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TITLE OF THE INVENTION

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

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 HSN1.

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
miliion people.

Currently, no effective vaccines for HSN1 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 H5N1 infections.

DESCRIPTION OF THE FIGURES

In Fig 1 immunoblot analysis of different hemagglutinins (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 HS (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 H1 (A/New Caledonia/20/99 (HIN1)) is shown. The
position where HAO, 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 micce 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 (example 13) wherein
mice were infected with a lethal dose of HSN1 influenza virus and treated at different time
points after infection (4 hr, 1, 2 and 3 days) with CR6261 anti-H5N monoclonal antibody, or
a non-related antibody CR2006 (administered at day 1 post-infection).

Fig 7 shows 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 weiglit at day 21 post-infection, although it depended on the time of treatment how fast
each group recovered.

Fig 9 shows the percentage of surviving animals in each group of a study wherein mice were
infected with a lcthal dose of HIN1 infiucnza virus and treated at different time points (1 day
prior-, 1, 2 and 3 days post-infection) with CR6261 anti-H5N1 monoclonal antibody, or a
non-related antibody CR57 (administered at day 1 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 ail 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
including monoclonal antibodies, such as chimeric, humanized or human monoclonal
antibodics, 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 scquence of at least 2, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80,
90, 100, 125, 150, 175, 200, or 250 contiguous amino acid residues of the amino acid
sequence of the binding molecule.

The term “binding molecule”, as used herein includes all immunoglobulin classes and
subclasses known in the art. Depending on the amino acid sequence of the constant domain of
their heavy chains, binding molecules can be divided into the five major classes of intact
antibodies: IgA, IgD, IgE, IgG, and IgM, and several of these may be further divided into
subclasses (isotypes), e.g., IgAl, IgA2, 1pG1, IgG2, 1gG3 and 1gG4.

Antigen-binding fragments include, inter alia, Fab, F(ab"), F(ab")2, Fv, dAD, 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 produced synthetically or by enzymatic 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 moleculcs 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 are 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 in vitro, not in vivo.

As used herein, the term “biological sample™ encompasses a variety of sample types,
including blood and other liquid samples of biological origin, solid tissue samples such as a
biopsy specimen or tissue cultures, or cells derived 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 denatured, 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, moleculc.

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 compcting for binding to the binding partner, e.g. HSN1,
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, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains
(e.g., asparagine, glutamine, serine, threonine, tyrosine, cysteine, fryptophan), 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 altematively, multiple nucleotides
may be inserted, deleted or changed at a single locus. In addition, one or more alterations may
be made at any number of loci within a nucleotide sequence. The mutations may be

performed by any suitable method known in the art.

The term “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

herem.

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 a human or human lymphocyte and

modified in some form. Thus, the human binding molecules may include amino acid residues



10

15

20

25

30

not encoded by human germline immunoglobulin sequences, comprise substitutions and/or
deletions {e.g., mutations introduced by for instance random or site-specific mutagenesis in
vitro or by somatic mutation ir 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 frec of other proteins or polypeptides, particularly frce 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
molccule in its natural host, e.g., ribosomecs, polymecrascs, or genomic scquences with which it
is naturally associated. Moreover, “isolated’” nucleic acid molecules, such as cDNA
molecules, can be substantially free of other cellular material, or culture medium when
produced by recombinant techniques, or substantially free of chemical precursors or other

chemicals when chemically synthesized.
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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.), pcndent moictics (e.g., polypeptides),
intercalators (e.g., acridine, psoralen, etc.), chelators, alkylators, and modified linkages (e.g.,
alpha anomeric nucleic acids, etc.). The above term 1s 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
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mimic polynuclcotides 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 cven when the binding partncer 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-iinked 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 H5N1.

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 are not limited to, plasmids, cosmids, bacterial
artificial chromosomes (BAC) and yeast artificial chromosomes (YAC) and vectors derived
from bacteriophages or plant or animal (including human) viruses. Vectors comprise an origin
of replication recognized by the proposed host and in case of expression vectors, promoter

and other regulatory regions recognized by the host. A vector containing a second nucleic acid
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molecule is introduced into a ccll by transformation, transfection, or by making usc 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 H5N1 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 H5S-,
H1-, H2-, H6- and H9 influenza based subtypes, such as H5N1, HIN1 and other influenza
strains that contain the HA protein with these particular epitopes. The invention also pertains
to nucleic acid molccules cncoding at lcast 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
H5NI1 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 H5SN1. Preferably, the
binding molecules are human binding molecules. Preferably, the binding molecules of the
invention exhibit neutralizing activity against influenza virus A subtype H5N1. In a further
aspect 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 influenza virus H5N1 strains of clade 1, clade 2 or clade 3. Phylogenctic
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 H5SN1 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 isolates 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, Tndonesia, 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/5/035, A/bar headed goose/Qinghai/1A/05,
A/turkey/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/discasc/avian_influenza/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, B-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 HSNI 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 H5N1 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 molcculc. 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 1s 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, dAb, Fd, complementarity
determining region (CDR) fragments, single-chain antibodies (scFv), bivalent single-chain
antibodies, single-chain phage antibodies, diabodies, triabodies, tetrabodies, and
(poly)peptides that contain at least a fragment of an immunoglobulin that is sufficient to
confer specific antigen binding to influenza virus H5N1 strains or a fragment thereof. In a
preferred embodiment the binding molccules 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 HSNI infection.

Typically, binding molecules according to the invention can bind to their binding
partners, i.e. influenza virus HSN1 or fragments thereof, with an affinity constant (Kg-value)
that is lower than 0.2x10 M, 1.0x10° M, 1.0x10° M, 1.0x107 M, preferably lower than
1.0x10™® M, more preferably lower than 1.0x10®° M, more preferably lower than 1.0x107° M,
even more preferably lower than 1.0x107" 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 1.0x107 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 II5N1
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 hacmagglutinin protein (HA),
charactenized 1n 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, H5N2,
H5N&, and H5N9. Particularly preferred are binding molecules that at least neutralize the
H5N1 influenza strain, Preferably, said binding moiecule 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 it 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 HA2 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 H1 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 HS5, 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 duc 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 NO:368), GVTNKVNSIINK (SEQ ID
NO:369), GVTNKENSIIDK (SEQ ID NO:370), GVTNKVNRIIDK (SEQ ID NO:371),
GITNKVNSVIEK (SEQ ID NO:372), GITNKENSVIEK (SEQ 1D NO:373),
GITNKVNSIIDK (SEQ ID NQO: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 H5N1, and are not hampered by a mutation in the TGLRN epitope
in HA that do influcnce the binding of C179. Moreover, some binding molccules, 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
HAZ2 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 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,

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 molccule comprising a heavy chain CDRI1 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 CDRI1 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 CDR1 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,
g) 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 ID NO:52, a heavy
chain CDR2 region of SEQ ID NO:53, and a heavy chain CDR3 region of SEQ ID NO:54,
1) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:262, a heavy
chain CDR2 region of SEQ ID NO:263, and a hcavy chain CDR3 region of SEQ 1D NO:264,
j) a binding molecule comprising a heavy chain CDRI1 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,
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 1D 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) 2 binding molecule comprising a heavy chain CDR1 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.
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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treatment of influcnza infection. In one aspect of such usc, 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, HSN1, 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 arc at risk. The invention provides binding
molecules 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 H1, an H2, an
HS5, 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 molecules according to the invention arc
characterized in that the human binding molecules are selected from the group consisting of:
a) 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: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 1D NO:6, b) a human binding molecule
comprising a heavy chain CDR1 region having the amino acid sequence of SEQ 1D 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 1D NO:3, a light chain CDRI 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:8, and a light chain CDR3 region having the amino acid
scquence of SEQ 1D NQO:9, ¢) a human binding molccule 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: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 ID NQ: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 CDR1 region having the amino acid sequence of SEQ ID NO:16, a
hcavy 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 heavy 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 CDR1 region having the amino acid sequence
of SEQ ID NO:24, a light chain CDR2 region having the amino acid sequence of SEQ 1D
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 ID 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 CDR1 region having the amino acid sequence of SEQ TD
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 1D NO:3, 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 ID NO:34, and a light chain CDR3 region having the amino
acid sequence of SEQ 1D NO:35, 1) 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 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, j) a human binding molecule comprising a heavy chain CDR1 region having the
amino acid sequence of SEQ ID 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 ID NO:43, and a
light chain CDR3 region having the amino acid sequence of SEQ 1D NO:44, k) a human
binding molecule comprising a heavy chain CDR1 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 CDRI1 region having thc 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 1D 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 ID 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 1D NQO:55, a light chain CDR2 region having the amino acid sequence of SEQ ID
NO:56, and a light chain CDR3 rcgion having the amino acid scquence of SEQ ID 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 CDR2 region having the amino acid sequence of
SEQ ID NO:263, a heavy chain CDR3 region having the amino acid sequence of SEQ 1D
NO:264, a light chain CDR1 region having the amino acid sequence of SEQ 1D NO:2653, 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 1D 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
CDR1 region having the amino acid sequence of SEQ ID NO:271, a light chain CDR2 region
having the amino acid sequence of SEQ 1D NO:272, and a light chain CDR3 region having
the amino acid sequence of SEQ ID NO:273, p) a human binding molecule comprising a
heavy chain CDR1 region having the amino acid scquence 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 ID 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 molcculc comprising a heavy chain CDRI1
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 CDR?2 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, 5) 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 amine 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 CDRI region having the amino acid sequence of SEQ 1D NO:304,
a heavy chain CDR2 region having the amino acid sequence of SEQ ID 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 NQ:309, u) a human binding molecule comprising a heavy chain
CDR1 region having the amino acid sequence of SEQ ID NO:310, a heavy chain CDR2
region having the amine acid sequence of SEQ ID NO:311, a heavy chain CDR3 region
having the amino acid sequence of SEQ ID NO:312, a light chain CDR1 region having the
amino acid sequence of SEQ ID NO:313, a light chain CDR2 region having the amino acid
sequence of SEQ 1D 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 1D NO:239, a heavy 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 NO:243,
w) a human binding molecule comprising a heavy chain CDRI 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
CDRI 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 1D 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
CDRI 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
scquence of SEQ ID NO:302, and a light chain CDR3 rcgion having the amino acid scquence
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 moleculcs
of the invention are shown in Table 7. CDR regions are according to Kabat et 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
VH1-69 (see Tomlinson IM, Williams SC, Ignatovitch O, Corbett ST, 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 1D 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 N0:333, SEQ TD 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 1D NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID N0:97, 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, SEQID
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 ID NO: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 defined herein. Molecules are considered to be functional variants of a binding molecule
according to the invention, if the variants are capable of competing for specifically binding to
influenza virus H5N1 or a fragment thereof with the parental binding molecules. In other
words, when the functional variants are still capable of binding to influenza virus H5N1 or a

fragment therecof. Preferably, the functional variants are capable of competing for specifically
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binding to at least two (or morc) different influenza virus HSN1 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 HSN1, preferably against the at least two (or
more) influenza virus H5NI 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 lcast about 97% to about 99% amino acid sequence
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 lcast onc binding molcculc as defined herein and further comprising at lcast one
tag, such as inter alia 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 moleculcs 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. However, they may also be used for other detection and/or
analytical and/or diagnostic purposes. Detectable moieties/agents include, but are not limited
to, enzymes, prosthetic groups, fluorescent materials, luminescent materials, bioluminescent
materials, radioactive materials, positron emitting metals, and non-radioactive paramagnetic
metal ions. The tags used to label the binding molecules for detection and/or analytical and/or
diagnostic purposes depend on the specific detection/analysis/diagnosis techniques and/or
methods used such as inter alia immunohistochemical staining of (tissue)} samples, flow
cytometric detection, scanning laser 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 H5N1 and the antigens attached to the binding
molecules will initiate a powerful T-cell attack on the conjugate, which will eventually lead to
the destruction of the influenza virus H5N1.

Next to producing immunoconjugates chemically by conjugating, 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., recombinantly by constructing nucleic
acid molecules comprising nucleotide sequences encoding the binding molecules in frame
with nucleotide sequences encoding the suitable tag(s) and then expressing the nucleic acid
molecules.

It is another aspect of the present 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 inter alia F, R1, RP1, Col, pBR322, TOL, Ti, etc;
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 nucleic 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, puromyecin,
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 molccules 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 mamrmalian, 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. cofi, and Pseudomonas. In the
group of fungal cells preferably yeast cells are used. Expression in yeast can be achieved by
using yeast strains such as inter alia Pichia pastoris, Saccharomyces cerevisiae and
Hansenula polymorpha. Furthermore, insect cells such as cells from Drosophila and S19 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 cells from ornamentals, or cclls 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



10

15

20

25

30

31

baculovirus systcem. Expression systems using mammaiian cells such as Chincse 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 onigin. 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 HeLa, 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 tetina 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 marketed 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 proteins 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 alia rabbits, goats or cows, and
secreted into for instance the milk thereof,

In yet another alternative embodiment, binding molecules according to the present
invention, preferably human binding molecules specifically binding to influenza virus H5N1
or a fragment thereof, may be generated by transgenic non-human mammais, such as for
instance transgenic mice or rabbits, that express human immunoglobulin genes. Preferably,
the transgenic non-human mammals have a gecnome 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 H5N1 or a fragment thereof. Protocols for
immunizing non-human marmnrnals 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, EM. 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
mclude 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 arc 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-cells, 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 HSN1 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 H5SN1 or a fragment thereof, (¢) separating and recovering the
replicable genetic package binding to influenza virus H5N1 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 H5N1 may be performed by viral inactivation methods well
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known to the skilled artisan such as inter afia 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 HSN1 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. Altermatively, 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. Altemmatively, 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 H5SN1 such as e.g. ccll membranc preparations, recombinant HSN1 proteins or
polypeptides, fusion proteins comprising HSN1 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 H5N1 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 combincd
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 (sce Huls e al., 1999; Boel et 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 genes arc expressed on the surface of
bacteriophage, preferably filamentous bacteriophage, particles, in for example single-chain Fv
(scFv) or in Fab format (see de Kruif er af., 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 inzer
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 molccules 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 HSN1
proteins or (poly)peptides optionally supplemented with other material. Host cells expressing
onc or morce proteins or (poly)peptides of influenza virus HSN1 may also be used for selection
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 HSN1, preferably at
least against influenza virus HSN1 strains of clade 1, clade 2 and clade 3, wherein the method
comprises the steps of (2) performing the method of obtaining a binding molecule specifically
binding to influenza virus H5N1 or a fragment thereof 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 arc well known in the art (sece WHO Manual on Animal Influenza 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 infer 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. 1f 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 lcast 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 H5N1-
specific binding molecule. The non-neutralizing and neutralizing HSN1-specific binding
molecules may also act synergistically in neutralizing influenza virus H5N1.

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.
Therapcutic and/or prophylactic agents include, but are 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 H5N1 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 H5N1 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 storage. The binding molecules, 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 ingredient 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 pharmaceutically
acceptable excipient can be added and/or mixed before or at the time of delivery to provide a
unit dosage injectable form. Preferably, the pharmaceutically acceptable excipient used in the
present 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 afia 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 excipients 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 pharmaceutical 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 anacsthetic
agents, preservatives, buffers, viscosity or solubility increasing agents, water-soluble
antioxidants, oil-soluble antioxidants and metal chelating agents.

In a further aspect, the binding molecules such as human monoclonal antibodies
(functional fragments and variants thereof), immunoconjugates, compositions, or
pharmaceutical compositions of the invention can be used as a medicament. So, a method of
treatment and/or prevention of an influenza virus H5SN1 infection using the binding
molecules, immunoconjugates, compositions, or pharmaceutical compositions of the
invention is another part of the present 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 moleculcs 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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molcculces 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 mn,
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 ixn 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
neutralizing 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
matcrials desirable from a commercial and uscr 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 customarily 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 H5N1 in a
sample, wherein the method comprises the steps of (a) contacting a sample with a
diagnostically effective amount of a binding molecule (functional fragments and variants
thereof) or an immunoconjugate according to the 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 human

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 fragments. 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 thesc 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 HH5N1. The binding structures can be epitopes on
protcins 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 et al., 1996). Altematively, 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 is capable of competing for specifically
binding to influenza virus H5N1 or a fragment thereof with the binding molecule of the
invention. In 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 thercof
havc ncutralizing activity. A binding molecule 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 HSN1.

In general, 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 speeics 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 binding 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 molecules 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 Jeast 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 firom 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 900xg
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
(IgM+) 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
DMEMY/50% FBS and after completion of the sort they were centrifuged at 400xg for 10 min
and lysed in 500 pul 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 ul 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 11l 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-cooled on wet-ice and the following components
were added: 8 pl 5X RT buffer (250 mM Tris-HCI pH 8.3, 375 mM KCl, 15 mM MgCly), 2 ul
dNTPs (10 mM of each) (Invitrogen), 2 ul DTT (100 mM), 2 ul RNAse Inhibitor (40 U/ul)
(Promega), 2 pl SuperScript T1I (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 ul cDNA template, 32.75 pl ultrapure water, 2.5 pl of each primer (10 uM), 5 jul
10X PCR buffer (200 mM Tris-HCI pH 8.4, 500 mM KCl), 1.5 ul MgCl; (50 mM), 0.5 pl
dNTP's (25 mM of each), 0.25 pl Taq polymerase (5 U/pl) (Invitrogen). First round
amplification on the respective cDNA using the primer scts mentioned in Table 1 yiclded 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 OH7. 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 pl 1 mM Tris-
HCIl 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 T 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 digested 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 Sall-Notl cut PDV-CO06 vector (~5000 base pairs) as follows: 10 pl PDV-C06
vector (50 ng/pl), 7 pul VL insert (10 ng/ul), 5 wl 10X ligation buffer (NEB), 2.5 T4 DNA
Ligase (400 U/ul) (NEB), 25.5 l 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 ul 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 ul ligation mixture was
used for the transformation of 40 pl TG-1 clectro-compctent cells (Stratagenc) in a chilled 0.1
cm electroporation cuvette (Biorad) using a Genepulser II 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 c¢m 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 culturc stove. Typically, around 1x107 cfu 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 PH1 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 Sfil-XhoI 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° cfir) 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
assess the percentage of colonies showing a complete ORF. This was typically above 70%
(sce 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 (sce 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 HSNI

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 are incorporatcd by reference hercin). Furthermore, the mcthods 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 hemégglutinin (HA) subtype HS
(A/Vietnam/1203/2004; see SEQ 1D NO:110) produced using baculovirus vectors in insect
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cclls (Protein Sciences, CT, USA). The amine acid sequence of HA from isolate
A/Vietnam/1194/2004 (HSN1TV) 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 (HI5N1), representing the HAs identified in
influenza strains isolated in Thailand and Vietnam (sHA of HSN1TV, SEQ 1D 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 HSN1IC, 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 HSNI1TV 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 metal 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
pg/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/mi
myc-tagged sHA of HSN1TV. 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 ml 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 bactcria 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% bovine scrum albumin (BSA), filter-sterilized and uscd 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 (H5N1TV) and a consensus sequence
representing full-length HAs of HSN1 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
H5N11C-transfected PER.C6 cells (data not shown). 10x10° untransfected PER.CG 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

mn at 3000xg and the washing was repeated for an additional 5 times. After each wash the
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cclls were transferred to a new tube. Bound phages were ¢luted 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 antibodics. 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. Altematively, 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, 7.e. binding to HA antigens. For this purpose,
baculovirus expressed recombinant HA (Protein Sciences, CT, USA) and purificd sHAs of
H5N1TV and HSNIIC 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 selections on the different HA antigens with the IgM memory B
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ccll 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 selections 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) fron
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 expression vectors plg-C911-HCgammal (scc SEQ ID No:141),
plG-C909-Ckappa (see SEQ ID NO:142), or plg-C910-Clambda (see SEQ 1D 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,
CR6329, CR6331, CR06332, CR6334, CR63306, 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-expressing PER.CG 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,

CR 6323, CR6325, CR6331 and CR6344 bound to HA (H5N1TV)-expressing 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 H5N1 specific IgGs (virus neutralization

assay)

In order to determine whether the selected 1gGs were capable of blocking H5N1 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 H5NI1 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 medium in duplicate wells. 25 pl of the
respective IgG dilution was mixed with 25 pl of virus suspension (100 TCID50/25 ul) 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-
chcmistry. To this cnd, the culture supematant 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 Tns-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 ul 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 ul 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;02/1 ml AEC solution. After three washes with washing
buffer, staining was analyscd under a microscopc.

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 wg/ml) at which these antibodies protect MDCK cultures
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against CPE arc given in Table 10. In wells where CPE was obscerved, the presence of virus
was confirmed by immunohistochemical staining (data not shown).

In order to determine the neutralizing potency of the HSN1 specific 1gGs more
accurately, the ir vitro virus neutralization assays with NIBRG-14 was repeated, but this time
the 1gG 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
obscrved, the prescnce 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 HA?2 subunit. Antibody CR5111, a H5N1-specific control antibody, recognized the HA1
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 H5
(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
polypeptide 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 HAZ subunits of sHA of HSNITV
(see Fig 1, left and middle part, lanes 1) and recombinant HA, subtype H5
(A/Vietnam/1203/2004 (H5NI1) (see Fig 1, left and middle part, lanes 2). Interestingly, the
HA?2 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 HAQ. In addition, antibodies CR6307 and CR6323 recognized the HA2 subunit of
recombinant HA, subtype H1 (A/New Caledonia/20/99 (HIN1)) (see Fig 1, left and middle
part, lanes 4), but not the HA2 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 H5, a molecule comprising the binding site could be considered
as (part of a) vaccine capable of inducing a broadly cross-reactive anti-influenza antibody
ICSPONSE.

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 HS
(A/Vietnam/1203/2004; H5N1) (data not shown).

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

In order to evaluate the contribution of the HA1 subunit to binding of anti-H5N1 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 HAO molecules into
disulfidc bond-linked HA1 and HA?2 subunits. Finally, the cclls 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% wi/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-cxpressing 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 ul PBS containing 2% w/v non-fat dry milk (blocking solution) for 1 hr at room
temperature. The blocking solution was discarded and 50 pl of 10 ug/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-M 13 antibody. Wells were washed again as described above and the ELISA
was further developed by the addition of 100 pl of OPD reagent (Sigma). The reaction was
stopped by adding 50 pul 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 H5 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 HS (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 rccognized by the other IgGs.

Example 10
Cross-reactivity ELISA using anti-H5N1 IgGs

To test whether the epitope of the anti-H5N1 antibodies is conserved among HAs other than
subtype H5, 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 HS (A/Vietnam/1203/04 (HSN1)), subtype H7 (A/Netherlands/219/03 (H7N7)), and
subtype H9 (A/Hong Kong/1073/99 (H9N2)) (Protein Sciences Corp.) in PBS. Additionally,
BPL-inactivated virus preparations containing 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 jul PBS containing
2% wiv non-fat dry milk (blocking solution) for 1 hr at room temperature. The blocking
solution was discarded and 100 pl per well of 5 pug/ml anti-HSN1 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 mouse anti-human IgG antibody (Jackson). The reaction was developed and
measured as described supra. Table 12 shows that all anti-H5N1 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 IgGs.
Interestingly, all anti-H5N1 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-H5N1 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 HS 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 located in close proximity in the middle of the
stem region of the HA 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 111, Mct320 is present in
region 318-322 of HA 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
0of 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 HA1 subunit, and a polyclonal anti-HS 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 (see
Okuno et al., 1993). Furthermore, C179 did not bind to mutant 1V, whereas binding of C179
to mutants HI 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 II. This suggests that the epitope of antibodies CR6261, CR6325 and CR6329 is
different 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

Vivo

A lcthal dose of influenza HSN1 strain A/HongKong/156/97 was administered 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 1gG 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 in the 8 groups of 10 mice each with

the following injections prior to challenge with the HSN1 virus:

1. 15 mgkg 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. 500yl 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 ¢stimated 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, labourcd 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 cach 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 obscrved at day 3 aficr 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/ke). 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 vivo. Two animals

{one in group 4 and one in group 8) were euthanized on day 10 and removed from the study,
beceausc the animals were considered to be scvercly 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 H5NI 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-H3NI antibodies administered

after an infection with a lethal dose of influenza H5SNI 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 CRG6261 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 LDsp of HSN1 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 pl of antibody was administered by intraperitoneal
injection. Group 5 acted as negative control. The animals in this group were mjected 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 cuthaniscd and bled on day 21. For asscssment 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 5,
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 measured 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 H5NT 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 11), some of the antibodies of the present invention apparently
recognize a single epitope in the HA2 domain of the H5 haemagglutinin protein. In example 7
it was shown that certain binding molecules of the present invention could interact with the
HA?2 epitope in a no'n-conformational manner, in other words, the form in which the
haemagglutinin protein is folded does not seem to hinder the neutralizing activity and the
protective cffects of these antibodics as disclosed hercin.,

The sequences of the influenza haemagglutinin protein parts that are not prone to
antigenic drift (= the change of immunodominant regions within the HA 1 region of the
protein, resulting in the need for yearly updated influenza vaccines) are known in the art, The
epitope in HA? that is recognized by CR6261, CR6325 and CR6329 is contained in the amino
acid sequence GVTNKVNSIIDK (SEQ ID NO:368, see 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 HS, 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
HIN1, 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 infected with HINI, 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 TCIDsy/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 LDsg) in approximately 50 pl, and monitored. At
the specified time points before/after inoculation, 500 ul 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 LDsq 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 H5N1 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
lethal 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 1s 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 in 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

BlAcore3000 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 pl/min. IgGs were immobilized on a rescarch grade CM5
4-flow channel (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 IgGs. Regeneration using 20
mM NaOH was performed at the end of each measurement to remove bound HA, while
leaving the immobilized IgG 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 phasc of 3600 scc, and rcgencration 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 duc 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 NO:58

gaggtgcagc tggtggagtc tggggctgag gtgaagaagc ctgggtcctc ggtgaaagtc 60
tcttgcaagg cttctggagg ccccttccgc agctatgcta tcagctgggt gcgacaggcc 120
cctggacaag ggcctgagtg gatgggaggg atcatcccta tttttggtac aacaaaatac 180
gcaccgaagt tccagggcag agtcacgatt accgcggacg atttcgecggg cacagtttac 240
atggagctga gcagcctgeg atctgaggac acggccatgt actactgtge gaaacatatg 300
gggtaccagg tgcgcgaaac tatggacgtc tggggcaaag ggaccacggt caccgtctcg 360
agtgctagca ccaagggccc cagcgtgttc cccctggcoccc ccagcagcaa gagcaccagc 420
ggcggcacag ccgcecctggg ctgectggtyg aaggactact tccccgagec cgtgaccgtg 480
agctggaaca gcggcgecctt gaccagcgge gtgcacacct tccccgecegt getgcagage 540
agcggcctgt acagcctgag cagcgtggtg accgtgccca gcagcagect gggcacccag 600
acctacatct gcaacgtgaa ccacaagccc agcaacacca aggtggacaa acgcgtggag 660
cccaagagcet gcgacaagac ccacacctge ccccectgee ctgccccecga getgectggge 720
ggaccctccg tgttcctgtt cccccccaag cccaaggaca ccctcatgat cagccggacc 780
cccgaggtga cctgegtggt ggtggacgtg agccacgagg accccgaggt gaagttcaac 840
tggtacgtgg acggcgtgga ggtgcacaac gccaagacca agccccggga ggagcagtac 800
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aacagcacct
aaggagtaca
agcaaggecca
gagatgacca
atcgececgtgg
gtgctggaca
tggcagcagg
acccagaaga

accgggtggt
agtgcaaggt
agggccagec
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcectgagect

ID NO:59
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SEQ

caggtccage

tecttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctccg
ccecgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgeccgtgg
gtgctggaca
tggcagcagg
acccagaaga
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ID NQ:60

tggtgcagtc
cttetggagg
ggcctgagtg
tccagggcag
gcagcctgceg
tgcgcgaaac
ccaagggccc
ccgecctggg
gcggcgectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect

ID NO:61
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gagecgtgcetce
gagcaacaag
ccgggagccc
gtccectecacce
caacggccag
cttcttectg
cagctgcagc
gagccccggco

222U nigH g
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tggggctgag
cecctteege
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgcctggtg
gaccagcggc
cagcgtggtg
ccacaagcce
ccacacctgc
ceeceecaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggageocce
gtcecteace
caacggccag
cttcttecctg
cagctgcagc
gagccceggc
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accgtgctgce
gcecctgeety
caggtgtaca
tgtctggtga
ccecgagaaca
tacagcaagc
gtgatgcacg
aag
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gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
cccctggecce
aaggactact
gtgcacacct
accgtgecca
agcaacacca
ccceectgee
cccaaggaca
agccacgagg
gccaagacca
accgtgectge
gccctgectg
caggtgtaca
tgtctggtga
ccecgagaaca
tacagcaagc
gtgatgcacg
aag
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accaggactg
ccceccatcga
ccctgcccee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca
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ctgggtcctce
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
ccagcagcaa
tccecegagec
tceecegeegt
gcagcagect
aggtggacaa
ctgcececega
ccctecatgat
accccgaggt
agccccggga
accaggactg
ccccecatcga
cecetgeccecee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca
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gctgaacgge
gaagaccatc
cagccgggag
ccccagegac
caccccccect
caadagccgg
caaccactac
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ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtceteg
gagcaccagc
cgtgacecgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgcectgggce
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggce
gaagaccatc
cagccgggag
ccccagcgac
caccccccct
caagagcegg
caaccactac
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960
1020
1080
1140
1200
1260
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

mrHRGOIOU =
HOH <SR A MG
R = i w ) B v



10

15

20

25

30

35

40

45

50

55

wH
bl S
=q0g

© MEO !
© =g

nm|x™H

Z A
< 2 g
H OO e
wo <
Owm KO
wHESaSg
Q2=

SEQ ID ND:62

gaggtgcagc
tcttgcaagyg
cctggacaaqg
gcaccgaagt
atggagctga
gggtaccagg
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctecy
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgcecgtgg
gtgctggaca
tggcagcagg
acccagaaga
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SEQ

tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agtgctagca
ggcggcacag
agctggaaca
agcggectgt
acctacatcect
cccaagagct

tggtggagtc
cttctggagg
gycctygagtyg
tccagggeag
gcagcctgeg
tgcgcgaaac
ccaagggccc
ccgccctggg
gcggecgectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttecetgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagcecct
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ID NO:64
gaggtgcagc

tggtggagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagecectgceg
tgcgcgaaac
ccaagggccc
ccgeccctggg
gcggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
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tggggctgag
ccccecttecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgcctggtg
gaccagcggce
cagcgtggtyg
ccacaagccce
ccacacctgc
cccccccaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagecoc
gtcececteacc
caacggccag
cttcttcctg
cagctgcagc
gagccccggce
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tggggctgay
cceettecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgte
cagcgtgttc
ctgcctggtg
gaccagecggce
cagcgtggtg
ccacaagcce
ccacacctgc
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gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
cccectggecc
aaggactact
gtgcacacct
accgtgccca
agcaacacca
cccecectgece
cecaaggaca
agccacgagd
gccaagacca
accgtgctgce
gcecctgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag
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gtgaagaagc
agctatgcta
atcatcccta
accgcggacyg
acggccatgt
tggggcaaag
cccctggecce
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccccecctgee
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ctgggtcctc
tcagctgggt
tttttggtac
atttcgeggg
actactgtgc
ggaccacggt
ccagcagcaa
teceeegagee
tcececgeegt
gcagcagcct
aggtggacaa
ctgccceocega
ccctecatgat
accccgaggt
agccccggga
accaggactg
cccccatcga
ccctgcccce
agggcttcta
actacaagac
tcaccgtgga
aggcectgea
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ctgggtcete
tcagctgggt
tttttggtac
atttcgcggyg
actactgtgc
ggaccacggt
ccagcagcaa
tccececgagec
tcceccocgeegt
gcagcagcct
aggtggacaa
ctgececececga
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ggtgaaagtc
gcgacaggce
aacaaaatac
cacagtttac
gaaacatatg
caccgtcteg
gagcaccagce
cgtgaccgtyg
gctgcagage
gggcacccag
acgegtggag
gctgctggge
cagccggace
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggad
ccccagcgac
cacccccecect
caagagccgg
caaccactac
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ggtgaaagte
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gagcaccagc
cgtgaccgtyg
gctgcagagc
gggcacccag
acgcgtggag
getgetggygce
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60
120
180
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300
360
420
480
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600
660
720
780
840
900
960

1020
1080
1140
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ggaccctccg
ccecgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgcegtgg
gtgctggaca
tggcagcagg
acccagaaga

SEQ ID NO:

MHPI <HHEAKAEQOO A
HEROSdOdHARP I
T ARG OO
OHONGYgrEA K H
O=m"HdnrngEZ0
oEIEDYe<n@dO oo

SEQ ID NO:6

caggtacagc

tcctgcaagg
cctggacaag
gcacaaaagt
atggaggtga
aaatattaca
gctagcacca
ggcacagccd
tggaacagcg
ggcctgtaca
tacatctgea
aagagctgeg
cecteegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagy
atgaccaaga
gccgtggagt
ctggacagcecg
cagcagggca
cagaagagcc

192}

D NO;

EQ

HoH Z 00
I I
M A »OH
(R o I
< 2000
S Oo
<SP SH®

tgttcctgtt
cctgecgtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagcect

w

ZuHdMHEHEHPEHEANEY®
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MO <GTDHBEOESH 2@E
NDOUKO<GEFERAZXRDTO

&

tgcagcagtc
tttececggagt
gccttgagtg
teccagyggcag
acagcctgag
gtgagtacat
agggccccaqg
ccctgggetyg
gcgecttgac
gcectgagcag
acgtgaacca
acaagaccca
tectgttece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccageeeey
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

7

e ZMEo.
SN
ZRHZEH
noHOwoOg
OO
o R
H<gdnw

cccccccaag
ggtggacgtyg
ggtgcacaac
gagcgtgete
gagcaacaag
ccgggagccc
gtcecctcacc
caacggccag
cttettecty
cagctgcecagce
gagccccoggc

nHHOEOKUOULO®R
SZEEZmoOoHOYEAR
EZONBEZRONOFOOgHY
T HKHOZE NE2BPC3Y0
MRS S P RN
PHOR G Z 0" E N

aggggctgag
cattttcagc
gatgggaggg
agtcacgatt
atatgaggac
ggacgtetygy
cgtgttecce
cctggtgaag
cagcggegtg
cgtggtgacc
caagcccagc
cacctgecece
ccccaagcece
ggacgtgagc
gcacaacgcc
cgtgctcacce
caacaaggcc
ggagccceccayg
cctcacctgt
cggccagccco
cttcctgtac
ctgcagegtyg
cceceoggcaag

HH Yo
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73

cccaaggaca
agccacgagg
gccaagacca
accgtgetge
gecectgectg
caggtgtaca
tgtctggtga
ccecgagaaca
tacagcaagc
gtgatgcacy
aag

[ I 3 3 B s R e B o 1 T e B 1) IS
T HHEKQHER G KSR
ZogERamgrgmo 03 <g
TSHOE®PEA NP RN
HKEPEREgRZTOXRSO
HozZ <D wHAYRTDPR
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gtgaagaagc
ggcagtgcga
atcagccctce
accgeggacc
acggccgtgt
ggcaaaggga
ctggccecea
gactacttcc
cacaccttcc
gtgcccagca
aacaccaadg
cecetgeectg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacce
ctgecctgece
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

ccctecatgat
acccecgaggt
agcccecggga
accaggactg
ceececcatega
ccctgececee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

