
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seen in going from scFv to a bivalent fusion. Both phage and ribosome display clones showing
improved potency were reformatted to scFv-Fc fusions. The HTRF titration analysis was carried

out for both human and murine RAGE as shown in Figures 8A and B and Figure 9.

EXAMPLE 6: CHARACTERIZATION OF SCFV-FC FUSION PROTEINS

BlAcore analysis and kinetic constant calculation used RAGE-SA directly immobilized on

a CM5 BIACORE surface with scFv-Fc proteins injected over the surface for 3 min with a
dissociation period of 5 min. In summary, mutant clones were significantly improved with
improvements in kd values ranging from 7 to 69 fold for the phage display clones and 4 to 67

fold for the ribosome display clones.

EXAMPLE 7: BINDING OF SCFV-FC PROTEINS TO CHO-RAGE CELLS

Binding of scFv-Fc proteins to CHO-RAGE cells was conducted to ensure that selected

clones also exhibited improved binding to authentic cell surface expressed RAGE target.
Improved EC50 values were observed of between 5-14 fold over parental XT-M4 scFv-Fc
fusions. Stably transfected Chinese Hamster Ovary (CHQO) cells were engineered to express
murine and human RAGE full length proteins. The murine and human RAGE cDNAs were
cloned into the mammalian expression vector pPSMED, linearized and transfected into CHO cells
using lipofectin methods (Kaufman, R. J., 1990, Methods in Enzymology 185:537-66; Kaufman,
R. J., 1990, Methods in Enzymology 185:487-511; Pittman, D. D. et al.,, 1993, Methods in
Enzymology 222: 236). Cells were further selected in 20 nM methotrexate and cell extracts were

harvested from individual clones and analyzed by SDS sodium dodecy! sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and Western blotting to confirm expression. These results are
shown below in Table 11. Absorbance 450 nm values were corrected for the same clones
binding to control CHO cells not expressing RAGE. EC50 values were calculated after curve
fitting using GraphPad prism and are expressed in ug/ml. EC50 is the effective concentration

that gives 50% of maximum value in ug/ml of scFv-Fc¢ protein.

TABLE 5
Clone ID EC50 Clone ID EC50
Phage Ribosome
Display display
H2 IgG 0.068 H2 IgG 0.0897
M4 1gG 0.312 M4 1gG 0.266

42



WO 2010/036860

M4 scFv-Fc
3A6
3B2
3D2
3G5
6B2
6C2
6C3
6B6
6G4

0.408

0.0673
0.0335
0.1363
0.0565
0.0816
0.0285
0.155

0.0285
0.1721

M4 scFv-Fc
8G9

10D8

1G6

2E6

5A3

10G10

IgG control
3B3
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0.388
0.077
0.092
0.1875
0.1134
0.096
0.1334
N/A
0.541
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WHAT IS CLAIMED IS:

1.

10.

A polynucleotide comprising in order from 5 to 3': a Lac promoter/operator
nucleotide sequence with an upstream lacl repressor sequence, a nucleotide
sequence that encodes a ribosome binding site, a nucleotide sequence that encodes
an Omp A leader peptide, a first Sfi | restriction site nucleotide sequence, a
nucleotide sequence that encodes a polypeptide that confers antibiotic resistance, a
second Sfi | restriction site nucleotide sequence, a nucleotide sequence that
encodes a first tag sequence, a nucleotide sequence that encodes an amino acid
sequence 3’ to the first tag sequence, a nucleotide sequence that encodes a second
tag sequence, a nucleotide sequence that encodes a stop codon after the second

tag sequence, and a nucleotide sequence that encodes a bacterial coat protein.

The polynucleotide of Claim 1 which further comprises a bacterial origin of

replication.

The polynucleotide of Claim 2 wherein the bacterial origin of replication is selected

from the group consisting of: a pUC origin, a pBR 322 origin and a ColE1 origin.

The polynucleotide of any one of the preceding claims wherein the bacterial origin of

replication is a pUC origin of replication.

