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HUMAN BINDING MOLECULES CAPABLE
OF NEUTRALIZING INFLUENZA A VIRUSES
OF PHYLOGENETIC GROUP 1 AND
PHYLOGENETIC GROUP 2 AND INFLUENZA
B VIRUSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national phase entry under 35 U.S.C.
§371 of International Patent Application PCT/EP2012/
063637, filed Jul. 12, 2012, designating the United States of
America and published in English as International Patent
Publication WO 2013/007770 Al on Jan. 17, 2013, which
claims the benefit under Article 8 of the Patent Cooperation
Treaty and under 35 U.S.C. §119(e) to U.S. Provisional
Patent Application Ser. No. 61/572,417, filed Jul. 14, 2011,
and to European Patent Application Serial No. 11173953.8,
filed Jul. 14, 2011.

TECHNICAL FIELD

The disclosure herein relates to biotechnology and medi-
cine. This disclosure, in particular, relates to human binding
molecules capable of neutralizing influenza A viruses of both
phylogenetic group 1 and phylogenetic group 2. In particular,
the disclosure relates to binding molecules capable of neu-
tralizing influenza A viruses of both phylogenetic group 1 and
phylogenetic group 2, as well as influenza B viruses. This
disclosure further relates to the diagnosis, prophylaxis and/or
treatment of an infection caused by influenza A viruses of
phylogenetic groups 1 and 2 and, preferably, also influenza B
viruses.

BACKGROUND

Influenza infection (also referred to as “influenza™ or “the
flu”) is one of the most common diseases known to man
causing between three and five million cases of severe illness
and between 250,000 and 500,000 deaths every year around
the world. Influenza rapidly spreads in seasonal epidemics
affecting 5-15% of the population and the burden on health
care costs and lost productivity are extensive (World Health-
care Organization (WHO)).

There are three types of influenza virus (types A, B and C)
responsible for infectious pathologies in humans and ani-
mals. The type A and type B viruses are the agents responsible
for the influenza seasonal epidemics and pandemics observed
in humans.

Influenza A viruses can be classified into influenza virus
subtypes based on variations in antigenic regions of two
genes that encode the surface glycoproteins hemagglutinin
(HA) and neuraminidase (NA), which are required for viral
attachment and cellular release. Currently, sixteen subtypes
of HA (H1-H16) and nine NA (N1-N9) antigenic variants are
known in influenza A virus. Influenza virus subtypes can
further be classified by reference to their phylogenetic group.
Phylogenetic analysis (Fouchier et al., 2005) has demon-
strated a subdivision of HAs comprising two main groups
(Air, 1981): inter alia the H1, H2, HS and H9 subtypes in
phylogenetic group 1 (herein also referred to as “group 17)
and inter alia the H3, H4 and H7 subtypes in phylogenetic
group 2 (or “group 2”). Only some of the influenza A subtypes
(i.e, HIN1, HIN2 and H3N2) circulate among people, but all
combinations of the 16 HA and 9 NA subtypes have been
identified in animals, in particular, in avian species. Animals
infected with influenza A often act as a reservoir for the
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influenza viruses and certain subtypes have been shown to
cross the species barrier to humans, such as the highly patho-
genic influenza A strain H5N1.

The influenza type B virus strains are strictly human. The
antigenic variations in HA within the influenza type B virus
strains are weaker than those observed within the type A
strains. Two genetically and antigenically distinct lineages of
influenza B virus are circulating in humans, as represented by
the B/Yamagata/16/88 (also referred to as “B/Yamagata™) and
B/Victoria/2/87 (“B/Victoria”) lineages (Ferguson et al.,
2003). Although the spectrum of disease caused by influenza
B viruses is generally milder than that caused by influenza A
viruses, severe illness requiring hospitalization is still fre-
quently observed with influenza B infection.

Current approaches to dealing with annual influenza epi-
demics include annual vaccination, preferably generating
heterotypic cross-protection. However, circulating influenza
viruses in humans are subject to permanent antigenic changes
that require annual adaptation of the influenza vaccine for-
mulation to ensure the closest possible match between the
influenza vaccine strains and the circulating influenza strains.
Although vearly vaccination with influenza vaccines is the
best way to prevent influenza, antiviral drugs, such as oselta-
mivir (TAMIFLU®) can be effective for prevention and treat-
ment of influenza infection. The number of influenza virus
strains showing resistance against antiviral drugs, such as
oseltamivir is, however, increasing.

An alternative approach is the development of antibody-
based prophylactic or therapeutic treatments to neutralize
various seasonal and pandemic influenza viruses. The pri-
mary target of most neutralizing antibodies that protect
against influenza virus infection is the globular head (HA1
part) of the viral HA protein that contains the receptor binding
site, but that is subject to continuing genetic evolution with
amino acid substitutions in antibody-binding sites (antigenic
drift).

Recently, broadly cross-neutralizing antibodies recogniz-
ing an epitope in the conserved stem region of hemagglutinin
of influenza A viruses of phylogenetic group 1 (including,
e.g., the H1 and HS influenza subtypes) have been identified
(see, e.g., WO2008/028946), as well as cross-neutralizing
antibodies recognizing a highly conserved epitopein the stem
region of HA of influenza A viruses of phylogenetic group 2
(including, e.g., H3 and H7 subtypes) (WO 2010/130636).
The neutralizing activity of these antibodies is restricted to
either group 1 or group 2 influenza viruses. In addition, these
antibodies are not capable of binding to and neutralizing
influenza B viruses.

Furthermore, WO 2010/010466 discloses a human anti-
body FI6 binding to hemagglutinin and capable of binding to
and neutralizing influenza A subtypes of group 1 (including
H1 and H5 subtypes) and group 2 (including H3 and H7
subtypes). This antibody also does not bind HA from influ-
enza B viruses.

In addition, US 2009/0092620 discloses a murine antibody
recognizing an antigenic structure present in hemagglutinin
of both the H1 and the H3 subtype and on hemagglutinin of
influenza B viruses belonging to the B/Victoria and B/Yama-
gata groups. The antibodies inhibit the hemagglutination
activity of several H3N2 strains implicating that this antibody
binds an epitope in the globular head of HA.

In view of the severity of the respiratory illness caused by
influenza A and influenza B viruses, as well has the high
economic impact of the seasonal epidemics and the continu-
ing risk for pandemics, there is an ongoing need for effective
means for the prevention and treatment of influenza A and B
subtypes. There is thus a need for binding molecules, prefer-
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ably broadly neutralizing human binding molecules, capable
of cross-neutralizing influenza A viruses of both phylogenetic
group 1 and phylogenetic group 2, and preferably also influ-
enza B viruses.

DISCLOSURE

The disclosure described herein provides binding mol-
ecules capable of specifically binding to influenza A virus
strains from both phylogenetic group 1 (including e.g. influ-
enza viruses comprising HA of the H1 and H5 subtype) and
influenza A virus strains from phylogenetic group 2 (includ-
ing e.g. influenza viruses comprising HA of the H3 and H7
subtype). In an embodiment, the binding molecules also have
neutralizing activity against influenza A virus strains from
both phylogenetic group 1 and phylogenetic group 2. In an
embodiment, the binding molecules are furthermore capable
of specifically binding influenza B virus strains, including
e.g.influenza B virus strains of the B/Yamagata and/or B/Vic-
toria lineages. In an embodiment, the binding molecules are
furthermore capable of neutralizing influenza B virus strains,
including e.g. influenza B virus strains of the B/Yamagata
and/or B/Victoria lineages. In an embodiment, the binding
molecules are capable of in vivo neutralizing influenza A
and/or B virus strains. In an embodiment the binding mol-
ecules bind to a conserved epitope in the stem region of the
HA protein of influenza A and B viruses. In an embodiment,
the binding molecules have no hemagglutination inhibiting
(HI) activity.

This disclosure thus provides binding molecules that bind
to an epitope in the stem region of the hemagglutinin protein
that is shared between influenza A virus subtypes within the
phylogenetic group 1 and influenza virus subtypes within
phylogenetic group 2, as well as influenza B virus subtypes,
and therefore relates to binding molecules that cross-react
between both group 1 and group 2 influenza A virus subtypes
and influenza B viruses. The disclosure also pertains to
nucleic acid molecules encoding at least the binding region of
the human binding molecules.

The binding molecules and/or nucleic acid molecules of
the disclosure are suitable for use as a universal prophylactic,
diagnostic and/or treatment agent for influenza A viruses and
influenza B viruses, even irrespective of the causative influ-
enza subtype.

Tt is surmised that the binding molecules according to the
disclosure bind to hitherto unknown and highly conserved
epitopes that are not prone to, or much less prone to, antigenic
drift or shift. In particular, this epitope is shared between
influenza viruses belonging to both phylogenetic group 1 and
phylogenetic group 2, and influenza B viruses. Use of the
binding molecules of the disclosure to identify and/or char-
acterize these epitopes is also encompassed herein.

The disclosure further provides the use of the human bind-
ing molecules and/or the nucleic acid molecules of the dis-
closure in the diagnosis, prophylaxis and/or treatment of a
subject having, or at risk of developing, an influenza virus
infection. Furthermore, the disclosure pertains to the use of
the human binding molecules and/or the nucleic acid mol-
ecules of the disclosure in the diagnosis/detection of such
influenza infections.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the blocking of conformational change of H1,
HS5, H9, H3, and H7 HAs by CR9114. Panel A: FACS binding
of CR9114 to various conformations—uncleaved precursor
(HAO); neutral pH, cleaved (HA); fusion pH, cleaved (fusion
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pH)—of surface-expressed rHA of A/New Caledonia/20/
1999 (H1), A/Viet Nam/1203/2004 (HS), A/Hong Kong/
1073/1999 (H9), A/Wisconsin/67/2005 (H3), and A/Nether-
lands/219/2003 (H7). Binding is expressed as the percentage
of binding to untreated rHA (HAO). Panel B: FACS binding of
CR9114 to surface-expressed HA as above, except that mAb
CR9114 was added before exposure of the cleaved HAs to a
pH of 4.9.

FIG. 2 shows that MAb CR9114 competes with CR6261
and CR8020 for binding to H1 and H3, respectively. Addi-
tional degree of binding of indicated mAbs to immobilized
HA of A/New Caledonia/20/1999 (HIN1) saturated with 100
nM of CR6261 or CR9114 (Panels A and B), or to immobi-
lized HA of A/Wisconsin/67/2005 (H3N2) saturated with 100
nM of CR8020 or CR9114 (Panels C and D), measured using
biolayer interferometry.

FIG. 3 demonstrates the prophylactic efficacy of CR9114
in the mouse lethal challenge model with influenza B
(B/Florida/04/2006) virus. Panel A: Kaplan-Meier survival
curves of mice treated intravenously with either 15 mg/kg
CR9114 or vehicle control on day -1 before challenge, fol-
lowed by a challenge at day 0 of 25 LD B/Florida/04/2006.
Panel B: Mean bodyweight change (%) relative to day 0. Bars
represent 95% CI of the mean. If a mouse died or was eutha-
nized during the study, the last observed bodyweight was
carried forward. Panel C: Median Clinical scores. Bars rep-
resent interquartile ranges. Clinical score explanation: 0=no
clinical signs; 1=rough coat; 2=rough coat, less reactive dur-
ing handling; 3=rough coat, rolled up, labored breathing, less
reactive during handling; 4=rough coat, rolled up, labored
breathing, inactive response to manipulation/handlings.

DETAILED DESCRIPTION

Definitions of terms as used in the disclosure described
herein are given below.

The term “included” or “including” as used herein is
deemed to be followed by the words “without limitation.”

As used herein, the term “binding molecule” refers to an
intact immunoglobulin including monoclonal antibodies,
such as chimeric, humanized or human monoclonal antibod-
ies, or to an antigen-binding and/or variable domain compris-
ing fragment of an immunoglobulin that competes with the
intact immunoglobulin for specific binding to the binding
partner of the immunoglobulin, e.g., HA. Regardless of struc-
ture, the antigen-binding fragment binds with the same anti-
gen that is recognized by the intact immunoglobulin. An
antigen-binding fragment can comprise a peptide or polypep-
tide comprising an amino acid sequence of at least 2, 5, 10, 15,
20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200,
or 250 contiguous amino acid residues of the amino acid
sequence of the binding molecule.

The term “binding molecule,” as used herein, includes all
immunoglobulin classes and subclasses known in the art.
Depending on the amino acid sequence of the constant
domain of their heavy chains, binding molecules can be
divided into the five major classes of intact antibodies: IgA,
IgD, IgE, IgG, and IgM, and several of these may be further
divided into subclasses (isotypes), e.g., IgAl, IgA2, 1gG1,
1gG2, IgG3 and 1gG4.

Antigen-binding fragments include, inter alia, Fab, F(ab"),
F(ab")2, Fv, dAb, Fd, complementarity-determining region
(CDR) fragments, single-chain antibodies (scFv), bivalent
single-chain antibodies, single-chain phage antibodies, dia-
bodies, triabodies, tetrabodies, (poly)peptides that contain at
least a fragment of an imnunoglobulin that is sufficient to
confer specific antigen binding to the (poly)peptide, etc. The
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above fragments may be produced synthetically or by enzy-
matic or chemical cleavage of intactimmunoglobulins or they
may be genetically engineered by recombinant DNA tech-
niques. The methods of production are well known in the art
and are described, for example, in Antibodies: A Laboratory
Manual, edited by E. Harlow and D. Lane (1988), Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., which
is incorporated herein by reference. A binding molecule or
antigen-binding fragment thereof may have one or more bind-
ing sites. If there is more than one binding site, the binding
sites may be identical to one another or they may be different.

The binding molecule can be a naked or unconjugated
binding molecule but can also be part of an immunoconju-
gate. A naked or unconjugated binding molecule is intended
to refer to a binding molecule that is not conjugated, opera-
tively linked or otherwise physically or functionally associ-
ated with an effector moiety or tag, such as, inter alia, a toxic
substance, a radioactive substance, a liposome, or an enzyme.
It will be understood that naked or unconjugated binding
molecules do not exclude binding molecules that have been
stabilized, multimerized, humanized or in any other way
manipulated, other than by the attachment of an effector
moiety or tag. Accordingly, all post-translationally modified
naked and unconjugated binding molecules are included
herewith, including where the modifications are made in the
natural binding molecule-producing cell environment by a
recombinant binding molecule-producing cell, and are intro-
duced by the hand of man after initial binding molecule
preparation. Of course, the term “naked” or “unconjugated
binding molecule” does not exclude the ability of the binding
molecule to form functional associations with effector cells
and/or molecules after administration to the body, as some of
such interactions are necessary in order to exert a biological
effect. The lack of associated effector group or tag is, there-
fore, applied in definition to the naked or unconjugated bind-
ing molecule in vitro, not in vivo.

As used herein, the term “biological sample” encompasses
a variety of sample types, including blood and other liquid
samples of biological origin, solid tissue samples such as a
biopsy specimen or tissue cultures, or cells derived therefrom
and the progeny thereof. The term also includes samples that
have been manipulated in any way after their procurement,
such as by treatment with reagents, solubilization, or enrich-
ment for certain components, such as proteins or polynucle-
otides. The term encompasses various kinds of clinical
samples obtained from any species, and also includes cells in
culture, cell supernatants and cell lysates.

The term “complementarity-determining regions” (CDR),
as used herein, means sequences within the variable regions
of binding molecules, such as immunoglobulins, that usually
contribute to a large extent to the antigen binding site that is
complementary in shape and charge distribution to the
epitope recognized on the antigen. The CDR regions can be
specific for linear epitopes, discontinuous epitopes, or con-
formational epitopes of proteins or protein fragments, either
as present on the protein in its native conformation or, in some
cases, as present on the proteins as denatured, e.g., by solu-
bilization in SDS. Epitopes may also consist of post-transla-
tional modifications of proteins.

The term “deletion,” as used herein, denotes a change in
either amino acid or nucleotide sequence in which one or
more amino acid or nucleotide residues, respectively, are
absent as compared to the reference, often the naturally
occurring, molecule.

The term “expression-regulating nucleic acid sequence” as
used herein refers to polynucleotide sequences necessary for
and/or affecting the expression of an operably linked coding
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sequence in a particular host organism. The expression-regu-
lating nucleic acid sequences, such as, inter alia, appropriate
transcription initiation, termination, promoter, enhancer
sequences; repressor or activator sequences; efficient RNA
processing signals such as splicing and polyadenylation sig-
nals; sequences that stabilize cytoplasmic mRNA; sequences
that enhance translation efficiency (e.g., ribosome binding
sites); sequences that enhance protein stability; and, when
desired, sequences that enhance protein secretion, can be any
nucleic acid sequence showing activity in the host organism
of choice and can be derived from genes encoding proteins,
which are either homologous or heterologous to the host
organism. The identification and employment of expression-
regulating sequences is routine to the person skilled in the art.

The term “functional variant,” as used herein, refers to a
binding molecule that comprises a nucleotide and/or amino
acid sequence that is altered by one or more nucleotides
and/or amino acids compared to the nucleotide and/or amino
acid sequences of the reference binding molecule and that is
capable of competing for binding to the binding partner, i.e.,
the influenza virus, with the reference binding molecule. In
other words, the modifications in the amino acid and/or nucle-
otide sequence of the reference binding molecule do not
significantly affect or alter the binding characteristics of the
binding molecule encoded by the nucleotide sequence or
containing the amino acid sequence, i.e., the binding mol-
ecule is still able to recognize and bind its target. The func-
tional variant may have conservative sequence modifications
including nucleotide and amino acid substitutions, additions
and deletions. These modifications can be introduced by stan-
dard techniques known in the art, such as site-directed
mutagenesis and random PCR-mediated mutagenesis, and
may comprise natural as well as non-natural nucleotides and
amino acids.

Conservative amino acid substitutions include the ones in
which the amino acid residue is replaced with an amino acid
residue having similar structural or chemical properties.
Families of amino acid residues having similar side chains
have been defined in the art. These families include amino
acids with basic side chains (e.g., lysine, arginine, histidine),
acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., asparagine, glutamine,
serine, threonine, tyrosine, cysteine, tryptophan), non-polar
side chains (e.g., glycine, alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine), beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan). It will be
clear to the skilled artisan that other classifications of amino
acid residue families than the one used above can also be
employed. Furthermore, a variant may have non-conservative
amino acid substitutions, e.g., replacement of an amino acid
with an amino acid residue having different structural or
chemical properties. Similar minor variations may also
include amino acid deletions or insertions, or both. Guidance
in determining which amino acid residues may be substituted,
inserted, or deleted without abolishing immunological activ-
ity may be found using computer programs well known in the
art.

A mutation in a nucleotide sequence can be a single alter-
ation made at a locus (a point mutation), such as transition or
transversion mutations or, alternatively, multiple nucleotides
may be inserted, deleted or changed at a single locus. In
addition, one or more alterations may be made at any number
of loci within a nucleotide sequence. The mutations may be
performed by any suitable method known in the art.

The term “influenza virus subtype” as used herein in rela-
tion to influenza A viruses refers to influenza A virus variants
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that are characterized by various combinations of the hemag-
glutinin (H) and neuramidase (N) viral surface proteins.
According to the present disclosure, influenza virus subtypes
may be referred to by their H number, such as, for example,
“influenza virus comprising HA of the H1 or H3 subtype,” or
“H1 influenza virus,” “H3 influenza virus,” ot by a combina-
tion of an H number and an N number, such as, for example,
“influenza virus subtype H3N2” or “H3N2.”

The term “influenza virus subtype” specifically includes all
individual influenza virus “strains” within each subtype,
which usually result from mutations and show different
pathogenic profiles. Such strains may also be referred to as
various “isolates” of a viral subtype. Accordingly, as used
herein, the terms “strains” and “isolates” may be used inter-
changeably. The current nomenclature for human influenza
virus strains or isolates includes the geographical location of
the first isolation, strain number and year of isolation, usually
with the antigenic description of HA and NA given in brack-
ets, e.z., A/Moscow/10/00 (H3N2). Non-human strains also
include the host of origin in the nomenclature.

The term “neutralizing” as used herein in relation to the
binding molecules of the disclosure refers to binding mol-
ecules that inhibit an influenza virus from replicatively infect-
ing a target cell, regardless of the mechanism by which neu-
tralization is achieved. Thus, neutralization can, e.g., be
achieved by inhibiting the attachment or adhesion of the virus
to the cell surface, or by inhibition of the fusion of viral and
cellular membranes following attachment of the virus to the
target cell, and the like.

The term “cross-neutralizing” or “cross-neutralization™ as
used herein in relation to the binding molecules of the disclo-
sure refers to the ability of the binding molecules of the
disclosure to neutralize different subtypes of influenza A
and/or B viruses.

The term “host,” as used herein, is intended to refer to an
organism or a cell into which a vector such as a cloning vector
or an expression vector has been introduced. The organism or
cell can be prokaryotic or eukaryotic. Preferably, the hosts
isolated host cells, e.g., host cells in culture. The term “host
cells” merely signifies that the cells are modified for the
(over)-expression of the binding molecules of the disclosure
and include B cells that originally express these binding mol-
ecules and which cells have been modified to over-express the
binding molecule by immortalization, amplification,
enhancement of expression, etc. It should be understood that
the term “host” is intended to refer not only to the particular
subject organism or cell but to the progeny of such an organ-
ism or cell as well. Because certain modifications may occur
in succeeding generations due to either mutation or environ-
mental influences, such progeny may not, in fact, be identical
to the parent organism or cell, but are still included within the
scope of the term “host” as used herein.

The term “human,” when applied to binding molecules as
defined herein, refers to molecules that are either directly
derived from a human or based upon a human germ line
sequence. When a binding molecule is derived from or based
on a human sequence and subsequently modified, it is still to
be considered human as used throughout the specification. In
other words, the term “human,” when applied to binding
molecules, is intended to include binding molecules having
variable and constant regions derived from human germline
immunoglobulin sequences or based on variable or constant
regions occurring in a human or human lymphocyte and
modified in some form. Thus, the human binding molecules
may include amino acid residues not encoded by human
germline immunoglobulin sequences, comprise substitutions
and/or deletions (e.g., mutations introduced by, for instance,
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random or site-specific mutagenesis in vitro or by somatic
mutation in vivo). “Based on,” as used herein, refers to the
situation that a nucleic acid sequence may be exactly copied
from a template, or with minor mutations, such as by error-
prone PCR methods, or synthetically made matching the
template exactly or with minor modifications.

The term “insertion,” also known as the term “addition,”
denotes a change in an amino acid or nucleotide sequence
resulting in the addition of one or more amino acid or nucle-
otide residues, respectively, as compared to the parent
sequence.

The term “isolated,” when applied to binding molecules as
defined herein, refers to binding molecules that are substan-
tially free of other proteins or polypeptides, particularly free
of other binding molecules having different antigenic speci-
ficities, and are also substantially free of other cellular mate-
rial and/or chemicals. For example, when the binding mol-
ecules are recombinantly produced, they are preferably
substantially free of culture medium components, and when
the binding molecules are produced by chemical synthesis,
they are preferably substantially free of chemical precursors
or other chemicals, i.e., they are separated from chemical
precursors or other chemicals that are involved in the synthe-
sis of the protein. The term “isolated,” when applied to
nucleic acid molecules encoding binding molecules as
defined herein, is intended to refer to nucleic acid molecules
in which the nucleotide sequences encoding the binding mol-
ecules are free of other nucleotide sequences, particularly
nucleotide sequences encoding binding molecules that bind
other binding partners. Furthermore, the term “isolated”
refers to nucleic acid molecules that are substantially sepa-
rated from other cellular components that naturally accom-
pany the native nucleic acid molecule in its natural host, e.g.,
ribosomes, polymerases, or genomic sequences with which it
is naturally associated. Moreover, “isolated” nucleic acid
molecules, such as cDNA molecules, can be substantially free
of other cellular material or culture medium when produced
by recombinant techniques, or substantially free of chemical
precursors or other chemicals when chemically synthesized.

The term “monoclonal antibody” as used herein refers to a
preparation of antibody molecules of single specificity. A
monoclonal antibody displays a single binding specificity and
affinity for a particular epitope. Accordingly, the term
“human monoclonal antibody” refers to an antibody display-
ing a single binding specificity that has variable and constant
regions derived from or based on human germline immuno-
globulin sequences or derived from completely synthetic
sequences. The method of preparing the monoclonal antibody
is not relevant for the binding specificity.

The term “naturally occurring” as used herein as applied to
an object refers to the fact that an object or compound can be
foundin nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism that can be isolated
from a source in nature and that has not been intentionally
modified by man in the laboratory is naturally occurring.

The term “nucleic acid molecule,” as used in the present
disclosure, refers to a polymeric form of nucleotides and
includes both sense and anti-sense strands of RNA, cDNA,
genomic DNA, and synthetic forms and mixed polymers of
the above. A nucleotide refers to a ribonucleotide, deoxy-
nucleotide or a modified form of either type of nucleotide.
The terms also includes single- and double-stranded forms of
DNA. In addition, a polynucleotide may include either or
both naturally occurring and modified nucleotides linked
together by naturally occurring and/or non-naturally occur-
ring nucleotide linkages. The nucleic acid molecules may be
modified chemically or biochemically or may contain non-



US 8,961,978 B2

9

natural or derivatized nucleotide bases, as will be readily
appreciated by those of skill in the art. Such modifications
include, for example, labels, methylation, substitution of one
or more of the naturally occurring nucleotides with an ana-
logue, internucleotide modifications such as uncharged link-
ages (e.g., methyl phosphonates, phosphotriesters, phospho-
ramidates, carbamates, etc.), charged linkages (e.g.,
phosphorothioates, phosphorodithioates, etc.), pendent moi-
eties (e.g., polypeptides), intercalators (e.g., acridine, psor-
alen, etc.), chelators, alkylators, and modified linkages (e.g.,
alpha anomeric nucleic acids, etc.). The above term is also
intended to include any topological conformation, including
single-stranded, double-stranded, partially duplexed, triplex,
hairpinned, circular and padlocked conformations. Also
included are synthetic molecules that mimic polynucleotides
in their ability to bind to a designated sequence via hydrogen
bonding and other chemical interactions. Such molecules are
known in the art and include, for example, those in which
peptide linkages substitute for phosphate linkages in the
backbone of the molecule. A reference to a nucleic acid
sequence encompasses its complement unless otherwise
specified. Thus, a reference to a nucleic acid molecule having
a particular sequence should be understood to encompass its
complementary strand, with its complementary sequence.
The complementary strand is also useful, e.g., for anti-sense
therapy, hybridization probes and PCR primers.

The term “operably linked” refers to two or more nucleic
acid sequence elements that are usually physically linked and
are in a functional relationship with each other. For instance,
a promoter is operably linked to a coding sequence if the
promoter is able to initiate or regulate the transcription or
expression of a coding sequence, in which case, the coding
sequence should be understood as being “under the control
of” the promoter.

By “pharmaceutically acceptable excipient” is meant any
inert substance that is combined with an active molecule, such
as a drug, agent, or binding molecule, for preparing an agree-
able or convenient dosage form. The “pharmaceutically
acceptable excipient” is an excipient that is non-toxic to
recipients at the used dosages and concentrations, and is
compatible with other ingredients of the formulation com-
prising the drug, agent or binding molecule. Pharmaceuti-
cally acceptable excipients are widely applied and known in
the art.

The term “specifically binding,” as used herein, in refer-
ence to the interaction of a binding molecule, e.g., an anti-
body, and its binding partner, e.g., an antigen, means that the
interaction is dependent upon the presence of a particular
structure, e.g., an antigenic determinant or epitope, on the
binding partner. In other words, the antibody preferentially
binds or recognizes the binding partner even when the bind-
ing partner is present in a mixture of other molecules or
organisms. The binding may be mediated by covalent or
non-covalent interactions or a combination of both. In other
words, the term “specifically binding” further means immu-
nospecifically binding to an antigenic determinant or epitope
and not immunospecifically binding to other antigenic deter-
minants or epitopes. A binding molecule that immunospecifi-
cally binds to an antigen may bind to other peptides or
polypeptides with lower affinity as determined by, e.g., radio-
immunoassay (RIA), enzyme-linked immunosorbent assay
(ELISA), BIACORE, or other assays known in the art. Bind-
ing molecules or fragments thereof that immunospecifically
bind to an antigen may be cross-reactive with related antigens
carrying the same epitope. Preferably, binding molecules or
fragments thereof that immunospecifically bind to an antigen
do not cross-react with other antigens.
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A “substitution,” as used herein, denotes the replacement
of one or more amino acids or nucleotides by different amino
acids or nucleotides, respectively.

The term “therapeutically effective amount” refers to an
amount of the binding molecule as defined herein that is
effective for preventing, ameliorating and/or treating a con-
dition resulting from infection with an influenza B virus.
“Amelioration,” as used in herein, may refer to the reduction
of visible or perceptible disease symptoms, viremia, or any
other measurable manifestation of influenza infection.

The term “treatment” refers to therapeutic treatment as
well as prophylactic or preventative measures to cure or halt
or at least retard disease progress. Those in need of treatment
include those already inflicted with a condition resulting from
infection with influenza virus as well as those in which infec-
tion with influenza virus is to be prevented. Subjects partially
or totally recovered from infection with influenza virus might
also be in need of treatment. Prevention encompasses inhib-
iting or reducing the spread of influenza virus or inhibiting or
reducing the onset, development or progression of one or
more of the symptoms associated with infection with influ-
enza virus.

The term “vector” denotes a nucleic acid molecule into
which a second nucleic acid molecule can be inserted for
introduction into a host where it will be replicated, and in
some cases, expressed. In other words, a vector is capable of
transporting a nucleic acid molecule to which it has been
linked. Cloning as well as expression vectors are contem-
plated by the term “vector,” as used herein. Vectors include,
but are not limited to, plasmids, cosmids, bacterial artificial
chromosomes (BAC) and yeast artificial chromosomes
(YAC) and vectors derived from bacteriophages or plant or
animal (including human) viruses. Vectors comprise an origin
of replication recognized by the proposed host and in the case
of expression vectors, promoter and other regulatory regions
recognized by the host. A vector containing a second nucleic
acid molecule is introduced into a cell by transformation,
transfection, or by making use of viral entry mechanisms.
Certain vectors are capable of autonomous replication in a
host into which they are introduced (e.g., vectors having a
bacterial origin of replication can replicate in bacteria). Other
vectors can be integrated into the genome of a host upon
introduction into the host, and thereby are replicated along
with the host genome.

In a first aspect, the present disclosure encompasses bind-
ing molecules capable of specifically binding to hemaggluti-
nin (HA) of influenza A virus subtypes of phylogenetic group
1 and influenza A virus subtypes of phylogenetic group 2. In
an embodiment, the binding molecules are capable of neu-
tralizing influenza A virus subtypes of both phylogenetic
group 1 and phylogenetic group 2. The binding molecules of
this disclosure thus are unique in that they are capable of
cross-neutralizing group 1 influenza A virus strains and group
2 influenza A virus strains. In an embodiment, the binding
molecules are capable of neutralizing at least one or more,
preferably two or more, preferably three or more, preferably
four or more, even more preferably, five or more group 1
influenza A virus subtypes selected from the group consisting
of the H1, H2, H5, H6, H8, H9 and H11 subtype, and at least
one or more, preferably two or more, preferably three or more
group 2 influenza A virus subtypes selected from the group
consisting ofthe H3, H4, H7, and H10 subtype. In an embodi-
ment, the binding molecules are capable of specifically bind-
ing to hemagglutinin (HA) of influenza B virus subtypes. In
another embodiment, the binding molecules are capable of
neutralizing influenza B viruses. In an embodiment, the bind-
ing molecules are capable of in vivo neutralizing influenza A
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and/or B viruses. The influenza A and B virus strains may be
both human and non-human influenza virus strains (i.e.,
obtained from non-human animals, e.g.. birds).

Preferably, the binding molecules are human binding mol-
ecules. In certain embodiments, the binding molecules are
human antibodies, or antigen-binding fragments thereof.

In an embodiment, the binding molecules are derived from
the VH 1-69 germ line gene. Thus, the binding molecules all
use the same VH1-69 germ line-encoded framework.

In an embodiment, the binding interaction of the binding
molecules, preferably the antibody, and HA is mediated
exclusively by heavy chain variable sequences.

In an embodiment, the binding molecules comprise a
heavy chain CDR1 comprising the amino acid sequence of
SEQ ID NO:133 or SEQ ID NO:139, a heavy chain CDR2
comprising the amino acid sequence of SEQ ID NO:134,
SEQ ID NO:140 or SEQ ID NO:151, and a heavy chain
CDR3 comprising an amino acid sequence selected from the
group consisting of SEQ ID NO:135, SEQ ID NO:141, SEQ
ID NO:145, SEQ IDNO:152, SEQ ID NO:161, and SEQ ID
NO:162. The CDR regions of binding molecules of the dis-
closure are shown in Table 7. CDR regions are according to
Kabat et al. (1991) as described in Sequences of Proteins of
Immunological Interest.