HUOg<ZrP 0SS0 RN
MO EFEAQgEH 0K AG
HuBPErP 3P O00000
NHEHHEBPERZ DO O™
CEHOPdHH<CSOh S W HH
MDD EeEH@QPMEGH
SO EYgBHEPAAN

ctgggtcctce
tcagctgggt
tctttggcac
aatccacgaa
atttetgtge
ccacggteac
gecagcaagag
ccgagcccgt
ccgecgtget
gcagcctggg
tggacaaacg
cceceegaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgcccececceay
gcttctaccc
acaagaccac
ccgtggacaa
ccctgeacaa

HweRR W
O RHHERQ
noRO <
a0 OH
0 E D

cagccggacc
gaagttcaac
ggagcagtac
gctgaacgge
gaagaccatc
cagccgggag
ccccagcgac
cacceceecet
caagagcegy
caaccactac

DR HBEHARKHEHK
HEOEO"MRnOOAR

ggtgaaggtc
gcgacaggcc
aacaaattac
cacaacctac
gecgaggtceea
cgtctegagt
caccagcyggce
gaccgtgagce
gcagagcagc
cacccagacc
cgtggagecece
gctgggegga
cecggaccceec
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagce
ccgggaggay
cagcgacatc
cccecectgtg
gagccggtgg
ccactacacc
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[ 4 = )
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HHSE OB Q<G
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780
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960
1020
1080
1140
1200
1260
1320
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SEQ ID NG:6
caggtccagce
tcetgcaagqg
cctggacaag
gcacagaagt
atggagctga
ggttattacc
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgca
aagagctgeg
cccteegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

WeERdSOSHE WO g
ESEE S I w B B v B BE =l RE e
OO YLEARYgO
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ZuERA@mErHRAGEOO
CZYWCODTO<NPEEE O
HOOEDEHBSOIE®
MO CGETEHO A0 5w

SEQ ID NO:7

caggtccagc

tcctgtgcag
ccagggaagg
gtagactcag
ctgcaaatga
gggagctacyg
tcgagtgcta
agcggcggca
gtgagctgga

ID NO:6

8

tggtacagtce
cttctggagg
ggcttgagty
tccagggcag
ggagcctgag
ccgaatactt
agggccccag
ccectgggctg
gcgeccttgac
gcctgagcag
acgtgaacca
acaagaccca
tcectgttece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccagecccg
accaggtgtc
gggagagcaa
acggcagcett
acgtgttcag
tgagcctgag

S

OO 3IZ2RPHEEH™
wWEHmHOEROKWOWPOHO <
S ZHS"mOHOWOOR

0

tggtgcagtec
cctetggatt
ggctggagtg
tgaagggccg
acagcctgag
gggcctacga
gcaccaaggg
cagccgccct
acagcggcgce

G2 H=EM0H
B2 Ot dO
T gz 0
HR QKRS
W R G
HHRMEEOHT
mE K QR
ZHERCOY

tggggetgag
caccttcagt
gatgggagga
agtcacgatt
atctgaggac
ccaggactgg
cgtgttcccce
cctggtgaag
cagcggcegtg
cgtggtgacc
caagcccagc
cacctgccec
ccecaagooc
ggacgtgagc
gcacaacgcc
cgtgctcacec
caacaaggcc
ggagccccag
cctcacctgt
cggccagccc
cttectgtac
ctgcagegtg
ccocggcaag

EZ2ONPEZovOrnHdAHR
= BT o = A o = A B il s B
mROOK <GS HAADR
HFHORGT Z0ndE R0
FHRHEHEEHOE ZTQH <R W
THHKOQR GO
ZHE2R4OOgmogK AR

tgggggaggce
caccttcagt

ggtctcatcc
attcaccatc
agccgaggac
aggctttgac
ccccagcegtyg
gggctgcctg
cttgaccagc

~1
b

TAHQE "W
KEHER®RIRZ
HogZzZ<gmdgy
o wnmOWn R R

gtgaagaagc
agttatgcta
atcatgggta
accgcggacyg
acggccgtct
ggccagggcea
ctggcecceccea
gactacttcc
cacaccttee
gtgcccagca
aacaccaadgd
ccectgeecctg
aaggacaccc
cacgaggacc
aagaccaadc
gtgctgcacce
ctgcctgcecce
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

T <HOEYOAHANOAC
HEHERRJIERZHH0 P20
HOZ < DT TRILO
o mnm= | R mnE R

ctggtcaagc
agctatagca
attagtagta
tccagagaca
acggctgtgt
tactggggcc
ttceccocetgy
gtgaaggact
ggcgtgcaca

o<z wga
W R"AHY
HwuHwpAae =
e AR 0
HE QoA <
N B VI e
o<
NnwRAHHAS

ctgggtcctc
tcagctgggt
tgtttggcac
aattcacgaqg
actactgtgc
ccctggtcac
gcagcaagag
ccgagecegt
ccgcegtget
gcagcctggg
tggacaaacg
cceecgaget
tcatgatcag
ccgaggtgaa
ccegyggagga
aggactggct
ccatcgagaa
tgcecceceecag
gcttctaccce
acaagaccac
ccgtggacaa
ccctgcacaa

Roga=zpogda3nlrw
R ERAgEHE OO RO
HFupbrHABEROOKHE®D
HRAEPEREZW OO KOO
HHO"”WOdH<mA®™OQHA
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HEOEQOUGOGROOHK

ctggggggtc
tgaactgggt

gtagtagtta
acgccaagaa
attactgtgc
agggcaccct
ccceccagcead
acttccccga
ccttcceege

RMAOEHO™DW
H RO

ggtgaaggtc
gcgacaggcc
aactaactac
cgcagcctac
gaggtctagt
cgtctegagt
caccagcggc
gaccgtgagc
gcagagcagc
cacccagacc
cgtggagccece
gctgggcgga
ccggaccececo
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
ccececctgty
gagccggtgg
ccactacacc

HHR=<EHQEP QO A
HKHRZdgweE s ®H

cctgagactc
ccgcecaggcet
catatactac
ctcactgtat
gagaggtggt
ggtcaccgtc
caagagcacc
gcccgtgace
cgtgctygcag
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agcagcggcc
cagacctaca
gagcccaaga
ggcggaccct
acccccgagg
aactggtacg
tacaacagca
ggcaaggagt
atcagcaagg
gaggagatga
gacatcgccg
cctgtgetgg
cggtggeage
tacacccaga

1
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tgtacagcct
tctgcaacgt
gctgcgacaa
cegtgttect
tgacctgcegt
tggacggcgt
cctaccgggt
acaagtgcaa
ccaagggcca
ccaagaacca
tggagtggga
acagcgacygyg
agggcaacgt
agagcctgag
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GEHZOZDwnSwEE®N
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SEQ ID NO:72

gaggtgcagc
tcttgcaagyg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agtgctagea
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctecg
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca
tggcagcagg
acccagaaga

tggtggagtc
cttctggagg
ggcctgagty
tccagggcag
gcagcctgcg
tgcgecgaaac
ccaagggecce
ccgccctggg
gcggcgectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgecgtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagece
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagcect

gagcagcgtg
gaaccacaag
gacccacacc
gttcecccec
ggtggtyggac
ggaggtgcac
ggtgagegtg
ggtgagcaac
gceccgggay
ggtgteccctce
gagcaacggc
cagcttctte
gttcagctgce
cctgagcccce

ORKOGSEHAZ R
nEHHEHOROK®HOHEAHSR
S<ZHIZIHAOHOYYO O
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T ZEI NI DY NG
MROUQGKGGAR<S NN
PHORGHEHZ WM NH

tggggctgag
ccecttecge
gatgggagyy
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgccectggtyg
gaccagcggc
cagcgtggtg
ccacaagccc
ccacacctgce
ccecececcaag
ggtggacgty
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagecce
gtcecectcace
caacggccag
cttcttectyg
cagctgcagc
gagccccggc

75

gtgaccgtgc
cccagcaaca
tgccecceceect
aagcccaagg
gtgagccacy
aacgccaaga
ctcaccgtge
aaggccctge
cceccaggtgt
acctgtcectgg
cagcccgaga
ctgtacagea
agcgtgatgc
ggcaag

HEREHHEHOHEITOE KD
THEH KO R SE0OHH
ZHE RS YIDIY KN
T<HOEYWHE®nT KO

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
ccecctggecce
aaggactact
gtgcacacct
accgtgccca
agcaacacca
cccecceetgee
cccaaggaca
agccacgagg
gccaagacca
accgtgctge
gcectgectyg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

ccagcagcag
ccaaggtgga
gecectgeece
acaccctecat
aggacccega
ccaagccceg
tgcaccagga
ctgececcceat
acaccctgeo
tgaagggett
acaactacaa
agctcacegt
acgaggccct

KPR RdRZHOO P
HoZ dowHY R OOl
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o R"AOP K RH
HubBErPrABPE RO OGoadA
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HHOmRHGWNnARKRI®N
mMEHEP PO HOEHOPEAN

ctgggtcctce
tcagctgggt
tttttggtac
atttcgcggy
actactgtge
ggaccacggt
ccagcagcaa
tccccgagec
tccceccgeegt
gcagcagcct
aggtggacaa
ctgccececga
cccteatgat
accccgaggt
agccccggga
accaggactg
cceecatcga
ccetgecceee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

cctgggcacc
caaacgcgtg
cgagctgctg
gatcagccqgqg
ggtgaagttc
ggaggagcag
ctggectgaac
cgagaagacc
ccccageegqg
ctaccccage
gaccaccccce
ggacaagage
gcacaaccac

MG EHBDYE P OHRK
R HHHARKHR®N®
RERGOGEHOOOWODODOHU B E

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgetggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
caccccccct
caagagccgg
caaccactac
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SEQ ID NO:7

gaggtgcagc

tcttgecaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctecy
cccgaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgcecgtgg
gtgctggaca
tggcagcagyg
acccagaaga

ID NO:7

in
t
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SEQ ID NO:7

gaggtgcagc

tcetgtaagg
cctggacaag

(")
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MEAHOROK QWO R
<ZHEZTHOHGGYHERARR

4

tggtggagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagcctgcyg
tgcgecgaaac
ccaagggccc
ccgccctggg
gcggcgcectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgocgtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagcecct

5

<z <o Pror@
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tggtggagtc
cctectggagyg
ggcttgagtyg

EEZRHPE2UOFrngHD
T ROZD <Ay
AR oK ddHAHPERW

tggggctgag
cccctteege
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cagcgtgttc
ctgcctggtg
gaccagcggc
cagcgtggtg
ccacaagcce
ccacacctgc
ccececececaaq
ggtggacgtyg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagccce
gtccctecacc
caacggccag
cttcttecctyg
cagctgcagc
gagccececggce

EEZHMBEZEZ"OrEngHm
TRNOZEZE<HAYO
RO <S<SHAME AW
PHORSHZ oM EH®

tggggctgag
caccttctce

gatgggagac

o v I W= A 4 R B I )
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ZHERSugDo0OAg
n<HO@H"WLHA LN RW
KEPERSRGSERZHLO®R KO
HOgZ<omrHAag RTE SR
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gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
ccecctggece
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccccectgee
cccaaggaca
agccacgagg
gccaagacca
accgtgcetge
gcecctgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

FHEEHOBE DR Q<
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HoZ <ImwHMDRIDN®

gtgaagaagc
agctatggta
atcatcggta
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ctgggtcctc
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
ccagcagcaa
tccececgagee
tccecegecgt
gcagcagcct
aggtggacaa
ctgecccececga
ccctecatgat
accccgaggt
agccecggga
accaggactg
ccceccatcga
ccctgeccccce
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

OO W2 RNE P WE DWW
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cagggtcctc
tcagctgggt
tgtttggttc

NDURHEBHARKKEREH
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ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctceg
gagcaccagce
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgctggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
caccccccct
caagagccgg
caaccactac

QURHAEEHARKERZ K
W OEHOTDWLnoU AaAp

ggtgaaggtc
gcgacaggcc
aacaaactac
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gcacagaact
atggagctga
ggttattacc
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgca
aagagctgeg
ccctecgtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gcegtggagt
ctggacagcg
cagcagggca
cagaagagcc

D NO:

)
=
oS0

DRGSO NOHE
I<<um"gg g
OEHOnsYwEA P YOH
OzZwgOnyg<oH
MEXEZOeSn 2O
ZumMdAERPEHAnEE

SEQ ID NO:7

gaggtgcagc

tcctgecaagg
cctggacaag
gcacagaagt
atggaggtga
aagggtatct
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagaget
ggaccctecg
ccegaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca

tccagggcag
gcagcctgag
ctgcatacct
agggccccag
cecetgggetg
gcgccttgac
gcctgagcag
acgtgaacca
acaagaccca
tectgttecce
gcgtggtggt
gegtggaggt
gggtggtgag
gcaaggtgag
gcgagccccg
accaggtgtc
gggagagcaa
acggcagett
acgtgtteag
tgagcctgag

-]

LA v Bl w B v B Bl B o e 5]
HQOEHEYEd0nrNnEQ
WO <<IDHHOC=EZAANnE P
OUKO<SHEHRAZREEMW
MEHHADROKLODO<S
<CE2HEZSMOHODOOR

8

tggtggagtc
cttectggagg
gacttgagtg
tccagggcaqg
gcagcctgag
actactacta
ccaagggecce
cecgecectggg
gcggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cectgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag

actcacgatt
atctgaggac
ccceccactgg
cgtgttcccce
cctggtgaag
cagcggegtg
cgtggtgacc
caagcccagce
cacctgecce
cececaagece
ggacgtgagc
gcacaacgcce
cgtgctcacc
caacaaggdce
ggagccccag
cctecacctgt
cggecagceccece
cttectgtac
ctgcagegtg
ccceggeaag

RZuE=Z20QPRwniEAR
s VIR S A e B w B v
ARnOKGSHREAOQR
HFRORgrZ D P E®n
ERHOUETGRE <MK
THHKORRGE K
ZUHER<STOOIOKNDSR

tggggctgag
caccttcage
gatgggaggy
agtcacgatt
atctgaggac
catggacgtc
cagcgtgttc
ctgcctggty
gaccagcgygc
cagcgtggtg
ccacaagccc
ccacacctgc
cccececccaag
gygtggacygty
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagccc
gtececctecacc
caacggccag
cttcttecctg

77

accgcggacg
acggccgtgt
ggccagggca
ctggcccccea
gactacttee
cacaccttcc
gtgcccagcea
aacaccaadg
ccetgeecty
aaggacacce
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcetgecc
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

T<<HQEU-EeAEOAA
KER®R<SRZ2FWEPEZn
HoZ S TDTYwAmgRDKO

gtgaagaagc
ttectattcta
atcatcccta
accgeggtey
acggccgttt
tggggcaaag
cccectggece
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccececectgee
cccaaggaca
agccacgagyg
gccaagacca
accgtgctge
gccctgcectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc

aatccacgag
attactgtgc
ccttggtcac
gcagcaagag
ccgagecegt
ccgecegtget
gcagcctggg
tggacaaacqg
cccecegaget
tcatgatcag
ccgagdtgaa
cccgggagga
aggactggct
ccatcgagaa
tgcccceecag
gcttetacce
acaagaccac
ccgtggacaa
ccctgcacaa

CWLCOhZ2IRRNPBOER
HUSZ2PUSSANOW
rHhnRRAgHeo=Zn
HuHPEPARAREROOKAQ
AP REZD KOO
HEHQOQUYWH<SOHA YA
D rnEGY YD

cggggtccte
tgagctgggt
tgtttggtac
aatccacgag
attactgtgc
ggaccacggt
ccagcagcaa
tceceegagece
teceegeegt
gcagcagcct
aggtggacaa
ctgcececcega
cccteatgat
acccecgagygt
agccccggga
accaggactg
cccccatcga
cecetgececce
agggcttcta
actacaagac
tcaccgtgga

cacagcctac
gagaagtagt
cgtctcgagt
caccagcggce
gaccgtgagce
gcagagcagc
cacccagace
cgtggagccce
getgggegga
ceggaceccce
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
ccececectgty
gagceggtgy
ccactacace

KGO EWYHEP KHE RN
MeRHEHARKEE3®
REOEO™-REeQMNHRK
PR KEHQPOQDA®
S22 qUunH s PYH

ggtgaaggte
gcgacaggcc
aacaaactac
cacagcctac
gagaggtgat
caccgtctcg
gagcaccagc
cgtgaccgty
gctgcagagce
gggcacccag
acgcgtggag
gctgctgggce
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggag
ccccagcgac
caccccccct

caagagccgyg

SHHWONWARGMGS GO W
Ownmaa3Hdg"Oom=
RORKg@mgOang
nHP O SE3AKAAW

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1350
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300
360
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480
540
600
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720
780
840
900
960
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1080
1140
1200
1260
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tggcagcagyg gcaacgtgtt
acccagaaga dcctgagcct

=3

NHPOIIA AR AEEOHN
WrHERGGOGH A S0
el AT o B B G R B
OHOn S EHAKOH
OsSsU4gnOngaEO A

SEQ ID NO:
tcectgcaagg
cctggacaag
gcacagaagt
atggagctga
tattactatg
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgca
aagagctgcg
ccctecgtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

OFTmH DO nEOE

8

gaggtgcagc

ID NO:79

b= 4o cx I e I e I O e B I 5 I e B 45
<ZUu<grmnadEnEQ
HOOEPEwEHEAWNnWNnLmZ P
NOoO gEEHEBPEO=EZAH 2 M
NUKOWBEHAZ2 RO G
NnEa3gx"ROKW0LGagwmaaR
SZvI"doHontEAR

0

tggtggagtc
cttctggagg
ggcttgagtg
tccagggcag
gcagcctgag
agagtagtct
agggccccag
ccctgggety
gcgeccecttgac
gcctgageag
acgtgaacca
acaagaccca
tcctgttcecece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccagccccg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagccetgag

ID NO:81

0
2]
GO

PRI OCSHAEHENO M
TSmO ygymmhg g4

CHOWOWS"WBLEA R QO
CErD gy g or
OO BHEDHnSn 2RO
ZunEmHA@RPEHEAMEOR

<zZruvdurwogEER®n
HOCHERYHEANnLNED
O <gTEHBEOsS3mn s
NSRBI R EMH
nHHRanoE o
SZPEsSgOaHRO0"YD R

cagctgcagc
gagccccggce

RZUHZNONnY AT
TN ESnZ O SHago
HMROOKS A" RN
PHY RS Z OGN

tggggctgag
caccttcagc
gatgggaggg
agtcacgatt
atctgaggac
cgactactgg
cgtgtteccce
cctggtgaag
cagcggcgty
cgtggtgacc
caagceccagc
cacctgcccece
cececaagece
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagccccag
cctcacctgt
cggccagccce
cttcctgtac
ctgcagcgtyg
cceecggcaag

2229w nit AR
TKgZEZEDnnEttgagdHy
BROVOK G<HAEAOO
PHER A2 nYE Z N

78

gtgatgcacg
aaqg

FHERUOEPE  ZOEKO <
THEROR RG-SR
ZERgggiomgOA g
T <<HOHD ANy = n
KERRIgRZMnE KO

gtgaagaagc
agctatgcta
atcatcggta
accgcggacg
acggccgtgt
ggccagggaa
ctggccccca
gactacttcc
cacaccttcc
gtgcccagca
aacaccaagg
ccctgeectg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgece
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

CfHEBROBE DO <K
THHROQHERSE KOG
ZHERSOUYEYK AR
TaHOQOE"mnAnOR
HER®RGRZPUP Z N
HogZ T mHMPMRE KA
OunOonza AAP®LO PR
Ro4gZ2rodal=z2Oow
nopuw"ARAQDEH MK AW

aggccctgca

Hog=zZz o AAg=oN S
KK nIZRREPNOOWP
AU GZPOUOCSHRR®
noHOnRRAIAgOgBEEnO RO
B A0 RO 0 HOO
nAHEPRETOHOKO A
He O/m-moHSOD AT
WHEBEHEP P LEOY <N
MK doH®yHPRAM

ctgggtcctc
tcagctgggt
tgttcggtac
aatttacgag
attactgtgc
ccctggtcac
gcagcaagag
ccgagecegt
ccgecgtget
gcagcctggg
tggacaaacg
cceecgaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgccecccag
gcttctacce
acaagaccac
ccgtggacaa
ccctgecacaa

StfrBPErPAEROGK A
WHRPPREFTNOKO O
HFHOMUOHSnhAEOA
WEHEEHE P D MO WnXR
eI R I v L e e P I SR )]
NDnAR"RHEHBAARLKEHEEHEAW
AR OEHEHCHWBBOaYOHA

caaccactac

DNnRHEARKHEEZHK
ARAQEHODOLOOAnNn

ggtgaaggtc
gcgacaggcce
agcaaactac
cacagcctac
gagaggaaat
cgtctcgagt
caccagcggc
gaccgtgagc
gcagagcagc
cacccagacc
cgtggageee
gctgggcgga
cCcggaceeee
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
ccececctgtg
gagccggtgg
ccactacacc

PR RKEOQE QK AR
HHKHEZdgne = pAH
SHHEHEARONnh<SOQONn
wna0dg®Rom|s

FRRKEQEQ<SE =
HeHZdgheE g0
<THHOHAROSORHE

1320
1353

OnnHOHRgR RN
AOR KGO0 W

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

1020
1080
1140
1200
1260
1320
1350

ROomRKSgD<Souonomdg
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SEQ ID NO:8

caggtgcagc
tcctgcaagg
cctggacaay
gcacagaadgt
atggaactga
cactataatt
gtctcgagty
accagcggcg
accgtgaget
cagagcagcg
acccagacct
gtggagccca
ctgggeggac
cggacccccg
ttcaactggt
cagtacaaca
aacggcaagyg
accatcagca
cgggaggaga
agcgacatcg
cceeectgtge
agceggtgge
cactacaccc

]

NOogRROGID SO 0OA Q0O
WHPBpTOSRER KA G DOH
MR AL OSHBEKOHE

lw]
z
Q

DwwoAAOA S RO WO
SO <SoDoDYgEOS
OHEHO WG oeESEOQOe

SEQ ID NO:8

tcctatgtge

tcttgttectg
ccaggaacgg
gaccgattct
tctgaggatg
ttcggcggag
cccagcgtga
gtgtgcctca
agcccegtga
gcegecagca
tgccaggtga

E D NO:

Q1
YV
L P
G L
QP

=KMo
wowHaA

ol - Rel e
W oo

2

tggtgcagtc
cttctggaag
ggcttgagtg
tccagggeag
gcggactgag
ttggttcggg
ctagcaccaa
gcacagccge
ggaacagcgg
gcctgtacag
acatctgcaa
agagctgcga
cctcegtgtt
aggtgacctg
acgtggacqgy
gcacctaccg
agtacaagtg
aggccaaggg
tgaccaagaa
ccgtggagtg
tggacagcga
agcagggcaa
agaagagcct

w

OswdunOLg e W
OnwHDZwhesuhE®
ZoAdHRAARPFES DO S
SzZHgpomoogpHER
HOQOEPEODEHAwnE O

4

tgactcagcc
gaagcacgtt
cccccaaact
ctggctccag
aggctgatta
ggaccaagct
ccectgttece
tcagcgactt
aggccggegt
gctacctgag
cccacgaggg

5

wMmxmD
-l
H o B
H K HWw

tggggctgag
catcttcaga
gatgggaggg
agtcacgatt
atctgaggac
gagttatttc
gggceccagc
cctgggectgce
cgccttgacce
cctgagcagc
cgtgaaccac
caagacccac
cctgttecce
cgtggtggtyg
cgtggagyty
ggtggtgage
caaggtgagc
ccagccccdd
ccaggtgtce
ggagagcaac
cggcagcttc
cgtgttcagc
gagcctgage

VOGS EEHEOS A0 O R
O RKROSGEHEHEZE ®REHR
WHFHUOROKWLOUOHD
<ZHE-goOHOYAPQ
EERNHEZZOOr e HW
TKROZEOEH SR W
BROOKSSHR KO
PHRWRGHZwYgK AW

accctecageyg
caacatcgga
cctcatctat
gtctggcacc
ttactgtgca
gaccgtccta
cccctectee
ctaccctggce
ggagaccacc
cctcacccece
cagcaccgtg

B Q
HOwAa
oo 2
wrEZn
wEOLO
oW R
el w B v B

79

gtgaagaagc
aactatgcta
atcatcgcta
accgcggacyg
acggccatgt
gactactggy
gtgttceccce
ctggtgaagg
agcggcgtge
gtggtgaccg
aagcccageca
acctgcccce
cccaagcecea
gacgtgagcc
cacaacgcca
gtgctcaccg
aacaaggccc
gagccccagy
ctcacctgtc
ggccagecccg
ttcctgtaca
tgcagcgtga
cccggcaag

FHARHUOHEZDOE Om@
TR ORGP RW
ZMERGOOEYEHN RO

tctgggacce
agtaatgcty
agtaataatc
tcagccteccece
gcatgggatg
ggtgcggecg
gaggagctgce
gccgtgaceg
acccccagca
gagcagtgga
gagaagaccyg

HHwA
O H
W
2SO

ctgggtcctc
tgagetygggt
tttttgggac
aatcgacgag
attactgtgc
gccagggaac
tggcceccay
actacttccc
acaccttccc
tgcccagcag
acaccaaggt
cctgccctge
aggacacecct
acgaggaccc
agaccaagcc
tgctgcacca
tgcctgcccce
tgtacaccct
tggtgaagyy
agaacaacta
gcaagctcac
tgcacgaggc

TSRO nHDp R
HEXRRGRZ gwmg o
HogzZ oo Admg xR omxRowm
CWOUOnNZRA W K- E
RO rulgHZOWm

ccgggcagag
tagactggta
agcggccctce
tggccatcayg
acatcctgaa
caggccagec
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccyg
tggcccccac

oo w
PRl s )
H = 1w
HowmHd
< @oH

ggtgagagtc
gcgacaggec
accaaagtac
cactgtctac
gaggattccec
cctggtcacc
cagcaagagc
cgagccegtg
cgccgtgetyg
cagcctgggce
ggacaaacgc
cccecgagetg
catgatcagc
cgaggtgaag
ccgggaggag
ggactggctg
catcgagaag
gccccccage
cttctaccce
caagaccacc
cgtggacaag
cctgcacaac

onwxRAAggPHE WL OH
HouHErHAEXROOO RN
AP R EZWonOn G
HOmmH<SOHAOAZ
P HEwYHDWLEAO P WNHK
L IRl N ol B VI I SRS B
DWHEHBHRK R DR
R OEAODwOOggwn

ggtcaccatc
cecggcagcetce
aggggtccct
tgggctccag
tgttccggta
caaggccgct
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

OnWn=
HH WA
H® OO
wHE oW
wi= A
SRR
HOE B
Uo wy
Q=

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

1020
1080
1140
1200
1260
1320
1353

HERRLAOH O ES
HKHESZ4Oogne s ug
<SHHWHAXLnSNAEAX

60
120
180
240
300
360
420
480
540
600
660
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TVAWEKA
EQWKSH

SEQ ID NO:8

cagtctgccc
tcctgcactg
cacccaggca
tctaatcgct
caggctgagg
ttcggaactg
cccagcgtga
gtgtgcctca
agccccgtga
gccgccagca
tgccaggtga

E D NO:

HAEGHODOW
KGO nlo nlko
bl B v B e vl ] T
"HE R PP
R PO OHA
oo P RO
e M w L B o
wwwomge
KngE R
[ I T e B
NS oOEwm
O R HQ

SEQ ID NO:8

tcctatgtge

tcttgctctg
ccagaaatgg
gccecggtttt
tccggcegatg
tteggatecty
cccagcegtga
gtgtgcctca
agccccgtga
gccgeccagca
tgccaggtga

EQ ID NO:

8
Q
A
G
A
A
H

mAaGH T ;e
ol R o N R o]
gl e B I
mRE RO HEBe
nRP®nNEZS

SEQ ID NO:9

cagtctgtgt

tcctgctetg
ccaggaacag
gaccgattct
actggggacy
gtctteggeg
gctceccagceg
ctggtgtgcec
agcagcceeyg
tacgccgcca
agctgccagg

DSSPV
RSYSC
6

tgactcagcc
gaaccagcag
aagcccccaa
tctctggcte
acgaggctga
ggaccaaggt
ccctgttecc
tcagcgactt
aggccggegt
gctacctgag
cccacgaggg

7

8

tgactcagcc
gaagccgctce
cccccaaact
ceggetecaa
aggctgatta
ggaccaaggt
ccetgttecce
tcagcgactt
aggccggegt
gctacctgag
cccacgaggg

9

W owo
wwnwnE =
KWW
Ao E<
(@ BRI BN ]
0O WK K

0

tgacgcagcc
gaagcagctc
cccccaaact
ctggctceccaa
aggccaacta
gagggaccaa
tgaccctgtt
tcatcagecga
tgaaggccegy
gcagctacct
tgacctacga

<
H o
o<
& =

0O R

tgcecgececgtg
tgacgttggt
actcatgatt
caagtctggc
ttattactgc
caccgtccta
cccctectece
ctaccctgge
ggagaccacce
cctcaccccce
cagcaccgtg

< oo W
HOo"YOEY
T < <@
HE;® o
nmHMExZ W
wHEASH

accctecagte
caacgtcgga
cctcgtcectat
gtectggcact
ttattgtgtg
caccgtccta
ccectecteco
ctaccctggc
ggagaccacc
cctcacccce
cagcaccgtg

S WO RS
HQDm<=2 "
el 7 N S
HE®S oD
[ IR w e e R v]
nHdH@HEDwYg
HAaHWwWWwmA

gccctcagty
caacattggg
cctcatttat
gtctggcacg
ttactgcgca
gctgacegte
ccececctece
cttctaccct
cgtggagacc
gagcctcacc
gggcagcacc

80

M 3
w3
H 3
< v
M w
~ o=

tctgggtete
ggttataact
tatgaggtca
aacacggcct
agctcatata
ggtgcggcecg
gaggagctgc
geegtgacey
acccccagca
gagcagtgga
gagaagaccg

HHE B wng A
QWO WwnmH
HwEnoown
AR ZACO

tctgggaccc
gataattctg
aagaatactc
tcagcctccee
gcatgggatg
ggtgcggeceg
gaggagctgc
gccgtgaccg
acccccagca
gagcagtgga
gagaagaccg

<O < OH
My o<sw
mARZOw"O

tctgecggecec
aatgattatyg
gacaataata
tcagccaccc
acatgggatc
ctaggtgcygg
tccgaggage
ggcgccgtga
accacceceea
ccecgagcagt
gtggagaadga

Q SNNK
TVAPT

ctggacagtc
atgtctcctyg
gtaatcgygcc
ccctgaccat
caagcagcag
caggccagcc
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccg
tggcccccac

HORKWMA
S aZO
bl A W I |
20w
HR<HWLW

ccgggcagag
tatattggta
aacggccctce
tggccatcat
acagcgtaga
caggccagcc
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccg
tggcceccac

HO R K Y Wn
< <6
b A NG L
LR~ S 4
HR <D

caggacagaa
tatcctggta
agcgaccctc
tgggcatcac
gecgeecgac
ccgcaggceca
tgcaggccaa
ccgtggectg
gcaagcagag
ggaagagcca
ccgtggeccee

Y
E

b= 0Onong
OFEANng

H<OOQWn3
QOrFrHAaRg

AASSYLSLTP
C s

gatcaccatc
gtaccaacag
ctcaggggtt
ctctgggctc
cacttatgtc
caaggccgct
ggccaccctg
ggccgacage
caacaagtac
gagctacagc
cgagtgcagc

e HRROQD
<y
wo ALK
L -~
H oo
oo
H o nn
=
Ly IS = B

ggtcaccatc
tcaacacgtc
aggagtccct
tggcctcecag
tggctatgte
caaggccygct
ggccaccctg
ggccgacagc
caacaagtac
gagctacagce
cgagtgcage

W HR WG
nnghog
o HdAAaz=R
KW,
[ e B S
WY n e
H o e s
o
NG HO

ggtcaccatc
ccagcagctc
agggattect
cggactccag
tgcttatgtt
gcccaaggcec
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

60
120
180
240
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360
420
480
540
600
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agc

SEQ ID NO:

O a0
HHO O ®
OGO B g
ZPHOo6nH
"ERAAa43

SEQ ID NO:
gacatccaga
atcacttgcc
gggaaagttec
cgcttcagtg
gaagatgttg
caagggacac
tccgacgagc
ccccgggagg
gagagcgtga
ctgagcaagg
ctgagcagcc

SEQ

]
=
(o]

e e B v I o |

I
Q
G
Q
I
Q
A

Ll B £ w
S I I o
Qg RR

SEQ ID NO:

cagtctgtgc

acctgctctg
cagtcccecctg
ttcataggct
gatgaggctg
accaagctga
ctgttccecce
agcgacttet
gcecggegtgg
tacctgagcc
cacgagggca

2]

OO 0o

D NO:

=R P A" ON
g g0 <+
ninnp o
Knaomoy

SEQ ID NO:

gaaattgtgc

ctctcctgea
ggccaggctc

21

X p o0
i - w B e B
s B w B o B e - v
e wmpE W
KHwg 2 e
a0

92
tgacccagtc
gggcgagtca
ctacactect
gcagtggatc
caacttatta
gactggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa

3

9
Q
P
D
P
N
v

Hwnwe<gaon
il o N o B = s B
OEEAE®
DO KHW®
H <

94

tgactcagce
gacataaatt
tattactcat
ccaactctgg
actattactg
ccgtcectagg
cctectecga
accetggege
agaccaccac
tcaccccecga
gcaccgtgga

5

oA
O < B
LT e W w B e v
<G P H
HO R KM
R N R o W/
HHEnmog <
GHEPE®N
wHar=E WY
SEaCgWo
< MO "o

96

tgactcagtc
gggccagtca
ccaggctcct

O < H
ORH-HOO
< oo Hg
H G320
o e RO
mEeg 9w
OHME®D "
LHmETY®na
S HBER"EH

tccatectece
gggcattagc
gatctatgat
tgcgacagat
ctgtcaaagg
taaacgtgcg
cggcaccgcce
gtggaaggtyg
cagcaaggac
gaagcacaag
gagcttcaac

nwHXROQWw
ol
"o OT N
SGoHRKHAA
H0 2o
RRWnn©UO

accctcagag
gggggataaa
ctatcaagat
gaacacagce
tcaggcgtgy
tgcggeccgea
ggagctgcag
cgtgaccgtg
cceccagcaag
gcagtggaag
gaagaccgtyg

tccaggcace
gegtgttage
catctatggt

81

SO RAHNM
Wmomp O

ctgtctgcat
agttatttag
gcatccactt
ttcactctca
tataacagtg
gccgcaccca
agcgtggtgt
gacaacgecce
tccacctaca
gtgtacgcct
cggggcgagt

g ipnnw
LRI I I
ZHA0Orn<gA
W EH A
[ORC Nl =N ]

tcegtgtece
tatgtttcgt
aacaggcggc
actctgacca
gacagcagca
ggccagccca
gccaacaagg
gcctggaagg
cagagcaaca
agccaccgga
gcccccacey

