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The present invention relates to synthetic DNA sequences which
encode one or more collections of homologous proteins/(poly)peptides, and
methods for generating and applying libraries of these DNA sequences. In
particular, the invention relates to the preparation of a library of human-
derived antibody genes by the use of synthetic consensus sequences which
cover the structural repertoire of antibodies encoded in the human genome. T
Furthermore, the invention relates to the use of a single consensus antibody

gene as a universal framework for highly diverse antibody libraries.
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WO 97/08320 PCT/EP96/03647

Protein/(Poly)peptide Libraries

Field of the Invention

The present invention relates to synthetic DNA sequences which encode one or
more collections of homologous proteins/(poly)peptides, and methods for
generating and applying libraries of these DNA sequences. In particular, the
invention relates to the preparation of a library of human-derived antibody genes by
the use of synthetic consensus sequences which cover the structural repertoire of
antibodies encoded in the human genome. Furthermore, the invention relates to the
use of a single consensus antibody gene as a universal framework for highly
diverse antibody libraries.

Background to the Invention

All current recombinant methods which use libraries of proteins/(poly)peptides, e.g.
antibodies, to screen for members with desired properties, e.g. binding a given
ligand, do not provide the possibility to improve the desired properties of the
members in an easy and rapid manner. Usually a library is created either by
inserting a random oligonucleotide sequence into one or more DNA sequences
cloned from an organism, or a family of DNA sequences is cloned and used as the
library. The library is then screened, e.g. using phage disp]ay, for members which
show the desired property. The sequences of one or more of these resulting
molecules are then determined. There is no general procedure available to improve
these molecules further on.

Winter (EP 0 368 684 B1) has provided a method for amplifying (by PCR), cloning,
and expressing antibody variable region genes. Starting with these genes he was
able to create libraries of functional antibody fragments by randomizing the CDR3 of
the heavy and/or the light chain. This process is functionally equivalent to the natural
process of VJ and VDJ recombination which occurs during the development of B-
cells in the immune system.

However the Winter invention does not provide a method for optimizing the binding
affinities of antibody fragments further on, a process which would be functionally
equivalent to the naturally occurring phenomenon of “affinity maturation®, which is
provided by the present invention. Furthermore, the Winter invention does not
provide for artificial variable region genes, which represent a whole family of
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structurally similar natural genes, and which can be assemblec from synthetic DNA
oligonucleotides. Additionally, Winter does not enable the combinatorial assembly
of portions of antibody variable regions, a feature which is provided by the present
invention. Furthermore, this approach has the disadvantage that the genes of all
antibodies obtained in the screening procedure have to be completely sequenced,
since, except for the PCR priming regions, no additional sequence information about
the library members is available. This is time and labor intensive and potentially
leads to sequencing errors.

The teaching of Winter as well as other approaches have tried to create large
antibody libraries having high diversity in the complementarity determining regions
(CDRs) as well as in the frameworks to be able to find antibodies against as-many
different antigens as possible. It has been suggested that a single universal
framework may be useful to build antibody libraries, but no approach has yet been
successful.

Another problem lies in the production of reagents derived from antibodies. Small
antibody fragments show exciting promise for use as therapeutic agents, diagnostic
reagents, and for biochemical research. Thus, they are needed in large amounts,
and the expression of antibody fragments, e.g. Fv, single-chain Fv (scFv), or Fab in
the periplasm of E. coli (Skerra & Plickthun, 1988; Better et al., 1988) is now used
routinely in many laboratories. Expression yields vary widely, however. While some
fragments yield up to several mg of functional, soluble protein per liter and OD of
culture broth in shake flask culture (Carter et al., 1992, Plickthun et al. 1996), other
fragments may almost exclusively lead to insoluble material, often found in so-called
inclusion bodies. Functional protein may be obtained from the latter in modest yields
by a laborious and time-consuming refolding process. The factors influencing
antibody expression levels are still only poorly understood. Folding efficiency and
stability of the antibody fragments, protease lability and toxicity of the expressed
proteins to the host cells often severely limit actual production levels, and several
attempts have been tried to increase expression yields. For example, Knappik &
Piickthun (1995) could show that expression yield depends on the antibody
sequence. They identified key residues in the antibody framework which influence
expression yields dramatically. Similarly, Ullrich et al. (1995) found that point
mutations in the CDRs can increase the yields in periplasmic antibody fragment
expression. Nevertheless, these strategies are only applicable to a few antibodies.
Since the Winter invention uses existing repertoires of antibodies, no influence on
expressibility of the genes is possible.
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Furthermore, the findings of Knappik & Plickthun ard Ullrich demonstrate that the
knowledge about antibodies, especially about folding and expression is still
increasing. The Winter invention does not allow to incorporate such improvements
into the library design.

The expressibility of the genes is important for the library quality as well, since the
screening procedure relies in most cases on the display of the gene product on a
phage surface, and efficient display relies on at least moderate expression of the
gene.

These disédvantages of the existing methodologies are overcome by the present
invention, which is applicable for all collections of homologous proteins. It has the
following novel and useful features illustrated in the following by antibodies as an
example:

Artificial antibodies and fragments thereof can be constructed based on known
antibody sequences, which reflect the structural properties of a whole group of
homologous antibody genes. Therefore it is possible to reduce the number of
different genes without any loss in the structural repertoire. This approach leads to a
limited set of artificial genes, which can be synthesized de novo, thereby allowing
introduction of cleavage sites and removing unwanted cleavages sites. Furthermore,
this approach enables (i), adapting the codon usage of the genes to that of highly
expressed genes in any desired host cell and (i), analyzing all possible pairs of
antibody light (L) and heavy (H) chains in terms of interaction preference, antigen
preference or recombinant expression titer, which is virtually impossible using the
complete collection of antibody genes of an organism and all combinations thereof.

The use of a limited set of completely synthetic genes makes it possible to create
cleavage sites at the boundaries of encoded structural sub-elements. Therefore,
each gene is built up from modules which represent structural sub-elements on the
protein/(poly)peptide level. In the case of antibodies, the modules consist of
“framework” and "CDR" modules. By creating separate framework and CDR
modules, different combinatorial assembly possibilities are enabled. Moreover, if
two or more artificial genes carry identical pairs of cleavage sites at the boundaries
of each of the genetic sub-elements, pre-built libraries of sub-elements can be
inserted in these genes simultaneously, without any additional information related to
any particular gene sequence. This strategy enables rapid optimization of, for
example, antibody affinity, since DNA cassettes encoding libraries of genetic sub-
elements can be (i), pre-built, stored and reused and (i), inserted in any of these

-3-
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sequences at the right position without kncwirg thz actual sequence or having to
determine the sequence of the individual library member.

Additionally, new information about amino acid residues important for binding,
stability, or solubility and expression could be integrated into the library design by
replacing existing modules with modules modified according to the new
observations.

The limited number of consensus sequences used for creating the library allows to .
speed up the identification of binding antibodies after screening. After having
identified the underlying consensus gene sequence, which could be done by
sequencing or by using fingerprint restriction sites, just those part(s) comprising the
random sequence(s) have to be determined. This reduces the probability of
sequencing errors and of false-positive results.

The above mentioned cleavage sites can be used only if they are unique in the
vector system where the artificial genes have been inserted. As a result, the vector
has to be modified to contain none of these cleavage sites. The construction of a
vector consisting of basic elements like resistance gene and origin of replication,
where cleavage sites have been removed, is of general interest for many cloning
attempts. Additionally, these vector(s) could be part of a kit comprising the above
mentioned artificial genes and pre-built libraries.

The collection of artificial genes can be used for a rapid humanization procedure of
non-human antibodies, preferably of rodent antibodies. First, the amino acid
sequence of the non-human, preferably rodent antibody is compared with the amino
acid sequences encoded by the collection of artificial genes to determine the most
homologous light and heavy framework regions. These genes are then used for
insertion of the genetic sub-elements encoding the CDRs of the non-human,
preferably rodent antibody.

Surprisingly, it has been found that with a combination of only one consensus
sequence for each of the light and heavy chains of a scFv fragment an antibody
repertoire could be created yielding antibodies against virtually every antigen.
Therefore, one aspect of the present invention is the use of a single consensus
sequence as a universal framework for the creation of useful (poly)peptide libraries
and antibody consensus sequences useful therefor.

-4-
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Detailed Description of the Invention

The present invention enables the creation of useful libraries of (poly)peptides. In a
first embodiment, the invention provides for a method of setting up nucleic acid
sequences suitable for the creation of said libraries. In a first step, a collection of at
least three homologous proteins is identified and then analyzed. Therefore, a
dafabase of the protein sequences is established where the protein sequences are
aligned to each other. The database is used to define subgroups of protein
sequences which show a high degree of similarity in both the sequence and, if
information is available, in the structural arrangement. For each of the subgroups a
(poly)peptide sequence comprising at least one consensus sequence is deduced
which represents the members of this subgroup; the complete collection of
(poly)peptide sequences represent therefore the complete structural repertoire of
the coliection of homologous proteins. These artificial (poly)peptide sequences are
then analyzed, if possible, according to their structural properties to identify
unfavorable interactions between amino acids within said (poly)peptide sequences
or between said or other (poly)peptide sequences, for example, in multimeric
proteins. Such interactions are then removed by changing the consensus sequence
accordingly. The (poly)peptide sequences are then analyzed to identify sub-
elements such as domains, loops, helices or CDRs. The amino acid sequence is
backtranslated into a corresponding coding nucleic acid sequence which is adapted
to the codon usage of the host planned for expressing said nucleic acid sequences.
A set of cleavage sites is set up in a way that each of the sub-sequences encoding
the sub-elements identified as described above, is flanked by two sites which do not
occur a second time within the nucleic acid sequence. This can be achieved by
either identifying a cleavage site already flanking a sub-sequence of by changing
one or more nucleotides to create the cleavage site, and by removing that site from
the remaining part of the gene. The cleavage sites should be common to all
corresponding sub-elements or sub-sequences, thus creating a fully modular
arrangement of the sub-sequences in the nucleic acid sequence and of the sub-
elements in the corresponding (poly)peptide. '

in a further embodiment, the invention provides for a method which sets up two or
more sets of (poly)peptides, where for each set the method as described above is
performed, and where the cleavage sites are not only unique within each set but
also between any two sets. This method can be applied for the creation of
(poly)peptide libraries comprising for example two a-helical domains from two
different proteins, where said library is screened for novel hetero-association
domains.

-5-
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In yet a further embodiment, at least two of the sets as described above, are derived
from the same collection of proteins or at least a part of it. This describes libraries
comprising for example, but not limited to, two domains from antibodies such as VH
and VL, ortwo extracellular loops of transmembrane receptors.

In another embodiment, the nucleic acid sequences set up as described above, are
synthesized. This can be achieved by any one of several methods well known to the
practitioner skilled in the art, for example, by total gene synthesis or by PCR-based
approaches.

In one embodiment, the nucleic acid sequences are cloned into a vector. The vector
could be a sequencing vector, an expression vector or a display (e.g. phage display)
vector, which are well known to those skilled in the art. Any 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 removal of unfavorable interactions as described above,
leads to enhanced expression of the modified (poly)peptides.

In a preferred embodiment, one or more sub-sequences of the nucleic acid
sequences are replaced by different sequences. This can be achieved by excising
the sub-sequences using the conditions suitable for cleaving the cleavage sites
adjacent to or at the end of the sub-sequence, for example, by using a restriction
enzyme at the corresponding restriction site under the conditions well known to
those skilled in the art, and replacing the sub-sequence by a different sequence
compatible with the cleaved nucleic acid sequence. In a further preferred
embodiment, the different sequences replacing the initial sub-sequence(s) are
genomic or rearranged genomic sequences, for example in grafting CDRs from non-
human antibodies onto consensus antibody sequences for rapid humanization of
non-human antibodies. In the most preferred embodiment, the different sequences
are random sequences, thus replacing the sub-sequence by a collection of
sequences to introduce variability and to create a library. The random sequences
can be assembled in various ways, for example by using a mixture of
mononucleotides or preferably a mixture of trinucleotides (Virnekas et al., 1994)
during automated oligonucleotide synthesis, by error-prone PCR or by other
methods well known to the practitioner in the art. The random sequences may be
completely randomized or biased towards or against certain codons according to
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the amino acid distribution at certain positions in known protein sequences.
Additionally, the collection of random sub-sequences may comprise different
numbers of codons, giving rise to a collection of sub-elements having different
lengths.

In another embodiment, the invention provides for the expression of the nucleic acid
sequences from a suitable vector and under suitable conditions well known to those
skilled in the art.

In a further preferred embodiment, the (poly)peptides expressed from said nucleic
acid sequences are screened and, optionally, optimized. Screening may be
performed by using one of the methods well known to the practitioner in the art, such
as phage-display, selectively infective phage, polysome technology to screen for
binding, assay systems for enzymatic activity or protein stability. (Poly)peptides
having the desired property can be identified by sequencing of the corresponding
nucleic acid sequence or by amino acid sequencing or mass spectrometry. In the
case of subsequent optimization, the nucleic acid sequences encoding the initially
selected (poly)peptides can optionally be used without sequencing. Optimization is
performed by repeating the replacement of sub-sequences by different sequences,
preferably by random sequences, and the screening step one or more times.

The desired property the (poly)peptides are screened for is preferably, but not
exclusively, selected from the group of optimized affinity or specificity for a target
molecule, optimized enzymatic activity, optimized expression yields, optimized
stability and optimized solubility.

In one embodiment, the cleavage sites flanking the sub-sequences are sites
recognized and cleaved by restriction enzymes, with recognition and cleavage
sequences being either identical or different, the restricted sites either having blunt
or sticky ends. '

The iength 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 structure-
determining residue, and 150 amino acids, as for whole protein domains. Most
preferably, the length ranges between 3 and 25 amino acids, such as most
commonly found in CDR loops of antibodies.

The nucleic acid sequences could be RNA or, preferably, DNA.

-7-
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In one embodiment, the (poly)peptides have ar amino zacid pattern characteristic of
a particular species. This can for example be achieved by deducing the consensus
sequences from a collection of homologous proteins of just one species, most
preferably from a collection of human proteins. Since the (poly)peptides comprising
consensus sequences are artificial, they have to be compared to the protein
sequence(s) having the closest similarity to ensure the presence of said
characteristic amino acid pattern.

in one embodiment, the invention provides for the creation of libraries of
(poly)peptides comprising at least part of members or derivatives of the
immunoglo'bulin superfamily, preferably of member or derivatives of the
immnoglobulins. Most preferably, the invention provides for the creation of libraries
of human antibodies, wherein said (poly)peptides are or are derived from heavy or
light chain variable regions wherein said structural sub-elements are framework
regions (FR) 1, 2, 3, or 4 or complementary determining regions (CDR) 1, 2, 0or 3. Ina
first step, a database of published antibody sequences of human origin is
established where the antibody sequences are aligned to each other. The database
is used to define subgroups of antibody sequences which show a high degree of
similarity in both the sequence and the canonical fold of CDR loops (as determined
by analysis of antibody structures). For each of the subgroups a consensus
sequence is deduced which represents the members of this subgroup; the complete
collection of consensus sequences represent therefore the complete structural
repertoire of human antibodies.

These artificial genes are then constructed e.g. by total gene synthesis or by the use
of synthetic genetic subunits. These genetic subunits correspond to structural sub-
elements on the (poly)peptide level. On the DNA level, these genetic subunits are
defined by cleavage sites at the start and the end of each of the sub-elements, which
are unique in the vector system. All genes which are members of the collection of
consensus sequences are constructed such that they contain a similar pattern of
corresponding genetic sub-sequences. Most preferably, said (poly)peptides are or
are derived from the HUCAL consensus genes: Vk1, Vk2, Vk3, Vk4, VA1, VA2, VA3,
VH1A, VH1B, VH2, VH3, VH4, VH5, VH6, Ck, CA, CH1 or any combination of said
HuCAL consensus genes.

This collection of DNA molecules can then be used to create libraries of antibodies
or antibody fragments, preferably Fv, disulphide-linked Fv, single-chain Fv (scFv), or
Fab fragments, which may be used as sources of specificities against new target
antigens. Moreover, the affinity of the antibodies can be optimized using pre-built
library cassettes and a general procedure. The invention provides a method for
identifying one or more genes encoding one or more antibody fragments which

| -8-
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binds to a target, comprising the steps of axpressing the antibody fragments, and
then screening them to isolate one or more antibody fragments which bind to a
given target molecule. Preferably, an scFv fragment library comprising the
combination of HUCAL VH3 and HuCAL VA2 consensus genes and at least a
random sub-sequence encoding the heavy chain CDR3 sub-element is screened for
binding antibodies. If necessary, the modular design of the genes can then be used
to excise from the genes encoding the antibody fragments one or more genetic sub-
sequences encoding structural sub-elements, and replacing them by one or more
second sub-sequences encoding structural sub-elements. The expression and
screening steps can then be repeated until an antibody having the desired affinity is
generated.

Particularly preferred is a method in which one or more of the genetic subunits (e.g.
the CDRs) are replaced by a random collection of sequences (the library) using the -

said cleavage sites. Since these cleavage sites are (i) unique in the vector system .~ -

and (ii) common to all consensus genes, the same (pre-built) library can be inserted
into all artificial antibody genes. The resulting Iibrary is then screened against any
chosen antigen. Binding antibodies are selected, collected and used as starting
material for the next library. Here, one or more of the remaining genetic subunits are
randomized as described above.

A further embodiment of the present invention relates to fusion p_roteins by providing
for a DNA sequence which encodes both the (poly)peptide, as described above, as
well as an additional moiety. Particularly preferred are moieties which have a useful
therapeutic function. For example, the additional moiety may be a toxin molecule
which is able to kill cells (Vitetta et al., 1993). There are numerous examples of such
toxins, well known to the one skilled in the art, such as the bacterial toxins
Pseudomonas exotoxin A, and diphtheria toxin, as well as the plant toxins ricin,
abrin, modeccin, saporin, and gelonin. By fusing such a toxin for example to an
antibody fragment, the toxin can be targeted to, for example, diseased cells, and
thereby have a beneficial therapeutic effect. Alternatively, the additional moiety may
be a cytokine, such as IL-2 (Rosenberg & Lotze, 1986), which has a particular effect
(in this case a T-cell proliferative effect) on a family of cells. In a further embodiment,
the additional moiety may confer on its (poly)peptide partner a means of detection
and/or purification. For example, the fusion protein could comprise the modified
antibody fragment and an enzyme commonly used for detection purposes, such as
alkaline phosphatase (Blake et al., 1984). There are numerous other moieties which
can be used as detection or purification tags, which are well known to the
practitioner skilled in the art. Particularly preferred are peptides comprising at least
five histidine residues (Hochuli et al., 1988), which are able to bind to metal ions,

-9-
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and can therefore be used for the purificaticn cf the protein to which they are fused
(Lindner et al., 1992). Also provided for by the invention are additional moieties such
as the commonly used C-myc and FLAG tags (Hopp et al., 1988; Knappik &
Plickthun, 1994).

By engineering one or more fused additional domains, antibody fragments or any
other (poly)peptide can be assembled into larger molecules which also fall under
the scope of the present invention. For example, mini-antibodies (Pack, 1994) are
dimers comprising two antibody fragments, each fused to a self-associating
dimerization domain. Dimerization domains which are particularly preferred include
those derived from a leucine zipper (Pack & Plickthun, 1992) or helix-turn-helix
motif (Pack et al., 1993). -

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

In a further embodiment, the random collection of sub-sequences (the library) is
inserted into a singular nucleic acid sequence encoding one (poly)peptide, thus
creating a (poly)peptide library based on one universal framework. Preferably a
random collection of CDR sub-sequences is inserted into a universal antibody
framework, for example into the HUCAL H3k2 single-chain Fv fragment described
above.

In further embodiments, the invention provides for nucleic acid sequence(s),
vector(s) containing the nucleic acid sequence(s), host cell(s) containing the
vector(s), and (poly)peptides, obtainable according to the methods described above.

In a further preferred embodiment, the invention provides for modular vector systems
being compatible with the modular nucleic acid sequences encoding the
(poly)peptides. The modules of the vectors are flanked by restriction sites unique
within the vector system and essentially unique with respect to the restriction sites
incorporated into the nucleic acid sequences encoding the (poly)peptides, except
for example the restriction sites necessary for cloning the nucleic acid sequences
into the vector. The list of vector modules comprises origins of single-stranded
replication, origins of double-stranded replication for high- and low copy number
plasmids, promotor/operator, repressor or terminator elements, resistance genes,
potential recombination sites, gene Il for display on filamentous phages, signal
sequences, purification and detection tags, and sequences of additional moieties.

-10-
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The vectors are preferably, but not exclusively, expression vectors or vectors
suitable for expression and screening of libraries.

In another embodiment, the invention provides for a kit, comprising one or more of
the list of nucleic acid sequence(s), recombinant vector(s), (poly)peptide(s), and
vector(s) according to the methods described above, and suitable host cell(s) for
producing the (poly)peptide(s).

In a preferred embodiment, the invention provides for the creation of libraries of
human antibodies. In a first step, a database of published antibody sequencés of
human origin is established: The database is used to define subgroups of antibody
sequences which show a high degree of similarity in both the sequence and the
canonical fold (as determined by analysis of antibody structures). For each of the
subgroups a CONSENsus sequence is deduced which represents the members of this
subgroup; the complete collection of consensus sequences represent therefore the
complete structural repertoire of human antibodies.

These artificial genes are then constructed by the use of synthetic genetic subunits.
These genetic subunits correspond to structural sub-elements on the protein level.
On the DNA level, these genetic subunits are defined by cleavage sites at the start
and the end of each of the subelements, which are unique in the vector system. All
genes which are members of the collection of consensus sequences are
constructed such that they contain a similar pattern of said genetic subunits.

This collection of DNA molecules can then be used to create libraries of antibodies
which may be used as sources of specificities against new target antigens.
Moreover, the affinity of the antibodies can be optimised using pre-built library
cassettes and a general procedure. The invention provides a method for identifying
one or more genes encoding one or more antibody fragments which binds to a
target, comprising the steps of expressing the antibody fragments, and then
screening them to isolate one or more antibody fragments which bind to a given
target molecule. If necessary, the modular design of the genes can then be used to
excise from the genes encoding the antibody fragments one or more genetic sub-
sequences encoding structural sub-elements, and replacing them by one or more
second sub-sequences encoding structural sub-elements. The expression and
screening steps can then be repeated until an antibody having the desired affinity is
generated.
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Particularly preferred is a method in which one or more of the (jenetic subunits (e.g.
the CDR's) are replaced by a random collection of sequences (the library) using the
said cleavage sites. Since these cleavage sites are (i) unique in the vector system
and (it) common to all consensus genes, the same (pre-built) library can be inserted
into all artificial antibody genes. The resulting library is then screened against any
chosen antigen. Binding antibodies are eluted, collected and used as starting
material for the next library. Here, one or more of the remaining genetic subunits are
randomised as described above.
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Definitions

Protein:

The term protein comprises monomeric polypeptide chains as well as homo- or
heteromultimeric complexes of two or more polypeptide chains connected either by
covalent interactions (such as disulphide bonds) or by non-covalent interactions
(such as hydrophobic or electrostatic interactions).

Analysis of homologous proteins:

The amino acid sequences of three or more proteins are aligned to each other
(allowing for introduction of gaps) in a way which maximizes the correspondence
between identical or similar amino acid residues at all positions. These aligned
sequences are termed homologous if the percentage of the sum of identical and/or
similar residues exceeds a defined threshold. This threshold is commonly regarded
by those skilled in the art as being exceeded when at least 15% of the amino acids
in the aligned genes are identical, and at least 30% are similar. Examples for
families of homologous proteins are: immunoglobulin superfamily, scavenger
receptor superfamily, fibronectin superfamilies (e.g. type Il and lll), complement
control protein superfamily, cytokine receptor superfamily, cystine knot proteins,
tyrosine kinases, and numerous other examples well known to one of ordinary skill
in the art.

Consensus sequence:

Using a matrix of at least three aligned amino acid sequences, and allowing for
gaps in the alignment, it is possible to determine the most frequent 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 represented at a single
position, the consensus sequence includes both or all of those amino acids.

Removing unfavorable interactions:

The consensus sequence is per se in most cases artificial and has to be analyzed in
order to change amino acid residues which, for example, would prevent the
resulting molecule to adapt a functional tertiary structure or which would block the
interaction with other (poly)peptide chains in multimeric complexes. This can be
done either by (i) building a three-dimensional model of the consensus sequence
using known related structures as a template, and identifying amino acid residues
within the model which may interact unfavorably with each other, or (ii) analyzing the
matrix of aligned amino acid sequences in order to detect combinations of amino
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acid residues within the sequences which fregquently occur tngether in one
sequence and are therefore likely to interact with each other. These probable
interaction-pairs are then tabulated and the consensus is compared with these
“interaction maps". Missing or wrong interactions in the consensus are repaired
accordingly by introducing appropriate changes in amino acids which minimize
unfavorable interactions. '

Identification of structural sub-elements:
Structural sub-elements are stretches of amino acid residues within a

protein/(poly)peptide which correspond to a defined structural or functional part of
the molecule. These can be loops (e.g. CDR loops of an antibody) or any other
secondary or functional structure within the protein/(poly)peptide (domains, «-
helices, B-sheets, framework regions of antibodies, etc.). A structural sub-element
can be identified using known structures of similar or homologous (poly)peptides, 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).

ub-sequence:

A sub-sequence is defined as a genetic module which is flanked by unique
cleavage sites and encodes at least one structural sub-element. It is not necessarily
identical to a structural sub-element.

Cleavage site: ,
A short DNA sequence which is used as a specific target for a reagent which
cleaves DNA in a sequence-specific manner (e.g. restriction endonucleases).

Compatible cleavage sites:

Cleavage sites are compatible with each other, if they can be efficiently ligated
without modification and, preferably, also without adding an adapter molecule..

Unigue cleavage sites:
A cleavage site is defined as unique if it occurs only once in a vector containing at

least one of the genes of interest, or if a vector containing at least one of the genes
of interest could be treated in a way that only one of the cleavage sites could be
used by the cleaving agent.
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Corresponding (poly)peptide sequences:
Sequences deduced from the same part of one group of homologous proteins are
called corresponding (poly)peptide sequences.

Common cleavage sites:
A cleavage site in at least two corresponding sequences, which occurs at the same

functional position (i.e. which flanks a defined sub-sequence), which can be
hydrolyzed by the same cleavage tool and which yields identical compatible ends is
termed a common cleavage site.

Excising genetic sub-sequences:

A method which uses the unique cleavage sites and the corresponding cleavage
reagents to cleave the target DNA at the specified positions in order to isolate,
remove or replace the genetic sub-sequence flanked by these unique cleavage

sites.

Exchanging genetic sub-sequences:
A method by which an existing sub-sequence is removed using the flanking

cleavage sites of this sub-sequence, and a new sub-sequence or a collection of
sub-sequences, which contain ends compatible with the cleavage sites thus
created, is inserted.

Expression of genes:
The term expression refers to in vivo or in vitro processes, by which the information

of a gene is transcribed into mRNA and then translated into a protein/(poly)peptide.
Thus, the term expression refers to a process which occurs inside cells, by which the
information of a gene is transcribed into mRNA and then into a protein. The term
expression also includes all events of post-translational modification and transport,
which are necessary for the (poly)peptide to be functional.

Screening of protein/(poly)peptide libraries:
Any method which allows isolation of one or more proteins/(poly)peptides having a
desired property from other proteins/(poly)peptides within a library.

Amino acid pattern characteristic for a species:

A (poly)peptide sequence is assumed to exhibit an amino acid pattern characteristic
for a species if it is deduced from a collection of homologous proteins from just this
species.

-15-
SUBSTITUTE SHEET (RULE 26)



WO 97/08320 . PCT/EP96/03647
Immunoglobulin superfamily (IgSF):

The IgSF is a family of proteins comprising domains being characterized by the
immunoglobulin fold. The IgSF comprises for example T-cell receptors and the
immunoglobulins (antibodies).

Antibody framework:

A framework of an antibody variable domain is defined by Kabat et al. (1991) as the
part of the variable domain which serves as a scaffold for the antigen binding loops
of this variable domain.

Antibody CDR:

The CDRs (complementarity determining regions) of an antibody consist of the
antigen binding loops, as defined by Kabat et al. (1991). Each of the two variable
domains of an antibody Fv fragment contain three CDRs.

HuCAL:
Acronym for Human Combinatorial Antibody Library. Antibody Library based on
modular consensus genes according to the invention (see Example 1).

Antibody fragment:

Any portion of an antibody which has a particular function, e.g. binding of antigen.
Usually, antibody fragments are smaller than whole antibodies. Examples are Fv,
disulphide-linked Fv, single-chain Fv (scFv), or Fab fragments. Additionally, antibody
fragments are often engineered to inciude new functions or properties.

Universal framework:

One single framework which can be used to create the full variability of functions,
specificities or properties which is originally sustained by a Ia'rge collection of
different frameworks, is called universal framework.

Binding of an antibody to its target:

The process which leads to a tight and specific association between an antibody
and a corresponding molecule or ligand is called binding. A molecule or ligand or
any part of a molecukle or ligand which is recognized by an antibody is called the
target.

Replacing genetic sub-sequences
A method by which an existing sub-sequence is removed using the flanking
cleavage sites of this sub-sequence, and a new sub-sequence or coliection of sub-
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sequences, which contains ends compatible with thc clzavage sites thus created, is
inserted.

Assembling of genetic sequences:

Any process which is used to combine synthetic or natural genetic sequences in a
specific manner in order to get longer genetic sequences which contain at least
parts of the used synthetic or natural genetic sequences.

Analysis of homologous genes:
The corresponding amino acid sequences of two or more genes are aligned to each

other in a way which maximizes the correspondence between identical or similar
amino acid residues at all positions. These aligned sequences are termed
homologous if the percentage of the sum of identical and/or similar residues
exceeds a defined threshold. This threshold is commonly regarded by those skilled
in the art as being exceeded when at least 15 per cent of the amino acids in the
aligned genes are identical, and at least 30 per cent are similar.
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Legends to Figures and Tables

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

1:

Flow chart outlining the process of construction of a synthetic human

antibody library based on consensus sequences.

Alignment of consensus sequences designed for each subgroup (amino
acid residues are shown with their standard one-letter abbreviation). (A)
kappa sequences, (B) lambda sequences and (C), heavy chain
sequences. The positions are numbered according to Kabat (1991). In
order to maximize homology in the alignment, gaps (—) have been
introduced in the sequence at certain positions.

Gene sequences of the synthetic V kappa consensus genes. The

corresponding amino acid sequences (see Fig. 2) as well as the unique

cleavage sites are also shown.

Gene sequences of the synthetic V lambda consensus genes. The

corresponding amino acid sequences (see Fig.‘2.)\as well as the unique

cleavage sites are also shown.

Gene sequences of the synthetic V heavy chain consensus genes. The

corresponding amino acid sequences (see Fig. 2) as well as the unique

cleavage sites are also shown. ‘

Oligonucleotides used for construction of the consensus genes. The

oligos are named according to the corresponding consensus gene, e.g.

the gene Vk1 was constructed using the six oligonucleotides O1K1 to

O1K6. The oligonucleotides used for synthesizing the genes encoding

the constant domains Ck (OCLK1 to 8) and CH1 (OCH1 to 8) are also

shown.

7A/B: Sequences of the synthetic genes encoding the constant domains Ck

7C:

7D:

(A) and CH1 (B). The corresponding amino acid sequences as well as

unique cleavage sites introduced in these genes are also shown.

Functional map and sequence of module M24 comprising the synthetic

Chk gene segment (huCL lambda).

Oligonucleotides used for synthesis of module M24.

Sequence and restriction map of the synthetic gene encoding the

consensus single-chain fragment VH3-Vk2. The signal sequence (amino

acids 1 to 21) was derived from the E. coli phoA gene (Skerra &
-18-
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

9:

10:

11:

12:

13:

14:

15:

Plickthun, 1988). Between the phoA signal zequance 2ard the Vh3
domain, a short sequence stretch encoding 4 amino acid residues (amino
acid 22 to 25) has been inserted in order to allow detection of the single-
chain fragment in Western blot or ELISA using the monoclonal antibody
M1 (Knappik & Pliickthun, 1994). The last 6 basepairs of the sequence

were introduced for cloning purposes (EcoRl site).

Plasmid map of the vector plG10.3 used for phage display of the H3x2
scFv fragment. The vector is derived from pIG10 and contains the gene for
the lac operon repressor, lacl, the artificial operon encoding the H3k2-
gene3ss fusion under control of the lac promoter, the Ipp terminator of
transcription, the single-strand replication origin of the E. coli phage f1
(F1_ORI), a gene encoding B-lactamase (bla) and the ColEl derived
origin of replication.

Sequencing results of independent clones from the initial library,
translated into the corresponding amino acid sequences. (A) Amino acid
sequence of the VH3 consensus heavy chain CDR3 (position 93 to 102,
Kabat numbering). (B) Amino acid sequences of 12 clones of the 10-mer
library. (C) Amino acid sequences of 11 clones of the 15-mer library, *:
single base deletion.

Expression test of individual library members. (A) Expression of 9
independent clones of the 10-mer library. (B) Expression of 9
independent clones of the 15-mer library. The lane designated with M
contains the size marker. Both the gp3-scFv fusion and the scFv monomer
are indicated.

Enrichment of specific phage antibodies during the panning against FITC-
BSA. The initial as well as the subsequent fluorescein-specific sub-
libraries were panned against the blocking buffer and the ratio of the
phage eluted from the FITC-BSA coated well vs. that from the powder milk
coated well from each panning round is presented as the ,specificity
factor®.

Phage ELISA of 24 independent clones after the third round of panning
tested for binding on FITC-BSA.

Competition ELISA of selected FITC-BSA binding clones. The ELISA
signals (OD .. Of ScFv binding without inhibition are taken as 100%.
Sequencing results of the heavy chain CDR3s of independent clones
after 3 rounds of panning against FITC-BSA, translated into the
corresponding amino acid sequences (position 93 to 102, Kabat
numbering).
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Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

16:

18:
19:

21:

23:

24:

25:

25a:

26:

Coomassie-Blue stained SDS-PAGE of the purified anti-flucrescein sckv
fragments: M: molecular weight marker, A: total soluble cell extract after
induction, B: fraction of the flow-through, C, D and E: purified scFv
fragments 1HA-3E4, 1HA-3ES5 and 1HA-3E10, respectively.

Enrichment of specific phage antibodies during the panning against B-
estradiol-BSA,  testosterone-BSA, BSA, ESL-1, interleukin-2,
lymphotoxin-B, and LeY-BSA after three rounds of panning.

ELISA of selected ESL-1 and B-estradiol binding clones

Selectivity and cross-reactivity of HUCAL antibodies: in the diagonal
specific binding of HUCAL antibodies can be seen, off-diagonal signals
show non-specific cross-reactivity.