Influenza viruses infect cells by binding to sialic acid resi-
dues on the cell surface of target cells, and following transfer
into endosomes, by fusing their membranes with the endoso-
mal membranes and releasing the genome-transcriptase com-
plex into the cell. Both receptor binding and membrane fusion
process are mediated by the HA glycoprotein. The HA of
influenza virus A comprises two structurally distinct regions,
i.e.,a globular head region, which contains a receptor binding
site that is responsible for virus attachment to the target cell,
and is involved in the hemagglutination activity of HA, and a
stem region, containing a fusion peptide, which is necessary
for membrane fusion between the viral envelope and the
endosomal membrane of the cell. The HA protein is a trimer
in which each monomer consists of two disulphide-linked
glycopolypeptides, HA1 and HA?2, that are produced during
infection by proteolytic cleavage of a precursor (HAO).
Cleavage is necessary for virus infectivity since it is required
to prime the HA for membrane fusion to allow conforma-
tional change. Activation of the primed molecule occurs at
low pH in endosomes, between pHS and pH6, and requires
extensive changes in HA structure. Each of the stages in the
priming and activation of HA for its participation in the mem-
brane fusion process, presents a different target for inhibition,
e.g., by monoclonal antibodies. In an embodiment, the bind-
ing molecules are capable of blocking the pH-induced con-
formational changes in HA associated with membrane
fusion.

The binding molecules of the disclosure may be capable of
specifically binding to the HAO, HA1 and/or HA2 subunit of
the HA protein. They may be capable of specifically binding
to linear or structural and/or conformational epitopes on the
HAO, HA1 and/or HA2 subunit of the HA protein. The HA
molecule may be purified from viruses or recombinantly pro-
duced and optionally isolated before use. Alternatively, HA
may be expressed on the surface of cells. In an embodiment,
the binding molecules of the disclosure are capable of spe-
cifically binding to an epitope in the stem region of HA. In an
embodiment, the binding molecules bind to an epitope that is
accessible in the pre-fusion conformation of HA.

The binding molecules of the disclosure may be capable of
specifically binding to influenza viruses that are viable, living
and/or infective or that are in inactivated/attenuvated form.
Methods for inactivating/attenuvating virus, e.g., influenza
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viruses are well known in the art and include, but are not
limited to, treatment with formalin, f-propiolactone (BPL),
merthiolate, and/or ultraviolet light.

The binding molecules of this disclosure may also be
capable of specifically binding to one or more fragments of
the influenza viruses, such as, inter alia, a preparation of one
or more proteins and/or (poly)peptides derived from subtypes
of influenza A and/or B viruses or one or more recombinantly
produced proteins and/or polypeptides of influenza A and/or
B viruses. The nucleotide and/or amino acid sequence of
proteins of various influenza A and B strains can be found in
the GenBank-database, NCBI Influenza Virus Sequence
Database, Influenza Sequence Database (ISD), EMBI-data-
base and/or other databases. It is well within the reach of the
skilled person to find such sequences in the respective data-
bases.

In another embodiment, the binding molecules of this dis-
closure are capable of specifically binding to a fragment of the
above-mentioned proteins and/or polypeptides, wherein the
fragment at least comprises an epitope recognized by the
binding molecules of the disclosure. An “epitope,” as used
herein, is a moiety that is capable of binding to a binding
molecule of the disclosure with sufficiently high affinity to
form a detectable antigen-binding molecule complex.

The binding molecules of this disclosure may or may not be
capable of specifically binding to the extracellular part of HA
(also called herein “soluble HA” (“sHA™)).

The binding molecules of the disclosure can be intact
immunoglobulin molecules, such as polyclonal or mono-
clonal antibodies, or the binding molecules can be antigen-
binding fragments thereof, including, but not limited to,
heavy and light chain variable regions, Fab, F(ab'), F(ab"),,
Fv, dAb, Fd, complementarity-determining region (CDR)
fragments, single-chain antibodies (scFv), bivalent single-
chain antibodies, single-chain phage antibodies, diabodies,
triabodies, tetrabodies, and (poly)peptides that contain at
least a fragment of an immunoglobulin that is sufficient to
confer specific antigen binding to influenza virus strains or a
fragment thereof. In a preferred embodiment, the binding
molecules of the disclosure are human monoclonal antibod-
ies, and/or antigen-binding fragments thereof. The binding
molecules may also be nanobodies, alphabodies, affibodies,
FN3-domain scaffolds and other scaffolds based on domains
in (human) repeat proteins like Adnectins, Anticalins,
Darpins, etc., or other scaffolds comprising epitope binding
sequences.

The binding molecules of the disclosure can be used in
non-isolated or isolated Furthermore, the binding molecules
ofthis disclosure can be used alone or in a mixture comprising
at least one binding molecule (or variant or fragment thereof)
of the disclosure, and/or with other binding molecules that
bind to influenza and have influenza virus-inhibiting effect. In
other words, the binding molecules can be used in combina-
tion, e.g., as a pharmaceutical composition comprising two or
more binding molecules of the disclosure, variants or frag-
ments thereof. For example, binding molecules having dif-
ferent, but complementary, activities can be combined in a
single therapy to achieve a desired prophylactic, therapeutic
or diagnostic effect, but alternatively, binding molecules hav-
ing identical activities can also be combined in a single
therapy to achieve a desired prophylactic, therapeutic or diag-
nostic effect. Optionally, the mixture further comprises at
least one other therapeutic agent. Preferably, the therapeutic
agent such as, e.g., M2 inhibitors (e.g., amantidine, rimanta-
dine) and/or neuraminidase inhibitors (e.g., zanamivir, osel-
tamivir) is useful in the prophylaxis and/or treatment of an
influenza virus infection.
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Typically, binding molecules according to the disclosure
can bind to their binding partners, i.e., an influenza A virus of
group 1 (such as HIN1) and an influenza A virus of group 2
(such as H3N2), and/or an influenza B virus, and/or frag-
ments thereof, with an affinity constant (K_~value) that is
lower than 0.2x107* M, 1.0x107> M, 1.0x107° M, 1.0x10~7
M, preferably lower than 1.0x10~® M, more preferably lower
than 1.0x107" M, more preferably lower than 1.0x1071° M,
even more preferably lower than 1.0x107"* M, and, in par-
ticular, lower than 1.0x10™"* M. The affinity constants can
vary for antibody isotypes. For example, affinity binding for
an IgM isotype refers to a binding affinity of at least about
1.0x10~" M. Affinity constants can, for instance, be measured
using surface plasmon resonance, for example, using the
BIACORE system (Pharmacia Biosensor AB, Uppsala, Swe-
den).

The binding molecules of the disclosure exhibit neutraliz-
ing activity. Neutralizing activity can, for instance, be mea-
sured as described herein. Alternative assays measuring neu-
tralizing activity are described in, for instance, WHO Manual
on Animal Influenza Diagnosis and Surveillance, Geneva:
World Health Organisation, 2003, version 2002.5.

Typically, the binding molecules according to this disclo-
sure have a neutralizing activity of 50 pg/ml or less, prefer-
ably 20 pg/ml or less, more preferably a neutralizing activity
of 10 ug/ml or less, even more preferably 5 pg/ml or less, as
determined in an in vitro virus neutralization assay (VNA) as
described in Example 6. The binding molecules according to
the disclosure may bind to influenza virus or a fragment
thereofin soluble form such as, for instance, in a sample or in
suspension or may bind to influenza viruses or fragments
thereof bound or attached to a carrier or substrate, e.g., micro-
titer plates, membranes and beads, etc. Carriers or substrates
may be made of glass, plastic (e.g., polystyrene), polysaccha-
rides, nylon, nitrocellulose, or TEFLON®, etc. The surface of
such supports may be solid or porous and of any convenient
shape. Furthermore, the binding molecules may bind to influ-
enza virus in purified/isolated or non-purified/non-isolated
form.

As discussed above, the present disclosure relates to iso-
lated human binding molecules that are able to recognize and
bind to an epitope in the influenza hemagglutinin protein
(HA) wherein the binding molecules have neutralizing activ-
ity against influenza A viruses of phylogenetic group 1 and
influenza A viruses of phylogenetic group 2. According to the
disclosure, it thus has been shown that the binding molecules
of the present disclosure cross-neutralize influenza virus sub-
types belonging to both phylogenetic groups. The skilled
person, based on what has been disclosed herein, can deter-
mine whether an antibody indeed cross-reacts with HA pro-
teins from different subtypes and can also determine whether
they are able to neutralize influenza viruses of different sub-
types in vitro and/or in vivo.

In an embodiment, the binding molecule according to the
present disclosure is selected from the group consisting of:

a) a binding molecule comprising a heavy chain CDRI
region of SEQ ID NO:133, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:135;

b) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:140, and a heavy chain CDR3 region of
SEQ ID NO:141;

¢) a binding molecule comprising a heavy chain CDRI
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:145;
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d) a binding molecule comprising a heavy chain CDRI
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:151, and a heavy chain CDR3 region of
SEQ ID NO:152;

e) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152;

f) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:151, and a heavy chain CDR3 region of
SEQ ID NO:161;

2) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:151, and a heavy chain CDR3 region of
SEQ ID NO:162; and

h) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:141.

In certain embodiments, the binding molecule comprises a
heavy chain CDRI region comprising the amino acid
sequence of SEQ ID NO:139, a heavy chain CDR2 region
comprising an amino acid sequence of SEQ ID NO:134, and
a heavy chain CDR3 region comprising the amino acid
sequence of SEQ ID NO:145 or SEQ ID NO:152.

In another embodiment, the human binding molecules
according to the disclosure are selected from the group con-
sisting of:

a) a binding molecule having a heavy chain CDR1 region

of SEQ ID NO:133, a heavy chain CDR2 region of SEQ
ID NO:134, and aheavy chain CDR3 region of SEQ ID
NO:135, a light chain CDR1 region having the amino
acid sequence of SEQ ID NO:136, a light chain CDR2
region having the amino acid sequence of SEQ ID
NO:137, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:138;

b) a binding molecule comprising a heavy chain CDR1
region of SEQ 1D NO:139, a heavy chain CDR2 region
of SEQ ID NO:140, and a heavy chain CDR3 region of
SEQ ID NO:141, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:142, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:143, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:144;

¢) a binding molecule comprising a heavy chain CDRI
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:145, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:146, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:174, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:147;

d) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:145, a light chain CDR1 region having the
amino acid sequence of SEQ 1D NO:148, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:149, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:150;

e) a binding molecule comprising a heavy chain CDRI
region of SEQ 1D NO:139, a heavy chain CDR2 region
of SEQ ID NO:151, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:153, a light chain
CDR2 region having the amino acid sequence of SEQ ID
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NO:154, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:155;

) a binding molecule comprising a heavy chain CDRI
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ 1D NO:148, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:149, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:150;

2) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ 1D NO:156, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:157, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:158;

h) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ 1D NO:148, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:159, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:160;

1) a binding molecule comprising a heavy chain CDRI
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:151, and a heavy chain CDR3 region of
SEQ ID NO:161, a light chain CDR1 region having the
amino acid sequence of SEQ 1D NO:142, a light chain
CDR2 regionhaving the amino acid sequence of SEQ ID
NO:143, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:144;

j) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:151, and a heavy chain CDR3 region of
SEQ ID NO:162, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:163, a light chain
CDR2 regionhaving the amino acid sequence of SEQ ID
NO:164, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:165;

k) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:166, a light chain
CDR2 regionhaving the amino acid sequence of SEQ ID
NO:167, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:168;

1) a binding molecule comprising a heavy chain CDRI
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:169, a light chain
CDR2 regionhaving the amino acid sequence of SEQ ID
NO:149, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:150;

m) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:141, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:163, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:169, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:170;
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n) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:171, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:164, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:172;

0) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:145, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:142, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:143, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:173; and

p) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ 1D NO:142, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:143, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:144.

In another embodiment, the human binding molecules

according to this disclosure are selected from the group con-
sisting of:

a) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:145, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:146, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:174, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:147;

b) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:171, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:164, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:172;

¢) a binding molecule comprising a heavy chain CDRI
region of SEQ 1D NO:139, a heavy chain CDR?2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:145, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:142, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:143, and a light chain CDR3 region having the
amino acid sequence of SEQ 1D NO:173; and

d) a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:139, a heavy chain CDR2 region
of SEQ ID NO:134, and a heavy chain CDR3 region of
SEQ ID NO:152, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:142, a light chain
CDR2 region having the amino acid sequence of SEQ ID
NO:143, and a light chain CDR3 region having the
amino acid sequence of SEQ ID NO:144.

In another embodiment, the binding molecule according to

this disclosure is selected from the group consisting of:

a) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:2;

b) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:6;

¢) a binding molecule comprising a heavy chain variable
region of SEQ 1D NO:10;
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d) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:14;

e) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:18;

) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:22;

2) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:26;

h) a binding molecule comprising a heavy chain variable
region of SEQ 1D NO:30;

1) a binding molecule comprising a heavy chain variable
region of SEQ 1D NO:34;

j) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:38;

k) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:42;

1) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:46;

m) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:50;

n) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:54;

0) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:58; and

p) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:62.

In an embodiment, the binding molecule according to the
disclosure is selected from the group consisting of a binding
molecule comprising a heavy chain variable region of SEQ ID
NO:10, a binding molecule comprising a heavy chain vari-
ableregion of SEQID NO:54, a binding molecule comprising
a heavy chain variable region of SEQ ID NO:58, and a bind-
ing molecule comprising a heavy chain variable region of
SEQ ID NO:62.

In a further embodiment, the binding molecules according
to this disclosure comprise a light chain variable region com-
prising an amino acid sequence selected from the group con-
sisting of SEQIDNO:4, SEQ IDNO:8, SEQ IDNO:12, SEQ
ID NO:16, SEQ ID NO:20, SEQ ID NO:24, SEQ ID NO:28,
SEQ 1D NO:32, SEQ ID NO:36, SEQ ID NO:40, SEQ ID
NO:44, SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:56,
SEQ ID NO:60, and SEQ ID NO:64.

In yet another embodiment, the binding molecule is
selected from the group consisting of:

a) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:2 and a light chain variable region
of SEQ ID NO:4;

b) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:6 and a light chain variable region
of SEQ ID NO:g;

¢) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:10 and a light chain variable
region of SEQ ID NO:12;

d) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:14 and a light chain variable
region of SEQ ID NO:16;

e) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:18 and a light chain variable
region of SEQ 1D NO:20;

1) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:22 and a light chain variable
region of SEQ ID NO:24;

2) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:26 and a light chain variable
region of SEQ 1D NO:28;
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h) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:30 and a light chain variable
region of SEQ ID NO:32;

1) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:34 and a light chain variable
region of SEQ ID NO:36;

J) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:38 and a light chain variable
region of SEQ 1D NO:40;

k) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:42 and a light chain variable
region of SEQ 1D NO:44;

1) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:46 and a light chain variable
region of SEQ 1D NO:48;

m) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:50 and a light chain variable
region of SEQ ID NO:52;

n) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:54 and a light chain variable
region of SEQ ID NO:56;

0) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:58 and a light chain variable
region of SEQ ID NO:60; and

p) a binding molecule comprising a heavy chain variable
region of SEQ ID NO:62 and a light chain variable
region of SEQ ID NO:64.

In an embodiment, the human binding molecules accord-
ing to the disclosure are selected from the group consisting of:
a binding molecule comprising a heavy chain variable region
of SEQ ID NO:10 and a light chain variable region of SEQ ID
NO:12; a binding molecule comprising a heavy chain vari-
ableregion of SEQ ID NO:54 and a light chain variable region
of SEQ ID NO:56; a binding molecule comprising a heavy
chain variable region of SEQ ID NO:58 and a light chain
variable region of SEQ ID NO:60; and a binding molecule
comprising a heavy chain variable region of SEQ ID NO:62
and a light chain variable region of SEQ ID NO:64.

In certain embodiments, the binding molecules are for a
use as a medicament, and preferably for use in the diagnostic,
therapeutic and/or prophylactic treatment of influenza infec-
tion caused by influenza A and/or B viruses. Preferably, the
influenza virus that causes the influenza infection and that can
be treated using the binding molecules of the present disclo-
sure is an influenza A virus of phylogenetic group 1 and/or 2,
and/or an influenza B virus. The present disclosure also
relates to a pharmaceutical composition comprising at least
one binding molecule according to the disclosure and a phar-
maceutically acceptable excipient.

In yet another embodiment, this disclosure relates to the
use of a binding molecule according to the disclosure in the
preparation of a medicament for the diagnosis, prophylaxis,
and/or treatment of an influenza virus infection. Such infec-
tions can occur in small populations, but can also spread
around the world in seasonal epidemics or, worse, in global
pandemics where millions of individuals are at risk. The
disclosure provides binding molecules that can neutralize the
infection of influenza strains that cause such seasonal epi-
demics, as well as potential pandemics. Importantly, protec-
tion and treatment can be envisioned now with the binding
molecules of the present disclosure in relation to various
influenza subtypes as it has been disclosed that the binding
molecules of the present disclosure are capable of cross-
neutralizing various influenza subtypes of both phylogenetic
group 1, encompassing H1, H2, H5, H6, H8, H9 and H11
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subtypes and phylogenetic group 2, encompassing subtypes
H3, H4, H7 and H10 subtypes, as well as influenza B sub-
types.

Another aspect of the disclosure includes functional vari-
ants of the binding molecules as defined herein. Molecules
are considered to be functional variants of a binding molecule
according to the disclosure, if the variants are capable of
competing for specifically binding to an influenza virus or a
fragment thereof with the “parental” or “reference” binding
molecules. In other words, molecules are considered to be
functional variants of a binding molecule according to the
disclosure when the functional variants are still capable of
binding to the same or overlapping epitope of the influenza
virus or a fragment thereof. For the sake of this application,
“parental” and “reference” will be used as synonyms mean-
ing that the information of the reference or parental molecule,
or the physical molecule itself, may form the basis for the
variation. Functional variants include, but are not limited to,
derivatives that are substantially similar in primary structural
sequence, including those that have modifications in the Fc
receptor or other regions involved with effector functions,
and/or that contain, e.g., in vitro or in vivo modifications,
chemical and/or biochemical, that are not found in the paren-
tal binding molecule. Such modifications include inter alia
acetylation, acylation, covalent attachment of a nucleotide or
nucleotide derivative, covalent attachment of a lipid or lipid
derivative, cross-linking, disulfide bond formation, glycosy-
lation, hydroxylation, methylation, oxidation, pegylation,
proteolytic processing, phosphorylation, and the like.

Alternatively, functional variants can be binding mol-
ecules, as defined in the present disclosure, comprising an
amino acid sequence containing substitutions, insertions,
deletions or combinations thereof of one or more amino acids
compared to the amino acid sequences of the parental binding
molecules. Furthermore, functional variants can comprise
truncations of the amino acid sequence at either or both the
amino or carboxyl termini. Functional variants according to
the disclosure may have the same or different, either higher or
lower, binding affinities compared to the parental binding
molecule but are still capable of binding to the influenza virus
or a fragment thereof. For instance, functional variants
according to the disclosure may have increased or decreased
binding affinities for an influenza virus or a fragment thereof
compared to the parental binding molecules. Preferably, the
amino acid sequences of the variable regions, including, but
not limited to, framework regions, hypervariable regions, in
particular, the CDR3 regions, are modified. Generally, the
light chain and the heavy chain variable regions comprise
three hypervariable regions, comprising three CDRs, and
more conserved regions, the so-called framework regions
(FRs). The hypervariable regions comprise amino acid resi-
dues from CDRs and amino acid residues from hypervariable
loops. Functional variants intended to fall within the scope of
the present disclosure have at least about 50% to about 99%,
preferably at least about 60% to about 99%, more preferably
atleast about 70% to about 99%, even more preferably at least
about 80% to about 99%, most preferably at least about 90%
to about 99%, in particular, at least about 95% to about 99%,
and in particular, at least about 97% to about 99% amino acid
sequence identity and/or homology with the parental binding
molecules as defined herein. Computer algorithms such as
inter alia Gap or Bestfit known to a person skilled in the art
can be used to optimally align amino acid sequences to be
compared and to define similar or identical amino acid resi-
dues. Functional variants can be obtained by altering the
parental binding molecules or parts thereof by general
molecular biology methods known in the art including, but
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not limited to, error-prone PCR, oligonucleotide-directed
mutagenesis, site-directed mutagenesis and heavy and/or
light chain shuffling. In an embodiment, the functional vari-
ants of the disclosure have neutralizing activity against influ-
enza A viruses of group 1 and group 2, and/or influenza B
viruses. The neutralizing activity may either be identical, or
be higher or lower compared to the parental binding mol-
ecules. Henceforth, when the term (human) binding molecule
is used, this also encompasses functional variants of the (hu-
man) binding molecule. Assays for verifying if a variant
binding molecule has neutralizing activity are well known in
the art (see WHO Manual on Animal Influenza Diagnosis and
Surveillance, Geneva: World Health Organisation, 2005 ver-
sion 2002.5).

In yeta further aspect, the disclosure includes immunocon-
jugates, i.e., molecules comprising at least one binding mol-
ecule as defined herein and further comprising at least one
tag, such as inter alia a detectable moiety/agent. Also con-
templated in the present disclosure are mixtures of immuno-
conjugates according to the disclosure or mixtures of at least
one immunoconjugate according to the disclosure and
another molecule, such as a therapeutic agent or another
binding molecule or immunoconjugate. In a further embodi-
ment, the immunoconjugates of the disclosure may comprise
more than one tag. These tags can be the same or distinct from
each other and can be joined/conjugated non-covalently to the
binding molecules. The tag(s) can also be joined/conjugated
directly to the human binding molecules through covalent
bonding. Alternatively, the tag(s) can be joined/conjugated to
the binding molecules by means of one or more linking com-
pounds. Techniques for conjugating tags to binding mol-
ecules are well known to the skilled artisan.

The tags of the immunoconjugates of the present disclo-
sure may be therapeutic agents, but they can also be detect-
able moieties/agents. Tags suitable in therapy and/or preven-
tion may be toxins or functional parts thereof, antibiotics,
enzymes, or other binding molecules that enhance phagocy-
tosis or immune stimulation. Inmunoconjugates comprising
a detectable agent can be used diagnostically to, for example,
assess ifa subject has been infected with an influenza virus or
to monitor the development or progression of an influenza
virus infection as part of a clinical testing procedure to, e.g.,
determine the efficacy of a given treatment regimen. How-
ever, they may also be used for other detection and/or ana-
Iytical and/or diagnostic purposes. Detectable moieties/
agents include, but are not limited to, enzymes, prosthetic
groups, fluorescent materials, luminescent materials, biolu-
minescent materials, radioactive materials, positron-emitting
metals, and non-radioactive paramagnetic metal ions. The
tags used to label the binding molecules for detection and/or
analytical and/or diagnostic purposes depend on the specific
detection/analysis/diagnosis techniques and/or methods used
such as inter alia immunohistochemical staining of (tissue)
samples, flow cytometric detection, scanning laser cytomet-
ric detection, fluorescent immunoassays, enzyme-linked
immunosorbent assays (ELISAs), radioimmunoassays
(RIAs), bioassays (e.g., phagocytosis assays), Western blot-
ting applications, etc. Suitable labels for the detection/analy-
sis/diagnosis techniques and/or methods known in the art are
well within the reach of the skilled artisan.

Furthermore, the human binding molecules or immuno-
conjugates of this disclosure can also be attached to solid
supports, which are particularly useful for in vitro immunoas-
says or purification of influenza viruses or fragments thereof.
Such solid supports might be porous or nonporous, planar or
non-planar. The binding molecules of the present disclosure
can be fused to marker sequences, such as a peptide to facili-
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tate purification. Examples include, but are not limited to, the
hexa-histidine tag, the hemagglutinin (HA) tag, the myc tag
or the flag tag. Alternatively, an antibody can be conjugated to
a second antibody to form an antibody heteroconjugate. In
another aspect, the binding molecules of the disclosure may
be conjugated/attached to one or more antigens. Preferably,
these antigens are antigens that are recognized by the immune
system of a subject to which the binding molecule-antigen
conjugate is administered. The antigens may be identical, but
may also differ from each other. Conjugation methods for
attaching the antigens and binding molecules are well known
in the art and include, but are not limited to, the use of
cross-linking agents. The binding molecules of the disclosure
will bind to influenza virus HA and the antigens attached to
the binding molecules will initiate a powerful T-cell attack on
the conjugate, which will eventually lead to the destruction of
the influenza virus.

Next to chemically producing immunoconjugates by con-
jugating, directly or indirectly, via, for instance, a linker, the
immunoconjugates can be produced as fusion proteins com-
prising the binding molecules of the disclosure and a suitable
tag. Fusion proteins can be produced by methods known in
the art such as, e.g., recombinantly by constructing nucleic
acid molecules comprising nucleotide sequences encoding
the binding molecules in frame with nucleotide sequences
encoding the suitable tag(s) and then expressing the nucleic
acid molecules.

It is another aspect of the present disclosure to provide a
nucleic acid molecule encoding at least a binding molecule,
functional variant or immunoconjugate according to this dis-
closure. Such nucleic acid molecules can be used as interme-
diates for cloning purposes, e.g., in the process of affinity
maturation as described above. In certain embodiments, the
nucleic acid molecules are isolated or purified.

The skilled person will appreciate that functional variants
of these nucleic acid molecules are also intended to be a part
of the present disclosure. Functional variants are nucleic acid
sequences that can be directly translated, using the standard
genetic code, to provide an amino acid sequence identical to
that translated from the parental nucleic acid molecules.

Preferably, the nucleic acid molecules encode binding
molecules comprising the CDR regions as described above.
In a further embodiment the nucleic acid molecules encode
binding molecules comprising two, three, four, five oreven all
six CDR regions of the binding molecules of the disclosure.

In another embodiment, the nucleic acid molecules encode
binding molecules comprising a heavy chain comprising the
variable heavy chain sequences as described above. In
another embodiment the nucleic acid molecules encode bind-
ing molecules comprising a light chain comprising the vari-
able light chain sequences as described above. The nucleotide
sequences and the amino acid sequences of the heavy and
light chain variable regions of the binding molecules of the
disclosure are given below.

It 1s another aspect to provide vectors, i.e., nucleic acid
constructs, comprising one or more nucleic acid molecules
according to the present disclosure. Vectors can be derived
from plasmids, such as inter alia F, R1, RP1, Col, pBR322,
TOL, Ti, etc.; cosmids; phages, such as lambda, lambdoid,
M13, My, P1, P22, Qf, T-even, T-odd, T2, T4, T7, etc.; and
plant viruses. Vectors can be used for cloning and/or for
expression of the binding molecules of the disclosure and
might even be used for gene therapy purposes. Vectors com-
prising one or more nucleic acid molecules, according to the
disclosure, operably linked to one or more expression-regu-
lating nucleic acid molecules are also covered by the present
disclosure. The choice of the vector is dependent on the
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recombinant procedures followed and the host used. Intro-
duction of vectors in host cells can be effected by inter alia
calcium phosphate transfection, virus infection, DEAE-dex-
tran-mediated transfection, lipofectamin transfection or elec-
troporation. Vectors may be autonomously replicating or may
replicate together with the chromosome into which they have
been integrated. Preferably, the vectors contain one or more
selection markers. The choice of the markers may depend on
the host cells of choice, although this is not critical to the
disclosure, as is well known to persons skilled in the art. They
include, but are not limited to, kanamycin, neomycin, puro-
mycin, hygromycin, zeocin, thymidine kinase gene from Her-
pes simplex virus (HSV-TK), and dihydrofolate reductase
gene from mouse (dhfr). Vectors comprising one or more
nucleic acid molecules encoding the human binding mol-
ecules as described above, operably linked to one or more
nucleic acid molecules encoding proteins or peptides that can
be used to isolate the human binding molecules, are also
covered by the disclosure. These proteins or peptides include,
but are not limited to, glutathione-S-transferase, maltose
binding protein, metal-binding polyhistidine, green fluores-
cent protein, luciferase and beta-galactosidase.

Hosts containing one or more copies of the vectors men-
tioned above are an additional subject of the present disclo-
sure. Preferably, the hosts are host cells. Host cells include,
but are not limited to, cells of mammalian, plant, insect,
fungal or bacterial origin. Bacterial cells include, but are not
limited to, cells from gram-positive bacteria or gram-negative
bacteria, such as several species of the genera Escherichia,
such as E. coli, and Pseudomonas. In the group of fungal
cells, yeast cells are preferably used. Expression in yeast can
be achieved by using yeast strains such as inter alia Pichia
pastoris, Saccharomyces cerevisiae and Hansenula polymor-
pha. Furthermore, insect cells, such as cells from Drosophila
and S19, can be used as host cells. Besides that, the host cells
canbe plant cells such as inter alia cells from crop plants such
as forestry plants, or cells from plants providing food and raw
materials such as cereal plants, or medicinal plants, or cells
from ornamentals, or cells from flower bulb crops. Trans-
formed (transgenic) plants or plant cells are produced by
known methods, for example, Agrobacterium-mediated gene
transfer, transformation of leaf discs, protoplast transforma-
tion by polyethylene glycol-induced DNA transfer, elec-
troporation, sonication, microinjection or bolistic gene trans-
fer. Additionally, a suitable expression system can be a
baculovirus system. Expression systems using mammalian
cells, such as Chinese Hamster Ovary (CHO) cells, COS
cells, BHK cells, NSO cells or Bowes melanoma cells are
preferred in the present disclosure. Mammalian cells provide
expressed proteins with post-translational modifications that
are most similar to natural molecules of mammalian origin.
Since the present disclosure deals with molecules that may
have to be administered to humans, a completely human
expression system would be particularly preferred. There-
fore, even more preferably, the host cells are human cells.
Examples of human cells are inter alia HelLa, 911, AT1080,
A549, 293 and HEK293T cells. In preferred embodiments,
the human producer cells comprise at least a functional part of
a nucleic acid sequence encoding an adenovirus E1 region in
expressible format. In even more preferred embodiments, the
host cells are derived from a human retina and immortalized
with nucleic acids comprising adenoviral E1 sequences, such
as 911 cells or the cell line deposited at the European Collec-
tion of Cell Cultures (ECACC), CAMR, Salisbury, Wiltshire
SP4 0OIG, Great Britain on 29 Feb. 1996 under number
96022940 and marketed under the trademark PER.C6®
(PER.C6 is a registered trademark of Crucell Holland B.V.).
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For the purposes of this application “PER.C6® cells” refers
to cells deposited under number 96022940 or ancestors, pas-
sages up-stream or downstream, as well as descendants from
ancestors of deposited cells, as well as derivatives of any of
the foregoing. Production of recombinant proteins in host
cells can be performed according to methods well known in
the art. The use of the cells marketed under the trademark
PER.C6® as a production platform for proteins of interest has
been described in WO 00/63403, the disclosure of which is
incorporated herein in its entirety by this reference.

In yet another embodiment, binding molecules of the
present disclosure can also be produced in transgenic, non-
human, mammals such as inter alia rabbits, goats or cows, and
secreted into, for instance, the milk thereof.

In yet another alternative embodiment, binding molecules,
according to the present disclosure, may be generated by
transgenic non-human mammals, such as, for instance, trans-
genic mice or rabbits that express human immunoglobulin
genes. Preferably, the transgenic non-human mammals have
a genome comprising a human heavy chain transgene and a
human light chain transgene encoding all or a portion of the
human binding molecules as described above. The transgenic
non-human mammals can be immunized with a purified or
enriched preparation of influenza virus or a fragment thereof.
Protocols for immunizing non-human mammals are well
established in the art. See Using Antibodies: A Laboratory
Manual, edited by E. Harlow, D. Lane (1998), Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.; and Current
Protocols in Immunology, edited by J. E. Coligan, A. M.
Kruisbeek, D. H. Margulies, E. M. Shevach, and W. Strober
(2001), John Wiley & Sons Inc., New York, the disclosures of
which are incorporated herein in their entirety by this refer-
ence. Immunization protocols often include multiple immu-
nizations, either with or without adjuvants, such as Freund’s
complete adjuvant and Freund’s incomplete adjuvant, but
may also include naked DNA immunizations. In another
embodiment, the human binding molecules are produced by
B cells, plasma and/or memory cells derived from the trans-
genic animals. In yet another embodiment, the human bind-
ing molecules are produced by hybridomas, which are pre-
pared by fusion of B cells obtained from the above-described
transgenic non-human mammals to immortalized cells. B
cells, plasma cells and hybridomas, as obtainable from the
above-described transgenic non-human mammals, and
human binding molecules, as obtainable from the above-
described transgenic non-human mammals, B cells, plasma
and/or memory cells and hybridomas are also a part of the
present disclosure.

