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POLYPEPTIDE

The present invention relates to a novel polypeptide chain forming a particular 3
dimensional fold characterised by a B-sandwich. By altering the amino acid sequence
in specific regions of the polypeptide of the invention novel binding characteristics are
developed. Methods for the generation of a polypeptide according to the invention and

uses of polypeptides of the invention are also described.

BACKGROUND OF THE INVENTION.

Macromolecular recognition takes place when two or more surfaces are capable of
establishing sufficient points of contacts, allowing specific binding to occur. Although
macromolecular recognition is a generally observed phenomenon in all living systemé,
the best characterised has been the immune system. One example being the human
immune system, consisting of a large number of structural similar antibody molecules,
each having minor sequence differences in the variable regions of the antibody
structure. These small difference result in the generation of a pletphora of binding

specificities.

Naturally occurring antibodies are multi-domain proteins composed 6f§heavy and light
chains. The overall antibody structure can be divided into different functional domains
according to their biological function. Certain parts of the antibody molecule interacts
with receptor molecules on the eukaryotic cells, thus giving-fise to a biological
response, these parts are often called constant domains. Other parts of the antibody
molecule contain a large degree of sequence variation between different antibody
molecules, thus providing different antibody molecules that ability to bind to a divers
range of different molecules. The sequence variation observed in the variable parts of
the antibody molecule allows an immense number of different structural surfaces to be
created. When the variable region of a given antibody can make enough interactions
with an antigen specific binding occur. The sequence variation of different antibodies

are confined to six loop regions, three on the heavy chain and three on the light chain.
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These loop regions are carried on a so called B sandwich structure, where the

individual loops connect  strands (Amit AG. 1986).

It has previously been demonstrated that smaller fragments of the antibody structure
retain their antigen recognition properties. At the same time such smaller fragment
may provide better reagents in certain therapeutic application. Most notably generation
of fragments of the variable parts have been demonstrated, giving rice to either scFv
fragments in which the variable parts of the heavy and light chain are linked by a
peptide linker or artificial engineering of a disulphide bridge for covalent linking the
heavy and light chain.

Recombinant DNA technology has provided tools which allows the in vitro generation
of repertoires of antibody molecules. When introducing the genes encoding such
antibodies in systems allowing a linkage of genotype with phenotype, selection of
specific antibodies becomes feasible based on their binding characteristics (Marks JD

et al. 1991). Most often such a system has been the phage display system (Smith GP.
1985).

The generation and selection of antibody fragments have been demonstrated to be a
powerful technique for identifying novel binding molecules. However, such antibody
fragments are composed of two chains (heavy and light) which have to fold together in
order for a functional representation of the loop segments for antigen binding. Often
functional folding of these two chaiﬁs and their functional pairing is impaired, thus
providing an unstable antibody fragment. Further a number of intra-chain disulfide
bridges have to be formed to ensure the fimctional folding of such antibody fragments,
thus limiting applications in which intracellular expression is an issue. Overall

antibody fragments suffer from a series of serious drawbacks.

A number of novel scaffolds have been described, all of which have the common
feature that random sequences can be accommadated, examples being the development
of the Z domain (Nord K. et al. 1997), minibody (Pessi A. et al. 1995), Tendamistat
(McConnel SJ. And Hoess RH 1995), zinc finger (Choo Y. and Klug A. 1995),
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cytochrome Bsg, (Ku J. and Schults P.G. 1995), trypsin inhibitor (Rottgen P. and
Collins J. 1995), synthetic colied coil (Houston M.E. et al. 1996), knottins (Smith G.P.
et al. 1998), green fluorescent protein (Abedi MLR. et al 1998), fibronectin (Koide A.
et al. 1998), anticalin (Beste G. et al. 1999), CTLA-4 (Nuttall S.D. et al. 1999) and
tetranectin (Graversen J.H. et al. 2000). Each of these scaffold have certain unique
features which make the application in defined areas beneficial, but as with antibodies
each also has several drawbacks. The following invention presents an optimized
scaffold, generated to solve some of the above mentioned problems, such as the

application to intracellular ligand binding.

Fatty Acid Binding Proteins (FABP) are a diverse family of intracellular proteins. The
precise physiological role of FABP is not fully understood, but accumulating evidence
suggests that the main function of the FABPs are to bind fatty acids, which exhibits
limited solubility, and thereby aid transportation of fatty acids (Stewart J.M. 2000).

An adequate supply of long-chain fatty acids is important for proper functioning of
eukaryotic cells. Fatty acids act as building blocks for membrane phospholipids and
are a main substrate for energy production. In addition fatty acids are precursors of
signaling molecules and mediators of the expression of various genes encoding
proteins involved in lipid metabolism. The binding characteristics of H-FABP and its
predominant presence in types I and ITA muscle fibers already suggests its functional

involvement in oxidative metabolism (Glatz JFC 2003)

The intracellular and cytoplasmic FABPs form a group of at least nine distinct protein
types. They are 14- to 15-kDa proteins of 126-134 amino acids, and are named after
the first tissue of isolation or identification (Table 1)(Zimmerman A.W. 2001). Some
types (L-FABP, H-FABP) occur in more than one tissue whereas others (I-FABP, A-
FABP, M-FABP, B-FABP) are limited to only one tissue.

The first reported crystallographic studies to enter the literature were of recombinant
rat I-FABP (Sacchettini J.C. et al. 1988). Structural analyses of several FABPs have

revealed markedly similar three-dimensional folds consisting of 10 antiparallel pB-
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strands that form a B-barrel. This B-barrel is capped by two short a-helices arranged in
a helix-loop-helix structure (figure 1). The present evidence suggests that the helix-
loop-helix structure together with the turns connecting B-stands C-D and D-E,
functions as a “dynamic portal” that regulates Fatty Acid entry and exit from the
internal ligand binding cavity (Reese-Wagoner A. et al. 1999). In particular the
transfer of Fatty Acids to membranes seems to be controlled by the helix-loop-helix
motif (Liou H-L et al 2002, Cérsico B 2004)). This class of FABP’s, to which H-
FABP also belongs, has been termed membrane-active FABPs. These catalyses both
the dissociation of the fatty acid from the donor membrane and binding to the acceptor

membrane (Glatz J.F.C. 2003).

The topology of the FABP’s is comparable to two other families of closely related
structural families, namely the Lipocalins and the streptavidins. However whereas the
structure of the FABP family comprises a 10 B-sheet clam structure with a helix-loop-
helix lid, the two others comprise structures of 8 B-strand and no helix-loop-helix
motif. The FABP barrel is more flattened and elliptical than either that of lipocalins or
streptavidin (figure 2 and figure 3). Based on the structural similarities the three
distinct families has been suggested to form part of a larger group, the calycin
structural superfamily (Flower D.R. 1993). In contrast to the remarkably similar
structures, the members of the FABP family show an amino acid sequence similarity

of 22-73 %, with 39 highly conserved residues (Zimmerman A.W. and Veerkamp J.H.
2002). ‘

The presence of one or more disulphide bridges is a unique feature of the E-FABP,

whereas the cystein residues present in the other FABP molecules has been shown not

to participate in disulphide bridge formation.

In general proteins of the lipocalin and streptavidin families are extracellular proteins,
whereas the FABP’s are intracellular. Due to the cellular distribution most FABP’s do
not contain cysteins which can participate in disulphide bridge formation, the one
exception being Epidermal-FABP (Gutierrez-Gonzalez L.H. et al. 2002), although

formation of a functional disulphide bridge has not been verified. Lipocalins and
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streptavidins on the other hand most often rely on disulphide bridge formation for

structural stability (Flower D.R. 1996)

In addition to binding of Fatty Acids in the cavity of FABP’s, probes such as bisANS
and ANS has been shown to bind, such binding usually has been associated with
properties of a molten globule state of a protein, consequently indicating a flexible
structure with a high degree of lose structure. However for I-FABP the binding of
bisANS and ANS was verified to take place inside the pocket of this compact well-
folded structure (Arighi C.N. et al 2003). They all possess a ligand binding cavity of
approximately 1000 A2 located in the top half of the B-barrel.

SUMMARY OF THE INVENTION.

The present invention relates to a novel polypeptide chain forming a particular 3
dimensional fold characterised by a B-sandwich. By altering the amino acid sequence
in specific regions of the polypeptide of the invention the specificity of ligand binding

can be adjusted.

Thus in a first aspect the present invention provides a fatty acid binding protein
scaffold (FASTbody) capable of specific binding to one or more ligands, which
scaffold comprises a single-chain polypeptide with the following structural properties:
(a) The scaffold contains 10 B-strands (designated ABCDEFGHI and J) connected
by loop regions which determine the specificity of ligand binding, wherein the
B-strands together form a B-clam structure; and wherein
(b) The loop regions connecting B-A and B -B; p -C and § -D; B -E and B -F; B -G
and B -H; B-I and B-J are located on the same site of the B-clam structure;
wherein the fatty acid binding scaffold does not contain any disulphide bridge
forming cysteines and wherein the scaffold does not comprise a helix-loop-helix

motif.
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In the FASTbodies described above, specific ligand binding takes place via the

interaction of one or more loops regions of the fatty acid binding protein scaffold

(FASTbody) with that specific ligand.

According to the above aspect of the invention, advantageously, the FASTbody

according to the invention is capable of specific binding to RAS.

According to the above aspect of the invention, advantageously, a FASTbody
according to the present invention consists of a single-chain polypeptide with the
following structural properties:

(a) The scaffold contains 10 B-strands (designated ABCDEFGHI and J) connected
by loop regions which determine the specificity of ligand binding, wherein the
B-strands together form a B-clam structure; and wherein

(b) The loop regions connecting f-A and B -B; B -C and B -D; B -E and B -F; B -G
and B -H; B-I and B-J are located on the same site of the B-clam structure;
wherein the fatty acid binding scaffold does not contain any disulphide bridge
forming cysteines; wherein the scaffold does not comprise a helix-loop-helix

motif.

According to the above aspect of the invention, preferably the helix-loop-helix motif
of a fatty acid binding protein is replaced with another peptide during the generation of .
the FASTbodies of the invention. Such a peptide may be of any suitable length and
sequence. Advantageously, the peptide is a 9 amino acid random peptide. Most

preferably, the 9 amino acid random peptide is as herein described.

According to the above aspect of the invention, the term ‘a fatty acid binding protein
scaffold’ (FASTbody) refers to a scaffold according to the invention as described
above. The inventors have devised the essential features of the ligand binding scaffold
according to the invention based on experiments designed to investigate the
structure/function relationships in various fatty acid binding proteins. A selection of
these experiments are described in the Examples. In particular, the fatty acid binding

scaffold according to the invention was initially generated by removing the helix-loop-
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helix motif from adipocyte fatty acid binding protein (A-FABP) and replacing it with a
randomised 9 amino-acid peptide, in particular a 9 amino-acid random peptide as

described herein.

In a further preferred embodiment of the invention, the fatty acid binding protein
scaffold according to the invention comprises, preferably consists of a fatty acid
binding protein FABP in which the helix-loop-helix motif has been replaced with an
amino acid sequence. Preferably, the helix-loop-helix motif has been replaced with a
random amino acid sequence as herein defined. Most preferably, the helix-loop-helix
motif has been replaced with a random 9 amino acid sequence. Most preferably still,
the FASTbodies according to the invention comprises, preferably consists of an
adipocyte fatty acid binding protein (a-FABP) in which the helix-loop-helix motif is
replaced by a random amino acid sequence, preferably the helix-loop-helix motif is

replaced by a random 9 amino acid sequence.

The present inventors consider that the scaffold structure of the invention may be
compared to an antibody structure, where the individual loop regions compare to the
different CDR regions of the antibody. Specifically, the inventors consider that in the
case where the FASTbodies is based on a fatty acid binding protein in which the helix-
loop-helix motif is replaced with a peptide, preferably a 9 amino acid random amino
acid sequence, then the peptide sequence may be compared to Heavy Chain CDR3
regions, since this position in the scaffold can accommodate significant variations in

length and structure without disturbing the overall fold of the scaffold.

The essential features of a scaffold according to the invention are based on the results
of these experiments. In particular, the present inventors have found that the p-strand
clam structure appears to be important for determining the structural integrity of the
ligand binding scaffold of the invention, whilst the loop regions appear to determine
the ligand binding specificity. Moreover, the inventors consider that the absence of
disulphide bridge forming cysteines in the fatty acid binding scaffold (FASTbodies)
according to the invention is necessary to permit the correct folding of the FASTbodies

within an intracellular environment. Thus, the inventors consider that the latter feature
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is essential for specific ligand binding to a FASTbodies according to the invention

within an intracellular environment.

In a further aspect, the present invention provides a method for generating a fatty acid

binding protein scaffold (FASTbody) which method comprises:

(2) Providing a single polypeptide chain fatty acid binding protein, or the nucleic acid
encoding it; and

(b) Randomizing the helix-loop-helix motif, or the nucleic acid encoding it.

According to the above aspect of the invention, the term ‘randomizing’ (the helix-
loop-helix motif) of the FASTbody of the invention refers to the process of altering the
amino acid sequence of the motif such that the resultant amino acid sequence of the
‘randomized’ helix-loop-helix motif is not 100% identical to the helix-loop-helix motif
comprised by the fatty acid binding protein from which the FASTbody of the invention

is generated.

‘Randomization of an amino acid sequence’ as herein defined may be achieved using
any suitable technique which results in changing at least one amino acid of the relevant
amino acid sequence so that the resultant amino acid sequence is not 100% identical to
the same amino acid sequence prior to the ‘randomization process’. Suitable
techniques include mutation, deletion, insertion, translocation of nucleic acids
encoding some or all of the relevant region. Alternatively, randomization as herein
defined may be achieved at the amino acid level using similar techniques, namely,
mutation, deletion, insertion, translocation of one or amino acids comprising the
relevant sequence. In a preferred embodiment of the above aspect of the invention
‘randomization’ is achieved by replacing part or all of the relevant region (for
example part or all of the helix-loop-helix motif) by a second amino acid sequence.
Such replacement may be achieved either at the nucleic acid level or at the amino acid

level. This method is described in more detail in the Examples.

Those skilled in the art will appreciate that a FASTbody according to the invention

may be generated at the protein/polypeptide level or at the nucleic acid level. Thus in
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the case that the FASTbody is generated at the polypeptide level, then the helix-loop
helix motif of a fatty acid binding protein/polypeptide is randomized. In contrast, in
the case that the FASTbody according to the invention is prepared at the nucleic acid
level then, the nucleic acid encoding a helix-loop-helix motif of a fatty acid binding

protein is ‘randomized’, as defined herein.

According to the above aspect of the invention, advantageously, the method of the
invention comprises a further step (c) in which one or more loop regions connecting f3-
strands designated A, B, C, D, E, F, G, H, I and/or J, or the nucleic acid encoding them
is randomized, as herein defined. According to this preferred embodiment of the above
aspect of the invention, preferably, the loop region connecting B-strands B and E is
randomized as defined herein. More advantageously still, the loop regions connecting

B-E and B-F, B-G and B-H and B-I and B-J are randomized as herein defined.

