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TITLE OF THE INVENTION

Human binding molecules capable of neutralizing influenza virus H5N1 and uses thereof

FIELD OF THE INVENTION

The invention relates to medicine. In particular, the invention relates to the diagnosis,

prophylaxis and/or treatment of an infection by influenza virus H5N1.

BACKGROUND OF THE INVENTION

Influenza viruses consist of three types, A, B and C. Influenza A viruses infect a wide variety

of birds and mammals, including humans, horses, marine mammals, pigs, ferrets, and
chickens. In animals most influenza A viruses cause mild localized infections of the
respiratory and intestinal tract. However, highly pathogenic influenza A strains such as H5N1
exist that cause systemic infections in poultry in which mortality may reach 100%. Animals
infected with influenza A often act as a reservoir for the influenza viruses and certain
subtypcs have been shown to cross the specics barrier to humans.

Influenza A viruses can be classified into subtypes based on allelic variations in
antigenic regions of two genes that encode surface glycoproteins, namely, hemagglutinin
(HA) and neuraminidase (NA) which are required for viral attachment and cellular release.
Other major viral proteins include the nucleoprotein, the nucleocapsid structural protein,
membrane proteins (M1 and M2), polymerases (PA, PB and PB2) and non-structural proteins
(NS1 and NS2).

Currently, sixteen subtypes of HA (H1-H16) and nine NA (N1-N9) antigenic variants
are known in influenza A virus. Previously, only three subtypes have been known to circulate
in humans (HIN1, HIN2, and H3NZ2). However, in recent years, the pathogenic H5N1
subtype of avian influenza A has been reported to cross the species barrier and infect humans
as documented in Hong Kong in 1997 and 2003, leading to the death of several patients.

In humans, the avian influenza virus infects cclls of the respiratory tract as well as the
intestinal tract, liver, spleen, kidneys and other organs, Symptoms of avian influenza infection
include fever, respiratory difficulties including shortness of breath and cough, lymphopenia,
diarrhea and difficulties regulating blood sugar levels. In contrast to seasonal influenza the

group most at risk are healthy adults which make up the bulk of the population.Due to the
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high pathogenicity of certain avian influenza A subtypes, particularly H5N1, and their
demonstrated ability to cross over to infect humans, there is a significant economic and public
health risk associated with these viral strains, including a real epidemic and pandemic threat.
The scale of the threat is illustrated by the 1918 influenza pandemic which killed over 50
million people.

Currently, no effective vaccines for H5N1 infection are available, so passive
immunotherapy with immunoglobulins may be an alternative strategy. Use of passive
immunization during the 1918 pandemic reportedly halved the death rate. In view of their
therapeutic benefit in humans, there is thus a need for binding molecules, preferably human
binding molecules, capable of neutralizing H5N1. The present invention provides these
binding molecules and shows that they can be used in medicine, in particular for diagnosis,

prevention and/or treatment of HSN1 infections.

DESCRIPTION OF THE FIGURES

In Fig 1 immunoblot analysis of different hemagglutining (HAS) using antibodies CR6307
(left part), CR6323 (middle part) and CR5111 (right part) is presented. Recombinant HAs
were subjected to reducing SDS-PAGE analysis and immunoblot analysis. In lanes 1 sHA of
H5NI1TV is shown; in lanes 2 recombinant HA, subtype H5 (A/Vietnam/1203/2004 (H5N1))
is shown; in lanes 3 recombinant HA, subtype H3 (A/Wyoming/3/2003(H3N2)) is shown; and
in lanes 4 recombinant HA, subtype HI (A/New Caledonia/20/99 (HIN1)) is shown. The
position where HAQ, HA1 and HA2 can be found is also indicated.

Fig 2 shows the average clinical score per group of mice in a study (example 12) wherein, one
day before infection with influenza H5N1 virus, mice were prophylactically treated with three
human H5N1 monoclonal antibodies CR6261, CR6323, and CR6325, in different doses.

Fig 3 shows the change in body weight during the prophylactic treatment of mice with anti-
H5N1 antibodies during 21 days post-infection (example 12).

Fig 4 shows the numbcr of surviving mice in the different groups in the study of Fig 2 and 3
(example 12).

Fig 5 shows the mortality rate in relation to the dose given of the anti-H5N1 antibodies in the

study of Figs 2-4 (example 12).
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Fig 6 shows the average clinical scorc per group of mice in a study (cxamplc 13) wherein
mice were infected with a lethal dose of H5N1 influenza virus and treated at different time
points after infection (4 hr, 1, 2 and 3 days) with CR6261 anti-H5N1 monoclonal antibody, or
a non-related antibody CR2006 (administered at day 1 post-infection).

Fig 7 sliows the number of surviving animals in each group of the study described in fig 6. All
animals of group 1-4, except for one animal in group 1 survived the entire study up to day 21
post-infection. All animals of group 5 had died at day 9.

Fig 8 shows the average body weight of the mice in each group during the study as described
for fig 6. Measuring the body weight of the mice in group 5 stopped at day 9 as all mice in
that group had died by that time. All remaining mice in groups 1-4 reached normal levels of
body werglit at day 21 post-infection, although it depended on the time of treatment how fast
cach group recovered.

Fig 9 shows the percentage of surviving animals in each group of a study wherein mice were
infected with a lethal dose of HINI influcnza virus and trcated at different time points (1 day
prior-, 1, 2 and 3 days post-infection) with CR6261 anti-HSN1 monoclonal antibody, or a
non-related antibody CR57 (administered at day | post-infection).

Fig 10 shows the average body weight of the mice in each group during the study as described
for fig 9. Measuring the body weight of the mice in group 5 stopped at day 9 as all mice in
that group had died by that time. All remaining mice in groups 1-4 reached normal levels of
body weight at day 21 post-infection, although it depended on the time of treatment how fast

each group recovered.

DESCRIPTION OF THE INVENTION

Here below follow definitions of terms as used in the invention.

As used herein the term “binding molecule” refers to an intact immunoglobulin
mncluding monoclonal antibodies, such as chimeric, humanized or human monoclonal
antibodies, or to an antigen-binding and/or variable domain comprising fragment of an
immunoglobulin that competes with the intact immunoglobulin for specific binding to the
binding partner of the immunoglobulin, e.g. H5N1. Regardless of structure, the antigen-
binding fragment binds with the same antigen that is recognized by the intact

immunoglobulin. An antigen-binding fragment can comprise a peptide or polypeptide
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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, 1gG, and IgM, and several of these may be further divided into
subclasses (isotypes), e.g., IgAl, IgA2, 1gG1, IgG2, IgG3 and 1gG4.

Antigen-binding fragments include, inter afia, 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, diabodies, triabodies,
tetrabodies, (poly)peptides that contain at least a fragment of an immunoglobulin that is
sufficient to confer specific antigen binding to the (poly)peptide, etc. The above fragments
may be produccd synthctically or by cnzymatic or chemical clcavage of intact
immunoglobulins or they may be genetically engineered by recombinant DNA techniques.
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, New York, which is incorporated herein by
reference. A binding molecule or antigen-binding fragment thereof may have one or more
binding 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 immunoconjugate. A naked or unconjugated binding molecule is intended to
refer to a binding molecule that is not conjugated, operatively linked or otherwise physically
or functionally associated with an effector moiety or tag, such as inter alia a toxic substance,
a radioactive substance, a liposome, an enzyme. It will be understood that naked or
unconjugatcd 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-
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producing celi, and arc introduced 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 therefore applied in

definition to the naked or unconjugated binding molecule ir 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 there from 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 enrichment for certain components, such
as proteins or polynucleotides. The term encompasses various kinds of clinical samples

obtaincd from any spccics, and also includes cells in culture, cell supernatants and cell lysatcs.

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 which 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 conformational 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 denafured, e.g., by solubilization in SDS. Epitopes may also consist

of posttranslational 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

comparcd to the parent, 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 sequence in a particular host organism. The expression-regulating nucleic acid
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scquences, such as inter alia appropriate transcription initiation, tcrmination, promoter,
enhancer sequences; repressor or activator sequences; efficient RNA processing signals such
as splicing and polyadenylation signals; 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 parental binding
molccule and that is still capable of competing for binding to the binding partner, e.g. H5NI,
with the parental binding molecule. In other words, the modifications in the amino acid and/or
nucleotide sequence of the parental 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 molecule is still able to recognize and
bind its target. The functional variant may have conservative sequence modifications
including nucleotide and amino acid substitutions, additions and deletions. These
modifications can be introduced by standard 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 familics include amino acids with basic side chains (e.g., lysinc, argininc,
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.,
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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 activity may be found using computer programs
well known in the art.

A mutation in a nucleotide sequence can be a single alteration 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 loct within a nucleotide sequence. The mutations may be

performed by any suitable method known in the art.

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. It should be understood that this term is intended to
refer not only to the particular subject organism or cell but to the progeny of such an organism
or cell as well. Because certain modifications may occur in succeeding generations due to
either mutation or environmental 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 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 @ human or human lymphocyte and

modified in some form. Thus, the human binding molecules may include amino acid residues
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not encoded by human germline immunoglobulin sequences, comprise substitutions and/or
deletions {e.g., mutations introduced by for instance random or site-specific mutagenesis i
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. Semi-synthetic molecules based on human sequences are also

considered to be human as used herein.

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 nucleotide

residues, respectively, as compared to the parent sequence.

The term “isolated”, when applied to binding molecules as defined herein, refers to binding
molcculcs that arc substantially free of other proteins or polypeptides, particularly free of
other binding molecules having different antigenic specificities, and are also substantially free
of other cellular material and/or chemicals. For example, when the binding molecules are
recombinantly produced, they are preferably substantially free of culture medium, 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 which are involved in the synthesis 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 molecules are free of other nucleotide sequences, particularly nucleotide
sequences encoding binding molecules that bind binding partners other than H5N1.
Furthermore, the term “isolated” refers to nucleic acid molecules that are substantially
separated from other cellular components that naturally accompany the native nucleic acid
molecule in its natural host, e.g., ribosomcs, polymcrases, or genomic scquences with which it
1s 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.
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The term “monoclonal antibody™ as used herein refers to a preparation of antibody molecules
of single molecular composition. A monoclonal antibody displays a single binding specificity
and affinity for a particular epitope. Accordingly, the term “human monoclonal antibody”
refers to an antibody displaying a single binding specificity which has variable and constant
regions derived from or based on human germline immunoglobulin sequences or derived from
completely synthetic sequences. The method of preparing the monoclonal antibody is not

relevant.

The term “naturally occurring” as used herein as applied to an object refers to the fact that an
object can be found in nature. For example, a polypeptide or polynucleotidé sequence that is
present in an organism that can be isolated from a source in nature and which has not been

intentionally modified by man in the laboratory is naturally occurring.

The term “nucleic acid molecule” as used in the present invention 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,
deoxynucleotide or a modified form of either type of nucleotide. The term 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 occurring nucleotide linkages. The nucleic acid molecules may be
modified chemically or biochemically or may contain non-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 analog, internucleotide modifications such as uncharged linkages (e.g.,
methyl phosphonates, phosphotriesters, phosphoramidates, carbamates, etc.), charged linkages
(e.g., phosphorothioatcs, phosphorodithioates, ctc.), pecndent moictics (e.g., polypeptidcs),
intercalators (e.g., acridine, psoralen, 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



10

15

20

25

30

10

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, hybridisation

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 agreeable
or convenient dosage form. The “pharmaceutically acceptable excipient™ is an excipient that
is non-toxic to recipients at the dosages and concentrations employed, and is compatible with
other ingredients of the formulation comprising the drug, agent or binding molecule.

Pharmaceutically acceptable excipients are widely applied in the art.

The term “specifically binding”, as used herein, in reference to the interaction of a binding
molecule, e.g. an antibody, 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 binding partner is present in a mixture of other molccules
or organisms. The binding may be mediated by covalent or non-covalent interactions or a
combination of both. In yet other words, the term “specifically binding” means
immunospecifically binding to an antigen or a fragment thereof and not immunospecifically

binding to other antigens. A binding molecule that immunospecifically binds to an antigen
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may bind to other peptides or polypeptides with lower affinity as determined by, e.g.,
radioimmunoassays (RIA), enzyme-linked immunosorbent assays (ELISA), BIACORE, or
other assays known in the art. Binding molecules or fragments thereof that
immunospecifically bind to an antigen may be cross-reactive with related antigens.
Preferably, binding molecules or fragments thereof that immunospecifically bind to an

antigen do not cross-react with other antigens.

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 condition

resulting from infection with H5NI1.

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 H5N1 as well as those in
which infection with H5N1 is to be prevented. Subjects partially or totally recovered from
infection with HSN1 might also be in need of treatment. Prevention encompasses inhibiting or
reducing the spread of H5N1 or inhibiting or reducing the onset, development or progression

of one or more of the symptoms associated with infection with H5N1.

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 contemplated by the term
“vector”, as used herein. Vectors include, but arc 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 case of expression vectors, promoter

and other regulatory regions recognized by the host. A vector containing a second nucleic acid
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molccule is introduced into a ccll 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.

SUMMARY OF THE INVENTION

The invention provides human binding molecules capable of specifically binding to influenza
virus H5SN1 and exhibiting neutralizing activity against HSN1. The invention also provides
binding molecules that bind to an epitope in the haemagglutinin protein that is shared between
influenza subtypes and therefore relates to binding molecules that cross-react between HS-,
H1-, H2-, H6- and H9 influenza based subtypes, such as H5N1, HIN] and other influenza
strains that contain the HA protein with these particular epitopes. The invention also pertains
to nucleic acid molecules encoding at Icast the binding region of the human binding
molecules. The invention further provides for the use of the human binding molecules of the
invention in the prophylaxis and/or treatment of a subject having, or at risk of developing, an
HS5NI1 infection. Besides that, the invention pertains to the use of the human binding

molecules of the invention in the diagnosis/detection of H5NI.,

DETAILED DESCRIPTION

In a first aspect the present invention encompasses binding molecules capable of specifically
binding to influenza virus A, particularly influenza virus A subtype H5N1. Preferably, the
binding molecules are human binding molecules. Preferably, the binding molecules of the
invention exhibit neutralizing activity against influenza virus A subtype H5NI. In a further
agpect the binding molecules of the invention are capable of specifically binding to and/or
have neutralizing activity against different influenza virus H5N1 strains. These strains may be
a member of influcnza virus H5N1 strains of clade 1, clade 2 or clade 3. Phylogenetic
analyses of the HA genes from the 2004 and 2005 H5N1 outbreak showed two different
lineages of HA genes, termed clades 1 and 2. Viruses in each of these clades are distributed in
non-overlapping geographic regions of Asia. The H5N1 viruses from the Indochina peninsula

are tightly clustered within clade 1, whereas H5N1 isolates from several surrounding
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countrics arc distinct from clade 1 isolatcs and belong in the more divergent clade 2, Clade 1
H5N1 viruses were isolated from humans and birds in Vietnam, Thailand, and Cambodia, but
only from birds in Laos and Malaysia. The clade 2 viruses were found in viruses isolated
exclusively from birds in China, Indonesia, Japan, and South Korea. Viruses isolated from
birds and humans in Hong Kong in 2003 and 1997 made up clades 1° (also categorized in
clade 1) and 3, respectively (see WHO Global Influenza Program Surveillance Network,
2005). The hemagglutinins of the clades differ in their amino acid sequences. Examples of
clade 1 strains include, but are not limited to, A/Hong Kong/213/03, A/Vietnam/1194/04,
A/Vietnam/1203/04 and A/Thailand/1{KAN-1)/2004. Examples of clade 2 strains include, but
are not limited to, A/Indonesia/5/03, A/bar headed goose/Qinghai/1A/05,
Afturkey/Turkey/1/05 and A/Anhui/1/05. Examples of clade 3 strains include, but are not
limited to, A/Hong Kong/156/97 and A/goose/Guangdong/1/96. Other strains can be found,
e.g., in WHO Global Influenza Program Surveillance Network, 2005 and on
http://www.who.int/csr/discase/avian_influcnza/guidclines/recommendationvaccine.pdf
Preferably, the binding molecules of the invention are capable of specifically binding to and
have neutralizing activity against clade 1, clade 2 and clade 3 strains. The binding molecules
of the invention may be capable of specifically binding to influenza virus H5N1 that are
viable, living and/or infective or that are in inactivated/attenuated form. Methods for
inactivating/attenuating influenza virus H5N1 are well known in the art and include, but are
not limited to, treatment with formalin, 3-propiolactone (BPL), merthiolate, and/or ultraviolet
light.

The binding molecules of the invention may also be capable of specifically binding to
one or more fragments of influenza virus HSN | such as inter alia a preparation of one or
more proteins and/or (poly)peptides derived from subtype H5N1 or one or more
recombinantly produced proteins and/or polypeptides of HSN1. For methods of treatment
and/or prevention of H5N1 infections the binding molecules are preferably capable of
specifically binding to surface accessible protcins of HSN1 such as the surface glycoprotcins,
hemagglutinin (HA) and neuraminidase (NA), which are required for viral attachment and
cellular release, or membrane proteins (M1 and M2). In a specific embodiment the binding
molecules of the invention are capable of specifically binding to the HA molecule of H5N1

strains. They may be capable of specifically binding to the HA1 and/or HA2 subunit of the
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HA molccule. They may be capable of specifically binding to lincar or structural and/or
conformational epitopes on the HA1 and/or HA2 subunit of the HA molecule. The HA
molecule may be purified from viruses or recombinantly produced and optionally isolated
before use. Alternatively, HA may be expressed on the surface of cells.

For diagnostical purposes the binding molecules may also be capable of specifically
binding to proteins not present on the surface of HSN1 including the nucleoprotein, the
nucleocapsid structural protein, polymerases (PA, PB and PB2), and non-structural proteins
(NS1 and NS2). The nucleotide and/or amino acid sequence of proteins of various H5N1
strains can be found in the GenBank-database, NCBI Influenza Virus Sequence Database,
Influenza Sequence Database (ISD), EMBL-database and/or other databases. It is well within
the reach of the skilled person to find such sequences in the respective databases.

In another embodiment the binding molecules of the invention are capable of
specifically binding to a fragment of the above-mentioned proteins and/or polypeptides,
wherein the fragment at lcast compriscs an antigenic determinant recognized by the binding
molecules of the invention. An "antigenic determinant” as used herein is a moiety that is
capable of binding to a binding molecule of the invention with sufficiently high affinity to
form a detectable antigen-binding molecule complex. The binding molecules of the invention
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 invention can be intact immunoglobulin molecules such
as polyclonal or monoclonal antibodies or the binding molecules can be antigen-binding
fragments including, but not limited to, Fab, F(ab"), F(ab"),, Fv, dAD, 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 H5N1 strains or a fragment thereof. In a
preferred embodiment the binding moleculcs of the invention are human monoclonal
antibodies.

The binding molecules of the invention can be used in non-isolated or isolated form.
Furthermore, the binding molecules of the invention can be used alone or in a mixture

comprising at least one binding molecule (or variant or fragment thereof) of the invention. In
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other words, the binding molccules can be used in combination, e.g., as a pharmaccutical
composition comprising two or more binding molecules of the invention, variants or
fragments thercof. For example, binding molecules having different, but complementary
activities can be combined in a single therapy to achieve a desired prophylactic, therapeutic or
diagnostic effect, but alternatively, binding molecules having identical activities can also be
combined in a single therapy to achieve a desired prophylactic, therapeutic or diagnostic
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, rimantadine)
and/or neuraminidase inhibitors (e.g., zanamivir, oseltamivir) is useful in the prophylaxis
and/or treatment of an influenza virus H5NI infection.

Typically, binding molecules according to the invention can bind to their binding
partners, i.e. influenza virus H5N1 or fragments thereof, with an affinity constant (Kg-value)
that is lower than 0.2x10* M, 1.0x10® M, 1.0x10° M, 1.0x10”7 M, preferably lower than
1.0x10°®* M, morc preferably lower than 1.0x10® M, morc preferably lower than 1.0x107° M,
even more preferably lower than 1.0x10™! M, and in particular 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, Sweden).

The binding molecules according to the invention may bind to influenza virus H5SN1
or a fragment thereof in soluble form such as for instance in a sample or in suspension or may
bind to influenza virus H5N1 or a fragment thereof bound or attached to a carrier or substrate,
e.g., microtiter plates, membranes and beads, etc. Carriers or substrates may be made of glass,
plastic (e.g., polystyrene), polysaccharides, 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 influenza virus H5N1 in purified/isolated or non-purified/non-
isolated form,

The binding molecules of the invention exhibit neutralizing activity. Neutralizing
activity can for instance be measured as described herein. Alternative assays measuring
neutralizing activity are described in for instance WHO Manual on Animal Influenza

Diagnosis and Surveillance, Geneva: World Health Organisation, 2005, version 2002.5.
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The present invention relates to an isolated human binding molecule that is able to recognize
and bind to an epitope in the HA2 subunit of the influenza haemagglutinin protein (HA),
characterized in that said binding molecule has neutralizing activity against an influenza virus
comprising HA of the H5 subtype. Examples of influenza strains that contain such a HA of
the H5 subtype and that are important strains in view of pandemic threats are HSN1, HSN2,
H5NE, and H5N9. Particularly preferred are binding molecules that at least neutralize the
H5N1 influenza strain. Preferably, said binding molecule according to the invention does not
depend on an epitope in the HA1 subunit of the HA protein for binding to said HA protein.
The known murine antibody that was described in the art (C179) that also binds to the same
epitope in the HA2 domain also depends on binding to an epitope in the HA1 domain of the
HA protein. This is disadvantageous as 1t adds to the possibility of escape mutants that are no
longer recognized by the antibody. Moreoever, a number of the antibodies of the present
invention (such as CR6307 and CR6323) do not depend on conformational epitopes and
recognize the HA2 epitope even in a reduced form (when used in western-blotting). This is an
advantage over the antibodies from the art because when a conformational change is induced
in the HA protein due to whatever mutation in another part of the protein, such
conformational change will not most likely hamper the binding of the antibodies of the
present invention to the HAZ2 epitope, whereas antibodies that do depend on conformation
might very well be unable to bind when such mutations occur.

In another preferred embodiment, the binding molecule according to the invention also
has neutralizing activity against an influenza virus comprising HA of the HI subtype, and
preferably wherein said binding molecule also has neutralizing activity against an influenza
virus comprising HA of the H2, H6 and/or H9 subtype. 1t has been shown herein that the
binding molecules of the present invention interact with an epitope present in the HA2
epitopes present in the H5, H1, H2, H6, and H9 subtypes, and it has been shown that the
binding molecules of the present invention cross-ncutralize between influenza subtypes
because of this epitope-sharing. It is concluded that the binding molecules of the present
invention that depend on binding to that particular part in the HA2 domain (and not on
another —mutational prone— epitope in HA1) can cross-neutralize between influenza virus

subtypes as they do not appear to depend on binding to domains within HA1, which may be
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altered significantly due to antigenic drifts. The skilled person, based on what has been
disclosed herein, can now determine whether an antibody indeed cross-reacts with HA
proteins from different subtypes and also determine whether they are able to neutralize
influenza viruses of different subtypes in vivo.,

In another preferred aspect of the invention the binding molecule of the present
invention binds to an epitope in the HA2 subunit that is selected from the group consisting of
amino acid sequence: GVTNKVNSIIDK (SEQ ID N0O:368), GVTNKVNSIINK (SEQ ID
NO:369), GVTNKENSIIDK (SEQ ID NO:370), GVTNKVNRIIDK (SEQ ID NO:371),
GITNKVNSVIEK (SEQ ID NO:372), GITNKENSVIEK (SEQ ID NO:373),
GITNKVNSIIDK (SEQ ID NO:374), and KITSKVNNIVDK (SEQ ID NO:375). As can be
concluded from the data shown in Table 13, certain binding molecules of the present
invention, CR6261, CR6325, and CR6329 interact with the GVTNKVNSIIDK (SEQ ID
NO:368) epitope present in HSN1, and are not hampered by a mutation in the TGLRN epitope
in HA1 that do influcnce the binding of C179. Morcover, some binding molcculces, such as
CR6307 and CR6323 are not even hampered by a escape mutant, as disclosed in Okuno et al.
(1993) with a valine -> glutamic acid mutation at position 6 (exemplified by
GVTNKENSIIDK (SEQ ID NO:370)). This epitope is part of an extended alpha helix in the
HAZ region. The residues in this putative epitope that are predicted to be most solvent
exposed are underlined in bold: GVINKENSIIDK (SEQ ID NO:370). These amino acids
would be most accessible to a binding molecule and thus may form the most important region
of the epitope. Consistent with this notion the highlighted ammino acids are absolutly
conserved in identity and position in all the sequences presented. This knowledge could be
used to predict binding epitopes in influenza subtypes that do not carry the same sequence as
above (i.e. H3, H7 and B strains).

Preferred is a binding molecule according to the present invention that is selected from the
group consisting of:

a) a binding molecule comprising a heavy chain CDRI region of SEQ ID NQ:1, a heavy chain
CDR2 region of SEQ ID NO:2, and a heavy chain CDR3 region of SEQ ID NO:3,

b) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:16, a heavy
chain CDR2 region of SEQ ID NO:17, and a heavy chain CDR3 region of SEQ ID NO:18,
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¢} a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a hcavy chain
CDR2 region of SEQ ID NO:22, and a heavy chain CDR3 region of SEQ ID NO:23,
d) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:27, a heavy
chain CDR2 region of SEQ ID NO:28, and a heavy chain CDR3 region of SEQ ID NO:29,
¢) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:39, a heavy
chain CDR2 region of SEQ ID NO:40, and a heavy chain CDR3 region of SEQ ID NO:41,
f) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:45, a heavy
chain CDR2 region of SEQ ID NO:46, and a heavy chain CDR3 region of SEQ ID NO:47,
2) a binding molecule comprising a heavy chain CDR1 region of SEQ 1D NO:1, a heavy
chain CDR2 region of SEQ ID NO:49, and a heavy chain CDR3 region of SEQ ID NO:50,
h) a binding molecule comprising a heavy chain CDR1 region of SEQ 1D NO:52, a heavy
chain CDR2 region of SEQ ID NO:53, and a heavy chain CDR3 region of SEQ ID NO:54,
i} a binding molecule comprising a heavy chain CDRI1 region of SEQ ID NO:262, a heavy
chain CDR2 rcgion of SEQ ID NO:263, and a heavy chain CDR3 region of SEQ 1D NO:264,
j) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:268, a heavy
chain CDR2 region of SEQ ID NO:269, and a heavy chain CDR3 region of SEQ 1D NO:270,
k) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:274, a heavy
chain CDR2 region of SEQ 1D NO:275, and a heavy chain CDR3 region of SEQ ID NO:276,
1} a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:280, a heavy
chain CDR2 region of SEQ 1D NO:281, and a heavy chain CDR3 region of SEQ ID NO:282,
m) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:286, a heavy
chain CDR2 region of SEQ ID NO:287, and a heavy chain CDR3 region of SEQ ID NO:288,
n) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:292, a heavy
chain CDR2 region of SEQ 1D NO:293, and a heavy chain CDR3 region of SEQ ID NO:294,
0) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:304, a heavy
chain CDR2 region of SEQ 1D NO:305, and a heavy chain CDR3 region of SEQ 1D NO:306,
and
p) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:310, 2 heavy
chain CDR2 region of SEQ ID NQ:311, and a heavy chain CDR3 region of SEQ ID NO:312.
In a preferred embodiment, the binding molecule according to the invention is for a

use as a medicament and preferably for the diagnostic, therapeutic and/or prophylactic
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trecatment of influcnza infection. In one aspect of such use, said influcnza infection is caused
by an influenza virus that is associated with a pandemic outbreak, or has the potential to be
associated with a pandemic outbreak (see WO 2007/045674 and the tables therein).
Preferably, the influenza virus strain that is associated with a pandemic outbreak and wherein
the disease caused by these strains can be treated by the binding molecules of the present
invention, is selected from the group consisting of HIN1, H5N1, H5N2, H5N8, H5N9, H2-
based viruses, and HON2.

The present invention also relates to a pharmaceutical composition comprising a
binding molecule according to the invention, and a pharmaceutically acceptable excipient.

In yet another embodiment the invention relates to a use of a binding molecule
according to the invention in the preparation of a medicament for the diagnosis, prophylaxis,
and/or treatment of an influenza virus infection. Such infections 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 invention provides binding
mo lecules that can neutralize the infection of influenza strains that cause such seasonal
epidemics as well as potential pandemics. Importantly, protection and treatment can be
envisioned now with the binding molecules of the present invention in relation to multiple
influenza strains as it has been disclosed that due to the binding of an epitope that is shared
between HA proteins of different influenza strains, cross-neutralization between such strains
is now possible by using the binding molecules of the present invention. This is highly
advantageous as the binding molecules can protect mammals when they are administered
either before or after infection (as disclosed in the examples), and therefore also when it is
unclear (in early stages of occurrence) whether the infection is caused by an HI, an H2, an
HS, an H6 or an H9-based strain. Health workers, military forces as well as the general
population may be treated prophylactically, or treated upon infection, with the binding
molecules of the present invention. Potentially, the binding molecules of the present invention
can be prepared and stored in huge stocks because it will provide protection against different
pandemic strains, and this will be beneficial in the preparedness of possible influenza

pandemics in the future.
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In a preferred embodiment, the human binding molccules according to the invention arc
characterized in that the human binding molecules are selected from the group consisting of:
a) a hurnan binding molecule comprising a heavy chain CDRI region having the amino acid
sequence of SEQ ID NO:1, a heavy chain CDR2 region having the amino acid sequence of
SEQ ID NO:2, a heavy chain CDR3 region having the amino acid sequence of SEQ ID NO:3,
a light chain CDR1 region having the amino acid sequence of SEQ ID NO:4, a light chain
CDR2 region having the amino acid sequence of SEQ ID NO:5, and a light chain CDR3
region having the amino acid sequence of SEQ ID NO:6, b) a human binding molecule
comprising a heavy chain CDR1 region having the amino acid sequence of SEQ ID NO:1, a
heavy chain CDR2 region having the amino acid sequence of SEQ ID NQO:2, a heavy chain
CDR3 region having the amino acid sequence of SEQ ID NO:3, a light chain CDR1 region
having the amino acid sequence of SEQ ID NO:7, a light chain CDR2 region having the
amino acid sequence of SEQ ID NO:§, and a light chain CDR3 region having the amino acid
sequence of SEQ ID NO:9, ¢) a human binding moleccule comprising a hcavy chain CDR1
region having the amino acid sequence of SEQ ID NO:1, a heavy chain CDR2 region having
the amino acid sequence of SEQ ID NO:2, a heavy chain CDR3 region having the amino acid
sequence of SEQ ID NO:3, a light chain CDR1 region having the amino acid sequence of
SEQ ID NO:10, a light chain CDR2 region having the amino acid sequence of SEQ ID
NO:11, and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:12, d)
a human binding molecule comprising a heavy chain CDRI region having the amino acid
sequence of SEQ ID NO:1, a heavy chain CDR2 region having the amino acid sequence of
SEQ 1D NO:2, a heavy chain CDR3 region having the amino acid sequence of SEQ 1D NO:3,
a light chain CDR1 region having the amino acid sequence of SEQ ID NO:13, a light chain
CDR2 region having the amino acid sequence of SEQ 1D NO:14, and a light chain CDR3
region having the amino acid sequence of SEQ ID NO:15, ¢) a human binding molecule
comprising a heavy chain CDRI1 region having the amino acid sequence of SEQ ID NO:16, a
hecavy chain CDR2 region having the amino acid sequence of SEQ ID NO:17, a heavy chain
CDR3 region having the amino acid sequence of SEQ ID NO:18, a light chain CDR1 region
having the amino acid sequence of SEQ ID NO:19, a light chain CDR2 region having the
amino acid sequence of SEQ ID NO:20, and a light chain CDR3 region having the amino acid
sequence of SEQ ID NO:21, f) a human binding molecule comprising a heavy chain CDR1
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region having thc amino acid scquence of SEQ ID NO:1, a hcavy chain CDR2 region having
the amino acid sequence of SEQ ID NO:22, a heavy chain CDR3 region having the amino
acid sequence of SEQ ID NO:23, a light chain CDRI region having the amino acid sequence
of SEQ ID NO:24, a light chain CDR2 region having the amino acid sequence of SEQ ID
NO:25, and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:26, g)
a human binding molecule comprising a heavy chain CDRI region having the amino acid
sequence of SEQ ID NO:27, a heavy chain CDR2 region having the amino acid sequence of
SEQ ID NO:28, a heavy chain CDR3 region having the amino acid sequence of SEQ ID
NO:29, a light chain CDRI region having the amino acid sequence of SEQ 1D NO:30, a light
chain CDR2 region having the amino acid sequence of SEQ ID NO:31, and a light chain
CDR3 region having the amino acid sequence of SEQ ID NO:32, h) a human binding
molecule comprising a heavy chain CDR region having the amino acid sequence of SEQ ID
NO:1, a heavy chain CDR2 region having the amino acid sequence of SEQ 1D NO:2, a heavy
chain CDR3 region having the amino acid scquence of SEQ ID NO:3, a light chain CDR1
region having the amino acid sequence of SEQ 1D NO:33, a light chain CDR2 region having
the amino acid sequence of SEQ ID NO:34, and a light chain CDR3 region having the amino
acid sequence of SEQ 1D NO:35, i) a human binding molecule comprising a heavy chain
CDRI1 region having the amino acid sequence of SEQ ID NO:1, a heavy chain CDR2 region
having the amino acid sequence of SEQ ID NO:2, a heavy chain CDR3 region having the
amino acid sequence of SEQ ID NO:3, a light chain CDRI region having the amino acid
sequence of SEQ ID NO:36, a light chain CDR2 region having the amino acid sequence of
SEQ ID NO:37, and a light chain CDR3 region having the amino acid sequence of SEQ ID
NO:38, 3) a human binding molecule comprising a heavy chain CDR1 region having the
amino acid sequence of SEQ 1D NO:39, a heavy chain CDR2 region having the amino acid
sequence of SEQ ID NO:40, a heavy chain CDR3 region having the amino acid sequence of
SEQ ID NO:41, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:42, a light chain CDR2 rcgion having the amino acid sequence of SEQ 1D NO:43, and a
light chain CDR3 region having the amino acid sequence of SEQ ID NO:44, k) a human
binding molecule comprising a heavy chain CDRI region having the amino acid sequence of
SEQ ID NO:45, a heavy chain CDR2 region having the amino acid sequence of SEQ ID
NO:46, a heavy chain CDR3 region having the amino acid sequence of SEQ ID NO:47, a
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light chain CDR1 rcgion having the amino acid scquence of SEQ ID NO:7, a light chain
CDR2 region having the amino acid sequence of SEQ ID NO:8, and a light chain CDR3
region having the amino acid sequence of SEQ ID NO:48, 1) a human binding molecule
comprising a heavy chain CDR1 region having the amino acid sequence of SEQ ID NO:1, a
heavy chain CDR2 region having the amino acid sequence of SEQ ID NO:49, a heavy chain
CDR3 region having the amino acid sequence of SEQ ID NO:50, a light chain CDR1 region
having the amino acid sequence of SEQ ID NO:33, a light chain CDR2 region having the
amino acid sequence of SEQ 1D NO:34, and a light chain CDR3 region having the amino acid
sequence of SEQ ID NO:51, m) a human binding molecule comprising a heavy chain CDR1
region having the amino acid sequence of SEQ ID NO:52, a heavy chain CDR2 region having
the amino acid sequence of SEQ ID NO:53, a heavy chain CDR3 region having the amino
acid sequence of SEQ ID NO:54, a light chain CDR1 region having the amino acid sequence
of SEQ ID NO:55, a light chain CDR2 region having the amino acid sequence of SEQ ID
NO:56, and a light chain CDR3 region having the amino acid scquence of SEQ 1D NO:57, n)
a human binding molecule comprising a heavy chain CDR1 region having the amino acid
sequence of SEQ ID NO:262, a heavy chain CDR?2 region having the amino acid sequence of
SEQ ID NO:263, a heavy chain CDR3 region having the amino acid sequence of SEQ ID
NO:264, a light chain CDR1 region having the amino acid sequence of SEQ ID NO:265, a
light chain CDR2 region having the amino acid sequence of SEQ ID NO:266, and a light
chain CDR3 region having the amino acid sequence of SEQ ID NO:267, o) a human binding
molecule comprising a heavy chain CDR1 region having the amino acid sequence of SEQ ID
NO:268, a heavy chain CDR2 region having the amino acid sequence of SEQ ID NO:269, a
heavy chain CDR3 region having the amino acid sequence of SEQ ID NO:270, a light chain
CDRI1 region having the amino acid sequence of SEQ 1D NO:271, a light chain CDR2 region
having the amino acid sequence of SEQ ID NO:272, and a light chain CDR3 region having
the amino acid sequence of SEQ 1D NO:273, p) a human binding molecule comprising a
hcavy chain CDRI region having the amino acid sequence of SEQ ID NO:274, a heavy chain
CDR2 region having the amino acid sequence of SEQ ID NO:275, a heavy chain CDR3
region having the amino acid sequence of SEQ ID NO:276, a light chain CDR1 region having
the amino acid sequence of SEQ 1D NO:277, a light chain CDR2 region having the amino
acid sequence of SEQ ID NO:278, and a light chain CDR3 region having the amino acid
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scquence of SEQ ID NO:279, q) a human binding molecule comprising a hcavy chain CDR1
region having the amino acid sequence of SEQ ID NO:280, a heavy chain CDR2 region
having the amino acid sequence of SEQ ID NO:281, a heavy chain CDR3 region having the
amino acid sequence of SEQ ID NO:282, a light chain CDR1 region having the amino acid
sequence of SEQ ID NO:283, a light chain CDR2 region having the amino acid sequence of
SEQ ID NO:284, and a light chain CDR3 region having the amino acid sequence of SEQ ID
NO:285, r) a human binding molecule comprising a heavy chain CDR1 region having the
amino acid sequence of SEQ ID NO:286, a heavy chain CDR2 region having the amino acid
sequence of SEQ ID NO:287, a heavy chain CDR3 region having the amino acid sequence of
SEQ ID NO:288, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:289, a light chain CDR2 region having the amino acid sequence of SEQ 1D NO:290, and
a light chain CDR3 region having the amino acid sequence of SEQ ID NO:291, s) a human
binding molecule comprising a heavy chain CDR1 region having the amino acid sequence of
SEQ ID NO:292, a heavy chain CDR2 region having the amino acid scquence of SEQ ID
NO:293, a heavy chain CDR3 region having the amino acid sequence of SEQ ID NO:294, a
light chain CDR1 region having the amino acid sequence of SEQ ID NO:295, a light chain
CDR2 region having the amino acid sequence of SEQ ID NO:296, and a light chain CDR3
region having the amino acid sequence of SEQ ID NO:297, t) a human binding molecule
comprising a heavy chain CDRI1 region having the amino acid sequence of SEQ ID NO:304,
a heavy chain CDR2 region having the amino acid sequence of SEQ 1D NO:305, a heavy
chain CDR3 region having the amino acid sequence of SEQ ID NO:306, a light chain CDR1
region having the amino acid sequence of SEQ ID NO:307, a light chain CDR2 region having
the amino acid sequence of SEQ ID NO:308, and a light chain CDR3 region having the amino
acid sequence of SEQ ID NO:309, u) a human binding molecule comprising a heavy chain
CDRI region having the amino acid sequence of SEQ ID NO:310, a heavy chain CDR2
region having the amino acid sequence of SEQ 1D NO:311, a heavy chain CDR3 region
having thc amino acid sequence of SEQ ID NO:312, a light chain CDR1 rcgion having the
amino acid sequence of SEQ 1D NO:313, a light chain CDR2 region having the amino acid
sequence of SEQ ID NO:314, and a light chain CDR3 region having the amino acid sequence
of SEQ ID NO:315, v) a human binding molecule comprising a heavy chain CDR1 region
having the amino acid sequence of SEQ ID NO:238, a heavy chain CDR2 region having the
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amino acid scquence of SEQ ID NO:239, a hecavy chain CDR3 region having the amino acid
sequence of SEQ ID NO:240, a light chain CDR1 region having the amino acid sequence of
SEQ ID NO:241, a light chain CDR2 region having the amino acid sequence of SEQ ID
NO:242, and a light chain CDR3 region having the amino acid sequence of SEQ ID NQ:243,
w) a human binding molecule comprising a heavy chain CDR1 region having the amino acid
sequence of SEQ ID NO:244, a heavy chain CDR2 region having the amino acid sequence of
SEQ ID NO:245, a heavy chain CDR3 region having the amino acid sequence of SEQ ID
NO:246, a light chain CDR1 region having the amino acid sequence of SEQ ID NO:247, a
light chain CDR2 region having the amino acid sequence of SEQ ID NO:248, and a light
chain CDR3 region having the amino acid sequence of SEQ ID NO:249, x) a human binding
molecule comprising a heavy chain CDR1 region having the amino acid sequence of SEQ ID
NO:250, a heavy chain CDR2 region having the amino acid sequence of SEQ ID NO:251, a
heavy chain CDR3 region having the amino acid sequence of SEQ ID NO:252, a light chain
CDR1 region having the amino acid sequence of SEQ ID NO:253, a light chain CDR2 rcgion
having the amino acid sequence of SEQ ID NO:254, and a light chain CDR3 region having
the amino acid sequence of SEQ ID NO:255, y) a human binding molecule comprising a
heavy chain CDR1 region having the amino acid sequence of SEQ ID NO:256, a heavy chain
CDR2 region having the amino acid sequence of SEQ ID NO:257, a heavy chain CDR3
region having the amino acid sequence of SEQ ID NO:258, a light chain CDR1 region having
the amino acid sequence of SEQ ID NO:259, a light chain CDR2 region having the amino
acid sequence of SEQ ID NO:260, and a light chain CDR3 region having the amino acid
sequence of SEQ ID NO:261, and z) a human binding molecule comprising a heavy chain
CDR1 region having the amino acid sequence of SEQ ID NO:298, a heavy chain CDR2
region having the amino acid sequence of SEQ ID NO:299, a heavy chain CDR3 region
having the amino acid sequence of SEQ ID NO:300, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:301, a light chain CDR2 region having the amino acid
sequence of SEQ ID NO:302, and a light chain CDR3 rcgion having the amino acid sequence
of SEQ ID NO.303.

In a specific embodiment the binding molecules of the invention comprise a heavy
chain CDR1 region having the amino acid sequence of SEQ ID NO:1, a heavy chain CDR2
region having the amino acid sequence of SEQ ID NO:2, and a heavy chain CDR3 region
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having the amino acid sequence of SEQ ID NO:3. The CDR regions of the binding molccules
of the invention are shown in Table 7. CDR regions are according to Kabat ef al. (1991) as
described in Sequences of Proteins of Immunological Interest. In an embodiment of th
epresent invention binding molecules may comprise two, three, four, five or all six CDR
regions as disclosed herein. Preferably, a binding molecule according to the present invention
comprises at least two of the CDRs disclosed herein.

In an embodiment the binding molecules of the invention comprise the VH germline
VHI1-69 (see Tomlinson IM, Williams SC, Ignatovitch O, Corbett SJ, Winter G. V-BASE
Sequence Directory. Cambridge United Kingdom: MRC Centre for Protein Engineering
(1997)). In yet another embodiment, the binding molecules according to the invention
comprise a heavy chain comprising the variable heavy chain of the amino acid sequence
selected from the group consisting of SEQ ID NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ
ID NO:65, SEQ ID NO:67, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75,
SEQ ID NO:77, SEQ ID NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:317, SEQ ID
NO:321, SEQ ID NO:325, SEQ ID NO:329, SEQ ID NO:333, SEQ ID NO:337, SEQ ID
NO:341, SEQ ID NO:345, SEQ ID NO:349, SEQ ID NO:353, SEQ ID NO:357, SEQ ID
NO:361, and SEQ ID NO:365. In a further embodiment, the binding molecules according to
the invention comprise a light chain comprising the variable light chain of the amino acid
sequence selected from the group consisting of SEQ ID NO:85, SEQ ID NO:87, SEQ ID
NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID NO:99,
SEQ ID NO:101, SEQ ID NO:103, SEQ ID NO:105, SEQ ID NO:107, SEQ ID NO:109, SEQ
ID NO:319, SEQ ID NO:323, SEQ ID NO:327, SEQ ID NO:331, SEQ ID NO:335, SEQ ID
NO:339, SEQ ID NO:343, SEQ ID NO:347, SEQ ID NO:351, SEQ ID NO:355, SEQ ID
NO:359, SEQ ID NO:363, and SEQ 1D NQ:367. Table 8 specifies the heavy and light chain
variable regions of the binding molecule of the invention.

Another aspect of the invention includes functional variants of the binding molecules
as dcfined herein. Molecules are considered to be functional variants of a binding molccule
according to the invention, if the variants are capable of competing for specifically binding to
influenza virus HSN1 or a fragment thereof with the parental binding molecules. In other
words, when the functional variants are still capable of binding to influenza virus HSN1 ora

fragment thercof. Preferably, the functional variants are capable of competing for specifically
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binding to at least two (or morc) different influenza virus H5SN1 strains or fragments thercof
that are specifically bound by the parental binding molecules. Furthermore, molecules are
considered to be functional variants of a binding molecule according to the invention, if they
have neutralizing activity against influenza virus H5NI, preferably against the at least two (or
more) influenza virus H5N1 strains against which the parental binding molecule exhibits
neutralizing activity. Functional variants include, but are not limited to, derivatives that are
substantially similar in primary structural sequence, but which contain e.g. in vitro or in vivo
modifications, chemical and/or biochemical, that are not found in the parental 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, glycosylation, hydroxylation, methylation, oxidation,
pegylation, proteolytic processing, phosphorylation, and the like.

Alternatively, functional variants can be binding molecules as defined in the present
invention comprising an amino acid scquence 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 invention 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
influenza virus H5N1 or a fragment thereof. For instance, functional variants according to the
invention may have increased or decreased binding affinities for influenza virus H5N1 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
hypcrvariable regions comprise amino acid residucs from CDRs and amino acid residucs from
hypervariable loops. Functional variants intended to fall within the scope of the present
invention have at least about 50% to about 99%, preferably at least about 60% to about 99%,
more preferably at least 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%
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to about 99%, and in particular at least about 97% to about 99% amino acid scquence
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 residues.
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 not limited to, error-
prone PCR, oligonucleotide-directed mutagenesis, site-directed mutagenesis and heavy and/or
light chain shuffling. In an embodiment the functional variants of the invention have
neutralizing activity against influenza virus HSNI. The neutralizing activity may either be
identical, or be higher or lower compared to the parental binding molecules. Henceforth,
when the term (human) binding molecule is used, this also encompasses functional variants of
the (human) binding molecule.

In yet a further aspect, the invention includes immunoconjugates, i.e. molecules
comprising at Icast onc binding molccule as defincd herein and further comprising at Icast one
tag, such as inter afia a detectable moiety/agent. Also contemplated in the present invention
are mixtures of immunoconjugates according to the invention or mixtures of at least one
immunoconjugates according to the invention and another molecule, such as a therapeutic
agent or another binding molecule or immunoconjugate. In a further embodiment, the
immunoconjugates of the invention 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 compounds. Techniques for conjugating tags to
binding molecules are well known to the skilled artisan.

The tags of the immunoconjugates of the present invention may be therapeutic agents,
but they can also be detectable moieties/agents. Tags suitable in therapy and/or prevention
may be toxins or functional parts thercof, antibiotics, enzymes, other binding molecules that
enhance phagocytosis or immune stimulation. Immunoconjugates comprising a detectable
agent can be used diagnostically to, for example, assess if a subject has been infected with an
influenza virus HSN1 strain or monitor the development or progression of an influenza virus

H5N1 infection as part of a clinical testing procedure to, e.g., determine the efficacy of a
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given treatment regimen. Howcver, they may also be used for other detection and/or
analytical and/or diagnostic purposes. Detectable moicties/agents include, but are not limited
to, enzymes, prosthetic groups, fluorescent materials, luminescent materials, bioluminescent
materials, radioactive matenials, 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 afia immunohistochemical staining of (tissue) samples, flow
cytometric detection, scanning laser cytometric detection, fluorescent immunoassays,
enzyme-linked immunosorbent assays (ELISAs), radioimmunoassays (RIAs), bioassays (e.g.,
phagocytosis assays), Western blotting applications, etc. Suitable labels for the
detection/analysis/diagnosis tecliniques and/or methods known in the art are well within the
reach of the skilled artisan.

Furthermore, the human binding molecules or immunoconjugates of the invention can
also be attached to solid supports, which arc particularly uscful for in vitro immunoassays or
purification of influenza virus H5N1 or a fragment thereof. Such solid supports might be
porous or nonporous, planar or non-planar, The binding molecules of the present invention
can be fused to marker sequences, such as a peptide to facilitate 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 invention may be
conjugated/attached to one or more antigens. Preferably, these antigens are antigens which 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 invention will bind to influenza virus H5SN1 and the antigens attached to the binding
molccules will initiate a powerful T-ccll attack on the conjugate, which will eventually lcad to
the destruction of the influenza virus H5N1,

Next to producing immunoconjugates chemically by cornjugating, directly or
indirectly, via for instance a linker, the immunoconjugates can be produced as fusion proteins

comprising the binding molecules of the invention and a suitable tag. Fusion proteins can be
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produced by methods known in the art such as, e.g., rccombinantly 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 invention to provide a nucleic acid molecule
encoding at least a binding molecule, functional variant or immunoconjugate according to the
invention. Such nucleic acid molecules can be used as intermediates for cloning purposes, e.g.
in the process of affinity maturation as described above. In a preferred embodiment, the
nucleic acid molecules are isolated or purified.

The skilled man will appreciate that functional variants of these nucleic acid
molecules are also intended to be a part of the present invention. 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
molccules.

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 or even all six CDR regions of the
binding molecules of the invention.

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 binding molecules comprising a
light chain comprising the variable light chain sequences as described above. The nucleotide
sequences of the binding molecules of the invention are given in the Example section (see,
e.g., Tables 6 and 8).

It is another aspect of the invention to provide vectors, i.e. nucleic acid constructs,
comprising one or more nucleic acid molecules according to the present invention. Vectors
can be derived from plasmids such as infer alia F, R1, RP1, Col, pBR322, TOL, Ti, ctc,
cosmids; phages such as lambda, lambdoid, M13, Mu, P1, P22, QB, T-even, T-odd, T2, T4,
T7, etc; plant viruses. Vectors can be used for cloning and/or for expression of the binding
molecules of the invention and might even be used for gene therapy purposes. Vectors

comprising one or more nucleic acid molecules according to the invention operably linked to
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one or more expression-regulating nuclcic acid molecules arc also covered by the present
invention. The choice of the vector is dependent on the recombinant procedures followed and
the host used. Introduction of vectors in host cells can be effected by inter alia calcium
phosphate transfection, virus infection, DEAE-dextran mediated transfection, lipofectamin
transfection or electroporation, 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 invention as is well known to persons skilled
in the art. They include, but are not limited to, kanamycin, neomycin, puromycin,
hygromycin, zeocin, thymidine kinase gene from Herpes simplex virus (HSV-TK),
dihydrofolate reductase gene from mouse (dhfr). Vectors comprising one or more nucleic acid
molecules encoding the human binding molecules 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 invention. These proteins or peptides
include, but are not limited to, glutathione-S-transferase, maltose binding protein, metal-
binding polyhistidine, green fluorescent protein, luciferase and beta-galactosidase.