The polynucleotide of any one of the preceding claims which further comprises a

phage origin of replication.

The polynucleotide of Claim 5 wherein the phage origin of replication is selected from
the group consisting of: an F1 M13 origin of replication, phage f1 origin of replication,
phage fd origin of replication, a T7 bacteriophage origin of replication and a

lambdoid phage origin of replication.

The polynucleotide of Claim 6, wherein the bacteriophage origin of replication is an

F1 M13 origin of replication.

The polynucleotide of any one of the preceding claims wherein the nucleotide
sequence that encodes a polypeptide that confers antibiotic resistance is selected
from the group consisting of nucleotide sequences that encode: ampicillin,

chloramphenicol, tetracycline, kanamycin and rifampicin.

The polynucleotide of Claim 8 wherein the polypeptide that confers antibiotic

resistance is chloramphenicol.

The polynucleotide of any one of the preceding claims wherein the Omp A sequence

encodes an Sfi | site.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

The polynucleotide of any one of the preceding claims wherein the first and second

Sfi | restriction sites are not compatible with each other.

The polynucleotide of any one of the preceding claims wherein the first Sfi |

restriction site comprises SEQ ID NO. 5, or its compliment.

The polynucleotide of any one of the preceding claims wherein the second Sfi |

restriction site comprises SEQ ID NO. 6, or its compliment.

The polynucleotide of any one of the preceding claims which further comprises a
nucleotide sequence encoding a second polypeptide that confers antibiotic

resistance.

The polynucleotide of any one of the preceding claims wherein the nucleotide
sequence that encodes a second polypeptide that confers antibiotic resistance is
selected from the group consisting of nucleotide sequences that encode: ampicillin,

chloramphenicol, tetracycline, kanamycin and rifampicin.

The polynucleotide of claim 15 wherein the polypeptide that confers antibiotic

resistance is ampicillin.

The polynucleotide of any one of the preceding claims wherein the amino acid

sequence after the first tag sequence comprises a protease cleavage site.

The polynucleotide of Claim 17 wherein the protease cleavage site is selected from
the group consisting of: a trypsin cleavage site, a Factor Xa cleavage site, a

Genenase cleavage site and a Tobacco etch virus protease cleavage (TEV) site.

The polynucleotide of Claim 18 wherein the protease cleavage site is a trypsin

cleavage site.

The polynucleotide of any one of the preceding claims wherein the nucleotide
sequence that encodes the first tag sequence is selected from the group consisting
of nucleic acids that encode: a flag tag, a c-myc tag, a histidine tag, a GST tag, a
green fluorescent protein tag, an HA tag, and E-tag, a Strep tag, a Strep tag Il and a
Yol 1/34 tag.

. The polynucleotide of Claim 20, wherein the first tag sequence is a histidine tag.

The polynucleotide of any one of the preceding claims wherein the nucleic acid
sequence that encodes the second tag sequence is selected from the group
consisting of nucleic acids that encode for: a flag tag, a c-myc tag, a histidine tag, a
GST tag, a green fluorescent protein tag, an HA tag, and E-tag, a Strep tag, a Strep
tag Il and a Yol 1/34 tag.

The polynucleotide of Claim 22 wherein the second tag sequence is a c-myc tag
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

The polynucleotide of any one of the preceding claims wherein the nucleotide
sequence that encodes a bacteriophage coat protein comprises a sequence that

encodes a g3 protein.
The polynucleotide of Claim 24 wherein the g3 protein is truncated.

The polynucleotide of Claim 24 or Claim 25 wherein the g3 protein comprises at least

amino acids 198- 406 of the g3 protein.

The polynucleotide of any one of Claims 24 or Claim 25 wherein the g3 protein

comprises less than amino acids 198-406 of the g3 protein.

The polynucleotide of any one of Claims 24 or Claim 25 wherein the g3 protein

comprises amino acids 250-406 of the g3 protein.

