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Generation of Specific Binding Partners Binding to (Poly)Peptides
Encoded by Genomic DNA Fragments or ESTs

The present invention relates to the generation of specific binding partners binding to
(poly)peptides encoded by genomic DNA fragments or ESTs. The (poly)peptides are
expressed as part of fusion proteins which are forming inclusion bodies on expression in host
cells. The inclusion bodies are used to generate binding partners which bind specifically to
said (poly)peptides. The specific binding partners, in particular immunoglobulins or
fragments thereof, are useful for analysis and functional characterisation of proteins encoded
by nucleic acid sequences comprising the corresponding genomic DNA fragments or ESTs.
The invention further relates to nucleic acid molecules, vectors and host cells to be used in the
methods of the present invention.

The invention further relates to the use of fusion proteins comprising the first N-terminal
domain of the genelll protein of filamentous phage as fusion partner for the expression of a
(poly)peptide/protein fused to said fusion partner, and to methods for the expression of

(poly)peptide/proteins.

Since several years, massive efforts are being undertaken to sequence the human genome, and
to identify and characterise structure and function of the proteins encoded therein. Finally,
this will lead to novel targets for prevention, diagnosis and therapy of diseases (Collins &
Galas, 1993; Adams et al., 1995).

Currently, two different approaches are being pursued for identifying and characterising the
genes distributed along the human genome. In one approach, large fragments of genomic
DNA are isolated, cloned, and sequenced. Potential open reading frames in these genomic
sequences are identified using bioinformatics software. However, this approach entails
sequencing large stretches of human DNA which do not encode proteins in order to find the
protein encoding sequences scattered throughout the genome. In addition to requiring
extensive sequencing, the bioinformatics software may mischaracterize the genomic
sequences obtained. Thus, the software may produce false positives in which non-coding
DNA is mischaracterised as coding DNA or false negatives in which coding DNA is
mislabelled as non-coding DNA.

In an alternative approach, complementary DNAs (cDNAs) are synthesised from isolated

messenger RNAs (mRNAs) which encode human proteins. Using this approach, sequencing
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is only performed on DNA which is derived from protein coding sequences of the genome.

Often, only short stretches of the cDNAs are sequenced to obtain sequences called expressed
sequence tags (ESTs) (W093/00353).

In principle, the ESTs may then be used to isolate or purify extended cDNAs which include
sequences adjacent to the EST sequences. These extended cDNAs may contain portions or the

full coding sequence of the gene from which the EST was derived.

By analysing the genomic DNA or fragments thereof, ESTs, extended cDNAs, and/or the
(poly)peptides/proteins encoded thereby, in certain cases, where homology, structural motifs
etc. can be identified, it may be possible to assign a function to the (poly)peptide/protein

which can be tested or verified in vitro or in vivo. However, the various EST-sequencing

efforts have led to enormous numbers of ESTs, and to the problem how best to structure that
information and how to identify interesting sequences. Hence, there is still a need for
developing and using research tools directed against the (poly)peptide/protein of interest to
analyse their localisation on cell and tissue types, their up- or down-regulation in certain
disease or development stages or their role in activating or blocking certain interactions or
signalling routes.

One approach is to use antibodies or fragments thereof as such research tools. In
W093/00353 it was suggested to express the ESTs and to generate antibodies by immunising
animals with the corresponding (poly)peptides. In a similar approach, DNA constructs
comprising EST sequences have been injected into animals to generate an immune response

against the (poly)peptide expressed in vivo (Sykes & Johnston, 1999). However, these

approaches are not amenable to a high-throughput generation of antibodies.

Alternatively, antibodies are generated against sets of overlapping peptides covering the EST
sequence (Persic et al., 1999). In combination with screening recombinant antibody libraries,
this approach can in principle be developed to generate antibody fragments as research tools
with high throughput. However, it is often difficult to obtain anti-peptide antibodies with

sufficiently high affinities.

Thus the technical problem underlying the present invention is to provide a generally
applicable method for the generation of specific binding partners binding to (poly)peptides
encoded by genomic DNA fragments or by ESTs, especially of antibodies or antibody
fragments, for analysis and functional characterisation of proteins corresponding to genomic

DNA or ESTs. The solution to the above technical problem is achieved by providing the
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embodiments characterised in the claims. The technical approach of the present invention, to

provide (poly)peptides encoded by genomic DNA fragments or ESTs for the generation of
specific binding partners, such as antibodies or antibody-derived products, by expressing the

(poly)peptides as fusions with (poly)peptide/protein fusion partners which lead to the

formation of inclusion bodies on expression in host cells, such as E. coli, and to generate
specific binding partners against the inclusion bodies and fusion proteins, obtainable
therefrom, is neither provided nor suggested by the prior art.

A further problem related to the present invention was to devise a method for the expression
of (poly)peptide/proteins which are not easily expressed in free form, e.g. since they are toxic
to the host cell. The solution to that technical problem is also achieved by providing the
embodiments characterised in the claims. The technical approach of the present invention,
express the (poly)peptide/proteins as fusion proteins comprising the first N-terminal domain
of the genelll protein of filamentous phage leading to the formation of inclusion bodies, is

neither provided nor suggested by the prior art.

Thus, the present invention relates to a method for generating a specific binding partner to a
(poly)peptide which is encoded by a nucleic acid sequence comprised in a genomic
DNA fragment or an expressed sequence tag (EST) comprising:

a)  expressing a nucleic acid molecule encoding a fusion protein in a host cell under
conditions that allow the formation of inclusion bodies comprising said fusion
protein, wherein said fusion protein comprises

aa) a (poly)peptide/protein fusion partner which is deposited in inclusion
bodies when expressed in said host cell under said conditions and
ab) said (poly)peptide;

b)  isolating said inclusion bodies; and

c)  generating a specific binding partner that binds specifically to said (poly)peptide.

In the context of the present invention, a "specific binding partner"” is a molecule which is able
to specifically bind to a (poly)peptide of interest. Such a specific binding partner may be a
peptide, a constrained peptide, an immunoglobulin or fragment thereof, or a cognate binding
partner of a naturally occurring protein, e.g. a ligand to a receptor which comprises the
(poly)peptide of interest. Such cognate ligand may be obtainable by screening a cDNA
expression library for binding to the fusion protein of the present invention. The specific

binding partner may also be a non-proteinaceous specific binding partner such as a small
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molecule, e.g. obtainable by screening of a combinatorial library of small molecules. A

specific binding partner may further be modified to enable the detection of an interaction of a
specific binding partner and the corresponding (poly)peptide. Such modification may be a
detection and/or purification tag (Hochuli et al., 1988; Lindner et al., 1992; Hopp et al., 1988,
Prickett et al., 1989; Knappik & Pliickthun, 1994), or an enzyme (Blake et al., 1984) or a
reporter molecule fused or coupled to the specific binding partner.

In the context of the present invention, the term "(poly)peptide” relates to molecules
consisting of one or more chains of multiple, i. e. two or more, amino acids linked via peptide
bonds.

The term "protein” refers to (poly)peptides where at least part of the (poly)peptide has or is
able to acquire a defined three-dimensional arrangement by forming secondary, tertiary, or
quaternary structures within and/or between its (poly)peptide chain(s). This definition
comprises proteins such as naturally occurring or at least partially artificial proteins, as well
as fragments or domains of whole proteins, as long as these fragments or domains have a
defined three-dimensional arrangement as described above.

The term "genomic DNA fragment" refers to a contiguous nucleic acid sequence forming part
of the genome of an organism and being obtained or obtainable therefrom.

The term “expressed sequence tags (ESTs)” are contiguous DNA sequences obtained by
sequencing stretches of cDNAs.

According to the present invention, such a genomic DNA fragment or EST comprises a
nucleic acid sequence which encodes a (poly)peptide or consists of a putative open reading
frame (ORF).

The EST databases (Eckmann et al., 1998; Bouck et al., 1999) often contain sequences of low
sequence quality (Aaronson et al., 1996). One of ordinary skill in the art will be able to
identify at least one putative ORFs in a given genomic DNA fragment or EST sequence, and
it will not constitute an undue burden for the person skilled in the art to clone all ORFs
identified in that way for the expression of a corresponding set of said fusion proteins, and to
use them according to the present invention.