In yet a further aspect, the disclosure provides composi-
tions comprising at least a binding molecule, preferably a
human monoclonal antibody according to the disclosure, at
least a functional variant thereof, at least an immunoconju-
gate according to the disclosure and/or a combination thereof.
In addition to that, the compositions may comprise inter alia
stabilizing molecules, such as albumin or polyethylene gly-
col, or salts. Preferably, the salts used are salts that retain the
desired biological activity of the binding molecules and do
not impart any undesired toxicological effects. If necessary,
the human binding molecules of the disclosure may be coated
in or on a material to protect them from the action of acids or
other natural or non-natural conditions that may inactivate the
binding molecules.

In yet a further aspect, the disclosure provides composi-
tions comprising at least a nucleic acid molecule as defined in
the present disclosure. The compositions may comprise aque-
ous solutions such as aqueous solutions containing salts (e.g.,
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NaCl or salts as described above), detergents (e.g., SDS)
and/or other suitable components.

Furthermore, the present disclosure pertains to pharmaceu-
tical compositions comprising at least a binding molecule
stuch as a human monoclonal antibody of the disclosure (or
functional fragment or variant thereof), at least an immuno-
conjugate according to the disclosure, at least a composition
according to the disclosure, or combinations thereof. The
pharmaceutical composition of the disclosure further com-
prises at least one pharmaceutically acceptable excipient.
Pharmaceutically acceptable excipients are well known to the
skilled person. The pharmaceutical composition according to
the disclosure may further comprise at least one other thera-
peutic agent. Suitable agents are also well known to the
skilled artisan.

In a preferred embodiment, the pharmaceutical composi-
tion according to the disclosure comprises at least one addi-
tional binding molecule, i.e., the pharmaceutical composition
can be a cocktail or mixture of binding molecules. The phar-
maceutical composition may comprise at least two binding
molecules according to the disclosure, or at least one binding
molecule according to the disclosure and at least one further
influenza virus binding and/or neutralizing molecule, such as
another antibody directed against the HA protein or against
other antigenic structures present on influenza viruses, such
as M2. In another embodiment, the additional binding mol-
ecule may be formulated for simultaneous separate or
sequential administration.

In an embodiment, the pharmaceutical compositions may
comprise two or more binding molecules that have neutraliz-
ing activity against influenza A viruses and/or influenza B
viruses. In an embodiment, the binding molecules exhibit
synergistic neutralizing activity when used in combination.
As used herein, the term “synergistic” means that the com-
bined effect of the binding molecules when used in combina-
tion is greater than their additive effects when used individu-
ally. The synergistically acting binding molecules may bind
to different structures on the same or distinct fragments of
influenza virus. A way of calculating synergy is by means of
the combination index. The concept of the combination index
(CI) has been described by Chou and Talalay (1984). The
compositions may, e.g., comprise one binding molecule hav-
ing neutralizing activity and one non-neutralizing binding
molecule. The non-neutralizing and neutralizing binding
molecules may also act synergistically in neutralizing influ-
enza virus.

In an embodiment, the pharmaceutical composition may
comprise at least one binding molecule according to the dis-
closure and at least one further influenza virus-neutralizing
binding molecule. Preferably, the binding molecules in the
pharmaceutical composition are capable of reacting with
influenza viruses of different subtypes. The binding mol-
ecules should be of high affinity and should have a broad
specificity. Preferably, both binding molecules are cross-neu-
tralizing molecules in that they each neutralize influenza
viruses of different subtypes. In addition, preferably, they
neutralize as many strains of each of the different influenza
virus subtypes as possible.

A pharmaceutical composition according to the disclosure
can further comprise at least one other therapeutic, prophy-
lactic and/or diagnostic agent. Preferably, the pharmaceutical
composition comprises at least one other prophylactic and/or
therapeutic agent. More preferably, therapeutic and/or pro-
phylactic agents are agents capable of preventing and/or treat-
ing an influenza virus infection and/or a condition resulting
from such an infection. Therapeutic and/or prophylactic
agents include, but are not limited to, anti-viral agents. Such
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agents can be binding molecules, small molecules, organic or
inorganic compounds, enzymes, polynucleotide sequences,
anti-viral peptides, etc. Other agents that are currently used to
treat patients infected with influenza viruses are M2 inhibi-
tors (e.g., amantidine, rimantadine) and/or neuraminidase
inhibitots (e.g., zanamivir, oseltamivir). These can be used in
combination with the binding molecules ofthe disclosure. “In
combination” herein means simultaneously, as separate for-
mulations, or as one single combined formulation, or accord-
ing to a sequential administration regimen as separate formu-
lations, in any order. Agents capable of preventing and/or
treating an infection with influenza virus and/or a condition
resulting from such an infection that are in the experimental
phase might also be used as other therapeutic and/or prophy-
lactic agents useful in the present disclosure.

The binding molecules or pharmaceutical compositions of
the disclosure can be tested in suitable animal model systems
prior to use in humans. Such animal model systems include,
but are not limited to, mouse, ferret and monkey.

Typically, pharmaceutical compositions must be sterile
and stable under the conditions of manufacture and storage.
The binding molecules, immunoconjugates, nucleic acid
molecules or compositions of the present disclosure can be in
powder form for reconstitution in the appropriate pharmaceu-
tically acceptable excipient before or at the time of delivery.
In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying (lyophilization) that yield a
powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered solution thereof.

Alternatively, the binding molecules, immunoconjugates,
nucleic acid molecules or compositions of the present disclo-
sure can be in solution and the appropriate pharmaceutically
acceptable excipient can be added and/or mixed before or at
the time of delivery to provide a unit dosage injectable form.
Preferably, the pharmaceutically acceptable excipient used in
the present disclosure is suitable for high drug concentration,
can maintain proper fluidity and, if necessary, can delay
absorption.

The choice of the optimal route of administration of the
pharmaceutical compositions will be influenced by several
factors including the physicochemical properties of the active
molecules within the compositions, the urgency of the clini-
cal situation and the relationship of the plasma concentrations
of the active molecules to the desired therapeutic effect. For
instance, if necessary, the binding molecules of the disclosure
can be prepared with carriers that will protect them against
rapid release, such as a controlled release formulation,
including implants, transdermal patches, and microencapsu-
lated delivery systems. Biodegradable, biocompatible poly-
mers can inter alia be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Furthermore, it may be necessary to coat
the binding molecules with, or co-administer the binding
molecules with, a material or compound that prevents the
inactivation of the human binding molecules. For example,
the binding molecules may be administered to a subject in an
appropriate carrier, for example, liposomes or a diluent.

The routes of administration can be divided into two main
categories, oral and parenteral administration. The preferred
administration route is intravenous or by inhalation.

Oral dosage forms can be formulated inter alia as tablets,
troches, lozenges, aqueous or oily suspensions, dispersible
powders or granules, emulsions, hard capsules, soft gelatin
capsules, syrups or elixirs, pills, dragees, liquids, gels, or
slurries. These formulations can contain pharmaceutically
acceptable excipients including, but not limited to, inert dilu-
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ents, granulating and disintegrating agents, binding agents,
lubricating agents, preservatives, coloring, flavoring or
sweetening agents, vegetable or mineral oils, wetting agents,
and thickening agents.

The pharmaceutical compositions of the present disclosure
can also be formulated for parenteral administration. Formu-
lations for parenteral administration can be inter alia in the
form of aqueous or non-aqueous isotonic sterile non-toxic
injection or infusion solutions or suspensions. The solutions
or suspensions may comprise agents that are non-toxic to
recipients at the dosages and concentrations employed such
as 1,3-butanediol, Ringer’s solution, Hank’s solution, iso-
tonic sodium chloride solution, oils, fatty acids, local anaes-
thetic agents, preservatives, buffers, viscosity or solubility
increasing agents, water-soluble antioxidants, oil-soluble
antioxidants and metal chelating agents.

In a further aspect, the binding molecules such as human
monoclonal antibodies (functional fragments and variants
thereof), immunoconjugates, compositions, or pharmaceuti-
cal compositions of the disclosure, can be used as a medica-
ment. A method of diagnosis, treatment and/or prevention of
an influenza virus infection using the binding molecules,
immunoconjugates, compositions, or pharmaceutical com-
positions of the disclosure is another part of the present dis-
closure. The above-mentioned molecules can inter alia be
used in the diagnosis, prophylaxis, treatment, or combination
thereof, of an influenza virus infection caused by influenza
viruses comprising HA of the H1, H2, H3, H4, H5, H6, H7,
HS8, H9, H10 and/or H11 subtype. In an embodiment, the
above-mentioned molecules can also be used in the diagnosis,
prophylaxis, treatment or combination thereof of an influenza
virus infection caused by an influenza B virus. They are
suitable for treatment of yet untreated patients suffering from
an influenza virus infection and patients who have been or are
treated for an influenza virus infection.

The above-mentioned molecules or compositions may be
employed in conjunction with other molecules useful in diag-
nosis, prophylaxis and/or treatment. They can be used in
vitro, ex vivo or in vivo. For instance, the binding molecules
such as human monoclonal antibodies (or functional variants
thereof), immunoconjugates, compositions or pharmaceuti-
cal compositions of the disclosure can be co-administered
with a vaccine against influenza virus (if available). Alterna-
tively, the vaccine may also be administered before or after
administration of the molecules of the disclosure. Instead ofa
vaccine, anti-viral agents can also be employed in conjunc-
tion with the binding molecules of the present disclosure.
Suitable anti-viral agents are mentioned above.

The molecules are typically formulated in the composi-
tions and pharmaceutical compositions of the disclosure in a
therapeutically or diagnostically effective amount. Alterna-
tively, they may be formulated and administered separately.
For instance, the other molecules such as the anti-viral agents
may be applied systemically, while the binding molecules of
the disclosure may be applied intravenously.

Treatment may be targeted at patient groups that are sus-
ceptible to influenza infection. Such patient groups include,
butare not limited to, e.g., the elderly (e.g., 250 years old, 260
years old, and preferably =65 years old), the young (e.g., <5
years old, <1 year old), hospitalized patients and already
infected patients who have been treated with an antiviral
compound but have shown an inadequate antiviral response.

Dosage regimens can be adjusted to provide the optimum
desired response (e.g., a therapeutic response). A suitable
dosage range may, for instance, be 0.01-100 mg/kg body
weight, preferably 0.1-50 mg/kg body weight, preferably
0.01-15 mg/kg body weight. Furthermore, for example, a
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single bolus may be administered, several divided doses may
be administered over time or the dose may be proportionally
reduced or increased as indicated by the exigencies of the
therapeutic situation. The molecules and compositions
according to the present disclosure are preferably sterile.
Methods to render these molecules and compositions sterile
are well known in the art. The other molecules useful in
diagnosis, prophylaxis and/or treatment can be administered
in a similar dosage regimen as proposed for the binding
molecules of the disclosure. If the other molecules are admin-
istered separately, they may be administered to a patient prior
to (e.g., 2 minutes, 5 minutes, 10 minutes, 15 minutes, 30
minutes, 45 minutes, 60 minutes, 2 hours, 4 hours, 6 hours, 8
hours, 10 hours, 12 hours, 14 hours, 16 hours, 18 hours, 20
hours, 22 hours, 24 hours, 2 days, 3 days, 4 days, 5 days, 7
days, 2 weeks, 4 weeks or 6 weeks before), concomitantly
with, or subsequent to (e.g., 2 minutes, 5 minutes, 10 minutes,
15 minutes, 30 minutes, 45 minutes, 60 minutes, 2 hours, 4
hours, 6 hours, 8 hours, 10 hours, 12 hours, 14 hours, 16
hours, 18 hours, 20 hours, 22 hours, 24 hours, 2 days, 3 days,
4 days, 5 days, 7 days, 2 weeks, 4 weeks or 6 weeks after) the
administration of one or more of the human binding mol-
ecules or pharmaceutical compositions of the disclosure. The
exact dosing regimen is usually sorted out during clinical
trials in human patients.

Human binding molecules and pharmaceutical composi-
tions comprising the human binding molecules are particu-
larly useful, and often preferred, when they are to be admin-
istered to human beings as in vivo therapeutic agents, since
recipient immune response to the administered antibody will
often be substantially less than that occasioned by adminis-
tration of amonoclonal murine, chimeric or humanized bind-
ing molecule.

In another aspect, the disclosure concerns the use of the
binding molecules such as neutralizing human monoclonal
antibodies (functional fragments and variants thereof),
immunoconjugates, nucleic acid molecules, compositions or
pharmaceutical compositions according to the disclosure in
the preparation of a medicament for the diagnosis, prophy-
laxis, treatment, or combination thereof, of an influenza virus
infection, in particular, an influenza virus infection caused by
influenza viruses comprising HA of the H1, H2, H3, H4, H5,
H6,H7,H8, H9, H10, and/or H11 subtype and/or influenza B
viruses.

Next to that, kits comprising at least a binding molecule
such as a neutralizing human monoclonal antibody (func-
tional fragments and variants thereof), at least an immuno-
conjugate, at least a nucleic acid molecule, at least a compo-
sition, at least a pharmaceutical composition, at least a vector,
at least a host according to the disclosure, or a combination
thereof, are also a part of the present disclosure. Optionally,
the above-described components of the kits of the disclosure
are packed in suitable containers and labeled for diagnosis,
prophylaxis and/or treatment of the indicated conditions. The
above-mentioned components may be stored in unit or multi-
dose comntainers as an aqueous, preferably sterile, solution or
as a lyophilized, preferably sterile, formulation for reconsti-
tution. The containers may be formed from a variety of mate-
rials such as glass or plastic and may have a sterile access port
(for example, the container may be an intravenous solution
bag or a vial having a stopper pierceable by a hypodermic
injection needle). The kit may further comprise more contain-
ers comprising a pharmaceutically acceptable buffer. It may
further include other materials desirable from a commercial
and user standpoint, including other buffers, diluents, filters,
needles, syringes, culture medium for one or more of the
suitable hosts and, possibly, even at least one other therapeu-
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tic, prophylactic or diagnostic agent. Associated with the kits
canbe instructions customarily included in commercial pack-
ages of therapeutic, prophylactic or diagnostic products that
contain information about, for example, the indications,
usage, dosage, manufacture, administration, contra-indica-
tions and/or warnings concerning the use of such therapeutic,
prophylactic or diagnostic products.

The binding molecules according to the present disclosure
can also be advantageously used as a diagnostic agent in an in
vitro method for the detection of influenza virus. The disclo-
sure thus further pertains to a method of detecting influenza
virus phylogenetic group 1 or group 2. or influenza B subtype
influenza virus in a sample, wherein the method comprises
the steps of (a) contacting a sample with a diagnostically
effective amount of a binding molecule (functional fragments
and variants thereof) or an immunoconjugate according to the
disclosure, and (b) determining whether the binding molecule
or immunoconjugate specifically binds to a molecule of the
sample. The sample may be a biological sample including,
but not limited to, blood, serum, stool, sputum, nasopharyn-
geal aspirates, bronchial lavages, urine, tissue or other bio-
logical material from (potentially) infected subjects, or a non-
biological sample such as water, drink, etc. The (potentially)
infected subjects may be human subjects, but also animals
that are suspected as carriers of influenza virus might be
tested for the presence of the virus using the human binding
molecules or immunoconjugates of the disclosure. The
sample may first be manipulated to make it more suitable for
the method of detection. Manipulation means inter alia treat-
ing the sample suspected to contain and/or containing the
virus in such a way that the virus will disintegrate into anti-
genic components such as proteins, (poly)peptides or other
antigenic fragments. Preferably, the human binding mol-
ecules or immunoconjugates of the disclosure are contacted
with the sample under conditions that allow the formation of
an immunological complex between the human binding mol-
ecules and the virus or antigenic components thereof that may
be present in the sample. The formation of an immunological
complex, if any, indicating the presence of the virus in the
sample, is then detected and measured by suitable means.
Such methods include, inter alia, homogeneous and hetero-
geneous binding immunoassays, such as radio-immunoas-
says (RIA), ELISA, immunofluorescence, immunohis-
tochemistry, FACS, BIACORE and Western blot analyses.

Preferred assay techniques, especially for large-scale clini-
cal screening of patient sera and blood and blood-derived
products, are ELISA and Western blot techniques. ELISA
tests are particularly preferred. For use as reagents in these
assays, the binding molecules or immunoconjugates of the
disclosure are conveniently bonded to the inside surface of
microtiter wells. The binding molecules or immunoconju-
gates of the disclosure may be directly bonded to the micro-
titer well. However, maximum binding of the binding mol-
ecules or immunoconjugates of the disclosure to the wells
might be accomplished by pre-treating the wells with polyl-
ysine prior to the addition of the binding molecules or immu-
noconjugates of the disclosure. Furthermore, the binding
molecules or immunoconjugates of the disclosure may be
covalently attached by known means to the wells. Generally,
the binding molecules or immunoconjugates are used in a
concentration between 0.01 to 100 pg/ml for coating,
although higher as well as lower amounts may also be used.
Samples are then added to the wells coated with the binding
molecules or immunoconjugates of the disclosure.

Furthermore, binding molecules of the disclosure can be
used to identify specific binding structures of influenza virus.
The binding structures can be epitopes on proteins and/or
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polypeptides. They can be linear, but also structural and/or
conformational. In one embodiment, the binding structures
can be analyzed by means of PEPSCAN analysis (see inter
alia WO 84/03564, WO 93/09872, Slootstra et al., 1996).
Alternatively, a random peptide library comprising peptides
from a protein of influenza virus can be screened for peptides
capable of binding to the binding molecules of the disclosure.

The disclosure is further illustrated in the following
examples and figures. The examples are not intended to limit
the scope of the disclosure in any way.

EXAMPLES
Example 1

Construction of scFv Phage Display Libraries Using
RNA Extracted from Peripheral Blood Mononuclear
Cells

Peripheral blood was collected from normal healthy
donors by venapuncture in EDTA anti-coagulation sample
tubes. scFv phage display libraries were obtained as
described in WO 2008/028946, which is incorporated by
reference herein. RNA was isolated from peripheral blood
mononuclear cells and cDNA prepared. A two round PCR
amplification approach was applied using the primer sets
shown in Tables 1 and 2 to isolate the immunoglobulin VH
and VL regions from the respective donor repertoire.

First round amplification on the respective cDNA using the
primer sets mentioned in Table 1 yielded seven, six, and nine
products of about 650 base pairs for, respectively, VH,
Vkappa and Vlambda regions. For IgM VH region amplifi-
cation, the OCM constant primer was used in combination
with OH1 to OH7. The thermal cycling program for first
round amplifications was: 2 minutes 96° C. (denaturation
step), 30 cycles of 30 seconds 96° C., 30 seconds 60° C., 60
seconds 72° C., 10 minutes 72° C. final elongation and 6° C.
refrigeration. The products were loaded on and isolated from
a 1% agarose gel using gel-extraction columns (Macherey-
Nagel) and eluted in 50 ul 5 mM Tris-HCI pH 8.0. Ten percent
of first round products (3 to 5 pl) was subjected to second
round amplification using the primers mentioned in Table 2.
These primers were extended with restriction sites enabling
the directional cloning of the respective VL and VH regions
into phage display vector PDV-006. The PCR program for
second round amplifications was as follows: 2 minutes 96° C.
(denaturation step), 30 cycles of 30 seconds 96° C., 30 sec-
onds 60° C., 60 seconds 72° C., 10 minutes 72° C. final
elongation and 6° C. refrigeration.

The second round products (~350 base pairs) were first
pooled according to natural occurrence of J segments found in
immunoglobulin gene products, resulting in seven, six, and
nine pools for, respectively, the VH, Vkappa and Vlambda
variable regions (see Tables 3 and 4). To obtain a normalized
distribution of immunoglobulin sequences in the immune
library, the six Vkappa and nine Vlambda light chain pools
were mixed according to the percentages mentioned in Table
3. This single final VL pool (3 ng) was digested overnight
with Sall and Notl restriction enzymes, loaded on and iso-
lated from a 1% agarose gel (~350 base pairs) using Mach-
erey-Nagel gel-extraction columns and ligated in Sall-Notl
cut PDV-C06 vector (5000 base pairs) as follows: 10 pul PDV-
CO06 vector (50 ng/ul), 7 ul VL insert (10 ng/ul), 5 pl 10x
ligation buffer (NEB), 2.5 T4 DNA Ligase (400 U/ul) (NEB),
25.5 ul ultrapure water (vector to insert ratio was 1:2). Liga-
tion was performed overnight in a water bath of 16° C. Next,
the volume was doubled with water, extracted with an equal
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volume of phenol-chloroform-isoamylalcohol (75:24:1) (In-
vitrogen) followed by chloroform (Merck) extraction and
precipitated with 1 pl PELLET PAINT® (Novagen), 10 pl
sodium acetate (3 M pH 5.0) and 100 pl isopropanol for 2
hours at -20° C. The obtained sample was subsequently cen-
trifuged at 20,000xg for 30 minutes at 4° C. The obtained
precipitate was washed with 70% ethanol and centrifuged for
10 minutes at 20,000xg at room temperature. Ethanol was
removed by vacuum aspiration and the pellet was air dried for
several minutes and then dissolved in 50 pl buffer containing
10 mM Tris-HCI, pH 8.0. 2 pl ligation mixture was used for
the transformation of 40 pl TG-1 electro-competent cells
(Agilent) in a chilled 0.1 cm electroporation cuvette (Biorad)
using a GENE PULSER® 11 apparatus (Biorad) set at 1.7 kV,
200 Ohm, 25 pF (time constant ~4.5 msec). Directly after
pulse, the bacteria were flushed from the cuvette with 1000 pl
SOC medium (Invitrogen) containing 5% (w/v) glucose
(Sigma) at 37° C. and transferred to a 15 ml round bottom
culture tube. Another 500 pl SOC/glucose was used to flush
residual bacteria from the cuvette and was added to the cul-
ture tube. Bacteria were recovered by culturing for exactly
one hour at 37° C. in a shaker incubator at 220 rpm. The
transformed bacteria were plated over large 240 mm square
petridishes (NUNC®) containing 150 ml 2TY agar (16 g/l
bacto-tryptone, 10 g/l bacto-yeast extract, 5 g/l NaCl, 15 g/1
agar, pH 7.0) supplemented with 50 pg/ml ampicillin and 5%
(w/v) glucose (Sigma). A 1 to 1000 dilution was plated for
counting purposes on 15 cm petridishes containing the same
medium. This transformation procedure was repeated
sequentially ten times and the complete each transformation
was plated ona separate square petridishand grown overnight
in a 37° C. culture stove. Typically, around 1x10” c¢fu (1x10°
per petridish) were obtained using the above protocol. The
intermediate VL light chain library was harvested from the
plates by mildly scraping the bacteriainto 10 m12TY medium
per plate. The cell mass was determined by OD600 measure-
ment and two times 500 OD of bacteria was used for maxi
plasmid DNA preparation using two P500 maxiprep columns
(Macherey-Nagel) according to manufacturer’s instructions.

Analogous to the VL variable regions, the second round
VH-IH products were first mixed together to obtain the nor-
mal J segment usage distribution (see Table 4), resulting in
seven VH subpools called PH1 to PH7. The pools were mixed
to acquire a normalized sequence distribution using the per-
centages depicted in Table 4, obtaining one VH fraction that
was digested with Sfil and Xhol restriction enzymes and
ligated in Sfil-Xhol cut PDV-VL intermediate library
obtained as described above. The ligation set-up, purification
method, subsequent transformation of TG1 and harvest of
bacteria was essentially as described for the VL intermediate
library (see above) with the exception that twenty transfor-
mations and twenty square petridishes were used. The final
library (approximately 1x10” cfu) was checked for insert
frequency with a colony PCR using a primer set flanking the
inserted VH-VL regions. 90% of the colonies showed a cor-
rect length insert. The colony PCR products were used for
subsequent DNA sequence analysis to check sequence varia-
tion and to assess the percentage of colonies showing a com-
plete ORF. This was 76%. Finally, the library was rescued and
amplified by using CT helper phages (see WO 02/103012)
and was used for phage antibody selection by panning meth-
ods as described below.

Example 2
Selection of Phages Carrying Single Chain Fv

Fragments Against Influenza A and Influenza B
Heamagglutinin

Antibody fragments were selected using antibody phage
display libraries constructed essentially as described above
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and general phage display technology and MABSTRACT®
technology essentially as described in U.S. Pat. No. 6,265,
150 and in WO 98/15833 (both of which are incorporated by
reference herein). Furthermore, the methods and helper
phages as described in WO 02/103012 (which is incorporated
by reference herein) were used in the present disclosure.

Selection was performed against recombinant hemagglu-
tinin (HA) of influenza A subtype H1 (A/New Caledonia/20/
99), H3 (A/Wisconsin/67/2005), H4 (A/Duck/Hong Kong/
24/1976), HS  (A/Chicken/Vietnam/28/2003),  H7
(A/Netherlands/219/2003) and H9 (A/HongKong/1073/99).
HA antigens were diluted in PBS (5.0 pg/ml), added to Max-
1SorP™ NUNC®-Immuno Tubes (NUNC®) and incubated
overnight at 4° C. on a rotating wheel. The immunotubes were
emptied and washed three times in block buffer (2% non-fat
dry milk (ELK) in PBS). Subsequently, the immunotubes
were filled completely with block buffer and incubated for 1
to 2 hours at room temperature. Aliquots of phage display
library (500-1000 pl, 0.5x10"3-1x10"* cfu, amplified using
CT helper phage (see WO 02/103012)) were blocked in
blocking buffer supplemented with 10% non-heat inactivated
fetal bovine serum and 2% mouse serum for 1 to 2 hours at
room temperature. The blocked phage library was added to
the immunotubes, incubated for 2 hours at room temperature,
and washed with wash buffer (0.05% (v/v) TWEEN®-20 in
PBS) to remove unbound phages. Bound phages were eluted
from the respective antigen by incubation with 1 ml of 100
mM triethylamine (TEA) for 10 minutes at room temperature.
Subsequently, the eluted phages were mixed with 0.5 ml of'1
M Tris-HCI pH 7.5 to neutralize the pH. This mixture was
used to infect 5 ml of an XL.1-Blue E. coli culture that had
been grown at 37° C. to an OD 600 nm of approximately 0.3.
The phages were allowed to infect the XI.1-Blue bacteria for
30 minutes at 37° C. Then, the mixture was centrifuged for 10
minutes at 3000xg at room temperature and the bacterial
pellet was resuspended in 0.5 ml 2-trypton yeast extract
(2TY) medium. The obtained bacterial suspension was
divided over two 2TY agar plates supplemented with tetra-
cycline, ampicillin and glucose. After incubation overnight of
the plates at 37° C., the colonies were scraped from the plates
and used to prepare an enriched phage library, essentially as
described by De Kruif et al. (1995) and WO 02/103012.
Briefly, scraped bacteria were used to inoculate 2TY medium
containing ampicillin, tetracycline and glucose and grown at
atemperature of 37° C. to an OD 600 nm of ~0.3. CT helper
phages were added and allowed to infect the bacteria after
which the medium was changed to 2TY containing ampicil-
lin, tetracycline and kanamycin. Incubation was continued
overnight at 30° C. The next day, the bacteria were removed
from the 2TY medium by centrifugation after which the
phages in the medium were precipitated using polyethylene
glycol (PEG) 6000/NaCl. Finally, the phages were dissolved
in 2 ml of PBS with 1% bovine serum albumin (BSA), filter-
sterilized and used for the next round of selection. The second
round of selection is performed either on the same HA sub-
type and/or on HA of a different subtype.

Two consecutive rounds of selections were performed
before isolation of individual single-chain phage antibodies.
After the second round of selection, individual E. coli colo-
nies were used to prepare monoclonal phage antibodies.
Essentially, individual colonies were grown to log-phase in
96-well plate format and infected with VCS-M13 helper
phages after which phage antibody production was allowed to
proceed overnight. Phagemids were sequence analyzed and
all unique phagemids were used for further analysis. The
supernatants containing phage antibodies were used directly
in ELISA for binding to HA antigens. Alternatively, phage
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antibodies were PEG/NaCl-precipitated and filter-sterilized
for both ELISA and flow cytometry analysis.

Example 3

Validation of the HA-Specific Single-Chain Phage
Antibodies

Selected supernatants containing single-chain phage anti-
bodies that were obtained in the screenings described above
were validated in ELISA for specificity, i.e., binding to dif-
ferent HA antigens. For this purpose, baculovirus expressed
recombinant H1 (A/New Caledonia/20/99), H3 (A/Wiscon-
sin/67/2005), H5 (A/Vietnam/1203/04) H7 (A/Netherlands/
219/2003), and B (B/Ohio/01/2005) HAs (Protein Sciences,
CT,USA) were coated to MAXISORP™ ELIS A plates. After
coating, the plates were washed three times with PBS con-
taining 0.1% v/v TWEEN®-20 and blocked in PBS contain-
ing 3% BSA or 2% ELK for 1 hour at room temperature. The
selected single-chain phage antibodies were incubated for 1
hour in an equal volume of PBS containing 4% EI1K to obtain
blocked phage antibodies. The plates were emptied, washed
three times with PBS/0.1% TWEEN®-20 and the blocked
single-chain phage antibodies were added to the wells. Incu-
bation was allowed to proceed for one hour, the plates were
washed with PBS/0.1% TWEEN®-20 and bound phage anti-
bodies were detected (using OD 492 nm measurement) using
an anti-M13 antibody conjugated to peroxidase. As a control,
the procedure was performed simultaneously without single-
chain phage antibody and with an unrelated negative control
single-chain phage antibody. From the selections on the dif-
ferent HA antigens with the phage libraries, 13 unique single-
chain phage antibodies specifically binding recombinant
influenza A HI1, H3, H5, H7 and influenza B HA were
obtained (SC09-003, SC09-004, SC09-005, SC09-006,
SC09-007, SC09-008, SC09-009, SC09-010, SC09-011,
SC09-030, SC09-112, SCO9-113 and SC09-114). See Table
5.

Alternatively, PEG/NaCl-precipitated and filter-sterilized
phage antibodies were used to validate binding and specificity
by FACS analysis. For this purpose, full-length recombinant
influenza A subtypes H1 (A/New Caledonia/20/1999), H3
(A/Wisconsin/67/2005) and H7 (A/Netherlands/219/2003)
HAs were expressed on the surface of PER.C6® cells. The
cells were incubated with single-chain phage antibodies for 1
hour followed by three wash steps with PBS+0.1% BSA.
Bound phages were detected using FITC conjugated M13-
antibody. From the selections on the different HA antigens
with the phage libraries, 14 single-chain phage antibodies
specifically binding influenza A subtypes H1, H3 and H7 HA
were found (SC09-003, SC09-004, SC09-005, SC09-006,
SC09-007, SC09-008, SC09-009, SC09-010, SC09-011,
SC09-012, SC09-030, SC09-112, SC09-113 and SC09-114).
See Table 6.

All 16 phage antibodies, SC09-003, SC09-004, SC09-005,
SC09-006, SC09-007, SC09-008, SC09-009, SC09-010,
SC09-011, SC09-012, SC09-029, SC09-030, SC09-031,
SC09-112,SC09-113 and SC09-114, were used for construc-
tion of fully human immunoglobulins.

Example 4
Construction of Fully Human Immunoglobulin
Molecules (Human Monoclonal Antibodies) from

the Selected Single Chain Fvs

From the selected specific single-chain phage antibody
(scFv) clones, plasmid DNA was obtained and nucleotide and
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amino acid sequences were determined according to standard
techniques. Heavy and light chain variable regions of the
scFvs were cloned directly by restriction digest for expres-
sion in the IgG expression vectors plg-C911-HCgammal
(see SEQ ID NO:175), plG-C909-Ckappa (see SEQ ID
NO:176), or plg-C910-Clambda (see SEQ ID NO:177). The
VH and VL gene identity (see I. M. Tomlinson et al. (1997),
V BASE Sequence Directory, Cambridge United Kingdom:
MRC Centre for Protein Engineering) of the scFvs were
determined (see Table 7).

Nucleotide sequences for all constructs were verified
according to standard techniques known to the skilled artisan.
The resulting expression constructs encoding the human
IgG1 heavy and light chains were transiently expressed in
combination in 293T cells and supernatants containing
human IgG1 antibodies were obtained and produced using
standard purification procedures.

The amino acid sequence of the CDRs of the heavy and
light chains of the selected immunoglobulin molecules is
given in Table 7.

The number of amino-acid differences and the % identity
of all heavy and light chain variable domains are given in
Table 8.