The polynucleotide of any one of the preceding claims wherein the nucleotide

sequence encoding a stop codon comprises a suppressible stop codon.

The polynucleotide of any of the preceding claims wherein the polynucleotide
comprises SEQ ID. NO. 1 (pWRIL-1).

The polynucleotide of Claim 30, wherein the polynucleotide further comprises a tHP

terminator inserted between the lacl gene and the Lac promoter/operator.

The polynucleotide of either of Claims 30 or 31 wherein the ribosome binding site is

a low efficiency ribosome binding site.

The polynucleotide of any one of Claims 30-32, wherein the polynucleotide
comprises SEQ ID. NO. 2 (pWRIL-2).

The polynucleotide of any one of the preceding claims that further comprises an

insert.
A cell comprising any one or more of the polynucleotide of Claims 1-34.
A method of generating a phage display library, the method comprising the steps of:

a. replicating a polynucleotide of any of claims 1-34 to create a plurality of

replication products of the polynucleotide;

b. digesting the plurality of replication products of step (a) with an Sfi | restriction

enzyme;

c. ligating the population of Sfi | digested polynucleotides of step (b) with a
plurality of polynucleotides each comprising in 5’ to 3’ direction a first Sfi site,
a polynucleotide encoding an antigen binding polypeptide and a second Sfi
site, wherein the first Sfi | site is compatible with the first Sfi | step (b)and the

second Sfi | site is compatible with the second Sfi | site of step (b); and
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37.

38.

39.

40.

41.

d. recovering the ligation products of step c.

The method according to Claim 36, wherein the antigen binding polypeptide is
selected from the group consisting of: a peptide, a chimeric antibody, a humanized
antibody, a human antibody, a single chain antibody, a tetrameric antibody, a
tetravalent antibody, a multispecific antibody, a domain-specific antibody, a domain-
deleted antibody, a fusion protein, an ScFc fusion protein, an Fab fragment, an Fab'
fragment, an F(ab')2 fragment, an Fv fragment, a single-chain Fv (ScFv) fragment,
an Fd fragment, a single domain antibody, a dAb fragment, a small modular
immunopharmaceutical (SMIP), a shark variable IgNAR domain, a CDR3 peptide, a
constrained FR3-CDR3-FR4 peptide, a nanobody, a bivalent nanobody and a
minibody..

The method of Claim 37, wherein the polypeptide is a single-chain Fv (ScFv)
antibody.

A phage display library constructed using the method of any one of Claims 36-39.

A cell comprising the polynucleotide as generated by the method of any one of
Claims 36-37.

A method of transferring a population of polynucleotides from a phage display library,
each polynucleotide encoding an antigen binding polypeptide, to a ribosome display

polynucleotide, the method comprising,:

a. generating a population of phage display polynucleotides of any of claims
36-39, that encode an antigen binding polypeptide that specifically binds to a
binding partner, each polynucleotide comprising in order from 5’ to 3": a first
Sfi | restriction site nucleotide sequence, a polynucleotide that encodes the
antigen binding polypeptide and a second Sfi | sequence that is not
compatible with the first Sfi | restriction site nucleotide of the phage display

polynucleotide;
b. isolating the polynucleotides from step (a);

¢. generating a plurality of polynucleotides by digesting the polynucleotides from

step (b) with an Sfi | restriction enzyme;

d. replicating a ribosome display polynucleotide comprising a first and second
Sfi | restriction site nucleotide sequence to create a plurality of replication

products of the polynucleotides;

e. digesting the plurality of replication products of step (d) with an Sfi |

restriction enzyme;
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42.

43.

44,

45.

46.

f. ligating the population of Sfi digested polynucleotides of step (b) with the
plurality of polynucleotides of step (e) wherein the first Sfi | restriction site is
compatible with the first Sfi | restriction site of step (e) and the second Sfi |
restriction site is compatible with the second Sfi | restriction site of step (e);

and
g. recovering the ligation products of step (c).