Mo; w3
AR ZHAO W
HO R P HW®W
<hirdng
NI I o
MZHawO
H® <0

ctgtctttgt
agctacttag
gcatccacca

RRZKOWm
HORGT O
<SG W»
W Ww
oz n0om

ctgtaggaga
cctggtatca
tgcgatcagg
ccatcagcag
ccccecccgat
gcgtgttcat
gcctgetgaa
tgcagagegg
gcctgagecag
gcgaggtgac
gt

mrZ o0
NnzaH5m
w0 0P
S O0nwm
HmHaono
HAH oo
H @

caggacagac
ggtatcagca
cctcagggat
tcagcgggac
ctgcggtttt
aggeccgetec
ccaccctggt
ccgacagcag
acaagtacgc
gctacagctg
agtgcagc

HOOHD
QF CHAOE
P HR®NR
mnte=Ze
nmoHNo
KH QOO
[l B
n o
B o
S Ham
o< HOE
Ao AaK
0 <O HR

ctccagggga
cctggtacca
gggecygcetyy

RGO 02
o= H
O30
LWrPrHROZ
N Ayg
[ N w I IV, 3R
e B R
HHEanm

cagagtecacc
gcagaagcca
ggtcccatct
cctgcagcect
caccttecgge
cttcecececece
caacttctac
caacagccay
caccetcace
ccaccagggc

i EE N
WRH A N
=~
oo R H
- e I ]
H=pE =
®od K
ZoOr"AHO
NN @)

agccagegtc
gaagccaggc
ccctgagcga
ccaggctctg
cggcggaggg
cagegtgacce
gtgcctcecatc
cccegtgaag
cgccagcagce
ccaggtgacc

aagagccacc
acagaaacct
catcccagac

663

WO oOHE =
H O O

60
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180
240
300
360
420
480
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600
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aggttcagty
gaagattctg
gggaccaadg
gacgagcadc
¢gggaggcca
agcgtgaccyg
agcaaggccyg
agcagecccy

E D NO:

KB e TR EW)
PO HP ™ HO
QwH M@ <G|H
Hommoo e
S Z @A

SEQ ID NO:

tcectatgtge

acctgtggygy
caggcccctg
ttctctgget
gatgaggccg
ggaggcaccc
gtgaccctgt
ctcatcageg
gtgaaggccg
agcagctacc
gtgacccacg

EQ

oo dn|n
mERMO L

I
v
Q
A
A
K
S

e 2oy
Wowo™d

SEQ ID NO:

9
Q
v
E
5
]
]

gcagtgggtc
cagtgtatta
tggagatcaa
tgaagagcgy
aggtgcagty
agcaggacag
actacgagaa
tgaccaagag

7

9
Q
P
D
S
S
T

nOoOYmeEom
O MEEP ™
QO SO
H<aBHKHHA
R KK

98

tgactcagcc
gaaacaacat
tgctggtegt
ccaactctgg
actattactg
agctgaccgt
tececceecte
acttctacce
gcgtggagac
tgagcctcac
agggcagcac

S

[ I - B el
oAy g
O<H<gWw
KO RHEHK K G
<SP HOODW

100

tecctatgtge

tettgttctyg
ccaggcacdgg
gaccgattect
tccgatgatg
ttcggcggag
ceccagcgtga
gtgtgccteca
agccccgtga
gccgecagea
tgccaggtga

E D N

tgactcagcc
gaagcagctc
cccccaaact
ctggctccaa
aggctgatta
ggaccaagct
ccectgttece
tcagcgactt
aggccggcgt
gctacctgag
cccacgaggdyg

0

QWO w|n
ol Nl e}
Ll B B
2 e O N

B AaAda|lo
B ool
oo e

< B H W
Hg e
H = HW

7o v - o]

tgggacagac
ctgtcagcag
acgtgcggcc
caccgccagce
gaaggtggac
caaggactcc
gcacaaggtg
cttcaaccgg

HOOO W
"o Q0w
<oHOOmn
HwomprxkAAamg
RERWmO WD
WO QW
g H R
ZHEA0mEa
W EHEHHA

accctcggtg
tggaagtaaa
ctatgatgat
gaacacggcc
tcaggtgtgyg
cctecggtgeg
ctccgaggag
tggcgccgtyg
caccacceccce
ccccgageag
cgtggagaag

HonHuo o<
o /R o R
MW S g
OHEHD DO
mHAaEwYO
HMHEABWmnAa
P R o X Rl

accctcageg
caacatcgga
cctcatctat
gtctggcacc
ttactgtgca
gaccgtccta
cccctectece
ctaccctggce
ggagaccacc
cctcacccecce
cagcaccgtg

L
oo
Lol = w B v
mHOE
wEOQ
Mg @me
[l B
H =
O 0H

g2

ttcactctca
tatggtagga
gcacccagcg
gtggtgtgcc
aacgccctge
acctacagcc
tacgcctgeg
ggcgagtgt

(IR IN B v B
M =Zrogw
Owznxa

tcagtggccc
agtgtgcact
agcgaccdgc
accctgacca
gatagtagta
gcecgecaggcece
ctgcaggcca
accgtggect
agcaagcaga
tggaagagcc
accgtggecee

HwypodHD
RR=ZmOodH
HO X MEA
< FEQHO
h=l A B B R o

tctgggacce
agtaattatg
agggatggtc
tcagcctcce
acatgggatg
ggtgecggccyg
gaggagctge
gccgtgaccg
acccccagca
gagcagtgga
gagaagaccyg

oG W
Z 6" O
Rmogw

ccatcagcag
caccygctcac
tgttcatctt
tgctgaacaa
agagcggcaa
tgagcagcac
aggtgaccca

[P W PR s
HKQOmY
HoHO®
H X R O
[l -l I v
(SR R

caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgatcatgc
agcccaaggc
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

P 0nn
HR OO
M<K OQOOh=

QrprEa=EH
PP HOWm

ccgggcagag
tatactggta
agcggccctce
tggccatcag
acaacctgag
caggccagcc
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccg
tggcccccac

e Mo
H e
HFom®e
< Q6!
onme

actggagcct
tttecggcgga
ccecccectee
cttctacccce
cagccaggag
cctcaccctg
ccagggcctg

HEHOW
B R A Wm
lwi ol BwilitS
< OE o g e
[ - I
=G E s
T oA K

ggccaggatt
gaagccaggc
ccctgagcga
cgaagccggyg
tgtgttcgga
cgctcccage
cectggtgtge
cagcagccce
gtacgccgee
cagctgccag
cage

mwnHEGWw
wogAaza R
K HGHE W
Hr e
oA m
i B p B = B
HopE o a3

ggtcaccatc
ccagcagctc
aggggtccct
tggactccgg
tggtccagta
caaggccgct
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

HHRH
H® WO
W awn
[w I B I
o D

KE PG
Oy o
G o=

240
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480
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=2 HO
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TVAWEKA
EQWEKSH

SEQ ID NQO:1

DSSPV
RSYSC

02

gaaattgtgt
ctctcectgea
cctggccagg
gacaggttca
cctgaagatt
ggagggacca
tccgacgagce
cccecgggagd
gagagcgtga
ctgagcaagyg
ctgagcagcc

EQ ID NO:1

tgacccagtc
gggccagtca
ctcccaggcet
gtggcagtgg
ttgcagtgta
aggtggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa

03

< < O Ewe
K EBERXEA
WO H B
GueEQH
HOQ/""O 3
<2 MO
Hwkrodw

SEQ ID NO:1

-l ol w il e R
CcEEPEQ
GwOo <dHHA
H <A

04

cagtctgcce
tcectgcactg
cacccaggca
tctaatcgcect
caggctgadgyg
ttcggaactg
cccagcgtga
gtgtgcctea
agccecegtga
gccgcecagca
tgccaggtga

SEQ ID NO:

tgactcagcc
gaaccagcag
aagcccccaa
tctctggctce
acgaggctga
ggaccaaggt
ccctgttecece
tcagcgactt
aggceggegt
gctacctgag
cccacgaggg

0

oo RO

I
A
H
G
P
A
W

HHEHOQHDODO
OG0 mD W
mERH e
nwREFOOA

SEQ ID NO:1

ogrmE e la
g moe
K HOR W
LR HY <
O<BHEO=EWw

06

cagtctgtcyg

acctgtgyggg
caggcccctg
ttetetgget
gatgaggccyg
actgggacca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacg

tgacgcagcc
gaaacaacat
tgctggtcegt
ccaactctgg
actattactg
aggtcaccgt
tcceccocecte
acttctaccc
gcgtggagac
tgagcctcac
agggcagcac

0w
<
H &
m o<
eIl

tccaggcacce
gagtgttagc
cctcatctat
gtctgggaca
ttactgtcag
caaacgtgcg
cggcaccgcc
gtggaaggtg
cagcaaggac
gaagcacaag
gagcttcaac

H =R K KW
CHwOOH
N QMW
< UOUOHOWLHY
HwpP <

tgccteegtg
tgacgttggt
actcatgatt
caagtctgge
ttattactgce
caccgtecta
ccectectec
ctaccctggce
ggagaccacc
cctecacccecc
cagcaccgtg

O RE K HGQ
< R KW
HOo"MOoEY
T <dQ
FHE e 0O
NHHEKZW»n
mHEEA WA

gcecctecggtg
tggaagtaaa
ctatgatgat
gaacacggcc
tcaggtgtgg
cctaggtgceg
ctccgaggag
tggcgccegtg
caccaccccc
cceccgageay
cgtggagaag

[P

i R v B |
o <wnE™
IR

83

A
H A
<
(£ 7S
=R
H o
< W

ctgtctttgt
agcagctact
ggtgcatcca
gacttcactc
cagtatggta
gcegcacccea
agcgtggtgt
gacaacgccce
tccacctaca
gtgtacgcct
cggggcgagt

ZH0WOA
e IS e B s B o
(DR ]

tctgggtcte
ggttataact
tatgaggtca
aacacggcct
agctcatata
ggtgcggeeg
gaggagctgc
gccgtgaceg
acccccagcea
gagcagtgga
gagaagaccg

HHEAHW®™A
<O WwwmH
HwunPwaw
"HEZACO

tcagtggccc
agtgtgcact
agcgaccggce
accctgacca
gatagtagta
gcecgcaggeco
ctgcaggcca
accgtggect
agcaagcaga
tggaagagcc
accgtggccc

W
Lo I
==
MoK

ctccagggga
tagcctggta
gcagggccac
tcaccatcag
gctcacccag
gcgtgttcecat
gcctgctgaa
tgcagagcgg
gccectgagecag
gcgaggtgac
gt

- v lel
Nz oW
W R
H KGO W®®n
HERHHO
H WO o n
HE<q <
[d - I I ¢ W 4]
W HQ W
- = W
sl ol Ml
HoE P
(e - S I
RGP
=l o B S oS
W W HO

ctggacagtc
atgtctcctg
gtaatcggec
ccctgaccat
caagcagcag
caggccagcc
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccg
tggcccccac

HO R wnAd
<Shrg=Ea
=R B - |
Lo B e B 03 B B
HR<<HWLW»
M ooy
QrEr B Aang

caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgatcatta
agcccaaggce
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

w

aagagccacc
ccagcagaaa
tggcatccca
cagactggag
aactttcggc
cttcceececce
caacttctac
caacagccag
caccctcacc
ccaccaggge

gatcaccatc
gtaccaacag
ctcaggggtt
ctctgggcectc
cactcttgtc
caaggcegcet
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

wEHR=REQ
wwd o
wOHaQ
[ B
[l I IS
e d

ggccaggatt
gaagccaggc
ccctgagega
cgaagccggg
tgtcttcgga
cgctcccagce
cetggtgtge
cagcagcccce
gtacgccgecce
cagctgccag
cagc

SS5YLS

LT
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360
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107
QSVVTQPPSVSVAPGQTARITCGGNNTIGSEKSVHWYYOQQK

SEQ ID NO

PGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATILTTISR

VEAGDEADYYCQVWDSSSDHYVFGTGTKVTVLGAAAGDQ Q
PKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTYV
AWKADS SPVKAGVETTTPSKQSNNEKYARARASSYLSLTPERQ Q

WKSHRSYSCQVTHEGSTVEERKTVAPTETCS

108
actgtgttga cacagccgce ctcagtgtct ggggccccag ggcagagggt caccatctec

tgcactggga gcagctccaa catcggggca ggttatgatg tacactggta ccagcagett

.

SEQ ID NO

10

60
120
180
240
300
360
420

ccaggaacag cccccaaact cctcatctat ggtaacagca atcggccctc aggggtcect
gaccgattct ctggectccaa gtcectggcacg tcagceccaccee tgggcatcac cggactccag

actggggacg aggccgatta ttactgcgga acatgggata gecagcctgag tgcttatgte

15

ttcggaactg ggaccaaggt caccgtccta ggtgcggccg caggeccagec caaggccgct
cccagcgtga ccctgttcce ccecctectee gaggagectge aggccaacaa ggccaccctg
gtgtgcctca tcagcgactt ctaccctggcec gccgtgaccg tggcctggaa ggecgacago

agccccgtga aggccggegt ggagaccacc acccccagca agcagagcaa caacaagtac

480
540
600
660

gccgccagca gctacctgag cctcaccccc gagcagtgga agagccaccg gagctacage

tgeccaggtga cccacgaggg cagcaccgtg gagaagaccg tggcccccac cgagtgcage

20

109
TVLTQPPSVSGAPGQRVTISCTGSSSNIGAGYDVHWYQ

SEQ ID NO

QOLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSATLGI
TGLOTGDEADYYCGTWDSSLSAYVFGTGTERKVTVLG
GQPKAAPSVTLFPPSSEELQANKATLVCLIOSDTFYT?P

25

A AA
G AV

TVAWKADSSPVKAGVETTTPSKQSNNEKYAASSYLSLTTP

EQWKSHRSYSCQVTHEGSTVEEKTVAPTETCS

30

110
MEKIVLLFAIVSLVEKSDQICIGYHANNSTEQVDTIMEK

NVIVTHAQDILEKKHNGEKLCDLDGVEKEPLILRDCSVAGW

SEQ ID NO

LLGNPMCDEFINVPEWSYIVEEKANPVNDLCYPGDFNTDY
EELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACTEP
YQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQETDLTLYV

35

LWGIHHPNDAAREQTELYQNPTTYISVGTSTLNQRLYWVPR

IATRSKVNGQSGRMEFFWTILEKPNDAINFESNGNFIA AP

EYAYKIVKKGDSTIMKSELEYGNCNTEKCQTPMGAINSS
MPFHEHNIHPLTIGECPKYVESNRLVLATGLRNSPQRETRR
RKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGY
AADKESTQKAIDGVTNEKVNSIIDKMNTITQFEAVGRETFNN

40

LERRIENLNEKKMEDGFLDVWITYNAELLVLMENERTLTDTF

HDSNVEKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNETC

MESVRNGTYDYPQY SEEARLEKREEISGVKLESIGIUYQI

LSIYSTVASSLALAIMVAGLSLWMCSNGSLGCR

45

SEQ ID NO:111

MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEHK
NVITIVTEAQDILEKTHNGEKLCDLDGVKPLILRDCSVAGW

50

LLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDY
EELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACTP
YQGKSSFFRNVVNLIKEKNSTYPTIEKRSYNNTNOQEDLTLYV

LWGIHHPNDAAEQTEKLYQNPTTYISVGTSTLNQRLYVZPEPER

IATRSKVNGQSGRMEFFWTILKPNDAINPFESNGNTFIATP

55

EYAYKIVEKKGDSTIMKSELEYGNCNTEKCQTPMGAINSS
MPFHNIHPLTIGECPEYVEKSNRLVLATGLRNSPQRERR



85

RKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGY
AADKESTQEKAIDGVTITNKVNSIIDKMNTITQFEAVGRETFNN

LERRIENLNKKMEDGFLDVWIYNAELLVLMENERTILTDTF

HDSNVENLYDKVRLQLRDNAKELGNGCFEFYHECDNETC
MESVRNGTYDYPQYSEEARLEKREEISGVEKLESIGIYQI

LSIYSTVASSLALAIMVAGLSLWMCSNGSLQCR

5

112
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMETHK

NVTVTHAQDILEKTHNGEKLCDLDGVEKEPLILRDCSVAGRW
LLGNPMCDEFINVPEWSYIVEKANPANDLCYPGNTFNTDY
EELKHLLSRINHFEKIQIIPKSSWSDHEASSGVSSACTEP
YQGKSSFPRNVVWLIKKNSSYPTIKRSYNNTUNQEDLTLYWV

SEQ ID NO

10

LWGIHHPNDAAEQTRLYQNPTTYISVGTSTLNQRILVPK

IATRSKVNGQSGRMEFFWTILKPNDAINTFESNGNTFIATP

15

EYAYKIVEKKGDSAIMEKSELEYGNCNTEKCQTPMGAINSS
MPFHNIHPLTIGECPEKYVEKSNRLVLATGLERERNSPOQRETZ RTR
RKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGY
AADKESTQERKAIDGVINEKVNSIIDKMNTQFEAVGRETFNN

LERRIENLNKKMEDGFLDVWTYNAELLVLMENERTTILTDTFEF

20

HDSNVENLYDKVRLQLRDNAKELGNGCTFEFYHEKCDNETC

MESVRNGTYDYPQYSEEARLKREEISGVEKLESIGIVYQI
LSIYSTVASSLALAIMVAGLSLWMCSNGSILOQCR

SEQ ID NO:113

25

MEKIVLLPFPAIVSLVKSDQICIGYHANNSTEQVDTIMEZXK

NVTVTHAQDILEKTHNGERKLCDLDGVEKPLILRDCSVAGTHW
LLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNTDY
EELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACTEP
YQGKSSFFRNVVWLIKEKNSTYPTIEKRSYNNTNQEDLTLYV

30

LWGIHHPNDAAEQTEKLYQNPTTYISVGTSTLNQRLYVZPR

IATRSKVNGQSGRMEFFWTILEKPNDAINTFESNGNTFIAP

EYAYKIVEKKGDSTIMKSELEYGNCNTEKCQTPMGAINSS
MPFHNIHPLTIGECPEKYVEKSNRLVLATGLRNSPQRERRTR
REKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGY

35

AADKESTQKAIDGVTNEKVNSIIDKMNTQFEAVGRETFNN

LERRIENLNKKMEDGFLDVWTYNAELLVLMENERTILDTEF

HDSNVEKENLYDEKVRLQLRDNAKELGNGCTFETFTYHEKCDNETC
MESVRNGTYDYPQYSEEARLEKREEISGVEKLESIGIYQTI
QARSGGRSSLEGPRFEQEKLISEEDLNMHTGHHHHHH

40

SEQ ID NO:114

MEKIVLLLAIVSLVEKESDQICIGYHANNSTEQVDTIMEHK

NVTVTHAQDILEKTHNGEKLCDLDGVEKPLILRDCSVAGW

LLGNPMCDEFINVPEWSYIVEKANPANDLCYPGNTFTNDY
EELKHLLSRINHFEEKIQIIPKSSWSDHEASSGVSSACTE?
YQGKSSFFRNVVWLIKKNSSYPTIEKRSYNNTNQEDLTLYV

45

LWGIHHPNDAAEQTRLYQNPTTYISVGTSTLNQRILYVPK

IATRSKVNGQSGRMEFFWTILEKPNDAINFESNGNTFIATP

EYAYKIVKKGDSAIMKSELEYGNCNTEKCQTPMGAINSS
MPFHNIHRHPLTIGECPEKYVEKSNRLVLATGLRNSPQRERR
RKKRGLFPFPGAIAGFPFIEGGWQGMVDGWYGYHHEHSNEQGSGY

50

AADKESTQRKAIDGVTNEKVNSIIDKMNTQPFEAVGRETFNN

LERRIENLNKEKMEDGFLDVWTYNAELLVLMENERTLDTF

HDSNVENLYDEKVRLOQLRDNAKELGNGCTFEFYHEKCDNESTC

55

MESVRNGTYDYPQYSEEARLKREEISGVELESIGIYQI
QHSGCGRSSLEGPRFEQEKLISEEDLNMHTGHHHEHHH
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SEQ ID NO:1

15

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

]
=

tggtggagtc
cttctggagg
ggcctgagtg
tccagggeag
gcagcctgceg
tgecgcgaaac
gcggttcagg
caccctcagc
tcaacatcgg
tcctcatcta
ggtctggcac
attactgtgce
tgaccgtcct

[

TO00HOO0 MK
Owwa A <o
O << Y|
HUbHA OB

PoH< O <0
%G 0mE o E|

SEQ ID NO:1

<" OWLe " wo
TOWwoOwnuHEe
W oOHAms
L WO N N - |
GrHOTO<
O™ nn R
Mz 0OHEAHR
HAXdHGOQUOHMY

17

caggtccagc
tettgecaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ctgactcagc
ggaaccagca
aaagccccca
ttctetgget
gacgaggctyg
gggaccaadg

ID NO:1

tggtgcagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagcctgcy
tgcgcgaaac
gcggttcagg
ctgcecgecgt
gtgacgttgg
aactcatgat
ccaagtctgg
attattactg
tcaccgtecet

18

mmOHmDDg
HZmHARA RGO
A% HGSTO
WYHAXOH
H<GEO G
O WLwWwmEOO
HgOWwE YW
K hHEHOQOWLHEHD
<E MO8 WmE
HHoHOQOEHEEZ M
DR LOTOJ
HhhWhono R
oA R
HugOoHY

SEQ ID NO:1

19

gaggtgcadc
tcttgcaagy
cctggacaay
gcaccgaagt
atggagctga
gygtaccagy
agcggtacygy

tggtggagtc
cttctggagg
ggcctgagtyg
tccagggcag
gcagcctgey
tgcgcgaaac
gcggttcagg

tggggctgag
ccccttoege
gatgggagygy
agtcacgatt
atctgaggac
tatggacgte
cggaaccggce
gtctgggacc
aagtaatgct
tagtaataat
ctcagcctce
agcatgggat
aggt

WwaoAaAage
HOWwowEHW

tggggctgag
cccettecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccyggc
gtctgggtct
tggttataac
ttatgaggtc
caacacggcc
cagctcatat
aggt

"R OHAAYQ
SO HW!
HORWBE "W
S E N0
HFHRAdam
QP oA g

tggggctgag
cccctteege
gatgggaggg
agtcacgatt
atctgaggac
tatggacgte
cggaaccggc

86

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
agcggcactg
ccecgggcaga
gtagactggt
cagecggcccet
ctggccatca
gacatcctga

HEZ W0 mWn
SE ORI
Hi<dra<a R
OO oda g
HEoOrR®
R R0

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
agcggcactg
cctggacagt
tatgtctcct
agtaatcgge
tcectgacea
acaagcagca

i o =W
HEE=w=R<KO
N -
HIO QR oW
N haR;

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcaaag
agcggcactg

ctgggtccte
tcagctgggt
tttttggtac
atttegcggg
actactgtge
ggaccacggt
gcgggtcgac
gggtcaccat
accggcagct
caggggtcce
gtgggctcca
atgttccggt

HW AT YR
LN E g
OB aRW;
Hooog e
OO0 6
A< o"
o O W

ctgggtcctc
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
gegggtegac
cgatcaccat
ggtaccaaca
cctcaggggt
tctetggget
gcacttatgt

OQE RO
HYEHQO O
OOA <o

ctgggtccte
tcagctgggt
tttttggtac
atttcgeggg
actactgtgc
ggaccacggt
gcgggtcgac

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gtcctatgtg
ctcttgttect
cccaggaacd
tgaccgatte
gtctgaggat
attcggcgga

OUw <
Bl o HaHE W
wHE R H R
OB g
HoH W e H
HHKROIZOW

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gcagtctgcc
ctcctgcact
gcacccaggc
Ltectaatege
ccaggctgag
cttcggaact

RO W H
o= vl s BESH v}
Uue A n
X EHR
bl I =

ggtgaaagtc
gcgacaggcce
aacaaaatac
cacagtttac
gaaacatatg
caccgtcteg
gtcctatgtg

g w<g e H
HHOEOW
Lol I I B w -
QMg xRE g
nhgoop

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

QOwAOg =
B~ VI

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

60
120
180
240
300
360
420

-~y Ty Wi
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ctgactcagce
ggaagccgct
gceccocccaaac
tccggectcca
gaggctgatt
gggaccaagg

v

Q
M

OO0 H OO0 0
Uw®Ha <xg
g wo
NG R o N

v
I
G
v

SEQ

Og<unwnmdeaHr
Qo Oowue "

caccctcagt
ccaacgtcgg
tcctegteta
agtctggcac
attattgtgt
tcaccgtcct

ID NO:120

KPP OOnHEO
<SW RN s
HEWGOH B HE
M W0oHE W e <
nmOwnnneaR

ID NO:121

gaggtgcagc
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ttgacgcagc
ggaagcagct
gcccccaaac
tctggctcceca
gaggccaact
ggagggacca

w
[z
O

tggtggagtc
cttctggagg
ggcctgagtg
tccagggcag
gcagectgeg
tgcgcgaaac
gcggttcagg
cgccctcagt
ccaacattgg
tcctecattta
agtctggecac
attactgegce
agctgaccgt

ID NO:122

IROHOMOMHA
O "3 wg
ol IR R R o
WA e
ToOHCSRZOo<
HH=DOEGIHE
P OWOH"o

SEQ

LoD wvHE@
SWanamsE
<o E M
Hownaw o
QO wmnwea R
CnzZamH R

ID N0:123

caggtacagc
tcetgcaagg
cctggacaag
gcacaaaagt
atggaggtga
aaatattaca
ggtacgggcg
acccagtcectc
gcgagtcagg
acactcctga
agtggatctyg
acttattact
ctggagatta

tgcagcagte
tttccggagt
gccttgagtyg
tcecagggcag
acagcctgag
gtgagtacat
gtteaggegy
catectecct
gcattagcag
tctatgatge
cgacagattt
gtcaaaggta
aacgt

ctctgggacc
agataattct
taagaatact
ttcagcctcecc
ggcatgggat
aggt

w2 AR
HR << OUOHW
MnOHE A"
< QOGO HDN
HHEZW0OEH®n
<K<
Hwr<gH<k 3R
QKOO

tggggctgag
ccecctteege
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccggc
gtctgeggee
gaatgattat
tgacaataat
gtcagccacc
aacatgggat
cctaggt

QDR HGOOH'T
HWOOA3TH
ROZOFHN

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

HHQOwnEAw»
H Q6
<@ <SHKAR
HROOOHR<

87

cccgggcaga
gtatattggt
caacggccct
ctggccatca
gacagcgtag

HEZ@)p =R
RO
HxXO A @R
H oW g
QUK GORN

gtgaagaagc
agctatgcta
atcatcccta
accgcggacg
acggccatgt
tggggcazaag
agcggcactg
ccaggacaga
gtatcctggt
aagcgaccct
ctgggcatca
cgccgeccga

GHEQwRW®
@m0
HO AT E®m
HOO YW

gtgaagaagc
ggcagtgcga
atcagccctc
accgcggacc
acggccgtgt
ggcaaaggga
ggcactggeyg
gtaggagaca
tggtatcagc
cgatcaggygy
atcagcagcc
ccececcgatea

gggtcaccat
atcaacacgt
caggagtccc
ttggcctcca
atggctatgt

[l v B W ]
OEHEFOO®
mEACSOY
QO DN HH

ctgggtcctc
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
gcgggtecgac
aggtcaccat
accagcagct
cagggattcc
ccggactcca
ctgcttatgt

[N I > W ) I V7]
H oo = Gl
0O HOO G
H = =3 <0y

QPO W wH

ctgggtectc
tcagctgggt
tctttggeac
aatccacgaa
atttctgtgc
ccacggtcac
ggtcgacgga
gagtcaccat
agaagccagg
tccecatcteg
tgcagcctga
ccttcggecca

ctcttgectet
cccagaaatyg
tgceccggttt
gtccggcegat
cttcggatct

lw B B o
Mm=mHa3Wn
PHOEHK
o <go3w
o D H
KHKO= OO0

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gcagtctgtg
ctcctgectet
cccaggaaca
tgaccgattc
gactggggac
tgtcttegge

OUww <
[na N B I )
o HONEHK
Z B0 <o w
KoM < H
KO E DW

ggtgaaggtc
gcgacaggcce
aacaaattac
cacaacctac
gcgaggtcca
cgtetegage
catccagatyg
cacttgccgg
gaaagttcct
cttcagtggce
agatgttgca
agggacacga

480
540
600
660
720
744

OmHa0Oy =
= B R B
P HOGQ WD

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

Qo rFrOo=
p=A A S I

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

H= 66w
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3

o

g HaZ 00w
Horwog Ao
b6 A ro|-
IR B

SEQ ID NO:

Hw\aw@Eono|—
H OO ol
GHEmAZEQ
CwmrE s
QRwOHEE
HWnOwDog
Warmn Qe R
HuwuHoaHEHAR
Hrd0wmH

125

caggtccage
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga
ggttattacc
ggtacgggcg
actcagccac
cataaattgg
ttactcatct
aactctggga
tattactgtc
gtcctaggt

5]

D NO:

tggtacagte
cttctggagg
ggcttgagtg
tccagggcecag
ggagcetgag
ccgaatactt
gttcaggcgg
cctcagagtc
gggataaata
atcaagataa
acacagccac
aggcgtggga

[N

wwaEHWwOOolw
HOEg PP Q0
WHwmHE Y -"OH
QRS KOQP
HEA®w 2O

SEQ ID NO:

QW OWwHEQO|-
QM meaE e wnlo
GHOHEYHE®
HGOTZoOwm=P
RmEROPEEHA
HFZHEWnEag
HL OO WG R
<QUaREAHR
FEZRAY =R
A< Aano

127

caggtccagc
teetgtgecag
ccagggaagg
gtagactcag
ctgcaaatga
gggagctacg
tcgageggta
gtgctgacte
tgcagggcca
gctcccaggce
agtggcagtg
tctgcagtgt
aaggtggaga

EQ

tggtgcagtc
cctetggatt
ggctggagtg
tgaagggccg
acagcctgag
gggcctacga
cgggcggttc
agtctccagg
gtcagcgtgt
tcctcatcta
ggtctgggac
attactgtca
tcaaacgt

[N

K H o 200w
AR E g

I
Q
P
L
L
E
A
R

H <Ko
"o ae RS

HFaa<o@o|iv

H g BHmEE o
HgwwZEQ
QPO WwE O
[ - B I B )]
QwrownH
HQWwaPwg
WO WA AR
< @QEQYwd
Hw<soHdHWwQ
H@QWwAP WO
mH OO S W
WO WK WwH

HHWLWOHA™"O
e B s M — B e R )
e I = I R I

tggggetgay
caccttcagt
gatgggagga
agtcacgatt
atctgaggac
ccaggactgg
aaccggcagc
cgtgtccccea
tgtttegtgg
caggcggccc
tctgacceatce
cagcagcact

PG WP R0
HOon<TH®n

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

88

HEHKO-<
HEEaomAaR
HeknONAag
HIO WP Z W
IO HRE KO
RO R
HroH g0 g
OO RRW

gtgaagaagc
agttatgcta
atcatgggta
accgeggacy
acggecgtet
ggccagggcea
ggcactggcg
ggacagacag
tatcagcaga
tcagggatcc
agcgggaccc
gcggttttcg

HEEAK O
HKEOXHAR
HCOCQOOH <
o wip 2w
QR ADKO
HHYO W R
O no P

ctggtcaagc
agctatagca
attagtagta
tccagagaca
acggctgtgt
tactggggcc
ggcagcggea
ttgtctccag
ttagcctggt
accagggccd
ctcaccatca
aggacaccgc

o H QKK
HE a0HBH
HS QP <Ww
HHKO®KQOQ
HO WG G
nmoHAOg P
WoR B G W

HRE K@
Mg KO <
OR”ROWmLWQH

ctgggtectce
tcagctgggt
tgtttggcac
aattcacgag
actactgtgce
ccctggtcac
ggtcgacgca
ccagcgteac
agccaggeca
ctgagcgatt
aggctctgga
gcggagggac

PO 9O RW
HWwH KRG
or"HAKDOGQ
HgO/R"OA

ctggggggtce
tgaactgggt
gtagtagtta
acgccaagaa
attactgtgc
agggcaccct
ctggcgggte
gggaaagagc
accaacagaa
ctggcatccc
gcagactgga
tcactttcgg

HRHOSO
Mo A

"HO B OOA
(el i

[w oI SR ]

< HLbBE®TA
ol v B 7
HH 24 Q@
Y H DO HW
H KB <D
NQwaRDpH

ggtgaaggtc
gcgacaggcc
aactaactac
cgcecagectac
gaggtctagt
cgtctcgage
gtctgtgetg
ctgctctgga
gtccecctgta
cataggctcc
tgaggctgac
caagctgacc

o
w B e B~ B ol
KHWE AW
KO H K
QO woap

cctgagacte
ccgccaggcet
catatactac
ctcactgtat
gagaggtggt
ggtcaccgtc
gacggaaatt
caccctctcce
acctggccag
agacaggttc
gcctgaagat
cggagggacc

W wEAam
WH RGO H K
< BHOQOHRWKW

oo =EPH

K HHYDTE
K KEHKOZ
Qo E= =R
OB HOQPE <
OwWwwo R W

Lo R O M w B V)

f =N R ]
TR OoE=E
OwmaoM<g
LwROHA®

Www RO =
HKH<GOW
ZHOHHAaw

60
120
180
240
300
360
420
480
540
600
660
720
729

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

29

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

SEQ ID NO:1

Lo Qo A
MY <
(RN Bl e
OHPHKGOH
THH G RO

M wEoE
<WOoOLEYW
HHEHOQOOQWE
QoA Ww s
o2 a0 = m
QU aoEn<
HZHWOLWnLOR
CcCruOQEHSR

SEQ ID NO:1
gaggtgcagc
tcttgcaagg
cctggacaag
gcaccgaagt
atggagctga
gggtaccagg
agcggtacgg
ctgactcagc
ggaagcagct
gcccccaaac
tctggcetceca
gaggctgatt
gggaccaagc

o)
=
(@)

SEQ

tggtggagtc
cttctggagg
ggcctgagtyg
tccagggecag
gcagcctgeyg
tgcgcgaaac
gcggttcagg
caccctcggt
ttggaagtaa
tctatgatga
ggaacacggc
gtcaggtgtg
tccteggt

30

31

tggtggagtc
cttctggagg
ggcctgagtyg
tccagggcag
gcagcctgeyg
tgcgcgaaac
gcggttcagg
caccctcage
ccaacatecgg
tcctcatcta
agtctggcac
attactgtgc
tgaccgtcct

[

HFOHCEO <
w<uwnEo e

I
Q
P
v
v
v
P
D

FReReoRN —EnE oM
OwmAaAal
ZuHAK OB

SEQ ID NO:1

PO WwH "W
BTowowEo
<SWaOHUWnE
Mo Oe R
QLuoEoO <

33

gaggtgcage
tcctgtaagg
cctggacaag
gcacagaact
atggagctga
ggttattacc
ggtacgggcg
acccagtctce

tggtggagtc
cctetggagg
ggcttgagtg
tccagggcag
gcagcctgag
ctgcatacct

gttcaggcgg
caggcaccct

tggggctgag
ccececttecge
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccggc
gtcagtggce
aagtgtgcac
tagcgaccgg
caccctgace
ggatagtagt