Sequencing results of the heavy chain CDR3s of independent clones
after 3 rounds of panning against B-estradiol-BSA, translated into the
corresponding amino acid sequences (position 93 to 102, Kabat .
numbering). One clone is derived from the 10mer library.

Sequencing results of the heavy chain CDR3s of independent clones
after 3 rounds of panning against testosterone-BSA, translated into the
corresponding amino acid sequences (position 93 to 102, Kabat
numbering).

Sequencing results of the heavy chain CDR3s of independent clones
after 3 rounds of panning against lymphotoxin-B, translated into the
corresponding amino acid sequences (position 93 to 102, Kabat
numbering). One clone comprises a 14mer CDR, presumably introduced
by incomplete coupling of the trinucleotide mixture during oligonucleotide
synthesis. ,

Sequencing results of the heavy chain CDR3s of independent clones
after 3 rounds of panning against ESL-1, translated into the
corresponding amino acid sequences (position 93 to 102, Kabat
numbering). Two clones are derived from the 10mer library. One clone
comprises a 16mer CDR, presumably introduced by chain elongation
during oligonucleotide synthesis using trinucleotides.

Sequencing results of the heavy chain CDR3s of independent clones
after 3 rounds of panning against BSA, translated into the corresponding
amino acid sequences (position 93 to 102, Kabat numbering).

Schematic representation of the modular pCAL vector system.

List of restriction sites already used in or suitable for the modular HuCAL
genes and pCAL vector system.

List of the modular vector elements for the pCAL vector series: shown are
only those restriction sites which are part of the modular system.
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Table 1:

Table 2:

27:
28:
29:
30:
31:
32:
33:

34:
35:

35a:

35b:

36:

37:
38:
39:
40:

Functional map and sequence of the multi-cloning site module tMCS)
Functional map and sequence of the pMCS cloning vector series.
Functional map and sequence of the pCAL module M1 (see Fig. 26).
Functional map and sequence of the pCAL module M7-ll (see Fig. 26).
Functional map and sequence of the pCAL moduie M9-ll (see Fig. 26).
Functional map and sequence of the pCAL module M11-l (see Fig. 26).
Functional map and sequence of the pCAL module M14-Ext2 (see Fig.
26).

Functional map and sequence of the pCAL module M17 (see Fig. 26).
Functional map and sequence of the modular vector pCAL4.

Functional maps and sequences of additional pCAL modules (M2, M3,
M71, M711, M8, M1011, M111l, M12, M13, M19, M20, M21, M41) and of low-
copy number plasmid vectors (pCALO1 to pCALOS).

List of oligonucleotides and primers used for synthesis of pCAL vector
modules.

Functional map and sequence of the B-lactamase cassette for
replacement of CDRs for CDR library cloning.

Oligo and primer design for Vk CDR3 libraries

Oligo and primer design for VA CDR3 libraries

Functional map of the pBS13 expression vector series.

Expression of all 49 HuCAL scFvs obtained by combining each of the 7
VH genes with each of the 7 VL genes (pBS13, 30°C): Values are given
for the percentage of soluble vs. insoluble material, the total and the
soluble amount compared to the combination H3x2, which was set to
100%. In addition, the corresponding values for the McPC603 scFv are
given.

Summary of human immunoglobulin germline sequences used for
computing the germline membership of rearranged sequences. (A) kappa
sequences, (B) lambda sequences and (C), heavy chain sequences. (1)
The germline name used in the various caiculations, (2) the references

number for the corresponding sequence (see appendix for sequence

related citations), (3) the family where each sequence belongs to and (4),

the various names found in literature for germline genes with identical
amino acid sequences.
Rearranged human sequences used for the calculation of consensus
sequences. (A) kappa sequences, (B) lambda sequences and (C), heavy .
chain sequences. The table summarized the name of the sequence (1),
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Table 3:

Table 4:

Table 5:

Table 6:

the length of the sequence in -amino acids (2), thz gzrmlin= family (3) as
well as the computed germiine counterpart (4). The number of amino acid
exchanges between the rearranged sequence and the germline
sequence is tabulated in (5), and the percentage of different amino acids
is given in (6). Column (7) gives the references number for the
corresponding sequence (see appendix for sequence related citations).
Assignment of rearranged V sequences to their germline counterparts.
(A) kappa sequences, (B) lambda sequences and (C), heavy chain
sequences. The germline genes are tabulated according to their family
(1), and the number of rearranged genes found for every germline gene is
given in (2). B

Computation of the consensus sequence of the rearranged V kappa
sequences. (A), V kappa subgroup 1, (B), V kappa subgroup 2, (C), V
kappa subgroup 3 and (D), V kappa subgroup 4. The number of each
amino acid found at each position is tabulated together with the statistical
analysis of the data. (1) Amino acids are given with their standard one-
letter abbreviations (and B means D or N, Z means E or Q and X means
any amino acid). The statistical analysis summarizes the number of
sequences found at each position (2), the number of occurrences of the
most common amino acid (3), the amino acid residue which is most
common at this position (4), the relative frequency of the occurrence of the
most common amino acid (5) and the number of different amino acids
found at each position (6)."

Computation of the consensus sequence of the rearranged V lambda
sequences. (A), V lambda subgroup 1, (B), V lambda subgroup 2, and
(C), Viambda subgroup 3. The number of each amino acid found at each
position is tabulated together with the statistical analysis of the data.

Abbreviations are the same as in Table 4.

Computation of the consensus sequence of the rearranged V heavy chain
sequences. (A), V heavy chain subgroup 1A, (B), V heavy chain
subgroup 1B, (C), V heavy chain subgroup 2, (D), V heavy chain
subgroup 3, (E), V heavy chain subgroup 4, (F), V heavy chain subgroup
5, and (G), V heavy chain subgroup 6. The number of each amino acid
found at each position is tabulated together with the statistical analysis of
the data. Abbreviations are the same as in Table 4.
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Examples

Example 1: Design of a Synthetic Human Combinatorial Antibody
Library (HuCAL)

The following example describes the design of a fully synthetic human combinatorial
antibody library (HuCAL), based on consensus sequences of the human
immunoglobulin repertoire, and the synthesis of the consensus genes. The general
procedure is outlined in Fig. 1.

1.1 Sequence database

1.1.1 Collection and alignment of human immunoglobulin sequences

In a first step, sequences of variable domains of human immunoglobulins have been
collected and divided into three sub bases: V heavy chain (VH), V kappa (Vk) and V
lambda (V). For each sequence, the gene sequence was then translated into the
corresponding amino acid sequence. Subsequently, all amino acid sequences were
aligned according to Kabat et al. (1991). In the case of VA sequences, the
numbering system of Chuchana et al. (1990) was used. Each of the three main
databases was then divided into two further sub bases: the first sub base contained
all sequences derived from rearranged V genes, where more than 70 positions of
the sequence were known. The second sub base contained all germline gene
segments (without the D- and J- minigenes; pseudogenes with internal stop codons
were also removed). In all cases, where germline sequences with identical amino
acid sequence but different names were found, only one sequence was used (see
Table 1). The final databases of rearranged sequences contained 386, 149 and
674 entries for Vk, VA and VH, respectively. The final databases of germline
sequences contained 48, 26 and 141 entries for Vk, VA and VH, respectively.

1.1.2 Assignment of sequences to subgroups

The sequences in the three germline databases where then grouped according to
sequence homology (see also Tomlinson et al., 1992, Williams & Winter, 1993, and
Cox et al., 1994). In the case of Vk, 7 families could be established. Vi was divided
into 8 families and VH into 6 families. The VH germline genes of the VH7 family (Van
Dijk et al., 1993) were grouped into the VH1 family, since the genes of the two
families are highly homologous. Each family contained different numbers of
germline genes, varying from 1 (for example VH6) to 47 (VH3).
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1.2 Analysis of sequences

1.2.1 Computation of germline membership

For each of the 1209 amino acid sequences in the databases of rearranged genes,
the nearest germline counterpart, i.e. the germline sequence with the smallest
number of amino acid differences was then calculated. After the germline
counterpart was found, the number of somatic mutations which occurred in the
rearranged gene and which led to amino acid exchanges could be tabulated. In 140
cases, the germline counterpart could not be calculated exactly, because more than
one germline gene was found with an identical number of amino acid exchanges.
These rearranged sequences were removed from the database. In a few cases, the
number of amino acid exchanges was found to be unusually large (>20 for VL and
>25 for VH), indicating either heavily mutated rearranged genes or derivation from
germline genes not present in the database. Since it was not possible to distinguish
between these two possibilities, these sequences were also removed from the
database. Finally, 12 rearranged sequences were removed from the database
because they were found to have very unusual CDR lengths and composition or
unusual amino ‘acids at canonical positions (see below). In summary, 1023
rearranged sequences out of 1209 (85%) could be clearly assigned to their
germline counterparts (see Table 2).

After this calculation, every rearranged gene could be arranged in one of the
families established for the germline genes. Now the usage of each germline gene,
..e. the number of rearranged genes which originate from each germline gene, could
be calculated (see Table 2). It was found that the usage was strongly biased towards
a subset of germline genes, whereas most of the germiine genes were not present
as rearranged genes in the database and therefore apparently not used in the
immune system (Table 3). This observation had already been reported in the case of
Vk (Cox, et al., 1994). All germline gene families, where no or only very few

rearranged counterparts could be assigned, were removed from the database,
leaving 4 Vk, 3 VA, and 6 VH families.

1.2.2 Analysis of CDR conformations

The conformation of the antigen binding loops of antibody molecules, the CDRs, is
strongly dependent on both the length of the CDRs and the amino acid residues
located at the so-called canonical positions (Chothia & Lesk, 1987). It has been
found that only a few canonical structures exist, which determine the structural
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repertoire of the immunoglobulin variable domains (Chothiz et al., 1989). The
canonical amino acid positions can be found in CDR as well as framework regions.
The 13 used germline families defined above (7 VL and 6 VH) were now analyzed
for their canonical structures in order to define the structural repertoire encoded in
these families.

In 3 of the 4 Vk families (Vx1, 2 and 4), one different type of CDR1 conformation
could be defined for every family. The family Vk3 showed two types of CDR1
conformation: one type which was identical to Vk1 and one type only found in Vk3.
All Vk CDR2s used the same type of canonical structure. The CDR3 conformation is
not encoded in the germline gene segments. Therefore, the 4 Vk families defined by

sequence homology and usage corresponded also to 4 types of canonical
structures found in Vk germline genes.

The 3 VA families defined above showed 3 types of CDR1 conformation, each family
with one unique type. The VA1 family contained 2 different CDR1 lengths (13 and 14
amino acids), but identical canonical residues, and it is thought that both lengths
adopt the same canonical conformation (Chothia & Lesk, 1987). In the CDR2 of the
used VA germlines, only one canonical conformation exists, and the CDR3
conformation is not encoded in the germiine gene segments. Therefore, the 3 VA
families defined by sequence homology and usage corresponded also to 3 types of
canonical structures.

The structural repertoire of the human VH sequences was analyzed in detail by
Chothia et al., 1992. In total, 3 conformations of CDR1 (H1-1, H1-2 and H1-3) and 6
conformations of CDR2 (H2-1, H2-2, H2-3, H2-4, H2-5 and H2-x) could be defined.
Since the CDR3 is encoded in the D- and J-minigene segments, no particular
canonical residues are defined for this CDR.

All the members of the VH1 family defined above contained the CDR1 conformation
H1-1, but differed in their CDR2 conformation: the H2-2 conformation was found in 6
germline genes, whereas the conformation H2-3 was found in 8 germline genes.
Since the two types of CDR2 conformations are defined by different types of amino
acid at the framework position 72, the VH1 family was divided into two subfamilies:
VH1A with CDR2 conformation H2-2 and VH1B with the conformation H2-3. The
members of the VH2 family all had the conformations H1-3 and H2-1 in CDR1 and
CDR2, respectively. The CDR1 conformation of the VH3 members was found in all
cases to be H1-1, but 4 different types were found in CDR2 (H2-1, H2-3, H2-4 and
H2-x). In these CDR2 conformations, the canonical framework residue 71 is always
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defined by an arginine. Therefore, it was not necessary to Zivide the VH2 family into
subfamilies, since the 4 types of CDR2 conformations were defined solely by the
CDR2 itself. The same was true for the VH4 family. Here, all 3 types of CDR1
conformations were found, but since the CDR1 conformation was defined by the
CDR itself (the canonical framework residue 26 was found to be glycine in all
cases), no subdivisions were necessary. The CDR2 conformation of the VH4
members was found to be H2-1 in all cases. All members of the VH5 family were
found to have the conformation H1-1 and H2-2, respectively. The single germline
gene of the VH6 family had the conformations H1-3 and H2-5 in CDR1 and CDR2,
respectively.

In summary, all possible CDR conformations of the Vk and VA genes were present
in the 7 families defined by sequence comparison. From the 12 different CDR
conformations found in the used VH germline genes, 7 could be covered by dividing
the family VH1 into two subfamilies, thereby creating 7 VH families. The remaining 5
CDR conformations (3 in the VH3 and 2 in the VH4 family) were defined by the
CDRs themselves and could be created during the construction of CDR libraries.
Therefore, the structural repertoire of the used human V genes could be covered by
49 (7 x 7) different frameworks.

1.2.3 Computation of consensus sequences

The 14 databases of rearranged sequences (4 Vk, 3 VA and 7 VH) were used to
compute the HuCAL consensus sequences of each subgroup (4 HuCAL- Vk, 3
HuCAL- VA, 7 HUCAL- VH, see Table 4, 5 and 6). This was done by counting the
number of amino acid residues uséd at each position (position variability) and
subsequently identifying the amino acid residue most frequently used at each
position. By ‘using the rearranged sequences instead of the used germline
sequences for the calculation of the consensus, the consensus was weighted
according to the frequency of usage. Additionally, frequently mutated and highly
conserved positions could be identified. The consensus sequences were cross-
checked with the consensus of the germline families to see whether the rearranged
sequences were biased at certain positions towards amino acid residues which do
not occur in the collected germline sequences, but this was found not to be the case.
Subsequently, the number of differences of each of the 14 consensus sequences to
each of the germline sequences found in each specific family was calculated. The
overall deviation from the most homologous germiine sequence was found to be 2.4
amino acid residues (s.d. = 2.7), ensuring that the "artificial" consensus sequences
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can still be considered as truly human sequences as far as immunagenicity is
concerned.

1.3 Structural analysis

So far, only sequence information was used to design the consensus sequences.
Since it was possible that during the calculation certain artificial combinations of
amino acid residues have been created, which are located far away in the sequence
but have contacts to each other in the three dimensional structure, leading to
destabilized or even misfolded frameworks, the 14 consensus sequences were
analyzed according to their structural properties.

It was rationalized that all rearranged sequences present in the database
correspond to functional and therefore correctly folded antibody molecules. Hence,
the most homologous rearranged sequence was calculated for each consensus
sequence. The positions where the consensus differed from the rearranged
sequence were identified as potential "artificial residues" and inspected.

The inspection itself was done in two directions. First, the local sequence stretch
around .each potentially "artificial residue" was compared with the corresponding
stretch of all the rearranged sequences. If this stretch was found to be truly artificial,
i.e. never occurred in any of the rearranged sequences, the critical residue was
converted into the second most common amino acid found at this position and
analyzed again. Second, the potentially “artificial residues" were analyzed for their
long range interactions. This was done by collecting all available structures of
human antibody variable domains from the corresponding PDB files and calculating
for every structure the number and type of interactions each amino acid residue
established to each side-chain. These "interaction maps" were used to analyze the
probable side-chain/side-chain interactions of the potentially "artificial residues". As
a result of this analysis, the following residues were exchanged (given is the name
of the gene, the position according to Kabat's numbering schemé, the amino acid
found at this position as the most abundant one and the amino acid which was used
instead):

VH2: ST
Vk1: N,A,
Vk3: GgA, DA RS
VA3: VT
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1.4 Design of CDR sequences

The process described above provided the complete consensus sequences derived
solely from the databases of rearranged sequences. It was rationalized that the
CDR1 and CDR2 regions should be taken from the databases of used germline
sequences, since the CDRs of rearranged and mutated sequences are biased
towards their particular antigens. Moreover, the germline CDR sequences are
known to allow binding to a variety of antigens in the primary immune response,
where only CDRS3 is varied. Therefore, the consensus CDRs obtained from the
calculations described above were replaced by germiine CDRs in the case of VH
and Vx. In the case of VA, a few amino acid exchanges were introduced in some of
the chosen germline CDRs in order to avoid possible protease cleavage sites as

well as possible structural constraints.

The CDRs of following germline genes have been chosen:

HuCAL gene CDR1 CDR2
HuCAL-VH1A VH1-12-1 VH1-12-1
HUCAL-VH1B VH1-13-16 VH1-13-6,-7,-8,-9
HUCAL-VH2  VH2-31-10,-11,-12,-13 VH2-31-3,-4
HuCAL-VH3 VH3-13-8,-9,-10 VH3-13-8,-9,-10
HuCAL-VH4 VH4-11-7 to -14 VH4-11-8,-0,-11,-12,-14 -16
VH4-31-17,-18,-19,-20

HuCAL-VH5 VH5-12-1,-2 VH5-12-1,-2
HuCAL-VH6 VH6-35-1 VH6-35-1
HUCAL-Vk1 Vk1-14,-15 Vk1-2,-3,-4,-5,7,-8,-12,-13,-18.-19
HUCAL-Vk2 Vk2-6 Vk2-6
HUCAL-Vk3 Vk3-1,-4 Vi3-4
HuCAL-Vk4 Vk4-1 Vk4-1
HUCAL-VA1 HUMLV117,DPL5 DPLS5
HuCAL-VA2 ~ DPL11,DPL{2 DPL12
HUCAL-V2.3 DPL23 HUMLV318
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In the case of the CDRS3s, any sequence could be chosen since these CDRs were
planned to be the first to be replaced by oligonucleotide libraries. In order to study
the expression and folding behavior of the consensus sequences in E. coli, it would
be useful to have all sequences with the same CDR3, since the influence of the
CDR3s on the folding behavior would then be identical in all cases. The dummy
sequences QQHYTTPP and ARWGGDGFYAMDY were selected for the VL chains
(kappa and lambda) and for the VH chains, respectively. These sequences are
known to be compatible with antibody folding in E. coli (Carter et al., 1992).

1.5 Gene design

The final outcome of the process described above was a collection of 14 HuCAL
amino acid sequences, which represent the frequently used structural antibody
repertoire of the human immune systerﬁ (see Figure 2)- These sequences were
back-translated into DNA sequences. In a first step, the back-translation was done
using only codons which are known to be frequently used in E. coli. These gene
sequences were then used for creating a database of all possible restriction
endonuclease sites, which could be introduced without changing the corresponding
amino acid sequences. Using this database, cleavage sites were selected which
were located at the flanking regions of all sub-elements of the genes (CDRs and
framework regions) and which could be introduced in all HUCAL VH, Vk or Vi
genes simultaneously at the same position. In a few cases it was not possible to find
cleavage sites for all genes of a subgroup. When this happened, the amino acid
sequence was changed, if this was possible according to the available sequence
and structural information. This exchange was then analyzed again as described
above. In total, the following 6 amino acid residues were exchanged during this
design (given is the name of the gene, the position according to Kabat's numbering
scheme, the amino acid found at this position as the most abundant one and the
amino acid which was used instead):

VH2: T,Q

VHE: S,,G

Vk3: E,D, I,V

Vk4: K,,R

VA3 T,,S
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In one case (5'-end of VH framework 3) it was not possible to icentily a single
cleavage site for all 7 VH genes. Two different type of cleavage sites were used
instead: BstEll for HUCAL VH1A, VH1B, VH4 and VH5, and NspV for HUuCAL VH2,
VH3, VH4 and VH6.

Several restriction endonuclease sites were identified, which were not located at the
flanking regions of the sub-elements but which could be introduced in every gene of
a given group without changing the amino acid sequence. These cleavage sites
were also introduced in order to make the system more flexible for further
improvements. Finally, all but one remaining restriction endonuclease sites were
removed in every gene sequence. The single cleavage site, which was not removed
was different in all genes of a subgroup and could be therefore used as a
"fingerprint" site to ease the identification of the different genes by restriction digest.
The designed genes, together with the corresponding amino acid sequences and
the group-specific restriction endonuclease sites are shown in Figure 3, 4 and 5,
respectively.

1.6 Gene synthesis and cloning

The consensus genes were synthesized using the method described by Prodromou
& Pearl, 1992, using the oligonucieotides shown in Fig. 6. Gene segments encoding
the human constant domains Ck, CA and CH1 were also synthesized, based on
sequence information given by Kabat et al., 1991 (see Fig. 6 and Fig. 7). Since for
both the CDR3 and the framework 4 gene segments identical sequences were
chosen in all HUCAL Vk, VA and VH genes, respectively, this part was constructed

only once, together with the corresponding gene segments encoding the constant
domains. The PCR products were cloned into pCR-Script KS(+) (Stratagene, Inc.) or
pZErO-1 (Invitrogen, Inc.) and verified by sequencing. '

Example 2: Cloning and Testing of a HuCAL-Based Antibody Library

A combination of two of the synthetic consensus genes was chosen after
construction to test whether binding antibody fragments can be isolated from a
library based on these two consensus frameworks. The two genes were cloned as a
single-chain Fv (scFv) fragment, and a VH-CDR3 library was inserted. In order to test
the library for the presence of functional antibody molecules, a selection procedure
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was carried out using the small hapten fluorescein bound to BSA (FITC-BSA) as
antigen.

2.1 Cloning of the HUuCAL VH3-Vk2 scFv fragment

In order to test the design of the consensus genes, one randomly chosen
‘combination of synthetic light and heavy gene (HuCAL-Vk2 and HuCAL-VH3) was
- used for the construction of a single-chain antibody (scFv) fragment. Briefly, the
gene segments encoding the VH3 consensus gene and the CH1 gene segment
including the CDR3 - framework 4 region, as well as the Vk2 consensus gene and
the Ck gene segment including the CDR3 - framework 4 region were assembled
yielding the gene for the VH3-CH1 Fd fragment and the gene encoding the Vk2-Ck
light chain, respectively. The CH1 gene segment was then replaced by an
oligonucleotide cassette encoding a 20-mer peptide linker with the sequence
AGGGSGGGGSGGGGSGGGGS. The two oligonucleotides encoding this linker
were 5'- TCAGCGGGTGGCGGTTCTGGCGGCGGTGGGAGCGGTGGCGGTGGTTC-
TGGCGGTGGTGGTTCCGATATCGGTCCACGTACGG-3' and 5'-AATTCCGTACG-

TGGACCGATATCGGAACCACCACCGCCAGAACCACCGCCACCGCTCCCACCGC
CGCCAGAACCGCCACCCGC-3, respectively. Finally, the HuCAL-Vk2 gene was
inserted via EcoRV and BsiWi into the plasmid encoding the HuCAL-VH3-linker
fusion, leading to the final gene HuCAL-VH3-Vk2, which encoded the two
consensus sequences in the single-chain format VH-linker-VL. The complete coding
sequence is shown in Fig. 8.

2.2 Construction of a monovalent phage-display phagemid vector
plG10.3 |

Phagemid plG10.3 (Fig. 9) was constructed in order to create a phage-display
system (Winter et al., 1994) for the H3k2 scFv gene. Briefly, the EcoRIi/Hindlll
restriction fragment in the phagemid vector pIG10 (Ge et al., 1995) was replaced by
the c-myc followed by an amber codon (which encodes an glutamate in the amber-
suppresser strain XL1 Blue and a stop codon in the non-suppresser strain JM83)
and a truncated version of the gene il (fusion junction at codon 249, see Lowman et

al., 1991) through PCR mutagenesis.
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2.3 Construction of H-CDR3 libraries

Heavy chain CDRS3 libraries of two lengths (10 and 15 amino acids) were
constructed using trinucleotide codon containing oligonucleotides (Virnekés et al.,
1994) as templates and the oligonucleotides complementing the flanking regions as
primers. To concentrate only on the CDR3 structures that appear most often in
functional antibodies, we kept the salt-bridge of R, and D,,,,, in the CDR3 loop. For
the 15-mer library, both phenylalanine and methionine were introduced at position
100 since these two residues were found to occur quite often in human CDR3s of
this Iength'(not shown). For the same reason, valine and tyrosine were introduced at
position 102. All other randomized positions contained codons for all amino acids
except cystein, which was not used in the trinucleotide mixture.

The CDR3 libraries of lengths 10 and 15 were generated from the PCR fragments
using oligonucleotide templates O3HCDR103T (5- GATACGGCCGTGTATTA-
TTGCGCGCGT (TRI)GATTATTGGGGCCAAGGCACCCTG-3") and O3HCDR153T
(5'-GATACGGCCGT GTATTATTGCGCGCGT(TRI),o(ﬁT/ATG)GAT(GTI'/T AT)TGGG-
GCCAAGGCACCCTG-3"), and primers O3HCDR35 (5-GATACGGCCGTGTATTA-
TTGC-3') and O3HCDR33 (5-CAGGGTGCCTTGGCCCC-3'), where TRI are
trinucleotide mixtures representing all amino acids without cystein, (TTT/ATG) and
(GTT/TAT) are trinucleotide  mixtures encoding the amino  acids
phenylalanine/methionine and valine/tyrosine, respectively. The potential diversity
of these libraries was 4.7 x 10" and 3.4 x 10" for 10-mer and 15-mer library,
respectively. The library cassettes were first synthesized from PCR amplification of
the oligo templates in the presence of both primers: 25 pmol of the oligo template
O3HCDR103T or O3HCDR153T, 50 pmol each of the primers O3HCDR35 and
O3HCDR33, 20 nmol of dNTP, 10x buffer and 2.5 units of Piu DNA polymerase
(Stratagene) in a total volume of 100 pl for 30 cycles (1 minute at 92°C, 1 minute at
62°C and 1 minute at 72°C). A hot-start procedure was used. The resulting mixtures
were phenol-extracted, ethanol-precipitated and digested overnight with Eagl and
Styl. The vector plG10.3-scH3k2cat, where the Eagl-Styl fragment in the vector
plG10.3-scH3k2 encoding the H-CDR3 was replaced by the chloramphenicol
acetyltransferase gene (cat) flanked with these two sites. was similarly digested. The
digested vector (35 pg) was gel-purified and ligated with 100 pg of the library
cassette overnight at 16°C. The ligation mixtures were isopropanol precipitated, air-
dried and the pellets were redissolved in 100 wl of ddH20. The ligation was mixed
with 1 ml of freshly prepared electrocompetent XL1 Blue on ice. 20 rounds of
electroporation were performed and the transformants were diluted in SOC medium,
shaken at 37°C for 30 minutes and plated out on large LB plates (Amp/Tet/Glucose)
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at 37°C for 6-9 hrs. The number of transformants (library size) was 3.2x10” and
2.3x10” for the 10-mer and the 15-mer library, respectively. The colonies were
suspended in 2xYT medium (Amp/Tet/Glucose) and stored as glycerol culture.

In order to test the quality of the initial library, phagemids from 24 independent
colonies (12 from the 10-mer and 12 from the 15-mer library, respectively) were
isolated and analyzed by restriction digestion and sequencing. The restriction
analysis of the 24 phagemids indicated the presence of intact vector in all cases.
Sequence analysis of these clones (see Fig. 10) indicated that 22 out of 24
contained a functional sequence in their heavy chain CDR3 regions. 1 out of 12
clones of the 10-mer library had a CDR3 of length 9 instead of 10, and 2 out of 12
clones of the 15-mer library had no open reading frame, thereby leading to a non-
functional scFv; one of these two clones contained two consecutive inserts, but out
of frame (data not shown). All codons introduced were presented in an even
distribution.

Expression levels of individual library members were also measured. Briefly, 9
clones from each library were grown in 2xYT medium containing Amp/Tet/0.5%
glucose at 37°C overnight. Next day, the cultures were diluted into fresh medium
with Amp/Tet. At an ODy,,,, of 0.4, the cultures'were induced with 1 mM of IPTG and
shaken at RT overnight. Then the cell pellets were suspended in 1 ml of PBS buffer
+ 1 mM of EDTA. The suspensions were sonicated and the supernatants were
separated on an SDS-PAGE under reducing conditions, blotted on nylon membrane
and detected with anti-FLAG M1 antibody (see Fig. 11). From the nine clones of the
10-mer library, all express the scFv fragments. Moreover, the gene Il / scFv fusion
proteins were present in all cases. Among the nine clones from the 15-mer library
analyzed, 6/9 (67%) led to the expression of both scFv and the gene lll/scFv fusion
proteins. More importantly, all clones expressing the scFvs and gene lli/scFv fusions
gave rise to about the same level of expression.

2.4 Biopanning

Phages displaying the antibody libraries were prepared using standard protocols.
Phages derived from the 10-mer library were mixed with phages from the 15-mer
library in a ratio of 20:1 (1x10'" cfu/well of the 10-mer and 5x10° cfu/well of the 15-
mer phages, respectively). Subsequently, the phage solution was used for panning
in ELISA plates (Maxisorp, Nunc) coated with FITC-BSA (Sigma) at concentration of
100 pg/miin PBS at 4°C overnight. The antigen-coated wells were blocked with 3%
powder milk in PBS and the phage solutions in 1% powder milk were added to each
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well and the plate was shaken at RT for 1 hr. The wells weie then washed witn
PBST and PBS (4 times each with shaking at RT for 5 minutes). The bound phages
were eluted with 0.1 M triethylamine (TEA) at RT for 10 minutes. The eluted phage
solutions were immediately neutralized with 1/2 the volume of 1 M Tris-Cl, pH 7.6.
Eluted phage solutions (ca. 450 pl) were used to infect 5 ml of XL1 Blue cells at
37°C for 30 min. The infected cultures were then plated out on large LB plates
(Amp/Tet/Glucose) and allowed to grow at 37°C until the colonies were visible. The
colonies were suspended in 2xYT medium and the glycerol cultures were made as
above described. This panning round was repeated twice, and in the third round
elution waé carried out with addition of fluorescein in a concentration of 100 pg/miin
PBS. The enrichment of specific phage antibodies Was monitored by panning the
initial as well as the subsequent fluorescein-specific sub-libraries against the
blocking buffer (Fig. 12). Antibodies with specificity against fluorescein were
isolated after 3 rounds of panning.

2.5 ELISA measurements

One of the criteria for the successful biopanning is the isolation of individual phage
clones that bind to the targeted antigen or hapten. We undertook the isolation of
anti-FITC phage antibody clones and characterized them first in a phage ELISA
format. After the 3rd round of biopanning (see above), 24 phagemid containing
clones were used to inoculate 100 pl of 2xYT medium (Amp/Tet/Glucose) in an
ELISA plate (Nunc), which was subsequently shaken at 37°C for 5 hrs. 100 pl of
2xYT medium (Amp/Tet/1 mM IPTG) were added and shaking was continued for 30
minutes. A further 100 pl of 2xYT medium (Amp/Tet) containing the helper phage
(1 x 10° cfu/well) was added and shaking was done at RT for 3 hrs. After addition of
kanamycin to select for successful helper phage infection, the shaking was
continued overnight. The plates were then centrifuged and the supernatants were
pipetted directly into ELISA wells coated with 100 pl FITC-BSA (100ug/ml) and
blocked with milk powder. Washing was performed similarly as during the panning
procedure and the bound phages were detected with anti-M13 antibody-
POD conjugate (Pharmacia) using soluble POD substrate (Boehringer-Mannheim).
Of the 24 clones screened against FITC-BSA, 22 were active in the ELISA (Fig. 13).
The initial libraries of similar titer gave rise to no detectable signal.

Specificity for fluorescein was measured in a competitive ELISA. Periplasmic
fractions of five FITC specific scFvs were prepared as described above. Western
blotting indicated that all clones expressed about the same amount of scFv fragment
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(data not shown). ELISA was performed as described atove, but additionally, the
periplasmic fractions were incubated 30 min at RT either with buffer (no inhibition),
with 10 mg/ml BSA (inhibition with BSA) or with 10 mg/ml fluorescein (inhibition
with fluorescein) before adding to the well. Binding scFv fragment was detected
using the anti-FLAG antibody M1. The ELISA signal could only be inhibited, when
soluble fluorescein was added, indicating binding of the scFvs was specific for
fluorescein (Fig. 14).

2.6 Sequence analysis

The heavy chain CDR3 region of 20 clones were sequenced in order to estimate the
sequence diversity of fluorescein binding antibodies in the library (Fig. 15). In total,
16 of 20 sequences (80%) were different, showing that the constructed library
contained a highly diverse repertoire of fluorescein binders. The CDR3s showed no
particular sequence homology, but contained on average 4 arginine residues. This
bias towards arginine in fluorescein binding antibodies had already been described
by Barbas et al., 1992.

2.7 Production

E. coli JM83 was transformed with phagemid DNA of 3 selected clones and
cultured in 0.5 L 2xYT medium. Induction was carried out with 1 mM PTG at
ODgponm = 0.4 and growth was continued with vigorous shaking at RT overnight.
The cells were harvested and peliets were suspended in PBS buffer and sonicated.
The supernatants were separated from the cell debris via centrifugation and purified
via the BiolLogic system (Bio-Rad) by with a POROS®MC 20 column (IMAC,
PerSeptive Biosystems, Inc.) coupled with an ion-exchange chromatography
column. The ion-exchange column was one of the POROS®HS, CM or HQ or Pl 20
(PerSeptive Biosystems, Inc.) depended on the theoretical pl of the scFv being
purified. The pH of all the buffers was adjusted to one unit lower or higher than the pl
of the scFv being purified throughout. The sample was loaded onto the first IMAC
column, washed with 7 column volumes of 20 mM sodium phosphate, 1 M NaCl and
10 mM imidazole. This washing was followed by 7 column volumes of 20 mM
sodium phosphate and 10 mM imidazole. Then 3 column volumes of an imidazole
gradient (10 to 250 mM) were applied and the eluent was connected directly to the
ion-exchanger. Nine column volumes of isocratic washing with 250 mM imidazole
was followed by 15 column volumes of 250 mM to 100 mM and 7 column volumes of
an imidazole /NaCl gradient (100 to 10 mM imidazole, 0 to 1 M NaCl). The flow rate
was 5 ml/min. The purity of scFv fragments was checked by SDS-PAGE Coomassie
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staining (Fig. 16). The concentration of the fragments was determined from thz
absorbance at 280 nm using the theoretically determined extinction coefficient (Gill
& von Hippel, 1989). The scFv fragments could be purified to homogeneity (see
Fig. 16). The yield of purified fragments ranged from 5 to 10 mg/L/OD.

Example 3: HUCAL H3k2 Library Against a Collection of Antigens

in order to test the library used in Example 2 further, a new selection procedure was
carried out using a variety of antigens comprising B-estradiol, testosterone, Lewis-Y
epitope (LeY), interleukin-2 (IL-2), lymphotoxin-B (LT-B), E-selectin ligand-1 (ESL-1),
and BSA.

