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Immunoglobulin Frameworks which Demonstrate
Enhanced Stability in the Intracellular Environment and

Methods of Identifying Same

Field of the Invention

The invention relates to protein chemistry,

molecular biology, and immunology.

Background of the Related Art

Antibodies can recognize and target almost
any molecule with high specificity and affinity. This
characteristic has been exploited to turn these natural
proteins into powerful tools for diagnostic and therapeu-
tic applications. Advances in recombinant DNA technology
have facilitated the manipulation, cloning, and expressi-
on of antibody genes in a wide variety of non-lymphoid
cells (Skerra, 1988; Martineau, 1998; Verma, 1998). A
number of different antibody fragments have been con-
structed to best suit the various applications. The smal-
lest entity that retains the full antigen-binding capaci-
Ey of the whole parental immunoglobulin is the single-
chain Fv fragment (scFv) (Bird, 1988). This antibody
fragment comprises the variable regions of the heavy and
the light chains linked by a flexible peptide-~linker,
which allows the expression of the protein from a single
gene.

Antibody fragments have several important
advantages in comparison to the entire immunoglobulin mo-
lecule. Due to their smaller size, the expression is fa-
cilitated and the yield is enhanced in a variety of ex-
pression host cells, such as E. coli cells (Pliickthun,
1996) . Moreover, antibody fragments allow improved tumour
penetration in in vivo applications (Yokota, 1992) and
they can be linked covalently to various effector molecu-

les for therapeutic approaches.
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Naturally occurring antibodies, which are se-
creted by plasma cells, have evolved to function in an
extracellular, oxidizing environment. To obtain their
functional, folded structure, they generally require the
formation of disulfide-bridges within the separate doma-
ins, which are crucial for the stability of the immuno-
globulin fold. In contrast to full-length antibodies,
scFv or Fab antibody fragments can, in principle, be
functionally expressed in a reducing environment inside
any cell and directed to any compartment to target intra-
cellular proteins and thus evoke specific biological ef-
fects (Biocca, 1991). Indeed, some intracellular single
chain antibody fragments, which are called intrabodies,
have been applied successfully to modulate the function
of intracellular target proteins in different biological
systems. Thus, resistance against viral infections has
been demonstrated in plant biotechnology (Tavladoraki,
1993; Benvenuto, 1995),binding of intrabodies to HIV pro-
teins has been shown(Rondon, 1997), and binding to onco-
gene products (Biocca, 1993; Cochet, 1998; Lener, 2000)
has been described. Moreover, intracellular antibodies
promise to be a valuable tool in characterizing the func-
tion of a vast number of genes now identified through the
sequencing of the human genome (Richardson, 1995; Mara-
sco, 1997). For example, they can be used in a functional
genomics approach to block or modulate the activity of
newly identified proteins, thereby contributing to the
understanding of their functions. Finally, intrabodies
have potential diagnostic and therapeutic applications,
for example in gene therapy settings.

Despite these great prospects, the generation
of functional intrabodies is still limited by their in-
stability and insolubility or propensity to aggregate.
The reducing environment of the cytoplasm prevents the
formation of the conserved intrachain disulfide bridges,
thus rendering a high percentage of antibody fragments

unstable and, as a consequence, non-functional inside the
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cell (Biocca, 1995; Proba, 1997). Stability and solubili-
ty of antibody fragments therefore represents a major
obstacle for the application of intrabodies as potential
modulators of protein function in vivo. So far, no pre-
dictions can be made about the sequence requirements that
render an antibody fragment functional in an intracellu-
lar environment.

There is, therefore, a need for antibody
fragments which perform well in a broad range of diffe-
rent cell types and can thus be used as frameworks for
diverse binding specificities. Such frameworks can be
used to construct libraries for intracellular screening
or can serve as an acceptor for the binding portions of
an existing antibody.

Besides being uniquely suited for intracellu-
lar applications, such antibody fragments or whole anti-
bodies based on very stable variable domain frameworks
also have a distinct advantage over other antibodies in
numerous extracellular and in vitro applications. When
such frameworks are produced in an oxidizing environment,
their disulfide-bridges can be formed, further enhancing
their stability and making them highly resistant towards
aggregation and protease degradation. The in vivo half-
life (and thus the resistance towards aggregation and de-
gradation by serum proteases) is, besides affinity and
specificity, the single-most important factor for the
success of antibodies in therapeutic or diagnostic appli-
cations (Willuda, 1999). The half-life of antibody frag-
ments can further be increased through the covalent at-
tachment of polymer molecules such as poly-ethylene gly-
col (PEG) (Weir, 2002). Stable molecules of this type re-
present a significant advance in the use of antibodies,
especially, but not exclusively, when the Fc¢ functionali-
ty is not desired.

The great practical importance of antibody-
fragment libraries has motivated research in this area.
Winter (EP 0368684) has provided the initial cloning and
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expression of antibody variable region genes. Starting
from these genes he has created large antibody libraries
having high diversity in both the complementary determi-
ning regions (CDRs) as well as in the framework regions.
Winter does not disclose, however, the usefulness of dif-
ferent frameworks for library construction.

The teaching of Pliickthun (EP 0859841), on
the other hand, has tried to improve the library design
by limiting the frameworks to a defined number of syn-
thetic consensus sequences. Protein engineering efforts
involving introduction of a large amount of rationally
designed mutations have previously suggested mutations
towards the respective consensus sequence as a suitable
means for the improvement of the stability of isolated
variable immunoglobulin domains (Ohage 1999; Ohage 1999
and US 5,854,027, hereby incorporated by reference).

Pliickthun (EP 0859841) discloses methods for
the further optimization of binding affinities based on
these consensus sequences. The Plickthun patent also
acknowledges the ongoing increase in knowledge concerning
antibodies and accordingly aims at including such future
findings in the library design. However, no possible
further improvements of the synthetic consensus frame-
works are suggested.

The teachings of Winter, Plickthun and others
(e.g. Soderlind, WO 0175091 ) have thus tried to create
large antibody libraries with a focus on high diversity
in the CDRs for selection and application of the selected
scFvs under oxidizing conditions. All of these libraries
are, however, not optimized for intracellular applica-
tions and thus not useful for selection and applications
in a reducing environment, or other conditions which set
special requirements on stability and solubility of the
expressed antibody fragment.

The qualities required for antibody fragments
to perform well in a reducing environment, e.g. the

cytoplasm of prokaryotic and eukaryotic cells, are not
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clear. The application of intracellular antibodies oxr
“intrabodies” is therefore currently limited by their un-
predictable behavior under reducing conditions, which can
affect their stability and solubility properties (Biocca,
1995; Worn, 2000). Present patent applications
(EP1040201, EP1166121 and W00200729) and publications
(Visintin, 1999) concerning intracellular screening for
intrabodies focus on the screening technology but do not
disclose specific antibody sequences which are functional
in eukaryotic cellg, in particular in yeast, and, thus,
useful for library construction in this context.

Visintin and Tse have independently described
the isolation of a so-called intracellular consensus se-
gquence (ICS) (Visintin, 2002; Tse, 2002). This sequence
was derived from a number of sequences that had been iso-
lated from an antigen-antibody-interaction screen in
yeast. The input into the intracellular screen was,
however, heavily biased due to prior phage-display selec-
tion. Thus, all but one of the input-sequences belonged
to the VH 3 subgroup in the case of Visintin et al. The
published consensus sequence ICS is fully identical to
the consensus sequence for the human VH 3 subgroup de-
scribed by Knappik (2000) and EP0859841. 60 of the 62
amino acids of the ICS are also identical to the general
human VH-domain consensus sequence which was proposed by
Steipe as a basis for the construction of variable doma-
ins with enhanced stability (United States Patent No.
6,262,238, hereby incorporated by reference). These works
were, in turn, based on earlier sequence collections
(i.e., Kabat, 1991 and definitions of variable domain
subgroups and structural determinants (Tomlinson, 1992;
Williams, 1996; Chothia, 1989 and Chothia, 1987). Howe-
ver, because the input to the intrabody selection was so
heavily biased (i.e., in the case of Visintin et al. all
but one of the VH domains was VH3), the isolation of VH3
sequences from intracellular screening is not particular-

ly surprising. Due to the heavy bias of their input
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library, the work of Tse et al. and Visintin et al. does
not provide a thorough evaluation of the human variable
domain repertoire as would be provided by an unbiased in-
gquiry and as is required to identify the useful intrabody
frameworks present in the human repertoire.

We have previously described a system, which
allows for the selection of stable and soluble intrabo-
dies in yeast, independent of their antigen-binding spe-
cificity (Auf der Maur (2001), WO0148017). This approach
allows efficient screening of scFv libraries and the iso-
lation of specific frameworks, which are stable and so-
luble in the reducing environment of the yeast cell. The
objective remains to actually isolate framework sequences
and use the patterns in a first step to predict what se-
quence types would be most stable in the reducing envi-
ronment and in a second step identify by analysis, recom-
bination and further in vivo and in vitro experiments the

optimal sequence.

Brief Summary of the Invention

The present invention fills a missing link in
the field of antibody generation. It provides antibody
variable domain framework sequences with superior charac-
teristics regarding stability and solubility. These are
crucial features for many relevant applicationsg, such as
in diagnostics, therapy or research. These frameworks can
be used for grafting of existing binding-specificities or
for the generation of antibody libraries with high sta-
bility and solubility.