The length of the genomic DNA fragment or EST is preferably between 100 and 2000 base
pairs, more preferably between 200 and 1500 base pairs.

The nucleic acid molecule encoding a fusion protein used according to the present invention,
or an appropriate vector comprising said nucleic acid molecule, further comprises non-coding
DNA sequences which are required to cause or allow the expression of the fusion protein.

Methods for construction of nucleic acid molecules encoding a fusion protein used according
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to the present invention, for construction of vectors comprising said nucleic acid molecules,

for introduction of said vectors into appropriately chosen host cells, for causing or achieving
the expression of said fusion proteins are well-known in the art (see, e.g., Sambrook et al.,
1989; Ausubel et al., 1994).

The formation of inclusion bodies can be observed in several host systems in the course of the
expression of a (poly)peptide/protein. Inclusion bodies are insoluble aggregates of
(poly)peptide/protein deposited within a host cell. They are very dense particles which exhibit
an amorphous or paracrystalline structure independent of their subcellular location. Under
appropriate conditions the recombinant (poly)peptide/protein deposited in inclusion bodies
amounts to about 50% or more of the total cell protein. The formation of inclusion bodies, and
their properties, and applications thereof have been investigated in detail (see, for example,
Rudolph, 1996; Rudolph & Lilie, 1996; Rudolph et al., 1997; Lilie et al., 1998). Methods of
purifying inclusion bodies have been described therein as well and are well-known to one of
ordinary skill in the art.

The use of inclusion body formation formed by expression of fusion proteins comprising a
fusion partner and a (poly)peptide/protein as a general means of expressing said
(poly)peptide/protein has been described (WO 98/30684).

A fusion partner suitable for a method according to the present invention may be any
(poly)peptide/protein which can be found in inclusion bodies when expression in a host cell.
In most cases, inclusion body formation is a consequence of high expression rates, regardless
of the system or protein used. There seems to be no correlation between the propensity of
inclusion body formation of a certain protein and its intrinsic properties, such as molecular
weight, hydrophobicity, folding pathways, and so on. (Poly)peptides/proteins where inclusion
body formation has been observed and which, therefore, are suitable candidates to be used as
fusion partners according to the present invention, include, but are not limited to, E._coli
proteins such as maltose-binding protein (Betton & Hofnung, 1996), RNAse II (Coburn &
Mackie, 1996), alkaline phosphatase (Derman & Beckwith, 1995), phosholipase A (Dekker et
al., 1995), B-lactamase (Rinas & Bailey, 1993), thioredoxin (Hoog, et al., 1984: WO
98/30684), and non E. coli proteins such as human procathepsin B (Kuhelj et al., 1995),
porcine interferon-y (Vandenbroeck et al., 1993), or TS DNA polymerase (Chatterjee et al.,
1991).

The host referred to above may be any of a number commonly used in the production of

proteins, including but not limited to bacteria, such as E. coli (see. e.g., Ge et al, 1995) or



WO 01/02588 PCT/EP00/06137

6
Bacillus subtilis (Wu et al., 1993); fungi, such as yeasts (Horwitz et al., 1988; Ridder et al.,

1995) or filamentous fungus (Nyyssonen et al., 1993); plant cells (Hiatt, 1990, Hiatt & Ma,
1993; Whitelam et al., 1994); insect cells (Potter et al., 1993; Ward et al.,, 1995), or
mammalian cells (Trill et al., 1995).

The generation, and optionally, identification, of "a binding partner that binds specifically to
said (poly)peptide” can be achieved by using a variety of methods, depending on the type of
specific binding partner, which are well-known to one of ordinary skill in the art. For
example, combinatorial libraries of chemical compounds, peptides or biomolecules, such as
immunoglobulins, can be screened and/or selected against the isolated inclusion body as
target, preferably after purification, or, more preferably, against the fusion protein obtained
from said inclusion bodies, either in solubilised or in refolded form, or against the free
(poly)peptide as target (see, for example: http://www.5z.com/divinfo/reviews.html; Pinilla et

al., 1999; Woodbury & Venton, 1999; Borman, 1999; Eisele et al., 1999; Lebl, 1999).

In a preferred embodiment of the method of the invention, said fusion protein comprises said
fusion partner as N-terminal portion and said (poly)peptide as C-terminal portion.

Further preferred is a method, wherein said fusion protein further comprises a (poly)peptide
linker linking said fusion partner and said (poly)peptide.

The linker may consist of about 1 to about 30, preferably of between about 5 and about 15
amino acids.

Particularly preferred is a method, wherein, said linker comprises a cleavage signal.

In the context of the present invention, the term "cleavage signal" refers to a amino acid
sequences which allows to cleave, e.g. by chemical or enzymatic reactions, the fusion protein
between said fusion partner and said (poly)peptide to be able to obtain said (poly)peptide in
free form. Such cleavage signal is preferably a specific recognition sequence of a protease
well known to one of ordinary skill in the art, such as enterokinase or thrombin. Alternatively,
the fusion protein might be cleaved by chemical cleavage with a chemical such as cyanogen

bromide.

Said fusion protein may further comprise additional (poly)peptide sequences at N- and/or C-
terminus, and/or in said (poly)peptide linker. This comprises, for example, (poly)peptides
which allow to identify and/or purify said fusion protein. Examples for such (poly)peptide

tags are His, (Hochuli et al., 1988; Lindner et al., 1992), myc, FLAG (Hopp et al., 1988;
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Prickett et al., 1989; Knappik & Pliickthun, 1994), or a Strep-tag (Schmidt & Skerra, 1993;

Schmidt & Skerra, 1994; Schmidt et al., 1996). These tags are all well known in the art and
are fully available to the person skilled in the art.

In a yet further preferred embodiment of the method of the invention, said genomic DNA
fragment or said EST is obtained from a prokaryotic organism or from a virus.

Most preferred is a method wherein said prokaryotic organism or virus is a pathogen.

By sequencing the genome of organisms pathogenic to human, or pathogenic to animals or
plants, new proteinaceous targets for prevention, diagnosis and/or therapeutic intervention are

being sought.

Further preferred is a method wherein said nucleic acid is expressed under conditions

allowing over-expression of said fusion protein.

In a further preferred embodiment, the invention relates to a method wherein said genomic

DNA fragment or said EST is obtained from a eukaryotic organism.

In a preferred embodiment, the present invention relates to a method wherein said genomic

DNA fragment or said EST is obtained from a non-mammalian species.

Further preferred is a method wherein said genomic DNA fragment or said EST is obtained

from a mammalian species.

In a most preferred embodiment the present invention relates to a method wherein said

mammalian species is human.

In a preferred embodiment of the method of the invention, said host cell is a eukaryotic cell.

Particularly preferred is a yeast or insect cell.

In a most preferred embodiment of the method of the invention, said host cell is a prokaryotic
cell. Particularly preferred is a bacterial cell. Most preferably, said bacterial cell is an E. coli

cell.
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An additional preferred embodiment of the invention relates to a method wherein said fusion

protein is expressed in the cytosol of a bacterial host cell.

Particularly preferred is the cytosolic expression of fusion proteins according to the present
invention wherein said fusion partner contains at least one disulfide bond.

It has been found that inclusion body formation can be anticipated if a disulfide bonded
(poly)peptide/protein is produced in the bacterial cytosol, as formation of disulfide bonds
does usually not occur in this reducing cellular compartment. The consequence is improper

folding resulting in aggregation (Lilie et al., 1998).

Further preferred is a method wherein said fusion partner is a secreted protein, and wherein
said nucleic acid does not comprise a nucleic acid sequence encoding a signal sequence for
the transport of the fusion protein to the periplasm.

It has been observed that cytosolic expression of secreted (poly)peptide/protein leads to the

formation of inclusion bodies (Lilie et al., 1998).

In a preferred embodiment the present invention relates to a method wherein said fusion

partner is an endogenous (poly)peptide/protein of said host cell.

Most preferred is a method wherein said fusion partner is a (poly)peptide/protein foreign to
said host cell.

Particularly preferred is a method wherein said fusion partner is taken from the list of E. coli

maltose-binding protein, E. coli RNAse II, E. coli alkaline phosphatase, E. coli phosholipase
A, E. coli B-lactamase, E. coli thioredoxin, human procathepsin B, porcine interferon, and T5

DNA polymerase.