According to the above aspect of the invention, preferably, the fatty acid binding
protein is adipocyte fatty acid binding protein (FABP-A). Sources of suitable fatty acid
binding proteins will be familiar to those skilled in the art and are described in the

detailed description of the invention.

According to the above aspect of the invention, the term ‘replacing’ (the helix-loop-
helix motif) refers to the process of removing the helix-loop-helix motif and inserting

in its place a suitable peptide sequerice.

“Suitable’ peptide sequences for use according to the method of the invention may be
of any length from 3 amino acids to 100 amino acids. Advantageously, a suitable
peptide sequence is from 3 to 50, or 3 to 20 amino acids in length, more preferably, it
is from 3 to 15 amino acids in length. More preferably still, it is from 3 to 10 amino
acids in length. Most preferably, where the peptide is one replacing the helix-loop-
helix motif, then the peptide sequence according to the invention is preferably 9
amino acids in length. Moreover, in the case where the peptide functions to replace
the loop connecting B-strands B and E, then the peptide is preferably 5 amino acids

long or 7 amino acids long. Advantageously, a peptide for use according to the method
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of the invention is a ‘random peptide’ sequence as herein described. Those skilled in
the art will appreciate that the peptide according to step (b) above may or may not

comprise secondary structural elements.

According to the present invention, the term ‘random peptide’ refers to an amino acid
sequence of no defined sequence. That is it refers to an amino acid sequence of any
sequence. Such a random peptide may be generated using any method known to those
skilled in the art. Advantageously, a ‘random’ peptide according to the present

invention will be generated using a peptide synthesiser.

In a further aspect still, the present invention provides a fatty acid binding protein

scaffold (FASTbody) obtainable according to the method of the invention.

Advantageously, the FASTbodies according to the invention comprises, preferably
consists of one of the fatty acid binding proteins selected from the group consisting of :
A-FABP, I-FABP, L-FABP, H-FABP, E-FABP, IL-FABP, B-FABP, M-FABP and T-
FABP in which the helix-loop-helix motif is ‘randomized’ as herein defined.
Preferably the helix-loop-helix motif is replaced with a 9 amino acid random peptide

sequence described herein.

More advantageously, the FASTbody according to the invention comprises, preferably
consists of one of the fatty acid binding proteins selected from the group consisting of :
A-FABP, I-FABP, L-FABP, H-FABP, E-FABP, IL-FABP, B-FABP, M-FABP and T-
FABP in which the helix-loop-helix motif has been randomized as herein defined and
additionally one or more of the loop regions connecting one or more of the B-strands

designated A, B, C, D, E, F, G. H. I and J is ‘randomized’ as herein described.

More advantageously, a FASTbody according to the invention comprises, preferably
consists of a-FABP in which the helix-loop-helix region has been replaced with a
randomized peptide sequence, preferably the 9 amino acid and additionally the loop
regions connecting one or more of the B-strands designated A, B, C, D, E, F, G . H.I

and J is ‘randomized’ as herein described
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Most advantageously, a FASTbodies according to the invention comprises, preferably
consists of a-FABP in which the helix-loop-helix region has been replaced with a
random peptide sequence as defined herein, preferably the 9 amino acid random
peptide described in the Examples and additionally the loop regions connecting the B-
strands designated E and F is ‘randomized’ as herein described. In a further preferred
embodiment of the above aspect of the invention, a FASTbody according to the
invention comprises, preferably consists of a-FABP in which the helix-loop-helix
region has been replaced with a random peptide sequence as defined herein, preferably
the 9 amino acid random peptide described in the Examples and additionally the loop
regions connecting the B-strands designated E and F, G and H and I and J are

‘randomized’ as herein described.

In a further aspect the present invention provides a nucleic acid construct encoding a

fatty acid binding protein scaffold (FASTbody) according to the invention.

In a further aspect still, the present invention provides a vector comprising a nucleic

acid construct according to the invention.

In a further aspect still, the present invention provides a host cell comprising a vector

according to the invention.

Thus in a further aspect the present invention provides a method for changing the

ligand binding specificity of a fatty acid binding scaffold (FASTbody) according to the

invention, which method comprises the steps of:

(a) Providing a fatty acid binding scaffold according to the invention, and

(b) Randomizing one or more loops connecting the B-strands designated A,B, C, D, E,
F,G,H,Iand]J.

In a further aspect still the present invention provides a library of fatty acid binding

protein scaffolds (FASTbodies) according to the invention.



10

15

20

25

30

WO 2006/013468 PCT/IB2005/002530

12

According to the above aspect of the invention, advantageously, the FASTbodies
according to the invention comprises, preferably consists of one of the fatty acid
binding proteins selected from the group consisting of : A-FABP, I-FABP, L-FABP,
H-FABP, E-FABP, IL-FABP, B-FABP, M-FABP and T-FABP in which the helix-
loop-helix motif is ‘randomized’ as herein defined. Preferably the helix-loop-helix

motif is replaced with a 9 amino acid random peptide sequence described herein.

More advantageously, the FASTbodies according to the invention comprises,
preferably consists of one of the fatty acid binding proteins selected from the group
consisting of : A-FABP, I-FABP, L-FABP, H-FABP, E-FABP, IL-FABP, B-FABP,
M-FABP and T-FABP in which the helix-loop-helix motif has been replaced with a
randomized amino acid sequence, preferably a 9 amino acid random peptide sequence
described herein and additionally one or more of the loop regions connecting one or
more of the B-strands designated A, B, C, D, E, F, G. H. I and T is ‘randomized’ as

herein described.

More advantageously, a FASTbody according to the invention comprises, preferably
consists of a-FABP in which the helix-loop-helix region has been replaced with a
randomized peptide sequence, preferably the 9 amino acid and additionally the loop
regions connecting one or more of the B-strands designated A, B, C, D, E, F, G. H. I

and J is ‘randomized’ as herein described

Most advantageously, a FASTbody according to the invention comprises, preferably
consists of a-FABP in which the helix-loop-helix region has been replaced with a
random peptide sequence as defined herein, preferably the 9 amino acid random
peptide described in the Examples and additionally the loop regions connecting the B-
strands designated E and F is ‘randomized’ as herein described. In a further preferred
embodiment of the above aspect of the invention, a FASTbody according to the
invention comprises, preferably consists of a-FABP in which the helix-loop-helix
region has been replaced with a random peptide sequence as defined herein, preferably

the 9 amino acid random peptide described in the Examples and additionally the loop
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regions connecting the B-strands designated E and F, G and H and I and J are

‘randomized’ as herein described.

In a further aspect still the present invention provides a method for selecting a fatty

acid binding scaffold according to the invention which scaffold is capable of binding

to a defined ligand which method comprises the steps of:

(a) Providing a fatty acid binding protein (FASTbody) library according to the
invention,

(b) Testing the ability of the library according to step (2) to bind the defined ligand;

and
(c) Selecting those fatty acid binding scaffolds according to step (b) which are capable
of binding to the defined ligand.

The present inventors have surprisingly found that the binding of specific ligand to the
FASTbodies according to the invention is modulated by the presence or absence of

fatty acid binding to the FASTbody.

Thus in a further aspect the present invention provides the use of a fatty acid in

modulating the binding of specific ligand to a FASTbodies according to the invention.

In a further aspect still, the present invention provides the use of a fatty in monitoring

the binding of FASTbodies to one or more specific ligands.

According to the aspect of the invention referred to above, advantageously the use
comprises measuring the amount of fatty acids bound to the FASTbody. Upon ligand
binding to FASTbody the dissociation rate of fatty acid from FASTbody will be

altered, thus allowing a correlation to be obtained.

As used herein the term ‘fatty acid’ includes within its scope fatty acid derivatives,
homologues, analogues and/or fragments thereof so long as such derivatives,

homologues, analogues and/or fragments thereof possess the requisite activity of
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FASTbody binding and the consequent modulation of specific ligand binding to a
FASTbody as herein described.

According to the above aspect of the invention, preferably the fatty acid is one or more
selected from the groupconsisting of the following: Lauric acid, Mpyristic acid,
Myristoleic acid, Palmitic acid, Palmitoleic acid, Steric acid, Oleic acid, Linoleic acid,
Linolenic acid, Arachidic acid, Arachidonic acid, Docosahexaenoic acid or fluorescent
analogues of the above. Those skilled in the art will appreciate that this list is not

intended to be exhaustive.

The present inventors consider that FASTbodies and/or libraries thereof according to
the invention may be used to generate validation systems suitable for use in

combination with high throughput screens of new chemical entities.

Thus in a final aspect the present invention provides a method of identifying a

potential drug candidate which is capable of displacing the binding of a FASTbody

according to the invention to the target antigen, which method comprises the steps of:

(a) Providing a library of FASTbodies according to the invention,

(b) Providing a sample of one or more drug candidates,

(c) Screening the library for the ability of the one or more drug candidates to displace
the binding of one or more FASTbodies within the library according to step (a).

According to the above aspect of the invention, those molecules which are found to
displace the binding of one or more FASTbodies in a library according to the invention
represent potential drugs candidates. Preferably the method according to the above
aspect of the invention may be effected by using high throughput screening
technology. Suitable technology will be familiar to those skilled in the art.

DEFINITIONS.

The term ‘library’ of FASTbodies according to the present invention refers to a

mixture of heterogeneous polypeptides or nucleic acids. The library is composed of
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members, which have a single polypeptide or nucleic acid sequence. To this extent,
library is synonymous with repertoire. Sequence differences between library members
are responsible for the diversity present in the library. The library may take the form of
a simple mixture of polypeptides or nucleic acids, or may be in the form organisms or
cells, for example bacteria, viruses, animal or plant cells and the like, transformed with
a library of nucleic acids. Pfeferably, each individual organism or cell contains only
one member of the library. Advantageously, the nucleic acids are incorporated into
expression vectors, in order to allow expression of the polypeptides encoded by the

nucleic acids.

‘Randomization of an amino acid sequence’ as herein defined may be achieved
using any suitable technique which results in changing at least one amino acid of a
relevant amino acid sequence so that the resultant amino acid sequence is not 100%
identical to that amino acid sequence prior to the ‘randomization process’. Suitable
techniques include mutation, deletion, insertion, translocation of nucleic acids
encoding some or all of the relevant region. Alternatively, randomization as herein
defined may be achieved at the amino acid level using similar techniques, namely,
mutation, deletion, insertion, translocation of one or amino acids comprising the
relevant sequence. In a preferred embodiment of the above aspect of the invention
‘randomization’ is achieved by replacing part or all of the relevant region (for
example part or all of the helix-loop-helix motif of a FASTbody according to the
invention) by a second amino acid sequence. Such replacement may be achieved either

at the nucleic acid level or at the amino acid level.

“Antibodies” are defined herein as constructions using the binding (variable) region of
such antibodies, and other antibody modifications. Thus, an antibody useful in the
invention may comprise whole antibodies, antibody fragments, polyfunctional
antibody aggregates, or in general any substance comprising one or more specific
binding sites from an antibody. The antibody fragments may be fragments such as Fv,
Fab and F(ab'), fragments or any derivatives thereof, such as a single chain Fv
fragments. The antibodies or antibody fragments may be non-recombinant,

recombinant or humanized. The antibody may be of any immunoglobulin isotype, e.g.,
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IgG, IgM, and so forth. In addition, aggregates, polymers, derivatives and conjugates

of immunoglobulins or their fragments can be used where appropriate.

According to the present invention, the term ‘random peptide’ refers to an amino acid
sequence of no defined sequence. That is it refers to an amino acid sequence of any
sequence. Such a random peptide may be generated using any method known to those
skilled in the art. Advantageously, a ‘random’ peptide according to the present

invention will be generated using a peptide synthesiser.

CDR (complementarity determining region) of an immunoglobulin molecule heavy
and light chain variable domain describes those amino acid residues which are not
framework region residues and which are contained within the hypervariable loops of
the variable regions. These hypervariable loops are directly involved with the
interaction of the immunoglobulin with the ligand. Residues within these loops tend to

show less degree of conservation than those in the framework region.

Intracellular means inside a cell. The cell may be any cell, prokaryotic or eukaryotic,
and is preferably selected from the group consisting of a bacterial cell, a yeast cell and
a higher eukaryote cell. Most preferred are yeast cells and mammalian cells. In
addition the term ‘Intracellular’ refers to environments which resemble or mimic an

intracellular environment. Thus, "intracellular" may refer to an environment which is

not within the cell, but is in vitro.

Specific binding in the context of the present invention, means that the interaction
between the FASTbody and the ligand are specific, that is, in the event that a number
of molecules are presented to the FASTbody, the latter will only bind to one or a few
of those molecules presented. Advantageously, the FASTbody-ligand interaction will
be of high affinity. The interaction between FASTbody and ligand will be mediated by
non-covalent interactions such as hydrogen bonding and Van der Waals. Generally, the

interaction will occur on the loop regions of the FASTbody.
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BRIEF DESCRIPTION OF THE FIGURES.

Figure 1 shows a schematic representation of the adipocyte fatty acid binding protein.
The 10 B-strands named A, B, C, D, E, F, G, H, L, J are represented at squares, while
the Helix-loop-Helix motif connecting B-strand A and B are shown as cylinders. The

loops connecting the secondary structural elements are represented a thin lines.

Figure 2 shows a 3-dimensional representation of the structure of Adipocyte Fatty
Binding Protein Complexed With 1-Anilino-8-Naphthalene Sulfonate created using
the program Swiss-PDB viewer (http://www.expasy.org/spdbv/). The coordinates
(2ANS) were taken from PDB.

Figure 3 show the sequence comparison between human and mouse Adipocyte Fatty
Acid Binding protein, with the secondary structural elements shown. Helix regions are
shown as squares and b-strands are shown as lines ending with an arrow, loop regions

are indicated with the letter t.

Figure 4 shows the transcribed gene sequence of wild type human adipocyte fatty acid

binding protein, derived from genebank with accession number : NM 001442.
Highlighted in yellow is the translated sequence.

Figure 5 shows a sequence comparison between wild type human adipocyte fatty acid
binding protein and the modified recombinant adipocyte fatty acid binding protein
cloned in the phagemid vector pHEN2. In the first line the wild type amino acid
sequence of A-FABP is given with secondary structural elements (italics indicate

helix, blue indicate sheet and black underscored loop residues).

Figure 6 shows the sequence comparison between the modified recombinant
adipocyte Fatty acid Binding protein in pHEN2 before and after removal of the helix
loop helix region. In the Helix less variant of the adipocyte fatty acid binding protein
the unique restriction enzyme recognition sites for Kpnl, Xhol and BspE1 were added

as detailed in Example 1.
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Figure 7 shows the sequence comparison between the Helix less variant of the
adipocyte fatty acid binding protein and the first FASTbody library in which the helix
loop helix region of the adipocyte faity acid binding protein was replaced by a

randomized 9 amino acid insert. In the randomization process the codon NNK is used.