Example 5
Cross-Binding Reactivity of [gGs

A panel of five of the IgG antibodies described above,
CR9005, CR9030, CR9112, CR9113 and CR9114, was vali-
dated in ELISA for binding specificity, i.e., binding to differ-
ent HA antigens. For this purpose, baculovirus-expressed
recombinant Hl (A/New Caledonia/20/1999), H3 (A/Wis-
consin/67/2005), H5 (A/Vietnam/1203/04), H7 (A/Nether-
lands/219/2003) and H9 (A/HongKong/1073/99) HAs (Pro-
tein Sciences, CT, USA) were coated to MAXISORP™
ELISA plates. After coating, the plates were washed three
times with PBS containing 0.1% v/v TWEEN®-20 and
blocked in PBS containing 3% BSA or 2% ELK for 1 hour at
room temperature. The plates were emptied, washed three
times with PBS/0.1% TWEEN®-20 and the IgG antibodies
were added to the wells. Incubation was allowed to proceed
for one hour, the plates were washed with PBS/0.1%
TWEEN®-20 and bound antibodies were detected (using OD
492 nm measurement) using an anti-human IgG antibody
conjugated to peroxidase. As a control, an unrelated IgG
CR4098 was used.

CR9005, CR9030, CR9112, CR9113 and CR9114 were
shown to have heterosubtypic cross-binding activity to all the
recombinant HAs tested. See Table 9.

Additionally, the selected antibodies were used to test het-
erosubtypic binding by FACS analysis. For this purpose, full-
length recombinant influenza A subtypes H1 (A/New Cale-
donia/20/1999), H3 (A/Wisconsin/67/2005) and H7
(A/Netherlands/219/2003) HAs were expressed on the sur-
face of PER.C6® cells. The cells were incubated with IgG
antibodies for 1 hour followed by three wash steps with
PBS+0.1% BSA. Bound antibodies were detected using PE-
conjugated anti-human antibody. As a control, untransfected
PER.C6® cells were used. CR9005, CR9030, CR9112,
CR9113 and CR9114 show cross-binding activity to influ-
enza A subtypes HIl, H3 and H7 HA but not wild-type
PER.C6® cells. See Table 9.

Exaniple 6
Cross-Neutralizing Activity of IgGs

In order to determine whether the selected IgGs were
capable of blocking multiple influenza A strains, additional in
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vitro virus neutralization assays (VNA) were performed. The
VNA were performed on MDCK cells (ATCC CCL-34).
MDCK cells were cultured in MDCK cell culture medium
(MEM medium supplemented with antibiotics, 20 mM Hepes
and 0.15% (w/v) sodium bicarbonate (complete MEM
medium), supplemented with 10% (v/v) fetal bovine serum).
The H1 (A/WSN/33, A/New Caledonia/20/1999, A/Solomon
Islands/TVR-145 (high-growth reassortant of A/Solomon
Islands/3/2006),  A/Brisbane/59/2007, A/NYMC/X-181
(high-growth reassortant of A/California/07/2009)), H2
(A/Env/MPU3156/05), H3 (A/Hong Kong/1/68, A/Johan-
nesburg/33/94, A/Panama/2000/1999,  A/Hiroshima/52/
2005, A/Wisconsin/67/2005 and A/Brisbane/10/2007), H4
(A/WF/HK/MPA892/06), HS (PR8-HSN1-HK97 (6:2 reas-
sortant of A/Hong Kong/156/97 and A/PR/8/34) and A/Eur-
asian Wigeon/MPF461/07)), H6 (A/Furasian Wigeon/
MPD411/07), H7 (NIBRG-60 (6:2 reassortant of A/Mallard/
Netherlands/12/2000) and PR8-H7N7-NY (7:1 reassortant of
A/New York/107/2003 (H7N7) and A/PR/8/34)), H8 (A/Eur-
asian Wigeon/MPH571/08), H9 (A/Hong Kong/1073/99 and
A/Chick/HK/SSP176/09), H10 (A/Chick/Germany/N/49)
and H14 (PR8-H14N5 (6:2 reassortant of A/mallard/Astra-
khan/263/1982 (H14N5) and A/PR/8/34)) strains that were
used in the assay were all diluted to a titer of 5.7x10° TCID50/
ml (50% tissue culture infective dose per ml), with the titer
calculated according to the method of Spearman and Karber.
The IgG preparations (200 pg/ml) were serially two-fold
diluted (1:2-1:512) in complete MEM medium in quadrupli-
cate wells. 25 ul of the respective IgG dilution was mixed with
25 Wl of virus suspension (100 TCID50/25 pl) and incubated
for one hour at 37° C. The suspension was then transferred in
quadruplicate onto 96-well plates containing confluent
MDCK cultures in 50 pl complete MEM medium. Prior to
use, MDCK cells were seeded at 3x10* cells per well in
MDCK cell culture medium, grown until cells had reached
confluence, washed with 300-350 ul PBS, pH 7.4 and finally
50 pl complete MEM medium was added to each well. The
inoculated cells were cultured for 3-4 days at 37° C. and
observed daily for the development of cytopathogenic effect
(CPE). CPE was compared to the positive control.

CR9005, CR9112, CR9113 and CR9114 show heterosub-
typic cross-neutralizing activity to representative strains of all
tested influenza A subtypes H1, H2, H3, H4, H5, H6, H7, HS,
H9 and H10 viruses. See Table 10.

Example 7

Pan-Influenza Antibodies Bind to the Pre-Fusion
Conformation of HA

In order to determine whether the selected 1gGs were
capable of binding the pre- or post-fusion conformation of the
HA molecule, an in vitro pH-shift experiment was performed.
For this purpose, full-length recombinant influenza A sub-
types HI (A/New Caledonia/20/99), H3 (A/Wisonsin/67/
2005), H5 (A/Vietnam/1203/04), H7 (A/Netherlands/219/
03) and H9 (A/Hong Kong/1073/99) HA were expressed on
the surface of PER.C6® cells. To measure mAb binding to
different structural HA conformations, cells were detached
from the plastic support using PBS-EDTA and subsequently
treated with trypsin (TrypPLE™SErECT, Gibeo) for 5 minutes
atRT, washed (1% BSA in PBS) and incubated for 15 minutes
in citric acid-sodium phosphate buffer (pH 4.9). Cell samples
were set aside after each processing step (untrypsinized/HAO;,
trypsinized/HA1-HA2; pH 4.9/fusion HA) and fractions of
each treatment were incubated with mAb CR9114 for 1 hour.
Cells were then incubated for 30 minutes with phycoerythrin-
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conjugated anti-human IgG (Southern Biotech) in 1% BSA.
Stained cells were analyzed using a FACS Canto with FACS
Diva software (Becton Dickinson).

FACS binding of IgG1s to surface-expressed HA was after
sequential treatment with trypsin and pH 4.9 buffered
medium and expressed as percentage binding to untreated
HA (A). See FIG. 1, Panel A.

Antibody CR9114 shows a marked decrease in binding
after pH-shift indicating specificity for an epitope present
only before the low pH-induced conformational change of the
HA molecule.

Alternatively, to test whether the IgGs can block the low
pH-induced conformational change of HA, antibody CR9114
was added before the low pH step. Samples of consecutive
treatments were split and stained with phycoerythrin-conju-
gated anti-human IgG (Southern Biotech). Stained cells were
analyzed using a FACS Canto with FACS Diva software
(Becton Dickinson). See F1G. 1, Panel B.

Antibody CR9114 shows a high level of residual binding to
the various HAs after pH shift, indicating that when these
antibodies are bound to the HA molecule, the low pH-induced
conformational change does not occur.

Example 8

Affinity Measurements of Fabs on Various Influenza
A and B HAs

Recombinant soluble HA of A/New Caledonia/20/1999
(H1), A/Brisbane/59/2007 (H1), A/Wisconsin/67/2005 (H3),
A/Brisbane/10/2007 (H3), B/Florida/4/2006 (B), B/Bris-
bane/60/2008 (B) and B/Malaysia/2506/2004 (B) produced
using baculovirus vectors in insect cells were purchased from
Protein Sciences Corp (CT, USA) and biotinylated at room
temperature (RT) for 40 minutes using EZ-LINK® sulfo-
NHS-LC-LC-biotin (Pierce). Buffer exchange step to PBS
was performed using AMICON® Ultra 0.5 ml Centrifugal
Filters (Millipore). Biotinylated HA was bound to Streptavi-
din sensors at 37° C. for 1200 seconds. Association of Fab
fragment of CR9005, CR9112, CR9113 and CR9114 to HA
was measured on OCTET® QK (ForteBio) for 700 seconds at
37° C. by exposing the sensors to 100 nM antibody in 1x
kinetic buffer (ForteBio). Dissociation of the Fab fragments
was assessed by exposing the sensors to 1x kinetic buffer for
9000 seconds at 37° C. Fab fragments of CR9005, CR9112,
CR9113 and CR9114 all bind with micro- to pico-molar
affinities to H1, H3 and influenza B HA.

Example 9

Competition for Binding with Other Stem Binding
Antibodies

Recombinant soluble HA of A/New Caledonia/20/1999
(HINT) and A/Wisconsin/67/2005 (H3N2) produced using
baculovirus vectors in insect cells were purchased from Pro-
tein Sciences Corp (CT, USA) and biotinylated at room tem-
perature (RT) for 40 minutes using EZ-LINK® sulfo-NHS-
LC-LC-biotin (Pierce). Buffer exchange step to PBS was
performed using AMICON® Ultra 0.5 ml Centrifugal Filters
(Millipore). Biotinylated HA was bound to Streptavidin sen-
sors at 37° C. for 1200 seconds. Association of antibodies
CR9114 and CR6261 to H1 HA was measured on OCTET®
QK (ForteBio) for 700 seconds at 37° C. by exposing the
sensors to 100 nM antibody in 1x kinetic buffer (ForteBio),
after which the degree of additional binding was assessed by
exposing the sensors to a second antibody (100 nM in 1x
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kinetic buffer) in the presence of the first antibody (100 nM)
for 700 seconds at 37° C. As a control, mAb CR9020, binding
to the globular head of H1 was taken along. Association of
antibodies CR9114 and CR8020 to H3 HA was measured on
OCTET® QK (ForteBio) for 900 seconds at 37° C. by expos-
ing the sensors to 100 nM antibody in 1x kinetic buffer
(ForteBio) after which the degree of additional binding was
assessed by exposing the sensors to a second antibody (100
nM in 1x kinetic buffer) in the presence of the first antibody
(100 nM) for 900 seconds at 37° C. As a control, mAb
CR8057, binding to the globular head of H3 was taken along.

CR9114 competes for binding to H1 HA with CR6261 and
to H3 HA with CR8020. CR9114, therefore, likely binds an
epitope overlapping with both the epitopes of CR6261 and
CR8020 in the stem-region of HA. (See FIG. 2.)

Example 10

Prophylactic Activity of Human IgG Monoclonal
Antibody CR9114 Against Lethal Influenza B
Challenge In Vivo

A study was performed to test the prophylactic effect of the
monoclonal antibody CR9114 against a lethal challenge with
influenza B virus in vivo. MAb CR9114 was tested for pro-
phylactic efficacy in a mouse lethal challenge model with
mouse-adapted influenza B/Florida/04/2006 virus (Central
Veterinary Institute (CVI), Lelystad, The Netherlands). The
B/Florida/04/2006 virus was adapted to mice after five lung-
to-lung passages. The mouse-adapted influenza B passage 5
virus was propagated in embryonated chicken eggs in CVI’s
laboratory. All mice (Balb/c, female, age 6-8 weeks, n=10per
group) were acclimatized and maintained for a period of at
least 4 days prior to the start of the experiment. MAb CR9114
was dosed at 15 mg/kg intravenously in the tail vein (vena
coccygeus) at day -1 before challenge, assuming an average
weight of 18 g per mouse and a fixed dose volume of 0.2 mL.
A control group was taken along dosed with vehicle control.
The mice were then challenged at day 0 with 25 LDy,
B/Florida/04/2006 influenza B virus by intranasal inocula-
tion. Clinical signs and body weights were determined daily
from day -1 before challenge until day 8. Clinical signs were
scored with a scoring system (O=no clinical signs; 1=rough
coat; 2=rough coat, less reactive during handling; 3=rough
coat, rolled up, labored breathing, less reactive during han-
dling; 4=rough coat, rolled up, labored breathing, inactive
response to manipulation/handlings). At a score of 4, the
animal was euthanized.

All mice were active and appeared healthy without show-
ing signs of disease during the acclimatization period. FIG. 3,
Panel A, shows the survival rates of the mice following mAb
administration. Mice dosed with 15 mg/kg mAb CR9114
showed a survival rate of 100%, whereas in the control mAb
group, 50% survived.

In FIG. 3, Panel B, the mean body weight change of the
mice during the eight-day study period following mAb
administration is shown. In the mAb CR9114 group, the mice
did not lose weight over the eight-day study period, whereas
in the vehicle control group, weight loss was observed.
Median clinical scores of the mice are depicted in FIG. 3,
Panel C. Of the mice treated with 15 mg/kg mAb CR9114 at
day -1 pre-challenge, all survived and none of the animals
showed any clinical signs during the observation period (from
day O to day 8 post-infection). These results show that the
human anti-influenza antibody CR9114, identified and devel-
oped as disclosed herein, is able to provide protection against
a lethal dose of influenza B virus in vivo. When administered
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one day prior to infection at a dose of 15 mg/kg or higher, TABLE 1-continued
mAb CR9114 was able to completely prevent clinical mani-
festation of influenza B infection in mice. First round Vkappa, Vlambda and
VH amplifications
TABLE 1 5 SEO
D
First round Vkappa, Vlambda and Primer name Primer nucleotide sequence NO:

VH amplifications

SEQ OL8 CAG RCT GTG GTG ACY CAG GAG CC 81
ID 10 (HuvL7/8)
Primer name Primer nucleotide sequence NO:
OL9 CWG CCT GTG CTG ACT CAG CCM CC 82
OK1l (HuUVK1B] GAC ATC CAG WTG ACC CAG TCT CC 65 (HUVLO) #
OK2 (HuvK2) GAT GTT GTG ATG ACT CAG TCT CC 66 OL9 CAG GCA GGG CTG ACT CAG 83
15 (HUVL1O0) #
OK3 GAT ATT GTG ATG ACC CAG ACT CC 67
(HUVK2B2) OCL TGA ACA TTC TGT AGG GGC CAC TG 84
(HuCL2) X
OK4 (HuUVK3B] GAA ATT GTG WTG ACR CAG TCT CC 68
OCL AGA GCA TTC TGC AGG GGC CAC TG 85
OK5 (HuUVK5) GAA ACG ACA CTC ACG CAG TCT CC 69 50 (HuCL7)X
OKé6 (HuUvKé) GAA ATT GTG CTG ACT CAG TCT CC 70 OH1 CAG RTG CAG CTG GTG CAR TCT GG 86
(HUVHLB7A) +
OCK (HuCK} ACA CTC TCC CCT GTT GAA GCT 71
CTT OH1 SAG GTC CAG CTG GTR CAG TCT GG 87
(HUVHIC) +
oLl CAG TCT GTG CTG ACT CAG CCA CC 72 25
(HUVL1A) * OH2 (HuUVH2B} CAG RTC ACC TTG AAG GAG TCT GG 88
oLl CAG TCT GTG YTG ACG CAG CCG CC 73 OH3 (HuUVH3A] GAG GTG CAG CTG GTG GAG 89
(HUVL1B) *
OH4 (HUVH3C} GAG GTG CAG CTG GTG GAG WCY GG 90
oLl CAG TCT GTC GTG ACG CAG CCG CC 7430
(HUVL1C) * OHS (HuUVH4B} CAG GTG CAG CTA CAG CAG TGG GG 91
OL2 (HuVL2B} CAG TCT GCC CTG ACT CAG CC 75 OH6 (HUVH4C} CAG STG CAG CTG CAG GAG TCS GG 92
OL3 (HuvL3A} TCC TAT GWG CTG ACT CAG CCA CC 76 OH7 (HuUVHéA} CAG GTA CAG CTG CAG CAG TCA GG 93
OL4 (HuVL3B} TCT TCT GAG CTG ACT CAG GAC CC 77 33 OCM (HuCIgMj TGG AAG AGG CAC GTT CTT TTC 94
TTT
OL5 (HuVL4B] CAG CYT GTG CTG ACT CAR TC 78

*Mix in 1:1:1 ratio
OLé (HuvL5) CAG GCT GTG CTG ACT CAG CCG TC 79 #Mix in 1:1 ratio
X Mix in 1:1 ratio

40

OL7 (HuVLé) AAT TTT ATG CTG ACT CAG CCC CA 80 +Mix in 1:1 ratio

TABLE 2

Second round Vkappa, Vlambda and VH amplifications

SEQ
1D
Primer name Primer nucleotide sequence NO
OK1S (HuVK1B-SAL}) TGA GCA CAC AGG TCG ACG GAC ATC CAG WTG 95
ACC CAG TCT CC
OK2S (HuVK2-SAL) TGA GCA CAC AGG TCG ACG GAT GTT GTG ATG 96
ACT CAG TCT CC
OK3S (HuVK2B2-SAL) TGA GCA CAC AGG TCG ACG GAT ATT GTG ATG 97
ACC CAG ACT CC
OK4S (HuVK3B-SAL} TGA GCA CAC AGG TCG ACG GAA ATT GTG WIG 98
ACR CAG TCT CC
OK5S (HuVK5-SAL) TGA GCA CAC AGG TCG ACG GAA ACG ACA CTC 99
ACG CAG TCT CC
OKéS (HuVKé-SAL) TGA GCA CAC AGG TCG ACG GAA ATT GTG CTG 100
ACT CAG TCT CC
OJK1 (HuJK1-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG TTT 101

GAT TTC CAC CTT GGT CCC
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TABLE 2-continued

Second round Vkappa, Vlambda and VH amplifications

SEO
D

Primer name Primer nucleotide sequence NO

OJK2 (HuJK2-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG TTT 102
GAT CTC CAG CTT GGT CCC

OJK3 (HuJK3-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG TTT 103
GAT ATC CAC TTT GGT CCC

OJK4 (HuJK4-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG TTT 104
GAT CTC CAC CTT GGT CCC

OJK5 (HuJK5-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG TTT 105
AAT CTC CAG TCG TGT CCC

OL1S (HuVL1A-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTG CTG 106
ACT CAG CCA CC

OL1S (HuVL1B-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTG YTG 107
ACG CAG CCG cC

OL1S (HuVL1C-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTC GTIG 108
ACG CAG CCG cC

OL2S (HuVL2B-SAL) TGA GCA CAC AGG TCG ACG CAG TCT GCC CTG 109
ACT CAG CC

OL3S (HuVL3A-SAL) TGA GCA CAC AGG TCG ACG TCC TAT GWG CTG 110
ACT CAG CCA CC

OL4S (HuVL3B-SAL) TGA GCA CAC AGG TCG ACG TCT TCT GAG CTG 111
ACT CAG GAC CC

OL5S (HuVL4B-SAL) TGA GCA CAC AGG TCG ACG CAG CYT GTG CTG 112
ACT CAA TC

OL6S (HuVL5-SAL) TGA GCA CAC AGG TCG ACG CAG GCT GTG CTG 113
ACT CAG CCG TC

OL78 (HuVL6-SAL) TGA GCA CAC AGG TCG ACG AAT TTT ATG CTG 114
ACT CAG CCC cA

OL8S (HuVL7/8-SAL) TGA GCA CAC AGG TCG ACG CAG RCT GTG GTG 115
ACY CAG GAG CC

OL9S (HuVLO9-SAL)# TGA GCA CAC AGG TCG ACG CWG CCT GTG CTG 116
ACT CAG CCM CC

OL9S (HUVL10-SAL) # TGA GCA CAC AGG TCG ACG CAG GCA GGG CTG 117
ACT CAG

OJL1 (HuJL1-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC TAG 118
GAC GGT GAC CTT GGT CCC

0JL2 (HuJL2/3-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC TAG 119
GAC GGT CAG CTT GGT CCC

OJL3 (HuJL7-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC GAG 120
GAC GGT CAG CTG GGT GCC

OH1S (HuVH1B-SFI)+ GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 121
GCC CAG RTG CAG CTG GTG CAR TCT GG

OH1S (HuVH1C-SFI)+ GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 122
GCC SAG GTC CAG CTG GTR CAG TCT GG

OH2S (HuVH2B-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 123
GCC CAG RTC ACC TTG AAG GAG TCT GG

OH3S (HuVH3A-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 124
GCC GAG GTG CAG CTG GTG GAG

OH4S (HuUVH3C-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 125
GCC GAG GTG CAG CTG GTG GAG WCY GG

OH5S (HuUVH4B-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 126

GCC CAG GTG CAG CTA CAG CAG TGG GG
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SEQ
1D
Primer name Primer nucleotide sequence NO
OH6S (HuVHAC-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 127
GCC CAG STG CAG CTG CAG GAG TCS GG
OH7S (HuVH6A-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG 128
GCC CAG GTA CAG CTG CAG CAG TCA GG
OJH1 (HuJH1/2-XHO) GAG TCA TTC TCG ACT CGA GAC RGT GAC CAG 129
GGT GCC
OJH2 (HuJH3-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC CAT 130
TGT CCC
OJH3 (HuJH4/5-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC CAG 131
GGT TCC
OJH4 (HuJHé-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC CGT 132
GGT CCC
*Mix in Z:1:1 ratio
#Mix in ~:1 ratio
+Mix in Z:1 ratio
TABLE 3 TABLE 3-continued
Second round VL regions amplification overview Second round VL regions amplification overview
Share in Share in 30 Share in Share in
Template  5'primer  3'primer Product PK/PL(%) Pool VL (%) Template 5'primer 3'primer Product PK/PL{(%) Pool VL (%)
K1 OK18 0JK1 Kin 25 PK1 30 L5 OL5S OJL1 L5311 30 PL5 1
OK1S 0JK2 K12 25 OL5S OJL2 L1512 60
OK1S 0JK3 K113 10 OL5S OJL3 L5I3 10
OK18 0JK4 K1J4 25 35 L6 OL6S OJL1 L6J1 30 PL6 1
OK18 0JK5 K1J5 15 OL6S OJL2 L1612 60
K2 OK2S 0JK1 Ko 25 PK2 4 OL6S 0OJL3 L6713 10
OK28 0JK2 K212 25 L7 OL7S OJL1 L7 30 PL7 1
OK28 0JK3 K213 10 OL7S OJL2 L712 60
OK28 0JK4 K214 25 OL7S OJL3 L1713 10
OK28 0JK5 K2I5 15 40 L8 OL8S OJL1 18J1 30 PL8 1
K3 OK38 0JK1 K3n 25 PK3 1 OL8&S OJL2 L1812 60
OK38 OJK2 K312 25 OL8S 0JL3 1873 10
OK38 OK3 K313 10 19 OL9S OILl 1971 30 PL9 1
OK3s  OIK4 K314 25 OL9S OIL2 1912 60
OK3s — OIK> K315 15 OLgS  OI3 1973 10
K4 OK4S 0JK1 K411 25 PK4 19 45
OK4S 0JK2 K412 25 VL 100%
OK4S 0JK3 K413 10
OK4S 0JK4 K414 25
OK4S 0JK5 K4I5 15
K5 OK3S OK1l K571 23 PK5 1 TABLE 4
OK5S 0JK2 K512 25
OK5S 0JK3 K513 10 50 Second round VH regions amplification overview
OKS5S 0JK4 KSJ4 25
OK35S 0JK5 KSJI5 15 Share in Share in
K6 OKéS OJK1 Kell 25 PK6 5 Template  5'primer  3'primer Product PK/PL (%) Pool VH (%)
OKeS 0JK2 K612 25
OK6S 0JK3 K613 10 H1 OHI1S OJH1 HiIl 10 PH1 25
OK6S  OJK4  K6J4 25 55 OHIS — OHz  HLI2 10
OK6S 0JK5 K675 15 OHI1S OJH3 H1I3 60
L1 OLIS Ol L7l 30 PLL 14 OHIS — OIH4  H1JA4 20
OL1S OJL2 L2 60 H2 OH2S OJH1 H2I1 10 PH2 2
OLIS  OIL3 LI 10 OHXS — OIH2 - H2P2 10
L2 OL28 OJL1 L2J1 30 P12 10 gggg 8§§i g;ﬁ gg
OL2S ~ OjL2  [L22 60 80 m3 OH  OJEl  H3Jl 10 PH3 25
OL2s — OIL3 273 10 OH}S  OIH2  H32 10
L3 OL3S OJL1 L3J1 30 PL3 10 OH3S OTH3 H313 60
OL38 Oz 1312 60 OH3S OJH4  H3J4 20
OL38 OJL3 L3J3 10 H4 OH4s OJH1 H411 10 PH4 25
14 0148 OJL1 L4J1 30 PL4 1 OH4S OJH2 H412 10
0148 OJL2 L1472 60 65 OH48 OJH3 H413 60
0LA4S OJL3 1413 10 OHA4S OJH4 H4J4 20
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TABLE 4-continued TABLE 5-continued

Cross-binding activity of PEG/NACl-precipitated

Second round VH regions amplification overview and filter-sterilized single-chain phage antibodies to

HA of different subtypes, as measured by ELISA.

Share in Share in
Phage midi Elisa

Template  5'primer 3 primer Product PK/PL (%) Pool VH (%)

H1 H3 HS H7 B Rabies
HS OHS5S OJH1 H5I1 10 PHS 2 o113
sc09- + + + + + -
OHS5S OJH2 H512 10 10 5c09-114 + + + + + _
OHSS OJH3 H5I3 60
+ = binding (>4x background);
OH3S OTE4 H>J4 20 +/— = low binding (2-4x background)
H6 OH6S OJH1 H6J1 10 PH6 20 — =no detectable binding;
OH6S OJH2 H6I2 10 HI =HA of influenza A H1 subtype;
OH6S OTH3 H6T3 60 15 H3 =HA of influenza A H3 subtype;
HS5 =HA of influenza A HS subtype;
OH6S OJH4 Ho6J4 20 H7 =HA of influenza A H7 subtype;
H7 OH7S  OJHL  H7Jl 10 PH7 t B=HA of influenza vinis B, _
OHTS OTH2 . 10 Rabies = Glycoprotein of Rabies virus (negative control).
OH7S OJH3 H7I3 60 20
OHTS OJH4  H7M4 20 TABLE 6
) FACS analysis of PEG/NACI-precipitated and filter-sterilized phage
VH  100% antibodies.
25 Phage midi Facs (% gated UL)
TABLE 5 PER.C6 ® mH1 mH3 mH7
5¢09-003 - + + +
Cross-binding activity of PEG/NACI-precipitated 5¢09-004 _ " " "
and filter-sterilized single-chain phage antibodies to 5¢09-005 _ " " "
HA of different subtypes, as measured by FLISA. 30 §¢09-006 _ ¥ ¥ ¥
L 5¢09-007 - + +/- +
Phage midi Elisa 5¢09-008 _ " v +
) 5¢09-009 - + +- +
H1 H3 HS H7 B Rabies §¢09-010 _ ¥ ¥ ¥
5¢09-003 + + + + + - se09-011 - N * *
5¢09-004 + + + + + - 35 509012 - N * +/
5¢09-005 + + + + + - chgg;g : * - -
5c09-006 + + + + + - 2209_031 B : i' :/_
5¢09-007 + +/- + + +- - c00-112 B + + +
5¢09-008 + +- + + +/- - c09-113 B + + +
5¢09-009 + +- + + +/- - 09-114 B . . .
5¢09-010 + + + + +/- - 40 *°
chg_gié + + * + + B + = binding (>4x background);
5009_029 + 7 * + B - +/— = low binding (2-4x background)
8009_030 + += * + - - — =no detectable binding;
el + J/' * + + - PER.C6 ® = untransfected PER.C6 ® cells (control);
5c09-031 + = + + - B mHI1, mH3, mH7 = membrane bound HA of the subtypes H1, H3 and H7 subtypes,
sc09-112 + + + + + - Tespectively.

TABLE 7

Data of the CDR regions of the HA specific immunoglobulins.
The SEQ ID NO is given between brackets.

IgG# VH HC CDR1 HC CDR2 HC CDR3

CR9003 IGHV1-69*06 GGTSNNFG (133) ISPIFGST (134) ARHGNYYFYSGMDL (135)
CR9004 IGHV1-69*06 GGTSNNYA (139) VSPIFGST (140) ARHGNYYYNSGMDV (141)
CR9005 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDL (145)
CR9006 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDL (145)
CR9007 IGHV1-69*06 GGTSNNYA (139) ISPIFGSA (151) ARHGNYYYYSGMDV (152)
CR9008 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDV (152)
CR9009 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDV (152)
CR9010 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDV (152)

CR9011 IGHV1-69*06 GGTSNNYA (139) ISPIFGSA

151) ARHGNYYYYSGTDV (161)
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TABLE 7-continued

Data of the CDR regions of the HA specific immunoglobulins.
The SEQ ID NO is given between brackets.

CR9012 IGHV1-69*06 GGTSNNYA (139) ISPIFGSA (151) ARHGTYYYYSGMDV (162)
CR9029 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDV (152)
CR9030 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDV (152)
CR9031 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYNSGMDV (141)
CR9112 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDV (152)
CR9113 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDL (145)
CR9114 IGHV1-69*06 GGTSNNYA (139) ISPIFGST (134) ARHGNYYYYSGMDV (152)
IgGht VL LC CDR1 LC CDR2 LC CDR3
CR9003 IGLV3-21*02 NVGSNS (136) DDR (137) QVWDSSSDHRV (138)
CR9004 IGLV1-44+*01 DSNIGRRS (142) SND (143) ARWDDSLKGAV (144)
CR9005 IGLV2-14*01 SSDVGGYNY (146) DVS (174) CSYAGSAKGV (147)
CR9006 IGLV3-21*02 NIGSKT (148) GDS (149) QVWDSSSDHPGEV (150)
CR9007 IGLV1-44*01 SSNIGSNT (153) GDD (154) ATWDDSLNGHV (155)
CR9008 IGLV3-21*02 NIGSKT (148) GDS (149) QVWDSSSDHPGEV (150)
CR9009 IGKV1-12*01 QHISSW (156) SAS (157) QOANSFPLT (158)
CR9010 IGLV3-21*02 NIGSKT (148) VDS (159) QVWDSNSDHPGAV (160)
CR9011 IGLV1-44+*01 DSNIGRRS (142) SND (143) ARWDDSLKGAV (144)
CR9012 IGLV1-40*02 SSNIGAGYD (163) GNN (164) QSYDQNLSEGV (165)
CR9029 IGKV3-20*01 QSVSSY (166) GAS (167) QQYGSSPFA (168)
CR9030 IGLV3-21*02 NIGSKS (169) GDS (149) QVWDSSSDHPGAV (150)
CR9031 IGLV1-40*01 SSNIGAGYD (163) DNN (169) QSYDSGLSASPYV (170)
CR9112 IGLV1-40*01 SANIGAGYD (171) GNN (164) QSYDSSLSGAL (172)
CR9113 IGLV1-44*01 DSNIGRRS (142) SND (143) ARWDASLSGPV (173)
CR9114 IGLV1-44+*01 DSNIGRRS (142) SND (143) ARWDDSLKGAV (144)
TABLE 8

Identity cross-tables of the amino acid sequences of the heavy and light chain variable domains.

A.

Amino acid differences in Heavy Chain

SC09- SC09- SC09- SCO9- SC09- SCO9- 8CO9- SCO9- SCO9- SCO9- SCO9- SCO9- SCO9- SCO09- SCO9- SCO9-
007 011 112 010 029 008 030 114 009 004 031 005 006 012 113 003

Per-  SC09-007 2 3 5 5 6 5 4 5 5 6 7 9 3 11 15
cent- SC09-011 984 5 5 5 6 7 6 7 7 8 9 9 3 13 15
age SC09-112 975 959 2 2 3 2 1 2 2 3 4 6 6 8 12
iden- SC09-010 959 959 0984 0 3 4 3 4 4 5 6 4 6 10 10
tity  SC09-029 959 959 984 100.0 3 4 3 4 4 5 6 4 6 10 10
SC09-008 950 950 975 975 975 3 2 3 5 6 5 5 7 9 11
S5C09-030 959 942 984 967 967 9715 1 2 4 5 4 6 8 6 12
SC09-114 967 950 99.2 975 975 984 99.2 1 3 4 3 5 7 7 11
SC09-009 959 942 984 967 967 975 984 99.2 4 5 4 6 8 8 12
SC09-004 959 942 984 96.7 967 959 96.7 975 96.7 3 6 8 8 10 14
S5C09-031 950 934 975 959 959 950 959 967 959 975 5 7 9 11 15
S5C09-005 942 926 967 950 950 959 96.7 975 967 950 959 2 8 6 10
SC09-006 92.6 92.6 95.0 967 967 959 950 959 950 934 942 984 8 8 8
S5C09-012 975 975 950 950 950 942 934 942 934 934 926 934 934 12 14
SC09-113 909 893 934 91.7 91.7 92.6 950 942 934 917 909 950 934 0901 8

S5C09-003 876 87.6 901 91.7 917 90.9 901 90.9 90.1 884 876 917 934 884 934
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TABLE 8-continued

Identity cross-tables of the amino acid sequences of the heavy and light chain variable domains.