Hosts containing one or more copies of the vectors mentioned above are an additional
subject of the present invention. 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 preferably yeast cells are used. Expression in yeast can be achieved by
using yeast straings such as inter alia Pichia pastoris, Saccharomyces cerevisiae and
Hansenula polymorpha. Furthermore, msect cells such as cells from Drosophila and S{9 can
be used as host cells. Besides that, the host cells can be 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 cclls from ornamcntals, or cells from flower bulb
crops. Transformed (transgenic) plants or plant cells are produced by known methods, for
example, Agrobacterium-mediated gene transfer, transformation of leaf discs, protoplast
transformation by polyethylene glycol-induced DNA transfer, electroporation, sonication,

microinjection or bolistic gene transfer. Additionally, a suitable expression system can be a
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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 invention. Mammalian cells provide expressed proteins with posttranslational
modifications that are most similar to natural molecules of mammalian origin. Since the
present invention deals with molecules that may have to be administered to humans, a
completely human expression system would be particularly preferred. Therefore, even more
preferably, the host cells are human cells. Examples of human cells are inter alia HelLa, 911,
ATI1080, 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, said host cells are derived
from a human retina and immortalized with nucleic acids comprising adenoviral El
sequences, such as 911 cells or the cell line deposited at the European Collection of Cell
Cultures (ECACC), CAMR, Salisbury, Wiltshire SP4 OJG, Great Britain on 29 February
1996 under number 96022940 and markcted under the trademark PER.C6® (PER.C6 is a
registered trademark of Crucell Holland B.V.). For the purposes of this application “PER.C6
cells” refers to cells deposited under number 96022940 or ancestors, passages 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 protcins of interest has been described in
WO 00/63403 the disclosure of which is incorporated herein by reference in its entirety.

A method of producing a binding molecule according to the invention is an additional
part of the invention. The method comprises the steps of a) culturing a host according to the
invention under conditions conducive to the expression of the binding molecule, and b)
optionally, recovering the expressed binding molecule. The expressed binding molecules can
be recovered from the cell free extract, but preferably they are recovered from the culture
mcdium. The above method of producing can also be used to make functional variants of the
binding molecules and/or immunoconjugates of the present invention. Methods to recover
proteins, such as binding molecules, from cell free extracts or culture medium are well known
to the man skilled in the art. Binding molecules, functional variants and/or immunoconjugates

as obtainable by the above-described method are also a part of the present invention.
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Alternatively, next to the expression in hosts, such as host cells, the binding molecules
and immunoconjugates of the invention can be produced synthetically by conventional
peptide synthesizers or in cell-free translation systems using RNA nucleic acid derived from
DNA molecules according to the invention. Binding molecules and immunoconjugates as
obtainable by the above described synthetic production methods or cell-free translation
systems are also a part of the present invention.

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

In yet another altemnative embodiment, binding molecules according to the present
invention, preferably human binding molecules specifically binding to influenza virus H5SN1
or a fragment thereof, may be generated by transgenic non-human mammals, such as for
instance transgenic mice or rabbits, that express human immunoglobulin genes. Preferably,
the transgenic non-human mammals have a gcnome 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 H5NI 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, New York and Current Protocols in Immunology, Edited by: J.E.
Coligan, A.M. Kruisbeek, D.H. Margulies, E.M. Shevach, W. Strober (2001), John Wiley &
Sons Inc., New York, the disclosures of which are incorporated herein by reference.
Immunization protocols often include multiple immunizations, either with or without
adjuvants such as Freund's complete adjuvant and Freund's incomplete adjuvant, but may also
inchude naked DNA immunizations. In another embodiment, the human binding molecules
are produced by B-cells, plasma and/or memory cells derived from the transgenic animals. In
yct another embodiment, the human binding molecules are produced by hybridomas, which
are prepared 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
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from the above-described transgenic non-human mammals, B-cclls, plasma and/or memory
cells and hybridomas are also a part of the present invention.

In a further aspect, the invention provides a method of identifying a binding molecule,
such as a human binding molecule, e.g. a human monoclonal antibody or fragment thereof,
specifically binding to influenza virus H5N1 or nucleic acid molecules encoding such binding
molecules and comprises the steps of: (a) contacting a collection of binding molecules on the
surface of replicable genetic packages with influenza virus HSN1 or a fragment thereof under
conditions conducive to binding, (b) selecting at least once for a replicable genetic package
binding to influenza virus H5N1 or a fragment thereof, (c) separating and recovering the
replicable genetic package binding to influenza virus HSN1 or a fragment thereof from
replicable genetic packages that do not bind to influenza virus H5N1 or a fragment thereof. A
replicable genetic package as used herein can be prokaryotic or eukaryotic and includes cells,
spores, yeasts, bacteria, viruses, (bacterio)phage, ribosomes and polysomes. A preferred
replicable genctic package is a phage. The binding molccules, such as for instance single
chain Fvs, are displayed on the replicable genetic package, i.e. they are attached to a group or
molecule located at an exterior surface of the replicable genetic package. The replicable
genetic package is a screenable unit comprising a binding molecule to be screened linked to a
nucleic acid molecule encoding the binding molecule. The nucleic acid molecule should be
replicable either in vivo (e.g., as a vector) or in vitro (e.g., by PCR, transcription and
translation). /n vivo replication can be autonomous (as for a cell), with the assistance of host
factors (as for a virus) or with the assistance of both host and helper virus (as for a phagemid).
Replicable genetic packages displaying a collection of binding molecules is formed by
introducing nucleic acid molecules encoding exogenous binding molecules to be displayed
into the genomes of the replicable genetic packages to form fusion proteins with endogenous
proteins that are normally expressed from the outer surface of the replicable genetic packages.
Expression of the fusion proteins, transport to the outer surface and assembly results in
display of exogenous binding molecules from the outer surface of the replicable genetic
packages.

The selection step(s) in the method according to the present invention can be
performed with influenza H5N1 viruses that are live and still infective or inactivated.

Inactivation of influenza virus HSN1 may be performed by viral inactivation methods well
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known to the skilled artisan such as inter alia treatment with formalin, B-propiolactone (BPL),
merthiolate, and/or ultraviolet light. Methods to test, if influenza virus H5N1 is still alive,
infective and/or viable or partly or completely inactivated are well known to the person
skilled in the art. The influenza virus H5N1 used in the above method may be non-isolated,
e.g. present in serum and/or blood of an infected individual. The influenza virus H5N1 used
may also be isolated from cell culture in a suitable medium.

In an embodiment the influenza virus H5N1 is in suspension when contacted with the
replicable genetic packages. Alternatively, they may also be coupled to a carrier when contact
takes place. In an embodiment a first and further selection may take place against an influenza
virus H5N1 strain of the same clade. Altematively, first and further selection rounds may be
performed against influenza virus H5N1 strains of different clades (e.g. first selection on
clade 1 strains and second selection on clade 2 or 3 strains).

Alternatively, the selection step(s) may be performed in the presence of a fragment of
influcnza virus HSN1 such as e.g. cell membrane preparations, recombinant H5N1 proteins or
polypeptides, fusion proteins comprising H5N1 proteins or polypeptides, cells expressing
recombinant H5N1 proteins or polypeptides, and the like. Extracellularly exposed parts of
these proteins or polypeptides can also be used as selection material. The fragments of
influenza virus H5SN1 may be immobilized to a suitable material before use or may be used in
suspension. In an embodiment the selection can be performed on different fragments of
influenza virus H5N1 or fragments of different influenza virus H5N1 strains. Finding suitable
selection combinations are well within the reach of the skilled artisan, Selections may be
performed by ELISA or FACS.

In yet a further aspect, the invention provides a method of obtaining a binding
molecule specifically binding to an influenza virus H5N1 strain or fragment thereof or a
nucleic acid molecule encoding such a binding molecule, wherein the method comprises the
steps of a) performing the above described method of identifying binding molecules, and b)
isolating from the recovered replicable genctic package the binding molccule and/or the
nucleic acid molecule encoding the binding molecule. The collection of binding molecules on
the surface of replicable genetic packages can be a collection of scFvs or Fabs. Once a new
scFv or Fab has been established or identified with the above-mentioned method of

identifying binding molecules or nucleic acid molecules encoding the binding molecules, the
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DNA encoding the scFv or Fab can be isolated from the bacteria or phages and combined
with standard molecular biological techniques to make constructs encoding scFvs, bivalent
scFvs, Fabs or complete human immunoglobulins of a desired specificity (e.g. IgG, IgA or
IgM). These constructs can be transfected into suitable cell lines and complete human
monoclonal antibodies can eventually be produced (see Huls et al., 1999; Boel ez al., 2000).

As mentioned before the preferred replicable genetic package is a phage. Phage
display methods for identifying and obtaining (human) binding molecules, e.g. (human)
monoclonal antibodies, are by now well-established methods known by the person skilled in
the art. They are, e.g., described in US Patent Number 5,696,108; Burton and Barbas, 1994;
de Kruif et al., 1995b; and Phage Display: A Laboratory Manual. Edited by: CF Barbas, DR
Burton, JK Scott and GJ Silverman (2001), Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York. All these references are herewith incorporated herein in their
entirety. For the construction of phage display libraries, collections of human monoclonal
antibody hcavy and light chain variablc rcgion gences arc ¢xpressed on the surface of
bacteriophage, preferably filamentous bacteriophage, particles, in for example single-chain Fv
(scFv) or in Fab format (see de Kruif e al., 1995b). Large libraries of antibody fragment-
expressing phages typically contain more than 1.0x10° antibody specificities and may be
assembled from the immunoglobulin V-regions expressed in the B-lymphocytes of
immunized- or non-immunized individuals. In a specific embodiment of the invention the
phage library of binding molecules, preferably scFv phage library, is prepared from RNA
isolated from cells obtained from a subject that has been vaccinated against influenza virus
(e.g., H5N1), recently vaccinated against an unrelated pathogen, recently suffered from a
influenza virus H5N1 infection or from a healthy individual. RNA can be isolated from inter
alia bone marrow or peripheral blood, preferably peripheral blqod lymphocytes or isolated B-
cells or even subpopulations of B-cells such as memory B-cells. The subject can be an animal,
preferably a human. In a preferred embodiment the libraries may be assembled from the
immunoglobulin V-regions expressed by IgM memory B-cclls.

Alternatively, phage display libraries may be constructed from immunoglobulin
variable regions that have been partially assembled in vitro to introduce additional antibody
diversity in the library (semi-synthetic libraries). For example, in vitro assembled variable

regions contain stretches of synthetically produced, randomized or partially randomized DNA
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in those regions of the molcculces that arc important for antibody specificity, e.g. CDR
regions. Phage antibodies specific for influenza virus H5N1 can be selected from the library
by exposing the virus or fragment thereof to a phage library to allow binding of phages
expressing antibody fragments specific for the virus or fragment thereof. Non-bound phages
are removed by washing and bound phages eluted for infection of E.coli bacteria and
subsequent propagation. Multiple rounds of selection and propagation are usually required to
sufficiently enrich for phages binding specifically to the virus or fragment thereof. If desired,
before exposing the phage library to the virus or fragment thereof the phage library can first
be subtracted by exposing the phage library to non-target material such as viruses or
fragments thereof of a different strain, i.e. non-H5N1 influenza viruses. These subtractor
viruses or fragments thereof can be bound to a solid phase or can be in suspension. Phages
may also be selected for binding to complex antigens such as complex mixtures of H5N1
proteins or (poly)peptides optionally supplemented with other material. Host cells expressing
onc or morc proteins or (poly)peptides of influcnza virus HSN1 may also be used for sclection
purposes. A phage display method using these host cells can be extended and improved by
subtracting non-relevant binders during screening by addition of an excess of host cells
comprising no target molecules or non-target molecules that are similar, but not identical, to
the target, and thereby strongly enhance the chance of finding relevant binding molecules. Of
course, the subtraction may be performed before, during or after the screening with virus or
fragments thereof. The process is referred to as the MABSTRACT® process (MABSTRACT®
is a registered trademark of Crucell Holland B.V., see also US Patent Number 6,265,150
which is incorporated herein by reference).

In yet another aspect the invention provides a method of obtaining a binding
molecule potentially having neutralizing activity against influenza virus H5N1, preferably at
least against influenza virus H5N1 strains of clade 1, clade 2 and clade 3, wherein the method
comprises the steps of (a) performing the method of obtaining a binding molecule specifically
binding to influenza virus H5N1 or a fragment thercof or a nucleic acid molecule encoding
such a binding molecule as described above, and (b) verifying if the binding molecule isolated
has neutralizing activity against the virus, preferably against at least influenza virus H5N1

strains of clade 1 and clade 2. Assays for verifying if a binding molecule has neutralizing
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activity are well known in the art (sec WHO Manual on Animal Influcnza Diagnosis and
Surveillance, Geneva: World Health Organisation, 2005 version 2002.5).

In a further aspect the invention pertains to a binding molecule having neutralizing
activity being obtainable by the methods as described above.

In yet a further aspect, the invention provides compositions comprising at least a
binding molecule preferably a human monoclonal antibody according to the invention, at least
a functional variant thereof, at least an immunoconjugate according to the invention or a
combination thereof. In addition to that, the compositions may comprise inter alia stabilizing
molecules, such as albumin or polyethylene glycol, 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 invention
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 invention provides compositions comprising at Icast a
nucleic acid molecule as defined in the present invention. The compositions may comprise
aqueous solutions such as aqueous solutions containing salts (e.g., NaCl or salts as described
above), detergents (e.g., SDS) and/or other suitable components.

Furthermore, the present invention pertains to pharmaceutical compositions
comprising at least a binding molecule such as a human monoclonal antibody of the invention
(or functional fragment or variant thereof), at least an immunoconjugate according to the
invention, at least a composition according to the invention, or combinations thereof. The
pharmaceutical composition of the invention further comprises at least one pharmaceutically
acceptable excipient. Pharmaceutically acceptable excipients are well known to the skilled
person. The pharmaceutical composition according to the invention may further comprise at
least one other therapeutic agent. Suitable agents are also well known to the skilled artisan.

In an embodiment the pharmaceutical compositions may comprise two or more
binding molcculcs that have ncutralizing activity against influcnza virus H5N1. In an
embodiment, the binding molecules exhibit synergistic neutralizing activity, when used in
combination. In other words, the compositions comprise at least two binding molecules
having neutralizing activity, characterized in that the binding molecules act synergistically in

neutralizing influenza virus HSN1. As used herein, the term "synergistic” means that the
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combincd cffect of the binding molecules when used in combination is greater than their
additive effects when used individually. The synergistically acting binding molecules may
bind to different structures on the same or distinct fragments of influenza virus H5N1. 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 also
comprise one binding molecule having neutralizing activity and one non-neutralizing HSN1-
specific binding molecule. The non-neutralizing and neutralizing HSN1-specific binding
molecules may also act synergistically in neutralizing influenza virus HSN1.

A pharmaceutical composition according to the invention can further comprise at least
one other therapeutic, prophylactic and/or diagnostic agent. Preferably, the pharmaceutical
composition comprises at least one other prophylactic and/or therapeutic agent. Preferably,
said further therapeutic and/or prophylactic agents are agents capable of preventing and/or
treating an influenza virus H5N1 infection and/or a condition resulting from such an infection.
Therapeutic and/or prophylactic agents include, but arc not limited to, anti-viral agents. Such
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 virus HSN1 are M2 inhibitors (e.g., amantidine, rimantadine)
and/or neuraminidase inhibitors (e.g., zanamivir, oseltamivir). These can be used in
combination with the binding molecules of the invention. Agents capable of preventing and/or
treating an infection with influenza virus HSN1 and/or a condition resulting from such an
infection that are in the experimental phase might also be used as other therapeutic and/or
prophylactic agents useful in the present invention.

The binding molecules or pharmaceutical compositions of the invention 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 manufacturc and storagc. The binding molccules, immunoconjugates, nucleic
acid molecules or compositions of the present invention can be in powder form for
reconstitution in the appropriate pharmaceutically 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
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yicld a powdcr of the active ingredient plus any additional desircd ingredicent from a
previously sterile-filtered solution thereof.

Alternatively, the binding molecules, immunoconjugates, nucleic acid molecules or
compositions of the present invention can be in solution and the appropriate pharmaceuticaily
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 invention is suitable to 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 physico-chemical properties of the active
molecules within the compositions, the urgency of the clinical 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 invention can be prepared with carriers
that will protect them against rapid rclcasc, such as a controlled release formulation, including
implants, transdermal patches, and microencapsulated delivery systems. Biodegradable,
biocompatible polymers 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 pharmaccutically cxcipicnts including, but not limited to, inert dilucnts, granulating
and disintegrating agents, binding agents, lubricating agents, preservatives, colouring,
flavouring or sweetening agents, vegetablé or mineral oils, wetting agents, and thickening

agents.
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The pharmaccutical compositions of the present invention can also be formulated for
parenteral administration. Formulations 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, isotonic sodium chloride solution, oils, fatty acids, local anaesthetic
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 thercof), immunoconjugates, compositions, or
pharmaceutical compositions of the invention can be used as a medicament. So, a method of
treatment and/or prevention of an influenza virus HSN1 infection using the binding
molecules, immunoconjugates, compositions, or pharmaceutical compositions of the
invention is another part of the prescnt invention. The above-mentioned molecules can inter
alia be used in the diagnosis, prophylaxis, treatment, or combination thereof, of an influenza
virus H5N1 infection. They are suitable for treatment of yet untreated patients suffering from
an influenza virus H5N1 infection and patients who have been or are treated for an influenza
virus H5N1 infection. They may be used for patients such as healthcare workers, relatives of
infected subjects, (poultry-)farmers, etc.

The above-mentioned molecules or compositions may be employed in conjunction
with other molecules useful in diagnosis, 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
pharmaceutical compositions of the invention can be co-administered with a vaccine against
influenza virus H5N1 (if available). Alternatively, the vaccine may also be administered
before or after administration of the molecules of the invention. Instead of a vaccine, anti-
viral agents can also be employed in conjunction with the binding moleculces of the present
invention. Suitable anti-viral agents are mentioned above,

The molecules are typically formulated in the compositions and pharmaceutical
compositions of the invention in a therapeutically or diagnostically effective amount.

Alternatively, they may be formulated and administered separately. For instance the other
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molccules such as the anti-viral agents may be applicd systemically, while the binding
molecules of the invention may be applied intravenously.

Dosage regimens can be adjusted to provide the optimum desired response (e.g., a
therapeutic response). A suitable dosage range may for instance be 0.1-100 mg/kg body
weight, preferably 0.5-15 mg/kg body weight. Furthermore, for example, a 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 invention 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 invention. If the other
molecules are administered separately, they may be administered to a patient prior to {e.g., 2
min, 5 min, 10 min, 15 min, 30 min, 45 min, 60 min, 2 hrs, 4 hrs, 6 hrs, 8 hrs, 10 hrs, 12 hrs,
14 hrs, 16 hrs, 18 hrs, 20 hrs, 22 hrs, 24 hrs, 2 days, 3 days, 4 days, 5 days, 7 days, 2 wccks, 4
weeks or 6 weeks before), concomitantly with, or subsequent to (e.g., 2 min, 5 min, 10 min,
15 min, 30 min, 45 min, 60 min, 2 hrs, 4 hrs, 6 hrs, 8 hrs, 10 hrs, 12 hrs, 14 hrs, 16 hrs, 18 hrs,
20 hrs, 22 hrs, 24 hrs, 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 molecules or pharmaceutical
compositions of the invention. The exact dosing regimen is usually sorted out during clinical
trials in human patients.

Human binding molecules and pharmaceutical compositions comprising the human
binding molecules are particularly useful, and often preferred, when to be administered 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 administration
of a monoclonal murine, chimeric or humanized binding molecule.

In another aspect, the invention concerns the use of the binding molecules such as
ncutralizing human monoclonal antibodics (functional fragments and variants thercof),
immunoconjugates, nucleic acid molecules, compositions or pharmaceutical compositions
according to the invention in the preparation of a medicament for the diagnosis, prophylaxis,

treatment, or combination thereof, of an influenza virus H5N1 infection.
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Next to that, kits comprising at least a binding molccule such as a ncutralizing human
monoclonal antibody (functional fragments and variants thereof), at least an
immunoconjugate, at least a nucleic acid molecule, at least a composition, at least a
pharmaceutical composition, at least a vector, at least a host according to the invention or a
combination thereof are also a part of the present invention. Optionally, the above-described
components of the kits of the invention are packed in suitable containers and labelled for
diagnosis, prophylaxis and/or treatment of the indicated conditions. The above-mentioned
components may be stored in unit or multi-dose containers as an aqueous, preferably sterile,
solution or as a lyophilised, preferably sterile, formulation for reconstitution. The containers
may be formed from a variety of materials 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
containers 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 therapeutic, prophylactic or diagnostic agent. Associated with the kits
can be instructions customnarily included in commercial packages of therapeutic, prophylactic
or diagnostic products, that contain information about for example the indications, usage,
dosage, manufacture, administration, contra-indications and/or warnings concerning the use
of such therapeutic, prophylactic or diagnostic products.

The invention further pertains to a method of detecting influenza virus HSN1 ina
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 invention, 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,
nasophargyal aspiratcs, bronchial lavages, urine, tissuc or other biological matcrial 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 HSN1 might be tested for the presence of the virus using the hurman

binding molecules or immunoconjugates of the invention. The sample may first be
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manipulated to make it more suitable for the method of detection. Manipulation mcans inter
alia treating the sample suspected to contain and/or containing the virus in such a way that the
virus will disintegrate into antigenic components such as proteins, (poly)peptides or other
antigenic frapments. Preferably, the human binding molecules or immunoconjugates of the
invention are contacted with the sample under conditions which allow the formation of an
immunological complex between the human binding molecules 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
heterogeneous binding immunoassays, such as radio-immunoassays (RIA), ELISA,
immunofluorescence, immunohistochemistry, FACS, BIACORE and Western blot analyses.

Preferred assay techniques, especially for large-scale clinical screening of patient sera
and blood and blood-derived products are ELISA and Western blot techniques. ELISA tests
are particularly preferred. For usc as rcagents in these assays, the binding molecules or
immunoconjugates of the invention are conveniently bonded to the inside surface of
microtiter wells. The binding molecules or immunoconjugates of the invention may be
directly bonded to the microtiter well. However, maximum binding of the binding molecules
or immunoconjugates of the invention to the wells might be accomplished by pre-treating the
wells with polylysine prior to the addition of the binding molecules or immunoconjugates of
the invention. Furthermore, the binding molecules or immunoconjugates of the invention may
be covalently attached by known means to the wells. Generally, the binding molecules or
immunoconjugates are used 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 invention.

Furthermore, binding molecules of the invention can be used to identify specific
binding structures of influenza virus H5N1. The binding structures can be epitopes on
proteins and/or polypeptides. They can be linear, but also structural and/or conformational. In
one embodiment, the binding structures can be analysed by means of PEPSCAN analysis (see
inter alia WO 84/03564, WO 93/09872, Slootstra er al., 1996). Alternatively, a random
peptide library comprising peptides from a protein of influenza virus H5N1 can be screened

for peptides capable of binding to the binding molecules of the invention. The binding
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structures/peptides/epitopes found can be used as vaccines and for the diagnosis of influenza
virus H5N1 infections. In case fragments other than proteins and/or polypeptides are bound
by the binding molecules, binding structures can be identified by mass spectrometry, high
performance liquid chromatography and nuclear magnetic resonance.

In a further aspect, the invention provides a method of screening a binding molecule
(or a functional fragment or variant thereof) for specific binding to the same epitope of
influenza virus H5N1, as the epitope bound by a human binding molecule of the invention,
wherein the method comprises the steps of (a) contacting a binding molecule to be screened, a
binding molecule of the invention and influenza virus H5N1 or a fragment thereof, (b)
measure if the binding molecule to be screened 1s capable of competing for specifically
binding to influenza virus H5N1 or a fragment thereof with the binding molecule of the
invention. Tn a further step it may be determined, if the screened binding molecules that are
capable of competing for specifically binding to influenza virus H5N1 or a fragment thereof
havc ncutralizing activity. A binding molcculc that is capable of competing for specifically
binding to influenza virus H5N1 or a fragment thereof with the binding molecule of the
invention is another part of the present invention. In the above-described screening method,
“specifically binding to the same epitope™ also contemplates specific binding to substantially
or essentially the same epitope as the epitope bound by the a binding molecule of the
invention. The capacity to block, or compete with, the binding of the binding molecules of the
invention to influenza virus H5N1 typically indicates that a binding molecule to be screened
binds to an epitope or binding site on influenza virus H5N1 that structurally overlaps with the
binding site on influenza virus H5N1 that is immunospecifically recognized by the binding
molecules of the invention. Alternatively, this can indicate that a binding molecule to be
screened binds to an epitope or binding site which is sufficiently proximal to the binding site
immunospecifically recognized by the binding molecules of the invention to sterically or
otherwise inhibit binding of the binding molecules of the invention to influenza virus H5N1,

In gencral, competitive inhibition is measured by means of an assay, wherein an
antigen composition, 7.e. a composition comprising influenza virus H5N1 or fragments
thereof, is admixed with reference binding molecules, i.e. the binding molecules of the
invention, and binding molecules to be screened. Usually, the binding molecules to be

screened are present in excess. Protocols based upon ELISAs and Western blotting are
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suitable for usc in such simple compctition studics. By using specics or isotype sccondary
antibodies one will be able to detect only the bound reference binding molecules, the binding
of which will be reduced by the presence of a binding molecule to be screened that recognizes
substantially the same epitope. In conducting a binding molecule competition study between a
reference binding molecule and any binding molecule to be screened (irrespective of species
or isotype), one may first label the reference binding molecule with a detectable label, such
as, e.g., biotin, an enzymatic, a radioactive or other label to enable subsequent identification.
Binding molecules identified by these competition assays (“competitive binding molecules”
or “cross-reactive binding molecules™) include, but are not limited to, antibodies, antibody
fragments and other binding agents that bind to an epitope or binding site bound by the
reference binding molecule, i.e. a bmding molecule of the invention, as well as antibodies,
antibody fragments and other binding agents that bind to an epitope or binding site
sufficiently proximal to an epitope bound by the reference binding molecule for competitive
binding between the binding molccules to be screened and the reference binding moleculc to
occur, Preferably, competitive binding molecules of the invention will, when present in
excess, inhibit specific binding of a reference binding molecule to a selected target species by
at least 10%, preferably by at least 25%, more preferably by at least 50%, and most preferably
by at least 75%-90% or even greater. The identification of one or more competitive binding
molecules that bind to about, substantially, essentially or at the same epitope as the binding
molecules of the invention is a straightforward technical matter. As the identification of
competitive binding molecules is determined in comparison to a reference binding molecule,
i.e. a binding molecule of the invention, it will be understood that actually determining the
epitope to which the reference binding molecule and the competitive binding molecule bind is
not in any way required in order to identify a competitive binding molecule that binds to the

same or substantially the same epitope as the reference binding molecule.
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EXAMPLES
To illustrate the invention, the following examples are provided. The examples are not

intended to limit the scope of the invention in any way.

Example 1

Construction of scFv phage display libraries using RNA extracted from memory B cells
Peripheral blood was collected from normal healthy donors by venapuncture in EDTA anti-
coagulation sample tubes. A blood sample (45 ml) was diluted twice with PBS and 30 ml
aliquots were underlayed with 10 ml Ficoll-Hypaque (Pharmacia) and centrifuged at 9500xg
for 20 min at room temperature without breaks. The supernatant was removed carefully to just
above the white layer containing the lymphocytic and thrombocytic fraction. Next, this layer
was carefully removed (~10 ml), transferred to a fresh 50 ml tube and washed three times
with 40 ml PBS and spun at 400xg for 10 min at room temperature to remove thrombocytes.
The obtained pellet containing lymphocytes was resuspended in RPMI medium containing
2% FBS and the cell number was determined by cell counting. Approximately 1x10°
lymphocytes were stained for fluorescent cell sorting using CD24, CD27 and surface IgM as
markers for the isolation of IgM memory B cells. A Becton Dickinson Digital Vantage
apparatus set in Yield Mode was used for physical memory B cell sorting and isolation.
Lymphocytes were gated as the small compact population from the FSC/SSC window.
Memory B cells (CD24+/CD27+) were subsequently separated from naive B cells
(CD24+/CD27-) and memory T cells (CD24-/CD27+). In a next step, IgM memory B cells
(1gM+) were separated from switch memory B cells (IgM-) using IgM expression. In this step
IgM memory B cells were sorted in a separate sample tube. 1x10° cells were collected in
DMEM/50% FBS and after completion of the sort they were centrifuged at 400xg for 10 min
and lysed in 500 pl TRIZOL total RNA extraction solution (Invitrogen). The RNA was
extracted from the lysis solution using 200 pl chloroform and isopropanol precipitation as
detailed in the TRIZOL solution protocol. Next, 1 pl Pellet Paint (Novogen) was applied to
enhance and visualize the pelleting process. The complete RNA preparation was dissolved in
23 ul DEPC treated ultrapure water (Invitrogen) and used for cDNA conversion with
SuperScript 111 Reverse Transcriptase (Invitrogen). 1 pul Random Hexamers (500 ng/ul)
(Promega) was added to the RNA sample and mixed and melted at 65°C for 5 min in a heated
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lid PCR machine. The sample was snap-coolcd on wet-ice and the following components
were added: 8 pl X RT buffer (250 mM Tris-HCI pH 8.3, 375 mM KCl, 15 mM MgCly), 2 ul
dNTPs (10 mM of each) (Invitrogen), 2 pl DTT (100 mM), 2 ul RNAse Inhibitor (40 U/ul)
(Promega), 2 pl SuperScript III (200 U/pl) (Invitrogen). The obtained mixture was first
incubated for 5 min at room temperature and then transferred to a heated lid PCR machine at
50°C for one hr. The reaction was stopped by heating up to 75°C for 15 min. The cDNA
obtained was diluted to 200 pl with ultrapure water and stored at -20°C until further use.

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. The PCR formulation for amplification used throughout the procedure was as
follows: 5 pul cDNA template, 32.75 ul ultrapure water, 2.5 pl of each primer (10 uM), 5 ul
10X PCR buffer (200 mM Tris-HCI pH 8.4, 500 mM KC1), 1.5 pl MgCl, (50 mM), 0.5 pl
dNTP's (25 mM of each), 0.25 1l Taq polymerase (5 U/ul) (Invitrogen). First round
amplification on the respective cDNA using the primer sets mentioned in Table 1 yielded 7, 6
and 9 products of about 650 base pairs for respectively VH, Vkappa and Vlambda regions.
For IgM memory B cell VH region amplification the OCM constant primer was used in
combination with OH1 to QH7. The thermal cycling program for first round amplifications
was: 2 min 96°C (denaturation step), 30 cycles of 30 sec 96°C/ 30 sec 55°C/ 60 sec 72°C, 10
min 72°C final elongation and 4°C refrigeration. The products were loaded on and isolated
from a 1% agarose gel using gel-extraction columns (Qiagen} and eluted in 50 pd | mM Tris-
HCI pH 8.0. Ten percent of first round products (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-C06. The PCR program for second round amplifications was as
follows: 2 min 96°C (denaturation step), 30 cycles of 30 sec 96°C/ 30 sec 60°C/ 60 sec 72°C,
10 min 72°C final elongation and 4°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 7, 6 and 9 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 6 Vkappa and 9 Vlambda light chain

pools were mixed according to the percentages mentioned in Table 3. This single final VL
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pool (3 ng) was digestcd overnight with Sall and Notl restriction enzymes, loaded on and
isolated from a 1.5% agarose gel (~350 base pairs) using Qiagen gel-extraction columns and
ligated in SalI-NotI cut PDV-C06 vector (~5000 base pairs) as follows: 10 i PDV-C06
vector (50 ng/ul), 7 ul VL insert (10 ng/pl), 5wl 10X ligation buffer (NEB), 2.5 T4 DNA
Ligase (400 U/ul) (NEB), 25.5 Wl ultrapure water (vector to insert ratio was 1:2). Ligation was
performed overnight in a water bath of 16°C. Next, the volume was doubled with water,
extracted with an equal volume of phenol-chloroform-isoamylalcohol (75:24:1) (Invitrogen)
followed by chloroform (Merck) extraction and precipitated with 1 pl Pellet Paint (Novogen),
10 pl sodium acetate (3 M pH 5.0) and 100 pl isopropanol for 2 hrs at -20°C. The obtained
sample was subsequently centrifuged at 20.000xg for 30 min at 4°C. The obtained precipitate
was washed with 70% ethanol and centrifuged for 10 min at 20.000xg at room temperature.
Ethanol was removed by vacuum aspiration and the pellet was air dried for several min and
then dissolved in 50 pl buffer containing 10 mM Tris-HCI, pH 8.0. 1 pl ligation mixture was
uscd for the transformation of 40 pl TG-1 clectro-compctent cclls (Stratagenc) in a chilled 0.1
cm electroporation cuvette (Biorad) using a Genepulser 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 culture
tube. Bacteria were recovered by culturing for exactly one hr at 37°C in a shaker incubator at
220 rpm. The transformed bacteria were plated over large 240 mm square petridishes
(NUNC) containing 200 ml 2TY agar (16 g/l bacto-tryptone, 10 g/l bacto-yeast extract, 5 g/l
NaCl, 15 g/l 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 twenty
times and the complete library was plated over a total of thirty large square petridishes and
grown overnight in a 37°C culture stove. Typically, around 1x107 ¢fu were obtained using the
above protocol. The intermediate VL light chain library was harvested from the plates by
mildly scraping the bacteria into 10 rnl 2TY medium per plate. The cell mass was determined

by OD600 measurement and two times 500 OD of bacteria was used for maxi plasmid DNA
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preparation using two P500 maxiprep columns (Qiagen) according to manufacturer's
instructions.

Analogous to the VL variable regions, the second round VH-JH products were first
mixed together to obtain the normal J segment usage distribution (see Table 4), resulting in 7
VH subpools called PHI1 to PH7. The pools were mixed to acquire a normalized sequence
distribution using the percentages depicted in Table 4, obtaining one VH fraction that was
digested with Sfil and Xhol restriction enzymes and ligated in SHil-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 exactly as described for the VL
intermediate library (see above). The final library (approximately 5x10° cfu) was checked for
insert frequency with a colony PCR using a primer set flanking the inserted VH-VL regions.
More than 95% of the colonies showed a correct length insert (see Table 5). The colony PCR
products were used for subsequent DNA sequence analysis to check sequence variation and to
asscss the percentage of colonies showing a complctc ORF. This was typically above 70%
(see Table 5). The frequency of mutations in the V genes was also analysed. Out of 50
sequences, 47 (94%) were not in germline configuration indicative of a maturation process
and consistent with the memory phenotype of the B cells used as an RNA source for the
library. 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 methods as described

below.

Example 2
Selection of phages carrying single chain Fv fragments against H5N1

Antibody fragments were selected using antibody phage display libraries constructed
essentially as described above and general phage display technology and MABSTRACT®
technology essentially as described in US Patent Number 6,265,150 and in WO 98/15833
{both of which arc 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 invention.

Selection was performed against recombinant hemﬁgglutinin (HA) subtype HS5
(A/Vietnam/1203/2004; see SEQ 1D NO:110) produced using baculovirus vectors in insect
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cells (Protcin Sciences, CT, USA). The amino acid sequence of HA from isolate
A/Vietnam/1194/2004 (H5SN1TV) and the consensus amino acid sequence representing HAs
from strains isolated in Indonesia and China (H5SN1IC) are shown in SEQ ID NO:111 and
SEQ ID NO:112, respectively. Selections were also performed against soluble recombinant
HA (sHA) from H5N1. The sequence encoding for the extracellular (soluble) part of HA
(sHA) from isolate A/Vietnam/1 194/2004 (H5N1), representing the HAs identified in
influenza strains isolated in Thailand and Vietnam (sHA of HSN1TV, SEQ ID NO:113) in
2004 (clade 1) and a consensus sequence representing soluble parts of HAs of H5NI strains
isolated in Indonesia and China (sHA of H5N1IC, SEQ ID NO:114) in 2003/2004 (clade 2)
were cloned in an expression vector containing a myc- and his-tag using standard DNA
cloning techniques. HAs of HSNITV and HSN1IC differ at 9 amino acid positions, all located
in the HA1 subunit of the molecules. DNA transfections were performed in PER.C6 cells for
transient and/or stable expression using standard techniques. sHA was purified from culture
supcrnatant using mctal chelate affinity chromatography using HisTrap™ FF Columns
(Amersham Biosciences) according to the manufacturer’s instructions.

HA antigens (recombinant HA and sHA of HSN1TV) were diluted in PBS (5.0
ug/ml), added to MaxiSorp™™ 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 1-2 hrs at room temperature. In addition, immunotubes were
coated overnight with anti-myc antibody and incubated with block buffer containing 5 pg/ml
myc-tagged sHA of HSNITV. Aliquots of pooled phage display library (500-1000 pl,
0.5x10" - 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 1-2 hrs at room temperature. The blocked phage library was added to the
immunotubes, incubated for 2 hrs 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 mi of 100 mM tricthylamine (TEA) for 10 min 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 XL1-Blue E.coli
culture that had been grown at 37°C to an OD 600 nm of approximately 0.3. The phages were
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allowed to infect the XL 1-Blue bacteria for 30 min at 37°C. Then, the mixturc was
centrifuged for 10 min 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 tetracycline, 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. (1995a) and WO 02/103012. Briefly, scraped bacteria were used to inoculate 2TY
medium containing ampicillin, tetracycline and glucose and grown at a temperature 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 ampicillin, 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% bovinc scrum albumin (BSA), filter-sterilized and used for the next round of
selection.

Alternatively, phage selections using full-length HA-expressing cell lines were
performed. To this end, expression vectors containing the complete coding sequence of full-
length HA from isolate A/Vietnam/1194/2004 (H5SN1TV) and a consensus sequence
representing full-length HAs of H5N1 strains isolated in Indonesia and China (H5N1IC) were
used to transfect PER.C6 cells. Flow cytometry analysis using an anti-HA antibody was
performed in parallel with each phage selection to assure HA expression by HSN1TV- and
H5N 1IC-transfected PER.C6 cells (data not shown). 10x10° untransfected PER.C6 cells were
resuspended in 0.5 ml pooled phage library and 0.5 ml PER.C6 culture medium supplemented
with 4% ELK and incubated for 1 hr in an end-over-end rotor set at 5 rpm at 4°C. After 5 min
centrifugation at 300xg at 4°C of the phage library/untransfected PER.C6 cell mixture, the
supernatant containing the phages was subtracted for a second time with 10x10® untransfected
PER.C6 cclls. The subtracted phage preparation was subscquently mixcd with 1x10° HA-
expressing PER.C6 cells and incubated for 2 hrs in an end-over-end rotor set at 5 rpm at 4°C.
Subsequently, the cells were spun for 2 min at 3000xg and the cell pellet was resuspended in
1 ml PBS/0.05% Tween-20 to wash away unbound phages. The cells were centrifuged for 2

min at 3000xg and the washing was repeated for an additional 5 times. After each wash the
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cells were transferred to a new tube. Bound phages were eluted from the antigen by
incubation with 1 ml of 100 mM TEA for 10 min in an end-over-end rotor set at 5 rpm at
room temperature. The cells were spun for 2 min at 3000xg and the eluted phages were
transferred to a 50 ml tube containing 0.5 ml 1 M Tris-HC], pH 7.5. Rescue and propagation
of the eluted phages was performed as described above. Two rounds of selections were
performed before isolation of individual single-chain phage antibodies. After the second
round of selection, individual E.coli colonies 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. The supematants containing phage antibodies were used
directly in ELISA for binding to HA antigens. Altenatively, phage antibodies were
PEG/NaCl-precipitated and filter-sterilized for flow cytometry analysis.

Example 3

Validation of the HA specific single-chain phage antibodies

Selected single-chain phage antibodies that were obtained in the screening described above
were validated in ELISA for specificity, i.e. binding to HA antigens. For this purpose,
baculovirus expressed recombinant HA (Protein Sciences, CT, USA) and purified sHAs of
HSN1TV and HSN1IC were coated to Maxisorp'™ ELISA plates. Anti-myc mA 9E10
{Roche) was immobilized on Maxisorp™ ELISA platcs as ncgative control antigen. 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 hr at room temperature. The selected
single-chain phage antibodies were incubated for 1 hr in an equal volume of PBS containing
4% ELK 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. Incubation was allowed to proceed for one hr, the plates were washed with PBS/0.1%
Tween-20 and bound phage antibodies were detected {using OD 492nm measurement) using
an anti-M 13 antibody conjugated to peroxidase. As a control, the procedure was performed
simultaneously without single-chain phage antibody and with a negative control single-chain

phage antibody. From the sclections on the different HA antigens with the IgM memory B
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cell library, 92 unique single-chain phage antibodies specific for cither recombinant HA or
sHA were obtained.

Alternatively, the reactivity of single chain antibodies that were selected for binding to
HA-expressing PER.C6 cells was tested using flow cytometry analysis. PEG/NaCl
precipitated phages were mixed with an equal volume of PBS/2% ELK blocked for 30 min on
ice. The blocked phages were added to pelleted cells (untransfected PER.C6 and HA-
expressing PER.C6 cells) and incubated for one hr on ice. The cells were washed three times
with PBS/1% BSA, followed by a 1 minute centrifugation at 300xg, and binding of the single
chain phage antibodies to the cells was visualized using a biotinylated anti-M13 antibody
(Fitzgerald) followed by streptavidin-phycoerythrin conjugate (Caltag). The sclections using
HA-expressing PER.C6 cells provided 24 unique single-chain phage antibodies that were not

identified during selections using the different recombinant HA proteins.

Examplc 4

Characterization of the HA specific scFvs

From the selected specific single-chain phage antibodies (scFv) clones plasmid DNA was
obtained and nucleotide and amino acid sequences were determined according to standard
techniques. The nucleotide and amino acid sequence and VH and VL gene identity (see
Tomlinson IM et al. V-BASE Sequence Directory. Cambridge United Kingdom: MRC Centre
for Protein Engineering (1997)) of the scFvs are depicted in Table 6. The CDR regions of the

HA- specific immunoglobulins are shown in Table 7.

Example 5

Construction of fully human immunoglobulin molecules (human monoclonal antibodies) from
the selected single chain Fvs

Heavy and light chain variable regions of the scFvs were cloned directly by restriction digest
for expression in the IgG cxpression vectors plg-C911-HCgammal (sec SEQ ID No:141),
plG-C909-Ckappa (see SEQ 1D NO:142), or plg-C910-Clambda (see SEQ ID No:143).
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
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containing human IgG1 antibodics were obtained and produced using standard purification
procedures. The human IgG1 antibodies were titrated in a concentration range of between 10
and 0.003 pig/ml against H5 (data not shown), A SARS-CoV specific antibody was included
as a control antibody. The IgG1 molecules showed the same pattern of reactivity as
demonstrated for the single-chain phage antibodies.

The nucleotide and amino acid sequences of the heavy and light chain of the
antibodies called CR6141, CR6255, CR6257, CR6260, CR6261, CR6262, CR6268, CR6272,
CR6296, CR6301, CR6307, CR6310, CR6314, CR6323, CR6325, CR6327, CR6328,
CR06329, CR6331, CR6332, CR6334, CR6336, CR6339, CR6342, CR6343 and CR6344 as
well as their heavy and light chain variable regions are given in Table 8. Subsequently,
binding of the anti-HA IgG to HA-cxpressing PER.CO cells was investigated by flow
cytometry. Flow cytometry analysis for antibody binding to HA demonstrated that antibodies
CR6255, CR6257, CR6260, CR6261, CR6262, CR6268, CR6307, CR6310, CR6314,
CR6323, CR6325, CR6331 and CR6344 bound to HA (H5N1TV)-cxprcssing PER.C6 cclls
(see Table 9). Antibodies CR6261 and CR6344 also displayed binding to untransfected
control cells, but the obtained signals were approximately 10-fold lower than the signals
obtained for binding to HA (H5N1TV)-expressing PER.C6 cells (see Table 9). No binding of
control antibody CR3014 to HA-~expressing cells and untransfected control cells was

observed.

Example 6
In vitro neutralization of H5NI influenza virus by H5NI specific IgGs (virus neutralization

assay)

In order to determine whether the selected 1gGs were capable of blocking H5NT1 infection, in
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 H5N1 reassortant strain NIBRG-14 which was used in the assay was diluted to a titer of
4x10* 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
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scrially 2-fold diluted (1:2 - 1:16) in complcte MEM mcdium in duplicate wells. 25 pl of the
respective IgG dilution was mixed with 25 pl of virus suspension (100 TCID50/25 pl) and
incubated for one hr at 37°C. The suspension was then transferred in duplicate 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 pl 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
33°C and observed daily for the development of cytopathic effect (CPE). CPE was compared
to the positive control (NIBRG-14-inoculated cells) and negative controls (mock-inoculated
cells). The complete absence of CPE in an individual cell culture was defined as protection.
Sheep anti-A/Vietnam/1194/04 H5N1 influenza virus HA (04/214, NIBSC) was used as a
positive control in the assay.

In addition, cultures were tested for the presence of virus using immunohisto-
chemistry. To this cnd, the culture supernatant was discarded and the cclls were fixed with
40% (v/v) acetone and 60% (v/v) methanol for 15 min. Fixed cells were blocked for 30 min at
37°C in blocking buffer (200 mM NacCl, 0.2% (w/v) bovine serum albumin (BSA), 0.01%
thimerosal, 0.2% (v/v) Tween-20, 20 mM Tris-HCI, pH 7.45) supplemented with 2% (w/v)
BSA and 5% (v/v) goat serum. Subsequently, cells were incubated for one hr at 37°C with 50
pl mouse anti-influenza A monoclonal antibody blend (Chemicon) diluted 1:1000 in washing
buffer. After three washes with washing buffer, 50 pl of biotin-conjugated goat anti-mouse
IgG (Jackson) diluted 1:1000 in washing buffer was added and incubated for one hr at 37°C.
After three washes with washing buffer, 50 pl of streptavidin-peroxidase conjugate
(Calbiochem) diluted 1:3000 in washing buffer was added and incubated for 30 min at 37°C.
After another three washes with washing buffer, staining was visualized using AEC solution
(0.12% (w/v) 3-amino-9-ethylcarbazole, 30% (v/v) N-N-dimethylformamide and 70% (v/v)
acetate buffer) containing 1 pl H>O,/1 ml AEC solution. After three washes with washing
buffer, staining was analyscd under a microscope.

The human anti-HA antibodies called CR6255, CR6257, CR6260, CR6261, CR6262,
CR6268, CR6307, CR6310, CR6314, CR6323, CR6325, CR6331 and CR6344 were
subjected to the above-described VNA. All antibodies neutralized H5N1 reassortant strain
NIBRG-14. The concentrations (in ng/ml) at which these antibodies protect MDCK cultures
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against CPE arc given in Table 10. In wells where CPE was obscrved, the presence of virus
was confirmed by immunohistochemical staining (data not shown).

In order to determine the neutralizing potency of the H5N1 specific IgGs more
accurately, the in vitro virus neutralization assays with NIBRG-14 was repeated, but this time
the IgG preparations were further diluted. The IgG preparations (200 pg/ml} were serially 2-
fold diluted (1:1 - 1:512) in complete MEM medium and tested in quadruplicate wells in the
VNA as described above. The neutralizing potency of the human anti-H5N1 antibodies called
CR6255, CR6257, CR6260, CR6261, CR6262, CR6268, CR6272, CR6307, CR6310,
CR6314, CR6323, CR6325, CR6327, CR6328, CR6329, CR6331, CR6332, CR6334,
CR6336, CR6339, CR6342, CR6343 and CR6344 was determined in the VNA. All
antibodies, except CR6272 and CR6339, neutralized H5N1 reassortant strain NIBRG-14. The
concentrations (in pg/ml, in the presence of 100 TCID50 of virus) at which these antibodies
protect MDCK cultures against CPE are indicated in Table 11. In wells where CPE was
observed, the presence of virus was confirmed by immunohistochemical staining (data not

shown).

Example 7
Immunoblot analysis of H3NI specific IgGs

To further investigate the specificity of the anti-HA antibodies, different recombinant
hemagglutinin Influenza A antigens were subjected to SDS-PAGE under reducing conditions
followed by anti-HA immunoblot analysis. The HAQ polypeptide is composed of the HA1
and HA2 subunit. Antibody CR5111, a H5N1-specific control antibody, recognized the HA 1
subunit and the intact (uncleaved) HAQ polypeptide of sHA of HSN1TV (see Fig 1, right part,
lane 1). In addition, CR5111 recognized the HA1 subunit of recombinant HA, subtype HS
(A/Vietnam/1203/2004 (H5N1); see SEQ ID NO:110) produced using baculovirus vectors in
insect cells (Protein Sciences, CT, USA) (Fig 1, right part, lane 2). Uncleaved HAQ
polypcptide was not detceted in this HA preparation. The difference in size between the HA
subunits in lanes 1 and 2 might be explained by a different glycosylation of HA expressed in
insect cells and PER.C6 cells. CR5111 did not recognize the HA1 and/or HAQ polypeptides
of recombinant HA, subtype H1 (A/New Caledonia/20/99 (HIN1)) (see Fig 1, right part, lane
4) or of recombinant HA, subtype H3 (A/Wyoming/3/2003(H3N2)) (Fig 1, right part, lane 3).
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Antibodies CR6307 and CR6323 recognized the HAZ2 subunits of sHA of HSNITV
(see Fig 1, left and middle part, lanes 1) and recombinant HA, subtype H5
(A/Vietnam/1203/2004 (H5N1) (see Fig 1, left and middle part, lanes 2). Interestingly, the
HAZ2 subunit as present in the intact, uncleaved HAQ polypeptides was not recognized.
Apparently, the epitope recognized by CR6307 and CR6323 becomes accessible upon
cleavage of HAO. In addition, antibodies CR6307 and CR6323 recognized the HA2 subunit of
recombinant HA, subtype H1 (A/New Caledonia/20/99 (H1N1)) (see Fig 1, left and middle
part, lanes 4), but not the HAZ2 subunit of recombinant HA, subtype H3
(A/Wyoming/3/2003(H3N2)) (see Fig 1, left and middle part, lanes 3), both recombinant HAs
produced using baculovirus vectors in insect cells (Protein Sciences, CT, USA). Because the
binding site of neutralizing antibodies CR6307 and CR6323 is conserved within influenza A
strains of the subtype H1 and HS5, a molecule comprising the binding site could be considered
as (part of a) vaccine capable of inducing a broadly cross-reactive anti-influenza antibody
responsc.

Next to antibodies CR6307 and CR6323, the antibodies called CR6141, CR6296, and
CR6301 were used in immunoblot analysis. Each of the three antibodies was able to bind to
the HA2 subunit of sHA of HSNITV and recombinant HA, subtype H5
(A/Vietnam/1203/2004; H5N1) (data not shown).

Example 8
FACS analvsis to determine the subunit specificity of HINI specific IgGs

In order to evaluate the contribution of the HA1 subunit to binding of anti-H5NT antibodies,
an assay was set up, wherein the HA1 subunit is released from HA-expressing PER.C6 cells.
HA-expressing PER.C6 cells were washed three times with PBS, pH 7.4, and incubated for 10
min in acidified PBS, pH 4.9. Subsequently, the cells were washed with PBS, pH 7.4, and
treated for 10 min with 10 pg/ml trypsin in PBS, pH 7.4, to cleave HAQ molecules into
disulfidc bond-linked HA1 and HAZ2 subunits. Finally, thc cells were incubated for 20 min in
20 mM DTT in PBS, pH 7.4, to release the HA1 subunit from the membrane-anchored HA2
subunit. Untreated and acid/trypsin/DTT-treated cells were washed twice with PBS containing
1% w/v BSA. For flow cytometry analysis, 2.5x10° cells were used per staining. No staining

of treated and untreated cells with the negative control antibody CR3014 was observed.
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Antibody CR5111, which binds to the HA1 subunit in immunoblot analysis, stained the
population of untreated HA-~expressing PER.C6 cells, while treated cells were not recognized
(data not shown). This provides further proof that CR5111 recognizes the HA1 subunit.
Treated and untreated cells were stained to a similar extent by the antibodies CR6307 and
CR6323 (data not shown). Release of the HA1 subunit obviously did not influence binding of
these antibodies further substantiating the results from the immunoblot analysis that the
antibodies bind to the HA2 subunit. Antibodies CR6325 and CR6331 bound to untreated
cells, while binding to treated cells was markedly reduced compared with binding to untreated
cells (data not shown). This suggests that the affinity of the antibodies for their epitope is
significantly reduced by the conformational change induced upon acid treatment or by the
reduction of the disulfide bond that links the HA1 and HA2 subunit.