3.1 Biopanning

The libfary and all procedures were identical to those described in Example 2. The
ELISA plates were coated with B-estradiol-BSA (100 pg/ml), testosterone-BSA (100
pg/mi), LeY-BSA (20 pg/ml) IL-2 (20 pg/ml), ESL-1 (20 pg/ml) and BSA (100 pg/ml),
LT-B (denatured protein, 20 pg/ml). In the first two rounds, bound phages were
eluted with 0.1 M ftriethylamine (TEA) at RT for 10 minutes. In the case of BSA,
elution after three rounds of panning was carried out with addition of BSA in a
concentration of 100 pyg/mi in PBS. In the case of the other antigens, third round
elution was done with 0.1 M triethylamine. In all cases except LeY, enrichment of
binding phages could be seen (Figure 17). Moreover, a repetition of the biopanning
experiment using only the 15-mer library resulted in the enrichment of LeY-binding
phages as well (data not shown).

3.2. ELISA measurements

Clones binding to B-estradiol, testosterone, LeY, LT-8, ESL-1 and BSA were further
analyzed and characterized as described in Example 2 for FITC. ELISA data for anti-
B-estradiol and anti-ESL-1 antibodies are shown in Fig. 18. In one experiment,
selectivity and cross-reactivity of binding scFv fragments were tested. For this
purpose, an ELISA plate was coated with FITC, testosterone, B-estradiol, BSA, and
ESL-1, with 5 wells for each antigen arranged in 5 rows, and 5 antibodies, one
against each of the antigens, were screened against each of the antigens. Fig. 19
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shows the specific binding of the antibodies to the antigen it was selected for, and
the low cross-reactivity with the other four antigens.

3.3 Sequence analysis

The sequencing data of several clones against B-estradiol (34 clones), testosterone
(12 clones), LT-B (23 clones), ESL-1 (34 clones), and BSA (10 clones) are given in
Figures 20 to 24.

Example 4: Vector Construction

To be able to take advantage of the modularity of the consensus gene repertoire, a
vector system had to be constructed which could be used in phage display
screening of HUCAL libraries and subsequent optimization procedures. Therefore,
all necessary vector elements such as origins of single-stranded or double-stranded
replication, promotor/operator, repressor or terminator elements, resistance genes,
potential recombination sites, gene lll for display on filamentous phages, signal
sequences, or detection tags had to be made compatible with the restriction site
pattern of the modular consensus genes. Figure 25 shows a schematic
representation of the pCAL vector system and the arrangement of vector modules
and restriction sites therein. Figure 25a shows a list of all restriction sites which are
already incorporated into the consensus genes or the vector elements as part of the
modular system or which are not yet present in the whole system. The latter could be
used in a later stage for the introduction of or within new modules.

4.1 Vector modules

A series of vector modules was constructed where the restriction sites flanking the
gene sub-elements of the HuCAL genes were removed, the vector modules
themselves being flanked by unique restriction sites. These modules were
constructed either by gene synthesis or by mutagenesis of templates. Mutagenesis
was done by add-on PCR, by site-directed mutagenesis (Kunkel et al., 1991) or
multisite oligonucleotide-mediated mutagenesis (Sutherland et al., 1995; Perlak,
1990) using a PCR-based assembly method.
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Figure 26 contains a list of the modules constructed. Instead of the termiinator
module M9 (Hindlll-lpp-Pacl), a larger cassette MOll was prepared to introduce Fsel
as additional restriction site. MSIl can be cloned via Hindlll/BsrGl.

All vector modules were characterized by restriction analysis and sequencing. In the
case of module M11-ll, sequencing of the module revealed a two-base difference in
positions 164/65 compared to the sequence database of the template. These two
différent bases (CA — GC) created an additional Banll site. Since the same two-
base difference occurs in the f1 origin of other bacteriophages, it can be assumed
that the two-base difference was present in the template and not created by
mutagenesis during cloning. This Banll site was removed by site-directed
mutagenesis, leading to module M11-1ll. The BssSlI site of module M14 could initially
not be removed without impact on the function of the ColE1 origin, therefore M14-
Ext2 was used for cloning of the first pCAL vector series. Figures 29 to 34 are
showing the functional maps and sequences of the modules used for assembly of
the modular vector pCAL4 (see below). The functional maps and sequences of
additional modules can be found in Figure 35a. Figure 35b contains a list of
oligonucleotides and primers used for the synthesis of the modules.

4.2 Cloning vector pMCS

To be able to assemble the individual vector modules, a cloning vector pMCS
containing a specific multi-cloning site (MCS) was constructed. First, an MCS
cassette (Fig. 27) was made by gene synthesis. This cassette contains all those
restriction sites in the order necessary for the sequential introduction of all vector
modules and can be cloned via the 5"-Hindlll site and a four base overhang at the
3'-end compatible with an Aatll site. The vector pMCS (Figure 28) was constructed
by digesting pUC19 with Aatll and Hindlll, isolating the 2174 base pair fragment
containing the bla gene and the ColE1 origin, and ligating the MCS cassette.

4.3 Cloning of modular vector pCAL4

This was cloned step by step by restriction digest of pMCS and subsequent ligation
of the modules M1 “(via Aatll/Xbal), M7IIl ('via EcoRI/Hindlll), and M9l (via
Hindlll/BsrGl), and M11-1l (via BsrGI/Nhel). Finally, the bla gene was replaced by the
cat gene module M17 (via Aatll/Bglll), and the wild type CoIE1 origin by module
M14-Ext2 (via Bglll/Nhel). Figure 35 is showing the functional map and the
sequence of pCAL4.
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4.4 Cloning of low-copy number plasmid vectors pCALO

A series of low-copy number plasmid vectors was constructed in a similar way using
the p15A module M12 instead of the ColE1 module M14-Ext2. Figure 35a is
showing the functional maps and sequences of the vectors pCALO1 to pCALOS.

Example 5: Construction of a HUCAL scFv Library
5.1. Cloning of all 49 HuCAL scFv fragments

All 49 combinations of the 7 HuCAL-VH and 7 HuCAL-VL consensus genes were
assembled as described for the HUCAL VH3-Vk2 scFv in Example 2 and inserted

into the vector pBS12, a modified version of the plisc series of antibody expression
vectors (Skerra et al., 1991).

5.2 Construction of a CDR cloning cassette

For replacement of CDRs, a universal B-lactamase cloning cassette was constructed
having a multi-cloning site at the 5'-end as well as at the 3'-end. The 5’-multi-cloning
site comprises all restrictionv sites adjacent to the 5'-end of the HUCAL VH and VL
CDRs, the 3'-multi-cloning site comprises all restriction sites adjacent to the 3’ end of
the HUCAL VH and VL CDRs. Both 5'- and 3'-multi-cloning site were prepared as
cassettes via add-on PCR using synthetic oligonucleotides as 5'- and 3'-primers
using wild type B-lactamase gene as template. Figure 36 shows the functional map
and the sequence of the cassette bla-MCS. '

5.3. Preparation of VL-CDR3 Iib‘rary cassettes

The VL-CDRS libraries comprising 7 random positions were generated from the
PCR fragments using oligonucleotide templates Vk1&Vk3, Vk2 and Vk4 and
primers O_K3L_5 and O_K3L_3 (Fig. 37) for the Vk genes, and V2. and primers
O_L3L_5 (5-GCAGAAGGCGAACGTCC-3") and O_L3LA_3 (Fig. 38) for the Vi

genes. Construction of the cassettes was performed as described in Example 2.3.
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5.4 Cloning of HUCAL scFv genes with VL-CDR3 libraries

Each of the 49 single-chains was subcloned into pCAL4 via Xbal/EcoRI and the VL-
CDR3 replaced by the B-lactamase cloning cassette via Bbsl/Mscl, which was then
reblaced by the corresponding VL-CDR3 library cassette synthesized as described
above. This CDR replacement is described in detail in Example 2.3 where the cat
gene was used.

5.5 Preparation of VH-CDR3 library cassette

The VH-CDRS libraries were designed and synthesized as described in Example
2.3.

5.6 Cloning of HuCAL scFv genes with VL- and VH-CDR3 libraries

Each of the 49 single-chain VL-CDRS3 libraries was digested with BssHII/Styl to
replace VH-CDR3. The "dummy" cassette digested with BssHII/Styl was inserted,
and was then replaced by a corresponding VH-CDR3 library cassette synthesized
as described above.

Example 6: Expression tests

Expression and toxicity studies Wer_e performed using the scFv format VH-linker-VL.
All 49 combinations of the 7 HuCAL-VH and 7 HuCAL-VL consensus genes
assembled as described in Example 5 were inserted into the vector pBS13, a
modified version of the pLisc series of antibody expression vectors (Skerra et al.,
1991). A map of this vector is shown in Fig. 39.

E. coli JM83 was transformed 49 times with each of the vectors and stored as
" glycero! stock. Between 4 and 6 clones were tested simultaneously, always
including the clone H3x2, which was used as internal control throughout. As
additional control, the McPC603 scFv fragment (Knappik & Pllickthun, 1995) in
pBS13 was expressed under identical conditions. Two days before the expression
test was performed, the clones were cultivated on LB plates containing 30 pg/ml
chloramphenicol and 60 mM glucose. Using this plates an 3 ml culture (LB medium
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containing 90 pg chloramphenicol and 60 mM giucnse} was inocuiaterd overnight
at 37 °C. Next day the overnight culture was used to inoculate 30 m! LB medium
containing chloramphenicol (30 pg/ml). The starting ODg,,,, Was adjusted to 0.2 and
a growth temperature of 30 °C was used. The physiology of the cells was monitored
by measuring every 30 minutes for 8 to 9 hours the optical density at 600 nm. After
the culture reached an ODy,,, of 0.5, antibody expression was induced by adding
IPTG to a final concentration of 1 mM. A 5 ml aliquot of the culture was removed
after 2 h of induction in order to analyze the antibody expression. The cells were
lysed and the soluble and insoluble fractions of the crude extract were separated as
described in Knappik & Plickthun, 1995. The fractions were assayed by reducing
SDS-PAGE with the samples normalized to identical optical densities. After blotting
and immunostaining using the a-FLAG antibody M1 as the first antibody (see Ge et

al., 1994) and an Fc-specific anti-mouse antiserum conjugated to alkaline
phosphatase as the second antibody, the lanes were scanned and the intensities of
the bands of the expected size (appr. 30 kDa) were quantified densitometrically and
tabulated relative to the control antibody (see Fig. 40).

Example 7: Op’timization of Fluorescein Binders
7.1. Construction of L-CDR3 and H-CDR2 library cassettes

A L-CDR3 Iibrary cassette was prepared from the oligonucleotide template CDR3L
(5-TGGAAGCTGAAGACGTGGGCGTGTATTATTGCCAGCAG(TR5)(TRI),CCG(TRI)-
TTTGGCCAGGGTACGAAAGTT-3') and primer 5-AACTTTCGTACCCTGGCC-3’ for
synthesis of the complementary strand, where (TRI) was a trinucleotide' mixture
representing all amino acids except Cys, (TR5) comprised a trinucleotide mixture
representing the 5 codons for Ala, Arg, His, Ser, and Tyr.

A H-CDR2 library cassette was prepared from the oligonucleotide template CDRsH
(5-AGGGTCTCGAGTGGGTGAGC(TRI)ATT(TRI),,(6),(TR)ACC(TRI) TATGCGGATA-
GCGTGAAAGGCCGTTTTACCATTTCACGTGATAATTCGAAAAACACCA-3'),  and
primer 5-TGGTGTTTTTCGAATTATCA-3' for synthesis of the complementary strand,
where (TRI) was a trinucleotide mixture representing all amino acids except Cys, (6)
comprised the incorporation of (A/G) (A/C/G) T, resulting in the formation of 6 codons
for Ala, Asn, Asp, Gly, Ser, and Thr, and the length distribution being obtained by
performing one substoichiometric coupling of the (TRI) mixture during synthesis,
omitting the capping step normally used in DNA synthesis.
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DNA synthesis was performed on a 40 nmole scale, oligos were aissnived in TE
buffer, purified via gel filtration using spin columns (S-200), and the DNA
concentration determined by OD measurement at 260 nm (OD 1.0 = 40 pg/ml).

10 nmole of the oligonucleotide templates and 12 nmole of the corresponding
primers were mixed and annealed at 80°C for 1 min, and slowly cooled down to
37°C within 20 to 30 min. The fill-in reaction was performed for 2 h at 37°C using
Klenow polymerase (2.0 ul) and 250 nmole of each dNTP. The excess of dNTPs
was removed by gel filtration using Nick-Spin columns (Pharmacia), and the double-
stranded DNA digested with Bbsl/Msc! (L-CDR3), or Xhol/Sful (H-CDR2) over night
at 37°C. The cassettes were purified via Nick-Spin columns (Pharmacia), the
concentration determined by OD measurement, and the cassettes aliquoted (15
pmole) for being stored at -80°C.

7.2 Library cloning:

DNA was prepared from the collection of FITC binding clones obtained in Example 2
(approx. 10*to clones). The collection of scFv fragments was isolated via Xbal/EcoRlI
digest. The vector pCAL4 (100 fmole, 10 pg) described in Example 4.3 was similarly
digested with Xbal/EcoRl, gel-purified and ligated with 300 fmole of the scFv
fragment collection over night at 16°C. The ligation mixture was isopropanol
precipitated, air-dried, and the pellets were redissolved in 100 pl of dd H,O. The
ligation mixture was mixed with 1 ml of freshly prepared electrocompetent SCS 101
cells (for optimization of L-CDR3), or XL1 Blue cells (for optimization of H-CDR2) on
ice. One round of electroporation was performed and the transformants were eluted
in SOC medium, shaken at 37°C for 30 minutes, and an aliquot plated out on LB
plates (Amp/Tet/Glucose) at 37°C for 6-9 hrs. The number of transformants was 5 x
10*.

Vector DNA (100 pg) was isolated and digested (sequence and restriction map of
scH3k2 see Figure 8) with Bbsl/Mscl for optimization of L-CDR3, or Xhol/NspV for
optimization of H-CDR2. 10 pg of purified vector fragments (5 pmole) were ligated
with 15 pmole of the L-CDR3 or H-CDR2 library cassettes over night at 16°C. The
ligation mixtures were isopropanol precipitated, air-dried, and the pellets were
redissolved in 100 pl of dd H,O. The ligation mixtures were mixed with 1 mi of freshly
prepared electrocompetent XL1 Blue cells on ice. Electroporation was performed
and the transformants were eluted in SOC medium and shaken at 37°C for 30
minutes. An aliquot was plated out on LB platés (Amp/Tet/Glucose) at 37°C for 6-9
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hrs. The number of transformants (library size) was greater than 10° tor both
libraries. The libraries were stored as glycerol cultures.

7.3. Biopanning

This was performed as described for the initial H3x2 H-CDR3 library in Example 2.1.
Optimized scFvs binding to FITC could be characterized and analyzed as described
in Example 2.2 and 2.3, and further rounds of optimization could be made if
necessary.
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Table 1A: Human kappa germline gene segments

Used Name'

Vk1-1
Vk1-2
Vk1-3
Vk1-4
Vk1-5
Vk1-6
Vk1-7
Vk1-8
Vk1-9
Vk1-10
Vk1-11
Vk1-12
Vk1-13
Vki-14
Vk1-15
Vk1-16
Vk1-17
Vki1-18
Vk1-19
Vk1-20
Vk1-21
Vk1-22
Vk1-23
Vk2-1
Vk2-2
Vk2-3
Vk2-4
Vk2-5
Vk2-6
Vk2-7
Vk2-8
Vk2-9

Reference?

N N = N O

N Oy oY —

B O -

Family’

—

RN RN NN NN N NN

Germline genes*

08; 018; DPK1

L14; DPK2

L15(1); HK101; HK146; HK189
L1t

A30

LFVKS

LFVK431

L1; HK137

A20; DPK4

L18; Va"

L4; L18; Va'; V4a

L5; L19(1); Vb; Vb4; DPKS; L19(2); Vb"; DPK6
L15(2); HK134; HK166; DPK7
L8; Vd; DPK8

L9; Ve

L12(1); HK102; V1
L12(2)

012a (V3b)

02; 012; DPK9

L24; Ve"; V13; DPK10
04; 014

L22

L23

A2; DPK12
01;011(1); DPK13
012(2); V3a

L13

DPK14

A3; A19; DPK15
A29; DPK27

A13

A23
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Table 1A: {continued)

Used Name' Reference? Family’ Germline genes*

Vk2-10 4 2 A7;DPK17
Vk2-11 4 2 A17;DPK18
Vk2-12 4 2 A1;DPK19
Vk3-1 11 3 A11; humkv305; DPK20
Vk3-2 1 3 L20;Vg"
Vk3-3 y) 3 L2; L16; humkv328; humkv328h2; humkv328h5; DPK21
Vk3-4 11 © 3 A27; humkv325; VKRF; DPK22
Vk3-5 2 3 L25; DPK23
Vk3-6 2 3 Lo()
Vk3-7 7 3 L10(2)
Vk3-8 7 3 L6iVg
Vk4-1 3 4 B3; VkIV; DPK24
VK5-1 10 5  BZEVIS
Vk6-1 12 6 A14; DPK25
Vk6-2 12 6 A10; A26; DPK26
Vk7-1 5 7 B
“7
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Table 1B: Human lambda germline gene segments

Used Name!'

DPL1
DPL2
DPL3
DPL4
HUMLV117
DPL5
DPL6
DPL7
DPLS
DPLY
DPL10
VLAMBDA 2.1
DPL11
DPL12
DPL13
DPL14
DPL16
DPL23
Humlv318
DPL18
DPL19
DPL21
HUMLVS01
DPL22
DPL24
gVLX-4.4

Reference?
1 1
1 1
1 1
1 1
2 1
1 1
1 1
1 1
1 1
1 1
1 2
3 2
1 2
1 2
1 2
1 2
1 3
1 3
4 3
1 7
= 7
1 8
5 8
1 9

Family?

Germline genes*

HUMLV1L1
HUMLV122
VLAMBDA 1.1
HUMLV117D
IGLV152

HUMLV1042
HUMLV101

Humlv418; IGLV3S1
VLT

4A: HUMIGLVA

VL8.1

1 unassigned VLAMBDA N.2

6 10

4 &
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Table 1C: Human heavy chain germline gene segments

Used Name'

VH1-12-1
VH1-12-8
VH1-12-2
VH1-12-9
VH1-12-3
VH1-12-4
VH1-12-5
VH1-12-6
VH1-12-7
VH1-13-1
VH1-13-2
VH1-13-3
VH1-13-4
VH1-13-5
VH1-13-6
VH1-13-7
VH1-13-8
VH1-13-9
VH1-13-10
VH1-13-11
VH1-13-12
VH1-13-13
VH1-13-14
VH1-13-15
VH1-13-16
VH1-13-17
VH1-13-18
VH1-13-19
VH1-1X-1
VH2-21-1
VH2-31-1
VH2-31-2
VH2-31-3
VH2-31-4
VH2-31-5
VH2-31-6

Reference?

19
22

Family> Germline genes*

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2

DP10; DA-2; DA-6
RRVH1:2

hv1263

YAC-7; RRVH1.1; 1-69
DP3

DP21; 4d2753a; VH7a
1-4.1b; V1-4.1b

1D37; VH7b ; 7-81; YAC-10
DP14; VH1GRR; V1-18
71-5; DP2

E3-10

DP1

V35

V1-2b

[-2; DP75

Vi-2

DP8

1-1

DP12

V13C

I-3b; DP25; V1-3b
1-92

1-3; V1-3

DP15;V1-8

21-2; 3-1; DP7;V1-46
HG3

DP4; 7-2;V1-45

COS 5

DP5; 1-24P

I1-5b

VH2512-1

VH2512-7

VH2512-9; DP27
VH2512-10

V2-26; DP26; 2-26
VF2-26 '

4
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Table 1C: (continued)

Used Name'

VH2-31-7
VH2-31-14
VH2-31-8
VH2-31-9
VH2-31-10
VH2-31-11-
VH2-31-12
VH2-31-13
VH3-11-1
VH3-11-2
VH3-11-3
VH3-11-4
VH3-11-5
VH3-11-6
VH3-11-7
VH3-11-8
VH3-13-1
VH3-13-5
VH3-13-6
VH3-13-7
VH3-13-8
VH3-13-9
VH3-13-10
VH3-13-11
VH3-13-12
VH3-13-13
VH3-13-14
VH3-13-15
VH3-13-16
VH3-13-17
VH3-13-18
VH3-13-19
VH3-13-20
VH3-13-21
VH3-13-22
VH3-13-23

Reference?

19

18

19

19
14
19

14

19
25
19
24

19

19

24
27

16
19
19

14
14
14

Family?

W W W W W W W W W W WwWw W w W W W W W W W W WwWwWwwwhh NN NDNDND NN

PCT/EP96/03647

Germline genes*

DP28; DA-7

YAC-3; 2-70

VH2512-5

VH2512-12

11-5; V2-5

VH2512-2; VH2512-8
VH2512-4; VH2512-6
VH2512-14

v65-2; DP44

DP45

13-2; DP48

DP52

v3-13

DP42

8-1B; YAC-5; 3-66
V3-53

22-28; DP35; V3-11
DP59; VH19; V3-35
f1-p1; DP61

DP46; GL-5J2; COS 8: hv3005; hv3005f3: 3d21b; 56p1
VH26

vh26¢

DP47:VH26; 3-23

1-91

DP58

1-91il; DP49; 3-30; 3d28.1
3019B9; DP50; 3-33; 3d277
C0S 3

DP51

H11

DP53: COS 6; 3-74; DA-8
DP54; VH3-11:V3-7
V3-64; YAC-6

V3-48

V3-43: DP33

V3-33

50
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Table 1C: (continued)

Used Name' Reference? Family’ Germline genes*

VH3-13-24
VH3-13-25
VH3-13-26
VH3-14-1
VH3-14-4
VH3-14-2°
VH3-14-3
VH3-1X-1
VH3-1X-2
VH3-1X-3

VH3-1X-4
VH3-1X-5
VH3-1X-6
VH3-1X-7
VH3-1X-8
VH3-1X-9
VH4-11-1
VH4-11-2
VH4-11-3
VH4-11-4
VH4-11-5
VH4-11-6
VH4-11-7
VH4-11-8
VH4-11-9
VH4-11-10
VH4-11-11
VH4-11-12
VH4-11-13
VH4-11-14
VH4-11-15
VH4-11-16
VH4-21-1
VH4-21-2
VH4-21-3

14
14
14

18

14
22
17
23
23
23
23
18
17
20
20
20
17
23
17
1
10
1
17
17

W W W W W wWwww w w

DB DS BB DDA A DDA DA DDA DS P DD WWLWWW W W

V3-21; DP77

V3-20; DP32

V3-9; DP31

12-2; DP29; 3-72; DA-3
YAC-9; 3-73; MTGL
VHD26

DP30

PCT/EP96/03647

LSG8.1; LSG9.1; LSG10.1; HUM12IGVH; HUM131GVH

LSG11.1; HUM4IGVH

9-1; DP38; LSG7.1; RCG1.1; LSG1.1; LSG3.1; LSGS.1;

HUM15IGVH; HUM2IGVH; HUM9IGVH

LSG4.1
LSG2.1

LSG6.1; HUM10IGVH
3-15;V3-15
£5G12.1; HUM5IGVH
V3-49

Tou-VH4.21

VH4.21; DP63; VH5; 4d76; V4-34
444
4443
436
437
V-4, 4.35;V4-4
VH4.11; 3d197d; DP71; 58p2
H7
H8
H9
VH4.16
4.38
VH4.15
58
71-4;V4-59
1 ‘
VH4.17; VH4.23; 4d255; 4.40; DP69
VH4.19; 79; V4-4b
St
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Table 1C: (continued)

Used Name'

VH4-21-4
VH4-21-5
VH4-21-6
VH4-21-7
VH4-21-8
VH4-21-9 -
VH4-31-1
VH4-31-2
VH4-31-3
VH4-31-4
VH4-31-5
VH4-31-6
VH4-31-7
VH4-31-8
VH4-31-9
VH4-31-10
VH4-31-11
VH4-31-12
VH4-31-13
VH4-31-14
VH4-31-15
VH4-31-16
VH4-31-17
VH4-31-18
VH4-31-19
VH4-31-20
VH5-12-1

VH5-12-2
VH5-12-3
VH5-12-4
VH6-35-1

Reference?

19
19
17
17
26
17
23
23
19
19
23
20
20
23
23
20
20
20
17
8
11
23
17
10
23

Family?

.m-h-b-b-b-b-bb-bAhbbbbbbbhbbb&bbhb

[op &2 NS AN &5

PCT/EP96/03647

Germline genes*

DP70; 4d68; 4.41

DP67; VH4-4B

VH4.22; VHSP; VH-JA

VH4.13; 1-911; 12G-1; 3d28d; 4.42; DP68; 4-28
hv4005; 3d24d '
VH4.14

4.34; 3d230d; DP78

4342

DP64; 3d216d

DP65; 4-31; 3d277d

4.33; 3d75d

H10

~HN

4.31

432
3d277d
3d216d
3d279d
VH4.18; 4d154; DP79
V4-39

2-1, DP79
4.30
VH4.12
71-2; DP66
4.39

V4-61

VH251; DP73; VHVCW; 51-R1; VHVLB; VHVCH; VHVTT;
VHVAU; VHVBLK; VhAU; V5-51

VHVIB
1-v; DP80; 5-78
VH32; VHVRG; VHVMW: 5-2R1

VHVI; VH6; VHVIIS; VHVITE; VHVIB; VHVICH; VHVICW;
VHVIBLK; VHVIMW; DP74; 6-1G1; V6-1

S5a.
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Table 2A: rearranged human kappa sequences
Name' aa’ Computed Germline Diff.to O diff. to Reference’
family? gene* germiine® germline®
M-3R 108 1 08 1 1,1% 70
No.86 109 1 08 3 3,2% 80
AU 108 1 08 6 6,3% 103
ROY 108 1 08 6 6,3% 43
IC4 108 1 08 6 6,3% 70
HIV-B26 - 106 1 08 3 3.2% 8
GRI 108 1 08 8 8,4% 30
AG 106 1 08 8 8,6% 116
REI 108 1 08 9 9,5% 86
CLL PATIENT 16 88 1 08 2 2,3% 122
CLL PATIENT 14 87 1 08 2 2,3% 122
CLL PATIENT 15 88 1 08 2 --2,3% 122
GM4672 108 1 08 1 11,6% 24
HUM. YFC51.1 108 1 08 12 12,6% 110
LAY 108 1 08 12 12,6% 48
HIV-b13 106 1 08 9 9,7% 8
MAL-NaCl 108 1 08 13 13,7% 102
STRAD SA-1A 108 1 02 0 0,0% 120
HuVHCAMP 108 1 08 13 13,7% 100
CRO 108 1 02 10 10,5% 30
Am107 108 1 02 12 12,6% 108
WALKER 107 1 02 4 4,2% 57
11-2R 109 1 A20 0 0,0% 70
FOG1-A4 107 1 A20 4 4,2% 41
HK137 95 1 L1 0 0,0% 10
CEA4-8A 107 1 02 7 7,4% 41
Va' 95 1 L4 0 0,0% 90
TR1.21 108 1 02 4 4,200 92
HAU 108 1 02 6 6,3% 123
HK102 85 1 L12(1) 0 0,0% 9
H20C3K 108 1 L12(2) 3 3.2% 125
CHEB 108 1 02 7 7.4% 5
HK134 95 1 L15(2) 0 0.0% 10
TEL9 108 1 02 9 9,5% 73
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Table 2A: (continued)
Name' aa’ Computed Germline Diff.to % diff. to Reference’
Family? gene* germline® germline®
TR1.32 103 1 02 3 3.2% 92
RF-KES1 97 1 A20 4 4,2% 121
WES 108 1 LS 10 10,5% 61
DiLp1 95 1 04 1 1,1% 70
SA-4B 107 1 L12(2) 8 8,4% 120
HK101 95 1 L15(1) 0 0,0% 9
TR1.23 108 1 02 5 5.3% 92
HF2-1/17 108 1 A30 0 0,0% 4
2E7 108 1 A30 1 1.1% 62
33.C9 107 1 L12(2) 7 7.4% 126
3D6 105 1 L12(2) 2 2,1% 34
I-2a 108 1 L8 8 8,4% - 70
RF-KL1 97 1 L8 4 4,2% 121
TNF-E7 108 1 A30 9 9,5% 41
TR1.22 108 1 02 7 7,4% 92
HIV-B35 106 1 02 2 2,2% 8
HIV-b22 106 1 02 2 2,2% 8
HIV-b27 106 1 02 2 2,20% 8
HIV-B8 107 i 02 10 10,8% 8
HIV-b8 107 1 02 10 10,8% 8
RF-SJ5 95 1 A30 5 5,3% 113
GAL(l) 108 1 A30 6 6,3% 64
R3.5H5G 108 1 02 6 6.3% 70
HIV-b14 106 1 A20 2 2,2% 8
TNF-E1 105 1 L5 8 8,4% 41
WEA 108 1 A30 8 8.4% 37
U 108 1 L12(2) 5 5,3% 40
FOG1-G8 108 1 L8 11 11,6% 41
1X7RG1 108 1 L1 8 8,4% 70
BLI 108 1 L8 3 3,2% 72
KUE 108 1 L12(2) 11 11,6% 32
LUNmO1 108 1 L12(2) 10 10,5% 6
HIV-b1 106 1 A20 4 - 4,3% 8
HIV-s4 103 1 02 2 2,2% 8
54~
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Table 2A: (continued)

Name' aa’ Computed Germline  Diff.to O diff. to Reference’
family? genc* germline® germline®
CAR 107 1 L12(2) 1 11,7% 79
BR. 107 1 L12(2) 1 11,6% 50
CLL PATIENT 10 88 1 02 0 0,0% 122
CLL PATIENT 12 88 1 02 0 0,0% 122
KING 108 1 L12(2) 12 12,6% 30
V13 ' 95 1 L24 0 0,0% 46
CLL PATIENT 11 87 1 02 0 0,0% 122
CLL PATIENT 13 87 1 02 0 0,0% 122
CLL PATIENT 9 88 1 012 1 1,1% 122
HIV-B2 106 1 A20 9 9,7% 8
HIV-b2 106 1 A20 9 9,7% 8
CLL PATIENT 5 88 1 A20 1 1,1% ©T 122
CLL PATIENT 1 88 1 L8 2 2,3% 122
CLL PATIENT 2 88 1 L8 0 0,0% 122
CLL PATIENT 7 88 1 L5 0 0,0% 122
CLL PATIENT 8 88 1 L5 0 0,0% 122
HIV-b5 105 1 L5 1" 12,0% 8
CLL PATIENT 3 87 1 L8 1 1,1% 122
CLL PATIENT 4 88 1 L9 0 0,0% 122
CLL PATIENT 18 85 1 L9 6 7,10 122
CLL PATIENT 17 86 1 L12{2) 7 8,1% 122
HIV-b20 107 3 A27 11 11,7% 8
2C12 108 1 L12(2) 20 C21,1% 68
1B11 108 1 L12(2) 20 21,1% 68
1H1 108 1 L12(2) 21 22,10% 68
2A12 108 1 L12(2) 21 221% 68
CUR 109 3 A27 0 0,0% 66
GLO 109 3 A27 0 0,0% 16
RF-TSt 96 3 A27 0 0.0% 121
GAR' 109 3 A27 0 0,0% 67
FLO 109 3 A27 0 0.0% 66
PIE 109 3 A27 0 0,0% 91
HAH 14.1 109 3 A27 1 1,0% 51
HAH 14.2 109 3 A27 1 1,0% 51
3s
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Table 2A: (continued)

Name' aa’ Computed Germline Diff.to % diff. to Reference’
Family® gene’ germline® germline®

HAH 16.1 109 3 A27 1 1,0% 51
NOV 109 3 A27 1 1,0% 52
33.F12 108 3 A27 1 1,0% 126
8E10 110 3 A27 1 1,0% 25
TH3 109 3 A27 1 1,0% 25
HIC (R) , 108 3 A27 0 0,0% 51
SON 110 3 A27 1 1,0% 67
PAY 109 3 A27 1 1,0% 66
GOT 109 3 A27 1 1,0% 67
mAbA6H4C5 109 3 A27 1 1,0% 12
BOR' 109 3 A27 2 2,1% 84
RF-SJ3 96 3 A27 2 ~ .. 2,1% 121
SIE ' 109 3 A27 2 2,1% 15
ESC 109 3 A27 2 2,10% 98
HEW' 110 3 A27 2 2,1% 98
YES8c 109 3 A27 3 3,1% 33
Tl 109 3 A27 3 3,1% 114
mAb113 109 3 A27 3 3.1% 71
HEW 107 3 A27 0 0,0% 94
BRO 106 3 A27 0 0,0% 94
ROB 106 3 A27 0 0,0% 94
NG9 96 3 A27 4 -~ 4,2% 11
NEU 109 3 A27 4 4,2% 66
WOL 109 3 A27 4 4,2% 2
35G6 109 3 A27 4 4,2% 59
RF-SJ4 109 3 A1l 0 0,0% 88
KAS 109 3 A27 4 4,2% 84
BRA 106 3 A27 1 1,1% 94
HAH 106 3 A27 1 1,1% 94
HIC 105 3 A27 0 0.0% 94
FS-2 109 3 A27 6 6,3% 87
JH 107 3 A27 6 6,3% 38
EV1-15 109 3 A27 6 6,3% 83
SCA 108 3 A27 6 6,3% 65

X
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Table 2A: (continued)

Name' aa’ Computed Germline Diff.to % diff. to Reference’
Family? gene? germline®* germline®
mAb112 109 3 A27 6 6,3% 71
SIC 103 3 A27 3 3,3% 94
SA-4A 109 3 A27 6 6,3% 120
SER 108 3 A27 6 6,3% 98
Gor 109 3 A27 7 7.3% 82
B5G10K 105 3 A27 9 9,7% 125
HG2B10K 110 3 A27 -9 9,4% 125
Taykv322 105 3 A27 5 5,4% 52
CLL PATIENT 24 89 3 A27 1 1,1% 122
HIV-b24 107 3 A27 7 7,4% 8
HIV-b6 107 3 A27 7 7,4% 8
Taykv310 99 3 A27 1 1,1% 52
KA3D1 108 3 L6 0 0.0% 85
19.87 107 3 L6 0 0.0% 126
rsvelL 109 3 A27 12 12,5% 7
Taykv320 98 3 A27 1 1,20 52
Vh 96 3 L10(2) 0 0,0% 89
LS8 108 3 L6 1 1.1% 109
LS1 108 3 L6 1 1,1% 109
[S2S3-3 107 3 L6 2 2.1% 99
LS2 - 108 3 L6 1. 1,1% 109
LS7 108 3 L6 1 1,1% 109
LS253-4d 107 3 L6 2 2.1% 99
1S253-4a 107 3 L6 2 2,1% 99
LS4 108 3 L6 1 1,10% 109
LS6 108 3 L6 1 1,1% 109
£5253-10a 107 3 L6 2 2,1% 99
15253-8¢ 107 3 L6 2 2,10 99
LS5 108 3 L6 1 1,1% 109
LS2S3-5 107 3 L6 3 3.2% 99
LUNmO3 109 3 A27 13 13,5% 6
IARC/BL41 108 3 A27 13 13,7% 55
slkv22 99 3 A27 3 3,5% 13
POP 108 3 L6 4 4,2% 1
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Table 2A: (continued)