B.

Amino acid differences in Light Chain

SC09- SC09- SC09- SCO9- SC09- SCO9- 8CO9- SCO9- SCO9- SCO9- SCO9- SCO9- SCO9- SCO09- SCO9- SCO9-
011 114 004 113 007 012 112 031 005 006 008 030 010 003 009 029

Per-  SC09-011 0 2 7 14 29 26 34 44 47 47 45 52 47 62 64
cent- SC09-114  100.0 2 7 14 29 26 34 44 47 47 45 52 47 62 64
age  SC09-004 982 98.2 5 16 27 24 32 42 49 49 47 54 49 62 64
iden- SC09-113 93.6 93.6 955 17 25 22 29 41 46 46 44 51 47 62 64
tity  SC09-007 87.3 873 855 84.6 26 25 32 42 41 41 41 47 43 61 61
S5C09-012  73.9 739 757 715 76.6 9 13 39 48 48 47 52 48 61 62
S5C09-112  76.6 76.6 784 802 775 919 13 37 45 45 44 51 45 60 60
5C09-031 69.9 699 71.7 743 717 885 885 37 50 50 49 53 46 60 62
SC09-005 60.4 604 622 631 622 649 667 673 55 55 54 56 46 64 63
SC09-006  58.0 58.0 563 389 634 575 602 558 513 0 3 7 17 64 61
S5C09-008  58.0 58.0 563 389 634 575 602 558 513 100.0 3 7 17 64 61
5C09-030  59.8 59.8 580 60.7 634 384 611 56.6 522 973 973 10 14 62 59
S5C09-010  53.6 53.6 51.8 345 580 540 3549 53.1 504 93.6 93.6 909 22 67 67
SC09-003 5771 577 559 577 613 57.1 598 593 586 846 846 873 80.0 62 56
SC09-009  45.1 45.1 451 451 460 465 474 474 434 429 429 446 402 441 34

SC09-029 434 434 434 434 460 45.6 474 456 443 455 455 473 402 496 682

TABLE 9 » TABLE 9-continued
Cross-binding reactivity of IgGs, as measured by ELISA and FACS. Cross-binding reactivity of TgGs, as measured by FT.ISA and FACS.
IoG Elisa IgG Facs IgG Elisa IgG Facs
HI H3 H5 H7 H9 B Rabies PerC6 mH1 mH3 mH7 30 H1I H3 H5 H7 H9 B Rabies PerC6 mH1 mH3 mH7

CRY0005 + + + + + + - - + + + HY = soluble recombinant A/Hong Kong/1073/99 HO HA;

CR9030 + + + + + +/- - - + + + B = soluble recombinant B/Ohio/01/05 influenza B HA;

CRO112 + + + + + + - - + + + Rabies =rabies glycoprotein;

CROI13 + + + + + + - - + + + PER.C6 ® = untransfected PER.C6 ® cells (control);

CRI114 + + + + + + - - + + + 35 mHI=PERC6® expressed A/New Caledonia/20/1999 H1 HA;

CR4098 - - - - - - + - - - - mH3 = PER.C6 ® expressed A/Wisconsin/67/2005 H3 HA;

mH7 = PER.C6 ® expressed A/Netherlands/219/2003 H7 HA,
HI =soluble recombinant A/New Caledonia/20/1999 H1 HA; ND = not done.
H3 =soluble recombinant A/Wisconsin/67/2005 H3 HA; + = binding (>10x background);
HS = soluble recombinant A/Vietnam/1203/04 HS HA; +/— = low binding (2-10x background)
H7 = soluble recombinant A/Netherlands/219/2003 H7 HA; - =no detectable binding.
TABLE 10

Cross-neutralizing activity of IgGs; Titers (indicated in pug/ml) are
geomean IC50 values as determined according to the Spearman-Karber method of at least
duplicate experiments; >100 = not neutralizing at highest tested concentration (100 pg/ml).

Subtype Strain CR9005 CR9112 CR9113 CR9114
GroupI HI A/WSN/33 1.1 0.9 1.1 1.1
A/New Caledonia/20/99 2.6 19 4.4 3.7
A/Solomon Islands/3/2006 14 1.3 2.2 1.8
AJ/Brisbane/59/2007 34 2 3.1 2.6
A/California/7/2009 0.7 0.3 0.3 0.3
H2 A/Env/MPU3156/05 8.8 6.3 8.8 8.8
H5 A/Hong Kong/156/97 0.8 0.7 0.9 0.4
A/EW/MPF461/07 10.5 10.5 8.8 10.5
H6 A/EW/MPD411/07 29.7 10.5 17.7 10.5
H& A/EW/MPH571/08 8.8 8.8 8.8 8.8
H9 A/Hong Kong/1073/99 6.3 3.7 3.7 4.4
A/CK/HK/SSP176/09 4.4 44 6.3 6.3
Group I H3 A/Hong Kong/1/68 42 27.6 22.3 19
A/lohannesburg/33/94 17.7 13.8 324 219
A/Panama/2007/1999 28.2 475 47.5 39.9
AJ/Hiroshima/52/2005 22.9 10.5 13.6 12.5
A/Wisconsin/67/2005 354 297 354 32.4
A/Brisbane/10/2007 11.2 5.6 9.4 5.6
H4 A/WF/MPA 892/06 1.2 0.8 1.3 0.8
H7 A/Mallard/Netherlands/12/2000 9.6 6.3 6.3 4.8

A/New York/107/2003 >100 >100 >100 >100
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TABLE 10-continued

Cross-neutralizing activity of IgGs; Titers (indicated in ug/ml) are
geomean IC50 values as determined according to the Spearman-Karber method of at least
duplicate experiments; >100 = not neutralizing at highest tested concentration (100 pg/ml).

Subtype Strain CR9005 CR9112 CR9113 CR9114

H10 A/Chick/Germany/N/49 29.6 26.5 19.8 15.7
H14 A/Mallard/Astrakhan/263/1982 >100 >100 >100 >100

REFERENCES Ferguson et al. (2003), Nature 422:428-443.

Fouchier A. M. et al. (2005), Characterization of a novel

AirM. A. (1981), Sequence relationships among the hemag- influenza A virus hemagglutinin subtype (H16) obtained

glutinin genes of 12 subtypes of influenza A virus. Proc.

Natl. Acad. Sci. US.A. 78(12)7639'7643 15 from black-headed gulls. J Virol. 79(5)2814'2822

De Kruif I. et al. (1995), Rapid selection of cell subpopula- The World Health Organization Global Influenza Program
tion-specific human monoclonal antibodies from a syn- Surveillance Network (2005). Evolution of HSN1 Avian
thetic phage antibody library. Proc. Natl. Acad. Sci. U.S.A. Influenza Viruses in Asia. Emerg. Infect. Dis. 11:1515-
92:3938. 1521.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 177

<210> SEQ ID NO 1

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-003 VH DNA

<400> SEQUENCE: 1

gaggtgcage tggtggagte tggggctgag gtcaagaagyg ctgggtectce ggtgaaagte 60
tectgcaagt cttetggagyg cacctcecaac aactttggta tcagetgggt acgacaggec 120
cctggecaayg gecttgagty gatgggeggg atcageccaa tcetttggtte gacagtcetac 180
gcacagaaat ttcagggcag agtcactatt tccegeggaca tattttcaca cactgectac 240
atggagatga acagectgac atctgaggac acggcegtet atttetgtge gaggeacgga 300
aattattatt tectactcegy tatggaccte tggggecaag ggaccacggt cacc 354

<210> SEQ ID NO 2

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-003 VH PROTEIN

<400> SEQUENCE: 2

Glu Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Ala Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn Asn Phe
20 25 30

Gly Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Gly Ile Ser Pro Ile Phe Gly Ser Thr Val Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser His Thr Ala Tyr
65 70 75 80

Met Glu Met Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Phe Cys
85 90 95

Ala Arg His Gly Asn Tyr Tyr Phe Tyr Ser Gly Met Asp Leu Trp Gly
100 105 110
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52

-continued
Gln Gly Thr Thr Val Thr
115
<210> SEQ ID NO 3
<211> LENGTH: 325
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-003 VL DNA
<400> SEQUENCE: 3
tectatgtge tgactcagec accctoggtg tcagtggoce caggacagac ggocacgatt 60
tectgtgggyg gagacaacgt tggaagtaac agtgtgcact ggtaccagca gaagccaggce 120
caggccoctyg tgctggtegt ctatgatgat cgcgaccgac cctcagggat ccctgagcga 180
ttctetggcet ccaactctgg gaacacggec accctgacca tcagcagggt cgaagecggyg 240
gatgaggccg actattactg tcaggtgtgg gatagtagta gtgatcatcg agtcttcgga 300
actgggacca aggtcaccgt cctag 325
<210> SEQ ID NO 4
<21l> LENGTH: 108
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: S5SC09-003 VL PROTEIN
<400> SEQUENCE: 4
Ser Tyr Val Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln
1 5 10 15
Thr Ala Thr Ile Ser Cys Gly Gly Asp Asn Val Gly Ser Asn Ser Val
20 25 30
His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45
Asp Asp Arg Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60
Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly
65 70 75 80
Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 90 95
Arg Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu
100 105
<210> SEQ ID NO 5
<211> LENGTH: 354
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-004 VH DNA
<400> SEQUENCE: 5
caggtccagce tggtacagtc tggggctgag gtgaagaagc ctgggtcctc ggtgaaagtc 60
tectgocaagt cttctggegg cacctcecaat aactatgcca tcagetgggt gcgacaggec 120
cctggacaay gecttgacty gatgggeggy gteageccta tetttggtte gacagectac 180
gcacagaagt tccagggcag agtcactatt tccgcecggaca tattttcegaa cacagcectac 240
atggagctga acagtctgac atctgaggac acggccgtct attattgtgc gagacacggg 300
aattattatt acaactccgg tatggacgtc tggggccaag ggaccacggt cacc 354
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-continued

54

<210> SEQ ID NO 6

<211> LENGTH: 118

<212» TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: S5C09-004 VH PROTEIN

<400> SEQUENCE: 6

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn Asn Tyr
20 25 30

Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45

Gly Gly Val Ser Pro Ile Phe Gly Ser Thr Ala Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
65 70 75 80

Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg His Gly Asn Tyr Tyr Tyr Asn Ser Gly Met Asp Val Trp Gly
100 105 110

Gln Gly Thr Thr Val Thr
115

<210> SEQ ID NO 7

<21l> LENGTH: 331

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: S$C09-004 VL DNA

<400> SEQUENCE: 7

cagtctgtge tgacgcagec gcccgcagtg tetgggacce ccgggcagag ggtcaccatc
tegtgttetg gaagtgattc caacatcggg agaagaagtg taaactggta ccagcagttce
ccaggaacgg cccccaaact ccteatctat agtaacgatce agceggcectce agtggtcecect
gaccgattct ctggetccaa gtccggcacce tcagectcce tggccatcag tgggctccag
tctgaagatg aggccgaata ttactgtgca gcatgggatg acagectgaa gggggctgtyg
ttcggaggag gcacccagcet gaccgtecte g

<210> SEQ ID NO 8

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-004 VL PROTEIN

<400> SEQUENCE: 8

Gln Ser Val Leu Thr Gln Pro Pro Ala Val Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Asp Ser Asn Ile Gly 2Arg Arg
20 25 30

Ser Val Asn Trp Tyr Gln Gln Phe Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Ser Asn Asp Gln Arg Pro Ser Val Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln

60

120

180

240

300

331
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-continued

56

65

Ser

Lys

70 75 80

Glu Asp Glu Ala Glu Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Gly Ala Val Phe Gly Gly Gly Thr Gln Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 9

<21l> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-005 VH DNA

<400> SEQUENCE: 9

caggtgcage tggtgcaatc tggggctgag gtcaagagge ctgggtectce ggtgaaagte

tcctgoaagt cttetggagyg cacctccaat aactatgcta ttagttgggt gcgacaggece

cctggacaag gocttgactyg gatgggeggyg atcageccta tetttggtte gacagtctac

gcacagaaat tccagggcag agtcactatt tccgcggaca tattttegaa cacagcectac

atggagctga acagcctgac atctgaggac acggecgtat atttetgtge gaggcacggy

aactattatt actactccgg tatggaccte tggggccaag ggaccacggt cacc

<210> SEQ ID NO 10

<21l> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-005 VH PROTEIN

<400> SEQUENCE: 10

Gln

1

Ser

Ala

Gly

Gln

65

Met

Ala

Gln

Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Arg Pro Gly Ser
5 10 15

Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn Asn Tyr
20 25 30

Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45

Gly Ile Ser Pro Ile Phe Gly Ser Thr Val Tyr Ala Gln Lys Phe
50 55 60

Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
70 75 80

Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Phe Cys
85 90 85

Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Leu Trp Cly
100 105 110

Gly Thr Thr Val Thr
115

<210> SEQ ID NO 11

<211> LENGTH: 331

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

«223> OTHER INFORMATION: SC09-005 VL DNA

<400> SEQUENCE: 11

cagtctgece tgactcagec tgccteegtyg tetgggtete ctggacagtce gatcaccate

tcectgocacty gaaccagcag tgacgteggt ggttataact atgtetcectyg gtaccaacaa

cacccaggca aagcccccaa actcctgatt tttgatgtca gtgatceggec ctcaggggtt

60

120

180

240

300

354

60

120

180
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-continued

58

tctgatcget tcetetggete caagtcetgeyg gacacggeoct ccctgaccat ctetggacte
caggctcagy acgaggctga ttattactge tgctcatatyg caggtagtgc caagggcgtce

ttcggaacty ggaccaaggt caccgtecta g

<210> SEQ ID NO 12

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-005 VL PROTEIN

<400> SEQUENCE: 12

Gln Ser Ala Leu Thr Gln Pro Ala Ser Val Ser Gly Ser Pro Gly Gln
1 5 10 15

Ser Ile Thr Ile Ser Cys Thr Gly Thr Ser Ser Asp Val Gly Gly Tyr
20 25 30

Asn Tyr Val Ser Trp Tyr Gln Gln His Pro Gly Lys Ala Pro Lys Leu
35 40 45

Leu Ile Phe Asp Val Ser Asp Arg Pro Ser Gly Val Ser Asp Arg Phe
50 55 60

Ser Gly Ser Lys Ser Ala Asp Thr Ala Ser Leu Thr Ile Ser Gly Leu
65 70 75 80

Gln Ala Gln Asp Glu Ala Asp Tyr Tyr Cys Cys Ser Tyr Ala Gly Ser
85 90 85

Ala Lys Gly Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu
100 105 110

<210> SEQ ID NO 13

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-006 VH DNA

<400> SEQUENCE: 13

gaggtgcage tggtggagtce tggggctgag gtcaagaggce ctgggtectce ggtgaaagtce
tcectgcaagt cttetggagg cacctccaat aactatgcta ttagttgggt gcgacaggec
cctggacaag gecttgactg gatgggeggg atcagcecta tectttggtte gacagtctac
gcacagaaat tccagggcag agtcactatt tccgcecggaca tattttcegaa cacagcectac
atggagctga acagectgac atctgaggac acggccgtat atttcetgtge gaggcacggyg
aactattatt actacteccgg tatggaccte tggggccaag ggaccacggt cacc

<210> SEQ ID NO 14

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223 > OTHER INFORMATION: SC09-006 VH PROTEIN

<400> SEQUENCE: 14

Glu Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Arg Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser 2Asn 2sn Tyr
20 25 30

Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45

240

300

331

60

120

180

240

300

354
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-continued

60

Gly Gl
50

Gln Gl
65

Met Gl

Ala Ar

Gln Gl

<210>
<21ll>
<212>
<213>
<220>
<223>

<400>
tectat
acctygt
caggece
ttctet
gatgag
ttegga
<210>
<211l>
<212>
<213>
<220>

<223>

<400>

vy Ile Ser Pro Ile Phe Gly

55
y Arg Val Thr Ile Ser Ala
70

u Leu Asn Ser Leu Thr Ser
85

g His Gly Asn Tyr Tyr Tyr
100

y Thr Thr Val
115

Thr

SEQ ID NO 15
LENGTH: 331
TYPE: DNA
ORGANISM: Artificial
FEATURE:

OTHER INFORMATION:

SEQUENCE: 15

gtge tgactcagcece acccteggtyg

gggy gaaacaacat tggaagtaaa

cety tgetggtegt ctatggtgat

gget c¢caactetgyg gaccacggec

gceg actattactyg tcaggtgtgg

ggag gcacccagcet gaccgtecte

SEQ ID NO 16
LENGTH: 110
TYPE: PRT
ORGANISM: Artificial
FEATURE:

OTHER INFORMATION:

SEQUENCE: 16

Ser Tyr Val Leu Thr Gln Pro Pro

1

Thr Al

His Tr

Gly As

50

Asn Se
65

Asp Gl

Pro Gl

«210>
«211>
<212>
<213>
<220>
<223>

<400>

a Arg Ile Thr Cys Gly Gly

20

P Tyr Gln Gln Asn Ser Gly
35 40

p Ser Asp Arg Pro Ser Gly
55

r Gly Thr Thr Ala Thr Leu
70

u Ala Asp Tyr Tyr Cys Gln
85

y Ala Val Phe Gly Gly Gly
100

SEQ ID NO 17
LENGTH: 363
TYPE: DNA
ORGANISM: Artificial
FEATURE:

OTHER INFORMATION:

SEQUENCE: 17

Ser Thr

Asp

Glu Asp

20

Tyr Ser

105

Val
Phe
75

Thr

Gly

SC09-006 VL DNA

tecagtggece

actgtgeatt

agcgaccgge

accctgacca

gatagtagta

g

Ser Val
10

Asn Asn
25

Gln Ala

Ile Pro

Thr Ile

Val Trp

90

Thr Gln
105

Ser

Ile

Pro

Glu

Ser

75

Asp

Leu

SC09-007 VH DNA

Tyr Ala Gln Lys Phe

60
Ser Asn Thr Ala Tyr
80

Phe
95

Ala Val Tyr Cys

Met Asp Leu Trp Gly
110

caggacagac ggccaggatt
ggtaccagca gaactcaggce
cctcagggat cectgagega

tcagcagggt cgaagccggy

gtgatcatee cggtgetgtyg

SC09-006 VL PROTEIN

Val Ala Pro Gly Gln

15
Thr Val

Gly Ser Lys

30
Val Leu Val Val
45

Tyr

Arg Phe

60

Ser Gly Ser

Arg Val Glu 2la Gly

80
Ser

Ser Ser Asp His

95
Thr Val Leu
110

caggtgcage tggtgcaatc tggagctgag gtcaagaage ctgggtectce ggtgaaggte

60

120

180

240

300

331

60
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-continued

62

tcetgcaagt cttetggagg cacctccaat
cctggacaag gccttgactg gatgggagygg
gcacagaagt tccagggcag agtcactatt
atggagctga acagcectgac atctgaggac
aattattatt actactcecgg tatggacgte
age
<210> SEQ ID NO 18
<211> LENGTH: 121
<212» TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION:
<400> SEQUENCE: 18
Gln Val Gln Leu Val Gln Ser Gly
1 5
Ser Val Lys Val Ser Cys Lys Ser
20
Ala Ile Ser Trp Val Arg Gln Ala
35 40
Gly Gly Ile Ser Pro Ile Phe Gly
50 55
Gln Gly Arg Val Thr Ile Thr Ala
65 70
Met Glu Leu Asn Ser Leu Thr Ser
85
Ala Arg His Gly Asn Tyr Tyr Tyr
100
Gln Gly Thr Thr Val Thr Val Ser
115 120
<210> SEQ ID NO 19
<211> LENGTH: 331
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION:
<400> SEQUENCE: 19
tectatgtge tgactcagece accctceageg
tettgttetg gaagcagete caacatcgga
cccggaacgg cccccaaact cctceatctat
gaccgattet ctggctccaa gtctggcacce
tctgaggatyg aggctgatta ttactgtgea
ttecggaggag gcacccaget gaccgtecte
<210> SEQ ID NO 20
<211> LENGTH: 110
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION:
<400> SEQUENCE: 20

aactatgcta

atcagcccta

accgceggaca

acggcegtgt

tggggccaag

Ala

Ser

25

Pro

Ser

Asp

Glu

Tyr

105

Ser

Glu

10

Gly

Gly

Ala

Ile

Agp

Ser

Val

Gly

Gln

Ala

Phe

75

Thr

Gly

SC09-007 VL DNA

tetgggacce

agtaatactg

ggtgatgatc

tcagectcecee

acatgggatyg

9

tcagetgggt gcgacaggeco
tctttggttc agcagcctac
tattttcgaa cacagtgtac
attactgtgc gagacacggyg

ggaccacggt caccgteteg

SC09-007 VH PROTEIN

Lys Lys Pro Gly Ser
15

Thr Ser Asn Asn Tyr
30

Gly Leu Asp Trp Met
45

Tyr Ala Gln Lys Phe
60

Ser Asn Thr val Tyr
80

Ala Val Tyr Tyr Cys
85

Met Asp Val Trp Gly
119

cecgggcagag ggtcaccate
taaactggta ccagcaggtce
agcggcecte aggggtcect
tggccatcag tgggetccag

acagectgaa tggtcatgty

S5C09-007 VL PROTEIN

120

180

240

300

360

363

60

120

180

240

300

331
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-continued

64

Ser

Arg

Thr

Ile

Gly

65

Ser

<210>
<21ll>
<212>
<213>
<220>
<223>

Tyr

Val

Val

Tyr

50

Ser

Glu

Gly

Val

Thr

Asn

35

Gly

Lys

Asp

His

Leu Thr Gl

Ile Ser Cy

20

Trp Tyr Gl

Asp Asp Gl

n Pro Pro

s Ser Gly

n Gln Val
40

n Arg Pro
55

Ser Gly Thr Ser Ala

70

Glu Ala As
85

Val Phe Gl
100

SEQ ID NO 21
LENGTH: 363
TYPE: DNA
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: SC09-00

<400> SEQUENCE: 21

gaggtecage

tectgtaagt

cctggacaayg

gcacagaagt

atggagctga

aattattatt

age

<210>
<211>
<212>
<213>
<220>
<223>

<400>

tggtgcagte

cttetggagyg

geettgacty

tccagggcag

acagectgac

actactcecgg

SEQ ID NO 22
LENGTH: 121
TYPE: PRT

ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

SEQUENCE: 22

Glu Val Gln Leu Val Gl

1

Ser

Ala

Gly

Gln

65

Met

Ala

Gln

Val

Ile

Gly

50

Gly

Glu

Arg

Gly

Arg

Ser

35

Ile

Arg

Leu

His

Thr
115

5

Val Ser Cy

20

Trp Val Ar

Ser Pro Il
Val Thr Il
70

Asn Ser Le
85

Gly Asn Ty

100

P Tyr Tyr

y Gly Gly

tggggetgag
cacctecaat
gatgggeggg
agtcactatt
atctgaggac

tatggacgte

n Ser Gly

s Lys Ser

g Gln Ala

40
e Phe Gly
55
e Ser Ala

u Thr Ser

r Tyr Tyr

Thr Val Thr Val Ser

120

Ser Ala Ser
10

Ser Ser Ser
25

Pro Gly Thr

Ser Gly Val

Ser Leu Ala

75

Cys Ala Thr
90

Thr Gln Leu
105

8 VH DNA

gtcaagaage
aactatgcta
atcagcccta
tecgeggaca
acggecgtat

tggggccaag

Ala Glu Val
10

Ser Gly Gly
25

Pro Gly Gln

Ser Thr Ala
Asp Ile Phe
75

Glu Asp Thr
90

Tyr Ser Gly
105

Ser

Gly Thr Pro Gly Gln

Asn Ile Gly

Ala

Pro

60

Ile

Trp

Thr

Pro

45

Asp

Ser

Asp

Val

30

Lys

Arg

Gly

Asp

Leu
110

ctgggtecte

tcagetgggt

tetttggtte

tattttcgaa

atttetgtge

ggaccacggt

SC09-008 VH PROTEIN

Lys

Thr

Gly

Tyr

60

Ser

Ala

Met

Lys

Ser

Leu

45

Ala

Asn

Val

Asp

Pro
Asn
30

Asp

Gln

Thr

Tyr

Val
110

15

Ser Asn

Leu Leu

Phe Ser

Leu Gln
80

Ser Leu
95

ggtgagagte
gcgacaggece
gacagcctac

cacagcctac

gaggeacggg

caccgtetey

Gly Ser
15

Asn Tyr

Trp Met

Lys Phe
Ala Tyr
80

Phe Cys
95

Trp CGly

60

120

180

240

360

363



US 8,961,978 B2
65

-continued

66

<210>
<211>
<212>
<213>
<220>
<223>

<400>
tectat
acctgt
caggce
ttctet
gatgag
ttegga
<210>
<21l>
<212>
<213>
<220>

<223>

<400>

SEQ ID NO 23

LENGTH: 331

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: SC09-008 VL DNA

SEQUENCE: 23

gtge tgactcagcc acccteggtyg tcagtggccee caggacagac ggccaggatt
gggy gaaacaacat tggaagtaaa actgtgcatt ggtaccagca gaactcaggce
cety tgetggtegt ctatggtgat agegaccgge cctcagggat coctgagega
ggct ccaactetygg gaccacggece accctgacca tcagcagggt cgaagcecggyg
geceyg actattactyg tcaggtgtygg gatagtagta gtgatcatee cggtgetgtyg
ggag gcacccagcet gaccgtecte g

SEQ ID NO 24

LENGTH: 110

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: SC09-008 VL PROTEIN

SEQUENCE: 24

Ser Tyr Val Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln

1

Thr Al

His Tr

Gly As

50

Asn Se
65

Asp Gl

Pro Gl

<210>
<211>
<212>
<213>
<220>
<223>
<400>
caggtyg
teetge
cctgga
gcacag
atggag

aattat

agce

«210>

a Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Thr Val
20 25 30

P Tyr Gln Gln Asn Ser Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45

p Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
55 60

r Gly Thr Thr Ala Thr Leu Thr Ile Ser Arg Val Glu 2la Gly
70 75 80

u Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 90 85

y Ala Val Phe Gly Gly Gly Thr Gln Leu Thr Val Leu
100 105 110

SEQ ID NO 25

LENGTH: 363

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: SC09-009 VH DNA

SEQUENCE: 25

cagc tggtgcaatc tggggctgag gtcaagaage ctgggtecte ggtgaaagtce
aagt cttetggagg cacctccaat aactatgcta tcagetgggt gegacaggec
caag gccttgactg gatgggeggg atcagceccta tctttggtte gacagectac
aaat tccagggcag agtcactatt tecegeggaca tattttegaa cacagectac

ctga acagectgge atctgaggac acggecgtat atttetgtge gaggeacggg

tatt actactccgg tatggacgtc tggggccaag ggaccacggt caccgtcteg

SEQ ID NO 26

60

120

180

240

300

331

60

120

180

240

300

360

363
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67

-continued

68

<211> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-009 VH PROTEIN

<400> SEQUENCE: 26

Gln

1

Ser

Ala

Gly

Gln

65

Met

Ala

Gln

Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
5 10 15

Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn Asn Tyr
20 25 30

Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45

Gly Ile Ser Pro Ile Phe Gly Ser Thr Ala Tyr Ala Gln Lys Phe
50 55 60

Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
70 75 80

Glu Leu Asn Ser Leu Ala Ser Glu Asp Thr Ala Val Tyr Phe Cys
85 90 95

Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Val Trp Gly
100 105 110

Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 27

<21l> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-009 VL DNA

<400> SEQUENCE: 27

gacatccaga tgaccecagte tccatcttec gtgtetgcat ctgtaggaga cagagtcace

atcacttgtce gggcgagtca gcatattage agttggttag cctggtatca gcagaagcca

gggaaaggce ctcagctcct gatctattcet gecatccegtt tgcaaagtgg ggtcccatca

aggttcagcg gcagtggatc tgggacagat ttcactctca ccatcagcag cctgecagect

gaagattttyg caacttacta ttgtcaacag gctaacagtt tcecccctcac ttteggecct

gggaccaaayg tggatatcaa ac

<210> SEQ ID NO 28

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-009 VL PROTEIN

<400> SEQUENCE: 28

Asp

1

Asp

Leu

Tyr

Ser
65

Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Cly
Arg Val Thr Ile Thr Cys Arg Ala Ser Gln His Ile Ser Ser Trp
20 25 30

Ala Trp Tyr Gln Gln Lys Pro Gly Lys Gly Pro Gln Leu Leu Ile
35 40 45

Ser Ala Ser Arg Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
70 75 80

60

120

180

240

300

322
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69

-continued

70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ala Asn Ser Phe Pro Leu
85 90 95

Thr Phe Gly Pro Gly Thr Lys Val Asp Ile Lys
100 105

<210> SEQ ID NO 29

<211> LENGTH: 363

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223>» OTHER INFORMATION: SC09-010 VH DNA

<400> SEQUENCE: 29

gaggtgcage tggtggagte cggggctgag gtcaagaage ctgggtecte ggtgaaagte
tcctgoaagt cttetggagyg cacctccaat aattatgcta tcagetgggt gcgacaggece
cctggacaay gocttgacty gatgggeggyg atcageccta tetttggtte gacagectac
gcacagaagt tccagggcag agtcactatt tcecgeggaca tattttecaa cacagectac
atggagctga acagcctgac atctgaggac acggecgtat attactgtge gaggcacggy
aattattatt actactccgyg tatggacgtc tggggccaag ggaccacggt caccgtetey
age

<210> SEQ ID NO 30

<21l> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-010 VH PROTEIN

<400> SEQUENCE: 30

Glu Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser 2Asn 2sn Tyr
20 25 30

Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45

Gly Gly Ile Ser Pro Ile Phe Gly Ser Thr Ala Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
65 70 75 80

Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Val Trp Gly
100 105 110

Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 31

<211> LENGTH: 331

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

«223> OTHER INFORMATION: SC09-010 VL DNA

<400> SEQUENCE: 31
tcctatgtge tgactcagec accctoggty tcagtggece caggacagac ggcecaggatt
acctgtgggyg gaaacaacat yggaagtaaa actgtgcatt ggtaccagca gaactcaggce

caggeccecty tgetggtegt ctttgttgat agegaccgte cctcagggat ccatgagega

60

120

180

240

300

360

363

60

120

180
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71

-continued

72

ttetgtgget ccaactctgyg gtecacggee accctgacca tcageagegt cgaagcecggy
gatgaggccyg actattactg tcaggtgtgg gatagtaata gcgatcatcc cggtgetgtg
tteggaggag gcacccaget gaccgtecte g

<210>» SEQ ID NO 32

<211>» LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-010 VL PROTEIN

<400> SEQUENCE: 32

Ser Tyr Val Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln
1 5 10 15

Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Thr Val
20 25 30

His Trp Tyr Gln Gln Asn Ser Gly Gln Ala Pro Val Leu Val Val Phe
35 40 45

Val Asp Ser Asp Arg Pro Ser Gly Ile His Glu Arg Phe Cys Gly Ser
50 55 60

Asn Ser Gly Ser Thr Ala Thr Leu Thr Ile Ser Ser Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Asn Ser Asp His
85 90 85

Pro Gly Ala Val Phe Gly Gly Gly Thr Gln Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 33

<211> LENGTH: 363

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: S$C09-011 VH DNA

<400> SEQUENCE: 33

gaggtccage tggtacagte tggggctgag gtcaagaage ctgggtectce ggtgaaggtce
tcectgcaagt cttetggagg cacctccaat aactatgcta tcagetgggt gcggcaggec
cctggacaag gecttgactyg gatgggaggg atcagcecta tcectttggtte agcagectac
gcacagaagt tccagggcag agtcactatt accgcggaca tattttcgaa cacagtgtac
atggagctga acagectgac atctgaggac acggccgtgt attactgtge gagacacggg
aattattatt actactececgg tacggacgte tggggccaag ggaccacggt caccgtcteg
age