Example 9
Hemagglutinin competition ELISA with phage antibodies and IgGs

To identify antibodies that bind to non-overlapping, non-competing epitopes, a hemagglutinin
competition ELISA was performed. Nunc-Immuno™ Maxisorp F96 plates were coated
overnight at 4°C with 0.5 pg/ml recombinant HA, subtype H5 (A/Vietnam/1203/2004 (H5N1)
(Protein Sciences) in PBS. Uncoated protein was washed away before the wells were blocked
with 300 wl PBS containing 2% w/v non-fat dry milk (blocking solution) for 1 hr at room
temperature, The blocking solution was discarded and 50 ul of 10 pg/ml anti-H5N1 IgG in
blocking solution was incubated per well for 1 hr at room temperature. Subsequently, 50 ul of
phage antibody in blocking solution in a concentration twice of the concentration that resulted
in 50% maximal binding (as determined in a previous assay) was added per well and
incubated for another hr at room temperature. Wells were washed three times with PBS
containing 0.1% v/v Tween-20. Bound phage antibody was detected using a peroxidase-
conjugated anti-M13 antibody. Wells were washed again as described above and the ELISA
was further developed by the addition of 100 ul of OPD reagent (Sigma), The reaction was
stopped by adding 50 pl 1 M H;SO4 and then the OD at 492 nm was measured. Binding of
phage antibody, in the presence of IgG, was expressed as percentage of binding in the absence

of IgG, which was set at 100%. Phage antibody SC05-111 and corresponding IgG CR5111,
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which rccognize an epitope in the HA1 subunit of HS hemagglutinin were included as
controls.

The results indicate that the majority of the phage antibodies and IgGs bind to an
overlapping epitope on recombinant HA, subtype HS5 (A/Vietnam/1203/2004 (H5N1)) (data
not shown). Binding of SC05-111 phage antibody was blocked by CR5111 IgG, but not by
any other IgG, suggesting that the other IgGs recognize an epitope different from the binding
region of CR5111. Five IgGs, CR6262, CR6272, CR6307, CR6339 and CR6343 competed to
a lower extent for binding than the rest of the IgGs (more than 25% residual binding). For
1gGs CR6262, CR6272, CR6339, and CR6343 this can be explained by a lower affinity for
HA. This is supported by the observation that the phage antibodies corresponding to these
antibodies were competed away more efficiently by the other IgGs. Binding of phage
antibody SC06-307 is blocked by IgG CR6307, but less efficiently by the other IgGs. This
suggests that SC06-307 and CR6307 recognize a unique epitope which differs from the
cpitope recognized by the other IgGs.

Example 10
Cross-reactivity ELISA using anti-H5N1 IgGs

To test whether the epitope of the anti-HSN1 antibodies 18 conserved among HAs other than
subtype H3, a hemagglutinin cross-reactivity ELISA was performed. Nunc-Immuno ™™
Maxisorp F96 plates (Nunc) were coated overnight at 4°C with 0.5 pg/ml recombinant HA,
subtype H1 (A/New Caledonia/20/99 (HIN1)), subtype H3 (A/Wyoming/3/03 (H3N2)),
subtype H5 (A/Vietnam/1203/04 (HSN1)), subtype H7 (A/Netherlands/219/03 (H7N7)), and
subtype H9 (A/Hong Kong/1073/99 (HON2)) (Protein Sciences Corp.) in PBS. Additionally,
BPL-inactivated virus preparations centaining 0.5 pg/ml of HA of A/New Caledonia/20/99
(HIN1), and reassortant strain NIBRG-14 (A/Vietnam/1194/04 (H5N1)) were coated on the
plates overnight in PBS. Wells were washed three times with PBS containing 0.1% v/v
Tween-20 to remove uncoated protein and subsequently blocked with 300 Ll PBS containing
2% wi/v non-fat dry milk (blocking solution) for I hr at room temperature. The blocking
solution was discarded and 100 pl per well of 5 pg/ml anti-H5N1 antibodies in blocking
solution was incubated for 1 hr at room temperature. Wells were washed three times with PBS

containing 0.1% v/v Tween-20 and bound antibodies were detected using a peroxidase-
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conjugated mousc anti-human IgG antibody (Jackson). The reaction was dcveloped and
measured as described supra. Table 12 shows that all anti-HSN1 IgGs bound to recombinant
HA, subtype H5 (A/Vietnam/1203/2004 (H5N1)) and a BPL-inactivated virus preparation of
NIBRG-14, which contains the HA of strain A/Vietnam/1194/2004 (H5N1). Recombinant
HAs of subtype H3 and H7 were not recognized by any of the tested anti-H5N1 1gGs.
Interestingly, all anti-HSN1 IgGs, with the exception of CR5111 and CR6307, bound to
recombinant HA of subtypes H1 and H9, and a BPL-inactivated virus preparation of strain
A/New Caledonia/20/99 (HIN1). This indicates that the epitope of the majority of the anti-
H5N1 IgGs is conserved among HA molecules of different subtypes.

Example 11

Epitope mapping of anti-H3N! IgGs

Okuno et al. (1993) and Smirnov et al. (1999) demonstrated the existence of a common
epitope shared by the HAs of the influenza A virus subtypes H1, H2, and H5 and
neutralization of these subtypes by the murine monoclonal antibody C179 directed against
this epitope. This conformational epitope is composed of two different sites which are located
in the HA1 and HA2 subunit. Both sites are Iocated in close proximity in the middle of the
stem region of the FIA molecule. In order to evaluate whether the anti-HA antibodies
described supra recognized this epitope, HA molecules containing amino acid substitutions in
this region were made.

The epitope recognized by antibody C179 (Takara Bio Inc.) has been attributed to
regions encompassing residues 318-322 of the HA1 subunit and residues 47-58 of the HA2
subunit (amino acid numbering as described by Okuno et al.1999). Escape viruses containing
HAs that carry a Thr to Lys substitution at position 318 in the HA1 subunit or a Val to Glu
substitution at position 52 in the HA2 subunit were no longer recognized and neutralized by
C179. These mutations (position 318 Thr to Lys, mutant I; position 52 Val to Glu, mutant II),
a Lcu to Met substitution at position 320 in the HA1 subunit (mutant ITI, Mct320 is present in
region 318-322 of HA1 of subtype H3 and H7), a Ser to Arg substitution at position 54 in the
HA2 subunit (mutant IV, Arg54 is present in region 47-58 of HA2 of subtype H3 and H7) and
an Asp to Asn substitution at position 57 in the HA2 subunit (mutant V, Asn57 is present in
region 47-58 of HA2 of strain A/Hong Kong/156/97 (H5N1)) were introduced in full-length
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HA from isolate A/Victnam/1194/2004 (HSN1TV) and tranfected in PER.C6 cclls. Binding
of C179 and the human anti-HA antibodies to PER.C6 cells expressing these mutants was
evaluated by FACS analysis as described supra. Antibody CR5111, which is directed against
an epitope in the HA| subunit, and a polyclonal anti-H5 sheep serum confirmed the
expression of HSN1TV and HA mutants by transfected PER.C6 cells (data not shown). No
staining with the negative control antibody CR3014 or in the absence of antibody was
observed (data not shown). As expected, antibody C179 did not recognize mutants I and II,
which carried the same amino acid substitutions as the HAs in the C179 escape viruses (sec
Okuno et al., 1993). Furthermore, C179 did not bind to mutant 1V, whereas binding of C179
to mutants I and V was unaffected. A similar pattern of reactivity was observed for antibody
CR6342, which suggests that antibody C179 and CR6342 recognize a similar epitope.
Antibodies CR6261, CR6325 and CR6329 recognized all mutants, with the exception of
mutant I1. This suggests that the epitope of antibodies CR6261, CR6325 and CR6329 is
diffcrent from that of C179. Since substitutions in the HA1 subunit did not abrogate binding
of these antibodies, their epitope is most likely located in the HA2 subunit. Antibodies
CR6307 and CR6323 recognized all mutants, which suggests that also the epitope of these
antibodies is different from that of C179. A summary of the sequence of the mutants and
binding of the antibodies is given in Table 13. In conclusion, the results indicate that
antibodies CR6261, CR6325, CR6329, CR6307 and CR6323 are ideal candidates to bind to
and neutralize influenza viruses that have mutations in the epitope recognized by the murine
monoclonal antibody C179 and as a consequence thereof are no longer neutralized by this

antibody.

Example 12
Prophylactic activity of human IgG monoclonal antibodies against lethal HSNI challenge in

vivg

A lcthal dosc of influenza H5N1 strain A/HongKong/156/97 was administcred to mice in
order to study the prophylactic effect of human monoclonal IgG antibodies CR6261, CR6323
and CR6325. One day prior to infection 8 groups of 10 mice each were injected
intraperitoneally with different doses of antibody. As a negative control one group of mice

was injected with a non-relevant control antibody (CR3014). Clinical signs, weight loss and
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mortality were monitored until 21 days after infection. This study was conducted to assess the
prophylactic effect of the monoclonal human anti-H5N1 IgG antibodies in vivo.

The H5N1 strain was originally obtained from a 3-year-old child suffering from
respiratory disease. The virus was passaged two times on MDCK cells. The batch [Titre 8.1
log TCIDsg /ml] used to infect mice was propagated once in embryonated eggs.

80 female 7-week-old Balb/c mice were divided m the 8 groups of 10 mice each with

the following injections prior to challenge with the H5NI virus:

1. 15 mg/kg CR6261.

2 5 mg/kg CR6261.
3 2 mg/kg CR6261.
4, 0.7 mg/kg CR6261.
5 15 mg/kg CR6323.
6 15 mg/kg CR6325

7. 500ul rabbit anti-H5N3 immune serum (100x diluted).
8. 15 mg/kg CR3014.

All animals were acclimatized and maintained for a period of 6 days prior to the start of the
study. One day prior to infection with H5N1 virus, 500 pl of antibody was administered by
intraperitoneal injection. The animals were inoculated intranasally on day 0 with 25 LDsg of
virus (approximately 50 ul), and followed for 21 days. The actual dose of the virus
administered was estimated by titrating a few replicate samples from the inoculum remaining
after inoculation of the animals was completed. Virus titers (TCID50/mL) of the inoculum
were determined on MDCK cells. The results showed that no inactivation of virus had
unintentionally occurred during preparation or administration of the inoculum. Group 8 acted
as negative control. The animals in this group were injected with an irrclevant monoclonal
antibody (CR3014) on day 0. Group 7 was supposed to act as positive control. The mice in
this group were injected with a rabbit polyclonal serum antibody raised against H5N3
influenza virus.

Clinical signs and weights were assessed daily from day —1 until 21 days after virus
inoculation. Clinical signs were scored with a scoring system (0 =no clinical signs; 1 = rough

coat; 2 = rough coat, less reactive, passive during handling; 3 = rough coat, rolled up,
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laboured breathing, passive during handling; 4 = rough coat, rolled up, labourced breathing,
does not roll back on stomach when laid down on its back) and recorded. Surviving animals
were euthanised and bled on day 21. For analysis of serum IgG antibody levels blood samples
were collected from each mouse on day 0. Sera were prepared according to standard
procedure. To generate post infection sera, blood was collected from surviving animals on day
21. Sera were stored at -20 °C £ 2°C until assayed for the presence of virus specific
antibodies. Sera were tested in duplicate using 4 HAU of the H5N1 HK/97 substrate, Titers
were expressed as the reciprocal of the highest serum dilution showing HI, starting at a
dilution of 1/10.

All mice were active and appeared healthy without showing signs of disease during
the acclimatization period. The average clinical score (total clinical score divided by number
of surviving animals in each group) was calculated per day and the results are indicated in Fig
2 (average clinical score per group), Table 14 (clinical scores) and Table 15 (respiratory
distress). Onsct of negative clinical signs was observed at day 3 after infection in the group
that was inoculated with the negative control Ab CR3014 (group 8). Respiratory distress was
first recorded on day 6, and lasted for 1 to 4 days. No clinical signs were observed in mice
that were treated with 15 mg/kg of CR6325 (group 6). In group 5 (CR6323), one mouse
showed mild clinical signs (score 1) from day 5 to 8 and died the next day. In group 1, one
mice died on day 13 without having shown any previous clinical signs. Higher Ab doses of
CR6261 correlated with later onset and lower clinical scores on average. Respiratory distress
was noticed in the lowest dose group (0.7 mg/kg), but not in the higher dose groups (2, 5 and
15 mg/kg). All mice showed improvement in their clinical condition between day 9 and 13
(group 2, 3 and 5) or from day 17 on (group 4). Mice that were injected with the rabbit
polyclonal antibody (group 7) developed severe illness within 3 days and then died,

demonstrating that the rabbit antibody did not protect against infection in vive. Two animals

(one in group 4 and one in group 8) were euthanized on day 10 and removed from the study,
becausce the animals were considered to be scvercely ill (score 4).

The animals infected with HSN1 showed varying degrees of weight loss (Fig 3).
Proportional weight loss and the moment of onset were related to antibody dose. In the groups
treated with the highest dose of antibodies weight steadily increased over time consistent with

age-related weight gain. The group of animals inoculated with the lowest dose of CR6261 lost
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weight more quickly than the groups of animals receiving higher doses of antibody. The total
amount of weight loss was greater in the lower dose groups, with average weight loss of about
15 and 40% of starting weight in the groups inoculated with 2 and 0.7 mg/kg CR6261,
respectively. In the lower dose groups average body weight appeared to increase again at the
same time as animals showed some clinical improvement.

Fig 4 shows the number of mice surviving per group on each day. A clear dose-
response relationship between the amount of antibody administered and average survival time
was present. Fig 5 shows the mortality in a dose-responsive manner. The first mice died 7
days after inoculation in the lowest dose group (0.7 mg/kg) and in the group of mice that
received the negative control: CR3014. Less than 50% of the animals were protected against
death when 0.7 mg/kg of CR6261 antibody was administered. However, 9 to 10 mice
survived when the highest dose of antibody was administered. No mice of the negative
control group (CR3014) survived, showing that indeed a 100% lethal challenge dose was used
in this study.

To assess whether IgG antibodies are able to render complete protection against
infection, an HI assay is performed with sera collected at day 21 from mice that had received
15 mg/kg of CR6261 (group 1). This data should indicate that the mice experienced an H5N1
infection albeit without clinical manifestation.

These results show that at least three human anti-H5N1 antibodies, identified and
developed as disclosed herein (CR6261, CR6323 and CR6325) are each separately able to
provide protection against a lethal dose of influenza H5N1 in vivo. A clear dose-response
relationship between the amount of CR6261 antibody administered and average survival time
was observed. The results show that each monoclonal anti-H5N1 IgG antibody tested was
able to prevent clinical manifestation of HSN1 infection in mice when administered one day

prior to infection at a dose of 15 mg/kg.

Example 13

Protective and therapeutic effects of human monoclonal anti-H5N1 antibodies administered

after an infection with a lethal dose of influenza HSN1 virus in vivo

A study was performed to test the therapeutic effect of the monoclonal antibodies as disclosed

herein, exemplified by CR6261, in a post-infection model, against a lethal HSN1 A/HK/97
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influenza virus challenge in vivo. The virus batch and the type, and age of mice were the same

as used in example 12. As a negative control one group of mice was injected with a non-
relevant control antibody (CR2006). Clinical signs, weight loss and mortality were monitored
until 21 days after infection.

58 female 7-week-old Balb/c mice were divided in 5 groups that received the antibody
at different stages after infection, as follows:

1. 10 mice; 15 mg/kg CR6261 at 4 hr post infection
14 mice; 15 mg/kg CR6261 at 1 day post infection

2

3 10 mice; 15 mg/kg CR6261 at 2 days post infection
4 10 mice; 15 mg/kg CR6261 at 3 days post infection
5

14 mice; 15 mg/kg CR2006 at 1 day post infection

All animals were acclimatized and maintained for a period of 6 days prior to the start of the
study. The animals were inoculated intranasally on day 0 with 25 LDsg of H5N1 influenza
virus (approximately 50 ul), and monitored for 21 days. The actual dose of the virus
administered was estimated by titrating a few replicate samples from the inoculum remaining
after inoculation of the animals was completed. Virus titers (TCID50/mL) of the inoculum
were determined on MDCK cells. The results showed that no inactivation of virus had
unintentionally occurred during preparation or administration of the inoculum. At the
specified time points after inoculation, 500 ul of antibody was administered by intraperitoneal
injection. Group 5 acted as negative control. The animals in this group were injected with an
irrelevant monoclonal antibody (CR2006) day 1 post-infection.

Clinical signs and weights were assessed each day from day —1 until day 21. Clinical
signs were scored as described in example 12, with a scoring range from 0 to 4. Surviving
animals wcre cuthanised and bled on day 21. For assessment of pathological changes, 4
animals of group 2 and 5 were killed on day 6 after challenge. These animals were already
pre-selected on day 0, and set apart from the others. For that reason, groups 2 and 5 started
with 14 animals, with 10 mice remaining after the selection. Clinical signs and weights were

assessed daily from day —1 until 21 days after virus inoculation.
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All mice were active and appeared healthy without showing signs of disease during
the acclimatization period. The average clinical score (total clinical score divided by number
of surviving animals in each group) was calculated per day and the results are indicated in Fig
6 (average clinical score per group), Table 16 (clinical scores) and Table 17 (respiratory
distress). Clearly, all groups contained mice that showed clinical signs already at day 1 after
infection. Depending on the time at which the antibody was administered, the clinical signs
diminished and in all groups clinical signs were absent again at day 15. In the control group 3,
all animals suffered from severe clinical signs and all animals had died, or were euthanized
because they reached level 4 in the clinical scores, at day 9. This shows that again a lethal
dose of influenza virus was administered to the animals. In Group 1, wherein the animals
already received the antibody 4 hr after infection, some animals did not develop clinical signs,
whereas others did. The number of animals that did exhibit clinical signs that could be scored
are provided in Table 16. Since influenza virus can have a dramatic effect on the respiratory
organs, also the respiratory distress was measurcd and here provided in Table 17. Fig 7 and
Table 18 show the number of surviving animals and the mortality rate respectively for all
groups. For unknown reasons, one animal in group 1 that received the antibody 4 hr after
infection died at day 10. All remaining animals in the groups that received the antibody after
the influenza infection survived and were healthy at day 21. This is clearly shown in the body
weight data that was obtained from all mice. Fig 8 shows the mean body weight in each group
of mice during the 21 days of the study. Although the body weight of all mice decreased upon
infection, the body weight did return to normal levels after administration of the antibody.
Clearly, the retum to normal body weight levels depended on the timing of the antibody
treatment, where animals that were treated 4 hr after exposure, recovered rapidly and reached
normal levels at day 7, the animals that were treated 3 days after infection, reached their
normal body weight at day 17. All animals reached a similar and healthy body weight at the
end of the study, at day 21. Clearly, all animals that received the negative control antibody did
not regain body weight and measurements stopped at death at day 9.

These results show that a post-infection treatment with a monoclonal antibody
directed against HSNT influenza virus, as disclosed herein and exemplified by antibody
CR6261, can rescue mammalian subjects, as showed herein in mice, after challenge with a

lethal dose of H5N1 influenza virus. Even at a late stage, 3 days post-infection, the antibody is
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able to reverse the clinical symptoms to a level in which no clinical signs could be monitored
anymore. Strikingly, at day 21 post-infection, all antibody-treated animals reached normal

body weight levels and did not show any remaining clinical signs.

Example 14

In vivo cross-protection against lethal challenge by heterologous influenza subtypes using
monoclonal antibodies directed against HA of H5NI.

As disclosed supra (example [ 1), some of the antibodies of the present invention apparently
recognize a single epitope in the HA2 domain of the HS haemagglutinin protein. In example 7
it was shown that certain binding molecules of the present invention could interact with the
HAZ2 epitopeina nc;n-confonnational manner, in other words, the form in which the
haemagglutinin protein is folded does not seem to hinder the neutralizing activity and the
protective effects of these antibodics as disclosed hercein.

The sequences of the influenza haemagglutinin protein parts that are not prone to
antigenic drift (= the change of immunodominant regions within the HA1 region of the
protein, resulting in the need for yearly updated influenza vaccines) are known in the art. The
epitope in HA2 that is recognized by CR6261, CR6325 and CR6329 is contained in the amino
acid sequence GVTNKVNSIIDK (SEQ ID NO:368, sece Table 13) and is also present in the
haemagglutinin proteins of H1 and H9 subtypes, see Table 22. It was shown in example 10
that interaction of the binding molecules of the present invention to the epitope was not
limited to HA from HS5, but that also HA from H1 and H9 were recognized (see Table 12).
Hence, the binding molecules of the present invention recognize an epitope that is present in
multiple HA proteins from different influenza serotypes.

To study the cross-applicability of these antibodies for therapy in vivo, an experiment
was performed in mice that was in line with the dosing schedule of the experiment described
in example 13. In the present experiment, a very high, lethal dose of another influenza virus
related to the 1918 pandemic outbreak and now circulating seasonally in humans, namely
HI1NI1, was administered in mice. Subsequently, the mice were treated with an antibody of the
present invention, exemplified by CR6261, and clinical signs, respiratory distress and body

weight were monitored for 3 weeks after infection. It turned out that these binding molecules
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that could rescue mice when infected with H5N1, werc also able to rescuc mammalian
subjects when mnfected with HIN1, as outlined below.

A study was performed to test the therapeutic effect of the monoclonal antibodies,
exemplified by CR6261, in a post-infection model against a lethal HIN1 A/WSN/33

influenza virus challenge in vivo, The virus batch was obtained from ATCC (VR-219) and

was once propagated in embryonated eggs. The titre was 8.5 log TCIDsp/ml. As a negative
control one group of mice was injected with an irrelevant monoclonal antibody (IgG1, A
named ‘CR57’, isotype matched negative control antibody). Clinical signs, weight loss and
mortality were monitored until 21 days after infection.
50 female 6 to 8-week-old Balb/c mice were divided in 5 groups that received the

antibody at different stages related to the infection, as follows:

1. 10 mice; 15 mg/kg CR6261 at 1 day prior to infection

2. 10 mice; 15 mg/kg CR6261 at 1 day post infection

3. 10 mice; 15 mg/kg CR6261 at 2 days post infection
4. 10 mice; 15 mg/kg CR6261 at 3 days post infection
5

10 mice; 15 mg/kg neg. contr. CR57 at 1 day post infection

All animals were acclimatized and maintained for a period of at least 4 days prior to the start
of the study. The animals were inoculated intranasally on day 0 with a lethal dose of HIN1
virus (6.6 log TCIDsp; equivalent of 25x the LDso) in approximately 50 pl, and monitored. At
the specified time points before/after inoculation, 500 pl of antibody was administered by
intraperitoneal injection. General health of the mice was monitored throughout the study.
Clinical signs and weights were assessed each day from day —1 until day 21. Clinical signs
were scored with the scoring rates as disclosed in example 12 and 13, ranging from 0 to 4.
Surviving animals were euthanised and bled on day 21.

The mortality rate for each group is provided in Table 19, showing the number of
living mice in each study group throughout the study. Two mice died shortly after the
inoculation event (at day 1, one in group 2 and one in group 3) and were excluded from the
analysis as pre-defined in the study plan. All mice in the control group 5 were dead at day 9
like in the previous study with H5N1 (see Table 18). The percentage of animals surviving this

lethal challenge dose of HINI is also plotted in Fig 9. The number of mice showing relevant
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clinical signs in cach group is provided in Table 20. No clinical signs were observed in Group
1, whereas in Group 2, 3 and 4, some mice displayed clinical signs that disappeared
completely after day 14 upon inoculation. All animals in Group 5 started showing clinical
signs at day 2. No mice in this group recovered. The number of mice showing respiratory
distress in category 2 or 3 is given in Table 21. No clinical distress was observed anymore
after day 13 in Groups 1-4, whereas all remaining mice in control Group 5 did suffer from
severe respiratory distress.

Fig 10 shows the average body weight of the mice in each study group. Clearly, no
measurcments arc provided for the mice in Group 5 after day 8. As can be scen from this
figure, all mice that received the anti-H5N1 antibody and that recovered from the clinical
signs did get to their expected body weight level at day 21,

The antibodies could protect these mice when administered before infection or after
infection. Notably, the infection dose was rather high; 25x the LDsg dose, indicating that the
antibodies provide a very strong protection against the virus even when present at high titers
in the lung. This is clinically relevant as highly pathogenic viruses like HSN1 replicate to high
titer after infection and these high viral loads have been linked to the frequently severe
outcome in infected humans. Moreover, all protected mice recovered completely from this
Jethal infection over time. It is concluded that the anti-H5N1 antibodies of the present
invention (such as CR6261, CR6325, and CR6329) that bind to (single) epitopes in the HA2
region, a region that is not prone to antigenic drift, provide cross-protection in vivo against
multiple influenza serotypes, circumventing the need for antibodies against the highly
mutation-sensitive HA1 region. It is to be understood that the binding molecules of the
present invention that are not limited by epitopes that are only present in HA from an H5
influenza serotype, can also be used in the prophylactic-, or therapeutic treatment of all
influenza serotypes that contain the same epitope 1in the stable region of HA2, such as HIN1,

and influenza viruses comprising H2, H6 and H9 haemagglutinin proteins.

Example 15
Affinity studies
Affinity studies were performed using surface plasmon resonance analysis with a

BIAcore3000 analytical system at 25°C and 37°C, using HBS-EP (Biacore AB, Sweden) as
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running buffer at a flow rate of 75 pul/min. IgGs were immobilized on a rescarch grade CMS5
4-flow channe! (Fc) sensor chip (Biacore AB, Sweden) using amine coupling. A varying
amount of HA from an H5N1 virus (A/Vietnam/1203/2004) was injected to analyse the
binding interaction between the HA protein and the immobilized 1gGs. Regeneration using 20
mM NaOH was performed at the end of each measurement to remove bound HA, while
leaving the immobilized 1gG on the chip.

Affinity constants were determined for CR6261, CR6323 and CR6325 antibodies.
Five concentrations in 4-fold dilutions of HA were injected (100 pl per injection), followed
by a dissociation phase of 3600 sec, and rcgeneration using 10 pl 20 mM NaOH. The
resulting data were fitted using a 1:1 (Langmuir) model. However, an accurate dissociation
constant (KD) could not be calculated. This was due to extremely low dissociation ratcs at
25°C (even with an extended measurement) leading to unacceptable error in the calculation.
When the experiments were repeated at 37°C discernible dissociation did occur but still not

sufficiently enough to accurately measure the KD. Experiments are performed to establish a

definitive KD for the antibodies. These are estimated to be at least in the single digit nM

range and most likely in the pM range of affinity. These experiments show that the binding

molecules of the present invention have a very high affinity for their epitope present in the

HA protein of influenza virus.

Below, the details of the nucleic acid and amino acid sequences referred to herein as SEQ ID
NO:58-143, SEQ ID NO:212-237, and SEQ ID NO:316-367 are provided.

SEQ ID NQ:58

gaggtgcage tggtggagtc tggggctgag gtgaagaagc ctgggtcctc ggtgaaagtc 60
tcttgcaagg cttctggagg ccccttecge agectatgeta tecagectgggt gcgacaggcece 120
cctggacaag ggcctgagtg gatgggaggg atcatcccta tttttggtac aacaaaatac 180
gcaccgaagt tccagggcag agtcacgatt accgcggacg atttcgcggg cacagtttac 240
atggagctga gcagcctgcg atctgaggac acggccatgt actactgtgc gaaacatatg 300
gggtaccagg tgcgcgaaac tatggacgtc tggggcaaag ggaccacggt caccgtctcg 360
agtgctagca ccaagggccc cagcgtgttc cccctggece ccagcagcaa gagcaccagce 420
ggcggcacag ccgccctggg ctgcctggtg aaggactact tccccgagcc cgtgaccgtg 480
agctggaaca gcggcgcctt gaccagcggc gtgcacacct tccccgcecgt gctgcagage 540
agcggcctgt acagcctgag cagcgtggtg accgtgccca gcagcagcocct gggcacecag 600
acctacatct gcaacgtgaa ccacaagccc agcaacacca aggtggacaa acgcgtggag 660
cccaagagcet gcgacaagac ccacacctge ccccecctgee ctgccceccga getgetggge 720
ggaccctccg tgttcctgtt cccccccaag cccaaggaca ccctcatgat cagccggacc 780
ccecgaggtga cctgegtggt ggtggacgtg agccacgagg accccgaggt gaagttcaac 840
tggtacgtgg acggcgtgga ggtgcacaac gccaagacca agccccggga ggagcagtac 900
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aacagcacct
aaggagtaca
agcaaggecca
gagatgacca
atcgcegtgg
gtgctggaca
tggcagcagyg
acccagaaga

accgggtggt
agtgcaaggt
agggeccagce
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gecctgagect

ID NO:59

SEQ)
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SEQ

caggtccage

tcttgecaagg
cectggacaag
gcaccgaagt
atggagctga
gggtaccagg
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctcecg
ccecgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgeccgtgg
gtgctggaca
tggcagcagg
acccagaaga
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ID NO:60

tggtgcagtc
cttectggagg
ggcctgagtg
tccagggcag
gcagcctgcg
tgcgcgaaac
ccaagggccc
ccgceccctggg
gcggcgectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect

ID NO:61

o agdy e
HEmH W n s
HEOS A 2 H
<SHEHEHRAZRBDOG
HOK QRO R
HOHGO”REHR

gagcgtgetce
gagcaacaag
ccgggagccc
gtccctcacc
caacggccag
cttcttectg
cagctgcagc
gagccccggc

mEHHUOROKONOWNnONnAR
AZEHSHOHAGGYEAH R
EE2mpa-gornigH g
TR Zzna2CtdAY o
BxROOGSIHRDH®

tggggctgag
ccectteege
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgcctggtg
gaccagcggc
cagcgtggtg
ccacaagccce
ccacacctgc
ceecccccaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagcce
gtcectcacce
caacggccag
cttcttcectg
cagctgcagc
gagcccecggce

ZgOPnoHAw"
S22 <Agn
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accgtgectge
gccctgecetg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

HHOR G Z 0N YR G
FHBEEHOHZQOE RGOS
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ZgERIYgYgDYNA <
T <dHOQOEYg AN RN
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gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
cccectggcecee
aaggactact
gtgcacacct
accgtgecca
agcaacacca
cceeectgee
cccaaggaca
agccacgagg
gccaagacca
accgtgctge
gccctgccectg
caggtgtaca
tgtctggtga
ccegagaaca
tacagcaagc
gtgatgcacg
aag

S Z oy RN
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accaggactg
ccceccatcga
ccctgccecee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

Hozs <doDwHEYHRD SR
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ctgggtcctc
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
ccagcagcaa
tccececgagcece
tceecegeegt
gcagcagcct
aggtggacaa
ctgeecceega
ccctcatgat
accccgaggt
agccccggga
accaggactg
cccceccatcga
ceetgececee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

mog g R e
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gctgaacggce
gaagaccatc
cagccgggag
ccceagegac
caccccccect
caagagccgg
caaccactac

N ARHEODHARKH EHR
R OEHOY N nODgA

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgteteg
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgctgggce
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
cacccccect
caagagccgg
caaccactac

AR EHR
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960
1020
1080
1140
1200
i260
1320
1353

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1353
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SEQ ID ND:62

gaggtgcagc
tcttgcaagyg
cctggacaaqg
gcaccgaagt
atggagctga
gggtaccagg
agtgctagca
ggcggcacag
agctggaaca
agcggecctgt
acctacatct
cccaagagct
ggacccteeg
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgcecgtagg
gtgctggaca
tggcagcagyg
acccagaaga

3]
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SEQ ID NO:

gaggtgcagc

tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagy
agtgctagca
ggcggcacag
agctggaaca
agcggectgt
acctacatct
cccaagagct

tggtggagtc
cttctggagg
ggcctgagty
tccagggcay
gcagcctgcg
tgcgcgaaac
ccaagggccc
ccgccctggg
gcggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttecctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect
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tggtggagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagcctgcg
tgcgcgaaac
ccaagggccc
ccgccctggg
gcggcgectt
acagcctgag
gcaacgtgaa
gcgacaagac

T2
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HR®Q
o R

tggggctgag
ccecttecge
gatgyggaggy
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgcctggtyg
gaccagcggce
cagcgtggtg
ccacaagccc
ccacacctgc
ccececcccaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagcece
gtccctcacc
caacggccag
cttcttcectyg
cagctgcagc
gagccececggc

LEHHORQOK®OWBO X
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tggggctgay
cceettecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgte
cagcgtgttc
ctgcctggtg
gaccageggce
cagcgtggtyg
ccacaagccc
ccacacctgc

WHE R GHEZ WY R AW
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gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
ccecctggcecce
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccceccectgee
cecaaggaca
agccacgaggd
gccaagacca
accgtgctgc
gcecctgecty
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aaqg

CFHEHHNOgPHDQE RGO
TR RGP KAR
ZHE XN JgdmogOd g
DT CHOETDWLHE®DRWD
HERRgRZHWOGERKO

gtgaagaagc
agctatgcta
atcatcccta
accgcggacyg
acggccatgt
tggggcaaag
cccctggceco
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccceccctgee
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ctgggtcctc
tcagctgggt
tttttggtac
atttcgeggg
actactgtgc
ggaccacdgt
ccagcagcaa
teccecegagee
tceceegecgt
gcagcagect
aggtggacaa
ctgcceocceccga
ccctecatgat
accccdaggt
agccccggga
accaggactg
ccecccatega
ccctgoccccc
agggcttcta
actacaagac
tcaccgtgga
aggccetgea
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OO nZRAP nEdE
RO 20 RW
mMaoOuRRHAOHLKAGD
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ctgggtcctc
tcagctgggt
tttttggtac
atttegecggy
actactgtgc
ggaccacggt
ccagcagcaa
tceceecgagcece
tccecegecgt
gcagcagcct
aggtggacaa
ctgeceecga
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ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gagcaccagc
cgtgaccgtg
gctgcagage
gggcacccag
acgcgtyggay
gctgetggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggce
gaagaccatc
cagccgggayg
ccccagcgac
caccccccch
caagagccgg
caaccactac

DR HE AR K HZ H
RROEHOM"LWGE QA

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gagcaccagec
cgtgaccgtyg
gctgcagagc
gggcacccag
acgcgtggag
getgetgggce

B
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60
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ggaccctceg
ccegaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atecgcegtgg
gtgctggaca
tggcagcagg
acccagaaga

E

| =]

NMHPWE AR AED HE[K
WHEF RSSO AAA R

I
Q
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OED T g
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tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcco
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect

D NO:65

<SZRN<SogNogdiEnmH®
HOOHEYERAOn®N® 3 P
NO<CITHHOSSH=Z M
NUKOCEHEHRAZRTO
EHAOROKOBOWOR

ID NO:66

SEQ

caggtacagc
tecectgcaagyg
cctggacaaqg
gcacaaaagt
atggaggtga
aaatattaca
gctagcacca
ggcacagccg
tggaacagecyg
ggcctgtaca
tacatctgca
aagagctgcg
ccecteegtgt
gaggtgacct
tacgtggacy
agcacctacc
gagtacaagt
aaggccaagqg
atgaccaaga
gcecgtggagt
ctggacagcg
cagcagggca
cagaagagcce

SEQ ID
eV
P
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E
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oo a3
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tgcagcagtc
ttteeggagt
geecttgagtyg
tccagggcag
acagcctgag
gtgagtacat
agggceccag
ccectgggetg
gcgecttgac
gcctgagcag
acgtgaacca
acaagaccca
tcctgttece
gegtaggtygt
gcgtggagyt
gggtggtgag
gcaaggtgag
gccagccecg
accaggtgte
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

7

v mo.
S53nEp
2R =
noWom<
DK OR
W HH R
<L gnw

cccececccaag
ggtggacgtg
ggtgcacaac
gagcgtgete
gagcaacaag
ccgggagccc
gtcecctcace
caacggccag
cttcttectyg
cagctgecage
gagccccggce

SZEEmoHoO"RE AR
RZROHOZ2"OrYng -~ g
T HKRZZ g0 <3
MR eSS 3mP Hm

aggggctgayg
cattttcagc
gatgggagay
agtcacgatt
atatgaggac
ggacgtctgg
cgtgttccce
cctggtgaag
cagcggegtyg
cgtggtgacc
caagcccagc
cacctgcccce
ccccaagcecce
ggacgtgage
gcacaacgcce
cgtgctecacc
caacaaggcc
ggagccccag
cctecacctgt
cggccageccce
cttcctgtac
ctgcagcgtg
ccececggcaag

HhHEHADO
[ R I =R e I VY
QB <A,
<SP KO
= I I
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Hw w0
IR T <0
B R
<4 "o g

FPHOXRSHZ OO E RN

73

cccaaggaca
agccacgagg
gccaagacca
accgtgetge
gcecectgectg
caggtgtaca
tgtctggtga
ccegagaaca
tacagcaagc
gtgatgcacy
aag

FHEEHEQOEHEDOE KO
T RHEKQHX DY K S
ZRHERdO-0-0DHOS g
T<dHOER"OAnPER®M
HERARGRZHOHARLOD
HOoZ{ oA -XRD WX
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gtgaagaagc
ggcagtgcga
atcagcecte
accgcggacce
acggccgtgt
ggcaaaggga
ctggcecceca
gactacttec
cacaccttece
gtgcceagca
aacaccaadg
ccctgecectg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgccce
gtgtacaccc
ctggtgaagyg
gagaacaact
agcaagctca
atgcacgagg

ccctcecatgat
acccegaggt
agcccecggga
accaggactg
ccececatega
ccctgecccee
agggcttcta
actacaagac
tcaccgtgga
aggccctygca

RFo<=zro0dd30RM
R AODHWOKTE
HFuHEpEsSHEROOOO®
NHAPPRIDNO O
ERHOR-RH<GNn3 W WA
MEHEBEPDOEOWYESH
NG EBPYgBERAA®

ctgggtecte
tecagetgggt
tetttggeac
aatccacgaa
atttctgtge
ccacggtecac
gcagcaagag
ccgagcecegt
cecgeegtget
gcagectggyg
tggacaaacqg
cccececgaget
tcatgatcag
ccgaggtgaa
ccecgggagga
aggactggct
ccatcgagaa
tgccececcag
gcttectaccee
acaagaccac
ccgtggacaa
ccctgcacaa

Hwe=R=Rw
0O G HEGQ
0noKo <
nmHawWmOH
(R s R

cagccggacce
gaagttcaac
ggagcagtac
gctgaacggce
gaagaccatc
cagccgggag
ccccagcgac
cacccececct
caagagceygyg
caaccactac

R HOH®RKBH = HK
HROHBO"WOOWOD AP

ggtgaaggtc
gcgacaggec
aacaaattac
cacaacctac
gcgaggtcca
cgtctecgagt
caccagcggc
gaccgtgagc
gcagagcagc
cacccagacc
cgtyggagccce
gctgggcgga
ccggaccccc
gttcaactgg
gecagtacaac
Jgaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
cceceectgtyg
gagccggtgy
ccactacacc

g »
BR300
g HW;
HO <3

HEHRL<HEOBEOQ<PH
HeHZ4OWwHE s gn
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780
840
200
960
1020
1080
1140
1200
1260
1320
1353
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SEQ ID NO:6

caggtccagc

tcetgcaagy
cctggacaag
gcacagaagt
atggagctga
ggttattacc
gctagcacca
ggcacagccg
tggaacagcyg
ggcctgtaca
tacatctgeca
aagagctgcg
ccctececgtgt
gaggtgacct
tacgtggacqg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

ID NO:6

WA SHE WO g
24U g SN0
OHmROWuwAYgLEAR g0
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SEQ ID NO:7

caggtccagc

tcectgtgcag
ccagggaagg
gtagactcag
ctgcaaatga
gggagctacy
tcgagtgcta
agcggcggca
gtgagctgga

8

tggtacagtc
cttetggagg
ggcttgagtg
tccagggcag
ggagcctgag
ccgaatactt
agggccccag
ccetgggetg
gcgecttgac
gcctgagcag
acgtgaacca
acaagaccca
tcctgtteee
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccageccccg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

S

NMUHKO<GAPEAI=ZR"RPEHA
wEHmHOgROKWOHWOHO <
dZosSmaoHOQYOL QR

0

tggtgcagtec
cctctggatt
ggctggagtg
tgaagggccg
acagcctgag
gggcctacga
gcaccaaggg
cagccgccct
acagcggcgc

B2 Ot OO
Tz E W02
HR 0O
o - i A
HFHEEYH T
oo E R
ZWER<™Hd

tggggctgag
caccttcagt
gatgggagga
agtcacgatt
atctgaggac
ccaggactgyg
cgtgttccce
cctggtgaag
cagcggcgtg
cgtggtgacc
caagcccagc
cacctgcecece
ccccaagece
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagccccag
cctecacctgt
cggccagccc
ctteectgtac
ctgcagcgtyg
ccccggcaag

R2Z2HPS O ntAHR
mIKOZEwaCr9g=E"
TR AR
TPHRHEYR g Z NG EW

tgggggaggc
caccttcagt

ggtctcatcec
attcaccatc
agccgaggac
aggctttgac
ccccagegtg
gggctgcectg
cttgaccagc

~1
b

TSRO YW;
HERRCSGRE
Ho=sz<immdHd
DLWz R"A

gtgaagaagc
agttatgcta
atcatgggta
accgecggacy
acggecegtcect
ggccagggca
ctggcceccca
gactacttcc
cacaccttcc
gtgcccagca
aacaccaagg
ccctgecetg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgccee
gtgtacaccc
ctggtgaagyg
gagaacaact
agcaagctca
atgcacgagg

HFHEEHOBEZQH<HW®
T HEKOQGR RO
ZHOoEARagdnge AR
T dHOBRYLOAWNOA G
KERRGR Z @y 20
HOgZ4EmTRTRIKQ
UM 2 R RVNEWnER

ctggtcaagc
agctatagca
attagtagta
tccagagaca
acggctgtgt
tactggggcc
ttceccocetgy
gtgaaggact
ggcgtgcaca

mog<g9zZP o
Lo wnERRAUO
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HHO®"YH <
[ B B v IV
e < tHEmDy
NMwn=RHHAR

ctgggtcctce
tcagctgggt
tgtttggcac
aattcacgag
actactgtge
cectggteac
gcagcaagag
ccgagccegt
ccgecegtget
gcagcctggg
tggacaaacg
cccecgagcet
tcatgatcag
ccgaggtgaa
ccecgggagga
aggactggct
ccatcgagaa
tgcccececcag
gcttctaccc
acaagaccac
ccgtggacaa
ccctgcacaa

Fogdgrogddl RO r
CoOouREAOH GO R 0
PR AEROOKHEG
MHEHEEHEREZ R OORKOW
ErO-mYH<SmwRAYO A
LHEP D LEOQR DN
Lo BRI I o B v o I e e R S ol ¢
HQUuRHEHEHARKHR AW
R OEOYWBNnOOO HK

ctggggggte
tgaactgggt
gtagtagtta
acgccaagaa
attactgtgc
agggcaccct
cccccagcag
acttcccecga
ccttcceegco

R OEO " n
HHRKFEQ
HHKHZ4D
<SHHHDAW
Ol Oy

ggtgaaggtc
gcgacaggcc
aactaactac
cgcagcctac
gaggtctagt
cgtctcgagt
caccagcggc
gaccgtgage
gcagagcagc
cacccagacc
cgtggagccc
gctgggcgga
ccggaccccc
gttcaactgg
gcagtacaac
gaacggcaayg
gaccatcagc
ccgggaggag
cagcgacatc
cccecctgtg
gagccggtgg
ccactacacec

EmR<KEHQHQOA W
HKHEZqUWOEe s PH

cctgagactce
ccgccaggct
catatactac
ctcactgtat
gagagygtggt
ggtcaccgtc
caagagcacc
gcecegtgace
cgtgctygcag
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180
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agcagcggcc
cagacctaca
gagcccaaga
ggcggacecet
accecccgagqg
aactggtacg
tacaacagca
ggcaaggagt
atcagcaaqgg
gaggagatga
gacatcgccg
cctgtgectgg
cggtggcagce
tacacccaga

53]
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oHOOWh<SWOHEAER
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tgtacagcct
tctgcaacgt
gctgcgacaa
cegtgttect
tgacctgcgt
tggacggcgt
cctaccgggt
acaagtgcaa
ccaagggcca
ccaagaacca
tggagtggga
acagcgacgg
agggcaacgt
agagcctgag
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GEWHINYWOSnERE®
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SEQ ID NO:72

gaggtgecage
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagy
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagcet
ggacccteceg
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccecgtgg
gtgctggaca
tggcagcagg
acccagaaga

tggtggagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagcctgceg
tgcgegaaac
ccaagggecc
ccgccctggg
gcggcgectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgcgtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtygggagag
gcgacggceag
gcaacgtgtt
gcctgagcect

gagcagcgtg
gaaccacaaqg
gacccacacc
gttceoeccec
gytggtyggac
ggaggtgcac
ggtgagegtyg
ggtgagcaac
gccoccegggag
ggtgtecccte
gagcaacggc
cagcttctte
gttecagectge
cctgagcccce

NOHKKO<SPEHZ R
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REZmPZoOrnAdn i
TKEZInZ LS Prnn
HROOHE GG Gmnn
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tggggctgag
cccectteege
gatgggaggyg
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgcctggtg
gaccagcggc
cagcgtggtg
ccacaagccc
ccacacctge
cccccccaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaaqg
ccgggagccce
gtccctcacc
caacggccaqg
cttettectg
cagctgcagc
gagccccggce

75

gtgaccgtgc
cccagcaaca
tgccececcect
aagcccaadq
gtgagccacyg
aacgccaaga
ctecaccgtge
aaggccctge
cececaggtgt
acctgtctgg
cagcccgaga
ctgtacagca
agcgtgatgce
ggcaag

EFHEEHEHUOEPETZOE K KD
THEHKORERSPOHB
ZgEZ R GOm0
TS HOMRY MW B KO

gtgaagaagc
agctatgcta
atcatcccta
accgcggacy
acggccatgt
tggggcaaag
cccectggeccee
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ceecectgee
cccaaggaca
agccacgadg
gccaagacca
accgtgcectgce
gccectgecty
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

ccagcagcag
ccaaggtgga
gecectgeece
acaccctecat
aggaccceoga
ccaagccccg
tgcaccagga
ctgcecccecat
acaccctgeco
tgaagggctt
acaactacaa
agctcaccgt
acgaggccct

HKEPERRSERZH0Ogw
HBogZJgTowAY RONORE
ONOWLuZ2RARP OO N
RTo<gzpodsgHngm
MOVNRRAO P 0 RA

ctgggtcctce
tcagctgggt
tttttggtac
atttegeggg
actactgtge
ggaccacggt
ccagcagcaa
tccececgagcece
tccececgeegt
gcagcagcecet
aggtggacaa
ctgeeeccega
ccctcatgat
accccgaggt
agccecggga
accaggactg
cecececatega
ccctgccceccece
agggcttcta
actacaagac
tcaccgtgga
aggccctgceca

HuhBEprpAaABEROOOOA
AP REZW0naPEoH
HHOWYH<WARKHRIDN
NP rPrDoEQEEANn

cctgggcacc
caaacgcgtg
cgagctgcectg
gatcagccgg
ggtgaagtte
ggaggagcag
ctggctgaac
cgagaagacc
cceccagoogy
ctaccccage
gaccaccccc
ggacaagagc
gcacaaccac

K< EHYRHEPQHK
GnAHEHARKEHRNNK
HEROEHOROOOD®E

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctceg
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
getgetggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacgge
gaagaccatc
cagccgggad
ccccagcgac
cacccececect
caagagccgg
caaccactac
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SEQ ID NO:

gaggtgcage

tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agtgctagca
ggcggcacag
agctggaaca
agcggcectgt
acctacatct
cccaagagct
ggaccctccg
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccegtgg
gtgctggaca
tggcagcagyg
acccagaaga
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SEQ ID NO:

gaggtgcagc

tcetgtaagg
cctggacaag

73
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74

tggtggagte
cttctggagg
ggcctgagtg
tccagggcag
gcagcctgcg
tgcgcgaaac
ccaagggccc
ccgeecectyggg
gcggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgcgtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gectgagect

15
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Moo BH"EAaWwn®s P
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tggtggagtc
cctectggagg
ggcttgagtyg

EZRHBE20mOrugHY
= v = A /s B e I B v I
B gAYk

tggggcetgag
ccecectteege
gatgggaggyg
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgcctggtg
gaccagcggce
cagcgtggtyg
ccacaagccc
ccacacctgc
ccccecceccaag
ggtggacgtg
ggtgcacaac
gagcgtgcetce
gagcaacaag
ccgggagccc
gtcecctcacc
caacggccag
cttcttectg
cagctgcagc
gagcceeggce

nRZEsnza30dadn
HRuoOK<S<Samgh W

EagBHE=zZg0rng g

tggggctgag
caccttctce

gatgggagac

MRG0 R W
HFHEARMOHEZDZQHSGO<
THHKORR<GE AR
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HEPRRIRIZHULORLOD
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gtgaagaagc
agctatgcta
atcatcccta
accgcggacyg
acggccatgt
tggggcaaag
cccctggece
aaggactact
gtgcacacct
accgtgceoca
agcaacacca
ccccectgec
cccaaggaca
agccacgagg
gccaagacca
accgtgetge
gccctgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

FHAEOEPFEZ OO
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KERRGgRZMOWR KO
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gtgaagaagc
agctatggta
atcatcggta

Ro<dzZrodsHnRw
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ctgggtcctce
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
ccagcagcaa
tceecgagece
tcecegecgt
gcagcagcct
aggtggacaa
ctgccececcga
ccctcatgat
accccgaggt
agccccggga
accaggactg
ccececcatega
ccctgecccee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

oz RERPOUEZ O
Roggzprod<HaRM
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cagggtcctc
tcagctgggt
tgtttggttc

DR HAAAR KB E A
REROQEOoO"WLoOo Ay

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gagcaccagc
cgtgaccgtg
gctgcagagce
gggcacccag
acgcgtggag
gctgctggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
cacccccect
caagagccgd
caaccactac

QR HAEEHAR KPR HK
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ggtgaaggtc
gcgacaggcc
aacaaactac
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RUORK<I D SO

120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1353
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gcacagaact
atggagctga
ggttattacc
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgca
aagagctgeg
ccctecgtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

ID NO:7

w
&)
<

E

S

VEO LY nEA D YOO
NMERPEE TSN 209

WP R GGG " WO R
el IR w L e B v B o I
VE-Hg Oy g e
ZeEHHEAEPPEHEANED

SEQ ID NO:7

gaggtgcagc

tcctgcaagg
cctggacaag
gcacagaagt
atggaggtga
aagggtatct
agtgctagcea
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagcet
ggaccctccg
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca

tccagggcag
gcagcctgag
ctgcatacct
agggccccag
ccectgggcetg
gcgccttgac
gcctgagcag
acgtgaacca
acaagaccca
tectgttecce
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccageececy
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

7

cENgDuag PR ®
MO HEYEENnNnEO
Mo <sTmEEHEOOETAwE W
NOMKO<GHAEAZREEM
NEOBHODROKNDOD oY
SZOoEsaaoOHQOQYnOR

8

tggtggagtc
cttctggagg
gacttgagtg
tccagggcag
gcagcctgag
actactacta
ccaaggygecc
ccgccctggg
gcggcgcectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgecgtggt
acggegtgyga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag

actcacgatt
atctgaggac
cccccactgg
cgtgttccce
cctggtgaag
cagcggcgtyg
cgtggtgacc
caaggeccagc
cacctgeeccce
ccccaagece
ggacgtgagc
gcacaacgca
cgtgctcacc
caacaaggce
ggagccccag
cctcacctgt
cggceagccc
cttecetgtac
ctgcagcgtg
ccccggcaag

ERZoHZoQrndHR
TKHNZE SnhIZSgHD
BRuwOK<SSHERA0 0
HRORGgEE 0D E®n
FREHEBOHTZDAE <HWw
TR GP KOS
ZUER<SUYIDOK®NR

tggggctgag
caccttcagc
gatgggaggg
agtcacgatt
atctgaggac
catggacgtc
cagegtgttce
ctgcctggtg
gaccagcggc
cagcgtggtg
ccacaagccc
ccacacctgc
cccccccaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagccce
gtccctecace
caacggccag
cttcttcctg