In a further most preferred embodiment of the method of the invention, said host cell is E. coli
and said fusion partner comprises the first N-terminal domain of the genelll protein of a
filamentous phage.

Preferably, said fusion partner consists of the two N-terminal domains of the genelll protein,
more preferably of the first N-terminal domain of the genelll protein.

Most preferably, said fusion partner consists of amino acids 1 to 82 of the genelll protein.

Infection of E. coli by the Ff filamentous phages f1, fd, and M13 is initiated by interaction of

the genelll protein (g3p) located at one end of the phage particle with the tip of the F
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conjugative pilus (Model & Russel, 1988). Mature g3p (406 amino acids) consists of 3

domains separated by linker sequences (Stengele et al., 1990; Krebber et al., 1997). The
following roles could be assigned to the individual domains: The N-terminal domain of g3p
(N1) is responsible for membrane penetration (Riechmann & Holliger, 1997), the middle
domain (N2) for binding of the bacterial F-pilus (Stengele et al., 1990) and the C-terminal
domain (CT) plays a role in phage morphogenesis and caps one end of the phage particle
(Crissman & Smith, 1984). The crystal structure of the two N-terminal domains of g3p (NI-
N2) and the solution structure of N1 have been solved (Lubkowski et al., 1998; Holliger &
Riechmann, 1997). Purified N1 was shown to be highly soluble and monomeric at mM
concentrations (Holliger & Riechmann, 1997). Expression of N1 or N1-N2 in the cytoplasm
of E. coli, however, leads to the formation of inclusion bodies from which the proteins can be
refolded (C. Krebber, 1996; Krebber et al., 1997). Since expression of N1 and N1-N2 fusion
proteins are toxic to the cells (C. Krebber, 1996), tight regulation of transcription of the fusion
genes are preferred using for example the pET (Stratagene, La Jolla, CA, USA) or the pPBAD
expression system (Invitrogen BV, Groningen, The Netherlands). The use of these vectors is
in all cases applicable where toxic effects of gene products are being expected, assumed or
observed, and is one of the first steps well known to one of ordinary skill in the art in
adjusting expression conditions.

Fusion partners comprising the first N-terminal domain of gIllp are particularly useful since
the fusion proteins comprising these fusion partners readily form inclusion bodies on
cytosolic expression, but are easily solubilised (Krebber et al., 1997).

The fusion partner may also be a variant or a mutant of a parental fusion partner referred to
hereinabove (such as a (poly)peptide/protein comprising the first N-terminal domain of gIllp),
provided that such variant or mutant is deposited in inclusion bodies as well when expressed
in host cell under conditions where the parental fusion partner is deposited in inclusion
bodies. Such variant or mutant may result from the parental fusion partner e.g. by adding,
substituting and/or deleting one or more amino acid residue(s). Since the formation of
inclusion bodies on expression is a property which can easily be monitored by one of ordinary
skill in the art, it does not require an undue burden of experimentation to identify variants or

mutants with properties suitable for the methods of the present invention.

In a further preferred embodiment, the invention relates to a method wherein step b) further

comprises the step of (i) solubilising said fusion protein under suitable conditions.
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In a yet further preferred embodiment, the present invention relates to a method wherein step

b) further comprises the step of (ii) refolding said fusion protein under suitable conditions.

Methods for solubilising and/or refolding (poly)peptides/proteins found deposited in inclusion
bodies have been thoroughly investigated and are well known to the practitioner of ordinary
skill in the art (see, for example, Rudolph, 1996; Rudolph & Lilie, 1996; Rudolph et al., 1997;
Lilie et al., 1998).

In another preferred embodiment, the invention relates to a method wherein said fusion
protein further comprises a (poly)peptide linker linking said fusion partner and said
(poly)peptide, wherein said linker comprises a cleavage signal, and wherein step b) further
comprises the steps of (iii) cleaving said fusion protein between said fusion partner and said
(poly)peptide, and (iv) isolating said (poly)peptide in free form.

Further preferred is a method further comprising the step of purifying said fusion protein or

said (poly)peptide in free form.

The construction of fusion proteins comprising a cleavage signal which allows to cleave the
fusion protein between said fusion partner and said (poly)peptide has been described

hereinabove.

In a preferred embodiment of the method of the invention, said specific binding partner is an

immunoglobulin or a fragment thereof.

In this context, "immunoglobulin” is used as a synonym for "antibody". Immunoglobulin
fragments according to the present invention may be Fv (Skerra & Pliickthun, 1988), scFv
(Bird et al., 1988; Huston et al., 1988), disulfide-linked Fv (Glockshuber et al., 1992;
Brinkmann et al., 1993), Fab, (Fab")2 fragments or other fragments well-known to the
practitioner skilled in the art, which comprise the variable domain of an immunoglobulin or
immunoglobulin fragment.

Particularly preferred is the scFv fragment format.

In a most preferred embodiment of the method of the invention, said immunoglobulin or
fragment thereof is generated by (i) immunisation of an animal with said inclusion bodies,

said fusion protein or said (poly)peptide, and (ii) by selecting an immunoglobulin produced
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by said animal which specifically binds to said inclusion bodies, said fusion protein or said

(poly)peptide.
Methods for immunising animals and for screening and/or selection of specific

immunoglobulin are well-known to one of ordinary skill in the art.

In a further most preferred embodiment of the method of the invention, said immunoglobulin
or fragment thereof is generated by selecting a member of a recombinant library of
immunoglobulins or fragments thereof which specifically binds to said inclusion bodies, said
fusion protein or said (poly)peptide.

Recombinant libraries of immunoglobulins or fragments thereof have been described in
various publications (see, e.g., Vaughan et al., 1996; Knappik et al., 2000; WO 97/08320),

and are well-known to one of ordinary skill in the art.

Particularly preferred is a method wherein said library is displayed on the surface of a

replicable genetic package.

The term "replicable genetic package” refers to an entity which combines phenotype and
genotype of members of a library of (poly)peptides/proteins by linking the genetic
information encoding the library member and the (poly)peptide/protein expressed therefrom.
The library can be screened and/or selected for a desired property, and the
(poly)peptide/protein being screened and/or selected can be identified via the genetic
information associated with the same. Examples for "replicable genetic packages" comprise
cells, such as bacteria (WO 90/02809; Georgiou et al., 1993; Francisco & Georgiou, 1994;
Daugherty et al., 1998), veast (Boder & Wittrup, 1997; Kieke et al., 1997; Cho et al., 1998;
Kieke et al., 1999) insect cells (Ernst et al., 1998), viruses, such as bacteriophage (WO
90/02809; Kay et al., 1996; Dunn, 1996; McGregor, 1996) retroviruses (Russell et al., 1993),
spores (WO 90/02809), or complexes of nucleic acid molecules and (poly)peptides/proteins
expressed therefrom, such as in ribosome complexes (Hanes & Pliickthun, 1997; Hanes et al.,
1998; Hanes et al., 1999) or in complexes connected either non-covalently (Cull et al., 1992;

Schatz, 1993; Schatz et al., 1996; Gates et al., 1996) or covalently (Nemoto et al., 1997).

Further preferred is a method wherein said replicable genetic package is a filamentous phage.
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In the context of the present invention, the term "filamentous phage" refers to a class of

bacteriophage which are able to infect a variety of Gram negative bacteria. They have a
single-stranded, covalently closed DNA genome which is packaged in a protein coat forming
a long cylinder. The best characterised of these phage are M13, fd, and f1 and derivatives
thereof. Filamentous phage have been used extensively for the display of foreign
(poly)peptides/proteins and libraries thereof, and the various approaches and applications
have been reviewed in several publications (e.g. Kay et al., 1996; Dunn, 1996; McGregor,

1996).

Particularly preferred is the use of a fusion protein comprising the N-terminal domain of the
genelll protein (g3p) of filamentous phage as fusion partner for biopanning of a recombinant
library of immunoglobulins or fragments thereof displayed on the surface of filamentous
phage.

The following properties of N1 make it an especially suitable candidate to be used in
biopanning of phage display libraries:

- NI (amino acids 1 — 82 of the mature g3p) is small and has a low pl of 4.14, which is
advantageous for coating to conventional micro titer plates used for biopanning which is
routinely done at physiological pH

- most phages displaying N1-binding scFvs on their surface should automatically be
removed since they should bind to other phages which carry 3 — 5 copies of g3p comprising

N1 on their surface.