Name' aa’ Computed Germline Diff.to % diff. to Reference’
family® gene* germline® germline®
LS253-10b 107 3 L6 3 3,2% 99
LS253-8f 107 3 L6 3 3,2% 99
1S253-12 107 3 L6 3 3,20 99
HIV-B30 107 3 A27 1" 11,7% 8
HIV-B20 107 3 A27 1 11,7% 8
HIV-b3 : 108 3 A27 1 11,7% 8
HIV-s6 104 3 A27 9 9,9% 8
YSE 107 3 L2tis 1 1.1% 72
POM 109 3 L2/L16 9 9,4% 53
Humkv328 95 3 L2/L16 1 1,1% 19
CLL 109 3 L2/t16 3 3,2% 47
LES 96 3 L2/L16 3 3.2% 38
HIV-s5 104 3 A27 11 12,1% 8
HIV-s7 104 3 A27 11 12,1% 8
slkv1 99 3 A27 7 8,100 13
Humka31tes 95 3 L2/L16 4 4,20 18
slkv12 101 3 A27 8 9,2% 13
RF-TS2 95 3 L2/L16 3 3.2% 121
-1 109 3 L2/L16 4 4,2% 70
HIV-s3 105 3 A27 13 14,3% 8
RF-TMC1 96 3 L6 10 10,5% 121
GER 109 3 L2/L16 7 7.4% 75
GFa/1.1 109 3 L2/L16 8 . 8,4% 36
mAb114 109 3 L2/L16 6 6,3% 71
HIV-loop13 109 3 L2/L16 7 7.4% 8
bkv16 86 3 L6 1 1.2% 13
CLL PATIENT 29 86 3 L6 1 1,2% 122
slkv9 98 3 L6 3 3,5% 13
bkv17 99 3 L6 1 1,2% 13
slkkv14 99 3 L6 1 1,20% 13
slkvi6 101 3 L6 2 2,3% 13
bkv33 101 3 L6 4 4,7% 13
slkv15s 99 3 L6 2 2.3% 13
bkv6 100 3 L6 3 3,5% 13
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Table 2A: {continued)

Name' aa’ Computed Germline Diff.to % diff.to Reference’
Family? gene* germline® germline®

R6B8K 108 3 L2/L16 12 12,6% 125
AL '_700 107 3 L2/L16 9 9,5% 117
slkv11 100 3 L2/L16 3 3.5% 13
slkv4 97 3 L6 4 4.8% 13
CLL PATIENT 26 87 3 L2/L16 1 1,1% 122
ALSe124 103 3 L2/L16 9 9,5% 117
slkv13 100 3 L2/L16 6 7,0% 13
bkv7 100 3 L2/Li6 5 5,8% 13
bkv22 100 3 L2/L16 6 7.0% 13
CLL PATIENT 27 84 3 L2/L16 0 0,0% 122
bkv35 100 3 L6 8 9,3% 13
CLL PATIENT 25 87 3 L2/L16 4 4.6% 122
slkvd 86 3 L2/L16 7 8,1% 13
slkv7 99 1 02 7 8,1% 13
HuFd79 AR 3 L2/L16 24 24,2% 21
RAD 99 3 A27 9 10,3% 78
CLL PATIENT 28 83 3 L2/L16 4 4,8% 122
REE 104 3 L2/L16 25 27,2% 95
FR4 99 3 A27 8 9,2% 77
MD3.3 92 3 L6 1 1,3% 54
MD3.1 92 3 L6 0 0,0% 54
GA3.6 92 3 L6 2 2,6% 54
M3.5N 92 3 L6 3 3,8% 54
WEI' 82 3 A27 0 0,0% 65
MD3.4 92 3 L2/L16 1 1,3% 54
MD3.2 9 3 L6 3 3.8% 54
VER 97 3 A27 19 22,4% 20
CLL PATIENT 30 78 3 L6 -3 3.8% 122
M3.1N 92 3 L2/L16 1 1,3% 54
MD3.6 91 3 L2/L16 0 0,0% 54
MD3.8 91 3 L2/L16 0 0,0% 54
GA3.4 92 3 L6 7 9,0% 54
M3.6N 92 3 A27 0 0,0% 54
MD3.10 92 3 A27 0 0.0% 54
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Table 2A: (continued)

Name' aa’ Computed Germline Diff.to % diff. to Reference’
family? gene® germiine® germline®
MD3.13 91 3 A27 0 0,0% 54
MD3.7 93 3 A27 0 0,0% 54
MD3.9 93 3 A27 0 0,0% 54
GA3.1 93 3 A27 6 7,6% 54
bkv32 101 3 A27 5 5.7% 13
GA3.5 , 93 3 A27 5 6,3% 54
GA3.7 92 3 A27 7 8,9% 54
MD3.12 92 3 A27 2 2,5% 54
M3.2N 90 3 L6 6 7,8% 54
MD3.5 92 3 A27 1 1,3% 54
M3.4N 91 3 L2/L16 8 10,3% 54
M3.8N 91 3 L2/L16 7 9,0% 54
M3.7N 92 3 A27 3 3,8% 54
GA3.2 92 3 A27 9 11,4% 54
GA3.8 93 3 A27 4 5,1% 54
GA3.3 92 3 A27 8 10,1% 54
M3.3N 92 3 A27 5 6,3% 54
B6 83 3 A27 8 11,3% 78
E29.1 KAPPA 78 3 L2/L16 0 0,0% 22
SCW 108 1 08 12 12,6% 31
REl-based CAMPATH-9 107 1 08 14 14,7% 39
RZ 107 1 08 14 14,7% 50
Bl 108 1 08 14 14,7% 14
AND 107 1 02 13 13,7% . 69
2A4 109 1 02 12 12,6% 23
KA 108 1 08 19 20,0% 107
MEV 109 1 02 14 14,7% 29
DEE 106 1 02 13 14,00% 76
ou(0Q) 108 1 02 18 18,9% 60
HuRSV19VK AR 1 08 21 21,0% 115
SP2 108 1 02 17 17,9% 93
BJ26 99 1. 08 21 24,1% 1
NI 112 1 08 24 24,2% 106
BMA 0310EUCIV2 106 1 L12(1) 21 22,3% 105
&)
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Table 2A: (continued)

Name' aa’ Computed Germline  Diff.to O diff. to Reference’
Family? gene* germline® germline®
CLL PATIENT 6 71 1 A20 0 0,0% 122
BJ19 85 1 08 16 21,9% 1
GM 607 13 2 A3 0 0,0% 58
R5A3K - 114 2 A3 1 1,0% 125
R1C8K 114 2 A3 1 1,0% 125
VK2.R149 . 113 2 A3 2 2,0% 118
TR1.6 109 2 A3 4 4,0% 92
TR1.37 104 2 A3 5 5,0% 92
FS-1 113 2 A3 6 6,0% 87
TR1.8 110 2 A3 6 6,0% 92
NIM 113 2 A3 8 8,0% 28
Inc 112 2 A3 11 11,0% 35
TEwW 107 2 A3 6 6,4% 96
Cum 114 2 01 7 6,9% 44
HRF1 /A 2 A3 4 5,6% 124
CLL PATIENT 19 87 2 A3 0 0,0% 122
CLL PATIENT 20 87 2 A3 0 0,0% 122
MIL 112 2 A3 16 16,2% 26
FR 113 2 A3 20 20,0% 101
MAL-Urine 83 1 02 6 8,6% 102
Taykv306 73 3 A27 1 1,6% 52
Taykv312 75 3 A27 1 1,6% 52
HIV-b29 93 3 A27 14 17,5% 8
1-185-37 110 3 A27 0 0,0% 19
1-187-29 110 3 A27 0 0,0% 119
M7 110 3 A27 9 9,4% 63
HIV-loop8 108 3 A27 16 16,8% 8
rsv23L 108 3 A27 16 16,80% 7
HIV-b7 107 3 A27 14 14,9% 8
HIV-b11 107 3 A27 15 16,0% 8
HIV-LC1 107 3 A27 19 20,2% 8
HIV-LC7 107 3 A27 20 21,3% 8
HIV-1C22 107 3 A27 21 22,3% 8
HIV-LC13 107 3 A27 21 22,3% 8
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Table 2A: (continued)

2

Name' aa’ Computed Germline Diff.to % diff. to Reference’
family’ gene* germline® germline®
HIV-LC3 107 3 A27 21 22,3% 8
HIVTLCS 107 3 A27 21 22,3% 8
HIV-1C28 107 3 A27 21 22,3% 8
 HIV-b4 107 3 A27 22 23,4% 8
CLL PATIENT 31 87 3 A27 15 17,200 122
HIV-loop2 - 108 3 L2/L16 17 17,9% 8
HIV-loop35 108 3 L2/L16 17 17,9% 8
HIV-LC11 107 3 A27 23 24,5% 8
HIV-LC24 107 3 A27 23 24,5% 8
HIV-b12 107 3 A27 24 25,5% 8
HIV-LC25 107 3 A27 24 25,5% 8
HIV-b21 107 3 A27 24 25,5% 8
HIV-LC26 107 3 A27 26 27,7% 8
G3D10K 108 1 L12(2) 12 12,6% 125
11125 108 1 L5 8 8,4% 63
HIV-s2 103 3 A27 28 31,1% 8
265-695 108 1 L5 7 7.4% 3
2-115-19 108 1 A30 2 2,1% 119
rsvi3L 107 1 02 20 21,1% 7
HIV-b18 106 1 02 14 15,1% 8
RF-KLS 98 3 L6 36 36,7% 97
IM1-1 113 2 A17 7 7,0% 3
HIV-s8 103 1 08 16 17.8% 8
K- EV15 95 5 B2 0 0,0% 112
RE-TS3 100 2 A23 0 0,0% 121
HF-21/28 111 2 A7 1 1,0% 17
RPMI6410 113 2 A7 1 1,0% 42
JC1 113 2 A17 1 1,0% 49
0-81 114 2 A17 5 5,0% 45
FK-001 113 4 B3 0 0.0% 81
CD5+.28 101 4 B3 1 1,0% 27
LEN 114 4 B3 1 1,0% 104
uc 114 4 B3 1 1,0% - m
CD5+.5 101 4 B3 1 1,0% 27
=
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Table 2A: (continued)
Name' aa’ Computed Germline Diff.to % diff. to Reference’
family® gene* germline® germline®
CD5+.26 101 4 B3 1 1,0% 27
CD5+.12 101 4 B3 2 2,0% 27
CD5+.23 101 4 B3 2 2,0% 27
CD5+.7 101 4 B3 2 2,0% 27
Vi 113 4 B3 3 3,0% 56
LOC : 113 4 B3 3 3,0% 72
MAL 113 4 B3 3 3,0% 72
CD5+.6 101 4 B3 3 3,0% 27
H2F 113 4 B3 3 3,0% 70
PB17IV 114 4 B3 4 4,00 74
CD5+.27 101 4 B3 4 4,0% 27
CD5+.9 101 4 B3 4 4,000 27
CD5-.28 101 4 B3 5 5,0% 27
CD5-.26 101 4 B3 6 5,9% 27
(CD5+.24 101 4 B3 6 5,9% 27
CD5+.10 101 4 B3 6 5,9% 27
CD5-.19 101 4 B3 6 5,9% 27
CD5-.18 101 4 B3 7 6,9% 27
CD5-.16 101 4 B3 8 7.9% 27
CD5-.24 101 4 B3 8 7.9% 27
CD5-.17 101 4 B3 10 9,9% 27
MD4.1 92 4 B3 0 0,0% 54
MD4.4 92 4 B3 0 0,0% 54
MD4.5 92 4 B3 0 0,0% 54
MD4.6 92 4 B3 0 0,0% 54
MD4.7 92 4 B3 0 0,0% 54
MD4.2 92 4 B3 1 1,3% 54
MD4.3 92 4 B3 5 6,3% 54
CLL PATIENT 22 87 2 A17 2 2,3% 122
CLL PATIENT 23 84 2 A17 2 2,4% 122
£a
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Table 2B: rearranged human lambda sequences
Name' aa’ Computed Germline  Diff.to % diff. to Reference’
Family? gene* germline® germline®
WAH 110 1 DPL3 7 - 7% 68
1B9/F2 112 1 DPL3 7 7% 9
DIA 112 1 DPL2 7 7% 36
mAb67 89 1 DPL3 0 0% 29
HiH2 110 1 DPL3 12 11% 3
NIG-77 112 1 DPL2 9 9% 72
OKA 112 1 DPL2 7 7% 84
KoL 112 1 DPL2 12 11% 40
12:C5 111 1 DPL5 0 0% 6
12:C14 110 ] DPL5 0 0%
PR-TS1 110 1 DPL5 0 0% 55
4G12 111 1 DPL5 1 1% 35
KIM46L 112 1 HUMLV117 0 0% 8
Fog-B 1M1 1 DPL5 3 3% 31
9F2L 11 1 DPL5 3 3% 79
mAb111 110 1 DPL5 3 3% 48
PHOX15 m | DPL5 4 4% 49
BL2 m 1 DPL5 4 400 74
 NIG-64 11 1 DPLS 4 4% 72
RF-SJ2 100 1 DPL5 6 6% 78
AL EZI 112 1 "~ DPLs 7 7% 41
ZIM 112 1 HUMLV117 7 7% 18
RF-S)1 100 1. DPLS 9 9% 78
IGLV1.1 98 1 DPL4 0 0% 1
NEW 112 1 HUMLV117 11 10% 42
CB-201 87 1 DPL2 1 1% 62
MEM 109 1 DPL2 6 6% 50
H210 1 2 DPL10 4 40 45
NOV 110 2 DPL10 8 8% 25
NEI 111 2 DPL10 8 8% 24
AL MC 110 2 DPL1M 6 6% 28
MES 112 2 DPL11 8 8% 84
FOG1-A3 SRR 2 DPL11 9 9% 27
AL NOV 112 2 DPL11 7 7% 28
&
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Table 2B: (continued)
Name' aa’ Computed Germline Diff.to O diff. to Reference’
family® gene* germline® germline®
HMST-1 110 2 DPL11 4 400 82
HBW4-1 108 2 DPL12 9 9% 52
WH 110 2 DPL11 11 11% 34
11-50 110 2 DPL11 7 7% 82
HBp2 110 2 DPL12 8 800 3
NIG-84 113 2 DPL11 12 11% 73
ViL 112 2 DPL11 9 9% 58
TRO 1 2 DPL12 10 10% 61
ES492 108 2 DPL11 15 15% 76
mAb216 89 2 DPL12 ] 1% 7
BSA3 109 3 DPL16 0 0% 49
THY-29 110 3 DPL16 0 - -0% 27
PR-TS2 108 3 DPL16 0 0% 55
£29.1 LAMBDA 107 3 DPL16 1 1% 13
mAb63 109 3 DPL16 2 2% 29
TEL14 110 3 DPL16 6 6% 49
6H-3C4 108 3 DPL16 7 7% 39
SH 109 3 DPL16 7 7% 70
AL GIL 109 3 DPL16 8 8% 23
H6-3C4 108 3 DPL16 8 8% 83
V-lambda-2.DS 1 2 DPLIN 3 3% 15
8.121D 110 2 DPL11 3 3% 81
DSC 11 2 DPL11 3 3% 56
PV11 110 2 DPL1 1 1% 56
33.H11 110 2 DPL11 4 4% 81
AS17 N1 2 DPL11 7 7% 56
SD6 110 2 DPL11 7 7% 56
KS3 110 2 DPL11 9 9% 56
PV6 110 2 DPL12 5 5% 56
NGD9 110 2 DPL11 7 7% 56
MUC1-1 1M1 2 DPL11 11 100% 27
A30c m 2 DPL10 6 6% 56
KS6 110 2 DPL12 6 6% 56
TEL13 i 2 DPL11 11 10% 49
£5
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Table 2B: (continued)

2

Name' aa’ Computed Germline Diff.to % diff. to Reference’
Family” gene* germline® germline®
AS7 110 2 DPL12 6 6% 56
MCG 112 2 DPL12 12 11% 20
U266l 110 2 DPL12 13 12% 77
PR-SJ2 110 2 DPL12 14 13% 55
BOH 112 2 DPL12 1 10% 37
TOG : {RA 2 DPL11 19 18% 53
TEL16 1 2 DPL11 19 18% 49
No.13 110 2 DPL10 14 13% 52
BO 112 2 DPL12 18 17% 80
WIN 112 2 DPL12 17 16% 11
BUR 104 2 DPL12 15 15% 46
NIG-58 110 2 DPL12 20 19% 69
WEIR 112 2 DPL11 26 250% 21
THY-32 11 1 DPL8 8 8% 27
TNF-H9G1 11 1 DPL8 9 9% 27
mAbG1 111 1 DPL3 1 1% 29
Vi1 98 1 DPL2 0 0% 54
HA 113 1 DPL3 14 13% 63
LA1L1 111 1 DPL2 3 3% 54
RHE ‘ 112 1 DPL1 17 16% 22
K1B12L 113 1 DPL8 17 16% 79
LOC 113 1 DPL2 15 14% 84
NIG-51 112 1 DPL2 12 1% 67
NEWM 104 1 DPL8 23 - 22% 10
MD3-4 106 3 DPL23 14 13% 4
COX 112 1 DPL2 13 12% 84
HiH10 106 3 DPL23 13 12% 3
VOR 112 1 DPL2 16 15% 16
AL POL 113 1 DPL2 - 16 15% 57
CD4-74 111 1 DPL2 19 18% 27
AMYLOID MOL 102 3 DPL23 15 15% 30
0ST1577 108 3 Humlv318 10 10% 4
NIG-48 113 1 DPL3 42 40% 66
CARR 108 3 DPL23 18 17% 19
86~
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Table 2B: (continued)

Name' aa’ Computed Germline  Diff. to % diff. to Reference’
family® gene* germline® germline®
mAb60 108 3 DPL23 14 13% 29
NIG-68 99 3 DPL23 25 26% 32
KERN 107 3 DPL23 26 2500 59
ANT 106 3 DPL23 17 16% 19
LEE 110 3 DPL23 18 17% 85
CLE : 94 3 DPL23 17 17% 19
VL8 98 8 DPL21 0 0% 81
MOT 110 3 Humiv318 23 22% 38
GAR 108 3 DPL23 26 25% 33
32.89 98 8 DPL21 5 500 81
PUG 108 3 Humiv318 24 23% 19
T1 115 8 HUMLV801 52 500% 6
RF-TS7 96 7 DPL18 4 40 60
YM-1 116 8 HUMLV801 51 490 75
K6H6 12 8 HUMLVBOT 20 19% 44
K5C7 12 8 HUMLV8O1 20 19% 44
K5B8 112 8 HUMLVBO1 20 19% 44
K5G5 112 8 HUMLVBOT 20 19% 44
K4BS 12 8 HUMLV801 19 18% 44
K6F5 12 8 HUMLV801 17 16% 44
HIL 108 3 DPL23 22 21% 47
KIR 109 3 DPL23 20 19% 19
CAP 109 3 DPL23 19 18% 84
1B8 110 3 DPL23 22 21% 43
SHO 108 3 DPL23 19 18% 19
HAN 108 3 DPL23 20 19% 219
cML23 96 3 DPL23 3 300 12
PR-SJ1 96 3 DPL23 7 7% 55
BAU 107 3 DPL23 9 9% 5
TEX 99 3 DPL23 8 80 19
X(PET) 107 3 DPL23 9 99 51
DOY 106 3 DPL23 9 90 19
CoT 106 3 DPL23 13 12% 19
Pag-1 1 3 Humiv318 5 5% 31
(7\
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Table 2B: (continued)
Name' aa’ Computed Germline  Diff. to i % diff, to Reference’

family? gene’ germline> germline
DIS 107 3 Humiv318 2 2% 19
WIT 108 3 Humlv318 7 7% 19
.RH 108 3 Humlv318 12 11% 19
S1-1 108 3 Humiv318 12 11% 52
DEL 108 3 Humiv318 14 13% 17
TYR 108 3 Humlv318 11 10% 19
J.RH 109 3 Humiv318 13 12% 19
THO 112 2 DPL13 38 36% 26
LBV 113 1 DPL3 38 36% 2
WILT 112 1 DPL3 33 3104 14
SUT 112 2 DPL12 37 35% 65
o
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Table 2C: rearranged human heavy chain sequences
Name' aa’ Computed Germline  Diff. to o diff. to Reference’
family’ gene® germline® germline®

21/28 119 1 VH1-13-12 0 0,0% 31
8E10 123 1 VH1-13-12 0 0,0% 31
MUC1-1 118 1 VHI-13-6 4 4,1% 42
gF1 98 1 VHI-13-12 10 10,2% 75
VHGL 1.2 98 1 VH1-13-6 2 2,0% 26
HV1L1 98 1 VH1-13-6 0 0,0% 81
RF-TS7 104 1 VHI-13-6 3 3,1% 96
ES5 1.A15 106 1 VHI-13-15 1,0% 26
HA1L1 126 1 VH1-13-6 7 7,1% 81
uc 123 1 VH1-13-6 5 5.1% 115
WIL2 123 1 VH1-13-6 6 6,1% 55
R3.5H5G6 122 1 VH1-13-6 10 10,2% 70
N89P2 123 1 VH1-13-16 11 11,2% 77
mADL113 126 1 VH1-13-6 10 10,2% 71
LS253-3 125 1 VH1-12-7 5 51% 98
15253-12a 125 1 VH1-12-7 5 5,10 98
LS253-5 125 1 VH1-12-7 5 5,10 98
LS253-12¢ 125 1 VH1-12-7 5 5,1% 98
1S2S3-4 125 1 VH1-12-7 5 51% 98
LS2S3-10 125 1 VH1-12-7 5 51% 98
1S253-12d 125 1 VH1-12-7 6 6,1% 98
15253-8 125 1 VH1-12-7 5 51% 98
LS2 125 1 VH1-12-7 6 6,1% 113
LS4 105 1 VH1-12-7 6 6,10% 113
LS5 125 1 VH1-12-7 6 6,100 113
LS1 125 1 VH1-12-7 6 6,1% 113
LS6 125 1 VH1-12-7 6 6,1% 113
LS8 125 1 VH1-12-7 7 7.10% 113
THY-29 122 1 VH1-12-7 0 0,0% 42
1B9/F2 122 1 VH1-12-7 10 10,2% 21
51P1 122 1 VH1-12-1 0 0,0% 105
NEI 127 1 VH1-12-1 0 0,0% 55
AND 127 1 VH1-12-1 0 0,0% 55
L7 127 1 VH1-12-1 0 0,0% 54
122 124 i VH1-12-1 0 0,0% 54
124 127 1 VH1-12-1 0 0,0% 54

6;3
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Table 2C: (continued)

Name' aa’ Computed Germiine  Diff. to %% diff. to Reference’

germline® germline®

family’ gene*
126 116 1 VH1-12-1 0 0,0% 54
L33 119 1 VH1-12-1 0 0,0% 54
134 117 ] VH1-12-1 0 0,0% 54
136 118 1 VH1-12-1 0 0,0% 54
£39 120 1 VH1-12-1 0 0,0% 54
L41 _ 120 1 VH1-12-1 0 0,0% 54
L42 125 1 VH1-12-1 0 0,0% 54
VHGL 1.8 101 1 VH1-12-1 0 0,0% 26
783¢c 127 1 VH1-12-1 0 0,0% 22
X17115 127 1 VH1-12-1 0 0,0% 37
125 124 1 VH1-12-1 0 0,0% 54
L7 120 1 VH1-12-1 1 1,0% 54
30 127 1 VH1-12-1 1 1,0% 54
137 120 1 VH1-12-1 1 1,0% 54
TNF-E7 116 1 VH1-12-1 2 2,0% 42
mAb111 122 1 VH1-12-1 7 7.1% 71
I1-2R 122 1 VH1-12-9 3 3.1% 70
KAS 121 1 VH1-12-1 7 7,1% 79
YES8c 122 1 VH1-12-1 8 8,2% 34
RF-TS1 123 1 VH1-12-1 8 8,2% 82
BOR' 2 1 VH1-12-8 7 7.1% 79
VHGL 1.9 101 1 - VH1-12-1 8 8,2% 26
mAb410.30F305 117 1 VH1-12-9 5 5,1% 52
EV1-15 127 1 VH1-12-8 10 10,2% 78
mAb112 122 1 VH1-12-1 1 11,2% 71
EU 117 1 VH1-12-1 1 11,2% 28
H210 127 1 VH1-12-1 12 12,2% 66
TRANSGENE 104 1 VH1-12-1 0 0,0% m
CLL2-1 93 1 VH1-12-1 0 0,0% 30
CLL10 13-3 97 1 VH1-12-1 0 0,0% 29
LS7 99 1 VH1-12-7 4 41% 113
ALL7-1 87 1 VH1-12-7 0 0,0% 30
CLL3-1 91 1 VH1-12-7 1 1,00 30
ALL56-1 85 1 VH1-13-8 0 0,0% 30
ALL1-1 87 1 VH1-13-6 1 1,0% 30
ALL4-1 94 1 VH1-13-8 0 0,0% 30
2O
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Table 2C: (continued)

2

Name' aa’ Computed Germline  Diff.to % diff. to Reference’
family’ gene* germline® germline®
ALL56 15-4 85 1 VH1-13-8 5 5,1% 29
CLL4-1 88 1 VH1-13-1 1 1,0% 30
Aug2.1 98 1 VH1-12-5 0 0,0% 49
RF-TS3 120 1 VH1-12-5 1 1,0% 82
Au4.1 98 1 VH1-12-5 1 1,0% 49
HP1 121 1 VH1-13-6 13 13,3% 110
BLI ' 127 1 VH1-13-15 5 5,1% 72
No.13 127 1 VH1-12-2 19 19,4% 76
TR1.23 122 1 VH1-13-2 23 23,5% 88
S1-1 125 1 VH1-12-2 18 18,4% 76
TR1.10 119 1 VH1-13-12 14 14,3% 88
ESS5 1.A2 102 1 VH1-13-15 3 3,10 26
SP2 119 1 VH1-13-6 15 15,3% 89
TNF-H9G1 11 1 VHI1-13-18 2 2,0% 42
G3D10H 127 1 VH1-13-16 19 19,4% 127
TR1.9 118 1 VH1-13-12 14 14,3% 88
TR1.8 121 1 VH1-12-1 24 24,5% 88
LUNmO1 127 1 VH1-13-6 22 22,4% 9
K1B12H 127 1 VH1-12-7 23 23,5% 127
L3B2 99 1 VH1-13-6 2 2,0% 46
552 ' 100 1 VH1-13-6 2 2,0% 46
No.86 124 1 VH1-12-1 20 20,4% 76
TR1.6 124 1 VH1-12-1 19 19,4% 88
557 99 1 VH1-12-7 3 3,1% 46
s587 102 1 VH1-12-1 0 0,0% 46
S6A3 97 1 VH1-12-1 0 0,0% 46
556 99 1 VH1-12-1 0 0,0% 46
L2H7 103 1 VH1-13-12 0 0,0% 46
s6BGS 93 1 VH1-13-12 0 0,0% 46
s6C9 107 1 VH1-13-12 0 0,0% 46
HIV-b4 124 1 VH1-13-12 21 21,4% 12
HIV-b12 124 1 VH1-13-12 2] 21,4% 12
L3G5 98 1 VH1-13-6 1 1,0% 46
22 115 1 VH1-13-6 1 11,2% 18
L2A12 99 1 VH1-13-15 3 3,1% 46
PHOX15 124 1 VH1-12-7 20 20,4% 73
bl
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Table 2C: {continued)

Name' aa’ Computed Germline Diff. to % diff. to Reference’
family® gene" germline® germlinefi
LUNmO3 127 1 VH1-1X-1 18 18,4% 9
CEA4-8A 129 1 VH1-12-7 1 1,0% 42
M60 121 2 VH2-31-3 3 3,0% 103
HiH10 127 2 VH2-31-5 9 9,0% 4
COR 119 2 VH2-31-2 1 11,0% 91
2-115-19 124 2 VH2-31-11 8 8,1% 124
ou 125 2 VH2-31-14 20 25,6% 92
HE 120 2 VH2-31-13 19 19,0% 27
CLL33 40-1 78 2 VH2-31-5 2 2,0% 29
E55 3.9 88 3 VH3-11-5 7 7,2% 26
MTFC3 125 3 VH3-14-4 21 21,0% 131
MTFC11 125 3 VH3-14-4 21 21,0% 131
MTFN _ 114 3 VH3-14-4 21 21,0% 131
MTFJ2 114 3 VH3-14-4 21 21,0% 131
MTFUJ4 100 3 VH3-14-4 21 21,0% 131
MTFUJS 100 3 VH3-14-4 21 21,0% 131
MTFUJ2 100 3 VH3-14-4 22 22,0% 131
MTFC8 125 3 VH3-14-4 23 23,0% 131
D e Vg 113 3 VH3-14-4 0 0,0% 16
rMTF 114 3 VH3-14-4 5 5,0% 131
MTFUJ6 100 3 VH3-14-4 10 10,0% 131
RF-KES 107 3 - VH3-14-4 9 9,0% 85
N51P8 126 3 VH3-14-1 9 9,0% 77
TEl 19 3 VH3-13-8 21 21,4% 20
33.H11 15 3 VH3-13-19 10 10,2% 129
SB1/D8 101 3 VH3-1X-8 14 14,00% 2
38P1 19 3 VH3-11-3 0 0,0% 104
BRO'IGM 19 3 VH3-11-3 13 13,4% 19
NIE 19 3 VH3-13-7 15 15,3% 87
06 126 3 VH3-13-26 5 5,100 35
IM1-1 112 3 VH3-11-3 8 8,2% 5
£553.15 110 3 VH3-13-26 0 0,0% 26
gF9 108 3 VH3-13-8 15 15,3% 75
THY-32 120 3 VH3-13-26 3 3,10% 42
RF-KLS 100 3 VH3-13-26 5  51% 96
0ST577 122 3 VH3-13-13 6 6,1% 5
2
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Table 2C: (continued)

Name' aa’ Computed Germline  Diff.to % diff. to Reference’
family’ gene germline® germline®

BO 113 3 VH3-13-19 15 15,3% 10
125 121 3 VH3-13-10 15 15,3% 64
2-115-58 127 3 VH3-13-10 11 11,200 - 124
KOL 126 3 VH3-13-14 16 16,3% 102
mAbGO 118 3 VH3-13-17 14 14,3% 45
RF-AN 106 3 VH3-13-26 8 8,200 85
BUT | 115 3 VH3-11-6 13 13,4% 119
KOL-based CAMPATH- ,

9 118 3 VH3-13-13 16 16,3%. 41
B1 19 3 VH3-13-19 13 13,3% 53
N98P1 127 3 VH3-13-1 13 13,3% 77
7 107 3 VH3-13-10 12 12,2% 64
WEA 114 3 VH3-13-12 15 15,3% 40
HIL 120 3 VH3-13-14 14 14,3% 23
s5A10 97 3 VH3-13-14 0 0,0% 46
s5D11 98 3 VH3-13-7 0 0,0% 46
s6C8 100 3 VH3-13-7 0 0.0% 46
s6H12 98 3 VH3-13-7 0 0.0% 46
VH10.7 119 3 VH3-13-14 16 16,3% 128
HIV-loop2 126 3 VH3-13-7 16 16,3% 12
HIV-loop35 126 3 VH3-13-7 16 16,3% 12
TRO 122 3 VH3-13-1 13 13,3% 61
SA-4B 123 3 VH3-13-1 15 15,3% 125
L2B5 98 3 VH3-13-13 0 0,0% 46
SBE11 95 3 VH3-13-13 0 0,0% 46
S6H7 100 3 VH3-13-13 0 0,0% 46
ss1 102 3 VH3-13-13 0 0,0% 46
58 94 3 VH3-13-13 0 0,0% 46
DOB 120 3 VH3-13-26 21 21,4% 116
THY-33 15 3 VH3-13-15 20 20,4% 42
NOV 118 3 VH3-13-19 14 14,3% 38
rsvi3H 120 3 VH3-13-24 20 20,4% M
13G11 98 3 VH3-13-20 2 20% - 46
L2E8 99 3 VH3-13-19 0 0.0% 46
L2D10 101 3 VH3-13-10 1 1,0% 46
L2E7 98 3 VH3-13-10 1 1,0% 46

F3
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Table 2C: (continued)

Name' aa’ Computed Germline  Diff.to O diff. to Reference’
family’ gene* germline® germiine®
L3A10 100 3 VH3-13-24 0 0,0% 46
L2E5 97 3 VH3-13-2 1 1,0% 46
BUR 119 3 VH3-13-7 21 21,4% 67
s4D5 107 3 VH3-11-3 1 1,0% 46
19 116 3 VH3-13-16 4 4.1% 118
s5D4 _ 99 3 VH3-13-1 0 0,0% 46
$6A8 100 3 VH3-13-1 0 0,0% 46
HIV-loop13 123 3 VH3-13-12 17 17,3% 12
TR1.32 112 3 VH3-11-8 18 18,6% 88
L2810 97 3 VH3-11-3 1 1,0% 46
TR1.5 114 3 VH3-11-8 21 21,6% 88
s6H9 : 101 3 VH3-13-25 0 0,0% 46
8 A 112 3 VH3-13-1 6 6,1% 118
23 115 3 VH3-13-1 6 6,1% 118
7 115 3 VH3-13-1 4 4,10 118
TR1.3 120 3 VH3-11-8 20 20,6% 88
18/2 125 3 VH3-13-10 0 00% 32
18/9 125 3 VH3-13-10 0 0,0% 31
30P1 119 3 VH3-13-10 0 0,0% 106
HF2-1/17 125 3 VH3-13-10 0 0,0% 8
A77 109 3 VH3-13-10 0 0,0% 44
B19.7 108 3 “ VH3-13-10 0 0,0% 44
M43 119 3 VH3-13-10 0 0,0% 103
117 125 3 VH3-13-10 0 0,0% 31
18/17 125 3 VH3-13-10 0 0,0% 31
E54 3.4 109 3 VH3-13-10 0 0,0% 26
LAMBDA-VH26 98 3 VH3-13-10 1 1,0% 95
E54 3.8 111 3 VH3-13-10 1 1,0% 26
GlL16 106 3 VH3-13-10 1 1,0% 44
4G12 125 3 VH3-13-10 1 1,0% 56
A73 106 3 VH3-13-10 2 2,0% 44
AL1.3 (R 3 VH3-13-10 3 3.1% 117
3.A290 » 118 3 VH3-13-10 2 2,0% 108
Ab18 127 3 VH3-13-8 2 2,0% 100
£54 3.3 105 3 VH3-13-10 3 3,10 26
35G6 121 3 VH3-13-10 3 3.1% 57
74
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Table 2C: {(continued)