FEQwaUHY
HZ®aAawn
<HWUQPHW
G wE W0
OHIZIOK Q<

tggggctgag
ccecettecege
gatgggaggg
agtcacgatt
atctgaggac
tatggacgtc
cggaaccggc
gtctgggacc
aagtaattat
tagggatggt
ctcagecctce
aacatgggat
aggt

(AR ELCEGEGEAE
Q=2 HE4HR
HRHOQUOH™
AwaHaAdargQ
HQwoiPHW
HHEZWwnEHWw
S H OO
Hi <Ak g =R
ML an0Adag

tggggctgag
caccttctec
gatgggagac
actcacgatt
atctgaggac
ccccecactgg
aaccggcagc
gtctttgtet

839

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

H S 3R
He OO <G
HO QP R0
WO WwRKOQ
e T e
<SmwE o
MG KGR W
O G K HEE

gtgaagaagc
agctatgcta
atcatcccta
accgeggacg
acggccatgt
tggggcaaag
agcggcactg
cccgggcaga
gtatactggt
cagcggccct
ctggccatca
gacaacctga

HE QRN
B R KO
HOHE B =R
wowzE P
[N =N NN N7
HH<arHEE
OO0
HaAa<dOw
OO w o

gtgaagaagc
agctatggta
atcatcggta
accgcggacg
acggcecgtgt
ggccagggca

ggcactggcg
ccaggggaaa

ctgggtectce
tcagetgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
gcgggtegac
cggccaggat
agaagccagg
tcectgageg
tcgaagcegg
ctgtgttegg

QYOO O
o< G

m<GODme

ctgggtccte
tcagctgggt
tttttggtac
atttcgcggg
actactgtgc
ggaccacggt
gcgggtcgac
gggtcaccat
accagcagct
caggggtccc
gtggactcecg
gtggtccagt

cagggtcctc
tcagctgggt
tgtttggtte
aatccacgag
attactgtgc
ccttggtecac
ggtcgacgga
gagccaccct

ggtgaaagtc
gcgacaggcc
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gtectatgtg
tacctgtggg
ccaggccect
attctctggce
ggatgaggcc
aggaggcacc

W E
o<mwHaAWm
Ko WwEHK
R w R

ggtgaaagtc
gcgacaggcce
aacaaaatac
cacagtttac
gaaacatatg
caccgtctcg
gtcctatgtg
ctcttgttct
cccaggcacg
tgaccgattc
gtccgatgat
attcggcgga

[w B BV o B -]
HXRPa AW
WO EHR
o gAam

ggtgaaggtc
gcgacaggcc
aacaaactac
cacagcctac
gagaagtagt
cgtetcgage
aattgtgttg
ctcectgcagg

OgwL<geH
o gEU;

R

HHOEgOw
NwHOO =R
g m R
Ho oo P o

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

<SP Oy s
SomR A
=i NNl -

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

120
180
240
300
360
420
480
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gccagtcaga
cccaggctce
ggcagtgggt
gcagtgtatt
gtggagatca

SEQ ID NO:

gtgttagcag
tcatctatgg
ctgggacaga
actgtcagca
aacgt

134

QI EEPNnOoE
e gAY g
P AP OO
gonHa <K oe
HHEPOEOC
HownhonMEoH

SEQ ID NO

MU OO HH
QOWHnE O
OHYPOLSD
Qe HZH
HOO WD Q<

1135

gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggaggtga
aagggtatct
agcggtacgg
ctgactcagc
ggaaccagca
aaagccccca
ttctctggct
gacgaggctg
gggaccaagg

v}
=z
O

tggtggagtc
cttctggagg
gacttgagtg
tccagggcag
gcagcctgag
actactacta
gcgygttcagg
ctgcctccgt
gtgacgttgg
aactcatgat
ccaagtctgg
attattactg
tcaccgtcct

(73]

=
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I
0
P
A
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I
R
T

wwo A no Hn
moHEAa<oH
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SEQ ID NO:

oo nEQ E|&

HAOW!<CH wo
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HondOogoHRA
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gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga
tattactatg
ggtacgggcg
acgcagccgc
aacaacattg
ctggtcgtct
aactctggga
tattactgtc
gtcaccgtcc

tggtggagtc
cttctggagg
ggcttgagtg
tccagggcag
gcagcctgag
agagtagtct
gttcaggcgg
cctcggtgtce
gaagtaaaag
atgatgatag
acacggccac
aggtygtggga
taggt

13

H o
[0
E
= M
o <
o=
H =
H o
[
= W0

B
G

90

cagctactta gcctggtacce
tgcatccagec agggccactg
cttcactctc accatcagca

gtatggtagc

R naongR
SO mEHR
HuwwHDHM
HGOWE AR
HAEaunnDEn

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

aggt

HEOBLA"g O
SO PEW®w
H@ g,
Q220K
HH AKA®R
Or<snnlg

tggggctgag
caccttcagc
gatyggaggyg
agtcacgatt
atctgaggac
cgactactgg
aaccggcagc
agtggccceca
tgtgcactgg
cgaccggccce
cctgaccatc
tagtagtagt

=B w IR B I /)

T wn

tcacccagaa

HE AR
HE Q<D
PEaaAd
HK O Zom
HIO P W KO
MO M®n B

gtgaagaagc
ttctattcta
atcatcccta
accgcggtceg
acggccgttt
tggggcaaag
agcggecactg
cctggacagt
tatgtectecect
agtaatcggc
tccctgacca
acaagcagca

momnr I n
H =m0
H= 30 PR
HOO OO W
MmO nER®M
QmroOoEn
HREHEHO®
OONHaK O

gtgaagaagc
agctatgcta
atcatcggta
accgcggacg
acggccgtgt
ggccagggaa
ggcactggcyg

ggacagacgg
taccagcaga

tcagggatcc
agcagggtcyg
gatcattatg

0o <
H =R
o<
=W
0O
=R
o

agcagaaacc tggccaggcet
gcatcccaga caggttcagt
gactggagcc tgaagatttt
ctttcggcgg agggaccaag

R HNO P
gz n
HGoH KRG
O 3O
HPOWO A

cggggtcctce
tgagctgggt
tgtttggtac
aatccacgag
attactgtgc
ggaccacggt
gcgggtcgac
cgatcaccat
ggtaccaaca
cctcaggggt
tctetgggcet
gcactcttgt

ctgggtcctce
tcagctgggt
tgttcggtac
aatttacgag
attactgtgc
ccectggtecac
ggtcgacgea
ccaggattac
agccaggcca
ctgagcgatt
aagccggdgga
tcttcggaac

=
L)
(e N0}

o H

[l IR e B
Lo e I v I S e 5
HFEHOBEAW
S BEHRRhgH K
HHEP D 3G
K KW A
QOMEeagn

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

RO Ko
(el VIR S /]
lw e I = |
(e = /5 Bic IR oY
HEH<CSOA®

ggtgaaggtc
gcgacaggcc
agcaaactac
cacagcctac
gagaggaaat
cgtectcgagce
gtectgtcgtg
ctgtggggga
ggcccctgtg
ctctggctece
tgaggccgac
tgggaccaag

W
<
Hn
H K
=
o

ORngr =
HHOSSW
KK WO M s
oMo RO
oA

[wiR ]

540
600
660
720
735

O N0 s
Koo ng
HKmhnHAAD

60
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
KM wmE
<mWmOnH
oG 6
Gin QY H W
HoZ 0w
nDwmw=EZns
H=ZHWwT
RGO W
LN NOEA N
HE®Aag
S HWGEH
H g
QHE 0

SEQ ID NO:1

39

caggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggaactga
cactataatt
gtctecgageg
gtgttgacac
actgggagca
ggaacagccec
cgattctctg
ggggacgagyg
ggaactggga

t
lw]
=z
o

tggtgcagtc
cttctggaag
ggcttgagtg
tccagggcag
gcggactgag
ttggttceggg
gtacgggcgg
agccgeectce
gctccaacat
ccaaactcct
gctccaagtc
ccgattatta
ccaaggtcac

=9

D200 K00
Ao oAk <o
= =A< g|H
OngHKGOH
HHEdED
hwHHEF O

SEQ ID NO:1

HowdHBe ®no
g OwnmEo
H=R I I R -
KOG =E@
SWmH PO
e (g6 we R
DWwwmEE AR
HN=Z2 oW
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tcgacggatc
tgecgeatag
cgcgagcaaa
gcttagggtt
ttatteattg
ccatatcata
tgattattga
atggagttcc
cececgeceat
cattgacgte
tatcatatgc
tatgcccagt
atcgctatta
gactcacggg
caaaatcaac
ggtaggcgtg
gcctggagac
ctccgeggec
ccttgcagaa
taaggagatc
gcacctattg
ttcaattaca
tggcccagcee
attacactca
cggacactct
ttcatactat

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
cgtcctaggt

DwHGGAFEGQ
HER QOO P HW

ccgatccect
atctgctece
caacaaggca
cgctgcttcg
ataaatcaat
ttatattggc
atagtaatca
acttacggta
aatgacgtat
gtatttacgg
ccctattgac
atgggacttt
gcggttttgg
tcteccaccee
aaaatgtcgt
ggtctatata
ctgttttgac
cattggaagc
aggcactggg
gggcttgtcg
catccacttt
atgggatgga
cttgaccggt
tctatgaggg
caggatttat
tttggcaacc

R wopazEx=an
iy I B ) B Ay B
HAaKwKAaA
SO OOmgg

91

H =R
H G K
HD GO
WO wn
WO oAa

gtgaagaagc
aactatgcta
atcatcgcta
accgcggacg
acggccatgt
gactactggg
accggcageg
gccececaggge
tatgatgtac
aacagcaatc
gccaccctgg
tgggatagca

HWE <P S0
GHIDOWKO

atggtgcact
tgcttgtgtg
aggcttgacc
ctaggtaggte
attggctatt
tcatgtccaa
attacggggt
aatggccege
gttcccatag
taaactgeccc
gtcaatgacg,
cctacttggc
cagtacatca
attgacgtca
aacaacteceg
agcagagctc
ctccatagaa
tggcctggat
caggtaagta
agacagagaa
gcctttcectcet
gctgtatceat
gcaccacttt
gggtttacta
ttecttccatt
ctgtecatacc

<TO
m6awE
R o RS
Q<
UK

ctgggtectce
tgagctgggt
tttttgggac
aatcgacgag
attactgtge
gccagggaac
gcactggcgg
agagggtcac
actggtacca
ggccctcecagg
gcatcaccgg
gcectgagtge

HEoH PR
DKmYO W
HOE DR W
HOHKHMD
Q<20 W
(v I PN ]
O OHGODH

ctcagtacaa
ttggaggtcg
gacaattgca
aatattggce
ggccattgcea
cattaccgee
cattagttca
ctggctgacc
taacgccaat
acttggcagt
gtaaatggcc
agtacatcta
atgggcgtgg
atgggagttt
ccccattgac
gtttagtgaa
gacaccggga
atcctgactc
tcaaggttac
gactcttgceg
ccacaggtgt
cctcttecttg
tgatgatgtt
tecctgatgaa
ttattctaat
ttttaaggat

<O M
B oW
o< m™wm
o< B
MoKG O
QO wk

ggtgagagtc
gcgacaggcce
accaaagtac
cactgtctac
gaggattcce
cctggtcacc
gtcgacgact
catctcctge
gcagcttcca
ggtcecectgac
actccagact
ttatgtctte

AHO NG
QrEronAa=z
O W H R
[ IR I
=R B 4
OHEWLwUOow
HHGOKE D
K E g

tctgctctga
ctgagtagtg
tgaagaatct
attagccata
tacgttgtat
atgttgacat
tagcccatat
gcccaacgac
agggacttte
acatcaagtg
cgecctggeat
cgtattagtc
atagcggttt
gttttggcac
gcaaatgggc
ccgtcagatc
ccgatccage
tcttaggtag
aagacaggtt
tttctgatag
ccactccecceag
gtactgctgc
caagctccta
atttttagat
gttacagggt
ggtatttatt

| ol w LS
< W PG
Fllw Bl R )
o oG e
oo d

60
120
180
240
300
360
420
430
540
600
660
720
750

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

oOomonHAxd
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ttgctgccac
acaagtcaca
actttgaatt
atactatgat
cgcttgatgt
ataaagatgg
taccttctgg
caaattttag
ctgcagecta
atggtacaat
ctgttaagag
cctcaggaga
ttaatgctac
ttgctgatta
tttctgccac
tcaagggaga
attataaatt
atgctacttce
ggccctttga
cacctgctct
ttggctacca
cggtttgtgg
ttaatggact
aacaatttgg
aaatattaga
atgcttcatc
caattcatgc
tccagactca
acattcctat
ctagccaaaa
actctaataa
tgectgttte
ctgaatgtgc
tctcaggtat
aaatgtacaa
ctgaccctcet
cactcgetga
gagatctceat
atgatatgat
catttggtge
atggcattgg
ttaacaaggc
agctgcaaga
gctctaattt
tcgaggegga
atgtaacaca
ctaaaatgtc
accaccttat
atgtgccatc
catacttccee
ggaacttctt
atgtcgttat
cattcaaaga
gcgacatttc
atgaggtecgc
agcaatatat
ctgtgggcca

agagaaatca
gtcggtgatt
gtgtgacaac
attcgataat
ttcagaaaag
gtttctctat
ttttaacact
agccattctt
ttttgttgge
cacagatgct
ctttgagatt
tgttgtgaga
taaattccct
ctctgtgectc
taagttgaat
tgatgtaaga
gccagatgat
aactggtaat
gagagacata
taattgttat
accttacaga
accaaaatta
cactggtact
ccgtgatgtt
catttcacct
tgaagttgct
agatcaactc
ggcaggctgt
tggagctgge
atctattgtg
caccattgct
tatggctaaa
taatttgett
tgectgetgaa
aaccccaact
aaagccaact
tgctggcectte
ttgtgcgcag
tgctgcctac
tggecgetget
agttacccaa
gattagtcaa
cgttgttaac
tggtgcaatt
ggtacaaatt
acaactaatc
tgagtgtgtt
gtcecttecca
ccaggadgagd
tegtgaaggt
ttctcecacaa
tggcatcatt
agagctggac
aggcattaac
taaaaattta
taaatggcct

ggacacgcag

aatgttgtcc
attattaaca
cctttettty
gcatttaatt
tcaggtaatt
gtttataagg
ttgaaaccta
acagcctttt
tatttaaagc
gttgattgtt
gacaaaggaa
ttcectaata
tctgtctatg
tacaactcaa
gatctttgct
caaatagcgce
ttcatgggtt
tataattata
tctaatgtgce
tggccattaa
gttgtagtac
tccactgacc
ggtgtgttaa
tctgatttca
tgctcttttyg
gttctatatc
acaccagctt
cttataggag
atttgtgcta
gcttatacta
atacctacta
acctccgtag
cteccaatatg
caggatcgca
ttgaaatatt
aagaggtctt
atgaagcaat
aagttcaatg
actgctgctc
cttcaaatac
aatgttctct
attcaagaat
cagaatgctc
tcaagtgtgc
gacaggttaa
agggctgetg
cttggacaat
caagcagecc
aacttcacca
gtttttgtgt
ataattacta
aacaacacag
aagtacttca
gcttetgteg
aatgaatcac
ctcgacgaac
gaggtcatcg

92

gtggttgggt
attctactaa
ctgtttctaa
gcactttcga
ttaaacactt
gctatcaacc
tttttaagtt
cacctgctca
caactacatt
ctcaaaatcc
tttaccagac
ttacaaactt
catgggagag
cattttttte
tctececaatgt
caggacaaac
gtgtccttge
aatataggta
ctttctceccce
atgattatgg
tttcttttga
ttattaagaa
ctecttette
ctgattcegt
ggggtgtaag
aagatgttaa
ggcgcatata
ctgagcatgt
gttaccatac
tgtctttagg
acttttcaat
attgtaatat
gtagcttttg
acacacgtga
ttggtggttt
ttattgagga
atggcgaatg
gacttacagt
tagttagtgg
cttttgctat
atgagaacca
cacttacaac
aagcattaaa
taaatgatat
ttacaggcag
aaatcagggc
caaaaagagt
cgcatggtgt
cagecgecage
ttaatggcac
cagacaatac
tttatgatcce
aaaatcatac
tcaacattca
tcattgacct
aaaaactcat
tggtgccaca

ttttggttct
tgttgttata
acccatgggt
gtacatatct
acgagagttt
tatagatgta
gectettggt
agacatttgg
tatgctcaag
acttgctgaa
ctctaatttc
gtgtcctttt
aaaaaaaatt
aacctttaag
ctatgcagat
tggtgttatt
ttggaatact
tcttagacat
tgatggcaaa
tttttacacc
acttttaaat
ccagtgtgtce
aaagagattt
tecgagatecet
tgtaattaca
ctgcactgat
ttctactgga
cgacacttct
agtttcttta
tgctgatagt
tagcattact
gtacatctgc
cacacaacta
agtgttcgct
taatttttca
cttgctecttt
cctaggtgat
gttgccacct
tactgccact
gcaaatggca
aaaacaaatc
aacatcaact
cacacttgtt
cctttegega
acttcaaagc
ttctgctaat
tgacttttgt
tgtettecta
aatttgtcat
ttcttggttt
atttgtctca
tetgcaacct
atcaccagat
aaaagaaatt
tcaagaactg
ctcagaagag
cteettgece

accatgaaca
cgagcatgta
acacagacac
gatgcctttt
gtgtttaaaa
gttcgtgatc
attaacatta
ggcacgtcag
tatgatgaaa
ctcaaatgct
agggttgttc
ggagaggttt
tctaattgtg
tgctatggcg
tcttttgtag
gctgattata
aggaacattg
ggcaagctta
ccttgcaccc
actactggca
gcacecggecca
aattttaatt
caaccattte
aaaacatctg
cctggaacaa
gtttctacaqg
aacaatgtat
tatgagtgcg
ttacgtagta
tcaattgctt
acagaagtaa
ggagattcta
aatcgtgcac
caagtcaaac
caaatattac
aataaggtga
attaatgcta
ctgctcactg
gctggatgga
tataggttca
gccaaccaat
gcattgggca
aaacaactta
cttgataaag
cttcaaacct
cttgctgcta
ggaaagggct
catgtcacgt
gaaggcaaag
attacacaga
ggaaattgtg
gagcttgact
gttgattttg
gaccgecctca
ggaaaatatg
gatctgaatg
tttaaggtgg

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
29340
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3200
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
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tggtgatctc
tcatgctttyg
cagcgtgtte
ctgcectggtyg
gaccagcggc
cagcgtggtyg
ccacaagecc
ccacacctgc
cccccccaag
ggtggacgtg
ggtgcacaac
gagcgtgetc
gagcaacaag
ccgggagece
gtccectcacce
caacggccad
cttcttectg
cagctgcagc
gagccccggdc
geccttctagt
aggtgccact
taggtgtcat
agacaatagc
cagctygggygce
tgtggtggtt
cgctttctte
ggggctcect
ttagggtgat
gttggagtcc
tatctcggtc
aaatgagctg
gggtgtggaa
tagtcagcaa
atgcatctca
actccgccea
gaggccdagg
ggcctagget
gagacaggat
gccgettggg
gatgccgccg
ctgtccggtg
acgggcgttce
ctattgggcg
gtatccatca
ttcgaccacc
gtcgatcagg
aggctcaagg
ttgccgaata
ggtgtggcgg
ggcggcgaat
cgcatcgect
tgaccgacca
atgaaaggtt
gggatctcat
acaaataaag
gttgtggttt
gctagagctt

agccatcctg
gcagaagaag
cccetggecc
aaggactact
gtgcacacct
accgtgccca
agcaacacca
cceecctgcec
cccaaggaca
agccacgagyg
gccaagacca
accgtgctgc
gccctgcectg
caggtgtaca
tgtctggtga
ccogagaaca
tacagcaagc
gtgatgcacg
aagtgataat
tgccagccat
cccactgtcce
tctattectgg
aggcatgctg
tctagggggt
acgcgcageg
ccttecttte
ttagggttcc
ggttcacgta
acgttcttta
tattcttttg
atttaacaaa
agtccccagyg
ccaggtgtgg
attagtcagc
gttcecgeeca
ccgecctetge
tttgcaaaasa
gaggatcgtt
tggagaggct
tgttccggcet
ccctgaatga
cttgcgcagc
aagtgeccggg
tggctgatgce
aagcgaaaca
atgatctgga
cgcgcatgcce
tcatggtgga
accgctatca
gggctgaccy
tctatcgect
agcgacgccc
gggcttcgga
gctggagttc
caatagcatc
gtccaaactc
ggcgtaatca

geectygtyy
ccacgttagg
ccagcagcaa
tccecgagec
tceccecgeegt
gcagcagcct
aggtggacaa
ctgccccecga
ccctcatgat
accccgaggt
agccccggga
accaggactg
cccececatcga
ccetgecccece
agggcttcta
actacaagac
tcaccgtgga
aggccctgca
ctagagggcce
ctgttgtttg
tttcctaata
ggggtggggt
gggatgcggt
atcceccacgce
tgaccgectac
tcgeccacgtt
gatttagtgc
gtgggccatc
atagtggact
atttataagg
aatttaacgc
ctcececcagea
aaagtcccca
aaccatagtc
ttcteegece
ctctgagecta
gctceccggga
tcgecatgatt
attcggctat
gtcagcgcag
actgcaggac
tgtgctegac
gcaggatctc
aatgcggegg
tcgcatcgag
cgaagagcat
cgacggcgag
aaatggccgc
ggacatagcg
cttcctegtg
tcttgacgag
aacctgccat
atcgttttec
ttcgcccace
acaaatttca
atcaatgtat
tggtcatagc

23

tgctcaccat
cggcegeteg
gagcaccage
cgtgaccgtg
gctgcagagce
gggcacccag
acgcgtggag
gctgctggyge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggce
gaagaccatc
cagccgggag
ccccagcgac
caccccccct
caagagccgg
caaccactac
cgtttaaacc
ccecteccecee
aaatgaggaa
ggggcaggac
gggctctatg
gccctgtage
acttgccagc
cgceggettt
tttacggcac
gcecectgatag
cttgttccaa
gattttgecg
gaattaattc
ggcagaagta
ggctccccag
cegeccctaa
catggctgac
ttccagaagt
gcttgtatat
gaacaagatg
gactgggcac
gggcgceccgyg
gaggcagcge
gttgtcactg
ctgtcatctc
ctgcatacgc
cgagcacgta
caggggctcg
gatctegtceg
ttttctggat
ttggctacce
ctttacggta
ttcttectgag
cacgagattt
gggacgccgg
ccaacttgtt
caaataaagc
cttatcatgt
tgtttcctgt

catctccctt
agtgctagca
ggcggcacag
agctggaaca
agcggectgt
acctacatct
cccaagagct
ggaccctceg
cccgaggtga
tggtacytgy
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccegtgg
gtgctggaca
tggcagcagg
acccagaaga
cgctgatcag
gtgccttcct
attgcatcgc
agcaaggggyg
gcttetgagy
ggcgcattaa
gcectagege
ccccgtcaag
ctcgacccea
acggtttttc
actggaacaa
atttcggcect
tgtggaatgt
tgcaaagcat
caggcagaag
ctccgcecccecat
taattttttt
agtgaggagg
ccattttegg
gattgcacgc
aacagacaat
ttectttttgt
ggctategtg
aagcgggaag
accttgctcce
ttgatccgge
ctcggatgga
cgccagccga
tgacccatgg
tcatecgactg
gtgatattgc
tcgecgetec
cgggactctg
cgattccacce
ctggatgatc
tattgcagct
atttttttea
ctgtataccg
gtgaaattgt

atcatcctca
ccaagggccc
ccgccetggg
gcggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggegtgga
accgggtygt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect
cctecgactgt
tgaccctgga
attgtctgag
aggattggga
cggaaagaac
gcgeggeggyg
ccgetecttt
ctctaaatcg
aaaaacttga
gccctttgac
cactcaaccc
attggttaaa
gtgtcagtta
gcatctcaat
tatgcaaagc
ccocgecccta
tatttatgca
cttttttgga
atctgatcaa
aggttctccg
cggctgctct
caagaccgac
gctggccacyg
ggactggctg
tgccgagaaa
tacctgccca
agccggtett
actgttcgce
cgatgecctge
tggceggetg
tgaagagctt
cgattcgcag
gggttcgaaa
geccgecttet
ctcecagegeg
tataatggtt
ctgcattcta
tcgacctcta
tatccgetea

5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
59840
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
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
8280
8340
8400
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caattccaca
tgagctaact
cgtgccaget
gctctteccge
tatcagctcea
agaacatgtg
cgtttttcca
ggtggcgaaa
tgcgecteteco
gaagcgtggce
gctccaagct
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttcgg
gtttttttgt
tgatcttttc
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gcatcgtggt
caaggcgagt
cgatcgttgt
ataattctct
ccaagtcatt
gggataatac
cggggcgaaa
gtgcacccaa
caggaaggca
tactcttcet
acatatttga
aagtgccacce

caacatacga
cacattaatt
gcattaatga
ttcctegete
ctcaaaggcg
agcaaaaggc
taggctccge
cccgacagga
tgttccgacc
gctttctcat
gggctgtgtg
tettgagtec
gattagcaga
cggctacact
aaaaagagtt
ttgcaagcag
tacggggtct
atcaaaaagg
aagtatatat
ctcagcgatc
tacgatacgg
ctcacecgget
tggtcctgca
aagtagttcg
gtcacgctcg
tacatgatcc
cagaagtaaqg
tactgtcatg
ctgagaatag
cgcgcecacat
actctcaagg
ctgatcttca
aaatgccgca
ttttcaatat
atgtatttag
tgacg

SEQ ID NO:142

tcgacggatc
tgccgcatag
cgcgagcaaa
aagaatctgc
tagccatatt
cgttgtatcce
gttgacattg
gcccatatat
¢caacgacce
ggactttcca
atcaagtgta
cctggeatta
tattagtcat
agcggtttga
tttggcacca
aaatgggcgg
gtcagatcgc
gatccagcct
gcagaagttg

gggagatctc
ttaagccagt
atttaagcta
ttagggttag
attcattggt
atatcataat
attattgact
ggagttccge
cecgeccattg
ttgacgtcaa
tcatatgcca
tgcccagtac
cgctattace
ctcacgggga
aaatcaacqg
taggcgtgta
ctggagacgc
ccgeggecgg
gtcgtgagge

gccggaagca
gcgttgeget
atcggccaac
actgactcgc
gtaatacggt
cagcaaaagg
ccececctgacg
ctataaagat
ctgcegetta
agctcacgct
cacgaacccc
aacccggtaa
gcgaggtatg
agaagaacag
ggtagctctt
cagattacgc
gacgctcagt
atcttcacct
gagtaaactt
tgtctattte
gagggcttac
ccagatttat
actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgeag
ccatccgtaa
tgtatgcgge
agcagaactt
atcttaccgc
gcatctttta
aaaaagggdaa
tattgaagca
aaaaataaac

ccgatceccct
atctgctccc
caacaaggca
gcgttttgeg
tatatagcat
atgtacattt
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtacgcccc
atgaccttat
atggtgatgc
tttccaagte
gactttccaa
cggtgggagg
catccacgct
gaacggtgca
actgggcagg
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taaagtgtaa
cactgceccge
gcgcggggag
tgcgecteggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggcgtt
ccggatacct
gtaggtatct
ccgttcagce
gacacgactt
taggeggtge
tatttggtat
gatccggcaa
gcagaaaaaa
ggaacgaaaa
agatcctttt
ggtctgacag
gttcatccat
catctggccecc
cagcaataaa
cctccatcea
gtttgcgcaa
tggcttcatt
gcaaaaaagc
tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac
tttatcaggg
aaataggggt

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

agcetggggt
tttccagtcg
aggcggtttg
cgttcggetg
atcaggggat
taaaaaggcc
aaatcgacgc
tccecectgga
gtccgeettt
cagttcggtg
cgaccgctge
atcgccactg
tacagagttc
ctgcgctetg
acaaaccacce
aggatctcaa
ctcacgttaa
aaattaaaaa
ttaccaatgc
agttgcctga
cagtgctgca
ccagccagcc
gtctattaat
cgttgttgcc
cagctccggt
ggttagctcc
catggttatg
tgtgactggt
ctcttgececg
catcattgga
cagttcgatg
cgtttctggg
acggaaatgt
ttattgtctc
tcecgegeaca

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

gcctaatgag
ggaaacctgt
cgtattggge
cggcgagcgg
aacgcaggaa
gecgttgetgg
tcaagtcaga
agctceecteg
ctccecttegg
taggtegttc
gccttatecg
gcagcagcca
ttgaagtggt
ctgaagccag
gctggtagcy
gaagatcctt
gggattttgg
tgaagtttta
ttaatcagtg
ctcececcgteg
atgataccgc
ggaagggccg
tgttgeeggg
attgctacag
tcccaacgat
ttcggtectce
gcagcactgc
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat
tttcecececgaa

tectgectcectga
ctgagtagtg
aattaacatg
tattggccat
ccattgcata
ttaccgccat
ttagttcata
ggctgaccgce
acgccaatag
ttggcagtac
aaatggcccg
tacatctacg
gggcgtggat
gggagtttgt
ccattgacgc
ttagtgaacc
caccgggacc
aggtagcctt
caggtttaag

8460
8520
8580
8640
8700
8760
8820
8880
8940
2000
9060
9120
9180
9240
9300
9360
9420
2480
9540
9600
2660
9720
9780
9840
2900
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
960

1020
1080
11490



10

15

20

25

30

35

40

45

50

55

gagatcaata
ctattggtct
attacagctc
gcccgeccteg
ctcttggctg
ggccaagacce
cctggccagce
cgceggegac
cctgcaggag
cagcagcgtg
caccatctac
ggagcccggce
ctgggagagc
ggtgctgaag
aggcgactac
ggacgtggag
gcgggccaag
ccacctgcetg
cttecggcecag
ccagcggatc
ccagggcttt
cCcaccccace
gaccatggac
ctacgccgcce
gggcgagatc
gagcecccgac
gaccatcgtg
taagggcgag
cgtgggcgty
ccacgtgagc
gttccaggag
cagcaacagc
gccctggacce
gctgaactac
gggctggagc
gaagagcgcce
gagcagcgtg
gttcggcgag
cgtgaccgcc
ccggatgagce
cctgggcatce
cgtgtttggce
catccgggac
cgatatcagc
cttctgataa
ggatccgata
cagctgaaga
gccaaggtge
accgagcagg
gccgactacg
ccecgtgacca
cagcctegac
ccttgaccct
cgcattgtct
gggaggattyg
aggcggaaag
taagcgcggc

gaaactgggc
tactgacatc
gccaccatge
agatctatcg
ctgctgagcee
ttectggaca
tggaactaca
aagtggagcg
atccagaacc
ctgagcgagg
agcaccggca
ctgaacgaga
tggcggagceg
aacgagatgg
gaagtgaacg
cacaccttcyg
ctgatgaacg
ggcgacatgt
aagcccaaca
ttcaaggagg
tgggagaaca
gcctgggacce
gacttcctga
cagcccttee
atgagcctga
ttccaggagg
ggcaccctgc
atccccaagg
gtggagcecyg
aacgactact
gccctgtgec
accgaggccg
ctggccctgg
ttcgagecccc
accgactgga
ctgggcgaca
gcctatgeca
gaggacgtga
cccaagaacy
cggagccgga
cagcccaccce
gtggtgatgyg
cggaagaaga
aagggcgaga
tctagaacga
tcgeegtgge
gcggcaccgce
agtggaaggt
acagcaagga
agaagcacaa
agagcttcaa
tgtgccttcet
ggaaggtgcee
gagtaggtgt
ggaagacaat
aaccagctgg

gggtgtygtg

ttgtcgagac
cactttgcct
ggctgccecge
atgcatgcca
tggtggecegt
agttcaacca
acaccaacat
ccttcctgaa
tgaccgtgaa
acaagagcaa
aagtgtgcaa
tcatggccaa
aagtgggcaa
ccagggccaa
gecgtggacgy
aggagatcaa
cctaccccag
ggggccggtt
tcgacgtgac
ccgagaagtt
gcatgctgac
tgggcaaggy
ccgeccaccea
tgctgcggaa
gcgeecgcecac
acaacgagac
ccttcaccta
accagtggat
tgcceccacga
ccttecateceg
aggccgccaa
gacagaaact
agaatgtggt
tgttcaccty
gccectacge
aggcctacga
tgcggcagta
gagtggccaa
tgagcgacat
tcaacgacgc
tgggccctecce
gcgtgatcgt
agaacaaggc
acaaccccgg
gctcgaattce
ggccgcaccc
cagcgtggtg
ggacaacgce
ctccacctac
ggtgtacgcc
ccggggcgag
agttgccage
actcccactg
cattctattc
agcaggcatg
ggctctaggg
gttacgcgca
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agagaagact
ttcteteccac
ccagctgectyg
tggtaccaag
gacagccgcec
cgaggccgay
caccgaggag
ggagcagagc
gctgcagcetg
gcggctgaac
ccccgacaac
cagcctggac
gcagctgcgg
ccactacgag
ctacgactac
gcctetgtac
ctacatcagce
ctggaccaac
cgacgccaty
cttcgtgagce
cgaccccggc
cgacttccgg
cgagatgggc
cggcgccaac
cececcaageac
cgagatcaac
catgctggag
gaagaagtgg
cgagacctac
gtactacacc
gcacgagggc
gttcaacatg
gggcgccaag
gctgaaggac
cgaccagagc
gtggaacgac
cttcctgaaa
cctgaagcce
catcecocececgg
cttececggetyg
caaccagccc

ggtgggaatc
ccggagcggc
ctteccagaac
gaagcttctg
agcgtgttca
tgcctgctga
ctgcagagcg
agcctgagca
tgcgaggtga
tgttaataga
catctgttgt
tcctttecta
tggggggtygyg
ctggggatgc
ggtatcccca
gcgtgaccgce

cttgcgtttc
aggtgtccac
ggccttctca
cttgccacca
cagagcacca
gacctgttct
aacgtgcaga
acactggccc
caggccctgce
accatcctga
cecececaggagt
tacaacgagc
ccccectgtacg
gactacggcg
agcagaggcc
gagcacctgce
ccecatecgget
ctgtacagcc
gtggaccagy
gtgggcctge
aatgtgcaga
atcctgatgt
cacatccagt
gagggctttc
ctgaagagca
ttcctgctga
aagtggcggt
tgggagatga
tgcgaccceyg
cggaccctgt
cccectgecaca
ctgcggetgg
aacatgaatg
cagaacaaga
atcaaagtgc
aacgagatgt
gtgaagaacc
cggatcagct
accgaagtgg
aacgacaact
ccegtgagcea
gtgatcctga
gagaacccct
accgacgacg
cagacgcgtc
tectteceeee
acaacttcta
gcaacagcca
gcaccctcac
cccaccaggy
cttaagttta
ttgcccctee
ataaaatgag
ggtggggcag
ggtgggctct
cgcgeccctgt
tacacttgce

tgataggcac
tccecagttca
tgctgtgggt
tgagcagcag
tcgaggagca
accagagcag
acatgaacaa
agatgtaccc
agcagaacgg
acaccatgtc
gcctgetget
ggctgtgggc
aggagtacgt
actactggag
agctgatcga
acgcctacgt
gcctgcccge
tgaccgtgce
cctgggacgc
ccaacatgac
aggccgtgtg
gcaccaaagt
acgacatggc
acgaggccgt
tecggcctget
agcaggccct
ggatggtgtt
agcgggagat
ccagectgtt
accagttcca
agtgcgacat
gcaagagcga
tgcgeccceccect
acagcttcgt
ggatcagcct
acctgttccg
agatgatcct
tcaacttctt
agaaggccat
ccctggagtt
tectggetgat
tcttcaccgg
acgccagcat
tgcagaccag
gacgtcatat
ctcecgacgag
ccceccgggag
ggagagcgtg
cctgagcaag
cctgagcagce
aaccgctgat
ccecgtgectt
gaaattgecat
gacagcaagg
atggcttctg
agcggecgeat
agcgceccctag