Figure 8 shows the ELISA results obtained with 4 selected FASTbody binders
selected against RAS. In the ELISA the wells were coated with 50 ng of each of the
indicated antigens (RAS, Ubiqutin, Skimmed milk and BSA). To prevent binding to
free plastic surface the wells were bloked by adding 3 % skimmed milk powder in
PBS, followed by incubation with 50 pl of a phage supernatant of the individual
FASTbody binders (2-4-F, 3-12-F, 3-11-E and 1-4-H). FASTbody binding were
detected by reacting with a monoclonal antibody against the phage particle followed
by development with OPD. The three binders 2-4-F, 3-12-F and 3-11-E binds RAS
specifically while 1-4-H does not show significant binding.

Figure 9 shows the ELISA results obtained with the same 4 selected FASTbody
binders as shown in figure 8. In the ELISA the wells were coated with 50 ng of each of
the indicated antigens (RAS, Ubiqutin, Skimmed milk and BSA). To prevent binding
to free plastic surface the wells were bloked by adding 2% BSA in PBS, followed by
incubation with 50 pl of a phage supernatant of the individual FASTbody binders (2-4-
F, 3-12-F, 3-11-E and 1-4-H). BSA is known to bind Fatty acids strongly, therefore
any fatty acid bound to the FASTbody structures would be displaced by blocking and
incubating the FASTbodies in the presence of BSA. FASTbody binding were detected
by reacting with a monoclonal antibody against the phage particle followed by
development with OPD. FASTbodies from clone 2-4-F and 3-11-E does not show a
significant binding to RAS compared to the background, thus indicating that the RAS
recognition of these FASTbodies are depended on fatty acids being present in the
FASTbody scaffold. 3-12-F retain some of the binding specificity toward RAS.

Figure 10 show part of the sequence of the binder 3-1 1-E selected for binding against

the RAS protein. Only part of the sequence surrounding the 9 amino acid sequence is
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shown. The restriction site Ncol is located at the start codon for the FASTbodies,
while XhoI and BspEl1 is located at either site of the 9 amino acid insert. The 9 amino

acids are shown in italics.

Figure 11 shows a schematic representation of the library constructions based on the
binder 3-11-E. As outlined in Example 3. Two PCR reactions were performed using
the binder 3-11-E in pHEN2 as template. One using the an oligo priming in the vector
sequence upstream of the start codon of the FASTbody (FABP64S) together with an
oligo immediately in front of the loop connecting b-strand E and F, and the other using
an oligo priming in the vector sequence downstream of the end of the FASTbody
(FABP545AS) together with two different oligos used to insert a random sequence of
5 and 7 amino acids respectively in the loop connecting b-strand E and F.

A secondary PCR amplification was used to assemble the two fragments before
cloning the PCR products in the Pst1 and Not1 sites.

Figure 12 show the ELISA results of a selected set of binders obtained from the two
FASTbody libraries constructed using the binder 3-11-E previously selected against
RAS as template. The two libraries were randomised as previously shown in Example
3.

Five of the positive clones obtained after selection of the FASTbody libraries
generated using 3-11-E as template and the binder 3-11-E were tested in an ELISA
designed to underline the importance of adding free fatty acids to the FASTbodies.
The binders were allowed to bind to skimmed milk powder alone, Ras blocked with
skimmed milk powder,

Skimmed milk powder an oleate, RAS with oleate and blocked with skimmed milk
poweder, Skimmed milk poweder with Oleate and Oleate present at all steps of
washing and incubation, Ras with Oleate and blocked with skimmed milk powder and
Oleate present at all steps of washing and incubation.

While all of the clones from the new libraries generated binders with increased binding
to RAS, the influence of Oleate present only in the coating step or in all other steps of

washing and incubating varied between the clones.
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Figure 13 shows the sequences of the 5 binders selected from the FASTbody libraries
based on the 3-11-E binder with randomisation of the loop connecting b-strand E and
F.

The randomised residues are marked as gray on the DNA level. All the clones have
different sequences establishing the potential of generating a divers array of binders
using the FASTbody scaffold. Furthermore binders with both 5 and 7 randomised
amino acids was identified establishing the flexibility of the loop regions to

accommodate loop sequence of varying length.

Figure 14 show a modified pET11d vector where cloning into the Ncol and Notl
allow expression of a fusion protein with a myc and His tag added at the C-Terminal

end of the fusion protein.

Figure 15 shows a schematic representation of the expression vector allowing

intracellular expression of the FASTbodies in Mucor.
Figure 16 shows the detailed sequence of the vector pEUKA7-kan.

Figure 17 show the intracellular expression of the RAS binder 3-11-E 89-8-E
expressed from the vector pPEUKA7-kan. As a control the KFA143 (Appel et al. 2004)

were grown as under aerobic and anaerobic conditions.

Figure 18 schematically show the assembly of the synthetic gene fragment for
creation of the total randomized FASTbody library as described in example 7.

Figure 19 shows an ELISA experiment on FASTbodies a total randomised library.
The ELISA were performed as described in example 8 and the results are given as

absorbance at 490 nm. Postive clones are marked with grey shading.
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DETAILED DESCRIPTION OF THE INVENTION.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art (e.g., in cell
culture, molecular genetics, nucleic acid chemistry, hybridisation techniques and
biochemistry). Standard techniques are used for molecular, genetic and biochemical
methods (see generally, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d
ed. (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and
Ausubel et al., Short Protocols in Molecular Biology (1999) 4™ Bd, John Wiley &

Sons, Inc. which are incorporated herein by reference) and chemical methods.

Fatty acid binding proteins.

Fatty acid binding scaffolds (FASTbodies) according to the present invention may be

generated from one or more fatty acid binding proteins.

Such fatty acid binding proteins may be categorised as shown in Table 1.

Tissue FABP name FABP abbrevation
Liver, intestine, kidney, | Liver L

stomach

Intestine, stomach Intestinal I

Heart, kidney, skeletal | Heart H

muscle, aorta, adrehal,
placenta, brain, testes,
ovary, lung, mammary

gland, stomach

Adipose tissue Adipocyte A
Skin, brain, lens, capillary, | Epidermal E
endothelium, retina

Intestine, ovary, adrenals, | Ileal IL
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stomach
Brain Brain B
Peripheral nervous system | Myelin M
Testis Testicular T

In a preferred embodiment of the invention, FASTbodies according to the invention is

generated from A-FABP (adipocyte fatty acid binding protein).

Structural features of fatty acid binding proteins.

Fatty acid binding proteins from which a FASTbody according to the present invention
may be generated comprises a large B-strand region which forms a 3-clam structure as
defined herein and a small a helical region. Together these structures (the
characteristics of which are described below) create a specific fatty acid binding

pocket.

The first reported crystallographic studies to enter the literature were of recombinant
rat I-FABP. Structural analyses of several FABPs have revealed markedly similar
three-dimensional folds conmsisting of 10 antiparallel B-strands that form a B-barrel
(Zanotti G. 1999). This B-barrel is capped by two short a-helices arranged in a helix-
loop-helix structure (figure 1). The present evidence suggests that the helix-loop-helix
structure together with the turns connecting B-stands C-D and D-E, functions as a
“dynamic portal” that regulates Fatty Acid entry and exit from the internal ligand
binding cavity. In particular the transfer of Fatty Acids to membranes seems to be
controlled by the helix-loop-helix motif (Liou H-L et al 2002, Cérsico B 2004)). This
class of FABP’s, to which H-FABP also belongs, has been termed membrane-active
FABPs. These catalyses both the dissociation of the fatty acid from the donor
membrane and binding to the acceptor membrane (Glatz J.E.C. 2003).

The topology of the FABP’s is comparable to two other families of closely related

structural families, namely the Lipocalins and the streptavidins. However whereas the
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structure of the FABP family comprises a 10 B-sheet clam structure with a helix-loop-
helix lid, the two others comprise structures of 8 B-strand and no helix-loop-helix
motif. The FABP barrel is more flattened and elliptical than either that of lipocalins or
streptavidin. Based on the structural similarities the three distinct families has been
suggested to form part of a larger group, the calycin structural superfamily (Flower
D.R. 1993). In contrast to the remarkably similar structures, the members of the FABP

family show an amino acid sequence similarity of 22-73 %, with 39 highly conserved

residues.

Some details of these structural topologies are presented below:

(a) B-Strands.
In the beta (B) strand structure, the polypeptide segment adops an extended

conformation, where the phi- and psi-angles are around -120° and +120° respectively.
The R groups of the amino acids alternates in location with respect to the plane defined
by the backbone in such a way that every second is located on one side of the plan and

every other second on the opposite side of the plan.

(b) a-helix.

In the alpha helical structure, the polypeptide backbone is arranged in a helical coil
having about 3.6 residues per turn. The R groups of the amino acid extend outwards
from the tight helix formed from the backbone. In such a structure the repeat unit
consisting of a single complete turn of the helix, extends about 0.54 nm along the long-
axis. The alpha helix is the simplest arrangement which can be adopted by a

polypeptide taking into account the constraint imposed by the planar peptide bonds.

(¢) B-Clam structure.

The B-clam topology consists of two-five stranded anti-paralell B-sheets surrounding a

large solvent-filled cavity within which the ligand binds. This B-clam topology is
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present in all members of the fatty acid binding protein family and is an essential

feature of the fatty acid binding protein scaffold (FASTbodies) according to the

invention.

(a) Helix-loop helix motif.

Fatty acid binding proteins comprise two a-helices joining beta-strands A and B. That
is B-strands A and B are joined by a helix-loop helix motif. The fatty acid binding
protein scaffold (FASTbodies) according to the invention retains this feature in certain
embodiments. The present inventors consider that the presence of the helix-loop helix
motif is not required in order to maintain the integrity of the fatty acid binding cavity

but may serve to regulate the affinity of fatty acid binding (Cistola, D. P 1996).

FATTY ACID BINDING SCAFFOLDS ACCORDING TO THE INVENTION.

In a first aspect the present invention provides a fatty acid binding protein scaffold
(FASTbody) capable of specific binding to one or more ligands, which scaffold
comprises a single-chain polypeptide with the following structural properties:

(a) The scaffold contains 10 B-strands (designated ABCDEFGHI and J) connected
by loop regions which determine the specificity of ligand binding, wherein the
B-strands together form a B-clam structure; and wherein
(b) The loop regions connecting B-A and B -B; B -C and B -D; B -E and B -F; 8
-G and B -H; B-I and B-J are located on the same site of the B-clam structure;
wherein the fatty acid binding scaffold does not contain any disulphide bridge
forming cysteines; wherein the scaffold does not comprise a helix-loop-helix

motif.

Characteristics of fatty acid binding protein scaffolds according to the invention.

The present inventors have studied structure/function relationships in members of the
fatty acid binding protein family. They have used the information obtained to design a
scaffold. Importantly, such a scaffold consists of loop regions which are capable

specific interaction with one or more ligands. Further they have used this information
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to examine the influence of fatty acids associated with the scaffold structure and the
influence of said fatty acids on binding of ligands. Some of the structural
considerations taken into account in designing a fatty acid binding scaffold

(FASTbody) scaffold according to the present invention are listed below:

(a) Structural flexibility of turns:

When the structure of the fatty-acid-binding protein from the parasitic platyhelminth
Echinococcus granulosus (Eg-FABP1) is compared to another structural family
member the P2 myelin protein, the major structural differences occur in the turns
before and after B—stand H (Jakobsson E. 2003). Despite structural differences in the
turn regions surrounding B-strand H, the conformation and location of this strand are
identical in the two protein, thus suggesting that a certain degree of sequence variation

is allowed in turn regions, while still preserving the overall structural features.

Previously studies have investigated the influence of mutating single amino acids in I-
FABP. The residues were chosen on the basis of a likely influence on folding or
stability. Leu64 located in the loop connecting B-strand D and B-strand E makes
numerous contacts with residues in other stands, and mutants at residue 64 exhibited a
marked decrease in stability (Rajabzadeh M. 2003). While this may be true for certain
conserved key residues, a large number of mutants of other FABP proteins have been
examined an exhibit similar or moderately decreased stabilities with a conservation of

the overall structural characteristics (Zimmerman A.W., et al. 1999)

The high flexibility which is needed for proper uptake and delivery of fatty Acids,
mostly involves flexibility of the helix-loop-helix region, while the overall
conformational stability of the B-Clam structure is preserved, as has been shown for
the I-FABP and L-FABP (Constantine K.L. et al. 1998; Arighi C.N. 2003; Cérsico B.
2004).
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(b) Stability of fatty acid binding proteins (FABPs)

The overall FABP structure exhibit significant conformational stability, although a
significant spread in stabilities exists between the individual members. Stability
measured by Urea denaturation show that H-FABP is the most stable with a midpoint
of denaturation at 5.95 M Urea, this is followed by A-FABP (5.36 M), I-FABP (5.20
M), B-FABP (4.07 M), II-FABP (3.78 M), M-FABP (3.00 M), E-FABP (2.57 M) and
L-FABP (1.85 M) (Zimmerman A.W. 2001). This conformational stability does not
correlate with the affinity for ligand binding.

Helix-less I-FABP:

Previous studies produced a helix-less variant of the rat I-FABP in order to examine
the role of the helix-loop-helix motif in ligand binding (Wu F., et al. 2001). In the
helix-less variant the helix-loop-helix motif was replaced by a ser-gly linker. Circular
dichroism and NMR spectra indicated that this I-FABP variant has a high p-sheet
content and a B-clam topology similar to that of the wild-type protein (Steele R.A. et
al. 1998). The backbone conformation of the helix-less variant is nearly
superimposable with the B-sheet domain of wild-type I-FABP. The stability of the
helix-less variant is slightly reduced upon denaturation with guanidine treatment.
Ligand associations rates for the helix-less variant and the wild-type protein were
comparable, but the dissociation rates was 16-fold lower for the wild-type protein. The
present inventor has shown that upon binding of a ligand to the FASTbodies of the
present invention, the dissociation rate of fatty acids binding to the FASTbodies will
be altered, thus allowing a correlation between ligand binding and dissociation rate of
fatty acids to be made. These data indicate that the o-helix of I-FABP are not required
to maintain the integrity of the fatty acid binding cavity but may serve to regulate the
affinity of fatty acid binding (Cistola D.P. 1996). Furthermore fatty acid transfer
studies showed that in the absence of the o-helical domain, effective collisional
transfer of fatty acids to phospholipids membranes does not occur, indicating that the

a-helical region of FABP is essential for interaction with membranes.
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For a number of single point mutations as well as chimeric H-FABP and A-FABP
conservation of the overall secondary structure has been observed (Richier G.V. et al
1998, Liou H-L 2002) further strengthening the notion that sequence variation can be
accommodated without destroying the overall fold of the FABP.

FASTbody LIBRARIES ACCORDING TO THE PRESENT INVENTION.