Name' aa’ Computed Germline  Diff.to % diff. to Reference’
family’ gene* germline® germline®
A95 107 3 VH3-13-10 5 5.1% 44
Ab25 128 3 VH3-13-10 5 5.1% 100
N87 126 3 VH3-13-10 4 4,1% 77
ED8.4 99 3 VH3-13-10 6 6,1% 2
RF-KL1 122 3 VH3-13-10 6 6,1% 82
AL1.1 _ 112 3 VH3-13-10 2 2,0% 117
AL3.11 | 102 3 VH3-13-10 1 1,00% 17
32.B9 127 3 VH3-13-8 6 6,1% 129—
TK1 109 3 VH3-13-10 2 2,0% 117
POP 123 3 VH3-13-10 8 8,20 115
9F2H 127 3 VH3-13-10 9 9,2% 127
VD 115 3 VH3-13-10 9 9,2% 10
Vh38C|.‘10 121 3 VH3-13-10 8 8,2% 74
Vh38CL9 121 3 VH3-13-10 8 8.2% 74
Vh38Cl.8 21 3 VH3-13-10 8 8,2% 74
63P1 120 3 VH3-11-8 0 0,0% 104
60P2 117 3 VH3-11-8 0 0.0% 104
AL3.5 90 3 VH3-13-10 2 2,0% 117
GF4/1.1 123 3 VH3-13-10 10 10,2% 39
Ab21 126 3 VH3-13-10 12 12,2% 100
TD d Vp 118 3 VH3-13-17 2 2,0% 16
Vh38Cl.4 119 3 VH3-13-10 8 8,2% 74
Vh38ClL5 119 3 VH3-13-10 8 8,2% 74
AL3.4 104 3 VH3-13-10 1 1,0% 117
FOG1-A3 115 3 VH3-13-19 2 2,0% 42.
HA3D1 : 117 3 VH3-13-21 1 1,0% 81
£54 3.2 112 3 VH3-13-24 0 0.0% 26
mAb52 128 3 VH3-13-12 2 2,0% 51
mAbS53 128 3 VH3-13-12 2 2,0% 51
mAb56 128 3 VH3-13-12 2 2,0% 51
mAb57 128 3 VH3-13-12 2 2,0% 51
mAb58 128 3 VH3-13-12 2 2,0% 51
mAb59 128 3 VH3-13-12 2 2,0% 51
mAb105 128 3 VH3-13-12 2 2,0% 51
mAb107 128 3 VH3-13-12 2 2,0% 51
E55 3.14 110 3 VH3-13-19 0 0,0% 26
s
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Table 2C: (continued)

2

Name' aa? Computed Germiine  Diff. to % diff. to Reference’
family® gene* germline® germline®
F13-28 106 3 VH3-13-19 1 1,0% 94
mAb55 127 3 VH3-13-18 4 4,1% 51
YSE M7 3 VH3-13-24 6 61 72
E55 3.23 106 3 VH3-13-19 2 2,0% 26
RF-TS5 101 3 VH3-13-1 3 3,1% 85
N42P5 _ 124 3 VH3-13-2 7 7.1% 77
FOG1-H6 110 3 VH3-13-16 7 7.10% 42
0-81 115 3 VH3-13-19 11 11,2% 47
HIV-s8 122 3 VH3-13-12 11 11,2% 12
mAb114 125 3 VH3-13-19 12 12,2% 71
33.F12 116 3 VH3-13-2 4 4,1% 129
4B4 119 3 VH3-1X-3 0 0,0% 101
M26 123 3 VH3-1X-3 0 0,0% 103
VHGL 3.1 100 3 VH3-1X-3 0 0,0% 26
£55 3.13 113 3 VH3-1X-3 1 1,09% 26
SB5/D6 101 3 VH3-1X-6 3 3,0% 2
RAY4 101 3 VH3-1X-6 3 3,0% 2
82-DV-D 106 3 VH3-1X-3 5 5,0% (RVA
MAL 129 3 VH3-1X-3 5 5,0% 72
LOC 123 3 VH3-1X-6 5 5,0% 72
LSF2 101 3 VH3-1X-6 1 11,0% 2
HIB RC3 100 3 © VH3-1X-6 11 11,0% 1
56P1 119 3 VH3-13-7 0 0.0% 104
M72 122 3 VH3-13-7 0 0,0% 103
M74 121 3 VH3-13-7 0 0,0% 103
E54 3.5 105 3 VH3-13-7 0 0,0% 26
287 123 3 VH3-13-7 0 0.0% 63
2P1 117 3 VH3-13-7 0 0,0% 104
RF-SJ2 127 3 VH3-13-7 1 1,0% 83
PR-TS1 114 3 VH3-13-7 1 1,0% 85
KIM46H 127 3 VH3-13-13 0 0,0% 18
E55 3.6 108 3 VH3-13-7 2 2,0% 26
£553.10 107 3 VH3-13-13 1 1,0% 26
3.B6 114 3 VH3-13-13 1 1,0% 108
E54 3.6 110 3 VH3-13-13 1 1,0% 26
FL2-2 114 3 VH3-13-13 1 1,0% 80
s~
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Table 2C: {continued)

Name' aa’ Computed Germline  Diff.to Y% diff. to Reference’
family® gene* germline® germline®

RF-SJ3 112 3 VH3-13-7 2 2,0% 85
E553.5 105 3 VH3-13-14 1 1,0% 26
BSA3 121 3 VH3-13-13 1 1,00% 73
HMST-1 119 3 VH3-13-7 3 3,10% 130
RF-TS2 126 3 VH3-13-13 4 4,1% 82
E553.12 109 3 VH3-13-15 0 0,0% 26
19.E7 126 3 VH3-13-14 3 3,1% 129
11-50 119 3 VH3-13-13 6 6,1% 130
E29.1 120 3 VH3-13-15 2 2,0% 25
£553.16 108 3 VH3-13-7 6 6,1% 26
TNF-E1 117 3 VH3-13-7 7 7.1% 42
RF-Sh 127 3 VH3-13-13 6 6,1% 83
FOG1-A4 116 3 VH3-13-7 8 8.2% 42
TNF-A1 117 3 VH3-13-15 4 4.1% 42
PR-SJ2 107 3 VH3-13-14 8 8,2% 85
HN.14 124 3 VH3-13-13 10 10,2% 33
CAM' 121 3 VH3-13-7 12 12,2% 65
HIV-B8 125 3 VH3-13-7 9 9,2% 12
HIV-b27 125 3 VH3-13-7 9 9,2% 12
HIV-b8 125 3 VH3-13-7 9 9.2% 12
HIV-s4 125 3 VH3-13-7 9 9,2% 12
HIV-B26 125 3 VH3-13-7 9 9,2% 12
HIV-B35 125 3 VH3-13-7 10 10,2% 12
HIV-b18 125 3 VH3-13-7 10 10,2% 12
HIV-b22 125 3 VH3-13-7 11 11,2% 12
HIV-b13 125 3 VH3-13-7 12 12,2% 12
333 117 3 VH3-14-4 24 24,0% 24
1H1 120 3 VH3-14-4 24 24,0% 24
1B11 120 3 VH3-14-4 23 23,0% 24
CLL30 2-3 86 3 VH3-13-19 1 1,0% 29
GA 110 3 VH3-13-7 19 19,4% 36
JeB 99 3 VH3-13-14 3 3,100 7
GAL 110 3 VH3-13-19 10 10,2% 126
K6H6 119 3 VH3-1X-6 18 18,0% 60
K4B8 119 3 VH3-1X-6 18 18,0% 60
K5B8 19 3 VH3-1X-6 18 18,0% 60

F 7
7

SUBSTITUTE SHEET (RULE 26)



WO 97/08320 PCT/EP96/03647

Table 2C: {continued)

2

Name' aa’ Computed Germline Diff.to % diff.to Reference’
family® gene* germline® germline®
KsC7 119 3 VH3-1X-6 19 19,0% 60
K5G5 119 3 VH3-1X-6 19 19,0% 60
K6F5 119 3 VH3-1X-6 19 19,0% 60
AL3.16 98 3 VH3-13-10 1 1,0% 117
N86P2 98 3 VH3-13-10 3 3,1% 77
N54P6 95 3 VH3-13-16 7 7,1% 77
LAMBDA HT112-1 126 4 VH4-11-2 0 0,0% 3
HY18 121 4 VH4-11-2 0 0,0% 43—
mADbG3 126 4 VH4-11-2 0 0,0% 45
FS-3 105 4 VH4-11-2 0 0,0% 86
FS-5 11 4 VH4-11-2 0 0,0% 86
FS-7 107 4 VH4-11-2 0 0,0% 86
FS-8 110 4 VH4-11-2 0 0,0% 86
PR-TS2 105 4 VH4-11-2 0 0,0% 85
RF-TMC 102 4 VH4-11-2 0 0,0% 85
mAb216 122 4 VH4-11-2 1 1,0% 15
mAb410.7.F91 122 4 VH4-11-2 1 1,0% 52
mAbAG6H4C5 124 4 VH4-11-2 1 1,0% 15
Ab44 127 4 VH4-11-2 2 2,1% 100
6H-3C4 124 4 VH4-11-2 3 3.1% 59
FS-6 108 4 VH4-11-2 6 6,2% 86
FS-2 114 4 . VH4-11-2 6 6,2% 84
HIG1 126 4 VH4-11-2 7 7,2% 62
FS-4 105 4 VH4-11-2 8 8,2% 86
SA-4A 123 4 VH4-11-2 9 9,3% 125
LES-C , 119 4 VH4-11-2 10 10,3% 99
DI 78 4 VH4-11-9 16 16,5% 58
Ab26 ' 126 4 VH4-31-4 8 8.1% 100
152 124 4 VH4-31-12 15 15,2% 110
265-695 115 4 VH4-11-7 16 16,5% 5
WAH 129 4 VH4-31-13 19 19,2% 93
268-D 122 4 VH4-11-8 22 22,7% 6
58P2 118 4 VH4-11-8 0 0,0% 104
mAb67 128 4 VH4-21-4 1 1,0% 45
4139 115 4 VH4-11-8 2 2,1% 108
mF7 111 4 VH4-31-13 3 3,0% 75
78
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Table 2C: (continued)

Name' aa’ Computed Germline Diff.to b diff. to Reference’
family® gene* germline® germline®
33.C9 122 4 VH4-21-5 7 7.1% 129
Pag-1 124 4 VH&-11-16 5 5,20 50
B3 123 4 VH4-21-3 8 8,2% 53
IC4 120 4 VH4-11-8 6 6,2% 70
CeB2 127 4 VH4-31-12 4 4,0% 48
N78 _ 118 4 VH4-11-9 1" 11,3% 77
B2 109 4 VH4-11-8 12 12,4% 53
WRD2 123 4 VH4-11-12 6 6,2% 30
mAb426.4.2F20 126 4 VH4-11-8 2 2,1% 52
E54458 15 4 VHe-11-8 1 1,0% 26
WRD6 123 4 VH4-11-12 10 10,3% 90
mAb426.12.3F1.4 122 4 VH4-11-9 4 4,1% 52
£54 4.2 108 4 VH4-21-6 2 2,0% 26
WiL 127 4 VH4-31-13 0 0,0% 90
COF 126 4 VH4-31-13 0 0,0% 90
LAR 122 4 VH4-31-13 2 2,0% 90
WAT 125 4 VH4-31-13 4 4,0% 90
mAb61 123 4 VH4-31-13 5 5,1% 45
WAG 127 4 VH4-31-4 0 0,0% 90
RF-SJ4 108 4 VH4-31-12 2 2,0% 85
E54 4.4 110 4 VH4-11-7 - 0 0,0% 26
E55 4.A1 108 4 VH4-11-7 0 0,0% 26
PR-SJ1 103 4 VH4-11-7 1 1,0% 85
E54 4.23 m 4 VH4-11-7 1 1,0% 26
ClL7 7-2 97 4 VH4-11-12 0 0,0% 29
37P1 95 4 VH4-11-12 0 0,0% 104
ALL52 30-2 9N 4 VH4-31-12 4 4,0% 29
EBV-21 98 5 VH5-12-1 0 0.0% 13
CB-4 98 5 VH5-12-1 0 0,0% 13
CLL-12 98 5 VH5-12-1 0 0,0% 13
13-4 98 5 VH5-12-1 0 0,0% 13
CLL11 98 5 VH5-12-1 0 0,0% 17
CORD3 98 5 VH5-12-1 0 0,0% 17
CORD4 98 5 VH5-12-1 0 0,0% 17
CORDS8 98 5 VH5-12-1 0 0.0% 17
CORD9 98 5 VH5-12-1 0 0,0% 17

S
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Table 2C: {continued)

Name' aa’ Computed Germiine  Diff. to %% diff. to Reference’
family® gene* germline® germline®
CD+1 98 5 VH5-12-1 0 0,0% 17
CD+3 98 5 VH5-12-1 0 0,0% 17
CD+4 98 5  VH5-12-1 0 0,0% 17
CD-1 98 5 VH5-12-1 0 0,0% 17
CD-5 98 5 VH5-12-1 0 0,0% 17
VERG14 a8 5 VH5-12-1 0 0,0% 17
PBL1 98 5 VH5-12-1 0 0,0% 17
PBL10 98 5 VH5-12-1 0 0,0% 17
STRAb SA-1A 127 5 VH5-12-1 0 0,0% 125
DOB' 122 5 VH5-12-1 0 0,0% 97
VERG5 98 5 VH5-12-1 0 00% - 17
PBL2 98 5 VH5-12-1 1 1,0% 17
Tuie 119 5 VH5-12-1 1T 1,0% 49
PBL12 98 5 VH5-12-1 1 1,0% 17
CD+2 98 5 VH5-12-1 1 1,0% 17
CORD10 98 5 VH5-12-1 1 1,0% 17
PBL9 98 5 VH5-12-1 1 1,0% 17
CORD2 98 5 VH5-12-1 2 2,0% 17
PBL6 98 5 VH5-12-1 2 2,0% 17
CORD5 98 5 VH5-12-1 2 2,0% 17
CD-2 98 5 VH5-12-1 2 2,0% 17
CORD1 98 5 VH5-12-1 2 2,0% 17
CD-3 98 5  VHS5-12-1 3 3,1% 17
VERG4 98 5 VH5-12-1 3 3,1% 17
PBL13 98 5 VH5-12-1 3 3.1% 17
PBL7 98 5  VH5-121 3 3.1% 17
HAN 119 5 VH5-12-1 3 3,1% 97
VERG3 98 5 VH5-12-1 3 3,10% 17
PBL3 98 5 VH5-12-1 3 3,1% 17
VERG7 98 5 VH5-12-1 3 3,1% 17
PBLS 94 5 VH5-12-1 0 0,0% 17
CD-4 98 5 VH5-12-1 4 4,1% 17
CLL10 98 5 VH5-12-1 4 4,1% 17
PBL11 98 5 VH5-12-1 4 4,1% 17
CORD6 98 5 VH5-12-1 4 4,1% 17
VERG2 98 5 VH5-12-1 5 5,1% 17
8o
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Table 2C: (continued)

Name' aa’ Computed Germline  Diff.to %% diff. to Reference’
family’ gene* germline® germline®
83P2 119 5 VH5-12-1 0 0,0% 103
VERGY 98 5 VH5-12-1 6 6,1% 17
CLL6 98 5 VH5-12-1 6 6,1% 17
PBL8 98 5 VH5-12-1 7 7,10% 17
Ab2022 120 5 VH5-12-1 3 3,1% 100
CAV . 127 5 VH5-12-4 0 0,0% 97
HOW' 120 5 VH5-1224 0 0,0% 97
PET 127 5 VH5-12-4 0 0,0% 97
ANG 121 5 VH5-12-4 0 0,0% 97
KER 121 5 VH5-12-4 0 0.0% 97
5.M13 118 5 VH5-12-4 0 0,0% 107
Au2.1 118 5 VH5-12-4 1 1,0% 49
WS1 126 5 VH5-12-1 9 9,2% 110
TD Vn 98 5 VH5-12-4 . 1 1,.0% 16
TEL13 116 5 VH5-12-1 9 9,2% 73
E55 5.237 112 5 VH5-12-4 2 2,0% 26
VERG1 98 5 VH5-12-1 10 10,2% 17
CD4-74 117 5 VH5-12-1 10 10,2% 42
257-D 125 5 VH5-12-1 1 11,2% 6
CiL4 98 5 VH5-12-1 11 11,2% 17
CLL8 98 5 VH5-12-1 1 11,2% 17
Ab2 124 5 VH5-12-1 12 12,2% 120
Vh383ex 98 5 VH5-12-1 12 12,2% 120
CLL3 98 5 VH5-12-2 11 11,2% 17
Au59.1 122 5 VH5-12-1 12 12,2% 49
TEL16 117 5 VH5-12-1 12 12,2% 73
M61 104 5 VH5-12-1 0 0,0% 103
Tu0 99 5 VH5-12-1 5 5.10% 49
P2-51 122 5 VH5-12-1 13 13.3% 121
P2-54 122 5 VH5-12-1 11 11,2% 121
P1-56 119 5 VH5-12-1 9 9,2% 121
P2-53 122 5 VH5-12-1 10 10,2% 121
P1-51 123 5 VH5-12-1 19 19,4% 121
P1-54 123 5 VH5-12-1 3 3,1% 121
P3-69 127 5 VH5-12-1 4 4,1% 121
P3-9 119 5 VH5-12-1 4 4,100 121
=N}
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Table 2C: (continued)

Name' aa’ Computed Germline  Diff.to % diff. to Reference’
Family’ gene* germline® germline®
1-185-37 125 5 VH5-12-4 0 0,0% 124
1-187-29 : 125 5 VH5-12-4 0 0,0% 124
P1-58 128 5 VH5-12-4 10 10,20 121
P2-57 118 5 VH5-12-4 3 3.1% VA
P2-55 123 5 VH5-12-1 5 51% 121
P2-56 ‘ 123 5 VH5-12-1 20 20,4% 121
P2-52 122 5 VH5-12-1 11 11,2% 121
P3-60 122 5 VH5-12-1 8 8,2% 121
P1-57 123 5 VH5-12-1 4 4,1% 121
P1-55 122 5 VH5-12-1 14 14,3% 121
MD3-4 128 5 VH5-12-4 12 12,2% 5
P1-52 121 5 VH5-12-1 11 11,2% 121
CLL5 98 5 VH5-12-1 13 13,3% 17
CLL? 98 5 VH5-12-1 14 14,3% 17
L2F10 100 5 VH5-12-1 1 1,0% 46
L3B6 98 5 VH5-12-1 1 1,0% 46
VH6.A12 119 6 VH6-35-1 13 12,9% 122
$5A9 102 6 VH6-35-1 1 1,0% 46
s6G4 99 6 VH6-35-1 1 1,0% 46
ss3 99 6 VH6-35-1 1 1,0% 46
6-1G1 101 6 VH6-35-1 0 0,00% 14
F19L16 107 6 - VH6-35-1 0 0,0% 68
L16 _ 120 6 VH6-35-1 0 0,0% 69
M71 121 6 VH6-35-1 0 0,0% 103
ML1 120 6 VH6-35-1 0 0,0% 69
F19ML1 107 6 VH6-35-1 0 0,0% 68
15P1 127 6 VHB-35-1 0 0,0% 104
VHGE.N1 121 6 VHB-35-1 0 0,0% 122
VHB.N11 : 123 6 VHG-35-1 0 0,0% 122
VHE.N12 123 6 VH6-35-1 0 0,0% 122
VHB.N2 125 6 VH6-35-1 0 0,0% 122
VHB.N5 125 6 VH6-35-1 0 0,0% 122
VHG6.N6 127 6 VH6-35-1 0 0,0% 122
VHG6.N7 126 6 VH6-35-1 0 0,0% 122
VH6.N8 123 6 VH6-35-1 0 0,0% 122
VHE.N9 123 6 VH6-35-1 0 0.0% 122
82
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Table 2C: (continued)

Name' aa’ Computed Germline  Diff. to O diff. to Reference’
family’ gene’ germline® germiine®
VH6.N10 123 6 VH6-35-1 0 0,0% 122
VHE.A3 123 6 VH6-35-1 0 0,0% 122
VH6.A? 124 6 VH6-35-1 0 0,0% 122
VH6.A4 120 6 VH6-35-1 0 0,0% 122
E55 6.16 116 6 VH6-35-1 0 0,0% 26
E556.17 120 6 VH6-35-1 0 0,0% 26
E55 6.6 120 6 VH6-35-1 0 0,0% 26
VHGL 6.3 102 6 VH6-35-1 0 0,0% 26
CB-201 118 6 VH6-35-1 0 0,0% 109
VH6.N4 122 6 VH6-35-1 0 0.0% 122
£E54 6.4 109 6 VH6-35-1 1 1,0% 26
VH6.A6 126 6 VH6-35-1 1 1,0% 122
E55 6.14 120 6 VH6-35-1 1 1,0% 26
E54 6.6 107 6 VH6-35-1 1 1,0% 26
£556.10 112 6 VH6-35-1 1 1,0% 26
£54 6.1 107 6 VH6-35-1 2 2,0% 26
E55 6.13 120 6 VH6-35-1 2 2,0% 26
£55 6.3 120 6 VH6-35-1 2 2,0% 26
E55 6.7 116 6 VH6-35-1 2 2.0% 26
E55 6.2 120 6 VH6-35-1 2 2,0% 26
E55 6.X 111 6 VH6-35-1 2 2,0% 26
E556.11 1 6 VHG-35-1 3 3,0% 26
VHG6.A11 118 6 VH6-35-1 3 3,0% 122
A10 107 6 VH6-35-1 3 3,0% 68
E55 6.1 120 6 VH6-35-1 4 4,0% 26
FK-001 124 6 VH6-35-1 4 4,0% 65
VHG6.A5 121 6 VH6-35-1 4 4,0% 122
VHG6.A7 123 6 VH6-35-1 4 4,0% 122
HBp2 119 6 VH6-35-1 4 4,0% 4
Au46.2 123 6 VHG-35-1 5 5,0% 49
A431 106 6 VH6-35-1 5 5,0% 68
VH6.A2 120 6 VH6-35-1 5 5,0% 122
VH6.A9 125 6 VH6-35-1 8 7.9% 122
VHG6.A8 118 6 VH6-35-1 10 9,9% 122
VH6-FF3 118 6 VH6-35-1 2 2,0% 123
VHG6.A10 126 6 VH6-35-1 12 11,9% 122
&3
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Table 2C: {continued)

Name' aa’ Computed Germline  Diff.to % diff. to Reference’
family® gene’ germline® germline®
VH6-EB10 117 6 VH6-35-1 3 3.0% 123
VH6-E6 119 6 VH6-35-1 6 5,9% 123
VHG—FEZ 121 6 VH6-35-1 6 5,9% 123
VHG-EE6 116 6 VH6-35-1 6 5,9% 123
VH6-FD10 118 6 VH6-35-1 6 5.9% 123
VHGE-EX8 113 6 VH6-35-1 6 5.9% 123
VH6-FG9 121 6 VH6-35-1 8 7.9% 123
VH6-ES 116 6 VH6-35-1 9 8,9% 123
VH6-EC8 122 6 VH6-35-1 9 8,9% 123
VH6-E10 120 6 VH6-35-1 10 9,9% 123
VH6-FF11 122 6 VH6-35-1 11 10,9% 123
VH6-FD2 115 6 VH6-35-1 11 10,9% 123
CLL10 17-2 88 6 VH6-35-1 4 4,0% 29
VH6-BB11 94 6 VHG-35-1 4 4,0% 123
VHG6-B4l 93 6 VH6-35-1 7 6,9% 123
Ju17 102 6 VH6-35-1 3 3,0% 114
VH6-BD9 96 6 VH6-35-1 11 10,9% 123
VH6-BB9 94 6 VH6-35-1 12 11,9% 123
&4
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Table 3A: assignment of rearranged V kappa sequences to their germline counterparts

Family' Name Rearranged® Sum

Vki-1
Vkl-2
Vkl-3
Vk1-4
VkI-5
Vki-6
VkI-7
Vk1-8
Vk1-9
Vki-10
Vkl-11
Vk1-12
VkI-13
Vki-14
Vki-15
VkI-16
Vkl-17
Vki-18
Vki-19
Vk1-20
Vki-21
Vk1-22
Vk1-23

N
oo

NN = — O O NN O N -0

W L -
o N

119 entries

Vk2-1
Vk2-2

Vk2-4

Vk2-5

Vk2-6

Vk2-7

Vk2-8

Vk2-9
Vk2-10
Vk2-11
Vk2-12

O -0 05000 -0 o - -

o~
~

25 entries

Vk3-1
Vk3-2

1
l
i
!
!
1
1
I
I
l
|
I
l
1
]
!
I
1
I
1
I
I
I
2
2
2 Vk2-3
2
2
2
2
2
2
2
2
2
3
3

<o

&5
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Table 3A: (continued)

Family' Name Rearranged’ Sum
3 Vk3-3 35
3 Vk3-4 115
3 Vk3-5 0
3 Vk3-6 0
3 Vk3-7 1
3 Vk3-8 40 192 entries
4 Vk4-1 33 33 entries
5 - Vk5-1 1 1 entry
6 Vk6-1 0
6 Vk6-2 0 0 entries
7 Vk7-1 0 0 entries
e
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Table 3B: assignment of rearranged V lambda sequences to their germline counterparts

Family' Name Rearranged’  Sum
1 DPL1 1
1 DPL2 14
1 DPL3 6
1 DPL4 1
1 HUMLV117 4
1 DPL5 13
1 DPL6 0
1 DPL7 0
1 DPL8 3
1 DPL9 0 42 entries
2 DPL10 5
2 VLAMBDA 2.1 0
2 DPL11 23
2 DPL12 15
2 DPL13 0
2 DPL14 0 43 entries
3 DPL16 10
3 DPL23 19
3 Humlv318 9 38 entries
7 DPL18 1
7 DPL19 0 1 entries
8 DPL21 2
8 HUMLV8B01 6 8 entries
9 DPL22 0 0 entries
unassigned DPL24 0 0 entries
10 gVLX-4.4 0 0 entries
8 7
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Table 3C: assignment of rearranged V heavy chain sequences to their germline counterparts

Family' Name Rearranged’  Sum

VH1-12-1 38
VH1-12-8 2
VH1-12-2 2
VH1-12-9 2
VH1-12-3 0
VH1-12-4 0
VH1-12-5 3
VH1-12-6 0
VH1-12-7 23
VH1-13-1
VH1-13-2
VH1-13-3
VH1-13-4
VH1-13-5
VH1-13-6
VH1-13-7
VH1-13-8
VH1-13-9
VH1-13-10
VH1-13-11
VH1-13-12
VH1-13-13
VH1-13-14
VH1-13-15
VH1-13-16
VH1-13-17
VH1-13-18
VH1-13-19
VH1-1X-1

O O O = —

o O o w o 3

o

110 entries

VH2-21-1
VH2-31-1
VH2-31-2
VH2-31-3
VH2-31-4
VH2-31-5
VH2-31-6
VH2-31-7

MNMNN'\)MN—A—A_—A—._.—:-.—A_l__a—n._a_a__a_n_a_l_-n_s_a_a_n_a_a—l_a—a.—a

O O NN O —= = O Ol— O = O N » OO

&
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Table 3C:

(continued)

Family'

Name

Rearranged®

Sum

VH2-31-14
VH2-31-8
VH2-31-9

VH2-31-10

VH2-31-11

VH2-31-12

VH2-31-13

7 entries

W W W W W W W W W W W W W WWWwWWw W W W WwWWwWWwWwWwwWwwihd N NN

VH3-11-1
VH3-11-2
VH3-11-3
VH3-11-4
VH3-11-5
VH3-11-6
VH3-11-7
VH3-11-8
VH3-13-1
VH3-13-2
VH3-13-3
VH3-13-4
VH3-13-5
VH3-13-6
VH3-13-7
VH3-13-8
VH3-13-9
VH3-13-10
VH3-13-11
VH3-13-12
VH3-13-13
VH3-13-14
VH3-13-15
VH3-13-16
VH3-13-17
VH3-13-18
VH3-13-19
VH3-13-20
VH3-13-21
VH3-13-22

O O O O W w Ul O — —= O U O O~ O — O O O —

w
N

7
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Table 3C:

(continued)

Family'

Name

Rearranged®

Sum

VH3-13-23
VH3-13-24
VH3-13-25
VH3-13-26

VH3-14-1
VH3-14-4
VH3-14-2
VH3-14-3
VH3-1X-1
VH3-1X-2
VH3-1X-3
VH3-1X-4
VH3-1X-5
VH3-1X-6
VH3-1X-7
VH3-1X-8
VH3-1X-9

OO0 MO OO0 O H = O = 5~ O

—
—

212 entries

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

VH4-11-1
VH4-11-2
VH4-11-3
VH4-11-4
VH4-11-5
VH4-11-6
VH4-11-7
VH4-11-8
VH4-11-9

VH4-11-10

VH4-11-11

VH4-11-12
VH4-11-13
VH4-11-14
VH4-11-15
VH4-11-16

VH4-21-1
VH4-21-2
VH4-21-3
VH4-21-4

OO = O

N
o

_ —_- O 0O = O 0 0 00 W N O; O o o o
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Table 3C:

(continued)

PCT/EP96/03647

Family'

Name

Rearranged? Sum

VH4-21-5
VH4-21-6
VH4-21-7
VH4-21-8
VH4-21-9
VH4-31-1
VH4-31-2
VH4-31-3
VH4-31-4
VH4-31-5
VH4-31-6
VH4-31-7
VH4-31-8
VH4-31-9
VH4-31-10
VH4-31-11
VH4-31-12
VH4-31-13
VH4-31-14
VH4-31-15
VH4-31-16
VH4-31-17
VH4-31-18
VH4-31-19
VH4-31-20

O O O O O O O N M~ OO O O O O O NOOC OO O O —= —

57 entries

VH5-12-1
VH5-12-2
VH5-12-3
VH5-12-4

o = 8

14 97 entries

ol ISR TS 2 T 2 T I - S~ N e i St S N S e T T T - R S G o

VH6-35-1

74 74 entries

°)I
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Table 4A: Analysis of V kappa subgroup 1

r Framework |

aminoacid — N ® v w oo~ @ o 2 - & 2 I 2 2

A R 1 102 d

B : 1 -

c d

D 64 :

£ 8 14 Nl

F 16 i

6 105;

H e

| 65 | o

; : T P ——— e ——

1 6 21 96 1

M i 66

N 3 :

P 103 1 2 -

Q 62 88 1 L

R : -

S 89: 102 80 103 103!

T 1 88 | 18

v 19 8 2 98

W

X i

Y
unknown (?)
not sequenced|| 31: 311 18 181 17. 161161 2 1 | | |
sum of seq? | 74! 741 87 871 88 89 89: 103 104} 105 105: 105: 105! 105: 105! 105!
oomcaz’ | 64: 65 62 66: 88: 88: 891 1031 102 80 96 103 102: 103 98 105

mas' Di1iQIM T QiISIPISISILISIAIS Vig:

posoccupied®: 41 5 5 20 10 20 1 1 3 4 3 2 3 3 5 1
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Table 4A: Analysis of V kappa subgroup 1
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103
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< ixX iSi<idinim ip iv iz i ir iX
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unknown (?)
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oomcaa’
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105
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O

e

<

—
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(gp]

=

>

w

o
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1 00%
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100% ..
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Table 4A: Analysis of V kappa subgroup 1
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38
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unknown (?)

not sequenced

sum of seq?

£ 105
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oomcaa’
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w
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=
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o
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-0
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Table 4A: Analysis of V kappa subgroup 1

Framework Il | COR i

. . — o~ <t
aminoacid! ¥ § < <

45
46
47
48
49
50
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5

5

5

A 94 50; 95

21 1 1101

100 1 : 9. 2

B

C

D

E 1 3 o oo 33
F

G

H

| 1 1100 1

95 86 16, 2 5

1 89: 103 : 101

10 g 20 1 1 25

104 1 1

< i iS i< idaiuvimio v iZ i ir X
w
w
—
—
N

92: 1

unknown (?) 3 . . : :
notsequencedt 1: 1. 11 1 11 11 2 3 3 20 1 11 11
sum of seq’ | 104 104! 104! 104 104 104! 103! 102 1021 1031 104: 104: 104 104 104:

comcaa’ 1100, 95 941 104 86 89:103 100 92 50 95 99 41 101 62
| Lo

~
>
)
=~
—
—
=<
>
p
w
w

mcaa’ G

rel. oomcaa®

100% ;..

w 90%
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Table 4A: Analysis of V kappa subgroup 1
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aminoacid! & B 8 8 8 & 8 8 & 8 8§ 5 & 3 R

A 3 201 11

B 1

C

D 1 67

E i 30

F 1 103 3

G 2 105 105 41101 102

X h 3

I 3 4 13

K 1 1 1

L iy

M ‘ A

N 6 f

P 1 101 2

Q 1

R 1 103 1 1 2

S 68 2 103 98 96: 1100

T 19 1 1 ) 3 101

vV 99 1 !