The method of claim 41 wherein the polynucleotide in (d) is a ribosome display
polynucleotide and comprises SEQ ID NO: 3 (pWRIL-3) or SEQ ID NO: 4 (pWRIL-4).

The method of either of Claim 41 or 42, wherein the antigen binding polypeptide is
selected from the group consisting of: a peptide, a chimeric antibody, a humanized
antibody, a human antibody, a single chain antibody, a tetrameric antibody, a
tetravalent antibody, a multispecific antibody, a domain-specific antibody, a domain-
deleted antibody, a fusion protein, an ScFc fusion protein, an Fab fragment, an Fab'
fragment, an F(ab')2 fragment, an Fv fragment, a single-chain Fv (ScFv) fragment,
an Fd fragment, a single domain antibody, a dAb fragment, a small modular
immunopharmaceutical (SMIP), a shark variable IgNAR domain, a CDR3 peptide, a
constrained FR3-CDR3-FR4 peptide, a nanobody, a bivalent nanobody and a

minibody.
The method of Claim 43 wherein the polypeptide is a single-chain Fv (ScFv)
antibody.
A ribosome display library constructed using the method of any one of Claims 41-44.

A cell comprising a polynucleotide as generated by the method of any of claims 41-
44,
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Plasmid design map.

gd a.a. 250-406
Amber stop codon

C—-Myc tag
Trypsin cut site
6x His
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Stuffer sequence
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CAP binding site
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g3 a.a. 250-406
Amber stop
C-Myc tag f1 origin
Trypsin cut site
bxts W |||y bla promoter
Sfil (4010) o %
oWRIL—2
Stuffer 4605 bp Amp
Omp.
St 2860 ‘Jill'
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CAP binding site PUC origin
Stop
tHP terminator—
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T7 promotor
M4 Sfi FWD VH

5'—stemloop (RNA)
M4 Sfil VL Fwd

RBS

FLAG-tag

Spacer polypeptide
Rev3

3'—stemloop (RNA)
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APT
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FeoR! (397)

Hindlll (435)

Neol (492)
FLAG-tagq
Sfil (518)

BssHIl (525)
ScFv

Bell (1264)
sfil (1277)

Spacer polypeptide
3'-stemloop (RNA)
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KEY FUNCTIONAL ELEMENTS COMMON TO BOTH pWRIL-1 and pWRIL-2

Restriction sites for cloning:

(i) Design of 5 Sfl 1 restriction site:
Introduces 5' Sfi 1 site into the c—terminal end of an OmpA leader peptide

T Y
L C
IS SIS SIS S S S S S S S S S S S S S S S S S S ST ST SIS ST ST S S S S S S S S S LS S S S S S S S

LGCACCGGE TCCLGCC GGG

(IIPIIIINI SN P / L

(ii) Design of 55l 1 restriction site:
Y Q S R H H H

TGAGGCCTCAGGGGCCCACCATCACCATCA(

LICTCCGGAGTCCCCGGGTGGTAGTGGTAGT(

Tag sequences and trypsin cleavage site

HHHHHHGCGAEFEQKL I SEEDL -
CACCATCA CCATCACCAT GGCGCAGAAT TCGAGCAGAA GCTGATCTCT GAGGAAGACT TGTAGG
GTGGTAGT GGTAGTCGTA CCGCCAGAATAGCTCGTCTT CGACTAGAGA CTCCTTCTGG ACATCC

\ Al A /(VJ
Y Y Y
Hexa—histidine tag  Trypsin cleavage C-Myc tag Arrtlber
stop
FIG.5
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[] Heavy Chains
O Light Chains

Phage Display QC Screen: hRAGE HTRF Competition Assay
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Coupled lead discovery and affinity maturation

Naive phage
display

Sckv library
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Retrieve diverse

population of antigen
specific phage clones
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Batch transfer to
ribosome display format
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example error prone
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Select higher affinity
(Affinity maturation)
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