The present inventors used the information obtained by studying the structure/function
relationships of fatty acid binding proteins described above in order to design a F ABP
scaffold according to the invention. Libraries of such molecules were then created by
the present inventors in order to select FASTbodies according to the present invention
which exhibit one or more desired ligand binding specificities. Preferably the one or

more ligands is RAS.

An example of one strategy used in the generation of a specific-ligand FASTbody

library according to the present invention is provided below:

First the helix-loop-helix region, was replaced by a random 9 amino acid peptide.

The library was selected on RAS and binders obtained. In the next step one of the
binders isolated by selecting on RAS was chosen as for randomization of the loop
connecting B-strand E and F, as herein defined. Two different libraries were created,
one having 5 randomised amino acids replacing the loop and one having 7 randomised
amino acids replacing the loop. The new libraries were again selected for binding
toward RAS. A number of clones were isolated with increased binding affinity as

judge from ELISA experiments.

An unforeseen result came when the blocking reagent was changed from the normally
used 2 % skimmed milk powder in PBS to 2 % BSA in PBS. The change in blocking
reagent resulted in decreased signal for some of the isolated binders toward RAS.

BSA binds and transports Fatty Acids in the serum, consequently BSA has a
significant affinity for Fatty Acids. In previous studies it has been shown that the
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binding affinity of a helix-less variant of I-FABP has a 20-100 reduced binding affinity
toward Fatty Acids.

Given that a similar reduction of the binding affinity for Fatty Acids exist for the
present engineered scaffold build on the A-FABP, the above results indicated that the
presence of Fatty Acids in the selected scaffold may regulate the binding of individual
scaffold to their targets.

Based on this novel observation regulatable binders toward predefined target
potentially can be isolated. Further a dependence on fatty acids present in the
FASTbody can be used to measure ligand binding to the FASTbody by measuring the
fatty acid binding of the FASTbody.

Following the proof of concept described above a new library has been constructed in

which the helix-loop-helix region is replaced with the random 9 amino acid peptide,

described previously, together with randomization of the loop regions connecting B-E

and B -F; B -G and B -H; p -Tand B -J.

The resulting library has been selected against various targets, including RAS, and a

diverse series of binders has been obtained.

Preparation of FASTbody libraries according to the invention.

The term ‘library’ of FASTbodies according to the present invention refers to a
mixture of heterogeneous polypeptides or nucleic acids. The library is composed of
members, which have a single polypeptide or nucleic acid sequence. To this extent,
library is synonymous with repertoire. Sequence differences between library members
are responsible for the diversity present in the library. The library may take the form of
a simple mixture of polypeptides or nucleic acids, or may be in the form organisms or
cells, for example bacteria, viruses, animal or plant cells and the like, transformed with
a library of nucleic acids. Preferably, each individual organism or cell contains only
one member of the library. Advantageously, the nucleic acids are incorporated into
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expression vectors, in order to allow expression of the polypeptides encoded by the

nucleic acids.

Libraries of (fatty acid binding protein scaffolds) FASTbodies according to the present

invention may be prepared using any suitable method known to those skilled in the art.

Library vector systems

A variety of selection systems are known in the art which are suitable for use in the

present invention. Examples of such systems are described below.

Bacteriophage lambda expression systems may be screened directly as bacteriophage
plaques or as colonies of lysogens, both as previously described (Huse ez al. (1989)
Science, 246: 1275; Caton and Koprowski (1990) Proc. Natl. Acad. Sci. U.S.A., 87,
Mullinax et al. (1990) Proc. Natl. Acad. Sci. U.S.A., 87: 8095; Persson et al. (1991)
Proc. Natl. Acad. Sci. U.S.A., 88: 2432) and are of use in the invention. Whilst such
expression systems can be used to screening up to 10° different members of a library,

they are not really suited to screening of larger numbers (greater than 10° members).

Of particular use in the construction of libraries are selection display systems, which
enable a nucleic acid to be linked to the polypeptide it expresses. As used herein, a
selection display system is a system that permits the selection, by suitable display

means, of the individual members of the library by binding the generic and/or target

ligands.
Phage display libraries.

Selection protocols for isolating desired members of large libraries are known in the
art, as typified by phage display techniques. Such systems, in which diverse peptide
sequences are displayed on the surface of filamentous bacteriophage (Scott and Smith
(1990) Science, 249: 386), have proven useful for creating libraries of antibody

fragments (and the nucleotide sequences that encoding them) for the in vitro selection
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and amplification of specific antibody fragments that bind a target antigen (McCafferty
et al., WO 92/01047). The nucleotide sequences encoding the Vy and Vi regions are
linked to gene fragments which encode leader signals that direct them to the
periplasmic space of E. coli and as a result the resultant antibody fragments are
displayed on the surface of the bacteriophage, typically as fusions to bacteriophage
coat proteins (e.g., pIIl or pVIID). Alternatively, antibody fragments are displayed
externally on lambda phage capsids (phagebodies). An advantage of phage-based
display systems is that, because they are biological systems, selected library members
can be amplified simply by growing the phage containing the selected library member
in bacterial cells. Furthermore, since the nucleotide sequence that encode the
polypeptide library member is contained on a phage or phagemid vector, sequencing,

expression and subsequent genetic manipulation is relatively straightforward.

Methods for the construction of bacteriophage antibody display libraries and lambda
phage expression libraries are well known in the art (McCafferty et al. (1990) Nature,
348: 552; Kang et al. (1991) Proc. Natl. Acad. Sci. U.S.A., 88: 4363; Clackson et al.
(1991) Nature, 352: 624; Lowman et al. (1991) Biochemistry, 30: 10832; Burton et al.
(1991) Proc. Natl. Acad. Sci U.S.A., 88: 10134; Hoogenboom ef al. (1991) Nucleic
Acids Res., 19: 4133; Chang et al. (1991) J. Immunol., 147: 3610; Breitling et al.
(1991) Gene, 104: 147; Marks et al. (1991) supra; Barbas ez al. (1992) supra; Hawkins
and Winter (1992) J. Immunol., 22: 867, Marks et al., 1992, J. Biol. Chem., 267.
16007; Lerner et al. (1992) Science, 258: 1‘313, incorporated herein by reference).

Similar techniques may be used for the generation of FASTbody libraries according to

the present invention.

One particularly advantageous approach has been the use of scFv phage-libraries
(Huston ez al., 1988, Proc. Natl. Acad. Sci U.S.A., 85: 5879-5883; Chaudhary et al.
(1990) Proc. Natl. Acad. Sci U.S.A., 87: 1066-1070; McCafferty et al. (1990) supra;
Clackson et al. (1991) Nature, 352: 624; Marks et al. (1991) J. Mol. Biol., 222: 581,
Chiswell et al. (1992) Trends Biotech., 10: 80; Marks et al. (1992) J. Biol. Chem.,
267). Various embodiments of scFv libraries displayed on bacteriophage coat proteins

have been described. Refinements of phage display approaches are also known, for
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example as described in W096/06213 and W092/01047 (Medical Research Council et
al.) and W097/08320 (Morphosys), which are incorporated herein by reference.

Other systems for generating libraries of polypeptides involve the use of cell-free
enzymatic machinery for the in vitro synthesis of the library members. In one method,
RNA molecules are selected by alternate rounds of selection against a target ligand and
PCR amplification (Tuerk and Gold (1990) Science, 249: 505; Ellington and Szostak
(1990) Nature, 346: 818). A similar technique may be used to identify DNA sequences
which bind a predetermined human transcription factor (Thiesen and Bach (1990)
Nucleic Acids Res., 18: 3203; Beaudry and Joyce (1992) Science, 257:. 635,
W092/05258 and W092/14843). In a similar way, in vitro translation can be used to
synthesise polypeptides as a method for generating large libraries. These methods
which generally comprise stabilised polysome complexes, are described further in
WO088/08453, WO90/05785, WQ90/07003, WO91/02076, WO091/05058, and
W092/02536. Alternative display systems which are not phage-based, such as those
disclosed in W095/22625 and W095/11922 (Affymax) use the polysomes to display
polypeptides for selection.

A still further category of techniques involves the selection of repertoires in artificial
compartments, which allow the linkage of a gene with its gene product. For example,
a selection system in which nucleic acids encoding desirable gene products may be
selected in microcapsules formed by water-in-oil emulsions is described in
W099/02671, W0O00/40712 and Tawfik & Griffiths (1998) Nature Biotechnol 16(7),
652-6. Genetic elements encoding a gene product having a desired activity are
compartmentalised into microcapsules and then transcribed and/or translated to
produce their respective gene products (RNA or protein) within the microcapsules.
Genetic elements which produce gene product having desired activity are subsequently
sorted. This approach selects gene products of interest by detecting the desired activity

by a variety of means.

Library Construction.
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Libraries intended for use in selection may be constructed using techniques known in
the art, for example as set forth above, or may be purchased from commercial sources.
Once a vector system is chosen and one or more nucleic acid sequences encoding
polypeptides of interest are cloned into the library vector, one may generate diversity
within the cloned molecules by undertaking mutagenesis prior to expression;
alternatively, the encoded proteins may be expressed and selected, as described above,
before mutagenesis and additional rounds of selection are performed. Mutagenesis of
nucleic acid sequences encoding structurally optimised polypeptides is carried out by
standard molecular me’thods. Of particular use is the polymerase chain reaction, or
PCR, (Mullis and Faloona (1987) Methods Enzymol., 155: 335, herein incorporated by
reference). PCR, which uses multiple cycles of DNA replication catalysed by a
thermostable, DNA-dependent DNA polymerase to amplify the target sequence of
interest, is well known: in the art. The construction of various antibody libraries has
been discussed in Winter et al. (1994) Ann. Rev. Immunology 12, 433-55, and

references cited therein.

PCR is performed using template DNA (at least 1fg; more usefully, 1-1000 ng) and at
least 25 pmol of oligonucleotide primers; it may be advantageous to use a larger
amount of primer when the primer pool is heavily heterogeneous, as each sequence is
represented by only a small fraction of the molecules of the pool, and amounts become
limiting in the later amplification cycles. A typical reaction mixture includes: 2pl of
DNA, 25 pmol of oligonucleotide primer, 2.5 pl of 10X PCR buffer 1 (Perkin-Elmer,
Foster City, CA), 0.4 pul of 1.25 uM dNTP, 0.15 pul (or 2.5 units) of Taqg DNA
polymerase (Perkin Elmer, Foster City, CA) and deionized water to a total volume of
25 ul. Mineral oil is overlaid and the PCR is performed using a programmable thermal
cycler. The length and temperature of each step of a PCR cycle, as well as the number
of cycles, is adjusted in accordance to the stringency requirements in effect. Annealing
temperature and timing -are determined both by the efficiency with which a primer is
expected to anneal to a template and the degree of mismatch that is to be tolerated;
obviously, when nucleic acid molecules are simultaneously amplified and
mutagenized, mismatch is required, at least in the first round of synthesis. The ability

to optimise the stringency of primer annealing conditions is well within the knowledge
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of one of moderate skill in the art. An annealing temperature of between 30 °C and 72
°C is used. Initial denaturation of the template molecules normally occurs at between
92°C and 99°C for 4 minutes, followed by 20-40 cycles consisting of denaturation (94-
99°C for 15 seconds to 1 minute), annealing (temperature determined as discussed
above; 1-2 minutes), and extension (72°C for 1-5 minutes, depending on the length of
the amplified product). Final extension is generally for 4 minutes at 72°C, and may be

followed by an indefinite (0-24 hour) step at 4°C.

FASTbody LIGANDS.

Fastbodies according to the present invention having a defined ligand binding
specificity may be constructed and/or selected from libraries as described herein. Such

FASTbodies may be generated using the methods described herein.

FASTbody ligands may be naturally occurring or synthetic. Naturally occurring
ligands include antibodies, peptides, other proteins including for example hormones

and signalling molecules and fatty acids.

As used herein the term ‘fatty acid’ includes within its scope fatty acid derivatives,
homologues, analogues and/or fragments thereof so long as such derivatives,
homologues, analogues and/or fragments thereof possess the requisite activity of

FASTbody binding and the consequent modulation of specific ligand binding to a
FASTbody as herein described.

In a preferred embodiment of the above aspect of the invention, the FASTbody

according to the present invention is capable of specifically binding to RAS.

Antibody preparation.

Fither recombinant proteins or those derived from natural sources can be used
to generate antibodies using standard techniques, well known to those in the field. For
example, the protein (or “immunogen”) is administered to challenge a mammal such as
a monkey, goat, rabbit or mouse. The resulting antibodies can be collected as
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polyclonal sera, or antibody-producing cells from the challenged animal can be
immortalized (e.g. by fusion with an immortalizing fusion partner to produce a
hybridoma), which cells then produce monoclonal antibodies.

a. Polyclonal antibodies
The antigen protein is either used alone or conjugated to a conventional carrier

in order to increases its immunogenicity, and an antiserum to the peptide-carrier
conjugate is raised in an animal, as described above. Coupling of a peptide to 2 carrier
protein and immunizations may be performed as described (Dymecki et al. (1992) J.
Biol. Chem., 267: 4815). The serum is titered against protein antigen by ELISA or
alternatively by dot or spot blotting (Boersma and Van Leeuwen (1994) J. Neurosci.
Methods, 51: 317). The serum is shown to react strongly with the appropriate peptides
by ELISA, for example, following the procedures of Green et al. (1982) Cell, 28: 4717.

b. Monoclonal antibodies

| Techniques for preparing monoclonal antibodies are well known, and
monoclonal antibodies may be prepared using any candidate antigen, preferably bound
to a carrier, as described by Arnbeiter et al. (1981) Nature, 294, 278. Monoclonal
antibodies are typically obtained from hybridoma tissue cultures or from ascites fluid
obtained from animals into which the hybridoma tissue was introduced. Nevertheless,
monoclonal antibodies may be described as being “raised against” or “induced by” a

protein.

After being raised, monoclonal antibodies are tested for function and specificity by any
of a number of means. Similar procedures can also be used to test recombinant
antibodies produced by phage display or other in vitro selection technologies.
Monoclonal antibody-producing hybridomas (or polyclonal sera) can be screened for
antibody binding to the immunogen, as well. Particularly preferred immunological
tests include enzyme-linked immunoassays (ELISA), immunoblotting and
immunoprecipitation (see Voller, (1978) Diagnostic Horizons, 2: 1, Microbiological

. Associates Quarterly Publication, Walkersville, MD; Voller et al. (1978) J. Clin.

Pathol., 31: 507; U.S. Reissue Pat. No. 31,006; UK Patent 2,019,408; Butler (1981)
Methods Enzymol., 73: 482; Maggio, E. (ed.), (1980) Enzyme Immunoassay, CRC
Press, Boca Raton, FL) or radioimmunoassays (RIA) (Weintraub, B., Principles of
radioimmunoassays, Seventh Training Course on Radioligand Assay Techniques, The
Endocrine Society, March 1986, pp. 1-5, 46-49 and 68-78), all to detect binding of the
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antibody to the immunogen against which it was raised. It will be apparent to one
skilled in the art that either the antibody molecule or the immunogen must be labeled
to facilitate such detection. Techniques for labeling antibody molecules are well
known to those skilled in the art (see Harlour and Lane (1989) Antibodies, Cold Spring
Harbor Laboratory, pp. 1-726).