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
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
catcccgecec
ttttatttat
aggctttttt
cggatctgat
tctgatcgaa
tcgtgcttte
cgatggtttc
tccggaagtg
tgcacagggt
ggtcgcggag
cccattcgga
tgctgatccc
cgcgcaggct
cgtgcacgcg
cattgactgg
ctggaggccg
ggagcttgca
ctatcagagc
cgcaatcgtc
ggccgtetgg
cactcgtccg
ctatgaaagg
cggggatcte
ttacaaataa
tagttgtggt
tagctagagc
cacaattcca
agtgagctaa
gtegtgccag
gcgctcttce
ggtatcagct
aaagaacatg
ggcgtttttc
gaggtggcga
cgtgcgcectct
gggaagcgtg
tcgectecaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaceca

tttecgettte
tcggggyctc
tgattagggt
gacgttggag
ccctatctcg
aaaaaatgag
ttagggtgtg
aattagtcag
agcatgcatc
ctaactccgc
gcagaggccg
ggaggcctag
cagcacgtga
aagttcgaca
agcttcgatg
tacaaagatc
cttgacattg
gtcacgttgc
gccatggatg
ccacaaggaa
catgtgtatc
ctcgatgagc
gatttcggct
agcgaggcga
tggttggctt
ggatcgccgc
ttggttgacg
cgatccggag
accgatggcect
agggcaaagg
ttgggcttcg
atgctggagt
agcaatagca
ttgtccaaac
ttggcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gcttectege
cactcaaagqg
tgagcaaaag
cataggctcc
aacccgacag
cctgttecega
gcgetttete
ctgggctgtyg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
gtttgcaagc
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcaccgg

tteceecttect
cctttagggt
gatggttcac
tccacgttct
gtctattctt
ctgatttaac
gaaagtcccc
caaccaggtg
tcaattagtc
ccagttcecgc
aggccgectce
gcttttgcaa
tgaaaaagcc
gcgtctcececga
taggagggceg
gttatgttta
gggaattcag
aagacctgcc
cgatcgctgce
tcggtcaata
actggcaaac
tgatgctttg
ccaacaatgt
tgttcgggga
gtatggagca
ggctccggge
gcaatttcga
ccgggactgt
gtgtagaagt
aatagcacgt
gaatcegtttt
tcttegececea
tcacaaattt
tcatcaatgt
catggtcata
gagccggaag
ttgcgttgcg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gcccecctga
gactataaag
ccctgecegcet
atagctcacg
tgcacgaace
ccaacccggt
gagcgaggta
ctagaagaac
ttggtagctc
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tctgtctatt
gggagggctt
ctccagattt
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ttectegecac
tccgatttag
gtagtgggcc
ttaatagtgg
ttgatttata
aaaaatttaa
aggctcccca
tggaaagtcc
agcaaccata
ccattctccg
tgcctcectgag
aaagctcccg
tgaactcacc
cctgatgcag
tggatatgtc
tcggecacttt
cgagagcctg
tgaaaccgaa
ggccgatctt
cactacatgg
tgtgatggac
ggccgaggac
cctgacggac
ttcccaatac
gcagacgcgc
gtatatgctce
tgatgcagcet
cgggcgtaca
actcgccgat
gctacgagat
ccgggacgce
ccccaacttg
cacaaataaa
atcttatcat
gctgtttcct
cataaagtgt
ctcactgccce
acgcgcgggg
gectgecgeteg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
cccegttcag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccggce
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tecgttcatece
accatctggc
atcagcaata

gttegeegge
tgctttacgg
atcgccctga
actcttgttc
agggattttg
cgcgaattaa
gcaggcagaa
ccaggctccce
gtcccgecece
ccccatgget
ctattccaga
ggagcttgta
gcgacgtctg
ctctcggagg
ctgcgggtaa
gcatcggccg
acctattgca
ctgccecgcetg
agccagacga
cgtgattteca
gacaccgtca
tgccccgaag
aatggccgca
gaggtcgecca
tacttcgagc
cgecattggtce
tgggcgcagg
caaatcgccc
agtggaaacc
ttcgattcca
ggctggatga
tttattgcag
gcattttttt
gtctgtatac
gtgtgaaatt
aaagcctggg
gctttccagt
agaggcggtt
gtcgttcggc
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttceceectg
ctgteccgect
ctcagttcgg
cccgaccgcet
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgctg
aaccagccag

tttccecegtce
cacctcgacc
tagacggttt
caaactggaa
gccatttegg
ttctgtggaa
gtatgcaaag
cagcaggcag
taactccgecc
gactaatttt
agtagtgagg
tatccatttt
tcgagaagtt
gcgaagaatc
atagctgcgc
cgctcccgat
tcteeccgecy
ttctgcagcece
gcgggttegg
tatgcgcgat
gtgcgtcecgt
tccggecaccet
taacagcggt
acatcttctt
ggaggcatcc
ttgaccaact
gtcgatgcga
gcagaagcgc
gacgccccag
ccgccgectt
tccteccageg
cttataatgg
cactgcatte
cgtcgaccte
gttatccgcet
gtgcctaatg
cgggaaacct
tgcgtattgg
tgcggcgagce
ataacgcagg
ccgcgttgct
gctcaagtca
gaagctccct

ttctececttce

tgtaggtcgt
gcgccttatce
tggcagcage
tcttgaagtg
tgctgaagcc
ccgctggtag
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactccccgt
caatgatacc
ccggaaggge

4620
4680
4740
4800
4860
4920
4980
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
6720
6780
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
tcgtgcaccce
aacaggaagg
catactcttc
atacatattt
aaaagtgcca

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

SEQ ID NO:143

tcgacggatce
tgccgcatag
cgcgagcaaa
aagaatctgc
tagccatatt
cgttgtatcc
gttgacattg
gcccatatat
ccaacgaccc
ggactttceca
atcaagtgta
cctggecatta
tattagtcat
agcggtttga
tttggcacca
aaatgggcgg
gtcagatcgc
gatccagcct
gcagaagttg
gagatcaata
ctattggtct
attacagctc
tccecggegtce
cagctcttgg
gcaggccaag
cagcctggece
caacgcecgge
cccecctgecag
cggcagcagc
gtccaccatce
gctggagecece
ggcctgggag
cgtggtgctg
gagaggcgac
cgaggacgtg
cgtgcgggcc
cgcccacctyg
gcccttegge
cgcccagegyg
gacccagggc
gtgccacccc

gggagatctc
ttaagccagt
atttaagcta
ttagggttag
attcattggt
atatcataat
attattgact
ggagttcege
ccgcccattg
ttgacgtcaa
tcatatgcca
tgcccagtac
cgctattacc
ctcacgggga
aaatcaacgg
taggcgtgta
ctggagacgc
ccgcggcecgg
gtcgtgagge
gaaactgggc
tactgacatc
gcecaceatge
tcgagatcta
ctgctgctga
accttcctgg
agctggaact
gacaagtgga
gagatccaga
gtgctgagcg
tacagcaccg
ggcctgaacg
agctggegga
aagaacgaga
tacgaagtga
gagcacacct
aagctgatga
ctgggcgaca
cagaagccca
atcttcaagg
ttttgggaga
accgcctggg

caactttatc
cgccagttaa
cgtcecgtttgg
cccccatgtt
agttggccgce
tgccatcegt
agtgtatgeg
atagcagaac
ggatcttacc
cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa

ccgatcceccect
atctgctccc
caacaaggca
gcgttttgeg
tatatagcat
atgtacattt
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtacgccce
atgaccttat
atggtgatgc
tttccaagtc
gactttccaa
cggtgggagg
catccacgct
gaacggtgca
actgggcagg
ttgtcgagac
cactttgect
ggttctcecege
tcgatgcatg
gcctggtgge
acaagttcaa
acaacaccaa
gcgeccttect
acctgaccgt
aggacaagag
gcaaagtgtg
agatcatggc
gcgaagtggg
tggccaggge
acggcgtgga
tcgaggagat
acgcctacce
tgtggggccg
acatcgacgt
aggcecgagaa
acagcatgct
acctgggcaa

97

cgcctecatce
tagtttgecge
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg
gctgttgaga
tactttcacce
aataagggcg
catttatcag
acaaataggg

atggtgcact
tgcttgtgtg
aggcttgacec
ctgctteget
aaatcaatat
atattggcete
agtaatcaat
ttacggtaaa
tgacgtatgt
atttacggta
ctattgacgt
gggactttcc
ggttttggca
tccaccccat
aatgtcgtaa
tctatataag
gttttgacct
ttggaatega
taagtatcaa
agagaagact
ttctectecac
tcagctgcectg
ccatggtacc
cgtgacagcee
ccacgaggcc
catcaccgag
gaaggagcag
gaagctgcag
caagcggctg
caaccccgac
caacagcctg
caagcagctg
caaccactac
cggctacgac
caagcctctg
cagctacatc
gttctggacc
gaccgacgcc
gttcttcgtg
gaccgacccc
gggcgacttce

cagtctatta
aacgttgttg
ttcagctccg
gcggttaget
ctcatggtta
tctgtgactg
tgctcttgece
ctcatcattg
tccagttega
agcgtttcetg
acacggaaat
ggttattgtc
gttccgegea

ctcagtacaa
ttggaggtcg
gacaattgtt
aggtggtcaa
tggctattgg
atgtccaaca
tacggggtca
tggcececgect
tceccatagta
aactgcccac
caatgacggt
tacttggcag
gtacatcaat
tgacgtcaat
caactccgcc
cagagctcgt
ccatagaaga
tgactctctt
ggttacaaga
cttgcgtttc
aggtgtccac
ggccttctgg
aagcttgcca
geccagagea
gaggacctgt
gagaacgtgc
agcacactgg
ctgcaggccc
aacaccatece
aacccccagg
gactacaacg
cggcccectgt
gaggactacg
tacagcagag
tacgagcacc
agccccatcg
aacctgtaca
atggtggacc
agcgtgggcc
ggcaatgtgc
cggatcctga

attgttgccg
ccattgctac
gttcccaacqg
ccttecggtece
tggcagcact
gtgagtactc
cggcgtcaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcgg
catttccccg

tetgetctga
ctgagtagtg
aattaacatg
tattggccat
ccattgcata
ttaccgccat
ttagttcata
ggctgaccge
acgccaatag
ttggcagtac
aaatggcccg
tacatctacg
gggcgtggat
gggagtttgt
ccattgacgc
ttagtgaacc
caccgggacc
aggtagcctt
caggtttaag
tgataggcac
tcccagttcea
tgctgtggat
ccatgagcag
ccatcgagga
tctaccagag
agaacatgaa
cccagatgta
tgcagcagaa
tgaacaccat
agtgectgcet
agcggetgtg
acgaggagta
gcgactactg
gccagctgat
tgcacgccta
gctgcctgee
gcctgacegt
aggcctggga
tgcccaacat
agaaggccgt
tgtgcaccaa

8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8777

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
15860
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
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agtgaccatg
ggcctacgcc
cgtgggcgag
gctgageccc
cctgaccatce
gtttaagggc
gatcgtggge
gttccacgtg
ccagtteccag
catcagcaac
cgagccctgg
cctgctgaac
cgtgggctyy
cctgaagagce
ccggageagce
cctgttegge
cttcgtgace
catccggatg
gttcctggge
gatcgtgttt
cggcatccgg
catcgatatc
cagcttctga
tatggatccg
ctgttcecece
agegacttct
geeggegtyay
tacctgagcece
cacgagggca
gtttaaaccg
cctecccocegt
atgaggaaat
ggcaggacag
gctctatgge
cctgtagegy
ttgccagcgce
ccggectttece
tacggcacct
cctgatagac
tgttccaaac
ttttggccat
attaattctg
cagaagtatg
ctceccecagca
gceccectaact
tggctgacta
ccagaagtag
ttgtatatcc
gtctgtcgag
ggagggcgaa
ggtaaatagc
ggccgcgctc
ttgcatctee
cgctgttctg
gacgagcggy
tttcatatgce
cgtcagtgcg

gacgacttece
gcccagccct
atcatgagcc
gacttccagg
gtgggcaccc
gagatcccca
gtggtggagc
agcaacgact
gaggccctgt
agcaccgagg
accctggccc
tacttcgagc
agcaccgact
gecctgggey
gtggectaty
gaggaggacg
gecccecaaga
agccggagcc
atccagccca
ggcgtggtga
gaccggaaga
agcaagggcg
taatctagaa
atatcgccgt
cctcctccga
accctggege
agaccaccac
tcaccccecga
gcaccgtgga
ctgatcagcc
gccttecettyg
tgcatcgecat
Caagggggag
ttctgaggcg
cgcattaagce
cctagcgccc
ccgtcaagct
cgaccccaaa
ggtttttcge
tggaacaaca
tteggectat
tggaatgtgt
caaagcatgc
ggcagaagta
ccgcccatce
atttttttta
tgaggaggct
attttcggat
aagtttctga
gaatctcgtg
tgcgccgatg
ccgattececgg
cgcecgtygcac
cagccggtcyg
ttcggcecccat
gcgattgctyg
tecgtegege

tgaccgecca
tcctgectgeg
tgagcgccgce
aggacaacga
tgccecttceac
aggaccagtg
ccgtgecccca
actccttcat
gccaggecge
ccggacagaa
tggagaatgt
ccctgtteac
ggagccccta
acaaggccta
ccatgegygca
tgagagtggc
acgtgagecga
ggatcaacga
ccctgggecc
tgggcgtgat
agaagaacaa
agaacaaccc
cgagctcgaa
ggcggcecgea
ggagctgcag
cgtgaccygtg
ccccagcaag
gcagtggaayg
gaagaccgtyg
tcgactgtgc
accctggaag
tgtctgagta
gattgggaag
gaaagaacca
gecggcegggty
gctecctttcg
ctaaatcggg
aaacttgatt
cctttgacgt
ctcaacccta
tggttaaaaa
gtcagttagg
atctcaatta
tgcaaagcat
cgcccctaac
tttatgcaga
tttttggagg
ctgatcagca
tcgaaaagtt
ctttcagett
gtttctacaa
aagtgcttga
agggtgtcac
cggaggccat
tcggaccgca
atccccatgt
aggctetega

98

ccacgagatg
gaacggcgcc
cacccccaag
gaccgagatc
ctacatgctg
gatgaagaag
cgacgagacc
ccggtactac
caagcacgag
actgttcaac
ggtgggcgcc
ctggctgaag
cgccgaccayg
cgagtggaac
gtacttccetyg
caacctgaag
catcatcccc
cgccttecgg
tcccaaccag
cygtggtggga
ggccecggagce
cggcttccag
ttcgaagctt
ggccagccca
gccaacaagqg
geectggaagy
cagagcaaca
agccaccgga
gececcaccy
cttctagttg
gtgccactcece
ggtgtcattc
acaatagcag
gctggggcte
tggtggttac
ctttcttecce
ggctceccttt
agggtgatgg
tggagtccac
tctecggteta
atgagctgat
gtgtggaaag
gtcagcaacc
gcatctcaat
tccgecccagt
ggccgaggee
cctaggcttt
cgtgatgaaa
cgacagcgtc
cgatgtagga
agatcgttat
cattggggaa
gttgcaagac
ggatgcgatc
aggaatcggt
gtatcactgg
tgagctgatg

ggccacatcee
aacgagggct
cacctgaaga
aacttcctge
gagaagtggc
tggtgggaga
tactgcgace
acccggacce
ggccccectge
atgctgcggc
aagaacatga
gaccagaaca
agcatcaaag
gacaacgaga
aaagtgaaga
cecccggatea
cggaccgaag
ctgaacgaca
cccececegtga
atcgtgatcec
ggcgagaacc
aacaccgacg
ctgcagacgce
aggccgctce
ccaccctggt
ccgacageay
acaagtacge
gctacagctg
agtgcagcta
ccagccatct
cactgtcctt
tattctgggg
gcatgctyggy
tagggggtat
gcgcagegty
ttcectttete
agggttccga
ttcacgtagt
gttctttaat
ttcttttgat
ttaacaaaaa
tcceccagget
aggtgtggaa
tagtcagcaa
tccgeccatt
gcctetgect
tgcaaaaagc
aagcctgaac
tcecgacctga
gggcgtyggat
gtttatcggc
titcagcgaga
ctgectgaaa
gctgcggeceg
caatacacta
caaactgtga
ctttggygccg

agtacgacat
ttcacgaggc
gcatcggect
tgaagcaggc
ggtggatggt
tgaagcggga
ccgecagect
tgtaccagtt
acaagtgcga
tgggcaagag
atgtgcgccc
agaacagctt
tgcggatcag
tgtacctgtt
accagatgat
gcttcaactt
tggagaaggc
actcecctgga
gcatctggcet
tgatctteac
cctacgccag
acgtgcagac
gtcgacgtca
cagcgtgacc
gtgcctcatc
cceegtgaaq
cgccagcagce
ccaggtgacc
atagacttaa
gttgtttgcc
tcctaataaa
ggtggggtgg
gatgcyggtgg
cceccacgcgce
accgctacac
gccacgtteg
tttagtgctt
gggccatcgc
agtggactct
ttataaggga
tttaacgcga
ccccagcagg
agtcecccagg
ccatagtccc
ctcegoccca
ctgagctatt
tcececgggage
tcaccgcgac
tgcagctctc
atgtecctgeg
actttgcatc
gecctgaccta
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
3200
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
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cgaagtccgg
ccgcataaca
cgccaacatc
cgagcggagyg
tggtcttgac
gcagggtcga
cgeccgcaga
aaaccgacgc
ttccaccgece
gatgatccte
tgcagcttat
tttttcactg
tataccgtcg
aaattgttat
ctggggtgcc
ccagtcggga
cggtttgcgt
teggctgcegg
aggggataac
aaaggccgcg
tcgacgctca
ccectggaage
cgcetttcte
ttcggtgtag
ccgctgecgece
gccactggca
agagttcttg
cgctctgectg
aaccaccgct
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgctta
tgcctgactce
tgctgcaatg
gccagccgga
tattaattgt
tgttgccatt
ctccggttcec
tagcteccttc
ggttatggca
gactggtgag
ttgeeeggeg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtctcatg
gcgcacattt

cacctecgtge
gcggtcattg
ttcttctgga
catccggage
caactctatc
tgcgacgcaa
agcgceggcecg
ccecagcacte
gccttcectatg
cagcgcggygyg
aatggttaca
cattctagtt
acctctaget
ccgctcacaa
taatgagtga
aacctgtcgt
attgggcgct
cgagcggtat
gcaggaaaga
ttgctggecgt
agtcagaggt
tcectegtge
ccttcgggaa
gtegttcget
ttatccggta
gcagccactg
aagtggtggc
aagccagtta
ggtagcggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
cccgtecgtgt
ataccgcgag
agggccgagc
tgccgggaag
gctacaggca
caacgatcaa
ggtcctececga
gcactgcata
tactcaacca
tcaatacggg
cgttcttegg
cccactegtg
gcaaaaacag
atactcatac
agcggataca
ccccgaaaag

SEQ ID NQO:212

gaggtccagc
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga

tggtgcagtc
cttctgggta
ggcttgagtg
tccagggcag
gcagcctgag

acgcggattt
actggagcga
ggccgtggtt
ttgcaggatc
agagcttggt
tecgtececgate
tctggaccga
gtccgaggge
aaaggttggg
atctcatgct
aataaagcaa
gtggtttgte
agagcttggc
ttccacacaa
gctaactcac
gccagctgca
cttecgettce
cagctcactc
acatgtgagc
ttttccatag
ggcgaaaccc
gctctectgt
gcgtggeget
ccaagctggg
actatcgtct
gtaacaggat
ctaactacgg
ccttcyggaaa
tttttgtttg
tcttttctac
tgagattatc
caatctaaag
cacctatctc
agataactac
acccacgctc
gcagaagtgg
ctagagtaag
tcgtggtgtc
ggcgagttac
tcgttgtcag
attctcttac
agtcattctg
ataataccgce
ggcgaaaact
cacccaactg
gaaggcaaaa
tcttcectttt
tatttgaatg
tgccacctga

tggggctgag
caccttcace
gatgggatgg
agtcacgatt
atctgaagac

99

cggctccaac
ggcgatgttc
ggcttgtatg
gccgecggctce
tgacggcaat
cggagccggyg
tggctgtgta
aaaggaatag
cttcggaatc
ggagttcttc
tagcatcaca
caaactcatc
gtaatcatgg
catacgagcc
attaattgcg
ttaatgaatc
ctcgctcact
aaaggcggta
aaaaggccag
gctcecgecee
gacaggacta
tcegaccety
ttctecatage
ctgtgtgcac
tgagtccaac
tagcagagcg
ctacactaga
aagagttggt
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggctceca
tcctygeaact
tagttcgcca
acgctcgtcg
atgatccccce
aagtaagttg
tgtcatgcca
agaatagtgt
gccacatagc
ctcaaggatc
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cg

gtgaagaagc
ggctactatg
atcagcgctt
accgcggaca
acggctgtgt

aatgtcctga
ggggattccc
gagcagcaga
cgggcgtata
ttcgatgatg
actgtcgggc
gaagtactcg
cacgtgctac
gttttecggg
gcgecacccca
aatttcacaa
aatgtatctt
tcatagctgt
ggaagcataa
ttgcgctcac
ggccaacgcg
gactcgctge
atacggttat
caaaaggcca
cctgacgagce
taaagatacc
ccgcttaccg
tcacgctgta
gaaccccccg
ccggtaagac
aggtatgtag
agaacagtat
agctcttgat
attacgcgca
gctcagtgga
ttcacctaga
taaacttggt
ctatttcgtt
ggcttaccat
gatttatcag
ttatccgect
gttaatagtt
tttggtatgg
atgttgtgca
gcegecagtgt
tccgtaagat
atgcggcgac
agaactttaa
ttaccgctgt
tecttttactt
aagggaataa
tgaagcattt
aataaacaaa

ctggggcctc
tgtactgggt
acaatggtaa
aatccacgag
attactgtgc

cggacaatgg
aatacgaggt
cgcgctactt
tgctccgeat
cagcttgggc
gtacacaaat
ccgatagtgg
gagatttcga
acgccggctg
acttgtttat
ataaagcatt
atcatgtctg
ttecctgtgtg
agtgtaaagce
tgeecgettt
cggggagagg
gctcggtegt
ccacagaatc
ggaaccgtaa
atcacaaaaa
aggcgtttcc
gatacctgtc
ggtatctcag
ttcagcccecga
acgacttatc
gcggtgctac
ttggtatctg
ccggcaaaca
gaaaaaaagqg
acgaaaactc
tecttttaaa
ctgacagtta
catccatagt
ctggccccag
caataaacca
ccatccagtc
tgcgcaacgt
cttcattcag
aaaaagcggt
tatcactcat
gcttttectgt
cgagttgctc
aagtgctcat
tgagatccag
tcaccagcgt
gggcgacacg
atcagggtta
taggggttcc

agtgaaggtc
gcgacaggcc
cacaaactat
cacagcctac
gagaagtaga

5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6340
6600
6660
6720
6780
6840
63900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
B040
B100
B160
B220
B280
8340
B400
B460
8520
8580
8640
8700
8760
8792

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

KW O %
[CRoNeNn NI o]
Ho xR A -0
U no<aH
Hd R0 <
HY-D®MHE

SEQ ID NO:2

Qs

Hgnoe e

OB SO nEo
QMR EAmED
NP =Em™
Ho LT o <
RunwowsR®
<SOZ2HEHR

14

cagatgcagc
tectgecaagg
cctggacaag
gcacagaact
atggagctga
ggttattacc
ggtacgggeg
actcagcecte
accagcagtg
gecccccaaac
tctggctcca
gaggctgatt
accaaggtca

(]

ID NO:2

tggtgcagtc
cttectggagg
ggcttgagtg
tccagggcag
gcagcctcag
ctgcatacct
gtteaggegg
gctcagtgtce
atgttggtgg
tcatgattta
agtctggcaa
attactgcag
ccgtectagg

15

KR WE nOO|lw
HW g G o
o H AP DO
wonHGKO e
nwonn 20 <
HSOnEOO
TwHOBEE®

SEQ ID NO:2

ST OHWBnEQ
Lo - B I IV T
OHONOBEEMm
HOhonhdo g
U nmw

16

gaggtgcagc
tcctgecaagg
cctggacaag
gcacagaagt
atggagctga
aaatggggac
agcggtacgg
atgacgcagt
agggccagtc
gctcccaggce
agtggcagtg
tttgecagtgt
aaggtggaga

tggtggagac
catctggata
ggcttgagtg
ttcagggcag
gcaggctgag
ctcaagcggce
gcggttecagg
ctccaggcac
agagtgttag
tcctecatcta
ggtctgggac
attactgtca
tcaaacgt

agggaccacg
tggcgggteg
cgagagggcc
gaactactta
ggcatctacc
tttcactctc
atattatagt

gwnwZzaging
HO R OHAMPO
= wm
b s B o I SR -

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

HnaoHEH R
m R O3 OH "
SHOoOHEOn
HoK®BIEFIZW
S22 a<dHWw

cggggctgag
caccttecacc
gatgggatgg
ggtcaccatg
atctgacgac
ttttgatatc
cggaaccggc
cctgtctttg
cagcagctac
tgatgcatcc
agacttcact
gcagtatggt

100

gtcaccgtct
acggatgttyg
accatcaact
gcttggtacc
cgggaatccg
accatcagca
actcctctea

mE g <
Hp K2R
HEg0Ag
HHKEZ W ZNn
HIOH W =0
WO wE R

gtgaagaage
agttatgcta
atcatecggta
accgcecggacg
acggccgtgt
ggccagggca
ggcactggcg
ggacagtcag
gtctectggt
aagcggccct
ctgaccatct
agcagcagca

HHA< A<
O dO=<nm
weanAad
Hswnpan
H W0
HOO WP SR
O WwAOo WY
mEFP M2 N

gtgaagaagc
agctactata
atcaacccta
accagggaca
acggccgtgt
tgggygccaag
agcggcactg
tcteccagggg
ttagecectyggt
agcagggceca
ctcaccatca
agctcacttt

cgagcecggtac
tgatgactca
gcaagtccag
agcagaaacc
gggtccctga
gcctgeagge
cttteggegg

NnRHHIO P
[l B o I R
joNN N vl nll N0
WD W g0

ctgggtcctc
tcacctgggt
tgtttggttc
aatccacgag
attactgtgc
ccctggtcac
ggtcgacgca
tcaccatctc
accaacagca
caggggtccc
ctgggcectcca
ctcatgtctt

v B el
OoHAHKO®

ctggggcectc
tgcactgggt
acagtggtgg
cgtcecatcag
attactgtge
ggacaatggt
gcgggtegac
aaagagccac
accagcagaa
ctgacatccc
gcagactgga
ggacgttcgg

e v B e Bl |
[w v = s B

PROYOA

gggcggttca
gtctccagac

ccagagtgtt
aggacagcct
ccgattcagt
tgaagatgtg
agggaccaaa

<RSI
W EHOOHER
S HHEOH
HHOHAA

ggtgaaggtc
gecgacaggcce
aacaaactac
cacagcctac
gagaagtact
cgtctcgage
gtctgccctg
ctgcactgga
cccaggcaaa
tgatcgettc
ggctgaggat
cggaactggg

Mg
U< ®
B R Y
WoE K
UE (oA

agtgaaggtt
gcgacaggcc
cacaaactat
cacagcctac
gagagagggg
caccgtetceg
ggaaattgtg
cctctecetge
acctggccag
agacaggttc
gcctgaagat
ccaagggacc

AR I B Y
OF0CO

HHOI WA
“nog 4
[pR v - Rolui-]
NSO on<g

360
420
480
540
600
660
720
735

O wr AR
OnwAdn g
KHEHnAD

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

woOoAAJ3x™
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s3]

ID NO:

217

KA mOE|n
QEEzEA o
[ 3 BN - I &)
G NN =
HOoBs <20
SHHOLOHEOE™
HwvnE e 3

SEQ ID NO:

HgoOoeoQ
[epJRv -~ I R B
O P OHZ=EHE
Gwnnma <
HQOwwZxzR R
HwomwmogdHR
<c@h<frg=Z W

218

gaggtgecagce
tcctgtgecag
ccagggaagg
gcagactccg
ctgcaaatga
ggctacacgt
ggttcaggcg
ccactctcce
agcctcctge
tctccacage
agtggcagtg
gttggggttt
aaggtggaga

SEQ ID NO:

tggtagagtc
cctctggatt
ggctggagtg
tgaagggcceg
acagtctgag
tcgaccectg
gaaccggcag
tgcecgtcac
atagtaatgg
tcctgatcta
gatcaggcac
attactgcat
tcaaacgt

219

I
Q
P
L
S
]
A

PR G20
H A HWA R
HmOoo<aone
oW A R <
H<moQOonH
HMPWLoIHEon
MgOnhIZI o
QT unns @
QOB <@
QweEa®RwnH
H @D Q) <
RWLwnhEHO
<OZ g
HwmaoHA3wma

Q

SEQ ID NO:

220

gaggtgcagc
tcetgcaagg
cctggacaag
gcacagaagt
atggagctga
ggttatcata
agcggtacgg
ctgactcagc
ggaaacaaca
gtgctggtcg
tccaactctg
gactattact
aagctgaccyg

D NO:

tggtggagac
cctctggagg
ggcttgagtg
tccagggecag
gcagcctgag
tatcgacacc
gcggttcagg
cacccteggt
ttggaagtaa
tctatgatga
ggaacacggc
gtcaggtgtg
tcctaggt

221

v

Q
M

(D"UOHCDODZI(@
3B AawE S0

I
Q
P
A
v
A
G
S

OgHAKOHE

oo H G

<SHHRLOEOE
SWOWLEBEA
e Q@ wmHE G
LA WmE
Oz e RO
NIz nmH g
HZFZHNDO R
"o nnEHEAHAXR

HwwnAaAad@
HQWUOE W

tgggggaggc
cacctttagc

ggtctcagct
gttcaccatc
agccgaggac
gggccaggga
cggcactggce
ccctggagag
atacaactat
tttgggttct
agattttaca
gcaagctcta

HGQ =6 we
RHEZ0a<gan
WO KN O

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

HEQuQioHW™
HZ=HAAPE
SH QO WP H®

mHE g
jov B w SR (IS ) B
HEH A KR
Hip @ OAa <
H =@ 2w
H o Q
HO A @ P R
O oo

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

HEHHKW0E
HoEOQOAH
HEHD KW
WG

gtgaagaagc
acccatgcta
atcatcgcta
accgcggacg
acggccgtgt
tggggccagg
agcggcactg
ccaggacaga
tggtaccagc
ccectcaggga
atcagcaggg
agtgatcatg

Hp g gm
DHIDO-GO<
H=EAama R
HeOawpg
HO QB = w»
[ oW - N - e
o B W ey W S
< ™o
QO R®
O <o G

WRHR R WM
HH<EHAG
AR E Qo
"0 AW
Hp OO Hd e

ctggggggtc
tgagctgggt
gtggtgatag
acgccaggaa
attactgtgc
ccgtctecgag
aaattgtgct
tetectgeag
acctgcagaa
ccggggtece
gcagagtgga
tcactttcgg

HE o
WO A< g
mWRO QW
<G U@
Mmaga R+
O e aH

ctgggtcctc
tcagttgggt
tcttcggaac
aatccacgag
atttctgtge
gaaccctggt
gcgggtegac
cggccaggat
agaagcctgg
tcectgageg
tcgaagcegg
tggtattegg

QB DO e
ogmnHAaHGOA

omwy g3
Lo =~ I v I R I 4
b=l I R I
S HBA DA

cctgagactc
ccgccaggca
cacatactac
cacgctgtat
gagagcgtat
cggtacgggc
gactcagtct
gtctagtcag
gccagggcag
tgacaggttc
ggctgaggat
cggagggacc

munwnigHRHE
LerJ0Ls v B e v B I 5
SO ™I HAH
Q<G
S HEO WL
KHOOQWR
KK OBE OO0

ggtgaaggtc
gcgacaggcecce
agcaaactac
tacagcctac
gagaggcagt
caccgtctcg
gtcctatgtg
tacctgtggg
ccaggcccct
attctctggce
ggatgaggee
cggagggacc

H GO W H
W HmHHY
O<mwmwAaAg
oS o H
IR v Y
QgowmZ P H
cCog<gEgw

HMHBE HDE
Ko oE DD
NOoEOa =
loNH IV B o N I

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

QP EHZ S
el B VI
O

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

<Ly o HE=E
T o"mOong
g aooAaw

O wndgaH ™
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SEQ ID NO:222

gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggacctga
gatggatatt
ggcacccetygg
ggcgggtcga
gaaagagcca
taccagcaga
actggcatcc
agcagactgg
acttteggeg

=
jo]
o
=
o

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

3"

WE G WO K,
<HHAOAD
WHE P YO
LR ROH
OOHEaEO < C

SEQ ID NO

O wogo [N

OO HH mw
RO HnE
OWE 2SN
P wdHE R
R PPANGG
HaHAgono R
HHMOEH®R
MhwmngHY
QU GHAaY e
G- ARHW
QPO ®w
Huhwnw O
RO WK AR
HFwn A<

1224

gaggtccagc
tcctgcaagg
cctgggcaag
gcgcagaadgt
ctggagctga
ggctacacca
agcggtacgg
ctgactcagt
agggccagtce
gctcccagge
agtggcggtyg
tttgcagtgt
aaggtggaga

—
o
=
G

SEQ

tggtacagtc
cttctggagg
gygcttgagtg
tccagggcag
gtagcctgac
cacgcaacta
gcyggttcagg
ctccaggcac
agagtgttag
tcctgatcta
ggtctgggac
attactgtca
tcaaacgt

N

OO H
QAWEHEHAD <
W <O
[0 T o Ny B
"UCDH<:L"lO<:“

SEQ ID NO

HHEBWLHEQOIN

Hmww e e wle
HOOQQWHE®
aWwwWHKE D
GOHPOHZ @
QLA
HQoOowuwwuo =
QWO EHR
<< @QUmY

1226

caggtgcagc
tcctgcaagg
cctggacaag
gcacataagt
atggagctgg
cactactact

ggtacgggcyg
acccagtctce

tggtgcagtc
cttctggagg
ggcttgagtg
tccagggcay
gcagcctgaa
cctecctacat

gttcaggcgg
catcctecect

tggggctgag
catcttcagc
gatgggaggg
agtcacgatt
atctgaggac
cagctgcect
gagcggtacg
gatgacgcag
cagggccagt
ggctcccagg
cagtggcagt
ttttgcagtg
gctggagatc

tggggctgag
catcttcaga
gatgggaggg
agtcacgatt
atctgaggac
ctttgactac
cggaaccggc
cctgtctttg
cagcaactac
tggtgcatcc
agacttcact
gcagtatggt