71

accgcggacg
acggccgtgt
ggccagggca
ctggccccca
gactacttece
cacaccttcc
gtgcccagca
aacaccaagg
ccetgecctyg
aaggacaccce
cacgaggacc
aagaccaagc
gtgctgcacc
ctgecetgecce
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

T<<HO@mU-ULAaNnOAagqg
HERRGSRZHOPEPZW
HoZ<J$TmYHUR IO

gtgaagaagce
ttctattcta
atcatcccta
accgeggtcg
acggccgttt
tgygggcaaag
cccctggece
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccceccectgece
cccaaggaca
agecacgagyg
gccaagacca
accgtgctgce
gccctgcctg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc

aatccacgag
attactgtgc
ccttggtceac
gcagcaagag
ccgageeegt
ccgcegtget
gcagcctggg
tggacaaacqg
cceceegagcet
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccategagaa
tgceeeccag
gcttctacce
acaagaccac
ccgtggacaa
ccctgcacaa

ONOnNZRRPOHLYE R
RU<SZPUS Ao
MO RR"RAOEHE NGO = ®
HOoBEPPREROOK G
NMHHABPREZINDQ KOG
EFrmQm™POoHWA”"GGHA
P rE RnEHOY P W
WK g-@EoDYEH PKBEW

¢ggggtccte
tgagctgggt
tgtttggtac
aatccacgag
attactgtgc
ggaccacggt
ccagcagcaa
tccececgagece
tececcecgecgt
gcagcagcct
aggtggacaa
ctgccececcga
ccctcatgat
accecgaggt
agccccggga
accaggactg
cccccatcga
ceetgeeccce
agggcttcta
actacaagac
tcaccgtgga

cacagcctac
gagaagtagt
cgtctcgagt
caccagcgge
gaccgtgagce
dcagagcagc
cacccagace
cgtggagccc
gectgggegga
cecggacccec
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggagdag
cagcgacatc
ccccecectgtg
gagceggtgg
ccactacace

NNARHOARKSHE B 3w
MR OEO YNy HK
PR ~EQEP QD AQ
T Il w I - B - -

ggtgaaggtc
gcgacaggcce
aacaaactac
cacagcctac
gagaggtgat
caccgtcteg
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgctggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
cceccagecgac
caccccccect

caagagccgyg

SHHWOWHARGG<S QO N
un_2o0Ra<sROoHE S
mogR gD GO0 ng
WHPDg2AKAaAY

240
300
360
420
480
540
600
660
720
780
840
800
260
1020
1080
1140
1200
1260
1320
1350
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1140
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1260
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tggcagcagyg
acccagaaga

gcaacgtgtt
gcctgagcecct

ID NO:79

1971
]
j o

HPEPYgHHAKANDO R
W RIAOGHAAD G
i Bl w B LB I I )
OCHONG U OHEAKOH
OZ WO dEO G

SEQ

[0 2 B> s B g = el v I 7 Bl 7 B I I
ZuubHHAEMPEHEANGE WV

dZN<SogmQgirumbn
HOOBE"mEAWWnNn:= P
o< oTEHPEO S E R
NOHHKOCHHEZRDTO <
MEHHRUOROKNH WL R
dEbfEZHAOHOUERR

1D NO:80

gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga
tattactatg
gctagcacca
ggcacagccyg
tggaacagcg
ggcctgtaca
tacatctgca
aagagctgcg
cceteegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggeca
cagaagagcc

]
jo e ]

W R GG OB 0O N
Edod Yoy gd
CHOWSGDEADRD 9O
OsSwdnunrn g s
OETDEHE DO NnREROD
ZuEHAHEFPCHEANEOED

tggtggagtc
cttctggagg
ggcttgagtyg
tccagggcag
gcagcctgag
agagtagtct
agggccccag
ccctgggcectg
gcgccttgac
gcctgagcag
acgtgaacca
acaagaccca
tcectgttece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccagccceg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

ID NO:81

dZUdguOgPHEE W
HOOCEYgEa0nnEH®
o< IDIEPEOEA0n S
NUKOoOGEEZRBHEM®
NnEHAODROKODOTE O G
AZOSHEHEOYONOR

cagctgcagc
gagccccggce

20290 ngHd
T HKODZEIunEE4A0E
RO G GA- R EnN
PHENRgHZ 0O N

tggggctgag
caccttcagc
gatgggaggyg
agtcacgatt
atctgaggac
cgactactgqg
cgtgttccce
cctggtgaag
cagcggcgtg
cgtggtgacc
caagcecagc
cacctgcccce
ccccaagecee
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagccccag
cctcacctgt
cggccagccc
cttcectgtac
ctgcagcgtg
ceceeggcaag

EZEZOp2"9QrYnEAHR
TgZ IR ggHg
HBROUOK <A AOO
PHOR O ZOYE RN

78

gtgatgcacg
aag

HFEHEROEITOH KO <
THEHKOM RS A3
ZOWERgogoio0Ag
T<dHOH"OHKBPZ 0
HEPERRgERZgnHKO

gtgaagaagc
agctatgcta
atcatcggta
accgcggacg
acggcegtgt
ggccagggaa
ctggcceccca
gactacttcc
cacaccttcc
gtgcccagca
aacaccaagg
ccctgecctg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgeccc
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

CHEROBE DO <SRN
CTHEKOHARCE KO
ZHERgOYD YK AR
TS HOE/”gLan 0 g
HKEPERRXRGERZ-QOE 0
HogZ <D PgHAMMRDYKO
VLo LZRERPOOER
RodZPOL IO
@R RRAOE KRN

aggccctgca

HozgxowHDW RGO PR
Cnuna A RXpPungogopp
AO <2 PO HRRW®
nNOHOLWR="HAHOHNOYO
HOUHPFPFAHEROOHO®
nHHBEEREDnOONOA
HHOmMmHGNm AW
PR OGEHOE RGN
v I B I L v B e B - R
ODNHRHEHERKHEZEH

ctgggtcctc
tcagctgggt
tgttcggtac
aatttacgag
attactgtgce
ccctggteac
gcagcaagag
ccgagcccgt
ccgcecgtget
gcagcctggg
tggacaaacg
cccecegaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgccececccag
gcttctaccce
acaagaccac
ccgtggacaa
ccctgcacaa

CwBPYAE RO D
NHACDCREIOLOOKOO
HEHOmDHYH<SOnAEOA
weEpREPR"nEHOPNnWH
KGO EHTYOE WG W!
R HEHEAR KB B AW
mMAROEBHO™NNGO-DHK

caaccactac

oo

AR OECY nnOoOAn

ggtgaaggtc
gcgacaggcc
agcaaactac
cacagcctac
gagaggaaat
cgtctcgagt
caccagcggc
gaccgtgagc
gcagagcagc
cacccagacc
cgtggagecc
gctgggegga
ceggaceece
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
¢cgggaggag
cagcgacatc
cceccetgtg
gagccggtgg
ccactacacc

EmRKEOQOP QK AR
HKHEAZ SO WwH S A

FHRKEBOPFQ <G R
HeAZgquoupe =40
SHHWNLA RN G QHES
gnunHOHEIRRNn
ROR KIS TS YOAW

<SHHODHARONSOOW®W
OwunanNnHAg RO ES
O K QD U0
MHYY<SHHARAAY

1320
1353
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300
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420
480
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600
660
720
780
840
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1140
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Q
‘s
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SEQ ID NO:8

caggtgcagc
tcctgcaagg
cctggacaay
gcacagaadgt
atggaactga
cactataatt
gtctcgagty
accagcggcg
accgtgaget
cagagcagcg
acccagacct
gtggagccca
ctgggeggac
cggacccccey
ttcaactggt
cagtacaaca
aacggcaagg
accatcagca
cgggaggaga
agcgacatcg
cceectgtyge
agccggtgge
cactacaccc

]

DDA ORA<SROWwORO|w
HUOoRKGgD GO0 e g0
HPH AR SO
WSSOSO H
sS4 <unnydEO <
OnOwLwynE-Smo

SEQ ID NO:8B

tcctatgtge

tecttgttcty
ccaggaacgd
gaccgattct
tctgaggatg
tteggeggay
cccagcgtga
gtgtgcctca
agccccgtga
gcecgcecagca
tgccaggtga

E D NO:

Q1
YV
L P
G L
QP

RO O
WA

ID NO:8

WO
W oo

2

tggtgcagtc
cttctggaayg
ggcttgagtg
tccagggeag
gcggactgag
ttggttcggy
ctagcaccaa
gcacagccgce
ggaacagcydg
gcctgtacag
acatctgcaa
agagctgcga
ccteegtgtt
aggtgacctg
acgtggacgg
gcacctaccg
agtacaagtg
aggccaaggg
tgaccaagaa
ccgtyggagtg
tggacagcga
agcagggcaa
agaagagcct

3

O quOug G e e o
OB DmugnrEe
ZuAHARPFEHS 0O S
<ZW SO gpE EE
HOKOBPEYEAn;mEOg

4

tgactcagcce
gaagcacgtt
ccceccaaact
ctggctccag
aggctgatta
ggaccaagct
cecetgttece
tcagcgactt
aggccggegt
gctacctgag
cccacgaggg

5

wHEX D
S EHD
H g e
H = H W

tggggctgag
catcttcaga
gatgggaggg
agtcacgatt
atctgaggac
gagttatttc
gggcceccagc
cctgggcectgce
cgecttgacce
cctgagcagc
cgtgaaccac
caagacccac
cctgttecee
cgtggtggtyg
cgtggaggtg
ggtggtgagc
caaggtgagc
ccagcccecgg
ccaggtgtcce
ggagagcaac
cggcagcttce
cgtgttcage
gagcctgagce

VOGS EEHEOS AR
ONKOGEHEZ REHR
wHHUOROKWLOUOHD
<SEZHPESE"MOHOPDA PR
BRZOWHEZNOrnDHI®n
THKOYUZsSwnIzEgETn
BROOK SSH KOG
PREORSHZ KA

accctcageg
caacatcgga
cctcatctat
gtctggcacc
ttactgtgca
gaccgtecta
cccectectcee
ctaccctyggce
ggagaccacc
cctcacccce
cagcaccygtyg

oK@
g0 wA
o =g
Wz o
W EDOO
|Ho W W
Mg mg
HHWwA
OEHOH

79

gtgaagaagc
aactatgcta
atcatcgcta
accgcggacyg
acggccatgt
gactactggg
gtgttccece
ctggtgaagqg
agcggcgtge
gtggtgaceyg
aagcccagea
acctgcccce
cccaagecea
gacgtgagcc
cacaacgcca
gtgctcaccg
aacaaggccc
gagccccagg
ctcacctgtc
ggccagcccg
ttcctgtaca
tgcagcgtga
ccecggcaaqg

HFHEMOHIZOQOEOQ D <
mORKORREERD
ZoERSOODOE KO

tctgggacce
agtaatgctg
agtaataatc
tcagcctcecece
gcatgggatg
ggtgcggecyg
gaggagctgce
gccgtgaceg
acccccagca
gagcagtgga
gagaagaccyg

oAl &

Z4o0

ctgggtcctce
tgagctgggt
tttttgggac
aatcgacgag
attactgtgc
gccagggasac
tggcccccay
actactteccc
acaccttecc
tgcccagcag
acaccaaggt
cctgccctge
aggacaccct
acgaggaccc
agaccaagcc
tgctgcacca
tgcctgecce
tgtacaccct
tggtgaaggyg
agaacaacta
gcaagctcecac
tgcacgaggc

T AR ODm"wHENnHB R
K EPEXNRGgXNZ OO
HogZ o wAaAmgRDHEWm
WO WMZRR P LKA
ROSBrPrUdgHZOW

ccgggcagag
tagactggta
agcggcccte
tggccatcag
acatcctgaa
caggeccagcece
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccg
tggcccccac

=D ow
PG o
Homomw
HowAd
<@ EH

ggtgagagtc
gcgacaggec
accaaagtac
cactgtctac
gaggattccc
cctggtcacc
cagcaagagc
cgagccegtg
cgccgtgcectg
cagcctgggce
ggacaaacgc
ccecegagetyg
catgatcagc
cgaggtgaag
ccgggaggag
ggactggctg
catcgagaag
gcceccccage
cttctaccece
caagaccacc
cgtggacaag
cctgcacaac

LR RAOHLAEOH
FEuBHEPrPHABEEXROGOOWH
AP REZ WG
CEHMOmPDH<SOLAOA S
LWEHEBERPHOEO N WHK
LIRS v B o B s B o I e T R S i

ggtcaccatc
ccggcagctc
aggggtccct
tgggctccag
tgttccggta
caaggccgct
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

QW=
HHE®H
HX o
wH oW
oHHA=
oG W
KE
oo
[y R

DR HEAHERKHEA DR
HEOEBOD LWL OO OW®

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1359

HEM AR HOQPOKAZR
HES3Z 40 WbHE S g
<SHHOWHXWLWSONOHEW

120
180
24Q
300
360
420
480
540
600
660
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TVAWKA
EQWKSH

SEQ ID NO:8

cagtctgccc
tcctgcactyg
cacccaggca
tctaatcget
caggctgagg
ttcggaactg
cccagcgtga
gtgtgcctca
agccccgtga
gccgcecagcea
tgccaggtga

E D NO:

HAGGHDOLDO|Wn
20 mo unlo
b= i I ey s ol
REZT A wOH
unRPEPOOA
T e R O|
Wo g E
wmwm g
KndHERD
(G R S
O<HUORER®”

SEQ ID NO:8

tcectatgtge

tcttgctctyg
ccagaaatgyg
gececcggtttt
tceggegatg
ttcggatctg
cccagcgtga
gtgtgcctca
agccccgtga
gccgecagca
tgccaggtga

SEQ ID NO:

8
Q
A
G
A
A
H

HAAGH T W0
Lo R oy B
= podpE g
mRE RO HEBe
nRP®nNEZS

SEQ ID NO:9

cagtctgtgt

tcctgctetg
ccaggaacag
gaccgattct
actggggacy
gtcttecggeg
gctcccagceg
ctggtgtgcec
agcagcceeyg
tacgccgcca
agctgccagg

DSSPV
RSYSC
6

tgactcagcc
gaaccagcag
aagcccccaa
tctetggete
acgaggctga
ggaccaaggt
ccctgttece
tcagcgactt
aggccggegt
gctacctgag
cccacgaggg

5

8

tgactcagcc
gaagccgcetc
cccccaaact
ceggetecaa
aggctgatta
ggaccaaggt
ccctgtteec
tcagcgactt
aggccgygcgt
gctacctgag
cccacgaggg

9

W owo
wwnwHE R
A R o
moHagBE <
OGS H K g W

0

tgacgcagcc
gaagcagctc
ccceccaaact
ctggctccaa
aggccaacta
gagggaccaa
tgaccctgtt
tcatcagcga
tgaaggcecgg
gcagctacct
tgacccacga

0O R
<
H o
o<
& =
m 3

tgcecgeecgty
tgacgttggt
actcatgatt
caagtctggc
ttattactgc
caccgtccta
cccctectee
ctaccctgge
ggagaccace
cctecacccece
cagcaccgtg

O R o H Gy
< oo K
Hom™OMEY
ol N R )]
HEG®nno
R T 2 W

accctcagte
caacgtcgga
cctecgtetat
gtctggcact
ttattgtgtg
caccgtccta
cccctectee
ctaccctggc
ggagaccacc
cctcacccce
cagcaccgtyg

KO W KK G
< rHOOn =g
Hom<g 2™
b oI /5 I ~ I R o)
HE®SO0
GHEogEw
[ sl R v B
HHEaBWwWwA

geccctecagtyg
caacattggyg
cctcatttat
gtctggcacg
ttactgcgca
gctgacegte
cecececctece
cttctacccect
cgtggagacc
gagcctcace
gggcagcacc

80

3
H 3
<
= w
= =

tctgggtete
ggttataact
tatgaggtca
aacacggcct
agctcatata
ggtgcggccy
gaggagctgc
gcegtgaceg
acccccagca
gagcagtgga
gagaagaccyg

AW H
HHABP wwy4A
QKo wnnH
Hwyrwunw
HHEZACSO

tctgggaccce
gataattctg
aagaatactc
tcagcctecc
gecatgggaty
ggtgcggccg
gaggagctgc
gccgtgaccyg
acccccagca
gagcagtgga
gagaagaccyg

<SHO S oH
Hwrodon
RN ZOWO

tctgecggecec
aatgattatyg
gacaataata
tcagccaccc
acatgggatc
ctaggtgcgg
tccgaggagce
ggcgccgtga
accacceceea
ccecgagceagt
gtggagaaga

QSNNEKY
TVAPTE
ctggacagte
atgtctcctyg
gtaatcggcc
ccctgaccat
caagcagcag
caggccagcc
aggccaacaa
tggcctyggaa
agcagagcaa
agagccaccg
tggcccccac

HO R K WA
Sy <20
wE A
OHZ2 B oW
HR<HWww
H<OQOoOQ
OpFBHAWng

ccgggcagag
tatattggta
aacggccctc
tggccatcat
acagcgtaga
caggccagcc
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccg
tggcccccac

HO R =W
ShErdIn
FE - A )
uZ 0w
HE<Whow

caggacagaa
tatcctggta
agcgaccctce
tgggcatcac
gccgecccgac
ccgcaggeca
tgcaggccaa
ccgtyggcectyg
gcaagcagag
ggaagagcca
ccgtggccee

[l e WA N A
OpPBEA3Rg
MIPHSWMO

AASSYLSLTP
C s

gatcaccatc
gtaccaacag
ctcaggggtt
ctctgggctc
cacttatgtc
caaggccgct
ggccacccetg
ggccgacage
caacaagtac
gagctacagc
cgagtgcagc

vy HRRDQ
hhin<gwnm
0woHO
KH G2
H = B
g <
HQF 0w
HY P e s
VIR TR S

ggtcaccatc
tcaacacgtc
aggagtccct
tggcctccag
tggctatgtc
caaggccgct
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcage

nundLng
woHAXR
HKoH < 0w
Hor By
WY W» K

ggtcaccatc
ccagcagctc
agggattecct
cggactccag
tgcttatgtt
gcccaaggcc
caaggccacc
gaaggccgac
caacaacaag
ccggagctac
caccgagtgc

60
120
180
240
300
360
420
480
540
600
660

60
120
180
240
300
360
420
480
540
600
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60
120
180
240
300
360
420
480
540
600
660
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agc

ID NO:

o< A0 0w
a6 e no
joR+E oW =l v I
P PNOonH
AEAAAA

SEQ ID NO:

gacatccaga

atcacttgcc
gggaaagttec
cgettecagtg
gaagatgttg
caagggacac
tccgacgage
ccececgggagg
gagagcgtga
ctgagcaagg
ctgagcagce

SEQ ID NO:

< SR UY
HOE g H
O HO OO
Qo RE
HOUECA
Ll-AL He il el
Hundaw
TOOE e

21

=P O EOo
sl == w v B v
WO E R g
nhnnpp N
B GRS~ s
Ak HW®N

92

tgacccagtc
gggcgagtca
ctacactcct
gcagtggatc
caacttatta
gactggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa

93

OHEEHABE ®
NNOKHI®»
H <

94

SEQ ID NO:

cagtctgtgce
acctgctctg
cagtccccectg
ttcataggcet
gatgaggctg
accaagctga
ctgttcccce
agcgacttct
gccggegtagg
tacctgagcc
cacgagggca

=
o PO O 0o
oo
Wnnene

ID NO:

0n =R A "Oo|w
Kooy

SEQ ID NO:

gaaattgtgc

ctctecctgca
ggccaggctc

tgactcagcc
gacataaatt
tattactcat
ccaactcectygg
actattactg
cegtectagg
cctcctecga
accectggege
agaccaccac
tcaccececga
gcaccgtgga

95

oA SO
O < B e
Lo e W w B e v
<G P H O
HO K
R N e R ol
tHEmog <
GHAE N
HEAE WY
HHACEgOEe
L RN N o)

96

tgactcagtc
gggccagtca
ccaggctcct

O < B oo
O RHOO
<o Z
L oY 26
m e B RO
HEwegHR
OHER Y
nHED N3
HHEBPR"OH

tccatccectece
gggcattagc
gatctatgat
tgcgacagat
ctgtcaaagg
taaacgtgcg
cggcaccgcc
gtggaaggtyg
cagcaaggac
gaagcacaag
gagcttcaac

nHROQQOWw
(N ROE R
"o O™ nn
SogHAKAad
HwEr 200
AR U

accctcagag
gggggataaa
ctatcaagat
gaacacagcc
tcaggegtygg
tgcggecegeca
ggagctgcag
cgtgaccgtg
ccccagcaag
gcagtggaag
gaagaccgtyg

tccaggcace
gegtgttage
catctatggt

81

SN HAHWM
[N EN Ve )
= A N = )

ctgtctgeat
agttatttag
gcatccactt
ttcactctca
tataacagtg
gcecgeacccea
agcgtggtgt
gacaacgecece
tccacctaca
gtgtacgcct
cggggcgagt

g
o< G <
ZHO” g A
W EEHRH
HwuBeAanAa

tcegtgtece
tatgtttcgt
aacaggcgge
actctgacca
gacagcagca
ggccagecca
gccaacaadgyg
gcctggaagg
cagagcaaca
ageccaccgga
gcccccacey

Mt nnaa
R E AR
HO R B HN
S g
oA W e
MZHEOYO
H®R 400

ctgtctttgt
agctacttag
gcatccacca

HORG DO
<o
A nn
Lyl = I s R N 5]

ctgtaggaga
cctggtatca
tgcgatcagg
ccatcagcag
cccececegat
gcgtgttcat
gecectgctgaa
tgcagagegg
gectgageag
gcgaggtgac
gt

He=E PO
On= e
(R RN
HHOOWN
HmgoE RO

caggacagac
ggtatcagca
cctcagggat
tcagecgggac
ctgecggtttt
aggccgetece
ccaccctyggt
ccgacagcag
acaagtacgc
gctacagctyg
agtgcagc

HOOH®
QP CcHaOx
niEHRNR
nwntHZe
nmoHdAEe®
LA Il w]
| B B A
v OAaK
HoE e
== = I 5]
oo e
HHAOAaR
0O <COHO

ctccagggga
cctggtacca
gggecygetyg

HRGO®S
OO R -
QFESe®
mEHROZ
muneAayg
e W -

cagagtcacce
gcagaagcca
ggtcccatct
cctgcagecct
caccttcgge
cttceceocececec
caacttctac
caacagcecad
cacccteace
ccaccagggc

H 3 ™o o
HMEE®nAH
[ R a7
WHERHA W
=B s S
[wi ol B
B Ay
OR =
RGO A
T g HO
RZNNO

agccagcgtc
gaagccaggc
ccetgagega
ccaggctetg
cggcggaggyg
cagcgtgacc
gtgcctcatc
cceegtgaag
cgccagcage
ccaggtgacc

aagagccacc
acagaaacct
catcccagac

R B
B
oo s

663

HGQ @
H e H O

60
120
180
240
300
360
420
480
540
600
642

60
120
180
240
300
360
420
480
540
600
€48
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aggttcagtg
gaagattctg
gggaccaagd
gacgagcagc
¢gggaggcca
agcgtgaccyg
agcaaggccg
agcagecccg

SEQ ID NO:

o e o I |
WO H B
O EQ<S
HoOmmO e
< ZMEE A

SEQ ID NO:

tcctatgtge

acctgtgggg
caggcccctg
ttctectgget
gatgaggccg
ggaggcacce
gtgaccctgt
ctcatcagcg
gtgaaggccyg
agcagctacc
gtgacccacg

EQ ID NO:

o Mmoo
REIERNMNOK
W= PO G(H
el SR e B
ooy

SEQ ID NO:

9
Q
v
E
]
]
]

gecagtyyggtce
cagtgtatta
tggagatcaa
tgaagagcgg
aggtgcagtg
agcaggacag
actacgagaa
tgaccaagag

97

HWwWwomo
nOoOYmeEm
[ 20 v B e I = e B v
DO gH®
H<BHEKHAJA
mHRKKH

98

tgactcagcce
gaaacaacat
tgctggtegt
ccaactctgg
actattactg
agctgaccgt
tececcececte
acttcectacec
gcgtggagac
tgagcctcac
agggcagcac

o

[ ¢ I = R e B o
o HaAg g
[@ IR o R )]
0O WK K
SGEHMOUO®m

100

tcctatgtge
tcttgttctyg
ccaggcacgg
gaccgattct
tcecgatgatg
ttcggcggag
cccagcgtga
gtgtgcctea
agccccgtga
gccgecagea
tgccaggtga

E D N

tgactcagecc
gaagcagctc
cccccaaact
ctggctccaa
aggctgatta
ggaccaagct
cecetgttece
tcagcgactt
aggccggcegt
gctacctgag
cccacgaggyg

0

o WO |n
Lo NN )
Lol B B
=W o

> mAaAa|lo
R o [
m o9 le
wME =g

< W HE®»
Huo

H = HW

tgggacagac
ctgtcagcag
acgtgcggcc
caccgccagc
gaaggtggac
caaggactce
gcacaaggtg
cttcaaccgg

mMEnNOO®
O Qo W
< OHOnW
Hwp < ag
RO Wn
nmyg oW M
g AR
ZHOQODO W
Py B I

accctecggtyg
tggaagtaaa
ctatgatgat
gaacacggcc
tcaggtgtgg
cctecggtgeg
ctccgaggag
tggcgccgtg
caccaccccecce
cccecgagcayg
cgtggagaag

HoD™moo <
s e R Vo R
HEDE Qg™
OHEOY®
LHEDYO
M A DDA
< "D noO

accctcageg
caacatcgga
cctcatctat
gtctggcacc
ttactgtgca
gaccgtccta
ccectectee
ctacecctggce
ggagaccacc
cctcaccceccce
cagcacecgtyg

LS
g 0w
L= w B
nHONO
wEOO
mg@m e
H oW
H = oA
O oH

82

ttcactctca
tatggtagga
gcacccagcg
gtggtgtgcc
aacgccctge
acctacagcc
tacgcctgeg
ggcgagtgt

(DI BT B B
HEe=Er0w
QW nwWwo

tcagtggcce
agtgtgcact
agcgaccggc
accctgacca
gatagtagta
gccgcagygce
ctgcaggcca
accgtggect
agcaagcaga
tggaagagcc
accgtggecec

HwprodHH
RRZmOH
HO =R P4
S PE QWO
w2 A o

tctgggaccc
agtaattatg
agggatggtc
tcagcctecce
acatgggatyg
ggtgcggccg
gaggagctge
gccgtgaccyg
acccccagca
gagcagtgga
gagaagaccg

oo ow
Z "0
= mgm

ccatcagcag
caccgctcac
tgttcatctt
tgctgaacaa
agagcggcaa
tgagcagcac
aggtgaccca

QO AwW
HKODWww
HwoAaonw
H U X WO
(=l s Bl A I
Wy MHm<g
WA HDW
O RAaWm

caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgatcatgc
agcccaaggc
acaaggccac
ggaaggecga
gcaacaacaa
accggagcta
ccaccgagtyg

T2 0nR
HR <02
< QnwZ

QP a=aH
MEAHOHDO

ccgggcagag
tatactggta
agcggeccctce
tggccatcag
acaacctgag
caggccagcce
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccg
tggcccccac

= i~ 0]
oW
Hoawmw
SO owm
OQw=

actggagcct
tttcggecgga
ccecececectee
cttctaccce
cagccaggag
cctcaccctg
ccaggygcctg

|w it @3-l w i
i G W

ggccaggatt
gaagccaggc
ccctgagcga
cgaagccggg
tgtgttcgga
cgctcccage
cctggtgtge
cagcagccee
gtacgccgcee
cagctgccag
cagc

oW
noHa=z=w
T IR /)
B e
oo Ha T
B I
e =
oo HO
HHO®WO
0 <O m R

ggtcaccatc
ccagcagctc
aggggtccct
tggactccgg
tggtccagta
caaggccgct
ggcecaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

H =
H =R OO
W aw
Uz
oo D

(er - R i
= E
moY A K
RZWHO
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240
300
360
420
480
540
600
639

60
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180
240
300
360
420
480
540
600
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480
540
600
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EQWKS

A
H

DS SP
RSYS

SEQ ID NO:102

gaaattgtgt
ctctcctgea
cctggeccagg
gacaggttca
cctgaagatt
ggagggacca
tccgacgagce
ccccgggagg
gagagcgtga
ctgagcaagg
ctgagcagcc

SEQ

tgacccagtc
gggccagtca
ctcccaggcet
gtggcagtgg
ttgcagtgta
aggtggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa

ID NO:103

<P <O H
K ETD R A
PO HBP "
QummEoH
HQmrROA
<2 0HEbo
HSWweodk

SEQ ID NO

[l o w R W
MY EHQ
MO <SBH A
H<dBHKHB

;104

cagtctgccc
tcctgecactg
cacccaggca
tctaatcgct
caggctgagg
ttcggaactg
cccagcgtga
gtgtgcctea
agcceceegtga
gccgccagca
tgccaggtga

EQ ID NO:

tgactcagcc
gaaccagcag
aagcccccaa
tctctggctce
acgaggctga
ggaccaaggt
ccetgttece
tcagcgactt
aggceggegt
gctacctgag
cecacgaggg

0

HHAaQHO O
OGS0 LR W
=D

mEmpPoHe
=P OaHA

SEQ
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A
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A
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WO bE e o
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Ko< HE AW
[ I - e
O<HbgzEw

1D NO:106

cagtctgtcg
acctgtgggg
caggccceccty
ttectetgget
gatgaggccg
actgggacca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacg

tgacgcagcc
gaaacaacat
tgctggtegt
ccaactetgg
actattactg
aggtcaccgt
tcceceecte
acttctaccce
gcgtggagac
tgagcctcac
agggcagcac

v
C

R
<
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oo
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tccaggcacc
gagtgttagc
cctcatctat
gtctgggaca
ttactgtcag
caaacgtgcg
cggcaccgcc
gtggaaggtyg
cagcaaggac
gaagcacaag
gagcttcaac

WwHR KK,
wHE®mO@H
R eNn R el I
<4UHOWH
Hw P WG
WxRnonIHA

tgccteecgtyg
tgacgttggt
actcatgatt
caagtctgge
ttattactgc
caccgteecta
ccectectcec
ctaccctgge
ggagaccacc
cctcaccccece
cagcaccgtg

O RT K HGO
< hHd K KW
Ho/d"OM"
T A mn @
Homwwwmo
OHA K= W
HEAWH

gcecteggtyg
tggaagtaaa
ctatgatgat
gaacacggcc
tcaggtgtgg
cctaggtgceg
cteccgaggag
tggcgeccgtg
caccaccccc
ccecgagceaqg
cgtggagaag

o) H

83

w
H 4
<
& ow
e

ctgtctttgt
agcagctact
ggtgcatcca
gacttcacte
cagtatggta
gcecgcaccca
agcgtggtgt
gacaacgccce
tccacctaca
gtgtacgcct
cggggcgagt

[/ w B B
i<
ZHAOM™MOA
P B I
@QwLEAYWw

tctgggtctc
ggttataact
tatgaggtca
aacacggcct
agctcatata
ggtgcggccg
gaggagctgc
gccgtgaccg
acccccagca
gagcagtgga
dagaagaccg

HH YA
<HOWnH
Hw P n ek
- A R o
HO R E wHA

tcagtggccc
agtgtgcact
agcgaccggc
accctgacca
gatagtagta
gcegcaggece
ctgcaggcca
accgtggecct
agcaagcaga
tggaagagcc
accgtggccc

Qs N
TV A

ctccagggga
tagcctggta
gcagggccac
tcaccatcag
gctcacccag
gcgtgtteat
gcctgctgaa
tgcagagcgg
gcctgagcag
gcgaggtgac
gt

el A B o R
W=z
W Qe
B0 Www
HdAaQo
HmoRWww
HH<o
[4r B I I Y R

ctggacagtc
atgtctcctg
gtaatcggcc
ccctgaccat
caagcagcag
caggccagcee
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccyg
tggcccceac

dwpr gz 0
b= |
Oz 0w
H® <gHduw

caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgatcatta
agcccaagge
acaaggccac
ggaaggccga
gcaacaacaa
accggagceta
ccaccgagtg

H= OO
G HAaw

aagagccacc
ccagcagaaa
tggcatccca
cagactggag
aactttcgge
cttececeeccece
caacttctac
caacagccag
caccctcacc
ccaccaggge

HRHOW
PR H W
[l RN w i
KOE WP e e
3 I o i
G E =
H O wHaK

gatcaccatc
gtaccaacag
ctcaggggtt
ctctgggcetce
cactcttgtc
caaggcegct
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

Wi H R RGO
nwn g w
WO HOK
i Bl A~
KPR K
[0 I IR
QW w
=
Lo IR I

ggccaggatt
gaagccaggc
ccctgagcga
cgaagccggg
tgtcttcgga
cgctcccagce
cectggtgtge
cagcagcccc
gtacgccgcc
cagctgccag
cagc

60
120
180
240
300
360
420
480
540
600
642

60
120
180
240
300
360
420
480
540
600
660

120
180
240
300
360
420
480
540
600
654

NKYAASSYLSLTP
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w2 unHO



84

107
QSVVTQPPSVSVAPGQTARITCGGNNIGSEKS SVHWY

SEQ ID NO

Q QK

ISR

VEAGDEADYYCQVWDSSSDHYVFGTGTEKVIVLGAARAGDZ
PKAAPSVTLFPPSSEELQANKATLVCLI SDFYPGAVTYV
AWKADSSPVEKAGVETTTPSKQSNNEKYARASSYLSLTPEZ®Q

PGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLT
WKSHRSYSCQVTHEGSTVEKTVAPTECS

108
actgtgttga cacagccgce ctcagtgtcect ggggeccecag ggcagagggt caccatctec

SEQ ID NO

10

60
120

tgcactggga gcagctccaa catcggggeca ggttatgatg tacactggta ccagcagcett
ccaggaacag cccccaaact cctcatctat ggtaacagca atcggcectc aggggtccct

gaccgattct ctggctccaa gtctggcacg tcagceccacce tgggcatcac cggactccag

180
240

300
360

actggggacg aggccgatta ttactgcgga acatgggata gcagcctgag tgcttatgte

15

ttcggaactyg ggaccaaggt caccgtccta ggtgcggccg caggccagcc caaggcecgcet
cccagegtga cecctgttcece ccectecteec gaggagctge aggccaacaa ggccaccctg
gtgtgeccteca tcagecgactt ctaccctgge gececgtgaccg tggecctggaa ggecgacagce

agccecgtga aggecggcegt ggagaccacc acccccagca agcagagcaa caacaagtac

420

480
540
600
660

gccgecagea gctacctgag cctcaccecee gagcagtgga agagccaccg gagctacage
tgccaggtga cccacgaggg cagcaccgtg gagaagaccg tggcccccac cgagtgcagce

20

109
TVLTQPPSVSGAPGQRVTISCTGSSSNIGAGYDVHWYDQ

QLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSATLGI

SEQ ID NO

25

TGLOQOTGDEADYYCGTWDSSLSAYVFGTGTKVTVLGAAR
GQPKAAPSVTITLFPPSSEELQANKATLVCLI SDFYPGRAYV
TVAWKADSSPVKAGVETTTPSKQSNNEKYARASSYLSLTP

EQWKSHRSYSCQVTHEGSTVEKTVAPTECS

30

110
MEKIVLLFAIVSLVEKESDQICIGYHANNSTEQVDTIMEK

NVTVTHAQCQDILEKEKHNGEKLCDLDGVEKPLILRDCSVAGTW

.
.

SEQ ID NO

LLGNPMCDEFINVPEWSYIVEEKANPVNDLCYPGDFNTDY
EELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACTEP
YQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLYV

35

LWGIHHPNDAARAREQTEKLYQNPTTYISVGTSTLNQRLYWVEPR

IATRSKVNGQSGRMEFFWTILKPNDAINFESNGNTPFIATP

EYAYKIVEKKGDSTIMKSELEYGNCNTKCQTPMGAINSS
MPFHNIHPLTIGECPEKYVEKESNRLVLATGLRNSPQRETRR
RKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGY
AARADKESTQKAIDGVTNEKVNSIIDKMNTQFEAVGREFNN

40

LERRIENLNKKMEDGFLDVWTYNAELLVLMENERTULDTF
HDSNVENLYDKVRLQLRDNAKELGNGCFEFYHEKCDNEZC

MESVRNGTYDYPQY SEEARLEKREEISGVKLESIGIUYQI

LSIYSTVASSLALAIMVAGLSLWMCSNGSLQCR

45

SEQ ID NO:111

MEKIVLLFAIVSLVEKESDQICIGYHANNSTEQVDTIMEHK
NVTVTHAQDILEKTHNGEKLCDLDGVEKPLILRDCSVAGW

50

LLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDY
EELKHLLSRINHFEKIQIIPKS SWSSHEASLGVSSACTP
YOQOGKSSFFRNVVWRLIKEKENSTYPTIEKRSYNNTNQEDLTLYV

LWGIHHPNDAAEQTEKLYQNPTTYISVGTSTLNQRLYVEPR

IATRSKVNGQSGRMEFFWTILKPNDAINPFESNGNTFTIATP

55

EYAYKIVEKEKGDSTIMEKSELEYGNCNT KCQTPMGATINSS
MPFHNIHPLTIGECPEYVEKESNRLVLATGLRNSPQRERR R
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RKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEOQGSGY
AADKESTQEKAIDGVTITNEKVNSIIDKMNTQFEAVGRETFNN

LERRIENLNEKKMEDGFLDVWIYNAELLVLMENERTTLTDTF

HDSNVENLYDKVRLQLRDNAKELGNGCPFETFYHEKCDNETC
MESVRNGTYDYPQYSEEARLEKREEISGVEKLESIGIYQI
LSIYSTVASSLALAIMVAGLSLWMCSNGSLQCR

5

112
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEHTRK

NVTVTHAQDILEKTHNGKLCDLDGVEKEPLILRDCSVAGTW

SEQ ID NO

10

LLGNPMCDETFTINVPEWSYIVEKANPANDLCYPGNTFNDY
EELKHLLSRINHFEKIQIIPKSSWSDHEASSGVSSACTEP

YQGKSSFFPFRNVVWLIKKNSSYPTIEKRSYNNTNQEDLTLYV

LWGIHHPNDAAEQTRLYQNPTTYISVGTSTLNQRILYVPEK

IATRSKVNGQSGRMEFFWTILKPNDAINTFESNGNTETIATP

15

EYAYKIVKKGDSAIMKSELEYGNCNTEKCQTPMGATINSS
MPFHNIHPLTIGECPKEKYVEKESNRLVLATGLRNSPOQRERTKER
RKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGY
AADKESTQEKAIDGVTITNEKVNSIIDKMNTQFEAVGRET FTNNTN

LERRIENLNEKKMEDGFLDVWTYNAELLVLMENERTTLTDTF

20

HDSNVENLYDKVRLQLRDNAKELGNGCFETFYHERKCDNETC

MESVRNGTYDYPQYSEEARLEKREEISGVEKLESIGIUYQTI

LSIYSTVASSLALAIMVAGLSLWMCSNGSILQCHR

SEQ ID NO:113

25

MEKIVLLFAIVSLVEKSDQICIGYHANNSTEQVDTIMEK

NVTVTEAQDILEKTHNGEKLCDLDGVEKPLILRDCSVAGW
LLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDY
EELKHLLSRINHFEEKIQIIPKSSWSSHEASLGVS SSACTP?
YQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLTLYV

30

LWGIHHPNDAAEQTKLYQNPTTYISVGEGTSTLNQRLYVEPR

IATRSKVNGQSGRMEFFWTILKPNDAINFESNGNTIATP

EYAYKIVKKGDSTIMEKSELEYGNCNTEKCQTPMGAINSS
MPFHNIHPLTIGECPEYVESNRLVLATGLRNSPQRETRR
RKEKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGY
AADKESTQKAIDGVTNEKVNSIIDKMNTQFEAVGRETFNN

35

LERRIENLNKKMEDGFLDVWTYNAELLVLMENERTILDTF

HDSNVEKNLYDKVRLQLRDNAKELGNGCFEFYHEKCDNETC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGIUYQI
QOBRSGGRSSLEGPRFEQEKLISEEDLNMHTGHHHHHH

40

SEQ ID NO:114

MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEHK
NVTVTHAQDILEKTHNGEKLCDLDGVEKPLILRDCSVAGW
LLGNPMCDEFINVPEWSYIVEKANPANDILCYPGNTFEFNDY
EELKHLLSRINHFEKIQIIPKSS SWSDHEASSGVSSACTP
YQGKSSFFRNVVWLIKKNSSYPTIKRSYNNTNQETDLTLYV

45

LWGIHHPNDAAEQTRLYQNPTTYISVGTSTLNQRLYVEPK

IATRSKVNGQSGRMEFFWTILKPNDAINPFESNGNTFIATP
EYAYKIVKKGDSAIMKSELEYGNCNTEKCQTPMGAINSS
MPFEHNIHPLTIGECPRKYVEKSNRLVLATGLRNSPQRETRR

REEKERGLFGAIAGFPFIEGGWQGMVDGWYGYHHSNEQGSGY

50

AADKESTQERKAIDGVTNEKVNSIIDKMNTQFEAVGRETFNHN

LERRIENLNKKMEDGFLDVWTYNAELLVLMENERTLDTF
HDSNVENLYDEKVRLQLRDNAKELGNGC FETFYHERKCDNETC

55

MESVRNGTYDYPQYSEFEFEARLEKREEISGVEKLESIGITYQTI
QHSGGRSSLEGPRFEQEKLISEEDLNMHTGHHHEHHH
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SEQ ID NO:1

15

gaggtgcagc
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ctgactcagc
ggaagcacgt
gcccccaaac
tctggctcca
gaggctgatt
gggaccaagce

SEQ

]
=

tggtggagtc
cttctggagg
ggcctgagtg
tccagggeag
gcagcctgcey
tgcgcgaaac
gcggttcecagyg
caccctcagce
tcaacatcgg
tccectcatcta
ggtctggcac
attactgtge
tgaccgtcct

[

FO00HOO M
Oww A Ay
[w B s BE Rl e T ]
HLAEA OB
FoH< RO <O
Z<dt e He

SEQ ID NO:1

<" OWLHEY Ve
oo nEp
<SP oAdonE
moE e R
OeHAOWmOS
MaEWnwnmnR

17

caggtccagc
tcttgecaagy
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ctgactcagc
ggaaccagca
aaagccccca
ttctctgget
gacgagyctg
gggaccaagg

ID NO:1

tggtgcagtc
cttctggagg
ggcctygagrg
tccagggcag
gcagcctgceg
tgcgcgaaac
gcggttecagg
ctgcegeegt
gtgacgttgy
aactcatgat
ccaagtctgg
attattactg
tcaccgtcct

18

mmOHmDDg
< EwmHEA Y <0
AT HGGTO
B I I IR W ]
neH <GSO
Lo WwwEOo
H<SOWwbHeE YW

SEQ ID NO:1l

K WnHEOWLEG
SZoOoH0nE
HHoanoH o
(DRGSR R R
HLWnWnwno R
[ N O R s I B
HugOoH™

19

gaggtgcagc
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg

tggtggagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagcctgeqg
tgcgcgaaac
gcggttcagg

tggggctgag
ccccttecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtce
cggaaccggc
gtctgggacc
aagtaatgct
tagtaataat
ctcagcectee
agcatgggat
aggt

w2 AR
HAOdHGQGODHW
HwwoRrlaAamgon
HoueorEHW
EEZE2nhEZAWn
CUPFPORKROS
Hb 3 g m
[N E-EoNe NI

tggggctygag
cccettecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccggc
gtctgggtcet
tggttataac
ttatgaggtc
caacacggcc
cagctcatat

aggt

WNOHEAYGE
SULUOOEHW
HOKWE "W
El - A=A oy I I
HFHEHKAKSSR
GrgannAag

tggggctgag
cccctteege
gatgggaggg
agtcacgatt
atctgaggac
tatggacgte
cggaaccggc

86

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaay
agcggcactyg
cecegggeaga
gtagactggt
cagecggecct
ctggeccatca
gacatcctga

HEEorR®
o /0
HW 3oy R
W W E Y
QS OR W0
Ho< o
OO
wWHHA SO W
MmO R R

gtgaagaagc
agctatgcta
atcatcccta
accgcggacyg
acggccatgt
tggggcaaag
agcggcactg
cctggacagt
tatgtctecet
agtaatcgge
tcectgacea
acaagcagca

wwneE RN
H=wu®XRAO
H 3 mE R
HQO QO R "W

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
agcggcactyg

ctgggtccecte
tcagctgggt
Lttttggtac
atttegcggg
actactgtgc
ggaccacggt
gcgggtegac
gggtcaccat
accggcagct
caggggtcce
gtgggctcca
atgttccggt

ctgggtcctc
tcagectgggt
tttttggtac
atttcgecgygyg
actactgtgc
ggaccacggt
gegggtcgac
cgatcaccat
ggtaccaaca
cctcagyggygt
tctctggget
gcacttatgt

WO W RN
[l b
HEYEOO®
OO <o

HRO W

ctgggtccte
tcagctgggt
tttttggtac
atttcgeggg
actactgtgc
ggaccacggt
gcgggtcgac

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatyg
caccgtctecg
gtcctatgtg
ctcttgttct
cccaggaacy
tgaccgatte
gtctgaggat
attcggcgga

o B v I o B o e v
M=mAaAain
WEWEH R
O g
HHWL <SP H
LSS 1 - w I

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gcagtetgcec
ctectgecact
gcacccaggc
ttctaatcge
ccaggctgag
cttcggaact

oW
g AaAdn
HRFZHR
el el

ggtgaaagtc
gcgacaggcec
aacaaaatac
cacagtttac
gaaacatatg
caccgtcteg
gtcctatgty

ORWwgH
KM HZT OW
Lo N 3 M w -]
oW Bl - I
mwgnnpE o

60
120
180
240
300
360
420
480
540
600
660
720
744

OQLAagg=
LA
OO

120
180
240
300
360
420
480
540
600
660
720
744

60
120
180
240
300
360
420
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ctgactcagc
ggaagcegct
gcoccccaaac
tccggetceca
gaggctgatt
gggaccaagg

EOOHQOHEHG
lw v B v B B B e | ]
(il AR G L o]
w33 G
COHCRO <
O<<hnikEGHE
Qo OB "n

SEQ

caccctcagt
ccaacgtcgg
tcctegteta
agtctggcac
attattgtgt
tcaccgtcct

ID NO:120

KiFnmQnEHO
SWa B0 =E W
HmnogH EH
[ORO RN B3R
wQnonn e
oOnZaoHAHR
HXR <O UH™

ID NO:121

gaggtgcagc
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ttgacgcagc
ggaagcagct
gccececcaaac
tctggctecea
gaggccaact
ggagggacca

53]
o
=
@]

tggtggagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagcctgeg
tgcgcgaaac
gcggttcagg
cgccctcagt
ccaacattgg
tccteattta
agtctggeac
attactgcge
agctgaccgt

A

SN ol NN e N ul !
Oow=AaAa o
WG < < "OH
WmnmHAKOH
10 g C

U H <G

SEQ ID NO

HHW©HEGQ =

W Qw0 H g on
KO QnEQ
< W 6N E
<H@BQHE M
RGN R  A EEH
O wwnagR
Ohz2aaHH&R

:123

caggtacagc
tcctgcaagg
cctggacaag
gcacaaaagt
atggaggtga
aaatattaca
ggtacgggcg
acccagtctc
gcgagtcagg
acactcctga
agtggatctg
acttattact
ctggagatta

tgcagcagte
tttccggagt
gccttgagtg
tccagggeag
acagcctgag
gtgagtacat
gttcaggcgg
catcctcecct
gcattagcag
tctatgatge
cgacagattt
gtcaaaggta
aacgt

ctctgggace
agataattct
taagaatact
ttcagecctcce
ggcatgggat
aggt

RS A3do
<@QUQwHW®
HHZ WO HWM

tggggctgag
ccectteecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccggc
gtctgcggec
gaatgattat
tgacaataat
gtecagccace
aacatgggat
cctaggt

MR HGG-OHD
HWnhonAAYGR
HO20 P HD

aggggctgag
cattttcagc
gatgggaggg
agtcacgatt
atatgaggac
ggacgtctgg
aaccggcagc
gtctgcatct
ttatttagcc
atccactttg
cactctcacc
taacagtgcc

HHRQOWwEH®n
= B A WA
G <A A
HH OO
G20 RN

87

cccgggcaga
gtatattggt
caacggccecct
ctggccatca
gacagcgtag

Eol I N B R
Hr<H3<H3R
OO
HEQrR®
h= B s - A ]
HXO B o =R
HowE oW
QS ORMm

gtgaagaagc
agctatgcta
atcatcccecta
accgcggacg
acggccatgt
tggggcaaag
agcggcactg
ccaggacaga
gtatcctggt
aagecgaccct
ctgggecatca
cgeegeeega

QKW RO
HXO KR
HOO X J P

gtgaagaagc
ggcagtgcga
atcagccctc
accgcggacc
acggccegtgt
ggcaaaggga
ggcactggcg
gtaggagaca
tggtatcagce
cgatcagggg
atcagcagcc
ccececcgatea

gggtcaccat
atcaacacgt
caggagtccc
ttggcctcca
atggctatgt

Hog <O
OHEHEOO O
mEAS Y
[ R el R R

ctgggtccecte
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
gcgggtegac
aggtcaccat
accagcagct
cagggattec
ccggactecca
ctgcttatgt

QB xR®N
H o< G
LONNNaR R &)
HE g 0"

G F O W

ctgggtcctc
tcagctgggt
tctttggecac
aatccacgaa
atttetgtge
ccacggtcac
ggtcgacgga
gagtcaccat
agaagccagyg
tccecatcteg
tgcagcctga
ccttecggcecca

ctcttgectcet
cccagaaatqg
tgceccggttt
gtccggegat
cttcggatct

lw v B v B o R v)
o =L v e N ) ]
HHORHRK
[ w I e B w B I
K< H
Ll Rl w I 5]

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gcagtctgtg
ctcectgctet
cccaggdaacea
tgaccgattc
gactggggac
tgtettegge

O mmts g™
Mmmm 3 3m
WH W OEH K
ZBEH<GOAw
KRG P H
oS DO

ggtgaaggtc
gcgacaggcc
aacaaattac
cacaacctac
gcgaggtcca
cgtctegagce
catccagatg
cacttgccgg
gaaagttcct
cttcagtggc
agatgttgca
agggacacda

480
540
600
660
720
744

OmRHB OO =E
<= R A
wH G

120
180
240
300
360
420
480
540
600
660
720
747

QUIrag =
b - B
H = 0o

120
180
240
300
360
420
480
540
600
660
720
735
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3
o
=1

3%

W T AA 200w
=RV T= s B R R ] | ]
L I R - R N e L]
H < H <G GG e

HrHWEOO|O

SEQ ID NO:

HwAydwmbAQOo|-—
H o OO e wohe
YA ZEO
CwrErQwsE»
OowOHEE
Hwomo w9 o<
oo Q= R
BEwwHGGgMEHEHR
HrernoaAgwmH

125

caggteccage
tecectgecaagyg
cctggacaag
gcacagaagt
atggagctga
ggttattacc
ggtacgggcg
actcagccac
cataaattgg
ttactcatct
aactctggga
tattactgtc
gtcctaggt

(2]

ID NO:

tggtacagte
cttetggagg
ggcttgagtyg
tccagggcag
ggagcctgag
ccgaatactt
gttcaggcegg
cctecagagte
gggataaata
atcaagataa
acacagccac

aggcgtggga

126

WwWwBHE®noQC|n
Hawp g go
HHWLmHEP OO
Ll I N o W
M AL 20
o NeNGEENEe]
DR RN N =N
GHGGH X EG
HOmQws W
ARG E A
HEZEwnwag
HOD QOO WS
< QUaHEH®R
HFZ2RHO=EHN
MH=OAGG