In another embodiment, the present invention relates to a nucleic acid molecule encoding a
fusion protein comprising aa) the first N-terminal domain of the genelll protein of
filamentous phage and ab) a (poly)peptide which is encoded by a nucleic acid sequence
comprised in a genomic DNA fragment or an expressed sequence tag (EST), wherein said
nucleic acid molecule does not comprise a nucleic acid sequence encoding a signal sequence

for the transport of the fusion protein to the periplasm of a bacterial host cell.

In a further embodiment, the invention relates to a vector which comprises a nucleic acid

molecule of the present invention.

Preferably, said vector is an expression vector.
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In another embodiment, the invention relates to a host cell comprising a nucleic acid or a

vector according to the present invention.

Particularly preferred is a host cell which is an E. coli cell.

Additionally, the invention relates to the use of a fusion protein comprising the first N-
terminal domain of the genelll protein of filamentous phage as fusion partner for the
expression of a (poly)peptide/protein fused to said fusion partner, wherein said fusion protein
is obtained in the form of inclusion bodies.

The general method of using inclusion body formation formed by expression of fusion
proteins comprising a fusion partner and a (poly)peptide/protein as a means of expressing said
(poly)peptide/protein has been described (WO 98/30684).

The fusion protein may further comprise a linker sequence linking said fusion partner and said
(poly)peptide/protein. The linker may consist of about 1 to about 30, preferably of between
about 5 and about 15 amino acids. The linker may comprise a cleavage signal which allows to
cleave the fusion protein between the fusion partner and the (poly)peptide/protein to be able
to obtain said (poly)peptide/protein in free form. Such cleavage signal is preferably a specific
recognition sequence of a proteases well known to one of ordinary skill in the art, such as
enterokinase or thrombin. Alternatively, the fusion protein might be cleaved by chemical
cleavage with a chemical such as cyanogen bromide.

Such fusion proteins, after refolding, can be used in in vitro SIP as well (Krebber et al., 1997).

The invention furthermore relates to a method for the expression of a (poly)peptide/protein
comprising:

a) expressing a nucleic acid molecule encoding a fusion protein in a host cell under conditions
that allow the formation of inclusion bodies comprising said fusion protein, wherein said
fusion protein comprises

aa) the first N-terminal domain of the genelll protein of filamentous phage, and

ab) said (poly)peptide/protein.

Particularly preferred is a method further comprising the steps of
b) isolating said inclusion bodies; and

c) solubilising said fusion protein under suitable conditions.
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The specific binding partners generated according to the present invention may be used for

the identification and/or characterisation of a naturally occurring (poly)peptide/protein
comprising said (poly)peptide.

Such uses include, but are not limited to, the use of specific binding partners such as
immunoglobulins or fragments thereof in immunoassays such as ELISA, in Western blot
analysis of cell extracts, immunohistochemistry or immunocytochemistry on tissues or cells,
immunoprecipitations, immunocoprecipitation using cell extracts, and so on. The use of
specific binding partners such as immunoglobulins or fragments thereof in such binding
assays, or in similar methods, and in the isolation of target material is well-known to one of

ordinary skill in the art.

By using the specific binding partner generated according to the present invention it will be
possible to identify and/or characterise naturally occurring (poly)peptide/protein comprising
said (poly)peptide.

Methods for isolating naturally occurring (poly)peptides/proteins from natural sources, and
methods for the identification of these (poly)peptide/protein, either directly or via the genetic
information encoding these (poly)peptide/protein, are well-known to one of ordinary skill in

the art.
Figure legends

Figure 1:
(A) Vector map of expression vector pTFT74-N1-MCS-H.
(B) Sequence of expression vector pTFT74-N1-MCS-H.

Figure 2:
(A) Vector map of expression vector pTFI74-H-N1-MCS.
(B) Sequence of expression vector pTFT74-H-N1-MCS.

Figure 3: Expression of fusion protein constructs
After expression, whole cell lysates were run on a 12% SDS PAA Ready gel (Bio-Rad) under

reducing conditions. The gel was stained using Coomassie Blue.
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Lanel, High molecular weight Rainbow marker (Amersham), molecular masses of proteins

are indicated;

lane 2, N1 fused to a fragment of an MHC classll beta chain (calculated mass of fusion
protein: 33.4kD);

lane 3, N1 fused to a fragment of an MHC classll alpha chain (calculated mass of fusion
protein: 32.2kD);

lane 4, N1 fused to the very C-terminal 280 amino acids of human NF-xB p100 amplified by
PCR for cloning into pTFT74-N1-MCS-H from IMAGE clone 434322 (calculated mass of
fusion protein: 39.9kD);

lane 5, N1 fused to mature human ICAM-1 (calculated mass of fusion protein: 65.7kD);

lane 6, N1 fused to a fragment of human ICAM-1 (amino acids 401 — 480 of the unprocessed
protein, calculated mass of fusion protein: 19.3kD);

lane 7, N1 fused to a fragment of human ICAM-1 (amino acids 151 — 532 of the unprocessed
protein, calculated mass of fusion protein: 52.2kD);

lane 8, N1 fused to a fragment of UL84 of human cytomegalovirus (amino acids 68 — 586,
calculated mass of fusion protein: 68.4kD);

lane 9, N1 fused to a fragment of UL84 of human cytomegalovirus (amino acids 200 - 586,
calculated mass of fusion protein: 53.2kD); and

lane 10, N1 fused to a fragment of UL84 of human cytomegalovirus (amino acids 300 — 586,

calculated mass of fusion protein: 42.2kD)

Figure 4: Specificity ELISA of 3 different svFvs (clones 1-3) selected against N1-Macl.

Preparation of the periplasmic fraction of JM83 cells containing scFv clones 1-3 on an
expression vector was as described (Knappik et al., 1993). 1pg of N1-Macl, Macl, N1-hag,
NI and BSA, respectively, in PBS was coated for 12h at 4°C to a Nunc Maxisorb microtiter
plate (# 442404) which was then blocked for 2h at room temperature using PBS containing
5% skim milk powder. Periplasmic fractions were mixed 1:1 with PBS containing 5% skim
milk powder and 0.05% Tween 20 and incubated for 1h at room temperature before they were
added to the blocked wells of the microtiter plate. Incubation was 1h at room temperature.
Since all HuCAL scFvs carry an N-terminal M1 FLAG (Knappik & Pliickthun, 1994), an M1
anti-FLAG antibody (Sigma # F-3040) was applied to the wells and incubated for 1h at room
temperature (2" antibody). Bound M1 anti-FLAG antibodies were detected with an anti-

mouse IgG-HRP conjugate (Sigma # A-6782; 3™ antibody) and BM blue soluble (Boehringer
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Mannheim # 1484281) as substrate. After blocking and incubation with the periplasmic

fractions, the M1 anti-FLAG antibody and the anti-mouse IgG-HRP conjugate, the ELISA
plate was washed 5 times using TBS buffer containing 0.05% Tween 20 and 1mM CaCl,.

Absorbance at 370nm was measured after addition of substrate.

Figure S:
(A) Vector map of expression vector pPBAD-N1-MCS-H.
(B) Sequence of expression vector pBAD-N1-MCS-H.

Figure 6: Expression of fusion protein constructs and one step affinity purification.

Samples were run on a 12% SDS polyacryamide gel (Bio-Rad) under reducing conditions.
The gel was stained using Coomassie Blue.

Lane 1, marker proteins with relative molecular masses indicated (to be multiplied by 103);
lane 2, crude lysate of E. coli BL21(DE3)pLysS harbouring vector pTFI74-N1-Macl after 3h
induction with 1mM IPTG;

lane 3, refolded inclusion bodies from N1-Macl expression;

lane 4, affinity-purified, refolded N1-Macl,

lane 5, crude lysate of E. coli BL21(DE3)(pLysS) harbouring vector pTFT74-N1-U2 after 3h
induction with 1mM IPTG;

lane 6, affinity-purified, refolded N1-U2;

lane 7, crude lysate of E. coli BL21(DE3)(pLysS) harbouring vector pTFI74-N1-13 after 3h
induction with 1mM IPTG;

lane 8, affinity-purified, refolded N1-I3;

lane 9, crude lysate of E. coli BL21(DE3)(pLysS) harbouring vector pTFT74-N1-B1 after 3h
induction with 1mM IPTG;

lane 10, affinity-purified, refolded N1-B1.