Alternatively, other techniques can be used to detect binding to the immunogen,
thereby confirming the integrity of the antibody which is to serve either as a generic
antigen or a target antigen according to the invention. These include chromatographic
methods such as SDS PAGE, isoelectric focusing, Western blotting, HPLC and

capillary electrophoresis.

“Antibodies” are defined herein as constructions using the binding (variable) region of
such antibodies, and other antibody modifications. Thus, an antibody useful in the
invention may comprise whole antibodies, antibody fragments, polyfunctional
antibody aggregates, or in general any substance comprising one or more specific
binding sites from an antibody. The antibody fragments may be fragments such as Fv,
Fab and F(ab'); fragments or any derivatives thereof, such as a single chain Fv
fragments. The antibodies or antibody fragments may be non-recombinant,
recombinant or humanized. The antibody may be of any immunoglobulin isotype, e.g.,
IgG, IgM, and so forth. In addition, aggregates, polymers, derivatives and conjugates
of immunoglobulins or their fragments can be used where appropriate.

REGULATION OF LIGAND BINDING TO A FASTbody ACCORDING TO THE
INVENTION.

During experiments described above, the inventors found that the presence of one or
more fatty acids bound to the FASTbody of the present invention regulates the specific
binding of individual scaffolds to their ligand. Specifically they have found that the
presence of one or more fatty acids selected from the group consisting of those fatty
acids shown below in Table 2, in the fatty acid binding pocket of a FASTbody

according to the invention regulates the specific binding of ligand to the scaffold.
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As used herein the term ‘fatty acid’ includes within its scope fatty acid derivatives,

homologues,

analogues and/or fragments thereof so long as such derivatives,

homologues, analogues and/or fragments thereof possess the requisite activity of

FASTbody binding and the consequent modulation of specific ligand binding to a

FASTbody as herein described.

Table 2: Common Fatty Acids

| Chemwal Names and Descnptwns of some Common FattV Aczds |
Common Name { Carbon | Double ] Scientific Name Sources
. |Atoms Bonds| ‘ i
|Butyricacid 4 0  |butanoic acid | butterfat
| Caproic Acid 6 | 0 |hexanoic acid | butterfat
| Caprylic Acid 8 0 Joctanoic acid coconut 011
Capric Acid 10 | O J|decanoicacid fcocomutoil
]Lauric Acid 12 0 {dodecanoic acid | coconut oil n
‘Myristic Acid 14 | 0 |tetradecanoicacid ~ |palmkemeloil
| Palmitic Acid 16 | 0 |hexadecanoic a01d ~ |palmoil
Palmitoleic Acid 16 1 9-hexadecenoic acid animal fats »
|StearicAcid | 18 | O Joctadecanoicacid |animalfats
{ Oleic Acid 18 1 ]9-octadecenoic acid olive oil
{ Linoleic Acid 18 2 {9,12-octadecadienoic acid comoil
| Alpha-Linolenic Acid 18 3 9,12,15-octadecatrienoic acid | flaxseed (linseed) oil
| G . e ,. e
| Gamma-Linolenic ] .
hoa@gray | 18 | 3 |SIocdecamiencioad |bomage ol
Arachidic Acid 20 0 Bicosanoic acid_ peanut oil, fish oil
Gadoleic Acid 20 | 1 {9-eicosenoic acid ~ |fishoil
Arachidonic Acid 15,8,11,14- cicosatetraenoic
(aa) | 20 | % leid fiver fats
| EPA 20 5] 5 8 11 14 17 elcosapentaenow fish ol
{ Behenic acid 22 | 0 ‘docosanoic acid _ N | rapeseed oil
|Brucicacid | 22 | 1 J13-docosenoicacid |rapeseedoil
] 4,7,10,13,16,19- ; .
DHA ] 2 | 6 l|docosshexaemoicacid ™!
Lignoceric acid | 24 | 0 |tetracosanoic acid {small  amounts inj
, . - ; L most fats |

1

0
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Advantageously, the ligand is RAS. More advantageously, the ligand is RAS and the

fatty acid is one or more of those listed above. More advantageously, the ligand is

RAS and the fatty acid is Oleic Acid.

Thus according to the present invention, FASTbodies are contemplated wherein the
affinity of ligand binding may be regulated by binding the FASTbody to the ligand in
the presence of one or more fatty acids described herein. Further the measurement of
ligand binding to the FASTbody can be performed by extrapolating the change in fatty
acid dissociation to binding affinity of FASTbody to ligand.

COMPARISION OF FASTbodies WITH ANTIBODIES

The above results indicate that the selected scaffold structure can be compared to
antibodies, where the individual loop regions compare to the different CDR regions of
the antibody, especially the 9 amino acid randomized peptide can be compared to the
Heavy Chain CDR3 regions, since this position in the scaffold can accommodate

significant variations in length and structure without disturbing the overall fold of the
scaffold.

The novel feature of the present scaffold is the absence of disulphide bridge formation
for stability, making it particularly well suited for intracellular targeting. The selected
binder toward recombinant human RAS, was shown in competitive ELISA to compete
the binding of RAF to RAS. As a first test of the in vivo intracellular effect, the binder

was expressed intracellular in Mucor.

By growing Mucor expressing the binder under acrobic conditions phenotype of
increased branching was observed. By Anaerobic growth of the same strains of mucor,
inhibition of growth was observed. Both of these phenotypes previously has been
observed in published experiments, in which the signal transduction pathway in which
RAS takes part, is inhibited (Liibbehiisen T. et al. 2004). Taken together the novel
features of the present inventions advantageously can be used to design validation

systems for use in combination with other High Throughput screening systems to
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identify small chemical entities of therapeutic value. Details of such methods are
described in the following patents and applications which are herein incorporated by

reference: US6010861, US6617114, W0O9954728.

The invention will now be described in the following Examples which should not be

considered limiting of the invention.

Examples:

Example 1

Construction of phagemid vector encoding A-FABP.

The gene encoding the A-FABP (figure 4) was amplified using PCR. As template A-
FABP in the eukaryotic expression vector pMT21 was used (Celis J.E. 1996).

The two primers FABPback and FABPfor were used in the amplification
incooporating a Ncol site at the N-Terminal part of FABP and an Not! site at the C-
terminal part. In addition the cystein present at the C-Terminal end of wt A-FABP was

deleted..
The amplification of A-FABP were done using 25 pmol of each primer, 0,2 mM
dNTP, 1,5 mM MgCl,, 1xTaq polymerase buffer (20 mM Tris-HCI (pH 8.4), 50 mM

KCl) and 2,5 units Taqg DNA polymerase.

The amplification reaction were performed using the following temperature profile:

96°C 5 min; 20 x (96°C 30 s; 55°C 30 S; 72°C 1 min); 72°C 10 min.
The PCR product were purified using Qiagen PCR purification kit.

The vector pHEN2 and the PCR products were digested with the restrictions enzymes
Ncol and NotI at 37°C overnight. Following gelpurification the A-FABP insert were
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ligated into to digested pHEN2 vector using T4 DNA ligase in a standard reaction

(Figure 5).
The ligation were electroporated in TG-1 electrocompetent bacteria and plated on

TYE/amp/glu plates.

Colonies were picked and sequenced using M13rev and M13Back.

Oligo: -
FABPback:

5- ATGATGATGAGCGGCCGCT

AT

Notl FABP C-terminal

FABPfor

5° _ CAGCCGGCC -3

Ncol FABP N-Terminal
Construction of phagemid vector encoding a helix-less A-FABP.

In the wild type sequence of the A-FABP a DNA recognition sequence for the
restriction enzyme Kpnl is situated 25 nucleotides before the beginning of the helix-
loop-helix motif. In order to introduce unique restrictions sites at close distance at
either site of the helix-loop-helix region and at the same time remove the helix-loop-
helix motif a PCR reaction were performed essentially as described in Example 1

using the primer FABPback described previously and
Helix-minus-forward:
5'- ttgtaggtacctggaaacttgtctcgagtgaagetggeatgiccggacctaacatg - 37

Kpnl Xhol BstEl

The helix-minus-forward primer introduces unique Xhol and BstEL1 sites.



10

15

20

25

30

WO 2006/013468 PCT/IB2005/002530

40

The resulting PCR product were purified and cleaved using Kpnl and NotI and ligated
into pHEN2-aFABP vector (Figure 6). The ligation were electroporated in TG-1 and

the sequence were verified by DNA sequencing using Primers M13 rev and M13

Back.
Construction of a randomized 9 amino acid library in the helix-loop-helix region

To create a randomized 9 amino acid library, were the randomized region replaces the
helix-loop-helix motif, the above described pHEN2 containing the helix-less A-FABP
were digested with XhoI and BspEL

The insert were constructed in a extension reaction where the synthetic oligo ranShelix

were used as template in a single sited PCR.

Ran%helix:5'- _
TGGAAACTTGTCTCGAGTGAAAACNNKNNKNNKNNKNNKNNKNNKNNKNNKAGGTCCGGACCTAACATGAT
Xhol BspEIL

Ampran9:
5'- ATCATGTTAGGTCCGGACCT -3’

The amplification of randomized oligo were done using 25 pmol of each of the
ranhelix oligo and ampran9, 0,2 mM dNTP, 1,5 mM MgCl,, 1xTaq polymerase
buffer (20 mM Tris-HCI (pH 8.4), 50 mM KCI) and 2,5 units Tag DNA polymerase.
The amplification reaction were performed using the following temperature profile:
96°C 5 min; 10 x (96°C 30 s; 55°C 30 S; 72°C 1 min); 72°C 10 min

The PCR product were purified and digested using an excess of Xhol and BspEI in an

overnight reaction after which the insert purified on a Microcon 100 to remove the

ends of the Insert.

Ligation were performed using an insert to vector ratio of 10:1.
The ligation were phenol extracted and precipitated a standard sodium acetate/ethanol

precipitation and dissolved in H,O.
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The purified ligation mixture were electroporated in TG-1 in 20 independent

electroporations, which were mixed and plated on TYE/AMP/glu plates.

A 10 fold dilution series were made in order to determine the number or independent

clones obtained.

The randomized 9 amino acid library (figure 7) contained 5x10° to 1x107 independent

clones of which 20 were chosen at random for sequence verification.

The bacteria from the large TYE/AMP/glu plates were scarped by adding 3 ml
2xTY/AMP. to each plate, thereby obtaining a suspension. The content from all the

plates were pooled and glycerol to a final concentration of 15 % were added before

storage in aliquots at -80°C.
Rescue of the randomized 9 amino acid FASTbody library.

In order to present the FASTbody structures on the surface of filamentous
bacteriophage the phagemid were rescued using a helper phage according to standard
procedures.

1. 500 pl of the 9 amino acid FASTbody library stock were added to 200 ml 2xTY
containing 100 pg/ml ampicillin and 1 % glucose.

Grow shaking at 37°C until the OD 600 is 0.5.

Add 1x10'2 KM13 helper phage (Kristensen P. 1998)

Incubate without shaking at 37°C for 45 min and with shaking at 37°C for 45 min.

LR W

Spin at 3,000 g for 10 min. Resuspend in 500 ml of 2xTY containing 100 Og/ml

ampicillin, 50 pg/ml kanamycin.

6. Incubate sﬁaking at 30°C overnight.

7. Spin the overnight culture at 3,300 g for 30 min.

8. Add 125 ml PEG/NaCl (20 % Polyethylene glycol 6000, 2.5 M NaCl) to 500 ml
supernatant. Mix well and leave for 1 hr on ice.

9. Spin 3,300 g for 30 min. Pour away PEG/NaCl. Respin briefly and aspirate any

remaining dregs of PEG/NaClL
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Resuspend the pellet in 40 ml PBS and spin at 11,600 g for 10 min in a micro
centrifuge to remove any remaining bacterial debris.

Add 8 ml PEG/NaCl, mix and leave on ice for 1 hour)

Spin 3,300 g for 30 min. Pour away PEG/NaCl. Respin briefly and aspirate any
remaining dregs of PEG/NaCl.

Resuspend the pellet in 20 ml PBS and spin at 11,600 g for 10 min in a micro

centrifuge to remove any remaining bacterial debris.

Add glycerol to a final concentration of 15 % and store at — 800C in small aliquots
until use.
To titre the phage stock dilute 1pl phage in 100pl PBS, 1ul of this in 100ul PBS

and so on until there are 6 dilutions in total. Add 900ul of TG1 at an OD 600 of
0.5to each tube and incubate at 37°C in a waterbath for 30 mins. Plate each dilution
on a TYE plate containing 100 pg/ml ampicillin and 1 % glucose and grow
overnight at 37°C. Phage stock should be 10'%-10"/ml.

Example 2

Selection of the 9 amino acid FASTbody library on models proteins.

To

examine the potential of generate binders from the 9 amino acid randomized

FASTbody library, test selections were performed on the recombinant human RAS

commercially available from sigma (R9894). The selection essentially followed

standard procedures as described below:

1)

2)
3)

4)
5)

Coat immunotube overnight with 4 ml 50 mM HCO; pH 9.6 containing 50 pg
RAS.

Next day wash tube 3 times with PBS

Fill tube to brim with 2 % MPBS (2 % Skimmed milk powder in PBS). Incubate at
rt. standing on the bench for 2 hr to block.

Wash tube 3 times with PBS.

Add 10" to 10'® phage from the phage displaying FASTbody library in 4 ml of 2
% MPBS. Incubate for 60 min at rt. rotating using an under-and-over turntable and

then stand for a further 60 min at rt. Throw away supernatant.
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Wash tubes 10 times with PBS containing 0.1 % Tween 20 and 10 times with PBS.
Shake out the excess PBS and elute phage by adding 500 pl of trypsin-PBS (50 pl
of 10mg/ml trypsin stock solution added to 450 pl PBS) and rotating for 10 min at

rt using an under-and-over turntable.

Take 10 ml of TG1 at an OD 600 of 0.5 and add the eluted phage. Incubate for 30
min at 37°C without shaking.

Make 10 fold dilutions and plate these of TYE plates containing 100 pg/ml
ampicillin and 1 % glucose. The remaining bacteria is collected by centrifugation
at 3,000 g for 10 min, the pellet is dissolved in 200-500 pl media and plated on
TYE plates containing 100 pg/ml ampicillin and 1 % glucose.

10) Grow plates at 37°C overnight.

Monoclonal phage ELISA for binding to RAS:

In order to identify individual colonies producing phage particles expressing the

FASTbody structure which recognize RAS ELISA is performed:

Rescue

1.

Inoculate individual colonies from the plates from the first round of selection into
100 pl 2xTY containing' 100 pg/ml ampicillin and 1 % glucose in 96 cell-well
plates. Grow shaking (250 rpm) overnight at 37°C.