ScFv libraries were used for the isolation of
frameworks which are stable and soluble in the reducing
environment of the veast cell. The performance of the
isolated frameworks has subsequently been characterized
in human cell lines and in in vitro experiments. The de-
scribed frameworks can directly serve as acceptor backbo-

nes for existing binding specificities or to construct
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CDR libraries by randomization of one or more of the hy-
pervariable loops for use in reducing or otherwise chal-
lenging environments. The isolated variable domain se-
quences have further been analyzed by alignment to iden-
tify preferred sequence families. From those preferred
variable domain sequence families, optimal seguences were
chosen based on a structural analysis which excludes se-
guences containing framework residues which disturb the
immunoglobulin fold. The identified variable domain se-
quence candidates were subsequently recombined in all
possible variations and the optimal combinations of va-
riable domains of the light and heavy chain were selected
by analysis of their performance in yeast, mammalian
cells and in vitro.

These optimized scFvs and their constituting
variable domain frameworks, as well as other antibody
fragments or whole antibodies derived thereof, are ideal
as, for example, acceptor backbones for existing binding
specificities or for the construction of CDR libraries by
randomization of one or more of the hypervariable loops
for use in reducing or otherwise challenging environ-
ments. Antibodies suitable for intracellular applica-
tions are by definition more stable and soluble. Accor-
dingly, their use will also be advantageous in applica-
tions outside the intracellular environment.

The invention provides compositions compri-
sing frameworks of antibody variable domains and single-
chain Fv antibody (ScFv) fragments which can be incorpo-
rated into various antibody fragments or whole antibo-
dies. Classes of antibody variable domains fragments are
provided which are the most stable and soluble and thus
best suited for intracellular applications. Specific fra-
mework sequences of antibody variable domains and scFv
antibody fragments which show the highest performance in
intracellular assays are also provided. The invention al-
so provides specific framework sequences of antibody va-

riable domains and synthetic combinations of wvariable do-
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mains of the light and heavy chain in scFv fragments
which are, for example, optimal for intracellular appli-
cations and show an optimal performance in vitro regar-
ding stability and solubility.
The invention provides single-chain framework
reagents that have the general structures:
NH,-VL-1linker-VH-COOH oxr
NH,-VH-1linker-VL-COOH.

In another embodiment of the invention the
single-chain framework may be fused to a second protein
moiety to yield a fusion construct of the general struc-
ture:

NH,-VL-linker-VH-second protein-COOH

NH,-second protein-VL-linker-VH-COOH.

The orientation of the VH and VL regions in
these fusion constructs may be reversed.

In another embodiment of the invention the
variable domains may be incorporated into a Fab fragment,
which may additionally be fused to a second protein moie-
ty to yield fusion constructs of the general structure:

NH,-VH-CH-second protein-COOH and NH;-VL-CL-
COCH

The second protein may be fused to either N-
or C-terminus of either the heavy or the light chain.

In a preferred embodiment, the second protein
of the single-chain or Fab framework fusion construct is
a protein which provides a read-out for intracellular as-
says, either directly or via transcriptional activation.

Another object of the invention is to provide
framework classes of antibody variable domains and se-
quences of variable domains and scFvs which are suitable
for grafting the hypervariable loops from existing anti-
bodies, for example, in order to obtain antibodies which
are functional in a reducing or otherwise challenging en-

vironment.
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Another object of the invention is to provide
framework classes of antibody variable domains and se-
quences of variable domains and scFvs which, for example,
through randomization of one or more of the hypervariable
loops of such frameworks, are suitable for the creation
of libraries for use in a reducing or otherwise challeng-
ing environment.

Another object of the invention is the use of
the disclosed sequences in the identification of con-
served residues and consensus sequences.

The antibodies or antibody fragments result-
ing from the use.of the disclosed frameworks can be used
as reagents in target validation and in therapy, preven-
tion and diagnosis of human, animal and plant diseases.
The antibodies can be used in the form of protein or DNA
encoding such a protein and are not limited to intracel-

lular applications.

Brief Description of the Drawings

Figure 1 shows the result of a typical “qual-
ity control” screen in yeast assayed by activation of
lacZ expression (see, for example, Example 1). The se-
lected, positive clones (black) were identified in sev-
eral different screens and the corresponding sequences of
the positive clones can be found in Tables 1 and 2. The
selected sequences are compared to the positive control,
the very stable lambda-graft (dark grey) .

Figure 2 shows the performance of the frame-
works isolated from a typical “quality control” screen in
yeast (black) in the human cell line Hela, assayed by the
activation of luciferase expression in comparison to the
very stable lambda-graft (dark grey). The positive con-
trol Gal4-VPlé6 (white) gives the maximally possible level
of transcriptional activation in the system. Luciferase

activity has been corrected for transfection efficiency.
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Figure 3 shows the in vivo performance of the
superior framework combinations assayed in yeast by the
activation of lac? expression. The framework sequences
(black) are compared to the positive control (the very
stable lambda-graft (dark grey)). The numbering of the
frameworks is as described in Table 5.

Figure 4 shows the in vivo performance of the
superior framework combinations assayed in the human cell
line Hela by the activation of luciferase expression and
illustrated in comparison to the very stable lambda-graft
(dark grey). The positive control, Gal4-VPlé (white)
gives the maximal possible level of transcriptional acti-
vation in the system. Luciferase activity has been cor-
rected for transfection efficiency.

Figure 5 shows the in vivo performance of the
superior framework combinations assayed by the amount of
soluble protein produced in the cytoplasm of yeast strain
S. cerevisiae JPYO.

Figure 6 shows the expression behavior of se-
lected framework combinations in the periplasm of E.coli.
The arrow indicates the location of the band correspond-
ing to the scFv frameworks.

Figure 7 shows the in vivo performance of se-
lected superior framework combinations assayed in three
human cell lines (Hela, (black), Saos-2 (dark grey) and
HEK 293 (white)), by the activation of luciferase expres-
sion and illustrated in comparison to the very stable
lambda-graft. The positive control Gald-VP1l6 gives the
maximal possible level of transcriptional activation in
the system. Luciferase activity has been corrected for
transfection efficiency.

Figure 8 represents the resistance towards
aggregation at 37°C of selected framework combinations as
quantified by the amount of monomeric protein present be-
fore and after incubation as indicated in PBS-buffer.
Panel A is representative for frameworks 2.4 and 5.2 and

panel B for frameworks 4.4, 6.4 and 7.3.
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Figure 9 represents the resistance towards
protease degradation aggregation in human serum at 37°C
of selected framework combinations, quantified by the
amount of soluble full-length protein present before and
after prolonged incubation.

Figure 10 shows the in vivo performance of
two selected binders on the novel framework 7.3 in the
Fab-context, assayed in yeast interaction assay by the
activation of lacZ expression. Expression of the Fab-
chains is from a bi-directional galactose-inducible pro-
moter, on either an ars/cen or a 2 micron vectors. Ex-
pression from the Fab vector yields the antibody light
chain and a VH-CH1-Gal4-AD fusion protein. Binders are
directed against human Polo-like kinasel (hPLK1l). Binding
to the target is compared with the unspecific binding to
an unrelated antigen and the binding of the un-randomized
framework 7.3. Note that the corresponding scFv that have
been included for reference are expressed from an actin
promoter (2 micron).

Figure 11 shows the in vivo performance of
the scFv frameworks in the Fab-context assayed by the
amount of soluble protein produced in the cytoplasm of
the yeast strain JPY9. Expression of the Gal4-AD-scFv fu-
sion (actin/2 micron) is compared with the expression of
the corresponding Fab-construct, and with the parent fra-
mework 7.3 as a Fab, both from two different vectors
(Gal-inducible, ars/cen and 2 micron). Expression from
the Fab vector yields the antibody light chain and a VH-
CH1-Gal4-AD fusion protein, which is detected in this
blot.

Table 1 shows an alignment of all VH-domain
framework sequences selected from various “quality con-
trol” screens in yeast.

Table 2 shows an alignment of all VL-domain
framework sequences selected from various “quality con-

trol” screens in yeast.
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Table 3 shows an alignment of randomly picked
sequences from the library.

Table 4 shows a statistical analysis of the
sub-class frequency for VH- and VL-domains in the se-
quences isolated with the “quality control” system. Only
those sequences were considered which were subsequently
found to be positive in the quantitative yeast assay. The
selected sequences are compared with the unselected 1li-
brary as determined from a limited number of random se-
guences (Table 3).

Table 5 shows the sequences used for further
recombination and evaluation of the best combinations in
scFve and their respective abbreviations (abb.), sources

and sub-family.

Detailed Description of the Invention

Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which this invention belongs. Although methods and ma-
terials similar or equivalent to those described herein
can be used in the practice or testing of the invention,
suitable methods and materials are described below. All
publications, patent applications, patents, and other re-
ferences mentioned herein are incorporated by reference
in their entirety. In the case of conflict, the present
specification, including definitions, will control. In
addition, the materials, methods, and examples are illu-
strative only and not intended to be limiting.

As used herein, “identity” refers to the se-
quence similarity between two polypeptides, molecules or
between two nucleic acids. When a position in both of the
two compared sequences is occupied by the same base or
amino acid monomer subunit (for instance, if a position
in each of the two DNA molecules is occupied by adenine,

or a position in each of two polypeptides is occupied by
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a lysine), then the respective molecules are homologous
at that position. The “percentage identity” between two
sequences is a function of the number of matching positi-
ong shared by the two sequences divided by the number of
positions compared x 100. For instance, if 6 of 10 of the
positions in two sequences are matched, then the two se-
quences have 60% identity. By way of example, the DNA se-
quences CTGACT and CAGGTT share 50% homology (3 of the 6
total positions are matched). Generally, a comparison is
made when two sequences are aligned to give maximum homo-
logy. Such alignment can be provided using, for instan-
ce, the method of Needleman et al., J. Mol Biol. 48:
443-453 (1970), implemented conveniently by computer pro-
grams such as the Align program (DNAstar, Inc.).
“Similar” sequences are those which, when
aligned, share identical and similar amino acid residues,
where similar residues are conservative substitutions
for, or “allowed point mutations” of, corresponding amino
acid residues in an aligned reference sequence. In this
regard, a “conservative substitution” of a residue in a
reference sequence is a substitution by a residue that is
physically or functionally similar to the corresponding
reference residue, e.g., that has a similar size, shape,
electric charge, chemical properties, including the abi-
lity to form covalent or hydrogen bonds, or the like.
Thus, a “conservative substitution modified” sequence is
one that differs from a reference sequence or a wild-type
sequence in that one or more conservative substitutions
or allowed point mutations are present. The “percentage
positive” between two sequences is a function of the num-
ber of positions that contain matching residues or con-
servative substitutions shared by the two sequences divi-
ded by the number of positions compared x 100. For in-
stance, if 6 of 10 of the positions in two sequences are
matched and 2 of 10 positions contain conservative sub-
stitutions, then the two sequences have 80% positive ho-

mology.
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“WH domain” refers to the variable part of
the heavy chain of an immunoglobulin molecule.