HOWwAAFE®
HOWLOWMHW
HHZw<d W
Wy K<<

tggggctgag
ccecttecge
gatgggaggg
agtcaccatc
atctgaggac
ggacgtctgg
aaccggcagc
gtctgcatct

102

gtgaagaagc
ggctatgcaa
atcatcccta
accgceggacc
acggccgtct
gtcggetggt
ggcggttcag
tctccaggca
cagagtgtta
ctcctcatct
gggtctggga
tattactgtc
aaacgt

madarE=zw
HWNWwHAXY KO
ROwo<pEw
THWOWNWRO W

gttaagaagc
agcaattcta
atcttcgcte
accgcggacg
acggccgttt
tggggccagy
agcggcactg
tctccagggyg
ttaggctggt
agcagggcca
ctcaccatca
agctcacccce

H HA3x<HAdXR
HoOOOHAC<S
H=E60MOwn
H WX O
HOHEQ PR
nOoOHWLO W
WA HORW
H g G
HOEH 3OO0
gOHEAHAdOH

gtgaagaagc
aattttgcta
atcatcgctg
accgcggacg
acggcegtgt
ggcgaaggga
ggcactggcg
gtaggagaca

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

O g =RWN
Ly I i = I ) B B )
HF QKO T

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

ctgggtcctc
tcaactgggt
tctttgggac
actccacaaa
attactgtgc
ccacggtcac
ggtcgacgga
gagtcaccat

HE 000N

ggtgaaggtc
gcgacaggcc
aacaaactac
cacagcctac
gagagtgaaa
ctggggccgt
cagcggcact
gtctccaggyg
cttagcctgg
cagcagggcc
tctcaccatce
tagctcactc

H A OH
HIOHAMH <SW
WO EAAR
R HWH K
Hwm<gOAaw

ggtgaaggtc
gcgacaggcc
aacagactac
cacagtctac
gagaggcagt
caccgtctcg
ggaaattgtg
actctcctge
acctggccag
agacaggttc
gcctgaagat
cggagggacc

MO
Ogmwnz W
oo H D
i e B B -
<rHgORw

ggtaaaggtc
gcgacaggcc
gacaaagtac
tacagcttac
gagaggtccc
cgtctcgagc
catccagttg
cacttgccgg

AO=EM"YH

HoHE R
W EQOWn

oA OWw
HPOOGO S
g wn=nd
Ll B A

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

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

O aHE =
(ol NN o WO
oWy nwaA

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

atcaaacgt

53}

ID NO:

3]

[:J oRwRER-N el e] )]
g A E GO
MO <SP YO
NngHEHgHKOE

SEQ 1D NO

DA WVNHODOIN

oW OO -
QO HE M
HwEownI
ROowaHzZE
SN0 LROG

1228

gaggtgcagce
ccctgcaaat
cccggacaag
gcacagaagt
atggagctga
acctactact
ggtacgggceyg
actcagccac
aataacattg
ctggtcgtgt
aagtctggga
tactactgtc
gtcaccgtcc

SEQ ID NOC:

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

[a%]

I
!
P
v
T
R
I
D

mnEAZOoH
noE gawE g
mgH 6
HEHRANnRO

SEQ

<GSO OLEQEN

H H O OB Alw
Ounonax@XEo
HO=2Z2 o E
D=2 nH Q.
HRHONDDO <
Ao ina R
<nOWoMHHR
HEZHAgH W

ID NO:230

cagatgcagc
tcctgcaagy
cctggacaag
gcgcagaagt
atggagctga
ggttattacc
ggtacggygcy
acacagtctc
gccagtcaga
cccagactcc
ggcagtgggt
gcagtgtatt
ctggagatca

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

ttatttagcc
atccactttg
cactctcacc
taacagtgcc

OO aan o=
HNHGHHR
mROnHEHgHM
THAOGHYEFEO
[w I R e )]
LTl Iy B I )

tggggctgag
ccccttcagg
ggtgggagga
agtcacgatt
atctgaggac
ggacgtctgg
aaccggcagc
agtggcccca
tgtgcactgg
cgaccggcecc
cctgattatc
tagtagtagt

<SHWOHGO®
How<g ey < n
MmO+ ;

tggagctgag
caccttcagc
gatgggaggyg
agtcacgatt
atctgaggac
ccaggactygyg
aaccggcagc
gtctttgtct
cagctactta
tgcatccagce
cttcactctc
gtatggtagc

[ R
H =R
L )
@ G
= w

=W

103

tggtatcagc
caatcagggg
atcagcagcce
ccttettteg

HiEPAKD<
HE 6 HKAR
HKGOOA <
HOWNE ROV
wOHrEKO
nRUGPER

gtgaagaagc
agtaatgctg
atcctcggtg
accgcggacy
acggccgtgt
ggcaaaggga
ggcactggcg
ggacagacgg
tatcagcaga
tcagggatcc
agcagygygtoyg
gatcattatg

H=S8Kog
HH O KNSR
HO OO W g
WO W ng
WR AW
< Wom P R

gtgaagaagc
agctatgcta
atcttcggta
accgcggacy
acggccatgt
ggccagggca

ggcactggcg
ccagggcaaa

gcctggtacc
agggccactyg
accatcagca
tcatcgctca

@ <
H =
o
Z W
KO
R

agaaacccgg gaaagttcect
tccecateteg gttcagtgge
tgcagecectga agatgttgea
gccctgggac caaagtggat

D H gD
[oNN N o= -]
WA KO
(R I o N ]
OO w0naow

ctgggtcctc
tcagctgggt
tctttggttic
aatccaccaa
attattgtgce
ccacggtcac
ggtcgacgtc
ccaggattac
agccaggcca
ctgagcgatt
aagtcgggga
tctteggaac

Ho - g0 Ww
Lol o BRI -l 4]
[ I B I )]
OmHaKROW
BH<gO O™

ctgggtcctce
tcagctgggt
tgtttgggac
aattcacgag
attactgtgc
ccctggtcac
ggtcgacgga
gagccaccct
agcagaaacc
gcatcccaga
gactggagcc
cttteggcgg

QO
=W
Lo ]
o

Gy 1

< R WA
P v IS R s |
Hponw=EAZ
HKOH WO H A
N R
QO ws e H
O E QD=

ggtgaaggtc
gcgacaggcc
accaagctac
cacagtccac
gagaggtcct
cgtctecgagce
ctatgtgctg
ctgtyggggga
ggcccctgtg
ttctggctcce
tgaggccgac
tgggaccaag

WoHmn W
o< gm
MG mE AW
KK EBOHS
OoOgwn<gAaw
Lo N w BEJ-

ggtgaaggtc
gcgacaggcc
agcaaactac
cgcggcctac
gaggtctagt
cgtctcgagce
aattgtgatg
ctcectgcagg
tggccaggct
caggttcagt
tgaagatttt
agggaccaag

W h
<
H
"
H P
B

QWP Oogn

o

540
600
660
720
729

RWnwnmo=R
KH GO0
ZEronoAax

60
120
180
240
300
360
420
480
540
€00
660
720
735

UM RARESR
oo oG g
o oHAHRAw

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

=
<
M
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0 WO B W
(£~ B
w3
mwmoHA<GK
HHE WX
Hmo WA
oo
[ R I = ¥
MO0
DnwoH
H G S o

SEQ

ID NO:232

gaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggaactga
acttacgatt
ageggtacgy
ctgactcagc
ggaaacaaca
gtcctagtcg
tccaactctg
gactattact
aagctgaccyg

tggtggagtc
cttectggagy
ggcttgagtg
tccagggcag
gaagcctgaa
tttcgagtgg
gcggttcagg
caccctcggt
ttggaagtaa
tctatgatga
ggaacacggc
gtcaggtgtg
tcctaggt

()

U)"UDHZ!OD‘J%
o3 Ay SO

I
Q
P
A
v
A
G
3

- 3K oOH
o H 20

SEQ

<SHEHAwmbO@ o

<WOWHEH nw
HAEOGQSEQ
Ghoydwms
OaNZOoCEMm
GMmZnRoOg

ID NO;234

caggtccagc
tcectgcaagg
cctggacaag
gcacagaact
ctgagcagcc
gattcgggga
ctggtcaccg
tcgacggaca
gccaccatca
ttagcttggt
acccgggaat
ctcaccatca
agtagtccgc

5]

tggtgcagtc
cttctggagg
gacttgagtg
tccagggcag
tgagatctga
cttattataa
tctegagegy
tccagatgac
actgcaagtc
accagcagaa
ccggggtccce
gcagcctgca
cgacgttcgy

ID NO:235

v

FmH D w0 on
U s K40
GEmR AR YO
PEHWOE@E
<SHEHBEQEO

SEQ

K HGOHAWL OO
[T o I e B 7 0 e R
Oz R4EHEEG
LT =R I+ B =
O SnEX

KHHEHHWLDOO <
KA ZwPoonRw
nwEOOA R

ID NO:236

caggtccage tggtgcagtce
tcctgcaagg cttctggagt

RWLwonn
Faoa<nrA
HuwwAag
HQDWOA
= HAannp
oK

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

H=EZHWmwRR
RUOOHEHR
HEawnogHR"
HZ2Z=HHAwrn
<HLE W HIW

tggggctgag
cttcttcagce
gatgggggygyg
agtcaccatt
cgacacggcc
cgcccececegg
tacgggcggt
ccagtctcca
cagccagagt
accaggacag
tgaccgattc
ggctgaagat
ccaagggacc

w3 Am
T wno <Y
oo H W

Hw w0
Dok iog

HmoO W HHun
HogwuwoawWg
Gr™H @ P AR
O HEDEQ

g e
HiF o
H=En0
H K W
HICHA ST

gtgaagaagc
agttatgcta
atcatcgceta
accgcggacg
acggecectgt
tggggccagg
agcggcactg
ccaggacaga
tggtaccagc
ccctcaggga
atcagcaggg
agtgatcatg

H=13 4R
HK OO
HIO QP R W
(LR @ NNl e

gtgaagaagc
agctatgcta
gtcatcccta
accgeggacg
gtgtattact
ggctggtteg
tcaggcggaa
gactccecctgg
attttaaaca
cctcctaagce
agtggcageg
gtggcagttt
aaggtggaaa

G Z O ZWw
HQwwZ Ko
RWLLO KPR
<62 im0
muw=E a2 wm

tggagctgag gtgaagaagc
caccttcagt tactatgcta

(LR oW RG]
R H W
Hoam
Mo E
mOH K

ctgggtccte
tcagctgggt
tcttteatac
aatccacgaa
attactgtgc
gaaccctggt
gcgggtcgac
cggccaggat
agaagccagg
tcecectgageg
tcgaagccgg
tggtattcgg

WmAHa O R
<SODO Lo
meGwrAaRWm
O Q) Gy
QFHOCO
O GrH
MBSO wRH

ctgggtectce
tcagctgggt
tctttegtac
aattcacatc
gtgcgaggtt
acccctgggg
ccggcagcgyg
ctgtgtctct
gctccaacaa
tgctcattta
ggtctgggac
attactgtca
tcaaacgt

HGOQ®ROWAEG
RHZLOO G
W o HHEOH

ctgggtcctc
tgagctgggt

[ EH= e,

g mwnie
L I B v I
e G
<O
K EHUQ

ggtgaaggtc
gcgacaggcce
accaaagtac
cacagcctac
gagagggtcc
caccgtctcg
gcaggcaggy
tacctgtggyg
ccaggeccect
attctctggc
ggatgaggcc
cggagggacc

h=g e B v I S
U<l nHAd W
K <G WwE HK
I w B

ggtgaaggtc
gcgccaggcce
agcaaactac
gtatatggag
gaattaccat
ccagggaacc
cactggcggg
gggcgagaag
taagaactac
ctgggcatet
agatttcact
gcaatattat

HEQOK@®H
o H K <G W0
H=ESOoZdn
HoK R A K
HO A3
w0 " H

ggtgaaggtc
gcgacaggcce

KK WS

NUwLKMH
Vg CEgw

ey @

wxRLuOQU W
(= v I
O OoHAQ

O mo
KW oo

120
180
240
300
360
420
480
540
€00
660
720
738

< oOHE S
OO wa
(vl NoNo RN

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

60
120

K3

PO wgogAwW
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cctggacaag
gcacagaagt
atggaggtga
aattactatg
ggtacgggeg
acgcagecgce
cataacattg
ctggtcgtgt
aactctggga
tattactgtc
gtcaccgtce

]
o
=

.r

ggcttgagty
tccagggcag
ggagcctgag
atagtgtata
gttcaggcgg
ccteggagtce
gaagtaatag
atgataatag
acacggccac
aggtgtgggg
taggt

W

mnHB OO
moEgAarE g
OH®X A "gOH

o oH S Koo
E NG R o3 [6]

SEQ ID NO:3

< WO0nEQoIN

| OO < E 0l
NDnMOodaYEO
HoOEmOWws
NDMmZoOoHEMHM
HZHW0hWNO <
o0 wmoO R
SOnonE AR

16

gaggtccagce
tcctgcaagg
cctggacaag
gcacagaagt
atggagctga
tccetggacyg
cccagegtgt
ggctgectgg
ttgaccagcyg
agcagcgtgg
aaccacaagc
acccacacet
ttcececcececa
gtggtggacyg
gaggtgcaca
gtgagcgtgc
gtgagcaaca
cccecgggage
gtgtcccteca
agcaacggcc
agcttcttcc
ttcagctgca
ctgageccecyg

D NO:

tggtgcagtc
cttctgggta
ggcttgagtg
tccagggcag
gcagcctgag
tctggggcca
tceceectgge
tgaaggacta
gcgtgcacac
tgaccgtgcc
ccagcaacac
gcccccectg
agcccaagga
tgagccacga
acgccaagac
tcaccgtgct
aggccctgcc
cccaggtgta
cctgtctggt
agcccgagaa
tgtacagcaa
gcgtgatgca
gcaag

=

MMM EA3mnOo E|n
2= Il w B I Bl - B I 415
K HmDMAWWDE™O(H
SHmEBPROSHKOE
KO SPERZ®RZO|
BUOROK®OMEOO|W

CEHOHOY™E B wm
THZ2OOM®WNN®NnED
TEZ Sz gn s
nHKggHAH B ZH
TR Z OO <

gatgggagga
agtcacgatt
atctgaggac
tgactactgg
aaccggcage
agtggcccca
tgtgcactgg
cgaccggccc
cctgaccatc
tagtagtagt

HZ ZHd0 W0
<HOWORAY®
H o< X0
MHT Q<0

tggggctgag
caccttcacc
gatgggatgg
agtcacgatt
atctgaagac
agggaccacg
ccccagcagce
cttccccgag
cttccececgece
cagcagcagc
caaggtggac
ccctgecccee
caccctcatg
ggaccccgag
caagccccgd
gcaccaggac
tgcccccatc
caccctgccce
gaagggcttc
caactacaag
gctcaccgtg
cgaggccctg

[ I I e B = = 0 T /5 T
HHOM RS EAR
BRgOoUDNYOWwY
HOMDmBn3pao
RRGRZHOE KB

Zg@mmmHANYNR S Z W

105

atcagcccta
actgcggacy
acggccgtgt
ggccagggaa
ggcactggcg
ggacagacgg
taccagcaga
tcagggatcc
agcagggtcg
gaccattatg

HEHKO <
HHOK IR
HOo O OHA<g
nmo w3 n
WR a0
"o n PR

gtgaagaagc
ggctactatg
atcagcgctt
accgcggaca
acggectgtgt
gtcaccgtct
aagagcacca
ccegtgaccg
gtgctgcaga
ctgggcaccc
aaacgcgtgg
gagctgctgg
atcagccgga
gtgaagttca
gaggagcagt
tggctgaacg
gagaagacca
cccagccggg
taccccageg
accacccccc
gacaagagcce
cacaaccact

OCNZRRNPFPOKOG
A w L= B i
R N v N W I I
HYrHEROO M2 W
HEH®R ZIWweo WO
OmnmH<CSHmANER
HeRBEoy oo
bW eRnXR®

tgtttgggac
actccacgag
attactgtge
ccctggtcac
ggtcgacgca
ccaggattac
agccaggeca
ctgagcgatt
aagccgggga
tcttcggaac

HOQ®eo P
O G g R W
[ RE ))]
UM AaO g
BmSOUgoHA

ctggggcctce
tgtactgggt
acaatggtaa
aatccacgag
attactgtge
cgagtgctag
gcggcggcac
tgagctggaa
gcagcggcct
agacctacat
agcccaagag
gcggaccctc
cccccgaggt
actggtacgt
acaacagcac
gcaaggagta
tcagcaaggc
aggagatgac
acatcgeccegt
ctgtgctgga
gytggeagea
acacccagaa

RHEHAXKBE P GO
OMHOTY LN O gD
HREHOQHO<GO0A
KRR 2 40ne 59N

aacaacctac
tacagcctac
gagatctteg
cgtctcgage
gtctgtcgtg
ctgtggggga
ggccectgtg
ctetggetee
tgaggccgac
tgggaccaag

wH g m
[wiEl v BE il /5]
[Pl /s I~ -
S ol IS
Nown<Ap
T2 s

agtgaaggtc
gcgacaggcece
cacaaactat
cacagectac
gagaagtaga
caccaagggc
agccgeccctyg
cagcggcgcc
gtacagcctg
ctgcaacgtg
ctgcgacaag
cgtgttcctg
gacctgcgtg
ggacggcgtyg
ctaccgggty
caagtgcaag
caagggccag
caagaaccag
ggagtgggag
cagcgacggc
gggcaacgtyg
gagcctgagc

HHWnMWHROND GO <G A
mnHEKOHSROHAM
(w - i =
HE SN <HAAKAaAdL

h= - A S T B
SO UR "G OK

<wmiroUon

180
240
300
360
420
480
540
600
660
720
T35

FEl el & 3w -
DHOOWwg

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

HO WM ==
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SEQ ID NO:318

gatgttgtga
atcaactgca
tggtaccagc
gaatccggygy
atcagcagce
ccteteactt
ttcatcttcce
¢ctgaacaact
agcggcaaca
agcagcaccc
gtgacccacc

D N

EQ

tgactcagtce
agtccagceca
agaaaccagg
tcecectgaccg
tgcaggctga
tcggcggagg
cccccteecga
tctaccceccecey
gccaggagag
tcaccctgag
agggcctgag

=

- N i w] 4]
(el sl = I B
Ll o
momWHAKE
= ZwH© Ao

SEQ

< g 0o o|w

e H o R wlo
WO HEBE WYY
OQuEO QY
HowrEOo®n
<G Z oMy

ID NO:320

cagatgcagc
tcctgcaagg
cctggacaag
gcacagaact
atggagctga
ggttattacc
gctagcacca
ggcacagccg
tggaacagcyg
ggcctgtaca
tacatctgca
aagagctgcg
cccteocgtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagqg
atgaccaaga
gcecgtggagt
ctggacagcg
cagcagggca
cagaagagcc

tggtgcagtc
cttctggagy
ggcttgagtyg
tccagggcag
gcagcctcag
ctgcatacct
agggccccadg
ccectgggetg
gcgecttgac
gcetgagecag
acgtgaacca
acaagaccca
tcctgttece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccagccccg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

EQ ID NO:321

MO v

S
Q
Q
S
L
F
V'

Lo I BT I
trHE 2o
g e
0o
HHRWLHEHQ

Q

QS EEW0
HwononHGO
O X AL I
HEZRE=EH™
K Wnawo <
HoO YW R
O HEMR

H X
= o
z
g
o
H g
O W

teccagactee
gagtgtttta
acagcctect
attcagtggc
agatgtggca
gaccaaagtg
cgagcagctg
ggaggccaag
cgtgaccgag
caaggccgac
cagccccegtg

Hwnwgw
mToogagxRg
O EE P H W
OO < H
H<BHEKHQ
nwHRKRKH
nERnwOx W
WO Q0
<SOR3 0 WA
RV KEH

tggggctgag
caccttctee
gatgggaggyg
agtcacgatt
atctgaggac
ccaccactgg
cgtgtteecc
cctggtgaag
cagcggegtg
cgtggtgace
caagcccagdc
cacctgcecc
ccccaagecc
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagccccag
cctcacctgt
cggccagcce
cttcctgtac
ctgcagcgtg
ccccggcaag

ZEH<SOMWD
<HRHGOGO
Z 0w
T OE<®®n
oK Q<

10e

=g
w G
H o
w M

ctggetgtgt
tacagctecca
aagctgctca
agcgggtetg
gtttattact
gatatcaaac
aagagcggca
gtgcagtgga
caggacagca
tacgagaagc
accaagagct

- - I -4
Lo <gwmw@EO

gtgaagaagc
agttatgceta
atcatcggta
accgcggacd
acggccgtgt
ggccagggea
ctggceccecea
gactacttcc
cacaccttce
gtgececagea
aacaccaagd
ccctgecctg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgcecce
gtgtacaccc
ctggtgaagy
gagaacaact
agcaagctca
atgcacgagg

e R -
mWHWmOHA <
Z N 20
H RO
mEone R
d <3O W
OHEHMOZ 0
O R

FLYS
LSPG
ctetgggega
acaataagaa
tttactggge
ggacagattt
gtcagcaata
gtgcggecgce
ccgccagegt
aggtggacaa
aggactccac
acaaggtgta
tcaaccgggg

Hw < aw R
ZHA0Y RN
W E P
QLHERR"0o
[ I A B w I )
QwzZ0nmg

ctgggtecte
tcacctgggt
tgtttggtte
aatccacgag
attactgtgc
ccetggtceac
gcagcaagag
ccgagcecccegt
ccgcecegtgcet
gcagectggg
tggacaaacg
cccececgagct
tcatgatcag
ccgaggtgaa
ccecgggagga
aggactggct
ccatcgagaa
tgcccecccecag
gcttctacce
acaagaccac
ccgtggacaa
ccctgcacaa

TN OO
< wnwHADmOHA

gagggccace
ctacttagct
atctaccegg
cactctcacc
ttatagtact
acccagcgtg
ggtgtgcctg
cgcecctgeag
ctacagcctg
cgcctygcgay
cgagtgt

GG )
HHO®HK
HroHaQ !
H o R W!®n
|l e R ) =4
[ = N I
HERHQOQ R
B R HZ
s ol -l ol

ggtgaaggtc
gcgacaggcec
aacaaactac
cacagcctac
gagaagtact
cgtctegagt
caccagcggc
gaccgtgage
gcagagcagc
cacccagacc
cgtggagccc
gctgggcgga
ccggaccccce
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
cceeectgtg
gagccggtgg
ccactacacc

How e
wH KW
WP Adw
W Em K
O O0maAa

gwpB = B H
Ro<gogd

60
120
180
240
300
360
420
480
540
600
657

60
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:3

= B o I e
L~ I w B

H QOB o™HE
o gD MEe
Om KO < e
nwEHO RO
< 2B H 2 A0

22

cagtctgccce
tcectgcacty
cacccaggca
cctgatcget
caggctgagg
ttcggaactg
cccagcgtga
gtgtgcctca
agccccgtga
gcegcocagca
tgccaggtga

SEQ ID NO:

tgactcagcc
gaaccagcag
aagcccccaa
tctectggete
atgaggctga
ggaccaaggt
ccctgttecce
tcagcgactt
aggccggegt
gctacctgag
ceccacgaggg

N

HHOHOO
VOO0

I
A
H
G
P
A
W

REREoH
R PO OA

SEQ ID NO:3

T RO|wW

wWg Y E e glw
mwng o
KW S E R W
oA g
O<HO R0

24

gaggtgcagc
tcctgcaagqg
cctggacaag
gcacagaagt
atggagctga
aaatggggac
agtgctagca
ggcggcacag
agctggaaca
agcggectgt
acctacatct
cccaagagct
ggaccctccg
ccegaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgcegtygyg
gtgctggaca
tggcagcagg
acccagaaga

tggtggagac
catctggata
ggcttgagty
ttcagggcag
gecaggctygayg
ctcaageggc
ccaagggccce
ccgeccctggg
gcggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcce
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect

2OH =z
= I v A )
MR QK<
B G
H-E b g e
b= s - A R
Zg 2R

tcgetcagtg
tgatgttggt
actcatgatt
caagtctggce
ttattactge
caccgtccta
cccctectee
ctaccctggce
ggagaccacc
cctcaccccce
cagcaccgtg

CR K H®
<P tg o
HoWOQOmo
<<
HE LN nO
QHE< R0
HEAY
HHEEFWwHMA
™o WnH

cggggctgag
caccttcacc
gatgggatygg
ggtcaccatyg
atctgacgac
ttttgatate
cagcgtgttc
ctgcctggtg
gaccagcggc
cagcgtggtg
ccacaagccc
ccacacctgc
cccccccaag
ggtggacgtg
ggtgcacaac
gagcgtgetce
gagcaacaag
ccgggagccce
gtecccteace
caacggccayg
cttcttecty
cagctgcagc
gagccecegge

[0
o= =
0=
= Q)
W

< W

T <SHEOEY
HOE R R R
Hog Z g
0o v w

teccgggtete
ggttataact
tatgatgtca
aacacggcct
agctcatata
ggtgcggcecg
gaggagctgc
gcecgtgaceg
acccccagca
gagcagtgga
gagaagaccyg

HMwEwmQWn
RN ZAg0
HO = oW

gtgaagaagc
agctactata
atcaacccta
accagggaca
acggccgtgt
tggggccaag
cccctggecce
aaggactact
gtgcacacct
accgtgccca
agcaacacca
cccccctgece
cccaaggaca
agccacgagg
gccaagacca
accgtgctge
gccctgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

O
O R
0 <g
w2 W0
o0
(el
Q0O

ro<g=z2wo
nowRRA
HwE Ao
L AHRE
w0 g

ctggacagtc
atgtctectyg
gtaagcggcc
cectgaccat
caagcagcag
caggccagcc
aggccaacaa
tggcctggaa
agcagagcaa
agagccaccyg
tggcccccac

<SwPr goOn
oA R
WZH QW
HR SHW0Oh®W
OO0y
OB a0

ctggggcctc
tgcactgggt
acagtggtygyg
cgtccatcag
attactgtgc
ggacaatggt
ccagcagcaa
tcccegagcece
tcceegecgt
gcagcagcct
aggtggacaa
ctgcececcecga
ccctecatgat
acceccgaggt
agccceggga
accaggactg
ccccecatega
ccctgeccecc
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

wNR W
=4O
(R &N
T oA
O WA

s H PR Wn
o< ym
Q=" HMEA
"R OO ™
[l B A o
HHKHAZ<
<" HW0WA
gwwao
RO R
[ i I

agtcaccatc
gtaccaacag
ctcaggggtc
ctctgggcetce
cactcatgtc
caaggcecgcect
ggccaccctg
ggccgacagc
caacaagtac
gagctacagc
cgagtgcagc

wr HRR®O
ORI W)
oo
S B~
H R
QP g
H QW wn
H =
L I =

agtgaaggtt
gcgacaggcc
cacaaactat
cacagcctac
gagagagggg
caccgtetcecg
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccag
acgcgtggag
gctgctggge
cagccggacc
gaagttcaac
ggagcagtac
gctgaacggce
gaagaccatc
cagccgggag
ccccagcgac
caccccccect
caagagccgy
caaccactac

B
woH W
R
(w i
Ho =

E R ==}
[ I
0w g

120
180
240
300
360
420
480
540
600
660

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 NO:3

26

gaaattgtga
ctctcectgeca
cctggccagg
gacaggttca
cctgaagatt
caagggacca
tccgacgagc
ccecgggagy
gagagcgtga
ctgagcaagg
ctgagcagcc

w]
2
(e}

EQ

tgacgcagtc
gggccagtca
ctcccaggcet
gtggcagtgg
ttgcagtgta
aggtggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa

[ \S]

< <G O En
K EmIn R H
<= owE e O(w
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SEQ ID NO:3

Hwiinornld
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gaggtgcagc
tcctgtgcag
ccagggaagg
gcagactccg
ctgcaaatga
ggctacacgt
aagggcccca
gcectggget
ggcgecttga
agcctgageca
aacgtgaacc
gacaagaccc
ttcctgttce
tgegtggtgg
ggcgtggagg
cgggtggtga
tgcaaggtga
ggccagcoco
aaccaggtgt
tgggagagca
gacggcagct
aacgtgttca
ctgagcctga

tggtagagtc
cctctggatt
ggctggagtyg
tgaagggecg
acagtctgag
tcgacccecctg
gcgtgttcce
gcctggtgaa
ccageggegt
gecgtggtgac
acaagcccag
acacctgccc
cccccaagce
tggacgtgag
tgcacaacgc
gcgtgctcac
gcaacaaggc
gggagcccca
cceteaccetg
acggccagcc
tcttecctgta
gctgcagegt
gccccggcaa

EEMHZ200pEwn
T KWK S0 G
HRWNMEK<GGAA
PHORSHEHZ0NW
FHEMNODE T e
TRk OM R G

tccaggcacc
gagtgttagc
cctcatctat
gtctgggaca
ttactgtcag
caaacgtgcg
cggcaccgcc
gtggaaggtg
cagcaaggac
gaagcacaag
gagcttcaac

NHXKKW
nEROuOoE
IC a0 N
ST HO WA
Hw Ko
HRNGI A

tgggggaggc
cacctttagc
ggtctcagct
gttcaccatc
agccgaggac
gggccaggga
cctggccecccce
ggactacttc
gcacaccttc
cgtgecceccage
caacaccaag
cccctgecct
caaggacacc
ccacgaggac
caagaccaag
cgtgctgcac
cctgcctgcce
ggtgtacacc
tctggtgaag
cgagaacaac
cagcaagctc
gatgcacgag
g

—
]
[e=]

ZHEAqgUOITY
TSHOH"mA W
KEARRGRZHW
HOoZ2 g mmowAdm R
Doz "A"PW®W
HOoOgZPUOUgaA

ctgtetttgt
agcagctact
gatgcatcca
gacttcactc
cagtatggta
gccgcaccca
agcgtggtgt
gacaacgccc
tccacctaca
gtgtacgcct
cggggcgagt

ng <<nwrEp o
H oo 3w
ZHR O OAXA
WHKEH 3
QW HYW

ttggtacagc
atctatgcca
attagtagta
tccagagaca
acggctgtgt
accctggtca
agcagcaaga
cccgagocccg
ccegeecgtgce
agcagcctgg
gtggacaaac
gcccccgagce
ctcatgatca
cccgaggtga
ccececgggagyg
caggactggc
cccatcgaga
ctgccecccca
ggcttctacce
tacaagacca
accgtggaca
gccctgcaca

LM RRSIOHE W
FwuERPPHAEROO
WHRAPPREZD 0O
HFHOM”M”™H <03
M DWnE@E
Lo I B I
NDW®RHERMARKH

ctccagggga
tagcctggta
gcagggccac
tcaccatcag
gctcactttg
gcgtgttcat
gcctgetgaa
tgcagagcgg
gcctgagcag
gcgaggtgac
gt

BEHZYg 0
Ownz oI
MmO m
HHKO®Nn®
Hroaao
HW®R®nwWm
Emga g

ctggggggtc
tgagctgggt
gtggtgatag
acgccaggaa
attactgtgc
ccgtctcgag
gcaccagcgg
tgaccgtgag
tgcagagcag
gcacccagac
gcgtggagcc
tgctgggcgg
gccggaccce
agttcaactg
agcagltacaa
tgaacggcaa
agaccatcag
gccgggagga
ccagcgacat
cccececcectgt
agagccggtg
accactacac

RAOQEHODWBNO

aagagccacec
ccagcagaaa
tgacatccca
cagactggag
gacgttcggc
cttccececccce
caacttctac
caacagccag
caccctcacc
ccaccagggc

P HEn®
ARHOW®
PG R AWw
(wi o Rl vl

cctgagactc
ccgccaggca
cacatactac
cacgctgtat
gagagcgtat
tgctagcacc
cggcacagcc
ctggaacagc
cggcectgtac
ctacatctgc
caagagctgc
accctecegtg
cgaggtgacc
gtacgtggac
cagcacctac
ggagtacaag
caaggccaag
gatgaccaag
cgcecgtggag
gctggacagc
gcagcagggc
ccagaagagc

HrHRKEHOBEO
HKHAZ dgwg
SHHHWNMHAR W<
gununHEa0Aag R
HUOURKGm<g Y

G
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=R w I I~
REZ0HDO

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
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ID NO:3

29

CETdnOnd 2o E|n
DEH TP DYngnAE O
ZuHdAEHPFEEHEALE YO
SZwdunmg i< or
HooOEevYEHAnwH R <G
MO CTEHEREO S A0 O E
N HKO<SEPEHRZREZHW

SEQ ID NO:3

CHHODROKnOZ2 RO
<SZHEPZEOoOHOWOMED
EIOHEZUQruEgn
e B~ £ - A e B ol I W

30

gaaattgtgc
atctcctgca
tacctgcaga
tccggggtcece
agcagagtgg
ctcactttcy
atcttcceccee
aacaacttct
ggcaacagcc
agcaccctca
acccaccagg

tgactcagtc
ggtctagtca
agccagggca
ctgacaggtt
aggctgagga
gcggagggac
cctccgacga
acccceggga
aggagagcgt
ccctgagcaa
gcctgagecag

MR A g ARG

SEQ ID NO:3

I L ol O R
<ZmUHEo;mw
HwnwigwH
TOJYJ<<OowY

QMO
| o e s I ) I

32

gaggtgcagc
tcctgecaagg
cctggacaag
gcacagaagt
atggagctga
ggttatecata
agtgctagca
ggcggcacag
agctggaaca
agcggeetgt
acctacatcet
cccaagagct
ggaccctccg
cecegaggtga
tggtacgtgg
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca

tggtggagac
cctctggagg
ggcttgagtg
tccagggcag
gcagcctgag
tatcgacacc
ccaagggece
ccgccctggyg
gcggegecett
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggecagec
agaaccaggt
agtgggagag
gcgacggceag

RO SHA PP
PHTD RSy EAHO
[ e e B e i = R T B w B 4 0
THEHOHR <SP A0D
ZoOoE AL UYD YOO
mAHO@EYmHEn SN W

tccactctcc
gagcctecctyg
gtctccacag
cagtggecagt
tgttggggtt
caaggtggag
gcagctgaag
ggccaaggtyg
gaccgagcag
ggccgactac
cccegtgace

o< 4
H<GH AN
e RGO
mmwmOB M
O ONEOY
SO HE0 W!P
HwpE 30
mR OB DA

cggggctgag
caccttcagg
gatgggaggg
aatcacgatt
atctgaggac
ctttgacaac
cagcgtgtte
ctgcectggtg
gaccagcgge
cagcgtggtg
ccacaagccc
ccacacctge
cceeeccaag
ggtggacgtyg
ggtgcacaac
gagcgtgetc
gagcaacaag
cecgggagece
gtccctcacce
caacggccag
cttcecttectg