Use a 96 well transfer device to transfer a small inoculum from this plate to a
second 96 cell-well plate containing 200 pl of 2xTY with 100 pg/ml ampicillin and
1 % glucose per well. Grow shaking (250 rpm) at 37°C for 2 hr. (Make glycerol
stocks of the original 96-well plate, by adding glycerol to a final concentration of
15 %, and then storing the plates at -80°C).

After 2 hr incubation add 25 pl 2xTY containing 100 pg/ml ampicillin, 1 %
glucose and 10° KM13 helper phage (Kristensen P. 1998).

Shake (250 rpm) at 37°C for 1 hr. Spin 1,800 g for 10 min, then shake out the

supernatant.
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Resuspend pellet in 200 ul 2xTY containing 100 pg/ml ampicillin and 50 pg/ml
kanamyecin. Grow shaking (250 rpm) overnight at 30°C.
Spin at 1,800 g for 10 min and use 50 ul of the supernatant in phage ELISA.

ELISA

7.

10.

11.

12.

13.
14.

15.
16.

A 96 well NUNC maxisorp plate is coated overnight with 100 pl 50 mM HCOs pH
9.6 containing 50 ng RAS per well. In addition two plates are coated with non-
relevant antigens (ubiquitin and BSA) for checking cross reactivity toward other
antigen. Also a plate is left empty controlling for phage carrying a scaffold binding
to the blocking agent. All plates are treated similarly as indicated below

Wash wells 3 times with PBS.

Add 300 pl per well of 2 % MPBS (2 % Skimmed milk powder in PBS) to block
and incubate for 2 hr at room temperature.

Wash wells 3 times with PBS. Add 50 pl phage supernatant from above and 50 pl
4 % MPBS.

Incubate for 2 hr at room temperature shaking. Discard phage solution and wash 3
times with PBS-0.1 % Tween 20 and 3 times with PBS.

Add 1 in 5000 dilution of HRP-anti-M1311 in 2 % MPBS 100 pl per well Incubate
for 1 hr at room temperature.

Wash 3 times with PBS-0.1 % Tween 20 and 3 times with PBS

Add 100 pl of substrate solution (4 OPD tablets in 12 ml H20 and 50 ml 30 %
H,0,).

Stop the reaction by adding 50 pl 1 M sulphuric acid.

Read the OD at 495 nm

Results.

As described above 96 colonies were tested for binding to RAS, Ubiqutin, BSA and

skimmed milk powder in PBS. A number of positive clones were isolated, below the

binding of 4 clones to the 4 antigens is represented.

The three clones 2-4-F; 3-12-F; 3-11-E showed specific binding to RAS (Figure 8).
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As the production of phage particles took place by growth in a yeast extract it was
considered a possibility that the FASTbodies potentially could be binding a Fatty Acid
at the same time as binding to the target RAS.

Since BSA naturally binds fatty acids, an ELISA experiment was performed in which
the Skimmed milk powder used in the blocking and incubation steps described in the
procedure above, was replaced with 2% BSA. If the FASTbody binds fatty acids and
this binding is necessary for binding to the target RAS, a decreased binding to the
target RAS would be expected in the presence of BSA. Figure 9 show the result of the
ELISA, especially for the clones 2-4-F and 3-11-E a decreased specific binding to
RAS is observed, thus indicating that the binding to RAS is influenced by the presence
of fatty acids in the FASTbodies.

Example 3

Based on the one of the clones isolated for binding to RAS (3-11-E from Example 2,

see figure 10 for sequence information) a new library were constructed by

randomizing to loop connecting B-strand E and F.

In order to allow easy manipulation of the loop between B-strand E and F a unique
restriction site was introduced following the loop sequence. Together with a unique
PstI restriction site presence in front of the loop sequence, this allows for easy

manipulation of the loop region.

The two primers B5p6SerS and FABP545AS were used in the amplification The
primer p5@6SerS incooporates a Xbal site following the loop sequence and at the same
time carries the Pstl restriction site allowing insertion in the backbone of FABP. The

primer FABP545AS is located 142 nucleotides downstream of the Notl site.
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B5p6 SerS: 5°-

o

GATGACTCTAGAAAAGTCAAGAGCACCATAACC- 3’

ity ter

FABP 545 AS : 5>-TTGTCGTCTTTCCAGACGTTAG-3’

The amplification were done using 25 pmol of each primer, 0,2 mM dNTP, 1xPfu
polymerase buffer (20 mM Tris-HCI (pH 8.4), 50 mM KCl, 1,5 mM MgCl,) and 2,5
units Pfu DNA polymerase. As template phagemid DNA from the clone 3-11-E was
used. The amplification reaction were performed using the following temperature
profile: 96°C 5 min; 20 x (96°C 30 s; 55°C 30 S; 72°C 1 min); 72°C 10 min. The PCR
product of 329 base pair was purified and digested with the restriction enzymes Pstl

and NotI using standard conditions and ligated into the phagemid encoding the binder

3-11-E.

Two different libraries were generated by inserting 5 and 7 randomised amino acid in

the loop connecting B-E and B-F.

Two PCR reactions were performed using standard conditions as outlined above
Figure 11.

The first primary PCR used the primers FABP 61S and B5B6 AS, amplifying a
fragment starting around the HindIII site in the vector sequence and finishing in front
of the loop between B-strand E and F.

The second primary PCR used the primers FABP545AS and either b5b6S RS or b5b6S
R7 (introducing 5 and 7 randomised residues respectively), amplifying a fragment

covering the loop to be randomized and finishing in the vector sequence.

Primers used:

B5B6 AS: AGT GACTTC GTCAAATICC

B5B6 S 7R: GGA ATT TGA CGA AGT CAC TNN KNN KNN KNN KNN KNN
KNN KAG GAA AGT CAAGAGCACC
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B5B6 S 5R: GGA ATT TGA CGA AGT CAC TNN KNN KNN KNN KNN KAG
GAA AGT CAA GAGCACC

FABP 545 AS : 5’-TTGTCGTCTTTCCAGACGTTAG-3’
FABP 61S : AAT GAA ATA CCT ATT GCC TAC GG

The PCR products were purified using Qiagen PCR prep kit according to instructions.
The PCR fragments were assembled in a secondary PCR reaction using the same
outside primers as above (FABP 61S and FABP 545AS) in standard PCR conditions.
The PCR product were gel-purified and digested with the restriction enzymes Pst1 and
Notl (using standard procedures as outlined above). Followed by ligation into the
vector encoding the 3-11-E FASTbody previously digested with the same enzymes and
purified.

Example 4

The second generation library based on the binder 3-11-E to RAS, where the loop
region connecting B-E and B-F had been replaced with either 5 or 7 randomised amino
acids was selected for binding to RAS as described in example 2.

Following selection 96 colonies were tested for binding to RAS using a similar

procedure as described above in example 2.

For 5 of the FASTbodies giving a stronger signal compared to the parent FASTbody 3-
11-E, the influence of adding fatty acids during the binding and washing steps were

further examined.

1. A 96 well NUNC maxisorp plate is coated overnight by adding 100 pl 2 %
skimmed milk powder in PBS in the first row. In the second row 100 pl 50 mM
HCO; pH 9.6 containing 50 ng RAS per well. In the third row 100 ul 2 %
skimmed milk powder and 100 pM Oleate. In the fourth row 100 pl 50 mM HCO;
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pH 9.6 containing 50 ng RAS per well and 100 uM Oleate. The fifth row 100 pl
2% skimmed milk powder and 100 mM Oleate. And finally in the sixth row 100 pl
50 mM HCOs pH 9.6 containing 50 ng RAS per well and 100 uM Oleate.

Wash wells 3 times with PBS. The PBS used to wash row 5 and 6 in addition
contained 100 pM Oleate.

Add 300 pl per well of 2 % MPBS (2 % Skimmed milk powder in PBS) to block
and incubate for 2 hr at room temperature. The blocking solution used for row 5
and 6 contained 100 pM Oleate.

Wash wells 3 times with PBS agéin washing row 5 and 6 with PBS containing 100
uM Oleate . Add 50 pl phage supematant from above and 50 ul 4 % MPBS,
adding Oleate to 100 pM in row 5 and 6.

Incubate for 2 hr at room temperature shaking. Discard phage solution and wash 3
times with PBS-0.1 % Tween 20" and 3 times with PBS. Again the buffers used for
row 5 and 6 contained 100 pM Oleate

Add 1 in 5000 dilution of HRP-anti-M1311 in 2 % MPBS 100 pl per well Incubate
for 1 hr at room temperature, incubating row 5 and 6 in the presence of 100 uM
Oleate

Wash 3 times with PBS-0.1 % Tween 20 and 3 times with PBS with 100 uM
Oleate added to the washing solutions for row 5 and 6

Add 100 pl of substrate solution (4 OPD tablets in 12 ml H20 and 50 ml 30 %
H,0,).

Stop the reaction by adding 50 ul 1 M sulphuric acid.

10. Read the OD at 495 nm

The results of the ELISA is shown in figure 12 and indicate clearly the randomization

of the loop connecting b-strand E and F results in FASTbodies of with increased

binding ability to RAS used in the selection. For some of the binders there is a clear

influence on the addition of Oleate in the ELISA experiment, thus establishing that the

binding of FASTbodies to the ligand is modulated by the presence of free fatty acids in

the experiment.
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All of the clones were further analysed by DNA sequencing using standard procedure.
The loop sequences of the isolated FASTbodies is shown in Figure 13. All of the
sequences are different and binders can be obtained both from the 5 amino acids

randomized library and the 7 amino acid randomized library.

Example 5

To allow testing of the binding properties of the isolated binders, the binders was
cloned into the expression vector pET-11d.

The expression vector pET-11d previously had been modified to contain a Notl side
followed by a myc-tag and a his-tag, thus allowing the binder to be cloned as a
Ncol/Notl fragment (figure 13)

The FASTbodies can be subcloned into the modified pET-11d vector by digesting the
pHEN2 vector carrying.the FASTbody with the restriction enzymes Ncol and Notl.
The DNA fragment is the gel-purified and ligated into the modified pET-11d vector
previously digested with the same enzymes. The ligation follows standard protocols.
The Ligation is the transformed into E.Coli stains with a T7 DNA polymerase under

control of a lacZ promoter, such as ER2566 (novagen).

Expression of FABP-binders:

Clones were picked from TYE-plates, grown overnight at 37°C in 2xTY supplemented
with 100pg/mL ampicillin and 1 % glucose, before dilution 1:100 into 2xTY with
100pg/mL ampicillin and 0,1% glucose and incubated for four hours at 37°C shaking
(OD600 should be around 0.7-0.9). The cultures were induced by addition of ImM
IPTG and grown overnight at room temperature. Cells were pelleted at 6000xg and
resuspended in 50mM NaHiPO, pH 8,0 before lysis in French Press (American
Instruments Co., inc. Silver Spring, MD, USA) . The suspension was subsequently
cleared by centrifugation (26000xg) and the supernatant supplemented with 30mM
Imidazole and 300mM NaCl before being subjected to immobilised metal affinity
chromatography (IMAC). Ni-NTA was incubated with the supernatant for 2 hours at
4°C, and was subsequently washed with a minimum of 100 mL wash buffer (50 mM
Na,H,PO, pH 8,0, 300 mM NaCl, 30 mM Imidazole) followed by 50 mL of high
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saline wash buffer (50 mM Na,HyPO, pH 8,0, 750 mM NaCl, 30 mM Imidazole).
Protein was eluted with wash buffer supplemented with Imidazole to 300 mM. Protein
concentration was determined according to Bradford and the purity analysed by

sodium dodecyl sulphate polyacryl amide gel electrophoresis (SDS-PAGE).

Example 6

To establish the biological activity of expressing a FASTbody binding to RAS
intracellular the RAS binding (Appel K.F. et al 2004 and figure 15 and figure 16) by
digesting the pHEN2 vector carrying the FASTbody with the restriction enzyme Ncol
according to 3-11-E 89-8-E were introduced into the vector pEUKA7-kan standard
procedures as described above. The linearised plasmid were treated with T4 DNA
polymerase to create a blunt end according to manufactures instruction. Following this
the DNA fragment encoding the FASTbody was generated by cleaving with the
restriction enzyme Notl in a standard reaction and the DNA fragment was gel purified
before ligation into the pPEUKA7-Kan vector

Transformation of M. circinelloides

Protoplasts formation and transformation were performed as previously described
(Appel K.F.et al. 2004) with the following modifications. Protoplasts were prepared by
enzymatic treatment of germlings with a mixture of 125 pg chitosanase-RD (US
Biological, MA, USA) and 5 U chitinase (from Streptomyces griseus, Sigma) in a final
volume of 2 ml. Cell wall digestion was carried out for 2-3 h at 28°C. Typically, 1-10
ug DNA was used per transformation. Transformants were selected on YNBmedium .
Mucor transformant strains KFA143 in which the FASTbody is replaced by the

kanamycin gene served as a control.

Transformed mucor strains were grown under aerobic or anaerobic conditions
respectively (Figure 17). When mucor were grown under aerobic conditions markedly
increased branching was observed, a phenotype resembling the phenotypes others have
obtained when expressing mucor in which the RAS gene has been mutated. When

grown under anaerobic conditions little or no growth was observed, also in line with
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previous studies from others. In conclusion there is a marked effect on phenotype

when expressing FASTbodies binding to the RAS proteins intracellulary in mucor.

Example 7

A library of synthetic gene fragments encoding the regions from the Pstl site and to the
Notl side of the FASTbody were created by oligo assembly as described below. The
library of synthetic gene fragments result in randomization of the loop regions
connecting p-strand E-F, B-strand G-H, B-strand I-J (figure 18). The library of
synthetic gene fragments were then combined with the library described in Example 1,
together creating a fully randomized FASTbody library. ‘

The 8 synthetic oligo’s Proampfor; ProRanl; Profor 1.2; ProRan 2; Profor 3.2;
ProRan3; Profor 5 and Proampback were assembled by performing 10 assembly
reactions each containing 10 pmol of each oligo and 0,2 mM dNTP, 1,5 mM MgCl,
1xTaq polymerase buffer (20 mM Tris-HCl (pH 8.4), 50 mM KCl) and 2,5 units Taq
DNA polymerase. The assembly reactions were incubated with the following
temperature profile for 5 cycles (96°C 30 s; 50°C 30 S; 72°C 1 min) followed by
incubation at 72°C for 10 min. In order to amplify the assembled gene fragments 25
pmol of each of the primers Proampfor and Proampback were added to each reaction
and amplification were performed in 10 cycles with the following profile (96°C 30 s;
55°C 30 S; 72°C 1 min) and finally extended at 72°C for 10 min.