“WIL domain” refers to the variable part of
the light chain of an immunoglobulin molecule.

VH or VL “subtype” refers to the subtype de-
fined by the respective consensus sequence as defined in
Knappik (2000). The term “subfamily” or “ subclass” is
used as synonym for “subtype”. The term “subtype” as used
herein refers to sequences sharing a high degree of iden-
tity and similarity with the respective consensus se-
quence representing their subtype. Whether a certain va-
riable domain sequence belongs to a “subtype” is deter-
mined by alignment of the sequence with either all known
human germline segments of the respective domain, or the
defined consensus sequences and subsequent identification
of the greatest homology. Methods for determining homolo-
gies and grouping of sequences by using search matrices,
such as BLOSUM (Henikoff 1992) are well known to the per-
son skilled in the art.

“Amino acid consensus sequence” as used her-
ein refers to an amino acid sequence, which can be gene-
rated using a matrix of at least two or preferably more
aligned amino acid sequences, and allowing for gaps in
the alignment, it is possible to determine the most fre-
quent amino acid residue at each position. The consensus
sequence is that sequence which comprises the amino acids
which are most frequently represented at each position.
In the event that two or more amino acids are equally re-
presented at a single position, the consensus sequence
includes both or all of those amino acids.

The amino acid sequence of a protein can be
analyzed at various levels. For example, conservation or
variability could be exhibited at the single residue
level, multiple residue level, multiple residue with gaps
etc. Residues could exhibit conservation of the identical
residue or could be conserved at the class level. Exam-

ples of amino acid classes include polar but uncharged R
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groups (Serine, Threonine, Asparagine and Glutamine) ;
positively charged R groups (Lysine, Arginine, and His-
tidine); negatively charged R groups (Glutamic acid and
Aspartic acid); hydrophobic R groups (Alanine, Isoleu-
cine, Leucine, Methionine, Phenylalanine, Tryptophan, Va-
line and Tyrosine); and special amino acids (Cysteine,
Glycine and Proline). Other classes are known to one of
skill in the art and may be defined using structural de-
terminations or other data to assess substitutability.
In that sense a substitutable amino acid could refer to
any amino acid which could be substituted and maintain
functional conservation at that position.

“Polynucleotide consensus sequence” as used
herein refers to a nucleotide sequence, which can be ge-
nerated using a matrix of at least two or preferably more
aligned nucleic acid sequences, and allowing for gaps in
the alignment, it is possible to determine the most fre-
quent nucleotide at each position. The consensus sequence
is that sequence which comprises the nucleotides which
are most frequently represented at each position. In the
event that two or more nucleotides are equally represen-
ted at a single position, the consensus sequence includes
both or all of those nucleotides.

“Structural sub-element” as used herein re-
fers to stretches of amino acid residues within a protein
or polypeptide that correspond to a defined structural or
functional part of the molecule. These can be loops (i.e.
CDR loops of an antibody) or any other secondary or func-
tional structure within the protein or polypeptide (i.e.,
domains, oO~helices, P-sheets, framework regions of anti-
bodies, etc.). A structural sub-element can be identified
using known structures of similar or homologous polypep-
tides, or by using the above mentioned matrices of
aligned amino acid sequences. Here the variability at
each position is the basis for determining stretches of
amino acid residues which belong to a structural sub-

element (e.g. hypervariable regions of an antibody) .
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"Sub-sequence” as used herein refers to a ge-
netic module which encodes at least one structural sub-
element. It is not necessarily identical to a structural
sub-element.

"Antibody CDR” as used herein refers to the
complementarity determining regions of the antibody which
consist of the antigen binding loops as defined by Kabat
et al. (1991). Each of the two variable domains of an an-
tibody Fv fragment contain, for example, three CDRs.

*Antibody” as used herein is a synonym for “
immunoglobulin”. Antibodies according to the present in-
vention may be whole immunoglobulins or fragments the-
reof, comprising at least one variable domain of an immu-
noglobulin, such as single variable domains, Fv (Skerra,
1988), scFv (Bird, 1988; Huston, 1988), Fab , (Fab’)2 ox
other fragments well known to a person skilled in the
art.

“Antibody framework” as used herein refers to
the part of the variable domain, either VL or VH, which
serves as a scaffold for the antigen binding loops of
this variable domain (Kabat et al., 1991).

Rationally engineered scFv fragments have de-
monstrated a clear correlation between the thermodynamic
stability of a scFv fragment and its in vivo performance
(Wérn, 2000; Auf der Maur, 2001). Using a recently deve-
loped system named “Quality Control” (Auf der Maur,
2001), specific antibody variable domain framework se-
quences which are suitable for intracellular applications
have been isolated (Table 1 and 2), characterized (Fig. 1
and 2) and further improved (Fig. 3 to 9 and Table 3). As
observed in our previous experiments, well performing
frameworks selected in the intracellular assay show a
high in vitro stability as demonstrated by their resi-
stance to aggregation and protease degradation at 37°C
(Fig. 8 and 9). Moreover, a pattern emerged which allows
a selection of frameworks for intracellular applications

on a more general basis, depending on their framework
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subfamily (Table 4). Specific antibody variable domain
sequences useful for intracellular applications are
disclosed here, as well as the general pattern. This al-
lows, on the one hand, the use of these sequences as fra-
mework donors in grafting experiments to obtain functio-
nal intrabodies which retain the binding specificity of
the loop donor. Additionally, antibody libraries can be
constructed using the disclosed sequences as frameworks.
Such libraries are suitable for intracellular selection
systems under reducing conditions, such as those in pro-
karyotic and eukaryotic cells. Additionally, the disclo-
sed sequences may be used to identify, for example, con-
served sequences or residues or motifs. The grafting of
structural sub-elements, for example, those of the bin-
ding loops of an antibody (e.g. Jung, 1997), as well as
the making of libraries of antibodies or fragments the-
reof (e.g. Vaughan, 1996; Knappik, 2000) has been descri-
bed in detail and is well known to a person skilled in
the art.

Because intracellular applications expose the
antibody fragments to very unfavorable conditions (i.e.
increased temperatures, reducing environment), the se-
quences disclosed in the present invention have acquired
features that make them resistant to the most adverse
conditions. Therefore, when compared to “average” sequen-
ces, the disclosed sequences are of outstanding stability
and solubility as is demonstrated by their resistance to-
wards aggregation and protease degradation (Fig.8 and 9).
These features, together with their excellent expression
yvield make the disclosed antibody framework sequences
uniguely suitable not only for intracellular use, but
especially for all therapeutic and diagnostic applica-
tions where long half-life, robustness, and ease of pro-
duction are of great concern.

The present invention enables the design of
polypeptide sequences comprising at least the variable

part of an antibody that are useful for applications in a
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reducing or otherwise challenging environment. In a first
embodiment, the invention provides a collection of anti-
body framework sequences useful for intracellular appli-
cations (Table 1 and 2). In a first step, a library of
diverse sequences is screened independent of binding af-
finity using the Quality control system in yeast. The
isolated sequences can be evaluated for their intracellu-
lar performance in yeast and in mammalian cells (Fig. 1
and 2).

In one embodiment of the invention, the col-
lection of isolated sequences is analyzed by alignment to
identify the antibody variable domain sub-classes and
consensus sequences that are suitable for intracellular
applications.

In a further preferred embodiment of the in-
vention, the collection of antibody framework sequences
described above is further analyzed by alignment to each
other and grouping into sub-families. All frameworks be-
longing to one sub-type are compared regarding their in-
tracellular performance in yeast and in mammalian cells
(Fig. 1 and 2, as an example) and regarding the occur-
rence of negative, neutral or positive exchanges in their
amino-acid sequence relative to the respective sub-type
consensus. A person skilled in the art can distinguish
between positive, neutral and negative changes based on
the structural environment of the particular exchanged
residue in the immunoglobulin domain. Subsequently, fra-
mework sequences of variable antibody domains are chosen
which show the best intracellular performance and which
are devoid of negative exchanges compared to their re-
spective sub-type consensus. Preferably, sequences are
selected which further contain amino-acid exchanges which
are considered positive.

In a further preferred embodiment, the selec-
ted antibody variable domains of the heavy and the light
chain are subsequently recombined in all possible combi-

nations into scFv fragments, in order to identify the
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combinations with the highest stability and solubility.
To this end the novel, recombined scFv fragments are eva-
luated for their performance under reducing conditions in
intracellular interaction assays in veast (Fig. 3) and in
mammalian cell lines (Fig. 4 and 7) and for soluble in-
tracellular expression in yeast (Fig. 5). Promising com-
binations are further evaluated for their behavior under
oxidizing conditions by analyzing the periplasmic expres-
sion yield in E.coli (Fig. 6), the resistance to aggrega-
tion at elevated temperatures (Fig. 8) and the resistance
to aggregation and protease degradation upon prolonged
incubation in human serum at 37°C (Fig. 9). These data
are used to identify the scFv framework best suitable for
any specific application, either intracellular, or under
oxidizing conditions.