SEQ ID NO:

127

caggtccagc
tcctgtgecag
ccagggaaggq
gtagactcag
ctgcaaatga
gggagctacg
tcgagcggta
gtgctgactc
tgcagggcca
gctceccagge
agtggcagtg
tctgcagtgt
aaggtggaga

EQ ID NO:

tggtgcagtc
cctctggatt
ggctggagtg
tgaagggccg
acagcctgag
gggcctacga
cgggcggttc
agtctccagg
gtcagcgtgt
tcctecatcta
ggtctgggac
attactgtca
tcaaacgt

128

K HEMOOZ00|w
GO nAnP g
oo E e RO
H oK o e
U AapH R
HHH<GO OO
HHdHWwEEWw

Mg WLwzZ o
QRO w3 O
[ I B I o B )]
[ IR I ) B s s
HGwao M wm <

HHWwWOAR"DG
i B B e N )
W H O W

tggggcetgay
caccttcagt
gatgggagga
agtcacgatt
atctgaggac
ccaggactgg
aaccggcagce
cgtgtecccea
tgtttegtgg
caggcggccce
tctgaccatc
cagcagcact

WS E W
e L I O B B
HEHEHK O
H K@= AaR
HOOOHA<S

tgggggaggc
caccttcagt
ggtctcatcc
attcaccatc
agccgaggac
aggctttgac
aggcggaacc
caccctgtct
tagcagctac
tggtgcatcc
agacttcact
gcagtatggt

RO WwE AR
c@aEaonA
Huw<goHWL®
HOOUAPWLR
AR OG0 Ww
WO WK WD e

B8

HEHAKO<
HEO=EAR
HHK OMNHAJ
HO WP W
WO AP <O
nmwROOPER
HrH-O <
KO R =W

gtgaagaagc
agttatgcta
atcatgggta
accgcggacg
acggccgtct
ggccagggcea
ggcactggey
ggacagacag
tatcagcaga
tcagggatcc
agcgggaccc
gcggtttteg

WD WP w
R AP KO
H OO WP R
NN NGEGEeN -
HO SO RW

ctggtcaagc
agctatagca
attagtagta
tccagagaca
acggctgtgt
tactggggcc
ggcagcggea
ttgtctcecag
ttagcctggt
accagggccy
ctcaccatca
aggacaccgc

HHOKK XD
HE HOHB
HE o<
HKGOHXKO
HO WO <P
moHrOow
e B S R I I ]

R E KA
< a0 <
oROwmwaH

ctgggtecte
tcagctgggt
tgtttggcac
aattcacgag
actactgtgc
ccctggtcac
ggtcgacgceca
ccagcegteac
agccaggcca
ctgagcgatt
aggctctgga
gcggagggac

H WG
oOHHE KD GG
M<Oo"nA

ctggggggtc
tgaactgggt
gtagtagtta
acgccaagaa
attactgtgc
agggcaccct
ctggcgggtce
gggaaagagc
accaacagaa
ctggcatccc
gcagactgga
tcactttcgg

HRH®g
o< ®RM

oA
(e B T S v B

ORo W

< H wE WA
HH DKW
HpE wZE Ao
KHWY H W
P I
NOQwsDEH

ggtgaaggtc
gcgacaggcc
aactaactac
cgcagcctac
gaggtctagt
cgtctegage
gtctgtgetg
ctgctctgga
gtccectgta
cataggctcc
tgaggctgac
caagctgacc

bl v s R IS |
OB "< W
K HWMAAa W
HKAOHRK
Qo wgA

cctgagactc
ccgccaggcet
catatactac
ctcactgtat
gagaggtggt
ggtcaccgtc
gacggaaatt
caccctctee
acctggccag
agacaggttc
gcctgaagat
¢cggagggacc

nwonuEAaAw
WoEH RO H K
< By W

U< EPEH

KHAaYWE
HKKHEKUOZ
OQw a3z =
oPrEHEOP<
Do RT

0O PP o w

R WO w
SEW"mOom=
[w - I D B B

W wwm RO S
HKH SO WG
A B N B I B v

60
i20
180
240
300
360
420
480
540
600
660
720
729

60
120
i80
240
300
360
420
480
540
600
660
720
738

HOA3%
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SEQ ID NO:l

29

gaggtgcagc
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ctgactcagc
ggaaacaaca
gtgctggtcg
tccaactctg
gactattact
cagctgaccg

ID NO:1

tggtggagtc
cttctggagg
ggcctgagtg
tccagggecag
gcagcctgeyg
tgcgcgaaac
gcggttcagg
cacccteggt
ttggaagtaa
tctatgatga
ggaacacggc
gtcaggtgtg
tccteggt

30

O QO |0
wmmHAHAAa Y <18
noOE < <gyo
OHWHK QB
THHG RO
HHawEoE
<wWownwHE"Yw
HHEOQWE®
QWA Wws
a2 a0 2 m
QuzZoE o<
HZ HWWNWR
LU EHR

SEQ ID NO:1

31

gaggtgcagc
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ctgactcage
ggaagcagct
gcccccaaac
tctggcetceca
gaggctgatt
gggaccaagc

SEQ ID NO:1

tggtggagtc
cttctggagg
ggcctgagtyg
tccagggcag
gcagcctgcg
tgcgcgaaac
gcggttcagyg
caccctcage
ccaacategg
tcctcatcta
agtctggcac
attactgtgc
tgaccgtect

32

So0oHOCH
owWwWHaAR <
(el I R R -
ZWwHAEKQE
HOHGRO <
W< wmwnEba

SEQ ID NO:1

MW OwWH ™Y
WO woubo
<WoAWnsEw
LT I I B 4l o
RO RENOR--No R

33

gaggtgcage
tcctgtaagg
cctggacaag
gcacagaact
atggagctga
ggttattacc
ggtacgggcg
acccagtctc

tggtggagtc
cctctggagg
ggcttgagtg
tccagggcag
gcagcctgag
ctgcatacct

gttcaggcgg
caggcaccct

tggggctgag
cccctteecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccggc
gtcagtggcc
aagtgtgcac
tagcgaccgg
caccctgacc
ggatagtagt

HQu@oHm
HZ®xXAadamgm
<SHWUQWEH®
Hr G wE W
G HIT O Q <

tggggctgag
cccettecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccggc
gtctgggacc
aagtaattat
tagggatggt
ctcagcctec
aacatgggat
aggt

nDoOwwnn R
Q=2 oHEAHR
HRHQUOHW
=" oHAAg 0
HEQwOwHW®n
HHA=Z w "0
<O
HiE <A R
Q< an0Aag

tggggctgag
caccttctec
gatgggagac
actcacgatt
atctgaggac
ccccecactgg
aaccggcagc
gtctttgtet

89

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
agcggcactg
ccaggacaga
tggtaccagc
ccctcaggga
atcagcaggg
agtgatcatg

HE AKX
HHKGOOA<
HO QP R W
R oG- e

gtgaagaagc
agctatgcta
atcatecccta
accgcggacg
acggccatgt
tggggcaaag
agcggcactg
cccgggcadga
gtatactggt
cagcggccct
ctggccatca
gacaacctga

HE o R0
W R KO
HOHE R =
wOwnRoE
QRO RW

gtgaagaagc
agctatggta
atcatcggta
accgcggacg
acggccgtgt
ggccagggca

ggcactggcg
ccaggggaaa

ctgggtccte
tcagetgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
gcgggtegac
cggccaggat
agaagccagg
tcectgageg
tcgaagcecgg
ctgtgttcgg

oo B B R i = B
< wwmE Yo
Ho QR W
O G K@
QPO
OwH< oW
b o< oo

ctgggtcete
tcagectgggt
tttttggtac
atttcgecggg
actactgtgc
ggaccacggt
gcgggtcgac
gggtcaccat
accagcagct
caggggtccc
gtggactccg
gtggtccagt

H oG Q@
WO C®
twHHA<OD
0w DA

cagggtccte
tcagctgggt
tgtttggtte
aatccacgag
attactgtgce
ccttggteac
ggtcgacgga
gagccaccct

ggtgaaagtc
gcgacaggec
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gtcctatgtg
tacctgtggg
ccaggecccct
attctctgge
ggatgaggcc
aggaggcacc

WoH o
O<wHHAW
K WwEHK
R el =
NgQw<gPH
VY < =EUYwm

ggtgaaagte
gcgacaggce
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gtecctatgtg
ctcttgttcet
cccaggcacyg
tgaccgattc
gtccgatgat
attcggcgga

[w v L v NS
MXRmoHAAAWw
WO EHK
lw B o = w =

ggtgaaggtc
gcgacaggcc
aacaaactac
cacagcctac
gagaagtagt
cgtetecgage
aattgtgttg
ctcctgcagg

HoH UG
KM RKOQEQOW
OxmHOOE=R
WO R A

60
120
180
240
300
360
420
480
540
600
660
720
738

<SwiE OO R
3w v B s
omaeorP R

120
180
240
300
360
420
480
540
600
660
720
744

120
180
240
300
360
420
480

Ho oo o
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gccagtcaga
cccaggctec
ggcagtgggt
gcagtgtatt
gtggagatca

SEQ

gtgttagcag
Lcatctatgg
ctgggacaga
actgtcagca
aacgt

ID NO:134

QAERPOOHE
EHgAEg
P AP -Oo
g <K aGH
AHEPWNDREOG
HmowhooWoH
HOOOe w

SEQ ID NO

mwWwanEeQ
QP QNS
QuunaoEH
BOOnOYag
RonangR

:135

gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggaggtga
aagggtatct
agcggtacgg
ctgactcagc
ggaaccagca
aaagccccca
ttctectgget
gacgaggctg
gggaccaagd

tggtggagtc
cttctggagg
gacttgagtg
tccagggcag
gcagcctgag
actactacta
gcggttcagg
ctgcctecegt
gtgacgttgg
aactcatgat
ccaagtctgg
attattactg
tcaccgtecct

ID NO:136

MmO A »O HK
KZ a0 418
H o RGP0
rm A 3G
M HCZOo G
RO NG N
HSOWwGH W
HiuHRAQWwHE®D
- W G-
HoAonH 2™
0 HE o E G
Hunnonna R
OOUuoOmEHR
Hnh <OgHD
HEOHAAaA"gQ
SHhOOPRn
Honr g n
CZZ0OKOC
HH 33
DrFr <084

SEQ

ID NO:137

gaggtgcagec
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga
tattactatg
ggtacgggcg
acgcagccgc
aacaacattg
ctggtegtct
aactctggga
tattactgtc
gtcaccgtcc
E

D NO

tggtggagtc
cttctggagg
ggcttgagtg
tccagggcag
gcagcctgag
agagtagtct
gttcaggcgg
ccteggtgte
gaagtaaaag
atgatgatag
acacggccac
aggtgtggga
taggt

3

KO |
GO
g 0|H

LV
G0

1
BE
G

B w»n|o

G EV
E MG

= W

90

cagctactta gecctggtacce
tgcatccagc agggccactg
cttcactctc accatcagca

gtatggtagc

<R <O EH SR
HMmmhHAY H
HOWO AR
N W R )

tggggctgag
caccttcagc
gatgyggaggyg
agtcacgatt
atctgaggac
catggacgtc
cggaaccggc
gtctgggtct
tggttataac
ttatgaggtc
caacacggcc
cagctcatat

aggt

tggggctgag
caccttcagc
gatgggaggg
agtcacgatt
atctgaggac
cgactactgg
aaccggcagc
agtggcccca
tgtgcactgg
cgaccggccce
cctgacecatc
tagtagtagt

(DN
H =
H o
n m
gl o]

DO <sm;m

Tt

tcacccagaa

HEH B3 GG <
B o nR
CEaaag
H 3w
HO 8 WO
O MK R

gtgaagaagc
ttctattcta
atcatcccta
accgcggtceg
acggccgttt
tggggcaaag
agcggcactg
cctggacagt
tatgtctcct
agtaatcggc
tccctgacca
acaagcagca

nmunorZn
H=Ewmm=O
HK 3P R
HO QO OO

gtgaagaagc
agctatgcta
atcatcggta
accgcggacg
acggccgtgt
ggccagggaa
ggcactggeg
ggacagacgg
taccagcaga
tcagggatcc
agcagggtcg
gatcattatg

o <
H =R
o
A &5}
Q]
R
(@3]

agcagaaacc tggccaggcet
gcatcccaga caggttcagt
gactggagcc tgaagatttt
ctttcggecgg agggaccaag

R HWM O
<=0
HoHKEG
HOR KOO
HEO"-OHA

cggggtcctc
tgagctgggt
tgtttggtac
aatccacgag
attactgtgc
ggaccacggt
gecgggtcgac
cgatcaccat
ggtaccaaca
cctcaggggt
tctectgggcet
gcactcttgt

o wmE =R,
[l O R O]
HErRhBEHO®O
A ONA

ctgggtcctc
tcagctgggt
tgttcggtac
aatttacgag
attactgtgc
ccctggtcac
ggtcgacgca
ccaggattac
agccaggcca
ctgagcgatt
aagccgggga
tcttcggaac

R
= @
@30

[N

Owip e
R IS )
HEHEOHAW0
S HA"-HK
HKHEEA®
KOS P H
O agon

ggtgaaggtc
gcgacaggcc
aacaaactac
cacagcctac
gagaggtgat
caccgtcteg
gcagtctgcc
ctcctgcact
gcacccaggc
ttctaatcge
ccaggctgag
cttcggaact

RO K A
o <0
(ol S R
MR =R A
PHAOR®

ggtgaaggtc
gcgacaggcc
agcaaactac
cacagcctac
gagaggaaat
cgtctcgage
gtctgtegtg
ctgtggggga
ggcccctgtg
ctctggctce
tgaggccgac
tgggaccaag

oo
<
=]
-
=
S

OZx gy 2
HKHOS W0
K KhoES
O RN
ngaodad

Cw

540
600
660
720
735

VO noE=
o n g
LKnmonAa3aw

120
180
240
300
360
420
480
540
600
660
720
744

60
120
180
240
300
360
420
480
540
600
660
720
735
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mwwuwHBH W
[N I
OH®xAaw
o hH AR
Kb wmE
<SG Owmu
a6}
QG LaH W
HoZ 0w
nDwmw=EZns
H=ZHWwT
RGO W
Q@ wonE
H=ZXAag
<SH WO
[ R
QHAID O

SEQ ID NO:1

39

caggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggaactga
cactataatt
gtctcgagcg
gtgttgacac
actgggagca
ggaacagcce
cgattctctg
ggggacgagg
ggaactggga

o]
]
=
[&]

tggtgcagtc
cttctggaag
ggcttgagtg
tccagggcag
gcggactgag
ttggttcggg
gtacgggcgg
agccgcecte
gcteccaacat
ccaaactcct
gctccaagtce
ccgattatta
ccaaggtcac

o

DEZ RO K0 On
Ao oal o
=z < ooH
e 7 v I s B ) B o
RO
mwmHA @ @O-

SEQ ID NO:1
tcgacggatce
tgecegeatag
cgcgagcaaa
gcttagggtt
ttattcattg
ccatatcata
tgattattga
atggagttcc
ceeegeceat
cattgacgtc
tatcatatgc
tatgcccagt
atcgctatta
gactcacggg
caaaatcaac
ggtaggcgtg
gcctggagac
ctcegeggec
ccttgecagaa
taaggagatc
gcacctattg
ttcaattaca
tggcceccagece
attacactca
cggacactct
ttcatactat

HGw< e e wmo
naEOunnE®
HO I I N S
Koo eE=Em
S WA Wwa
Hom G n e R
DWOHOERHR
HOZWwUOHM

41

gggagatctc
ttaagccagt
atttaagcta
aggcgttttg
gttatatage
atatgtacat
ctagttatta
gcgttacata
tgacgtcaat
aatgggtgga
caagtacgcc
acatgacctt
ccatggtgat
gatttccaag
gggactttcc
tacggtggga
gccatccacg
gggaacggtg
gttggtcgtg
aatagaaact
gtcttactga
gctcgccacc
ggccagtgac
acatacttca
ttatttaact
taatcatacg

tggggctgag
catcttcaga
gatgggaggg
agtcacgatt
atctgaggac
gagttatttc
ttcaggcgga
agtgtctggg
cggggcaggt
catctatggt
tggcacgtca
ctgcggaaca
cgtectaggt

DWwHGQAWG
HXOOE AW
WA HW
<nNDOKO G
HHEaKWLKAaw
Lo Oy g

ccgatccect
atctgctcecce
caacaaggca
cgctgetteg
ataaatcaat
ttatattggc
atagtaatca
acttacggta
aatgacgtat
gtatttacgg
ccctattgac
atgggacttt
gcggttttgg
tctccaccce
aaaatgtcgt
ggtctatata
ctgttttgac
cattggaagc
aggcactggg
gggcttgtcg
catccacttt
atgggatgga
cttgaccggt
tctatgaggg
caggatttat
tttggcaacc

H =S
HH 6K
HD GO
MmO
oW

gtgaagaagc
aactatgcta
atcatcgcta
accgcggacg
acggccatgt
gactactggg
accggcageg
gcececcaggge
tatgatgtac
aacagecaatc
gccaccctgg
tgggatagca

HrPCHEP RO
OH DO KO

atggtgcact
tgcttgtgtg
aggcttgacc
ctaggtggtc
attggctatt
tcatgtccaa
attacggggt
aatggeeege
gttcccatag
taaactgcce
gtcaatgacg,
cctacttgge
cagtacatca
attgacgtca
aacaacteceg
agcagagctc
ctccatagaa
tggectggat
caggtaagta
agacagagaa
gcctttctct
gctgtateat
gcaccacttt
gggtttacta
ttcttecatt
ctgtecatacc

< WO G
G n =
ol o IR
G <K
(oL I -
<O |
W™ Ww

ctgggtectc
tgagctgggt
tttttgggac
aatcgacgag
attactgtgc
gccagggaac
gcactggcgg
agagggtcac
actggtacca
ggccctcagg
gcatcaccgg
gcctgagtgce

HEoHDPR
DHKmPgO
HORA TR W
HOH K QD
G < ZO W
HrE QA
oMo Nal--N.|

ctcagtacaa
ttggaggtcg
gacaattgca
aatattggcc
ggccattgca
cattaccgce
cattagttca
ctggctgacc
taacgccaat
acttggcagt
gtaaatggcc
agtacatcta
atgggcgtgg
atgggagttt
ccccattgac
gtttagtgaa
gacaccggga
atcctgactc
tcaaggttac
gactcttgcg
ccacaggtgt
cctcttcttg
tgatgatgtt
tcctgatgaa
ttattctaat
ttttaaggat

o<W
Ko< W
KRGO
Qg ;K

ggtgagagtc
gcgacaggcc
accaaagtac
cactgtctac
gaggatteccece
cctggtcacc
gtcgacgact
catctcctge
gcagcttcca
ggtcecctgac
actccagact
ttatgtette

HHCWmgD
GrErnoAa=z
UMW H R
(eI >R
=l B W S 4
oHwDgow
HKHQ K S
KK E WG

tctgctectga
ctgagtagtg
tgaagaatct
attagccata
tacgttgtat
atgttgacat
tagcccatat
gcccaacgac
agggacttte
acatcaagtg
cgcctggeat
cgtattagtc
atagcggttt
gttttggecac
gcaaatgggc
ccgtcagatc
ccgatccagce
tcttaggtag
aagacaggtt
tttctgatag
ccactcccag
gtactgctgc
caagctccta
atttttagat
gttacagggt
ggtatttatt

L w B
< w P e
20 wo
O d L
moo A

60
120
180
240
300
360
420
480
540
€00
660
720
750

60
120
180
240
300
360
420
430
540
600
€60
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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ttgctgccac
acaagtcaca
actttgaatt
atactatgat
cgcttgatgt
ataaagatgg
taccttctgg
caaattttag
ctgcagecta
atggtacaat
ctgttaagag
cctcaggaga
ttaatgctac
ttgctgatta
tttctgcecac
tcaagggaga
attataaatt
atgctacttc
ggccctttga
cacctgctct
ttggctacca
cggtttgtgg
ttaatggact
aacaatttgg
aaatattaga
atgcttecatc
caattcatgc
tccagactca
acattecctat
ctagccaaaa
actctaataa
tgcctgttte
ctgaatgtge
tctcaggtat
aaatgtacaa
ctgaccctet
cactcgctga
gagatctcat
atgatatgat
catttggtge
atggcattgg
ttaacaaggc
agctgcaaga
gctctaattt
tcgaggcgga
atgtaacaca
ctaaaatgtc
accaccttat
atgtgccatc
catacttcce
ggaacttctt
atgtcgttat
cattcaaaga
gcgacatttc
atgaggtcgc
agcaatatat
ctgtgggcca

agagaaatca
gtcggtgatt
gtgtgacaac
attcgataat
ttcagaaaag
gtttctctat
ttttaacact
agccattctt
ttttgttgge
cacagatgct
ctttgagatt
tgttgtgaga
taaattcect
ctctgtgctce
taagttgaat
tgatgtaaga
gccagatgat
aactggtaat
gagagacata
taattgttat
accttacaga
accaaaatta
cactggtact
ccgtgatgtt
catttcacct
tgaagttgct
agatcaactc
ggcaggctgt
tggagetgge
atctattgtg
caccattgct
tatggctaaa
taatttgctt
tgctgctgaa
aaccccaact
aaagccaact
tgctggcectte
ttgtgcgcag
tgctgcctac
tggcgetget
agttacccaa
gattagtcaa
cgttgttaac
tggtgcaatt
ggtacaaatt
acaactaatc
tgagtgtgtt
gtcctteccca
ccaggagagg
tcgtgaaggt
ttcteceacaa
tggcatcatt
agagctggac
aggcattaac
taaaaattta
taaatggcct
ggacacgcag

aatgttgtcc
attattaaca
cctttetttyg
gcatttaatt
tcaggtaatt
gtttataaqgqg
ttgaaaccta
acagcctttt
tatttaaagc
gttgattgtt
gacaaaggaa
ttccctaata
tctgtctatg
tacaactcaa
gatctttgcect
caaatagcgc
ttcatgggtt
tataattata
tctaatgtgc
tggccattaa
gttgtagtac
tccactgacc
ggtgtgttaa
tctgatttca
tgctcttttg
gttctatatc
acaccagctt
cttataggag
atttgtgcta
gcttatacta
atacctacta
acctccgtag
ctccaatatg
caggatcgca
ttgaaatatt
aagaggtctt
atgaagcaat
aagttcaatg
actgctgctc
cttcaaatac
aatgttectcet
attcaagaat
cagaatgctc
tcaagtgtgc
gacaggttaa
agggctgetg
cttggacaat
caagcagccc
aacttcacca
gtttttgtgt
ataattacta
aacaacacag
aagtacttca
gcttcectgteg
aatgaatcac
ctcgacgaac
gaggtcatcg

92

gtggttgggt
attctactaa
ctgtttctaa
gcactttcga
ttaaacactt
gctatcaacc
tttttaagtt
cacctgetea
caactacatt
ctcaaaatcc
tttaccagac
ttacaaactt
catgggagag
cattttttte
tctecaatgt
caggacaaac
gtgtecttge
aatataggta
ctttectecece
atgattatgg
tttcttttga
ttattaagaa
cteccttette
ctgattccgt
ggggtgtaag
aagatgttaa
ggcgcatata
ctgagcatgt
gttaccatac
tgtctttagg
acttttcaat
attgtaatat
gtagcttttg
acacacgtga
ttggtggttt
ttattgagga
atggcgaatg
gacttacagt
tagttagtygg
cttttgctat
atgagaacca
cacttacaac
aagcattaaa
taaatgatat
ttacaggcag
aaatcagggc
caaaaagagt
cgcatggtgt
cagcgccage
ttaatggcac
cagacaatac
tttatgatcc
aaaatcatac
tcaacattca
tcattgacct
aaaaactcat
tggtgccaca

ttttggttct
tgttgttata
acccatgggt
gtacatatct
acgagagttt
tatagatgta
gectettggt
agacatttgg
tatgctcaag
acttgctgaa
ctctaatttc
gtgtcctttt
aaaaaaaatt
aacctttaag
ctatgcagat
tggtgttatt
ttggaatact
tcttagacat
tgatggcaaa
tttttacacce
acttttaaat
ccagtgtgtec
aaagagattt
tcgagatcct
tgtaattaca
ctgcactgat
ttctactgga
cgacacttct
agtttcttta
tgctgatagt
tagcattact
gtacatctgc
cacacaacta
agtgttcgct
taatttttca
cttgectcttt
cctaggtgat
gttgccacct
tactgccact
gcaaatggca
aaaacaaatc
aacatcaact
cacacttgtt
cctttegega
acttcaaagc
ttctgctaat
tgacttttgt
tgtcttecta
aatttgtcat
ttcttggttt
atttgtctca
tctgcaacct
atcaccagat
aaaagaaatt
tcaagaactg
ctcagaagag
ctcettgece

accatgaaca
cgagcatgta
acacagacac
gatgcctttt
gtgtttaaaa
gttcgtgatc
attaacatta
ggcacgtcag
tatgatgaaa
ctcaaatgct
agggttgttc
ggagaggttt
tctaattgtg
tgctatggeg
tcttttgtag
gctgattata
aggaacattg
ggcaagctta
ccttgecacce
actactggcea
gcaccggcca
aattttaatt
caaccatttc
aaaacatctg
cctggaacaa
gtttctacag
aacaatgtat
tatgagtgcg
ttacgtagta
tcaattgctt
acagaagtaa
ggagattcta
aatcgtgcac
caagtcaaac
caaatattac
aataaggtga
attaatgcta
ctgctcactg
gctggatgga
tataggttca
gccaaccaat
gcattgggca
aaacaactta
cttgataaag
cttcaaacct
cttgctgcta
ggaaagggcet
catgtcacgt
gaaggcaaag
attacacaga
ggaaattgtg
gagcttgact
gttgattttg
gaccgectca
ggaaaatatg
gatctgaatg
tttaaggtgg

1620
1680
1740
1800
1360
1920
1280
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
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tggtgatctc
tcatgctttyg
cagcgtgttc
ctgcetggtg
gaccagcggc
cagcgtggty
ccacaagecec
ccacacctgc
cccccccaag
ggtggacgtg
ggtgcacaac
gagcgtgetce
gagcaacaag
ccgggagecce
gtccctcacc
caacggccag
cttcttectg
cagctgcagc
gagecccegge
gccttcetagt
aggtgccact
taggtgtcat
agacaatagc
cagctgggge
tgtggtggtt
cgctttette
ggggctcect
ttagggtgat
gttggagtcc
tatctcggtc
aaatgagctg
ggytgtggaa
tagtcagcaa
atgcatctca
actcegccca
gaggccgagg
ggcctaggct
gagacaggat
gccgettggg
gatgccgceg
ctgtccggtg
acgggcgttc
ctattgggcg
gtatccatca
ttcgaccace
gtcgatcagg
aggctcaagyg
ttgccgaata
ggtgtggcgyg
ggcggcgaat
cgcatcgcect
tgaccgacca
atgaaaggtt
gggatctcat
acaaataaag
gttgtggttt
gctagagctt

agccatcctg
gcagaagaag
ccecetggecce
aaggactact
gtgcacacct
accgtgccca
agcaacacca
cceecctgec
cccaaggaca
agccacgagg
gccaagacca
accgtgctge
gcecectgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacyg
aagtgataat
tgccagccat
cccactgtcc
tctattctgyg
aggcatgety
tctagggggt
acgcgcagcg
ccttecttte
ttagggttce
ggttcacgta
acgttcttta
tattcttttg
atttaacaaa
agtccccagg
ccaggtgtgg
attagtcagc
gttcecgeccea
ccgcctctgce
tttgcaaaaa
gaggatcgtt
tggagaggct
tgttccgget
ccctgaatga
cttgcgecagce
aagtgccgygyg
tggctgatge
aagcgaaaca
atgatctgga
cgcgeatgcc
tcatggtgga
accgctatca
gggctgaccg
tctatcgect
agcgacgccc
gggcttcgga
gctggagttc
caatagcatc
gtccaaactc
ggcgtaatca

gccctggtygy
ccacgttagg
ccagcagcaa
tceecgagec
tceccgeegt
gcagcagcct
aggtggacaa
ctgccececcga
ccctcatgat
accccgaggt
agccccggga
accaggactg
cccccatcga
ccctgeeccece
agggcttcta
actacaagac
tcaccgtgga
aggccctgca
ctagaggygcc
ctgttgtttg
tttcctaata
ggyggtggggt
gggatgcggt
atccecacgce
tgaccgctac
tcgecacgtt
gatttagtge
gtgggccatc
atagtggact
atttataagg
aatttaacgc
ctccccagceca
aaagtcccca
aaccatagtc
ttctcecgecce
ctctgagcta
gctcecggga
tcgcatgatt
attcggctat
gtcagcgcag
actgcaggac
tgtgctegac
gcaggatctc
aatgcggcegyg
tcgcatcgag
cgaagagcat
cgacggcgag
aaatggccgc
ggacatagcg
cttcctegtyg
tcttgacgag
aacctgccecat
atcgttttee
ttcgecccace
acaaatttca
atcaatgtat
tggtcatagc

93

tgctecaccat
cggcegeteg
gagcaccagce
cgtgaccgtg
gctgcagagce
gggcacccaqg
acgcgtggag
gctgctgggce
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
cacccceect
caagagccgg
caaccactac
cgtttaaacc
cccctecceceo
aaatgaggaa
ggggcaggac
gggctctatg
gcectgtage
acttgccagc
cgcecggettt
tttacggcac
gccctgatag
cttgttccaa
gattttgccg
gaattaattc
ggcagaagta
ggctccccag
ccygccectaa
catggctgac
ttccagaagt
gcttgtatat
gaacaagatg
gactgggcac
gdgcgcccgg
gaggcagcgce
gttgtcactg
ctgtcatctce
ctgcatacgc
cgagcacgta
caggggctcg
gatctegtceg
ttttctggat
ttggctacce
ctttacggta
ttcttectgag
cacgagattt
gggacgccgg
ccaacttgtt
caaataaagc
cttatcatgt
tgtttcctgt

catctcecett
agtgctagceca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctccg
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca
tggcagcagg
acccagaaga
cgctgatcag
gtgccttect
attgcatcgc
agcaaggggg
gcttctgagg
ggcgcattaa
gccctagege
cceccgtcaag
ctcgacceca
acggtttttc
actggaacaa
atttcggcct
tgtggaatgt
tgcaaagcat
caggcagaag
ctccgeccat
taattttttt
agtgaggagg
ccattttegg
gattgcacgc
aacagacaat
ttetttttgt
ggctatcgtg
aagcgggaag
accttgctcc
ttgatccgge
ctcggatgga
cgccagccga
tgacccatgg
tcatcgactg
gtgatattgc
tcgecgetee
cgggactctg
cgattccacc
ctggatgatc
tattgcagct
atttttttea
ctgtataccg
gtgaaattgt

atcatcctca
ccaagggccc
ccgccctggg
gcggegectt
acagcctgayg
gcaacgtgaa
gcgacaagac
tgttectgtt
cctgcgtaggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect
cctcgactgt
tgaccctgga
attgtctgag
aggattggya
cggaaagaac
gcgcggeggg
ccgectecttt
ctctaaatcg
aaaaacttga
gecectttgac
cactcaaccc
attggttaaa
gtgtcagtta
gcatctcaat
tatgcaaagc
cccgccceta
tatttatgca
cttttttgga
atctgatcaa
aggttctccg
cggctgctcet
caagaccgac
gctggccacy
ggactggctg
tgccgagaaa
tacctgccca
agccggtctt
actgttcgece
cgatgectge
tggccggcetg
tgaagagctt
cgattcgcag
gggttcgaaa
gcecgecttcet
ctccagegeg
tataatggtt
ctgcattcta
tcgacctcta
tatccgctca

5040
5100
5160
5220
5280
5340
3400
5460
5520
5580
5640
5700
5760
5820
2880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6200
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7380
8040
8100
8160
8220
8280
8340
8400
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caattccaca
tgagctaact
cgtgccagcet
gctcttcege
tatcagctcea
agaacatgtg
cgtttttcecca
ggtggcgaaa
tgcgctetee
gaagcgtgge
gctccaagct
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttcgg
gtttttttgt
tgatctttte
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gcatcgtggt
caaggcgagt
cgatcgttgt
ataattctct
ccaagtcatt
gggataatac
cggggcgaaa
gtgcacccaa
caggaaggca
tactcttect
acatatttga
aagtgccacc

caacatacga
cacattaatt
gcattaatga
ttectegete
ctcaaaggcg
agcaaaaggc
taggctccge
cccgacagga
tgtteccgacc
gctttectecat
gggctytgtg
tcttgagtec
gattagcaga
cggctacact
aaaaagagtt
ttgcaagcag
tacggggtct
atcaaaaagg
aagtatatat
ctcagcgatc
tacgatacgg
ctcacegget
tggtcctgceca
aagtagttcg
gtcacgctcg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgecacat
actctcaagg
ctgatcttca
aaatgccgca
ttttcaatat
atgtatttag
tgacg

SEQ ID NO:142

tcgacggatc
tgccgcatag
cgcgagcaaa
aagaatctgce
tagccatatt
cgttgtatcc
gttgacattg
gcccatatat
ccaacgaccc
ggactttcca
atcaagtgta
cctggeatta
tattagtcat
agcggtttga
tttggcacca
aaatgggcgg
gtcagatcgce
gatccagcct
gcagaagttg

gggagatctc
ttaagccagt
atttaagcta
ttagggttag
attcattggt
atatcataat
attattgact
ggagttccge
ccgecceattg
ttgacgtcaa
tcatatgcca
tgccecagtac
cgctattace
ctcacgggga
aaatcaacgg
taggcgtgta
ctggagacgc
ccgeggecgg
gtcgtgagge

gceggaagca
gcgttgcget
atcggccaac
actgactcgc
gtaatacggt
cagcaaaadgg
cccectgacg
ctataaagat
ctgcegetta
agctcacgct
cacgaacccc
aacccggtaa
gcgaggtatg
agaagaacag
ggtagctctt
cagattacgc
gacgctcagt
atcttcacct
gagtaaactt
tgtctatttc
gagggcttac
ccagatttat
actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgeag
ccatccgtaa
tgtatgcggc
agcagaactt
atcttaccge
gcatctttta
aaaaagggaa
tattgaagca
aaaaataaac

ccgatccect
atctgcteccc
caacaaggca
gcgttttgeg
tatatagcat
atgtacattt
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtacgccce
atgaccttat
atggtgatgc
ttteccaagte
gactttcecaa
cggtgggagg
catccacgct
gaacggtgca
actgggcagg
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taaagtgtaa
cactgcccge
gcgcggggag
tgcgecteggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggcgtt
ccggatacct
gtaggtatct
ccgttcagec
gacacgactt
taggeggtge
tatttggtat
gatccggcaa
gcagaaaaaa
ggaacgaaaa
agatcctttt
ggtctgacag
gttcatcecat
catctggceccce
cagcaataaa
cctecatcca
gtttgcgcaa
tggcttcatt
gcaaaaaagc
tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac
tttatcaggg
aaataggggt

atggtgcact
tgcttgtgtg
aggcttgacc
ctgcttcget
aaatcaatat
atattggctc
agtaatcaat
ttacggtaaa
tgacgtatgt
atttacggta
ctattgacgt
gggactttcc
ggttttggca
tccaccceat
aatgtcgtaa
tctatataag
gttttgacct
ttggaatcga
taagtatcaa

agcectggggt
tttccagtcg
aggcggtttg
cgttcggcetg
atcaggggat
taaaaaggcc
aaatcgacgc
tccececectgga
gtccgecttt
cagttcggtg
cgaccgctgce
atcgccactg
tacagagttc
ctgcgetetg
acaaaccacc
aggatctcaa
ctcacgttaa
aaattaaaaa
ttaccaatgc
agttgcctga
cagtgctgca
ccagccagec
gtctattaat
cgttgttgec
cagctceggt
ggttagctcc
catggttatg
tgtgactggt
ctcttgeceeg
catcattgga
cagttcgatg
cgtttctggg
acggaaatgt
ttattgtctc
tccgecgeaca

ctcagtacaa
ttggaggtcg
gacaattgtt
aggtggtcaa
tggctattgg
atgtccaaca
tacggggtca
tggceccgect
tcccatagta
aactgcccac
caatgacggt
tacttggcag
gtacatcaat
tgacgtcaat
caactcecgec
cagagctcgt
ccatagaaga
tgactctctt
ggttacaaga

gcctaatgag
ggaaacctgt
cgtattggge
cggcgagcgyg
aacgcaggaa
gcgttgetgg
tcaagtcaga
agcteectceg
ctcececttegg
taggtecgttc
gccttatceg
gcagcageca
ttgaagtggt
ctgaagccag
gctggtageg
gaagatcctt
gggattttgg
tgaagtttta
ttaatcagtg
ctceceegteg
atgataccgc
ggaagggccg
tgttgccggg
attgctacag
tceccaacgat
tteggtcctce
gcagcactgc
gagtactcaa
gcgtcaatac
aaacgttctt
taacccacte
tgagcaaaaa
tgaatactca
atgagcggat
tttceeccgaa

tctgctctga
ctgagtagtg
aattaacatg
tattggccat
ccattgcata
ttaccgccat
ttagttcata
ggctgaccgce
acgccaatag
ttggcagtac
aaatggccecg
tacatctacg
gggcgtggat
gggagtttgt
ccattgacgc
ttagtgaacc
caccgggace
aggtagcctt
caggtttaag

8460
8520
8580
B640
8700
8760
8820
BBBO
8940
2000
2060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10515

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
260

1020
1080
1140
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gagatcaata
ctattggtct
attacagctc
gcecegecteg
ctcttggcectg
ggccaagacc
cctggccagc
cgccggcgac
cctgcaggag
cagcagcgtyg
caccatctac
ggagccceggc
ctgggagagc
ggtgctgaag
aggcgactac
ggacgtggag
dcgggccaag
ccacctgctyg
cttcggceccag
ccagcggatc
ccagggcttt
cecaccecace
gaccatggac
ctacgccgcec
gggcgagatc
gagccccgac
gaccatcgtg
taagggcgag
cgtgggcgty
ccacgtgagc
gttccaggag
cagcaacagc
gccctggace
gctgaactac
gggctggagc
gaagagcgcc
gagcagcgtg
gttcggcegag
cgtgaccgcc
ccggatgagce
cctgggcatc
cgtgtttggce
catccgggac
cgatatcagc
cttctgataa
ggatccgata
cagctgaaga
gccaaggtgc
accgagcagg
gccgactacy
ccecgtgacca
cagcctcgac
ccttgaccct
cgcattgtct
gggaggatty
dggcggaaag
taagcgcggce

gaaactgggc
tactgacatc
gccaccatgce
agatctatcg
ctgctgagcce
ttectggaca
tggaactaca
aagtggagcyg
atccagaacc
ctgagcgagg
agcaccggca
ctgaacgaga
tggeggageyg
aacgagatgg
gaagtgaacyg
cacaccttcg
ctgatgaacg
ggcgacatgt
aagcccaaca
ttcaaggagyg
tgggagaaca
gcctgggacc
gacttcctga
cagcccttcee
atgagcctga
ttccaggagg
ggcacccectgce
atccccaagg
gtggagcccg
aacgactact
gcecctgtgcec
accgaggcecy
ctggcecctgg
ttcgagececec
accgactgga
ctgggcgaca
gcctatgceca
gaggacgtga
cccaagaacg
cggagccgga
cagcccaccc
gtggtgatgg
cggaagaaga
aagggcgaga
tctagaacga
tcgececgtgge
gcggcaccgc
agtggaaggt
acagcaagga
agaagcacaa
agagcttcaa
tgtgccttcet
ggaaggtgcce
gagtaggtgt
ggaagacaat
aaccagctgg

gggtgtygtg

ttgtcgagac
cactttgect
ggctgccege
atgcatgcca
tggtggccgt
agttcaacca
acaccaacat
ccttectgaa
tgaccgtgaa
acaagagcaa
aagtgtgcaa
tcatggccaa
aagtgggcaa
ccaggygccaa
gcgtggacgg
aggagatcaa
cctacccecag
ggggccggtt
tcgacgtgac
ccgagaagtt
gcatgctgac
tgggcaaggy
ccgecccacca
tgctgcggaa
gcgccgccac
acaacgagac
ccttecaccta
accagtggat
tgcceccacga
ccttcatceg
aggccgccaa
gacagaaact
agaatgtggt
tgttcacctyg
geccectacge
aggcctacga
tgcggcagta
gagtggccaa
tgagcgacat
tcaacgacgc
tgggccctee
gcgtgatcgt
agaacaaggc
acaaccccgg
gctcgaattc
ggccgcacce
cagcgtggty
ggacaacgce
ctccacctac
ggtgtacgcc
ccggggcgag
agttgccage
actcccactg
cattctattc
agcaggcatg
ggctctaggg
gttacgcgca
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agagaagact
ttcteteccac
ccagctgectyg
tggtaccaag
gacagccgcec
cgaggccgag
caccgaggag
ggagcagagc
gctgcagcetg
gecggctgaac
ccccgacaac
cagcctggac
gcagctgegy
ccactacgag
ctacgactac
gcctctgtac
ctacatcagc
ctggaccaac
cgacgccatg
cttcgtgagc
cgaccceggce
cgacttcecgyg
cgagatgggc
cggcgccaac
ccccaagcac
cgagatcaac
catgctggag
gaagaagtgg
cgagacctac
gtactacacc
gcacgagggc
gttcaacatg
gggcgccaag
gctgaaggac
cgaccagagc
gtggaacgac
cttcctgaaa
cctgaagccce
catccccecgg
cttccggetg
caaccagccce
ggtgggaatc
ccggagcgge
cttccagaac
gaagcttctg
agcgtgttca
tgcctgectga
ctgcagagcg
agcctgagca
tgcgaggtga
tgttaataga
catctgttgt
tcctttecta
tgggggotygyg
ctggggatgce
ggtatcccca
gcgtgaccgc

cttgecgtttec
aggtgtccac
ggccttctea
cttgccacca
cagagcacca
gacctgttct
aacgtgcaga
acactggeccc
caggccctgce
accatcctga
ccccaggagt
tacaacgagc
ccecectgtacg
gactacggcecg
agcagaggcc
gagcacctgc
cccatecggcet
ctgtacagcc
gtggaccagg
gtgggcctge
aatgtgcaga
atcctgatgt
cacatccagt
gagggctttc
ctgaagagca
ttcctgctga
aagtggcggt
tgggagatga
tgcgaccceg
cggaccctgt
cccctgcaca
ctgcggctgyg
aacatgaatg
cagaacaaga
atcaaagtgc
aacgagatgt
gtgaagaacc
cggatcagct
accgaagtgg
aacgacaact
ccegtgagea
gtgatcctga
gagaacccct
accgacgacg
cagacgcgtc
tecttececcee
acaacttcta
gcaacagcca
gcaccctcac
cccaccaggg
cttaagttta
ttgccectcee
ataaaatgag
ggtggggcag
ggtgggctcet
cgcgeccctgt
tacacttgce

tgataggcac
tcccagttea
tgctgtgggt
tgagcagcag
tcgaggagca
accagagcag
acatgaacaa
agatgtaccc
agcagaacgg
acaccatgtc
gcctgetgcet
ggctgtgggce
aggagtacgt
actactggag
agctgatcga
acgcctacgt
gcectgcecege
tgaccgtgcc
cctgggacgc
ccaacatgac
aggccgtgtyg
gcaccaaagt
acgacatggc
acgaggccgt
tecggeetget
agcaggccct
ggatggtgtt
agcgggagat
ccagcctgtt
accagttcca
agtgcgacat
gcaagagcga
tgcgceoecct
acagcttcgt
ggatcagcct
acctgttceg
agatgatcct
tcaacttett
agaaggccat
ccctggagtt
tctggctgat
tcttecaccgg
acgccagcat
tgcagaccag
gacgtcatat
ctccgacgag
cceceecgggag
ggagagcgtg
cctgagcaag
cctgagcagc
aaccgctgat
ccegtgectt
gaaattgcat
gacagcaagqg
atggcttctg
agcggcecgeat
agcgcecctag

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1320
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
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cgeceegetee
aagctctaaa
ccaaaaaact
ttegeecettt
caacactcaa
cctattggtt
tgtgtgtcag
catgcatctc
aagtatgcaa
catcccgcecc
ttttatttat
aggctttttt
cggatctgat
tctgatcgaa
tcgtgettte
cgatggtttc
tccggaagtg
tgcacagggt
ggtcgcggag
cccattegga
tgctgatccc
cgcgcaggct
cgtgcacgcg
cattgactgg
ctggaggccg
ggagcttgca
ctatcagagc
cgcaatecgtc
ggcegtcectgg
cactcgtccg
ctatgaaagg
cggggatecte
ttacaaataa
tagttgtggt
tagctagagc
cacaattcca
agtgagctaa
gtcgtgeccag
gcgctcttece
ggtatcagct
aaagaacatg
ggcgtttttc
gaggtggcga
cgtgcgectct
gggaagcgtg
tcgctcecaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagacecea

tttcgettte
tcgggggctce
tgattagggt
gacgttggag
ccctatctcg
aaaaaatgag
ttagggtgtg
aattagtcag
agcatgcate
ctaactccgce
gcagaggecg
ggaggcctag
cagcacgtga
aagttcgaca
agcttcgatg
tacaaagatc
cttgacattg
gtcacgttgc
gccatggatg
ccacaaggaa
catgtgtatc
ctcgatgagc
gatttcggct
agcgaggcga
tggttggctt
ggatcgccgce
ttggttgacyg
cgatcecggag
accgatgget
agggcaaagg
ttgggcttcg
atgctggagt
agcaatagca
ttgtccaaac
ttggcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gcttcctege
cactcaaagg
tgagcaaaag
cataggctcc
aacccgacag
cctgttccga
gcgetttete
ctgggetgtyg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
gtttgcaagc
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcaccgg

tteececttect
cectttagggt
gatggttcac
tccacgttct
gtctattctt
ctgatttaac
gaaagtcccc
caaccaggtyg
tcaattagtc
ccagttccgce
aggccgcctc
gcttttgcaa
tgaaaaagcc
gcgtctcega
taggagggeg
gttatgttta
gggaattcag
aagacctgcc
cgatcgctgc
tcggtcaata
actggcaaac
tgatgctttg
ccaacaatgt
tgttcgggga
gtatggagca
ggcteccggge
gcaatttcga
ccgggactgt
gtgtagaagt
aatagcacgt
gaatcgtttt
tcttcgecececa
tcacaaattt
tcatcaatgt
catggtcata
gagccggaag
ttgcgttgcg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gcccccctga
gactataaag
ccctgeccgcet
atagctcacg
tgcacgaace
ccaaccecggt
gagcgaggta
ctagaagaac
ttggtagctc
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tctgtctatt
gggagggctt
ctccagattt
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ttctegecac
tccgatttag
gtagtgggcc
ttaatagtgg
ttgatttata
aaaaatttaa
aggctcccca
tggaaagtcc
agcaaccata
ccattctccg
tgcctctgag
aaagctcccg
tgaactcacc
cctgatgcecag
tggatatgtc
tcggcacttt
cgagagcctg
tgaaaccgaa
ggccgatctt
cactacatgg
tgtgatggac
ggccgaggac
cctgacggac
ttcccaatac
gcagacgcgce
gtatatgcte
tgatgcagct
cgggcgtaca
actcgccgat
gctacgagat
ccgggacgcce
ccccaacttg
cacaaataaa
atcttatcat
gctgtttcct
cataaagtgt
ctcactgccce
acgcgcgggag
gctgcgecteg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccecegttcag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccgge
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tcgttcatce
accatctggce
atcagcaata

gttegeegge
tgctttacgg
atcgccctga
actcttgttc
agggatttty
cgcgaattaa
gcaggcagaa
ccaggctccce
gtcccgececc
ccccatggcet
ctattccaga
ggagcttgta
gcgacgtctg
ctctcggagg
ctgcgggtaa
gcatcggccg
acctattgca
ctgcccgcetg
agccagacga
cgtgatttca
gacaccgtca
tgccceecgaag
aatggccgca
gaggtecgecea
tacttcgagc
cgcattggte
tgggcgecagg
caaatcgccc
agtggaaacc
ttcgattcca
ggctggatga
tttattgcag
gcattttttt
gtctgtatac
gtgtgaaatt
aaagcctggy
gctttecagt
agaggcggtt
gtcgttcgge
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttcececectg
ctgtccgect
ctcagttcgg
cccgaccgcet
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgctg
aaccagccag

tttccecegte
cacctcgacc
tagacggttt
caaactggaa
gccatttegy
ttctgtggaa
gtatgcaaag
cagcaggcag
taactccgec
gactaatttt
agtagtgagg
tatccatttt
tcgagaagtt
gcgaagaatc
atagctgcgce
cgctcccgat
tctcecegecg
ttctgcagcece
gcgggttcgg
tatgcgcgat
gtgcgtecgt
tcecggeacct
taacagcggt
acatcttctt
ggaggcatcc
ttgaccaact
gtcgatgcga
gcagaagcgc
gacgccccag
ccgeccgectt
tcctecageg
cttataatgg
cactgcattec
cgtcgaccte
gttatccgct
gtgcctaatg
cgggaaacct
tgcgtattgg
tgcggcgagc
ataacgcagg
ccgegttget
gctcaagtca
gaagctccct
ttctcecttce
tgtaggtcgt
gcgccttatce
tggcagcage
tcttgaagtg
tgctgaagcc
ccgctggtag
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactccccgt
caatgatacc
ccggaagggc

4620
4680
4740
4800
4860
4920
4580
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
€720
€780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
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cgagcgcaga
ggaagctaga
aggcatcgtg
atcaaggcga
tccgatcgtt
gcataattct
aaccaagtca
acgggataat
ttcggggcga
tcgtgcaccc
aacaggaagg
catactcttc
atacatattt
aaaagtgcca

agtggtcectg
gtaagtagtt
gtgtcacgcect
gttacatgat
gtcagaagta
cttactgtca
ttetgagaat
accgegecac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt
cctgacg