Figure 7: Purity of affinity purified, refolded N1-fusion proteins.

Samples were run on a 12% SDS polyacryamide gel (Bio-Rad) under reducing conditions.
The gel was stained using Coomassie Blue. The calculated molecular weight of the fusion
protein is given in brackets. Lane 1, marker proteins with relative molecular masses indicated
(to be multiplied by 103); lane 2, N1-U1fl (75.6 kDa); lane 3, N1-U2 (68.4 kDa); lane 4, N1-
U4 (42.2 kDa); lane 5, N1-I1fl (65.7 kDa); lane 6, N1-I3 (19.3 kDa); lane 7, N1-I4 (52.2
kDa); lane 8, N1-B1 (33.4 kDa); lane 9, N1-A14 (32.2 kDa); lane 10, N1-Np50 (51.3 kDa).
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The example illustrates the invention

Examples:

In the following description, all molecular biology experiments are performed according to

standard protocols (Ausubel et al., 1995).

Example 1: Functional genomics with phages: Overexpression of N1 fusion proteins,
purification from inclusion bodies and biopanning of phage display libraries against the

refolded fusion proteins

Generation of expression vectors

All vectors used are derivatives of expression vector pTFT74 (Freund et al., 1993). Into this
vector, the DNA sequence coding for amino acids 1-82 of mature g3p of phage fd containing
an additional methionine residue at the N-terminus, a multiple cloning site and a DNA
sequence coding for a 6xHis purification tag has been inserted between the unique Ncol and
HindIII sites generating vector pTFT74-N1-MCS-H (Figure 1, complete vector sequence
given in appendix). The first 82 amino acids of the mature g3p contain domain N1 (amino
acids 1 — 67) and the first 15 amino acids of the linker between N1 and N2 (Lubkowski et al.,
1998). A second vector, pTFT74-H-N1-MCS, was generated which contains between the
unique Ncol and HindIII sites a DNA sequence coding for Met-Ala, a 6xHis purification tag
and amino acids 2-82 of g3p of phage fd fused to a multiple cloning site and three stop codons
for all 3 reading frames (Figure 2, complete vector sequence given in appendix).

Compared to the published sequence, a G to T nucleotide exchange at position 57 has been
found in vector pTFT74.

Into vector pTFT74-N1-MCS-H, DNA fragments generated by PCR or made as an
oligonucleotide cassette coding for the amino acid sequences given below and in the legend to
Figure 3 have been cloned either between the unique BsiWI and HindIII sites or between the
unique Xbal and EcoRI sites.

Vector pTFT74-H-N1-MCS will be used for high throughput cloning of PCR amplified ESTs
similar to the procedure described by Hua et al. (1998), but introducing appropriate restriction
sites at 5° and 3‘ end during PCR. This way, for oligo dT primed, directionally cloned

cDNAs, only 4 primers are needed for the amplification of the insert of each cDNA cloning
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vector (3 forward primers for amplification of EST inserts in three open reading frames and

one reverse primer corresponding to the downstream sequence of the cDNA cloning vector). 8
primers are needed for each cDNA cloning vector for the generation of 6 PCR products

covering all 6 possible reading frames of the insert.

Expression, purification and refolding of fusion proteins

Expression, purification and refolding has been done as described (C. Krebber, 1996; Krebber
et al.,, 1997). Briefly, BL21(DE3)pLysS cells (Studier et al., 1990) were transformed with the
respective pTFT74 vector (see below) and grown to an ODssg of 0.9-1.2. Induction of N1
fusion protein expression was for 3 h with ImM IPTG at 37°C. N1 fusion proteins were
isolated by Ni-NTA chromatography from solubilised inclusion bodies and refolded. Protein
concentration during refolding was usually <1mg/ml.

The following constructs have been used:

- Nl-hag: N1 (amino acids 1-82 of mature g3p of phage fd containing an additional
methionine residue at the N-terminus) fused to the amino acid sequence
PYDVPDYASLRSHHHHHH which includes the epitope DVPDYAS from hemagglutinin
recognised by antibody 17/9 (Schulze-Gahmen et al., 1993; Krebber et al., 1995). Obtainable
by cloning of an oligonucleotide cassette (made from the following 2 oligonucleotides: 5°-
GTACGACGTTCCAGACTACGCTTCCCTGCGTTCCCATCACCATCACCATCACTA-3*
and 5°-AGCTTAGTGATGGTGATGGTGATGGGAACGCAGGGAAGCGTAGTCTGGA-
ACGTC-3°) between the BsiWI and HindIlI sites of vector pTFT74-N1-MCS-H.

- NI-Macl: N1 (amino acids 1-82 of mature g3p of phage fd containing an additional
methionine residue at the N-terminus) fused to the amino acid sequence
PYGGGSGGGSGSDIAFLIDGSGSIIPHDFRRMKEFVSTVMEQLKKSKTLFSLMQYSEEF
RIHFTFKEFQNNPNPRSLVKPITQLLGRTHTATGIRKVVRELFNITNGARKNAFKILVVI
TDGEKFGDPLGYEDVIPEADREGVIRYVIGVGDAFRSEKSRQELNTIASKPPRDHVFQ
VNNFEALKTIQNQLREKIFAIEGTQTGSSSSFEHEMSQE (which contains amino acids
149 — 353 of human CR-3 alpha chain (SWISS-PROT entry P11215)) and a C-terminal
sequence containing a 6xHis tag. Obtainable by PCR using cDNA of HL-60 cells as a
template and oligonucleotides CR-3for (5'-GTACGTACGGGGGCGGCTCTGGTGGTGGT-
TCTGGTAGTGACATTGCCTTCTTGATTGATGGC-3*) and CR-3rev (5-GTAAAGC-
TTAGTGATGGTGATGGTGATGTCTACCTTCGATTTCCTGAGACATCTCATGC-
TCAAAGGAGC-3°), digest of the PCR product with restriction enzymes BsiWI and HindIlI,
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and cloning of the fragment between the BsiWI and HindllI sites of vector pTFT74-N1-MCS-

H generating vector pTFT74-N1-Macl-H.

- N1 (Krebber et al., 1997)

- For the N1 fusions shown in Figure 3, DNA fragments have been amplified by PCR from
cDNA clones or from genomic DNA and cloned between the Xbal and EcoRI sites of vector

pTFT74-N1-MCS-H.

For screening of N1-Macl binders, a purified fragment (Macl) of human CR-3 alpha chain
(SWISS-PROT entry P11215) was used which contains amino acids 149 — 353 of human CR-
3 alpha fused to a C-terminal sequence containing a 6xHis tag. Obtainable by PCR from clone
pTFT74-N1-MacIl-H. An ATG codon was added to the 5° end of the gene during cloning.
Expression and purification was performed using standard methods (The QIAexprcssionistTM
3" edition: A handbook for high-level expression and purification of 6xHis-tagged proteins

(July 1998). QIAGEN GmbH, Hilden, Germany).

Panning of the HuCAL scFv phage library against N1-Macl and N1

Panning against N1-Macl and N1 and characterisation of selected scFvs was performed using
standard procedures (Kay et al., 1996) and the HuCAL scFv library (WO 97/08320). N1-Macl
and N1 were coated for 12h at 4°C at a concentration of 10pg/ml in PBS to Nunc Maxisorb
microtiter plates (# 442404). In case of N1-Macl, phages were mixed 1:1 before panning with
either PBS containing 5% skim milk powder and 0.1% Tween 20 (panning NMa) or PBS
containing 5% skim milk powder, 0.1% Tween 20 and 0.5mg/ml N1-hag (panning NMb). In
case of N1, phages were mixed 1:1 before panning with either PBS containing 5% skim milk
powder and 0.1% Tween 20 (panning Na) or PBS containing 5% skim milk powder, 0.1%
Tween 20 and 0.5mg/ml N1 (panning Nb). Phages were incubated in these buffers for 2h at
room temperature before they were applied to the ELISA well coated with antigen.