<210> SEQ ID NO 34

<211> LENGTH: 121

<212»> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-011 VH PROTEIN

«<400> SEQUENCE: 34

Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn Asn Tyr
20 25 30

Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met

240

300

331

60

120

180

240

300

360

363
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74

-continued
35 40 45
Gly Gly Ile Ser Pro Ile Phe Gly Ser Ala Ala Tyr Ala Gln Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Thr Ala Asp Ile Phe Ser Asn Thr Val Tyr
65 70 75 80
Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Thr Asp Val Trp Gly
100 105 110
Gln Gly Thr Thr Val Thr Val Ser Ser
115 120
<210> SEQ ID NO 35
<21l> LENGTH: 331
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION: SC09-011 VL DNA
<400> SEQUENCE: 35
tcectatgtge tgactcagece acccgeagtg tetgggacce ccgggcagag ggtcaccatc 60
tegtgttetg gaagtgatte caacatceggg agaagaagtyg taaactggta ccageagtte 120
ccaggaacgg ccceccaaact cctcatctat agtaacgate ageggcececte agtggtecct 180
gaccgattct ctggetcecaa gtecggeace tcagectece tggccatcag tgggetcecag 240
tctgaagatg aggcecgaata ttactgtgea gecatgggatyg acagectgaa gggggetgtyg 300
ttcggaggag gcacccagct gaccgtecte g 331
<210> SEQ ID NO 36
<211> LENGTH: 110
<212»> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-011 VL PROTEIN
<400> SEQUENCE: 36
Ser Tyr Val Leu Thr Gln Pro Pro Ala Val Ser Gly Thr Pro Gly Gln
1 5 10 15
Arg Val Thr Ile Ser Cys Ser Gly Ser Asp Ser Asn Ile Gly Arg Arg
20 25 30
Ser Val Asn Trp Tyr Gln Gln Phe Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45
Ile Tyr Ser Asn Asp Gln Arg Pro Ser Val Val Pro Asp Arg Phe Ser
50 55 60
Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80
Ser Glu Asp Glu Ala Glu Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95
Lys Gly Ala Val Phe Gly Gly Gly Thr Gln Leu Thr Val Leu
100 105 110
<210> SEQ ID NO 37
<211> LENGTH: 363
<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

«<400> SEQUE

NCE: 37

SC09-012 VH DNA
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-continued
gaggtccage tggtacagtc tggggctgag gtcaagaage ctgggtectc ggtgaaggte 60
tcctgcaagt cttctggagg cacctccaat aattatgcta tcagetgggt gcgacaggec 120
cctggacaayg gccttgactyg gatgggaggg atcagcccta tttttggttce agcagtctac 180
gcacagaagt tccagggcag agtcactatt accgcggaca tattttcgaa cacagtgtac 240
atggagctga acagcctgac atctgaggac acggccgtgt attactgtgce gagacacggg 300
acttattatt actactccgg tatggacgtc tggggccaag ggaccacggt caccgtceteg 360
age 363
<210> SEQ ID NO 38
<211l> LENGTH: 121
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SCQ9-012 VH PROTEIN
<400> SEQUENCE: 38
Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn 2sn Tyr
20 25 30
Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45
Gly Gly Ile Ser Pro Ile Phe Gly Ser Ala Val Tyr Ala Gln Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Thr Ala Asp Ile Phe Ser Asn Thr Val Tyr
65 70 75 80
Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 o5
Ala Arg His Gly Thr Tyr Tyr Tyr Tyr Ser Gly Met Asp Val Trp CGly
100 105 110
Gln Gly Thr Thr Val Thr Val Ser Ser
115 120
<210> SEQ ID NO 39
<211> LENGTH: 334
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-012 VL DNA
<400> SEQUENCE: 39
cagtctgteg tgacgcagece geccctcagtg tetggggccee cagggcagag ggtcaccatce 60
tectgecactyg ggagecagetce caacatcggg gcaggttatg atgtacactg gtaccagcag 120
cttccaggga cagcccccaa actectcate tatggtaaca acaatcggec ctcaggggte 180
cctgaccgat tetetggete caagtetgge acctceagect ccectggecat cactgggete 240
caggttgagg atgaggctga ttattactgc cagtcctatg accagaacct gagtgagggg 300
gtctteggeyg gagggaccaa gctgaccgte ctag 334
<210> SEQ ID NO 40
<211> LENGTH: 111
<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATU

«223> OTHER INFORMATION:

RE:

SC09-012 VL PROTEIN
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-continued

<400> SEQUENCE: 40
Gln Ser Val Val Thr Gln Pro Pro Ser Val Ser Gly Ala Pro Gly Gln
1 5 10 15
Arg Val Thr Ile Ser Cys Thr Gly Ser Ser Ser Asn Ile Gly Ala Gly

20 25 30
Tyr Asp Val His Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu

35 40 45
Leu Ile Tyr Gly Asn Asn Asn Arg Pro Ser Gly Val Pro Asp Arg Phe
50 55 60
Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Thr Gly Leu
65 70 75 80
Gln Val Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Gln Asn
85 20 95

Leu Ser Glu Gly Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu

100 105 110
<210> SEQ ID NO 41
<21l> LENGTH: 363
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-029 VH DNA
<400> SEQUENCE: 41
gaggtgcagce tggtggagtc cggggctgag gtcaagaagce ctgggtectc ggtgaaagte 60
tecectgcaagt cttetggagg cacctccaat aactatgcta tcagetgggt gcgacaggec 120
cctggacaag gecttgactyg gatgggeggg atcageccta tetttggtte gacagectac 180
gcacagaagt tccagggcag agtcactatt tccgeggaca tattttegaa cacagectac 240
atggagctga acagectgac atctgaggac acggccgtat attactgtge gaggcacggg 300
aattattatt actactcegg tatggacgtce tggggccaag ggaccacggt caccgtcteg 360
agc 363
<210> SEQ ID NO 42
<211> LENGTH: 121
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-029 VH PROTEIN
<400> SEQUENCE: 42
Glu Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser 2Asn 2sn Tyr

20 25 30
Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met

35 40 45
Gly Gly Ile Ser Pro Ile Phe Gly Ser Thr Ala Tyr Ala Gln Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
65 70 75 80
Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Val Trp Gly

100 105 110
Gln Gly Thr Thr Val Thr Val Ser Ser
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-continued
115 120
<210> SEQ ID NO 43
<211> LENGTH: 321
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION: SC09-029 VL DNA
<400> SEQUENCE: 43
gaaattgtga tgacgcagtc tccaggcacc ctgtetttgt ctectgggga aagaggcacce 60
ctetectgea gggccagtea gagtgttage agcetacttag cctggtacca acagaaacct 120
ggccaggete ccaggcetect catctatggt gceatccacca gggccactgg catcccagac 180
aggttcactg gcagtgggtce tgggacagac ttcactctea ccatcagcag actggagect 240
gaagattttyg cagtgtatta ctgtcagcag tatgggagct caccattcge ttteggeect 300
gggaccaagyg tggagatcaa a 321
<210> SEQ ID NO 44
<21l> LENGTH: 107
<212» TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION: SC09-029 VL PROTEIN
<400> SEQUENCE: 44
Glu Ile Val Met Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro CGly
1 5 10 15
Glu Arg Gly Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45
Tyr Gly Ala Ser Thr Arg Ala Thr Gly Ile Pro Asp Arg Phe Thr Gly
50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu Pro
65 70 75 80
Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Ser Ser Pro Phe
85 90 95
Ala Phe Gly Pro Gly Thr Lys Val Glu Ile Lys
100 105
<210> SEQ ID NO 45
<211> LENGTH: 363
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-030 VH DNA
<400> SEQUENCE: 45
cagatgcage tggtgcagte tggggcetgag gtcaagaage ctgggtecte ggtgaaagte 60
tcetgcaagt cttetggagg cacctccaat aactatgcta tcagetgggt gcgacaggec 120
cectggacaag gecttgactg gatgggeggg atcageccta tcetttggtte gacagectac 180
gcacagaagt tccagggceag agtcactatt tecgeggaca tattttegaa cacagectac 240
atggagctga acagectgac atctgaggac acggccgtat atttcetgtge gaggcacggyg 300
aattattatt actactcecgg tatggacgtc tggggccaayg ggaccacggt caccgtcteg 360
agc 363
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82

<210> SEQ ID NO 46

<211> LENGTH: 121

<212» TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-030 VH PROTEIN

<400> SEQUENCE: 46

Gln

1

Ser

Ala

Gly

Gln

65

Met

Ala

Gln

Met Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
5 10 15

Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn Asn Tyr
20 25 30

Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45

Gly Ile Ser Pro Ile Phe Gly Ser Thr Ala Tyr Ala Gln Lys Phe
50 55 60

Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
70 75 80

Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Phe Cys
85 90 95

Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Val Trp CGly
100 105 110

Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 47

<211> LENGTH: 331

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-030 VL DNA

<400> SEQUENCE: 47

tecctatgtge tgactcagec acccteggtyg tcagtggece caggacagac ggcecaggatt

acctgtgggy gaaacaacat tggaagtaaa agtgtgcact ggtaccagca gaagccagge

caggccectg tgctggtegt ctatggtgat agcgaccgge cctcagggat ccctgagega

ttetetgget ccaactcetgg gaccacggee accctgacca tcageagggt cgaagecggyg

gatgaggceyg actattactg tcaggtgtgg gatagtagta gtgatcatcc cggtgetgtg

ttcggaggag gcacccagcet gaccgtecte g

<210> SEQ ID NO 48

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-030 VL PROTEIN

<400> SEQUENCE: 48

Ser

1

Thr

His

Gly

Asn

Tyr Val Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln
5 10 15

Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val
20 25 30

Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Ser Gly Thr Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly

60

120

180

240

300

331
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84

65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 90 95

Pro Gly Ala Val Phe Gly Gly Gly Thr Gln Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 49

<21l> LENGTH: 362

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-031 VH DNA

<400> SEQUENCE: 49

caggtccage tggtacagte tggggctgag gtegagagge ctgggtectce ggtgaaagte
tcctgoaagt cttetggegyg cacctcecaat aactatgeoca tcagetgggt gegacaggece
cctggacaag gocttgactyg gatgggeggyg atcageccta tetttggtte gacagectac
gcacagaagt tccagggcag agtcactatt tccgcggaca tattttegaa cacagcectac
atggagctga acagtctgac atctgaggac acggecgtcet attattgtge gagacacggy
aattattatt acaactccgg tatggacgte tggggccaag ggaccacggt caccgteteg
ag

<210> SEQ ID NO 50

<21l> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-031 VH PROTEIN

<400> SEQUENCE: 50

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Glu Arg Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser 2Asn 2sn Tyr
20 25 30

Ala TIle Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met
35 40 45

Gly Gly Ile Ser Pro Ile Phe Gly Ser Thr Ala Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
65 70 75 80

Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg His Gly Asn Tyr Tyr Tyr Asn Ser Gly Met Asp Val Trp Cly
100 105 110

Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 51

<211> LENGTH: 340

«212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SC09-031 VL DNA

<400> SEQUENCE: 51
cagtctgtgt tgacgcagec gccctcagtyg tcetggggece cagggcagag ggtcaccatce

tectgoacty ggagcagete caacateggg geaggttatyg atgtacactyg gtaccageag

60

120

180

240

300

360

362

60

120
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ctteca
tctgac
cagget
cecttat
<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gln Se
1

Arg Va

Tyr As

Leu Il

50

Ser Gl
65

Gln Al

Leu Se

Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>
caggtyg
tectge
cctgga
gcacag
atggag
aattat
age
<210>
<211>
«212>
«213>
<220>

<223>

<400>

gaaa cagcccccaa

cgat tctctggete

gagg atgaggctga

gtet teggagetygy

SEQ ID NO 52
LENGTH: 113
TYPE: PRT
ORGANISM: Artifi
FEATURE:

OTHER INFORMATIO

SEQUENCE: 52

r Val Leu Thr Gl
5

1 Thr Ile Ser Cy

20

p Val His Trp Ty

35

e Tyr Asp Asn As

y Ser Lys Ser Gl
70

a Glu Asp Glu Al
85

r Ala Ser Pro Ty

100

SEQ ID NO 53
LENGTH: 363
TYPE: DNA
ORGANISM: Artifi
FEATURE:

OTHER INFORMATIO

SEQUENCE: 53

cagc tggtgcagtce
aagt cttctggagyg
caag gccttgactyg
aagt tccagggcag
ctga acagcctgac

tatt actactccygyg

SEQ ID NO 54
LENGTH: 121
TYPE: PRT
ORGANISM: Artifi
FEATURE:

OTHER INFORMATIO

SEQUENCE: 54

actccteatt
caagtetgge
ttattactge

gaccaaggte

cial

N: SC09-03

n Pro Pro

s Thr Gly

r Gln Gln
40

n Asn Arg
55

y Thr Ser

a Asp Tyr

r Val Phe

cial

N: SC09-11

tggggetgag
cacctceccaat
gatgggeggg
agtcactatt
atctgaggac

tatggacgtce

cial

N: SC09-11

tatgataaca acaatcgtec ctcaggggtt
acttcagcct ccectggecat cactgggcete
cagtcctaty acagcggect gagtgetteg

accgtectayg

1 VL PROTEIN

Ser Val Ser Gly Ala Pro Gly Gln
10 15

Ser Ser Ser Asn Ile Gly Ala Cly
25 30

Leu Pro Glu Thr Ala Pro Lys Leu
45

Pro Ser Gly Val Ser Asp Arg Phe
60

Ala Ser Leu Ala Ile Thr Gly Leu
75 80

Tyr Cys Gln Ser Tyr Asp Ser CGly
90 95

Gly Ala Gly Thr Lys Val Thr Val
105 119

2 VH DNA

gtcaagaage ctgggtcctce ggtgaaagtce
aactatgcta tcagctgggt gcgacaggcec
atcagcecta tectttggtte gacagectac
teccgeggaca tattttegaa cacagectac
acggccgtat attactgtge gaggcacggyg

tggggccaag ggaccacggt caccgtcteg

2 VH PROTEIN

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser

1

5

10 15

180

240

300

340

60

120

180

240

300

360

363
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88

Ser

Ala

Gly

Gln

65

Met

Ala

Gln

<210>
<21ll>
<212>
<213>
<220>
<223>

Val

Ile

Gly

50

Gly

Glu

Arg

Gly

Lys

Ser

35

Ile

Arg

Leu

His

Thr
115

Val Ser Cy

20

Trp Val Ar

Ser Pro Il

Val Thr Il
70

Asn Ser Le
85

Gly Asn Ty

100

s Lys Ser

g Gln Ala
40

e Phe Gly
55
e Ser Ala

u Thr Ser

r Tyr Tyr

Thr Val Thr Val Ser

SEQ ID NO 55
LENGTH: 334
TYPE: DNA
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

<400> SEQUENCE: 55

cagtetgtgt

tectgeacty

tttccaggaa

cctgaccgat

caggctgagyg

ttatteggey

<210>
<211>
<212>
<213>
<220>
<223>

<400>

tgacgcagee

ggagcagcgce

cagcccccaa

tetetggete

atgaggctga

gagggaccaa

SEQ ID NO 56
LENGTH: 111
TYPE: PRT

ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

SEQUENCE: 56

Gln Ser Val Leu Thr Gl

1

Arg

Tyr

Leu

Ser

65

Gln

Leu

Val

Asp

Ile

50

Gly

Ala

Ser

Thr

Val

35

Tyr

Ser

Glu

Gly

5

Ile Ser Cy

20

His Trp Ty

Gly Asn As

Lys Ser Gl
70

Asp Glu Al
85

120

geecteagty
caacatcggy
actccteate
caagtetgge
ttattactgc

gctgacegte

n Pro Pro

s Thr Gly

r Gln Gln
40

n Asn Arg
55

y Thr Ser

a Asp Tyr

Ala Leu Phe Gly Gly

100

<210> SEQ ID NO 57
<211> LENGTH: 363
«<212> TYPE: DNA
<213> ORGANISM: Artificial

Ser

25

Pro

Ser

Asp

Glu

Tyr

105

Ser

tetggggece
gcaggttaty

tatggtaaca

acctcagect

cagtectatyg

Gly

Gly

Thr

Ile

Asp

20

Ser

ctag

Ser

Ser

25

Phe

Pro

Ala

Tyr

Gly
105

Val

10

Ser

Pro

Ser

Ser

Cys
90

Thr

Gly Thr Ser Asn Asn Tyr

Gln Gly
Ala Tyr
60

Phe Ser
75

Thr Ala

Gly Met

SC09-112 VL DNA

SC09-112 VL PROTEIN

Ser Gly

Ala Asn

Gly Thr

Gly Val

60

Leu Ala
75

Gln Ser

Lys Leu

Leu

45

Ala

Asn

Val

Asp

Ala

Ile

Ala

45

Pro

Ile

Tyr

Thr

30

Asp

Gln

Thr

Tyr

Val
110

acaatcggec
cectggeeat

acagcagect

Pro

Gly

30

Pro

Asp

Thr

Asp

Val
110

Trp

Lys

Ala

Tyr

95

Trp

ctcaggggte

cactgggcte

gagtggtgeyg

Gly

15

2Ala

Lys

Arg

Gly

Ser
95

Leu

Met

Phe

Tyr

80

Cys

Gly

cagggcagag ggtcaccate

atgtecactyg gtaccagcag

Gln

Gly

Leu

Phe

Leu
80

Ser

60

120

180

240

334
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<220> FEATURE:
<223> OTHER INFORMATION: SC09-113 VH DNA
<400> SEQUENCE: 57
cagatgcagc tggtgcagtc tggggctgag gtcaagaagg ctgggtcctc ggtgaaagtc 60
tcctgcaagt cttctggagg cacctccaat aactatgcta tcagetgggt gcgacaggece 120
cctggacaag gccttgagtyg gatgggcggg atcagtccaa tcetttggttc gacagtctac 180
gcacagaaat tccagggcag agtcactatt tccgcggaca tattttcaca cactgcectac 240
atggagctga acagcctgac atctgaggac acggcecgcat atttetgtge gaggcacgga 300
aactattatt actactccgg tatggacctc tggggccaag ggaccacggt caccgtctcg 360
age 363
<210> SEQ ID NO 58
<21l> LENGTH: 121
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: S5C09-113 VH PROTEIN
<400> SEQUENCE: 58
Gln Met Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Ala Gly Ser
1 5 10 15
Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser Asn 2sn Tyr
20 25 30
Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
Gly Gly Ile Ser Pro Ile Phe Gly Ser Thr Val Tyr Ala Gln Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser His Thr Ala Tyr
65 70 75 80
Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Ala Tyr Phe Cys
85 90 95
Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Leu Trp Gly
100 105 110
Gln Gly Thr Thr Val Thr Val Ser Ser
115 120
<210> SEQ ID NO 59
<211> LENGTH: 331
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-113 VL DNA
<400> SEQUENCE: 59
cagtctgtge tgactcagec accegcagtg tectgggacce ccgggcagag ggtcaccatce 60
tcgtgttetg gaagtgattc caacatcggg agaagaagtg taaactggta ccagcagtte 120
ccaggaacgg cccccaaact cctcatctat agtaacgatc agcggccctc agtggtcect 180
gaccgattet ctggetecaa gtccggeace tcagectece tggccatcag tgggetccag 240
getgaggaty aggctgatta ttactgtgeca geatgggaty ccagectgayg tggtectgty 300
ttcggaggag gcacccaget gaccgtecte g 331

<210> SEQ ID NO 60
«<211> LENGTH: 110
«212> TYPE: PRT



91

US 8,961,978 B2

92

-continued

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: S5C09-113 VL PROTEIN
<400> SEQUENCE: 60
Gln Ser Val Leu Thr Gln Pro Pro Ala Val Ser Gly Thr Pro Gly Gln
1 5 10 15
Arg Val Thr Ile Ser Cys Ser Gly Ser Asp Ser Asn Ile Gly Arg Arg

20 25 30
Ser Val Asn Trp Tyr Gln Gln Phe Pro Gly Thr Ala Pro Lys Leu Leu

35 40 45
Ile Tyr Ser Asn Asp Gln Arg Pro Ser Val Val Pro Asp Arg Phe Ser
50 55 60
Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80
Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Ala Ser Leu
85 90 95

Ser Gly Pro Val Phe Gly Gly Gly Thr Gln Leu Thr Val Leu

100 105 110
<210> SEQ ID NO el
<21l> LENGTH: 363
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: $C09-114 VH DNA
<400> SEQUENCE: 61
caggtgcage tggtgcaatce tggggctgag gtcaagaage ctgggtecte ggtgaaagtc 60
tecectgcaagt cttetggagg cacctccaat aactatgcta tcagetgggt gcgacaggec 120
cctggacaag gecttgactyg gatgggeggg atcageccta tetttggtte gacagectac 180
gcacagaaat tccagggcag agtcactatt tccgeggaca tattttegaa cacagectac 240
atggagctga acagectgac atctgaggac acggccgtat atttcetgtge gaggcacggyg 300
aattattatt actactcegg tatggacgtce tggggccaag ggaccacggt caccgtcteg 360
agc 363
<210> SEQ ID NO 62
<211> LENGTH: 121
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SC09-114 VH PROTEIN
<400> SEQUENCE: 62
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Ser Val Lys Val Ser Cys Lys Ser Ser Gly Gly Thr Ser 2Asn 2sn Tyr

20 25 30
Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Asp Trp Met

35 40 45
Gly Gly Ile Ser Pro Ile Phe Gly Ser Thr Ala Tyr Ala Gln Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Ser Ala Asp Ile Phe Ser Asn Thr Ala Tyr
65 70 75 80
Met Glu Leu Asn Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Phe Cys
85 90 95
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Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Val Trp Gly

100

105

Gln Gly Thr Thr Val Thr Val Ser Ser

115

<210> SEQ I
<211> LENGT
<212> TYPE:

D NO 63
H: 331
DNA

120

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 63

tectatgtye

tegtgttety

ccaggaacgy

gaccgattet

tctgaagaty

ttcggaggag

<210> SEQ I

<21l> LENGT
<212> TYPE:

tgactcagec

gaagtgattc

cceecaaact

ctggetcecaa

aggccgaata

gcacccaget

D NO 64

H: 110
PRT

acccgecagty

caacatcggy

cctcatctat

gteeggeace

ttactgtgca

gaccgtecte

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 64

Ser Tyr Val
1

Arg Val Thr

Leu Thr Gl

Ile Ser Cy

20

Ser Val Asn Trp Tyr Gl

35

Ile Tyr Ser
50

Gly Ser Lys
65

Ser Glu Asp

Lys Gly Ala

<210> SEQ I
<211> LENGT
<212> TYPE:

Asn Asp Gl

n Pro Pro

s Ser Gly

n Gln Phe
40

n Arg Pro
55

Ser Gly Thr Ser Ala

70

Glu Ala G1
85

Val Phe GI1
100

D NO 65
H: 23
DNA

u Tyr Tyr

y Gly Gly

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: OK1

<400> SEQUE

NCE: 65

gacatccagw tgacccagte tcec

<210> SEQ I
<211> LENGT
<212> TYPE:

D NO 66
H: 23
DNA

<213> ORGANISM: Artificial
«<220> FEATURE:

«223> OTHER INFORMATION: OK2

5C09-114 VL DNA

tetgggacee

agaagaagty

agtaacgatc

tcagectecee

gcatgggatyg

g

Ala

Ser

25

Pro

Ser

Ser

Cys

Thr
105

(HuvVK2)

Val

Asp

Gly

Val

Leu

Ala

90

Gln

(HUVK1B)

Ser

Ser

Thr

Val

Ala

75

Ala

Leu

110

ccgggcagag

taaactggta

ageggececte

tggccatcayg

acagectgaa

SC09-114 VL PROTEIN

Gly

Asn

Ala

Pro

60

Ile

Trp

Thr

Thr

Ile

Pro

45

Asp

Ser

Asp

Val

Pro

Gly

30

Lys

Arg

Gly

Asp

Leu
110

ggtcaccatce

ccagcagtte

agtggtccect

tgggetecay

gggggcetgty

Gly

Arg

Leu

Phe

Leu

Ser
95

Gln

Arg

Leu

Ser

Gln

80

Leu

60

120

180

240

300

331

23
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96

<400> SEQUENCE: 66

gatgttgtga tgactcagtc tcc

<210> SEQ ID NO 67

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OK3 (HuUvK2B2)

<400> SEQUENCE: 67

gatattgtga tgacccagac tcc

<210> SEQ ID NO 68

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OK4 (HuUVK3B)

<400> SEQUENCE: 68

gaaattgtgw tgacrcagtc tcc

<210> SEQ ID NO 69

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OK5 (HuUvK5)

<400> SEQUENCE: 69

gaaacgacac tcacgcagte tec

<210> SEQ ID NO 70

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OKé (HuVKé)

<400> SEQUENCE: 70

gaaattgtge tgactcagte tcc

<210> SEQ ID NO 71

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OCK (HuCK)

<400> SEQUENCE: 71

acactctecce ctgttgaage tctt

<210> SEQ ID NO 72

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: OL1 (HuVL1A)

<400> SEQUENCE: 72

cagtctgtge tgactcagec acc

«<210> SEQ ID NO 73
«211> LENGTH: 23

23

23

23

23

23

24

23
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98

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL1 (HuVL1B)

<400> SEQUENCE: 73

cagtctgtgy tgacgcagec gec

<210> SEQ ID NO 74

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL1 (HuvL1C)

<400> SEQUENCE: 74

cagtctgtey tgacgcagee gec

<210> SEQ ID NO 75

<21l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL2 (HuvL2B)

<400> SEQUENCE: 75

cagtetgece tgactcagec

<210> SEQ ID NO 76

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL3 (HuVL3Aa)

<400> SEQUENCE: 76

tectatgwge tgactcagec acce

<210> SEQ ID NO 77

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL4 (HuVL3B)

<400> SEQUENCE: 77

tecttetgage tgactcagga ccc

<210> SEQ ID NO 78

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL5 (HuVL4B)

<400> SEQUENCE: 78

cagcytgtge tgactcaatc

«210> SEQ ID NO 79

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL6 (HuVL5)

<400> SEQUENCE: 79

23

23

20

23

23

20
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100

caggctgtge tgactcagcec gtc 23

<210> SEQ ID NO 80

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL7 (HuVvLé)

<400> SEQUENCE: 80

aattttatgc tgactcagec cca 23

<210> SEQ ID NO 81

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL8 (HuVL7/8)

<400> SEQUENCE: 81

cagrctgtgg tgacycagga gcec 23

<210> SEQ ID NO 82

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL9 (HuvL9)

<400> SEQUENCE: 82

cwgcectgtge tgactcagec mec 23

<210> SEQ ID NO 83

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL9 (HuVL10

<400> SEQUENCE: 83

caggcagggc tgactcag 18

<210> SEQ ID NO 84

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OCL (HuCL2)

<400> SEQUENCE: 84

tgaacattct gtaggggcca ctg 23

<210> SEQ ID NO 85

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OCL (HuCL7)

<400> SEQUENCE: 85

agagcattct gcaggggcca ctg 23
<210> SEQ ID NO 86

<211> LENGTH: 23

«<212> TYPE: DNA
<213> ORGANISM: Artificial
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102

<220> FEATURE:
<223> OTHER INFORMATION: OH1(HuVH1B7A)

<400> SEQUENCE: 86

cagrtgcagce tggtgcartc tgg

<210> SEQ ID NO 87

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH1 (HuvHI1C)

<400> SEQUENCE: 87

saggtccage tggtrcagte tgyg

<210> SEQ ID NO 88

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH2 (HuvH2B)

<400> SEQUENCE: 88

cagrtcacct tgaaggagte tgg

<210> SEQ ID NO 89

<211l> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH3 (HuVH3A)

<400> SEQUENCE: 89

gaggtgcage tggtggag

<210> SEQ ID NO 90

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH4 (HuVH3C)

<400> SEQUENCE: 90

gaggtgcage tggtggagwe ygg

<210> SEQ ID NO 91

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH5 (HuVH4B)

<400> SEQUENCE: 91

caggtgcagce tacagcagtyg ggg

«<210> SEQ ID NO 92

«211> LENGTH: 23

«212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OHé (HuVH4C)

<400> SEQUENCE: 92

cagstgcagce tgcaggagtc sgg

23

23

23

18

23

23

23
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<210> SEQ ID NO 93

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH7 (HuvH6A)

<400> SEQUENCE: 93

caggtacagce tgcagcagtc agyg 23

<210> SEQ ID NO 94

<21l> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OCM (HuCIgM)

<400> SEQUENCE: 94

tggaagaggc acgttctttt cttt 24

<210> SEQ ID NO 95

<21l> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OK1S (HuvK1B-SAL)

<400> SEQUENCE: 95

tgagcacaca ggtcgacgga catccagwtg acccagtcte ¢ 41

<210> SEQ ID NO 96

<21l> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OK2$ (HuVK2-SAL)

<400> SEQUENCE: 96

tgagcacaca ggtcgacgga tgttgtgatg actcagtcte ¢ 41

<210> SEQ ID NO 97

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OK3S (HuVK2B2-SAL]j

<400> SEQUENCE: 97

tgagcacaca ggtcgacgga tattgtgatg acccagactce ¢ 41

<210> SEQ ID NO 98

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OK4S (HuvVK3B-SAL)

<400> SEQUENCE: 98

tgagcacaca ggtcgacgga aattgtgwtg acrcagtcte ¢ 41

<210> SEQ ID NO 99

<21l> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

«<220> FEATURE:

<223> OTHER INFORMATION: OK5S (HuVK5-SAL)
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<400> SEQUENCE: 99

tgagcacaca ggtcgacgga aacgacactc acgcagtcte ¢ 41

<210> SEQ ID NO 100

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223 > OTHER INFORMATION: OK6S (HuVK6-SAL)

<400> SEQUENCE: 100

tgagcacaca ggtcgacgga aattgtgctg actcagtcte ¢ 41

<210> SEQ ID NO 101

<21l> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJK1 (HuJK1-NOT)

<400> SEQUENCE: 101

gagtcattct cgacttgegyg ccgcacgttt gatttccace ttggtecc 48

<210> SEQ ID NO 102

<21l> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJK2 (HuJK2-NOT)

<400> SEQUENCE: 102

gagtcattet cgacttgegyg ccgcacgttt gatctecage ttggtecc 48

<210> SEQ ID NO 103

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJK3 (HuJK3-NOT)

<400> SEQUENCE: 103

gagtcattcet cgacttgcecgg ccgcacgttt gatatccact ttggtecce 48

<210> SEQ ID NO 104

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJK4 (HuJK4-NOT)

<400> SEQUENCE: 104

gagtcattet cgacttgcegg ccgcacgttt gatctecace ttggtecce 48
<210> SEQ ID NO 105

<211> LENGTH: 48

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJK5 (HuJK5-NOT)

<400> SEQUENCE: 105

gagtcattct cgacttgcegg ccgcacgttt aatctccagt cgtgtcec 48

«210> SEQ ID NO 106
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<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223 > OTHER INFORMATION: OL1S (HuVL1A-SAL)

<400> SEQUENCE: 106

tgagcacaca ggtcgacgeca gtctgtgetyg actcagecac ¢ 41

<210> SEQ ID NO 107

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL1S (HuVL1B-SAL)

<400> SEQUENCE: 107

tgagcacaca ggtcgacgca gtctgtgytyg acgcagecoge ¢ 41

<210> SEQ ID NO 108

<21l> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL1S (HuvVL1C-SAL)

<400> SEQUENCE: 108

tgagcacaca ggtcgacgea gtetgtegtyg acgcagecege ¢ 41

<210> SEQ ID NO 109

<211l> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL2S (HuVL2B-SAL)

<400> SEQUENCE: 109

tgagcacaca ggtcgacgeca gtctgecctyg actcagece 38

<210> SEQ ID NO 110

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL3S (HuVL3A-SAL)

<400> SEQUENCE: 110

tgagcacaca ggtcgacgtc ctatgwgctg actcagecac ¢ 41

<210> SEQ ID NO 111

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL4S (HuVL3B-SAL)

<400> SEQUENCE: 111

tgagcacaca ggtcgacgtc ttctgagetg actcaggace ¢ 41

<210> SEQ ID NO 112

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL5S (HuVL4B-SAL)

«<400> SEQUENCE: 112
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-continued

110

tgagcacaca ggtcgacgeca gceytgtgetyg actcaatc

<210> SEQ ID NO 113

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL6S (HuVL5-SAL)

<400> SEQUENCE: 113

tgagcacaca ggtcgacgca ggctgtgetyg actcageegt ¢

<210> SEQ ID NO 114

<21l> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL7S (HuVLé6-SAL)

<400> SEQUENCE: 114

tgagcacaca ggtcgacgaa ttttatgctg actcagecce a

<210> SEQ ID NO 115

<21l> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL8S (HuVL7/8-SAL)

<400> SEQUENCE: 115

tgagcacaca ggtcgacgca gretgtggtyg acycaggage ¢

<210> SEQ ID NO 116

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL9S (HuVL9-SAL)

<400> SEQUENCE: 116

tgagcacaca ggtcgacgcew gecctgtgetg actcagecme ¢

<210> SEQ ID NO 117

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OL9S (HuVL10-SAL)

<400> SEQUENCE: 117

tgagcacaca ggtcgacgca ggcagggetg actcag

<210> SEQ ID NO 118

<21l> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJL1 (HuJL1-NOT)

<400> SEQUENCE: 118
gagtcattet cgacttgcegg ccgcacctag gacggtgace ttggtecce
<210> SEQ ID NO 119

«<211> LENGTH: 48
«212> TYPE: DNA

38

41

41

41

41

36

48
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<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: OJL2 (HuJL2/3-NOT)

<400> SEQUENCE: 119

gagtcattet cgacttgegyg ccgcacctag gacggtcage ttggtceec 48

<210> SEQ ID NO 120

<21l> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJL3 (HuJL7-NOT)