SEQ ID NO:143

tcgacggatc
tgccgcatag
cgcgagcaaa
aagaatctgce
tagccatatt
cgttgtatcc
gttgacattg
gcccatatat
ccaacgaccc
ggactttcceca
atcaagtgta
cctggcatta
tattagtcat
agcggtttga
tttggcacca
aaatgggegg
gtcagatcgc
gatccagcct
gcagaagttg
gagatcaata
ctattggtct
attacagctc
tcceggegte
cagctcttgg
gcaggccaag
cagcctggcece
caacgeegge
ccccectgcag
cggcagcagc
gtccaccatc
gctggagccc
ggcctgggag
cgtggtgctg
gagaggcgac
cgaggacgtg
cgtgcgggece
cgcccacctg
gcecttegge
cgcccagegg
gacccagggc
gtgccaccce

gggagatctc
ttaagccagt
atttaagcta
ttagggttag
attcattggt
atatcataat
attattgact
ggagttcecge
ccgeccattg
ttgacgtcaa
tcatatgeca
tgcccagtac
cgctattacc
ctcacgggga
aaatcaacqgg
taggcgtgta
ctggagacgc
ccgcggoecgg
gtcgtgagge
gaaactgggc
tactgacatc
geccaccatge
tcgagatcta
ctgctgctga
accttecctgg
agctggaact
gacaagtgga
gagatccaga
gtgctgageg
tacagcaccg
ggcctgaacg
agctggegga
aagaacgaga
tacgaagtga
gagcacacct
aagctgatga
ctgggcgaca
cagaagccca
atcttcaagg
ttttgggaga
accgcctggg

caactttatc
cgcecagttaa
cgtcgtttgg
cccccatgtt
agttggccgce
tgccatccgt
agtgtatgeg
atagecagaac
ggatcttacc
cagcatcttt
caaaaaaggyg
attattgaag
agaaaaataa

ccgatccect
atctgctccc
caacaaggca
gegttttgeg
tatatagcat
atgtacattt
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtacgccce
atgaccttat
atggtgatgc
tttccaagtc
gactttccaa
cggtgggagg
catccacgct
gaacggtgca
actgggcagg
ttgtcgagac
cactttgcct
ggttctecge
tcgatgcatg
gcctggtgge
acaagttcaa
acaacaccaa
gcgeccttect
acctgaccgt
aggacaagag
gcaaagtgtg
agatcatggc
gcgaagtggg
tggccaggge
acggcgtgga
tcgaggagat
acgecctacce
tgtggggcceyg
acatcgacgt
aggccgagaa
acagcatgct
acctgggcaa
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cgccteccatce
tagtttgecgce
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg
gctgttgaga
tactttcace
aataagggcg
catttatcag
acaaataggg

atggtgcact
tgcttgtgtg
aggcttgacce
ctgctteget
aaatcaatat
atattggcte
agtaatcaat
ttacggtaaa
tgacgtatgt
atttacggta
ctattgacgt
gggactttcc
ggttttggca
tccaccccat
aatgtcgtaa
tctatataag
gttttgacct
ttggaatcga
taagtatcaa
agagaagact
ttctctccac
tcagctgctg
ccatggtacc
cgtgacagce
ccacgaggcc
catcaccgag
gaaggagcag
gaagctgcag
caagcggctg
caaccccgac
caacagcctg
caagcagctg
caaccactac
cggctacgac
caagcctctg
cagctacatc
gttctggacc
gaccgacgcc
gttcttegtg
gaccgaccce
gggcgacttc

cagtctatta
aacgttgttg
ttcagctccg
gecggttaget
ctcatggtta
tctgtgactg
tgctcttgec
ctcatcattg
tccagttega
agcgtttctg
acacggaaat
ggttattgtc
gttccgcgca

ctcagtacaa
ttggaggtcg
gacaattgtt
aggtggtcaa
tggectattgg
atgtccaaca
tacggyggtca
tggcccgect
tcccatagta
aactgcccac
caatgacggt
tacttyggcag
gtacatcaat
tgacgtcaat
caactccgec
cagagctcgt
ccatagaaga
tgactctctt
ggttacaaga
cttgecgtttc
aggtgtccac
ggccttctgg
aagcttgcca
gecccagagea
gaggacctgt
gagaacgtgc
agcacactgg
ctgcaggccc
aacaccatcc
aacccccagyg
gactacaacg
cggcccctgt
gaggactacg
tacagcagag
tacgagcacc
agccccatcg
aacctgtaca
atggtggacc
agcgtgggcec
ggcaatgtgc
cggatcctga

attgttgccg
ccattgctac
gttcccaacg
cctteggtcce
tggcagcact
gtgagtactc
cggcgtcaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcgg
catttccececy

tctgetetga
ctgagtagtg
aattaacatg
tattggccat
ccattgcata
ttaccgccat
ttagttcata
ggctgaccgc
acgccaatag
ttggcagtac
aaatggcccg
tacatctacg
gggcgtggat
gggagtttgt
ccattgacgc
ttagtgaacc
caccgggacec
aggtagcctt
caggtttaag
tgataggcac
tcccagttca
tgctgtggat
ccatgagcag
ccatcgagga
tctaccagag
agaacatgaa
cccagatgta
tgcagcagaa
tgaacaccat
agtgectgcet
agcggctgtg
acgaggagta
gcgactactg
gccagctgat
tgcacgccta
gctgcctgee
gcctgaccgt
aggcctggga
tgcccaacat
agaaggccgt
tgtgcaccaa

8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
87717

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
260

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
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agtgaccatg
ggcctacgcecce
cgtgggcgag
gctgagccce
cctgaccatce
gtttaagggc
gatcgtgggc
gttccacgtg
ccagttccag
catcagcaac
cgagccctgg
cctgctgaac
cgtgggctgg
cctgaagage
ccggagcage
cctgttegyge
cttcgtgace
catccggatg
gttcctgggce
gatcgtgttt
cggcatccgg
catcgatatc
cagcttctga
tatggatccyg
ctgttcecee
agecgacttct
gccggcgtgg
tacctgagce
cacgagggdca
gtttaaaccg
cctcecececegt
atgaggaaat
ggcaggacag
gctctatgge
cctgtagcecgg
ttgccagcege
ccggetttcee
tacggcacct
cctgatagac
tgttccaaac
ttttggccat
attaattctg
cagaagtatg
ctccecagcea
gcccctaact
tggctgacta
ccagaagtag
ttgtatatcc
gtctgtcgag
ggagggcgaa
ggtaaatagc
ggeegegcete
ttgcatctec
cgctgttctg
gacgagcggg
tttcatatgce
cgtcagtgcg

gacgacttce
gcccagccct
atcatgagcc
gacttccagg
gtgggcaccc
gagatcccca
gtggtggagc
agcaacgact
gaggcectgt
agcaccgagg
accctggccc
tacttcgagc
agcaccgact
gccctgggeg
gtggcctatg
gaggaggacg
gcecccaada
agccggagcc
atccagccca
ggcgtggtga
gaccggaaga
agcaagggcg
taatctagaa
atatcgecegt
ccteccteega
accctggecgce
agaccaccac
tcaccccega
gcaccgtgga
ctgatcagcc
geetteettyg
tgcategeat
Caagggggag
ttctgaggcg
cgcattaagc
cctagcgccce
ccgtcaaget
cgaccccaaa
ggtttttege
tggaacaaca
ttcggectat
tggaatgtgt
caaagcatgc
ggcagaagta
ccgceccatcec
atttttttta
tgaggaggct
attttecggat
aagtttctga
gaatctcgtg
tgcgccgatg
ccgattccgyg
cgcecgtgcac
cagccggtcyg
ttcggcccat
gcgattgctyg
teegtegege

tgaccgecca
tcctgectgeg
tgagcgccgc
aggacaacga
tgcccttcac
aggaccagtg
ccgtgecccca
actccttcat
gccaggeegce
ccggacagaa
tggagaatgt
ccctgttcac
ggagccccta
acaaggeccta
ccatgcggca
tgagagtggc
acgtgagecga
ggatcaacga
ccctgggecc
tgggcgtgat
agaagaacaa
agaacaaccc
cgagctcgaa
ggcggccgea
ggagctgcag
cgtgaccgtg
ccccagcaag
gcagtggaag
gaagaccgtg
tcgactgtgc
acccectggaag
tgtctgagta
gattgggaag
gaaagaacca
gcggcgggtg
gctectttcg
ctaaatcggg
aaacttgatt
cctttgacgt
ctcaacccta
tggttaaaaa
gtcagttagg
atctcaatta
tgcaaagcat
cgccecctaac
tttatgcaga
tttttggagg
ctgatcagca
tcgaaaagtt
ctttcagctt
gtttctacaa
aagtgcttga
agggtgtcac
cggaggccat
tcggaccgca
atccececatgt
aggctctega
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ccacgagatg
gaacggcgcce
cacccccaag
gaccgagatc
ctacatgctg
gatgaagaag
cgacgagacc
ccggtactac
caagcacgag
actgttcaac
ggtgggcgec
ctggctgaag
cgccgaccag
cgagtggaac
gtacttcctg
caacctgaag
catcatccecce
cgcctteccgy
tcccaaccag
cgtggtggga
ggcccggagce
cggcttccaqg
ttcgaagctt
ggccagccca
gccaacaagg
gcctggaagg
cagagcaaca
agccaccgga
geeeceecaccg
cttctagttyg
gtgccactce
ggtgtcattc
acaatagcag
gctggggcetc
tggtggttac
ctttcttccc
ggctcecttt
aggygtgatyyg
tggagtccac
tctcggtcta
atgagctgat
gtgtggaaag
gtcagcaacc
gcatctcaat
tccgecccagt
ggccgaggcec
cctaggettt
cgtgatgaaa
cgacagcgtc
cgatgtagga
agatcgttat
cattggggaa
gttgcaagac
ggatgcgatc
aggaatcggt
gtatcactgg
tgagctgatg

ggccacatece
aacgagggct
cacctgaaga
aacttecctge
gagaagtggc
tggtgggaga
tactgcgace
acceggacee
ggccccctgce
atgctgcggc
aagaacatga
gaccagaaca
agcatcaaag
gacaacgaga
aaagtgaaga
cceeggatca
cggaccgaag
ctgaacgaca
ccceccegtga
atcgtgatcc
ggcgagaacc
aacaccgacyg
ctgcagacge
aggccgetee
ccaccctggt
ccgacagcag
acaagtacgc
gctacagctg
agtgcagcta
ccagccatct
cactgtcctt
tattctgyggg
gcatgctggg
tagggggtat
gcgcagcgtg
ttcctttetce
agggttcecga
ttcacgtagt
gttctttaat
ttcttttgat
ttaacaaaaa
tcececagget
aggtgtggaa
tagtcagcaa
tccgececcatt
gcetetgect
tgcaaaaagc
aagcctgaac
tccgacctga
gggcgtggat
gtttatcggc
ttcagcegaga
ctgectgaaa
gctgcggccg
caatacacta
caaactgtga
ctttggygccg

agtacgacat
ttcacgaggc
gcatcggect
tgaagcaggc
ggtggatggt
tgaagcggga
ccgecagect
tgtaccagtt
acaagtgcga
tgggcaagag
atgtgcgccc
agaacagctt
tgcggatcag
tgtacctgtt
accagatgat
gcttcaactt
tggagaaggc
actccctgga
gcatctggct
tgatcttecac
cctacgccaqg
acgtgcagac
gtcgacgtca
cagcegtgacc
gtgcctcatc
ccecgtgaag
cgccagcagce
ccaggtgacc
atagacttaa
gttgtttgcc
tcctaataaa
ggtggggtgg
gatgcggtgg
ccccacgcgce
accgctacac
gccacgtteg
tttagtgctt
gggccatcgc
agtggactct
ttataaggga
tttaacgcga
cceccagcady
agtccecagy
ccatagtccc
ctccgeccccea
ctgagctatt
tcececgggage
tcaccgegac
tgcagctctc
atgtcctgceg
actttgcatc
gcctgaccta
ccgaactgcc
atcttagcca
catggcgtga
tggacgacac
aggactgccc

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4520
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
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cgaagtccgg
ccgcataaca
cgccaacatc
cgagcgdagyg
tggtcttgac
gcagggtcga
cgceccgceaga
aaaccgacgc
ttccaccgec
gatgatcctc
tgcagcttat
tttttcacty
tataccgtcg
aaattgttat
ctggggtgcc
ccagtcggga
cggtttgcegt
teggetgcgy
aggggataac
aaaggccgcg
tcgacgctca
ccctggaagce
cgcectttete
ttcggtgtag
ccgctgegece
gccactggca
agagttcttg
cgctctgctg
aaccaccgct
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgctta
tgcctgactc
tgctgcaatg
gccagccgga
tattaattgt
tgttgccatt
ctcecggttee
tagctecctte
ggttatggca
gactggtgag
ttgceceggeg
cattggaaaa
Ltcgatgtaa
ttctgggtga
gaaatgttga
ttgtctcatg
gcgcacattt

cacctcgtgce
gcggtcattg
ttcttctgga
catccggagce
caactctatc
tgcgacgcaa
agcgeggcecg
cccagcacte
gccttctatg
cagcgcgggy
aatggttaca
cattctagtt
acctctagct
ccgctcacaa
taatgagtga
aacctgtcgt
attgggcgct
cgagcggtat
gcaggaaaga
ttgctggegt
agtcagaggt
tccectegtge
ccttcgggaa
gtcgtteget
ttatccggta
gcagecactg
aagtggtggc
aagccagtta
ggtagcggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
ccecgtegtgt
ataccgcgag
agggccgagc
tgccgggaag
gctacaggca
caacgatcaa
ggtcctccga
gcactgcata
tactcaacca
tcaatacggg
cgttcttegg
cccactcegtg
gcaaaaacag
atactcatac
agcggataca
cccecgaaaag

SEQ ID NQ:212

gaggtccagc
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga

tggtgcagtc
cttctgggta
ggcttgagtg
tccagggcag
gcagcctgag

acgcggattt
actggagcga
ggccgtggtt
ttgcaggatc
agagcttggt
tcgteccgatce
tetggaccga
gtccgaggge
aaaggttggyg
atctcatgct
aataaagcaa
gtggtttgte
agagcttggc
tteccacacaa
gctaactcac
gccagctgca
cttcecgettce
cagctcactc
acatgtgagc
ttttccatag
ggcgaaaccc
gctcteectgt
gcgtggcget
ccaagctggy
actatcgtct
gtaacaggat
ctaactacgg
ccttecggaaa
tttttgtttg
tcttttctac
tgagattatc
caatctaaag
cacctatctc
agataactac
acccacgctce
gcagaagtgg
ctagagtaag
tcgtggtgtc
ggcgagttac
tcgttgtcag
attctcttac
agtcattctg
ataataccgce
gygcgaaaact
cacccaactg
gaaggcaaaa
tcttectttt
tatttgaatg
tgccacctga

tggggctgag
caccttcacce
gatgggatgg
agtcacgatt
atctgaagac
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cggctccaac
ggcgatgttc
ggcttgtatg
gccgecggcetce
tgacyggcaat
cggagccggyg
tggctgtgta
aaaggaatag
cttcggaatc
ggagttcttc
tagcatcaca
caaactcatc
gtaatcatgg
catacgagcc
attaattgcg
ttaatgaatc
ctcgctecact
aaaggcggta
aaaaggccag
gctcecgecce
gacaggacta
tccgaccetyg
ttctecatage
ctgtgtgcac
tgagtccaac
tagcagagcg
ctacactaga
aagagttggt
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggctcca
tcectygcaact
tagttcgcca
acgctcgtcg
atgatccccc
aagtaagttg
tgtcatgcca
agaatagtgt
gccacatagce
ctcaaggatc
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cg

gtgaagaagc
ggctactatg
atcagcgctt
accgcggaca
acggctgtgt

aatgtcctga
ggyggattccc
gagcagcaga
cgggcgtata
ttcgatgatg
actgtcgggce
gaagtactcg
cacgtgctac
gttttccggg
geccacccca
aatttcacaa
aatgtatctt
tcatagctgt
ggaagcataa
ttgcgctcac
ggccaacgcyg
gactcgctge
atacggttat
caaaaggcca
cctgacgagc
taaagatacc
ccgettacceg
tcacgctgta
gaacccceceg
ccggtaagac
aggtatgtag
agaacagtat
agctcttgat
attacgcgca
gctcagtgga
ttcacctaga
taaacttggt
ctatttcgtt
ggcttaccat
gatttatcag
ttatccgect
gttaatagtt
tttggtatgg
atgttgtgca
geegeagtgt
tccgtaagat
atgcggcgac
agaactttaa
ttaccgctgt
Lettttactt
aagggaataa
tgaagcattt
aataaacaaa

ctgggygcctc
tgtactgggt
acaatggtaa
aatccacgag
attactgtgc

cggacaatgg
aatacgaggt
cgcgctactt
tgctcecgeat
cagcttgggc
gtacacaaat
ccgatagtgyg
gagatttcga
acgccggctg
acttgtttat
ataaagcatt
atcatgtctg
ttcctgtgtg
agtgtaaagc
tgceccgettt
cggggagagyg
gctcggtegt
ccacagaatc
ggaaccgtaa
atcacaaaaa
aggcgtttcc
gatacctgtc
ggtatctcag
ttcagccecga
acgacttatc
gcggtgctac
ttggtatctg
ccggcaaaca
gaaaaaaagqg
acgaaaactc
tecttttaaa
ctgacagtta
catccatagt
ctggcceccag
caataaacca
ccatccagtc
tgcgcaacgt
cttcattcag
aaaaagcggt
tatcactcat
gcttttctgt
cgagttgctc
aagtgctcat
tgagatccag
tcaccagcgt
gggcgacacyg
atcagggtta
taggggttcc

agtgaaggtc
gcgacaggce
cacaaactat
cacagcctac
gagaagtaga

5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6340
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
B280
8340
8400
8460
8520
8580
B640
B700
8760
B792

60
120
180
240
300
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tccectggacg
ggcggaaccg
tccectggetg
ttatacagct
cctaagctgc
ggcagcgggt
gcagtttatt
gtggatatca

ID NO:2

tctggggcecca
gcagcggcac
tgtctctggg
ccaacaataa
tcatttactg
ctgggacaga
actgtcagca
aacgt

13

KE W wmO g
[N NeNn NN 'e]
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SEQ ID NO:2
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<SHZ2HEAHR
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cagatgcagc
tcctgcaagg
cctggacaag
gcacagaact
atggagctga
ggttattacc
ggtacgggeg
actcagecte
accagcagtg
gcccccaaac
tctggctcca
gaggctgatt
accaaggtca

(]
w]
Z
o

tggtgcagtc
cttetggagy
ggcttgagtg
tccagggcag
gcagcctceag
ctgcatacct
gttecaggcgg
gctcagtgtc
atgttggtgg
tcatgattta
agtctggcaa
attactgcag
ccgtcctagg

—

KR WE nOO|lw
HoSgH P RO
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SEQ ID NO:2
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gaggtgcagc
tcctgecaagg
cctggacaag
gcacagaagt
atggagctga
aaatggggac
agcggtacgg
atgacgcagt
agggccagte
gctcccaggce
agtggecagtg
tttgcagtgt
aaggtggaga

tggtggagac
catctggata
ggcttgagtg
ttcagggcag
gcaggctgag
ctcaagcggce
gcgygttcagg
ctccaggcac
agagtgttag
tcecteateta
ggtctgggac
attactgteca
tcaaacgt

agggaccacg
tggcgggtcg
cgagagggcc
gaactactta
ggcatctacc
tttcactctc
atattatagt

gwzZzHgng
HOROAP O
mHEAF iy <
MO A2 W

tggggctgag
caccttctcc
gatgggaggg
agtcacgatt
atctgaggac
ccaccactgg
aaccggcagc
cgggtctect
ttataactat
tgatgtcagt
cacggcctcc
ctcatataca
t

HraoMHH SR
R o3 oOHM®™
SeooHODO
HOoKWIEFZ W
S22a<dH0Wm

cggggctgag
caccttcacc
gatgggatgg
ggtcaccatg
atctgacgac
ttttgatatce
cggaaccggc
cctgtectttg
cagcagcetac
tgatgcatcce
agacttcact
gcagtatggt
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gtcaccgtct
acggatgttyg
accatcaact
gcttggtacc
cgggaatccg
accatcagca
actcctctca

HE OGS
Hip <=2 R
HE <0 g
HKEZ ez w
HIO H S =<0
NOOmE R

gtgaagaagc
agttatgcta
atcateggta
accgceggacg
acggcegtgt
ggccagggcea
ggcactggeg
ggacagtcag
gtctectggt
aagcggccct
ctgaccatct
agcagcagca

FHHAXRD
QGO n®R®
wmnoOAdg
HEwyazwn
HrKk 3 X< O
HOO Ww W R

gtgaagaagc
agctactata
atcaacccta
accagggaca
acggccgtgt
tggggccaag
agcggcactg
tctccagyggg
ttageectyggt
agcagggecca
ctcaccateca
agctcacttt

cgagcggtac
tgatgactca
gcaagtccag
agcagaaacc
gggtccctga
gcctgeagge
cttteggegg

MR AIO P
H oo N
L@ B w B e I /)
WO W g0 =

ctgggtecte
tcacctgggt
tgtttggttc
aatccacgag
attactgtgc
ccectggtcac
ggtcgacgca
tcaccatctc
accaacagca
caggggtccc
ctgggctcca
ctcatgtctt

N NnHAO W
(== R R -5}
PR
KDoA K0 0
RO YO

ctggggecctc
tgcactgggt
acagtggtgg
cgtccatcag
attactgtge
ggacaatggt
gcgggtegac
aaagagccac
accagcagaa
ctgacatccc
gcagactgga
ggacgttegg

(el I e B P R
(ol BB |

gggcggttca
gtctccagac

ccagagtgtt
aggacagcct
ccgattcagt
tgaagatgtg
agggaccaaa

SH AL H
HHEHmOoA D
S H B QH
HoHEHE A
A I B
Q=W Ux

ggtgaaggtc
gcgacaggcc
aacaaactac
cacagcctac
gagaagtact
cgtctcgagc
gtctgccctg
ctgcactgga
cccaggcaaa
tgatcgcttc
ggctgaggat
cggaactggg

Mg e
s By v B v IR E o R /]
mmneE3w
wE G T H K
gERnoAaw

agtgaaggtt
gcgacaggcc
cacaaactat
cacagcctac
gagagagggg
caccgtetcg
ggaaattgtg
cctctcetge
acctggccag
agacaggttc
gcctgaagat
ccaagggacc

= HO S EH
HnOOo A
QUwo M=
ndOOng

360
420
480
540
600
660
720
735

O rHaR =
CcCuouHAgng
=HEAHWKBAW

120
180
240
300
360
420
480
540
600
660
720
741

60
120
180
240
300
360
420
480
540
600
660
720
738
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ID NO:

217

HKmOHANnOoMH
QEEHER AP
(R v BE LV @)
[ R W
Ho8 < RO
SHHOLOHOME
HwwmnibEHS3

SEQ ID NO:

HOoQoOwHe
[ J0== - s B W -
O P O RE
(D RCRGEN NN~
HRO Www3 R
AW OOHR
<Oy =w

218
tggtagagtc

gaggtgcagc

tectgtgeag
ccagggaagg
gcagactccg
ctgcaaatga
ggctacacgt
ggttcaggcg
ccactctecee
agcectectge
tctccacagce
agtggcagtg
gttggggttt
aaggtggaga

o
=
Q

cctectggatt
ggctggagtg
tgaagggccg
acagtctgag
tcgaccecctg
gaaccggcag
tgccegtcac
atagtaatgg
tcectgatcta
gatcaggcac
attactgcat
tcaaacgt

N}
—
1w

== SR o M| g
HHW A <o
R GG B o ]
HnOE=GEHe
MW AaABER<

SEQ ID NO:

B who QN

HHhWuEEem
HgOwmSEe
QWO NEQ
QB Q<@
(DR I oI ]
HQ D@ <
R HO
<OZ QU wnw
HwoAaamae

220

gaggtgcagc
tcetgcaagg
cctggacaag
gcacagaagt
atggagctga
ggttatcata
agcggtacgg
ctgactcagc
ggaaacaaca
gtgctggtceg
tccaactctg
gactattact
aagctgaccg

SEQ ID NO:

tggtggagac
cctctggagg
ggcttgagtg
tccagggcag
gcagcctgag
tatcgacacc
gcggttcagg
caccctcggt
ttggaagtaa
tctatgatga
ggaacacggc
gtcaggtgtg
tcctaggt

221

I
Q
P
A
v
A
G
S

Mg O 3NnOoH
[ IR I I e B I =
O H® A6 e
THHGSEOG
<SHInEHOM™
S OLmE B3

oG wnEH G
QwaAdansp
NI =2 H
0w Z R n g
HZHWOLOER
RO QEHR
H&wooH"

HwnAAa G
H@QWO S

tgggggaggc
cacctttagc
ggtctcagct
gttcaccatc
agccgaggac
gggccaggga
cggcactggce
ccctggagag
atacaactat
tttgggttct
agattttaca
gcaagctcta

HQ K QWP 0NQ
RHEZQCam
WO KWK OH

cggggctgag
caccttcagg
gatgggaggg
aatcacgatt
atctgaggac
ctttgacaac
cggaaccggc
gtcagtggcc
aggtgtgcac
tagcgaccgg
caccctgacc
ggatagtagt

HZ=®RAAWE®N
<SH QGO H N

B
g OO <
HHAK QR
Hpp@OAag
HE Qa0
H < oo O
HO A MR
MO HOO P

ttggtacagc
atctatgcca
attagtagta
tccagagaca
acggctgtgt
accctggtca
gggtcgacgg
ccggecteca
ttggattggt
aatcgggect
ctgaaaatca
caaactcccc

HEHA K0
HoEOAaH
H = H <
R K GW KO
HOE B e
OB ol W el

gtgaagaagc
acccatgcta
atcatcgcta
accgcggacg
acggccgtgt
tggggccagg
agcggecactg
ccaggacaga
tggtaccagc
ccctecaggga
atcagcaggg
agtgatcatg

Hopdwn< o
OHITD OO
H==z+aMA3R
HKQowg
HO QM Z W
MO I G
WA R
<™ ;O
Q=GR
O < Q)

R H R R W,
H<=E O
QR0
WO HwaA
H 00 WA

ctggggggtce
tgagctgggt
gtggtgatag
acgccaggaa
attactgtgc
ccgtctcgag
aaattgtgct
tctcctgeag
acctgcagaa
ccggggtece
gcagagtgga
tcactttcgg

WROQ W
<G WD <@
Mmoo xR
bl o Rl e |

ctgggtcectc
tcagttgggt
tctteggaac
aatccacgag
atttctgtgc
gaaccctggt
gegggtegac
cggccaggat
agaagcctgg
tcecectgageg
tcgaagcegg
tggtattegg

QP EHEOO
oA HOA

Om™wr a3
oo B e B B B
WoE @ R
< H oA

cctgagactce
ccgccaggca
cacatactac
cacgctgtat
gagagcgtat
cggtacgggce
gactcagtct
gtctagtcag
gccagggeag
tgacaggttc
ggctgaggat
cggagggacc

mnng ™H
(e L v I et v B I
SO "M EHAH
QO <GS0 HK
< B0 o
HKHOORZE
KB Ow

ggtgaaggtc
gocgacaggcc
agcaaactac
tacagcctac
gagaggcagt
caccgtctcg
gtectatgtg
tacctgtggg
ccaggcccect
attctectgge
ggatgaggce
cggagggacc

H <O W H
WEH YA H W
U<
o n | H L
R w B I
agowm=zEH
o< gn

KHBEHD =
KoKW EOom
OgEe @3 s
OO n <

120
180
240
300
360
420
480
540
600
660
720
738

QHEp = s
el oy L Bl el
Owpa3dxw

120
180
240
300
360
420
480
540
600
660
720
738

SwproEs
S gnowng
o®RoaAam

O v OH ™
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SEQ ID NQO:222

gaggtgcagc
tcctgecaagg
cctggacaag
gcacagaagt
atggacctga
gatggatatt
ggcaccctgg
ggcgggtega
gaaagagcca
taccagcaga
actggcatcc
agcagactgg
acttteggcg

=
(@]
w]
=
e}

tggtggagtc
cttctggaca
ggcttgagtg
tccagggecag
gcaacttgag
gtactcttac
tcactgtctc
cggaaattgt
ccctectegtg
aacctggcca
cagacaggtt
agcctgaaga
gagggaccaa

xS}

BH G HWOE|W
<HHAOAD <
wHE PR gOoH
s < oH
OQH RO C

SEQ

O WP wnongeo e

YD H mnw
OO HWEE
QEE 2SN
Y S EHA
nHPAITAI
HaH<unR
HHHWEHEHSR
HMhWwwngH Y
oo aaY®
QW WA H D
QP Q< ®
Hurunwod
RO WK AR
HFwutoAa<d
ma<gQw2n
HWwWwAXDKED
HOwo<gE R
WHHWROE

ID NO:224

gaggtccagc
tcctgcaagg
cctgggcaag
gcgcagaagt
ctggagctga
ggctacacca
agcggtacgg
ctgactcagt
agggccagtc
gctceccaggce
agtggcggty
tttgcagtgt
aaggtggaga

SEQ

tggtacagtc
cttctggagg
ggcttgagty
tccagggcag
gtagcctgac
cacgcaacta
gcggttcagg
ctccaggcac
agagtgttag
tcctgatcta
ggtctgggac
attactgtca
tcaaacgt

N

MO SEHO <

I
0
P
v
v
R
A
S

XOUOHAE0H
QAWmEAD <
P HKAH

SEQ

HHEBWLHEQOIN

H™wwnE e oo
HOOQQuEo
OWwH®LSsw
OHPFPOEHE MR
aww A<
HoO wwoR
R OowaeEHR
dOo<<ngmyg
HWwAaAaD o
HOWLEOPHW
HHZwdHW
Wod o Q) G <

ID NO:226

caggtgcagc
tcctgcaagg
cctggacaag
gcacataagt
atggagctgg
cactactact

ggtacgggcyg
acccagtctce

tggtgcagtc
cttectggagg
ggcttgagtg
tccagggcag
gcagcctgaa
cctcctacat

gttcaggcgg
catcctcecect

tggggctgag
catcttcagc
gatgggaggg
agtcacgatt
atctgaggac
cagctgccct
gagcggtacg
gatgacgcag
cagggccagt
ggctceccagyg
cagtggcagt
ttttgcagtg
gctggagatce

tggggctygay
catcttcaga
gatgggaggyg
agtcacgatt
atctgaggac
ctttgactac
cggaaccggc
cctgtctttyg
cagcaactac
tggtgcatcc
agacttcact
gcagtatggt

tggggctygag
ccccttecge
gatgggaggg
agtcaccatc
atctgaggac
ggacgtctygy
aaccggcagc
gtctgcatct

102

gtgaagaagc
ggctatgcaa
atcatcccta
accgcggacc
acggeccgtcect
gtcggetyggt
ggcggttcag
tctccaggca
cagagtgtta
ctccteatet
gggtctggga
tattactgtc
aaacgt

gttaagaagc
agcaattcta
atcttegetce
accgcggacy
acggccgttt
tggggccagg
agcggcactg
tcteccagggy
ttaggctggt
agcagggcca
ctcaccatca
agctcacccc

M a R
HOOOA <
HEQMOn
H WX O
HOH QMR
woE®BO P
WR QR W
B o< G
HOEHEO®
MOHH@H

gtgaagaagc
aattttgcta
atcatcgctg
accgcggacg
acggccgtgt
ggcgaaggga
ggcactggcg
gtaggagaca

ctgggtcctc
tcagttgggt
tctttggtac
aatccacgag
attactgtgc
acttcgatct
gcggaaccgg
ccctgtcettt
gcagcagcta
ttggtgcctc
cagacttcac
agcagtatgg

U< QO =xRw0
= )
HPP Q<O m
HEOQOOH

ctgggtcctc
tcagttgggt
ttttcggaac
aatcttcgac
attactgtgc
gcaccctggt
gcgggtegac
aaagagccac
accagcagaa
gtggcatccc
gcagactgga
tcactttcgg

ctgggtcctc
tcaactgggt
tctttgggac
actccacaaa
attactgtgc
ccacggtcac
ggtcgacgga
gagtcaccat

ggtgaaggtc
gcgacaggce
aacaaactac
cacagcctac
gagagtgaaa
ctggggccgt
cagcggcact
gtctccaggyg
cttagcctgg
cagcagggcc
tctcaccatc
tagctcactc

H Ao
HOHH g W
WO A AQ
WORHMH K
Hwog QA

ggtgaaggtc
gcgacaggcc
aacagactac
cacagtctac
gagaggcagt
caccgtctecg
ggaaattgtg
actctcctge
acctggccag
agacaggttc
gcectgaagat
cggagggacc

O W T A
Omwwnz g
Ll v R B - = I
HEHORHZS
4 HEgHan

ggtaaaggtc
gcgacaggcc
gacaaagtac
tacagcttac
gagaggtccc
cgtctcgagc
catccagttg
cacttgccgg

H@E"EH

R e
K EY®

O H<SO)
HPOONO =

60
120
180
240
300
360
420
480
540
600
660
720
756

OmwaEng
LB IR I s

120
180
240
300
360
420
480
540
600
660
720
738

OO o[ =
O WO W<
O wmQw

60
120
180
240
300
360
420
480
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gcgagtcagg gcattagcac
aaactcctga tctatgcectge
agtggatctg ggacagattt
acttattact gtcaaaagta

atcaaacgt

53}

ID NO:227

] oRwRER-N el o] )]
How g AR GO
Do GgHE YO
g H G KO

SEQ ID NO

a0 END
Lav I e O I 7 B e B n B ]

GO aE®
HWnPEFOWNI
FOoNOHPEE
SO ROG

1228

gaggtgcage
ccctgcaaat
ccecggacaag
gcacagaagt
atggagctga
acctactact
ggtacgggcg
actcagccac
aataacattg
ctggtcgtgt
aagtctggga
tactactgtc
gtcaccgtcc

i3]
w)
=

tggtggagac
cttctggaag
ggcttgagtg
tccagggcag
gaggtttgag
actcctacat
gttcaggcgg
cctecggagtce
gaagaaatag
atgatgatag
acacggccac
aggtgtggca
taggt

A+

=20 W
mOE gAap 9o
OHMN A< gOH
oo H < n G e

KA OGO

SEQ

<SWOQnEQEEN

B OH Gy P H H|w
OO XxHEG
HO=Z o P
D=2 <gH
HRHOODO S
mHnoOooOino =R
<SOWOEHR
HZzZAgH Y
< HmoOAGGoaa
Hop g gn
MmO <G|

ID NO:230

cagatgcagc
tcctgcaagg
cctggacaag
gcgcagaagt
atggagctga
ggttattacc
ggtacgggcyg
acacagtctc
gccagtcaga
cccagactcc
ggcagtgggt
gcagtgtatt
ctggagatca

SEQ ID NO:

tggtacaatc
cttctggagg
ggcttgagtg
tccagggcag
gcagcctggg
cccaatactt
gttcaggcygg
caggcaccct
gtgttagcag
tcatgtatgg
ctgggacaga
actgtcagca
aacgt

QMQ

ttatttagcc
atccactttg
cactctcacc
taacagtgcc

DO ownoR
HnNnHGGHHXR
RO RROHW
THHEAGOHEA PO
Oy gn
mHEGOGE W

tggggctgag
ccccttcagg
ggtgggagga
agtcacgatt
atctgaggac
ggacgtctygy
aaccggcagc
agtggcccca
tgtgcactygyg
cgaccggccce
cctgattatc
tagtagtagt

tggagctgag
caccttcagc
gatgggaggy
agtcacgatt
atctgaggac
ccaggactgg
aaccggcagc
gtctttgtet
cagctactta
tgcatccagc
cttcactctc
gtatggtagc

o =R
H =
i By v
(N
= n

= N

103

tggtatcagc
caatcagggg
atcagcagcc
ccttetttcog

HEHAKO
(-l B I
HKONOA
HO W R W0
neoAmKO
nRUQ@PER
HmH o
OO0 mR M

gtgaagaagc
agtaatgctg
atcctecggtg
accgcggacg
acggccgtgt
ggcaaaggga
ggcactggcy

ggacagacgg
tatcagcaga

tcagggatcc
agcagggtcg
gatcattatg

HEAAKO0g
HRKGORKWZR
HO OO ™G
WO w e wmy
WERA3 W0
< ;o R
Q- 9O n
SO GHAR®,

gtgaagaagc
agctatgcta
atcttcggta
accgcggacyg
acggccatgt
ggccagggca

ggcactggeg
ccagggcaaa

gecctggtacce
agggccactyg
accatcagca
tcatcgctca

o<
H R
o<
Z W
O
woR

agaaacccgg gaaagttcct
tcccateteg gttecagtgge
tgcagcctga agatgttgea
gccctgggac caaagtggat

[ ER = I @ B

Lav I e S )
OM”Qwo

ctgggtcctc
tcagctgggt
tctttggttc
aatccaccaa
attattgtge
ccacggtcac
ggtcgacgtc
ccaggattac
agccaggcca
ctgagcgatt
aagtcgggga
tcttcggaac

UmaxkOn

o) I B N
HSO O

ctgggtecte
tcagctgggt
tgtttgggac
aattcacgag
attactgtgc
ccctggtcac
ggtcgacgga
gagccaccct
agcagaaacc
gcatcccaga
gactggagcc
ctttcggcgg

LI
= wn
L
O

[

<G R oA
b=l B ISR s |
HpywnEA=
KOH DO H A
MK H AR
QEnE P H
OEFOO 2

ggtgaaggtc
gcgacaggcc
accaagctac
cacagtccac
gagaggtcct
cgtctcgagce
ctatgtgctg
ctgtggggga
ggcccecctgtg
ttctggcectee
tgaggccgac
tgggaccaag

B W e
o< <G
G nE AW,
KK EOH
Ogwn<gAalE
(o w B ]

ggtgaaggtc
gcgacaggcc
agcaaactac
cgcggcctac
gaggtctagt
cgtctcgagc
aattgtgatg
ctcctgecagg
tggccaggct
caggttcagt
tgaagatttt
agggaccaag

oo
<
H
H

H o
o

<SP oow

lw i s}

540
600
660
720
129

mwmnHg s
HHECSO®ng

60
120
180
240
300
360
420
480
540
600
660
720
735

DoURIDSE
momoon g
Yo HAaAW

120
180
240
300
360
420
480
540
600
660
720
735

m o=
o<

ZEHnHAAX
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0 WO B W
(£~ B
w3
WA K
HHBE W=
Hwo Wil
o 00ne
Mo ™wHa W
@ E QW
DW0nwo e

SEQ ID NO:

2

HOOowuwn

32

gaggtgcagce
tcctgcaagqg
cctggacaag
gcacagaagt
atggaactga
acttacgatt
agcggtacgg
ctgactcagc
ggaaacaaca
gtcctagtcg
tccaactctg
gactattact
aagctgaccg

tggtggagtc
cttctggagg
ggcttgagtg
tccagggcag
gaagcctgaa
tttcgagtgg
gcggttcagyg
caccctcggt
ttggaagtaa
tctatgatga
ggaacacggc
gtcaggtgtg
tcctaggt

D NO:233

UJPUDHZDD:ILHD
(IR i R | 6

I
Q
P
A
v
A
G
S

U-H® A oH
mhH G RO G
< HHWLOEOQE
<SWOWwBEBE W0

SEQ

HHEHOOQO®A®
Gl @3 s
2o 3.
G ZoR0n<

ID N0O:234

caggtccagc
tcctgcaagg
cctggacaag
gcacagaact
ctgagcagcc
gattcgggga
ctggtecaceg
tcgacggaca
gccaccatca
ttagcttggt
acccgggaat
ctcaccatca
agtagtccge

(5]

tggtgcagtc
cttctggagg
gacttgagtg
tccagggcag
tgagatctga
cttattataa
tctecgagegg
tccagatgac
actgcaagtc
accagcagaa
ccggggtccce
gcagcctgca
cgacgttcgg

ID NO:235

v

H o e mnoo|n
Um0
Gm AR YO
PEHWOE@E
S HEHBEQEO

SEQ

KHGGHEL EO
[ v I e R R e B

N RaHEG
O Al s
VLwHE <0 IEE
KMHHWMDGO <

ID NO:236

caggtccage tggtgcagtce
tcctgcaagg cttctggagt

R oW
H &< oH
HwnwwnwAa g
HOQWnwon4A
WA
WO O

cggggctgag
catcttcaac
gatgggaggc
agtcacgatt
atctgaggac
ccttgactac
cggaaccggc
gtcagtggcc
aagtgtgcac
tagcgaccgg
caccctgacc
ggatagtagt

HZ Hwwo R
RuooE AR
HQwoYHD
HZ®RHA AP
<SHOLQPHW

tggggctgag
cttcttecage
gatgggggyyg
agtcaccatt
cgacacggcc
cgccceccgg
tacgggeggt
ccagtctcca
cagccagagt
accaggacag
tgaccgattc
ggctgaagat
ccaagggacc

KRZwmwonR
nmEOOHAE SR
muy =3 A D
TGO <Y
oS HWD

H AW
MDA IDORKID<

H D W HEWm
Hogwonowog
MoHO AR
O H D

M A K
HE O
HE0n0
H Ko
HIOH W
woHEWm

gtgaagaagc
agttatgcta
atcatcgcta
accgcggacyg
acggcecectgt
tggggccagg
agcggcactg
ccaggacaga
tggtaccagc
ccctcaggga
atcagcaggg
agtgatcatg

HsSHKHAR
HKOODQ
HXO O R W
Lo wmoKk o

gtgaagaagc
agctatgcta
gtcatcccta
accgcggacg
gtgtattact
ggetggttceg
tcaggcggaa
gactccctgg
attttaaaca
cctectaagce
agtggcageg
gtggcagttt
aaggtggaaa

w223 w
HawwzkO
mWWwwQ KPR
<62 A IO
Mz oo Zn
HOaROQWwHE@Q
EHZULOon
e B w B B I M

tggagctgag gtgaagaagc
caccttcagt tactatgcta

R H W
[l BRI
Mo E s
Lo & - B

ctgggtccte
tcagctgggt
tctttecatac
aatccacgaa
attactgtgc
gaaccctggt
gcgggtcgac
cggccaggat
agaagccagg
tccectgageg
tcgaagcecgg
tggtattcgg

ol N W S
<D0 Lo
HaPEPAARN
B QKO
QPO
UmHE G H
M <O W@

ctgggtectc
tcagctgggt
tctttegtac
aattcacatc
gtgcgaggtt
acccctgggg
ccggcagcgg
ctgtgtctcet
gctccaacaa
tgctcattta
ggtctgggac
attactgtca
tcaaacgt

ctgggtcctc
tgagctgggt

e S ]

omwno
oo K
woE G
Ll NN e
HE g

ggtgaaggtc
gcgacaggcc
accaaagtac
cacagcctac
gagagggtcc
caccgtctecg
gcaggcaggg
tacctgtggg
ccaggeecct
attctetgge
ggatgaggcc
cggagggacc

WHDm G
o< monHaWw
[P s I s B I
A = I

ggtgaaggtc
gcgccaggcc
agcaaactac
gtatatggag
gaattaccat
ccagggaacc
cactggcggg
gggcgagaag
taagaactac
ctgggcatct
agatttcact
gcaatattat

Ll B
FEH <G W
HE02Z 3Wn
o OE W H K
HXO dm g
Wi W H

ggtgaaggtc
gcgacaggcc

oW S
Qe o
0O

OQ WA
Lo N wRE Il vl &)

WmWRWwWHown
HromomEMA=s
OO Y HHQ

Lo N E R )]

120
180
240
300
360
420
480
540
600
660
720
738

QW n[E =
g g
gwaoHAx

120
180
240
300
360
420
480
540
600
660
720
768

120

WA

HO wmoAwD
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cctggacaag
gcacagaagt
atggaggtga
aattactatg
ggtacgggcyg
acgcagecdgce
cataacattg
ctggtcgtgt
aactctggga
tattactgtc
gtcaccgtece

o
=

.

ggcttgagtg
tcecagggcecag
ggagectgag
atagtgtata
gttcaggcgg
ccteggagtc
gaagtaatag
atgataatag
acacggccac
aggtgtgggg
taggt

[¥%)

mmHL—'UJDlOg_}
o A Qo
OH® A ™oH
T oH < KO

KEHAWNnIZOG0

SEQ ID NO:3

<SWOnHEOoN

HH OO < n-
GO HAYEO
HOoooOws o
OmzZoC =
HZHWnTIO G
HOOOWOW
SO oOEAR
HZ Z 39w

16

gaggtccage
tcectgecaagg
cctggacaag
gcacagaagt
atggagctga
tcecectggacg
cccagecgtgt
ggctgectgg
ttgaccagcg
agcagcgtygg
aaccacaagce
acccacacct
ttccececcececa
gtggtggacyg
gaggtgcaca
gtgagcgtgce
gtgagcaaca
ccececgggage
gtgtccctca
agcaacggcc
agcttcttce
ttcagctgeca
ctgagccceeg

D NO:

tggtgcagtc
cttctgggta
ggcttgagtg
tccagggcecag
gcagcctgag
tctggggcca
tccecectgge
tgaaggacta
gcgtgcacac
tgaccgtgcc
ccagcaacac
geccccectg
agcccaagga
tgagccacga
acgccaagac
tcaccgtgcet
aggccctgec
cccaggtgta
cctgtectggt
agcccgagaa
tgtacagcaa
gcgtgatgca
gcaag

[

MR MEEE32m®eO E|n
NGO <A <O
O HomMHA®N®YMO|H
ST ERBEOsA<OE
KO <SPHPRZRZ0O<
BUOROKDONOOW

PEHOHOYE P D
THZPOPrNnNEO
TESOZH<nSs D
NOK <SS 2 M
TR ZnE O

gatgggagga
agtcacgatt
atctgaggac
tgactactgg
aaccggcagc
agtggcccca
tgtgcactgg
cgaccggccc
cctgaccatc
tagtagtagt

<<H®OMOAYQE
He g Zn
OH DO <gH®

tggggctgag
caccttcace
gatgggatgg
agtcacgatt
atctgaagac
agggaccacg
ccccagcagce
cttccececgag
cttcecececgec
cagcagcagc
caaggtggac
ccectgecceece
caccctcatg
ggaccccgag
caagccccgg
gcaccaggac
tgccececcatce
caccctgecec
gaagggcttc
caactacaag
gctcaccgtg
cgaggccctg

HEHOEPmOBPw=RXR
3 I o B W= ol < 3 I B
ER QoD gwm
HOMmomm3wnspo
RRGR I HONE LD

105

atcagcccta
actgcggacyg
acggccgtgt
ggccaggdgaa
ggcactggcg
ggacagacgyg
taccagcaga
tcagggatcc
agcagggtcg
gaccattatg

HEE2H<0g
HrOKHA®R
HOnNOA
nmomE An
HER AW KO
S "D W e R

gtgaagaagc
ggctactatg
atcagecgett
accgcggaca
acggetgtgt
gtcaccgtct
aagagcacca
cccgtgaccg
gtgctgcaga
ctgggcaccc
aaacgcgtgg
gagctgctyag
atcagccgga
gtgaagttca
gaggagcagt
tggctgaacy
gagaagacca
cccagccggyg
taccccagcg
accaccccce
gacaagagcce
cacaaccact

ZgmmoAYRG 220
ORZ2RAPOROG
CZPFPOLCIAKEZR
mME®RRBOBEW0nOHAG
HEHRBEROQ 20
MR ZEDoO T L0
OmmOH<GSnAa®n PR
HrRnHO Y oo
S H©mR®n

tgtttgggac
acteccacgag
attactgtge
ccctggtcecac
ggtcgacgca
ccaggattac
agccaggeca
ctgagcgatt
aagccggdgga
tcttcggaac

[ NONGEGRE e
IO G Z R0
QW <G
O HAKO <
[l oM w i M|

ctggggcctc
tgtactgggt
acaatggtaa
aatccacgag
attactgtge
cgagtgctag
gcggcggcac
tgagctggaa
gcagecggect
agacctacat
agcccaagag
gcggacccte
ccccecgaggt
actggtacgt
acaacagcac
gcaaggagta
tcagcaaggc
aggagatgac
acatcgcegt
ctgtgctgga
ggtggcagca
acacccagaa

RHEHRKEEHA®O
OEOTONnOO0K
HRNK@EOHEOQgOA
HKRZ40np XM

aacaacctac
tacagcctac
gagatctteg
cgtctcgage
gtctgtecgtg
ctgtggggga
ggccectgtg
ctetggetee
tgaggccgac
tgggaccaag

WoE W
O g m
KK
KK EDOHK
QO UOwr A
0249w R

agtgaaggtc
gcgacaggce
cacaaactat
cacagectac
gagaagtaga
caccaagggc
agccgecectg
cagcggcgcce
gtacagcctg
ctgcaacgtg
ctgcgacaag
cgtgttecctg
gacctgcgtg
ggacggcgtyg
ctaccgggtg
caagtgcaag
caagggccadg
caagaaccag
ggagtgggag
cagcgacggc
gggcaacgtg
gagcctgagce

HHMDHARN <O <HA
mMnH-OHAGROHEGO
OR K gm0 nHK
HM Y dHAAKAHAK

PRGSO SH 3R

<Swm P oom

SOHO<OoWHHY GO

180
240
300
360
420
480
540
600
660
720
735

SoHOoOsE
DIOOnNng

nmhaOoHAR

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1335

MO wdwomEs RS
S Qnnd g ng

HHmPT-DwwngmnAaw



10

15

20

25

30

35

40

45

50

55

SNGQP
NVFEFSC

E
]

NNYKT
VMHEA

SEQ ID NO:318

gatgttgtga
atcaactgca
tggtaccagc
gaatccgggyg
atcagcagcee
ccteteactt
ttcatcttcc
ctgaacaact
agcggcaaca
agcagcaccc
gtgacccacc

SEQ

tgactcagte
agtccagcca
agaaaccagg
tcecetgaccy
tgcaggctga
tcggeggagy
cccecctecga
tctaccceccg
gccaggagag
tcaccctgag
agggcctgag

ID NO:319

S
MR A
WG HE
oA K
mEanmH0 A

SEQ

P S OO

KEHT™ R »
IO H B W
OwHrMO OO
WMoY EO n
< ZrgHgH

ID NO:320

cagatgcagc
tcectgcaagg
cctggacaag
gcacagaact
atggagctga
ggttattacc
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgea
aagagctgeg
ccctecegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagqg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

SEQ ID NO:

tggtgcagtc
cttectggagg
ggcttgagtg
tccagggcag
gcagcctcag
ctgcatacct
agggccccag
ccctgggetg
gcgccttgac
gcctgageag
acgtgaacca
acaagaccca
tcctgttece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccagccccy
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

2

M Q

< H B 00O
Lo e B - i
wHAa o
Y 4K OB
g0 EZ0og

HHRWEOO|w
Q<G HH 0k
HunwntHE@
KOS AW s Y
HZRPoE M
K aE O
H Q"D o R
Oy wnEH xR

[l
s
zZ
o
A
H Jd
0w

tccagactee
gagtgtttta
acagcctcct
attcagtggc
agatgtggca
gaccaaagtg
cgagcagctg
ggaggccaag
cgtgaccgag
caaggccgac
cagccceccegtyg

St g e
O dgR G
oI o = e I
QWO <GB e
H<HKHQ

tggggctgag
caccttctece
gatgggagygg
agtcacgatt
atctgaggac
ccaccactgg
cgtgttcccc
cctggtgaag
cagcggcgtg
cgtggtgacc
caagcccagc
cacctgcecc
ccccaagccc
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagccccayg
cctecacctgt
cggccagccc
cttcctgtac
ctgcagcgtyg
ccccggcaag

Z <O HD
< HEHAGQO
Z o Wn
hol I Bl W &5
o

nNH=R LM

1086

= od
w0
[V
=

ctggetgtgt
tacagctcca
aagctgctca
agcgggtctyg
gtttattact
gatatcaaac
aagagcggca
gtgcagtgga
caggacagca
tacgagaagc
accaagagct

wHEHMmOSs 9
L-R oW oRh-h-
SO0 Wn4A
Hw ok H
RR O K S =
g gwnwE O

gtgaagaagc
agttatgcta
atcatcggta
accgcggacyg
acggcegtgt
ggccagggca
ctggcccceca
gactacttcc
cacaccttce
gtgcccagea
aacaccaagg
ccetgeectyg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgecec
gtgtacacce
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

gz g W R
wHWuwOAa <
A I R A
H MR XKD
= I R
< g HdH0
o=z n
RO EO

FLYS
LSPG

ctetgggega
acaataagaa
tttactggge
ggacagattt
gtcagcaata
gtgcggcegce
ccgccagegt
aggtggacaa
aggactccac
acaaggtgta
tcaaccgggyg

HwnwdHWL R
ZHODOWm
e B e B
QWEHEARYO
BE=zZegm

ctgggtcctc
tcacctgggt
tgtttggttc
aatccacgag
attactgtgce
ccctggtcac
gcagcaagag
ccgagcccgt
ccgccgtgcet
gcagectggg
tggacaaacyg
cccecgaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgcccoccecccag
gcttetacee
acaagaccac
ccgtggacaa
ccectgcacaa

B RHO®
<wHTOA
(iR rp R e e
WE KW
L Sl R

gagggecceace
ctacttagct
atctacccgg
cactctcacc
ttatagtact
acccagcgtyg
ggtgtgcctg
cgccctgcag
ctacagcctg
cgcctgcgag
cgagtgt

Owznwg
wr Qe
H K QW<
HrwHGQ W
H @R ww
HER<OQ=
e odn=z
"R HOR
oG R A
el @3-~ e

ggtgaaggtc
gcgacaggcc
aacaaactac
cacagcctac
gagaagtact
cgtctcgagt
caccagcggc
gaccgtgagc
gcagagcagc
cacccagacc
cgtggagccc
gctgggegyga
ccggaccecc
gttcaactgg
gcagtacaac
gaacggcaadg
gaccatcagc
ccgggaggag
cagcgacatce
ccccecctgtg
gagceyggtygg
ccactacacc