After 3 rounds of panning, 92 clones from each panning were analysed in ELISA. In pannings
Na and Nb, no binders against N1 were obtained while in pannings NMa and NMb several
binders against N1-Macl were selected. These binders were also tested for binding to Macl.
Clones which showed a signal of at least 3x above background in ELISA were considered
positive.

1. NMa

Positives against N1-Macl: 77

Positives against Macl: 37
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2. NMb

Positives against N1-Macl: 85

Positives against Macl: 80

All Macl binders also recognise N1-Macl. The relatively small amounts of N1-hag used for
blocking lead to a 100% increase of the number of Macl binders. There are, however,
additional N-terminal linker residues in N1-Macl, so complete blocking of non Macl binders
using N1-hag is not possible.

For some binders a specificity ELISA was performed showing that the selected scFvs bind

strongly and specifically to Macl (Figure 4).

Example 2: Construction and properties of expression vector pBAD-N1-MCS-H

The vector pBAD-N1-MSC-H is based on the expression vector pBAD/Myc-His A
(Invitrogen Corporation, Carlsbad, CA, USA), and allows the expression of proteins under the
control of the tightly regulated araBAD promotor.

The vector pPBAD-N1-MSC-H was constructed by insertion of an expression cassette (311
bp, Nco I/ Hind III fragment) comprising a coding region encoding the N1 domain followed
by a multiple cloning site (MCS) and a coding region encoding a Hisx6-tag into pBAD/Myc-
His A digested with Nco I/ Hind III (4046 bp). The vector map and sequence of pBAD-N1-
MCS-H are shown in Figure 5.

The advantage of this vector compared to the pTFT vectors (see Examples 1 and 2) is a
tighter control of fusion protein expression which allows the cloning of potentially toxic
constructs. Furthermore, no additional cloning step for the transfer from a cloning strain into
an expression strain is necessary. A disadvantage is that expression yields are sometimes

lower compared to pTFT vectors.

Example 3: Expression of fusion proteins comprising the N1 domain of the genelll

protein

Cloning of expression vectors.
The vector used for expression of N1 fusion proteins is the vector pTFT74-N1-MCS-H

(Figure 1, complete vector sequence given in appendix) as described in Example 1. Into
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vector pTFT74-N1-MCS-H, DNA fragments generated by PCR or made as an oligonucleotide

cassette coding for (poly)peptides and proteins given in brackets below have been cloned
either between the unique BsiWI and HindIII sites or between the unique Xbal and EcoRI
sites generating vectors pTFT74-N1-hag (see Example 1), pTFT74-N1-Macl (see Example 1),
pTFT74-N1-Ulfl (N1 fused to full-length UL84 of hCMV), pTFT74-N1-U2 (N1 fused to a
polypeptide containing amino acids 68 — 586 of UL84 of hCMV), pTFT74-N1-U4 (N1 fused
to a polypeptide containing amino acids 300 — 586 of UL84 of hCMV), pTFI74-N1-11f] (N1
fused to mature full-length human ICAM-1), pTFI74-N1-I3 (N1 fused to a polypeptide
containing amino acids 401 — 480 of human ICAM-1), pTFT74-N1-14 (N1 fused to a
polypeptide containing amino acids 151 — 532 of human ICAM-1), pTFT74-N1-B1 (N1 fused
to a polypeptide containing amino acids 1 - 198 of a mature human MHC classlI beta chain),
pTFT74-N1-A14 (N1 fused to a polypeptide containing amino acids 1 - 192 of a mature
human MHC classIl alpha chain) and pTFT74-N1-Np50 (N1 fused to a polypeptide
containing amino acids 2 — 366 of human NF-kB p50). All constructs contain a C-terminal

hexa-histidine tag for affinity purification.

High-level expression of N1-fusion proteins.

Domain N1 of g3p of filamentous bacteriophage M13 can be over-expressed in E. coli,
purified from inclusion bodies and refolded into active protein (Krebber et al., 1997).
Different polypeptides were fused C-terminally to N1 and expressed in E. coli leading to
high-level production and inclusion body formation (Figure 6). In case of N1-Macl, no
further purification could be achieved by Ni-NTA chromatography as the inclusion bodies
contained already almost exclusively N1-Macl (Figure 6). Surprisingly, all N1 fusion
proteins (10/10) were soluble after refolding at concentrations of ~0.3 — 1.0 mg/ml using the
same refolding conditions and the purity was at least 90% (Figure 7). Protein yields were as
high as 100mg/1 of expression culture in case of N1-Macl and were usually in the range

between 1mg and 10mg/1 of expression culture.
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CLAIMS

o

A method for generating a specific binding partner to a (poly)peptide which is encoded
by a nucleic acid sequence comprised in a genomic DNA fragment or an expressed
sequence tag (EST) comprising:

a)  expressing a nucleic acid molecule encoding a fusion protein in a host cell under
conditions that allow the formation of inclusion bodies comprising said fusion
protein, wherein said fusion protein comprises

aa) a (poly)peptide/protein fusion partner which is deposited in inclusion
bodies when expressed in said host cell under said conditions, and
ab) said (poly)peptide;

b) isolating said inclusion bodies; and

c)  generating a specific binding partner that binds specifically to said (poly)peptide.

The method of claim 1, wherein said fusion protein comprises said fusion partner as N-

terminal portion and said (poly)peptide as C-terminal portion.

The method of claims 1 or 2, wherein said fusion protein further comprises a

(poly)peptide linker linking said fusion partner and said (poly)peptide.

The method of claim 3, wherein said linker comprises a cleavage signal.

The method of any one of claims 1 to 4, wherein said genomic DNA fragment or said

EST is obtained from a prokaryotic organism or from a virus.

The method of claim 5, wherein said prokaryotic organism or virus is a pathogen.

The method of any one of claims 1 to 4, wherein said genomic DNA fragment or said

EST is obtained from a eukaryotic organism.

The method of claim 7, wherein said genomic DNA fragment or EST is obtained from a

non-mammalian species.
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The method of claim 7, wherein said genomic DNA fragment or EST is obtained from a

mammalian species.

The method of claim 9, wherein said mammalian species is human.

The method of any one of claims 1 to 10, wherein said nucleic acid is expressed under

conditions allowing over-expression of said fusion protein.

The method of any one of claims 1 to 11, wherein said host cell is a eukaryotic cell.

The method of claim 12, wherein said eukaryotic cell is a yeast or insect cell.

The method of any one of claims 1 to 11, wherein said host cell is a prokaryotic cell.

The method of claim 14, wherein said prokaryotic cell is a bacterial cell.

The method of claim 15, wherein said bacterial cell is an E. coli cell.

The method of claims 15 or 16, wherein said fusion protein is expressed in the cytosol.

The method of claim 17, wherein said fusion partner contains at least one disulfide

bond.

The method of claims 17 or 18, wherein said fusion partner is a secreted protein, and
wherein said nucleic acid does not comprise a nucleic acid sequence encoding a signal

sequence for the transport of the fusion protein to the periplasm.

The method of any one of claims 1 to 19, wherein said fusion partner is an endogenous

(poly)peptide/protein of said host cell.

The method of any one of claims 1 to 19, wherein said fusion partner is a

(poly)peptide/protein foreign to said host cell.
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32
The method of any one of claims 1 to 21, wherein said fusion partner is taken from the

list of E. coli maltose-binding protein, E. coli RNAse II, E. coli alkaline phosphatase, E.

coli phosholipase A, E. coli B-lactamase, E. coli thioredoxin, human procathepsin B,

porcine interferon, and TS5 DNA polymerase.

The method of claim 21, wherein said host cell is E. coli and said fusion partner

comprises the first N-terminal domain of the genelll protein of a filamentous phage.

The method of claim 23, wherein said fusion partner consists of amino acids 1 to 82 of

the genelll protein.

The method of any one of claims 1 to 24, wherein step b) further comprises the step of

(1) solubilising said fusion protein under suitable conditions.

The method of claim 25, wherein step b) further comprises the step of (ii) refolding said

fusion protein under suitable conditions.

The method of claims 25 or 26, wherein said fusion protein further comprises a
(poly)peptide linker linking said fusion partner and said (poly)peptide, wherein said
linker comprises a cleavage signal, and wherein step b) further comprises the steps of
(iii) cleaving said fusion protein between said fusion partner and said (poly)peptide, and

(iv) 1solating said (poly)peptide in free form.