- :

X ‘ 1 1 2
unknown (?)
not sequenced . |
sum of seq’ | 105: 105! 105 105; 105 105 105; 105: 105; 105 105: 105: 105: 105 105!

oomca2’ | 68 105 99 101 103: 103 103 981 105 961 101: 100: 102 101 67
maa' S GiIVIP S R F S GIS 6 S G T D

posoccupied“§ 10;  1: 4 4 2 3 3 5 1 5 4 4 4 4 7
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Table 4A: Analysis of V kappa subgroup 1

Framework Il

. - — o~ o < wn w
amino acid ~ ~ N N~ N K
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78
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84
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82
83

A 3 1 2 101 1

1 16: 101
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B
C
D
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F
G
H

I 93: 5 17

81 11030 1 SR

97 1
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98 102 2 1 97

< ixX IS i<idivimioiv iz ig ir X
N
N

unknown (?)

not sequenced v 1 1 1 o1 28 20 2 2 2 2 3
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oomcaa’ 102 98 81:102. 99 86 94 103 97 97. 83:101: 73 101 97.
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—
—
w
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Table 4A: Analysis of V kappa subgroup 1

I : CDR Il

. . 0w N O O = N O T W ul o
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A ' TR R TR T A
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B

C
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E 1 1 11
F

G

H

| : 4 1 201

90: 86! 1i 2

< iX IS i< iA i O iv iz i ir X
—
N
N

101 93 L4232 103 B
_ 31 82! 88: 89: 89: 89; 89!
unknown (?) 1 : : L

notsequencedi 2i 3. 3 2 20 1 1 1 1. 41616 16 16 16 16
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oomcaa’ {101 93(102 90 86 42 32 58 25 B2 82 88 89: 89: 89 89
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Table 4A: Analysis of V kappa subgroup 1

] Framework IV

7

8

99
100
101
102
103
104
105
106

A
107
108

. . w
aminoacid'’ & o o sum

A 1 627

1 : 19
» . 209
i n 15 459
65 258
6 86 ; 2 451
87.29: 87, 2| 894

—_
-

Tie imimioin iw
BN

72 | 606
1o | R 79 480
18 1 1 i a2 793

w
—_

1 RERE T NP1 LY,
6 7 | : L1 620
i 48 1 865
6 6 2: 70| 413
2 2 n 1636
2: 82 g7 3 20 [1021
2

5

163 3 | 440
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o . . 14
16 BEREERN | 564
- 4 1 L g5 1250
unknown (?) 7
not sequenced 16 16 18 18 18 18 18 18: 19: 19 20 20 20: 31]| 589
sum of seq’ | 89 89} 87: 87 87: 87 87: 87: 86: 86 85: 85 85! 74
comcaz’ 18 82 86 87 481 87 87 77 63 65 72:85 79: 70
mas LT FiG G G T KiR
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—_—

—
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<<
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el
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D
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Table 4B: Analysis of V kappa subgroup 2
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‘Table 4B: Analysis of V kappa subgroup 2
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Table 4B: Analysis of V kappa subgroup 2

Framework 1l
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Table 4B: Analysis of V kappa subgroup 2
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Table 4B: Analysis of V kappa subgroup 2

Framework IV
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Table 4C: Analysis of V kappa subgroup 3
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Table 4C: Analysis of V kappa subgroup 3
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unknown (?)
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Table 4C: Analysis of V kappa subgroup 3
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Table 4C: Analysis of V kappa subgroup 3

CDR 1

R T w
aminoacid & & & & & < © O o w uw 8 5
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A P18 o33 m 1

5 2 7 166

-—

104; 15 112 n 19 i 11661 41

B
C
D
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H
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28! 71 L
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1 1 3 1 3 { 114:
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W
=
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1
1

1
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—
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100%
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Table 4C: Analysis of V kappa subgroup 3

Framework IV

amino acid'

o
—
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(@]
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105
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107
108

A

23

141

166

—

B
C
D
E
F
G
H
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m
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< ixX IS i< idaivimipiviz i€ i ix

—_—
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unknown (?)
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16

16.
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16: 16! 16!

17
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167;
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%
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e

pos occupied® ;

S

2]

[*2]
2

53
~i
o

5

1~ 90% 7

in 66% =~
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337



WO 97/08320

Table 4D: Analysis of V kappa subgroup 4

amino acid’

PCT/EP96/03647
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D
E
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Table 4D: Analysis of V kappa subgroup 4

amino acid'

PCT/EP96/03647

CDRI

o
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o
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N
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o
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D
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3
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Table 4D: Analysis of V kappa subgroup 4

amino acid’

PCT/EP96/03647

Framework Il
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32
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=
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Table 4D: Analysis of V kappa subgroup 4

amino acid'

PCT/EP96/03647

COR 1

D
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59
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C
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|33

ke

33

33 33!

33

33

33

33

33;

33

33,

(98]
w

w
(%)

)
@

<<
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Table 4D: Analysis of V kappa subgroup 4

amino acid’

PCT/EP96/03647
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C
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pos occupied®
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Table 4D: Analysis of V kappa subgroup 4

PCT/EP96/03647

CDR i
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Table 4D: Analysis of V kappa subgroup 4

Framework IV
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103
104
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A
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aminoacid & R R sum
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D _ _ 154
E RV : 105
F

G

H

15 82
15 415 228
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2 m || 490
12 140 L 236
N 196
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Table 5A: Analysis of V lambda subgroup 1

Framework |

aminoacid — N ™ & v © ~ ©® o @ - ¥ ©® % v O ~ © O

A .0 19 118120
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Table 5A: Analysis of V lambda subgroup 1
CDRI
aminoacid & & N VLI L ERew I s Iaan
A 2 1 2i 2 1
B
C 42
D 3 31 3 1
E 1
F 1 1 18 1
G 42 3 1 239 41 2
H 2 2 2
I 1 41 1t 37 1
K 1 1
L 1 1
M 1
N 2; 1:37 13 31; 2 1 9
P 1
Q 1
R 11 5
S 1 42 38 34i 34 38 138 1 11 3 19
T 38 3 4; 3i 2 1 1 7 2
\ 1 2: 40
W 42
X
Y 4: 1: 20 7
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- 36
unknown (?)
not sequenced 1001 11
sum of seq? | 42i 42i 42i 42 42} 42i 42 42; 42i 42 42: 42} 42} 42 41} 41} 41: 41: 42
oomcaa’ 38: 41: 42i 42 38: 42; 34i 34i 38i 37; 37; 39 13 31: 36: 20: 40; 19 42f
meas T 1S CiSiG SISISINIIIGININI - YiVisSiw
pos occupied®: 4i 2 1 17 3 1 4 6 4i 4 5 3 8 71 51100 28 7i i
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Table 5A: Analysis of V lambda subgroup 1

PCT/EP96/03647

Framework [l
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Table 5A: Analysis of V lambda subgroup 1

amino acid'

PCT/EP96/03647

CDR I
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Table 5A: Analysis of V lambda subgroup 1

amino acid'

PCT/EP96/03647

Framework il
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Table 5A: Analysis of V lambda subgroup 1

PCT/EP96/03647

CDR Il
aminoacid S 5 832 8 5§V <0 owe §5 8§
A 22 15 1 16 4 1
B
C 42
D 39 17 7
E 1 1
F 2 1 36
G 14 1 171 50 1
H 1 1
| 1 1
K 1
L 1 37 1 1
M 1
N 2: 2 9 1
P 1 6
Q 3
R 5 1 2 2
S 4 17135 18 1 1
T 22 11 1
Vv 1 1 1 2 9i 34
W 38:. 7
X
Y 42} 39 3 1 3
z
- 2\ 4} 35 39} 38} 38! 1
unknown (?) ,
not sequenced o111 1 o1l o1 3003 33 334
sum of seq? | 421 42} 42} 41} 41} 411 41} 411 411 41} 41} 41} 39} 39; 38! 38! 39! 39! 36
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2 =2 L L L L
comas |52 8 g2z essiilsed
—ioi =il ni i 0l i @i i ¢l i g mi =i =i NI
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Table 5A: Analysis of V lambda subgroup 1
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Table 5B: Analysis of V lambda subgroup 2

Framework |
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Table 5B: Analysis of V lambda subgroup 2

amino acid’

PCT/EP96/03647
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Table 5B: Analysis of V lambda subgroup 2
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Table 5B: Analysis of V lambda subgroup 2

amino acid'

PCT/EP96/03647
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43;

43;

43

43

KX

43

43!

43

43

oomcaa’

S
w .

28

43

mcaa*

-

w

w

=2

fnn

@D

w

P

rel. opomcaa®

100%

] 000/0 Tesidarsenes

100%

100% ' i&s

pos occupied®

1

—_

o 65% i

o 44% =

—_—

o 98%

o 198% 7

—_

—

SUBSTITUTE SHEET (RULE 26)

13/




WO 97/08320

Table 5B: Analysis of V lambda subgroup 2

amino acid'

PCT/EP96/03647

Framework Il

~
©

w0

o -
~ P~

™~
~

™
~

<
~

n o
NS

™~
m~

@
™~

o2}
~

o
(o]

-
[oe]

N
o]

™
o

<
@

wn
<]

A

1: 43

36

43!

42

39

38

43

39

42

T i imimiQOiMm i

35

43

43;

38

41

42

43

42

41

43

NiXiXISi<idainimi@ioiz i ir ix

unknown (?)

not sequenced

sum of seq’

42

43

43

43i 43

43

43

43} 43

43

43;

43;

43

43;

43

43

oomcaa®

~
=
N~
(%)

S
w

S
(98]

N
w

BN
(0%

N

o~

mcaa*

w

(@]

=

—
>

w

—

—

w

@

—

o

>

m

()

m

b

)

rel. oomcaa®

100%

100%
100%
1009%

100% i~

100%

100%

100%

pos occupied®

—_—

w 9100

5 88% =

o 950 iR

u—

—

-—

—

o 98% R

1~ 98%

pu—y

o 195% i
& 84%

& 88% T

o 98% T

—

—

@ 9% T ie.
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Table 5B: Analysis of V lambda subgroup 2

amino acid'

PCT/EP96/03647

CDR 1

[de]
[o¢)

~
[ee]

[e0]
o]

(o]
(o¢]

o
[«p]

- N o <
o o o o

n
(o)

< o U 0O wow

[de)
(«2)

97

98

A

2

23l 1

43

1

42

IG)-nrnU(‘?w.

30

41

12: 23

16i 4i 4

21

28

43

39

Ni<XixXiSi<idinimiOivi=z iZir X

39 1

36

42

43

43

43

unknown (?)

not sequenced

sum of seq’
oomcaa’

mcaa’

rel. opomcaa®

pos occupied"

43

43:

43i

42

4343 43 43

43

42

43;

43

43

43!

43

42

42

21

~
w

-

-

(@)

w

wn

392121 23

—

t

1

<

<

gl

100%

100%

w

33%

100% !
100%
100%
26%

100% ;7

J—

w 91%

—_—

w 70% i

o 98% i

o 20%

o 84% ' iy

> 98%

—

—

—_—

-
@

o 67% =

—_—

SUBSTITUTE SHEET (RULE 26)



WO 97/08320

Table 5B: Analysis of V lambda subgroup 2

PCT/EP96/03647

Framework IV

aminoacid’ § 8 58 8 3 8 8 « B 8 sum
A : ' 280
B

C 99

D 188

E 107

F 113

G 42: 33i 42 . 19 567

H 48

| 1 184

K 36 | 189

L 28! 40 264

M 29

N 1 146

P 238

Q 1 14{ 250

R 1 2 4 121

S 1 2 831

T 7 41 40 398

\ 14 42: 1 327

w ' 48

X

Y 1 285

Z 16

- 555

unknown (?) 8

notsequenced] 1 1 1 20 20 1 1. 1 2 15 28] 80
sumofseq | 42} 42} 421 41} 41} 42} 42 42, 41, 25, 14.
oomcaa’ 42. 33: 42 41% 36 28 40 42 40: 19; 14
maa' G 6.6 T K L TV LGiQ
rel. oomcaa® % ?3 % % 5\‘5 é :L;c: %: § 8’:; g
pos occupied® 1: 4: 1 1. 5 2 3 l 2. 3 1

134

SUBSTITUTE SHEET (RULE 26)



WO 97/08320 PCT/EP96/03647
Table 5C: Analysis of V lambda subgroup 3
Framework |
aminoacid — N ©® ¢ w © ~ ® 0o 2 T & 2 3 2 2 222
A 1 110207 200 1 27
B
C
D 5 10
E 20 1 1
F 11 1 1
G 1 37
H
I
K 2
L 37 4 1 9
" ;
N
p 26 35! 1 27 1
Q 4 4 38 36
R
S 13 14 1 11 128 37 18
T 36 1 38
v 8 1 2. i34 36 10
w
X
Y 23
Z
: 20 38
unknown (?)
not sequenced : P : __
sum of seq’ | 38 38 38! 38 38! 381 38 38! 38 38! 38 38 38 38 38 38 38 38 38
comca®’ |20 23i 20! 37 36 38 26: 35! 28' 38 34 37 36. 20} 27} 37} 36, 38: 27
mas* - Y EILiTIQP PIS - VSV APGOQTA
N R R EE
n: W: N: M: M '— O: DI N —: 0 N M N INE O OO — i NI
posoccupied® 41 3 5 20 3 1 4 3 4 1 2 2 3 2 4 2 2 1 3
135
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Table 5C: Analysis of V lambda subgroup 3
CDRI
aminpacid & &« § A I KXl o w T I 5<8 3T 83
A 1 5 (H 21: 3
B
C 38 5
D 300 1 10 3 1
E 2 2 1 3 6
F 1 2
G 9i 38 1 23; 4 |
H 1 2 9
n 38 9: 1 :
K 7 2: 13
L 28
M 1 1
N 2 4 9 1 2 1 2
P 1 3 '
Q 10 4
R 25 2 10 1 1
S 9 1 19 10 1 2 8 14
T 3 133 1 14
v 115
w 38
X :
Y ] 8 120 1 4
z
- 38! 38 37
unknown (?) .
not sequenced : 11 P
sum of seq’ | 38 38! 38i 38: 38} 38! 38 38 38 38} 38! 38 38! 37} 37: 37. 38! 38! 38!
oomcaa' | 25 38 33: 38! 19! 38! 30: 10 38 38! 28! 23 11i 13! 37 20 21, 14! 38
maa® RiIIT CiS GiDiS - -iL G S Ki-Y ASW
pos occupiedi 4! 1¢ 51 1. 3¢ 11 5 9i 1. i 3 5. 9 o 1 7 4 7 1
130~ |
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Table 5C: Analysis of V lambda subgroup 3
Framework Il
aminoacid E 5 88323 T2 ILLFTTILBES
A 23 TR
B
C
D 9; 22 2 8
E 1 5 3 3
F 3 2 1
G 36 9: 28 i
H 1 1 1
| 1 28 1
K 32 2; 6 1:13
L 2 6i 33 1
M 1 1
N 1119; 9
P 36 1 38
Q 37: 35! 1 36 9 1
R 1 4 2 11 1i 38
S 1 2 14 100 1
T 2 4
v 1 31; 4:i37i 9
W
X
Y 35 35
JA
unknown (?)
not sequenced
sum of seq’ | 38i 38; 38! 38 38: 38: 38! 38! 38; 38} 38 38} 38: 38: 38: 38; 38! 38: 38
oomcaa’ 35: 37: 35: 32} 36 36} 36! 23i 38i 31i 33} 37 28: 35{ 9: 22! 19; 13: 38
mcaa’ YiQiQiKiPIGIQIAIPiVILiVIiIIYiDID:IN:K:iR:
comer £ £ 2222y
O i M 0 O OV O Wi —: 0f 0! Mi I~ OO (NI Wi WO M: o
posoccupied®*i 2i 20 3i 4 2 20 3% 3 13 3 3 20 3 3 70 8 T 9 1
[Ja
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Table 5C: Analysis of V lambda subgroup 3 '
COR It
aminoacid 8 8 < @ 0 o w 3 B R 3538 I8 G <o
A 1
B
C
D 9
E 27
F 38
G 38 38
H
o 37
K
L
M
N 21
P 37; 1 36
Q
R 38
S 1i 36 1 38 38: 12
T 5
\
W
X
Y
VA
) 38! 38! 38! 38! 38 38! 38.
unknown (?) 1
not sequenced TR ‘
sum of seq’ | 38 38 38 38 38 38 38 38 37: 37: 37 38 38 38 38 38 38! 38, 38
oomcaa’ |37 36 38: 38 38 38 38 38 37 36 27 38 38 38 38 38 21 38 38
meaat  PIS - - - -1 G | P ERF SGSN - -
rel. oomcaa® i & g5 g § go § § E\:?
> 2igiSieier g ol
pos occupied® 2 R 1 1 3 1 1
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Table 5C: Analysis of V lambda subgroup 3
Framework lli
aminoacid & 8 83 R I A R X R RRRREESS 83
A 1:36] 1 1 11 134 38
B
C
D 38 37
E 10; 14 {38 1
F
G 37 28 10
H 1
| 1 16378 1 1
K 1
L 38: 2
M 10
N 28 1
P
Q 1 25
R 1 10 1
S 37 2 1 23 1
T 1 6:37; 125 36 12 13 2
Vv 2 1 140 1 11
W
X
Y
Z
unknown (?)
not sequenced P : :
sum of seq | 38! 38! 38! 38! 38 38! 38} 38 38! 38! 38! 38! 38! 38 38! 38! 38 38! 38
oomcaa’ 37 37: 28 37 36 25 38. 36 37 23 28! 141 25 34 14! 38} 38 38 37
mea' S GINITIATIL T | S GV QAFEDEATD
rel. oomeaa® | & & & & s o gov § S & c\‘,’ 3 § e 2 2 8 & g
PPN B DB 2 R e Nn 8RR 222G
pos occupied®; 2i 20 5 2 2 4 1 3. 2. 5 2 3 5 4 6 1 1 1 2
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Table 5C: Analysis of V lambda subgroup 3

CDR I

. O N O — N M < W ©
aminoacid’ ® @ ® ® ® ®© © »® o o < ® O O W uw &

97

98

A 130 30 2 1 L iy

38

32; 1 1 6

T i@ imimiQim o™
——
)
N

12: 1

K=Y

10 2i 1i 2 100 1

25 181

10 1i 2 2

14 1 28 26; 13 1i 1

1 18 28

23 1

181 36 : : o3 3.

NiXiXiIiSTi<idainiomiQivwiz i ir ix

- . 10: 15 31 36! 37: 36 1
unknown (?) ? ;

not sequenced ' 11 1 20 1 11 n o1

sum of seq’ | 38! 38: 38! 38 38! 38 37. 37: 37! 37, 36 37 37 37 37 37} 37} 37 35

w
oo
N
£
)
w

w

oomcaa' ' 38i 36 32028 26/ 14: 10: 15 31 36! 37} 36! 18 28

—<
~<
(@
o
%)
=

mcas’ D S

w
oD
=

1

!

!

i

1
<
<

mal

rel. opomcaa®

100%
1000%

100% ..
100%

N 950/0

o 660/0

w i37%

o i61%
».i86%

w 76%

o 70%

2 38%

w©w i280%

N 97%
o 97%
© 49% i<
o 76% i<

pos occupied®

u—y
—_—

—

—

140
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Table 5C: Analysis of V lambda subgroup 3

Framework IV
aminoacid § 8 © & 8 & S 8 « o 8 sum
A 265
B
C 1 82
D 225
E 2 145
F 90
G 35! 31} 35 24; || 461
H 32
| 160
K 30 o
L 28 330 [233
M [ IRV
N 1126
p 1 249
Q 7| 275
R 2 154
S 2. | 501
T 4 135 35 347
V 7. i35 308
W 62
X
Y 211
z
- 603
unknown (?) { . : 1
not sequencedj 3: 3i 3: 3i 4: 3i 3i 3i 4i 11 28} 89
sum of seq? | 35! 35! 35! 35 34! 35! 35 35 341 271 7.
oomcad® i35 31} 35! 35 30 28i 35! 35 33i 241 7
meaat (GG G T K L TV LG Q
—i i Wi =i @i @f =i —i i Qi —
pos occupied® 1i 2¢ 1: 1 3P 20 1% 1 2 3 1
[4]
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Table 6A: Analysis of V heavy chain subgroup 1A

Framework |
aminpacid — N ™ ¥ 0w © N 0 2 Z @ 2 F 02 2g
A 1014 60 PY
" ‘
C
D
E 1 20 1 2 64
F
G 58! 1 64
H 2
| 2
K 2 57: 64 60
L 2i 59 3
M 1
P 63
Q 53; 156 i 2i45
R ; 3
5 60 3 1. 140:63
! i
v 2 55 1: 55 61 64 6a
w
X
Y
z 3
unknown (?) . B
not sequenced] 11: 10 10 10: 10: 10: 10:10. 6 6. 6. 6 6 6 6 6 6 6 6 6
sum of seq’ | 59' 60 60: 60: 60 60° 60: 60; 64: 64! 64! 641 64: 64 64! 64} 64! 64! 641 64.
oomcaz’ | 53 55 56: 59: 55: 45 60 58: 60; 64 61 57: 64; 63 641 40; 631 64: 60; 64
mcaa* QiViQiLiVIQISIGIAIEIVIKIKIPIGISISIViKIV,
s HHEEHEE BEEHEEHEEHEEH
RLRLRL DL RN T L RLRLTLRLRL T DL L QL L T L T
lﬂ-L
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Table 6A: Analysis of V heavy chain subgroup 1A
CDRI
amincacid ~ N U I L QR8s coFgIFIassa
A 62 1 41
B
C 63
D 1
E :
F 69 3 |3
G 116941 v 23
H nl 1 1
| 1 61 1 1
K 63 1
L 12
M 4
N 20 5 4
P 1
Q
R 11 SHR 70
S 63 68 1 40! 60 2 60
T 1 2 68, 25 3 3 4
V 1 69
W 70
X
Y 27 64
4
- 70: 70
unknown (?) i
not sequencedj 6i 6: 6: 5 2 1 P
sum of seq’ | 64} 641 64! 65 68: 69 70: 70° 70: 70! 70} 70: 70: 70i 70: 70: 70} 70: 70: 70
oomcaa’ | 63! 63! 63i 62 681 69: 41 68: 69: 40: 60! 70} 70: 64} 41: 61 60} 70: 69: 70
meaat (SICIKIAIS GIGIT F SiSi-i- YIAI I SIW ViR:
domar 222288222888 2828
pos occupied®! 20 20 20 3 11 11 4 3 2 6 5 1 1 4 6 4 5 1.2 1
143
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Table 6A: Analysis of V heavy chain subgroup 1A

Framework I
amincacid & L T S I I L LT LIRS Co0FE B
A 70 1 5
B
C
D 1
E 69
F 2 3:39
G 1,68, |69 1 6939 1 68
H 1 ,
| 65! 38 34
K
L 1 68 1 1 20 4
M 67 2 4
N 4 322
P 68 1 44
Q 69 69 11
R 1 1 1 4 1
S 1 T 22 1
T 1 20 4 13
V 1 2 2116 1
W 11167 26
X
\ 1 20
. v
- 70: 70
unknown (?) :
not sequenced ‘ , : .
sum of seq’ : 70i 70 70: 70: 70: 70' 70: 70} 70: 70} 70: 70: 70! 70: 70: 70 70} 70: 70} 70:
oomcaa’ : 69: 70: 68} 68! 69: 69: 68: 69! 67 67 69 39. 65 38 4470 70: 3¢ 391 68
meaa* QAP G QG LIEWMGG [I Pi-i-1FG
reloomear (SIS 8 Sig e e s s s s ssedfises
P 3 8858802 TR0R BN
pos occupied®! 2i 1i 3: 3 20 2 3 2. 4 4 2 4 4 6 5 1 110 6 3
| 44

SUBSTITUTE SHEET (RULE 26)



WO 97/08320 PCT/EP96/03647
Table 6A: Analysis of V heavy chain subgroup 1A

CDR I
amincacid S 53 3 232 53332833 RIRIRIR
A 134 69 ‘ ' 43
B
C
D 150 1 2 70
E : 33
F 1 48 3 o4
G 1 3 67
H :
| 4 1 44 1
K o2l 470 P i 8
L 1 22 2 i3
M 21
N 9 |59 18 |
p 17
Q 1 70 64
R 2 2 i1 69 1
S 12 i 5 70
T 3426 4 3 66 6524 27 67
v 1 ies 3 3
W
X
Y 168
'z
unknown (?)
not sequenced : iF i :
sum of seg’ | 70: 70: 70: 70; 70 70 70} 70} 70 70; 70: 70: 70: 70: 70: 70° 70} 70 70: 70:
oomcaa' |34} 341 59 681 69; 70 47 48 64 67 69 65 66 44 65 43 70! 33 70 67
meaat TIAINTY ATQTK FQ G RIVIT T T ADIES T
cloom (£ £ 2B gLz E R
pos occupied®i 110 61 70 31 20 1 4 2 5 3 23 3 4 2 3 15 1 2
145
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Table 6A: Analysis of V heavy chain subgroup 1A
Framework 11l
amino acid' RR2EB 3 83<Cougdd8ds338 s
A 64 : 3 1170
B
C 70
D 2 26} 70
E 64 44
F 112
G 1 - 5
H 1 1
| 1 31 2
K 3
L 3 63 70 2
M 67 1 1
N 4 1116
p
Q 1 3
R 3 23 11 162
S 62 1 41} 49 67 1
T 1169 2 3 2 4 67
v 3 4 1 64
w
X
Y 68 69: 68
Z n
unknown (?)
not sequenced
sum of seq’ | 70: 70: 70; 70i 70: 70: 70 70 70: 70: 70: 70; 70: 70: 70: 70: 70° 70° 70: 70
oomcaa' |62 69 64 68' 67 64: 63 41 49 70 62 67 44 70 67 70. 64 69 68 70
meaat SITIAIYIMIE LIS SILIR SIEIDIT AIVIY Y C.
pos occupied®! 4 2i 4i 3i 2. 4 3 6 6 1 4 2 21 4 1 5 2 2 1
48
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Table 6A: Analysis of V heavy chain subgroup 1A
COR Il
aminoacid % & 2 85833 <@ o wuw O - X0
A 66: 20160 11 1 1 4 120 20 11 TR IR
B
C poritel 20 172
D 16, 51 3 {3 5 4 3 4 11 59
E 9 2 i 1 1
F 13 2 312 1 28 2
G 2:14113:20: 10 14} 5/20i 15161 3! 3. 4i15 1 1. 7
H LTI T
| 20502 2 1221 ]
K 5 21 1
L 14425 2 11 a2 TR
M T 1 A 1o 110
N 202 12012 2 2 2 114
P 20; 3 1038 28 20 20 4 20 11 41 1 1
Q i TR NI
R 550 15 5 7.8 1. 4 2 01 16
S P15 55 5io1i 5118 4 3 (2 1 2
T 19303 5 4 1 3 4 2 5 2 1 1
v 30013 2 4 333 42 22 1 21
W R 2 3 105 1
X
Y 10 2320 5 4 9 1 211200100 6 9100 7 1
z
; 120 20 30 6115110141 23 261 261 311 341 461391 211 1
unknown (?) 1 11 2 34
not sequenced 28 20 20 4 4 4 4; 5 5 5 5 5i 5 5& 5i 5! 5 b
sum of seq’ | 70: 70 68, 68, 68, 66 66, 66. 66} 65: 65. 65: 65. 65! 65! 65: 65! 65. 65! 65:
oomcaz’ | 66 55 161 20 20 20 16 21 20 15 16 23 26 261 31: 34 46. 39, 281 59
meaat A RIAP G Y CSiG - - -i-i-i-- -i-FiD
s i 0 0 ©0F 0! O 9 L L Q! LI LI LI L L QF L O 9! 9 9
rel- oomes? 323 aaosdionRaosrBen
pos occupied”: 3. 8110} 141 18115 181 15: 15:17: 17:15:12. 11: 11:10: 8 7: 6 6
) 4%
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Table 6A: Analysis of V heavy chain subgroup 1A

Framework IV

aminoacid’ € 83828882 ¢
A
B
C
D 11
E 11
F 2
G 58 59 1i 1
H 1
I 3 4
K 3 1
L 3 1 40! 1
M 1 3
N 1
P 5 1
Q 52
R 1
S 53 51
T 54{ 11 1i 51 1
\ 15 1 1i54; 654 1
W 59 1
X
Y 34 1
VA
- 1
unknown (?)
not sequencedy 5: 9: 9: 10: 11i 14{ 14{ 14} 15{ 16i 16{ 17
sum of seq’ | 65 61! 61: 60; 59: 561 56! 56! 55! 54! 54! 53.
oomcaz’ :34: 59 58 52 59 541 40 541 51 54 53 51
meaa* YiWiGiQiGiTiL:V:TiV:S S
e B
rel.oomcaa-‘§§ § oj’ <§ 08 § 8 Z’ﬁ (?f =8> § ?\2
posoccupied"% 9: 3. 4 7 13 5 3 20 1 203
148
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sum

670

165
308
297
226
928
14
286
325
386
189
176
238
494
351
972
736
699
243

542

578

406
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Table 6B: Analysis of V heavy chain subgroup 1B

Framework |

: : O — N OO ¢ W W I~ 0 O O
aminpacid! — &N ©® < 1 © ~ ® O - - - - - &

—_— — -

A R LY

27 35

21 20 26

27 1: 34

Ni<XiXiSi<idainimipLiviz i ir ixX

unknown (?)

not sequenced| 15{ 15: 15: 13: 13: 13{ 131131 6 5 5 5 5 5 5 5 5 5 5 5

sum of seqt | 25! 25! 251 27} 271 27: 271 27: 34: 35 35! 35! 35! 35! 35! 35! 35! 35! 351 35
oomecaa’ | 21: 211 20; 26: 20: 26! 27 27: 32 35 35: 34! 33: 33! 35: 34i 34 351 33: 34
meaa* Qi ViQiLiViQiS GIA EIVIKIKIPIG A SIVIK V

rel,oomcaa® (iR R LiDiDiR DB EiFT T SE RIS EE
T OO0t OO OIS O Ot ! O ISNEINGT O g IS

pos occupied®! 3. 3i 4i 2 4 20 7 13 1122 3 1.2 2 1 2 2
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Table 6B: Analysis of V heavy chain subgroup 1B
CDRI
aminoacid ~ S A I LEQEIJIJ 8T T I 863
A 30 2 6
B
C 35
D 1 5 1 1
E 3 1
F 2i i39 2 2
G 11140 1i 14 1 1
H 31 i34
| 1 1 9
K 28
L 1 ] 5 2
M 23 i
N 1 13 13
P 1.
Q 2 1 1 1 1
R 2 2 1 37
S 35 40 5 2i 15 21
T 3 320 34 1
V 1 1 H 20 2 38
W 40
X
Y 36 1 32: 19 1
z
- 40} 40:
unknown (?)
not sequencedj 5 5: 5i 5 : :
sum of seq’ | 35 35! 35! 35 40. 40; 40! 40; 40} 40; 40! 40! 40 40’ 40; 40! 40! 40 40! 40
oomeaa 35 35! 28' 30 40' 40: 36 32 39 34 15 40 40 32 19} 23 34: 40 38%37:
meaat (SICIKIAIS GIY T FITiS -i- Y YIMHIW ViR
pos occupied 1) 14 4 114 4 2 610 1 1 511 55 12 4
130
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Table 6B: Analysis of V heavy chain subgroup 1B '

Framework I
aminoacidd @ T 9 2 I L LT 2P E<Cco0RESR
A 39 1 1 7 1
B
C
D 1 1
E 1 39 T
F 2 1 1
G 39 128 39 1 1 9 139
b 2
! 3 34
K 1 1
L 1 37 1
M 37 2; 4
N 35 20012} 1
p 1i 34 1 31 :
Q 39 39 1
R 1 10 4 31
S 1 1 2 11 20
T 4 1 3
v T
W 40 33
X
Y 2
4
) 140 40
unknown {?)
not sequenced _ : P
sum of seq’ | 401 40} 401 40; 40) 40 401 40, 40} 40' 40! 40: 40' 40: 40’ 40 40’ 40 40: 40.
comcaa’ 39' 39 341 39 39 28 37 39 40, 37 39 33 34,35 31 40 40, 20, 20, 39
meaat QI AIPIGIQIGIL EIWIMIGIW I N/P - - N SiG
pos occupied®i 2i 2i 4i 2i 2i 4 3 20 1 20 2 44 ....... 5: 4i 11 1 9 8 2
15]
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Table 6B: Analysis of V heavy chain subgroup 1B
CDR I
aminoacid B8 5 3 3 8 o 8§ 3 3 8 8 5 IJIBLIIRIR
A 12 271 2 1 1. 2 12
B
C
D 1 4 35
E 2 2 1 1 1
F 4 39 3
G 15 6 1 34
H e i N
| i TARIRE! 22!
K 2. 2. 8 36 1 1
L 1 1 1
M 23 1 1
N 170 118 1 4
P 3
Q 36 37
R 2 1 20 137 34 1
S 1 2i 11 1 | 1 37
T 35 2 1 1 39:  i40i 1 38 5
v 1 38
W 3
X
Y 33
z
unknown (?)
not sequenced : P P
sum of seq’ | 40: 40i 40! 40: 40: 40: 40' 40: 40; 40} 40: 40: 40: 40: 40: 40; 40! 40; 40! 40
comcaa’ | 17:35! 181 33 27: 36: 36 39: 37 34 37.38 39 23 40 34: 35 38,37 22
meaat (N TINIY AIQIK FIQ G RV TIMTRD T:SilI
domes £ £ g g2z n
TV OV O NN NIiN!IWIiNDI NI Mi NI —i OIDIM! O O
pos occupied™: 8: 4: 8i 4. 4: 4i 5. 2 3 4; 2 3 2; 4 K 6 3 3 2 4
ISa.
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Table 6B: Analysis of V heavy chain subgroup 1B
Framework 1l|
amincacid S R RLEE I <o IB8s3833& a6
A 35 12 40
B
C 37
D 1 4 19: 40 1
E 35 19
F 1 2 201
G 1 12
H
| 1 |
K ]
L 2. 139 39: 2 1
M 37 1 - 2
N 7 12
p 1 1
Q
R 4 216 137
S 27 1 35:200 | 136 11
T 139 1 ] 40
v 4 1 ] 33
W
X
Y 39 38: 35
Z
unknown (?)
not sequenced : A R L L
sum of seq? | 40} 40! 40! 40! 40! 40 40} 40} 40! 40: 40! 40: 40} 40! 40! 40: 39} 39 39} 39!
oomcaa® | 27%39: 35 39! 37: 35 39! 35 20: 39 37 36! 19 40’ 40: 40) 33: 38: 35. 37
meagt (S TIAYIMIEILISISILIR S DD T AViY Y C
cloome' £ 2 £ 2 £2 g2 BTy
pos occupied’! 5 20 3 20 31 3 20 5 4 2 4 4 3 1 11 5 2 4 3
S
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Table 6B: Analysis of V heavy chain subgroup 1B

~ PCT/EP96/03647

COR II
aminoacid & & 8 £ 58338 <0 U O wWw O - x5
A 3701 6 P11 G2 313 ' 5

B
C i 3 21
D 7 5 2 3i 1 5i 4 1 28 28 1% 2 27
E 2 1 1 1 2 1 1
-F 1 0103 2i 11 11 2; 15
G 178 7 5 58 9i 4 7¢ 1 3 2i 281 1: 3 1
H 1 2 1
| 1 19 18 38 18 18 18 18 11 1
K 1 1 181 1; 1 1
L 2i 4 4i 4 3 o281 1 2 1
M 2 18 1 1 4
N 1 1 18 11 3 1 1
p 6 4 1 3 2 i
Q 1 150201
R 131 5113 1 1 1
S 1303 1 4 36 3 2 2 1 i
T 28 13 18028 028 1 5E 1% 181 1 1 1
\ 1 7: 11 18 38 1 2 1 10 28 1 1
W 1 1 2 2 181 1 4
X
Y 5.5 4 203 4 3 3 2 1 2°5 6 2
Z
- 1 1. 4 6 8 10 11 14 20} 231 25 25 25: 231 181 11! 6
unknown (?) ‘ 5
not sequencedf 1i 1: 3i 3: 3: 31 3i 3i 4i 4 4 41 4 41 41 4 41 4 4 4
sum of seq? | 39} 39: 37: 37 37: 37 37. 37: 36. 36! 36! 361 36: 36! 36 36! 36: 36! 36! 36
oomcas' 37:31 7 7. 5 5. 9 8 10i 11 14i 20 23! 25! 25! 25: 23! 18 15! 27
meaat (AIRIDIGIDIGIG -i-i-i-i- -i-i-i- -i-FiD
reloomeaa’ | RIS SIS LR L LS e
22222 3385383882335 %0
pos occupied®! 3i 81 10/ 12: 181 13 131 1212 17 14 1310 9 8§ 7.8 8 5 5
1511-
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Table 6B: Analysis of V heavy chain subgroup 1B

Framework IV
aminoacid S 8 388588252 am
A 340
B
C 79
D 2 179
E 1 159
F 1 130
G 27 26 1 450
H 1 51
I 7 3 113
K 2 . 194
L 12 N 204
M 2 144
N 1 138
P 1 1 128
Q 23 253
R 1 247
S 3 1 18: 18| 432
T 211 6 16 1 390
% 6 21 18 342
W 29 ' 158
X
Y 11 294
Z
- 3 394.
unknown (?) { - 3
not sequencedy 4; 11: 13: 13: 14: 19 19 19: 20i 20: 21: 22} 458
sum of seq” | 36i 29i 27 27 26i 21; 21; 21: 20; 20: 19; 18
oomcaa’ 11§29 27: 23i 268 21i 12i 21: 16; 18i 18 18;
mcaa YIWiG:QiGiTiL:V:TiViS:IS:
rel. oomcaa® § % % § %%% é % § § ;;z%
pos occupied®i 10! 11 11 4: 1 1i 41 1. 3P 3 2 1
I55
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Table 6C: Analysis of V heavy chain subgroup 2

PCT/EP96/03647

Framework |

amino acid’

- N ™m <+ w o~ O

—
P

(2 TR 22 TR o Vo B { B o N o« B @ ]
LR o B o S R e B e

o
N

3‘

T i imimiOim i

Ni<XiXiSi<idAinimioivwiz igZ ir ixX

unknown (?)

not sequenced

sum of seq’

oomcaa’

[S2 N>

DD

w i
(op]

m .