[0V ey R el S
OB OD 3y
OwPE &M H
Rt odHd

€0
120
180
240
300
360
420
480
540
600
657

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1350
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SEQ ID NO:

2t AaE
< Zwu<g<uom
HQOEmHE
o < E M
0OmKO < B
EHEY RO
<ZEHEHEQ

322

cagtctgccc
tcectgcactg
cacccaggca
cctgatcgct
caggctgagg
ttcggaactg
cccagegtga
gtgtgcctca
agccccgtga
gccgccagca
tgccaggtga

E D NO:

tgactcagcc
gaaccagcag
aagcccccaa
tctctggcecte
atgaggctga
ggaccaaggt
ccectgttecee
tcagcgactt
aggccggegt
gctacctgag
cccacgaggg

2

S
Q
Q
I
G
T
E

OG0 WO nko
E L =i 0] B

" ERHTH
MR POOA

SEQ ID NO;

T RN O|w
Wo e e gw
ity v
M E R W
(LGB R B
N<aBHEYREw

324

gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga
aaatggggac
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctccyg
ceegaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca
tggcagcagy
acccagaaga

tggtggagac
catctggata
ggcttgagtg
ttcagggcag
gcaggctgag
ctcaagcggc
ccaagggccc
cecgecctggyg
geggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcegtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gectgagect

EZUHE =Y
==l v =
HR oK<
B R G
HEEEOH
b= I s A o W
ZHoER g
T <HOM®Y

tcgctcagtg
tgatgttggt
actcatgatt
caagtctggc
ttattactgc
caccgtccta
ccectectec
ctaccctggce
ggagaccacc
cctcacccce
cagcaccgtg

O R AE K HQ
<G B oo KW
HG W™ OY o
S R S )]
HbEwwno
QO HEKR®;
mwHEAY
HHEBWLYX
<O WLnH

cggggctgag
caccttcacc
gatgggatgg
ggtcaccatg
atctgacgac
ttttgatate
cagcgtgttc
ctgcctggty
gaccagcggce
cagcgtggtg
ccacaagccc
ccacacctgc
cccccccaay
ggtggacgtyg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagcce
gtcectcace
caacggccag
cttcttcctg
cagctgcagc
gageecegge

W=
oH X
o=
L B VK )]
=
< ww

MERR <GSR
HYO = <z
D WO WnZ =

tccgggtete
ggttataact
tatgatgtca
aacacggcct
agctcatata
ggtgecggecyg
gaggagctge
gccgtgaccg
acccccagca
gagcagtgga
gagaagaccyg

HwwEwoon
RHEREZHGO

gtgaagaagc
agctactata
atcaacccta
accagggaca
acggccgtgt
tggggccaag
ccecectggece
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccececctgee
cccaaggaca
agccacgagg
gccaagacca
accgtgctge
gccetgectyg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacyg
aag

Q<
o R
04
2w
W0
M =
no e

Roge2wrg
Mo weRRAa
HwHwpAae
AR
B O o H

ctggacagtc
atgtctectyg
gtaagcggcc
ccctgaccat
caagcagcag
caggccagcc
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccdg
tggcccccac

HO R mHH
<o
HZH R DA
UE QAW
HX® < 3w
e OQOY
QA n<

ctggggcctce
tgcactgggt
acagtggtgg
cgtccatcag
attactgtgc
ggacaatggt
ccagcagcaa
tcceccgagcece
tcceegecgt
gcagcagcct
aggtggacaa
ctgceccecga
cccecteatgat
acceegaggt
agccccggga
accaggactg
ceceecatega
cecetgeccece
agggcttcta
actacaagac
tcaccgtgga
aggcccectgca

=W
= H o
0o
oo
O WA

e PR n
U< oMo
R AHMEA
HEROOO ™
i S o
H a2
< HWmA
O w0
WO R
wHP WG

agtcaccatc
gtaccaacag
ctcaggggtc
ctctgggctc
cactcatgtc
caaggccgct
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

P HR =R Q@
WL ng
e NN
HHEGZE 2
[
wy o<
H &P wnn
HEPH=
v I = S

agtgaaggtt
gcgacaggcc
cacaaactat
cacagcctac
gagagadgggg
caccgtctcg
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgcetggge
cagccggace
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
caccccccct
caagagccgg
caaccactac

oA
o W»
R R
[ B I

H WX

L w =}
@ H =
0 wg

120
180
240
300
360
420
480
540
600
660

120
180
240
300
360
420
480
540
600
660
720
780
B840
900
960
1020
1080
1140
1200
1260
1320
1353
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OHOWnGgWWmA
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NHHKOoOGEHERAZ R
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SEQ ID NO

1326

gaaattgtga
ctctecctgea
cctggccagg
gacaggttca
cctgaagatt
caagggacca
tccgacgagc
ccccgggadyg
gagagcgtga
ctgagcaagg
ctgagcagcc

EQ

tgacgcagtc
gggccagtca
ctcccaggcet
gtggcagtgg
ttgcagtgta
aggtggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa

1D NO:327

< o 0 [
KRR
WO HH
OunHEHGE
Mmoo d
S Z AP0
Hwwnodn
T O
O MEHEP e Q

SEQ

(DN R R |
HSBE < HE

ID NO:328

gaggtgcagc
tcctgtgeag
ccagggaagg
gcagactccg
ctgcaaatga
ggctacacgt
aagggcccca
gccctggget
ggcgccttga
agcctgagca
aacgtgaacc
gacaagaccc
ttcectgttee
tgcgtggtgg
ggcgtggagyg
cgggtggtga
tgcaaggtga
ggccagccce
aaccaggtgt
tgggagagca
gacggcagct
aacgtgttca
ctgagcctga

tggtagagtc
cctctggatt
ggctggagtg
tgaagggccg
acagtctgag
tcgacccctg
gcecgtgttece
gcectggtgaa
ccagcggegt
gcgtggtgac
acaagcccag
acacctgccc
cccccaagcce
tggacgtgag
tgcacaacgc
gcgtgctcac
gcaacaaggc
gggagcccca
ccctecacctg
acggccagcc
tcttcctgta
gctgcagegt
gccccggcaa

SEZEsSHMoOoHGY
EZOHEZomO P n
T g E WM H o
MR K GG
b= B =
FHEDOE DO
TR ORI

tccaggcacc
gagtgttagc
cctcatctat
gtctgggaca
ttactgtcag
caaacgtgcg
cggcaccgcc
gtggaaggty
cagcaaggac
gaagcacaag
gagcttcaac

nHRKK®
RO NG NG N el
MO K n
S UOUHLO WL
Hwp Ko
"R warwHA
noggwyp o
oG

tgggggaggc
cacctttage

ggtctcagct
gttcaccatc
agccgaggac
gggccaggga
cctggcceccec
ggactacttc
gcacaccttc
cgtgcccage
caacaccaag
cccctgeect
caaggacacc
ccacgaggac
caagaccaag
cgtgctgcac
cctgectgece
ggtgtacacc
tctggtgaag
cgagaacaac
cagcaagctc
gatgcacgag
g

=
o
w

ZHEXRgOYIDM
TgHONYwWnA®»
HKERRSGRZHW
HO=ZE < imwAam™ R
Do R R P W
HOog2aPUgagA4a

ctgtctttgt
agcagctact
gatgcatcca
gacttcactc
cagtatggta
gccgcaccca
agcgtggtgt
gacaacgccc
tccacctaca
gtgtacgcct
cggggcgagt

230 gR
WK HE -
D 1AM

ttggtacagc
atctatgcca
attagtagta
tccagagaca
acggctgtgt
accctggtca
agcagcaaga
cccgagcccg
ccecgeegtge
agcagcctgg
gtggacaaac
gccceccgagce
ctcatgatca
cccgaggtga
ccccgggagg
caggactggc
ccecatcgaga
ctgccecccceca
ggcttctacc
tacaagacca
accgtggaca
gccctgecaca

nmonuwmR AAOBE wm
HwouPRErrAdaApP R OO0
wHEH AP REZW®0nO
HFHO™"®™H <0
mEBEDunE O
UK GhE e
nMn="HEMARKBH

ctccagggga
tagcctggta
gcagggccac
tcaccatcag
gctcactttg
gcgtgttcat
gcctgctgaa
tgcagagcgg
gcctgagcag
gcgaggtgac
gt

AR Z2MmOg0
Qun2 I
(£ I e R
HHEOW®W®
HmhAa oo
H X W nw
B o<

ctggggggte
tgagctgggt
gtggtgatag
acgccaggaa
attactgtgce
ccgtectcgag
gcaccagcgyg
tgaccgtgag
tgcagagcag
gcacccagac
gcgtggagcce
tgctgggegg
gccggacecce
agttcaactg
agcagtacaa
tgaacggcaa
agaccatcag
gccgggagga
ccagcgacat
cccececectgt
agagccggtg
accactacac

RAOEOODWmN O

aagagccacc
ccagcagaaa
tgacatccca
cagactggag
gacgttcggc
cttccccccc
caacttctac
caacagccad
caccctcacc
ccaccagggc

e Eon e
WORH G 0
PG R A0
[w R ol

cctgagactc
ccgccaggca
cacatactac
cacgctgtat
gagagcgtat
tgctagcacc
cggcacagcc
ctggaacagc
cggcctgtac
ctacatctgc
caagagctgc
accctecegtyg
cgaggtgacc
gtacgtggac
cagcacctac
ggagtacaag
caaggccaag
gatgaccaag
cgccgtggag
gctggacagc
gcagcagggce
ccagaagagc

PR KEOE O
HKHAZ SO WD
S HWMARWN<
CWhnHaOAag R
HUORKIID GO

[ e
H>=p A
RGPS
=i w L B B

60
120
180
240
300
360
420
480
540
600
642

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1341
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ID NO:

329

OsSWGwOwmy <320 oo
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HaOE"YEAdWmWwE WG

SEQ ID NO:

MO SEEHBHEO S A0 0E
O KOG ZR2ZHW
mHEHODHE O OLOOZ2 B0
SZHEZHAOoHOWLE D
ZZOHE290QBwnBE g0
THKHUEZE=wmEe e
mRLOK g RD DG
WH DR AHZ WOy EAHO

330

gaaattgtgc
atctcctgea
tacctgcaga
tceggggtcee
agcagagtgg
ctcactttcg
atcttccecce
aacaacttct
ggcaacagcc
agcaccctca
acccaccagg

=

D NQ:

tgactcagtc
ggtctagtca
agccagggca
ctgacaggtt
aggctgagga
gcggagggac
cctccgacga
acccceggga
aggagagcgt
ccctgageaa
gcctgagecag

w

[ea -~ = B B e | ()
RS WHEE A
oo g R G
RZWHBEH
S F gwO A

SEQ ID NO:

MDD ROW
WO H < e
OwHEOY
Mo g0 e
<ZyHEmow
HwnwgwH
TOJY<0O"
OEHEO P <

332

gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga
ggttatcata
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagcet
ggaccctecyg
ccegaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggeca
gagatgacca
atcgeccgtgg
gtgctggaca

tggtggagac
cctctggagg
ggcttgagtg
tccagggeag
gcagcctgag
tatcgacacc
ccaagggcece
ccgeccctggg
gcggegecett
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggecagecc
agaaccaggt
agtgggagag
gcgacggceag

CFREEHBOPTCOE OWw
T OO RS P A0
ZWEASUY DY P L6
T<HO@WUOHDLDSD W

tccactctee
gagcctectg
gtctccacag
cagtggcagt
tgttggggtt
caaggtggag
gcagctgaag
ggccaaggtg
gaccgagcag
ggccgactac
ccccgtgace

H<BPw=rmy
DR RO
LhEHLOB @

[N R ol

cggggctgag
caccttcagg
gatgggaggg
aatcacgatt
atctgaggac
ctttgacaac
cagcgtgtte
ctgcctggtyg
gaccagcggc
cagcgtggtg
ccacaagcecee
ccacacctgc
cccecccaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagece
gtcecctcace
caacggccag
cttctteectg

109

KEPESRRIRZ2HOoLOHE
HZ {muvHaYdRKnXH
OWWOonEZRAE"PLOoAD
ol w B i w Bl o [ R )
LW ARAUOHWwmT K0

ctgccegtea
catagtaatg
ctcctgatcect
ggatcaggca
tattactgca
atcaaacgtg
agcggcaccyg
cagtggaagg
gacagcaadg
gagaagcaca
aagagcttca

O OE 0w
<SO0OHO nE
Hve I wn

"R wHE W H
Lo GO e W;

gtgaagaagc
acccatgcta
atcatcgcta
accgcggacg
acggccgtgt
tggggccagg
cccectggecce
aaggactact
gtgcacacct
accgtgccececa
agcaacacca
cccecectgece
cccaaggaca
agccacgagg
gccaagacca
accgtgctgce
gccctgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc

HwoHE A RO P
WHHPRZHXILWOKOP
HFEHOWMUHSHHADWL®W
wEHITOoEHODPR DD
WK GO E®YHENARR
GUWRHEBHARKEEOA
HEROQEOUOWWLLOD®H

cccctggaga
gatacaacta
atttgggttc
cagattttac
tgcaagetct
cggccgeacc
ccagegtggt
tggacaacgc
actccaccta
aggtgtacgc
accggggcega

HWu<gHawmo
ZHAO9w A
ol el
GwHAmgW;
[ I w i ]
OLZ oWk

ctgggtcctc
tcagttgggt
tcttcggaac
aatccacgag
atttetgtge
gaaccctggt
ccagcagcaa
tccecegadgcc
tcecegeegt
gcagcagcect
aggtggacaa
ctgccccega
ccctcatgat
accccgaggt
agccecggga
accaggactg
cccccatcga
ccctgccocee
agggcttcta
actacaagac
tcaccgtgga

R RO QWA W
HKHAZSUOnhH s AH
SHHOLDHAR®NSOHK
DwmmHO3 g RO 0w
RuRgongqon®m =
HPDB A <A DWm
I RGOS HE R =
<o g
OCHOL<SYWwLEHAEDD

gecegygectce
tttggattgg
taatcgggcce
actgaaaatc
acaaactccc
cagcgtgttc
gtgcctgctg
cctgcagage
cagcctgage
ctgcgaggtg
gtgt

v
HHKOWbPH
HyHAamoT
= )
HHg O
wEEnQ

ggtgaaggtc
gcgacaggcc
agcaaactac
tacagcctac
gagaggcagt
caccgtcteg
gagcaccagc
cgtgaccgtg
gctgcagage
gggcacccag
acgcgtggag
gctgetggge
cagccggace
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
cacccccect
caagagcegg

N HD K
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180
240
300
360
420
480
540
600
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tggcagcagg
acccagaaga

W
ja3]
Lo

ID NO:3

gcaacgtgtt
gcctgagect

33

mMHPODSCHHAKANnO N
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SEQ ID NO:3

ZoHdHAHEBEAOEHEA
<Zmdogmo<gpPnoro
HOOEOYEAONO®NS D
NO<<EEPOSHAHZEZ M
OUYKO<GSEPERZRDO <
HHAOgROK OO O R

34

tcctatgtgce
acctgtgggg
caggcccectg
ttetetgget
gatgaggccg
ggagggacca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacy

w

EQ ID NO:

tgactcagcc
gaaacaacat
tgectggtegt
ccaactetgg
actattactg
agctgaccgt
tcceccceecte
acttctaccc
gcgtggagac
tgagccetcecac
agggcagcac

3

1 3
v Q
Q v
A E
A 5
K S
S S

Hpdgm;
REmREOK
bl I B
Wy ™y mwd

SEQ ID NO:3

- B o o B [
mHHO<g™
O<BRgw
Lo - W
SPEF"wOoOgn
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gaggtgcagc
tcectgcaagy
cctggacaaqg
gcacagaagt
atggacctga
gatggatatt
ggcaccctgy
cccagcagca
ttcececgage
ttccecegecg
agcagcagcc
aaggtggaca
cctgcceceg
accctcatga
gacccegagg
aagccccggg
caccaggact
gcccccatcg

tggtggagtc
cttctggaca
ggcttgagty
tccagyggcag
gcaacttgag
gtactcttac
tcactgtcecte
agagcaccaqg
ccgtgaccgt
tgctgcagag
tgggcaccca
aacgcgtgga
agctgctggg
tcagccggac
tgaagttcaa
aggagcagta
ggctgaacgg
agaagaccat

110

cagctgcagc gtgatgcacg
gagccccgge aag

S ZHEHEZHOHGOYEHR
RZ2WE=Z20OprngH "
THKOZ I o
MRS HA P H®W

acccteggtg
tggaagtaaa
ctatgatgat
gaacacggce
tcaggtgtgg
cctaggtgcg
ctccgaggag
tggcgeegtg
caccacccce

‘ccccgagcaqg

cgtggagaaqg

HoWooog
nd g 0w
mEwms g9y
A EHg DO
nHMHngo
HHEaBHWwn®nAa

tggggctgag
catcttcagc
gatgggagyy
agtcacgatt
atctgaggac
cagctgccct
gagtgctagc
cggeggcaca
gagctggaac
cagcggcctg
gacctacatc
gcccaagagc
cggaccctcce
ccccgaggtg
ctggtacgtg
caacagcacc
caaggagtac
cagcaaggcc

PHORGHZNDY AW

FHEEHUOBEZOHE<O <
T oK QR
ZOoERSOODOOE
TC<HOEDO AL P Z 0
HKERRISRZA0ODWKO

tcagtggccc
ggtgtgcact
agcgacegge
accctgacca
gatagtagta
gccgecaggcc
ctgcaggcca
accgtggcect
agcaagcaga
tggaagagcce
accgtggccce

SO OO
mwippgHw
"R FmoH
HiOoR<GEA
S gwn

gtgaagaagc
ggctatgcaa
atcatcccta
accgcggacc
acggccgtct
gtcggctggt
accaagggcc
gccgeectygy
agcgygcygcect
tacagcctga
tgcaacgtga
tgcgacaaga
gtgttectgt
acctgcgtgg
gacggcgtgg
taccgggtgg
aagtgcaagg
aagggccagc

aggccctgca

Hg=zZ<oDwHaDSEONR
CUONZRREBFONO W
Ho<s=zpPogdaHO0 RO
ConRRAODHGOnK AL
HOHHPHAEHEROQIDO O
AR T ZONOHOA

caggacagac
ggtaccagca
cctecagggat
tcagcagggt
gtgatcatgt
agcccaagge
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

=i B I )
HZ2BH0tn
HER <OnA
H= OQO6OQW=
OB EAa2H
e HR OO

ctgggtccte
tcagttgggt
tctttggtac
aatccacgag
attactgtgc
acttcgatct
ccagcgtgtt
gctgectggt
tgaccagcygg
gcagcgtggt
accacaagcc
cccacacctyg
teceececcaa
tggtggacgt
aggtgcacaa
tgagcgtgct
tgagcaacaa
ccecgggagcc

caaccactac

ERO”gH <G AN DR
eHPEPPDOEOPAHD
OGS E WY e Py
NN H-HEBARKEHERHD
REOMOEO™YM OO DAA

ggccaggatt
gaagcctggc
ccctgagega
cgaagccggyg
ggtattegge
cgctececage
cctggtgtge
cagcagccce
gtacgccgece
cagctgccag
cagc

3N N N
oAz R
KE<HD
N
®wunNHE
B R
H P H
g HR
HHaQ RO
0 <0 WX

ggtgaaggtc
gcgacaggcc
aacaaactac
cacagcctac
gagagtgaaa
ctggyggcegt
cccectggee
gaaggactac
cgtgcacacc
gaccgtgccc
cagcaacacc
cceecectge
gcccaaggac
gagccacgayg
cgccaagacc
caccgtgcectg
ggccctgect
ccaggtgtac

=" OoOB 02 H
HrKHZSUWnE S gw
ST HEWH RO GO MS
DwnnHAOHG RO WG
o e I i B w B D B v

1320
1353

120
180
240
300
360
420
480
540
600
654

60
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accctgcccce
aagggcttct
aactacaaga
ctcaccgtgg
gaggccctge

ID NO:

47]
53]
@]

ccagccggga
accccagcga
ccaccccccce
acaagagccg
acaaccacta

337

DWERHEHEARKEH OO ME
AR OQEHOR0nNnGOY A
FHR®RKEOEOE OO
HEKHZ U WnE S K6
<CHHONHARONGO ZO0 G
CunHOHASROoOaH
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SEQ ID NO:

mHpPpHWAHHAKAWnE G
Hop RGO e
bl A IR w B B B v Bl o B4 |
CEHOUWGDORmEAD Q<
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gaaattgtga
ctctcgtgca
cctggccagg
gacaggttca
cctgaagatt
gggaccaagc
gacgagcagc
cgggaggcca
agcgtgaccg
agcaaggccg
agcagccccg

E

tgacgcagtc
gggccagtca
ctcccaggcet
gtggcagtgy
ttgcagtgta
tggagatcaa
tgaagagcgg
aggtgcagtg
agcaggacag
actacgagaa
tgaccaagag

K EH R WO 0
O HE R HO
(@I I W i B ]

SEQ ID NO:

2o o R w R w R v I 2 ] RV
O @E- DY
Qo wrEe®
H<H<SHA
XA
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gaggtccagce
tcctgcaagg
cctgggcaag
gcgcagaagt
ctggagctga
ggctacacca
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggacccteceg
cccgaggtga

tggtacagtc
cttctggagy
ggcttgagtyg
tccagggcag
gtagcctgac
cacgcaacta
ccaagggccc
ccgccctggg
gcggcegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttectgtt
cctgegtggt

ggagatgacc
catcgccgtg
tgtgctggac
gtggcagcag
cacccagaadq

LR v R 1 B @ I Vs B B Vs By R
OO RGO AR
ZuouHdHAHPpEHEANOHAP
dZmgoTO<LSEan e
MOOEPEwEHE0BW0YH N

tccaggcacc
gagtgttagc
cctcatcttt
gtctgggaca
ttactgtcag
acgtgcggcc
caccgccagc
gaaggtggac
caaggactcc
gcacaaggtg
cttcaaccgg

nHEwKHA®
mOGOon e
<LOHWO P 0
WMo wmH
W WK WG
nog<serEHE
LN Ts BRI 4 B 2
ZHN0WnAWD

tggggctgag
catcttcaga
gatgggaggg
agtcacgatt
atctgaggac
ctttgactac
cagcgtgttce
ctgcctggtg
gaccagcggdc
cagcgtggtg
ccacaagccce
ccacacctgc
cccccccaagd
ggtggacgtg

MO QTEHHEOER<q N
QKO QBPHZARKO G

111

aagaaccagg
gagtgggaga
agcgacggca
ggcaacgtgt
agcctgagcecc

NHHOROKONO K AR
SZHEROHOMD O
EZOBEZoOrnD=o;m
THKEOZs NI gHIL0
mRONOOK G GHER QPR
PHERGEEZND RO P
FHEEHODBE T OQE OR®
T HEKORRGEORG
ZHNERqUMITRNKOE

ctgtctttgt
agcagctact
ggtgcctcca
gacttcactc
cagtatggta
gcacccagcg
gtggtgtgcc
aacgccctge
acctacagcc
tacgcctgeg
ggcgagtgt

T BEEeEad
A HBH
[y I e = s v B

gttaagaagc
agcaattcta
atcttcgetce
accgcggacg
acggccgttt
tggggccagg
cccctggecc
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ceeeectgee
cccaaggaca
agccacgagg

tgtcccteac
gcaacggcca
gcttcttcct
tcagctgcag
tgagccccgg

ctccagggga
tagcctggta
gcagggccac
tcaccatcag
gctcactcac
tgttcatctt
tgctgaacaa
agagcggcaa
tgagcagcac
aggtgaccca

oOwuznon
HO© W
[ IS /5 B [ =
oW mn
H W= GO
HHEEw®
i EO<
oo I T R R
g RO,

ctgggtcctc
tcagttgggt
ttttcggaac
aatcttcgac
attactgtgc
gcaccctggt
ccagcagcaa
tcececegageco
tccecegecgt
gcagcagcct
aggtggacaa
ctgceccccga
ccctecatgat
accccgaggt

THOHMDOA®ROOH

ctgtctggtg
gcccgagaac
gtacagcaag
cgtgatgcac
caag

HKEPRS®"RgRZMmnAaoH
Hg=Zz dmmwHEmRE g0
DO ZRERpPpuASGQ
Rog<dzmpPpogqg<aHdnHK
NONRETAIOHNOI W

aagagccacc
ccagcagaaa
tggcatccca
cagactggag
ttteggcgga
cccceectcee
cttctacccc
cagccaggag
cctecacectg
ccagggcctg

oo WA
KOO
[ =i s I
PR R
T OB =
RZnAK

ggtgaaggtc
gcgacaggcc
aacagactac
cacagtctac
gagaggcagt
caccgtctcg
dagcaccagdc
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgetggge
cagccggacc
gaagttcaac

HwEH P AEROO™ D H
LHHPEREZWONO<SOW®w
CEHO-DRHHGNAE RO S
(400w B e T = v B 0 B o I /3 B - s B
v Bl o I e I B [ e = =

1140
1200
1260
1320
1374

60
120
180
240
300
360
420
480
540
600
639

60
120
180
240
300
360
420
480
540
600
660
720
780
840
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tggtacgtygy
aacagcacct
aaggagtaca
agcaaggcea
gagatgacca
atcgccgtgg
gtgctggaca
tggcagcagg
acccagaaga

SEQ

lw]
=
(@]

acggcgtgga
accgggtggt
agtgcaaggt
agggccagcce
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagcecct

-9

MHP D SHAEAKAEAO I
WrHE RSSO GHDAPR G
OHBm B TDTYwmgGnEOo|w

I
Q
P
1
1
P
P
P
D
v
G
v
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oEHOLW<HOoMEAXKGOH
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SEQ ID NO:3

ZomEHAEHPEAOEH®nR
<2 So-mo<srun@Eo
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PO IEEPECE A0 E M
NMMHKO<SPEHRZRAO <

42

gaaattgtgc
ctctcectgea
cctggccaqgg
gacaggttca
cctgaagatt
ggagggacca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacg

42}

EQ ID NC:3

tgactcagtc
gggccagtca
ctcccaggcet
gtggcggtgg
ttgcagtgta
aggtggagat
tcececececte
acttctaccc
gcgtggagac
tgagcctcac
agggcagcac

43

ZpHmoOom
REARAHPAH
wRPEP
=i G I
oW o
wwnEbDo
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SEQ ID NO:3

A" K
OQO<SHY RO
oW G HHA
<o H
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caggtgcagc
tcctygcaagyg
cctggacaay
gcacataagt
atggagctgg
cactactact
gctagcacca
ggcacagccyg
tggaacagcg
ggcctgtaca
tacatctgea

tggtgcagtc
cttectggagg
ggcttgagty
tccagggcag
gcagcctgaa
cctectacat
agggceccay
ccctgggetg
gcgccttgac
gcctgageag
acgtgaacca

ggtgcacaac
gagcgtgcte
gagcaacaag
ccgggagccc
gtccctcacc
caacggccag
cttctteetg
cagctgcage
gagcccecggco

mEHADROKBQOHOR
<ZHEE"oHO"MBEAR
EEOEHEZUQFLYA Y
DK ZRnZE<<Ar0
MROK S AR P E G0
HHEADE G Zm YN

tccaggcacc
gagtgttagce
cctgatctat
gtctgggaca
ttactgtcag
caaacgtgcg
ctccgaggag
tggcgccgtg
caccaccccecce
ccccgagceag
cgtggagaag

H G W
TSmO 0e
[N o BN
OHEO®mY
mHMKIhQ
HHA P QWwl
SO ;N

tggggctgag
cccectteege
gatgggaggg
agtcaccatc
atctgaggac
ggacgtctyg
cgtgttcecee
cctggtgaag
cagcggcgtg
cgtggtgacc
caagcccadc

112

gccaagacca
accgtgctge
gcecectgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

HEHAE@TgOgBPRE T OB KO
TR G KAR
ZFoRRSooDyOAdg
nT<HAOED-mAWwRE-OWm
KERRGERZFHODEI KO

ctgtetttgt
agcaactact
ggtgcatcca
gacttcactc
cagtatggta
gcecgcaggcce
ctgcaggcca
accgtggcct
agcaagcaga
tggaagagcc
accgtggccc

Hwwnw
mHHEZ MO A
HO =R B ~HH
<t Adamn

gtgaagaagc
aattttgcta
atcatcgctg
accgcggacg
acggccgtgt
ggcgaaggga
ctggcccececca
gactacttcc
cacaccttec
gtgcccagca
aacaccaagg

agccccggga
accaggactg
ccceccatcga
ccetgcceee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

HUOZ <mwHadRO SR
OO NZREYHDNO W
ROCZPoOoCgAN RN
URURRAOg - OKAER
HopHprPaEeEROooHOQ
AR ZW oA H

ctccagggga
taggctggta
gcagggccag
tcaccatcag
gctcaccect
agcccaaggc
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

B2 Aamoa
WwZ o xXo
HR <SG W
H= QO
ol - NalrNONe)
WP HXROW

ctgggtcecctce
tcaactgyggt
tctttgggac
actccacaaa
attactgtgc
ccacggtcac
gcagcaagad
ccgagcccgt
cegcegtget
gcagcetggy
tggacaaacg

ggagcagtac
gctgaacgge
gaagaccatc
¢agccgggag
ccccagegac
caccccccect
caagagccgd
caaccactac

HHOUOWEH<SDAW®H
LrrrdeEOQOP 290
RSO YOHE P <A 0
NUNHRHEARKEHMHZ
HEMEODONDOYDAW

aagagccaca
ccagcagaaa
tggcatccca
cagactggag
cactttcggce
cgctcccage
cctggtgtgce
cagcagcccc
gtacgccgcc
cagctgccag
cagc

wn <GS
wioHEL®
o= Q)W
H™>=AZ
o
H oo e
HE P AQ

ggtaaaggtce
gcgacaggcce
gacaaagtac
tacagcttac
gagaggtccc
cgtctecgagt
caccagcggc
gaccgtgage
gcagagdcagc
cacccagacc
cgtggagccce

FHMARKEOE QKD H
HHAZ{OnhD s gn
<HHWVWHARD S Q EH S
O OHd RO
AOARK gD O no
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960
1020
1080
1140
1200
1260
1320
1353

120
180
240
300
360
420
480
540
600
654
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aagagctgcyg
ccctecgtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

wn
]
o]
o
=z
Q

acaagaccca
tcectgttece
gcgtggtggt

gcgtggaggt’

gggtggtgag
gcaaggtgag
gccagcccceg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

(e

W<

W RGOS HAZE00
el -l e L B B R |
OHOW<™"®HHNAPYO|H
OsmdOhg < aH
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SEQ ID NO

ZoHdHEAHP A 0EHDO|W

SZOudurmogEre nlo
MOaOoERYEHE®NOOE®
OGS TEHEFOzZdAn 5P
NOHHKOGHEHRAZREP ZH
NEHHOEROK®NOROG
<ZZHEEHMoHOaN NS
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gacatccagt
atcacttgcc
gggaaagttc
cggttcagtyg
gaagatgttg
accaaagtgg
gagcagctga
gaggccaagg
gtgaccgagc
aaggccgact
agcccecgtga

SEQ ID NO:

tgacccagtc
gggcgagtca
ctaaactcct
gcagtggatc
caacttatta
atatcaaacg
agagcggcac
tgcagtggaa
aggacagcaa
acgagaagca
ccaagagcett

(e

PO HWRO
Qwm™pe™gH

I
Q
G
Q
P
G
E

< 2w R
HwnwwMHgAa

SEQ

nO Q0 omOlw

O M EG R ®n(a
Qo Wy
HlHHEW
R HD
nHE W e

ID NO:348

gaggtgcagc
ccctgcaaat
cccggacaag
gcacagaagt
atggagctga
acctactact
gctagcacca
ggcacagccg

tggtggagac
cttctggaag
ggcttgagtg
tccagggcag
gaggtttgag
actcctacat
agggccccag
ccctgggetg

cacctgcccc
ccccaagdccc
ggacgtgagc
gcacaacgcc
cgtgctecace
caacaaggcc
ggagccccag
cctcacctgt
cggccagcce
cttecctgtac
ctgcagcgtg
ccccggcaag

EZOEZOOr ol AR
v =g Al e B w R R v
RO A PQ
PHOR S Z O 0
[l i M B w B e R B Bl R
T EHKOH RS RO
ZwEXGD iGN

tccatectee
gggcattagc
gatctatgct
tgggacagat
ctgtcaaaag
tgcggcecgea
cgccagcecgtg
ggtggacaac
ggactccacc
caaggtgtac
caaccggggc

O QP w
SgHO PP
HOERO®R
W Ha
my <3 EQ
Hin <G mwod
ZHORn D
oo <
MWwE®ndgA

tggggctgag
ccecttecagg
ggtgggagga
agtcacgatt
atctgaggac
ggacgtctgg
cgtgtteecc
cctggtgaag

113

ccctgcectg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgecacc
ctgcctgcecce
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

TEEOHY A nOA g
KPR RAERZHOPRN
H=zZ <o m"mAamn®ER©»D«O

ctgtctgcat
acttatttag
gcatccactt
ttcactcteca
tataacagtg
cccagcgtgt
gtgtgcctge
gcectgcaga
tacagcctga
gectygcgagg
gagtgt

MHe=ew A
OWnmanNnA

gtgaagaagc
agtaatgctg
atccteggtg
accgcggacg
acggccgtgt
ggcaaaggga
ctggccccca
gactacttcc

ccccegaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgcecceeag
gcttctacce
acaagaccac
ccgtggacaa
ccctgcacaa

OO ZRAP QPR
RO PUgs g =W
ORI QOgH®NITD =R W
HutbpPHAEROGQKHEQ
MEHHAMPRERODOOKOQ
CHOmMPKHShHEANnGORY
Mo PPR™EHOE0NXHE

ctgtaggaga
cctggtatca
tgcaatcagg
ccatcagcag
cceccttettt
tcatcttece
tgaacaactt
gcggcaacag
gcagcaccct
tgacccacca

g E O
H 0=
i B I 3
H o RO W
P Eg o
wrgooma
AR HWLH
wod RO W
g xAaA4
MO PO
| e
2 i - A i
e o BB
= B

ctgggtcctc
tcagctgggt
tctttggtte
aatccaccaa
attattgtgc
ccacggtcac
gcagcaagag
ccgagccegt

gctgggegga
ccggacccooe
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacate
ccccectgtg
gageccggtgyg
ccactacacc

ReRR e o i s B e = R
MR HEHRKERAS
mEOHO"MnnOYHA
CPHRREKEOEO AW
HHRZ SOmH =P H
dmHHRGOLOhSOO
gnrHOHG RO =
RogmRKdDm<dUOnn<
nHPRHSHAKAAR

cagagtcace
gcagaaaccc
ggtccecatet
cctgcagect
cggccctggg
cccctoecgac
ctaccccegg
ccaggagagc
caccctgagce
gggcctgage

ggtgaaggtc
gcgacaggcc
accaagctac
cacagtccac
gagaggtcct
cgtctegagt
caccagcggce
gaccgtgage

720
780
840
200
960
1020
1080
1140
1200
1260
1320
1350

60
120
180
240
300
360
420
480
540
600
636
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tggaacagcg
ggcctgtaca
tacatctgca
aagagctgcg
cecctecegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

n
]
0

ID NO:3

gecgeecttgac
gcctgagcag
acgtgaacca
acaagaccca
tcetgttece
gcgtggtggt
gcgtggaggt
gggtggtygag
gcaaggtgag
gccagcccecg
accaggtgtc
gggagagcasa
acggcagctt
acgtgttcag
tgagcctgag

49
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SEQ ID NO:3
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MHHODEROK NG IO
SZEEZHoOoOHA0Ne R

50

tcctatgtgce
acctgtgggg
caggccectg
ttttctgget
gatgaggccg
actgggacca
gtgaccctgt
ctcatcagcg
gtgaaggeceg
agcagctacc
gtgacccacyg

EQ ID NO:

tgactcagce
gaaataacat
tgctggtcgt
ccaagtctgg
actactactg
aggtcaccgt
tcececcecte
acttctaccc
gcgtggagac
tgagcctcac
agggcagcac

= o< dnle
REREOQK
s o B vl v B
wwnnmdgo

SEQ ID NO:3

1
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A
v
S
Y

trmHag gy
Q<P KSR
Lol I VAT o
<SP HOg®n

52

cagatgcagc
tcctgcaagg
cctggacaag
gcgcagaagt
atggagctga

tggtacaatc
cttctggagg
ggcttgagty
tccagggcag
gcagecctggg

cagcggcgtg
cgtggtgacc
caagecccagc
cacctgcccece
ccccaagccc
ggacgtgagc
gcacaacgcc
cgtgctecace
caacaaggcc
ggagccccag
cctcacctgt
cggccagcece
cttectgtac
ctgcagcgtg
cceccggcaag

=g A v I e = v B I = BV I I =
DTN Z Rz Qg™
HROOKS<HASRHAO®
FHOR g 0YE S0
CHHDHODHETD O < /W
= o eI o3 IO ) B B~ i = B 1) B
ZOYER SOOI KN R

accctcggag
tggaagaaat
gtatgatgat
gaacacggcec
tcaggtgtgg
cctaggtgcg
ctccgaggag
tggcgecgtg
caccaccccc
ccccgagcag
cgtggagaag

HOo"od <
fa B T B ¢ i
HHn=EOo
nmHAMDE O
wHEWnYO
HHHE®O®nA
SO0

tggagctgag
caccttcagc
gatgggaggg
agtcacgatt
atctgaggac
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cacaccttce
gtgcccagca
aacaccaagg
ccctgeectg
aaggacacce
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgecce
gtgtacacce
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

T<SHOEHEYRNANOYG
HKPRRGERZ™HPY
HOZ <o HAYRHKO

tcagtggccc
agtgtgcact
agcgaccgge
accctgatta
catagtagta
gccgcaggcece
ctgcaggcca
accgtggcct
agcaagcaga
tggaagagcc
accgtggecc

e I 3 = ]
AR FZ T Y
HO R K EA
S wipgmo
h=g -~ A I s

gtgaagaagc
agctatgcta
atcttcggta
accgcggacg
acggccatgt

ccgccgtget
gcagcctggg
tggacaaacg
cccccgaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgccccceag
gcttctacee
acaagacecac
ccgtggacaa
ccctgcacaa

Doz RAPHO PR
Ry pPUasAPOow
nORRHATENOHAR W
HoHwrAEROORYD
HEHEERZHOORON
HHOUWOHGORHE KD
oot WunEOwE 0D

caggacagac
ggtatcagca
cctcagggat
tcagcagggt
gtgatcatta
agcccaaggc
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

OZH00no
H®RCHGZR
HOOQWwS
OPrEARRK

ctgggtcecte
tcagctgggt
tgtttgggac
aattcacgag
attactgtge

gcagagcagc
cacccagacc
cgtggagecc
gctgggcgga
ccggacceece
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggadgag
cagcgacatc
ccceectgtg
gagccggtgg
ccactacacc

v I N v B o5 B v B < B e B = R Sl v
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DR KEBOPREOQO S
HKHEZsgute e q
S HMMRARWMGONOWm
JununAdoag®RRE=R
ARogRKIEDGOQWwg
CHEEHIAHEAKAAYW

ggccaggatt
gaagccaggc
ccctgagcga
cgaagtcggg
tgtcttcgga
cgctcccadgce
cctggtgtge
cagcagcecce
gtacgccgcece
cagctgccag
cagc

HE HRWMO
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ggtgaaggtc
gcgacaggcc
agcaaactac
cgcggectac
gaggtctagt
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780
840
900
960
1020
1080
1140
1200
1260
1320
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300
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420
480
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ggttattacc
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgca
aagagctgcg
ccecteecgtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gcegtggagt
ctggacagcg
cagcagggca
cagaagagcc

cccaatactt
agggccccag
ccctgggetg
gcgccttgac
gcectgagcag
acgtgaacca
acaagaccca
tcctgttece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccagccccg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag
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SEQ ID NO:3
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gaaattgtga
ctctcctgeca
cctggccadgyg
gacaggttca
cctgaagatt
ggagggacca
tccgacgagce
ccecegggagg
gagagcgtga
ctgagcaagg
ctgagcagcc

EQ ID NO:3

tgacacagtc
gggccagtca
ctcccagact
gtggeagtgg
ttgcagtgta
agctggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa
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SEQ ID NO:3
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gaggtgcagc
tcectgecaagg

tggtggagtc
cttctggagg

ccaggactgg
cgtgttccce
cctggtgaag
cagcggcegtyg
cgtggtgacc
caagcccagc
cacctgcecee
ccccaagcce
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagececeeag
cctcacctgt
cggccagccc
cttcctgtac
ctgcagcgtg
cccecggcaag

EZOHEZOOEnHAHR
mRTEZEhzZ BP0
R ooOKddHAEHEOQ
PEHOR S Z DY W

tccaggcace
gagtgttage
cctcatgtat
gtctgggaca
ttactgtcag
caaacgtgcg
cggcaccgce
gtggaaggty
cagcaaggac
gaagcacaagd
gagcttcaac

mHRK KD
mwEHOOQH
B eNoR el
<030 Wy
HwPE LW

cggggctgag
catcttcaac

el N o B B w N e e e ) B o L W]
mrEK ORI KOS
ZgEZR4SYUY oYK AR
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ggccagggcea
ctggeccccca
gactacttcc
cacaccttcc
gtgceccagca
aacaccaagg
ccctgeccectg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgcecce
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

T SAHQOER YOO ADOR G
KOoRRgXRZ g0 SN
HgzZgdToWHdYRTYKN

ctgtctttgt
agcagctact
ggtgcatcca
gacttcactc
cagtatggta
geegeacceca
agcgtggtgt
gacaacgccce
tccacctaca
gtgtacgcct
cggggegagt

HROQEO
oG wmy o
o< 3w
ZaA0W0LOAa
WA
MmHEdTn

gtgaagaagc
agttatgcta

ccectggtceac
gcagcaagag
ccgagceccgt
ccgeecgtget
gcagcctggg
tggacaaacqg
ccccecgagcet
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggcet
ccatcgagaa
tgccccccag
gcttctaccec
acaagaccac
ccgtggacaa
ccctgcacaa

QO LZR"RRPwuwwmpR
RodargddanOow
NWORRAHEAOHOORG®
ctHPYPHAHHEROO KD
W HEPERZHD OO KOO
O HSOHREAYOA
wroeEPOnEHQPOTEN
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ctccagggca
tagcectggta
gcagggccac
tcaccatcag
gctcatecget
gegtgtteat
gcctgctgaa
tgcagagcgg
gcctgagcag
gcgaggtgac
gt

mH=Z"O00
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WG
HKQ®W
HwoHE OO
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HHEEO<

ctgggteccte
tcagetygggt

cgtctcgagt
caccagcggc
gaccgtgagc
gcagagcagc
cacccagacc
cgtggagcce
gctgggcgga
ccggacccece
gttcaactgyg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
cceeecctgtyg
gagccggtgg
ccactacacc

MR HEHAXR KB AW
HAEOEOYND®0nOOHK
FHRKEOBEOQDHAER
HKHAZSUOWwHIEH

aagagccacc
ccagcagaaa
tggcatccca
cagactggag
cactttcggce
cttecceece
caacttctac
caacagccag
caccctcacc
ccaccagggc

LY moHnw
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- W
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ggtgaaggtc
gcgacaggec

STHMHOHRAROAEQO W
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600
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840
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960
1020
1080
1140
1200
1260
1320
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120
180
240
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cctggacaag
gcacagaagt
atggaactga
acttacgatt
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctccg
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca
tggcagcagg
acccagaaga
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SEQ ID NO:

(PRI ==L B R Sl N o
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ggcttgagtg
tccaggygcag
gaagcctgaa
tttcgagtgg
ccaagggccce
ccgccectggg
geggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect

ID NO:357

<zZOdogmogERHEO
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nOodoEHPOEZ A0 ZE
OO G HEHEHZRROU
nmEHAAgROLn X
SZHEHsFOQHGORE AR
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caggcagggc
acctgtgggg
caggccectg
ttctctggct
gatgaggccg
ggagggacca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacg

EQ

tgactcagcc
gaaacaacat
tcctagtcogt
ccaactctgg
actattactg
agctgaccgt
tcececcecte
acttctaccc
gcygtggagac
tgagcctcac
agggcagcac

5
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gatgggaggc
agtcacgatt
atctgaggac
ccttgactac
cagcgtgttc
ctgcctggtg
gaccagcggc
cagcgtggtyg
ccacaagcce
ccacacctge
cceecccaag
ggtggacgtyg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagccc
gtccctecace
caacggccag
cttecttectg
cagctgcagc
gagceoeggeo

EZOoHZUOQE0Nng HY
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accctcggtg
tggaagtaaa
ctatgatgat
gaacacgygcc
tcaggtgtgg
cctaggtgceg
ctccgaggag
tggcgecegtg
caccaccccc
cecccgageag
cgtggagaag

Haroogg
ma g
Mmoo, E g
[ I I o I e w B €
wHaHEH®nYO
HESHwnwnd
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atcatcgcta
accgcggacg
acggccctgt
tggggecagg
cccectggcecce
aaggactact
gtgcacacct
accgtgccca
agcaacacca
cceeectygcee
cccaaggaca
agccacgagg
gccaagacca
accgtgctge
gcecctgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

FPHHMEQOEPEZDOQOBHEIE
mHH O R G g3 R
ZhHEZRIWYImO OO
T SHOEHGgUR3m Y RWm
KPR AZRLTDKO
HogZdmwHYRQBEXRN
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tcagtggccc
agtgtgcact
agcgaccggc
acccetgaccea
gatagtagta
gccgcaggcc
ctgcaggcca
accgtggcecct
agcaagcaga
tggaagagcc
accgtggccc

L R e RGN
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"R ZE YA
HOoOR<EHA
<SG W gm0
W2 oA G

tctttecatac
aatccacgaa
attactgtgc
gaaccctggt
ccagcagcaa
tcccegagee
tcccegecgt
gcagcagcct
aggtggacaa
ctgccceccega
ccctcatgat
accccgaggt
agccccggga
accaggactg
cceccatega
ccetgeecece
agggcttceta
actacaagac
tcaccgtgga
aggccctgca

Ro<garoddaaRm
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mHBEPIOEHOEOnG2
K< E YO E R OA W

caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgatcatgt
agcccaaggc
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

eI~ N W )]
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accaaagtac
cacagcctac
gagagggtcc
caccgtctey
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccay
acgcgtggag
gctgctggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacgge
gaagaccatc
cagccgggag
cececagegac
caccccccect
caagagccgg
caaccactac

[P IR~  c  B= R
®REROHOMWWOLONEO D AW

ggccaggatt
gaagccaggce
ccctgagcga
cgaagccggg
ggtattcggce
cgctcecccage
cctggtgtge
cagcagcccce
gtacgccgece
cagctgccag
cagc

e Qn
ngogH=2zR
e B I ]
HoeoE
42 v ) B =]
H &=
H oo
o< HO
M Aa6ano
O <O W R

HrRXREHQE QK H

H<KHZd0D0nE S0
< HNDRA RGO HS
g OoRgROong
HogHRKSDdOgnAaw
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360
420
480
540
600
660
720
780
840
900
960
1620
1080
1140
1200
1260
1320
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SEQ ID NO:360

caggtccagc
tcctgcaagg
cctggacaag
gcacagaact
ctgagcagcc
gattcgggga
ctggtcaccg
agcaagadca
gagcccgtga
gccgtgcectgce
agcctgggca
gacaaacgcg
cccgagetge
atgatcagcc
gaggtgaagt
cgggaggagc
gactggctga
atcgagaaga
cccceecageco
ttctaccecca
aagaccaccc
gtggacaaga
ctgcacaacc

W
3]
0

1D NO:

tggtgcagtc
cttctggagg
gacttgagtg
tccagggceag
tgagatctga
cttattataa
tctcgagtge
ccagcgygcegg
ccgtgagetg
agagcagcgg
cccagaccta
tggagcccaa
tgggcggacc
ggacccccga
tcaactggta
agtacaacag
acggcaagga
ccatcagcaa
gggaggagat
gcgacatcgc
ccectgtget
gccggtggca
actacaccca

(32}
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ID NO:362

gacatccaga
atcaactgca
tggtaccagc
gaatccgggg
atcagcagcc
ccgcecgacgt
ttcatcttece
ctgaacaact
agcggcaaca
agcagcaccce
gtgacccacc

tgacccagte
agtccagcca
agaaaccagg
tcectgaccg
tgcaggctga
tcggccaagg
cccecteccga
tctaccceceg
gccaggagag
tcaccectgag

agggcctgag

H g
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tggggctgag
cttcttcage
gatggggggg
agtcaccatt
cgacacggcc
cgcccceccgg
tagcaccaag
cacagccgcc
gaacagcggce
cctgtacagc
catctgcaac
gagctgcgac
ctcegtgttc
ggtgacctgc
cgtggacggc
cacctaccgg
gtacaagtgc
ggccaagggce
gaccaagaac
cgtggagtgg
ggacagcgac
gcagggcaac
gaagagcctg

QLZZM O™ OaS PR
H OO "™E AW P DY
NO<IEEEHEOI AR
QKOG EHAZ2 XK HW

tccagactcce
gagtatttta
acagcctect
attcagtggc
agatgtggca
gaccaaggtg
cgagcagctg
ggaggccaag
cgtgaccgag
caaggccgac
cagccecgtyg
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gtgaagaagc
agctatgcta
gtcatceccta
accgcggacg
gtgtattact
ggctggttcg
ggcceccagcg
ctgggctgee
gccttgacca
ctgagcagcg
gtgaaccaca
aagacccaca
ctgttcecccee
gtggtggtgg
gtggaggtgc
gtggtgagcg
aaggtgagca
cagcceceggg
caggtgtccc
gagagcaacg
ggcagcttct
gtgttcagct
agcctgagcece

A HUOXROKWGO T’
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ctggctgtgt
aacagctcca
aagctgctca
agcgggtcetyg
gtttattact
gaaatcaaac
aagagcggca
gtgcagtgga
caggacagca
tacgagaagc
accaagagct
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ctgggtcctc
tcagctgggt
tctttegtac
aattcacatc
gtgcgaggtt
acccctgggg
tgttecceet
tggtgaagga
gcggcecgtgca
tggtgaccgt
agcceccagcaa
cctgecceccee
ccaagcccaa
acgtgagcca
acaacgccaa
tgctcaccgt
acaaggccct
agccccaggt
tcacctgtct
gccagcccga
tcctgtacag
gcagcgtgat
ccggcaag
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ctetgggega
acaataagaa
tttactgggc
ggacagattt
gtcagcaata
gtgcggecege
ccgccagcgt
aggtggacaa
aggactccac
acaaggtgta
tcaaccgggg
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ggtgaaggtc
gcgccaggcce
agcaaactac
gtatatggag
gaattaccat
ccaggdgaacc
ggcccecccage
ctacttccece
caccttececee
gcccagcagc
caccaaggtg
ctgcecctgee
ggacaceccte
cgaggacccce
gaccaagccc
gctgeaccag
gcctgeocececce
gtacaccctg
ggtgaagggc
gaacaactac
caagctcacc
gcacgaggcc
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gaaggccacc
ctacttagct
atctacccgg
cactctcace
ttatagtagt
acccagcgtg
ggtgtgcctg
cgeccectgeag
ctacagcctg
cgcctgcgag
cgagtgt
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caggtccagc
tcctgecaagg
cctggacaag
gcacagaagt
atggaggtga
aattactatg
gctageacca
ggcacagccg
tggaacagcy
ggectgtaca
tacatctgeca
aagagctgcyg
ccctecgtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gcecgtggagt
ctggacagcyg
cagcagggca
cagaagagcc