The selected and optimized framework sequen-
ces disclosed herein have a significant advantage not on-
ly in intracellular applications, but in all applications

which can profit from increased stability and/or solubi-

lity of the scFv. Examples are the long-term storage at

high concentrations required for diagnostic applications,
and prolonged functional half-life in serum at 37°C (as
required, for example, in therapeutic applications).

According to one aspect of the present inven-
tion, there is provided an intrabody framework comprising
a single~chain framework having the general structure:

NH,-VL-1linker-VH-COOH; or

NH;-VH-1inker-vL,-COOH

wherein the VH framework is of subtype la, 1b
or 3.

In another embodiment, the orientation of the
VH and VL regions is reversed in the single chain frame-
work described above.

According to one aspect of the present inven-
tion, there is provided an intrabody framework comprising
a single-chain framework having the general structure:

NH,~VL-1linkexr-VH-COOH; or



10

15

20

25

30

35

WO 03/097697 PCT/EP03/05324

20

NH,-VH-1inker-VL-COOH

wherein the VH framework is of subtype la, 1b
or 3 and the VL framework is of subtype Al, A3 or k1.

In another embodiment, the invention provides
a single-chain framework fused to a second protein moiety
to yield a fusion construct of the general structure:

NH,-VL-linker-VH-second protein-COOH; or

NH,-second protein-VL-linker-VH-COOH

wherein the VH framework is of subtype la, 1b
or 3 and the VL framework is of subtype Al, A3 or 1.

In another embodiment, the orientation of the
VH and VL regions in these fusion constructs may be re-
versed.

In another embodiment, the variable domains
may be incorporated into a Fab fragment which may addi-
tionally be fused to a second protein moiety to yield fu-
sion constructs of the general structure:

NH,~VH-CH-second protein-COOH and NH;-VL-CL-
COC0H -

The second protein may be fused to either N-
or C-terminus of either the heavy or the light chain.

As disclosed herein, there is a very strong
preference in intracellular applications for VH framework
of the subtype 3, but also for la and 1lb. Regarding the
light chain variable domain (VL), there is a clear pref-
erence by numbers for frameworks of the kappa 1 type, but
lambda 1 and 3 are also enriched. These framework subty-
pes, i.e. VH la, 1b and 3 combined with a kappa 1, lambda
lor 3 VL domain are therefore best suited for intracellu-
lar use and other applications which require he folding
properties of the scFv. Therefore, in order to reduce the
amount of molecules which are not functional in the re-
ducing environment, libraries for intracellular screening
systems should preferentially be constructed from a mix-—

ture of these framework subtypes.
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In a preferred embodiment, the VH domain of
the antibody fragments of the invention is of the sub-
group la, l1lb or 3.

In a preferred embodiment, the VL. domain of
the antibody fragments of the invention is of the sub-
group kappal, lambda 1 oxr 3.

In a preferred embodiment, antibody fragments
used as frameworks are selected from the group consisting
of: 1.1, 2.1, 3.1, 4.1, 5.1, 1.2, 2.2, 3.2, 4.2, 5.2,
1.3, 2.3, 3.3, 4.3, 5.3, 7.3, 1.4, 2.4, 3.4, 4.4, 5.4,
and 6.4 as described in Table 5.

In one embodiment of the invention, at least
two and preferably more frameworks are identified and
then analyzed. A database of the protein sequences may be
established where the protein sequences are aligned with
each other. The alignment can then be used to define, for

example, residues, sub-elements, sub-sequence or sub-

~groups of framework sequences which show a high degree of-

similarity in both the sequence and, if that information
is available, in the structural arrangement.

The length of the sub-elements is preferably,
but not exclusively ranging between 1 amino acid (such as
one residue in the active site of an enzyme or a structu-
re-determining residue) and 150 amino acids (for example,
whole protein domains). Most preferably, the length ran-
ges between 3 and 25 amino acids, such as most commonly
found in CDR loops of antibodies.

In another embodiment, consensus nucleic acid
sequences, which are predicted from the analysis are syn-
thesized. This can be achieved by any one of several me-
thods well known to the practitioner skilled in the art,
for example, by total gene synthesis or by PCR-based ap-
proaches.

In another embodiment, the nucleic acid se-
guences are cloned into a wvector. The vector could be a
sequencing vector, an expression vector or a display

(e.g. phage display) vector, all which are well known to
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those of skill in the art. A vector could comprise one
nucleic acid sequence, or two or more nucleic sequences,
either in different or the same operon. In the last case,
they could either be cloned separately or as contiguous
sequences.

In one embodiment, the polypeptides have an
amino acid pattern characteristic of a particular spe-
cies. This can for example be achieved by deducing the
consensus sequences from a collection of homologous pro-
teins of just one species, most preferably from a collec-
tion of human proteins.

A further embodiment of the present invention
relates to fusion proteins by providing for a DNA se-
quence which encodes both the polypeptide, as described
above, as well as an additional moiety.

In further embodiments, the invention provi-
des for nucleic acid sequences, vectors containing the
nucleic acid sequences, host cells containing the vec-
tors, and polypeptides obtainable according to the me-
thods described herein.

In a further embodiment, the invention provi-
des for synthesizing or otherwise placing restriction gi-
tes at the end of the nucleic acid sequences of the in-
vention allowing them to be cloned into suitable vectors.

In a further preferred embodiment, the inven-
tion provides for vector systems being compatible with
the nucleic acid sequences encoding the polypeptides.

The vectors comprise restriction sites, which would be,
for example, unique within the vector system and essen-
tially unigque with respect to the restriction sites in-
corporated into the nucleic acid sequences encoding the
polypeptides, except for example the restriction sites
necessary for cloning the nucleic acid sequences into the
vector.

In another embodiment, the invention provides
for a kit, comprising one or more of the list of nucleic

acid sequences, recombinant vectors, polypeptides, and
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vectors according to the methods described above, and,
for example, suitable host cells for producing the poly-
peptides.

All of the above embodiments of the present
invention can be effected using standard techniques of
molecular biology known to one skilled in the art.

In another embodiment, the nucleic acid se-
quence is any sequence capable of encoding the polypepti-~
des of the invention.

In another embodiment, the inventive nucleic
acids are used in gene therapy.

Tn another embodiment, the single chain fra-
mework is a variant of any one of sequences 1.1, 2.1,
3.1, 4.1, 5.1, 1.2, 2.2, 3.2, 4.2, 5.2, 1.3, 2.3, 3.3,
4.3, 5.3, 7.3, 1.4, 2.4, 3.4, 4.4, 5.4, 6.4 (Table 5),
where “variant” as used herein refers to a sequence that
exhibits 90% or greater identity, while maintaining en-
hanced stability.

Tn another embodiment, the single chain fra-
mework is a derivative of any one of sequences 1.1, 2.1,
3.1, 4.1, 5.1, 1.2, 2.2, 3.2, 4.2, 5.2, 1.3, 2.3, 3.3,
4.3, 5.3, 7.3, 1.4, 2.4, 3.4, 4.4, 5.4, 6.4 (Table 5)
where “derivative” as used herein refers to a sequence
that maintains only those amino acids that are critical
to the function and stability of the molecule. Isolated
neutral or positive exchanges in the framework as descri-
bed in example 3, are not considered to be relevant
change to the antibody frameworks of the present inventi-
on.

In a preferred embodiment of the invention,
the single chain framework is fused to a second protein,
wherein that protein provides a read-out for intracellu-
lar assays. The read-out can be either direct, for ex-
ample in the form of a fusion to a detectable protein,
e.g. GFP (green fluorescent protein), enhanced blue fluo-
rescent protein, enhanced yellow fluorescent, protein en-

hanced cyan fluorescent protein which can be observed by
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fluorescence, or other fusion partners with different de-
tection methods. Alternatively, a read-out can be achie-
ved through transcriptional activation of a reporter ge-
ne, where the fusion partner in the scFv-fusion protein
is either a transcriptional activator, such as the Gal4d
activation domain, or a DNA-binding protein, such as the
LexA- or Gald DNA-binding domain, which activates the
transcription of a reporter gene of an enzyme, such as B-
galctosidase, luciferase, o~galactosidase, B-
glucuronidase, chloramphenicol acetyl transferase and
others, which in turn provide a read-out. Fusion pro-
teins, which provide a read out are well known to one of
skill in the art.

Another embodiment of the invention is an an-
tibody comprising a framework described herein.

Another embodiment of the invention is the
use of the antibody of the instant invention.

A further preferred embodiment of the inven-
tion is the use of the described framework classes of an-
tibody variable domains and sequences of variable domains
and scFvs for grafting of hypervariable loops from exist-
ing antibodies, in order to obtain antibodies which are
functional in a reducing or otherwise challenging envi-
ronment.

Another further preferred embodiment of the
invention is the use of the described framework classes
of antibody variable domains and sequences of variable
domains and scFvs, for example through randomization of
one or more of the hypervariable loops of such frame-
works, for the creation of libraries for applications in
a reducing or otherwise challenging environment.

As would be apparent to one of ordinary skill
in the art, the inventive molecules described herein may
be used in diagnostic and therapeutic applications, tar-

get validation and gene therapy.
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The invention may be illustrated by the fol-

lowing examples, which are not intended to limit the

scope of the invention in any way.
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equilibrium stability behavior of scFv fragments: identi-
fication, classification, and improvement by protein en-

gineering” Biochemistry 38: 8739-8750.

The invention is further illustrated in the

following non-limiting examples.