109

HKEXRRIRZSZHOOH
HozZ <zZwadR<wnd
CLOoLwI2ZRAPLOAD
RU<KZPFPOSCHAFE KD
LR ARADODEHELWI KO

ctgccecgtca
catagtaatg
ctcectgatct
ggatcaggca
tattactgca
atcaaacgtg
agcggcaccg
cagtggaagg
gacagcaagg
gagaagcaca
aagagcttca

wo <o P n
Hn<gauno

gtgaagaagc
acccatgcta
atcatcgcta
accgceggacyg
acggccgtgt
tggggccagg
ccectggece
aaggactact
gtgcacacct
accgtgceca
agcaacacca
cccecectgece
cccaaggaca
agccacgagg
gccaagacca
accgtgctgce
gccctgecectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaage

HuoBEpPpHAEHEROO P MW
HRAPFRZ A OKOW
HFEHROQUUHSHHED®D
(72 30 e B e e < B Vs T o I 1 I = SR
LI B e - B v B e B R
GUERHBHEARKE=OA
RN QOEBOUYWmwnODH

ccecectggaga
gatacaacta
atttgggttce
cagattttac
tgcaagctct
cggccgcace
ccagcgtggt
tggacaacgc
actccaccta
aggtgtacgc
accggggcga

Zaaunxd
o B ol e B I V5]
QG AYWw
el ol NN o]
aOwuwzZowwm

ctgggtcctc
tcagttgggt
tcttcggaac
aatccacgag
atttectgtge
gaaccctggt
ccagcagcaa
tccecegagece
tccecgeegt
gcagcagcct
aggtggacaa
ctgcccecega
ccctcatgat
accccgaggt
agccecggga
accaggactg
cccccatcga
ccctgcoccec
agggcttcta
actacaagac
tcaccgtgga

HH A< EHOPEP QW= W
HE A SOwLBHE=xTACA
SHHLDHA®R WG O HK
OwmnAAOAS RO WwE
HoRe gD <ggogno=E
WHMPDT <A HEHOW

gceggectec
tttggattgg
taatcgggcc
actgaaaatc
acaaactccc
cagcgtgttc
gtgcctgectg
cctgcagagc
cagcctgagce
ctgcgaggtg
gtgt

O R
H KO WP
HoHEOD
HW=wnw
H RGOS
v HE®o
RO H MK
W R AR
OO ™ g
-l

ggtgaaggtc
gcgacaggcc
agcaaactac
tacagcctac
gagagygcagt
caccgtctcg
gagcaccagc
cgtgaccgtg
gctgcagagc
gggcacccayg
acgcgtggag
gctgetggge
cagccggace
gaagttcaac
ggagcagtac
gctgaacggc
gaagaccatc
cagccgggayg
ccccagcgac
cacccccect
caagagcegyg

e RSSO HPE B =
S <<y mymg g g
CHOW<"WWMA WD
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180
240
300
360
420
480
540
600
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tggcagcagg
acccagaaga

SEQ ID NO:3

gcaacgtgtt
gcctgagect

33

MHPYIHARKRA®NO M
HrRggO<< AP g
s <OH<gnmgmg g P YO
OoHO®nCSYeEAKQH
O nOmg =20
MEHmoDpPZwvn<nEOM

SEQ ID NO:3

ZuEHEFEHEALOHEA
gZu<ygmno<dspPpoEG
HOKHEHYERAE NN S
NOoOC<ETHPOS AN E X
QMO ZROTEO <
NMEHHEHgOgRORODOND O R
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tectatgtge
acctgtgggg
caggcccctg
ttctctgget
gatgaggccg
ggagggacca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacg
D

SEQ N

tgactcagee
gaaacaacat
tgctggtegt
ccaactctgg
actattactg
agctgacegt
tecececccecte
acttctaccc
gcgtggagac
tgagcctcac
agggcagcac

[ #)

=Yg wn
o R G K
WYy Ao

I
v
Q
A
A
K
S

bl I B
wwmnEdo|w

SEQ ID NO:3

Ko< e ol
ndAaggm
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<Swpr"mOgon

O RE KK

36

Jgaggtgcagc
tcctgcaagg
cctggacaag
gcacagaagt
atggacctga
gatggatatt
ggcaccctgg
cccagcagca
ttceeccgage
ttecccgeey
agcagcagcee
aaggtggaca
cctgcceccceeg
accctcatga
gacccegagg
aagcceccggg
caccaggact
gcccccatceg

tggtyggagte
cttctggaca
ggcttgagtg
tccagggcag
gcaacttgag
gtactcttac
tcactgtctec
agagcaccag
ccgtgaccegt
tgctgcagag
tgggcaccca
aacgcgtgga
agctgctggg
tcagccggac
tgaagttcaa
aggagcagta
ggctygaacgg
agaagaccat

110

cagctgcagc gtgatgcacg
gagccccggc aag

<SZE2PsSHOHOYEAHR
RZOMBHEZOOpPpnigAHH
TKogZ2sn2egAaApn
RO gAY BEAHW

acccteggtyg
tggaagtaaa
ctatgatgat
gaacacggcc
tcaggtgtgg
cctaggtgeg
ctcegaggag
tggcgeegtg
caccaccccce

‘ccccgagcad

cgtggagaag

HRDwo g <
b o B I T B o R
MMEwmsE g™
(DR B w i v ()]
mHEEpDO

tggggctgag
catcttcagc
gatgggaggg
agtcacgatt
atctgaggac
cagctgeect
gagtgctagc
cggcggcaca
gagctggaac
cagcggcectg
gacctacatc
gcccaagagc
cggaccctce
ccccgaggtg
ctggtacgtg
caacagcacc
caaggagtac
cagcaaggcc

PHEOR SR Z Y GHE®

HHEBE WwwA

FHEEHOBEIZOHERKGQ <
TR R <SP R
ZoRXRdpODOOrREC
nCHOEDEeAnE 2w
KERRIRZAOMOIKO

tcagtggccece
ggtgtgcact
agcgaccggc
accctgacca
gatagtagta
gcegeaggcecce
ctgcaggcca
accgtggcct
agcaagcadgda
tggaagagcc
accgtggccc

<O
Hwp g™
)R = m o H
HO®R @A
LRl e
h A B R

gtgaagaagc
ggctatgcaa
atcatcccta
accgcggacc
acggccgtet
gtecggctggt
accaagggcc
gccgecctgg
agcggcgect
tacagectga
tgcaacgtga
tgcgacaaga
gtgttcctgt
acctgcgtgg
gacggcgtgg
taccgggtgg
aagtgcaagg
aagggccagc

aggccctgca

HOg=Z2 < T WA TR NS
VLI RNAENnNO
Rog<zarugda-HdnR®m
NNULERRAOgHGOKAR
HFuoBEpPHEPEROOIDO O
mMHEHEABPEREZToOHOA

caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgatcatgt
agcccaaggc
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

HZ QN
HR 4O 2
HeOQ®n=

OPEAa=H
mE HRNDO

ctgggtcctce
tcagttgggt
tctttggtac
aatccacgag
attactgtgc
acttcgatct
ccagcgtgtt
gctgecctggt
tgaccagcgg
gcagcgtggt
accacaagcc
cccacacctg
tccececcaa
tggtggacgt
aggtgcacaa
tgagcgtgct
tgagcaacaa
cccgggagcce

caaccactac

PR H <o A0 DN
LEEPDOEOPAAHD
MK <yETOE P YA
MR HEARKESHTE
REOEMOYLOLOD AP

ggccaggatt
gaagcctgge
ccctgagcecga
cgaagccggyg
ggtattcgge
cgctcccage
cctggtgtge
cagcagcccc
gtacgccgcc
cagctgccag
cagc

noeon
ngs= =
KM AR
[l e
AT
B (B = e -
HoE o3
pg -
HAaQno
[oREN ol eI~

ggtgaaggte
gcgacaggcc
aacaaactac
cacagcctac
gagagtgaaa
ctggggeegt
cccectggee
gaaggactac
cgtgcacace
gaccgtgecc
cagcaacacc
ccccccetge
gcccaaggac
gagccacgaqg
cgccaagacc
caccgtgctg
ggccectgect
ccaggtgtac

HFRREEOQOBHEOZ M H
H<HZ SO0 S gJgwn
SMHHONHRONDGOHES
DhunHOHS RO LG
RoOgR g m<ggnAax
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180
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300
360
420
480
540
600
654
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accctgcccce
aagggcttct
aactacaaga
ctcaccgtgg
gaggccctge

W
s3]
©

ccagccggga
accccagcga
ccacccccoc
acaagageccyg
acaaccacta

ID NO:337

OuRHEARKEHGNO M
AROHOR L OY Adp <
HFHXNKEOQEOR D "o
BHHKHZ4UO0NE < oH
CHHOHRODOEC<
CwnHOHSROdOaH
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WHpEpH dHE K H0EG
"W RGO qgNH =25
b vy B w B v B v B v Bl e - |
oMo RARO
OzmmanOunl g R

SEQ ID ND:338B

gaaattgtga
ctctcgtgca
cctggccagg
gacaggttca
cctgaagatt
gggaccaadc
gacgagcagc
cgggaggccea
agcgtgaccg
agcaaggccg
agcagcccceg

E

[w)
=
o]

tgacgcagtc
gggccagtca
ctccecaggcet
gtggcagtgg
ttgcagtgta
tggagatcaa
tgaagagcgg
aggtgcagtg
agcaggacag
actacgagaa
tgaccaagag

[}

0O |0
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QM pP Y gy
(23 By B B o B 1 4
S =22

SEQ
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ID NO:340

gaggtccagce
tcctgcaagg
cctgggcaag
gcgcagaagt
ctggagctga
ggctacacca
agtgctagca
ggcggcacad
agctggaaca
agcggcectgt
acctacatct
cccaagagct
ggacccteceg
cccgaggtga

tggtacagtc
cttctggagy
ggcttgagtg
tccagggcag
gtagcctgac
cacgcaacta
ccaagggccc
ccgcecctggg
gcggcgcctt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttectgtt
cctgcgtggt

ggagatgacc
catcgcecgtg
tgtgctggac
gtggcagcag
cacccagaaq

OEYE DR ngnEH R
ZuEHHEBNCOAWNDH Y
SZmagrogyYdno
MEOOCYEANNDH O

tccaggcacc
gagtgttagc
cctcatcttt
gtctgggaca
ttactgtcag
acgtgcggcc
caccgccadc
gaaggtggac
caaggactcc
gcacaaggtyg
cttcaaccgyg

Ny ®n
mOGOon e
S OWMO 0
HwpEpOnd
RO NG
ngogasamm
Hwgnpd

tggggctgag
catcttcaga
gatgggaggg
agtcacgatt
atctgaggac
ctttgactac
cagcgtgtte
ctgcctggtg
gaccagcggc
cagcgtggtg
ccacaagcce
ccacacctge
ccceceocccaad
ggtggacgtg

WO S THEHEOERq N
OO SHHZ RALEA
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aagaaccagg
gagtgggaga
agcgacggca
ggcaacgtgt
agcctgagcc

NEHOROQGK NG K AR
CZHEHOHOGUO3S
EZREZODOPOE=Zn
THREZE=INIZIE IO
MR OOK G QWS
FPHER QR Z g RO
FHREAgE DGR U X ®N
=~ B BT ) B -~y B B
ZHERSWD DK KOOI

ctgtctttgt
agcagctact
ggtgcctcca
gacttcactc
cagtatggta
gcacccagcg
gtggtgtgcc
aacgccctgc
acctacagcc
tacgcctgeg
ggcgagtgt

ZH0OwmAa
Py i e B B
OuBHEAHP
[ B e Bl ML B o

gttaagaagc
agcaattcta
atcttcgcecte
accgcyggacg
acggccgttt
tggggccagg
cccctggecc
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ccceecectgee
cccaaggaca
agccacgagg

tgtceccteac
gcaacggcca
gcttcttect
tcagctgcag
tgagcccecgg

ctccagggga
tagcctggta
gcagggccac
tcaccatcag
gctcactcac
tgttcatctt
tgctgaacaa
agagcggcaa
tgagcagcac
aggtgaccca

OnzaOon
whHORXI
= -y B
Hmyawnn
HM = oo
HHEEww
virHO <

ctgggtecctc
tcagttgggt
tttteggaac
aatcttcgac
attactgtgc
gcaccctggt
ccagcagcaa
tccecegagcec
tccecegeegt
gcagcagcct
aggtggacaa
ctgccceecga
ccctcatgat
accccgaggt

m<HOHmDOANnOOH

ctgtctggtg
gcccgagaac
gtacagcaag
cgtgatgcac
caag

HKERRCRZMnAEDH
HyuyzZzs@mmsSm=B<gw
OOz WEBWHAaE
Rog=EprprogadnHK
MO ERERAOHWLOA W

aagagccacc
ccagcagaaa
tggcatccca
cagactggag
tttcggcgga
ccecccectee
cttctacccc
cagccaggag
cctcaccctg
ccagggcctg

W H N
g RO W
Do W an
KOE O

ggtgaaggtc
gcgacaggcc
aacagactac
cacagtctac
gagaggcagt
caccgtctcg
gagcaccagc
cgtgaccgty
gctgcagagce
gggcacccay
acgcgtggag
gctgetggge
cagccggacce
gaagttcaac

HuBErAEEROOHR [ H
WHHAPRRERWOOSOW®
P OR”R-OHG0nAOQOE
[N B SR s I W o B B A o R
M qmMHxDg e 3

e =i s
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1260
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60
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180
240
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360
420
480
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600
639
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60
120
180
240
300
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tggtacgtygy
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca
tggcagcagg
acccagaaga

SEQ

lw]
=
(@]

acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagcct

o
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I
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P
v
v
P
F
F
D
v
G
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W RISIOGHP AP
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SEQ ID NO:3

FZwmEHAHPHEAGE H 0
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NoG PO AR E N
NUHKOoO<SPEHAZIRAO
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gaaattgtgc
ctctcctgea
cctggccagg
gacaggttca
cctgaagatt
ggagggaceca
gtgaccctgt
ctcatcagcg
gtgaaggccg
agcagctacc
gtgacccacg

42}

EQ ID NO:3

tgactcagtc
gggccagtca
ctecccagget
gtggeggtgg
ttgcagtgta
aggtggagat
tcececcecte
acttctaccc
gcgtggagac
tgagcctcac
agggcagcac

43
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oW oA
wwnwHE PO
AR v v I &)

SEQ ID NO:3

nmoAR XY
O<SHPEHO
oW G HHA
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caggtgcagc
tcctgcaagg
cctggacaag
gcacataagt
atggagctgy
cactactact
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgeca

tggtgcagtc
cttctggagg
ggcttgagty
tccagggcag
gcagcctgaa
cctectacat
agggcceecag
ccctgggetg
gcgccttgac
gcctgageag
acgtgaacca

ggtgcacaac
gagcgtgcte
gagcaacaag
ccgggagccce
gtccctcacc
caacggccag
cttcttectg
cagctgcage
gagccccggce

nNnEHADXRQGQKODOWLOR
<ZHESHOHODHEHR
EZOEZWOQN OO N
TRUZInZE AN O
RO <SS Y E 0
PHASTRSHZ OO0

tccaggcacc
gagtgttage
cctgatctat
gtctgggaca
ttactgtcag
caaacgtgcg
ctccgaggag
tggcgecgtg
caccaccccce
ccccgagcag
cgtggagaag

H G W
T OOe
M EwWD i w
OHEO WY
icH MK WmGQ
HHA QWi
<D OoOnPw

tggggctgay
ccecetteecge
gatyggaggg
agtcaccatc
atctgaggac
ggacygtetyg
cgtgttecee
cctggtgaag
cagcggcgty
cgtggtgace
caagcccagc

112

gccaagacca
accgtgctge
gcectgecty
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

FEHHEBOEREZDT O KOG
CTHE KO R<SEKAaR
ZHoEmR<mOgmozDoOoAa<
T CHOM-a My O
KE®R®RIRZHOHOKO

ctgtctttgt
agcaactact
ggtgcatcca
gacttcactc
cagtatggta
gccgcaggcce
ctgcaggcca
accgtggcct
agcaagcaga
tggaagagcc
accgtggccc

Hwvpwminp
"R ZmonAJ
HO X H+~=H
<o Adm

gtgaagaagc
aattttgcta
atcatcgctg
accgcggacy
acggccgtgt
ggcgaaggga
ctggcccececca
gactacttcce
cacaccttee
gtgcccagca
aacaccaagg

agccccggga
accaggactg
ccceccatcga
ccetgecceec
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

HozZzdotHHgROD =
DN WL RKRENHDNHDO
ROz PO HAHODRW
nonnunu="R="\AOH KO
HFupbprEAEROOHAOO
NnHHEABPRZWOOHGOH

ctecagggga
taggectggta
gcagggccag
tcaccatcag
gctcacccct
agcccaaggc
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

He AN e ]
wZZHonwr
H®R <@ P
M Qoo
QOPrrtAn0
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ctgggtcctce
tcaactgyggt
tctttgggac
actccacaaa
attactgtgc
ccacggtcac
gcagcaagad
ccgagccegt
cegeecgtget
gcagcctggy
tggacaaacg

ggagcagtac
gctgaacgge
gaagaccatc
cagccgggag
ccccagcgac
cacccccect
caagagccgg
caaccactac

HH QW H<SmAR D
nbbtrPrToOEHOP = 4w
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aagagccaca
¢ccagcagaaa
tggcatccca
cagactggag
cactttcggce
cgctccecage
cctggtgtge
cagcagcccc
gtacgccgee
cagctgccag
cagc

nndnd
o E®D
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Hx>=AZ
[ s I w i
| I VI s I
Hw P dao

ggtaaaggtc
gcgacaggcc
gacaaagtac
tacagcttac
gagaggtccce
cgtctcgagt
caccagcggc
gaccgtgage
gcagadcagc
cacccagacc
cgtggagccc

HHRRLEEOQOE O H
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1320
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240
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420
480
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aagagctgcyg
cccteecgtgt
gaggtgacct
tacgtggacg
agcacctacce
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

SEQ

o
=z
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acaagaccca
tcectgttece
gcgtggtggt

gcgtggaggt’

gggtggtgag
gcaaggtgag
gccagccccg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag
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Q
P
A
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v
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SEQ ID NO:
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gacatccagt
atcacttgcec
gggaaagttc
cggttcagtg
gaagatgttg
accaaagtgg
gagcagctga
gaggccaagg
gtgaccgagc
aaggccgact
agcccecgtga

SEQ ID NO:

tgacccagtc
gggcgagtca
ctaaactcct
gcagtggatc
caacttatta
atatcaaacg
agagcggcac
tgcagtggaa
aggacagcaa
acgagaagca
ccaagagctt
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SEQ ID NO:
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GO W e v
H<BEHHAHWw
wH R HW
whHm~ e
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gaggtgcagc
ccctgcaaat
cccggacaag
gcacagaagt
atggagctga
acctactact
gctagcacca
ggcacagccg

tggtggagac
cttctggaag
ggcttgagtg
tccagggcag
gaggtttgag
actcctacat
agggccccag
ccctgggetg

cacctgccce
ccccaageccc
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagccccag
cctcacctgt
cggccagccc
cttcctgtac
ctgcagcgtg
ccceggcaag

2RO ZHOrnEMAHR
RN Z s ggHr
(e~ ¥ B ) IS I B B R 1
=R R v Bl 5 A > T v B = o ¥

tccatecctec
gggcattage
gatctatgect
tgggacagat
ctgtcaaaag
tgcggecgea
cgccagcgtg
ggtggacaac
ggactccacc
caaggtgtac
caaccggggc

LR eNaNe =N/
4o HRO W
HmERnWw
WA
wog2Z20 e

tggggctgag
ccecttecagg
ggtgggagga
agtcacgatt
atctgaggac
ggacgtctgg
cgtgtteecc
cctggtgaag

[l I ol w B e B R B e B R R Y
THHAKOagR RGP KOS
ZmgERadmgognogKHaR

HnGgnog
20w nd

113

ccctgcecctg
aaggacaccge
cacgaggacc
aagaccaagc
gtgctgcacc
ctgeectgeee
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

TdHORY DA NOA <
HEPEXKRIRZHOPRGW
HogZz g mHa"RDKO
OO R"RE"RP UG DPFR

ctgtectgcat
acttatttag
gcatccactt
ttcactctca
tataacagtg
cccagegtgt
gtgtgcctge
gccctgcaga
tacagcctga
gcectygcgagg
gagtgt

b i B IR
Qg3
[ I v =T L I ]
Ow=annA

gtgaagaagc
agtaatgctg
atccteggtg
accgcggacg
acggccgtgt
ggcaaaggga
ctggccccca
gactacttcc

cccccgaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgcecceeag
gcttctacce
acaagaccac
ccgtggacaa
ccctgcacaa

=il w B w B - i < i ==
oA oD R ®
HuoutbdpHAEPEROQKS®
NHHEAPRZWDEOROO
CFEOoOngH<SweH OO Y
PP OnoEOQM®nRE R

ctgtaggaga
cctggtateca
tgcaatcagg
ccatcagcag
ccccttettt
tcatcttccc
tgaacaactt
gcggcaacag
gcagcaccct
tgacccacca

SRV )
H e
HweInp
H RO W
HES O
hErgone
WOERH WD H

ctgggtecctc
tcagctgggt
tctttggtte
aatccaccaa
attattgtgc
ccacggtcac
gcagcaagag
ccgagcccgt

gctgggegga
ccggaccccce
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacatc
cceccectgtyg
gagcecggtgyg
ccactacacc

LIRS S v I e s I i R S
NXHEHHRKEZEZA S
mROHO"W RN OOH R
PR HOP O3
H=HZ4gWwH 3 A
SHHOMDHARLGSQOO =S
gunnmHaOoadREg s
NOg®WKG IS UOond
NHPESHHAKAA W

cagagtcacc
gcagaaaccc
ggtcceatet
cctgcagcct
cggccctggg
cccctecgac
ctaccccecgg
ccaggagagc
caccctgage
gggcctgage

P RaWw
g mAA
KOE P OK
[ea = e I v
mog A
mgwHe =
HEZWwHaK

ggtgaaggtc
gcgacaggcc
accaagctac
cacagtccac
gagaggtcct
cgtctecgagt
caccagcggc
gaccgtgagc
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tggaacagcyg
ggcctgtaca
tacatctgca
aagagctgcg
cccteegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
cagcagggca
cagaagagcc

ID NO:3

gecgecttgac
gcctgagcag
acgtgaacca
acaagaccca
tcectgttece
gcgtggtggt
gcgtggaggt
gggtggtygag
gcaaggtgag
gccageccccg
accaggtgtc
gggagagcaa
acggcagctt
acgtgttcag
tgagcctgag

49

WEr RGO AI0OMH g
bRl Y I w B B VI ISR B e 9]
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SEQ ID NO:3

SZNSDUOYHEA
MTOOEHEOYEHGODED
MO S THHrOETA0E Y
OO <HERZ R <E
NnodHODRoOKNOHOG
SZPEEZAMOoOHAQYnOR

S0

tcctatgtge
acctgtgggg
caggeecctg
ttttctggect
gatgaggccg
actgggacca
gtgaccctgt
ctcatcagcg
gtgaaggecceg
agcagctacc
gtgacccacg

SEQ

tgactcagcc
gaaataacat
tgctggtcgt
ccaagtctgg
actactactg
aggtcaccgt
tceecececte
acttctaccc
gcgtggagac
tgagecctcac
agggcagcac

g ™n
|oE R EQO R

SEQ ID NO:3

1
P
L
A
v
S
Y

rrwHag gy
O<BPxRgS®
O R om e
<Moo w
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cagatgcagc
tcctgcaagg
cctggacaag
gcgcagaagt
atggagctga

tggtacaatc
cttctggagg
ggcttgagty
tccagggcag
gcagcectggg

cagcggcgtg
cgtggtgacc
caagcccagce
cacctgeccecee
ccccaagccce
ggacgtgagc
gcacaacgcc
cgtgctecacc
caacaaggcc
ggagccccag
cctcacctgt
cggccagccce
cttectgtac
ctgcagcgtg
cceoccggcaag

EZONHZ2MOFnmMNHR
TgZsnZo Sy
BReOKG<SHEAOO
FPHRAYOR SMZ g g0

accctcggag
tggaagaaat
gtatgatgat
gaacacggcc
tcaggtgtgg
cctaggtgcg
ctccgaggag
tggcgecgtyg
caccaccccc
ccccgagcag
cgtggagaag

HOo"mod <
B s B R -]
Mo 3 gy
oHAEERRE O
nwHEEWn"go
HHEBE®®nA
<SH"HO Lo

tggagctgag
caccttcagc
gatgggaggg
agtcacgatt
atctgaggac

PHEHEEHOPHZTOE <0
TOoRHKONR QKOS
ZYogRE®NSOYnDu KR
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cacaccttcc
gtgcccagca
aacaccaagg
ccctgeecctg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgcacc
ctgcctgeccc
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

T<HOEHKMWMANOWY <
KDRRgRZHWEY Wy
HyuZJ4mmmHad® WK QO

tcagtggecce
agtgtgcact
agcgaccgge
accctgatta
catagtagta
gcecgcaggcce
ctgcaggcca
accgtggcct
agcaagcaga
tggaagagcc
accgtggcecce

Mg w
mRZ T UH
HO =R <KEAJ
< gm0
bl - R0
OE 00N o
HR<GHGMGZ
HKOO® S
O BHAaARH

gtgaagaagc
agctatgcta
atcttcggta
accgcggacg
acggccatgt

cegecgtget
gcagceltggg
tggacaaacg
cccccgaget
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgcceeccag
gcttctacee
acaagaccac
ccgtggacaa
ccectgeacaa

"R PLHy R
ROg<a=zZrpud<gHaAyOn
nOonRE"AgEHNARW®
HFuHEHPFPFAHEROODKTO
MERAEERIPNnOKOWn

caggacagac
ggtatcagca
cctcagggat
tcagcagggt
gtgatcatta
agcccaaggce
acaaggccac
ggaadggccdga
gcaacaacaa
accggagcta
ccaccgagtg

ctgggtccte
tcagctgggt
tgtttgggac
aattcacgag
attactgtge

HFHOMW YR Aoy
oW HOEOP WA

gcagagcagc
cacccagacc
cgtggageccce
gctgggcgga
ccggacccce
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacate
cccecectgtg
gagccggtgg
ccactacacc

LIRS v S B S B v B e B R v
DORAHAGE R EH AW
HERODOUOhnoURAZ
OHR<HOBPEO S
HKAEAZCgWwE = b g
<mHmHLDHEHROSOO O
UwnmAaodag R AMsE

ggccaggatt
gaagccaggc
ccctgagcga
cgaagtcggy
tgtcttcgga
cgctcecccagce
cctggtgtge
cagcagcece
gtacgccgcec
cagctgccag
cagc

EHRXW0e
nmn<gow
Nz =
S B 5]
| e B < I
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HQwEe =

ggtgaaggtc
gcgacaggcc
agcaaactac
cgcggectac
gaggtctagt

RO H K
g HQO
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ggttattacc
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgca
aagagctgcg
cccteegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagg
atgaccaaga
gcecgtggagt
ctggacagcg
cagcagggca
cagaagagcc

cccaatactt
agggccccag
ccctgggetg
gcgccttgac
gcctgagcag
acgtgaacca
acaagaccca
tcctgttece
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgag
gccagccceceg
accaggtgtc
gggagagcaa
acggecagctt
acgtgttcag
tgagcctgag
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SEQ ID NO:3
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gaaattgtga
ctctcctgea
cctggccagg
gacaggttca
cctgaagatt
ggagggacca
tccgacgagce
ccecgggagyg
gagagcgtga
ctgagcaagqg
ctgagcagcc

EQ ID NO:3

tgacacagtc
gggccagtca
ctcccagact
gtggcagtgg
ttgcagtgta
agctggagat
agctgaagag
ccaaggtgca
ccgagcagga
ccgactacga
ccgtgaccaa

55

< W O H|e
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SEQ ID NO:3

sl ol L v B
CmE o HQ
QO QA
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gaggtgcagc
tcectgecaagg

tggtggagtc
cttctggagg

ccaggactgg
cgtgttccce
cctggtgaag
cagcggcgtg
cgtggtgacc
caagcccagce
cacctgecece
ccccaagccce
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcce
ggagccceag
cctcacctgt
cggccagccc
cttcctgtac
ctgcagecgtg
ccececggcaag

EZNEZOOEnmdH R
=R o B A o B~ A s B el w B L o)
BROOK<<HMHGOG
PROIR G Z DO R W

tccaggcace
gagtgttage
cctecatgtat
gtctgggaca
ttactgtcag
caaacgtgcg
cggcaccgcec
gtggaaggty
cagcaaggac
gaagcacaag
gagcttcaac

mHRK KD
mwEHOOQH
B eNoR el
<030 Wy
HwPE LW

cggggctgag
catcttcaac

[l W B B B e < 0 T e B I
i o Il s B S T —I R I
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ggccagggcea
ctggeccccca
gactacttcc
cacaccttcc
gtgccecagca
aacaccaagg
ccctgececctg
aaggacaccc
cacgaggacc
aagaccaagc
gtgctgecacc
ctgcctgccc
gtgtacaccc
ctggtgaagg
gagaacaact
agcaagctca
atgcacgagg

TSHOEP-OARAnDOE G
HKORRARNZHOE W
HoZ 4D wWwHRRTITRO

ctgtctttgt
agcagctact
ggtgcatcca
gacttcactc
cagtatggta
gecgeaceca
agcgtggtgt
gacaacgcce
tccacctaca
gtgtacgcct
cggggcegagt

W QRO
ho<wmpo
o< nAa
Za30mOA
e e e I
O HATW)

gtgaagaagc
agttatgcta

ccctggtcac
gcagcaagag
ccgagcccgt
ccgeecgtget
gocagcctyggyg
tggacaaacg
cccccgagcet
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggct
ccatcgagaa
tgccecececcag
gcttctacce
acaagaccac
ccgtggacaa
ccctgcacaa

DHCHNWZRRPEPNWER
Rogzprougaanow
monwRR"RAgBPEwaRW
ctnBE AR RO 0N KA
AR TOO KON
ctcHOMMYH<G WA Y QA
KoY D eEHQPOWEA
mK GO E Y g E KW

ctccagggca
tagectggta
gcagggccac
tcaccatcag
gctcatcget
gcgtgtteat
gcctgctgaa
tgcagagcgg
gcctgagecag
gcgaggtgac
gt

mH=Zg0
Oz W
w e Gy
HK QWW®m
HoHEH OO
QW R WmWn
HHE Qg
W EwmDn
NEHOD W
WO R AW
o W g
[ = I
R A
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o=l w I v I IS
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ctgggtccte
tcagetgggt

cgtctcgagt
caccagcggc
gaccgtgagc
gcagagcagc
cacccagacce
cgtggageccc
gctgggcgga
ccggaccecee
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
¢cgggaggag
cagcgacatc
cceceecctgtg
gagccggtyag
ccactacacc

OORHAHEHEARKER AW
AR ONOODWmOONO HK
EHR<<HOBEOD AW
HKHZ SO wnH x5 WEH
<SHHOHAROSOO W
OnnA0HdgROMEE
RoRKdondoar g
mHPIIHAAKAEA D

aagagccacc
ccagcagaaa
tggcatccca
cagactggag
cactttcgge
cttececccece
caacttctac
caacagccag
caccctcace
ccaccagggc

ggtgaaggtc
gcgacaggee
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cctggacaag
gcacagaagt
atggaactga
acttacgatt
agtgctagca
ggcggcacag
agctggaaca
agcggcctgt
acctacatct
cccaagagct
ggaccctccg
cccgaggtga
tggtacgtygy
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgccgtgg
gtgctggaca
tggcagcagg
acccagaaga

[£2]
[52]
Lo

ggcttgagtg
tccaggygcag
gaagcctgaa
tttcgagtgg
ccaagggccce
ccgccctggg
gecggegectt
acagcctgag
gcaacgtgaa
gcgacaagac
tgttcctgtt
cctgegtggt
acggcgtgga
accgggtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
gcctgagect
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D
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G
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SEQ ID NO
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caggecaggge
acctgtgggg
caggcccctg
ttctctggct
gatgaggccg
ggagggacca
gtgaccectgt
ctcatcagcg
gtgaaggccqg
agcagctacc
gtgacccacg

EQ

tgactcagcc
gaaacaacat
tcctagtcgt
ccaactctgyg
actattactg
agctgacegt
tccecececte
acttctaccc
gcgtggagac
tgagectcac
agggcageac

D NC:359

2w ol
mEAREOE

I
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A
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W Gy B
WU ™Y HA

oGO
W<

nwHag g
O<CHKSWn
0 R KK
L - Nl vl &)

gatgggaggc
agtcacgatt
atctgaggac
ccttgactac
cagcegtgttc
ctgcctggtg
gaccagceggc
cagcgtggtg
ccacaagcece
ccacacctge
cccccccaag
ggtggacgtg
ggtgcacaac
gagcgtgctc
gagcaacaag
ccgggagccc
gtccctcecacce
caacggccag
cttettecty
cagctgcagc
gagceceggce

EEZoEozZzomOpngHd
DT ZsnZHE Ao
HROK <A Am

accctcecggtg
tggaagtaaa
ctatgatgat
gaacacggcc
tcaggtgtgg
cctaggtgcg
ctccgaggag
tggcgeegtg
caccacccce
cccecgageag
cgtggagaag

Harooo<g
mg g
Mmw sy
@ RHREQYO
wAaHEmYO
H3Hwmwd

PHEERSHZ2OhME o,
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atcategcta
accgcggacg
acggccctgt
tggggccagg
cccctggeee
aaggactact
gtgcacacct
accgtgccca
agcaacacca
ceccectgee
cccaaggaca
agccacgagg
gccaagacca
accgtgctgc
gccctgectg
caggtgtaca
tgtctggtga
cccgagaaca
tacagcaagc
gtgatgcacg
aag

FHEEOEPEEZQH DG
b -l v I 3 B TS (- = -
ZHERRg OO Z OO UG
T<HOR gD AnNnERDm
KEPEARARRS A2 H<O

tcagtggeccc
agtgtgcact
agcgaccggc
accctgacca
gatagtagta
gccgcaggcco
ctgcaggcca
accgtggcct
agcaagcaga
tggaagagcc
accgtggecce

< WO Lo
[ea B Eo I~ w B B
RN mH
HOoO RS HAJ
<SwmE g
W H oA G

tcttteatac
aatccacgaa
attactgtgce
gaaccctggt
ccagcagcaa
tccecegagece
tccecegecgt
gcagcagcct
aggtggacaa
ctgccececga
ccctcatgat
accccgaggt
agccccggga
accaggactyg
cceeccatega
ccetgeececee
agggcttcta
actacaagac
tcaccgtgga
aggccctgca

Hog=Z2<dmwowHAYDROBSR
CNOnh2Z XA WNNnOoWw
RS2 POl H RN
mauRRAgBHwEQ
HLHEFPHAEHEROQOQOO O
nMHAHPXREZRD O OA
HOr"moH<Gmamos
PP RIOEHQOP NG
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caggacagac
ggtaccagca
cctcagggat
tcagcagggt
gtgatcatgt
agcccaaggc
acaaggccac
ggaaggccga
gcaacaacaa
accggagcta
ccaccgagtg

v IR OO R S R )
AR CON=Z
mana
O BEHAZH
W HRWOO

accaaagtac
cacagcctac
gagagggtcc
caccgtctcg
gagcaccagc
cgtgaccgtg
gctgcagagce
gggcacccayg
acgcgtggag
gctgetggge
cagccggacce
gaagttcaac
ggagcagtac
gctgaacgge
gaagaccatce
cagccgggag
cceccagegac
cacccececct
caagagccgg
caaccactac