The method of any one of claims 25 to 27, further comprising the step of purifying said

fusion protein or said (poly)peptide in free form.

The method of any one of claims 1 to 28, wherein said specific binding partner is an

immunoglobulin or a fragment thereof.

The method of claim 29, wherein said immunoglobulin is generated by (i) immunisation
of an animal with said inclusion bodies, said fusion protein or said (poly)peptide, and
(i1) by selecting an immunoglobulin produced by said animal which specifically binds

to said inclusion bodies, said fusion protein or said (poly)peptide.
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31. The method of claim 29, wherein said immunoglobulin or fragment thereof is generated

by selecting a member of a recombinant library of immunoglobulins or fragments

thereof which specifically binds to said inclusion bodies, said fusion protein or said

(poly)peptide.

32. The method of claim 31, wherein said library is displayed on the surface of a replicable

genetic package.

33. The method of claim 32, wherein said replicable genetic package is a filamentous

phage.

34. A nucleic acid molecule encoding a fusion protein comprising aa) the first N-terminal
domain of the genelll protein of filamentous phage and ab) a (poly)peptide which is
encoded by a nucleic acid sequence comprised in a genomic DNA fragment or an
expressed sequence tag (EST), wherein said nucleic acid molecule does not comprise a
nucleic acid sequence encoding a signal sequence for the transport of the fusion protein

to the periplasm of a bacterial host cell.

35. A vector comprising a nucleic acid molecule of claim 34.

36. The vector of claim 35 which is an expression vector.

37. A host cell comprising a nucleic acid of claim 34 or a vector of claims 35 or 36.

38. The host cell of claim 37 which is an E. coli cell.

39. The use of a fusion protein comprising the first N-terminal domain of the genelll
protein of filamentous phage as fusion partner for the expression of a
(poly)peptide/protein fused to said fusion partner, wherein said fusion protein is

obtained in the form of inclusion bodies.

40. A method for the expression of a (poly)peptide/protein comprising:
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a)  expressing a nucleic acid molecule encoding a fusion protein in a host cell under

conditions that allow the formation of inclusion bodies comprising said fusion
protein, wherein said fusion protein comprises
aa) the first N-terminal domain of the genelll protein of filamentous phage, and

ab) said (poly)peptide/protein.

41.  The method of claim 40 further comprising the steps of
b) isolating said inclusion bodies; and

c) solubilising said fusion protein under suitable conditions.
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Figure 1b
Complete vector sequences of pTFT74-N1-MCS-H

acccgacaccatcgaaattaatacgactcactatagggagaccacaacggtticcctaattgtgagcggataacaatagaaata
attttgtttaactttaagaaggagatatatccatggctgaaactgttgaaagttgtttagcaaaatcccatacagaaaattcatttact
aacgtctggaaagacgacaaaactttagatcgttacgctaactatgaggectgictgtggaatgctacaggcgttgtagtttgtac
tggtgacgaaactcagtgttacggtacatgggttcctattgggettgetatccctgaaaatgagggtggtgoctctgagggtegac
ggtictgagggtggcgettctccgtacggetctagagtcgacgageicgatatcggeggecgegaattctctcatcaccatcac
catcactaagcttcagtccegggeagtggatccggetgctaacaaageccgaaaggaagcetgagttggetgetgecaccget
gagcaataactagcataaccccttggggcectctaaacgggtcttgaggggttttttgctgaaaggaggaactatatccggatcg
agatcceccacgegecctgtageggegeattaagegeggegggtgtggtggttacgegeagegtgaccgctacacttgecag
cgecctagegeecgctectttegetttetteecttectttctegecacgttcgecggetticcccgtcaagetctaaatcggggcat
cecctttagggttcegatttagtgctttacggeacctcgaccccaaaaaacttgattagggtgatggticacgtagtgggccatcge
cctgatagacggtttttcgecctttgacgttggagtccacgttctttaatagtggactcttgtticcaaactggaacaacactcaacce
tatctcggtctattcttttgatttataagggattttgccgatttcggectattggttaaaaaatgagcetgatttaacaaaaatttaacgcg
aattttaacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacat
ttccgtgtegeecttatteccttttttgeggeattttgectteetgtttttgetcacccagaaacgetggtgaaagtaaaagatgctga
agatcagttgggtgcacgagtgggttacatcgaactggatctcaacageggtaagatccttgagagttttcgeccccgaagaacg
ttttccaatgatgagcacttttaaagtictgctatgtggegeggtattatcccgtattgacgecgggcaagageaactcggtcgee
gcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaatt
atgcagtgctgccataaccatgagtgataacactgeggecaacttacttctgacaacgatcggaggaccgaaggagctaaccg
cttttttgcacaacatgggggatcatgtaactcgecttgatcgttgggaaccggagetgaatgaagecataccaaacgacgage
gtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggegaactacttactctageticccggeaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgegetcggececticcggetggctggtttattgctgataa
atctggagecggtgagegtgggtetcgeggtatcattgcageactggggccagatggtaagecctecegtatcgtagttatcta
cacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggigcctcactgattaageattggtaac
tgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataat
ctcatgaccaaaatcccttaacgtgagttttcgttccactgagegtcagaccccgtagaaaagatcaaaggatcttcttgagatcee
ttttettctgegegtaatctgetgettgcaaacaaaaaaaccaccgetaccageggtggtitgtttgeccggatcaagagetaccaa
ctetttttccgaaggtaactggetticagcagagegeagataccaaatactgtccttctagtgtagecgtagttaggecaccactic
aagaactctgtagcaccgectacatacctegetetgetaatcctgttaccagtggetgetgecagtggcgataagtcgtgtettac
cgggttggactcaagacgatagttaccggataaggegeageggteggectgaacggggegttcgtgcacacageccagett
ggagcgaacgacctacaccgaactgagatacctacagegtgagctatgagaaagcgecacgeticccgaagggagaaagg
cggacaggtatccggtaageggeagggicggaacaggagagegeacgagggagcttccaggggeaaacgectggtatctt
tatagtcctgtcgggtttcgecacctctgacttgagegtegatttttgtgatgetcgicaggggggcggagectatggaaaaacg
ccagcaacgeggcectttttacggttectggecttttgetggecttttgctcacatg
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Figure 2b
Complete vector sequences of pTFT74-H-N1-MCS

acccgacaccatcgaaattaatacgactcactatagggagaccacaacggtttccctaattgtgagcggataacaatagaaataatttegt
ttaactttaagaaggagatatatccatggctcatcaccatcaccatcacgaaactgttgaaagtigtitagcaaaatcccatacagaaaatt

catttactaacgtctggaaagacgacaaaactttagatcgttacgctaactatgagggctgtctgtggaatgctacaggegtigtagttgt

actggtgacgaaactcagtgttacggtacatgggttcctattgggettgetatccctgaaaatgagggtggtgoctctgagggtgocggt
tctgagggtegcggticttctagagtcgacgagetcgatatcgaattcggeggecgetaactgactaagettcagtecccgggeagtgga
tccggcetgctaacaaageccgaaaggaagetgagttggctgctgecaccgetgagcaataactagcataaceecttggggccictaaa
cgggtcttgagggettttttgctgaaaggaggaactatatccggatcgagatccccacgegeectgtageggegeattaagegeggeg
ggtgtggtggttacgcgcagegtgaccgetacacttgecagegecctagegeecgetectttegetttcticecticetttctcgecacgtt
cgecggctttceccgtcaagetctaaatcggggcatcectttagggticecgatttagtgctttacggcacctcgaccccaaaaaacttgatt
agggtgatggttcacgtagtgggccatcgecctgatagacggtitttcgecctttgacgttggagtccacgtictitaatagtggactcttgt
tccaaactggaacaacactcaaccctatctcggtctattettttgatttataagggattttgecgatttcggectattggttaaaaaatgagct

gatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcaggtggcactittcggggaaatgtgcgeggaacccctat
ttgtttatttttctaaatacattcaaatatgtatccgetcatgagacaataaccctgataaatgcttcaataatatigaaaaaggaagagtatga
gtattcaacatttccgtgtcgeccttattcecttttttgeggeattttgecttcctgtttitgeicacccagaaacgceiggtgaaagtaaaagat

gctgaagatcagttgggtecacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttitcgecccgaagaacg
ttttccaatgatgagcacttttaaagtictgctatgtggegeggtattatccegtattgacgeccgggcaagagcaactcggtegecgeata

cactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctg
ccataaccatgagtgataacactgcggecaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg

ggggatcatgtaactcgecttgategttgggaaccggagetgaatgaagecataccaaacgacgagegtgacaccacgatgectgta

gcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagettcccggcaacaattaatagactggatggaggcgega
taaagttgcaggaccacttctgegetcggeccttccggetggetggtttattgetgataaatctggagecggtgagegtgggtetcgegg
tatcattgcagcactggggccagatggtaagecctcecgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaa
atagacagatcgctgagataggtgcctcactgattaageattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaact
tcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegteag
accccgtagaaaagatcaaaggatcttcettgagatcctttttttctgegegtaatctgetgetigcaaacaaaaaaaccaccgetaccage

ggtggtttgtttgecggatcaagagctaccaactctttticcgaaggtaactggcttcagcagagegcagataccaaatactgtectictag
tgtagccegtagttaggecaccacttcaagaactctgtagecaccgectacatacctcgetctgetaatcctgttaccagtggetgetgecag

tggcgataagtcgtgtettaccgggttggactcaagacgatagttaccggataaggegeageggtcgggetgaacggggggttcgtg
cacacagcccagcettggagcgaacgacctacaccgaactgagatacctacagegtgagetatgagaaagegecacgettcecgaag

ggagaaaggcggacaggtatccggtaageggeagggtcggaacaggagagegeacgagggageticcagggggaaacgectgg
tatctttatagtcctgtcgggtttcgecacctctgacttgagegtegattittgtgatgctcgtcaggggggcggagectatggaaaaacge

cagcaacgcggcctttttacggttcctggecttttgctggecttttgctcacatg
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Figure 5b
PBAD-N1-MSC-H Sequence (4357 bp)

aagaaaccaattgtccatattgcatcagacattgccgtcactgegtettttactggetcttctecgctaaccaaac
cggtaaccccgcecttattaaaagcattctgtaacaaagcgggaccaaagecatgacaaaaacgcgtaacaaaagtyg
tctataatcacggcagaaaagtccacattgattatttgcacggecgtcacactttgctatgccatagcatttttat
ccataagattagcggatcctacctgacgctttttatcgcaactctctactgtttctceccataccegtttttttggg
ctaacaggaggaattaaccatggctgaaactgttgaaagttgtttagcaaaatcccatacagaaaattcatttac
taacgtctggaaagacgacaaaactttagatcgttacgctaactatgagggctgtctgtggaatgctacaggegt
tgtagtttgtactggtgacgaaactcagtgttacggtacatgggttcctattgggcttgctatccctgaaaatga
gggtggtggctctgagggtggecggttctgagggtggecggttctagagtcgacgagectcgatatecggeggecgecga
attctctcatcaccatcaccatcactaagecttgggcccgaacaaaaactcatctcagaagaggatctgaatageg
ccgtcgaccatcatcatcatcatcattgagtttaaacggtctccagecttggectgttttggecggatgagagaagat
tttcagectgatacagattaaatcagaacgcagaagcggtctgataaaacagaatttgecctggecggcagtagege
ggtggtcccacctgaccccatgeccgaactcagaagtgaaacgeccgtagecgecgatggtagtgtggggtctececca
tgcgagagtagggaactgccaggcatcaaataaaacgaaaggctcagtcgaaagactgggectttegttttatet
gttgtttgtcggtgaacgctctecctgagtaggacaaateccgecgggagecggatttgaacgttgegaagcaacgge
ccggagggtggcgggcaggacgeccgceccataaactgeccaggcatcaaattaagcagaaggeccatecctgacggatyg
gcectttttgegtttctacaaactetttttgtttatttttctaaatacattcaaatatgtatcecgctcatgagaca
ataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacattteccgtgtegececttat
tceecttttttgeggecattttgecttectgtttttgectcacccagaaacgectggtgaaagtaaaagatgectgaaga
tcagttgggtgcacgagtgggttacatcgaactggatctcaacagecggtaagatccttgagagttttecgeceega
agaacgttttccaatgatgagcacttttaaagttctgctatgtggcgeggtattatcccgtgttgacgeecgggca
agagcaactcggtcgeccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcet
tacggatggcatgacagtaagagaattatgcagtgctgeccataaccatgagtgataacactgecggecaacttact
tctgacaacgatcggaggaccgaaggagctaaccgettttttgcacaacatgggggatcatgtaactcgecttga
tcgttgggaaccggagctgaatgaagccataccaaacgacgagecgtgacaccacgatgecctgtagcaatggecaac
aacgttgcgcaaactattaactggcgaactacttactctagecttcecccggcaacaattaatagactggatggaggce
ggataaagttgcaggaccacttctgcgctecggecccttecggectggectggtttattgectgataaatctggageccgg
tgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagececcteccgtatecgtagttatectacac
gacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgecctcactgattaagcattyg
gtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatcta
ggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegttccactgagecgtcagacec
cgtagaaaagatcaaaggatcttcttgagatcctttttttctgegegtaatectgectgettgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgeccggatcaagagctaccaactectttttccgaaggtaactggecttcageag
agcgcagataccaaatactgtccttctagtgtagececgtagttaggccaccacttcaagaactcectgtagecaccgec
tacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtecgtgtecttaccgggttgga
ctcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacageccagettgga
gcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgecttecccgaagggagaaa
ggcggacaggtatccggtaagecggcagggtcggaacaggagagcgecacgagggagecttccagggggaaacgectyg
gtatctttatagtcctgtcgggtttcgeccacctctgacttgagecgtecgatttttgtgatgectecgtcaggggggeg
gagcctatggaaaaacgccagcaacgcggectttttacggttectggecttttgetggecttttgetcacatgtt
ctttcctgegttatccectgattctgtggataaccgtattaccgectttgagtgagectgataccgectecgecgeag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcecgectgatgeggtattttectecttacgea
tctgtgcggtatttcacaccgcatatggtgcactctcagtacaatctgectctgatgecgcatagttaagecagta
tacactccgctatcgctacgtgactgggtcatggctgecgecccgacaccegccaacaccegetgacgegecctga
cgggcttgtctgectcceggcateccgecttacagacaagctgtgacecgteteccgggagetgcatgtgtcagaggttt
tcaccgtcatcaccgaaacgcgcgaggcagcagatcaattcgecgegecgaaggcgaagecggcatgecataatgtgec
tgtcaaatggacgaagcagggattctgcaaaccctatgctactceccgtcaagecgtcaattgtetgattecgttace
aattatgacaacttgacggctacatcattcactttttcttcacaaccggcacggaactcgectcgggetggececeyg
gtgcattttttaaatacccgcgagaaatagagttgatcgtcaaaaccaacattgecgaccgacggtggecgataggce
atccgggtggtgctcaaaagcagecttecgectggectgatacgttggtectecgegeccagecttaagacgctaateect
aactgctggcggaaaagatgtgacagacgcgacggcgacaagcaaacatgctgtgecgacgectggegatatcaaaa
ttgctgtctgccaggtgatecgectgatgtactgacaagectecgegtaccecgattatccatcggtggatggagegac
tcgttaatcgcttccatgegecgecagtaacaattgctcaagecagatttategeccagcagectecgaatagegecect
tccecttgeccggegttaatgatttgeccaaacaggtecgectgaaatgecggetggtgegecttcateccgggecgaaag
aaccccgtattggcaaatattgacggccagttaagccattcatgccagtaggecgecgecggacgaaagtaaacceac
tggtgataccattcgcgagectcecggatgacgaccgtagtgatgaatctctectggecgggaacagcaaaatatca
ccecggtecggcaaacaaattctegteccectgatttttcaccaccecctgaccgecgaatggtgagattgagaatataa
cctttcattcccageggtcggtcgataaaaaaatcgagataaccgttggectcaatcggecgttaaacccecgecace
agatgggcattaaacgagtatcccggcagcaggggatcattttgegettcagecatacttttcatacteccgeca
ttcagag
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Figure 7
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