<400> SEQUENCE: 120

gagtcattct cgacttgegyg ccgcaccgag gacggtcage tgggtgec 48

<210> SEQ ID NO 121

<21l> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: COH1S (HuvVH1B-SFI)

<400> SEQUENCE: 121

gtectogeaa ctygcggecca gecggecatyg geccagrtge agetggtygea rtetgy 56

<210> SEQ ID NO 122

<21l> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: COH1lS (HuvH1C-SFI)

<400> SEQUENCE: 122

gtectegeaa ctgcggecca gecggecatg gecsaggtee agetggtrea gtetgy 56

<210> SEQ ID NO 123

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH2S (HuVH2B-SFI)

<400> SEQUENCE: 123

gtcctegecaa ctgecggecca gcecggecatg geoccagrteca ccttgaagga gtcetgg 56

<210> SEQ ID NO 124

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH3S (HuVH3A-SFI)

<400> SEQUENCE: 124

gtcctogeaa ctygcggecca gecggecatg gecgaggtge agetggtgga g 51

«210> SEQ ID NO 125

«211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH4S (HuvVH3C-SFI)

<400> SEQUENCE: 125

gtecteogeaa ctgeggecca gecggecatg gecgaggtge agetggtgga gweygyg 56
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<210> SEQ ID NO 126

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223 > OTHER INFORMATION: OH5S (HuVH4B-SFI)

<400> SEQUENCE: 126

gtectogeaa ctygcggecca gecggecatg geccaggtge agetacagea gtgggy 56

<210> SEQ ID NO 127

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH6S (HuvVH4C-SFI)

<400> SEQUENCE: 127

gtectogeaa ctygcggecca gecggecatyg geccagstge agetgcagga gtesgy 56

<210> SEQ ID NO 128

<21l> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OH7S (HuvVH6A-SFI)

<400> SEQUENCE: 128

gtectegeaa ctgcggecca gecggecatg geccaggtac agetgcagea gtcagyg 56

<210> SEQ ID NO 129

<211l> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJH1 (HuJH1/2-XHO)

<400> SEQUENCE: 129

gagtcattcet cgactcgaga crgtgaccag ggtgece 36

<210> SEQ ID NO 130

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJH2 (HuJH3-XHO)

<400> SEQUENCE: 130

gagtcattct cgactcgaga cggtgaccat tgtccce 36

<210> SEQ ID NO 131

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: OJH3 (HuJH4/5-XHO)

«<400> SEQUENCE: 131

gagtcattet cgactegaga cggtgaccag ggttee 36

<210> SEQ ID NO 132

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial
«220> FEATURE:
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<223> OTHER INFORMATION: OJH4 (HuJH6-XHO)
<400> SEQUENCE: 132
gagtcattct cgactcgaga cggtgaccgt ggtcce 36

<210> SEQ ID NO 133

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR1

<400> SEQUENCE: 133

Gly Gly Thr Ser Asn Asn Phe Gly
1 5

<210> SEQ ID NO 134

<21l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR2

<400> SEQUENCE: 134

Ile Ser Pro Ile Phe Gly Ser Thr
1 5

<210> SEQ ID NO 135

<21l> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR3

<400> SEQUENCE: 135

Ala Arg His Gly Asn Tyr Tyr Phe Tyr Ser Gly Met Asp Leu
1 5 10

<210> SEQ ID NO 136

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR1

<400> SEQUENCE: 136

Asn Val Gly Ser Asn Ser
1 5

<210> SEQ ID NO 137

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR2

<400> SEQUENCE: 137

Asp Asp Arg
1

<210> SEQ ID NO 138

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

«<220> FEATURE:

«223> OTHER INFORMATION: LC CDR3
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<400> SEQUENCE: 138

Gln Val Trp Asp Ser Ser Ser Asp His Arg Val
1 5 10

<210> SEQ ID NO 139

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR1

<400> SEQUENCE: 139

Gly Gly Thr Ser Asn Asn Tyr Ala
1 5

<210> SEQ ID NO 140

<21l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR2

<400> SEQUENCE: 140

Val Ser Pro Ile Phe Gly Ser Thr
1 5

<210> SEQ ID NO 141

<211l> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR3

<400> SEQUENCE: 141

Ala Arg His Gly Asn Tyr Tyr Tyr Asn Ser Gly Met Asp Val
1 5 10

<210> SEQ ID NO 142

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR1

<400> SEQUENCE: 142

Asp Ser Asn Ile Gly Arg Arg Ser
1 5

<210> SEQ ID NO 143

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR2

<400> SEQUENCE: 143

Ser Asn Asp
1

<210> SEQ ID NO 144

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

«<400> SEQUENCE: 144
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Ala Ala Trp Asp Asp Ser Leu Lys Gly Ala Val
1 5 10

<210> SEQ ID NO 145

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR3

<400> SEQUENCE: 145

Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Leu
1 5 10

<210> SEQ ID NO 146

<21l> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDRL

<400> SEQUENCE: 146

Ser Ser Asp Val Gly Gly Tyr Asn Tyr
1 5

<210> SEQ ID NO 147

<21l> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 147

Cys Ser Tyr Ala Gly Ser Ala Lys Gly Val
1 5 10

<210> SEQ ID NO 148

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR1

<400> SEQUENCE: 148

Asn Ile Gly Ser Lys Thr
1 5

<210> SEQ ID NO 149

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR2

<400> SEQUENCE: 149

Gly Asp Ser
1

«210> SEQ ID NO 150

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 150
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Gln Val Trp Asp Ser Ser Ser Asp His Pro Gly Ala Val
1 5 10

<210> SEQ ID NO 151

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR2

<400> SEQUENCE: 151

Ile Ser Pro Ile Phe Gly Ser Ala
1 5

<210> SEQ ID NO 152

<21l> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: HC CDR3

<400> SEQUENCE: 152

Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Met Asp Val
1 5 10

<210> SEQ ID NO 153

<21l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDRL

<400> SEQUENCE: 153

Ser Ser Asn Ile Gly Ser Asn Thr
1 5

<210> SEQ ID NO 154

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR2

<400> SEQUENCE: 154

Gly Asp Asp
1

<210> SEQ ID NO 155

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 155

Ala Thr Trp Asp Asp Ser Leu Asn Gly His Val
1 5 10

«210> SEQ ID NO 156

«211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDRL

<400> SEQUENCE: 156

Gln Hig Ile Ser Ser Trp
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 157

LENGTH: 3

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: LC CDR2

SEQUENCE: 157

Ser Ala Ser

1

<210>
<21ll>
<212>
<213>
<220>
<223>

<400>

Gln Gln Ala Asn Ser Phe Pro Leu Thr

1

<210>
<21l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 158

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: LC CDR3

SEQUENCE: 158

5

SEQ ID NO 159

LENGTH: 3

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: LC CDR2

SEQUENCE: 159

Val Asp Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 160

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: LC CDR3

SEQUENCE: 160

Gln Val Trp Asp Ser Asn Ser Asp His Pro Gly Ala Val

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 161

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: HC CDR3

SEQUENCE: 161

Ala Arg His Gly Asn Tyr Tyr Tyr Tyr Ser Gly Thr Asp Val

1

<210>
«211>
«212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 162

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: HC CDR3

SEQUENCE: 162

Ala Arg His Gly Thr Tyr Tyr Tyr Tyr Ser Gly Met Asp Val

1

5
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<210> SEQ ID NO 163

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR1

<400> SEQUENCE: 163

Ser Ser Asn Ile Gly Ala Gly Tyr Asp
1 5

<210> SEQ ID NO 164

<21l> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR2

<400> SEQUENCE: 164

Gly Asn Asn
1

<210> SEQ ID NO 165

<21l> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 165

Gln Ser Tyr Asp Gln Asn Leu Ser Glu Gly Val
1 5 10

<210> SEQ ID NO 166

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR1

<400> SEQUENCE: 166

Gln Ser Val Ser Ser Tyr
1 5

<210> SEQ ID NO 167

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR2

<400> SEQUENCE: 167

Gly Ala Ser
1

<210> SEQ ID NO 168

<211> LENGTH: 9

«212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 168

Gln Gln Tyr Gly Ser Ser Pro Phe Ala
1 5
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<210> SEQ ID NO 169

<211> LENGTH: 6

<212» TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR1

<400> SEQUENCE: 169

Asn Ile Gly Ser Lys Ser
1 5

<210> SEQ ID NO 170

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 170

Gln Ser Tyr Asp Ser Gly Leu Ser Ala Ser Pro Tyr Val
1 5 10

<210> SEQ ID NO 171

<21l> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDRL

<400> SEQUENCE: 171

Ser Ala Asn Ile Gly Ala Gly Tyr Asp
1 5

<210> SEQ ID NO 172

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 172

Gln Ser Tyr Asp Ser Ser Leu Ser Gly Ala Leu
1 5 10

<210> SEQ ID NO 173

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: LC CDR3

<400> SEQUENCE: 173

Ala Ala Trp Asp Ala Ser Leu Ser Gly Pro Val
1 5 10

<210> SEQ ID NO 174

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: LC CDR2

<400> SEQUENCE: 174

Asp Val Ser
1
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<210> SEQ ID NO 175

<211> LENGTH: 10515

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223 > OTHER INFORMATION: Vector pIg-C911-HCgammal

<400> SEQUENCE: 175

tcgacggate gggagatcte ccgatcccet atggtgcact ctcagtacaa tctgetctga
tgccgcatag ttaagccagt atctgctcec tgettgtgtyg ttggaggtey ctgagtagty
cgcgagcaaa atttaageta caacaaggca aggcttgacce gacaattgca tgaagaatet
gcttagggtt aggcgttttyg cgctgctteg ctaggtggte aatattggec attagcecata
ttattcattg gttatatagc ataaatcaat attggctatt ggccattgca tacgttgtat
ccatatcata atatgtacat ttatattggce tcatgtccaa cattaccgec atgttgacat
tgattattga ctagttatta atagtaatca attacggggt cattagttca tagcccatat
atggagttcc gegttacata acttacggta aatggceccge ctggetgacce goccaacgac
cececgeccat tgacgtcaat aatgacgtat gtteccatag taacgccaat agggacttte
cattgacgtc aatgggtgga gtatttacgg taaactgccce acttggcagt acatcaagtyg
tatcatatgce caagtacgece ccctattgac gtcaatgacyg gtaaatggece cgectggceat
tatgcccagt acatgacctt atgggacttt cctacttgge agtacatcta cgtattagtce
atcgctatta ccatggtgat geggttttgg cagtacatca atgggcegtgg atageggttt
gactcacggg gatttccaag tetcecaccee attgacgtca atgggagttt gttttggeac
caaaatcaac gggactttcc aaaatgtcgt aacaactccg ccccattgac gcaaatggge
ggtaggcgtyg tacggtggga ggtctatata agcagagete gtttagtgaa ccgtcagate
gcctggagac gccatccacg ctgttttgac ctccatagaa gacaccggga ccgatccage
ctecegeggee gggaacggtg cattggaagce tggectggat atcctgactce tcttaggtag
ccttgcagaa gttggtegtyg aggcactggg caggtaagta tcaaggttac aagacaggtt
taaggagatc aatagaaact gggcttgtcg agacagagaa gactcttgeg tttctgatag
gcacctattyg gtcttactga catccacttt gectttectet ccacaggtgt ccactceccag
ttcaattaca gctecgccacce atgggatgga getgtatcat cctettettg gtactgetge
tggcccagee ggccagtgac cttgaccggt gcaccacttt tgatgatgtt caagctccta
attacactca acatacttca tctatgaggg gggtttacta tcctgatgaa atttttagat
cggacactct ttatttaact caggatttat ttcttccatt ttattctaat gttacagggt
ttcatactat taatcatacg tttggcaacc ctgtcatacc ttttaaggat ggtatttatt
ttgctgccac agagaaatca aatgttgtce gtggttgggt ttttggttet accatgaaca
acaagtcaca gtcggtgatt attattaaca attctactaa tgttgttata cgagcatgta
actttgaatt gtgtgacaac cctttetttg ctgtttctaa acccatgggt acacagacac
atactatgat attcgataat gcatttaatt gcactttcga gtacatatct gatgectttt
cgettgatgt ttcagaaaag tcaggtaatt ttaaacactt acgagagttt gtgtttaaaa
ataaagatgg gtttetetat gtttataagg getatcaace tatagatgta gttegtgate
taccttetgg ttttaacact ttgaaaccta tttttaagtt gectettggt attaacatta

caaattttag agccattctt acagcctttt cacctgctca agacatttgg ggcacgtcag

ctgcagccta ttttgttgge tatttaaagce caactacatt tatgetcaag tatgatgaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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atggtacaat cacagatgct gttgattgtt ctcaaaatcc acttgctgaa ctcaaatgct 2160
ctgttaagag ctttgagatt gacaaaggaa tttaccagac ctctaatttc agggttgtte 2220
cctcaggaga tgttgtgaga ttcectaata ttacaaactt gtgtectttt ggagaggttt 2280
ttaatgctac taaattccct tcectgtctatg catgggagag aaaaaaaatt tctaattgty 2340
ttgctgatta ctctgtgctc tacaactcaa cattttttte aacctttaag tgctatggcy 2400
tttctgccac taagttgaat gatctttgcet tcetcecaatgt ctatgcagat tettttgtag 2460
tcaagggaga tgatgtaaga caaatagcgc caggacaaac tggtgttatt gctgattata 2520
attataaatt gccagatgat ttcatgggtt gtgtccttge ttggaatact aggaacattyg 2580
atgctactte aactggtaat tataattata aatataggta tcttagacat ggcaagctta 2640
ggccctttga gagagacata tctaatgtge ctttcetecce tgatggcaaa ccttgcaccce 2700
cacctygctcet taattgttat tggccattaa atgattatgg tttttacacc actactggca 2760
ttggctacca accttacaga gttgtagtac tttcettttga acttttaaat gcaccggceca 2820
cggtttgtgyg accaaaatta tccactgacce ttattaagaa ccagtgtgtc aattttaatt 2880
ttaatggact cactggtact ggtgtgttaa ctcecttcette aaagagattt caaccattte 2940
aacaatttgg ccgtgatgtt tctgatttca ctgattccogt tcgagatcect aaaacatctyg 3000
aaatattaga catttcacct tgctettttyg ggggtgtaag tgtaattaca cctggaacaa 3060
atgcttcate tgaagttgcet gttctatatce aagatgttaa ctgcactgat gtttctacag 3120
caattcatgce agatcaactc acaccagcett ggcegcatata ttcetactgga aacaatgtat 3180
tccagactca ggcaggcetgt cttataggag ctgagcatgt cgacacttcet tatgagtgceg 3240
acattcctat tggagctgge atttgtgcta gttaccatac agtttcettta ttacgtagta 3300
ctagccaaaa atctattgtg gcttatacta tgtctttagg tgctgatagt tcaattgctt 3360
actctaataa caccattgct atacctacta acttttcaat tagcattact acagaagtaa 3420
tgcctgttte tatggctaaa acctccgtag attgtaatat gtacatctgc ggagattcta 3480
ctgaatgtgc taatttgctt ctccaatatg gtagcttttg cacacaacta aatcgtgcac 3540
tctcaggtat tgctgctgaa caggatcgca acacacgtga agtgttcgct caagtcaaac 3600
aaatgtacaa aaccccaact ttgaaatatt ttggtggttt taatttttca caaatattac 3660
ctgaccctet aaagccaact aagaggtctt ttattgagga cttgctcttt aataaggtga 3720
cactcgctga tgctggcttce atgaagcaat atggcgaatg cctaggtgat attaatgcta 3780
gagatctcat ttgtgcgcag aagttcaatg gacttacagt gttgccacct ctgctcactg 3840
atgatatgat tgctgcctac actgctgctc tagttagtgg tactgccact gctggatgga 3900
catttggtgce tggcgctget cttcaaatac cttttgctat gcaaatggca tataggttca 3960
atggcattgg agttacccaa aatgttctct atgagaacca aaaacaaatc gccaaccaat 4020
ttaacaaggc gattagtcaa attcaagaat cacttacaac aacatcaact gcattgggca 4080
agctgcaaga cgttgttaac cagaatgctc aagcattaaa cacacttgtt aaacaactta 4140
gctctaattt tggtgcaatt tcaagtgtgc taaatgatat cctttcgcga cttgataaag 4200
tcgaggcgga ggtacaaatt gacaggttaa ttacaggcag acttcaaagce cttcaaacct 4260
atgtaacaca acaactaatc agggctgctg aaatcagggc ttctgctaat cttgctgcta 4320
ctaaaatgtc tgagtgtgtt cttggacaat caaaaagagt tgacttttgt ggaaagggcet 4380
accaccttat gtcctteccca caagcagccce cgcatggtgt tgtcttecta catgtcacgt 4440

atgtgccate ccaggagagg aacttcacca cagcgccagce aatttgtcat gaaggcaaag 4500
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catacttcce tcgtgaaggt gtttttgtgt ttaatggcac ttcettggttt attacacaga 4560
ggaacttctt ttctccacaa ataattacta cagacaatac atttgtctca ggaaattgtg 4620
atgtcgttat tggcatcatt aacaacacag tttatgatcc tctgcaacct gagcettgact 4680
cattcaaaga agagctggac aagtacttca aaaatcatac atcaccagat gttgattttyg 4740
gcgacatttc aggcattaac gcttctgteg tcaacattca aaaagaaatt gaccgectca 4800
atgaggtcgce taaaaattta aatgaatcac tcattgacct tcaagaactg ggaaaatatyg 4860
agcaatatat taaatggcct ctcgacgaac aaaaactcat ctcagaagag gatctgaatyg 4920
ctgtgggcca ggacacgcag gaggtcatcg tggtgccaca ctcecttgece tttaaggtgyg 4980
tggtgatcte agecatectyg geocctggtgyg tgctcaccat catcteectt atcatcectca 5040
tcatgctttyg gcagaagaag ccacgttagg cggccgeteyg agtgctagea ccaagggcecc 5100
cagcgtgtte ccectggece ccagcagcaa gagcaccage ggcggcacag ccgecctggg 5160
ctgcctgygtyg aaggactact tceccecgagee cgtgaccgtyg agetyggaaca goeggegectt 5220
gaccagcgge gtgcacacct tcccegecgt getgcagage ageggectgt acagectgag 5280
cagcgtggtyg accgtgccca gcagcagect gggcacccag acctacatct gcaacgtgaa 5340
ccacaagcce agcaacacca aggtggacaa acgcgtggag cccaagaget gcgacaagac 5400
ccacacctge ceeeectgee ctgocccecga getgetggge ggaccectecg tgttectgtt 5460
cececceccaag cccaaggaca ccctcatgat cagecggace cccgaggtga cctgegtggt 5520
ggtggacgtg agccacgagg accccgaggt gaagttcaac tggtacgtgg acggegtgga 5580
ggtgcacaac gccaagacca agccccggga ggagcagtac aacagcacct accegggtggt 5640
gagcgtgete accgtgcetge accaggactg getgaacgge aaggagtaca agtgcaaggt 5700
gagcaacaag gccctgectg cccccatcga gaagaccatce agcaaggcca agggecagcec 5760
cegggageee caggtgtaca cccetgcccee cagecgggag gagatgacca agaaccaggt 5820
gtccctcace tgtctggtga agggcttcta ccccagegac atcgecgtgg agtgggagag 5880
caacggccag cccgagaaca actacaagac caccccccct gtgetggaca gcgacggcag 5940
cttcttectg tacagcaagce tcaccgtgga caagagccgg tggcagcagg gcaacgtgtt 6000
cagctgcage gtgatgcacg aggccctgca caaccactac acccagaaga gcctgagect 6060
gagcccegge aagtgataat ctagagggcc cgtttaaacc cgectgatcag cctegactgt 6120
gccttctagt tgccagecat ctgttgtttg ccecctccecee gtgectteet tgaccctgga 6180
aggtgccact cccactgtec tttcecctaata aaatgaggaa attgcatcge attgtctgag 6240
taggtgtcat tctattctgg ggggtggggt ggggcaggac agcaaggggg aggattggga 6300
agacaatagc aggcatgctg gggatgcggt gggctctatg gcttectgagg cggaaagaac 6360
cagctgggge tctagggggt atccccacge gecctgtage ggcgcattaa gcgeggeggyg 6420
tgtggtggtt acgcgcageg tgaccgctac acttgcecage gecectagege ccgcetecttt 6480
cgctttette ccttecttte tecgecacgtt cgccggettt ccccgtcaag ctctaaatcy 6540
ggggctcececet ttagggttee gatttagtge tttacggcac ctcecgacccca aaaaacttga 6600
ttagggtgat ggttcacgta gtgggcecate gecctgatag acggttttte geectttgac 6660
gttggagtcc acgttcttta atagtggact cttgttccaa actggaacaa cactcaaccc 6720
tatctcggte tattcttttg atttataagg gattttgccg atttecggcect attggttaaa 6780

aaatgagctg atttaacaaa aatttaacgc gaattaattc tgtggaatgt gtgtcagtta 6840
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gggtgtggaa agtccccagg ctccccagca ggcagaagta tgcaaagcat gcatctcaat 6900
tagtcagcaa ccaggtgtgg aaagtcccca ggctccccag caggcagaag tatgcaaagc 6960
atgcatctca attagtcagc aaccatagtc ccgcccctaa ctecgceccat cecgecccta 7020
actcecgecca gtteecgecca ttetecgece catggctgac taattttttt tatttatgca 7080
gaggccgagyg ccgcctetge ctcetgagceta ttcecagaagt agtgaggagg cttttttgga 7140
ggcctagget tttgcaaaaa gceteocggga goettgtatat ccattttegg atctgatcaa 7200
gagacaggat gaggatcgtt tcgcatgatt gaacaagatyg gattgcacgc aggttcectecg 7260
gcegettggy tggagaggcet attcggetat gactgggcac aacagacaat cggctgetet 7320
gatgccgecy tgttecgget gtcagegcag gggcogecegy ttetttttgt caagaccgac 7380
ctgtcocggtyg coctgaatga actgecaggac gaggcagoge ggctatcegtg getggcecacy 7440
acgggcgtte cttgegcage tgtgetcgac gttgtcactg aagcgggaag ggactggcety 7500
ctattgggcg aagtgceggg gcaggatcte ctgtcatcte accttgetee tgccgagaaa 7560
gtatccatca tggctgatge aatgceggcegyg ctgcatacge ttgatcceggce tacctgececa 7620
ttcgaccace aagcgaaaca tcgcatcgag cgagcacgta cteggatgga agecggtcett 7680
gtcgatcagyg atgatctgga cgaagagcat caggggctceyg cgecagecga actgttegece 7740
aggctcaagg cgcgcatgece cgacggcegag gatctcgteg tgacccatgg cgatgectge 7800
ttgccgaata tcatggtgga aaatggcecge ttttetggat tcatcgactg tggocggcetyg 7860
ggtgtggcgyg accgctatca ggacatageg ttggctacce gtgatattge tgaagagcett 7920
ggcggcgaat gggctgaccg cttectegtg ctttacggta tcegecgetece cgattcgcag 7980
cgcatcgect tetatcgect tettgacgag ttettetgag cgggactetg gggttegaaa 8040
tgaccgacca agcgacgccc aacctgccat cacgagattt cgattccacc gccgecttcet 8100
atgaaaggtt gggcttcgga atcgttttcec gggacgccegg ctggatgatc ctccagegeg 8160
gggatctcat gctggagttc ttcgcccacc ccaacttgtt tattgcaget tataatggtt 8220
acaaataaag caatagcatc acaaatttca caaataaagc atttttttca ctgcattcta 8280
gttgtggttt gtccaaactc atcaatgtat cttatcatgt ctgtataccg tcgacctcta 8340
gctagagctt ggcgtaatca tggtcatage tgtttcctgt gtgaaattgt tatccgctca 8400
caattccaca caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag 8460
tgagctaact cacattaatt gcgttgcgct cactgcccge tttccagtcg ggaaacctgt 8520
cgtgccaget gcattaatga atcggccaac gcgeggggag aggcggtttg cgtattggge 8580
gctectteege ttectcegete actgactege tgegeteggt cgtteggetg cggegagegg 8640
tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 8700
agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc gcgttgetgg 8760
cgttttteca taggctccge cccectgacg agcatcacaa aaatcgacgc tcaagtcaga 8820
ggtggcgaaa cccgacagga ctataaagat accaggcgtt tcecccectgga ageteecteg 8880
tgcgectcetee tgttecgace ctgccgectta ccggatacct gtccgecttt cteoeccttegyg 8940
gaagcgtgge gcetttcetcat agetcacget gtaggtatct cagtteggtg taggtegtte 9000
gctccaagcet gggctgtgtg cacgaaccecce cegttcagece cgaccgctge gecttatcecg 9060
gtaactatcyg tcttgagtee aaccceggtaa gacacgactt atcgcecactg gcagcagceca 9120
ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 9180

ggcctaacta cggctacact agaagaacag tatttggtat ctgecgetcetg ctgaagecag 9240
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ttaccttegyg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagceyg 9300
gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 9360
tgatctttte tacggggtcet gacgctcagt ggaacgaaaa ctcacgttaa gggattttgyg 9420
tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 9480
aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtyg 9540
aggcacctat ctcagcgatc tgtctattte gttcatccat agttgcctga cteeccegteyg 9600
tgtagataac tacgatacgg gagggcttac catctggcce cagtygctgca atgataccge 9660
gagacccacg ctcaccggct ccagatttat cagcaataaa ccagccagcc ggaagggccyg 9720
agcgcagaag tggtectgca actttatccg cctecatcca gtcetattaat tgttgecggy 9780
aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgec attgetacag 9840
gcatcgtggt gtcacgeteg tcegtttggta tggecttcatt cageteeggt tceccaacgat 9900
caaggcgagt tacatgatcc cccatgttgt gcaaaaaage ggttagetece tteggtecte 9960
cgatcgttgt cagaagtaag ttggecgcag tgttatcact catggttatg gcagcactge 10020
ataattctct tactgtcatg ccatccgtaa gatgetttte tgtgactggt gagtactcaa 10080
ccaagtcatt ctgagaatag tgtatgcggce gaccgagttg ctettgeccg gegtcaatac 10140
gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttcett 10200
cggggcgaaa actctcaagg atcttaccgce tgttgagatc cagttcgatg taacccactce 10260
gtgcacccaa ctgatctteca gcatctttta ctttcaccag cgtttectggg tgagcaaaaa 10320
caggaaggca aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca 10380
tactcttect ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat 10440
acatatttga atgtatttag aaaaataaac aaataggggt tccgcgcaca tttccccgaa 10500
aagtgccacc tgacg 10515
<210> SEQ ID NO 176

<211> LENGTH: 8777

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Vector pIg-C909-Ckappa

<400> SEQUENCE: 176

tcgacggate gggagatctc ccgatccect atggtgcact ctcagtacaa tctgetcectga 60
tgccgecatag ttaagccagt atctgctecce tgettgtgtg ttggaggteg ctgagtagtyg 120
cgcgagcaaa atttaagcta caacaaggca aggcttgacce gacaattgtt aattaacatg 180

aagaatctge ttagggttag gcgttttgceg ctgctteget aggtggtcaa tattggecat 240

tagccatatt attcattggt tatatagcat aaatcaatat tggctattgg ccattgcata 300
cgttgtatec atatcataat atgtacattt atattggcte atgtcecaaca ttaccgecat 360
gttgacattyg attattgact agttattaat agtaatcaat tacggggtca ttagttcata 420
gcccatatat ggagttccge gttacataac ttacggtaaa tggcceegect ggctgacege 480
ccaacgaccee cegeccattyg acgtcaataa tgacgtatgt tcecatagta acgecaatag 540

ggactttcca ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac 600

atcaagtgta tcatatgcca agtacgccce ctattgacgt caatgacggt aaatggcccyg 660

cctggocatta tgeccagtac atgaccttat gggactttce tacttggcag tacatctacyg 720
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tattagtcat cgctattacc atggtgatgc ggttttggca gtacatcaat gggcgtggat 780
agcggtttga ctcacgggga tttccaagtc tccaccccat tgacgtcaat gggagtttgt 840
tttggcacca aaatcaacgg gactttccaa aatgtcgtaa caactccgcc ccattgacgce 900
aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc 960
gtcagatcge ctggagacgc catccacgct gttttgacct ccatagaaga caccgggacce 1020
gatccagect ccgeggecygyg gaacggtgca ttggaatcga tgactcetcett aggtagectt 1080
gcagaagttyg gtcgtgaggce actgggcagg taagtatcaa ggttacaaga caggtttaag 1140
gagatcaata gaaactggygc ttgtcgagac agagaagact cttgcgtttc tgataggcac 1200
ctattggtct tactgacatc cactttgect ttotctecac aggtgtcecac teccagttca 1260
attacagcete gccaccatge ggctgeccge ccagetgotyg ggecttetea tgetgtgggt 1320
gcecgectey agatctateg atgcatgceca tggtaccaay cttgcecacca tgagcagcayg 1380
ctettggetyg ctgctgagee tggtggeegt gacagecgece cagagcacca tcgaggagcea 1440
ggccaagace ttcectggaca agttcaacca cgaggccgag gacctgttet accagagcag 1500
cctggocage tggaactaca acaccaacat caccgaggag aacgtgcaga acatgaacaa 1560
cgcecggcgac aagtggageg ccttoctgaa ggagcagage acactggecc agatgtacce 1620
cctgcaggag atccagaacc tgaccgtgaa gcetgcagetg caggecctge agcagaacgg 1680
cagcagcgtg ctgagcgagg acaagagcaa gcggctgaac accatcctga acaccatgte 1740
caccatctac agcaccggca aagtgtgcaa ccccgacaac ccccaggagt goctgetget 1800
ggagcccegge ctgaacgaga tcatggccaa cagcctggac tacaacgagc ggctgtggge 1860
ctgggagage tggcggageg aagtgggcaa gcagcetgcogg cccctgtacg aggagtacgt 1920
ggtgctgaag aacgagatgg ccagggccaa ccactacgag gactacggeg actactggag 1980
aggcgactac gaagtgaacg gcgtggacgg ctacgactac agcagaggcc agctgatcga 2040
ggacgtggag cacaccttcg aggagatcaa gcctctgtac gagcacctgc acgcctacgt 2100
gegggecaag ctgatgaacyg cctaccccag ctacatcage cccatcegget gectgecege 2160
ccacctgetg ggecgacatgt ggggccggtt ctggaccaac ctgtacagcc tgaccgtgece 2220
ctteggccag aagceccaaca tcgacgtgac cgacgccatyg gtggaccagg cctgggacge 2280
ccagcggatc ttcaaggagg ccgagaagtt cttcegtgage gtgggectge ccaacatgac 2340
ccagggcttt tgggagaaca gcatgctgac cgaccccgge aatgtgcaga aggccgtgtg 2400
ccaccccace gectgggace tgggcaaggg cgacttecgg atcctgatgt gcaccaaagt 2460
gaccatggac gacttcctga ccgcccacca cgagatggge cacatccagt acgacatgge 2520
ctacgcegcee cagceecttece tgctgeggaa cggecgccaac gagggcttte acgaggecegt 2580
gggcgagatce atgagcctga gcgocgecac ccccaagcac ctgaagagca tceggectget 2640
gagcccecgac tteccaggagg acaacgagac cgagatcaac ttectgetga agcaggcect 2700
gaccatcgtyg ggcaccctyge ccttcaccta catgctggayg aagtggceggt ggatggtgtt 2760
taagggcgag atccccaagg accagtggat gaagaagtgg tgggagatga agcgggagat — 2820
cgtgggegty gtggageceg tgecccacga cgagacctac tgcgaccccg ccageetgtt 2880
ccacgtgagc aacgactact ccttcatccg gtactacacce cggaccctgt accagttcca 2940
gttccaggag gccctgtgce aggccgecaa gcacgaggge cocctgcaca agtgcgacat 3000
cagcaacagc accgaggccg gacagaaact gttcaacatg ctgcggectgg gcaagagcga — 3060
gcectggace ctggecctgg agaatgtggt gggegccaay aacatgaatg tgcgeccect 3120
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gctgaactac ttcgagcccece tgttcacctg gctgaaggac cagaacaaga acagcettegt 3180
gggctggage accgactgga gcccctacgc cgaccagagce atcaaagtgc ggatcagect 3240
gaagagcgcce ctgggcgaca aggcctacga gtggaacgac aacgagatgt acctgttccg 3300
gagcagcgty gcctatgcca tgcggcagta cttcctgaaa gtgaagaacc agatgatcect 3360
gttcggcgay gaggacgtga gagtggccaa cctgaagcce cggatcagcet tcaacttcett 3420
cgtgaccgece cccaagaacg tgagcgacat catccccecgg accgaagtgg agaaggccat 3480
ccggatgage cggagccgga tcaacgacgc cttcocggctg aacgacaact ccctggagtt 3540
cctgggcate cageccacce tgggecctece caaccagccce cccgtgagea tctggctgat 3600
cgtgtttgge gtggtgatgg gegtgatcegt ggtgggaatce gtgatcctga tettecaccgy 3660
catccgggac cggaagaaga agaacaaggc ccggagcgge gagaacccct acgccagcat 3720
cgatatcagc aagggcgaga acaaccccgg cttccagaac accgacgacg tgcagaccag 3780
cttctgataa tctagaacga gctegaatte gaagettotg cagacgegte gacgtcatat 3840
ggatccgata tcegeegtgge ggecgeacee agegtgttcea tetteccecee ctecgacgag 3900
cagctgaaga gcggcaccgce cagcgtggtg tgcctgctga acaacttcta cccccgggag 3960
gccaaggtge agtggaaggt ggacaacgcce ctgcagagcg gcaacagcca ggagagegtg 4020
accgagcagg acagcaagga ctccacctac agcctgagca gcaccctcac cctgagcaag 4080
gecgactacg agaagcacaa ggtgtacgec tgcgaggtga cccaccaggyg cctgagcage 4140
ccegtgacca agagettcaa ccggggegag tgttaataga cttaagttta aaccgcetgat 4200
cagcctcgac tgtgecttet agttgccage catctgttgt ttgcccctcce cccgtgectt 4260
ccttgaccct ggaaggtgec actcccactg tcectttecta ataaaatgag gaaattgcat 4320
cgcattgtect gagtaggtgt cattctattc tggggggtgg ggtggggcag gacagcaagg 4380