R HEHARKEH HK
REOEHOOWOHODOD AW

ggccaggatt
gaagccagge
ccctgagecga
cgaagccggg
ggtattcggc
cgctcccagce
cctggtgtge
cagcagcccc
gtacgccgcc
cagctgccag
cagc

RO SN K]
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SEQ ID NO:360

caggtccagc
tcectgecaagg
cctggacaag
gcacagaact
ctgagcagcc
gattcgggga
ctggtcaccg
agcaagagca
gagcccgtga
gcegtgetge
agcectgggca
gacaaacgcg
cccgagcetge
atgatcagcc
gaggtgaagt
cgggaggagc
gactggctga
atcgagaaga
ccececccagcce
ttctaccceca
aagaccaccc
gtggacaaga
ctgcacaacc

5]
£
| )

tggtgcagtc
cttctggagg
gacttgagtg
tccagggcag
tgagatctga
cttattataa
tctegagtge
ccagcggcgyg
ccgtgagetg
agagcagcgg
cccagaccta
tggagcccaa
tgggecggacc
ggacccecga
tcaactggta
agtacaacag
acggcaagga
ccatcagcaa
gggaggagat
gcgacatcgc
ccectgtgcet
gccggtggcea
actacaccca

1D NO;361

FHREEOEQURO0O
HKHZdowunuH I P g
SHHWHSRLGOER OO
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SEQ ID NO:
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OEZH gm0 <o =R
ORIyl <
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gacatccaga
atcaactgca
tggtaccagc
gaatccgggg
atcagcagcc
ccgccgacgt
ttcatcttee
ctgaacaact
agcggcaaca
agcagcacece
gtgacccacc

SEQ ID NO:

tgacccagte
agtccagcca
agaaaccagyg
tcecectgaceg
tgcaggctga
tcggccaagg
cccecteega
tctaccceeg
gccaggagag
tcaccctgag
agggcctgag

H g
IR NN w]
oo w
v B cr B v I

tggggctgag
cttcttcage
gatggggggg
agtcaccatt
cgacacgdgcec
cgcccccegg
tagcaccaag
cacagccgcce
gaacagcggc
cctgtacagc
catctgcaac
gagctgcgac
ctcegtgttc
ggtgacctgc
cgtggacggce
cacctaccgy
gtacaagtgc
ggccaagggc
gaccaagaac
cgtggagtgg
ggacagcgac
gcagggcaac
gaagagcctg

Lol BE 3 w B v B ) B - R B~
MO EHER"MEAWLE Y AT
MDD ST EHBPEO =T A0 m
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tccagactce
gagtatttta
acagcctcct
attcagtggc
agatgtggca
gaccaaggtg
cgagcagctg
ggaggccaag
cgtgaccgag
caaggccgac
cagcccecgtyg
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gtgaagaagc
agctatgcta
gtcatcccta
accgcggacg
gtgtattact
ggctggttcg
ggccccadecg
ctgggctgce
gccttgacea
ctgagcagcg
gtgaaccaca
aagacccaca
ctgttceccce
gtggtggtgg
gtggaggtge
gtggtgagcg
aaggtgagca
cagcecccggg
caggtgtccc
gagagcaacg
ggcagcttcet
gtgttcagct
agcctgagcc

RN BEZYOR 0 E AR
TR ZZuZ2ogE g
AR CgHARE 20w
PHORSHZOOZ KO

ctggectgtgt
aacagctcca
aagctgctca
agcgggtcty
gtttattact
gaaatcaaac
aagagcggca
gtgcagtgga
caggacagca
tacgagaagc
accaagagct

o 3 H
WKW =
< w0

ctgggtcctce
tcagctgggt
tctttegtac
aattcacatc
gtgcgaggtt
acccctgggg
tgttccecect
tggtgaagga
gcggcgtgca
tggtgaccgt
agcccagcaa
cctgccecce
ccaagcccaa
acgtgagcca
acaacgccaa
tgctcaccgt
acaaggccct
agccccaggt
tcacctgtct
gccagcccga
tcctgtacag
gcagcgtgat
ccggcaag

o N I e s O e B = O 7 T B S = -
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ctectgggega
acaataagaa
tttactgggce
ggacagattt
gtcagcaata
gtgcggecege
cegecagegt
aggtggacaa
aggactccac
acaaggtgta
tcaaccgggg
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ggtgaaggtc
gcgeccaggcce
agcaaactac
gtatatggag
gaattaccat
ccagggaacc
ggcececcage
ctacttcececce
caccttecce
gcccagcagc
caccaaggtg
ctgccctgee
ggacacccte
cgagdacccc
gaccaagccc
gectgcacceag
gcctgcecce
gtacaccctg
ggtgaagggc
gaacaactac
caagctcacc
gcacgaggce
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gaaggccacce
ctacttagct
atctacccgg
cactctcacce
ttatagtagt
acccagcgtg
ggtgtgcctg
cgccctgcag
ctacagcctg
cgcctgcgag
cgagtgt
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SEQ ID NO:364

caggtccagc
tcectgecaagyg
cctggacaag
gcacagaagt
atggaggtga
aattactatg
gctagcacca
ggcacagccg
tggaacagcg
ggcctgtaca
tacatctgceca
aagagctgcg
cccteegtgt
gaggtgacct
tacgtggacg
agcacctacc
gagtacaagt
aaggccaagqg
atgaccaaga
geegtygagt
ctggacagceg
cagcagggca
cagaagagcc

wn
]
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tggtgcagtc
cttctggagt
gycttgagty
tcecagggcag
ggagcctgag
atagtgtata
agggcccecayg
ccctgggcetg
gcgecttgac
gcctgagcag
acgtgaacca
acaagaccca
tcctgttcce
gcgtggtggt
gcgtggaggt
gggtggtgag
gcaaggtgayg
gccagecceg
accaggtgtc
gggagagcaa
acggcagett
acgtgttcag
tgagcectgag

ID NO:365
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ID NO:366

cagtctgteg
acctgtgggg
caggcceetyg
ttctctgget
gatgaggecy
actgggacca
gtgaccctgt
ctcatcagcg
gtgaaggecy
agcagctace
gtgacccacg

tgacgcagec
gacataacat
tgctggtegt
ccaactetgg
actattactg
aggtcacegt
tcceceeecte
acttctaccc
gegtggagac
tgagcctcac
agggcageac
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tggagctgag
caccttcagt
gatgggagga
agtcacgatt
atctgaggac
tgactactgg
cgtgttccce
cctggtgaag
cagcggcgtyg
cgtggtgacc
caagcccagc
cacctgecce
ccecaagecce
ggacgtgagc
gcacaacgcc
cgtgctcacc
caacaaggcc
ggagceecayg
ccteacectgt
cggecagecc
cttectgtac
ctgcagegty
cccecggcaag
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gccctecggag
tggaagtaat
gtatgataat
gaacacggcc
tcaggtgtgg
cctaggtgcg
ctcegaggag
tggegecgty
caccaceecce
ccoecgageag
cgtggagaag
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gtgaagaagc
tactatgcta
atcagcccta
actgcggacg
acggccgtgt
ggccagggaa
ctggececcea
gactacttcec
cacaccttece
gtgcccagca
aacaccaagqg
ccetgcectg
aaggacaccc
cacgaggacc
aagaccaage
gtgctgcacc
ctgcctgeec
gtgtacacce
ctggtgaagy
gagaacaact
agcaagctca
atgcacgagg

m<HOEOYOoHEONDOA S
HKBPRRISRZHDnE AN
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tcagtggccc
agtgtgcact
agcgaccggc
accctgacca
ggtagtagta
gccgcaggce
ctgcaggeca
accgtggect
agcaagcaga
tggaagagee
accgtggccee

DSTYSL
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ctgggtcctce
tgagctgggt
tgtttgggac
actccacgag
attactgtge
ccctggtecac
gcagcaagag
ccgagecegt
ccgccegtget
gcagcetggy
tggacaaacyg
cceecgagcet
tcatgatcag
ccgaggtgaa
cccgggagga
aggactggcet
ccatcgagaa
tgccececay
gcttctaccc
acaagaccac
ccgtggacaa
ccetgcacaa
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caggacagac
ggtaccagca
cctecagggat
tcagcagggt
gtgaccatta
agcccaaggc
acaaggecac
ggaaggccga
gcaacaacaa
accggageta
ccaccgagtg

S
C

ggtgaaggtc
gcgacaggcce
aacaacctac
tacagectac
gagatcttcg
cgtctcgagt
caccagecggce
gaccgtgagc
gcagagcagc
cacccagacce
cgtggagecce
gctgggcgga
ccggaccecc
gttcaactgg
gcagtacaac
gaacggcaag
gaccatcagc
ccgggaggag
cagcgacate
ccceectgty
gagcecggtgg
ccactacacc

HROBOY DN OHKK
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ggccaggatt
gaagccaggc
ccctgagega
cgaagccggg
tgtecttegga
cgctcccage
cctggtgtgce
cagcagcccce
gtacgecegee
cagctgccag
cagc
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SEQ ID NO:367

GDEADYYCQVWGSSSDHYVFGTGTEKVTVLGAAAGO Q

PKAAPSVTLFPPSSEELQQANKATLVCLISDFYPGAVTYV
AWKADSSPVEKAGVETTTPSKQSNNEKYAASSYLSLTPEDQ Q

APVLVVYDNSDRPSGIPERFSGSNSGNTATLTTISR
WKSHRSYSCOVTHEGSTVEERKTVAPTETCS

VVTQPPSESVAPGOQTARITCGGHNIGSNSVHWYOQOQK

Q
A

QS
P G
V E



Table 1: First round Vkappa, Vlambda and VH amplifications
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Primer name Primer nucleotide sedquence SEQ ID NO:
OK1 (HuVK1E) GAC ATC CAG WTG ACC CAG TCT CC 144
OK2 (HuvVK2) GAT GTT 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 (HuvK53) GAA ACG ACA CTC ACG CAG TCT CC 148
OK6 (HuvVK®6) GAR ATT GTG CTG ACT CAG TCT CC 149
OCK (HuCkK) ACA CTC TCC CCT GTT GAA GCT CIT 150
OL1l (HuVL1A)=* CAG TCT GTG CTG ALCT CAG CCA CC 151
OLl (HuVL1B)* CAG TCT GTG YTG ACG CAG CCG CC 152
QL1 (HuvVL1C)* CAG TCT GTC GTG ACG CAG CCG CC 153
OLZ (HuVL2B) CaG TCT GCC CTG ACT CAG CC 154
OL3 (HuVL3Aa) 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 CARA TC 157
OL& {(HuvLb5) CAG GCT GTG CTG ACT CAG CCG TC 158
OL7 (HuvLg) AAT TTT ATG CTG ACT CAG CCC Ca 159
OL8 {(HuvL7/8) CAG RCT GTG GTIG ACY CAG GAG CC 160
QL9 (HuvL9)# CWG CCT GTG CTG ACT CAG CCM CC lel
OLY9 (HuvL1Q)# CAG GCA GGG CTG ACT CAG 162
OCL (HuCLZ2)X TGA ACA TTC TGT AGG GGC CAC TG 163
OCL (HuCL7)¥ AGA GCA TTC TGC AGG GGC CAC TG 164
OH1 (HuVH1B7A) + CAG RTG CAG CTG GTG CAR TCT GG 165
OH1 (HuVHIC)+ SAG GTC CAG CTG GTR CAG TCT GG 166
OH2 (HuVH2B) CAG RTC ACC TTG AAG GAG TCT GG 167
OH3 (HuVH3A) GAG GTG CAG CTG GIG GAG 168
OH4 (HuvH3C) GAG GTIG CAG CTG GTG GAG WCY GG 169
OH5> (HuvHA4B) CAG GTG CAG CTA CAG CAG TGG GG 170
OH6 (HuVHA4C) CAG STG CAG CTG CAG GAG TCS GG 171
OH7 (HuvH6A) 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 1l: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 Ib NO

OK1S (HuVK1B-SAL) TGA GCA CAC AGG TCG ACG GAC ATIC CAG 174
WIG ACC CAG TCT CC

OK23 (HuVKZ2-SAL) TGA GCA CAC AGG TCG ACG GAT GTT GTG 175
ATG ACT CAG TCT CC

OK3S (HuVK2BZ2-SAL} TGA GCA CAC AGG TCG ACG GAT ATT GTG 176
ATG ACC CAG ACT CC

OK4S (HuVK3B-SAL} TGA GCA CAC AGG TCG ACG GAA ATT GTG 177
WIG ACR CAG TCT CC

OK5S (HuvK5-SAL) TGA GCA CAC AGG TCG ACG GRA ACG ACA 178
CTC ACG CAG TCT CC

OK65 (HuvK6e-3SAL) TGA GCA CAC AGG TCG ACG GaAA ATT GTG 179
CTG ACT CAG TCT CC

0OJK1 (HuJK1-NOQOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 180
TTT GAT TTC CAC CTT GGT CCC

OJK2 (HuJK2-NQT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 181
TTT GAT CTC CAG CTT GGT CCC

0JK3 (HuJK3-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 182
TTT GAT ATC CAC TTT GGT CCC

0JK4 (HuJK4-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 183
TTT GAT CTC CAC CTT GGT CCC

OJK5 (HuJK5-NQT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 184
TTT AAT CTC CAG TCG TGT CCC

OL1S (HuVL1A-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTG 185
CTG ACT CAG CCA CC

QL1S (HuvVL1B-SAL)* TGR GCA CAC AGG TCG ACG CAG TCT GTG 186
YTG ACG CAG CCG CC

QL1S (HuVL1C-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTC 187
GTG ACG CAG CCG CC

QL2S (HuVLZB-SAL} TGA GCA CAC AGG TCG ACG CAG TCT GCC 188
CTG ACT CAG CC

0L3S8 (HuVL3A-SAL) TGA GCA CAC AGG TCG ACG TCC TAT GWG 189
CTG ACT CAG CCA CC

0L4S (HuUvVL3B-SAL) TGA GCA CAC AGG TCG ACG TCT TCT GAG 190
CTG ACT CAG GAC CC

OL5S (HuVL4B-SAL) TGA GCA CAC AGG TCG ACG CAG CYT GTG 191
CTG ACT CAA TC

0L6S (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 TTT ATG 193
CTG ACT CRAG CCC CA

QOL8S (HuVL7/8-SAL) TGA GCA CAC AGG TCG ACG CAG RCT GTG 194
GTG ACY CAG GAG CC

OL9S (HuVL9-SAL) # TGA GCA CAC AGG TCG ACG CWG CCT GTG 195
CTG ACT CRG CCM CC

QL9S (HuvL1Q-SAL) # TGA GCA CAC AGG TCG ACG CAG GCA GGG 196
CTG ACT CAG

QOJL1 (HuJL1-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 197
TAG GAC GGT GAC CTT GGT CCC

0JL2 (HuJL2/3-NQT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 198
TAG GAC GGT CAG CTT GGT CCC

0JL3 (HuJL7-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 199

GAG

GAC GGT CAG CTG GGT GCC
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OH1S (HuVH1B-SFI}+ GEC CTC GCA ACT GCG GCC CAG CCG GCC 200
ATG GCC CAG RTG CAG CTG GTG CAR TCT GG

OH1S (HuVH1C-SFI)+ GTC CTC GCAR ACT GCG GCC CAG CCG GCC 201
ATG GCC SAG GTC CAG CTG GTR CAG TCT GG

OB2S (HuVH2B-SFI) GTC CTC GCAR ACT GCG GCC CARG CCG GCC 202
ATG GCC CAG RTC ACC TTG AAG GAG TCT GG

OH3S (HuVH3A-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 203
ATG GCC GAG GTG CAG CTG GTG GAG

OH4S (HuVH3C-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 204
ATG GCC GAG GTG CAG CTG GTG GAG WCY GG

OH53S (HuVH4B-SFI} GTC CTC GCA ACT GCG GCC CAG CCG GCC 205
ATG GCC CAG GTG CAG CTA CAG CAG TGG GG

OH6S (EuVHA4C-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 206
ATG GCC CAG STG CAG CIG CAG GAG TC3 GG

OH7S (HuVHGBA-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 207
ATG GCC CAG GTA CAG CTG CAG CAG TCA GG

0OJH1 (HuJdH1/2-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

0JH4 (HuJH6-XHQ) GAG TCA TTC TCG ACT CGA GAC GGT GAC 211
CGT GGT CCC

* Mix in 1:1:1 ratio
# Mix in 1:1 ratieo
+ Mix in 1:1 ratio
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Table 3. Second round VL regions amplification overview

Template | 5° 37 Product Share in | Pool Share in
primer primer PK/PL (%) VL (%)
OK18 CJK1 K1J1 25
QK13 QJK2 K132 25

K1l QK18 OJK3 K133 10 PK1 30
OK1S OJK4 K1J4 25
OK18 OJKS K1J5 15
OK28S OJK1 K2J1 25
QK28 OJK?2 K2J2 25

K2 QK25 OJK3 K2J3 10 PK2 4
QK285 0OJK4 K2J4 25
QK283 OJK5 K2J5 15
OK3S OJK1 K3J1 25
OK358 OJK?2 K3J2 25

K3 OK33 OJK3 K3J3 10 PK3 1
OK3S OJK4 K3J4 25
OK35 OJKS K3J5 15
OK4S QJK1 K4J1 25
OK4S OJK2 K4J2 25

K4 OK43 OJK3 K4J3 10 PK4 19
QK4S OJK4 K4J4 25
QK48 OJK5 K4J5 15
QK58 OJK1 K5J1 25
OK58 OJK2 K5J2 25

K5 QK58 OJK3 K5J3 10 PK5 1
OK55 OJK4 K5J4 25
QK55 QJK5 K5J5 15
OK6S QJK1 Ké6J1 25
OK6S QJK2 K6J2 25

Ké OK6S3 OJK3 K6J3 10 PK6 5
OK6S5 OJK4 K6J4 25
OK6S5 OJK5 K&6J5 15
QLlS OJL1 L1J1 30

L1 0L1s oJL2 L1J2 60 PL1 14
OLlS OJL3 L1J3 10
OL2S OJL1 L2J1 30

L2 OL23 OJL2 L2J2 60 PL2 10
0L2S 0OJL3 L2J3 10
OL3S3 0JLl L3J1 30

L3 QL3S QJL2 L3J2 60 PL3 10
QL3S QJL3 L3J3 10
0OL4S QJL1 L4J1 30

L4 QL4S QJL2 L4J2 60 PL4 1
OL4s QJL3 L4J3 10
OL5S OJLl L5J1 30

L5 QL5S QJL2 L5J2 60 PL5 1
0L5S OJL3 L5J3 10
OL6S oJLl L6J1 30

L& OL6&S OJL2 L6J2 &0 PL& 1
OL6S OJL3 L6J3 10
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OL78 OJL1 L7J1 30

L7 OL7S QJL2 L7J2 60 PL7 1
OL73 QJL3 L7J3 10
CLBS QJL1 L8J1 30

LB QL83 QJL2 L8J2 60 PL8 1
QL8S 0OJL3 L8J3 10
QLSS 0JL1 L9J1 30

L9 QLSS 0JL2 L9gz 60 PLS 1
QLS93 0JL3 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
QH1S OJH2 H1J2 10

H1 OH1S QJH3 H1J3 60 PH1 25
QH1S OJHA4 H1J4 20
OH2S OJH1 H2J1 10
QHZS OJH2 H2J2 10

H2 OHZS OJH3 H2J3 00 PH2 2
QHZS CJE4 H2J4 20
QH3S QJH1 H3J1 10
QOH3S QJH2 H3J2 10

H3 OH3S OJH3 H3J3 60 PH3 25
QH3S OJH4 B3J4 20
OH4S OJH1 H4J1 10
QH4S QJH2 H4J2 10

H4 OH4S OJH3 H4J3 60 PH4 25
QH4S OJH4 H4J4 20
OHS58 QJH1 H5J1 10
OH55 OJH2 H5J2 10

H5 QH55 OJH3 H5J3 60 PH5 2
OH58 QJE4 H5J4 20
QHES QJH1 H6J1 10
QH6S QJH2 H6J2 10

H6 QH6S QJH3 H6J3 60 PHG 20
QHG6S OJH4 HeJ4 20
QH7S 0OJH1 H7J1 10
OH7S OJH2 H7J2 10

H7 OH73 OJH3 BE7J3 60 PH7 1
QHTS QJH4 E7J4 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 |$ 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




Tablc 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 VIL-locus
{(nucl (amino acid
SCEvV
sequence) sequence) *
SC06-141 212 213 VH1 (1-18) VKIV (B3)
(vh 1-115;
V1l 132-245)
S5C06-255 115 116 VH1 (1-69) VLl (V1-186)
(Vh 1-121;
V1 138-248)
S5C0e-257 117 118 VH1 (1-69) VL2 (V1-4)
(vh 1-121;
V1 138-248)
8C06-260 119 120 VH1 (1-69) VL1 (V1-17)
(Vh 1-121:
V1 138-248)
scoe-261 121 122 VH1 (1-69) VL1 (V1-19)
{(Vh 1-121;
V1 138-249)
SC06-262 123 124 VHE1 (1-69) VKI (A20)
{(Vvh 1-120;
V1 137-245)
SC06-268 125 126 VE1 (1-69) VL3 (V2-1}
(Vh 1-120;
V1 137-243)
SC06-272 214 215 VH1 (1-69) VL2 (V1-3)
(Vh 1-120;
v1 137-247)
SC06-296 216 217 VH1 (1-2) VKIII (a27)
(Vh 1-121;
v1 138-246)
SC06-301 218 219 VH1 (3-23) VKII (A3}
(Vh 1-117;
V1 134-246)
5C06-307 127 128 VH3 (3-21) VKIII (Aa27)
{(Vvh 1-122;
V1 139-246)
SC06-310 129 130 VH1 (1-69) VL3 (V2-14)
(Vh 1-121;
V1 138-246)
SC06-314 131 132 VH1 (1-69) VL1 (V1-17)
{(vh 1-121;
V1 138-248)
8C06-323 133 134 VH1 (1-69) VKIII (A27)
(Vvh 1-120;
V1l 137-245)
SC06-325 135 136 VE1l (1-69) VL2 (V1-4)
(Vh 1-121;
V1 138-248)
SC06-327 220 221 VH1 (1-69) VL3 (V2-14)
(Vh 1-121;
V1 138-246)
5C06-328 222 223 VH1 {(1-69) VKIII (a27)
{Vh 1-128;
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3C06-329 224 225 VH1 (1-6€9) VKIII (a27)
{(Vh 1-121;
V1 138-246)
S5C06-331 137 138 VH1 (1-69) VL3 (V2-14)
(Vh 1-120;
V1 137-245)
SC06-332 226 227 YH1 (1-69) VKI (A20)
(Vh 1-120;
V1 137-243)
5C06-334 228 229 VH1 (1-69) VL3 (V2-14)
(Vh 1-120;
V1 137-245)
S5C06-336 230 231 VH1 (1-69) VKIII {(A27)
(Vh 1-120;
V1 137-245)
SC06-339 232 233 VH1 (1-69) VL3 (V2-14)
(Vh 1-121;
V1 138-246)
SC06~342 234 235 VH1 (1-69) VKIV ({B3)
(Vh 1-126;
V1 143-256)
5C06-343 236 237 VH1 (1-69) VL3 (v2-14)
(Vh 1-120;
V1 137-245)
5C06-344 13¢ 140 VH1 (1-69) VL1 {V1-13)
(Vh 1-123;
v1 140-250)

* between brackets the amino acids making up the heavy chain variablc region (VH) and the

light chain variable region (VL) is shown
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Table 7: Data of the CDR regions of the HA4 specific immunoglobulins. The SEQ ID NO is

given between brackets.

Name HCDR1 HCDR2 HCDR3 LCDR1 LCDRZ LCDR3
sckv
SC06-141 |GYYVY WISAYNGNTNY [SRSLIDV KSSQSVLYSSN [WASTRES |QQYYSTPLT
(238) AQKFQG (240) NKNYLA (242) (243)
{239) (241)
SC06-255 |SYAIS (1) |GIIPIFGTTKY |HMGYQVRET |SGSTFNIGSNA |SNNQRPS |AAWDDILNV
APKFQG (2) |MDV (3) VD (4) (5) 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)
SC06-261 |SYAIS (Z) |GIIPIFGTTKY |HMGYQVRET |SGSSSNIGNDY |DNNKRPS |ATWDRRPTA
APKFQG (2) |MDV (3) VS (13) (14) YVV (15)
SC06-262 |GSAIS GISPLEGTTNY |GPKYYSEYM |RASQGISSYLA |DASTLRS |QRYNSAPPI
{(16) AQKFQG (17) |DV (18) (19} (20) T (21)
SC06-268 |SYAIS (1) |GIMGMFGTTNY |SSGYYPEYF |SGHKLGDKYVS |QDNRRPS |QAWDSSTAV
AQKFQG (22) |QD (23) (24) {(25) (26)
SC06-272 [SYAIT GIIGMFGSTNY |STGYYPAYL |TGTSSDVGGYN |DVSKRPS |SSYTSSSTH
(244) AONFOG HH (246) [YVS (247) (248) V (249)
(245)
SC06-296 |[SYYMH WINPNSGGTNY |[EGKWGPQAR |RASQSVSSSYL [DASSRAT |QQYGSSLW
(250} AQKFQG FDI (252) [A (253) {254) (255)
(251)
SC06-301 |IYAMS AISSSGDSTYY |[AYGYTFDP |RSSQSLLESNG |LGSNRAS |MQALQTPL
(256} ADSVKG (258) YNYLD (259) [ (260} (261)
(257}
SC06-307 [SYSMN SISSSSSYIYY |GGGSYGAYE |RASORVSSYIA |[GASTRAA |QQYGRTPLT
(27) VDSVKG (28) |GFDY (29) |(30) (31} (32)
SC06-310 [SYAIS (1) |[GIIPIFGTTKY |[HMGYQVRET |GGNNIGSKSVH |[DDSDRPS |QVWDSSSDH
APKFQG (2) |MDV (3) (33} (34) AV (35)
SC06-314 |SYAIS (1) |GIIPIFGTTKY |HMGYQVRET |SGSSSNIGSNY |RDGORPS |ATWDDNLSG
APKFQG (2) |MDV (3) VY (36) (37) PV (38)
SC06-323 [SYGIS DIIGMFGSTNY [SSGYYPAYL |RASQSVSSSYL |GASSRAT |QQYGSSPRT
(39) AQNFQG (40) [PH (41) A (42) (43) (44)
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5C06-325 |FYSMS GIIPMFGTITNY |GDKGIYYYY |TGTSSDVGGYN [EVSNRPS |SSYTSSSTL
(45) AQKFQG (46) |[MDV (47) YVS () {8) vV (48)
S5C06-327 |THAIS GIIAIFGTANY |GSGYHISTP (GGNNIGSKGVH |DDSDRPS (QVWDSSSDH
(262} AQKFQG FDN (264) |(265}) (266) vV (267)
(263)
5C06-328 |GYAIS GIIPIFGTTNY |VKDGYCTLT |RASQSVSSSYL |GASSRAT [QOQYGSSLT
{268) AQKFQG SCPVGWYFD |2 (271} (272) (273)
(269) L (270)
SCD6-329 [SNSIS GIFALFGTTDY |GSGYTTRNY |RASQSVSSNYL |[GASSRAS |QQYGSSPLT
(274} AQKFQG FDY (276) |G (277 (278) (279)
(275)
SC06-331 [SYAIS (1) [GIIGMFGTANY |[GNYYYESSL |GGNNIGSKSVH |DD3DRPS |QVWDSSSDH
AQKFQG (49) |DY (50} (33) (34} YV (51)
SCD6-332 |NFAIN GIIAVFGTTKY [GPEBYYSSYM |RASQGISTYLA |AASTLQS [|OKYNSAFS
(280) AHKFQG DV (282) (283) (284} (2853}
(281
5C06-334 |SNAVS GILGVFGSPSY |GPTYYYSYM |GGNNIGRNSVH |DDSDRPS |QVWHSSSDH
(286} AQKFQG BV (288) (289) (290) ¥V (291)
(287)
SC06-336 |SYAIS GIFGMFGTANY |SSGYYPQYF |RASQSVSSSYL |GASSRAT |QQYGSSSLT
(292) AQKFQG QD (294) A (295) (2906) (297)
(293)
SC06-339 |SYAIS GIIAIFHTPKY |GSTYDFS35G |GGNNIGSKSVH |DDSDRPS |QVWDSSSDH
(298) AQKFQG LDY (300) |{301} (302) Vv (303)
(299)
SC06-342 |SYAIS GVIPIFRTANY |LNYHDSGTY |KSSQSILNSSN |[WASTRES |QQYYSSPPT
(304) BONFQG YNAPRGWEFD |NKNYLA (308} (309)
{305) P (306} (307}
8C06-343 |YYAMS GISPMFGTTTY |SSNYYDSVY |GGHNIGSNSVH |[DNSDRPS |QVWGSSSDH
{310} RQKFQG DY (312) (313) (314) YV (315)
(311)
5C06-344 |[NYAMS GIIAIFGTPKY |IPHYNFGSCG |TGSSSNIGAGY [GNSNRPS [GTWDSSLSA
(32) AQKFQG {53) |SYFDY DVH (55) (56) YV (57)

(54)
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Table 8. Data of the HA-specific IgGs.

Name SEQ ID NO of SEQ ID NO of SEQ ID NO of SEQ ID NO of
19G nucl. sequence amino acid nucl. sequence amino acid
heavy chain sequence® light chain sequence*
heavy chain light chain
CR6141 316 317 318 319
(Vvh 1-115) (V1 1-114)
CR6255 58 59 84 85
{(Vvh 1-121) (V1 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 80 91
{(vh 1-121} (vl 1-112)
CR6262 66 67 82 83
{(Vvh 1-120) (V1 1-109)
CR6268 68 69 94 95
(Vh 1-120) (V1 1-107)
CR6272 320 321 322 323
{vh 1-120) (vl 1-111})
CR6296 324 325 326 327
(Vh 1-121) (V1 1-109)
CR6301 328 329 330 331
(Vh 1-117) (V1 1-113)
CR6307 70 71 96 97
(Vh 1-122) (V1 1-108)
CR6310 72 73 98 99
(Vvh 1-121) (V1 1-109)
CRE314 74 75 100 101
(Vvh 1-121) (Vi 1-111)
CR6323 76 77 102 i3
(Vh 1-120) (V1 1-109)
CR6325 78 79 104 105
(Vvh 1-121) (vl 1-111)
CR6327 332 333 334 335
(Vhh 1-221) (vl 1-109)
CR6328 336 337 338 339
{Vh 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) (vl 1-107)
CR6334 348 349 350 351
(Vh 1-120} (V1 1-109)
CR6336 352 353 354 355
(vh 1-120) (vl 1-109)
CR6339 356 357 358 359
(vh 1-121) (vl 1-1089)
CR6342 360 361 362 363
(Vh 1-126) (V1 1-114)
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CR6343 364 365 366 367
(Vh 1-120) {(vl 1-109)

CR6344 82 83 1c8 109
{(Vh 1-123) (vl 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 IgGs to HA (H5N1TV)-expressing PER.C6 cells.

HA (HS5N1TV) -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 £84.78 266.55 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 2359.28 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 2920.93 80.91 14,92 6.05 4,42
CR6331%* 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)
CRB6255 25
CR6257 12.5
CR6260 12.5
CR6261 12.5
CR&262 100
CR6268 50
CR&307 50
CR6314 12.5
CRB323 50
CRB325 12.5
CR6344 25
CR6310 25
CR6331 100
CR4098 —*

*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
CR6332 12.5
CR6334 6.25
CR6336 25
CR6339 -
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 subtypcs as
measured by ELISA (OD 492nm). ND: Not determined

BPFL-inact. BPL-inact.
A/NC/20/99 NIBRG14
Hl H3 H5 H7 H9 (HIN1) {(H5N1)
CR6255 | 1.91]| 0.08 | 1.44| 0.22| 1.97 1.38 1.18
CR6257 1.93 1 0.08 1.37 0.16 2.06 1.34 1.21
CrR6260 | 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
CR6262 | 1,48 [ 0.08 | 1,02 0.17 1.93 0.51 0.35
CR6E268 | 1.78 | 0.08 1.30 0.15 2.16 1.39 1.13
CR6272 | 0.81 | 0.07 0.58 0.15 0.96 0.92 0.79
CR6307 [ 0.22 [ 0.11 0.99 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 1.29 0.98
CR6329 [ 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 1.19 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 HAZ2 CR5111 | CR6342 | CR6307 | CR6261
Cc179 CR6323 | CR6325
CR6329
H35N1TV TGLRN GVINKVNSIIDK + + +
Mutant I K== | - + - +
Mutant II | -=-==-= | —-==-= Be—m—— + - + -
Mutant IIX -——M-— | e + + + +
Mutant IV | ===== | ===——-- R———- + - +
Mutant V. | ===== | ==—-——--—- N- + + +
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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

GVTNEKVNSIINK

369

HS5N2:
A/mald/PA/84

GVTNKVNSIIDK

368

HINI1:

R/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/Okuda/57
A/Kumamoto/1/65
A/Korea/426/68
A/Izumi/5/65

GITNKVNSVIEK

372

H2NZ2:
A/Tzumi/5/65 (R)

GITNKENSVIEK

373

H6NZ :
A/Mallard/Netherlands/16/99

GITNKVNSIIDK

374

HON2:
A/Hong Kong/1073/99

KITSKVNNIVDK

375

H3NZ:
A/Bichi/2/68

QINGKLNRVIEK

376

H3NZ:
A/Fukuoka/C29/85

QINGKLNRLIEK

377
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CLAIMS

. An isolated human antibody capable of recognizing and binding 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 and wherein said antibody also has neutralizing activity against an influenza
virus comprising HA of the H1 subtype, wherein the antibody comprises 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 CDR?2 region of SEQ ID NO:14, and a light chain CDR3 region of SEQ ID

NO:15.

. An antibody according to claim 1, wherein the antibody comprises a heavy chain variable

region comprising the amino acids 1-121 of SEQ ID NO: 65, and a light chain variable

region comprising the amino acids 1-112 of SEQ ID NO: 91.

. A nucleic acid molecule encoding an antibody according to claim 1 or 2.

. An antibody according to claim 1 or 2 for use as a medicament and preferably for the
diagnostic, therapeutic and/or prophylactic treatment of influenza infection.

. An antibody according to claim 4, 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.

. An antibody according to claim 5, wherein said influenza virus strain that is associated
with a pandemic outbreak is selected from the group consisting of: HIN1, HSN1, HSN2,

H5N8, HSN9, an H2-based strain, and HON?2.
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7. A pharmaceutical composition comprising an antibody according to any of the claims 1-
6, and a pharmaceutically acceptable excipient.

8. Use of an antibody according to any of the claims 1-6 in the preparation of a medicament
for the diagnosis, prophylaxis, and/or treatment of an influenza virus infection, wherein

the influenza infection is caused by an influenza virus of the H1 and/or HS subtype.