Example 1

Selection of intrabody frameworks through
screening of a human library in the “quality control”
system in yeast

Screening with the “quality control” system
for stable frameworks was essentially performed as de-
scribed in detail by Auf der Maur (WO0148017, Auf der
Maur 2001, each hereby incorporated by reference).

The plasmids for expression of the scFv-
fusion constructs for screening in yeast were derived
from pESBA-Act (Wérn, 2000). It contains the yeast TRPL

gene for transformation selection in S. cerevisiae and
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the 2 micron origin of replication to ensure high copy
numbers. Moreover it has a constitutive actin promoter
for strong expression and the GALll transcriptional ter-
mination sequence, separated by a multiple cloning site.
For handling in bacterial systems, it also has a bacte-
rial origin of replication and the amp resistance gene.

The Gald activation domain (AD amino acids
768-881) was originally amplified by PCR using pGAD424
(Clontech) as template with primers including the SV40 T-
antigen nuclear localization signal N-terminal to the
Gal4-AD. The DNA-fragments encoding amino acids 263-352
of GalllP were amplified by PCR and cloned in frame, N-
terminal to the SV40-NLS-Gal4-AD-construct. The human
scFv library, amplified from human spleen-cell cDNA as
described elsewhere (Welschhof, 1995; Krebber, 1997; de
Haard, 1999), was cloned in frame, N-terminal to this fu-
sion construct via Sfil-sites, and in the orientation Vi-
linker-Vy where the linker has the sequence (GGGS)s. Ex-
pression thus yields a fusion protein of the general
structure scFv-Galllp-Sv40 NLS-Gal4AD.

Screening was carried out in the yeast strain
S. cerevisiae YDE172 (MATax ura3-52 leu2Al trpldé63
his3A200 lys2A 385 galdA 11) (Auf der Maur, 2001), which
was derived from the strain JPY9 (Escher, 2000) by inte-
grating the divergently oriented LacZ and HIS3 reporter
genes under the control of the natural UASg; from Gall-
GAL10 regulatory sequences into the his34200 locus.
Transcriptional activation of the reporter system is me-
diated by the Gal4-AD moiety of the scFv-fusion con-
struct, following the specific interaction of its GalllP
moiety with the Gal4-DNA-binding-domain (DBD, amino acids
1-100). The Gal4-DBD is provided by expression from a
second plasmid, pMP83. It contains the yeast LEU2 gene
for transformation selection in S. cerevisiae and the ARS
CEN origin of replication. Moreover, it has a constitu-
tive actin promoter for strong expression and the GALll

transcriptional termination sequence. For handling in
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bacterial systems, it also has a bacterial origin of rep-
lication and the amp resistance gene.

For screening, the yeast strain S. cerevisiae
YDE172 was co-transformed with a scFv-library as fusion
construct on the pESBA-Act2 vector while the pMP83-vector
provided the Gal4-DBD. A standard lithium acetate trans-
formation protocol was used (Agatep, 1998). Following
transformation, the cells were plated on drop-out plates
(-Trp/-Leu/-His) containing 80 mM 3-aminotriazole. Colo-
nies were picked after 3 days incubation at 30°C and re-
streaked on drop-out plates (-Trp/-Leu/-His) containing
80 mM 3-aminotriazole. Those that re-grew were tested for
LacZ-expression by development of blue color in a filter
assay on plates containing the substrate X-Gal. Positive
clones were taken for further analysis involving isola-
tion of the scFv-carrying plasmid from yeast, transforma-
tion into E.coli DH50, isolation of plasmid from single
colonies of E.coli and re-transformation into freshly
prepared yeast strain S. cerevisiae YDE172 for the assay
as described below. All methods were performed according
to standard procedures, well known to.a person of ordi-
nary skill in the art.

In addition, a modified screening procedure
was used were the scFv was directly fused to both a DNA-
binding domain (LexA amino acids 1-202) and an activation
domain (Gald, amino acids 768-881) to yield a fusion con-
struct of the following structure: scFv-LexA-NLS-Gal4AD.
The plasmids for expression of the scFv-fusion constructs
for screening in yeast were derived from pESBA-Act2. It
contains the yeast TRP1 gene for transformation selection
in S. cerevisiae and the 2 micron origin of replication
to ensure high copy numbers. Moreover, it has a constitu-
tive actin promoter (for strong expression) and the GAL1ll
transcriptional termination sequence separated by a mul-
tiple cloning site. For handling in bacterial systems, it
also has a bacterial origin of replication and the amp

resistance gene.
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Screening was carried out in the yeast strain
S. cerevisiae ImmunalHB (MATa ura3-52 leu2Al trpld63
his3A200 lys2A 385) which was derived from the strain
JPY5 by integrating the divergently oriented LacZ and
HIS3 reporter genes under the control of a bi-directional
promoter with six LexA-binding sites (integrating re-
porter plasmid pDE200, Escher 2000) into the his34200 lo-
cus and by integrating the LEU2 reporter gene under the
control of a promoter with eight LexA-binding sites (de-
rived from EGY48) into the leu24l locus. Transcriptional
activation of the reporter system is mediated by the
Gal4-AD moiety of the scFv-fusion construct. Screening
was carried out essentially as described above using
drop-out medium (-Trp/-Leu/-His) and 3-aminotriazole con-

centrations up to 40 mM.

Example 2

Evaluation of in vivo performance

a) in yeast

For quantitative analysis of the performance
of the selected frameworks in yeast (Fig.l and 3), S.
cerevisiae —strain Immuna LHB was transformed with the
isolated scFvs as LexA-Gal4-AD-fusion constructs on the
pESBA-Act2 vector by following a standard lithium acetate
transformation protocol (Agatep, 1998). Following trans-
formation, the cells were plated on drop-out plates (-
Trp). 2 ml overnight-cultures in drop-out medium (-Trp)
were inoculated in duplicates from streaks containing
several colonies and grown at 30°C. Cultures were di-
luted in 1 ml drop-out medium (-Trp) to an optical den-
sity at 600 nm (OD600) of 0.7. They were then grown at 30
oc for 2h. For the assay, 100 ul cell culture were
taken, mixed with 900 pl buffer, 45 nl Chloroform and 30
wl 0.1% SDS, vortexed and incubated at room temperature
for 5 minutes. The color development was initiated by the
addition of 0.2 ml ONPG (4 mg/ml) and stopped with 0.5 ml
Na,CO; (1 M). The activity was calculated by taking into
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account the 0D600 of the assay culture, as well as the
incubation time of the color development and the culture
volume used '

Clones that were at least equal to or better
than the positive control (the very stable lambda-graft
described before (Worn, 2000; Auf der Maur, 2001)) were
sequenced to identify the framework subtype (framework
subtype definitions according to Tomlinson, (1992), Cox,
(1994) and Williams, (1996)). Sequencing revealed a
striking preference for certain framework subtypes. For
the heavy chain variable domain (VH), framework subtypes
2 and 6 were never found and 4 was markedly reduced among
the positive clonesg. Corrected for the performance of
the isolated sequences in the yeast intracellular assay,
there is a very strong preference for VH framework of the
subtype 3, but also for la and 1lb in intracellular appli-
cations. Regarding the light chain variable domain (VL) .
there is a clear preference for frameworks of the kappa -
1, lambda 1 and lambda 3 sub-types (Table 4).

These framework subtypes, i.e. VH la, 1lb and
3 combined with a kappa 1, lambda 1 and lambda 3 VL do-
main are therefore best suited for intracellular use and
other applications with stringent requirements concerning
the folding properties of the scFv. Libraries for intra-
cellular screening systems should, for example, preferen-
tially be constructed from a mixture of these framework
subtypes only, to reduce the amount molecules which are

not functional in the reducing environment.

b) in mammalian cells

Hela cell line was used for quantitative
analysis of the performance of the selected frameworks in
human cells (Fig. 2, 4 and 7). The luciferase reporter
gene was provided from a co-transfected pGL3 (Promega)
reporter plasmid containing the luciferase under the con-
trol of the natural Gal4d UAS. The mammalian expression

vectors used for transient transfection contains the Gal4d
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(1-147) fused on the C-terminus to the VP16-AD under the
control of a CMV promoter. The isolated scFvs were cloned
in frame, C-terminal to a Gal4(1-147)-VPl6-fusion to
vield a Gal4(1-147)-VPl6-scFv-fusion protein upon expres-
sion. Cells were cultured in DMEM supplemented with 2.5%
FCS and 2 mM l-glutamine. Transient transfections were
carried out according to the Polyfect-protocol (Qiagen)
in 60 mm tissue culture plates using 0.01-0.1 ug of the
vector containing the scFv-construct, 0.5 pg of a CMV
promoter-driven Gal4 (1-147)-VPl6-scFv expression plasmid
and 0.5 ug of a LacZ expression vector as reference for
transfection efficiency. Cells were harvested 24-48 hours
after transfection, resupended in 1000 ul buffer and
lysed by three freeze-thaw-cycles. The cell lysate was
centrifuged and the supernatant assayed for luciferase
activity using luciferase assay solution (Promega) and
for LacZ activity according to the standard protocol.

The obtained luciferase activity was corrected with the

LacZ activity to account for the variation in transfec-

.tion efficiency.

Example 3

Multiple alignment and analysis of the se-
guence comparison

To elucidate the general pattern of framework
sequences suitable for intracellular applications, all
positive clones (i.e. those that grow under selective
conditions in the quality control system) were isolated
and the part coding for the scFvs was sequenced. Subse-
quently, the scFv sequences were divided in their light
and heavy-chain component to allow alignment of the re-
spective domains (Tables 1 and 2) according to the struc-
tural adjusted numbering scheme of immunoglobulin domains
by Honegger (2001).