The resulting genefragments were gel-purified using the Qiagen gel-purification kit
and digested with the restriction enzymes PstlI and Notl using standard conditions.
Plasmid from the FASTbody library prepared as described in example 1 were puﬁﬁéd
from 200 ml TG-1 culture using the Qiagen Midi-plasmid prep kit according to the
manufactures instructions and the plasmid were digested using PstI and Notl using
standard procedures. The pHEN2 vector containing part of the FASTbody gene
carrying the randomized 9 amino acid sequence were gelepurified and optimatisation
of ligation reactions were carried out using T4 DNA ligase under standard condition.
The resulting ligated total randomized FASTbody library were electroporated in TG-1

and the library were rescued essentially as described in example 1 for the 9 amino acid
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library, resulting in a FASTbody library containing 2x107 different sequences as
estimated from the number of clones obtained from the ligation reaction.

Proampfor
ccttcatactgggccaggaatttgacgaagtcactgecagatgg

ProRan 1
cttttctagagtctcomnnmnnmnnmnnmnnaccatctgecagtgactt

Profor 1.2
gagactCtagaaaagtcaagagcaccataaccttagatgggggtgtcctggtacatgtacagaaatg

ProRan 2
thggtcgactttccmnnmnnmnnmnnmnngccatcccatttctgtacatgta

Profor 3.2
gaaachgaccaccataaagagaaaacgagaggatgataaactagtggtgc

ProRan 3
ngaggtgaccccmnnmnnmnnmnnmnntcctttcatgacggattccaccactagttta

profor 5
Gtcacctccacgagagtttatgagagagcage

Proampback
Ccgtgatggtgatgatgatgtgecggeecgetgetetete

Example 8

The total randomised FASTbody library described in example 7 were used to select
binders against RAS as described in example 2 with the only modification being that
0,1 mg/ml Oleate were added to all buffers. |
2x10° colonies were obtained after the selection of which 96 were picked and a
monoclonal rescue were performed in order to perform ELISA as described in
Example 2 with the only modification the 0,1 mg/ml Oleate were added to all buffers.
As shown in figure 19 there were at least 13 positive clones when a score above 0,08

as measure by absorbance at 490 nm were taken as positive.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing

from the scope and spirit of the present invention. Although the present invention has
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been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry, molecular biology
and biotechnology or related fields are intended to be within the scope of the following

claims.
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CLAIMS

1. A fatty acid binding protein scaffold (FASTbody) capable of specific binding to one
or more ligands, which scaffold comprises a single-chain polypeptide with the
following structural properties:

(a) The scaffold éontains 10 B-strands (designated ABCDEFGHI and J)
connected by loop regions which determine the specificity of ligand
binding, wherein the B-strands together form a P-clam structure;
and wherein

(b) The loop regions connecting B-A and p -B; § -C and B -D; B -E and

B -F; B -G and B -H; B-I and B-J are located on the same site of the B-

clam structure; wherein the fatty acid binding scaffold does not contain

any disulphide bridge forming cysteines; wherein the scaffold does not

comprise a helix-loop-helix motif.

2. A fatty acid binding scaffold according to claim 1 which consists of a single-chain
polypeptide with the following structural properties:

(a) The scaffold contains 10 B-strands (designated ABCDEFGHI and T)
connected by loop regions which determine the specificity of ligand
binding, wherein the B-strands together form a B-clam structure;
and wherein ’

(b) The loop regions connecting B-A and p -B; B -C and  -D; B -E and

B -F; B -G and B -H; B-I and B-J are located on the same site of the -

clam structure; wherein the fatty acid binding scaffold does not contain

any disulphide bridge forming cysteines; wherein the scaffold does not

comprise a helix-loop-helix motif.

3. A method for generating a fatty acid binding protein scaffold (FASTbody) which

method comprises:

(a) Providing a single polypeptide chain faity acid binding protein, or the nucleic acid
encoding it; and

(b) Randomizing the helix-loop-helix motif, or the nucleic acid encoding it.
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4. A method according to claim 3 which comprises a further step (c) wherein one or
more loop regions connecting B-strands designated A, B, C, D, E, F, G, H, I and/or J,

or the nucleic acid encoding them is randomized.

5. A method according to claim 4 wherein the loop region connecting B-strands B and

E is randomized.

6. A method according to claim 4 wherein the loop regions connecting B-E and B-F, B-

G and B-H and B-I and B-J are randomized.

7. A fatty acid binéling protein scaffold (FASTbody) obtainable according to the

method of any of claims 4 to 6.

8. A nucleic acid construct encoding a fatty acid binding protein scaffold

(FASTbody) according to claim 1 or claim 2.
9. A vector comprising a nucleic acid construct according to claim 8.
10. A host cell comprising a vector according to claim 9.

11. A method for changing the ligand binding specificity of a fatty acid binding
scaffold (FASTbodies) according to the invention, which methodbomprises the steps

of:

(a)Providing a fatty acid binding scaffold according toclaim 1 or claim 2, and
(b)Randomizing one or more loops connecting the B-strands designated A,B, C, D, E,
F,G H,IandJ.

12. A library of fatty acid binding protein scaffolds (FASTbodies) according to claim 1

or claim 2..
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13. A method for selecting a fatty acid binding scaffold according to the invention
which scaffold is capable of binding to a defined ligand which method comprises the
steps of:

(a)Providing a fatty acid binding protein (FASTbody) library according to claim 12.
(b)Testing the ability of the library according to step (a) to bind the defined ligand; and
(c)Selecting those fatty acid binding scaffolds according to step (b) which are capable
of binding to the defined ligand.

14. The use of a fatty acid in modulating the binding of specific ligand to one or more

FASTbodies according to any of claims 1 and 2.

15.The use of a fatty acid in the monitoring of the binding of specific ligands to one or

more FASTbodies according to any of claims 1 and 2.

16. A method of identifying a potential drug candidate which is capable of displacing
the binding of a FASTbody according to the invention to the target, which method
comprises the steps of:

(a) Providing a library of FASTbodies according to claim 12,

(b) Providing a sample of one or more drug candidates; and

(c) Screening the library for the ability of the one or more drug
candidates to displace the binding of one or more FASTbodies within

the library according to step (a).
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EcoR | (1730)

FIG. 11
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Oleat in wash buffer

Skimmilk

Skimmilk + Ras

o Skimmilk + Oleat

B Skimmilk + Oleat + Ras

@ Skimmilk + Oleat Wash

& Skimmilk + Oleat + Ras Wash

311-E 3-11-E 98-5-E ~11-E 98-12-A
3-11-E 89-8-E 3-11-E 98-10-B 3-11-E 98-12-G

FIG. 12

Ras 3-11-E 89-8-E:
GTC ACT [CTG CAGHTET AATCIT . TCEICCT AGG AAA
v T L Q ¢ N L S P R K

Ras 3-11-E 98-5-E:
GTC ACT CIT AGT:CGT GTi AGG AAA
v T L S8 R L C R K

Ras 3-11-E 98-10-B:
GTC ACT [CTG GET ACG ITG [GAG AGG AAA
W T L G T L E R K

Ras 3-11-E 98-12-A:
GTC ACT ATT CCE GCT CET TET AGG AAA
\Y T T P A R C R K

Ras 3-11-E 98-12-G:
GTC ACT TCG GCG TGT CIT.TIG AGG AAA
v T S A C L L R K

FIG. 13

SUBSTITUTE SHEET (RULE 26)
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Bsp El (190)
Hind 1l (30) BamH | (320)
EcoR 1 (6110) Not 1 (388)
™ Kpn | (620)
Pst 1 (5362) Xho | (772)
N/ —Nco | (793)
Insert Kpn 1 (793)
Xba | (832)
pET11d+L36
6111 bp
FABP64S (65.2%%)
Bsp EI (3413) FlG 14
FABP545AS (68.2%%)
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51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101

ATGGCCGATG
CATGGGGTIGG
GTGTGAATGG
ACTGAGATTT
TGACAGGAAA
ATGTGCAGAA
GATGATAAAC
AGTTTATGAG
GCATTTCATA
GTCATAAGAT
CCTCTGATAT
TGACAGCATA
TGGTAAAGGA
GCACACGAAG
CTCATCACTC
ATACAGAGAC
AATATAGTTC
ATTTTTATTT
GATTGCTGTIT
CTGCCATCGC
AATTCACTGG
TACCCAACTT
ATAGCGAAGA
AATGGCGAAT
TATTTCACAC
CATAGTTAAG
CGGGCTTGTC
CGGGAGCTGC
GACGAARAGGG
ATAATGGTTT
AACCCCTATT
TGAGACAATA
ATGAGTATTIC
TTGCCTTICCT
CTGAAGATCA
AGCGGTAAGA
GAGCACTTTT
CCGGGCAAGA
GTTGAGTACT
AAGAGAATTA
ACTTACTTICT
CACAACATGG
GAATGAAGCC

11/18

CTTTTGTAGG
CGGCGTAAGT
GGATGTGATC
CCTTCATACT
GTCAAGAGCA
ATGGGATGGA
TGGTGGIGGA
AGAGCAGCGG
CACACATCTG
CGTTTTTTGT
GTAAAATGTT
TATTTGAXGC
TGGATGATAT
GAAGCCTTGC
AATGAGAGTT
CCTCTGGACT
TTTTGCTAAT
CATGGTTICA
ACTGTTACTA
ATCGCCGTTA
CCGICGTTTT
AATCGCCTTG
GGCCCGCACC
GGCGCCTGAT
CGCATATGGT
CCAGCCCCGA
TGCTCCCGGC
ATGTGTCAGA
CCTCGTGATA
CTTAGACGTC
TGTTTATTTT
ACCCTGATAA
AACATTTCCG
GTTTTTGCTIC
GTTGGGTGCA
TCCTTGAGAG
AAAGTTCTGC
GCAACTCGGT
CACCAGTCAC
TGCAGTGCTG
GACAACGATC
GGGATCATGT
ATACCAAACG

TACCTGGAAA
GGGTGICTTC
ACCATTAAAT
GGGCCAGGAA
CCATAACCTT
AAATCAACCA
ATGCGTCATG
CCGCTAATAC
TTACATAAAT
TAATTAGCTT
GACGAATTGC
CTGTGVACAA
TATATTTTAC
AGCGAGAAGG
GCAGGAAGCA
ATTATTCTCA
TTCAAGACCT
TTCAATTTAT
TCGCCCTGGC
TTGTCATCGC
ACAACGTCGT
CAGCACATCC
GATCGCCCTT
GCGGTATTTT
GCACTCTCAG
CACCCGCCAA
ATCCGCTTAC
GGTTTTCACC
CGCCTATTTT
AGGTGGCACT
TCTAAATACA
ATGCTTCAAT
TGTCGCCCTT
ACCCAGAAAC
CGAGTGGGTT
TTTTCGCCCC
TATGTGGCGC
CGCCGCATAC
AGAAAAGCAT
CCATAACCAT
GGAGGACCGA
AACTCGCCTT
ACGAGCGTGA

FIG. 16

PCT/IB2005/002530

CTTGTCTCGA
CGGACCTAAC
CTGAAAGTAC
TTTGACGAAG
AGATGGGGGT
CCATAAAGAG
AAAGGCGTCA
GTAAATCATT
AAACTTCATG
ATATTAATTIT
AAGTATTTITG
TCTGTIGTTAC
AGTTATAAGA
ACGACGCICT
CTATTTTGTA
AGAAGCACTT
TAATCATATA
AGATGTATTA
CATTGTTGTT
CTAGGAATTG
GACTGGGAAA
CCCTTTCGCC
CCCAACAGTT
CTCCTTACGC
TACAATCTGC
CACCCGCTGA
AGACAAGCTG
GTCATCACCG
TATAGGITAA
TTTCGGGGAA
TTCAAATATG
AATATTGAARA
ATTCCCTITTT
GCTGGTGAAA
ACATCGAACT
GAAGAACGTT
GGTATTATCC
ACTATTCICA
CTTACGGATIG
GAGTGATAAC
AGGAGCTAAC
GATCGITGGG
CACCACGATG

SUBSTITUTE SHEET (RULE 26)

GTGAAAACGG
ATGATCATCA
CTTTAAAAAT
TCACTGCAGA
GTCCTGGTAC
AAAACGAGAG
CTTCCACGAG
TCTAGTCATT
TAAAAAGTCG
CTGTTCCAAC
ACAGGCAGAA
ATAAGATTCC
GCCGGTATTG
TTTTTATAGG
AATGCCTGAA
TAACAAGAAA
TXXCGCITTC
CTACACTACT
GTTGTTIGTICG
GGCGAGCTCG
ACCCTGGCGT
AGCTGGCGTA
GCGCAGCCTG
ATCTGTGCGG
TCTGATGCCG
CGCGCCCTGA
TGACCGICTIC
AAACGCGCGA
TGTCATGATA
ATGTGCGCGG
TATCCGCTCA
AAGGAAGAGT
TTGCGGCATT
GTAAAAGATG
GGATCTCAAC
TTCCAATGAT
CGTATTGACG
GAATGACTTIG
GCATGACAGT
ACTGCGGCCA
CGCTTTTTTG
AACCGGAGCT
CCTGTAGCAA
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2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701
2751
2801
2851
2901
2951
3001
3051
3101
3151
3201
3251
3301
3351
3401
3451
3501
3551
3601
3651
3701
3751
3801
3851
3901
3951
4001
4051
4101
4151
4201
4251

TGGCAACAAC
TCCCGGCAAC
ACTTCTGCGC
GAGCCGGTGA
GGTAAGCCCT
TATGGATGAA
AGCATTGGTA
TTAAAACTTC
TAATCTCATG
CAGACCCCGT
CGCGTAATCT
TTGTTTGCCG
TCAGCAGAGC
GGCCACCACT
AATCCTGTTA
GGTTGGACTC
ACGGGGGGTT
ACTGAGATAC
GGAGAAAGGC
CGCACGAGGG
CGGGTTTCGC
GGGGGCGGAG
CTGGCCTTTT
TGATCTGIGG
CCGCAGCCGA
AGCGCCCAAT
TGCAGCTGGC
CGCAATTAAT
TTATGCTTCC
CACACAGGAA
GCTGTTGATG
ACAAAATGCA
CACATAACCA
CAGCAGTTAC
CCAAAGCTCA
CACAGGACTA
AADAGAGATT
TGTGGAATTA
TTACAGTCAA
GGTICTTICTTC
CCCITATAAC
CTCGAAATCA
CGAAGCCATT

12718

GTTGCGCAAA
AATTAATAGA
TCGGCCCTTC
GCGTGGGTCT
CCCGTATCGT
CGAAATAGAC
ACTGTCAGAC
ATTTTTAATT
ACCAAAATCC
AGAAAAGATC
GCTGCTTGCA
GATCAAGAGC
GCAGATACCA
TCAAGAACTC
CCAGTGGCTG
AAGACGATAG
CGTGCACACA
CTACAGCGTG
GGACAGGTAT
AGCTTCCAGG
CACCTCTGAC
CCTATGGAAA
GCTGGCCTTT
ATAACCGTAT
ACGACCGAGC
ACGCAAACCG
ACGACAGGTT
GTGAGTTAGC
GGCTCGTATG
ACAGCTATGA
TTGTTGTTGT
AGTGATTCCA
TCCGCGTATA
GCTAGTATTA
CAATAGAGAA
GTATACTTGA
AGTAGGAGAG
TGGATATGAA
AGAAAATGCT
TTTTCAACCT
CCTTTCCGTT
GCAATCTTGT
GACGAGACAG