1D

w

.of m

c.) o3“..

mcaa*

- N u

<

—

,__
=
m
wv
(@]
o
>
—
<
=

o

—

Pin ioy

—

—

—

—

rel. oomcaa®

100%
100%

100% @
100%
100% : <

100%

100%

100%, ;.

100% : r

pos occupied®

S
)
un

3

N 83%

—_

w 50%
- 500/0

—
—_—
—
—
u—y
.

.J100% : =

—_

o 83% T
N 67%
o i83%

J—

—

—

155
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Table 6C: Analysis of V heavy chain subgroup 2
CDRI
aminoacid S N A I L LIS IdBIalas
A 1 : 1 |
B
C 7 2
D 1
E
F 3 6 i
G 7 Loig 3 3
H
| 1 7
K
L 2 1 6
M 5
N 2
p
Q
R 2 1 7
S 1 6 6 6 2 4 4
T 6 | 6 1031
v 2 2 7
W 7
X
Y 1
Z
unknown (?)
not sequencedf 1 :
sumofseq’67777577727777§777777§77§
oomcaa’ 76367 66 6 6 44%5337475577;
megat (TiCiTiFISIGF S LST SGMGVSWIR
doma §Ecesfss e es888888
SICI8  © OI0iB OO QiR R TIO R OO
posoccupied 111 2 3 2 12 2 2 23 4 3 2 4 12 1 11
......... '+
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Table 6C: Analysis of V heavy chain subgroup 2

PCT/EP96/03647

Framework 1

amino acid’

[22]
o

o
<

-—

<

N M < U O ~

© o O
T ¥+ ¢ F ¢ F <0

51
52

[2a]

53

54
55

6 7

T iimimiOim iw

Ni<XiXiSi<iAinimiQivizig irm ix

unknown (?)

not sequenced

sum of seq’

~J
~I!
~J
~I

~

oomcaa’

N

~

~
[*p]
~J
~

mcaa*

(=]

Ol

©

ol
(e ol
N i

=i,

rel. oomcaa®

1009%
100%

(ep]
o
>
|
—
>
XI
lew)

100% ' isiN
100%

pos occupied®

) 86%
w i710%

—

J100% 1T
Li100% i i
100%
L100% T
100%

o 186%
&~ 29% T
o 86% i~

—
—
S
—_
—
—_

o 29% 9 i~
N 860/0

—

-—

w i57%

w 43% '

1~ 88% 1S
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Table 6C: Analysis of V heavy chain subgroup 2

CDR Il

aminoacid’ & 5 B P 8 c 8 3 T B 85 B3 BILIIRLIR

A

B

C

D 5 6 1

E 1 1

F 1 1

G

H 1

| 6

K 10 6 4 6 6

L 7 7

M

N 1

- P 2

Q

R 2 1 2 7 1 1

S 2 6 7 4 1 5 7

T 4 3 6 2 6

vV 1

W 1

X 1

Y 3 4

Z
unknown (?)
not sequenced 1
sumofseq | 7i 7. 7 7 7 17 iy i 7 o7 7
oomcaa’ 6 3 6 4 7 4 4 7: 6. 6 6 6 7 6
mcaa DKY%YSTSLgK%SéR;LTISKDTS‘KE
reloomeas 2 8 8 98 888 888 s 2882882

IR R I R R I A R I RS I A )

pos occupied®: 3 2 3 4 2: 3 1 1 3 2 1 1 2: 2 2020 28 201 2

ISOB
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Table 6C: Analysis of V heavy chain subgroup 2

Framework i

. L O N ® OO — M ¢ N O N OO — &
aminoacid! N~ N R R ® 0 0 T @ U o & & 0 ® © © & ® O

A " 1 5

T iimim O i i

N
—

Ni<iXiSi<i=inmimiQivwiz i irm ix
)

- ' 18 11
unknown (?)

not sequenced

sum of seq’ i 7

oomcaa’

~ ~
~ ~
~ ~
(52}
[op]
~J ~J
(o]
o veeossas
~ ~J
(4]
~J
~J ~J

~

aeedd \’
N
~J

~J

meaa N Q VIV ILITIMTINIMD P VDT TIATIYYiC
P teiegiel I i L el isiel leiociele
rel.oomcaa® | DI Si I LS B 283338
2000 i8R 5883828888
NG e e = 00 N e S N G0 —: QO =i emi NG e i e e
posoccupied®i 2i 1: 10 18 20 20 11 3 2 30 20 12 11 2 111

8\ N 86%
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Table 6C: Analysis of V heavy chain subgroup 2

PCT/EP96/03647

CDR 1l

amino acid'

™
[*2]

<
D

wn
(o2]

(o]
(o2]

~
[¢2]

o]
(o}

D
D

o
(@]
—

<o U WWOTIT-—-N¥O

A

2: 1

T i@imMmimiQO i im

Ni<iX i Si<iAinimi@Qiovizx i ir ix

unknown (?)

not sequenced

sum of seq’

oomcaa’

o

mcaa*

S

Doy

W

I—I

=

N O

@

—

i i,
ERI P B
t

Yoo
]

3

]

1

' i
Vi
i
o

rel. oomcaa®

17%

17% i

100%
100% : 9oy

pos occupied®

¢ 71%
~ 86%
=~ 50%

D

n :330%
o i33%

e 50% Gt ies iy
© 67% ' oie

o 67% i

N 83%

v 50% it otes

o 150%

—_—
—_
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Table 6C: Analysis of V heavy chain subgroup 2
Framework IV
aminoacid € 8 $ 868882 = =%
A 1
B
C
D
E
F
G 6 6
H
|
K | i
L 1 3
M
N
p 1 1
Q 3
R 2
S 6: 3
T 6 1 5 '
v 3 6 6
W 6
X
Y 1
Z
unknown (?) :
not sequenced 11 10 11 1 1 11 1l 1114
sumofsef | 6 6 6 6 6 6 6 6 6 6 6 3
comcaa’ | 3 6 6 3 6 6 3 6 5 6 6 3
mcaa* VWGOGT LiV TgVS S
posoccupied’ 4 11 3 1 1 4 12 1 1

SUBSTITUTE SHEET (RULE 26)
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sum

35

16
43
21
18
55

29
42
78
20
23
41
23
41
82
102
68
29

35

56

54



WO 97/08320 . PCT/EP96/03647
Table 6D: Analysis of V heavy chain subgroup 3

Frame
aminoacid — & ® ¥ w © ~ o o 2 - & 2 ¥ 2
A 1 1 12 1 31
B 1 1 1
C
D 1 1 16
E 110 9 15! 166 9 8 2
F 4
G 181: 193 174 1 202
H 5 4
| 9
K 5 3 : 26
L 15176 43 1 140 1
M 12 1 '
N 1
P 1i 194
Q 41 138 1. 3 12 162
R 6 4
S 178 2 8
T L
Y 5 147 1118 62: 195
W 1
X
Y
Z 8
unknown (?) : :
not sequenced|| 47: 47, 45) 33 320 320 320 311 100 7. 6 6 6 6 6
sum of seq? | 165! 165 167i 179; 180! 180} 180 181; 202; 205: 206 206 206; 206: 206
oomcaa® | 110i 147 138} 176! 118} 166! 178} 181} 193 174 140’ 195! 162} 194 202§
mcaa® Eivia LiViEISIG GiGiL: Vi Q P:G:
pos occupied®! 5 4i 7. 4 5 4 3 1 20 5 3 4 70 4 4
16
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Table 6D: Analysis of V heavy chain subgroup 3

PCT/EP96/03647

work |
aminoacid 2 = 2 2 8 & R & & & &§ R & & 8
A 183: 192 1
B
C 1 209
D 7
E 8 8 3 1
F R 1 201 201
G 134 2 1207 3
H 1
! 2 3170 1
K 15 4
L 205 201 6 3
M 1 1
N 10 10
p 1 2
Q i
R 62 191 1
S 206 207 4 2209 15, 174
T 4 2 4 4 1,163
v 8 79 16
W
X
Y
Z
unknown (?) 5 :
not sequencedf 4: 4: 4: 4i 3 3 3 3 33 1 1 21 2
sum of seq’ | 208! 208! 208' 208! 209 209: 209 209 209; 209 211: 211: 210: 211 210
oomcaz’ | 134 206! 205 191 201: 207 209 183 192 209 207: 201: 163 201: 174
mcaza® G:SILIRILISICIAIAISIGIFiITiF S
reloomeast | 8 £ & 8 8 c\? § § 2l 2 é’ a"% o~ § a°
.83 i3 R 2B GG PR P D
pos occupied®: 4i 3 4 3 2 3 1 7 I 3 4 8 4 7

&5
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Table 6D: Analysis of V heavy chain subgroup 3

CDRI Framer
aminoacid & < @ § 8 & &8 & 5§ 8 8 2 v ¢ ¢
A 1 17: 80 1 1 187 1

B
C 1 1
D 26 37 2
E 1 10 (HE
P 5 |
G 13 31 1 2 209
H 4 88
| 1 1 15 12
K 7 1 202
L 3 3 203 1 21
M 193 i
N 35 8 3 34
p 1 1 4: 191
Q 209 1 1
R 7 ' 207 7 8
S 103 17. 8 72 3 14
T 9 15 10 4 5
V 2 701 197 2
W 30 212
X 1
Y 1 154 19 3
Z
- 210} 210
unknown (?)
not sequencedf 2 P28 2 1 11
sum of seq’ | 210} 210} 210; 210} 210 212} 212} 2121 2111 211} 211} 212} 212 212} 212
oomcaa' | 1031 210 210! 1541 80 193 88 212 197 207. 209 187 191: 209 202
mcaa’ Si-i-iYIA M H W VIRIQ A P G K.
<t — -— ~ o [*2] < — i O o R: OO (%2} o
pos occupied®i 14i 1 1g 9;: 10 4¢ 9 1 3 3 3 9 5 4 4
165
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Table 6D: Analysis of V heavy chain subgroup 3
work Il
aminoacidd ¥ € € § ¥ 2 8 5 § <« o 0o B § &
A 1 770 42 12 14 7
B 3 1
C 1
D 1 7 94: 8 3
E 198 3020 1 2 1
F 7001 20 1 18
G 207 33 11 10 46 4:163; 85
H 6 1
| 3 3: 191 1 1
K 11370 20 30 31
1 M1 3 121 E
M T
N 13 79 2 130111
P 1 1 1
Q 7 7 10 '
R 1 24, 1170 51 1 2 16
S 3 1 102i 1] 9i 118 43 174 170 82
T 305 4 20 113 120 3 3
V 3 204 49 2 1 6
W 210 1 8 6
X 4 3
Y 1 22 5 58 8
Z
- 141178, 178) 20 1i 1
unknown (?)
not sequenced §
sum of seq? § 212: 212 2121 212: 212! 212} 212} 2121 212} 212} 212} 212} 212 212 212,
oomcaa’ {207 211: 1981 210 204 1020 49: 191 118 58! 178 178] 941 163 85
mcag’ GiL E W V. S ViIiSiYi- -/DiGiG:
posoccupied 4 2 5 3 3 315 9 11 19 5 5 12 9 12
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Table 6D: Analysis of V heavy chain subgroup 3

PCT/EP96/03647

CDR Ii

aminoacid 8 5 8 3 8 & 3 3 3 & 8 & 8 8 R

A 9i 1. 2 174; 33 1

B 12

C

D 1 17 160

E 8 3 2 1 2

F o 1 32 207

G 5 1 5 4: 5 2120 1

H 1 4

| 3 371 2 8 141 208

K 11 61 199 8

L IR 1 1 1

M 8 2 1

N 51 4 2 2

p N 6 8 18 1

Q 3 2 2 2

R 5. 4 5 6 201

S 48 1 4 193 27 211

T 42 970 5 7 189 1

v 2 100 2 204 1 3

w 2

X 4 1 1

Y 9 151 210 1 (HE

z
unknown (?)
not sequenced : : ; :
sum of seq | 2121 212} 212} 2121 212: 212} 212 212} 212 212 212} 212} 212 2121 212
oomcaa® | 51 97i 151210 174 160: 193: 204} 199: 212, 201: 207, 189 208 211

mcaa’ NiTiIYi YA D SIVIiKIiGIRIF T 1S
pos occupied®i 19 12 15 2 9 8 3 20 6 1 4 5 & 3 2

1
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Table 6D: Analysis of V heavy chain subgroup 3

amino acid'

PCT/EP96/03647

Framework il

—
~

(9]
™~

[ag]
~

74

75
76

o]

N
=)

<

aa]

o

57

199

38

10

13

TGO imimiTOiMm i@

186i 6

188

209

10; 3

205

212

170

2: 188

181

10!

199

211

153

56

186

142

1

194

Ni<XixXiSi<idinimipiviziZ ir ix

unknown (?)

not sequenced

sum of seq’ !

oomcaa’

mcaa’

rel. oomcaa®

pos occupied” :

12121 212

212} 212

212

212

212

212

212

212

212

: 186 188

142! 188

209

199!

205

186:

e
=

—

L

—<

—

Q

M

=

w

—

850/0.-.“.-

i100% (7S

s 94% i S|

o 88% i7"

~ 8% T

o 67% i
o 189%

o i92%

e [99%

o 94% ¢

~ i97%

~.88% 7

—

16®
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Table 6D: Analysis of V heavy chain subgroup 3
aminoacid & & ® ® & 8 8 8 & & & & & & o
A 149 1 1 207 173t 20 150 9 1
B

C 1: 210 5 2 1
D 5 15;209 2, 541 7. 6
E 1 190 118 28 1
F 1 15 1 9 6
G 116 4 1 L 2i 8 34/ 26 35
H 1 1 3 N
| 8 2 4 15 10
K 30 600 4 3 5
L 18 16 117
M 2 1 1
N 1 i 20 200 4 3
P 9 113 4 290 10
Q 1 5 30 9 2
R 177 103 9 30 19
S 1 1 3 9 8 11
T 3 28 207 1 25. 150 7¢ 6 20
Vv 9 187 0. 1 70 7 15
W 1 3i 4 3

X 1
Y 211: 194 120 9 8
Z
- o3 4
unknown (?) _
not sequenced 1 1 1 181 1 1 11 7 12 13
sum of seq’ | 212} 2121 212} 212 211 211 211: 211 211} 211; 211} 211} 205! 200! 199:
oomcaa’ | 177: 149 190; 209: 207: 207 187 211 194 210: 1731 103} 541 30! 35!
mcaa’ RIATEIDITIA/V Y Y C A R D R G
R Db P D R R e Pk e R o D T T
posoccupied”. 5 10 4 4 4 2 4 2 5 14 18 20 21

| 6o
D
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Table 6D: Analysis of V heavy chain subgroup 3

PCT/EP96/03647

COR Il
aminoacid' & & § < ® U O W w ©® I - - ¥ O
A 7013 70 9 6 20 3 5 5 9 13 2
B
C 13 5 o2 13 2 1
D 1 7,100 4 20 3 100 3 3 1 320 146
E 6 3 18 13 1 1 1
F 3 5 4 5 5 6 3 5 7 2 1165 1
G 340 17i 35 17i 14 231 100 51 1 5 3 20 32 6
H 34 3 2 9 2 o312 8 1
| 6 111 4 4 3 1 310 3 3 2 12
K 2i 1 31
L 260 13 4 12 8 2 6 3 10 3 21
M 102 1 P32
N 4 6 4 3 2 2 6 2 s 2
p 6 5 s 6 9 8 20 3 2 1 3 9
Q 4 v 1 1
R 4 100 9 71 5 5 20 3 1 1 2 4
S 16 280 270 25 241 8 11 9 3 2 3 11
T 6. 122 9 17 17 1 2 5 1 9 3 1
v 130 70150 4 3 6 2 12 o1
W 6 5 6 7. 2 4 1 6. 10
X 1 1
Y 16 14; 17. S5 8 18 200 13 200 25 28 32 28
Z
; 12: 210 35 541 73 87:102 110: 126} 135 134: 1200 91, 71 21!
unknown (7) 302 1 3 2
notsequenced] 14i 14 141 14i 151 19} 211 220 230 23i 230 25! 25! 26/ 25
sum of seq’ | 198! 198! 198! 197! 1961 192} 190; 189 188! 188! 188! 186} 186 185! 186
oomcaa’ 34: 28: 35 54% 73: 87:102: 110: 126; 135: 134: 120; 91: 71 146%
mcaa’ GiSiG -1 - - -f bbbt oD
kSt O O 8 O O =5 O 8 OOt O o 3§ BN
pos occupied®! 20: 200 19 200 19 200 17. 14 14 120 12 13 120 8 11
I;\LO
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Table 6D: Analysis of V heavy chain subgroup 3
Framework IV

aminoacid & S & 8 8 8§ 8 & = - = £ wm

A 1 1 2 1767

B 1 13

C 470

D 2 1121

E 1 832

F 2 807

G 140 130 1 2743

H 4 179

| 15 1 1 651

K 13 933

L 10 1 . 91 2| 1881

M 6 496

N 1 1 844

P 17 1 1 568

Q 111 949

R 8 1413

S 7001 118 110j 3009

T 123; 27 122 1 1426

v 34 1 1 125 119 1851

W 158 686

X 26

Y 82 1598

VA 8

- 9: 2i 2t 28 2t 28 28 22 2y 2% 1 111 2023

unknown (?) 12

not sequenced 27: 50: 67: 75! 78! 81 83 84 86: 89: 92: 97} 1650
sum of seq’ i 184 161: 144 136! 133! 130} 128! 127: 125! 122! 119: 114
oomcaz’ | 82 158 1401 111130 123 91} 125! 122; 119: 118 110,
meag Y WiG: QiG TiL ViTiViSisS:
posoccupied®. 12 3 4 6 3 6 6 2 3 3 2 4

1%

SUBSTITUTE SHEET (RULE 26)



WO 97/08320

Table 6E: Analysis of V heavy chain subgroup 4

PCT/EP96/03647

Framework |

amino acid'

— N MO T 1N O N ®

=]

o

—
—

o~
-

™
—

<

n W ~ O O
— - e

o
o~

1

, :

1

32

44

54

53

T :imimiQOimim

—

54

54

53

19

53;

| 50!

33

51

52

50

51: 20

33

52

52

52

47

34

20

Ni<iXiSi<iAinimiQiviz i ir ix

unknown (?)

not sequenced

3

s

4

3

4:

sum of seq’

54

54

54!

54! 53: 53! 53

54

53

53

53

53

53

54

53

oomcaa’

52!

%]
E-N
(8]
w
No
(98]
W

mcaa*

<

o

,_
o
m
w

o

@D

-

w

m

—

w

—

rel. opomcaa®

10000

100%

100% :

pos occupied”

S
;O
2

3;

S

™~

o0
2

N 930/0

—_

1~ 62% S

S 61%

pu—y

. 96% i
r> 198%
o 83%

o 1980

pu—y

w0 96% il
o 194%

l}?_
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Table 6E: Analysis of V heavy chain subgroup 4
CDRI
amincacid &S S R I L ERIZLE8 5T OIS asa
A 22 1
B
C 53 1
D 1 4 1 11 1
E
F 1 22 181 1
G 53: 53 21 3i 4 8
H i 2
l 1 132 51
K
L 1
M
N 1 1 2; 2 1
P 3
Q 1
R 1 32 1 57
S 2 35 51i 1:52i 25! 5 9i 1 44 1
T 53 29 2i 1 3
% 55 1 1 3
W 1 2i 56 57
X
Y 19 1 48; 52
Z
- 45: 39
unknown (?)
not sequencedy 4: 4: 2: 2¢ 2¢ 2@ 2! 2! 1i 1i 1 10 18 1
sum of seq’ : 53 53} 55; 55 55 55! 55 55! 561 56 56! 56! 56! 56! 56! 56! 57 57: 57 57
oomcaa’ 53: 53: 29: 55 35§ 53i 53i 51: 32i 52 25 45: 39: 48: 52: 56: 44; 57; 51: 57
mcaa* TCTVSGGSISS--YYWSW'IRE
domea 282 L et
posoccupied®! 1: 1 5 1 3 30 33 4 3 7 6 6 7 4 1.5 1 5 1
173
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Table 6E: Analysis of V heavy chain subgroup 4
Framework Il
aminoacid & F T ¥ P I XL LHTLXIRBIB o0 3 IS
A 8 1 1
B
C
D 1 1
E 1 56 22
F 1 1
G 55 55 56i 1 1 57
H 2 24!
| 54 1i 54

54

55

21

50

49

56

52

56

15

32

Ni<XiXiSi<iAinimi©iovizig ir ix

23:

57

57

57

unknown (?)

not sequenced

sum of seq’

57

57

57

57: 57: 57

57

57!

57

57

57

57

57

57

57

57:

571

57

57

oomcaa’

56:

o
~

mcaa’

o

-

]

o
=~
@

—

29

(p]

m

_<

pu ot

w

(@]

rel. oomcaa®

100% : ' i<

pos occupied”

IS U U N R S A : P ie e | il
SIS SRS S8R S SIS 8 S
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20 5020031028 282 22 20 8 20 6 11 1 10 5 20 1

-

79

SUBSTITUTE SHEET (RULE 26)



WO 97/08320

PCT/EP96/03647
Table 6E: Analysis of V heavy chain subgroup 4
COR I
aminoacid & Z 3 3 3 5 3 B3 T L8 E 5B B3R IRIR
A i 1 1 : 1
B
C
D 2 1 55
E 1
F 3 1
G 1 1
H 2
| 1o 1148 3 :
K 1 53 TR
L 1. is5 ] 3 i
M 7 2
N 2. 1400 53 2 i
p 541 1
Q ] |
R 2 3 56 2
S a9 1 12 ise 56 1 is6 157
T 1i540 1 1 1 51 i 52
Vv 101 53 2; 150 1
W
X
Y 11! 54
Z
unknown (?)
not sequenced Pl o1 1] 1 1 : P
sum of seq’ | 57. 57 57} 57} 56! 56. 56! 56! 57; 57 57} 56: 56. 57: 57. 57 57, 57 57 57
oomcas’ | 49: 54 40, 54 53 54 56 55 53 56 56 53 51 48 56 50 55! 52 57 51
meaz | SITIN Y N PiS LiKSIRVIT IiSViDTiS K
pos occupied®: 7: 4i 6i 2i 3 3i 1 2i 3i 2 2i 4i 5i 3 2 4: 3 5 1 6
a
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Table 6E: Analysis of V heavy chain subgroup 4

amino acid’

PCT/EP96/03647

Framework Il

<o}
~

™~
M~

(oo}
~

(o2 I
~N

—

o]

N
(oo}

88
89

90
91

92

55

57

57

57

57

54

TiOimimiOimMm i

i 46

55

53

54

54

-

57

NN

44

55

53

55

54

55

57

56

Ni<iX!ZSi<i—HiniDiOioviZ Zir— X

unknown (?)

not sequenced

sum of seq’

57

57

57:

.57,

57

57

57

57

57

57

oomcaa’

54

[S3]
~

o
~
o
(S5

mcaa’

N

o

-

w
—

=~

—

wn

>

I>

o
=

>
<

-~

-

(@]

rel. oomcaa®

pos occupied”

w0 96% i

P of P ieiel e oi iei

S8 8 S S8 S DRSS LISE
wn:wn: n: O: —IMINIOIWNIM OO0 00000 O
NN Oy: — DI NN NN DI —: = N =i N! —: i =
2 20 4 1 8 4i 7:°31 31 3L 30 11 10 20 1 3 1 20 1

SUBSTITUTE SHEET (RULE 26)




WO 97/08320 PCT/EP96/03647
Table 6E: Analysis of V heavy chain subgroup 4
COR Il

aminoacid‘3§$$8$$§<muc’m¢@1—“¥§

A 56 13 3 3 205 4 2 24 |2 1 1112

B

C 1 1

D 6 5 5 5 4 3 2 4 3 1 12 41

E 6 10 1 20 1 1031 21

F 4 11 20 31 2 2 T 31

G 250 91100 8 10i 111 4 70 7 6 1 1 1 20 1 9

H ] i i ] 2

| 1 20 4 11 3 20 3 1 1

K 20 1 2 2 1

1 20673 5 3 2 4 1.5 3 3 ]

M 1 4 3i 1 2i 1 9

N 3 20 1 15 1 2

p 405 03 112 1112 3121

Q T 1 1 3 1

R 54 4120 20 5 5 3 20 3 1 2 21

S 1010 4l 8 8 102 5 7 4 20 11

T 18018 2% 1 30 48 48 31 3 18 18 1

v 114 2 25 4 4 7 3 1 2 1

w 12012020 4 s 1120 2 32

- ,

Y 14 5 3 6 4 2 3 4 8 4 8 3 5 8 2

7

; 1020 4 6 9111161231271 29134131 14 4}
unknown (?) 1 o1
not sequenced 11111 12003 3 6 7 8 9 910 11111111
sum of seq’ | 57. 57! 56 56. 56: 561 56. 55: 541 54! 511 50! 49 48] 48 47 46! 46! 46 46
oomcaa' 5654 25! 12100 810 11, 7i 9i 11 16: 23 27 29: 341 31 141 31} 41
meas {AIRIGIRIGIGIGGIVi-i-i-i- -i-i-i-i-FiD
pos occupied . 20 41 121 1616 16 16: 16: 16118118 131151310, O 8 5 4 4

|2z
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Table 6E: Analysis of V heavy chain subgroup 4

Framework IV

aminoacid © 8 3888882 = = 2
A 1 1
B
C
D
E
F |
G 41 1401 1
H 1 1
1 9 1
K 3
L 4 19
M 9
N 1
p 3 2 2
Q 29
R 1 4 1
S 1 1 36 33
T 1 i33 8 i34
v 12 36 136
W 46
X
Y 16
Z
unknown (?)
not sequenced§ 10: 11: 16 17; 17: 20: 20; 21: 21: 21: 21: 22
sum of seq? : 47 46! 41! 40: 40 37: 37: 36: 36! 36i 36! 35!
oomcaa’ | 16 461 41! 291 40! 33} 19 36! 34 36! 361 33
maaat YW GIQ G T LIV TiViS S
ool e Qé ol o
rel.oomcaa"éi%%é%iééi%%%i
pos occupied®: 8 1. 11 6 1 5 4 1.3 1 1 2
128
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sum

332

113
210
176
135
674

45
282
278
540

43
204
281
334
250
986
532
488
267

455

466

426
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Table 6F: Analysis of V heavy chain subgroup 5

Framework |

H H o N M T 0O~ 0 O O
aminoacid — N ™ <+ v © ~ 0 O - = < o2 2R

A 1 1 89

—
-—

88: 1 2 4: 93 92

TiminimiQ iMm i

3

94; 94 5 77

92 94

90 89 1 91

NiXiXiSi<iwinnimi©QiwiZiZir XN

unknown (?)

notsequenced| 5. 5 5 5 4 4 4 4 20 2 20 202 20 2 2 20 2 1 1
sum of seq’ | 92: 92: 92: 92; 93: 93 93: 93. 95! 95! 95: 95: 95: 95! 95! 95! 95! 95! 96 96

oomcaa® | 88i90: 92 91: 89i 90 92i 92: 89 93} 91 94! 94} 94} 94: 92} 94! 95 77: 96
| vas KK P '

<
o
@
>
m
<
P
<
@)
rm
w
—
=

mcaa* E:

rel. oomcaa®

100% i —
100% : —

.i100%
o~ 80% 7

N 99% ¢
o 196%

w 96% ¢
w 98%0

w 97%

o 199% ¢

pos occupied®

—_—

o 99% S
o 198%

W 96%
19900

o 199%

ro 199%

o 99%

o 97% T
o 99%

—_
—

I;GB
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Table 6F: Analysis of V heavy chain subgroup 5

amino acid’

PCT/EP96/03647

CDRI

—
o~

o~
o~

™
[}

<t W0 W N
N &N N NN

(=2}
(9]

[ TR ot
™

< o

o~
o~

™
™

35

36
37

38

96

97

92 93

72

T i imimiOimMm i

93:

89

94

—

90 84

10: 61

15

95

75 16

93

93

90

87

Ni<ixX i Si<i-Hinimipivizi= ir—ix

97

unknown (?)

97;

not sequenced

sum of seq’

96

96

97

97i 97

97

97i

97

97,

97

97

97:

oomcaa’

94;

©
[=2]

96: 96! 96! 96 97

97
. 87

93;

mcaa*

W

(]

Fa

(p]
w
@D
<
%]

M

pa—
w

-~

E

D

<<

X

rel. oomcaa® !

100%

100% 1N

100% : .

pos occupied”

S
i@
=)

2

) —

o 93%

w 96%
i 94%
© 97% .

v 94%

~ 87%

..;100% ;-

o 63% 1

—

—_

o 90% i

» 96%

s 96% i
o _7_4%

» 96% ¢

‘-’980/°
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Table 6F: Analysis of V heavy chain subgroup 5

Framework 1|

. . OO O = (N MO < W0 O N~ 00 O O
aminoacid' & §F « ¢ <+ 9+ & & ¢ <+ <+ b o O

51
52
A
53
54

55

A 1 1 1 2i 1

14 8: 93

97 2

97 96 95; 69: 1

T i@ imim (O i i
w

—

75i 92

94 2 2i 1

92 89 1

96 2 1193

97 1

16, 96

94

Ni<XiXiSi<iAinimi@ivwiziZ ir (X

- o7 97
unknown (?) :

not sequenced

sum of seq’ .| 97: 97: 97 97: 97: 97: 97: 97: 97 97} 97: 97, 97: 97: 97} 97. 97: 97! 97 97

oomcaa’ 97i 92! 96 97 94: 96! 94} 97: 94} 89} 95! 75: 92! 76 93 97! 97! 69 93: 96

o

=

O

@

<

@

—

m

=

=
@
—<
-

:

'
@
o
w

mcaa’

rel. oomcaa® |

100%
100%
100% : ™

£100%
100%

‘m 950/0 senses)
N 99%
ro 1970% i
r~ 99% o
w0 197%

o 92%
5 196% <@
~ 199% i

—_—
—

pos occupied®! 1:
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Table 6F: Analysis of V heavy chain subgroup 5

CDR 1l

. . [{e)
aminoacid 8 & 3 3 3

67
68
69
70
71
72
73
74
75

~ N ™M < un O
W W W O W W

A 6 : | . igg

77 2 ' 97

T I iMmimiQO ™M i
w
N
N

15

N
—
—
(9%}

88 91!

95 1. | 1 i
THREY ’
78 3 : ]
95 1195 1 1oigs | 9 1
85 20 1 9 4

a—y

Ni<iIXiTi<idinimiLivizxiZ ir ix
N
N

12; 92

unknown (?)

not sequenced

sum of seq’ | 97: 97 971 97: 97 971 97: 97: 97: 97: 97: 971 97 97: 97. 97: 971 97 97 97
oomcaa' | 77i 85 78 92: 95 95! 95 91: 91: 94i 81} 93 96! 88! 95 88
5 Fasa v |

[de]
~
w0
w
(Lo
[op)
(o]
=

<
-—
x
-
w
@D
(@}
<
—
w
p =3
<
=
w

mcaa*

rel. opomcaa®

100%
& 196% ;7S

o 79%
S 88%
o 99% gy
9400

. 80%
-~ 19500
o 198%
o 198%
. 198%
5.94%
19400
-« i97%
- 184%
v 196%

pos occupied"

Y

182
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Table 6F: Analysis of V heavy chain subgroup 5

PCT/EP96/03647

Framework |l

amino acid' = R

@
[

o
@

—

[oe]

o~
(e o]

< o QO

88
89
90

91
92

1

91

96
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91
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93
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94

88

95
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Ni<XixXiSi<id4AinimiQivizig ir X

94

89

unknown (?)

not sequenced

2l 2

sum of seq’
oomcaa’

mcaa*
rel. oomcaa’

pos occupied®

97

97

97i 97:

97

97

97!

97

97!

£ 97i 97

97i

97!

97

95 95.

87

91

{96! 96

93

89,

(e
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w
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>
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o

wn

w

>
w

S

p—

>

<
(@)

100% .

P 90%
W 97%
o 194%
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o 99% L
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o 93%
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~ 94% <
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Table 6F: Analysis of V heavy chain subgroup 5

amino acid'

PCT/EP96/03647

COR Il

93

94
95

96
97

<< oo O

98
99
100

O W w (O - =¥

101

92

LA 3i 4 3 2 1

1

4

37

26

9: N1 3+.10; 2

T i imimiQ imMm im

10

11

10:

—_
-
N
—

w iIN

92

~N W oo

D IN
S

o in i ins N

£ W 0N

N B IR PN IR
—
N

NiXiXiSi<idinnimipioviz i ir— X

30

unknown (?)

31

not sequenced

52

52i 52: 52i 52! 52} 52;

52

52.