To allow evaluation of the obtained data, an
alignment representing the unselected library was genera-

ted (Table 3). In order to obtain unselected sequences,
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the library was transformed in E.coli cells which do not
express the scFv-genes and clones were picked at random
for plasmid isolation and sequencing of the scFv-
sequence. The library covers the human antibody reper-
toire as expected and thus has no bias towards specific
subgroups, other than expected by the expression pattern
generally found in humans.

The VH and VL sequences were grouped accor-
ding to their subgroup. Changes to the subgroup-specific
consensus sequence were highlighted. A person skilled in
the art can distinguish between positive, neutral and ne-
gative changes based on the structural environment of the
particular exchanged residue (e.g. Honegger, 2001). An
exchange of a residue belonging to a particular group of
amino acids to a residue of the same group is in general
validated as a neutral exchange. An exchange of a residue
belonging to the group of hydrophobic amino acid pointing
into the hydrophobic core of the protein to one amino
acid of the group of polar but uncharged or positively or
negatively charged amino acids would be highly unfavorab-
le because unsatisfied hydrogen donor/acceptor sites
disturb tight packing of the hydrophobic core. Such a
change is therefore considered negative. An exchange of a
residue belonging to the group of polar but uncharged re-
sidues at the surface of the immunoglobulin domain to an
amino acid of the group of positively or negatively char-
ged residues is highly favorable as the solubility of the
protein is increased. Such a change is therefore valida-
ted positively, whereas the exchange from a polar to a
hydrophobic residue is highly unfavorable as the solubi-
lity of the protein is decreased and is therefore valida-
ted negatively. At positions with a conserved positive
phi-angle, an exchange of any amino acid to glycine is
validated positively whereas an exchange of gylcine to
any amino acid is validated negatively because glycine is
the only amino acid which is able to form a positive phi-

angle. The loss of a conserved salt bridge between posi-
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tions 45 - 53, 45 - 100, 77 - 100 and 108 - 137 because
of an exchange from an amino acid of the group of positi-
vely or negatively charged residues to an uncharged amino
acid results in a decreased thermodynamic stability and
is therefore considered negative.

Finally, we chose 7 VL domains and 4 VH doma-
ins that were preferentially selected during the quality
control (i.e. showing the least negative and most positi-
ve exchanges from the consensus sequence and cover the
subgroups) and that each show high in vivo performance in
yeast. The sequences are summarized in Table 5 and inclu-
de two Vk1 (k I 27 (l.x) and k III 25(2.x)), two Vk3 (k
IV 103 (3.x) and k IV135 (5.x)), one VAl (k IV 107
(4.x)), two VA3 (a33 (7.x) and a43 (6.x)), one VHlb (a33
(x.3)) and three VH3 (a fwl0 (x.2), a43 (x.4) and a44
(x.1)). These VL and VH domains were shuffled giving 22
novel combinations in the scFv format (1.1, 2.1, 3.1,
4.1, 5.1, 1.2, 2.2, 3.2, 4.2, 5.2, 1.3, 2.3, 3.3, 4.3,
5.3, 7.3, 1.4, 2.4, 3.4, 4.4, 5.4, 6.4).

Example 4

Evaluation of in vivo performance of shuffled
domains

a) Performance in an intracellular assay in
veast and mammalian cells

The 22 combinations were tested for their in
vivo performance in yeast and mammalian cells as descri-

bed in example 2 (Fig. 3 and 4).

b) Expression of soluble protein under re-
ducing conditions in yeast

To compare the yields of soluble protein upon
expression under reducing conditions, the selected frame-
works were expressed as a fusion to Gald AD in the
cytoplasm of yeast S. cerevisiae. The fusion constructs
on the pESBA-Act2 vector had the general structure Gal4

AD-scFv. They were transformed as described above into
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the yeast S. cerevisiae strain JPY9 and plated on -Trp,
drop-out plates.

5 ml overnight-cultures in drop-out medium (-
Trp) were inoculated from streaks containing several co-
lonies and grown at 30°C. Cultures were diluted in 50 ml
drop-out medium (-Trp) to an optical density at 600 nm
(OD600) of 0.5. They were grown at 30 °C for 5h. For
the native cell extract, 2.5 ml cell culture normalized
to an OD600 of 3 were harvested by centrifugation, frozen
in liquid nitrogen and subsequently resuspended in 75ul
Y-PER (Pierce) containing protease inhibitor (PMSF). The
resuspended cell pellet was vortexed shortly and incuba-
ted (slightly shaking) at 20°C for 20 min. TInsoluble and
aggregated material was pelleted at maximal speed in an
eppendorf centrifuge at 4°C for 10 min. The supernatant
was mixed with loading dye, heated to 100°C for 5 min.
and separated on a 12% SDS-PAGE. The soluble Gald AD-scFv
fusion constructs were visualized by western blotting via
detection of the Gal4-moiety with an anti-Gal4AD monoclo-
nal mouse antibody (Santa Cruz Biotechnology) as a prima-
ry antibody and an anti-mouse-peroxidase conjugate (Sig-
ma) as secondary antibody and using a chemoluminescent
substrate (Pierce) (Fig. 5). SDS-PAGE and western blot-
ting procedures are well known to a person of ordinary
skill in the art.

¢) Expression behavior in the periplasm of
E.coli

For evaluation of periplasmic expression be-
havior in E. coli (Fig. 6), isolated scFvs-frameworks we-
re cloned in a bacterial vector harbouring the cam resi-
stance gene (catR) and the lacI repressor gene (Krebber,
1997), with a N-terminal pelB-leader sequence and a C-
terminal his~tag under the control of the lac promo-
ter/operator. Competent E.coli JM83 were transformed with
these plasmids. 50 ml dYT-medium containing 35 mg/l chlo-
ramphenicol in shaking flasks was inoculated 1:40 with an
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over-night culture and incubated at 30°C. Cells were in-
duced at an OD600 of 0.8 with 1mM IPTG and harvested af-
ter 3 hours of induction by centrifugation. The pellet
was resuspended in 50 mM Tris, pH 7.5, 500 mM NaCl and
normalized to an OD600 of 10. Samples of each scFv frag-
ments were analyzed either directly (total extract) ox
after sonification followed by centrifugation (soluble
fraction) by SDS-PAGE. The amount of soluble protein was

estimated from the Coomassie-stained gel.

Example 5

Detailed evaluation of 5 combinations with
superior properties for extracellular use

Five combinations were chosen as examples
which show good performance both in yeast and mammalian
intracellular assays, yield soluble protein during ex-
pression in yeast and E.colil, and cover the subgroups
which were preferentially selected during the quality
control (2.4, 4.4, 5.2, 6.4 and 7.3, see Table 5 for de-
tails). We analysed these combinations in greater detail
to further evaluate their use under reducing, as well as

oxidizing conditions.

a) Performance in an intracellular assay in
different mammalian cells

The quantitative analysis of the performance
of the five combinations in human cells was carried out
using Hela cells and in addition using the human osteo-
sarcoma cell line Saos-2 and the human embryonal kidney
cell line HEK293 as performed in Example 2 (Fig. 7).

b) Performance in vitro

Expression and purification

For evaluation of the in vitro performance,
the five superior combinations were expressed in the
periplasm of E.coli (Fig. 6). The amount of 0.1 1 dYT-

medium containing 35 mg/l chloramphenicol in shaking
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flasks was inoculated 1:40 with an over-night culture and
incubated at 30°C. Cells were induced at an 0D550 of 1.5
with 1mM IPTG and harvested after 2 hours of induction by
centrifugation. For purification of the scFvs, the cell
pellet was resuspended and lysed by sonication. Following
centrifugation in SS34 at 20krpm, 4°C for 30 minuteg, the
supernatent was applied to a Ni-MC-affinity column (Hi-
Trap™ Chelating HP, 1ml, Amersham Pharmacia) at pH 7.5
and eluted with 200 mM imidazol using an Akta Basic sys-
tem from Amersham Pharmacia. The purity of the scFv frag-
ments was greater than 98% as determined by SDS-PAGE
(data not shown). The concentration of the purified pro-
tein was determined using the calculated extinction coef-
ficient at 280 nm. The yield of soluble purified protein
was normalized to a culture volume of 1 1 with an OD600

of 10 and varied from 8 to over 55 mg.

Resistance to aggregation

Resistance towards aggregation has been shown
to correlate with thermodynamic stability (W&rn, 1999) in
vitro and the efficiency of tumor localization in a xeno-
grafted tumor model in mice (Willuda, 1999). In order to
test for the stability, resistance to aggregation and re-
versibility of unfolding, 200 ul samples of the purified
proteins at concentrations of 6 uM in 50 mM Tris, pH 7.5,
100 mM NaCl were either kept 4 days at 4°C or 4 days at
37°C or 3 days at 4°C followed by an incubation of 15 or
60 minutes at 100°C, slow cooling down to room tempera-
ture and an overnight incubation at 4°C. The oligomeric
state of each sample was subsequently analyzed on a gel
filtration column equilibrated with 50 mM Tris, pH 7.5,
100 mM NaCl to estimate the amount of aggregated versus
monomeric material (Fig. 8). The proteinsg were injected
on a Superdex-75 column (Amersham Pharmacia) in a volume
of 100 pul and a flow-rate of 1 ml/min on a Akta Basic
system (Amersham Pharmacia).
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Resistance to protease degradation

To determine the stability of the isolated
frameworks towards protease degradation, a parameter that
is important for therapeutic applications, we incubated
the purified frameworks in human serum at 37°C (Fig. 9).