CTATTAACTG
CTGGCTATTG
CGGCTGGCTG
CGCGGTATCA
AGTTATCTAC
AGATCGCTGA
CAAGTTTACT
TAAAAGGATC
CTTAACGTGA
AAAGGATCTT
AACAAAAAAA
TACCAACTCT
AATACTGTCC
TGTAGCACCG
CTGCCAGTGG
TTACCGGATA
GCCCAGCTTG
AGCTATGAGA
CCGGTAAGCG
GGGAAACGCC
TTGAGCGTICG
AACGCCAGCA
TGCTCACATG
TACCGCCTTT
GCAGCGAGTC
CCTCTCCCCG
TCCCGACTGG
TCACTCATTA
TTGTGTGGAA
CCATGATTAC
ATCGTCATTT
AGGGCATCGC
ATATGAATAA
AATAGCGTCA
ATTTGGTTTT
TGTTGGGATC
GAGATGCAGT
TAGATCAAAG
TTTTATTACA
CCACCGTTGA
TAACCAAGGC
CAGCCTTTTG
TGCTTGCGGA

PCT/IB2005/002530

GCGAACTACT
GCGGATAAAG
GTTTATTGCT
TTGCAGCACT
ACGACGGGGA
GATAGGTGCC
CATATATACT
TAGGTGAAGA
GTTTTCGTTC
CTTGAGATCC
CCACCGCTAC
TTTTCCGAAG
TTCTAGTGTA
CCTACATACC
CGATAAGTCG
AGGCGCAGCG
GAGCGAACGA
AAGCGCCACG
GCAGGGTCGG
TGGTATCTTT
ATTTTTGTGA
ACGCGGCCTT
TTCTTTCCTG
GAGTGAGCTG
AGTGAGCGAG
CGCGTTGGCC
AAAGCGGGCA
GGCACCCCAG
TTGTGAGCGG
GCCAAGCTTG
GTCGAGTTGA
AGGTAGATGA
TGGGAGAATG
TGTTCAGGAA
TTTTTTGGGT
AGGCACACAC
TTATTGAAAA
TATGAAGAAC
TAAATTTACC
TAGAGATTTT
CTAGTTTCAG
CATGGTCAAC
AAGCTTCTAC

FlG 16 CONTD

SUBSTITUTE SHEET (RULE 26)

TACTCTAGCT
TTGCAGGACC
GATAAATCTG
GGGGCCAGAT
GTCAGGCAAC
TCACTGATTA
TTAGATTGAT
TCCTTTTTGA
CACTGAGCGT
TTTTTTTCTG
CAGCGGTGGT
GTAACTGGCT
GCCGTAGTTA
TCGCTCTGCT
TGTCTTACCG
GTICGGGCTCGA
CCTACACCGA
CTTCCCGAAG
AACAGGAGAG
ATAGTCCTGT
TGCTCGTCAG
TTTACGGTTC
CGTTATCCCC
ATACCGCTCG
GAAGCGGAAG
GATTCATTAA
GTGAGCGCAA
GCTTTACACT
ATAACAATTT
GGCTGCAGTA
CCAGAATCGT
GCGCCTTTTC
CTCAAGTATC
AGAGGITTGA
GITTGTCTGT
ACAAAAGAGC
GATGAATGTT
GAAAATAGTA
AATCGAGCTT
AGTAGCCTTT
TACGCTTCAC
CCAATGTCAT
CTCAAAGGGC
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4301
4351
4401
4451
4501
4551
4601
4651
4701
4751
4801
4851
4901
4951
5001
5051
5101
5151
5201
5251
5301
5351
5401
5451
5501
5551
5601
5651
5701
5751
5801
5851
5901
5951
6001
6051
6101
6151
6201
6251
6301
6351

ACTTCATGAC
TTCAGAGCCC
GAAGGACAAT
TCAGCAAAAC
CCAAGGAGCA
AGACCAAGGT
AGGGTTCTCG
CACTACCGAG
ATCATATCAG
GAGAGTAGTA
TAGCGACAGG
GACTCGAATT
AGGGATCTCA
TGCCAGCAGC
GCACCTTGAC
TCCAGGCTTC
CCTCTCTCCA
CGCTCAGCTT
CACCCACTCA
GATCCTCAAT
TTGACGCCTT
ACGTTGGACA
GAGTGGAGCC
AGAGTAGGAG
GGCATCGGCA
AATCAGCGCC
ACCTCATCAG
GTTACAGATG
CACAGAACTC
ATGATGTGAA
TTGAACGCGA
TAGCAAGTAC
CCAAAGGCAC
TGCGGGGAGA
GGCGGCTATC
TGCTCAAGCG
GGTGATATTT
CAGTAGCGAG
AGACCTTCGA
GATATAGATC
CCCAGACTTT
TTTTGAAAGA

13/18

CAGCAAAACG
TTCTTGGCCT
GGGGAGCATA
TGGGTGCAAG
TGTTCACGAG
ACGTCCTTGA
GCACCAGTAG
ACCAGTACGC
TATCGACATT
AACTTGGGCA
GGCAGAATCA
CAGCAACCAC
GAGACTTCCA
AGCAGCCATA
GACCCTCGAA
AATTGATCAG
ATCGAAACCA
GACGCTTGAC
GCAGCACGCT
ACGAGAGTTT
CCATAGGGGT
GCAGAGCGAC
AGTGATGGGG
CAATATCAGC
TCAGAGCTGA
CTTGGGAGCG
GAGCCACCAT
GACATTCTTG
AATAACACAA
GGACGATATC
ATACGCATGT
ATGTTCTACT
CGTGTGTGGA
GTGAAACCTT
CTCCATGCCG
TCTCACATTG
TTGAAAATCT
TGTACAATCA
AAGCTTGAGG
AAACAAGTAC
ATCATAGAGA
GAATGTAAGA

AACCACTTGG
CGGCAGCAAT
CCGTTCTTGA
GATACAACGA
AACTACCACA
CGGTAAGGCT
CAGGGTCGAA
TTGATGGTCT
GGAGATATCA
TACCAGCAGA
ACAGAGCTGG
TTCTTGACGA
TGTTACGAAC
GCAGGACTGA
ATTACGGTTG
GGTTCATACC
GCGTCAGTAA
TAAACCAGAG
TACCCTTTAC
GTACAACTAC
GTTGGGAGCA
GAATGGGATC
ACTACATCTT
AGCGTTGATT
GAGACTTCCA
AGAGGTTTAT
ACCAGCACGA
ACTCCATGGA
CCAGTACCAC
CITGGATGTG
TCTTTGACTT
TCGGATGTAC
TGTGTGTGAA
GCTCAGGGCC
AAATAAGTAA
AGTTCTTGAA
TTCTTGTTGT
GGGCGACGTA
ACTAGTAACT
CATCTTCTTG
GTCGAGACAT
ACAAGTTAAA

PCT/IB2005/002530

TTGATCAAGT
GGCCTCTAAT
AGCAGTTGTT
ATACCAAAAT
GCCAAAGTTA
CITAGGTTGA
ACGAAGAGCA
TGAGGAATTG
AGAGGAGCAG
GTCCCCTGTG
AATCAACATC
GGGCTTTGCT
ATCTGTGAGA
CAAGATGAGT
GATGTAGATG
GAGACACATG
AGATCTTGTC
CCAGGCACCA
CACAGCAGCA
CAATGAATAC
ATACCAATGT
CTCAATCTTG
GAGGGCTGGT
TCGACGTTGA
GTATTTGACA
CACGAAGGTA
GCACCAGCTT
GAGAGCAGCA
CAGCAGTACC
ACGCCAGGGA
CTTTTGTAAG
CAATACCAAA
TCGCCGCACA
AATAACATGC
GACCAAAGGC
TCAGCTTCCT
AGTAGGAATG
CTGGACGATT
TCATGCACGA
TTGATCAATG
TTTGTATATA
GAAACAAGAA

FIG. 16 contop

SUBSTITUTE SHEET (RULE 26)

CCACTTCCAC
TGATCTTGAG
GTAAAAGATA
CGTTAAAGGC
GGACCTGTGC
GGACAAAGTC
TAGAAAAGAG
CTTGGGAATA
CATAACCCTT
CTAGGAGGTG
GTCTTCCTCA
TGGGAGTGCC
CAGCCCTTGA
ACGACCACCA
CACAACGCTC
GAACAACCAG
CAAACCTTCA
CCATGGCATC
GCAGCACGGA
CTTATCCACC
AGTCGAGAGC
GCAGGATCAG
ACCCCAGGTA
TATCGTATTT
GCACGATCCC
TTCAAAGGTC
CAATGGACAT
ATGGTATCAC
AATGACACCA
GAGCCTTACC
AGGGTTTGAG
AGCGAGAGCA
CAACAGTGGT
ACAATACCTT
TTCAATGTTT
TGATAARAGT
TTGTGATCGA
GGCGTTACGA
GATGTCTGTC
ACATGATCAT
GGGGATTGTT
AATTCTCTCG
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6401
6451
6501
6551
6601
6651
6701
6751
6801
6851
6901
6951
7001
7051
7101
7151
7201
7251
7301
7351
7401
7451
7501
7551
7601
7651
7701
7751
7801
7851
7901
7951
8001
8051
8101
8151
8201
8251
8301
8351
8401
8451
8501

CTCGTCTACT
TCAATGAGAT
TGTATCATGA
ACAAAATGCT
GCCTAACTCT
CCACTCCTTT
AGCGCCATGA
TTGAGAGCAT
GTAATGCAGT
ATTTTCCATC
AGCATTTTGT
TCTGCTGAAT
CACTAGATTT
AAAAGTATAA
GGTAGAAAAT
CTATCGCCCT
GAACGGCGAT
TGTGACAGAT
ATAAGTTTGG
TATCTTGTTT
TTACCCCTGA
TCGGATCCCG
GTCAGAGACC
TATCAAACAA
TTTGGGTGGT
GATTACCAAT
GCTCCAAGCA
TAGAGGATCC
AACAATTCAT
TCACATTCGA
ATTATCTGTT
TGAACCACGC
AATGACGTTT
TATCCAGATT
CTACTAGGTA
CACTTTATTC
TCTACAGGGA
AGATGACACG
TCCATTGCAA
ATTTTCCAAT
AATACCCATG
TTTCTCGTICT
TATTTTATAA

14718

AGCAGGTTGT
TGATGAAATC
GTCAGGCGTC
TGAACTGACA
ACTTTCTTCC
CAAATCATAT
AGATCATGAG
ATGCAGCACC
ATTCATTCAC
ATGGAAAACT
CTAGACAAGA
AGAGTTGGTA
GTTAATTTTA
TCCATGTGGT
AACACACTGA
TGATGTCGTA
TTGAAGCAAA
GCGCTAGATG
CTGTIGCTCAT
TGGTGGAAAC
AATTTGTTGC
CCATTTATGT
TTTCCGTATG
GCTGGCATCA
ATAATTTTCA
CTTCAATATT
TTTGATGTAG
CCAATTCGGC
CCCTATAATC
TAGATGGGGC
TCATGTAAAA
GCAGCCATAC
GACGAATAAT
ACACGTIGTAG
GCTCAGGGAT
ACCAAGGAAA
CATCTGTGAG
TTATCAATGC
TCATCACTCC
GGATCCGAAT
AAGTGTGAGA
TTCAGGGTTT
ATCTCGAC

TATAAAGTAA
ATTGGTCAAT
TTGATTGCCT
GTGACTCAAT
ATGTAACGTA
CATTCAAAAC
CCTTTTTCTA
CCATGTGAGT
AGATGTTCCG
TTATACATAC
CACTAATTAT
GGGAGCACCG
AGAATTGATC
GCAACAACTC
CCATAGCATG
AAATGACGTT
TGCCICTTTC
AATAGTGCAA
CGCACTTGAG
ACCGGGTTTT
CATGGATACC
TGCTCGGTTC
CGTAAGGCAA
AAAGTGAAAT
CAGATGACAG
TGACAATGAC
TTAGAGTATT
TTGGGCCCAA
TCTAATGAAA
TGCTGTTTAT
AAAAACTCTG
CACTAGTCAA
GCAACGTAAA
CAGCCTTCGT
AGTTCAAACG
GAAGTGAAAT
ATACATCTGA
TATCACTCTA
ATCCGACATC
CCGATTCAAA
CATTGCGAAA
TTTTCTTCTT

PCT/IB2005/002530

ATATTTGCAT
CTTACCGAGT
GTCAATTTAC
GAGGCGTTGT
AAGGCTGGGG
AAATCTGCAA
GATGGATTTC
ATATACCACT
AAAAGAAATA
ATGCACTTTT
TACTACGCGT
ATGATGTAGA
CTCGGATGTG
AACATTTGGT
TATACCACAT
GAGGAAGGCC
CCGAGTTTGA
ACCTACAAAC
TTGCATAATA
TAGCGATTAG
AAAATGCAGA
ATAGCAGCAT
AGCCATGTAG
TTGAAGAGGA
ATGTTATATA
AATAGACGCA
TCGCAATTCT
GCTTTCAAAT
TCCCGAAGAT
GTGATTAAAA
TTGTGGTACA
AATAATGCTC
GATGGTTTAG
GGGTATTTTT
GGCAATTTCC
GGCATCTTCT
TTIGCTCGACA
AAATGTCATG
AGGTCACAAT
CAAGATTAAT
TGTTATATAA
CTTCATACTA

FIG. 16 contp

SUBSTITUTE SHEET (RULE 26)

TTATCCTGAC
TGGCACAGGT
ACATCCGACC
TCTCTTATTG
ATTCTTITTTC
AAGACTAGTG
AATTGAGACT
TGATGGCACT
TGCATTGATC
TGGATCTGTG
CATTTGATTT
AAAGGTGTCT
CCCTGAAAAC
CCCCTTTACA
ACACACTCTA
TCATTGATTA
TCAAAGTTTA
CAGACTTTTA
GAAGCTCGGG
ATTTAATGAT
TCATCTACTT
TTAGAGATGC
AGGCACACCA
TCGATTCAGA
CTACCTAGTA
TTTAAGTCTA
TAATCGACTC
GTGTTGGATG
CTACACAGCA
CCTCACTGAT
AACATTAGTG
TACTGCAAAA
AAACCCTTGA
CATCACAACA
ATCCTCATCA
SCGTTCAACA
AGCGGACAAT
TCTGACTGAG
ITATGCTTCT
TCTCCCTCAA
ACCCAATGCA
TATCTCTATA
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Aerobic plates

KFA143

XF1

XF3
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Anaerobic plates

KFA143

XF1

XF3

FIG. 17 conro
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