53

52

sum of seq?
oomcaa'

mcaa’
rel. oomcaa®

pos occupied"

95

95

45

45 45! 45} 45! 45 45

45:

45;

45;

92

@©

12

[Se}
—
[an]

31

>

=

(@]
o
(@]
(]
—=<
—~<

-m

jw)

249%

—
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24%
27%
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—
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—
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—_
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© 67% '

‘oo 69% v

ENR LA

0 67% ot

0 49% i

. 59% imi

Lo 18200 ¢
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Table 6F: Analysis of V heavy chain subgroup 5
Framework IV
aminoacid S 8 2 838888 2 = 2 am
A ' 1| 611
B
C 205
D 1 458
E 1 404
F 2 256
G 41 M 1065
H 44
| 9 2 588
K 3 650
L 2 25 1 549
M 8 303
N 64
P 2 1 1 414
Q 34 612
R 3 351
S 2 40: 39| 1545
T 1 40 8! 39 604
v 1 400 4 594
W 43 432
X
Y 13 738
VA
- 2 635
unknown (?) 5 4
not sequencedy 52 54, 56: 56! 56! 56 56: 56. 56: 56. 56: 57| 1678
sum of seq’ | 45: 43 410 411 41 411 411 410 411 41} 411 40
oomcaa' | 13 43i 41} 34! 411 40 25! 40: 39 41: 40; 39.
meaat (Y IWiG QiGIT LiV T ViS S
oo £ 55 2828228 g
pos occupied® 10 1 1 4 1 2 3 2: 2 1 2 2
1 85
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Table 6G: Analysis of V heavy chain subgroup 6

Framework |

. . O ~— N M ¢ W0 W N O OO
aminoacid' — & ® < 1n © ~ @® O - - = - =2 &

52 67

T i imimiQO iM i
b3

68

pa—

52 68i 1 i i i 67 68:

68 67 1

52 52 51i 52 68

68 66
68
52 66 1

52

—

Ni<XiIX I Si<idinimi@ioviZiZ ir iX

unknown (?) : Pl b
not sequenced|| 22 22} 22122221221 22:22: 6 6 6 6 6 6 6 6 6 6 6 6

sum of seq’ { 52! 52! 52 52! 52! 52 52: 52 68 68; 68: 68. 68: 68: 68! 68. 68. 68! 68! 68.
oomcaa' {52 : ' 66

wn
N
o
N
(52
N
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—
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N
w
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N
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[ee]
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[ee]
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o
o
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rel. oomcaa®
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100% o
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o 199% ;O
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_1100% : &
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. 1100% & v

pos occupied®

w 97% i
N 99% i
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Table 6G: Analysis of V heavy chain subgroup 6

amino acid'

PCT/EP96/03647
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68: 66

67 3
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70

74
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Ni<iXiSi<idivwimioioiziZ ir ixX

unknown (?)

not sequenced

sum of seq’
oomcaa’

mcaa*

rel. oomcaa®

pos occupied®

69

69: 69! 69! 69
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L 741 741 741 741
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Table 6G: Analysis of V heavy chain subgroup 6

amino acid’

PCT/EP96/03647

Framework I
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<
<

wn
<

O ~
< <

[ee}
<

()]
<+

o
wmn

51

52

o

53

54
55

1
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73
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73:
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Ni<XiXiSTi<idivmimiLiviz i ir (X
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unknown (?)

not sequenced

sum of seq’
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74:74; 74
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Table 6G: Analysis of V heavy chain subgroup 6

PCT/EP96/03647

COR Il

aminoacid ® B B

o O -
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©
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70
71

72
73

74
75

73i 1

68

73

T i imimiQO imMm i
w

65; 2

71

67

70
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Ni<iXiSi<iAinimi©iwizig ir X
N
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unknown (?)

not sequenced

sum of seq’ i 74i 74: 74

741 74: 74

74
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741

74i 741

74

74741 741 74

L 74

oomcaa’ 60: 65 68

72i 73i 58

67
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o
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rel. oomcaa®

S
0
7

o 88%
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Table 6G: Analysis of V heavy chain subgroup 6

amino acid'

PCT/EP96/03647
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unknown (?)

not sequenced

sum of seq’
oomcaa’

mcaa’

rel. oomcaa®
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Table 6G: Analysis of V heavy chain subgroup 6

PCT/EP96/03647

CDR NI

amino acid'

93

94

95

96
97

<< o0 QO

98
99
100

O w uw O T —

- ¥

101

69

11

120 41 3 5 8.

N

100 1
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N W
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38: 4

16

4: 15 11
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T O imimiQ iMm i

11i

10: 4 5/ 3 50 1 1

69

(& I
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Ni<iX iSi<idinimi©OivizxiZir X

14 41!

50; 28: 12: 4

unknown (?)

not sequencedy

sum of seq’

74

74

73

72. 71 7111 72, 72

172072872 72

oomcaa’

69

15: 15i 14

5028 38!

mcaa*

>
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Table 6G: Analysis of V heavy chain subgroup 6

Framework IV
aminoacid S 8 3 25888 2 = =T
A ' 2
B
C
D 1
E
F 2 2
G 49 50
H 2
| 9 3 1
K 1 1
L 5 26
M 8
N
P 4 6 1
Q 40
R 2
S 4 1 1 43: 46
T 45 4 45
) 21 2i 46 48
w 65 5
; .
Y 19
z
C - 2
unknown (?)
not sequencedl 5: 8: 23: 24; 23} 24} 25 25 28: 25 28; 26
sum of seq? | 68: 65: 50i 49: 50! 49! 48! 48i 45’ 48} 45! 47
comeas’ | 21: 65 49; 40: S0 45 26 46. 45 48 43 46
mcaa’ VIWIGIQiG: T LiVIiT I VISiS:
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Claims

1. A method of setting up one or more nucleic acid sequences encoding one or
more (poly)peptide sequences suitable for the creation of libraries of
(poly)peptides said (poly)peptide sequences comprising amino acid
consensus sequences, said method comprising the following steps:

(a)  deducing from a collection of at least three homologous proteins one

- or more (poly)peptide sequences comprising at least one amino acid
consensus sequence;

(b)  optionally, identifying amino acids in said (poly)peptide sequences to
be modified so as to remove unfavorable interactions between amino
acids within or between said or other (poly)peptide sequences;

(c) identifying at least one structural sub-element within each of said
(poly)peptide sequences;

(d)  backtranslating each of said (poly)peptide sequences into a
corresponding coding nucleic acid sequence;

(e)  setting up cleavage sites in regions adjacent to or between the ends of
sub-sequences encoding said sub-elements, each of said cleavage
sites:

(ea) being unique within each of said coding nucleic acid sequences;
(eb) being common to the corresponding sub-sequences of any said
coding nucleic acids.

2. A method of setting up two or more sets of one or more nucleic acid
sequences comprising executing the steps described in claim 1 for each of
said sets with the additional provision that said cleavage sites are unique
between said sets.

3. The method of claim 2 in which at least two of said sets are deduced from the
same collection of at least three homologous proteins.

4. The method according to any one of claims 1 to 3, wherein said setting up
further comprises the synthesis of said nucleic acid coding sequences.

5. The method according to any one of claims 1 to 4, further comprising the
cloning of said nucleic acid coding sequences into a vector.
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The method according to any one of claims 1 to 5, wherein said removal of
unfavorable interactions results in enhanced expression of said

(poly)peptides.

The method according to any one of claims 1 to 6, further comprising the

steps of:

(f) cleaving at least two of said cleavage sites located in regions adjacent
to or between the ends of said sub-sequences; and

(@)  exchanging said sub-sequences by different sequences; and

(h)  optionally, repeating steps (f) and (g) one or more times.

The method according to claim 7, wherein said different sequences are
selected from the group of different sub-sequences encoding the same or
different sub-elements derived from the same or different (poly)peptides.

The method according to claims 7 or 8, wherein said different sequences are

selected from the group of:

(i) genomic sequences or sequences derived from genomic sequences;

(i)  rearranged genomic sequences or sequences derived from
rearranged genomic sequences; and

(i)  random sequences.

The method according to any one of claims 1 to 9 further comprising the
expression of said nucleic acid coding sequences.

The method according to any one of claims 1 to 10 further comprising the

steps of: '

() screening, after expression, the resultant (poly)peptides for a desired
property;

(k)  optionally, repeating steps (f) to (i) one or more times with nucleic acid
sequences encoding one or more (poly)peptides obtained in step (i).

The method according to claim 11, wherein said desired property is selected
from the group of optimized affinity or specificity for a target molecule,

optimized enzymatic activity, optimized expression yields, optimized stability
and optimized solubility.
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13. The method according to any one of claims 1 t¢c 12, whzrein said cleavage
sites are sites cleaved by restriction enzymes.

14. The method according to any one of claims 1 to 13, wherein said structural
sub-elements comprise between 1 and 150 amino acids.

15. The method according to claim 14, wherein said structural sub-elements
comprise between 3 and 25 amino acids.

16. The method according to any one of claims 1 to 15, wherein said nucleic acid
is DNA.

17. The method according to any one of claims 1 to 16, wherein said
(poly)peptides have an amino acid pattern characteristic of a particular
species.

18. The method according to claim 17, wherein said species is human.

19. The method according to any one of claims 1 to 18, wherein said
(poly)peptides are at least part of members or derivatives of the
immunoglobulin superfamily.

20. The method according to claim 19, wherein said members or derivatives of
the immunoglobulin superfamily are members or derivatives of the
immunoglobulin family.

21. The method according to claim 19 or 20, wherein said (poly)peptides are or
are derived from heavy or light chain variable regions wherein said structural
sub-elements are framework regions (FR) 1, 2, 3, or 4 or complementary
determining regions (CDR) 1, 2, or 3.

22. The method according to claim 20 or 21, wherein said (poly)peptides are or
are derived from the HUCAL consensus genes:
Vi1, Vk2, Vi3, Vk4, VA1, VA2, VA3, VH1A, VH1B, VH2, VH3, VH4, VH5, VHS,
Ck, Ck, CH1 or any combination of said HUCAL consensus genes.

23. The method according to any one of claims 20 to 22, wherein said derivative

of said immunoglobulin family or said combination is an Fv, disulphide-linked
Fv, single-chain Fv (scFv), or Fab fragment.

2/R
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29.
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31.

32.

33.
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The method according to claims 22 to 23, wherein said derivative is an scFv
fragment comprising the combination of HuCAL VH3 and HuCAL VA2

consensus genes that comprises a random sub-sequence encoding the
heavy chain CDR3 sub-element.

The method according to any one of claims 1 to 24, wherein at least part of
said (poly)peptide sequences or (poly)peptides is connected to a sequence
encoding at least one additional moiety or to at least one additional moiety,
respectively.

The method according to claim 25, wherein said connection is formed via a
contiguous nucleic acid sequence or amino acid sequence, respectively.

The method according to claims 25 to 26, wherein said additional moiety is a
toxin, a cytokine, a reporter enzyme, a moiety being capable of binding a
metal ion, a peptide, a tag suitable for detection and/or purification, or a
homo- or hetero-association domain.

The method according to any one of claims 10 to 27, wherein the expression
of said nucleic acid sequences results in the generation of a repertoire of
biological activities and/or specificities, preferably in the generation of a

repertoire based on a universal framework.

A nucleic acid sequence obtainable by the method according to any of claims
1to 28.

A collection of nucleic acid sequences obtainable by the method according to
any of claims 1 to 28.

A recombinant vector obtainable by the method according to any of claims 5
to 28.

A collection of recombinant vectors obtainable by the method according to
any of claims 5 to 30.

A host cell transformed with the recombinant vector according to claim 31.
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34. A collection of host cells transformed with the colleciiorn of recombinan?
vectors according to claim 32.

35. A method of producing a (poly)peptide or a coliection of (poly)peptides as
defined in any of claims 1 to 28 comprising culturing the host cell according to
claim 33 or the coliection of host cells according to claim 34 under suitable

- conditions and:- isolating said (poly)peptide or said collection of

(poly)peptides.

36. A(poly)peptide devisable by the method according to any one of claims 1 to
3, encoded by the nucleic acid sequence according to claim 29 or obtainable
by the method according to any one of claims 4 to 28 or 35.

37. Acollection of (poly)peptides devisable by the method according to any one
of claims 1 to 3, encoded by the collection of nucleic acid sequences
according to claim 30 or obtainable by the method according to any one of
claims 4 to 28 or 35.

38. A vector suitable for use in the method according to any of claims 5 to 28 and
35 characterized in that said vector is essentially devoid of any cleavage site
as defined in claim 1(e) and 2.

39. The vector according to claim 38 which is an expression vector.

40. Akit comprising at least one of: _
- (@) anucleic acid sequence according to claim 29;
(b)  acollection of nucleic acid sequences according to claim 30;
(c)  arecombinant vector according to claim 31,
(d)  acollection of recombinant vectors according to claim 32;
(e)  a(poly)peptide according to claim 36;
(f) a collection of (poly)peptides according to claim 37,
(g) avector according to claim 38 or 39; and optionally,

(h)  a suitable host cell for carrying out the method according to claim 35.

41 . A method of designing two or more genes encoding a collection of two or more
proteins, comprising the steps of:

1/3
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(a) either
(aa) identifying two or more homologous gene sequences, or
(ab) analyzing at least three homologous genes, and
deducing two or more consensus gene sequences therefrom,

(b) optionally, modifying codons in said consensus gene sequences
to remove unfavourable interactions between amino acids in the
resulting proteins,

(c) identifying sub-sequences which encode structural sub-
elements in said consensus gene sequences

(d) modifying one or more bases in regions adjacent to or between
the ends of said sub-sequences to define one or more cleavage
sites, each of which:

(da) are unique within each consensus gene sequence,

(db) do not form compatible sites with respect to any single
sub-sequence,

(dc) are common to all homologous sub-sequences.

42 . A method of preparing two or more genes encoding a collection of two or more
proteins, comprising the steps of :

(a)  designing said genes according to claim 41, and

(b)  synthesizing said genes.
43 . A collection of genes prepared according to the method of claim 42.

44 A collection of two or more genes derived from gene sequences which:

(a)  are either homologous, or represent consensus gene sequences
derived from at least three homologous genes, and
220
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(b)  carry cleavage sites, each of which:

(ba) lie at or adjacent to the ends of genetic sub-sequences which
encode structural sub-elements,

(bb) are unique within each gene sequence,

(bc) do not form compatible sites with respect to any single sub-
sequence, and

(bd) are common to all homologous sub-sequences.

The collection of genes according to either of claims 43 or 44 in which each of
said gene sequences has a nucleotide composition characteristic of a
particular species.

The collection of genes according to claim 45 in which said species is human.

The collection of genes according to any of claims 43 to 46 in which one or
more of said gene sequences encodes at least part of a member of the
immunoglobulin superfamily, preferably of the immunoglobulin family.

The collection of genes according to claim 47 in which said structural sub-
elements correspond to any combination of framework regions 1, 2, 3, and 4,
and/or CDR regions 1, 2, and 3 of antibody heavy chains.

The collection of genes according to claim 47 in which said structural sub-
elements correspond to any combination of framework regions 1, 2, 3, and 4,
and/or CDR regions 1, 2, and 3 of antibody light chains.

A collection of vectors comprising a collection of gene sequences according

to any of claims 43 to 49.
22
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51.

52.

53.

The collection of vectors according to claim 50 comprising the additional
feature that the vector does not comprise any cleavage site that is contained
in the collection of genes according to any of claims 43 to 49.

A method for identifying one or more genes encoding one or more proteins
having a desirable property, comprising the steps of:

(a) | expressing from the collection of vectors according to either of claims
50 or 51 a coliection of proteins. )

(b)  screening said collection to isolate one or more proteins having a
desired property,

(c) identifying the genes encoding the proteins isolated in step (b),

(d)  optionally, excising from the genes encoding the proteins isolated in
step (b) one or more genetic sub-sequences encoding structural sub-
elements, and replacing said sub-sequence(s) by one or more second
sub-sequences encoding structural sub-elements, to generate new
vectors according to either of claims 50 or 51,

(e) optionally, repeating steps (a) to (c).

A method for identifying one or more genes encoding one or more antibody
fragments which binds to a target, comprising the steps of:

(a) expressing from the collection of vectors according to either of claims
50 or 51 a collection of proteins,

(b)  screening said collection to isolate one or more antibody fragments
which bind to said target,

(c)  identifying the genes encoding the proteins isolated in step (b),

(d)  optionally, excising from the genes encoding the antibody fragments
isolated in step (b) one or more genetic sub-sequences encoding

structural sub-elements, and replacing said sub-sequence(s) by one or
22%.
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54.

55.

more second sub-sequences encoding structural sub-gencrate new
vectors according to either of claims 50 or 51,

(e)  optionally, repeating steps (a) to (c).

A kit comprising two or more genes derived from gene sequences which:

(a) are either homologous, or represent consensus gene sequences
derived from at least three homologous genes, and

(b)  carry cleavage sites, each of which:

(ba) lie at or adjacent to the ends of genetic sub-sequences which
encode structural sub-elements,

(bb) are unique within each gene sequence,

(bc) do not form compatible sites with respect to any single sub-
sequence, and

(bd) are common to all homologous sub-sequences.

A kit comprising two or more genetic sub-sequences which encode structural
sub-elements, which can be assembled to form genes, and which carry
cleavage sites, each of which:

(a) lie at or adjacent to the ends of said genetic sub-sequences,

(b)  do not form compatible sites with respect to any single sub-sequence,
and

(d)  are common to all homologous sub-sequences.
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Figure 1: construction of a synthetic human antibody library based on consensus sequences
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Figure 2C: V heavy chain consensus sequences
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Figure 6: oligonucleotides for gene synthesis

01Kl 5'- GAATGCATACGCTGATATCCAGATGACCCAGAG-
- CCCGTCTAGCCTGAGC -3

O1K2 5'- CGCTCTGCAGGTAATGGTCACACGATCACCCAC-
GCTCGCGCTCAGGCTAGACGGGC -3

O1lK3 5'- GACCATTACCTGCAGAGCGAGCCAGGGCATTAG-
CAGCTATCTGGCGTGGTACCAGCAG -3

OlK4 5'- CTTTGCAAGCTGCTGGCTGCATAAATTAATAGT-
TTCGGTGCTTTACCTGGTTTCTGCTGGTACCACGCCAG -3

O1lK5 5'- CAGCCAGCAGCTTGCAAAGCGGGGTCCCGTCCC-
GTTTTAGCGGCTCTGGATCCGGCACTGATTTTAC -3

O1K6 5'- GATAATAGGTCGCAAAGTCTTCAGGTTGCAGGC-
TGCTAATGGTCAGGGTAAAATCAGTGCCGGATCC -3

02Kl 5'- CGATATCGTGATGACCCAGAGCCCACTGAGCCT-
GCCAGTGACTCCGGGCGAGCC -3

02K2 5'- GCCGTTGCTATGCAGCAGGCTTTGGCTGCTTCT-
GCAGCTAATGCTCGCAGGCTCGCCCGGAGTCAC -3

O2K3 5'- CTGCTGCATAGCAACGGCTATAACTATCTGGAT-
TGGTACCTTCAAAAACCAGGTCAAAGCCC -3

O2K4 5'- CGATCCGGGACCCCACTGGCACGGTTGCTGCCC-
AGATAAATTAATAGCTGCGGGCTTTGACCTGGTTTTTG -3

O2K5 5'- AGTGGGGTCCCGGATCGTTTTAGCGGCTCTGGA-
TCCGGCACCGATTTTACCCTGAAAATTAGCCGTGTG -3

O2K6 5'- CCATGCAATAATACACGCCCACGTCTTCAGCTT-
CCACACGGCTAATTTTCAGGG -3

O3K1l 5'- GAATGCATACGCTGATATCGTGCTGACCCAGAG-
CCCGG -3

O3K2 5'- CGCTCTGCAGCTCAGGGTCGCACGTTCGCCCGG-
AGACAGGCTCAGGGTCGCCGGGCTCTGGGTCAGC -3

O3K3 5'- CCCTGAGCTGCAGAGCGAGCCAGAGCGTGAGCA-
GCAGCTATCTGGCGTGGTACCAG -3
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Figure 6:  (continued)

03K4 5'- GCACGGCTGCTCGCGCCATAAATTAATAGACGC-
GGTGCTTGACCTGGTTTCTGCTGGTACCACGCCAGATAG -3

O3K5 5'- GCGCGAGCAGCCGTGCAACTGGGGTCCCGGCGC?
GTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC -3

O3K6 5'- GATAATACACCGCAAAGTCTTCAGGTTCCAGGC-
TGCTAATGGTCAGGGTAAAATCCGTGCCGGATC -3

04Kl 5'- GAATGCATACGCTGATATCGTGATGACCCAGAG-
CCCGGATAGCCTGGCG -3

O4K2 5'- GCTTCTGCAGTTAATGGTCGCACGTTCGCCCAG-
GCTCACCGCCAGGCTATCCGGGC -3

O4K3 5'- CGACCATTAACTGCAGAAGCAGCCAGAGCGTGC-
TGTATAGCAGCAACAACAAAAACTATCTGGCGTGGTACCAG -
3 !

O4K4 5'- GATGCCCAATAAATTAATAGTTTCGGCGGCTGA-
CCTGGTTTCTGCTGGTACCACGCCAGATAG -3

04K5 5'- AAACTATTAATTTATTGGGCATCCACCCGTGAA-
AGCGGGGTCCCGGATCGTTTTAGCGGCTCTGGATCCGGCAL-
3" |

O4K6 5'- GATAATACACCGCCACGTCTTCAGCTTGCAGGG-
ACGAAATGGTCAGGGTAAAATCAGTGCCGGATCCAGAGCC -
3 ]

01Ll 5'- GAATGCATACGCTCAGAGCGTGCTGACCCAGCC-
GCCTTCAGTGAGTGG -3

0l1lL2 5'- CAATGTTGCTGCTGCTGCCGCTACACGAGATGG-
TCACACGCTGACCTGGTGCGCCACTCACTGAAGGCGGC -3

01L3 5'- GGCAGCAGCAGCAACATTGGCAGCAACTATGTG-
AGCTGGTACCAGCAGTTGCCCGGGAC -3

01L4 5'- CCGGCACGCCTGAGGGACGCTGGTTGTTATCAT-
AAATCAGCAGTTTCGGCGCCGTCCCGGGCAACTGC -3

0O1L5 5'- CCCTCAGGCGTGCCGGATCGTTTTAGCGGATCC-
AAAAGCGGCACCAGCGCGAGCCTTGCG -3
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Figure 6: (continued)

 01lL6 5'- CCGCTTCGTCTTCGCTTTGCAGGCCCGTAATCG-
CAAGGCTCGCGCTGE -3

O2L1 5'- GAATGCATACGCTCAGAGCGCACTGACCCAGCC-
AGCTTCAGTGAGCGGC -3

02L2 5'- CGCTGCTAGTACCCGTACACGAGATGGTAATGC-
TCTGACCTGGTGAGCCGCTCACTGAAGCTGG -3

02L3 5'- GTACGGGTACTAGCAGCGATGTGGGCGGCTATA-
ACTATGTGAGCTGGTACCAGCAGCATCCCGG -3

02L4 5'- CGCCTGAGGGACGGTTGCTCACATCATAAATCA-
TCAGTTTCGGCGCCTTCCCGGGATGCTGCTGGTAC -3

O2L5 5'- CAACCGTCCCTCAGGCGTGAGCAACCGTTTTAG-
CGGATCCAAAAGCGGCAACACCGCGAGCC -3

02L6 5'- CCGCTTCGTCTTCCGCTTGCAGGCCGCTAATGG-
TCAGGCTCGCGGTGTTGCCG -3

O3L1 5'- GAATGCATACGCTAGCTATGAACTGACCCAGCC-
GCCTTCAGTGAGCG -3

O3L2 5'- CGCCCAGCGCATCGCCGCTACACGAGATACGCG-
CGGTCTGACCTGGTGCAACGCTCACTGAAGGCGGC -3

O3L3 5'- GGCGATGCGCTGGGCGATAAATACGCGAGCTGG-
TACCAGCAGAAACCCGGGCAGGLCGC -3 ‘

O3L4 5'- GCGTTCCGGGATGCCTGAGGGACGGTCAGAATC-
ATCATAAATCACCAGAACTGGCGCCTGCCCGGGTTTC -3

O3L5 5'- CAGGCATCCCGGAACGCTTTAGCGGATCCAACA-
GCGGCAACACCGCGACCCTGACCATTAGCGG -3

O3L6 5'- CCGCTTCGTCTTCCGCCTGAGTGCCGCTAATGG-
TCAGGGTC -3

01246H1 5'- GCTCTTCACCCCTGTTACCAAAGCCCAG-
GTGCAATTG -3

O1AH25'- GGCTTTGCAGCTCACTTTCACGCTGCTGCCCGG-
TTTTTTCACTTCCGCGCCAGACTGAACCAATTGCACCTGGGC-

TTTG -3
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Figure 6: (continued)

O1AH35'- GAAAGTGAGCTGCAAAGCCTCCGGAGGCACTTT-
TAGCAGCTATGCGATTAGCTGGGTGCGCCAAGCCCCTGGGCAG
GGTC -3

O1AH45'- GCCCTGAAACTTCTGCGCGTAGTTCGCCGTGCC-
AAAAATCGGAATAATGCCGCCCATCCACTCGAGACCCTGCCC-
AGGGGC -3

O1AH55'- GCGCAGAAGTTTCAGGGCCGGGTGACCATTACC-
GCGGATGAAAGCACCAGCACCGCGTATATGGAACTGAGCAGCC
TGCG -3

O1ABH6 5'- GCGCGCAATAATACACGGCCGTATCTTCGCT-
ACGCAGGCTGCTCAGTTCC -3

O1BH25'- GGCTTTGCAGCTCACTTTCACGCTCGCGCCCGG-
TTTTTTCACTTCCGCGCCGCTCTGAACCAATTGCACCTGGGC-
TTTG -3

O1BH35'- GAAAGTGAGCTGCAAAGCCTCCGGATATACCTT-
TACCAGCTATTATATGCACTGGGTCCGCCAAGCCCCTGGGCAG
GGTC -3

O1BH4 5'- GCCCTGAAACTTCTGCGCGTAGTTCGTGCCGCC-
GCTATTCGGGTTAATCCAGCCCATCCACTCGAGACCCTGCCCA
GGGGC -3

O1BH55'- GCGCAGAAGTTTCAGGGCCGGGTGACCATGACC-
CGTGATACCAGCATTAGCACCGCGTATATGGAACTGAGCAGCC
TGCG -3

O2H2 5'- GGTACAGGTCAGGGTCAGGGTTTGGGTCGGTTT-
"~ CACCAGGGCCGGGCCGCTTTCTTTCAATTGCACCTGGGCTTTG
_3
O2H3 5'- CTGACCCTGACCTGTACCTTTTCCGGATTTAGC-
CTGTCCACGTCTGGCGTTGGCGTGGGCTGGATTCGCCAGCCGC
CTGGGAAAG -3

O2H4 5'- GCGTTTTCAGGCTGGTGCTATAATACTTATCAT-
CATCCCAATCAATCAGAGCCAGCCACTCGAGGGCTTTCCCAGG

CGGCTGG -3
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Figure 6: (continued)

O2H5 5'- GCACCAGCCTGAAAACGCGTCTGACCATTAGCA-
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACAT
GG -3

O2H6 5'- GCGCGCAATAATAGGTGGCCGTATCCACCGGGT-
CCATGTTGGTCATAGTCAGC -3

O3H1 5'- CGAAGTGCAATTGGTGGAAAGCGGCGGCGGCCT -
GGTGCAACCGGGCGGCAG -3

O3H2 5'- CATAGCTGCTAAAGGTAAATCCGGAGGCCGCGC-
AGCTCAGACGCAGGCTGCCGCCCGGTTGCAC -3

O3H3 5'- GATTTACCTTTAGCAGCTATGCGATGAGCTGGG-
TGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAG -3

O3H4 5'- GGCCTTTCACGCTATCCGCATAATAGGTGCTGC—
CGCCGCTACCGCTAATCGCGCTCACCCACTCGAGACCC -3

O3H5 5'- CGGATAGCGTGAAAGGCCGTTTTACCATTTCAC-
GTGATAATTCGAAAAACACCCTGTATCTGCAAATGAACAG-3"

O3H6 5'- CACGCGCGCAATAATACACGGCCGTATCTTCCG-
CACGCAGGCTGTTCATTTGCAGATACAGG -3

O4H2 5'- GGTCAGGCTCAGGGTTTCGCTCGGTTTCACCAG-
GCCCGGACCACTTTCTTGCAATTGCACCTGGGCTTTG -3

O4H3 5'- GAAACCCTGAGCCTGACCTGCACCGTTTCCGGA-
GGCAGCATTAGCAGCTATTATTGGAGCTGGATTCGCCAGCCGC
-3

O4H4 5'- GATTATAGTTGGTGCTGCCGCTATAATAAATAT-
AGCCAATCCACTCGAGACCCTTCCCAGGCGGCTGGCGAATCCA
G -3

O4H5 5'- CGGCAGCACCAACTATAATCCGAGCCTGAAAAG-
CCGGGTGACCATTAGCGTTGATACTTCGAAAAACCAGTTTAGC
CTG -3

O4H6 5'- GCGCGCAATAATACACGGCCGTATCCGCCGCCG-
TCACGCTGCTCAGTTTCAGGCTAAACTGGTTTTTCG -3
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Figure 6: (continued)

O5H1 5'- GCTCTTCACCCCTGTTACCAAAGCCGAAGTGCA-
ATTG -3

O5H2 5'- CCTTTGCAGCTAATTTTCAGGCTTTCGCCCGGT-
TTTTTCACTTCCGCGCCGCTCTGAACCAATTGCACTTCGGCTT
TGG -3

O5H3 5'- CCTGAAAATTAGCTGCAAAGGTTCCGGATATTC-
CTTTACGAGCTATTGGATTGGCTGGGTGCGCCAGATGCCTGG
-3 |

O5H4 5'- CGGAGAATAACGGGTATCGCTATCGCCCGGATA-
AATAATGCCCATCCACTCGAGACCCTTCCCAGGCATCTGGCGC
AC -3

O5H5 5'- CGATACCCGTTATTCTCCGAGCTTTCAGGGCCA-
GGTGACCATTAGCGCGGATAAAAGCATTAGCACCGCGTATCTT
cC -3 |

O5H6 5'- GCGCGCAATAATACATGGCCGTATCGCTCGCTT-
TCAGGCTGCTCCATTGAAGATACGCGGTGCTAATG -3

O6H2 5'- GAAATCGCACAGGTCAGGCTCAGGGTTTGGCTC-
GGTTTCACCAGGCCCGGACCAGACTGTTGCAATTGCACCTGG-
GCTTTG -3

O6H3 5'- GCCTGACCTGTGCGATTTCCGGAGATAGCGTGA-
GCAGCAACAGCGCGGCGTGGAACTGGATTCGCCAGTCTCCTGG
GCG -3

O6H4 5'- CACCGCATAATCGTTATACCATTTGCTACGATA-
ATAGGTACGGCCCAGCCACTCGAGGCCACGCCCAGGAGACTG-
GCG -3

O6HS5 5'- GGTATAACGATTATGCGGTGAGCGTGAAAAGCC-
GGATTACCATCAACCCGGATACTTCGAAAAACCAGTTTAGCCT
GC -3

O6H6 5'- GCGCGCAATAATACACGGCCGTATCTTCCGGGG-
TCACGCTGTTCAGTTGCAGGCTAAACTGGTTTTTC -3

OCLK15'- GGCTGAAGACGTGGGCGTGTATTATTGCCAGCA-

GCATTATACCACCCCGCCGACCTTTGGCCAGGGTAC -3
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Figure 6: (continued)

OCLK25'- GCGGAAAAATAAACACGCTCGGAGCAGCCACCG-
TACGTTTAATTTCAACTTTCGTACCCTGGCCAAAGGTC -3

OCLK3 5'- GAGCGTGTTTATTTTTCCGCCGAGCGATGAACA-
ACTGAAAAGCGGCACGGCGAGCGTGGTGTGCCTGCTG -3

OCLK45'- CAGCGCGTTGTCTACTTTCCAC%GAACTTTCGC—
TTCACGCGGATAAAAGTTGTTCAGCAGGCACACCACGC -3

OCLK55"' - GAAAGTAGACAACGCGCTGCAAAGCGGCAACAG—
CCAGGAAAGCGTGACCGAACAGGATAGCAAAGATAG -3

OCLK65'- GTTTTTCATAATCCGCTTTGCTCAGGGTCAGGG-
TGCTGCTCAGAGAATAGGTGCTATCTTTGCTATCCTGTTCG -
3 ' .

OCLK7 5'- GCAAAGCGGATTATGAAAAACATAAAGTGTATG-
CGTGCGAAGTGACCCATCAAGGTCTGAGCAGCCCGGTG -3

OCLK85'- GGCATGCTTATCAGGCCTCGCCACGATTAAAAG-
ATTTAGTCACCGGGCTGCTCAGAC -3

OCH1 5'- GGCGTCTAGAGGCCAAGGCACCCTGGTGACGGT-
TAGCTCAGCGTCGAC -3

OCH2 5'- GTGCTTTTGCTGCTCGGAGCCAGCGGAAACACG-
CTTGGACCTTTGGTCGACGCTGAGCTAACC -3

OCH3 5'- CTCCGAGCAGCAAAAGCACCAGCGGCGGCACGG-
CTGCCCTGGGCTGCCTGGTTAAAGATTATTTCC -3

OCH4 5'- CTGGTCAGCGCCCCGCTGTTCCAGCTCACGGTG-
ACTGGTTCCGGGAAATAATCTTTAACCAGGCA -3

OCH5 5'- AGCGGGGCGCTGACCAGCGGCGTGCATACCTTT-
CCGGCGGTGCTGCAAAGCAGCGGCCTG -3

OCH6 5'- GTGCCTAAGCTGCTGCTCGGCACGGTCACAACG-
CTGCTCAGGCTATACAGGCCGCTGCTTTGCAG -3

OCH7 5'- GAGCAGCAGCTTAGGCACTCAGACCTATATTITG-
CAACGTGAACCATAAACCGAGCAACACC -3

OCH8 5'- GCGCGAATTCGCTTTTCGGTTCCACTTTTTTAT-

CCACTTTGGTGTTGCTCGGTTTATGG -3
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Figure 10: Sequence analysis of initial libraries
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Figure 10: Sequence analysis of initial libraries
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Figure 11: Expression analysis of initial library
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Figure 12: Increase of specificity during the panning rounds
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Figure 14: Competition ELISA
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Figure 15: Sequence analysis of fluorescein binders
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Figure 16: Purification of fluorescein binding scFv fragments
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Figure 17: Enrichment factors after three rounds of panning
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Figure 18: ELISA of anti-ESL-1 and anti-B-estradiol antibodies
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Figure 19: Selectivity and cross-reactivity of HuCAL antibodies
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Figure 20: Sequence analysis of estradiol binders
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Figure 21: Sequence analysis of testosterone binders
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Figure 22: Sequence analysis of lymphotoxin-B binders
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Figure 23: Sequence analysis of ESL-1 binders
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Figure 24: Sequence analysis of BSA binders
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Figure 25a: List of unique restriction sites used in or suitable for HuCAL genes or pCAL vectors
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Figure 25a: List of unique restriction sites used in or suitable for HuCAL genes or pCAL vectors
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Figure 28: functional map and sequence of pMCS cloning vector
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Figure 34: functional map and sequence of pCAL module M17
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