Purified, his-tagged scFv-protein (see above)
at a concentration of 50 UM was diluted tenfold into hu-
man serum to a final concentration of 5 uM in 90% serum.
The samples were then either incubated at 37°C for either
3 days or 1 day, or taken directly for loading. Before
loading insoluble and aggregated material was pelleted at
maximal speed in an eppendorf centrifuge at 4°C for 10
min. The supernatant was diluted six-fold with a loading
dye to reduce the amount of serum loaded on the gel, hea-
ted to 100°C for 5 min. and separated on a 12% SDS-PAGE.
The soluble his-tagged scFv fragments were visualized by
western blotting via detection of the his-tag with an an-
ti-his monoclonal mouse antibody (Qiagen) as primary and
an anti-mouse-peroxidase conjugate (Sigma) as secondary
antibody and using a chemoluminescent substrate (Pierce).
SDS-PAGE and western blotting procedures are well known

to a person of ordinary skill in the art.

Example 6

Selection of antigen binders through screen-
ing of a randomized CDR-library on the framework 7.3 in
the interaction screening system in yeast

Screening with the interaction system for an-
tigen binders was essentially performed as described in
detail before (Auf der Maur, 2002).

The plasmids for expression of the scFv-
fusion constructs for screening in yeast were derived
from pESBA-Act2. It contains the yeast TRP1 nutritional
marker and the 2 micron origin of replication. Moreover
it has a constitutive actin promoter for strong expres-

sion and the GALll transcriptional termination sequence,
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separated by a multiple cloning site. For handling in
bacterial systems, it also has a bacterial origin of rep-
lication and the amp resistance gene.

The Gal4 activation domain (AD amino acids
768-881) was originally amplified by PCR using pGAD424
(Clontech) as template with primers including the SV40 T-
antigen nuclear localization signal N-terminal to the
Gald-AD. The scFv library was obtained by PCR-
amplification of the scFv-framework 7.3 using primers
randomizing 7 amino acids within the CDR3 of VH. The re-
sulting PCR-product was cloned in the framework 7.3, pre-
sent in the vector in the orientation Vy-linker-Vy, as a
C-terminal fusion to Gal4-AD. Expression thus yields a
fusion protein of the general structure Gald-AD-scFv.

Screening was carried out in the yeast strain
S. cerevisiae Immuna LHB (MAT«x ura3-52 leul2Al trpldé63
his3A200 lys2A 385). It was derived from the strain JPY5
by integrating the divergently oriented LacZ and HIS3 re-
porter genes under the control of a bi-directional pro-
moter with six LexA-binding sites (integrating reporter
plasmid pDE200, Escher 2000) into the his34200 locus and
by integrating the LEU2 reporter gene under the control
of a promoter with eight LexA-binding sites (derived from
EGY48) into the leu24l locus.

Transcriptional activation of the reporter
system is mediated by the Gal4-AD moiety of the scFv-
fusion construct, following the specific interaction of
its scFv moliety with the antigen-moiety of the bait-
fusion protein. The bait-fusion protein consists of the
kinase domain of the human polo-like kinase 1 (hPlk1-KD)
fused C-terminal to the DNA-binding LexA protein. The ki-
nase domain (amino acid 2-332) was PCR amplified from a
hPlkl cDNA using the upstream primer 5’-tgctctagaagt
gctgcagtgactgcag-3’ (Seqg. Id.No. 12) and downstream pri-
mer 5’-ggttgtcgacttacaggctgctgggagcaatcg-3’ (Seq. Id.
No.13). The resulting PCR product was cloned C-terminal
of LexA via XbaI and SalTl into the bait vector. The bait
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vector contains the URA3 nutritional marker and an Ars
Cen origin of replication. Expression of the bait-fusion
protein is driven by a constitutively active actin promo-
ter. Transcription is terminated by the GALll termination
sequence. The bait vector also carries a bacterial origin
of replication and the amp resistance gene for propagati-
on in bacterial systems.

For screening the yeast strain S. cerevisiae
Tmmuna LHB was co-transformed with a scFv-library as fu-
sion to Gal4-AD on the pESBA-Act2 vector and the bait-
vector providing the LexA-hPLK1-KD fusion by following a
standard lithium acetate transformation protocol (Agatep,
1998). Following transformation, the cells were plated on
drop-out plates (-Trp/-Leu/-Ura). Colonies were picked
after 3 to 5 days incubation at 30°C and restreaked on
drop-out plates (—Trp/—Leu/—Ura). Those that re-grew were
tested for LacZ expression by development of blue color
in a filter assay on plates containing the substrate X-
Gal. Positive clones were taken for further analysis in-
volving isolation of the scFv-carrying plasmid from
yeast, transformation into E.coli DH50, isolation of
plasmid from single colonies of E.coli, sequencing and
re-transformation into freshly prepared yeast strain S.
cerevisiae Immuna LHB for the assay as described below.
All methods were performed according to standard proce-
dures, well known to a person of ordinary skill in the
art.

Example 7

Evaluation of in vivo performance of Fab-
constructs derived from novel scFv frameworks

To evaluate the beneficial effect of using
stable variable domain frameworks on different antibody
formats, Fab expression vector were constructed for use
in the yeast interaction screen.

a) Fab constructs for intracellular screening

in yeast
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Two different expression vectors were con-
structed to allow different expression levels. The vec-
tors are based on either yEplac 112 (2 micron) or
yCplac22 (ars/cen) backbones (Gietz, 1988). Both contain
the yeast TRP1 nutritional marker, an inducible, bi-
directional Gall/Gall0 promoter, a bacterial origin of
replication and the amp resistance gene for handling in
bacterial systems. In one direction, the VH domain of the
framework 7.3 was cloned N-terminal to the CHl-domain of
IgGl including the C-terminal cysteine, followed by a
linker and the Gal4 activation domain (AD amino acids
768-881) including the SV40 T-antigen. On the other side,
the VL domain of the framework 7.3 was cloned N-terminal
to the CL (lambda)-domain including the C-terminal cys-
teine. The terminators are Galll terminator on the side
of the heavy chain and Cyclin 1 terminator on the side of
the light chain.

b) Performance in an intracellular assay in
yveast

For guantitative analysis of the performance
of the antigen binders in scFv and Fab format in yeast
(Fig.1l and 3), S. cerevisiae strain Immuna LHB was co-
transformed with the isolated scFvs as Gal4-AD-fusion
constructs on the pESBA-Act2 vector and the bait vector
containing the LexA-hPLK1-KD fusion by following a stan-
dard lithium acetate transformation protocol (Agatep,
1998) . Following transformation, the cells were plated on
drop-out plates (-Trp, -Ura, Glc). 2 ml overnight-
cultures in drop-out medium (-Trp, -Ura, Glc) were inocu-
lated in duplicates from streaks containing several colo-
nies and grown at 30°C. Cultures were diluted in 1 ml
drop-out medium (-Trp, -Ura, Gal) to an optical density
at 600 nm (OD600) of 0.7. They were grown at 30 °C for
5h. The assay was carried out as described above.

c¢) Expression of soluble protein under re-

ducing conditions in yeast
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To compare the yields of soluble protein upon
expression under reducing conditions, the scFv and Fab
constructs, together with the hPLK1-KD-bait wvector, as
described above were expressed in the cytoplasm of yeast

5 S. cerevisiae. They were transformed as described above
into the yeast strain YDE173 and plated on -Trp, -Ura,
drop-out plates containing glucose.

5 ml overnight-cultures in drop-out medium (-
Trp,-Ura, Glc) were inoculated from streaks containing

10 several colonies and grown at 30°C. Cultures were diluted
in YPAG to an optical density at 600 nm (OD600) of 0.5.
They were grown at 30 °C for 7.5h. For the native cell
extract, 2.5 ml cell culture normalized to an OD600 of 3
were harvested by centrifugation, frozen in liquid nitro-

15 gen and subsequently resuspended in 75ul Y-PER (Pierce).
The resuspended cell pellet was vortexed shortly and in-
cubated slightly shaking at 20°C for 20 min. Subsequently
insoluble and aggregated material were pelleted at maxi-
mal speed in an eppendorf centrifuge at 4°C for 10 min.

20 The supernatant was mixed with loading dye, heated to
100°C for 5 min and separated on a 12% SDS-PAGE. The so-
luble Gal4-AD-scFv fusion and the heavy chain part of the
Fab fused to the Gal4d-AD were visualized by western blot-
ting via detection of the Gald4-moiety with an anti-Gal4d-

25 AD monoclonal mouse antibody (Santa Cruz Biotechnology)
as primary and an anti-mouse-peroxidase conjugate (Sigma)
as secondary antibody and using a chemoluminescent sub-
strate (Pierce) (Fig. 11). SDS-PAGE and western blotting
procedures are well known to a person of ordinary skill

30 in the art.
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Claims

1. A single-chain framework having the gene-
ral structure:

NH,-VL-linker-VH-COOH; or

NH,-VH-1linker-VL-COOH

wherein the VH framework is of subtype la, 1b

or 3.

2. A single-chain framework fused to a second

protein moiety to yield a fusion construct of the general

structure:
NH,-VL~-linker-VH-second protein-COOH; or
NH;-second protein-VL-linkexr-VH-COOH
wherein the VH framework is of subtype la, 1b
or 3.

3. The single chain framework of claim 1 or
2, wherein orientation of the VH and VL regions is rever-

sed.

4. The single chain framework according to
claim 1 to 3 wherein the VL framework is of the kappal,
lambda 1 or 3 type.

5. The single chain framework according to
claim 2, wherein the second protein provides a read-out

for intracellular assays.