gggaggattg ggaagacaat agcaggcatg ctggggatgc ggtgggctct atggcttctg 4440

aggcggaaag aaccagctgg ggctectaggg ggtatceccca cgcgecetgt ageggegceat 4500
taagcgcgge gggtgtggtg gttacgcgca gcgtgaccge tacacttgcc agcgccectag 4560
cgccegetee tttegettte ttceecttect ttctegecac gttegecgge ttteccegte 4620
aagctctaaa tcgggggctce cctttagggt tccgatttag tgctttacgg cacctcegacce 4680
ccaaaaaact tgattagggt gatggttcac gtagtgggcc atcgccctga tagacggttt 4740
ttegeccttt gacgttggag tccacgttet ttaatagtgg actcttgttc caaactggaa 4800
caacactcaa ccctatcteg gtctattctt ttgatttata agggattttg gccatttcgg 4860
cctattggtt aaaaaatgag ctgatttaac aaaaatttaa cgcgaattaa ttctgtggaa 4920
tgtgtgtcag ttagggtgtg gaaagtcccc aggctcccca gcaggcagaa gtatgcaaag 4980
catgcatctc aattagtcag caaccaggtg tggaaagtcc ccaggctccc cagcaggcag 5040
aagtatgcaa agcatgcatc tcaattagtc agcaaccata gtcecegeceee taactcecgec 5100
catceccgece ctaacteccge ccagttceccge ccattctceg ccccatgget gactaatttt 5160
ttttatttat gcagaggccg aggccgecte tgcctctgag ctattccaga agtagtgagg 5220
aggetttttt ggaggectag gettttgcaa aaagetcceeg ggagettgta tatccatttt 5280
cggatctgat cagcacgtga tgaaaaagcc tgaactcacc gcgacgtctg tcgagaagtt 5340
tctgatcgaa aagttcgaca gcgtctceccga cctgatgcag cteteggagg gcgaagaatc 5400

tcgtgettte agettcgatyg taggagggcyg tggatatgte ctgcgggtaa atagetgegce 5460
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cgatggtttc tacaaagatc gttatgttta tcggcacttt gcatcggcecg cgctcceccgat 5520
tccggaagtyg cttgacattyg gggaattcag cgagagcectyg acctattgca tcetecegecy 5580
tgcacagggt gtcacgttygc aagacctgcce tgaaaccgaa ctgcccgcetg ttetgcagec 5640
ggtcgeggayg gccatggatg cgatcgetge ggccgatctt agecagacga gogggttegg 5700
cccattcecgga ccacaaggaa tcggtcaata cactacatgg cgtgatttca tatgegegat 5760
tgctgatcce catgtgtatce actggcaaac tgtgatggac gacaccgtca gtgcgtecegt 5820
cgcgcaggct ctcegatgage tgatgctttyg ggccgaggac tgccccgaag tecggcacct 5880
cgtgcacgcyg gatttcgget ccaacaatgt cctgacggac aatggcecgea taacageggt 5940
cattgactgyg agcgaggcga tgttegggga ttoeccaatac gaggtcegeca acatcttcett 6000
ctggaggccyg tggttggett gtatggagca gcagacgcge tacttcgage ggaggcatcece 6060
ggagcttgca ggatcegecge ggetecggge gtatatgete cgcattggtce ttgaccaact 6120
ctatcagage ttggttgacg gcaatttcga tgatgcaget tgggegcagg gtcegatgcega 6180
cgcaatcgte cgatccggag ccgggactgt cgggcgtaca caaatcgccce gcagaagcge — 6240
ggccgtetgy accgatggcet gtgtagaagt actcgecgat agtggaaacc gacgecccag 6300
cactecgtecg agggcaaagg aatagcacgt gectacgagat ttegattceca ccgecgectt 6360
ctatgaaagg ttgggcttceg gaatcgtttt ccgggacgcee ggctyggatga tectecagey 6420
cggggatcte atgctggagt tcettegecca coccaacttg tttattgcag cttataatgg 6480
ttacaaataa agcaatagca tcacaaattt cacaaataaa gcattttttt cactgcattce 6540
tagttgtggt ttgtccaaac tcatcaatgt atcttatcat gtctgtatac cgtcgacctce 6600
tagctagage ttggcegtaat catggtcata getgtttoct gtgtgaaatt gttatccget 6660
cacaattcca cacaacatac gagccggaag cataaagtgt aaagcctggg gtgcctaatg 6720
agtgagctaa ctcacattaa ttgcgttgcg ctcactgcce gecttteccagt cgggaaacct 6780
gtcgtgecag ctgcattaat gaatcggcca acgcgcgggg agaggcggtt tgcgtattgg 6840
gcgetettee gettectege tcactgacte getgegeteg gtegttegge tgcggcgage 6900
ggtatcagct cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagg 6960
aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgegttget 7020
ggcgttttte cataggctcc geccccectga cgagcatcac aaaaatcgac gctcaagtca 7080
gaggtggcga aacccgacag gactataaag ataccaggcg tttccccctg gaagetccect 7140
cgtgcgcetet cctgttccga ccctgecget taccggatac ctgtecgect ttctcectte 7200
gggaagcgtg gegctttcte atagctcacg ctgtaggtat ctcagttcgg tgtaggtegt 7260
tegeteccaag ctgggetgtg tgcacgaacce cccegttcag cccgaccget gecgecttate 7320
cggtaactat cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagce 7380
cactggtaac aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg 7440
gtggcctaac tacggctaca ctagaagaac agtatttggt atctgcgctc tgctgaagec 7500
agttaccttc ggaaaaagag ttggtagctc ttgatccggce aaacaaacca ccgctggtag 7560
cggttttttt gtttgcaagce agcagattac gcgcagaaaa aaaggatctc aagaagatcce 7620
tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt aagggatttt 7680
ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa aatgaagttt 7740
taaatcaatc taaagtatat atgagtaaac ttggtctgac agttaccaat gcttaatcag 7800

tgaggcacct atctcagecga tctgtcetatt tegttcatcee atagttgecet gactecceecegt 7860
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cgtgtagata actacgatac gggagggctt accatctgge cccagtgctg caatgatacc 7920
gcgagaccca cgctcaccgg ctccagattt atcagcaata aaccagccag ccggaagggc 7980
cgagcgcaga agtggtectg caactttatc cgcctccate cagtctatta attgttgcecyg 8040
ggaagctaga gtaagtagtt cgccagttaa tagtttgcge aacgttgttg ccattgctac 8100
aggcatcgtyg gtgtcacget cgtegtttgg tatggcttca ttcagctceecg gtteccaacy 8160
atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa gcggttaget cctteggtec 8220
tccgatcgtt gtcagaagta agttggecge agtgttatca ctcatggtta tggcageact 8280
gcataattct cttactgtca tgccatccgt aagatgcttt tctgtgactg gtgagtactce 8340
aaccaagtca ttctgagaat agtgtatgceg gegaccgagt tgctettgee cggegtcaat 8400
acgggataat accgegecac atagcagaac tttaaaagtyg ctcatcattg gaaaacgttce 8460
ttcggggcga aaactctcaa ggatcttace getgttgaga tccagttcega tgtaacccac 8520
tcgtgcacce aactgatctt cagcatcttt tactttcacce agegtttetg ggtgagcaaa 8580
aacaggaagg caaaatgccg caaaaaaggg aataagggceg acacggaaat gttgaatact 8640
catactctte ctttttcaat attattgaag catttatcag ggttattgtce tcatgagegyg 8700
atacatattt gaatgtattt agaaaaataa acaaataggg gttccgegea cattteccecyg 8760
aaaagtgcca cctgacyg 8777
<210> SEQ ID NO 177

<211l> LENGTH: 8792

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Vector plg-C910-Clambda

<400> SEQUENCE: 177

tcgacggate gggagatctce ccgatccect atggtgcact ctcagtacaa tctgetcectga 60
tgccgecatag ttaagccagt atctgctecce tgettgtgtg ttggaggteg ctgagtagtyg 120
cgcgagcaaa atttaagcta caacaaggca aggcttgacc gacaattgtt aattaacatg 180

aagaatctge ttagggttag gcgttttgceg ctgctteget aggtggtcaa tattggecat 240

tagccatatt attcattggt tatatagcat aaatcaatat tggctattgg ccattgcata 300
cgttgtatcc atatcataat atgtacattt atattggctc atgtccaaca ttaccgccat 360
gttgacattg attattgact agttattaat agtaatcaat tacggggtca ttagttcata 420
gcccatatat ggagttccge gttacataac ttacggtaaa tggcccgect ggetgaccege 480
ccaacgacce ccgeccattg acgtcaataa tgacgtatgt tcccatagta acgccaatag 540

ggactttcca ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac 600
atcaagtgta tcatatgcca agtacgccce ctattgacgt caatgacggt aaatggcccyg 660
cectggcatta tgeccagtac atgaccttat gggactttece tacttggcag tacatctacyg 720
tattagtcat cgctattacc atggtgatgc ggttttggca gtacatcaat gggcgtggat 780
ageggtttga ctcacgggga tttccaagte tecaccccat tgacgtcaat gggagtttgt 840
tttggcacca aaatcaacgg gactttecaa aatgtegtaa caactcegece ccattgacge 900
aaatgggegyg taggcegtgta cggtgggagg tctatataag cagagctcegt ttagtgaacc 960
gtcagatcge ctggagacgc catccacgct gttttgacct ccatagaaga caccgggacce 1020

gatccagcct ccgecggecgg gaacggtgca ttggaatcga tgactctcett aggtagectt 1080
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gcagaagttyg gtcgtgaggc actgggcagg taagtatcaa ggttacaaga caggtttaag 1140
gagatcaata gaaactgggc ttgtcgagac agagaagact cttgcgtttc tgataggcac 1200
ctattggtct tactgacatc cactttgcct ttctctecac aggtgtecac teccagttca 1260
attacagcte gccaccatge ggttetecge tcagetgetyg ggcecttetygg tgctgtggat 1320
tececcggegte tegagatcta tegatgcatyg ccatggtacce aagcttgcca ccatgagcag 1380
cagctettgg ctygctgcetga gectggtgge cgtgacagee goccagagea ccatcgagga 1440
gcaggccaag accttccetgg acaagttcaa ccacgaggcc gaggacctgt tctaccagag 1500
cagcctggce agetggaact acaacaccaa catcaccgag gagaacgtgc agaacatgaa 1560
caacgccgge gacaagtgga gcgecttoct gaaggagcag agcacactgg cccagatgta 1620
cccecctgeag gagatccaga acctgaccgt gaagcetgcag ctgcaggecc tgcagcagaa 1680
cggcagcage gtgctgageg aggacaagag caagcggcetg aacaccatcc tgaacaccat 1740
gtccaccate tacagcaccg gcaaagtgtg caaccccgac aacccccagg agtgectget 1800
gctggagece ggcctgaacg agatcatgge caacagcctyg gactacaacg ageggctgtg 1860
ggcctgggag agctggegga gogaagtggg caagcagcetyg cggcccctgt acgaggagta 1920
cgtggtgetg aagaacgaga tggccaggge caaccactac gaggactacg gcgactactg 1980
gagaggcgac tacgaagtga acggcgtgga cggctacgac tacagcagag gccagctgat 2040
cgaggacgtg gagcacacct tcgaggagat caagcectctg tacgagcacc tgcacgecta 2100
cgtgegggcee aagctgatga acgectacce cagctacatc agcecccatcg gotgectgee 2160
cgcccacctg ctgggegaca tgtggggcecg gttcectggace aacctgtaca gcctgaccgt 2220
gcecttegge cagaagecca acatcgacgt gaccgacgce atggtggacc aggectggga 2280
cgcccagegg atcttcaagg aggccgagaa gttcttcgtg agegtgggece tgcccaacat 2340
gacccaggge ttttgggaga acagcatgct gaccgaccce ggcaatgtgce agaaggccegt 2400
gtgccacccee accgectggg acctgggcaa gggcgactte cggatcctga tgtgcaccaa 2460
agtgaccatg gacgacttcc tgaccgecca ccacgagatg ggccacatce agtacgacat 2520
ggcctacgee gceccagecct tcectgetgeg gaacggegece aacgagggcet ttcacgagge 2580
cgtgggegag atcatgagec tgagegecge cacccccaag cacctgaaga gcatcggect 2640
gctgagecee gacttcecagg aggacaacga gaccgagatce aacttectgce tgaagcaggce 2700
cctgaccatc gtgggcaccce tgcccttcac ctacatgctg gagaagtgge ggtggatggt 2760
gtttaagggce gagatcccca aggaccagtg gatgaagaayg tggtgggaga tgaagcggga 2820
gatcgtggge gtggtggage ccgtgcccca cgacgagacce tactgecgacce ccgccagect 2880
gttccacgtg agcaacgact actccttcat ccggtactac acccggaccce tgtaccagtt 2940
ccagtteccag gaggecetgt gccaggecge caagcacgag ggccccctge acaagtgcega 3000
catcagcaac agcaccgagg ccggacagaa actgttcaac atgctgegge tgggcaagag 3060
cgagccctgg accctggeec tggagaatgt ggtgggcgce aagaacatga atgtgegcce 3120
cctgectgaac tacttcgage ccctgttcac ctggctgaag gaccagaaca agaacagctt 3180
cgtgggetgg agcaccgact ggagecccta cgeccgaccag agcatcaaag tgeggatcag 3240
cctgaagage gecctgggeg acaaggecta cgagtggaac gacaacgaga tgtacctgtt 3300
ccggageage gtggectatg ccatgceggca gtacttectyg aaagtgaaga accagatgat 3360
cctgttegge gaggaggacyg tgagagtggce caacctgaag ccccggatca gcttcaactt 3420

cttegtgace goccccaaga acgtgagega catcatccee cggaccgaag tggagaagge 3480
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catccggatg agecggagec ggatcaacga cgccttccgg ctgaacgaca actccctgga 3540
gttecetggge atccagccca ccctgggcece tcccaaccag cceccccgtga gcatcectgget 3600
gatcgtgttt ggcgtggtga tgggcgtgat cgtggtggga atcgtgatcc tgatcttcac 3660
cggcatccgg gaccggaaga agaagaacaa ggcccggage ggcgagaacc cctacgccag 3720
catcgatatc agcaagggceg agaacaaccc cggcttccag aacaccgacg acgtgcagac 3780
cagcttctga taatctagaa cgagctcgaa ttcegaagctt ctgcagacgce gtcgacgtca 3840
tatggatccg atatcgecgt ggeggccgea ggccagecca aggccgetcee cagcegtgace 3900
ctgttcececce cctectecga ggagetgcag gecaacaagg ccaccctggt gtgectcatce 3960
agcgacttct accctggege cgtgaccgtg goctggaagg ccgacagcag ccccgtgaag 4020
gccggogtgyg agaccaccac ccccagcaag cagagcaaca acaagtacgc cgccagcage 4080
tacctgagce tcacccccga gcagtggaag agccaccgga gctacagetyg ccaggtgace 4140
cacgagggca gcaccgtgga gaagaccgtg gcoccccaccg agtgcagceta atagacttaa 4200
gtttaaaccyg ctgatcagece tcgactgtge cttectagttyg ccagecatcet gttgtttgece 4260
cctocceegt gectteoctty acccectggaag gtgccactee cactgtectt tectaataaa 4320
atgaggaaat tgcatcgcat tgtctgagta ggtgtcatte tattetgggg ggtggggtgyg 4380
ggcaggacag caagggggag gattgggaag acaatagcag gcatgctggg gatgcggtgg 4440
gctectatgge ttcectgaggcg gaaagaacca gctggggcte tagggggtat ccccacgcegce 4500
cctgtagegyg cgcattaage geggegggtyg tggtggttac gegcagegtg accgetacac 4560
ttgccagege cctagcgcec gctecttteg ctttetteoce ttectttete geccacgtteg 4620
ccggetttece ccegtcaaget ctaaatcggg ggctcecocttt agggttccga tttagtgett 4680
tacggcacct cgaccccaaa aaacttgatt agggtgatgg ttcacgtagt gggccatcgce 4740
cctgatagac ggtttttcge cctttgacgt tggagtccac gttctttaat agtggactct 4800
tgttccaaac tggaacaaca ctcaacccta tcteggtcta ttcttttgat ttataaggga 4860
ttttggccat ttcggcctat tggttaaaaa atgagctgat ttaacaaaaa tttaacgcga 4920
attaattctg tggaatgtgt gtcagttagg gtgtggaaag tccccaggct ccccagcagg 4980
cagaagtatg caaagcatgc atctcaatta gtcagcaacc aggtgtggaa agtccccagg 5040
ctcceccageca ggcagaagta tgcaaagcat gcatctcaat tagtcagcaa ccatagtccce 5100
gccectaact ccgcccatce cgecccctaac tecgeccagt tcegeccatt ctcegeccca 5160
tggctgacta atttttttta tttatgcaga ggccgaggce gcctectgect ctgagctatt 5220
ccagaagtag tgaggaggct tttttggagg cctaggcttt tgcaaaaagc tcccgggagce 5280
ttgtatatcc attttcggat ctgatcagca cgtgatgaaa aagcctgaac tcaccgcgac 5340
gtctgtcgag aagtttctga tcgaaaagtt cgacagcgtce tccgacctga tgcagcetcetce 5400
ggagggcgaa gaatctegtg ctttcagett cgatgtagga gggcgtggat atgtectgeg 5460
ggtaaatagc tgcgccgatg gtttctacaa agatcgttat gtttatcggce actttgecatce 5520
ggccgegete ccgattecgg aagtgettga cattggggaa ttcagcgaga gcectgaccta 5580
ttgcatetee cgecgtgcac agggtgteac gttgecaagac ctgcectgaaa ccgaactgee 5640
cgctgttetg cageceggteg cggaggccat ggatgcgatce gctgeggecg atcttageca 5700
gacgagcggyg ttcecggcccat tcggaccgca aggaatcggt caatacacta catggcgtga 5760

tttcatatgc gcgattgectg atccccatgt gtatcactgg caaactgtga tggacgacac 5820



US 8,961,978 B2
151 152

-continued

cgtcagtgcg tccgtegege aggctctecga tgagectgatg ctttgggccg aggactgcecc 5880
cgaagtcecgg cacctegtygce acgcggattt cggctccaac aatgtcectga cggacaatgg 5940
ccgcataaca geggtcattyg actggagcga ggcgatgtte ggggattcecc aatacgaggt 6000
cgccaacate ttcettetgga ggcegtggtt ggcttgtatg gagcagcaga cgcgetactt 6060
cgagcggagyg catccggagce ttgcaggatc gecgeggcte cgggcegtata tgctecgceat 6120
tggtcttgac caactctatc agagettggt tgacggcaat ttcegatgatg cagettggge 6180
gcagggtcga tgcgacgcaa tcgtccgatc cggagccggyg actgtcgggc gtacacaaat 6240
cgcccegcaga agcegeggecyg tetggaccga tggcectgtgta gaagtacteg ccgatagtgyg 6300
aaaccgacge cccagcacte gteccgagggce aaaggaatag cacgtgetac gagatttcega 6360
ttccaccgee gecttetatyg aaaggttggyg ctteggaatce gtttteeggg acgecggcety 6420
gatgatccte cagcegeggygyg atctcatget ggagttcette goccacccca acttgtttat 6480
tgcagcttat aatggttaca aataaagcaa tagcatcaca aatttcacaa ataaagcatt 6540
tttttcactg cattctagtt gtggtttgtc caaactcatc aatgtatctt atcatgtctyg 6600
tataccgtcg acctectaget agagettgge gtaatcatgg tcatagetgt ttoctgtgty 6660
aaattgttat c¢cgctcacaa ttecacacaa catacgagcee ggaagcataa agtgtaaagce 6720
ctggggtygce taatgagtga gctaactcac attaattgcg ttgcgctcac tgceccgettt 6780
ccagtcggga aacctgtegt gccagcetgea ttaatgaatce ggecaacgeg cggggagagy 6840
cggtttgegt attgggeget cttocgette ctegetcact gactegetge geteggtegt 6900
tcggetgegg cgageggtat cagctcactc aaaggcggta atacggttat ccacagaatce 6960
aggggataac gcaggaaaga acatgtgagce aaaaggccag caaaaggcca ggaaccgtaa 7020
aaaggccgceg ttgctggegt ttttccatag gctccgeccce cctgacgage atcacaaaaa 7080
tcgacgctca agtcagaggt ggcgaaaccce gacaggacta taaagatacc aggcgtttcece 7140
ccctggaage tcectegtge gctetectgt tccgaccctg ccgcttaccg gatacctgte 7200
cgectttete ccttegggaa gcgtggecget ttctcatage tcacgctgta ggtatctcag 7260
tteggtgtag gtegttceget ccaagctggg ctgtgtgcac gaaccccccg ttcageccga 7320
ccgetgegee ttatccggta actatcgtet tgagtccaac ccggtaagac acgacttatce 7380
gccactggca gcagccactg gtaacaggat tagcagagcg aggtatgtag gcggtgctac 7440
agagttcttg aagtggtggc ctaactacgg ctacactaga agaacagtat ttggtatctg 7500
cgctctgetg aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca 7560
aaccaccgct ggtagcggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg 7620
atctcaagaa gatcctttga tcttttctac ggggtctgac gctcagtgga acgaaaactc 7680
acgttaaggg attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa 7740
ttaaaaatga agttttaaat caatctaaag tatatatgag taaacttggt ctgacagtta 7800
ccaatgctta atcagtgagg cacctatcte agcgatctgt ctatttegtt catccatagt 7860
tgcctgacte cccgtegtgt agataactac gatacgggag ggcttaccat ctggeccccag 7920
tgctgcaatg ataccgegag acccacgete accggctcca gatttatcag caataaacca 7980
gccagccgga agggccgagce gcagaagtgg tcectgcaact ttatccgect ccatccagtce 8040
tattaattgt tgccgggaag ctagagtaag tagttcgcca gttaatagtt tgcgcaacgt 8100
tgttgccatt gctacaggca tcgtggtgtc acgctcgtceg tttggtatgg cttcattcag 8160

ctccggttee caacgatcaa ggcgagttac atgatcccce atgttgtgeca aaaaageggt 8220
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tagctccectte ggtectecga tegttgtcag aagtaagttyg gccgcagtgt tatcactcat 8280
ggttatggca gcactgcata attctcttac tgtcatgcca tccgtaagat gettttetgt 8340
gactggtgayg tactcaacca agtcattctg agaatagtgt atgcggcgac cgagttgctce 8400
ttgcccggcey tcaatacggg ataataccge gccacatage agaactttaa aagtgctcat 8460
cattggaaaa cgttcttegg ggcgaaaact ctcaaggatc ttaccgetygt tgagatccag 8520
ttcgatgtaa cccactegtyg cacccaactyg atcttcagca tcttttactt tcaccagegt 8580
ttctgggtga gcaaaaacag gaaggcaaaa tygccgcaaaa aagggaataa gggcgacacyg 8640
gaaatgttga atactcatac tcttcctttt tcaatattat tgaagcattt atcagggtta 8700
ttgtctcatg agceggataca tatttgaatg tatttagaaa aataaacaaa taggggttcec 8760
gcgcacattt ccecgaaaag tgccacctga ¢g 8792
20

The invention claimed is:
1. An antibody or antigen-binding fragment thereof able to
specifically bind to an epitope in the stem region of the
hemagglutinin protein (HA) of influenza A virus subtypes of
phylogenetic group 1 and influenza A virus subtypes of phy-
logenetic group 2 subtypes, and able to neutralize at least one
or more group 1 influenza A virus subtypes selected from the
group consisting of influenza A viruses comprising HA of the
H1,H2, H5, H6, H8, H9 and H11 subtype, and at least one or
more group 2 influenza A virus subtypes selected from the
group consisting of influenza A viruses comprising HA of the
H3, H4, H7, and H10 subtype, wherein the antibody or anti-
gen-binding fragment thereof is also able to specifically bind
hemagglutinin protein (HA) of influenza B virus subtypes,
wherein the antibody or antigen-binding fragment thereof is
selected from the group consisting of:
an antibody or antigen-binding fragment thereof compris-
ing a heavy chain CDRI1 region of SEQ 1D NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a
heavy chain CDR3 region of SEQ ID NO:145, and a
light chain CDR1 region of SEQ ID NO: 146, a light
chain CDR2 region of SEQ ID NO: 174, and a light
chain CDR3 region of SEQ ID NO: 147,

an antibody or antigen-binding fragment thereof compris-
ing a heavy chain CDRI1 region of SEQ 1D NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a
heavy chain CDR3 region of SEQ ID NO:145, and a
light chain CDR1 region of SEQ ID NO: 148, a light
chain CDR2 region of SEQ ID NO: 149, and a light
chain CDR3 region of SEQ ID NO: 150,

an antibody or antigen-binding fragment thereof compris-
ing a heavy chain CDRI1 region of SEQ 1D NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a
heavy chain CDR3 region of SEQ ID NO:145, and a
light chain CDR1 region of SEQ ID NO: 142, a light
chain CDR2 region of SEQ ID NO: 143, and a light
chain CDR3 region of SEQ ID NO: 173,

an antibody or antigen-binding fragment thereof compris-
ing a heavy chain CDRI1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a
heavy chain CDR3 region of SEQ ID NO:152, and a
light chain CDR1 region of SEQ ID NO: 148, a light
chain CDR2 region of SEQ ID NO: 149, and a light
chain CDR3 region of SEQ ID NO: 150,

an antibody or antigen-binding fragment thereof compris-
ing a heavy chain CDRI1 region of SEQ 1D NO:139, a
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heavy chain CDR2 region of SEQ ID NO:134, and a
heavy chain CDR3 region of SEQ ID NO:152, and a
light chain CDR1 region of SEQ ID NO: 156, a light
chain CDR2 region of SEQ ID NO: 157, and a light
chain CDR3 region of SEQ ID NO: 158,

an antibody or antigen-binding fragment thereof compris-
ing a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a
heavy chain CDR3 region of SEQ ID NO:152, and a
light chain CDR1 region of SEQ ID NO: 171, a light
chain CDR2 region of SEQ ID NO: 164, and a light
chain CDR3 region of SEQ ID NO: 172, and

an antibody or antigen-binding fragment thereof compris-

ing a heavy chain CDRI1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a
heavy chain CDR3 region of SEQ ID NO:152, and a
light chain CDR1 region of SEQ ID NO: 142, a light
chain CDR2 region of SEQ ID NO: 143, and a light
chain CDR3 region of SEQ ID NO: 144.

2. A pharmaceutical composition comprising an antibody
or antigen-binding fragment thereof according to claim 1, and
a pharmaceutically acceptable excipient.

3. The antibody or antigen-binding fragment thereof of
claim 1, having no hemagglutination inhibiting activity.

4. The antibody or antigen-binding fragment of claim 1,
which has been recombinantly produced.

5. A method of diagnosing influenza A virus infection in a
subject, the method comprising:

contacting a biological sample from the subject with the

antibody or antigen-binding fragment of claim 1; and
determining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.

6. The method according to claim 5, wherein the biological
sample comprises blood, serum, stool, sputum, nasopharyn-
geal aspirates, bronchial lavages, or urine of the subject.

7. The antibody or antigen-binding fragment thereof of
claim 1, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain CDR1 region of SEQ 1D
NO:139, a heavy chain CDR2 region of SEQ IDNO:134, and
a heavy chain CDR3 region of SEQ ID NO:145, and a light
chain CDR1 region of SEQ ID NO: 146, a light chain CDR2
region of SEQ ID NO: 174, and a light chain CDR3 region of
SEQ ID NO: 147.

8. The antibody or antigen-binding fragment thereof of
claim 1, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain CDR1 region of SEQ 1D
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NO:139, a heavy chain CDR2 region of SEQ IDNO: 134, and
a heavy chain CDR3 region of SEQ ID NO:145, and a light
chain CDR1 region of SEQ ID NO: 148, a light chain CDR2
region of SEQ ID NO: 149, and a light chain CDR3 region of
SEQ ID NO: 150.

9. The antibody or antigen-binding fragment thereof of
claim 1, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain CDR1 region of SEQ 1D
NO:139, aheavy chain CDR2 region of SEQ IDNO:134, and
a heavy chain CDR3 region of SEQ ID NO:145, and a light
chain CDR1 region of SEQ ID NO: 142, a light chain CDR2
region of SEQ ID NO: 143, and a light chain CDR3 region of
SEQ ID NO: 173.

10. The antibody or antigen-binding fragment thereof of
claim 3, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain CDRI region of SEQ ID
NO:139, a heavy chain CDR2 region of SEQ ID NO:34, and
a heavy chain CDR3 region of SEQ ID NO:152, and a light
chain CDR1 region of SEQ ID NO: 148, a light chain CDR2
region of SEQ ID NO:149, and a light chain CDR3 region of
SEQ ID NO:150.

11. The antibody or antigen-binding fragment thereof of
claim 1, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain CDR1 region of SEQ 1D
NO:139, aheavy chain CDR2 region of SEQ ID NO:134, and
a heavy chain CDR3 region of SEQ ID NO:152, and a light
chain CDR1 region of SEQ ID NO: 156, a light chain CDR2
region of SEQ ID NO:157, and a light chain CDR3 region of
SEQ ID NO: 158.

12. The antibody or antigen-binding fragment thereof of
claim 1, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain CDRI region of SEQ 1D
NO:139, aheavy chain CDR2 region of SEQ ID NO:134, and
a heavy chain CDR3 region of SEQ ID NO:152, and a light
chain CDR1 region of SEQ ID NO:171, a light chain CDR2
region of SEQ ID NO:164, and a light chain CDR3 region of
SEQ ID NO:172.

13. The antibody or antigen-binding fragment thereof of
claim 1, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain CDR1 region of SEQ ID
NO:139, aheavy chain CDR2 region of SEQ ID NO:134, and
a heavy chain CDR3 region of SEQ ID NO:152, and a light
chain CDR1 region of SEQ ID NO:142, a light chain CDR2
region of SEQ ID NO:143, and a light chain CDR3 region of
SEQ ID NO:144.
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14. A method of diagnosing influenza A virus infection in
a subject, the method comprising:
contacting a biological sample from the subject with the
antibody or antigen-binding fragment of claim 7; and
determining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.
15. A method of diagnosing influenza A virus infection in
a subject, the method comprising:
contacting a biological sample from the subject with the
antibody or antigen-binding fragment of claim 8; and
determining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.
16. A method of diagnosing influenza A virus infection in
a subject, the method comprising:
contacting a biological sample from the subject with the
antibody or antigen-binding fragment of claim 9; and
determining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.
17. A method of diagnosing influenza A virus infection in
a subject, the method comprising:
contacting a biological sample from the subject with the
antibody or antigen-binding fragment of claim 10; and
deteiinining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.
18. A method of diagnosing influenza A virus infection in
a subject, the method comprising:
contacting a biological sample from the subject with the
antibody or antigen-binding fragment of claim 11; and
determining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.
19. A method of diagnosing influenza A virus infection in
a subject, the method comprising:
contacting a biological sample from the subject with the
antibody or antigen-binding fragment of claim 12; and
determining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.
20. A method of diagnosing influenza A virus infection in
a subject, the method comprising:
contacting a biological sample from the subject with the
antibody or antigen-binding fragment of claim 13; and
determining whether the antibody or antigen-binding frag-
ment specifically binds to a molecule of the sample.
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