D NO:

tggtgcagtc
cttctggagt
ggcttgagty
teccagggcag
ggagcctgag
atagtgtata
agggccccag
ccetgggctyg
gcgecttgac
gcctgagcag
acgtgaacca
acaagaccca
tcetgttecce
gcgtggtgygt
gcgtyggagygt
gggtggtygag
gcaaggtgag
gccagccccg
accaggtgtc
gggagagcaa
acggcagett
acgtgttcag
tgagccetgag
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cagtctgteg
acctgtgggg
caggcccetg
ttctctgget
gatgaggccg
actgggacca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacg

tgacgcagcee
gacataacat
tgctggtegt
ccaactctgg
actattactg
aggtcaccgt
tceeceeecte
acttctaccc
gcgtggagac
tgagcctcac
agggcagcac
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tggagctgag
caccttcagt
gatgggagga
agtcacgatt
atctgaggac
tgactactgg
cgtgttcccc
cctggtgaag
Cageggogtyg
cgtggtgacc
caagcccagc
cacctgcccecce
ccccaagccce
ggacgtgagc
gcacaacgcc
cgtgctceacc
caacaaggcc
ggagccccag
cctcacctgt
cggccagecc
cttectgtac
ctgcagegtg
cececeggcaag
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gcecteggag
tggaagtaat
gtatgataat
gaacacggcc
tcaggtgtygyg
cctaggtgcg
ctcegaggag
tggecgeegtg
caccaccecc
ccecegagcayg
cgtggagaag
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gtgaagaagc
tactatgcta
atcagcccta
actgecggacg
acggccgtgt
ggccagggaa
ctggeeccea
gactacttce
cacaccttcce
gtgeccagcea
aacaccaagg
ccectgeceecty
aaggacaccc
cacgaggacc
aagaccaagce
gtgctygecacce
ctgcctgcecce
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

D <SHOHODnHGONOA <
KPR RGERZRnpPAw
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tcagtggccecce
agtgtgcact
agcgaccggc
accctgacca
ggtagtagta
gcegeaggce
ctgcaggcecca
accgtggcct
agcaagcaga
tggaagagce
accgtggcece

DSTYSL
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ctgggtcctc
tgagctgggt
tgtttgggac
actccacgag
attactgtgc
ccctggtcac
gcagcaagag
ccgagecegt
ccgceccgtgct
gcagcctggg
tggacaaacg
cceecgagcet
tcatgatcag
ccgagygtgaa
cccgggagga
aggactggct
ccatcgagaa
tgcecceecag
gcttctaccc
acaagaccac
ccgtggacaa
ccctgcacaa
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caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgaccatta
agcccaaggce
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

S
c

ggtgaaggtc
gcgacaggcc
aacaacctac
tacagectac
gagatctteg
cgtctcgagt
caccagceyggc
gaccgtgagc
gcagagcagc
cacccagacc
cgtggageccec
gctgggeyga
ccggaccecc
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
cceecectgtg
gagceyggtygy
ccactacace

MR OEHOY OO UOHK
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HeHEZ <dwndHsp=R

ggccaggatt
gaagccaggc
ccctgagecga
cgaagccggg
tgtecttegga
cgctececage
cctggtgtge
cagcagcccco
gtacgcecgee
cagctgccag
cagc
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SEQ ID NO:367
QSVVTQPPSESVAPGCTARITCGGHNIGSNSVHWY

K
R

Q0

1S5

EAGDEADYYCQVWGSSSDHYVFGTGTEKVTVLGAAAGDE

GQAPVLVVYDNSDRPSGIPERFSGSNSGNTATTLT

F
v

PKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTYV
AWKADSSPVEKAGVETTITTPSKQSNNEKYAASSYLSLTPES? O

WKSHRSYSCQVTHEGSTVEKTVAPTETCS



Table 1: First round Vkappa, Vlambda and VH amplifications
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Primer name Primer nucleotide sequence SEQ ID NO:
OK1 (HuvKlB) GAC ATC CAG WTG ACC CAG TCT CC 144
OKZ2 (HuVK2) GAT GTIT GTG ATG ACT CAG TCT CC 145
OK3 (HuVK2B2) GAT ATT GTG ATG ACC CAG ACT CC 146
OK4 (HuVK3B) GAA ATT GTG WTG ACR CAG TCT CC 147
OK5 (HuvVK53) GAA ACG ACA CTC ACG CAG TCT CC 148
OK6 (HuVK6) GAR ATT GTG CTG ACT CAG TCT CC 149
OCK (HucCkK) ACA CTC TCC CCT GTT GAA GCT CTT 150
OL1 (HuVL1la)* CAG TCT GTIG CTG ACT CAG CCA CC 151
QL1 (HuVL1B)* CAG TCT GTG YTG ACG CAG CCG CC 152
OL1 (HuVL1C)* CaG TCT GTC GTG ACG CAG CCG CC 153
QL2 (HuVL2B) CAG TCT GCC CTG ACT CAG CC 154
OL3 (HuVL3A) TCC TAT GWG CTG ACT CAG CCA CC 155
OL4 (HuVL3B) TCT TCT GAG CTG ACT CAG GAC CC 156
OL5> (HuVL4B} CAG CYT GTG CTG ACT CAAa TC 157
0OL6 {HuVL5) CAG GCT GTG CTIG ACT CAG CCG TC 158
OL7 (HuvLo) RAT TTT ATG CTG ACT CAG CCC CA 159
QL8 (HuvL7/8) CAG RCT GTG GTG ACY CAG GAG CC 160
OLY9 {(HuvL9) # CWG CCT GTG CTG ACT CAG CCM CC 16l
OLY9 (HuvL1Q)# CAG GCA GGG CTG ACT CAG 162
OCL (HuCL2)}X TGA ACA TTC TGT AGG GGC CAC TG 163
OCL (HuCL7)X AGA GCA TTC TGC AGG GGC CAC TG 164
OHL (HuVH1B7A) + CAG RTG CAG CTG GTG CAR TCT GG 165
OH1 (HuVHIC)+ SAG GTC CAG CTG GTR CAG TCT GG 166
OH2 (HUVHZ2B) CAG RTC ACC TTG AAG GAG TCT GG 167
CH3 (HuvVH3A) GAG GTG CAG CTG GIG GAG 168
OH4 (HUVH3C) GAG GTG CAG CTG GTG GAG WCY GG 169
OH5 (HuVHA4B) CAG GTG CAG CTA CAG CAG TGG GG 170
0He (HuVHA4C) CAG STG CAG CTG CAG GAG TCS GG 171
OH7 (HUVHGAR) CAG GTA CAG CTG CAG CAG TCA GG 172
OCM (HuCIgM) TGG AAG AGG CAC GTT CTT TTC TTT 173

* Mix in 1:1:1 ratio
# Mix in 1l:1 ratio
¥ Mix in 1:1 ratio
+ Mix in 1:1 ratio
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Table 2: Second round Vkappa, Vlambda and VH amplifications

Primer name Primer nuclectide sequence SEQ ID NO

QK1S (HuVK1B-SAL} TGA GCA CAC AGG TCG ACG GAC ATC CAG 174
WIG ACC CAG TCT CC

0K25 (HuvK2-SAL) TGA GCA CAC AGG TCG ACG GAT GTT GTG 175
ATG ACT CAG TCT CC

QK33 (HuVK2B2-SAL) TGA GCA CAC AGG TCG ACG GAT ATT GTG 176
ATG ACC CAG ACT CC

QK4S (HuVK3B-SAL} TGA GCA CAC AGG TCG ACG GAA ATT GTG 177
WTG ACR CAG TCT CC

QKS5S (HuVKS-SAL) TGA GCA CAC AGG TCG ACG GAA ACG ACR 178
CTC ACG CAG TCT CC

QK65 (HuVK6-SAL) TGA GCA CAC AGG TCG ACG GAA ATT GTG 179
CTG ACT CAG TCT CC

OJK1 (HuJK1-NOT) GAG TCAR TTC TCG ACT TGC GGC CGC ACG 180
TTT GAT TTC CAC CTT GGT CCC

OJK2 (HuJK2-NCT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 181
TTT GAT CTC CAG CTT GGT CCC

QOJK3 (HuJK3-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 182
TTT GAT ATC CAC TTT GGT CCC

OJK4 (EuJK4-NQT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 183
TTT GAT CTC CAC CTT GGT CCC

QJK5 (HuJK5-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 184
TTT AAT CTC CAG TCG TGT CCC

CL1S (HuVL1A-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTG 185
CTG ACT CAG CCA CC

QL1S (HuVL1B-SAL}* TGA GCA CAC AGG TCG ACG CAG TCT GTG 186
YTG ACG CRG CCG CC

QL1lS (HuVL1C-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTC 187
GTG ACG CAG CCG CC

OLZS (HuVLZB-SAL) TGA GCA CAC AGG TCG ACG CAG TCT GCC 188
CTG ACT CAG CC

0L38 (HuVL3A-SAL) TGA GCA CAC AGG TCG ACG TCC TAT GWG 189
CTG ACT CAG CCA CC

OL4S (HuvVL3B-SAL) TGA GCA CAC AGG TCG ACG TCT TCT GAG 120
CTG ACT CAG GAC CC

OL58 (HuVL4B-SAL) TGA GCA CAC AGG TCG ACG CAG CYT GTG 191
CTG ACT CAA TC

QL6S (HuVL5-SAL) TGA GCA CAC AGG TCG ACG CAG GCT GTG 192
CTG ACT CAG CCG TC

OL7S (HuVL6-SAL) TGA GCA CAC AGG TCG ACG AAT TTIT ATG 193
CTG ACT CAG CCC CAa

QL8S (HuvL7/8-SAL) TGA GCA CAC AGG TCG ACG CAG RCT GTG 194
GTG ACY CAG GAG CC

0OL9S (HuvVLS9-SAL) 4 TGA GCA CARC AGG TCG ACG CWG CCT GTG 195
CTG ACT CAG CCM CC

QOL9S (HuvL10-SAL)# TGA GCA CAC AGG TCG ACG CAG GCA GGG 196
CTG ACT CAG

OJL1 (HuJL1-NOQT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 197
TAG GAC GGT GAC CTT GGT CCC

0JLZ2 (HuJLZ2/3-NQT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 198
TAG GAC GGT CAG CTT GGT CCC

0JL3 (HuJL7-NQT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 199

GAG

GAC GGT CAG CTG GGT GCC




122

CH1S (HuVHIB-SFI)+ GTC CTC GCA ACT GCG GCC CAG CCG GCC 200
ATG GCC CAG RTG CAG CIG GTG CAR TCT GG

OH1S (HuVH1C-SFI)~+ GTC CTC GCA ACT GCG GCC CAG CCG GCC 201
ATG GCC SAG GTC CAG CIG GTR CAG TCT GG

OB2S8 (HuVH2B-SFI) GTC CTC GCAR ACT GCG GCC CAG CCG GCC 202
ATG GCC CAG RTC ACC TTG ARG GAG TICT GG

OH35 (HuVH3A-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 203
ATG GCC GAG GTG CAG CTG GTIG GAG

OH4S (HuVH3C-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 204
ATG GCC GAG GTG CAG CTG GTG GAG WCY GG

OH3S5 (HuVH4B-SFI} GTC CTC GCA ACT GCG GCC CAG CCG GCC 205
ATG GCC CAG GTG CAG CTA CAG CAG TGG GG

OH6S (HuVBAC-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 206
ATG GCC CAG STG CAG CIG CAG GAG TCS GG

QOH7S (HuvVH6A-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 207
ATG GCC CAG GTA CAG CTG CAG CAG TCA GG

0JH1 (HuJH1/2-XHO) GAG TCA TTC TCG ACT CGA GAC RGT GAC 208
CAG GGT GCC

0JH2 (HuJH3-XHO} GAG TCA TTC TCG ACT CGA GAC GGT GAC 209
CAT TGT CCC

OJH3 (HuJH4/5-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC 210
CAG GGT TCC

0OJH4 (HuJHE6-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC 211
CGT GGT CCC

* Mix in 1:1:1 ratic
# Mix in 1:1 ratio
+ Mix in 1:1 ratio
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Table 3. Second round VL regions amplification overvicw

Template | 57 37 Product Share in | Pool Share in
primer primer PK/PL (%) VL (%)
OK1Ss OJK1 K1.J1 25
QK13 OJK2 K1J2 25

Kl QK15 OJK3 K1J3 10 PK1 30
OK1S3 OJK4 K1J4 25
OK1S OJK5 K1J5 15
OK253 OJK1 K2J1 25
QK23 QJK2 K2J2 25

K2 QK28 OJK3 K2J3 10 PK2 q
OK28 OJK4 K2.J4 25
OKZ2S OJK5 K2J5 15
OK35 OJK1 K3J1 25
OK35 QJK2 K3.J2 25

K3 OK3S OJK3 K3J3 10 PK3 1
OK3S OJK4 K3J4 25
OK3S OJK5 K3J5 15
OK4S OJK1 K4J1 25
QK4S OJK2 K4J2 25

K4 QK43 OJK3 K4.J3 10 PK4 19
OK4S OJK4 K4J4 25
OK4S OJK5 K4J5 15
QK55 OJK1 K5J1 25
QK53 OJK2 K5J2 25

K5 QK58 OJK3 K5J3 10 PK5 1
QK558 CJK4 K574 25
OK5S OJKS K5J5 15
OK6S OJK1 K6J1 25
OK6S OJK2 K6J2 25

K& QK63 OJK3 K6J3 10 PK6 5
QK685 OJK4 K6J4 25
QK65 OJKS K6J5 15
QOLl1S OJLl L1J1 30

Ll 0OL1S CJL2 L1J2 60 PL1 14
QOL1S OJL3 L1J3 10
QL2S QJLl L2J1 30

L2 QL23 OJL2 L2J2 1 PL2 10
QL2S OJL3 L2J3 10
QL3S OJLl L3J1 30

L3 QL3S OJL2 L3J2 60 PL3 10
QL3S OJL3 L3J3 10
0143 OJL1 L4J1 30

L4 QL4S OJL2 L4J2 60 PL4 1
QL45 QJL3 L4J3 10
QLSS OJLl L5J1 30

L5 QL5S OJL2 L5J2 60 PLS 1
QLSS OJL3 L5J3 10
OL6S OoJLl L6J1 30

L6 OL6&S oJL2 L6J2 60 PL& 1
0L6S OJL3 L6J3 10
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OL7S OJL1 L7J1 30

L7 QL7S 0JLZ L7J2 60 PL7 1
QL73 QJL3 L7J3 10
OL8S 0JL1 L8J1 390

L8 OL8S OJL2 L8J2 60 PL8 1
0L8S OJL3 L8J3 10
OLSS OJL1 L9J1 30

LS OLSS OJL2 LaJz 00 PL9 1
OLS3 OJL3 L9J3 10

VL 100%
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Table 4. Sccond round VH regions amplification overview

Template 57 3 Product Share in | Pool Share in

primer primer PK/PL VH (%)
(%)

OH1S OJH1 H1J1 10
OH1S OJH2 H1J2 10

H1 OHLS OJH3 H1J3 60 PH1 25
QH1S 0JH4 H1J4 20
CHZS 0JH1 H2J1 10
QHZ2S OJH2 H2J2 10

HZ2 QH2S OJH3 H2J3 60 PH2 2
OHZS OJH4 H2J4 20
QH3S QJH1 H3J1 10
QH3S QJH2 H3J2 10

H3 OH3S OJH3 H3J3 60 PH3 25
OH3S OJHA B3J4 20
QH4S OJH1 H4J1 10
OH4S OJH2 HAJ2 10

H4 QOH4S OJH3 H4J3 60 PH4 25
QH4S OJH4 H4J4 20
QHE5S OJH1 H5J1 10
QH55 OJH2 H572 10

H5 QH58 OJH3 H503 60 PH5 2
OH5S8 OJH4 H5J4 20
QOHBS OJH1 H6J1 10
QH6S OJH2 H6J2 10

H6 QH6S OJH3 H6J3 60 PHG 20
OH6S OJHA4 HeJ4 20
QH7S 0OJH1 H7TJ1 10
OHTS OJH2 H7J2 10

H7 QH73 OJH3 E7J3 60 PH7 1
OHTS OJH4 H7J4 20

VH 100%

Table 5: Characteristics of the individual IgM memory B cell libraries.

IgM memory libraries

Donor Cells Libraries
%

Total |memory

PBL B Size | % Insert

{x10°) | cells | (x10%) | frequency |3 ORF|% Unique
Individual 1 3 96 74 98
Individual 2 72.5 1.7 5 98 79 98
Individual 3 67.5 1.4 3 96 79 98
Individual 4 132.5 2.3 6 98 69 99




Table 6: Data of the HA-specific single-chain Fvs.
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V1 145-252)

Name SEQ ID NO SEQ ID NO VH-locus VI-locus
{nucl (amino acid
SCEv
segquence) sequence) ¥
5C06-141 212 213 VH1 (1-18) VKIV (B3)
(Vvh 1-115;
V1 132-245)
SC06-255 115 116 VE1l (1-69) VL1l (V1-16)
(vh 1-121;
V1 138-248)
5C06-257 117 118 VHI (1-69) VL2 (V1-4)
(Vvh 1-121;
V1 138-248)
8C06-260 119 120 VH1 (1-69) VL1 (V1-17)
(Vh 1-121;
V1 138-248)
SCo06-261 121 122 VH1 (1-69) VL1 (V1-19)
(vh 1-121;
V1 138-249)
SC06-262 123 124 VH1 (1-69) VEKI (A290)
{(Vh 1-120;
V1 137-245)
SC06-268 125 126 VH1 (1-69) VL3 (v2-1}
(Vh 1-120;
V1l 137-243)
SC06-272 214 215 VH1 (1-69) VL2 (V1-3)
(Vh 1-120;
V1 137-247)
5C06-296 216 217 VH1 (1-2) VKIII (A27)
(Vh 1-121;
V1 138-246)
5C06-301 218 219 VH1 (3-23) VKII (A3)
(vh 1-117;
V1 134-246)
5C06-307 127 128 VH3 (3-21) VKIII (227)
{(Vvh 1-122;
V1 139-246)
SC06-310 129 130 VH1 (1-69) VL3 (V2-14)
(Vvh 1-121;
V1 138-246)
5C06-314 131 132 VH1 (1-69) VL1 (V1-17)
{(vh 1-121;
V1 138-248)
5C06-323 133 134 VH1 (1-69) VKIII {(A27)
(Vh 1-120;
V1 137-245)
5C06-325 135 136 VH1 (1-69) VL2 {V1-4)
(Vvh 1-121;
V1 138-248)
SC06-327 220 221 VH1 (1-69) VL3 (V2-14)
(Vvh 1-121;
V1 138-246)
SC06-328 222 223 VH1 (1-69) VKIIT (az27)
{Vh 1-128;
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SC06-329 224 225 VH1 (1-69) VKIII (A27)
(Vh 1-121;

V1 138-246)
SC06-331 137 138 VH1 (1-69) VL3 (V2-14)
(Vh 1-120;

V1 137-245)
35C06-332 226 227 VH1 (1-69) VKI (&20)
(Vh 1-120;

V1 137-243)
3C06-334 228 229 VH1 (1-69) VL3 (V2-14)
{(Vh 1-120;

V1 137-245)
3C06-33¢6 230 231 VH1 (1-69) VKIII (A27}
(Vh 1-120;

V1 137-245}
5C06-339 232 233 VE1 (1-69) VL3 (V2-14)
(Vh 1-121:;

vl 138-24¢)
3CCe~-342 234 235 VH1 (1-69) VKIV (B3)
(Vh 1-126;

V1 143-258)
SC06-343 236 237 VH1 (1-69) VL3 (V2-14)
(Vh 1-120;

V1 137-245)
3C06-344 139 140 VH1 (1-69) VL1 (V1-13)
(Vh 1-123;

V1 140-250)

* between brackets the amino acids making up the heavy chain variable region (VH) and the

light chain variable region (VL) is shown
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Table 7: Data of the CDR regions of the H4 specific immunoglobulins. The SEQ ID NO is

given between brackets.

Name HCDR1 HCDRZ2 HCDR3 LCDR1 LCDR2 LCDR3
sclkv
SC06-141 [GYYVY WISAYNGNTNY [SRSLDV KSSQSVLYSSN [WASTRES [QQYYSTPLT
(238) AQKFQG (240) NENYLA {242) (243)
(239} (241)
S5C06-255 [SYAIS (1) |GIIPIFGTTKY |[HMGYQVRET |SGSTFNIGSNA |SNNQRPS |AAWDDILNV
APKFQG (2) |MDV (3) VD (4) (3) PV (6)
SC06-257 [SYAIS (1) [(GIIPIFGTTKY |HMGYQVRET |TGTSSDVGGYN |[EVSNRPS |SSYTSSSTY
APKFQG (2) |MDV (3) YVS (7) (8) v (9)
SC06-260 |SYAIS (1) |GIIPIFGTTKY [HMGYQVRET |SGSRSNVGDNS |KNTQRPS |(VAWDDSVDG
APKFQG (2) |MDV (3) VY (10} (11) YV (12)
5C06-261 |SYAIS (1) |GIIPIFGTTKY [HMGYQVRET |SGSSSNIGNDY |DNNKRPS |ATWDRRPTA
APKFQG (2) |MDV (3} Vs (13) (14) YVV (15)
S5C06-262 |GSAIS GISPLEGTTNY |GPKYYSEYM |RASQGISSYLA |DASTLRS |QRYNSAPPI
(16) AQKFQG (17) |DV (18} (19) (20) T (21)
SC06~268 |SYAIS (1) |GIMGMFGTTNY |SSGYYPEYFE |SGEKLGDKYVS |QDNRRPS |QAWDSSTAV
AQKFQG (22) |QD (23) (24) {25) (26)
SC06-272 |SYAIT GIIGMFGSTNY |STGYYEPAYL |TGTSSDVGGYN |DVSKRPS |SSYTSSSTH
(244) RAQNFQG HH (246) |YVS (247) (248) V (249)
(2453)
S5C06-296 |SYYMH WINPNSGGTNY |[EGKWGPQARA |RASQSVSSSYL |DASSRAT |QQYGSSLW
(250} AQKFQG FDI (252) |2 (253) {254} (255)
(251)
SC06-301 |ITYAMS AISSSGDSTYY |AYGYTFDP |RSSOSLLHSNG [LGSNRAS |MQALQTPL
(256} ADSVKG (258) YNYLD (258) | (260) (261)
(257)
3C06-307 |SYSMN SISSS3SYIYY |GGGSYGAYE |RASQRVSSYLA |GASTRAA |QQYGRTPLT
(27) VDSVKG (28) |GFDY (29) |(30) (31) (32)
SC06-310|SYAIS (1) |GIIPIFGTTKY |[HMGYQVRET |GGNNIGSKSVH |DDSDRPS |QVWDSSSDH
BPKFQG (2) [MDV (3) {33) (34) AV (33)
5C06-314 |SYRAIS (1) |GIIPIFGTTKY [HMGYQVRET |SGSSSNIGSNY |RDGQRPS |ATWDDNLSG
APKFQG (2) |MDV (3) VY (36) (37) PV (38)
SC06-323 |SYGIS DITGMFGSTNY |SSGYYPAYL |RASQSVSSSYL |GASSRAT |QQYGSSPRT
{39) AQNFQG (40) |PH (41) A (42) (43) (44)
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5C06-325 |FYSMS GIIPMFGTTNY |GDKGIYYYY [TGTSSDVGGYN |[EVSNRPS |[SSYTSSSTL
(45} RQKFQG (46) [MDV (47) YVs (1) (8) Vv (48)
S5C06-327 |THAIS GIIAIFGTANY |GSGYHISTP (GGNNIGSKGVH |DDSDRPS |(QVWDSSSDH
(262} AQKTFOG FDN (264) |(265) (260) VvV (267)
(263)
SC06-328 |GYAIS GIIPIFGTTNY |VKDGYCTLT |RASQSVSSSYL |GASSRAT |[QOOYGSSLT
{268) AQKFQG SCEVGWYFD |A (271) (272) (273)
(269} L (270)
SC06-329 [SNSIS GIFALFGTTDY |GSGYTTRNY [RASQSVSSNYL [GASSRAS [QQYGSSPLT
(274) AQKFQG FDY (276) |G (277) (278} (279)
(275)
SC06-331 [SYAIS (1) [GIIGMFGTANY |GNYYYESSL |GGNNIGSKSVH |DDSDRPS |QVWDSSSDH
AQKFQG (49) |IDY (50} {33) (34} YV (31)
8C06-332 |NFAIN GIIAVFGTTKY |GPEYYSSYM |[RASQGISTYIA |AASTLQS |QKYNSAPS
(280) AHKFQG DV (282) (283) (284) (285}
(281}
SC06-334 |SNAVS GILGVFGSPSY |GPTYYYSYM (GGNNIGRNSVH |DDSDRPS |(QVWHSSSDH
{286} AQKFQG Dv (288) {289) (290) YV (291)
(287)
8C06-336 |SYAIS GIFGMFGTANY [SSGYYPQYF |RASQSVSSSYL |GASSRAT (QQYGSSSLT
(292) AQKFQG QD (294) |A (295) (296} (297)
(293)
SC06-339 |SYAIS GIIAIFHTPKY |GSTYDF33G |GGNNIGS3KSVH [DDSDRPS |QVWDSSSDH
(298) AQKFQG LDY (300) |{301} {302) Vv (303)
(299)
SC06-342 |SYAIS GVIPIFRTANY |LNYHDSGTY |KSSQSILNSSN |[WASTRES |QQYYSSPPT
(304} RONFQG YNAPRGWFD |NENYLA (308} (309)
{3053} P (306) (307)
SC06-343 |YYRMS GISPMFGTTTY |SSNYYDSVY |GGHNIGSNSVH |DNSDRPS |QVWGSSSDH
{(310) AQKFQG DY (312) (313) (314) YV (315)
(311}
SC06-344 |INYAMS GIIAIFGTPKY |IPHYNFG3G |TGSSSNIGAGY |GNSNRPS |GTWDSSLSA
(32) AQKFQG (53) |SYFDY DVH (53) {56) IV (57}

(54)
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Table 8. Data of the HA-specific IgGs.

Name SEQ ID NO cof SEQ ID NO of SEQ ID NC of SEQ ID NO of
196G nucl. sequence amino acid nucl. sequence amino acid
heavy chain sequence?® light chain sequence*
heavy chain light chain
CR6141 316 317 318 319
(Vh 1-115) (V1 1-114)
CR6255 58 59 84 85
{vh 1-121) (vl 1-111)
CR6257 60 61 86 87
{(Vh 1-121) (V1 1-111)
CR6260 62 63 88 89
(Vh 1-121) (vl 1-111)
CR6261 64 65 20 91
{(Vh 1-121) (vl 1-112)
CR6262 66 67 92 93
(vh 1-120) (V1 1-109)
CR6268 68 69 94 95
(Vh 1-120) (vl 1-107)
CR6272 320 321 322 323
{(Vvh 1-120) (vl 1-111)
CR6296 324 325 326 327
(Vvh 1-121) (V1 1-109}
CR6301 328 329 330 331
(Vh 1-117) (V1 1-113)
CR6307 70 71 96 97
(Vvh 1-122}) (V1 1-108)
CR6310 72 73 98 929
{(Vvh 1-121) (V1 1-109)
CR6314 74 75 100 101
(Vh 1-121) (Vi 1-111)
CR6323 76 77 102 103
{vh 1-120) (V1 1-109)
CR6325 8 79 104 105
(Vh 1-121) (vl 1-111)
CR6327 332 333 334 335
(Vh 1-221) (V1 1-109)
CR6328 336 337 338 3339
{Vvh 1-128) (V1 1-108)
CR6329 340 341 342 343
{(Vh 1-121) (vl 1-109)
CR6331 80 81 106 107
(Vh 1-120) (V1 1-109)
CR6332 344 345 346 347
{(Vh 1-120) (V1 1-107)
CR6334 348 349 350 351
(Vvh 1-120) (V1 1-109)
CR6336 352 353 354 355
(Vvh 1-120) (V1 1-109)
CR6339 356 357 358 359
(Vh 1-121} (V1 1-109)
CR6342 360 361 362 363
(Vh 1-126) (V1 1-114)
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CR6343 364 365 366 367
(Vh 1-120) (V1 1-109)

CRrR6344 82 83 168 108
(Vh 1-123) (V1 1-111)

* between brackets the amino acids making up the heavy chain variable

region (VH)

and the light chain variable region (VL)

is shown

Table 9. Binding of 1gGs to HA (H5N1TV)-expressing PER.C6 cells.

HA (HBN1TV)-expressing PER.C®

Control PER.C& cells

cells
Antibody | 10 pg/ml 1 pg/ml 0.1 pg/ml | 10 pg/ml 1 ng/ml 0.1 pg/ml
CR6255 414,18 257.13 60.43 3.16 2.64 2.48
CR6257 365,17 283.87 62.08 2.59 2.44 2.53
CR6260 323.42 168.49 31.06 5.42 3.34 2.57
CR6261 330.77 278.81 85.82 29.43 13,22 3.89
CR6262 84,29 20.91 8.06 2.71 2.53 2.48
CR6268 421.70 218.70 43.71 3.82 2.74 2.50
CR6307 484.78 266.55 82.42 4,87 3.02 2.48
CR6314 399.54 166.98 44,51 5.99 3.49 2.64
CR6323 445,08 116.52 33.38 5.05 2.92 2.71
CR6325 478.29 239.28 64.36 4,00 3.11 2.57
CR6344 768.25 328.16 106.65 80.90 26.33 10.17
CR3014 13.10 10.00 6.21 3.11 2.69 2,55
CR6310* 597.04 290.93 80.91 14,92 6.05 4.42
CRG6331* 421.14 165.43 41.04 7.87 4,59 4.55
CR3014* 9.15 7.95 10.51 4.74 4,12 4.57

* Indicates FACS analyses that were performed in a separate experiment
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Table 10. Potency of the anti-HA antibodies in the neutralizing antibody titer assay.

Antibody Concentration (pg/ml)
CR6255 25
CR6257 12,5
CR6260 12.5
CR6261 12.5
CRG262 100
CR6268 50
CR6307 50
CR6314 12.5
CR6323 50
CRG325 12.5
CR6344 25
CR6310 25
CR6331 100
CR4028 -*

*At 50 pg/mi no neutralization was observed

Table 11. Potency of the anti-HA antibodies in the neutralizing antibody titer assay.

Antibody Concentration (pg/ml)
CR6255 3.12
CR6257 1.56
CR6260 3.12
CR6261 0.78
CR6262 25
CR6268 6.25
CR&272 -
CR6307 25
CR6310 6.25
CR6314 3.12
CR6323 6.25
CR6325 6.25
CR6327 6.25
CR6328 25
CR6329 3.12
CR6331 25
CRG332 12.5
CR6334 6.25
CR6336 25
CR63392 -
CR6342 6.25
CR6343 50
CR6344 25

- means at 100 pg/ml no neutralization was observed
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Table 12. Cross-reactivity of anti-HSN1 IgGs to HA molecules of different HA subtypes as
measured by ELISA (OD 492nm). ND: Not determined

BPL-inact. BPL-inact.
A/NC/20/99 NIBRG14
H1 H3 H5 H7 H9 (HIN1) (HS5N1)
CR6255 1.91] 0.08 1.44 0.22 1.97 1.38 1.18
CR6257 | 1.83 | 0.08 | 1.37 0.16| 2.06 1.34 1.21
CR6260 | 1.88 | 0.08 1.45 0.19 2.00 1.34 1.17
CR6261 | 2.04 | 0.07 1.44 0.31 2.32 1.46 1.41
CRE262 | 1.48 | 0.08 | 1,02 Q.17 1.93 0.51 0.35
CR6268 [ 1.78 | 0.08 1.30 0.15 2.16 1.39 1.13
CRG6272 | 0,81 [ 0.07 0.58 0.15 0.96 0.92 0.79
CR6307 [ 0.22 [ 0.11 0.92 0.22 0.17 0.23 0.50
CRrR6310 [ 1.92 | 0.08 1.37 0.18 2.17 1.31 1.00
CR6314 1.93| 0.07 1.48 0.25 2,21 1.37 1.42
CR6323 [ 2.32] 0.07 1,89 0.15 2.27 1.40 0.93
CR6325 | 1.42 | 0.07 1.30 0.17 2.04 1.09 1.20
CR6327 1,75 | 0.08 1.11 0.14 1.93 1.16 0.73
CR6328 | 2.43 | 0.07 1.78 0.16 2.38 1.39 0.98
CRE329 [ 1.98 | 0.08 1.43 0.17 2.16 1,04 1.01
CR6331 1.75| 0.06 1.32 0.16 2,02 1.25 0.92
CR6332 | 2.20 | 0.15 1.65 0.26 2.11 1.20 1.11
CR6334 | 2.04 [ 0.07 1.12 0.15 1.82 1.13 0.91
CR6336 | 1.92 | 0.10 1.41 0.18 2.02 1.09 0.94
CR6339 | 1.25 | 0.07 0.81 0.14 1.96 0.94 0.50
CR6342 1.99] 0.09 1.25 0.17 2.13 1.32 0.90
CR6343 | 1.28 | 0.07 0.76 0.15 1.88 0.91 0.64
CR6344 1.80 ] 0.09 1.31 0.18 2.15 1.31 0.96
CR5111 0.08 | 0.07 1.57 0.15 0.17 0.09 0.81
CR3014 0.08 | 0.07 0.09 0.17 0.16 0.09 0.11
No IgG | 0.13 ] 0.08 0.09 0.15 0.16 0.09 0.14
Sheep
anti-
HS ND ND ND 0.90 2.07 2.62 2.93
Table 13. Epitope mapping of human anti-HA antibodies.
HAl HA2 CR5111 | CRE342 | CR6307 | CR6261
C179 CR6323 | CR6325
CR6329
H5N1TV TGLRN GVINKVNSIIDK + + + +
Mutant I K-——= | ————————— + - + +
Mutant 11 | ----- | —--=-- E--———- + - + -
Mutant III -—M-—- | - - + + +
Mutant IV [ ===== | —==———= R——- + - +
Mutant V.. [ ===== | —————————- N- + + +
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Table 14. Clinical scores of mice pre-treated with antibody, followed by a lethal challenge with H5N1 influenza virus

Number of mice showing clinical signs®
Study day

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
0O 0 0 O 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
0

]
Y

Group ID Ab-dose (mg/kg)

1 CR6261-15
CR6261-5
CR6261-2
CR6261-0.7
CR6323-15
CR6325-15
RaH5N3
CR3014-15

w -~ DU b
OO 000000
[=n I s [ en o o I o e e Y ) (Y
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135

Table 15. Respiratory distress of mice pre-treated with antibody, followed by a lethal challenge with H5N1 influenza virus

Number of mice showing respiratory distress®

Study day

1
-

Group ID Ab-dose (mg/kg) 7 8 g 10 11 12

-—
[}
-
=]
-
~J
—_—
w

19 20 21

CR6261-15
CR6261-5
CR6261-2
CR6261-0.7
CR6323-15
CR6325-156
RaH5N3
CR3014-156
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Table 16. Clinical scores of mice infected with H5SN1 virus and treated with antibody at different time points post-infection

Number of mice showing clinical signs®

Study day
Group ID Time interval p.i. -1 0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21
1 4 h 0 0 0 0 o] 0 09 0/9 09 09 09 09 09 09 09 09 05 09
2 1d 0 o] 0 0 0 0 0 o] 0 0 0 0 0
3 2d 0 0 0 0 0 0 0 0 0 Q
4 ad 0 0 0 0 0 o] 0 0 0 0
5 CR2006 0 0 0 o] 0 0 0 0 0 0
? with 14 mice in groups 2 and 5 until day 6 p.i.
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Table 17. Respiratory distress of mice infected with HSN1 virus and treated with antibody at different time points post-infection

Number of mice showing respiratory distress®

Study day
Group ID  Time interval p.i. -1 0 1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 4h ¢ 0 0 ¢ 0 ©O ¢ 0 0 0 0 o0 0 0 0 O 0 0 0 0 0
2 1d ¢ 0 0 ¢ 0 0 c o ¢ ¢ 0o 0 O 0O 0o O O O 0 O
3 2d 0 0 0 0 0 O 0 0 o o0 0 ¢ O 0 0 O o 0 0 0O
4 3d 0o ¢ 0o 0 o0 O ¢ ¢ 0 0 0 0 0 0 o
5 CR2006 0 0 o 0 0 O 0 0 o 0 0o o 0 0 O 0 0 0 o
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Table 18. Mortality of mice infected with H5N1 virus and treated with antibody at different time points post-infection

Number of living mice on each study day

Study day
Group IO Time interval p.i. -1 0 1 2 3 4 5§ 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21
1 4h 10 10 10 10 10 10 10 10 10 10 0 9 9 9 9 9 9 9 9 g 9 9 9
2 1d 10 10 10 10 10 f0 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 2d 10 10 10 10 10 10 10 10 10 10 tO 10 10 10 10 10 10 10 #0 10 10 10 10
4 3d 10 10 10 10 10 10 0 10 10 10 10 10 10 10 10 {0 10 10 0 10 10 10 10
5 CR2006 0 10 10 10 10 10 10 410 6 4 O O O O O O O O O O©0 O 0O O




139

Table 19. Mortality of mice infected with HIN1 virus and treated with antibody at different time points prior- and post-infection

Number of living mice on each sludy day

Study day
Timeintervalpi. -1 O 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
-1d % 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
1d 0 0 9 9 9 9 9 9 9 9 9 9 9 g g g 8 9 9 9 9 9 9
2d i 10 ¢ ¢ 9 9 8§ § § 8 88 8 8 8 8 B 8 8 8 8 8 8 8
3d " 10 0 10 10 10 10 8 9 B8 8 8 8 8 8 B B 8 8 8 8 8 8
conlrol 0 10 10 10 10 10 10 40 5§ 2 0 O 0O O O O O O 0O O O 0 0
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Table 20. Clinical scores of mice infected with HIN1 virus and treated with antibody at different time points prior- and post-infection

Number of mice showing clinical signs®
Study day

GroupID  Time interval p.i. -1 0 1 2 3 4 5 6 7 8 2 10 11 12 13 14 15 16 117 18 19 20 21
6 d-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 d 0 0 0 0 0 0 0 0 0 0 0
9 dz 0 0 0 0/8 0/8 0/8 0/8 0O/8 0O/8 0/8
8 d3 0 0 0 S0/8 0/8 0/8 0/8 0/8 0/8 0/B
7 control 0 0 0

®with 9 mice in the 1d and 2d p.l. treatment groups
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Table 21. Respiratory distress of mice infected with HIN1 virus and treated with antibody at different time points prior- and post-
infection

Number of mice showing respiratory distress®
Study day

Time interval p.i. -1 0 1 2 3 4 5 [ 7 8 g 100 M1 12 13 14 15 16 17 18 19 20 21
-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 1] 0
1d 0 0 0 o o0 0 0 0O O O O O 0 0 0 0
2d 0 0 0 0 0 0 0 0 0 0 0 0
3d 0 0 0 0 0 0 0 0 0 0 0 0
cld 0 0 o0

“ascoreof2or3
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Table 22. Sequence of HA2 cpitope in different influenza subtypes. The underlined amino

acid represents the valine (V) -> glutamic acid (E) substitution in the H2N2 escape mutant

(mutant II; Table 13)

HAZ

SEQ ID NO:

H5N1:
A/Vietnam/1203/2004

GVTNKVNSIIDK

368

H5N1:
A/Hong Kong/156/97

GVTNKVNSIINK

369

H5NZ2 :
A/mald/PA/84

GVINKVNSIIDK

368

HIN1:

A/PR/8/34

A/South Carolina/1/1918
A/WSN/33

A/New Caledonia/20/99
A/Bangkok/10/83
A/Yamagata/120/86

GITNKVNSVIEK

372

H2NZ:
A/Qkuda/57
A/Kumamoto/1/65
A/Korea/426/68
A/Izumi/5/65

GITNKVNSVIEK

372

H2N2:
A/TIzumi/5/65 (R)

GITNKENSVIEK

373

H6ENZ ;
A/Mallard/Netherlands/16/99

GITNKVNSIIDK

374

HO9N2Z2:
A/Hong Kong/1073/99

KITSKVNNIVDK

375

H3N2:
A/hichi/2/68

QINGKLNRVIEK

376

H3NZ2:
A/Fukuoka/C29/85

QINGKLNRLIEK

377
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CLAIMS

An isolated binding molecule capable of recognizing and binding to an epitope in the
HAZ2 subunit of the influenza haemagglutinin protein (HA), characterized in that said
binding molecule has neutralizing activity against an influenza virus comprising HA
of the HS subtype, such as H5N1, H5N2, HSN8, and H5N9, and in that said binding
molecule comprises the VH germline VH1-69.

A binding molecule according to claim 1, wherein said binding molecule also has
neutralizing activity against an influenza virus comprising HA of the H1 subtype,
such as HIN, and preferably wherein said binding molecule also has neutralizing

activity against an influenza virus comprising HA of the H2, H6 and/or H9 subtype.

. A binding molecule according to claim 1, wherein said epitope in the HA2 subunit is

selected from the group consisting of amino acid sequence:
GVTNKVNSIIDK (SEQ ID NO:368),
GVTNKVNSIINK (SEQ ID NO:369),
GVTNKENSIIDK (SEQ ID NO:370),
GVTNKVNRIIDK (SEQ ID NO:371),
GITNKVNSVIEK (SEQ ID NQ:372),
GITNKENSVIEK (SEQ ID NQ:373),
GITNKVNSIIDK (SEQ ID N(Q:374), and
KITSKVNNIVDK (SEQ ID NO:375).

i T

A binding molecule according to claim 1, wherein the binding molecule is selected
from the group consisting of:

a) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:2, and a heavy chain CDR3 region of SEQ
ID NO:3,
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b) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:16, a
heavy chain CDR2 region of SEQ ID NO:17, and a heavy chain CDR3 region of SEQ
ID NO:18,

¢) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:22, and a heavy chain CDR3 region of SEQ
ID NO:23,

d) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:39, a
heavy chain CDR2 region of SEQ ID NO:4(, and a heavy chain CDR3 region of SEQ
ID NO:41,

e) a binding molecule comprising a heavy chain CDR1 region of SEQ ID N(Q:45, a
heavy chain CDR2 region of SEQ ID NQ:46, and a heavy chain CDR3 region of SEQ
IDNO:47,

h) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NQ:1, a
heavy chain CDR2 region of SEQ ID NQ:49, and a heavy chain CDR3 region of SEQ
ID NO:50,

i) a binding molecule comprising a heavy chain CDR 1 region of SEQ ID NQ:52, a
heavy chain CDR2 region of SEQ ID NO:53, and a heavy chain CDR3 region of SEQ
ID NO:54,

j) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NQ:262, a
heavy chain CDR2 region of SEQ ID NO:263, and a heavy chain CDR3 region of
SEQ ID NO:264,

k) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:268, a
heavy chain CDR2 region of SEQ ID NO:269, and a heavy chain CDR3 region of
SEQ ID NO:270,

1) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:274, a
heavy chain CDR2 region of SEQ ID NO:275, and a heavy chain CDR3 region of
SEQ ID NO:276,

m) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:280, a
heavy chain CDR2 region of SEQ ID NO:281, and a heavy chain CDR3 region of
SEQ ID NO:282,
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n} a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:286, a
heavy chain CDR2 region of SEQ ID NO:287, and a heavy chain CDR3 region of
SEQ ID NO:288,

0) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:292, a
heavy chain CDR2 region of SEQ ID NO:293, and a heavy chain CDR3 region of
SEQ ID NO:294,

p) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:304, a
heavy chain CDR2 region of SEQ ID NO:305, and a heavy chain CDR3 region of
SEQ ID NO:306, and

q) a binding molecule comprising a heavy chain CDR] region of SEQ ID NO:310, a
heavy chain CDR2 region of SEQ ID NO:311, and a heavy chain CDR3 region of
SEQ ID NO:312.

. A binding molecule according to claim 4, wherein , wherein the binding molecule is
selected from the group consisting of a binding molecule comprising a heavy chain
CDRI region of SEQ ID NO:1, a heavy chain CDR2 region of SEQ ID NO:2, and a
heavy chain CDR3 region of SEQ ID NO:3; and a binding molecule comprising a
heavy chain CDR 1 region of SEQ ID NO:39, a heavy chain CDR2 region of SEQ ID
NO:40, and a heavy chain CDR3 region of SEQ ID NO:41.

. A binding molecule according to claim 1, wherein the binding molecule is selected
from the group consisting of:

a} a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:2, a heavy chain CDR3 region of SEQ ID
NO:3, alight chain CDR1 region of SEQ ID NO:4, a light chain CDR2 region of SEC
ID NO:5, and a light chain CDR3 region of SEQ ID NO:6,

b} a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:2, a heavy chain CDR3 region of SEQ ID
NO:3, a light chain CDR1 region of SEQ ID NQO:7, a light chain CDR2 region of SEC
ID NO:8, and a light chain CDR3 region of SEQ ID NO:9,
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c) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:2, a heavy chain CDR3 region of SEQ ID
NO:3, a light chain CDR1 region of SEQ ID NO:10, a light chain CDR2 region of
SEQ ID NO:11, and a light chain CDR3 region of SEQ ID NO:12,

d) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:2, a heavy chain CDR3 region of SEQ ID
NO:3, a light chain CDRI1 region of SEQ ID NO:13, a light chain CDR2 region of
SEQ ID NO:14, and a light chain CDR3 region of SEQ ID NO:15,

¢) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:16, a
heavy chain CDR2 region of SEQ ID NO:17, a heavy chain CDR3 region of SEQ ID
NO:18, a light chain CDR1 region of SEQ ID NO:19, a light chain CDR2 region of
SEQ ID NO:20, and a light chain CDR3 region of SEQ ID NO:21,

f) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:22, a heavy chain CDR3 region of SEQ ID
NO:23, a light chain CDR1 region of SEQ ID NO:24, a light chain CDR2 region of
SEQ ID NO:25, and a light chain CDR3 region of SEQ ID NO:26,

g) a binding molecule comprising a heavy chain CDRI1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:2, a heavy chain CDR3 region of SEQ ID
NO:3, alight chain CDR1 region of SEQ ID NO:33, a light chain CDR2 region of
SEQ ID NO:34, and a light chain CDR3 region of SEQ ID NO:35,

h) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:2, a heavy chain CDR3 region of SEQ ID
NO:3, a light chain CDRI1 region of SEQ ID NO:36, a light chain CDR2 region of
SEQ ID NO:37, and a light chain CDR3 region of SEQ ID NO:38,

i) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:39, a
heavy chain CDR2 region of SEQ ID NO:40, a heavy chain CDR3 region of SEQ ID
NO:41, alight chain CDR1 region of SEQ ID NO:42, a light chain CDR2 region of
SEQ ID NO:43, and a light chain CDR3 region of SEQ ID NO:44,

j) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:45, a
heavy chain CDR2 region of SEQ ID NO:46, a heavy chain CDR3 region of SEQ ID
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NO:47, a light chain CDRI1 region of SEQ ID NO:7, a light chain CDR2 region of
SEQ ID NO:8, and a light chain CDR3 region of SEQ ID NQ:48,

k) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:1, a
heavy chain CDR2 region of SEQ ID NO:49, a heavy chain CDR3 region of SEQ ID
NO:50, a light chain CDR1 region of SEQ ID NO:33, a light chain CDR2 region of
SEQ ID NQ:34, and a light chain CDR3 region of SEQ ID NO:51,

1) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:52, a
heavy chain CDR2 region of SEQ ID NQ:53, a heavy chain CDR3 region of SEQ ID
NO:54, a light chain CDR1 region of SEQ ID NO:55, a light chain CDR2 region of
SEQ ID NQ:56, and a light chain CDR3 region of SEQ ID NO:57,

m) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:262, a
heavy chain CDR2 region of SEQ ID NO:263, a heavy chain CDR3 region of SEQ ID
NQO:264, a light chain CDR1 region of SEQ ID NO:265, a light chain CDR2 region of
SEQ ID NQ:266, and a light chain CDR3 region of SEQ ID NO:267,

n) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NQ:268, a
heavy chain CDR2 region of SEQ ID NQ:269, a heavy chain CDR3 region of SEQ ID
NOQ:270, a light chain CDR1 region of SEQ ID NQ:271, a light chain CDR2 region o1
SEQ ID NO:272, and a light chain CDR3 region of SEQ ID NO:273,

0) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:274, a
heavy chain CDR2 region of SEQ ID NO:275, a heavy chain CDR3 region of SEQ ID
NQ:276, a light chain CDR1 region of SEQ ID NO:277, a light chain CDR2 region of
SEQ ID NO:278, and a light chain CDR3 region of SEQ ID NO:279,

p) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:280, a
heavy chain CDR2 region of SEQ ID NQO:281, a heavy chain CDR3 region of SEQ ID
NO:282, a light chain CDR1 region of SEQ ID NO:283, a light chain CDR2 region of
SEQ ID NO:284, and a light chain CDR3 region of SEQ ID NO:285,

q) a binding molecule comprising a heavy chain CDRI region of SEQ ID NQ:286, a
heavy chain CDR2 region of SEQ ID NO:287, a heavy chain CDR3 region of SEQ 1D
NQ:288, a light chain CDRI region of SEQ ID NQ:289, a light chain CDR2 region of
SEQ ID NQ:290, and a light chain CDR3 region of SEQ ID NO:291,
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r) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:292, a
heavy chain CDR2 region of SEQ ID NO:293, a heavy chain CDR3 region of SEQ ID
NO:294, a light chain CDR1 region of SEQ ID NO:295, a light chain CDR2 region of
SEQ ID NO:296, and a light chain CDR3 region of SEQ ID NO:297,

s) a binding molecule comprising a heavy chain CDRI1 region of SEQ ID N(O:304, a
heavy chain CDR2 region of SEQ ID NO:305, a heavy chain CDR3 region of SEQ ID
NO:306, a light chain CDR1 region of SEQ ID NO:307, a light chain CDR2 region of
SEQ ID NO:308, and a light chain CDR3 region of SEQ ID NO:309, and

t) a binding molecule comprising a heavy chain CDRI1 region of SEQ ID NO:310, a
heavy chain CDR2 region of SEQ ID NO:311, a heavy chain CDR3 region of SEQ ID
NO:312, a light chain CDR1 region of SEQ ID NO:313, a light chain CDR2 region of
SEQ ID NO:314, and a light chain CDR3 region of SEQ ID NO:315.

. A binding molecule according to claim 6, wherein the binding molecule is selected
from the group consisting of a binding molecule comprising a heavy chain CDR1
region of SEQ ID NO:1, a heavy chain CDR2 region of SEQ ID NO:2, a heavy chain
CDR3 region of SEQ ID NO:3, a light chain CDR1 region of SEQ ID NO:13, a light
chain CDR2 region of SEQ ID NO:14, and a light chain CDR3 region of SEQ ID
NO:15; and a binding molecule comprising a heavy chain CDR1 region of SEQ ID
NO:39, a heavy chain CDR2 region of SEQ ID NQ:40, a heavy chain CDR3 region of
SEQ ID NO:41, a light chain CDR1 region of SEQ ID NO:42, a light chain CDR2
region of SEQ ID NO:43, and a light chain CDR3 region of SEQ ID NO:44.

. A binding molecule according to any of the claims 1-7, wherein said binding

molecule is a human monoclonal antibody.

. A nucleic acid molecule encoding a binding molecule according to any one of claims

1-8.
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10. A binding molecule according to any one of claims 1-9 for use as a medicament and
preferably for the diagnostic, therapeutic and/or prophylactic treatment of influenza

infection.

11. A binding molecule according to claim 10, wherein said influenza infection is caused
by an influenza virus that is associated with a pandemic outbreak, or has the potential

to be associated with a pandemic outbreak.

12. A binding molecule according to claim 11, wherein said influenza virus strain that is
associated with a pandemic outbreak is selected from the group consisting of: HIN1,

H5N1, H5N2, H5N8, H5N9, an H2-based strain, and HON2.

13. A pharmaceutical composition comprising a binding molecule according to any one

of claims 1-8, and a pharmaceutically acceptable excipient.

14. Use of a binding molecule according to any one of claims 1-8 in the preparation of a
medicament for the diagnosis, prophylaxis, and/or treatment of an influenza virus

infection.