6. A single chain framework selected from the
group consisting of:

AW, BH, CH, DH, EH, FH, GH, AI, BI, CI, DI,
EI, FI, GI, AJ, BJ, CJ, DJ, EJ, FJ, GJ, AK, BK, CK, DK,
EK, FK, and GK

wherein A is the amino acid sequence (Seq.
Id. No. 1)



10

15

20

25

30

35

WO 03/097697 PCT/EP03/05324

48

EIVMTQSPSTLSASVGDRVIITCRASQSISSWLAWYQQKPGKAPKLLIYKASSLESG
VPSRFSGSGSGAEFTLTISSLOPDDFATYYCQQYKSYWTFGOGTKLTVLG;

B is the amino acid sequence (Seqg. Id. No. 2)
EIVLTQSPSSLSASVGDRVTLTCRASQGIRNELAWYQQRPGKAPKRLIYAGSILQOSG
VPSRFSGSGSGTEFTLTISSLOPEDVAVYYCQQYYSLPYMFGQGTKVDIKR ;

C is the amino acid sequence (Seq. Id. No. 3)

EIVMTQSPATLSVSPGESAALSCRASQGVSTNVAWYQQKPGQAPR
LLIYGATTRASGVPARFSGSGSCTEFTLTINSLQSEDFAAYYCQQYKHWPPWTFGQG
TRKVEIKR;

D is the amino acid sequence (Seqg. Id. No. 4)
QSVLTQPPSVSAAPGQKVTISCSGSTSNIGDNYVSWYQQLPGTAPQLLIYDNTKRPS
GIPDRFSGSKSGTSATLGITGLQTGDEADYYCGTWDSSLSGVVFGGGTKLTVLG;

E is the amino acid sequence (Seg. Id. No. 5)

ETVLTQSPATLSLSPGERATLSCRASQTLTHYLAWYQQKPGQAPR
LLIYDTSKRATGVPARFSGSGSETDFTLTISSLEPEDSALYYCQQORNSWPHTFGGGT
KLEIKR;

F is the amino acid sequence (Seg. Id. No. 6)

SYVLTQPPSVSVAPGQTATVTCGGNNIGSKSVHWYQQKPGQAPVL
VVYDDSDRPSGIPERFSGSNSCGNTATLTIRRVEAGDEADYYCQVWDSSSDHNVEGSG
TKVEIKR;

G is the amino acid sequence (Seg. Id. No. 7)

LPVLTQPPSVSVAPGQTARTI SCGGNNIETISVHWYQQKPGQAPVL
VVSDDSVRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSSDYVVEFGGG
TKLTVLG;

H igs the amino acid sequence (Seg. Id. No. 8)
OVOLVQSGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGS
TYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHVLRFLEWLPDAFDIW
GQGTLVTVSS;

I is the amino acid sequence (Seqg. Id. No. 9)

EIVLTQSPSSLSASLGDRVTITCRASQSISSYLNWYQQOKPGKAPK
LLIYAASSSQSGVPSRFRGSESGTDFTLTISNLQPEDFATYYCQQSYRTPFTFGPGT
KVEIKR;

J is the amino acid sequence (Seqg. Id. No.

10)
VQEVQSGAEVKKPGASVKVSCTASGYSFTGYFLHWVRQAPGQGLEWMGRINPDSGDT
IYAQKFQDRVTLTRDTSIGTVYMELTSLTSDDTAVYYCARVPRGTYLDPWDYFDYWG
QGTLVTVSS; and
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K is the amino acid sequence (Seg. Id. No.
11)

EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGL
EWVSAISGSGESTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDAGT
AVAGTGFDYWGQGTLVTVSS.

7. A single chain framework selected from the
group consisting of variants of the single chain frame-

works according to claim 6.

8. A single chain framework selected from the
group consisting of derivatives of the single chain fra-

meworks according to claim 6.

9. A use of the single chain framework, anti-
body or antibody fragment according to any one of claims
1-7 or 17-18 in target validation, diagnostic applica-

tions, library construction or therapeutic applications.

10. The use of at least two framework sequen-
ces in the identification of a conserved framework regi-

due class.

11. The use according to claim 10, wherein
the conserved framework residue class is selected from
the group consisting of:

polar but uncharged R groups;

positively charged R groups;

negatively charged R groups;

hydrophobic R groups; and

special amino acids.

12. The use of at least two framework sequen-
ceg in the identification of at least one consexrved fra-

mework sequence.
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13. The use according to claim 12, wherein

the conserved framework sequence is 2-5 residues.

14. The use according to claim 12, wherein

the conserved framework sequence is 5-10 residues.

15. The use according to claim 12, wherein

the conserved framework sequence ig 10-25 residues.

16. The use according to claims 12-15,

wherein the conserved framework sequence has gaps.

17. An antibody comprising the VL or the VH
or both from the single chain framework according to any

one of claims 1-8.

18. An antibody fragment comprising the VL or
the VH or both from the single chain framework according
to any one of claims 1-8.

19. A nucleic acid capable of encoding the
single chain framework according to any one of claims 1-
8.

20. A vector comprising the nucleic acid ac-
cording to claim 19.

21. A host cell comprising the nucleic acid
according to claim 19.

22. The use of the nucleic acid according to

claim 19 in gene therapy.
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Figure 1: Intracellular performance after Quality control selection in yeast S. cerevisiae
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Figure 6: Expression behavior in E.coli

113 —

503 —

355 —
28.8 —

113 —

503 —

35,5 —
28.8 —

T § T § T 8 T s T 8 T s T 8§

73 24 34 44 54 6.4 neg



WO 03/097697 PCT/EP03/05324
7/17

Figure 7:

Intracellular performance of selected novel frameworks in different mammalian cell lines
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Fig. 8A: Resistance towards aggregation at 37°C
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Figure 10
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Figure 11
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Table 1: Alignment of selected VH domain sequences
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Table 4:
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Statistics of subgroup-frequency of well-performing frameworks selected

in the quality control system (% of total selected sequences

VLdomain VL selected VL random
VL k1 52% 46%
VL K2 5% 8%
VL k3 5% 17%
VL x4 0 12.5%
VL AL 19% 4%
VL A2 5% 4%
VL A3 14% 8% .

VH-domain VH selected VH random
VH 1b 19% 39%
VH la 9% 13%

VH?2 0 0
VH3 67% 22%
VH4 5% 26%
VH 5 0 0%
VH6 0 0%
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Table 5: VH- and VL-domain sequences used for the novel framework
combinations

abb. | origin | sub-group | amino-acid sequence

1x | KI27 Vi EIVMTQSPSTLSASVGDRVITCRASQSISSW
LAWYQQKPGKAPKILILIYKASSLESGVPSRFS
GSGSGAEFTLTISSLQPDDFATYYCQQYKSY
WTFGQGTKLTVLG (Seq. Id. No. 1)

2x | KII25 vkl EIVLTQSPSSLSASVGDRVTLTCRASQGIRNE
LAWYQQRPGKAPKRIIYAGSILQSGVPSRES
GSGSGTEFTLTISSLQPEDVAVYYCQQYYSL
PYMFGQGTKVDIKR (Seq. Id. No. 2)

3.x | KIV103 VK3 EIVMTQSPATLSVSPGESAALSCRASQGVST
NVAWYQQKPGQAPRLLIYGATTRASGVPA
RFESGSGSGTEFTLTINSLQSEDFAAYYCQQY
KHWPPWTFGQGTKVEIKR (Seqg. Id. No. 3 )
4x | KIV107 VAl QSVLTQPPSVSAAPGQKVTISCSGSTSNIGDN
YVSWYQQLPGTAPQLLIYDNTKRPSGIPDRF
SGSKSGTSATLGITGLQTGDEADYYCGTWD
SSLSGVVEGGGTKLTVLG (Seq. Id. No. 4)

5x | KIV135 Vk3 EIVLTQSPATLSLSPGERATLSCRASQTLTHY
LAWYQQKPGQAPRLLIYDTSKRATGVPARF
SGSGSGTDFTILTISSLEPEDSALYYCQQRNS
WPHTFGGGTKILEIKR (Seg. Id. No. 5)

6.x A43 VA3 SYVLTQPPSVSVAPGQTATVTCGGNNIGSKS
VHWYQQKPGQAPVLVVYDDSDRPSGIPERF
SGSNSGNTATLTIRRVEAGDEADYYCQVWD
SSSDHNVEGSGTKVEIKR (Seq. Id. No. 6)

7.x A33 VA3 LPVLTQPPSVSVAPGQTARISCGGNNIETISV
HWYQQKPGQAPVLVVSDDSVRPSGIPERFS
GSNSGNTATLTISRVEAGDEADYYCQVWDS
SSDYVVFGGGTKLTVLG (Seq. Id. No. 7)
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Table 5 (continued)

x.1 Ad4 VH3 QVQLVQSGGGLVQPGGSLRLSCAASGFTE
SSYAMSWVRQAPGKGLEWVSAISGSGGST
YYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCAAHVLRFLEWLPDAFDIWG
QGTLVTVSS (Seg. Id. No. 8)

x.2 | AfwlO VH3 EIVLTQSPSSLSASLGDRVTITCRASQSISSY
LNWYQQKPGKAPKLILIYAASSSQSGVPSR
FRGSESGTDFILTISNLQPEDFATYYCQQS
YRTPFTFGPGTKVEIKR (Seq. Id. No. 9)

x.3 A33 VH1b | VQLVQSGAEVKKPGASVKVSCTASGYSFT
GYFLHWVRQAPGQGLEWMGRINPDSGDTI
YAQKFQDRVTLTRDTSIGTVYMELTSLTSD
DTAVYYCARVPRGTYLDPWDYFDYWGQ
GTLVTVSS (Seq. Id. No. 10)

x.4 A43 VH3 EVQLVESGGGLVQPGGSLRLSCAASGFTFS
SYAMSWVRQAPGKGLEWVSAISGSGGST
YYADSVKGRFTISRDNSKNTLYLQMNSLR |.
AEDTAVYYCAKDAGIAVAGTGFDYWGQG
TLVTVSS (Seq. Id. No. 11)
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